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Heterosuchus valdensis. Pl. xii. f. 
Rea isn cs sjsieleweuwedescresees Hastings Sand . |Hastings ....... 212 

Hyperodapedon Gordoni.). Ploxevi:- © |[Trias) 9.5... .00.5. Britaineessce. se 675 
Omosaurus durobrivensis ........+... Kimmeridge ...|/Britain.......... 699 
Ornithopsis Leedsit.......0....000..+000 Kommeridee ~22:|Britain.-.-....-. 697 

BRS 2 owes ace. cine velsneben Wealden ......... Isle of Wight ... 156 
Patricosaurus merocratus. Pl. xii. 

Re eee eos otice feladn saiaiee ans acses Greensand ...... Cambridge .... 216 
Rhynchosaurus articeps. Pl. xxvii. |Trias  ............ VLA ee ese score 699 

( Aves.) 

Ornithodesmus cluniculus. PI. xii. 
Ee rir euisiiawio's’s'éoav/aciaignie ries | Wealden ree Isle of Wight ... 206 



XIV FOSSILS FIGURED AND DESCRIBED. 

Name of Species. Formation. Locality. 

(Mammalia.) 

Balena primigenia. Fig. 1 & PI. ii. \ 
f. 

Balznoptera definita. Pl. ii. £.3... Craps career PAOM Ce ois wisac aut 
Choniziphius planirostris. Pl. ii. 

Equus, sp. Heme a ae BlOcene peceeeee Datei, cess ne 
Eucetus amblyodon. Fig. 2......... 
Globicephalus uncidens. Pl. ii. f iy Crap ct ecsatbates YL (0) | eat ee 

Hyotherium perimense. Fig. ...... Plioceneyen-eeee die oe wr. - 
ityperoodon, sp. Pl: f.O.-.--e ee \ 
Megaptera affinis. Pl. ii. f. 4 ...... | 

THING El Tie tee! eestesee eee PNCTAG oa coderesseeees SUMO Mecewcetneses 
Mesoplodon longirostris? Pl. ii.f. 8 | 
Orca citoniensis. Pl. ii. f. 9,10 ... ) 



EXPLANATION OF THE PLATES. 

PLATE PAGE 

SkKuLL or GALESAURUS PLANICEPS, to illustrate Sir R. Owen’s 

paper on that fossil .............ccseceeeneeeecececeeeseceeetenees 

II. Ceracean Ooutus, &c., to illustrate Mr. R. Lydekker's paper 

on the Cetacea of the Suffolk Crag .............0-0seseeeeereeees 

IIL GLypHasTr#A Forssst, to illustrate Prof. P. M. Duncan’s 
paper-on. tliat Foss 1... 220-0. /.-20ces2e- sav neeeeesnnesnoosenne ae 

TV. ( Specuwens or Drrnyenyiium, to illustrate Mr. James 
¥.| ‘Thomson's paper on that genus ...............00-ceseescerseeees 

aks Tertiary CuHriLostomATtous BryozoA FROM New ZEALAND, 
vit{ illustrate Mr. A. W. Waters’s paper on those fossils ... 

Stone ImpremMeNts FROM Pontnewypp Cavs, to illustrate 
IX. Prof. T. McK. Hughes’s paper on the Drifts and Caves 

Rae RR MANE EMER fois sistas an ghana cis geapisen eros -nsen cea sq: 

Xx. DentTITIon oF PrycHopus, to illustrate Mr. A.S. Woodward's 

nN 9k A OTE nen nc anniv arias enn dnvndwaswanecstsnaaen des 

XL — Nummouuires, to illustrate Prof. T. Rupert Jones's 
EMR ELEMIPTONC! HESEU oe oicgaiin fab ene thn dn eaaagcnast doewaevnsss 

ORNITHODESMUS CLUNICULUS, HETEROSUCHUS VALDENSIS, 
XII. PATRICOSAURUS MEROCRATUS, and ARISTOSUCHUS PUSILLUS, to 

| illustrate Prof. H. G. Seeley’s papers on those fossiis. 206 
216, 

XIII. 
XIV.! Fosstr Leaves &c. rrom Arptun, to illustrate Mr. J. 8S. 
xy. Gardner’s paper on the Leaf-beds and Gravels of Mull .. 
VI. 

XVII Microscopic Sections oF BanpEpD Gyetss, to illustrate Prof. 
T. G. Bonney’s paper on the Older Rocks of Brittany 

XVIII Tertiary Cyciostomatous Bryozoa FroM NEw ZEALAND, to 
illustrate Mr. A. W. Waters’s paper on those fossils senses 

— Microscopic Rock-sections, to illustrate Mr. F. Rutley’s 
XXL paper on the Rocks of the Malvern Hills Boece resesterssssassse 

40 

, 212 
221 

. 270 

481 



EXPLANATION OF THE PLATES. XV1 

PLATE PAGE 

Triassic Fisu-remarns, to illustrate Mr. EH. T. Newton’s 
XXII. paper on Fishes from the Keuper of Warwick and Not- 

Line WAM 22.6 deeciek- daodasindee se aceeles de eee oes RRC EME EY eemee recone 537 | 

XXIII f CHONDROSTEUS ACIPENSEROIDES, to illustrate Mr. J. W. Davis's 
“(paper on ‘that fossil. ..0..2 jaodesne ecseewsaseaseseeene se eontoa pect 605 

XXIV CARBONIFEROUS Morcatsonra, to illustrate Miss Donald’s 
~\ “paper on those fossils... 2. c.cccenscueceschereeeeeeehaceeeiaeecesee 617 

xxy,J Lsasste Poryzoa, to illustrate Mr. E. A. Walford’s paper on 
F those fossils. .5.csccc cccceceacseecn a tteee Cane RRC eee eee 632 

XXXVI RemMAins oF HyperopaPepon Gorpont and RuyncuosAuRus 
XXXVIL ARTIcEPS, to illustrate Prof. Huxley’s paper on the former 

"| BPOCIOS «..s00+050.noaseilane nace san suaee stirs se eee Bere atest ameeeas 675 

XXVIII PEDICELLARIE OF PELANECHINUS, to illustrate Mr. T. T. Groom’s 

paper on Pelanechinus corallinus .....sccccecsccececocresseneceees 



ERRATA ET CORRIGENDA. 

Pages 40-68, passim, for “ Trig’s Station” read “ Trigonometrical Station.’ 

Page 519, Explanation of figure, for *« Fig. 1” read “ Fig. 2.” 
Page 520, Explanation of upper figure, for “ Fig. 2” read “ Fig. 1.” 
Page 520, Explanation of Fig. 3, for ‘‘ Section” read ‘‘ Plan.” 

Page 528, line 16, after “ breadth” add “ of a large block of it.” 

Page 542, line 2, for “ Worcestershire” read ‘“* Warwickshire.” 
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PROCEEDINGS 

OF THE 

GEOLOGICAL SOCIETY OF LONDON. 

SESSION 1886-87. 

November 3, 1886. 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

The List of Donations to the Library was read. 

The following communications were read :— 

1. “On the Skull and Dentition of a Triassic Saurian, Galesawrus 
planiceps, Ow.” By Sir Richard Owen, K.C.B., F.R.S., F.G.8., &e. 

2. “The Cetacea of the Suffolk Crag.” By R. Lydekker, Esq., 
B.A, §.G8., &e. 

3. “On a Jaw of Hyothervwm from the Pliocene of India.” By 
R. Lydekker, Esq., B.A., F.G.S., &c. 

The following specimens were exhibited :— 

Cast of Galesawrus planiceps, Ow., exhibited by Dr. H. Wood- 
ward, F.R.S., F.G.S., in illustration of Sir R. Owen’s paper. 7 

A portion of head of Galesaurus planiceps, Ow., from Kuisement- 
fontein, Caledon-river District, Orange Free State. Collected by 
— Hatting, Esq., and exhibited by Prof. T. Rupert Jones, F.R.S., 
F.G.8., on behalf of C. 8. Orpen, Esq., Smithfield, O.F.S. 

Specimens of Cetacean Ear-bones from the Suffolk and Antwerp 
Crags, and a portion of the Jaw of Hyotheriwm from the Pliocene of 
India, exhibited by R. Lydekker, Esq., B.A., F.G.S., in illustration 
of his papers. 
Map of the Mountain Region of British Honduras, scale 4 milli- 

metres=1 mile, showing the Geological features of the riparian 
districts, by C. H. Wilson, Esq., F.G.S. 

VOL. XLIII. a 
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November 17, 1886. 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

The List of Donations to the Library was read. 

The Secretary announced that the following type specimens had 
been bequeathed to the Society’s Museum by the late Caleb Evans, 
Esq., F.G.8., viz. :—Palewocorystes glabra, H. Woodw. (Quart. Journ. 
Geol. Soc. xxvil. p. 90), and Litoricola glabra, H. Woodw. (Quart. 
Journ. Geol, Soc. xxix. p. 29), from the Lower Eocene of Ports- 
mouth; also two specimens of elytra of Beetles from the London 
Clay of Peckham. 

The following communications were read :— 

1. A letter from the Lieutenant-Governor of the Falkland Islands, 
communicated by H.M. Secretary of State for the Colonies :— 

“ Government House, 
Stanley, Falkland Islands, 

srd June, 1886. 

“‘ My Lorp,—I regret to have to report that a slip of the peat- 
bog at the back of the town of Stanley, similar to that which 
occurred in November 1878 *, but about two hundred yards to the 
westward of the scene of that accident, took place last night. <A. 
stream of half-liquid peat, over a hundred yards in width, and 4 or 
5 feet deep, flowed suddenly through the town into the harbour, 
blocking up the streets, wrecking one or two houses in its path, and 
surrounding others so as completely to imprison the inhabitants. 
Fortunately, as the night was wet and stormy, almost everyone was 
within doors, and the few who were in the wrecked houses escaped 
in time. One child was, unfortunately, smothered in the peat, whose 
body has been recovered, but no other casualties are known to have 
occurred. An old man is, however, reported to be missing this 
morning, and it is feared he may also have perished, as part of 
his house is almost filled with peat. * * * * The slip was 
caused, apparently, by the unusually heavy rains which have fallen 
during the last few days, and which the drains constructed by 
Mr. Bailey, the Surveyor, in 1878, proved insufficient to carry off. 
Deeper and wider cuttings will now be made, and I trust that the 
recurrence of any similar catastrophe may thus be prevented. The 
town of Stanley is, however, from its situation and the mass of 
peat-bog on the high ground behind it, always to some extent ex- 
posed to danger of this nature in times of unusually heavy rainfall. 

“T have &c., 
“ (Signed) ArtTHuR Barty.” 

“The Right Hon. Karl Granville, K.G., 
Sc. Sc. Jc.” 

* See Quart. Journ. Geol. Soc. vol. xxxv. Proc. p. 96. 
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_ 2. “On the Drifts of the Vale of Clwyd, and their relation to the 
Caves and Cave-deposits.” By Prof. T. MeKenny Hughes, M.A., 
E.G.5. 

The following specimens were exhibited :—- 

Implements and specimens from Drift-deposits, exhibited by 
Prof. T. M*Kenny Hughes, M.A., F.G.S., in illustration of his 
paper. 

Specimens of Metamorphic Rocks from the Malvern Hills, exhi- 
bited by Frank Rutley, Esq., F.G.S. 

Specimens illustrating Metamorphism in Lizard Gabbros, exhi- 
bited by J. J. H. Teal, Esq., M.A., F.G.S. 

December 1, 1886. 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

Henry Howe Arnold-Bemrose, Esq., M.A., Lonsdale Place, Derby ; 
Richard Assheton, Esq., B.A., Downham Hall, Clitheroe; Francis 
Arthur Bather, Esq., B.A., Redhouse, Roehampton, 8.W.; Rev. 
Joseph Campbell, M.A., Parsonage, Glen Innes, New England, 
N.S. Wales; John Wesley Carr, Esq., B.A., University College, 
Nottingham ; Thomas J. G. Fleming, Esq., Limavady, co. Derry, 
Ireland ; Thomas Forster, Esq., Umaria Colliery, Umaria, India ; 
Edmund Johnstone Garwood, Esq., B.A., Villa Giuseppina, Caden- 
abbia, Lago di Como, Italy ; George Samuel Griffiths, Hsq., 22 Collins 
Street West, Melbourne; Dr. Frederick Henry Hatch, Ph.D., Aubry 
Lodge, Wellesley Road, Gunnersbury, W.; Robert Tuthill Litton, 
Eisq., Market Street, Melbourne; Frederick Wiliam Martin, Esq., 
37 Charlotte Road, Edgbaston, Birmingham; Richard D. Oldham, 
Ksq., A.R.S.M., Geological Survey of India, Calcutta; Forbes 
Rickard, Esq., F.C.S8., Ashcombe, Carlton Road, Putney, 8.W.; 
Albert Charles Seward, Esq., B.A., St. John’s College, Cambridge ; 
Herbert William Vinter, Esq., M.A., Wesleyan College, Truro, 
Cornwall; and Charles D. Walcott, Esq., U.S. Geological Survey, 
Washington, D.C., U.S. America, were elected Fellows of the 
Society. 

The List of Donations to the Library was read. 

The Presiprent announced that he had received from Prof. Ulrich, 
of Dunedin, N.Z., the announcement of a very interesting discovery 
which he had recently made. In the interior of the South Island 
of New Zealand there exists a range of mountains, composed of 
olivine-enstatite rocks, in places converted into serpentine. The 
sand of the rivers flowing from these rocks contains metallic particles 
which, on analysis, prove to be an alloy of nickel and iron in the 

a2 
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proportion of two atoms of the former metal to one of the latter. 
Similar particles have also been detected in the serpentines. This 
alloy, though new as a native terrestrial product, is identical with 
the substance of the Octibeha meteorite, which has been called 
octibehite. Prof. Ulrich has announced his intention of communi- 
cating to the Society a paper dealing with the details of this 
discovery—which is certainly one of the most interesting that 
has been made since the recognition of the terrestrial origin of the 
Ovifak irons. 

The following communications were read :— 

1. “Qn a new Genus of Madreporaria—Glyphastrea, with re- 
marks on the Morphology of Glyphastraa Forbesi, Edw. & H., sp., 
from the Tertiaries of Maryland, U.S.” By Prof. P. Martin 
Duncan, M.B., F.R.S., F.G.S., &e. 

2. “On the Metamorphic Rocks of the Malvern Hills.—Part 1.” 
By Frank Rutley, Esq., F.G.8., Lecturer on Mineralogy in the 
Royal School of Mines. 

3. “On Fossil Chilostomatous Bryozoa from New Zealand.” By 
Arthur Wm. Waters, Esq., F.G.S. 

The following specimens were exhibited :— 

Specimens of Metamorphic Rocks from the Malvern Hills, ex- 
hibited by Frank Rutley, Esq., F.G.S., in illustration of his paper. 

Fossil Corals, exhibited by Prof. P. M. Duncan, M.B., F.R.S., 
F.G.S8., in illustration of his paper. 

A specimen and section of Great Corndon Laccolite from Shrop- 
shire, showing junction of the erupted rock with the overlying 
Ladywell Schist, exhibited by C. J. Alford, Esq., F.G.S. 

December 15, 1886. 

Prof. J. W. Jupp, F.R.S., President, in the-Chair. 

John Usher, Esq., Wentworth Court, Sydney, New South Wales, 
and Joseph Tertius Wood, Ksq., Shaw House, Hoga were 

elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following communications were read :— 

1. “ Notes on Nummulites elegans, Sow., and other English Num- 
mulites.” By Prof. T. Rupert Jones, F.R.S., F.G.S. 
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2. “On the Dentition and Affinities of the Selachian Genus 
Ptychodus, Agassiz.” By A. Smith Woodward, Esq., F.G.S. 

3. “Ona Molar of a Pliocene type of HZquus from Nubia.” By 
R. Lydekker, Esq., B.A., F.G.S. 

The following specimens were exhibited :— 

Specimens of Nummulites, exhibited by Prof. T. Rupert Jones, 
F.R.S., F.G.S., in illustration of his paper. 

Specimens, exhibited by Henry Willett, Esq., F. G.S., and Dr. H. 
Woodward, F.R.S., F.G.S., in illustration of the paper by A. Smith 
Woodward, Esq., EGS. 

Two molars of Equus, exhibited by R. Lydekker, Esq., F.G.S., 
illustration of his paper. 

January 12, 1887 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

Frederick Joseph Forfeitt, Esq., Medburn, near Elstree, Hert- 
fordshire; James Lemon, Esq. .» M.Inst.C.E., Lansdowne "House, 
Southampton, and Palace Chambers, W estminster ; Charles Samuel 
Routh, Esq., 14 Southampton Street, Bloomsbury ; and Thomas 
Davies Whittington, Esq., B.A., 6 Norlands, East Dulwich Road, 
S.E., were elected Fellows; Professor Josiah Dwight Whitney, of 
Cambridge, Mass., U.S.A., a Foreign Member, and Professor A. de 
Lapparent, of Paris, a Foreign Correspondent of the Society. 

The List of Donations to the Library was read. 

The Presment announced the sad loss which the Society had 
sustained since the last Meeting by the death of Mr. John Arthur 
Phillips, F.R.S., who had been for several years a valuable member 
of the Council, and one of the Vice-Presidents of the Society. 

The following communications were read :— 

1. “The Ardtun Leaf-beds.” By J. Starkie Gardner, Esq., 
F.G.8., F.L.S.; with Notes by Grenville A. J. Cole, Esq., F.G.S. 

2. “On the Echinoidea of the Cretaceous Strata of the Lower 
Narbada Region.” By Prof. P. Martin Duncan, M.B., F.R.S., F.G.S. 

3. “ Oncertain Dinosaurian Vertebree from the Cretaceous of India 
and the Isle of Wight.” By R. Lydekker, Esq., B.A., F.G.S. 

4, “Further Notes on the Results of some deep Borings in Kent.” 
By W. Whitaker, Esq., B.A., F.G.S. 
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The following specimens were exhibited :— 

Plant-remains, rock-specimens, and microscopic sections, exhibited 
by J. 8. Gardner, Esq., F.G.S., in illustration of his paper. 

Echinoderms from the three Calcareous deposits of the Cretaceous 
formation, Bag Series, exhibited by Prof. P. M. Duncan, M.B., 
F.R.S., F.G.S., in illustration of his paper. i 

Specimens of cores, exhibited by W. Whitaker, Esq., B.A., F.G.S., . 
in illustration of his paper. | 

January 26, 1887. 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

Abraham Farrar, Esq., Jun., The Grange, Beech Grove, Harro- 
gate, and Frederick Schute, Esq., 3 West Mount, Scarborough, were ~ 
elected Fellows of the Society. 

The List of Donations to the Library was read. 

“~ The following communications were read :— 

1. “ On the Correlation of the Upper Jurassic Rocks of the Jura 
with those of England.” By Thomas Roberts, Esq., M.A., F.G.S. 

2. “The Physical History of the Bagshot Beds of the London 
Basin.” By the Rev. A. Irving, B.Sc., B.A., F.G.S. 

The following specimens were exhibited :— 

Specimens from the Bagshot Beds, and of combination analyses, 
exhibited by the Rev. A. Irving, B.Sc., F.G.8., in illustration of his 
paper. 

Photographs of a Glacial Pot-hole, at Archibald, Pa., U.S.A., 
exhibited by Archibald Geikie, LL.D., F.R.S., V.P.G.S. 

February 9, 1887. 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

Samuel Farnfield, Esq., Hversley House, Guildford ; Henry Hill, 
Esq., B.A., Napier, New Zealand; and John Morison, M.D., Victoria 
Street, St. Albans, were elected Fellows of the Society. 

The List cf Donations to the Library was read. 
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The following communications were read :— 

1. “ Evidence of Glacial Action in the Carboniferous and Hawkes- 
bury Series, New South Wales.” By T. W. Edgworth David, Esq., 
F.G.S. 

2. “The Terraces of Rotomahana, New Zealand.” By Josiah 
Martin, Esq., F.G.S. 

3. “The Eruption of Mount Tarawera.” By Capt. F. W. Hutton, 
E.G.S. 

The following specimens were exhibited :— 

Specimens of glacially polished blocks, from the Carboniferous 
glacial beds of New South Wales, and photographs of sections in 
those deposits, exhibited by T. W. Edgworth David, Esq., F.G.S., in 
illustration of his paper. 

Faceted and striated boulders from the Olive Beds (Pretertiary) 
of the Salt Range, Punjab, India, exhibited by W. T. Blanford, 
LL.D., F.R.8., Sec.G.8. 

Photographs of the Terraces of Rotomahana, exhibited by Josiah 
Martin, Esq., F.G.S., in illustration of his paper. 

Photographs and specimens of Volcanic materials with microscopic 
sections, exhibited by Capt. F. W. Hutton, F'.G.S., in Wlustration of 
his paper. 

Maps, plans, and photographs with specimens of Volcanic dust, 
&c., illustrating the eruption of Tarawera, exhibited by James 
Hector, C.M.G., M.D., F.R.S., F.G.S. 

_ Striated stone from the Upper Old Red Conglomerate, Pennine 
Escarpment near Melmerby, Cumberland, exhibited by J. G. Good- 
child, Esq., F.G.S. : 
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ANNUAL GENERAL MEETING, 

February 19, 1887. 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

REPORT OF THE Councit FoR 1886. 

In presenting their Report for the year 1886, the Council of the 
Geological Society have much pleasure in once more congratulating 
the Fellows upon the prosperous state of the Society, although they 
have not to announce any increase in the total number of Fellows. 
But the Income of the Society has been larger and the Expenditure 
less than in the year 1885, so that notwithstanding the Investment 
of a sum of £250, the Balance in the Society’s favour shows a con- 
siderable increase. 

The number of Fellows elected during the year is 41, of whom 30 
paid their fees before the end of the year, making with 16 previously 
elected Fellows, who paid their fees in 1886, a total accession 
during the year of 46 Fellows. Against this we have to set the 
loss by death of 28 Fellows, and by resignation of 10 Fellows, while 
10 Fellows were removed from the List for non-payment of their 
contributions, making a total loss of 48 Fellows. There is thus an 
actual decrease of 2 in the number of Fellows of the Society. Of the 
28 Fellows deceased, 5 were Compounders, and 6 non-contributing 
Fellows ; the number of contributing Fellows is increased by 2, 
being now 833. 

The total number of Fellows, Foreign Members and Foreign 
Correspondents was 1425 at the end of the year 1885, and 1423 at 
the close of 1886. 

At the end of 1885 there was one vacancy in the List of Foreign 
Members, and this was filled up in the course of 1886. During the 
year, intelligence was received of the decease of one Foreign Mem- 
ber. The List of Foreign Correspondents also showed one vacancy 
at the end of 1885, and intelligence was received in 1886 of the 
decease of another Foreign Correspondent. This loss, with the 
filling up of the vacancy among the Foreign Members, caused in all 
3 vacancies in the List of Foreign Correspondents, two of which were 
filled up within the year. Thus at the close of the year 18386 
there was one vacancy in the list of Foreign Members, and one in 
that of Foreign Correspondents. 



ANNUAL REPORT. 9 

The total Receipts on account of Income for the year 1886 
were £2669, being £117 1s. 4d. more than the estimated Income 
for the year. The total Expenditure, on the other hand, was only 
£2278 14s. 3d., or £229 1s. 9d. less than the estimated Expenditure 
for the year. The excess of the Income over the Expenditure of 
the year was £390 ds. 9d. 

A sum of £250 12s. 6d. haying been expended in the purchase of 
£250 reduced 3 per cent. stock, the balance at the disposal of the 
Society at 31st December last amounted to £576 19s. 1d. As the 
Council have every reason to believe that the expenditure of the 
present year will be well within the estimates, they think it may be 
advisable in the course of the coming summer to make use of a part 
of the above balance for the execution of necessary repairs, painting, 
&e., of the interior of the Society’s House. 

The Council haye to announce the completion of Vol. XLII. of 
the Society’s Quarterly Journal, and the commencement of Vol. 
XLII. 

In consequence of the sudden death of the late Clerk, Mr. W. W. 
Leighton, the Council were led to consider the organization of the 
paid Officers of the Society, and they decided formally to combine 
the office of Clerk with that of Assistant Secretary, giving him a 
second Assistant, whose duties should be primarily those of a Clerk 
in the Office, but with the proviso that he should assist in the work 
of the Library when required to do so. After a careful consideration 
of the testimonials of numerous applicants, the Council appointed 
Mr. F. E. Brown to the vacant post, and the appointment was duly 
confirmed by the Society at the Meeting of the 21st of April, 1886. 

The Council have awarded the Wollaston Medal to J. Whitaker 
Hulke, Esq., F.R.S., F.G.S., in recognition of the importance to 
Geological Science of his researches into the structure and affinities 
of Fossil Reptilia, especially of the Dinosauria. 

The Murchison Medal, with the sum of Ten Guineas from the 
Fund, has been awarded to the Rey. P. B. Brodie, M.A., F.GS., 
as a mark of appreciation of his long-continued study of the 
Stratigraphy of Central England, and of his important contributions 
to the Science of Fossil Entomology. 

The Lyell Medal, with the sum of Twenty-five Pounds from the 
proceeds of the Fund, has been awarded to Samuel Allport, Esq., 
F.G.S., in recognition of the admirable work done by him as one of 
the pioneers of the science of Microscopic Petrology. 

The Bigsby Medal has been awarded to Prof. Charles Lapworth, 
LL.D., F.G.S., as a testimony to the value of his paleontological 
and stratigraphical researches, and particularly of the additions made 
by him to our knowledge of the structure and distribution of Grap- 
tolites, and of his investigation of the Lower Paleozoic and Archean 
Rocks of Scotland. 

The balance of the proceeds of the Wollaston Donation Fund has 
been awarded*to B. N. Peach, Esq., F.G.S., in token of appreciation 
of his important contributions to the Paleontology and Geology of 
Scotland, and to aid him in future investigations, 
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The balance of the proceeds of the Murchison Geological Fund 
has been awarded to Robert Kidston, Esq., F.G.8., in recognition of 
the value of his studies in Fossil Botany, and to aid him in further 
prosecuting his researches into the structure and affinities of the 
plants found in the Carboniferous Rocks. 

The balance of the proceeds of the Lyell Geological Fund has been 
awarded to the Rev. Osmond Fisher, Esq., M.A., F.G.S., in testimony 
of appreciation of his contributions to the Physical History of the 
Earth, and to various branches of Physical Geolos 7, and to assist 
him in continuing his studies of these and similar subjects. 
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Report oF THE LIBRARY AND MusEuM CoMMITTEE. 

Labrary. 

Since the lst Anniversary Meeting a great number of valuable 
additions have been made to the Library, both by donation and 
by purchase. 

As Donations the Library has received about 157 volumes of 
separately published works and Survey Reports, and about 321 
separate impressions of Memoirs and other Pamphlets, besides about 
153 volumes and 78 detached parts of the publications of various 
Societies. Besides these about 11 volumes of independent Periodicals, 
presented chiefly by their respective Editors, and 11 volumes of 
Newspapers of various kinds have been received. This will con- 
stitute a total addition to the Society’s Library, by donation, ot 
about 350 volumes and 321 pamphlets. 

A considerable number of Maps, Plans, and Charts have been 
added to the Society’s collections by presentation, chiefly, as in 
former years, from the Ordnance Survey of Great Britain, whose 
donations amount to 457 sheets, large and small. From the French 
Dépot de la Marine, 39 sheets have been received. The remainder, 
consisting of 39 sheets, includes 6 sheets from the Geological Survey 
of Saxony, 3 from that of Belgium, 6 from the Roumanian Geological 
Survey, and 2 from the Geological Survey of Norway, besides 12 
sheets of Maps and Plans of Krakatau presented by the Netherlands 
Government, a Geological Map of Zillah Behar, presented by Prof. 
W. T. Thiselton Dyer, 2 copies (one coloured, one in black and 
white) of a geological map of the mountain region of British Honduras, 
prepared and presented by C. H. Wilson, Esq., F.G.S., 6 sheets of a 
geological map of Russian Turkestan by M. J. Mouschketoff, and a 
geological map of the United States of North America, by C. H. 
Hitchcock, Esq. | : 

The total number of Maps, Plans, and Charts presented during 
the year was 535. 

The books and maps above referred to have been received from 
158 personal Donors, the Editors or Publishers of 13 Periodicals, and 
177 Societies, Surveys, and other Public Bodies, making in all 348 
Donors. 

By Purchase, on the recommendation of the Standing Library 
Committee, the Library has received the addition of +9 volumes of 
Books, and of 61 parts (making about 20 volumes) of various 
Periodicals, besides 33 parts of certain works published serially. 
Of the Geological Survey Map of France, 7 sheets have been 
obtained by purchase, besides 12 sheets of the smaller Geological 
Map of France and the neighbouring districts, by MM. Vasseur and 
Carez. 
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The cost of Books, Periodicals, and Maps purchased during the 
year 1886 was £44 17s 10d., and of Binding £66 13s. 4d., making a 
totaloteoti iiss 2d: 

With the view of rendering the Library more useful to the Fellows, 
it is now kept open on the days of the Society’s Meetings from 5 to 
8 o’clock in the evening. 

Museum. 

The Collections in the Museum remain in much the same con- 
dition as at the date of the last Report of the Committee. 

The additions during the year 1886 have not been numerous ; 
they consist of a collection of specimens presented by M. F. Cornet, 
illustrating his paper on the Phosphatic Beds in the neighbourhood 
of Mons; of a collection of rock-specimens from Assouan, presented 
by Sir J. W. Dawson and Prof. Bonney; and of 2 elytra of 
Beetles from London Clay of Peckham, a specimen of Palaocorystes 
glabra, and one of Litoricola glabra from the Lower Eocene of 
Portsmouth, bequeathed to the Society by the late Caleb Evans, 
Esq., F.G.S. 

; 
{ 
| 

| 
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CoMPARATIVE STATEMENT OF THE NUMBER OF THE SOCIETY AT THE 

CLOSE OF THE YEARS 1885 anp 1886. 

Dec 31, 1885. Dec. 31, 1886. 

Compounders............ 1g Pace nals 314 
Contributing Fellows...... Sep ote see 833 
Non-contributing Fellows... rl Se ae 198 

1347 1345 
Foreign Members ........ ry hls a es 39 
Foreign Correspondents... . Oe. Sow cis 39 

1425 1423 

Comparative Statement explanatory of the Alterations in the Number 
of Fellows, Foreign Members, and Foreign Correspondents at the 
close of the years 1885 and 1886. 

Number of Compounders, Contributing and Non- 
contributing Fellows, December 31, 1885.... 

Add Fellows elected during former year and ea 

1347 

LE: a oad ‘cs 
Add Fellows elected and paid in 1886 ........ 30 

Deduct Compounders deceased .............. 5 
Contributing Fellows deceased ........ 1% 
Non-contributing Fellows deceased .... 6 
Contributing Fellows resigned ........ 10 
Contributing Fellows removed ........ 10 

1345 
Number of Foreign Members, and | 5 

Correspondents, December 31, 1885 .... | 
Deduct Foreign Member deceased .. ..... 1 

Foreign Correspondent deceased .. 1 
Foreign Correspondent elected 
Borer Mentber 5.5 ges. «3 

3 

5 
Add Foreign Member elected ...........+.- 1 

Foreign Correspondents elected ........ 2 
78 

fa 
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DrEcEASED FELLOWS. 

Compounders (5). 

Auldjo, J., Esq. Romilly, Hon. E. 
Cardwell, Viscount. Storey, H., Esq. 
Morris, Prof. J. 

Resident and other Contributing Fellows (17). 

Blount, W., Esq. Grote, A., Esq. 
Bunbury, Sir C. J. F. Guthrie, Prof. F. 
Busk, Prof. G. Holly Di. CS: 
Cumming, J., Esq. Milnes, W., Esq. 
Dawson, J., Esq. Seyton, C. 8., Esq. 
Downes, Rev. W. Smith, T. M., Esq. 
Evans, C., Esq. Steele, Dr. J. D. 
Enniskillen, Earl of. Whitehead, F. T., Esq. 
Fergusson, Dr. J. 

Non-contributing Fellows (6). 

Adams, W., Esq. Harding, Lieut.-Col. W. 
Carey, Sir P. Laurance, J., Esq. © 
Klis, F. J., Esq. Richardson, J., Esq. 

Foreign Member (Ay: 

Abich, Dr. H. 

Forcagn Correspondent (1). 

Guiscardi, Professor G. 

Fellows Resigned (10). 

Green, W. Av, disq. 7) | Provis, H., Esq. 
Hastings, Rev. F. Ramsay, A., Esq. 
Johnson, J., Esq. Randell, J. 8., Esq. 
Kimball, Dr. J. P. Tarbotton, M. O., Esq. 
Musson, E. C., Esq. | Thornburn, J., Esq. 
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Fellows Removed (10). 

Duigan, J., Esq. Parton, T., Esq. 
Fisher, H., Esq. Rogers, Dr. G. 
Forster, R. C., Esq. Shakespear, Lieut.-Col. J. D. 
Mason, J. W., Esq. Simpson-Baikie, E., Esq. 
Méchin, Rev. E. Woodhouse, Rev. T. E. 

The following Personage was elected from the List of Foreign Cor- 
respondents to fill a vacancy in the Last of Foreign Members 
during the year 1886. 

Professor Gustav Tschermak of Vienna, 

The following Personages were elected Foreign Correspondents during 
the year 1886. 

Professor J. Vilanova-y-Piera of Madrid. 
Professor H. Rosenbusch of Heidelberg. 

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 Dr. John Evans 
retiring from the office of Vice-President. 

That the thanks of the Society be given to Dr. John Evans, Dr. 
G. J. Hinde, John Hopkinson, Esq., and W. Topley, 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. 

Prof. J. W. Judd, F.R.S. 

VICE-PRESIDENTS,. 

H. Bauerman, Esq. 
Prof. T. G. Bonney, D.Sc., F.R.S. 
A. Geikie, LL.D., F.R.S. 
Henry Woodward, LL.D., F.R.S. 

SECRETARIES. 

W. T. Blanford, LL.D., F.R.S. 
W. H. Hudleston, Esq., M.A., F.R.S. 

FOREIGN SECRETARY. 

Warington W. Smyth, Esq., M.A., F.R.S. 3 

TREASURER. 

Prof. T. Wiltshire, M.A., F.L.S. 

COUNCIL. 

H. Bauerman, Esq. Prof. T. Rupert Jones, F.R.8. 
W. T. Blanford, LL.D., F.R.S8. Prof. J. W. Judd, F.R.8. 
Prof. T. G. Bonney, D.Sc., LL.D.,| R. Lydekker, Esq., B.A. 

F.R.S. . J. E. Marr, Esq., M.A. 
A. Champernowne, Esq., M.A. EH. Tulley Newton, Esq. 
Thomas Davies, Esq. Prof. H. G. Seeley, F.R.8. | 
Prof. P. M. Duncan, M.B., F.R.S. . | Warington W. Smyth, Esq., M.A., © 
A. Geikie, LL.D., F.R.S. F.R.S. | 
Henry Hicks, M.D., F.R.S. J.J. H. Teall, Hsq., M.A. 
Rev. Edwin Hill, M.A. Prof. T. Wiltshire, M.A., F.L.S. 
W. H. Hudleston, Esq., M.A., F.R.S.| Rev. H. H. Winwood, M.A. 
Prof. T. McKenny Hughes. Henry Woodward, LL.D., F.R.S. 
J. W. Hulke, Esq., F.R.S. 
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LIST OF 

THE FOREIGN MEMBERS 

OF THE GEOLOGICAL SOCIETY OF LONDON, 1m 1886, 

Date of 
Election. 

1827. Dr. H. von Dechen, Bonn. 

1848. James Hall, Esq., Albany, State of New York. 
1850. Professor Bernhard Studer, Berne. 
1851. Professor James D. Dana, New Haven, Connecticut. 
1851. General G. yon Helmersen, St. Petersburg. (Deceased.) 
1853. Count Alexander von Keyserling, Raykiill, Russia. 
1853. Professor L.G. de Koninck, Liége. 

1856. Professor Robert Bunsen, For. Mem. R.S., Hezdelberg. 
1857. Professor H. B. Geinitz, Dresden. 
1859. Dr. Ferdinand Romer, Breslau. 

1860. Dr. H. Milne-Edwards, For. Mem. R.S., Paris. (Deceased.) 
1864. M. Jules Desnoyers, Paris. 
1866. Dr. Joseph Leidy, Philadelphia. 
1867. Professor A. Daubrée, For. Mem. R.S., Paris, 
1871. Dr. Franz Ritter von Hauer, Vienna. 
1874, Professor Alphonse Favre, Geneva. 
1874. Professor E. Hébert, Paris. 
1874. Professor Albert Gaudry, Paris. 

1875, Professor Fridolin Sandberger, Wiirzburg. 
1875. Professor Theodor Kjerulf, Christiania. 
1875. Professor F. August Quenstedt, Tiibingen, 
1876. Professor E. Beyrich, Berlin. 

1877. Dr. Carl Wilhelm Giimbel, Munich, 

1877. Dr. Eduard Suess, Vienna. 
1879. Dr. F. V. Hayden, Washington. 
1879. Major-General N. von Kokscharow, St. Petersburg. 
1879. M. Jules Marcou, Cambridge, U. S. 
1879. Dr. J. J. 8. Sceenstrup, For. Mem. R.S., Copenhagen. 
1880. Professor Gustave Dewalque, Lrége. 
1880, Baron Adolf Erik Nordenskiold, Stockholm. 

1880. Professor Ferdinand Zirkel, Leipzig. 
1882. Professor Sven Lovén, Stockholm. 
1882. Professor Ludwig Rutimeyer, Basle. 
1883. Professor J. 8. Newberry, New York, 

1883. Professor Otto Martin Torell, Stockholm. 
1884. Professor G. Capellini, Bologna. 
1884. Professor A. L. O. Des Cloizeaux, For. Mem. R.S., Paris, 
1884. Professor G. Meneghini, Pisa. 
1884. Professor J. Szab6, Pesth. 
1885. Professor Jules Gosselet, Lille. 

1886. Professor Gustav Tschermak, Vienna. 

VOL. XLIII. b 

I} 
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LIST OF 

THE FOREIGN CORRESPONDENTS 

OF THE GEOLOGICAL SOCIETY OF LONDON, rn 1886. 

Date of 
Election. 

1863. Count A. G. Marschall, Vienna. 
1863. Professor Giuseppe Ponzi, Rome. (Deceased.) 
1863. Dr. F. Senft, Evsenach. 
1864. Dr. Charles Martins, Montpellier. 
1866. Professor J. P. Lesley, Philadelphia. 
1866. Professor Victor Raulin, Bordeauz. 
1866. Baron Achille de Zigno, Padua. 
1872. Herr Dionys Stur, Veenna. 
1872. Professor J. D. Whitney, Cambridge, U. S. 
1874. Professor Igino Cocchi, Florence. 
1874, M. Gustave H. Cotteau, Auwzerre. 
1874. Professor G. Seguenza, Messina. 
1874. Dr. T. C. Winkler, Haarlem. 

1877. Professor George J. Brush, New Haven. 
1877. Professor IX. Renevier, Lausanne. 
1877. Count Gaston de Saporta, Azx-en- Provence. 
1879. Professor Pierre J. van Beneden, For.Mem.R.S., Zouvain. 
1879. M. Edouard Dupont, Brussels. 
1879. Professor Gerhard Vom Rath, Bonn. 
1879. Dr. Emile Sauvage, Paris. | 
1880. Professor Luigi Bellardi, Turzn. 
1880. Professor Leo Lesquereux, Columbus. 
1880. Dr. Melchior Neumayr, Vienna. 
1880. M. Alphonse Renard, Brussels. 
1881. Professor E. D. Cope, Philadelphia, 
1882. Professor Louis Lartet, Toulouse. 
1882. Professor Alphonse Milne-Edwards, Paris. 
1883. M. Francois Leopold Cornet, Mons. 
1883. Baron Ferdinand von Richthofen, Lezpzig. 
1883. Professor Karl Alfred Zittel, Munich. 
1884. Dr. Charles Barrois, Lille. 
1884. M. Alphonse Briart, Morlanwelz. 
1884. Professor Hermann Credner, Lezpzig. 
1884. Baron C. von Ettingshausen, Gratz. 
1884. Dr. E. Mojsisovics von Mojsvar, Vienna. 
1885. M. F. Fouqué, Paris. 
1885. Professor G. Lindstrém, Stockholm. 
1885. Dr. A. G. Nathorst, Stockholm. 
1886. Professor H. Rosenbusch, Herdelberg. 

1886. Professor J. Vilanova y Piera, Madrod. 
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AWARDS OF THE WOLLASTON MEDAL 

UNDER THE CONDITIONS OF THE ‘‘ DONATION FUND” 

ESTABLISHED BY 

WILLIAM HYDE WOLLASTON, M_D., E.RB.S., F.G.S., &c. 

“To promote researches concerning the mineral structure of the earth, 
and to enable the Council of the Geological Society to reward those 
individuals of any country by whom such researches may hereafter be 
made,’—“ such individual not being a Member of the Council.” 

1831 
1835 
1856 

1837. } 

1838 
1839 
1840 
1841 
1842 

1848 

1844. 
1845, 
1846. 
1847. 
1848. 
1849. 
1850. 
1851. 
1852. 

T8583. 

1854. 
1855. 
1856. 
1857. 

— :1858. 

1859. 

. Mr. William Smith. 

. Dr. G. A. Mantell. 

. M. Louis Agassiz. 
Capt. T. P. Cautley. 

_( Dr. H. Falconer. 
. Sir Richard Owen. 

. Professor C. G. Ehrenberg. 

. Professor A. H. Dumont. 

. M. Adolphe T. Brongniart. 

. Baron L. von Buch. 

} M. Elie de Beaumont. 

" (M.P. A. Dufrénoy. 

Rev. W. D. Conybeare. 
Professor John Phillips. 
Mr. William Lonsdale. 

Dr. Ami Boué. 

Rey. Dr. W. Buckland. 

Mr. William Hopkius. 
Rey. Prof. A. Sedgwick. 
Dr. W. H. Fitton. 

M. E. de Verneuil. 

Sir Richard Griffith. 

Sir H. T. De la Beche. 

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

Mr. James Hall. 

Mr. Charles’ Darwin. 

Professor Joseph Prestwich. 

M. le Vicomte A. d’Archiac. 

ag Hermann von Meyer. 

1860. 
1861. 
1862. 

1863. 
1864, 
1865, 

1866. 
1867. 
1868. 

1869. 
1870. 
1871: 

1872. 
1875. 
1874. 
1875, 
1876. 
1877. 

1878. 
1879. 
1880. 

1881. 
1882. 

1883. 
1884. 

1885, 
1886, 

1887. 

Mr. Searles V. Wood. 

Professor Dr. H. G. Bronn. 

Mr. R. A. C. Godwin-Austen, 

Professor Gustav Bischof, 

Sir R. I. Merchison. 

Dr. Thomas Davidson. 

Sir Charles Lyell. 
Mr. G. Poulett Scrope. 
Professor Carl F. Naumann 

Dr. H. C. Sorby. 
Professor G. P. Deshayes. 

Sir A. C. Ramsay. 
Professor J. D. Dana. 

Sir P. de M. Grey-Egerton. 
Professor Oswald Heer, 

Professor L. G. de Koninck. 

Professor T. H. Huxley. 
Mr. Robert Mallet. 

Dr. Thomas Wright. 
Professor Bernhard Studer. 

Professor Auguste Daubrée. 
Professor P. Martin Duncan, 

Dr. Franz Ritter von Hauer. 

Dr. W. T. Blanford. 

Professor Albert Gaudry. 

Mr. George Busk. 
Professor A. L. O. Des 

Cloizeaux. 

Mr. J. W. Hulke. 
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AWARDS 

OF THE 

BALANCE OF THE PROCEEDS OF THE WOLLASTON 

“ DONATION-FUND.” 

1831. 
1833. 
1854. 
1835. 
1856. 
1838. 
1839. 
1840. 
1841. 
1842. 
1845. 
1844. 
1845. 
1846. 
1847. 

1848. 

1849. 
1850. 
1851. 
1852. 
1855. 

1854, 
1855. 
1856. 
1857. 

1858. 

1859, 

1860. 

Mr. William Smith. 

Mr. William Lonsdale. 

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

Professor G. P. Deshayes. 
Sir 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. 

Professor John Morris. 

Professor L. G. de Koninck. 

Dr. 8. P. Woodward. 

Drs. G. and F. Sandberger. 
Professor G. P. Deshayes. 
Dr. 8. P. Woodward. 
Mr. James Hall. 

Mr. Charles Peach. 

Professor T. Rupert Jones. 
‘Mr W. K. Parker. 

1861, 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 

le a ey/7p, 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884, 
1885. 
1886. 
1887. 

Professor A. Daubrée. 

Professor Oswald Heer. 

Professor-Ferdinand Senft. 

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

Dr. Henry Woodward. 
Mr. W. H. Baily. 

M. J. Bosquet. 

Mr. W. Carruthers. 

M. Marie Rouault. 

My. R. Etheridge. 
Dr. James Croll. 

Professor J. W. Judd. 

Dr. Henri Nyst. 

Mr. L. C. Miall. 

Professor Giuseppe Seguenza. 
Mr. R. Etheridge, Jun. 
Professor W. J. Sollas. 

Mr. 8. Allport. 

Mr. Thomas Davies. 

Dr. R. H. Traquair. 

Dr. G. J. Hinde. 

Mr. John Milne. 

Mr. EK. Tulley Newton. 
Dr. Charles Callaway. 
My. J. S. Gardner. 

Mr, B. N. Peach. 
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AWARDS OF THE MURCHISON MEDAL 

AND OF THE 

PROCEEDS OF “THE MURCHISON GEOLOGICAL FUND,” 

ESTABLISHED UNDER THE WILL OF THE LATE 

SIR RODERICK IMPEY MURCHISON, Barr., F.RS., F.GS. 

“To be applied in every consecutive year in such manner as the Council 
of the Society may deem most useful in advancing geological science, 
whether by granting sums of money to travellers in pursuit of know- 
ledge, to authors of memoirs, or to persons actually employed in any 

jnquiries bearing upon the science of geology, or in rewarding any 
such travellers, authors, or other persons, and the Medal to be given 
to some person to whom such Council shall grant any sum of money 

or recompense in respect of geological science.” 

1873. 
1873. 
1874. 
1874. 
1874. 
1875. 
1875. 
1876. 
1876. 
1877. 
1877. 
1878. 
L878: 
1879. 
1879. 
1880. 

My. William Davies. Medal. 

Professor Oswald Heer. 

Dr. J. J. Bigsby. Medal. 
Mr. Alfred Bell. 

Professor Ralph Tate. 
Mr. W. J. Henwood. Medal. 

Professor H. G. Seeley. 
Mr. A.R.C. Selwyn. Medal. 
Dr. James Croll. 

Rey. W. B. Clarke. 

Professor J. F. Blake. 

Dr. H. B. Geinitz. Medal. 

Professor C. Lapworth. 

Medal. 

Professor F. M‘Coy. Medal. 
Mr. J. W. Kirkby. 
Mr. R. Etheridge. Medal. 

1881. 
1881. 
1882. 

1882, 
1883. 

1883. 
1884, 
1884, 

1885. 

1885, 

1886. 
1886, 

1887 
1887 

Professor A.Geikie. Medal. 

Mr. F. Rutley. 
Professor J.Gosselet. Medal. 

Professor T. Rupert Jones. 
Professor H. R. Goppert. 

Medal. 

Mr. John Young. 
Dr. H. Woodward. Medal. 

Mr. Martin Simpson. 

Dr. Ferdinand Romer. 

Medal. 

Mr. Horace B. Woodward. 

Mr. W. Whitaker. Medal. 

Mr. Clement Reid. 

Rey. P. B. Brodie. Medat, 

Mr. Robert Kidston. 



22 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 

AWARDS OF THE LYELL MEDAL 

AND OF THE 

PROCEEDS OF THE “LYELL GEOLOGICAL FUND,” 

ESTABLISHED UNDER THE WILL AND CODICIL OF THE LATE 

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

The Medal ‘to be given annually” (or from time to time) “as a mark of 
honorary distinction as an expression on the part of the governing 

body of the Society that the Medallist has deserved well of the 

Science,’—“‘not less than one third of the annual interest [of the 
fund] to accompany the Medal, the remaining interest to be given in 
one or more portions at the discretion of the Council for the encou- 

ragement of Geology or of any of the allied sciences by which they 
shall consider Geology to have been most materially advanced.” 

1876. Professor John Morris. 

Medal. 

1877. Dr. James Hector. Medal. 

1877. Mr. W. Pengelly. 
1878. Mr. G. Busk. Medal. 

1878. Dr. W. Waagen. 
1879. Professor Edmond Hébert. 

Medal. 

1879. Professor H. A. Nicholson. 

1879. Dr. Henry Woodward. 
1880. Mr. John Evans. Medal. 

1880. Professor F. Quenstedt. 

1881. Sir J. W. Dawson. Medal. 

1881. Dr. Anton Fritsch. 

. Mr. G. R. Vine. 

1882. 

1882. 
1882. 
1883. 
1883. 
1883, 
1884, 
1884. 
1885, 

1885. 
1886. 
1886. 

1887. 
1887, 

Dr. J. Lycett. Medal. 
Rey. Norman Glass. 
Professor C. Lapworth. 
Dr. W. B. Carpenter. Medal. 
Mr. P. H. Carpenter. 
M. E. Rigaux. 
Dr. Joseph Leidy. Medal. 
Professor Charles Lapworth. 
Professor H. G. Seeley. 

Medal. 

Mr. A. J. Jukes-Browne. 
Mr. W. Pengelly. Medal. 
Mr, D. Mackintosh. 
Mr. 8. Allport. Medal. 
Rey. Osmond Fisher. — 
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AWARDS OF THE BIGSBY MEDAL, 

FOUNDED BY 

De. J.J. BIGSBY, F.R.S., £:GS. 

To be awarded biennially “as an acknowledgment of eminent services 

in any department of Geology, irrespective of the receiver’s country ; 

but he must not be older than 45 years at his last birthday, thus 

probably not too old for further work, and not too young to have done 

much.” 

1877. Professor O. C. Marsh. 1883. Dr. Henry Hicks. 

1879. Professor E. D. Cope. 1885. Professor Alphonse Renard. 
1881. Dr. C. Barrois. 1887. Professor Charles Lapworth. 

AWARDS OF THE PROCEEDS OF THE BARLOW- 
JAMESON FUND, 

ESTABLISHED UNDER THE WILL OF THE LATE 

Dr. H. C. BARLOW, F.GS. 

“The perpetual interest to be applied every two or three years, as may 
be approved by the Council, to or for the advancement of Geological 
Science.” : 

1880. Purchase of microscope. 1884. Dr. James Croll. 
1881. Purchase of microscope lamps. | 1884. Professor Leo Lesquereux. 
1882, Baron C, yon Ettingshausen, | 1886, Dr. H. J. Johnston-Lavis. 
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Estimates for 

INCOME EXPECTED. 

Due for Arrears of Annual Contributions ...... 140 0 0 

Due for Arrears of Admission-fees ......eese0% 50-0500 

Estimated Ordinary Income for 1887 :— 

Annual Contributions from Resident Fellows, and Non- 

residents: 1859) tolSGly sy tem sce eens eee Wide cit 1490" 0 0 

Aldiission-feea10e..-< fs 0g.04 cge-tee dee ee 189 0 0 
Com positionsy.\.j at laren terteenere Gorin oe accor 168" 07,.o 

Annual Contributions in advance .............+ss- a One 

Dividends on Consols and Reduced 3 per Cents. ........ cod Oro 

Sale of Transactions, Library-catalogue, Orme- 

rod’s Index, Hochstetter’s New Zealand, and 

hist of Fellows* i... arses or fecha ore D sOmed 

Sale of Quarterly Journal, including Longman’s 

ACCOUNE: .. schaeiersarare ae ema ee ae reteen 190 0 0 

Sale of Geological Map, including Stanford’s 

ACCOUNE: elec. Sauces SP hoe Coc as BENE AP 9 Maer ee 0. 46 (U) 

/————— 202 0 0 

£2497 0 0 

THOMAS WILTSHIRE, Temas. 

3 Feb. 1887. 
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the Year 1887. 

EXPENDITURE ESTIMATED. 

VOL. XLIII. 

£ 

House Expenditure: 
rarer ARE PHSMEANECO. [5 .5J0< 0200 <ces<senccesesvensas 43 

eer ee, Bie a aoe ehuuwankonsinn 22 

EEE en Bo cake Sees ee caeas acodeases 30 

Furniture and Repairs........:... Rese umbtat eee hate'cs 15 

House-repairs and Maintenance.................. 15 

eMnORE EROS BePRPILINE eo) 2 5. 2s Sate nace lowes adene gue 20 

Meaenneiand Sundrics...........ce.scccertsseceses 33 

WR eR eMC YTIE 9 an oc ooo bwsinanvwnseacseasecee ne 16 

Salaries and Wages: 
PEEUUEMIMASCCUGLADY. = oc0c.nvasecsesnmecessasescaneews 050 
Assistants in Library, Office, and Museum .,, 220 

ERG ATEL 8.002 oon 2 oave'ncesacccecccseas 105 

I EE oI) o occa vain dlaniaidwe poe os on do nes 40 

OTL 22S Se eee Geen eer eee 46 

Charwoman and Occasional Assistance......... 30 

Attendants at Meetings .........ccsssesscsceneeees 8 

MURINE Saath sc wewk axa sainnsaadienacuclanarenes 10 

Official Expenditure : 
Et claus ania acacwatwasnaseehenasians sree 25 

Maeovlanecons PRINS « .....2.scc0rescceecnnssseve 22 

Postages and other Expenses .................006 65 

MME a ony spon sibs wei oc o.c.n 0,0 0's ron 

Publications: 
PRE CE NA ONERAL 25 3c ceceseweoanacncen scones 950 

. - Commission, Postage, 

MUG) AGRGTESAINP « oc../0.sccesxcddraidesas Minas 90 

Mista EMAL OIWER a= snt ecun nt anccuntlene doe aatie 33 
Abstracts, including Postage ..........-.eee0s 110 

s. a. 

1 j=) 

oe ©.o S 

Sooscocs 
° 

Coco 

Sy (=) So 

oO 

ooo coc & 

25 

Ee ign od 

194 10 0 

810 6 O 

£2497 0 O 



26 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 

Income and Expenditure during the 

RECEIPTS. 
Lo Sgt. Gd es Oe 

Balance in Bankers’ hands, 1 January 1886. 423 1 6 

Balance in Clerk’s hands, 1 January 1886. 14 4 4 
——— 437 5 10 

Compositions, Ie aa. ee ala cee see aes ae ee ZOO 0 

Arrears OL A@mission-teeEsy oceans on LOO L6G 

Admission =-f6es USSG) o.i-.c,<c0, «1 ec aiteieeene eke TSO Oia 
ee ED UO 

Arrears’ of Annual Contributions 4 5.%.2.. 625 00ee 125016 £0 

Annual Contributions for 1886, viz. : | 
Resident Fellows ......... 1508 6 6 
Non-Resident Fellows ... eT (0 

—— ovate Ga 

Annual Contributions immdyancescs. sore eee eee 48 6 0 

Diyidends-on!(Consolss a4. eee 202 19 8 

5 Reduced 3 per Cents. ...... 33 13 6 
ee ys) 1B 

Taylor & Francis: Advertisements in Journal, Vol.41.. 4 4 6 

Publications : 

Sale of-es Ourtial voles eee eee LOD Sane 
i Vol 4 eee 82 fo 79 

Sale of Library Catalogue .... 60... /0.....0.-.- yd ae 
Sale of Geological: Map: v2y..220.2-.ce-scec0008 LAGE 
Sale of Ormerod’s Index... 4..:20...cseseuecsece 218 8 
Sale of Hochstetter’s New Zealand ......... 0 42-10 
Salevof, Listvot Kellowsie care reece eee 0 25746 

209 "6G 

Journal Subscriptions in Advance... 4.4.24 ee 016 4 

*Due from Messrs. Longman, in addition to the 
above, on Journal, Vol: 40> &ie...0.5:-.s6s.2essees Ao Sse 

Due from Stanford on account of Geological Map LOG 

65 11 11 

£3106 5 10 

We have compared this statement 
with the Books and Accounts presented 
to us, and find them to agree. 

(Signed) L. FLETCHER, : 
JOHN HOPKINSON. } Aus 

4 February, 1887. 



FINANCIAL REPORT. 27 

Year ending 31 December, 1886. 

EXPENDITURE. 

House Expenditure: fs a. 2B Set 
2 ES Re eee one ere ee 29 5 0 
Ripe MEISE ANCG 25 <a ows ccc ara snanacwoaceseacessa 14 5 0 
TE 2 pe a Se ee 2715 9 
Ne one visas Sie fn Soins cn Sao ee dacotaieuex 28 4 6 
MIBPUINUFS ANG TEPAITS ...2.2..22.0sns-<seeceesses 15 12 11 
aE CPOE S 2.2522 aod dnaredsnncanessarenSe0s a9. 5 
OMOREAE ALCAN PR ot. oe n acs weno ecncdactineyees ani 19 10 0 
Mashing and Sundries ............<00.02.sjaeeess aL. 8 5 
Mate MCGINNIS ici 5025 cena lesalssncds setter oye 1 0 0 

— 21011 0 
Salaries and Wages : 

PRPRBIREG SEGEELATY) «cox couvssss-s-ssnsacccnseseos 350 0 0 
Clerk, Representatives of late .:.............0: 18 0 Q 
Assistants in Library, Office, and Museum... 190 0 0 
UES SES 2 21 a 105 0 0 
UIST ae ee 40 0 0 
OULD LS ee eee 46 0 6 
OSE a 23 8 6 
Attendants at Meetings............0.2scccssserese ~ 13a) 
PeREPHANS DeHp 40-2... <ac-ns-2nccnasersacedcuee 10 10 

790 14 0 
Official Expenditure: 

IER ee Aish ab pate Covege Jeaseeceenve es 22 9 4 
Miseellancous Printing. .....2.........00ss0.00-- 26 4 0 
Postages and other Expenses ...............+6 101 15 5 

—- 150 8 9 

Gabraty<...... ea ea eer atastie AAlt Ll 2 
Publications: 

ES Grr 2) 07) ei eee eee ere 14 9 2 
ODEs i a ES | Sa 12 12 -9 

= jo) i SE aie eee 755 14 1 
es » Commission, 
Postage, and Addressing. 89 4 10 

—- 844 19 11 
MBB CULOWS. 5. 100 sc caeaaamteansscaknes-vodger 33 12 6 
Abstracts, including Postage ................6. 109 15 O 

1015 9 4 

a ee ee. ise. o's 250 12 6 

Balance in Bankers’ hands, 31 Dec. 1886..563 16 10 

Balance in Clerk’s hands, 31 Dec. 1886 .. 138 2 3 
——— 57619 1 

£3106 5 10 
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AWARD OF THE WoLtLASton MeEpAt. 

In presenting the Wollaston Gold Medal to Mr. J. W. Huxxz, 
F.R.S., the Presipent addressed him as follows :— 

Mr. Hurxr,— 

It is a very pleasant duty which I am called upon to perform in 
presenting you with the Wollaston Medal, as a recognition of your 
great services to the study of Vertebrate Paleontolog gy. A member 
of that honoured profession which has given to Geology—and espe- 
cially to the biological side of our science—so many diligent and 
accurate students, you have succeeded, in spite of the labours and 
anxieties incident to a very active career, devoted to the alleviation 
of human suffering and the training of others for the same duties, 
in finding time for very valuable researches among. those wonderful 
forms of Reptilian life which characterize the Mesozoic period. 
Your hardly-earned vacations have been spent in the search of fossil 
bones among the mud-flats of Dorsetshire and the sandy cliffs of 
the Isle of Wight; and in this way you have acquired an excep- 
tional amount of knowledge concerning the exact geological horizons 
and the mode of occurrence of the fossils you have so admirably de- 
scribed. As by successive discoveries you have been able to add 
new details to your restoration of the bony framework of Iguanodon 
you must have experienced a joy akin to that of Creation! But 
though you are best known to the world by these osteological re- 
searches, those who, like myself, have had the happiness of being 
associated with you in the work of this Society, have discovered how 
wide is the knowledge, how catholic the sympathy, and how keen 
the interest with which you follow all the manifold developments of 
our Science. 

Mr. Hutxz, in reply, said :— 

Mr. Presipent,— 

I cannot find words adequately to express how highly I value the 
distinction which the Council has this day, by your hands, conferred 
upon me. The pleasure I experience in receiving it is in no small 
degree increased by the words of approbation which have fallen 
from your own lps. The Wollaston Medal is so truly great a 
prize, and the work I have done to merit it has appeared to me so 
httle in comparison with that accomplished by the long roll of illus- 
trious men on whom in past time it has been bestowed, that I have 
fancied that (as occurred to Sir Philip Egerton on a similar occasion) 
in awarding it to myself the Council may also have desired to mark 
their recognition of the labours of those who, whilst not devoting 
the chief part of their time and energy to the culture of that branch 
of Natural Science for the advancement of which our Society exists, 
yet endeavour in their leisure hours to do what in them lies to add 
to our common stock of knowledge. To you, Sir, to the Council, 
and to the Fellows, I tender my warmest thanks. 
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AWARD OF THE Wo.LuAston Donation Funp. 

The Prestpent then presented the Balance of the Proceeds of the 
Wollaston Donation Fund to Mr. Brysamin N. Pracu, F.G.S., and 
addressed him as follows :— 

Mr. Pracu,—- 

In addition to your services to science as an officer of the Geo- 
logical Survey of Scotland—and how important those services have 
been every geologist in recent years has had an opportunity of 
judging—you have, in conjunction with your colleague and friend, 
Mr. Horne, devoted your holidays to arduous labour in studying the 
geology of the Orkneys and Shetlands. Both the glacial and the 
volcanic phenomena of those islands have been admirably elucidated 
by your joint researches. But besides your work in the field you 
have devoted much attention to paleontological investigations ; and 
your discoveries concerning the nature of the Carboniferous Arach- 
nids and their allies have justly excited very great interest. To 
aid you in the prosecution of such studies the Proceeds of the Wol- 
laston Donation Fund have been awarded to you, and I feel sure that 
one circumstance in connexion with this Fund will make the award 
specially welcome to you. In the roll of names of those who have in 
previous years received this distinction, will be found one, honoured 
alike by you and by us, that of your lamented father, Mr, Charles 
Peach. 

Mr. Pxacu, in reply, said :— 

Mr. PrestpEnt,— 

I desire to express my cordial thanks for the honour now con- 
ferred upon me. The pleasure derived from the pursuit of the 
researches indicated by you has more than compensated for my 
labour. It is, however, an additional gratification to me to know 
that my investigations have been deemed worthy of recognition by 
the Council of this Society. 

AWARD OF THE Murcuison MEDAL. 

The Prestpent next presented the Murchison Medal to the Rev. 
P. B. Bropi, M.A., F.G.S., and addressed him as follows:— 

Mr. Broprr,— 

Never probably has an award of this Society been made to one 
who can look back upon so long a record of faithful services to 
Geology as yourself. It is now 54 years ago since you became a 
Member of this Society, at a time when the Founder of the Medal 
which has now been awarded to you, occupied the Presidential Chair. 

& 
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At the date of your election the ‘Principles of Geology’ had but 
just appeared, while Sedgwick and Murchison had not even com- 
menced their researches among the Paleozoic rocks of Western 
Britain. A pupil of the great Cambridge professor and infected 
with his enthusiasm, you soon began to contribute to various 
scientific journals, our own among the number, and in 1845 your 
valuable ‘ History of Fossil Insects ’—the first treatise of the kind 
published in any language—made its appearance. A dweller in the 
provinces, you have shown how the advancement of our Science may 
best be promoted under those conditions; and in the field-clubs and 
local societies which have done so much for the study of geology in 
the West of England, where your home lay, you have long been a 
prominent and very active worker. Your published papers on a 
great variety of subjects amount to more than 50, and only last 
year we were glad to welcome a fresh contribution from your pen, 
and to hear your clear exposition of it, as you stood before us with 
eye undimmed and with natural force unabated. The Council of 
this Society have adjudged you to be a worthy recipient of the 
Medal founded by their President of 1833. 

Mr. Broprz, in reply, said :— 

Mr. PRresrpEnt,— 

I receive, Sir, this mark of the approbation of the Council with 
very great pleasure and grateful thanks; and it was more gratify- 
ing because it took me quite by surprise. After searching the rocks 
for more than half a century, and having been a Fellow of this Society 
for 53 years, it might be expected that I should have done more to 
enlarge our knowledge of geology ; but of course my time was not 
entirely at my own disposal in this respect, and I could therefore 
only study Natural Science in the closet and the field during 
hours of leisure. As a proof that I have not been altogether idle, 
I have made during that time a large collection of fossils, number- 
ing twenty-three thousand specimens, named and arranged, more or 
less illustrating every formaticn in the British Isles. But of course 
a mere collection of fossils, though having a certain value, is of 
little worth without an accurate knowledge of the rocks and their 
organic contents. 

The award of the Murchison Medal is especially agreeable to 
me because I have had many pleasant and instructive days in 
the field with that distinguished geologist; but I do not forget 
that at Cambridge I was a pupil of the illustrious Sedgwick, 
to whom I owe a lasting debt of gratitude for the kind help and 
encouragement which that great and good professor was ever ready 
to give to any student anxious to learn. In after years, I can with 
pardonable pride speak of him as my friend, When I made 
some of my earlier discoveries of fossil insects and other organisms 
in the Wealden Purbecks in the Vale of Wardour, I received a 
letter from him in which he said, ‘“‘ you have made a good hit, go on 
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and prosper ;” and this medal shows that I have so far done so. It 
is now more than half a century since I was admitted a Fellow of 
this Society, just before I went to college, and I know that some 
hesitation, and very properly, was felt whether I should take up 
geology to any good or useful purpose. But my kind proposer 
Mr. Clift, the able Curator of the College of Surgeons, to whom I 
was well known, and where I often went as a student, would not 
give me up ; and this proof of the Society’s favour just received shows 
that he was not altogether mistaken. 

In my younger days, when I resided in London, I was a regular 
attendant at the meetings of this Society, then held in Somerset 
House, where I was a humble but (I hope) not inattentive listener 
to the papers read and the discussions which followed, and I recall 
with pleasure the many intellectual combats between the geological 
giants of those days. . I regret that distance from London and the 
higher duties of my profession prevent my attending our meetings 
so often as I could wish; but though now a septuagenarian, | am 
thankful to say that I can still hammer the rocks, and that my zeal 
and love for the noble science we all love so well has not abated ; 
but I fear I shall not be able to do much more to elucidate their 
history, though, if younger, this Medal would encourage me to make 
still further efforts ; and my chief regret is that, for reasons stated, I 
have not been able to do more to deserve the honour which the 
Society has kindly conferred upon me. I can only hope that the 
Society will pardon me for saying so much about myself. 

AWARD OF THE Murcuison GroLtocicaL FunpD. 

In handing the Balance of the Proceeds of the Murchison Geo- 
logical Fund to Dr. Henry Woonwarp, F.R.S., for transmission to 
Mr, Roxerr Kinston, F.G.S8., the Prestprnr said :— 

Dr. Woopwarp, — 

The Balance of the Murchison Fund has been awarded by the 
Council of the Geological Society to Mr. Kidston, to aid him in his 
important investigations among the fossil plants of the Paleozoic 
periods. Mr. Kidston’s great knowledge of the extensive literature 
and the complicated synonymy of these forms is borne witness to 
by the valuable catalogue which he has prepared under your super- 
intendence, and which was issued only a few months ago by the 
Trusteeg of the British Museum; a large number of remarkable 
memoirs have also shown his capacity for dealing with this difficult 
and intricate subject. In seeking to extend our knowledge of the 
earliest forms of plant-life, Mr. Kidston seems determined to leave 
no museum unvisited and no stone unturned, if perchance it should 
be found to exhibit any traces of an ancient vegetation. I will ask 

VoL. XLII. 
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you to convey to Mr. Kidston, with this Award, the hope of the 
Council that it may be of some assistance to him in enabling him 
to prosecute his researches. 

Dr. Woopwarp, in reply, said :— 

Mr. PresipEent,— 

It is with much pleasure that I am permitted to act as Mr. Kid- 
ston’s representative here this day, and to receive for him, at your 
hands, the award of the Murchison Donation Fund. JI am sure 
Mr. Kidston would, had it been possible, have been present in person 
to receive the award. He writes as follows :— 

‘“‘T desire to express my thanks to the President and Council of 
the Geological Society for the honour they have conferred upon me 
in acknowledging my labours in Fossil Botany, an honour which I 
beg to assure them I fully appreciate ; it is one which will act as a 
stimulus in my future investigations in Vegetable Paleontology. 
My aim has always been most carefully to work out our palseozoic 
flora, and in this spirit I hope to continue my labours, trusting that 
the results may be of use to others.” 

AWARD oF THE LyELL MEDAL. 

The Prestpent then handed the Lyell Medal to Prof. T. G. 
Bonney, D.Sc., F.R.S., for transmission to Mr. Samurn ALLpPoRT, 
'.G.8., and addressed him as follows :— 

Prof. BonnEy,— 

It is to me an especially gratifying circumstance that it falls to 
my lot to deliver into your hands for transmission to Mr. AtLport 
the Lyell Medal for the present year. Mr. Allport commenced the 
microscopical study of rocks at atime when the workers in that 
department of sclence were comparatively few, and when the road 
he had to travel was encumbered with difficulties and stumbling- 
blocks which have now been, to a large extent, removed by the 
labours of many earnest and patient workers. It was at that time 
my good fortune to know him, and to have frequent opportunities 
of admiring the perseverance and energy with which he carried on 
his researches. You have yourself from this Chair paid a warm 
and well-merited tribute to the generosity with which, at that time, 
he was always ready to assist his fellow-workers. The establish- 
ment of one very important principle will always be associated with. 
Mr. Allport’s labours, namely, that the apparent differences between 
the igneous rocks of widely different geological periods are, to a 
great extent, due to the changes which the constituent minerals of 
the older rock-masses have undergone since their original formation. 
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His classic papers on the Archean rhyolites of Shropshire and the 
Carboniferous dolerites of various parts of this country furnish the 
clearest evidence of the truth of this principle, and in several 
thoughtful and logical essays he has very ably enforced it. On a 
great variety of other questions connected with Petrology his re- 
searches have added largely to our knowledge ; and the fine collec 
tion of rock-sections now in the National Museum, which were made 
by his own hands, bear striking testimony to his industry and skill. 

Prof. Bonney, in reply, expressed his regret that Mr. Allport was 
unable to be present to receive this Medal from the hands of the 
President, but said that he found some consolation in the fact that he 
had thus an opportunity of most heartily endorsing what had been 
said by the President as to the great value of Mr. Allport’s own 
work, and of the kind assistance which he was always so ready to 
afford to his fellow-labourers in the field of Petrology, Prof. Bonney 
added that he should best thank the Society by reading to them a 
letter received from Mr. Allpert, in which that gentleman wrote as 
follows :— 

““T much regret to inform you that I shall be unable to attend 
the Anniversary Meeting of the Geological Society in consequence 
of the very unsatisfactory state of my health. I venture, therefore, 
to request that you will kindly express to the Council my very 
grateful sense of the honour they have conferred upon me by the 
award of the Lyell Medal. 

“Tt is, I assure you, most gratifying to me that the name of Sir 
Charles Lyell should be associated with this award; for I haye not 
only ever regarded his character and scientific method with the 
greatest admiration, but it is undoubtedly to the study of his works 
that I am chiefly indebted for what little knowledge I possess of 
the principles of geological science.” 

AWARD OF THE LyEett GrEoLocicaL Funp. 

The PresripenT next presented the Balance of the Proceeds of the 
Lyell Geological Fund tothe Rev. O. Fisnrr, M.A., F.G.S., and said :— 

Mr. FisHer,— 

The Council of the Geological Society has awarded to you the 
balance of the Lyell Fund, in recognition of your great and long- 
continued services to our science. Nearly forty years ago you com- 
menced your well-known stratigraphical investigations among the 
Newer Jurassics of Dorsetshire and the Older Tertiaries of the Isle 
of Wight, your attention being subsequently directed to the Pliocene 
and Post-Tertiary beds of East Anglia. At a very early period in 
your career a predilection for the great problems of Physical Geo- 
logy began to manifest itself; and for dealing with such problems 

d 2 
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your mathematical training gave you obvious advantages. In these 
researches, however, which have been recorded in a number of sepa- 
rate memoirs, worthily crowned by the publication six years ago of 
your ‘ Physics of the Harth’s Crust,’ you have always maintained a 
just estimate of the proper sphere and necessary limitations of the 
mathematical method of treatment as applied to such problems. 
Speaking of the processes you have chosen to employ, you truly 
remark in the preface to your well-known work, ‘“‘ When itis re- 
collected that, for the most part, we can assign only very hypothe- 
tical values to our symbols, it would be affectation to seek close 
results, which would, after all, have no greater value than those 
which claim to be only distant approximations.” In you we rejoice 
to see that the geologist has not been altogether lost in the mathe- 
matician, and that you have always kept in mind in your researches 
the weakness no less than the strength of the mathematical method. 

Mr. Fisaer, in reply, said :— 

Mr. Presipent,— 

It is no small gratification to me that the Society, through its 
Council, has expressed approbation of what I have done in the 
favourite study of a long life. I commenced geologizing almost 
before I can remember, when my uncle, the Rev. George Cookson, 
taught me to collect fossils in the cliffs of my native village of 
Osmington. My work in the field is now finished, and I geologize 
in my arm-chair out of my inner consciousness, but still, I hope, to 
some purpose. It appears to be rather these later attempts to un- 
ravel some of the physical riddles of our science (although my 
earlier observations in the field have not been forgotten) which have 
been thus handsomely recognized ; and, indeed, for my own part 
JT think what I have done in applying mathematical methods to 
these geoiogical problems has been my most useful labour. Never- 
theless I feel assured that my earlier work in the field has been of 
much service to me; for no one can pretend to grapple usefully with 
the great problems of geology who has not personally studied the 
actual phenomena.  Itis in this respect that the greatest physicists 
of the day fail to give us the decided assistance which they might do 
had they a more accurate knowledge of the questions to be solved. 

We pass on the torch from hand to hand. Some of the ideas 
which I have tried to work out were suggested by conversations 
with honoured friends long gone to their rest—Sedgwick, Hopkins, 
Miller, Phillips, and others. May I hope that when some one now 
young, in this assembly, receives a similar recognition of a similar 
life’s work, he may think of me as an intermediate link connecting 
him with those earlier workers ?—a link which, whatever may be its 
intrinsic defects, and however inferior the metal, you have seen fit 
to gild with the Balance out of the munificent legacy of the great 
Lyell. 

ee ee 
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AWARD oF THE Biespy Mepat. 

In presenting the Bigsby Gold Medal to Prof. Cuartzs Lapworzu, 
LL.D., F.G.S., the Presment said :-— 

Professor Larworta,— 

The late Dr. Bigsby established a Medal to be awarded to one 
**not too old for further work, and not too young to have done 
much.” That you admirably comply with the latter qualification 
every geologist knows; but that your age could possibly fall below 
the limit prescribed by the founder of this Medal, anyone not per- 
sonally acquainted with you might be pardoned for doubting. In 
studying the difficult, but, to geologists, very important group of the 
Graptolites, in utilizing your knowledge of those remarkable fossils 
for unravelling the stratigraphical problems presented by the con- 
torted beds of the Scottish Borderland, and in applying the valuable 
experience thus acquired to the far more difficult examples of involved 
stratigraphy found in the county of Sutherland, you have exhibited 
a happy blending of those powers of patient observation and of bold 
generalization which are equally necessary for the man of science. 
Those who know you best will feel the least doubt concerning those 
“favours to come” in the shape of further work, the “lively sense” 
of which constitutes the staple of our gratitude to you to-day. 

Prof. Lapwortu, in reply, said :— 

Mr. PREesmpENT,— 

I am deeply sensible of the distinction which the Council of the 
Geological Society have conferred upon me in awarding me the Bigsby 
Medal; and I am grateful, indeed, for the generous words in which 
you have referred to my geological work. If anything could add to 
the gratification with which I accept this award, it is that I receive 
it from the hands of one who, since the reading of my first paper 
before this Society, has been a staunch friend and a sympathetic 
adviser. Jam afraid that the Members of this Society are a little 
inclined to rate my geological labours somewhat higher than they 
deserve, and I regard this Medal less as a reward for what I have 
done in the past than as a stimulus and encouragement for the 
future. The pursuit of original research has always appeared 
to me to be the highest and most pleasurable of enjoyments— 
and none the less pleasurable, as it has for years been associated in 
my mind with the unfailing interest, sympathy, and friendship 
accorded me by the Members of this Society. My leisure and means 
for work of this kind are, however, but small; but I am confident 
that there is no need for me to assure the Society that such leisure 
and powers as I possess will in the future be given to the service 
of that science to which we are all devoted. 
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THE ANNIVERSARY ADDRESS OF THE PRESIDENT, 

Professor J. W. Jupp, F.R.S. 

GENTLEMEN, 

My next duty is the sad one of glancing over our muster-roll, 

and taking note of the gaps left in our ranks by those who, since 

our last Anniversary, have fallen before the hand of death. 

In the Right Honourable Wrrt1am Wittovcusy Cots, third Haru 

of ENNISKILLEN, we have lost a link with the past. He was elected 

a Fellow of this Society so far back as the year 1828, and at the 

time of his death was with one exception our oldest Fellow—that 

exception being the truly Venerable Archdeacon Philpot, who was 

elected in 1821, and who still survives as the ‘ father of the Society.’ 

Lord Cole, as he was called before the death of his father in 1840, 

was born in 1807, and was educated at Harrow, and at Christchurch, 

Oxford. At the University he came under the influence and teach- 

ing of Buckland and Conybeare, and formed a, friendship, which 

became a life-long one, with the late Sir Philip Egerton. The two 

friends determined to devote their attention to the collection and 

study of fossil fishes, and with this end in view they travelled to- 

gether to Solenhofen, Giningen, Monte Bolca, and other places, 

where the traces of ancient ichthyic life might be sought for. Among 

the stores of specimens thus patiently collected during many years, 

both at home and abroad, Agassiz found ready to his hand the 

materials for his famous monographs. The Cole and Hgerton Col- 

lections, now appropriately united, occupy one of the galleries of 

our National Museum, forming the most suitable and enduring 

monument of the two friends, who were indeed “ lovely and pleasant 

in their lives.” } 
Lord Enniskillen served upon the Council of this Society on many 

occasions between the years 1832 and 1867. Of a singularly modest 
disposition, he did not contribute largely to the literature of science, 

his only published memoir being a catalogue of the Agassizian types, 

no less than 154 in number, which existed in his collection ; this 

memoir concludes with a characteristic invitation to ichthyologists to 

come to Florence Court to study his collections. 

In spite of his sad infirmity, a constantly increasmg weakness of 

vision, he found pleasure to the last in the pursuit of his favourite 

hin ail 
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studies, passing away on the 21st November, 1886, in the 81st year 

of his age. Until disabled by age and blindness, his tall form and 

cheerful voice were among the most familiar to those who frequented 

the Society's apartments; and amid the older Fellows of this 

Society, a large circle of friends look back with sadness when they 

remember the hearty joviality, the warm friendship, and the un- 

bounded hospitality which distinguished this “ fine old English 

gentleman.” 

Sir Caartes JAmes Fox Bunsury, Bart., was the son of Sir Henry 

Bunbury (one of the earliest members of our Society, who contri- 

buted a paper to the ‘ Transactions’ in 1822) by his first wife, who 

was a niece of Charles James Fox. Charles Bunbury, who was 

born at Messina in 1809, appears to have early imbibed a taste for 

botanical ‘studies, and after leaving Trinity College, Cambridge, he 

at the end of 1837 accompanied his friend Sir George Napier to the 

Cape of Good Hope, making during his year’s residence in that 

colony a number of excursions into the interior in search of rare 

plants. The results of these researches were published by Sir 

William Hooker, in the ‘ London Journal of Botany ; and in 1848 

there appeared the ‘Journal of a Residence at the Cape of Good 

Hope’ by Mr. Bunbury, with an Appendix by his friend Sir John 

Herschel. After his return to England, Mr. Bunbury married, 

in 1844, Frances, the second daughter of Mr. Leonard Horner, and 

the sister of Lady Lyell. He still continued to devote much time 

to botanical pursuits, and took up very eagerly the study of fossil 

plants. At one time he appears to have contemplated either the 

bringing out of a new edition of Lindley and Hutton’s well-known 

treatise, or the preparation of a fresh work on something like the 

same lines. Although this design was never carried out, a num- 

ber of valuable papers on fossil plants, contributed by Mr. Bunbury 

to our own and other Journals, serve to show what qualifications he 

possessed for such a task. As the describer of plants collected by 
Lyell during his two visits to the United States, and as the constant 

adviser of the author of ‘ The Principles of Geology’ upon botanical 

questions, Sir Charles Bunbury will perhaps be best remembered by 

geologists in the future. He accompanied Lyell to Madeira in 1853 

and studied the botany of the island while his friend was occupied 

with the geology. He at one time took an active part in the 

management of the affairs of this Society, of which he was elected a 

Feliow in 1837; between 1846 and 1862 he frequently occupied a 
seat at the Council table, and from 1847 to. 1853 was our Foreign 
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Secretary. Sir Charles Bunbury will always be recognized as one of 

the ablest pioneers inthe study of fossil plants. 

Mr. Grorez Busk was born in the year 1807. Destined by his 

father, who resided in St. Petersburg, for the medical profession, he 

early showed signs of those scientific tastes by which his after 

life was distinguished. On the completion of his medical education 

he was appointed surgeon to the Seamen’s Hospital-ship ‘ Dread- 

nought,’ and after 25 years of useful labour he retired from that 

post with the object of devoting himself entirely to scientific pursuits. 

One of the first-fruits of the leisure thus secured was seen in his 

‘Catalogue of Polyzoa in the British Museum, which appeared in 

1852-54, and his splendid monograph on the fossil Polyzoa of the Crag, 

published by the Palzontographical Society in 1859. This work had 
been originally undertaken by Jules Haime, and the materials for it 

were found in the rich collections of Searles Wood and Bowerbank. 

In this work Mr. Busk showed the value of an exact and extensive 

knowledge of recent forms to a paleontologist in explaining the 

fossil representatives of any group, for on all questions connected with 

the anatomy and physiology of the lowest division of the molluscan 

series Mr. Busk was recognized by biologists as the highest authority. 
In 1863, accompanied by several other English geologists, Mr. 

Busk attended the Conference called together to discuss the question 

of the age and authenticity of the human jaw found at Moulin 

Quignon, and in this way his attention appears to have been directed 

to a very important class of geological problems. In the following 

year he proceeded to Gibraltar with Dr. Falconer, for the purpose 

of investigating the fauna preserved in the bone-caves of that 

place. 

From this time we find Mr. Busk devoting much of his time and 

attention to the study of the post-Tertiary Mammalia derived from 

bone-caves and similar situations. His papers on the relations of the 

extinct Bears to recent species are well known, and he also wrote 

papers on Elephas, Hyena, and Rhinoceros. He gave his valuable 

assistance to Professor Prestwich in the study of the bones found in 

the Brixham Cave, and to Colonel Lane Fox by describing the 

bones found in the valley-deposits of Acton and Turnham Green. 

During the latter part of his life, Mr. Busk took much interest in 

ethnological questions, and was an active member of the Anthro- 

pological Institute. 

This 1s not the place for attempting to estimate the value of Mr. 

Busk’s numerous contributions to Biological Science, or of his active 
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and useful career in connexion with the College of Surgeons and 

other Medical Institutions. The judgment of his contemporaries 

upon his work was manifested by his election in 1850 as a Fellow 

of the Royal Society, and by his receiving a Royal Medal from that 

Society in 1871; he also served as a Member of the Council and 

Vice-President of the Royal Society. Of our own Society he was 

elected a Fellow in 1859, and he twice served upon the Council ; in 

1878 the Lyell Medal was awarded to him, and the year before his 

death Mr. Busk received the “blue ribbon” of our Society in the 

form of the Wollaston Medal. During the latter years of his life he 

filled the office of Inspector of Medical Schools and Physiological 

Laboratories, under the Cruelty to Animals Act. After a lingering 

illness he passed away on the 10th of August, 1886, in his 80th year. 

All who knew Mr. Busk will acknowledge the justice of the 

following estimate of his character by his life-long friend Dr. Allman: 

“ A single-minded, true-hearted man, a warm friend, and an able 

and accomplished naturalist.” 

In those of whom I have already spoken we have had to sigh 

over the passing away of men whose strength had already been 

quenched in the labour and sorrow of fourscore years; but in Joun 

Artatr Puttrirs we have lost one of our most active members, fallen 

untimely,—his work, as we fondly thought, still far fromfinished. 

Mr. Phillips was born, in November 1822, at Polgooth, near St. 

Austell, Cornwall, his family being connected with the important 

tin-mine at that place, and it was in Cornwall that the days of his 

early education were passed. When twenty years of age, the true 

bent of his mind was indicated by his preparing for the Annual 

Exhibition of the Cornwall Polytechnic Society a specimen of fine 

lace delicately covered with a deposit of copper, by the then new 

process of electro-metallurgy, and for this he received the first 

prize. On this occasion young Phillips would seem to have made 

the acquaintance of Robert Were Fox, and for a time to have 

assisted him in making experiments upon the electrical condition 

of mineral veins. 

Feeling very strongly, however, the necessity of a thorough 

scientific training, Mr. Phillips determined to go to Paris and study 

at the Ecole des Mines, there being at that time no institution in 

this country where a similar course of instruction could be obtained. 

After passing through the curriculum of the celebrated French 

school and receiving its diploma, Mr. Phillips obtained employment 
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for a time in one of the largest French collieries, where he gained 

considerable experience in conducting mining operations. 

On his return to England, Mr. Phillips was appointed Chemist to 

an Admiralty Commission, then engaged in making inquiries con- 

cerning the coals best suited for use in marine boilers, this 

commission being under the direction of Sir Henry de la Beche and 

Dr. Lyon Playfair. The completion of this work set Mr. Phillips 

free to establish a private chemical laboratory, and to enter upon 

tke profession of a consulting engineer in connexion with mining 

and metallurgical operations. In this capacity he, during the next 

twenty years of his life, enjoyed abundant opportunities for travel 

and study—gathering vast stores of knowledge concerning the 

mode of occurrence of all kinds of mineral deposits in various parts 

of North America, Europe, and Northern Africa. The fruits of his 

wide experience on technological questions were given to the world 

in a number of papers published in the ‘ Chemical News,’ the ‘ Philoso- 

phical Magazine’ and other journals, but more especially in several 

well-known treatises. In 1852 he wrote, for the ‘ Encyclopedia 

Metropolitana, a ‘“ Manual of Metallurgy,” which after passing 

through three editions, gave place to the more extended ‘ Elements of 

Metallurgy,’ published in 1874, of which a second edition was being 

prepared with the cooperation of our Vice-President, Mr. Bauermank, 

at the time of the author’s death. Mr. Phillips had at an early date 

also written instructions on Gold-mining, based on his extensive 

experience in California and other countries, and in 1867 appeared 

his very valuable treatise ‘The Mining and Metallurgy of Gold aad 

Silver... Mr. Phillips’s most important scientific work, however 

was ‘A Treatise on Ore Deposits,’ which was published as recently 
as 1884. In all of these works, and especially the last, geologists 

will find large stores of valuable information, arranged in a skilful 

manner; and everywhere they must be struck with the rich fund 

of knowledge which was at the command of the accomplished and 

widely-travelled author. 

Mr. Phillips had already passed the period of middle life before 

he found an opportunity of devoting himself to those valuable 

petrographical researches with which his name will be chiefly 

identified by geologists in the future. But he came to this work 

with a mind stored with facts and observations gathered in his 

numerous journeys, with the skill of a practical chemist and the 

experience of an excellent mineralogist; and all these were com- 

bined, in spite of his fifty years, with an almost boyish enthusiasm. 
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In 1872 he jgined this Society, and at once perceiving the land of 
promise lying open to the student of the microscopical structure of 
rocks, he set to work to educate himself in making transparent 

rock-sections. I well remember his ardour in these early days of 
his work, and the glee with which he assured me that he had so far 

perfected his arrangements for rock-slicing and grinding that he 

Was ready to supply me, if I needed them, with sections “‘as large 

as slices of bread and butter”! 

The fruits of this devotion of his well-earned leisure to original 

research were soon seen in the valuable series of papers on the 

rocks of his native county, published by Mr. Phillips between 1575 

and 1878. Taking as the basis of his studies the field-observations 

of De la Beche, for whose work he always felt and expressed the 

greatest admiration, he prepared a series of very remarkable 

monographs, dealing especially with the very heterogeneous group 

of rocks that had been called “‘Greenstones,”’ which he clearly 

showed to include materials of very different origin. 

Mr. Phillips was by no means the man to think that the 

microscope—valuable as he proved it to be in his studies—ought to 

supplant all other methods of research; on the contrary, he seems 
to have been always on his guard against permitting a very useful 

servant, as the microscope undoubtedly is, to become a despotic 

master. Every one who reads his memoirs must be impressed alike 
by bis many-sidedness and his industry. In his papers on the 

Cornish rocks were included the results of over sixty complete 

chemical analyses, which he performed in his own laboratory; he 
made many hundreds of slices of the rocks, cutting them in various 

directions as best suited his purpose, and he visited and revisited 
the localities till he had satisfied himself, beyond possibility of doubt, 

of the correctness of his field-observations. 

In one respect, perhaps, Mr. Phillips searcely did himself full 

justice. Among the laborious and conscientious details of his obser- 

vations many very valuable generalizations may be found buried 
which well deserved to be brought out into greater prominence. 

His observations upon the paramorphic change of augite into horn- 

blende, and the various ways in which this change takes place, his 

recognition of the fact that massive augitic rocks are converted into 

hornblende-schists, his demonstration that many of the liquid- 

eavities found in quartz and other mimerals are of secondary origin, 

these were-all announced and their suggestiveness fully appre- 

ciated by this careful and honest worker. His researches among 
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the Cornish rocks, though the principal, were by no means his only 

ones. A very thoughtful and suggestive essay on “The Physical 

History of Grits and Sandstones,” and another on ‘“ Enclosures in 

Granite,” in which he admirably investigates the nature and origin 

of the different varieties of these well-known phenomena, must be 

still fresh in the mind of every one present. 
Mr. Phillips was elected a Fellow of the Royal Society in 18381. 

He died suddenly, from an affection of the heart, on the 4th January, 

1887, and was buried at St. Mewan’s, Cornwall. 

His sturdy integrity of character, combined with great knowledge 

of the world, made Mr. Phillips an invaluable member of the 

Council of this Society; and during the last two years he worthily 

filled the office of Vice-President. His generosity in communicating 

his results to fellow-workers and in aiding them out of his vast 

stores of knowledge are familiar to all of us. Those who know the 

amount of time and labour involved in making accurate analyses of 

rocks and minerals can best appreciate the readiness with which he 

at all times offered to undertake this task for his friends. Although 

I know that many around me must cherish similar recollections of 

the kindness of heart which distinguished our late colleague, L 

cannot forbear referring to my own personal experience of it. His 

early association with Sir Henry De la Beche secured for the Royal 

School of Mines (the child of De la Beche’s old age) the warmest 

sympathy of Mr. Phillips; he had felt the want of such a school in 

his own youth, and he gladly sent his only son to be educated there. 

Both my predecessor, Professor Ramsay, and myself have had many 

proofs of this kindly interest; and any particularly instructive 

specimen or section was to the last brought and presented with the 

kindly intimation “‘ You will find it of some use in teaching your 

young men”! It will be long, indeed, before we forget the tact 

and courtesy, the soundness of judgment, and the warmth of heart 

which ever distinguished our departed friend. 

In Mr. Henry Micuart Junxins we regret the loss of one to 

whose great literary abilities, business habits, and marvellous energy 

our Society has in the past been greatly indebted. Born near Llan- 

daff, on the 30th of June, 1841, Mr. Jenkins had the misfortune to 

lose his father in infancy, and was compelled to enter very early 

upon the stern battle of life—and this in spite of an asthmatical 

affection which, early developing itself, compelled him, while still a 

lad, to take a voyage to the West Coast of Africa. His great capa- 
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city for business had already manifested itself when, in 1861, he 

fortunately attracted the attention of Professor T. Rupert Jones, 

then our Assistant-Secretary and Editor; and, upon his recommen- 

dation, young Jenkins was appointed, in the first place a temporary 

and afterwards a permanent assistant in the library and museum. 

So diligently did he devote himself to the study of various branches 

of science, by attending the classes at King’s College during his 

leisure hours, and so rapidly did he acquire a knowledge of foreign 

languages and skill in literary work, that, when Professor Rupert 

Jones retired in 1862, Mr. Jenkins, though at that time only 21 

years of age, was appointed by the Council to the responsible post 

of Assistant-Secretary and Editor. Very admirably did he justify 

the confidence thus placed in him, and for six years he served the 

Society with conspicuous ability, not only editing the Journal, but, 

during a part of the time, managing with great skill the financial 

affairs of the Society. 

It was during this time that Mr. Jenkins began to devote his 

attention to the study of the Tertiary and Recent Mollusca, and he 

contributed papers on this and other subjects to our Journal, to the 

‘Quarterly Journal of Science,’ to the ‘ Geological Magazine,’ and to 

other periodicals, many of these papers being of the highest promise. 

With Professor P. M. Duncan, F.R.S., he was associated in the 

study of the remarkable fossil known as Paleocoryne, the description 

of which was published by the two authors in the ‘ Philosophical 

Transactions’ for 1869. 

So greatly did the energy and ability of Mr. Jenkins impress all 

those with whom he came in contact, that at the end of 1868 he 

was selected for the important and responsible post of Secretary to 

the Royal Agricultural Society of England, and editor of thati 

Society’s journal. Into the duties connected with this new sphere 

of labour, where his great power of organization and literary facility 

found such ample scope, he threw himself with characteristie energy ; 

but to these new fields of labour we must not follow him. I cannot, 

however, forbear quoting the appreciative remarks of one of our own 

Fellows, Professor Fream, concerning the manner in which Mr. 

Jenkins made his geological knowledge and experience of service to 

him in his new career as an agriculturist :— 

«“ As might be expected, the fruits of his early scientific expe- 

rience are discernible in many of his papers. Particularly is this 

the case in his clear and accurate descriptions of the geological 

features of the districts of the farms he reported upon in 1869, of 

> 
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the prize-farm district around Oxford in 1870, of the geology of 

Belgium, and of Sweden and Norway. In his report upon Denmark 

he pointed out how each of the geological formations in that country 

is characterized by a distinctive system of agriculture.” 

Mr. Jenkins was elected a Fellow of this Society in 1863, and, in 

spite of ever multiplying and distracting occupations, he always 

Look the warmest interest in our affairs. To the trying disease 

against which he had struggled so manfully, he at last fell a victim, 

passing away last Christmas eve at the early age of 45. Few men 

have accomplished so much work in so short a time and under such 

adverse conditions. At his open grave the prince who presided over 

the great Society which he served so faithfully, and the farmers and 

peasants whose interests he had spent so large a share of his life in 

promoting, were alike represented; but among those who mourned ° 

his loss there were none who felt it more keenly than his early 

friends and fellow-workers of the Geological Society. 

Dr. Harvey Bucwanan Hott was born at Worcester on the 28th 

of September, 1820, and received his early education in that town 

and at Birmingham. When only 17 years of age he met Sir Henry 

De la Beche, whom he accompanied for six months while engaged 

in his important studies of the geology of Cornwall and Devon. De 

la Beche seems to have formed such a high opinion of the abilities 

of the young geologist that he recommended him to the notice of 

Professor Rogers, and the result was that young Holl found employ- 

ment for three years on the Geological Survey of Pennsylvania, 

afterwards travelling for a year in the United States on his own 

account. From the pupil of such masters as De la Beche and 

Rogers good services to geological science might be looked for; nor 

was the expectation disappointed. After returning to England and 

taking his medical degree, Dr. Holl accompanied the British Army 

to the Crimea, remaining there till the end of the campaign. For 

some time after his return he practised his profession in London ; 

but in 1862 he retired to Malvern, and in the same year became a 

Fellow of this Society. It was then that he found time for the 

carrying out of his valuable studies on the geology of the Malvern 

Hills. In opposition to Murchison’s views, he maintained the non- 

intrusive character and the Archean age of these rocks, constituting 

himself a pioneer in the study of those isolated portions of the pre- 

Cambrian floor of Britain which have been uncovered by denudation, 
and which, during recent years, have attracted so large a share of 
the attention of geologists. 



ANNIVERSARY ADDRESS OF THE PRESIDENT. 47 

Other important papers on stratigraphical geology which he contri- 

buted to our Journal were those on the correlation of the several sub- 

divisions of the Inferior Oolite in the Middle and South of England, 

and on the older rocks of South Devon and Cornwall. He also 

published a number of papers on fossil sponges and Entomostraca, 

the latter with the cooperation of Professor T. Rupert Jones. 

When ill-health prevented him from continuing his work among 

he Field-Clubs of the west of England, of which he had so long 

been a most active member, he retired to his native town, still with 

microscope and pencil carrying on his labours among the minute 

fossils which he had studied with such loving care. 

Dr. Holl succumbed to the effects of heart-disease on September 

11th, 1886, and in him we have to mourn the loss of one who has 

greatly contributed to the advance of geological knowledge in a 

number of widely different fields. 

In Mr. Caters Evans we have lost another of those hard-working 

amateurs to whose exertions the advance of geological science has 

been so largely due. He was born in July 1831, and educated at 

University College School. He lost his father while still young, and 
after being educated as a solicitor, received in the year 1852 an 

appointment in the Chancery Pay Office, which he retained till 1882, 

when compelled to retire through ill-health. Mr. Evans was a 

remarkable example of what can be accomplished by an ardent 

student of Nature, even when his lot in life happens to be cast in 

{he heart of this human wilderness of London. Having taken up 

the study of geology in 1855, he found among the excavations for 

the new sewers in this city, and in unfinished cuttings of railways 

leading from it, abundant opportunities for the collection and study 

of fossils, supplementing this work by researches carried on at the 

seaside during his vacations. In this way he accumulated a large 

and valuable collection, some important type specimens from which 

were bequeathed by him to this Society. He took a very active 

part in the work of that very useful body the Geologists’ Association, 

of which he was one of the earliest members, and to its Proceedings 

nearly all his papers were communicated. His most notable con- 

tribution to geological literature was the well-known paper “On 

some sections of Chalk between Croydon and Oxtead, with Obser- 

vations on the Classification of the Chalk,” in which there was made 

the first attempt in this country to base a classification of the beds 

of the Chalk upon palontological data. This memoir, which 
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essayed to do for England what Prof. Hébert did for France, has 

formed the basis of much excellent work since accomplished by 

M. Barrois, Mr. Jukes-Browne, and other geologists. With this 

important question of the classification of the Chalk strata Mr. Evans’s 

name will ever be honourably associated, giving him as it does an 

undisputed claim to a niche in our Geological Temple of Fame. 

Happy to the end in the study of Nature, to which he devoted his 

last years of physical weakness and decline, he passed away in his 

home at Hampstead on the 16th September, 1886. 

From a remote Devonshire rectory we have received two papers, 

short but full of promise, from the pen of the Rev. Wrrttam Downes. 

These papers showed that the Society had secured, by his election in 

1872, the aid of an able student of the very interesting Cretaceous 

rocks of the West of England, and one who had exceptional oppor- 
tunities for their detailed investigation. We have, alas! to record 

his death on the 12th October, 1886, at the age of 48. 

Professor FrepErick GuTuRiz, F.R.S., the eminent physicist, who 

died on the 21st October, 1886, had been for some years a Fellow of 

this Society. Some of his researches upon physical questions, 

especially those bearing upon the continuity between the states of 

solution and fusion, have an important bearing on geological 

problems, and these their author clearly saw and forcibly pointed 

out. Born in London in 1833, Dr. Guthrie was educated at Uni- 

versity College School and University College, receiving a further 

chemical training in the Universities of Marburg and Heidelberg. 

Acting first as demonstrator to Dr. Frankland at Manchester, and then 

to Sir Lyon Playfair at Edinburgh, he became Professor of Physics 

at Mauritius ; afterwards, succeeding Dr. Tyndall, he obtained the 

appointment which he so worthily filled at the time of his death, 
that of Professor of Physics in the Normal School of Science and 

Royal School of Mines. His death at the early age of 52, which 

resulted from a morbid growth in the throat, has deprived science of 

an enthusiastic and ingenious student, and his colleagues of a much- 

loved friend and coadjutor. One of these, who knew him well, has 

aptly compared his whimsical admixture of simplicity and wisdom, 

of kindliness with pungent but never caustic humour, to the 

immortal character of Uncle Toby. | 

In Mr. Artur Grote we have lost one of those valuable members 
who, after long service in our Indian Empire, return with wide 
knowledge and ripe experience, ready to be placed at the service of 
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the scientific societies of their native land. Mr. Grote, who was a 

younger brother of the historian, was born on the 29th November, 

1814, at Beckenham in Kent ; from 1833 to 1868 he was a member 

of the Indian Civil Service, at the end of his career occupying one 

of the highest administrative posts in the Bengal Presidency. He 

joined this Society in 1846, and after his retirement from official 
life found satisfaction for his scientific tastes and sympathies in 

attending the meetings and assisting in the administration of the 
affairs of the Royal Asiatic, the Zoological, and the Linnean Societies, 

as well as of our own. A man of charming manner and most amiable 

character, his presence will be missed by a large circle of scientific 
friends. 

From our Foreign list we have been compelled to erase the 

honoured names of Abich, Guiscardi, and Cornet. 

Dr. Hermann AxicH was born in Berlin, 11th December, 1806. 

He first became known to the scientific world by his careful chemical 

analyses of the spinels and other minerals; but he afterwards 

devoted his attention to the study of volcanic phenomena, and in 

this connexion his investigations on the chemical composition of the 

gases of fumaroles and of the deposits which are found on the sides 

of voleanic vents are of especial value. He was a warm advocate 

of Von Buch’s theory of “ Erhebungscratere,” and though few 

geologists at the present time will be found ready to accept his 

arguments on this subject, every one must admire the careful 

observations on the structure of volcanoes which he brought together 

in several well-known works. In 1837 appeared his ‘ Vues 

Iilustratives de Phénoménes Géologiques observés sur le Vésuve et 

VEtna pendant les Années 1833 et 1834,’ and in 1841 his ‘ Geolo- 

gische Beobachtungen iiber die Natur und den Zusammenhang der 

vulkanischen Bildungen.’ Having been appointed Professor of 

Mineralogy at Dorpat, Abich’s attention was directed to the study 

of the geology and mineralogy of different parts of the vast Russian 

Empire. He subsequently removed to Tiflis, and from that time his 

studies were chiefly devoted to the elucidation of the geological 

structure of the Caucasus and surrounding districts. So long ago 

as 1857 he was elected a Foreign Member of this Society. The last 

few years of his life were spent at Vienna, where he was engaged 

in embodying the results of his numerous researches in a great 

monograph entitled ‘ Geologische Forschungen in den kaukasischen 

Landern,’ of which one part only has as yet appeared. He passed 

away on July Ist, 1886, in his 80th year. 

VoL. XLII. é 
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GueLIELMo GuIscaRpI, who was born in Naples in March 1821, 

was educated for the profession of an architect. When he was 24 

years of age, however, the meeting of a Scientific Congress at 

Naples, which he attended in order to learn something about 

building-materials, seems to have directed his attention to the 

interest attaching to geological studies. Entering the class of the 

veteran mineralogist Professor Scacchi in the University of Naples, 

Guiscardi soon became the most distinguished of his pupils. The 

revolution of 1848 found the young geologist in the ranks of the 

army which endeavoured to overthrow the Bourbon dynasty in 

Naples ; but on the failure of that attempt, he retired to a private 

life of intense study for the next twelve years. The victory of the 

national cause, to which he was so greatly attached, came at last, 

however, and he was then in 1860 appointed Professor of Geology 

in the University of Naples, a post which he retained till the time 

of his death. Professor Guiscardi was a man of very wide culture 

and extensive knowledge, as was shown by his paleontological 

papers on the genera Nerita and Atwria, on the family of the 

Rudistes, and those on the fossils found in blocks ejected from 

Vesuvius, by his petrographical papers on the rocks of Vesuvius and 

the Phlegrean fields, and by his chemical researches on the gases: 

escaping from volcanic vents. He was elected a Foreign Corre- 

spondent of this Society in 1879. Many of our members can bear 

testimony to the cordiality with which foreign students of his science 

were always welcomed at Naples by our esteemed Correspondent, 

who ever showed himself ready to assist them in their researches ; 

I can myself never forget the kindness which I received from one 

with whom I contracted a warm friendship. For some years past an 

affection of the eyes had caused him much suffering and anxiety, and 

he died at. Naples on the 11th December, 1885, at the age of 64. 

Francois Leopotp Cornet was born at Givry in Belgium on the 

21st February, 1834. At the age of 16 he entered as a student the 

“‘ Ecole des Mines ” of Hainault, and, obtaining his diploma in 1853, 

became a mining engineer. For some years he was engaged in the 

direction of the operations of several coal-mines, and in this capacity 

he introduced two notable improvements into the working of the 

Belgian collieries, namely the employment of compressed air as a 

motive power, and the use of the endless chain for transport 

purposes. Forming the acquaintance of another mining engineer, 

M. A. Briart, now an esteemed Foreign Correspondent of this Society, 

Ee Pa 
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M. Cornet entered with him into a scientific partnership, and from 
this time forth all the valuable geological researches which they 

carried on were published under their joint names. In 1865 they 

announced the discovery of an older series of Eocene strata than 

had hitherto been recognized, and in subsequent papers the strati- 

graphy and paleontology of these most ancient members of the 

Tertiary series and of the underlying Cretaceous rocks were carefully 

elaborated. These papers were, however, interspersed with others 

bearing upon anthropological questions and on the Carboniferous 

strata of Belgium. During the later years of his life M. Cornet was 

engaged in developing the remarkable industry which had arisen in 

Mons through the working of the phosphate beds of the Chalk. In 

1883 he was elected one of our Foreign Correspondents, and only 

last year he contributed to our Journal a very valuable paper 

describing the Cretaceous strata of Mons which contain the remark- 

able deposits of phosphate of lime. Little did we think at the time 

that this was the last communication which would come from his 

hands, but in January last we received the sad news of his death at 

the age of 53. 

The Report of the Council indicates a very flourishing condition 

of our affairs—both in respect to the number of our Fellows and the 

state of our finances; but I need scarcely remind you that, 

gratifying as these circumstances are, the true index of the well- 

being of our Society is to be found in the amount and importance 

of the original work done by its members, as shown by the contents 

of our annual volume. During the past year the number of papers 

submitted to the Society has been at least as large as in any 

previous year, and I am persuaded that when tried by the test of 

time there will be found to be no falling off in their scientific value. 

In a year when so much attention has been directed to our 

Colonial and Indian possessions, and when we have had the pleasure 

of greeting in this room some of our most active members, who are 

citizens of the Greater Britain beyond the seas, it is not surprising that 

communications bearing on the geology of these British ‘“ outliers” 

have been as numerous and valuable as they were welcome. 

The Societies which occupy common ground with ourselves—our 

valued auxiliaries the Palzontographical Society, the Mineralogical 

Society, and the Geologists’ Association—have well kept pace in 

the ever-forward movements of the past year; the numerous 

provincial Geological Societies and Field-clubs have all aided in 

e2 
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swelling the strength of the advance; while the ‘ Geological Magazine,’ 

appearing at shorter intervals than our own Journal, has satisfied 

all the requirements of the light skirmishers of our army. 

The two great state-supported institutions to which Geologists 

always look for aid in their work have not been wanting in effort 

since our last Anniversary. 

The Geological Survey has already completed the one-inch map of 

England, that of Ireland will be finished during the next year, 

while their last great remaining task—the important one of mapping 

the Scottish Highlands—is being vigorously attacked both from 

the north and the south. Valuable work of revision in the country 

already surveyed is also being pressed forward, the most notable 

achievement in this way during the past year being the complete 

confirmation by Mr. Clement Reid of Professor Prestwich’s important 

discovery, which was made in 1857, of the existence of Pliocene 

outers on the North Downs. 

Nor has the Natural History department of the British Museum 

been behind its sister institution in the work it has accomplished. 

The rearrangement of the paleontological and mineral collections, 

under more favourable conditions of space and light, has gone on 

steadily ; valuable monographs like those of Dr. Hinde on the fossil 

sponges, and of Mr. R. Etheridge, jun.,and Mr. P. H. Carpenter on 

the Blastoidea have been issued; and catalogues like those of 

Professor Rupert Jones on the Foraminifera, of Mr. Lydekker on the 

Fossil Mammalia, and of Mr. Kidston on the Paleozoic plants have 

been published. Among the good work done by some of our members 

who direct the affairs of the Museum, we must not overlook the 

admirable and successful efforts which are being made to increase 

the value of the collections for educational purposes. ‘The specially 

arranged collections for the guidance of students and beginners, 

and the cheap and accurate guide-books now issued, afford sufficient 

evidence that the Director and Keepers of the Museum are alive to a 

very urgent national want. From among those whose interest has 

been excited and whose earliest cravings for information have been 

supplied by such means as these, our own and other societies must 

look for future recruits. It may not therefore be uninteresting to 
mention that of the cheap illustrated guide to the Paleontological 
Galleries, prepared by Dr. Woodward in 1880, four editions have 
already appeared and over 12000 copies have been sold; while of 

Mr. Fletcher’s Guide to the Mineralogical Gallery, with its charming 

introduction to the study of Mineralogy, no less than 4000 copies 

have been disposed of within a very short period. ; 
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At the last meeting of the British Association, held at Birmingham, 

geological questions occupied a full share of the attention of its 

members. In addition to the comprehensive address of the Presi- 

dent, Sir William Dawson, which dealt with very complex geological 

problems, and the lucid discourse of my predecessor in this Chair, 

who supplemented the reviews which he has given in this room of 

the results of the application of microscopic methods to the study of 

igneous and metamorphic rocks respectively by an equally striking 

and suggestive treatment of the aqueous rocks from the same point 

of view, Geologists have to thank the distinguished mathematician, 

Professor G. H. Darwin, for the comfort afforded to them in his 

very modest and thoughtful address. Should certain more recent 

utterances from the mathematical fold have produced a moment’s 

disquiet in any faint-hearted Fellow of this Society, I can confidently 

recommend to him the perusal of Professor Darwin’s cautious and 

reassuring essay. 

The commencement of several important undertakings have marked 

the present year in the annals of geological science. 

Those who desire to perpetuate the memory of the late John 

Morris could not possibly have chosen a better method for doing so 

than that of promoting the publication of a new edition of his in- 

valuable ‘Catalogue of British Fossils.’ In the third of a century 

which has elapsed since the second edition appeared, the progress of 

paleontological research has been so rapid that no single individual 

—even if gifted with the encyclopzedic mind of Morris himself—could 

possibly expect to cope with it. A number of able workers have, 

however, rendered themselves responsible for the cataloguing of the 

several groups which they have especially studied, while Dr. Henry 

Woodward has undertaken to act as Editor. Professor Morris’s 

nearest surviving relative having engaged to supply the necessary 

funds, and the Syndics of the Cambridge University Press having 

arranged to print it, we may hope at no distant date.to see this 

important work issued. ° 
Mr. Teall, in his ‘ British Petrography,’ has entered upon a task, 

the accomplishment of which was much needed, and which is well 

worthy of the sympathy and support of all geologists. He proposes 

to prepare descriptions, to be illustrated by carefully executed 

coloured plates, of the chief types of our British rocks. How com- 

petent Mr. Teall is for the execution of such an undertaking, he has 

given ample proof in several papers laid before this Society. In these 

days of rapidly increasing petrographical literature, every one must 
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feel indebted to the author for the careful manner in which he 

follows up the comparison of our British types with those described 

by foreign petrographers. 

Mr. Mellard Reade, who is so well known to geologists by his 

thoughtiul and suggestive addresses to the Geological Society of 

Liverpool, has found an admirable subject, which he has treated 

with great skill and no little originality, in his ‘ Origin of Mountain 

Ranges.’ 

To the manner in which the advancement of geological science is 

being promoted by the various societies in other countries, and the 

surveys undertaken by foreign States, I can do no more than barely 
allude. Everywhere we have to note the same steady and sustained 

efforts, before which the clouds that have enveloped the story of 

former times are being gradually rolled back, and the light of 

knowledge is illuminating the obscurest problems connected with 

the past history of our globe. 

In the advance of an army through an unknown and difficult 

country there must always be some risk of the communications 

between its several divisions breaking down, and of their power for 

effective cooperation becoming impaired; more especially does this 

danger arise when the army is large in its numbers, complicated in 

its organization, or swift and sudden in its movements. 

Now that vast host of geological investigators which is ever 

pressing forward to conquer new realms of knowledge is distin- 

guished among all the armies of science by the rapidity of its evolu- 

tions; the history of Geology is the chronicle of a brilliant succession 

of forced marches. It may therefore be prudent if, from time to 

time, we pause to look around us and to inquire if there be any 

chance of the centre of our army, while engaged in steadily grappling 

with the vast physical problems which confront it, losing touch 

with either of its wings—that which is composed of the cultivators 

of the mineralogical sciences on the one hand, or that which is 

formed by the students of the biological sciences on the other. 

From that position of elevation and of observation in which I 

find myself placed by your indulgent suffrages, it has occurred to me 

that I may possibly render a service by reporting to you the main 

features of the field of conflict, so far as it is given to me to discern 

them. 
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In attempting such a survey, I of course do not forget that a just 

idea of so vast a field can scarcely be obtained from any single 

standpoint ; but I am satisfied that no better vantage-ground could 

possibly be found for the purpose than that afforded by this Chair. 

Without for one moment forgetting the workers belonging to other 

countries or connected with kindred associations, I may claim for 

this Society that it has ever taken a foremost place in promoting the 

progress of geological science ; that the initiative in many of its most 

remarkable advances has been due to our Fellows; and that all the 

leading episodes of its short but brilliant history will be found 

faithfully reflected in our publications. 
It is my purpose to-day to invite your attention to the past and 

present relations between Geology and the Mineralogical Sciences. 

The geologists of this Society stand in no need of the reminder 

that ‘“‘ their father was a mineralogist.” That little band of enthu- 

siasts who, just eighty years ago, constituted themselves the nucleus of 

the Geological Society of London were before all things mineralogists; 

and the initial object of the formation of the Society was a purely 

mineralogical one, that of securing the publication of Count Bournon’s 

laborious treatise on the varied forms assumed by the crystals of 

calespar. Little could its original members have anticipated many 

of the directions in which the work of the Society was destined to 

develop itself. 
An examination of the first series of our ‘ Transactions,’ published 

between the years 1811 and 1821, will show that all the really 

valuable and enduring work of the Society, during this first epoch 

of its history, was either mineralogical or petrographical. Looking 

back on that work, we may indeed feel proud of the achievements 

of these founders of our Society. We find Wollaston engaged in 

devising his beautiful contrivance for measuring the angles of crystals, 

and William Phillips illustrating the value of the reflecting goni- 

ometer by accumulating a great mass of accurate determinations ; 

we see Whewell, and afterwards Miller, labouring to place on a 

secure basis the mathematical methods best adapted for the discus- 

sion of these measurements; while Brewster and Herschel are 

steadily feeling their way towards the pregnant generalization that 

the geometrical forms of crystals are but the outward and visible’ 

signs of an inward molecular structure, which becomes clearly mani- 

fested by its action upon polarized light; at the same time 

Macculloch, bringing to bear on his studies in the field a vast 

amount of accurate chemical and mineralogical knowledge, is found 
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engaged in laying the foundation in this country of the study of 

rocks. 

If now we turn to the second series of our ‘ Transactions’ and 

the earlier volumes of our ‘Journal,’ published between the years 

1824 and 1858, we shall perceive a startling falling-off in the con- 

tributions to mineralogical science, too sure a sign of that neglect 

and almost contempt with which Mineralogy had come to be 

regarded by the geologists of that period. 

This unfortunate result was doubtless to some extent due to the 

powerful counter-attraction exercised by Stratigraphical Geology, 

which had received such a remarkable impetus from the labours of 

William Smith, and of Paleontology, which was daily being enriched 

by the discoveries of Cuvier, Conybeare, Buckland, Mantell, and 

Owen. But it must, at the same time, be confessed that many 

mineralogists had at that period permitted themselves to be betrayed 

into a position of more or less pronounced antagonism to all the later 

developments of Geology, and their science in turn had come to be 

regarded by geologists with feelings of suspicion and distrust. 

Perhaps I cannot better illustrate the relations which had grown 

up between the geologists and mineralogists of that day than by 

referring to an incident which was related to me by Charles Darwin, 

shortly before his death, as haying exercised an important influence 

on his own career as a geologist. While Darwin was a student at 

Edinburgh, it was the custom of Jameson, who was justly regarded 

at that time as the apostle of exact mineralogical knowledge in this 

country, to take his class to Salisbury Crags and there to inveigh 

in no measured terms against the infatuation of geologists in main- 

taining the igneous origin of those masses of basalt. Under such 

circumstances as these it is not surprising to find that geologists, 

judging the tree by its fruits, were led to conclude that from 

Mineralogy there was little to be hoped for in the way of assistance 

to their own science, and nothing at all to be feared in the way of 

criticism. 

Although this state of estrangement between Geology and Mine- 

ralogy has now happily passed away, since the causes which brought 

it about have disappeared, it may still be doubted whether all the 

cultivators of these two sciences fully realize their mutual depend- 

ence, or clearly recognize their capabilities for mutual assistance. 

It may not be unprofitable, therefore, to inquire how perfect 

cooperation between mineralogists and geologists may best be 

promoted, and to reconnoitre those promising fields of research 

through which their joint advance must be made. 
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The realm of Nature has been recognized from time immemorial 

as consisting of three kingdoms: dealing with the affairs of these 

three kingdoms, respectively, there have grown up side by side three 

departments of natural knowledge—Zoology, Botany, and Mine- 

talogy. But in recent years new and, I cannot help thinking, 

regrettable relations have sprung up between these sister sciences. 

Zoology and Botany, having developed a method, a classification, 

and a nomenclature, based on common principles, have been drawn 

together by bonds so close and firm that many regard them as in- 

dissolubly one—the science of Biology. Mineralogy, thus isolated, 

has been driven to seek new and unnatural alliances,—with 

Chemistry, with Physics, or with the Mathematical Sciences. For 

my own part I confess that I regard this threatened “‘ Repeal of the 

Union ” of the natural sciences as alike a misfortune and a mistake. 

Tt is sometimes assumed that the objects dealt with by Zoology 

and Botany are so different in their essential characters from those 

treated of by Mineralogy, that the science of “‘ Organic” nature must 

always follow a different path from that pursued by the science of 

‘<Jnorganic” nature. The structures commonly known as organic, 

and the processes usually called vital, are asserted to be so entirely 

different, alike in their origin and in their essence, from anything 

existing in the Mineral kingdom, as to warrant the establishment 
and perpetuation of a fundamental distinction between the sciences 

dealing with “living” and “non-living ~ matter respectively. 

In the year 1854 a very acute thinker, who at one time occupied 

this Chair, made a serious attempt to formulate the distinctions 

which are supposed to divide living from non-living matter; but 

at a subsequent date, admitting with characteristic candour that he 

had altogether outgrown these ideas, Professor Huxley argued, with 

great skill and cogency, that “vitality ” is merely a general term 

for a set of purely physical processes, differing only in their com- 

plexity from those to which “inorganic ” matter is subject. 
It is a circumstance of no small significance that no definition of 

life which has yet been proposed will exclude the kind of processes 

which we can now show to be continually going on in mineral 

bodies. “Life,” said the late George Henry Lewes, “is a series of 
definite and successive changes, both of structure and composition, 

which take place in an individual without changing its identity.” 
Mr. Herbert Spencer prefers to define life as “the definite combi- 

nation of heterogeneous changes, both simultaneous and successive, 

in correspondence with external co-existences and sequences.” 
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If either or both of these definitions of life be accepted as satis- 

factory, then, as I hope to demonstrate to you, the minerals which 

build up the crust of our globe unquestionably “live.” At all events 

I am confident of being able to show that ‘‘in correspondence with 

external co-existences and sequences,” or, in other words, as the con- 

ditions to which they are subjected vary, they undergo “ a series of 

definite and successive changes, both in structure and composition, 

without losing their identity.” 
It may seem paradoxical, but it is nevertheless true, that the 

“vitality ” of minerals—I really do not know what other term to 

use to convey my meaning—is much greater than that of plants, 

and, a fortiori, than that of animals; and this is the direct and 

necessary consequence of their less complex and more stable chemical 

constitution. 

The Zoologist regards as a case of remarkable vitality the recovery 

of snails which had been long affixed to a museum-tablet, upon 

their immersion in warm water. The Botanist cites the germination 

of seeds taken from ancient Egyptian tombs as a striking illustra- 

tion of how long life may remain dormant in the vegetable world. 

Let us now turn to the Mineral kingdom. A quartz-crystal develops 

to certain dimensions, in accordance with the natural laws of its 

being, and when the necessary conditions of growth cease to environ 

it, its increase is arrested. But the crystal still retains its “‘ vitality,” 

that is the power of further development which is dependent on its 

particular “ organization” or molecular structure. We may de- 

stroy that “organization” and the “vitality” which is dependent 

upon it in a single instant, by subjecting the crystal to the action 

of hydrofluoric acid or of an oxyhydrogen flame. But unless its 

“‘ organization” and “vitality” be thus brutally stamped out, the 

crystal and, indeed, every fragment of it retains, not the ‘‘ promise ” 

only, but the very “ potency of life.” It may be worn by wind and 

wave into a rounded and polished sand-grain; it may be washed 

from the beds of one formation, to form part of the materials of a 

new one, and this process may be repeated again and again; but 

after countless wanderings and unnumbered “accidents by flood 

and field,” extending over millions on millions of years, let but the 
necessary conditions of growth again environ it, and the battered 

and worn fragment will redevelop, in all their exquisite symmetry, 

its polished facets, it will assume once more the form of a quartz- 

crystal, having at least as much claim to identity with the original 

one, as a man has with the baby from which he has grown. 
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“‘ Life!” “Vitality!” These terms are but convenient cloaks of 

our ignorance of the somewhat complicated series of purely physical 

processes going on within plants and animals. “ Organization!” 

Why should the term be applied to the molecular structure of an 

Ameéa or a yeast-cell, and refused to that of a crystal? And 

even if we choose to maintain such distinctions as these, must we 

also insist that they constitute a basis sufficiently broad upon which 

to establish our classification of the sciences ? 

Unquestionably there are differences between the changes which 

take place in these wonderful cycles in animals, plants, and minerals 

respectively. As animals differ from plants in not being able to 

build up their tissues from the simple compounds of the mineral 

kingdom, so animals and plants alike differ from minerals in their 

power of growth by intussusception. 

But perhaps the most striking difference of all between the 

‘“‘vital” processes in animals, plants, and minerals is found in the 

rate at which they take place. Animals, in consequence of the in- 

stability of their chemical constitution, are distinguished by an 

almost ceaseless activity and a consequent brevity of existence. 
Plants, in the slower rate at which their vital processes take place, 

bridge over to some extent the tremendous gap between animals 

and minerals. In these last the vital processes are so prolonged 

in their manifestations, owing to the stability of their chemical com- 

position, and they are not unfrequently interrupted by such enormous 

intervals of time, that they can only be recognized by the geologist. 

The changes which take place in an ephemera are rapid indeed 

as compared with those going on in the oak-tree among the branches 

of which it may spend its brief existence ; but in the rocks among 

which the oak thrusts its rootlets, other processes are going on com- 

pared with which the life of the oak-tree is as “fast” as that of 

the ephemera compared with its own. 

Nevertheless the three forms of “life ” seem to start pretty much 

on a level. A solution of nitre in which crystallites are uniting, in 

obedience to the laws of “polarity,” to build up crystals with their 

regular forms, their molecular structure, and their powers of further 

development ; a solution of sugar in which the cell of a yeast-plant 

is living and growing; and a third liquid with suspended vegetable 

particles in which an Ameba is increasing and multiplying,—these 

three may surely be compared with one another, however unlike 

may appear to be the higher developments in the three kingdoms 

to which they respectively belong. 
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I do not, of course, for one moment wish to suggest that it is 

practicable, or even desirable, to attempt an extension of the con- 

ventional use of the terms “life” and “ organization.” But I do 

think that it is of the first importance that we should clearly 

recognize the fact that the distinctions between living and non- 

living matter are not essential and fundamental ones, that cycles of 

change exactly similar in almost every respect to those occurring 

in the animal and vegetable kingdoms are equally characteristic of 

the mineral kingdom—though in the latter they are more difficult 

to follow on account of the extreme slowness with which they take 

place. 

When this great truth is fully recognized, the separation of the 

Biological and the Mineralogical Sciences will be at an end, and 

Mineralogy will begin to profit by that revolution in thought and in 

method which has already done so much for her sister sciences. 

The temporary divorce between Biology and Mineralogy has 

arisen, not from any inherent differences between their aims, their 

methods, or the objects of which they treat, but from the circumstance 

that while the former has in the last half-century advanced with 

the stride of a giant, the latter has during the same period tot- 

tered on with the feeble steps of infancy. Mineralogy is still in the 

“ pupa stage ” of its development ; it isa classificatory science, with 

its methods imperfect, its taxonomy undeveloped, and its very 

notation undefined. Its cultivators, absorbed in the Sisyphean task 

of establishing new species and varieties, too often treat their science, 

with all its glorious possibilities, as though it were but akin to postage- 

stamp lore ! 

How is it, we may profitably ask, that the Biological sciences 

have made such prodigious advances, while the Mineralogical ones 

have lagged so far behind? We must ascribe the result, I believe, 

to two causes :— 

In the first place, improvements in the construction of the micro- 

scope, and more especially the perfecting of methods of study by 

means of thin sections, have immeasurably enlarged the biologist’s 

field of observation ; Histology and the ceil-theory, Embryology with 

all its suggestiveness, and many important branches of Physiological 

research, must have languished, if, indeed, they ever saw the light, 

but for the aid afforded by the microscopical methods of inquiry. 

In the second place, the growth of Geological and Palzontological 

knowledge has been the leading factor in that profound revolution 

in Biological ideas which, sweeping before it the superstition of fixity 
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of species, has endowed this branch of natural science with the 

transforming conception of Evolution. 

Now these two causes which have done so much for Biology are 

already working out the regeneration of Mineralogy; and I doubt 

not that in due time the fruits brought forth by the latter science 

will be equally satisfactory with those of the former. 
The application of the microscope to the study of minerals has 

proved less easy than in the case of animal and vegetable structures. 

More than a century ago, it is true, several French geologists 

employed the method of crushing a rock, and of picking out from its 

powder the several minerals of which it was composed, for micro- 

scopic study; and in 1816, Cordier endeavoured, by systematizing 

the methods followed by his predecessors, Daubenton, Dolomieu, 

Fleurian, and others, to elaborate a scheme for the mineralogical 

analysis of rocks by the aid of the microscope. In recent years the 

French geologists, with MM. Fouqué and Michel Lévy at their 

head, have shown how, by the employment of the electro-magnet, of 

fluids of high density, and of various chemical reagents, this work 

of isolating the several minerals of a rock for microscopic study or 

chemical analysis may be greatly facilitated. 

But the great drawback to this method of microscopic study of 

rocks, as devised in France, was found in the circumstance that it 

began by destroying the rock as a whole, and hopelessly obliterating 

the relations of its mineralogical constituents. Delesse and other 

observers, it is true, succeeded in obviating this difficulty, to some 

extent, by studying the structure of rocks as seen in polished surfaces 

under the microscope by reflected light. 

The greatest step in advance in connexion with the microscopic 

study of rocks was undoubtedly made, however, when it was shown 

that transparent sections of minerals, rocks, and fossils can be 

prepared, comparable to those so constantly employed by biologists 

in their researches. William Nicol, of Edinburgh, was the first to 

discover, in the year 1827, how the mechanical difficulties in the 

way of the preparation of such sections could be surmounted ; while 

Mr. Sorby, in a memorable communication to this Society, in 1858, 

showed us the first-fruits of the wonderful harvest of results to be 

obtained by the employment of this method. 

But if the birthplace of the one method of microscopic study of 
rocks was France, and of the other Britain, it must be confessed 

that a large part of the merit of developing and improving these 

methods of inquiry is due to the Germans. To the labours of the 
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numerous, patient, and accurate students in that country must be 

ascribed much of the perfection to which the methods of microscopic 

mineralogy have now attained; though we must not forget in this 

connexion many most valuable contributions to the study from 

Scandinavia, Holland, Italy, and the United States. 

As in the case of Biology, the results attained by the geologist 

have been the means of awakening new interests and inspiring a 

new philosophy, so in the case of Mineralogy, other problems have 

been suggested and entirely fresh conceptions of the scope of 

the science have followed from the development of geological 

thought. We are thus led to regard minerals, not simply as a set 
of curious illustrations of mathematical and chemical laws, but as 

important factors in the evolution of the globe. Mineral collections 

in the past have resembled greenhouses, wherein only beautiful, 

though often abnormal, growths are admitted; but in the future 

they will be like the herbaria of the botanists, where mere beauties 

of form and colouring are subordinated to the illustration of natural 

relationships and to the elucidation of the great problems of origin 

and development. Far be it from me to undervalue those wonder- 

ful crystals, the choice flowers of the mineral kingdom, which adorn 

our museums; but as there are many plants 6f extreme scientific 

interest which happen to possess only inconspicuous flowers, so 

there are not a few microscopic minerals, the study of which may 

lead us to the recognition of some of the most important laws of the 

mineral world. 

I believe that what Geology has already done for Biology she 

is now accomplishing for Mineralogy ; it may, indeed, be instruc- 

tive to point out how, in every one of its departments, the 

employment of microscopic methods and the suggestion of new lines 

of thought are causing Mineralogy to develop in just the same direc- 

tions that Biology has already taken before her. In this way we 

may perhaps best convince ourselves that Mineralogy is once more 

asserting her true position in the family of the natural sciences. 

Every Natural-History science presents us with four distinct classes 

of problems. With respect to the objects of our study, we may 

make inquiries concerning their forms, their actions, their relations, 

and their origin. The answers to the first class of questions con- 

stitute Morphology, to the second Physiology, to the third Chorology 

or Distribution, and to the fourth Atiology. The great problems of 

the mineral world, as I shall proceed to show, fall under precisely 

the same categories; and we may perhaps gather some useful hints 
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by a comparison between the immature results of the Mineralogist 
in each of these departments and those more perfect ones which 
have been attained by the Botanist and Zoologist. 

The Morphology of minerals was for a long time studied to the 

exclusion of all other branches of the science; for the problems 

connected with form and structure were those which naturally first 

attracted the students of the “ inorganic ” world. 

Few generalizations of science are so beautiful, and at the same 

time so suggestive, as those which have been arrived at by a discus- 

sion of the accurate measurements of crystal-angles, The constancy, 

within certain narrow limits, of corresponding angles, amid the 

almost infinite diversity of form assumed by crystals of the same 

mineral, is not less striking than the simplicity of the mathematical 

laws by which all these varied forms can be shown to be related to 

one another. 

The actual forms assumed by crystals are often seen to be the 

result of a struggle between opposing tendencies in the molecules to 

build up diverse forms. In the growth of a quartz-crystal, for 

example, the tendency towards the termination of the crystal, by 

the formation of two rhombohedra, is being continually overcome 

by the opposing tendency towards growth in the direction of the 

prism-faces ; nevertheless the marks of this struggle are manifested 

in the well-known strie on the prism-faces, each of which indicates 

the temporary ascendancy of the rhombohedral over the prismatic 

bias. The tendencies towards the formation of the two rhombo- 

hedra are in turn seldom equal or able equally to assert themselves, 

and from this cause their unequal development results. In addition 

to these tendencies, others towards the formation of tetartohedral 

or other faces may come into play, and the almost infinite variety 

of forms which may thus be produced is well known to every 

Mineralogist. 

But the study of the Morphology of minerals, which cannot be 

earried beyond a certain point by the aid of the goniometer, is 

capable of being pushed infinitely further when we investigate the 

internal structure of their crystals, as illustrated by their optical and 

other physical properties. Not only do we find the minutest details 

of their external form to be correlated with peculiarities of mole- 

cular structure, as revealed by their action on a beam of polarized 

light, but delicate differences in internal organization which the 

goniometer is- powerless to detect become clearly manifested under 
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the searching tests of optical analysis. For the Mineralogist, 

indeed, the polariscope with its accessories has supplemented the 

goniometer, in the same way that the spectroscope has the balance 

of the Chemist. 

What has been stated concerning the optical characters of 

minerals is equally true of their other physical properties; for 

the researches of recent years have shown all these properties 

to be intimately related to the symmetry of the crystal in 

which they are displayed. In every crystal, the faces of each group 

bearing the same relations to its axes exhibit characteristic pecu- 

liarities in their lustre, in their hardness, and in the manner in which 

they are acted upon by solvents ; and these serve to distinguish such 

groups of faces from others in the same crystal having different 

relations to its axes. The elasticity of crystals, their power of 

conducting heat and electricity, and their phosphorescent, electric, or 

magnetic properties, whether natural or induced, are all manifested 

in varying degrees along certain directions which can be shown to 

be related to the particular symmetry of the crystal. 

The more carefully we study both the forms and the physical 

properties of minerals, the more are we impressed by the conviction 

that the most intimate relations exist between these characters and 

the chemical composition of the minerals. The phenomenon of 

‘¢ plesiomorphism,” as Miller proposed to call it, that is the slight 

variation in the angular measurements of crystals in the same 

species or group, when any of the constituents are replaced by 

vicarious or isomorphous representatives, very strikingly illustrates 

this conclusion. And the exact study of the optical properties of 

minerals shows that the slightest variation in the relative proportions 

of these vicarious constituents makes its influence felt by changes 
in their colour, in their pleochroism, in the nature and amount of 

their double refraction, in the position of their optic axes, and, 

indeed, in the whole assemblage of the properties of the crystal. 

To the admirable investigations of Tschermak on the felspars, the 

amphiboles and pyroxenes, the micas, and other groups of minerals 

we are largely indebted for the establishment of this conclusion ; 

while Doelter, Max Schuster, and other mineralogists have contri- 

buted many striking observations which serve to extend and fortify it. 

The application of the microscope to the study of the internal 

structure of minerals—their Histology—has led to the recognition of 

many beautiful and unsuspected phenomena. Studied in this way, 

the seemingly homogeneous masses exhibit many interesting inter- 
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growths and enclosures ; and thestudy of these, as shown by Sorby 

Vogelsang, Renard, and Noel Hartley, may serve to throw new and 

important light upon the conditions under which the crystals were 

originally developed. Cavities containing carbonic acid and other 

liquids, with bubbles in constant and, seemingly, spontaneous move- 

ment, serve to awaken the interest of the naturalist not less power- 

fully than the mysterious creeping of protoplasm in the hair of a 

nettle, or the dance of blood-corpuscles in the foot of a frog ! 

Others among these histological peculiarities of crystals must be 

regarded as having a pathological significance; they are abnormal 

developments resulting from unfavourable conditions to which the 

crystals may have been subjected during their growth, or in the 

course of their long and checkered existence. 

The variability exhibited in crystals of the same mineral is some- 

times very startling. In addition to the varieties due to the 

combinations of many different forms, or to the excessive development 

of certain faces at the expense of others, we have the complicated 

and diversified structures built up by twinning according to different 

laws. Again, by oscillatory tendencies in the same crystal towards 

the assumption of different forms, or by the existence of causes 

calculated to interfere with the free action of the crystallizing 

forces, we may obtain varieties with curiously striated or curved faces. 
Not unfrequently large quantities of extraneous materials, solid, 

liquid, or gaseous, may be caught up in the crystal during its 

growth, and these foreign substances may be so far affected by the 

polar forces operating around them as to be made to assume definite 

and symmetrical positions within the crystal. 
Even in the case of minerals of identical chemical composition and 

similar crystalline form, marked variations in physical properties 

may result from differences in the conditions under which they have 

originated. In lustre, density, and other characters, Adularia differs 

from Sanidine, and Eleolite from Nepheline. Dr. Arthur Becker 

has shown that Quartz exhibits marked variations in its specific 

gravity, according to the particular conditions under which it has 

been formed. 
There is one kind of morphological variability in minerals which 

has during recent years attracted a great amount of attention, and 

excited much discussion among Mineralogists. Soon after his 

memorable discovery of the relations between the crystalline forms of 

minerals and their optical properties, Brewster detected certain appa- 

rent exceptions to his important generalization; and since his day 

TOs XLEM. fe 
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many additions to these curious anomalies in the optical behaviour 

of minerals have been made by other observers. So greatly, indeed, 

have these been multiplied in recent years, that it is doubtful if any 

mineral crystallizing in the Cubic, the Tetragonal, or the Hexagonal 

system could be cited in which the optical properties are precisely 

what they ought to be according to theory; and similar anomalies 

are also found in crystals possessing lower degrees of symmetry. 

The attempts which have been made by some crystallographers to 

account for these optical anomalies in crystals, by assuming that 

they possess only a pseudosymmetry, the result of very complicated 

twinning, ingenious as they undoubtedly are, remind one of the 

wonderful addition of eccentrics and epicycles by which astronomers 

so long sought to maintain the credit of the Ptolemaic theory. But 

as in the latter case complexities and difficulties alike vanished when 

the centre of the system was shifted from the earth to the sun, so 

have the discoveries of Klein and Rosenbusch removed the necessity 

for the painfully elaborate crystallographic hypotheses to which I 

have referred. 

Most mineralogists will now be prepared to admit, as the result 

of these researches, that the perfection alike of form and of optical 

properties which may characterize a crystal when first formed, is 

liable to slight modification, as the conditions of temperature and 

pressure under which it exists vary. In consequence of this, almost 

all natural crystals are found, when we study them with sufficient 

care, to exhibit slight but very striking and significant differences in 

form and optical behaviour from what they ought theoretically to 

possess. 
While our knowledge of the ordinary mineral varieties promises 

to be vastly extended by the improvements which have been made in 

the methods of optical and chemical diagnosis under the microscope, 

there is nevertheless, at the same time, reason to hope that the 

relationship of these numerous varieties will, by the same means, be 

made more distinctly apparent. As the existence of well-defined 

natural groups of minerals becomes more clearly established, through 

the study of interesting though inconspicuous links, we shall obtain 

a basis for a much-needed reform in Mineral Taxonomy and Nomen- 

clature. 

The more carefully we pursue our researches among the diversified 

forms of the mineral world, the more are we impressed by the con- 

viction that each mineral, like each plant or animal, possesses. 

its own individuality. Nature does not make facsimiles in the 
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mineral, any more than in the vegetable or the animal kingdoms. 

All the sciences of nature must be content to recognize individuals 

as the only real entities, and to accept species, like genera, families. 

and orders, as convenient but purely artificial conceptions. 

The geological study of minerals leads us to regard each specimen 

that we examine as possessing a distinguishing combination of 

properties, some of which are impressed upon it by causes operating 

when it came into being, while others are no less clearly the result 

of the long series of vicissitudes through which it has since passed. 

Of all the branches of Mineral Morphology there is none from 

the study of which the geologist has gained more in the past, or 

from which he has greater reason to look for future aid, than that 

of the Embryology of crystals. 
In the year 1840 Link showed that the first step in the formation 

crystals in a solution consists in the separation of minute spherules 

of supersaturated liquid in the mass; and subsequently Harting in 

Holland, and Rainey and Ord in this country, obtained a number 

of interesting experimental results, by allowing crystallization to 

take place slowly in mixtures of crystalloids and colloids. 

Valuable contributions to the same subject were made by Frank- 

heim, Leydolt, and others ; but it is to Hermann Vogelsang that we 

owe the greatest and most important contributions to Mineral 

Embryology. By the ingenious device of adding viscous substances 

to solutions in which crystallization was going on, he succeeded in 

so far retarding the rate at which the operation took place, as to be 

able to study its several stages. He thus showed how the minute 

‘‘ slobulites ” gathering themselves into nebulous masses, or ranging 

themselves according to mathematical laws, gradually build up 

skeleton-crystals, by the clothing of which the perfect structures 

arise. 

Since the early and regretted death of Vogelsang, the subject of 

the development of crystals from their embryos, the so-called erys- 

tallites, has been successfully prosecuted by Behrens, Otto Lehmann, 

Wichmann, and other investigators. 

Now in all glasses—whether of natural or artificial origin—in 

which the process of primary devitrification is going on, we have 

examples of the growth of crystals in a viscous and retarding mass, 

and in these, as Leydolt, Zirkel, and Vogelsang clearly saw, admir- 

able opportunities are afforded to us for studying the formation of 

crystallites, and the laws which govern the union and growth of 

these into crystals. Two years ago, my predecessor in this Chair 

ie 
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submitted to you the interesting results of his own researches upon 

the devitrification of artificial glasses and slags; and the subject 

has since been pursued by Velain in France, and by Hermann and 

Rutley in this country. 

The igneous rocks supply us with admirable opportunities for 

studying Mineral Embryology. In the same rock-mass we may 

sometimes find every possible gradation, from an almost perfect glass 

to a holocrystalline aggregate. By the study with the microscope 

of the several transitions in different parts of the mass, we obtain 

data for the most important conclusions concerning the phenomena 

of crystal-development. 

There is another line of research in connexion with Mineral- 

Embryology, which appears to be full of promise, and which has not 

yet received all the attention it deserves. In the “ contact-zones ” 

around great igneous intrusions, we find the curious so-called 

“<< spotted slates,” which under the microscope are seen to contain 

nebulous patches, the mere ghostly presentments of crystals, strug- 

gling into being in the amorphous mass. The development of these 

nebulous masses into perfect crystals, exhibiting the characteristic 

external forms and optical properties of andalusite and cyanite, of 

garnet and epidote, of hornblende and mica, may be traced in some 

cases with the greatest facility. 

More complicated still are the phenomena exhibited along the 

foliation-planes of the rocks, which have been made to flow in the 

act of mountain-making. ‘There, as the old minerals are destroyed, 

new ones build themselves up from their elements. The study of 

all the steps of this process is an undoubtedly difficult one; but the 

results already obtained by Reusch, Lossen, Heim, and Lehmann, by 

Lapworth, Teall, Roland Irving, and Williams, lead us to look hope- 

fully forward to the full solution of the grand but complicated 

problems of regional metamorphism. 

The field of Mineral-Embryology is indeed a promising one, and 

its diligent cultivators may hope to gather a harvest no less rich 

than that which has been reaped by the workers in the same depart- 
ment of the Biological Sciences. 

Let us now turn from the statical aspect of minerals, their 

Morphology, to the dynamical aspects, their Physiology. 

Minerals are not fixed and unchangeable entities, as they are 
sometimes considered. On the contrary, they exhibit varying 

degrees of instability, and pass through very definite series of 

metamorphoses. 
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We have already seen that every alteration in the temperature or 

other conditions which surround a crystal leads to striking modifi- 

cations of molecular structure, which are at once revealed by the 

delicate tests of optical analysis. So sensitive, indeed, are some 

crystals to the action of external forces, that even the passage of the 

light-waves through their substance leads to permanent molecular 

rearrangements which are evidenced by marked changes in colour, 

translucency, and other properties. 

Many minerals have their atoms so arranged that the action of 

external forces causes them to fall readily into new combinations. In 

this way we have brought about such paramorphic changes as that 

of aragonite into calcite, and augite into hornblende. Excessively 

slight manifestations of force are sometimes sufficient to induce 

these paramorphic changes. 

But the most significant fact of all is that every crystal possesses 

certain peculiarities of molecular structure, and as the result of this 

internal “ organization ” it responds in a definite manner to the action 

of various external forces, undergoing in this way well-marked 

series of physical and chemical changes without losing its identity. 

As the final result of such successive changes, however, the 

bonds which hold the ‘‘ organized ” structures together are gradually 

weakened, and at last break down altogether. In this way the 

separate existence of the mineral comes to an end; but the materials 

of which it was composed, resolving themselves into new compounds, 

may go to build up the substance of other “ organized” structures. 

Need I point out that in all these respects minerals behave exactly 

like plants and animals? 

But in the case of plants and animals changes such as these, 

which are the direct outcome of external forces acting on a special 

organization, are called Physiological, and | know of no valid reason 

why the same term should not be employed in the case of minerals. 

It is true that the accomplishment of the cycles of change in 

minerals often requires periods of time of enormous duration, and 

that during incalculable intervals they may appear to be wholly 

suspended ; but in these respects the “ life” of a mineral differs from 

that of a plant in just the same manner as the latter does from the 

life of an animal. 

I must ask your attention for a few moments to these peculiarities 

of internal organization in minerals, and to the way in which the 

various physical and chemical forces act and react upon them in con- 

sequence of their special organization. 
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ftecent researches have shown that every crystal possesses a 

number of planes, all of which are related to its peculiar symmetry, 

along which the several physical forces operate in a marked manner 

to produce changes in the physical and chemical properties of the 

crystal. These planes have been called the “ structure-planes ” of 

the crystal. 

By far the most obvious of these structure-planes of crystals 

are those of cleavage. When crystals are subjected to the 

action of mechanical force they break up along one, two, or three 

definite planes, with varying degrees of ease. Im some cases 

when this separation cannot be readily effected by percussion or 

pressure, it may be brought about by the unequal expansion and 

contraction in a crystal resulting from alternate heating and cooling. 

We cannot arrive at the limit of this liability of a crystal to 

separate along its cleavage-planes; if we powder a calcite-crystal 

and examine the fine dust under a microscope, each minute grain 

will be seen to have the form of a cleavage-rhomb ! 

Now the exquisite molecular structure of a crystal, of which 

this wonderful property of cleavage is the outcome, is borne 

witness to, not only by the perfection of the cleavage-surfaces— 
presenting, as they do, a lustre which no artificial polish can imi- 

tate—but by the fact that each particular set of cleavage-surfaces 

presents definite characteristics, analogous to those seen in the 

actual faces of crystals. Each exhibits striking peculiarities in its 

mode of reflecting light; each yields in varying degrees to a hard 

point drawn across it in different directions ; and each, when treated 

with appropriate solvents, is attacked in a characteristic fashion, 

giving rise to the geometrical forms known as the etched-figures. 

Wonderful as these cleayage-surfaces are, however, it must be re- 

membered that the power of cleavage is one that, under ordinary 

circumstances, remains altogether latent in crystals. 

Cleavage-planes, however, are not the only latent structure-planes 

in crystals. Long ago it was shown by Brewster, Reusch, and 

Pfaff that when minerals are subjected to pressure in certain direc- 

tions, their molecules appear to glide over one another along certain 

definite planes within the crystal; and if we examine optically a 

crystal which has been treated in this manner, it is actually found 

to exhibit a series of twin-lamelle arranged parallel to the so-called 

“ sliding-planes.” It thus appears that in the movements set up 

within a crystal by the application of force from without, certain of 

the molecules of which the crystal is built up, lying in bands 
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parallel to the gliding-plane, are actually made to rotate through an 

angle of 180°. 

At one time these “ gliding-planes” were regarded as being 

peculiar to a few minerals, such as calcite and rock-salt ; but the 

investigations of Frankenheim, Baumhauer, Foerstner, and especially 

of Migge, have shown that they exist in crystals belonging to every 

group in the mineral kingdom, including all those minerals which 

occur as common rock-forming constituents, such as the felspars and 

pyroxenes. 

As is the case with the cleavyage-planes, so with the gliding- 

planes, there may exist one, two, or three in the same crystal. 

One of these is usually a principal gliding-plane—the slipping 

movement with its accompanying twin-lamelle being produced 

parallel to it with the greatest facility—while the others are sub- 

ordinate ones. 

Strange to say, however, the particular gliding-plane along which 

a crystal yields appears to be determined, not only by the direction 

in which the force is applied, but to some extent also by the nature 

of that force, whether percussive, or a sustained pressure, or a 

violent stress; In some cases where the application of external 

force fails to produce the gliding movement with its accompanying 

lamellar twinning, it may be induced by the strains which result 

from unequal expansion and contraction during the heating and 

cooling gf a crystal. Some mineralogists have, indeed, proposed 

to apply distiuctive names to the results which follow from the 

application of different kinds of force—whether a blow (Schlag- 
figuren), pressure (Reissflachen), or the effect of heating and cooling 

( Contractionsrisse). 

The gliding-planes of crystals are quite distinct from the cleavage- 

planes, though some very curious and interesting relations have, in 

certain cases, been shown to exist between them. That the arti- 

ficial formation of twin-lamellz, like the production of cleavage, 

is rendered possible by complicated molecular structures, it is 

scarcely necessary to point out. The application of external force 

to such crystals is hke the putting of a spark to a train of gunpowder; 

the molecules lying in parallel bands are in unstable equilibrium, 

ready, So soon as set in motion, to roll through an angle of 180°. 

There is still a third and even more subtle set of structure-planes 

in crystals to which I must now allude, those, namely, for which 

the name of solution-planes has been proposed. 

It was long ago shown by Daniell that when crystals are exposed 
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to the action of solvents, they are attacked in such a manner as to 

give rise to peculiar geometrical forms. The subject has been 

followed up by Baumhauer, Leydolt, Becke, and others, who have 

shown what a wonderful variety of ‘etched-figures” may be 

produced by operating upon the various faces and cleavage-surfaces 

of different crystals. 

Quite recently, however, it has been shown by Von Ebner, as the 

result of his studies of calcite and aragonite, that all the complicated 

phenomena of the etched=figures arise from the existence of planes 

along which solvent or chemical action takes place most readily 

within a crystal. It thus appears that these complicated etched 

figures, with their curved and striated surfaces, are indications of 

the combination or oscillation of tendencies to chemical action along 

the different solvent-planes of the crystal. 

My own experiments have enabled me to show that the chemical 

action taking place along the solution-planes of crystals leads to the 

development of cavities, often assuming the forms of negative crystals, 

which may become wholly or partially filled with the products of 

the chemical action. 

Although the solution-planes are quite distinct, both from the 

gliding-planes and the cleavage-planes of crystals, I have been able 

to show that some curious (and interesting relations exist between 

them. If lamellar twinning has been already developed in a 

erystal, then chemical action takes place along the gliding-planes in 

preference to the normal solution-planes. 

It is only when we study the minerals building up the rock-masses 

of the globe that we fully<realize the importance of these molecular 

structures, and the wonderful changes which crystals are capable of 

undergoing, as a consequence of their internal ‘“ organization.” 

Then, and then only, dv we begin to understand the significance 

and the far-reaching consequences of the ph ysiologucal changes of 
which minerals are susceptible. 

The crystals forming the rock-masses of the globe have been 

subjected to every variety of mechanical force—violent fracture, 

long-continued strain, steady but enormous pressure—prolonged 

over vast intervals of time, to which must be added the potent effects. 

of alternate heating andicooling. Such crystals, moreover, are trans- 

fused through their whole substance by various liquids and gases 

acting under tremendous, and sometimes varying, pressures. 

Under such circumstances it is not surprising to find that the 

crystals have often yielded along their cleavage-planes, and that 
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cleavage-cracks have been produced. These, by affording a ready 

channel for the passage of solvents, not unfrequently determine 

the course of various chemical operations going on within the 

crystal. 

Not unfrequently, too, the rock-forming minerals have yielded 

along their gliding-planes, and the development in them of twin- 

lamellz is the result. Every crystal of calcite in an ordinary meta- 

morphic limestone, and many of the plagioclase felspars in igneous 

rocks, exhibit the secondary lamellar twinning which has arisen 

from the action of mechanical forces upon the mass*. ‘The 

microcline structure in orthoclases, with many other similar struc- 

tures in other minerals, must almost certainly be ascribed to the 

same cause. 
Still more remarkable are the consequences which follow from 

the existence of the solution-planes in erystals. By the action of 

various solvents under pressure, augite is made to assume the forms 

known as diallage and pseudo-hypersthene, and ferriferous enstatite 

of bronzite or hypersthene, while the felspars acquire their avanturine, 

schiller, and chatoyant phenomena. When, in addition to the statical 

pressures due to thousands of feet of superincumbent rocks, these 

solvent agencies work with those tremendous dynamical aids afforded 

by deforming stresses, such as make the rocks to flow during 

mountain-making, it is not surprising to find the molecules of the 

original crystals breaking from their old allegiances, and the 

liberated atoms uniting to form new minerals, the position of which 

is determined by the lines of flow in the mass. 
Not a few of our gems owe their exquisite beauty to these 

* It has often been asserted that the ‘‘striation” on the faces or cleavage- 

surfaces of crystals is an indication of the existence of polysynthetic twinning. 

In the oligoclase of Ytterby and other localities, however, I have found that 

many crystals which exhibit striation do not affect polarized light differently 
in the alternate striz ; but on submitting the crystals to alternate heating and 

cooling, and sometimes by percussive force, the twinning may be easily developed 

in them. It appears from these observations that the crystals are built up of 

lamellz, in which the molecules are alternately in stable and unstable equili- 

brium. I have in some cases found that the stresses upon a slice of felspar 
which is being heated and cooled and then ground into a thin section, while 

cemented to a glass plate during the preparation of a microscopic slide, are 

sufficient to cause the rotation of the molecules in the alternate lamelle. In 

some cases, I have no doubt that twin-lamellation, like cleavage-cracks, may be 

induced in the crystals of our rock-sections during the processes to which they 
are submitted in their preparation. 
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physiological changes which have taken place in them since their 

first formation. The ardent glow of the Sunstone and the pale 

watery gleam of the Moonstone, no less than the lovely play of 

azure tints in Labrador-spar and the bronzy sheen of Paulite, are 

the result of physiological processes {taking place in crystals which 

were originally clear and translucent. In the profound laboratories 

of our earth’s crust slow physical and chemical operations, resulting 

from the interaction between the crystal, with its wonderful mole- 

cular structure, and the external agencies which environ it, have 

given rise to new structures, too minute, it may be, to be traced by 

our microscopes, but capable of so playing with the light-waves as 

to startle us with new beauties, and to add another to 

“The fairy tales of science, and the long results of time.” 

Yes! minerals all have a life-history, one which is in part 

determined by their original constitution, and in part by the long series 

of slowly varying conditions to which they have since been subjected. 

In spite of the circumstance that their cycles of change have 

extended over periods measured by millions of years, the nature of 

their metamorphoses and the processes by which these have been 

brought about are, in all essential respects, analogous to those which 

take place in a Sequoia or a butterfly. In spite, too, of the 

limitations placed upon us by our brief existence on the globe, it is 

ours to follow in all its complicated sequence this procession of 

events, to discover the delicate organization in which they originate, 

to determine the varied conditions by which they have been con- 

trolled, and to assign to each of them the part which it has played 

in the wonderful history of our globe during the countless ages of 

the past. 

The subject of Distribution, or Chorology, is one of no less import- 

ance in the study of the mineral than in that of the vegetable and 

animal kingdoms. The relations of minerals to one another, and 

the manner in which they make their appearance in respect both to 

time and place, constitute a most instructive and suggestive field of 

research. 

The older mineralogists paid some attention to the question of the 

mode of association of minerals with one another, which they 

described under the term “ Paragenesis.” But this was at a time 

when only large and freely crystallized specimens received much 

attention. At the present day this question of the varied distri- 



ANNIVERSARY ADDRESS OF THE PRESIDENT. 75 

bution of minerals in space and time, and the-manner in which they 

are associated with one another to build up rock-masses, constitutes 

a most important branch of our science, that to which the name of 

Petrology is given. 

Under the name of “ Petrography ” an attempt has been made to 

establish a branch of Natural-History science which shall bear the 

same relation to Mineralogy as that science does to Chemistry. As 

minerals are formed by the union of certain chemical compounds, so 

rocks, it is argued, may be regarded as being built up of different 

minerals. But it must be remembered that while minerals possess 

a distinct individuality—the result of their different chemical con- 

stitution and their characteristic crystallographic form—we are 

quite unable to point to anything analogous to these in the case of 

rocks. 

How is a rock- “ species ” to be defined? It isnot enough to state 

its ultimate chemical composition; for rocks of the most varied 
character and origin may agree in this respect. Equally futile 

is it to take mineralogical constitution as the basis of our classifi- 

cation; for, in the same rock-mass, the species of minerals which 

are present and their proportions to one another may, and, indeed, 

often do, vary from point to point. Nor does minute structure, 

though affording admirable criteria for distinguishing certain types of 

rock, supply a sufficiently definite means of diagnosis for all the 

different varieties which occur. A system of “lithology” may, 

indeed, be devised, if we confine our attention to the hand-specimens 

in our museums; but it breaks down the moment that we attempt 

to apply it in our researches in the field. 

I have long felt assured that all attempts at a nomenclature and 

Classification of rocks must, for the reasons just stated, be regarded 

as tentative and provisional only ; but the careful study of rocks 1s 

nevertheless bringing to light a number of facts calculated to pro- 

foundly modify mineralogical no less than geological thought and 

speculation. 

Petrology forms the link between Mineralogy and Geology, just as 

Paleontology does between Biology and Geology. Mineralogy has 

justly been styled the alphabet of Petrology ; but if the orthography 

and etymology of the language of rocks lie in the province of the 

Mineralogist, its syntax and prosody belong to the realm of the 

Geologist. In that language, of which the letters are mineral 

species and the words are rock-types, I am persuaded that there is 

written for us the whole story of terrestrial evolution. 
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Petrology, it is clear, could make but little progress until the 

improvement of microscopic methods enabled us to make accurate 

determinations of the minerals in a rock, even when these are 

present as the most minute particles. The characteristic peculiarities 

of the different rock-forming minerals, so carefully studied by 

Zirkel, their accurate optical diagnosis, at which Rosenbusch has 

laboured with so much success, supplemented by the micro-chemical 

methods of Knop, Boricky, Streng, and Behrens, and the pyro- 

chemical method of Szabé, have already done much to render exact 

our methods of recognizing the minerals in a rock. The contri- 

vances, for which we are principally indebted to the French 

petrographers, for effecting the isolation of the minerals in rocks, 

so that they may be submitted to accurate chemical analysis, enable 

us in cases of difficulty or doubt to confirm or check the results of our 

microscopic studies. 

But there is at present perhaps a tendency to confound the end 

with the means in such researches as these. When all the varieties 

of minerals in a rock have been correctly identified, the work of the 

Petrologist is not ended ; on the contrary, it is enly just begun. 

The relationship of the several minerals in a rock to one another 

the discrimination between such as are original and those of 

secondary origin, and the recognition among the former of the 

essential, as distinguished from those that are accessory or accidental, 

—these are problems of even greater importance than the exact 

determination of the species or varieties to which each belongs. In 

not a few rocks it can be demonstrated that every one of its present 

mineral constituents is different from those of which it was originally 

made up; in some cases, indeed, it may be shown that the recombi- 

nation of the elements of the rock into fresh mineral aggregates has 

taken place again and again. As well might we try to give a 

rational account of our English speech without taking into account 

the series of changes through which it has passed in its evolution 

from the Anglo-Saxon dialects, as to explain the nature of a rock 

without studying the influence upon it of the forces by which it has 

gradually acquired its present characters. 

With respect to the geographical distribution of the different 

mineral species, many suggestive observations have been made. 

Some, like the felspars, the pyroxenes, and the olivines, appear to be 

ubiquitous in our earth’s crust, and even make their appearance 

again in those bodies of extra-terrestrial origin—the meteorites.. 

Others, like leucite, nepheline, hauyne, sodalite, and melilite, are 
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exceedingly abundant in certain areas of the earth’s surface, while 
they appear to be wholly wanting in others. 

Still more remarkable are the relations which are found to exist 

between the types of rocks occurring in different geographical areas. 

The study of this subject is leading us to the recognition of the 

fact that there are distinct petrological provinces. In closely 

adjoining areas—such as Hungary and Bohemia, for example— 

widely different types of rock have been erupted during the same 

geological period ; and this isa fact not less striking and significant 

than that of the meeting of two perfectly distinct biological 

provinces along a line which traverses the Malayan archipelago. 

It cannot be doubted that the prosecution of this hepeful branch 

of study—the geographical distribution of minerals and rocks—will 
lead us to results of the highest interest and value. 

That there will be shown to be a distribution of rocks in time, as 

well as in space, I am perfectly prepared to believe. I cannot but 

think, however, that some of the generalizations on this subject 

which have been hazarded are somewhat premature. To a geologist 

(especially one belonging to the school of Lyell) it is equally difficult 
to conceive that there should be a broad distinction between the 

metamorphic rocks of Archean and post-Archzean age respectively, 

as that the pre-Tertiary volcanic rocks should be altogether different 
in character from those of Tertiary and Recent times. 

The great object of all our studies (concerning the Morphology, 

the Physiology, and the Chorology) of the mineral kingdom ought to 

be to arrive at definite ideas concerning its Aitiology—the causes by 

which the existing forms, capabilities, and positions of minerals and 

rocks have been determined. | 

While the fossils contained in rock-masses afford us the means 

for determining the date of their origin, the careful study of 

the minerals which they include may enable us to unravel the 

complicated series of changes through which they have passed since 

their first formation. 

Highteen years ago, when endeavouring to show how the origin 

of a particular rock might be elucidated by a combination of studies 

in the field, in the chemical laboratory, and by the aid of the 

microscope, I ventured to offer to this Society some general remarks 

on this subject. As it has been my constant labour ever since that 
time to apply the principles then enunciated to the case of rocks 
of more complicated character and more recondite origin, I may 
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perhaps be forgiven for repeating the words I then used. Every 

rock since its first formation ‘‘ has undergone and if still is under- 

going a constant series of internal changes, the result of the action 

of different causes, as heat, pressure, solution, the play of many 

chemical affinities, and of crystallographic and other molecular forces, 

causes insignificant perhaps in themselves, but capable under the 

factor tume of producing the most wonderful transformations. The 

geologist is called upon to unravel the complicated results, to 

pronounce what portion of the phenomena presented by a rock is due 

to the forces by which it was originally formed, and what must be 

referred to subsequent change; to discriminate the successive stages 

of the latter and to detect their various causes ; in short to trace 

the history of a rock from its deposition to the present moment.” 

Dr. Wadsworth has well characterized the changes which take 

place in rock-masses as due to the tendency of unstable mineral 

combinations to pass into stable ones. It must be remembered, 

however, that stability is a relative term, and that the arrangement 

of molecules which is stable under one set of conditions, becomes 

unstable under another set. As by the internal movements and the 

external denudation of the earth’s crust, the conditions under which 

rock-masses exist are undergoing slow but continual change, new 

adjustments of the molecular structure of the mineral elements of 

such rocks are at the same time necessitated and brought about. 

In attempting to reason as to the original conditions under which 

a rock-mass must have been formed, it is of great importance to 

avoid those sources of error which exist in rocks that have under- 

gone much secondary alteration. Such rocks abound in, though 

they are not necessarily confined to, the older geological formations ; 

and it is among the younger and fresher rocks, therefore, that we 

may most hopefully seek the key to many petrological problems. 

If, for example, we concentrate our attention upon the more recent 

and less altered igneous rocks, it becomes clear that the degree of 
crystallization displayed by them has depended on the slowness with 

which consolidation has taken place, and that this has in turn been 

determined by the depth from the surface at which they have been 

formed. In this way, by the study of igneous rock-masses in 

Scotland and in Hungary, I was able to show that there is a perfect 

gradation from highly crystalline rocks (granites, diorites, and 

gabbros) into the ordinary volcanic types (rhyolites, andesites, and 

‘basalts, respectively), and from the latter into the various kinds of 

volcanic glass. These conclusions have been confirmed by subsequent 
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investigations like those of Hague and Iddings in the Comstock 

region, and of Lottiin Elba. Further and more recent researches 

have enabled me to show that certain types of structure have been 

determined in rocks, according to the more or less perfect absence 

of all movement within them during their consolidation. 

Very remarkable, indeed, are the internal changes which take place 

in rock-masses when they are submitted to those powerful stresses 

which result from the movements that occur during mountain- 

making. 

It was long ago asserted by Scrope and Darwin that the solid 

rock-masses of the globe, under such conditions as these, must 

have actually flowed, like the viscous lavas of the rhyolitic series. 

They were even able to show that the separation and disposition of 

the crystalline elements in such lavas present the closest analogy 

with what is seen in the crystalline schists and gneisses of greatly 

disturbed areas. 

Since these early and notable researches, which were principally 

based on the study of rocks in the field, aided only by the pocket- 

lens, three classes of investigations have served to deepen our insight 

into the methods by which the schistose and gneissose rocks must 

have been produced. 

In the first place, the experiments of MM. Tresca and Daubrée 

haye shown that solid matter under enormous pressure behaves like 

a viscous substance, its whole internal structure exhibiting evidence 

of the flowing movements to which it has been subjected. 

In the second place, the studies of M. Spring have established the 

fact that both paramorphic change and direct chemical reaction 

may result from simple pressure. Thus the unstable monoclinic 

form of sulphur, by a pressure of 5000 atmospheres, is at ordinary 

temperatures instantly converted into the stable rhombic form, a 

transformation accompanied by change of density and of many other 

physical properties. Still more striking is the well-known case of 

the unstable, yellow, rhombic, mercuric-iodide, which, by simple 

rubbing with a hard substance, passes into its stable, red, tetragonal 

allomorph. It is instructive to notice that the same change in both 

instances appears to take place ‘“‘spontaneously” after a sufficient 

interval of time; or, in other words, small variations in tempera- 

ture, pressure, and other surrounding conditions are capable, if 

sufficient time be allowed, of bringing about the same result as more 

intense pressure applied suddenly. That the similar paramorphic 

change of pyroxene into hornblende, which is so frequently exem- 
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plified in the earth’s crust, is sometimes the result of intense 

pressure, and at other times follows from the repeated slight altera- 

tion of conditions during long periods of time, we have, I believe, 

abundant evidence. 

The experiments of M. Spring which prove that direct chemical 

reactions can result from the action of pressure, are, however, of 

even greater interest to the geologist. By submitting mixed powders 

to intense compression, he succeeded in producing metallic alloys 

and various binary compounds, and also in bringing about double 

decomposition between many salts. That similar reactions between 

the complicated silicates which form the minerals of rocks have 

resulted from the enormous pressures to which they have been sub- 

jected, we have the most ample proof. Thus in rocks where such 

pressure has just begun to act, such as the “ flaser-gabbros,” 

wherever the unstable olivine is in contact with the almost equally 

unstable anorthite, chemical reactions have been set up by the 

pressure, and these have resulted in the formation of zones of 

enstatite and anthophyllite, hornblende and biotite, which have 

been so well described by Tornebohm, Bonney, Adams, and Williams 

Provided with the clue supplied by these results, we find little 

difficulty in going one step further. When the pressure has been 

still more intense, as 1n mountain-making movements, reactions 

are set up among all the minerals of the rock-mass, the elements 

of which it is composed, set free from their old engagements, enter 

into new alliances, and the result is the formation of a completely 

new set of crystallized minerals. 

The third class of researches, destined, as I believe, to remove our 

difficulties in explaining the origin of the schistose and gneissose 

rocks, are those already alluded to as having been undertaken with 

the microscope. As yet the details of such changes have only been 

explained in the case of some of the simpler examples; but I am 

convinced that the persevering application of the same methods in 

the field and the laboratory will result in the removal of difficulties 

that now seem to be absolutely insuperable. 

Some observers in this country have been led to infer that the 

recrystallization of rock-masses under pressure has in all cases been 

preceded by their pulverization. Of this, I confess that I can find 
no evidence. That near great faults of all kinds this reduction of 

rocks to powder does take place, we find abundant proof; but the 

evidence seems to me to also point to the conclusion that such 

rock-crushing, as distinct from rock-flowing, is in every case local 

and exceptional. 
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There is another and totally different series of changes which 

takes place in rocks, when, brought near to the surface by denudation, 

they are exposed to the action of water, oxygen, carbonic acid, and 

other atmospheric agents. The breaking-up of the alkaline silicates 

and the deposition of secondary silica, the formation of the zeolites, 
the epidotes, the chlorites, and the serpentines, the resolution of 

erystallized minerals into isotropic mixtures, and the recrystalli- 

zation of these in new forms, all offer problems of the highest 

interest to the geologist. 

I may venture, in drawing these remarks to a close, to indicate 

another point of analogy between the three Natural-History Sciences, 

It is found in the circumstance that experimental verifications of 

our conclusions. are often difficult, if not actually impossible. 

We must be content to reason from the proved variability of 

the existing forms of plants and animals as to the possibility of the 

production in time of new species. And in the same way, with our 

limited command of heat, pressure, and especially of time, we can 

scarcely hope to originate the exact counterparts of all the various 

minerals and rocks of our earth’s crust. 

We may nevertheless point with satisfaction to what, in spite of 

such difficulty, has already been accomplished in this interesting field 

of research. The honour of having pushed these researches to such 

successful issues belongs chiefly to the chemists, mineralogists, and 

geologists of France. ‘To the labours of Senarmont, Daubrée, and a 

host of other workers we owe the artificial production of a very 

large number of the minerals of our globe; while the ingenious 

experiments of Fouqué and Michel Lévy have resulted in the for- 

mation of many rocks differing in no essential particulars from those 

which have been produced by natural agencies. 

In the prosecution of his various researches the importance and 

value of exact Mineralogical knowledge to the Geologist is becoming 

every day more apparent. “The temporary estrangement between the 

cultivators of Mineralogy and Geology is now happily and for ever at 

an end; very heartily, indeed, do geologists recognize and welcome 

the aid of their brethren the mineralogists. 

But if it be confessed that the benefits, past and prospective, 

conferred on geological science by Mineralogy are vast and even 

incalculable, it must also be admitted that the debt is amply repaid 

- by the beneficial influence which is being exercised in turn upon 
Mineralogy by Geology. 

Some time ago a distinguished mineralogist asked me if I did not 

VOL. XLII. g 
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find the ordinary text-books of his science but little calculated to 

arouse the interest or excite the enthusiasm of students. I am 

sure that the energy of my assent must at least have assured my 

friend of the strength of my convictions on the subject. 

Too long, indeed, has the accumulated mass of mineral-lore recalled 

the grim vision of the seer of Chebar. Inthat gruesome valley the 

wail of the student, ‘‘ The bones are very dry!” has been echoed by 

the sigh of the teacher, ‘‘ Can these bones live?” But now from the 

four winds of heaven come the constructive ideas of many minds— 

from Scandinavia and from France, from Germany and from the 

United States—and in obedience to this influence behold “ a great 

shaking’’ in the formless mass. Scattered facts, isolated observa- 

tions, imperfect generalizations, and tentative hypotheses are falling 

together “bone to his bone,” and are building up a sound body 

of mineralogical knowledge, into which, the spirit of geological 
thought entering, Mineralogy shall stand forth a living science ! 
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February 23, 1887. 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

Edward Bickerton Milward, Esq., Grube Wohlfahrt, Heilenthal, 

Eifel, Germany, was elected a Fellow of the Society. 

The List of Donations to the Library was read. 

The following communications were read :— 

1. “On the Origin of dry Chalk Valleys and of Coombe Rock.” 
By Clement. Reid, Esq., F.G.S. 

2. “ Probable amount of former Glaciation of Norway, as demon- 
strated by the present condition of Rocks upon and near the western 
coast.” By W. F. Stanley, Esq., F.G.S. 

[ Abstract. | 

The observations on which this paper are based were made in 
June last, during a voyage along the west coast of Norway. Inland 
conditions were also noted in the Hardanger and Sogne Fjords, and 
a few trips up some of the valleys enabled these inland observations 
to be further extended. The Author limited his work to searching 
for outline evidence of ice-action. The aspect of the coast for 
hundreds of miles consecutively has a uniform character of jagged 
and pointed rocks nearly to the sea-level. At the mouths of the 
fjords the rocks are more rounded, particularly at heights less than 
100 feet. Within the Arctic Circle the Swartisen glacier reaches 
nearly to the sea, and here the rocks are more rounded. 

The Author exhibited sketches showing the characteristic forms of 
the rocks, and concluded from a study of these that ice had never pre- 
vailed along the entire western coast of Norway, neither had inland ice 
of any considerable thickness flowed over this coast in sufficient 
volume to wear off the points of the sharply fractured granite. Even 
the rocks below 100 feet are not more worn than is sometimes the case 
in tropical climates. The “shark’s teeth” of the Lofotens have not 
been planed down, nor is there any vestige of the great ice-sheet of 
our text-books within the Arctic Circle upon the coast of Norway. 
Even in the fjords there is no evidence of ice-action until we arrive 
at the head, where it is very evident. There can be no better 
demonstration of the extent of former glaciation than in the Romsdal 
valley, where the line of the worn base extends as high up the rock 
as 600 feet 10 miles inland. He also instanced the principal glaciers 
of the Folge Fjord, now about 7 miles from the open water of the 
fjord, though formerly within half a mile. The angular character of 
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the low rocky island in front of Odde shows that it cannot have 
advanced further. 

The Author concluded that at no period within geologically recent, 
say Tertiary times, has ice extended much further than at present. 
Seeing that the morainic matter now in the valleys has been derived 
from the hills, there must formerly have been a greater extent of land 
above the snow-line, and this would cause a former extension of 
glaciers without resort to any extraneous theory or change of cli- 
mate. The Great Ice Age has left no trace on the Norwegian 
western littoral. 

Discussion, 

Prof. Gerk1E said he had visited the country, and had come to 
precisely opposite conclusions to the writer. It appeared to him 
that from the outer islands up to the higher mountains the lower 
grounds have been buried under a thick sheet of ice. Occasionally 
the higher parts of the sides of fjords are weathered, and the marks 
of glaciation have disappeared, whilst these marks are still distinct 
at lower levels. 

Mr. Brawrorp asked if Mr. Stanley had seen Christiania Fjord, and 
remarked that, as clear evidence of glaciation on a large scale was 
found in Southern Norway, the coast at a more northern latitude 
could scarcely have been free from ice-action. 

Col. McManon remarked on the extent to which rocks are worn 
away and a rough surface given to noes by severe frosts, as shown 
in the Himalayas. 

Mr. Sranzey said the glaciation was peculiarly distinct in the 
heads of the valleys, where the granite has retained the polished 
surface left by the glaciers. The extraordinary fact was that rocks 
of grey granite close to the sea should be so sharp as they are if ice 
had gone over them, for instance the so-called “shark’s teeth” 
of the Lofoten Islands. The fact that the Stor Fjord was deeper 
than the ocean between England and Norway was also opposed to 
the idea of ice having cut the valley. 

The following specimens were exhibited :— 

Specimens of Romsdal Gneiss, exhibited by W. F. eve Esq., 
F.G.S., in illustration of his paper. 
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March 9, 1887 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

William Barlow, Esq., Hillfield, Muswell Hill, N.; William 
Worby Beaumont, Esq., Memb.Inst.C.E., 229 Norwood Road, Herne 
Hill, S.E.; Martin William Browne Ffolkes, Esq., Assoc. Memb. 
Inst.C.E., 11 Delahay Street, Westminster ; Samuel James Hawkins, 
Esq., 3 The Promenade, Highgate, N.; and Jonathan Coulthard 
Walton, Esq., Writhlington, near Bath, were elected Fellows of the 
Society. 

The List of Donations to the Library was read. 

The following communications were read :— 

1. “On Chondrosteus acipenseroides, Ag.” By James W. Davis, 
Esq., F.G.S. 

2. “On Aristosuchus pusillus, Ow., being further Notes on the 
Fossils described by Sir R. Owen as Poikilopleuron pusillus, Ow.” 
By Prof. H. G. Seeley, F.R.S., F.G.S. 

3. “On Patricosaurus merocratus, Seeley, a Lizard from the 
Cambridge Greensand, preserved in the Woodwardian Museum of 
the University of Cambridge.” By Prof. H. G. Seeley, F.R.S., 
F.G.S8. 

4, “On Heterosuchus valdensis, Seeley, a proccelian Crocodile from 
the Hastings Sands of Hastings.” By Prof. H. G. Seeley, F.R.S., 
F.G.S. 

5. “On a Sacrum, apparently indicating a new type of Bird 
(Ornithodesmus cluniculus, Seeley), from the Wealden of Brook. ” By 
Prof. H. G. Seeley, F.R.S., F.G.S. 

The following specimens were exhibited :— 

Specimens of Patricosaurus merocratus, Seeley, exhibited by Prof. 
T. McKenny Hughes, F.G.S., in illustration of Prof. Seeley’s paper. 

A cast of the specimen of Heterosuchus valdensis, Seeley, exhibited 
by Dr. H. Woodward, F.R.S., F.G.S., in illustration of Prof. Seeley’s 
paper. 
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March 23, 1887. 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

Claude Black, Esq., 33 Kensington Gardens Square, W., was 
elected a Fellow of the Society. 

The List of Donations to the Library was read. 

The following communications were read :— 

1, ‘‘ Notes on the Structures and Relations of some of the older 
Rocks of Brittany.” By T. G. Bonney, D.Sc., LL.D., F.R.S 
V.P.G.8., Professor of Geology in University College, London, and 

- Fellow of St.John’s College, Cambridge. 

2. * The Rocks of Sark, Herm, and Jethou.” By Rev. E. Hill, 
M.A., F.G.S. 

3. “Quartzite Boulders and Grooves in the Roger Mine at 
Dukinfield.” By James Radcliffe, Esq., F.G.S. 

The following specimens were exhibited :— 

Rock-specimens and microscopic Rock-sections, exhibited by Prof. 
T. G, Bonney, F.R.S., V.P.G.S., and the Rev. Edwin Hill, F.G.S., in 
illustration of their papers. 

A Quartzite Boulder in Coal, from the Roger Mine, Dukinfield, 
exhibited by J. Radcliffe, Esq., F.G.S., in illustration of his paper. 

Three Quartzite Pebbles from Coal, exhibited by W.S. Gresley, 
Ksq., F.G.8. 

April 6, 1887. 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

Rev. Charles Leach, 56 Fernhead Road, London, N.W., was 
elected a Fellow ; and Senh. J. F. N. Delgado, of Lisbon, and Prof, 
Albert Heim, of Zurich, Foreign Correspondents of the Society. 

The List of Donations to the Library was read. 

The Presrpent stated that the ‘ Société Ouralienne d’Amateurs 
des Sciences Naturelles,” established at Ekaterinebourg, had an- 
nounced their intention to ‘hold a Scientific and Industrial Exhi- 
bition at that place during the present year, opening on the 
27th May, and closing on the 27th September. 
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On the requisition of a Fellow of the Society, three extracts from 
the Council Minute Book were read by the Secretary. 

The following communications were read :— 

1. “On the Rocks of the Malvern Hills.—Part I.” By Frank 
Rutley, Esq., F.G.S. 

2. “On the alleged Conversion of Crystalline Schists into Igneous 
Rocks in County Galway.” By C. Callaway, D.Sc., F.G.S. 

3. “A Preliminary Inquiry into the Genesis of the Crystalline 
Schists of the Malvern Hills.” By C. Callaway, D.Sc., F.G.S. 

The following specimens were exhibited :— 

Specimens and photographs to illustrate the latest volcanic erup- 
tion in Northern California and its peculiar lava, as described by 
J. 8. Diller, Esq., U. 8. Geological Survey, exhibited by the Presi- 
dent. 

Rocks and microscopic rock-sections, exhibited by Frank Rutley, 
Esq., F.G.S., and Dr. C. Callaway, F.G.S., in illustration of their 
papers. 

Photographs of microscopic rock-sections, exhibited by C. Bird, 
Esq., F.G.S., in illustration of Dr, Callaway’s papers. 

April 27, 1887. 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

F. G. Brook-Fox, Esq., Assoc. Memb. Inst. C.E., Indian Public 
Works Department, care of Messrs. Grindlay, Groom & Co., Bom- 
bay; and Alfred Woodhouse, Esq., Barberton, Transvaal, South 
Africa, were elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following communications were read :— 

1. “On the London Clay and Bagshot Beds of Aldershot.” By 
H. G. Lyons, Esq., R.E., F.G.S. 

2. “Supplementary Note on the Walton Common Section.” By 
W. H. Hudleston, Esq., M.A., F.R.S., Sec.G.8. 
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Specimens were exhibited by W. H. Hudleston, Esq., F.R.S., Sec. 
G.S., in illustration of his paper. 

May 11, 1887. 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

Hugh Ker Colville, Esq., Linley Hall, near Broseley, Shropshire, 
and J. Walter Gregory, Esq., Clare House, Goulton Road, Clapton, 
E., were elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following communications were read :— 

1. “ Further Observations on Hyperodapedon Gordon.” By Prof. 
DoH. Baidey, mie she tins. ob Gas: | 

2. “On the Rocks of the Essex Drift.” By Rev. A. W. Rowe, 
M.A., F.G.S. 

3. On Tertiary Cyclostomatous Bryozoa from New Zealand.” 
By Arthur W. Waters, Esq., F.G.S. 

The following specimens were exhibited :— 

Casts of specimens of Hyperodapedon Gordona, exhibited by Dr. H. 
Woodward, F.R.S., V.P.G.8., in illustration of Prof. Huxley’s paper. 

Rock-specimens from the Essex Drift and microscopic rock-sec- 
tions, exhibited by the Rev. A. W. Rowe, M.A., F.G.S., in illustra- 
tion of his paper. 

Specimens of rocks from the Boulder-clay of Finchley, exhibited 
by H. M. Klaassen, Esq., F.G.S. 

Photograph of mud volcanos, “ Devil’s Woodyard,” Trinidad, 
exhibited by R. V. Sherring, Esq., F.L.S. 

May 25, 1887. 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

James William Barry, Esq., 97 Lansdowne Road, W.; William 
Fairley, Esq., Rugeley ; and Joseph William Gray, Esq., Spring Hill, 
Wellington Road South, Stockport, were elected Fellows of the 
Society. 
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The List of Donations to the Library was read. 

The following communications were read :— 

1. “On the Remains of Fishes from the Keuper of Warwick and 
Nottingham.” By E. T. Newton, Esq., F.G.S.; with Notes on 
their Mode of Occurrence by the Rev. P. B. Brodie, M.A., F.G.S., 
and E. Wilson, Esq., F.G.S. 

2. «* Considerations on the Date, Duration, and Conditions of the 
Glacial Period with reference to the Antiquity of Man.” By Prof. 
Joseph Prestwich, M.A., F.R.S., F.G.S. 

3. “ Notes on some Carboniferous Species of Murchisonia in our 
Public Museums.” By Miss Jane Donald. (Communicated by J. G. 
Goodchild, Esq., F.G.S.). 

The following specimens were exhibited :— 

Specimens of fishes from the Keuper near Shrewley, exhibited by 
the Rev. P. B. Brodie, F.G.S. ; and specimens of the fishes from the 
Keuper near Nottingham, exhibited by E. Wilson, Esq., F.G.S., in 
illustration of the paper by E. T. Newton, Esq., F.G.S. 

Specimen of Chondrosteus acipenseroides, Ag., exhibited by J. W. 
Davis, Esq., F.G.S. 

June 8, 1887. 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

Edwyn F. Barclay, Esq., 20 Stanhope Gardens, 8.W., and Ed- 
ward Bouverie Luxmore, Hsq., M.A., Bryn-Asaph, St. Asaph, were 
elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following names of Fellows of the Society were read out for 
the first time in conformity with the Bye-laws Sec. VI. B, Art. 6, 
in consequence of the non-payment of the arrears of their contri- 
butions :—G. B. Luke, Esq., W. J. Nevill, Esq., N. W. Rudston- 
Read, Esq., F. Warwick, Esq., Rev. J. M°Cann, and D. Thomas, Esq. 

The following communications were read :— 

1. **A Revision of the Echinoidea from the Australian Ter- 

tiaries.” By Prof. P. Martin Duncan, M.B., F.R.S., F.G:S. 
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2. “On the Lower Part of the Upper Cretaceous Series in West 
Suffolk and Norfolk.” By A. J. Jukes-Browne, Ksq., B.A., F.G.S., 
and W. Hill, Esq., F.G.S. 

3. “On some Occurrences of Piedmontite-schist in Japan.” By 
Prof. B. Koté. (Communicated by Frank Rutley, Esq., F.G.S.). 

The following specimens were exhibited :— 

Specimens exhibited by Prof. P. Martin Duncan, M.B., F.RS., 
F.G.S., in illustration of his paper. 

Specimens exhibited by A. J. Jukes-Browne, Esq., F.G.S., and 
W. Hill, Esq., F.G.S., in illustration of their paper. 

Microscopic rock-sections, exhibited by Prof. B. Koté, in illus- 
tration of his paper. 

June 23, 1887. 

Prof. J. W. Jupp, F.R.S., President, in the Chair. 

Charles James Buckland, Esq., Athenseum Club, Sydney, and St. 
Stephen’s Club, S.W.; Henry Ramsay Collins, Esq., Assoc. Memb. 
Inst. C.E., Durban, Natal; Joseph Landon, Esq., Training College, 
Saltley, Birmingham; Charles Davies Sherborn, Esq., 540 King’s: 
Road, Chelsea, S.W.; and John Udall, Esq., Red Street Board 
School, Birmingham, were elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following names of Fellows of the Society were read out for 
the second time in conformity with the Bye-laws Sec. VI. B, Art. 6, 
in consequence of the non-payment of the arrears of their contri- 
butions :-—G. B. Luke, Esq., W. J. Nevill, Esq., N. W. Rudston-Read, 
Esq., F. Warwick, Esq., Rev. J. M°Cann, and D. Thomas, Esq. 

The following communications were read :— 

1. “On Nepheline Rocks in Brazil, with special Reference to the 
Association of Phonolite and Foyaite.”’ By Orville A. Derby, Esq., 
¥.G.8. 

2. ‘‘ Notes on the Metamorphic Rocks of South Devon.” By Miss 
Catherine A. Raisin, B.Sc. (Communicated by Prof. T. G. Bonney, 
Disc.) Wl. ERS, Nek Geom) 
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3. “On the Ancient Beach and Boulders near Braunton and 
Croyde in North Devon.” By Prof. T. M‘Kenny Hughes, M.A., 
F.G.S. 

4. “ Notes on the Formation of Coal-seams, as suggested by evi- 
dence collected chiefly in the Leicestershire and South Derbyshire 
Coal-field.” By W. 58. Gresley, Esq., F.G.S. 

5. “ Note on some Dinosaurian Remains in the Collection of A. 
Leeds, Esq. Part I. Ornithopsis LeedsviimPart IL. Omosaurus, sp.” 
By J. W. Hulke, Esq., F.R.S., F.G.S. 

6. “ Notes on some Polyzoa from the Lias.” By Edwin A. Wal- 
ford, Esgq., F.G.S. 

7. «On the Superficial Geology of the Southern Portion of the 
Wealden Area.” By J. Vincent Elsden, Esq., B.Sc. (Communicated 
by the President.) 

8. “Report on Paleo-botanical Investigations of the Tertiary 
Flora of Australia.” By Dr. Constantin Baron von Ettingshausen, 
For.Corr.G.s. 

9. “On some new Features in Pelanechinus corallinus.” By T. 
T. Groom, Esq. (Communicated by Prof. T. M‘Kenny Hughes, M.A., 
F.G.S.) 

10. “On Boulders found in Seams of Coal.” By John Spencer, 
Ksq., F.G.S. 

The following specimens were exhibited :— 

Rock-specimens exhibited by O. A. Derby, Esq., F.G.S., in illus- 
tration of his paper. 

Rock-specimens and microscopic sections exhibited by Miss Raisin, 
B.Sc., in illustration of her paper. 

Jron model of a boulder, exhibited by John Spencer, Esq., F.G.S., 
in illustration of his paper. 

Specimens exhibited by Edwin A. Walford, Esq., F.G.S., in illus- 
tration of his paper. 

A Special General Meeting was held, at which the Rev. G. F. 
Whidborne was elected a Member of the Council, in the room of 
A. Champernowne, Esq., deceased. 
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J. ADDITIONS 10 THE LIBRARY. 

1. PERIODICALS AND PUBLICATIONS OF LEARNED SOCIETIES. 

Presented by the respective Societies and Editors, if not otherwise 
stated. 

Academy. Nos. 738-764. 1886. 

Nos. 765-789. 1887. 

Adelaide. Royal Society of South Australia. Transactions and 
Proceedings and Report. Vol. vii. 1884-85. 1886. 

J. J. East. On a Geological Section from the Head of St. Vincent 
Gulf eastward across the Wakefield and Light-River Basins, 1.—G. 
Scoular. Past Climatic Changes, with special reference to the occurrence 
of a Glacial Epoch in Australia, 56.—-R. Tate. Post-Miocene Climate in 
South Australia, 49.—W. Howchin, On the Fossil Foraminifera from 
the Government Boring at Hergott, with general remarks on the Section, 
and on other forms of Microzoa observed therein, 79.—k. Tate. Supple- 
mental Notes on the Palliobranchs of the Older Tertiary of Australia, 
and a description of a new Species of Rhynchonella, 94.—R. Tate. The 
Lamellibranchs of the Older Tertiary of Australia, Part 1, 96. 

Agram. Societas Historico-Naturalis Croatica. Glasnik. Godina 1. 
Bro}. 1-6. (8vo0.) 1886. 

D, Gorjanovic-Kramberger. Paleeoichthyologische Beitrige, 122. 

Analyst. Vol. xi. Nos. 122-128. 18386. 
A. Percy Smith. On the Micro-chemical examination of Crystalline 

Rocks, 191. 

a Vola Nose 9-13 elisene 

Annals and Magazine of Natural History. Ser. 5. Vol. xviii. Nos. 
103-108. 1886. Purchased. 

H. A. Nicholson. On some new or impéetactia- hae Species of 
Stromatoporoids, 8.—H. Rauffi On the Genus Himdia, 169.—H. B. 
Brady. Note on Orbitolites italica, Costa, sp. (Or bitolites tenuissima, 
Carpenter), 191.—P. M. Duncan. On the Genus Hindia and its Species, 
226.—T. Rupert Jones and James W. Kirkby. Notes on the Palieozoic 
Bivalyed Entomostraca, No. XXII, 249.—P. H. Carpenter. Note on 
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the Structure of Crotalocrinus, 397.—R. H. Traquair. On Harpacanthus, 
a new Genus of Carboniferous Selachian Spines, 493. 

Annals and Magazine of Natural History. Ser. 5. Vol. xix. 
Nos. 109-114. 1887. Purchased. 

H. A. Nicholson. On some new or imperfectly-known Species of 
Stromatoporoids, 1—G. R. Vine. Notes on a Species of Entalophora 
from the Neocomian Clay of Lincolnshire, 17.—P. H. Carpenter. The 
Morphology of Antedon rosacea, 19.—G. J. Hinde. On the Genus Hindia, 
Duncan, and the Name of its Typical Species, 67—P. H. Carpenter. The 
Generic Position of Solanocrinus, 81.—P. M. Duncan and W. P. Sladen. 
On some Points in the Morphology and Classification of the Saleniide, 
Agassiz, 117.—T. Rupert Jones and James W. Kirkby. Notes on the 
Palzozoic Bivalved Entomostraca, No. XXIII., 177; No. XXIV., 400.— 
P.M. Duncan. A reply to Dr. G. J. Hinde’s Communication “On the 
Genus Hindia, Dunc., and the name of its Typical Species,” 260. 

Atheneum (Journal). Nos. 3961-3087. 1886. 

—. Nos. 3088-3112. 1887. 

——. Parts 702-708. 1886. 

——. Parts 709-714. 1887. 

Barnsley. Midland Institute of Mining, Civil, and Mechanical 
Engineers. Transactions. Vol. x. Parts 82-87. 1886 and 
1887. 

R. Gascoyne. On the Eastern Extension of the Leeds and Nottingham 
Coal-field, 250. 

Basel. Naturforschende Gesellschaft. Verhandlungen. Theil viii. 
Heft 1. 1886. 

V. Gilliéron. La faune des couches a Mytilus considérée comme phase 
méconnue de la transformation de formes animales, 133. 

Schweizerische paliontologische Gesellschaft. Abhandlun- 
gen. Vol. xill. 1886. 1886. Purchased. 

F. Koby. Monographie des polypiers jurassiques de la Suisse, 6° partie, 
No, 1.—A. Wettstein. Ueber die Fischfauna des tertiaren Glarnerschie- 
fers, No. 2.—P. de Loriol et ’ Abbé Bourgeat. Etude sur les mollusques 
des couches de Valfin, No. 3. 

Bath Natural-History and Antiquarian Field Club. Vol. vi. No. 2. 
1887. 

H. B. Woodward. Notes on the Geology of Brent Knoll, in Somerset- 
shire, 125.—H. B. Woodward. Notes on the Ham Hiil Stone, 182. 

—. Royal Literary and Scientific Institution. 16th Annual 
Report, 1884. 18865. 

Belfast Natural-History and Philosophical Society. Report and 
Proceedings for 1885-86. 1886. 

W.H. Patterson. The History and Legends of some Irish Lakes, 7.— 
W. Swanston. Important local geological discovery, 18. 

—_— Naturalists’ Field Club. Annual Report and Proceedings. 
1885-86. Series 2. Vol.ii. Part 6. 1887. 
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Berlin. Deutsche geologische Gesellschaft. Zeitschrift. Band 
xxxvill. Hefte 2-4. 1886. 

G. Berendt. Der oberoligociine Meeressand zwischen Elbe und Oder, 
255.—G. De Geer. Ueber ein Conglomerat im Urgebirge bei Westana in 
Schonen, 269.—J. Walther und P. Schirlitz. Studien zur Geologie des 
Golfes von Neapel, 295.—R. Beck. Beitrige zur Kenntniss der Flora des 
siichsischen Oligocins, 342.—F. Wahnschaffe. Die léssartigen Bildungen 
am Rande des norddeutschen Flachlandes, 353.—A. v. Groddeck. Zur 
Kenntniss der Zinnerzlagerstatten des Mount Bischoff in Tasmanien, 370. 
—K. Keilhack. Beitrage zur Geologie der Insel Island, 576.—C. W., 
Schmidt. Ueber das Gebirgsland von Usambara, 450.—F. J. P. Van 
Calker. Ananchytes sulcatus in Diluvialgeschieben der Gegend yon Nieuw 
Amsterdam, 452.—Vanhofen. LEinige fiir Ostpreussen neue Geschiebe, 
454.—Giirich. Ueber Dactylosaurus, 457.—A. Penck. Beobachtungen 
uber den Aufbau des Elballuvium bei Hamburg von Herrn EH. Wichmann, 
458. ays Felix. Untersuchungen uber fossile Holzer, 483.—H. Credner. 
Das “marine Oberoligocin” von Markranstadt bei Leipzig, 493.—C., 
Rammelsberg. Ueber die chemische Natur des Eudialyts, 497.—C. Ram- 
melsberg. Beitrage zur chemischen Kenntniss des Vesuvians, ak 
Wichmann. Zur Geologie von Nowaja Semlja, 516.—W. Dames. Ueber 
einige Crustaceen aus den Kreideablagerungen des Libanon, 551.—H. 
Credner. Die Stegocephalen aus dem Rothliegenden des Plauen’schen 
Grundes bei Dresden, vi, 576.—K. Obbeke. Ueber den  Glaukophan und 
seine Verbreitung in Gesteinen, 634.—B. Geinitz, Ueber Asar und Kames 
in Mecklenburg, 654.—F. Romer. Ueber ein massenhaftes Vorkommen 
von grossen Granat-Krystallen im Boden der Stadt Dreclan, 728. —G. 
Bohm. Die Gattungen Pachymegaloden und Durgo, 7 
Der Porphyritzung von Wilsdruff-Potschappel, 736. 0 ‘Romer. Notiz 
uber Bilobiten-ahnliche als Diluvial-Geschiebe vorkommende Korper, 762. 
—C. Ochsenius. Ueber das Alter einiger Theile der siidamericanischen 
Anden, 766.—J. T. Sterzel. Neuer Beitrage zur Kenntniss von Dickso- 
nites Pluckeneti, Brongniart, sp.,773.—F. Notling. Ueber die Lagerungs- 
verhaltnisse einer quartaren Fauna im Gebiete des J ordanthals, 807.— 
F. Notling. Entwurf einer Gliederung der Kreideformation in Syrien 
und Palistina, 824.—K. Picard. Ueber Ophiuren aus dem Oberen Mus- 
chelkalk bei Schlotheim in Thtringen, 876.—A. von Konen. Ueber das 
Mittel Oligocaén von Aarhus, Jiitland, 883.—H. Kunisch. Voltsia krap- 
pitzensis, nov. spec., aus dem Muschelkalke Oberschlesiens, 894.—C. 
Schluter. Archeocyathus im russischen Silur ?, 899.—E. Geinitz. Aus- 
stehender oligociiner Sand in Mecklenburg, 910.—C. Ochsenius. Ueber 
das Auftreten von Phosphorsiure im N: atron-salpeterbecken von Chile, 
Suir 

——. Gesellschaft naturforschender Freunde. Sitzungs-Berichte. 
Jahrgang 1886. 1886. 

E. Koken. Ueber Gehirn und Gehor fossiler Crocodiliden, 2.—E. Weiss. 
Ueber Sigillarien, 6.—F. Notling. Vorlegung einiger fossiler Haifischzahne, 
13.—F. Notling. Vorlegung von Crustaceenresten aus dem oberoligocanen 
Sternberger Gestein, 32.—W. Dames. Vorlegung eines subfossilen Cro- 
codil-Humerus von Madagascar, 68.—E. Weiss. Mittheilung en zur Sigil- 
larien-Frage, 70.—E. v. Martens. Vorzeigung von Prof. Schweinfurth 
gesammelter subfossiler Stisswasser-Conchylien aus dem Fajum-Becken 
in Ajeypten, 126. 

——. Koniglich-preussische Akademie der Wissenschaften. Sit- 
zungsberichte, 1886. Nos. 1-53. 1886. 

C. Rammelsbherg. Ueber die chemische Natur des Eudialyts, 441.— 
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J. Kiessling. Die Bewegung des Krakatau-Rauches im September 188°, 
529.—J. Partsch. Bericht uber die wissenschaftlichen Ergebnisse seiner 
Reisen auf den Inseln des Ionischen Meeres, 615.—C. Gottsche. Geolo- 
ische Skizze von Korea, 857.—J. Roth. Beitriige zur Petrographie von 
orea, 875.—J. Roth. Vulcanische Ausbruch in Nord-Neuseeland, 940.— 

J. Roth. Erdbeben in Malta, 943.—M. Websky. Ueber Caracolit und 
Perceylit, 1045.—A. Arzruni. Mineralogisches aus dem Sanarka-Gebiet 
im Sud-Ural, 1211. 

Berlin. * Koéniglich-preussische Akademie der Wissenschaften. Sitz- 
ungsberichte, 1887. Nos. 1-18. 1887. 

—. Koniglich preussische geologische Landesanstalt und Berg- 
akademie. Jahrbuch. 1880-84. 1881-85. 

: Jahrbuch fur das Jahr 1885. (8vo.) 1886. 
Mittheilungen aus der Anstalt, vii-xev.—A. von (troddeck. Studien 

uber Thonschiefer, Gangthonschiefer und Sericitschiefer, 1—A. von 
Konen. Ueber das Verhalten von Dislokationen im nordwestlichen 
Deutschland, 53.—H. Loretz. Zur Beurtheilung der beiden Haupt- 
Streichrichtungen im siidéstlichen Thiiringer Walde, besonders in der 
Gegend von Grifenthal, 84.—E. H. Zimmermann. Ein neuer Monomy- 
arie aus dem ostthiiringischen Zechstein (Prospondylus Liebeanus), 105.— 
EK. Weiss. Untersuchungen im Rybniker Steinkohlengebiete Oberschle- 
siens, 120.—F. Wahnschaffe. Mittheilungen tber das Alluvium der 
Rathenower Gegend, 124.—H. Grebe. Ueber Thalbildung auf der linken 
Rheinseite, insbesondere iiber die Bildung des untern Nahethales, 133,— 
H. Grebe. Neuere Beobachtungen iiber vulkanische Erscheinungen am 
Mosenberg bei Manderscheid, bei Birresborn und in der Gegend yon 
Bertrich, 165.—K. T. Liebe und E. Zimmermann. Die jiingeren Eruptiv- 
gebilde im Stidwesten Ostthiiringens, 178.—K. A. Lossen. Geologische 
und petrographische Beitrage zur Kenntniss des Harzes, 191.—H. Schroder. 
Ueber zwei neue Fundpunkte mariner Diluvialconchylien in Ostpreussen, 
219.—C. E. Weiss. Gerdlle in und auf der Kohle von Steinkohlenflotzen 
besonders in Oberschlesien, 242.—W. Frantzen. Die Entstehung der 
Losspuppen in den ailteren léssartigen Thonablagerungen des Werrathales 
bei Memingen, 257.—J. G. Bornemann.  LBeitrige zur Kenntniss des 
Muschelkalks in Thiringen, 267.—F. Klockmann. Charakteristische 
Diabas- und Gabbro-Typen unter den norddeutschen Diluvialgeschieben, 
322.—G. Berendt. Geognostische Skizze der Gegend von Glogau und 
das Tiefbohrloch im dortiger Kriegsschule, 347.—C. E. Weiss. Ueber eine 
Buntsandstein-Sigillaria und deren niichste Verwandte, 356.—C. E. Weiss. 
Nachtrag zu der Abhandlung “ Gerdlle in und auf der Kohle von Stein- 
kohlenflétzen, besonders in Oberschlesien,’”’ 362.—H. Grebe. Ueber die 
Verbreitung vulkanischen Sandes auf den Hochfliichen zu beiden Seiten 
der Mosel, 564.—R. Klebs. Gastropoden im Bernstein, 366.—A. Jentzsch. 
Das Profil der Eisenbahn Berent-Schéneck-Hohenstein, 595.—A. 
Jentzsch. Das Profil der Eisenbahn Zajonskowo-Lobau, 424. 

E. Ramann. Der Ortstein und ahnliche Secundirbildungen in den 
Diluvial- und Alluvial-Sanden, 1. 

—. Paliontologische Abhandlungen. Band ili. Hefte 3 & 4. 
1886. Purchased. 

F. Frech. Die Cyathophylliden und Zaphrentiden des deutschen 
Mitteldevon, 1 (Heft 3).—J.T. Sterzel. Die Flora des Rothliegenden im 
nordwestlichen Sachsen, 1 (Heft 4). 
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Berlin. Zeitschrift ftir das Berg-, Hiitten- und Salinenwesen im 
preussischen Staate. Band xxxiv. Lief.3 & 4. 1886. Pre-. 
sented by the Ministry of Public Works. 

Brathubn. Die Umarbeitung der Oberharzer Grubenrisse, 175.—Grass- 
mann. Das Richelsdorfer Kupfer- und Kobaltwerk in Hessen, 195,— 
W. Rittershaus. Der Iberger Kalkstock bei Grund am Harze, 207. 

Band xxxiy. Statistische Lieferungen 1-3. 1886. 

—. ——. Band xxxiy. Atlas. Tafeln 1-19. 1886. 

; Band xxxv. * Lief. 1.& 2. Tss7. 
EK. Hilger. Die Ablagerung der productiven Steinkohlenformation in 

der Horst-Recklinghausener Mulde des Niederrheinisch-Westfalischen 
Steinkohlenbeckens, unter besonderer Beriicksichtigung der neuesten Auf- 
schlusse der Zechen Schlagel und Eisen, Ewald, Graf Bismarck, General 
Blumenthal und Konig Ludwig, 30.—E. Cappell. Ueber die Erzfuhrung 
der Oberschlesischen Trias nérdlich von Tarnowitz, O.8., 99. 

Band xxxy. Atlas. Tafeln 1-12. 1887. 

Bern. Schweizer Alpenclub. Jahrbuch. Jahrgang 21, 1885-86, 
1886. Also Beilagen. Purchased. 

A. Heim. Notizen tiber Wirkungen des Blitzschlages auf Gesteine, 
342,.—F. A. Forel. Les variations périodiques des glaciers des Alps, 358. 

—_——— 

Repertorium und Ortsregister. Band i.—xx. — 

us 1886: 
Birmingham. Mason Science College. Calendar for the Session 

1886-87. 1886. 

Birmingham Philosophical Society. Proceedings. Vol. v. Part 1 
(1885-36). 1886. 

C. Davison. On the Existence of Undisturbed Spots in Karthquake- 
shaken Areas, 57.—J. H. Player. Analyses of Basalts, 122.—H. W. 
Crosskey. Note on the Glacial Geology of the district around Loch 
Sween, Argyllshire, 219. 

Bordeaux. Société Linnéenne. Actes. Vol. xxxiv. (Sér. 4, Tome ix.). 
1885. 

kK. A. Benoist. Description géologique et paléontologique des com- 
munes de Saint-Hstéphe et de Vertheuil, 79, 301.—E. A. Benoist. 
Révision de la list des espéces fossiles, appartenant aux familles des 
Buccinide et des Nasside, trouvées dans les faluns miocénes du Sud- 
Ouest, xvii. A. Benoist. Sables éruptifs des graviéres de Monrepos, 
xxiv.—H. A. Benoist. Compte-rendu géologique de l’excursion trimes- 
trielle faite a Villandraut et a Balizac, xxxii—E. A. Benoist. Forage 
dun puits au moulin de Perron, commune de Landiras, xxxiii.—tl. A. 
Benoist. Le puits artésien du Parc Bordelas, 1—E. A. Benoist. Compte- 
rendu géologique de l’excursion trimestrielle 4 Vertheuil, 1x1. 

Boston (Cambridge). American Academy of Arts and Sciences. 
Memoirs. Centennial volume. Vol. xi. Part 4. Nos. 4 & 5. 
1886. 

=e 5 Proceedings. N.S. Vol. xiii. (whole ser. vol. xxi.). 
Part 2. 1886. 

age W. Huntington. On the Crystalline Structure of Iron Meteorites, 
478. 
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Boston (Cambridge). American Academy of Arts and Sciences. 
Proceedings. N.S. Vol. xiv. (whole ser. vol. xxii.). Part 1. 
1886. 1887. 

G. W. Leighton. Contributions from the Chemical Laboratory of 
Harvard College, 158. 

—. Society of Natural History. Memoirs. Vol. ii. Nos. 12 
foto. ” 1886: 

S. H. Scudder. The oldest known Insect-larva, Mormolucotdes articu- 
latus, from the Connecticut-River Rocks, 431.—S. H. Scudder. Note on 
the supposed Myriapodan Genus Trichiulus, 438.—S. H. Scudder. A 
Review of Mesozcic Cockroaches, 439. 

: Proceedings. Vol. xxii. Part 2. 1886. 
M. E. Wadsworth. On the relation of the “ Keweenawan Series” to 

the Eastern Sandstone in the vicinity of Torch Lake, Michigan, 172.— 
M. E. Wadsworth. The Theories of Ore-Deposits, 197.—M. E. Wads- 
worth. On a supposed Fossil from the Copper-bearing Rocks of Lake 
Superior, 208. 

Brisbane. Acclimatization Society of Queensland. 20th Report, 
1885. 1886. 

Bristol Museum and Library. Report of Proceedings at the 16th 
Annual Meeting, held 24th February, 1887. 1887. 

British Association for the Advancement of Science. Report of the 
55th Meeting, held at Aberdeen in September 1885. 1886. 

J.D. Everett. Seventeenth Report of the Committee appointed for the 
purpose of investigating the Rate of Increase of Underground Tempera- 
ture downwards in various localities of Dry Land and under Water, 93.— 
T. Rupert Jones. Third Report of the Committee on the Fossil Phyl- 
lopoda of the Paleozoic Rocks, 326.—J. Milne. Fifth Report of the 
Committee appointed for the purpose of investigating the Karthqualke 
Phenomena of Japan, 362.—C. E. De Rance. Eleventh Report of the 
Committee appointed for the purpose of investigating the Circulation of 
Underground Waters in the Permeable Formations of England and Wales, 
and the Quantity and Character of the Water supplied to various Towns 
and Districts from these Formations, 382.—H. J. Johnston-Lavis. Report 
of the Committee for the Investigation of the Volcanic Phenomena of 
Vesuvius, 395.—J.S. Gardner. Report of the Committee on the Fossil 
Plants of the Tertiary and Secondary Beds of the United Kingdom, 396. 
—W.Topley. Report of the Committee appointed for the purpose of 
inquiring into the Rate of Erosion of the Sea-coasts of England and 
Wales, and the Influence of the Artificial Abstraction of Shingle or other 
material in that action, 404.—G. R. Vine. Report of the Committee 
appointed for the purpose of reporting on recent Polyzoa, 481.—T. G. 
Bonney. Report on the Rocks collected by H. H. Johnstone, Esq., from 
the upper part of the Kilima-njaro massif, 682.—C. Meldrum. A Tabular 
Statement of the Dates at which, and the Localities where, Pumice or 
Voleanic Dust was seen in the Indian Ocean in 1883-84, 773.—W. 
Whitaker. List of Works on the Geology, Mineralogy, and Paleontology 
of Staffordshire, Worcestershire, and Warwickshire, 780.—A. Harker. 
On Slaty Cleavage and Allied Rock-Structures, with special reference to 
the Mechanical Theories of their Origin, 813.—J. W. Judd. Presidential 
Address to Section C, Geology, 994.—G. A. Lebour. On some recent 
Earthquakes on the Durham Coast, and their probable cause, 1013,—E. 
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Hull. Notice of an Outline Geological Map of Lower Egypt, Arabia 
Petreea, and Palestine, 1015.—K. Hull. On the Occurrence of Lower 
Old Red Conglomerate in the Promontory of the Fanad, North Donegal, 
1016.—T. G. Bonney. On Bastite-Serpentine and Troktolite in Aber- 
deenshire ; with a Note on the Rock of the Black Dog, 1016.—W. Ivison 
Macadam. On certain Diatomaceous Deposits (Diatomite) from the Peat 
of Aberdeenshire, 1017.—T. Anderson. The Volcanoes of Auvergne, 1017. 
—R. L. Playfair. On the Re-discovery of lost Numidian Marbles in 
Algeria and Tunis, 1018.—W. Watson. The Chasm called the Black 
Rock of Kiltearn, 1018.—J. Davidson. The Bass of Inverurie, a frag- 
ment of an ancient Alluvial Bed, 1019.—H. Carvill Lewis. The Direction 
of Glaciation as ascertained by the Form of the Strize, 1019.—W. F. 
Stanley. Proposed Conditions to account for a former Glacial Period in 
Great Britain, existing under similar meteorological conditions to those 
that rule at the present time, 1020.—H. Hicks. On the Fynnon Beuno 
and Cae Gwyn Bone-Caves, North Wales, 1021.—J.G. Phillips. The 
Hlgin Sandstones, 1028.—R. H. Traquair. Preliminary Note on a new 
Fossil Reptile recently discovered at New Spynie, near Elgin, 1025.—C. 
Lapworth. The Highland Controversy in British Geology; its Causes, 
Course, and Consequences, 1025.—B. N. Peach and J. Horne. The 
Geology of Durness and Eriboll, with special reference to the Highland 
Controversy, 1027.—T.G. Bonney. Preliminary Note on some Traverses 
of the Crystalline District of the Central Alps, 1027.—H. C. Lewis. Some 
Examples of Pressure-Fluxion in Pennsylvania, 1029.—J. Gunn. On 
Rocks of Central Caithness, 1050.—A. Renard. On some Rock-Speci- 
mens from the Islands of the Fernando Noronha Group, 1031.—E. Hill. 
On the Average Density of Meteorites compared with that of the Earth, 
1031.—i1. Drummond. Notes on a recent Examination of the Geology 
of Hast Central Africa, 1032.—M. Schuster. Some Results of the Cry- 
stallographic Study of Danburite, 1033.—Sir R. Owen. American EHvi- 
dences of Kocene Mammals of the “ Plastic Clay” Period, 1033.—H. 
Miller. Some Results of a detailed Survey of the Old Coast-lines near 
Trondhjem, Norway, 1033.—J. Melvin. The Parallel Roads of Lochaber, 
1035.—B. N. Peach and J. Horne. Further Evidence of the Extension 
of the Ice in the North Sea during the Glacial Period, 1036.—H. M. 
Cadell. Recent Advances in West Lothian Geoloyy, 1057.—F. Clowes. 
Barium Sulphate as a Cementing Material in Sandstone, 1038.—A. C, G. 
Cameron. Notes on Fuller's Earth and its applications, 1039.—J.C. How- 
den. On the Glacial Deposits at Montrose, 1040.—A. Ross. Notes on the 
Rocks of St. Kilda, 1040.—W. Whitaker. On Deep Borings at Chatham: 
a Contribution to the Deep-seated Geology of the London Basin, 1041,.— 
W. Whitaker. On the Waterworks at Goldstone Road, Brighton, 1041, 
—QO.C. Marsh. On the Size of the Brain in Extinct Animals, 1065.— 
D’Arcy W. Thompson. On the Hind Limb of Ichthyosaurus and on the 
Morphology of Vertebrate Appendages, 1065.—E. Hull. On the Origin 
of the Fishes of the Sea of Galilee, 1063.—E. Hull. On the Cause of the 
Extreme Dissimilarity of the Faunas of the Red Sea and Mediterranean, 
1068.—T. Wilson. A new Cave-Man of Mentone, 1218.—W. Pengelly. 
Happaway Cavern, Torquay, 1219. 

Brussels. Musée Royal d'Histoire Naturelle de Belgique. . Bulletin. 
Tome iv. Nos. 2-4. 1886. 

P. Pelseneer. Notice sur un Crustacé des sables verts de Grandpré, 47. 
—A. Rutot. La tranchée de Hainin, 61.—L. Dollo. Premiére Note sur 
les Chéioniens du Bruxellien (€0céne moyen) de la Belgique, 75.—L. 
Dollo. Premiére Note sur les Chéloniens landeniens (éocéne inférieur) de 
la Belgique, 129.—P. Pelseneer. Notice sur les Crustacés décapodes du 
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Maestrichtien du Limbourg, 161.—A. Renard. Notice sur la géologie de 
Vile de Kerguelen, 223.—C. Klement. Notice sur la composition chimique 
de la météorite de Saint-Denis-Westrem (Flandre orientale), 273. 

Brussels. Société Royale Malacologique de Belgique. Annales. 
Tome xx. (Sér. 3, Tome v.) 1885. 1886. 

Mémovrres. 
F. L. Cornet. Sur une coupe observée 4 Mesvin dans le terrain quater- 

naire, 3.—E. Delvaux. Epoque quaternaire—Quelques mots sur le grand 
bloc erratique d’Oudenbosch, prés de Bréda, et sur le dépot de roches gra- 
nitiques scandinaves découvert dans la région, 6.—E. Delvaux. Note 
succincte sur l’excursion de la Société géologique de Belgique a Spa, 
Stavelot et Lammersdorf, 15.—A. Rutot. Sur le terrain quaternaire des 
environs de Mons, 24.—L. Foresti. Note sur le sous-genre Smendovia, 
Tournouér (1882), 27.—A. Meunier et Ed. Pergens. Nouveaux Bryozo- 
aires du Crétacé Supérieur, 32.—A. Nobre. Catalogue des Mollusques 
des environs de Coimbre (Portugal), 45. 

Bulletin. 
O. Van Ertborn et P, Cogels. Note sur les conséquences de certaines 

erreurs d’interprétation au point de vue géologique, vil, xix.—E. Van den 
Broeck. Réponse a la note de MM. Van Ertborn et P. Cogels, x, xxii— 
A. Rutot. Quelques mots sur l’étage Asschien, xiii—K. Van den Broeck. 
De la constitution géologique du territoire de la feuille d ’Aerschot, 
d’aprés la carte au 1: 20,000 de MM. Ertborn et Cogels, et d’aprés les 
levés du service ofticiel, lixi—F’. L. Cornet. Note sur deux gisements des 
sables et argiles d’Hautrages, Ixxiii—A. Rutot. Sur les résultats de 
Vétude des étages Landenien et Heersien sur les feuilles de Landen, 
Saint-Trond et Heers, lxxy.—A. Rutot et E. Van den Broeck. Note sur 
la nouvelle classification du terrain quaternaire dans la basse et dans la 
moyenne Belgique, Ixxvilii—A. Rutot et EK. Van den Broeck. Note pré- 
liminaire sur l’age des diverses couches confondues sous le nom de Tufeau 
de Ciply, xciii—F.. L. Cornet et A. Briart—Sur lage du tufeau de Ciply, 
c.—A. Rutot et E. Van den Broeck. Sur Vage tertiaire du tufeau de 
Ciply, evili, exiil. 

a, . Proces-Verbaux des Séances. Tomexyv. 1886-87. 
Pp. i-exhii. 1886-87. 

A. Briart et H. Crosse. Rapport sur “ Catalogue des coquilles fossiles 
de l’6océne des environs de Paris,” v.—E. Van den Broeck. Note sur une 
observation faite a Schriek (Feuille d’Heyst-op-den-Berg) montrant, 
contrairement aux Levés Géologiques de MM. Van Ertborn et Cogels, 
Vabsence d’Eocéne Wemmelien dans le territoire de la Feuille d’Heyst- 
op-den-Berg, x.—P. Cogels et O. Van Ertborn. De la limite méridionale 
de Vargile de Boom sur la planche d’Heyst-op-den-Berg, xvi.—P. Cogels 
et O. Van Ertborn. Contribution a l’étude des terrains quaternaires, xxiii. 
—K. Van den Broeck. Quelques mots en réponse aux lectures faites par 
MM. Cogels et Van Ertborn, xxxvili—O. Van Ertborn. Les coupes et la 
valeur scientifique des échantillons de quelques puits artésiens, &c. &c., 
xlv.—J. Lorie. Note sur le forage d’Arnhem, xliv.—P. Cogels et O. Van 
FErtborn. De l'Infraheersien et du niveau occupé par le crétacé sur le 
territoire de la feuille de Bilsen, lix.—P. Cogels et O. Van Ertborn. Note 
sur un gisement de bois de Rennes incisés par l’Homme dans les argiles 
quaternaires de la Campine, ci.—G. Vincent. Note sur un gite fossilifére 
quaternaire observé a Veeweyde, pres de Duysbourg, exxiv.—D. Raey- 
maekers. Sur la présence de fossiles tongriens fluvio-marins sur la plan- 
chette de Louvain, cxxvi. 
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Buckhurst Hill. Essex Field Club. Transactions. Vol. iv. Part 2 

(1886). 1886. 
W. Whitaker. Some Essex Well-Sections, 149. 

: Essex Naturalist (continuation of above). 1887. 
Nos. 1-4. 1887. 

T. V. Holmes. On the Subsidence at Lexden, near Colchester, 1.— 
W.G. Smith. Primeval Man in the Valley of the Lea, 36, 83.—O. Fisher. 
On the Subsidence at Lexden, near Colchester, in 1862, 39. 

Buda Pest. Magyar Foldtani Tarsulat. (Ungarische geologische 
Gesellschaft. Geologische Mittheilungen.) Foldtani Kozlony. 
Kotet xv. Fuzet 6-12 (1885). 1885. 

=—_——-= 

250.—G. Petho. A Lippa-Odvos. Konop kérnyéki krétateriiletrol, 266.— 
G. Petho. Baltavar dsemléseirdl, 273.—A. Koch. A gyalui hayasok E-i 
szélén, Kalotaszegben és a Vlegyasza heeyséeben véezett részletes foldtani 
felvételrol, 284.—L. Roth. A Bozovicstol E-ra fekvo hegysegrész Krass6- 
Szorenymegyében, 296.—G. Halavats. Az Oravicza-Roman-Bogsan kor- 
nyékén eszkozolt részletes foldtani folvételrol, 313.—F. Schafarzik. Me- 
hadia és Herkules-fiirdé kornyéke Krass6-Szorénymegyében, 324.—A, 
Gesell. A Selmeczbanya és Szelakna kérnyékén eszk6zolt reszletes banya- 
geologiai folvételekrél, 335.—J. Bockh. Jahresbericht der Kon. ungar. 
geologischen Anstalt fiir 1884, 393.—J. v. Matyasovszky. Ueber die 
geologische Detailaufnahme am Nordwest-Ende des Rézgebirges, in den 
Gegend zwischen Nagy-Barédd und Fels6-Derna, 423.—L. v. Loczy. 
Ueber die im Sommer des Jahres 1884 in der Gebirgsgegend zwischen der 
Maros und Fehér-K6rés ausgefiihrten geologischen Special-Aufnahmen, 
427,—J. Petho. Ueber das Kreide-Gebiet zwischen Lippa, Odvos und. 
Konop, 446.—J. Pethé. Ueber die tertiéren Saugethier-Ueberreste von 
Baltavar, 455.—A. Koch. Ueber die am Rande des Gyaluer Hochge- 
birges, in der Kalotaszee und im Vlegyasza-Gebirge im Sommer 1884 
ausgefuhrte geolog. Specialaufnahme, 465.—L. Roth. Ueber den Gebirgs- 
theil nordlich yon Bozovics, im Comitate Krass6-Szérény, 479.—J. Hala- 
vats. Ueber die im Jahre 1884 in der Umgebung von Oravicza-Roman- 
Bogsén durchgefiihrte geolog. Specialaufnahme, 500.—F. Schafarzik. 
Ueber das Gebirge zwische Mehadia und Herkulesbad im Comitate Krass6- 
Szorény, 512.—A. Gesell. Ueber die geologischen Detailaufnahmen in 
der Umgebung von Schemnitz und Windschacht, 525.—T. Szontagh. 
Petrographische Beschreibung von Gesteinen aus dem Sohler Comitate im 
nordlichen Ungarn, 540.—L. Roth. Gekritztes Geschiebe von der Siid- 
seite der Hohen-Tatra, 557.—L. Roth. Spuren einstiger Gletscher in der 
Niederen-Tatra, 558. 

._ —. (——.) —. Kotet xvi. Fuzet 1 & 2 (1886). 
1886. 

J. Szabo. Elnéki megnyité beszéd a magyarhoni Foldtani Tarsulat 
Kozeyulésén 1886 janudr 13-an, 1.—V. Wartha. A szerpentin-chlorid- 
csoport asvanyairél, 7.—A. Kalecsinszky. Kozlemények a magyar kir. 
foldtani intézel chemiai laboratoriumab6l, 12.—J. Szabo. Jelentés a 
harmadik nemzetkozi geologiai kongresszusr6l Berlinben 1885, 17.—G. 
Téglas. Ujabb adatok az erdélyi medencze dsemloseihez, 39.—G. Petho. 
Suess eldadasa a sujto léyrél, 44—V.Wanrtha. Ueber die Mineralien der 
Serpentin-Chlorit-Gruppe, 79.—A. Kalecsinszky. Mittheilungen aus dem 
chemischen Laboratorium der kon. ung. geologischen Anstalt, 84. 
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Buda Pest. Magyar Foldtani Tarsulat. (Ungarische geologische 
Gesellschaft. Geologische Mittheilungen.) Foldtani Kozlony. 
Kotet xvi. Ftzet 7-12 (1886). 1886. 

F. Schafarzik. Levél a Kaukazus vidékérél, 209.—J. Budai. <A per- 
sinyi hegység masodkori eruptiv kozetei, 211.—L. Cseh. Avihnyei O- 
Antaltarna banyatelep foldtani viszonyai, 224.—J. Halavdts. Magya- 
rorszigi Valenciennesidk, 227—F. Schafarzik. Briefliche Mittheilung 
aus dem Kaukasus, 257.—J. Budai. Die secondaren Eruptive cesteine 
des Persényer Gebirges, 259.—L. Cseh. Die geologischen Verhaltnisse 
der Alt-Antonstollner Berghandlung in V ihnye, “274.—J. Halavats. 
Valenciennesia in der fossilen Fauna Ungarns, 279,-S. Schmidt. Levél 
a Szerkesztokh6éz, 305.—G. Primics. Vaskos kvarezfélék eléforduldsa 
Tekeron, 308.—F. Jablonszky. <A jabloukai tozegekrol, 314—P. Szokol. 
Valasz Dr. Schafarzik Ferencz urnak, 320.—F. Schafarzik. A propylit 
kérdésérol, 322.—G. Primics. Das Vorkommen der derben Quarzvarie- 
taten bei Tekeré, 247.—F. Jablonszky. Die Torfmoore yon Jablonka, 
354.—P. Szokol. Erwiederung, 357.—T. Schafarzik. Ueber die Propy- 
lite-Frage, 358. 

. Magyar Kiralyi. Foldtani Intézet. (Koniglich-ungarische 
geologische Anstalt) Mittheilungen aus dem Jahrbuch. Band vii. 
Heft 5. 1886. 

A. Gesell. Geologische Verhiltnisse des Steinsalzbergbaugebietes von 
Soévar mit riicksicht auf die wiederdftnung der ertrankten Steinsalz- 
erube, 195. 

Band viii. Heft 1. 1886. 
E. Herbich. " Paliiontologische Studien uber die Kalkklippen des sie- 

benburgischen Erzgebirges, aa 

, Band viii. Heft 4. 1887. 
J. Halavats. Palaiontologische Daten zur Kenntniss der Fauna der 

Sudungarischen Neogen-Ablagerungen, 125, 

a 

Kiadvanyai. Konyy-és Teérképtdrinak. I. Pot- 
czimjegyzéke. (Erster N achtrag zum Katalog der Bibliothek und 
alle. Kartensammlung.) 1886. 

A Magyar Kiralyi Foldtani Intézet es ennek Kial- 

litési Tdrgyai, az 1885, evi Budapesti Altalanés Kiollitas 
Alkalmabdl, dsszeallitotta Béckh Jénos. 8vo. 1885. 

——. Kon. ung. geologische Anstalt. Die kéniglich-ungarische 
geologische Anstalt und deren Ausstellungs-Objecte zu der 
1885 in Budapest abgehaltenen allgemeinen Ausstellung, 
zusammengestellt von Johann Bockh. 8vo. 1885. 

Buenos Aires. Academia Nacional de Ciencias en Cordoba. Actas. 
Tomo iv. Entregal. 1882. 

Boletin. Tomov. Entregas1&2. 1883. 
F. Ameghino. Sobre una coleccion de mamiferos fosiles del piso meso- 

potamico de la formacion patagonica recogidos, en las barrancas del Parana 
por el Profesor Pedro Scalabrini, 101.—L. Brackebusch. Viaje a la 
Provincia de-Jujuy, 185. 

—— 
. 

—, ——. ——. Tomovyii. Entrega da. 1886. 
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Buenos Aires. Sociedad Cientifica Argentina. Anales. Tomo xxi. 
Entregas3 & 4. 1886. 

: : Tomo xxil. Entregas 1-6. 1886. 
P.N. Arata. Contribuciones al conocimento higienico de la ciudad de 

Buenos Aires, 5.—J. J. J. Kyle. El oro del Cabo Virgenes, 75. 

Tomo xxiii. Entregas1 &2. 1887. 
J. Lilerena. Un ensayo sobre la historia geoldgica de lag Pampas 

Argentinas, 34. 

Calcutta. Asiatic Society of Bengal. Journal. N.S. Vol. lin. 
Part 2. No. 4 (1884). 1887. 

—. —. —. N.S. Vol. ly. Part 2. No. 1-3 (1886). 
1886-87. 

——. -——. Proceedings. Nos. 1-10 (1886). 1887. 

—. —. —. No.1 (1887). 1887. 

Cambridge, Mass. Museum of Comparative Zoology at Harvard 
College. Annual Report for 1885-86. 1886. 

Bulletin. Vol. xii. Nos.5 & 6. 1886. 

Vol. xii. Nosmive 2:7 1386: 

Cambridge Philosophical Society. Proceedings. Vol. v. Part 6. 
1886. 

H. Gadow. On some Caves in Portugal, 381. 

: Proceedings. Vol. vi. Part 1. 1887. 
O. Fisher. An attempt to explain certain Geological Phenomena by 

the application to a liquid substratum of Henry’s Law of Absorption of 
Gases, 19. 

—_ | = ,  Dransactions; ~ Voloxivesobartecs toow 

Carlisle. Cumberland and Westmoreland Association for the Ad- 

vancement of Literature and Science. ‘Transactions. No. 11 
(1885-86). 1886. 

J. Postlethwaite. The Mineral Springs near Keswick, 142. 

——— 

——— 

Catania. Accademia Gioenia di Scienze Naturali. Atti. Serie 3. 
Tome xix. 1886. 

L. Ricciardi. Ricerche chimiche sulle roecce vulcaniche dei dintorni 
di Roma, 177.—A. Silvestri. Monografia chimica sulla sorgente dell’ 
acqua potabile detta Reitana presso Aci-Reale, 229. 

Chemical News. Nos. 1387-1415. 1886. 

SS Nos: 14614365 loons 

Chemical Society. Abstracts of the Proceedings. Nos, 24-30. 
1886. 

eee ee NOs; obo Ore alone 

———. Journal; Nos::284=289) Asse: 

Nos: 290-2952 Wsare 
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Chemical Society. Abstracts of the Proceedings. Supplementary 
Number (1886). Vols. xix. &1. 1886. 

Chesterfield. Chesterfield and Midland Counties (late Chesterfield 
and Derbyshire) Institution of Engineers. Transactions. 
Vol. xiv. Part 2. 1885. 

Chicago Academy of Science. Bulletin. Vol.1. No.9. 1886. 
Presented by Sir W. Dawson, F.RS., F.GS. 

Sir W. Dawson. On Rhizocarps in the Erian (Devonian) Period in 
America, 105. 

Colliery Guardian. Nos. 1330-1357. 1886. 

—. Nos. 1358-1381. 1887. 

Copenhagen. Kongelige Danske Videnskabernes Selskab. Natur- 
videnskabelige og Mathematiske Afhandlinger. Rekke vi. 
Bind 2. Nos. 8-11. 1885-86. 

——,  ——. ——, Reakkevi. Bind 3. Nos.2&4. 1885-86, 

oe COR eekke vi. Bind 4. Nos.1& 3. 1886-87. 

—. —. Oversigt. 1885. No.3. 1886. 

—, —. ——. 1886. Nos. 1-3. 1886. 

LSa7.5 Now Ls 1887. 

Cracow. Akademija Umiejetnocsi w Krakowie. Sprawozdanie 
Komisyi Fizyjograficznéj. Tomo xx. 1886. 

A. M. Lomnicki. Stodkowodny utwér brzeciorzedny na Podoln 
galicyjskiem, Csesc II., 48. . 

Darmstadt. Verein fir Erdkunde zu Darmstadt, und Mittelrhein- 
ische geologische Verein. Notizblatt. 4 Folge. 6 Heft. 
1885. 

—_—_—, . -—. 4Folge. 7 Heft. 1886. 
O. Bottger. Die altalluviale Molluskenfauna des Grossen Bruchs bei 

Traisa, Prov. Starkenburg, 1—O. Bottger. Neue Paludinen aus dem 
Mainzer Becken, 7. 

Davenport Academy of Natural Sciences. Proceedings. Vol. iv. 
1882-84. 1886. 

C. Wachsmuth. On a new Genus and Species of Blastoids, ae obser- 
yations upon the Structure of the Basal Plates in Codaster and Pentre- 
mites, 76.—W. H. Harris. Descriptions of some new Blastoids from the 
Hamilton Group, 88.—C. Wachsmuth. Description of a new Crinoid 
from the Hamilton Group of Michigan, 95.—W. H. Harris. Descriptions 
of some new Crinoids from the Hamilton Group, 98. 

Dresden (Cassel). Konigliches mineralogisch-geologisches und pre- 
historisches Museum in Dresden. Mittheilungen. Heft vii. 
(4to.) 1886. Presented by Dr. H. B. Genitz, F.M.GS., 
Director. 

J. V. Deichmiiller. Die Insecten aus dem lithographischen Schiefer 
im Dresdener Museum, 1. 
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Dresden. Naturwissenschaftliche Gesellschaft Isis. Sitzungsberichte 
und Abhandlungen, 1886, Jan.—Dec., 1886-87. 

Abhandlungen. 

F. E. Geinitz. Ueber einige Lausitzer Porphyre und Griinsteine sowie 
den Basalt aus dem Stolpener Schlossbrunnen, 18.—E. Danzig. Bemerk- 
ungen uber das Diluvium innerhalb des Zittauer Quadergebirges, 30.— 
A. Purgold. Hinige regelmassige Verwachsungen des Rothgiltenerzes, 
53.—E. Danzig. Weitere Mittheilungen tiber die Granite und Gneisse 
der Oberlausitz und des angrenzenden Bohmens, 57.—J. V. Deichmuller. 
Die Meteoriten des koniglichen mineralogischen Museums in Dresden, 
92. 

Dublin. Royal Geological Society of Ireland. Journal. Vol. xvii. 
GNESS aViollaviis ear ainieSsG: 

G. H. Kinahan. Notes on the Apatite of Buckingham, Ottawa County, 
1—G. H. Kinahan. Canadian Archeean, or Pre-Cambrian Rocks; with 
a Comparison with some of the Irish Metamorphic Rocks, 5.—G. H. 
Kinahan. Notes on the Coal Seams of the Leinster and Tipperary Coal- 
fields, 20.—W. H. Baily. On Trilobites and other Fossils, from Lower 
or Cambro-Silurian Strata, in the County of Clare, 29.—W. J. Sollas. 
On the Physical Characters of Calcareous and Siliceous Sponge-Spicules 
and other Structures, 30.—V. Ball. On the newly discovered Sapphire 
Mines in the Himalayas, 49.—B. H. Mullen. On a set of Musical Stones 
in the Science and Art Museum, Dublin, 52.—W. J. Sollas. Ona Hex- 
actinellid Sponge from the Gault, and a Lithistid from the Lias of Eng- 
land, 57.—J. P. O'Reilly. On De Rossi’s Seismical and Endodynamical 
Map of Italy, 61—J. P. O'Reilly. On the Occurrence of Beryl with 
Schorl in Glencullen Valley, 69.—W. H. Baily. On a New Species of 
Orophocrinus (Pentremites) in Carboniferous Limestone, Co. Dublin, 
also Remarks upon Codaster trilobatus (McCoy) from Carboniferous 
Limestones, Co. Kilkenney, 71.—E. Hull. On the Occurrence of an 
Outlying Mass of Supposed Lower Old Red Sandstone and Conglomerate 
in the Promontory of Fanad, County Donegal, 74. 

Vols xvau. (N.S. Vol. vine) Parte ssa 
G. rel Kinahan. Economic Geology of Ireland, 1. 

——. Royal Irish Academy. Cunningham Memoirs. Nos. 2. 
and 3. 1886. (4to.) 

. Proceedings. Ser. 2. Vol. ii. No. 7. Polite 
Literature and Antiquities. 1886. 

W. J. Knowles. Flint Implements from the North-east of Ireland, 
456. 

ee ee see, 2 WO nn ING Ss Soames. 1886. 

—— 

5 Transactions. Vol. xxvii. Polite Literature and 
Antiquities. Parts 6-8. 1885-86. 

———_—_——_ 

—. ——. ——. Vol. xxviii. Science. Parts 11-25. 1885- 
1886. 

J. P. O'Reilly. Alphabetical Catalogue of the Earthquakes recorded 
as having occurred in Kurope and adjacent Countries, arranged to serve 
as a basis for an Harthquake Map of Kurope, 489. 
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East-India Asscciation. Journal. Vol. xviii. No.5 &6. 1886. 

Wal xis Nose 1-4 Af S87. 

Edinburgh. Geological Society. Transactions. Sessions 1884-85, 
fees ou. -Volnv. Bart 2s; S87: 

D. Milme-Home. Inaugural Address, 1884-85, 171.—R. Richardson. 
Report on the Montreal Meeting of the British Association, 181.—G. 
LindstrOm. Preliminary Notice on a Silurian Scorpion (Paleophonus 
nuncius, Torell and Lindstrém), from the Isle of Gothland, 184.—J. R. 
S. Hunter. Notes on a new Fossil Scorpion (Palophonus caledonicus), 
from the Upper Silurian Shales, Logan Water, Lesmahagow, 187.—W. 
Ferguson. Notices of some Iron Ore Deposits in Aberdeenshire and 
Banffshire, 192.—J. Reid. Notes on the Origin and Development of 
Granitic and other allied Varieties of Cry stalline Rocks. 199—R. 
Richardson. On Canadian and Scottish Glacial Geology, 205.—R. 
Richardson. Notice of “The Gled Stane” and other Boulders near 
Pitlochry, Perthshire, 213.—W. T. Kinnear. On the Occurrence and 
Range of Beds containing Scorpion remains in the Carboniferous Rocks 
of Fife, 216.—G. H. Kinahan. The Terraces of the Great American 
Lakes and the Roads of Glenroy, 221.—T. D. Wallace. The Geology of 
the Parish of Kirkhill and the “ Aird,” Inverness-shire, 224.—W. Morri- 
son. Precambrian Conglomerate of Lewis, 235.— R. Richardson. 
Closing Address, Session 1884-85, 243.—R. Richardson. Inaugural 
Address, Session 1885-86, 249.—J. Melvin. On the Parallel Ro ads of 
Lochaber, 268.—W. Morrison. Terraces at Achnasheen, 275.—W. An- 
derson. Note on the Occurrence of a new Species of Carboniferous 
Crustacean at Ardross, near Elie, Fife, 280.—A. Johnstone. On the 
Action of Carbonic Acid Water on Minerals and Rocks, 282.—H. Rink. 
Results of the Recent Danish Explorations in Greenland, with regard to 
the Inland Ice (1876 to 1884), 286.—J. Simpson. On Reindeer and other 
Mammalian Bones Figeheere by Mr. Macfie of Dreghorn in a Rock-fissure 
at Green Craig, Pentland Hills, 294.—J. Henderson. On Reindeer and 
other Mammalian Remains from the Pentland Hills, 302.—W. J. Mac- 
adam. Exhibition of, and notes on, Specimens of Red-deer Horns from 
the Sand Deposits at the Mouth of the Nith, Dumfriesshire, 305.— 
Romanis. Notes on Upper Burma, 306.—A. Somervyail. Notes on the 
Archean Gneiss of Ross and Sutherland, 307.—W. Anderson. Notes on 
the Fish Remains from the Bone Bed at Abden, near Kinghorn, Fife, with 
remarks by Dr. R. H. Traquair, 310—W. J. incase °N Ge of a new 
Fossiliferous Bed in the Island of Arran, 316.—J. 8. G. Wilson and W. 
J. Macadam. Diatomaceous Deposits in Skye, 318.—D. Cameron. Geo- 
logical Observations on Easter Ross, Moy and Craggie, and Athole, 330. 
—D. Cameron. The Geology of Fearn and Tarbat, 330, =e @haviee 
Votes on the Geology of the Winnipeg District, Manitoba, bol, 

Royal Physical Society. Proceedings. Session 1885-86. 
1886. 

B. N. Peach. Opening Address by the President, 1—R. Kidston. 
On the Species of the Genus Palgoxyris, Brongniart, occurring in British 
Carboniferous Rocks, 54.— James Rennie and R. Kidston. On the Oc- 
currence of Spores in the Carboniferous Formation of Scotland, 82. 

Ekaterinburg. Société Ouralienne d’Amateurs des Sciences Natur- 
elles. Bulletin (4to). Tomeiv. 1876. 

Tome v. Nos, 1-3 (1879-80). 1879-80. 
Win. Malakhoff, Indicateur des lieux de provenance des minéraux 

—_—, 
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connus jusqu’ici dans les monts Ourals, 1.—N. Brousnitsyne. La pyschma 
en aval du village de Mokraia jusqu’a la ville de Kamyschloff, 11.—A. J. 
Drezdoff. Les eaux minérales de Kourii et d’Alapaevsk, 25. 

Ekaterinburg. Société Ouralienne d’Amateurs des Sciences Natur- 
elles. Bulletin (4to), Tome vi. Nos. 1-3 (1880-82), 
1880-82. 

N. N. Novokréstchennykh. L’usine de Kizel, 43.—V. M. Malakhoff. 
Indicateur des lieux de provenance des minéraux connus jusqu’ici dan les 
monts Ourals, 55.—A. J. Drezdoff. Composition chimique des charbons 
fossiles du versant est des monts Ourals, 63. 

aaa : . Tome vii. Nos. 1-4 (1881-84). 1881-84. 
A. J. Drezdoff. Matériaux touchant les eaux minérales de l’Oural, 1, 

7.—M. H. Trautschold. Traces de l’étage Tongrien prés de Kamysch- 
loff, 21.—A. P. Karpinski. Sédiments tertiaires du versant oriental de 
VPOural, 60.—J. N. Ochtchepkoff. Qui a découvert le diamant dans les 
monts Ourals ?, 87. 

. —. Tomevii. No.1 (1885). 1885. 

——. ——. Tomeix. No.1 (1885). 1885, 

Frankfort-on-the-Maine. Senckenbergische naturforschende Gesell- 
schaft. Bericht, 1886. 1886. 

F. Kinkelin. Der Meeressand yon Waldbockelheim, 135. 

Geneva. Société Géologique Suisse. Compte rendu de la cin- 
quicme réunion annuelle en Aott 1886 a Geneve. (8vo.) 
1886. 

Geological Magazine. Dec. iii. Vol. ii. Nos. 7-12. 1886. 
H. A. Nilcholson. On Desmidopora alveolaris, Mich., a new genus and 

species of Silurian Corals, 289.—R.S. Oldham. Essays on Speculative - 
Geology. I. On Homotaxis and Contemporaneity, 293. II. Probable 
Changes of Latitude, 300.—W. Downes. On the Tunnel Section near 
Honiton, Devon, 308.—A. J. Jukes-Browne. . On the Application of the 
term Neocomian, 311.—C. Lapworth. On the Sequence and Systematic 
Position of the Cambrian Rocks of Nuneaton, 319.—T. H. Waller. Pre- 
liminary Note on the Volcanic and Associated Rocks of the Neighbour- 
hood of Nuneaton, 322.—G. J. Hinde. Note on Hophyton ? explanatum, 
Hicks, and on Hyalostelia (Pyritonema) fasciculus, M‘Coy, sp., 337.--P. 
M. Duncan. On anew Species of Avosmilia (A. elongata), from the Pea 
Grit of the Inferior Oolite of England, 340.—J.S. Gardner. Mesozoic 
Angiosperms, 342.—J. J. H. Teall. Notes on some Hornblende-bearing 
Rocks from the Inchnadampf, 346.—A. Irving. The Brookwood Deep 
Well Section, 353.—J. R. Gregory. The Bois de Fontaine Meteorite, 
and its probable identity with that of Charsonville of 1810, 357.—J. H. 
Collins. On the Geological History of the Cornish Serpentinous Rocks, 
359.—R. F. Tomes. Onsome new or imperfectly known Madreporaria from 
the Inferior Oolite of Oxfordshire, Gloucestershire, and Dorsetshire, 385, 
443,—R. Etheridge, jun. Note on the Recent Volcanic Eruption in New 
Zealand, 398.—A. Irving. The Unconformity between the Bagshot Beds 
and the London Clay, 402.—S. A. Adamson. Notes on the Discovery 
of the base of a Large Fossil Tree at Clayton, 406.—T. Rupert Jones 
and J. W. Kirkby. On some Fringed and other Ostracoda from the 
Carboniferous Series, 433.—R. H. Traquair. New Paleoniscidze from 
the English Ceal-measures, 440.—S. 8S. Buckman. On the Lobe-line of 
certain Species of Lias Ammonites described in the Monograph by the 
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late Dr. Wright, 442——W. J. Harrison. On a Deep Boring in the 
New Red Marls (Keuper Marls) near Birmingham, 453. —T. Rupert 
Jones. On Paleozoic Phyllopoda, 456.—J. J. H. Teall. The Meta- 
morphosis of the Lizard Gabbros, 481.—T. McK. Hughes. On the Ffynon 
Beuno Caves, 489.—A. B. Wynne. On the facetted and striated pebble 
from the Olive Group Conglomerate of Chiel Hill in the Salt Range of 
the Funjab, India, 492—W. T. Blanford. Notes on a smoothed and 
striated Boulder from a Deposit in the Preterdary Punjab Salt Range, 
494.J. S. Gardner. On Fossil flowering or phanerogamous Plants, 495. 
—British Association, 1886. Section C. Geology, 503.—E. Wethered. 
On the Structure and Organisms of the Lower Limestone Shales, Car- 
boniferons Limestone, and Upper Limestones of the Forest of Dean, 529. 
—A. Strahan. On the Rocks surrounding the Warwickshire Coalfield, 
and on the Base of the Coal-measures, 540.—F. Rutley. The Ieneous 
Rocks, ete., of the Neighbourhood of the Warwickshire Coal-field, 557. 
—G. Sharman. On the new Species Olenus nuneatonensis and Obolella 
granulata, from the Lower Silurian (‘ Cambrian’ Lapworth) near Nunea- 
ton, 565.—H. Hicks. On the Ffynnon Beuno and Cae Gwyn Caves, 566. 

Geological Magazine. Dec. iii. Vol. iii. Nos. 7-12. 1886. 
Purchased. 

Vol. ay. Noes. 1-6. 1887. 

H. Woodward. Onsome Spined Myriapods from the Carboniferous 
Series of England, 1—W. A. E. Ussher. The Culm-Measures of 
Devonshire, 10—W. S. Gresley. Notes on “ Cone-in-Cone ” Structure, 
17.—H. C. Lewis. On a Diamantiferous Peridotite, and the Genesis of 
the Diamond, 22.—A. J. Jukes-Browne. Note on a Bed of Red Chalk 
in the Lower Chalk of Suffolk, 24H. C. Lewis. Comparative Studies 
upon the Glaciation of North America, Great Britain, and Ireland, 28.— 
R. D. Oldham. Note on the facetted Pebbles from the Olive Group of 
the Salt Range, Punjab, India, 52.—J. E. Marr. The Lower Paleozoic 
Rocks near Settle, 35.—British Association, 1886. Section C. Geology, 38, 
117—H. Woodward. Some new British Carboniferous Cockroaches, 49. 
—E. Hill. In Brittany with the Geological Society of France, 59.—T. 
G. Bonney. Note on Specimens of the Rauenthal Serpentine, 65.—H. 
Keeping. On the discovery of the Nummulina-elegans Zone at Whitecliff 
Bay, Isle of Wight, 70.—A. J. Jukes-Browne and W. Hill. Note on the 
Gault and Chalk-marl of West Norfolk, 72.—C. A. McMahon. Note on 
the Foliation of the Lizard Gabbro, 74. Wright (the late). Ona 
new Ophiurella, 97.—R. F. Tomes. On two Species of Palaeozoic Madre- 
poraria hitherto not recognized as British, 98.—A. Smith Woodward. 
Notes on some Post-Liassic Species of Acrodus, 101.—H. Hicks. The 
Faunas of the Ffynnon Beuno Caves and of the Norfolk Forest Bed, 105. 
—J.S. Gardner. On the Beds containing the Gelinden Flora, 107 areal 
F. Harris. On the Gelinden Beds &c., 108.—A. Irving. An Outlier of 
Upper Bagshot Sands on London Clay, 111.—H. Woodward. Supple- 
mentary note on Euphoberia feror, Salter, 116—E. T. Newton. Note 
on some recent additions to the Vertebrate Fauna of the Norfolk “ Pre- 
Glacial Forest-Bed,” 145.—A. J. Jukes-Browne. Inter-Glacial Land- 

* surfaces in England and Wales, 147.—J. E. Marr. The Work of Ice- 
sheets, 151—H. Hicks. The Cambrian Rocks of North America, 155.— 
J. S. Gardner. The appearance and development of Dicotyledons in 
Time, 158.—J. W. Spencer. Notes on the Erosive Power of Glaciers as 
seen in Norway, 167.—H. A. Nicholson. On Hemiphyllum siluriense, 
Tomes, 173.—E. Wilson. British Liassic Gasteropoda, 193, 258. a: 

-k- YOL. XLII. 

tee 
. 
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Dowker. The Water-supply of East Kent, in connection with Natural 
Springs and Deep Wells, 202.—C. A. McMahon. The Gneissose Granite 
of the Himalayas, 212.—J. H. Collins. On the Geological History of 
the Cornish Serpentinous Rocks, 220.—O. C. Marsh. American Jurassic 
Mammals, 241.—R. H. Traquair. Notes on Chondrosteus acipenseroides, 
Agassiz, 248.—J. EH. Marr. The Glacial Deposits of Sudbury, Suffolk, 
262.—R. Lydekker and G. A. Boulenger. Notes on Chelonia from the. 
Purbeck, Wealden, and London-clay, 270. 

Geological Magazine. Dec. iti. Vol.iv. Nos.1-6. 1887. Pur- 
chased. 

Geologists’ Association. Proceedings. Vol. ix. Nos.6&7. 1886. 
W. Topley. The Life and Work of Professor John Morris, M.A., 

F.G.S., 386.—A. Irving. The Stratigraphical Relations of the Bagshot 
Sands of the London Basin to the London Clay, 411.—J. Johnston- 
Lavis. On the Fragmentary Ejectamenta of Volcanoes, 421.—J. Starkie 
Gardner. Fossil Grasses, 455.—J. Postlethwaite and J. G. Goodchild. 
On some Trilobites from the Skiddaw Slates, 469.—J. G. Goodchild. 
Observations upon the Stratigraphical Relations of the Skiddaw Slates, 
462,—G. S. Boulger. On the Connection in Time of changes in Fossil 
Floras with those of Faunas, 482.—T. Rupert Jones and J. W. Kirkby. 
A List of the Genera and Species of Bivalved Entomostraca found in the 
Carboniferous Formations of Great Britain and Ireland, with notes on the 
Genera and their Distribution, 495. 

: a Wolb aah No. Ileal Soi: 
A. Smith Woodward. On “ Leathery Turtles,” Recent and Fossil, and 

their Occurrence in British Eocene deposits, 2.—H. Hicks. On some 
further Researches in Bone-caves in North Wales, 14.—P. H. Carpenter. 
On Crinoids and Blastoids, 19. 

Glasgow. Geological Society. Transactions. Vol. viii. Part 1 
(1883-84, 1884-85). 1886. 

J. Young. Notes on Cone-in-Cone Structure, 1—R. Craig. On the 
Upper Limestones of North Ayrshire, as found in the district around 
Dalry, and elsewhere, 28.—W. Jolly. The Parallel Roads of Lochaber: 
the Problem, its Conditions and Solutions, 40.—R. Kidston. Notes on 
some Fossil Plants collected by Mr. R. Dunlop, Airdrie, from the Lanark- 
shire Coal-field, 47.—W. Jolly. Excursion to Ben Nevis and the Parallel 
Roads of Lochaber, 72.—J. White. A Glimpse of Skye; with Remarks 
on Volcanic Action, 105—J. White. Notes on Tarbert, Argyllshire, 111. 
—D. Bell. Notes on the Geology of Oban, 116.—J. Young. Notes on 
the Cathkin “ Osmund Stone,” a Volcanic Tuff, 134.—J. Young. Notice 
of the late Dr. Thomas Davidson, 158.—J. Young. Notes on the Car- 
boniferous Brachiopoda, with Revised List of the Genera and Species, 
143,—_J. R. S. Hunter. The Old Red Sandstone of Lanarkshire, with 
notes on Volcanic Action during Old Red and Carboniferous Times, 161. 
—J.R.S. Hunter. Notes on the Discovery of a Fossil Scorpion (Pale@o-. 
phonus caledonicus) in the Silurian Strata of Logan Water, 162.—J.. 
Thomson. The Geology of the Territory of Idaho, U.S., and the Silver: 
Lode of Atlanta, 173.—J. B. Murdoch. Notes on the Principal Geo- 
logical Papers read at the British Association Meeting, Aberdeen, 1885. 
179. 

Gloucester. Cotteswold Naturalists’ Field Club. Proceedings for. 
1885-86. 1887. 

Sir W. VY. Guise. Annual Address of the President, 1—E. Witchell.. 
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On the Genus Nerinea, and its Stratigraphical Distribution in the 
Cotteswolds, 21.—S. S. Buckman. Some new Species of Brachiopoda 
from the Inferior Oolite of the Cotteswolds, 38.—J. H. Taunton. Some 
Notes on the Hydrology of the Cotteswolds and the district around 
Swindon, 52.—J. H. Taunton. <A Visit to the Boxwell Springs, July 
1886, 70.—E. Wethered. Mitcheldeania Nicholsont, a new Genus, from 
the Lower Carboniferous Shales of the Forest of Dean, 77. 

Haarlem. Hollandsche Maatschappij der Wetenschappen. (Société 
Hollandaise des Sciences.) Natuurkundige Verhandelingen. 
ade Verz. Deeliv. No. 4. 1887. 

: Archives Néerlandaises des Sciences Exactes et 

Naturelles. Tome xx. Livr. 5. 1886. 

: . Tome xxi. Livr. 1-4. 1886-87. 
J. Bosscha, fils. Sur la météorite de Karang-Modjo, ou Magetan, 

Arle 

Halifax. Yorkskire Geological and Polytechnie Society. Pro- 
eeedings. N.S. Vol.ix. Part 2. Pp. 145-336. 1887. 

H. B. Stocks. On a Concretion called Acrospire, 149.—J. Magens 
Mello. On the Microscopical Structure of Rocks, 151.—W. Horne. On 
Prehistoric Remains recently discovered in Wensleydale, 175—G. R. 
Vine. Notes on the Polyzoa of the Wenlock Shales &c., 179.—J. W. 
Dayis. On the Relative Age of the Remains of Man in Yorkshire, 201. 
—J. R. Mortimer. On the Habitation Terraces of the East Riding, 221. 
—G. R. Vine. Notes on the Paleontology of the Wenlock Shales of 
Shropshire, 224.—J. W. Davis. On some Remains of Fossil Trees in the 
Lower Coal-measures at Clayton, near Halifax, 253.—J.S. Tute. On the 
Cayton Gill Beds, 265.—J. W. Davis. On the Exploration of the 
Raygill Fissure in Lothersdale, 280.—S. A. Adamson. On the Discovery 
of a Stone Implement in Alluyial Gravels at Barnsley, 281. 

Halifax, N.S. Nova Scotian Institute of Natural Science. Pro- 
ceedings and Transactions. Vol. vi. Part 4 (1885-86). 
1886. 

D. Honeyman. Additional Notes on Glacial Action in Halifax 
Harbour, 251.—E. Gilpin. ‘The Carboniferous of Cape Breton, 289.— 
D. Honeyman. A Revision of the Geology of Antigonish County, 
308. 

Halle. Academia Cesareo-Leopoldina Naturz Curiosorum. Nova 
Acta. Tomus xlvii. 1885. 

: 4 Tomus xlvii. 1886. 
H. Engelhardt. Die Tertiairflora des Jesuitengrabens bei Kundralitz 

in Nordboéhmen, 297. 

——__ 

Halle. Zeitschrift fir Naturwissenschaften. Band lvii. Heft 2-6. 
1885. 

P. Liidecke. Datolith von Casarza, 276.—P. Liidecke. Calcium- 
oxydhydrat als Kesselstein, 282.—P. Liidecke. Beobachtungen an 
Stassfiirter Vorkomnissen (Pinnoit, Pikromerit, Kainit und Steinsalz), 
645. 

k 2 
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Halle. Zeitschrift fiir Naturwissenschaften. Band lix. Heft 1. 
1886. 

0. Burbach. Beitriige zur Kenntniss der Foraminiferen des mittleren 
Lias am grossen Seeberg bei Gotha, 30. 

Hamilton, Canada. Hamilton Association. Journal and Pro- 
ceedings, 1884-85. Vol.i. Part 2. 1885. 8vo. 

J. W. Spencer. Remarkable Landslide near Brantford, Ontario, 55. 

Havre. Socicté Géologique de Normandie. Bulletin. Tome x. 
(1883-84.) 1885. 

P. Bizet. Note explicative sur le profil géologique de la route de 
Verneuil & Alencon, 44.—G. Lionnet. Réunion a Cherbourg, 53.— 
G. Lionnet. Sur la présence du terrain crétacé inférieur dans les falaises 
de la Héve, 71. 

Hertford. Hertfordshire Natural-History Society and Field-Club. 
Vol. iv. Parts 1-5. 1886-87. 

R. Meldola. The Great Essex Harthquake of the 22nd of April, 1884, 
23. 

Hobart Town. Royal Society of Tasmania. Papers and Proceedings 
for 1886. 1887. 

F, W. Hutton. On the Geology of the New-Zealand Alps, 1.—R. M. 
Johnston. Contributions to the Paleontology of the Upper Paleeozoic 
Rocks of Tasmania, 4.—R. M. Johnston. Notes on the Geology of 
Bruni Island, 18—R. M. Johnston. Reference-List of the Tertiary 
Fossils of Tasmania, 124.—C. P. Sprent. Antarctic Exploration, 141.— 
R. M. Johnston. Remarks regarding Coal-seam opened out by Mr. 
Brock at Compton, Old Beach, 155.—R. M. Johnston. Remarks on the 
Longford Coal-Basin, 156.—R. M. Johnston. Fresh Contribution to our 
Knowledge of the Plants of Mesozoic Age in Tasmania, 160.—Baron von 
Groddeck. On the Tin-Ore Deposits of Mount Bischoff, Tasmania, 189. 
—R. M. Johnston. Notes on the Geology of the King River, together 
with a brief account of the History of Gold-mining in Australia, 210.— 
R. M. Johnston. Notes and Descriptions.of Crinoidea from the Upper 
Paleozoic Rocks of Tasmania, 231.—S. H. Wintle. Notes on Fossil 
Crabs from the deep dredgings of the Yarra River, and excavation of the 
Coode Canal, Victoria, 233. 

Industrial Review. N.S. Nos. 27-34. 1887. 
J. Barwise. Subterranean Movements, 418.—F. A. Hill. Geology 

and Mining in the Northern Coal-field of Pennsylvania, 426.—A. Bow- 
man. Mineral Wealth of British Columbia, 421, 455.—Great Mother- 
Lode in Amador County, 468.—T. A. Readwin. Mineralogy, 468, 484, 
551.—T. A. Readwin. Gold in Wales, 515.—E. 8S. Moffat. Present 
Growth of Coal, 533.—Glacial Period and Man, 534. 

Institution of Civil Engineers. Minutes of Proceedings. . Vol. lxxxy. 
1886. 

J.T. Manby. The Granada Earthquake of 25th December, 1884, 
274. 

: =) VOL. lxxecva los: 
S. H. Farrar. Note on the Gold-fields of South Africa, 343. 

SS 
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Institution of Civil Engineers. Minutes of Proceedings. Vol. 
Ixxxvii. 1886. 

Vol. Ixxxviii. 1887. 

——. ——. Brief Subject-Index. Vols. lix._Ixxxyi. Sessions 
1879-80 to 1885-86. 1886. 

Kingston Queen’s College and University, Kingston, Canada. 
Calendar for the Year 1886-87. 1886. 

Lausanne. Société Vaudoise des Sciences Naturelles. Bulletin. 
penie sd. Vol. xxi. No. 94. 1886. 

EK. Renevier. Résultats scientifiques du congrés géologique inter- 
national de Berlin, 54.—K. Renevier. Le Musée géologique de Lausanne 
en 1885, 75. 

: No. 95. 1887. 
R. Hiusler. Notes sur quelques foraminiféres des marnes a Sa 

du Valangien de Ste-Croix, 260. 

Leeds. Geological Association. Transactions, 1885-86. Part 9. 
1886. 

B. Holgate. The Leeds Lower Coal-measures, 49.—H. H. French. 
On “ Bournes,” 51.—J. Stubbins. On Foraminifera, 53.—Monckman. 
The Volcanic History of England, 56.—J. Spencer. The Evolution and 
Distribution of the Ancient Floras of the Earth, 58.—B. Holgate. Notes 
on the Geology of Bournemouth, 61.—C. D. Hardcastle. On Meta- 
morphic Rocks, 62.—A. H. Green. The Drift of the North of England, 
64.—C. D. Hardcastle. Presidential Address, 66.—B. Holgate. Surface 
Indications, a guide to the Geology of a District, 69.—S. A. Adamson. 
Recent Discoveries of Carboniferous Vegetation in Yorkshire, 71—s. A. 
Adamson. Reports of Field Excursions, ote 

. Naturalists’ Club and Scientific Association. Transactions, 
1886. 1886. 

Leicester. Literary and Philosophical Society. Report of the 
Council and Reports of the Sections (1885-86). 1886. 

—. ——. Transactions. (New Quarterly Series.) Part 1 
(1886). 1886. 

E. F. Bates and L. Hodges. Notes on a recent Exposure of the Lower 
Lias and Rheetics in the Spinney Hills, Leicester, 22. 

; )eekart 2 (1887 \ eed heron 
C. A. Moore. The Tafiuence of the Geological Features of a District on 

the Health of its Inhabitants, 20. 

Leipzig. Naturforschende Gesellschaft. Sitzungsberichte. 12 Jahr- 
gang, 1885. 1886. 

J. Felix. Structurzeigende Pflanzenreste aus der oberen Steinkohlen- 
Formation Westphalens, 7.—A. Sauer und F. Schalch. Ein neues 
Mineral aus dem Granulite bei Waldheim, 27. 

Zeitschrift fur Krystallographie und Minerale: Band xi. 
Hefte 5 & 6. 1886. Purchased. 

G. Flink. Studien tiber schwedische Pyroxenmineralien, 449.—C. 
Schmidt. Beitrage zur Kenntniss der Skolezit, 587.—C. Schmidt. 
Albit aus dem Sericit-Gestein von Eppenhain im Taunus, 597.—C. 
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Schmidt. Ueber die Mineralien des Hisenoolithes an der Windgallen 
im Canton Uri, 597.—A. Des Cloizeaux. Neue Flachen am Orthoklas 
von Elba, 605.—C. Hintze. Regelmiassige Verwachsung yon Bournonit 
mit Bleiglanz, 606.—C. Hintze. Ueber Arsenolamprit, 606.—J. Leh- 
mann. Contractionsrisse, 608. 

Leipzig. Zeitschrift fiir Krystallographie und Mineralogie. Band xii. 
Hefte 1-6. 1886. Purchased. 

R. Scharizer. Ueber den Zwillingsbau des Lepidolithes und die regel- 
missige Verwachsung verschiedener Glimmerarten von Schittenhofen, 1. 
—H. Baumhauer. Ueber die Structur und die mikroskopische Beschaf- 
fenheit von Speiskobalt und Chloanthit, 18.—A.Cathrein. Ueber Mine- 
ralien von Predazzo, 34.—A. Cathrein. Verwachsung von I]menit mit 
Magnetit, 40.—A. Cathrein. Zwillingsstreifung am Maenetit, 47,—A. 
Gehmacher. Die Krystallform des Pfitscher Zirkons, 50.—C. Schmidt. 
Mittheilungen tuber ungarische Mineralvorkommen, 97.—M. Schuster. 
Ueber hemimorphe Pyrargyritzwillinge von Andreasherg, 117.—A. Des 
Cloizeaux. Ueber das Krystallsystem des Descloizit, 178.—C. S. 
Bement. Ueber neuere amerikanische Mineralvorkommen, 179.—F. Pfaff. 
Hartecurve der Zinkblende auf der Dodekaderflache, 180.—W. Ramsay. 
Methode zur Bestimmung der Brechungsexponenten in Prismen mit 
grossen brechenden Winkeln, 209.—A. Becker. Ueber die chemische 
Zusammensetzung des Barytocalcits und des Alstonits, 222.—C. Barwald. 
Untersuchung einiger Colestine, 229.—A. Brand. Ueber Krystalle aus 
dem Gestiibbe der Bleidfen in Mechernich, welche dem Mineral Breit- 
hauptit entsprechen, 234.—J. Hockauf. Ueber Botryogen, 240.—R. 
Scharizer. Der Monazit von Schiittenhofen, 255.—E.S. Dana. Ueber 
den Columbit, 267.—H.S. Dana. Zur Krystallisation des Goldes, 275.— 
K. Obbeke. Ueber das Vorkommen des Glaukophan, 282.—H. Biicking. 
Topas von San Louis Potosi und von Durango, 424, 451.—F. Feist. 
Topas vom Ilmengebirge, 454.—R. Riechelmann. JDatolith von der 
Seisser Alp, 456.—T. Liweh. Colestin von Luneburg, 439.—G. Vom 
Rath. Einige neue und seltene Flachen-an Quarzen aus der Sammlung 
des Herrn W. C. Hidden, 453.—H. 8. Dana. Mineralogische Notizen, 
459,— EK. Hussak. Hin Beitrag zur Kenntniss der optischen Anomalien am 
Flusspath, 553.—E. 8. Dana. Ueber die Krystallisation des gediegenen 
Kupfers, 569.—A. Knop. Beitrage zur Kenntniss einiger Glieder der Glim- 
merfamilie, 588.—A. Knop. Ueber Pseudobiotit, 607—A. Knop. Ueber 
krystallisirte Niobsaure, 610. 

: Band xii. Heft 1. 1887. Purchased. 
G. Flink. Ueber Langbanit, ein neues Mineral von Langbaushyttan in 

Wermland, Schweden, 1—A. Cathrein. Ueber die Hornblende von 
Roda, 9.—R. Scharizer. Ueber den Xenotim und uber eine neue Glim- 
mersverwachsung von Schittenhofen, 15.—J. Beckenkamp. Baryt von 
Oberschaffhausen im Kaiserstuhl, 25.—V. von Zepharovich. Neue Pyro- 
xenfunde in den Salzburger Alpen, 45.—C. 5. Bement. Ueber neuere 
amerikanische Mineralvorkommen, 46.—H. Mayer. Kupferkies von 
Holzheim in Nassau, 47. 

—— 

Leyden. Geologische Reichs-Museum. Sammlungen. Ser.2. No.1. 
1887. Purchased. 

J. H. Kloss. Untersuchungen tiber Gesteine und Mineralien aus West- 
Indien, 1.—J. Lorié. Fossile Mollusken von Curagao, Aruba und der 
Kiste von Venezuela, 111.—M. Schepman, LBijdrage tot de kennis der 
Molluskenfauna van de Schelpritsen van Suriname, 150. 
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Liége. Société Géologique de Belgique. Procés-Verbal de l’As- 
semblée Générale du 21 Novembre, 1886. (S8vo.) 1887. 

——. Société Royale des Sciences. Mémoires. Sér. 2. Tome xiii. 
1886. 

Lille. Société Géologique du Nord. Annales. Tome xiii. (1885-86). 
Livr. 4-6. 1886. 

A. Six. Les procédés opératoires de microchimie en _histologie 
minérale, 206.—C. Jannel. Ligne de Gretz a Esternay, 245.—A. Six. 
Le glaciaire paléozoique et lage des houilles de l’Inde et d’Australie 
d’aprés le Dr. W. T. Blanford, 256.—J. Ladriére. La terrain quaternaire 
de la vallée de la Detle a Lille, comparé a celui du Nord de la France, 
266.-—J. Ladriére. Note sur l’existence de la tourbe quaternaire a La Fla- 
mengries-lez-Bavai, 288.—J. Gosselet. Tableau de la faune coblenzienne, 
292.—J. Gosselet. Note sur les roches draguées au large d’Ostende, 310. 
—J. Hall. Les Lamellibranches dévoniens de l'état de New York, 311. 
—J.Gronnier. Compte-rendu de l’excursion de la Société Géolocique du 
Nord du 4 Juillet 1886, 320.—Paulin-Arrault. Sondage au lieu dit le 
Petit-Chateau prés de l’Etablissement des Boues i Saint-Amand, 329.— 
Manouvriez. Documents concernant les eaux sulfureuses du Nord, 330. 
—Manouvriez. Documents concernant les eaux salées du Nord, 351. 

: : Tome xiv. (1886-87). Livr.1. 1887. 
J. Gronnier. Note géologique sur le Vermandois, 1—E. Canu. Sur 

les ossements trouvés par M. Grégoire dans l’Aachénien de Rocq.— 
Recquignies, 20.—E. eles Note sur Valtération des eaux d’un 
puits en Angleterre, 22.—C. Barrois. Sur le Kersanton de la Rade de 
Brest, 31. 

Linnean Society. Journal. Zoology. Vol. xix. Nos. 114 &115. 
18386. 

i : oy) Vola) No. 116: 1886. 
P.M. Duncan. On the Anatomy of the Perignathic Girdle and of 

other parts of the Test of Discoidea cylindrica, Lamarck, sp., 48. 

———-, ———, Vol. xxi. Nos. 126-128. ‘1886. 

Botany. Vol. xxii. Nos. 145-148. 1886 & 1887. 
J.S. Gardner. Remarks on some Fossil Leaves from the Isle of Mull 

(Scotland), 219. 

ae 
. 

——. ——. Vol. xxii. No. 151. 1886. 

—. Transactions. Ser.2. Zoology. Vol. ii. Parts 12, 15-17. 
1885-86. 

—. ——. —. —. Vol. ui. Part 4. 1885. 

Lisbon. Sociedade de Geographia. Boletin. Serie 6. Nos. 1&2. 
1886. 

Serie 6. Nos. 4-11. 1886. 
eC. Lane. O petroleo do Dande, 240. 

Liverpool Geological Society. Proceedings. 1885-86. Vol. v. 
Part 2. 1886. 

T. M. Reade. The North Atlantic as a Geological Basin, 14.—C. 
Ricketts. The Occurrence of Bitumen in the Paleozoic Rocks of Shrop- 
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shire, 151.—H. C. Beasley. On a Section of the Upper {Keuper at Oxton, 
134.—T. M. Reade. Notes on a Bed of Freshwater Shells and a Chipped 
Flint from the Alt Mouth, 137.—O. W. Jeffs. On the Occurrence of 
Copper in the Keuper of Peckforton Hills, 139.—W. Hewitt. Notes on 
the Topography of Liverpool, 145.—T. M. Reade. Boulders wedged in 
the Falls of the Cynfael, 155.—T. M. Reade. On a Section of the Trias 
at Vyrnwy Street, Everton, displaying evidence of Lateral Pressure, 158. 
—AIN. Tate. The Origin of Petroleum and other Natural Hydrocar- 
bons, 160.—C. Ricketts. Impressions of Footprints and Plants from the 
Trias of Oxton Heath, 168.—G. H. Morton. The Carboniferous Lime- 
stone and Cefn-y-Fedw Sandstone of Flintshire, 169. 

Liverpool. Literary and Philosophical Society. Proceedings, 1884— 
S8o: i Violtixxxixe  SlSGo7 

R. J. H. Gibson. The Relationship of Paleontology to Biology, 105. 

——. ——. ——, 1885-86. Vol. xl. 1886. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal 
of Science. Ser. 5. Vol. xxi. Nos. 184-139. 1886.  Pre- 
sented by Dr. W. Francis, F.G.S. 

H. Hennessy. On the Physical Structure of the Earth, 233.—H. Hen- 
nessy. Note on the Annual Precession calculated on the Hypothesis of 
the Earth’s Solidity, 328. 

——. ——. Vol. xxii. Nos. 140-145. 1887. Presented by 
Dr We Hrancise HAG,.S- 

O. Fisher. On the Amount of the Elevations attributable to Compres- 
sion through the Contraction during Cooling of a Solid Earth, 145. 

London Iron Trades Exchange. Nos. 1412-1437. 1886. 

——. Nos. 1438-1462. 1887. 

Lyon. Muséum d’Histoire Naturelle. Archives. Tome vi. 1887. 
Purchased. 

F’. Fontannes. Les Terrains Tertiaires et Quaternaires du Promontoire 
de la Croix-Rousse, a Lyon, 27. 

Madrid. Real Academia de Ciencias Exactas, Fisicas y Naturales. 
Memorias. Tomo xi, 1887. 

——. ——. Revista de los Progresos de los Ciencias Exactas, 
Fisicas y Naturales. Tomo xxi. Nos. 7-9. 1886. 

——. ——. ——. Tomo xxii. Nos. 1-3. 1886-87. 
M. Meringo. Los terremotos experimentados en la Egy y alta 

Suiza, y occidente y mediodia de Francia, 196. 

——. Sociedad Espanola de Geografia Comercial. Revista de Geo- 
grafia Comercial. No. 25430. 1886. (4to.) 

F. Quiroga. Estructura dela Peninsula de Rio de Oro, 8.—F. Quiroga. 
Estructura. y fcrmacion del Sahara occidental, 63.—F. Quiroga. Colec- 
ciones del Sahara y de Canarias, 72. 
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Manchester. Geological Society. Transactions. Vol. xviii. Part 20. 
1886. 

W. Boyd Dawkins. On the Formation of Agates, 525. 

: ; Wolieux;, GRartsal— 7.) 1887: 
W. B. Dawkins. On the Geography of Britain in the Carboniferous 

Period, 37.—W. Watts. Geological Sketches at Piethorn and Denshaw, 
47.—R. T. Burnett. The Question of the Pre-Atlantic Land, 79.—G. H. 
Kinahan. The Extent of the Carboniferous Sea as regards Ireland, 114. 
—P.F. Kendall. The Carboniferous Volcanoes of Great Britain, 133.— 
T. Ward. On the Subsidences in the Salt Districts of Cheshire, their 
History and Cause, 152. 

——_—_ 

Melbourne. Geological Society of Australasia. Transactions. Vol.i. 
Part 1. 1886. (Small 4to.) 

J. Stirling. Notes on the Beni Limestones, 11.—W. Nelson. Geolo- 
gical Observations at Wauru Ponds, 19.—R.von Lendenfeld and J. Stir- 
ling. Exploration of Mount Bogong, 22.—T. W. E. David. Notes on. 
some Points of Basalt Eruption in New South Wales, 24. 

Milan. Societa Italiana di Scienze Naturali. Atti. Vol. xxviii. 
Fase. 1-4. 1885-86. 

F, Molinari. Nuove osservazioni sui minerali del granito di Baveno, 
58.—G. B. Villa. Rivista geologica dei terreni della Brianza, 7¢ 
Mercalli. Il terremoto sentito in Lombardia nel 12 settembre 1884, 120. 
—L. Ricciardi. Ricerche chimiche sulle rocce vulcaniche dei dintorni di 
Viterbo, 127.—F. Bassani. Avanzi di pesci oolitici nel Veronese, 142.— 
F. Sacco. La Valle della Stura di Cuneo, 215, 269.—F. Molinari. I 
porfido del Motterone, 264. 

Mineralogical Society. Mineralogical Magazine and Journal. Vol. vii. 
Nos. 32 & 33. 1886. 

T. G. Bonney. On a Glaucophane-eclogite from the Val d’Aoste, 1.— 
W. J. Lewis. On Idocrase and other Minerals recently found near Zer- 
matt, 9.—H. A. Miers. Orthoclase from Kilima-njaro and Adularia 
from Switzerland, 10.—A. Taylor. On the Nomenclature of the Hydro- 
carbon Compounds, with a suggestion for a new classification, 13.—J. F. 
Kerr. The Metallic Ores of Chili, 18.—W. H. Bell. New Localities for 
the Mineral Agalmatolite, with notes on its composition, 24.—W. I. 
Macadam. On a New Locality for Agalmatolite, 29.—W. I. Macadam. 
On some New Localities for the Mineral Diatomite, with notes on the 
Chemical Composition of the Specimens exhibited, 30.—J.S.G. Wilson and 
W.1. Macadam. Diatomaceous Deposits in Skye, 35.—W. I. Macadam. 
On the Chemical Composition of the Mineral Bruiachite found by Mr. 
T. D. Wallace, of Inverness, at Loch Bhruithaich, 42.—C. O. Trechmann. 
Barytes from Addiewell, West Calder, in Midlothian, 49.—R. H. Solly. 
Francolite, a variety of Apatite from Levant Mine, St. Just, Cornwall, 57. 
—H. Robinson. Two Analyses of Crystais of Apatite, 59.—R. H. Solly, 
Anglesite from Portugal, 61.—H. Kinch. On Plattnerite, 63.—E. Kinch. 
On a new variety of Mineral from Cornwall, 65.—J. H. Hampton. Cassi- 
terite of the Straits Settlements, 71—W. I. Macadam. On the Occur- 
rence of considerable Deposits of Limonite (Bog Iron Ore) in North-west 
Ross-shire, 72.—W. I. Macadam. Further Note on Agalmatolite in 
Gairloch Parish, Ross-shire, 74.—W. I. Macadam. On the Analysis of a 
Sample of Tale used in Paper-making, 73.—W. I. Macadam. Analyses 
of Samples of China Clay (Kaolinite), Cornwall, 76.—D. Honeyman. 
Note on the Identification of the Scotch and New Brunswick “ Albertites,”” 
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77.—¥. H. Butler. Note on Schorlaceous Rocks from near St. Austell, 
79.—J. W. Judd. On the Relations between the Solution-planes of 
Crystals and those of Secondary Twinning ; and on the Mode of Develop- 
ment of Negative Crystals along the former, 81.—H.A. Miers. Index to 
Mineralogical Papers, &c., 1885, 95. 

Montreal. Natural History Society. Canadian Record of Science. 
Vol. 1. Nos. 3-6. 1886-87. 

Sir J. W. Dawson. Presidential Address before the British Associa- 
tion for the Advancement of Science, Sept. 1886, 201.—H. A. Newton. 
Relation of the Earth’s Rocks to Meteorites, 228.—G. F. Matthew. Dis- 
covery of a Pteraspidian Fish in the Silurian Rocks of New Brunswick, 
251.—G. F. Matthew. Abstract of a Paper on the Cambrian Faunas of 
Cape Breton and Newfoundland, 255.—G. M. Dawson. The Canadian 
Rocky Mountains, 185.—H. M. Ami. Occurrence of Scolthus in rocks 
of the Chazy Formation, 304.—G. F. Matthew. The Pteraspidian Fish 
of the Silurian Rocks, 323,—F. Bain. On a Permian Moraine in Prince 
Edward Island, 341. —G. F. Matthew. Illustrations of the Fauna of the 
St. John Group, 357.—G. M. Dawson. Note on the Occurrence of Jade 
in British Columbia, and its employment by the Natives, 364. 

——. Royal Society of Canada. Proceedings and Transactions 
for the year 1885. Vol. in. 1886. 

Section LV. 

Sir. J. W. Dawson. On the Mesozoic Floras of the Rocky Mountain 
Region of Canada, 1.—H. J. Chapman. On the Wallbridge Hematite 
Mine, as illustrating the Stock-formed Mode of Occurrence of certain Ore 
Deposits, 23.—D. Honeyman. Geology of Cornwallis or McNab’s Island, 
Halifax Harbour, 27.—G. F. Matthew. Illustrations of the Fauna of the 
St. John Group (continued), } No. IL., 29. 

Moscow. Société Impériale des Naturalistes. Bulletin. Tome Ixi. 
2° partie (1885). Nos.8 & 4. 1886. 

H. Trautschold. Ueber das Genus Ldestus, 94. 

—. ——. —. Tome lxii. 1° partie (1886). Nos. 1 & 2. 
1886. 

A. Pavlow. Note sur l’histoire de la faune kimméridienne de la Russie, 
227. 

—. —. ——. Tome lx. 2° partie (1886). Nos. 3 & 4. 
1886. 

M. Pavlow. Les ammonites du groupe Olcostephanus versicolor, 27. 

——. Tome lxii. 1° partie (1887). Nos. 1 & 2. —$$_$—_— 

1887. 
D. Anutschin. Ueber die reste des Hohlenbiren aus Transkaukasien, 

216, 375.—M. Pavlow. Etudes sur Vhistoire paléontologique des ongulés 
en Amérique et en Europe, 545. . 

—_—_—, . Nouveaux Mémoires. Tome xv. Livr. 4. 1886. 
H. Trautschold. ue Néocomien de Sably en Crimée, 119. 

Munich. Koniglich-bayerische Akademie der Wissenschaften. Ab- 
handlungen der mathematisch-physikalischen Classe. Band xv. 
Abth. 3. 1886. 
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Nancy. Académie de Stanislas. Mémoires, 1885. 136° Année. 
5° Série. Tome iu. 1886. 

——. Socictédes Sciences. Bulletin. Série2. Tome viii. Fase. 19. 

1886. 
Fliche. Note sur la flore de l’étage rhétien aux environs de Nancy, 

150. 

Nature. Vol. xxxiv. Nos. 869-887. 1886. 
A. Blytt. On Variations of Climate in Course of Time, 220.—J. M. 

Alexander. The Craters of Mokuaweowes, on Mauna Loa, 252, 239.— 
The Volcanic Eruption in New Zealand, 301.—A. Geikie. The recent 
Volcanic Eruption in New Zealand, 520.—C. Reid. The Pliocene De- 
posits of North-western Europe, 341.—W. C, Williamson. Our F ae 
Pseudo-Algz, 369.—J. Hector. The recent Volcanic Eruption in Ne 
Zealand, 389,—Sir J. W. Dawson. Inaugural Address delivered to the 
British Association Meeting at Birmingham, 409.—T. G. Bonney. Open- 
ing Address to Section C, Geology, British Association, 442.—W. Topley. 
The recent American Earthquake, 470.—R. von Lendenfeld. A Glacial 
Period in Australia, 522.—J.S. Gardner. Sketch of the Karly History 
and Subsequent Progress of Palzeobotany, 598.—The recent Earthquakes 
and Volcanic Er uptions, 599.—Sir R. S. Ball. Note on the Astronomical 
Theory of the Great Ice Age, 607. 

. Vol. xxxv. Nos. 888-912. 1886-87. 
HK. Hull. The Geology of the Lebanon, 10.—J. Milne. Volcanoes of 

Japan, 19.—T. C. Mendenhall. Report on the Charleston Earthquake, 
31.—W. Topley. The Erosion of the English Coasts, 37.—T. G. Bonney. 
Volcanic Dust from New Zealand, 56. "H.C. Lewis. Comparative 
Studies upon the Glaciation of North America, Great Britain, and Ire- 
land, 39.—T. G. Bonney. Volcanic Eruption in Niua-fu, Friendly 
Islands, 127.—J. 8S. Hay and J. M. Metzger. Harthquake in Sierra 
Leone, 141.—Deposits of Volcanic Dust, 174.—J. Stirling. On some 
Further Evidences of Glaciation in the Australian Alps, 182.—J. W. 
Judd. The Relations between Geology and the Mineralogical Sciences, 
392, 414.—Earthquake in Switzerland, 442.—J. W. Judd. The Relation 
of Tabasheer to Mineral Substances, 488.—W. EH. Didden. The Mazapil 
Meteoric Iron, 572.—T. H. Huxley. Preliminary Note on the Fossil Re- 
mains of a Chelonian Reptile, Ceratochelys sthenurus, from Lord Howe’s 
Island, Australia, 615. 

Vol. xxxvi. Nos. 914-920. 1887. 
R. Abercromby. Upper Wind-Currents near the Equator, and the 

Diffusion of Krakatao Dust, 85.—A.B. Dick. On Zircons and other 
Minerals contained in Sand, O17. A. Ewing. A recent Japanese Harth- 
quake, 107.—The Fossil Fishes of Mount Lebanon, 132.—P. W. Bassett- 
Smith. Notes on the Geology of part of the Eastern Coast of China and 
the adjacent Islands, 163. 

Neuchatel. Socicté des Sciences Naturelles. Bulletin. Tome xv. 
(1884-1886). 1886. 

F. de Tribolet. Notes sur la Carte du phénoméne erratique et des 
anciens glaciers du versant Nord des Alpes suisses et de la chaine du 
Mont-Blanc, de M. A. Favre, 3.—F. de Tribolet. Sur la Carte des bas- 
sins erratiques de la Suisse d’Arnold Guyot, 9.—A. Hirsch. Note sur 
Péruption de Krakatau, 47.—A. Jaccard. Note sur la source de la Reuse 
et le Bassin des Tailliéres, 60.—F. de Tribolet. Les tremblements de 
terre en Espagne, 83. 
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Newcastle-upon-Tyne. Natural History Society of Northumberland, 
Durham, and Newcastle-upon-Tyne, and Tyneside Naturalists’ 
Field Club. Natural-History Transactions. Vol. vii. Part3. 
1886. 

—, —. ——. Vol.ix. Partl. 1887. 

——. North of England Institute of Mining and Mechanical En- 
gineers. Transactions. Vol. xxxv. Parts3 &4. 1886. 

J.D. Kendall. The Iron Ores of the English Secondary Rocks, 105.— 
G. J. Binns. Coal-Mining in New Zealand, 175. 

——, Transactions. Vol. xxxvi. Parts 1 & 2. 

1887. 
G. A. Lebour. Notes on the Coal-Measures of Catalonia, Spain, 35. 

New Haven. American Journal of Science. Ser. 3. Vol. xxxil. 
Nos. 187-192. 1886. 

C.G. Rockwood, jun. Notes on American Earthquakes, 7.—O. Meyer. 
Observations on the Tertiary and Grand Gulf of Mississippi, 20—A. 
Hague and J. P. Iddings. Notes on the Volcanic Rocks of the Republic 
of Salvador, Central America, 26.—H. M. Seely. The Genus Strepho- 
chetus, distribution and species, 31—N.S8. Shaller. Preliminary Report 
on the Geology of Cobscook Bay District, Maine, 35.—J. D. Dana. On 
some General Terms applied to Metamorphism and to the Porphyritic 
Structure of Rocks, 69.—S. L. Penfield and D. N. Harper. On the Che- 
mical Composition of Herderite and Beryl, with note on the Precipitation 
of Aluminum and Separation of Beryllum and Aluminum, 107.—W. Cross 
and L.G. Eakins. On Ptilolite,a new Mineral, 117.—J.8. Diller. Notes 
on the Peridotite of Elliot County, Kentucky, 121.—E.S. Dana. On 
the Crystallization of Gold, 132.—C. D. Walcott. Classification of the 
Cambrian System of North America, 138.—J. Le Conte. A Post-Ter- 
tiary Elevation of the Sierra Nevada shown by the River Beds, 167.— 
H. 8. Williams. Devonian Lamellibranchiata and Species-making, 192. 
—G. P. Merrill. Composition of certain ‘Pliocene Sandstones ” from 
Montana and Idaho, 199.—W. E. Hidden and A. des Cloizeaux. Contri- 
butions to Mineralogy, 204.—F. W. Clarke and J.S. Diller. Turquoise 
from New Mexico, 211.—E. 8. Dana and 8. L. Penfield. On two hitherto- 
undescribed Meteoric Stones, 226.—J. D. Dana. <A dissected Volcanic 
Mountain; some of its revelations, 247.—R. D. Irving. Origin of the 
Ferruginous Schists and Iron Ores of the Lake Superior region, 255,— 
H. A. Wheeler. Further Notes on the Artificial Lead Silicates from 
Bonne Terre, Mo., 273.—J.G. Meem. Limonite Pseudomorphs after 
Pyrite, 274.—O. W. Huntington. On the Crystalline Structure of Iron 
Meteorites, 284.—W. E. Hidden. A new Meteoric Iron from Texas, 306. 
—S. L. Penfield and F. L. Sperry. On Pseudomorphs of Garnet from 
Lake Superior and Salida, Colorado, 307.—G. F. Kunz. Further Notes 
on the Meteoric Iron from Glorieta Mt., New Mexico, 311.—E. S. Dana. 
On the Brookite from Magnet Cove, Arkansas, 314.—W. M. Davis. The 
Structure of the Triassic Formation of the Connecticut Valley, 342.— 
F. W. Clarke. Researches on the Lithia Micas, 353.—J. C. Branner. 
Thickness of the Ice in North-eastern Pennsylvania during the Glacial 
Epoch, 362.—T. M. Chatard. Lucasite, a new variety of Vermiculite, 
375.—W. G. Brown. Crystallographic Notes, 377.—S. L. Penfield and 
D. N. Harper. Chemical Composition of Ralstonite, 380.—E. 8. Dana. 
Mineralogical Notes, 386.—E. 8. Dana. On the Crystallization of Native 
Copper, 413.—W. N. Rice. On the Trap and Sandstone in the Gorge of 
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the Farmington River at Taritfville, Conn., 430.—H. C. Lewis. Com- 
parative Studies upon the Glaciation of North America, Great Britain, 
and Ireland, 433.—I. P. Bishop. On certain Fossiliferous Limestones of 
Columbia Co., N. Y., and their relation to the Hudson River Shales and 
the Taconic System, ’438.—S. L. Penfield. Crystallized Vanadinite from 
Arizona and New Mexico, 44].—S, W. Ford. Note on the Age of the 
Swedish Paradoxides Beds, 475. 

New Haven. American Journal of Science. Ser. 3. Vol. xxxiii. 
Nos. 193-197. 1887. 

C. A. White. Age of Coal found in the region traversed by the Rio 
Grande, 18.—J.S. Diller. The latest Volcanic Eruption in Northern 
California, and its peculiar Lava, 45.—G. F. Becker. The Texture of 
Massive Rocks, 50.—G. F. Kunz. Fifth Mass of Meteoric Iron from 
Augusta Co., Va., 58.—J. 8. Emerson, L. L. Van Slyke, F. 8. Dodge. 
Kilauea after the Eruption of March 1886, 87.—J. D. Dana. Volcanic 
Action, 102._P. W. Huntington. The Coahuila, 115.—8. L. Penfield. 
Phenacite from Colorado, with notes on the Locality of Topaz Butte by 
W. 5B. Smith, 130.—G. H. Williams. The Norites of the “Cortlandt 
Series” on the Hudson River, near Peekskill, N. Y., 135, 191.—A. N. 
Alling. On the Topaz from the Thomas Range, Utah, 146.—G. F. Becker. 
Natural Solutions of Cinnabar, Gold, and associated Sulphides, 199,— 
N.S. Shaler. Fluviatile Swamps of New England, 210.—W. E. Hidden. 
On the Mazapel Meteoric Iron, which fell “November 27, 1887, 221. 
—G. F. Kuntz. On two new Meteorites from Carroll County, Ken- 
tucky, and Catozze, Mexico, 228.—J. J. Stevenson. The Faults of 
South-west Virginia, 262.— J. D. Dana. On Taconic Rocks and 
Stratigraphy, with a Geological Map of the Taconic Regions, 270.—G. 
H. Kinahan. Irish Esker “Drift, 276.—A. H. Chester. Mineralogical 
Notes from the Laboratory of Hamilton College, 284.—R. T. Hill. “The 
Topography and Geology of the Cross Timbers and surrounding regions in 
Northern Texas, 291. —O. C. Marsh. American Jurassic Mammals, 527, 
—C. A. White. On the Inter-Relation of Contemporaneous Fossil Faunas 
and Floras, 364.—L. P. Gratacap. The Eozoonal Rock of Manhattan 
Island, 374.—-G. H. Stone. Terminal Moraines in Maine, 378.—C. R. 
Van Hise. Note on the Enlargement of Hornblendes and Augites in 
Fragmental and Kruptive Rocks, 385.—J. D. Dana. On Taconic Rocks 
and Stratigraphy, with a Geological Map of the Taconic Region, 393. 

—. Connecticut Academy of Arts and Sciences. Transactions. 
Vol. viii. Part 1. 1886. 

New York. Academy of Sciences. Annals. Vol. iii. Nos. 9-12. 
1885. 

G. F. Kuntz. On remarkable Copper Minerals from Arizona, 275.— 
G. F. Kuntz. The Meteorite from Glorieta Mountain, Santa Fé, New 
Mexico, 329.—F. J. H. Merrill. On the Geology of Long Island, 341.— 
A. A. Julien. On the Variation of Decomposition in the Iron Pyrites ; 
its Cause and its relation to Density, 365. 

Transactions. Vol. v.(1885-86). Nos. 2-8. 1886. 
J. 8. Newberry. Description of some Gigantic Placoderm Fishes 

recently discovered in the Devonian of Ohio, 25,—B. B. Chamberlin. 
Minerals of Harlem and Vicinity, 74.J. J. Friedrich. Notes on Local 
Mineralogy, 121.—R. P. Stevens. On the San Juan Mountains of Colo- 
rado, 121.—G. F. Kuntz. Rare Gems and interesting Minerals, 131.— 
J.S. Newberry. The Cretaceous Flora of North America, 133.—G. F, 

—_——, 
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Kuntz. Notes on some Minerals from the West, 213.—N. L. Britton. 
Geological Notes in Western Virginia, North Carolina, and Eastern Ten- 
nessee, 215.—G. F. Kuntz. Mineralogical Notes, 228.—G. F. Kuntz. 
A Meteorite from Catorce, Mexico, 227.—B. B. Chamberlin. Minerals 
of Staten Island, 228.—G. F. Kuntz. Description of a large Garnet, 265. 
—G. F. Kuntz. On Rock Crystal; its Cutting in Japan, Germany, and 
the United States, 267. 

New York. American Museum of Natural History. Annual Re- 
port of the Trustees, for the year 1886-87. 1887. 

: Bullet ) Vols Noss cS Sor 
R. P. Whitfield. Notice of Geological Investigations along the Eastern 

Shore of Lake Champlain, conducted by H. M. Seely and Ezra 
Brainerd, of Middlebury College, with Descriptions of the new Fossils 
discovered, 295.—R. P. Whitfield. Notice of a new Fossil Body, 
probably a Sponge related to Dictyophyton, 346. 

——_— 

Northampton. Northamptonshire N atural-History Society and Field 
Club. Journal. Vol. ii. No. 24. 1885. 

: é . Vol. iv. Nos: 25 & 262 1886: 
B. Thompson. The Upper Lias of Northamptonshire, 16.—B.Thompson. 

Additional Notes on the Fish and Insect Beds of Northamptonshire, 27, 
—H. J. Eunson. Notes on the Deep Boring at Orton, near Kettering, 
Northamptonshire, 57. 

: 5 2) Voloiv.) Nos) 28°&729.) USS alse 
W. Tuckwell. The Erratics of Leicestershire and Warwickshire, 145. 

—B. Thompson. The Middle Lias of Northamptonshire, 167.—H. J. 
Eunson. List of Works on the Geology, Mineralogy, and Paleontology 
of Northamptonshire, 178.—G. R. Vine. Jurassic Polyzoa in the Neigh- 
bourhood of Northampton, 202.—B. Thompson. The Upper Lias of 
Northamptonshire, 215.—W. D. Crick. Note on some Foraminifera from 
the Oxford Clay at Keyston, near Thrapston, 232. 

Nottingham Naturalists’ Society. Transactions and 33rd Annual 
Report, 1885. 1886. Presented by W. Whitaker, Hsq., F.G.S. 

E. R. Hodges. The Krakatoa Catastrophe, 39. 

——. Transactions and 34th Annual Report, 1886. 1887. 
A. T. Metcalfe. Rain and Rivers as Geological Agents, 35.—J. Ship- 

man. Some traces of the Ancient Beach of the Lower Keuper at Don- 
nington, 61. 

Paleontographical Society. Monographs. Vol. xl. for 1886. 
1887. (Two copies.) 

W. C. Williamson. A Monograph on the Morphology and Histology 
of Stigmaria ficordes, part 1.—G. J. Hinde. A Monograph of the British 
Fossil Sponges, part 1.—W. H. Hudleston. A Monograph of the British 
Jurassic Gasteropoda, part 1, No. 1—S. 8. Buckman. A Monograph on 
the Inferior Oolite Ammonites, part 1.—W. Boyd Dawkins. The British 
Pleistocene Mammalia, part 6. 

Paris. Académie des Sciences. Comptes Rendus. Tome cii. 
Nos. 25 & 26. 1886. 

E. Jacquot. Sur la constitution géologique des Pyrénées, 1506.—C. 
Vélain, Sur la présence d’une rangée de blocs erratiques échoués sur la 
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céte de Normandie, 1589.—H. Silvestri. Sur l’éruption de 1’Etna de mai 
et juin 1886, 1589. 

Paris. Académie des Sciences. Comptes Rendus. Tables. 1886. 

-. Tome ciii, Nos. 1-26. 1886. 
G. de Saporta. Sur Vhorizon réel qui doit étre assigné ala flore fossile 

d’ Aix en Provence, 27, 191—A. F. Nogués. Sur le systéme triasique des 
Pyrénées Orientales, 2 propos d’une communication de M. Jacquot, 91.— 
E. Riviére. Faune des Invertébrés des grottes de Menton, en Italie, 94. 
—H. Faye. Sur les rapports de la Géodesie avec la Géologie, 99, 295.— 
R. Bréon. Sur l’association cristallographique des feldspaths tricliniques, 
170.—Viguier. Sur les roches des Corbiéres appelées ophites, 172.—C. 
Barrois et A. Offret. Sur les schistes micacées primitifs et cambriens du 
sud de l’Andalousie, 174.—C. Barrois et A. Offret. Sur les schistes et 
gneiss amphiboliques, et sur les calcaires du sud de l’Andalousie, 221.— 
E. Hébert. Observations sur les groupes sédimentaires les plus anciens 
du nord-ouest de la France, 230.—L. Crié. Recherches sur la végétation 
miocéne de la Bretagne, 290.—C. Lory. Sur la présence de cristaux 
microscopiques de minéraux du group des feldspaths, dans certains 
calcaires jurassiques des Alpes, 309.—C. Barrois et A. Offret. Sur la 
disposition des bréches calcaires des Alpujarras, et leur ressemblance 
avec les bréches houilléres du nord de la France, 400.—E. Willm. Sur 
la composition des eaux de Bagnéres-de-Luchon (Haute-Garonne), 
416.—Nadaillac. Sur la découverte, faite en Belgique, d’une sépulture 
de Yage du Mammouth et du Rhinocéros, 490.—A. Caraven-Cachin 
et Grand. Nouvelles recherches sur la configuration et l’étendue du 
bassin houiller de Carmaux, 527.—L. Crié. Sur les affinités des flores 
oolithiques de la France occidentale et de l’Angleterre, 528.—L. Vidal. 
Sur le tremblement de terre du 27 aottt en Gréce, 563.—F. Schrader. 
Carte représentant les terrains granitiques et crétacés des Pyrénées espag- 
noles et leur disposition en chainons obliques et successifs, 565.—F. Fon- 
tannes. Constitution géologique du sol de la Croix-Rousse, Lyon, 613,— 
F. Gonnard. De quelques roches grenatiféres du Puy-de-Dome, 654,— 
S. Meunier. Sur le gite phosphaté de Beauval, Somme, 657.—L. Crié, 
Contribution a l’étude des flores tertiaires de la France occidentale et de 
la Dalmatie, 699.—Gurlt. Météorite trouvée dans un lignite tertiaire, 
702.—A. Daubrée. Météorite tombée le 27 Janvier 1886 dans l’Inde, a 
Mammianthul, province de Madras, 726.—C. E. Bertrand et B. Renault. 
-Remarques sur le Pororylon stephanense, 765.—A. de Lapparent. Sur les: 
rapports de la Géodésie avec la Géologie, 772.—C. E. Bertrand et B. 
Renault. Nouvelles remarques sur la tige des Poroxylons, Gymnospermes 
fossiles de l’époque houillére, 820.—A. Lacroix. Examen pétrographique 
d’une diabase carbonifére des environs de Dumbarton (Kcosse), 824,— 
E. Jourdy. Les dislocations du globe pendant les périodes récentes, leurs 
réseaux de fractures et la conformation des continents, 826.—H. Hermite. 
Sur Punité des forces en Géologie, 829.—Stanislas Meunier. Substance 
singuliére recueillie a la suite dun météore rapporté a la foudre, 837.— 
H. Faye. Réponse a une Note de M. de Lapparent sur les rapports de la 
Géodésie et de la Géologie, 841.—Marcel de Puydt et Max. Lehest. Sur 
les habitants de la grotte de la Béche-aux-Roches, 893.—L. Crié. Sur 
les affinités des flores 6océnes de la France occidentale et de la province 
de Saxe, 894.—E. Riviere. Faune des oiseaux trouvés dans les grottes 
de Menton, Italie, 944.—G. Cotteau. Sur les Echinides jurassiques de 
la Lorraine, 947.—A. Gaudry. La grotte de Montgaudier, 970.—J. A. Le 
Bel. Sur les pétroles de Russie, 1017.—S. Meunier. Calcaire grossier 
marin des environs de Provins (Seine-et-Marne), 1031.—C. Depéret. Sur 
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le systeéme dévonien de la chaine orientale des Pyrénées, 1033.—F. 
Gonnard. Sur les pléromorphoses de quartz de Saint Clément, 1036.— 
A. Lacroix. Description d’une variété de carphosidérite, 1057.—A. de 
Lapparent. Sur les conditions de forme et de densité de l’écorce ter- 
restre, 1040.—L. Crié. Contribution a4 l’étude des fruits fossiles de la 
flore 6océne de la France occidentale, 1143.—E. Bureau. Sur la forma- 
tion de Bilobites a l’époque actuelle, 1164.—S. Meunier. Examen d’eaux 
minérales de Java, 1205.—De Folin. Sur une nouvelle situation des 
roches nummulitiques de Biarritz, 1207.—C. Depéret. Sur importance 
et la durée de la période pliocéne, @’aprés l'étude du bassin du Roussillon ; 
nouveaux documents pour le faune de Mammiféres pliocénes de ce bassin, 
1208.—E. Riviere. Des Reptiles et des Poissons trouvés dans la grotte 
de Menton, Italie, 1211.—F. Gonnard. Sur deux roches a béryl et a 
apatite du Vélay et du Lyonnais, 1283. 

Paris. Académie des Sciences. Comptes Rendus. Tome civ. 
Nos. 1-24. 1887. 3 

A. F. Nogués. Observations relatives 4 une Note de M. Viguier, sur 
les roches des Corbiéres appelées ophites, et & une Communication de M. 
Depéret, sur le systéme dévonien de la chaine orientale des Pyrénées, 93. 
—S. Meunier. Examen microscopique des cendres du Krakatau, 95.— 
A. Lacroix, Examen critique de quelques minéraux, 97.—De Lesseps. 
Sur divers phénomeénes offerts par les puits artésiens récemment forés en 
Algérie, 185.—L. Collot. Age de la bauxite dans le sud-est de la France, 
127.—Venukoff. Considérations sur la Carte eéologique du lac Baikal et 
de ses environs, 137.—V. Lemoine. Sur le genre Plestadapis, mammifére 
fossile de ’éocéne inférieur des environs de Reims, 190.—S. Meunier. La 
Giovanite, nouvelle roche cosmique, 193.—A. Lacroix. Description d’une 
Thomsonite lamellaire de Bishopton, Renfrewshire, Ecosse, 234.—A. La- 
croix. Sur une épidote blanche du canal du Beagle, Terre de Feu, 285.— 
A. Issel. Sur existence de vallées submergés dans le golfe de Génes, 
250.—F. Gonnard. Sur certains phénoménes de corrosion linéaire de la 
calcite de Couzon, Rhone, 316.—A. Issel. Sur l’époque du creusement 
des vallées submergées du golfe de Génes, 318.—C. Depéret. Sur la faune 
de Vertébrés miocénes de la Grive-Saint-Alban, Isére, 379.—J. Thoulet. 
Eixpériences synthétiques sur l’abrasion des roches, 381.—L. Roule. Sur 
les gisements et Page de la bauxite dans le sud-est de la France, 383.— 
Favareq et Grand’Hury. Sur un grés d’origine organique découvert dans 
les couches de houille du bassin de la Loire, 398.—V. Lemoine. Sur 
VYensemble des recherches paléontologiques faites dans les terrains ter- 
tiaires inférieurs des environs de Reims, 403.—E. Bureau. Sur le mode 
de formation des Bilobites striés, 405.—P. Hautefeujlle et L. Péan de 
Saint-Gilles. Sur la reproduction des micas, 508.—D. Cthlert. Sur les 
oscillations qui se sont produites pendant la période primaire dans le 
bassin de Laval, 528.—J. Bergeron. Sur la constitution géologique de la 
Montagne-Noire, 5380.—H. Stephan. Le tremblement de terre du 28 
février, 4 ’observatoire de Marseille, 556.—A. Gorgeu. Sur ie ferrite de 
zinc. Production artificielle de la franklinite, 580.—G. Rolland. Sur la 
géologie de la région du lac Kelbia et du littoral de la Tunisie centrale, 
597.—Reilly. Sur les gisements de l’étain, au point du vue géologique, 
600.—K. de Kroustchoff. Sur de nouveaux procédés de reproduction 
artificielle de la silice cristallisée et de V’orthose, 602.—Fines. Sur le 
tremblement de terre du 23 février, enregistré & Vobservatiore de Per- 
pignan, 606.—F’. A. Forel. Sur les effets du tremblement de terre du 23 
février 1887 dans la Suisse orientale, 608.—S. Meunier. Tremblement de 
terre du 23 février, 4 Nice, 611.—A. Tissot. Le tremblement de terre du 
23 février, 4 Voreppe, Isére, 611.—J. Réveille. Le tremblement de terre 
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du 23 février, & Saint-Tropez, 612.—F.. Denza. Tremblement de terre 
du 23 février en Italie, 659.—Francois. Propagation du tremblement de 
terre de la Ligurie, 660.—A. Issel. Sur le tremblement de terre de la 
Ligurie, 662.—M. E. de Rossi. Sur la tempéte sismique italienne- 
francaise du 23 février, 1887, 664.—Alluard. Secousses de tremblement 
de terre ressenties 4 Clermont-Ferrand, le 23 février, 666.—Perrotin. Le 
tremblement de terre du 25 février & Nice, 666.—A. Lacroix. Sur les 
variations de composition des porphyrites carboniféres du Renfrewshire, 
Ecosse, 717.—F. Gonnard. Sur les associations minérales du basalte de 
Prudelles, prés de Clermont-Ferrand, 719.—E. Fremy. Production arti- 
ficielle du rubis, 737.—A. Gaudry. Le petit Ursus speleus de Gargas, 
740.—F. Fouqué. Renseignements divers recueillis sur le tremblement 
de terre du 23 février 1887, 744.—F. Denza. Sur le tremblement de terre 
du 23 février, 757.—S. Meunier. Premiers résultats d’une exploration de 
la zone ebraalée par le tremblement de terre du 23 février, 759.—H. de 
Parville. Sur une correlation entre les tremblements de terre et les decli- 
naisons de la Lune, 761.—J. L. Soret. Le tremblement de terre du 23 
féyrier, en Suisse, 764.—Galli. Le tremblement de terre du 23 février, & 
Vobservatoire de Velletri, 765.—C. Naudin. Quelques observations et 
réflexions au sujet du tremblement de terre du 23 février, a Antibes, 822. 
—B. Niépee. Documents sur les tremblements de terre de Nice, 830.— 
E. Tamburini. Le tremblement de terre du 23 février ala Spezia, 831.— 
A. de Vaux. Le tremblement de terre du 23 février, en Ligurie, 852.— 
F, A. Forel. Tremblement de terre et grisou, 833.—A. Blavier. Sur la 
cause possible des tremblements de terre de 1755, 1884 et 1887, 855.—A. 
Lacroix. Etude pétrographique d’un gabbro 4 olivine de la Loire-Infé- 
rieure, 870.—S. Meunier. Examen minéralogique du fer météorique de 
Fort-Duncan, Texas, 872.—Extraits de divers Rapports du Service local 
du Génie sur les effets du tremblement de terre du 23 féyrier 1887, 884.— 
F. Denza. Le tremblement de terre du 23 février 1887, observé a 
Moncalieri, 887.—H. Resal. Sur un fait qui s’est produit prés de Nice 
lors de la derniére secousse de tremblement de terre, 950.—G. de Saporta. 
Sur quelques types de Fougéres tertiaires nouvellement observés, 954.— 
A. Lacroix. Note sur une roche a wernérite granulitique des environs de 
Saint-Nazaire, 1011.—S. Meunier. Examen de quelques galets du nagel- 
fluhe du Rigi, 1013.—Oppermann. Sur les tremblements de terre, 1041. 
—L,. Soret. Sur le tremblement de terre du 23 féyrier 1887, 1088.—S. 
Meunier. Reproduction artificiells du spinelle rose ou rubis calais, 1111. 
—A. Offret. Sur le tremblement de terre du 23 février 1887, 1150.—A. 
Gorgeu. Production artificielle de la magnétite, 1174—L. Bourgeois. 
Nouveau procédé de reproduction de la crocoise, 1302.—F.Gonnard. Sur 
les associations minérales de la pépérite du puy de la Poix, 1304.—L. Lar- 
tet. Sur le terrain carbonifére des Pyrénées centrales, 1314.—L. Le- 
cornu. Sur le terrain silurien du Calvados, 1317.—E. Jacquot. Sur la 
constitution géologique des Pyrénées; le systéme cambrien, 1318.—P. 
Thomas. Sur la découverte de nouveaux gisements de phosphate de 
chaux en Tunisie, 1521.—EH. Riviére. De quelques bois fossiles trouvés 
dans les terrains quaternaires du bassin parisien, 1382.—H. Le Chatelier. 
Sur la constitution des argiles, 1517.—G. Cotteau. Sur les genres 
éocénes de la famille des Brissidés (Kchinides irréguliers), 1532.—C. 
Rolland. Sur le régime des eaux artésiennes de Oued Rir’ (Sahara 
algérien), 1534.—Munier-Chalmas. Observations sur les actions méta- 
ane du granite et des filons de quartz aux environs de Morlaix, 
1738. 

Paris. Académie des Sciences. Comptes Rendus. Index to 
Tome ci. 1885. 

VOL. XLIII. l 
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Paris. Annales des Mines. Série 8. Tome ix. 2° et 3° livraisons 
de 1886. 1886. 

B. de Chancourtois, C. Lallemand, et G. Chesneau. De l’étude des 
mouvements de l’écorce terrestre poursuivie particuliérement au point de 
vue de leurs rapports avec les dégagements de produits gazeux, 207.— 
J.de Morgan. Note sur la géologie et sur l'industrie miniére du royaume 
de Pérak et des pays voisins (presquile de Malacca), 568.—E. Jacquot. 
Note sur la carte géologique detaillée de la France, 577. 

; oa . Tome x. 4° et 5° livraisons de 1886. 1886. 
L. Bochet. Etude sur la bassin houiller de Waldenburg (Basse-Silésie), 

221.—M. Pellé. Etude surles salines de Roumanie, 280.—De Grossouvre. 
Etude sur les gisements de minerai de fer du centre de la France, 311. 

—— 

——. Annales des Sciences Géologiques. Tome xv. 1884. 
Purchased. 3 

Croisiers de Lacvivier. Etudes géologiques sur la département de 
lAriége et en particulier sur le terrain crétacé, No. 1. 

: Tome xvi. 1885. Purchased. 
G. Vasseur. Sur le terrain tertiaire de Saint-Palais, prés Royan, 

Charente-Inférieure, No. 1.—G. Cotteau. chinides du terrain éo0céne 
de Saint-Palais, No. 2.—P. Fontannes. Note sur quelques gisements 
nouveaux des terrains miocénes du Portugal et description d’un Portunien 
du genre Achelous, No. 3.—H. Filhol. De la restauration du squelette 
d’un Dinocerata, No. 4—L. Dieulafait. Etude sur les roches ophitiques 
des Pyrénées, No. 5.—J. Dollo. Les découvertes de Bernissart, No. 6.—P. 
Gourret. Constitution géologique du Larzac et des Causses méridionaux 
du Languedoc, No. 7. 

: Tome xvii. 1885. Purchased. 
C. Depéret. Description géologique du bassin tertiaire du Roussillon 

et description des vertébrés fossiles du terrain pliocéne du Roussillon, 
No. 1.—H. Filhol. Observations sur le mémoire de M. Cope institulé : 
Relations des horizons renfermant des débris d’animaux vertébrés fossiles 
en Europe et en Amérique, No. 2.—B. Renault. Recherches sur les végé- 
taux fossiles du genre Astromyelon, No. 3.—O. C. Marsh. Monographie 
des Dinocerata, mammiféres gigantesques appartenant a un ordre disparu, 
No. 4. 

———_ 

——_———- 3 . Tome xviii. 1885. Purchased. 
E. Fallot. Etude géologique sur les étages moyens et supérieurs du 

terrain crétacé dans le sud-est de la France, No. 1.—L. Roule. Recher- 
ches sur le terrain fluvio-lacustre inférieur de Provence, No. 2. 

Annales des Sciences Naturelles. Zoologie et Paléontologie. 
Série 6. Tome xx. Nos. 3-6. 1886. Purchased. 

Serie 7. Tome i. Nos. 1-6. 1886 & C—O 

1887. Piped. 

——. Annales Hydrographiques. Série 2. Sém. 1 et 2 (1886). 
1887. Presented by the Dépot de la Marine. 

Sém. 1 (1887). 1887. Presented by the 
Dépét de la Marine. 
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Paris. Association Francaise pour |’Avancement des Sciences. 
Compte Rendu de la Session 13, Blois, 1884. Parties 1 & 2 
1885. Purchased. 

Partie 1. 
E. Cosson. Sur le projet de création en Algérie et en Tunisie d'une 

Mer dite intérieure, 57.—Rouire. La Mer intérieure Africaine, 75.— 
G. de Saporta. Note sur les Echinides des couches coralliennes infé- 
rieures d’ Auxey, Céte-d’Or, 179.—E. Fuchs. Les richesses minérales du 
Tonkin, 181.—Bleicher. Terrain tertiaire d’ Alsace, 183.—G. de Saporta. 
Sur deux espéces jurassiques du genre Orthopsts, Cotteau, 188, 

Partie 2. 
L. Quénault. Mouvements lents du Sol et de la Mer, 215.—F. Lefort. 

Recherches sur l’age relatif des différents systémes de failles du Morvan, 
226.—G. Cotteau. Sur les échinides des caleaires de Stramberg, 238.— 
V. Gauthier. Reeherches sur le genre Wicraster en Algérie, 243.—P. de 
Loriol. Sur le genre Willericrinus, 247.—G. de Saporta. Sur un nouveau 
gisement de plantes fossiles coralliennes, 255.—Douvillé et Le Mesle. 
Carte 2éologique des environs de Blois, 255.—V. Gauthier. Sur quelques 
échinides monstrueux, appartenant au genre Hemiaster, 258.—C. Barrois. 
Eponges hexactinellides du terrain dévonien du Nord de la France, 261.— 
C. Barrois. Couches a Nercites du Bourg-d’Oueil, Haute-Garonne, 262. 
—C. Barrois. Roches métamorphiques du Morbihan, 263.—Bleicher. 
Le lias de Lorraine au point de vue paléontologique, 265.—G. Rolland. 
Terrains de transport et terrains lacustres du Bassin du Chott Melrir, 
267. 

——. -——. Compte Rendu de la Session 14, Grenoble, 1885. 
Parties 1 & 2. 1886. Purchased. 

Partie 1. 
G. Cotteau. Le Paléontologie en 1885, 44.—A. Pomel. Sur le station 

préhistorique de Ternifine, pres Mascara, 128.—C. Malaise. Etat actuel 
des connaissances relatives au cambrien et silurien de la Belgique, 129.— 
L. Collot. Constitution du crétacé dans les Bouches-du-Rhone, 129.— 
J.M.Beroud. Sur la grotte des Balmes, prés Villereversure, Ain, 132.— 
E. Fuchs. Sur les graviers auriféres de la Sierra Nevada en Californie, 
133. 

Partie 2. 
L. Collot. Diversité correlative des sédiments et de la faune du 

miocéne marin des Bouches-du-Rhone, 339.—Peron. Note sur les 
étages de la craie aux environs de Troyes, 346.—V.Gauthier. Description 
de trois échinides nouveaux recueillis dans la craie de l’Aube et de 
VYonne, 356.—G. Cotteau. Considérations générales sur les -échinides 
du terrain jurassique de la France, 562.—P. de Loriol. Coup d’eil 
d’ensemble sur les crinoides recueillis dans les couches jurassiques de la 
France, 364.—F. Lefort. Recherches sur lage relatif des différents 
systémes de failles du Nivernais, 372.—L.Quénault. Sur les oscillations 
lentes du sol et de la mer, 392.—E. Riviére. Le gisement quaternaire 
du Perreux, Seine, 401_—E. Riviere. La faune des invertébrés des 

ottes de Menton, 407.—E. Fuchs. Note sur les gisements de cuivre 
du Boles, 410.—D’Ault-Dumesnil. Nouvelles fouilles faites a Thenay en 
Septembre 1884, 463.—F. Daleau. Note sur les silex de Thenay, 467.— 
J. M. Beroud. La grotte des Balmes, prés de Villereversure, en Rever- 
mont, Ain, 471.—Sirodot. Lage du gisement du Mont-Dol, Ile-et- 
Vilaine, 478.—A. Arcelin. Sur les silex soi-disant taillés de l’époque 
tertiaire, 503.—A. Pomel. Station préhistorique de Ternifine, Mascara, 
504.—E. Riyiére. Le Trou au Loup, 553. 

12 
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Paris. Journal de Conchyliologie. Série 3. Tome xxvi. Nos. 1-4. 
1886. Purchased. 

M. Cossman. Description d’espéces du terrain tertiaire des environs de 
Paris, 86, 224.—C. Meyer-Eyman. Description de coquilles fossiles des 
terrains tertiaires supérieurs, 235, 302. 

ee ee eS Pome xxvii. Nos. lik 222 USS ie eaunerascas 

———. Muséum d’Histoire Naturelle. Nouvelles Archives. Sér. 2. 

Tome vill. Fase.1&2. 1885-86. 

SS =, Nomelixe) ace iem slospe 

——. Revue Scientifique. Tome xxxvii. No. 26. 1886. 
A.de Lapparent. L/attraction des glaces sur les masses d’eau voisines, 

801. 

Tome xxxvii. Nos. 1-24 & 26. 1886. 
De Montessus. La constitution interne du globe et les voleans, 369.— 

G. Cotteau. Association Francaise pour lAvancement des Sciences. 
Session de Nancy (1886), Section de Géologie, 454.—Sir W. Dawson, 
La géologie de l’Atlantique, 449, 483.—H. Labonne. Les tourbiéres de 
VIslande, 809. 

Tome xxxix. Nos. 1-25. 1887. 
A. de Lapparent. L’excursion de la Société Géologique en Bretagne, 

38.—E. Jourdy. Les dislocations du globe pendant les périodes récentes, 
leurs réseaux de fractures et la conformation des continents, 129, 335.— 
A. de Lapparent. Les dislocations du globe, 332.—G. Daremberg. Le 
tremblement de terre du 23 féyrier 4 Menton, 338.—C. Vélain. Les 
tremblements de terre, leurs effets et leurs causes, 354, 395.—H. d’Estrey. 
Les mines d’or de Sumatra, 455. 

——. Société Francaise de Minéralogie. Bulletin. Tome ix. 
Nos. 4-8. 1886. Purchased. . 

C. Baret. Minéraux des environs de Saint-Nazaire (Loire-Inférieure), 
129.—A. Lacroix. Sur l’albite des pegmatites de Norwége, 131.—A. Des 
Cloizeaux. Note sur quelques formes nouvelles observées sur des cristaux 
de topaze de Durango, Mexique, 185.—A. Des Cloizeaux. Note sur la 
forme rhombique de la Descloizite, 138, 190.—A. Des Cloizeaux. Note 
sur la véritable valeur de indice moyen de la Herdérite de Stoneham, 
141.+K. de Kroustchoff. Note sur un nouveau minéral accessoire de la 
roche de Beucha (prés de Leipzig), 143.—K.de Kroustchoff. Supplément 
a la note sur la Péridotite de “ Goose Bay,’ 147.—A. Lacroix. Compte 
rendu de publications étrangéres, 148, 186.—A. Damour. Note sur un 
béryl provenant de Madagascar, 153.—A. Des Cloizeaux. Note sur la 
phénacite de Colorado et de Framont, 171.—A. Des Cloizeaux. Note sur 
la détermination des paramétres du gypse et sur les incidences des formes 
observées dans ce minéral, 177.—A. Des Cloizeaux. Sur un minéral qui 
parait offrir une forme dimorphe du rutile, 184.—E. Jannettaz. Note 
sur un chrysocolle de la Californie, 211.—L. Michel. Sur la décoloration 
artielle du Zircon (Hyacinthe) par la lumiére, 215.—H. Dutremblay du 
lay. Décoloration momentanée observée sur des agates soumises a 

Vinfluence des rayons solaires, 216.—L. J. Igelstroem. Pyrrhoarsénite, 
nouveau minéral de Sjoegrufvan, 218.—G. Césaro. Note sur un assemblage 
de cristaux de cassitérite, 220.—G. Césaro. Extension de l’observation 
de M. Mallard sur la macle de Carlsbad, 222.—G. Césaro. Note sur une 
nouvelle face de la calamine, 242.—F. Gonnard. Sur les minérais auri- 
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féres des environs de Pontvyibaud, 243.—L. Bourgeois. Sur des titanates 
de baryte et de strontiane cristallisés, 244. —K. de Kroustchoff. Notes 
pour seryir a l'étude lithologique de la Volhynie, 250.—K. de Kroustchoff. 
Notice sur une hypérite de Seeland, 258.—G. W yrouboff. Sur la forme 
cristalline du chlorure de baryum, 262.—G. W yrouboff. Quelques mots 
a propos d’un mémoire de M. Schmidt sur la scolézite, 266.—G. Césaro. 
Note sur une propriété géométrique du rhomboédre de clivage de la 
calcite, 281.—Fouqué. Sur un minéral artificiel provenant dune scorie 
de forge, 287.—Fouqué. Sur un gisement de gneiss a cordiérite, 293.— 
N. Chatrian. Sur le oisement de diamants de Salobro, Brésil, 302.—A. 
Lacroix. Compte rendu des publications étrangeéres, 305.—E. Jannettaz. 
Note sur les rubis artificiels, 321. 

Paris. Société Francaise de Minéralogie. Bulletin. Tome x. 
Nos. 1-3. 1887. Purchased. 

M. Lévy et Lacroix. Sur le granite 4 amphibole de Vaugneray, 27.— 
K. de Kroustchoff. Nouvelles syntheses du quartz et de la tridy mite, 31.— 
A.Gorgeu. Sur la production artificielle de la Zincite et de la W illemite, 
36.—H. Goguel. Comptes rendus des publications francaises, 89.—A. Des 
Cloizeaux. Liste des travaux de M. W ebsky, 43.—E. J annettaz, Note sur 
Vuranite de Madagascar, 47.—Fouqué. Sur les nodules de la granulite de 
Ghistorrai, 57.—A. Michel-Lévy. Note sur un basalte riche en zéolithes 
des environs de Périer (Puy-de-Dome), 69.—C. Baret. Sur la présence 
du béry] et de l’erubescite dans les carriéres de Miséri, prés Nantes, 131. 
—L. Michel. Note sur la reproduction artificielle de la pyromor phite, de 
la mimétite et de la campylite, 133.—A. Lacroix. Etudes critiques de 
Minéralogie, 142.—A. Lacroix. Note sur la composition pétrographique 
des roches de Blekka et Dalarne (Norwége), 152. 

aa Géologique de France. Bulletin. Série 3. Tome xiii. 
o. 8 (1885). 1886. 

vole rendus de la réunion extraordinaire dans la Jura méridional, 
du 23 Aout au 1 Septembre 1885, 651. [With communications by 
MM. Bertrand, Parandier, Albert Girardot, Abel Girardot, Bour- 
geat, Hollande, Renevier, Guirand, De Grossouvre, Collot, G. Boyer, 
G. Maillard, Tardy, Pillet, De Sarran, De Lapparent, and P. Choffat. | 

—. ——. . Tome xiv. Nos. 5-7 (1886). 1886. 
De la Moussaye. Les iles flottantes de Clairmarais, 309.—Cornuel. 

Liste des fossiles du Crétacé inférieur de la Haute Marne, 512.—M. Coss- 
mann et H. Arnaud. Un Crucibulum campanien, 323. —R. Zeiller. Note 
sur des empreintes houilléres des Pyrénées-Orientales, 328.—Chaper. Sur 
une pegmatite diamantifere de lIndoustan, 331—J. De Cossigny. Note 
sur le Jurassique moyen et sa division en étages, 345.—B. Rames. Sur 
l'age des argiles du Cantal et sur les débris fossiles quelles ont fournis, 
357.—F. Saceo. Sur quelques restes fossiles de poissons du Pliocene 
du Piémont, 360.—A. de Lapparent Le niveau de la mer, 368.—H. 
Douvillé. Essai sur la morphologie des Rudistes, 389.—S. Calderon. Note 
sur le Wealdien du Nord de l’Espagne, 405.—G. De Saporta. Nouveaux 
documents relatifs a des fossiles végétaux et a des traces dinvertébrés 
associés dans les anciens terrains, 407.—A. Gaudry. Sur un nouveau 
genre de reptile du Permien d’Autun, 450.—M. Cossman. Sur les grandes 
ovules de l’Kocéne, 433.—L’Abbé Bourgeat. Observations faites aux 
environs d’Arinthod et de St. Julien, Jura, 457.—A. Gaudry. Sur des 
restaurations de reptiles, 444—KE. Jourdy. Note complémentaire sur la 
Géologie de lest du Tonkin, 445.—R. Zeiller. Note sur les empreintes 
yégétales recueillies par M. Jourdy au Tonkin, 454.—H. Douvillé. 
Etude sur les erés de la forét de Fontainebleau, 471.—L. Flot. Descrip- 
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tion de Halitherium fossile, Gervais, 483.—A. Toucas. Note sur les 
terrains crétacés de la Valdaren aux environs du Beausset, 519.—A. 
de Lapparent. Note sur l’attraction exercée par les glaces sur les masses 
d’eau voisines, 524.—D. Cthlert. Failles et filons des environs de Mont- 
surs, 526,—Mieg. Note complémentaire sur les couches a Postdonomya 
Lr onnt, de Minversheim (Basse-Alsace), 550.—L’Abbé Bourgeat. Pre- 
miére contribution al étude de la faune de l’Golithe virgulienne du Jura 
méridional, 560.—S. Meunier. Sur quelques empreintes problématigues 
des couches boloniennes du Pas-de-Calais, 564.—C. Vélain. Note sur 
Vexistence d’une rangée de blocs erratiques sur la cote normande, 569.— 
R. Zeiller. Note sur les empreintes végétales recueillies par M. Sarran 
dans les couches de combustible du Tonkin, 575.—Viguier. Note sur la 
position du Poudingue de Palassou, dans Aude, 582.—De Rouville. 
Note sur le Poudingue de Palassou, 580.—E. Hébert. Remarques sur la 
faune des couches crétacées de Villagrains, 586.—P. W. Stuart-Menteath. 
Note préliminaire sur les gisements métalliféres des Pyrénées occidentales, 
587.—A. Pomel. Note sur deux échinides du terrain éocéne, 608.—De 
Lacvivier. Note sur le terrain primaire du départment de VAriace, 613. 

Paris. Société Géologique de France. Bulletin. Série 3. Tome xv. 
(1887). Nos.1-8. 1887. 

L.de Launay. Note sur deux gisements de cord: ‘ite, sillimanite et 
grenat dans la région de Commentry, 12.—Moutet. Note sur l’existence 
d’une formation wealdienne dans le département du Var, au quartier du 
Revest, prés Toulon, 15—H. Armand. Position stratigraphique des 
argiles bariolées de Tercis, Landes, 15.—Stanislas Meunier. Examen 
d'une substance résineuse recueillie &@ Luchon le 28 juillet 1885 a la suite 
d’un coup de foudre, 23—F. Sacco. Le Fossanien, nouvel étage du 
Pliocéne d’Italie, 27.—Salvador Calderon. Résumé de quelques études 
de physique géologique, 56.—C. Lory. Sur les variations du Trias dans 
les Alpes de la Savoie, et spécialement dans le massif de la Vanoise, 40. 
—F.Fontannes. Sur la faune des étages Sarmatique et Levantin en - 
Roumanie, 49.—F. Delafond. Note sur les Tufs de Meximieux, 62.—F. 
Delafond. Note sur les alluvions anciennes de la Bresse et des Dombes, 
65.—A. Tardy. Nouvelles observations sur la Bresse, 82.—L. Flot. 
Note sur le Prohalicore Dubaleni, 154.—P.Thomas. Notes additionnelles 
sur les vertébrés fossiles de la province de Constantine, 139.—A. Toucas. 
Observations sur la craie supérieure de Dieulefit, 149.—A. Toucas. 
Au sujet dune note de M. de Lacyivier sur I’ étude comparative des 
terrains crétacés de l’Ariége et de l’Aude, 153.—P. Choffat. Note préli- 
minaire sur des fossiles recueillis par M. L. Maheira dans la province 
d’Angola, 155—F. Rutot et E. Van den Broeck. Documents nouveaux 
sur la base du terrain tertiaire en Belgique, et sur Vage du Tufeau de Ciply, 
157.—Bourgeat. Considérations sommaires sur la position des rognons 
siliceux du Jurassique supérieur dans le Jura méridional et sur les consé- 
quences qui en découient, 162.—G. Dollfus. Quelques nouveaux gisements 
de terrain tertiaire dans le Jura prés de Pontarlier, 179.—R. Nicklés. Sur 
la présence de Amm. polyschides et Anum. Sauzer dans ’Oolithe inférieure 
des environs de Nancy, 194.—Pouech. Réponse aux observations de M. 
Viguieur et de M. de Rouville 4 propos des poudingues de Palassou, 199. 
—A. de Lapparent. Conférence sur le sens des mouvements de Vécorce 
terrestre, 215. 

Penzance. Royal Geological Society of Cornwall. Transactions. 
Voll-xi. Parte? 13s 

W. W. Smyth. The Anniversary Address of the President, 11.—R. 
W. Bell. The Pliocene Beds of St. Erth, 45.—R. N. Worth. On an 
unmapped exposure of Serpentinous Rock in Whitsand Bay, 51. 
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Philadelphia. Academy of Natural Sciences. Proceedings, 1886. 
Parts 1-3. 1886-87. 

C. McCormick. ‘The inclusions in the Granite of Craftsbury, Vt., 19. 
—J.Leidy. An Extinct Boar from Florida, 37.—C. Rominger. On the 
Minute Structure of Stromatopora and its allies, 39.—A. Heilprin. Notes 
on the Tertiary Geology and Paleontology of the Southern United States, 
57.—C. Wachsmuth and F. Springer. Revision of the Paleeocrinoidea, 
Part III. Section 2, 64.—F. L. Harvey. On Anthracomartus trilobitus, 
Seud., 231—A. H. Smith. The Railway-Cutting at Grant’s Ferry 
Road, 253.—J. Leidy. Zozxodon and other remains from Nicaragua, ©. A., 
275.—A. E. Foote. The Opal-Mines of Queretaro, Mexico, 278.—G. A. 
Koenig. Mineralogical Notes, 281.—L. Woolman. Oriskany Sandstone 
in Lycoming Co., Pa., 296.—G. A. Koenig. Manganese-Zinc Serpentine 
from Franklin, N. J., 350.—A. Heilprin. On Miocene Fossils from 
Southern New Jersey, 351.—C. 8. Dolley. On the Helictites of Luray 
Cave, 351.—G. A. Koenig. On Schorlomite asa variety of Melanite, 355. 
—H. F. Osborn. Observations upon the Upper Triassic Mammals, Dro- 
matherium and Microconodon, 359.—F. A. Genth. On an undescribed 
Meteoric Iron from East Tennessee, 366. 

. American Philosophical Society. Proceedings. Vol. xxiii. 
Nos. 123 & 124. 1886. 

J.C. Branner. The Glaciation of Parts of the Wyoming and Lacka- 
wanna Valleys, 337.—K. D. Cope. On two new Species of Three-toed 
Horses from the Upper Miocene, with Notes on the Fauna of the 
Ticholeptus-beds, 351.—A. 8. Packard. Discovery of the Thoracic Feet 
in a Carboniferous Phyllocaridan, 380.—P. Frazer. Sketch of the 
Geology of York County, Pennsylvania, 391. 

Photographic Society of Great Britain. Journal and Transactions. 
Neo vol x. = No.9. 1886. 

——. ——. ——. Vol. xi. Nos. 1-8. 1886-87. 

Physical Society of London. Proceedings. Vol. vii. Parts 1-4. 
1886-87. 

Pisa. Societa Toscana di Scienze Naturali. Atti. Memorie. Vol.viii. 
Fase. 1. 1836. 

G. Meneghini. Gontodiscus Ferraz, Mch., nuova stelleride terziaria 
del Vicentino, 1.—C.de Stefani. Lias inferiore ad Arieti dell’ Apennino 
settentrionale, 9.—A. de Gregorio. Intorno a un deposito di Roditori e 
di Carnivori sulle vetta di Monte Pellegrino con uno schizzo sincronogra- 
fico del calcare postpliocenico della Vallata di Palermo, 217. 

———, Processi Verbali. Vol. v. Pp. 79-226. 
1886-87. 

L. Busatti. Sulla trachite della Tolfa, 96.—B. Lotti. Brevi consi- 
derazioni sulle trachiti della Tolfa, 99.—A. D’Achiardi. Rocce ottre- 
litiche delle Alpi Apuane, 110.—G. Ristori. Sui depositi quaternari del 
Casentino, 114.—G. Ristori. Filliti dei travertini Toscani, 114.—B. 
Lotti. Metamorfismo di sedimenti cretacei, 140.—B. Lotti. Origine 
della peridotite, 141.—D. Pantanelli. I cosidetti ghiacciai apenninici, 
142.—G. Meneghini. Sulla fauna del Capo di S. Vigilio illustrata dal 
WVacek, 152.—M. Canavari. Rilevamento geologico della Sibilla, 162.— 
V. Simonelli. Echinodermi fossili di Pianosa, 163.—C. De Stefani. Gli 
schisti cristallini dell’ Apennino Savonese, 1738.— C. De Stefani. I 
iano pontico sui monti della Tolfa, 175.—G. Grattarola. Cerussite di 
Jal Fontana, media Valtellina, 177.—M. Canavari. Di alcuni tipi di 
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foraminifere appartenenti alla famiglia delle Nummulinide raccolti nel 
Trias delle Alpi Apuane, 184.—M. Canavari. Fossili titoniani nel Monte 
Pisano, 187.—G. Gioli. Fossili della Oolite di San Vigilio, 195.—D. 
Pantanelli. La Melania curvirostra, Desh., dell’ Abissinia, 204.—C. De 
Stefani. I depositi glaciali nell’ Apennino di Reggio e di Modena, 206.— 
G. Ristori. I dintorni d’ Orciatico in provincia di Pisa, 212.—G. Ristori. 
Filliti nei Travertini delle Sugherelle presso Rio (Isola D’Elba), 217. 

Plymouth. Devonshire Association for the Advancement of Science, 
‘Literature, and Art. Report and Transactions. Vol. xvii. 
1886. 

W. Pengelly. Happaway Cavern, Torquay, 161—A. Somervail. The 
Physiography of Torquay: the geological structure and origin of its Hills 
and Valleys, 171—W. Downes. Geological Notes on the Honiton 
District, 181—W. Pengelly. Notes on Notices of the Geology and 
Paleontology of Devonshire, 488. 

: . Extra Volume. The Devonshire Domes- 
day. Part 3. 18386. 8vo. 

Plymouth Institution and Devon and Cornwall Natural History 
Society. Annual Report and Transactions. Vol.ix. Part 2 
(1885-86). 1886. 

R. N. Worth. The Rocks of Plymouth, 213. 

Quekett Microscopical Club. Journal. Ser. 2. Vol.ii. No. 16. 
1886. 

E. Grove and G. Sturt. On a Fossil Marine’ Diatomaceous Deposit 
from Oamaree, New Zealand, 321. 

: . ——. Vol. ui. Nos. 17 &18. 1887. 
E. Grove and G. Sturt. On a Fossil Marine Diatomaceous Deposit 

from Oamaree, 7, 68. 

Record of Zoological Literature. (Zoological Record.) Edited 
by A.C. L. G. Gunther, A. Newton, E. C. Rye, and F. J. 
Bell. 1864-1885. Vols.i-xxn. 8vo. London, 1865-1886. 
Purchased. 

Rio de Janeiro. Museum Nacional. Archivos. Vol. i. (1876). 
1876. 

Vol mCls7 7). AGie. 
O. A. Derby. Contribuicdes para a Geologia de Regiao do Baixo 

Amazonas, 77. 

: : Vol.1m, (1878). “1872: 
H. Gorceix. Estudos geologicos e mineralogicos sobre algumas locali- 

dades da Provincia de Minas Geraes, 9.—L. Dupré, Jun. Estudo geo- 
logico e minevalogico da regiao E, de Ouro-Preto, comprehendida entre 
aquella cidade, a provoacéo do Taquaral e o rio do Carmo, 11.—L. A. 
Correa da Cesta. Estudo geologico de regiao de S. Bartholomeu e 
da mina de Ouro da Tapéra perto de Ouro-Preto, 17.—O. A. Derby. A 
geologia da Regiao Diamantifera da Provincia do Parana, 89.—O. A. 
Derby. A Bacia Cretacea da bahia de Todos os Santos,’ 135.—R. 
Rathbun. Observacées sobre a geologia aspecto da Ilha de Itaparica, na 
bahia de Todos os Santos, 159. 

: : Vol\ave (1379). 1881. 
O. A. Derby. Contribuicéo para o estudo da geologia do Valle do Rio 

S. Francisco, 87.—O. A. Derby. Observacées sobre algumas rochas Dia- 
mantiferas da Provincia de Minas Geraes, 121. 
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Rio de Janeiro. Museum Nacional. Archivos. Vol. vy. (1880). 
1881. 

——, ——. ——. Vol. vi. (1885). 1885. 

Rochester Naturalist. No. 12. 1886. 8vo. Presented by W. 
Whitaker, Esq., F.GS. 

C. Bird. The Chalk, 204. 

Rome. Reale Accademia dei Lincei. Atti. Serie 3. Memorie. 
Vol. xvin. 1884. 

C. De Stefani. Escursione scientifica nella Calabria (1877-78), Jejo, 
Montalto e Capo Vaticano, 3.—G. Capellini. 1 Chelonio veronese 
(Protosphargis verunensis, Cap.) scoperto ne] 1852 nel Cretaceo superiore 
presso Sant’ Anna di Alfaedo in Valpolicella, 291. 

: : : ; Vol sax. 1835: 
F. Sansoni.. Sulle forme cristalline della calcite di Andreasberg 

(Hartz), 450. 

: —. Serie 4. Memorie. Vol. i. (1884-85). 
1885. | 

G. Striver. Contribuzione alla mineralogia dei vulcani Sabatini, 
Parte I., 3.—G. Capellini. Del Zitioide fossile ( Choneziphus planirostris) 
scoperto nelle sabbie plioceniche di Fangonero presso Siena, 18.—C. De 
Stefani. Studi paleozoologici sulla creta superiore e media dell’ Apennino 
settentrionale, 75.—G. Ponzi. Conglomerato del Tavolato, 349. 

: : - : Wolo 71885. 
A. Cossa. Sulla vita ed i lavori scientifici di Quintino Sella, 5.—Lavori 

di Quintino Sella, 45, 225. 

——. ——. ——. —. Rendiconti. Vol. 11. Semestre 1. 
Fase. 12-14. 1886. 

F. Keller. Sulle rocce magnetiche di Rocca di Papa, 428.—G. Striiver. 
Forsterite di Baccano, 459.—E. Mattirolo. Intorno ad alcune roccie 
della valle del Penna nell’ Apennino ligure, 502, 643.—D. Lovisato. 
Sopra il granito a sferoidi di Ghistorrai presso Fonni in Sardagna, 507.— 
E. Stassano. La foce del Congo, 510. 

——. ——. ——. ——. Rendiconti. Vol. 1. Semestre 2. 
Fase. 1-5, 7-12. 1886. 

A. Piccini. Su di un minerale che accompagna la columbite di Cra- 
veggia in Val Vigezzo, 46. 

—. ——. ——. Rendiconti. Vol. in. Fasc. 1-9. 
1887. 

G.Seguenza. Gli strati con Rhynchonella Berchta, Oppel, presso Taor- 
mina, 10.—I’. Giacomelli. Sul terremoto del 29 agosto, 1886, 20.—G. 
Seguenza. Icalcari con Stephanoceras (Spheroceras) Brongniarti, Sow., 
presso ‘l'aormina, 186. 

——. Societa Geologica Italiana. Bollettino. Vol. i. (1882). 
1882-83. 

Estratto della conferenza sulle serpentine, 14.—T. Sterry Hunt. Rias- 
sunto della conferenza, 32.—G. B. Chancourtois. Sulle serpentine, 39. 
—L. Nicotra. Diatomeze in schistis quibusdam messanensibus detecte, 
45.—F. Molon. JI colli berici del Vincentino, 47.—T. Taramelli. Osser- 
vazioni geologiche nel raccogliere aleune campioni di Serpentini, 80.— 
D. Pantanelli. Fauna miocenica a radiolarie dell’ Apennino setten- 
trionale, 142.—G. Mazzetti. Relazione interno al modo di formazione 
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delle argille seagliose di Montese, 156.—A. De Zigno. Resti di Sauriani 
nel Lombardo-V eneto, 161.—E. Nicolis. Note di geologia Veronese, 162. 
—C. De Stefani. Osservazioni sulla carta eeologica d’ Italia pubblicata 
in occasione del Congresso di Bologna, 165.—T. Taramelli. beset azionl 
fatte nei monti circostanti al passo ‘del Sempione, 185. 
Osservazioni fatte nell’ Apennino di Piacenza, 189.—A. Verri. nr Sior. 
mazioni idrografiche nel territorio di Rieti e Terni, 191.—I. Catfici. Cou- 
tribuzione alla fauna cretacea Italiana, 196.—R. Arturo. La provincia 
di Treviso, 203.—A. Issel. Antiche linee litorali della Liguria, 222.— 
C. Segré. Appunto geognostico sulle rocce calcareo-magnesiache, che 
costeggiano il Velino vicino al paese di Antrodoco, 233. —C. F. Parona. 
Sopra i lembi pliocenici situati tra il bacino del lago d’Orta e la val Sesia, 
e sull’ altopiano di Boca e di Maggiora, 239. 

Rome. Societa Geologica Italiana. Bollettino. Vol. ii. (1883). 
1883-84. 

G. A. Tuccimei. Sulla struttura e i terreni che formano la catena di 
Fara in Sabina, 16.—A. Verri. Due parole sui tufi leucitici dei vulcani 
Tirreni, 40.—L. Mazzuolie A. Issel. Sulla sovraposizione nella Riviera di 
ponente di una zona otiolitica eocenica ad una formazione ofiolitica paleo- 
zoica, 44.—G. Seguenza. Gli Ostracodi dei periodi terziarii e quaternarii 
viventi nel mare di Messina, 57.—-T. Taramelli. Dello studio geognostico 
del suolo agrario in rapporto col proposto censimento dei terreni produt- 
tivi del regno d Italia, 84—G. Uzielli. Sulle argille scagliose, 95.—A. 
Verri. Sui bacini del Chiascio e del Topino, 108.—C. Segré. Sulla 
costituzione geologica dell’ Apennino Abruzzese, 121.—E. Bonardi. 
Analisi chimica di aleune argille glacial e plioceniche deli’ Alta Italia, 
126.—G. Uzielli. Sulle ondulazioni terrestri in relazione con I’ orografia 
degli Apennini e delle Alpi, 188.—A. Neviani. Di un orizzonte a Sep- 
tarie nel Bolognese, 164.—T. Taramelli. Sulla necessita di studiare le 
sponde del bacino Adrio-padano, 167.—E. Nicolis. Sul terziario nelle 
Prealpi retiche ad oriente del lago di Garda, 171.—C. Fornasini. Nota 
preliminare sui foraminiferi della marna pliocenica del Ponticello diSavena 
nel Bolognese, 176.—G. Mazzetti. ella stratiticazione delle argille sca- 
gliose di Montese e dell’ analogia che passa fra alcuni lembi di terreno di 
Costa de’ Grassi nel Reggiano ed aleuni afhoramenti di S. Martino e di 
Ranocchio nel Modenese, 190.—F. Salmoiraghi. Sulla galleria abban- 
donata di Majolungo in Calabria Citeriore, 193.—L. Gatta. Su alcuni 
fenomeni fisici relativi all’ isola d’ Ischia, 210.—A. Negri. Studi suile 
Alpi Vicentine, 223.—M. Canayari. Relazione del escursione fatte il 3 e 
4 settembre, 1885, alla grotta di Frasassi e al ponte della Rossa nei din- 
torni di Fabriano, 229.—Y. Simonelli. Il monte della Verna e i suoi 
fossili, 255.—Ik. Olivero. Orografia dell’ Apennino, 284. 

—. —. ——. Vol. ii. (1884). 1884. 
A. Verri. La Creta e l’Eocene nel bacino del Tevere, 18.—C. De Ste- 

fani. Sugli studi dell’ Ufficio geologico nelle Alpi Apuane e nell’ Anen- 
nino, 23. —A. Alberti. Dal Garda ‘agli Euganel. Saggio di meccanica 
stratigrafica, 41—G. Ponzi. Di un grande osso fossile rinvenuto nei con- 
torni di Roma, 66.—R. Meli. Molluschi terrestri e d’acqua dolce rin- 
venuti nel tufo litoide della Valchetta presso Roma, 71.—C, Fornasini. 
I Foraminiferi della Tabella Oryctographica, 85.—A. Verri. Di alcune 
divergenze col dott. Carlo de Stefani sulla geologia dell’ Umbria supe- 
riore, “95.—A. Verri. Divisione tra le formazioni Liasiche, Giuresi e Cre- 
tacee nei monti dell’ Umbria, 109.—A. Verri. La valle superiore del 
Tevere, 114.—A. Rossi Note illustrative alla carta geologica della pro- 
vincia di Treviso, 151. —A. Neviani. Note geologiche sul bacino del Sa- 
moggia nel Bolognese, 161, 

i 
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Rome. Societa Geologica Italiana. Bollettino. Vol. iv. (1885). 
1886. 

E. Nicolis e C. F. Parona. Note stratigrafiche e paleontolcgiche sul 
Giura superiore della Provincia di Verona, 1—LL. Foresti. Sul Pecten 
hystrix Doder!.-Meli, 97.—C. Fornasini. Textularina ed altri foramini- 
feri fossili nella marna miocenica di S. Rufillo presso Bologna, 102.—F. 
Salmoiraghi. Le pirawidi di erosione ed i terreni glaciali di zone. Con- 
tribuzione alla geologia neozoica del Lago d'Iseo, 117.—F. Bassani. Sull’ 
eta degli strati a pesci di Castellavazzo nel Bellunese, 143.—G. Riva 
Palazzi. La Geologia e gli studi geografici, 149.—A. Verri. Appunti 
per la Geologia dell’ Italia centrale, 176.—C. Fornasini. Lagene tfossili 
nell’ argilla giallastra di S. Pietro in Lama presso Lecce, 188.—A. Tom- 
masi. Note paleontologiche, 199.—U. Botti. Puglia e Calabria, schizzo 
geolovico, 223.—D. Pantanelli. I] cretaceo di Montese, 252.—T. Tara- 
melli. Note geologiche sul bacino idrografico del fiume Ticino, 239.— 
T. Tittoni. La regione trachitica dell’ Agro Sabatino e Cerite, 357.—G. 
Seguenza. Le Spiriferina dei vari piani del Lias Messinese, 377.—P. E. 
De Ferrari. Relazione della escursione fatte alla miniera di lignite di 
Castelnuoyo presso 8. Giovanni, Valdarno, 523. 

; . ——. Vol.v. Fase. 1-3 (1886). 1886. 
A. Del Prato. Rinoceronte fossile nel Parmense, 20,—C. Fornasini. 

ll Nautilus legumen di Linneo e la Vaginulina elegans di W@Orbigny, 25. 
—A. Neviani. Una sezione geologica da Bazzano a Tiola lungo la rive 
sinistra del Samoggia, 31—G. Terrenzi. Sopra un lembo di lias rosso 
ammonitico rinvenuto nella montagna di Santacroce presso Narni, 89.— 
G. Seguenza. Del retico al capo di Taormina, 42.—A. Verri. Sui tufi 
dei yulcani Tirreni, 46.—A. Verri. Breccia granitica del monte Deruta, 
63.—L. Ricciardi. Sulla composizione chimica delle rocce vulcaniche di 
Assab, 57.—A. Neviani. Sui giacimenti dei cetacei fossili nel Monteleo- 
nese con indicazioni di altri rinvenuti nelle Calabrie, 61.—F. Sacco. Il 
piano Messiniano nel Piemonte, 74.—G. Ristori. I Crostacei brachiuri e 
anomuri del pliocene italiano, 953.—C. Fornasini. Foraminiferi iliustrati 
da Soldani e citati dagli autori, 151—C. Fornasini. Di alcune Biloculine 
fossili negli strati a Pecten hystrix del Bolognese, 255.—F. Cavara. Le 
sabbie marnose plioceniche di Mongardino e i loro fossil, 265.—E. 
Mariani. Descrizione dei terreni miocenici fra la Scrivia e la Staffora, 
277.—F. Cardinali. Sopra un masso di gneiss rinvenuto nelle argille 
plioceniche dei dintorni di Appignano, 316.—G. Terrenzi. [1 pliocene 
dei dintorni di Narni, 321.—C. Fornasini. Sulla Glandulina equalis di 
Reuss, 337.—F. Castracane. I tripoli marini nelle valle Metaurense, 343. 
—C. Fornasini. Varieta di Lagena fussile negli strati a Pecten hystrix 
del Bolognese, 350.—G. Uzielli. Sopra un cranio di Coccodrillo trovato 
nel Mcdenese, 355.—F. Sacco. Il piano Messiniano nel Piemonte, 363. 
—Trottarellie A. Verri. Notizie geologiche ed analisi chemiche di rocce 
calzari e di pozzolane nel territorio del bacino del Tevere, 595.—G. Se- 
guenza. Gli strati a Postdonomya alpina, Gras, nelle serie giurassica del 
Taorminese, 402.—H. Pohlig. Sul pliocene di Moragha (Persia) e sugli 
elefanti fossili della Caucasia e della Persia, 409.—H. Pohlig. Sopra 
una monografia degli elefanti fossili della Germania e dell’ Itaha, 413.— 
A. Verri. Azione delle forze nell’ assetto delle valli, con appendice sulla 
distribuzione dei fossili nella Valdichiana e nell’ Umbria interna setten- 
trionale, 416.—A. Issel. esti di un’ antropoide rinvenuti nel pliocene a 
Pietra Ligure, 455.—B. Lotti. Gabbro od Eufotide?, 460.—A. Verri. 
Resoconto delle escursioni, 507. 
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Royal Agricultural Society. Journal. Ser. 2. Vol. xxii. Part 2. 
1886. 

-_—_—_~, '-—e------———- Voli xo Part ie iss. 

Royal Asiatic Society of Great Britain and Ireland. Journal. N. S. 
Vol. xvii. Parts 3 & 4. 1886. 

Vol. xix. Parts 1 & 2> 1887. 

Royal College of Surgeons of England. Calendar, 1886. 1886. 

Royal Geographical Society. Proceedings. Vol. viii. Nos. 7-12. 
1886. 

Ardagh. The Red Sea Petroleum Deposits, 502. 

Voleix; > Nos? 1=6:> 1867. 
E. Naumann. The Physical Geography of Japan, with remarks on the 

people, 86. 

oo 
° 

Royal Institution of Great Britain. Proceedings. Vol.xi. Part 3. 
No. 605, 183i 

J. Dewar. Recent Researches on Meteorites, 541. 

Royal Meteorological Society. Quarterly Journal. Vol. xu. Nos. 
59-61. 1886-87. 

Royal Microscopical Society. Journal. Ser. 2. Vol. vi. Parts 
4-64. 1886. 

C. D. Sherborn and F.Chapman. On'some Microzoa from the London 
Clay exposed in the Drainage Works, Piccadilly, London, 1886, 737. 

See SS Leas ae, | S57. 

Royal Society. Philosophical Transactions, 1885. Vol. clxxvi. Parts 
1 2., 13836: 

G. J. Hinde. On Beds of Sponge-remains in the Lower and Upper 
Greensand of the South of England, 403. 

: Vol clxxvi2) Part dss: 
Sir R. Owen. Description of Fossil Remains, including Foot-bones, 

of Megalania prisca, 327. 

——. Proceedings. Vol. xl. Nos. 243-245. 1886. 
H. J. Johnston-Lavis. The Relationship of the Activity of Vesuvius 

to certain Meteorological and Astronomical Phenomena, 248.—Sir R. 
Owen. Description of Fossil Remains of two Species of a Megalanian 
Genus (Merolana, Ow.) from Lord Howe’s Island, 515.—F. Rutley. 
Notes on Alterations induced by Heat in certain Vitreous Rocks, 450.— 
G. Ansdell and J. Dewar. On the Gaseous Constituents of Meteorites, 
549. 

Vol. xl. Nos. 246-250. 1886-87. 
J. Prestwich. On Underground Temperatures, with Observations of 

the Conductivity of Rocks; on the Thermal Effects of Saturation and 
Imbibition ; and on a Special Source of Heat in Mountain Ranges, 1.— 
J. Prestwich. On the Agency of Water in Volcanic Eruptions, with 
some Observations on the Thickness of the Earth’s Crust from a Geologi- 
cal Point of View; and on the Primary Cause of Volcanic Action, 117.— 
Sir R. Owen. Additional Evidence of the Affinities of the Extinct Mar- 
supial Quadruped Thylacoleo carnifex, Ow., 317. 
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Royal Society. Proceedings. Vol. xlii. Nos. 251-254. 1887. 
J. W. Mallett. On the Occurrence of Silver in Volcanic Ash from the 

Eruption of Cotopaxi of July 22 and 23, 1885, 1.—W. C. Williamson. 
Note on Lepidodendron Harcourtii and L. fuliginosum, Will., 6—W. C. 
Williamson. On the Organization of Fossil Plants of the Coal-measures : 
Heterangium tiligoides, Will., and Kaloxylon Hookeri, 8.—J. W. Hulke. 
Supplementary Note on Polacanthus Foxit, describing the Dorsal and 
some parts of the Endoskeleton imperfectly known in 1881, 16.—H. G. 
Seeley. On Proterosaurus Spenerr (Von Meyer), 86.—T. H. Huxley. 
Preliminary Note on the Fossil Remains of a Chelonian Reptile, Cerato- 
chelys sthenurus, from Lord Howe’s Island, Australia, 252.—E. Hull. 
Note on Dr. G. J. Hinde’s Paper “On Beds of Sponge-remains in the 
Lower and Upper Greensand of the South of England,’ 304.—E. T. 
Hardman. Note on Professor Hull’s Paper, 308. 

Rugby. Rugby School Natural History Society. Report for the 
Year 1886. 1887. 

St. Petersburg. Académie Impériale des Sciences. Bulletin. 
Tome xxx. No.4. 1886. 

F. Schmidt. Ueber einige neue ostsibirische Trilobiten und verwandte 
Thierformen, 502. 

: : - Tome xxxi. Nos. 2-4. 1886 & 1887. 
N. de Kokcharoff. Mursinskit, nouveau minéral, 450.—C. Zahalka. 

Sur les Phymatelles des couches crétacées en Bohéme, 464.—A. Karpinsky. 
Contributions a la connaissance géologique du gouvernement de Pskow, 
473.—-A. Karpinsky. Sur quelques roches métamorphiques de ]’Oural 
contenant le graphite et le grenat, 484. 

: Mémoires. Sér.7. Tome xxxiii. Nos. 6-8. 1886. 
E. Mojsisovics yon Mojsvar. Arktische Triasfaunen, No. 6.—J. Lahn- 

sen. Die Inoceramen-schichten an dem Olenek und der Lena, No. 7.— 
F, Schmidt. Revision der ostbaltischen silurischen Trilobiten, No. 8. 

: : Ser. 7. Tome xxxiv. Nos. 1-13. 1886. 
A. Stuckenberg. Materialien zur Kenntniss der Fauna der devo- 

nischen ablagerungen Sibiriens, No. 1.—A. Struve. Ueber die Schicht- 
enfolee in den Carbonablagerungen im siidlichen Theil des moskauer 
Kohlenbeckens, No, 6.—N. y. Kokscharow. Die etwas niheren Bestim- 
mungen der Walnewit-Krystalle yon der Grube Nikolaje~Maximilianowsk, 
No. 10. 
ee ers gs Tome xxxy. . Nos. 1887. 

Salem. Peabody Academy of Science. 19th Annual Report. 
1887. 

Sanitary Institute of Great Britain. Transactions. Vol. vii. (1885— 
86). 1886. 

J.D. Paul. On the Valley of the Soar, 261. 

School of Mines (Royal). Magazine. Vol. i. No. 3. 1877. 
Presented by W. Whitaker, Esq., F.GS. 

ae - Vol.ii. Nos.1 & 2. 1877-78. Presented by W. 
Whitaker, Esq., F.GS. 

C. L. Morgan. The Drift of Brazil, 3—H. Louis. On the Copper 
Deposit at New Annan, 66.—W. H.M. Our Isle of Wight Geological 
Trip, 77. j 

Scientific News. Vol.i. Nos. 1-5. 1887. 
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Shanghai. China Branch of the Royal Asiatic Society. Journal. 
INS S22 -Volvsax. a) Parte, Assis 

ee ee VOL ee, INO eB ESE. 

see pee Vol a exa, | iN sale lS Sta mica 

Society of Arts. Journal. Nos. 1753-1779. 1886. 

——. ——. Nos, 1780-1804. 1887. 

Society of Biblical Archeology. Proceedings. Vol. viii. 1886. 

Society of Medical Officers of Health. Transactions. Session 1885 
—86. 1886. Presented by W. Whitaker, Esq., F.GS. 

W. Eassie. On the Waters derived from the Bagshot Beds, considered 
as Drinking Supplies, 122. 

Stettin. Verein fir Erdkunde. Jahresbericht, 1886. 1887. 

Stockholm. Geologiska Foreningen. fF orhandlingar. Band viii. 
Hafte 5-7. 1886. 

O. Gumelius. Ocksa& et bidrag till historiken 6fver de geologiska 
undersékningarne 1 Sveriges fj alltrakter, 383.—H. Sjogren. Meddelande 
om slamvulkanerna i Baku, 416.—A. Sjogren. Mineralogiska notiser, XL., 
430.—A. E. Tornebohm. Karakteristik af bergartsprof, “insamlade af den 
svenska expeditionen till Gronland 4r 1883, 431.—A. E. Nordenskidld. 
Mineralogiska bidrag, 442.—Hampus von Post. Kalgranit med berg- 
beck, 453. —K. Pettersen. Notitser vedrérende den nord-norske fjeldbys- 
ning, 459.—M. Hiriakoff. Om ett fynd af qvicksilfvermahn i distriktet 
Bachmut, guvernementel Jekaterinoslaw, 470.—A. Sjogren. Mineralo- 
giska notiser, XIL., 475.—A. Hamberg. Anatas och Aha pa rutil fran 
apatitforekomsten =a Kragero, 47 eee ee Igelstrom. Mineralogiska 
meddelanden, IV. & V., 477.—M. Weibull. Om manganapatit fran ‘Ves- 
tana jemte nagra anmarkningar ofver apatitens sammansattning, 492.— 
M. Weibull. Om fiuoceriten fran Osterby i Dalarne, 496.—G. De Geer. 
Om vindnotta stenar, 501.—T. Fegreeus. Sandslipade stenar fran Gotska 
Sandon, 514.—E. Svedmark. Smiirre meddelanden, 519. 

——. Bandix. Hafte 1-4 (1887). 1887. 
A.G. Héebom. Om sekulira hojningen vid Vesterbottens kust, 19.— 

A. E. Nordenskiéld. Mineralogiska bidrag, 26.—A. Lacroix. Mikro- 
skopisk undersokning af thaumasit, 35.—T. Nordstrom. Sveriges malm- 
och metall-produktion, 1885, 37. 230), Gumelius. Samling “af uuder- 
rattelser om jordstotar i Sverige, 42,—K. Erdmann, Om en djupborr- 
ning med diamantborr for sokande efter stenkolstilleangar i Schweiz, 58, 
ap Santesson. Nickelmalmfyndigheten vid Kiefva, "66. —A. G. Nae 
thorst. Till fragan om de skiinska dislokationernas alder, 74.—E. Ber- 
trand. Thaumasitens optiska egenskaper, 131.—E. Svedmark. Smiirre 
meddelanden, I1., 151.—A. Sjogren. Anteckningar i praktisk geognosi, 
IV., 146. —G. Nordenstrim. Om anvandning af diamantborrmaskiner for 
malmfyndigheters undersokning, 151.—C. W. Blomsthand. Analys af 
eer- och ytterfosfater fran sddra Norge, ett bidrag till fragan om dessa 
mineraliers kemiska byggnad, 160. —R. Svedmark. Orografiska studier 
inom Roslagen, 188.—H. von Post. Ytterligare om nickelmalmfyndi- 
gheten vid Klefva, 215.—A. G. Nathorst. En ny teorl om de svenska 
klippbackenas uppkomst, 221.—T. Nordstrom. Om utstrackningen af 
begreppet malm, 230.—C. A. Vrang. Fynd af svartmalm med “starkt 
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utpriglad magnetism, 245.—W. C. Brogger. Forelobig meddelelse om 
mineralerne pa de sydnorske augit- og nefelinsyeniters grovkornige gange, 
247.—J. Jonsson. Bidrag till kannedomen om vara plastiska lerors an- 
vandbarhet, 275—H. Reusch. Om systematisk indsamling af jord- 
skjelvsiagttagelser paa den skandinaviske halvo, 279. 

Stuttgart. Neues Jahrbuch fiir Mineralogie, Geologie und Palaon- 
tologie, 1886. Bandi. Hefte2&3. 1886. 

L. Langemann. Beitrige zur Kenntniss der Mineralien Harmotom, 
Phillipsit, und Desmin, 83.—B. Stiirtz. Ueber palzeozoische Seesterne, 
142._N. Andrussow. Ueber zwei neue Isopodenformen aus neogenen 
Ablagerungen, 155.—J. v. Siemiradzki. Ueber Anorthitgesteine von 8. 
Thomas (Antillen), 175.—K. von Chrustschoff. Ueber einen eigenthiim- 
lichen accessorischen Gemengtheil des Granitporphyrs von Beucha und 
des Phonoliths von Olbruck, 180—A. Kenngott. Krystallgestalten des 
Hises: Formel des Manganostibiits, 184—B. Hecht. Ueber Prismen, 
welche zur Bestimmung von Brechungsindices durch Totalreflexion dienen 
sollen, 186.—A: E. Tornebohm. Ueber das Vorkommen nephritartiger 
Gesteine in Schweden, 191.—E. Haug. Ueber die systematische Stellung 
der Gattune Zurcheria, Douv., 195.—K. W. Benecke. Ueber eine 
Ophiure aus dem englischen Rhat, 195.—O. Herrmann. Gletscherschliffe 
auf der nordsichsischen Grauwacke rechts der Elbe, bei Liittechau zwi- 
schen Grossenhain und Zamenz, 200.—S. Nikitin. Ueber die Beziehun- 
gen zwischen der russischen und der westeuropaischen Juraformation, 
205.—A. von Konen. Ueber neue Cystideen aus den Caradoc-Schich- 
ten der Gegend von Montpellier, 246.—A.B. Meyer. Ein dem Nephrit 
mineralogisch nahestehendes Aktinolithgestein aus der Ryllshytte-Kom- 
pani-Grube in Dalecarlien, 255.—A. Cathrein. Petrefactenfunde bei 
Brixlege in Tirol, 257. 

sleet. Bandi. Hefte 1-3. 1887. 
M. Bauer. Beitrige zur Mineralogie, V.,1.—R. Brauns. Zur Frage 

der optischen Anomalien, 47.—C. Schmidt. Diabasporphyrite und Me- 
laphyre vom Nordabhang der Schweizer Alpen, 58.—M. Neumayr. Ueber 
die Beziehung zwischen der russischen und der westeuropiischen Jura- 
formation, 70.—A. Beutell. Ueber Prehnit von Striegau und Jordans- 
miuhl in Schlesien, 89.—F’. Sandberger. Weite Verbreitung des Jods in 
Phosphoriten, &c., 95.—A. Streng. Ueber die in den Graniten von Ba- 
veno vorkommenden Mineralien, 98.—G. Vom Rath. Ueber den Aus- 
bruch des Tarawera auf Neu-Seeland 10 Juni, 1886, 101.—F’. Sandberger. 
Bemerkungen tber den Silbergehalt des Glimmers aus dem Gneisse von 
Schapbach und des Augits aus dem Diabase von Andreasberg am Harz, 
111.—A.Cathrein. Ueber den Proterobas von Leogang, 113.—F’. Romer. 
Ueber H. v. Meyer’s Mastodon Humboldti, Cuv.?, aus Mexico, 114.— 
A.Osann. Ueber Azorit und Pyrrhit, 115.—W. Dames. Entgegnung an 
Herrn Dr. Carl Diener, 116.—P. Choffat. Kvreideablagerungen an der 
Westkuste von Siidafrika, 117.—C. Cohen. Ueber Speckstein, Pseudophit 
und dichten Muscovit aus Sud-Africa, 119.—L. Darapsky. Ueber einige 
chilenische Alaune, 125.—R. Brauns. Ueber Winkelschwankungen iso- 
troper und doppeltbrechender regularer Krystalle, 138.—A. Cathrein. 
Beitrige zur Petrographie Tirols, 147.—F’. Romer. Graptocarcinus tex- 
anus, ein Brachyure aus der oberen Kreide von Texas, 173.—R. Hiusler. 
Die Lageninen der schweizerischen Jura- und Kreideformation, 177.— 
R. Hausler. Bemerkungen tber einige liasische Milioliden, 190.—O. 
Migge. Ueber “ Gelenksandstein”’ aus der Umgegend von Delhi, 195. 
—G. Vom Rath. Ueber Cristobalit vom Cerro 8. Cristobal bei Pachuca, 
Mexico, 198.—C. Klein. Optische Untersuchung zweier Granatvorkom- 
men vom Harz, 200.—F. Graeff. lLaavenit im brasilianischen Eleo- 
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lithsyenit, 201.—H. Trautschold. Ueber Oligocin am Ostabhang des 
Ural, 203.—K. von Chrustschoff. Ueber gelungene Versuche zur Dar- 
stellung des Quarzes auf nassem und des Tridymits auf trockenem Wege, 
205,—K. von Chrustschotf. Beweis fiir den ursprunglich hyalinmagma- 
tischen Zustand gewisser echter Granite und granitartiger Gesteine, 208. 
—J. Gotz. Ueber Andalusit aus den krystallinen Schiefern von Mara- 
bastad, Transvaal, 211.—J. Striiver. Ueber Gastaldit und Glaukophan, 
213.—B. Hecht. Ueber die Modifikation, welche die Neigung der Grenze 
der Totalreflexion bei Benutzung der Wollaston’schen Methode durch 
den Austritt aus dem Prisma erleidet, 218.—C. Ochsenius. Phosphor- 
siuregehalt des Natronsalpeters, 221.—C. Klein. Beleuchtung und Zu- 
riick w yeisung elniger gegen die Lehre von den optischeu Anomalien erho- 
benen Einwendung en, 993,—F. Sandberger. Ueber einen neuen Peleky- 
poden aus dem nassauischen Unterdeve on, 247.--H. B. Patten. Horn- 
blende, Oligoklas, und Titanit aus Drusenraumen im Schriesheimer Diorit, 
261. 

Stuttgart. Neues J ahrbuch ftir Mineralogie, Geologie und Palion- 
tologie, 1887. ° Beilage-Band iv. Hett 3. 11836: 

H. Reusch. Ueber den T ysnesmeteorit und drei andere in Skandinavien 
niedergefallene Meteorsteine, 473.—H. Schedtler. HExperimentelle Unter- 
suchung iiber das elektrische Verhalten des Turmalins, 519.—O. Miigee. 
Ueber einige Gesteine des Massai-Landes, 576.—C. Rammelsberg. Ueber 
die Gruppe des Skapoliths, 610. 

. Beilage-Band v. Heft1. 1887. 
H. Reusch. Geologische Beobachtungen in einem regionalmetamor- 

phosirten Gebiet am Hardangerfjord i in N orwegen, 52.—W. Voigt. Be- 
stimmung der Elasticitats-Constanten von Beryll und Bergkr ystall, 68.— 
J. Bosscha, jun. Ueber den Meteorit von Karang-Modjo oder Magetan 
auf Java, 126.—E. Cohen. Geognostisch- “petrographische Skizzen aus 
Siid-A frika, IT., 195. 

——. Paleontographica. Band xxx. Lief. 4-6. 1886. Pur- 
chased. | 

M. Blanckenhorn. Die fossile Flora des Buntsandsteins und des Mus- 
chelkalks der Umgegend von Commern, 117.—J. Walther. Untersuch- 
ungen uber den Bau der Crinoiden mit besonderer Ber ucksichtigung der 
Formen aus dem Solenhofener Schiefer und dem Kelheimer Diceraskalk, 
155.—E. Riefstahl. Die Sepienschale und ihre Beziehung zu den Belem- 
niten, 201.—O. Roger. Ueber Dinotherium bavaricum, H.v. Meyer, 215. 
—. Fraas. Die Asterien des Weissen Jura von Schwaben und Franken 
mit Untersuchung tuber die Structure der Hchinodermen und das Kalk- 
geruste der Asterien, 227. 

. Band xxxui. Lief.1-6. 1886. Purchased. 
A. Rothpletz. Geologisch-palaontologische Monographie der Vilser 

Alpen, mit besonderer Beriicksichtigung der Brachiopoden-Systematik, 
1.—J. Schmalhausen. Ueber tertidre Pflanzen aus dem Thale des 
Flusses Buchtorma am Fusse des Altaigebirges, 181.—G. C. Laube und 
G. Bruder. Ammoniten der bohmischen Kreide, 217, 

Swansea. South-Wales Institute of Engineers. Proceedings. 
Vol, xiv.” “No. G5 sso: 

4 e VWole sare ING, Ian lsisi6- 
H. Laporte. Notes on the Coalfields and Coal Industry in Belgium, 

os 
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Sydney. Linnean Society of New South Wales. Proceedings. 
Vol.x. Part 4. 1886. 

F, Ratte. On some remarkable Crystals of Siderite, 758. 

: . Ser. 2. Vol.i. Parts 1-4. 1886-87. 
F. W. Hutton. The Mollusca of the Pareora and Oamaru Systems 

of New Zealand, 205.—F. W. Hutton. Notes on some Australian Ter- 
tiary Fossils, 481.—J. Stirling. On some Further Evidences of Gla- 
ciation in the Australian Alps, “483,—W. Stephens. Notes on the Recent 
Eruptions in the Taupo Zone, New Zealand, 513.—W. Stephens. Note 
on a Labyrinthodont Fossil from Cockatoo Island, Port Jackson, 931.— 
F. Ratte. Notes on Australian Fossils, 1064. te ah Stephens. On 
the Biloela Labyrinthodont, 1112.—W. J. Stephens. On some addi- 
tional Labyrinthodont Fossils from the Hawkesbury Sandstone of New 
South Wales, 1174.—J. Mitchell. Notes on the Geology of Bowning, 
N. 8. W., 1192. 

——. -——. Record of Proceedings, Oct. 31,1885. 8vo. 1886? 

——. Royal Society of New South Wales. Journal and Proceedings 
for 1885. Vol. xix. 1886. 

H.C. Russel. Presidential Address, 1.—H.C. Russel. Local Varia- 
tions and Vibrations of the EKarth’s Surface, 51.—S. H. Cox. Notes on 
the Characters of the Adelong Reefs, 135. 

Tokio. College of Science, Imperial University, Japan. Journal. 
Wola. Part 1: 1886. 

B. Koté. A Note on Glaucophane, 85. 

Woltue sRart.2., (1837. 

——. Imperial University of Japan (Teikoku Daigaku). The Cal- 
endar for the Year 1886-87. 1886. 

——. Seismological Society of Japan. Transactions, Vol. ix. 
Parts 1&2. 1886. 

C.G. Knott. Earthquake Frequency, 1 (part 1)—John Milne. The 
Volcanoes of Japan, 1 (part 2). 

; Nols x3 L387. 
J. Milne. On a Seismic Survey made in Tokio in 1884 and 1885, 1. 

—J.Macgowan. Earthquakes in China, 387.—T. W. Kingsmill. Notes 
to accompany some Theorems in the Dynamics of Geology, 47.—Seikei 
Sekiya. Earthquake Observations of 1885 in Japan, 57.—Seikei Sekiya. 
Catalogue of 482 Karthquakes in 1885, 65.—Earthquake Catalogues for 
1881-85, 83.—Catalogue of Earthquakes (May 1885 to January 1887), 
97. 

Toronto. Canadian Institute. Proceedings. Series 3. Vol. iv. 
Fase. 1. 1886. 

T. N. Dale. New England Upper Silurian, 69.— A. C. Lawson. 
Gneissic Foliation, 115. 

Toulouse. Société d’Histoire Naturelle. Bulletin Trimestriel. 
19° Année (1885). 1886. Sheets 15-22, concluding the vol. 

: % . 20° Année (1886), Jan.—Déc. 1886. 
J. Kiihn. Recherches sur les Ophites des Pyrénées, 163. 
VOL. XIII. m 
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Turin. Reale Accademia delle Scienze. Atti. Vol. xxi. Disp. 3, 4. 
1886. 

: : 7 Noll xxt, Disp: 6,7 tose: 
E. Mattirolo. Sulla Natrolite di Montecatini, Val di Cecina, 848.—F. 

Sacco. Intorno ad alcune impronte organiche dei terreni terziari del Pie- 
monte, 927. 

SSS, Ol. xxi) Dis. lepeltcare 
G. Spezia. Sulla fusibilita dei minerali, 419.—F. Sacco. Studio geolo- 

gico dei dintorni di Voltaggio, 613. 

é . Memorie. Serie 2. Tomo xxxvii. 1886. 
L. Bellardi. I Molluschi dei terreni terziarii del Piemonte e della Li- 

guria, Parte iv., 3.—F. Sacco. Fauna malacologica delle alluvioni pliocen- 
iche del Piemonte, 169.—A. Portis. Catalogo descrittivo dei Talassoterii 
rinvenuti nei terreni terziarii del Piemonte e della Liguria, 247.—A. de 
Gregorio. Fossili del Giura-Lias (Alpiniano, De Greg.) di Segan e di 
Valpore (Cima d’Asta e Monte Grappa), 451.—A. de Gregorio. Nota 
intorno a taluni fossili de Monte Erice di Sicilia del piano Alpinianio, De 
Greg. (=Giura-Lias auctorum), e precisamente del sottorizzonte Grap- 
pino, De Greg., ecc., 665. 

——. Osservatorio della Regia Universita. JBollettino. Anno 
20, 1885. 1886. 

University College Calendar, Session 1886-87. 1886. 

Victoria Institute. Journal of the Transactions. Vol. xx. Nos. 
78-80. 1886-87. 

; Pe Volpexis, WNoL Sd. leer: 
E. Hull. Notes on some of the Results arrived at by Members of the 

Expedition sent out by the Committee of the Palestine Exploration Fund, 
in 1883-84, to Arabia Petreea and Western Palestine, 11. 

Vienna. Beitrage zur Paliontologie Oesterreich-Ungarns und 
des Orients. Bandv. Heft 3. 1886. Purchased. 

F. Wahner. Beitrage zur Kenntniss der tieferen Zonen des unteren 
Lias in den nordéstlichen Alpen, 57.—A. v. Alth. Ueber die Zusam- 
mengehorigkeit der den Fischgattungen Pteraspis, Cyathaspis, und Sca- 
phaspis zugeschriebenen Schilder, 61. 

——. Kaiserliche Akademie der Wissenschaften. Anzeiger, 1886. 
Nos. 15-27. 1886. 

C. v. Ettingshausen. Beitrage zur Kenntniss der Tertiarflora Austra- 
liens, 177. 

; ——, 1887. Nos. 1-8. 1887. 
C. v. Ettingshausen. Beitrage zur Kenntniss der fossilen Flora Neu- 

seelands, 1—M. Wilckens. Ueber ein Fossiles Pferd Persiens, 42.—F. 
Becke. Atzversuche am Pyrit, 45. 

——, Denkschriften. Band]. 1885. 

Abtheilung I. 
C. v. Ettingshausen. Die fossile Flora von Sagor in Krain, 1.—M. 

Neumayr. Die geographische Verbreitung der Juraformation, 57. 

Abtheilung IL. 
F, Toula. Geologische Untersuchungen in der “ Grauwackenzone ” 
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der nordostlichen Alpen, 121.—G. Bruder. Die Fauna der Jura-Abla- 
gerung von Hohnstein in Sachsen, 233.—F. Toula und J. A. Kail. Ueber 
einen Krokodil-Schaidel aus den Tertiirablagerungen von Eggenberg in 
Niederdsterreich, 299. 

Vienna. Kaiserliche Akademie der Wissenschaften. Sitzungs- 
berichte. Mathematisch-naturwissenschaftliche Classe, 1884. 
Band xci. Heft 5 (1885). 1885. 

——. ——,1885. Band xcii. Hefte 1-5 (1885). 
1885-86. 

C. Prohaska. Ueber den Basalt von Kollnitz im Lavantthale und 
dessen glasige cordieritfiihrende Einschliisse, 20—C. W. C. Fuchs. 
Statistik der Erdbeben von 1865-85, 215.—C. Diener. Die Structur des 
Jordanquellgebietes, 633.—C. Zahalka. Ueber Isoraphinia texta, Rom. 
sp., und Seytalia pertusa, Reuss sp., aus der Umgebung von Raudunitz a. 
E. in Bohmen, 647. 

: . Band xciii. Hefte 1-3 (1886). 1886. 
G. Bruder. Neue Beitrage zur Kenntniss der Juraablagerungen im 

nordlichen Béhmen, 193. 

——. K.-k. Bergakademien zu Leoben und Pribram und der 
kénighch-ungarische Bergakademie zu Schemnitz. Berg- und 
Hiuttenmannisches Jahrbuch. Band xxxiv. Heite 2-4. 1886. 

De Charcourtois, Lallemand, und Chesneau. Ueber das Studium der 
Bewegungen der Erdrinde mit Rucksicht auf deren Beziehungen zum 
Auftreten schlagender Wetter, 298. 

——_—_ 
. 

ee Band xxxy. Heft I. 1887. 

——. K.-k. geologische Reichsanstalt. Abhandlungen. Band xii. 
Nos. 1-4. 1886. (New vol. xu.) 

L. Tausch. Ueber die Fauna der nicht marinen Ablagerungen der 
oberen Kreide des Csingerthales bei Ajka im Bakony (Veszprimer Comi- 
tat, Ungarn) und iiber einige Conchylien der Gosaumergel yon Aigen bei 
Salzburz, 1.—D. Stur. Beitrag zur Kenntniss der Flora des Kalktuffes 
und der Kalktuff-Breccie von * Hatting bei Innsbruck, 33.—M. Vacek. 
Ueber die Fauna der Oolithe von Cap S. Vigilio, verbunden mit einer 
Studie uber die obere Liasgrenze, 57.—G. Geyer. Ueber die lasischen 
Cephalopoden des Hierlatz bei Hallstadt, 213. 

Jahrbuch, 1886. Band xxxvi. Hefte 2-4. 1886. 
J. Walther. Vulcanische Strandmarken, 295.—A.H. Schindler. Die 

Gegend zwischen Sabzwaér und Meschhed in Persien, 303.—F. Lowl. 
Spalten und Vulcane, 315.—F. von Hauer. Bemerkung zu Dr. A. 
Brezina’s ‘Abhandlungen : Die Meteoritensammlung des k.-k. mineralo- 
gischen Hofcabinets in Wien am 1 May, 1885, 326.—C. von John und 
H. B. yon Foullon. Arbeiten aus dem chemischen Laboratorium der 
k.-k. geologischen Reichsanstalt, 329.—F. Frech. Ueber ein neues Lias- 
yorkommen in den Stubaier Alpen, 355.—H. Zapalowicz. Eine geolo- 
gische Skizze des dstlichen Theiles der Pokutisch-Marmaroscher Grenz- 
Karpathen, 361.—S. Polifka. Beitrag zur Kenntniss der Fauna des 
Schlern-Dolomites, 595.—H. Sjégren. Beitrage zur Kenntniss der Erz- 
lagerstaétten von Moravica und Dognacska im Banat und Vergleichung 
derselben mit den schwedischen Eisenerzlagerstatten, 607.—J. v. Siemi- 
radzki. Studien im pélnischen Mittelgebirge, 669.—E. Tietze. Beitri age 

m2 
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zur Geologie von Galizien, 681.—F’. Toula. Geologische Notizen aus dem 
Triestingthale, 699.—F. Teller. Ueber porphyritische Hruptivgesteine 
aus den Tiroler Central-Alpen, 715.—H. v. Foullon. Ueber Porphyrite 
aus Tirol, 747. 

Vienna. K.-k. geologische Reichsanstalt. Verhandlungen, 1886. 
Nos. 7-18. 1886. 

G.C. Laube. Ueber bohmische Kreide-Ammoniten, 152.—J. Blaas. 
Kin Beitrag zu den ‘ pseudoglacialen ” Erscheinungen, 155,—E. v. Moj- 
SISOVICS. Vorlage des Werkes “ Arktische Triasfaunen,” 155.—F. Wah- 
ner. Zur heteropischen Differenzirung des alpinen Lias, 168, 190.—J.N. 
Woldrich. Palaontologische Beitrige, 176,—L. v. Tausch. Ueber die 
Beziehungen der Fauna der nicht-marinen Kreidebildungen von Ajka 
im Bakony zu jener der Laramiebildungen Nord-Amerikas, 180.—F. 
Toula. Mittelneocom am Nordabhange des grossen Flosselberges bei 
Kaltenleutgeben, 189.—C: v. John. Ueber die Andesite von Rzegocina 
und Kamionna bei Bochnia in Westgalizien, 213.—H. Lechleitner. Die 
Kreide von Pletzach (Ladoi) auf dem Sonnenwendjoche bei Brixlegg, 
215.—K. F. Fraunscher. Geologisches aus Kgypten, 216.—K. von Chrust- 
schotff. Mikrolithologische Mittheilungen, 230.—C. M. Paul. Aufnahms- 
bericht aus der Gegend zwischen Bielitz-Biala und Andrychau, 259.— 
V. Uhlig. Reisebericht aus der Gegend von Teschen und Saybusch, 240. 
L. v. Tausch. Reisebericht aus Saybusch, 241.—A. Bittner. Aus den 
Umgebungen von Windischgarsten in Oberdsterreich und Palfau in Ober- 
steiermark, 242.—G. Geyer. Ueber das Sengsengebirge und deren nord- 
liche Vorlagen, 247.—H. Lechleitner. Zur Rofangruppe, 25/.—H. Lech- 
leitner. Das Sonnenwendjochgebirge bei Brixlege, 261.—E. Palla. Re- 
cente Bildung von Markasit in Inkrustationen im Moore yon Marienbad, 
266.—F. Teller. Die silurischen Ablagerungen der Ost-Karawanken, 
267.—R. Scharizer. Der erste dsterreichische Monazitfund, 283.—C. M. 
Paul. Aufnahmsbericht aus der Gegend zwischen Bielitz und Teschen, 
284.—F’. Teller. Ein Zinnoberfuhrender Horizont in den Silur-Ablager- 
ungen der Karawanken, 285.—C. v. Camerlander. Reisebericht aus 
Westschlesien, 294.—A. Cathrein. Zur. Gliederung des rothen Sand- 
steines, 507.—A. Pichler. Vom Sonnenwendjoch, 311.—V. Uhlig. Reise- 
bericht aus der Karpathensandstein-Zone Schlesiens, 315.—L. v. Tausch. 
Reisebericht aus der Gegend von Saybusch, 317.—F. Romer. Ueber einen 
bemerkenswerthen Fund von Granat-Krystallen auf der Dominsel in 
Breslau, 328.—F. Sandberger. Bemerkungen tiber fossile Conchylien 
aus dem Susswasserkalke von Leobersdort, 331.—C. v. Camerlander. 
Reisebericht aus Westschlesien, 332.—M. Neumayr. Juraablagerungen 
von Waidhofen an der Ybbs, 348.—E. Doll. Ueber einen Riesen- 
pegmatit bei Pisek, 351.—E. Doll. Pyrit nach Turmalin, eine neue 
Pseudomorphose, 355.—C. v. Camerlander. Ein Korundvorkommen in 
nordwestlichen Schlesien, 556.—C. W. v. Gumbel. Kurze Bemerkung 
uber die Nummulitenschichten am Nordrande der Alpen, 367.—-F. Her- 
bich. Ueber Kreidebildungen der siebenbirgischen Ostkarpathen, 368.— 
A. Bittner. Die neuesten Wandlungen in den modernen Ansichten iiber 
Gebirgshildung, 374.—D. Stur. Vorlage des ersten fossilen Schadels von 
Ceratodus aus den obertriadischen Reingrabner Schiefern von Pélzberg 
nordlich bei Lunz, 381.—D. Stur. Obercarbonische Pflanzenreste vom 
Bergbau Reichenberg bei Assling in Oberkrain, 383.—G. Stache. Ueber 
das Alter von bohnerzfiihrenden Ablagerungen am “‘ Monte Promina” in 
Dalmatien, 385.— A. Bittner. Neue Petrefactenfunde im Werfener 
Schiefer der Nordostalpen, 387.—G. Bukowski. Mittheilung uber eine 
neue Jodquelle in der miocanen Randzone der Karpathen und tuber Algen- 
funde in den wasserfuhrenden Schichten. 391.—F. Sandberger. Die fos- 
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silen Binnen-Conchylien des Hornsteins von Dukovan bei Oslawan in 
Mahren, 403.—F. Toula. Ueber ein neues Vorkommen von Kalkes der 
sarmatischen Stufe am Thebener Kogel, 404.—F’. Toula. Ueber das Vor- 
kommen yon Congerien-schichten am Hundsheimerberge zwischen Hund- 
sheim und Hainburg, 405.—A. Rzehak. Die Conchylienfauna des mari- 
nen Sandes von Rebeschowitz in Miahren, 406—J.N. Woldrich. Zur 
diluvial Fauna der Stramberger Hohlen, 407.—A. M. Lomnicki. Die 
tertiare Stisswasserbildung in Ostgalizien, 412.—D. Stur. Vorlage der 
von Dr. Wahner aus Persien mitgebrachten fossilen Pflanzen, 431.—E. 
Tietze. Beitrige zur Geologie von Galizien, 436.—V. Uhlig. Ueber ein 
Juravorkommen vom Berge Holikopetz bei Koritschan im mihrischen 
Marsegebirge, 436.—V. Goldschmidt. Ueber das specifische Gewicht von 
Mineralien, 459.—A. Bittner. Ueber die weitere Verbreitung der Reich- 
enhallen Kalke in den nordostlichen Kalkalpen, 445.—A. Hofmann. 
Vorlaufige Mittheilung tiber neuere Funde von Saugethierresten von 
Goriach, 450.—J. N. Woldrich. Ueber das Vorkommen einiger Mine- 
ralien in Siidbjhmen, 453.—M. Vacek. Ueber die geologischen Verhilt- 
nisse des Flussgebietes der unteren Miirz, 455.—H. B. v. Foullon. Ueber 
neu eingelangte Minerale, 464. 

Vienna. K.-k. geologische Reichanstalt. Verhandlungen, 1887. 
Nos. 1-8. 1887. 

F. Romer. Nachtraéglichen Daten zu dem Granatenfunde auf der 
Dominsel, 42.—G. Giirich. Einschliisse von geréllartiger Form aus Stein- 
kohlenflotzen von Oberschlesien, 43.—F. vy. Sandberger. Bemerkungen 
zu den neueren Verodffentlichungen Lomnicki’s tber die tertiaren Brack- 
und Siisswasserbildungen Galiziens, 45.—A. Pichler. Zur Geologie der 
Kalkeebirge siidlich von Innsbruck, 45.—G. C. Laube. Pinitfiihrender 
Granitporphyr von Raitzenhain, 47.—L. Teisseyre. Notiz iiber einige 
seltenere Ammoniten der Boliner Oolithe, 48.—F. Kraus. Ueber Do- 
linen, 54.—C. M. Paul. Geologische Karte der Gegend zwischen Andry- 
chau und Teschen, 63.—E. Tietze. Ueber recente Niveauveranderungen 
auf der Insel Paros, 63.—C.v. Camerlander. Zur Geologie des Granulit- 
gebietes von Prachatitz, 66.—E. Tietze. Noch ein Wort zu Dr. Diener’s 
Libanon, 77.—A. Bittner. Zur Verbreitung der Opponitzer Kalke in den 
nordsteirischen und in den angrenzenden oberésterreichischen Kalkalpen, 
81.—A. Cathrein. Ueber Augitporphyr von Pillersee, 86.—A. Rzehak. 
Die Foraminiferenfauna des grinen Oligocinthones von Nikoltschitz in 
Mahren, 87.—A. Bittner. Aus dem Gebiete der Ennsthaler Kalkalpen 
und des Hochschwab, 89.—G.C. Laube. Notiz uber eine eigenthumliche 
Biegung des Muskowitgneisses auf der Ruine Hassenstein bei Kaaden, 
133.—A. Rzehak. Die Foraminiferenfauna des blauen Oligocainthones 
von Nikoltschitz in Mahren, 133.—E. Palla. Zur Frage der Palmennatur 
der Cyperites-aihnlichen Reste aus der Hottinger Breccie, 136.—A. Penck. 
Die Hottinger Breccie, 140.—F. Teller. Die Aquivalente der dunklen 
Orthoceren-Kalke des Kok im Bereiche der Silurbildungen der Ost-Kara- 
wanken, 145.—H. Sjogren. Ueber die petrographische Beschaffenheit 
des eruptiven Schlammes von den Schlammvulcanen der Kaspischen 
Region, 165.—D. Stur. Aussprache an die geehrten Anwesenden aus 
Veranlassung der gliicklichen Riickkehr des Collegen Herrn Prof. Dr. O. 
Lenz yon seiner dritten Afrikareise, 170.—D. Stur. Vorlage der Cala- 
marien der Carbon-Flora der Schatzlarer Schichten, 171.—H. B. v. Foul- 
lon. Ueber die Zusammensetzung einer accessorischen Bestandmasse 
aus dem Piseker Riesenpegmatit, 150.—M. Vacek. Ueber einige Pachy- 
dermenreste aus den Ligniten von Kentschach in Karnten, 156.—V.Uhhg. 
Ueber Neocom vom Gardenazza-Stock in Sudtirol, 156.—C. v. Camer- 
lander. Aus dem Granitgebiete von Friedeberg in Schlesien, 157.—F 
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Becke und M. Schuster. Geologische Beobachtungen im Altvatergebirge, 
109.—M. Vacek. Ueber neue Funde yon Mastodon aus den Alpen, 120. 
—C. von Camerlander. Vorlage yon Mittheilungen Herrn Dr. H. 
Sjogren’s tiber das transkaspische Naphtagebiet, 123.—G. Geyer. Bericht 
tiber die geologischen Aufnahmen auf dem Blatte Kirchdorf in Oberéster- 
reich, 124.—C. J. Wagner. Ueber die Warmeverhaltnisse in der Ost- 
halfte des Arlbergtunnels, 185.—F. Wahner. Ueber die stratigraphische 
Beziehungen des Alpen-Lias zum Dachsteinkalk, 186—L. v. Tausch. 
Einiges tiber die Fauna der grauen Kalke der Sudalpen, 187. 

Vienna. K.-k. naturhistorische Hofmuseums. Annalen. Band i. 
Nos. 3-4. 1886. 

A. Gehmacher. Goldsand mit Demantoid vom alten Ekbatana und 
Hamadan, 233.—R. Kochlin. Ueber ein neues Euklas-Vorkommen aus 
den dsterreichischen Tauern, 257. 

: . ——. Bandit. Nos. 1&2. 1887. 
E. Pergens. Pliocane Bryozoen von Rhodos, 1—N. Andrussou. Eine 

fossile Acetabularia als gesteinbildender Organismus, 77.—R. Kochlin. 
Ueber Phosgenit und ein muthmisslich neues Mineral yom Laurion, 185. 

——. Mineralogische und petrographische Mittheilungen. N. F. 
Band vii. Heft 6. 1886. Purchased. 

B. Doss. Die basaltischen Laven und Tuffe der Provinz Hauran und 
vom Diret-et Tulil in Syrien, 461.—C. Dolter. Synthese und Zusam- 
mensetzung des Pyrrhotin, 535, 

——. Band vii. Hefte 1-5. 1886-86. Pur- 
chased. 

C. Klement. Analysen einiger Mineralien und Gesteine aus Belgien, 1. 
—C. Fuchs. Die vulcanischen Ereignisse des Jahres 1885, 21 Jahres- 
bericht, 28.—F. Eigel. Ueber einige trachytische Gesteine von der Insel 
San Pietro, 62.—F. Eigel. Ueber einige Eruptivgesteine der Pontinis- 
chen, 73.—C. von Vogdt. Diabasporphyrit aus der Ungegend der Stadt 
Petrosawodsk im Plonetzer Gouvernement, 101.—B. Mierisch. Die Aus- 
wurfsblocke des Monte Somma, 113.—H. Wulf. Beitrag zur Petrogra- 
phie des Hererolandes in Siidwest-Africa, 193.—F. Becke. Atzversuche 
am Pyrit, 232.—A. Cathrein. Ueber Chloritoidschiefer von Grossarl, 331. 
—H. Wichmann. Brookit vom Schwarzkopf, 338.—E. Ludwig und G. 
Tschermak. Der Meteorit von Angra dos Reis, 341.—L. Hubbard. 
Beitrige zur Kenntniss der Nosean-fihrenden Auswiirflinge des Laacher 
Sees, 356.—A. Cathrein. Beitrage zur Mineralogie Tirol’s, 400. 

—. Kaiserlich-konigliche zoologisch-botanische Gesellschaft. 
Verhandlungen. Band xxxvi. Quartal 1-4. 1886. 

O. Stapf. Die Pflanzenreste des Hallstatter Heidengebirges, 407. 

Warwick. Warwickshire Naturalists’ and Archeologists’ Field Club. 
Proceedings, 1885. 1886. 

P.B. Brodie. On a recent Discovery of Annulose Animals (Blatta and 
a Scorpion) in British and Foreign Upper and Middle Silurian Rocks, 
18.—P. B. Brodie. On the last Boring near London, and its results, 22. 

Washington. Smithsonian Institution. Annual Report for the 
year 1884. Parts 1 & 2., 1885. 

——. Bureau of Ethnology. Fourth Annual Report, 1882-83. 
4to. Washington. 1886. 

4 
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Wellington, N.Z. New-Zealand Institute. Transactions and Pro- 
ceedings, 1885. Vol. xvii. 1886. 

S. W. Baker. A Description of the New Volcano in the Friendly 
Islands, near Tongatabu, 41.—T. J. Parker. Notes on a Skeleton of 
Notornis, 78.—F. W. Hutton. On the Geology of Scinde Island, 327.— 
F. W. Hutton. New Species of Tertiary Shells, 333.—F. W. Hutton. 
The Wanganui System, 336.—A. McKay. On the Age of the Napier 
Limestone, 367.—W. Skey. On a new Mineral (Awaruite) from Barn 
Bay, 401.—W. S. Hamilton. On Platinum Crystals in the Ironsands of 
Orepuki Goldfields, 402. 

Index, Vols.i.xvii. 1886. 

Wiesbaden. Nassauische Vereins fur Naturkunde. Jahrbiicher. 
Jahrgang xxxix. 1886. 

R. Fresenius. Neue chemische Untersuchung des Kochbrunnens zu 
Wiesbaden, ].—H. Fresenius. Chemische Untersuchung der Schiutzen- 
hof-Quelle zu Wiesbaden, 21.—F. Kinkelin. Zur Geologie der unteren 
Wetterau und des unteren Mainthales, 55. 

Winchester. Natural History Society. Geological Section. Geolo- 
gical Notes. 1886. (12mo.) Presented by E. Westlake, Esq., 
F.GS. 

York. Yorkshire Philosophical Society. Annual Report for 1886. 
1887. 

H. M. Platnauer. On the Occurrence of Strophodus Rigauxt (Sauv.) 
in the Yorkshire Cornbrash, 36. 

Zoological Society. Proceedings, 1886. Parts 1-4. 1887. 
A. Smith Woodward. On the Anatomy and Systematic Position of 

the Liassic Selachian, Sgualoraja polyspondyla, Agassiz, 527.—A. S. 
Woodward. On the Relations of the Mandibular and Hyoid Arches in a 
Cretaceous Shark (Hybodus dubrisiensis, Mackie), 218. 

——. Transactions. Vol. xii. Parts 3-6. 1886-87. 
E. T. Newton. On the Remains of a Gigantic Species of Bird (Gast- 

ornis Klaassenit, nu. sp.) from the Lower Eocene Beds near Croydon, 143. 
—J. von Haast. On Megalopteryx Hectort, a new Gigantic Species of 
Apterygian Bird, 161.—J. yon Haast. On Dinornis Oweni, anew Species 
of Dinornithidee, with some remarks on D. curtus, 171. 

—. Report of the Council for the Year 1886. 1887. 

2. Booxs. 

Names of Donors in Italics. 

Abel, Sir Frederick. The Work of the Imperial Institute. 8vo. 
London, 1887. 

Adamson, S. A., and A. Harker. Bibliography of the Geology and 

Paleontology of the North of England, 1885. 8vo. 1886. 

——. The Hitchingstone, Keighley Moor. 8vo. Birmingham, 

18386. 
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Albrecht, P. Anatomische Schriften des Professors Dr. P. Albrecht. 
8vo. Hamburg, 1886. 

Mittheilungen zur 59 Versammlung deutscher Naturforscher 
und Arzte zu Berlin. Aus der Sektion fur Anatomie. 8vo. 
1886. 

Ueber den morphologischen Werth uberzahliger Finger und 
Zehen. 8vo. 1886. 

——. Ueber die cetoide Natur der Promammalia. 8vo. Jena, 1886. 

Ueber die morphologische Bedeutung der Penischisis, Epi- 
und Hypospadie des Menschen. 8vo. 1886. 

Ueber eine in zwei Zipfel auslaufende rechtsseitige Vorderfioss 
bei einem Examplare von Protopterus annectens, Ow. 8vo. Ber- 
lin, 1886. 3 

Verliuft der Nervenstrom in nicht geschlossener, oder 
eeschlossener Strombahn, und wie gelangt er, wenn letzteres der 
Fall ist, zum Sitze der elektromotorischen Kraft zuriick? 8vo. 
Erlangen, 1887. 

Zur Diskussion der die Hasenscharten und schragen Gesichts- 
spalten betreffenden Vortrige der Herren Bisudi und Morian. 
8vo. 1886. 

Alsace-Lorraine. Geologische Specialkarte von Elsass Lothringen. 
Abhandlungen. Bandiv. Heft 3. 8vo. Strassburg, 1887. 
Purchased. 

Argentine Republic. Informe oficiale de la Comision Cientifica 
agregada al Estado Mayor General de la Expedicion al Rio Negro 
(Patagonia) Realizada en los meses de Abril, Mayo y Junio de 
1879, bajo las ordenes del General D. Julio A. Roca. Entrega I. 
Zoologia. 4to. Buenos Aires, 1881. Presented by the Académie 
Nationale des Saences résidant a Cordoba. 

——. -——. Entrega II. Botanica. 4to. Buenos Aires, 1881. 

——. ——. Entrega III. Geologia. 4to. Buenos Aires, 1882. 

Censo General de la Provincia de Buenos Aires ; Demogrd- 
fico, Agricola, Industrial, Comercial, &c., verificado el 9 de Octubre 
de 1881 bajo la administracion del Doctor Don Dardo Rocha. 4to. 
Buenos Aires, 1885. 

Sistema di Medidas y Pesas dela Republica Argentina. 8vo. 
Buenos Aires, 1881. 

——. Ferro-carril Central del Norte. Ramal a la Rioja y Cata- 
marca. Seccion Primera. JDe la estacion recreo (F.C.C.N.) 
Chumbicha. Informe General del proyecto con las especificaciones, 
analisis de precios y documentos justificativos presentado al Minis- 
terio del Interior por el Departamento de Ingenieros civiles de la 
Nacion. 8vo. Buenos Aires, 1883. 
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Army Medical Department. Report for the year 1884. Vol. xxvi. 
8vo. London, 1886. 

Atkinson, EH, T. Annual Address to the Asiatic Society, Calcuttta, 
February 2, 1887. 8vo. Calcutta, 1887. 

Atkinson, W. C. A Historical and Statistical Account of New 
Brunswick, B.N.A., with advice to Emigrants. 3rd edition. 8vo. 
Edinburgh, 1844. Presented by W. Whitaker, Esq., F.G.S. 

Bagot, A. Accidents in Mines; their Causes and Prevention. 8vo. 
London, 1878. Presented by W.S. Dallas, Esq., F.LS. 

Bargagli, P. Un nuovo lavoro del Socio sig. Herbert Goss “ Di 
alcuni insetti scoperti recentemente in roccie carbonifere e silu- 
riane.” 8yvo. Florence, 1886. 

Barrows, C. ‘Observations sur la constitution géologique de la Bre- 
tagne. (2° article.) 8vo. Lille, 1884. 

Note préliminaire sur les schistes 4 staurotide du Finistere. 
8vo. Lille, 1884. 

Sur la Faune de Hout-de-Ver (Haute-Garonne). 8vo. 
Lille, 1886. 

. Note sur la structure stratigraphique des Montagnes du 
Menez (Cotes-du-Nord). S8vo. Lille, 1885. 

Sur les Tremblements de Terre de l’Andalousie. 8vo. 
Lille, 1885. 

. Mémoire sur le calcaire 4 polypiers des Cabricres (Hérault). 
Svo. Lille, 1886. 

Note sur le Kerzanton de la Rade de Brest. 8vo. Lille, 
1887. 

Bayonne Bar. Instruction pour aller chercher la Barre de Bayonne, 
entrer dans la riviere ou mouiller dans les environs, par Bougret 
de la Grye. 8vo. Paris, 1886. Presented by the Dépot de la 
Marine. 

Beinert, C. C. Der Meteorit von Braunau am 14 Juli 1847. 8vo. 
Breslau, 1847. Presented by the Royal Society. 

Bell, H. G. Selections of the most remarkable Phenomena of 
Nature. 12mo. Edinburgh, 1887. Presented by W. Whitaker, 
Esq., F.GS. 

Bonney, T. G. Address to the Mineralogical Section of the British 
Association, 1886. 8vo. London, 1886. 

Address to the Mineralogical Society, 1885. 8vo. London, 
1886. 

On a Glaucophane-Eclogite from the Val d’Aoste. 8vo. 
London, 1886. 

Boulger, G. S. On the Connection in Time of Changes in Fossil 
Floras with those of Faunas. S8vo. London, 1887. 
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British Museum (Natural History). A Guide to the Exhibition 
Galleries of the Department of Geology and Paleontology. 4th 
edition. 8vo. London, 1886. Presented by the Trustees. 

—. «——. —. ——. Presented by Dr. H. Woodward, 
ERS., ViP.GS. 

——. Catalogue of the Blastoidea in the Geological Department, 
by R. Etheridge, jun., and P.H. Carpenter. 4to. London, 1886. 
Presented by the Trustees. 

Catalogue of the Fossil Mammala. Part IV., containing 
the Order Ungulata, Suborder Proboscidea. By R. Lydekker. 
dvo. London, 1886. Presented by the Trustees. 

Brodie, P. B. On a recent Discovery of Annulose Animals (Blatta 
and a Scorpion) in British and Foreign Upper and Middle Silurian 
Rocks. 8vo.: Warwick, 1886. . 

——. On the last Boring near London and its Results. 8vo. 
Warwick, 1886. 

Brough, B. H. Use of the Magnetic Needle in exploring for Iron- 
Ore. 8yvo. London, 1887. 

Brown, J. A. Sketch of the Geology of Ealing, with Kvidences of 
Glacial Deposit. 8vo. London, 1884. Presented by W. Whitaker, 
Eisq., F.GS. 

Briickner, E. Die Vergletscherung des Salzachgebietes nebst Beo- 
bachtungen iiber die HKiszeit in der Schweiz. S8vo. Vienna, 1886. 
Purchased, | 

Buckler, W. See Ray Society. 

Buda-Pest. Allgemeine Landes-Ausstellung, 1885. Special-Katalog 
der Viten Gruppe fiir Bergbau, Hiittenwesen und Geologie. 8vo. 
Budapest, 1885. Presented by the Fachcommission der VIten 
Gruppe through the Hungarian Geological Institute. 

Californian State Mining Bureau. Sixth Annual Report. Parts 1 
& 2, for the year 1886. 8vo. Sacramento, 1886-87. 

Callon, J. Lectures on Mining, delivered at the School of Mines, 
Paris. Translated at the Author’s request, by C. Le Neve Foster 
and W. Galloway. Vol.ii. 8vo. London, 1886. Purchased. 

Canada. Colonial and Indian Exhibition, London, 1886. Descrip- 
tive Catalogue of a Collection of Economic Minerals of Canada, 
by the Geological Corps, A. &.C. Selwyn, Director. 8vo. Lon- 
don, 1886. 

Geological and Natural-History Survey. Report. New 
Series, Vol. i. 1885. S8vo. Montreal, 1886. 

Cape of Good Hope. Report on a supposed extensive deposit of 
Coal underlying the Central Districts of the Colony, by E. J. 
Dunn. 4to. Cape Town, 1886. Presented by the Secretary of 
State for the Colonies. 
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Caruana, A.A. Recent further Excavations of the Megalithic An- 
tiquities of “‘ Hagiar-Kim,” Malta, executed in the year 1885. 
Obl. fol. Malta, 1886. 

Carthaus, E. Mittheilungen iiber die Triasformation im norddst- 
lichen Westfalen und in einigen angranzenden Gebieten. S8vo. 
Wurzburg, 1886. Purchased. 

Caspary, R. FEinige neue Pflanzenreste aus dem samliindischen 
Bernstein. 4to. Konigsberg in Pr., 1886. 

Castillo, A. del, y M. Bédrcena. El Hombre del Penton. 8vo. 
Mexico, 1885. 

Challenger. Reports on the Scientific Results of the Voyage of 
H.M.S. ‘ Challenger’ during the years 1873-76. Botany. Vol. ii. 
4to. London, 1886. Presented by H.M. Treasury. 

; Zoology. Vol. xv. 4to. London, 1886. Pre- 
sented by H.M. Treasury. 

Vol. xvi. 4to. London, 1886. Presented 
by ‘H. iM. Treasury. 

—- 

by ‘EM. Treasury. 

: . —. Vol. xvui. Parts 1 & 2, and plates. 4to. 
London, 1887. Presented by H.M. Treasury. 

Vol. xix. 4to. London, 1887. Presented 

Vol. xvii. 4to. London, 1886. Presented 

by 74 Me: Treasury. 

Chaper, —. Note sur une Pegmatite diamantifere de /Hindoustan. 
8yo. Paris, 1886. 

Chaubard, L. A. Eléments de Geologie mis a la portée de tout 
le monde. 2° édition. 8vo. Paris, 1838. Presented by H. 
Bauerman, Esq., P.G.S. 

Cheyreul, Centenaire de M., 31 Aott, 1886. Discours prononcés 
au Muséum d’ Histoire Naturelle. Ato. Paris, 1886. 

Cialdi, A. Sul moto ondoso del mare e su le correnti di esso. 2° 
édition. S8yo. London, 1866. Presented by the Royal Socety. 

Claypole, HE. W. Buffalo and Chicago, or “ What might have been.” 
Svo. Salem, 1886. 

Close, M. H. The Geology of the Neighbourhood of Dublin, as 
affecting its Sanitary Conditions. 8vo. London, 1884. Pre- 
sented by W. Whitaker, Esq., F.GS. 

Cocco, L. Risposta alle osservazioni di Luigi F. Schopen fatte circa 
le opinioni del Prof. Seguenza sul Lias superiore dei dintorni di 
Taormina, 1886. 8vo. Messina, 1886. 
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Cockburn, W. A Letter to Professor Buckland concerning the 
Origin of the World. 8vo. London, 1838. Purchased. 

A new System of Geology ; dedicated to Professor Sedgwick. 
8vo. London, 1849. Purchased. 

Cole, E. M. Notes on the Geology of the Hull, Barnsley, and West 
Riding Junction Railway and Dock. 8vo. Hull, 1886. Pre- 
sented by G. Bohn, Esq. 

Conwentz, H. Ueber ein tertiiires Vorkommen cypressenartiger 
Holzer bei Calistoga in Californien. 8vo. Stuttgart, 1878. 

Bericht tiber die Durchforschung der Provinz Westpreussen 
in naturhistorischer, archaologischer und ethnologischer Bezie- 
hung Seitens des Westpreussischen Provinzial-Museums und der 
vom Proyinzial-Landtage subventionirten Vereine wahrend der 
ersten sechsjiihrigen Etatsperiode der Verwaltung des West- 
preussischen Provinzial-Verbandes. 8yo. Danzig, 1884. 

Heinrich Robert Goppert, sein Leben und Wirken. 8vo. 
Danzig, 1815. 

Sobre Algunos drboles fosiles del Rio Negro. 8vo. Buenos 
Aires, 1885. 

Herstellung mikroskopischer Priparate von fossilen Pflanzen. 
Svo. Danzig ?, 18—. 

——. See Goppert, H. R. 

Cope, EH. D. The Vertebrata of the Swift Current Creek Region of 
the Cypress Hills. 8vo. Montreal, 1885. 

On two new Species of Three-toed Horses from the Upper 
Miocene, with Notes on the Fauna of the Z%choleptus-beds. 8vo. 
Salem, 1886. 

—. Schlosser on Creodonta and Phono: 8vo. Salem, 
1886. 

Schlosser on the Phylogeny of the Ungulate Mammalia. 
8vo. Salem, 1886. 

Systematic Catalogue of Species of Mariela found in the 
Beds of the Permian Tatnodlh 4 in North America, with Notes and 
descriptions. 4to. Philadelphia, 1886. 

The Phylogeny of the Camelide. S8vo. Salem, 1886. 

Cotta, B. von. Geologische Bilder. 6° Auflage. 8vo. Leipzig, 
1876. Purchased. 

Coticau, G. Paléontologie Francais. 1° Série. Animaux Inver- 

tahnces Terrains Destin: Eocéne, Echinides. - Tome i. 

Feuilles 1-11. 8vo. Paris, 1885-86. 

—. Kchinides nouveaux ou peu connus. (4° article.) Svo. Paris, 
1835. 

——. Surles Echinides des calcaires de Stramberg. 4to. Paris, 
1884. 
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Cotteau, G. Considérations générales sur les Echinides du terrain 
jurassique de la France. 4to. Paris, 1885. 

. Sur les Echinides éocénes de la famille des Spatangidées. 
4to. Paris, 1886. 

La paléontologie en 1885. 8vo. Paris, 1885. 

La Géologie au Congrés Scientifique de Grenoble in 1885 
et Compte-rendu du Congres. 8vo. Auxerre, 1886. 

, Péron et Gauthier. Echinides fossiles de Algérie. Fasc. 9. 
Etage Eocéne. 8vo. Paris, 1885. 

Crane, Agnes. Ona Brachiopod of the Genus Atretia, named in MS. 
by the late Dr. T. Davidson. 8vo. London, 1886. 

Oredner, H. Die Stegocephalen aus dem Rothliegenden das Plauen’- 
schen Grundes bei Dresden. 8vo. Berlin, 1886. 

Elemente der Geologie. 6° Auflage. 8vo. Leipzig, 1887. 

Crosskey, H. W. Note on the Glacial Geology of the district around 
Loch Sween, Argyllshire. 8vo. Birmingham, 1886. 

Cuvier, F. Del Histoire Naturelle des Cétacés ou recueil et examen 
des faits dont se compose [histoire naturelle de ces animaux. 
8yo. Paris, 1836. Presented by the Royal Society. 

Dagincourt, —. Annuaire Géologique Universel. Tome ii. 8vo. 
Paris, 1886. 

Dallas, James. Professor John Morris, M.A.,F.G.S8. Shp. Exeter, 
1886. 

Dana, J. D. A dissected Volcanic Mountain ; some of its revela- 
tions. 8vo. New Haven, 1886. 

Berkshire Geology (U.S.A.). 8vo. Pittsfield, Mass., 1886. 

. Onsome general terms applied to Metamorphism, and to the 
Porphyritic Structure of Rocks. 8vo. New Haven, 1886. 

——. On Volcanic Eruptions of Barren Island, Vesuvius, and 
Kilauea. 8vo. New Haven, 1886. 

——. Volcanic Action. 8vo. New Haven,1887. (See Emerson, 
J.S., &c., on Kilauea). 

Dawson, G. M. Note on the Occurrence of Jade in British Columbia, 
and its Employment by the Natives. S8vo. Montreal, 1887. 

Notes to accompany a Geological Map of the northern por- 
tion of the Dominion of Canada, east of the Rocky Monntains. 
8vo. Montreal, 1887. 

On certain Borings in Manitoba and the N orth-west Terri- 
tory. 4to. Montreal, 1887. 

. On the Canadian Rocky Mountains, with special reference 
to that part of the Range between the forty-ninth Parallel and 
the Head-waters of the Red Deer River. 8vo. Montreal, 1886. 
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Dawson, Sir J. W. Address to the British Association for the Ad- 
vancement of Science, 1886. 8vo. London, 1886. 

. On Rhizocarps in the Erian (Devonian) Period in America. 
8vo. Chicago, 1886. 

On the Fossil Plants of the Laramie Formation of Canada. 

Ato. Montreal, 1886. 

Dewalque, G. Discours prononcé au nom de l’Académie Royale de 
Belgique lors des Funérailles de M. F. L. Cornet. 8vo. Brus- 
sels, 1886. 

Dick, W. H. 'The famous Mount Morgan Gold Mine, Rockhampton, 
Queensland, its History, Geological Formation, and Prospects. 
8vo. Rockhampton, 1887. 

Diller, J. S. Notes on the Geology of Northern California. 8vo. 
Washington, 1886. 

The latest Volcanic Eruption in Northern California and its 
peculiar Lava. 8vo. New Haven, 1887. 

Dowker, G., J. Reid, and J. Marten. Observations on Romney 
Marsh and Lydd Beach, with an account of a Botanical Ramble 
from Appledore to Lydd and Dungeness Point. S8yvo. Canter- 
bury, 1868. 

Dressel, L. Die Basaltbildung in ihren einzelnen umstanden 
Erlautert. 4to. Haarlem, 1866. Purchased. 

Duncan, P. M. On the Astrocanie of the Sutton Stone and other 
Deposits of the Infra-Lias of South Wales. 8vo. London, 
1886. 

On the Structure and Classificatory Position of some Madre- 
poraria foom the Secondary Strata of Hugland and South Wales. 
8vo. London, 1886. 

Dupont, E. Sur le Famennien de la Plaine des Fagnes. 8vo. 
Brussels, 1886. 

Eley, H. Geology in the Garden; or the Fossils in the Flint 
Pebbles. S8vo. London, 1859. Purchased. 

Emerson, J. 8., L. L. Van Slyke, and F. 8. Dodge. Kilauea after 
the eruption of March, 1886. 8vo. New Haven, 1887. Pre- 
sented by Prof. J. D. Dana, F.M.GS. 

Encyclopedia Britannica. 9th edition. Vol. xxi. Rot-—Sia. 
Ato. Edinburgh, 1886. Purchased. 

: Vol. xxii. Sib-Szo. 4to. Edinburgh, 1887. 
Purchased. 

Encyclopedic Dictionary. Vol. v. Pt. 2. Parc-Quod. Ato. 
London, 1886. Presented by the Rev. R. Hunter, F.GS. 
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Eneyclopedic Dictionary. Vol. vi. pt..1. Quoi-Shipp. 4to. 
London, 1887. Presented by the Rev. R. Hunter, F.GS. 

England and Wales. Geological Survey. Memoirs. Vol. iv. 
The Geology of the London Basin. By W. Whitaker. 8vo. 
London, 1872. Purchased. 

Kitingshausen, C.von. Die fossile Flora von Sagor in Krain. Theil 
III. und Schluss. 4to. Vienna, 1885. 

Beitriige zur Kenntniss der Tertiiirflora Australiens. Zweite 
Folge. 4to. Vienna, 1886. 

Falsan, A. Notice sur la géologie et la minéralogie du Canton 
d’Hyeres (Var). 8yvo. Lyons, 1863. Purchased. 

Favre, EH. Revue Géologique Suisse pour l'année 1885. xvi. 8vo. 
Geneva, 1886. 

Finistéere. List of works on the Geology of. 4to. 1886. Pre- 
sented by Prof. T. G. Bonney, D.Sc., P.RS., F.GS. 

Fisher, O. On the Variations of Gravity at certain Stations of the 
Indian Are of the Meridian in Relation to their Bearing upon 
the Constitution of the Earth’s Crust. S8vo. London, 1886. 

An Attempt to explain certain Geological Phenomena by 
the application to a Liquid Substratum of Henry’s Law of the 
Absorption of Gases. 8vo. Cambridge, 1887. 

On the Amount of the Elevations attributable to Compres- 
sion through the Contraction during Cooling of a Solid Earth. 
8vo. London, 1887. 

Fleming, J. The Lithology of Edinburgh. Edited with a memoir 
by the Rey. John Duns. 8vo. Edinburgh, 1859. Purchased. 

Frazer, P. General Notes on the Geology of York County, Penn- 
sylvania. 8vo. Philadelphia, 1836. 

Freiesleben, J.C. Magazin fiir die Oryktographie von Sachsen. 
Hefte 1-9. 8vo. Freyberg, 1828-36. Purchased. 

Fric, A. Fuhrer durch die geologischen Sammlungen im Museum 
des Konigreiches Bohmenin Prag. 8vo. Prag, 1881. Purchased. 

Friedlander, R., und Sohn. Bibliotheca historico-naturalis et 
Mathematica. Lager-Catalog. 8vo. JBerlin, 1886. 

Gaudry, A. La Grotte de Montgaudier. 4to. Paris, 1886. 

——. le petit Ursus speleus de Gargas. 4to. Paris, 1887. 

Sur un bois de Renne, orné de gravures, que M. Eugéne 
Paignon a découvert 4 Montgaudier. 4to. Paris, 1886. 

——. Sur un nouveau genre de Reptile trouvé dans le Permien 
@Autun. 8vo. Paris, 1886. 

Geimitz, H. B. Zur Dyas in Hessen. 8vo. Cassel, 1886. 
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Gemmellaro, G.G. Sopra alcune faune Giuresi e Liasiche della 
Sicilia. Textand plates. 4to. Palermo, 1872-82. Purchased. 

Geyler, T., und F. Kinkelin. Oberpliocin-Flora aus den Baugruben 
des Klarbeckens bei Neiderrad und der Schleuse bei Hochst a. 
M. 4to. Frankfort-a.-M., 1887. Presented by W. H. Landley, 
Esq., M.Inst.C.E., F.G.S. 

Gillicron, V. la faune des couches a Mytilus considérée comme 
phase méconnue de la transformation de formes animales. 8vo. 

Basel, 1887. 

Goldschmidt, V. Index der Krystallformen der Mineralien. Lief. 
1&2. 8vo. Berlin, 1886. Purchased. 

Goodchild, J. G. Observations upon the Stratigraphical Relations 
of the Skiddaw Slates. 8vo. London, 1886. 

Goppert, H. R., und A. Menge. Die Flora des Bernsteins 1nd ihre 
Beziehungen zur Flora der Tertiarformation und der Gegenwart. 
Band 2, von H. Conwentz. 4to. Danzig, 1886. 

Gottsche, C. Geologische Skizze von Korea. 8vo. Berlin, 1886. 

Great Britain and Ireland. Mines and Minerals. Mining and 
Mineral Statistics of the United Kingdom of Great Britain and 
Ireland, including List of Mines and Mineral Works for the year 
1885. Prepared by H.M. Inspectors of Mines. 4to. London, 
1886. Presented by the Secretary of State for the Home Depart- 
met. 

Gresley, W.S. A Fossil Tree at Clayton, Yorkshire. 8vo. Bir- 
mingham, 18386. 

Griffiths, G. S. Evidences of a Glacial Epoch from Kerguelen’s 
Land, being comments upon the ‘Challenger’ Reports. 8vo. 
Melbourne, 1886. 

On the recent Karth-tremors and the conditions which they 
indicate. 8vo. Melbourne, 1885. 

Groth, P. Repertorium der mineralogischen und krystallograph- 
ischen Literatur vom ende d. J. 1876 bis anfang d. J. 1885, und 
Generalregister der Zeitschrift fiir Krystallographie und Minera- 
logie, Bande ix. 8vo. Leipzig, 1886. Purchased. 

Gimbel, C. W. von. Ueber die Natur und Bildungsweise des Glau- 
konits. 8vo. Munich, 1886. 

Geologie von Bayern. 1 Theil. Grundziige der Geologie. 
Lief. 3&4. 8vo. Cassel, 1886 & 1887. Purchased. 

Haas, H. J. Die Leitfossilien. 8vo. Leipzig, 1887. Purchased. 

Harker, A. Ona remarkable Exposure of the Kellaway’s Rock in 
a recent cutting near Cirencester. 8vo. Gloucester, 1887. 



ADDITIONS TO THE LIBRARY. 155 

Haviland, A. On the Study of the Glacial Period in the Isle of 
Man. §8vo. Douglas, 1886. 

Hazell’s Annual Cyclopedia, 1887. Edited by #. D. Price, F.GS. 
8vo. London, 1887. 

Héhert, E. Observations sur les groupes sédimentaires les plus 
anciens du nord-ouest dela France. 4to. Paris, 1886. 

Heim, A., and A. Penck. On the District of the Ancient Glaciers 
of the Isar and of the Linth. 8vo. London, 1886. Presented 
by Dr. Hinde. 

Hemiup, Maria R. Law of Heat. 8vo. Geneva, N. Y. 1886. 

Hennessy, H. On the Physical Structure of the Earth. 8vo. 
London, 1886. 

Note on the Annual Precession calculated on the Hypo- 
thesis of the Earth’s Solidity. 8vo. London, 1886. 

On the Fluid State of Bodies composing our Planetary 
System. S8vo. Dublin, 1886. 

Hermite, H. Etudes géologiques sur les Iles Baléares. vo. 
Paris, 1879. Purchased. 

Hertwig, R. Gediichtnissrede auf Carl Theodor v. Siebold. 4to. 
Munich, 1886. Presented by the Academy of Sciences of Munich. 

Hesse. Grossherzoglich hessische geologische Landesanstalt. Geolo- 

gische Karte sane Erliuterungen. Lief. 1. Blatt Messel. 
OU 0° 

Syvo. Darmstadt, 1886. 

Lief. 1. Blatt Rossdorf. Svo. Darmstadt. 

1886. Presented by the Survey. 

Hinde, G. J. On Beds of Sponge-remains in the Lower and Upper 
Greensand of the South of England. 4to. London, 1886. 

—. On the Genus Hindia, Duncan, and the Name of its Typical” 
Species. S8vo. London, 1887. 

Hitchcock, C. H. The Geological Map of the United Bihtcs. Svo. 
Easton, 1886. (See Maps.) 

Hornes, R. Manuel de Paléontologie. Traduit de ’Allemand par 
L. Dollo. Fase.4&5. 8vo. Paris, 1886. Purchased. 

Howitt, A. W. The Sedimentary, Metamorphic, and Igneous Rocks 
of Ensay. 8vo. Melbourne, 1886. 

Hubbard, L. LZ. Beitrage zur Kenntniss der Nosean-fuhrenden 
Auswiirflinge des Laacher Sees. 8vo. Vienna, 1887. 

Hughes, T. M‘Kenny. The Sedgwick sbi Geological Museum. 
8vo. Cambridge, 1886. 
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Hunt, T, S. Mineral Physiology and Physiography. A second 
series of chemical and geological essays with a general introduc- 
tion. S8vo. Boston, 1886. 

Hutton, F. W. Onthe Geology of Scinde Island. 8vo. Wellington?, 
1886. 

——. On the Geology of the New-Zealand Alps. 8vo. Hobart, 
1886. 

The Mollusca of the Pareora and Oamaru Systems of New 
Zealand. 8vo. Sydney, 1886. 

India. Geological Survey. Palaontologia Indica. Ser. vil. & xiv. 
Titlepage and Contents of vol. i. of Tertiary and Upper Cretaceous 
Fauna of Western India. 1886. 

: . Ser. x. Indian Tertiary and Post-Tertiary 
Vertebrata. Vol.iv. Part 1. Siwalik Mammalia. Supplement 1, 1. 
By R. Lydekker. 4to. Calcutta, 1886. 

: . ——. Indian Tertiary and Post-Tertiary 
Vertebrata. Vol. iv. Part 2. By R. Lydekker. 4to. Cal- 
cutta, 1886. 

: . Ser. xii. The Fossil Flora of the Gondwina 
System. Vol. iv. Part 2. The Fossil Flora of some of the 
Coal Fields in Western Bengal. By O. Feistmantel. 4to. 
Calcutta, 1886. 

: Ser. xill. Salt-Range Fossils. By W. 
Waagen. ie Productus-limestone Fossils ; VI. Coelenterata. 4to. 
Calcutta, 1886. 

. Ser. xiv. Tertiary and Upper Cretaceous 
EF ossils of Western Sind. Vol. I. Part 3. -The Fossil Echi- 
noidea. Fasc. vi. By P. Martin Duncan and W.P.Sladen. 4to. 
Calcutta, i886. 

——. Records. Vol. xix. Parts3&4. 8vo. Calcutta, 
1886, 

—_, * -_-—, , ——., Vol. xx... Parts 1-& 2. 8vo. .@alentta, 
1887. 

-——-, Indian Museum. Catalogue of the Remains of Siwalik 
Vertebrata contained in the Geological Department. Parts 1 & 
2. By R. Lydekker. 8vo. Calcutta, 1855 & 1886. 

Catalogue of the Remains of Pleistocene and Pre- 
historic Vertebrata contained in the Geological Department. 
By R. Lydekker.  8vo. Calcutta, 1886. 

International Polar Expeditions, 1882-83. Fort Rae. Observa- 
tions [Meteorological &c.| 4to. London, 1886. Presented by 
the Meteorological Office. 

Irving, R. D. Origin of the FPerruginous Schists and Iron Ores of 
the Lake Superior Region. 8vo. New Haven, 1886. 
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Jack, R. LZ. See Queensland. 

Johnston-Lavis, H. J. The Relationship of the Structure of Rocks 
to the Conditions of their Formation. 8vo. Dublin, 1886. 

Jones, T. Rupert. On Carboniferous Ostracoda from the Gayton 
Boring, Northamptonshire. 8vo. Northampton, 1886. 

—. On Coal Deposits of South Africa. Slips. London, 1886. 

——. On Paleozoic Phyllopoda. 8vo. London, 1886. 

Review. ‘The Volcanoes of Japan, by John Milne.” 
Shp. London, 1886. 

. The Geology and Mineral Products of South Africa. Slip. 
London, 1886. 

—. History of Sarsens. 8vo. Devizes, 1887. 

Note on Nummulites elegans, Sowerby, and other English 
Nummulites. 8vo. London, 1887. 

——. Notes on the Palzozoic Bivalved Entomostraca.—Nos. 23 
& 24. On some Silurian Genera and Species. 8vo. London, 
1887. 

——, The Mineral Wealth of South Africa. 8vo. London, 1887. 

, and J. W. Kirkby. A List of the Genera and Species of 
Bivalved Entomostraca found in the Carboniferous Formations of 
Great Britain and Ireland, with Notes on the Genera and their 
Distribution. 8vo. London, 18386. 

Notes on the Distribution of the Ostracoda of the 
Carboniferous Formations of the British Isles. 8vo. London, 
1886. 

,—. Notes on the Palxozoic Bivalved Entomostraca.— 
No. 22. On some undescribed Species of British Carboniferous 
Ostracoda. 8vo. London, 1886. 

; On some Fringed and other Ostracoda from the Car- 
boniferous Series. 8vo. London, 1886. 

Karsten, H. Géologie de lancienne Colombie Bolivarienne, Véné- 
zuela, Nouvelle-Grenade et Ecuador. 4to. JBerlin, 1886. Pur- 

chased. 

Kenngott, A., A. von Lasaulx, and F. Rolle. Handworterbuch der 
Mineralogie, Geologie und Palzontologie. 3 vols. Svo. Bres- 
lau, 1883, 1885, & 1887. Purchased. 

Klein, S. T. Thirty-six Hours’ Hunting among the Lepidoptera 
and Hymenoptera of Middiesex, with Notes on the Method 
adopted for their Capture. 8vo. Bath, 1887. 

n 2 
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Klement, C. Notice sur la composition chimique de la météorite de 
Saint-Denis-Westrem (Flandre Orientale). 8vo. Brussels, 
1886, 

Kokscharow, N. v. Materialien zur Mineralogie Russlands. Band 
ix. pp. 273-368. 8vo. St. Petersburg, 1886. 

Konen, A. von. Ueber neue Cystideen aus den Caradoc-Schichten 
der Gegend von Montpellier. S8vo. Stuttgart, 1886. 

Koninck, L. G. de, et M. Lohest. Notice sur le parallélisme entre 
le caleaire carbonifere du nord-ouest de Angleterre et celui de 
la Belgique. 8vo. Brussels, 1886. 

Kowalevski, A. Observations sur le développement des Brachio- 
podes. Analyse par D. @hlert et Deniker. S8vo. Paris, 1883. 

Lapparcnt, A. de. Abrége de Géologie. Svo. Paris, 1886. 

—. —. —. Presenied by Clement Red, Esq., 
EGS. 

——. Traité de Géologie. 2° édition. S8vo. Paris, 1885. 

Conférence sur le sens des mouvements de l’écorce terrestre. 

évo. Paris, 1887. 

Lawrence, E. The Progress of a Century; or the Age of Iron and 
Steam. 8vo. London, 1886. 

Lindley, W. H. Photographs of Upper Pliocene Flora fund in 
Excavations made near Frankfort-on-Main. 1887. 

Liversidge, A. Presidential Address to the Royal Society of New 
South Wales. 8vo. Sydney, 1886. 

Lucas, C. An Essay on Waters. Part 1. 8vo. London, 1756. 
Purchased. 

Lutken, C. Antikritiske Bemerkninger i Anledning af Kempe- 
Dovendyr-Slegten Ceelodon. S8vo. Copenhagen, 1886. 

Iydckker, R. Description of three Species of Scelidotherium. 8vo. 
London, 1886. 

——. The Fossil Vertebrata of India. S8vo. Calcutta, 1887. 

Malet, H. P. Incidents in the Biography of Dust. 8vo. London, 
1887. Presented by W.S. Dallas, Esq., F.LS. 

Marcou, J. B. A List of the Mesozoic and Cenozoic Types in the 
collections of the U.S. Museum. 8vo. Washington, 1885; and 
Supplement, 1886. 

Bibliographies of American Naturalists. JIT. Publications 
relating to Fossil Invertebrates. Svo. Washington, 1885. 

Marsh, O. C. American Jurassic Mammals. 8vo. New Haven, 
1887. 
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Mediterranean. Instructions Nautiques sur les iles Ioniennes, les 
cotes de Grece et de Turquie, lArchipel, le détroit des Darda- 
nelles, la Mer de Marmora et le Bosphore. Par A. Francoise. 
Svo. Paris, 1356. Presented by the Dépét de la Marine. 

Melnikow, M. Geologische Erforschung des Verbreitungsgebietes 
der Phosphorite am Duajester. 8vo. St. Petersburg, 1885. 

Meneghin, G. Goniodiseus Ferrazzii, Mgh., nuova Stelleride 
terziaria del Vicentino. Syvo. Pisa, 1886. 

Mall I. C. ~The Geology, Natural History, and Prehistoric Anti- 

quities of Craven, in Yorkshire. 4to. Leeds, 1878. Purchased. 

Miall, L. C., and A. Denny. Studies in Comparative Anatomy. 
Tit, Lhe Structure and Life-history of the Cockroach (Peri- 
planeta orientalis). An Introduction. to the Study of Insects. 
svo. London, 13386. 

Minnesota. Geological and Natural History Survey 1872-82. 
The Geology of Minnesota. Vol. i. of the Final Report. By N. 
H. Winchell and W. Upham. 4to. Minneapolis, 1834. 

Thirteenth Annual Report for the year 1884. 8vo. 
St. Paul, 1885. 

Fourteenth Annual Report for the year 1885. 8vo. 
St. Paul, 13386. 

Morgan, C. Lloyd. Contributions to the Geology of the Avon 
Basin. 8vo. Bristol, 18386. 

Morse, E. S. Ancient and Modern Methods of Arrow-Release. 
Svo. Salem, 1350. 

Morton, G. H. The Carboniferous Limestone and Cefn-y-fedw 
Sandstone of Flintshire. dyo. Liverpool, 1336. 

Mott, F. T. The Geological History of Charnwood Forest. 8vo. 
London, 1835. 

Nathorst, A. G. Nouvelles observations sur des traces d’animaux 
et autres phénomenes dorigine purement mécanique deécrits 
comme * Algues Fossiles.” 4to. Stockholm, 1886. 

Om de sandslipode stenarnes forekomst i de kambriska 
lagren vid Lugnas. dyvo. Stockholm, 13386. 

Om lemningar af Dryas octopetala, L.,i kalktuff vid Rangil- 
torp nira Vadstena. 8vo. Stockholm, 1886. 

——. Anmirkningar med anledning af A. Hellands uppsats: 
**Svenske geologer om indsjoerne.” 8yvo. Stockholm, 1837. 

. Tull fragan om de skanska dislokationernas Alder. 8vo. 
Stockholm, 10537. 
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Naumann, E. Die Erscheinungen des Erdmagnetismus in ibrer 
Abhingigkeit vom Bau der Erdrinde. 8vo. Stuttgart, 1887. 
Purchased. 

Neumayr, M. Erdgeschichte. Band i. Allgemeine Geologie. 
Svo. Leipzig, 1887. Purchased. 

New Caledonia. Instructions Nautiques sur la Nouvelle-Calédonie 
et ses dépendances par Chambeyron et Banaré. 3° édition. 
8vo. Paris, 1886. Presented by the Dépot de la Marine. 

New Hebrides. Instructions Nautiques sur les Nouvelles-Heébrides, 
les Iles Banks, Torres, et  Archipel de Santa-Cruz. 8vo. Paris, 

1886. Presented by the Dépot de la Marine. 

New Jersey. Geological Survey. Brachiopoda and Lamellibran- 
chiata of the Raritan Clays and Greensand Marls of New Jersey, 
by R. P. Whitfield. 4to. Trenton, N. J., 1886. 

New South Wales. Australian Museum. Catalogue of the Echino- 
dermata in the Australian Museum, by E. P. Ramsay. Part 1. 
Svo. Sydney, 1885. Presented by the Trustees. 

——. Report of the Trustees for 1885. 4to. Sydney, 
1886, 

Descriptive Catalogue (with Notes) of the General 
Collection of Minerals in the Australian Museum, by A. F. Ratte. 
8vo. Sydney, 1885. Presented by the Trustees. 

——. Department of Mines. Annual Report for the year 1885. 
4to. Sydney, 1886. 

Newton, A., and J. W. Clark. The Woodwardian Professor and 
the Sedgwick Memorial Museum. 8vo. Cambridge, 1887. 

Newton, E. T. On the Remains of a Gigantic Species of Bird (Gas- 
tornis Klaasseni) from the Lower Eocene Beds near Croydon. 
Ato. London, 1886. 

A Classification of Animals; being a Synopsis of the Animal 
Kingdom, with especial reference to Fossil Forms. 8yvo. Lon- 
don, 1887. 

New York. Geological Survey. Natural History of New York. 
Paleontology. Vol. v. Part 1. Lamaihinanelge 1s “By 
James Hall. Text. Ato. Albany, N. Y., 1885. 

; . Vol.v. Part 1. Lamellibranchiata, 
Teil Plates. Alo.) Albaay, Ne Y., ssa 

—-. Report of the State Geologist (James Hall) for the 
year 1882. Ato. Albany, N. Y., 1883. 

. Reports of the State Geologist (James Hall) for the — 
years 1883-84. 8vo. Albany, N. Y., 1884-85. 

, Report of the State Geologist (James Hall), giving 
an account of the condition of the work upon which he is engaged. 
8vo. Albany, N. Y., 1884. 
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New York State Museum of Natural History. Annual Reports 33 
to 38. For 1880-1885. 8vo. Albany, 1880-1885. Presented 
by James Hall, Esq., F.M.GS., State Geologist. 

New Zealand. Colonial Museum and Geological Survey Depart- 
ment. Handbook of New Zealand, by James Hector. 4th 
edition, revised. 8vo. Wellington, 1886. Presented by the 
Agent-General for New Zealand. 

——- ——. ——. Presented by Dr. James Hector, C.M.G., 
F.GS. 

; . Indian and Colonial Exhibition, London, 1886. 
New Zealand Court. Detailed Catalogue and Guide to the 
Geological Exhibits. 8vo. Wellington, 1886. Presented by 
the Agent-General for New Zealand. 

—. —— —. _ —._ Presented by Dr. James Hector, 
CLG. F.GS. 

: Manual of the New Zealand Coleoptera, by T. 
Brown. Pts.3 &4. 8vo. Wellington, 1886. 

New Zealand Industrial Exhibition 1885, Wellington. The Official 
Record, 1885. 8vo. Wellington, 1886. Presented by the New 
Zealand Colonial Museum. 

New Zealand. Mines Department. Annual Reports of the Inspec- 
tors on Inspection of Mines, 1886. 4to. Wellington, 1886. 
Presented by the Hon. Minister of Mines. 

Report on the Mining Industry of New Zealand, being 
papers laid before Parliament during the Session of 1886. 8vo. 
Wellington, 1887. Presented by the Hon. Minister of Mines. 

——. Mines Statement, by the Minister of Mines, the Hon. W. J. 
M. Larnach, C.M.G. 4to. Wellington, 1886. Presented by the 
Hon. Mimster of Mines. 

——. Preliminary Report of the Recent Volcanic Eruptions, by 
J. Hector, C.M.G. 4to. Wellington, 1886. Presented by the 
Secretary of State for the Colones. ; 

——. Preliminary Report on the Recent Volcanic Eruptions, by 
Dr. James Hector, C.M.G., F.G.S.  4to. Wellington, 1886. 

——. Preliminary Report of the Volcanic Eruption of Tarowera 
1886, by 8. Percy Smith. 4to. Wellington, 1886. Presented 
by the Secretary of State for the Colomes. 

. Report on Goldfields, Classes and Schools of Mines, 4to. 
Wellington, 1885. Presented by the Mines Department. 

Report on Goldfields, Roads, Water-races, and other works 
in connection with Mining. 4to. Wellington, 1886. Presented 
by the Mines Department. 
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Norman, M. W. A popular Guide to the Geology of the Isle of 
Wight, with a Note on its relation to that of the Isle of Purbeck. 
Svo. Ventnor, 1887. Purchased. 

Norwegian North-Atlantic Expedition. Norske Nordhavs-Expe- 
dition, 1876-78. Presented by the Metcorologiske Institut, Chris- 
tania. 

XY. Zoologi. Crustacea II., ved G. O. Sars. 4to. Chris- 
tiania, 1886. 

XVI. Zoologi. Mollusca II., ved H. Friele. 4to. Chris- 
tiania, 1886. 

XVII. Zoologi. Alcyonida, ved D. C. Danielssen. 4to. 
Christiania, 1887. 

Noury, C. Géologie de Jersey. 8vo. Paris, 1886. 

‘Nova Scotia. Department of Mines. Report for the year 1886. 
Svo. Halifax, N.S8., 1887. 

Ehlert, D. Sur les Fossiles dévoniens du département de la 
Mayenne. 8vo. Paris, 1877. 

Description de deux nouveaux genres de Crinoides du ter- 
rain dévonien dela Mayenne. Svo. Paris, 1878. 

Note sur le Calcaire de Saint-Roch, a Changé, prés Laval. 
Svo. Paris, 1880. 

Crinoides nouveaux du dévonien de Ja Sarthe et de la 
Mayenne. S8vo. Paris, 1832. 

Notes géologiques sur le département de la Mayenne. 8vo. 
Angers, 1882. 

Note sur le calcaire de Montjean et Chalonnes (Maine-et- 
Loire). 8vo. Paris, 18382. 

Description de deux nouvelles especes d’Acroculia du déyo- 
nien inférieur de la Mayenne. §vo. Paris, 1883. 

Note sur les Chonetes dévoniens de l’Ouest de la France. 
8vo. Paris, 1883. 

—. Note sur Terebratula (Centronella) Guerangert.  8vo. 
Angers, 1883. 

——. Etudes sur quelques Brachiopodes dévoniens. 8yo, Paris, 
1884. 

——. Etude sur quelques Trilobites du groupe des Proétide. &vo. 
Angers, 1885. 

——. Description de Goldius Gervillei. 8vo. Paris, 1885. 

——. Description de deux Centronelles du dévonien inférieur de 
Youest de la France. 8vo, Paris, 1885. 
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@hlert, D. Etude sur quelques fossiles dévoniens de l’ouest de la 
France. 8vo. Paris, 1887. 

——. Sur les oscillations qui se sont produites pendant la période 
primaire dans le bassin de Laval. 4to. Paris, 1857. 

, et — Davoust. Sur le dévonien du département de la Sarthe. 
Svo. Paris, 1879Y. 

Omboni, G. Di alcuni insetti fossile del Veneto. 8vo. Venice, 
1886. 

Orpen, C. S. On Matters Geological. 8vo. Bloemfontein, Orange 
Free State. 1836. 

Orzabal, A. Estudio critico y comparativo de las reglas de Descartes 
y de Newton respecto al numero de raices de lis ecuaciones nu- 
mericas. 8yo. Buenos Aires, 1886. 

Paléontologie Francaise. Série 1. Animaux Invertébrés. Terrain 
Crétacé. Livr. 32. Zoophytes par de Fromentel. Syvo, Paris, 
1886. Purchased. 

: : Terrain Jurassique. Livr. 82. Crinoides, 
par P. De Loriol. 8vo, Paris, 1886. Purchased. 

: a Terrains Tertiaires. Livr. 6-9. Eocéne. 

Kchinides. Tome 1., par G. Cotteau. @vo. Paris, 1836-37. 
Purchased. 

—. Sér. 2. Végétaux. Terrain Jurassique. Livr. 36-38. 
Ephedrées ; Spirangiées et types Proangiospermiques par G. de 
Saporta. 8vo. Paris, 1886. Purchased. 

Pennsylvania. Geological Survey. Annual Report for 1885, and 
Atlas. 8vo. Harrisburg, 18386. 

Petho, J. Die tertiirbildungen des Fehér-Ko6rés-Thales zwischen 
dem Hegyes-Drocsa- und Pless-Kodru-Gebirge. Svo. Budapest, 
1837. 

Phillips, J. A., and H. Bauerman. Elements of Metallurgy. New 
edition. 8Svo. London, 1887. Presented by H. bauerman, ksyq., 
ePGsS., SC. 

Polenus, Joannes. De motu aque mixto libri duo. 4to. Padua, 
1717. Presented by the Royal Society. 

Portugal. Commission des travaux Géologiques du Portugal. Re- 
cueil d’études paléontologiques sur la faune créetacique du Portugal. 
Vol. 1. Especes nouvelles ou peu connues par Paul Chottat. 
Serie 1. 4to, Lisbon, 1886. 

Postlethwaite, J..and J. G. Goodchild. On some Trilobites from the 
- Skiddaw Slates. 8vo. London, 1886. 
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Prestwich, J. On the agency of Water in Volcanic Eruptions. 8vo. 
London, 1886. 

On Underground Temperatures; with observations on the 
conductivity of rocks; on the thermal effects of saturation and 
imbibition, and on a special source of heat in Mountain Ranges. 
4to. London, 1886. 

Queensland. Colonial and Indian Exhibition of 1886. Handbook 

of Queensland Geology by R. L. Jack. 8vo. Brisbane, 1886. 

Quenstedt, F. A. Die Ammoniten des schwabischen Jura. Hefte 
11-15. Text 8vo. Stuttgart. Atlas, 4to. 1886 & 1887. Pur- 
chased. 

Quiroga, F. Apuntes de un viaje por el Sahara occidental. 8vo. 
Madrid, 1886. 

Rauff, H. Ueber die Gattung Hindia Dune. 8vo. Bonn, 1886. 

Ray Society. The Larve of the British Butterflies and Moths, by 
the late William Buckler. Edited by H. T. Stainton. Vol. u. 
8vo. London, 1887. 

fteade, T. M. The Origin of Mountain Ranges, considered expe- 
rimentally, structurally, dynamically, and in relation to their 
geological history. 8vo. London, 1886. 

Reid, C. Norfolk Amber. 8yvo. Norwich, 1886. 

——. On the Flora of the Cromer Forest-bed. S8vo. Norwich, 
1886. 

Renevier, H. Rapport sur la marche du Musée Géologique Vaudois 
en 1886. 8vo. Lausanne, 1887. 

Reyer, H. Geologie der amerikanischen Eisenlagerstitten (insbe- 
sondere Michigan). 4to. Vienna, 1887. 

—. Ueber Erstarren. 8vo. Leipzig, 1885. 

Ricciardi, EZ. Sull allineamento dei Vulcani Italiani.—Sulle rocce 
eruttive sottomarine, subaeree e sottomarine e loro classificazione 
in due periodi.—Sul graduale passaggio delle rocce acide alle 
rocce basiche.—Sullo sviluppo dell’ acido cloridrico dell’ anidride 
solforosa e del iodio dai vulcani. 8vo. Reggio-Emilia,1887. 

Rivicre, HE. Paléoethnologie. De l’Antiquité de ’!Homme dans les 
Alpes-Maritimes. Livr. 10-12. 4to. Paris, 1886 & 1887. 
Purchased. 

Roberts, Mary. The Progress of Creation, considered with reference 
to the present condition of the Earth. 8vo. London, 1846. 
Presented by W. Whitaker, Esq., F.GS. 

Rohon, J. V., and K. A. vu. Zittel. Ueber Ceratodus. 8vo. 
Munich, 1886. : 
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Romé de l’Isle, J. B. de. Essai de Cristallographie. 8vo. Paris, 
1772. Presented by the Royal Society. 

Cristallographie ou description des formes propres a tous les 
corps de régne minéral. Seconde édition. Vols.1.-i. Text, 8vo. 
Vol. iv. Atlas, 4to. Paris, 1783. Presented by the Royal 
Society. 

Romer, F. Die Fossile Fauna der silurischen Diluvial-Geschiebe 
von Sadewitz bei Oels in Nieder-Schlesien. 4to. Breslau, 1861. 
Purchased. 

Rondot, N. Essai sur les propriétés physiques de la soie. 8vo. 
8vo. Paris, 1887. Presented by Thomas Wardle, Esq., F.GS. 

Rosenbusch, H. Mikroskopische Physiographie der Mineralien und 
Gesteine. Zweite Auflage. Bandi. Abth. 1. 8vo. Stuttgart, 
1886. Purchased. 

Roth, J. Beitrige zur Petrographie von Korea. 8yo. Berlin, 
1886. 

Russia. Comité Géologique. Bibliothéque Géologique de la Russie, 
1885, No. 1, rédigée par S. Nikitin. 8vo. St. Petersburg, 1886. 

. ——. Isvestia. 1886. (Bulletin.) Tome vy. Nos. 1-8. 
8vo. St. Petersburg, 1886. 

——. 1887. Tome vi. Nos. 1-5. 8vo. 
St. Petersburg, 1887. 

Mémoires. Vol. in. Nos. 2&3. 4to. St. Peters- 
burg, 1886. 

Rutot, A., et #. Van den Broeck. Observations nouvelles sur le 
Tufeau de Ciply et sur le Cretacé supérieur du Hainault. 8vo. 
Liége, 1886. 

Sandberger, F. von. Pupa (Vertigo) parcedentata-Genesii und ihre 
Varietaiten-Reihe in der Eiszeit und der gegenwiirtigen Periode. 
8vo. Wirzburg, 1887. 

Ueber einen neuen Pelekypoden aus dem nassauischen Un- 
terdevon. 8vo. Stuttgart, 1887. ; 

Bemerkungen tiber einige Heliceen im Bernstein der preus- 
sischen Kiste. 8vo. Danzig, 1887. 

Saxony. Geologische Landeswntersuchung des Konigreichs Sachsen. 
Erlauterungen zur geologische Specialkarte, Blatt 31, 98, 99, 116, 
117, 134, 8vo. Leipzig, 1886. 

Schluter, C. Archeocyathus im russischem Silur? 8yo. Berlin, 
1887, 

Schmidt, O. The Mammalia in their relation to Primeval Times. 
Svo. London, 1885. Purchased. 
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Schumann, J. Geologische Wanderungen durch Altpreussen. 8vo. 
Konigsberg, 1869. Purchased. 

Scudder, S. H. The Cockroach of the Past. 8vo. London, 1886. 

Seguenza, G. Il Lias inferiore nella Provincia di Messina. 4to. 
Naples, 1885. 

Monografia delle Spiriferina dei vari piani del Lias Messinese. 
8vo. Rome, 1885. 

Esame di una sezione naturale nel Giurassico di Taormina. 

Svo. 1886. 

——. [1] Lias superiore nel territorio di Taormina. 8vo. Venice, 
1886 

ns MR etiee di Taprminat UGyon uBalemascleace 

Sulla nota del Prof. G. Gemmellaro dal titolo: Sugli strati 
con Leptzena nel Lias superiore di Sicilia. 8yvo. 1886. 

Sherborn, C. D., and F. Chapman. On some Microzoa from the 
London Clay exposed in the Drainage Works, Piccadilly, London, 
1885. 8vo. London, 1886. 

Smythe, G. W. Views and Description of the late Volcanic Island 
off the coast of Sicily. 4to. London, n.d. Purchased. 

South Australia. Colonial and Indian Exhibition, London, 1886. 
Bibliography of South Australia, compiled by 7. Gill.  8vo. 
Adelaide, 1885. 

Notes on Geological Map of Gumeracha and Mount Crawford 
Goldfields, by H. P. Woodward. 4to. Adelaide, 1586. Jre- 
sented by the Colonial Government. 

—. Presented by the Secretary of State for the 
Co lonies. 

——. Report on Geology and Mineralogy of Northern Territory, 
by J. EH. Tenison Woods. 4to. Adelaide, 1886. Presented by 
the Secretary of State for the Colonies. 

——. Report on the Ulooloo Goldfield. By H. Y.L. Brown. 4to. 
Adelaide, 1887. Presented by the Colonial Government. 

Spain. Comision del mapa Geoldgico de Espaia. Boletin. Tomo xiii. 
Cuaderno 2. 8vo. Madrid, 1886. 

: Memorias. Descripcion fisica y geologica de la 
Provincia de Zamora, porG. Puig y Larraz. 8vo. Madrid, 1883. 

——. Descripcion fisica y geologica de la Provincia 
de ‘Alava, por D. Ramoén Adan de Yarza. 8vo. Madrid, 1885. 

Spratt, T. A. B. On the Geology of Malta and Gozo. 8vo. 
Malta, 1852. Purchased. 
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Spurrell, F. C. J. On some Paleolithic Knapping Tools and Modes 
of using them. 8vo. London, 1883. 

Paleolithic Implements found in West Kent. 8vo. Lon- 
don, 1883. 

Early Sites and Embankments on the margins of the Thames 
Kstuary. 8vo. London, 1885. 

A Sketch of the History of the Rivers and Denudation of 

West Kent, &. 8vo. Greenwich, 1886. 

Stabile, J. Fossiles des environs du lac de Lugano. 8vo. Lugano, 
1861. Purchased. 

Steenstrup, J. J. S.  Kjokken-méddinger. S8vo. Copenhagen, 
1886. 

Steinmann, G. Geologischer Fuhrer der Umgegend von Metz. 8vo. 
Metz, 1882. Purchased. 

Struckmann, C. Die Portland-Bildungen der Umgegend von Han- 
nover. 8vo. Berlin, 1887. 

Sutcliffe, J. The Geology of the Avon. 8vo. Bristol, 1822. 
Purchased. | 

Svedmark, E. Nagra ord med anledning at A. E. Tornebohms re- 
ferat ofver Kartbladen “ Furusund” och ‘ Radmansé” samt 
“‘Gabbron pa Radmanso.” 8vo. Stockholm, 1887. 

Switzerland. Commission de la Carte Géologique de la Suisse. 
Beitrige. Lief. 24. Centralgebiet der Schweiz enthaiten auf 
Blatt xili., von A. Baltzer, F. J. Kaufmann, C. Moesch, und K. 
Mayer-Eymar. LErster Theil. Emmen- und Schlierengegenden 
nebst Umgebungen bis zur Briinigstrasse und Linie Lungern- 
grafenort, von F, J. Kaufmann. Text and Atlas. 4to. Berne, 
1886. 

Symonds, W.S. Old Stones. 8vo. Malvern, 1855. Purchased. 

Records of the Rocks. S8vo. London, 1872. Purchased. 

Tate, R. Post-Miocene Climate in South Australia. 8yo. Adelaide, 
1885. 

. Supplemental Notes on the Palliobranchs of the Older Ter- 
tiary of Australia, and a Description of a new Species of Lthyn- 
chonella. 8vo. Adelaide, 1885. 

The Lamellibranchs of the Older Tertiary of Australia. 
Part 1. 8vo. Adelaide, 1885. 

Part ll ovon Adelaide, 1387. 

. A Revision of the Recent Lamellibranch and Palliobranch 
Mollusca of South Australia. 8vo. Adelaide, 1887. 

Descriptions of some new Species of South-Australian Marine 
and Freshwater Mollusca. 8vo. Adelaide, 1887. 
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Teall, J.-J. Harris. British Petrography. Parts 7-10. 8vo. 
Birmingham, 1886. 

Tolstoi, L. WhatIbelieve. Translated by C. Popoff. 8vo. London, 
1885. 

Toner, J. M. Address before the Rocky-Mountain Medical Associ- 
ation, June 6, 1877, containing some observations on the Geological 
Age of the World, the appearance of Animal Life upon the Globe, 
the Antiquity of Man, and the Archeological Remains of Extinct 
Races found on the American Continent, with views of the Origin 
and Practice of Medicine among Uncivilized Races, more especially 
the North-American Indians. 8vo. Washington, 1877. Pre- 
sented by W. 8. Dallas, Esq., F.LS. 

Topinard, P. Les caracteres simiens de la machoire de la Naulette. 
Svo. Paris, 1886. 

Topley, W. Report of the Committee on the Erosion of the Sea- 
coasts of England and Wales. 8vo. London, 1886. 

Umlauft, Fr. Die Alpen. Handbuch der gesammten Alpenkunde. 
Abth. 1. 8vo. Vienna, 1886? Purchased. 

——. Die Alpen. Abth. 2. 8vo. Vienna, 1886. Purchased. 

United States. Geological Survey. Bulletin. Nos. 24-33. 8yo. 
Washington, 1885 & 1886. 

. Fifth Annual Report (1883-84), by J. W. Powell, 
Director. 4to. Washington, 1885. 

: Mineral Resources of the United States (1885). 
8vo. Washington, 1886. 

Monographs. Vol. x. Dinocerata, a Monograph 
of an extinct Order of Gigantic Mammals, by O. C. Marsh. 8vo. 
Washington, 1886. 

——. Vol. xi. Geological History of Lake Lahontan, 
a Quaternary Lake of North-western Nevada, by J. ©. Russel. 
Ato. Washington, 1885. 

——. Geological and Geographical Survey of the Territories. 
Second Division. Report on the Geology of the Kastern portion 
of the Uinta Mountains and a region of country adjacent thereto. 
By J. W. Powell. 4to. Washington, 1876. Purchased. 

Treasury. Annual Report of the Director of the Mint, for 
the year ending June 30, 1886. 8vo. Washington, 1886. 
Presented by J. P. Kimball, Esq. 

——. War Department. Corps of Engineers U.S. Army. Report 
upon the Third International Geographical Congress and Exhi- 
bition at Venice, Italy, 1881, accompanied by Data concerning 
the principal Government Land and Marine Surveys of the World, 
by G. M. Wheeler. 4to. Washington, 1835. 
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Victoria. Department of Mines. Annual Report of the Secretary 
for Mines and Water Supply, to the Honourable J. L. Dow, M.P., 
Minister of Mines for Victoria, on the working of the Regulation 
and Inspection of Mines and Mining Machinery Act during the 
year 1835. 4to. Melbourne, 1886. 

——. ——. Gold-Fields of Victoria. Reports of the Mining 
Registrars for the quarter ended 3lst March, 1886. 4to. Mel- 
bourne, 1886. 

: —— for the quarter ended 30th June, 1886. 
Ato. Eaclinoamne, 1886. 

—— —_— — -_——-, for the quarter ended 30th Septem- 
ber, 1886. 4to. Melbourne, 1886. 

—. —. for the quarter ended 31st December, 
HoSG. — 410. Melbourne, 1886. 

Mineral Statistics of Victoria for the year 1885. 
Report of the Secretary for Mines to the Hon. Minister of Muines. 
Ato. Melbourne, 1886. 

Vilanova y Prera, Juan. Ensayo de Diccionario geogratico-geologico. 
8vo. Madrid, 1884. 

Vogdes, A. W. Description of a New Crustacean from the Clinton 
Group of Georgia, with Remarks upon others. 8vo. New York, 
1886. 

Vom Rath, G. Ueber Colemanit. 8vo. Stuttgart, 1885 

——. Vortrage und Mittheilungen. 8vo. Bonn, 1886. 

—. Worte der Erinnerung an Dr. Martin Websky. 8vo. Bonn, 
1887. 

Worte der Erinnerung an Professor Dr. A. von Lasaulx. 
Svo. Bonn, 1887. 

——. LEinige geologische Wahrnehungenin Mexiko, 8vo. Bonn, 
1887, 

——. Ueber kiinstliche Silberkrystalle. S8vo. Leipzig, 1887. 

—, Ueber Cristobalit vom Cerro S. Cristobal bei Pachuca 
(Mexico). 8vo. Leipzig, 1887. 

Wahner, F. Beitrige zur Kenntniss der tieferen Zonen des unteren 
lias in den nordostlichen Alpen. 2-4 Theil. 4to. Vienna, 
1886. 

Wahnschaffe, F. Die lossartigen Bildungen am Rande des nord- 
deutschen Flachlandes. 8yvo. Berlin, 1886. 

. Mittheilungen tiber das Quartar am Nordrande des Harzes. 
Syo. Berlin, 1886. 
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Walcher, R. On the Influence of Fluctuations of Atmospheric 
Pressure on the Evolution of Fire-damp. Translated by G. G. 
Bagster. 4to. Vienna, 1886. Purchased. 

Wardle, T. Les Soies des Vers Sauvages de l’Inde et leur emploi 
dans l’industrie. 8vo. Paris, 1887. (See also Rondot, N.) 

Warington, R. A Contribution to the Study of Well-waters. 8vo. 
London, 1887. 

Western Australia. Report on the Geology of the Kimberley Dis- 
trict, Western Australia, by E. T. Hardman. 4to. Perth, 1885. 
Presented by John Forrest, Esq., C_.M.G., F.GS. 

Williams, J. Life in the Sondan: Adventures amongst the Tribes, 
and Travels in Egypt, in 1881 and 1882. 8vo. London, 1884. 

Winckler, T. C. Histoire de l’Ichnologie. — Etude Ichnologique sur 
les empreintes de pas d’animaux fossiles suivie de la description 
des plaques & impressions @animaux qui se trouvent au Musée 
Teyler. 8vo. Haarlem, 1886. 

Tolterstorff, W. Ueber fossile Frésche insbesondere das Genus 
Paleobatrachus, wu. Theil. 8vo. Magdeburg, 1887. 

Woods, J. EH. Tenison. Report upon the Geology and Mineralogy 
of the Northern Territory of South Australia. 8vo. Darwin, 
Northern Territory, 1887. 

Woodward, H., and T. Rupert Jones. Fourth Report on the Fossil 
Phyllopoda of the Paleozoic Rocks. 8vo. London, 1886. 

——. (Revised.) 8vo. London, 1886. 

Woodward, H. B. Notes on the Geology of Brent Knoll, in Somer- 
setshire. 8vo. Bath, 1887. 

Notes on the Ham Hill Stone. 8vo. Bath, 1887. 

——. The Geology of England and Wales, with Notes on the 
Physical Features of the Country. Second Edition. 8vo. Lon- 
don, 1887. 

Wright, T. Monograph on the Lias Ammonites of the British 
Islands. 4to. London, 1878-86. Bequeathed. 

Yarkand Mission. Scientific Results of the Second Yarkand Mission ; 
Memoir of the Life and Work of F. Stoliczka, Ph.D., Paleonto- 
logist to the Geological Survey of India from 1862 to 1874, by 
V. Ball. 4to. London, 1886. Presented by the Government of 
India. 

Young, J. Notes on Cone-in-Cone Structure. 8vo. Glasgow, 
1885. ; 

Zittel, K, A.v. Ueber Ceratcdus. 8vo. Munich, 1886. 

1. Ueber Ceratodus. 2. Ueber vermeintliche Hautschilder 
fossiler Store. Svo. Munich, 1886. 
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The names of Donors in Italics. 

Carez, L., et G. Vasseur. Carte Géologique de France. Feuilles 
Pere oN. Soe Ol Snes C1, IN.O.; 8:00; 12.°N.K., 8:0., 
S.E.; and 15, N.0., N.E. sp9)gy- Purchased. 

France. Depét dela Marine. 4 sheets of charts and plans of vari- 
ous coasts. 

Hesse. Grossherzoglich hessische geologische Landesanstalt. Geolo- 
gische Specialkarte. 5=4,). Lief. 1. Blatt Messel und Blatt 
Rossdorf. Darmstadt, 1886. 

Hitchcock, C. H. Geological Map of the United States and part of 
Canada, to illustrate the Schemes of Coloration and Nomenclature 
recommended by the International Geological Congress. 1886. 

New Jersey. Geological Survey. Atlas of New Jersey. Sheets 
Nos. 8, 11, and 12. (G. H. Cook, State Geologist, New Bruns- 
wick.) Scale 1 mile tol inch. 1887. 

N orway. Institut géographique de Norvége et la section topographique 

de UKtat Major Général. Den Geologiska Undersogelse. Karte 
15cand 204. sg 5550: 

Ordnance Survey Maps. Presented by the First Commissioner of Works. 

One-inch General Maps. England and Wales. N.S. Outline. 
6 Quarter-sheets. 

——. Ireland (Hills). 2 Quarter-sheets. 

——. Scotland. 10 Sheets. 

Six-inch County Maps. 22 Sheets; 725 Quarter-sheets. 

Photograph of a Quartzite Pebble found in a Coal Seam, S. Stafford- 
shire (Geol. Mag., July 1873). Presented by Prof. T. G. Bonney, 
Hele. VPS. | 

Photograph of the Central Part of the Crater Wall, Pic Rakata, Isle 
of Krakatau ; with a Note by R. D. M. Verbeek. 1886. Pre- 
sented by the Count van Bylandt, Netherlands Minister. 

Photograph of the Section in Mr. Green’s Pit, at Sudbury, Suffolk 
(Geol. Mag., June 1887). Presented by J. H. Marr, Esq., F.GS. 

Photographs of New Zealand Bryozoa, described in papers in 
Quart. Journ. Geol. Soc. vols. xli. & xlili. Presented by 
A.W. Waters, Esq., F.G.S. 

Romanousky, G., et I. Mouchketow. Carte géologique du Turkestan 
Russe. Edition 1885. Kchelle 5gi55). Six Feuilles. Fol. 
St. Petersburg, 1886. 
VOL. XLII. 0 
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Ruthven, J. Map of the English Lakes and adjoining country, 
geologically coloured. Scale 33 miles to 1 inch. 1855. Pre- 
sented by W. Whitaker, Esq., P.GS. 

Saxony. Gieologische Landesuntersuchung des Konigreichs Sachsen. 
Geologische Specialkarte. Blatt 31, 98, 99, 116, 117, 134. 

Bs000" 

Sherwell, W.S. <A Geological Map of Ziliah Behar. Six miles to 
an inch. Presented by W. 1’. Thiselton Dyer, Hsq., CM.G., F.RS. 

United States, Geological Map of the, by C. H. Hitchcock. 1886. 

Wilson, C. H. Mountain Region of British Honduras. Scale, 
20 mm.=5 miles. Coloured and uncoloured copies. 

II. ADDITIONS TO THE MUSEUM. 

Four specimens, bequeathed to the Society by the late Caleb Evans, 
Esq., F.G.8., viz. :—Two specimens of Elytra of Beetles from the 
London Clay of Peckham. One specimen of Palawocorystes glabra, 
H. Woodward (Quart. Journ. Geol. Soc. vol. xxvii. p. 90), and 
one specimen of Litoricola glabra, H. Woodward (Quart. Journ. 
Geol. Soc. vol. xxix. p. 29), both from the Lower Eocene of Ports- 
mouth. 

A collection of Rock Specimens of the Rocks of Assouan on the 
Upper Nile (Geol. Mag. 1886, p. 101, &c.). Presented by Sir J. 
W. Dawson, C.M.G., F.RS., L.GS., and Prof. T. G. Bonney, 
eles VL a Gas, 
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1. On the Sxuxit and Dentition of a Triassic Savrian (Galesaurus 

planiceps, Ow.). By Sir Ricwarp Owen, K.C.B., F.R.S., 
F.G.8., &e. (Read November 3, 1886.) 

[Prats I.] 

In the year 1858 it was my good fortune to receive from Sir George 
Grey, K.C.B., Governor of the Cape of Good Hope, a fossil skull from 
the Triassic sandstone of the Rhenosterberg, which combined dental 
characters, indicated by the sockets and fragments of teeth, most 
resembling those of a Carnivorous Mammal, with the unequivocal 
cranial structure of a Saurian Reptile. 

This interesting evidence of the Vertebrate life of that geoiogical 
period and locality is described and figured in my ‘Catalogue of the 
Fossil Reptilia of South Africa,’ 4to, 1876, p. 23, pl. xviii. figs. 6-11, 
as a species of an extinct genus, Galesawrus, and as the type of a 
Division of the Class Rzrrirza, subsequent accessions to which, also 
described and figured in the same work, led me, by similar modifica- 
tions of the dentition, to group them in a distinct suborder termed 
Theriodontia (op. cit. p. 15). 

The collection of fossils from the same formation, in the locality 
of <'T[heba-chou,’ Basuto Land, subsequently deposited in the Geolo- 

_ gical Department of the British Museum of Natural History, by 
| Dr. Exton, which, together with the evidence of a mammalian 

genus (Tritylodon), included remains of the reptilian genera Avste- 

Q.J.G.S. No. 169. B 
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cephalus and Batrachosaurus, has also furnished the subject of the 
present paper. 

Characters of the skull and teeth, more or less mutilated in the 
original specimen of G’alesaurus, have been brought to light by careful 
removal of the adherent matrix from the present fossil, under the 
superintendence of my friend Mr. W. Davies, Assistant in the 
Department. 

Cranial and dental characters, so exposed, are given in the annexed 
drawings of the natural size (Pl. I.); to one of which (fig. 2) is added, 
in outline, the better-preserved occipital region of the typical speci- 
men of Galesaurus, now also in the Geological Department. 

In both specimens the reptilian nature of the fossil is exemplified 
by the single occipital condyle (figs. 2 & 3, 1) and by the degree in 
which the ex- (2) and supra-occipitals (3) slope forward as they rise 
to join the parieto-mastoid elements, 7-s. The restricted propor- 
tions of the brain are concurrently exemplified by the parieto-frontal 
ridge-like roof and steeply sloping side-walls of the cranial cavity 
(fig. 2,7). The mass of the temporal muscles is indicated by the 
wide span, J, of the strong zygomatic arches, the parietal boundaries 
of which meet and develop a median crest, to which the frontals, 11, 
also contribute a small proportion. No trace of sagittal suture 
remains: the chief difference in this part of the cranium from a 
mature male of a placental or marsupial Carnivore is the retention 
of the evidence of a primordial ‘‘ gullet-tract,” manifested by the 
“pineal” or “ infundibular ” orifice (fig. 2,7)*. The orbits, 0, have 
a strong uninterrupted bony rim, formed above by the pre- (14) and 
post- (a2) frontals, which unite suturally and exclude the mid 
frontal (figs. 1 & 2, 11); the orbital frame is completed before and 
below by the lacrymal, maxillary (21), and malar (26) bones. A 
strong, vertically broad element (s) of the zygomatic arch seems to be 
excluded from the orbit by a suturally joined malar and postfrontal ; 
the arch bends outward to augment the space for the temporal 
muscle, and broadly joins the mastoid to form the hind wall of the 
wide temporal fossa; the muscles so indicated relate to vigorous 

working of the canine weapons. 
The plane of the orbit slopes forward and from above downward 

and outward (figs. 1 & 2,0, 0). The fronto-nasal suture runs across, 
in a line with the fore border of the orbits. The nasals (45) diverge 
anteriorly to form the sides of a single almost terminal outer nostril 
(7), which exposes the fore border of a bonyseptum. In some other 
Triassic Reptiles (Cynosuchus, e.g.) the nostril is single. The pre- 
maxillaries complete the nostril. The palatal region (fig. 3) repeats 
the same general characters as in previously described Theriodonts 
where it has been exposed, e.g. in Dicynodon leoniceps (op. cit. 
pl. xxvi.), Oudenodon magnus (cb. pl. lvi.), Oudenodon brevirostris 
(ab. pl. lviii.). 

The pterygo-maxillary vacuities (fig. 3, y) are large, but relatively 

* See ‘ Essays on the Conario-hypophysial Tract, and on the Aspects of the 
Body in Vertebrate and Invertebrate Animals.’ By Richard Owen, F.R.S. &c. 
8vo, 1883 (Tayler and Francis, Red Lion Court, Fleet Street, London). 
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less than in the toothless Triassic species quoted. Their proportions 
and periphery are more nearly repeated by the Crocodiles, among 
recent forms, than by any known species of Lizard or Cheionian. 
The pterygoids (fig. 3, 21) divide, with the presphenoid, these vacu- 
ities from each other; the diverging fore ends of the pterygoids join 
the palatal and palato-maxillary boundaries of the posterior nostrils 
( palato-nares). As in the Triassic Dicynodonts and later Crocodilia, 
the palate is toothless. 

The mandible is deep and strong; the rami coalesce at the sym- 
physis; but the sutures between the constituents of the rami are 
retained, those, for example, between the dentary (s2), the angular 
(30), and surangular (29) (figs. 1 & 3). 

The angle of the jaw is not produced, as in the Crocodile, beyond 
the articular element; in general shape and bony strength the man- 
dible of Galesawrus resembles that of a Mammal. 

The dentition of the present specimen is in a state of preservation 
so much better than in the type Galesaur, as to call for the present 
description and illustrations. 

The series of upper molars of that fossil (op. cit. pl. xvii. fig. 7) 
were restored as to number in pl. xviii. from remains of the inner 
enamel-coating of parts of the crown and of the fangs of teeth of 
the upper jaw. The opposing molars of the lower jaw afforded 
further indications of molars, and better ones of the canines and 
incisors. The laniariform character of the canines, their number, 
position, and relative size, clearly indicate the resemblance of these 
teeth to their homologues in the carnivorous Mammalia. 

In the subject of the present paper tne entire crown is preserved 
in four of the upper molars ; the enamelled portion, or crust, shows 
less length and greater breadth than appears in the above-cited 
restoration (1876), in which part cf the preserved fang is included 
in the restored outline of the crown. In the perfect molars of the 
present specimen (fig. 1) the crown shows less length and greater 
breadth than in the previous restoration; it is moderately convex 
externally, triangular, with the base flanked by a short cusp before 
and behind; the corresponding margins of the crown are finely 
crenulate, as in the molars of Cynodraco (op. cit. pl. xvi. fig. 6) and 
Lycosaurus (pl. xv. fig. 5, op. cit.) An enlarged outline of a perfect 
upper molar is now given in Pl. I. fig. 4. The incisors with longish, 
slender, simple-pointed crowns are eight in number in both upper 
and lower jaws, four in each premaxillary opposed or partially 
interlocking withthe same number in each mandibular ramus; 
they show a* slight increase of size from the first to the fourth. 
The canines (fig. 1, ¢, cc’), one on each side of both upper and 
lower jaws, have the same laniariform shape and size of crown 
as in the original fossil of Galesaurus (loc. cit. pl. xvii. fig. 7, ¢). 
A corresponding interspace for reception of the crowns, the mouth 
being shut, breaks the dental series. In the right maxillary bone 
the long, deeply implanted root is exposed ; the corresponding part 
of the lower canine is similarly exposed in the left mandibular 
ramus. The sum of these characters is shown in the side of the 

BZ 
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skull selected for the profile view in fig. 1, Pl. I. No trace of 
successional teeth, as in ordinary Saurians, has been discovered. 

Crocodiles and Alligators, both existing and extinct, have two or 
more teeth of canine proportions on each side of both upper and 
lower jaws, the largest and most conspicuous being developed from 
near the middle of the dental rank*; but these teeth differ in shape 
from those of Mammalian Carnivores and Galesaurs, have thicker 
crowns, subcircular in transverse section, chiefly differing in size 
from the smaller teeth before and behind them. A similar character 
and disposition of destructive canines is shown by the fossil jaws of 
the Oolitic great extinct carnivorous Saurians—Megalosaurus, for 
example. In the Triassic Labyrinthodonts the destructive and pre- 
hensile laniaries occupy the foremost end of the dental series, are 
four in number, two on each side, and by position in the lower 
jaw would rank as “incisors” rather than canines f. 

In the poisonous Snakes the canines, in number and position, 
resemble those in the upper jaw of carnivorous Mammals, but are 
limited to that locality, and have the well-known modifications of 
structure and attachment in purposive relation to the infliction of a 
venomous wound <. 

As a rule the dental series, in existing Lizards, shows teeth of 
nearly uniform, shape, and either similar in size (see figs. 1, 2, 3, 4, 
pl. Ixvi., ‘Odontography,’ vol. i1.), or gradually increasing, chiefly 
in breadth of crown, from before backwards (figs. 6, 7, loc. cit.). 
Mcreover the cement-clad roots contract bony union with the jaw- 
bones, both upper and lower ; whilst in Galesaurus the teeth, besides 
being distinguished, as in Mammals, by their differential character 
as incisors, canines, and molars, are implanted freely in sockets of 
due depth, the cold-blooded characters being manifested solely by the 
greater number of teeth following the canines, and by the absence 
of those developmental and formal distinctions which enable the 
naturalist to classify them, in Mammals, as ‘“ premolars” and 
‘‘ molars.” 

Here, however, | may remark that some extinct Mammals of the 
Oolitic period have retained the earlier Reptilian character of the, 
geologically, older subject of the present communication. I refer to 
the excess of number of the molar teeth in Amphitherium (Brit. 
Foss. Mammals, 8vo, 1846, p. 29. fig. 15, p. 44. fig. 16), a character 
still retained in the existing Australian Myrmecobius. Galesaurus 
also resembles that and other Marsupials§ in the number and 
relative size of its upper incisors, while retaining the same number 
below. ; 

One cannot rise from these comparisons without speculating on 
the association of the degree or mammalian dental resemblances 
manifested by the teeth of the cld Triassic Reptile at the southern 

* “Odontography,’ vol. ii. (Atlas), pl. 75a. figs. 1 & 2. 
t Tom. cit. pl. 68a. figs. 4 & 5. 
{ Tom. cit. pl. 63. figs. 8, 9, 13. 
§ Tom. cit. pl. 98. fig. 1, Thylacinus; fig. 2, Dasywrus; fig. 3, Phascogale ; 

fig. 4, Myrmecobius. 
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end of Africa with the exceptional incisory and molary characters 
of some of the low Australian forms of Mammals still in existence 
at the Antipodes. 

EXPLANATION OF PLATE T. 

Skull of Galesaurus planiceps, Ow. 

Fig. 1. Side view. 
2. Top view. 
3. Base view. 
4. Magnified view, outer side, of molar tooth. 

(All the figures, save 4, are of the natural size.) 

Discussion. 

The Presrpent referred to the skilful work of the masons in the 
British Museum, under the able direction of Mr. William Davies, 
and was glad to find that the Author’s previous suggestions as to 
structure were fully confirmed. 

Mr. Crorrwett questioned the Triassic age of the South-African 
beds in question. They were in conformable sequence to beds full 
of undoubted Carboniferous fossils. Might not Galesaurus rank as 
a Carboniferous Amphibian ? 

Prof. Szetey remarked on the admirable description of this 
species which the Author had given, and regretted that he was un- 
able to concur in the conclusions as to its classification. He econ- 
tended that the term Theriodontia used for this animal and its allies 

was based on resemblances of analogy which did not imply affinity, 
and that other reptile types had as good a claim to be termed 
Theriodont from resemblances to other mammalian forms of den- 

tition, and it would be absurd to institute ordinal groups for them. 
He maintained that the developed tooth in the position of a canine, 
in these fossils, was not a character on which an order could be 
based. Spencer’s investigation of the organ resembling an eye 

which occupies the parietal foramen gave new interest to its pre- 
sence in the fossil, but the character was not Therioid. In the con- 
struction of the palate he found no difference of plan from the 
other Anomodontia. There were differences from Lizards in the 

mode of union of the pterygoid bones with the sphenoidal mass ; 
but the fossil showed no distinctive type in this region. He urged 

that the mammalian resemblance noted in the form of the brain- 
case was equally delusive ; for although Procolophon was far from 
being the nearest ally of Galesaurus, he thought the resemblance 
between them in the fore part of the skull, in the divided nares 
and forms of the bones, justified him in saying that there was no 
more difference between those genera than differentiated, in another 
order, the Chelonian genus Chitra from the Sea-Turtle, Chelone. 
He therefore considered it unfortunate that an ordinal group, 

Theriodontia, should have been instituted for these Anomodonts. 
Prof. T. Rupert Jonus said that the Stormberg beds, in which 

the Galesaurus is found, lie somewhere between Paleozoic and 
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Mesozoic, and he expressed his doubts as to the Paleozoic fossils 
which were alleged to have been found. 

Mr. Lyprxxrr confirmed the remarks of Prof. Seeley, and ex- 
pressed his regret that Sir R. Owen had not described one other 
specimen in the British Museum. It would be sufficient to regard 
these fossils as constituting a suborder only. 

Dr. Woopwarp thought that thanks were due to Dr. Exton, and 
remarked on the difficulty of getting specimens from Bloemfontein ; 
exchanges of this kind were valuable. He instanced the acquisi- 
tion of Tritylodon and fish-remains not previously known. He 
differed as to the Carboniferous age of the beds, and considered that 
the Trias would represent the extreme of their possible antiquity. 

Dr. BranForp said that he had protested against the term Triassic 
on the last occasion when Sir R. Owen had described a mammalian 
skull from the Stormberg beds, and he still thought it a matter for 
regret that these interesting fossils were definitely assigned to a 
particular geological system, although it was notorious that the 
evidence of age was far from clear. The speaker pointed out that 
some remarkable similarities in Indian beds, and the asserted pre- 
sence in the Stormberg beds of plants common to the Jurassics of 
Australia, indicated that the beds from which Galesauwrus was ob- 
tained were at least as likely to be Jurassic or even Neocomian as 
Triassic. * 

Mr. Crurrwett referred to the abundance of Carboniferous plants 
which might be observed at Newcastle and Dundee, in Natal, and 
he repeated that the Karoo beds may be seen to overlie these in 
sequence on the route from Camden to Preetoria. 

The Presrpent regretted that the Author, through illness, was 
not able to be present to reply to the criticisms as to the systematic 
position of these forms and the geological age of the beds in which 
they occur. ; 
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2. The Curacra of the Surrorx Crac. By R. Lypexxer, Ksq., 
B.A., F.G.S., &e. (Read November 3, 18386.) 

[Prats IT. | 

Tue fossil Cetacea of the Suffolk Crag have already formed the 
subject of several memoirs and papers, although no complete 
treatise has as yet appeared on the whole group. Of the more 
important memoirs the earliest is one by the late Prof. Henslow, 
which appeared in the Society’s ‘ Proceedings’ for 1843*, and con- 
tains a description by Prof. Sir R. Owen of four specimens of the 
tympanics of the Balenide. In Sir R. Owen’s ‘ History of British 
Fossil Mammals and Birds’ (1846) these specimens are again de- 
scribed, and the genus Balewnodon is founded on the evidence of an 
imperfect tooth. In 1864 Prof. EK. Ray Lankester t published a 
paper on Crag fossils containing a notice of some delphinoid remains ; 
while in another memoir, which appeared during the same year 
in the Society’s ‘ Journal “t, Prof. Huxley described the rostrum of 
one of the Ziphioids under the new generic title of Belemnoziphius. 
In 1870, Sir R. Owen contributed a monograph of the Ziphioids to 
the Palzontographical Society ; and in the latter part of the same 
year Prof. Lankester § published the description of a rostrum be- 
longing tothe same group. Finally, in 1884, Prof. Flower, in part 2 
of the ‘Catalogue of the Vertebrata in the Museum of the Royal 
College of Surgeons,’ provisionally referred a considerable number of 
tympanics of Balenide to the four species determined by Sir R. 
Owen, without entering into the question of the correctness of the 
generic determination. Two specimens were, however, regarded 
as distinct from all these four species; one of these was referred to 
Balcena and the other to Balenoptera. Some incidental references to 
Crag Cetacea occur in the works of foreign paleontologists, which 
need not be definitely quoted. 
In the course of preparing the ‘ Catalogue of the Fossil Mammalia 

in the British Museum,’ I have been led not only to examine every 
specimen of the remains of Crag Cetacea contained in that collection, 
but have also examined the collections of the Museum of the Royal 
College of Surgeons, of the Museum of Practical Geology, and of 
the Ipswich Museum ; and I have also paid a visit to the Brussels 
Museum in order to compare the unrivalled collection of Pliocene 
Cetacea contained in that institution with the English specimens 

* Proc. Geol. Soe. vol. iv. pp. 283-286. 
+ Ann. & Mag. Nat. Hist. ser. 3, vol. xiv. p. 356. 
+ Quart. Journ. Geol. Soc. vol. xx. p. 388. 
§ bid. vol. xxvi. p. 502. 
|| I desire to express my obligations to the Director-General of the Geolo- 

gical Survey, and Mr. H. 1. Newton, of the Museum of Practical Geology, to 
Dr. J. H. Taylor, of the Ipswich Museum, and to the Director and M. L. Dollo 
of the Brussels Museum, for their courtesy in placing the collections under 
their charge at my disposal, as well as for the opportunity of borrowing some 
of the most important specimens. 
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As the result of these extensive comparisons, I have been able not 
only to adda considerable number of species to the British fauna, but 
to make several important emendations in regard to nomenclature, 
and also as to the affinities of certain forms which have hitherto been 
but very improperly known; and I have accordingly thought it 
advisable (with the permission of the Director and the Keeper of the 
Geological Department of the British Museum) to bring these results 
in a collective form under the Society’s notice. I think I may be 
congratulated that I have not found it necessary to make any new 
species. 

Before proceeding to the descriptive part of the paper it may be 
advisable to state that my own observations fully confirm the con- 
clusions arrived at by Prof. Lankester, as to the essentially Diestian 
affinities of the English Crag Cetacea. In the Coralline Crag the 
specimens are usually met with in an unrolled condition; and 
although the remains found in the bone-bed at the base of the Red 
Crag are much rolled and water-worn, yet specimens belonging to 
the same species are found occasionally in the upper portions of 
that deposit, in a more or less uninjured condition, which clearly 
proves that such species were inhabitants of the Pliocene sea during 
the deposition of the Red Crag. With these introductory remarks 
the consideration of the fossils themselves may be undertaken *. 

Balenide.—Commencing with the Baleenine section of the family, 
it appears to me to be advisable to include in the genus Balena 
both Balenotus and Balenula of Van Beneden, as these forms seem 
to be nothing more than primitive Right Whales, in which the 
anchylosis of the cervical vertebre had not attained the full develop- 
ment characteristic of the existing forms. Of the four tympanics — 
described by Sir R. Owen in the fourth volume of the Society’s 
‘ Proceedings,’ and in the ‘ British Fossil Mammals and Birds,’ under 
this generic designation, the only one that really belongs to Balena 
is B. affinis. The type-tympanic is not of very large size, but there 
are specimens in the British Museum (e. g. No. 46681) corresponding 
in form which indicate a species fully as large as, and apparently 
closely allied to, the Greenland Whale; there are similar specimens 
in the Brussels Museum which have been referred to B. primigenia, 
Van Beneden (a reference which, if correct, would indicate that the 
latter name is a synonym of B. affinis), but which differ from typical 
tympanics of that species. The tympanic of B. affinis is characterized 
by its elongated shape and flat anterior surface, its nearly straight 
inferior border, which is approximately parallel with the superior 
border of the inner wall, the height of the inner wall at the Eusta- 
chian part of the aperture, the produced antero-inferior angle, and 
the slight thickening of the involucrum f. 

In nddition to this type of tympanic the Red Crag contains nu- 
merous examples of the tympanics of other large Whales, which in 
their convex inferior border, absence of a produced antero-inferior 

* As the references to the nomenclature will be given in the British Museum 
Catalogue, it will be unnecessary to quote them in this paper. 

+ The reflected superior portion of the inner wall. 
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‘angle, and the comparative lowness of the Eustachian portion of the 
aperture agree with the existing Whales of the southern and tem- 
perate oceans (B. biscayensis and B. australis). Very great variation 
in respect of certain details is found in this type of tympanic, the 
difference between extreme examples being so great that if we had 
only a few specimens to deal with, it would be necessary to refer 
them to more than one species; but in a large series it is found 
that these variations apparently pass imperceptibly into one another, 
and all the forms are therefore provisionally referred to one species, 
which is B. primigenia of Van Beneden. In the typical form of 
tympanic *, which we may call variety A, the inner wall is very 
high, its superior border oblique, the flattening of the anterior sur- 
face extending nearly or quite down to the border, the involucrum 
considerably thickened, and the inferior border somewhat angulated. 
There is a very perfect immature tympanic of this specimen in the 
British Museum (No. 46686), which was identified several years 
ago by Prof. Van Beneden, and there are others in the Museum of 
Practical Geology, and in the Ipswich Museum, and one fine example 
in the Museum of the College of Surgeons (No. 2831). By the 
courtesy of Mr. Colchester, of Ipswich, I figure (woodcut, fig. 1) a 

Fig. 1.—Balena primigenia, Van Beneden, var. A, The imperfect 
right tympane ; from the Red Crag. Half nat. size. 

Specimen of a right tympanic of this type, which has not been 
subjected to rolling. In this specimen (of which a cast has been 
taken by Mr. Colchester’s permission for the British Museum) the 
obliquity of the superior border of the inner wall is only moderate. 

In the form which may be called variety B, of which there is a 
very fine example in the Museum of Practical Geology (PI. II. figs. 
1, 1a), the obliquity of the superior border of the inner wall is 
excessively poe ped although most of the other characters are 

* See Van Peneden Ann. Mus. R. Hist. Nat. Belg. vol. iv. pt. 2, pl. xix. figs. 
1-4 and 9-12. 
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similar to those of the type form. This very remarkable type of 
tympanic presents an approximation to the still more remarkable 
tympanic of the genus Weobalena, the resemblance being so decided 
as to indicate the probability of there having been a genetic connec- 
tion between the two forms. The form which I note as variety C 
is represented by a tympanic in the British Museum (No. 46685), 
which, while agreeing in many respects with the type-form, is 
distinguished by its extreme lateral compression and the total 
absence of any thickening of the involucrum. 

The last variety, which we may term D, is characterized by 
the lowness of the inner wall, the parallelism of its superior border 
to the long axis of the bone, the slight downward extent of the 
flattening of the anterior surface, and the absence of any distinct 
angulation of the inferior border. There is a fine example of this 
form in the British Museum (PI. II. figs. 2, 2a), and a smaller one 
in the Museum of Practical Geology. It is not always easy to dis- 
tinguish between some of the smaller tympanics of this type and 
those of B. insignis ; but those of the latter are usually more inflated, 

_ thicker inferiorly, and with a distinct angulation of the inferior 
border. Tympanics agreeing with those of B. (Balenotus) insignis 
and B. (Balenula) balenopsis, Van Beneden, occur in the Red Crag ; 
and the British Museum possesses an atlas vertebra (No. M. 3542) 
from the Coralline Crag referred ,by Professor Van Beneden to the 
latter species. Both these Whales are of small size, but B. balen- 
opsis is the smaller of the two. Prof. Van Beneden mentions 
certain structural differences by which the tympanics of these two 
species can be distinguished; but I confess that I was unable to 
satisfy myself of the validity of such distinctions from an exami- 
nation of the type specimens in the Brussels Museum: in naming 
the Crag specimens, I have been forced to content myself with 
referring the smaller ones to B. balenopsis, and the larger to B. in- 
sigms; and it is difficult, in the case of some immature specimens, 
to say whether they may not belong to young individuals of the 
larger species. There is a very beautiful example of the right tym- 
panic of the former species, which was obtained from the Red Crag 
of Woodbridge, preserved in the Ipswich Museum. The tympanic 
of B. imsignis frequently exhibits a flattening of the inferior surface 
which recalls the structure obtaining in the following section. 

In the Balznopterine section, which is characterized by the absence 
of anchylosis of the cervical vertebree and the more inflated and 
rounded tympanic, in which the Eustachian channel is usually well 
defined, it may be observed that a very large nnmber of genera and 
species have been founded by Prof. Van Beneden on the evidence 
of remains from the Antwerp Crag. Some of these forms have not 
yet been figured, and their names are therefore little better than 
MS. ones; while in those which have been fully described it appears 
to me that some of the generic divisions are unnecessary, and I 
cannot help thinking that in certain instances some of the forms to 
which specific names have been applied are not improbably only 
individual or sexual variations ; but as itis impossible to prove this, 

* 
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T cannot but adopt such species*. In regard, however, to the 
names applied to two of these species, it is necessary to replace 
those given by Prof. Van Beneden by the earlier Owenian ones. 
It may be added that the great number of species in this section 
renders the specific determination of detached vertebre in many 
instances a matter of great difficulty and uncertainty ; and it may 
also be mentioned that owing to the more fragile nature of the 
outer wall of the tympanic in the Rorquals, fairly perfect specimens 
of these bones are much less common in the Red Crag than in the 
case of the Right Whales. 

In the genus Megaptera (in which the tympanic is more inflated 
and its involucrum more pear-shaped than in Balenoptera) we may, 
I think, certainly include the genus Burtinopsis of Van Beneden, 
which has been described as intermediate between Megaptera and 
Balenoptera, although the tympanics figured by Van Beneden 7f are 
undistinguishable in structure from those of Megaptera boops. To 
Megaptera affinis, Van Beneden, I provisionally refer an immature 
right tympanic (Pl. II. figs. 4, 4) from the Coralline Crag, which 
is preserved in the Museum of Practical Geology, and in its blunted 
anterior extremity agrees very closely with the larger example 
figured by Van Beneden in the Ann. Mus. R. Hist. Nat. Belg. 
Weleval. pt. >, pl. xlii. figs. 1, 2. 
A left periotic, from the Red Crag, in the British Museum (No. 

39020), from the narrow and elongated form of the portion containing 
the semicircular canals, evidently belongs to the present genus (as 
distinct from Balenoptera and Cetotherium) ; and as it 1s apparently 
adult, and much smaller than the corresponding bone of MW. affinis 
figured by Van Beneden in the Ann. Mus. R. Hist. Nat. Belg. 

vol. vii. pt. 3, pl. xl. fig. 4, and is apparently too large for MW. 
(Burtinopsis) minuta, Van Beneden, the probability is that it belongs 
to the somewhat larger M. (Burtinopsis) similis, Van Beneden. 
The small W. minuta is represented by a nearly perfect left tympanic 
(Pl. II. figs. 5, 5a) from the Coralline Crag, which is preserved in 
the Ipswich Museum, and agrees exactly with the tympanic figured 
by Van Beneden, op. cit. pl. xevil. figs. 9-11, under the name of 
Burtinopsis. Uixcept by its smaller size, the English specimen can 
scarcely be distinguished from the tympanic of the existing MW. boops. 

To the genus Balenoptera belongs the so-called Balena definita, 
Owen, of which there is a fairly perfect tympanic in the Ipswich 
Museum (PI. II. figs. 3,3.a). This specimen agrees exactly with 
the imperfect type tympanic (of which a cast is preserved in the 
Museum of the College of Surgeons +); and as it differs from the 
corresponding bone of B. Goropi, Van Beneden, by its larger size, its 

* In many instances it does not appear to me by any means certain that the 
_ vertebrze belong to the same speciesas the tympanics, and it is therefore advisable 

to regard the latter as the types of such species. 
Tt Ann. Mus. R. Hist. Nat. Belg. vol. vii. pt. 3, pls. Ixxxix. & xevii. The 

recent tympanic figured in pl. Ixxxix. figs. 15, 16, under the name of Balenoptera 
antarctica, certainly belongs to Megaptera boops, and might have been drawn 

_ from a specimen in the British Museum (No. 2.76.16.18). 
t Nos. 2805 and 2832 in the same collection belong to this species. 
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greater inflection, greater height of the inner wall, smaller depth of 
the Eustachian notch, sharper posterior angle, and more gibbous in- 
volucrum, there is little doubt of its specific distinctness, and every 
probability of its being identical with the so-called B. Sibbaldina, Van 
Beneden, of which the tympanic has been hitherto unknown. This 
is confirmed by a very fine late cervical vertebra from the Red Crag 
in the Ipswich Museum, which corresponds exactly with the type 
specimens of the latter form in the Brussels Museum. The rather 
smaller B. Goropi, Van Beneden*, is represented by an imperfect 
tympanic from the Red Crag, in the British Museum (No. 39016), 
and probably by some vertebree in the same collection. Of the still 
smaller B. borealina, Van Beneden, there is an imperfect tympanic 
(of which the British Museum has a cast) in the Ipswich Museum, 
from the Red Crag, as well as two similar specimens in the British 
Museum (Nos. 3907-8). The next form is that named by Owen 
Balena emarginata (with which B. gibbosa, Owen, appears to be 
identical/), which is represented by several tympanics in the Museum 
of the College of Surgeons =, and by one in the British Museum 
(No. 39016 a); these specimens are absolutely undistinguishable 
from the tympanics found in the Antwerp Crag, which Van Beneden 
has named Balenoptera rostratella, a name which must give place 
to the earlier one applied by Owen, so that the species must be 
known as Balenoptera emarginata. With regard to the genus 
Plesiocetus of Van Beneden, I think it advisable to adopt Brandt’s 
view of including it in his genus Cetotherium, with which Hetero- 
cetus§, Van Beneden, may also apparently be grouped. The 
tympanic is readily distinguished from that of Balenoptera by its 
anteriorly pointed form, the triangular shape of the roughened 
inferior surface, and the less flattenedinvolucrum. To C. Brialmonti 
(Van Beneden) I refer an imperfect .axis-vertebra from the Red 
Crag, in the British Museum (No. 46734); while the smaller C. 
dubvum (Van Beneden) is represented by two imperfect tympanics in 
the Museum of the College of Surgeons (Nos. 2852, A and B)||, and 
probably by some periotics in the British Museum (e. g. No. 30261). 
Some vertebree in the latter collection probably belong either to this 
species or to C. Burtina (Van Beneden) ; while others which belong 
either to the latter or to C. Hupschi (Van Beneden) I have 
provisionally referred to the last-named species. ‘The still smaller 
C. brevifrons (Van Beneden 4) is represented by an axis-vertebra 
in the British, and another in the Ipswich Museum, while it is not 

* Syn. B. musculoides, Van Beneden; the reasons for adopting the former 
name will be given in the Cat. Foss. Mamm. Brit. Mus. pt. v. 

t The form of the involucrum on which Owen distinguished this second 
species alters with age. 

t Nos. 2822-2825. Some of the other specimens included under the same 
head are distinct. 

§ This is really not more than a MS. name. 
|| These numbers do not appear in the published ‘Catalogue,’ but have been 

entered in MS. by Dr. Garson in the Museum copy. 
| Syn. Heterocetus brevifrons. 'The type specimens are not figured, and I 

have identified the English examples by comparison with those in the Brussels 
Museum. 
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improbable that a small tympanic in the latter collection may also 
belong to this species. A tympanic from the Red Crag, in the Museum 
of Practical Geology (represented by a cast in the British Museum), 
indicates the occurrence of Herpetocetus scaldiensis, Van Beneden, in 
this country, and No. 2816 * in the Museum of the College of Sur- 
geonsis asecondexample. The tympanicof this genus (whichexhibits 
some affinity in the structure of the mandible with the Physeteride) 
is readily recognized by its egg-like shape, the small and sharply 
defined involucrum, and the filling-up of the anterior portion of the 
cavity by osseous matter. 

Physeteride.—tIn the Physeteride the periotic tf (which, as in the 
other families of the Odontoceti, is not anchylosed to the tympanic) 
articulates anteriorly by a smooth facet (a, Pl. I. fig. 6) with the 
tympanic, and posteriorly is broad and has a distinct median longi- 
tudinal ridge (6) on the same face for articulation with the free 
border of the latter bone. The genus Hucetus, Du Bus, which 
appears to be allied in dental characters to Physeter, is represented 

Fig. 2.—Kucetus amblyodon, Du Bus. The left periotic ; from the 
Red Crag. Two thirds nat. size. British Museum (No. 
27854). Letters as in Plate IT. 

I 

in nearly all Crag collections by many teeth, which belong to the 
type species EL. amblyodon; the cement is of great thickness, the 
dentine-core fusiform, and the osteodentine nodular. I provisionally 
refer to this species = a large left periotic in the British Museum 
(woodcut, fig. 2), which in the partial production of its posterior 
extremity more nearly resembles the periotic of Hyperoodon than 

* Entered in the Catalogue under the head of Balena definita. 
t+ While the tympanic is the most characteristic bone in the Balenide, the 

periotic (which is more commonly preserved in the fossil condition) is the one 
affording the best generic characters in the Physeteride and Delphinide. 
¢ On account of its large size and the circumstance that teeth of Hucetus are 

much commoner than those of Balenodon. 

— - NE PO 

I Oe 

— 
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that of Physeter, and thus, if rightly referred, confirms the generic 
- distinctness of the present form from the latter. The small Homo- 
cetus Villerst, Du Bus, is, I believe, represented by a tooth from the 
Red Crag, in the British Museum (No. 49966), and not improbably 
by other teeth in the Ipswich Museum. 

I now come to the genus Balenodon, Owen, which was founded 
upon an imperfect tooth, whose affinities have given rise to much 
discussion *. In descateine the type specimen, Owen regarded it as 
a segment of a complete tooth, and described the central axis as 
dentine, and the outer coat as cement ; but a comparison with teeth 
in the Brussels Museum, to which Du Bus applied the name of 
Scaldicetus Carreti, has shown that the cement has entirely dis- 
appeared, and that. the axis is really the ossified pulp- cavity, and 
the outer coat the dentine. The English specimen is specifically 
identical with the Belgian ones, as the name Balawnodon must 
therefore supersede Scaldicetus. The complete teeth of the genus 
have their crowns tipped with enamel. Of the allied but smaller 
genus Physodon Tt, Gervais, there are teeth in the British Museum 
from the Red Crag corresponding to those of P. grandis (Du Bus), ~ 
while one imperfect tooth (No. 44109) may not improbapbly belong 
to P. fusifornis (Du Bus). ‘The genus Hoplocetus comprehends — 

_ other Physeteroids with enamel-tipped teeth, which aré characterized _ 
by the excessive thickness of their cement and the tia of a 
constriction at the base of the crown. Certain worn (and nio- 
bably derived) teeth from the Red Crag in the British Museum and 
other collections appear to indicate the occurrence of the Miocene 
H. crassidens, Gervais, while others may be referred to the Diestian © 
H. borgehoutensis, Gervais, and others, again (more doubtfully), to 
H. curvidens of the same epoch. 

In the Ziphiine subfamily Hyperoodon is represented by a very 
perfect right periotic from the Red Crag in the Ipswich Museum 
(P1. 11. fig. 6). This specimen, which has the accessory ossicle (c) still 
attached, cannot be distinguished from the corresponding bone of 
the existing H. rostratus, and evidently indicates the existence either 
of that or of a closely allied form in the Pliocene ; the occurrence of 
cervical vertebree of a member of this genus in the Antwerp Crag has 
been recorded by Prof. Van Benedent. The genus Choneziphius, 
which appears to be in some respects intermediate between Hyper- 
oodon and Mesoplodon, and differs from the latter by the non- 
ossification of the supravomerine cartilage, is represented by the 
typical C. planirostris (Cuy.). The so-called Aphius planus, Owen, 
also belongs to the same genus, but the type specimen of that species 
is not sufficiently perfect to determine whether Choneziphius Packard, 
Lankester (which is of rather later date), is. really entitled to specific 
distinction. I refer to this genus a left periotic (PI. I. fig. 7) from 
the Red Crag, preserved in the Museum of Practical Geology, which 

* Gervais identified Balenodon with Hoplocetus, while Van Beneden and 
Lankester thougnt it might be a Squalodon. 

t Syn. Palgodelphis, Du Bus. 
¢ Bull. Ac. R. Belg. sér. 2, vol. x. p. 407 (1860). 
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is intermediate between the corresponding bone of Hyperoodon and 
that of Mesoplodon, and accords well in relative size with the 
present genus. This bone (in which the accessory ossicle (c) is absent) 
is nearer to that of Mesoplodon than to Hyperoodon, but approaches 
the latter in the shortness of the posterior extremity, the large size 
of the cavity for the accessory ossicle, and the great development of 
the longitudinal ridge (6) on the tympanic aspect of this portion ; 
the anterior articular facet («) for the tympanic is also less concave 
than in Mesoplodon. The latter genus may be taken to include both 
Belemnoziphius of Huxley and those Crag species placed by Owen in 
Aiphius which do not belong to Choneziphius. With regard to species, 
the identity of Owen’s Z. medilineatus with Dioplodon Becant, 
Gervais, of the Antwerp Crag, has been shown by the latter writer ; 
and as my own observations in the Brussels Museum fully confirm 
the view expressed by Du Bus as to the identity of the latter with 
Ziphius longirostris, Cuvier (the locality of the type specimens of 
which is unknown), I think we can have no hesitation in adopting 
the name of Mesoplodon longirostris for this species, which agrees 
in size with the existing MW. australis. A left periotic (PL. II. fig. 8) 
belonging either to this or one of the equal-sized species, is preserved 
in the Jermyn-Street Museum, and is almost undistinguishable from 
the corresponding bone of M. australis; the accessory ossicle on 
the posterior portion of the tympanic aspect is absent in the fossil. 
The characteristic features of the periotic of Mesoplodon are the 
production and pointed extremity of the posterior portion, the com- 
paratively small vertical height of the longitudinal articular ridge 
on the tympanic aspect of the same, the sma!l size and oval shape 
of the accessory ossicle, and the deep transverse concavity of the 
anterior articular facet for the tympanic. The other described Crag 
species are M. tenwrostris (Owen), MW. qibbus (Owen), WM. angustus 
(Owen), M. angulatus (Owen), and MW. compressus * (Huxley); and 
to these may perhaps be added a form of which there is a rostrum 
in the Ipswich Museum to which the MS. name of WM. Floweri has 
been applied by Mr. Canham 7. 

Squalodontide.—The Crag Squalodon, of which there are saeepal 
molar teeth in the Ipswich Museum, may in all probability, as Prof, 
Lankester suggests, be identified with ‘the large S. UE ROE 
Van Beneden. 

Delphinide.— The periotic of this family (PI. IT. fig. 11) is distin- 
guished by the grooving of the anterior facet (a) for articulation 
with the tympanic, and the narrowness of the posterior tympanic 
surface, on which the ridge for articulation with the free border of 
the tympanic is ill-defined and situated close to one edge. The 
occurrence in the Red Crag of an Orca considerably smaller than 
the existing O. gladiator is indicated by a right periotic (Pl. II. fig. 9) 
in the Museum-of Practical Geology, and by an unworn and very 
perfect tooth (Pl. II. fig. 10) collected by Dr.J. K. Taylor and preserved 

* Belemnoziphius compressus, Huxley, appears identical with Ziphius come 
pressus, Owen. 

t See Flower, Cat. Vert. Mus. R. Coll. Surg. pt. 2, p. 562, No. 2915 (1884). 



16 MR. R. LYDEKKER ON THE CETACEA OF THE SUFFOLK CRAG. 

in the Ipswich Museum. The periotic agrees very closely in structure 
with a specimen of the corresponding bone of O. gladiator in the 
Museum of the College of Surgeons, and accords in relative size with 
the tooth. As Iam unable to distinguish the latter from the teeth of 
the small Orca citoniensis, Capellini*, from the Pliocene of Italy, I am 
disposed to refer the English form to that species. The next form for 
consideration is that to which Prof. Lankester + applied the name Del- 
phinus uncidens (the generic term being used in the Linnean sense), 
with which D. orcoides of the same author may be united, since the 
larger teeth to which the latter name was applied are merely the 
hinder ones of the same species. Some confusion occurs in the 
description of the larger teeth, since they are stated to agree in 
size with those of Pseudorca and Orca ~, whereas they really corre- 
spond in this and other respects with those of Globicephalus, to which 
genus they may be referred. The evidence for this reference does 
not, however, depend solely upon the teeth, since there is in the 
British Museum a very beautiful associated left periotic and tym- 
pauic from the Coralline Crag (the former bone being represented in 
Pl. I. fig. 11), which agree precisely in size with the corresponding 
bones of G. melas, and only present slight structural differences of 
specific value. Rolled periotics and tympanics of this type are of 
extremely common occurrence in the Red Crag, an example of the 
former being represented in pl. viil. figs. 2, 3 of Prof. Lankester’s 
memoir. To render the foregoing evidence absolutely conclusive, the 
British Museum possesses a lumbar yertebra (No. 28271) from the 
Red Crag which is undistinguishable from the corresponding bone 
of G. melas. There are several less perfect vertebrae of the same 
type in the latter collection, while some unnamed vertebre in the 
Brussels Museum apparently indicate the occurrence of the same 
species in the Antwerp Crag. ‘The last form I have to notice is one 
indicated by numerous periotics and tympanics in the British Museum 
and other collections, which indicate a Dolphin agreeing in size with 
the existing Lagenorhynchus acutus ; I have not, however, been able 
to determine the genus of this type, which may include more than 
one species, and may be identical with one or both of two Belgian 
species to which Prof. Van Beneden has applied the name of Del- 
phinus Wasu and D. Delannoyi (the generic term being used in a 
wide sense). The specimens in the Brussels Museum do not, however, 
include any examples of the periotic, so that I could not institute 
any comparison between the Belgian and the English specimens. 

I may conclude this paper with a list of the well-authenticated $ 
species of Cetacea occurring in the Red and Coralline Crag, those 
species of which the identification is doubtful being indicated by a 
query. 

* Mem. Ac. Sci. Ist. Bologna, ser. 4, vol. iv. p. 670 (1883). 
t+ Ann. & Mag. Nat. Hist. ser. 3, vol. xiv. p. 856 (1864). 
¢ Mentioned as species of Delphinus in Prof. Lankester’s memoir. 
§ I omit a few forms which have been erroneously recorded from the Crag 

or of which the description is too vague to admit of identification. 
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BaLANIDZA. 

Balena affinis, Owen. 
primigema, Van Beneden. 
msignis (Van Beneden). 
balenopsis (Van Beneden). 

Megaptera affims, Van Beneden. 
? sumilis (Van Beneden). 
nunuta (Van Beneden). 

Balenoptera definita (Owen). 
Goropi, Van Beneden. 
borealina, Van Beneden. 
emarginata (Owen). 

Cetothertum Brialmonti (Van Beneden). 
dubwwm (Van Beneden). 

—— ? Hupschi (Van Beneden). 
brevifrons (Van Beneden). 

Herpetocetus scaldiensis, Van Beneden. 

PHYSETERIDA. 

Eucetus amblyodon, Du Bus, 
Homocetus Villersit, Du Bus. 
Balenodon physaloides, Owen. 
Physodon grandis (Du Bus). 

? fustfornus (Du Bus). 
Hoplocetus crassidens, Gervais. 

borgehoutensis, Gervais. 
? curvidens, Gervais. 

Hyperoodon, sp. 
Choneziphius planirostris (Cuvier). 
—-- planus (Owen). 

Packardi, Lankester. 
Mesoplodon longirostris (Cuvier). 
-—— tenuirostris (Owen). 

grbbus (Owen). 
angustus (Owen). 
angulatus (Owen). 
compressus (Huxley). 

— Flower, Canham, MS. 

SQUALODONTID A. 

Squalodon antwerprensis, Van Beneden. 

DELPHINIDZ. 

Orca citonrensis, Capellini. 
Globicephalus uncidens (Lankester). 
Delphinoid, gen. non det. 

No. 169. Cc 

LLC 
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EXPLANATION OF PLATE II. 

Figs. 1, la. Balena primigenia, Van Beneden,. var. B. The imperfect right 
tympanic; from the Red Crag. Museum of Practical Geology. 

2, 2a. Balena primigenia, Van Beneden, var. D. The imperfect right 
tympanic; from the Red Crag. British Museum (No. 43399). 

3, 3a. Balenoptera definita (Owen). The imperfect left tympanic; from 
the Red Crag. Ipswich Museum. 

4, 4a, Megaptera affinis (Van Beneden). The imperfect immature right 
tympanic; from the Coralline Crag. Museum of Practical Geology. 

5, 5a. Megaptera minuta (Van Beneden). The imperfect left tympanic ; 
from the Coralline Crag. Ipswich Museum. 

6. Hyperoodon, sp. The right periotic; from the Red Crag. Ipswich 
Museum. 

. Choneziphius planirostris (Cuv.). The left periotic ; from the Red Crag. 
Museum of Practical Geology. 

8. Mesoplodon (? longirostris [Cuv.]). The left periotic; from the Red 
Crag. Museum of Practical Geology. 

9. Orca citoniensis, Capellini. The right periotic; from the Red Crag. 
Museum of Practical Geology. 

10. Ditto. A tooth; from the Red Crag. Ipswich Museum. 
ll. Globicephalus uncidens (Lank.). The left periotic ; from the Coralline 

Crag. British Museum (No. 36657). 

Figs. 1, 2, 3, one half, figs. 4, 5, two thirds, figs. 6, 7, 8,9, 10, 11, nat. size. 
All the tympanics are viewed from the inner and inferior, and the periotics from 
the tympanic aspect. a, anterior articular facet for tympanic; 4, posterior 
articular ridge for tympanic; ¢, accessory ossicle, or hollow for the same; 
d, e, f mark the homology of the ridges and hollows in the different bones; 
ag, the capsule containing the semicircular canals. 

wh 

Discussion. 

Mr. Newton regretted the absence of Prof. Flower. He had 
tried to determine some of the specimens himself, and recognized 
how very difficult a task it was. He complimented Mr. Lydekker 
on his work. With regard to the fossil Physeteroid teeth, he was 
under the impression that there was more cement in them than in 
recent teeth. 

Mr. Lyprxxer, in reply, said his remark as to the absence of 
cement only referred to the type specimen of Balenodon. 

¥ 
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3. Description of a Jaw of Hyoturrium, from the Puiocenn of 
Inpia. By R. Lyppxxer, Esq., B.A., F.G.S., &c. (Read No- 
vember 3, 1886.) 

I am again indebted to Col. J. W. Watson, the Political Resident 
in Kattiawar, for an interesting addition to our knowledge of the 
Siwalik fauna of Perim Island, on the western coast of India. The 
specimen in question (which Col. Watson has presented to the British 
Museum) is a portion of the left maxilla, with the three true molars, 
of a species of Hyotherawm, which is apparently distinct from any 
named form. The fragment, of which an oral view is given in the 
accompanying woodcut, has been slightly water-worn, but not to 
such an extent as to damage it materially; the first molar has the 
dentine of the summits of the columns exposed by attrition, while 
the third molar is scarcely affected by such action. The teeth carry 

Hyotherium perimense. Part of the left maxilla : from the 
Siwaliks of Perum Island. (Nat. size.) (British Museum. 
No. M. 3501.) 

the usual four main columns, with accessory columns on the inner 
side of the median longitudinal cleft, and have a well-marked and 
crenulated cingulum on the inner and fore-and-aft surfaces. The 
erowns of the first and second molars are squared and rather broader 
than long, while that of the third tooth has its postero-internal 
angle produced and its outer border sloping towards the median line. 

The specimen may without doubt be referred to the genus 
Hyotherium, in the sense in which (following the lead of the late 
Prof. Peters) I have employed that term in the ‘Catalogue of the 
Fossil Mammalia in the British Museum ’*, and we may accordingly 
proceed to compare it with the named "European + and Asiatic 

* Part 11. pp. 253-258 (1885). 
t+ A partial synonymy of the more important Huropean species is given in 

the work cited. It has been subsequently stated by Dr. Max Schlosser that 
Cheropotamus steinheimensis, Fraas, is the same as H. Semmeringi. 

c2 
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species of that genus, since its distinctness from the American 
forms may be taken for granted. Before, however, making this 
comparison, it is necessary to observe that I have already described 
and figured* a fragment of the mandible of a Hyothervum from 
Perim Island + containing the second true molar, which, from the 
great relative width of the tooth, I considered might probably 
indicate a new species. Since the tooth of that specimen agrees 
precisely in relative size with the corresponding molar of the jaw 
under consideration, it may be safely regarded as belonging to the 
same species. 

With regard to the Kuropean species the present form is distin- 
guished from H. typwm ¢ (ranging from the Quercy phosphorites to 
the Middle Miocene of Georgensmind) not only by its superior size 
but by the production of the postero-internal angle of the third 
upper true molar. Confining these comparisons to the larger species 
like H. Waterhouse: and H. Semmeringt, it will be found that the 
present form agrees with the first-named species§$ in size, but is 
distinguished by the relatively wider teeth, the presence of four 
distinct columns on m. 3, the greater development of the accessory 
columns, and the absence of an inner cingulum to the upper true 
molars. With regard to H. Semmering? || the upper molars of our 
specimen are rather smaller than the teeth of that species See 
by Peters in the‘ Denkschr. k. Ak. Wiss. Wien,’ vol. xxix. pl.1. fig. 1, 
but are otherwise very similar, m.3 of the Perin Jaw agreeing 
very closely with the specimen represented in fig. 3 of the same 
plate. The upper teeth appear, however, rather Wider than those 
of H. Semmeringr, and the lower molar is decidedly wider. This 
difference, coupled with the improbability of a species which died 
out in Europe after the Middle Miocene being identical with an 
Indian Pliocene form, renders it probable that the present form 
is distinct from A. Semmeringi, although it is certainly allied. 

The only species from India to which a distinct name has been 
assigned is H. sindzense 4], which occurs in the Lower Siwaliks of 
Sind. ‘The typical specimens of that species indicate an animal 
equal in size to the largest race of H. Semmeringi, and apparently 
so closely allied that it is very difficult to find any distinctive 
characters from the cheek-teeth on which the species is founded. 
With these typical specimens are found other teeth in regard to 
which it is uncertain whether they belong to small individuals of 
the same or to a distinct species ; the associated lower teeth (which 
may belong to both the larger and smaller forms) are of a much 
narrower type than the lower molar from Perim. The type 

* «Palwontologia Indica’ (Mem. Geol. Surv. Ind.), ser. 10, vol. iii. p. 97, 
pl. xii. fig. 5. 

+ The specimen was reported to be from Perim Island, and its mineral con- 
dition indicates that this is certainly correct. 
{ Syn. H, Meissneri. 
§ See Filhol. ‘Ann. Sci. Géol.’ vol. xi. art. 1, pl. vi. (1880). 
| Syn. Palgocherus major, Pomel. 
€| ‘ Palzontologia Indica,’ op. cit. pp. 95-97, pl. xii. 
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maxilla of the Sind species (‘ Pal. Ind.’ op. cit. pl. xii. fig. 6), which 
contains the Jast two molars in a much worn condition, belongs to a 
considerably larger animal than the Perim maxilla, the length of 
the two teeth of the former being 1°45 against 1:29 in the latter ; 
the talon of m.8 in the former is also broader and the external 
cingulum less developed. The smaller Sind upper teeth agree in 
size with those of the Perim jaw. 

If, then, we agree to confine the name H. sindiense to the larger 
Sind form, it would appear that the difference in size would be 
a specific character in the case of the Perim form; while if, on the 
other hand, we extend the name H. sindiense to all the Sind speci- 
mens, the breadth of the lower teeth would likewise point to the 
specific distinctness of the former. 

Provisionally, therefore, regarding the Perim specimens as distinct 
from H. sindiense, the form to which they belong may be named 
H. perimense. This species may be defined as equal in size to 
H. Waterhousei, but distinguished by its wider molars, in which 
respect it approaches H. Semmeringt and H. sindiense, although 
differing from the former by the greater width of the lower molars, 
and from the latter either by its inferior size, or by its wider lower 
molars, or by both these two characters. 

Apart, however, from the minor question of specific distinctness, 
the occurrence of Hyothertum in the Siwaliks of Perim Island in 
association with highly specialized ruminants like Bramatherwm, 
Gtraffa, and Antelopes of modern African types is of very considerable 
interest, and is one more instance of that remarkable survival in the 
Kast of generic forms long after they had passed away from Kurope— 
a circumstance which was, I believe, first brought to notice by 
Dr. Blanford. In Europe the genus first appeared in the Quercy 
phosphorites, was exceedingly abundant in the freshwater beds of 
St. Gérand-le-Puy, and apparently disappeared after the Middle 
Miocene of Sansan and Steinheim. 

In India it was apparently abundant in the Lower Siwaliks of 
Sind, which are certainly not older than the topmost Miocene, and 
persisted into the Pliocene of Perim, where, however, it appears to 
have been very rare. The Siwaliks of Perim appear to be probably 
intermediate in age between the Lower Siwaliks of Sind and the 
typical Upper Siwaliks of the Eastern Himalaya, since while they 
contain several older forms like Dinotherium and Mastodon pandt- 
oms common to the former, they also contain newer types not 
found in those beds. In the Perim beds Hyotherium and Sus are 
found associated, although the latter is very common and the former 
very rare, this association being parallelled by the occurrence of 
Hipparion and Equus in the Eastern Siwaliks. 

I will conclude this paper with a few remarks on the affinities of 
Fyotherium. In the first place, the strongly-marked brachyodontism 
of the genus, the simple structure of the molars, and the circumstance 
that the last true molar comes into use at a period when the first 
tooth of the same series is but slightly worn, at once shows the 
extremely generalized nature of the genus. In structure the true 
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molars are:intermediate between those of Cheropotamus and Sus — 
those species in which the molars are widest and there is no talon 
to m. 3 (7, typum) being nearest to the former, while those in 
which the width of the molars is less and the talon of m.3 well 
developed (H. Watzrhouser) come closer to the latter. In certain _ 
examples referred by Dr. Filhol (op. cit.) to H. typwm there is only 
one external column to pm. 4, which thus shows a retention of a 
characteristic of Charopotamus. The latter writer has thought that 
Hyotherium should not be regarded as the direct ancestor either of 
Sus or Dicotyles ; ; but from the character of its dentition, its wide dis- 
tribution, its geological horizon, and the absence of any ‘other known 
form which com occupy such a position, I have long had great 
doubt as to the correctness of this conclusion, and have expressed 
myself to the effect that the genus must have been at least closely 
allied to such ancestral form; and I am now pleased to observe that 

Dr. Max Schlosser *, of Munich, is of opinion that Hyotherium really 
occupies a middle position between the modern Sus and Dicotyles and 
the Upper Eocene (Oligocene) Cheeropotamide, in the sense in which 
the latter term is employed hy Prof. Flower and myself. Starting 
from that family, a line of evolution may be traced in one direction 
from the type genus to Anthracotherium, Hyopotamus, and the 
tetracuspid Selenodonts, while another line may be traced through 
Cebocherus to Hyotherium, Hippohyus, Dicotyles, Sus, and Phaco- 
cherus. Dicotyles has attained an excessive specialization in respect 
of the upper premolars (which are as complex as the true molars), 
while in Sus the specialization has been more confined to the true 
molars; and it is noteworthy that in the specialization of the cheek- 
dentition of the higher species of the latter genus, while the premolars 
and first and second true molars only gain a moderate increase in 
height and complexity, the last true molar becomes enormously 
developed posteriorly, and does not come into use until the first true 
molar is almost worn away. ‘This line of specialization culminates 
in Phacocherus, where all the anterior cheek-teeth may disappear in 
the adult, and to a certain extent is analogous to the peculiar 
dental development characteristic of the Proboscidea. Those species 
of Sus which present the greatest specialization in this respect 
occur in the later Tertiaries of India and North Africa, the common 
living species (S. cristatus) of the former country being probably a 
descendant of the group which has lost the extreme dental develop- 
ment characteristic of the Pliocene species (S. Falconeri) +. As 
examples of species retaining a primitive type of dentition, may be 
mentioned Sus andamanensis of the Andamans, Sus barbatus of 
Borneo, and the River-hogs (Potamochwrus) of Africa. At least in 
the case of the first-mentioned species the retention of a generalized 
character may be attributed to the absence of competition, 

* Morphol. Jahrbuch, vol. xii. pp. 89-92 (1886). 
t Dr. Max Schlosser prefers to place Cebocherus in the Suide, and to merge 

Cheropotamus in the Anthracotheride. 
t For the relations of these species see ‘ Palzontologica Indica,’ ser. 10, 

vol. iv. pt. 2 (1886). 
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Discussion. 

Dr. Branrorp described the Island of Perim and the mode of 
occurrence of the fossils, and showed that the age of the beds was 
but roughly indicated by their relations to those on the mainland, 
and was better determined, as had been done by Mr. Lydekker, by 
the affinities of the fossils with those in the Sind beds, the age of 
which was accurately demonstrated by marine fossils. 



24 PROF. P. M. DUNCAN ON A NEW GENUS OF MADREPORARIA. 

4, On a new Genus of MADREPORARIA (GLYPHASTR@A ), with REMARKS 

on the MorpHotoey of GrypHAstRmA Forsxsi, Hd. & H., from the 
Trrrrartes of Maryzanp, U.S. By Prof. P. Mart Duncan, 

M.B., F.R.S., F.G.S., &e. (Read December 1, 1886.) 

~[Puare IIT.] 

Many years since, the late Dr. 8. P. Woodward drew my attention 
to some very fine specimens of Septastrea Forbesi, Kd. & H., in the 
British Museum, and lately a well-preserved specimen has been 
sent to me from the Philosophical Institution at Scarborough. 
There has always been a doubt in my mind regarding the classifi- 
catory position of this large branching Tertiary species, and the 
examination of the specimen lately sent confirms the impression 
that the species differs so much from the Mesozoic Septastree that 
it cannot remain in the same genus, although it must still be placed 
in the Goniastrxoid alliance. 

The species mentioned in the ‘Histoire Naturelle des Coral- 
liaires’ by Milne-Kdwards and Jules Haime, described by M. de 
Fromentel in his ‘ Introduction a Vétude des Polypiers,’ and pub- 
lished by myself in the “ Monograph of the British Fossil Corals ” 
(Pal. Soc. Lond.), with one exception, have the axial space nearly 
or quite open, and the columella is either absent or very rudimentary. 
But the species named after the late H. Forbes*, I find, has the 
axial space completely closed, either by united septal ends with 
some additional tissue, or by a columella, which, by uniting with a 
number of septal ends and being increased in bulk by a remarkable 
dissepimental tissue, forms a very projecting central mass in perfect 
and full-grown calices. | 

The genus Septastrea originated with dOrbigny in 1849, and 
the diagnosis he gave was partly reproduced by Milne-Edwards 
and Jules Haime in 18577. The species described in the first 
instance were from the Hocene and Miocene of France and the 
supposed Miocene of Maryland. A columella is not noticed in the 
descriptions of any of these types, and it is said, in the generic 
diagnosis, to be so definitely absent that the want clearly distin- 
guishes Septastrea from Gonastrea, Kd. & H. 

The following was the diagnosis published by Milne-Edwards 
and Jules Haime from d’Orbigny :—-“ The corallum is either in the 
shape of a convex mass or is subdendroid. The calices are poly- 
gonal, and their margins are united to those of the neighbouring 
calices and ordinarily show an extremely delicate line of separation. 
The septa are large and appear to be formed of perfect laminae, 
and the endothecal dissepiments are well developed. © Columella 
and pali wanting. Multiplication by fissiparity.” 

* M.-Ed. & J. H. Ann. des Sci. Nat. 3° sér. t. xii. p. 164 (1850), and Hist. 
Nat. des Corall. vol. ii. p.450. The fossils described were said to be in the collec- 
tion of the Geological Survey of England and in the Bonn Museum. 

t Hist. Nat. des Corall. vol. ii. p. 449. 
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The genus was placed by M.-Edwards and J. Haime in the family 
Astrzide, and in a group in which growth took place by means of 
fissiparity. 

The Mesozoic species described by M. de Fromentel and by myself 
enter the genus thus diagnosed, and the only important modification 
which I made in revising the genus was to introduce the necessary 
statement that increase took place by gemmation as well as by 
fissiparous division of the corallites*. But the genus was included 
by me in an alliance, the Goniastreoid, of several genera, which is 
characterized by the forms having the corallites united by their 
walls more or less completely, and without ccenenchyma serial 
growth not occurring. 

A very perfect siliceous specimen of the Maryland species gave the 
following characters :— 

The specimen is generally perfect in its details and once formed a 
portion of a very large branching colony and was undoubtedly a reef- 
builder. The fracture across the stem resembles those which occur 
in large specimens of the genus Madrepora at the present day 
during violent storms. The outside of the coral is covered with 
calices in a very perfect condition, and the delicate granular orna- 
mentation of the septa and of the top of a dome of endotheca which 
fills up the axis and calicular fossa is still to be seen. An excellent 
natural section of the corallites in the axis of the stem has been the 
result of fracture. The section shows that the axial or parent 
corallites haye undergone some diminution in the bulk of their walls 
and septa, and probably this happened during life, for corresponding 
absorption is seen in many recent forms. On comparing the super- 
ficiai calices with the sections of their parent axial corallites, very 
considerable differences will be noticed, and it is evident, after 
careful examination of this specimen, that had the section alone been 
present, the description of the details presented by it would not 
haye enabled any paleontologist to give an accurate diagnosis of the 
species. On the other hand, were the structures seen on examining 
the superficial calices to be entirely relied on, mistakes regarding 
the nature of the endothecal structures and of the dimensions of the 
columella might have been recorded. 

The lower endothecal dissepiments are rather stout and horizontal, 
and are well seen in the axial corallites: and the upper, which are 
numerous and close near the calices, form perfect oblique or domed 
floors between the septa, so. as to shut out the interseptal loculi 
beneath them from the surface. These uppermost dissepiments come 
up to about the same level at the bottom of the calice, and reach 
up to within a fractional part of a millimetre from the free edges 
of the septa and columella (Pl. III. fig. 7). Hence the septa seem 
to rest upon the upper combined dissepiments and to resemble fine 
linear growths; two long ones are often, but not invariably, con- 
tinuous with the columella and reach across the calice, apparently, 
but not truly, as one long septum. ‘The study of the section of a 

* « Revision of the Families and Genera of Madreporaria,” Journ. Linn. Soc., 
Zool. vol. xviii. 1884, p. 103. 
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stem explains these appearances, and it is seen that the septa are 
really high near the axis, and narrow, and that although some 
unite with others at the axial space of a corallite, there are 
generally traces, and usually very definite proofs, of the presence of 
a trabecular and non-essential columella, it often being reduced to 
a mere lamina which is in the path of two opposed large primaries. 
The structures at the bottom of the calices resemble a solid mass, 
and might be taken to be very large columelle not very unlike those 
seen in some rugose corals such as Clisiophyllum and Lonsdalia ; but 
the true conception of the structures may be obtained by studying 
the section of the stem and some of the newer calices at the tops 
of the ramuscules of the upper part of the colony. The theca 
or wall of one corallite is in contact with those of its neighbours ; 
but fusion only occurred here and there, and, indeed, in one place 
there are traces of very slightly projecting costz to be seen running 
down the outer part of the walls. The union is so decided that 
the corallites are, and always were, inseparable, and the position of 
junction is traced by broken lines in the natural transverse section 
of the axial corallites and by the geometrical grooves at the surface 
of the colony. 

Gemmation is seen on the united walls of corallites, and the buds 
have six septa; it is also observed, in the natural transverse section 
produced by the fracture of the stem (fig. 2,d), on the surface of the 
colony amongst the largest calices and also amongst the more rapidly 
grown calices at the extremity of the stunted branches. Fissiparity 
is exceptional, but occurs. 

The crossing of the calices, so generally but not universally, by 
what appears to be a long thin septum, which consists of two 
opposite primaries united at the axis, with or without a columella, 
is very striking in appearance, and it is difficult to understand how 
it or the filling-up of the axial spaces could have escaped the 
notice of Milne-Edwards and Jules Haime; for the structures are 
perfectly evident in their type, which is now in the British Museum. 
The granulation of the edges of the septa and columella and even 
of the top of the dissepiments is most distinct and is as characteristic 
as the linear grooves which separate, in such a geometrical manner, 
adjacent calices. 

The colonies of this species attained a considerable size, and their 
shape was very variable. The type of Milne-Edwards and Jules 
Haime, now in the national collection in the British Museum, is as 
large as a man’s hand and wrist, has a more or less cylindrical 
lower stem, which enlarges upwards, and is, as it were, compressed, 
the surface being irregularly swollen in places and smooth else- 
where. There are terminal, subramose, blunt-ended branchlets, and 
gibbosities resembling nascent branches. In another colony the 
shape is nearly cylindrical, and there are ill-defined gibbous swellings 
_on it; the size is less than that of the other. A third specimen in 
the British Museum is a part of a very large colony which has lost 
its branchlets and much of its main mass. The shape is hke that of 
a thick slice of bread, tall, narrow, and wide. Two of the surfaces 
are large and broad and nearly flat, and a third or edge-surface 
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is long and narrow, and marked by the roots of several branchlets 
which have been fractured from the main mass, their axial corallites 
being seen in transverse section. The height is 140 millim.; the 
breadth is rather greater than the height ; and the thickness is from 
34 to 52 millim. 

In Milne-Edwards and Jules Haime’s rendering of d’Orbigny’s 
generic definition of Septastrea the words “‘ multiplication by fissi- 
parity?” occur. The note of interrogation is not repeated in their 
own description of the genus in the ‘ Histoire Naturelle des 
Coralliaires.’ Fissiparity occurs evidently enough in the Mesozoic 
species without a columella and with an open axial space. It is a 
fact, however, that there is not a single instance of progressing 
fission in any calice of the type described by the French authors, 
which is in the British Museum. ‘There are no calices with a figure- 
of-eight shape, and in none are there small and new septa starting 
from the sides of the long septum-lke structure which crosses the 
perfect and full-grown calices. It is quite a mistake to state that 
this striking feature has to do with fissiparity. In the specimen 
belonging to the Scarborough Philosophical Society’s Museum there 
is some crowding of the calices at the base of one of the branchlets, 
and the intercorallite walls there are thin; there is no superficial 
groove, and the appearance of the septa resembles that of some 
recent types which are undergoing fissiparity and in which the 
division is accompanied by very rapid growth (Pl. III. fig. 3). 
But it is nevertheless true that these appearances may be the result 
of irregular corallite-growth under the influence of pressure from 
crowding. 

The instances of fissiparity are exceptional; but the process 
existed, for there is a fair example in the fractured surface of the 
stem of the specimen first examined (fig. 2), but not in Milne- 
Edwards’s type ; and there is a very remarkable and suggestive in- 
stance in the smallest of the specimens in the British Museum (figs. 4 
and 4'). A section was cut at aslight depth, parallel with the surface, 
so that sections of corallites were made at a little distance from the 
calices above. It was evident, on counting the calices and the 
sectioned corallites, that the former were more numerous than the 
others, and the reason was because one of the sectioned corallites 
was divided by fission (fig. 4). The commencement of the process 
can be traced, and a nipping-in is to be seen with considerable con- 
fusion of the septa. The long lamina crosses the corallite at right 
angles to the commencing fission, and that is not what would have 
been seen had it been a factor in the process. On examining the 
free surface of the colony corresponding to the sectioned corallite, 
two calices are noted which have an incomplete wall between them ; 
moreover a septum will be observed passing from one calice to the 
other (fig. 4’). These calices are separated from their neighbours 
by well-developed walls. It appears that the growth of the 
dividing corallite was rapid. 

The number of the calices with the long lamina (that is to say, 
perfect calices) varies in different parts of the colony; and if square 
patches are separated and the number of calices of all kinds on them 
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be counted, it will be found that in some with 55 calices 35 have 
the long lamina and 10 have an indistinct septal arrangement, while 
the rest have no long structure crossing the calicular fossa. In a 
patch with 75 calices of many shapes and sizes there are 55 with 
the elongate structure. The orientation of the lamina differs even 
in neighbouring calices. 

The septa are bilamellar, and the evidence of a very irregular and 
narrow interlamellar space is apparent, sometimes superficially, and 
invariably in microscopic sections of corallites near the calices. 

A perfect, full-grown calice has the two opposite primary septa 
united at the axis by means of a narrow discontinuous columella, 
which is ornamented in the same manner as the septa, but which, in 
some instances, has a raised edge (figs. 3, 6, 9, and 10), or they 
may unite by their inner ends and close partly the axial space with or 
without the assistance of thickening or of any extra growth (figs. 12, 
13, and 14}. In buds the columella.may be distinct, and there are 
the usual six primaries (fig. 2,d). In large immature calices the 
six primary septa may converge and unite with a small columella or, 
what appears to be the more common ease, they do not unite. The 
ends elongate or twist (fig. 16) and, with the dissepimental tissue, 
close the axial space. It is this closure, either by a columella 
which sections prove to be occasionally discontinuous and always 
non-essential in its method of growth, or by united septal ends, 
or by twisting and elongation of the septal ends, assisted by the 
tabula-like upper dissepimental structures, that forms the main 
distinction between the new genus and Septastr cl. 

The endotheca is variable in amount, and whilst it is close and 
thin in some corallites, or parts of corallites, it is distant and stout 
in others. In some cases the horizontal stout platforms are fairly 
regular; but, as a rule, although the dissepiments completely close 
the interseptal loculi and act as tabule, they lack the regularity of 
those endothecal structures. Thin dissepiments often close the 
whole of the interseptai loculi at indefinitely placed imtervals in the 
height of the corallites, and as completely as any tabule (fig. 6). The 
uppermost dissepiments are those which close in the calicular fossa 
and reach up close to the free edge of the septa. There are no deep 
interseptal spaces in the form, and the dissepiments moreover come 
close to the top of the axis, and, by joining with the septal ends and 
the intermediate structure (when it exists), help to close the axial 
space and to form a columella, The upper surface of the dissepi- 
ments at the bottom of the calices is ornamented with sparsely 
placed granules, and this very exceptional crnamentation is not seen 
on the lower dissepiments, having been absorbed during growth. 
The dissepiments are often very close near to the calices, and the 
visible one at the bottom of the fossa is close above several others, 
which seem to have followed the same lines of curvature. It¢ is this 
festooning of the dissepiments which, when seen in a vertical section 
of the colony, adds to the old-fashioned appearance of the more 
or less tumid mass at the base of the calicular fossa (figs. 7 and 8). 
Probably it was the very tabulate appearance of the endotheca of 
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the fossil which Lonsdale examined that induced him to name it 
Columnaria, and the intercalicular groove doubtless intensified the 
importance of the internal arrangement in his mind. Septastrea 
has no such dissepimental structures. 

The necessity of introducing a new genus 1s obvious, for the presence 
of the structures closing the axial space, and the characters of the 
dissepiments near and at the bottom of the calice, are of great phy- 
siological importance. In Septastrea proper the mesenteries would 
have had abundance of support on the sides of the septa, and the 
visceral cavity would have been prolonged into the axial space ; but 
in the form under consideration there is barely any room for inter- 
septal structures, and the nodule in the axial space would limit the 
downward extension of the visceral cavity. It is very interesting to 
notice a columellar structure in this Tertiary reef-builder which is 
somewhat similar to the axial arrangement in Lonsdalia and Clisio- 
phyllum. But the laminate columelle of those Paleozoic forms are 
essential and largely developed, and those of the new form are 
comparatively insignificant; but there is the same crowding of 
dissepiments close to the axial space and the same apparent extension 
of a long primary septum. 

The following is the diagnosis of the new genus :--- 

Section MADREPORARIA APOROSA. 

Family Astrmip@; alliance Gonastrwoida. 

Genus GLYPHASTRHA, gen. nov. 

Colony large, subramose; corallites prismatic, more or less 
perfectly united by their walls and having a discontinuous line of 
separation between them; calices polygonal and shallow, having 
polygonal linear grooves between them, and the axial space closed ; 
septa unequal, minutely serrate or granulate at the free edge, some 
narrow within and long; columella small, parietal, lamellar, or 
ribbon-shaped, uniting opposite primaries, or several septa sometimes 
absent, and then primary septa unite at the axial space ; endotheca 
well developed, often simulating tabule; dissepiments near the 
ealice extending upwards close to the free edges of the septa and 
columella, closing the interseptal loculi and forming with the septa 
and columella a dome-shaped mass which projects and fills up the 
bottom of the calicular fossa; pali absent; increased by gemmation 
from the walls between the calices, and rarely by fissiparity. 

GiypHastrR#A Forsusi, Kd. & H., sp.; amended. 

Colony large, with a stout stem terminating in gibbous prominences, 
resembling aborted branchlets; calices numerous, crowded, irregular 
in size and shape, hexagonal, pentagonal, and even square in outline, 
shallow, with broad flattish margins separated by straight linear 
shallow grooves, which form polygonal shapes around each calice ; 
septa broad at the margin, reaching the linear groove, subequal at 
the wall and granular there. There are three perfect cycles of septa 
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and, rarely, some members of a fourth. In the first instance the 
primaries and secondaries reach the.axis, and the tertiaries do not 
project much from the wall. Commonly, in full-grown calices, 
two long slender opposite primaries unite with the columella so as to 
cross the calice, having the appearance of one very long septum; 
in other calices the columella unites several septal ends, and the 
appearance just noticed does not occur; or opposite primaries may 
unite without a columella. The inner parts of the septa are slender, 
often wavy, and their granular free part is very low, on account of 
the occurrence of dissepiments ; upper dissepiments free and gra- 
nular, uniting with the septa and columella to form a convex mass at 
the bottom of the calice. 

Fissiparity rare, and when gemmation occurs the buds have six 
primaries; height many inches; breadth of the stem 28 to 32 or 
more millim.; breadth of calices from 1:5 to 6 millim.; depth 1:5 
to 3 millim. | 

Locality. Maryland Tertiary deposits. 
The only notice which I can find in any American publication of 

Septastrea Forbesi, Ed. & H., now Glyphastreea Forbesi, Kd. & H., 
sp., 1s in the “ Check-list of the Invertebrate Fossils of North 
America,” by Meek, Smithsonian Miscellaneous Coll. vol. vit. 1884, 
“Tert. Syst. Miocene Epoch.” But there is nothing more than the 
name and the locality of Maryland mentioned. ‘The form does not 
appear to have been figured anywhere. 

Lyell was the first geologist who introduced the corals of Virginia 
and Maryland to the notice of science, and Lonsdale studied the 
forms. lLyell’s communication is in the fourth volume of the Pro- 
ceedings of this Society, p. 547 (1845), and Quart. Journ. Geol. Soc. 
vol. i. 1845, p. 413. Amongst other corals Lyell collected from 
Virginia a compound, ramose, cylindrical, lobed or massive and 
expanded species, which Lonsdale, in a paper in the same volume 
(p. 497), described as Columnaria (?) sewradiata. He figured the 
form and gave a magnified view of a calice. 

I do not think that Edwards and Haime had the opportunity of 
studying Lonsdale’s type, otherwise they would not have placed it in 
such a remote genus as Astrangia. It appears, after studying 
Lonsdale’s careful description, that Meek is correct in placing the so- 
called Columnaria in the genus Septastrea, as understood by Milne- 
Edwards and his school, although Lonsdale stated that he could not 
find proofs of fissiparity on the surface of the corallum. ‘The mag- 
nified view of the calice given by Lonsdale shows a small columella 
and the stout parts of the primary and secondary septa near the 
margin ; moreover he figures and mentions a groove which bounds 
the calices; but there is union shown between some of the tertiary 
septa and the secondaries which does not occur in the calices of the 
other species. Moreover the open condition of the interseptal 
spaces of the immature calices of Lonsdale’s species is not seen in 
G. Forbesi; nevertheless the alliance of the species is very close. 
It appears to me that Lonsdale’s species must stand as Glyphastrea 
sexradiata, Lonsd., sp. The type of Lonsdale’s species is not in the 



BOS WE OO AS BA | 

A OR Oe A PD 



Quart.Journ. Geol. Soc. Vol. XLII. Pl. I. 

Mintern Bros. imp. 

_ GLYPHASTREA FORBES. 



- —__ > 

> 

PROF. P. M. DUNCAN ON A NEW GENUS OF MADREPORARIA, 31 

collection of the Geological Society. There is, however, a much 
weathered specimen of Septastrea Forbesi, Ed. & H.,= Glyphastrea 
Forbesi, with the name of Dr. Koch upon the tablet as that of the 
collector. The specimen is a very instructive one, and it shows how 
weathering may destroy all those structures which characterize a 
species. There is only one calice in the rather large colony which 
indicates that there was once a small columella, and the intercalicular 
groove is almost destroyed in every part of the coral. The edges of 
the neighbouring corallites are often sharp from removal of the inside 
of the calices. The study of this specimen proves how thoroughly 
paleontologists may be deceived by describing indifferent specimens. 

EXPLANATION OF PLATE III. 

Fig. 1. The colony of Glyphastrea Forbesi, in outline ; nat. size. 
2. Part of the fractured stem, magnified. a, corallite undergoing fissi- 

parity; a@’,a part dividing from a; 34, corallite undergoing fission ; 
ce, corallite with a confused septal arrangement; d, a bud with six 
primaries, a secondary septum, and a columella; e, corallite showing 
a columella; f, corallite commencing fission (compare the part 
nearest the axis of the stem with a’, in which the process has been 
completed ). 

3. Three weathered corallites, magnified, taken close below the position 
of the calices; fission in progress in two, and the columella visible 
in the third. 

4, Sections of corallites, one undergoing fission, magnified. Specimen in 
the British Museum. 

4’. Two calices corresponding to the fissiparous corallite of fig. 4, magnified. 
5. Some calices, magnified. 
6. Section of a corallite showing complete endotheca and a ring-shaped 

columella, magnified. Specimen in the British Museum. 
7. Longitudinal section of a corallite showing close successive endothecal 

dissepiments below that which closes the calice inferiorly, magnified. 
British Museum specimen. 

8. A similar section showing successive layers of endotheca in relation to a 
columella, magnified. British Museum specimen. ; 

9. Part of a longitudinal section of a corallite showing a discontinuous 
- columella, magnified. British Museum. 

a bad \10. The central superficial nodule of a columella, magnified. British 
Museum. 

NY. The position of the ribbon-shaped part of the columella, placed between 
the inner ends of two oppusite primary septa, magnified ; more or 

| less diagrammatic. 
112. Primary septa joining at their inner ends, magnified ; diagram. 
13, 14. Junction of septa accompanied by more or less columellar struc- 

ture In 14; a section magnified. Specimen in British Museum. 
(457.15. View of septa and columella from above, magnified. British Museum. 

19+) -) 16. Twisted septal ends forming a false columella, magnified. 

Discussion. 

Dr. Hinpr remarked on the interest attaching to the specimens. 
He inquired if one of the specimens on the table belonging to the 
Society was-not the type of M.-Edwards and Haime. He thought 
the prolongation of the septa across the calice indicated merely 
a tendency to fiss:parity, and was not a generic character. He was 
not sure if there was a columella distinct from this prolongation, 
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which was only well seen in a few calices. He asked if a section 
of the coral had been made, as this would show whether there is 
really a columella or not. 

Mr. Erxerivcs said there paar several specimens of Sept- 
astrea Forbest at the British Museum, and they were identical 
with those on the table. The septa are waved, and they anastomose 
more than was shown by Dr. Duncan’s figures. The speaker then 
proceeded to point out some of the other minute characters of the 
genus Septastrea, and especially showed that the junction of the 
septa at the commencement of fissiparity was very difficult to recog- 
nize, but, if seen, was unmistakable. 

Dr. Duncan, in reply, said the type of M.-Edwards and Haime 
had been in the Museum of the Geological Survey, and had been 
sent to the British Museum, consequently he could not lay it on the 
table. He showed that there was a distinction to be made between 
the columella and any prolongation of the septa at the commence- 
ment of fissiparity, and that this could be recognized in the fractured 
part of the specimen. 
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5. On the OccuRRENCE of Species of the Genus DipHYPHYLLUM, 
Lonsdale, in the Lowrr CaRsoniFERous Strata of ScorLann, 

with a Description of some NEW Spectres and Notices of 

Varieties. By James Tuomson, Esq., F.G.8., &. (Read 
March 24, 1886.) 

[Puates IV. & V.] 

(Abridged.) 

Tue object of this communication is to offer evidence in favour of 
the recognition of the genus Diphyphyllum, which was defined many 
years since by Lonsdale, and which has not been definitely accepted 
by any paleontologist, with the exception of M‘Coy. It is proposed 
to give a slight history of the genus and species, and then to notify 
the occurrence of all the species with varieties in somewhat remark- 
able deposits in the Lower Carboniferous series of Scotland, and to 
describe two new species and a variety of one of them. 

The facts now brought forward clearly prove the truth of 
Lonsdale’s diagnosis of the genus, which enters the family Cyatho- 
phyllide of the Rugosa, and also necessitate the introduction into 
the generic diagnosis of the words “increase by gemmation and by 
fissiparity.” 

The genus Diphyphyllum was defined by Lonsdale in Murchison, 
Keyserling, and De Verneuil’s ‘Geology of Russia and the Urals’ 
(appendix, p. 622), and the type of the species D. concinnum, Lonsd., 
is in the collection of the Geological Society of London. The defi- 
nition was as follows :—“ A stony lamelliferous polypidom; lamelle 
exceeding 12, biplated; branched, branches dichotomous; internal 
structure, triareal—1l, central area intersected by flat, convex, or 
irregular diaphragms, no persistent axis; 2, intermediate area tra- 
versed vertically by lamellee, interspaces crossed obliquely or down- 
wards by extensions of the diaphragms and subordinate plates; 3, 
outer area traversed by lateral extensions of lamelle, interspaces 
crossed by arched or vesicular lamin inclined upwards and outwards ; 
stems not uniformly thickened by external secretions, but occasionally 
united when in juxtaposition.” In explanation Lonsdale. notices 
that acicular points arise from the upper surface of the diaphragms 
(tabule), and sometimes are continuous through the diaphragms 
above for a short distance, but there is no persistence of this struc- 
ture so as toforma columella. The corallites are in ramified masses. 

Diphyphyllum concinnum, Lonsd., is defined as follows in the 
above-mentioned work, p. 624, pl. A. fig. 4:—“ Stems cylindrical, 
nearly smooth; crossed externally by close, fine, waved lines, and 
stronger, unequal, distant bands; lamelle numerous, variable; inner 
surface of plates furrowed strongly upwards and outwards; central 
area, diaphragms flat, convex or irregular; intermediate area, prin- 
cipal lamellz exceeding 30, more or less waved; intermediate very 
unequal ; interstitial prolongations of diaphragms inclined sharply 
downwards, accessory plates nearly horizontal ; outer area, lamelle 

Q. 3. G.8. No-169. D 
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variable in strength and range, interstitial plates largely vesicular : 
terminal cup deep, lined by edges of the lamelle, no central boss.” 
Relative proportions of areas not constant. Diameter of corallites 4 
to 4°5 lines. 

Localitics. Carboniferous limestone, Kamensk, Siberian side of 
the Oural, and Bristol, England. 

M‘Coy found species of the genus and recognized the increase by 
fission or fissiparity ; he published his definitions in Ann. & Mag. 
Nat. Hist. ser. 2, vol. 111., and subsequently in his ‘ Palaeozoic Fossils 
of Great Britain,’ p. 88 (1855). Diphyphyllum latiseptatum and 
D. gracile were there added to the English coral-fauna. 

M‘Coy notices how rare dichotomous branching is amongst the 
Cyathophyllidz, and that this form of increase distinguishes Diphy- 
phyllum from Cyathophyllum. He states that there is no axis, and 
that the corallites are biareal, the large central area being occupied 
by a strong simple transverse diaphragm, deflected at the cir- 
cumference, surrounded by a narrow, outer vesicular area. Outer 
wall thick, radiating lamelle numerous, not reaching the centre. In 
D. latiseptatum there are 28 primary septa and 28 smaller ones ; 
D. gracile, which is a small form, has not one half the septal number 
of the other species. There is no doubt that M‘Coy thoroughly 
understood Lonsdale’s definition, and that his own specific diagnoses 
are correct. 

From the time when M‘Coy wrote, down to the present day, 
nothing but doubt and denial have been associated with the genus so 
well distinguished by Lonsdale. Milne-Edwards and Jules Haime 
(Hist. Nat. des Corall. vol. 11. p. 434, 1860), considered Lonsdale’s 
species to be the same as M‘Coy’s D. latiseptatwm, and that the genus 
was founded upon specimens of Lithostrotion in which the axis had 
been lost. They do not mention the fissiparous increase of the coral- 
lites at all. Prof. Hall (Pal. New York, vol. 11. p. 113) describes 
Diplophyllum and separates it from Diphyphyllum, recognizing the 
affinities of the genera. 

Billings (Canadian Journ., March 1859) debated the fissiparous 
method of increase in Lonsdale’s genus, and yet separated it from 
Lithostrotion on account of the defective axial structures. He, 
moreover, considered Hall’s genus to be synonymous with Lonsdale’s, 
which it is not. 

De Koninck gives an excellent history of the genus in his Rech. 
sur les Anim. foss. du Terr. Carb. dela Belg. pt. 1, p. 38 (1874). He 
shows how Lonsdale separated the genus from Lithostrotion on account 
of the absence of a columella, and criticizes Milne-Edwards and 
Jules Haime. He does not, however, admit that fissiparity occurs, 
and maintains that the appearance is due to the rapid coalescence of 
young individuals which have been really produced by gemmation. 
He agrees in this respect with M. Ludwig (Zur Pal. des Ourals, 
p. 14, pl. ii. figs. 4, 5, 7). De Koninck, however, considers that 
Milne-Kdwards and Jules Haime have admitted the fissiparity, as did, 
of course, M‘Coy. He reflects upon the mistakes of D’Orbigny and 
De Fromentel in using the generic name given by Lonsdale for very 
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different corals from those to which he intended to apply it, 
namely the fasciculate Lithostrontionts. Nevertheless, M. de 
Koninck’s reading of Lonsdale’s definition of Diphyphyllum (op. cit. 
p- 33) does not satisfy those who believe in the fissiparity of the 
individuals of its species. ‘This is to be regretted, because it is now 
shown by the Scottish specimens that Lonsdale was correct; and, 
moreover, in order to complicate matters, there are also forms in 
the Scottish Carboniferous which agree with De Koninck’s insufficient 
generic diagnosis, and which may be termed Lonsdale’s Diphyphylla, 
increasing by gemmation only, and with more or less united coral- 
lites (see the concluding sentence of this communication). 

The specimen of Diphyphyllum concinnum, Lonsd., figured by De 
Koninck does not show fissiparity; but similar slabs are to be 
obtained in the Scottish Lower Carboniferous, and fissiparity is 
seen now and then in them, the greater part of the increase being due 
to gemmation. De Koninck also considers M‘Coy’s D. latiseptatum 
to be synonymous with D. concinnum, the difference being due to 
vigorous growth of the first-named coral. 

Lindstrom, in his useful index to the generic names of the corals of 
Paleozoic formations (Bihang till k. Svenska Vet.-Akad. Handl. 
Bd. 8, no. 9, 1883), states that Diphyphyllum, Lonsdale, 1845, has 
Eridophyllum, Ed. & H.,asasynonym. ‘This is an error, for Hrido- 
phyllum differs very decidedly ; it does not increase by fissiparity 
and has rootlets. 

The presence of several forms which must come within the genus 
Diphyphytlum, Lonsd., in the Lower Carboniferous strata of Scotland 
is placed beyond a doubt, and the difficulty is to distinguish species 
from varieties. Certainly there are four groups of species and some 
varieties which have been collected, and they may be divided as 
follows :— 

1. The D. concinnum group, with numerous primary and smaller 
septa, not less than from 45 to 60 in number; endotheca moderate. 

2. Large forms with long and shorter septa, about 40 in number ; 
endotheca in two distinct circles. A new species, D. cylindricum, 
comes in here, with a second, D. Blackwoodi. 

3. Large forms with numerous septa and much endotheca, filling 
largely the interseptal loculi. Here come in D. latiseptatum, M‘Coy, 
and two varieties, var. giganteum and var. interruptum. 

4, Small forms with small corallites with few septa: D. gracile, 
M‘Coy. 

The following old and new species and varieties of the genus 
Diphyphyllum, Lonsd., occur in the Lower Carboniferous of Scot- 
land :— 

DipHyPHYLLUM conctnnum, Lonsd. (Pl. IV. fig. 1.) 

A variety with smaller corallites than the type, and about 44 septa ; 
diameter 6 millim. by 8 millim., in the instance of the largest coral- 
lites. ‘The distribution of the endotheca, tabule. and acicular points 
is as in the type, and everything ison asmaller scale. The corallites 
are tall and wide apart. Gemmation appears to be more freyuent 

D2 
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than fissiparity, and this may occur so that the parent corallite 
becomes trilobed in transverse outline, and the fission is double 
instead of single. That this is not a junction of buds can be proved 
by studying the growth of the septa from the dividing lamine. 

Locality. Lower Carboniferous, Scotland. Kirtle Bridge and Black- 
ridge, Dumfries. 

Var. FurcaTuM (PI. IV. fig. 2). This variety has slightly smaller 
septa and wider central space than the type. It dees not occur in 
dense masses. 

Locality. Near Fenwick, Ayrshire and Corrieburn, Dumbarton. 

DipnypHyitium Buackwoont, sp.nov. (Pl. IV. fig. 3.) 

The corallum is in dense fasciculate masses, with corallites of differ- 

ent sizes, cylindrical, tortuous, close or not, rarely in lateral contact. 
Epitheca delicate. Diameter 4 to 6 millim. Fossula with a small 
primary, often indistinct. Septa 15 to 20, according to the size of 
the corallite, with a similar number of smaller ones (30 to 40 in 
all), the larger extending inwards considerably, but leaving a wide 
central space ; they are very thin and delicate near the equally 
thin wall, and are stouter and decidedly bilaminate at their junction 
with the innermost endothecal ring; they may extend beyond that. 
The smaller septa are short, thin near the wall and thicker near the 
outer endothecal ring. Acicular points rarely exist—ain one corallite 
out of 14. Endotheca stout between the septa and vesicular; the 
inner circle of it is often festooned. A vesicular structure is often 
seen near the wall in the interseptal loculi.. Tabulee large, horizontal 
in the central area and inclined at the edges towards the underlying 
tabula; sometimes bent upwards and then having a relation to the 
fissiparity, which is both single and-double. 

Localities. Auchenmead, Beith, near Fenwick, Ayrshire ; Boghead, 
Lesmahagow, Lanarkshire. 

Var. approximatum. (PI. IV. fig. 4.) 

This has the ‘‘ rods” very frequently developed. 
Locality. Boghead, Lesmahagow, Lanarkshire. 

In a coral with closer corallites than the last, and which might 
almost be considered to be a variety of it, the septa of the principal 
series extend so far inwards, and the endotheca is so much legs like 
internal walls, that I consider it to form a new species :— 

DipHYPHYLLUM CYLINDRICUM, sp. nov. (PI. IV. figs. 5, 54.) 

Corallum in dense fasciculate masses, corallites tall and cylindrical, 
epitheca thin, with narrow growth-rings. Septa few, 18 to 20 large 
and as many small, the large passing far in and reducing the 
dimensions of the central area and tabule. The small septa extend 
about one fourth of the distance of the others. The vesicular 
endotheca is delicate, in two fairly distinct circles in the interloculi, 
and some delicate inclined stereoplasm occurs. FF issiparity is 
frequent and is of both kinds: gemmation also occurs. 
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Locality. Boghead, Lesmahago; Roughwood and Thirdpart, Beith, 
Ayrshire. 

DiPHYPHYLLUM LatisEpTatuM, M‘Coy. (PI. V. fig. 6.) 

This form must now be separated from D. concinnum, for the 
specimens show a large corallite with 52 septa in all, longer primary 
septa than in D. concinnum, and a very considerable vesicular 
endotheca filling the interseptal loculi, and much more of it than in 
the species determined by Lonsdale. Both kinds of fissiparity are 
present. 

Localities. Corrieburn, Dumbarton, and Fenwick, Ayrshire. 
There are two varieties of this species, var. gigantewm (Pl. V. 

figs. 7 and 8) and var. interruptum (PI. V. fig. 9). 

DrpHYPHYLLUM GRACILE, M‘Coy. (PI. Y. fig. 10.) 

This is the smallest species of the genus, and the Scottish 
specimens are fairly undistinguishable from the type. The septal 
number is small, and there is fissiparity as well as gemmation to be 
observed in the method of increase of the individuals. The corallites 
are in tortuous, ascending, and irregular bifurcating masses. 

Localities. Coteastle near Strathaven ; Braidwood and Brockley, 
Lesmahagow : Roughwood and Cunningham, Bedland Dalry, Ayr- 
shire. 

List of Scottish Lower Carboniferous Species and Varveties 
of Diphyphyllum, Lonsd. 

1. Diphyphyllum concinnum, Lonsd., variety. 
var. furcatum: 33 

2. -- Blackwoodi, sp. nov., and var. approximatum. 
3. +: cylindricum, sp. Noy. 
4. , latiseptatum, M‘Coy, and vars. gigantewm and interruptum. 
5. 9 gracile, M‘Coy. 

Some of these forms are found in large masses and environed and 
covered by volcanic ash. It is not too much to believe that some 
of the variability of the species may have been produced by the 
rather frequent slight changes of external conditions which must 
have accompanied the vulcanicity of the Lower Carboniferous age. 
Indeed, the volcanic ejectamenta appear to have finally destroyed 
the life of the individuals over the area, for the species are not 
found in a higher geological horizon. 

The examination of the numerous species and varieties of the 
genus established by Lonsdale enables the truth of his description 
and diagnosis to be appreciated. His only mistake was an omission; 
for when he stated that the species increased fissiparously, he did 
not also state, what. has been shown here, that gemmation also 
occurs. The description given of the tabule by Lonsdale is correct, 
and so is that of the acicular points sometimes becoming rods which 
do not extend for any great height in the centre of the corallum. These 
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points rise from the surface of a tabula, and when there are rods 
they transfix, as it were, several tabule. The rods are rarely seen, 
but, by searching, some will be found in a somewhat definite per- 
centage of corallites. The triareal nature of the corallites is to be 
recognized, but it is a term which has become disused, especially as 
the endotheca only gives characters of second-rate importance as a 
rule, 

The fissiparity is much better shown in the specimens herein de- 
scribed than it was in those seen by Lonsdale, and there are three kinds 
of the process. In some corallites bending in and figure of 8 occurs, as 
in the Mesozoic and Recent Corals, and division took place at the nar- 
rowing. But usually a ridge grows across the corallite, and septa are 
formed on either side, and then the ridge, which, for a time, has been 
partly the wall, separates into two portions. The third method is 
singular, for two ridges grow towards the centre of a corallite, and 
one reaches the other at right angles near the axis, and thus the 
appearance of a trilobed budding is presented ; but it is evident that 
septa only grow from the ridges, and that would not be the case in 
buds. After separating, the new corallites grew upwards away 
from one another. The ridges, which have so much to do with the 
two commonest kinds of fissiparity, are the extension inwards of 
oppositely placed large septa; the inner ends unite and shut off the 
two parts of the corallite, and septa grow from the faces looking 
towards the new central areas. In another form it appears as if a 
tabula turned up or grew up at its outer edge and stretched across 
the corallite at the calice ; it came up to the bottom of the visceral 
cavity, and then septa grew from both sides of it and fission occurred. 

Fissiparous growth is a very rare phenomenon amongst the Rugose 
Corals, and, so far as is known, Diphyphyllum is the only genus 
in which it occurs. The alliances of the genus need hardly be 
noticed here, as they have been discussed by Milne-Edwards and 
Jules Haime, and especially by De Koninck in the work already 
quoted. 

The presence in Scotland of a species of a genus which would come 
_ within that which should receive De Koninck’s D. conconnum (non 
Lonsdale) has been discovered of late, and it necessitates the re- 
definition and renaming of the Belgian type, so as to separate it from 
the fissiparous form. This new genus will form the subject of a 
future communication. 

EXPLANATION OF PLATES IV. & V. 

Prats LV. 

Fig. 1. Diphyphyllum concinnum, Lonsd., transverse section showing fissiparity. 
———, var. furcatum. 

3. —— Blackwoodi, Thoms., transverse section. 
4, —— ——., var. approximatum, transverse section. 
5 cylindricum, Thoms., transverse section; 5 A, longitudinal section 

of corallites, 
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PLate V. 

Fig. 6. Diphyphyllum latiseptatum, M‘Coy, transverse section. 
%. , var. giganteum, transverse section. 
8. —— —, , longitudinal section of corallites. 
9, —— , var. ~nterruptum, transverse section. 
0 gracile, M‘Coy, transverse section. 

Discussion. 

Prof. Duncan, after drawing attention to Mr. Thomson’s industry, 
stated that the communication settled the long-disputed value of 
Diphyphyllum, Lonsd. Lonsdale diagnosed the genus from in- 
different specimens, and yet clearly established the absence of a 
columella and the presence of fissiparity in the forms. Mr. Thom- 
son’s beautiful specimens prove that Lonsdale was correct, and 
in addition show that there was also gemmation. It is now evident 
that the opinions of Milne-EKdwards and Jules Haime about the 
genus are incorrect. In drawing attention to the different aspects 
of the calices of the Rugosa and of sections made lower down in 
the corallites, Prof. Duncan remarked that Mr. Thomson placed too 
great a classificatory value on the endothecal structures, which vary 
in the same coral. 

Dr. Hinpvr inquired whether the diagrams exhibited related .to 
distinct species or represented characters drawn from different 
species. Is it the case that both fissiparity and calicular gemmation 
occur in the same species ? 

Prof. Duncan thought the diagrams were intended to be general. 
Prof. Rupert Jones expressed himself favourably with regard to 

the paper and the specimens. 
The Prestpent expressed his regret that Mr. Thomson was not 

present to receive the personal congratulations of the masters of 
paleontological science upon his interesting communication. 
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6. On Tertiary Cuttostomatous Bryozoa from New ZeatanD. By 

Arruur Wm. Waters, Esq., F.G.S. (Read December 1, 1886.) 

[Puates VI.-VITII. | 

In the following paper the Chilostomata * from three collections are 
described, two being kindly lent by Miss Jelly, to whom they had 
been sent by a correspondent living in the neighbourhood of Napier. 
They are from Petane and Waipukurau, both representing a well- 
known horizon, and also some from Waikato f and Trig’s Station, 
Tanner’s Run, besides others designated as from the neighbourhood 
of Napier. 

For the third collection, which is only small, I am indebted to the 
kindness of Professor Hutton, who collected the material from the 
base of the Shakespeare Cliff, Wanganui. 

Petane, Waipukurau, and Wanganui are known localities in what 
is called the Wanganui system, which Tenison- Woods in his “ Corals 
and Bryozoa of the Neozoic Period in New Zealand” (Colon. Mus. 
and Geol. Survey Dept. 1880), calls ‘“‘ Upper Miocene,” but which 
Professor Hutton more recently (Quart. Journ. Geol. Soc. vol. xli. 
1885, p. 194) calls “‘ Newer Pliocene.” 

The only papers on New-Zealand fossil Bryozoa with which I am 
acquainted are those by Tenison- Woods, just mentioned, and one 
by Stoliczka, “On the Bryozoa from the Marine Beds of the Wait- 
emataschichten of Orakei Bay.” The Waitemata beds belong to the 
Pareora system, and are considered by both Woods and Hutton to 
be Miocene. 

Of some few the state of preservation is very satisfactory, while 
with most this is by no means the case; yet it is often surprising 
to find how in badly preserved specimens the characters can be 
distinctly made out by a detailed examination of cell after cell. As 
an example, I had examined Lepralia semiluna, var. simplex, for 
over an hour before I could tell which was the right way up; but 
when at last I got the key and examined the best-preserved zocecia, 
the characters were made out as distinctly as in any fossil that I 
have yet examined. 

The general appearance depends largely upon the conditions of 
fossilization, and with most of the fossils now examined is quite 
useless for specific separation; but during the last few years we 
have been taught how, in the recent forms, we must look almost 
entirely to the zocecial characters, and our knowledge of the fossils 
must be increased by a study of each character separately. It will 
most materially help the study of the recent Bryozoa when the 
descriptions are given of the separate organs with the organic integu- 
ment removed, and this must be done before comparisons are made 
with fossils. Through the kindness of Miss Jelly I have been 

* The description of the Cyclostomata will shortly follow. 
Tt This is written “Whakati,” but I have not been able to find out that, there 

is such a place, whereas Bryozoa of this age are known from Waikato Heads. 
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enabled to make such direct comparisons with most of the recent 
New-Zealand and Australian Bryozoa, making preparations of the 
covers and other parts, and, during the three years that these collec- 
tions have been in my hands, have been preparing myself for dealing 
with the fossils by studying the recent forms. 

There are some people who think it is possible to turn aside from 
other work and off-hand decide on the correctness of an author’s 
interpretation ; but, certainly with such a group as the present, 
eriticism such as every author ought to be glad to receive can only 
be of value when the spirit of the work is entered into after pro- 
longed examination. On this account it is much to be regretted 
that there are so lamentably few workers on fossil Bryozoa, whereas 
there are numbers of entirely new fields, and all the older work 
ought now to be revised from our present stand-point in classi- 
fication. 

The genus Membranipora, which is largely represented from near 
Napier, is not one of the most useful paleontologically, because (1) 
the shape of the oral aperture is never preserved, but only that of 
the opesial aperture, which is of but secondary diagnostic value ; and 
(2) in this genus the appearance of the zocecia is remarkably modified 
by the presence of ovicells, but these are often wanting both in 
recent and fossil specimens. In fact, among the recent forms, the 
ovicells are not known in one half of the species, and even in some 
of the commonest, such as M. pilosa, they have not yet been found. 

It will be seen from a reference to figures 2 and 5, 3 and 6 how 
_very different the appearance in various parts of the same colony 
may be; and this is bY no means confined to the genus Membranipora, 
but occurs in numerous genera, an example of which may be seen 
in different parts of Microporella elevata, T.-Woods (see Quart. 
Journ. Geol. Soc. vol. xli. pl. vii. figs. 6 and 9). 

In nearly all the commoner species with wide-geographical range, 
such as Microporella ciliata, Cribrilina radiata, Rhynchopora bi- 
spinosa, Cellepora coronopus, Cribrilina monoceros, Porella concinna, 
&c., the mode of growth, the thickness, the structure of the shell, 
the size and number of spines*, the position of avicularia, and other 
characters are known to be liable to great variation, causing the 
appearance to be quite different. Yet notwithstanding this wide 
range in common species, it seems to be overlooked that the same is 
likely to be the case in species with which we are less acquainted ; 
and the comparisons that I have been obliged to make in studying 
the characters of the fossils have convinced me that not only by 
those fresh in the field, but also by some of our most competent 
workers, local varieties, or even specimens, have in many cases 
been described as species. With the paucity of fossil material, it is 
impossible that this can always be avoided, but I would urge the 
advisability of more frequently indicating the relationships. 
I have never been satisfied as to the separation of Smttia and 

Mucronella; and although we seem on the right track with regard to 

* Thus we have Membranipora Lacroiati and M. monostachys with and without 
spines. 3 
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the classification of the Chilostomata, there are many points which 
require modification, and the peristomial characters all seem too 
variable to be used for wider classification. 

A list of recent New-Zealand Bryozoa has been drawn up by 
Professor Hutton (Man. of N. Zealand Moll., Col. Mus. & Geol. 
Surv. Dept. 1880), and a large number have been described by 
Hincks in the ‘ Annals,’ and some by Busk in the ‘Challenger’ Report, 
besides which, as already said, I have had the opportunity of ex- 
amining a series, and now our knowledge of the Australian and New- 
Zealand fauna is being constantly increased by MacGillivray, Hincks, 
and other workers, so that, although much remains to be done, we 
are now gaining a fair knowledge of the Australian fauna. We 
must, however, always remember that in giving the proportion of 
any fossil series known living, this can only refer to the state of 
knowledge at one time; even since | commenced writing on the 
Australian fossils, dredging has brought to light several species at 
first indicated as only known fossil, so that the proportions then given 
are somewhat changed. 

Besides those mentioned in this and previous papers, Microporella 
coscinopora, var. armata, has been found near Port Phillip Heads and 
Queen’s Cliff. Porella emendata, Waters, has been described in the 
‘Challenger’ Report (p. 155, pl. xx. fig. 5) as Mucronella pyriforms. 
Mr. Busk does not mention any avicularia, but in a specimen 
from Port Western I found avicularia to a few cells, placed diagonally 
as in the fossil. The fossil and recent forms agree in size and every 
particular. 

Cellaria ovicellosa, Waters, has been sent to me recent from Aus- 
tralia by Miss Jelly, and is, no doubt, the Salicornaria bicornis of the 
‘Challenger’ Report (p. 90). 

Membranipora articulata, Waters, has since beer described by Mr. 
Hincks as Farceminaria appendiculata; and I would take the oppor- 
tunity of again urging the importance of decalcifying recent specimens, 
for often, as in this case, a very different appearance is given and fresh 
and important characters are seen. If this had been done, Mr. Hincks 
would have seen points which have escaped him, and, I think, would 
then have recognized that the species had already been described. 

Micropora cavata, W., is Aspidostoma gigantewm, Busk. In each 
paper fresh instances of species with two or more modes of growth 
have been given; such cases are constantly coming before me and 
new ones are mentioned in this paper. Recently Dr. Jullien * has 
made an important addition to our knowledge of the freshwater 
Bryozoa, and shown that, trusting to the mode of growth, a classifi- 
cation has been used which would often bring various specimens of 
a species under different genera, and that a revision similar to that 
which has been made of the Chilostomata is necessary with the 
Endoprocta. 

Enough is not yet known about the New-Zealand and Australian 
Bryozoa to be able to fix their exact age with certainty, and this 

* “ Bryozoaires d’eau douce,’ par Dr. J. Jullien (Bull. Soc. Zool. de France 
t. x. 1885). 
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ultimately can only be done by taking into consideration the various 
groups of fossils; but the facies of those in hand is so recent, that 
we are inclined to think that some authors have attributed too 
great an age to the deposits containing them. That they are com- 
paratively recent cannot be doubted, when we consider what a 
large number are known living in the New-Zealand seas, or are 
represented there by others very nearly related to them. Out of 78 
species, or varieties, 61 are known living, 29 of these from New- 
Zealand seas, 48 from either New-Zealand or Australian waters, 
and 28 have been found fossil in Australia. 

Figures of a few of the chitinous covers of species discussed are 
given, as they are the best indication of the shape of the true oral 
aperture. Figures 34 and 37 are copied and shaded from photo- 
graphs, and.on this account it has been convenient to give them on 
a larger scale than in my previous papers. Mr. Busk called them 
the “ chitinous organs,” which is a very incorrect term, as they can- 
not in any way lay claim to be organs, but only covers of organs. 
Neither the opercula nor the mandibles are universally chitinous, 
although usually so, and it would seem best, when they cannot be 
spoken of as opercula and mandibles, to call them Bryozoal covers. 

With the exception of these and fig. 25 the figures are all mag- 
nified 25 times. 
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Inst of Species (continued). 
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1. CELLARIA MALVINENSIS, Busk. 

Cellaria malvinensis, Waters, Quart. Journ. Geol. Soc. vol. xh. 
p. 285. 

Loc. Living: various localities in the Southern Hemisphere. 
Fossil: Australia; Nelson (#.), Waipukurau and Shakespeare Cliff 
(New Zealand). 

2, Mempranipora monostacuys, Busk. (Pl. VI. figs.38 & 6.) =——— 

Not Membranipora monostachys, Busk, Brit. Mus. Cat. p. 61, pl. xx. 

For synonyms see Hincks, Brit. Mar. Polyzoa, p. 131. 
A specimen from Napier has a large spine below the aperture and 

numerous smaller ones round the opesia. The ovicell, which has 
not been previously seen in M. monostachys, is subglobose, with a 
strong rib on the front enclosing a subtriangular or suboval space, 
which is divided into two equal parts by a median rib. The ovicell, 

_ In structure, somewhat resembles that of M. aurita, Hincks, and the 
raised rib on the ovicell occurs in many Membranipore, such as M. 
lineata, M. galeata, M. wnicorms, M. sophie, M. circumclathrata, 
M. dentata, &c. This differs from MW. lineata in having a large 
spine below the opesia, but there is no doubt that this, J. pelosa, 
and M. pyrula, Hincks, are closely allied. The ovicell is like that 
of M. valdemumia, Hincks. Miss Jelly has a recent specimen from 
Napier with similar ovicells. 

Loc. Fossil: Napier. 

3. MEMBRANIPORA LINEATA, L. 

In a fossil from Shakespeare Cliff the zocecium has a thick border 
and was surrounded withspines. ‘The ovicell is short, and between 
the zocecia there are interspersed small cells, with a small, round, 
or elongate opening ; these I have sometimes called blind cells. 

| The form of the ovicell seems to indicate that this is J/. lineata ; 
_ but as there are several species closely allied, it is difficult to speak 

with certainty in such a case. 

4, Mempranrpora Lacrorxir, Aud., var. eranpis. (Pl. VI. fig. 1.) 

There are several specimens of Membranipora from Napier which 
I cannot identify with certainty, but which will be recognizable 
when again found. The opesia, 0-4 millim. long, is oval, occupying 
nearly a third of the zocecia, and has a distinct border upon which 
I do not find any spines. 

The space between the zocecia sometimes bears an avicularium, 
but more often is divided into two or three spaces, sometimes with 
punctures. The ovicell, which is unknown in the typical JZ. Lacroivit, 
is large, raised, globose. 

This is allied to my WM. tripunctata, but the narrow longitudinal 
band between the zocecia is wanting. 

5. Mempranipora Dumeriti, Aud. (Pl. VI. fig. 4.) 

Flustra Dumerilu, Aud., Savigny, Descr. de |’ Egypte, pl. x. fig.1 2%, 

For synonyms see Brit. Mae, Polyzoa, p. 156. 
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Although the ovicell is wider than usual, I think this must be 
regarded as M. Dumerilit, and probably the number of synonyms 
should be largely increased, as there are many fossil Membrantpore 
described with a small avicularium at the base of each zocecium. 
In a recent British I. Dumerilit in my collection there is also a 
Vicarious avicularium with the lower part wide and circular and the 
mandibular end narrow. 

A curious mistake has been made in uniting Cribrilina Pouillau 
to this. This latter is pl. ix. fig. 12 of Audouin; but Alder made a 
slip between pls. ix. & x., and Busk followed him, evidently without 
verification. 

Loc. Living: European seas. Fossil: Crag; Waipukurau. 

6. Mewerantpora nosis, Rss. (Pl. VI. figs. 7 & 10.) 

Membranipora nobilis, Reuss, Foss. Polyp. des Wien. Tertiar- 
beckens, p. 98, pl. xi. fig. 26. 

Zoarium adnate. Zocecia oval, surrounded by a border: in one 
or two cases a vicarious avicularium with semicircular mandible. 
Ovicell small, smooth, with a border round the central portion. 

This much resembles M. flustroides, Hincks, in shape and 
character: but im the fossil the avicularium is larger, the spines are 
wanting, and the ovicell is somewhat deeper. A round avicularium 
only occurs in a few Membranipore, such as M. crassimnarginata, H., 
M. lineata, Manzoni (Bry. of Castrocaro, p. 11, pl. 1 fig. 6), 
M. flustroides, H. 

A specimen from Napier has the cells, in part of the colony, very 
elongate, showing that WV. ovalis, dOrb., is only a modification of 
this species. 

Loc. Miocene: Austerlitz. Napier and Petane (N. Z.); Mt. 
Gambier. 

. Memsranrpora sotipuna, Alder & Hincks. ID i octal 

Membranipora solidula, Hincks, Proc. Dublin Univ, Zool. & Bot. 
Assoc. 11. pt. i. (1860) p. 75; and Brit. Mar. Polyzoa, p. 158, pl. xx. 

Nile, o 
Membranipora papulifera, MacGillivray, Trans. Roy. Soe. Vict. 

vol. xvii. p. 116. 
Biflustra papulifera, MacGillivray, Zool. of Victoria, decade xi. 

p- 27, pl. 106. fig. 9. 

A fossil from Shakespeare Cliff, growing on Entalophora, has the - 
zocecia plain, suboval, with a thick crenulated border, and a globose 
ovicell, which is shallow and smooth, with a strong thickened ridge 
across the upper part. Im size and structure of the ovicell this is 
just the same as specimens from Hastings and Capri, but I do not ~ 
find any nodules. This, however, in several other species is not a 
constant character. A specimen from Waipukurau Gorge, which 
was sent to me queried as \/. papulijera, is of the same size as the 
one from Shakespeare Cliff. 

Loc. Living: Antrim, Guernsey, Hastings (#.), Capri (A. W.), 
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Port Phillip Heads (MacG.), New Zealand (Miss Jelly). Fossil : 
Shakespeare Cliff (Wanganui), Waipukurau Gorge. 

8. Mempranrpora annutus, Manz. (Pl. VI. figs. 2,5, & 9.) 

Membranipora annulus, Manzoni, Bry. foss. Ital. 4a cont. p. 7, 
pl. i. fig. 6(?); and Bri. di Castrocaro, p. 12, pl. 1. fig. 9. 

Membranipora dentata, Waters, Quart. Journ. Geol. Soc. vol. 
XXxXVili. p. 263, pl. vil. fig. 14. 

Membranipora galeata, Busk, Brit. Mus. Cat. p. 62, pl. lxv. 
fig. 5; “‘ Zool. of Kerguelen Island,” Phil. Trans. clxviii. p. 195. 

There are a number of closely allied forms which, through varia- 
tions in the shape of the opesial opening, often differ considerably in 
appearance, but agree in having a central avicularium, supported by 
two strong spines on each side, sometimes cervicorn, and an ovicell 
widely open with a raised line arching across the front, a short 
distance above the opening, enclosing a narrow depressed area. 
These allies are MW. patula, Hincks, M. cervicornis, B., Flustrellaria 
dentata, d’Orb. 

The present form, which I at first thought should be called UW. 
dentata, dOrb., has usually an oval opening; MW. patula has the 
lower edge straight ; MW. cervicoriis, B., which is no doubt the same 
as M. perversa, Waters, fossil from Mt. Gambier, has the opesia 

- usually nearly straight above and rounded below; but in a large 
colony of any of these species opesia will be found with very different 
shapes. 

In the New-Zealand fussils the large avicularium on the ovicell 
is directed downwards to the distal wall. 

One specimen from Napier and one from Waipukurau are bila- 
-minate, but the others are adnate. We have also seen MW. cervi- 
corns (perversa, W.) in the Vincularia-form. Some specimens 
have an avicularium below the opesia. 

An examination of the British-Museum specimens of Membrani- 
pora galeata, B., made since my plates were prepared, shows that 
this is identical with the fossil. The depressed area on the ovicell, 
which Mr. Busk seems to have overlooked, is very marked ; 
occasionally there are two avicularia, and the cells without ovicells, 
with the avicularian chamber projecting forwards, exactly resemble 
my fig. 5. 

As Mr. Busk’s description was quite insufficient, it will be best to 
retain Manzoni’s name. 

Loc. Living: Swains Bay, E. Falkland, in 4-10 fath. (Darwin, 
fide Busk). Fossil: Pliocene of Castell-Arquato, Parlascio, Orciano, 
Castrocaro (M/.); Mt. Gambier (Australia); Napier, Waipukurau 
and Petane (New Zealand). 

9. MemBRANIPORA CERVICORNIS, Busk (non Haswell). 

Membranipora cervicornis, Busk, Cat. Mar. Polyzoa, p. 60, pl. e. 
fig. 3; MacGillivray, Zool. of Victoria, decade ui. p. 32, pl. xxv. 
fig. 8; Hincks, Ann. & Mag. Nat. Hist. ser. 5, vol. vu. p. 153. 
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Membranipora perversa, Waters, Quart. Journ. Geol. Soc. vol. 
xxxvii. p. 264, pl. ix. fig. 32. 

Amphiblestrum cervicorne, Busk, Rep. ‘ Challenger,’ Polyzoa, p. 66. 

Loc. Living: Williamstown (Victoria), Curtis Island (Z.). 
Station 162, 38 fath. (B.), Bondi Bay (N.S. Wales), Adelaide and 
Port Phillip iieade (A. W. W. coll.). Fossil: Mt. Gambier and 
Napier. 

10. Mremprantpora spinosa, Quoy & Gaimard. (PI. VIII. fig. 32.) 

Flustra spinosa, Q. & G. Voy. de l’Astrolabe. 3 
Membranipora ciliata, MacGillivray, Trans. R. Soc. Vict. 1868, 

p. 7; ibid. vol. xvii. p. 3, fig. 11; Zoology of Victoria, decade iii. 
p. 30, pl. xxv. fig. 3. 

Membranipora spinosa, Busk, Trans. Roy. Soe. vol. clxviii. p. 195, 
pl. x. fig. 3; and ‘Challenger’ Report on the Polyzoa, p. 64; 
Hincks, Ann. & Mag. Nat. Hist. ser. 5, vol. vii. p. 150. 

C Chaperi wa austr alas, Jullien, “ Bry. Cheil.” Bull. Soc. Zool. 1881, 
vol. vi. p. 1 (sep.). 

In the fossil from Napier and in a recent specimen from New 
Zealand there is an elongate lateral chamber on each side below 
the operculum, and a similar structure occurs also in MM. annulus, 
but rather lower down. ‘The length of the opesial opening is in 
both about 0°25 millim. 

Loc. Living: Victoria, Kerguelen Island, 8. Patagonia, N. S. 
Wales, New Zealand. Fossil: Napier, N. Zealand. 

11. Mempranipora Frieminert, Busk. 

Membranipora Flemingu, Busk, Cat. B. M. ui. p. 58, a Ixxxiv. 
figs. 3-5 only; Hincks, Brit. Mar. Poly zoa, p. 162, pl. xxi. figs. 1-3 ; 
Waters, Quart. Journ. Geol. Soc. vol. xli. p. 288. : 

Loc. Living: European Seas. Fossil: Aldinga eae) Napier. 

12. Mempranrpora TRIFOLIUM, S. Wood. LA LA, 

For synonyms see Hincks, Brit. Mar. Polyzoa, p. 167. 
The fossil from Napier has zocecia about half as large again as 

specimens in my collection from the English Crag. 
The opesia of the Crag specimens are 0°15 millim. wide; these 

are 0°25 mm., and MM. appendiculata, which is related (see Q.J.G.S. 
vol. xxii. p. 504), has the opesia about 0:4 millim. wide. Iam much 
inclined to think that it would be best to follow Smitt and call this 
M. Flemingw, var. trifolium. In the New-Zealand fossil the ovicell 
is flatter on the front than I have before seen. 

Loc. Living: Northern Seas. Fossil: Crag, and Napier. 

18. MEMBRANIPORA OCCULTATA, Sp. Nov. oF VI. figs. 12, 13, and 
Pl. VIII. fig. 40.) 

Zoarium adnate. Zocecia quadrate, siege inwards towards the 
opesia, with three spines on the upper border. Opesia nearly 
straight below, rounded above, with the sides nearly straight, and a 
broad serrated edge or denticle on the proximal border. In the 
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older parts there is a thick calcareous deposit between the cells, so that 
the mouth is buried at the bottom of a deep cavernous opening, and in 
the raised calcareous part there are numerous triangular avicularia. 

A number of the chief characters remind us of Rhynchopora pro- 
funda, MacGillivray (New or Little-known Polyzoa, pt. iii. p. 2, fig. 8), 
and possibly some of the characters are hidden by the calcareous 
growth in MacGillivray’s specimen. I should not have been able to 
make out all the characters from the fossils, but, having seen them in 
recent specimens, the fossils became quite clear. 

Loc. Living: New Zealand. Fossil: Napier (N. Z.). 

14. Monoporenia capensis, Busk. 

Amphiblestrum capense, Busk, ‘Challenger’ Report on the Poly- 
z0a, p. 6/, pl. xxii, fig. 3. 

Such a form as the present shows at what a great disadvantage 
the paleontologist is placed in consequence of being unable to find 
out the form of the Bryozoal covers, for there are many species of 
Membranipora resembling the present species in the shape of the 
opening; but these, such as WM. dentata, M. angulosa, &c., have a 
small opercular aperture in the membrane covering the opesia. In 
this species, on the other hand, the opening is entirely closed by a 
subcircular or elliptical operculum. 

In a recent specimen in my collection, from Algoa Bay, South 
Africa, the zoarium is erect, cylindrical, or subcompressed, just as 
figured by Busk, and some cells have the two spines as described ; 
but the majority are without spines, and in none of the fossils do 1 
find any traces of them. The Napier and Waipukurau fossils are both 
adnate, whereas the one from Shakespeare Cliff is a flat bilaminate 
fragment. Opesia of all 0°3 mm. wide. Both /lustrellaria tubu- 
losa, d’Orb. (Pal. Fr. pl..727. fig. 10), and Biflustra Prazdki, Novak 
(Bohm. Kreide, p. 18, pl. ui. figs. 20-25), are closely allied to this. 

Loe. Living: Simon’s Bay, Cape of Good Hope (B.); Algoa Bay 
(W.). Fossil: Waipukurau, Wanganui, and Napier. 

15. Monoporetia capensis, B., var. pentTaTA, nov. (Pl. VIII. fig. 39.) 

There is a specimen from Napier which, on account of a curious 
structure, it may be best to regard as a variety. In the upper © 
part of the zoccium there appear to be two denticles extending 
some little distance below the aperture, but these are only a pro- 
longation of a tube from one zocecium to another ; in the middle of 

_ this tube is the rosette-plate. The distal rosette-plate is, in many 
cases (as, for example, Lepralia foliacea), in the middle of what we 
may call a rosette-tube ; but I know of no other instance in which 

_ it is prolonged in this way. 

16. Mownoporrtta crassatina, Waters. (Pl. VIL. fig. 15.) 

Monoporella crassatina, Waters, Quart. Journ. Geol. Soc. vol. 
| xxxvii. p. 270, pl. vii. fig. 8; bid. vol. xxxix. p. 485, and vol. xl. 
p. 291. ; 

Having seen a recent specimen from New Zealand, and having 

Q. J. G.S. No. 169. E 
ie aed 
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a fossil with a very large, much raised oviceil, both broader and 
longer than the length or width of a zocecium, I now think that I 
made a mistake in uniting Leprala japonica of Busk with this 
species, although they are no doubt closely allied. 

The operculum of the recent specimen from New Zealand is thick, 
membranous, not chitinous, except at the borders, and has two 
lateral projections directed towards the basal wall of the zocecium, 
showing similarity, in this respect, to Membranipora and Cellaria. 
It is about 0:35 mm. wide. . 

Loc. Tiving: New Zealand (A. W. W. coll.). Fossil: Mount 
Gambier, Waurn Ponds, Aldinga and River-Murray Cliffs (Aus- 
tralia), Napier, Waipukurau and “‘ Whakati” (New Zealand). 

17. MonoporEtia pissuncTa, Manz. (PI. VI. fig. 8.) 

Lepraha disjuncta, Manzoni, Bry. Plioc. Ital. cont. la, Denkschr. 
Ak. Wissensch. Wien, vol. lix. 1869, p. 5, pl.i. fig. 8, and Bri. del 
Plioc. di Castrocaro, p. 26, pl. i. fig. 35. 

? Lepraha urceolata, Hutton, Manual of New Zealand Moll. 1880, 
p- 192. 

? Lepraha Auingert, Rss. Foss. Bry. CHst. Ung. p. 166, pl. viii. 
fig. 2. 

Zoarium adnate. Zocscia subovate, distinct, not very much raised, 
surface covered with very minute granulations. Jour spines above 
the oral aperture, which is. large, rounded above, straight below 
(0:25 mm. wide). 

This I at first called Monoporella crassatina, W., var. micrograna, 
but it seems to bo identical with the disjuncta of Manzoni, and this 
and the Jast species no doubt are related to MW. polita, Norm. 

Loc. Living: New Zealand? Fossil: Pliocene, Castell-Arquato, 
Castrocaro (Italy); Napier (New Zealand). , 

18. MonopoRELLA WAIPUKURENSIS, sp. nov. (Pl. VI. fig. 11.) 

Zoarium aduate. Zocecia oblong, distinct, arranged in parallel 
series. Oral aperture (0°15 mm.) about half or a third of the 
width of the zowecium, straight below, rounded above, with an umbo 
below the aperture. Ovicell small, globular, raised; surface of 
zocecium and ovicell punctured. 

The figure of Lepralia rubens, Stimpson, looks like this species, 
and the fossil is no doubt closely allied to Cychcopora prealonga, 
Hincks ; but from comparison of specimens in my collection they do 
not seem to be identical. 

Loc. Napier, Waipukurau cutting, and Trig’s Station. 

19. STEGANOPORELLA NEOZELANICA, Busk. 

Vincularia neozelanica, Busk, Quart. Journ. Micr. Sci. n. s. vol. i. 
p. 155, pl. xxxiv. fig. 5. 

Steganoporella neozelanica, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. ix. p. 82, pl. v. fig. 9. 

It is exceedingly difficult to distinguish S. magnilabris and S. 
neozelanica without the opercula, and the determination of fossils 
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therefore requires gre>+ care. In S. magnilabris the shelf at the 
a part of the opercular opening is much wider than in S. neo- 
zelanica, in which it is usually juite rudimentary ; ; the lip is also 
wider and much raised, forming a support for the base of the oper- 
culum. The tubular passage is also more distinct in S. magnilabris. 
None of these characters are very satisfactory, as they are all sub- 
ject to more or less variation. The fossils from Curdies Creek, 
Mount Gambier, Bairnsdale, Batesford, and Murray Cliffs (Aus- 

. tralia) all show the magnilabris characters; but a further exami- 
nation of the Waipukarau and Petane fossils shows that they are 
S. neozelanica in the Lepralia-stage. 

Loc. Living: eral! Zeal Fossil: Waipukurau, Petane, and 
Napier Cane Ze a P 

ae ki i, 

pide, Hincks, Ann. & Mag. Nat. Hist. ser. 5, vol. viii. 

n Rapier. New Zealand, corresponds in size with a 
from ri Zealand. The oral aperture in both is 

= ae 

Nap pier. "Living : Curtis Island (H.); New Zealand 

4 

ey PERFORATA, sp.nov. (PI. VIII. fig. 27.) 

caused me great difficulty, as there are appar- 
alian and New-Zealand species, or varieties, most 

none of the characters alone could the separa- 
ne first of these two is slightly the larger, but 

operculum (0-12 mm.), relatively longer from the 
listal edge, with lateral hinges asin Membranipora, 

surface is similar in texture; there are two lateral 
spines. The oyicell is large and not much raised, and the oral 
aperture, of the ovicelligerous zocecia is larger than that of the non- 
fertile or On each side a little below the orifice there is a large 
circular jperforation, and in some specimens many zocecia have a few 
ete oa pores, usually smaller, round the edge of the cell; the 

aaller than in the following form, and the mandible 
opening. 
uipora stenostoma, Busk (Cat. Mar. Polyzoa, p. 60, 

the insufficient description has made it impossible 
s meant, and therefore the name must be dropped 
en more fully described as M. perforata, MacG. 
= ovicelligerous zocecium is figured by Busk larger 

zocecia; but no difference in size is mentioned ; 
drawn from a specimen covered with an in- 
large openings on each side have been over- 

ley are very distinct in the Museum slide. 
, which I now separate with some doubt and 

upper half the thickest and the lower composed of 
> E 2 : 

n the other hand, has an operculum 0-14 mm. 
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two layers; the avicularium is smaller, but the opening on the 
mandible is larger ; the ovicell is smaller and more concealed. 
In this also there is 2 similar perforation, and also, in some cases, 
others round the edge of the cell; but this seems to be rare. 

The fossils from Napier, -Waipukuran, “ Whakati,” and Trig’s 
Station agree with this last; and while some specimens may have 
an avicularium to almost every cell, in others they are seldom found, 
and in one case they seem to be altogether absent. In many rocecia 
there is a projecting boss, which seems to be imperforate, replacing 
the avicularium. 

These two forms are evidently closely allied to M. coriacea, but 
differ in not having a knob. - The “ knob” of M. coriacea forms a 
chamber which communicates with the interior by means of a rosette- 
plate. (I have already, in a Report to the British Association on 
the Naples Zoological Station, 1880, pomted out that rosette-plates 
occur at the base of the spines of Memb. cervicornis.) It is also 
allied to Micropora lepida, Hincks, to which it 1s very similar i in 
appearance when there is a row of pores round the edge. ‘he 
mandible of M. coriacea has a central ridge from ti d 1 
same structure is seen in the other two species, _ 

22. MEMBRANIPORELLA NITIDA, Johnst., var. 

There are two fossil specimens from Waipukv ke 1 Ww 
recent ones from “‘ New Zealand” only in haying iour spines, and 
this is probably not a very important character. ‘The lower lip is 
thickened, and this is the case in a recent specimen froma Capri; 
the ovicell has often more or less of a keel, and has a ridge which 
cuts off the lower part, and in this respect resembles M. distans, Mac- 
Gillivray (Descrip. of New or Little-known Polyzoa, pt. 2, pl. i. 
fig. 5). In the fossils there are no avicularia, whereas in a recent 
specimen of this variety from New Zealand thera is a large patulate 
vicarious avicularium, like that figured by Busk for Oribrilina philo- 
mela, var. adnata. The costs vary from five to eight on a side. 

We seem now to have various links, recent and fossil, between 
C. figularis, O. philomela, and Membraniporella nitida, and there i is 
no hard and fast line between Cribrilina and Membranipor td, 

Loc. Living: New Zealand. Fossil: Napier, Walp es © 

23. CRIBRILINA MONOcEROS, Busk (non Reuss). : Ait 

Lepralia monoceros, Busk, Brit. Mus. Cat. p. 72, pli x¢ 
and 6; MacGillivray, Zool. of Victoria, decade iv. p. € 
figs. 1 and 2; Ridley, Zool. Coll. ‘ Alert, Proc. Zool. 
p. dl. ies ‘ 

Cribrilina monoceros, Hincks, Ann. & Mag. N. H. ser. 5, v 
p. 57, pl. iii. fig. 6, and vol. xiv. p. 279, pl. viii. fig. 5; 
0. J. Geol. Soc. vol. xxxviii. p. 507; Busk, ie of ‘Chal 
Polyzoa, p. 133, pl. xix. fig. 8. é ; 

In Hie Napier fossil the size of the aperture ns , 
ea ee eg ee ee ee a a ne 
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specimen from Port. Western there are lateral denticles and a con- 
traction some distance down the aperture, which may represent the 
teeth, which are so marked in the Bairnsdale fossil, but have not 
been found elsewhere. I believe that LZ. monoceros and L. larvalis 
MacGillivray are entirely different. 

Loe. Living: Straits of Magellan, 10-20 fath., Tierra del Fuego, 
19 fath., Falkland Islands, 4-10 fath.,Cape Horn, 40 fath.(B.); Eliza- 
beth Island, 6 fath., Sandy Point, 7-10 fath., Tom Bay, 0-30 fath, 
Cie.) ; Bass’s Straits (Zi); Warrnamboul (MacG.) ; “Challenger : 
station 163; Port Jackson, 35 fath.; st. 303, 1325 fath.; st. 235, 
N. Pacific, 3125 fath.; st. 315, 12 fath. Fossil: Bairnsdale 
(Victoria) in Eschara-form, Napier (N. — adeabe, Petane. 

24. CRIBRILINA FIGULARIS, Johnst. 

Cribrilina figularis, Waters, Quart. Journ. Geol. Soe. vol. xli. 
p. 293. 

Specimens from Waipukurau are very distinctly carinate down 
the centre, and there is a considerable margin of smooth cell; the 
ovicells are those characteristic of figularis, but I do not find any 
avicularia. Perhaps this is Lepralia Haueri, Rss. 

Loe. Living : European Seas, Marion Islands, and Heard Islands. 
Fossil: Crag; River-Murray Cliffs, Waipukurau. 

25. CrirpRinina RADI.TA, Moll, var. EnpLicHeErt, Rss. 

Lepralia Endlicheri, Reuss, Foss. Polyp. Wien, p. 82, pl. ix. 
fig. 27, and Foss. Bry. Gist. Ung. Mioc., Denkschr, Ak. Wissensch. 
Wien, vol. xxxii. p. 171, pl. i. fig. 9. 

A fossil from Napier Harbour has short, broad, oval zocecia with 
very solid shell. The ribs are irregular, usually 6 or 7 on a side. 
The oral aperture is larger (0°15 mm.) than that of typical C. radiata, 
and below it there is a distinct raised tubular pore surrounded by 
a border, so that it appears marsupiate. The ovicell is about the 
width of a zocecium, and, as far as can be judged, this has a radiate 
structure. The L. Hndlicheri of Reuss has been found in several 
Miocene localities of Austria and Hungary. 

26. Microporerna criiata, Pall. 

Eschara ciliata, Pall. Elench, p. 38, and for synonyms see Hincks, 
Brit. Mar. Polyzoa, p. 206. 

Lepralia calabra, Seguenza, ‘“‘ Formazioni Terziarie,” Accad. 
Lincei, cclxxvii. p. 201, pl. xv. fig. 6. 

The fossil from Trig’s Station has a large round suboral pore on a 
prominent mucro, and the ayicularian opening is nearly round; 
surface punctured. Oral aperture 0-1 mm. wide, with six spines. 
This form is the Lepralia pleuropora, Rss. Foss. Bry. Gist. Ung. 
Mioc. p. 153, pl. iv. fig. 11. 

The specimens from “ Whakati” and Napier have a smaller round 
or lunate suboral pore with larger avicularian (vibracular) opening, 
and the avicularian chamber forms a tube or tunnel with the opening 
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directed towards the centre of the zocecium. . This form is the 
M. calabra of Seguenza. 

The specimen from Waipukurau has rather smaller zocecia than 
the others, but the oral aperture of all is about 0-1 mm. wide. 

Loe. Living: Cosmopolitan. Fossil: Miocene, Austria and Hun- 
gary; Pliocene, Italy and Sicily, English Crag, Mount Gambier 

(Australia), Napier, Waipukurau, and Trig’ s Station (New Zealand). 

27. MicrororettA Matusn, Aud. 

Microporela Malusu, Aud., Waters, Q. J. Geol. Soc. vol. xxxix. 
p. 437. 

Loc. Living: European seas, 8. America, N. Zealand, Australia. 
Fossil: English Crag, and Pliocene of Italy, Bird Rock (Victoria), 
Napier, Petane (N. Zealand), 

28. MicroporELia (?) MACROPORA, Stol. 

Lepralia macropora, Stoliczka, Olig. Bry. von Latdorf, p. 84, plan: 
fig. 3; Sitz. Ak. Wien, Math.-nat. Cl. Bd. xlv. Abth. i. 1862. 

Escharipora stellata, Smitt, Floridan Bryozoa, p. 26, pl. vi. 
figs. 1380-133. 

Microporella macropora, Waters, Quart. Journ. Geol. Soc. 
vol. xxxvili. p. 267, pl. vi. fig. 18. 

Microporella stellata, MacGillivray, “New or Little-known 
Polyz.” pt. 2, Tr. Roy. Soc. Vict. vol. xix. p. 131, pl. 1. fig. 4. 

The fossil from Waipukurau has an avicularium at each side of 
the aperture, and should, as I have before pointed out, perhaps be 
called var. biarmata on that account; and I have again to repeat 
that although no suboral pore is known, the general characters are 
those of Microporella, the genus in which Professor MacGillivray 
has also placed it. ji 

Loc. Living: Port Phillip Heads (MacG@.); Port Phillip (W.); 
Florida (Sm.). Fossil: Miocene, Latdorf (with one avicularium) ; 
Waipukurau. 

99, MicropoRELLA DECORATA, Rss., var. ANGUSTIPORA, Hincks. 

Microporella diadema, MacG., form angustipord, Hincks, Ann. 
& Mag. Nat. Hist. ser. 5, vol. xv. p. 249, pl. viii. fig. 3. 

MacGillivray and Hincks have made several varieties of M. dia- 
dema; but it seems to me that they should be called varieties of 
M. decorata, Rss. In the typical M. decorata the avicularium is 
directed directly distally, and in the recent forms there is consider- 
able variation, as, for example, between var. lata and var. lunipuncta, 
MacG. 

In a fossil specimen of the typical I. decorata, fom Vigna di 
Mare, near Reggio, Calabria, the shape of the pectic the same as in 
var. A pelaia and lunipuncta, and,so far as the state of preservation 
allows of comparison, the other characters are the same. 

It seems to me that we should divide this group into I. decorata, 
Rss., typica ; var. diadema, MacG. ; var. angustipora, Hincks ; var. 
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lunipuncta, MacG. ; var. longispina, MacG. ; var. lata, MacG.; var. 
canaliculata, MacG. 

Loc. Living : New Zealand. Fossil: Waipukurau, Napier, Petane, 
and Trig’s Station (New Zealand). 

30. MicRopoRELLA MAGNrIRosTRIs, MacG. 

Lepralia magnirostris, MacGillivray, Trans. Roy. Soc. Vict. 
vol. xix. p. 134, fig. 6. 

Microporella magnirostris, Waters, Quart. Journ. Geol. Soc. vol. xli. 
p. 296. 

Microporella introversa, Waters, Quart. Journ. Geol. Soc. vol. 
XXxvil. p. 268, pl. ix. figs. 33, 34. 

Porina magnirostris, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. xiv. p. 279. 

Both specimens from Waipukurau are in the Eschara-stage, and 
in the one from “ W. cutting” it forms a contorted undulating 
anastomosing mass. 

Loe. living: Port Phillip Heads. Fossil: Mt. Gambier, River- 
Murray Cliffs, Waipukurau and “ Waipukurau cutting.” 

31. MucroNELLA MUCRONATA, Smitt. 

Mucronella mucronata, Waters, Quart. Journ. Geol. Soe. vol. xl. 
p. 293. 

Loe. Living: Florida. Fossil: Curdies Creek, Mt. Gambier, 
Bairnsdale, Muddy Creek, and Murray Cliffs (Australia), Napier 
(New Zealand). 

32. MucroneELia nitmpa, Verrill. 

For synonyms, see Waters, Quart. Journ. Geol. Soc. vol. xli. 
p- 293, to which add 

Smitiia reticulata, var. spathulata, MacGillivray, Trans. Roy. 
Soc. Victoria, vol. xix. p. 135, pl. iil. fig. 14. 

Smitira reticulata, MacG., var., Hincks, Ann. & Mag. Nat. Hist. 
ser. 5, Vol. vill. p. 64. 

Although MacGillivray describes his variety as with spathulate 
avicularia, the avicularium figured can scarcely be called spathulate, 
and in the shape there seems to be great variability. I have speci- 
mens from Rapallo (N. Italy), and Victoria (Australia), in which 
the large avicularia are broadly ligulate, while the small avicularia 
are oval and have rounded ends. In all cases, the avicularium on 
one side is large, on the other small, and the name inequalis, which 
I gave to the Neapolitan specimen, calls to mind the most important 
character. 

Loc. Living: Vineyard Sound and Long Island Sound (V.); 
Africa (H.); Victoria Bank, S.E. Brazil, 32 fath. (7tidley); Victoria, 
Bass’s Straits (Hincks); Naples and Rapallo ,( Waters). Fossil: 
English Crag (W.); Bairnsdale (Gippsland), River-Murray Cliff 
(South Australia) ; Waipukurau, Napier, and Tommy Gully (New 
Zealand). 



56 MR. A. W. WATERS ON TERTIARY CHILOSTOMATOUS 

33. MucroneLLa PRastAns, Hincks. 

Mucronella prostans, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. x. p. 99, pl. vii. fig. I. 

Mucronella duplicata, Waters, Quart. Journ. Geol. Soc. vol. xxxvii. 
p- 328, pl. xvi. fig. 54, and vol. xxxviii. p. 266. 

The fossils from Waipukurau are surrounded with large pores, as 
in the Curdies-Creek specimen, and some cells have similar avicu- 
laria, but they do not occur in all. My WM. duplicata was described 
from a fragment of only a few cells, and although I also referred to 
a recent specimen sent over by Mr. Hutton as Lepralia variolosa, 
and gave particulars, it may, perhaps, be best to break the rule 
concerning priority and adopt Mr. Hincks’s name. 

This is allied to MW. coccinea, but differs 1 in the larger ovicell, which 
is not recumbent. 

Loc. Living: New Zealand. Fossil: Canine Creek (S.W.. 
Victoria); Mt. Gambier in Vincularia-stage ; Waipukurau, Petane 
marls. 

34. Mucronetta Pracutt, Johnst. 

This occurs fossil from Napier and probably the other localities ; 
but in the fossils it is very difficult to always distinguish between 
this and the following variety, which is common. 

35. MucronEeLia Pracutt, var. ocropentTAaTA, Hincks. 

Mucronella Peachii, var. 8. octodentata, Hincks, Brit. Mar. Polyzoa, | 
Pusolapls li pies. 

Mucronella ter es, Hincks, Ann. & Mag. N at. Hist. ser. 5, vol. viii. 
p. 65, pl. 11. fig. 5. 

Mucronella spinosissima, Hincks, loc. cit. pl. ii. fig. 2. 
? Mucronella ventricosa, var. multispinata, Busk, ‘ Challenger ’ 

Report on the Polyzoa, p. 160, pl. xxii. fig. 11. 
? Mucronella le VIS, MacGillivray, Trans. Roy. Soc. Victoria, 

vol. xixep. 136, pl. mi: fig. 16. 
Lepralia arrecta, Rss. Bry. Gist. Ung. Mioe. p. 24, pl. i. fig. 11. 
This is acommon fossil from Waipukurau. The zoarium is adnate, 

with distinct, raised, ovate, smooth zocecia; peristome raised all 
round, with about eight spines on the upper part, and a broad flat 
denticle in the oral aperture directed downwards (towards the 
neural wall); this denticle closes about one third of the aperture. 
Usually a row of pores round the border of the zocecium. Ovicell 
small, globular, smooth, recumbent. 

Perhaps this should be called M. Grotriana, Stol. (see Reuss, 
Fauna Sept. p. 57, pl. vu. fig. 1; Denkschr. Ak. Wissensch. vol. xxv. 
p. 173, pl. vu. fig. 1), which only differs in the absence of spines. 
L. Hornesi, Reuss, is also closely allied. 

Loc. Living: Shetland (A. M. N.); Capri (A. W. W.); Curtis 
Island (#.); Station 148, and Prince Edward’s Island, 80-120 
fath. (B.); New Zealand species sent by Miss Jelly. Fossil: Wai- 
pukurau, Trig’s Station (Tanner’s Run), and Napier (N. Zealand). 

i ae 
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36. Mucronetta? atvarezrana, d’Orb. (PI. VII. figs. 24, 25.) 

Escharina alvareziana, @Orb. Voyage dans l Amérique, t. v. p. 14, 
pl. vi. figs. 1, 4. 

Lepralia alata, Busk, Cat. Mar. Polyzoa, p. 71, pl. lxxix. fig. 3. 
Mucronella alvarezi, Jullien, “‘ Bry. Cheil.” Bull, Soc. Zool. 1881, 

p. o. 

Two specimens from Waipukurau have subhexagonal zocecia, with 
radiating grooves on the front and a very prominent umbo in the 
centre, a small ayicularium or vibraculum on each side about the 
middle; a row of large pores round the edge of the zocecium 
situated between the grooves. Above the oral aperture 4-6 spines. 
Oral aperture about 0-1 mm. wide, rounded on the distal edge, 
nearly straight below, forming a semicircle; the lower edge is 
minutely serrated, with three small teeth in the centre; on each 
side of the aperture a denticle directed inwards. 

This differs from L. alata, as described by Busk, in the number 
of spines, and his description leaves us in doubt as to the aperture ; 
and merely from the fossil it is impossible to be quite sure as to the 
genus. As Lepralia alata has never been returned to the British 
Museum, I have been unable to make a direct comparison. 

Loc. Cape Horn, 40 fath. (B.); Peru (d’0.); Valparaiso (/.). 
Fossil: Waipukurau, Trig’s Station, and ‘“‘ Whakati.” 

37. MucroNELLa TRricuspis, Hincks. 

Mueronella tricuspis, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. vili. p. 66, pl. ii. fig. 1. 

Mucronella munita, MacGillivray, Trans. Roy. Soc. Victoria, 
wol. xix, p. 136, pl. ii. fig. 10. 
A specimen from Petane has a row of pores round the edge, and the 

peristome rises less suddenly out of the zocecium than in my recent 
specimen. There are lateral. acute avicularia, the ovicell is recum- 
bent, and the fossil most nearly corresponds with MacGillivray’s 
figure. 

Loc. Living: Curtis Island (H.); Port Phillip Heads and New 
Zealand (MacG). Fossil: Petane. 

38. MucroneLta tRicuspis, Hincks, var. WAIPUKURENSIS, Nov. 
CE VELL fic. 30.) 

There is a worn fossil from Waipukurau, which, upon comparison 
with M. tricuspis, Hincks, turns out to be of the same size, and cor- 
responds with it in the screen-like elevation, in both cases enclosing 
two tubes, as mentioned on page 59. In the, fossil, however, the 
slender lateral mandibles are wanting; but there have been small 
and apparently nearly round avicularia near the base of the 
zocecla. 

39. Mucronet~s porosa, Hincks, var. minrma, nov. (Pl. VIII. 
fig. 31.) 

A fossil from Petane has the upper part of the zocecium thickened 
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and raised, and below this large pores on the surface of the zocecia. 
There is a raised suboral avicularium directed laterally, and some- 
times also a small round avicularium at the side of the aperture. 
Ovicell almost concealed in the zocecium above. ‘The oral aperture 
is about 0°16 mm., whereas in recent specimens of M. porosa from 
Port Phillip it is 0°33 mm. 

40. Mucronetta (?) Liversiperr, T.-Woods. 

Eschara Liversidget, 1.-Woods, Some Tert. Australian Polyzoa, 
Roy. Soc. of N.S: Wo 1376, p. 3, figs. xi), ne. xi 

A fossil from Waipukurau has the proximal edge of the aperture 
nearly straight, the distal rounded, and a little distance down the 
aperture there 1s a semicircular ridge which almost divides it into 
two parts. This, I believe, is the lower edge of the concealed 
ovicell, as we sometimes see it in Cellaria. 

Just below the oral aperture there is a much raised protuberance, 
and on each side of this a large semicircular pore ; below the pro- 
tuberance there is a large round pore, below which, again, there is 
usually a small one, which may be elongate. 

Loc. Fossil: Mount Gambier ( Woods), Waipukurau. 

41. MucronEeLia FIRMATA, sp. nov. (Pl. VII. fig. 20.) 

Zoarium adnate. Zocecia broadly ovate, distinct, raised, coarsely 
punctured over the entire surface. Orifice almost semicircular, with 
a square tooth on the lower margin; peristome forming a broad 
thickened border round the upper part of the orifice, and thickened 
at each side near the base. 

This differs from Phylactella labrosa, B., in having no raised 
peristome below the mouth. 

Loc. Fossil: Napier and Waipukurau. 

42, SmiIrTra RETICULATA, M acG. 

A badly-preserved Smittia from Whakati seems to be S. reticulata. 

43. Smirtra LAnpsBorovit, Johnst. 

Lepraha Landsborovii, Johnst. Brit. Zooph. ed. 2, p. 310, pl. liv. 
nies, Wp 

Loc. Living: Arctic and British seas, Mediterranean, Australia. 
Fossil: River Murray Cliffs (Australia); Petane (New Zealand). 

44, Smirrra BIINcISA, Waters, var. Bicuspis, Hincks. 

Mucronella bicuspis, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
Vole ae ose P MOG svaiey tie: 

The fossil from Mount Gambier (Quart. Journ. Geol. Soc. xxxviil. 
p- 272, pl. vii. fig. 1) has the avicularia more raised and has more 
large pores; but I have a recent specimen from New Zealand with 
more pores than Mr. Hincks figured, and with the avicularia more 
raised. The denticle ranges from being deeply cleft to being 
expanded and nearly flat at the tip. 

In the important characters the two are unmistakably allied, 
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and it is with some hesitation that I make a variety of the New- 
Zealand fossil and recent specimens. 

Loc. Living: New Zealand. Fossil: Waipukurau. 

45. Suirrra Naprert, Waters. 

Smittiia Napreri, Waters, Quart. Journ. Geol. Soc. vol. XXx1x 
p-. 438, pl. xii. fig. 14. x 

It has been thought that this was the Mucronella tricuspis of 
Hincks (Ann. & Mae. N. Hist. ser. 5, vol. viii. p. 66, pl. 111. fig. 1), 
and at one time I concurred in this ‘view, which was based upon 
the examination of a specimen which Mr. Hincks himself had named 
M. tricuspis; but having since found a recent tricuspis from Port 
Philip, Victoria, I see that they are not identical. 

The recent S. Napierii has a solid shell, with large pores round 
the border; the avicularian mucro is directed mostly forwards, that 
is towards the distal end, and below this there is a narrow bifid 
denticle. The ovicell is sometimes nearly concealed, and its presence 
is only revealed by a mucronate elevation, in other cases it is con- 
siderably raised and globose. 

The MM. trecuspis, which has also been described as M. munita, 
MacGillivray (Dese. of New or Little-known Polyzoa, pt. 2, p. 136, 
pl. i1. fig. 10), has a very curious peristome which rises abruptly 
from the front of the zocecium and is thick in consequence of being 
hollow, or rather having a tube on each side of the mucro. This 
has not been mentioned by Mr. Hincks. Inside the peristome there 
is no denticle, but the proximal edge of the aperture is a straight 
plate. My specimen is hyaline. 

Loc. Living: Port Phillip (Australia). Fossil: Waurn Ponds 
(Australia); Napier, Waipukurau; Trig’s Station, Tanner’s Run, N.Z. 

46. Porina GRanpipora, sp. nov. (Pl. VII. fig. 23.) 

Although the state of preservation of this fossil from Napier is so 
unsatisfactory that a full description of it is impossible, yet, if again 
found, it may, I think, be recognized. The peristome is much raised, 
hiding the mouth, and there seems to have been a large avicularium 
on the summit at each side. In the centre of the zoccium there is 
a large round pore, and from this it would seem to belong to 
Giganiopora of Ridley. 

47. Lepratia Porssonir, Aud. (PI. VIII. fig. BT) B a, 

Flustra Poisson, Aud., Savigny, Descr. de ’Egypte, pl.'x. fig. 5. 
Lepralia Poissonii, Hincks, Ann. & Mag. Nat. Hist. ser. 5 

vol. vili. p. 63, and vol. xv. p. 256. 
Lepralia setigera, MacGillivray (non Smitt), Trans. Roy. Soc. 

Wietomal, vol. xix. p, 133; pl. i.:figs. 2, 3. 
Lepralia odontostoma, Rss. Bry. Gist. Ung. Mioc. p. 16, pl. iv. 

fig. 8. 
Lepralia Kirchenpaueri, var. teres, Hincks, Ann. & Mag. Nat. 

Piet. cer. J, VOl. Vi. p. 7 /, pl. ix. figs. 7, 7a. 

This is a very common fossil from Waipukurau and corresponds in 

? 
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size with recent specimens from New Zealand, in which the front 
surface is smooth, and the small smooth ovicell has a mucronate 
ridge down the centre. 

In recent specimens the spines do not occur in all zocecia nor in 
all specimens. The most spinous specinten that I have seen is one 
from Tahiti, in Miss Jelly’s collection. This is nearly related to 
Lepralia adpressa, and I still adhere to my opinion that LZ. Kirchen- 
pavert, Heller, is only L. adpressa, in which, as I pointed out and 
figured in my paper on the Bryozoa from Naples (Ann. & Mag. 
N. H. ser. 5, vol. i. p. 42, pl. xv. fig. 13), there are sometimes 
‘lateral bosses.” The best figure of L. Kirchenpaueri is given by 
Manzoni (Supp. alla Fauna dei Bry. Medit. p. 8, tav. iii. fig. 3). 

The characters of the opercula of L. Poisson and L. appressa 
(figs. 37, 38) enable these to be readily distinguished, although 
also showing a near relationship. In the fossil some cells have the 
central mucro very prominent and in others it is entirely absent. 

Loc. Living: Bass’s Straits, Tahiti and New Zealand (H.); Port 
Phillip Heads (MacG.). Fossil: Napier and N. Harbour; Waipu- 
kurau, “ Whakati,” and Petane; Shakespeare Cliff (New Zealand) ; 
Miocene ; Rauchstallbrunngraben, near Baden. 

48, LepraLia RECTILINEATA, Hincks. (PI. VII. fig. 16; Pl. VIII. 
figs. 34, 35, 36.) 

Lepraha rectilineata, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. xi. p. 110, pl. vii. fig. 5. 

In a specimen from Waipukurau there is often a small ridge or 
boss at each side of the aperture, just below which there are two 
small avicularia, usually near together. Where the aperture is con- 
tracted there is a curved denticle. directed inwards, and there is a 
similar one in LZ. Dorhnii, Kirchenpauer (MS.), from Naples. A 
specimen from Wanganui has large, elongate avicularia above the 
aperture, whereas there are none in the one from Waipukurau. 

The ovicell, which is not known in the recent form, is raised, glo- 
bular, about half as wide as a zocecium. Oral aperture 0:18 millim. 
at widest part. 

Loc. Living: New Zealand. Fossil: Waipukurau, Wanganui, 
Napier. 

49, LEPRALIA IMBELLIS, Busk. 

Hemeschara imbellis, Busk, Crag Polyzoa, p. 78, pl. iv. fig. 6, 
pl: x. fig. 7. 

Eschara pertusa, M.-Edwards, “ Obs. sur les Foss. du genre Kschare,” 
Ann. des Sc. Nat. ser. 2, vol. vi. p. 9, pl. x. fig. 3; 8. Wood, Ann. 
Nat. Hist. vol. xiii, p. 16; Busk, Crag Polyzoa, p. 65, pl. x. fig. 2. 

As Lepralia pertusa, Esper, was described before Milne-Kdwards 
published the present species, the specific name must be changed ; 
and seeing that Busk found it in the Crag, in both the Eschara- and ~ 
the Hemeschara-stage, we can take his sécond name. The fossil from 
near Napier is adnate, and has elongate cells with large punctures 
over the surface, There are no ovicells on these fossils. Without 
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the avicularium this would be Lepralia delicatula, Manzoni (Bry. 
foss. Ital. 3a cont. p. 11, pl. ii. fig. 17). 

There are also fossils from Napier, Petane, and Tommy Gully, 
with shorter cells and large pores arranged in a more or less 
radiating manner, and in appearance and size much the same 
as Lepraha striatula, Hincks, which I think cannot be regarded 
as more than a variety of the present. In a specimen of recent 
L. striatula sent me by Miss Jelly there are only two or three 
zocecia with avicularia at the side of the orifice. In none of the 
fossils do I find any, but it is possible that some cells that are partly 
broken-down may have had such avicularia. A fossil from Waipu- 
kurau Gorge has rather short cells with but few pores irregularly 
arranged. Close allies are Lepraha regularis, Rss., L. corcumornata, 
Rss., and LZ. megalota, Rss., from the Austrian Miocene, and the 
living L. Paliasiana and L. pertusa, Esp. 

Loc. Fossil: Crag, Sudbourne (J/.-Hd.); C. Crag (B.); Zanclean 
of Calabria (Seguenza). Pliocene: Rametto (Sicily); Gerace, and 
Tenda del Prado (Calabria) (A. W. W.); Napier (N. Z.), and the 
short variety from Napier, Petane, Tommy Gully, and Waipukurau. 

50, LepRALrIa PERTUSA, Hsper. 

 Cellepora pertusa, Esper, Pflanz. Cellep. p. 149, pl. x. fig. 2. 
Lepralia pertusa, Busk, B. M. Cat. p. 80, pl. Ixxviil. figs. 1 & 3 

(non 2), pl. lxxix. figs. 1, 2; Smitt, Floridan Bry. p. 55; Huincks, 
Brit. Mar, Polyzoa, p. 305, pl. xlur., figs. 4, 5. 

Lepraha pertusa, var. rotundata, Waters, Ann. & Mag. Nat. Hist. 
ser. 5, vol. ii. p. 31. 

Loc. Living: European seas, Florida, Australia(?); New Zealand 
(?). Fossil: Muddy Creek ; Waurn Ponds (Austr.) ; Napier (N.Z.). 

51. Lepratia RostriezRA, Sm. (Pl. VII. fig. 17.) 

Escharella rostrigera, Smitt, Floridan Bryozoa, p. 57, pl. x. figs. 
203-208. 

Lepralia rostrigera, Waters, Quart. Journ. Geol. Soc. vol. xh. 
p. 298. 

The specimen from Napier is larger than the recent Floridan ex- 
amples, or the fossil from the River-Murray Cliffs. It is adnate, 
and the zocecia are divided by raised lines; the surface is punc- 
tured and granulated; the oral aperture is 0°22 millim., with an 
avicularium at each side of the aperture. There is a raised border 
round the aperture. 

This is allied to Lepralia ingens, Manzoni (Castrocaro, p. 25). 
Loc. Living: Florida. Fossil: R.-Murray Cliffs (Australia) ; 

Napier (N. Zeal.). 

52, LEPRALIA Lonerpora, MacGillivray. 

Lepraha longipora, MacGillivray, “ Descript. of New or Little- 
known Polyzoa,” pt. ii., Trans. Roy. Soc. Vict. vol. xix. p. 185, 
pl. i. fig. 18. 
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Cyclhicopora prelonga, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
Vol, xav. Pio, planer 7. 

The fossil from Waipukurau has the upper part of the zocecium - 
raised, giving a tubular appearance to the peristome. ‘The surface 
is granular and has more punctures than are figured by MacGillivray. 
The ovicell is narrower than a zoecium. In Mucronella canalvfera, 
Busk, the peristome is much produced and the ovicell is smaller. 

Loc. Living: Port Phillip Heads (Victoria). Fossil: Waipukurau 
and Trig’s Station. 

53. LerraLia sEMILUNA, Rss., var. simplex, nov. (PI. VII. fig. 19.) 

Eschara semiluna, Rss. “ Die Foram. Anth. und Bry. des deutschen 
Septar.” p. 182 (66), pl. vi. fig. 6, Denkschr. k.-k. Akad. Wissensch. 
Wien, vol. xxv. 

A fossil from Napier is aduate. The zocecium is suboval, only 
slightly convex, with rather large pores. Oral aperture elongate, 
straight below and with the sides straight, curved above. Walls at 
the side of the aperture thickened, forming a kind of peristome. 
Above the aperture a nearly concealed ovicell with an oval cribri- 
form depression in the middle. 

I am unable to find any suboral avicularia, as described by Reuss, 
and therefore call it var. semplea. 

The species is described from Sollingen. 

54. LEPRALIA FORAMINIGERA, Hincks. 

Lepralia foraminigera, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. xi. p. 109, pl. vii. fig. 1. 

The fossil, though there are only the two upper openings, corre- 
sponds with recent specimens ; the oral aperture, in each case, is 
about 0°15 millim. in diameter, and the operculum has a character- 
istic hinge-projection on each side, which Mr. Hincks seems te have 
overlooked. 

Loc. Fossil: Waipukurau. Living: New Zealand (#.); Napier 
(sp. sent by Miss Jelly). 

55. LepraLia BisTatTa, sp. nov. (Woodcut, fig. 1.) 

Zoarium incrusting. Zocecia distinct, convex, surface perforated 
and mamillated. Oral aperture coarctate, with a small denticle at 
each side where the contraction takes place. Ovicell small, subim- 
mersed, about half the width of a zowcium, and the ovicelligerous 
cells have a very much wider oral aperture than the other zocecia 
and an extraordinarily thick lower lip. The zocecia and aperture 
are about the same size as those of LZ. Pallasiana. 

Loc. Waipukurau Gorge. 

56. PoRELLA MaRsuPiIum, MacG. 

Porella marsupium, Waters, Quart. Journ. Geol. Soc. vol. xxxix. 
p. 437. 5 

Loc. Living: Victoria (MacG.); Bass’s Straits (H.). Fossil: 
Waurn Ponds (Victoria); Waipukurau (New Zealand). 



BRYOZOA FROM NEW ZEALAND. 63 

57. PoRELLA MARSUPIUM, var. PORIFERA, Hincks. 

Porella marsupium, MacG., form porifera, Hincks, Ann. & Mag. 
« Nat. Hist. ser. 5, vol. xiii. p. 24, pl. iv. fig. 4. 

Loc. Living: Queen Charlotte Island, off British Columbia (#.). 
Fossil: Waipukurau and Napier (New Zealand). 

o8. Poretia concinna, Busk. 

Porella concinna, Waters, Quart. Journ. Geol. Soc. vol. xxxvili. 
pei Xk: 

An incrusting fossil from Tommy Gully, Petane, has the avicu- 
larium much raised on a suboral prominence, and in this respect 
differs from the European types. The zocecia are divided by raised 
lines, and the surface has large pores. 

Loc. Living: European seas; Bass’s Straits. Fossil: Mount 
Gambier; Tommy Gully (Petane). 

Fig. 1.—Lepralia bistata, Waters, from Waipukurau, 
New Zealand. 

59. Hippormoa FLAGELLUM, Manz. 

Hippothoa flagellum, Manz. Bry. Foss. Ital. 4a cont. p. 6, pl. i. 
fig. 5; Suppl. alla Fauna dei Bry. Medit. la cont. p.3; Bri. del 
Plioc. antic. di Castrocaro, p. 5, pl. 1. fig. 14; Hincks, Ann. & 
Mag. Nat. Hist. 1877, vol. xx. p. 218; Brit. Mar. Polyzoa, p. 293, 
pl. xliv. figs. 5-7; Busk, Chall. Rep. Polyzoa, p. 4, pl. xxxiii. fig. 7. 

Probably also Terebripora ramosa et wrregularis, d’Orb. Voy. dans 
PAmer, Merid. 

Loc. British seas and Medit.; Singapore (H.); Heard Island, 
75 fath.; New Zealand. Fossil; Pliocene of Italy and Sicily; 
Napier. 
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60. ScurzoporeLia crrcinata, MacG. (Pl. VIII. fig. 41.) 

Lepralia circinata, MacG., Nat. Hist. Victoria, dec. iv. p. 21, 
[Ok Serie takes JT 

Schizoporella circinata, Busk, ‘ Challenger’ Rep. of Polyzoa, p. 166, 
fig. 46; Hincks, Ann. & Mag. Nat. Hist. ser. 5, vol. xv. p. 253, 
Ol, Wat Wore Ie 

This is a common fossil from Waipukurau, and in size is just the 
same as recent specimens from Napier. The long spatulate avicu- 
larium, directed downwards, is usually present; the oral aperture 

(0:07 millim.) is about half the size of that of S. Cecilu, Aud. 
Mr. Busk describes in both of these a movable appendage jointed to 
the operculum; but neither of them is figured correctly by him, as 
in S. Cecilii the appendage is a broad plate below the operculum, 
and does not become narrower, as may be seen in the figure given 
in my paper ‘“‘On the Use of the Opercula” &c. (Proc. Manch. Lit. 
& Phil. Soc. xvii. 1878, fig. 1), and in S. circinata it becomes 
broader below; and this appendage separates very readily from the 
rest of the operculum, so that it is difficult to prepare them out 
together. In both there is a small notch in the proximal edge of 
the larger piece of the operculum, into which the appendage fits ; in 
S. cireinata it is very minute, but in S. Cecili is much more pro- 
nounced. It does not seem that this appendage is movable, but that 
an integument is attached both to it and to the proximal edge of the 
operculum. In neither have I been able to find the minute fasci- 
culus of muscular fibres at the lower part of the appendage to which 
Mr. Busk refers, and such a structure would be very inexplicable. 

Loc. Living: Victoria (MacG.) ; off Inaccessible Island, Tristan, 
d’Acunha (Chall. Exp.); Napier (Miss J.). Fossil: Waipukurau. 

61. ScHIZOPORELLA AURICULATA, Hass. 

Loc. Living: European and Australian seas. Fossil, Pliocene : 
Bruccoli (Sicily); Reggio (Calabria); Mount Gambier and Bairns- 
dale (Australia) ; ee and Tommy Gully Soh mo 

62. ScHIZOPORELLA Pane MacG. 

Schrzopor ella mar EUS, Ridley, Zool. Coll. made a H.LM.S. 
‘Alert,’ Proc. Zool. Soc. 1881,'p. 48, pl. vi. fig. 6. 

Schizoporella Ridleyr, MacGillivray, Trans. Roy. Soc. of Victoria, 
voleexaxcns wlOl aplepicedtee Le, 

This is a very small species, with the aperture only 0°6 millim. 
wide. In the fossil the prominent suboral avicularia cover a large 
part of the zocecium. 

This seems to be closely allied to S. awriculata, but is smaller. 
Mr. Hincks(Ann. & Mag. N. Hist. ser. 5, vol. xiii. p. 25) thinks that 
this is identical with S.(ELscharina) simplex, d’Orb. ; but Mr. Quelch, 
who has since examined original specimens of S. 2dleyi, combats 
this (Ann. & Mag. N. Hist. ser. 5, vol. xiii. p. 215). Iam not quite 
convinced that this should not be united with S. simplew, dOrb.; but 
as there is a doubt, it will be best to retain the other name. 

% 
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Loc. Living: Elizabeth Island, 6 fath. (R.); Victoria (MacG.). 
Fossil: Waipukurau ; Napier (?). 

‘63. ScHIZOPORELLA MARSUPIFERA, Busk. 

Schizoporella marsupifera, Busk, ‘Challenger’ Report on the 
Polyzoa, pt. xxx. p. 165, pl. xxii. fig. 14. 

Schizoporella lineolifera, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. xvii. p. 267, pl. ix. fig 10. 

Loc. Living: Marion Island, 50-75 fath.; Station 167, off New 
Zealand, 150 fath. (B.); Adriatic (H.); Port Jackson, Sydney 
(A. W.). Fossil: Waipukurau. 

64. ScHIZOPORELLA BIAPERTA, Mich. 

Eschara biaperta, Mich. Icon. Zooph. p. 330, pl. Ixxix. fig. 3 (see 
Hincks, Brit. Mar. Poly. p. 255, pl. xl. figs. 7-9); Waters, Ann. & 
Mag. Nat. Hist. ser. 5, vol. ii. p. 37, pl. x1. figs. L & 2. 

Loe. Living: European seas, Florida, Madeira, Tartary, Columbia, 
New Zealand (4. W. W. coll.), Bass’s Straits. Fossil: Doué (Mio- 
cene); Crag; Pliocene of Italy and Sicily ; Waipukurau. 

65. ScHIZOPORELLA CRIBRILIFERA, Hincks. 

Schizoporella cribrilifera, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. xv. p. 250, pl. viii. fig. 5. — 

The fossil from the Petane marls is adnate, with the cells irre- 
gular, as in Cellepora, and the aperture deep down, of the same size 
and shape as in the recent species, but apparently without avicularia. 

Loc. Living: New Zealand. Fossil: Petane marls. 

66. ScHIZOPORELLA CLAVULA, Manz. 

Lepralia clavula, Manzoni, Bry. Foss. Ital. cont. 3a, p. 8, pl. i. 
hes 9, 

In the fossil from Waipukurau there are six spines above the 
aperture, and the ovicell is small, erect, somewhat elongate. At one 
or both sides of the aperture there is a narrow avicularium directed 
distally, following the border of the aperture, and usually curved. 
The surface has probably been papillated, but that cannot be made 
out with certainty. 

Loc. Fossil: Turin (Miocene); Waipukurau. 

67. ScHIZOPORELLA ConseRvaTA, Waters. (Pl. VII. fig. 21.) 

Schizoporella conservata, Waters, Quart. Journ. Geol. Soc. vol.xxxvil. 
| p. 340, pl. xvii. fig. 81, and Q. J. G. S. vol. xxxviii. p. 278, pl. vii. 

fig.’7; Hincks, Ann. & Mag. Nat. Hist. ser. 5, vol. x. p. 96, pl. vu. 
)} fig. 2, and vol. xiv. p. 281. 

Schizoporella msignis, MacGillivray (non Hincks), Trans. Roy. Soc. 
Vict. vol. xix. p. 132, pl. ii. fig. 11. 

I could not for some time decide whether the fossils from Curdies 
_ Creek and Mount Gambier, the recent forms from near Melbourne, 
and the fossil from Napier should be united under the same species, 

Q.J.G.8. No. 169. F 

— 



66 MR. A, W. WATERS ON TERTIARY CHILOSTOMATOUS 

seeing that while certain important characters show that they are 
closely allied, in other points there are differences which may be 
varietal. The oral aperture of the New-Zealand fossil has a 
narrow sinus and is 0:2 millim. wide, which is larger than in 
the Australian fossils, but not so large as in the recent examples, 
in which it is 0°32 millim. wide and has a much larger and rounder 
sinus. 

In both the recent specimens and the New-Zealand fossil the 
ovicell is more concealed than in the fossil first described, and in 
both there is a row of pores round the flat central part inside the 
ridge. In fact, in one specimen from Napier the ovicell is quite on 
a level with the zocecium, and only the ridge and row of pores is 
visible. These pores are not mentioned by Mr. Hincks in his 
description, but occur in a recent specimen from Port Western. In 
the Napier fossil the avicularia are smaller and more raised than 
in the others, and there is usually only one avicuiarium to a zocecium ; 
the centre of the zocecium is plain with large pores round it, whereas 
in the recent examples there is no plain portion, but there is in one 
a ridge up the centre as first described. The ovicell of the New- 
Zealand fossilis so much concealed that I am not sure whether there 
have been radiating lines on its walls. 

The affinities and differences of these three varieties, separated as 
they are in time and locality, are very interesting. 

Loc. Living: Port Philip, Port Phillip Heads, and Port Western 
(Adelaide). Fossil: Curdies Creek (S.W. Australia), Mount Gambier 
(S. Australia), and Napier (New Zealand). 

68. ScHIZOPORELLA oBLIQUA, (?) MacG. (Woodcut, fig. 2.) 

Eschara obliqua, MacGillivray, Austr. Polyz., Trans. Roy. Soe. Vict. 
vol. ix. p. 137 (1868); Zool. Vict. decade v. p. 39, pl. xlviii. fig. 1. 

An adnate specimen, from Waipukurau Gorge, has zocecia sur- 

Fig. 2.—Schizoporella obliqua (?), MagG., from 
Waipukurau, New Zealand. 

rounded by raised smooth lines, and also frequently a raised line 
across, or partly across, the zocecium below the aperture, and there 
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is sometimes at the side of the sinus a small suboral avicularium, 
so that the fossil differs in these two particulars from the typical 
S. obliqua. ‘The sinus is very distinct, and the aperture almost 
meets above it. 

69. ScHIzoPoRELLA crinctTipora, Hincks, var. PERsoNATA, nov. (PI. 
VIII. fig. 28.) 

Zoarium adnate. Zocecia ovate, not much raised, divided by 
slightly raised lines; surface reticulate, with large pores. Oral 
aperture rounded above, longer than broad, with a distinct sinus on 
the proximal edge; on each side, below the aperture, on the border 
of the zocecia, an elongate protuberance; between these, below the 
aperture, a small rounded avicularium. This differs from the recent 
forms in having the two lateral bosses. Since describing and figuring 
the first specimens, I have had another from Waipukurau Gorge, with 
ovicells, submitted to me. The two lateral bosses, in fully developed 
ovicelligerous cells, meet in front and form a bridge, as in Smittia 
jacobensis, S. Landsborovit, var. personata, Microporella polystomella, 
and Schizoporella polymorpha, B. In the Waipukurau fossils there 
are no avicularia. Miss Jelly has a specimen of this variety, recent, 
from New Zealand, growing in a cylindrical shape. 

Loc. Living: New Zealand. Fossil: Petane marls and Waipu- 
kurau. 

70, ScHIzopoRELLA TUBEROSA, Rss., var. ANGUsTATA, noy. (Pl. VIII. 
fig. 26.) 

_ Type: LEschara tuberosa, Rss. Die Foram. Anth. und Bry. des 
d. Septarienthones, Denkschr. Ak. Wissensch. Wien, vol. xxy. p. 188, 

Mepe wie, 10) pl. vii. fig. 1. 
Schizoporella biturrita, Hincks, Aun. & Mag. Nat. Hist. ser. 5, 

vol. xiv. p. 280,-pl. ix. fig. 8. 

This occurs fossil from Waipukurau, with a tubular zoarium, in 
the Hemeschara-stage. Zocecia indistinct, with few large pores. 
Oral aperture clithridiate, with a large broad triangular avicularium 
above the aperture on each side directed towards the aperture. - Oral 
aperture 0°17 millim. wide, 0:21 millim. long. 

In mode of growth and general characters this resembles a recent 
Schizoporella tuberosa from the Semaphore, Adelaide, with a large 
triangular avicularium, which is often much raised, above the aper- 

| ture on each side, and with a large broad raised ovicell; but in this 
_ the aperture is much larger and the sinus is broadly emarginate 
| (see fig. 29). 
pow ‘the fossil we are reminded of Lunulites incisa, H. (conica, 
_ MacG.), and Schizoporella biaperta, The typical L. tuberosa also 
occurs recent in Botany Bay, N.S.W., in the Lepralia-stage. Mr. 
_ Hincks describes it from Port Phillip Heads in a bilaminate stage. 

I have not seen any from Australia or New Zealand with the 
vavicularia imarching, 7.¢. in the personata-stage, as in Busk’s 
| Gephyrophora polymorpha. 
| EZ 
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71. Scurzoporenta nyatina, L. (PI. VILLI. figs. 42, 43.) 

For synonyms, see Hincks, Brit. Mar. Polyzoa, p. 271, and add :— 
Eschara annularis, Moll, Seerinde, p. 39, fig. 4. 

I cannot agree with Mr. Busk in uniting this with Chorizopora, 
which has the proximal edge of the operculum straight, whereas in 
the ordinary zocecia of S. hyalina there is a wide sinus, and it is 
only in the fertile cells that the proximal edge is nearly straight 
(see figs. 42, 43). Mr. Busk identified what we now know as 
Chorizopora Brongniartui, Aud., with Savigny’s figure of Flustra 
Brongmartu ; and as this has been generally accepted it would not 
be advisable now to change the name, though I quite agree with 
Mr. Busk in doubting whether Savigny’s figure was meant to 
represent the species. 

Loc. Living: Cosmopolitan. Fossil: English Crag; Waipukurau 
and Tommy Gully, Trig’s Station (New Zealand). 

72, CELLEPORA ALBIROSTRIS, Sm. 

Cellepora albirostris, Waters, Quart. Journ. Geol. Soc. vol. xli. 
p. 304 

A specimen from Shakespeare Cliff has a free globular form, 
about 6 millim. in diameter ; two specimens from Napier are adnate 
on shell, while another is a large solid branching form. In none is 
the preservation very satisfactory, and no spines are seen, so that 
perhaps they should be called var. hastigera, B. ‘The proximal edge 
of the oral aperture is more curved than in my recent specimens, 
and in this respect more resembles var. hastigera. 

Loc. Living: Florida, 25-35 fath.; Sydney (Sm.); Shark Island, 
8 fath. (A. W.); Heard Island, 75 fath. (B.); Adelaide (A. W.). 
Fossil: River Murray (Australia), Napier and Wanganui (New 
Zealand). 

73. CELLEPORA TRIDENTICULATA, Busk. 

Cellepora tridenticulata, Busk, Journ. Linn. Soe. vol. xv. p. 347; 
‘Challenger’ Rep. on Polyzoa, p. 198, pl. xxix. fig. 3, pl. xxxv. 
fig.17; Waters, Quart. Journ. Geol. Soc. vol. xl. p. 306. 

The fossil from Waipukurau is adnate, aud shows the attachment — 
of the two spines very clearly. 

Loc. Living: Cape York; Adelaide. Fossil: Aldinga; River- 
Murray Cliffs ; Yorke’s Peninsula (Australia); Waipukurau (New 
Zealand). . 

74. CELLEPORA coRoNoPUs, S. Wood. 

For synonyms, see Waters, Quart. Journ. Geol. Soe. vol. xli. p. 302. 
A specimen from Napier occurs in a thick solid branching form. — 

The minute characters are made out with difficulty. 

75. CELLEpora costaTa, MacG. 

Cellepora costata, MacGillivray, Trans. R. Soc. Vict. vol. ix. 1869, 
p. 136; Waters, Quart. Journ. Geol. Soc. vol. xli. p. 303. : 

Cellepora globularis, Bronn, Leth. Geogn. 11. p. 877, pl. xxxv. 
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fig. 15, a,6; Reuss, Foss. Polyp. des W. Tertiirbeckens, p. 76 
pl. ix. figs. 11-15; Reuss, Foss. Fauna St. von Wieliczka, p. 94; 
Manzoni, Bri. foss. del Mioc. d’Aust. ed Ungh. p. 51, pl. i. fig. 2. 

Cellepora retusa, Manzoni, Bri. del plioc. ant. di Castrocaro, p. 35, 
pl. v. fig. 59. 

Cellepora retusa, Manz., var. caminata, oe Ann. & Mag. Nat. 
Hist. ser. 5, vol. iii. p. 194, plans es ds. 

Cellepora rota, MacGillivray, New or Little-known Polyzoa, pt. viii. 
p- 11, pl. iu. fig. 6 

There are two adnate convex zoaria, fossil, from Napier, about 
12 millim. in diameter. In most zocecia the aperture is unarmed, 
though in a good many there is an avicularium at one side, and 
these cells exactly correspond with Manzoni’s figure of Cellepora 
globularis (1 Bri. Mioc. Aust. Ung. p. 51, pl. 1. fig. 2); there are, 
however, a few zocecia with an oral avicularium at each side. 

In some specimens of what I may call the typical Cellepora globu- 
laris, which I collected from the Miocene of Nussdorf, near Vienna, 
there are nearly always two lateral oral avicularia, but a few 
zocecia have only one, thus again corresponding with Manzoni’s 
figure. When these Nussdorf specimens have the two avicularia, 
the appearance is just the same as in some cells of C. retusa, 
var. caminata, W., which, however, more frequently has three 
avicularia. We are thus able to trace the unbroken connexion 
between the New Zealand fossils, in which the aperture is nearly 
always unarmed, and the recent Naples form, in which there are 
usually three very prominent oral avicularia. In all cases the oral 
aperture is deep down in the peristome. 

I have a recent specimen from Port Phillip Heads with long 
branches, seldom with oral avicularia, but when -they occur the 
mandibles are semicircular. I had not at all recognized the simi- 

_ larity until I prepared out the opercula, which are characteristic and 
correspond with the Naples specimens. The apertures are larger 
than those of the fossils, which measure about 0-08 millim. In this 
Port-Phillip-Heads species there are large spatulate avicularia. 

The connexion was thus independently traced up in the fossils by 
means of the oral avicularia, and in the recent forms by the epercais 
and other chitinous organs. 

I have been in doubt as to whether this should be called C. costata 
or globularis ; but as it is by means of direct comparison of typical 
specimens rather than by the deseriptions that I have worked up 
the synonymy, the name costata is retained. 

' foc. Living: Wilson Promontory and Queenscliff, Victoria 
(MacG.); Port Phillip Heads (MacG. ¢ A. W. W.); Glenelg, S. 
Australia (A. W. W.); Naples(W.). Fossil: Nussdorf C4. W. W.) 
and numerous other Miocene localities of Austria and Hungary 
(Reuss Manz.) ; Pliocene of Italy (Manz. d W.); Adelaide, Aus- 
tralia; Napier, New Zealand. 

76. CELLEPORA DECEPTA, sp. nov. (PI. VIII. fig. 33.) 

There are two unsatisfactorily preserved specimens from Napier. 
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The lower edge of the aperture is straight, the upper rounded (0:1 
millim. wide). ‘There is an avicularium below the oral aperture, 
and the ayicularian chamber is much raised, so that the appearance 
of these is sometimes almost like ovicells. The ovicells are usually 
much concealed. Vicarious avicularia elongate, spatulate, scattered 
all over the colony. This is related to C. pertusa and C. fossa. 

CELLEPORA. 

There is a cylindrical Cellepora from Napier with zocecia irregu- 
larly placed; the oral aperture subrotundate with a wide sinus. 
There are numerous avicularia scattered about, some are very large, 
being the length of three or four zocecia; the mandibular space is 
acute. It is distinguished from C. yarraensis, Waters, by the shape 
of the aperture. 

77. RHYNCHOPORA LONGIROSTRIS, Hincks. (EI. V Tite. 22>) 

Rhynchopora longirostris, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. vii. p. 66, pl. iv. figs. 7, 8. 

Fossil, from Napier, adnate. Zocecia elongate, rising towards the 
mouth with avery long raised avicularian rostrum. On some zocecia 
there is a very narrow avicularium attached to the rostrum, with 
the mandible directed towards the proximal part of the zocecium. 
The oral aperture is suborbicular, with a wide round sinus. 

Lthynchopora bispinosa is a most variable species, and when it has 
been properly worked up will probably have the longest list of 
synonyms of any Bryozoon, and my first impression was that the 
fossil belonged to that species. Being unable, however, to find any 
denticles, and all the cells being equal in size without the peristome 
rising on either side, I referred the fossil to Schizoporella; but 
recelving a recent specimen from Port Phillip, Australia, in which 
the long rostrum was well developed, with a lanceolate avicularium 
to almost every cell, and a slight elevation of the peristome on each 
side, the species was again brought back to Ahynchopora. In the 
recent form I am able to see in one or two zocecia a small denticle, 
but cannot find one in most. This seems to be allied to Cellepora 
longirostris, MacG., and Schizoporella cryptostoma, MacG. 

Loc. Living: Curtis Island (#.); Port Phillip (W.). Fossil: 
Napier. 

78. LUNULITES PETALOIDEs, d’Orb. 

Lunulites petaloides, d’Orb., Waters, Quart. Journ. Geol. Soc. vol. 
xxxix. p. 442, pl. xi. fig. 11 a, 6, ¢. 

There are several specimens from Shakespeare Cliff, Wanganui, 
and in these the number of vibracula is very variable; they are often 
placed regularly for two or three rows, and in the rest of the colony 
scattered irregularly. The aperture is 0-4 millim. wide. 

I do not see any reason for changing the generic name which has 
now been used for so long and is so generally recognized, nor is 
any advantage apparent in the alteration to Lwnaria proposed by 
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Mr. Busk, and no one, however eminent, has authority to alter a 
well-established name. The genus, however, can only be looked upon 
as provisional, since it is almost entirely based on the mode of growth. 
This I have already shown to be unsatisfactory, and within the last 
few weeks have received from New South Wales a recent specimen 
of Flabellopora elegans, dOrb., which is either Lunulites cancellatus, 
Busk, or very closely allied to it. This grows in an irregular sub- 
crescentic form with two layers of zocecia separated by a cellular 
structure formed of avicularian cells. 

Loc. Fossil: European Cretaceous, Miocene and Pliocene; Mt. 
Gambier, Muddy Creek, Bird Rock (Australia); Napier and Wanganui 
(New Zealand). 

Besides the species discussed, there are some specimens of etepora 
from near Napier, and a Oaberea from Waipukurau which may be 
the C. crassimarginata of Busk. 

EXPLANATION OF PLATES VI.-VIII. 

Prats VI. 

Fig. 1. Membranipora Lacroixii, Aud., var. grandis. From Napier. 
2 annulus, Manz. 

monostachys. From Napier. 
— Dumerilii, Aud. From Waipukurau. 

annulus, Manz. From the same specimen as fig. 2. 
monostachys, From the same specimen asfig. 3. From Napier. 
nobilis, Rss. From Petane. 

. Monoporelia disjuncta, Manz. From Napier. 
. Membranipora annulus, Manz. 

nobilis, Rss., with cells like ovalis. From Napier. 
11. Monoporella waipukurensis, sp. nov. From Waipukurau. 
12. Membranipora occultata, sp. nov., fossil. From Napier. 
13. —— -—, recent. 
[14. Cancelled. ] 

th 
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Pruate VII. 

Fig. 15. Monoporella crassatina, Waters. Whakati. 
16. Lepralia rectilineata, Hincks. From Waipukurau. 

rostrigera, Sm. From Napier. 
18. Membraniporella nitida, J, From Waipukurau. 
19. Lepralia semiluna, yar. simpler, nov. Krom Napier. 
20. Mucronella firmata, sp.nov. From Waipukurau. 
21. Schizoporella conservata, Waters. Napier. 
22. Rhynchopora longirostris, Hincks. From Napier. 
23. Porina grandipura, sp.nov. From Napier. 
24. Mucronella alvareziana, B., X 25. From Waipukurau. 

Oo Wibbos 

Puate VIII. 

Hig. 26. Schizoporella tuberosa, Rss., var. angustata. From Napier. 
27. Micropora variperforata, sp. nov. 
28. Schizoporella cinctipora, H., var. personata. From Petane. 

tuberosa, Rss., recent. From Napier. 
30. Mucronella tricuspis, Hincks, var. waipukurensis; front of cells 

broken down. : 
31. Mucronella porosa, H., var. minima. From Petane. 
32. Membranipora spinosa, Q. & G. From Napier, 
33. Cellepora decepta, sp. nov. From Napier. 
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. Operculum of Lepralia rectilineata, x 85. 

. Mandible of Lepralia rectilineata, x 250. 
—-, x 8D). 

. Operculum of Lepralia Poissonit, Aud., x 170. 
adpressa, B., x 170. 

. Monoporella capensis, var. dentata. From Napier. 
. Operculum of Membranipora oceultata, sp. nov., X 250. 
. Operculum of Schizoporella circinata, MacG., x 170. 

42 & 43. Opercula of Schizoporella hyalina, L., x 170. 
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7. On the Driets of the Vain of Cuwyp and their Rexation to the 
Caves and Cave-preposits. By T. M°*Kuyny Hvueuns, M.A., 
F.G.8., Woodwardian Professor of Geology, Cambridge. (Read 
November 17, 1886.) 

{Puars IX.] 

Part I. 

Introduction. 

THe questions here involved are many and various, and their consider- 
ation carries us from one place to another over a very wide area. 

We cannot safely draw inferences as to the age and origin of any 
drifts on the borders of a mountain-land without, on the one hand, 
tracing it up to the source from which it was transported, to see 
whether we can explain the distribution of the various kinds of 
material of which it is composed, and, on the other hand, following 
it as far as possible down over the lowlands, to see whether any 
succession of deposits or organic remains or evidence as to its former 
extent can be made to throw light on the conditions of the age in 
which it was distributed. 

And, seeing that most caves have been formed and filled during 
the age of accumulation of the various superficial deposits which 
we include under the name “drift,” we cannot safely speculate 
upon the age or origin of the one set of phenomena without con- 
sidering all the evidence to be derived from the other also. 

Only in the hilly districts can we find caves at all, and, generally, 
the more important occur along the outskirts of the high lands, 
where drifts of various character are apt to be found. The rela- 
tion of the local drifts to the caves may be of great interest if the 
exact place and age of those drifts have first been clearly made out. 
We must first therefore inquire whether it is possible to estab- 

lish a local succession in the drifts; whether the classification 
so suggested fits in with the conclusions arrived at in adjoining 
districts ; whether we can arrive at any connected history of the 
sequence of events connected with the caves consistent with all the 
information so gathered. _ . 

Such are the questions I invite the Society to discuss with 
reference to a part of North Wales, and I propose to bring forward 
the evidence I have collected on the subject in the following 
manner :— 

A. The Drifts of the Vale of Cloyd. 

1. The Arenig Drift. 
2. The St. Asaph Drift. 
3. The Surface-drift. 

B. The Caves of the Vale of Clwyd. 

1. The Caves. 
2. The Cave-deposits. 
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Part II. 

The Arenig Drift. 

Any one standing on Arenig or Llyfnant and looking round over 
the wide expanse of unenclosed moorland, would see at a glance that 
there, to the west, was a basin in which, under somewhat different 
conditions, snow might collect to any depth and, compacted into ice, 
crush its way out towards Bala between the two Arenigs and over 
the col between Llyfnant and Arenig Mawr, towards the head of 
Bala lake. There, to the north, was an area on which névées would 
be formed of the snow that was blown from the crags of Snowdon 
or Moel Siabod, or many another glorious peak. ‘There is the 
western sea stretching away beyond the mountains of Harlech, and 
feeding with moisture the prevalent south-west wind, which keeps 
the hill-sides for ever damp, and at Blaenau Ffestiniog, as I was 
informed by Mr. J. H. Williams, throws down yearly 133 inches of 
rain. The dark southern end of the valley west of Arenig still 
holds the winter’s snow in its deep shadow far through the summer, 
and has in consequence the name of Twll-yr-eira, “the hole of 
the snow.” The long esgair-like ridges running down from it are 
probably due to the torrents diverted by the snow. 

Push the mountains up till the moisture that fell should all fall 
as snow, and the summer’s sun should quite fail to undo the winter’s 
frost, then the névé must form there, and glacier-ice must flow 
from the Arenigs and Siabod, from Snowdon and the Carneddau. 

But we are not left to mere speculation on this point. Over 
the col and along the east slopes of Llyfnant the glacial striz are 
still seen running south. They score the rock in long east and 
west furrows on the rounded shoulders of Arenig Mawr above 
Milltirgerig. 

Here and there, in some deep hollow, the remains of the old drift 
is still seen, and a few scratched stones are found in the fine putty- 
like felspathic mud worn as the flour of rock in and under the ice 
from the volcanic ashes that there abound. An example of this 
drift is seen in the hollow scooped out in the soft Graptolite-bearing 
shale east of Maengrugog. 

Also we see whence the boulders came that lie scattered over 
all the region to the east. Under every precipice of ash and various 
porphyritic rock there is a talus formed of enormous blocks fallen 
from the cliffs above. These are mostly well-marked rocks which 
do not occur again in place among the formations further east. 

So we can trace this drift by its boulders and fine felspathic mud 
and small variety of rock up to the valleys of the Dee and Clwyd 
and far beyond. 

As we travel east the fragments from the rocks of Arenig and its 
surrounding district become, of course, less conspicuous compared 
with the material that the ice has gathered on its way; but all 
the material has been transported from the west—all from the 
rocks of Wales—and the striations on the solid rock agree with 
this. We have already noticed how the grooves ran round the 
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shoulders of Arenig and pointed to the east. Down into the 
valley of the Dee between Corwen and Bala; up the steep slope 
of the Berwyns, as shown by the east and west strize south of Nant- 
caweddau ; hill after hill bears traces of the passage of the ice in 
that direction. There must have been some barrier on the north, 
perhaps the foot of a great ice-sheet from Scotland and the Lakes, 
so that the Welsh ice crushed its way eastward over hill and dale, 
ignoring all the highest ranges in its course, down into the Vale of 
Clwyd, scoring the limestone rocks at Cefn, as seen in‘ the road- 
cutting behind the stable-yard; then up over the high hills form- 
ing the northern end of the Clwydian Range, as seen on the top of 
the hill S.E. of Cwm; across the Hope Mountain and Minera; all 
the striations running roughly east. No icebergs coming from the 
west can have grounded behind Cefn. All the evidence points to 
land-ice as the agent to which we must refer these strie on the 
solid rock. 

Along the Clwydian Range huge blocks of the volcanic rocks of 
Arenig are common. A group is seen by the cottages above the 
Grove near Bodfari. One enormous boulder lies at the junction of 
the highest mountain-fences N.W. of Moel Fammau. 

The more nerthern portion of the drift, derived from the Snowdon 
rather than the Arenig area, might perhaps be distinguished. There 
seems to be a difference between the older drift near the north coast 
and that a little further south; but all comes from the west. 

The western drift, I think, is seen in the deep sections which the 
Elwy has cut into the hill-sides above Dolben, and especially at the 
bend in the river near Dol, where landslips have, however, some- 
what complicated the section, bringing down some newer drifts 
which lay upon it higher up the slope. 

One section gave the following succession :— 

Fig. 1.—Diagram-Section seen at bend of River Elwy, near Dol. 

a. Black peaty clay. 
6. Sand. 

¢. Reddish houlder-clay, resting, with a very irregular line of junction, on d, 
(Northern or St. Asaph drift.) 

d. Blue-grey boulder-clay. (Western Drift.) 

} Masses slipped from above. 

The newer drifts rest with a very irregular line of junction on an 
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old blue-grey clay with boulders, all from the Welsh rocks to the 
west. 

In the Vale of Clwyd the denudation which cut down through 
the soft or easily undermined strata of the St. Asaph (or Northern) 
Drift seems to have been often arrested when it reached the stiff 
tough older clay which we have called the Arenig (or Western) 
Drift. 

At the bottom of the cliff beyond Brynelwy, near St. Asaph, where 
the river had removed the débris from the landslips, a dark blue 
clay, with boulders of Welsh rocks only, used sometimes to be 
exposed ; and below the Mount, nearer St. Asaph, the section by the 
river often shows a similar dark blue boulder-clay overlain irregu- 
larly by the Marine Sandy Drift (see Section, fig. 3, p. 81). The 
top of this blue boulder-clay is remanié¢, as in the Colwyn Sections, 
only that in the Elwy the remanié surface of the old drift is a 
boulder-clay, while at Colwyn, in the section next to be described, it 
is a sandy clay. 

Along the coast in Colwyn Bay a similar dark blue clay full of 
scratched stones, all of which are from Welsh rocks, is exposed 
here and there. For instance, at the base of the cliff about 200 
yards N.W. of the Bath House at Aberrhyd, where the following 
section (fig. 2) may be seen :— 

Fig. 2.—Section seen in Sea-cliff, about 200 yards N.W. of Bath 
House, Aberrhyd, Colwyn Bay. — (Seale 80 feet to 1 inch). 

a. Chocolate-red clay, with boulders; some scratches. 
6. Sand. 
c. Yellow laminated sandy clay. 
d. Blue clay, with many scratched stones. 

d represents the older clay left by the ice from the great snowy 
region to the west, which crept downwards from the central 
gathering-ground, and probably at one time levelled up much of the 
low-ridged country on the borders of the mountain land. In this 
no trace of organism has ever been found, except, of course, the 
fossils in the fragments transported from the older rocks. 
Changing somewhat locally according to the source from which 

it is derived, it still has much in common wherever it occurs; but its 
chief character is this, that in the district under examination it 
contains only material from Welsh mountains in the west. 

. This, then, is the oldest drift I know of in the Vale of Clwyd. 
Call it for local purposes the Arenig Drift, the Western Drift, the 
Snowdon Drift, the Great Ice Drift, the Older Drift. 

I deprecate the use of the name “ Boulder-clay” as a technical 
term for any subdivision of the series. As a descriptive term for any 

a 
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clay with boulders in it, it is required for current language. So the 
word drift is required for common use in the sense of transported 
superficial deposits not being volcanic ejectamenta, or rock decom- 
posed in place, or otherwise included by more strict definition. 

What seems certain is that, starting in the Arenig district, we 
find an ancient boulder-clay which contains no fragments from any 
other district, and no trace of marine action, but follows the tracks 
of the land-ice away to the east. Whether we are right in referring 
to the same age and origin certain isolated patches of boulder-clay 
which occur at the base of all the marine drifts of the north-east of 
Wales and its borders, is another question ; butit seems to me that 
there is a strong @ priorz reason for expecting that,such patches 
should be left here and there, and much evidence that they have 
been detected in some cases. Besides the sections described above, 
in which there seems reason to suspect its existence, I may appeal 
to the publications of many other observers for the occurrence of 
an older, probably land-ice drift, underlying the marine drifts of the 
same or adjoining districts. See :— 

Eyton. Geol. Mag. vol. v. p. 349. 
Hatt. Geol. Mag. vol. vii. p. 509. 
MacxintosH. Geol. Mag. vol.ix. p. 15; Quart. Journ. Geol. Soc. 

vol. xxix. (1873) p. 355, footnote ; vol. xxiii. (1877) p. 738. 
Metrarp Reape. Quart. Journ. Geol. Soc. vol. xxx. p, 27; 

vol. xxxix. p. 83; vol. xli. p. 102. 
De Rance. Proc. Geol. Assoc. vol. iv. p. 221. 
Srranan. Mem. Geol. Survey, “Geology of the coasts adjoining 

Rhyl, Abergele, and Colwyn;” Quart. Journ. Geol. Soc. 
vol. xlii. (1886), pp. 36, 37. 

This drift cannot be traced continuously to the east or north 
into the drifts of which the succession, local or general, has been 
made out. We follow it to the margin of the Cheshire plains ; but 
where it ended is not so clear. It is everywhere covered by newer 
deposits over the low ground around the mountain-group from 
which it came. Mr. Mackintosh has traced what he considers to be 
the “junction of the Arenig felstone and Eskdale granite dis- 
persions” along the hills north of Llangollen (Quart. Journ. Geol. 
Soc. vol. xxxv. 1879, p. 425; vol. xxxvil. 1881, p. 361); and 
Mr. Searles Wood, chiefly from the evidence collected by Mr. Mackin- 
tosh, believed that the Arenig ice terminated somewhere along that 
line (abid. footnote). But whether left by the Arenig ice at an 
earlier stage of further eastward extension, or derived from its 
terminal boulder-clays during the period of submergence, there is 
no doubt that the Arenig rocks occur in the drifts far over central 
England. 

Ib is difficult to correlate land-ice drift with marine. Moreover the 
oldest drifts of Hast Anglia show such a preponderance of northern 
material that we must suppose that, although we may find there 
drift of approximately the same age, it belongs to a different ice- 
stream. How the various parts of such a sheet turn round the hills, 
cross, overlap, and, in the greater strength of one or other mass, 
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predominate, may be seen in the beautifully clear view of the 
Greenland ice given in the Report of the Danish Commission 
(Meddelelser om Gronland, Heft 1: Copenhagen, 1879). 
What is a well-established generalization from the examination 

of the drifts of Kastern England, and bears upon the question now 
before us, is that there are along the eastern coasts two quite distinct 
stages—an earlier stage, in which there is more evidence of the 
direct action of ice, though the deposits are marine like those of 
later date, and these older drifts contain an Arctic fauna; and a 
later stage, also marine, resembling the boulder-clay from which it 
is chiefly derived, but containing few northern forms of life and no 
evidence of glacial conditions prevailing near. 

See also :— | | 
SeaRLES Woop. Quart. Journ. Geol. Soc. vol. xxxvi. 1880, p.516 ; 

Wl soenbtig Isic), joa UA 
Gritz, J. ‘The Great Ice Age,’ 1877, pp. 366-3881 ; ‘ Prehistoric 

Kurope,’ 1881, p. 264. 
SearLEs Woop. Geol. Mag. dec. 2, vol. v. p. 15. 
A type of the older drift with Arctic shells, perhaps the marine 

equivalent of the Arenig drift, may, I think, be seen at Dimlington 
and Bridlington (see references below, pp. 91, 92). 

Other examples might be quoted, for instance the Arctic shells 
found by Brown in the drift at Elie, in Fife, and Errol, in Perth, 
which, according to Otto Torell, were the same as those now living 
in front of the Great Glacier at Spitzbergen. (Brown, Rev. Thos., 
Trans. R. Soc. Edinb. vol. xxiv. p. 627.) 

In such investigations we are continually met by the great diffi- 
culty of determining whether a drift 1s not re-made in some way or 
another, and whether scratched stones and shells may not have been 
derived from older deposits. (See also, Kinahan, Geol. Mag. dec. 2, 
vol. 1. ‘“‘Glacialoid or Re-arranged Drift; ” Mellard Reade, Proc. 
Liverpool Geol. Soc. 1873-74, p. 50, ‘* Tidal Action as a Geological 
Cause.” 
we have suggested that the shell-bearing drifts of North Wales 

represent portions of the sea-bottom thrust forward by the ice-foot 
and pushed up the flanks of the mountains till, on the melting of 
the ice, they settled down where they now lie. There seems to be 
no doubt that such transport of frozen masses uphill and the coming 
to the surface of matter in glacier-ice does occur. It is analogous 
to the travelling of boulders across valleys and uphill in glacier-ice, 
as suggested years ago by Mr. Goodchild in explanation of some of 
the phenomena of the Lake-district (Geol. Mag. dec. 2, vol. 1. 1874 ; 
Quart. Journ. Geol. Soc. vol. xxxi. 1875, p. 55), and more generally 
by Prof. James Geikie (Trans. Geol. Soe. Glasgow, vol. iv. 1874, 
p. 235, in the ‘Scottish Naturalist,’ and in his paper “ On the Tater 
crossing of Erratics”). Professor Carvill Lewis refers the shell- 
bearing deposits of North Wales to the terminal moraine of a mass 
of land-ice, which carried granite from Scotland and shells and flint 
from the bed of the Irish Sea (Brit. Assoc. 1886; Geol. Mag. dec. 3, 
vol. iv. 1887, p. 29). Ithink, perhaps, he would make an exception 
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in the case of the lower-level sands such as those of the Vale of Clwyd; 
but this distinction would be difficult to maintain, and the manner 
of occurrence of the North-Wales Marine drift along well-defined 
terraces and with current-bedding and horizontal stratification 
bearing a definite relation to the physical geography of each district 
renders this explanation improbable in that case. Besides, the 
character of the shells is not consistent with the idea of such extreme 
glacial conditions. The Moel Tryfan deposit, as pointed out by 
Gwyn Jeffreys (Quart. Journ. Geol. Soc. vol. xxxvi. 1880, p. 355), 
is not strictly glacial; the fauna has a Norwegian rather than an 
Arctic facies. 

So, again, in the case of the marine drifts of the plains of Cheshire 
and Lancashire, Shone draws attention to the mixture of forms 
(Quart. Journ. Geol. Soc. vol. xxxiv. 1878), and suggests in expla- 
nation that the Scandinavian shells in the sands and gravels were 
derived from an older Boulder-clay (p. 389). Even in the case of 
the clay-drift, which he thinks was dropped in quiet deep water, he 
shows that many of the shells must have been carried into it from 
a sandy shore, and explains this (p. 388) by reference to existing 
conditions in the estuary of the Dee, where shells with sand in 
them now get carried out by thin shore-ice into deeper water. In 
this case it is clear that scratched boulders of granite &c. from the 
northern land-ice drift must get dropped into the same clayey 
deposit without having their strie obliterated by being rolled along 
a shingly shore. 

Bearing all this in mind, we may now pass on to consider the 
second division of the drifts of the Vale of Clwyd, a stage in which 
the deposits were derived in part from the old western drifts above 
described, and also in part from the boulder-clays which were 
formed at the end of the ice from the Lake-district, and from the 
shingle which travelled along the shore from the flint-bearing drifts 
of other areas. 

Part III. 

The St. Asaph Drift. 

In a paper read before the Chester Society of Natural Science in 
1880* I spoke of this as the Clwydian Drift; but as further sub- 
divisions seem to be already possible, I now use the name St. Asaph 
Drift as more precise for the stratified beds on which the Cathedral 
of St. Asaph stands. It might be called the Sea-drift, being the only 
drift in the vale which we know to have been of marine origin ; or 
we might speak of it as the Newer Drift, to distinguish it from that 
older deposit on which it rests irregularly wherever the two are 
found together, and which, on other evidence, seems to belong to a 
previous state of things. It might be referred to as the Northern 
Drift, seeing that in it we find for the first time in the history of the 
vale fragments of northern origin. 

* Proc. Chester Soc. Nat. Sci. no. 3 (1884) 
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This drift belongs to a period of submergence of which there is 
other evidence all round the coast of Wales. Hence it is clear that 
we must divide it into two stages, the deposits of the submergence 
and those of the emergence. ‘There must have been the waste along 
the shore of the encroaching sea as the land subsided, and the further 
down the valleys sunk the safer from further denudation was the 
débris swept into the deeper parts. ‘There must have been shingly 
shores and cliffs of boulder-clay of the Arenig Drift, along which 
landslips took place, and the clay, not always broken up, and the 
included stones, not always rolled, settled down into the fjords. 
Round the shore there would be a shingly beach. 

Then there was the period of emergence, when the land rose to 
where we have itnow. This was, of course, a time of greater waste 
and destruction, when the soft, newly-formed beds were lifted up to 
the level of the wind-waves, or, if they survived the lash of the 
waves, were raised out of the sea to be acted upon by the summer 
sun and winter’s frost—by the torrents of rain and the mountain- 
streams. 

So we must expect to find along the margin of the valley more 
sand and gravel, and towards the centre more clay. 

Now, to examine the sections in the drifts of these stages, 
I will take them in an order convenient for my purpose of corre- 
lation, first giving the most typical and clearly made out, and then 
following them, as suggested by the particular points of variation 
which I am endeavouring to explain. 

The river Elwy, when it has once turned north after breaking out 
of the gorge under the Cefn rocks, generally clings rather to the 
eastern side of the valley till it joins the Clwyd at Rhydyddaudwr, 
above Rhuddlan. 

Down as far as Pontyralltgoch it cuts into stained Carboniferous 
rocks capped by drift; but soon the solid rock drops out of sight, 
and the river washes the base of a slippery slope of clay and sand, as 
seen where it cuts into the steep bank south of Brynelwy. 

The greater part of the drift seen in this section must be referred 
to the St. Asaph Drift. The dark-blue boulder-clay sometimes ex- 
posed at the base near the north end may be, as we have said above 
(p. 76), the old Arenig Drift. A mass of gravel and sand at the 
top, which may be the gravel of the shore during emergence, is 
brought against the red clay by an ancient settlement, the exact 
amount and direction of which is obscured by subsequent slippings 
of the face of the cliff; but they both belong to the same set of | 
deposits, and contain the same remains, 

In the wood, less than 100 yards to the south, more clay is seen, 
but the lower part of the section there is obscured by talus and 
overgrown. 

The upper sand and gravel is generally grey; the clay is red. 
Lower down the valley, about 7 mile south of the Palace of St. Asaph, 
a similar dark-red clay with boulders rests upon sharp red sand, as if 
derived largely from New Red Sandstone. North of the city, just 
below the Mount, another section through the St. Asaph drift is | 

| 

— 
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generally well exposed, being kept clear of talus by the river, which 
sweeps the foot of the cliff. (See section, fig. 3.) 

Here bands of reddish clay occur within the mass, and a red 
boulder-clay comes on above on the east and south. 

It is excavated for brickmaking near the railway, a little north ot 
the station of St. Asaph, and again close to the line where the rail- 
way crosses the road to Llanerch farm-buildings. This clay seems 
to thicken tothe south. In the well at Llanerch it was proved to 
37 feet 6 inches; while at Maeselwy, in the well, it was found to be 
d+ feet 10 inches in thickness. The boulders were chiefly at the 

base. 

Fig. 3.—Section scen in East Bank of the Elwy below the Mount, 

St. Asaph. (Scale 80 feet to 1 inch.) 

a. Surface wash. 
6. Alternations of sand, with brown or red clay and loam; varies much from 

year to year, as the river cuts back the cliff. The middle part is, in general, 
distinctly banded with even-bedded sand and loam; contains flint, granite, and 
sea-shells; scratched stones not common. 

¢. Blue clay, with many scratched stones; all from Welsh hills (except some 
stones from 0, which haye got into the top puddled and re-sorted part). 

On the eastern side of the tongue of drift that parts the Clwyd 
and the Elwy at St. Asaph, opposite Bronwylfa, on the south, there 
is a pit showing a similar section in the St. Asaph Drift. Here it 
is chiefly sand, for which the pit was dug. I have found a few 
fragmentary sea-shells in it. 

On the west side also of the valley a similar driftis seen. In the 
road-cutting opposite Y Roe there is a red clay with shells and 
boulders. Up the road towards Wigfair Uchaf red sand and clay is 
excavated here and there. last of Ffynonfair Chapel, just below 
the bend of the road where it leaves the cliff, and about 3 mile south 
of Glanllyn, there is a section, the upper part, at least, of which must 
be referred to the St.Asaph Drift. 

On top in the read-cutting there is a kind of rain-wash brick-earth ft. 
8 

in. 
2h) CE Loestsei OW Ayal MCS ae eee ea 0 

melow tis is areddish boulder-clay ...:...........ccec--ccceccessaccacers 25 0 
Ser POM red SAM 2)... coos sinecenevsnerenectenuenee sass 25 O 
and that on greyish boulder-clay, some stained red ............00+- .?35 0 

Q.J.G.S. No. 169. G 



82 PROF. T. M‘KENNY HUGHES ON THE 

It is about 50 feet from this to the bottom of the valley, but the 
whole section, though changing from year to year, is generally much 
obscured by slips and talus, especially towards the base, so that I 
could not make out whether there was rock at the bottom of the 
section here. It does occur at this level on the other side of the 
valley. 

These sections show that we have a variable deposit of gravel 
and sand and boulder-clay ; and we must now examine in greater 
detail the constituents and general characters of the beds before we 
carry our identification further. There seems to be occasionally a 
surface-gravel, coarse and grey, the result of the winnowing of the 
St. Asaph Drift during the emergence; but the highest beds, espe- 
cially along the central part of the valley, generally consist of red 
boulder-clay, the middle of sands and gravel, with subordinate clay 
and loam, the bottom of re-sorted boulder-clay or sand resting on the 
old blue boulder-clay, some of which, at any rate, seems to belong 
to the more ancient western land-ice drift. 

Again we notice two distinct groups of included fragments—one 
consisting entirely of those with which we have become familiar in 
the Arenig or ice-drift. These are stones from the far-off mountains 
of Wales, and others which the ice carried from much nearer to 
where they now lic. Where they have been dropped into clay the 
scratched stones retain their striz ; where they occur in gravel the 
scratched stones are rare, and only “the ghosts of scratches” can 
be seen. : 

But there is another group of rocks, none of which are scratched. 
Among these there are many which do not, occur in place in Wales 
at all. They are in form and surface like the stones found on any 
beach. . 

The characteristic rocks are Scotch and Lake-district granite and 
other igneous rocks and flints. This is true chalk-flint, not chert 
from Carboniferous rocks, of which there is also some, though rare ; 
for the principal chert-bearing strata had by this time been removed 
from the country west of the Vale of Clwyd. These all occur both 
in the gravels and the upper clays. | 

In the south part of the section, near Brynelwy, I have found an 
angular fragment of one of the scratched boulders buried in the clay. 
This boulder had probably been exposed in some preexisting cliff of 
boulder-clay, had been shattered by frost or sun or fall, and one bit 
had dropped unrolled into the depth below, where it was buried in — 
the mud and preserved from further injury. ‘Thus it retained the | 
sharp fractured edges,and also one face, which had formed part of the 
surface of the ice-scratched block. This, I take it, was a stone out 
of a cliff of the old Arenig ice-drift, which was washed by the sea 
in the submergence during which the St. Asaph Drift was formed. 

I have found also in the sand and gravel of the same section 
clay-balls, containing inside only fragments of Welsh rocks, but 
with pebbles of the gravel stuck all over the outside, just as I have 
seen balls of alluvial clay or older boulder-clays rolled on the shore 
near Prestatyn, or Pensarn, or Colwyn, or near Penrhos in Anglesey, 
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all similarly studded over with pebbles, which have stuck to the 
moistened, softened outside of the clay-balls as they rolled along. 

At the time of the formation of the St. Asaph Drift the nearest 
cliffs of boulder-clay were the masses of western land-ice drift, in 
which the material was all from the west. All the scratched stones 
were out of that, and therefore from the west. There were other cliffs 
of boulder-clay to the north and east, from which northern boulders 
fell into the sea and drifted along the shore; but the pebbles from 
them had a long journey by all sorts of conveyances before they 
reached the Vale of Clwyd and their glacial polish and grooving was 
all worn away. 

Of course, the distinction founded upon the occurrence of north- 
country granites and flint is only local. The north-country land-ice 
drift contains the granites and other rocks of that country striated, 
and the older boulder-clays of the east of England are full of flints 
and other chalk débris. Butin the Vale of Clwyd these occur in the 
newer marine drifts only. 
We are not, however, dependent on such evidence alone to prove 

that these deposits are the result of the action of thesea. Shells are 
not uncommon. They are generally fragmentary, it is true, just like 
the shells thrown up in the sand and grayel of the North Welsh coast 
to-day: but they are, many of them at least, determinable, and I 
have made a small collection in the river-banks described above, close 
to St. Asaph. 

They were originally determined for me by the late Searles Wood, 
and have been since seen by many good authorities. The list [ have 
given in column I. in the table, p. 93. 

So the evidence goes to show that here we have a marine deposit 
much like that which is being formed in many places on the North 
Welsh coast at the present time, where banks of drift and clay of 
various age are being wasted by the waves. There seems to be no 
necessity for supposing that glacial conditions still prevailed. The 
forms of life are not Arctic. None of the stones peculiar to the deposit 
are glaciated ; only those derived from the Welsh hills are striated, 
and they were probably washed out of the old Arenig ice-drift. 

If itis asked, how, then, did the boulders from the north get trans- 
ported to the Vale of Clwyd? I would reply that many may have 
travelled south on ice when the northern ice abutted against the ice- 
bound shore of North Wales, but they were not then carried into the 
Vale of Clwyd. They came there and along the coast with the shore- 
shingle, as did the flints, which cannot have come from the same 
country as the granites. We may expect to find, somewhere further 
north, patches of the old north-country boulder-clay with the granite 
blocks in it scored by ice. But when they and the flints were tra- 
velling along the shore as shingle all the original stria were removed. 

In following the Arenig Drift to the margin of the Cheshire plains 
we are, of course, tracing it to what may have been always, and must 
have been for a long time, its extreme limit. Therefore it is not 
strange to find that there is a larger proportion of northern forms 
among the shells found in the drifts of Cheshire and Lancashire. 

62 
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Mr. Shone, in his excellent paper (Quart. Journ. Geol. Soc. vol. 
xxxiv. 1878, p. 384) “On the Glacial Deposits of West Cheshire, 
together with lists of the Fauna found in the Drift of Cheshire and 
adjoining Counties,” discusses the difficulty of explaining the mixture 
of northern and southern forms in the drift. He says (p. 389) that it 
is “more than probable that the Scandinavian shells of the Middle 
Sands and Gravels have been derived from the Lower Boulder- 
clay;” and again, after pointing out that the Upper Boulder-clay 
rests upon an irregular surface of the Middle Sands and Gravels, he 
says, ‘what, therefore, more likely than that the southern forms, 
which are very rare in the Upper Boulder-clay, should have been 
derived from the Middle Sands?” I would only go alittle further in 
the same direction, and ask whether the Upper Boulder-clay may 
not have been derived, together with its Scandinavian shells, from an 
earlier Boulder-clay, to which they properly belonged. 

It is shown by Dr. Ricketts that flints occur in the Boulder-clay 
near Birkenhead (Quart. Journ. Geol. Soc. vol. xli. 1885, p. 597). 
Mr. Mackintosh, in his paper “ On the Limits of Dispersion of the 
Krratics of the West of England and Kast of Wales”*, notices the 
occurrence of flint in the marine deposits of sand and gravel along 
the eastern borders of Wales; and other writers, many of whom 
are referred to in the course of this paper, notice the occurrence of 
flint on Moel Tryfan and in the drift of Lancashire and Cheshire. 

Aitken records that flint has been found on Holcombe Hill, near 
Manchester, at an elevation of nearly 1000 feet above the sea 
(Trans. Geol. Soc. Manchester, vol. vii.). 

If shore-ice is needed to explain a few exceptional groups of 
boulders in the drift or on the. hills, that does not involve glacial 
conditions. I have seen shore-ice in the estuary of the Dee that 
would float any boulder in the Vale of Clwyd. I have seen at 
Connahs Quay vessels frozen up in pack-ice 12 feet thick, which 
broke away in icebergs 50 yards across; and Mr. Alfred Walker 
has seen the boulders shifted by shore-ice along the same coast. 

The St. Asaph Drift falls to lower levels as we trace it down the 
vale to the north. This is probably due chiefly to the original nor- 
therly slope of the valley in which it was thrown down, but also 
may have been increased by an unequal movement of elevation, and 
probably more by the greater denudation near the mouth of the estuary. 

It occurs in bosses and ridges of red sandy drift near Rhuddlan, 
the last place where I have seen anything that could be referred to — 
it being a sand and gravel, with bits of red shale and clay, in a 
ditch-section 3 mile N.W. of the village, and the upper beds passed 
through in the Aberkinsy borings. It was probably represented in 
the Foryd boring also 7. 

* Quart. Journ. Geol. Soc. vol. xxxv. 1879, p. 446; Trimmer, Proc. Geol. 
Soe. vol. i. 1831, p. 331 ; Journ. Geol. Soc. Dublin, vol. i. 1838; Mackintosh, 
Quart. Journ. Geol. Soc. vol. xxxiii. 1877, p. 786; Buckland, Proc. Geol. Soc. 
vol. iii. 1841, p. 584; ‘ Athenzum,’ 1842; Darwin, Lond., Edinb., & Dubl. Phil. 
Mag. vol. xxi. 1842. . 

t “Notes on the Geology of the Vale of Clwyd,” Proc. Chester Soc, Nat. 
Sci. 1884, p. 36 
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It is of great importance for our present purpose to inquire what 
is the character of this drift where it abuts against the rock along 
the flanks of the hills that bound the vale. The clearest section is 
that seen in the large limestone-quarry by the road north-west of 
the old British camp of Parcymeirch, near the village of St. George ; 
here a well-washed sand and gravel abuts against a steep slope of 
weathered limestone, as shown in the section, fig. 4. 

Fig. 4.—Section in Quarry near the Village of St. George. 
(Scale 30 feet to 1 inch.) 
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A. Mountain Limestone, dip 20° N.N 
B. Sand and gravel. a 
C. Reddish boulder-clay, with fragments of sea-shells and scratched 

stones. 

D. Talus. 

In this section it is quite clear that a boulder-clay has filled up 
an embayed corner in the limestone, and that a sand and gravel 
swept down the ravine, perhaps into the sea, has caught against 
the projecting mass, covering the crags and the clay-filled hollows. 
The process of quarrying has left a thin wall of limestone in front 
of the gravel and underlying clay-drift, the removal of which in 
one place gives the appearance of a drift-filled fissure. The red 
colour of parts of this clay may have been derived from the decom- 
position of the limestone in which it occurred, and not from the New 
Red. 

Further west still, at Colwyn Bay, variable deposits of sand, 
gravel, and clay occur at various levels up the flanks of the hills. 
From some of these, at a height of about 120-150 feet above 
the sea, Mr. Alfred Walker has collected the shells given in 
column II. of the Table, p. 93. 

All, except Astarte borealis, are now found upon our coasts (see 
Jeffreys’s Brit. Conch. vol. ii. p. 320). 
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On the other or eastern side of the Vale of Clwyd, the Talargoch 
beds abut against the rock at the northern end. Here mining 
operations have been carried on along the rock-surface, seeking for 
the lumps of ore that occur in the base of the gravels like the 
‘‘ stream tin” in Cornwall. I have found shells, Vellina balthica, 
in some more clayey beds along the edge of the rock, and, in the 
deep gravel at the bottom of the workings, bones &c. are said to 
have been found (Proc. Chester Soc. Nat. Sci. 1884, p. 31) in old 
times, and in more recent times similar discoveries have been re- 
orted. 

: If we are ever able to distinguish between the deposits of the sub- 
mergence and those of the emergence, the Talargoch gravels will, I 
suspect, be referred to a late time in the age when the land was 
coming up again. 
Now we must bear in mind, First, that the colouring-matter 

of the New Red Sandstone occurs as a thin pellicle of oxide round 
the grains, so that when they have been much knocked about, the 
sand is colourless, and the oxide is carried in the water to stain new 
beds of finer texture where it can settle down. 

Secondly, that the New Red does not attain any considerable 
elevation in the Vale, so that in the submergence 1t was soon below 
the reach of ordinary denudation. ‘Thus we may expect that many 
of the drifts derived from it will not be red, because the colour has 
been washed out, and many drifts of the same, or only slightly dif- 
ferent age, will be the one red, the other grey, according as any 
source of the red colour was still in the line of drifting or not. 

Great masses of grey gravel, near Brynypin, at an elevation of 
about 500 feet, clearly belong to some part of this age; and when 
the sea was there it must have left gravel and sand above the more 
ancient drifts along the Klwy above Pontyrddol. 

At Brynypin there must have been a tidal swill. All down the 
east slope of the same hill, on the south side of Bodelwyddan Park, 
the red-clay drift is seen in the road-cuttings, where boulders of 
north-country granite are not uncommon, at any rate up to a height 
of 300 feet. 

On the eastern flanks of the Clwydian range there are grey gravels 
high up the hill on the south side of Cwm Nannerch, for instance, 
which might well belong to this same age; but in the absence of 
fossils and opportunities for a more careful examination of the 
constituents, we must suspend our judgment here; for they 
might be also the gravels at the foot of the great ice, when it had 
receded just so far. The esgair drift below also, near Bryn 
Nannerch, requires more evidence before we can feel sure about 
its age. 

Three miles and a half to the E.S.E. from here, on the hill-top 
near where the “‘g” of Caerhug is engraved on the 1-inch map, 34 
miles W.S.W. of Northop, some 650 feet above the sea, I have 
collected sea-shells in the drift. This is an interesting place to find 
them, for it lies halfway between the shell-bearing beds of Moe 
Tryfan and the similar deposits near Macclesfield ; while if we trave 
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on in the same line, as far again, we find the Hessle beds con- 
taining the same fauna. 

Tn all these beds there are flints somewhat rolled, subangular, as 
they call them, but never worn to pebbles. 

Round the south coast to Pembrokeshire we find the same, and 
the low-lying plateau at St. David’s is covered by a gravel containing 
flints ; but I have not as yet found traces of shells in it there. 

This is part of a wide submergence, and of course, when the 
higher hills were submerged to the extent that I have shown above, 
the lower regions and the hollow places were all below the sea, the 
lowest going down first; so, as the climate was growing milder at 
the close of the age of glaciers, the more southern and temperate 
forms of life kept following on the receding ice, but the earlier 
deposits would still contain many of the Arctic types. This may be 
the reason why, in Mr. Shone’s lists of shells from the drifts in 
Cheshire and South Lancashire, there are so many more northern 
species than appear among the shells in the Vale of Clwyd, or Colwyn 
Bay, or the higher levels of Moel Tryfan, Caerhug, or Macclesfield. 
Or it may be that the Scandinavian shells are derived from an older 
boulder-clay. 

But we must not attach too great importance to this point; for 
the persistence of a few northern forms does not justify our referring 
even these beds to the glacial age. Nearer the mountains we have 
abundant evidence that the deposits we have called the St. Asaph 
Drift are Postglacial. The striated stones are all such as might be 
derived from the preexisting Arenig Drift; none of the stones 
peculiar to the St. Asaph Drift are glaciated. Broken glaciated 
boulders, balls of Arenig boulder-clay, and, with very few exceptions, 
shells not of Arctic type occur in this St. Asaph Drift. 

Deposits of a submergence which succeeded the age of great 
glaciation have been recognized round the north and east of Wales 
(Mackintosh, Quart. Journ. Geol. Soc. vol. xxxvii. 1882, p. 184). 
Along the “Severn Straits” and beyond into the Midland counties, 
relics of the material washed from the older drift are recognized * 
(Rev. W. Lister, Q. J. G. S. vol. xviii. 1862; Davies, Proc. Geol. 
Assoc. vol. iv. 1876, p. 423; Crosskey, Proc. Birmingham Phil. Soc. 
vol. 11. 1882, p. 209). 

Marine deposits of this age occur over the plains of Cheshire and 
Lancashire, as may be seen from the references I give below with 
the lists of shells (see also:—De Rance, Quart. Journ. Geol. Soc. 
vol. xxvi. 1871, p. 641, Mem. Geol. Survey, “Superficial Geology of 
S.W. Lancashire” ; Mackintosh, Chester Soc. Nat. Sci. Feb. 1876, 
Quart. Journ. Geol. Soc. vol. xxv. 1869, p. 407, vol. xxxili. 1877, 
p. 732; Ricketts, Proc. Liverpool Geol. Soc. 1876-7, p. 245; Morton 
and Shrubsole, Proc. Liverpool Geol. Soc. 1875-6 ; Morton, G. H. 
ib. 1876-7, p. 294, &c., Rep. Brit. Assoc. 1876, p. 110, Geol. 

* In a paper just published, Mr. Deeley says of the Pleistocene succession in 
the Trent Basin, ‘‘all the deposits I have described as belonging to the two 
previous epochs [Older and Middle Pleistocene] were formed during one con™ 
tinuous period of submergence ” (Q. J. G. S. vol. xlii. 1886, p. 467). 
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Mag. dec. 2, vol. iii. 1876, p. 526; Strahan, Mem. Geol. Survey, 
4 Geology ae Chester”; Mellard Reade, Quart. Journ. Geol. Soc. 
vol. xxxix. 1883, p. 92; Wood, S. V., Geol. Mag. dec. 2, vol. i. 
1876, p. 396, footnote). 

But along the east coast, both north and south of the Wash, 
marine conditions prevailed long before the ice had receded into 
the high mountains, and in the shells of the older drift we find the 
record of this. 

I have not entered into the discussion of the exact subdivisions or 
correlation of these beds. JI have referred to some authorities for 
just the point above stated of an older Glacial and a newer Post- 
glacial drift. For local purposes a more minute. subdivision is 
possible and useful, but at present I think we must, for wider cor- 
relation, adhere to a simpler system, and speak of one great gla- 
clation ‘succeeded by one great submergence in the west; and in 
the east, an older marine, probably synchronous with the first or 
land-ice, and a newer marine, the chronological equivalent of the 
second or age of submergence in the west. For some suggestive 
remarks on this subject see Jamieson, ‘“‘ On the Cause of the Depres- 
sion and Re-elevation of the Land during the Glacial Period,” Geol. 
Mag. dec. 2, vol. ix. 1882. (See also Dakyns, “ Glacial Deposits 
north of Bridlington,’ Yorksh. Geol. Polytech. Soc. vol. vii.) 

In the subjoined table (p. 93) I have given a list of the shells in the 
St. Asaph Drift and from beds in adjoining districts, which it appears to 
me belong to about the same age. I have added in the last column 
for comparison a list of the shells from what is probably a marine 
deposit of the age of the Arenig land-ice. 

By reference to the authors quoted it will be seen that in many 
cases there are subdivisions of importance in the beds which I have 
included under one head, and that some of the forms which I have 
recorded may haye been derived from older deposits. It is clear 
also, from the great difference of elevation, lithological character, 
and proximity to the mountains, that a somewhat different facies may 
be expected from deposits which have been laid down at different 
times in one long age of changing geographical conditions and 
climate. But nevertheless this point seems to be clearly estab- 
lished, that the shells enumerated in columns I. to VII. all belong 
to a somewhat northern temperate group (7. ¢. are Post-Glacial), 
that under the deposits in which they occur on the west are the 
land-ice drifts of the Welsh and Lake-country mountains, and 
that below their equivalents in the east are Old Boulder-clays con- 
taining, either seattered through the mass or in included masses of 
contemporaneous sand and clay, a severely Arctic group of shells. 
These shells are recorded in column VIII. 

I have omitted all notice of the Echinoidea or Foraminifera, as 
not being of sufficiently common occurrence to be useful for our 
present purpose of correlation. 

The references to the formation, locality, dae age, and the sources 
of information are as follows :— 

In column I. are indicated the shells found in the marine sands 
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and gravels of St. Asaph. These were originally determined for me 
by Searles Wood. The collection is now in the Woodwardian Museum 
at Cambridge. See also:— 

Hueurs. “On the Evidence of the Later Movements of Elevation 
and Depression in the British Isles,” Vict. Inst. or Phil. Soe. 
Great Brit., March 15, 1880, p. 6. 

Huenrs. “ Notes on the Geology of the Vale of Clwyd,” Proc. 
Chester Soc. Nat. Sci. pt. 3, 1884, p. 29. 

In column II. I have given an unpublished list, kindly placed at 
my disposal by Mr. A. O. Walker, of shells collected and determined 
by him from beds about 120-150 feet above the level of the sea in 
Colwyn Bay. These specimens are in the Grosvenor Museum, 
Chester. _ 

In column ITT. I have recorded the shells from Moel Tryfan noticed 
by :-— 

Trmmer. Proc. Geol Soc. vol. i. 1831, p. 332; Journ. Geol. 
Soc. Dublin, vol. i. 1838, pp. 286, 335; Rept. Brit. Assoc. 
1838, Trans. Sect. p. 86. 

Forses. Mem. Geol. Survey, vol. i. 1846, p. 336. 
DarpisHire. Geol. Mag. vol. 11. 1865, Table, p. 298. 
Merrarp Reapé. Quart. Journ. Geol. Soc. vol. xxx. 1874, p. 30. 
Ramsay and Hruerimper. ‘ Physical Geography and Geology of 

Great Britain,’ 1876. 
Lyrett. ‘ Antiquity of Man,’ 3rd edition, p. 525. 
SHone. Quart. Journ. Geol. Soc. vol. xxxiv. p. 383. 
Gwyn JEFFREYS. Quart. Journ. Geol. Soc. vol. xxxvi. 1880, 

p.351. 
Gwyn Jeffreys says that the Moel Tryfan deposit was not strictly a 

glacial one. The fauna has a Norwegian rather than an Arctic facies. 
In column IV. I have placed the few shells which have been re- 

corded from the sands and gravels which occur at intervals along 
the high ground that rises from the Cheshire plain on the west, from 
the Vale of Llangollen to the estuary of the Dee, thus forming the 
eastern boundary of the Vale of Clwyd. I have verified the occurrence 
of these by finding some myself, but I have not added to Le species 
recorded by Mr. Mackintosh *. 

In column V. I have placed together all the recorded Mets from 
the drifts of the lower levels of Lancashire and Cheshire. Jor the 
subdivisions of these beds the paper by Mr. Shone (Quart. Journ. 
Geol. Soc. vol. xxxiv. 1878, p. 383) may be referred to. Mr. Shone 
thinks that the lower beds of his sections are of considerably greater 
antiquity, and indicate much more boreal conditions than the over- 
lying sands and gravels and their covering clay. He suggests that 
some of the northern shells found in the upper deposits may have 
been washed out of older beds, and therefore not be a fair index of the 
climatal conditions of the deposit in which they are found. Mellard 
Reade considers that the various beds from which he has obtained 
shells in Lancashire and Cheshire are only local developments of one 
series. Provisionally he groups them all together under the title of 

* Quart. Journ. Geol. Soc. vol. xxx. (1874), p. 712, vol. xxxvii. (1881), p. 360. 
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Low-level Boulder-clays and Sands (Quart. Journ. Geol. Soc. vol. xxx. 
1874, p. 36). 

It does not appear that any one has detected in that area any 
patches of the drift directly due to the northern land-ice from which 
so much of the material of all later drifts has been derived. The 
numerous records of glacial strize on the solid rock lead one to think 
that there cannot have been much erosion since the ice, whether 
land-ice or iceberg, passed over it (see Mellard Reade, Proc. Liverpool 
Geol. Soc. 1872-73, p. 42; Morton, ib. 1876-77, p. 284). But as 
none of the marine deposits referred to under this head can have 
been laid down until after the recession of the northern ice, they 
must belong to an age of less severe climatal conditions, On the 
other hand, as the ice must have lingered on the high ground of 
North Lancashire and Wales long after the sea had covered the 
Cheshire and Lancashire plains, some of these Lancashire and Che- 
shire drifts may well be nearer the glacial age than the drifts the 
shells of which are recorded in columns I., II., III., and IV. 

See also :— 
Eerrton. Proc. Geol. Soc. vol. ii. 1836, pp. 189, 415. 
Brynry. Mem. Lit. Phil. Soc. Manchester, vols. vi., x. (1852). 
Morton. Proc. Geol. Soc. Liverpool, 1870-71, p. 91. 
Paterson. Proc. Warrington Lit. Phil. Soc. 
Macxintosa. Quart. Journ. Geol. Soc. vol. xxvii. 1872, p. 388, 

with Note by Gwyn Jeffreys, p. 391, and note by Searles 
Wood, p. 392. 

Mexttarp Reape. Quart. Journ. Geol. Soc. vol. xxx. 1874, 
pp. 27, 281, vol. xxxix. 1883, p. 83; Proc. Geol. Soc. Liver- 
pool, 1874-75, p. 35 | 

Frarineton, quoted by Darpisutre. Quart. Journ. Geol. Soc. 
vol. xxx. 1874, p. 38. 

In column VI. will be found a list of the Macclesfield drift-shells. 
I have not distinguished the older and newer beds of Mr. Darbishire. 
(Manchester Lit. Phil. Soc. vol. iii. 1865, p. 56; Geol. Mag. vol. ii. 
1865, pp. 41, 298.) The shells recorded as having been found by 
Prestwich in 1862 were from the same drift in an adjoining pit. 

See also :— 
SatnterR. ‘ Rambles round Macclesfield.’ 
MacxintosH. Quart. Journ. Geol. Soc. vol. xxxvil. p. 363. 
Prant. Geol. Soc. Manchester, Feb. 1865; Geol. Mag. vol. i. — 

1865, p. 179. | 
Metiarp Reape. Mem. Lit. Phil. Soc. Manchester, 1864-65. ; 
In column VII. I have marked the shells of the Hessle Beds, that — 

is, practically, the shells collected by Professor Prestwich in the | 
gravels of Kelsea Hill. The list was revised by Gwyn Jeffreys, and | 
published in Prestwich’s paper on the Kelsea Hill Beds (Quart. | 
Journ. Geol. Soc. vol. xvii. 1861, p. 448). See also Clement Reid, © 
Mem. Geol. Survey, “ Geology of Holderness” (see below, p. 93). 

These beds, according to Searles Wood, are postglacial, and are f 
identified with beds which rest on Boulder-clay, and with others 
which are overlain by still more recent Lacustrine deposits with | 
Anodonta, Cyclas, Paludina, &c. 
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It is interesting to note the occurrence of Cyrena (Corbicula) 
fluminalis in these beds, which (though, as pointed out to me by 
Mr. Clement Reid, it ranges down to the Cromer Forest-bed) is such 
a common and characteristic fossil in the March Beds and the post- 
glacial river-terraces of the south-east of England—the valley of 
the Cam, for instance (cf. Searles Wood, Geol. Mag. vol. ix. 1872). 
See also :— 

Puitiies, Quart. Journ. Geol. Soc. vol. xxiv. 1868, p. 250. 
Woop and Rome. Quart. Journ. Geol.. Soc. vol. xxiv. 1868, 

p. 146. 
Hatz. Liverpool Geol. Soc. Dec. 11, 1866. 
SEaRLES Woop. Geol. Mag. vol. viii. Sept. 1871, p. 406. 
Lawptuen. Yorkshire Geol. Polytech. Soc. 1879, pp. 8, 9. 
JuKES-BRownE. Quart. Journ. Geol. Soc. vol. xxxy. 1879, 

Brod. 
All the beds from which the fossils were obtained which are 

recorded in columns I. to VII. must be considered to belong to an 
age when severely arctic conditions had ceased to prevail, and which 
therefore may be called Postglacial. 

In column VIII. I have indicated the shells which have been 
obtained from the Bridlington Drift. When examining the Dim- 
lington Section some years ago, in company with Mr. Leonard Lyell, 
I noticed in the lower part of the cliffs a short lenticular mass of 
ereenish sand full of shells. It was so small that we worked it out 
completely. In it we found Vucula Cobboldie perfect and Astarte 
compressa with valves adherent, and seven other species (see Hughes, 

* “On the Evidence of the later Movements of Elevation and Depres- 
sion in the British Isles,” Vict. Inst. or Phil. Soc. Great Britain, 
March 15, 1880, p. 8). Mr. Lamplugh has since procured shells 
from similar beds in the same neighbourhood, and has well worked 
out the equivalent Bridlington Drifts (Brit. Assoc. 1881; Geol. 
Mag. dec. 2, vol. v. p. 509, vol. vi. p. 393, vol. viii. 1881, p. 535, 
vol. ix. p. 383; Quart. Journ. Geol. Soc. vol. xl. 1884, p. 312, in 
which are notes by Gwyn Jeffreys, E. T. Newton, and Dr. Crosskey ; 
Proc. Geol. Polytech. Soc. Yorkshire, pt. i. 1881, p. 383, pt. 11. 1882, 
p. 27, pt. iil. p. 240, 1883). 

See also :— 
Bran, Wu. “A short account of an interesting deposit of 

Fossil Shells at Bridlington Quay,’ Loudon’s Mag. Nat. Hist. 
vol. vil. 1835, p. 355. 

Youne and Brrp. Geol. Survey Yorksh. Coast, 1822, p. 22. 
SEDewick. Ann. Phil. 1826, ser. 2, vol. ix. p. 339. 
Punts. Brit. Assoc. 1835, Trans. Sect. p. 62; Geology of 

Yorkshire, 1835, p. 40 (in the 3rd edit. p. 274, there is a 
note by Gwyn Jeffreys). 

Iyent. Ann. & Mag. Nat. Hist. vol. xii. 1839, p. 324; 
‘ Antiquity of Man,’ 1873, p. 266. 

Forzrs. Mem. Geol. Surv. vol. i. 1846, p. 392. 
SEARLES Woop. Crag Mollusca, 1847-55. The Bridlington 

drift was then believed to be about the horizon of the 

* 
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Mammaliferous Crag. Quart. Journ. Geol. Soc. vol. xxvi. 
p. 92, vol. xxxvi. p. 515, vol. xxxviil. p. 681; Geol. Mag. 
dec. 2, vol. i. p. 246, vol. v. p. 13. 

SorRBY. Proc. Geol. Polytech. Soc. West Riding, Yorkshire, 
vol. 111. 1858, p. 559, with the Foraminifera named by Rupert 
Jones, 

Gunny. Essay on Geol. Norfolk, White’s Gazetteer, 1863. 
Tynpatn, KE. Geol. Mag. vol, i. p. 142; Proc. Geol. Soc. Yorksh. 

vO A735 isis jos We 
Woopwarp, 8. P. Geol. Mag. vol. i. 1864, pp. 49, 142, 216. 
CrosskEy. Proc. Birm. Phil. Soc. vol. ii. p. 373. 
Stupson. Geol. Nat. Hist. Repertory, vol. i. p. 57. 
Brepwett. Geol. Mag. dec. 2, vol. vy. p. 517. ° 
Lecxensy. Brit. Assoc. 1864. 
Gwyn Jurrreys. Brit. Assoc. 1874, p. 83. 
Daxyns. Geol. Mag. dec. 2, vol. vi. p. 238, vol. x. p. 93; Proc. 

Geol. Soc. Yorksh. n. s. vol. vii. p. 125. 
And the collections by Bean and others in the British Museum, and 
the Leckenby collection in the Woodwardian Museum at Cambridge. 

In a note at the end of the list drawn up by Gwyn Jeffreys, and 
published in Phillips’s ‘ Geology of Yorkshire,’ 3rd ed. p. 277, he says, 
“ All the above species are now living and inhabit the Arctic-and 
northern seas, Nucula Cobboldie is hitherto known from Japan 
only.” He further on makes the following important observations 
on the admixture of littoral and deeper-water shells :—‘* I should be 
inclined to reject from the list of Bridlington shells the following 
species, viz. Mytilus edulis, Cardium edule, Littorina littorea, L. rudis, 
and Purpura lapillus, because they are littoral, and therefore not 
likely to be-associated with species which belong. to the coralline 
zone, such as Lhynchonella psittacea, Venus fluctuosa, Dentalium 
striolatum, Admete viridula, and Columbella Holboll” (=C. rosacea). 
“ These littoral shells may have come from an overlying or adjacent 
bed, and become accidentally mixed with the shells from the deposit 
under consideration.” It is not uncommon to find on any shore 
among the littoral shells others that have been torn away by currents 
and tossed up by storms from far below low-water mark. But in 
that case Gwyn Jeffreys evidently must have thought, from the 
character of the deposit and other circumstances, that that explana- 
tion was not sufficient. 

Mr. Lamplugh has worked this question out, and arrived at the 
conclusion that some of the shell-bearing beds are transported by 
the agency of ice from sea-bottoms of various depths further north 
and mixed up with littoral and even freshwater deposits *. Whether 
any of them have travelled far or not matters little for our present 
purpose, as the condition must have been somewhat boreal on a shore 
thus invaded by ice from arctic regions. I have therefore given the 
list of the shells as a sample of what we should expect in a true 
glacial deposit, without noticing the character of bed from which 
it was derived. For such details I refer to Mr. Lamplugh’s excellent 

* Geol. Mag. dec. 2, vol. vi. 1879, p. 393. 
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papers, and especially to the recently published Mem. Geol. Survey, 
“Geology of Holderness,” by Mr. Clement Reid, to whom I am in- 
debted for the revision of my list and for much kind assistance. The 
percentages have been changed by Mr. Reid’s work, and the state- 
ments of Gwyn Jeffreys and others will have to be modified; but 
the main conclusions to which I would draw attention remain un- 
altered, viz. that “ with the Bridlington Crag, notwithstanding the 
close proximity of the deposits, the marine gravels show little con- 
nexion” (Clement Reid, p. 69). Iam inclined to refer the glacial 
character of some of the newer marine beds of Kastern Yorkshire 
to the wasting of old boulder-clay cliffs and the using up of old 
material, rather than to the recurrence of arctic conditions, and so 
compare the Arenig land-ice drift of the west with the Bridlington 
Drift of the east, and the St. Asaph Drift with the shell-bearing 
sands and gravels of Kelsea and Hessle. 

There is more doubt respecting the fauna of the glacial beds south 
of the Humber, Searles Wood’s Mid-glacial, for instance, in conse- 
quence of the difficulty of discriminating between the contemporaneous 
shells and those derived from the Crag, which occurs close by. (See 
a useful review of the literature of this part of the subject by 
H. B. Woodward, Proc. Geol. Assoc. vol.ix. See also Jukes-Browne.) 

Table of Distribution of Fossils in Drifts*. 
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* Column I. St. Asaph; II. Colwyn Bay; III. Moel Tryfan; IV. Minera 
&e.; V. Lancashire and Cheshire; VI. Macclesfield; VII. Kelsea; VIII. Brid- 
lington. 
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TABLE (continued). 
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TABLE (continued). 
| | 
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TABLE (continued). 

— ee a a Se ree RE OE ESTO —_—_ 

2 

oP LA ALEL EV) Vea va yl ete 
Lee eR 

Natica islandica, Gmel. (=N. heli- 
CONG LEY ihe A hp a ee seit teed |e |S 2 pa 3 

Montacuti,, Forbes "s238 sticecece.| s24- | eee, fener eo eee ee ee * 
SOFC ei 77 Blea une ete 8 [ESE PS Pc ie a 

Amaura sulcosa, Ye) Se a Pe me rem ees (ee fee), An eet * 
Admete sean, e/a) ampere ee AN rus cae | Tse Pca dere See en ee | ee * 
Trichotropis borealis, Brod. & Sou..|).. (Oe) ee ee * 
Aporrhais pes-pelecani, Linn. ......... [perenne hee el let e | =: 
Purpura lapillus, (2nns Be cisesscesea|/ors [ses | Oe) | meee ee * 
iBuctmum’ groenlandicum, Chem, 33.) 2.5 | "eo | eee | aoa eee ee | eee ee 

UNG aint L770 Mn see oe sea hreeen ee (ere lc ae I el lace 2 oes * * 
Murex erinaceus, Linn. .......2.....0. [eee Orne ee Baril ce). lee 
Trophon barvicensis, Johnst. .........| eae Neal Wace | 

clathratus, Linn. (a scalari- 
foridig) > 52. 2th se Ree ee em Cros Mea eres? 23 ale? * 

svar, Gunner’ .!.2:220: ses irae horses belie i Wife fe 3 * Ba 
—— NEVE, ERUNICATA TEL. co. see seks. * te Cran fan cee (iS = * 

Babrien, Beck (="1. eraticala-) 3.5 {72> | 2244) coe ee eee eee 
latericeus, Mill. .........+2- Lens) Pras em (RM EOP sce ae ese Ae 

Fusus antiquus, Lint. ...........0..+ cl tae | | ee Pep lee al eek 
, var. contrarius (= F’. sinis-| 

WEOESUS) {Need esa ceoansnaioeces sre ae- (orem Bere percoml aiccein |. = o°| calles * 
CUES MIC Tree. soe ease pJeiauseneee err Weer pacer (aro Pace | eal asa far 

—. ,,Var. 6XPansus ....... sacar s orice ene) Dome Rise! 3. el area ae 
—— despectus, Linn, ........c0c-seccee say Neder Soe Ut See ee ae * * 

STACWIS WG Ce meas ae aeme tana sane cael eats | eg | paca Se ee eek 
islandicus, Chemm. ....0..0.00.20+| wen dwcen | Meo Yi oneal eae . 

—— Kroyeri, WIGIE Ee ae (tae hacia) coke taal Inert fk Se || do ins tata 
—— Leckenbyi, Sov onde ee perro Varia beret (2-00 ||. sg A etn ote 

propinguus, Alder ©..........-0: A ees Perreae hatte eras | See || 8. % 
SAMSISC/ITR cities om eet oe acum wot | aaece | ocean x 
spitzbergensis, Reeve ............ eee) Ieee [0 Sa. feed fl eee ee * 

Nassa reticulata, 1in2. ....50.<2...2200- ime PRE Wee Salle ee oh % 
imerassaba, MU. .a2.ssc5-) ones oe occa. | CTE 562 Ales ee 

Columbella rosacea, Gould ............ ede WSSSE MCE eee * 
Pleurotoma bicarinata, Couth......-... % 
-_——— pEVALD WiOlacea! Saaes.ss tee. 0 ie er * 

Miecussatas Couths .23205.05-652 205 beatae || Meee eee * 
elebans SOLU ae sacwenshe ov e-eeeen| es | * 
exarata iol Mote. oi = tetas ree tee ear eo clo (haha aE oe 
harpularia, Couth..........0.0s000- saw. Ht Son | Fa 0B | eeoee Reem ee ae et meee 

—— nebula, Mont. 2.02.c...i5lecccseede | focal S235 ht Set NS deca meee ot tere 
—— multistriata, Jeffr. ....... Sinerks Ropslenm | hee nN 
—— pyramidalis, Strom................ ieee * * * 

| Puta Wont? ieee ee een  # % <a hei he 
| simplex, Midi: verre hone. os ees zm % 

Prevelyana, Luror. ee ns: scat A = ie, ee % 
turniCulas MG in nee eee see (es aa * gS Wig Sera eh * 

Cyprea europxa, Mont. ..............- | * ene . | 
Cylichna alba, Brown ...........0..000- Pree err rer ees | Sen | Skies: 

sculpta, -icche sss. ee ee Prec el stee (ian) [Pon Meer ee ee heer ae 
Utriculus obtusus, Mont., var. per- | 

temuis +2! ...20:2. 65) See eee eee | | host] Misael Ccatseh | Set la 
constrictus, Jeff7. .......0..0s0+00: | = | : fe | EAN Seal) gee ae 

Bulla crebristriata, Jeffr. .............8- Mos tho See | haan eee | Reem eee Oe = me 



DRIFTS OF THE VALE OF CLWYD. 97 

TABLE (continued). 

igh yA OU, ae We a Nels MANE OG 
— — | | | | 

Balanus balanoides, Zinn. sees eseeeeee 

PEAS) BEUG. cin. ooo can ccapesenans ace. Rees 

s 
nN 

ay x * * 
=== LEI Ky re oe % 

porcatus, Da C. (=B. sulcatus, 
22D (22) occa eae AO er wed Beate eee x 

Serpula (Pomatoceros) triquetra...... | cogs aceon Mr Pipe cas 
— vermicularis, H7iis 
Spirorbis nautiloides 

Kk *K x * 

Part LY. 

Alluvium and Surface-drift. 

Now we must briefly examine the still more recent superficial 
deposits of the Vale. In treating of the drifts this is of great 
importance, seeing that it is so hard to distinguish the re-sorted 
newest beds from the undisturbed original deposit from which they 
were derived. ven in the older rocks this is a common source of 
error. ‘The compact breccia composed entirely of fragments of 
Mountain Limestone which sometimes makes up the Brockram or 
base of the Lower New Red Sandstone in the Eden valley is often 
almost undistinguishable from the parent rock. The surface of the 
Lower Chalk broken up and reset has often been mistaken for the 
solid chalk, until a line of angular flints showed that it was only 
consolidated chalk-gravel. Re-sorted Miocene has been reported to 
contain remains of man. But the re-sorted drifts almost defy 
detection in most cases. We have already discussed the characters 
which help us to make out whether the glacial drift remains as left 
by the ice, or whether it has been sorted by the sea; so also, if we 
know, the district well, we may ascertain whether we have before 
us the marine deposit or only some of it washed to lower levels by 
rain, or worked down the hill by all the other agencies which 
modify the surface-soil (see Morton, G. H., ‘Nature, Sept. 30, 
1880, p. 511). 

It is clear that a long time has elapsed since the last of the St. 
Asaph Drifts was left by the sea; this is evident, first, from an 
examination of the newer deposits which have been laid down on it 
or after it. The various kinds of alluvium which have silted up 
the lower or northern end of the Vale of Clwyd are all newer and 
must have taken some time to form. We have already pointed out 
that in the sections near Rhuddlan they are seen resting upon what 
looks like St. Asaph Drift. 

So we come now to the Alluvial Age. Alluvium and rainwash 
must, from the nature of the case, have been formed in every period 

Q.J.G.8. No. 169. H 
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of the world’s history when there were land and rain and streams ; but 
these superficial deposits would be the first to be destroyed, especially 
in subsequent submergences, and the chances are that only the latest 
deposits of that kind are seen exposed in any district. 

At any rate the alluvium and rainwash of the Vale of Clwyd 
belongs to the age that succeeded the emergence, and is still going on. 

Patches of alluvium can be traced far up into the hill. For 
example, down the road between Wern and Penybane, N. of Ponty- 
rddol, there is a grey gravel, and here and there beds of sand. It 
was, so far as I could see, all composed of Silurian and Cambrian 
rocks. 

We have no data for determining the absolute age of the alluvial 
deposits in the upper part of the Vale. Ihave a very fine, partly 
ground neolithic implement, picked up by Mr. Stuart Menteith in the 
gravel of the Elwy above St. Asaph, and given to me; but there is no 
evidence as to whether this was carried on to the gravelly bed of 
the river from the alluvial gravel which there spread across the 
valley from side to side, or was dropped in from the surface-soil. 
The North Wales fenlands of Morfa Rhuddlan were formed where 
the river spread over the low flat lands; its velocity was checked, 
and the transport of gravel ceased. So below St. Asaph, near 
Rhuddlan and Rhyl, for instance, the gravel banks give way to 
tidal silt, to which we will refer as the Morfa Rhuddlan beds, and 
which is probably newer still than some, at any rate, of the gravel 
near St. Asaph. ‘The course of the river has altered considerably 
since the water-towers of Rhuddlan Castle were built. 

Sections through the silt have been sunk for various purposes here 
and there. For instance, I was informed that when the railway 
was being made along the coast, they dug out the blue estuarine 
clay to a depth of 18 feet to make the embankment, and near the 
bottom of the excavation found the skull of Bos longifrons, and the 
antlers of Cervus elaphus, which are now preserved in the Cambrian 
innat Pensarn. These remains occur here and there all through the 
deposit. The Balani on the points of another pair of antlers show 
that it had projected above the surface of the clay for some 
time. 

On the south of Rhyl a trench cut out for draining-purposes 
exposed the following section :— 

iiliey gal 
a. Surface-soil with broken shells of Buccinum undatum 

at the base, perhaps artificially carried there. 
6. Blue clay, weathering brown in the upper part, con- 

taining shells of Scrobicularia piperata, with valves 
adhere tian Rasecie eset. on) yee eae ne ee Lee (0) 

Cx, Beaty) silt fioltimlbertais ie scsesysa toe mece eee eer O-- 6 
d. Peat with trees 15 ft. in length and 1 ft. 6 in. in 

Ciamme berg eet ee WN. is cit hao a pte ue eee eee ee 2 0 
Cn SOLUS, CLAY te nee vc qoutes a: v4! vcseine ooh wa AE ORRC Ee Eee 3. (0 

On the Morfa Rhuddlan beds rest the sand-dunes and the shingle 
which form a great natural bulwark against the sea, which is driven 
fiercely on this coast by the north-west winds. These Kolian beds 
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are of any recent age down to the present day ; there is no evidence 
of any of them being of greater antiquity than the Morfa Rhuddlan 
beds; yet it is probable that they were always represented along 
this shore, and played their part in aiding or checking the changes 
which submergences or elevation from time to time tended to 
produce. 

There are traditions and some other suggestions of there having 
been such changes within historic times, though history is silent 
about them. In the churchyard at Abergele there is a sandstone slab 
bearing this inscription :—‘‘ Here there lies in the churchyard of 
Michael a man who had his dwelling three miles to the north.” 

The sea isnow within a mile; but whatever may be the interpre- 
tation of this statement, whether he was a man who lived on board 
ship, or whatever other explanation can be offered, it does seem to 
me improbable that changes of that kind and extent can have taken 
place along that coast within the period that the character of the 
inscription would allow us to assign to it, or even since Abergele 
church was built. 

The traditions of change in the coast-line may, however, be 
founded on correct observation. Very likely, for instance, a tongue 
of drift ran far out by Llandrillo ynrhos, the destruction of which 
affected the denudation along the shore further east. Very likely 
there have been some changes of level in comparatively recent times, 
and the so-called submerged forests near Prestatyn and Pensarn 
and at the west end of Colwyn Bay are most easily explained on the 
supposition of a small subsidence *. But we must remember that 
trees now grow in the marshes behind the sand-dunes on ground 
over which the sea would rush in high tides, were it not for the 
protecting barrier, and that by the washing out of sand below such 
forest-beds they often get still further lowered, while some supposed 
forests are mere stumps of trees drifted out to sea and generally 
floated right side up as they are ballasted by the earth and stones 
caught in the roots. (See Potter, Trans. Liverpool Geol. Soc. 
1868-9; Whitaker, Mem. Geol. Survey, Guide to Geol. Lond., 4th 
edition, pp. 77,78; East Essex, p. 18; Geol. Ipswich, p. 97; Proc. 
Geol. Assoc. vill. p. 137. See also Rep. Brit. Assoc. 1885, pp. 442- 
465.) 

The peat of the East Anglian fenland is, in the main, of Neolithic 
age T, though some of the earlier deposits associated with the peat 
contain paleolithic animals, for these have been shown to be 
probably only a few derivative specimens from the older gravel-beds 
on which the peat rested. 

So the peat and silt of the estuary of the Clwyd have yielded nothing 
older than the Bos longifrons and Cervus elaphus. The Morfa 
Rhuddlan beds may date from Neolithic times to the present day. 
Few short rivers running straight out from the hills to the sea 
without the intervention of low-terraced lands near the mouth 

* Mellard Reade observes that the last movement of the land in Lancashire 
was downwards (Proc. Liverpool Geol. Soc. 1871-2, p. 437). 

t ‘Cambridge Review,’ 1886, p. 366. 
H2 
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have yielded paleolithic remains. As the river is cutting back 
the steep ground, terraces are soon destroyed, and the rain 
and agents of degradation keep handing down to lower levels 
all superficial deposits as soon as formed—so along such valleys 
great masses of rainwash, or head, or run of the hill gather in 
hollow places or on ledges; all surface soils merge into such 
accumulations. Where the ground is covered by vegetation it is 
to some extent protected; but where the sod is broken, the rain soon 
undermines and sweeps out the soil, and a ravine is formed. A 
hole scraped for shelter by a sheep may let the water through the 
turf and start the work. Looking out on the east from the train 
near Lowgill Junction in Westmorland, about an acre of land may 
be seen covered with stones to about 10 feet deep in places. That 
was all done in about two hours in a thunder-storm, and the gashes 
from which this débris was swept out are seen on the fellside 
above. At the mouth of each little gorge along the Upper Rhone 
a fan-shaped mass of torrent-débris is protruded into the valley. 
These look like the fragments of moraines as you drive down the 
valley over a succession of hills, now hanging on to this side, now to 
that side of the valley. A more careful examination, however, 
especially from higher ground, soon shows their real character. So 
in the smaller valley of the Clwyd there are masses of torrent-débris 
of postglacial age protruded into the vale, as, for example, out of 
the gorge by Denbigh, from the valley of the Clwyedog, or from the 
smaller tributary streams. But all the while along the slopes the 
rain brought down the soil and stones, leaving the rocks bare here 
and there to be disintegrated and furnish more material. 

Such débris, derived almost: exclusively from Silurian rock, was 
pointed out to us by Mr. Strahan in a road-section east of Tremeir- 
chion. Where there is soft drift the rainwash is, of course, different, 
and is more readily transported; but sooner or later every loose 
material travels down the hill. Where the soil is bared by plough- 
ing, the downward waste is often very rapid. In every long-culti- 
vated hill-country there are terraces so formed. Each man turns 
down the soil from the upper side, so if accumulates at the lower 
end of his allotment, and is removed from the bottom of the bank 
that separates nim from his neighbour on the slope above (see fig. 5, 
p. 111). Thus, in a manner accidentally, are formed the terraces 
known as “ raines” in the north of England. 

There are many tests to apply when we are trying to distinguish 
between a marine shingle, a river-gravel, and the rainwash or run- 
of-the-hill. 3 

A marine shingle has the finer and coarser gravel somewhat 
sorted, but the up incline and the over-bank tip are quite distinct. 
Even in the case of shingle thrown against a cliff there is often 
a ridge of thrown-up gravel a little way from the rock; this is 
caused by the recoil of the wave. Just as we may often notice 
along the pavement on a gusty day, the dust is laid, not along 
the base of the wall, but in a ridge nearer the middle of the pave- 
ment, being driven off the wall by the rebound of the wind from 
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it; so it often is in the case of material deposited by currents at 
the foot of cliffs. 

The stones of which the shingle is composed lie with their longer 
axes parallel to the planes of deposition as a rule; but sometimes 
when the scour is great they have a subordinate arrangement ap- 
proaching that next described in the case of river-gravels. 

River-gravels are left, as the velocity of the current decreases, in 
the order in which, from their size, weight, form, and other condi- 
tions, they first attain their positionof rest; but the principal character 
common to all such gravels is that the flattened oval forms lie packed 
together obliquely, with their longer axes inclined to the bed of the 
stream, the lower end pointing up stream, so that the flat stones 
overlap one another in such a manner as to present a face to the 
descending current and throw the water up instead of letting it 
get under the edge and lift the stone. 

Of course all gravels deposited by marine currents have this 
character also; but there are seldom marine currents of the force 
and velocity of a mountain-river in flood. 

In the case of the run-of-the-hill, on the other hand, the stones 
and other materials are more commonly carried down by movement 
more akin to slips. The position of rest is not that in which the 
material can best resist the force of a downward current urging it 
on, but the position in which it can catch by friction, or by 
arriving at a gentler slope, so that its own downward tendency is 
overcome. The flat pieces therefore lie with their longer axes 
parallel to the surface along which the débris is travelling. 

The material is roughly stratified because rain helps, and different 
material catches in different circumstances. The travelling of 
isolated boulders in the rainwash or marine drift or on the shore is 
easily explained. Though gravel, consisting of stones of a given 
size, requires water of a given velocity to move it, it does not follow 
that one such stone lying on sand requires water of the same velocity 
to carry it along. The fine material round and below it is removed 
by the swifter current close to the obstructing mass; it is set in 
motion, and the water playing on the whole of one face rolls it along 
over the even surface of sand. So the occurrence of single blocks 
can often be explained without calling in the agency of ice or any 
exceptional condition. All around the Vale of Clwyd such débris is 
everywhere found, sometimes derived from the solid rock, as in the 
section above quoted (p. 100), near Tremeirchion, sometimes de- 
rived from the drift, as up the road from Pontyralltgoch to Wigfair 

_ Uchaf,sometimes red with the washings of the New Red and the 
result of the decomposition of limestone, and sometimes grey where 
the iron-oxides have been washed away or the rocks from which it 
is derived contained originally a smaller proportion. 

In the Vale of Clwyd this crumbling of all loose material down 
the hill-sides has been going on ever since the land emerged from 
below the waves that left the St. Asaph Drift, through the long ages 
while the sand-dunes and wave-driven shingle were travelling from 
west to east and damming the streams that ran into the sea between 
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Llandulas and Prestatyn, while all the Morfa Rhuddlan beds were 
being laid down, and while the alluvial gravels of the valley were 
being formed ; each shower, each frost, the sunshine, and the animals 
all helped to work the surface of the hills to lower levels. With 
so much time, with such continuous agencies at work, the wonder 
is that any soft material of early date is left upon the hills. 

Where are the deposits of Paleolithic age? Perhaps they may 
be represented by some of the higher terrace-gravels, which are 
older than the Morfa Rhuddlan .beds, and older than most of the 
gravels of the Elwy and the Clwyd. But the chances are enor- 
mously against our finding any remains of that date m the terrace- 
gravels along the hill-sides. The implements were rare and the 
bones were quickly decomposed in those porous water-bearing 
strata. 

It is not as if we had plenty of such remains in the gravels of 
later date. Were it not for that one felstone implement preserved 
by some accident in the more recent gravel of the Elwy, we should 
know nothing of the occurrence of neolithic man in the district 
except from the remains found in caves and from some interments. 

Perhaps some of the Morfa Rhuddlan beds may go back to the 
Neolithic age. The Bos and the Cervus found in them certainly 
came down to Roman and later times. 

Similar phenomena are recorded from West Lancashire * and 
Cheshire’. 

It is perfectly clear that we cannot everywhere draw a hard-and- 
fast line between these divisions. 

The rain and other subaerial agencies must have brought down 
the débris of the hill-sides, and the tidal silt was being thrown 
down in the lower reaches of the Clwyd, while the rivers were 
forming terraces along the cavernous banks of the Elwy. But 
little of that which was washed down in the earlier times has not 
been since removed by the continuance of similar agencies, and none 
can have survived the scour of the submergence. 

So river-gravels were being formed in the upper part of the vale 
while marine deposits were being thrown down in the lower, and 
so on; but, in the main, there is a general sequence to be made 
out, and the relative age is pretty clear, though it will take much 
more work to feel sure where to place the beds seen in every 
isolated section, 

Part VY. 

Caves. 

We must now examine the evidence to be derived from the caves 
and endeavour to find their place in the chronology of the district. 

With a view to this it is of first importance to distinguish clearly 
between the history of the caves themselves and that of the cave- 
deposits. 

* Moore, T. J., Trans. Lancashire Historic Soc. 1885. 
Tt De Rance, Quart. Journ. Geol. Soc. 1871, xxvii. p. 655. 
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There are many kinds of caves, and there are many different ways 
in which caves are formed, and it is impossible to investigate their 
age without inquiring somewhat into the geology and physiography 
of the district; but I shall dismiss this part of the subject very 
shortly with a reference or two. 

First, we are not dealing with artificial caves In any case, nor 
with caves formed by the sea. The cliffs in which they occur are 
not sea-cliffs *. We have to do with natural caves, such as rock- 
shelters due to the subaerial wasting away of parts of the rock 
which were readily shelled off under the influence of variations of 
temperature and of the moisture which was condensed upon it. 

The most favourable condition for the formation of caves is that 
the limestone should have been exposed to the action of the weather 
and its joints opened out, and that then it should be partially covered 
up by boulder-clay, which would collect all the water into runlets, 
and so concentrate it upon certain lines of weakness and form 
underground watercourses f. 

Still more common than the rock-shelters, and more important 
for our present inquiry, are the caves which represent ancient sub- 
terranean watercourses in the limestone rocks which flank the vale 
on either side. How such caves were formed is well known; but 
when they were formed, and to what drainage-system they belong, is 
not always clear. 

For instance, in the Elwy valley the Cefn caves are obviously due 
to the decomposition of the limestone along the weaker lines in the 
genera! drainage-system of that valley; but what the particular 
local conditions were that caused the subterranean channel to 
plunge down suddenly to an outlet far below, is not so clear. 

The adjoining Pontnewydd cave, so far as yet explored, runs 
approximately on one level. 

Near the top of the opposite hill the Plas Heaton cave must have 
been formed under quite different conditions. It does not lie in 
the line of any existing drainage-system; it must be a very 
ancient caye; perhaps it was formed when the streams that flow 
down near Llysmeirchion ran ata greatly higher level, the inter- 
mediate ground being all filled up with drift, or perhaps when the 
drift choked up the Elwy valley, as we have seen above was once 
the case, some of its waters may have found their way into the lime- 
stone rocks above Plas Heaton. 

Tf the Cefn caves were formed by water collected on the imper- 
vious drift, then we must refer them to a later date than the Plas 
Heaton cave; but this is not quite certain, as they may have been 
partly formed when the gorge was first being cut back, and the 
stream ran partly underground, as now in many limestone valleys, 
and only in flood ran along the channel of the apparent stream- 
course. More probably some, if not all, of the Cefn caves were formed 
much later, when the gorge was filled with boulder-clay, and the 
water ran into swallow-holes along the margin of the drift and rock, 

* See Whitaker, Geol. Mag. vol. iv. 1867, pp. 447, 483. 
T See Prestwich, Quart. Journ. Geol. Soc. vol. x. (1854), p. 222. 
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and part of such a one became a sloping cave. In the submer- | 
gence this cave cannot have been formed, as nothing would make 
the current fall to open out vertical passages at the bottom of the 
sea. 

Caves of various age occur along the limestone hills that bound 
the western side of the vale. Some are old fissures enlarged and 
filled with various minerals, and being now opened out again, as 
they are brought within the reach of surface-denudation. Such are 
the water-caves and lodes exposed by mining along the northern 
slopes of Cefn Meiriadog. 

Further north, upon the coast at Llandulas, caves, now left high — 
and dry in the cliffs above the sea, point to different geographical 
conditions there; while a little inland the travertine below Cefn- 
yr-Ogot tells of the same process carried on to later times along the 
margin of the drift-covered hills. 

Crossing to the eastern side of the vale, the fissured cavernous 
limestone of Gwaenysgor and Dyserth has only less conspicuous 
caves, because there are smaller areas of impervious beds above on 
which the water could collect in streams. 

But near Tremeirchion the conditions are more cay anaaible! About 
half a square mile of limestone rising abruptly from the valley is 
surrounded on the east and north and south by the Silurian hills, 
and the water in every little ravine where it touches the limestone 
tends to form swallow-holes and caves. The drift, too, overlaps the 
limestone and carries the water further on to it in places. When 
the gorge was deepened, the old caves were deserted, and the 
streams burst out at lower levels. Such caves are quickly choked ; 
for the hills are steep, and there is much drift and loose super- 
ficial débris being washed down. 

One such ravine which runs down from Y Graig by Ffynnon Beuno 
is full of caves on either side. Some probably were formed when 
first the water touched the jointed rock in the bed of the little 
stream. Some in much later times were fed by swallow-holes along 
the margin of the drift, which was and is still being eaten back by 
surface-denudation. None of these are necessarily very ancient 
caves, as we inferred the Plas Heaton and Cefn caves must be. The 
upper cave, known as the Cae Gwyn cave, was probably fed by a 
swallow-hole on the margin of the drift above the upper entrance; 
and from the lower cave you can now look out at the sky above 
through an ancient swallow-hole which caught the water off the 
drift-covered slope. 

In the valley of the Chwiier, a little further south, we have an 
interesting proof that the waste of the limestone rocks and the 
formation of subterranean watercourses was still going on long after 
the sandy drift was formed. 

Near Caerwys Station, behind the inn which takes its name from 
the white water of the pool, Pwllgwyn, there is a section through a 
great mass of travertine which has been deposited against a mound | 
of drift. The travertine is shown to be newer than the red sand 
and gravel, and to have been deposited against a steep slope of it, 
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as they dovetail into one another, and lines of red sand seem often 
to have been washed far out on to the growing travertine. Where 
this drift overlaps the limestone it must be washed into the crevices 
and caves which are being formed, as the result of the chemical 
solution of which we see the proof in the deposit of calcareous tufa 
at Pwllgywn *. 

Paar Vi. 

The Cave-deposits. 

. The age and manner of formation of the deposits in the caves is 
quite a separate question from that of the age and manner of for- 
mation of the caves themselves. 

As a general rule, we may say that the time of formation of caves 
was a time of destruction. Ever increasing streams were rushing 
into and through the cave as it was being enlarged, and of course 
but little deposit of that date could permanently remain. It was 
when the cave had been deserted by the streams that formed it 
that the age of accumulation of cave-deposits began. Fora long 
time it was still subject to overflow and flood, and the earlier 
deposits always ran a great chance of being swept out. 

Such a cave, brought within reach of the action of the sea, would 
be soon cleared out, and every tide would swill it out afvesh. 
When we try to fix the date of cave-deposits we must appeal to 

the same kind of varied evidence as that on which we base our 
classification of the sedimentary rocks in a natural system. 
We must from an examination of the district try to make out 

when it was that the local conditions first allowed any deposits to be 
laid down in the cave, and establish their true order of succession. 
We must also examine the paleontological evidence. The 

deposit may be very recent, yet contain remains not now common 
in the area from which it was derived, as for instance when a district 
has been cleared of wood, and the land-shells and other forms of 
life have changed in consequence, the cave-deposit may tell the 
story ; we should find those forms of life that haunt the woodland 
succeeded by those that love the open ground. Without taking such 
circumstances into account, and making due allowance for habit and 
habitat, percentage is a very unsafe test in paleontology ; still, when 
we are dealing with bone-caves in which great beasts of prey have 
gathered the remains of all the animals they fed upon, we have the 
record of many of the forms of life that do not usually frequent 
caves, and we can compare the list with those drawn up from all 
the bones found in the ancient river-gravels and old marine deposits, 
and can tell whether they most resemble the older or the newer 
groups of life. In this way sufficient evidence has been collected 
to iorm a rough chronology to which we can appeal in isolated cases 
for adate. — 
Now let us turn to some of the caves in the same district, and 

see what we can learn from an examination of their contents. 

* See Maw, Geol. Mag. vol. iii. p. 253. 
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First, I will take Plas Heaton. This I explored with the late 
Mr. John Heaton. ‘The existence of the cave had been long known. 
It was exposed in opening a quarry, and the broken rock and fallen 
drift and rainwash round the mouth were by degrees removed. On 
removing an old wall built across the mouth by earth stoppers we 
could then get in a little way. The slope of the soil was inwards 
at the end next the house, showing that the infilling of that part 
was chiefly from the mouth behind the increasing barrier of rock- 
débris and washed clay. It rose again towards the far end. A 
large number of bones occurred in the first part, and the earth 
was excavated and laid on the land. Among the bones were those 
of Hyzna, Dog, Wolf, Fox, Glutton, Bear, Badger, Reindeer, Sheep, 
and Rabbit. 

The lower jaw of Glutton I picked up myself, as it was thrown 
out by a workman who was digging in the cave. Not far from it 
were pieces of a large bottle, hke a magnum, buried in the earth 
beyond where we could creep before the excavation had commenced. 
These had probably been thrown in, and appeared to have got so 
far, partly by being carried on by the rain, partly because this 
part of the cave had rapidly been filled, and partly because the earth 
had been disturbed by badgers and other burrowing beasts. We 
found the skeletons of two badgers and two dogs all together in one 
place as if two hounds had got into a badger-earth and all had 
perished together. 

When this cave had been further excavated, bones became very 
scarce, and the cave ended off in a great mass of red clay with 
boulders, slipped masses and washed debris from the St. Asaph 
clay-drift, which les above. Had we come first upon this cave by 
digging from the end still unexplored, some would have said it 
was a preglacial cave, and that its mouth was sealed by Boulder- 
clay. 
i the deepest part of the cave, in the hollow between the accu- 

mulations drifted in from either entrance, there was a mass of very 
fine chocolate-coloured clay, in places finely laminated. This was — 
evidently due to the settling down of the finer sediment washed in 
through crevices when the cave was nearly choked. 

When great storms no longer flood a cave, but the rain still 
causes a pond of muddy water here and there within it, we find 
that laminated clay is formed. No stream or wind stirs the quiet 
water in the deep recesses of the cave, nothing but a falling 
drop breaks its smooth surface; the mud settles down, first the 
coarser, then the less coarse, and last the very finest. So as 
there is a parting of coarser material between every layer of fine, 
the result is a laminated clay, the thickness of each layer depending 
partly on the depth and partly on the turbidity of the water which 
filled the hollows. 

The lamination is caused by the alternations of wet and dry 
weather; but as long as the basin does not vary appreciably in 
depth, and the amount of sediment in the water is the same, the 
lamination must be approximately regular, whatever the intervals 
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between the periods of deposition may be. There is no necessity for 
calling in glacial action or any conditions different from what com- 
monly now recur in caves periodically invaded by muddy water to 
account for laminated clay. 

The Cefn caves were first described by Dr. George Cumming, of 
Dolhyfryd, near Denbigh (see ‘ Llandudno, A Handy Guide, &c.,’ 
by J. Price, p. 80). 

They have since that time been frequently noticed :—Stanley, 
Edin. New Phil. Journ. vol. xiv. 1833, p. 40, Proc. Geol. Soc. vol. 1. 
p. 402; Bowman, J. G., Brit. Assoc. 1836, Rep. Sect. p. 38; 
Falconer, Pal. Mem. vol. ii. p. 541; Anon., ‘ Geologist,’ 1863, 
p. 114; Dawkins, ‘Cave Hunting,’ p. 286. 

In a discussion before the Society (Quart. Journ. Geol. Soc. 
vol. xxvil. p. 410) Mr. Symonds explained the manner of occurrence 
of the shells in those caves, and I stated that I inferred, from what 
I had myself observed, that they were all introduced with the rain- 
wash through fissures &c. from overlying beds of shell-bearing drift. 

The Pontnewydd cave, near Cefn, I described* some years ago, in 
conjunction with my friend Archdeacon Thomas. With regard to 
the traces of human handiwork we said :— 

“On the whole, therefore, it would appear that we have fragments 
of the toughest stone of a country where suitable flint could not be 
procured, shaped like some of the undoubted flint implements of the 
caves of Dordogne, occurring in a cave associated with the same 
group of animals as that found with the French implements ; that 
these instruments are formed of fragments of felstone such as is 
abundant in the drift of the neighbourhood and in the cave-deposits. 
A portion of the original surface left on some of the implements 
shows that they were formed out of such weathered fragments. 
Unless, therefore, the fragments from which the implements were 
formed were brought by man from another and distant river- 
basin, they must have been obtained from the drift, and this is 
rendered almost certain by their being found associated with remanié 
drift mixed with tumble from the roof of the cave. Therefore 
they must belong to a period later than the glacial dispersion of 
the Snowdenian drift. Flint flakes and scrapers have been found in 
BHC CAVE 5)... .... and pieces of undressed flint certainly occur in 
the older beds (c), which would make it at any rate of not earlier 
date than the St. Asaph drift.” 

I have often worked in this cave since then, and added much to 
the collection and the evidence, but see no reason to depart from 
the conclusions at which we then arrived. I referred the bones to 
Professor Busk, who wrote to me as follows :— 

“‘T have looked over the collection of bones and teeth from Pont- 
newydd cave, and find they belong to Hyena spelea, Ursus speleus, 
U. ferox, Equus caballus, Rhinoceros hemitechus, Cervus elaphus, 
C. capreolus, Canis lupus, C. vulpes, Meles taxus, Homo sapiens, 
besides indeterminable or not easily determinable splinters, many of 

* Journ. Anthrop. Inst. vol. iii. 1874, p. 390; see also Brit. Assoc. Rep. 1881 
p. 700; Mackintosh, Quart. Journ. Geol. Soc. vol. xxxii. 1876. 
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which appear to be gnawed by Hyzna or Wolf. Some are rather 
less infiltrated with manganese than the others, but all appear to be 
pretty nearly of the same antiquity, not excepting the human molar 
tooth, which looks quite as ancient as the rest. It is of very large 
size, and in this respect exceeds any with which [ have compared it, 
except one or two from Australia or Tasmania.” 

Here was a cave in which we could not only prove that the 
deposits were postglacial, but even that they were later than the 
marine drift which we call the St. Asaph beds; and in these cave- 
deposits were remains of man—a human molar and stone imple- 
ments of the oldest type yet recognized in the caves of the Vezcre 
(see figs. 1-8, pl.ix.). These are all of felsite, except figs. 7 and 8, 
which are of chert and flint. It would be very curious if we else- 
where, in the same district, found a cave which contained the same 
or a newer group of animals and traces of man’s handiwork, and 
which yet turned out to be of Pliocene or Preglacial age. 

A similar investigation recently carried on in the caves near 
Tremeirchion has led Dr. Hicks* to a different couclusion from 
that at which I had arrived as to the age of the deposits. Dr. 
Hicks’s graphic descriptions, which have been recently laid before the 
Society, render it unnecessary for me now to do more than call 
attention to the points bearing immediately upon the age of the 
deposits in these caves. 

Inside, and more especially at the mouth of, most caves there is 
a breccia, consisting of angular fragments which have fallen from 
the rock while the cave was exposed to changes in the amount of 
moisture and in the temperature. Sometimes the mouth is blocked 
by a perfect barricade of largé masses which have fallen from the 
face of the rock where most exposed. This was very conspicuous at 
Plas Heaton ; at Ffynnon Beuno, however, the fragments were small. 
They are generally packed in cave-earth, some of which is the red 
earthy residuum of the decomposed limestone. In the Cae Gwyn 
cave, that is the upper cave of Ffynnon Beuno, this limestone breccia 
contained a few bones ; and just within the upper mouth of the 
cave, under a projecting mass of rock which was removed with a 
view to making steps up to the surface of the ground outside, a 
flint flake was taken out from sandy clay in the interstices of the 
limestone breccia in which bones occurred. It was found under a 
mass of rock which nearly touched the floor and had to be removed 
to facilitate operations ; and the place where it lay was more like a 
side crevice in the limestone into which it had been washed or 
worked down than part of the regular cave-deposits. A similar 
deposit extended under the sandy drift with boulders, as far out as 
the excavation was carried. 

I do not dispute the genuineness of the flake, nor question its 
occurrence in the cave. The animals found with it belong to the 
same group as that which is elsewhere undoubtedly associated with 
palzolithic man, and it would be enough if glacial deposits could be 

* Nature, vol. xxxiv. 1886, p. 216; Proc. Geol. Assoc. vol. ix. 1886; Quart. 
Journ, Geol. Soc. vol. xlii. 1886, p. 3; Brit. Assoc. 1886, Rep. Sect. 
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proved to have sealed up a cave containing the remains found in the 
Ffynnon Beuno caves. 

But as a question of evidence, we must remark in passing that 
the flake and bones outside the cave occurred just where the swallow- 
hole must have descenced which fed the upper entrance to the upper 
cave before it was quite choked up. 

The real point of interest is this :—the north-west end of the cave 
was blocked by drift, and what appeared to be part of the ossiferous 
cave-deposit extended over the ledge outside the cave and was 
covered by the drift. What drift was this? 

- Referring to the table of the drifts, p. 73, I first explain that it 
cannot be the Arenig Drift, because it contains flint and north- 
country boulders. It cannot be earlier than the St. Asaph Drift, 
which is marine-postglacial, and contains no scratched stones except 
those derived from the preexisting boulder-clay. 

This settles the first and most important question. ven if the 
cave were sealed by the St. Asaph Drift, the deposits in it would not 
be preglacial. 

But can it be the undisturbed marine St. Asaph Drift? I think 
not. I have shown that the marginal deposits of that age, where 
they can be observed, are sands and gravels, such as we might expect 
upon a rocky shore, and such as we see now being formed along the 
North Wales coast—such as are seen up the very same ravine near 
the limestone rock between Y Graig and Cae Gwyn. 

The deposit outside the Cae Gwyn cave consists of fine sand with 
earthy patches and scattered boulders, of such a character and 
arranged in such a manner as would result from the working down 
the slope of surface-débris from the drift. 

The caye-deposits of Plas Heaton or Cae Gwyn cannot belong to 
the period of submergence; for there is no great upsloping bank of 
shingle, such as may be seen in any cave reached by the tide; nor 
would such a sea-cave have been the haunt of man or of the 
hyena. 

It is quite impossible that whether during the occupation of the 
eave, or during a later submergence, the lashing waves on a rock- 
bound shore exposed to the north-west winds should not have swept 
away all loose débris into the fjord below. 

That is probably why we have not yet, and possibly may not in 
any such situation, find the cave-deposits of the age just before the 
submergence. Such a cave as Cae Gwyn would have been swilled out, 
and the ledges in front of and around it swept quite clean by every 
tide, and the washed-out drift would have settled down in the 
depths below, beyond the reach of the wind-waves and shore- 
currents. 

If, then, the cave-deposits cannot have been formed before the 
submergence, because rocks first brought into the district during 
the submergence are found in the drift at the mouth of the cave, 
and debris from this drift is found in the cave, and if further, from 
the character and distribution of the cave-deposits, they cannot be 
due to marine action during the submergence, it follows that they 
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must be referred to an age subsequent to the emergence; but how much 
later there is nothing save the paleontological evidence to show. 

There has been no glacial action in the vale since the age of the 
emergence, when the Talargoch gravels were formed, nothing but 
the denudation by rivers and, on the higher slopes, by rain and sub- 
aerial degradation. And even if we must assign the paleolithic 
remains in the cave to the age of the deposit that blocks the mouth, 
there is no reason why there should not be bones in a cave of the 
age of the submergence. On the contrary, there is a great deal of 
evidence of more or less value pointing to the occurrence of bones 
in these and similar marine-drifts. (See Hughes, Proc. Soc. Nat. 
Sci. Chester, pt. 3, p. 31; Strahan, Mem. Geol. Surv. Expl. Quart. 
Sheet 79, N.W. p. 33. In the Hessle and Kelsea Beds, see Phillips 
and Prestwich and other references given below). There is often a 
difficulty in making out what the beds are from which bones have 
been recorded (e. g. Tindall, ‘ Geologist,’ vol. 1. 1858, p. 493, vol. 111. 
1860, p. 119; Geol. Mag. vol. i. 1864, p. 142. In S. Stafford- 
shire, Jukes’s ‘S. Staffordshire Coal-field, 1859, p. 207; in beds 
in which were also sea-shells, see Lister, op. cit. p. 162). And 
if the drift that finally closed the mouth of the cave and overlapped 
the bones outside it is only the run-of-the-hill, we must remember 
that it 1s nothing new or unexpected that rainwash and limestone 
talus should contain the remains of paleolithic man and other 
animals. On the slopes of Mont Saleve, south of Geneva, flint 
flakes were found in abundance in such talus, associated with bones 
of reindeer, &c. 

But if ever we come upon Preglacial caves we may expect Pliecene 
animals ; and if we find caves belonging to an age anterior to the 
great submergence, it is probable that the animals whose remains 
are found in them will belong to an older group than those found 
in deposits later than the submergence. 

We have not, however, an older group in the Ffynnon Beuno 
cave. We find there the animals of the newer postglacial gravels 
of the south and east of England. We have £. primigenius not | 
EL. antiquus, R. tichorhinus not R. megarhinus, C. tarandus and | 
C’. megaceros not C’. verticornis and C. Sedgwick. 

The list drawn up by Mr. Davies * is as follows :— 

Felis leo, var. speleea. Bos or Bison. 
F. catus ferus, Cervus giganteus. 
Hyezena crocuta, var. speleea. C. elaphus. 
Canis lupus. C. capreolus. 
C. vulpes. C. tarandus. 
Ursus, sp. Equus caballus. 
Meles taxus. Rhinoceros tichorhinus. 
Sus serofa. Hlephas primigenius, 

* Quart. Journ. Geol. Soe. vol. xlii. (1886) p. 17. 
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Quart. Journ. Geol. Soc. vol. xxiii. p. 108, vol. xxiv. p. 515, vol. xxv. 
p- 213, vol. xxviii. 1872, p. 410; Searles Wood, Quart. Journ. 
Geol. Soc. vol. xxii. p. 394, Geol. Mag. vol. ii. pp. 57, 99, 348, 
398, vol. ix. 1872.) 

Tf, then, the drift that hangs upon the slopes above Ffynnon Beuno 
and chokes the mouth of the caves must be later than the emergence 
which left the Talargoch gravels, what can it be? It is not a 
river-deposit. If the Vale of Clwyd was ever filled from side to 
side up to that level by the old western drift, that drift was cleared 
out during the submergence, and there is no reason for believing 
that the valley was ever so filled again. Thus there was nothing 
for rivers to have run upon at that high level. Its character and 

Fig. 5.—View of Old Fence, Ffynnon Beuno. 
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arrangement also prove that it is not alluvium or the torrent-débris 
of the ravine. 

In the Plas Heaton cave the mass of drift overlying the north end 
of the cave is very like the upper St. Asaph Drift, and is probably 
derived directly from it; but in the case of Cae Gwyn cave I do 
not think this is the case. The material that I saw in the section 
close to the rock where the earth had fallen in did not appear to 
me to resemble any known section in the undisturbed St. Asaph 
Drift. It is quite unlike the great masses of red sand exposed here 
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and there in the Wheeler valley. There is nothing in the sections 
below the Mount or at Brynelwy at all resembling it. It is not 
like the drift of Wigfair Isaf or the variable deposits of Wigfair 
Uchaf, except in each case the obvious top few feet of rainwash. 
It is like the mixed mud and sand and gravel which we find every- 
where overlying the St. Asaph Drift, crumbling down the hill- 
sides and conforming to the slope of the ground. There is no 
sorting of the material, as we should expect if currents ran along 
the rock-face or waves dashed against it; but there is, here and 
there, an obscure and gentle false-bedding from the cliff as of 
rainwash creeping down the slope. 

All over the slope above Ffynnon Beuno the superficial deposits 
are creeping down the hill-sides, hanging on every ledge and 
catching on every obstacle. Any old fence proves how rapidly this 
process is going on; one such fence ran across the bottom of the 
field in which the northern end of the cave comes out, passing up 
to the edge of the precipice, about 16 feet from where the drift fell 
into the cave. 

There we see (fig. 5, from a photograph by Mr. A. D. Walker) 
that the “head,” or travelling talus, has been banked up on the 
upper side of the hedge, so that there is a fall of some 8 feet from 
the field on the upper side of the fence to the natural level below it, 
which also has been lowered by the general working of the soil 
down the slope. In the sketch the stack of sods les on the top of 
this old fence; the tree grows out of the side of it. This super- 
ficial talus is the upper part of what has been dug through at 
the upper mouth of the cave, beyond the two persons standing by 
the rails, yet it has not been distinguished as different from that 
which has by some been taken as part of the main mass of the 
drift; and rightly so, [ think. It is all a remanié material. 

If, after an inspection of the ground, any doubt remained as to 
the recent age of some, at any rate, of the material which covered the 
northern mouth of the cave, and which has been by some all 
equally referred to glacial drift, a more careful inspection of the 
glaciated stones out of the mass should dispel it. There were 
plenty of glaciated stones, such as may be found everywhere along 
the flank of the hill; but some of these, in addition to the more or 
less well-preserved glacial striz, carried the deep, rough, irregular 
erooves of agricultural implements. The tilled soil and the rain- 
wash rapidly accumulate on ledges and against fences on the steep 
slopes of the Clwydian range. Similar terraces may be seen close 
by in the second and third field above the road east of Brynbella. 

The absence of shells in any of thesé deposits, so far as negative 
evidence is of any value, may be explained on the supposition that the 
beds have been much modified, if not transported some distance down 
hill, by subaerial action. Fragments of shells are found not uncom- 
monly in the St. Asaph Drift, along the rivers Clwyd and Elwy, 
but not in the deposits about the Ffynnon Beuno caves. Moreover, 
the surface of the limestone fragments was decomposed in the 
drift outside the cave, leaving the less soluble bands sticking out 
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in sharp relief and showing a chemically fretted surface, not such 
as is seen on stones rolled in a current, though common on those 
found travelling in rainwash. This proof of the action of aci- 
dulated water makes it probable that, had there been shells in 
that drift, they would have perished altogether, leaving no trace. 

The surface of the solid rock over and round the mouth of the 
cave was similarly weathered, and the deep undercut ledges are such 
as are commonly found along all cliffs of the Mountain Limestone 
when exposed to chemical and ordinary subaerial weathering, and not 
rounded off by breakers or by ice-action. There was no trace of 
smoothing by ice. 

The scratched stones from the west prove nothing. There can 
have been no man or hyena there when the ice-sheet from Snowdon 
and Arenig carried morainic matter across the Vale of Clwyd. 

There are no scratched stones among the rocks peculiar to the 
drift of the submergence. All the glaciated stones in that are 
derivative; they are washed from old Arenig and Snowdonian 
drift into the St. Asaph Drift and into the rainwash, and are 
being handed on still. On the coast at the present time they are 
seen, still retaining their striations, some distance from the drift 
from which they have been derived. 
We must remember, too, that the drift blocked only one end 

of the caves of Plas Heaton and Cae Gwyn, so that there is no 
difficulty about the manner of occurrence of any of the objects 
except those in and under the drift at the upper entrance in each 
case. 

Part VII. 

Conclusion. - 

To sum up, I offer the following tentative classification of the 
principal drifts of the Vale of Clwyd. I place the Talargoch gravels 
above the St. Asaph clay and sands. The surface of the ground 
at Talargoch is at a considerably higher level than St. Asaph, and 
mining-operations have proved the gravels to extend to a much 
greater depth than the level of the river below St. Asaph; but the 
central parts of a submerged valley would not receive such rapid 
additions from the denudation of the surrounding area as would 
gather along the shore. If we ever recognize the equivalents of 
the Talargoch gravel near St. Asaph it will probably be, as sug- 
gested above, in the upper gravel and sand of the section south of 
Brynelwy. 

Q.J.G.8. No. 169. t 



KENNY HUGHES ON THE PROF. T. MS 114 

> OQ ia?) o 
=b im en B fa?) rs ag 5 ‘SOAVI) UOJVOTT SVT PUL UZOH JO VOTZVULLO es 

‘SOAUD 

UZOD 

JO 

SUITTFUT 

5 
‘SOAVD OUNOG UOUUAT TP JO WOTYVLULLOYT a 

‘SOAR 

OUNOG 

uoUUAT 

YT 
FO 
Sur[FUyT 

= ‘QAR MOJWOTT SV[G JO Sul[[yuy g OQ nee 8 8 =e ear) iS o 8 4 gg a) = & 
‘ase Juang 

“
p
h
a
n
 
f
o
 a
A
 

‘S][OYS 
OU 

* SLOPTMog 
pozVi.tys 

‘d0T JO ony 

~ 

WO 

POALLop 

stopTNoq 

ydooxo 

‘poze 

-14j8 ouou ‘syooa Aajzunod-Yycou pue quIp jo syuourseay ‘ Ss]pos-vos 
‘ydusy 4q Jo poauryg pur ‘pug ‘Aero, 

‘sTToys-wos 
{ dap ‘00.1004 

4Q 
‘poosrypey, 

JO 
opsurys 

yuolouy 

‘oy 
‘suq[op-JUOALOT, ysiquog 

om} 
{Ampa 
pure 
p
m
o
 

ayy 
JO 

seovttoy, 
a
o
d
d
q
 
oy} JO 

[
o
a
r
 

“
A
M
T
 
puv 

pAMIO 
OY} 

JO 
SooBlAOT, 

LOMOTT 
OF 

JO JOARLID 

‘o
n 

_,
{s
]J
So
lO
 

y
y
 

p
o
d
t
o
u
n
y
n
g
 

,, 

Squg 
ouLtengsyy 

£ sAelo-vrcnpno1gouay 

‘oPSUTYG 
puv 

sounp-purg 

ayn f
o
 s
p
r
i
g
 

ayp f
o
 worgmaafrssn7) 

‘480M 
W
O
U
 

[TV [Vldoyeur 
: Avpo-doppnog, 

‘
l
t
d
 

St
ue
ty
 

+H
 

q
q
 

yd
es
y 

49
 

VW
 

‘S
po
g,
 

Yo
os
av
yR
y,
 

cs) 
NIP] DI 

‘
j
o
a
n
 

M
T
A
 

1e
PT
O 

‘a
 

) 

‘T
OA
BR
L)
 

AM
TO
P 

TO
AV
O 

NT
 

oO 
IUYZYJOA NT 

‘S
po

gy
 

UL
V[
Pp
ny
yy
 

Bj
AL
OP
 

ea) 

‘s
po
g 

[
A
Y
 

“V
 

“IVLOWL 
“UDULNY-INq 

“ENIUVIL “IVIAQTIV 
“1ua0aaT 



— 

DRIFTS OF THE VALE OF CLWYD. it5 

There have been many previous attempts to prove the occurrence 
of remains of Man in Miocene, Pliocene, and Glacial beds; and 
before this it has been contended that certain cave-deposits were of 
preglacial age, because a mass of clay with boulders blocked the 
mouth—for instance, in the Victoria Cave near Settle, where a 
large group of animals, such as occur elsewhere along with Man, 
were found in beds overlapped by boulder-clay which had sealed up 
the mouth of the cave. It was at one time supposed, from wrong 
determination of a very obscure fragment, that a fibula of Man 
himself had been found among them; and well there might have 
been, for they were paleolithic animals. I organized the committee 
for the exploration of this cave, and watched the excavation at 
intervals from its commencement, so I had every opportunity of 
forming an opinion as to the age and mode of formation of the 
deposits ; and ‘“ I hold that as the cliff fell back by wet or frost, and 
limestone fragments fell over the cave-mouth, with them also came 
masses of clay, which since the glacial times had laid in hollows in 
the rock above. We dug and found such there, and, more, I 
observed that the clay lay across the mouth, as though it had thus 
fallen, and not as if it came direct from glacial ice that pushed its 
way athwart the crag in which the cave occurs. It seemed to have 
fallen obliquely from the side where the fissured rock more readily 
yielded to atmospheric waste, so that it somewhat overlay the part 
immediately above the cave. On the inside the muddy water which 
collected after flood, held back by all this clay, filled every crevice 
and the intervals between the fallen limestone rock, while still 
outside was the open talus of angular fragments known as screes””*. 

Mutatis mutandis, we have the same story over again at Ffynnon 
Beuno. 
Man followed hard on the receding glaciers; but before the ice 

filled our valleys there is as yet no evidence that Man had visited 
the north-western part of Europe or our island, if it was an island 
then. 

I do not for a moment deny the possibility or even probability 
of our some day finding a cave which was formed before the great 
St.-Asaph-drift submergence, or even before the Great Snowdonian 
ice rode over the Vale of Clwyd on to the Cheshire plains ; but such 
caves will be few, and their age hard to prove, for many will have 
been altogether destroyed by denudation, or will have got swilled 
out by marine and subaerial currents, and no trace of their first 
inhabitants will have been left. The question is one of such great 
interest that we are justified in asking for very clear evidence in 
each case in which it is stated that human remains of great antiquity 
have been found in caves. 

o) Victoria Inst., March 1879. 
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EXPLANATION OF PLATE IX. 

On Plate IX. are figured, natural size, the principal types of implements found 
in Pontnewydd Cave. Nos. 1 to 6 are made of a greenish-grey felstone, pro- 
bably a fine compact ash; no. 7 is of a black cherty material; no. 8 is of flint, 
weathered a yellowish white. 

Figs. 1, 1a. A roughly pointed, wedge-shaped, felstone implement on which, at 
the broader end, a large piece of the original surface of the stone 
remains, showing that it was manufactured from a drift specimen 
and not from rock in place. 

2,2a. An oval, dcuble wedge-shaped felstone implement, resembling a 
form I have obtained from the cave of Le Moustier, but more 
common in the river-drifts. 

3, 3a. Another of the same type as No. 1. 
4. A subquadrate, flat, felstone instrument, approaching the common Le 

Moustier form. One end of this specimen is covered with travertine. 
5. A quadrate, flat, felstone implement, of a common Le Moustier type. 

The corners appear to have been used rather than the edges. One 
part of this specimen shows the original surface of a drift stone. 

6. A rough felstone scraper; the side not shown in the figure is nearl 
flat. 

7,7 a. A flake of black cherty rock, might be a Carboniferous chert. 
8, 8a. A curved scraper-flake of flint, showing the bulb of percussion 

and weathered to a yellowish-white colour. 

Discussion. 

Dr. Hicks said he was entirely unbiassed when he commenced his 
explorations in the caverns referred to, and would gladly have agreed 
with Prof. Hughes’s views concerning the caverns in the Vale of 
Clwyd if that had been possible. He had, however, found that all 
the facts were entirely opposed to the views advocated by Prof. 
Hughes, and consequently he was unwillingly compelled to dis- 
agree with the conclusions arrived at by him. The facts were per- 
fectly clear and had been accepted by every one who had visited the 
caverns, except by Prof. Hughes. The latter did not see the section 
at the Cae Gwyn cave until it was almost entirely closed up ; and he 
had also confounded the mixed material placed against the fence by 
the men in the earlier explorations, as was evident from the dia- 
grams exhibited, with the undisturbed drift, and had based some of 
his arguments on this mistake and on an ice-scratched boulder on 
which there was the clearest evidence of its having been recently 
struck by a workman’s pick. ‘The fence-argument was valueless in 
any case, as it could only affect the surface-deposits and not those 
shown by the speaker to block up the entrance at a depth of 
20 feet. | 

The Arenig Drift is not necessarily the oldest, in places it may even 
be the newest, and it 1s known from well-sinkings to be underlain by 
sands and gravels like those at Talargoch, in which bones of animals 
similar to those found in the caverns were discovered. The speaker 
cited evidence from numerous areas to prove that the oldest drift 
contained northern erratics, and said that no hard-and-fast lines 
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could be made out in the drift of thisarea. Prof. Hughes’s Clwydian 
or St. Asaph Drift must certainly be considered the newest, as it is 
mainly remanié. It is situated at a low level between the im- 
portant rivers Elwy and Clwyd. The high-level drift at Cae Gwyn 
is a true undisturbed glacial deposit full of ice-scratched boulders, 
and may be correlated with the deposits mentioned by Mr. Strahan, 
in his Geological Survey Memoir, as occurring at so many points 
at a high level in this area. The paleontological evidence shows 
that the caverns contained a large proportion of the animals found 
in the Norfolk Forest-bed, which Prof. Hughes admits to be pre- 
glacial. The absence of other forms would only show that they 
had probably not migrated into this area, hence this cannot be relied 
upon as evidence of difference in age. 

Dr. Hicks was perfectly convinced by the evidence found during 
the explorations that the caverns of Ffynnon Beuno and Cae Gwyn 
(the other caverns referred to by Prof. Hughes are nearer the 
great rivers and at a much lower level, therefore the evidence ob- 
tained from them is of much less value) must have been occupied 
by man and the animals before the climax of the ice age. Also 
that the thick stalagmite was formed during the ice age, that this 
was broken up by marine action during the submergence, and that 
the caverns were afterwards completely covered over by materials 
deposited from floating ice. The mammalian remains and the im- 
plements, he therefore maintained, must be considered as of pre- 
glacial age. | 

Dr. J. Evans spoke on the difficulty of reconciling the views of 
the two geologists who had spoken ; perhaps both were right in part. 
He pointed out that a valley must have been cut when the upper end 
of the Cae Gwyn cavern was opened. In a case in Norfolk of sup- 
posed preglacial implements, the Boulder-clay beneath which they 
were found proved to be a remanié deposit. 

If the cave were preglacial, either the glacial age in Wales was 
distinct from that in the east of England, or Man went away and 
returned again. The implement from Cae Gwyn resembles those 
of the upper deposits of Kent’s Cavern. Now some of the imple- 
ments in the east of England are made of stones brought into the 
district by ice of the glacial period. We have also evidence that 
Plas Newydd cave is postglacial. It is improbable that similar 
implements are preglacial in Wales and postglacial in the south of 
England. 

Prof. Borp Dawxrys said that he had examined much of the 
drifts of Wales and Lancashire, and doubted if those of the Vale of 
Clwyd could be distinguished from each other as clearly as Prof. 
Hughes contended. The interest attaching to the cave depends on the 
light which it throws on the relation of Palxolithic man to the 
Glacial period.” After examining the fresh section he felt obliged 
to accept Dr. Hicks’s evidence. The drift above the place where 
the implement was found was, in his opinion, not remanié, but in 
situ. The fact that Paleolithic implements occurred in Postglacial 



118 PROF. T. MSKENNY HUGHES ON THE 

deposits in other caves in the neighbourhood did not prove that they 
are of Postglacial age in this cavern, because there is evidence at 
Crayford, in Kent, that the river-drift man was Preglacial in the 
valley of the Thames. Paleolithic implements are found over a 
wide area in the Old World—in the south of Europe and north of 
Africa, in Egypt, Palestine, and in India; and their distribution 
can only be accounted for by the river-drift man having lived for 
a long series of ages on the earth, long enough, indeed, to be pre- as 
well as postglacial. 

With regard to the Mammalia found in the caves of the Vale of 
Clwyd, nearly all were living in the eastern counties in the pre- 
glacial age. There is clear proof (1) that the Pleistocene Mammalia 
invaded Europe in the preglacial age; (2) that they were driven 
away from the British area by the results of the lowering of the 
temperature and of the depression of the land; and (3) that they 
returned and occupied the British area after the retreat of the ice and 
the re-elevation of the land. They therefore afford no evidence as 
to the relation of the deposit in which they are found to the Glacial 
erlod. 

; Mr. Drew asked Dr. Hicks at what depth (behind the fence) did 
the solid rock occur beneath the place where there was now material 
tipped by the workmen. 

Dr. Hicxs, in reply to Mr. Drew, said that the shaft exposing the 
drift-section was at the furthest end of the cavern from the old 
fence. 7 

Prof. Carvirt Lewis regretted not having seen the cave itself, 
though he had examined the glacial deposits of the neighbourhood 
and of North Wales generally. He was glad to hear that the views 
of the speakers this evening were in favour of a simplification of 
glacial phenomena. From a study of glacial deposits in many 
parts of Great Britain and Ireland, he had been led to believe that 
there had been only one advance of the ice and one retreat, one 
slight elevation and one slight submergence, and that the submer- 
gence in the non-glaciated area was contemporaneous with the 
maximum extension of the ice in the glaciated area. There were 
three main areas of local glacial dispersion in Wales, the glaciers 
from each of these being defined by terminal moraines. But there 
was also satisfactory evidence that an ice-lobe coming from Scotland 
and filling the Irish Sea had impinged upon the extreme northern 
border of Wales, and passing over Anglesey and along the west side 
of the Snowdonian mountains on the one side, and into Cheshire and 
along the east of the mountains on the other side, had pushed its — 
terminal moraine against the highlands and in the teeth of the | 
opposing local glaciers. The latter were both earlier and later than | 
the northern ice-lobe, and the two drifts were therefore often com- | 
mingled. The line dividing the northern ice-lobe from the Snow- | 
donian glaciers was close to the cave under discussion, and the | 
massive deposits near St. Asaph were probably washed out of the 
common terminal moraine. The undoubted marine deposits, full of 
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shells, which cover the lowlands of Lancashire up to 150 feet above 
the sea, also extended up the Vale of Clwyd to the same level; but 
much of the stratified material in this valley was remanic. Tor- 
rential freshwater action operating during the melting of the ice is 
an important factor not to be omitted in studying valley-gravel. 
Many terrace-deposits supposed to be marine are of freshwater 
origin and of late glacial age. 

The PREsiDENT insisted on the importance of carefully weighing 
the evidence adduced by the Author, seeing to what an enormous 
extent it was proposed to carry back the date of Man’s appearance 
on the earth. All those who had visited the open section seem to 
have regarded Dr. Hicks’s views as, at all events, tenable. 

Prof. Hueurs explained that the old hedge to which he referred 
was that shown in the sketch and photographs which he exhibited 
(it was about 16 feet from the opening in the drift above the upper 
entrance), and that no material from the cave had been thrown by 
the workmen over the part opposite the upper entrance. The 
scratched boulder produced, with the marks of agricultural imple- 
ments, was one of many out of the drift dug from before the mouth 
of the cave, and was the one given him by Mr. Luxmoore as a 
typical specimen of the boulders in the drift. Pontnewydd and 
Plas Heaton caves could hardly be said by any one acquainted with 
the district to be at a low level near the great rivers. He would 
refer to his paper for the evidence in favour of his classification of 
the drifts, merely pointing out the difficulty of accepting Dr. Hicks’s 
correction that the Arenig Drift is not necessarily the oldest, though 
he allows that the St. Asaph Drift must certainly be the newest. 

He did not understand Prof. Dawkins’s suggestion that Man could 
have lived through many glacial phases, if he was speaking of the 
district under consideration. When the Arenig ice covered every- 
thing, Man cannot have been there. He was not discussing the 
question whether Man may have been in existence anywhere on the 
earth while glacial conditions prevailed in Wales, but only whether 
there was evidence that the cave-deposits of the Vale of Clwyd were 
preglacial or a little later or much later. He had shown that, 
according to the best authorities, there was an earlier and a later 
Pleistocene group of mammals, and had pointed out that the animals 
in the Ffynnon Beuno caves belonged to the newer. 

In reply to the President’s remark, he regretted that Dr. Hicks 
should, after his attention had been more than once called to the 
imaccuracy of the statement, have again endeavoured to throw dis- 
credit upon his evidence on the ground that he had not had oppor- 
tunities of examining the sections. Dr. Hicks had no means of 
knowing how often he had visited the locality, but had had the 
means of knowing from a printed report that he (Professor Hughes) 
had examined the caves, and proposed to explore them about a year 
before Dr. Hicks is supposed to have discovered them. Professor 
Hughes’s home was close by ; he had frequently visited the caves, 
and had on several occasions examined the drift that abutted against 
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the rock in the section referred to by Dr. Hicks from the bared 
limestone at the base to the surface. He could assure the President 
that he had not brought the matter before the Society without 
taking pains to make himself thoroughly acquainted with the facts 
of the case. 

He was glad to have the concurrence of Prof. Carvill Lewis in 
the views he had put forward with regard to the sequence of events 
in Glacial times in Wales. 
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8. On the Dentition and Arrinities of the SetacHian GENUS 
Prycuonus, Agassiz. By A. Smita Woopwarp, Ksq., F.G.S., of 

the British Museum (Natural History). (Read December 15, 

1886. 
[Prats X.] 

Notwitustanpine the abundance of the well-known teeth of Piy- 
chodus in the Chalk of many localities, and the long list of specific 
forms that have already been recognized, very little information has 
hitherto been published in regard to the precise affinities of the fish 
to which they originally appertained. So rarely, indeed, are any 
of the teeth found associated in natural sequence, that it has been 
necessary to await the results of many years’ patient collecting 
before being able to pronounce a decided opinion; but materials are 
now forthcoming for at least one further step in the determination 
of their relationships, and I therefore venture to offer to the Geolo- 
gical Society some account of the accumulated evidence. 

Since these interesting fossils first became the subject of scientific 
study, it has been almost the universal custom, as is well known, 
to refer the genus to the somewhat comprehensive “ family ” of Ces- 
traciontide. An early determination of Mantell*, it is true, resulted 
in the suggestion that they formed the dental armature of fishes 
allied to the Teleostean Diodons; but the elaborate researches of 
Agassiz’, supported by Owen’s simultaneous investigation of their 
microscopical structure t, have always been cited as ample proof 
of the affinity of their original possessor with the Cestraciont Sharks ; 
and the deeply rooted tendency among paleontologists to refer every 
isolated crushing-tooth to the same extraordinary group has also 
contributed to the adoption of this arrangement without serious 
question. 

But the original observations from which the inferences as to the 
systematic position of Ptychodus were deduced are obviously of a 
very uncertain and inconclusive character. In the absence of any 
but scattered remains Agassiz was compelled to make use of sug- 
gestive appearances and probabilities rather than well-ascertained 
facts; and in framing his conclusions he particularly emphasized 
at least two of these leading points. In the first place, certain 
groups of teeth seemed to be so arranged that the smaller and more 
prehensile examples occupied an anterior position, while the more 
truly grinding-teeth were scattered posteriorly, thus indicating 
a disposition analogous to that of the living Cestracion; while, 
secondly, there were good reasons for suspecting that a number of 

* G. A. Mantell, ‘ Fossils of the South Downs,’ 1822, p. 231. 
+ L. Agassiz, ‘Recherches sur les Poissons Fossiles,’ vol. iii. pp. 56-59, 

150-158, 162. 
t R. Owen, “On the Structure of Teeth,” Brit. Assoc. Rep. 1838, Trans. 

Sect. p. 140 ; and ‘ Odontography,’ pp. 57-59, pls. xviii., xix. 

Q.J.G.8. No. 170. | K 
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curious “ Ichthyoderulites ” also armed the dorsal fins of the same 
fish. 

Owen’s iurther evidence in a similar direction consisted in the 
remarkable resemblance between the medullary tubes traversing the 
dentine of the teeth and those to be observed in the teeth of Ces- 
tracion and Acrodus ; aud in this particular it became obvious that 
there was a marked divergence from the dentinal structure of 
Rhynchobatus (Rhina)*, with which the peculiarities of mere 
external form suggested comparison. 

The latter superficial resemblance has frequently been noted by 
subsequent writers +, and Dixon has even remarked+ upon the 
possibility of the genus Rhynchobatus affording some clue to the 
arrangement of the fossil teeth in the jaws. But until eleven years 
ago the three fundamental arguments of Agassiz and Owen remained 
unshaken, and it is only within this later period that comparatively 
satisfactory materials for study have been forthcoming. Professor 
EK. D. Cope was the first, in 1875 §, to show that the supposed dorsal 
spines of Ptychodus were really the paired fins of Teleostean fishes, 
having discovered much more complete specimens in the Cretaceous 
beds of the Western Territory of Kansas. And last year, in the 
pages of ‘Science Gossip’ |!, | was able to demonstrate briefly that 
the fossils upon which Agassiz based his conclusions as to the 
arrangement of the dental armature were likewise misleading, and 
that there was not the slightest agreement with the Cestraciont 
plan. 

As regards microscopical structure, it seems possible to draw con- 
clusions from Owen’s observed facts somewhat different from the 
original inferences still generally accepted. And it is with a dis- 
cussion of the two latter questions, especially the first named, that 
the present communication is particularly concerned. 

In the prosecution of such an inquiry the fossils in the National 
Collection afford several important fragments of evidence, and of 
these it is proposed to offer some detailed descriptions. But the 
most beautiful and instructive specimen that I have the honour of 
bringing before the notice of the Society forms one of the fine series 
of Cretaceous fossils in the Brighton Museum, collected by Henry 
Willett, Esq., F.G.S. To the latter gentleman I owe my best thanks 
for the opportunity of studying it in London and of utilizing it in 
the present investigation; and I have also to acknowledge much 
kind help from Edward Crane, Esq., F.G.S., Chairman of the 
Brighton Museum Committee, who first pointed ‘out to me the fossil 
last spring. 

* R. Owen, ‘ Odontography, pp. 44-46, pl. xxiv. | 
+ ¢.g. Pictet (‘ Paléontologie,’ 2nd edit. 1854, vol. ii. p. 265) and Quenstedt 

(‘ Handb. der Petrefaktenkunde,’ Ist edit. 1852, ‘P- 181). 
{ F. Dixon, ‘ Geology and Fossils of Sussex, 1850, p. 861; 2nd edit., 1878, 

D. 390. 
: § E. D. Cope, “ Vertebrata of the Cretaceous Formations of the West” (U. 
S. Geol. Surv. Terr., 1875), pp. 244 a-r. 

|| Smith Woodward, “Chapters on Fossil Sharks and Rays.—IV.,” ‘Science 
Gossip,’ vol. xxi. 1885, p. 109. 
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_ Descriptions of Specimens. 

The detached teeth of Ptychodus are so familiar and have been so 
frequently figured, that nothing remains to be added to the pub- 
lished descriptions of their general form. But it will be convenient 
to anticipate slightly by referring to their original relations in the 
jaw. ach tooth was so placed that the large characteristic ridges 
and furrows had a transverse direction, while the borders parallel to 
these were completely anterior and posterior. Judging from the 
analogy of several recent Selachians to which the genus is most 
nearly allied, the somewhat excavated and abrupt boundary of the 
crown was posterior, while the more gently sloping and overhanging 
border formed the front; this is the interpretation adopted here, and 
in all our figures the anterior border is directed downwards. 

On examining the associated groups of teeth, it at once becomes 
evident that they were arranged in the mouth on two distinct, but 
yet closely similar plans. The first type, of which I have already 
published a sufficiently accurate diagrammatic sketch (loc. cit.), is © 
admirably elucidated by the fossils in the British Museum; and 
the second is equally well shown in Mr. Willett’s specimen, which, 
moreover, demonstrates that the two arrangements were opposed to 
each other in the dentition of the same individual. 

I. An interesting forerunner of the fossils revealing the first of 
these plans is a small example of P. decurrens, figured many years 
ago in Dixon’s ‘ Geology of Sussex ’ (plate xxxii. fig. 5); but this is 
scarcely complete enough to give any satisfactory clue to the entire 
armature of which it formed a part. Only nine teeth are shown, 
though these indicate portions of no less than four parallel rows, 
one represented by three components, and the remainder exhibiting 
buttwo. There is evidence of one series composed of relatively 
large teeth, and the rows immediately adjoining this on either side 
are so completely alike in character and dimensions as to appear 
quite symmetrically disposed in regard to it; while a still more 
diminutive series alone remains to the left. 

II. But the specimen of greatest interest in this respect still re- 
mains undescribed, and is shown of the natural size in Pl, X. fig. 1, 
lis precise locality is unknown, and there is some difficulty in its 
specific determination; but itis evidently a close ally of P. decurrens, 
even if not a variety of that form. Thirty-four teeth have been 
disengaged from the surrounding chalky matrix, and of these no 
less than twenty-three are shown in their natural order. There are 
remains of six parallel series, and the general appearance of the 
specimen is at once suggestive of symmetry about the row of largest 
teeth, which would thus be median when the dentition was com- 
plete. This series (0) is represented by five of its components, 
and it is noteworthy that there is scarcely any variation in size as 
they are followed from behind forwards; all, indeed, have approxi- 
mately the breadth of 0:021 m., and the length of 0:016m.* The 
series (1) immediately to the left of the median row is likewise 

* All the measurements are given in decimal fractions of a metre. 
K2 
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represented by five teeth, but of its homologue to the right only 
four remain. These teeth also vary but little in size, and their 
average measurements are 0°013 in a transverse direction, and 0:01 
antero-posteriorly. They are not adjusted to the edges of the inter- 
posed large teeth with any marked regularity, having no definite 
relation to the interspaces; but each example appears to be slightly 
adapted in shape to fit whatever position it occupies. A second 
lateral row (2), similarly adapted to the outer border of the first, is 
indicated by six of its components to the left and by two to the 
right ; these are still smaller in size than the others, measuring 
only 0:01 by 0-009 on the left, though the two corresponding teeth 
situated more posteriorly on the right are a millimetre longer, and 
thus square. A still smaller and somewhat oblique series (3), forming 
a third lateral row, is represented to the right by a single tooth, the 
dimensions of which are only 0-008 by 0-008. 

This specimen affords an excellent opportunity of observing the 
character of the surface-ornamentation of the teeth in different parts 
of the mouth, and entirely confirms the conclusions of Agassiz based 
upon scattered groups. There is no variation of muportarice, and 
such as would lead to the establishment of more than one species if 
the teeth were found detached; and, except in size, the lateral teeth 
only differ from the median in being slightly flatter, and, in a few 
cases, somewhat oblique. 

III. Another fossil in the British Museum that may perhaps be 
referred to the same jaw as the preceding, though quite as probably 
belonging to the opposing dentition, is also of considerable import- 
ance, and is shown of the natural size in Pl. X. fig. 2. This is an un- 
doubted example of P. decurrens, obtained from the Chalk of Dorking, 
and forms part of the late Dr. Bowerbank’s collection (B. M., no. 
39134). Twenty-one teeth are preserved in their natural relations, 
and these are the representatives of six parallel rows. The largest 
series, to the extreme right, is only indicated by a single one of its 
components; but of the second row there are three; of: the third, 
six ; of the fourth, six and the impression of a seventh; of the fifth, 
three; of the sixth, two; and on the back of the fossil there are 
several scattered examples of a seventh row (fig. 2,7). In each of 
these rows there is exceedingly small variation in size, and the 
maximum transverse and longitudinal measurements are as follow :— 

Series. Transverse Measure. Antero-posterior Measure. 

Hh. erase aa is) 0:023 0-017 

DS Saas EME Ey, 0°015 ‘0-012 

Deity ENE, 0-011 0-009 

PL MRC Rp Ne Scat Se 0-009 0-007; 

Digi ere BN ane ba 0-008 0-006 

Ga ee Maia ape ee 0-006 0°:005 

Yi ee NO 0:005 0-004 

The teeth are slightly more displaced than in specimen No. II.; 
but the irregular manner in which the components of one series are 
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adapted to the next is again very evident, and there is the same 
slight accommodative variability inshape. The superficial ornamen- 
tation is also equally constant; but there is a greater tendency to 
obliquity in all the teeth, this becoming observable even in series 
no. 2, and especially marked in the rows beyond. 

IV. A small example (fig. 3) of the same species from the Lower 
Chalk of Halling, Kent, affords the first definite indication of the 
second plan of arrangement already referred to. Only nine teeth 
are shown in their natural! relative positions, forming parts of three 
parallel rows; but in the absence of further evidence, the remarkable 
want of symmetry is a most perplexing characteristic. The middle 
series, represented by four of its components, is considerably the 
largest ; but in the two adjacent rows the teeth of the one side are 
notably smaller than those of the other, as shown by the following 
average dimensions :— 

Series. Transverse Measure. Antero-posterior Measure. 
Ue a ata ae 0-006 0-005 
| inacetybiepene acacia 0-014 0-010 
cad a ae are 0-010 0-007 

It is also noteworthy that in the smallest teeth the peculiarities 
of the grinding-surface are somewhat abnormal, the peripheral 
eranulated area encroaching to such an extent upon the transversely 
furrowed portion that the latter becomes quite inconspicuous. 

VY. But a complete explanation of this specimen is afforded by 
Mr. Willett’s magnificent fossil from the Chalk of Brighton (Pl. X. 
figs. 4-10). Like most of the other comparatively undisturbed re- 
mains, it is referable to the common P. decurrens, and no less than 
thirty-four teeth are firmly cemented together in their natural rela- 
tions by slightly crystalline pyrites; while seventy others were 
originally associated with this mass, though now detached in small 
groups and isolated specimens. 

Of the jaw already described, only seven teeth are cemented in the 
main mass, and these belong to the median and the first left lateral 
row; but of the opposing jaw, hitherto entirely unknown, there are 
satisfactory remains of six longitudinal series, and certain detached 
fragments afford evidence of still more. Here, again, there is com- 
plete symmetry around a median azygous row ; and in describing the 
arrangement it will obviously be necessary to use the terms right 
and left in the opposite sense to that already employed in reference 
to fig. 1. 

The median series is scarcely visible on the grinding-surface, only 
a portion of one tooth projecting through the hard pyrites; but evi- 
dence of its presence is afforded by the distinct abrasion of the sum- 
mits of the opposing teeth, and one of its components is exposed on 
the back of the fossil, while two others are shown in a detached 
fragment. These teeth (fig. 5) are comparatively small, elongated 
antero-posteriorly, and, like those of the most diminutive row in 
Specimen No. IV., are somewhat abnormal from the circumstance 
that the granulated ornament considerably encroaches upon the 
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median area usually occupied by transverse ridges and furrows. 
Each tooth is narrowed in front, the blunt anterior end fitting into 
the slightly forked and broadened posterior end of its (SURES, 
and the root is ea deep. 

In the series (fig. 4,1) immediately adjoining this median row on 
either side are arranged the largest teeth of the jaw, measuring as 
much as 0-025 in a transverse direction, by 0-019 antero-posteriorly. 
These (fig. 6) are quite of the normal type, rectangular, not much 
elevated, and approximately equal in size, so far as is indicated by 
the ten examples preserved. 

The second lateral row (fig. 4, 2) is represented on the left by 
seven of its components, and on the right by four. These teeth 
only attain the average dimensions of 0-016 transversely, by 0-013 
longitudinally, and there is little trace of obliquity; but a third and 
much smaller series, of which four teeth remain on the left (3), begin 
to exhibit a slightly rhomboidal form, and in their fossilized state 
are directed somewhat backwards. The latter have an average 
measurement of 0-012 by 0-01, and, like all the others of this jaw, 
do not exhibit any distinct traces of wearing. 

The main mass does not afford evidence of further lateral rows, 
though some are evidently broken away from each side. But a 
detached fragment of the fossil (fig. 7) shows three examples of the 
right row no. 3, flanked outside with three members of a fourth 
series, which are again smaller and measure only 0:01 by 0-007. 
These teeth are very oblique, and seem to have been followed by at 
least one, and probably more outer rows, though no certain proof 
is forthcoming. 

Of the opposing Jaw, as alr eady stated, only seven teeth are pre- 
served in their original positions, five of these representing the 
median series, and the remaining two belonging to the first lateral 
row on the left. A detached median tooth (fig. 8) also seems to fit 
in a hollow in the main mass, and this, being divested of all adherent 
pyrites, may be described as a very typical example. It is rather 
larger than the largest in the other jaw (fig. 6), and more trans- 
versely elongated ; and the crown of the tooth has a remarkably 
conical form, in consequence of the depth of the groove into which 
it is adapted to fit when biting. It measures 0°032 transversely, 
by 0-02 longitudinally, and the other corresponding teeth with worn 
summits are of approximately the same dimensions ; but two asso- 
ciated examples, evidently just developed and never functional, are 
of somewhat greater size, having a breadth of 0° 036 and a length 
of 0:023. 

The grinding-surfaces of the two lateral teeth im situ are obscured — 
by contact with the cementing pyritous matrix; but there are several 
loose specimens, and one is shown from two points of view in fig. 9. 
The dimensions are considerably reduced, averaging only 0-026 by 
0-015; but there is the same transverse elongation, and the crown 
is likewise much elevated. It is also noteworthy that the examples 
showing most evident traces of wearing have a transverse measure- 
ment as much as four millimetres less than that of the newly 
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developed teeth of the same series, and there is a corresponding 
diminution in length. 

Remains of a second lateral row are preserved in contact with a 
detached series of the left row no. 1 (fig. 10), and these are, again, 
smaller (measuring 0°016 by 0-012) ; but it is not possible to distin- 
euish with certainty any of the teeth originally placed beyond. 

Exactly as in the previous specimens—and as is to be observed 
in all associated groups of Ptychodont teeth—there is no remarkable 
variation in the ornament of the grinding-surface in different parts 
of the jaw (except in the small median row), and it is interesting to 
be able to determine that there is no difference in this respect between 
the upper teeth and the lower. 

Mr. Willett’s specimen also supports the conclusion, based upon 
the National fossils, that there is no regularity in the plan by which 
one row of teeth is adjusted to the next, and offers many good 
examples of the slight adaptive variability in shape. But there is 
one interesting fact in regard to this adaptation which is not so 
clearly demonstrated in the majority of specimens, and whichis worthy 
of a passing note, since it affords a method of readily distinguishing 
‘““lefts” from “rights.” The outer edge of every lateral tooth is 
more or less regular, being almost straight, andterminating anteriorly 
and posteriorly in a gentle rounded angle, while nearly all the 
modifications requisite to ensure the continuity of the dental arma- 
ture are provided by the variable inner edge, In-very many cases 
the posterior inner angle is produced considerably backwards (e. 9. 
fig. 9); but neither this nor the other adaptations appear to affect 
the extent of the transversely ridged median area. 

A further point of interest in the Brighton fossil consists in the 
well-marked character of the pressure-scars, produced—like those 
in the teeth of Proboscidian Mammals—by the forward progress of 
the dentition during growth. They occur as small polished patches, 
exposing in section the minute medullary canals with which the 
dentine beneath the surface is everywhere traversed ; and, as might 
naturally be expected, they are most prominently shown in the older 
anterior teeth. Typical examples are shown in figs. 8, 9. . Other 
teeth in the British Museum exhibit the same feature, though I 
am not aware of its having hitherto been noted, and scarcely any 
specimens show it so prominently as the example just described. 

V1., VIL. In the light of the foregoing facts, it will be interesting 
now to attempt a revision of the various specific types of the genus 
Piychodus, and to endeavour to interpret the numerous associated 
groups of teeth that are already within the reach of scientific 
Inquiry; but such will be a work of considerable extent, and it is 
beyond the scope of the present communication to enter this 
untouched field. 

It may be worth while, however, to append sketches of the median 
teeth of two of the species, for comparison with those of P. decurrens ; 
and the originals of figs. 11 and 12 are such teeth, belonging to 
P. polygyrus and P. paucisulcatus respectively. In tine former 
(fig. 11) the ordinary median area is reduced to a small conical 
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eminence with radiating furrows; while in the latter (fig. 12) the 
same part of the grinding-surface is represented by about three very 
short, comparatively broad ridges, and the anterior granulated 
portion is marked by delicate branching grooves. 

VIII. A concluding note may also be added upon a large median 
tooth of P. decurrens (fig. 13), which shows the extent to which abra- 
sion sometimes proceeded before the final shedding. The scar caused 
by the opposing row of diminutive median teeth has assumed extra- 
ordinary proportions, and there are also three well-defined lateral 
marks of wearing. Two of the latter are observed on the left, and 
a larger one, connected with the median, is situated somewhat 
posteriorly to the right. 

Conclusions. 

On taking a general glance at the fossils just described, and 
considering their peculiarities as mutually illustrative, it seems 
possible at last to determine the precise character of the dentition of 
Piychodus, at least so far as one species is concerned. The specimens 
numbered II. and V. (figs. 1 and 4) show distinctly the plan of ar- 
rangement of the two jaws, and the other small fossil No. IIT. (fig. 2) 
will obviously determine the number of parallel rows constituting the 
complete armature. Unfortunately, however, it issomewhat difficult 
te decide whether the latter specimen is truly referable to the jaw to 
which I supposed it to belong when my previously published diagram 
was sketched, or whether it rather appertains to the new type of 
dental arrangement revealed by Mr. Willett’s fossil. It is un- 
doubtedly an example of P. decurrens, and the rows marked 1 and 
2 exhibit precisely the same relative proportions as those similarly 
denoted in specimen No. IV. (fig. 3); while there is no transverse 
elongation such as is evident in the most fragmentary jaw of No. V. 
(fig. 4). The larger tooth, on the other hand, does not agree very 
well either with the original of fig. 6 or that of fig. 8; but, on 
the whole, it seems most likely that the former is its homologue. 
Such being the case, there would be originally seven lateral rows on 
either side of the small median series, and the opposing jaw would 
almost certainly comprise an equalnumber. If, however, the large 
tooth in fig. 2 is one of a median row, there will only have been 
six lateral series in each. 

Having determined so much, it requires but little study to demon- 
strate that the dentition is that of a true Ray, and does not bear the 
slightest resemblance to that of the Cestraciont Sharks. Though, 
at first sight, the specimen No. IL. (fig. 1) might suggest its apper- 
taining to a single ramus of the jaw—vwith the largest series in the 
middle, much as in the living Cestracion—yet the absence of all 
obliquity in the rows, and their completely symmetricalcharacter, are 
features that at once forbid this interpretation ; and Mr. Willett’s 
specimen (No. V.) furnishes decided proof that such an idea is quite 
inadmissible. The two mandibular rami were thus placed almost 
in the same straight line, as is the case in so many of the living’ Rays, 
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and the symphysis (as usual in these fishes) produced no line of 
demarcation in the enveloping dental armature. 

This approximate determination of the affinities of Pt ychodus, 
indeed, seems to furnish a means of deciding upon the relative 
positions of the two jaws already described. For on examining 
recent Rays it will be observed that the contours of the dentition 
are nearly always slightly wavy, with a prominence at the symphysis 
of the lower jaw, and a corresponding groove in the upper; and 
this relation appears to be quite constant throughout the group. 

There can be little doubt, therefore, that the lower jaw of the 
extinct genus under consideration was armed by the teeth so well 
displayed in the original of fig. 1, while the upper was provided 
with- the series most satisfactorily shown in fig. 4. 

But with regard to the family with which the Ptychodonts ought 
properly to be associated, the dentition alone is insufficient to afford 
a definite clue. For among recent Rays the characters of the teeth 
are never of more than generic value*; and there is so much 
variation among the members of the same group that it is impossible 
to proceed beyond a hazardous speculation. Even so peculiar a 
dental arrangement as that of Myliobatis, for example, does not 
prevail throughout the entire family to which it belongs, since one 
genus (Dicerobatis) appears totally different and is armed with 
ordinary diminutive teeth, while another (Ceratoptera) possesses no 
dentition whatever in the upper jaw, and has nothing of importance 
in the lower}. Owen and others, as already remarked, have fre- 
quently noted the superficial resemblance of Ptychodus to the living 
Ehynchobatus, and it is quite possible that there may be some 
natural affinity; but in this form the teeth are diamond-shaped, 
with the transverse ridges extending from corner to corner; and 
their quincuncial arrangement and microscopical structure are 
serious obstacles to a belief in the suggested relation just mentioned. 
The arrangement of the teeth in parallel rows, crossing the rami at 
right angles, and their gradual diminution in size from the median 
series outwerds, are features perhaps indicating some affinity with 
the huge Myliobatide ; and it is in proximity to these that I would 
venture to assign the genus a place. Unfortunately, however, the 
broken fragments of cartilage that constitute the only part of the 
skeleton hitherto discovered are not sufficiently perfect to yield any 
more definite information ; and it is quite possible that we are here 
concerned with a representative of an extinct family as yet unknown 
to biological science. 

And, in arriving at sucha result, it is impossible to omit a passing 
allusion to Prof. Sir Richard Owen’s supposed decisive argument 
in a different direction, derived from a study of microscopical 
structure. The distinguished author of the ‘ Odontography ’ 
himself has doubtless long ago abandoned the ‘idea of being able to 
recognize fossil (rehaciont faa from an examination of ine pecu- 

* A. Giinther, ‘Catalogue of Fishes in the British Museum,’ vol. viii. 
pp. 434-498, | 

t A, Giinther, op. cit. pp. 496-498, 
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liarities of the vascular dentine; and as such investigations failed 
to separate the Dipnoan Ctenodus and Ceratodus—and, still more, 
the Psammodonts and Petalodonts—from the Cestraciontide, it is 
not surprising that they were likewise unsuccessful in correctly 
determining Ptychodus. Microscopical structure, in fact, seems rather 
to depend upon function, and not so much on genetic relationship. 

In conclusion, the question arises as to whence Ptychodus came, 
and whither its descendants, if any, departed. For, so far as is 
at present known, not a trace of this generic type occurs in any 
deposits beyond those of Cretaceous age; and no one has yet 
succeeded in discovering a Selachian tooth that is obviously a modi- 
fication of the form so common in the Chalk. Mantell’s Ptychodus 
Mortoni, it is true, is su ggestive of an approximation to a more 
ordinary type of tooth, and it is not improbably one of the missing 
links required ; and a Bohemian example, described by Reuss * as 
P. triangularis, is also worthy of special note for exactly the same 
reason. But the progress of paleontological knowledge is necessarily 
slow and uncertain, and we are compelled to remain satisfied with 
the present slight advance, while deferring the solution of these 
wider problems to a future occasion when still more materials may 
be available. 

EXPLANATION OF PLATE X. 

. Portion of lower dentition of Ptychodus, sp. (B. M., no. 40056.) 
. Portion of upper (?) dentition of P. decurrens. (B. M., no. 39134.) 
. Portion of upper dentition of P. decurrens. (B. M., no. 38564.) 
. Portion of upper and lower dentition of P. decurrens. (Collection of 

Henry Willett, Esq., F.G.S., Brighton Museum.) 
. Tooth of upper median series, found associated with the preceding 

specimen. 
. Tooth of upper series 1, associated with original of fig. 4. 
. Teeth of right upper series 3, 4, associated with original of 6. 4. 
. Tooth of lower median series, associated with original of fig. 4 
. Tooth of left lower series 1, associated with original of fig. 4. 

10. Teeth of left lower series i 2, associated with original of fig. 4. 
11. Tooth of upper median series of P. polygyrus. (B. M., no. P 319.) 
12. Tooth of upper median series of P. paucisulcatus. (B. M, no. 4358.) 
13. Much-worn tooth of lower median series of P. decurrens. (B. M. 

no. 33247.) 

B. M. = British Museum. All the specimensare from the Chalk of Kent and 
Sussex, and are drawn of the natural size, with the anterior border in each case 
directed downwards. 

Fig. 

CO CO 1 OD On H GO bo 

Discussion. 

The Prestpent congratulated the British Museum on obtaining 
the assistance of so promising a young paleontologist as the author 
of the present paper. 

Prof, SrrLry expressed a high opinion of the paper. The subject 
was one of much difficulty, as was shown by its having baffled a 

* A. E. Reuss, ‘ Die Versteinerungen der béhmischen Kreideformation,’ 
pt. 1. (1845) p. 2, pl. i. figs. 14-19. This species was subsequently referred to 
Acrodus by A. Fritsch, ‘ Reptilien und Fische der bohmischen Kreideformation,’ 
1878, p. 16 fig. 38. 
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naturalist of so much knowledge as Agassiz. There was a fine 
series of specimens of Ptychodus in the Woodwardian Museum at 
Cambridge; but although these showed the linear and parallel 
arrangement of the teeth and apposition of the jaws, and although 
the method of wearing resembled that of the Rays, the subject 
had not been dealt with by any one so clearly as the examples in 
the Brighton and British Museums had been worked out by Mr. 
Woodward. At the same time Prof. Seeley thought there was still 
some question if Ptychodus was really a Skate. It was certainly 
the type of a peculiar plagiostomous family. 

Mr. Newron pointed out that if the arrangement suggested by 
Mr. Smith Woodward was correct, the large teeth of the lower jaw 
ought to be worn on both sides, and those of the upper jaw on the 
inner side. ; 

Mr. Lypexxer said he had described a dental plate of a Myliobatis 
from the Eocene of {ndia which appeared to show an approxima- 
tion in its contour to Ptychodus. 

Dr. H. Woopwarp had not seen the Cambridge specimens, but 
noticed the very fine example from Brighton; the specimen now 
exhibited showed portions of the teeth of both jaws well preserved. 
He pointed out the absence of the Cestraciont prehensile teeth, and 
their replacement by crushing-teeth in Ptychodus. This was a 
most important observation of Mr. Smith Woodward’s. He thought 
the present discussion would throw some light on the peculiar 
erushing-teeth of Carboniferous Sharks. 

The AvrHor, in reply,said that in the paper he had treated the ques- 
tion of attrition. The lower median teeth were worn not only on each 
side, but also on the summit. The evidence at present seemed to 
him to leave it doubtful whether Ptychodus was the type of a new 
family or not. He agreed with Dr. Woodward that forms like 
Psammodus would have some light thrown on them by investigations 
into the dental arrangement of Ptychodus. 
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9. Nore on Nummurites ELucans, Sowerby, and other Enerisa 

Noummuuites. By Prof. T. Ruovrrerr Jones, F.R.S., F.G.S. 

(Read December 15, 1886.) 

[Puate XI.] 

THERE being much confusion in the supposed relationship and 
published synonymy of Nummulites elegans (Nummularia*, Sowerby), 
I propose to offer some remarks on the history of this species, more 
especially as less trouble would have been caused if I had taken 
more care years ago, and examined all, instead of only some, of 
Mr. Sowerby’s specimens which have been associated with that 
name. 

Having just now seen (October 1886), for the first time, the 
“Sowerby Collection” at the British Museum (Natural History, 
Cromwell Road), I find that Sowerby’s labelled specimens of 
“ Nummularia elegans” are really the same as my variety Prest- 
wichianat of Nummulites planulatus, which the late Dr. Philippe De 
la Harpe regarded as a variety of NV. wemmelensist. Other 
specimens, however, which belong to true JV. planulatus, were 
confused by Sowerby with his JV. elegans. 

Specimens labelled “ Nuwmmularia elegans” on the original card, 
No. 44007 (1) in the ** Sowerby Collection,” are exactly such as come 
from the well-known bed “no. 29” (at the base of the Barton Clay) 
of Prof. Prestwich’s section of the strata at Alum Bay, Isle of 
Wight, in the Quart. Journ. Geol. Soc. vol. 11. (1846), p. 257, pl. 9. 
fig. 1. One horizontal section among them matches one of Sowerby’s 
drawings in the ‘ Mineral Conchology,’ pl. 538, namely the 10th 
figure on the plate (counted in the order of the figs. 1, 2, 3), 
included in “ fig. 2,” and probably magnified two diameters. The 
other drawings in ‘fig. 2” do not match the specimens from the 
bed “no, 29,” but those referred to in the text (p. 76, vol. vi.) as | 
having come from “ Emsworth,” and which are still in the Collection, 
and are so marked. ‘These so-called ‘‘ Emsworth” specimens | 
evidently belong to VV. planulatus, such as is found on the Continent, | 
as indicated by me in the Quart. Journ. Geol. Soc. vol. vill. (1852) | 
p- 850, note. 

In 1852, Mr. James De Carle Sowerby, at my request, showed me 
the “ Emsworth” (NV. planulatus) specimens at his own house; but, 
not comparing the figures and text of the ‘ Min. Conch.’ at the same 
time, and not seeing the others (that is, the real *‘ VV. elegans” of the 
Collection), we did not discriminate the two sets of specimens ; and 
my note (Q.J.G.8. 1862, p. 92), written on the occasion, refers only 

* The generic term Nuwmmularia used by Sowerby is an unnecessary synonym 
of Nwmmulites, Lamarck; and the reasons for preferring Nwmmulites to 
Nummulina ave given in full in my ‘ Catalogue of the Fossil Foraminifera in the 
British Museum,’ 1882, pp. 90, 91. 

T Quart. Journ. Geol, Soe. vol. xviii. (1862), p. 93. 
t Catal. Foss. Foram. Brit. Mus. 1882, pp. 22 & 92. 
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to the NV. planulatus (allocated to Emsworth) alluded to in the text of 
the ‘ Mineral Conchology ’ at page 76, vol. vi. 

No locality is given for Sowerby’s real NV. elegans (pl. 538, part of 
fig. 2), though its identity with specimens from Bed “no. 29” 
cannot be doubted; and the mention of ‘‘ Emsworth” is made 
incidentally for the other Nummulite, about the relationship of which 
Sowerby may well have been uncertain. 

In the British Museum (“ Sowerby Collection”) we find No. 44007 
(1) labelled ‘‘ Vummularia elegans, W.D.8.” There are several 
specimens mounted ona card. One is illustrated by the 10th figure 
(part of “ fig. 2”) on pl. 538, Min. Conch. vol. vi. (September, 1826*), 
and described at p. 76, under Nummularia elegans. 

No. 44007 (2) is the same, together with fragmentary shells, in 
a clay with glauconite and coarse quartz grains, much rounded. 
This is evidently the glauconitic clay-bed of the Barton series, part of 
“no. 29” of Prestwich’s Section at Alum Bay, Isle of Wight, 
Q.J.G.S. vol. ii. (1846) p. 257, pl. 9. fig. 1. 

As Sowerby’s “ elegans” is definitely the same as Nummuulites 
Prestwichianus (var. of planulatus), Jones, of the bed “no. 29,” and 
as Dr. Ph. de la Harpe determined some of these Barton (“ no. 29”) 
Nummulites sent to him to be a variety of NV. wemmelensis, we have 
three names for this little fossil. If it be a species of itself, the name 
elegans would have priority of any other, unless the commingling of 
the two forms in the ‘ Mineral Conchology ’ loc. cit. interferes with 
the value of the evidence of the original card with mounted speci- 
mens, iabelled “ WV. elegans” by Sowerby. It is unfortunate that 
Mr. Sowerby at the same time referred some specimens of another 
species (previously described by Lamarck as *‘Lenticulites planulata ”) 
to his JV. elegans, figuring them with it, and alluding to some of 
their features in his account of JV. elegans. Nevertheless it is easily 
distinguished both among his figures and among his specimens pre- 
served in the British Museum. Accepting “ elegans ” as subordinate 
to Vanden Broeck and De la Harpe’s N. wemmelensis, we must 
replace the varietal name of Prestwichiana by that of elegans, 
Doubtless, in a zoological point of view, wemmelensis is itself a variety 
of planulatus ; and this latter, as De la Harpe puts it, is a subor- 
dinate member of the V. Murchisoni group, or, as Prof. W. K. Parker 
and myself have regarded it, a variety of VV. perforatus lower than 
complanaius and its allies. Therefore elegans (Prestwichianus) is 
a variety of planulatus in our sense ; but it is not advisable to ignore 
the specific value of wemmelensis, on which Dr. De la Harpe has 
bestowed much careful research ; and N. wemmelensis, De la Harpe, 
yar. elegans, Sow., is a correct denomination for the Nummulite 
under notice. 

To proceed :—_ 
In the “Sowerby Collection” :—No. 44007 (8) contains the 

individuals shown by the 9th and 11th figures (part of “ fig. 2”) on 
pl. 538. No. 44007 (4) has the 6th figure (part of “fig. 2”) on 

* For the exact dates of the parts and volumes of this work, see Professor E. 
Renevier’s note in the ‘ Bullet. Soc. Vaudoise Sci. Nat.’ 2 Mai, 1855. 
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pl. 538. No. 44007 (5) has the 7th and 8th figures (part of 
“fie, 2”) on pl. 538. These are said to be from Emsworth, near 
Chichester, and consist of a siliceous shell-rock not otherwise known 
in England. These specimens, Nos. 44007 (3, 4, 5), were those 
which I saw with Mr. Sowerby in 1852, and understood to be 
NV. elegans. Recognizing them as N. planulatus, and probably foreign, 
and, not seeing the others, I did not adopt the name elegans, but 
designated the Barton specimens of bed ‘“‘ no. 29,” in which I was 
then interested, by a new name. 

t will be well to mention that in plate 538 of the ‘ Min. Conch.’ 
the Nummulites levigatus is illustrated by “fig. 1” at the top; 
N. variolarius by “fig. 3,” in the middle; and WN, elegans [and 
NV. planulatus| by “ fig. 2,” at the bottom. Counting the figures 
individually, for convenience of detailed reference (as De la Harpe 
does), “ fig. 1” comprises nos. 1-5, “ fig. 2” nos. 6-11, and “ fig. 3” 
nos. 12-17, counting in the order of figs. 1, 2, and 3; if in the order 
of actual position on the plate, the sequence would be different. Of 
“fig. 2,” at the bottom, no. 10 is the real ‘“ elegans” *, the others 
being VV. planulatus at different stages of growth7T, and from 3 to 
10 millim. in diameter. 

Elucidative Scheme of Plate 538 ‘ Mineral Conchology.’ 

Fig. 1. 

‘b ) 
| N. levigatus 

2. 3. 4. ( (nat. size), 

5. J 

Fig. 3 

12. 13. 14. 15. 16. | . variolarius 
(nat. size and 

iDes magnified), 

Fig. 2. 

6. ve 8. 9. 1): zB i 
“H+ 

Adult. Young. Vertical Horizontal Adult. 
section. section. 

————e ~- — — 

N. planulatus NV. elegans N.planulatus 
(nat. size). (enlarged). (nat. size). 

* This horizontal section, differing from any such on the “ Emsworth”’ stone (on 
which, indeed, there are only one or two exposed), is like those of the specimens — 
from bed “No. 29;” and if magnified twice, as is probable, would be about 
24 mm. in diameter. a 
“+ Such, for instance, as may be observed among a set of specimens of this Sy 

species from Foréts, near Brussels, and elsewhere. 
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It may also be remarked that the labelled card, No. 44008 (1), 
with Nummuiites variolarius (Lamarck), contains the specimens 
figs. 12th, 14th, and 17th (part of “ fig. 3”) of pl. 538. No. 44008 
(2) is WV. variolarius. No. 44008 (3), NV. variolarius, contains the 
13th, 15th, and 16th figures (part of “ fig. 3”) of pl. 538. No.44008 
(4), WV. variolarvus, without a locality, is a calcareous lump of these 
little fossils, certainly from France, like the coarser of the two 
specimens from Betz, Dep. Oise, “« P. 969,” in the British Museum ; 
‘Catal. Foss. Foram. B. M.’ 1882, p. 38. 

1826. The description of NV. elegans by James De Carle Sowerby, 
in the ‘ Mineral Conchology,’ vol. vi. p. 76, is as follows :— 

“ NUMMULARIA ELEGANS, Tab. pxxxviii. fig. 2. 

“Spec. Char. Compressed, smooth; whorls about six; septa 
gently curved from the axis, numerous [alar prolongations of the 
chambers|; aperture rather prominent. 

“This differs from the last [1V. levigatus] in being smaller, in 
having fewer whorls, which increase more rapidly, and in the 
regular curvature of the septa. When young, it is very smooth and 
regularly lenticular. ‘The large figure [V. planulatus | shows several 
series of diminishing chambers, as mentioned in the observations 
upon the genus [pp. 73-74]. 
‘A siliceous stone occurs at Emsworth, near Chichester, that 

contains among other shells an abundance of these Nummulites 
[WV. planulatus| filled also with silex, the other shells are too 
imperfect to ascertain in our specimens. 

“Tt is an intermediate species between Lenticulina and Nummu- 
lites of Lamarck.” 

In this description some features of VV. planulatus are confused 
with those of elegans itself. 

The Emsworth stone referred to consists of siliceous internal 
casts of Mollusks (Bivalves and Gasteropods) and Nummulites, with 
siliceous cement. ‘This last was sandy, and contains some glauco- 
nitic grains. 

Inquiring of Prof. Prestwich in 1882, about this ‘“ Emsworth ” 
stone, I was favoured with a letter in which he informs me that he 
has “ searched in vain for the section with Nummulites at Emsworth, 
and that it may have been in a small temporary pit ina lane. The 
place itself is on the [lower] London Clay.” (‘Catal. Foss. Foram. 
Brit. Mus.’ 1882, p. 24.) 

“The village stands in greater part on Chalk and Gravel; but on 
the outskirts southward it passes on to the Lower Tertiaries, and 
possibly to the Bognor Beds” (Prof. Prestwich, November 10, 1886). 
A well, therefore, may reach some Lower Tertiary beds; but no 
siliceous fossils are known in them. 

Prof. Prestwich, however, has suggested to the author that, as 
very little is known of the “‘ Bognor Rock,” and nothing of its 
lower portion, it is just possible it may possess some peculiar stratum 
holding VV. planulatus; and that this would be such as on the 

Continent occupies the horizon equivalent to that of the London 
| Clay, including the Bognor Rock. 
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In the ‘ Proceed. Geol. Assoc.’ vol. u. (1872) p. 158, Mr. Caleb 
Evans referred to this Nummulite, described by Sowerby and found 
at ‘“‘ Emsworth Common,” as possibly indicating the presence of the 
‘“‘ Bracklesham Series” at that place, about 3 miles to the east of 
Portsdown Hill. 

Mr. Clement Reid, F.G.S., who is also well acquainted with the 
country near Chichester and Havant, writes me (Oct. 23, 1886), in 
reply to inquiries :—‘ I have referred to all the maps, but cannot 
make out how any Nummulite rock can occur in situ at Emsworth. 
It may, however, be possible that Sowerby is right; for having 
worked within two miles of Emsworth, I find that as the Chichester 
synclinal is a good deal sharper than on our old Geological Survey 
map, Bracklesham beds may occur near.Emsworth. There is another 
possible explanation, namely, that Sowerby’s specimen was from an 
erratic block. There are several blocks of Bognor Rock scattered 
over the country.” 

Mr. Keeping, in a letter dated November 25, 1886, says—‘‘ The 
strata at Emsworth are London Clay and Woolwich beds; so we may 
be certain that the occurrence of the Nummulite is a mistake.” 

In the British Museum, the late Mr. F. E. Edwards’s collection 
contains several loose specimens of both NV. Prestwichianus and 
NV. variolarius, labelled as haying come from ‘‘ Emsworth ;” but this 
is exceedingly doubtful, for they and the small Mollusks and other 
fossils with some of them have every appearance of specimens from 
Barton and Higheliff. 

1837. H. Galeotti, in his ‘Mémoire sur la constitution géognostique 
de la Province de Brabant” (Mém. couron. Acad. R. Belg. vol. xii. 
1837, p. 141), quotes ‘ Nummnulina elegans, nobis et Sowerby, Min. 
Conch. pl. 538. fig. 2,” as occurring at Foréts, Jette, and Laeken, in 
Belgium, and at Barton! 

1846. In Prof. Prestwich’s memoir “ On the Tertiary Formations 
of the Isle of Wight,” in the Quart. Journ. Geol. Soc. vol. 11. at page 
254, bed no. 16 at Whitecliff Bay is said to contain “ Nwmmulites 
elegans” (the Rev. G. Fisher regards this as probably being WV. vario- 
larius, Q. J. G. 8. vol. xvii. p. 70; and it is near the position of 
Mr. Keeping’s Prestwichianus-bed, see p. 145); beds nos. 14-12 
to contain IV. levigatus; and bed no. 11 to contain WV. elegans and 
scaber (referable to NV. variolarius and NV. levigatus). At page 257 
the bed “no. 29” at Alum Bay is said to have NV. levigatus and 
NV. elegans. Here the latter agrees with Sowerby’s determination 
(see above) ; whilst the former species may occur lower down in the 
Bracklesham portion of the bed “no. 29,” but it is doubtful *. 
Mr. Keeping states that NV. variolarws (or a thick Prestwichianus) 
is met with in Mr. Prestwich’s “ no. 29,” in the upper portion of 
the brown part, and the flattened form midway between this and 
the base of that clay (Letter, November 25 & 29, 1886). 

1848. In Bronn’s ‘ Lethea geognost., Index paleontolog.’ vol. i. 

* T did not note this species in Mr. Prestwich’s collection from Alum Bay in 
1852 (see page 147). 
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p. 628, Sowerby’s N. elegans is referred to “ Lenticulites planulata,” 
Lamarck, with doubt. | 

1850. Dixon’s ‘ Geology of Sussex,’ &c. 1st edition. 
P. 85. Nummularia variolaria, Sow. Min. Conch. t. 538. f. 3, 

Stubbington ; common. 
P. 85. WN. elegans, Sow. M. C. t. 538. fig. 2, Alum Bay, Isle of 

Wight; rare. 
P. 85. NV. radiata (Montfort), Bracklesham; rare: pl. ix. fig. 7; 

this is VV. variolaria with some of its septal lines raised externally. 
Mr. Sowerby himself drew up this list, and applied the name 

*‘ elegans” to the specimens from Alum Bay then under notice, 
haying already given that name to the same species from the same 
place in 1826, though unfortunately mingled with others (NV. plan- 
ulatus) in the description and figures. 

1850. In his ‘ Histoire des Progrés de la Géologie,’ vol. iii. (1850), 
p. 236, M. d’Archiac states that, in Sowerby’s pl. 538. fig. 2, “les 
figures de droite, de gauche et la coupe du milieu,” named ‘‘ elegans,” 
may be“ WV. planulata” ; and at p. 240, thatin fig. 2 “les trois plus 
petites seulement” are “NV. planulata.” These three smallest figures, 
however, really comprise two of planulatus and one of elegans. 

1852. In the Quart. Journ. Geol. Soc. vol. viii., at p. 350, Sir 
Charles Lyell added this note to his Memoir on the Belgian Tertiary 
Formations :— 

“Mr. T. Rupert Jones informs me that the Nummulite figured as 
JV. elegans in the ‘Mineral Conchology’ from specimens marked 
«Emsworth, near Chichester,’ and which Mr. J. de C. Sowerby has 
kindly permitted him to examine, is (as suggested by M. d’Archiac, 
Hist. Progr. Géol. vol. ii.) undoubtedly the WV. planulatus of conti- 
nental geologists. It is probable, therefore, that in that part of 
England where the Bracklesham beds with NV. levigatus are so 
largely developed, strata characterized by NV. planulatus also exist ; 
and it is highly desirable that their relative position should be care- 
fully studied.” 

The succession (downwards) of the Nummulites in Belgium is 
stated in Sir C. Lyell’s paper, op. cit. pp. 279 and 349, to be :— 

Sables moyens, | = Upper part of 
ou Grés de the Calcaire | V.variolarius. Laekenian. Barton Clay. 
Beauchamp. grossier. 

GANT: . ¢ 
Calcaire grossier. 1H Me \ Bruxellian. 1 eens 

Sables  infé-) 
rieurs, Sables | pone [Not in Eng- 
=) SSS ee N. planulatus.{ Y a - eat mB 
partie supé- | Daan ay ape 
rieure. aon 

1854. D’Archiac and J. Haime, in their ‘Monogr Nummulites,’ 
&e. (1853-54), p. 143, refer to Sowerby’s WV. elegans, ‘ Min. Conch.’ 
vol. vi. (1829), p. 76, pl. 538. fig. 2, as NV. planulata, var. a, pl. ix. 

* Had the Alum-Bay specimens, also labelled “ NW. elegans,” been examined 
at the same time, this name would have been retained for them. 

___ * Unless in an unknown stratum of the “ Bognor Rock ” (see p. 135) 
| Q.5.G.8. No. 170. L 
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figs. 10,10a-c. At p. 146 they properly refer to Sowerby’s fig. 3 
as LV. variolaria, and figure it in pl. ix. fig. 13. 

1854. In Morris’s Catal. Brit. Foss. 2nd edit. p. 38, WV. elegans, 
Sow., is placed under Nummulites planulatus, Lam. 

1862. The Rey. O. Fisher, in his Memoir “‘On the Bracklesham 
Beds,” Quart. Journ. Geol. Soc. vol. xviii., allocates Nummulites 
variolarius, levigatus, and Prestwichianus to their several beds of the 
Bracklesham and Barton formations, at pages 67, 70-84, and says 
(p. 84) :—‘** At Alum Bay the greater part of the fossiliferous beds in- 
cluded in No. 29 of Mr. Prestwich’s Section (Quart. Journ. Geol. Soc. 
vol. 1. pl. 9) may be correlated satisfactorily with those usually known 
as the Barton and Highcliff series. There is a well-known and marked 
seam of dark green sandy clay, containing abundance of Nummulina 
Prestwichiana. It contains Barton forms; and therefore we may 
safely carry the Barton series down so far, though it is lower in 
series than any bed from which fossils have hitherto been collected 
at Highcliff. The same Nummulite-bed occurs there also” (see 
ROT: 
1862. At Whitecliff Bay part of the ‘No. 17’ of Prof. Prestwich’s 

section, Quart. Journ. Geol. Soc. vol. 11. p. 254, and of the xix. 
of Mr. O. Fisher’s section, Q. J. G. 8. vol. xviii. pp. 69 & 70, is 
regarded by Mr. Fisher as the equivalent of the green bands which 
form the base of the Barton beds at Highcliff and Alum Bay, and 
these contain the Nummulina planulatus [wemmelensis |, var. Prest- 
wichiana, . 

1862. Quart. Journ. Geol. Soc. vol. xvii. pp. 93, 94. Appendix 
B to the Rey. O. Fisher’s memoir “‘ On the Bracklesham Beds.” 

“ Note on NummvLina pLanvuLatTa, Lamarck, sp., var. Prest- 
WIcHIANA, Jones. By T. Rupert Jones, F.G.S. 

“This little Nummulite is discoidal, smooth, and flat, rarely in 
any degree biconvex, even in the young state, unless the outer whorl 
has been flattened by pressure; about +{,;th inch in diameter, and 
7th in thickness. The gently sigmoid and semitranslucent edges 
of the septa appear at the surface, and but seldom rise above it 
(except when the specimens are mechanically compressed, which is 
a common condition). The whorls (three [four] in large specimens) 
are all visible in empty shells made transparent by water or Canada- 
balsam; they are proportionally wide for Nummulina (the outer 
whorl making half[ 2th or 2th] the width of the disk). The chambers 
are about half as long as wide, neatly curved, but subject to irregu- 
larity of growth. The lateral portions of the chambers, though very - 
shallow, are continued over the surface towards the centre on each 
face, and are rather straighter in old specimens than in the young [?]. 

“This neat and delicate variety of Nummulina planulata, Lamarck, 
sp., has long been known in a clay containing much green sand, at 
Alum Bay, Isle of Wight (lower part of the bed ‘No. 29’ of Mr. 
Prestwich’s Section, Quart. Journ. Geol. Soc. vol. u. p. 257, pl. 9. 
fig. 1); but it has not hitherto been described *. It is near to MM. 

* The writer did not then know that Mr. J. De C. Sowerby had included this 
Nummulite under the description of WV. elegans in the Min. Conch. vol. vi. p. 76. 
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d@’Archiac and Haime’s Nummulites planulata, var. a, from Jette 
Belgium; but the latter has a biconvex centre (opake when mounted 
in balsam), has narrower whorls (in the proportion of | to 4, instead 
of 14 to 4), and grows to a somewhat larger size. To distinguish 
our variety (which characterizes a well-marked geological zone), 1 
propose to give it the name of Prestwichiana; and, as the small 
biconvex variety of VV. planulata passes binomially as N. variolaria, 
so this small depressed variety of the same species may be allowed 
to stand on a similar footing, and be known as NV. Prestwichiana. 

“In the sandy clay-bed at Alum Bay the shells of this little 
Nummulite are very numerous, and often well preserved, but not 
unfrequently much crushed by pressure. In many specimens, 
especially large ones, the chambers are occupied by iron-pyrites ; 
and neat casts may be obtained by carefully dissolving the shell in 
weak dilute acid. In the clay at High Cliff the shells are not so 
numerous, are very much compressed, and so highly pyritized that 
they are readily destroyed by the atmosphere.” 

It may be added that even in the smaller specimens the alar 
chambers though “ radiate” are not straight, but curved; and in 
the largest individuals they become “‘sinuate”; therefore this form 
is one of the “ sinuo-radiates ” *, 

1863. In a letter dated November 9, 1863, the Rey. O. Fisher 
wrote :— 

“This WV. Prestwichiana seems to range over what I have taken 
as the junction of the Bracklesham and Bartons. At Alum Bay the 
forms with which it occurs are Barton forms, while at Hunting 
Bridge it lies at the bottom of a thick bed of Bracklesham fossils.” 
He also refers to NV. variolaria, a species of the Barton series, as 
occurring at King’s-Garden Gutter, New Forest (“ Brook,” F. 
Hdwards), “‘ rare, but persistent.” 

1876. Ann. & Mag. Nat. Hist. ser. 4, vol. xvii. p. 286. Among 
some fossil Nummulites dredged up in the English Channel, J. 
Prestwichiana was met with, and it is noted that this last form was 
described in the Quart. Journ. Geol. Soc. vol. xviii. pp. 93, 94, as 
NV. planulata, var. Prestwichiana, and possibly may be essentially 
the same as VV. planulata, var. a. minor, dA. & H., which occurs at 
Jette, in Belgium.” 

1878. Dixon’s ‘Geology of Sussex,’ &c., 2nd edition by T. R. 
Jones. 

Page 172. Nummulina variolaria (Lamarck). Strongly ribbed ; 
plex. (10), fig. 7. | 

Page 172, note by T. R. J. :— 
*“Nummulina elegans, Sow. ‘Min. Conch.’ t. 538, referred to at 

p. 85 in the First Edition, was [in part] originally described from a 
specimen said to have come from a well f at Emsworth, near Ports- 
mouth. It is not known anywhere else in England. The figured 
specimen [11th figure in fig. 2 of the plate] closely resembles speci- 

* Ann. & Mag. N. H. ser. 3, vol. v. p. 109, vol. viii. p. 115. 
+ I do not know where I learnt this fact; perhaps Mr. Sowerby gave me 

the information. 
L2 
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mens from Belgium. WN. Prestwichiana (Quart. Journ. Geol. Soc. 
vol. xviil. p. 93), from the junction-beds of the Bracklesham and 
Barton series at Alum Bay, may have been mistaken for [on the 
contrary, was correctly given by Mr. Sowerby as] JV. elegans in the 
catalogue at p. 85 of the First Edition.” 

1879. Writing (October 1, 1879) about some English Nummulites 
which I had sent to him, Dr. Philippe De la Harpe explained his 
views about Nummulites wemmelensis, and the variety Prestwichiana, 
which latter I now refer to Sowerby’s elegans; and he stated that of 
NV. wemmelensis (which, though rare, occurs at Brussels, Jette, Wem- 
mel, Laeken, Ghent, and Briendereck in Belgium) he recognized the 
following varieties :— 

1. Type: size 2-3 millim.; shape imvgouldete lenticular, with 
knob in the centre; surface smooth. Wemmel and Jette. 

2. Var. plicata: size iL 4-2 millim.; shape lenticular, with de- 
pression in the conte: surface plicated. Ghent. 

3. Var. granulata: size 11-2 millim.; shape flat, surface granu- 
lated. Brussels, Park St. Gilles. 

4, Var. minor: size 1 millim.; lenticular, smooth, regular. 
&. Var. Prestwichiana [elegans]: size 1-2 millim. ; flat, smooth, 

regular. 

The spire is very nearly the same in all the varieties; the last is 
always much larger than the foregoing whorl. By its variations 
this species has affinities with WV. variolarius, with Assilina, and with 
Operculina *. 

In the ‘Catal. Foss. Foram.. Brit. Mus.’ 1882, pp. 91-93, I 
stated that ‘“‘ the proposed specific name ‘ V. wemmellensis’ for the 
type to which my ‘WN. planulata, var. Prestwichiana’ evidently 
belongs, had such strong justification, that I acceded to the accep- 
tation of my friend Ernest Vanden Broeck’s suggestion. Still, for 
convenience, the term ‘ Prestwichiana’ has been frequently entered 
in the Catalogue, as a synonym.” It seems now that elegans has 
priority, if not over wemmelensis, yet over Prestwichiana as one of 
its varieties. | 

This Prestwichiana or elegans is one of the Nummulites which 
have a large primordial or central chamber, VV. wemmelensis also 
having the character typically. 

In Belgium the late De la Harpe found eight species, consisting of 
four pairs of Nummulites, one of each pair having a very small, 
and the other a large central chamber, thus :— 

Small central chamber. Large central chamber. 
NV. elegans, De la H. (nos. 9 and 11 

1. NV. planulatus, Lamarck .........+0+++- of Sowerby’s fig. 2. pl. 538). WN. 
planulatus, D’Archiac. 

2. N. levigatus, Lam. (Type and va-\ yp amarchki. d’Arch 
rieties scaber, rotula, alone). ; ; 5 

3. NV. Heberti, d’Arch. ENA ese ois ae Oe N. variolarius, Lam. 
; -, { NV. wemmelensis, Vanden Broeck (= 

4, N. Orbignyt ( Operculina, Galeotti). { N. planulatus, var. a, vel min tL 

* See De la Harpe’s letter in the ‘Catal. Foss. Foram. Brit. Mus.’ p, 92. 
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Among Nummulites in general, the same pairing of species holds 
good, thus :— 

Central chamber 
A____. aoe e—- 

oy tee Poe 

Small. Large. 

N. perforatus. N. Lucasanus. 
N. Brongniarti. N. Molli. 
N. complanatus. N. Tchihatcheffi. 
N. gizensis. N. curvispira. 
N. contortus. N. striatus. 
N. biaritzensis. N. Guettardi. 
Assilina exponens. Assilina mamillata, 
A. spira. A. subspira. 

See Catal. Foss. Foram. Brit. Mus. pp. 92, 93. 

The constant association, in the same strata, of large individuals 
with a small, and small individuals with a large central chamber, is 
more fully treated in Dr. Ph. De la Harpe’s ‘‘ Memoir on the 
Nummulites of Switzerland” (Mem. Soc. Pal. Suisse, vol. vii. 1881), 
at p. 63, &e., thus carrying out to a practical result the obser- 
vations made by Prof. Parker and myself in the ‘ Annals Nat. Hist.’ 
ser. 3, vol. vu. 1861, p. 233. Dr. De la Harpe, however, appears 
not to have seen this paper, nor our “ Notes on Nummulites,” 
op. cit. vol. v. 1860, pp. 109, 294, &c.; nor Carpenter, Parker, 
and Jones’s observations in the ‘ Introd. Study. Foram.’ Ray Soc. 
1862, pp. 262-276; at least he does not refer to them in detail. 

1881. ‘Etude des Nummulites de la Suisse,” &c., premiére 
partie, Mém. Soc. Paléontol. Suisse, vol. vii. At page 29, referring 
to some forms which he thought that D’Archiac had confused under 
the name of planulata, Dr. De la Harpe stated that the little form, 
with large central chamber, figured by Sowerby as JW. elegans, ‘ Min. 
Conch.’ pl. 538. figs. 6-11 [Sowerby’s “fig. 2”], and taken by 
D’Archiacfor young WV. planulatus, should retain the name given by 
Sowerby. 

I consider the nos. 6-9 and 11 (in “fig. 2”) to be really 
NV. planulatus of different stages of growth ; but, coming under that 
genus instituted by Lamarck, they did not require anew name; 
whilst “no. 10” is one of the specimens on Sowerby’s card labelled 
“ Nummularia elegans,” and forming the chief subject of his para- 
graph on JN, elegans, op. cit. p. 76. 

Dr. De la Harpe having found some small lenticular planulati 
with a large central chamber, regards them as one of his twin 
species. Nos. 7 and 8 in Sowerby’s “fig. 2” are like these exter- 
nally, and may or may not have the large central chamber. At 
all events they either are or have been mixed up, in the siliceous 
rock of “ Emsworth,” with planulatus (nos. 6-9, and 11). Even 
if they be the same as De la Harpe’s twin species referred to 
(Numm. Suisse, pl. 7. figs. 12-23), they cannot be called elegans, as 
that name is on Sowerby’s label of the Prestwichiana variety from 
Alum Bay. 
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1883. In the posthumous portion of our deceased friend Dr. 
Phil. De la Harpe’s ‘‘ Etude des Nummulites de la Suisse et Révision 
des Espéces Hocénes des Genres Nummulites et Assilines,” partie 
troisicme (Mém. Soc. Paléontol. Suisse, vol. x.), 1883, p. 169, we 
have the synonymy of the little Nummulite under notice thus 
given :— 

Noummourires WeMMeEtensis, De la Harpe and Vanden Broeck, 
pl. xi. figs. 52-70. (Var. Prestwichit, figs. 65-70.) 

1822. Nummulites lenticula (pars), Defrance, Dict. Sc. Nat. vol. 
Xxxv. p. 226. 

1837 (?). Id. (pars), Galeotti, Mém. constit. géogn. Brabant ; 
Mém. Acad. Belg. vol. xu. 
183 (eve began (pars), Galeotti, op. cit. 
1853. N. planulata, d’Orb. var. a. minor, D’Arch. et Haime, 

Monogr. Numm. p. 1438, pl. 9. f. 10, a, b, ¢. 
1861. Zd. Lam. sp., var. Prestwichiana, R. Jones, Quart. Journ. 

Geol. Soc. vol. xvii. p. 93. 

At p. 171, De la Harpe, under “ Nummulites planulata, Lamarck 
sp.” (pl. vu. figs. 1-11), places :— 

“©1829. Nummularia elegans (pars), Sowerby, Mineral Conchology, 
vol. vi. p. 76, pl. 548. figs. 6, 7, 8 (non figs. 9, 10, 11).” 

Excepting no. 10, these (Sowerby’s “ fig. 2”) are in my opinion 
definitely VV. planulatus (Lam.). 

At p. 175, under “ Nummulites elegans, Sowerby ” (pl. vu. 
12-23), De la Harpe places :— 

“1829. Nummularia elegans (pars), Sow. Min. Conch. vol. vi. 
p. 76, pl. 538. figs. 9, 10, 11 (on 6, 7,-8).” | Phese also, exe 
cepting no. 10, are VV. planulatus; De la Harpe’s figures 12-20 are 
like young planulatus with large central chamber, and externally 
like some (nos. 7 and 8 of Sowerby’s “ fig. 2”) which accompany 
other planulati of larger growth. His figs. 21-23 represent a very 
thin form (“ depressa”’). 

The English Nummulites. 

I. NummczLires pLucans, Sowerby. Pl. XI. figs. 1-9. 

The following synonymy of JN. elegans, Sowerby, is here offered — 
as being in accordance with what we have noted above :— 

1826. Nummularia elegans (part.), Sowerby, Min. Conch. vol. vi. 
p. 76, pl. 538. fig. 2 (part, namely, no. 10). 

1837. Nummalina elegans (part.), nobis et Sowerby, Galeotti, 
Mém. constit. Géogn. Brabant, p. 141. 

1846. Nwmmulina eleg gans, Prestwich *, Quart. Journ. Geol. Soe. 
WOME ps Zoe 

1848. Lenticulites planulata (?), Bronn, Index Palzont. vol. i. 
p. 628. 

* At p. 254 N. variolarius appears to have been misnamed elegans. 
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1850. Nummularia elegans, Sowerby in Dixon’s Geol. Sussex, 
p. 89. 

1850. Nummulites planulata (part.), D’Archiac, Hist. Progrés 
Géol. vol. ii. pp. 236 and 240. 

1853. Nummulites planulatus (part.), Jones, Quart. Journ. Geol. 
Soc. vol. viii. p. 350, note. 

1854. Nummulina planulata, var. a, vel minor (part.), D’Arch. 
& Haime, Monogr. Num. p. 1438. 

1854. Nummulites planulatus (part.), Morris, Cat. Brit. Foss. 2nd 
edit. p. 38. — 

1862. Nummulina planulata, var. Prestwichiana, Jones, Quart. 
Journ. Geol. Soc. vol. xviii. p. 93. 

1878. Nummulina planulata, var. Prestwichiana, Jones in Dixon’s 
Geol. Sussex, 2nd edit. p. 172, note. 

1881. Nummuiiies elegans (part.), De la Harpe, Numm. Suisse, 
part i. p. 29. 

1882. Nummulites Wemmellensis, var. Prestwichi, De la Harpe, 
Catal. Foss. Foram. Brit. Mus. pp. 92, 93. 

1883. Vummulites Wemmellensis, var. Prestwichiana, De la Harpe, 
Numm. Suisse, part iii. p. 169. 

1886. Max yon Hantken in the Foldtani Kozlony, xvi. Kotet, 1886, 
in a paper on some American Nummulites (p. 188), pl. 1. fig. 4, 
gives “ NV. elegans” after De la Harpe, Etude Numm. Suisse, p, 175, 
pl. 7. f. 12-23, with 5 whorls, not rapidly increasing. 

In addition to the general description of LV. elegans (Prestwichiana) 
given above at page 138, the following notes on its size and 
proportions will be useful in its identification. (Mr. C. D. Sherborn 
has kindly given me his help in measuring the small English 
Nummulites.) 

Sowerby’s figure* no. 10 in “fig. 2,” magnified probably two 
diameters, represents a specimen about 21 millim. across, with 4 
whorls, there being the following number of chambers in the 
whorls :— 

Ist. 2nd. ord. Ath, 

tf 14 oe 30? 

Sowerby’s specimens (from the bed “no. 29,” Alum Bay), 
flattened by pressure, are of various sizes, as usual ; and one, broken 
open (not artificially bisected *) and not well preserved, gives :— 

* Sowerby’s mounted specimens of “ N. elegans” from Alum Bay do not offer 
any good horizontal sections. Those that havetheir median chambers exposed 
have been broken open, in breaking the matrix, with such an uneven fracture that 
they do not show sections of an even plane like that seen in specimens carefully 
ground down, and hence they have the central chambers obscure. 



144 PROF. T. R. JONES ON NUMMULITES ELEGANS 

Measurements in Number of chambers 
millimetres. Newbee in the whorls. 

of whorls. 

Diameter. | Thickness. Ist. |2nd. | 3rd.| 4th. 

One of Sowerby’s Be 12 2? 4 9°1 131 1431 203 
PIONS PA saeMde se ese see see 

lee 
it 1 

| 13 ri 4 14 
Specimens from Alum Be 4 
Bay (bed “no. 29”) { a 1 
flattened by pressure. oR 3 

\| ordinary ae 4 
From Whitecliff Bay 

(Keeping’s Prestwichi- ene 3 4? 
anus- -bed). Nearly all 3 4? 
the specimens are flat- | ne $ 4? 
tened by pressure...... ] < 

1 

From Highceliff (“‘ D,” el S 4 
Keeping), not flattened 3° +I 
by pressure .........+6. Qn 3 

ae: } 
| 12 roa 4 

From Hunting Bridge, 1a e : 
New Forest 4 5 3 4° Bie the | 9 9 4° 

2 Zi ideas : 4 2 

In Bed “no. 29” the specimens are thin and compressed, with 
the alar prolongations (“ ale,” or lateral extensions) of the chambers 
nearly all reaching the centre, somewhat curved; more sinuous 
and less regular in old individuals (Pl. XI. fig. 1). From the 
Hunting-Bridge beds specimens given to me by the Rey. O. Fisher, 
F.G.S., are only slightly. flattened; their ale reach the centre. 
Mr. Keeping’s specimens “ B,” from Hunting Bridge, are not flattened ; 
their ale generally, but not in every case, reach the centre. Those 
from Highcliff (Keeping, “D”’) are not flattened ; their ale reach the 
centre. Some individuals of elegans have partially radiate or 
plicate surfaces, due to the lessening of the septal ribs and a local 
convexity of the alar parts of the chambers, probably the var. 
plicata, De la Harpe (see above, p. 140). 

For the localities of Sowerby’ sy. elegans (or Pr estwichiana) we 
find in the ‘ Cat. Foss. Foram. Brit. Mus.’ 1882, pp. 22-25 (besides 
the Bed ‘‘no. 29” at Alum Bay) Bracklesham, F. Edwards ; biconvex 
variety, Bracklesham, F. Edwards; Barton, F. Edwards; Barton, 
with JV. variolarius, F. Edwards; Emsworth, with WV. variolarius, 

* In the Museum of Practical Geology, Jermyn Street. See Pl. XI. fig. 1. 
t These were ground down without their thickness having been measured. 

They probably ranged about 4 millim. 

ihiscaaeeitinan manna ET To 

. en Se eaapees 
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F. Edwards; and Emsworth, with Turbinolia, F. Edwards. Of 
these some, if not all, may have been wrongly localized (see above, 
page 136). Further, from Bramshaw, Brook, and Highcliff ; the last 
is thickish and associated with JV. variolarius ; all from the late 
Mr. Fred. Edwards’s Collection. Some rare, dredged off Guernsey, 
as noted in the Ann. & Mag. N. H. April 1876, p. 283. We have 
received from the Rev. O. Fisher and Mr. Keeping some from Hunting 
Bridge and from Highcliff, also some in a glauconitic clay from 
Whitechff Bay, found by Mr. Keeping in a zone just below “no. 
17” of Mr. Prestwich’s Section *, and 13 inches thick. This is 
regarded as equal to a part of “no. 29,” Alum Bay. The specimens 
are both large and small, compressed, and not pyritous. I may 
mention that not only did Prof. Prestwich give me characteristic 
specimens of the Prestwichianus and variolarius from their several 
beds in or about 1852, but I took a note of the occurrence of 
these and other Nummulites as then preserved in his Collection. 

IJ. Nomuoutires vartotartius (Lamarck). Pl. XI. figs. 10-14. 

1804. Lenticulites variolaria, Lamarck, Annales du Muséum, vol. 
¥. p. 187, no. 2. 

1826. Nummularia variolaria, Sowerby, Min. Conch. vol. vi. 
p. 76, pl. 538. figs. 3 (nos. 12-17). 

1854. Nummulites variolaria, D’Archiac et Haime, Monogr. 
Numm. p. 146, pl. 9. fig. 13. 
Nummulina et Nummulites variolaria, auctorum f. 
Small, smooth, lenticular, with a rather sharp edge; the alar 

extensions are numerous (18—20 visible), distinct, long-triangular, 
nearly all reaching the umbo on the convex faces of the shell; the 
median chambers are usually about as high as long; central 
chamber rather large; the whor!s four, regular, increasing slowly. 
Occasionally the septal lines become thickened and raised, chiefly by 
a lessening of the shell-matter along the alar intervals; and a 
radiately-ribbed appearance is thus given to the shell. A swollen 
condition of the alar extensions also, in some cases, gives a similar 
appearance. See ‘Min. Conch.’ pl. 538. fig. 3: (no. 16); and 
Dixon’s ‘ Geol. Sussex,’ pl. 9. fig. 7. : 

The alar parts of the chambers, in passing to the umbo, often 
vary from their usual straight line to a gently curved, and even 
faleate form, thus passing from the “radiate’’ to the “ sinuo- 
radiate” type of Nummulite. They rarely interfere one with another. 
The umbo is always conspicuous, and sometimes flattened. The alar 

- septa are often strong, but not so thick as in the young NV. planulatus. 
The latter, moreover, soon loses its convexity between the umbo 
and margin; in its young state it is ‘radiate,’’ and in the adult 
condition fully “‘ sinuo-radiate.” See Ann. & Mag. N. H. ser. 3, 
vol. vill. pp. 233, 234. 

P Bere above, page 138. “No. 16” contains WV. variolarius as a characteristic 
OSSI11. 

t Some remarks by Dr. Ph. De la Harpe on this species are given in the 
‘Bull. Soc. Géol. France, sér. 3, vol. v. pp. 826, 827 (1879). 
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The dimensions of NV. variolarius are :— 

Measurementsin | Number of chambers in 
millimetres. | N the whorls. 

| umber 
of whorls. 

Diameter. | Thickness. Ist. |2nd. | 3rd.| 4th. | 5th. 
—— en | =) | oe een ee eS —— = =— | 

or. figure (no. 14, ‘| 9 
JM pets OK ieee ancients a 

{ 3 2 + roe Ii leg Wr ff 72223 
Sinbpington * scigena le ; if! 3 + 2? | 14 | 18 | 26? 

1z 
Whitecliff Bay, bed no. | 2 

16 of Prestwich’s sec- 13 a 4? TandO af he 
OM gy 55. ern pee eeee 12 

Whitecliff Bay, bed no. li 
11 of Prestwich’s sec- 13 5 4 P1438 | 1577202 
IOUT. sotact ewes sce se sees 13 

Kine’s-Garden Gutter f, - + | 
NewForest (O.Fisher). l 3 4 

| Three individuals of a 13 | | 
large variety from the | 2 d 5 6 |11 | 16| 17 | 20m 
Barton Sheil-bed ...... | 2 | | 

| \] 

The three last have a large central chamber; one has straight, 
another oblique, and another ‘curved alar divisions. 

In the ‘ Catal. Foss. Foram. B. Mus.’ 1882, this species is entered 
as occurring (p. 22) at Alum Bay, in the bed “‘no. 29” (on the autho- 
rity of Mr. F. Hilary: At page 23-25 are the following :— 

Bracklesham, Barton, and Stubbington, including large, ordinary, 
and small forms; Emsworth (F. Edwards), probably a wrong 
locality ; Bramshaw, ordinary and large (F. Edwards) ; Highcliff, 
ordinary and large (Ff. Edwards). At p. 26, “a delicate variety 
like WV. venosa,” from Headon Hill (F. Edwards), is mentioned. 
Also Hunting Bridge and Shepherd’s Gutter (Bramshaw), New 
Forest, O. Fisher, Quart. Journ. Geol. Soc. vol. xviii. pp. 79 and 81. 

In the Quart. Journ. Geol. Soc. vol. xvii. 1862, the Rev. 
OQ, Fisher specially notes the occurrence of JN. variolarius in the 
Bracklesham series at Whitecliff Bay, in his division xvii. (p. 70), 
part of Prestwich’s “no. 16,’ Quart. Journ. Geol. Soc. vol. ii. 
p. 254; in xiv. (p. 71), part of Prestwich’s “no. 14 ;” in ix. (p. 72), 
Prestwich’s “no. 13.” At Bracklesham Bay (p. 74) in the beds 
numbered 22 and 21 and 20. Also (pp. 77-83) at Stubbington, 
Hunting Bridge, Shepherd’s Gutter, and King’s-Garden Gutter. 

According to Dr. De la Harpe the NV. variolarius of the Barton 
beds of Stubbington and White-Cliff Bay is the same as that of 

* Quart. Journ. Geol. Soc. vol. xviii. p. 78. 
Tt Mr. Keeping also has contributed some from this zone of NV. variolarius, 

which he finds to be 19 feet thick. 
t This is the “ Brook” locality of F. Edwards. 
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Belgium, and typical. He did not find WV. Heberti (having a small 
central chamber) with it, though accompanying it in Belgium and 
France. 

III. Nummvurires tavieatus (Bruguiere). 

This species has been so well described by D’Archiac and other 
authors * that its structure need not be treated of here. It is 
well figured in the ‘ Min. Conch.’ vol. vi. pl. 538. fig. 1. 

The range of Nummulites levigatus in England is limited. The 
Rev. O. Fisher has carefully defined its zones and _ localities, 
Quart. Journ. Geol. Soc. vol. xviii. In the Bracklesham series at 
Whitechff Bay (p. 72) in the bed VII. (part of Prestwich’s 
smowel2): in VI. (Prestwich’s “no. 11”); in LV. (Prestwich’s 
“no.9”). At Bracklesham Bay (p. 75) in the beds 6 and 4; and 
at Bury Cross, near Gosport (Pilbrow). At Alum Bay its zone was 
indicated by Prof. Prestwich many years ago as a lower part of that 
thick bed, no. 29, which also comprises the glauconitic clay with 
NV. elegans, Quart. Journ. Geol. Soc. vol. il. p. 257; but this is very 
doubtiul. WV. levigatus has also been found in the Wells at Wel- 
lington College and Woking Asylum. 

According to Dr. Ph. De la Harpe the Bracklesham Nummulites 
comprise both WV. levigatus and N. Lamarcki, the latter having a 
large central chamber ; and he thought that they indicate a horizon 
“at the top of the ‘Paniselian’ or at the bottom of the ‘ Brux- 
ellian’ Stage.” Catal. Foss. Foram. Brit. Mus. p. 91. 

A table of the range of Nummulites in England is given on the 
next page. 

* Dr. Ph. De la Harpe (‘ Num. Suisse,’ 1881, p. 29) has noticed that in his 
synonymy of this species in the ‘Prodrome,’ vol. ii. 1850, 25¢ étage, 1302, 
D’Orbigny has by mistake given the name of elegans instead of levigatus to 
fig. 1. pl. 588, ‘Min. Conch.’ 
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Table of the Range of Nummulites in England. 

Numm. 
| Numm. : Numm. Numm. | 

, | variolarius. ease levigatus. planulatust a 

Alun Bay ........- In bed “no. 29” ?|/In part of Prest-| In part of Prest- i 
F, Edwards. wich’s “no. 29”|  wich’s bed “no. 

bed. O. Fisher's!) 29”? 
bed 10 (p. 84). 

Whitecliff Bay ...,| In Prestwich’s beds} In bed just below) InPrestwich’sbeds 
16, 14, 18, 11:] Prestwich’s 17 bed} - 12, 11, 9. In 
xvii., xiv., ix. of| (Keeping) Tt. O. Fisher’s beds 
O. Fisher’s beds. Vii., Vi., iv. 

Bracklesham Bay.| In O, Fisher’s beds | ?(F. Edwards). | InO.Fisher’s beds 
| 22, 20. 6, 4. 

Barton Cliff ...... | * ? (F. Edwards). 

Highcliff.....2...... | * x Fisher and 
Keeping. 

| 
Stubbington ...... | * 

Hunting Bridge, * * Fisher and 
New Forest. Keeping. 

Shepherd’s Gutter, 
or Bramshaw. 

King’s-Garden | * 
Gutter, or 
Brook. 

Emsworth ......... (80 Hidwards). 0") prsas es SRI (pass ones » Sowerby 

EXPLANATION OF PLATE XI. 

Fig. 1. Nummulites elegans, Sowerby. The largest individual known, | 
x 10 diam. From Whitecliff Bay: collected by Mr. Keeping f 
(Geol. Mag. 1887, pp. 70-72). Museum of Practical Geology. 

2. The same. Ordinary example. x 10 diam. | 
3. The same. Vertical section. X 10 diam. Be ee 
4. The same. Horizontal section; from a transparent Bay. 

individual in Canada balsam. xX 20diam. * J 

t In Prof. Prestwich’s collection several years ago I noted among his 
specimens from Whitecliff Bay, in bed 16, variolarius; in bed 13 or 12, levigatus 
and var. scabra; and in bed 11, seabra and variolarius. From Alum Bay only } 
N. elegans, from ‘no. 29.” ; 

t A small derived or remanié specimen of NV. planulatus (near N. Boucherz, De 
la H.) has been found in the Crag of Suffolk; see ‘Foraminifera of the Crag,’ 
part i. Pal. Soc. 1866, p. 74 &c., pl. 2. figs. 51, 52. 



PL XI Quart.dourn. Geol. Soc. Vol XLII 

= 
e
e
 

: 
e
S
 

S
e
 

Geo West & Sons lith et Rony. 

Ss. SOME ENGLISH NUMMULITE 



ek, hers 

Ls 



AND OTHER ENGLISH NUMMULITES. 149 

Fig. 5. The same. Ordinary example. x 10 diam. 
6. The same. Vertical section of es individual. | Bene Haat 

x 10 diam. a 
7. Thesame. Edge view. X 10 diam. ms Bees, 
8. The same. Horizontal tes X 20 diam. | New Forest. 
9. The same. Part of horizontal section. xX 55 diam. 

10. Nummulites variolarivs (Lam.). Large individual. \ 
< 10 diam. The dotted line around the figure in- | From the Bar- 
dicates the size of a larger individual. ‘ ton Shell- 

11. The same. Large individual. Edge view. | bed. 
x 10 diam. 

12. The same. Ordinary variety. Horizontal section. x 20 diam. 
From Bed “ No. 16” at Whitecliff Bay. 

13. The same. Ordinary example. x 10 view, om Bed “No. 11” 
14, The same. 9 ” Edge view. at Whitecliff Bay. x 10 diam. 

Discussion. 

The PREsmDENT Said that the rectification of the name of an old 
species was of equal importance with the institution of a new form, 
and congratulated Prof. Rupert Jones on having cleared up an 
obscure question. 

Dr. Woopwarp was glad that Prof. Rupert Jones had found some 
materials previously unrecorded in the Museum collections, The 
number of specimens exhibited at the new Museum was fortunately 
much larger than formerly in Bloomsbury. 

Prof. Szrztzy spoke of the importance of determining the forms of 
Nummulites, and gave a sketch of their distribution in the British 
Eocene rocks. He also called attention to the variation of the 
different forms. 

The AvrHor said that the subject of the passage between different 
so-called species of Nummulites alluded to by Prof. Seeley was very 
interesting. His own view was that all the forms of Nummulites 
passed into each other, the whole genus being in fact one very 
variable species. 
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10. On the Ecuinorea of the Cretaceous Strata of the Lower 

Narpapda Recion. By Prof. P. Marrim Douwean, F.R.S., F.G.S. 

(Read January 12, 1887.) 

Owine to the kindness of H. B. Medlicott, Esq., F.R.S., Director 
of the Geological Survey of India, I have lately received a consider- 
able number of specimens of Echinoidea, which have been obtained 
from recorded localities, from the Cretaceous formation, in the 
Lower Narbada valley. 

A small collection of Echinoidea, Mollusca, and Brachiopoda, and 
a coral are in the Museum of this Society, and they came from the 
neighbourhood of Bag on the Narbada, in the same district whence 
the forms lately received were found. This small collection was 
described by me in a communication to this Society in 1865, 
another collection from 8.E. Arabia being associated with it, and an 
Upper Greensand horizon was given to the strata containing the 
species (Quart. Journ. Geol. Soc. vol. xxi. p. 349). The persistence 
of many well-known European species into the far east was noticed. 
In 1866 *, Messrs. Blanford and Wynne surveyed the Bag district, 
and decided that the succession of the Cretaceous rocks was, from 
below upwards, as follows :—Sandstone and conglomerate, 20 feet ; 
nodular limestone, nearly unfossiliferous, 20 feet ; argillaceous lime- 
stone, fossiliferous, 10 feet ; and coralline limestone (Bryozoan) 10 
to 20 feet. The relation of these conformable beds to the overlying 
Lameta beds and the Deccan and Malwa Trap was noticed. 

The surveyors accepted my decision regarding the age of the beds 
which had yielded the fossils, namely the argillaceous beds near 
Deola and Chirékhan. In 1868 a similar horizon was stated to 
be present in the Sinai area ; it was already known in Algeria; and 
later on, Fraas and Cotteau discovered it in the Lebanon. 

The little collection from Bag became very interesting when 
Stoliczka’s great work on the Echinodermata of the Cretaceous rocks 
of S. India was published ; for none of the more northern forms were 
discovered by him. Yet the presence of the same geological horizon 
in 8. India was placed beyond a doubt. (Pal. Ind. 1873, Cret. 
Fauna, vol. iv. 3, ser. 8, 3.) 

In 1880 the trigonometrical survey having been completed, and a 
first-class map of the Lower Narbada valley having been published, 
the Geological Survey of the district was seriously entered upon, 
the work of Blanford and Wynne being the basis. Mr. Bose was 
ordered to pay especial attention to the fossiliferous strata and 
the igneous rocks. The results of this survey were published 
in the Memoirs of the Geological Survey of India, vol. xxi. pt. i., 

* Mem. Geol. Surv. India, vi., ; see also Blanford, Geol. Bombay, Records 
Geol. Survey India, vol. v. pt. 3, 1872, p. 82. 

+ Quart. Journ. Geol. Soc. vol. xxiii. p. 38, and vol. xxv. p. 44 (1869). 
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1884, by P. N. Bose, B.Sc. (Lond.), F.G.S. Mr. Bose collected 
fossils in abundance, from the Nodular limestone, the Argillaceous 
limestone or marl, and also from the Coralline limestone. He found 
an Ostrea-bed on the top of the sandstone mentioned by Blan- 
ford, and his paleontological researches and stratigraphical results 
led him to adopt the following views :— 

The age of the Sandstone is not settled, but the Ostrea on the top 
he believes to be O. Leymerii, d’Orb.; it is Neocomian in Europe. 
The Nodular limestone rests conformably upon the Ostrea-bed and the 
Sandstone, and some of the same Ostrew are found in diminishing 
numbersinit. The Nodular strata Mr. Bose assigns to the Gault in 
one part of his work, and to the Albian and part of the Cenomanian 
in another. The Argillaceous limestone rests conformably upon the 
Nodular series, and contains the species formerly described in Quart. 
Journ. Geol. Soc. 1865, which were collected by Captain Keatinge. 
To this horizon Mr. Bose gives the correct names of Cenomanian 
with part Turonian. The Coralline limestone rests upon the Argil- 
laceous limestone conformably, and after an examination of its 
fauna, Mr. Bose decides that it is Senonian in age. Mr. Bose, I 
regret to state, writes about the determinations of the species having 
been made by him “ roughly ;” and it became evident, after studying 
his memoir, that there were not sufficient grounds for believing that 
the whole Cretaceous formation was represented in about 80 feet 
of conformable strata, the whole of the series from the Gault or 
Albian, to the Senonian inclusive, following conformably upon a 
Neocomian. 

As Mr. Bose recognized some of the Echinoidea I had noticed, 
and as there was a good collection made from all the horizons, ex- 
cept the so-called Neocomian, I applied to Mr. Medlicott for the loan 
of the Echinoidea, with a view of describing them in the Records of 
the Geological Survey of India. Mr. Medlicott sent me the collection, 
as also one made by Mr. Blanford many years before, and that 
of Captain Keatinge, which had been placed in the Museum at 
Calcutta. The fossils in the Museum at Calcutta which had been 
collected many years ago by Captain Keatinge, came from the 
Argillaceous limestone or marl, and therefore were from the same 
strata as those which had been studied by mein 1865. Unfortunately 
this little group of well-preserved specimens was not studied by the 
last surveyor of the Cretaceous rocks, nor does it appear that he 
made himself acquainted with the forms which had been collected 
by Mr. Blanford. But Mr. Bose found some species in the collection 
which he made, and which I had not seenin the marl. Jn order to 
arrive at the truth with regard to the Echinoidea, I re-examined 
the collection in the Museum of this Society, and found that only 
one species required further consideration. It appeared to me that 
although the general shape of the EHchinobrissus warranted the 
specific name I had given it, the details of the ambulacra were 
insufficiently seen. These details are well shown on a specimen 
which Mr. Bose obtained from the same horizon, and there is no 
difficulty in recognizing the petaloid condition of the postero-lateral 
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ambulacra which characterizes Cotteau’s Echinobrissus Goybeti from 
the Cenomanian of the Lebanon. 

I do not propose to alter the determinations of any of the other 
species of Echinoidea and Mollusca. The late Mr. Davidson was 
good enough to determine the Brachiopod to be Rhynchonella depressa, 
Sow., and this common Upper-Greensand species was found accum- 
panied by a coral, Thamnastrea decipiens, Mich., from the same 
horizon. The commonest species in the collection in our Museum 
is Henuaster cenomanensis, Cott., and the only apparent distinction 
between the type from the French Cenomanian and the forms from 
the Bag beds is that the posterior ambulacra in the specimens from 
India are not quite so broad as the others. All the specific characters 
are present. Henuaster similis, d’Orb.,.is not uncommon, and two 
specimens are in our smali collection. The identity of the French 
and Indian species struck’me very forcibly, and the species is really 
a very distinguishable one. Hence the former determinations hold 
good except in one instance, and the necessary alteration strengthens 
the view of the Upper-Greensand horizon of the beds which yielded 
the fossils, or rather, as I put it, of the existence at Bag of a horizon 
from the top of the Gault to the base of the Chalk with flints. 

The collection from the Museum at Calcutta was then investigated. 
The first fossil examined was an exquisite Salenza, belonging 

to the group with very narrow ambulacra, and which has the two 
vertical rows of ambulacral primary tubercles so closely placed 
that there is no room for more than an occasional granule between 
them, in fact to the “‘ petalifera” or “ scutigera” group. The apical 
disk of the Indian form is ornamented with ridges and furrows 
in the usual radiating manner. But the species is not a new one, 
for it was recognized and described by the industrious and exact 
M. Cotteau in the collection obtained by Fraas in the Lebanon. 
Cotteau called it Salenia Fraasi, and it was found, in the first 
instance, in the Cenomanian deposits of the Lebanon. (‘ Ech. nouy. 
ou peu connus,’ 2° sér. fasc. 4, 1885, p. 59, pl. 8. figs. 1-5.) 

There are numerous specimens of a Cyphosoma in the collection, 
and they are readily to be identified with the well-characterized 
Cyphosoma cenomanensis, Cotteau, from the French Cenomanian, 

The other specimens are Hemiaster cenomanensis and similis. 
Mr. Blanford’s collection was from the marl near Dussai, 15 

miles west of Mandoo, and many specimens came from the Coralline 
limestone at Chirakhan. 

The specimens which could be named belonged to Hemuaster 
cenomanensis and H. similis. Hence Mr. Blanford has given us the 
evidence that there is a community of species between the marl and 
the overlying and conformable Coralline limestone. 

Mr. Bose’s collection from the marl was next examined. The 
two Hemiasters were found and also the Cyphosoma already men- 
tioned. The Echinobrissus is named, according to Mr. Bose, on my 
authority, but I did not see it until a few weeks ago. Mr. Bose, 
however, gave me the opportunity, when I examined his specimen, 
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of correcting my former determination ; and the species is Echino- 
brissus Gor ybeti, Cott., from the Cenomanian of the Lebanon. Several 
fairly well-preserved parts of a Cidaris were collected by Mr. Bose, 
and one or two belonging to the same species had been collected by 
Captain Keatinge and placed in the Calcutta Museum. These 
Mr. Bose considers to belong to Cidaris cenomanensis, Cotteau ; but 
there are well-marked specific distinctions present, although the 
narrow ambulacra have four rows of interporiferous granules and 
the median suture is sunken in the interradia. The excessive size 
and irregularity of the warty granules beyond the scrobicular 
circles, and the proximity and large secondaries of these last- 
mentioned structures, are sufficient to separate the species, and, 
moreover, the Indian form is a large one. Mr. Bose was quite 
right in placing the form near to C. cenomanensis. It has been 
necessary to establish a new species for the form Cidaris nama- 
dicus, nob.* 

An Orthopsis was found and recognized by Mr. Bose, and he appears 
to consider that it is O. similis, Stol., described from the Arrialur 
strata of S. India. But there are specific differences; the Bag 
form has two of the radial plates not entering the periproctal ring, 
and the numerous rows of primaries do not extend so far up above 
the ambitus as in Stoliczka’s species. ‘The other supposed specimens 
of Orthopsis collected by Mr. Bose belong to the genus Cyphosoma. 

It will have been observed that the Argillaceous limestone has 
a very interesting fauna, and it appears that Nucleolites similis also 
occurs as a variety, and this species of d’Orbigny brings the beds into 
relation with the Chloritic Marl of Europe. 

The Hchinoidea of the underlying Nodular limestone were next 
examined, and only two species could be identified from Mr. Bose’s 
Saivction, and they are common. They are the two Hemiasters, 
H. cenomanensis and H. similis, the commonest forms in the con- 
formable marl above. There are no Gault or Albian species present, 
and there are no stratigraphical data which will permit of the 
division of the few feet of beds into a Gault or Albian and a 
Cenomanian. 

The Coralline limestone, which is above and conformable to the 
Argillaceous limestone, contains the following species :—Cidaris 
namadicus, nob., which also occurs in the Argillaceous beds below ; 
Cyphosoma cenomanense, which has a similar vertical distribution ; 
Nucleolites similis, var., Weenie rer cenomanensis, and H. similis: all 
these are met with in the limestone below, and the two Hemiasters 
are also found in the Nodular limestone. 

Messrs. Blanford and Wynne, and also Messrs. Medlicott and 
Blantord, in the ‘ Geology of India,’ considered that the Nodular 
limestones, the marl, and the Coralline limestones belonged to a con- 
formable group, with a fauna indicating one Cretaceous horizon, and 
the examination of the collections of Echinoidea proves that these 
views are correct. 

The age of the Ostrea-bed at the base of the Nodular limestone 
* About to be described in the Records of the Geol. Survey of India. 

Q.J.G.8. No. 170. M 
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is not considered in this communication ; for the specimens have not 
been examined in Kurope. 

The following is a list of the species of Echinoidea found in the 
Cretaceous series of the Lower Narbadd Valley :— 

| 
| Nodular ieee | 

Name. | Lime- | Marl. ie : Foreign. | 
stone Li ee 

LE (ebb ors a ie Sd 
Cidaris namadicus, sp. nov....... ee aL ase 
Nalenta) HraastColt-aceskeeeee-- UL eae Lebanon, 

Cenomanian. 
Cyphosoma cenomanense, Coit. we % | % France, 

[santrs Cenomanian. 
Orthopsis indicus, sp. nov....... Se ae) on nee ye eee 
Echinobrissus Goybeti, Coz. ... Me Se valli Lebanon, 

| Cenomanian. 
Nucleolites similis, d’ Orb., var. | * | % Europe, Ch. 

| Marl. 
Hemiaster cenomanensis, Co77. * 3 alee France, 

| Cenomanian. 
Hemiaster similis, d’Orb.......... ¥ aise France, 

| | Cenomanian. 

Discusston. 

Prof. Acassiz complimented Dr. Duncan on the work he had 
done on Echinoderms for the Geological Survey of India. 

Mr. StapEen considered it was undesirable that paleontological . 
work should be criticized by any one who had not studied the actual 
materials upon which it was based. From his personal acquaint- 
ance with Dr. Duncan’s extensive knowledge of the Echinoidea, he 
had full confidence in accepting the important deductions which the 
Author had laid before the Society. 

Dr. BianForD explained the circumstances under which the 
hurried survey made by Mr. Wynne and himself was carried on around 
Bag in the month of May, the hottest season of the year; it was 
consequently not surprising that some of the conclusions had to be 
modified. On the other hand, he had already suspected that the 
paleontological evidence adduced by Mr. Bose in favour of referring 
the three limestone beds and the underlying sandstone to four dis- 
tinct stages of the Cretaceous system was insufficient, and he was 
not surprised to learn that Prof. Duncan had AOE. Mr. Bose’s 
views to be untenable. 

The most interesting point was the additional evidence of the 
great difference between the fauna of Bag on the one hand, and that 
of Trichinopoly of the same age on the other, the former being Euro- 
pean, the latter containing a small percentage only of European forms. 
This supported the view already urged by the speaker that in Cre- 
taceous times a land-barrier extended from India to South Africa. 

Mr. WairakeEr said that in west Norfolk the whole of the beds from 
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Lower Greensand and Middle to Upper Chalk were to be found within 
80 feet of vertical distance. 

Dr. Duncan, in reply, said that the statement in the Memoir of the 
Geological Survey of India was, that the series from the Lower Green- 
sand to the Upper Chalk inclusive was comprehended in 80 feet. 
In the English example there is a great difference between the fossils 
of the various strata; this is not the case in the Bag beds. 

mM 2 
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11. On certain DrnosavRIAN VERTEBRZ from the Cretaceous of Inp1a 

and the Istm or Wicut. By R. Lyprxxenr, Esq., B.A., F.G.8., 
&e. (Read January 12, 1887.) 

tw the year 1877 I published * a preliminary description of certain 
Dinosaurian remains obtained from the Lameta group of the 
Jabalpur district of India, to which I applied the name of Titano- 
saurus indicus. The Lameta beds, it may be observed, have been 
usually referred to the Middle Cretaceous (Upper Greensand), but 
later observations indicate that they may be of somewhat newer age. 
The remains on which the genus was founded are preserved in the 
Indian Museum, Calcutta, and comprise an imperfect femur, and a 
considerable number of late caudal vertebrae, together with one 
imperfect vertebral centrum from an earlier part of the series. In 
a later memoir t I gave figures of some of the more important of 
these specimens, and came to the conclusion that the vertebre in- 
dicated two species, for the second of which I proposed the name of 
T. Blanfordi, adding the proviso that this form might eventually 
turn out to be generically distinct from 7’. indicus. 

Both these types of late caudal vertebre are characterized by 
their strongly proccelous centra, to the anterior half of which the 
anchylosed neural arch is confined ; and in the one perfect specimen 
of 7’. indicus the arch carries two well-marked processes, one of 
which is directed anteriorly and the other posteriorly. The pre- 
axial process is bifureated anteriorly, and bears a pair of prezy- 
gapophysial facets; while the hinder one, which (judging from the 
caudal vertebree of the Sperm-Whale and of certain other Dinosaurs) 
I think includes the representative of the neural spine #, is single, 
and carries the postzygapophyses. In 7. indicus the hemal aspect 
of the bone presents two pairs of V-shaped ridges, on the extremities 
of each of which are a pair of well-defined facets for the attach- 
ment of chevron-bones, which look directly downwards ; while the 
centrum is relatively short, with its hemal surface placed nearly 
at right angles to the lateral surfaces and characterized by its 
extreme lateral compression. In the form to which the name 7. 
Blanfordi has been applied the centrum is larger and subcylindrical, 
and the hemal and lateral surfaces are not distinctly differentiated 
from one another, the ridges on the former surface are not present, 
and the facets for chevron-bones are either very indistinct or totally 
wanting. 

These two types of vertebree appeared to me to come nearest to 
those of Cetiosaurus and the so-called Pelorosaurus of the English 

* Rec. Geol. Surv. Ind. vol. x. p. 38 (1877). One of the specimens had been 
previously described and figured (without name) in Falconer’s ‘Paleontological 
Memoirs,’ vol, i. p. 418, pl. xxxiv. figs. 3-5. 

tT ‘Paleontologia Indica’ (Mem. Geol. Surv. Ind.), ser. 4, vol. i. pt. 8, p. 20, 
pls. iv. & v. (1879). 

{ Many writers adopt a different view in describing analogous specimens. 
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Wealden, in which the centra are amphicclous; and also to those 
of the much smaller Macrurosaurus * from the Cambridge Greensand, 
in which there is a slight proccelous. character in some parts of the 
series, and distinct facets for chevron-bones are wanting. ‘Their 
extreme proccelous character seemed, however, so peculiar that at a 
later date + I thought myself justified in assigning Tvéanosaurus to 
a new family of the Sauropoda. 

Thus the matter stood till some few months ago, when Mr. W. 
Davies, of the British Museum, directed my attention to two 
vertebral centra in the Collection under his charge, which had been 
obtained by the late Mr. Fox from the Wealden clay of Brook 
in the Isle of Wight. These centra, as Mr. Davies pointed out to 
me, agree in general characters with those of Tvtanosaurus, and 
almost certainly belonged to a closely allied form. ‘The least imper- 
fect of the two specimens, which is figured (with the neural arch 
restored) in the ascompanying woodcut, comprises the whole of the 

Caudal vertebra of a Dinosaur, with the neural arch restored ; from the 
Wealden of Brook, Isle of Wight. 4% nat. size. British Museum (No. 
R. 151). 

centrum and the base of the anchylosed neural arch. The two 
extremities are somewhat rolled and water-worn, and have thereby 
lost somewhat of their original roundness ; but in general contour, 
as well as in size, in the form of the articular surfaces, in the position 
of the base of the neural arch, and the apparent absence of distinct 
facets for chevron-bones, this specimen agrees very closely with the 
centrum of Titanosaurus Blanfordi represented in pl. v. fig. 3 of 
the memoir in the ‘ Palaontologica Indica’ which has been already 

* Seeley, Quart. Journ. Geol. Soc. vol. xxxii. p. 440 (1876). 
ae Indica, ser. 4, vol. i, Introductory Observations, p. v 
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quoted. The centrum is, however, more compressed in the English 
specimen, while the hemal and lateral surfaces are distinctly 

_ differentiated from one another, and the former surface carries a 
pair of V-shaped ridges resembling those of 7. indicus. The 
specimen is in fact very nearly intermediate in character between 
the figured vertebre of 7. Blanfordi and T. wmdicus. The abrasion 
of the rim of the articular cup shows that the internal structure 
of the bone is coarsely cancellous. ‘The second specimen (No. R. 
146 a) comprises the anterior half of the centrum of a slightly 
smaller vertebra, and has been but little rolled. This specimen 
shows on the ventral aspect the well-marked V-shaped ridges so 
well displayed in the type specimen of 7. indicus*, but lacks the 
distinct chevron-facets of that form. 

We may then, I think, consider it most probable that the 
English specimens indicate the occurrence in the Wealden of a 
Dinosaur closely allied to Tvtanosaurus; and it now remains to 
consider whether, in the first place, they can be referred to any 
genus already described from those beds, and, in the second place, 
whether or not they should be regarded as generically identical with 
one or both of the Indian forms provisionally included in the above- 
mentioned genus. 

With regard to the first question, among the large Dinosaurs of 
the Wealden the caudal vertebrae of Jgwanodon and its allies are of 
a totally different type from the present specimens; while equally 
different are those of Cetcosaurus (with which may be grouped the 
so-called Pelorosaurus), as well as those of Megalosawrus, in both of 
which genera the centra have either flattened or slightly hollowed 
articular surfaces. Turning, however, to the gigantic Ornithopsis, 
we find that the caudal vertebra have not been hitherto known 7, 
and there is accordingly a strong prima facie presumption that 
the specimens under consideration may belong to that genus. 
The nearest allies to Ornithopsis are certain North-American 
Dinosaurs included in Marsh’s Sauropoda t, such as Brontosaurus, 
Morosaurus, Camarasaurus, Amphicoclas, &c.; in these, while’ the 
precaudal vertebra have cavities in the centrum like those of Orm- 
thopsis, those of the caudal region are solid. Apparently in all the 
American forms the centra of the caudal vertebre are amphiccelous, 
while those of the cervical region are opisthoccelous; since, how- 
ever, in some genera, such as Camarasaurus §, the dorsal vertebre 
are opisthoccelous, like those of Ornithopsis, while in others, like 
Amphicchas ||, they are amphicclous, there is apparently no 
reason why similar variations should not also occurin the caudal 
region of other members of the group. In Brontosaurus, where 

* Palseontologia Indica, ser. 4, vol. i. pt. 3, pl. iv. fig. 1. 
Tt See Hulke, Quart. Journ. Geol. Soc. vol. xxxvi. p. 36. There apparently is 

no reason why the amphiccelian vertebra there mentioned should not belong 
to Cetiosaurus, since they agree closely with the specimens from the Great | 
Oolite figured in Phillips’s ‘ Geology of Oxford.’ 

t See Marsh, ‘Amer. Journ.’ vol. xxiii. p. 83 (1882), and vol. xxvii. p. 167 
1884). 
§ Proc. Amer, Phil. Soc., Dec. 21, 1877, p. 237. || Ibid. p. 243. 
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the dorsal vertebre are amphiccelous, Professor Marsh’s * figure 
and description show that the hinder caudals have neural arches 
of the precise type of those of Titanosaurus, while the form of 
the middle part of their centra is apparently very similar to 
that of the specimens under consideration. In Camarasaurus, 
again, the centra are laterally compressed as in Z%tanosaurus 
imdicus, although the facets tor the chevrons are less strongly 
marked. Camarasaurus and Amphicelias, it may be observed, are 
of Cretaceous, while Brontosaurus is of Jurassic age. The suborder 
Sauropoda is taken to include Cetosawrus, which, although none 
of the vertebral centra are hollowed, is evidently allied to Orni- 
thopsis; while it is probable, judging from the structure of the 
caudal vertebre, that Macrurosaurus should also be placed in the 

same division. There appears therefore to be at least a consider- 
able degree of probability that the Wealden vertebre may belong 
to Ornithopsis; and if they do not it is pretty certain that they do 
not belong to any other previously known English genus. 

With regard to the second question—+. e. whether these vertebre, 
which may be provisionally reterred to Ornithopsis, are generically 
identical with one or both of the two forms described under the 
name of Titanosaurus—there is far less possibility of arriving at 
present at any very satisfactory conclusion. It will, however, 
be safe to say that if the characters which distinguish the vertebra 
of Trtanosaurus imdicus from those of 7. Blanfordi eventually 
prove to be of not more then specific value, then the English 
vertebre might well be also generically identical, in which case 
Titanosaurus should be merged in Ornithopsis. If, however, on the 
other hand, the vertebree described under the name of 7’. Blanfordi 
should turn out (as it is highly likely that they will) to be 
generically distinct from 7’. indicus, then there would also be very 
considerable probability that the Wealden specimens are likewise 
generically distinct from both the Indian forms, although their 
relationship appears nearest to the form called 7’. Blanfordi. 

Under these difficult circumstances the only prudent course is to 
consider that we have evidence in India and Kurope of three appa- 
rently closely allied Dinosaurs clearly marked off from all other 
described forms by their strongly proccelous later caudal vertebra, 
and for the present to retain the generic name T%tanosaurus for the 
type Indian species, to refer the Wealden form provisionally to 
Ornithopsis, and to leave it open whether the form to which the 
name Titanosaurus Blanfordi has been applied is generically iden- 

- tical with one or other or even both of these forms, or whether it 
should form the type of a third genus 7. 

In conclusion, it may be observed that the occurrence in the 

* Amer. Journ. vol. xxvi. pl. i. (1883), and vol. xxi. p. 420 (1881). 
t In my description of Titanosawrus T mentioned a larger vertebral centrum 

which I regarded as precaudal and proccelous. Since, however, similar vertebrae, 
which are opisthoccelous, occur at Brook, the two types may respectively 
belong to the early caudal region of the Indian and European Dinosaurs, 
as the Crocodilia and Macrurosaurus show that the form of the articular surfaces 
of the centra may vary in different parts of the caudal region. 
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higher Cretaceous of India of two species of Dinosaurs apparently 
closely allied to one from the lowest Cretaceous of Hurope seems to 
be another instance of the survival in India of allied or identical 
generic types to a date after they had disappeared from Hurope. 
A somewhat similar instance is afforded by the occurrence of Mega- 
losaurus in the Arridlur group (white chalk) of Trichincpoly in 
Southern India *—that genus being mainly characteristic of the 
Wealden and Stonesfield Slate, although lingering on to the 
Maestricht beds y—and also by the oft-quoted Siwalik fauna. I 
may also observe that if the Wealden vertebre really belong to 
Ornithopsis, then we shall have good evidence of the distinctness 
of that genus from the North-American Camarasaurus, with which 
it has been identified by some writers—a distinction which might, 
I think, justify the reference of the English genus, together with 
Titanosaurus, to a separate family, the Ornithopside. 

Finally, I may express a hope that the Officers of the Geological 
Survey of India will direct their attention to the acquisition, from 
the Lametas of Pisdura, of other remains of Dinosaurs which may 
include vertebree of the precaudal region, and thus indicate the true 
relationship of Titanosaurus to Ornithopsis. 

Discussion. 

Prof. Skerry regretted the absence of the Author. The vertebra 
on which Titanosaurus was founded had long been known in Eng- 
land, but was considered insufficient to enable the relations of the 
animal to be determined. The femur had not been figured. The 
characters of the vertebre were insufficient to show that there was 
any affinity to Cetiosaurus, and Pelorosawrus was only a species of 
Cetiosaurus. The speaker considered that the vertebra from the 
Isle of Wight were also insufficient for identification. ‘The facets 
supposed to be those for the attachment of chevron-bones looked for- 
ward and outward, so that it was very questionable whether they 
were facets at all. 

The affiliation to Ornithopsis rested on insufficient evidence. There 
was more similarity with Macrurosaurus, but the centrum in that 
genus is cylindrical. Although a large portion of the caudal region 
of the vertebral column of Macrurosaurus was known, its affinities 
were very doubtiul. 

Mr. Hutxe concurred with the Author in thinking that the close 
similarity of the Indian and the Isle-of-Wight vertebrae: warranted 
the assumption of a generic, if not specific identity. He had never 
(nor, he believed, had Mr. Fox) found these vertebra in the 
beds hitherto yielding the remains of Ornithopsis, and he was in- 
clined to regard their reference to this Dinosaur only as provisional, 
the view taken, he understood, by the Author. 

* Palzontologia Indica, ser. 4, vol. 1. pt. 2, p. 26. 
t Vide Seeley, Quart, Journ, Geol. Soc. vol, xxxix. p. 246 (1883). 
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12. On a Motar of a Puiocenz Typr of Equus from Nusra. By 
R. Lyprexxer, Esq., B.A., F.G.8., &. (Read December 15, 

1886.) 

A smAti collection of mammalian remains, obtained during the 
late Soudan expedition by Brigade-Surgeon Archer at Wadi Halfa 
and other places in Nubia, has been submitted to my notice by Dr. 
Woodward. Many of the specimens are evidently of comparatively 
recent origin; but those from Wadi Halfa are in much the same 
mineral condition as the bones from the Upper Pliocene of the 
Val d’Arno in Tuscany, or the Lower Pleistocene of the Narbada 
valley in India. Among these remains are several specimens 
belonging to a large species of Bos or allied genus, which do not 
admit of any attempt at specific determination ; but they also com- 
prise an upper molar of an Hquus, which is of very considerable 
interest. 

It may be well to recall that so long ago as 1865 the late Dr. 
Falconer described, in the Society’s Journal*, part of the left 
maxilla of a Hippopotamus obtained from fluviatile beds at Kalabshi 
(Kalabshee or Kaldbsheh), a village situated on the Nile a short 
distance above the first cataract at Assouan, and about 150 miles 
north of Wadi Halfa, which is at the second, or great cataract. 
Dr. Falconer referred his specimen, which he observed was in the 
same state of mineralization as the Val d’Arno fossils, to the existing 
H. amphibius, although remarking that it agreed in size with the 
teeth of the Pliocene Val d’Arno form, which at that time was 
regarded as specifically distinct. 

The specimen forming the subject of the present communication 
(figured from the crown-surface in the accompanying woodcut) 
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Equus, sp. A right upper cheek-tooth (? m.1), from the Upper Tertiary of the 
Nile valley at Wadi Halfa. 4. e¢ anterior, and / posterior inner pillar. 

consists of a right upper cheek-tooth, which, from its comparatively 
small size, is probably the first or second of the true molar series, 

* Quart. Journ. Geol. Soc. vol. xii. p. 873. See also the writer's ‘Catalogue 
Gigssy Fossil Mammalia in the British Museum,’ part ii. p. 279, No. 40855 

5). 
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and is in a comparatively early stage of wear. The small antero- 
posterior diameter of the anterior inner pillar (¢), and especially the 
slight production of the part of this pillar placed posteriorly to the 
“ neck,” or point of junction with the main body of the crown, indi- 
cates that the specimen does not belong to any of the later Pleistocene 
or resent species of the genus, but to that more generalized group 
comprising Lf. sivalensis of the Pliocene of India, and LH. Stenonis of 
the Upper Pliocene of the Val d Arno and Algeria and of the Norfolk 
Forest-bed*. With regard to the upper cheek-teeth of those two 
forms, which Dr. Forsyth-Majory regards as identical, 1t appears that 
in the former the crown-surface of the antero-internal pillar is on the 
average decidedly more elongated than in the latter t, and that it 
has a greater tendency to the production of its anterior extremity 
in advance of the “neck,” in which respects it makes an approach to 
E. quaggoides, F.-Major §, and is thereby connected with the recent 
species of the genus. Now in the form and connexions of the 
pillar in question the Nubian tooth agrees so exactly with the 
Indian species (being, indeed, absolutely undistingnishable from the 
first true molar of the maxilla of the opposite side represented in 
pl. xiv. fig. 2 of the ‘ Paleontologia Indica,’ ser. 10, vol. ii.) that, 
if found in India, it would be unhesitatingly referred to that 
species. 

When, however, we call to mind the apparent impossibility of 
distinguishing many of the existing species of the genus by their 
teeth alone, it would be rash to say that the Nubian fossil belonged 
to #. swalensis; and it will accordingly be advisable to regard it 
as apparently indicating the occurrence in that region of a species 
belonging to the same group, and also as affording pretty conclusive 
evidence that the ossiferous beds of Wadi Halfa, and probably, 
therefore, those of Kalabshi, are either of Lowest Pleistocene or of 
Upper Pliocene age, since this group of horses, both in Kurope and 
Algeria, and in India is unknown after the period of the Norfolk 
Forest-bed, which is either lowest Pleistocene or highest Pliocene. 

The specimen is, however, of interest from another point of view. 
I have previously expressed an opinion || that the modern African 
genera, found in the Pliocene of India, may have reached Africa by 
way of the Gulf of Aden; and it is therefore of especial interest to 
find in the Tertiary of Nubia a member of the primitive,group of 
the genus Hquus, which is apparently more nearly allied to the 
Siwalik than to the Huropean species. ‘The occurrence of Hippo- 
potamus amphibius in the same deposits indicates, however, that the 
early fauna of this part of Africa was also connected with that of 
Pliocene and Pleistocene Europe, although this connexion was, 
perhaps, not so close as in Algeria, where we find in the Pliocene 

* See ‘ Cat. Foss. Mamm. Brit. Mus.’ pt. iii. p. 71 (1886). 
T Quart. Journ. Geol. Soe. vol. xJi. p. 2 (1885). 
¢t Compare the figures given by the writer in the ‘ Paleontologia Indica,’ 

ser. 10, vol. ii. pl. xiv., with those given by Forsyth-Major in his ‘‘ Geschichte 
der fossilen Pferde, etc.” (Abh. schwz. pal. Ges.), pls. i., i1. 

§ Op. cit. pl. ui. fig. 1. 
|| Quart. Journ. Geol. Soc. vol. xlii. p. 175 (1886). 
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teeth which are undoubtedly referable to Hqwus Stenonis accompanied 
by others which not improbably belong to Elephas meridionalis*. 

Tf further collections of mammalian remains should eventually 
reach us from the valley of the Upper Nile, I think we may con- 
fidently expect that they will afford important information with 
regard to the relations of the Pliocene faunas of India and Europe 
with the existing fauna of Africa. 

[P.S.—The observations of Drs. Woodward and Blanford men- 
tioned below, in regard to the remains of Deer from the Wadi Halia 
beds, lend support to the view taken above as to the comparative 
antiquity of those deposits. | 

Discussion. 

The Prestpent remarked that all the materials for the evening’s 
work had been supplied from the British Museum (Natural History). 

Dr. Woopwarp spoke of remains of Deer and Bos which appeared 
to be in the same mineralized condition as those of Equus; they were 
well-fossilized bones from high above the present Nile level, and 
were probably of Tertiary age. 

Dr. Bianrorp spoke of the occurrence of fossil Deer in Nubia as ex- 
traordinary, since the true Deer now only occur in North Africa, none 
east of the Sahara, where the Deer are replaced by Antelopes. The 
link shown with Indian Tertiaries wasimportant. ‘The fact recently 
ascertained by Mr. Lydekker that true Baboons existed in Pliocene 
Siwalik beds and even later, showed a resemblance between the 
Indian and African faunas. All this pointed to a different distri- 
bution of land during the late Tertiary period in the Persian Gulf 
and Straits of Bab-el-mandeb. Signs of depression may even now 
be seen in the former. 

Dr. Hicxs pointed to the three stages of development shown in 
the drawings of teeth exhibited, and asked, why do we find a higher 
form in association with a lower ? 

Mr. K. T. Newzon remarked on the little that was known of 
fossils from that part of Africa, and thought the Deer-antler alluded 
to by Dr. Woodward even more interesting than the Horse’s tooth. 
The teeth of the Recent and Pleistocene Horses were extremely 
difficult tosdistinguish, and he thought the tooth exhibited might 
haye belonged to one of the existing African species. Was there 
any other evidence as to the probable age of the beds? ‘The 
Deer would seem to indicate earlier beds than could be inferred 
from the presence of the Horse. 

Dr. Woopwarp observed that the remains came from different 
deposits, but the piece of Deer’s antler was certainly associated 
with the tooth of Horse. 

The Prusrpent said that amongst some remains brought from the 
Soudan was a tooth decided to have been that of a very large 
Antelope. 

* See ‘ Cat. Foss. Mamm. Brit. Mus,’ pt. iv. p. 108 (1886). 
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The Avrnor, in reply, remarked that Hquus Stenonis, in Algeria, 
is associated with the remains of Deer. ££. Stenonis is intermediate 
between Hipparion and H. caballus ; but it is impossible at present 
to say where the evolution connecting these forms took place. He 
concluded that the evidence was in favour of the species being one 
of those which disappeared towards the close of the Pliocene period. 
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13. The Terracszs of Roromanana, N.Z. By Jostan Martin, Esq., 

F.G.S., Auckland, N.Z. (Read February 9, 1887.) 

Tue destruction, by explosion connected with the eruption of 
Tarawera, 10th June, 1886, of the world-renowned Terraces of 
Rotomahana invests with a melancholy interest the subject of this 
paper. A calamity so complete and overwhelming that not a 
vestige of these magnificent monuments of Nature’s architecture 
remains to mark their site, has called forth expressions of sincere 
regret, not merely from the inhabitants of New Zealand, but also 
from every student of Nature’s phenomena, every lover of the 
picturesque and beautiful, as well as from every casual visitor to 
this wonderful district. 

As the chief centre of attraction to tourists through the Hot-Lake 
district, the Terraces of Rotomahana have been frequently described. 
Poets, men of science, and historians have endeavoured to express 
in varied language the impressions which these unique structures 
have produced upon them, while painting and photography have made 
known to some extent their delicacy of colour and variety of form. 
Most of the writers have, however, admitted their inability to 
give, from a rapid survey of the whole, more than a brief and 
incomplete description. In fact nothing beyond a generalized or 
vague idea could be acquired, except by a prolonged residence on 
the spot, a close familiarity with the place in all its varying aspects, 
a continuous study of the marvellous range of phenomena, and an 
intimate acquaintance with and patient observation of their 
periodicity and more salient characteristics. 
The largest and most important structure, but lately so well 

known as the White Terrace, was of very recent geological formation. 
lts origin, the Terata Geyser, was situated in a crater-like hollow 
near the centre of a conical hill of steaming and partially decom- 
posed felspathic tuff on the south-east side of the warm lake Roto- 
mahana. Outspreading fan-like from its cauldron, 100 feet above 
the lake, and descending by terraced steps of white sinter in a sector 
of 60° to a broad fiat of indurated mud, it encroached upon the lake 
with a wide sweeping curve measuring 800 feet (see fig. p. 167). 
The distance from the apex to the frontage was equal to a radius - 
of 800 feet, and the measurement gives an area of about 320,000 
square feet or about 72 acres. 

The Terrace was divided by marked differences of structure and 
elevation into :—- 

1. The Upper Terrace, with its long horizontal lines of cups 
steaming and overflowing with hot water. 

2. The Middle Terrace, with its massive steps and shaggy fringes 
without basins or receptacles for the overtiow. 

3. The Lower Plateau, a series of shallow basins and wide level 7 
platforms. 
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Measurements along a line of radius from the lake to the summit 
gave the following results :— 

| 

| Radial 
cae Hlevation. Average. eee ee 

ft. Bes 
(AE Miake-fatwe ecameunnss cose 80 1 or 1 in 80} 60° to 80° | | 

Bowe” 42, Lower plateau ........ 66 | 4— 3°5'or 1 in 16] 80° to 90° eau. | , 

\ 3. Cold-water Basins...... 150: {10= 3°5' or 1 in 15) 60° to 90° 

Middle {4. Tabular masses and 
Terrace. slopes) 540.0 t waeeneet 240 |50=11°5’orlin 5) 80° to 112° 

Weeer 5. Hot-water Basins ...... 250) \35=" 7° wor tans isto 1608 

Men |g Upper platform ...... 30 Level 160° to 170° 

The Great Cauldron, or Basin, when empty, appeared to be 
an extensive excavation lined, decorated and richly ornamented 
with the characteristic deposit of snow-white sinter. Its form was 
elliptical, with a longer diameter of 200 feet and a shorter of 
165 feet. 

‘ The sides of the Cauldron formed a nearly vertical wall 10 feet 
high, which extended about halfway round on the east side, the 
other portion sloping inward at an average angle of 50° to a depth 
of about 20 feet, except under the “ Lion Rock,” where a magnificent 
cornice overhung a perpendicular wall 14 feet in height. 

’ he basin-floor was broken into large irregular masses, the whole 
surface being roughly corrugated into wavy lines (probably caused 
by convection-currents) and presenting the appearance of wind- 
drifted snow. 

The Cauldron was enclosed by a smoothed and perfectly level 
rim of silica, about 6 feet in average width. 

This enclosing rim formed a pathway round the Cauldron, except 
on the south side, where its continuity was broken for a distance of | 
40 feet, being perforated by a number of small steam-holes. 

The crater-walls, excavated from the hill by hydrothermal action, 
rose abrupt and dark from the outer circumference of the rim. i 

From 50 feet in height behind the Cauldron this wall sloped, |~ 
as it embraced the hollow, to the sharp ridges which formed the side | 
of the entrance, and, with the ‘ Lion Rock,” probably, at an earlier | 
period, completed the circuit at a height of from 12 tc 15 feet above | 
the level of its recent overflow. 

The opening to the upper platform in front of the Cauldron | 



MR. J. MARTIN ON THE TERRACES OF ROTOMAHANA. 167 

extended 123 feet, and near the middle stood the “ Lion Rock,” a 

mass of harder material (which had resisted disintegration), 35 feet 

in length at its base and 10 feet in height. This encroached con- 

siderably within the elliptical area of the Cauldron, rendering its 
surface reniform in contour. 

Sketch Plan and Section of the White Terrace, Rotomahana, 
in November 1885. 
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Lake Rotomahana. 

The opening to the Tunnel was situated about 30 feet to the 
south-west of the centre of the basin, at a depth of 30 feet below 
the rim; it measured 15 feet across, narrowing at a further depth 
of 8 feet into a tube apparently 6 feet in diameter. 
‘The activity of the Geyser varied greatly. From furious ebullition 

with a rushing overflow fully 10 inches in depth across the whole 
opening, it would subside into its normal discharge, welling up and 
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over in ripples of about one inch in depth: frequently the overflow 
would cease, fluctuations continuing within the basin; and 
occasionally the water retired altogether within the tube, leaving 
the basin dry. 

During rapid alternations of activity and rest the whole contents 
of the Cauldron have been observed to retire within the tube in six 
hours, and the most rapid refilling noticed has taken four hours to 
complete. 

The process of refilling sometimes commenced slowly and was 
continued steadily, while at other times the action would be spas- 
modic, and violent eruptions of water wouid be thrown to an 
enormous height, sometimes failing beyond the area of the basin. 

From the measurements taken of the interior of the Cauldron, its 
capacity would be about 24 million gallons. 

From numerous and independent observations the activity for 100 
days may be stated as :— 

days. 

1, Excessive.—Violent disturbances, basin filling in 4 hours 
with overflow of 600,000 gallons per hour ............ 2 

2. Extraordinary.—Basin filling in from 6 to 12 hours, overflow 
from 200,000 to 400,000 gallons per hour ............ re) 

3. Normal.—Constant ebullition in basin, dense steam-clouds, 
frequent geyser-fountains from 20 to 30 feet above surface, 
water welling over in rippling waves at 100,000 gallons 
per hour ys -..0 Ae eed HON sae Le ae ee a 75 

4, Feeble——Reduced geyser-action, water rising and falling 
with the basin, Jitle or mo overtlow....2 -) seme] 4: 10 

5. Quiet.—Water low, showing floor of basin .............. 3 
6. Dry.—Water all retired within the tube..... A ao Vea ige 2 

100 

Heavy N.E. weather, with falling barometer, was usually associated 
with excessive action; the water frequently retired, leaving the 
basin dry, when the wind was from the south, with a. clear sky and 
rising barometer. 

Closely comparing the movement of the aneroid with the period- 
icity of action gave, however, very unsatisfactory results. For three 
days the activity of the Geyser exactly corresponded with the 
movement of the barometer—overflow ceasing and the water 
retiring into the tube when the barometer was rising and wind 
changing from W. to §8., and activity being resumed directly the 
barometer indicated a downward tendency and the wind shifted 
toward N.E. 

On three following days similar changes of activity took place 
under exactly opposite conditions as to wind and barometric pressure. 
During six days succeeding the overflow continued normal, although 
similar atmospheric changes were experienced. 
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An approximate analysis of the water gave about 150 grains of 
solid matter per gallon, viz. :— 

ers. 
Siliea, free and combined with soda uu... . ee ees cccecesccesevecees 50 
Sodium and potassium chlorides...............ccccesesceeseeeteeees 60 
PeMamIC CCRT Hy SOAS 65. doo cae ci. o Sede so nctenedunseic vaaseatianasedex 30 
Sadie sulphate, and other salts, :-.........c.:sceceeecsesecctecees 10 

150 

The amount of rock material thus withdrawn in solution by this 
geyser at its normal rate of discharge would amount to about ten 
tons per day. Several observations lead to the conclusion that at 
least ten per cent. of the silica would be deposited upon the surface 
covered by the overflow. This would be equivalent to about 120 
tons per year, and give an average deposit over the entire surface 
of one inch in fifteen years. Upon the upper portions of the 
structure the deposit had formed as rapidly as one inch in five 
years upon various objects placed for experiment in the course of 
the overflow. 

The Upper Platform extended east and west in front of the basin 
for 130 feet. Its width at the west end was 15 feet, and at the east 
10 feet. In front toward the centre it opened out into two large 
shallow basins. The larger (No. 2 on plan) circular in outline with 
a diameter of 60 feet, the other (No. 3) semicircular, with a curious 
double outer rim, had a radius of 20 feet, and between them was a 

slightly depressed channel 4 feet wide. The outer (eastern) portion 
of the platform was very curiously broken into miniature lakes and 
islands, with peninsular points and crescented bays. The surfaces of 
the elevations were smooth, and of uniform level with the rest of the 
platform and rim of Cauldron (No. 1). These small depressicns, as 
well as the hollows of the two basins (Nos. 2 & 3), had the nearly 
uniform depth of twelve inches. The sides of the elevations and the 
floor of the depressions were covered with delicate coral-like deposits 
of exquisite beauty. 

When the platform was covered by the overflow, these numerous 
and beautiful depressions escaped notice, the whole surface appearing 
as a level sheet of water, the visitor being cautiously conducted 
along the narrow path in front of the rock over which the water 
would be rippling from the Cauldron. 

The double outer rim of No. 3 basin enclosed a deep and beauti- 
fully ornamented crescent, a yard in width at the widest part. The 
sides and depths were covered with projecting and interlacing points 
of coral-like sinter, similar in character and disposition to the fleecy 
masses which were scattered over the basin floor and whieh 
promised in time to fill up the entire cavity. 

This seemed to afford strong evidence that the crescent as well as 
the other depressions could not have been excavated by the same ~ 
agency as that by which they were slowly but certainly filling. 

The breach or outer wall of this (No. 3) basin formed a wavy 
semicircle ten yards in extent and about six feet in height, thickly 
set with rough projecting bosses and mammillary points. 

Q.J.G.S. No. 170. N 
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The outwork of No. 2 basin formed a massive wall ten feet in 
height, with similar decorations, and presented a conspicuous 
appearance when the terrace was viewed from the lower levels. The 
wondrous horizontal lines of “cups” were situated immediately 
below, on the west and east points of the Upper Platform, meeting 
the circular walls of the basins ; joining at their base, these continued 
the regular parallels right across the front of the Terrace. 

The tiers or rows of “cups” might be classed in four sections, 
each with its own specialized structure and form ;— 

1. East lines, slope 1 in 8. 
2. West lines, slope 1 in 5. 
3. Steep basins (central), slope 1 in 3. — 
4. Lower series, slope 1 in 10. 

(1) Upon the upper eastern portion their crisp and sparkling 
lips projected like open bivalve shells, overhanging half the cup 
beneath ; seen from below they formed long lines of varying height 
but perfect in their horizontality ; and in section they would appear 
as a series of crescents, set with points projecting upwards. 

(2) On the other portions of the upper slope the projecting rims 
were reduced and rounded, and formed perpendicular walls with 
protuberant lips. 

(3) Under the walls of basins Nos. 2 & 3 these receptacles were 
steeper and bolder, and formed a series of Decorated Basins, which 
being a little distance from the beaten track were rarely seen by 
visitors. Their elevations were curiously embossed and adorned 
with rosette-like appendages, which, when the Terrace was partially 
dry, stood out white in bold relief upon a grey ground, and presented: 
to the spectator a more perfect ideal of rich ornamentation than 
could be seen elsewhere on any part of this wonderful structure. 

(4) The lower series of enclosures opened out into wide shallow 
areas, bounded by low narrow sinuous ridges, almost unnoticed when 
dry, but strongly defining the differences of elevation when covered 
by the overflow. When seen full and overflowing from above, these 
receptacles appeared as segments of azure, outlined with arcs of 
creamy white, infinite in variety of size, from a semicircle a few 
inches in diameter, to long and wavy outlines of from 50 or 60 feet, 
enclosing pools from one to six feet in width, with a few larger 
areas showing a deeper blue outlined in firmer lines. 

In this series of ‘“‘cups” the silica was deposited by rapid evapo- 
ration in a granular form, and when dry had the dazzling bril- 
liancy of frost-work; yet so firm and adherent were the particles 
that they were with difficulty crushed or scraped away, the outer 
rim or edge being more compact than the interior. 

The upper and lower portions of the. Terrace were distinctly 
separated by the great wall, popularly known as the Giant Buttress, 
which extended its level summit in a wavy outline for more than 30 
feet, supporting the shallow pools of the Upper Terrace. Its front 
was draped with overlapping wool-like fringes and stalactitic pen- 

: 
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dants, from which the overflow trickled in a glistening shower. 
This was the most conspicuous portion of the whole structure, the 
gradual descent of the formation on either side leaving the centre 
overhanging more than twelve feet above a basin which beautifully 
reflected its curious architecture. 

This natural division was also marked by a level path varying in 
width from 2 to 20 feet, which extended right across the face of the 
Terrace from east to west, broken only by a few steps near the 
centre. 

Upon this belt, and almost exactly in the centre of the Terrace, 
was the rough protruding rock known from its peculiar shape as the 
Boar’s Head. 

A little further towards the east was the Broken Basin, a circular 
pool 12 feet in diameter, about 26 inches deep, of similar height 
upon its outer front, the only warm-water basin on the White 
Terrace deep enough to be used as a bath; its temperature varied, 
according to the overflow, from 120° to 90°, its interior surface was 
rough like concrete, and a sedimentary deposit was disturbed when 
bathing. Some time ago an opening must have been roughly hewn 
out of the rim, forming a depressed lip about 12 inches across and 4 
inches deep, through which the overflow poured into another shallow 
basin below. 

The deposition of sinter here must have been very slow, as 
scratches and markings made in the hollow of the broken lip two 
years since were barely covered by a thin glaze. 

The Middle Terrace. 

The central portion of this part of the structure was distinguished 
by a series of massive, rugged, and rippled perpendicular elevations, 
many of which exceeded six feet in height; some were decorated 
with pendent wool-like fringes, some with deeply engraved parallel 
lines, and others with small upturned scales. The central ones were 
approached on either side by lower ridges, which together formed an 
ascent of about two hundred steps. At increasing distances from 
the centre, these elevations were again and again reduced until, 
near the margin, they merged into wide incrusted slopes marked by 
lines of interlacing ripples which formed protecting ridges less than 
half an inch in height. 

These elevations, although presenting the characteristic lines of 
leyel surface, formed compact platforms, tables, or steps—only one 
depression occurring in the whole series, and that but a small muddy 
pool. 

Although the normal overflow covered the whole of the Terrace, 
any diminution in quantity left many of these central masses dry. 
The deposition of silica appeared to be scarcely sufficient to preserve 
the compact character of the surface, and those parts most exposed 
to the action of the atmosphere were disintegrating and becoming 
loose and fragmentary. 

It seems but reasonable to suppose that these central elevations 
N 2 
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had been formed before the lateral slopes were cleared of vegetation, 
as such masses could scarcely have been deposited by aqueous 
agency if such a free outlet as the sloping sides had been open to 
the escaping flood. 
The Hastern Wing of the Terrace, divided from the Middle Terrace 

by a clump of stout manuka trees, formed a steep slope of sinter 
deposit rippled into small wavy lines. Under the trees some very 
nteresting features of new formation were observed, the prostrate 
branches forming the foundation of ridges, and drifting twigs and 
leaves collecting in the hollows became incrusted and cemented, 
forming receptacles similar in character to those upon the Great 
Terrace. . 

The Western Wing was separated by a deep cleft and some 
smaller clumps of bush. Its deposit was similar in character to 
that of the east wing. Its lower portion was more extensive and 
formed wide shallow areas, bounded by ridges of from one to three 
inches in height; these frequently contained beautiful tree-like 
aceretions, which rising on a stem, spread their branches on the 
surface, the largest specimens extending over four inches. 

The Cold-water Basins formed the front extension of the lower 
central portion of the Terrace. Viewed from above, they exhibited 
an extraordinary combination of circular and crescented areas, 
extending from five to twenty feet across, of pale, opalescent blue, 
outlined by broad rims of grey and brown, with encroaching 
margins of siliceous mud. 

From below they formed an ascending series of from one to four 
feet in height, with rough perpendicular walls, in some instances 
with a slightly projecting cornice, streaked with vertical lines of 
white, grey, and brown, mingled with various stains. 

Their depth appeared to correspond to their height. The surface- 
water was cloudy from suspended silica, and the basins full of a fine 
siliceous ooze, gelatinous and cold. The contents of these receptacles 
showed every stage of consolidation, and many had already become 
compact tabular blocks. The conversion of the alkaline silicates 
into carbonates by exposure to the atmosphere would precipitate 
the silica in the forms observed in these basins. 

The outward trend of every curve in this wonderful series, and 
the gradual descent from the apex or summit, seems to indicate their 
origin from the great cauldron above. ‘The theory of the formation 
of the structure from siliceous deposition only fails to account for the 
erection of such regular basins at such a distance from the source, 
the cooled overflow leaving here so little surface-deposit; and 
further the excavation of the basin-hollows could scarcely have been 

effected by the same agency as that by which they were now con- 
solidating. 

The Lower Plateau skirting the Terrace on the lake-border marked 
by its regular gradations the gradual lowering of the lake-level 
through a distance of about four feet. Along the edge of the 
Terrace it formed a sinter pavement, loose and fragmentary, readily 
detached in surface-layers of about an inch in thickness. In many 

| 
| 
| 



Se as 

As =— 

— anne 

MR. J. MARTIN ON THE TERRACES OF ROTOMAHANA, 173 

places it was broken through by clumps of trees or small shrubs, 
and many rush-covered patches appeared on the softer parts. 

Towards the lake the margin became uncertain and treacherous, 
and the boundary between terrace-deposit and lake-mud was unde- 
fined. 

Changes in Appearance. 

The want of a series of systematic observations of the rate and 
form of deposit can never be supplied. 

Comparing photographs and notes taken in 1883 with experiences 
two years later, it was found that marked changes were taking place 
upon the upper part of the Terrace. 

The surface previously covered by an acicular deposit had now a 
more granular character, and instead of crunching under foot like 
hoar-frost, it had the yielding nature of a layer of snow. 

The overflow had also worn a slightly depressed channel, leading 
from the cauldron across the platform, between the two shallow 
upper basins already described. The flood rising to the lip of the 
cauldron flowed through this channel and poured down the centre 
of the Terrace. 

The erosion of this stream was evidently deepening its own 
channel and smoothing the surface of those masses over which it 
poured, while it threatened in time to alter the whole appearance 
of the Upper Terrace. 

As the water rose more rapidly than it could escape by this new 
channel, it next filled the circular outer basin (No. 2), and then the 
other large area (No. 3); a further rise spread over the western 
end of the platform and down the trees on that side, the receptacles 
on the east side being supplied by a cooler stream overflowing from 
the basin (No. 3). 

This change of direction from that of the previously charac- 
teristic uniform overflow was also apparent in the orange coloration 
which was extending over the eastern tiers, probably due to con- 
ferve. The temperature of the water in these depressions was only 
100°, while in those at the same level on the western sideit was 30° 
warmer. 

Before attempting an explanation of the peculiar architecture 
of the Terrace, it will be necessary to take into account the enor- 
mous amount of material removed from the hill in excavating the 
crater and cauldron; from careful measurements this cannot be 
estimated at less than 23 million cubic feet, an amount equal to a 
deposit of eight feet in thickness over the entire area of the 
Terrace. This detritus must either have been carried away with 
the overflow into the lake or deposited upon the hill-slopes. 

Observing that the erosive action of the overflow was cutting a 
channel through the hard siliceous pavement of the upper platform, 
the torrent would certainly have opened a gorge through the soft 
rock, if in its initial form the Terata Geyser had exhibited similar 
characteristics to those with which we have been familiar. 

Or had its earlier activity been more feeble and intermittent, the 
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overflow would have spread its surface-deposits over the face of the 
hill, as exhibited in the sinter formations of other hot springs in 
the district. 

It also appears quite evident that the siliceous lining of the great 
cauldron could not have been deposited until the process of excava- 
tion was nearly complete, and that the solid precipitous walls, the 
comparatively level floor, and the perfectly level encircling rim must 
have acquired stability of form before the deposition of silica upon 
their surface. 

The extension of the platform in front of the cauldron and the 
massive walls and basins which characterize the structure suggest 
to the careful observer the probability that their formation was due 
to the deposit, in a plastic condition, of the material thus removed 
from the crater. 

The phenomena of mud volcanoes exhibited at the plateau of 
Rotokanapanapa afford to the geologist valuable indications of the 
probable appearance of the Terata cauldron in the earlier stages of 
its activity. This circular area, of similar size to the crater of the 
White Terrace, was situated in a hollow of the same hill, a few 
chains further towards the west, where the continued or intermit- 
tent action of steam escaping through felspathic tuff had gradually 
converted the rock into a perfectly level Jake of mud and clay. 
The surface was covered with a semi-liquid layer from which rose 
a large number of miniature cones and craters varying in diameter 
from 2 to 20 feet, the former emitting steam, with occasional spats 
of mud, the latter bubbling and seething like boiling paste or porridge. 
Around the edge or outer rim of the area the mud was sufficiently 
compact to form a firm and safe footpath, while towards the centre 
it became very soft and hot. 

Extending through a narrow outlet over the slope towards 
Rotomahana, the mud overflow preserved the same uniformity of 
level until it fell abruptly over a rounded breastwork which was 
encroaching upon the vegetation on the hill-side ; the surplus water, 
thick and creamy at first, deposited its solid matter in hollows and 
upon obstructions, and finally escaped clear.through the scrub to — 
the lake. 

If this condition had been succeeded by a gradual increase of 
thermal activity, it seems but reasonable to suppose that the softer 
clays around the centres of action would be slowly removed, to 
accumulate as masses of deposit upon the slopes below.  Inter- 
mittent discharges of siliceous water would carry forward streams 
of plastic clay, which on meeting level ground would spread out and 
form sweeping curves of low elevation; this deposit would rapidly 
harden, as it dried upon the outer surface, into a cement like 
concrete; other following deposits resting upon those already laid 
would form a series of terraced steps. Succeeding streams otf 
water penetrating through surface-cracks would excavate the still 
soft and plastic interior and redeposit the solid material thus re- 
moved, in the form of overhanging lips with pendent or stalac- 
titic fringes, or as smaller intermediate steps, instances of which 
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can be observed at the white mud craters of Wairakei, near 
Taupo. 

The comparative study of local phenomena thus appears to favour 
the theory that the initial activity of Terata was very similar to that 
of Rotokanapanapa, and that the successive periods which mark the 
history of the formation of the White Terrace correspond with the 
increasing activity of its source. 

The hill surrounding Terata being pierced by numerous steam- 
jets, 1t is exceedingly probable that a large number around a common 
centre originally combined to form a crater-lake of seething mud. 
As activity increased, the outer wall of the crater would be occa- 
sionally broken down, and escaping mud-streams would be as 
frequently liberated. These periodical overflows would form by 
superimposition upon the hill-slopes the foundation of this curious 
and complex terraced series. The earlier streams moving slowly 
through the vegetation on the hill-side, spread out upon the level 
ground at the base, forming that beautiful series of curves previously 
described as the Cold-water Basins. The excavation of these 
basins would be easily effected, if, after the induration of their outer 
walls, running water penetrated through surface-cracks before the 
consolidation of their central mass. 

The central steeps, which rise immediately above these basins, 
appear to have been built up by the masses of plastic clay, which 
issued at successive periods as the wall of the crater yielded to the 
increasing activity. 

The upper platform, with its massive circular outworks, would 
have been formed as the enlargement of the crater-gap increased to 
its historic dimensions, and the level surface, including that of the 
encircling rim, indicates a period when this entire area was in a soft 
and plastic condition. 

As the eruptive force augmented, and as intermittent geyser- 
fountains succeeded, the smaller vents within the area would tend 

_ to unite in one enlarged vertical tube. The argillaceous contents, 
_ reduced to an exceedingly fine state of subdivision, would by pro- 
_ longed boiling be removed and replaced by a siliceous cement, the 
_ more compact encircling rim being left entire around the cauldron. 
_ he numerous tiers of shallow receptacles known as the Upper 
| Series, hot-water basins, or ‘cups’ appear to owe their regular out- 
_ lines to the successive waves of siliceous material which overflowed 
| periodically during the excavation of the cauldron. Evaporation 
| would cause this material to harden rapidly from its outer surface, 
_ and thus the lines of elevation would be maintained when the softer 
| interior was removed by succeeding currents. Percolation of water 
_ through the pores would increase the deposit of silica within the 
interstices of the mass and further harden the basin-walls. Thus 
| deposition and removal combined to produce that exquisite variety 
| of form which characterized these horizontal lines of deposition. 
__ The curious depressions upon the Upper Platform are also readily 
explained upon the hypothesis that the crust of the upper strata of 
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argillaceous deposit was broken through, and the softer parts of the 
interior removed. 

Thermal activity within the cauldron having at length removed 
the softened rock, the deposition of siliceous incrustation in all its 
varied forms of elaborate crystalline ornamentation would decorate 
the foundations previously laid with that enchanting beauty which 
was the glory of the White Terrace. 

_ Otukapuaranga, or the Pink Terrace, situated on the opposite side 
of Rotomahana, about a quarter of a mile further towards the west, 
had a frontage of 140 feet, and at a distance of 495 feet rose to the - 
height of 85 feet. Of similar but older formation, and resembling 
the White Terrace in its essential features, it differed in many 
important details. 

The colour from which its name was derived was characteristic 
only of the older deposits, which a new smooth white enamel was 
slowly obliterating. There were also numerous indications of 
diminution in the activity of its source, and of a probable change in 
the constituents of its overflow. 

The structure may be considered in four divisions, corresponding 
to differences in the angle of inclination, viz. :— 

1. The Front Plateau. 

2, The Middle Terrace. 
3. The Upper Platforms. 
4, The Basin or Cauldron. 

(1). The Front Plateau extended as a gentle slope 30 feet wide 
along the frontage, where it rose abruptly about 2 feet above the 
lake. 

The overflow being confined to a central space 45 feet wide, the 
other portions were partially overgrown with moss and scrub, 
except at a narrow channel formed on the eastern margin. 

(2). The Middle Terrace, or Terrace proper, consisted of sixteen 
well-defined tabular elevations averaging 4 feet in height, ap- 
proached by numerous subordinate or intermediate steps, reduced on 
the margins to rippled and irregular cascades, which formed an easy 
ascent. ; 

(3). The upper levels, a series of wide, smooth platforms, rising 
by slight elevations, extended completely across the Upper Terrace, 
a distance of 224 feet. Here were situated the “ Baths,” a series of 
eight hot-water basins, which were the only depressions on the 
Terrace. 

The Baths were smooth shallow cavities, crescentic in outline, 
averaging 9 feet by 3 feet, with a depth of from 2 to 3 feet, 
ranging in temperature, according to distance from the Cauldron, 
from 90° to 130°. 

The four principal bathing-pools were situated near the centre on 
rising grades, with an elevation of one foot, the massive fronts of 
the upper baths projecting considerably over the basin-area below. 

_ (4). The Cauldron measured about 159x160 feet, and was 
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surrounded by a level rim, in width from 5 to 30 feet. The great 
basin appeared to be always full of deep-blue boiling water, edged 
with sulphur and enshrouded by a veil of steam. Usually overflowing 
without agitation, it was occasionally disturbed by wave-lke 
upheavals. Its margin could only be approached at one part of its 
circumference, where soundings gave a depth of fifteen feet, and the 
wall just below the surface was seen set with spiny ridges. 

Near the centre of the boiling lake was a dome or mass of spongy 
sinter, which could be seen only when the steam drifted away and 
the surface was unrufiled. 

_ By the terrible catastrophe of June 10, 1886, the waters of lakes 
Rotomakiriri and Rotomahana were drawn into the newly opened 
fissure, which had originated at the base of Ruawahia or Tarawera, 
and by the extraordinary explosions which succeeded, the terraces 
of Rotomahana were blown away, and wide steaming areas of 
desolation are all that remain to mark the site of these once world- 
renowned structures, 

(for the Discussion on this paper, see p. 188.) 
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14. The Exvrtion of Mount Tarawera. By Captain F. W. Horton, 
F.G.S. (Read February 9, 1887.) 

Tae eruption of Mt. Tarawera, in the North Island of New Zealand, 
took place on the 10th of June, 1886. Iwas not able to leave 
Christchurch at once, but arrived at Rotorua on the 26th of June. 
During my stay in the district, which lasted till 14th of July, I exam- 
ined Rotomahana and Okaro, and went across the Kaingaroa plains 
to Galatea. Subsequently, with Prof. F. D. Brown and Prof. A. P. 
Thomas, I visited Lakes Rotoiti and Rotoehu. 

Description of the District. 

About 25 miles south-west of Lake Taupo is Ruapehu (fig. 1), a trun- 
cated cone 9195 feet high, covered with perpetual snow. Until lately it 
was thought to be extinct, and is so described by Dr. von Hochstetter ; 
but for several months past steam has occasionally been noticed 
issuing from the summit, and on the 16th of April last, Mr. L. 
Cutten, Surveyor, ascended the mountain and found the crater on 
the top to be 300 feet deep, with hot, eddying, and steaming water 

Fig. 1.—Sketch Map of the North Island of New Zealand, showing 
area affected by the Hruption of 10th June, 1886. (Scale 
200 miles to 1 inch.) 
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Tarawera ash. Rotomahana ash. 

at the bottom, which had melted the snow all round for 40 feet, 
although about 1U0 feet above the water there was a fringe of ice. 
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The next day a large column of steam, 100 feet high, ascended from 
the crater. No earthquakes are recorded in the neighbourhood 
during the whole of this time. Between Ruapehu and Taupo lies 
Tongariro, the principal cone of which, Ngauruhoé, as well as two 
other smaller cones to the north, constantly emit steam. Ngauruhoe 
was in active eruption on July 6, 1870. 

About 130 miles N.N.K. of Tongariro is White Island, or Waikari, 
in the Bay of Plenty (fig. 1). It isasolfatara, 860 feet high, and sur- 
rounded by water 1200 feet deep halfa mile fromitsshore. Between 
them is a zone, 20 or 30 miles broad, abounding in solfataras, mud 
volcanoes, fumaroles, geysers, and hot springs, which has been 
ealled the Taupo zone by Dr. von Hochstetter. The scene of the 
recent eruption is in the centre of this zone, about halfway between 
Tongariro and White Island. 

Mt. Tarawera stands on the eastern side of the lake of the same 
name. It is a flat-topped ridge about three miles long and nearly 
half a mile broad, surrounded by rocky precipices, rising abruptly 
from a plateau and sending out a long spur to the north-east, as 
well as a shorter one to the south. The highest point of the ridge 
is 3609 feet above the sea and is called Ruawahia; immediately to 
the north is a col, about 500 feet deep, which separates from the 
main part of the ridge a smaller and rather lower portion called 
Wahanga. The southern peak of the ridge, that which looks over 
Rotomahana, is called Tarawera by the Maories, but it is only one 
end of the ridge of which Ruawahia is the other, and Europeans 
generally apply the name Tarawera to the whole mountain, including 
Wahanga. It presented no appearance of being a recent volcano ; 
there was no crater on the top, which seems to have undergone 
extensive denudation; and the Maories have no tradition of its 
ever having shown signs of activity. 

Rotomahana was some two or three miles south of Tarawera (fig. 2). 
It was a shallow lake, about a mile long and a quarter of a mile broad, 
surrounded by numerous fumaroles and hot springs among which 
were the famous White and Pink Terraces. It drained into Lake 
Tarawera by the Kaiwaka stream. Its height above the sea is 
given by Hochstetter as 1088 feet. A little to the north-east of 
Rotomahana, under the spur from Mt. Tarawera, was a small lake 
called Rotomakiriri, on the shores of which were curious, circular 
crater-rings *, About two and a half miles south-west of Rotoma- 
hana is another small lake called Okaro ; it lies immediately under 
Kakaramea, a pointed hill formed of fumarole clays (decomposed 
rhyolite) from the sides of which steam constantly escapes; but 
there were no hot springs in Okaro. 

The rocks found in the district are all volcanic, chiefly rhyolite, 
which is generally the stony variety called liparite, but occasionally 
itis vitreous. South of Rotomahana, however, and probably on the 
southern slopes of Mt. Tarawera, a dark-coloured augite-andesite 
occurs. Near the hot springs the rocks are all decomposed into soft 
fumarole clays, white, red, yellow, and grey in colour. 

* Hochstetter’s ‘ New Zealand,’ p. 419, and figure. 
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Fig. 2.—Map of the country around Tarawera Volcano after the 
Eruption of 10th June, 1886. (Scale 5 miles to 1 inch.) 
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_ Account of the Eruption. 

Earthquakes of a local character, but sometimes severe, have 
occasionally been felt in the Tarawera district ever since Europeans 
have inhabited the country; but during the last few months they 
had become much more frequent, not enough so, however, to excite 
alarm or even to arouse a suspicion that anything unusual was going 
to happen. Although Ruapehu had been seen to steam, Tonga- 
riro and White Island remained in their ordinary condition. The 
hot springs at the Rotorua had been gradually declining in volume 
and temperature ; but this, as well as the low level of the lake, was 
no doubt due to the exceptionally dry season that had passed. 
At the end of May a wave, said to be a foot or eighteen inches high, 
erossed Lake Tarawera; it was unaccompanied by an earthquake, 
and to this day remains unaccounted for. On Monday, 7th of June, 
a party of excursionists from Wairoa visited Rotomahana accompanied 
by the well-known guide Sophia, and they reported nothing unusual 
there. Wednesday was fine at Rotorua, but showery at Wairoa, 
and the night was fine and calm everywhere. 

At about 12.30 a.m. on the 10th, earthquakes commenced, slight 
at first, but gradually increasing in intensity, when at 1.15 a.m. 
Wahanga broke out with a vivid flash of light followed by loud 
explosions ; only a small cloud was seen, which appears to have 
subsided and all was again guiet. At 1.45 a.m. the main eruption 
commenced with a roar from Ruawahia, and a black column, glowing 
with reflections from red-hot rocks below, shot upwards. At 2.10 
A.M. a violent earthquake occurred, and Tarawera (proper) exploded 
with a deafening noise, sending up a broad steam-column. At 2.30 
the whole mountain-top, from Tarawera to Wahanga, was apparently 
on fire, throwing out immense quantities of red-hot scoria. The 
steam-column, which was at first continuous all along the mountain, 
separated into seven or more distinct portions, and the huge black 
cloud spread slowly out from the top in the well-known mushroom 
shape. Forked lightning, blood-red in colour, flashed from the 
column, while the edges of the spreading cloud glittered and sparkled 
with innumerable electrical scintillations, making, together with 
the rocket-like showers of red-hot stones, a scene which is described 
as marvellous in the extreme. 

At 2,30 a.m. another and quite distinct column of steam, a 
quarter of a mile in breadth, sprang from the ground far to the 
west of Mt. Tarawera. As seen from the hill behind Ohinemutu, 
on Lake Rotorua, this column went straight up to the west of tlfe 
hill calied Moerangi, and consequently it must have been in the 
direction of Kakaramea. In Wairoa also it was thought that 
Kakaramea had broken out; but it is now known that the most 
southern and western crater is two miles north of Kakaramea. This 
column of steam must therefore have come from what are known as 
the Okaro craters, between Rotomahana and Kakaramea. At 3.30 a 
series of violent earthquakes commenced, which lasted till 6 a.m. 
It was then that Rotomahana exploded, throwing out a column of 
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steam which out-topped that from Mt. Tarawera and obscured it. 
No shower of red-hot stones accompanied this explosion ; the cloud 
appeared quite black except where relieved by lightning-flashes from 
the column and electrical coruscations round the margin. 

The sounds now were frightful ; even at Rotorua, 15 miles distant, . 
it was necessary to shout as loud as possible in erder to be heard 
two yards off. Mixed with the deafening roar of escaping steam 
were loud explosions from underground, and long rolls of thunder 
from above, as well as a hissing noise caused by the solid particles 
in the air rubbing together. So continuous were the lesser noises 
that, near the scene of eruption, the louder explosions were not noticed, 
although the earthquakes caused by these explosions are said to have 
occurred at Wairoa very regularly every ten minutes. But while 
the lesser noises were soon dissipated, the loud explosions travelled 
far, being heard at Auckland and even at Blenheim, 230 miles away. 
The red-hot stones ejected from Mt. Tarawera were distinctly seen 
at Gisborne, 75 miles off, and must therefore have risen more than 
1500 feet above the top of the mountain. At Wairoa hot stones 
and scoria began to fall at about 2.50 a.m. At 3 a.m. icy-cold mud 
came down, the weight of which caused the roof of Mr. Hazard’s 
house to give way at 3.40, and that of McRae’s Hotel at 4.30. This 
mud fell until past 5 a.m., and was followed by fine, dry, flour-like 
ash, which continued until 9 a.m. 

Meanwhile the black cloud swept away to the east and to the 
north. From 7 to 9 a.m. total darkness prevailed along the east 
coast from Tauranga to the East Cape, while ash continued to fall 
until the afternoon. 

The crisis was over at 5.30 a.m., the most violent period lasting 
for three hours only ; but the rapidity of the decline differed much 
in the eraters on the mountain and those on the plain. 

At 10 a.m. on the 10th of June, the eruption from the mountain 
was confined to the south end, or Tarawera proper, and this con- 
tinued very active until midnight; but on the morning of the 11th 
all was quiet, small steam-jets only issuing along the ridge. The 
eruption from the mountain, therefore, lasted less than 24 hours. 

The craters on the plain, at Rotomabana and Okaro, continued 
throwing up immense volumes of steam with some stones and mud, 
although with gradually diminishing force. On Sunday the 138th, 
the column of steam was calculated by Mr. Humphries, Surveyor, at 
New Plymouth to reach 22,000 feet above the top of the mountain 
and to be 13 or 2 miles broad; but this of course does not accurately 
measure the violence of the eruption. Sufficient energy continued 
in these craters to enable them to eject stones for about ten days, 
although most of them were thrown to small heights and fell back 
again into the craters. Since then they have slowly decreased, but 
large volumes of steam are still emitted from Rotomahana and can 
be seen for many miles around. 

No steam was noticed from either Ruapehu or Tongariro on 
the morning of the 10th; but on the 12th and 13th Tongariro was 
steaming as usual. No change whatever appears to have occurred 
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at White Island during or after the eruption. The hot springs at 
Wairakei, near Taupo, are described as being in an extraordinary state 
of activity on the 19th; while during the eruption many new ones 
broke out at Ohinemutu, and the temperature of most of the old ones 
was raised, Also during the eruption the shore of Lake Rotorua, 
from Ohinemutu to Rotorua, sank several inches, this being probably 
due to the earthquakes causing a settlement of the land round the 
old springs. 

The earthquakés which accompanied the eruption, although de- 
scribed as violent, did very little damage ; but they appear to have 
been stronger in a south-west and north-east direction than towards 
the north-west. In Ateamuri on the Waikato, which is 28 miles from 
Tarawera, a tumbler was thrown from a box, and at Taupo, 38 miles 

distant, bottles were broken on a shelf. Nothing more violent than 
this seems to have taken place at Wairoa, only 5 or 6 miles off; 
while at Rotorua nothing was knocked down, and a brick chimney 
20 feet high has sustained no damage whatever. No earthquakes 
were felt at Lichfield or at Oxford, although they were felt acutely 
at Tauranga and Maketu on the coast. 

Results of the Erwption (see fig. 2). 

The openings in the ground formed during the eruption have, as 
yet, been only hastily examined; and although Mt. Tarawera has 
been ascended and Rotomahana has been walked round, no accurate 
survey has been made, consequently our knowledge of what has 
happened is incomplete and must remain so untilthe summer. The 
following account is founded on my own observations round three 
sides of the mountain and on photographs which have been taken 
from many places, including the summit of Mt. Tarawera. 

A. large open fissure about four miles long and 500 feet broad 
runs along the top of the ridge from Wahanga to Ruawahia and then 
descends on the western side of Tarawera to the plain. Another fissure 
exists on the eastern side of Tarawera, but it is uncertain whether 
these fissures join. There is also a large crater on the southern 
end of Tarawera, probably connected with this second fissure. A 
comparison of photographs of the mountain, taken from Wairoa and 
from near Te Ariki before and after the eruption, shows that there 
is no appreciable change in the outline of Wahanga; Tarawera 
Peak looks also much as it was before the eruption, but along the 
ridge between Tarawera and Ruawahia the accumulations from the 
fissure have slightly changed the outline, although no cone has been 
formed. These accumulations are said by Mr. Percy Smith’s party, 
who ascended the mountain on the 28th July, to be about 100 feet 
in thickness. 

Rotomahana is much enlarged and has now precipitous walls 
about 150 feet high, the whole of the sinter terraces having been 
blown away. The bottom is covered with mud, in which are 
several circular holes either emitting steam or filled with water. 
On the northern part there is a large crater-ring occupying the site 
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of Rotomakiriri and the White Terraces. Between it and Mt. 
Tarawera a new lake has been formed, with precipitous sides, about 
a mile in length and a quarter of a mile broad, but of irregular 
outline; whether this lake is connected with Rotomahana or not, I 
do not know. Between the northern end of the new lake and the 
southern end of the western fissure on Mt. Tarawera is another 
crateriform hollow, which is not connected with the lake or with the 
fissure. South of Rotomahana, in the valley of the Haumi, are the 
Okaro craters. There appear to be six or seven of them, situated on 
a line which curves round to the south towards Kakaramea. These 
are not connected by a fissure. ‘They are flat-edged, more or less 
cylindrical holes, in which the surface rocks can often be seen, and 
none of them has thrown up a cone more than a few feet high. 
The first, or southern crater, is two miles from Kakaramea and 
has been estimated by Mr. Percy Smith at 250 yards long by 
100 wide and 120 deep; the sides, however, are falling in, and it 
will soon become conical. The third crater, called the Black 
Crater, is divided into two by a narrow ridge of old rock which has 
been left; it is situated at the foot of a low hill, and when seen 
from a distance, in certain directions, this hill looks like a scoria 
cone. From this deceptive appearance it has been called Mt. 
Hazard; but the hill is part of the old surface, although of course 
covered, like the rest of the neighbourhood, by several feet of ash 
and stones. 

Products of the Eruption. 

The materials ejected are of two kinds, augite-andesite and 
rhyolite, and each is in both the compact and the vesicular state. 

The Augite-andesite, when compact, is greyish black, vesicular in 
places, and with opaque, white, angular fragments of decomposed 
rhyolite or felsite. It is an andesite lava that has overflowed 
and included rhyolite; 8. G.=2°67. The ground-mass is a brown 
glass with magnetite globulites, and it contains numerous felspar 
laths which show no fluxion-structure, except that they are arranged 
round the white rhyolite fragments parallel to their sides. One 
slide showed a quartz crystal broken across and faulted. In the 
vesicular state it is black scoria, very opaque; but in thin edges 
near the vesicles it is seen to be a yellowish-white glass full of glass- 
inclusions, globulites, and other impurities. In contains fragments 
of quartz as well as of rhyolite. I saw one broken crystal with 
ageregate polarization, probably partially decomposed hornblende. 

The Rhyolite is of two kinds. The first is a pale-grey, stony rock 
with abundance of quartz grains, fragments of a white mineral like 
kaolinized felspar, and some pyrites. The ground-mass is opaque, 
but when very thin is seen to be crypto-crystalline, probably a 
devitrified glass. It contains abundance of quartz and fragments 
of decomposing sanidine with aggregate polarization in which 
occasional traces of Carlsbad twinning are recognizable. ‘There is 
also a green mineral with aggregate polarization, probably horn- 
blende, and magnetite or ilmenite. With reflected light the base is 
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white streaked with green. This decomposed rhyolite is a very 
common surface-rock in the district. The second kind is a soft, 
dead-white, fine-grained, compact rock, with minute black specks of 
hornblende or black mica, and crystals of pyrite, as well as occasional 
small grains of quartz. The ground-mass is a white glass, with 
innumerable small glass-inclusions, which are pale pinkish violet by 
transmitted ight. It contains quartz, pyrites, and, rarely, sanidine 
not twinned. The vesicular state of these rocks is white glassy 
pumice with quartz grains more or less abundantly developed. 

From the mountain came, chiefly, vesicular fragments of pumice 
and scoria, the latter in much larger quantities than the former. 
Many of the fragments, even those of small size, are composed partly 
of pumice and partly of scoria with well-defined junctions. The 
ash that accompanied these fragments is pale brownish grey, and 
contains much white and brown glass as well as quartz, sanidine, 
plagioclase, augite, and what appears to be a weakly pleochroic brown 
hornblende. 

From the craters on the plains came angular fragments of 
compact rocks and lapilli, chiefly rhyolite, without any pumice or 
scoria. The ash that accompanied them is pale French-grey, and 
contains much devitrified glass and abundance of quartz with 
occasionally sanidine, plagioclase, and green augite. 

The different ejectamenta are, of course, mixed together ; but still 
a difference in distribution can be made out. That from the 
mountain spread to the south-west only as far as Kakaramea, but 
along the coast it extends from Katikati on the north, to Tolago Bay 
on the east. It is tolerably evenly spread, the heavier scoria at the 
bottom and the lighter ash at the top, and thins out very gradually. 
On the Kaingaroa plains, about ten miles south-east of Mt. Tarawera, 
the thickness of the deposit is five or six inches; while at the 
Southern Cross Petroleum Co.’s works, near the Waiapu River, 
between 89 and 90 miles distant, it is one inch thick, but, of 
course, much finer. This ash fell dry, and it was warm for a 
distance of eighteen miles from the mountain. The compact rocks 
from the craters on the plains were not thrown more than two or 
three miles, and the ash is much more limited in its distribution 
than that from the mountain. On the south-west it went to the 
base of Kakaramea ; to the west it follows nearly the same line as 
that from Tarawera, while its easterly limit lies through the east 
end of Rotoiti to Maketu, but it gradually passes into the deposit 
from the mountain. Round the craters it fell hot and dry, but 
further off as intensely cold mud, almost freezing ; and further off, 
again, it fell as dry dust. The mud seems to have fallen in pellets 
more or less rounded. I collected some of these out of the trees at 
Pakaraka, near Rotokakahi; they were of all sizes up to an inch in 
diameter, and some had a small piece of scoria in the centre. They 
must have formed in the air like rain-drops. One of them had a 
leaf halfway through it, which it had knocked off in its fall, 
proving that it was not frozen hard. On the morning when the 
mud fell there was a severe frost, and it fell so hard that it was 

Q.J.G.8. No. 170, 0 
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easy, even for horses, to walk over it; but it soon got soft, owing 
probably to thawing. This mud deposit thins out very rapidly, the 
thickest portion forming an oval, from Lake Okaro to beyond 
Waitangi, ten or twelve miles long and five or six broad (see fig. 2). 
Beyond this to the north it thins out gradually, and it did not fall 
as mud much beyond Taheke. The following table shows this :— 

Distance from Thickness of 
Rotomahana. Deposit. 

miles. inches. 
Papawera Plateau ............ 4 39 
WWiairoayns: Pitas ne Tian Ce 5 30 
Palvelcen 7:0 BAN UME AS cae Maen aan Ie) 24 
Parmele a PtSi ieee et te so nn ey 1 
Mayor islandeny | Vani oe. 63 x 
Alderman lislands es ss a 90 = 

These differences between the two deposits are due to the 
difference in the amount of water-vapour accompanying the different 
eruptions. The steam from the openings on the mountain was com- 
paratively small in quantity and did not fall as rain, being dissipated 
in the atmosphere ; the ash was thus widely and evenly spread by 
the wind. The enormous volumes of steam which escaped from the 
craters on the plains condensed in the higher regions of the 
atmosphere into rain-drops, which, in their fall, brought down large 
quantities of ash that otherwise would have been carried further. 

Round the craters the deposit varies from 10 to 50 feet, but 
appears to be very irregular ; for Prof. Thomas informs me that east 
of the new lake, at the foot of Tarawera, the Manuka (Lepto- 
spermunv) is not covered, and the thickness is not much more than 
six inches. 

At Wairoa there are two layers of scoria separated by several 
inches of mud, the lower of the layers resting on the ground, and 
the whole covered by about two feet of mud. These two scoria- 
layers no doubt mark two outbreaks from the mountain, probably 
when the two fissures were formed. The last outbreak must have 
taken place between 3 and 3.30 a.m., or just before the explosion of 
Rotomahana ; it seems therefore likely that the western fissure, 
which runs towards Rotomahana, was formed at that time, or about 
an hour and a quarter after the eastern fissure. 

The ash began to fall at the Southern Cross Petroleum Co.’s 
Works near Waiapu, at 4.20 a.m., and at the East Cape at 5 a.m., 
at Rotoma and Rotoiti at 4 a.m., while it was not noticed at Tauranga 
until 5.30 a.m.; so that it passed much more rapidly to the east 
than to the north. It ceased at Rotoiti at 10 a.m., and at Waiapu 
between 10 and 11 a.m.; but along the coast of the Bay of Plenty 
it continued to fall until the afternoon. The correct time is, 
however, uncertain; for, being dry, the wind blew it up in clouds. 
The night was generally calm, but at} Waiapu a strong N.W. wind 
was blowing. At 3a.m. at Wairoa a S.W. gale commenced, which, 
between 4 and 6 a.m., extended all over the eastern part of the 
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North Island as a southerly or south-westerly gale. The spread of 
the deposit seems therefore to be due to the ash from Mt. Tarawera 
having been thrown into an upper stratum of air where the wind 
was westerly, and this wind changed afterwards to the south. The 
eruption from the plains did not begin until later, and it was spread 
by the southerly wind only. 

Cause of the Eruption. 

The immediate cause of the eruption of Tarawera was, no doubt, 
the reheating of the old lava-streams of the mountain which were 
previously saturated with water. The proofs of this are :— 

(1) A complete series can be made from compact andesite, with 
fragments of decomposed rhyolite, to the same rock highly vesicular 
but still showing fragments of the quartz of the rhyolite. 

(2) A similar series can be made from decomposed rhyolite to 
quartzose pumice. 

(3) The Black Crater threw out blocks of compact andesite-lava 
which had overflowed rhyolite, the two being intimately connected 
at the line of junction, but not passing one into the other. A 
similar intimate connexion of scoria and pumice is seen in fragments 
ejected from Mt. Tarawera; and it is hardly possible that the same 
intimate connexion between two similar rocks could have been 
brought about in two different ways. 

(4) It follows, therefore, that the scoria and pumice are remelted 
andesite and rhyolite lava-streams. However, some of the scoria 
may have had a deep-seated origin, as it does not always contain 
pumice. 

This reheating must have taken place locally in the mountain and 
not very far from the surface, as the reheated rocks have undergone 
_ atmospheric decomposition. It could not, I think, have been due to 
: crushing, because (1) the earthquakes preceding the eruption were 
not violent, many people both at Wairoa and Rotoma not being 
| awakened until after the eruption had commenced. And (2) as 
several millions of tons of rock have been fused and ejected, it 
follows, according to the Rev. O. Fisher *, that several tens of 
| millions of tons must have been crushed and not fused. This 
| unfused rock was certainly not ejected with the fused, and the open 
fissure on the top of the mountain shows solid rock on each side. 
| There is therefore no evidence of this enormous quantity of crushed 
but unfused rock, and for other well-known reasons its existence is 
highly improbable. 

The only possible hypothesis seems to be that molten rock came 
up from below into the mountain and heated the surface-rocks ; 
and this is rendered more probable by the fact that Ruapehu has 
also been lately heated up without any earthquakes having been 
felt. The cause of the ascent of the molten rock, whether by 
recluded vapour or by pressure caused by movement of the earth’s 

* © Physics of the Earth’s Crust,’ p. 230. 
02 
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crust, need not be here considered ; for I do not see that the present 
eruption throws any new light on the question. 

The eruptions that took place on the plains were oft hydro- 
thermal in character, no great heat being developed. They followed 
the eruption of the mountain and were, no doubt, caused by the 
earthquakes. Their position shows that they are in some way 
connected with the fissure on the mountain, but they cannot be 
directly connected with it; for, if that had been the case, they 
would have ejected scoria like the mountain, and the explosion of 
Rotomahana would probably have preceded that of the Okaro 
eraters. Probably molten rock was injected, as a dyke, into the 
fissure below the surface, and the earthquakes. caused the surface- 
water to approach this dyke sufficiently close to be heated and 
flashed into steam. These explosions, therefore, furnish evidence 
that water cannot find its way to molten rock by means of open 
fissures. 

Discusston. 

The Presrpent spoke of the value of the descriptive portions of 
Mr. Martin’s paper. He had enjoyed great opportunities of observa- 
tion, and the series of photographs sent over by him was of extreme 
interest. As regards the theoretical portion of the paper, there 
was room for some difference of opinion. Mr. Martin had, how- 
ever, based his theory on the study of similar structures in different 
stages of growth. 

Referring to Capt. Hutton’s paper, he said that the New-Zealand 
geologists had shown great energy in studying the eruption. 
Dr. Hector started at once; some of his photographs, taken at an 
early stage of the eruption, along with maps and specimens, were on 
the table. Captain Hutton came somewhat later, and among his 
discoveries were the augite-andesites which were found associated 
with the prevailing rhyolites. He was rather disposed to regard 
the latter as quartz-dacites. He referred to the differences of 
opinion as to the origin of the eruption. | 

Prof. SzeLey regretted that Mr. Palmer, who was on the spot at the 
time of the eruption, and whose travelling companion was killed 
under a crushed roof, could not be present. His views were slightly 
different from those of Capt. Hutton; there was no eruption seen of 
scoriz and stones, nothing but grey volcanic ash and fine mud covering 
the country. At the earliest moment possible after the eruption 
Mr. Palmer reached Rotomahana, which was empty, but boiling 
and spouting at the bottom. He considered that the Terraces had 
probably been blown away, but that their sites were covered up by mud 
and hidden by steam. The water of the lake had gone to furnish 
some of the steam which had issued from Tarawera. There was no | 

evidence of the outburst being a true volcanic eruption. 
The PRrEsrpENT considered that Mr. Palmer might not have been 

in the best possible position for ascertaining the effect of the erup-— 
tion In fact there were two eruptions ; of the one from the moun- 
tain the scorie are sent by Capt. Hutton. ‘Those first on the spot 
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would see nothing of these, as they were covered up by the finer 
ejection. Dr. Hector considered that the stones thrown out were 
hot but not molten. There can be no doubt that the sites of the 
Terraces are gone, for Dr. Hector says that fragments of sinter are 
abundant in the materials ejected from Rotomahana, and this is 
confirmed by the microscope. Capt. Hutton contested the purely 
hydrothermal nature of the eruptions from the mountains. 
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15. Evipence of Gtactat Action im the CarBonirERous and 
Hawxespury Series, New Sour Watss. By T. W. Ene- 
wortH Davin, Esq., F.G.S. (Read February 9, 1887.) 

INTRODUCTORY. 

Tue series of rocks in New South Wales which are coal-bearing, 
or intimately connected with the coal-bearing division, and are 
referable to the Mesozoic and Palozoic eras, have been classed pro- 
visionally by the Government Geologist, Mr. C. 8. Wilkinson, F.G.S., 
E.L.S., &c., as follows :— 

- ; J Fresh water. 
/ 9. Wianamatta series. | 700 feet thick. 

Triassic. 
| Fresh water. 

8 oh BIKES ON Sere (0 to 1000 feet thick. 
Mesozoic. 1 

| 7 
i Passage beds. ing the Narrabeen > Fresh water. 

| series. 

Upper coal-measures. 

. Clarence series, includ- | 

{ Fresh water. 
6. Neweastle series = 

( Permian. | panes 

5. East Maitland series= { Middle coal-measures, L Fresh water. 

Paleozoic, 4 (4. Upper Marine series= Branxton series. 

: Lower ile 
3. Greta series = | Coal-measures. 

Fresh water. 
| Carboniferous. ¢ 

| 2. Lower Marine series. 

| 1. Lepidodendron-series = Fresh water. 

Evidence of ice-action has been observed in the Carboniferous 
Marine series (No. 4), and phenomena which appear to be referable 
to a similar agency in the Hawkesbury series (No. 8). 

I. CaRBonirFERous GLACIAL BEps. 

References by previous observers to Glanal Beds of Carboniferous 
age i Austraha. 

The first description of boulder-beds in New South Wales, so far 
as I am aware, is that given by the late Dr. T. Oldham*, quoted by 
R. D. Oldham in the‘ Records of the Geological Survey of India,’ vol. 
xix. part i. 1886, p. 43. With reference to the Carboniferous 
marine beds at Wollongong, Dr. Oldham says :—‘‘ And still further, 
many of the lower beds of the Australian group, there so abundantly 
rich in marine fossils, are very similar to many of the beds in the 
Indian Talchir series. There is the same mixture of pebbles and 

* Mem. Geol. Surv. India, vol. iii. p. 209. 
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large rolled masses in a matrix of fine silt; and much of this silt is 
of exactly the same peculiar bluish-green tint so characteristic of 
these beds in this country, and which when once seen can never be 
mistaken,” &c. 

Dr. Oldham, however, does not suggest a glacial origin for this 
formation. The next account of Carboniferous (?) Boulder-beds is 
that given by the late Sir R. Daintree in his ‘ Report on the Geology 
of the District of Ballan,’ Melbourne, 1866, page 10, where he 
describes part of the Bacchus-Marsh beds in Victoria as :—“ Strata 
mainly composed of fine mud, dotted throughout with various-sized, 
generally rounded, pebbles, and those pebbles mostly unknown in 
the vicinity, and some not yet seen in place as far as the Geological 
Survey has extended a minute examination.” Some of the granite 
boulders are stated to be over a ton in weight, and to be imbedded 
in soft mud. 

The first suggestion of the possibility of ice having played some 
part in the formation of these rocks was made in the same Report by 
Sir R. Daintree ; and his views therein expressed are upheld by Dr. 
A. R. C. Selwyn, F.R.S. &c., then Director of the Geological Survey 
in Victoria, in “‘ Notes on the Physical Geography, Geology, and 
Mineralogy of Victoria,” published at Melbourne in the Official 
Catalogue of the Intercolonial Exhibition, 1866-1867, page 16. 
The passage reads as follows :—‘ The character of the conglomerate 
beds before mentioned near Darley and on the Wild Duck Creek 
is such as almost to preclude the supposition of their being due to 
purely aqueous transport and deposition. It is, however, very 
suggestive of the results likely to be produced by marine glacial 
transport; and the mixture of coarse and fine, angular and water- 
worn, material, much of which has clearly been derived from distant 
sources, would also favour this supposition. Grooved or ice-scratched 
pebbles or rock fragments have, however, not yet been observed.” 

The next mention of ice-action in Carboniferous rocks in Aus- 
tralia is made by Mr. R. L. Jack, F.G.S., Government Geologist 
of Queensland, in his Report on the Bowen-river Coalfield, dated 
November 23, 1878 (printed in Brisbane, 1879), page 7. In the 
middle (marine) series he describes conglomerate beds, chiefly 
occurring in the lower part of the series, as follows :—‘* The included 
pebbles are generally of granite, slate, schist, quartzite, and other 
metamorphic rocks, with a few of porphyrite. The pebbles, which 
are not always well rounded, have a remarkable tendency to arrange 
themselves in groups in some of the conglomeratic sandstone beds— 
a disposition which may possibly be owing to their having been 
dropped in heaps from the floating roots of trees, but much more 
likely from floating ground-ice. Large isolated boulders of granite 
&c. occur here and there in the midst of strata of fine sandy or 
muddy material. These could hardly have been brought to their 
present positions except by glacial action.” 

The marine fossils associated with these beds prove them to be 
homotaxial with the Wollongong beds described by Dr. Oldham, 

| and of true Carboniferous age. But it is doubtful whether they can 
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be correlated with the Bacchus-Marsh glacial beds, the only fossil 
found in the latter being Gangamopteris, a plant of doubtful geolo- 
gical horizon. 

In 1884 Mr. C. 8. Wilkinson examined the Upper Marine Coal- 
measures (No. 4 in the table) in the neighbourhood of Branxton, 
near Maitland, and observed in the road-cutting west of the railway 
station a very coarse conglomerate containing large subangular 
boulders of clay-slate and other rocks foreign to the district, which 
he considered to be erratics; no ice-scratches, however, were at that 
time noticed. 

It was reserved for Mr. R. D. Oldham, A.R.S.M., Deputy 
Superintendent of the Geological Survey of India, on a visit to the 
Colony in 1885, to make the important discovery of the presence of 
boulders and pebbles, unmistakably striated and polished by ice, in 
a railway-cutting at Branxton, close to the spot where the erratics 
were first found by Mr. Wilkinson. Mr. Oldham has described these 
beds in the ‘ Records of the Geological Survey of India,’ vol. xix. 
part i. 1886, page 44. The marine fauna associated with this 
formation shows it to be homotaxial with the Bowen-river and 
Wollongong beds. 

Carboniferous Glacial Beds at Grass-tree. 

Since this discovery by Mr. Oldham, the author, when commen- 
cing a survey of the Northern Coal-field of New South Wales in 
1886, found another extensive glacial deposit, probably of the same 
age, at Grass-tree, near Musclebrook, 28 miles north-westerly from 
Branxton. A fine section of the Carboniferous glacial beds is exposed 
here in the railway-cutting, showing them to extend for at least a 
mile horizontally, and to have a thickness of not less than 30 feet. 

The deposit here consists of reddish-brown to greenish-brown 
shales, and is crowded with round and subangular fragments of rock, 
from pebbles no larger than marbles up to blocks 3 ton in weight. 

The matrix in which the boulders are imbedded is a fine calcareous 
sandy shale, reddish to rusty brown near the surface, and passing at 
a depth of 15 feet first into a pale greenish brown, then into a 
leaden grey. At intervals of from 3 to 20 yards spherical concre- 
tions from 3 to 2 feet in diameter, as round as cannon-balls, occur 
in the shale. When broken open these are found to be composed 
of a nucleus of carbonate of lime surrounded by a shell of shale 
partly cemented by calcareous matter. 

From the surface downwards, for about 15 feet, there is an 
appearance in the shale suggestive of bedding, but due probably to 
the formation of ferruginous bands in the shale through the perco- 
lation of surface-water carrying ironin solution. Lenticular patches 
of gravel may be observed in places filling contemporaneously eroded 
hollows ; but stratification, if it exists, is not strongly marked. 

Most of the boulders in the beds are more or less rounded, 
angular fragments being rare. Their shape is very irregular, but 
generally one end is more pointed than the other, and as a rule 
their outlines are less convex than those of water-worn pebbles. 

j 
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Most of the stones presented the appearance of having been ground, 
and showed a dull polish, and many exhibit well-marked strie. 
The proportion of the boulders possessing the requisite grain, 
hardness, and durability to receive and preserve delicate ice- 
scratches was small as compared with the number unfitted for such 
purpose. Those which are most decidedly striated are dark clay- 
stones, fine-grained quartzites, and slates. These are scratched on 
the top, bottom, and sides. The striz, although plainly visible, 
are not deeply cut, and no grooves were observed. Most of the 
boulders are partially covered with a thin crust of carbonate of lime, 
the derivation of which is obvious from the calcareous nature of the 
shales. The largest specimen of the glaciated blocks exhibited was 
found by the author firmly bedded in shale at a depth of 15 feet 
from the surface. The other specimens were also obtained in position. 
The largest boulders are those of clay-slate, granite, and aplite. 

The following is a list of the different varieties of rocks observed to 
occur as boulders in the shale :—quartz and felspar-porphyry ; clay- 
slate ; dark felspar-porphyry or porphyrite ; quartz-felsite, frequently 
showing fluxion-structure ; quartzite, reddish brown, greenish 
brown, and dark blue with iron pyrites; quartz; black quartz (?); 
coarsely crystalline quartz and felspar-porphyry ; felsite ; diorite (?); 
claystone ; shale; felspathic quartzite; granite; aplite; gneissic 
granite ; chloritic quartz-porphyry ; decomposed vesicular trap and 
hornblende-schist. 

The nearest parent rock from which some of the boulders could 
have been derived is about 30 miles distant. 

The largest boulder measures 3 feet x 1 foot 4 inches x7 inches. 
The beds have such a fresh appearance that when viewed from a 
short distance they might easily be mistaken for Pleistocene 
moraines. No evidence as to their total depth could be obtained 
at Grass-tree. At Branxton, however, Mr. Wilkinson roughly 
estimates their thickness at not less than 1000 feet. 

Fossils were not found by the author in the Grass-tree beds, but 
there is stratigraphical evidence for correlating them, provisionally, 
with those at Branxton. 

At present, all that can be truly stated is that, at Branxton, 
glacial beds exist of undoubted Carboniferous age, and similar beds, 
presumably of the same age, at Grass-tree. The coarse marine con- 
slomerates of the lower Coal-measures, near Wallerawang in the 
western coal-field, containing large smooth blocks of Devonian 
quartzite, are believed by Mr. Wilkinson to be also partly of glacial 
origin. 

II. Propasre Ick-acrion in THE Triassic HawxKesBury SERIEs. 

Two phenomena observed in the rocks of the Hawkesbury series 
appear to indicate that ice was present, to a certain extent, during 
their deposition. 

These are :— 

1. Disrupted angular fragments of shale. 
2, Contemporaneously contorted current-bedding. 
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1. Disrupted Angular Fragments 

of Shale. 

The first mention of evidence 
of ice-action in New South Wales 
was made by Mr. Wilkinson, in 
connexion with certain appear- 
ances in the shale beds interstra- 
tified with the sandstones of the 
Hawkesbury series, in a paper 
read before the Royal Society of 
New South Wales, December 4, 
1879 (see Transactions of the 
Royal Society of New South Wales, 
vol. xii. p. 106, 1880.) 

He makes the following state- 
ment :—*‘ In the sections exposed 
in the quarries at Fort Macquarie, 
W oolloomooloo, Flagstaff Hill, and 
other places, may be seen angular 
boulders of the shale of all sizes 
up to 20 feet in diameter, em- 
bedded in the sandstone in a most 
confused manner, some of them 
standing on end as regards their 
stratification, and others inclined 
at all angles. They contain the 
same fossil plants that are found 
in the beds of shale from which 
they have evidently been derived. 
These angular boulders occur 

\ vel nearly always immediately above 
\ a ASW the shale beds, and are mixed with 

\)«\ \\\ | very rounded pebbles of quartz; 
they are sometimes slightly curved 
as though they had been bent ~ 
whilst in a semi-plastic condition, 
and the shale beds occasionally 
terminate abruptly, as though 
broken off. Had the boulders of 
soft shale been deposited in their 
present position by running water 
alone, their form would have been 

»f Contorted Strata overlain by Ourrent-bedded Deposits, at Coogee Bay, near Sydney, N.S.W. 
© rounded instead of angular. It 
3 would appear that the shale beds 
8 must have been partly disturbed — 
R by some such agency as that of 

moving ice, the displaced frag- 
ments of shale becoming com- 
mingled with the sand and rolled 
pebbles carried along by the cur- 
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rents. . . . These boulder accumulations occur in irregular patches 
apparently throughout the Hawkesbury series.” 

This series is tresh water or estuarine, classed on stratigraphical 
and palzophytological grounds as Triassic, and cannot therefore be 
correlated with the Wollongong or Bowen-river series. 

2. Contemporancously contorted Current-bedding. 

The author is not aware that any description has yet been pub- 
lished of this remarkable structure, so frequently seen in the current- 
bedded sandstones of this series. The nature of this structure is 
shown on the accompanying figure (p. 194). That the crumpling of 
the beds was contemporaneous is evident from the undisturbed 
character of the overlying current-bedded sandstones. 

The contortions have evidently been caused by some extensive 
lateral thrust, such as would be produced by the grounding of 
floating ice; but more extended observation will be necessary ere 
this can be demonstrated. 

Note. 

Ice-action in Siluro-Devonian beds in New South Wales. 

Two miles north of the town of Temora, Mr. Wilkinson reports 
the occurrence of gold-bearing conglomerates, which he believes are 
of Siluro-Deyonian age. The boulders are much rounded, polished, 
and in some cases striated. The blocks consist chiefly of quartz 
imbedded in a clayey base; the largest have a diameter of 4 feet. 

Discussion. 

Mr. Crurrwe1t dissented from Mr. Dayid’s classification of the 
Australian Coal-beds. He thought the Wianamatta and Hawkes- 
bury beds equal the Mymyddyslwyn and Pennant beds (Upper 
Carboniferous) of South Wales. He considered the appearance of 
glacial action due to agencies still prevalent in Australia, such as 
the effect of melting snow and floods in the higher Cordillera. 

Prof. Boxp Dawxtys considered the evidence required further 
inguiry. Striated pebbles were not alone sufficient evidence of 
glacial action, they might be produced by earth-movements after the 
consolidation of rocks. The speaker could see nothing distinctly 
glacial in the specimens exhibited. 
He also sympathized with the doubts expressed by the last 

Speaker as to the classification of the rocks adopted by Mr. David. 
He could detect no break in the sequence, and he had found Gos- 
sopteris to the west along with Lepidodendroid plants of Mount 
Victoria. 

One of the specimens on the table was from Old Red Conglo- 
merate, striated by earth-movements. He asked for information 
about the Punjab specimens exhibited. They had a singularly 
artificial appearance. 

Mr. Goopcuttp said the stone from the Upper Old Red was from 



196 ON EVIDENCE OF GLACIAL ACTION IN N. 8S. WALES. 

Cumberland, and was an example of striation produced after the 
rock had been consolidated. 

Dr. Buanrorp gave an account of the boulder from the Punjab 
Olive Bed on the table, and pointed out that the occurrence of large 
blocks in fine shales had been first noticed, and this observation had, 
in both India and Australia, been followed by the discovery of stri- 
ated surfaces. 

The marine beds described by Mr. R. Oldham could not have 
been formed by floods or violent water-action, for the shales con- 
taining the boulders held imbedded delicate bivalves, with both 
valves united, and fine Fenestelle; the boulders must have been 
transported by a different agency from the fine sediment. 

Prof. SretEy admitted the difficulty of judging the fragments ex- 
hibited without seeing the sections. He could see no evidence of 
glacial action in the specimens exhibited, and thought that similar 
partly angular blocks might be gathered on any coast where the 
cliffs were formed of rocks of like character. He had never seen a 
glaciated fragment similar to that exhibited from the Punjab. The 
unworn edges of the facets could scarcely have remained uneroded 
if produced by glacial action. They had no resemblance to wind- 
worn faces. 

Rey. E. Hitt said the Punjab boulder might have shifted its 
position in the bottom of a glacier. However, ice does not neces- 
sarily imply a glacial age. 

Mr. Rurtzy agreed with the last speaker that the stone in ques- 
tion might have been faceted and scored by the action of ice. 

The Presipent regretted the absence of Mr. David, but called 
attention to the photographs sent: by him as illustrating the nature 
of the beds in which the blocks occur. 
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16. Further Notus on the Resvits of some Derr Bortnes in Kunr, 

By Wui1am Warraxrer, B.A., F.G.S., Assoc. Inst. C.E. (Read 
January 12, 1887.) 

[The fresh information given in this paper is communicated by permission of 
the Director General of the Geological Survey. ] 

CoNnTENTs, 

Introductory Remarks. 
The Chattenden Boring. 
The Dover Convict-Prison Boring. 
New Boring at Strood. 
Boring at Lydd. 

IntropuctoRY REMARKS. 

THE primary object of my paper read to the Society in 1886 * was 
to describe the boring at Chatham, which had reached Oxford Clay ; 
but the paper was extended, to include other borings in Kent which 
had passed through the Chalk, and had not been brought to the 
notice of geologists. 

Since then further and fuller information has come to hand with 
regard to two of these borings, and another deep work has been 
carried through the Chalk and the Gault into the Lower Greensand. 

I have thought it well therefore to send this supplementary paper 
to the Society, especially as one oi the borings, at Dover, has now 
thrown fresh light on that important and interesting subject, the 
underground geology of the London Basin. It was originally meant 
to incorporate these notes with others descriptive of deep borings in 
Surrey; but as those borings are not yet finished, and as there is a 
special interest in the Dover boring, it seems better to let the Surrey 
borings stand over, and to place the new Kentish information in the 
hands of the Society at once. 

With regard to the doubt as to the depth of the second Chatham 
boring, expressed on p. 30, it should be noted that whilst this depth 
is rightly made 965 feet from the surface, yet it is only 9633 from 
the point from which the measurements were made, the coping- 
level being 18 inches below the surface. 204 feet therefore would 
seem to be the right thickness of Oxford Clay pierced. 

* Quart. Journ. Geol. Soc. vol. xlii. pp. 26-48, pl. iii. Four errors in this 
paper have been noticed on the wrapper of the May No. of the Society’s 
Journal (1886) ; but they may be repeated here with three others :— 

P. 29; line 8 from foot, for 450 read 45. 
P. 30, lines 9, 10- from foot, for “below the 450 feet that was dug,” read 

“below 450 feet.” 
P. 35, line 5 from foot, for “180” read “ 280.” 
P. 47, line 15, for “third” read “half.” 
P. 47, line 16, for “2640” read “1760;” and for “double” read “ treble.” 
Pi, ii, heading, for “S.S.H.” read “ 8.S.W.” 
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Tur CHATTENDEN BorInG, 

Since the publication of my paper the boring at the Chattenden 
Barracks, northward of Chatham, has been successfully finished. 
I ventured to say that some 60 feet more (than the 1103 already 
sunk through) should reach the bottom of the Gault, but that de- 
sirable result happened in only 59 feet. Idid not, however, predict 
the finding of Lower Greensand here, seeing that there was so little 
thereof further south at Chatham; but Lower Greensand has been 
found, and has yielded the wished for water. 

Having visited the site, seen some specimens, and got further 
details from Capt. W. W. Robinson, R.E., who had charge of the 
work, and who has described its progress *, I am now enabled to 
amplify the last two lines of the former account, as below. 

Chattenden Boring. Details below the Tertiary Beds. 

Thickness | Depth 
in feet. in feet. 

Tertiary, beds'(as\ Pefore) stb acs -dansemecec see toa skeen heeriaes 290 290 
Chalk. Specimens of clayey chalk (probably Chalk Marl) 

at 890, 905, 920, and 940 feet. No springs found. 
Base not noted, Presumable thickness, judging by 
the) Chathamesectlonsy saya sae. senceck oe-neseh cae soe 680 or 682 | 972? 

Gault, with some pyrites. Specimens, light-coloured clay 
at 1100 and 1130, the latter with Jnoceramus ; just 
above 1140 a Rostellaria ; at 1140 a phosphatic no- 
dule, with the cast of the whorls of an Ammonite ; 
about 1140 a small phosphatic: nodule, chiefly an 
Ammonite; at 1142 dark grey clay. For the last few 
feet the clay was dark, but with green grains. About 
9 inches of rock at the bottom (specimen of phos- 
phatic nodule, from 1161 feet) ......... ........ P about 192 or 190 | 1162 

The chisel then dropped 3 feet, and water quickly rose to 
about 107 feet below the surface, some greenish sand 
being brought up inthe first ebullition. Presumably 
therefore the Lower Greensand was touched. Sand 
rose about 60 feet up the tube, and a specimen of the 
earth being removed (in February 1886) consisted of 
a, mixture of Gault clay with some green sand. 

When the bottom of the tube was cleared out, and the tubes 
were driven down into the sand, the water rose to within 100 feet 
of the surface. 

The almost exact correspondence of the total thickness of the Chalk 
and the Gault, 872 feet, with the same total at Chatham, where well 
no. | gives the figures 878, and well no. 2 the figures 875, is note- 
worthy. 

The presence of the Lower Greensand here shows that tin my 
section (Quart. Journ. Geol. Soc. vol. xlii. pl. iii.), that formation 
should have been carried a little further north. 

* ‘The Royal Engineers’ Journal,’ vol. xvi. no. 188, pp. 151, 152 (July 1, 
1886). 
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Tue Dover Convict-PRison Borine. 

Since the reading of my paper the Dover boring has been carried 
a few feet deeper, and has been abandoned from want of success in 
finding water. I have visited the site, in company with Major 
Beamish, R.E., who had charge of the prison-works, and secured a 
number of good specimens of the bottom-clays. 

The few small specimens previously to hand seemed of rather 
doubtful character, partly by reason of the attempted personation 
therein of fossils. The abundant material since to hand, however, 
disposes of any doubt as to the bond fide character of the earlier 
specimens, which is satisfactory. 

The new specimens themselves may hardly have been thought 
satisfactory by my colleagues, Mr. G. Sharman and Mr. E. T. 
Newton, who carefully examined them; for, after washing and 
sifting pieces of many of these, they arrived at a negative result. 
They could find no sign of fossils, save for a solitary specimen of 
a Rotalia. Whether this was really in place in the bottom-clays, 
or had been carried down into them by the boring-tool, is a question 
not worth debating. 

As we can get no information from fossils, we must turn to the 
oft-abused lithological character of the specimens for guidance, and 
in this case, I think, with some result. Before taking up this subject, 
however, some corrections may be made in the classification of the 
beds in my former paper. 

In the first place, there can be little doubt that the three beds, of 
a total thickness of five feet, doubtfully classed as the top of the 
Lower Greensand are really the clayey greensand and nodule-bed 
that form the base of the Gault. 

In the second place, the lowest bed bracketed with the Lower 
Greensand, though with doubt, is shown by specimens to belong 
instead to the underlying series. 

The taking away of these 18 feet of beds from the Lower Green- 
_ sand leaves that formation with a thickness of 31 feet only, and it 

will be of some interest to make out what divisions of that formation 
: are present. At the outcrop, some miles to the 8.W., we have four 
| divisions :—the Atherfield Clay, at the bottom, nearly 50 feet thick, 
much in excess of the usual thickness in Kent; the Hythe Beds, 

_ about 60 feet; the Sandgate Beds, here reaching a thickness of about 
| 80 feet, though usually much less; and the Folkestone Beds, 90 feet 
| thick, at the top. 

Beginning with the lowest of these, here, as at Chatham, there is 
| no sign of the marine Atherfield Clay. The two borings also agree 
in the absence of anything like the sandy calcareous mass of the 
Hythe Beds. When examining specimens from the lower part of 
the Dover Lower Greensand, it struck me that I had seen something 

| of the same sort amongst the Chatham specimens, and on turning te 
these it was found that the two sets exactly agreed in character, as 

| far as regards the bottom eleven feet or so; for, on putting the 
specimens side by side, it was impossible in some cases to see the 
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slightest difference between them, and in no case was there any 
notable distinction. We may fairly conclude therefore that this part 
of the Dover section should be classed with the Sandgate Beds, as 

. was done in the Chatham case. 
Whilst at Chatham, however, these compact clayey sands are 

overlain by looser sand, like that of the Folkestone Beds, at Dover 
the upward continuation of the Lower Greensand is still in clayey 
sands, though differing in colour from those alluded to above, and 
there seems to be nothing representative of the sandy Folkestone 
Beds. It seems fair therefore to conclude that we have here the 
Sandgate Beds alone, especially as these are thicker at the neigh- 
bouring outcrop than to the west, although that division of the 
Lower Greensand is the most inconstant of all along the outcrop in 
Kent, as well as in Surrey. 7 

Returning to the beds below the Lower Greensand, a little mistake 
in the published account should be put right. A very small speci- 
men of one of the clays is described as “ mixed with chalky matter.” 
It contained some white specks, which, from their appearance, were 
taken to be calcareous. When the larger and better set of specimens 
was examined, this was found to be a wrong inference; for the 
peculiar white earth, of which there was plenty, gave no sign of 
effervescence when dilute hydrochloric acid was poured on it: the 
acid simply soaked in. 

On a like test being applied to various Cretaceous and Jurassic 
marine clays a very different result followed: as would be expected, 
they all gave clear signs of containing calcareous matter. 

In view therefore of the possibility of these clayey beds being of 
Wealden age, a possibility which had been already alluded to, it 
was desirable to examine specimens of Wealden clays. Unluckily 
our rock-collection at Jermyn Street was very poor in this particular, 
and it was not until after some time that I was able to make the 
needful examination. 

It having occurred to me that Mr. G. Maw was likely to have a 
good collection of clays, | applied to him, and he was kind enough 
to send me twenty-two specimens from Wealden beds. These may 
be divided into three sets. 

Firstly, three specimens of Weald clay. One of these was from 
a Paludina-bed, another was from a bed that rested on the Horsham 
Stone, and the third came from between layers of that stone. Under 
these circumstances it is not surprising that, in all, effervescence 
ensued on the application of hydrochlorie acid. 

Secondly, eight specimens of Wealden clays from Dorsetshire, 
none of which caused effervescence. As, however, these were not 
like our Dover clays, we may pass them by. 

Thirdly, ten specimens from the Ashdown Series, at and near 
Hastings. These showed various points of likeness to the bottom 
beds of the Dover boring: none of them caused effervescence with 
hydrochloric acid; some of them had the same whitish colour and 
the same very fine texture; altogether they reminded one of the 
Dover specimens, and I feel no doubt that the beds there reached 
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belong to the Hastings Beds. ‘To say that they belong to the Ash- 
down Series, the lowest division of these, might be rash, as like beds 
occur more or less throughout; but at any rate there is a great pro- 
bability that they may do so. 

With the fresh information acquired both from specimens and 
from notes, for which, in both cases, J have to thank Mr. R. D. 
Batchelor, the well-sinker, | am enabled to give the following much 
fuller account of the beds below the Chalk in this important 
section :— 

Thickness 
In feet. 

To base of Chalk. Specimen of clayey chalk at 630 feet ... 
(Gault. Specimens, grey sandy clay at 

721; grey sandy clay with green 
| grains at 800 (both calcareous) ; 

light-greenish sandy clay or clayey 
| sand at 813; phosphatic nodules, 
4 depth not marked. At the site there 
' is plenty of the ordinary dark grey 

clay, sometimes with green grains, 

Gault, 143 feet. 

and phosphatic nodules ............... 138 
Rocky dead green sand ..............-++- I! 
Weadboroeia, Sand! oss. secis ils. tadectessna- 2 

\ Hard boulder-rock (? nodules) ......... 2 
(Dead green sand. Specimens, green 

clayey sand at 822; very fine-grained 
greenish clayey sand at 826; fine 
greenish-grey clayey sand, or sandy 

4 clay, at 831; a set of fine-grained 
| grey or brownish-grey sandy clays or 

clayey sands, at 838, 840, 841, 844, 
845, 847, and 848, compact and exactly 

| like the specimens from the Chatham 
\ boring (932 to 943 feet) ...........208. bl 
(Black sand and clay. Specimens, 
| brownish-grey clay, rather sandy, at 
| . 856 and 858; brownish and grey clay 

Lower Green- 
sand. The lower 
part (and pro- 
bably the whole) 
Sandgate Beds. 

BURP rcrae tc tae eat sews sme ouaseete teins 13 
Brown Clay. Specimens, brownish-grey, 

rather sandy clay at 864; grey and 
brown clay, with specks of pale very 
fine sand ; brown and brownish-grey 
clay at 875; grey clay, with pale 
very fine sandy specks (ot chalky, 

| as was thought from the small speci- 
BHCLELESULSCOU) Wr asses oe tse ocBedaate cat's 17 

Dark sand and clay. Specimens, brown 
and grey clay, one slightly sandy, the 
other with pale specks (as above) ... 1 

Rock. All broken up, no specimen got. 
| Below this the account differs from 

Dole 

that published before. ].................. 3 
Light-brown clay. Specimens, brown 
a grey clay at 882; brown clay at 

; grey clay at 885; grey and 
Propatly | brown clay at 886; brown ae, and 

Hastings Beds {4 grey clay with specks of pale fine 
BP fect | sand, at 888; grey clay at 890 (rather 

SAMGHY ATOR O VS uot edsccheseogeeese 5’ 13 

813 
814 
816 
818 

849 

862 

879 

8804 

881 
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Thickness | Depth 
in feet. | in feet. 

Wealden Dark clay with pyrites. Specimens, 
(continued). grey clay at 895 and 898 ............... 4 898 

Hard dark clay. Specimens, grey clay | 
| at 899, 900, 901, and 933, some with | 

pale sandy specks se baut Lee eeere ans eee a | . 905 
| Brown clay. Specimens, grey clay at 

906; pale grey pipe-clay, with pale 
|’ very. fine-grained sandy lumps, the 
| whole whitish and calcareous in 
| appearance, but not so really ......... 6 911 
| Dark clay, with rag-boulders. (? Some 
| error here, specimen at 913 being of 
| - whitish earth, like the last; ? former 
| account more correct.) Specimens, 
| grey clay, with light-coloured patches, 

at 915; grey clay at 917 (one piece 
| sandy) ani O18 208.2 ee 14 925 
Very light-coloured clay .................. 5 980 
Darker clay. A small specimen, marked 

937 (?should be 927), is light-grey 
«0 clay, rather sandy 252 ee eee 1 | 931 

On comparing the Dover section with that of Chatham (described — 
in my former paper), we see that the undergound thinning of the © 
Lower Cretaceous beds has gone further at the latter place than at the ~ 
former, except as regards the Lower Greensand, which is 41 feet ~ 
thick at Chatham, where two divisions (the Folkestone Beds and the — 
Sandgate Beds) are represented, whilst at Dover we have but 31 — 
feet. of Sandgate Beds only. i 

At Chatham, however, all the Cretaceous beds below this have — 
vanished altogether, neither Weald Ulay nor Hastings Beds having ut 
been found; but at Dover the latter series occurs, ee the first time 
in any of the deep borings in the London Basin, and has not yet i 
been pierced i ost : 

ae to be the more fie event. ‘The reverse 1s now ‘| 
to be the case at Dover, a ne a hold at Chatham also. fh: 

Dover Hoe at Chatham, for whilst the thickness at the outcrop | 
south of the latter place seems to be about 600 feet, Mr. Topley | 
remarks that “‘ we have at present no means of estimating th 
thickness of the clay further east [than the neighbourhood 
Maidstone |, but it probably thins regularly in that direction, at 
may not be more than 350 feet thick near Hythe” *, the neare 
outcrop to Dover, which place, moreover, is still further eastward. — 

It may be of use to notice here the probable thickness of the 
various divisions of the Hastings Beds at the outcrop south-west of | 
Dover. These are as follows, beginning at the top :—The Tunbridge 
Wells Sand, 150 feet or more ; the Wadhurst Clay, perhaps 100 feet; 

* «The Geology of the Weald,” to which Memoir I am indebted, aiso, f 
the thickness of the divisions of the Lower Greensand given above, and of the 
divisions of the Hastings Beds. 
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and the Ashdown Beds about 160 feet—or in all more than +00 feet. 
We should expect, of course, an underground thinning towards 
Dover, so that, even supposing the boring there to be in the highest 
division of the Hastings Beds, it is unlikely that there should be any 
great further depth to be passed through before a Pre-Cretaceous 
formation is reached. 

At p. 44 of my former paper, attention was drawn to the chief 
points that should guide us in selecting sites for trial-borings, for the 
purpose of finding out the deep-seated rocks of the London 
Basin, and Dover was mentioned, in each case, as a good site, 
meaning thereby the neighbourhood, and not merely the town 
itself. It was therefore with some satisfaction that | saw various 

newspaper-accounts of the projected irial-boring now being made 
by the South Eastern Railway Company at the foot of Shakespeare’s 
Cliff. 
My previously expressed opinion, which was shared by my 

colleague Mr. Topley, is strengthened by the conclusions now come 
to as to the bottom-beds of the boring at the Convict Prison, where 
the lower part of the Wealden Series seems to have been struck, at 
the depth of 849 feet. 

As the well begins at a height of 280 feet above the sea, whilst 
that of the new boring cannot be much above the sea-level, the 
latter has a great advantage in being at less vertical distance from 
the deeper beds. The fact that it has also an advantage from the 
southerly rise of the beds, may probably be more than neutralized by 
the inference that it is in that direction that the Lower Greensand 
and the Wealden Beds are likely, one may say are certain, to 
thicken. The difference of level taken alone would make the depth 
to the Wealden Beds some 570 feet at the new boring; but, for the 
reasons above stated, one would rather count on a slightly greater 
depth. 

It seems to me that it would have been a far more satisfactory 
thing to deepen the existing boring of the Channel Tunnel Company 
at St. Margaret’s Bay, about 24 miles H.N.. of the Prison boring, 
and for good reasons—the first that the trial-boring in question is 
already 567 feet deep; the second that it is already some feet in 
the Gault: and the third that it is in a direction in which one may 
reasonably expect further undergound thinning than that of which 
we have evidence at the prison. 

New Borine ar Stroop. 

in the early part of last year another deep boring in the neigh- 
bourhood of Chatham was finished, and although it does not add 
much to our knowledge of the underground beds there, yet it is of 
terest from the fact of its success in getting water from the Lower 
Greensand, and from its agreement with neighbouring sections in 
the thickness of the Gault found, which exceeds the previous record 
only by 3, 2, and 14 feet respectively. Having been noticed only 
im newspapers, it is worth while to describe it here. 

P2 
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Stewart Bros. and Spencers Oil Mills. 

? About 15 feet above Ordnance Datum. 
From an account in the Chatham and Rochester Observer, March 6, 

1886, and from information from Messrs. Tilley, who made the 
boring. 

Water overflows in large quantity (? 150 gallons a minute), and 
it overflowed through a small pipe to a height of 45 feet above the 
ground. Temperature 624° Fahr. 

Thickness. | Depth. 
fyi. t. in; 

Mud" fAlwvir') cease ee ke hoe ieee ene ee eee 42 0 42 0 
Jpper Chalk, with flints .............:-... 805 0 347 0 

(hat, ste Lower Chalk and Chalk Marl............ 194 0 541 0 
Upper Greensand (base of Chalk Marl). 6 O | 547 O 

Gault (2 inches of rock at the base on one side, 4 inches 
on thevothier) 2.5. 022 awwaten tas. ccc te doted tes teeta eee 195 2 | 742 2 

Lower Greensand: fine sharp greenish-grey sand, with 
WAGEE/ chi ec OSA SC PT ote ae oe PE NOL Faoiee 

Borrne at Lypp. 

A boring has lately been made for the War Office, at the southern 
end of Kent, which may be of interest here, as the most easterly 
one through the lowest beds of the Wealden Series, and the 
following account may be of some value. The details were given 
me by Messrs. 8. F. Baker and Sons, who carried out the work. 

Holmston Camp, 1886. 

Water-level 9 feet down. 

Thickness. Depth. 
ft. in. ft. in. 

(estingle yt eee ies So ae ee aay, RnB BE Lg a) LAG 
eh (EOL emsian cease “ee genteel eee 4 0 19.0 
B g PTOWMISANG (ez ies deh. SS oe cee 1335-0 32 «(0 
Fe & | Clays loatmmeand savid’ 2. uses. col eee 36 =O 
=u Blacktor ereysand., ....22+:-.s82s:05-°=3 20 O 56 (OO 

( Be tes eee ie ieee Mle note saaees cece eee i Dae 0) Sy Gee 
(Black orerey; sand \..c- 22... tes Bey 0 is >0 

Stiles Onin) o aeroeepastocse sain, foe steamers Se. iets) Hie 3 
@leanvsharp said. coke saves ste sheen See 4 4 121 30 
Hjoarayielay, ieee saree cess ci puneenees a= 0 126-8 
WANGS eee ee Ase ean «in dstan Sap etaee Phe) 128 <0 
Clay, ipo. ues teee ba ecuisey te bass satpiuwes PN i 130 6 
Hitie Srey sand eee. oo sane seu as Py) 131 38 
Sandstone stacee tesa nccsens.settee Daiives 13 6 
Clay, and loam (ee tis ccsedcencedeoanst Soo | 1Aty aus 
Strong biueiclayit nt. ossc2 one. oe HB ymee el © | 1477 Se 

i. HESEONG. He 12h sn Mame NeeRe Eton Ach on bee oO | 150... 0 
Ets) White clay ics2.cu eee ees doce atin 20 6 170 6 
FS Marl t ca0. gee Been peeeeen ac serone caves 29. 6 200 0 
Sr uOamMy, Clty. cssceenmeetln ancy. sbercecn 8 0 208 0 
SU Ei Ea tan sian bl opr aes eee Mes 42 0 250 0 ) 
2) Bland satoniess, Sot ieee ease aes ona 4 0 254 0 | 

fri.) Very. hard stome.t2icccees eet -neoe meee Bei 256. +O 
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Thickness, Depth. 
ft. in. | Ebo ip yuae: 

Milder stone ......... Pacacla ne ae tae se ene 2. 8 258 0 
ELD ULELL GEE ARSE Se nl | 262 0 

SHARON --- 2002-2. ceee po eensenccnc eee P70 263 +O 
| SEOME -0..c0.eee eee ee cece eee ceee ee eee eee nee ZO 265 0 
FS j/Sandstone and clay ...-.........0cccece me 0 | 267 0 
Beeitred tough clay ...0...00.2..0..-s00000 a £0 | 269 O 
& | Very fine clay and stone ............... as sO | 272 «0 
a | SLa57 2116 31 2 0 Pee eo 
=) LL G20 eo nee eh G sguSaniey iri eal 

Meyer Chi oo. ss. te. 2s. eee eae ee LZ | 289 O 
Veins of peat and clay ......... ........ 2-6 291 6 

BPPIAEPM CED. =o ons 53- 032g de 0cessecsieeoes EG 293 0 
| Pier trard: Clay on 6 62s 2 oc. alesse. cake Zea» eG 
| Mild sandstone, with WhOEt +. 252 s.cod 2: 6 | 298 O 
Efard sandstOne.........-.--.2-0--0+0-00: + 0 | 302 0 
wllul GELS tonetee eae ATO 306 =O 
DSS (Le ae 0 337 
Red and white mild clay ............... OO 343 (OO 
Hard light-coloured clay ............... 7 rae S505 20 
REEPEMBECO CLAY (252... 5es suse casccceceee oc 6 O 3596 =O 
Mery hard dark clay .¥....;.......-..0.- + 0 360 0 
Meewmild darkclay :..........-..0:0+... a |, 0 363 (OO 

' Hard light [colouredj clay ............ 20 a0D 9 @ 
| Very hard dark brown stone or rock. 3 0 368 0 
Hard sand rock, with water............ if THO S15. 720 
Darkeerey loamy soil ...............-.- £46) 3790 

| Very tough dark clay ...............:.. bos 6 392 «6 
ery ened Clay 7... 2:2... -nancn---n------ 10. O 402 6 

A great number of specimens have been examined, with Mr. 
Topley’s assistance. ‘They consist mostly of pale greyish clays, with 
some light-coloured mottled clays, and a few very fine compact light- 
coloured sands, the whole being of like character to the beds that form 
the lower part of the Wealden Series, the bottom of which would 
probably be reached at no very great further depth. Some of the 
specimens are like some of those from the Dover boring. 



206 PROF. H. G. SEELEY ON A SACRUM OF A 

17. On a Sacrum, apparently indicating a new type of Brrap, ORNI- 
THODESMUS CLUNICULUS, Seeley, from the WEALDEN of Brook. 
By H. G. Sueney, F.R.S., F.G.S., Professor of Geography 

in King’s College, London. (Read March 9, 1887.) 

[Prats XIJT. | 

Tue discovery of the pneumatic condition of the vertebra in Orni- 
thosaurs and certain Dinosaurs showed that they diverge from 
Reptiles in structural characters which are typically Ornithic. The 
augmented number of vertebree in the sacrum in both those groups 
also shows a divergence from existing Reptiles, which is markedly 
Avian. On the other hand, the small number of sacral vertebrae 
found in the <Archewopteryx has proved that a bird may have ~ 
the sacrum no more complex than in Ornithosaurs and Dinosaurs. ~ 
The bird’s sacrum formerly had a simpler structure, just as the — 
intervertebral articulation was simpler; and we expect to find — 
some of the distinctive osteological attributes of existing birds — 
wanting among earlier representatives of the class. This would ~ 
also be a fair inference from Prof. Huxley’s exposition of the sacrum — 
of the fowl. Sacral vertebre are defined by their nerves uniting to ~ 
form the sacral plexus; judged by this test, the fowl has five sacral — 
vertebree. But ossification has extended beyond them, so as to 
incorporate in the sacrum the four anterior vertebrae which were ~ 
originally dorso-lumbar, and the five posterior vertebrae which were — 
originally caudal. When the number of vertebrae is reduced, the ~ 
structure of the sacrum may be simplified. At the present day the | 
most striking character of a bird’s sacrum is the absence of trans- | 

verse processes extending outward from the bases of the true sacral — 
vertebra, so that deep depressions are formed in its middle region, — 
comparable to the entire sacrum in some Ornithosaurs. These ~ 
depressions contain the middle lobes of the kidneys, and therefore — 
may be presumed to be due to the way in which the development 
of those organs governed the ossification. Hence the presence or — 
absence of this osteological character would imply no more than a _ 
slight difference in the deep-seated condition of the kidney ; so that ‘ 
the renal recess might be wanting, without implying any important — 
difference in organization. 

The specimen which I am about to describe wants the modifi 
renal recesses of the sacral vertebree of the sacrum (Pl. XII. figs, 2, 
the typically Avian saddle-shaped Wee ere articulation (fig. 4), | 

existing birds. It is in the Fox col ongn of the British Museum, | 

and is distinguished by the number — Tay 

This sacrum is 9°6 centimetres long and slightly curved, so as 
to be concave in length on the ventral aspect (fig. 3), though he 
original curvature may have been less than the specimen now show! We. 
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The bodies of the vertebree and neural arches are both higher in 
the anterior part of the specimen than in the posterior part, towards 
which the depression steadily augments (fig. 3). 

Anteriorly the articular face of the first centrum is transversely 
ovate, as among many birds, fully 15 millim. deep, and 20 millim. 
wide, as preserved (fig. 4). Itis in the main flattened, apparently 
slightly concave from above downward, with a sharp peripheral 
edge, now a little broken and showing fine cellular tissue. 

The posterior articular face is much smaller, and is also extended 
transversely (fig. 5). Itmeasures over 15 millim. wide at the base, 
and is much narrower below the neural canal, towards which the sides 
converge upward. It is over 9 millim. deep. There are two small 
abraded tubercles which look downward, placed at the outer angles 

' of the base. The articular surface of the centrum is flattened, but 
| slightly concave, and has a small prominence extending backward 

below the neural canal; the whole surface is inclined obliquely 
forward so as to look obliquely backward and upward. The small 
articulation for the caudal vertebra, as compared with the inter- 
yertebral articulation in the dorsal region, is a character which has 
not been found in Dinosauria, and, like the transverse extension, 
is Avian, though the latter character is also found among some 
Ornithosaurs. The small caudal articulation implies a small tail; 
and it will subsequently be seen that we are entitled to infer that 
this tail was of the type which characterizes existing birds. 

_ The sacrum includes six vertebre, which are perfectly anchylosed 
together (figs. 1, 2, 3). 

The transverse processes (figs. 1, 2,3,¢) are given off at the junction 
of the centrums. ‘They extend from their origin on the sides of the 
vertebrae up to the neural platform, which is a horizontal lamina, 
formed by the blending of the neural arches, extending along the 
sacrum on each side of the neural spine. ‘his platform (fig. 3, np) 

| in its anterior part is directed outward and slightly upward ; in the 
_ hinder part it is horizontal. The height from the base of the 

' centrum to the neural platform at the junction of the first and 
| second vertebre is 2°2 centim.; at the junction of the fourth and 

fifth vertebree the corresponding measurement is 14 millim. The 
| neural platform does not appear to extend to the sixth vertebra. 
| The width of the neural platform at the second vertebra is 14 

| millim.; at the fourth vertebra it is about 2 millim. wider. The 
| neural spine is broken (fig. 3, ns), but appears to form a thin con- 

tinuous vertical plate from the second to the fifth vertebra (fig. 1, ns). 
Its base is 3 millim. wide in front, but it is stronger in front than 
behind. As preserved, it is only half a centimetre high in front, 
and its height posteriorly was less. 

The posterior aspect of the sixth neural arch is worn, so that the 
zygapophyses are lost, but the neural spine is seen to be vertically 
grooved. The first vertebra has its zygapophysial facets preserved ; 
they have the characteristic oblique, curved, Avian position resting 
flat upon the neural arch (fig. 4, z). 

__ The sides of the centrums are compressed, and the first two show 
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long concave lateral depressions, in which are impressed ovate 
apertures of a pneumatic character (fig. 3, pn). 

The vertebral centrums are nearly equal in length, but become 
slightly shorter posteriorly, and the sixth is conspicuously short 
(fig. 2). The first has a length of 17 millim., the second of 16 millim., 
the third, fourth, and fifth are slightly shorter, and the sixth measures 
13 millim. 

The general aspect of the underside of the centrum is flattened, 
with the flattening augmenting posteriorly. The first centrum is 
decidedly convex from side to side and concave in length, but the 
longitudinal concavity becomes obliterated with the next vertebra. 
The transverse measurement isfrom 12to 138 millim. In the second 
vertebra the centrum is a little wider and flatter, and it widens 
posteriorly because the transverse process descends almost to the 
level of the base of the centrum, and widens transversely in a direc- 
tion nearly horizontal. In the third vertebra the width is nearly 
15 millim.; in the fourth it is 16 millim., and in the fifth and 
sixth it is 13 millim. 

The first transverse process (fig. 3, t) is on the neural arch; but in 
the succeeding vertebree they descend, till the base of the fourth pro- 
cess 1s on a level with the base of the centrum ; their antero-posterior 
extent gradually increases as they extend backward. The sixth 
vertebra is at first less conspicuous than the others, because its 
transverse process does not descend to the base of the centrum, from 
which it is defined by an emargination. All the transverse pro- 
cesses, except the last, are broken (fig. 2), and the measurement across 
them and the intervening vertebra, as preserved, in no case exceeds 
3 centim.; but the abrasion is probably slight, since the processes 
are as long as in many existing birds, and in some cases the corre- 
spondence with birds in contour and length of the processes is 
absolute. 

The side of the sacrum below the neural platform and between 
the transverse processes appears in all cases to be excavated. The 
transverse process between the first and second vertebre is vertical, 
15 millim. high and 6 millim. from front to back. The other 
processes have some resemblances with Megalosawrus, but appear to be 
vertical (fig. 3, ¢) and constricted in the middle, except the last, which 
is sub-ovate, but little elevated, 12 millim. high and 10 millim. wide. 

The neural canal is wider than high (figs. 4, 5). 
The only extinct animals with which this type of sacrum can be 

compared are Dinosaurs and Ornithosaurs. With described Dino- 
saurs, notwithstanding many general points of resemblance, it has — 
comparatively little in common. No genus approaches it more 
nearly than Hypsilophodon, in which the character of the sacrum is 
altogether different in the transverse processes of the first sacral 
being given off on a level with the base of the centrum, while in the 
later vertebre these processes originate higher up on the sides of the 
centrum. Mr. Hulke has described a shallow median groove as 
occupying the ventral surface of the centrums of the sacrum in that 
genus; but it is very different in character from the vascular groove — 
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(fig. 2, vc) seen in the median line of this fossil, which is better com- 
pared with the similar groove seen on the sacral centra in Vultures 
and Ichthyornis victor. If we were to say that the general analogy 
with Dinosaurs is such as to give a reasonable probability that some 
member of the group will be found to resemble it, the prediction 
would not seem inadmissible ; but it would only be another mode of 
recognizing the approximation of the sacrum in Dinosaurs towards 
that structure in birds. Unfortunately nothing is known of the 
sacrum in British Dinosaurs with pneumatic vertebre ; but if the 
American types which are thus characterized may be taken in 
evidence, the sacrum has nothing in common with the sacrum 
described which would tend to affiliate it to the Dinosauria. 

The sacral vertebree in Ornithosaurs are also united into a sacrum. 
_ Yon Meyer has stated the number of vertebrae in species from the 
Solenhofen Slate at from 5 to 6. They are anchylosed at a suffi- 
ciently late period for the vertebre not to show the diminished 
length seen in the sacrum of a bird. There is a resemblance to 
the fossil in the transverse form of the articular face of the centrum, 
a less resemblance to the concave articular surface of the first sacral 
vertebra, and no resemblance to the flat or concave articulation of 
its last vertebra, which in Cretaceous Ornithosaurs is convex. 
There is a general resemblance in the pneumatic character of the 
bones; but I am not aware that any Ornithosaur has the foramina 
similarly situate, or that the structure of the sacrum is such as this 
fossil shows. 

Turning to birds, the form of the articular face of the first sacral 
vertebra is variable, so that the Gannet, which has the lower dorsal 
vertebree almost biconcave, has the articular face flat, with a central 
pit in the first vertebra of the sacral mass, which cannot be termed 

: sacral, since it carries ribs. There is therefore no insuperable 
. difficulty in the absence of the typical Avian articulation of the 
| first vertebra in interpreting the sacrum as that of a bird, since the 
_ Avian articulation has already been found to be absent in the sacrum 

of Hnaliornis from the Cambridge Greensand, and in that of [chihy- 
ornis, figured by Professor Marsh. 

_  Inlchthyornis dispar * there are ten vertebre in the sacrum ; but 
| the specimen forms an interesting link with our fossil, in differing 
: from existing birds by not having the transverse processes of the 
_ middle sacral vertebree elevated from the centrum on to the neural 
| arch, Itis true that they rise a little on the last three sacral vertebree 

ot Ichthyornis dispar, but then there are more vertebrae in the sacrum 
_ than in this fossil. Jchthyornis, however, is no near ally. 
| Among existing birds, I was led to seek an elucidation of the 
| fossil among the Penguins rather than any other type, because their 
dorsal vertebrae present the opisthoccelous deviation from the Avian 
articulation, which has already offered a suggestive explanation of 
the opisthoccelous articulation in certain vertebrae of some Dinosaurs, 
towards which the sacrum may approximate in a general way. The 
sacrum of Aptenodytes, however, is typically Avian. Yet in the 

* Ichthyornis victor may be generically distinct. 
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large A. Forsteri, which is not dissimilar in size, there is enough in 
common with the fossil to make some comparisons instructive. 

In the skeleton of Aptenodytes Forsteri, in the Osteological Col- 
lection of the British Museum, numbered 1197 b, the presacral ver- 
tebra is imperfectly anchylosed to the sacrum, and comes away 
leaving a rugose surface, which is slightly convex from the ventral 
margin to the neural canal. This is the converse condition to that 
seen in the fossil. But just as birds have the vertebre biconcave, 
flat, and opisthoccelous, as well as saddle-shaped in the intercentral 
articulation, there is no antecedent improbability in an extinct bird 
having the articulation proccelous. 

This Penguin’s sacrum contains ten vertebre, and differs from 
the fossil in many details. It has not the median ventral canal, 
nor the pneumatic pits; but the Penguin is exceptional among water- 
birds in that respect. The transverse processes of the early sacral 
vertebree of the Penguin are inclined forward as they ascend from 
the centrum to the neural platform, so that the process rises from one 
centrum to the neural arch in front of it; whereas in the fossil the 
processes are vertical, and given off at the junction of two centrums. 
The middle three sacral vertebrze of the Penguin, have the character 
already discussed as typical of existing birds, the attachments for 
the ilium being given off from the neural arch, and this is an 
important difference from the fossil. But the posterior widening of 
the transverse processes seen in the Penguin is well marked in the 
fossil. And the last vertebra has the vertically ovate tubercle for 
the ilium upon its own centrum, and is conditioned in every respect 
in the same way in the Penguin (fig. 6) and the fossil (fig. 5). The 
correspondence is almost as close in the character of the transverse 
processes and zygapophyses of the first sacral vertebra. The resem- 
blances further include the flattened neural platform, which is better 
developed in the fossil than inthe Penguin. The neural spine in the 
fossilis thinner, more as in ordinary birds, and apparently lower than 
in the Penguin. Another resemblance isin the descent of the trans- 
verse processes from the neural platform in the first vertebra to the 
base of the centrum in the fourth vertebra, in consequence of which 
the first two vertebree have their bodies compressed from side to side 
(fig. 3). In both types the bodies of these vertebrae are of similar 
form, the first rather flattened on the underside and concave in 
length, the second widening as it extends posteriorly. Though the 
centrums in the fossil are approximately of equal length, their length 
diminishes in the middle of the sacrum in a way which is Avian, 
though the shortening is less than in existing birds.. From the Avian 
form of the last sacral vertebra it may perhaps be legitimately 
inferred that the tail was not unlike that of a Penguin. 

From this comparison it is manifest that the differences which the 
fossil shows from existing birds are three: first, the small number 
of vertebre in the sacrum; secondly, the absence of the sacral 
recesses for the middle lobes of the kidneys; and, thirdly, the form 
of the articular face of the first sacral vertebra. Fossil birds lessen 
the importance of these differences: first the Archwopteryx has as 
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few vertebre in the sacrum; while Jchthyornis dispar has no renal 
recesses in the middle of the sacrum; and the Gannet makes a 
sufficiently near approximation to the form of the articulation to 
remove any improbability as to its being a modified Avian form. 

I therefore venture to submit, on the evidence of the resemblances 
and considerations which have been discussed, that Ornithodesmus 
is probably a bird ; but it differs from existing birds, so as to suggest 
that it is a link towards lower forms. It cannot be placed in any 
existing division of the class, but approximates towards Dinosaurs 
in a way of which no bird had previously given evidence. 

I am indebted to Dr. Henry Woodward, F.R.S., for facilities 
afforded me in making this study. 

EXPLANATION OF FIGURES. 

Puate XII. 

ms, neural spine; ¢, transverse process; 2, prezygapophysis ; pz, postzygapo- 
physis; 2p, neural platform ; pz, pneumatic foramen; vc, vascular groove. 

Fig. 1. Dorsal view of sacrum of Ornithodesmus cluniculus. 
. Ventral view of sacrum. 
. Lateral view of sacrum. 
. Anterior articular end of first sacral vertebra. 
. Posterior articular end of last sacral vertebra. 
. Posterior articular face of last sacral vertebra of Aptenodytes 

Forsteri, 
& Orr Co bo 

(For the Discusston on this paper, see p. 219.) 
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18. On Hersrosucuus vaLpEnsis, Seeley, a PRrocm~i1an CRocoDILE 

from the Hasttnes Sanp of Hasrines. By H. G. Szszey, 

F.R.S., F.G.S., Professor of Geography in King’s College, 

London. (Read March 9, 1887.) 

[Puate XII. | 

THE specimen in the British Museum, numbered 36555, came there 
in the second Mantellian collection, which was acquired after Dr. 
Mantell’s death. It is part of a thin ironstone nodule, 10 centim. 
long and 6 centim. wide, from the Hastings Sand of Hastings, mani- 
festly water-worn, but containing vertebre which have not hitherto 
been determined. The nodule (Pl. XII. fig. 7) displays the remains of 
fully a dozen vertebrae, which extend round the nodule in parts of more 
than one coil, so arranged as to expose the ventral surface or bodies 
of the vertebrae, towards the external margin of the concretion. 
These vertebre indicate a proceelian Crocodile of small size; and 
although the remains are so imperfect, I refer them to a new genus, 
since their forms are different from those of any Purbeck Crocodiles 
or other described Crocodilia. 

The nodule displays some other vertebrate remains which may 
possibly belong to another kind of animal. Thus in a transverse 
fracture the outlines may be traced of two long ovals which extend 
in the same axis, and may represent the superior aspect of the 
parietal region of a small skull, in which each temporal fossa is 13 or 
14 millim. wide and 7 millim. long. The external surface appears to 
show a very fine punctate ornament, not unlike that seen in some 
small Purbeck Crocodiles ; and what might be the quadrate bone is 
seen to extend in an outward direction as it is prolonged distally. 
No proccelian Crocodile has the temporal vacuities elongated in this 
way; but from the imperfect preservation and small size I am 
doubtful whether the skull should be referred to the same animal as 
the vertebrae, on the hypothesis that it is to be included in the 
Proceelia. 

On the worn external surface of the nodule, somewhat below the 
remains of the sacrum, are some obscure outlines of bones, which 
can only be followed with difficulty, but which may be pubis and 
ischium ; and in the position in which the acetabulum might exist, 
there is a well-defined hemispherical pit. These bones are much 
smaller than would have been expected ; but their proximity to the 
sacral vertebra makes it important to remark that the acetabulum 
is that of a lacertilian, while the forms of the bones which combine 
to form it are not crocodilian. In the possibility that all the 
remains may be portions of one animal, this fossil would diverge 
from existing Crocodiles in a direction of which no crocodilian has 
hitherto given evidence. 

The vertebre include one late cervical, eight dorsals, and two 
which may be classed as sacral. These vertebra are remarkable 
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for a completeness of ossification which existing Crocodiles do not 
show. I have no doubt that the specimen was mature, on account 
of the length of the neural spines (fig. 7, ns). All traces of sutures 
are obliterated, and there is no trace of the inflation which, in living 
Crocodiles, commonly marks the line of the neuro-central suture. 
The articular ball of the centrum was as well ossified as in a lizard 
or serpent (figs. 7,8), and the ridges on the upper part of the neural 
arch are defined with a sharpness unknown among living Crocodiles, 
and suggestively Dinosaurian. The most distinctive features, how- 
ever, of these vertebree are, the side-to-side compression of the bodies 
of the centrums, and the comparatively depressed neural arch, with 
its strong zygapophysial ridges and well-developed neural spine. 
The inferior -shaped approximation of the sides of the centrum, 
which throws the neural arch out laterally above, is the principal 
generic character seen in the dorsalregion. The cervical vertebre are 
so imperfectly exposed that it is difficult to draw generic characters 
from them; but if the one specimen seen is rightly determined, it 
shows a fundamental difference from proceelian Crocodiles in the ele- 
vation of the facet for the rib upon the neural arch to a position which 
almost adjoins the prezygapophysis. But as these vertebre are not 
continuous with the dorsal series, and there is no diapophysial 
tubercle on the neural arch, I hesitate to draw what would other- 
wise be a legitimate conclusion as to affinities from this character. 

Two or three cervical vertebre are present, but only one is 
partially free from the matrix. The second specimen shows the 
outline of the neural arch from above; but the neural spines, which 
had the usual anterior position, are not preserved. ‘The measurement 
is 24 millim. from the prezygapophysis to the postzygapophysis, and 
about 17 millim. from side to side over the zygapophysial facets, 
while the least side-to-side measurement in the median constriction 
is 8 millim. The one vertebra which is partly free, though badly 
preserved, shows the neural arch to have been greatly depressed, so 
that the height from the base of the centrum to the zygapophysis is 
about 15 millim., and this is apparently also about the length of the 
centrum. The left side of the centrum is subquadrate and concave, 
with a small circular facet for the diapophysis external to and 
impressed immediately below and behind the prezygapophysial facet. 
There is no trace of a tubercle, such as is seen in Crocodiles; though 
the parapophysis has the usual oblong form, compressed from above 
downward, and, though quite on the base of the side of the centrum, 
is further distant from its anterior border than in existing Crocodiles. 

| The under surface of the centrum is too imperfectly preserved to 
indicate whether a hypapophysis was developed; but the emargi- 
nation of the undersides of the bases of the parapophysial tubercles 
defines a constricted base to the centrum which is not seen in existing 
Crocodiles. 

Seven dorsal vertebree extend in continuous sequence, and their 
centrums appear to increase slightly in length as they extend back- 
ward. All are marked by the obliquity of the cup and ball, which 
is rather more pronounced than in existing Crocodiles ; but as the 
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inferior margin of the cup is in every case worn, the obliquity appears 
greater than it was in life. Each centrum isabout 19 millim. long ; 
the articular ball is well rounded. The form of the centrum is 
compressed from side to side below, with the base rounded. The 
sides are concave, without any thickening of the bone in the position 
where the neurocentral suture is usually present. The transverse 
processes are broken, but enough remains to show that the usual 
posterior concave incision existed between the transverse process 
and the postzygapophysis. From the hinder margin of the transverse 
process a sharp ridge descends in a concave curve as it extends 
backward to the outer border of the articular ball. Posterior 
to this ridge the bone of the neural arch is impressed, and ascends 
to the postzygapophysis. ‘The underside of the transverse process 
(fig. 8, ¢) which was compressed from above downward in the usual 
way, appears to have been convex atits base. From both the anterior 
and posterior zygapophyses well-defined compressed rounded ridges 
ascend and converge, as they extend inward towards the neural 
spine. Between these ridges is a concave recess with a flat base, 
forming the inward termination of the upperside of the transverse 
process. The height from the base of the centrum to the transverse 
process is greater in the anterior vertebre of the series than in 
the later ones. In the third it is 15 millim.; towards the end it is 

“scarcely more than a centimetre. The neural spines are well 
developed; they ascend vertically in the anterior vertebre and 
are inclined slightly forward in the later ones. The height from the 
base of the centrum to the summit of the neural spine is about 33 
millim. ‘The spine widens a little towards its summit, which is 
convex from front to back; its anterior and posterior margins 
are slightly concave. 

A lumbar centrum is present, and exhibits a rather narrow neural 
canal. ; 

The sacral vertebrae are imperfectly preserved; there were 
probably two. From the second the transverse processes are 
completely lost, but the first shows these processes to have been 
quadrate and strong. As in existing Crocodiles, they are concave in 
front, flattened above, and, as they extend outward, depressed below 
the prezygapophyses. The transverse measurement across the 
processes, as preserved, is 25 millim. 

The vertebral characters described show divergences from existing 
Crocodilia, such as on the whole are approximations towards Dino- 
saurian types of Wealden age, a condition of more interest from 
the Crocodiles of the Gosau beds having shown some approxima- 
tions in vertebral characters to the Gosau Dinosaurs. 

A few isolated vertebra of similar character were collected by 
Dr. Mantell, from Tilgate, and from Brook in the Isle of Wight. A 
small caudal vertebra from Tilgate has the base of the centrum 
compressed from side to side and rounded, with a concave impression 
above the middle of the side, immediately beneath the transverse 
process. The prezygapophysis is long and directed upward and 
outward. The articular cup is perfectly circular. The centrum 1s 
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13 millim. long. Another Tilgate caudal vertebra, later in the series, 
is about 15 millim. long. It possessed the transverse process and 
well-developed proccelian articulation; but the neural arch is greatly 
shortened and limited to the middle of the centrum, as in some 
Dinosaurs. The proccelian vertebre of similar size are from Brook. 
The specimen 36524, however, has the centrum as well rounded 
from side to side as in existing Crocodiles, and is not referable to 
this genus. 

It may be interesting to remark that although this is the oldest 
proceelian Crocodile hitherto described, the British Museum contains 
a single cervical vertebra, no. 48244, from the Purbeck beds, which 
has a well-defined proccelian cup, and the cervical neural arch is 
constructed on the usual crocodilian plan. 

The existence of this form of vertebra in the Purbeck heds 
accentuates the apparent difference of the cervical articulation for 
the rib in the Wealden specimen, a difference sufficiently remarkable 
to make more striking modifications of the skull and pelvis not 
impossible. 

IT am indebted to Dr. Henry Woodward, F.R.S., for the facilities 
afforded me in studying and describing this specimen. 

EXPLANATION OF FIGURES. 

Puate XII. 

ns, neural spine; ¢, transverse process. 

Fig. 7. Slab, showing sequence of dorsal vertebree of Heterosuchus valdensis 
Seeley. 

8. View of the same slab, showing the underside of the centrums of the 
dorsal vertebra. 
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19, On ParricosavRUS MEROCRATUS, Seeley, a Lizarp from the Cam- 

BRIDGE GREENSAND, preserved in the WoopwaRDIAN Musrum 
of the University of Campriper. By H. G. Senter, F.R.S., 

F.G.8., Professor of Geography in King’s College, London. 

(Read March 9, 1887.) 

[Prats XII.| 

No lacertilian has hitherto been recorded from the Cambridge 
Greensand. The comparative rarity of this group of animals in the 
deposit is evidenced by the fact that only two fragments of lizard- 
bones are known to me to have been found during the whole period 
in which its fossils have been collected. One of these is a sacral 
vertebra with the transverse processes broken away, which was, I 
believe, collected by the Rev. H. G. Day prior to 1859. The other 
is the proximal end of a femur obtained recently by Mr. A. F. 
Griffith. Slght as is the material, it is worth recording as evidence 
of a terrestrial animal of a relatively large size, and more nearly 
allied to existing lizards than are the other Cretaceous representa- 
tives of this order of animals. 

Riext Femur (Pl. XII. figs. 9, 10). 

The proximal end of the right femur now described is larger than 
the corresponding bone in the largest existing Monitor. It was 
untortunately fractured, subsequently to being mineralized, at a 
point below the articular head, just where the shaft becomes trian- 
cular, so that the length of the bone and its distal characters are 
entirely conjectural. The shaft consists of dense bony tissue, as in 
existing lizards, with a small. medullary cavity. The fragment 1s 
about 3 centim. long. It has the characteristic vertical compression 
and forward curvature of the convex articular head, and the usual 
front-to-back compression of the inferior trochanter, which, however, 
extends further proximally than in existing lizards. The fragment 
has experienced a little attrition, and a thin external epiphysial 
layer of bone is partly removed from the proximal articular surface— 
a character of some interest as repeating the epiphysial growth — 
which is often seen in existing lizards, but ina form no thicker than 
in the limb-bones of some breeds of domestic fowls, like Bramahs, 
when a weex or two old. 

The proximal articular surface is semicircular from front to back; 
it is 2centim. wide. Its superior outline, viewed from the proximal 
end, is comma-shaped, being a centimetre wide in front, and becoming 
narrower as it extends backward. From above downward the 
articulation is convex, about 12 millim. thick in the middle, and 
narrowing away behind. The convexity of the anterior part of the 
smooth rounded articular head is suggestive of the limb having been 
carried in a position well raised from the ground. The axis of the 
articular head of the bone is directed inward and very slightly 
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upward. The superior aspect of the shaft, which the articulation 
terminates, is concave; and the concavity runs into the middle of 
the articulation to give it its crescentic or comma-shaped form (fig. 9). 
In the Nilotic Monitor this depression receives a talon-like spur from 
the proximal epiphysis. The anterior margin of the bone below 
the articular head is concave as it extends distally, but the pos- 
terior margin of the superior aspect of the shaft was thicker, tro- 
chanteroid, and probably convex in length; though, being a little 
abraded, it can only be seen to widen and inflate the bone below 
and behind the articulation. As already remarked, the shaft is tri- 
angular; and I am disposed to term the other two sides of the bone 
anterior and posterior, as they le in front of or behind the inferior or 
great trochanter. At its fracture the shaft measures one centim. 
from above downwards, and 9 millim. from side to side; the outline 
is flat above and behind, more convex and wider at the inferior tro- 
chanteric margin than at the other angles. 

The great trochanteric ridge extends longitudinally on the middle 
of the underside (fig. 10), converging rapidly downward to the shaft, 
and is vertical to the superior aspect of the shaft, like the stem of a 
eapital T: the thickness through the bone at its proximal termi- 
nation is about 17 millim., though the superior proximal expansion 
of the articular surface increases the thickness of the bone to about 
22 millim. This characteristic lacertilian trochanteric process ex- 
tends to within nearly a centimetre of the proximal extremity of 
the bone; it is concave in length, curving forward proximally, is 
about 6 millim. thick, and somewhat flattened below, with the 
anterior margin rounded. 

The anterior aspect of the bone is concave, so that the constriction 
_ of this side, combined with the concavity of the superior surface, gives . 

a well-defined character to the articular head, almost like a neck, if 
it were not that these he ene to form a sharp ridge 
which unites them, and becomes flattened as it extends down the 

shaft. There is a mark of strong muscular attachment, of which a 
_ centimetre is preserved, which commences one centimetre below the 

trochanteroid ridge, on the inferior border of its anterior aspect. 
_ The posterior aspect of the bone can only be described as saddle- 

shaped, being convex in length and channelled with a wide, smooth, 
concave depression, which lies between the inferior and superior 
trochanters, and curves forward beneath the articular head. The 
width across the trochanters, where greatest, is 18 millim. There 
is a small pit about 3 millim. in diameter, which lies immediately 
behind and below the posterior trochanteroid margin, so as to be 
between that process and the narrow termination of the articulation 
oi the proximal articular surface. Owing to the posterior thickening 

of the lateral margin of the great trochanter, its inferior border is 
wider than the part which rises from the head. 

There is no existing lacertilian which this fossil Emel resembles. 
Compared with the Monitor, the more striking differences are that 
the fossil has the articular surface more developed on the upper and 

_ anterior parts of the head, so as to form a deep concavity in the 
Q.J.G.8. No. 170. Q 



218 PROF. H. G. SEELEY ON PATRICOSAURUS MEROCRATUS 

middle of the superior aspect. Secondly, the great trochanter ex- 
tends further proximally, but is not developed to quite the same depth 
distally. The weli-marked longitudinal posterior concavity defined 
by the reflected posterior margin of the trochanter is also a distinctive 
feature. The comparatively thin proximal epiphysis seems to mark 
the beginning of a condition of the extremities which has attained 
greater development in modern lizards. Yet the configuration of 
the bone is in no sense embryonic or indicative of imperfect ossifi- 
cation, but rather shows that the modern lizards have diverged from 
this ancient type so far that it is likely to belong rather to a sub- 
ordinal modification than to an extinct family. 

First Saorat VertTesra (Pl. XII. figs. 11, 12). 

It is impossible to say that the vertebra which is now to be 
described pertained to the same species as the femur, for there is 
no record of the exact locality in the neighbourhood of Cambridge 
from which the specimens were obtained ; but since there is nothing 
inconsistent with natural association in the characteristics of the 
two bones, and the sacrum, while conforming to the general plan of 
existing lizards, yet differs from them in notable characteristics of 
the neural arch, I have not hesitated to describe them as probably 
the remains of the same species. 

The fossil consists of the first sacral vertebra made up of the 
complete centrum, the neural arch, which has lost the neural spine, 
and the prezygapophyses ; and the transverse processes which are 
fractured through the middle were probably complete when the 
specimen was discovered. These parts are united together by con- 
spicuous sutures (fig. 11). 

The centrum is depressed, 11 millim. long and 14 millim. wide, to 
the sutures with the sacral ribs, which form quadrate transverse 
processes. The inferior surface is concave in length and convex 
from side to side in the middle, becoming depressed laterally and 
constricted posteriorly from side to side, so that behind the trans- 
verse processes the bone narrows towards the posterior surface to a 
width of 9 millim. 

The anterior articular cup is about 11 millim. wide and 7 millim. 
deep, transversely reniform, with a concavity above impressed by the 
neural canal, and the convexity below. It may have been slightly 
deeper, since the inferior margin is worn. It is moderately concave 
from side to side and from above downward, and shows in the middle 
a small notochordal pit. The posterior articular surface is much 
smaller and, though not perfectly preserved, may be described as 
semicircular, 9 millim. wide and nearly 5 millim. deep, very slightly 
convex from side to side, but on the whole flattened, with a small 
central notochordal pit. 

The neural arch is sharply defined by the sutures which separate 
it from the transverse processes; but the suture which divides it 
from the centrum placed at the summit of the anterior articular 
cup is only seen on the right side. The width of the neural arch 
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is 13 millim., but rather more dorsally, and slightly less on the 
centrum as the sutures with the transverse processes diverge upward. 
The prezygapophyses are broken away, but the width across them 
from side to side was about 9 millim. Behind the transverse pro- 
cesses the bone is notched in, so that the neural platform projects 
backward to form the postzygapophyses, and the measurement is a 
little less over them from side to side than over the prezygapophyses. 
The dorsal aspect of the neural arch is the most distinctive feature 
of the specimen, each half of it being horizontal and flattened, with 
a depression at the base of the neural spine, which was narrow and 
is broken away. There is no trace of zygapophysial ridges such as 
occur in Varanus and some other lizards. ‘The neural canal is ver- 
tically ovate in front, and reaches nearly the height of the neural 
arch, 7 millim., while the transverse measurement is over 5 millim. 

The transverse processes are directed outward and backward as 
in the first vertebra of existing lizards (fig. 12). They are compressed 
from side to side and from above downward, so that the transverse 
section is vertically oblong and inclined a little backward. The 
process extends from the base of the centrum to the platform of the 
neural arch, and is 11 millim. deep at the suture. Itis 8 millim. 
wide at the base and 5 millim. wide at the neural platform, so that 
the flattened anterior aspects look obliquely forward, outward, and 
upward. ‘The posterior aspect is vertical, with a transverse concavity 
in the middle. The posterior margins of the processes appear to 
have been sharp and angular, while the anterior margins are slightly 
rounded. Both upper and under surfaces are flattened and converge 
outward. The width of the fragment, as preserved, is 24 millim. 

The most distinctive features of this vertebra are found in the 
convexity of the base of the centrum, and in the transverse pro- 
cesses rising to the level of the flattened neural platform. 

I am acquainted with no form of sacrum which approximates 
toward this fossil so as to need to be distinguished by further 
comparison. 

EXPLANATION OF FIGURES. 

Pruate XII, 

(The figures are of the natural size.) 

Hig. 9. Antero-superior aspect of femur of Patricosaurus merocratus. 
10. Proximal aspect of the same bone. 
11. Anterior aspect of first sacral vertebra. 
12. Inferior aspect cf first sacral vertebra. 

Discussion. 

Mr. Hurxe said Ornithodesmus was another old acquaintance of 
his. Several bones were found with it, now lost. He had looked 
upon it as Pterodactylian. 

Mr. Buanrorp suggested that the name Patricosaurus should be 
founded on one specimen, not on the two, lest they should prove to 
belong to distinct animals, and confusion result as to which should 
bear the name. © 

a2 
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Prof. SrrLzy said that out of many thousands of bones from the 
Cambridge Greensand that had passed through his hands these were 
the only fragments of Lizards. He thought no others were likely 
to be found for some time, and there was little chance of any re- 
mains of two Lizards occurring. If, however, one bone were to be 
selected as the type, he would take the femur, to which the specific 
name referred. 

With regard to Ornithodesmus, he said that it differs from all 
Ornithosaurs in having a horizontal neural platform running through 
the sacrum, and from which a continuous neural spinous ridge rises. 
The transverse processes and pneumatic foramina did not tend to 
approximate the two groups; while, so far as he was aware, the 
Wealden Ornithosaurs had the ventral side of the sacrum much 
more convex from side to side. He further pointed out that the 
texture and form of the sacral vertebree differed from those of known 
Pterodactyles. 

ee ee ae a a 
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20. On ARISTOSUCHUS PUSILLUS (Owen), being FurtHER Notzs on the 

Fossits described by Sir R. Owen as PoIkILOPLEURON PUSILLUS, 
Owen. By H. G. Szerzey, F.R.S., F.G.S., Professor of Geo- 

graphy in King’s College, London. (Read March 9, 1887.) 

[Prats XIT.] 

Tue Paleontographical Society in 1876 published a memoir upon a 
Wealden fossil, which Sir Richard Owen described as Poikilopleuron 
pusillus. ‘These bones were then in the collection of the Rey. W. 
Darwin Fox, and, with the exception of the figured dorsal and 
caudal vertebree, subsequently passed into the British Museum, with 
the Fox Collection. By the kindness of Dr. Henry Woodward, 
F.R.S., Keeper of the Geological Department, I have been able to 
examine these remains, and | would express my indebtedness for 
the facilities given me in making the study of which the results 
follow. 

A question necessarily arises as to the grounds on which the animal 
is referred to the genus Potkilopleuron (recte P’ecilopleurum), because 
these are stated to be “the shape and texture of the vertebre, and 
especially the latter.” This statement implies that when a dorsal ver- 
tebra was divided vertically and longitudinally, it was found to havea 
medullary cavity, comparable to that seen in the vertebree of Pozkilo- 
pleuron. In the caudal vertebra the cavity is larger. Dr. Leidy, who 
has recorded a vertebra of the Poikilopleurou-type in the Cretaceous 
rocks of Colorado, re cS an internal cavity of like character 
was only known to him in the caudal vertebre of the Ox; but it is 
probably not rare among Dinosaurian reptiles. Mr. Hulke has shown 
that the character is also found in Megalosaurus, and other genera 
with hollow vertebre have been described by Profs. Marsh and 
Cope. Whatever the value of this character may be, I submit that 
it is not generic, while there is no evidence which would associate 
any group of osteological characters with chambered vertebree 
of this type. 

Mr. Hulke has advanced some evidence to show that Pozkilo- 
pleuron is Megalosaurus, and it will be admitted that the corre- 
spondence in form and character of the caudal vertebre, and in the 
distal end of the tibia in these Oolitic Dinosaurs, if insufficient to 
establish absolute identity, at least proves a close affinity between 
them. And therefore the conclusion is legitimate that the re- 
semblances found in the tail extend substantially to the sacrum, and 
that the same type of sacrum is found in Poikiloplewron as in Mega- 
losaurus. When examining the validity of the genus Poikilopleuron 
Mr. Hulke did not discuss the sacrum, which constitutes the chief 
part of the evidence for the species Poikilopleuron pusillus. 

If Sir Richard Owen is correct in his description of the sacrum of 
that fossil in referring only two vertebre to the sacral region, and 
if the sacrum of Megalosawrus consists of five anchylosed vertebre, 
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it is manifest, I submit, that the Poikilopleuron pusillus and Mega- 
losaurus Bucklandi belong to two dissimilar genera. But the 
attempted affiliation of the Wealden fossil, now under discussion, 
to the genus Potkilopleurom does not establish the sacral characters 
of the genus Povkiloplewron, or furnish any ground for associating 
the genus with the Crocodilia. The characters assigned to this 
fossil would rather go to show that it belongs to a genus which can 
have no near affinity to Poikilopleuron. In his Report on british 
Fossil Reptiles, Sir R. Owen fully described the characters of the 
sacrum of Megalosaurus, and he there points out that the neural 
arch is shifted in position, so that it overlaps the centrums of two 
contiguous vertebre, as in the Ostrich and other birds and some 
Chelonians, so as to cause the perforation for the sacral nerve to be 
placed above the middle of the centrum, and that the sacral ribs 
are given off transversely at the junction of the bodies of the ver- 
tebree. When the fossil named Potkilopleuron pusillus is examined, 
both these conditions of the Dinosaurian sacrum are found to be 
wanting. Each sacral centrum supports its own neural arch, the 
neural foramen has the same relative position as in other parts of 
the vertebral column; and the sacral ribs are given off from the 
bodies of the vertebrae, and not from the suture between them. It 
is therefore evident that the fossil is far removed from Megalosaurus, 
and inferentially from Poikilopleuron. As it differs in fundamental 
characters from known Dinosaurs, while there are strong reasons 
for believing it to be Dinosaurian, I regard it as the type of a new 
genus, Aristosuchus, 

Sir R. Owen has figured some bones which were associated with 
this sacrum (see Pl. XII. fig. 14). There is a median symmetrical 
bone, to which are attached portions of a pair of rib-like bones, on 
which the author observes, “the nearest guess I can make as to 
their nature is that they represent part of the series of abdominal ribs 
with their sternum.” These remains I regard as the pubes. 

An ungual phalanx is figured on the same plate, and briefly 
described as being ‘‘of the rapacious type.” ‘This fossil I think 
should probably be rejected, as not being a portion of the same 
animal, for it shows all the characters of a claw-phalange from the 
fore limb of an Ornithosaur, though it may be observed that in 
Leelaps the claw-phalanges are as much compressed from side to 
side. With these differences in the interpretation of the remains a 
new description of their characters becomes a necessity. 

I will first examine the pubic bones and assume, as Sir R. Owen 
has done, that these bones are in natural association with the 
sacrum, with which they are still closely connected by matrix, 
though they are displaced and are twisted round, so that the anterior 
border is directed posteriorly. 

The pubic bone is imperfect proximally, and the expanded portion 
which united with the ischium and ilium is lost. The parts pre- 
served are the anteriorly directed, distally extended, rod-like parts 
of the pubes, which converge towards their distal extremities, where 
they merge in a horizontal posterior extension capable of. assisting 
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in the support of the weight of the body when at rest. This type 

of pubis, which Professor Marsh has described in Allosawrus and 

Celurus, has not hitherto been detected in this country, but may be 

present in the Wealden rocks in other species; for while studying 

this specimen, Dr. Henry Woodward submitted to me the pubis, 

imperfect distally, of a type very similar to Celurus, from Tilgate. 
This corroboration is the more interesting as the Sussex type of 

animal shows the proximal end of the bone. 

The pubes are somewhat crushed together (fig. 14, p); I accord- 

ingly drew the anterior aspect of one of the bones in its natural 
position, and repeated it, reversed, on the opposite side, so as to 

reproduce the form which the pubic bones show when seen from 
the front (see woodcut below), with the result that a close general 

resemblance was established to the pubis which Marsh has referred 

to Celurus ; and without attaching too much taxonomic importance 

to this fact, it establishes the interest of the fossil, in being a 

European representative of an American type. 

Anterior aspect of pubic bones of Aristosuchus restored. 4 nat. size. 

a. Unossified extremity of the ventral keel. 

The part of the pubic bone preserved in this specimen extends 
distally for 13 centimetres. Where the bones converge distally 
they unite at an angle of about 60° with the posterior extension 
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which extends like the metal of an adze from the haft. Where the 
bones are fractured proximally they are compressed from side to 
side, and extend upward with a slight sigmoid curve inward, which 
is completed distally by the convergence of the bones. At tho 
proximal fracture the bone measures 12 millimetres in the antero- 
posterior direction, and 6 millimetres from within outward, with 
the borders rounded in front and behind, but a linear muscular 
furrow ascends the inner posterior border of the bone. As the bone 
expands a little in antero-posterior extent as it extends proximally 
it curves a little forward, making the anterior border of the proximal 
end of the bone slightly concave, and the posterior border very 
slightly convex. All the middle portion of the bone preserves about 
the same antero-posterior measurement of 8 millimetres; but dis- 
tally the measurement increases by an expansion which is chiefly 
behind the median axis of the bone, till at its line of junction with 
the posterior distal expansion its width is 2°5 centimetres. 

The middle of the shaft is well-rounded externally, but as the 
bone widens distally this external surface begins to be flattened till 
it merges in the fiat distal posterior expansion. But the middle of 
the shaft is compressed from front to back, so as to form a sharp 
internal edge, and here the measurement from within outward is 
13 millimetres. This sharp internal ridge is 6 centimetres long and 
parallel to the external outline. In this region of the bone the 
anterior face is convex from within outward, while in length there 
is a very slight convexity. The posterior aspect is flattened. 

Distally for a length of fully 3 centimetres the bone is compressed 
from within outward. Anteriorly something of the distal termina- 
tion may be lost, but the mass preserved extends posteriorly for 9:3 
centimetres, with a perfectly straight flat base, which is 1°5 centi- 
metres wide in front, and narrows posteriorly to a few millimetres, 
A median groove deepening in front extends along the anterior end 
of the base for 3:5 centimetres. The lateral surfaces of this posterior 
keel are slightly concave; they converge upward to a sharp keel, 
which has a gently convex contour, as it tapers posteriorly to a 
blunt point; its depth near the shaft is 2 centimetres. 

Both the pubic bones are slightly displaced distally, where they 
unite with this keel, and these junctions, which are not quite sym- 
metrical, have been regarded by Sir R. Owen as sutures. The 
point is difficult. The anterior extremity of the bone was certainly 
cartilaginous, and the anterior extremities of the pubes are exposed, 
distinct from each other, and distinct from the keel; but this is 
hardly conclusive evidence of separate ossification, which is not 
improbable. Proximally a small fragment of a thinner bone is 
seen, posterior in position, which may have belonged to the ischium. 

The only animals with which this form of pubis can be compared 
have been described by Prof. Marsh as Celurus, with which genus 
Prof. Marsh identifies the specimen now described*. So far as I 
can judge from the figures given by Marsh, it is simply proved to 
be closely related to <Allosaurus, Colurus, and Ceratosaurus, and 

* American Journal of Science, vol. xxvii, p. 335 (April 1884). 
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though I may think the resemblance strongest with Celurus and 
Allosaurus, it may be equally strong with Ceratosaurus. But when 
Prof. Marsh refers pelvic structures so similar as the pubes of 
Allosaurus and Ceratosaurus to distinct suborders of the Dinosauria, 
I can only conclude, if these references are correctly made and 
sustained, that the pubis is not always a bone on which a generic 
identification can be based, especially when it is imperfect proxi- 
mally. I should not thus have ventured to question Prof. Marsh’s 
reference of this pubis to a genus of his own creation were it not 
that there is what I regard as strong ground for believing that the 
sacrum associated with the pubis, no less than the dorsal vertebra 
figured by Sir R. Owen, belong to a genus which can be but 
distantly related to Celurus. 

Sir R. Owen, in representing the vertical section of the dorsal 
vertebra, shows that the centrum is formed of the same kind of 
tissue, and ossified in the same way as the vertebre of Dinosaurs 
in general, except that a fusiform longitudinal space is enclosed 
which gives no indication of being pneumatic, and appears to open 
into the neural canal. Now, in Celurus, Prof. Marsh has defined 
a genus which, in the construction of its axial skeleton, can only be 
compared to Ornithosaurs, having the bones invested with a thin 
film of bone-tissue of uniform thickness and distinctive peculiar 
texture. This character is as well demonstrated in Marsh’s section 
oi a dorsal vertebra as in the cervical region. Therefore the dorsal 
yertebre of Aristosuchus cannot be referred to Celurus. Moreover 
the mode of attachment of the ribs is dissimilar. And hence I 
submit, as the sacrum of Celurus is unknown, there is no reason to 
suppose that it would ‘be at all like the sacrum of Aristosuchus, 
which I now describe. \ 

There are five vertebre in the sacrum completely anchylosed 
together by their neural arches (fig. 13), and either anchylosed or in 
process of anchylosis by their centrums. Sir R. Owen regards the 
two posterior vertebrz as sacral, and the three anterior vertebre as 
lumbar. Here the difference of interpretation must be adjusted by 
the definition of the sacrum which is adopted. If the sacral vertebree 
are those from which strong sacral ribs are given off for support of 
the ilium, then no doubt only two such vertebre can be counted, 
and the other three vertebre in which the ilium is more or less 
supported on transverse processes given off from the neural arch 
may be termed sacro-lumbar vertebre. This, however, involves 
theoretical considerations which cannot be demonstrated, for it is 
impossible to say how many sacral nerves united into a sacral 
plexus. And as all the transverse processes have the same trans- 
verse development (fig. 13, ¢), and the anchylosis of the vertebre 
shows that they took part in supporting the body, I adhere to the 
old nemenclature, and regard all the vertebree which supported the 
ilium as sacral. I believe the anterior vertebra also contributed to 
support the pelvic bones, though their share in the work was less 

than that of the last two. 
There is a fundamental difference in the plan of structure of the 
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sacrum and that of most other British Wealden reptiles ; for while 
the transverse processes or sacral ribs in Jguanodon, Hyleosaurus, 
Megalosaurus, &c. are given off at the junction of the centrums, the 
transverse processes are here, as Sir R. Owen's figure shows, given 
off from the individual vertebre to which they belong (fig. 14), as 
in the American genera described by Marsh, such as Morosaurus, 
Apatosaurus, Atlantosaurus, Stegesaurus, Brontosaurus, &c., and as 
in Omosaurus. 

The five sacral vertebra: measure 12 centimetres. The first two 
(fig. 14, 1,2) are very slightly longer than the succeeding three. The 
bodies of the vertebre are constricted from side to side, so that though 
the flat transversely ovate articular face of the first vertebra measures 
2-2 centimetres wide by 1°8 centimetre deep, the transverse mea- 
surement through the middle of the centrum is only 7 or 8 milli- 
metres. The form of the centrum is thus almost Teleosaurian in 
its constriction. The second centrum has a slight tendency to be 
flattened on the ventral side, which is less marked in the third, 
while the fourth appears to carry a slight median ridge. The 
parallel ligamentous striations seen on the anterior:border of the 
first vertebra are necessarily absent from the subcrenulate junc- 
tions of the succeeding vertebree. 

The neural spine is very thin and is broken away in every spe- 
cimen (fig. 13, ns), so that the greatest height from the base of the 
centrum, as preserved, is only 3:5 centimetres. The third and fourth 
vertebrae develop additional lateral spines, one on each side of the 
median vertical neural spine, and these spinous processes directed 
outward and upward, termed metapophyses (fig. 13, m), correspond to 
those seen in the lumbar and caudal vertebrae of many mammals and 
the sacrum of Megalosauwrus. Metapophyses are indicated on the 
second vertebra by long blunt ridges, and on the fifth vertebra by 
short ridges which are almost tubercles. 

The transverse process from the first sacral vertebra (fig. 14, 1) is 
given off from the sides of the neural arch, and is directed obliquely 
upward and backward, terminating outward in a narrow vertically 
compressed process of a wedge shape, constricted in the middle, 
flattened behind, sharp in front, concave below, and convex above, 
with a strong tubercle in the middle of the upper surface. 

The transverse measurement between the extremities of the pro- 
cesses is 33 millimetres. The antero-posterior extension of the 
process along its outer border is 12 millimetres, and the correspond- 
ing measurement at the middle of the constriction of its sides is 7 
millimetres. 

The transverse process of the second vertebra is in the anterior 
half of the vertebra, has a strong base posteriorly, and forms a ver- 
tically elongated, somewhat flattened, articulated surface, which is 
1:9 centimetre deep in front, where the vertical border is concave, 
and 1-1 centimetre deep behind, so that the upper and lower sur- 
faces converge posteriorly (fig. 14,2). Its antero-posterior extent is 
1 centimetre. The articular surface is irregular in contour, well 
defined, and does not extend to quite the same upward elevation as 
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the first process. Its upper aspect is angular, with an oblique ridge 
extending outward and forward to its superior angle. 

The transverse process of the third vertebra is on a level with the 
neural canal and has a strong base. It is 12 or 13 millimetres long, 
is in the middle of the length of the vertebra, and forms a vertically 
compressed lamina (fig. 14,3). It is slightly convex below and flat- 
tened above, with a sharp ridge on its anterior margin, which extends 
obliquely inward and backward, and ascends the side of the meta- 
pophysis, inclined obliquely backward. 

In the fourth vertebra the transverse process is much stronger. 
It arises from the anterior half of the centrum, and like the process 
from the preceding vertebra is partly on the centrum and partly on 
the neural arch. It is elongated in the antero-posterior direction, 
subreniform on the articular facet, which is expanded, and flattened 
and convex below, 17 millimetres long, about 8 millimetres deep 
behind, and less in front (fig. 14, 4). A strong transverse ridge on 
the hinder part of the upper surface defines an anterior concave area, 
and ascends the middle of the metapophysis. The transverse mea- 
surement between the facets for the ilia, as in the previous vertebra, 
is about 5 centimetres. 

The process on the fifth vertebra is of about the same length. Its 
antero-posterior extent, 17 millimetres, is slightly greater, but it is less 
deep. Itis flattened on the underside. The outline of the facet 
for the ilium is subtriangular, owing to the very strong development 
of the ridge on its upper surface. This ridge extends obliquely 
forward so as to define an anterior concave cup-like depression, and 
a posterior oblique area on which is a tubercle which represents the 
metapophysis. On this vertebra the facets of the postzygapophyses 
are developed (fig. 14,/pz). The transverse measurement over them 
is 12 millimetres; they are divided posteriorly by a deep vertical 
furrow which ascends the neural spine so far as it is preserved. 
They have the usual ovate form, and look obliquely downward and 
outward. Only the margin of the posterior surface of the centrum 
is exposed. 

The outlets for the sacral nerves are through round foramina, 
situate between the centrum and the neural arch, at the junction of 
two vertebre (fig. 14, f). They are seen on the left side in the 
second vertebra, and on the right side in the third and fifth. ~ 

The half of the dorsal vertebra preserved has the centrum 2 centi- 
metres long at the base and 2°2 centimetres long on the neural canal, 

| and this indicates that the back was arched. ‘The articular ends of 

al 

_ the centrum are very slightly concave, with a ligamentous marking 
at the external border. The middle of the centrum is constricted 
and rounded at the base. The transverse process is thin and given 
off above the neural canal. From the neural platform an anterior 
ridge descends almost vertically, and another ridge descends obliquely 
behind it. The height of the platform from the base of the centrum 
is 2°3 centimetres.. The height of the centrum is 1-4 centimetre. 
_ Only a fragment of a caudal vertebra is preserved. It is similar 
in form to that figured by Sir R. Owen, and similar to that attri- 
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buted by Marsh to Celurus, and is similarly hollow. What is the 
evidence of its association with the other remains cannot now be 
determined. The bone has a well-marked basal canal, defined at 
its extremity by the relatively large confluent facets for the chevron 
bones, which, subtracting from the quadrate end of the bone, convert 
it into a transversely ovate articulation. 

I conclude that this animal is distinct from every British Dinosaur, 
but that it is nearly related to some imperfectly known types, de- 
scribed by Prof. Marsh, like Allosaurus. But what the nature of 
that relation may be must remain undetermined until more is known 
of the American Dinosauria. 

EXPLANATION OF FIGURES. 

Puate XII. 

(The figures are of the natural size.) 

Fig. 13. Neural aspect of sacrum of Aristosuchus, showing the transverse pro- 
cesses, metapophyses, and neural spines: 7s, neural spine; m, me- 
tapophyses ; ¢,¢, transverse processes ; pz, postzygapophysis. 

14. Lateral view of sacrum and pubes, showing their association: f, fora- 
men of sacral nerve; p, pubic bones; pz, postaygapophysis. 

DIscussIon,. 

The Presrpent said that valuable work was being done by Prof. 
Seeley in reexamining forms long since described, and comparing 
them with the more recent American discoveries. 

Mr. Hutxe had known the specimen for a long time, even before 
it was described by Prof. Owen. He quite agreed that the specimen 
had nothing to do with Poikilopleuron. He thought the three ante- 
rior vertebra were different from the two posterior, and doubted if 
the first three were sacral. ‘The first transverse process appeared 
to him longer than the others. The question as to whether the 
remains were Crocodilian or Dinosaurian was intimately connected 
with this identification of the vertebre. There was also a question — 
as to whether the bones referred by Prof. Seeley to the pubis had 
the form of symphysial union assigned to them. He preferred sus- 
pending his judgment for the present. 

Prof. SEELEY, in reply, said he thought if the specimen had been 
before the Society there would not appear to be much difference be- 
tween his views and Mr. Hulke’s. Heshowed that the last vertebra 
preserved was the posterior sacral vertebra because the postzygapophy- 
ses were preserved, whilst the first three of the five had approximately 
the same transverse measurement as the last two. No doubt the 
transverse processes differ, but this is the case in other Dinosaurs. 
It was quite possible that the pubic bones had the keel separately — 
ossified ; but he thought there could be no doubt as to the osteo- 
logical identification. 
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21. On the CorreLation of the Upper Jurassic Rocks of the Swiss 
Jura with those of Exetanp. By Tuomas Roserts, Esq., M.A., 
F.G.8., Woodwardian Museum, Cambridge. (Read January 

26, 1887.) 

In the summer of 1884 the author was sent out by the University 
of Cambridge, with a grant from the Worts Fund, to study the 
Jurassic rocks of the Jura. He was accompanied by Mr. KE. W. 
Small, M.A., Christ’s College. Some of the results then obtained 
are given in the present paper. 

The Jura range of mountains is formed in great part of rocks of 
Jurassic age, which have been thrown into a series of folds running 
more or less parallel to each other in a north-east and south-west 
direction. These folds are usually quite simple, and it only rarely 
occurs that the foldings have gone on to such an extent that the 
beds are inverted. 

Ii one examines a geological map of the district, it will be seen 
that eepuried of the ground is occupied principally by Upper 
Jurassic Rocks ; indeed all the higher ground is so formed, and it is 
only in the valleys and gorges which run transversely across the 
folds, or in the centre of the foids where the upper portion has 
been removed by denudation, that older beds are seen. 

In this paper it is proposed to deal only with the Upper Jurassic 
Rocks. In this term are included all the beds which lie between the 
base of the Callovian and the summit of the Purbeckian, and as 
such it is generally understood by English geologists. This classi- 
fication, however, differs from that given by many foreign authors, 
since what is here included in the Upper Jurassic is equivalent to 
their Middle and Upper Jurassic. 

It is proposed to give, first of all, a general description of these 
rocks as seen in the district visited, and then to attempt their corre- 
lation with the Upper Jurassics of England. The Jura itself has 
been fully described by Swiss geologists and others, and the follow- 
ing memoirs refer more particularly to the geology of the portion of 
the Jura with which it is proposed to deal :— 

(1) Greprin, J. B. Essai géologique sur le Jura suisse. Delé- 
mont, 1867. 

(2) Greprin, J.B. Matériaux pour la Carte Géologique de la 
Suisse (Jura Bernois et districts adjacents). Berne, 1870. 

(3) Jaccarp, A. Matériaux pour la Carte Géologique de la 
Suisse (Jura Vaudois et Neuchatelois), Berne, 1869. 

(4) Dzsor and Gressty. Etudes Géologiques sur le Jura Neu- 
chatelois. 

A complete list of papers on the geology of the central part of 
the Jura is given by Jaccard (op. cit. p. 331). 
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Since the publication of Oppel’s work ‘Die Jura Formation’ in 
1856-58, but little has been done towards the correlation of the Ju- 
rassic beds of the Jura with those of England, and since that time 
many new discoveries have been made both in England and in the 
Jura, which tend to make the task of correlation somewhat more easy. 

The district visited is included in the cantons Berne, Neuchatel, 
and Vaud; and as the rocks in the north part of the Jura differ 
considerably from their equivalents in the central Jura, we may 
conveniently divide the area into two parts, a northern and a 
southern. The northern district contains the greater part of the 
Jura Bernois, its southern boundary being a line running east and 
west through St. Imier. The southern district includes the re- 
maining portion of the Jura Bernois, together with the whole of 
the Neuchatelois and Vaudois. 

Before commencing the description of the geology of the above 
districts, it is necessary to state that much valuable assistance was 
received from the following geologists, who accompanied us on most 
of the excursions made in their respective districts, and to whom 
the success of our expedition was in great measure due :— 

M. Mathey, at Delémont; Prof. Koby, at Porrentruy; Prof. 
Rollier, at St. Imier; Prof. Jaccard. at Locle and Neuchatel ; Prof. 
Golliez, at Ste. Croix. 

I have also to thank Prof. Renevier of Lausanne for a letter of 
introduction to the above-named gentlemen ; and to Prof. Hughes I 
am indebted for much help and advice. 

1. Tue Norruern or Bernors District. 

The geology of the Jura Bernois has been fully described by 
Greppin in the works already referred to (1 and 2), and there is a 
geological map of the district by the same author. He gives (‘ Jura 
Bernois,’ &c. p. 210) the following classification of the upper series 
of the Jurassic Rocks :— 

I. Purbeckien. 
IT. Portlandien. 

III. Virgulien. 
ie pene IV. Kimméridgien (or Ptérocérien). 

P V. Séquanien (or Astartien). 
VI. Rauracien (or Corallien). 

f I. Oxfordien. 
Jura Moyen { II. Callovien. 

Jura, Brun Bathonien, &c. 

As already stated, the group of rocks with which it is proposed 

to deal is included in the above ‘“ Jura Supérieur ” and “ Moyen.” 
The “ Callovien,” the lowermost division of the upper Jurassics, 

is subdivided into :— | 

2. Le fer sous-oxfordien. 
1. La zone 4 Ammonites macrocephalus. 

The opinion of the Swiss geologists is not unanimous as to the 
true position of these beds. Greppin states (op. c#t.) that in the 
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north-east part of the district these beds immediately overlie the 
Calcaire roux sableux, and in the south-west region the Dalle nacrée, 
both of which are included in the Bathonian. ‘They are overlain in 
the southern chains by the Calcaire a Scyphies mférieur, andin the 
northern chains by the Couche marneuse a Cidaris leviuscula, 2. e. 
Oxfordian. M.Mathey considers that the Dalle nacrée overlies the 
Zone ad Ammonites macrocephalus. (‘‘ Coupes Géologiques des Tunnels 
du Doubs,” extr. from Denkschriften d. Schweiz. Gesellsch. f. d. ges. 
Naturw. Band xxix. pp. 7 and 15.) Choffat supports the same view 
(Hsquisse du Callovien et de l’Oxfordien, pp. 19, 20). He would 
also exclude the Callovian from the Jura supérieur (Jornal de 
Sciencias Mathematicas, &c. no. xl., 1885), an opinion which is cop- 
troverted by Neumayr (Neues Jahrb. f. Mineral. Geol. &c., 1884, 
pp. 227-230). The most generally accepted view, however, appears 
to be that which is adopted by Greppin. 

The Zone of A. macrocephalus, both by its fauna and petrological 
characters, is easily recognized. It is described as a rough, red, 
grey, or blackish limestone, alternating with clays of the same 
colour, and having a thickness of from 3 to 6 feet. 

The exposures in it are not numerous, since it usually forms low 
ground. A smal] section was seen on the roadside above Mont- 
melon, showing the following beds :— 

1. Oolithe corallien. 
2. Terrain a chailles. 
38. Oxfordien. 
4, (Nothing seen; probably occupied by the clayey portion of the Callovien.) 
5. Callovien, a coarse oolitic ferruginous limestone with fossils. 

The beds immediately overlying and underlying the Callovian 
were not shown. 
A rock possessing the same lithological characters as the above- 

mentioned Callovian was pointed out to us by M. Mathey, amongst 
the material obtained from the Glovelier tunnel, where these beds 
were cut through. 

The following fossils were obtained by us from these two loca- 
lities :— 

Callovian Fossils. 

; Montmelon. | Glovelier 
Tunnel. 

Belemnites hastatus, Blainv. ......... ..! * 
Ammonites hecticus, Rein. ............... * * 
c=s== GILG U0) Wire rasa % 
=== GE * 
—— convolutus, Quenst............ccss00e % 

EFA MERTEN SOUL No so ccs uses scores: sone # 
* 
* 
- 

Gowerianus, Sow.? .......:..:-...+0- 
Turbo bijugatus, Quenst. ............0.008- 
Terebratula dorsoplicata, Suess 
BEPUMCEOMCNES SD2, 025 ..c6.crcce-sdecassesece| wavea * 
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The fer sous-oxfordien includes the zone of Ammonites athleta, 
A. ornatus, and the clays with pyritous fossils. The lower part of 
the substage is formed of grey or brown calcareous clays, enclosing 
numerous ferruginous oolitic grains ; its upper part consists of blue 
or black clays containing crystals of selenite and pyritized fossils. 
Its thickness is estimated at from 3 to 6 feet. 

The clays form low ground, and sections in them are rare. The 
dark clays with pyritous fossils were seen at the river-side, a 
short distance east of Soyhicre, and they also occur at Chatillon. 
Similar beds, but considerably thicker, are exposed in the Combe 
Chavatte, below Caquerelle, and they were also seen as far south as 
Le Cernil, north of Tramelan. 

The clays in the upper part of this substage are precisely similar, — 
both in their lithological character and their fossils, to the Oxford ~ 
Clay of England. ; 

The following fossils were obtained from the localities given 
below. It must be remembered, however, that this does not repre- 
sent the whole fauna of these clays, but only the fossils collected 
by us or presented to us by the geologists named in the intro- 
duction. 

Fossils from “le fer sous-oxfordien”. ; 

i 
———$ ye 

me 4 3 loos! | See is Shi) ts liece : 
| ran = Os -O al a 
| o fo] re 2Qb- a o ‘ 

55 | a ) ; oO = <S = Cs =~ D 
o} A a oa io) (2) 

S) O° R le] 

Belemnites hastatus, Blainv. .........06. % * * * 
——— WOW. PAUL so ccvscceceseouceccor ust Be % 
Ammonites Maria, D’Oro................ + * 
= am berbi, Sows) 8.22. Jasscehecssseel) Ck x % 
—— Hugenii, Rasp. ...... cece eee eens % é * 
—— hecticus, Rein. .......ccccccccseseceee: * * % * * 

LRDb OVI S/F 771i MBER, Se eco ae Reeiaene * 
CHENAbUS, BUG) Sse vse ce scccesnmeones % Me % 
Babeanuss ONO: Pos schone tence # * % * 

== SUI CHELUS NOPD. Macatee hetes eee ee oa % * * * 
convolutus, Quenst.... 202.0. <s20-0. * * st 

Nucula elliptical Ril mers. reencdeeaa ieee Behl ieee re * 
Beda wMiana Orbs oc tes nesonse sot EP ae sein bier % 

lachryma, OU LTSE en ecm eoot aes au eee x 
Pleurotomaria Munsteri, (if eee * 
Murbo Meniamiy Goldin.) cecseloenises % 
Alaria bispinosa, Phil...............00.065- sas * 

| 

Cucullea concinna, Morr. § Lyc. ...... 6?) dlls eae % 
Pentacrinus pentagonalis, Golfo. som e | * 
Terebratula impressa, v. Buch ......... x | x 
Rhynchonella Thurmanni, Voltz ...... x | 2 

The Oxfordian rocks always occupy low fertile ground, and present 
quite a contrast to the features produced by the overlying beds, 
which usually stand out in bold relief, forming ridges supporting 
a meagre vegetation. The hollows or valleys in which the Oxfor- 
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dian beds lie are known as ‘Combes Oxfordiennes.’ The rocks 
of this stage are divisible into :— 

2. Le Terrain a chailles marno-calcaire. 
1. Le Calcaire a Scyphies inférieur *. 

In the northern part of the Jura, the lower part of the Oxfordian 
is seen overlying the Varnes a fossiles pyriteux as a grey or black 
clay, fairly fossiliferous. The typical locality for this substage is 
Hobel, south of Basle, and Greppin gives a list of fossils from this 
place (op. cit. p. 63). 

The Terrain & chailles marno-calcaire is composed of yellowish- 
' grey clays, alternating with limestones of the same colour, and con- 

taining sphérites or chailles. 
In the gorge at Thiergarten, near Delémont, the upper Jurassics 

are cut through, and here, underlying the ‘Terraina chailles silice ux,’ 
about 110 feet of Oxfordian are exposed, consisting of alternations 
of bluish clays and limestones. 

They are also seen in the quarry south-east of Liesberg (see section 
fig. 1, p. 234) as yellowish limestone separated by sandy clays of 
the same colour, passing up into bluish clays with thin limestones. 

- Similar beds also crop out below the ‘Terrain a chailles siliceux,’ 
south of St. Ursanne station. 

In the ‘Combe Chavatte, the Oxfordian is from 100 to 130 feet 
thick, and consists of bluish marly clays with intermediate beds of 
limestone; some of the latter are fairly thick and regular, whilst 
othersare nodular. These beds are seen lying between the Clay with 
pyritous fossils and the ‘Terrain 4 chailles siliceux,’ and these 
yielded the foilowing fossils :— 

Pholadomya exaltata, Ag. | Pleuromya varians, 4g. 
paucicosta, Ag. Rhynchonella Thurmanni, Voltz. 

Further south, at Paturale and Le Cernil (north of Tramelan), 
| above the Clays with pyritous fossils, come grey marly beds con- 
| taining nodules of impure limestones, from which the following 
fossils were obtained :— 

Ammonites cordatus, Sow. Trigonia perlata, 4g. 
—— convoluius, Quenst. Lima subantiquata, Rom. 
— sulciferus, Opp. duplicata, Sow. 

hecticus, Rein. Pholadomya exaltata, Ag. 
_ —— perarmatus, Sow. concinna, Ag. 
Pleurotomaria Munsteri, Rém. Terebratula insignis, Schiid. 
Astarte robusta, Lyc. bisuffarcinata, Schi. 
Modiola bipartita, Sow. 

The Corallian has been divided by Thurmann into three sub- 
Stages, and this classification is adopted by Greppin :— 

3. Le Caleaire & Nérinées. 
2. Oolithe Corallienne. 

1. Terrain 4 chailles siliceux +. 

* Greppin, in his ‘ Essai’ &c., includes this substage in the ‘ Callovien.’ 
+ Greppin. in 1867, included this in the ‘ Oxfordien’ 

}. 5. G. 8. No. 170. R 
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The Terrain & chailles siliceux is somewhat variable in character, 

put is usually composed of hard, compact limestones, often siliceous 

and separated by clayey beds; its upper part is often oolitic. Dis- 3 

seminated through the series are numerous nodules, which are 

usually siliceous, and the fossils are sometimes silicified. 

The following sections, amongst others, were observed in the 

rocks of this substage. At Thiergarten, near the south end of the 

gorge, the ‘Terrain a chailles siliceux’ is seen to consist of coarse 

bluish limestone with clayey partings; some of the limestone bands 

are nodular, and the whole thickness of the series is about 98 feet. 

Fig. 1.—Section in Quarry near Roadside, south-east of Liesberg. 
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Bathonian. Nothing seen, pro- Oxfordian. Terrain a chailles 
bably Callovian siliceux. 
and Oxfordian. 

A better section is shown in the quarry south-east of Lies- — 
berg (fig. 1). Overlying the Oxfordian are some thin beds of 
yellowish limestone, succeeded by greyish limestone separated by — 
bands of dark clays, the whole being about 160 feet thick. These — 
beds are worked for hydraulic lime and are very fossiliferous. 4 

Similar beds were seen above Montmelon, and again on the east — 
and west side of St. Ursanne station. 

At the ‘Combe Chavatte,’ further to the west, these beds are 
more siliceous and contain silicified fossils. a 

At Pichoux and again at Gobat the ‘Terrain a chailles siliceux” 
is said to be wanting unless represented by some limestones three — 
metres thick, which form the uppermost part of the Oxfordian | 
(Greppin, op. cit. p. 66). ~f 

The following fossils were obtained from rocks of this substage: 

a 

Locality. 
Belemnites hastatus, BlGinu........cccceesceeees \ 
Ammonites cordatus, Sow. ......cccccceeseceses 

COnvolutus "QUenst, .... ce teeesse me eean 
WOCtI CUS RCH io vac vic uar so eSavnen see noeere 

Pleurotomaria Munsteri, Rom. ...........2.4. \ Liesberg. 
Phasianella striata, SOW. “5.2.2.2... -.08 0-esecen 
Chemnitzia heddingtonensis, Sow. ............ 
Natica clymenia, Orb. ...0:20..0+-02seecheeses 
Pholadomya paucicosta, Ag..........ssceecseeees ) 
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Locality. 
Pholadomya concinna, Ag. ............000.0e0e- \ ° 

SETTLE CN 22”. Cy Ra ieee tetera ae 
amva pectiniformis, Schl...2..:.....0<0.cssn00ess 
Plicatula semiarmata, H7.....0:.......0.0seeee0e \ Liesberg. 
Moiola imbricata, Sow. ..........0...«scce+ess 
Cardvam imtextum, Miinst. ......0.........se0.0. 
Pecten globosus, Quenst. sed S at ee Ee ) 

meguicostabus, PAU. se0i.isern 2 a0x0s: . 
Soe [61/1 Se pe ee EO gee, ee Nee } St. Ursanne Tunnel. 

Rhynchonella Thurmanni, Voliz............... \ 
Tacunosa, Schl. ..........-.-.-s0..ee00ee-0--- | 

Terebratula insignis, Schiid.......... Brea eee aes 
Gelemontana, OPP 02... 065. sas tee eee | 

W aldheimia Baceulonts. SGU Vast acre 
Ordaris forizemma, Phil. .......2.-.00+..cecec00: 
Hemicidaris erenularis, Ag. .............0se000 \ Liesbere. 
Pseudodiadema aroviense, Hf. .............0000. 
Glypticus hieroglyphicus, Ag. .................- 
Mollyrites TINPeNS, AG. .......00.10ceccncseceeecs 

COLD Ea PICS! Vee arreeit wan <cnchacasssccsee | 
Millericrinus echinatus, Quenst. ..............- 
Apocrinus polycyphus, Th. et Et. ............ 
Thecosmilia annularis, Fle. ...............0++ Thiergarten. 
Tsastrea explanata, Goldf. RE re OPE Liesberg. 

Oolithe Corallienne and Calcaire a Nérinées.—Passing up from 
the bluish limestones and clays of the ‘ Terrain a chailles siliceux,’ we 
come to a grey or white oolitic limestone, which usually contains 
numerous fragments of shells and corals; the whole is from 16 to 
33 feet thick. This constitutes the Oolithe Corallienne.  Over- 
lying it is the Calcaire a Nérinées, a rock somewhat variable in cha- 
racter, but always composed of limestones, which may be compact 
in texture, whilst at other times they are chalky, tuffaceous, and 
quite soft ; its thickness varies from 60 to 270 feet. 

These Corallian rocks are more easily denuded than the overlying 
Astartian ; consequently, in the escarpments, where both are seen, 
the Corallian beds are always weathered out into hollows and 
caverns, whilst the overlying strata project as overhanging ledges ; 
in this way, the beds are easily recognized. 

A good section of the Corallian, Astartian, and Pterocerian is 
seen on the roadside at Vorbourg, near Delémont. Aided by 
M. Mathey, we were able to work out almost every bed in the 
above stages. The section in the Corallian here is as follows, the 
beds being given in descending order :— 

ft. 
8. Compact, fine-grained limestone .............02...... 22 
7. Compact, thick-bedded limestones, with Neringa. 18 
6. Thin-bedded, coarse, subcrystalline, and pisolitic 

MAES AR OIC Settee aoa a Patel oro.e <i icisiajre!sln clessiorciatin'ete sv Meo 4 
SPB OMINACE LTMESLONO 2-7 0 oon. c-cernseseneceseenscavceetae 15 
4, Thick-bedded, white limestone, with corals, Di- 

OBS, (HES Secs BOR EEO TOO AE 1 Se Lage 18 
3. Irregularly bedded whitish limestone ............... 14 
2. Thick limestones, sometimes oolitic..........-...-05: 7 
feGreyish oolitic limestone ......0....-ss.s0-seasesecees 32 
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The ‘ Terrains 3 chailles siliceux,’ which should come below, are 
not now exposed. 

This section is also described by Greppin (op. cit. p. 87), but we 
could not make our measurements quite agree with those published, 
especially in the upper part of the series. 

At the roadside east of Soyhicre a quarry is opened in the upper- 
most division of the Corallian ; the rock is a whitish limestone, part 
of which is hard, but the greater portion is quite soft and tuffaceous, 
and the whole rock is largely made up of corals. 

These beds are also seen at Thiergarten, Courrendlin, and again 
near Roche, and also at Montmelon. Just behind the station, at 
St. Ursanne, is a thick series of white limestone; its lower part is 
somewhat oolitic, but higher up it is quite tuffaceous and contains 
numerous Gasteropods. A little further to the east, at the west end 
of the bridge which spans the valley, and apparently somewhat 
lower in the series, a similar tuffaceous limestone occurs crowded 
with Diceras. ‘Then, again, in the railway-cutting on the eastern 
side of the valley, still lower beds are seen overlying the ‘Terrain a 
chailles siliceux’ as a well-bedded, coarse, oolitic limestone. We have 
therefore here nearly a complete section in the Corallian between 
the ‘ Terrain 4 chailles siliceux’ and the Astartian, and in it the fol- 
lowing beds are recognized, in descending order :--- 

4, Tuffaceous limestones crowded with Gasteropods, 
3. Oolitic limestones. 
2. Tuffaceous limestone with Diceras. 
1. Oolitic limestone. 

Further west, at Caquerelle, these Corallian beds occur as a white 
oolitic limestone, which has yielded a large number of corals. 

The fossils obtained from the Oolithe Corallienne and Calcarre 
a Neérinées are given in the accompanying list. 

Fossils from the ‘Oolithe Corallienne’ and ‘Calcaire a Nérinées’ 

BOS | oe leo ee 
mM = = = iol os 
ie Maelo yo eee et eh) a 

Dil 2 | S| ee once 
S|] 6 | @ (bol : E uv 

naIiOlwmaIlir> | HA |e 

Purpura Wapierrea, Buy... 20.2.2... -.0.- * 
Cerithium corallense, Buv.:............... % 

bucecinodeum, Buwv. ........:.2200+6-- * 
Gf, wiMayHisen, NOD) — ber ssescoosocne x a 

Nerinea speciosa, Voltz ........:..s.0c00e * 
MOMOSAy Oli Zeeks erecta * 
eleraine UTM Mette: cence ccna ee * 

ID sieNCE, IDESIOs ssebnoscconeccs0ns08c * *% % 
bruntrutana, (777 * * 
UTSICIa, LUT ene ee iets aaeiee Set Ae 
Rieemeri 27/7 aise ener er aeencee * | 

Nerita canalifera, Buy. ......... cece eee * | 
| | 

ae 
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Fossils from the * Oolithe Oorallienne’ and * Caleaire & Nérinées’ 
(contin 

| Nerita sigaretina, Buv..............0cc0-000 
| Turbo tegulatus, Miinst. ......... ......0. 
Trochus angulatoplicatus, Wiins?. ...... 
PEE SDN ef nes sn ss cvnaen snc, «saveoens 
RTIR TAT Sao occ ccveesatacnteesecece 
Cardium corallium, Leym. ............... 
Diceras arietinum, Lam. .............0006- 

_ Lithodomus socialis, Thurm. ............ 
Terebratula insignis, Schiibl, .........40. 

MOT AVACH CLOCK. o20ssaccacsicsswsnennis 
sa Li Seine 
Eayeasver tenuis, Aq-...2.........6.c00ece ses 
Buying tubulifera, Phil, ........ss00sse.0 

TE POGI, UaiaS SS SHeNe seers ae 
| Thecosmilia crassa, d@’Orb. ......0....000% 
a rr 
—— dichotoma, Koby .............c0..0005 
Rhabdophyllia flabellum, Et. ............ 
Isastrea explanata, Goldf. ............. ; 

PAMEMIATIT TS LUC, cee esececeseesecese 
Thamnarea arborescens, Ht, ............ 
Thamnastrea concinna, Goldf. ......... 
PROUVEXASHTCA SP: ..........s00scecereesecees 
Cryptoccenia limbata, Gold/. ............ 

Gecipiens, Hl. ........0..0.e-seeeeeres 
iocenia corallina, Koby 

Stylosmilia Michelini, Edw. 
Calamophyilia flabellum, Blain. ...... 
Dendrohelium coalescens, Goldf. ...... 
Hpismilia multisepta, Koby 

delemontana, Koby 
—— magna, Koby 

Ce 

weeroorveres 

eeesesrt eee Feeesesreeree 

——— 

ued). 

Caquerelle. 
| Vorbourg. | Liesberg. 

evelier- dessus. 

| phiergarten. | D 

of RRR KKH KR KX | St. Ursanne. 

Sea e 
* 

Agee 

eEGid 

# 

XX HH HK Ke 

Ate 5 
| ee 
| lee ta $$ ee 

The Sequanian or Astartian consists of a greyish, compact, and 
often ovlitic limestone, with some marly beds. A very constant 
fossiliferous marly zone occurs about the middle of the series, 

The section at Vorbourg, where the whole of the Astartian is 
seen, is as follows, commencing at the summit :— 

ft. in. 
16. Thinly bedded limestones .................2.0ceseee: Th 
Melinicks Grey MMeStONS . 6.0.5. sececeececesnercceseo ses 14 0 
Wietamestones similar tO. 16. .22.....2-.c00deccecseeseees: Vga (63 
MPM ClMIMESCOME: 2-6 o03cccdecleaeree lo cedecocvessensss 3 0 
ermB NOMY Peart ace sec acc cicinc cli ceeectaeeeoecsasat ceence 4 0 
MEPMANUIMIAMNITTCSEOMES | Fse.0-\cccececscacccceseseasacccerseses 8 OU 
11. Irregularly bedded limestones ..............0.00008 13 0 
Mommlesre ular) LIMESLONES. 60.20: cv.-.. 0s ssecereccecscenecsos 30 0 
9. Thick, whitish, oolitic limestones ..............000+ 34 0 
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ft 4mm 
6) iBrecclated limestonesweeerreeeeeeeeccastne ener eee eer 4 0 
7. Thick limestones, slightly oolitic .........,........ 140 
62) Reddish, oolitre) limestones. --1-4) 5-20 e-creeeees 12 0 
bis Compact, colitic limestonen-1. tes. aeeres ree eeeeee 19 0 
4, Well-bedded, reddish limestone, very compact... 15 O 
3, “Grey limestones!) “uae scent eect eee eee 22 0 
2. Thin-bedded limestones, marly at base and 

crowded with fossils —...soce1-.ssseeeee ueeeee ene 30 O 
iL. (Oolitrelimestonessh.-to.4-cee seat ccs recone see eee nee 28 O 

(Below this the section was not well exposed.) 

At Angolat, about three quarters of a mile west of Soyhiére, there 
is a good section in the marls and also in the beds immediately over- 
lying and underlying them. They are also exposed at Montchai- 
beut, Thiergarten, and Bassecourt ; and Astartian limestones are also 
seen above the Corallian at St. Ursanne. 

The Astartian is largely quarried at Laufon, where the lime- 
stones are for the most part oolitic; fossils are not abundant in 
these beds. 

The fossils in the accompanying list were principally obtained 
from the marls. 

Astartian Fossils. 

ss 
+5 | < 
3 a | + 
r= Sta. PAS} 5 ; 

3 | do] aeons 
RE See tilers |S It 
a lca (ue | 6 fee a 2) ee 
A/A S/F (Fl ale 

Belemnites astartinus, H7. ........ Racin % 
Natica turbiniformis, Rom.............. we|  % 

hemispheerica, Rom. «.....:......0+ nae ules , 
Phasianella striata, Sow. ........:..0..-008 * 
Nerinza Gosz, Roe. kee POP se rivooe OL oe 
Pholadomya complanata, Rot ices. * 

DANECICOSbAR PAGE wiacete-reecee aes * 
Cyprina tenuirostris, H7..................- c Bel eeesca ler: 
Cardiummetontanum pee ceeeeecnceiece ce Pe aon leita |: 
Trigonia suprajurensis, Ag...............- Roald |e 
Mytilus loneeayviis Hes occ n0.- css eerins ne * 
Mima Rastanpimanllvneaece cee eah eeasercene: eS eee 
IREChens es HSOW ee mace tic hoe ae Seececleloe % 
Ostrea sequana, Th. ........ Vistas hitata ct % 
ID OA aes) SOR I, ISIOUT, S-onocaaadessaoesoRosnc! * % 
Terebratula humeralis, Rom. ............ Posse OF * 

Earl PH Gee eh iealcsneliie eae noite x 
—— suprajurensis, Thurm................ asin hicdiese | oie leeicte an ee ese 
——— moravica, GIOCK....ccccccccssssvenees a lpied: 
Rhynchonella inconstans, Sow. ......... wna cake ie Ral ame 4 

elveticae a OnDwamen tienes tcnecc: * 
Cidaris florigemma, Phil. ............+0 * 
Hemidiadema stramonium, Ag. (Cour- 
rendlin.) 

Pseudodiadema neglectum, Thurm. ...| 
Pedina sublevis, 4g. (Rebeuvelier. ) 
Aspioceimus) Vietiani Zsa mes peceas ee Soulileee aslo cee ee 
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Pierocerian or Kimeridgian.—The classical locality for this 
stage is Banné, near Porrentruy, where it has been known and 
worked for many years. Its lithological character is very constant 
in the district, being composed of well-bedded limestones usually 
very fine in texture and light coloured; there are also some thin 
beds of marl present, and these are usually very fossiliferous. The 
limestones are much quarried for building-purposes. 

The quarries at Delémont are opened in rocks belonging to this 
stage, and here the following section was observed :— 

Compact grey limestones ......... ) 
Fossiliferous marly bed............ 34 foot 
Thick-bedded limestones ......... i 
Compact limestone .......%....... 

Most of the fossils obtained in this locality come from the marls, 
because, as a general rule, the compact limestones are not fossili- 
ferous, and when they are so, it is almost impossible to get the 
fossils out in a determinable condition. 

The section at Vorbourg, in the Pterocerian, shows compact 
limestones of much the same character as the beds in the quarries 
below, and described in the above section. 

At Glovelier similar beds were also seen; and in a small expo- 
sure at the roadside, a little to the west of the village, the surface 
of one of the limestone beds is exposed, which is crowded with 
Piteroceras, &c. 

Limestones like those of Delémont were seen at Courrendlin and 
also at Vermes ; but in the last-named locality the beds were some- 
what nodular. 

In the neighbourhood of Porrentruy these beds have been, as 
already stated, largely worked. ‘They are also quarried a little to 
the north of Villars, where about 20 feet of the limestones are shown, 
the uppermost part being fossiliferous. 

The fossiliferous Pterocerian marls are also exposed at the road- 
side between Fontenois and Bressancourt, and again at Courgenay. 
Tn both these localities the rock is crowded with fossils. 

Subjoined is a list of the fossils, which come chiefly from the 
marls :— 

Pterocerian Fossils. 

2 | 48 s 2 
3° g 5 a 
= o ag ro) 
D = bas e 
o is) e) = 
A & 'S) O 

Nautilus Marcouanus, D’ O70............. soe * | 
MC ANOCCAS, BT. 5. ca 0.22 needle aces denesenns |) Ae 2 | 

hemispherica, DOrb...............- ** 
Pteroceras oceani, Delab. ............56 * * * * 
Rostellaria Wagneri, Thurm. .........4.. ie * * 
Pholadomya myacina, Ag. ............+4- see Ae % 

IEEE. Hes). Lira edsbadsinsahtes $i * * * 
meme HUEICOsta, AG... ..svesenveveceee 509 Ba bias * 
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Pterocerian Fossils (continued). 
| 

fe) 2 es 2 
| @ op o 
5) s= tas] > 
o S @) | ee 
A Fy 6) ia) 

Pholadomya recurva, Ag.” <.....sc..-00: : * 
3 DAMICICO Stas PAGE MMe annie eieeere ase * 

Thracia incerta, Thurm. ...........ss0000- ’ * 
@eromya excentrica, Ag. .........50-004-: ** * x 
ucimarsubstriatayeiG70. -eeeeeeereeeea ark * * 
Cardium bannesianum, Thurm. ......... * * 

axino-obliquum, Thwem. (cf. dis- 
SIMMS) i Meese cc ch seeieete watteceseweaee cect * 

| Drigonia muricata, Rom. ......c2s.0s0:---- Ses ee % 
Mey tilais py tncen SiS C7 ie eeecaeeeeea niceties Ae eee 50 50 * 
—— subpectinatus, D'Or. ............4.. % 
Modiola subsequiplicata, Goldf. ......... * 2 
ALI CHILES SIS Dicarotenenes coe s een eae ae * 
Gervillia tetragona, Rom. ............. * 
Avicula Gessneri, TRUri.......00.seccesees ns x 
Iimiayspectalbilisss C077 jon ener caesar: * 
Hinnites ineequistriatus, D'Oro. ......... * ** 2 ** 
Ostrea semisolitania,e Hit. vs.caeden seeks x* * * % 
Terebratula subsella, D’ Orb. ............ * * he * 

num eralisevO7e chen nemenee caeiesern * 
Rhynchonella inconstans, Sow. ......... % % 

SEMI CONBHANS, PGs saaeceerneccee % 
Cidaris Horigemma, Phil) 0... -c8cce=s * 
Hemicidaris Thurmanni, Ag. ..........4 % % * 
ACrOsalemiaraspeta TAG amen eeessecsecnere % 
Holectypus Meriant, Deshi 7 \2.0s-0.s5: * 

Virgulian.—The rocks of this stage occur only in the western and 
southern portions of the district, its eastern boundary being a sinuous 
line running from Soleure to Seprais (Jura Bernois). Greppin (op. 
cit. p. 115) points out that the northern part of the Jura was under- 
going upheayal during Pterocerian times, and that land existed in 
the north-eastern portion of the district under consideration at the 
time when the Virgulian beds were being deposited ; in this way he 
accounts for the absence of rocks of this stage in the north-east Jura. 

The Virgulian was at one time well exposed in the neighbour- 
hood of Porrentruy ; at present, however, the quarries are filled up 
and no section is visible. A section in these beds at Pichoux is 
described as follows (Greppin, op. cit. p. 116) :— 

feet. 
Whutish litnestones, 02 2he.ce.tosrendcee seen wore wen so) 
Yellowish or grey clays and shelly limestones with 

LLOOUTO, OUGUL ON Wie iio ci sialouesic ee soe areee ee ene 193 
Thick beds of hard compact limestone ............... 65 

Fragments of Virgulian were seen on the surface at Waldeck, 
near Porrentruy ; they consisted of a reddish-brown limestone with 
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Exogyra virgula, Further south, at Tramelan, a small exposure 
was observed in these beds, which consisted of yellowish marls and 
impure limestones largely made up of the shells of Evogyra virgula. 
~The Portlandian beds, which are so well developed in our 

southern district, are almost wanting in the northern part of the 
Jura. The only locality where they were seen in the latter district 
is north of the railway-station at Moutier. The same remarks apply 
equally well to the Purbeckian, as apparently they have not been 
found further north than Moutier; and there, overlying the Port- 
landian, is a dark-coloured limestone, about one foot thick, containing 
numerous freshwater fossils. In the absence of fossils it is hard to 
define the limit between the Purbeckian and Portlandian in this 
section (see fig. 2). 

Fig. 2.—Section in Railway-cutting north of Moutier Station. 

eee GO Pugh seer 

a, Portlandian; 6, Purbeckian. 

The bed marked X contains freshwater fossils (Purbeckian). 

The following fossils were obtained from the black limestone 
referred to above :— 

Chara Jaccardi, Heer. Planorbis Choffati, Maill. 
Cypris valdensis, Sow. (?). Corbula Forbesi, De Lor. 
Bithynia, sp. Hydrobia Choparti, Sandb. 

2. Tue SourHerRn District, 

Nearly the whole of this district is described in Prof. Jaccard’s 
Memoir on the Cantons Neuchatel and Vaud, and the following 
classification is taken from his ‘ coupe théorique,’ pl. 4, at the end 
of the work referred to :— 

4. Purbeckien. 
Groupe Jurassique Supérieur, | 3. Portlandien or Nérinéen. 

or Kimméridien............... 2. Ptérocérien, 
1. Astartien. 

4, Corallien. 
Groupe Jurassique Moyen, or | 3. Pholadomien 
Pe NOG | Oxfordien Calcaire. 

Ge sts cies taecnes 2 Sponpitien........-.-- 
1. Callovien. 
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The Callovian presents but a feeble development in this district, 
as compared with that of the northern area. The fer sous-oxfor- 
dien, which is so constant in the latter, is scarcely, if at all, repre- 
sented in the southern district. Its total thickness does not exceed 
16 feet, and it is usually considerably less. It is, however, pos- 
sible to distinguish two zones in it :— 

2. An upper one, composed of grey clay, poor in fossils, and some- 
times containing pyrites. 

1. A lower limestone, which is ferruginous and rich in fossils. 

In the ‘Combe Gréde, near St. Imier, a somewhat peculiar 
development of the Callovian is seen; it consists of a bed of 
greyish chert 8 inches thick. The underlying Dalle nacrée, how- 
ever, is very well developed here, and may, in part, represent the 
Callovian of other areas. 

A better exposure of it is shown in the eastern side of the quarry 
at Pouillerel, near Chaux-de-Fonds, where the following section was 
observed :— 

1. Oxfordien. 
2. Callovien, 10 ft. { >. Blue sandy clays with fossils. 

$HICK: «Gos. saan. a. Thin band of ferruginous marl. 
3. Dalle nacrée. 

A thicker development of the ferruginous marl occurs in a quarry g 
a little further north, and consists of a brown limestone and marls ~ 
with ferruginous oolitic grains. The following fossils were obtained 
from this bed :— 

Belemnites hastatus, Blainv. | Lima rigida, Sow. ? : 
Ammonites hecticus, Rein. Hinnites abjectus, Mor. & Lye. 

convolutus, Quenst. Terebratula dorsoplicata, Suess. 
athleta, Phil. Collyrites ellipticus, Ag. 

Nucula ornata, Quenst. | Holectypus, sp. 

The Callovian was also seen below the ‘Spongitien’ on the 
roadside opposite Brenets, as a clayey bed with Belemnites hastatus, — 
Ammonites convolutus, and A. hecticus. 

The Oafordien Calcaire is divided by Jaccard into :— 

2. Pholadomien. 
1. Spongitien. 

The ‘Spongitien’ is composed of alternations of limestones and — 
clays, having a total thickness of about 15 metres (49 feet), In _ 
some localities these beds contain numerous sponges; in others, again, 
such fossils are either absent altogether or very rare. 

In the ‘ Combe Gréde ’ this lower division of the Oxfordian consists 
of grey compact limestones with some marly beds in its upper part. 
Further west, near the railway-station at Convers, the ‘Spongitien’ 
is worked for cement: the beds exposed in the quarries are thin- 
bedded, grey, argillaceous limestone with partings of clay. 

Overly ing the Callovian, in the quarry at Pouillerel, referred to 
above, about 10 feet of Oxfordian are exposed, of much the same 

: 
3 

i 

, 

Re ee bP ea 

ee ee A PS Se Ue 



OF THE SWISS JURA AND ENGLAND. 243 

character as in the localities named above. The beds contain 
numerous crinoid stems and some sponges. 

On the roadside opposite Brenets the whole of the ‘ Spongitien ’ 
is seen as in the following section :— 

dts 

eaoiey al ORION VG se bese c sieigagwseiads selond ee Pes py aio catia sea sores 30 
Spongitien Well-bedded thick limestone, iL) Ste eh | 29 

*** | Limestone with shaly particles, 14 ft....... 
EUR STIS ies eo nio cco icc ccbuccce cocci cite woes sen deaveeves Se telhn 
Lo} EGS) oc bortheee SeEe AB EEC eis eer enon aos ao ee a 10 seen. 

The ‘ Pholadomien’ is somewhat variable in this district. In the 
‘Combe Gréde’ these beds are very thick and are made up of :— 

3. A series of thin-bedded limestones, sometimes nodular, with 
partings of shale. 

2. Thick series of bluish shales, poor in fossils. 
1, Thin liméstones and shales similar to (3). 

In the section opposite Brenets, mentioned above, the Phola- 
domian is 30 feet thick, and consists of thin limestones with 
partings of clay of about equal thickness. 

The upper beds of this substage have been worked for cement at 
Les Praises, West of Ste. Croix, and here they consist of nodular, 
grey, argillaceous limestones. The lower part 1s more marly. 
Similar beds were also seen at Les Auges. 

The following fossils were obtained from the Oxfordian in the 
southern district :— 

Localities. 
Ammonites convolutus, Quenst. ... La Vraconne, St. Sulpice, Les 

Auges, and Combe Gréde. 
IMC CTICUST RCN .. é oi cdccsesces sence Combe Gréde. 

Belemnites hastatus, Blainv. ...... Combe Denayriez. 
Pleuromya varians, Ag. ............ Ditto. 
a= CINTAIL 7210 Ce Ditto. 
Pholadomya scutata, Ag. ............ North of Ste. Croix, 

@umermlatias AG... r..0nceeseanes Combe Denayriez. 
CAM ACA AGN veces oicob.pe-recese Ditto. 

Anatina undulata, Phill, ............ Ditto. 
Modiola bipartita, Sow. ............ Ditto. 
Goniomya proboscidea, Ag.......... Ditto. 
Aciarbe robusta, Mt: 1. ...........0s0s- Les Auges. 
Nucula ornata, Quenst. ............06. Ditto. 
Terebratula orbis, Quenst...........+. Combe Denayriez. 
— hisuffarcinata, Schl............. Ditto. 
Gollyrites, sp. .:......-. bodneboonnePoe Ditto. 

The Corallian is much less developed in the southern district than 
in the northern, and, indeed, appears to be represented by a series 
ot beds which correspond only to the Terrain a Chailles siliceux of 
the northern district. 

The stage is described (Jaccard, op. cit. p. 201) as consisting of :— 

3. A dark blue clay, which underlies the Astartian. 
2. Reddish-brown limestone, poor in fossils, passing down into a 

series of thin-bedded limestones, which are very fossiliferous. 
1. Barren clays. 
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They do not, however, present the same lithological character 
throughout the district. 

In the ‘ Combe Gréde ’ the lower beds of the Corallian are repre- 
sented by limestones containing Rhynchonella imeonstans, Terebra- 
tula insignis, Cidaris, &e., and above these come some greyish compact 
limestones, containing species of Cidaris and Hemicidaris. 

In the débris thrown out from the Loges tunnel, in which the 
Corallian beds are pierced, the rock pointed out to us as belonging 
to this horizon is composed of brown and some grey argillaceous 
limestones, rich in fossils; the following is a list of the principal 
ones obtained by us :— 

Turbo Meriani, Goldf. Terebratula Bauhini, Hz. 
Lima rigida, Sow. Rhynchonella pinguis, Op. 

Renevieri, Hz. (cf. grandis, Cidaris florigemma, Phil. 
fom.). Stomechinus perlatus, Ag. 

Pecten lens, Sow. Glypticus hieroglyphicus, 4g. 
Ostrea solitaria, Sow. 

The Astartian is divided into two substages—an upper, cal- 
careous, and alower argillaceous one. The general character of the 
former is thick-bedded homogeneous limestone, although at times 
it is oolitic. The oolitic portion of these beds is usually fossili- 
ferous, but the fine-grained limestones rarely contain fossils. The 
lower or argillaceous division of the Astartian near Locle is 50 
metres (164 feet) thick, and consists of clays and limestones varying 
in character and thickness; the limestone is sometimes oolitic and 
marly, whilst the clays are at times quite arenaceous. In the 
upper part of this substage there is a fossiliferous zone with Tere- 
bratula humeralis ; and lower down there is another marly bed con- 
taining this same fossil in abundance. Both of these fossiliferous 
marly beds are seen near the summit of Mount Chasseral, and again 
further north, on the other side of the St. Imier valley. 

On the roadside opposite Brenets the following section in the 
lower beds of the Astartian was observed :— 

ft. 
5. Well-bedded greyish limestones................:-2s000-+esaceracieease 12 
4. Marls, with some thin beds of limestone containing Melania 

SUCUULO Saat sees ois e/dste hinie te Siap/slisisabiatc sense heer ee Ee atone eemsree 10 
3. ‘(Gréyish limestone... ...ficssescacsciesersswokeeeatesh lance ee epee 20 
2. Alternations of limestone and marls.-7.2....0..2.-5+2cesseeeeberers 8 
LvGreyish linestOneS. j.-.6-700-.0.<0%> <2 sect ee nee Reese eee 5 seen. 

The marls with Yerebratula humeralis also occur in the railway- 
cutting near Noiraigue. 

In the neighbourhood of Ste. Croix the Astartian is composed of a 
compact reddish limestone, which is well seen on the roadside to 
the north-west of that town. 

The following fossils come from the marly beds near the summit 
of the Chasseral :— 

Chemnitzia heddingtonensis, Sow. | ‘Terebratula suprajurensis, 4g. 
Trigonia subconcentrica, E7. Cidaris florigemma, Phil. 
Terebratula humeralis, om. Hemicidaris, sp. 
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The Pterocerian is, perhaps, the most important stage in the 
whole Upper Jurassic series, since it forms by far the greater por- 
tion of the high ground in this part of the Jura. Its thickness has 
been estimated at 150 metres (492 feet), and it would appear as if 
it was thickest in the southern part of the Jura, and thins out to 
the north. On the whole, it presents much the same lithological 
character in the district under consideration, but most of the beds 
are poor in fossils. It has been divided into an wpper and lower 
substage. 

The Lower Pterocerian consists of a thick series of coarse greyish 
limestones with some marls, the whole being usually poor in fossils. 
The following zones have been made ont in the Upper Pterocerian 
(Jaceard, op. cit. p. 189) :— 

3. Very compact lithographic limestones with Bryozoa. 
2. White saccharoid or crystalline limestone with Bryozoa, Neringa and 

Diceras (small). 
1. Greyish marls, rich in fossils. 

In the ‘ Combe Gréde’ the following section was observed below 
the Virgulian :— 

3. A thick series of greyish limestones. 
2. Greyish, somewhat brecciated limestones, with Terebratula subsella, Ostrea 

solitaria, Nerinea bruntrutana, &e. 
1. Limestones with Nerinea. 

Similar massive limestones were seen near La Baume, Locle. 
North of the road-tunnel, near Noirvaux-dessous, on the way to 
Ste. Croix, a fossiliferous marly band in the Pterocerian is exposed, 
and overlying it come some well-bedded, grey, very compact lime- 
stones. Further south, near Jougne, the Pterocerian is quarried, 
and the section shows about 24 feet of grey, very compact limestones, 
with some brownish marly beds. Rocks of this age are also worked 
near Soleure, and the fossils obtained from the quarries at St. 
Nicholas (north of Soleure) include remains of Turtles and other 
Reptiles and of fish. 

The following section was seen in one of the three quarries at 
St. Nicholas :— 

Paand and somewhat porous limestone ..................se-coseececseseteceesees 5 
3. Greenish marls, with Pteroceras, Nerinea, Terebratula, Hemicidaris, &e. 4 
2. Hard, grey, compact limestone, separated by a thin marly bed from (1) 7 
1, Thick bed of compact grey limestone. 

The other two quarries are opened in rocks having the same 
lithological character as that at the base of the above section. 

The following fossils were obtained from the Pterocerian beds at 
the localities named below :— 

a 
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Pterocerian Fossils. 

Barbed 
ny N . 

(ee ee ees (La 
) I 3 © op 
Mace 3 = BO 
|, > Zi babssl 

Natica, e12as: (Bren .cerse-coe-ecteee te cee | | % 

Chemnitzia Bronni, D’Orb................ | 25.4) 
Nerinza Hlsgaudie, Thurm. ............ : 

bruntrutana, Thur. .......0..-0-- x | 
PiCLOceras OCeAlt E00. cree see eeeee re wee ie % % 
Pholadomya sl roter, Age to cocucese sets ont x * 

Mm Geosta,pAG Aen as..nseseneeeee ae ie sin, MOL lala 
helvetica, Wests swe ieee ceks ey See a * 

Homomya hortulana, D’ Orb, ............ a0: % 
Pleuromya donacina, Ag.............+..0+. 50) ee mee * 
Ceromya excentrica, 270. 522. 22c..ceseesces sat % * * 

afl ata, SAG SY s.ecccnocs noes ee ete ae ee *% 
Astarte subclathrata, Thurm. .........06. a ee ae, * 
Lucina rugosa, Rom. ...........+. Sa Sisk * 
Cardium bannesianum, Thurm. ......... ¢ % 
Diceras suprajurense, Thwrm............. ane % 
Trigonia suprajurensis, Ag................| be bah * 
Modiola subzquiplicata, Goldf. ......... aA % _ 

perplicata, GOLD ee dine eee ae hen pa en * 
JUNCHISIS, LON ate a asaas nese seater re as * . 

Pinna monsbeliardiana, Cont. ......... Ripe ee 3 ; 
Pecten Benedicti, Cont]. ............:0060+ : cae (AE ; 
Hinnites ineequistriatus, Voltz ..... ee bers * | * 
Ostrea semisolitaria, H?. ...........-.0.00+ * #2 |. % % 
Terebratula subsella, D’Orb. ............ x Ke eee * 
Hemicidaris Thurmanni, 4@. ............ ee * | 
Isastrea oblonga, Mlem.  ........0..-0+-00- Her yh 

The Virgulian is exposed in the ‘Combe Gréde’ as a thick series _ 
of greyish, compact limestones, with some marly beds. At Brenets 
there is at the base of the Portlandian a marly bed which has yielded 4 
Exogyra virgula, Further south, owing to the absence of this — 
fossil, it has not been recognized with certainty, although the marly k 
bed, which is more or less “persistent at the base of the Portlandian, 
may probably represent it in part, at least. According to Jaccard, 
however, the Virgulian is said to be wanting, and the term “ Port- 
landien” is used by him to include all the beds between the base of 
the Purbeckian and the top of the Pterocerian in the Jura Vaudois 
and Neuchatelois. se 

The lower division of the Portlandian consists of massive grey 
and compact limestones, which are largely quarried. Towards the 
‘base these beds are lighter in colour and become marly. Fossils 
are never abundant in these rocks, but they nevertheless contam 
fragments of teeth, scales, and bones of fish and other vertebrates. 

The upper Portlandian is largely made up of massive limestones, 
which are often dolomitic, and distributed throughout it are beds of 
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marl, varying in thickness; the fossils from these beds come prin- 
cipally from the marls. 

In the neighbourhood of Brenets and Villers-le-Lac there are 
several sections in the rocks of this stage. Near Brenets it is seen 
as a thin-bedded, grey limestone, interbedded with fossiliferous marly 
beds. Then, again, both sides of the Lac-des-Brenets are formed of 
these Portlandian limestones, and in this locality present a striking 
resemblance to the Mountain Limestone in some of the Yorkshire 
dales. Similar limestones are also seen below the Purbeckian 
beyond Locle, and the whole series is well exposed in the gorge 
leading from Neuchatel towards Valangin, where the following 
section was observed :— 

6. Thick series of thin-bedded, compact, grey limestones. 
. Thick, compact, grey limestones. 
. Thin marly bed. 
. Gray and compact limestones. 
. Marly bed. 
Thick series of dark-grey limestones. bo Co BE Or 

The Purbeckian of the Jura has attracted considerable attention, 
and has been fully described by Jaccard and De Loriol, and again 
by Maillard. Jaccard (op. cit. p. 176) makes out three subdivisions 
in this stage :— 

An upper grey, oolitic and fissile marl, about 3 metre (20 inches) 
thick, containing brackish-water fossils. This bed occurs at Villers- 
le-Lac, and also on the road to Valangin, near Neuchatel. In the 
last-named locality it is represented by a marly bed, which contains 
numerous scales of fish. This forms a passage into the overlying 
Valangian, and below it come some more thin-bedded marls and 
limestones, with freshwater fossils. At Villers-le-Lac these beds 
contain numerous Chara-spores. 

The middle Purbeckian is much more variable than the preceding. 
Below the freshwater marls and limestones there is a fairly constant 
bed of very porous and almost scoriaceous limestone, which passes 

down into clayey beds containing numerous small bipyramidal 
quartz-crystals, and carbonaceous material is sometimes present, as 

are also crystals of gypsum. 
The lower Purbeckian consists principally of limestones, and in it 

the following zones have been made out :— 

3. Limestone of scoriaceous texture (Dolomie celluleuse), 13 to 16 feet. 
2. White, and sometimes oolitic, limestone (Dolomie saccharoide), with Car- 

dium villerense and Corbula injleca, 6 feet 6 inches. 
1. Fissile, thinly laminated limestones, 34 feet. 

None of the sections observed by us in this district showed these 
three substages, and in most cases only a small exposure was visible. 
At St. Imier greyish marly limestones with Zimnea and Planorbis 
were seen belonging to this stage. The section at Villers-le-Lac, 
which is perhaps the most typical for the Purbeckian in the Jura, was, 
at the time of our visit, almost completely hidden by débris; we 
saw some thin grey limestones and marls with fossils, and below 
these came clays with gypsum, and there were numerous small crystals 
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of quartz scattered about the surface of the ground, which had 
been washed out of the clay. The clayey beds with carbonaceous 
material and gypsum were seen in the railway-cutting near Locle. 

Marly beds of Purbeckian age were also observed north of Ste. 
Croix; and further south, near Vallorbes, the following section 
occurs :— 

3. Valangian. 
2. Purbeckian :— 

(d) Vesicular and some compact limestones. 
(c) Compact grey limestone. 
(6) Scoriaceous limestone. 
(az) Grey marls. 

1. Portlandian. 

The section on the road towards Valangin, already referred to, 
was also visited; and here again the succession was not clear, but 
the beds of Purbeckian age which were seen consisted of grey lime- 
stones and marls. 

The Purbeckian of the Jura is said to be conformable to the Port- 
landian beds below, and to pass up without any physical break into 
overlying Valangian ; and our own observations support this view. 

From the description of the beds in the two districts under con- 
sideration it will be seen that the various stages differ considerably 
in their lithological character and, to some extent, in their fossil 
contents. On account of these differences it is not always easy to 
correlate exactly the beds in these two parts of the Jura. In the 
accompanying Table (p. 249) a correlation is given which is pro- 
bably approximately correct. 

In both areas we find the Callovian underlain by the ‘ Dalle 
nacrée.’ The Callovian itself is, as already stated, but feebly repre- 
sented in the southern district, and the Hr sous-owfordien, so well 
marked in the northern parts of the Jura, is scarcely represented in 
the Central Jura, unless it be by the clayey bed in the upper part 
of the Callovian, which sometimes contains pyritous nodules. 

In the ‘Combe Gréde,’ near St. Imier, where the Callovian consists 
of a thin cherty band, the Callovian of the northern district may be 
represented in part by the uppermost portion of the ‘ Dalle nacrée.’ 

The Oxfordian presents much the same paleontological character 
in both districts, and the correlation indicated in the table is, as 
far as can be gathered from the study of the fossils, correct. 

The Corallian of the southern district, according to Desor and 
Gressly (‘ Etudes Géol. sur le Jura Neuchatelois, p. 75), represents 
only the Terrain a chailles siliceux of the Northern Jura, and they are — 
of opinion that the Oolithe corallienne and Calcaire a Neérinées are 
wanting in the Jura Neuchatelois. About 50 per cent. of the 
fossils from the Corallian of the Central Jura are found in the Terraim 
a chailles siliceuw, whilst only about 8 species (out of 54) occur in 
the Oolithe corallienne of the Northern Jura, and most of these 
appear also in the Terrain a chailles siliceux. It is highly probable 
therefore that the correlation given by Desor and Gressly is correct. 
If this be the case, the question arises whether any part of the 
Astartian of the southern district is the equivalent of the Caicaire 
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a Nérinées and Oolithe corallienne. From an analysis of the fossils 
it appears that of the 62 species recorded (Jaccard, op. cit. p. 199) 
from the Astartian marls of the south district, 35 occur in the same 
beds in the northern district, whilst 8 only have been found in the 
Calcaire a Nérinées, and 3 of these range up into the Astartian. 
There are therefore only 5 species which connect the Calcaire & 
Neérinées with the lower division of the Astartian in the Central Jura. 
From these considerations it seems probable that these Astartian 
beds represent paleontologically but little, if any, of the upper 
portion of the Corallian in the northern Jura. 

Table of Correlations of the Upper Jurassic in the 
North and Central Jura. 

NortuHern District. 

Purbeckian. 

8 Scssececeescessesscusescsosssosccscseseescescces 

Portlandian. 

Virgulian. 

Pterocerian. 

SO eee eee tees seesaw ses vere ssceseeececccoecus Soe eeecccsecns 

Astartian. 

( Calcaire a Nérinées. 

= Oolithe Corallienne. 

= { 

S | Terrain 4 chailles sili- 
ceux. 

no-calcaire. 

Calcaire 4 Scyphies in- 
férieur. Oxfordian. 

\ 

:| Terrain 4 chailles mar- 

e 
\ 

. ( Le Fer sous-oxfordien. 

Callovian. 

} 

| 

2 Zone of Am. macroce- 
( phalus. 

nian. 

Q.J.G.8. No. 170. 

jatho- { Dalle nacrée, &e. 

SoutHrrn DistTRICcT. 

Purbeckian. 

Portlandian. 

newt eee meen new enone eeaeaeeccesasesecnsscessessescsssssscssscssssasssesasess 

Pterocerian. 

Astartian. 

Corallian. 

Pholadomian. 

Spongitian. 

Supérieur. 

Inférieur. 

Dalle nacrée. 
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The Astartian beds in the two districts have many characters in 
common, and are approximately on the same horizon; and the same 
may be said of the Pterocerian, except that the latter is considerably 
thicker in the southern district. 

It has already been pointed out that the Virgulian is hardly 
represented in the southern district, unless it be by the marly bed 
at the base of the Portlandian. 

The two remaining stages, the Portlandian and Purbeckian, are 
found principally in our southern district, and those recorded from 
the one locality, Moutier, in the northern district are probably on 

_ the same horizon as those similarly named in the southern district. 

3. CoRRELATION. 

When the Upper Jurassic rocks of the Jura are compared with 
those of England, one cannot fail to notice the marked dissimilarity 
which occurs in their lithological character ; and this is best shown 
in the upper part of the series, which, in England, consists of the thick 
clays of Kimeridge and the more variable Portland and Purbecks, 
whilst in the Jura they are formed of massive limestones. There is, 
however, a strong resemblance in some of the lower beds in the two 
areas, and indeed some of them are almost identical in their litho- 

logical character. The difference in the nature of the rocks is, of 
course, accompanied by a difference in their fauna; and on this 
account it will not, in all cases, be easy to establish the true syn- 

_chronism of the stages in the two countries. Certain well-marked 
zones are present in both areas, and these are of great service in 

» working out the correlation of the remaining zones. 
Oppel, in his ‘Jura-formation Englands, Frankreichs und des 

sudwestlichen Deutschlands, correlates the English Upper Jurassics 
_ with those of the Swiss Jura as in the accompanying table, p. 250 

| (extracted from his table no. 64). 
The classification employed by Oppel differs somewhat from that 

which is adopted in this paper. His zone 34 includes the Virgulian 
| and Pterocerian of later writers; zone 32 is the ‘ Oolithe corallienne’ 
and the ‘Calcaire a Nérinées:’ zone 30 is the Oxfordian; and the zones 
26-29 (inclusive) represent the Callovian, of which 27, 28, and 29 
are the ‘ Fer sous-oxfordien.’ 

In the years 1857-60, Marcou’s ‘ Lettres sur les Roches du J ura, 
&e., appeared, and in them he attempted, amongst other things, a 
correlation of the Jurassic beds of the F ranche-comté with those of 
England, and also refers to the same beds in the Jura. The only 
beds which he correlates with certainty are included in his Groupe 
corallien, which he makes the equivalent of the Coralline-oolite 
Group of Phillips. All his other correlations are queried (see his 
table, p. 101). 

Waagen, in 1865, in his ‘ Versuch einer allgemeinen Classification 
der Schichten des oberen Jura’ (table, p. 30), gives the following 
cortelations of the English and Swiss beds. In the fourth column 
the classification adopted in this paper has been added. 
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Prof. Blake, referring to Waagen’s classification of the British 
Jurassics, states that he can only make out a two-fold division of the 
Kimeridge Clay—an wpper, which agrees with that of Waagen, anda 
lower, which includes the Middle and part of the Lower Kimeridge 
of Waagen; whilst the remainder of the Lower Kimeridge, together 
with a portion of the underlying zone of Cid. florigemma, Blake in- 
cludes in his Kimeridge Passage-beds (Q. J. G. S. vol. xxxi. p. 197). 

The following table is taken from Renevier’s “‘ Tableaux des Ter- 
rains sédimentaires” (tab. no. 5, Bull. Soc. Vaud. vol. xiii.) :— 

JURA OCCIDENTAL, 

Marnes a Planorbis Loryi. 
Marnes a Gypse. 
Cale. dolomitique 4 Cor- 

bula inflexa. 

ENGLAND. 

Purbeck Beds. 
Dirt Bed of Portland. 

Portland Stone. Calcaire Portlandien. 
Portland Sand. 
Upper Kimeridge. 

ee re at ; 

Marnes a Ostrea virgula 
(Virgulien inférieur). 

' Kimeridge Clay a Exogyra Ptérocérien. 
virgula. 

Astartien compacte, &e. 
Astartien marneux. 

Upper Cale Grit et Coral 
Rag (pars). 

? 
Coralline oolite a Lima 

 Oxford-clay 4 Amm. Dun- 
cant. 

Kelloway-rock 4 Amm. cal- 
loviensis. 

Oolithe coralliene a Né- 
rinées et Diceras arie- 
tina, et 

rigida; et 1, Wire 

Bancs. 4 Cidaris flori- Calcaires chailleux. 

gemma. 

Terrain 4 chailles 4 Glyp- 
ticus hieroglyphicus. 

| it 4 } . Pholadomien. om Grit a Ostrea di- Oxfordien Ean eae 

atata. Calcaire. S me 
pongitien. 

Marne Oxfordienne a fos- 
siles pyriteux. 

Kellovien ferrugineux a 
Amm. anceps et Amm. 
macrocephalus. 

In the subjoined table an attempt has been made to show the 
correlations of the authors referred to above, and it will be seen that 
they differ in several important points. 
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The lower division of the Callovian, or zone of Ammonites macro- 
cephalus, as shown in the above table, is regarded by Oppel and 
Renevier as the equivalent of the Kelloway Rock of England. It 
is a well-known fact that this rock is local in its development 
in England, and can only be regarded as the basement bed of the 
Oxford Clay. In Yorkshire, and again in Wiltshire, this rock con- 
tains a fairly distinct fauna. A complete list of the fossils from the 
Kelloway Rock of Yorkshire is given by Mr. Hudleston (Proe. Geol. 
Assoc. vol. iv. p. 373), and twelve of them are recorded from the ma- 
crocephalus-zone of the Jura. Very few of these 12 species, however, 
are peculiar to the Kelloway Rock, since most of them range up 
into the Oxford Clay. Amm. macrocephalus itself does not appear in 
Mr. Hudleston’s list referred to above, although a variety is recorded 
from these beds (Geol. Mag. 1882, p. 147); the species is, however, 
recorded from the <Avicula-shales which underlie the Kelloway 
Rock. ‘These shales also contain Avicula echinata, Rhynchonella 
concinna ?, and Waldhewmia lagenalis, all of which are characteristic 
of the upper part of the Bathonian of the Jura. 

Dr. Wright gives the following arrangement of the beds which 
come between the Oxford Clay and the Cornbrash in Wiltshire (Proc. 
Cotteswold Nat. Club for 1869, p. 207) :— 

Oxford Clay =zone of Amm. Jason. 
Kelloway Rock =zone of Amm. calloviensis. 
Kelloway Shales=zone of Amm. macrocephalus. 
Cornbrash. 

The fossils recorded from the Cornbrash of Wiltshire (Wright, op. 
cit. p. 200) include Pholadomya Heraulti, Avicula echinata, A. cos- 
tata, Terebratula intermedia, and Rhynchonella concinna, all of which 

occur in, and most of them are characteristic of, the upper beds of 
' the Bathonian of the Jura. Of the fossils which have been collected 
from the Kelloway beds of this part of England (op. cit. pp. 208 
and 209) 10 have been found in the macrocephalus-zone of the Jura, 
but only one of these, viz. Amm. macrocephalus, is peculiar to the 
Kelloway beds. Several of the ornatus-group of Ammonites occur in 

the zone of Amm. macrocephalus as well as in the overlying ‘Fer 
_ sous-oxfordien’; similarly they appear in the Kelloway beds and in 
the Oxford Clay. 

In the Bedfordshire district the ornatus Ammonites have been 
found low down in the Oxford Clay, and the same thing also occurs 

) at Swindon (H. B. Woodward, Q. J. G. 8S. vol. xlii. p. 295). 
From the above remarks, it may safely be stated that the fauna of 

| the Cornbrash links it closely with the upper beds of the Bathonian, 
) and that the lower division of the Callovian (zone of Amm. macro- 

cephalus) is represented in England by the Kelloway Rock or, 
| when the latter is absent, by the lower beds of the Oxford Clay. 

The fer sous-oxfordien has many characters in common with the 
| Oxford Clay of England. Lithologically it is almost identical, and 
) there are several species of Ammonites common to both; and, 

further, these fossils are preserved under precisely similar conditions, 
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that is to say, they are pyritized. This sub-stage includes the zones of 
Amm. biarmatus, A. athleta, and A. anceps of Oppel, who correlates 
it with the Oxford Clay of 8S.W. England, and with the Oxford Clay 
and part of the Kelloway Rock of Yorkshire. Waagen and Renevier 
similarly place it on the horizon of the Oxford Clay. 

In Yorkshire, Hudleston (op. cit.) makes a three-fold division of 
the Oxford Clays :— 

3. Upper, with Amm. perarmatus, rarely. 
2. Middle, with Amm. Hugenti, A. crenatus, &e. 
1. Lower, with Bel. Owenii, Ammonites Lamberti, A.athleta, A. oculatus, 

and A. crenatus. 

Further south, in Northamptonshire and Bedfordshire, where 
there is but a thin development of the Kelloway Rock, the following 
subdivisions have been made out by Prof. Judd (“ Geology of Rutland,” 
Mem. Geol. Surv. p. 232) :— 

f. Clays with cordati group of Ammonites. 
@ , Ammonites of the group ornati and Terebratula 

impressa. 
d. Olays with Belemnites hastatus. 
Gr ¥ Owenii. 
b. », Nucula nuda. 
a. Kelloway Sands, Xe. 

In the south-west of England the two zones, an upper with 
cordati and a lower with ornati Ammonites, have also been recog- 
nized (H. B. Woodward, Q. J.G.8. vol. xlii. p. 295). 

The list of fossils from the ‘ Fer sous-oxfordien’ of the Jura Bernois 
given by Greppin (op. cit. p. 58) contains 86 species, 26 of which 
occur in England at the following horizons respectively :— 

19 species in Oxford Clay. . 
+ Pe Lower Calcareous Grit. 
1 i Corallian. 
2 > range from Oxford Clay to Lower Calcareous Grit. 

The following fossils, amongst others, are common to the Oxford 
Clay and the ‘ Fer sous-oxfordien ’ :— 

Belemnites Puzosianus, D’ Ord. Ammonites athleta, Phil. 
Ammonites crenatus, Brug. — Henrici, D’ Orb. 
— Lamberti, Sow. perarmatus, Sow. 
—— Mariz, D’ Orb. Leda (Nucula) lachryma, Sow. 

cordatus, Sow. Terebratula impressa, v. Buch. 
oculatus, Phil. 

It will be seen therefore that both the cordat: and ornati Ammo- 
nites are well represented. In England Amm. perarmatus is found 
principally in the upper part of the Oxford Clay, but more commonly 
in the Lower Caleareous Grit ; in the Jura it occurs in the Oxfordian 
as well as in the ‘ Fer sous-oxfordien,’ and this would indicate a high 
position in the Oxford Clay for the ‘ Fer sous-oxfordien.’ G'ryphaa 
dilatata, our most common Upper-Oxford-Clay fossil, 1s, on the 
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other hand, absent from the ‘ Fer sous-oxfordien,’ but is recorded 
from the overlying beds in the Jura. From these considerations it 
is clearly seen that the ‘ Fer sous-oxfordien ’ is represented by the Ox- 
ford Clay of England; but whether the former represents the whole 
of the latter is very difficult to decide. The‘ Fer sous-oxfordien’ 
undoubtedly contains several species which occur in our Lower and 
Upper Oxford Clay; but some characteristic fossils of the latter 
subdivision are absent, and have been found only in the beds over- 
lying the ‘ Fer sous-oxfordien,’ and it is quite possible that a portion 
of the Oxfordian beds of the Jura may be the equivalent of the 
upper part of the Oxford Clay of England. : 

In our southern district of the Jura it will be remembered that 
the Callovian is but feebly developed as compared with that of the 
northern area. Jaccard’s list of fossils (op. cit. p. 213) from these 
beds includes 11 species of Ammonites (some belonging to the cordats 
and others to the ornati group) nearly all of which occur in the 
Oxford Clay of England. Amm. macrocephalus is not recorded, 
nor is Gryphewa dilatata. The representatives of our Kelloway 
‘Rock and Oxford Clay, or at least the greater part of them, must 
be found in these Callovian beds. 

The fauna of the Oxfordian beds in the northern part of the Jura 
is fairly well marked off from the underlying Callovian, indeed it is 

--much more closely allied to the Corallian. Out of the 154 species 
recorded from these beds (Greppin, op. cit. p. 68) 55 pass up into the 
‘Terrain a chailles siliceux,’ whilst only 13 occur in the Callovian. 
Amongst the 154 species there are no less than 51 English species 

_ coming from the following horizons * :— 

| Ra Tae TGCS ook loaf id ciclo a ia logs ae ee ees 2 species. 
| aeRO Vat rca SN fl ioe cielo sth ovela-« 3) he ase? Os 4, 355 
| Corallian (including the LowerCalcareous Grit) 23 ,, 
| @acrord Clay, and Corallian...::. 0)... cco. Pile es 
| 6 Peemamd Gornprash),.<¢: ca <:tocesece «: 1 re 

TUS CIE) ieee lags yee dg as 

| 51 
: The species peculiar to our Oxford Clay are :— ! 

| Ammonites crenatus, Brug. 
/ ss 

flexuosus, Miinst. 
| Terebratula impressa, v. Buch. 

And such forms as Amm. perarmatus, Amm. cordatus, Amm. convo- 
| tutus, and Gryphea dilatata are also present, which in England 
) | Tange from the Oxford Clay to the Lower Calcareous Grit. The 
| evidence derived from these fossils supports the view already ex- 
| pressed, that a portion of the Oxford Clay of England is on the 

horizon of the Oxfordian of the Jura. 

* In working out the range of the English fossils the following lists have 
been used :—Morris’s Catalogue of British Fossils; Hudleston, roc. Geol. 
Assoc. vol. vy. p. 481 ; Blake & Hudleston, Q. J.G.S. vol. for 1877; Sedgwick 
Essay for 1886, MS. 
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As stated above, there are 23 species common to the Oxfordian 
beds in question and the Corallian of England, and further most of 
the 21 species which range from the Oxford Clay to the Corallian 
are more characteristic of the latter than of the former. Of the 23 
species which occur in the Oxfordian of the Jura and the Corallian of 
England, 10 are found in the Lower Calcareous Grit, 6 of which are 
peculiar to that horizon, and 11 out of the 21 species which range 
from the Oxford Clay to the Corallian have not been found above 
the Lower Calcareous Grit. The 6 species peculiar to the Lower 
Calcareous Grit are :— 

Ammonites canaliculatus, Mist. 
Henrici, D’ Orb. 

Pholadomya concinna, Ag. 
cingulata, Ag. 

Rhynchonella Thurmanni, Br. 
Millericrinus echinatus, Schi. 

The last-named species is one of the most characteristic fossils of 
the lower beds of the Corallian of England; in the Jura, however, 
it passes up from the Oxfordian into the Terrain a chailles siliceux, 
and the same may be said of Rhynchonella Thurmannt. 

The fauna of the Oxfordian of the Jura has certainly a distinct — 
Corallian facies, and appears to be closely allied to the lower part — 
of the English Corallian. From paleontological considerations, 
therefore, this stage must be regarded as the equivalent of the 
Lower Calcareous Grit, together with a part of the underlying ~ 
Oxford Clay. 

In the southern district of the Jura, 68 species are recorded from 
the Spongitian (Jaccard, op. ect. p. 209), and 24 from the Pholado- 
mian (zbid. p. 207). Nine species of the former occur in England, 
7 of which are Corallian and. 2 Oxford Clay. The 24 Pholadomian . 
fossils include 4 British species, 2 coming from the Corallian and — 
the same number from the Oxford Clay. The evidence obtained 
from these fossils points to much the same conclusions as those — 
arrived at above. 

The Terrain a chailles Cee has yielded 178 species (Greppin, 
op. cit. p. 80); as already stated, 55 of these are common to the — 
Oxfordian, whilst 11 pass up into the Calcaire a Nérinées, excluding 
those fossils which range up from older beds. The fossils from the 
‘Terrain & chailles siliceux’ include 52 English species, 34 of which 
are exclusively Corallian, 8 range from the Oxford Clay to the — 
Corallian, and the remaining 10 are Lower-Oolite forms. There is 
little doubt, therefore, that the ‘ Terrain 4 chailles siliceux’ of the 
Jura is on the same horizon as some part of the English Corallian. 

The latter has been fully described by Blake and Hudleston (Q.J.G.8. 
vol. xxxiil. p. 260), and they have made out the following sub- Se 
divisions of these beds (op. cit. p. 389) :— 

6. Supracoralline Beds. 
5. Coral Rag. 

. Coralline Oolite. 

. Middle Calcareous Grit. 

. The Lower Limestone or Hambleton Oolite. 

. Lower Calcareous Grit. re bo OO 
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The question arises how many of these subdivisions represent 
the ‘Terrain 4 chailles siliceux.’ We have already seen that the 
Oxfordian is on the horizon of the Lower Calcareous Grit, and some of 
the fossils from the ‘ Terrain 4 chailles siliceux ’ also connect it with 
the Lower beds of the Corallian, as for example :— 

Gervillia aviculoides, Sow. Millericrinus echinatus, Schl. 
Waldheimia bucculenta, Sow. Gryphea dilatata, Sow. 
Rhynchonella Thurmanni, Br. | Belemnites hastatus, Blainv. 

None of these occur above the Hambleton Oolite in England. 
The siliceous beds in the Jura also contain :— 

Ammonites plicatilis, Sow. Phasianella striata, Sow. 
Chemnitzia heddingtonensis, Sow. | Trigonia monilifera, Ag. 
Ostrea duriuscula, Phil. Mytilus pectinatus, Sow. 
Lima pectinitormis, Schl. | Glypticus hieroglyphicus, Ag. 

Cidaris florigemma, Phi. Clypeus subulatus, Y. & B. 
Terebratula insignis, Schiid. Stomechinus gyratus, Ag. 

Hemicidaris intermedia, Flem. | Montlivaltia dispar, Phil. 

All of these are characteristic of the Coralline Oolite and Coral Rag. 
The sub-zone of Cidaris florigemma (Coral Rag) is marked in England 
by the abundance of this Echinoid, and it is in fact almost limited 
to this horizon*. Inthe Jura it makes its first appearance in the 
‘Terrain 4 Chailles siliceux,’ and extends up to the Pterocerian ; as 
far as was seen by us, however, it occurs abundantly only in the 
‘Terrain 4 Chailles siliceux.’ Glypticus hieroglyphicus is also fairly 
common in these beds in the Jura, although it is said to range 
into the overlying ‘ Oolithe corallienne’ and ‘ Calcaire 4 Nérinées’; 
in England it is confined to the Coral Rag. On paleontological 
grounds therefore the ‘ Terrain 4 Chailles siliceux,’ while probably 
representing some portion of the lower divisions of the Corallian 
(e. g. the Hambleton Oolite), must also be regarded as the equivalent 
of the other subdivisions of the Corallian of England, up to and 
including a part at least of the Coral Rag. 

It has already been shown that the Corallian of the southern dis- 
trict in the Jura probably represents only the ‘Terrain 4 Chailles 
siliceux’ of the districtfurther north. Jaccard (op. cit. p. 204) gives 
a list of 55 species from these beds, 20 of which occur in the British 
Corallian, and 12 belong exclusively to the Coral Rag and Coralline 
Oolite. Here, again, the evidence is clearly in favour of the corre- 
lation indicated above for the ‘ Terrain 4 Chailles siliceux.’ 

The Golithe corallienne has, as already shown, been recognized 
oniy in the northern district of the Jura, and has yielded a fauna 
consisting of 44 species, 10 of which occur in the Coral Rag and 
Coralline Oolite of England. These 10 species include— 

Ammonites plicatilis, Sow. Trigonia Meriani, Ag. 
Nerinza Remeri, Goldy. Terebratula insignis, Schiib. 

visurgis, om. Glypticus hieroglyphicus, Goldf. 
Cerithium limzforme, Rom. 

* Ibis recorded from the Kimeridge Passage-beds by Prof. Blake. 
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The fauna connects these beds also with our Coral Rag, and they 
must be regarded as belonging to that horizon. 

The ‘ Calcaires 4 Nérinées,’ which are the same as the Diceras-beds 
of Oppel, are, by him, stated to be probably represented in England 
by part of the Kimeridge Clay, and probably also by the Upper 
Calcareous Grit (op. cit. tab. p. 805); in his tab. no. 64, however, 
be places them on the horizon of the Upper Calcareous Grit (?). 

The list of fossils from these Verinca-beds contains 192 species 
(Greppin, op. cit. p. 88), 28 of which are British; 2 only of these 
are restricted to our Kimeridge Clay, viz. Turbo Julii and Rostellaria 
mosensis, 4 are Lower-Oolite forms, whilst the remaining 22 species 
are Corallian. Out of these 22 species— 

13 occur in the Coral Rag. 
2 occur in the Coralline Oolite. ; 
3 occur in the Coral Rag and Coralline Oolite. 
4 range from Oxford Clay and Lower Calcareous Grit 

— to the Coral Rag. 
22 

The Coral Rag and Coralline Oolite species include— 

Nerinza Remeri, Goldf. Hemicidaris intermedia, Flem. 
clymene, D’ Ord. Glypticus hieroglyphicus, Goldf. 

Turbo princeps, Goldy. Pseudodiadema radiata, Phidl. 
Pecten qualicosta, Hz. Thecosmilia annularis, AVvem. 
Terebratula insignis, Schiib. Thamnastrea concinna, Goldf. 
Cidaris florigemma, Phil. Stylina tubulifera, Phil. 

All of them belong to our Coral-Rag fauna. It has already been 
stated that these Ner¢nwa-limestones are, in some localities in 
the Jura, crowded with corals, and here they were undoubtedly the 
sites of old coral-reefs. Many of the corals in these reefs are similar 
to those which occur in rocks having much the same character in 
England, and which are, for the most part, of Coral-Rag age, although 
not exclusively so, since some are known from the Upper Calcareous 
Grit, as, for example, the reef at Ringstead Bay (Blake and Hudle- 
ston, Q. J. G. 8. vol. xxxili. p. 272). The most striking difference 
between the coral fauna of the British Corallian reefs and those of 
the Jura is the larger number of species in the latter. Prof. Koby 
informed us that about 200 species had been described from these 
coral-bearing beds at Caquerelle. This richer coral fauna in the 
Jura may be due to a more suitable climate for coral-growth having 
existed there than in England. Neumayr has shown that tropical 
conditions prevailed in the region of the Jura during Jurassic times, 
whilst in England the climatewas more temperate. The mere presence 
of coral-reefs in the ‘Calcaire 4 Nérinées’ of the Jura, and in the 
Coral Rag of England, does not by any means prove that they are of 
the same age; when, however, the number of fossils, corals as well 
as higher forms of life, which are common to both are taken into 
consideration, it seems highly probable that they belong to approx- 
imately the same period. The ‘ Calcaire 4 Nérinées’ contains no 
Upper-Calcareous-Grit and only two Kimeridge-Clay fossils, so there 
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is little or no evidence to show that they represent any part of our 
_ Upper Calcareous Grit or Kimeridge Clay. It is possible, and, 

indeed, appears to be highly probable, that the period during which 
coral-reefs flourished in the Jura may not have terminated at the 
same time as in England; if such was the case, then the coral- 
reef fauna would have survived as long as the physical condi- 
tions were favourable, with little or no change. That such was the 
case in England is shown by the fossils of the Ringstead-Bay reef, 
which stratigraphically comes immediately below the Kimeridge 
Clay, yet its fauna is precisely like that of the Coral Rag (Blake and 

| Hudleston, Q. J. G. S. vol. xxxiii. p. 272). If the two Kimeridge- 
_ Clay species which are recorded from the ‘Calcaire 4 Nérinées’ be 

taken as an indication of the commencement of the introduction of 
the Kimeridgian fauna into the Jura, we may then regard the ‘ Cal- 
caire 4 Nérinées’ as being represented in England by a portion of 
our Coral Rag and the whole of the Upper Calcareous Grit, and what 
other evidence there is would not be opposed to such a view. 

The three stages which overlie the Corallian of the Jura, viz. the 
Astartian, Pterocerian, and Virgulian, are closely united together, 
both in their lithological character and in their fauna, and by some 

_ geologists are included in one group, which they term the Avmer- 
idgian. ‘The Astartian is regarded by Oppel and Waagen as repre- 
senting the lower part of the Kimeridge Clay ; but Renevier places 
it on the horizon of the upper part of our Corallian. Blake (Q. J. 
G. 8. vol. xxxvii. p. 580) correlates the Astartian of France, 

_ which, from its fossils, appears to be the same as that of the Jura, 
with the Kimeridge Passage-beds, including the Abbotsbury and 

_ Westbury ironstone, and with the basal portion of the Lower Kimer- 
_ idge Clay. 
_ Greppin (op. cié. p. 101) gives 210 species from the Astartian of 
| the Bernois district, 40 of which occur in England at the following 
horizons respectively :— 
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| The Kimeridge Clay of England has been fully described by Blake 
(Q. J. G.S. vol. xxxi. p. 196), and the following fossils, amongst 
others, he regards as being peculiar to the Kimeridge Passage-beds 
Gncluding the Abbotsbury Ironstone) :— 

Goniomya parvula, Ag. 

Natica eudora, D’ Orb. Area sublata, D’ Ord. 
| Pleuromya Voltzii, Ag. Lucina plebeia, Cont. 
| — donacina, Ag. Rhynchonella inconstans, Sow. 
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These 7 species are found in the Astartian of the Jura, together 
with the following Lower-Kimeridge-Clay forms :— 

Strophodus reticulatus, Aq. Astarte supracorallina, D’ Orb. 
Natica microscopica, Cont). Terebratula Gesneri, Ez. 
Pleuromya tellina, Ag. Cidaris spinosa, Ag. 
Arca rhomboidalis, Conzj. 

From these lists it will be seen that the Lower-Kimeridge-Clay 
fauna is well represented in the Astartian of the Jura. As stated 
above, 15 Corallian species also occur in these beds, and some of 
them range up into the Pterocerian; but these fossils must be re- 
garded rather as the dying-out of the Corallian fauna than as indi- 
cating any affinity of the Astartian of the Jura with the Corallian of 
England. It must be remembered that the Astartian beds are 
formed principally of limestones, with but little argillaceous admix- 
ture, and the absence of the latter material would be favourable 
to the prolonged existence of some portion of the Corallian fauna 
of the Jura; whilst in England the Corallian fauna for the most 
part disappeared at the introduction of the great clayey period 
at the close of Corallian times. Admitting this to be the case, 
the Astartian must be regarded as representing part of our Lower 
Kimeridge Clay and Kimeridge Passage-beds. Blake makes the 
beds with Ostrea deltordea &e., at the base of the Lower Kimer- 
idge, the upper limit of the Astartian in England; but there 
appears to be some evidence for including a larger portion of our 
Lower Kimeridge in the Astartian. Astarte supracorallina has been 
found in the Jura only in the Astartian beds, and this fossil, or at 
least a form which is very hard to distinguish from it, occurs 
fairly commonly in the Lower Kimeridge Clay of England, and has 
also been recorded from the Sandsfoot Clays and Grits (Supracoral- 
line beds of Blake and Hudleston). In Cambridgeshire the following 
zones have been made out in the Lower Kimeridge Clay (Sedgwick 
Essay for 1886, MS.) :— 

4, Clays crowded with Ewogyra virgula. 
3. Clays with Ammonites alternans. 

& » Astarte supracorallina. 
ees! ,,  Ostrea delioidea. 

The fossil characteristic of zone no. 2 has not, as yet, been 
found in this district above that horizon. If the range of Astarte 
supracorallina, which is characteristic of the Astartian, be of any 
value in indicating the limits of the equivalents of the beds in 
the two areas, the clays containing this fossil in England should 
certainly be included in the Astartian. The other Lower-Kimeridge 
fossils which are present in the Astartian of the Jura also support 
this view. 

The fauna of the Astartian beds in the southern district of the 

Jura has much in common with that of the northern district, and a 

comparison of their fossils with that of the Lower Kimeridge of 
England points to much the same conclusion. 
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The Péerocerian fauna of the northern part of the Jura contains 
181 species (Greppin, op. cit. p. 110): 31 of these_pass down to the 
Astartian, 14 also occur in the Virgulian, and 17 are common to the 
Astartian, Pterocerian, and Virgulian, and there are 6 species which 
have a somewhat wider range ; this leaves about 120 species peculiar 
to the Pterocerian. The 181 species include 34 which have been 
met with in England in the following beds respectively :— 

Lower Oolites 
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The 14 Kimeridge-Clay species include 6 which pass up from the 
Astartian ; the following are the remaining 8 species :-— 

Ammonites rotundatus, Sow. xTrigonia muricata, Goldf. 
Neritopsis delphinula, D’ Ord. xAstarte pesolina, Cont. 
Pholadomya acuticosta, Sow. Cardium pseudoaxinus, Thurm. 
— Protei, Ag. Ostrea Bruntrutana, Thurm. 

ic The two species marked * are also recorded from the Virgulian. 
The commonest and most characteristic fossil of this stage (Pteroceras 
oceant) has not, as yet, been found in England. The Abbotsbury 
Ironstone has yielded a species of Pteroceras (Q. J. G. S. vol. xxxiil. 
p. 274); this deposit is, as already stated, included in Blake’s Kim- 
eridge Passage-beds, and is too low in the series to be correlated 
with the Pterocerian. No/true Pterocerian fauna is known to occur 
in England, though, as Blake points out (Q. J. G.S. vol. xxxi. 
p. 215), “ several of the less peculiar fossils of that group are found 
associated with Lower Kimeridge forms,” a statement which fully 
agrees with the conclusions to be derived from the fossils quoted 
above. In the absence of a Pterocerian fauna in England, it is 
ot course difficult to find their equivalents in this country ; what 
evidence there is clearly points to some portion of the Lower Kim- 
eridge of England as being the representative of the Pterocerian 
of the Jura. Blake, in referring to the Pterocerian of the Paris 
basin, states that the stage “is adopted solely in deference to its 
probable justification in the area where it was first introduced, 
namely the Jura, and to its distinctness palzontologically when the 
fossils of any locality have been studied. Neither in the basin of 
Paris, nor in any other part yet studied, is it sufficiently distinct to 
be of much importance in the field” (Q.J.G.S. vol. xxxvii. p. 578). 
Tt has already been shown that in the Jura the Pterocerian fauna is 
very well marked, and it would appear that it diminishes in impor- 
tance in a north-westerly direction, and disappears altogether before 
reaching England, 
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The Pterocerian fauna of the southern district of the Jura is 
poorer in species than that of the northern, since it numbers only 63 
species (Jaccard, op. cit. p. 193), 17 of which occur in England (9 in 
the Corallian, 4 in the Lower Kimeridge, i in Upper Kimeridge, and 
3 range from Corallian to Lower Kimeridge). Hwxogyra virgula* is 
recorded from these beds, but apparently does not occur in any 
abundance. They may, however, represent a portion of the Vir- 
gulian of the northern district, which has not been recognized as a 
distinct formation in the central Jura. 

Greppin (op. cit. p. 118) records 118 species from the Virgulian 
of the Jura Bernois, and this includes 21 British species, of which 
1 occurs in the Lower Oolites, 6 in the Kimeridge Passage-beds 
and Lower Kimeridge, 1 in the Upper Kimeridge, 3 in the Port- 
land Beds, while 7 range from the Corallian to the Lower Kimeridge, 
and 3 from the Corallian and Lower Kimeridge to the Portland 
beds. The Lower-Kimeridge forms are :— 

Ammonites longispinus, Sow. Astarte pesolina, Cont. 
Anatina parvula, £7. Lima virgulina, Cont). 
Arca sublata, D’ Ord. Exogyra virgula, Desm. 

Four of these fossils are peculiar to the Virgulian of the Jura. 
The upper beds of the Lower Kimeridge Clay of Cambridgeshire are 
crowded with Ewogyra virgula (Sedgwick Essay for 1886, MS.), 
in fact one bed is for the most part made up of the shells of this 
small oyster. Precisely the same thing occurs in these beds in the 
Jura, the only difference being that in the last-named locality the 
matrix in which the fossils are imbedded is slightly more calcareous 
than the zone in England. Ammonites longispinus is associated 
with Ew. virgula in the upper portion of the Lower Kimeridge 
of Cambridgeshire. Elsewhere in England Hw. virgula has been 
commonly met with in the Lower Kimeridge, and extends into the 
lower part of the Upper Kimeridge; it is, however, more character- 
istic of the former subdivision. The paleontological evidence 
therefore points to the upper division of the Lower Kimeridge Clay 
of England as being the equivalent of the Virgulian of the Jura; the 
latter should certainly be placed on the horizon of the virgula-bed at 
Ely, and probably also on that of the zone of Amm. alternans which 
underlies this. Blake correlates the Virgulian of France with that 
portion of the Lower Kimeridge which overlies the zone of Ostrea 
deltoidea &c. ; but we have seen reason to believe that a part of this 
is on the horizon of the Astartian of the Jura. 

The Portlandian of the Jura, although of considerable thickness, 
contains but a poor fauna. Jaccard (op. cit. p. 187)-records 47 spe- 
cies, and Greppin (op. cit. p. 123) 35 species from this stage ; deduct- 
ing 8 species common to both lists, this gives a total of 74 species 
from the two districts. Amongst these there are no less than 

* Oppel (op. cit. p. 751), apparently referring to the Pterocerian of the Bernois 
district, mentions the occurrence of a solitary specimen of Exogyra virgula from 
this stage. 
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16 species which have been met with in the Portlandian of 
England :— 

Ammonites gigas, Zie?. Cyprina Brongniarti, Pict. 
— Gravesianus, d Orb. Lucina portlandica, Sow. 

Trius, @’ Orb. Trigonia concentrica, 4g. 
Natica Marcousana, D' Orb. gibbosa, Ag. 

elegans, De Lor. Mytilus boloniensis, De Lor. 
*Pleuromya tellina, 4g. Pinna suprajurensis, D’ Ord. 

Pecten suprajurensis, D’ Orb. 
Perna Bouchardi, Opp. 

Plectomya rugosa, 6m. 
Cardium dissimile, Sow. 

* Also ranges down to the Corallian. 

The three first-named fossils in the list are quoted by Judd from 
the Portlandian of Speeton (Q. J. G. S. vol. xxiv. p. 238), and the 
others are found in Blake’s list of fossils from the Portland Rocks 
of England (Q. J. G. 8. vol. xxxvi. p. 235). The above list clearly 
shows that the fauna of the Portlandian of the Jura is closely allied to 
that of the Portland rocks of England, and thisis more especially the 
ease with the Portland beds of Speeton, as stated by Prof. Judd (op. 
cit. p. 238). Neither in Greppin’s nor in Jaccard’s list of Portlandian 
fossils is there a single species characteristic of the Upper Kimeridge 
Clay of England, although it is highly probable that these beds are 
partly the representatives of the Portlandian. We have seen that 
the beds which underlie the Portlandian, namely, the Virgulian, are 
probably represented by the upper portion of the Lower Kimeridge 
Clay. If such be the case, then the Upper Kimeridge must repre- 
sent, in time at least, a part of the Portlandian of the Jura. Blake 
correlates the Portlandian of the Paris Basin with the Upper 
Kimeridge and Portland beds of Engiand. Waagen and Renevier 
do the same for the Portlandian of the Jura, a view which, from 
paleontological and stratigraphical considerations, appears to be 
correct. 

The Purbeckian of the Jura has, as already stated, been fully 
deseribed by Jaccard and De Loriol (Soc. Phys. et d'Histoire Nat. de 
Geneve, vol. xiii.) and also by Maillard (Mém. Soe. Pal. Suisse, 
vols. xi. & xi.), From paleontological considerations, Jaccard and 
De Loriol regard the Purbeckian of the Jura as the equivalent of the 
Purbeck beds of England, of which it represents the Middle and 
Lower divisions (op. cit. p. 64). Maillard arrives at exactly the 
same conclusion (op. cet. vol. xi. p. 133). He states that 16 of the 
Purbeckian fossils occur in England in the following beds :— 

Three are exclusively Wealden :— 

Lioplax inflata, Sandé. Unio subtruncatus, Sow. 
Psammobia tellinoides, Sow. 

Three species are found in the Wealden and Purbeck :— 

Corbula alata, Sow. Cyrena media, Sow. 
Cyrena angulata, Sandb. 

Q.J.G.S. No. 170. T 
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Ten species occur in the Purbeck :— 

Cypris purbeckensis, Forbes. Hydrobia Chopardi, Sandb. 
Physa Bristowi, Yorbes. Corbula duristonensis, Mallard, 
—- wealdiensis, Maillard. Forbesii, De Lor. 
Limneza physoides, Forbes. Protocardia purbeckensis, Mail- 
Leptoxis subangulata, Sandb. lard. 
Valvata helicoides, Forbes. 

He further adds that the fauna of the upper brackish beds is 
found exclusively in the upper part of the Middle Purbecks of 
England. Maillard (op. cit. p. 134) gives the following table of 
correlations :— 

JURA. ANGLETERRE. 

Niveaux a fossiles Saumatres. 
Couches Saumatres supérieures. 

Faunes principalement d’eau Couches nymphéennes. 
ye douce. 

"yooqng TPPUA. - 
Dirt Beds. Marnes a gypse. 

Lower Purbeck: Gypse 4 Durlstone 
Bay. 

Dolomie saccharoide a Corbula in- Portlandien a Cyrena rugosa. 
flexa et Cyrena rugosa. 

The palzontological evidence is undoubtedly in favour of the cor- 
relation above mentioned. If so, then the representatives of our 
Upper Purbecks must be sought for in the Valangian of the Jura; 
the latter, however, 1s a marine deposit, and the former freshwater, 
so that in the absence of fossil evidence the correlation must be 
made purely on stratigraphical grounds. 

In the sub- Wealden boring it was shown that the lower portion 
of the Purbeck Beds contained a quantity of gypsum, which appears 
to be somewhat similar in character to that of the lower part of the 
Purbeckian of the Jura. If our correlation be correct, itis rather a 
remarkable coincidence, that the same physical conditions prevailed 
during a portion of this period at such widely separated localities. 

In the subjoined table an attempt is made to summarize the 
correlations arrived at in this part of the paper. - It would appear, 
in some cases at least, that the changes in the physical conditions 
which caused the termination of one stage and the commencement 
of the succeeding one did not take place synchronously in England 
and in the Jura, and on this account the faunas, as it were, some- 
times overlap. Hence the difficulty of exactly defining the equi- 
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valents of the stages in such widely separated 
drawn in the table can, in some cases, only be r 
mately correct. 
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areas, and the lines 
egarded as approxi- 

Table of Correlations of the Upper Jurassic Rocks of the Swiss Jura 
and England. 

ENGLAND. SWISS JURA. 

( Upper. Valangien. 

SS eeeerss eee 

PURBECK.4 yyig Ale: 

L Purbeckien. 
ower. 

Portland stone. 

i sand, &c. Portlandien. 

Upper Kimeridge Clay. 

; Virgulien. 
( Clays with Ezogyravirgula, | 

wae 4 a » Ammonites alternans. |-~~7777 Ptérocérien. 

KIMERIDGE. 5 7 flee hoe ees een ag 
ere with Astarte supracorallina. 

es »  Ostrea deltoidea. Astartien. 

Kimeridge Passage-beds. 

( Supracoralline. Calcaire & Nérinées. \ = 
° 

Coral Rag. ert) Oolithe Corallienne. | = 
PSE e H 

; : Sy Coralline Oolite. =i CoRALLIAN, 4 SS al Terrain 2 chailles siliceux. | By 

| Middle Calcareous Grit. : a 

EembletoniOolite; | = , TT ay, JEON OTN i 
Pa OXFORDIEN. 

\ Lower Calcareous Grit. Bpenpitien: 

Clays with cordati Ammonites. Le fer sous-Oxfordien. > e 

coe 5 » ornati Ammonites. ty as ar | 5 
‘anal | eee Zone of Amm. macroce- { 3 

\ Kelloway Rock. phalus. | a 

Cornbrash. Bathonien. 

[Norz, April 23.—The fossils from the Lower Greensand of 
Upware, which have been referred to the genus Nerinea, include 
two species figured by Mr. W. Keeping (Sedgwick Essay for 1879, 
pl. ui. figs. 7 & 8) and some undoubtedly derived forms (op. cit. 
p. 45). Since the question of the occurrence of Nerinca in the 
Lower Greensand of Britain was raised, the two above-mentioned 
figured specimens have been sliced. The interior of these shells is 
filled with the deposit in which they were found ; and this, together 
with their mode of preservation, clearly proves them to be of Lower 
Greensand age, 

¢2 
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The external form of the two figured species is not unlike that of 
some Nerinwe ; but on examining the inside of the whorls and the 
columella, the spiral thickenings or folds, so characteristic of the 
genus Nerina, are not seen, nor is there any thing to indicate them 
in either specimen except the “two broad faint grooves seen in 
places upon the inside cast,’ mentioned by Mr. Keeping (op. cit. 
p- 94) as occurring in J. tumida. These faint grooves are un- 
doubtedly due to a slight variation in the thickness of the shell, but 
are totally different from the spiral thickenings of Nerina. 

The specimens have been submitted to Mr. Hudleston, and he is of 
opinion that Nerincea, sp. (op. cit. fig. 7), is an undoubted Cerithium ; 
and that WN. tumida, Keeping, belongs to the Cerithiade rather than 
to the Nerineidee. 

The other specimens, being LeeCh Nes, may have come from the 
underlying Corallian. | 

Discussion. 

Mr. Erxerrpen said it was difficult to criticize this paper until 
it appeared in print. It dealt with a mass of detail, and Mr. 
Roberts had had peculiarly favourable opportunities for working out 
the question both in Switzerland and in Cambridge. The work must 
be compared with that done by Mr. Hudleston and Mr. Blake. The 
speaker thought that the Pterocerian was represented at Portland ; 
but the Portland and Kimeridge beds of England were peculiar, 
and could not be exactly correlated abroad. 

Mr. Hupieston agreed with Mr. Etheridge as to the advantages 
under which Mr. Roberts had studied the Jurassic rocks. Mr. 
Roberts had lately undertaken a very difficult task, the examination 
of the Jurassic beds near Cambridge, and had now entered on an 
even more difficult inquiry. It was not very easy to find a classifi- 
cation that would fit all countries. The Oxfordian and Callovian 
were comparatively simple, on account of their fossils being widely 
distributed, and, to some extent, the Corallian was not difficult to 
trace, though there was a difficulty about the zone of Cidaris flori- 
gemma. The higher Oolites were more difficult to correlate. ‘Thus 
Nerinea is wanting above the Corallian in England (except a re- 
ported occurrence in the Neocomian), but it is said to abound in 
Kimeridgian and Portlandian on the continent. Undoubtedly our 
Kimeridgian is abnormal. ‘The 700 feet of Upper Kimeridge 
in Kimeridge Bay would be classed as Portlandian on the conti- 
nent, and Blake proposed to distinguish even lower beds as Bolonian. 
The Ammonites afforded some clue to the relations of the beds. The 
application of the term Portlandian tu beds representing true Kim- 
eridge was objectionable. He was surprised to hear Mr. Ethe- 
ridge say that representatives of Pterocerian beds occurred at 
Portland. So far as Mr. Blake and he had been able to ascertain, 
no such representatives could be detected. 

Prof. Hueuns said that the so-called Neocomian of Upware rested 
on Coral Rag, and the fossils might have been derived. He called 
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tion to the important differences between the limits of the 
s in England and those bearing the same name in Switzerland. 

Mr. Roserrs, in reply, said that Oidaris Jlorigemma was found 
undantly in the* Terrain a Chailles siliceux.’ Nerznea he had found 
oo and Pterocerian. The Portlandian of the Jura appeared 
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22. On the Lear-peps and Gravets of Arprun, Carsaie, 4c., im 

Mort. By J. Srarxiz Garpner, Esq., F.G.S. With Norxs by 
GRENVILLE A. J. Corz, Esq., F.G.S. (Read January 12, 1887.) 

[Puates XTII.-XVI.] 

Tue Ardtun leaf-beds have once before formed the subject of a com- 
munication to this Society *. Its author was the Duke of Argyll, 
and its interest exceptional, as it once for all fixed the age of the 
great Trap formation of the Inner Hebrides ; and geologists learned 
that, even since a period so recent as the Tertiary, beds of most stub- 
born rock, exceeding 1000 feet in thickness, had been denuded and 
abraded until, over extensive areas, little more than the merest 
vestiges of them remained. ‘The value of this discovery to the geolo- 
gist can hardly be overestimated, for the data then furnished ma- 
terially assisted to determine the age of the Traps stretching from 
Antrim to Greenland. 

The fossil plants, to which so much importance attached, were 
briefly described in this paper by Edward Forbes, and all the most 
characteristic forms were figured. He inclined to the idea that they 
might be of Miocene age, but did not commit himself definitely ; 
while the Duke of Argyll, even though author of the paper, refrained 
from expressing any opinion. Prof. Heer, however, who was then 
describing the Miocene flora of Ciningen, pronounced them to be 
Miocene ; and the weight of his authority has been such, that no 
serious attempt has ever been made to reexamine the evidence on 
which his opinion was based. ‘This ruling was extended to the 
fossil plant-beds of Greenland, with the result that a vast series of 
physical changes, which extended over the entire lertiary period, 
have been crowded into a single stage, the Miocene. It is 35 years 
since the Ardtun flora was described, when the study of fossil plants 
was so far in its infancy that the occurrence of Dicotyledons in Cre- 
taceous beds was unsuspected, and even plants of Eocene age were 
very imperfectly known. In the concluding part of this paper evi- 
dence will be brought forward to show that it should actually be 
placed very low down in the Eocene. , 

The Ardtun beds are situated in Mull, long. 6° 13’-14’ W., and 
lat. 56° 20'-21' N., in the promontory ef Ardtun, between Loch na 
Lathaich and Loch Scridain. The earlier observations are recorded 
by the Duke of Argyll, and, since 1851, the beds and their fossils 
have been continually referred to, particularly in text-books on geo- 
logy and guides to the Western Isles ; but the spot itself seems to 
have been little visited, and nothing has been added to the Duke's 
descriptions. Much additional light has, however, been thrown on 
the Trap-formation generally by the works of Professors Geikie and 
Judd, and Dr. James Geikie rf. 

* Quart. Journ. Geol. Soc. vol. vii. p. 89. 
t Prof. Geikie, Quart. Journ. Geol. Soc. vol. xxvii. p. 279, ‘Nature,’ Nov. 4, 

1880, and elsewhere; Prof. Judd, “On the Ancient Volcanoes of the High- 
lands, and the Relation of their Products to the Mesozoic Strata,” Quart. Journ. 
Geol. Soe. vol. xxx. p. 220, and “ On the Strata of the Western Coast and Islands 
of Scotland,” Quart. Journ. Geol. Soc. vol. xxxiy. p. 660. Dr. James Geikie, 
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“On the Geology of the Ferde Islands,’ Trans. Royal Soc. Edinb. vol. xxx., 
has also dealt with a more northerly extension of the same formation. Other 
equally important works, bearing more or less directly upon the subject, are 
those on the Antrim Basalts, by Mr. W. H. Baily, in the British Association 
Reports, and our Quarterly Journal; on the Traps, and their fossils, of 
Iceland and Greenland, by Heer, Nathorst, and Saporta; and on the beds 
with similar floras in North America, described by Dawson, Lesquereux, and 
Newberry. 
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We propose to describe the more important outcrop first, then 
those on the coasts of Carsaig and Burgh. 

The sedimentary rocks at Ardtun, of which the leaf-beds form a part, 
appear between basalts along the seaward face of the headland for a 
distance of somewhat over a mile, and their preservation is obviously 
due to the circumstance that they have been entirely sealed up by 
ereat overflows of trap (see fig. 1).. They dip under the sea on the 
west or Loch-na-Lathaich side, as well as to the eastward, but it is 
probable that the width of the headland corresponds approximately 
with their original limits ; for though the proper horizon reappears 
again in the next headland, half a mile distant, no trace whatever 
of them is visible there. Patches of pisolitic iron and bole are seen 
here and there among the basalts along the shore up Loch Seridain, 
but on bigher horizons. They rest upon a mass of basalt about 
80 feet thick, the upper half of which is amorphous and vesicular, 
while the base exhibits the most beautifully formed and, for the most 
part, slender columns. These are, in places, curved in every direction, 
even lying almost parallel to the bedding*, and closely resemble 
those of the ‘‘clam-shell” cave at Staffa, about seven miles distant. 
This columnar trap is riddled with caves, which, though far from 
rivalling Fingal’s Cave, are still of great beauty and interest, the 
resemblance between their masses being so complete as to render it 
probable, as already inferred by the Duke of Argyll, that they 
actually formed part of a single flow. Above the leaf-beds and 
gravels is a second mass of trap, some 50 feet thick, and rudely 
columnar in structure, forming a vertical cliff. This flow has appa- 
rently been completely denuded off Staffa, but is represented at 
Burgh Head as described further on. Above this, again, on the crest 
of the headland, are fragments of a third flow of a similar kind, 
neither of them being scoriaceous or amygdaloidal, or showing any 
tendency to decompose. ‘his so far simple stratification of the head 
is complicated by the intrusion of a sheet of very dense trap (fig. 1, a), 
which penetrates it at the sea-level on its east side, and after forming 
extensive but deeply indented horizontal plateaux a little above the 
sea-level, forces a devious course upward through the columnar and 
other basalts and the sedimentary beds, and becomes, owing to the 
extensive denudation it has been subjected to, exposed at the surface 
near the front of the head. It dips again, however, almost imme- 
diately, passing in a sinuous course downward into the lower basalt, 
and, after forming a few small promontories, finally disappears under 
the sea at the western side of the head. It is just possible, but not 
probable, that the ravine in which the leaf-beds are exposed may be 
the site of a feeder of this subterranean flow. The intrusive sheet 
is of perfectly uniform thickness, and shows a starch-lhke weather- 
ing on its exposed face. The lines separating it from the basalts 
into which it is intruded are perfectly sharp, and its clean and resist- 
less, but devious, passage alike through every quality of rock resem- 

* Macculloch, ‘Western Isles of Scotland,’ vol. i. p. 496, mentions the 
occurrence of columns parallel to the bedding, and the rule that columnar strue- 
ture is developed at right angles to it does not apply in these cases. 
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bles nothing so much as that of an electric discharge through the 
air. It looks asif it had been injected with immense force while 
molten, without reaching the surface; and the sudden intrusion of 

such a sheet may well have been accompanied byaviolent earthquake. 
Examples of these intrusive sheets are by no means uncommon in 
the traps, and have been observed more particularly by Macculloch 
and Geilie. They are readily distinguished by their compact tex- 
ture and starch-like weathering amidst the piled up subaerial flows. 
From the summit of the head the remains of apparently the same 
sheets of perfectly horizontal traps can be seen stretching over 
hundreds of square miles. It is well known that these are believed 
to be part of a Trap-formation that was once continuous from Antrim, 
through the Inner Hebrides, to the Faroes, Iceland, and eyen Green- 
land*. The included plants show that the flows were approximately 
synchronous, speaking geologically, over the area, and they are emi- 
nently representative of the type of massive eruption so graphically 
described by Prof. Geikiet,whosays:—‘* This association of thin nearly 
level sheets of basalt, piled over each other to a depth of sometimes 
3000 feet, with lava-filled fissures sometimes 200 miles distant from 
them, presented difficulties which, in the light of modern volcanic 
action, remained insoluble. The wonderfully persistent course and 
horizontality of the basalts, with the absence or paucity of interstra- 
tified tuffs, and the want cf any satisfactory evidence of the thicken- 
ing and uprise of the basalts towards what might be supposed to be 
the vents of eruption, were problems which I again and again 
attempted to solve. Nor, so long as the incubus of ‘cones and 
craters ’ lies upon one’s mind, does the question admit of an answer.” 
The action of the Traps on the older sedimentary strata, shown by 
Maceulloch in his sections of the coast of Trotternish, in Skye, ap- 
pears inconsistent with the view that they were poured out as lavas 
from elevated cones. He illustrates a dyke which he speaks of as a 
mile wide, giving off intrusive veins (‘ Western Isles,’ vol. iii. pl. 17), 
and which must have welled through long parallel fissures in immense 
gushes, which appear to have flowed from seaward towards the 
existing shore-lines, which in some cases still coincide with their 
boundaries. 

Prestwich + advocates that the term Trap should be retained for 
flows from fissure-eruptions, and Lava for those which have escaped 
from craters. Whether, however, the present limits of the forma- 
tion in this direction, even approximately, coincide with the original 
ones is a question not easy to answer, in face of the colossal denuda- 
tion to which they have been subjected. The traps at Burgh and 
Carsaig are over 1000 feet in thickness, and are so horizontal that 
they Pal scarcely have thinned so considerably within so short a 
distance as Ardtun, where now no more than 150 feetremains. The 
eneiss of Loch na Lathaich may, however, be part of an old ridge 
against which they abutted. Their limits towards Benmore are far 

o Geikie, Quart. Journ. Geol. Soc. vol. xxvii. p. 279. 
if ‘Nature,’ November 4, 1880. 
t Prestwich, ‘Geology,’ vol. i. p. 389. 
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less defined, and all attempts have failed to trace their connexion 
with the older, and pevhaps also newer, flows of lava that proceeded 
from that region. ‘They show no decided dip either towards or away 
from it; and it is difficult to say where the terraced structure of the 
plateau Traps definitely ends. That even then there was an ele- 
vated tract not far off, possibly the Benmore region, which had been 
the scene of acid eruptions, is indicated by the composition of the 
Ardtun gravels, as described by Mr. Cole. But the crest of Benmore 
itself appears to me to be a fragment of the wall of a crater which 
may have occupied the site of Loch Beg, from which later lavas have 
flowed*. Itis an open question whether the traps ever actually 
extended over the central part, or far beyond their present limits in 
Mull, or over other districts where there are now no traces of them. 
Contemporary dykes have, it is true, been traced by Geikie, Jack, 
and others right across Scotland and even England, but these were 
probably subordinate to the main fissures of eruption, which must 
have been parallel to the long axis of the formation, and their 
lavas need not necessarily have reached the surface. 

To return to Ardtun. We have already seen the horizontal extent 
of the sedimentary series, and pointed out its position relatively to the 
Traps which have enclosed it. It consists, where thickest, towards 
the centre of the headland, of shaly clays and limestones, and coarse 
indurated gravels and sands, which thin rapidly to the west and pass 
beneath the sea, in not greatly diminished thickness, to the east. 
The section given (fig. 1) shows them to be thickest near a ravine, and 
again some distance eastward ; but in the latter locality the laminated 
leaf-beds beneath the gravel, if present, are entirely concealed by talus. 
The fossils have been obtained from the sides of the ravine, rendered 
famous by the paper on them already referred to 7, and more recently 
from a spot a little to the east. 

On the west side of this ravine (fig. 2) we see, first, a bed of buff or 
cream-coloured, soft, laminated sandstone ()z, the edges of which are 
suddenly turned up and plastered in one place against the overlying 
beds, suggesting that the ravine must be due to the upward passage 
of a dyke which has since decomposed and weathered away—a view 
supported by the gravel walls on both sides of the ravine, which have 
the appearance of having been subjected to a more intense heat than 
elsewhere. There are also some included fragments of a pale drab- 
coloured stone on the opposite side (fig. 3). On the east side of 
the ravine I undertook, by aid of a Government grant from the Royal 
Society, some rather extensive quarrying operations, and the follow- 
ing beds were seen :—At the base, on the amorphous Trap (7), is car- 
bonaceous rubble filling in its rugged surface, which may be set down 
at 1 foot. Above this is 2 feet of bedded river-sand (g), now indurated, 

* The structure of the peak resembles that of the peaks forming the walls 
of the Grand Cirral in Madeira, though denuded to an infinitely greater 
extent. 

t Argyll, Quart. Journ. Geol. Soc. vol. vii. p. 89. 
+ This occupies the position of the third leaf-bed of the Duke. 
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Fig. 2..—Section of west side of Ravine, Ardtun Head. 
(Relative thickness of leaf-beds exaggerated.) 
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a, Rudely columnar basalt, with Ff. Black leaf-bed. 

grass at foot. . Gravel. 
d. Gravel. h. Light leaf-bed. 

e. Hard bed, with Onoclea. z. Amorphous basalt. 

There are many stems in this part of the Black leaf-bed, one of which was 3 feet 
long and 5 inches across. The light leaf-bed is unfossiliferous here. 

Fig. 8.— Quarry in east side of Ravine, Ardtun Head. 
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f. Black leaf bed, 2 ft. 4 in. 

Sandstone, mor or less fissile, 8 ft. g. Indurated gravelly sand, 2 ft. 
¢. Amorphous basalt, with rubble. 
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and then a bed. of black crumbly shale(f),2 feet 4 inches thick, crowded 
with leaves*. The lowest part of thisis greatly squeezed, and desti- 
tute of recognizable fossil leaves tT, but a few succeeding layers con- 
tain innumerable specimens of a simple ovate leaf, the Rhamnites of 
Edward Forbes {, then some squeezed layers with decomposed leaves 
and Hquisetum, and, lastly, a layer made up almost entirely of the 
large leaves of Platanites, Forbes. Above this, but separated by a per- 
fectly sharp plane, is a bed (e), one foot thick, of very dark, intensely 
indurated whinstone or rag, originally fetid mud, in which immense 
leaves of Platanites are rolled and folded together with broken and 
mostly very macerated fronds of Onoclea (Filicites) hvbridica, Forbes, 
broken stems of Hguisetum, and occasional twigs of Taxus (Taxites) 
Campbell, Forbes. Magnificent specimens from this layer were 
obtained and are now in the British Museum, one, not far short of 
a square yard in surface, exhibiting specimens of all these except 
the last. Another plane separates it from a similar bed, but with 
few fossils, which passes gradually upward into the overlying gravel 
(d), at this point ouly 7 feet thick; this in turn passes into some 
fissile sand (c), becoming softer at the top and, in all, 8 feet thick. 
The Duke’s first leaf-bed is at this horizon, though I failed to find it 
fossiiferous. The parting between this and the trap above is carbo- 
naceous rubble, similar to that at the base. 

The gravel-bed is of the greatest interest, and its composition has 
been most kindly investig cated by Mr. Grenville Cole, who himself 
collected the different specimens he describes. 

Note on the Gravel of Ardtun. By Grenvitie A. J. Corn, Esq., 
E.G.S. 

The main constituents of the gravel-beds are flints and lava- 
fragments, the proportions in which they occur varying considerably 
in different layers. The larger masses are well rolled, the smaller 
more so than would appear on fractured surfaces ; and the features 
of the beds are quite distinct from those of a tuff or a volcanic 
breccia. The flints, despite their characteristically white and altered 
condition, retain abundant traces of organisms and of the chalk from 
which they have been derived. It may be fairly questioned, indeed, 
whether these hard white fragments are not in many instances 
comparable to the silicified chalk of the area rather than to the flints 
developed by concretion in that chalk; and whether they were not 

* The second leaf-bed of the Duke of Argyll, the third being unrepresented on 
this side of the ravine. All these layers proved, however, to be so crumbling 
as scarcely to repay working, and large quantities are left exposed in situ. 

t A very similar shale, with some of the same plants, was discovered in the 
Isle of Canna by Prof. J. A. Harvie-Brown, who informs me that it occurs im a 
cave on the north side of Canna, close to theshore. He says :—‘ Those we ob- 
tained were at the exposed side of the shale-seam which projected from the rock 
close to the floor of the cave. I think a fisherman, Mr. Isaac, if still at Canna, 
could point out the place.” 

+ Quart. Journ. Geol. Soc. vol. vii. p. 103, pl.i Berchemia of Heer. 
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of a more calcareous nature when first included in the gravels *. In 
section they afford a rich harvest of organic remains, including, in 
one of the instances examined, glauconitic casts sufficiently nume- 
rous to give a distinct greenish tinge to the cut surface of the 
specimen. 

Pebbles of grey quartzite are also found, and the matrix of the 
gravel is composed of quartz- and felspar-sand, comminuted parti- 
cles of lava, and occasional glauconitic grains. Though the crystal- 
line granules may have been largely derived from the old gneissic 
floor of the district, yet in some cases they retain intrusions of glassy 
matter which indicate their original occurrence as porphyritic erys- 
tals in dykes or lava-flows. 

The pebbles of volcanic material might be expected to exhibit 
many interesting characters, such as are usually lost to us by wea- 
thering before a lava-stream becomes entombed among later accumu- 
lations}. We find, in fact, rolled fragments of scoriaceous basalt- 
surfaces; and the microscope reveals many other products of rapid 
cooling, such as colourless pumice and particles of basic glass, the 
latter showing fluidai structure and crystallites in various stages 
of development. 

A large number of the pebbles, whether grey-green, brown, or 
even pink, are derived from pre-existing basaltic flows, which have 
yielded specimens of their more compact, though not of their doleritic, 
portions. In one brown-pink example we have, with a fresh mono- 
clinic pyroxene, olivine so ready in its decomposition, and giving rise 
to such rich brown products, as to suggest a highly ferruginous 
variety. In another and greyer specimen the matrix is largely 
glassy, the more crystallized portions being gathered into little flecks 
and patches visible to the naked eye. 

But the main interest rests with the examples, preserved thus 
locally, of rocks which have been lost to us throughout this district 
under the enormous outpourings of basalt. 

At the first glance many of the Ardtun pebbles recalled, in a redder 
and altered form, the sanidine-lavas of Ischia or the Rhine. Their 
microscopic examination fully bears out this view, which has been 
confirmed by further evidence. One specimen, seen in section, his 
the familiar pale augites, the abundant porphyritic felspars, the 
fluidal glassy matrix that one associates with trachytic flows. The 
specific gravity proves to be only 2°45, and the felspar, as determined 
carefully by Szabo’s method, contains more potash and less soda than 
many accredited sanidines. 

Another more crystalline specimen consists of crowded felspars 

* Of. Judd, Quart. Journ. Geol. Soc. vol. xxx. p. 228. 
t Prof. Jukes, in 1860, writes of a similar but far more ancient deposit :— 

“Tt had very much the aspect .... . of one of the beds of volcanic breccia 
and conglomerate one so often sees about recent and active voleanoes; and it 
occurred to me that in these pebbles of vesicular trap we might have preserved 
the only fragments of the more superficial parts of the flows of molten matter.” 
a Rocks of Arklow Head,’ Journ. Geol. Soc. of Dublin, vol. viu. 
p. 32. 
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and a few small flakes of biotite. Its specific gravity is 2°50. The 
felspar gives, by Szabd’s method, the reactions of a soda-orthoclase, 
and the rock may be classed as fairly with the sanidophyres (or 
sanidine-felsites) as the preceding specimen with the trachytes. 
The occurrence of a lava of this composition makes one hopeful 
as to the future discovery of nepheline-bearing rocks in Mull. 
We may conclude, then, that during the deposition of the Ardtun 

gravels, when only the first of the basaltic outpourings had taken 
place, a number of earlier flows must have been still available as 
sources of material. ‘The chalk-downs which probably then existed, 
as evidenced by the flints that form so large a portion of certain 
beds, were themselves overlain by the products of the central cones, 
the fragments worn from both the aqueous and the igneous series 
becoming intermingled in the hill-side streams. 

G. C, 

Externally in the ravine this gravel weathers to almost the colour 
of the Trap, and the bedding of the shingle is not apparent ; but the 
clean freshly blasted surfaces showed the flints altered to a pure 
white against the steely grey colour of the matrix, which is here so 
hardened that even the very small pebbles break across when it is 
fractured. 

These gravels are easily traceable for the next 120 or 130 yards 
across the bluff to the west of the ravine, and the leaf-bed can be 
followed for about half the distance, though greatly concealed by 
grass. Here there is another ravine (fig. 4), where the entire 
thickness was reduced to 14 feet, the sands being distinctly bedded 
and laminated, and none of the pebbles in the gravel much larger 
than a filbert. Another good exposure occurs a little further west, 

Fig. 4.— Exposure in Second Ravine, Ardtun Head. 
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where the thickness appears to be reduced to 12 feet, and then the 
sedimentary rocks are almost wholly concealed by talus and grass, 
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though their horizon can always be recognized. As they dip to- 
wards the sea the gravels again become coarser and are exposed, as 
pointed out to me by the Duke of Argyll, for short distances under 
the cliff of rudely columnar basalt; but no leaves have been found 
here, and the series is obviously thinning out. 

About 100 feet to the east of the principal ravine the leaf-beds are 
again well exposed in a path hollowed out by sheep (fig. 5), the sedi- 

Fig. 5.—Section in face of cliff, Ardtun Head, 100 feet east of the 
Ravine. 

a. Basalt. b. Gravel, c. Leaves. d. Gravel. 

mentary beds continuing to increase in thickness for another 150 feet, 
when we reach a spot where the Duke’s third leaf-bed is beautifully 
exposed, and where one of his sections was taken (fig. 6). The lowest 
bed is best worked on the neck of a small jutting headland. Under 
about 30 feet of gravel (c) we have the black crumbling leaf-bed (d) 
exactly as in the ravine *, but not the whinstone; then 7 feet of 
bedded sand (¢), extremely indurated, with very small angular pieces 
of flint ; followed by 2 feet of partially indurated steel-grey clay (7), 
which readily breaks up into rectangular parallelograms, stained 
almost like tortoise-shell at the partings. aint impressions of large 
leaves are visible throughout this. Next we have 6 inches of hard, 
somewhat laminated, carbonaceous sandstone (q), or rag, with impres- 
sions of leaves, the most perfect being Ginkgo ; passing into 3 inches 
of the finest-grained, bluish limestone, as fine as that of Solenhofen, 
and with rare, but extremely beautiful leaf-impressions. These are 
most difficult to find, and when found, to develop, owing to the 
conchoidal fracture of the matrix. Only small leaves occur in it, 
by far the most abundant being Grewia crenulata, Heer, and Alnites ? 
Macquarrii, Forbes. This is followed by another foot of peculiar 

* It was quarried for the Duke at this spot, but owing to its crumbling 
nature, with no great success, 
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steel-grey clay (1), at the base of which the most interesting leaf-bed 
of all is met with. This consists for an inch or two of layer upon 
layer of leaves in the most perfect preservation, and retaining 
almost the colour of the dead leaves themselves. One of the most 
striking, as well as most abundant, is Ginkgo, of large size and 
purple colour. Still more conspicuous is the large Platanites hebri- 
dicus, Forbes, one leaf exposed measurmg full 154 inches in length 

Fig. 6.—Leaf-bed and Gravels at Ardtun. (Scale about 30 feet 
to 1 inch.) 

- Columnar basalt, 40 feet. 
Position of first leaf-bed, obscured by grass, about 2 feet. 
Gravel, varying from about 25 feet to a maximum of nearly 40 feet. 

. Black or second lJeaf-bed, 23 feet. 
Gravel, about 7 feet. 
Grey Clay, 2 feet. 

. 6 inches laminated sandstone, with 3 inches of fine limestone with leaves 
at base. 

. Clay, with leaves at base, 1 foot. 
Clunch, with rootlets, 7 inches. 
Amorphous basalt, becoming columnar at base, about 60 feet. 

and 103 in breadth. Many other kinds of leaf appeared to be | 
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almost equally fine, and the characteristic dicotyledonous trees of 
this locality possessed at that period relatively large foliage. In 
the same bed were coniferous branches like the living Tawodiwm 
(Glyptostrobus) heterophyllum and Cephalotavus. Unfortunately, 
every effort to remove and preserve these specimens has failed. 
There are rush-like stems, from 1 to 3 inches in diameter towards the 
base, but the beds are almost destitute of monocotyledons, and no trace 
of Ferns or even of Zquiseta has been seen in them. - This lowest leaf- 
bed passes into a thin seam of coal in one direction, and rests upon 
6 to 9 inches of whitish, clunchy, and concretionary clay (7), with — 
rootlets, and with softer clay filling in the rough surface of the 
underlying basalt (7). 
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About 200 yards to the east the sedimentary beds are traversed by 
the descending intrusive basalt, and are reduced to 13 feet in thick- 
ness with no coarse gravel; and 200 feet beyond this they barely 
measure 4 feet 6 inches of fissile sandstone, with compact shale at the 
base, containing well-preserved examples of Hguisetum Campbelli, 
Forbes. A quarter of a mile further east the gravels again thicken 
to over 20 feet, but the beds corresponding to the leaf-beds are not 
visible, and could not be rendered so without considerable labour. 
Their horizon soon after passes under the sea-level, and on its re- 
appearance in the next headland, Rudha Dubh, the rudely columnar 
basalt rests on the eroded and partly decomposed surface of the 
amorphous basalt, without the slightest trace of gravels or other 
aqueous deposit. Séarch still further up the loch has been equally 
vain, 

Inland, however, in a direction almost due south and south-east, 
the position of two seams of lignite is indicated on the sketch-map 
and section accompanying the Duke of Argyll’s paper, and he has 
quite recently caused an excavation to be made near Bunessan, 
which gave a considerable thickness, without reaching bottom, of 
black shale and apparently decomposed basalt *. 

Following up the Traps still further in the same direction across 
the Ross, we meet with a similar series of beds on the Carsaig coast, 
though with some important modifications. The sedimentary series 
is first visible at the Carsaig Arches, where it consists of from 10 to 
12 feet of indurated river-sand 7. An upthrust has displaced and 
raised it almost to the crown of the western arch, but in the long 
arch it occupies its true position, with its base slightly below the sea- 
level. It rises eastward, and at the same time increases rapidly in 
thickness, and where next visible gives the following section (fig. 7). 

In this section we have apparently the same flow of rudely colum- 
nar basalt (¢d), maintaining a thickness of about 25 feet ; then 7 or 
8 feet of indurated sandy mud (¢), passing into a sand; and then a 
grit (f) composed entirely of angular pieces of broken-down flints, 
with occasional boulders of rock and large flints at the base. This 
weathers down to a slope of 25°, and rests on acompact mass 9 feet 
6 inches thick (g), of almost unrolled flints of all sizes up to that of 
a quartern loaf, in a matrix apparently of broker-down Trap and 
occasional boulders of the same. Under the flints there is 2 feet of 
impure bedded sand with indistinct vegetable markings (h). An 
exposure a little nearer the Arches only differs in being of a slightly 
finer material, with a thin band of lignite at the base. 

* (‘This was taken fora fire-clay when the diggings were commenced. After 
digesting with acid a precipitate of alumina and ferric oxide remained, amount- 
ing to 50°76 per cent. Some aluminous silicates probably remained undecom- 
posed. Under the microscope it was seen to consist of various mineral particles, 
some being clear and colourless felspar. The flaky green mineral present in 
quantity, is an alteration-product, fibres of it penetrating other minerals.—G. C.] 

+ Earl Compton-(Trans. Geol. Soc. vol. v. part 2, p. 373) mentions that the 
arch is 60 feet high, 150 feet long, and from 50 to 60 feet wide, and of basalt, 
standing on green sand. There are illustrations on the accompanying plates 20 
and 21. Prof. Judd had, of course, recognized the fluviatile origin of the Carsaig 
gravels (Quart. Journ. Geol. Soc. vol. xxx. p. 229). 

Q.J.G.8. No. 170. U 
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At some distance east the bed of flints greatly increases, and 
forms a vertical mass from 20 to 22 feet thick, composed exclusively 
of partly rolled subangular flints of all sizes up to a diameter of about 
6 inches, but mostly not larger than potatoes. They are smallest 
towards the top, and are capped by 2 or 3 feet of flint grit, or sand, 

Fig. 7.—Section of lower part of Cliff at Malcoli’s Point, near 
Carsaig. (Scale about 50 feet to 1 inch.) 
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while underneath is a conglomerate, 12 to 14 feet thick, of basalt with 
atew large and perfect fiints and many angular flint-flakes. The 
base of this series is 60 feet above high water at this point, and no 
traces whatever of it are seen in the cliffs further east. Nearly 100 
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feet above them, however, is a disturbed bed of black shale, 
resembling that of Ardtun, from 1 to 2 feet thick, resting on thin 
laminated sand formed of angular quartz grains, which can be traced 
for a considerable distance, without, however, containing any plant- 
impressions. ‘The beds rise very rapidly, and this shale is soon 310 
feet above the beach, whilst about a quarter of a mile further on the 
top of the sandstone regarded as Cretaceous suddenly appears *, 
220 feet above high water, thus occupying the horizon at which we 
might have looked for a continuance of the flint gravels f. 

The headland of Burgh rivals the Innimore of Carsaig in grandeur 
of scenery, its cliffs even surpassing the latter in height, and forming 
an almost vertical escarpment of Traps, which for some distance 
exceeds a thousand feet in depth. It presents the usual alternations 
of columnar and amorphous, amygdaloidal and rudely columnar 
flows, with intrusive sheets of dense Traps with starch-like jointing. 

At the base there appears to be an extensive ash-bed, and 
directly over this columnar basalt, on the same horizon and probably 
the same flow as that of Ardtun and Staffa; above this is a bed 
of dark, loamy, unfossiliferous sand, marking apparently the horizon 
of the leaf-beds ¢. This is 3 or 4 feet thick, and includes clays, in 
places, with vegetable matter. Above the leaf-bed horizon is rudely 
columnar basalt as at Ardtun and Carsaig; then amorphous trap 
with a few included flints and other stones; and then a massive 
flow of Trap, over 70 feet in depth. Above this, again, are several 
hundred feet of Traps, without any ash-beds, which latter do not 

* [Composed of quartz grains, for the most part very angular.—G. C.] 
t Inthe absence of proper horizontal measurements, which I did not at the time 

realize were so important, it is impossible to ascertain the true dip; but 
assuming the extreme points mentioned to be half a mile apart, roughly 
plotted, it appears not much less than 5° or 6°. The beds, whether viewed from 
the sea or the shore, do not indicate to the eye such a dip, and the horizontal 
terracing of the cliff on the landward side equally negatives it. If the dip 
does exist, the base of the flint gravels would be nearly 150 feet above the top 
of the Cretaceous Sandstone. A much moreaccurate description of the Carsaig 
section is needed, for it abounds in interest. Among the more striking objects 
in the yolcanic rocks is a layer or, more probably, the filling-in of a wide 
fissure, consisting of great angular blocks of quartz and quartzite, the larger of 
which must weigh at least a ton, and perhaps even several tons. Mr. Cole and I 
first saw it on the sea-level some distance west of the Arches, where it looked like 
an Archzan conglomerate ; but as it reappears high up the cliffs to the east, and 
can there be seen filling crevices in the basalt, it is clearly of later date. A small 
dyke not far distant has exactly the appearance of bedded sandstone. Behind 
Beinn an Aoinidh, at about 700 feet elevation, there is a considerable quantity 
of lignite, and a hundred feet lower, graphite is said to occur in the bed of a 
stream, though when I visited the spot, properly guided, we failed to find any. 
{ A large trunk of a coniferous tree, 5 feet in diameter, perhaps Podocarpus, 

has been enveloped, as it stood, in one of the flows of Trap to the height of 40 feet. 
Its solidity and girth evidently enabled it to resist the fire, but it had decayed 
before the next flow passed over it, for its trunk is a hollow cylinder filled with 
débris and lined with the charred wood. A limb of another, or perhaps the 
same, tree is in a fissure not far off. Macculloch, who was certainly a most keen 
observer, did not overlook this tree, which he described in 1819 in his ‘ Western 
Isles of Scotland,’ vol. i. p. 368, pl. xxi. fig. 1. The trunk was thought to be in 
a vein of conglomerated fragments of Trap imbedded in a paste of the same. 
He had also ascertained the wood to be coniferous. 

v2 
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appear until an elevation of nearly 1000 feet is reached, and then 
only in thin beds. A little to the north a thin seam of coal with 
some sand crops out at 250 feet above sea-level, which latter about 
corresponds with the base of the Traps at this point. The Wilderness 
commences somewhere here, and within 200 or 300 yards is a singular 
outcrop of chalk rubble or remané chalk and flint, at an elevation of 
100 feet above the shore. The larger mass measures 19 feet 5 inches 
across, and is 12 feet 9 inches high; and the smaller one, a little to 
one side and slightly below the other, is 17 feet 8 inches along the 
base, and 8 feet 9 inches high. They are chiefly composed of 
nearly white, broken-up flints, in a matrix of chalk, but disposed as 
in pudding-stone, without the least trace of bedding. ‘There is 
nothing visible under this except iron-stained rubble and basalt 
talus. J have seen no other chalk on this part of the coast, and 
this is certainly not in siti, but as much a redeposited mass as the 
flint gravel of Carsaig. A little to the north of this we find the base 
of a cherty greensand in siti, but its thickness is not ascertainable. 
Immediately beneath this is lias, 16 feet thick, formed of alter- 
nating clay and limestone bands, the latter with Zima and Pecten. 
Mr. Etheridge agrees with me in considering that this is a repre- 
sentative of the Lower Lias. Under this, again, is a bed of sand- 
stone with green grains, which the bedding shows to be of marine 
origin, though it is unfossiliferous. Only a thickness of 15 feet is 
visible on the shore. Everything is unfortunately obscured by talus 
for a little distance westward, but the sands soon reappear with 
pebbles in them, forming a conglomerate precisely similar to that of 
Gribun, except that the materials are finer and more scattered. 

This is interesting as showing that not only the red conglomerates 
of Gribun and Inch Kenneth, invisible here, but also the similar 
conglomerate with green grains above them, are of pre-Liassic age. 
This interpretation, which is the more natural one, deprives Inch 
Kenneth of any trace of Cretaceous deposits. Returning to the 
Wilderness, the gneiss now rises above the sea-level at a high angle, 
and gradually becomes higher and higher, until it exceeds 200 feet 
at Coireachan Gorma, where it forms the entire undercliff. The 
remainder of the section as far as Gribun I have only examined 
from a boat ; but at the latter locality there is, as observed by Judd, 
unmistakable Upper Greensand over the Poikilitic conglomerate and 
marl, but, so far as I could discover, still no trace of Chalk. ‘The 
Isle of Erisgeir, rather over two miles from the shore, is of gneiss; 
and Inch Kenneth is of gneiss and Poikilitic conglomerate. . 

Finding the Ardtun river-deposits so feebly represented on the 
opposite shore of Torosay, less than 2 miles to the N.E., and the 
presence of an elevated tract of Paleozoic and Secondary rocks there, 
J examined the traps running almost due east and west, along a 
line 12 or 13 miles long, embracing the north shore of Loch na Kael, 
and the Isles of Eorsa, Ulva,and Gometra. The Traps on the further 
side of the tract or ridge of Paleozoic rocks alluded to would appear 
to be the result of distinct flows, as on that side we find the lower 
levels occupied by rudely columnar and amygdaloidal basalts, instead ~ 
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of the columnar flows hitherto seen. The lowest beds of amygda- 
loidal basalt at Burgh or Carsaig are in fact quite 300 feet from 
the base. The flows are also thickened and irregular on the shore 
opposite Ulva and in Eorsa, as if they had been piled up against the 
ridge, and they only become regular in Ulva itself and Gometra. 
Further, the ridge together with some of the first flows of Trap 
must have formed a lake-basin, for from the shore of Loch Tuath to 
that of Loch na Kael, a distance of over 2 miles, there are beds of 
bole and lithomarge, at least a dozen feet thick and pisolitic in 
places, cropping out among the basalts at heights of 100 feet or less 
above the sea. The beds are continuous and distinctly laminated, 
and the glacial beds over them are full of their fragments. These 
must have been formed in a small lake-basin ; but I saw no trace of 
any gravels except the glacial beds, which everywhere cling to the 
sea-slopes, ner any beds which presented evidence of a fluviatile 
origin. ‘The course of the Ardtun river was therefore clearly not in 
this direction, and must have been to the south of Gometra. I was 
unable to explore the basalts round the north-west coast of Mull, 
but do not anticipate that any important beds of sedimentary origin 
would be met with. 

Before leaving the district, however, I visited the sections on 
Loch Aline referred to by Prof. Judd (Q.J.G.S. vol. xxxiy. p. 734), 
where it seemed possible that plant-remains might be discovered. 
That part of the section between the gneiss and the columnar trap 
at Beinn nah Uamha (Beinn y Hun, /. c.) was everywhere obscured 
by talus; but the section at the south-east angle of Beinn [adain was 
visible and substantially as described by Judd, except that the 
“Chalk,” as at the Wilderness by Burgh, is not bedded, but remanié 
flints and chalk rubble only 4 feet thick. It does not appear to my 
mind to be sufficient to furnish absolutely convincing evidence that 
the sands beneath are of Cretaceous age ; but it is a question foreign 
to our immediate subject and one which requires further investiga- 
tion. 

Though it is quite obvious that the sedimentary beds at Ardtun, no 
less than at Carsaig, are the ordinary gravels and muds of a river- 
channel, important differences between them become apparent when 
they are compared. At Carsaig their fluviatile character was at 
once recognized by Prof. Judd; but those at Ardtun were believed 
by such experienced observers as Sir C. Lyell, Mr. Smith of Jordan 
Hill, and the Duke of Argyll to have had a volcanic origin. The 
examination which led to this conclusion was made, however, in a 
ravine where they appear to have been greatly affected by the 
passage of a dyke, and where their peculiar weathering and dark 
colour give them a truly volcanic aspect. On the sea front the 
current-bedding is as plain as in the river-gravels of England, and 
the block exhibited to the Society suffices to remove any doubt as to 
their true nature. At Carsaig we find a conglomerate of boulders of 
Trap and large flints resting directly on a Trap floor in one part of the 
section, flanked on the west by silts, and overlain by a vast mass of 
subangular flints of all sizes, scarcely even roughly sorted, the whole 
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being covered and overlapped by pure flint sand. Such an arrange- 
ment of material might have resulted from a mountain-stream of 
velocity sufficient to move rocks of relatively large size along its 
bed, giving place through changed gradient to a current not exceeding 
5 or 6 feet per second, and no longer cutting away the basalts. 
Further depression seems to have converted it into a smoothly 
flowing river, with a current only capable of transporting grit and 
sand. The greatest width occupied by its bed does not appear to 
have exceeded a mile in this part of its course. The peculiarity of 
these gravels and sands is that they seem composed exclusively of 
angular fragments of flint derived from Chalk, without any other 
foreign substance. We may infer from this that the Tertiary Traps 
had no great extension southward, and I believe, in spite of their 
great thickness, that their present limits on. that side coincide 
somewhat with their original confines. A considerable tract of hilly 
country must have been covered with Chalk. 

At Ardtun the coarsest gravels are much finer than any gravel at 
Carsaig, and unlike the latter their small pebbles are imbedded in 

sand. The velocity of the currents which deposited them, even in 
the swiftest channels, must have been under 3 feet per second, 
while there were currentless backwaters depositing ooze or fine silt 
into which leaves of forest trees were eddied and sank. An increase 
in the volume of water ensued; for not only are the higher gravels 
more massive and of coarser material, but all backwaters and slow 
currents disappear, and the whole river-bed seems to have been 
occupied by swiftly moving waters. The transverse section through 
the gravels is not less than a mile, probably a mile and a half long; 
and though the section may be oblique, increasing the apparent 
width, the position of the lignites, &c., towards Bunessan and the 
Carsaig section, shows that the actual width was not far short of 
this. 

The river may not have occupied the entire bed at any one time, 
but it was evidently one of magnitude when a renewed volcanic 
outburst filled in its bed with a massive flow of trap. It is interesting 
to remember that Prof. Geikie recognized the course of another of 
these Tertiary rivers in the Scur of Higg, coming from a northern 
direction (Q.J.G.8. vol. xxvu. p. 309), while the interbasaltie 
sedimentary beds of Antrim furnish examples of still more con- 
siderable rivers flowing in the same direction. 

Besides the difference in their coarseness, the gravels of Ardtun 
are distinguished from those of Carsaig by a large mixture of rolled 
pebbles of volcanic rocks, which may have come from the direc- 
tion of Benmore, showing the influx of a tributary stream from a 
region of acid eruptions which had not been overwhelmed by the 
Traps. The central region of Mull appears to me in fact to have 
remained elevated during the Eocene, while the Traps were piled 
round its sides to a depth of 2000 feet*. A restoration of the 

* This opinion is partly based on a careful survey of Beinn a Ghraig, a ridge 
of syenite between Benmore and Loch Ba, reaching a height of 1939 feet. The 
original mass is traversed obliquely by three gigantic dykes of felstone of slightly 
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contours about the river-gravels shows high ground to the south 
and east, coinciding with the boundaries of the Traps, with the river- 
channel roughly following the present outcrop of Paleozoic rocks in 
the Ross*, A spur of gneiss from Benmore, represented by the 
gneiss of Gribun, Erisgeir, and Inch Kenneth, directed its course 
westward, and we have seen that there is but a slight trace of it along 
the shore of Torosay. The actual river-bed is traceable for a little 
over 9 miles, and it ran in a north-west direction. There is but little 
hope of tracing it further in this area, unless fragments of its bed 
should by chance be preserved in the Isles of Bac Mor, the Dutch- 
man’s Cap, or in Lunga. I succeeded in getting near enough to the 
latter to see that there, at least, this is improbable, but continued high 
and adverse winds frustrated my efforts to reach the former. When 
we consider, however, that the preservation of Ardtun itself is mainly 
due to the accident that an intrusive sheet of great hardness runs 
through it and buttresses it at both ends, and that the presence of 
gravels would be a source of weakness and facilitate disintegration, 
we see that it is far more likely that its course is now under the 
sea than in the few islets that still remain above water. Indeed the 

different quality, one in the centre and one at either end, in a direction almost 
parallel to the Sound of Mull. [That at the southern end, though provisionally 
called by the field-term of ‘‘felstone,” is a hard, compact, black rock, weathering 
with a smooth white crust ; under the microscope it shows a fine-grained matrix 
with porphyritic augites, and what appear to be numerous inclusions of another 
rock, Its specific gravity is as high as 2:°90.—G. C.| It is probable that the 
syenite would long since have crumbled away but for the protection of the 
dykes, which weather slowly and act as supports. The mountain on the opposite 
side of Loch Ba is of precisely similar structure; but I omitted to state that 
there is in the first also a small dyke of gabbro and one of dolerite traversing 
the syenite. It seems likely that the crater of which Benmore is a fragment 
was formed at a later date, and after the Trap eruptions had ceased. So faras 
I could make out from this particular section, the syenite or granite region 
may have been a cluster of hills altogether outside any crater, and the felstone 
dykes may belong to any period antecedent to the Tertiary. It is impossible to 
say whether the Ross-of-Mull granite, which is red, is in any way connected 
with the syenite of Benmore, but there are boulders of a grey granite lying 
about, which seems, in some respects, intermediate between them. The Ross-of 
Mull granite is perhaps not far off at a low level and may be concealed by talus 
or vegetation; for the whole district as well as the shores of all the Locus aud © 
of Ulva and Morvern are strewn with fragments of it. To suppose that this 
was carried by ice from the low ground of the Ross to the south-west during the 
Glacial period involves physical difficulty, while in that case it must have been 
accompanied by blocks of the intervening gneiss, which does not appear to me 
to be the case. 

* It is a question whether the line of junction between the Trapsand gneiss, 
west of Bunessan, is marked by a fault. At Ardtun we are close to the base of 
the Traps. On the coast, 6 miles due west of Carsaig, the actual junction shows 
the basalt with slightly upturned edge against the gneiss, which is perfectly 
riddled by small veins There are no intervening secondary beds as shown in 
Maceulloch’s section. ‘The manner in which the edgeof the gneiss is penetrated 
by the Trap appears an argument against a fault, and we everywhere see 
evidence that the secondary strata were not only very locally and unequally 
deposited in this area, but that only patches of them remained at the time of 
the first Trappean eruptions. A downthrow oi from 100 to 200 feet would in 
any case bury their entire thickness, and a fault of 1000 feet is unnecessary for 
the purpose. 
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low lands which the river must have sought would inevitably have 
sunk under the enormous weight of Trap poured out upon them ; and 
in this area at least it is highly probable that we have little more 
accessible to us than the flows which clung to the flanks of the 
hills. 

The Flora of the Ardtun Leaf-beds. 

Considerable collections from these beds were made some 35 years 
since and were deposited in the Museum at Jermyn Street and at 
Inverary. About five years ago Mr. Koch made a large collection, 
which he presented to the University Museum at Glasgow. No 
specimen was to be found in the British Museum or in the Edinburgh 
Museum, and the flora was equally unrepresented in even the most 
complete of our University and great provincial museums. The 
collections that did exist were from the beds shown in figure 3, and 
the bed marked d in figure 6, the matrix, in most cases, being a 
crumbling black shale, in some a hard grey rock ; and the specimens 
of leaves were, with few exceptions, of a fragmentary description. 
I first endeavoured to supplement these in 1883 and 1884, but it 
was not until 1885 that regular quarrying operations were under- 
taken, with the result that large and perfect specimens of the chief 
types have been procured in abundance, and are now in the British 
Museum. One specimen in particular, nearly a yard in extent, 
shows several forms of Platanites and fronds of Onoclea in perfect 
preservation. Whilst collecting these, I excavated the beds marked 
f to 7 in fig. 6, which, though apparently observed by the Duke of 
Argyll, were at that time regarded as inaccessible. The layer g is 
a limestone as finely grained as that at Solenhofen, and contains 
impressions of leaves as beautiful as can be imagined, though it is 
unfortunately refractory and breaks with a conchoidal fracture, 
which baffles the search for fossils in 1t unless extreme care is used. 
Even when found, the absence of cleavage-planes makes it difficult 
and tedious to expose them. On the other hand, square yards at a 
time may be exposed of the underlying pale grey clay, completely 
covered with magnificent-looking leaves, preserving the colours 
proper to them when they sank waterlogged in the stream; but 
here disappointment attends every attempt to remove them, for the 
clay instantly breaks up into pieces a little bigger than dice, and 
continues to crumble. The mere sight of such masses of leaves 1s 
most instructive, and from notes taken on the spot I am able to 
speak of the relative abundance of species, their variation, colour, 
and the maximum sizes attained by them. I also ascertained by 
this means that our knowledge of the flora is still relatively very 
imperfect. We are, however, now in possession of a large number of 
specimens, especially from the limestone, the nature of which I have 
endeavoured to convey in the accompanying Plates (Pls. X1il- 
XVI.), in which only those of moderate size could be included. 

The beds share a peculiarity possessed by most of the Hocene 
plant-beds in England, namely the absence of traces of aquatic life. 
It is difficult to come to any conclusion regarding the cause of this; 
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for we can hardly suppose that bodies of water so considerable as 
those which deposited these, or the Reading or Bournemouth beds, 
were destitute of fish and molluscous and insect life. Of the latter, 
in its terrestrial form, we have, as usual, scanty traces. The most 
interesting is a detached wing in which the neuration and colouring 
are beautifully preserved, and which appears to be in all probability 
the hind wing of a Cercopid of an extinct type (Pl. XIII. fig. 9). 
Fig. 8 shows part of the wing-case of a beetle which has adhered 
to the matrix so that only the inner side is visible. One or two 
smaller elytra have been found in the black shale. 

Only one species of Fern is known, Onoclea (Filicites) hebridica, 
Forbes, of which specimens have now been discovered, showing that 
the barren fronds were larger and on a stout rachis, and also exhibit- 
ing the fertile fronds which had not previously been met with*. The 
only other vascular Cryptogam in the florais Hquisetum Campbelli, 
Forbes, but both this and the Onoclea are undistinguishable from 
living species. There are also but few indications of cellular fungi 
on the leaves, and I am inclined to look upon this as one among 
many indications of relative antiquity. 

Among Gymnosperms the Ginkgo is by far the most. abundant, 
and its leaves form a considerable proportion of those seen in the 
clays. Podocarpus Campbelli, J.S. Gardn., comes next, and is inter- 
esting as being so far the most northerly representative of the genus, 
either living or fossil. A third is Tawus Cumpbelli, Forbes, a Yew 
strongly resembling Taxus adpressa of Japany. Fig. 1, Pl. XIIL., 
represents foliage more nearly approaching specimens from Atane- 
kerdluk, in Greenland, determined as Sequoia Langsdorfii by Heer ; 
and fig. 2 would appear to belong to his Glyptostrobus europeus. 
Fig. 3 shows a small fruiting branch, which indicates the presence 
of a second species of Podocarpus, with short falcate leaves arranged 
spirally, and small berries, scarcely exceeding the eighth of an inch 
in diameter, borne in small terminal clusters. The foliage is not 
uncommon in the black shales; and in the absence of any evidence 
regarding the fruit, I had provisionally placed it with the Bally- 
palady Cryptomeria, which it very strongly resembles. The occur- 

_. Yence of this beautifully preserved twig in the white limestone, still 
retaining its shining black berries, is one of those fortunate cir- 
cumstances which encourage the collector of fossil plants to per- 
severe, even when the collection of leaf-forms from a bed seems to 
be well-nigh complete. I can find nothing nearer among the living 
as than P. cupressina, R. Brown, from the Philippines and 

ava. 
There are no Monocotyledons beyond a liliaceous-looking leaf and 

a few reed-like stems. 
The Dicotyledons are abundant, and the collections include more 

than thirty distinct species, most of them so adequately represented 
that the range of variation in the leaf is practically ascertained. 
Foremost among-them is the splendid form Platanites hebridicus, 

* Journ. Linn. Soc., Bot. vol. xxi. pl. xxvi. 
+ “Eocene Flora,” J. S. Gardner, Monogr. Pal. Soc. vol. ii. 1884 and 1885. 
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Forbes, the leaves of which attained the large size of 15 inches, 
measured from base to tip. The variation in shape among them is 
very great, and might give rise to numbers of species, for the forms 
of the lobes and the serration differ so widely that mere fragments 
could hardly be identified. The external resemblance of the leaf to 
Platanus is very superficial, and Prof. Forbes’s determination was 
confessedly a mere guess, for the fragments he had to deal with bore 
at least an equal resemblance to the leaves of many other kinds of 
plants; but in 1885 whole slabs of limestone were found to be 
covered with innumerable minute seed-like bodies (P1. XIII. fig. 14a, 
magnified); and in other cases clusters of small globular catkins were 
found (Pl. XIII. fig. 15). Last year the specimens figs. 13 & 14, 
showing the catkins in the act of breaking up, supplemented these 
and proved them to belong to the same plant. ‘The small bodies were 
recognized immediately, and quite independently, by Mr. Carruthers 
and Prof. Oliver, as the anthers of a Platanus. We thus find the 
male flowers in enormous abundance ; but fig. 12 represents the only 
object resembling the female, a fact the more singular as it is pre- 
cisely reversed at Reading, where leaves of Platanus also abound. 
The leaves occur in great profusion, especially in some of the layers 
of black shale. They have been collected at Atanekerdluk, but of 
much smaller size, by Whymper, Colomb, and others, and being 
wholly different from any Miocene form, should bear the name given 
by Forbes. Another very fine and undescribed form occurs in the 
Limestone; and a rarer leaf in the black shale which is common at 
Atanekerdluk, and has been called Quereus platanza, and apparently 
also Pterospermites spectabilis and P. alternans, by Heer. Among 
the large leaves in the clays, seen but not collected, appeared to be 
forms like those described from Atanekerdluk as Veburnum multi- 
nerve, Alnus Kefersteun, Magnolia. Inglefieldr, &c., from Greenland, 
but of relatively much larger size. 

The only other lobed leaf in the flora is the Acer-looking leaf 
(PI. XIV. fig. 1», of which the smallest and most exquisitely preserved 
specimen is figured. Thereis nothing resembling the Liquidambar or 
Sassafras found in the Atanekerdluk level of similar age. 

Among the ovate-serrate leaves, that called Corylus Mucquarru by 
Heer, Pl. XV. fig. 3, is the most striking, and occurs most commonly ~ 
in the Limestone. Itisof a dark brown colour, and certainly resem- 
bles the hazel in a striking degree. Thin pellicles occur, Pl. XIII. 
figs. 5, 6, 10, in the same beds, with parallel and forking venation, 
which might be fragments of the husk ; but the total absence every- 
where in the Eocene of anything like nuts, and their abundance in 
the Pliocene, renders it difficult to believe that the genus Corylus 
was actually in existence during early Tertiary periods. The leaf 
form recurs in many genera, and we must probably look elsewhere 
for an acceptable determination. The same doubt, and for the 
same reasons, extends to all the determinations of Oupuliferce from 
the older Tertiaries, except the Betulew, and also to those of the 
Juglandee. The Cor ylus-like leaf is "found very commonly at 
Atanekerdluk, and the species might be known prov isionally as 
Corylites Macquarri WN. 4 
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A new and very rare leaf at Mull is perhaps identical with the 
Quercus grenlandica, Heer, from Atanekerdluk, some of the speci- 

mens of which seem, however, to have been placed in Castanea 

Ungeri by that author, though they do not resemble the Miocene 

Chestnuts of either Europe or America. The specimen is illustrated, 

Pl. XIV. fig. 2, and the species I would suggest should for the present 
bear the name of Quercites grenlandicus. There is another very fine 
Castanea-like leaf in the limestone, which is too large to illustrate. 
We also appear to have forms identical with those erroneously 

described as Alnus nostratus, Viburnum Vihymperi, and Carpinus 

grandis, together with the forms figured, Pl. XIV. fig. 3, Pl. XY. 
fig. 2, and Pl. XVI. fig. 1, which as yet seem peculiar. 

Among the leaves with highly characteristic venation are the 
Zizyphus hyperboreus or Paliurus borealis of Heer, both of which 

belong probably to the same species, Populus Richardsoni and P. 

arctica, which also seem to be undistinguishable, and Cornus hyper- 
borea. Perhaps the most beautiful and distinctive leaf-form, how- 
ever, in the whole flora is the exquisitely marked leaf with triple 
midrib and crenated margin shown on Pl. XV. fig. 1. Thecolouron 
the face is pure white, with veins black, but on the back the whole 
leaf is plum-colour. These strongly marked characters seem to 
justify us in regarding it as a species of Behmeria, of the Urticee, 
and may even serve to identify it with an existing species of 
Japan. I propose for this species the name of Bahmeria antiqua. 

There are, in addition to these, a number of simple ovate leaves 
resembling those of the Bay and Laurel, &c., Pl. XVI. figs. 2, 3, 5, as 
well as the Rhamnites of Forbes ; but it seems scarcely probable that 
any of these are capable of generic identification from the leaves alone. 

The flora is distinguished, like all those of early Eocene and 
Cretaceous age, by the absence of the so-called Cinnamon-leaves 
and the Smilaceew, which always enter into the composition of 
Middle Eocene and Oligocene floras rather largely. There is, in 

' fact, not one type characteristic of the Middle Eocene, Oligocene, or 
Miocene in England or Central Europe to be found in it, and it 
shares with all floras of similar or earlier age the peculiar facies 
given by the complete absence of leguminous pods*. 

The Ardtun deposit is known to be of newer age than the Chalk 
of the same area, because it includes material derived from it; and 
in the absence of evidence linking it with any later stage of the 
Cretaceous, it must be regarded as Tertiaryy. The particular stage 
to which it must be assigned has to be determined chiefiy on the 
evidence of the fossil plants contained in it. It will be seen that 
though we cannot exactly parallel the Ardtun flora with anything 

| else, its general facies is more that of a Cretaceous flora than of a 
Tertiary one, and that its most characteristic types ceased to exist 

* The only figure throughout the ‘ Flora Arctica’ purporting to be part of a 
oo “ Leguminosites,-sp.,” is a torn fragment, which might equally be part of 
& leaf. 

+ In the Trans. Edinb. Geol. Soe. vol. i. April 1867, Mr. T. Smyth maintains 
that the Lower Basalts of Avdtun and of the sides of Fingal’s cave in Staffa are 
Upper Cretaceous, and the leaf-hed of Ardtun, Miocene. 
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in Europe with the stage known to continental writers as Paleocene. 
Further, if we accept the stratigraphical evidence linking it to the 
floras of Antrim, we are able to fix the age of the next overlying 
flora as not later than that of Gelinden, a flora of ‘ Heersien’ age, 
and probably contemporary with our Thanet Beds*; and to check 
this by a third and much newer flora, that of Lough Neagh, in which 
for the first time the most characteristic plants of the Middle Eocene 
make their appearance. This evidence, complete as it is, is backed 
by a large amount of negative evidence, and must carry conviction, 
unless it is denied that plants in those days followed the ordinary 
laws of nature and appeared in any definite sequence. 

Thirty-five years ago, when the Ardtun flora was brought under 
the notice of the Society, scarcely anything was known about fossil 
plants. The existence of Dicotyledons of Cretaceous age was not 
even suspected, and except the abnormal flora of Sheppey not a 
single assemblage of plants of acknowledged Eocene age had been 
adequately illustrated, while the monographs on Tertiary plants in 
all did not reach ten in number. The science was in its infancy 
when Edward Forbes hazarded the opinion that the plants would 
prove to be of Miocene age; and those who have been accustomed 
to regard the age of the Ardtun flora as no less well established than 
that of Alum Bay will be surprised to realize the slender basis on 
which the determination has rested. 

The first notice of the occurrence of fossil plants in these Traps 
was published by the Duke of Argyll in January 18517. Though 
well aware that they were of Tertiary age, he refrained from making 
any more definite statement regarding them; but Prof. E. Forbes, to 
whom the task of describing the plants themselves fell, thought 
“that the general assemblage of leaves, when judged by the present 
state of our knowledge of the vegetation of ancient epochs, is 
decidedly Tertiary, and most probably of that stage of Tertiary 
named Miocene.” He was unable, however, to identify any of them, 
either with forms of the British Eocenet or European Miocene, and 
was forced to regard them as “in all probability distinct from any 
recorded species”§. One, however, Platanites hebridicus, he believed 
to have “a close affinity with Platanus hercules ||, trom the marly — 
slates of Croatia;” and another Vavites ? Campbellit, * allied to the 
Taxites Rosthorni of Unger, from the Miocene lignite of Carinthia.” 
The remaining six species (really only four) presented apparently no 
sufficiently decided resemblance to any previously known form to be 
worth alluding to. We thus see that, when describing them, Forbes 
was only able to say that the small fragments of Platanites, which 
were all he had, were something like an Eocene form from Croatia, 

* Geol. Mag., April 1887. 
+ Quart. Journ. Geol. Soc. vol. vii. p. 89. 
t Lc. p. 103. 
§ The known British Eocene floras appear to have been the abnormal ones 

of se rey and Alum Bay, which certainly bear no resemblance to that of 
Mull. 

| Unger, ‘Chlor. Protog.,’ p. 188, t.46. They belong actually to very distinet 
types of leaf. The slates were described as Eocene. 
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and the Tamites, a yew-like conifer of a type actually common 
to every flora, from the Jurassic upwards, was something like a 
Miocene conifer from Carinthia. 

The next reference to the Mull flora that I have traced occurs 
in Lyell’s ‘Elementary Geology,’ 5th ed. 1855, p. 181, where the 
author says, “‘no accompanying fossil shells have been met with, 
and there seems therefore the same uncertainty in determining 
whether these beds are Upper Eocene or Miocene, which we ex- 
perience when we endeavour to fix the age of many continental 
Brown-Coal formations, those of Croatia not excepted.” Jukes, 
Phillips, and other contemporary writers make no mention of the 
Ardtun plants, and no very definite opinions concerning them seem 
to have been formed until 1856, when De la Harpe visited 
England. 

He wrote, after examining them, that though most of the im- 
pressions are hardly determinable, and he is unable to identify any 
with known species, he fully coincides with Forbes’s opinion, and 
can only regard them as a Miocene flora*. 

In 1859 Heer pronounced them to be Miocene, though he had 
not seen the specimens, and had only the rather defective figures of 
Forbes’s very imperfect specimens to go upon; yet this opinion seems 
to have been regarded as final, and has remained uncontradicted to the 
present day. What he actually said wast that Ardtun Head was 
the only point in Great Britain which had until then yielded 
Miocene plants, amongst which were Sequoia Langsdorfii and Pla- 
tanus aceroides, Gp.(?). In a footnote (p. 314) he is more explicit: 
but we see that the Zaxites of Mull has shorter leaves than the 
Sequoia it is identified with ; the Platanus is only very probably the 
P. aceroides, the imperfect preservation of the margin leaving room 
for some doubt to eawist ; the Alnites is perhaps the Corylus ; the Rham- 

* “ Quoique la plupart des empreintes recueillies soient peu déterminables et 
que je n’en puisse rapporter aucune a des espéces connues, je partage pleine- 
ment Vopinion de M. Forbes, et n’y vois aussi qu’une florule de l’époque 
Miocene. La présence d’un Alnus? (Alnites ? Mac Quarrii, Forb., pl. iv. fig. 3); 
celle (probable) d’un Acer (Platanites hebridicus, Forb., pl. iii. fig. 5, et pl. iv. 
fig. 1), voisin de l’Acerites integerrimus, Viv. ; et celle dun Rhamnus (Rhain- 
mites? multinervatus, Forb., et Rhamnites? major, Forb., pl. ii. fig. 2 et 3); 
enfin, la position géologique du gisement sont autant de motifs en faveur de 
cette opinion.” (Bull. de la Soc. Vaudoise, 1856.) 
7 Flora Tert. Helv. vol. iii. p. 3138. 
t “Der Taxites Campbellii, Forb., ist die Sequoia Langsdorfi; die Blatter 

sind zwar etwas kiirzer als sie bei unsern Exemplaren gewohnlich vorkommen, 
doch finden sich solche kurzblattrige Formen auch bei uns und in Oestreich 
(cf. Unger’s ‘ Iconogr.’ Taf. 15. fig. 13). Platanus hebridicus, Forb., ist sehr 
wahrscheinlich Pé. aceroides, Gp. Das Blatt hat nur 3 Hauptnerven (kann 
daher nicht zu Acer integerrimus, Viv., gehoren) und tberhaupt ganz die Ner- 
vation der genannten Platane. Leider ist aber der Blattrand nur an wenigen 
Stellen erhalten, und so bleibt immer noch einiger Zweifel; sonst miisste der 
Name von Forbes als der altere vorangestellt werden. ‘Taf. 3, fig. 4, gehort 
vielleicht zu Corylus grosse-dentata, Hr. Die Rardbildung ist wahrscheinlich 
unrichtig gezeichnet. Taf. 3, fig. 2 (Rhamnites? multinervatus, Forb.), ist 
wohl Berchemia multinervis, A. Br., sp. Die merkwiirdigste Art ist der Fili- 
cites? heoridicus, Forb., ein Farrenkraut, das in seiner Nervation sehr von allen 
des Continentes abweicht.” 
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nites is probably the Berchenia; the Fern is of a type unknown on 
the continent. He thus differs in detail from De la Harpe, and is 
indisposed to admit that the flora contains either Alnus, Acer, or 
Rhamnus, the presence of which had convinced the latter as to the 
Miocene age of the flora. His four rather hesitating identifications 
sufficed, however, to induce him to speak.even more positively than 
De la Harpe, who had at least seen the specimens, as to the age of 
the beds ; but he reduces the value of his evidence by only admitting 
two, the Sequoia and the Platanus, into the exhaustive tables which 
conclude his great work on the Tertiary Flora of Switzerland. I 
cannot trace that these identifications were in any way increased or 
modified after Heer’s visit to England; but in 1862 he changed the 
name of Corylus grossedentata, of the Aquitanian of France and 
Switzerland, to Corylus MacQuarru, Forbes, sp.* 

This completes the evidence upon which the Miocene age of the 
Basalts was defined ; for in the 6th edition, 18657, and all subse- 
quent editions of Lyell’s ‘ Elements,’ and ‘Student’s Elements of 
Geology,’ we find the following :—“ and his [ Forbes’s| opinion has 
been confirmed by Prof. Heer, who found that the Conifer most 
prevalent was the Sequoia Langsdorfir, also Corylus grosse-dentata, 
a Lower Miocene species of Switzerland and of Menat, in Auvergne.” 

Thus the age of the beds has been based on the lithographs of 
four species, wanting in detail, and represented by mere fragments 
of leaves, which even De la Harpe, who was not easily discouraged, 
regarded as “ peu déterminable,” the specimens being, in fact, in 
black shale, and by no means easy to make out. 

A letter from Heer to Ch. Gaudin, dated 1856, published in the 
Bull. de la Soc. Vaudoise, shows that the only floras recognized by 
him as Eocene at that period + were known to him from the descrip- 
tions, without illustrations, published by Gaudin and by Brongniart, 
from Bowerbank’s work on the English Eocene plants, and the flora 
of Monte Bolca. All others, though described as Kocene in published 
works, he regarded as Miocene §. It is easy to see how, with the 
ordinary types of Eocene floras (and some of the isolated Swiss floras 
may be Eocene), grafted on to the Miocene floras, there was always 
at hand a scale by which every flora, except such abnormal ones as — 
those of Sheppey and Alum Bay, would be determined to be Miocene, 
and be of use in turn in incorporating floras of even more widely 
different ages. On the plant-evidence, Heer would have pronounced 
the Reading and the Bournemouth floras to be Miocene had they 

been known then; for they have a very large number of speciesin_ | 
common with European floras he had already so placed. He did,in 
fact, pronounce an American Cretaceous flora sent him to be Miocene, 
so that it is obvious he was not in a position to offer any sound 

* Naturf. Gesellsch. Ziirich, 1862, p. 178. 
+ Lyell, ‘Hlements,’ ed. 6, p. 239. 
¢ “Otest donc la flore éocéne?—-Je n’en connais pas ailleurs qu’au Monte 

Bolea, en Angleterre, et dans le bassin de Paris.” 
“Cet examen m’a parfaitement confirmé l’opinion que Haring, Sagor, 

Sotzka, Radoboj, de méme que le Monte Promina sont mocénes et non point | 
éocenes.” (Bull. Soc. Vaudoise, 1856.) 
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opinion regarding the age of any of the older Tertiary floras, even 
with the best of material. 

There are, moreover, many prevailing types of leaves common to 
widely distinct genera which seem to occur in-most floras, whether 
recent or fossil. The so-called Corylus, on which so much stress 
has been laid, is one of such; for even the brambles and hazels in 
any hedgerow are seen to have the same cutting and venation. 
The identifications of the Mull and Greenland plants with those of 
European Miocenes will be seen to rest upon leaves of this kind, 
and not upon the well-characterized forms, which differ most com- 
pletely. Instances of similarity, and even identity, between the 
Greenland plants in question and those of the Cretaceous and older 
Tertiary floras of Europe have passed without comment, whilst the 
majority of the identifications actually made are untrustworthy, for 
in nearly every case there are marked and often fundamental dis- 
erepancies between the form and venation of the leaves compared. 

Of the Ferns, the oldest are unknown in any other European 
formation, though the Ballypalady type appears in the ‘ Heersien’ 
of Gelinden and the Woolwich Beds of Bromley; but directly the 
newer beds of Lough Neagh are reached two widely spread Middle 
Kocene types appear (Journ. Linn. Soc., Bot. vol. xxi. pl. xxvi.). Of 
the Coniferz, the only one to reappear in any post-Hocene deposit of 
Europe is the still living Genkgo, which recurs in the late Miocene 
or Pliocene (?) of Sinigaglia, in North Italy. It is upon the Dicoty- 
ledons, however, that reliance has chiefly been placed; and it is 
likely that their evidence is the more trustworthy, since they must 
have been undergoing somewhat rapid modification in the direction 
of existing species and genera. 

_ The first fossil plants brought back by Arctic expeditions were 
from the lower of the two plant-beds at Atanekerdluk, in Green- 
land; and collections from this were made by McClintock, Colomb, 
and Whymper. They were determined by Heer to be Miocene, and 
comprised not only all the plants trom Ardtun illustrated by Forbes, but 
most of those since discovered by Baily at Glenarm and Ballypalady, 
in Antrim. Fifty-two out of the 178 species * from this bed were 
identified with European or American Miocene plants, and these we 
propose to examine, since the evidence in support of the Miocene 
age of the Ardtun plants alone would scarcely require further con- 
sideration ; whilst if the Atanekerdluk bed is really Miocene, the 
Ardtun bed would be equally so. The Atanekerdluk bed is 1200 
feet above the sea, and under a great capping of basalt ; most of the 
leaves were found in a reddish concretionary ironstone like that of 

_ Lough Neagh ; and others, less distinct, in dark shale and a yellowish 
ochreous sandstone. A second plant-bed occurs 200 feet above, 
with considerably more than half its 78 species peculiar to it, and 
much less like those of Mull and Antrim. Since then fossil plants 

* At least one half of these should be suppressed. Robert Brown, the com- 
panion of Whymper, was the first naturalist to visit these beds, and he strongly 
protested against the “ reckless way Heer makes species and genera out of these 
fossils.” Trans. Edinb. Geol. Soc. vol. i. p. 194 (1868). 
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have been collected from more than forty fresh localities within the 
Arctic Circle, some of which are obviously of much later age, and 
which we need not now take into account. 

The most conspicuous of the leaves at Ardtun, both on account of 
its size and abundance, is the Platanites hebridicus, Forbes, identi- 
fied by Heer*, first with Platanus aceroides, Goppert, of Schrotz- 
burg, and subsequently with P. Gudlelme, Goppert, of Schossnitz 7. 
The materials for comparison were the two figures in the Journal of 
this Society, neither of which show base, apex, or margin, and some 
hardly more perfect specimens from Greenland, the fragments of 
different leaves brought home having, it is stated, to be pieced to- 
gether to get an idea of the leaf. The fine series of perfect speci- 
mens which we now possess shows that Forbes’s species differs in 
nearly all its details, and is a much larger form than any of the 
Miocene species of Platanus of either Europe or America, and 
greatly resembles the Cretaceous Credneria, as observed, indeed, by 
Heer, as well as some of the Sézanne leaves of Paleocene age. 

Castanea Ungeri, Heer, Fagus castaneefolia, Unger, from the 
Miocene of Leoben and Wartzberg, in Styria, &c., and of the 
American Miocene, is a handsome species and probably a true Cas- 
tanea; but the cutting of the leaf in the Greenland specimensidentified 
with it is different, and the fruits + which are cited in support of the 
determination are far more like the similar bodies from Ballypalady 
than like chestnuts. agus macrophylla, Unger, is identified as a 
Greenland fossil on an indistinct fragment of a leaf which differs in no 
respect from the above; whilst the leaf named Quercus furcineruis, 
Rossm., is probably only another specimen of the same species, and 
differs widely from any leaves of the Swiss Molasse or the American 
Miocene bearing that name. The supposed Planera Unger, Ett., of 
Greenland, is represented by a single specimen, which might well be 
a distorted form of the same so-called Castanea; and neither its 
form, cutting, nor venation justify its association with the well- 
marked Miocene form, so prevalent in the Molasse &c. of Switzer- 
land, Germany, and Italy. 

The supposed Carpinus grandis, Unger, of Greenland and Mull, 
is a leaf with different cutting, and veins much wider apart and 
more forked than the Swiss or American forms. . 

Quercus Drymeia, Unger, is a species well known from the Middle 
Eocene to the Oligocene ; but there is nothing in two fragments from 
Greenland to justify their reference to it. 

The same remarks apply to Salix varians, Gopp., and to the 
single imperfect and characterless leaf identified with Rhamnus 
Rossmassleri. 

The specimens ascribed to Juglans acuminata, A. Br., are im- 
perfect leaves without decided characters, which do not resemble m 

any definite way the splendid specimens figured by Heer under that 

* Flor. Tert. Helv. vol. i. p. 71. 
+ Goppert, ‘ Die Tert. Flora von Schossnitz in Schlesien,’ 1855, p. 21. 
{ Flor. Aret. vol. ii. pl. xlv. figs. 2-2 0. 
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name in the ‘ Flora Tertiaria Helv.’ (vol. ii. p. 83, pls. 128 and 129), 
and they would be better placed under Vagiolia Lnglefieldi, Heer. 

Corylus Macquarrii, Forbes, so very abundant in Mull, is probably 
distinct from the Miocene C. grosse-dentata ; while the single 
smaller leaf, separated as C. insignis, is only a smaller specimen of 
whatever the larger ones may prove to be. 

The fragment referred to Inguidambar europeum, A. Br., has no 
perfect digit, and the secondary veins are obliterated. The Green- 
land Diospyros brachysepala, A. Br., agrees with the form described 
by Lesquereux from the Eocene Lignitic, but not with that of the 
Swiss Miocene. 

Several distinct forms seem to be described under the name of 
Salix Raeana, Heer, but only one of them recurs among the figures 
of Baltic Miocene (?) plants. 

Quite a small fragment of a leaf and two indistinct fruits are 
referred to Myrica Aurea, Unger; but they may belong to some 
plant widely distinct from that of Sotzka or the Baltic floras, while 
those placed by Lesquereux in the species are exactly like Quercus 
Drymeia. The tiny leaflet called Colutea Saltert is very unlike in 
all respects those figured in the ‘ Flora Tert. Helv.’ (pl. 132. figs. 60 
and 61). Populus Zaddachi, Heer, is only represented from Green- 
land by imperfect leaves, which probably may be identical with those 
from the Amber-beds. The leaves from the Baltic, the American 
Lignitic, and from Greenland, referred to Fraxinus denticulata, 
Heer, and those from Bovey Tracey, Missouri, and Greenland, 
referred to Quercus Lyelli, Heer, I believe in each case to be dis- 
tinct forms. 

The foregoing species are all stated to be common to the Miocene 
formations of Greenland, Europe, and America. Those which follow 
are supposed to be confined to Greenland and America and Green- 
land and Europe respectively. In the former category we have 
Populus arcticus, Hr., and P. Richardsoni, Hr., which I cannot dis- 
tinguish from each other, from Greenland, Mull, and Reading, with 
leaves large and deeply notched, and from America,small and smooth, 
or slightly notched. Hedera MacClurii, Hr., is based upon such 
fragments that comparison is impossible. The fine leat, Vitis Olrikz, 
Hr., of Greenland, is not accepted by Saporta as a vine, and I do 
not see justification for Lesquereux’s association with it of leaves 
from the first and second stages of the Great Lignitic. The grounds 
for separating specimens called Quercus Olafseni from those called 
Castanea Ungeri, Hr., seem inadequate ; while neither of the three 
yery different leaves placed under Juglans denticulata, Hr., agree at 
all closely with the same species, according to Lesquereux. On the 
other hand, the examples of Paliurus ColomSi of Heer and Les- 
quereux appear to be properly united. 

Of the species common to Greenland and fencaee Andromeda 
protogea, Unger, and A. Saportana, Hr., are not identified in the 
Greenland beds on adequate grounds. Acer otopterix, Gipp., is 
recognized from a fragment devoid of outline. The parts of leaves 
assigned to Populus Gaudini, Fischer, might belong to Magnolia or 

Q.J.G.S. No. 170. x 
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any other form. The specimen named Sassafras Ferretianum, Mass., 
though very fragmentary, is far more like a leaf from Dulwich 
and Newhaven than the Italian species. agus dentata, Unger, is 
represented in Greenland by a few fragments, and Fagus Deucalionis, 
Unger, by one insignificant shred of the same type as others 
called Castanea Ungert. Dryandra acutiloba, Brongn., ranks as a 
Greenland species on account of another insignificant fragment, and 
veins are introduced into the figure which heighten the resemblance, 
but do not exist in the specimen. Rhamnus Hridami, Unger, is 
based on a good specimen, but without distinctive character : 
Rhamnus Gaudin, Hr., on a fragment which is alike destitute of 
base, apex, and margins, and in which even the veins are differently 
disposed from those of the Swiss specimen ; and Lthammnus brevifolius, 
A. Br., from Switzerland, is quite distinct from that of Greenland. 
Juglans Strozziana and Quercus Laharpu, Gaudin, from Greenland, 
are mere fragments devoid of distinctive characters ; Cornus ferox, 
Ung., is based on fragments too imperfect for comparison; and 
Alnus nostratus, Ung., on specimens just sufficiently distinct to show 
that they cannot belong to that species. Finally, the keaf deter- 
mined as Populus sclerophylla, Sap., of Greenland, differs in every 
detail from the same species at Armissan. 

These determinations are for the most part based upon specimens 
which I should regard, under any circumstances, as too frag- 
mentary to be of any value, and belonging moreover to types of 
leaves which are so universal that they would, even if perfect, fall 
into the undeterminable residuum of a fossil flora. It would, I 
believe, have been just as easy to have identified them with either 
Cretaceous, Eocene, or living species as with Miocene. It is not a 
little significant that none of the finer and most distinctive plants of 
the Mull, the Antrim, or the Atanekerdluk floras in question were, 
or could be, identified with Miocene species, but were all admitted 
to be peculiar. Among these, we have the Pterospermites or Quercus 
platana (for these seem to be the same plant) represented by a 
magnificent specimen from Atanekerdluk in the British Museum, 
and a similar one from Mull in the Glasgow Museum, recalling the 
larger leaves of Sézanne. Then there is the very satisfactory Mag- 
nolia Inglefieldi, and the fine species named Ilex longifolia and 
Quercus grenlandica. 

But the best marked and most thoroughly characteristic leaves of 
the whole are the Daphnogene Kanii, Hr., and the MacClintockia tri- 
nervis, Hr., forms which are equally represented in the Thanet 
flora of Gelinden and in the Antrim floras. These perhaps belong 
to the genus Pilea of the Urticeew, but they evidently existed in 
Europe at one definite stage and no other, and afford paleontological 
evidence that should be conclusive. With these is the Rhus bella 
of Heer, identical with Dewalquea gelindensis of Gelinden, and a 
few other less distinctive forms. 

The large number of fossil floras brought from Arctic regions have 
demonstrated that there is a gradual passage from those determined 
to be Cretaceous to those determined to be Miocene. The stratifi- 
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cation of these beds renders it in the highest degree improbable that 
beds of Eocene age should be unrepresented, whilst the known 
temperature of the Eocene would have been more favourable to the 
growth of temperate floras in high latitudes than the diminished 
heat of the Miocene. If paleontological evidence is to count for 
anything, the floras of Glenarm and Ballypalady must be correlated 
with the Thanet flora of Gelinden ; the lower bed of Atanekerdluk 
is a little older, and the flora of Ardtun is a little older still. The 
relative stratigraphical positions of the Antrim and the Ardtun 
leaf-beds bear this out. The flora of Lough Neagh, which is the 
newest of the basaltic floras in Ireland, is, upon paleontological 
evidence, somewhere on the horizon of the Bournemouth and Bovey 
floras. 

I have dwelt at some length on the illusory nature of the evidence 
upon which these floras have for so long been regarded as Miocene. 
The misconception as to their age was easy to propagate, but, after 
finding a place in every text-book of geology for 35 years, is hard 
to remove. If I have failed to attain this object, | am convinced 
that it is less from lack of evidence than from failure to arrange 
it im @ convincing manner. No steps towards a rational appre- 
ciation of fossil floras can be made until the fallacies regarding 
their age are swept away; but when this shall have been accom- 
plished, due allowance being made for differences of latitude and 
longitude, they may even surpass faunas in furnishing trustworthy 
data for determining the age of rocks. ; 

EXPLANATION OF THE PLATES. 

Puate XIII. 

Hocene Plants and Insects from Limestone of Ardtun ; natural size, except 
fig. 14a. 

Fig. 1. Coniferous foliage, resembling that from Greenland described as Sequoia 
Langsdor fii, Heer. 

2. oa foliage, similar to that described as Glyptostrobus europeus, 
eer. 

3. Fruiting branch of Podocarpus borealis, sp. nov. (p. 289). 
4. Flower-spike stem. 
5, 6, 10. Bracts or fragments of husks. 
7. Small drupaceous fruit. 
8. Elytron of a beetle. 
9. Hind wing of a Cercopid insect. 

11. Impression of a large subangular seed. 
12. Fruit of Platanus hebridicus, Forbes ? 
13, 14, 15. Male catkins of ditto. 
14a. Detached anthers, magnified. 

Puate XIV. s 

Typical Eocene Plants from Limestone of Ardtun; natural size. 
Fig. 1. Lobed leaf, a form usually ascribed to Acer. 

2. Quercites grenlandicus, Heer. 
3. Ovate, serrate leaf, undetermined. 
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Puate XV. 

Typical Eocene Plants from Limestone of Ardtun ; natural size. 

Fig. 1. Behmeria antigua, sp. nov. (p. 291). 
2. Ovate, serrate leaf, undetermined. 
3. Corylites Macquarrii, Forbes, sp. 

Puate XVI, 

Typical Eocene Plants from Limestone of Ardtun; natural size. 

Fig. 1. Ovate, serrate leaf, undetermined. 
2, 3, 5. Evergreen leaves, like those of Myrtacee. 
4. Betula-like leaf. 

Discussion, 

Mr. Baverman, as Chairman, remarked upon the great interest 
attaching to the study of these deposits, upon which the Author 
had brought forward a most valuable series of observations and illus- 
trations. 

The Presipent also bore testimony to the value of Mr. Gardner’s 
collections. Referring to the points upon which the Author differed 
from himself in opinion, he said that when he visited the locality 
he was impressed with the fact that Macculloch had correctly 
described what existed then. He thought that the Author was 
mistaken in the significance he attached to “‘ rubble-chalk.” Rubble- 
chalk was not chalk transported, but broken up zm situ. He con- 
sidered that the presence of lignite in the unfossiliferous sand- 
stones lying above the Upper Greensand was indicative of estuarine 
conditions. 

Mr. CarruTHEers remarked upon the extreme value of the col- 
lections obtained by Mr. Gardner, but said that as the specimens 
had not yet been worked out, he could not venture to pronounce any 
opinion upon the evidence which they furnished. 

Mr. G. F. Harris remarked upon the age of the deposits, which 
he understood Mr. Gardner paralleled with the Heersian beds of 
Belgium ; and if this were so, the Mull beds in question would not 
be older than the Thanet of this country. 

The AvrHor, in reply, referred particularly to the small thick- 
ness of Chalk occurring in Mull, and stated that in the case of the 
‘‘rubble-chalk,” its being 7m situ or not seemed to him to be an 
open question. He would not deny that the Greensand deposits 

~ might be estuarine, but at the same time he thought that Macculloch 
had assigned this character to them upon hearsay evidence. 
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93. Norss on the Structures and Rexations of some of the OLDER 
Rocks of Brirrany. By T. G. Bonnry, D.Sc, LL.D., F.BS., 

Professor of Geology in University College, London, and Fellow 
of St. John’s College, Cambridge. (Read March 23, 1887.) 

[Puate XVII. | 

Some unavoidable engagements prevented me from availing myself 
of the cordial invitation of the Socicté Géologique de France to our 
Members, and joining their excursion to Brittany last summer. My 
friend the Rey. E. Hill was, however, more fortunate, and his account 
was so interesting that I determined to spend part of my autumn 
holiday in learning something of the geology of a country to which 
many yearsago | had paid a flying visit for the sake of its antiquities. 
Tam greatly indebted to Mr. Hill for the loan of specimens, and for a 
number of valuable hints, both verbal and manuscript. Even greater 
are my obligations to Dr. Charles Barrois, who, being detained by 
official duties in the neighbourhood of Redon, most kindly wrote to 
me several times, pointing out the best localities for study, and in 
subsequent correspondence has imparted to me his views in the most 
frank and cordial manner. Some excuse may perhaps be needed for 
writing at all upon a district which is in the hands of geologists so 
competent as the members of the French Survey. The impressions 
formed during a passing visit may not unreasonably be deemed of no 
value in the presence of their more elaborate work. But in one 
respect (as Dr. Barrois urged in writing to me) I may hope my 
remarks may be not without use. I did not go to Brittany to 
eriticize, but to compare. I looked at its rocks in the light of other 
districts with which I am well acquainted, and sought to ascertain 
their bearing on general questions of metamorphism and the genesis 
of crystalline schists. 

Three questions, then, were always prominently before me as I 
worked :— 

(1) Among the crystalline schists what structures, if any, are 
presumably original? and what are due to subsequent disturbance 
primarily mechanical ? 

(2) What is the probable age of these schists? How are they 
related to, or in what respect do they differ from, beds indubitably 
Paleeozoic ? 

(3) How far are both the crystalline and the sedimentary rocks 
aifected by the more important intrusive igneous masses ? and do the 
results in case of the latter resemble the schists and gneisses generally 
regarded as of Archean age ? 

In regard to each of these questions Brittany supplies us with 
evidence which appears to me valuable. 

I travelled round the peninsula by the railway, halting at Vannes, 
Plouharnel, Lorient (whence I visited the Ile de Groix), Quimperlé, 
Quimper, Brest, Morlaix; but my remarks will be confined mainly 

Q.J.G.8. No. 171. Me 
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to the sections of the Ile de Groix, Quimperlé, and Morlaix. The 
physiography of all this part of Brittany singularly resembles that 
of Cornwall and the adjacent districts of Devon. There are the same 
wide and gently undulating plateaux and low rolling hills, the same 
tracts of grey granite and of shivery slate, the same steep-sided valleys, 
which at last are occupied by the sea, and sometimes become veritable 
fjords studded with hummocky islands: there are the same bare far- 
reaching moors covered with gorse and ling and heath: nay, even in 
the minor features, due to the hand of man, the likeness continues, 

. in the dolmens and menhirs of olden times, in the cottages and the 
dykes of earth and stone that replace hedges among the fields—even 
in the irregular twists and turns of the lanes! 

Brittany, where I saw it, is a rather difficult country for the 
geologist. Except on the granite moors and on the sea-coast, and 
occasionally in the valleys, natural sections are rather rare, and the 
most favourable localities, as it happens, are often far away from 
the only convenient halting-places. As the country is not densely 
peopled, artificial sections are not very common. Hence one may 
often walk a considerable distance without seeing any thing but 
woodland or cultivated fields. The task, then, of the geological 
surveyors must have been a laborious one, and I beg leave to 
express my admiration of the manner in which it has been accom- 
plished*. 

(1) The Ile de Grove. 

The admirable memoir by Dr. C. Barrois on this out-of-the-way 
locality makes it needless for me to describe in detail its geology. 
I will merely record the impressions which I formed during my 
examination of the eastern half of its coast. This is generaily 
rocky, occasionally precipitous, but, as a rule, easily examined. The 
dominant rock is a mica-schist; that of the greatest mineralogical 
interest is the amphibolite a glaucophane described by Dr. Barrois. 
Of the former there are several varieties. ‘The commonest contains 
chloritoid as a constituent; garnets are frequently present. Besides 
this there are some felspathic, staurolitic, and graphitic schists. 
These schistes a chloritoide are generally full of a well-developed 
silvery mica (paragonite ?), and the red garnets commonly vary from 
the size of a pin’s head to that of a small pea. The structure and 
composition of the group has been so fully worked out by Dr. Barrois, 
that I content myself with referring to his paper. I will merely add 

* The circular of invitation, issued by the Société Géologique de France, 
contains a very complete list of works dealing with the geology of Brittany. 
As this is a long one, and as a copy is preserved in the library of the Geological 
Society, I have thought it needless to add a bibliographical section to this 
paper. As the questions mentioned above are in most cases comparatively 
modern, I have not deemed it necessary to examine the older works, and to 
some in the list I have not access, but I have freely consulted the various 
papers by Dr. C. Barrois, Mr. Whitman Cross, and Dr. Le Hir, which deal with 
the districts visited by myself, and I took with me the sheets ‘‘ Lorient ” and 
“ Chateaulin” of the French geological map. Those including the remainder 
of Brittany are not, I believe, as yet published. 

t+ Ann. de la Soc. Géol. du Nord, t. xi. p. 18. 
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that the group, as a whole, not seldom reminded me in its mineral 
composition and structure of some of the schists, rich in silvery 
mica and garnet, which in the Alps, so far as my knowledge goes, 
appear to occupy a rather definite horizon, some little distance 
below the base of the great and widespread uppermost group of 
schists (the schistes lustrées in part of some authors; biindner Schiefer 
in part of others, the graue Schiefer and grine Schiefer of the Swiss 
survey map). 

Whatever may be the earlier history of these chloritoid-schists, 
they bear the impress of some later and very potent earth-move- 
ments. These have produced the dominant foliation, which sometimes 
renders the rock almost fissile, and in the planes of this cleavage- 
foliation, so far as I could ascertain, the larger scales of chloritoid 
(sometimes 3 inch diameter) have been developed. In the bay, 
south of Locmaria, about the middle of the south side of the island, 
the dip (about 20°) of the cleavage-foliation is slightly to the east of 
south, but afterwards it becomes roughly south-west; and this 
appears (allowing for local disturbances) to be the prevalent direc- 
tion in the eastern part of the island, the angle of inclination being 
commonly from 15° to 20°. 

The amphibolites are chiefly developed to the south of Locmaria, 
and near the Fort de la Croix at the eastern end of the island. They 
occur in bands, apparently interstratified with the other schists, at 
most about 50 yards thick, but often less. 

Besides glaucophane, which is usually present, they contain 
garnets (commonly abundantly), together with epidote, green 
hornblende, white mica, quartz, sphene, rutile, and hematite. They 
are commonly schistose in structure, and occasionally exhibit mineral 
banding, both structures coinciding with the “ cleavage-foliation ” 
in the chloritcid-schists. ‘The banding is often produced by a pre- 
dominance of epidote, sometimes of glaucophane. Occasionally, as in 
a case south of Locmaria, the amphibolites are rather massive. 
Sometimes, as to the north of the Fort de la Croix (where the rock is 
coarser, the garnets being as large as a pea), they are conspicuously 
schistose. Not seldom the amphibolites are rotten, and I believe 
that any one who wished to collect the rock simply for microscopic 
sections would obtain the most suitable specimens from the rolled 
pebbles on the beach. ‘The schistose structure is not always clearly 
marked, and some of the rock in its mode of decomposition reminded 
‘me of the more massive varieties of the ‘‘ chloritic schists” of South 

Devon*. ‘The constituent minerals have been so admirably described 
by Dr. Barrois in the memoir already quoted, that I will merely say 
that some of the varieties of the rock are extraordinarily rich in 
glaucophane, though the individual crystals of the mineral are not 

_ generally large’. I quite agree with Dr. Barrois that the crystalli- 
zation of the glaucophane is posterior to the pressure which has in 

* Quart. Journ. Geol. Soe. vol. xl. p. 1. 
tT Some of the less schistose forms curiously resemble, both macroscopically 

‘q and microscopically, the glaucophane eclogite which I have described from the 
Val d’Aoste (Mineral. Mag. vol. vii. p. 1). 

yao 
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all probability produced the foliation of the rock, for the crystals 
exhibit no sign of strain or fracture, but that the garnets existed 
anterior to the crushing. These are of a brown-red colour, of 
variable size, but seldom, if ever, more than 0'''4 diameter, com- 
monly less, often about 01. 

The genesis of these glaucophane-amphibolites is a question of 
great interest, to which I directed special attention. The rock cer- 
tainly appears interstratified with the other schists ; it is distinctly 
foliated, sometimes banded, and simulates stratification. But I 
agree with Dr. Barrois that we cannot, therefore, claim for it a 
sedimentary origin*. There appears to. be little indication of a 
graduated passage from the one rock to the other. Asa rule the 
divisional lines are rather sharp. -Once or twice I noticed thin 
bands of mica-schist in the amphibolite, which were difficult to 
explain on the theory that the latter was intrusive. Still, as both 
rocks have evidently been subjected to earth-movements of great 
intensity, which have given rise to the structures now dominant, it 
is possible that the ordinary minor indications of intrusion may have 
been effaced, and small included masses of the schist may have been 
flattened out by the same cause which has produced the simulated 
stratification of the amphibolite. So that while I will not speak 
positively on a question in regard to which Dr. Barrois, with his 
much greater experience, fears to commit himself, I must say that 
I incline to regard these amphibolites as rocks of igneous origin 
and intrusive, but converted into schists by pressure and recrystalliza- 
tion. The occasional “ puckering” of the foliation looks as if some 
movements had occurred after the present crystallization had taken 
place. As to the condition of the schist when the amphibolite was 
intruded I found no evidence, except that I noticed here and there 
near the junction some rather lenticular bands which contained 
some large, but ill-preserved, crystals, apparently of staurolite or 
andalusite. 

(2) The District around Quimperleé. 

In this district I examined a part of the sea-coast near the 
embouchure of the river Pouldu, a spot about seven and a half 
miles to the south of Quimperlé, and carried on my work from that 
town in a north-westerly direction for about three miles along the 
Bannalec road *. 

The town of Quimperlé is built on the rough slopes of two glens, 

* Dr. Barrois suggests a similar explanation for the banded structure of the 
hornblende-schists at the Lizard. It is possible that he may be right. That 
foliated schists can be so formed has been shown by Mr. Teall, and is proved 
elsewhere in Brittany, as will be seen. At the same time I did not myself see 
in the Ile de Groix neariy such good imitations (if I may use the phrase) of the 
phenomena of bedding as there are at the Lizard. Moreover, the amphibolites 
are comparatively thin bands, often only a few yards thick, and this structure 
is most conspicuous in their outer part, while the hornblende-schists of the 
Lizard are very thick. 

t It would be difficult to find a more picturesque place than Quimperlé, or 
a hotel more pleasantly situated or more comfortable than the Hotel de France 
et d’ Angleterre. where I spent five days. 
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which unite their waters at the lower end of the town. The 
dominant rock, for about half a league to the north and rather 
more than double that distance to the south, is a strong gneiss 
(mica-schiste granitique of Barrois), a broad zone of which extends 
across the country in a general W.N.W. direction. The commonest 
variety may be described as a moderately coarse, rather felspathic 
eneiss, consisting of quartz, reddish felspar, and dark green mica, 
the last-named mineral occurring in thin irregular bands, with a 
generally parallel arrangement, so as to produce a somewhat foliated 
structure, though the rock is not markedly fissile in this direction. 
Macroscopically the rock recalls to mind some of the Hebridean 
gneisses of Scotland, and of the Laurentian gneisses of Canada. 
Varieties may be noticed. A quarry near the river and the viaduct, 
just below the town, affords a good exposure of the commonest type. 
Higher up, just beyond the last house, we find a more micaceous 
variety, while, still higher up, just within the town, a quarry shows 
a rock with but httle mica, more resembling a fine-grained vein- 
granite. Microscopic examination of the first-named rock shows it 
to be composed of quartz, felspar (orthoclase and plagioclase) a little 
decomposed, and a dark olive-brown mica. The wavy outlines of 
the felspar, the way in which it encloses rounded grains of quartz, 
and the general association of the two minerals and of the mica, 
recall to mind a structure which, whatever be its significance, 
characterizes, so far as I know, the Laurentian gneisses. 

The finer-grained rock mentioned above (quarry inside the town) 
differs, under the microscope, from an ordinary vein-granite, and 
exhibits the same arrangement of the quartz and felspar which 
characterizes the gneiss just described. The only variations are 
that all the constituents are slightly smaller in size, there is less 
mica, less approach to a foliated structure, and perhaps a slightly 
greater proportion of quartz to felspar. 

These rocks, then, like many of the older gneisses, give us no 
dominant indication of cleavage-foliation, and we may venture, [ 
think, to say that, whatever be their genetic history, they belong to 
the Laurentian gneisses, though they may subsequently have under- 
gone some modification. Foliation at the first quarry strikes a little 
to the east of N.N.E.; the dip is towards the western side, and is 
low, not exceeding 15°. This structure, however, may be, in the 
main, a record of a later disturbance. 

Following the road to Bannalec in a general north-west direction 
we pass at first outcrops of the above-named gneiss. Then we find a 
quarry in a fairly well-preserved felspathic granite with two micas, 
the black predominating, and about a furlong beyond we pass a vein of 
rotten felspathic granite, intrusive in a micaceous gneiss, the foliation 
of which I should regard as mainly the result of cleavage, and as 
prior to the intrusion of the granite. Ata distance of about 2-4 
kilometres from the town is a quarry in a rotten, rather fine-grained 
felspathic granite (the granulite of Barrois); then comes a schistose 
felspathic gneiss (granulite schisteuse of Barrois); the foliation is 

the latter appears to me due to mechanical causes. The strike in a 
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pit about 52 kilometres from the town is very slightly west of north. 
Under the microscope the foliated structure is distinctly indicated 
by wavy bands running across the slide, like rootlets growing in 
the direction of the lines of foliation. These are occupied by a 
mixture of white mica, often microlithic, tiny scales of brown mica 
(occasionally), an earthy-looking mineral, and chalcedonic quartz. 
Between these bands occur fragments of felspar, an irregular mosaic 
of quartz and felspar, and larger scales of mica. Among the felspar 
fragments, which are sometimes a good deal decomposed, orthoclase 
can, I think, be recognized, also microcline, and a little plagioclase 
with lamellar twinning. In the most decomposed felspar tiny scales 
of white mica have often formed. It is rare to find a quartz grain so 
much as 0:02 inch in diameter, but lenticular aggregates composed 
of irregularly outlined and often flattened-looking granules, just like 
the structure in a mica-schist, are frequent ; sometimes the majority 
of the granules in one of these aggregates show the same tint. The 
brown mica also often occurs in aggregated flakes, and I am inclined 
to refer some associated white mica enclosing black flakes to an 
alteration of biotite. It is to my mind obvious that we have here 
a case of the formation of a gneissoid rock from a fairly coarse 
granitoid rock by crushing, followed by a certain amount of mineral 
rearrangement—~. ¢., a case of cleavage-foliation. My impression 
in the field, and it is not contradicted by microscopic examination, 
was that this gneissic rock had been developed from the granite 
already described. 

About one kilometre further is a large pit in a very different rock, 
the hdlleflinte of Barrois. Two varieties of it occur here—the one, 
black, compact, with sharp subconchoidal fracture, behaving under 
the hammer almost like flint; the other slightly schistose and 
streaky, rather grey in colour, and exhibiting an “ augen-structure ” 
on asmall scale. Under the hammer the latter is more fissile, and 
does not fly into such sharp-edged chips. The banding is about 
vertical, striking between E.N.E. and EK. Both rocks weather a 
pale grey colour, and are much jointed. In the time at my disposal 
I could not find any distinct line of junction between the two 
varieties, but in the pit the grey rock certainly occurs on both sides 
of the black. On microscopical examination the grey rock proves, 
as I had already suspected, to be a rhyolite, in which subsequent 
pressure has produced a slight schistosity. We can still recognize 
the remains of a flow-structure ; the “eyes” are porphyritic crystals . 
of felspar ; sometimes they are almost crushed, sometimes they have 
been sheared, and the one fragment pushed in advance and slightly 
separated from the other. One crystal, now about °15 inch long, 
has had its ends crushed, and the other part split and sheared, so 
that the pieces rest one on the other like a series of slabs placed on 
the slope. The rock does not appear to have formerly contained 
any large quartz-grains, but two or three flakes of white mica 
resemble an original constituent. The crushing appears to have 
acted nearly at right angles to the actual flow-structure. It has 
developed, as usual, a minute filmy golden-coloured mineral (seri- 
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cite?), arranged in slightly wavy bands, which give the brightest 
colours when placed at about 45° with the vibration-planes of the 
erossed nicols. There are some specks of iron oxide, and one grain 
may be brown tourmaline. Of the nature of the black rock it is 
difficult to be sure. There is, as is common with hard, compact, 
flinty rocks, a want of definiteness in its structure. It might 
be a glassy igneous rock, modified by decomposition and other 
mineral changes, but then we should have expected that it too 
would have shown a schistose structure. The absence of this 
suggests a difference in origin. On careful examination I fancy I 
detect faint indications of fragments, so that I believe this to have 
been (like so many of these hialleflintas) a fine-grained tuff. 

On one point I feel certain, namely, that these two rocks have no 
relation to the gneissic series*. The alteration in them is not more 
than we often find in the lower Paleozoic rocks of Britain. They 
may be nearly parallelled by specimens from Charnwood or from 
Carnarvonshire. They may possibly be rather older than our 
Cambrian, but they might be later than this formation. 

Beyond this pit occurs a felspathic gneiss with cleavage-foliation 
like that already described. 

To the south of Quimperlé the coarse, strong gneiss continues for 
some distance, and is followed by “granite mica-schisteux ;” then 
comes a Zone, some couple of miles wide, occupied by “‘ mzca-schistes,” 
regarded by Dr. Barrois as generally equivalent to the schistes a 
chloritotde of the Ile de Groix. Little rock is seen by the roadside 
till the coast is approached. [ only noticed a very fissile mica-schist 
(about 97 kilometres from Quimperlé), which much resembles some 
of the Alpine mica-schists, in which crushing has produced a cleavage- 
foliation, obliterating all earlier structures. The strike of the 
cleavage-foliation is roughly east to west, and the dip very high to 

the north. But on reaching the coast a very interesting series of 
sections is obtained at low tide, just within the embouchure of the 
Pouldu, and along the sea-coast to the west. 

The low cliffs in the eastern part of this section afford us repeated 
sections of a very definitely banded gneissoid rock, with some amphi- 
bolites and a vein of felspathic granite. The first-named rock con- 
sists of bands of a rather fine-grained gneiss, composed chiefly of 
quartz and felspar, with a small quantity of a silvery mica of a 
yellowish-grey colour, alternating with a rather darker and coarser- 
grained rock; the one somewhat resembling a vein granite, the 

- other a felspathic gneiss. The bands of the former rock vary gene- 
rally from 4" to 2" thick; those of the latter are sometimes only 

about z thick, but are usually more, and generally dominate over 
the other. Both rocks, but especially the former, have a “slabby ” 

: fracture parallel with the mineral banding ; in the latter, however, 

* Ispeak, of course, of this particular hdlleflinta. The hdlleflinta or petro- 
 silex of the “ Promenade” at Quimper appeared to me a result of crushing of the 
‘granitoid rock which forms the hill, and a slide which I have had eut from 
_ +4specimen taken by Mr. Hill seems to me to accord best with this view; at 

any rate it indicates intense crushing. 
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the felspar often occurs in rounded grains up to the size of hemp-seed, 
with a greenish-grey mica between. Still it is difficult to explain 
the marked mineral banding of the rock, evidenced among other 
things by the solidity of the paler, and the incoherency of the darker 
bands,—exhibited both in their weathering and their behaviour when 
hammered, the latter rock crumbling to pieces hke an arkose,—unless 
we assume that it existed prior to the crushing, and of this I think 
we obtain, at least at one point, conclusive evidence. As a rule the 
crush-planes and apparent stratification-planes are parallel, both 
striking roughly east to west, with a dip of about 45° to the northern 
side ; but at one place we have a section, of which a rough sketch is 
annexed (fig. 1). Here we have the mineral banding perfectly well 

Fig. 1.—Diagrammatic sketch of Contorted Banded Geiss at the 
Embouchure of the Pouldu. (About 6 feet high.) 

The lines indicate the courses of the more conspicuous quartz-felspar bands ; the 
interspaces the more micaceous parts, which haye a rude cleavage parallel 
with the arrow. 

Fig. 1a.—Small portion of one of the Contortions shown in Fig. 1, 
about 8 inches in diameter, showing the quartz-felspar bands 
with occasional cracks parallel with cleavage, the dotted part being 
the more cleaved micaccous bands. 

defined, and forming a series of loops, the axes of which are paralle 
with the usual direction of the banding and cleavage-planes, but at 
the top and bottom of the loops the bands “ wriggle” across the 
direction of cleavage. Throughout the darker bands the cleavage 
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runs roughly parallel with the axes of the loops, but where they 
make with it the largest angle it is least definite, and here trans- 
verse cracks, apparently giving relief from strain, traverse the 
lighter bands. 

I have examined slices cut from four varieties of this series, two 
of them representing the above-described varieties taken at the 
“wriggle,” the third, a slab rather intermediate between the two 
varieties, and the fourth a coarser kind which exhibits very distinct 
banding, zones of mica alternating with felspathic layers, from a 
quarter to half an inch or more wide. 

The principal minerals in the first rock are felspar, quartz, mica, 
iron oxide, and an earthy-looking substance which, for brevity, I 
will cail ferrite. The first two are by far the most abundant, and 
the felspar rather exceeds the quartz. The felspar appears to be 
orthoclase ; at any rate, the lamellar twinning, usually characteristic 
of plagioclase, is absent. The felspar occurs in rather elongated 
erains of irregular outline (Pl. XVII. fig. 1); many of these show 
a cleavage roughly perpendicular to the longer axis of the grain. 
The larger grains are much interrupted by inclusions of quartz, 

- usually very clear. ‘The form of these varies much: sometimes they 
are rounded or oval spots, occasionally one or more of the boundaries 
is rectilinear, and they sometimes tend to be arranged in ill-defined 
streams in the direction of the longer axes of the felspar; thus at 
first sight parts of the slide might be taken for a kind of mosaic of 
rather small independent grains of quartz and felspar, but on apply- 
ing the nicols the uniformity of tint indicates the not unfrequent 
presence of a single crystal of felspar interrupted by the quartz 
grains. There are also some elongated streaks of quartz formed of 
a few long interlocking grains which show strain-shadows. The 
quartz, too, tends to parallelism in the direction of its grains, and, 
speaking of the slide as a whole, the minerals exhibit a rather 
general uniformity of tint, as if this arrangement held throughout 
in the individual constituents. The mica, of which there is very 
little, is sometimes brown, sometimes olive-grey; irregular wavy 
.eracks, marked out by ferrite, traverse the slide roughly in the 
direction already mentioned. The minerals in the second slide are 
the same, except that there is less quartz and a good deal of an 
olive-grey mica, in flakes often about ‘03inch long. There are also 
some smaller flakes of brown mica. As in the last slide, the felspar 
grains are interrupted by secondary quartz. Cracks, indicated by 
ferrite, traverse the slide, giving parts of it almost the aspect of a 
true fragmental rock. ‘The third slide contains similar minerals, the 
mica occurring in fairly thick and well-defined bands. In the fourth 
the arrangement is similar, but the quantity of mica in different parts 
of the slide is variable, and in parts there is marked evidence of 
crushing, ~ 

The mica described above is of a pale olive-grey colour, sometimes 
almost colourless, often streaked with darker lines and with plates 
(hematite?) between the cleavage-planes. It is slightly dichroic, 
and, notwithstanding its paleness, I am disposed to regard it as an 
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altered biotite *, which mineral in an unaltered condition may be 
occasionally detected. 

Just within the embouchure a very singular rock occurs, associated 
with the ordinary gneiss, and overlying a band of amphibolite. It 
is very fissile, and appears to consist of flattened lumps, seemingly 
of white felspar, spotted with quartz, in a grey schistose micaceous 
matrix. The juncticn with the overlying gneiss is slightly irregular, 
and the bed seems rather variable in thickness. On examination 
with the microscope I find its relations with the gneiss to be closer 
than I had anticipated in the field. The matrix consists of a mica + 
similar to that in the gneiss, alternating with thin bands of quartz. 
Both have evidently undergone much disturbance. Some quartz, 
which is minute and chalcedonic, is certainly of secondary origin ; 
but the larger grains appear to belong , like the larger mica flakes, 
to an earlier stage in the history of the rock, as though it had been 
broken up and recemented, ‘The ‘lumps ” exhibit the same com- 
pound structure as has been already described in the felspar of the 
gneiss, but the quartz inclusions are more numerous and the felspar 
is less characteristic. In one grain these liues of inclusions appear 
to be bent into a series of arches, the points of which lie in a line 
roughly parallel with the foliation. Another grain appears to have 
been broken up and recemented. 

These rocks, then, afford unequivocal indications of mechanical 
disturbance, undergone after they had assumed a crystalline con- 
dition, and followed by some amount of mineral rearrangement. 
There are also marked indications of mineral rearrangement on a 
larger scale, and it is an interesting question how far that is anterior 
or Sastonun to the crushing. -As the bands of mica and, to some ex- 
tent, the inclusions of quartz are parallel with the lines of cleavage, it 
might be urged that these also had indirectly resulted from the same 
cause. But to my eye the bulk of the mica has every appearance of 
being an original constituent. It is sometimes twisted, pushed, and 
tumbled about, or the ends of the flakes have a ‘‘ pinched-up” look ; 
the lines of fracture often cut completely through the felspar-crys- 
tals with their quartz-inclusionsy, and the fragments are occasion- 
ally separated and displaced (Pl. XVII. fig. 2). Hence, though 
I should admit that a certain amount of sit eh deposition and re- 
crystallization, especially in regard to the quartz, has occurred since 
the crushing, I believe that when this happened the rock was already 
foliated. Indeed, apart from microscopic examination, I could not 
otherwise explain the discordance of the mineral banding and the 
cleavage already described. We have, then, here another case of a 
cleavage-foliation impressed upon a rock already foliated. What is 
the history of this earlier foliation our present knowledge does not 

* 'The “bleaching” being due to the concentration of iron oxide in the cleavage- 
planes. Cf. the changes which have been described in hypersthene and olivine. 
Hence the mica has been changed from a magnesia-potash-iron mica to a 
magnesia-potash mica (perhaps hydrous). 

+ The uniform tint of these inclusions suggests that they are secondary and 
what is often called quartz de corrosion ; but, as stated, I cannot regard these as 
posterior to the crushing. 
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enable us to say. I will only remark that it is difficult to explain 
this marked mineral banding without assuming some original differ- 
ences of arrangement in the constituents of the primary rock. 

These gneissose rocks form the irregular coast-line to the sandy 
bay of Kersélec, but we find an interesting variation before reaching 
a headland occupied by an old fort. Here is a band of mica-schist, 

perhaps 40 feet thick; it distinctly underlies the banded series 
already described, and overlies a less banded series resembling a 
coarser part of the upper rock, but rather greener in colour. A 
similar rock may be seen at the top of the cliffs near a signal-station, 
and by the fort just beyond is a darkish green gneissic rock*. The 
mica-schist has a general resemblance to that at the Start Point 
(8. Devon), and has obviously undergone cleavage-foliation. This, 
however, is parallel with the bedding of the reckt. In the sandy 
bay above mentioned we have more or less banded gneissic rock 
resembling that which is already described. 

Bands of “‘amphibolite” occur at intervals along the coast. 
These, according to the French map, are three in number, and two 
of them are marked as extending from the embouchure of the river 
to the sandy bay. Between these is indicated a band of serpen- 
tine; this, however, I did not see. The amphibolites appeared to 
me undoubtedly intrusive rocks; for though they had a general con- 
cordance with the mineral banding of the gneiss, I occasionally 
detected them distinctly cutting across it (fig. 2), and I further 

Fig. 2.—At the Embouchure of the Pouldu. 

A. Banded gneiss, the darker B. Amphibolite, crushed and schistose, 
shades representing the more but far less regularly banded than A. 
micaceous layers. 

__ believe that the gneiss was already foliated when the intrusion took 
_ place, but that the mechanical disturbance which has affected the 

_ gneiss has produced distinct schistosity in the amphibolites. 

___ I have examined specimens of two of these amphibolites from the 
_ western side of the peninsula, one rather coarse, the other compact 

___* The former of these, and perhaps also the latter, is very likely a continua- 
_ tion of the beds mentioned on the shore, but I had not time to prove this. 
+ Owing to the fissile character of the rock it is practically impossible to 

obtain a sufficiently thin section for accurate micruscopic examination. Parts 
_ of it are almost opaque from the abundance of a black mineral, which, as in the 
_ specimens from the Start, is probably partly graphite, partly iron oxide; there 

is a white mica, and some brown, and a fair amount of a dichroic greenish 
_ mineral, rather like the chloritoid of the Ile de Groix. 



og PROF. T. G. BONNEY ON THE 

and very distinctly schistose. The principal minerals in the former 
are hornblende, chlorite, epidote, felspar, quartz, sphene(?), and 
probably hematite. The rock has a somewhat foliated structure, 
the bulk of the first three minerals being associated in rough wavy 
lines, inosculating to form a rude network, and the interspaces being 
occupied by felspar- or quartz-grains, across which are “ trailed ” 
small insulated crystals of hornblende, epidote, or chlorite. No 
polysynthetic twinning is exhibited by the supposed felspar, and it is 
exceedingly difficult to distinguish some of it from quartz. The 
constituents of the more compact rock appear to be the same, but 
they are much smaller in size, though the hornblende-crystals are 
sometimes larger than the rest. This mineral is not of so deep a 
green as in the other rock. I suspect, though I have not been able 
to prove it, that a light-coloured variety of augite is also present. 
A rough parallelism of the constituent minerals, without much ten- 
dency to banding, is very conspicuous. From the slide alone one 
would have identified the rock as a hornblende-schist without hesi- 
tation. In these specimens molecular rearrangements appear to 
have entirely obliterated the lines of cleavage, which have remained 
so conspicuous in the associated rocks*. 

Though I twice visited this locality, I was not able to carry my 
examination further than the Bay of Kersélec, and then could only 
examine the headland forming its eastern boundary from the top of 
the cliffs, their base being washed by the sea. Its western boundary, 
however, according to the French map, repeats the sections which I 
have already described. 

A section on the Belon river to the south-west of Quimperlé is of 
so much interest that, although at some distance from the line 
described above, I will briefly notice it. The new road, descending 
to a ferry, passes over a coarse gneissoid granite, which is well ex- 
posed on the shore below. Above the ferry-house is a fine-grained 
mica-schist, dark grey in colour, with a marked foliation, striking 
slightly south of west, nearly vertical, but perhaps dipping on the 
northern side. Just below the ferry-house are several small vein- 
like intrusions of fairly coarse granite, and further down the estuary 
we reach the main mass of the granite. The effects of pressure on 
the intrusive granite are very interesting. The whole has been 
affected by cleavage-foliation. A vein, comparatively thin, and 
lying perpendicular to the pressure, has been still further elongated ; 
one transverse to it, or thick in section, has been distorted or zig- 
zagged (fig. 3). The normal mica-schist or micaceous gneiss consists 
of quartz, biotite, a white mica (in rather smaller scales), and a 
granular mineral, probably felspar rather decomposed, with one or 
two small garnets. It has evidently undergone compression, subse- 

* Near the most northern of the amphibolites a dyke of felspathic fine- 
grained granite (micro-granulite, Barrois) cuts right across the strike of it and 
the banded gneiss. It is much decomposed, contains either two felspars or 
crystals of a felspar in a felspathic base, no great amount of quartz, and black 
mica, some in well-developed hexagonal plates. I have not examined it with 
the microscope. It shows no signs of being crushed. According to the map 
this dyke occurs at intervals for about a mile along the west bank of the river. 
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quent to the crystallization of its constituents ; but the indications of 
crushing are not quite so clearly marked as I had anticipated, some 
of the biotite having escaped with little change. I should conjecture 
that the rock was originally a rather fine-grained micaceous gneiss, 
fairly homogeneous in structure, and that the pressure had been 
oblique to the original foliation. The results of crushing are far 
more marked in the granite. It has evidently been a coarse-grained 
rock, composed of quartz, felspar, and mica. Parts of the slide show 
where the rock has been utterly crushed, and consist of a sort of 
mosaic of quartz, decomposed felspar, and mica. In other parts 
large fragments of the original felspar crystals still remain. Where 

Fig, 3.—Small intrusions of Coarse Granite in a Micaceous Gneiss, 
both showing effects of pressure. Near the Ferry House, Belon 
River. (Size about 63 by 23 feet.) 
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at first sight there appear fair-sized grains of quartz, application of 
the nicols shows these to be composite in structure, though often one 
tint predominates in the constituent grains. Recementation, how- 

ever, is complete; but the borders (that is, we may presume, the 
cementing material) are often differently coloured from the grains 
on either side. The brown mica forms irregular lenticular bands 
lying in the general direction of the cleavage. It is rare to find a 
flake 02 inch long. Commonly the bands are made up of aggregated 
flakes about -01 inch long or less. Here and there is a fair amount 
of a white mica; part may be a true secondary product, but some, I 
think, is only an alteration form of the biotite. I feel convinced 
that these streaks of biotite owe their origin to a crushing up, per- 
haps sometimes to a crushing together, of the large flakes which 
existed in the unaltered granite. I may remark that both in the 

_ mica-schist and in the granite reconsolidation appears rather un- 
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usually complete. A specimen of granite from the hillside, obtained 
from a cutting, and so unweathered, recalls to mind some of the 
granitoid rocks associated with the oldest Archeans. I may add 
that, even in the thin veins, the granite is almost as coarse as in 
the mass, and yet the adjacent mica-schist shows no appreciable 
alteration. 

(3) Roscoff and Morlaix District. 

The low cliffs and skerries on the shore on the west side of 
Roscoff, a quaint little sea-port, some sixteen miles to the north- 
west of Morlaix, exhibit sections of great interest. The following - 
rocks occur :—(1) Banded gneiss; (2) a moderately coarse-grained 
porphyritic granite, rather dark in colour; (3) a rather fine-grained 
and lighter-coloured granite; (4) amphibolite. 

(1) This gneiss is a rather fine-grained rock, consisting (macro- 
scopically) of quartz, felspar, and mica, chiefly black. The banding 
is very distinct, and is brought out in weathering, one set of layers 
containing more quartz and less mica than the other. Thus the 
former are paler in colour, of a yellowish or reddish-grey tint ; they 
yield slowly and uniformly, and project in little slabs; the latter 
are a dull or brownish grey, they crumble away, and develop a 
fissile structure. The annexed sketch may save a longer description 
(fig. 4). The more quartzose layers are often rather less than 4", 

Fig. 4.—At Roscoff. (Length about 7 feet.) 

More micaceous bands, with much 
more appearance of crushing. 2 

2 

A, 
A, 
A 3 B, 

\ Quartzo-felspathic bands, with | iu 
| some mica, slightly foliated. | 5? 

but they are found up to 2” or 3”, and occasionally more than 12"; 
the micaceous layers are thicker, and a micaceous streak not seldom 
occurs in the thicker quartzose bands. They appear to pass into 
one another, but the change is rapid. ‘The beds are a good deal 
twisted, but the general strike appeared to me between W.S.W. and 
S.W., with a dip of about 60° on the southern side. There are, 
especially in the micaceous layers, indications of a cleavage-foliation 
coinciding with the stratification-foliation. One crag, however, 
beautifully illustrates the independence of these structures. Here 
a roll has brought the stratification-foliation.to make a low angle 
with the horizon, and the cleavage can be discerned maintaining its 
normal direction and cutting across it (see fig. 5). 

The chief constituents of these rocks are quartz, felspar, and a 
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dark olive-brown mica, with an occasional crystalline grain of tour- 
maline and of a mineral which I have not succeeded in identifying*, 
The quartz and the felspar grains have the subangular or subrotund 
outlines which seem to be characteristic of the older gneisses, and 

Fig. 5.—At Roscoff’. 

A-B. Lines of mineral banding. 
C-D. Lines of slight rude cleavage. 

the former are occasionally distinctly elongated, with a slight linear 
association, and have some appearance of strain-polarization. Among 
the felspars plagioclastic twinning is seen, but many grains are un- 
twinned. The mica occurs in well-developed flakes, often about 
02 inch long or rather less. They have a fair thickness perpen- 
dicular to the basal plane, the proportions in the sections being about 
1to4. They lie roughly parallel with the mineral banding. ‘The 
erystals are well developed, and do not generally appear compressed 
or crushed at the edges. In the more micaceous layers there is also 
a marked diminution in the quartz, and plagioclastic twinning is 
much more common in the felspar. There is also more of the 
unidentified mineral. ‘This gneiss appears to be very little affected 
by the intrusion of the porphyritic granite. A slice cut from a spe- 
cimen taken from within 4 or 5 inches of a junction does not differ 
appreciably from apparently normal specimens ; and even at a junc- 
tion where the granite interpenetrates and appears to be fused into 
the gneiss, the latter in parts of the slide retains its normal character. 
Yet the granite is fairly coarse and porphyritic to the last, so that 
the temperature of the surrounding rock must have been high during 
the solidification of the former. Hence I conclude that the latter 
had assumed its present mineral condition before the intrusion of 
the granite. In the case where a faint cleavage is seen crossing the 
stratification-foliation, both the quartz and the felspar, especially in 
the larger grains, indicate strains. Many parts of the slide have a 
peculiar fragmental aspect, not as if there had been absolute crush- 
ing, but as though the grains had been separated, slightly displaced, 
and recemented ; indeed, I am almost certain that sometimes two or 

* Tt occurs sometimes in roundish grains, but sometimes in imperfect prisms, 
angles about 120° being occasionally shown. In texture and faint bluish tint 
it a little resembles apatite. It seems to have two imperfect cleavages, nearly, 
if not quite, at right angles. It encloses rarely brown mica, zircon(?), and 
cavities, and it shows (also rarely) a brown decomposition-product. It is rather 

_ feebly doubly refracting, which adds to the difficulty of determination; but I 
think it is not uniaxial. 
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three grains have once formed portions of a larger one. The mica- 
flakes also appear often as if they had been twisted out of their 
original position, and the bands themselves are sometimes rather 
rumpled. In short, the microscopic structure of the rock recalls 
that which I have observed in other gneisses and schists which have 
been exposed to a pressure not sufficient to develop a marked cleavage- 
foliation. 

(2) The largest mass of the porphyritic granite is near the eastern 
end of the section examined. The same rock, I believe, forms the 
numerous skerries and tors east and south-east of the town. This 
granite cuts both the amphibolite and the gneiss*, being completely 
welded to, and sometimes including strips of, the latter. As said above, 
it is coarsely crystalline up to the junction-surface ; one would there- 
fore suppose that it cooled slowly. Microscopic examination shows 
it to consist of quartz, felspar, brown mica (partly altered here and 
there into a green mineral), and a little apatite and iron oxide. 
Some of the felspar is orthoclase, which is, in places, much altered, 
being replaced by minute kaolinitic and micaceous minerals; but 
plagioclase is more common, showing lamellar and “ pericline” 
twinning. The rock has sometimes a slightly foliated aspect, and 
under the microscope shows indications of disturbance, though this 
is less marked than in the gneiss and the amphibolite +. 

(3) The fine-grained granite occurs in irregular dykes, cutting 
right across the banding of the gneiss, and including fragments of 
the porphyritic granite (fig. 6). In one ease, at its junction with 

Fig. 6.—At Roscoff. 

A. Gneiss, banding very distinct; lighter | C. Included fragment of dark por- 
layers, sometimes full 3 inch thick. phyritic granite. 

B. Fine-grained granite. D. Quartz-felspar vein. 

* Tn one case it has lifted up and bent into a curve the top bands of the 
gneiss. 

t One or two grains show “corrosion quartz,” and in others the lamellar 
twinning occurs in a part of a grain only, near to a slight bend, which seems 
favourable to Professor Judd’s view of this twinning being sometimes due to 
subsequent mechanical action. 
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the gneiss, it is bordered by a quartz-felspar vein, sometimes banded 
with tourmaline. The ‘“‘vein” seems to “muddle up” with the 
granite, but is sharply divided from the gneiss, into which it sends an 
offshoot. This granite exhibits no signs of mechanical disturbance. 

(4) The amphibolite is a dark hornblendic rock, sometimes con- 
taining black mica. In some places it seems to be interstratified 
with the gneissic rock, but as the thickness is variable, and it occa- 
sionally cuts obliquely across the bands of the other, I consider it 
intrusive, though it not seldom follows planes of an earlier foliation. 
A more or less foliated structure, whichis parallel with that domi- 
nant in the gneiss, is visible in the different masses; there is no 
indication of a contact-metamorphism in the latter, and I fully 
believe that the gneiss was a foliated rock when the “ amphibolite ” 
was intruded, but that both were afterwards subjected to considerable 
pressure. A specimen of the amphibolite, which macroscopically 
closely resembles the darker more homogeneous varieties of the 
hornblende-schist at the Lizard, has for its dominant mineral a dark- 
ereen hornblende, exhibiting strong dichroism. The cleavages 
parallel to oop are well developed, and crystal faces op and 
coPo are not rare. ‘The grains commonly measure ‘02”, or a 

little less, in the direction of the vertical axis, and rather less than 
‘01""in the direction of the clino-diagonal. A colourless mineral, 
sometimes slightly ‘“‘ powdered” with ferrite, which has consolidated 
after the hornblende, comes next. It is difficult to be sure whether 
this is quartz or felspar, but the latter mineral is present. A little 
biotite, a few grains of iron oxide, a dirty-looking mineral which I 
think probably an impure epidote, and some small crystalline grains 
which I take to be sphene also occur ; thus the resemblance of this 
rock to some of the Lizard hornblende-schists is very striking. 

Gneiss and granite, as above described, are traversed by the rail- 
way some little distance to the south of Roscoff, and are then 
succeeded by slaty rock. Morlaix affords excellent opportunities 
for studying the effects of pressure and of igneous intrusion on 
ordinary sedimentary rock*, The deep and craggy valley in which 
this quaint old town nestles by the riverside, the quarries, the road- 
side cuttings, and even the blocks in the rough-built walls which 
prop up the terraced gardens, afford endless studies of the results of 
pressure. The dominant rock formerly consisted of a dark clay 

_ Closely interbanded with grey silt or fine earthy sand. As arule the 
bands of the latter do not now exceed 1”, and are often thinner. The 

former are often over 1", and sometimes the argillaceous rock is free 
from the sandy bands. ‘The planes of cleavage and of stratification 

a are very commonly coincident, but the bands indicative of the latter 
constantly zigzag and wriggle across the former. The sandy bands 
only exhibit a faint cleavage; hundreds of examples illustrate how 
they thicken in one part of a crumple and attenuate in another 

under the alternating action of thrusts and strains. Cleavage is 

ee highly developed in the dark bands; its surface-planes are often 

* Dr. Le Hir (Bull. Soc. Géol. Fr. 2¢ sér. t. xxviii. p. 87) considers the rock 
about Morlaix to be of Devonian age. 

med.G.9, No. 171. Z 
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satiny, and frequently rumpled or wavy. A minute filmy mica 
(sericite?) has been developed, with rutile &c.; but every change is 
micromineralogical, not greater than may be seen in the Paleozoic 
rocks of Wales or of 8.W. England, in the Jurassic or Carboniferous 
slates of the Alps, or in the Cambrian of the Ardennes. The rock, 
at most, can be called a phyllite ; it is perfectly distinct from one of 
the true crystalline schists already described. Still it is both inter- 
esting and instructive to observe how close are the superficial struc- 
tural resemblances of these banded slaty rocks and some of the 
banded crystalline schists. Rocks might be found at Morlaix which 
in.a photograph (but only in a photograph) would be undistinguish- 
able from some of the banded and, presumably, less ancient schists 
of the Alps or other similar regions. In one quarry on the Huel- 
goat road (near the town) I obtained an excellent example of a 
second cleavage, formed by a crumpling of the ordinary cleavage- 
layers, which here very probably agree with the stratification—a 
true “Ausweichungsclivage.” 

The effects of contact metamorphism are also beautifully exhibited 
in many places. Sometimes, however, it is surprisingly slight. A 
dyke of felsite north of the town* barely indurates and does not 
bleach the dark slaty rock adherent to it; in another place, east of 
the town, we find a vein of moderately coarse granite converting a 
dull grey slate into a greenish-coloured ‘‘porcellanite.” About 
Chapel du Mur, chiastolite and a minute black mica are developed ; 
and in one place I found, in a black ‘“ phyllite,” crystals of chiastolite 
full :2'' wide and an inch or more long}. The Huelgoat road also 
affords some excellent illustrations of contact-metamorphism, which 
I have examined with the microscope. They lead, however, into 
more than one interesting, but rather wide-reaching question, so | 
that I think it better on the present occasion to content myself with | 
this brief notice, and to recur to them in a future communication. | 
Suffice it to say that the mineral changes in the most highly altered | 
among them resemble those which have been described in the | 
Skiddaw slates near the granite of Sinen Gill, and that these results | 
of contact-metamorphism differ greatly from the gneisses and schists } 
commonly considered of Archean age, and such as are described in } 
this paper, though possibly they may furnish us with some valuable | 
suggestions as to the genesis of the latter. | 

Conclusion. 

My work in Brittany, of which I have now described the more | 
complete portions, leads me to the following conclusions :— | 

(1) That the great central folded trough of Lower Paleozoie} 

* The dyke is about 4 feet thick. In the field, I took it for a microgranulite, | 
but the part in contact with the slate appears, under the microscope, to have) 
been, if not glassy, not more than cryptocrystalline. The junction and some! 
included fragments of the slate prove that to have been cleaved and to have! 
become a “phyllite” prior to the intrusion. 

t I failed to find good sections, and chiefly examined loose blocks, so cannot} 
say how near these were to intrusive rock. These rocks had a general resem-| 
blance to the altered rocks of Skiddaw. 

x» 
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rocks is bounded on the north and south, and is probably underlain 
continuously, by gneisses and schists. 

(2) Both the Palzozoic and the older series have been pierced by 
yarious igneous rocks, of more than one geological age, some being 
even later than the last great earth-movements. 

(3) The intrusive igneous rocks have in some cases greatly altered 
the Palzozoic rocks, but appear to have produced little effect upon 
the gneisses and schists. 

(4) The action of contact-metamorphism on the Paleozoic sedi- 
ments does not produce rocks which resefhble the presumably Archean 
eneisses and schists. 

(5) The action of pressure-metamorphism on Palzozoic sediments 
has in no case produced a rock which is lable to be confounded with 
the gneisses and schists of Archzean type*. 

(6) Although in certain cases igneous rocks have been, in conse- 
quence of these mechanical actions, converted into gneisses or schists, 
yet many of the gneisses and schists evidently were true foliated 
rocks anterior to the above earth-movements, and the latter rocks 
exhibit structures very analogous to those of stratification. At any 
rate, even if they be only igneous rocks modified, this modification 
was most probably anterior to the commencement of the Paleozoic 

e. 
Further, the close mimicry of stratification indicated by repeated 

mineral banding in the gneissic series, not in rare and solitary spots, 
but over considerable areas and in widely separated districts, makes 
it difficult to understand how this can be explained by any rolling- 
out of a complication of veins of igneous rocks rather diverse in 
composition. ‘The absence, from the best-preserved among these, of 
structures which are known to be characteristic of igneous rocks, or 
are indicative of crushing, and the presence of structures definite in 
kind, whatever be their significance, suggests that either the meta- 
morphism from which the present condition of the rock resulted 
must be carried back to a very remote past, presumably before Pale- 
ozoic times began, or there must be some unknown peculiarity in the 
genetic history of the rocks themselves. 

(7) Hence, making every allowance for the various effects of the 
above disturbances, there is to be found in brittany, as maintained 

_ by Dr. Barrois and other French geologists, a great fundamental 
_ mass of true Archean rock, that is, of rock which, whatever be its 

genetic history, had become what we should call gneiss and schist 
before the earliest Cambrian rocks were deposited +. 

* It is true I did not see the lowest group in the Brittany Cambrians, the 
Schistes de St. Lo, but Mr. Hill’s description of the section of the Lower Cam- 
brians at Crozon (on the sea-coast, south side of the inlet near Brest) was so 
clear that I deemed it needless to spend a day in visiting it. The rock at Brest 

_ isa rather micaceous gneiss, of very ancient aspect. 
+ Note, June 6, 1887.—After this paper had been read, I received a copy of 
_ anote on the French excursion to Brittany by Professor de Lapparent (Rev. 
_ Seient. 1887, p. 38). He concludes his description with this distinct expres- 
_ sion of opinion:—“ La Bretagne démontre-t-elle, dune maniére indiscutable, 
Vexistence d’un terrain normal de gneiss et des schistes cristallins, antérieur 4 

_ lasérie sédimentaire. Ce terrain est remarquable par la persistance de sa com- 
Z2 
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Two other points of yet wider interest claim our special attention. 
One is the remarkable lithological similarity between many of 
the above-described rocks and those which in other areas are, with 
more or less certainty, identified as Archean. The banded gneiss of 
the Pouldu and of Roscoff,especially the latter,constantly reminded me 
of the more typical members of the “ granulitic ” series at the Lizard. 
Both also, but especially the former (where the results of pressure 
are more marked), sometimes recalled some members of the “‘ newer 
gneiss” of the Highlands, especially those which occur some distance 
away from the northern outcrop. Both, again, often reminded me of 
some of the finer-grained rocks among the indubitable Hebrideans 
of Gairloch and the Laurentians of Canada. In some parts of Brit- 
tany (as at Quimperlé) I was also reminded of the coarser gneisses 
in the last-named country, of the. coarser Hebrideans of Scotland, 
and of rocks which, in the Alps and elsewhere in Europe, are believed 
to be their representatives. Sometimes, moreover, I observed mica- 
schists, which might be matched in the Alps, in Scotland, and other 
European localities. Dr. Barrois and other French geologists con- 
sider these Breton rocks to be Archean, and I cannot doubt that 
they are right. It may be wiser to abstain at present from specu- 
lation as to the significance of these coincidences, but at any rate 
they are facts which must have some meaning, and which it would 
be unphilosophical to ignore. 

The other point is the close geological resemblance between 
Brittany and the south-west of England. In each district we have a 
mass of Paleeozoic sediments, up to the Carboniferous, resting on a 
floor of Archean rocks. Each district has been affected by great earth- 
movements, of which the most clearly marked in either, at the 
present time, seems to have closed the Carboniferous epoch of sedi- 
mentation. Each, omitting minor flexures, forms a broad synclinal ; 
between these was an anticlinal, now occupied by the sea, from 
which only a few fragments of the basal rock-masses project. To 
the north of the English districts is another anticlinal, occupied by 
the Bristol Channel, followed by the synclinal of the South-Wales 
Coalfields. Hence, towards the end of the Paleozoic period, a great 
Highland mass must have existed in this Franco-British region, 
which, even if we leave out of consideration the South-Wales area, 
was not less than 500 miles wide across the general strike of the folds. 
To its altitude we have no clue, but its breadth must have exceeded 
that of the Alps*, and probably it extended westward beyond the 
south-western angle of Ireland, while traces of it can be followed 

position, en quelque lieu du globe qu’on l’observe. Ce n ‘est que par une exten- 
sion tout a fait abusive de lidée du métamorphisme qu'on a pu penser parfois 
a supprimer les schistes cristallins de la série chr onologique, pour n’y voir 
qu’une modification capable d’affecter des sédiments d’age queleonque. Pour 
tout esprit non prévenu, les fait observés en Br ‘etagne nous semblent de nature 
a donner le coup de grace a cette maniére de voir.’ 

* The breadth of the folds, and the not unfrequent absence from consider able 
parts of the district of a marked cleavage-foliation at a high angle, suggests 
that the vertical elevation of the chain may have been less, comparatively speak- 
ing, than in the Alps. 





Quart.Jdourn.Geol. Soc. Vol. XLIL. Pl. XVIE. 

XS ) <i 

ah 7 , 

F. Oswald del. Mintern Bros. hi 

IRVOIML ISVANNUIDNEID) (CINE IESS), IG1E; IPONUILIDIUY, 



- OLDER ROCKS OF BRITTANY. ao 

eastwards to beyond the Rhine, more than 35° oflongitude. Yet the 
sea now flows where some of its highest summits may have risen ; its 
only record is preserved in the low plateaux and comparatively humble 
hills of Cornwall and Devon, of the Channel Islands, and of Brittany. 
Millions of cubic yards of rock must have been removed by denuda- 
tion, which must have helped to form the conglomerates, sandstones, 
and clays of the Secondary and Tertiary deposits of Southern England 
and North-western France. Like the Alps, this great mountain 
massif consisted of a foundation of presumably Archean crystalline 
rocks, which, after undergoing extensive denudation during a long 
interval of time, was affected by a downward bending of the earth’s 
crust, and received great accumulations of sediment, obtained, no 
doubt, by the destruction of more remote portions of the ancient land- 
surfaces*, and then the whole, by new earth-movements, probably 
in new directions, was again upheaved ; the fundamental crystalline 
rocks, both igneous and ‘‘metamorphic,’ were folded and, in 
places, crushed so as to assume a cleavage-foliation, while the softer 
and newer sedimentaries were more markedly plicated, were often 
cleaved, and in some places underwent other modifications from 
intense pressure. But in the Alps, although there appears to have 
been a precarboniferous movement of some importance, the great 
downward bending did not commence till at least some time after 
the mountain-making process had ceased in the other region. The 
one great geo-synclinal is of Paleozoic, the other is of Mesozoic age. 
The one mountain-mass belongs to the close of the Paleozoic, the 
other hardly began before the commencement of the Cainozoic, and 
was in process of making during the earlier half of that period. As 
yet, sufficient materials hardly exist for the classification and corre- 
lation of the greater earth-movements which have modified the 
physical structure of the European region, but they are gradually 
accumulating, and cannot fail some day to lead to most important 
results. 

EXPLANATION OF PLATH XVII. 

Fie. 1. Section cut from one of the more quartzo-felspathic layers in thp con- 
torted banded gneiss at the estuary of Le Pouldu. (xX 27.) 

The figure shows one of the elongated irregular grains of felspar con- 
taining inclusions of quartz (left white), and with indications of 
cleayage-planes roughly at right angles to the longer axis of the 
grain. This lies in a ground-mass of granules of quartz and felspar 
(chiefly), the latter sometimes occurring in elongated streaks. (See 

. 309.) 
Big, 2 ne cut from one of the more micaceous layers in the above-named 

rock. (xX 27.) 
The figure shows the elongated felspar grains (as in fig. 1) broken and 

displaced. The rock contains crystals of mica of fair size and 
apparently original constituents, in the direction of which the cracks 
traversing the slide often run. 

(For the Discusston on this paper see p. 335.) 

* On this subject there is a suggestive paper by Dr. Barrois in Ann. Soc. Géol. 
Nord, t. xi. p.278. The central area (that=now occupied by the western part 
of the English Channel) appears to have remained longest above water. 
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1. Introduction.— Sark, more fortunate than Guernsey, has the - 
advantage of a good sketch map, which was published by Professor 
Liveing in vol. iv. of the ‘ Proceedings of the Cambridge Philoso- 
phical Society.’ The account of the geology which accompanies 
that map notices the principal feature, one singular and possibly 
unique, namely a series of conspicuously banded hornblendic schists 
between an upper and an under gneissose series; that is to say, 
there seems to be a series which is presumably stratified in the 
midst of apparent gneiss. Thinking that such a succession might 
throw light on some problems of ‘‘ metamorphism,” I undertook a 
careful examination of the island ; and the widespread interest now 
taken in ‘ Archean’ rocks emboldens me to give a brief account of 
my results. I owe a debt of gratitude to Professor Bonney for fre- 
quent and invaluable help. 

The appended map (fig. 1) shows a diamond-shaped area about two 
miles long by one and a half broad, united at its southern end by a 
narrow isthmus to another about one mile long. This neck, called 
the Coupée, 200 feet above high-water mark and about 8 feet wide 
at the summit, is one of the island sights. The weather is rapidly 
cutting it down, and but for the roadway built up along its knife- 
edge the two areas would by this time be practically separate. Even 
between two of my visits a landslip had seriously increased the 
degradation. Previous writers have pointed out that the same 
action in a less advanced stage is proceeding at the northern ex- 
tremity (by the cleft leading to the Boutiques Caves); while on the 
west the separation of Brecqhou is complete, and on the east rocks 
called the Burons are relics of the final stage. But, in truth, the 
like has been happening all round on eyery side; islets, rocks, and 
shoals in almost every direction are witnesses of the progress of 
destruction. The rock, though hard, is traversed by numerous 
fissures (usually faults of small throw), and to these are principally 
due, as well this destruction as also the abounding pillars, arches, 
and caverns which give to the scenery of Sark such singular 
charms. Guernsey boasts but a single cave of importance, while 
Sark has several of the first order, and not a bay there is without 
two or three of at least some interest and beauty. 

a 
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Fig. 1.—Geological Sketch Map of Sark and Neighbouring Islets. 
(Scale 1 inch to 1 mile.) 
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Creux-Harbour gneiss. 

Hornblende-schist. 

]Y Granitic rock. 

The interior of the island is a tableland, of which the highest point, 375 feet 
above the sea, is at the Mill. The cliffs rise in general to about 200 feet, 
but on the north and south, and also on the west of Brecqhou, there are 
slopes down to the sea. ‘The base of the cliffs is seldom accessible, and 
except in a few of the bays no beach of any kind exists, 
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2. The Hornblende-schists.—The hornblende-schists, which form 
the greatest part of the island, may be studied in any of the acces- 
sible bays, but most conveniently at Port du Moulin, on the north- 
west coast, where they are also most typically displayed. Here 
cliffs about 150 feet in height, with an aperture pierced near their 
summit and a quarry at a somewhat higher level, give full oppor- 
tunities of examination. The rock is beautifully banded in alter- 
nate dark and pale layers, which are often so fine and thin that an 
inch will contain four or five. The pale stripes are the narrower, 
and consist of felspathic material, with some occasional quartz. The 
darker bands consist, to the extent of two thirds at least and some- 
times almost entirely, of hornblende in fine irregular grains, perhaps 
about ‘02 inch in longer diameter. At the base of the cliff the 
hornblendic bands thicken up to a foot or so, and have less admix- 
ture of other constituents. Their grains are coarser, reaching 
+ inch; and a parallelism in their lie gives a silky lustre on surfaces 
when split. In some of the lowest beds occur patches of aggregated 
lustrous black hornblende, in pieces } inch long; as these are sur- 
rounded by a whitish border they are probabiy segregations. The 
general parallelism of the layers is not everywhere complete ; some 
lamine are of varying breadth, others even lenticular ; here and there 
a layer inclines down towards, and unites with, that below; thus 
there are indications of current-bedding, and these are confirmed by 
a section in the cliff at the northern corner of the bay, so clear and 
large as to leave no room for doubt (fig. 2). 

Fig. 2.—“ False-bedding” finely shown in Hornblende-schists at the 
north-east corner of Port du Moulin, Sark. (Height about 
12 feet.) 
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The beds here, at Port du Moulin, lie almost horizontal; the 
very gentle dip they have is westerly. 

The beds of nearly pure hornblende just described lie in perfect 
conformity and continuity upon a thick bed of somewhat different 
appearance. ‘This is composed, to nearly half its amount, of felspar 
in grains of. about 4 inch across, hornblende being only the second 
constituent in amount; black mica also occurs plentifully in rather 
minute flakes. At Port du Moulin a thickness of about 10 or 15 feet 

of this bed is exposed at low tide, but in a bay 3 mile further 
south there is as much as 30 or 40 feet ; no lower rock can be seen at 
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either place, and in each direction the dip carries it gradually 
out of sight. 

The description above given of the series serves with sufficient 
correctness for the whole of the western coast, from Les Autelets 
to La Coupée, and for the beds on the island of Brecqhou. The 
cliffs of this iron-bound coast are very difficult of descent; they 
give a continuous section, but rarely grant a view of it; however, 
the outcrops along their upper edge show no more differences than 
weathering would naturally cause. In the Havre Gosselin (where 
landings are effected by an iron ladder up a rock, followed by a cliff 
scaled with the aid of ropes) the banding is not conspicuous, but 
will be seen on examination. At Port es Saies (where also a rope 
assists) the beds are banded just as at Port du Moulin, save that 
the bands are somewhat thicker. The dip, which was W. at Port 
du Moulin and almost nothing, is W.S.W. about 20° at Havre 
Gosselin and Port es Saies, and veers still more towards the south 
as the Coupée is approached. Just beyond this the beds dip at an 
angle of 30° due south, and pass below a higher formation, to be here- 
after described. North of Port du Moulin the dip-directions have 
some north in them, and the disappearance takes place in the same 
manner beyond Les Autelets, but in a cleft which appears inacces- 
sible, so that the succession cannot so well be observed. 

The series as seen on the east coast is essentially the same as on 
the west. ‘There are the same alternate bands of hornblendic and 
felsitic materials, only the texture is somewhat more sandy, and 
the bands not nearly so minute; the stripes range up to an inch or 
two of pale and a foot or so of dark. One specimen I have (from 
Dixcart Bay) is very coarsely crystalline, and somewhat reminds 

- me of some of the coarsest felspathic grits of Charnwood. The béds 
are best seen in Dixcart Bay, and in the less accessible Bay Derrible 
(or Terrible), where a natural shaft (the Creux Derrible) gives a clear 
vertical section of more than 100 feet. One or two more quartzose 
beds, 2 or 3 feet thick, not unlike some of the Lizard granitoid beds, 
occur in the bay south of the Eperqueries, and must therefore belong 
to the summit of the system. At the Lizard there are successively 
in descending order a series including granitoid beds, a hornblendic 
series, and a micaceous series. In Sark we find a hornblendic 
series, with a few more quartzose beds near its summit, and low 
down (at Port du Moulin) a thick mass containing a good deal of 
mica, ‘he similarity is curious, but can scarcely be more than a 
coincidence. 

Round the Bay Derrible the dip is N.N.W., but in general along 
the east coast the beds incline westward in directions that radiate 
from the Creux harbour, the easternmost point of the island. As 
the highest point of Sark is 375 feet above the sea, these beds have 
a thickness of at least 400 feet; allowing for the dips, 600 seems 
probable, and there is a possibility of very much more. 

The question of course suggests itself, What is the origin of these 
beds? I do not see how this uniform alternation of varying ma- 
terials, with parallelism nearly perfect, yet occasionally interrupted, 
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and with varying thicknesses, so nearly horizontal over so great an 
area, with such a freedom from disturbance, can possibly be due to 
anything except successive deposition, which, however, need not 
necessarily have been subaqueous. The series bears an extremely 
close resemblance to the hornblende-schists of the Lizard. I have 
not, however, detected any of the “eyes” of felspathic material de- 
scribed by Professor Bonney, nor such minute and perfect current- 
bedding as is figured in his paper (Q. J. G.S. vol. xxxix. pp. 1-24). 
He mentions there the suggestion that the schists may be altered 
tuffs. Now if the question be asked, Can you show a source for the 
material? no answer can be given at the Lizard, but in Sark it is 
possible to make a suggestion. ‘The singular mass of intrusive rock 
described in my paper on Guernsey as hornblende-gabbro is distant 
from Sark only six or seven miles, and consists of materials closely 
akin to these. Some of my specimens from Guernsey are scarcely 
distinguishable from some specimens of the very black layers from 
the beach at Port du Moulin, and the segregation-patches mentioned 
above have much in common with the “sun-burned” patches of the 
‘Birdseye.’ I have not succeeded in finding any evidence of in- 
cluded fragments or agglomeratic structure; however, a distance of 
six miles is enough to account for the absence of all but rather fine 
materials. 

No cleavage exists, another point of resemblance to the Lizard. 
About halfway down the valley which leads to the Creux Harbour 
the usual N.W. dips are replaced for a few yards by avery steep dip 
to the N.E.; thus there seems to be a roll. At the south side of the 
Point Terrible the beds are crumpled just over a cave. On the south 
side of the island of Brecqhou the beds show some contortions 
about two or three hundred yards before they dip under the superior 
rocks. The last two instances are only visible from a boat. All 
these indicate a nip between east and west forces ; this agrees with 
the structure of the Guernsey gneiss and the appearances in the rock 
of Jethou. There are also some contortions which have different 
directions in the bay ; mile south of Port du Moulin and at the 
vanishing point on the north-west coast. These may be owing to 
either faults or intrusions, both of which are at hand in both places. 

3. The Creux Harbour Gneiss.—The directions of dip throughout 
the hornblende-schist series, with exception of the brief roll just men- 
tioned, are all more or less westerly, and, taken as a whole, radiate 
from the easternmost point of the island. Accordingly on the 
eastern side we should seek for the base of the series*. We find 
it.. Let the visitor just landed on the pier detach his eyes from the 
singularity of the scene, and scrutinize the southern side of the cliff- 
wall which encircles the spot. He will see about halfway up the 
face a group of horizontal stripes, which subsequent examination 
shows to be part of the hornblendic series. But the rock beneath 
these is of entirely different aspect, homogeneous and massive. 

Examined in hand-specimens this lower rock is highly erystalline, of 
moderate coarseness. It consists of pink and flesh-coloured felspar in 

* Prof. Liveing places the lowest beds at Port du Moulin. 
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grains of 0-1 or 0°2 inch in diameter, which often aggregate together, 
glassy quartz of like size, and black or dark green hornblende. The 
microscope adds to these sphene and apatite. In colour and degree 
of coarseness it is not unlike some Leicestershire syenites from the 
Enderby and Sapcote group. Thus it might be called a granite, 
but for its very decided structure, which is visible even in hand- 
specimens as a parallelism of the grains and a tendency in the 
felspar to aggregate along parallel surfaces. In the lower part of 
the cliff this is especially conspicuous; for the structure weathers 
out into well-marked lines which indicate a dip of 30° ina N.W. 
direction. We may thus designate our subject of investigation a 
syenitic gneiss with a rather rude foliation. The rock passes out to 
sea, and appears to constitute the Burons, the Grand Moie, and 
possibly other isolated rocks. Southwards from the harbour it 
furnishes the face of the cliffs up to within a few feet from their 
crest all the way to Point Terrible, where it ceases abruptly. 
Northward it forms the base of the cliffs for a short distance, but 
sinks entirely out of sight some distance before Point Robert. Thus 
practically it can be examined only at the harbour; in a walk along 
the cliffs the foot treads nothing but schists; and as the appearances 
of dip differ little, I do not wonder that many visits had been paid 
to the island by others and by myself before the discovery was 
made that here is a new and different series, 

Fig. 3.—Hornblende-schists overlying Gneiss, seen across a cleft 
in the Cliff north of Point Terrible. 

The relations between this gneiss and the overlying schists are not 
altogether easy to establish. The junctions, though fully exposed, 
are all nearly or quite inaccessible. By passing along the cliff edge and 
venturing down some rather steep grass slopes a very near view can 
be obtained across clefts (fig. 3), and the harbour cliffs give an ex- 
cellent section (fig.4). The dip of the gneiss is exactly N.W., while 
that of the schists, so far as it can be estimated, is rather more nearly 
W. The passage from the one to the other is everywhere abrupt 
and definite to the eye. The highly quartzose gneiss must have had 
a very different origin from the quartzless hornblendic rocks. The 
nature and thickness of the immediately overlying beds seem to vary 
at different spots; and those in actual contact with the inferior 
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rock are often lenticular or lie irregularly upon it. The height 
of the Junction above the sea varies greatly, but this plainly is for 
the most part due to faults. On the whole almost all the appear- 
ances point to an unconformable overlie, none are inconsistent with 

Fig. 4.—Hornblende-schists overlying Gneiss, Creuw Harbour, Sark. 

it, and I am convinced that this is the true account. The only 
appearance in favour of conformity is the rough general agreement 
in the dips of the two series. But I would suggest that the bedded 
structure in the gneiss may not be original, but one which has 
been developed by pressure, the pressure being in this case probably 
the weight of a superincumbent mass. 

4. The Overlying Granitie Rock.—It has been mentioned that at 
both extremities of Sark the hornblende-schist series disappears 
below other rocks; the same also takes place in the island of 
Brecqhou on the west. These superior rocks are coarsely crystalline, 
containing hornblende and white felspar in grains 0-1 or 0:2 inch 
long, quartz often but not always, and black mica occasionally, 
especially, I think, where decomposition is in progress. The felspar 
shows plagioclase striping, sometimes even to the unaided eye. 
Much of the quartz is clearly secondary, occurring along strings and 
cracks, but much is in ordinarily distributed grains. The texture 
is very highly crystalline, as much so as that of any ordinary syenite 
or diorite. The structure and jointing are massive and irregular ; 
there is no general appearance of bedding, nor any uniformity of divi- 
sional planes. Especially at the south end of Little Sark dark nodes 
occu%, sometimes lenticular or oval, sometimes almost spherical, which 
consist of hornblende with some felspar in grains much smaller than 
those of the main mass. These appearances are all characteristics of 
an igneous origin. Nevertheless these rocks have been described as 
metamorphic gneiss, and, as will be seen, not without a good deal of 
justification, for the rock generally possesses a rude cleayage or ten- 
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dency to foliation. These structures sometimes appear vertical with 
N.-S. strike, but at Port Goury on Little Sark there is a platy structure 
which dips at about 30° to the south, just as bedding ought to do, 
and at the extreme north end, close to La Grune, a similar structure 
slopes gently to N.E., also a natural direction for bedding in that 
place. Again, wherever lenticular nodes occur their longer axes 
agree in direction with these structures, and though the rock is 
usually very homogeneous, yet occasionally long stripes show, and 
these too lie in the positions which strata might be expected to 
occupy. Some of these streaks are well developed at the extreme 
north end, on the slope leading down to the sea-neck. They are 
finer-grained than the mass of the rock; some are pink, some dark, 
some show a banded surface. They may reach several feet in length, 
with depth not exceeding an inch or two. I could not bring away 
a good specimen; but a specimen taken from near Les Boutiques 
shows a marked streaky structure. This last is such as might 
result from crush, but I hardly think the pink seams above described 
could be due to that cause. They are so long and thin that one can 
hardly believe them tobe caught-up fragments*. There is a large dyke 
near, of which some might be offshoots ; but no connexion is visible. 
I think, however, that this is the origin of some, and it is quite 
possible that all these suggested causes may have had shares in the 
appearances, and have produced, some one, some another. But on 
the hypothesis that these crystalline rocks are metamorphosed sedi- 
ments, then these seams should be the last remnants of the stratified 
structure, and they are certainly explained more easily thus than on 
the igneous theory. 

Each hypothesis, then, presents considerable difficulties. In hope 
of deciding the doubt, I endeavoured to examine carefully every 
visible junction with the underlying beds. There are six cliff- 
sections, four in Sark, two in Brecqhou, none of them easily 
accessible. ‘The least difficult is that on the west side of Little 
Sarky. Here, except at high tide, the meeting of the two rocks 
can be well seen in the base of the cliff. The beds, highly horn- 
blendic, dip 8. at about 40°; the upper rock has but little appear- 
ance of structure ; between the two is a zone of intermixture about 
10 feet wide, within which tongues and lenticular portions of 
erystalline rock are intermingled with the schist; but the general 
direction of the surface of junction agrees with that of the bedding- 
planes. A diorite-dyke close to the junction confuses some of the 
indications. ‘The evidence on the whole is in favour of the upper 
rock being igneous, but I did not consider it conclusive. 

The two northern junctions appear to be faulted. That on the 
west cliffs is beyond the north corner of the bay, near Les Autelets, 
and appears to be in a cleft which a climber cannot reach. There are 
some fallen blocks close to this cleft which seem certainly to contain 

* Yet at Kerscou, N. of Morlaix, I was shown in 1886 a ribbon of schist . 
30 feet long and only 13 wide, torn off and imbedded in granite. 

+ A landslip has carried away the old path to the beach at the Ooupée; a 
descent can be effected by a grassy couloir just beyond the neck. 
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a rock intruded into schists, but the intruder cannot be clearly 
identified with the overlier. So far as a boundary can be traced on 
the steeps above, this is smuous and irregular. It is lost on the 
grassy summit of the island, but reappears on the eastern side, and 
‘the junction may be seen at low tide without much difficulty a little 
south of the Eperqueries. At the corner of the bay is a natural arch, 
and here on the side of the passage the line of meeting can be traced 
in an excellent section. On close scrutiny crystalline rock seems 
to have broken up and run into schist. But at this place also, as if 
to baffle inquiry, a dyke and a fault come together, and I doubt if a 
sceptic could be shown enough for his conviction. 

Conclusive evidence is, however, afforded by the south-east junc- 
tion (fig. 5). This occurs in Little Sark, on the south face of the 
“« High Cliff ” opposite the isolated rock called Baleme*. The schists 

Fig. 5.—Rough sketch of Granite overlying Hornblende-schists at 
south-east junction on Lnttle Sark.  Schists perfectly bedded, 
dipping S. W. 
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are highly bedded, dipping 8.W. at 45°. The general surface of 
contact, as usual, agrees with the direction of the bedding-planes ; 
but dykes can be seen to proceed from the main mass of upper 
rock and to ramify among the lower. 

In the outlying island of Brecqhou also the hornblendic beds 
dip in a westerly direction below crystalline rock. On the south side 
a vertical cliff makes a clean section of the contact ; the upper rock 
seems to lie, though very nearly, still not quite on a bedding-plane 
of the lower. In the cliff about 100 yards east is a large lenticular 
inclusion of crystalline rock differing scarcely at all from the upper 
rock, and probably, therefore, a dyke from it. On the north side of 
the island it is possible to stand on rock shelves and examine the 

* A fair view may be obtained from a boat. The crags look inaccessible, 
but I believe a way down has been cut. I reached the spot from the creux 
called the Pot, at low-water spring-tides; this access would seldom be safe. 
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contact at leisure. The dip here is 15° or 20° N.W., and here also 
the massive rock makes a close approach to conformity, but on a 
small scale seems to cut across or run into the bedding; so that 
again in Breeqhou we have the same imperfect indications which 
just fall short of proof. 

Yet the general conclusion from the junction-evidence, taken as a 
whole, even if we leave out that of the south-east junction, must, I 
think, be that these upper crystalline masses are not sedimentary rocks 
metamorphosed, but one igneous overfiow. The near conformity in 
each case may be due to the granite having forced itself between 
beds as a direction of least resistance. But it seems to me also 
possible that an actual flow may have taken place over a surface 
nearly horizontal, and that the coarsely crystalline nature may be 
due to a higher temperature or other unknown circumstance of that 
prodigiously remote epoch. In either case denudation has had a 
protracted task te plane down through the superincumbent 
mass and lay bare the subjacent dome. There are difficulties, but 
they seem less than the difficulty of accounting for the invariable 
appearances of flow across the edge of beds, the apparent intrusive 
ofishoots, and the sudden transition from a minutely banded series 
to a mass a thousand feet thick, with only phantoms of bedding 
which flee upon approach. 

The overlying rocks in Breeqhou present remarkable features. 
At the furthest western point of the island they-slope gently down 
to the sea, and show no greater differences from those at the ex- 
tremities of Sark than rather more mica and somewhat greater 
decay. But along the southern cliffs, approaching the deep inlet con- 
Spicuous on the map, a structure begins to be extremely well marked 
and weathers out into deep furrows. The clean iaces of hand- 
specimens show a banded arrangement of constituents such as is 
usually regarded as characteristic of a fine-grained gneiss. The 
dark materials gleam with mica, the white streaks are coarser and 
consist of felspar with some quartz. ‘So far as I could see, the 
passage from the crystalline rock to this is gradual and continuous, 
so that the whole mass is one. I have unfortunately made only 
one examination of the spot; a boat has to be taken, and it is not 
always possible to land. 

This gneisscid structure affords no valid argument In support of a 
metamorphic origin for the crystalline rock. If it should be proved 
separate, it would of course prove nothing one way or other. If, as 
I pelieve, it is continuous with that, then, since it is clearly a lower 
part, almost in contact with the schists, we should have to admit 
that metamorphism had been much less complete in the deepest- 
seated portion of the mass. : 

The banding shows corrugations visible even in hand-specimens, 
and becoming contortions of some magnitude towards the head of the 

_ deep inlet on the south coast. They lie N.-S., and are plain proofs 
of an K.—W. crush or nip, of which other indications exist. It 
would appear that this great squeeze produced more visible effects 
where the granite (assuming that this gneiss is crushed granite) 
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came against a westerly slope of schists than where, as at the north 
and south ends of Sark, the forces acted parallel to the planes of the 
junctions. This is the same as saying that the corrugations were 
produced where the upper rock, if it slid, would have to slide up a 
slope of the lower, but not where its slip could be horizontal. This 
would seem to show that the granite was the readier to yield; but, 
as has been mentioned, the schists also are in some places corru- 
gated in the like direction; besides, the underlying unconformable 
gneiss may be near the surface and influential, though concealed. 

5. Veins and Dylces.—A brief notice of the veins and dykes may 
be added to complete this account of Sark. It has been mentioned 
that faults abound; they have generally opened into fissures now 
filled with a reddish earthy material. These have been everywhere 
burrowed into in search of ores, but nothing has ever been found 
worth attempting to work except a vein of silver in Little Sark, and 
this has Jong been abandoned. Other veins are few. 

The dykes have not nearly the variety seen in Guernsey. I 
have seen none of the granite dykes and elvans common there. A 
brownish microcrystalline quartz-felsite with microscopic mica 
occurs at the sea-end of Les Boutiques caves, and may be the same 
as the whitish decomposed intrusive dyke which has originated both 
the fissure and the cavern. A dyke six or eight feet broad cuts the 
rocks at the Eperqueries landing, a compact dark felsite with 
porphyritic felspar, showing under the microscope also a fair 
amount of mica. The pink rhyolites or glassy felsites of Guernsey 
and Jersey seem to be entirely wanting. The cliffs south of Dixcart 
Bay are traversed by some large dykes conspicuous from the water, 
but mostly inaccessible; I believe they are identical with a specimen 
collected in the Bay Terrible, which is a beautiful, highly crys- 
talline syenite or diorite, with a good deal of epidote intermixed. 

The majority of the dykes belong to the Guernsey group of 
basaltic or diabasic intrusions, and to that section which are of 
medium fineness. A slide cut from one of these which traverses 
the cliff near the Coupée is described by Prof. Bonney to me as 
“‘ probably a hornblendic diabase rather than a true diorite.” 

There is a fine mica-trap dyke, a kersantite, at the N.E. corner 
of the cliffs of Port du Moulin, and apparently a smaller one much 
decomposed at the natural gateway in the southern wall of that bay. 
There seem also traces of another in the road-cutting at the Coupée ; 
doubtless others may be found. 

6. Herm and Jethou.—As these two small islands lie between 
Sark and Guernsey, which I have already described, it may be 
convenient to append here a brief account of them. Herm, the 
northern, is the larger, about 14 mile long and 4 mile broad. 
Jethou, the southern, is separated by a narrow but deep channel, and 
though not one quarter the size of Herm, is rather higher. Both 
consist of a beautiful crystalline white rock, usually regarded as a 
granite. Jethou possesses a faint foliation in N.S. vertical planes, and 
Herm also shows a tendency to the same structure at its end nearer 
Jethou. On the east side of Jethou is a very fine raised beach, 
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15 feet above high-water mark, four or five yards thick, a mass of 
rounded pebbles in general as large as a man’s head, but some of 
them two or three feet across. In the south-east of Herm is a fine 
“creux.” This name is generally applied in these islands to a 
‘shaft in the hill-side communicating at its bottom with the sea ; 
but the Creux Mahie in Guernsey is a cave, and at the Creux 
Harbour in Sark there is now at all events only a tunnel through 
the rocks. On the south-west shore of Herm, below some cottages, a 
greenish compact seam, often less than half an inch wide, runs for 
many yards through the granite, and becoming wider shows its real 
nature by developing into an ordinary compact dyke. This helps 
to explain some of the appearances noted in the Sark granite. In 
Jethou in like manner there are a few platy dykes, and a small much- 
decayed dyke of mica-trap which shows its later date by traversing 
one of the above. The singular “ shell beach ” at the north end of 
Herm, the only one of the kind in these islands, illustrates the local 
nature of fossil accumulations. 

The granite of Herm is a highly crystalline rock, consisting of 
white felspar, both orthoclase and plagioclase, hornblende, quartz, 
and biotite, with a little apatite; in my slide mica encloses a horn- 
blende crystal. The felspar often shows plagioclase striping even 
to the unaided eye, but generally is rather amorphous ; it occurs in 
grains about + inch long, but runs up to half an inch or more in 
some specimens. The hornblende is in well-formed crystals, often 
rather lath-shaped, but seldom exceeds 3 inch. The quartz is in the 
usual interstitial glassy grains. The mica is the least abundant of 
the principal constituents; it shows well-shaped hexagonal plates. 
Dark nodes are frequent, and vary much in shape and in sharpness 
of definition. The rock of Jethou is much the same as that of 
Herm, both to the eye and under the microscope ; but Prof. Bonney 
remarks to me on a slide that it is a little crushed, while a slide 
from Herm shows no crushing. But, as above mentioned, on a large 
scale there is a very faint structure visible also in Herm at the end 
nearer Jethou. Prof. Bonney writes of both that they are holo- 
crystalline and indubitably igneous. 

7. General Conclusions.—Comparing these granites of Herm and 
Jethou with the granitic overlying rock of Sark described above and 
shown also to be igneous, the differences appear very slight and 
smaller than may be found in less widely separated parts of many 
continuous masses of granite. The probability, then, seems con- 
siderable that they are all remnants of one great irruption. No 
Jersey rocks that I know, and none of the principal Guernsey rocks, 
appear to be the same as these; but the granite of Alderney, which I 
hopeat some future time to describe, I expect will prove also to belong 
to this great mass. Certainly some of my specimens could not be 
distinguished as different. If so, since Alderney, the northernmost 
island, shows no sign of crushing, while Herm and Jethou exhibit 
faint traces, and Sark, the southernmost, presents clear proofs of 
compression, it would seem that the compressing forces had acted 
more powerfully in the south of the area concerned. 

Q.J.G.8. No. 171. Din 
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The order of geological events in Sark thus appears to have beew 
as follows:—A mass of Archean rock of uncertain origin had de- 
posited on it a thick series of beds of alternating materials, princi- 
pally hornblendic, possibly of volcanic origin. Over these (whether 
other beds had also been superposed cannot now be discovered) a 
mass of granitic or syenitic igneous rock subsequently flowed. 
After the solidification of this, but still probably at a very early 
period, came a great east and west nip. xcept the intrusive dykes 
there are no later materials with which to continue its history. 

The physical geology of Sark affords many interesting subjects of - 
study. The apparently homogeneous granite, contrary to what 
might be expected, decomposes much more readily than the banded 
hornblende-schists. I have been inclined to fancy that on all sides of 
the island there is a tendency for rock masses, in fault-throws in 
fissures or in slides, to lean away from the central mass. This 
may be due to the domed arrangement of the beds, or may have 
followed the cessation of the nipping force and be a result of elas- 
ticity, or it may be simply caused by the undermining of the sea. 
The Coupée is due to a fault and fissure-vein which form a case in 
point; and the celebrated Gouliot caves appear to be due to a slide 
of this nature. More generally, however, the caves have originated 
in dykes, as have the Boutiques, and, I think, the Creux Terrible. 

The Archean age of these rocks is not likely to be contested by 
many. ‘They are analogous in structure to admittedly pre-Cambrian 
rocks elsewhere. They seem distinctly older than the unfossili- 
ferous argillites of Jersey, themselves of extreme antiquity, and, IL 
believe, unlike any neighbouring even Cambrian beds. And the 
series of the Finisterre beds, which I had the opportunity of seeing 
this year under the guidance of Dr. Barrois, contains in the whole 
succession, from Carboniferous down to Cambrian, nothing that can 
be compared to them. The only rocks I saw there capable of being 
classed along with the Sark schists were some beds at Pouldu south of 
Quimperlé, which in the French Geological map are themselves 
marked as pre-Cambrian. 

It may, however, be suggested that their highly crystalline con- 
dition is due to the influence of the vast mass of granite by which 
they have been overflowed. Iam not sure but that this cause may 
have had some effect. However, in the first place the beds nearest 
the granite are not everywhere the most highly crystalline. 
Secondly, in the neighbouring region of Brittany I had in 1886 
the opportunity of studying, under Dr. Barrois’s guidance, the effects 
produced by intrusive granites on a number of widely differing 
rocks of almost every age, and none of these were metamorphosed 
into any resemblance to these hornblende-schists. Thirdly, the 
only rocks of that region which resembled the Herm-Sark-Alderney 
granite that overlies these schists are granites which Dr. Barrois, on 
independent evidence, considers Cambrian at latest. 

To myself the most interesting feature in Sark is the unconformable 
overlie of the hornblendic beds on older gneiss. Several observers 
have lately brought forward convincing proofs that certain gneisses 
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and schists formerly regarded as metamorphosed sediments are really 
igneous rocks in which banding has been developed by crush. In 
the usual fervour of conversion some writers seem rather desirous, if 
they can, to account for everything this way. It may be a useful 
warning that here in Sark we find a series which cannot have been 
so produced. 

Discuss1on. 

The Presrpent remarked on the value attaching to Prof. Barrois’s 
work in Brittany, and on the interest of the observations made on 
the country by Prof. Bonney. ‘The conclusions as to the Archean 
age of the lower gneissose rocks would probably be generally ac- 
cepted; but a question which must still be regarded as an open one 
was, whether foliation ever corresponded with original bedding. 
The supposed instances of unconformity and current-bedding de- 
pended on the assumption that such was the case. 

Mr. Brecker said that certain rocks of California which he had 
studied were of Neocomian age and sedimentary origin, and, despite 
a certain dissimilarity, there was a remarkable petrographical re- 
semblance. Amphibolites and other metamorphic rocks were 
common, and diabases and diorites abounded. ‘The diorites passed 
into amphibolites; glaucophane occurred in the latter, and glauco- 
phane-schists resulted from altered shales, the positions of the 
glaucophane-prisms resulting from schistositv of the shales and 
being related to the original bedding-planes. He had remarked 
transitions between glaucophane and actinolite. 

Mr. Routrny remarked on the probable extension in former times 
of Archean, Cambrian, and Silurian rocks from Brittany and the 
Channel Islands through Devon and Cornwall and Wales. He 
considered that there might be cases in which foliation denoted 
original bedding, as in one of the instances suggested by Mr. Hill, 
in which it seemed that the hornblende-schist might consist of 
materials derived from the degradation of eruptive rocks. ‘he later 
stresses in these old rocks may have obliterated the evidence of 
earlier action of the same kind. 

Mr. Hix said, with reference to Prof. Bonney’s remarks on the 
difficulties found in mapping the region, in which he concurred, that 
one advantage was the absence of travelled blocks. He remarked 
on the curious arkose-like appearance of the crushed rocks on the 
coast south of Quimperlé. He quite agreed that there was an 
ancient Archean base to the rocks of Brittany. 

Dr. Hicks said that in Great Britain gneiss and other rocks of the 
character of those on the table from Brittany and the Channel 
Islands were only found in the Archean series. The most impor- 
tant question, 7.¢. as to the age of these rocks, seemed therefore to 
be completely séttled by these researches. He was inclined to doubt 
whether the supposed false-bedding of Port du Moulin was really 
due to deposition. He had deséribed certain breccias in Wales 
that might explain the conditions exhibited by the crushed gneisses. 
described by Prof. Bonney. 

2a 2 
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Prof. Bonney, in reply, said he considered glaucophane merely a 
peculiar variety of hornblende. It would require very strong evi- 
dence to convince him that sandstones and similar rocks did ever 
pass into serpentine &c. With regard to Mr. Rutley’s remarks, he 
could see no evidence in Brittany of important disturbances from 
Cambrian times till after the Carboniferous era. The questions 
raised by Mr. Hill had been treated in the paper; the arkose-like 
rock turned out to be gneiss clearly crushed in situ. He agreed with 
Dr. Hicks that the appearances of false-bedding in metamorphic 
rocks were of doubtful origin, but in some cases other explanations 
presented great difficulties, and sedimentation of some sort was pro- 
bably to be detected in Archean rocks. 

Mr. Hitz said the appearance that he referred to false-bedding 
occurred, not in gneiss, but in the overlying hornblende-schists. The 
possibility of these hornblende-schists being tuffs had occurred to 
him, but he had not been able to discover any evidence. 
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25. On Turriary Cyctostomatous Bryozoa from New ZEALanp. 
By Artuur Wu. Warers, Esq., F.G.8. (Read May 11, 1887.) 

[Prats XVIII. | 

Tue Chilostomata have already been described in this volume of 
the Journal, p. 40, and therefore it is not necessary to repeat 
particulars about the localities. 

This part I have kept back, hoping that the results of the ‘ Chal- 
lenger’ Expedition might throw some light upon this unsatisfactory 
suborder ; but Mr. Busk’s second part of the Report is a great 
disappointment in this respect, as only thirty-three species are 
recorded, and these are for the most part well known and common. 
In fact, the results of this great expedition do not seem, so far as the 
Cyclostomata are concerned, to exceed what I presume a specialist 
might, after a storm, collect in a few morning walks in the neigh- 
bourhood of the Sydney Harbour. 
We do not seem to make much progress with the discouraging 

Cyclostomata, or to obtain fresh characters upon which classifications 
can be based, and in fact there are a few New-Zealand fossils 
concerning which I cannot pronounce a definite opinion as to whether 
they really belong to the Bryozoa or not. However, although not 
satisfied with our means of classification, any fossils which can be 
readily recognized should be described, as, besides being useful 
stratigraphically, fuller acquaintance may gradually set us in the 
right lines, 

I would propose that we should divide the Cyclostomata into two 
subdivisions, namely, first, the Parallelata, or those in which the 
surface of the zoarium is to a considerable extent formed of the 
lateral walls of the zocecia, of which Crisia, Hntalophora, Diasio- 
pora, and Tubulipora may be taken as types; and, secondly, the 
hectangulata, or those in which the zocecia or cancelli open for the 
most part at right angles to the axis or surface of the zoarium or 
subcolony, of which Heteropora, Inchenopora, &e. may be taken as 
typical. 

We are met with the fact that there are several cases of genera 
having similar zoarial appearance which must be separated into 
these two divisions; for instance, there is the true Jdmonea, as 
I. Milneana, with the zocecial walls parallel for the greater part with 
the zoarial axis and the wall minutely perforated ; and, on the other 
hand, with a similar zoarial appearance, Crisina cuncellata has 
medium-sized interstitial tubes between the zocecia, both opening at 
right angles to the surface. 
We have already seen Cyclostomata and Chilostomata quite similar 

im mode of growth, and in fact in this respect resembling even 
animals of other classes, so that we need not be surprised at finding 
such similarity in two subdivisions. 

There are cases where, in badly preserved fossils with large pores, 
it may be difficult to distinguish whether these are interstitial or 
merely perforations in the shell-wall; but when sections can be 
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made, the structure will be seen. For instance, in Jdmonea radians, 
Lamk., there are large pores perforating the shell-wall; and to 
similar cases in Hornera I have referred in this Journal, vol. xl. 
DLO Opi. xxx. Me, 

It is interesting to find the “rays,” or hair-like teeth, preserved 
in the Zooecia of fossil Hntalophora intricaria; and I would specially 
call the attention of paleontologists to Pl. XVIIL. fig. 4, as this repre- 
sents a most typical Cyclostomatous form, showing both the usual 
shell-structure with pores between the zoccia, and also the “ rays,” 
which are now known to occur in both of the divisions which I 
propose to make, though previously they have only been described 
in the rectangulata, as in Heteropora and Lichenopora. They also 
occur, however, in a New-Zealand Tubulipora. 

Tubulipora biduplicata and PT. Campicheana are two very interesting 
species, showing considerable variation in the mode of growth. If 
the series of specimens had not been moderately large, it is possible 
that more than two species would have been made. 
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Out of the 28 species or varieties 18 are known living, 6 at least 
from New Zealand, 10 from either New Zealand or Australian 
waters, and 8 have been found fossil in Australia. This brings the 
number of Chilostomata and Cyclostomata up to 106; and the 
second part entirely agrees with the first in indicating that they are 
comparatively recent. 

In figs. 1, 4, 14, 15 (PL. XVIII.), the size is taken from photo- 
graphs which were used, and study photographs of several species 
mentioned are deposited with the Society. 

1. IpMoneEs sERPENS (L.). 

For synonyms see Hincks, Brit. Mar. Polyz. p. 453, pl. 1x1, figs. 
2,3; pl. lx. fig. 2; and Pergens, Plioc. Bry. von Rhodos, Ann. Nat.- 
hist. Hofmuseums, vol, ii. p. 5. 

Some fine specimens from the Petane Marls are entirely adnate on 
an oyster-shell, throwing out numerous strap-shaped rays. 

The ovicells in recent Naples specimens occur below the junction, 
spreading downwards, and with a broad funnel-shaped opening. 

Loe. Living: European Seas; New Zealand. Fossil: Pliocene of 
Sicily and Calabria ; Waipukurau; Petane Marls; Tommy Gully 
{Fetane) ; near N apier. 

2, Ipmones RAMosA (d’Orb.). 

Reptotubigera ramosa, d’Orb. Pal. Fr. p. 754, pl. 751. figs. 1-3. 
? Proboscina Eudesi, Haime, Bry. Foss. de la Form. Jurassique 

p- 167, pl. vi. fig. 9; Pergens & Meunier, Annales Soc. Roy. Malac. 
de Belgique, vol. xxi. p. 217. 

This grows much like Jdmonea serpens, and at one time I thought 
that the specimens were only worn examples of that species ; but 
the zocecial tubes are scarcely raised and equidistant, whereas in 
J. serpens the central zocecial tubes are much raised and connate, with 
outlying separate zocecia. The series are about 0°5 millim. apart. 
In one specimen, from near Napier, more considerable expansion 
takes place; and this form at one time I separated as J. continuata. 
This last grows much like Tubulzpora lobulata, but the rays are in 
series. 

Loc. Fossil: Cretaceous; Waipukurau and near Napier. 

2. IpMOoNEA conToRrTA, Busk. 

Tdmonea contoria, Busk, Cat. Mar. Polyzoa, pt. iil. p. 12, pl. viii. 

A specimen from the neighbourhood of Napier forms an anasto- 

‘mosing mass. The branches are about 2 millim. across, and in 
section are subtriangular, somewhat rounded on the dorsal suriace. 
The series are about 0°8 millim. apart, with 6 or 7 zocecia in a series ; 
dorsal surface with fine longitudinal lines. 

The surface is so much worn that it is impossible to judge how 
much the zocecia projected. 

Tennysonia stellata has a row of zocecial pores, between which 
there are cancelli. Before comparison with the British-Museum 
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specimen I was in doubt as to whether Tennysonia might be I. contorta: 
or Crisina cancellata. 

Loc. Living: Algoa Bay. Fossil: near Napier. 

4, EnratopHora InTRIcARIA (Busk). (Pl. XVIII. figs. 5 & 6.) 

Pustulopora intricaria, Busk, Cat. Mar. Polyzoa, pt. iii. p. 22,. 
pl. x. figs. 1 & 4; Haswell, Cyclost. Polyzoa of Port Jackson, Proc. 
Linn. Soc. N.S. W. vol. iv. p. 352. 

A small fragment from Shakespeare Cliff, Wanganui, is without 
any doubt the same as a recent Hntalophora, which is apparently not 
uncommon in New-Zealand and Australian seas. It frequently 
anastomoses and forms dense intricate masses; the zoaria are 
about 1°5 millim. in diameter, and the zocecia are irregularly placed, 
often bulging out towards the end, but become narrower again at 
the aperture, which is about 0-13 millim. wide. 

In the zocecial tubes there are always a large number of minute 
rays with club-shaped heads, on which there are numerous tubercles. 
I have called attention (Ann. Mag. Nat. Hist. ser. 5, vol. iii. p. 276) 
to similar rays in Lachenopora radiata, and pointed out that these 
rays, or “ hair-like teeth,” had globular terminations; and in that 
species there are fewer tubercles on these heads, in fact they are 
usually cruciform. Professor Nicholson has figured and described 
similar rays in Heteropora pelliculata, Waters ; and these I have also 
figured in this Journal, vol. xl. pl. xxxi. fig. 28, but have not yet 
been able to see that the heads are tuberculated. They also occur in 
a species of Tubulipora, besides Lichenopora pristis, MacG., L. can- 
cellata, L. radiata, and L. Houldsworthi, B. 

The size and arrangement of the zocecia are similar in the recent 
and fossil examples ; and, after having made the determination by 
these characters, it was no small satisfaction to find that in the zoccial 
tubes theso minute rays were preserved, thus confirming the absolute 
identity of the two. 

Loc. Living: New Zealand; Port Phillip and Port Phillip Heads 
(W.); New South Wales (//.). Fossil: Wanganui (base of Shake- 
speare Cliff). 

5. ENTALOPHORA WANGANUIENSIS, sp. noy. (PI. XVIII. fig. 1.) 

Zoarium 2°5 millim. in diameter; about ten zocecia in a complete 
series. Distance of series about 1-2 millim.apart. The ends of the 
zocecia but slightly projecting ; surface pitted, with small pores in the 
centre of the pits. The zocecia are very distinct and rounded, giving 
the whole a columnar appearance, and are usually arranged round 
the zoarium in a verticillate manner ; but sometimes the arrangement 
becomes irregular. The closure, which occurs at about the level of 
the border of the zoarium, is present in many of the zocecia, and 
has numerous large perforations. This has as large zocecia (aperture 
0-4 millim.) as any Cyclostomata with which I am acquainted, being 
about the same size as those of Cinctipora elegans of Hutton; but 
in that species the zocecia do not project at all, nor are the ends- 
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tubular, but cut off straight. Iam in doubt as to whether Cinctipora 
elegans is really Bryozoan. 

Loc. Fossil: Shakespeare Cliff (Wanganui). 

6. Crncrreora ELEGANS, Hutton. 

Cinctipora elegans, Hutton, Cat. Mar. Moll. p. 108; Manual of 
the New Zealand Moll. p. 198. 

Professor Hutton has sent me some recent specimens from New 
Zealand, and these exactly correspond with the fossil. The appear- 
ance is somewhat the same as that of Hntalophora, but the zocecia 
do not project, and are cut off straight at the surface of the zoarium. 
The branches are about 2 millim. in diameter, and the zocecia are 
very large (0°2 millim. wide), arranged in a spiral manner, opening 
diagonally to the surface; about 12 cells form a complete spiral. 
Although it is placed among the Bryozoa, it must be pointed out 
that its relationship is not proved. The external portion of the shell 
is formed of thick fibrous layers in a manner which is not usual in 
Entalophora, and there arefew external pores. There are connecting 
pores in the interior. This is closely related to Cylindropora 
areolata, T.-Woods, placed by that author among the Hydrocoralline 
(Paleont. of New Zealand, p. 21), and which also occurs fossil near 
Napier. In this last the openings are more vertical to the surface, 
and it is larger, with a more solid shell ; but it would seem sufficient 
to separate it as var. arcolata. Spiroporina immersa, Woods, may 
also be allied; but this is a species with which I am unacquainted. 

Loc. Living: Wellington (New Zealand). Fossil: near Napier, 
Waipukurau. 

7. Hornera FRONDICULATA (Lamx.). 

Hornera frondiculata, Waters, Quart. Journ. Geol. Soc. vol. x1. 
p- 687; Busk, ‘ Challenger’ Report, pt. 1. p. 15; Pergens, Plioc. 
Bry. von Rhodos, p. 6. 

Loc. Oligocene, Latdorf &c.; Pliocene, Crag, Italy and Sicily ; 
Curdies Creek, River-Murray Cliffs, Bairnsdale, Mount Gambier, 
Shakespeare Cliff (Wanganui). Living: Mediterranean, Cape Verd, 
100-120 fathoms. 

8. STOMATOPORA GRANULATA (M.-Edw.). 

Alecto granulata, M.-Edw. Mém. sur les Crisies &¢., Ann. Sc. Nat. 2° 
Ser. t. ix. p. 205, pl. xvi. fig. 3; Busk, B. M. Cat. p. 24, pl. xxxi 
fig. 1 ; ‘Challenger’ Report, p. 22. 

Stomatopora granulata, dOrb. Pal. Fr. p. 836, pl. 628. figs. 5-8. 
? Stomatopora incrassata, @Orb. ibid. p. 837, pl. 628. figs. 9-11. 
Stomatopora ramea (Blainy.), d’Orb. ibid. p. 842, pl. 630. figs. 

9-12. - 
Stomatopora minima, Romer, Polyp. des nordd. Tert. Gebirges, 

p. 22, pl. iii. fig. 1. 

Recent specimens from New Zealand and fossils from Waipukurau 
correspond in size, being about 0°15 millim. wide, with an aperture 
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0-12 millim. The width of the zocecia remains constant throughout 
the length, which is usually about 1 millimetre. 

A specimen from the Valangian of St. Croix (Jura) is about the 
same size, but the zocecia commence much narrower and then widen 
out. 

Loc. Living: British and Northern Seas, New Zealand ; Tristan 
d’Acunha, 60-90 fathoms. Fossil: Cretaceous (Valangian and 
Senonian) of Europe; Oligocene, Sollingen; Waipukurau. 

9. SromaroPoRA MAJOR (Johnst.). 

Alecto major, Johnst. Brit. Zooph. 2nd ed. p. 281, pl. xlix. figs. 3, 
4A; Seguenza, ‘Le Formaz. Terz.,” Accad. dei Lincei, cclxxvii. p. 297. 

“* Proboscina intermedia,” Novak, Bry. der Bohm. Kreideformation, 
Denkschr. k.k. Akad. vol. xxxvu. p. 102, pl. v. figs. 1-18. 

For other synonyms see Hincks’s Brit. Mar. Polyzoa, p. 427, pl. 
lyiii. and pl. 1x1. fig. 1; Pergens, Plioc. Bry. von Rhodos, p. 9. 

The branches are 0-8-1:0 millim. wide, and the zocecial aperture is 
about 0°12 millim., the extremities sometimes in irregular transverse 
rows. This is very much like Proboscina crassa, Romer, in d’Or- 
bigny, Pal. Frang. p. 848, and perhaps should be united to it. 

Loc. Living: British and Northern Seas; Queen Charlotte 
Islands (H.). Fossil: Cretaceous of Bohemia; Crag, England ; 
Pliocene (Astian) of Calabria; near Napier ; Waipukurau; Tommy 
Gully (Petane); and Trig Station. 

10. Sromaropora DILATANS (Jobust.). 

Alecto dilatans, Johnst. Brit. Zooph. 2nd ed. p. 281, pl. xlix. figs. 
5-8. 

For synonyms, see Hincks, Brit. Mar. Polyz. p. 429, pl. lvii. fig. 3. 
ts not this Criserpia dichotoma, d Orb. ? 
Loc. Living: Northern Seas. Fossil: Crag, England; Tommy 

Gully (Petane) ; Trig Station. 

11. DiAstopora suBoRBIcULARIS, Hincks. 

Dirastopora suborbicularis, Waters, Quart. Journ. Geol. Soc. vol. xl. 
p. 689. 

A specimen from near Napier has both zoarium and zocecia about 
twice the size of those of the following species. The ovicells are 
large, enclosing several zocecia and radially elongate. 

Loc. Living : British and Northern Seas. Fossil: Muddy Creek, 
Mount Gambier (Australia) ; near Napier and Tommy Gully (Pe- 
tane). 

12. Drastopora saRNrENSIS, Norm., var. PERANGUSTA, NOV. 

A fossil from Waipukurau and a recent specimen from New 
Zealand are identical in size, the zoarium being 0°25 millim. in dia- 
meter. The zocecia radiate irregularly from the centre, with the 
outhnes very distinct and the ends erect ; the younger zocecia run by 
the side of the older ones for some distance, thus causing the zocecia 



BRYOZOA FROM NEW ZEALAND. 343 

to be less crowded than is usually the case. The zocecial tubes are 
very narrow, only about 0:06 millim., with the slightly elliptical 
aperture about 0-04 millim., and these very small zocecia are only 
about half the size of those of typical D. sarmensis from Guernsey. 
The fossil is without an ovicell, but the recent specimen has them 
transversely elongate. The zoarial appearance is somewhat the same 
as in D. obelia; and in the fossil there are closed cells, with a tubule 
projecting from the centre of the cover. 

Loc. Living: New Zealand. Fossil: Waipukurau. 

13, TUBULIPORA DIMIDIATA (Rss. ). 

Defranca dimidiata, Reuss, Foss. Polyp. d. Wien. Tert. p. 39, 
pl. vi. fig. 6. 

Pavotubigera dimidiata, Waters, Quart. Journ. Geol. Soc. vol. xl. 
p. 691. 

Loc. Fossil: Miocene of Austria and Hungary ; Mount Gambier ; 
‘Trig Station. 

14. Tusvurirora CampicnEana (d’Orb.). (Pl. XVIII. fig. 15.) 

Multifascigera Campicheana, VOrb. Pal. Frang. p. 688, pl. 762. 
figs. 7-9. 

This, like 7. biduplicata, occurs in strap-shaped expansions, 
sometimes quite separate, sometimes confluent; and then often the 
lines of growth can scarcely be followed. Here, instead of the 
zocecila occurring in uniserial rows, they are in fasciculi alternate 
on each side oi a mesial line; on each side of the principal row 
and in the line of the fascicul are one or two zoecia as outliers. 

The growth is so similar in this and the next species that at one 
time J was not sure if they should be specifically separated ; but 
this form is much stouter, having the series | millim. apart, whereas 
in 7’. biduplicata they are only 0°5 millim. apart. In those parts 
of the colony where the growth is the least regular, the appearance 
is just the same as in the St.-Croix specimens, and I think it must be 
considered identical with the Jurassic species. A specimen in the 
Lausanne Museum, from St. Croix, has very distinct hexagonal 
divisions between the zocecia, and in the New-Zealand fossil similar 
divisions are found in some parts. 

The ocecia are large, occurring in various parts of the zoarium, 
but usually near the end, including the series on each side of the 
mesial line, and usually in about three double series. 

Loc. Fossil : Valangian of St. Croix; Petane; Waipukurau ; 
‘Napier. 

15. TusuLrpora BIDUPLICATA, sp. nov. (PI. XVIII. figs. 12 & 14.) 

Zoarium adnate, branches broadly ligulate or united at the base, 
forming a continuous crust. Zocecia ‘arranged on each side of a 
mesial line in parallel transverse rows opposite or alternate, usually 
two or three zocecia in a row, but occasionally, as at the dichoto- 
mization, .in isolated fasciculi ; on each side of these principal 
ows, and in the line of the series, are one or two zocecia as outliers. 
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This is a most interesting species, as numerous specimens show 
great range of variation, and we also see how artificial our generic 
divisions are, for I should have been justified in placing this under 
Idmonea. It is probable that 7. fasciculifera, Hincks (Ann. & Mag. 
Nat. Hist. ser. 5, vol. xii. p. 35, pl. ix. fig. 6) is a variety of this 
species ; and the unconnected colonies remind us of eptofascigera 
aliernata, d’Orb.; while those that are continuous over a large 
surface resemble Multifascigera Campicheana, d’Orb. It is also 
closely allied to Hasceculipora gracilis, MacG.; but the very long 
bundles of zocecia, connate for their greater length, show that this 
last must certainly be looked upon as specifically distinct. 

A specimen from near Napier extends over a space of about 3 
centim. across, and has extensive ocecial inflations, enclosing about 
4 series, and wider than a ligula. 

A fine recent specimen from New Zealand, in Miss Jelly’s collec- 
tion, has the subcolonies widely flabellate, instead of strap-shaped, 
and the spaces between the zoccia are, in places, divided into angular 
or hexagonal divisions. The zocecia are usually uniserial, but 
sometimes fasciculate. The small fragment from Port Phillip has 
the zocecia close together without any space between. 

Loc. Living: Port Phillip, Victoria (W.); New Zealand (W.). 
Fossil: Tommy Gully (Petane) ; Napier ; Waipukurau, Trig Station ; 
Petane Marls. 

16. FAscicULaRIA TUBIPORA, Busk. 

Fascicularia tubipora, Busk, Crag Polyzoa, p. 180, pl. xxi. fig. 1. 
The fossil from near Napier is one inch across, but is clearly 

only a fragment of a large piece. ‘‘ The horizontal, tabular, con- 
centric lamine”’ are nearer together than in the Crag specimen; 
but with this exception I see no difference. 

A recent 7. tubipora in Miss Jelly’s collection has a few funnel- 
shaped openings on the laminz. These may be ovicellular openings, 
but a division across the narrower diameter raises doubts as to the 
function. 

Loc. Living: New Zealand? Fossil: C. Crag (B.); Red Crag 
(B.); Pliocene of Rametto, Sicily (W.); near Napier. 

17. SuPERCYTIS DIGITATA, d’Orb. 

Supercytis digitata, d’Orb. Pal. Franc. p. 1061, pl. 798. figs. 
6-9 ; (?) Waters, Quart. Journ. Geol. Soc. vol. xl. p. 692, pl. xxxi. 
figs. 22, 26, 27; Busk, ‘ Challenger’ Report, vol. xvii. p. 29, pl. v. 
fig. 3; (2?) Reuss, in Geinitz, Elbthalgebirge, vol. i. p. 123, pl. xxx. 
fig. 5; Reuss, ibid. vol. 11. p. 186; (?) Pergens et Meunier, Bry. 
Garumniens de Faxe, Ann. Soc. Roy. Malac. de Belgique, vol. xxi. 
22K 

; Fasciculipora digitata, Busk, Cat. Mar. Polyzoa, p. 37, pl. xxxiil. 
Lisle 

The New-Zealand fossils are undoubtedly the same as the recent 
forms found by the ‘ Challenger,’ although smaller and with a variable 
number of digitate lobes, averaging, however, about twelve; the 
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central zocecia are in long rows or groups, as described by Busk (fig. 3). 
We are not yet in a position to say whether the fossil specimen 
from Murray Cliff, which has the central zocecia regularly distri- 
buted, should or should not be separated on this account. 

Mr. Busk makes me responsible for the locality “‘ South Australia ” 
for the fossils ; but this is clearly a slip on his part for Victoria, the 
only locality from which I have seen it fossil except New Zealand. 
He has also made a slip in the measurements of the zoarium, which 
should be 12 x 8 millim., not 0:12 x 0-8 millim. 

The basal growth consists of a central portion formed of large 
tubes, around which are much smaller tubes, opening at right angles 
to the axis of the zoarium, with hexagonal or irregular angular 
openings. 

There is a specimen from Napier, which certainly seems to be 
this species, but it is without central cover and is much worn. It 
consists of subcolonies growing from one base. 

Loc. Living: New Zealand. Fossil: Shakespeare Cliff (Wan- 
ganui). ‘This or an ally from the Cretaceous of France; Faxoe; 
Strehlen ; the Cenomanian of Saxony; and Victoria. 

18. Licnenopora rapiaTa (Aud.). 

Lichenopora radiata, Waters, Quart. Journ. Geol. Soc. vol. xl. 
p. 694; Pergens, Plioc. Bry. von Rhodos, p. 10. 

Loc. Living: British Seas; Mediterranean; Australia. Fossil: 
Pliocene of Europe; Australia; Waipukurau. 

19. LichmNopora HISPIDA (Flem.). 

Lichenopora hispida, Waters, Quart. Journ. Geol. Soc. vol. xl. 
p. 694; ‘Challenger’ Report, vol. xvi. p. 26; Pergens, Plioe. 
Bry. von Rhodos, p. 10. 

Loc. Living: European Seas ; Australia ; Tristan d’Acunha, 100— 
1100 fath.- Fossil: Miocene; Eisenstadt and Moérbisch. Crag; 
the Pliocene of Calabria; Mt. Gambier; Bairnsdale ; Muddy Creek ; 
Murray River; Waurn Ponds; Waipukurau; near Napier. 

20. LicHENOPORA CLYPEIFORMIS (d’Orb.). 

— Tubulipora clypetformis, @Orb. Voyage dans |’Amérique Meéri- 
dionale, vol. v. p. 19, pl. 9. fig. 5. 

There are some thick pieces of a confluent Lichenopora from near 
Napier, in which the distinct central zocecia are raised into a mound, 
and start from the centre of the subcolony, thus leaving no central 
space. The peripheral zocecia are less distinct, and this portion 
resembles L. hispida. The zocecia are 0:07 millim., and the inter- 
stitial pores 0-04 millim., both being smaller than in L. hispida. 
This much resembles Bimulticavea variabilis, d’Orb., but differs 
from the Aldinga specimen in size, the centre of each colony being 
only about 3 millim. from the centre of those round it, and the 
zocecial and interstitial pores, as mentioned, are also smaller. Pro- 
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bably Z. variabilis is allied to L. pristis, which in some subcolonies 
shows a tendency to multiserial rays. 

Loc. Living: Iles Malouines. Fossil: near Napier ; Waikato. 

21. LicHENoPORA WANGANUIENSIS, Sp. NOV. 

The specimens from Wanganui are in single disks, about 5 
millim. wide, with 10-20 multiserial rays.. The whole of the 
centre tumid, with the tumid portion extending between the rays. 
The covering of this part is reticulated, with a calcareous finely 
perforated crust between the bars of the reticulation. Zoccial 
openings about 0°13 millim. wide. 

Lichenopora wanganuiensis, sp. nov.; semi-diagrammatic, to show 
the tunud central area. (Knlarged 7 diameters.) 

There are some less satisfactorily preserved specimens from near 
Napier, which are usually formed of confluent colonies, with similar 
structure of the central portion. 

This may be the Discoporella mediterranea of Busk (Cat. Mar. 
Polyzoa, pt. 11. p. 33, pl. xxxiv. fig. 4); but this is doubtful, and 
it is extremely uncertain whether Busk’s is the same as Blainville’s 
and Michelin’s species. 

A recent specimen from Port Phillip, which I consider to be ZL. 
echinata, MacG.*, has the central cancelli closed by a reticulated and 
perforated crust ; and this is also the case with some subcolonies of 
what I named Radipora pustulosa from Naples. 

Attention has most been paid to the structure of the rays of 
Lichenopora; but, for purposes of classification, it seems that the 
central portion is the most important ; and this in many cases has, at 
different stages, quite a different appearance, so that both young and 
mature specimens should be deseribed. 

This is also allied to L. californica, d’Orb.; but specimens from 
Port Western, Victoria, have the central part covered over with a 
continuous minutely perforated crust, which spreads for a short 
distance between the rays. We are hardly in a position at present 

* I. pristis, MacG., seems to me to be the confluent form of ZL. echinata, 
MacG., and has a similar structure in the centre of the subcolonies. 
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to decide upon the importance of the difference between the reticu- 
' lated and the merely perforated crust. 

22. LicHENOPORA BOLETIFoRMIS (d’OrD.). 

Lichenopora boletiformis, Waters, Quart. Journ. Geol. Soc. vol. xl. 
p. 695, pl. xxxi. figs. 20, 21. 

A specimen from Waikato, with the zoarium in a single layer 
and confluent subcolonies, and with the biserial rays much raised, 
surrounding a depressed central area, appears to be this species. 
The openings are all about the same size, mostly about 0°15 millim. 

23. Licuenopora HovLpswortuit (Busk). 

Discoporella Houldsworth, Busk, Cat. Mar. Polyzoa, pt. iii. p. 33, 
gt. xxx. fir. 4. 

A recent specimen from Port Western, in Miss Jelly’s collection, 
has the “denticles” to which I referred (Bry. Naples, p. 276, 
pl. xxiv. fig. 11) with very distinct knobs; but the shape I cannot 
make out, as it would be necessary to break up the specimen. This 
is no doubt what Mr. Busk means by stellate pores; but the 
expression might have a different meaning ; comparison, however, 
with the British-Museum specimen has established the identity. 

The zocecial tubes are about 0°07 millim., and the cancelli about 
0-08—0-09 millim. in diameter, with denticles in all the tubes. The 
fossil from Waipukurau corresponds in the size of the zoarium and 
in the characters. 
This resembles Radiopora Francquana and Unicavea collis, d’Orb. 

(Pal. Fr.). 
Loe. Living: Ceylon (B.); Port Western (Victoria). Fossil : 

Waipukurau. 

24, REPTOCAVEA ASPERA, sp. nov. (Pl. XVIII. figs. 10 & 13.) 

The greater part of a small oyster-shell is thinly incrusted with 
this species. The zocecial tubes rise but very slightly from the 

general surface, having the side of the peristome which is-directed 
away from the owe edge slightly raised and acuminate ; between 
these are small interstitial pores. 

Near the border of the zoarium, and occasionally elsewhere, 
radial bilaminate ridges rise from the surface, with zocecia on each 
side corresponding to those of the basal structure. Usually, the 
ridges rise but very slightly (not more than 1 millimetre), though 
in one case a narrow foliaceous expansion rises 4 millim. above the 
surface and is7 millim. wide. The minute structure resembles parts 
of Lichenopora hispida, and on that account the specific name is 
chosen. The growth, however, is that of Diastopora or Mesenteripora. 
In the interior of the zocecial and interstitial tubes there are slight 
elevations, which no doubt represent the well-developed “ rays” of 
Fntalophora intricaria, &e. There is a recent form from New 
Zealand, which is at any rate closely allied. This last, however, is 
bilaminate, the lamin being large and contorted, the colony 
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havine originated on a Catenicella; in the zocecial tubes the 
closures are terminal with small excentric tubular projections, and 
the interior of the zoccial tubes has slight projections a short 
distance down. 

D’Orbigny’s generic name will serve very well to show the 
relationship; but I do not thereby wish to convey that we may not 
some day have to place it in a better-understood genus. 

Loc. Waipukurau Gorge. 

25. HETeRoPoRA PELLICULATA, Waters. 

Hetcropora pelliculata, Waters, Journ. R. Micr. Soc. n. ser. vol. ii. 
p. 390, pl. xv. figs. 1, 2,3, 45:7; Quart. Journ: (Geol soc; vol: xi: 
DeeOMl( (pl axcxoxd ‘figs. "24 & 28, 

Heteropora neoz piece Busk, Journ. Linn. Soe., Zool. vol. xiv. 
p. 725, pl. xv. figs. 1-4 ; Nicholson, Ann. & Mag. Nat. Hist. ser. 5, 
al yu. 1880, p. “329, 

As I have already pointed out, direct comparison has proved that 
neozelameca is only a synonym. This comparison was made with 
New-Zealand specimens kindly furnished by Prof. Nicholson from 
the same locality as Mr. Busk’s. The interior was well preserved, 
but the exterior was corroded, and the difference in the shape of 
erowth is not greater than in the series of Japanese specimens in 
the British Museum. 

This may also be H. magnifica, Novak; but under any cireum- 
stances it will be advisable to change that name, as there is a 
Multicavea magnifica, VOrb., which belongs to this genus. 

The branches of the Napier fossil are mostly long and about 
3-4 millim. in diameter; the apertures of the zoccia are about 
0-12 millim., and the interstitial pores are only slightly smaller. I 
do not find that any of the Cretaceous or Jurassic Heteropore in my 
collection have the apertures larger than about 0:06 millim. 

The recent New-Zealand specimens have slightly larger zocecia 
than in the fossil, or in those from Japan. 

Loc. Living: Japan; New Zealand. Fossil: near Napier and 
*¢ Napier Harbour.” 

26. HiTEROPORA NAPIERENSIS, sp. Nov. 

There are a number of specimens from near Napier, which 
I at first thought were only stout growths of A. pelliculata; 
but this does not seem to be the case, as the zocecial interstitial 
pores are usually about half the size of those of the fossil H. 
pelliculata, those in H. naprerensis being only about 0:06 millim. 
The zoarilum is sometimes formed of superposed layers, either 
entirely or over part of the surface, and in some there is also a 
tendency to slight tuberculation of the surface. 

The zoarium grows from a stout base or peduncle, from which 
arise several (in one case 8) short thick branches (5-8 millim.), with 
round thickened ends, having much the appearance of some of the 
large calcareous seaweeds. | 
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There are sometimes tabule in various positions in the zoccial 
tubes, but only one or two in a tube, and not many as in 
A. conifera. 

This may be the H. foraminulenta of Novak. 
Loc. Fossil: Napier and “ Napier Harbour.” 

27. Crismna canceLiata (Goldf.). (Pl. XVIII. figs. 8 & 11.) 

Retepora cancellata, Goldfuss, Petr. Germ. p. 103, t. 36. fig. 17. 
Idmonea cancelluta, Reuss, Foss. Polyp. des Wiener Tert. p. 46, 

pl. v. figs. 25-27, pl. vi. fig. 33; Manzoni, Bri. foss. del Mioc. 
d Austr. ed Une: p. 7, pl. v: fig. 18. 

Zoarium from Napier 10 millim. high and 10-25 millim. across, 
formed of anastomosing branches 1°5—2°5 millim. in diameter. The 
branches are subtriangular, that is, they have a flat surface on the 
front between the series of zocecia, and the dorsal surface is slightly 
rounded. ‘The series consist of four or five zocecia, which are not 
very prominent ; and on the surface between these as well as the flat 
part on the front, and also the dorsal surface, are numerous tubular 
pores, which, however, in some parts open diagonally instead of 
vertically. This internal structure is shown, in Manzoni’s figure of 
Idmonea foraminosa, Rss. (Bri. foss. Austr. ed Ung. pt. ii. pl. iv. 
ne, W605), 

A specimen from Waipukurau is decidedly smaller, with the flat 
Space in front very narrow; so that the section is nearly triangular. 
At the bifurcation in this specimen there is an ocecial inflation, the 
surface of which has large pores. 

J do not consider that this can remain under Jdmonea, and have 
used d’Orbigny’s name of Crisina, a genus under which Reuss, 
Manzoni, and Stoliczka have placed species with a similar structure. 
The chief character must be considered to be the interstitial tubes 
between the zocecia, and in many of d’Orbigny’s Crisine there is a 
Space between the two lateral series of zocecia ; in Laterocavea and 
in Semicellaria ramosa also the structure with the small pores is 
similar. Possibly it might be called Laterocavea punctata, d’Orb. 
It is larger than Crisina foraminosa, Rss. (Septarienthon, p. 109, 
pl. ix. fig. 6); but it is no doubt closely allied to this as well as to 
C. canaliculata. | 

Loc. Fossil: Miocene of Austria and Hungary; near Napier ; 
Waipukurau. 

Since the above was written, Messrs. Pergens and Meunier have 
given a long list of synonyms to Jdmonea cancellata from Faxoe (see 
Ann. Soc. R. Malac. de Belgique, vol. xxi. p. 214). 

23. CRASSOHORNERA WAIPUKURENSIS, sp. nov. (Pl. XVIII. figs. 2, 
3, 4, & 9.) | 

There are two fossils from the cutting near Waipukurau gorge, 
which certainly seem to be Bryozoa, and which itis best to designate 
tor future comparison. 

The one has broad thick branches, and the zoarial growth is 
apparently like that of Truncatula or Osculipora, with round openings 
OG. S.- No. 171. 28 
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0-25 millim. wide, regularly covering the front, while the dorsal 
surface is sulcate, with elongate pores in the sulci. The front and 
back therefore correspond in structure with Hornera. The other 
specimen has the branches compressed; but the anterior and dorsal 
structures are the same. This grows from a small flat base. 

Ceriopora arbusculum, Rss. (Foss. Polyz. Wien. Tert. p. 34, pl. v. 
figs. 12, 13), has much the same appearance ; but from the meagre 
description identification is impossible. 

Should more perfect specimens show that it is advisable to retain 
the provisional name of Crassohornera, the genus must be defined 
on more satisfactory material. 

There is also a small fragment of a large branching Hntalophora 
from Waipukurau. .The zoccia are more or less verticillate, and 
there are two or more to a row, suggesting a relationship to sucha 
form as Peripora ligeriensis, d’Orb. 

EXPLANATION OF PLATE XVIII. 

Fig. 1. Entalophora wanganuiensis, sp. nov. X 16. 
2, 3. Crassohornera waipukurensis, sp. nov. Natural size. 
4. Front of Crassohornera waipukurensis, sp.nov. X 25. 
5. Section of recent Entalophora intricaria, B. x 87. 
6. “ Rays” of Entalophora intricaria, B. Xx 250. 
7. “Rays” of Lichenopora radiata, Aud. xX 750. 
8. Front of Cristna cancellata, Reuss. 25. 

. Dorsal surface of Crassohornera waipukurensis, sp. nov. X 25. 
10. Reptocavea aspera, sp. nov. Natural size. 
11. Dorsal surface of Cristina cancellata. X 25. 
12. Tubulipora hiduplicata, sp.nov. Natural size. 
13. Reptocavea aspera, sp. noy. xX 7. 
14. Tubulipora biduplicata, sp.nov. X 7. 
15. Tubulipora Campichcana, @Orb. x 7. 
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ON THE ROCKS OF THE ESSEX DRIFT. 351 

26. On the Rocks of the Essrx Drirr. By the Rev. A. W. Rows, 
M.A., F.G.8. (Read May 11, 1887.) 

Tue rocks of the drift in Essex are of such great variety that it is 
very difficult to get a really representative collection ; but I have 
selected some two hundred specimens out of a much larger number, 
and these, I think, may fairly be called representative, at any rate 
of the rocks in the western and north-western parts of Essex. Some 
of these are chips from large boulders, others are rolled pebbles. I 
have gathered them from the surface of the land within a radius of 
about four miles from Felstead, taking them chiefly from the open 
fields, the lanes, ditches, and bye-roads, and avoiding the main roads 
for obvious reasons, although no imported road-metal is used in the 
immediate neighbourhood. A considerable number have been taken 
out of the Boulder-clay, and some few from the gravel-beds which 
underlie it. The village of Felstead stands upon high ground over- 
looking the valley of the Chelmer, about six miles to the north-west of 
Braintree and just off the kighroad between Braintree and Dunmow. 
The general appearance of this part of Essex is that of a tableland 
which has been carved out into valleys, with gently sloping rounded 
hills. On the slopes of these hills there are at all levels, even to the very 
tops, beds of loamy gravel, alternating with a considerable thickness 
of stiff yellow loam in some parts, and ‘in others with chalky Boulder- 
clay, patches of which le on the tops of the hills and along the upper 
slopes, sometimes reaching down to a considerable depth, while here 
and there the London Clay comes to the surface. The way in which 
the superficial deposits le was clearly shown a short time ago by a 
section which had been made in the railway-cutting near Dunmow. 
Unfortunately this has become covered up again; but at the time 
it was made a small photograph of it was taken for me by a friend. 
The section showed that there were between six and seven feet of 
chalky Boulder-clay, part of which only was uncovered, resting 
upon a layer of red and yellow laminated clays, a few inches thick, 
overlying some twelve feet of reddish loamy gravel, consisting of large 
and small subangular flints, quartzites, quartz-rocks, sandstones, 
and lumps of hard chalk, these last being very plainly striated. 
Between the chalky clay and the laminated clays a large block of 
Jurassic limestone could be seen sticking out, and, upon examination, 
it was found to be deeply grooved with strie upon more than one 
face. JI had previously found a similar block sticking out from 
under the Boulder-clay, about a hundred yards away from this section 
m the same cutting, and this also was striated in a similar manner. 
But besides the numerous beds of gravel, the surface is everywhere 
strewn with fragments of rocks, rounded pebbles, and flintstones ; and 
in cutting open grips for surface-draining, or in deepening ditches 
and ponds, laree masses of flint, rounded boulders of quartzite and 
sandstone, and great blocks of dolerite and other rocks are thrown 

2B 2 
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out upon the land or into the lanes, or are carted off to the farmyards 
to repair walls or to serve as mounting-stones, or to fillup holes 
in front of the doorways. And upon comparing those which I know 
have been taken out of the Boulder-clay with the rocks which he 
upon the surface, I have found them to be, as a rule, so precisely 
similar in character as to leave no room for doubt that the great 
majority of them belong to the same series. On the other hand, there 

are certain fragments of rock found upon the surface whose presence 
there is doubtless due to other causes than the glacial drift, such as 
fragments of Jurassic limestone and of hard chalk rock (used in earher — 
times for building churches and priories), and pieces of a trachytic rock 
closely resembling that which the Romans imported from Germany for 
use as millstones. Yet, making all allowance for such fragments, there 
still remain the facts that an immense number of boulders and frag- 
ments, some of very large size and nearly all polished and smoothed 
and rounded in a remarkable manner, are found lying on the surface, 
which cannot conceivably have come so far from where they are 
found w situ in any other way than as having been included in the 
drift ; and that, wherever the surface of the ground is being broken 
up at the present day, exactly similar boulders and fragments of rock 
are being dug up and left lying on the surface. These do not, however, 
appear to belong to the same period as the beds of gravel; for not only 
is the general appearance of the stones in the gravel-pits very different 
from the appearance of those found onthe surface, but also, though 
quartzites, sandstones, and quartz-rocks abound both in the gravels 
and on the surface, vet [ have not found any fragments of hard crystal- 
line limestone or of Jurassic limestones in the gravel-beds, and only two 
or three fragments of dolerite, and these sodecomposed that only a very 
small core was still crystalline; whereas, among the stones on the 
surface, blocks of hard crystalline limestone and of Jurassic limestone 
are most abundant, and there are a very great number of boulders of 
dolerite, some of considerable size, of which the crystalline components 
are as sharp and fresh as if they had just been struck off from an almost 
unweathered mass. The very great variety in these rocks makes it 
very difficult to classify them at all satisfactorily ; so much so, that 
after having examined several hundred pieces, and having made 
microscopic sections of at least one hundred and fifty, I find that I 
can do little more than form them into groups, and point out the 
common features of each group, making special mention of any 
specimen which seems to require it. 

Granite.—It 1s somewhat more convenient to take the igneous 
rocks first and to consider the sandstones and limestones afterwards. | 
And the first group of igneous rocks should have included the granites | 
or orthoclase-quartz-mica rocks ; but though I have searched care- | 

fully for them, yet I have not been able hitherto to find a single 
specimen of granite. This is the more remarkable, because I under- 
stand that rocks of this class are not unfrequently found in the 
Boulder-clay both in Norfolk and in Lincolnshire. 

Syenite.—The rocks of this class are also very rarely met with. 
At present I have found only two small specimens (ios. 1, 2). Of 
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these, the former consists chiefly of plagioclase and hornblende, with 
some good examples of magnesia-mica (biotite), and is therefore au 
orthoclase-plagioclase syenite, and the latter is a pinkish-grey rock 
with not much hornblende, and that in specks. It reseinbles a fine- 
grained granite, and appears to be like the rock described by Mr. Rutley 
in his article “ On the lgneous Rocks of the Warwickshire Coal-field’ 
(Geol. Mag. December 1886, p. 559), though there is not much plagio- 
clase in the section which I have taken. 

Quartz-porphyrites.—These rocks seem to abound in the drift. 
The specimens I have are numbered 3, 5, 6, 7, 110, 111, 112, 115; 
the character of the last four being so difficult to determine that I had 
at first placed them in another group; but upon the whole they 
appear to belong to the porphyritic quartz-rocks. Some of these 
specimens are very close-grained and compact; but in others the 
porphyritic crystals are very distinct, and in two or three cases they 
are so large and abundant as to give the rock the character of a 
conglomerate. The ground-mass varies from a distinctly felsitic 
character to a mosaic of small grains. The crystals of quartz are, 
in some cases, mere rounded blebs ; while in others they are much 
larger, with more or less distinct outline, though usually rounded. 
They are frequently cracked, and, in almost all cases, are full of 
minute enclosures and lines of dust. Crystals of felspar also occur 
full of enclosures, much worn, and so decomposed as, in some cases. 
to present a mealy appearance. In no. 7 there is an appearance of 
fluxion-structure. 

Quartz-tourmaline.—Rocks of this class also seem to be very 
abundant. ‘The specimens are numbered 4, 8, 9, 10, 11, 12, 108, 
109, 113, 114. The ground-mass is granitic; but the grains vary 
very much in size. ‘They contain schorl in abundance, either in 
needles enclosed in other crystals, or in aggregates of grains with a 
decided tendency to a fan-shaped or radiate formation, or in spheroidal 
patches, or else in long lines passing irregularly through the section 
like thin threads. One of these sections (no. 113) seems to call for 
special mention, as it is in many respects a remarkable rock. The 
specimen is part of a large rounded boulder of very great, hardness, 
which I dug out from the gravels ; it is perfectly smooth and highly 
polished, and has very narrow almost parallel bands of yellow 
alternating with narrow bands of black, so as to give it a peculiar 

striped appearance. The fractured surface 1s quite dull and very 
compact. The microscopic section shows a microcrystalline mosaic 
of quartz, alternating with numerous dark bands composed of tour- 
maline with dark amorphous matter. 

Felsites—Of these rocks I have found only four specimens (nos. 14, 
15, 16, 17), and these are all more or less devitrified. Nos. 14 and 

oe 15 are very dark compact rocks, of sp. gr. 2°65. The section of 
no. 14 shows a spherulitie structure and fluxion-arrangement ; but 
that of no. 15 is entirely spherulitic, for the spherulites press 
so closely upon one another as to fill up the whole space. In 

no. 16 there is a fairly wide band passing through the section, in which 
crystallites are plainly discernible in long rods, and in many cases 
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radiating from centres; the spherulites are more apparent in the 
very microcrystalline portion. But no. 17 is an entirely different 
rock, of a pinkish-white appearance and not close-grained: the 
section of this rock reveals a remarkable perlitic structure, the small 
narrow bands being apparently composed of minute grains of quartz ; 
the section also contains several circular aggregates of clear felspar. 
I have been informed that devitrified rhyolites of this character are 
stated to have been found in Sweden, at Elvedalen, in Hedemarken. 

Quartz-trachytes.—The only specimen that I have found of these 
rocks is numbered 18; the texture of the rock is fine-grained and 
compact, though vesicular in places; the section shows that the 
ground-mass is really vitreous, though so filled with minute grains 
of quartz as to give it an appearance of a finely granitic character ; 
it contains some larger crystals of quartz and orthoclase with 
abundant enclosures and bubbles. 

Felspar-porphyrites—These rocks are exceedingly abundant in 
the drift; the specimens are numbered from 19 to 38. They 
vary very much in appearance, but in all of them the porphyritic 
felspar can be clearly seen in the hand-specimens, though none of 
the crystals are of any great size; the sections show generally a 
crypto-crystalline felsitic base, enclosing porphyritic crystals of 
orthoclase and plagioclase, but chiefly plagioclase—in some cases 
perfectly clear and transparent, in others in various stages of decom- 
position, much cracked and with outlines broken and indistinet ; in 
some sections the felspar is altered into a mealy appearance, in others 
it has a pearly lustre. Augite is occasionally present in granular 
ageregates or in scattered crystals, and in some cases quartz. Some 
fine instances of zonal structure in felspar occur, notably in no. 21, 
and some sections contain tourmaline in abundance, especially nos. 
22 to 32; this last-mentioned specimen is in many respects worthy 
of notice, and it is questionable whether it ought not really to be 
included among the quartz-tourmaline rocks. The hand-specimen 
is of a dark grey colour and very vesicular, the cavities being 
lined with minute pyramidal crystals of quartz and with minute 
crystals of tourmaline. In the section the porphyritic felspar 
seems to be made up of aggregates of minute crystalline grains 
corresponding with the ground-mass. ‘The quartz is abundant, 
chiefly in aggregates ; but one long and very clear crystal shows 
twinning under crossed nicols, one half remaining dark shot-grey, 
the other pale yellow; on rotation both extinguish partially and 
simultaneously ; when the nicols are not crossed, the pale yellow 
part on rotation shows dark purplish blue changing to pale yellow, 
but the other half shows no colour at all. Nos. 33 and 34 are typical 
augite-andesites ; in both the base is very vitreous and in 34 it shows 
great disturbance and fluxion-structure very clearly. The plagioclase 
is very Clear, though much broken, and there are some good examples 
of zonal structure. The augite in 34 is, in most cases, either enclosed 
within the felspar, so that only a border of felspar is visible, or else 
attached to it, in some cases lying partly within the felspar, partly 
in the base; in 33 there are some good examples of a distinctly 
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pleochroic mincral of the enstatite group altering into bastite, the 
pleochroism being from pale green to brown. No. 38 contains a 
considerable amount of hornblende in irregular crystals, some of 
which is enclosed in the felspar. 

Lrachytes.—I have found a fair number of specimens of these 
rocks among the stones on the surface, but I am very doubtful 
whether they really belong to the drift or were imported, probably 
in yery early times, for use as millstones ; for I have found not only 
a curious small millstone made from this rock, but some other pieces 
also grooved and marked in an evidently artificial manner. A section 
from the millstone was kindly examined by Professor Bonney and 
pronounced by him to be very similar to the well-known Nieder- 
mendig rock. ‘They are vesicular rocks of a dark grey colour 
approaching to black, and of a trachytic texture; the sections vary, 
no. 39 showing crystals of plagioclase and hornblende in a base 
composed of microliths of felspar and grains of hornblende. No. 40 
has a vitreous base, enclosing abundant augite, but not much hori- 
blende ; in 43 the augite is again abundant and there are some fine 
instances of zonal structure: in all these rocks the crystals of augite 
and hornblende are surrounded by a distinct narrow border much 
lighter in colour and showing ro pleochroism ; under cressed_nicols 
both crystal and border extinguish together, but in some cases appear 
to leave a narrow rim ot light between the crystal and the border. 

Dolerites.—Rocks of this class are exceedingly abundant in the 
drift, but they are all of a more or less fine-grained character ; all 
the coarser dolerites and all those of a true ophitic character are 
remarkable for their absence. Moreover, I have not as yet found any 
specimens of columnar dolerites, though I understand that these 
rocks are of very common occurrence in the drift in the east of 
England; but of those which I have found, some are in very large 
blocks, much polished and rounded, but cnly a few retain any strie : 
one of these blocks, which was dug up out of a ditch some few 
years ago and taken to the farm where it now lies, measures roughly 
3 it. x 3 ft. x 1 ft. 4 in., it is much rounded and polished and 
in one small part of it the striew are very clear; another large block 
was lately dug from a depth of several feet in a clay-pit, in 
which the yellowish-white clay is full of whitened flints very plainly 

- striated, like those numbered 173, one of which came from this clay ; 
the block was found broken or, rather, cracked into several large 
fragments. The specimens of these dolerites are numbered 44 to 
94, and may be divided into five groups :——The first group comprises 
nos. 44 to 52; these are of a fine-grained character and a dark 
greenish-grey colour, the crystals being just perceptible to the naked 
eye; under the microscope the texture is seen to be subophitic ; they 
are plagioclase-augite-olivine rocks, the plagioclase being usually 
in microliths or else in lath-shaped crystals ; the augite in aggregates 
or distinct crystals, in some cases rather highly coloured; the olivine 
yarying very much, being sometimes so much altered that nothing 
but the outline remains the same, in other cases being very fresh 
and clear except along the cracks, and in some instances being in 
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aggregates ; in nos. 47 and 52 the magnetite is in skeleton crystals : 
the specific gravity of these rocks varies from 2°86 to 2°90. The second 
group comprises nos. 53 to 60, rocks of a greyish-brown colour and 
fine-grained; of these no. 59 is one of the few pieces that I have 
found in the gravels, and no. 60 is so much altered that it is some- 
what difficult to distinguish its component crystals ; they are plagio- 
clase-augite rocks, of a subophitic texture and containing no olivine ; 
the augite is in almost all cases in granular aggregates and the 
plagioclase in microliths. The magnetite in some cases is in large 
plates and skeleton crystals enclosing augite and plagioclase; they 
appear to contain a little biotite; the specific gravity of these rocks 
varies from 2°81 to 2°93. The specimens in these two groups have a 
general resemblance to the subophitic dolerites of Central England, 

some being very suggestive of the Rowley Rag, and others of the 
Tideswell Dale rocks; but upon comparing them with the sections 
which I have made of the Rowley Rag, the Tideswell Dale rock, and 
the Mount Sorrell dolerite, and with Mr. Allport’s sections of the 
Central England rocks, I could not find any such definite points ot 
resemblance as would enable one to say with any certainty whatever 
that they are different parts of the same rock. On the other hand, 
they do not appear to have any speeial points of similarity with the 
north of England dolerites ; and upon comparing them with some few 
sections which I have of the dolerites of Southern and Eastern Scot- 
land and with Dr. A. Geikie’s description of these rocks in the Trans- 
actions of the Royal Society of Edinburgh, I could not discern any 
real points of resemblance. They may be found to be identical with 
some of the Scandinavian dolerites, but they are altogether different 
from the few specimens of those rocks which weresent me fromSweden. 

The third group of dolerites, nos. 61 to 83, includes some remarkable 
specimens of plagioclase-augite-olivine rocks of trachytic texture, the 
magma in some cases being exceedingly vitreous. These are all very 
black-looking close-grained rocks, the crystals not being discernible 
with the naked eye, except the olivine: one of these, no. 69, is from 
the gravel ; but the specimen was so decomposed that it was only from 
the core of it that a good crystalline section could be obtained. The 
magma of these rocks is vitreous, the plagioclase generally in 
minute microliths and, as arule, not abundant, in some few cases In 
granular aggregates, but generally in well-formed crystals, some- 
times porphyritically developed and of a fairly dark colour; the 
olivine usually porphyritic, in some cases remarkably clear and fresh, 
but occasionally altered, and in a few instances it is in granular 
ageregates. The magnetite is often in minute rounded grains, as if 
the section had been powdered with it; in some cases it partially 
or completely fills up crystals of olivine, and in a few sections it has a 
linear arrangement. The specific gravity of these rocks varies from 
2°90 to 3:02, So far as I have been able to judge, these dolerites 
have neither any general nor any special likeness to the dolerites of 
Central England, except perhaps in these two respects, viz. that in 
nos. 76, 80, 81, the olivine is in granular aggregates, which, I think, is 
somewhat unusual, although I believe it occurs in some specimens 
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from the Rowley Rag; and that nos. 64, 65, 66 have some 
points of resemblance to a rock from Swinnerton Park and to a 
boulder found near Leicester which resembles that rock; but they 
differ in one most important point, viz. that nos. 64, 65, 66 contain 
porphyritic augite, remarkably well developed, whereas I under- 
stand that neither the Swinnerton-Park basalt nor the Leicester 
boulder contain porphyritic augite at all. These dolerites, more- 
over, are totally unlike any of the known dolerites of the north 
of England; they are, however, remarkably similar to some Scandi- 
navian rocks, and this is especially so in the case of those very 
specimens, no. 64, 65, 66, which differ from the Central England 
rocks, and in that very point in which they so differ, viz. in their 
containing porphyritic augite; for upon comparing them with some 
specimens sent me from Sweden and labelled Pilahall (Scanie), 
Gustafsborg (Scanie), and Anneklef (Scanie), the general similarity 
between them is in itself striking; and besides this the sections show 
that they are almost identical in the following points: the clearness 
of the olivine, the porphyritic development and sharpness of outline 
of the augite, the peculiar greenish appearance in the centre of 
many of the crystals of augite, the powdered arrrangement of the 
magnetite, and the specific gravity 2°9. 

The fourth group of dolerites, nos. 84 to 91, includes some rocks 
of considerable interest. They are of a dark grey colour, as a rule 
very close-grained, some being less so and lighter in colour; they 
are plagioclase- augite rocks of a subophitic texture ; the plagioclase 
is usually in micr oliths and the au gite in granular ageregates, though 
in 88 and 89 it isin distinct crystals with fine examples of twinning 
bands; these specimens are so remarkably like the rocks of the Whin 
Sill as almost to establish an identity, for not only is there a very 
great general likeness in the hand-specimens, but the sections show 
that they are identical in several points: (1) the sections of the drift- 
rocks contain white colourless augite in long prisms, (2) they have some 
fine examples of a distinctly pleochroic mineral of the enstatite group 
(hypersthene?) altering into bastite, (3) they have many small 
erains of biotite scattered throughout the sections, and (4) the spe- 
cific gravity of nos. 86 and 88 is 2-93. Upon referring to Mr. Teall’s 
article upon the Whin Sill (in Quart. Journ. Geol. Soc. vol. xl. 
No. 160) it will be seen that the first three points are special 
peculiarities of this rock, and that in three out of the six specimens 
mentioned the specific gravity is 2:94. I understand, however, 
that in Central Scotland there are rocks allied to the Whin Sill, and 
that the Hunneberg rocks in Scandinavia have been shown to be 
very similar to these rocks; the two specimens from the Hunneberg 

q which I have are of a totally different character, so much so that 
__ there is not-even a general likeness between them and the specimen 

_ which I have of the Whin Sill. 
The fifth group contains three specimens, nos. 92, 93, 94, each of 

_ which seems to call for special mention. No. 92 is a piece of an 
_ exceedingly hard boulder of dolerite, measuring about a foot each 
_ way; the boulder is completely rounded and polished, but scarcely 
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at all weathered ; the section shows it to be an ophitic hypersthene- 
bearing dolerite, this being the only really ophitic dolerite that I 
have found in the drift; the plagioclase is abundant, but much of 
it is very cloudy; the augite fairly abundant, much cracked and 
broken; there are several very good examples of hypersthene both 
in grains and in distinct crystals, with the pleochroism from pale 
watery green to orange or brownish red fairly strong; some of the 
crystals are much cracked and some almost filled up with dark 
yellowish-brown alteration-matter ; in one or two cases a fibrous 
structure has been developed. No. 93 is a remarkable rock, if it be 
a genuine rock specimen and not a slag; it has all the appearance 
of a slag, being very black and vesicular, and the magnetite is the 
great feature of the rock ; but it is also composed of crystals which 
aeee in bright colours, have some distinct outline, extinguish 
on rotation, though not simultaneously, and have some appearance 
of cleavage; its specific gravity is 451. The remaining specimen, 
no. 94, is a plagioclase-augite rock of trachytic texture, of which the 
plagioclase is the great feature; for not only is it in abundant 
microliths with remarkably distinct fluxional arrangement, but some 
larger crystals are enclosed, which are of anterior consolidation to 
the ground-mass; the section reveals a structure evidently very 
similar to that of which Professor Judd speaks in his article on the 
voleanic rocks of the north-east of Fife (Quart. Journ. Geol. Soe. 
vol. xl. p. 428), where he says, “the minerals of the second 
consolidation consist of imperfectly developed microlites of felspar 

. the glassy base contains numerous trichites .... the dis- 
position of these and the felspar microlites of the second consoli- 
dation with respect to the larger porphyritic crystals reveals a most 
striking flow-structure; not only are these minuter elements of the 
rock arranged in irregular parallel bands, but they are crowded in 
front and along the sides of the porphyritic crystals, trailing off 
behind them.” 

Granulites—As these rocks are classed by some authors with the 
eruptive rocks, and by others with the metamorphic rocks, I have 
placed them here between the dolerites and the crystalline schists, 
The only two examples which I have, nos. 95, 96, appear to 
be specimens of the same rock, although found at different times 
and in different localities. The rock is of a dark grey colour, of 
a holocrystalline granular texture, and of a slightly schistose 
structure; the sections show that the rock contains plagioclase 
and orthoclase in abundance, but chiefly the former, the crystals 
showing signs of considerable strain, for they are much broken 
and bent, ‘and other crystals appear to have been forced between 
the broken parts; the hornblende is in granules, and there is much 
secondary hornblende in cracks passing through the sections, and 
jn some cases through separate crystals, dividing them but not 
apparently displacing the parts; the rock also contains hypersthene 
in abundance, in grains and crystals, and some biotite. Mr. Teall 
kindly examined the sections for me, and he writes me that they 
are very interesting rocks belonging to a well-characterized type. 
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Similar rocks occur in Saxony, where they are known as pyroxene- 
granulites, in Sweden (hyperite of Térnebohm), in Minnesota 
(augite-diorite of Streng), near Baltimore (gabbro or hypersthene- 
gabbro of Williams), and in Scotland, where they have not been 
described. The original minerals appear to have been augite, 
hypersthene, magnetite, and plagioclase; the plagioclase of the 
Baltimore rocks is bytownite; in most districts where they occur 
they show a considerable amount of variability in their mineralogical 
composition; felspar is sometimes abundant, sometimes absent; 
secondary hornblende is frequently present, and sometimes it entirely 
replaces both the pyroxenes * 

Crystalline Schists——These rocks are not abundant in the drift. 
The specimens are numbered 97 to 105 with 171 and 180. Of these 
97 to 103 and 180 are hornblende-schists, and are of a greyish- 
green colour and close-grained. In some cases they are evenly 
foliated and split with a very level fracture; in others they are very 
hard and much contorted, as in no. 100, a section which was taken 
from a large boulder, exceedingly hard, though rounded and polished. 
The sections show orthoclase, as a rule, cloudy and much altered, 
quartz not in any great quantity, and hornblende varying con- 
siderably. In nos. 97 and 99 it is in long prisms (actinolite), in 87 it 
is in irregular grains and prisms with good examples oi transverse and 
longitudinal sections and with some instances of twinning. In 101, 
102 if is not nearly so abundant, but in 103 it is most abundant in 
grains and prisms so minute that the hand-specimen shows a very 
compact structure of a silky appearance in which it is hardly 

| possible to detect the separate cystals. But no. 98 is the most 
_ interesting of these sections; for besides the hornblende and some 
irregular grains of a colourless mineral showing weak tints under 
crossed nicols (zoisite? ), it also contains abundance of dark blue 

_ tourmaline (indicolite), the prisms sometimes showing a tendency 
_ to gather into radiate or fan-shaped groups. The fact of the 
_ occurrence of tourmaline in this rock, when considered in connexion 
_ with the number of quartz-tourmaline rocks in the drift, makes it at 
_ any rate probable that they have come from the same locality, viz. 
from some locality where tourmaline-bearing granite is intrusive in 
_hornblende-schists. Nos. 104, 105, and 171 are mica-schisis, 104 
being granatiferous ; this section was from a block of canadeeple 

_ size, and the garnets are fairly abundant, though much cracked and 
rf DI Seen 

P A | Quartzites and Quartz-R 
the drift ; the quartzites occur in very eee alee as well as in 
7 vumberless roHed pebbles. Sometimes they are very clearly 
banded, but in most cases they show no signs of banding. “They are 
usually very fine close-grained rocks “with a highly lustrous 
fracture. Quartz-rocks occur mostly as large, rounded, and highly 
polished boulders, often, especially in smaller pebbles, of a rose- 
red colour. The only specimens I have of these rocks are 

2 * Lehmann “Die Entstehung der altkrystallinische Gesteine.” Streng, 
Neues Jabrbuch, 1877. Williams, Bull. U. S. Geol. Survey. no. 28,1886. 
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numbered 106, 107, 172, and of these the section of 107 is full of 
dark lines, apparently lines of fine dust, crossing and recrossing the 
crystals, 

Sdicified Wood.—Some few specimens of silicified wood occur in 
the drift; those I have are numbered 116, 117, 174; of these 116 
was kindly examined for me by Prof. Williamson, of Victoria 
University, and he considered it to be coniferous and probably 
Jurassic: 117 is a section of a much larger fragment, and shows 
very clearly the medullary rays, separated by interlacing woody 
fibre. 

Sandstones.—These occur in much greater abundance in the drift 
than any other rock except the flint. The specimens which I have 
selected are numbered 118 to 140 and have been for the most part 
struck off large blocks much rounded and polished. Some of these 
locks are very large, one measuring 5 ft. 9in. x 3 ft. 6 in. x 2 ft., and 

as this lies deeply imbedded in the soft clay ground, it must be nearly 
+ift. 6in.in width. This mass was dug out some few years ago and 
dragged to its present position, where it forms part of a farmyard wall 
within a mile of Felstead; the specimen is numbered 132. In the 
village of Felstead there is a raised way, the outside border of which 
is formed of no less than thirty-six large blocks of sandstone, two of 
limestone, and one of dolerite; others stand near farmhouses 
and blacksmiths’ forges and in front of inns. The majority of 
them are ferruginous, some being highly so; a fair number are 
compietely siliceous; as a rule they are very fine-grained, some 
being specially compact and none that I have found being really 
evarse. They are also, with two or three exceptions, entirely un- 
fossiliferous. I am indebted to Mr. H. Keeping, of the Wood- 
wardian Museum at Cambridge, for having examined them, and he 
considered them to be for the most part Carboniferous Sandstones, 
two or three being pebbles of Millstone Grit; the exceptions, which 
are fossiliferous, are first a block of hard and compact reddish-yellow 
sandstone, no. 128, containing casts of Aviculopecten and some small 
fragments of crinoid stems; and next two large blocks of a greyish- 
yellow sandstone, no. 123, one measuring 3 ft. 3 in. x 2 ft. 6 in. x 1 ft. 
5in. One of these forms part of the raised way in the village, and 
consequently I cannot do more than just chipit. The other and larger 
block lies in a farmyard, and I have therefore been able to examine 
it; I have found in it fragments, but only fragments, of Pecten 
orbicularis; this sandstone has, however, a peculiar glazed surface 
when fractured, and Mr. Keeping recognized it as being of the same 
character as that which occurs in the Lower Greensand in Lincoln- 
shire, and which he has described and figured in his paper on the 
Lincolnshire Neocomian (Quart. Journ. Geol. Soc. vol. xxxviii.). I 
have also found two or three smaller boulders of a glauconite sand- 
stone, which probably belongs to the same series. in addition to 
these, there are here and there boulders of a rather soft argillaceous 
sandstone, but, so far as I have yet discovered, these are quite 
unfossiliferous ; and boulders of the coarse conglomerate known as 
‘“‘ Hertfordshire Puddingstone” are fairly abundant, some of them 
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being of considerable size. In connexion with the sandstones, 
it may perhaps be worth mentioning that an implement made from 
very hard sandstone was found on the surface close by Felstead, and 
brought to me by the gentleman who found it. Itis, I believe, 
a Paleolithic implement, of a shape rarely found in England, 
and may have been lying in the clay; this seems the more like ly 
from my having found “two small ‘implements and two abraded 
quartzite pebbles in the clay-pit mentioned above. They were 
taken out of a yellowish-white clay full of striated flints and resting 
on chalky Boulder-clay. 

LInimestones.—These are also found in considerable abundance in 
the drift; the specimens nos. 141-169 belong to the Carboniferous, 
Triassic, Jurassic, and Cretaceous series. Of the Carboniferous, 
there are boulders and fragments of all sizes, some being of con- 
siderable size, for one measures 2 ft. 3 in.x 2 ft.x 1 ft. 3 in., and 
another 2 ft. x1 ft. 6in. x1 ft. They have become weathered toa 
light bluish grey and are smoothed and rounded, but I have not de- 
tected any striation. They are of a highly crystalline character, dark 
grey in colour, hard, and fine-grained. ‘The sections under the 
microscope show some very perfect examples of Valvulina, Endo- 
thyra, Trochammina, &c., chiefly V. bulloides, V. Youngi, EL. 
Bowmani, and 7. incerta, and in some of the sections the rhom- 
bohedral plates of calcite are very perfect. In addition to these, 
there is one small piece containing Lithostrotion (no. 160). Of the 
Triassic limestone there are two pieces from the Rhetic beds, 
nos. 162, 163, containing very good specimens of Pleuromya 
crowcombeia ; one of these was taken from a railway-cutting at 
Castle Hedingham, considerably beyond my radius, the other I 
found near Felstead; I am indebted to Mr. H. Keeping for 
identifying them. They are somewhat interesting, because though 
I see that the Rhetic beds are said “to extend as a continuous, 
though very thin band at the top of the Trias, from the coast of 
Yorkshire across England to Lyme Regis on the Dorsetshire 
shore ” (‘Textbook of Geology, A. Geikie, p. 766), yet I understand 
that no Rheetic beds come to the surface anywhere in the north of 
England, and in that case these must be remnants of a very early 
denudation. Of the Jurassic series, there is a great abundance of 
blocks of all sizes, but I have taken only a few specimens, of which 
one or two are from the Cornbrash, and the majority from the 
Oxford Clay and the Kimmeridge Clay, containing Cardiwm, Tri- 
gonia clavellata, Ammonites serratus, &c. There are also two or 
three pieces of Purbeck Marble, containing Paludina fluviorum ; but 
Inasmuch as: this rock was much used for church-building and 
building of priories &c., I feel that all of it that is not actually 
taken out of the Boulder-clay must be looked upon with suspicion, 
and this will necessarily apply to many of the Jurassic fragments 
‘besides the Purbeck. Of the Cretaceous series, I have found one or 
two blocks of glauconitic limestone of some size, one in particular, 
measuring 3 ft. x 2 ft. 6in. x 2 ft., which lies in an inn-yard in Fel- 
stead, and is very much weathered and worn; the section is numbered 
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152. Besides these, many lumps of hard chalk occur in the 
drift, some of them as rounded boulders with distinct striation. 
No. 169 is a section of this hard chalk, and is full of circular 
organisms of which little but the form can be detected. Mr. 
Keeping identified a specimen as being exactly similar to the 
hard chalk of Cambridgeshire. ‘There remain only the flints and the 
Boulder-clay itself to be considered. ‘The flints are by far the most 
abundant of the rocks in the drift, and sometimes are in blocks of 
very considerable size; two great blocks which were dug out of the 
Boulder-clay in making a very deep drain measure respectively 
22in.X11 in., and 19 in.x11x7in. In examining some Boulder- 
clay within two miles of Felstead in a disused clay-pit, I dug out 
several large flints, which were so highly polished on all sides that 
the surface was quite transparent; there were a great number of 
them lying in this clay at a depth of from four to five feet from 
the surface; but though apparently whole as they lay, yet, when 
taken out, they were all without exception found to be sharply 
cracked in one or two places without being at all splintered, and 
the clay itself was quite undisturbed. Of the chalky Boulder- 
clay itself three slides will be found numbered 170; they were taken 
from a mass of this clay exposed in an open grip close to Felstead, 
and they contain great numbers of very minute Foraminifera, many of 
them in perfect preservation, mixed up with particles of quartz- 
sand. 

I fear that this investigation into the character of the- rocks 
of the Essex drift has so far been productive of little, if any, 
practical result; but it is possible that the mere description of the 
rocks may lead to some important results as regards the general 
question of the glacial drift. In taking it up, I hoped to discover 
some of the localities from which the different rocks had come, 
and it is possible that further investigation may be productive 
of more definite results ; but at present I feel that the difficulties of 
actually identifying these fragments with the rocks of any special 
locality are so great that I am not myself capable of coming to any 
definite conclusion upon such a question. I have tothank Professor 
Bonney and Mr. J.J. H. Teall for so kindly examining many of 

-the specimens and sections, and for several valuable suggestions. 
My thanks are also due to Professor A. Geikie and Mr. Clement 
Reid for kindly inspecting the specimens, and to Mr. H. Keeping 
for identifying several of the sandstones and the fossils in the 
limestones. 

Discussion. 

The Prestvent said the author of the paper had shown how much 
might be done by a petrologist even in so unpromising a region as 
Essex. Most geologists had experienced the difficulty of identifying 
rocks transported from a distance. Unless, however, the fragments 
are actually found i situ in the Boulder-clay, it is well to beware 
of concluding that they have not been brought to the spot. He 
related a case in which a Mexican carving was picked up in a Roman 
encampment in Devonshire. 
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Mr. Waitakere said it was only by continual endeavours to identify 
the rocks of the Boulder-clay that any knowledge of their original 
derivation could be ebtained. He also noticed the number of foreign 
fragments scattered over the country artificially. The sandstone, 
which he concurred with Mr. Rowe in regarding as Neocomian, 
was one of the commonest stones of the Boulder-clay in West Nor- 
folk, but he had iried in vain to ascertain its origin. The paucity 
of granites was common in the Drift of the eastern counties, but the 
occurrence of Rhetic stone was new to him. On the Cromer coast 
there were boulders of rocks similar to those on the table, and 
many of the Cromer blocks were of Norwegian origin. 

Mr. Cotz mentioned the numerous pebbles of igneous rocks in the 
Bunter pebble-beds, and thought that their transference to the 
drift might complicate the question of the origin of the materials. 

The Prestpent pointed out that Niedermendig beds were worked 
for mill-stones by the Romans, and fragments occurred all over 
Europe. The sandstone with glistening fractured surface was from 
the Spilsby Beds of Southern Lincolnshire, as shown by a fossil it 
contained. 

Mr. Rows said his specimens were from large boulders, and nearly 
all had been found in the Boulder-clay itself or could be traced to it. 
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27. On the Origin of Dry Cuatk Vattzys and of Coompr Rock *. 

By Crement Rem, Esq., F.G.8. (Read February 23, 1887.) 

For many years the singular mass of angular flints and Chalk, 
known as the Brighton Elephant-bed, has been familiar to geolo- 
gists. This deposit I had not seen till 1884, when I was in- 
structed to examine, for the Geological Survey, the Pleistocene 
deposits of Sussex between the escarpment of the South Downs 
and the sea. 

Coming from eight years’ work in strongly glaciated districts, I 
was at once struck by the appearance of the Elephant-bed—or, as it 
is called in the district, the ‘Coombe Rock.” It is a very different 
deposit from anything commonly seen in the Yorkshire or Lincoln- 
shire Wolds, and different, though net so markedly different, from 
anything found in Norfolk. 

This occurrence in a non-glaciated district of a type of gravel 
unlike anything of ordinary occurrence in glaciated districts of 
similar configuration aroused my interest. After two years’ study 
of the beds in the field, I venture to bring forward my views as to 
the mode of formation of Coombe Rock and as to the origin of dry 
Chalk Valleys—two subjects intimately connected. 

The configuration of the surface beneath the drift on the seaward 
side of the South Downs is identical with that found in the Chalk 
districts of Yorkshire and Lincolnshire. In each of these districts 

we have a dip-slope from the edge of the escarpment seaward. But 
this slope does not pass under the low-lying drift areas; it ends 
abruptly in a cliff, now much degraded, but still recognizable as a 
sea-cliff both by the marine deposits banked against it and by 
its independence of the line of strike. ‘This cliff is well seen 
at Black Rock, near Brighton, and passes also through Goodwood 
Park. 

The result of this ancient marine erosion is, that we have in the 
South Downs a moderate southern slope from the escarpment, then 
a sudden drop at the partially buried cliff, and then a plain sloping 
very gently seaward. 

It is needless to say more about this period of marine erosion, for 
the structure described is not directly connected with the subject of 
this paper. It is important, however, to realize the general contour 
of the country before the Coombe Rock was deposited, or one cannot 
understand the distribution of this later gravel. 

Subsequent to the formation of the ancient sea-cliff an enormous 
mass of angular flint and chalk detritus was swept from the Downs, 
and spread far and wide in a continuous sheet over the low lands. | 

* The facts obtained during the work of the Geological Survey are communi- 
cated by permission of the Director General. | 
+ See Mantell, ‘ Geology of Sussex,’ 1822, p. 277. 
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This deposit seldom extends far up the valleys, but it can be traced 
as much as eight miles south of the old cliff, over a surface of Chalk, 
Eocene, and marine Pleistocene beds. 

The Coombe Rock, though of singularly uniform character 
considering its coarseness, changes as the distance from the Downs 
increases. in the Coombes, and for three or four miles south of the 
Downs, it consists of a mass of unstratified, or obscurely stratified, 
flints, battered, but not rolled, and imbedded in a matrix of chalky 
paste and pieces of chalk. Close to the old cliff, as at Brighton, 
large masses of chalk are found in it, and also, locally, numerous 
greywethers. Pebbles only occur in places where they might be 
obtained irom older beds immediately to the north. 

As the distance from the old cliff increases, the Coombe Rock 
changes laterally into a deposit known locally as ‘‘shrave.” This 
consists of angular flints in a loamy matrix, the proportions being. 
such that the mixture is worthless either for gravel or brick-earth. 
Still further from the Chalk, as at Selsey, the shrave changes into. 
almost clean brick-earth, though it still contains scattered angular 

flints. Thin brick-earth also overlies a considerable portion of the 
Coombe Rock around Brighton and Worthing. 

The fossils of the Coombe Rock consist almost entirely of teeth of 
Horse and Elephant, broken, and apparently also decayed, before 
they were imbedded. A few Paleolithic implements have also 
occurred. Though careful search was made I- could not find a 
single mollusk, nor any plant-remains, except two or three pieces of 
decayed wood. 

It seems evident, from the peculiar character of the Coombe Rock, 
that it was not formed by agents now at work in the district. It 
is not of glacial origin, for none of the stones are striated, and the 
few from distant sources are such as we know occur in the under- 
lying marine Pleistocene deposit. It is not marine, for it is almost 
unstratified, the stones are not rolled, and the marly matrix contains 
no shells, though full of undissolved chalk. It cannot be a gravel 
formed by ordinary fluviatile action, for there are no valleys to 
contain the streams, and no river transports soft chalk-detritus more 
than a short distance, or lays down sheets of gravel of this singularly 
unworn and unstratified character. 

The enormous sheet of Coombe Rock just described has evidently 
been derived from the Downs, and I believe that a study of the 

contours of the Downs gives us the key to its mode of formation. 
The peculiar rolling outline of our Chalk Downs, the steep-sided 

valleys winding for miles among the hills, yet never, even in the 
wettest season, containing a drop of water, are familiar types of 
English scenery. But, perhaps because so familiar, it does not at 
first strike one that these outlines point to conditions which have 

y now entirely passed away. No streams now fill these upland valleys, 
and where streams do occupy the bottoms of Coombes, their beds 
fall very gently, so that they do not assume the character of mountain- 
' torrents, as any stream in the steeper Coombes must: necessarily do. 
It is impossible, under present conditions, for any stream to exist 

pe G. 8. No. 171. 2¢ 
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in these dry valleys ; for the Chalkis so porous that the heaviest rain 
sinks in directly, and the most continued rainfall merely causes new 
springs to burst out at some point rather higher up the valley than 

Fig. 1.—Contour-map of a portion of the South Downs between the 
Valley of the Adur and the Devil’s Dyke. (Scale 1 inch to 1 mile.) 

i al 

Explanation of tints. 

0=1’-100'". 1=100'-200'.. 2=200'-300'. 3=300'-400'. 4=400'-500’. 
5=600'-600'. 6=600'-700'. 7 (black)=700'—800'. 

usual. The upper and steeper portion of the valley still remains 
perfectly dry, and no running water can be found where the incline 
of the bottom of the valley exceeds the slope of the plane of satura- 
tion in the chalk. This is well shown in the Downs near Brighton 
(see fig. 1). 

This difficulty in accounting for the erosion of dry Chalk Valleys 
by running water has been felt by other geologists, who have tried 
to overcome it by an appeal to a former submergence and consequent 
rise in the level of the plane of saturation ; or to a former higher 
level of the plane of saturation before the valleys had been cut to 
their present depth *; or, thirdly, to an enormous increase in the 
rainfall +. 

None of the explanations seem sufficient, though perhaps each of 
these ageucies has to some extent assisted in the denudation of the 
lower portion of the valleys. 

There is no evidence of a submergence while these Coombes were 

* Prof. Prestwich, Presidential Address, 1872, pp. 58-63; and Dr. J. Evans, 
Presidential Address, 1875, p. 37. 

+ A. Tylor, “‘ Action of Denuding Agencies,” Geol. Mag. dec. ii. vol. ii. 
pp. 487-476. See also Prof. Prestwich, “‘On a peculiar bed of Angular Drift 
on the Lower-Chalk high Plain between Upton and Chilton,” Quart. Journ. 
Geol. Soc. vol. xxxviil. 
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being eroded. In fact the descent of Coombes near Rottingdean to 
the sea-level, and the way that other Coombes plunge beneath the 
tidal marshes of the Adur and Arun, are strongly suggestive of a 
slight elevation while the erosion was taking place. 

Prof. Prestwich’s view that the deep trenching of the Downs by 
valleys has gradually lowered the plane of saturation and dried the 
Coombes, is clearly applicable to a large number of the slightly 
inclined Coombes like those through which the two lines of rail 
pass near Brighton. But the whole structure of the country, the 
proximity of the escarpment on the north, of the old sea-cliff on the 
south, and of the deep valleys of the Wealden rivers, which traverse 
the Downs from north to south, shows clearly that the outlet for 
the water must have been just as free then as now, so far as deep 
trenching could aid it. All these features existed before most of the 
Coombes were cut or the Coombe Rock deposited. The greater depth 
to which the Coombes have now been cut can be left out of account ; 
for dry Chalk valleys play no part in the present superficial drainage, 
and it would make little, if any, difference in the height of the plane 
of saturation if they were filled up again. 

The trenching cannot therefore affect the steeper Coombes, where 
the water-level is hundreds of feet below the surface and the incline 
very great. The slope of the plane of saturation in Chalk never 
exceeds, if it reaches, 60 feet in a mile; here we are dealing with 
slopes seldom less than 100 feet, and in several instances reaching 
500 feet in the mile. ‘To illustrate this, I have drawn on a true scale 
sections of the three Coombes in the South Downs, which are most 
generally visited (fig. 2). 

No change could cause springs to break out in the upper portion 
of these valleys, unless it were a deep submergence of the whole of 
the adjoining low lands. If such upland springs had formerly ex- 
isted, their successive failure through the gradual lowering of the 
plane of saturation would necessarily have left evidence in extensive 
deposits of rolled gravel. Winding terraces would also border the 
Coombes at various heights, like the terraces round the Scottish or 
Norwegian fiords. The low lands ought also to yield abundant evi- 
dence of a submergence of 100 fathoms, whether under sea or 
fresh water. 

Nothing of the sort occurs, and one of the most striking charac- 
teristics of these dry Chalk valleys is the almost entire absence in 
them of gravel and the absence also of definite terraces. If terraces 
formerly existed they ought still to be found; for when once left 
dry they would be out of reach of running water, and might be 
preserved for an indefinite time. 

There is another difficulty which prevents us from accepting either 
of the above-mentioned theories. Nearly all the valleys traverse 
the whole breadth of the Downs, and then end abruptly just before 
the escarpment is reached. If these valleys had been gradually cut 
back by springs, many of them ought to fall northward to the 
escarpment, where most of the large springs are found ; but nearly 
all the Chalk Coombes follow the general slope of the ground and 
open to the south. 
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Of the effects of the hypothetical “ Pluvial Period” I have 
nowhere been able to find any trace in the Coombe Rock. One 
would expect such a period to be characterized by a prolific aquatic 
fauna and flora. But instead of this, nearly all the Pleistocene 
freshwater deposits I have been able to examine show a remarka- 
ble paucity of purely aquatic forms and a considerable development 
of amphibious species, such as can survive for a long time buried 
in mud. 

Again, a Pluvial Period would enormously swell the rivers, 
which would cut deeper and wider channels, transport more gravel, 

and wear the stones more. Though we find abundance of deep 
channels cut through the Downs, the most marked peculiarities of 
the Coombe Rock are that it spreads mainly in broad nearly leve 
sheets, has been almost entirely swept out of the valleys, and is yet 
very little worn. 

The peat-deposits, such as a Pluvial Period ought also to have 
left abundantly interbedded in its alluvia, are entirely absent from 
the Coombe Rock. It has been a great disappointment to me to be 
unable to obtain any plant-remains except a few pieces of decayed 
pine-wood, possibly derived from an older deposit. 

From what has just been pointed out, it seems that none of the 
theories usually accepted is sufficient to account both for the origin 
of the Coombes and for the transport of the Coombe Rock. 

Coombes are not forming now—in fact, many are so steep and 
narrow that they are gradually filling up from the chalk and dint 
rubble which rolls down the slopes, dislodged by the sheep. Coombe 
Rock also is not now being formed. The gravels of the Lavant and 
other chalk-streams are of a totally different character, and the 
rainwash and talus now accumulating at the foot of steep slopes are 
also different. 
As no denuding agent now at work in the south of England 
seems sufficiently energetic to account for the transport of this mass 
of rubble, and similar deposits are not well represented in glaciated 
districts, it was at first very difficult to explain its origin. 

However, we know from the evidence of fossils that during some 
part of the Pleistocene Period a thoroughly Arctic fauna and fiora 
lived in the south of England. At Fisherton, near Salisbury, in 

3 beds that seem to correspond with the poe cathe associated with 
the Coombe Rock, we find many species of high northern mammals* 
At Bovey Tracey, associated with the ‘ ‘Head ” (a deposit very like 

- Coombe Rock), the Arctic birch, bearberry, and some northern 
willows occur. In Central France the Reindeer is abundant. 

Judging from the northern character of the fauna and flora, the 
‘mean temperature of North-western Europe at this period cannot 

_ have been less than 20° lower than it is now, probably it was 
about 30° lower. This would give a mean temperature in the 
south of England very considerably below the freezing-point ; con- 
‘sequently all rocks not protected by snow would be permanently 

_ frozen to a depth of several hundred feet. 

* Stevens, ‘Flint Chips,’ pp. 12-30. 
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This would modify the entire system of drainage of the country 
in a way that [ do not think has been realized. All rocks would 
be equally and entirely impervious to water, and all springs would 
fail. While these conditions lasted, any rain falling in the summer 
would be unable to penetrate more than afew inches. Instead of 
sinking into the Chalk, or other pervious rock, and being slowly given 
out in springs, the whole rainfall would immediately run off any 
steep slopes like those of the Downs, and form violent and transi- 
tory mountain-torrents. These would tear up a layer of rubble 
previously loosened by the frost and unprotected by vegetation. 
The material carried away would not have the Chalk washed or 
dissolved out, for a single flood of this description could have little 
solvent power, and much of the Chalk might not be thoroughly 
thawed*. 

Each of these floods would have an enormous scouring and trans- 
porting power; for the fall in the valleys is very great. It is 
noticeable that no Coombe Rock is found in valleys that have a 
greater slope than 100 feet in the mile, and that the main mass Is 
deposited south of the Downs, where the slope is much less. Pro- 
bably the further transport across the low lands of the unworn flints 
scattered through the brick-earth was greatly assisted by ‘“ anchor 
iced 

On the flat lands any small channels formed by one summer’s 
floods would be filled with ice and frozen gravel next winter, so 
that subsequent floods would have to cut fresh channels over the 
plain. This would Jead to the formation of flat subaerial deltas, which 
advanced seaward and became confluent over the whole plain 
between the old cliff and the sea. Chichester stands on one of 
these old deltas, which consists of chalky Coombe Rock for 44 miles 
from the Downs and slopes about 30 feet in a mile; the loamy 
southward continuation is, of course, very much flatter. 

The constant excavation of new channels, while these conditions 
lasted, is probably the cause also of much of the apparently un- 
systematic grooving so commonly found in rocks underlying gravels 
of this type; a frozen gravel is just as hard as, or probably harder 
than, frozen chalk. 

This, I believe, was the origin of our steep-sided Coombes and 
of the Coombe Rock. There is no need of any excessive rainfall ; 
in fact the apparent deficiency of snow during this cold period, com- 
bined with the remarkably Arctic character of the fauna of 
Fisherton, makes it probable that it was a period of drought, perhaps 
equivalent to the Loss period in Central Europe. 

A recognition that physical conditions of this peculiar type held 
in non-glaciated parts of England during the glaciation of other 
parts seems necessary to a more perfect understanding of the origin 
of our Pleistocene deposits. In the Arctic regions, beyond the 

* The erosive power of rain falling on porous beds before they are thawed 
has been incidentally alluded to by several writers; but apparently this per- 
manent freezing of the rocks and consequent stoppage of all underground 
circulation in the south of England has not been taken into account. 
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limit of the ice, such a frozen belt is always found. It may be 
observed, however, that the frozen lands of Siberia and North 
America are either lowlving or have been much glaciated. Con- 
tinued glaciation and denudation have destroyed most of the bolder 
features ; we therefore do not commonly find steep hills of soft 
rocks, like those that were so rapidly denuded in England. 

_ In the south of England denudation during the continuation of 
these conditions seems to have been enormous and extremely rapid. 
If the time had not been short, all soft rocks would soon have been 
planed down to one gently undulating surface, like the plains of 
Russia and Siberia. 

It is not here necessary to try to correlate the Coombe Rock with 
any particular Glacial deposit of other parts of England. All that 
I have attempted to show in this paper is, that a certain type of 
denudation must necessarily have acted in the frozen lands, bare of 
snow, during some part of the Pleistocene Period. Tundra-conditions 
may have recurred several times. Probably some of the so-called 
“ Interglacial Deposits ” of the north merely show a deficient snow- 
fall and consequent change to these conditions, An actual amelior- 
ation of the climate need not have taken place. However, the 
further consideration of these points must remain for future work. 

Discussion. 

The Prustpenr observed that whatever difference of opinion 
there might be as to the subject of the origin of dry valleys in the 
Chalk, it was one which would always excite the interest of those 
who lived amongst them. 

Prof. Srrney stated that Canon Gover had long studied the dry 
valleys of this part of the South Downs, and had come to the con- 
clusion that in their upper portions they were excavated by glacial 
ice, and in their lower parts by the action of running water. Last 
Easter he went over the evidence with Canon Gover and examined 
in detail the Findon valley and adjacent districts ; but he failed to 
find any proof that ice had played an important part in relation to 
their formation. On the contrary, all the facts seemed to show that 
these valleys were in the main the work of the sea, during a time 
ef comparatively rapid change of level of the land. The valleys run 
up inland from the inland cliff of chalk, as they might be expected 
to do if they were formed by erosion along lines of jointing. It 
was manifest that the valleys had formerly been filled with a not 
inconsiderable volume of water; and high up, at various levels, 
the hills were sometimes capped with a brown clay full of broken 
flints. He believed that this accumulation had been swept into its 
present position by tidal waters during the time when the land was 
being submerged and the waters were working up the valleys. At 
a much lower level, just before the valley widens out, there are 
deposits of rolled flints two or three feet thick, which creep up the 
slopes, and differ as much from gravel as the deposits on the hills 
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differ from Boulder-clay ; though he thought the two deposits might 
be connected in much the same way as gravels in the Eastern 
Counties were the residue of Boulder-clay left after tidal waters 
had washed the clay away. The clay had been swept out of the 
Findon valley. He believed the entrance to such a valley was wide 
in proportion to the duration of marine action upon it, and that 
although other agencies may have since softened its features, there 
was no ground for appealing to them to account for its origin. 

Mr. Evans was grateful for any new theory offering an explana- 
tion of the Elephant-bed. He agreed as to the possibility of the 
frozen condition of the ground, but was not prepared to go the 
whole length of the Author. He dissented from the views of Prof. 
Seeley. The question of the Elephant-bed was distinct from that of 
the formation of Coombes. Its age was undoubtedly subsequent to 
the elevation of the old submerged chff. He considered that with 
a certain amount of submergence, streams of water would run in 
the now dry valleys. According to the Author’s hypothesis, the 
more impervious the condition of the Chalk the more rapid would be 
the process of excavation. This he was prepared to accept; but a 
greater rainfall would have much the same effect as frost. If the 
Chalk hills were saturated with water, the conditions would, as he 
had elsewhere shown, be very nearly the same as if the rock were 
frozen. Even a double rainfall might in some Chalk districts pro- 
duce saturation nearly to the surface. 

He strongly objected to Prof. Seeley’s ideas respecting the deposit 
on the hill tops: it was more probable that the heights of the South 
Downs were capped by a chemical deposit, which was the residuum 
of the chalk already removed by solution. 

He again expressed an opinion that Mr. Reid’s theory was well 
worthy of consideration. 

Dr. Geixie had accompanied the Author over the ground and 
considered him to be on the right track. Without doubt the valleys 
were the result of subaerial denudation, and he was astonished at 
what had fallen from Prof. Seeley. The valleys were doubtless 
outlined before the Chalk was exposed at the surface, and their sub- 
sequent erosion in the Chalk had been effected by solution and 
mechanical abrasion under conditions which have now disappeared. 

Dr. Hicks observed that Mr. Reid spoke of great cold, therefore 
the period he was describing must have been the climax of the Ice 

- Age. The animals found in the Pleistocene deposits referred to were - 
simply driven from their northern home by the advance of the ice. 
Man would follow the animals on which he lived; therefore the 
implements obtained from these deposits belonged, probably, to 
the northern man, who must be considered as of pregilacial age. 

Mr. Torrey, after alluding to the breadth of the discussion, bere 
testimony to the value of the Author’s hypothesis. It was not a 
new idea that the Coombe Rock represented the glacial deposits of 
the north of England ; but the really new point in the paper was the 
notion of the ground south of the area under ordinary glacial condi- 
tions having been solidly frozen; and if the whole country were 
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thus frozen, the action of running water would be to excavate in the 
manner claimed for it. He then proceeded to institute a com- 
parison between the conditions obtaining in the North and South 
Downs respectively, and stated that the absence of any deposit 
representing the Coombe Rock in the north, and also the fact that 
dry valleys existed throughout the Chalk area in Central France, 
were difficulties in the way of accepting the Author’s conclusions. 
He gave some reasons for believing that the South Downs represent 
a later stage of denudation than do the North Downs. 

Mr. Pracn thought that the theory advanced by the Author 
accounted for the phenomena of the dry Chalk valleys ; but in order 
to make the Chalk impervious to surface-water, it was not necessary 
to have it frozen to the depth of several hundred feet. The same 
result would be brought about by the freezing of the ground for a 
few feet below the surface. The Coombe Rock was evidently con- 
nected with the excavation of these valleys. The presence in it of 
numerous fragments of chalk and flints not rounded seemed to 
indicate that its materials were laid down by streams flooded during 
the summer seasons and much reduced in size or frozen during the 
winters. ‘The thawing of the surface during the summer would 
set free angular fragments of chalk split by the previous winter's 
frost, and the materials thus let loose would be swept down the 
valleys over the stilifrozen substratum. In this respect the Coombe 
Rock differs materially from the alluvial gravels of the existing 
streams in that region, which contain abundant rounded fiint 
pebbles and few or no chalk fragments, the latter being disintegrated 
or dissolved before they have travelled any distance. The decayed 
character of the bones found in the Coombe Rock was in marked 
contrast to the fresh state of the chalk fragments, and seemed to 
indicate that they had been exposed to the weather prior to the 
formation of that rock. 

Dr. Hinz observed that in Canada, where the ground is solidly 
frozen to a certain depth each winter, a greater amount of denuda- 
tion is effected in 24 hours, at the sudden break-up of the frost in 
spring, than takes place during the whole of the rest of the year. 

The AurHor, in reply, said that the valleys no doubt had been 
largely outlined before the period dealt with in his paper, some of 
them might be the continuation of old Weald valleys. The former 
existence of an overlying clay deposit had something to do with the 
original outlines. As evidence of the submergence spoken of by Mr. 
Evans, he instanced the marine beach at Goodwood, 130 feet above 
the sea. Such submergence occurred before the deposit of Coombe 
Rock ; it might aid in the excavation of the lower valleys. As 
regards rainiall, the fauna is Arctic, and there should be snow 
rather than-rain, yet we have no evidence of true glacial action. 
No attempt had been made at correlation with the deposits in the 
north. In this district the old Tertiary deposits had gone, but it 
was otherwise in the North Downs. 
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28. The Puysican History of the Bacsnot Reps of the Lonpon Basin. 

By the Rev. A. Irvine, B.Sc., B.A., F.G.S. (Read January 26, 

1887.) 
[ Abridged. ] 

INTRODUCTION. 

To the statement of my views on this subject in the Quarterly Journal 
of the Society (vol. xli. pp. 492, 507, 508) I adhere in its main 
outlines, notwithstanding the adverse criticisms upon it which have 
appeared since in the Quart. Journ. Geol. Soc. vol. xlil. (pp. 402- 
416). Certainly I felt that, from insufficiency of data, some of the 
correlations were tentative and open to such corrections as further 
investigation or criticism might show to be necessary. ‘There can, 
however, be but little doubt that the method which proceeds by 
attempting to definitely correlate by stratigraphical evidence the strata 
seen in the sections on the flanks of the Bagshot district with those of 
the interior of the main mass involves fewer assumptions than such 
an attempt as has been made by later authors (Q. J.G.S. loc. cit.) to 
determine the horizons of those marginal strata by a comparison of 
them with one another. Underlying the latter process there is the 
assumption that mere contiguity or proximity to the London Clay is 
evidence of Lower Bagshot horizons; but this involves manifestly 
‘ petitio principi.’ 

I consider that the case must rest mainly on the physical evidence, 
and that, if no instance remained of a former overlap of lower 
by higher beds, the case would not be disproved, so long as the 
stratigraphical evidence was not contradictory ; and the failure to 
show any overlapping at the present time could be explained by the 
subsequent denudation of the country, the main lines of which have 
been, as is well known, determined far more by the distribution of the 
plateau-gravels of Quaternary or earlier times than by the strati- 
graphical structure of the district. If later authors, therefore, had 
disproved the existence of overlap, they would but have disposed of 
the corollary to the problem, and they would still be confronted by 
the physical evidence. As regards the paleontological evidence, it 
is only right to remark that the very small percentage of the sections 
in the Upper Bagshot in which fossils have been found, together 
with the very imperfect state of their preservation (mere irony casts), 
suggests the possibility that the fossiliferous localities may owe that 
character to the mere accident of the presence of a little more 
binding material. Anyhow, the evidence on the affirmative side is 
too feeble to justify us, on the strength of its mere negation, in re- 
jecting strata from the higher beds merely on account of absence of 
fossils, if physical and stratigraphical evidence justifies their assign- 
ment tosuch horizons. The fact that “ the best-preserved specimens 
are high up in the series” (Q. J. G.S. vol. xlii. p. 415) may be accepted 
as a fact strongly corroborative of my view as to the marine-estuarine 
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origin of the Upper Sands, showing a gradual advance towards fuller 
marine conditions in those strata. So with the so-calied ‘‘ Middle 
Bagshot” group, localities may occur (e. g. Ascot * and Yateley 7) 
where marine fossils are plentiful and, in some cases, in such a state 
of preservation as to show that they are found in their original 
habitat (probably the still waters of lagoons kept saline by percola- 
tion or by occasional inroads of the sea) ; yet there is nothing like 
such a general prevalence of them as would justify us in assigning 
a marine origin to the Middle Group taken as a whole. ‘The most 
successful collector of fossils from the beds of this group has informed 
me that they are most numerous in certain thin whitish bands in 
the green earths—a fact which reminds one forcibly of the way in 
which marine fossils occur in thin bands in the Coal-measures {, 
which no one would think of calling on that account a “ marine 
series.” Again, in other Kocene deltas, e.g. in that of the upper 
lignitiferous series of the Soissonnais $ and in many modern deltas ||, 
similar facts are so frequently met with as to be quite common-place 
in physical geography, as is also the fact of the gradual subsidence 
of estuarine areas 9. So far from there being anything “ unusual ” 
(Quart. Journ. Geol. Soc. vol. xlii. p.416)in this, a moderate acquaint- 
ance with continental Eocene geology shows that it was but one of 
many incidents of a similar nature, producing frequent interstratifi- 
cations of marine, brackish, and freshwater deposits, which charac- 
terized Tertiary times over a large part of the European area **. We 
are also confronted with the fact that in the Bagshot series of the 
London area there is an absence of any such record of perfegt marine 
conditions as is preserved in the contemporary Calcaire grossier, and 
in the yet more massive Eocene limestones of the Bavarian Alps. 

Mr. Etheridge informs me that the London Clay of the Metro- 
politan area yields no less than 11 out of the 1% Foraminitera 
known in the London Clay up to the present time, yet none of 
these pass up into the beds above. We must note, too, the absence 
from the London Bagshots of the important classes, Actinozoa, 

Echinodermata, Orustacea, and Brachiopoda (represented in the 
London Clay by 36 genera and 56 species), and the entire absence 
in the Lower Bagshot of the 35 genera, including 110 species, of 
Lamellibranchiata known in the London Clay, and occurring for 
the most part in that formation in the London Basin 7f, while only 

9 genera and 13 species of this class reappear in the Middle Group#f. 
These facts seem to point to such a break in the succession of 

* Quart. Journ. Geol. Soe. vol. xxxix. p. 349. + Ibid. vol. xli. p. 500. 
t Cf. Green, ‘ Nature,’ January 6th, 1887. 
§ Meunier, ‘ Les Causes Actuelles &c.,’ pp. 269 e¢ seq. 
|| Lyell, ‘ Principles of Geology,’ chapters xvii., xviil. 
‘| Green, ‘Physical Geology,’ pp. 292-294. 
** Oredner, ‘ Elemente der Geologie’ (8rd ed.), pp. 603, 604; Zittel, ‘Aus der 

Urzeit, pp. 419 e¢ seg. It follows from this that we must be prepared to find 
overlap in places. (Cf. Geol. Mag. dee. iii. vol. iv. p. 109.) 

tt Htheridge, ‘Stratigraphical Geology and Palxontology,’ pp. 611-614. 
tt Memoirs of the Geological Survey, vol. iv. p. 600. In Quart. Journ. Geol. 

Soe. vol. xxxix. p. 349, two additional species are mentioned. 
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life-forms as could scarcely happen without some unconformity im 
the strata. 

It is scarcely necessary to refute an objection to my view on 
the ground of the considerable interval of time required (Quart. 
Journ. Geol. Soc. vol. xlii. p. 416), an objection, which, in bringing us 
down to the Pliocene, seems to be based on a forgetfulness of the 
Oligocene and Miocene, and of the great space in time represented 
by the contemporary Nummulitic formation and by the subsequent 
elevation of some of the loftiest mountain-ranges on the globe. 

The “ peculiarity of the ground-plan ” referred to is a misconception 
arising from inattention to altitudes. The northern side of the 
district, which I have worked more in.detail, is found to come out 
very well on the horizontal ground-plan, as I think will be seen when 
it is resurveyed. 

REVIEW oF THE Puysicat EVIDENCE. 

1. Pebbles.—The inference drawn in my last paper (vol. xl. p. 496) 
was not intended to imply an absence of pebbles in the whole Lower 
Bagshot ; and I fail to perceive how an inference from a circum- 
scribed range of data can logically bear such a general interpretation 
as has been imposed upon it. ‘To the three well-sections there cited 
may now be added those at Brookwood (Geol. Mag., August 1886), 
Chobham Place, Bagshot, Dogmerstfield Park, and Claremont (Mem. 
Geol. Survey, vol. iv. app.), Thorpe and Hatchfold (recently published 
by Mr. Whitaker ‘ Proc. Croydon Micr. and Nat. Hist. Club,’ 1886, 
pp. 54, 66). Neither in these nor in the extensive exposures of the 
Lower Bagshot on the South-western main line is there a record of 
them. There is some doubt whether the few “ pebbles ” met’ with 
in the Ascot Well * were not pyritous nodules. All this does not 
of course prove a general negative, though it increases the necessity 
for caution. 

The alleged case recently cited +, with some emphasis, of the occur- 
rence of pebble-beds in the Lower Bagshot at St. Anne’s Hill, Chertsey, 
breaks down on investigation. The hill is merely an old river-valley 
escarpment ot the Thames, which has undergone the usual process 
of weathering, with degradation of the higher beds, the débris 
of which is now strewn on its flanks, partly m1 the form of talus, as 
may be well seen in the large pit on the north-east flank of the hill, 
wherethe pebbles occur roughly interstratified with green earthy sand 
and rotten purplish clay, the crude stratification being just what one 
is accustomed to in sections of talus-heaps. In places, as at the top 
of the larger pit, small landslips are detected. The road-section up 
the flank of the hill shows nothing but such a confused mixture of 
débris (in this case, sand, clay, and pebbles) as may be generally 
observed in similar instances. The conglomeratic masses are agglu- 
tinated portions of the pebble-bed which have fallen from above. 

* Proc. Geol. Assoc. vol. ix. p. 417. 
t Quart. Journ. Geol. Soe. vol. xlii. p. 404. 
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‘The pebble-bed is probably seen em situ in a cutting made fora 
footpath leading to the top of the hill, and above this there appears 
to be a capping of sand, proved to be 16 ft. in depth on the crest of 
the hill, and which may be the basal beds of the Upper Bagshot. 
In the smaller and disused pit some of the Lower sands are well 
shown, having been laid bare by the removal of the pebbly débris 
which had accumulated at the base of the old escarpment*. The 
few patches of pebbles which remain have been formed by the simple 
lodgement of pebbles on a sort of ledge formed by rain-water action 
owing to the unequal tenacity of the beds; and they can be seen 
to be continuous with the pebbly surface-covering of the hill-flank 
by lines of pebbles standing on end in the sand, just as they would 
appear to have lodged in an ancient rain-water gully. In removing 
one of the smaller patches and a part of the principal one, to make 
sure that they did not run into, and become incorporated with, the 
stratified beds, I obtained out of the middle of the largest patch, 
in the presence of H. C. Leigh Bennett, Esq., the proprietor, and 
W. H. Hudleston, Hsq., F.R.S., an angular and discoloured flint 
and a rolled fragment of chert, both of which are very characteristic 
of the later plateau-gravels of the district. On the strength of the 
above evidence, it may be confidently asserted that there is no trace 
of pebble-beds of Lower-Bagshot age ~ in the sections referred to 
or of “‘ the existence of a pebble-bed in the Lower Bagshot of St. 
Anne’s Hill ’’t. 

Now, when itis recollected that this was the only case of a pebble- 
bed in the Lower Bagshot which could be adduced by two diligent 
observers, we may well be sceptical as to the existence of such beds, 
though occasional lines and layers of pebbles do occur. ‘This being 
so, and the Hssex Bagshot pebble-beds being of doubtful horizon §, 
we cannot allow the pebble-beds at Barkham, Easthampstead, and 
Bracknell to be claimed for the Lower Group on account of their prox- 
imity to the London Clay. Indeed their presence is evidence rather 
against than for such a horizon, for the lines and layers of pebbles 
met with here and there might have been furnished by the contem- 
poraneous denudation of the London Clay itself; and no greater 
importance attaches to these, to my mind, than to occasional layers 
of Bunter pebbles in the lower sandstones of the Keuper. Their 
occasional presence seems to indicate inequality in the transporting 
power of the currents, as we shonld expect in a fluviatile series of 
beds, and this is perhaps all that they do indicate. 

2. False-bedding.—By “ talse-bedding” I understand any marked 
departure in the stratification from a general parallelism of the 

* Tn three surveys of the hill, Ihave observed nothing which requires the 
notion of a fault to explain it (see Mem. Geol. Survey, vol. iv. p. 332). 

* Quart. Journ. Geol. Soc. vol. xlii. p. 404. t Lbid. p. 417. 
§ In quoting these in the discussion of this paper, Mr. Whitaker appears to 

have forgotton that he had himself suggested (‘ Guide to the Geology of London,’ 
p- 52) that the Essex pebble-beds may belong to the Middle Group, a sugges- 
tion with which I should entirely concur from their association with becs of 
the lithological character of that division (Mem. Geol. Survey, vol. iv. pp. 520- 
328). 
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bedding-planes, of which “oblique lamination” is a minor feature. 
That this is not a necessary indication of Lower-Bagshot horizons 
is seen from the simple fact that it is very commonly observed in sec- 
tions of more coarsely arenaceous beds of the Middle division, and 
serves as one general character wherewith to link the two together, 
as on the whole representing a continuance of similar physical con- 
ditions, while it helps to differentiate them from the Upper Sands, 
in which the bedding is for the most part very indistinct. 

3. Pipe-clay.—This need not owe its origin in these beds directly 
to the well-known process of kaolinization of felspathic minerals ; 
it seems to me more likely that it owes its existence in them to the 
decomposition of the chalk and the leaching out of the iron by the 
action of peaty acids. Recent experimental study of this question 
has tended to confirm this view, so that I am inclined to regard the 
prevalence of pipe-clay as a possible indication of contemporaneous 
subaérial denudation of the Chalk, and of its elevation, therefore, 
above the sea, within the catchment-basin whose waters were drained 
into this Bagshot area. But this applies to the Middle as well as 
to the Lower group; in fact, there are greater accumulations of 
this mineral in the former than in the latter*. This being so, we 
cannot admit the presence of pipe-clay seams as conclusive evidence 
of a Lower-Bagshot horizon. Further, thin layers of colourless 
clay are occasionally met with in sections of the Upper group in the 
interior of the district, as well as in some of the more sandy portions 
of some of the plateau-gravels.. . 

4, Deriwed Materials.—The possible occurrence of such from the 
older Tertiaries in the Middle group at Brookwood+ has been 
already indicated, and Prof. Rupert Jones has suggested the appear- 
ance of derived masses of clay in beds of the same group §. 

5. Irony Coneretions—These are at least as abundant in the 
beds of the Middle division as in those of the Lower. They occur 
in the uppermost bed of the former frequently enough. ‘They often 
retain impressions of vegetable structures, or they form rough hollow 
tubes, just as recent bog-iron-ore often does. Some caution is 
needed in interpreting an apparent annular structure as a “sign of 
wood,” since, as Roth has pointed out ||, this structure is often due 
to the rolling in a dry season by the wind, and subsequent burial, 
of partly dried and curled-up portions of the carbonaceous and 
ferruginous mud which is found at the bottom of stagnant pools of 
water. I havein my possession specimens of ferruginous concretions 
from a high horizon in the Middle division, which retain impressions 
of vegetable structure, suggestive of such marsh-loving monocotyle- 
donous plants as belong to the orders Cyperacew, Typhacee, &c., 

* Cf. the Brookwood Well-Section (Geol. Mag. dec. iii. vol. iii. p. 355); the 
Well-section at Wellington College (Quart. Journ. Geol. Soc. vol. xli. p. 494) ; 
also the instance mentioned in the Survey Memoir on the London Basin (vol. iv. 
p- 333) near Worplesdon. 

t See Quart. Journ. Geol. Soc. vol. xli. p. 411. 
t Geol. Mag. oc. cit. 
§ See Proc. Geol. Assoc. vol. vi. p. 433 (footnote). 
|| ‘Allegemeine und chemische Geologie,’ p. 597. 
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and many of the smaller concretions are undistinguishable from the 
bog-iron-ore obtained from the Canadian and Swedish lakes. More- 
over they are often found on analysis to contain a basic crenate of 
iron. Fragments of lignite are, in my experience, not uncommon 
both in the Middle and Lower beds. The process by which iron is 
carried down in solution by peaty acids and deposited mainly as 
hydrated ferric oxide (bog-iron-ore) is well known*. This is, no 
doubt, the true explanation of the agglutination by ferric oxide of 
the gritty sands and conglomerates of the plateau-gravels known 
locally as ‘pan’ or ‘rust.’ It may still be witnessed in most of the 
streams of the peaty waters of the present Bagshot country. Many 
of the more sandy nodules were first agglutinated by iron-pyrites, 
since such are common in their original state and may be observed 
in all stages of oxidation. Sometimes they contain pure ‘silver sand’ 
in the interior. 

6. Results of Chemical Analysis.—These have been already in 
part published 7, so far as regards combined carbon. Those results 
have been confirmed by several scores of analyses since made of 
samples of these carbonaceous beds and of the waters they yield +. 
Independent confirmatory evidence has also appeared §. Recently 
I have made about 25 combustion-analyses ||, in order to get out the 
percentages of elementary carbon. These percentages range from 
0-312 up to 1:950, the highest being given by the very dark green 
earthy sands of the Middle Bagshot. On the other hand, an average 
sample from the basal beds of the Upper Bagshot in this neighbour- 
hood gave only 0:17 per cent. The samples analyzed came from dif- 
ferent parts of the district, the majority of them from well-sections. 
Elutriation of some of the green earths removes nearly the whole of 
the green colouring-matter, the fine amorphous earthy matter acting 
apparently as a ‘mordant,’ and leaves behind white quartz-sand 
mingled with some black and olive-green grains. This probably 
partly explains the tenacity of colour of some of these green earths ; 
yet chemistry teaches us that they must, and observation shows us 
that they do, lose their colour by oxidation. Slow oxidation is only 
a less intense phase of the process of combustion in oxygen; and 
the burnt residues of these green earths are so completely discoloured 
as to be undistinguishable from those of the brown sands and clays ; 

* See Roth, loc. cit. pp. 596-598 (worth the attention of those who are 
sceptical as to the existence of the Humussdure) ; Credner, Hl. der Geol. (8rd ed.) 
p- 255; Julien, “On the Geological Action of the Humus Acids,” Proc. Am. 
Assoc. Sci. (1879); also the author’s papers in the Geol. Mag. January 1885, 
and elsewhere. 

+ Geol. Mag. dec. 11. vol. x. (1883). 
{ See remarks by the author in Proc. Inst. Civil Engineers, vol. lxxxv. 

(1885-86). é 
§ See (1) Quart. Journ. Geol. Soc. vol. xl. p. 162; (2) Sanitary Record, 

June 1886. Lecture by W. Hassie, Esq., C.H., H.G.8. A reply to Mr. Blyth’s 
criticisms of that lecture will be found in the following (July) number of the same 
periodical. pve : : 

|| Made by combustion in a stream of purified and dried oxygen. The 
accuracy of the method was tested by analysis of a specimen of graphite from 
Borrowdale. 
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while even the darkest green earths (¢. g. at St. Anne’s Hill) may 
be observed coloured in places of a bright orange-red by slow 
oxidation. It is trivial to argue from the small amount of colour- 
change observed in some instances (¢. g. at Goldsworthy, Q.J.G.S. 
vol. xlii. p. 415) to a negation of such change during the ages for 
which some of these beds may have been exposed near the surface. 
Moreover, it requires a comparatively dry exposure to allow of the 
penetration of the beds by oxygenated rain-water ; and cases may 
occur in which the beds are kept so saturated with water from the in- 
terior of the beds holding carbonaceous matter in solution, that the 
work of oxidation may be arrested altogether. 

7. Microscopic Structure.—A detailed examination of the speci- 
mens from the Wellington-College Well-section, subdividing the beds 
for this purpose as they are given in vol. iv. of Mem. Geol. Survey, 
p. 425, shows sizes of the quartz-grains ranging from 0-005 to 

0-030 of an inch. A pure clay is seldom met with. Even the so- 
called clays of the Middle group cuntain very often some 50 per 
cent. of fine clear quartz-grains, cohering,in masses by the cementing 
action of the argillaceous material. In the Upper group the 
investment is generally a mere clay; in the Middle and Lower there 
is generally more or less of amorphous organic matter, either of 
itself constituting the investment or mingled with clay*. The 
quartz-grains are for the most part subangular, and therefore water- 
worn. In one bed (no. 7) the majority of the grains were found to 
be well rounded ; and in beds no. 8, part of 9, and 11, there was a 
noticeable proportion of rounded grains. In some of the beds a 
considerable quantity of glassy silica, in minute clear flakes, is seen. 
This glassy silica may consist partly of fragments of frustules of 
Diatoms ; but hardly so the larger flakes. These have the appear- 
ance under the microscope of flakes of silica artificially precipitated 
by a process well known in chemical laboratories. If so, the solvent 
action of the humus-acids upon silicates may have contributed to 
the result. 

8. Distribution of the Sarsens.—A careful investigation of the 
matter which I have recently made has tended strongly to confirm 
the statements of Profs. Prestwich 7 and Rupert Jones ¢, as to the 
occurrence of these blocks and slabs of ‘saccharoid sandstone’ in 
the Upper Sands. The probable genesis of them has been discussed 
by me elsewhere§. Their extensive distribution far beyond the 
present range of the Bagshot strata is well known. The larger 
blocks are generally very angular, sometimes water-worn on. the 
upper surface, but rough and uneven beneath. As. a student of 
glaciation, there seem to me insuperable physical difficulties in the 
way of attributing to them a morainic origin. For these reasons 
it seems that their wide distribution may be regarded as indicating 

* Geol. Mag., September 1883. 
t+ See Quart. Journ. Geol. Soe. vol. iil. p. 384. 
t Proe. Geol. Assoc. vol. vi. p. 436. 
§ Report of Brit. Assoc. (Southport Meeting), 1883 ; also Proc. Geol. Assoc. 

vol. viii. pp. 156-160. 
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a much greater areal extension originally of the Upper Sands, 
which harmonizes with the view advocated in this and in former 
apers. 

: 9. Lastly, the general homogeneity of the Upper Sands, when 
‘viewed on a large scale, as contrasted with the numerous lithological 
variations, laterally as well as vertically, of the Middle and Lower 
beds, points to such an agency as a tidal surf,in working up the various 
materials, brought into the estuary from different parts of the catch- 
ment-basin, into a somewhat homogeneous whole, as we see them in 
the Upper Sands; while the absence of such an agency in the Lower 
and Middle stages led to that differentiation of the deposits just 
referred to, the materials contributed by each affluent being more or 
less locally deposited. These lateral variations in thickness and 
lithological character of beds on the same horizon constitute, indeed, 
the chief difficulty of their stratigraphy, and discount largely the 
value of conclusions drawn from a comparison of small and distant 
sections. Such evidence standing alone cannot be other than 
equivocal. 

Freshwater Diatoms &c.—It would be premature to say much 
of these until the investigation has been carried further. Up 
to the present they have only been found in any quantity in three 
beds in different localities, though many samples have been searched 
and stray forms have been found in others. The sands examined 
have been washed with distilled water. Their fossil condition seems 
to be indicated (1) by the absence of endochrome, (2) by the corroded 
and fragmentary condition of many of them*. ‘The work of Prof. 
Ki. Pfitzer, of Heidelberg, has been mainly consulted in this study. 
He confirms the previous judgment of Smith as to the distinction 
between marine and freshwater forms, and points out their import- 
ance from this point of view as geological data. He assigns 3 
millim. as the limit of size of freshwater species ; those which have 
been found in the Bagshot Beds seldom reach 7 miliim. in length. 
«¢ Along with empty frustules of Diatoms,” he says (loc. cit. p. 408), 
“only spicules of freshwater sponges and silicified remains of many 
higher plants are generally present.” The latter, in the form of 
vascular tissue, appear to be more common in the Bagshot Beds than 
Diatoms. They are distinctly luminous in a dark field between 
crossed nicols, and remain unchanged after being calcined for more 
than a quarter of an hour on clean platinum foil. J am not sure 
that I have seen any sponge-spicules. The following may be men- 
tyoned as genera that have been met with:—Gomphonema, Prustulia, 
Pinmularia, Synedra, Gyrosigma, Navicula, Odontidiwm, Melosira, 
Amphipleura. They occur both in the Middle and Lower Bagshot, 
and none have been met with in the Upper Bagshot. [In a sample 

_ of the Kieseleuhr deposit lately discovered at L. Quire in Skye, for 
_ which I am indebted to the courtesy of A. Macdonald, Esq., of 

* Vide Schenk’s ‘Handbuch der Botanik’ (Breslau, 1882), Bd. ii. pp. 409 e¢ 
seq., also fig. 1 of that monograph (p. 407). I offer here my best thanks to 
Prof. Marshall Ward, of Cooper’s Hill College, for directing my attention to 
this, Pfitzer’s latest published work. 

feeeG.s. No. 171, 2D 
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Portree, I find pretty nearly the same genera occurring in a very 
similar state. | 

STRATIGRAPHICAL EVIDENCE. 

Data for Section A (fig. 1).—The well-section at Wellington 
College (see Quart. Journ. Geol. Soc. vol. xli. p. 494) is the standard 
for comparison. The sequence of the beds at the southern end of the 
section has been proved again in a new well, this winter, behind 
the Wellington Hotel. The thickness of the sand beds below no. 10 
is calculated (from the altitudes of the London Clay in the College 
well-section and at its outcrop to the N.W.) as 80 feet. The 
green earthy sands (nos. 7, 8) are proved by outcrop and inter- 
mediate excavations to continue to the brook parallel to the railway 
3 mile to the E. 

Section B. Brook-section south of Ravenswood. 
ft. 

a, Green-earths/and: sands (ns: (7,-8) 2.22 /s0cs2 20h eee eee ee 20 to 25 
6. Clays, loams, ferruginous sands with strong clay-layers 20 

(n08, 9,10), wceccsccted bt. cncedteler Aces eee ee eee 

On the west side of the line the well at the lodge by the Roman 
Road pierced beds nos. 9,10, 11. The last-mentioned bed is a dirty 
quartz-sand, blackish green, with much lignite and pyrites. 

Section C. New Well by Wokingham-Sandhurst Road. 

a. Angular and pebbly drift-eravel.....2:..0...s-:2-tm-seeswaeeneeeeeee ae eee 
6. Brown and yellow ferruginous sand, loam and clay (partly laminated), 

with irony nodules, very clayey in upper part (nos. 9,10) ............ 
e. Greenish-black quartz-sand with pyrites, lignite, and freshwater dia- 

toms (pierced tO) «220 cause. cacecsc ae cece see ode te ds eseeee a eeee ee eee ene nae ee } 

Total depth. vi3.c.dck dots sepeqels cuits ne etek ses see eee eee 32 

On the assumption that things which are equivalent to the same 
thing are equivalent to one another, I maintain that the beds of the 
new “well are precisely on the same horizons as those in the well at 
the lodge (see fig. 1), since the upper bed in each of the wells is the 
equivalent of the beds nos. 9 and 10 of the brook-section (B).. 
North of the new well the beds nos. 9 and 10 are cut through by 
the brook ; but no. 9 is recognized at the top of the hill just N. of 
Jack’s Bridge (see Ordnance map) ; and the base of no. 10 1s exposed 
some 20 ft. lower in the banks of King’s Mere, the bottom of which 
basin isin no. 1l,afine quartz sand*. Nos. 9 and 10 can be recog- 
nized in the railway-cutting both N. and S. of Nine-mile Ride. 
There are two larger exposures of no. 10,—(a) in a sand-hole by the 
roadside, (6) in the railway-cutting (see fig. 1) 4 mile N. of the 
road. Beneath no. 10 the fine quartz-sand of no. 11 is well exposed 

* The lake wasdried uplast summer. The above statement is from my own 
observation ; the previous statement (vol. xli. p. 503) was made from information. 
given me by others. 
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along the small brook-escarpment a little way to the west and parallel 
to the railway. It is seen a little way further north in a dipping-well 
by the east side of the line, and in the banks of the brook on both 
sides. In the wood to the east it passes under beds nos. 9,10, which 
form a small plateau through Gorrick Plantation, on the N.W. corner 
of which bed no. 10 appears to touch the London Clay in the ditch 
outside ihe fence. The presence of the latter formation is further 
shown by oak trees, by the presence of Silverstock Bog (see 
Ordnance map), by the fact that the clay was dug into in draining 
last summer, and was dug for brick-material about 3 mile to the 
west a few years ago. The bed seen in the cutting a little further 
north must be a continuation of no. 10, both lthologically and by 
the features of the ground; and it appears to be continued through 
Luckley Park, on the north side of which it is only cut off from the 
Wokingham outlier by the line of erosion of the Emm Brook. It is 
exposed just north of this in a small road-section, and it forms a small 
plateau, which is cut through on the railway, where the base of 
no. 10 is seen, sharply defined from no. 11 (here well cleaned by 
oxidation), at 210 (O.D.). 

The following small clean section in the brook-side south of Ravens- 
wood shows the mixed character of bed no. 10 *, and the consequent 
impossibility of determining its dip by comparison of small sections 
of it. , 

Section D. Bank of Brook near Ravenswood. 

See nn@loain yellow and BLOW... ..ccsa-cdecd.sacceeracessesseecteetsa-s se 
@aivarner strong. clay, yellow and brown .......2.....0-0--cceeeseeceetecenes 
d, Strong loamy sand with thin pipe-clay partings and red and puce- | 9 

POMOC MOREL RUCIIOUSTAVOLS Aik he tcasa ccs nature dicomeiclsesisap ene fi 

8 S ler} te e 

Om tw 

MEO LAME MVOSUNC: tains dls aecencusckicgserciaciesci ee sadecneoneenatasen oes eae 

A rough analysis of a sample from the same bed a little further 
. down the brook gives :—free silica, 60 per cent.; clay, 25 per cent. ; 
ferric oxide, 13°5 per cent. ; sodium chloride, 0°5 per cent.; water 
of hydration, about 1 percent. ‘This bed is, in fact, so variable that 
I mistook portions of it in the railway-cuttings for bed no. 4; and 
this was the main, though not the only, reason why I suggested an 
anticlinal in my previous paper. Along this line of section A (fig. 1) 
the dip, as indicated by the base of bed no. 10, would appear to be 
about from 10 to 15 ft. in 3 miles; but the true dip is probably some- 
What greater and in a more easterly direction, to judge from the 
general strike 7. 
_ Numerous well-sections in Wokingham give the same succession 
of beds as we find in the Tangley cutting. Lverywhere the water 

* It is by no means so “homogeneous” as one would suppose from the well- 
specimen. 

Tt More correct determination of levels shows that the pebble-bed in the 
lower lake at Wellington College is on the horizon of no.6. That on the 
horizon of no. 3 has been proved higher up the valley at 264 (O.D.). 

202 
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is obtained from a fine quartz-sand resting on London Clay. ‘There 
is no record of a passage-bed. The sharp distinction between the 
sands and the London Clay (see fig. 4, vol. xli. p. 505) is borne out 
by excavations on the cutting-slopes, and by my observation of open 
graves in the churchyard. 

Elevation of Beds due North from Wellington College. 

Section H. Valley 2? mile North of Wellington College. 

References to numbers in well-section (Quart. Journ. Geol. Soc. 
vol. xli. p. 494, fig. 1). Corrected altitude 287, O.D. 

ft. 
INo:’3) ‘Pebble-bed in'stiff, loam (about) sist: - oe. seenee ee eet eee ene se tanta 2 
No. 4. Coarse loamy ferruginous sand with irony concretions ............... 3 
No. 5. (Wanting.) 
INo. 6, Strong loamand clay (brick-material)))eee.ce55-5--ee eee eee 6 
Nos. 7, 8. Green earths throwing out springs about the middle and at the 20 

base Sr i re 

Nos. 9, 10. Clay-and-sand beds, more sandy in the middle, not setae 20 
differentiated, coarse and ferruginous, with irony concretions... { ~ 

No. 11. Fine sharp quartz-sand, with glassy silica ..................++- (depth) ? 

There are several exposures of one or more of these beds a little . 
way east and west of the road, and they can be traced to the brook 
to the west (section B). Nos. 9 and 10 are cut through in the valley, 
and are exposed on the north side of it by the road ; but further to 
the east they form a higher feature of the ground, and extend across 
Nine-mile Ride, on the south of which about 5 ft. are exposed in a 
brook-section, while on the north side of the road the clays of these 
beds are worked in the new brick-yards. The same fine quartz-sand 
is proved here beneath them in several wells and trial-holes. The 
clay-beds here, with their included irony concretions, are identical 
in character with those dug at the California brick-kiln (see wfra, 
p. 385); and both are identical with bed 6 (no. 10) in the well 
(section C, p. 382). On the west side of the New Wokingham Road 
beds nos. 9 and 10 form the higher feature of the ground by Heath- 
lands (base of no. 10 exposed in a sand-hole) and St. Sebastian’s 
Church, where the graves pass through 5 ft. of no. 10 into the fine 
quartz-sand of no. 11. 

The general strike of no. 10, so far as it can be made out, and | 
the outcrop of the London Clay (1 have verified the mapping) along | 
the small valley south of Rouse’s Farm, Easthampstead, gives less | 
than 3 mile for the outcrop of the 95 ft. of the sandy beds nos. 11, 12, | 
13, of the weli-section ; and this, by ordinary rules of stratigraphy, | 
would give something like 1000 ft. for the thickness of the London | 
Clay and Reading Beds, as calculated from the outcrop of the Chalk | 
at St. Lawrence- Waltham, 6 miles due N., if those three beds main- | 
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tained the same thickness here as in the well-section. They must 
therefore have thinned away considerably. 

Again, a comparison of altitudes gives the following data :— 

Altitudes at W. Coll. | Altitudes at outcrop. | Distance. | Rise. | Ratio. 

| iio eia nae an 264 264 ABBOE | OF | 

Base of No. 10... 187 24 5544 ft. | 27 ft, |1 in 205 

Surface of L. Clay 92 200 3460 yds. [36 yds.| 1 in 96 
: 

By ordinary rules of stratigraphy (rejecting the notion of east and 
west flexures), no. 3, if continued, would cut through the Kasthamp- 
stead and Bracknell Hills at about the altitude at which a pebble- 
bed is found there; arise to the north of | in 205 for base of no. 10 
would give 272 (O.D.) along the same line of country (see fig. 2), which 
with further subsidence to the south gives a lithologically equivalent 
bed at Bracknell and Buckhurst, in each case underlain by a fine 
quartz-sand (see ijrd, p. 387), while intermediate outliers of it 
at intermediate levels are met with on the north side of Easthampstead 
Park; and a rise of 1 in 96 for the surface of the London Clay gives 
274 (O.D.) along the same line of country, the difference between 
this and the general altitude of that formation beneath the Bagshot 
beds along that line of country representing probably the amount of 
contemporaneous denudation of the London Clay. Reasoning from 
these data, we should expect to find that the green-earth serves 

and the quartz-sand series were represented very feebly, of at all, 
at Buckhurst and Bracknell; and so the difficulty arising from the 
non-appearance of the green earthsin the Bracknell cutting (Quart. 
Journ. Geol. Soe. vol. xlii. p. 406) vanishes. 

Elevation of the Beds N.W. from the Well-section. 

When this paper was read a diagram showing a continuity of levels 
"in beds nos. 3 to 7 to the N.W. from the College-well was shown Tf. 
_ It was constructed by correlating, according to altitudes, minor 
- sechions at the railway-cutting, in the new well behind the Hotel, 
- in the pine-woods near Heath Pool, and in the lane below Wick 

_ Hill Farm (Upper Bagshot), taking the intermediate features of the 
_ ground into account. A detailed section (constructed from exca- 
_ yations made for me last autumn, the measurement of the beds 
in the fresh section, and a correlation by measurement of the levels 
_ of the beds in the two subsections, one in the old clay-pit, the other 

_ in the California brick-yard) was also shown and described. Here 
it will suffice to state, as the outcome of the investigation, that (1) 

. -* Burther investigation has shown that this level is maintained for about 
half a mile south of the College. 
ft Gf. Whitaker, Quart. Journ. Geol. Soe. vol. xviii. p. 260. 



386 REV. A. IRVING ON THE PHYSICAL HISTORY OF 

the clays worked in the California pits are the beds nos. 9 and 10 of 
the well-section ; (2) that the section published last year (Quart. 
Journ. Geol. Soc. vol. xlii. p. 409, fig. 2) is erroneous in several impor- 
tant particulars, (a) in the altitudes (error of about 15 ft.), (6) in 
the omission of the middle beds of the section, (c) in the assign- 
ment of too small a thickness to the clayey beds of the brick-yard. 
The evidence, and that furnished by a comparison of numerous other 
sections in the neighbourhood, including sections on both sides of 
Finchampstead Ridges, is altogether against the assignment of the 
California clays to the Lower Bagshot. ‘The outcrop of the London 
Clay in the pit at the west end of Nine-mile Ride and at Barkham 
demonstrates therefore, when altitudes are taken into account, the 
attenuation of beds nos. 11 and 12 of the College well-section also in 
this direction. On the strength of the stratigraphical evidence, of 
which only the salient points are here briefly indicated, I re-assert 
my entire agreement with the judgment of the Officers of the Survey 
in mapping the California clays as the basement-beds of the Middle 
Bagshot. The train of reasoning which is based on the assignment 
of these beds to a Lower Bagshot horizon (Quart. Journ. Geol. Soc. 

vol. xlii. p. 408) seems to me, therefore, to fall to the ground. The 
base of no. 10 is 215 (O.D.), about the level of the base of the same 
bed in section KE (p. 384), 14 miles due east of this point. 

Fig. 2.—General Section. 

For details of the Bearwood outlier, see Geol. Mag., March 1887; 
for the Wokingham outlier, see supra (p. 383) and my former paper 
(Quart. Journ. Geol. Soc. vol. xl.). The Buckhurst outlier is probably 
for the most part Upper Bagshot*. As to the Bracknell outlier the 
following sections should be considered :— 

Section F. Warfield Brick-yard (North end of outher). 
ft. 

a. Coarse brown irony sand with irony concretions and 
irregular layers of strong white unctuous clay (?a Bag- + 8 
slob bed) rr miscccsucencices foes d geet eee ee ee 

c. Pebble-bed in loam with included lumps of pink and| ;{ about 
sy CLE SCA Sra aoe ieee ole EERE SA et (about) | 260 (0.D.) 

cretions (a ‘‘mellow loam” when well mixed), hori- 
zontal in sections at right angles .......12.2-ecsseseeeeeees 

é. Dark-coloured sandy clay passing down into ordinary | 
bl 

d. Laminated clay-and-sand beds, with ferruginous con- | 
5 

ponges Clay with a true dip of 10° in a direction 20° 
IS. Of He (CXPOSEO TO) oes vcs rcseeaecnicese ae ee ses Seep eres 

Verticaltexposute es. 0-.).20203.000-nscesencaassee eee 45 

This, it is seen, furnishes direct evidence of unconformability. The 
dip is shown by even layers of pebbles and a calcareous rocky fossili- 

* Judging from road-sections and from the loose materials brought up from 
a well 52 feet through the yellow sands. In the-railway-cutting beds nos. 10 
and 11 rest on a highly eroded surface of London Clay. 
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ferous layer (not Septaria) running through the London Clay. In 
the brickyards a little further west, a layer of pebbles shows a dip of 
5° about §.E. for the London Clay. 

Section G. Bracknell Station. 
ft. 

a. Surface-soil containing numerous flint-pebbies ............ 1 (at 265 O.D.) 
d. Laminated clay-and-sand bed with irony concretions 10 

(sand apparently once a greensand) ................2.06. 
, Dark greyish-black carbonaceous fine quartz-sand (con-| 9» 

taining 2°5 per cent. of C and freshwater diatoms) ...f ~ 

BE ber eexPOSCON asc f sisecin2s's~ ocaca desde dvacearcsese canine: 13 

Norr.—“ ¢”=bed “ a” of my previous section (vol. xli. p. 505). 

Section H. Cutting-slope 200 yards East of Bracknell Station. 

ft. 
4. Loamy sand with pebbles at the surface................0.:e0ces 10 to 15 
eebepples imbedded in a stiff loam... .0c.cecccaceceeeercecees 1 (265 O.D.) 
Beebe coloured loamy SaMd  5..........-.c.0--cescacescoseseceseees 3 
dj. Laminated clay-and-sand bed with ferruginous at r 

tions, the lowest 8 inches a black shale ............cceeceeee 2 
é. Dirty quartz-sand (exposed in excavation tO) .............0008: J. 

Total exposure in a fresh excavation ............se-seceeee- 22 

Before the recent eastward extension of the up-platform a well 
was dug in bed “‘e” by Mr, Ripley, below the level of the line. He 
is positive that it was not London Clay, as he knows it in the neigh- 
bouring brick-yards. 

Section 1. Hasthampstead Church (South end of outlier). 

Combining the well-section at the village school, the road-section 
above the church, and the road-section below the church. 

ft. 
a. Quaternary or pre-quaternary gravel (angular flints, pebbles, Lto2 

ERBEOPEU TEE TMret oeanace carson eas aaa chia selvunanacowsaieios hes 
b. Loamy yellow sand (probably Upper Bagshot) reconstructed ig* 

ie ERC POE AV GL Nee sien as Ms So ed whan ctu dedadGuaadsresdes: 
¢. Pebble-bed, seen 2” situ in the churchyard, in the road- 

cutting below the church, behind the cottage opposite, well 3 (260 O.D.) 
exposed in excavations last summer at the workhouse ... 

-d, Clay-and-sand bed (similar to bed “ d” in the above sections } } 5 
=, GD) ee ee a eae 

J. London Clay seen in the road a few feet above the brook... ? 

Total of Bagshot exposed ............0es0eee Cobucdcatannecece 33 

The laminated clay-and-sand bed I take to be the same in all the 
four sections.. It runs through the hill, and is seen in the lane 
which crosses the outlier north of Wick Hill House. Its altitude 
throughout is 250 to 260 (O.D.). There is a higher pebble-bed in 

* From data in the road-cutting, in a well close by, and in the graves in the 
churchyard. 
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the probable Upper Bagshot, 5 ft. thick inthe cutting 550 yards east 
of the station, and 5 ft. below the surface, said to be 6 ft. thick in 
a well 70 yards north of the cutting. Space compels me to omit here 
full details which I possess of other well-sections in this outlier ; 
but it must be stated that in two of them, at the foot of Bill Hill 
(330 ft. high), “ yreen sand yielding putrid water” is recorded, and 
beds of pebbles in these and in two others (6 in. to 24 in. thick) 
were met with, at about 265 (O.D.). There is a very good section 
of Upper Bagshot at the south end of Bill Hill, at about 300 (O.D.). 
The dip discovered at Bracknell, and the trend somewhat to the north 
of the general strike of the London Clay may account partly for the 
altitude (250 —118=) 132 (O.D.) of the surface of the London Clay 
in the Ascot well. Thespecimens which I have from that well show 
(1) real “blue clay” at that depth, (2) a striking correspondence of the 
sandy beds forsome distance higher with nos. 11 to 13 of the Welling- 
ton well-section. A nearly perfect shell of a Cerithiwm is in my 
possession, probably from still higher beds, very likely equivalents of 
nos. 9, 10, and of the laminated clay-and-sand bed at Bracknell. 
The last is certainly not the bed which occurs next above the 
London Clay in the Ascot well. 

I believe that beds of about the horizons of nos. 9 and 10 run 
through this side of the country, and rest, in places, on the eroded 
London Clay surface at Wokingham, Buckhurst, and Bracknell*; that 
is to say, there is a certain (not very great) double unconformity, beds 
not the lowest of the Bagshots resting upon beds not the highest of 
the London Clay. The evidence can only be really estimated on the 
ground, and will have to be taken into account in a resurvey of the 
district. If such marginal conditions exist, we must be prepared 
for some things “unusual” (Quart. Journ. Geol. Soc. vol. xlii. p. 406), 
such as the occurrence of a pebble-bed in the Upper Bagshot, the 
objection to which is, moreover, neutralized by the record of pebbles: 
at Pirbright (loc. cit. p. 414). 

GENERAL CoNCLUSIONS. 

1. My recent work, of which a mere outline is here given, tends 
to bear out the general conclusions arrived at in my previous paper 
(Quart. Journ. Geol. Soc. vol. xli. pp. 506-508), except on one or two 
oints. 

: 2. The Bagshot Beds'of the London Basin are, upon the whole, an 
estuarine series, which admits of differentiation, both on physical 
and paleontological grounds, into :— 

(a) An upper marine-estuarine group (= ‘Upper Bagshot 
Sands ”). 

(6) A lower freshwater group (=“ Middle and Lower Bag- 
shots”). 

* Local erosion on a minor scale is a matter of direct observation at all those 
three places. The occurrence usually of a few feet of fine quartz-sand beneath 
those beds shows the absence of a “ passage” between the two eu 
(cf. Mem. Geol. Sury. vol. iv. pp. 316, 317). 
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Note.—For the Wokingham Outlier the line of section is taken a short distance east of the railway. 
d. Drift-grayels. 

No. 3. Pebble-bed. 
No. 4. Irregularly stratified sandy loam, with green grains, thin seams of white clay, and irony coneretions. 
No. 5. Interlaminated clay-seams and green sands. 

Minpte Bacsuor{ [No. 6. In the well-section and in the neighbouring brick-fields a bed of flint-pebbles; not proved on the railway, beyond a mere line of 
ebbles. 

Nos. 7 & 8 Gees earths and sands. 
( Nos. 9 & 10. Mixed clays, loams, and coarse ferruginous sands [basement-beds of the middle group]. 

Tiowse Badsuor { Nos. 11-13. Fine quartz-sand (in the well-sections carbonaceous, with lignite and pyrites nodules; dark grey-green), with little or no iron 
ey where cleaned by slow moist oxidation. No. 13=a fine sandy clay [passage bed]. 
Lonpon Otay. 

Fig. 2.— Horizontal Section from the River Loddon to Ascot Race-course. 

Deep Well. 
R, Loddon, Ascot DeepWell. Wokingham 

* 2 

------ New Well (52’). 
}}__----.Goathurat Hill, i 

se========- Bearwood, --------- Wokingham. ---~----- Buckhurst. <}--------- Bracknell. 
w. 

w 

--------------- Emm Brook. 

lO mites 

1. Upper Bagshot Sands. 4, Lower Bagshot fine quartz-sand (a few feet only in the outliers; in some places wanting). 
2. Pebble-beds (occurring at two distinct horizons at Bracknell). 5. Passage-bed, . 
3. Middle Bagshot Clays and ferruginous loams (probably=Nos. 9 & 10 of fig. 1). O. Ohalk, proved in the deep wells at Bearwood, Wokingham, and Ascot. 

Note.—The erosion of the London Olay beneath the Bagshot outliers is known from minor sections; the boundary in the Ascot region (indicated by the broken line) is inferred. 
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The so-called “‘ Lower Bagshot ” I regard as essentially fluviatile, 
the so-called “‘ Middle Bagshot” as, upon the whole, delta and lagoon 
deposits, the lagoons having been partially saline, perhaps by occa- 
sional intrusions of the sea and by percolation through fringing 
shingle-terraces, the conditions represented by the “ Middle” beds 
being feebly anticipated in different localities and at different 
horizons in the “ Lower” series. _ 

3. The lower levels of the Middle series towards the east (as shown 
in well-sections) may perhaps be due to a general subsidence, the true 
deltaic conditions encroaching upon the land as subsidence progressed, 
so as to give a certain parallelism between beds of this horizon 
towards the west and the earlier deposits of the “‘ Upper” sands 
towards the east or seaward margin of the area. 

4, Though we fail to find such evidence on the south flank, we 
have on the north flank of the area strong cumulative evidence of 
marginal conditions, and consequently an indication of the northern 
limit of this Kocene estuary at successive stages of the process. 

5. Massive pebble-beds belong for the most part to the “ Middle” 
group, though occasionally occurring at low horizons in the *‘ Upper” 
group, and afford the strongest evidence which the whole series 
offers of important changes in the relations between sea and land at 
about that stage of the deposition of the Bagshot Beds. 

Not. 

With regard to the southern margin of the district, it is only 
right that I should make here the following quotation from the 
original MS. of the paper which was in the hands of the Officers of 
the Society at the end of last year :—‘‘ It was my intention to deal 
with the southern margin of the Bagshot area in this paper; but, 
as the work has grown to considerable dimensions, and as other 
duties have prevented me from dealing so thoroughly with the details 
of that side of the district as I could wish, as, moreover, the Aldershot 
district is somewhat complicated and is being worked out by my friend 
and former pupil, Lieut. H. G. Lyons, R.E., F.G.S., it has appeared 
better to defer the fuller consideration of it for a future communi- 
cation.” I only add now (April 30th) that in the part of the paper 
which appeared in the Society’s Journal (vol. xlii.) last year, dealing 
with this portion, there are many points which I consider open to 
criticism ; but these are dealt with in Mr. Lyons’s paper. The 
evidence recently furnished by the Brookwood well-section shows 
that the notion of the possible occurrence of Reading Beds in the 
Mytchett section is quite untenable. 

ERRATUM. 

In my former paper (vol. xli. p. 508, line 4) :—- 

- for Lower Bagshot read Upper Bagshot. 
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Discussion. 

The Presmpent observed that of the many interesting matters 
discussed the most striking was the discovery of freshwater Diatoms. 
He uttered a caution, however, as to the possibility of their not 
being of the age of the beds in which they were found. 

Mr. Moncxron allowed that the paper contained many new facts. 
His own hypothesis certainly differed from that of the Author, who 
had a better working-case than on a previous occasion. Indeed he 
might not be far from being correct, though there were still reasons 
for doubting this. As regards St. Anne’s Hill, he admitted that 
possibly there might be no pebbles em situ in the Lower Bagshots, 
but he thought that appearances which mislead here might do so 
at other points. In the Middle Bagshots there are undoubtedly 
marine shells to deal with, the bivalves usually having both valves 
united. He admitted the occurrence of pebbles in the Upper Bag- 
shots on Pirbright Common, having there found pebbles with fossils 
attached to them. 

Referring to the Wellington-College section he criticized the lines 
as there shown, remarking that in poimt of fact the lines of the 
London Clay and the Bagshots coincide in their rise and fall. The 
London Clay thickens steadily eastwards—at Wokingham under 
300 feet thick, at Chertsey nearly 400 feet, at Claremont 450 feet. 
He doubted the views of the Author as to there being unconformity 
at one place, ¢. g. Wokingham, and passage-beds at another, ¢. g. the 
Brookwood well-section. Clays occur at the base of the Lower 
Bagshot, both where unconformity is alleged and where a passage- 
bed is said to exist. He suspected that in well-sections the Author 
recognized a passage-bed, and on the surface an unconformity. 

Mr. Herriss claimed certain beds referred by the Author in his 
Wellington-College section to the Middle Bagshots as really belong- 
ing to the Lower Bagshots, in which case the surfaces of the London 
Clay and Lower Bagshots would conform. He criticized the Ascot 
section, especially the alleged valley of erosion; he regarded the 
depression in the London-Cilay surface there shown as in reality due 
to dip, since the Chalk is actually 67 feet more below O. D. here 
than at Wokingham. Referring to the discovery of Diatoms, he 
saw no reason why there might not be intercalations of fresh- 
water beds in the marine Middle Bagshots. He still maintained 
that the clays in the California brickfield belong to the Lower Bag- 
shots, which usually contain a clay-bed. 

Mr. Hupteston complimented the Author on his perseverance in 
again ventilating this subject. We might agree to the general pro- 
position, but not to the reasons brought forward in support of it. 
Mr. Irving was determined to establish an overlap on the flanks of 
the basin; a year and a half ago this was to have been effected by 
means of certain anticlinals. The anticlinalin the Wellington-College 
section Was now given up, and he was sure that the anticlinal at 
Aldershot would have to share the same fate. This would be shown 
in detail to the Society by Lieut. Lyons, R.E., now unfortunately 
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absent, on duty at Devonport. That officer writes: ‘‘1 cannot 
make out a case for erosion or overlap.” In the present paper the 
Author had changed his tactics, and was endeavouring to establish 
the overlap by means of an attenuation of the Lower Bagshot Beds 
towards the margin of the basin. The evidence brought forward 
was not satisfactory. There are most undoubted clay-beds of con- 
siderable importance in the Lower Bagshot. A very remarkable 
one is now being exposed in continuation of the Walton cutting 
described last year. The base of this may be about 30 ft. up in the 
Lower Bagshot series. On or about the same horizon is the brick- 
earth of Hatch, between Addlestone and Chertsey, marked as Middle 
Bagshot in the Survey Map; this presents some very curious 
features. He fully agreed with Mr. Irving’s interpretation of the 
alleged presence of pebbles in the Lower Bagshots of St. Anne’s 
Hill. ‘The pebble-beds of the Middle Bagshots were largely deve- 
loped in the upper part of the hill, and these had fallen over in 
large masses. Still the absence of pebbles in the Lower Bagshots 
of this part of West Surrey could not be taken as evidence that 
pebbles never occurred in the Lower Bagshots. 

Mr. Wurtaxker missed the apocrenic acid of previous papers. Mr. 
Hudleston had partly anticipated the substance of his remarks with 
reference to the non-occurrence of pebbles in the Lower Bagshot. We 
must bear in mind that pebble-beds occupy but a very small part of 
the country. In Essex there are quantities of pebbles in the Lower 
Bagshots. In Hampshire pebble-beds over large areas are most 
distinctly capped by Bracklesham beds, and sometimes cut right 
down to the London Clay. Sand and gravel are convertible terms. 
He objected to the straight line shown between Chalk and Tertiary 
beds on one of the sections, and spoke of the danger of drawing 
sections from data yielded by a few borings. He thanked Mr. Irving 
for again bringing forward the subject. 

The AvrHor referred to the number of criticisms and the lateness 
of the hour; most of the points mentioned were dealt with in the 
paper. He replied to Mr. Whitaker’s remarks on the lines in his 
sections. Having made a special study of the continental literature 
on the subject, he would stand by his remarks on the humus acids : 
the action of the humus acids had been of some importance in these 
and otherbeds. He had proved that the Diatom-remains noticed by 
him were not in a living state. It must be understood that this 
paper was mainly confined to the northern side of the basin. He gave 
reasons why he had drawn the anticlinal in the Wellington-College 
section. Referring to certain of the pebble-beds mentioned in his 
paper, and more especially to the criticisms of Messrs. Monckton 
and Herries, he insisted upon the pebble-beds at Easthampstead and 
other points (¢.g. at Barkham) being in im situ. The remarks of 
one of them showed that he had not mastered what the author had 
already published on the evidence of well-sections. He further dis- 
cussed the presence of marine shells in the Middle Bagshots, and 
said that this was no more inexplicable than the presence of inter- 
calated beds containing marine shells in other fluviatile and terres- 
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trial groups of strata (¢. g. the Coal-Measures and the lignitiferous- 
group of the Soissonnais) and in modern deltas. 

In many respects the criticisms on his section could only be 
argued out on the ground. With respect to the clay-series spoken 
of by Mr. Hudleston, no strong inferences could be drawn from that 
on the opposite side of the area, even if it were shown to be Lower 
Bagshot. He admitted that, in places, the Lower Bagshots become 
more argillaceous, the London Clay having iargely contributed to 
the materials. 
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29. ConsmpERATIONS on the Date, Duration, and Conpirions of the 

GiactaL Prertop, with reference to the Antiquity of Man. By 
JosrpH Prestwicu, M.A., F.R.S., Professor of Geology in the 

University of Oxford. (Read May 25, 1887.) 

Wuen, twenty-eight years ago, the barriers which restricted the 
age of Man to a limited chronology were overthrown by the disco- 
veries in the Valley of the Somme and Brixham Cave, the pent-up 
current of geological opinion tended to the other extreme of 
assigning to Man (Post-glacial) an excessive antiquity ; and now the 
belief in that great antiquity seems to me to be exerting, in a 
manner somewhat similar to that which at first caused the rejection 
of the Kent’s Cave and Somme Valley evidence, an imperceptible bias 
on the questions raised as to the Glacial and Preglacial age of Man— 
apart from the question of Pliocene or Miocene Man, into which, 
on the present occasion, I do not purpose to enter. 

The extreme opinions which dealt with millions of years are now 
probably held by few; but still, with many and, probably, the majo- 
rity of geologists the Glacial and Postglacial periods, which involve 
the question of the antiquity of Man, are measured by very great 
terms of time. At the outset of the discussion, and when the 
antiquity of Man was limited to the Postglacial period, I saw no 
reason for assigning to that period the length of time then claimed by 
many geologists. ‘The data, however, on which to form an opinion 
with respect to the duration of this and of the Glacial period were 
too imperfect to form any definite conclusion upon. Since then 
further observations in the Alps, and more especially the observa- 
tions of the Danish geologists in Greenland, have brought forward 
facts of great importance in their bearing on ice-action and 
growth, and have furnished us with data which may warrant 
the estimates I now beg to lay before the Society, not as a complete 
discussion of the subject, but as a preliminary inquiry. 

Measured by our own limited experience, the excavation of the 
Postglacial valleys, the life of the successive generations of the | 
Pleistocene Mammalia, and the dying-out or extinction of a large 
number of species might seem to demand a long period of time. Con- 
sequently at first it was suggested that the Glacial period com- 
menced possibly about a million years since, and that the Post- 
glacial period had lasted about 200,000 years. It was felt, how- 
ever, on the other hand, that the very large proportion of existing 
species of Vertebrata and Invertebrata which came in with the 
Pleistocene period and had since undergone no change, and this 
combined with the stationary condition of Man himself during so 
long an interval, presented serious objections to adopting such 
lengthened periods of time. But on neither side were the conclusions 
‘based on any definite data. 

The question was in this state when Dr. Croll’s attention was 
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directed to the subject. After careful investigation of existing 
hypotheses he came to the conclusion that the cold of the Glacial 
period could not be ascribed to any physiographical changes in the 
distribution of land and water, but that changes in the eccen- 
tricity of the earth’s orbit afforded a probable clue to great secular 
variations of climate, such as would produce glacial epochs. Follow- 
ing up Leverrier’s calculations, and assuming that the periods 
of greatest cold were when the eccentricity rose to a high value, 
and that the warmer periods occurred during the times of lesser 
eccentricity, Dr. Croll, by an elaborate mathematical computation, 
extended the inquiry as to the extent and periods of maximum 
and minimum eccentricity for 3,000,000 years back and 1,000,000: 
to come, and showed that within the last million years there have 
been two such periods of extreme eccentricity—the one extending 
from 980,000 to about 720,000 years ago, and the other from about 
240,000 down to 80,000 years ago *. 

As the former period was of greater duration than the latter, 
and the eccentricity also then attained its highest value, Dr. Croll 
was at first disposed to refer the Glacial epoch proper to that period, 
and to consider the latter as corresponding with the extension of 
the local glaciers towards the close of the Glacial epoch. On this 
pointhe states that he “‘ consulted several eminent geologists,and they 
all agreed in referring the Glacial epoch to the former period,” the 
reason assigned being that they considered the latter period to be 
much too recent and of too short duration to represent that epoch. 

Dr. Croll therefore had good warrant that he was well within 
the limits of geological probabilities when, on a reconsideration of 
the subject, he came to the conclusion: that the Glacial epoch must 
be referred, not to the first-named period of eccentricity, but to the 
later one, commencing 240,000 years ago; and this is a date now 
very generally accepted. He considered that ‘‘ the modern and 
philosophic doctrine of uniformity had led geologists to over-esti- 
mate the length of geological periods” (p. 325). Nevertheless he 
assumes that ‘‘the present rate of subaerial denudation does not 
differ greatly from that which has obtained since the close of the 
Glacial epoch” (p. 338), and proceeds with the argument in 
accordance with this view, taking the rate of denudation to be one 
foot of soil removed from the surface in 6000 years—an estimate 
founded upon the quantity of sediment now carried down to the 
sea by such rivers as the Mississippi, the Rhine, the Rhone, the 
Ganges, &c. This is, in fact (notwithstanding the qualification 
just admitted), applying the results of experience in recent times 
to facts observable in climates where the meteorological pheno- 
mena were totally different, and the conditions therefore not ana- 
Icgous. Consequently the data cannot be rightly applicable. If 
used at all, asa sort of base-line, it must be with modifications, 
such as taking the modern data as the known quantity, and adding 
an unknown quantity “«,’ which quantity has to be determined 
before we can get at the true rate of denudation during the period 

* «Climate and Time,’ chapter xix. (1875). 
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under inquiry. Some of the objections which have occurred to me 
against comparing the present rate of denudation with that of past 
times and the Glacial period I have given elsewhere *, so need not 
repeat them here. Nor is it my intention to discuss Dr. Croll’s theory 
upon his own special grounds, which he has argued with infinite 
ingenuity and presented in so attractive a form that, as I am well 
aware, it has carried conviction to a large number of geologists. 
That the causes he assigns have considerable value, there can, I think, 
be little doubt, and they may have an important bearing upon certain 
geological problems, such as relate to those minor periods of low tem- 
peratures with which we are all acquainted, as, for example, that 
which seems in early Eocene times to have affected the marine fauna 
of the Thanet Sands and the flora of Gelinden ; but that they are 
sufficient to account for the extreme cold of the Glacial period is 
open to question. ‘There are, as he himself observes, astronomers 
and physicists who are of opinion that the climate »f the globe 
could never have been seriously affected by changes in the eccen- 
tricity of its orbit. The point has been contested by Professor 
Newcomb, the Rev. HE. Hill, and others, whose papers and 
Dr. Croll’s rejoinders should be consulted 7. 

If the cold were due to this cause, how is it that, whilst the 
lesser eccentricity of 240,000—80,000 years ago resulted in the 
intense Glacial epoch of the Pleistocene period, the effects of the 
greater and longer eccentricity of 980,000—720,000 years ago, 
which should surely have resulted in a still more intense glacial 
period, has not left its traces in anterior geological series. But 
there is no such evidence even in the later Tertiary period. 

It is, however, not only on the question of the efficiency of the 
hypothesis to account for the facts, a point which I would leave to 
astronomers and physicists to decide upon, but on the geological 
question whether the necessary concordance exists between the 
observed phenomena and the phenomena as they should be were 
we to accept Dr. Croll’s views, that we should judge of its applica- 
bility. If we adopt the hypothesis it should follow :— 

1st. That at intervals during all geological time there would be 
some periods during which a recurrence of similar glacial 
conditions took place. 

2nd. That interglacial conditions would affect each pole alter- 
nately, and that there should be in both hemispheres a suc- 
cession of warm interglacial periods. 

ord. That the commencement of the Glacial epoch should be 
placed about 240,000 years back, and have a duration 
of 160,000 years; after this the amelioration of the climate 
to its present condition, which involves a Postglacial period 
of about 80,000 years. 

Ath. That the age assigned to Paleolithic Man, even if limited to 

* ‘Geology,’ vol. i. chapter vi. 
Tt Various papers in the ‘American Journal of Science,’ ‘ Philosophical 

Magazine, and ‘ Geological Magazine,’ from 1876 to 1884. 
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Postglacial times, could not be less than 80,000, whilst, if 
carried back to Preglacial times, it would necessitate an 
antiquity of 200,000 to 300,000 years. 

With regard to the first point, Dr. Croll shows that in the three 
million years for which his tables are computed there were five 
periods during which the eccentricity was as great as or greater than 
during the Glacial epoch proper; so that, taking geological time at 
the hundred million years, at which he estimates it, there should 
have been in all probability some 165 such periods of cold. With 
the exception of the Permian, which is still ‘“‘ pendente lite,” where 
is there evidence of any such cold periods ? 

Dr. Croll does not overlook this difficulty, and contends that in 
the Italian Alps there is strong evidence in favour of the opinion 
that glacial conditions existed there during the Miocene period. 
This, he informs us, is stated on the evidence of two distinguished 
geologists ; but the fact of the Miocene date of the beds in question 
has never since been confirmed; all the later evidence tends to 
show that it was not until towards the close of the Pliocene period 
that glacial conditions set in. At the same time he admits the 
existence of warm conditions, as undoubtedly proved by the fiora, 
in Greenland during Miocene times. 

For the Eocene period Dr. Croll relies on another Alpine case— 
the coarse conglomerates with some enormous blocks forming the 
Flysch. But this was a period of Alpine disturbance and change, 
when, though the rocks may have been rent and worn down in the 
mountain area, the marine life at a short distance gives evident indi- 
cations of a high general temperature : Nummulites then abounded 
in the surrounding seas, together with Echinoderms of a decidedly 
tropical aspect. 

The case for the Chalk is still weaker, for the very few and 
exceptional foreign rock-boulders that have been found in it are 
of small size, such as might have been carried in the roots of trees 
or by seaweeds, or possibly by small winter ice-rafts from the 
mountains of Scandinavia or the Ardennes, whilst all the life of the 
Cretaceous sea is strictly that of temperate, if not of warm, latitudes. 
The small pebbles may have been carried by the large marine reptiles. 

It is on facts of the same character as those which Dr. Croll 
adduces for the Eocene period that he would found evidence of the 
action of ice in Scotland during the Oolitic period; but we must 
seek for some other explanation to account for the dispersion of 
the conglomerates and boulders in face of the incompatible fact that 
at those times warm conditions of climate extended to 70°-80° 
North, and that corals, Cephalopods, and huge reptiies swarmed in 
the seas. 

The climatal conditions during the Permian period may be open 
to doubt; but on this yet unsettled point it is not necessary here to 
enter. If admitted, it would not affect the general question. 

Nor is it easy to admit a claim for ice-action during Carboniferous 
times when the luxuriant vegetation of the Coal-measures flourished 
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not only here but on Bear Island and other northern lands. With 
respect to the blocks of granite alluded to as occupying the lower beds 
of the Coal-measures in France, they may be, like the Tors of 
Cornwall, blocks left in sttw from the decomposition of the granite 
on which the Coal-measures there rest, or they may be boulders 
washed down at that period by the torrents from the adjacent 
granitic mountains. Other foreign pebbles may be accounted for 
as we have accounted for those in the Chalk. 

There are similar paleontological objections to ice-action in the 
Devonian and Silurian periods. Although there may be at times 
instances in which the blocks show striew and are derived from rocks 
not known in the locality, it must be borne in mind that such 
striated masses may be fragments of slickenside surfaces in the 
rocks from which the breccias are derived; and that, although a 
particular rock may no longer show in the locality, it may exist 
there buried beneath newer deposits, as, amongst others, in the case 
of the granite of the Ardennes, which, although formerly unknown 
there, was met with in a railway-cutting beneath a slight covering 
of Paleozoic rocks. 

Admitting the imperfection of the geological record, it is evident 
that, as a whole, the physical instances fail entirely to supply any 
sufficient corroborative evidence, either in force or in number, to 
support the theory of recurrent Glacial periods. Surely out of 165 
or even 100 cases, more definite marks would have been left, espe- 
cially in the more recent periods, such as the Pliocene and Miocene, 
when the land had assumed many of its present contours. 

With respect to the second point, Dr. Croll states that “the 
Glacial epoch may be considered as contemporaneous in both hemi- 
spheres. But the epoch consisted of a succession of cold and warm 
periods, the cold periods of one hemisphere coinciding with the 
warm periods of the other, and vice versdé” (p. 234). This would 
involve an indefinité succession of interglacial periods; but only 
one definite interglacial period during the Glacial epoch is brought 
forward. Dr. Croll, however, accounts for this on the grounds that 
“the geological evidences of the cold periods remain in a remarkably 
periect state, whilst the evidences of the warm periods have to a 
great extent disappeared” (p. 238). If, however, one instance 
could be well preserved, might we not expect other instances to 
occur in some of the many localities affected? Dr. Croll estimates 
the average duration of a warm period at about 10,000 years. 
Supposing such to have been the case, the phenomena of the glacial 
series certainly afford no corroboration of the remarkable vicissi- 
tudes of climate this would infer. 

There are, it is true, indications both in Britain and Switzerland 
of intervals of milder conditions during certain times of the Glacial 
epoch ; but: these minor differences are, I think, due, not to the 
cosmical cause of Dr. Croll, but to those changes of climate that may 
be brought about by differences in the distribution of land and water, 
such, for example, as the extensive submergence which took place in 
England and North Germany after the first great land-glaciation, 

erooG.5: No. 171. 25 
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when there was a submergence of from 1500 to 2000 feet, and a. 
large land-area became covered by the sea—a change which could 
hardly have failed to affect the climate not only of those regions, 
but also of Switzerland and other parts of Europe. It is not my 
intention, however, to say more at present upon this question, but 
to proceed to the consideration of the third and main point, namely, 
the probable duration of the Glacial epoch, which hinges so materially 
on the laws affecting ice-growth and glacier-motion. 

Twenty years ago the only data we had bearing on the subject of 
elacier-motion and action were the observations of Agassiz, Forbes, 
Tyndall, and others on the glaciers of the Alps. These had taught 
us the rate of motion of many of the Alpine glaciers, their periods 
of advance, and the causes of their growth and decay. It was on 
these facts alone, which are really not applicable, that we had to 
judge what might have been the possible rate at which the great 
ice-sheet spread over the land. 

It was found that in July the Mer de Glace advanced at the rate 
of 33 inches in the twenty-four hours, and the Aletsch glacier 19 
inches in August; whilst the winter rate was estimated at about 
half that of summer; so that roughly the rate of motion for the 
year may lie between 300 and 400 feet, though in one year the Mer 
de Glace was found to have advanced 483 feet. 

The position of Hugi’s hut on the Aar glacier gave a more definite 
measure based on a longer average, for in the course of fourteen 
years it was found to have been carried at the mean rate of 338 feet 
annually. We may therefore take the average motion of the 
Swiss glaciers to be about equal to 300 or 400 feet annually. 

The advance and retreat of the terminal front of a glacier are 
of course independent of this continuous motion of the great body 
of ice, and depend on the climatal conditions of the year. In 
the cold summers of 1816 and 1817 there was a general advance 
of all the Swiss glaciers, whilst since 1856 there has been a general 
retreat. Usually the loss or gain is small, but in some years 
it is considerable. In the two years above named some of the 
glaciers advanced from 100 to 150 feet or more. Of other Swiss 
glaciers an advance of 1 metre daily in summer is recorded ; but the 
most remarkable case is that of the Vernagt glacier in the Tyro- 
lese Alps, which is exceptional in that it advances by fits and 
starts. Between 1843 and 1847 the ice from this glacier covered 
the valley below to the length of 1264 metres, which gives a mean 
annual rate of 870 feet, while the thickness of the mass of ice near 
its extremity exceeded 500 feet. Another glacier in the same 
range advanced after all oscillations above a mile in a century. On 
the other hand the Rhone glacier between 1856 and 1877 retreated 
nearly half a mile, or on an average 116 feet annually ; whilst 
between 1870 and 1877 the retreat extended for a distance of 400 
metres, or a mean of 187 feet per annum, the greatest retreat being 
between the years 1870 and 1874, when it amounted to 250 metres, 
or a mean of 205 feet per annum. In the Valley of Chamouni the 
Glacier du Tour retreated 320 mctres in the eleven years between 
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1854 and 1865, or at the rate of about 155 feet annually. The 
mean annual ablation oi the Swiss glaciers is estimated at about 
10 feet, but on the Glacier des Bossons the surface of the ice has been 
lowered 260 feet in twelve years. 

Here, then, seasonal fluctuations alone are attended by alternate 

advances and retreats of the glacier-front of not less, on a mean of 
these instances, than from 200 to 300 feet per annum. If, then, 
mere seasonal fluctuations are attended by changes of this extent, 
it would follow that with the secular increase of cold during the 
Glacial epoch the rate of progress must have considerably exceeded 
these limits. Taking for the present a mean rate of 250 feet, the 
longest of the old Swiss glaciers, namely that of the Rhone, which 
then had a length of 250 miles, might have travelled that distance in 
5000 years. This, however, is assuming the absence of seasonal 
retardations and fluctuations, which is not possible. Allowances 
have to be made for warmer seasons and temporary retreats of the 
ice, and also for the fact that the old glacier did not move on the 
steep inclines of Alpine valleys, but traversed the small incline 
of a great river-plain. On the other hand, we have to take into 
account the circumstance that the present seasonal changes give 
measure of the growth of ice under the continuous and more extreme 
glacial conditions of that epoch. Nothing positive can therefore 
be founded on this case, though it may serve to show the possibility 
of a more rapid rate of progress of the old glaciers than the present 
estimates allow. 
We have, however, in Arctic regions truer and more adequate 

terms of comparison in the great ice-sheet of Greenland. Already 
in 1876 Professor Helland * showed that the Greenland glaciers had 
a much more rapid rate of flow than those of Switzerland. The 
Jakobshayn glacier, notwithstanding its small slope of only half 
a degree, was found to advance its front at the rate of from 50 to 60 
feet a day. The flow of the glacier of the Fjord of Torsukatak, 
which is nearly five miles broad, gave a rate of from 12 to 33 feet 
daily. Taking the average rate of the three glaciers on which 
Prof. Helland made observations, the average discharge of the ice 
was 23 feet in twenty-four hours; and he estimated that at the 
Jakobshayn glacier only four years would required be to transport 
a mass from the edge of the inland ice to the sea, a distance of 124 
miles. But he considered it improbable that the inland ice would 
move with anything like the velocity of the glaciers, and calculated 
that a mass of ice starting halfway between the east and west coasts 
of Greenland would take eighty-one years to reach the Fjord. 
These observations were, however, made in the summer months, 
and were only of a few days’ duration, so that the annual rate was 
not ascertained. 

Since then a Danish scientific expedition, consisting of engineers 
and geologists (one of whom, Mr. K. J. v. Steenstrup, passed eight 
summers and two winters in the country), have completed a most 
important exploration of the Greenland ice, of which a short sum- 

- * Quart. Journ. Geol. Soc. vol. xxxiii. p. 142. 
2: 2 
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mary has recently been given by Dr. Rink*. Their observations 
fully confirm those of Professor Helland, and show that the motion 
of the inland ice may be compared to an inundation. It was found 
that there is a general movement of the whole mass of the ice 
from the central regions towards the sea, and that it concentrates 
its force upon comparatively few points in the most extraordinary 
degree. These points are represented by the so-called ice-fjords, 
through which the annual surplus of ice is carried off and discharged 
in the shape of icebergs. 

The velocity of the ice was noted in seventeen glaciers, the 
measurements being repeated during the coldest and the warmest 
seasons; and it was found, remarkable as it may seem, that the 
movement was not materially influenced by the seasons. The great 
glacier of the ice-fjord of Jakobshayn, which has a breadth of 4500 
metres, was rated at 50 feet per diem. One of the glaciers in the 
ice-fjord of Torsukatak has a movement of between 16 and 32 feet 
daily. The large Karajak glacier, about 7000 metres broad, proceeds 
at the rate of from 22 to 38 feet in twenty-four hours ; and another 
in the fjord of Jtivdliarsuk, 5800 metres broad, at from 24 to 46 
feet. The conclusion at which the Danish corps arrived was that 
the glaciers which produce the bergs move at the extraordinary rate 
of from 30 to 50 feet per diem throughout the year. 

What, then, may have been the rate of movement of the great 
ice-sheets of America and Europe in the Glacial epoch? No doubt 
the velocity of the ice in the ice-fjords is increased by the free play 
of the ice as it reaches the sea and by the rapidity with which the 
bergs are detached. It is also increased by the circumstance that 
the great body of inland ice, the whole of which is in motion, is 
forced, and has to escape, through the passes between the range 
of mountains which fringe the coast and rise high above the imme- 
diately inland districts. The summits of those mountains rise in 
bare isolated masses (Nunataks) above the surrounding ice-sheet, 
and the passes between them and through which the ice has forced 
its way have been gradually worn down, and now form the channels 
(fjords) through which the surplus inland ice escapes, with a velo- 
city increased in proportion to the contraction of the passages. 
Thus in the ice-fjord of Torsukatak, which is nearly 5 miles wide, 
the ice passes out with a mean velocity of 24 feet per diem, or 
equal to a mass of ice of that width, and 12 mile long, annually ; 
the Karajak glacier, which is 43 miles broad, flows at the rate of 
30 feet daily, or equal to a length of above 2 miles.a year; and in 
the huge ice-fjord of Jakobshavn, which is not quite 3 miles broad, 
the ice attains a velocity of 50 feet daily, so that a length of above 
3 miles of ice is discharged annually. 

Until all the glaciers have been gauged, and we know the relation 
of their totals to the breadths of the intervening ‘‘ Nunataks,’ no 
definite measure of the total volume of annual surplus ice can be 
established; but for our general purpose some approximate idea 
may be formed. ‘The average of the great glaciers gives a mean rate 

* Trans. Edinb. Geol. Soc. vol. v. p. 286 (1887). 
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of 35 feet daily and a discharge of 21 miles of ice annually. There 
are other ice-fjords of far greater breadth than those, such as the 
Humboldt glacier, which is 60 miles broad. Looking at the map, 
it seems not improbable that the breadth of ice-front to rock-front 
of the whole coast may be in the proportion of 1 to 20. 

Supposing the quantity which runs off to be equalized throughout 
the whole extent of coast, the fringe of ice which would pass off 
from the land would be + of a mile in width annually, or a breadth 
of 1 mile would take eight years to pass off. Ifthe proportion should 
prove greater, say 1: 30, then it would take twelve years. In the 
one case a sheet of ice 100 miles long and of the width of the cen- 
tral ridge would require eight hundred, and in the other twelve 
hundred years for its formation; or, taking the length of the 
maximum radius of the old ice-sheets, of which the Canadian high- 
lands and the Scandinavian mountains formed the centre, at 500 
miles, the time required to form this length of ice would be respec- 
tively four thousand and six thousand years. 

This, however, is based only on one roughly approximate known 
quantity. We have, on the per contra side, to allow for certain un- 
known quantities. First, allowance has to be made for the difference 

between the free eseape into the sea and the impeded progress of ice 
over land with slight gradients. This resistance would, however, 
be partly neutralized by the gradual building up of a great thickness 
of ice in the central area, where in the Glacial epoch it attained a 
thickness of from 5000 to 6000 feet *. 

The mass of ice, projected outwards towards its circumference, 
would, except where it met with contracted channels, roll over the land 
as a viscid body with comparatively little rigidity and friction. When, 
in the Glacial epoch, the great southern glaciers of the Alps flowed 
down the steep and confined valleys opening upon the flat plain 
of Lombardy, they deeply ploughed their channels, and pushed 
before them for short distances enormous moraines: but in the 
wide open tracts of the United States, of Northern Europe, and the 
south of England, where the ice met with little resistance and could 
expand in other directions, there is, as arule, an absence of moraines 
and often of glacial strie. 

In the second place, there were, no doubt, seasonal fluctuations 
which would retard the flow for lesser or greater periods. It is 
asserted that in Europe there were interglacial periods during which 
the ice disappeared from the surface for great lengths of time. 
But either the evidence is insufficient or it points to slight temporary 
effects, except in one case, which is of more importance, and on which 
the greatest stress is laid, namely, that of Diirnten in Switzerland. 
There beds of lignite with mammalian remains are intercalated 
between two glacial deposits. Admitting the fact that the lgnite 
rests on beds ai undoubted glacial (ground- -moraine) origin, and that 
the trees grew on the spot where their stumps and remains are found, 
it by no means follows, as contended, that because these trees are all 

* The American geologists also consider that the Canadian land then stood 
considerably higher than now. 
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of species now living in Switzerland the temperature was that of 
Switzerland at the present day. Pinus sylvestris, Abies excelsa, 
the Yew, the Birch, and the Oak flourish equally in Sweden and 
far north in Siberia. On the other hand, there is one species of 
Pinus (P. montana) which is spread over the mountain country up 
to heights of 7000 feet, and is rare in the low lands; while one 
of the mosses is closely allied to a species now growing on the 
hills of Lapland. The few species of Mammalia have a distinctly 
northern facies. Hlephas primigentus, H. antiquus, Ursus speleus, 
as also Cervus elaphus and Bos primigenius are commonly asso- 
ciated with the Reindeer, Musk-Ox, and other Arctic animals of the 
cold Postglacial times. Further, both the trees and animals are 
those of our “ Forest-bed,” the last land-survival before the setting 
in of the extreme Glacial cold. ; 

Is the return, therefore, of the retreating glacier, supposing the 
boulder-gravel above the henites of Diirnten to be due to direct ice- 
action, to be ascribed to anything more than a comparatively slight 
temporary change of climate, like those that now for a succession 
of seasons cause, from time to time, a temporary advance of the 
glaciers, only more marked? We must allow, of course, for greater 
differences and longer intervals of time than now obtain. 

Such minor vicissitudes of climate are more compatible with 
changes in the physiography of Europe than with the cosmical causes 
to which the Glacial epoch, as a whole, was, there is little doubt, due. 
Nor is it difficult to find such a cause in the extensive changes in the 
distribution of land and water which took place in Britain and Nor- 
thern Europe after the first great land-glaciation and the formation 
of the Lower Boulder-clay. The submergence of Ireland, Wales, 
Scotland, and England (in part), and of a large area in Russia and 
North Germany, extending to Holland, was sufficient, with the 
influence of currents from the south (for in the shells of the Middle 
Boulder-series there is a large percentage of southern forms and an 
absence of extreme Arctic forms), to effect a considerable amelioration 
of the climate, such as would lead to the temporary return of the 
old Preglacial, but still northern, fauna and flora. 

With the rise of the temporarily submerged lands the climate again 
changed, and brought the Alpine glaciers back over part of their old 
ground, overwhelming in their course the forest-growth which had 
sprung up in the meantime. But the beds of stratified sand, gravel, 
and boulders overlying the lignite are more likely to have been the 
result of glacial torrents than of the direct superposition of the ice, 
which may have again approached, butis not proved to have covered, 
the spot. 

For the formation of this interglacial bed a period of 6000 years 
has been claimed ; but the claim rests on doubtful data. ‘The lignite 
is from 5 to 10, and rarely 12 feet thick. In the estimate the maxi- 
mum thickness of 12 feet is taken, and itis assumed that to form this 
12 feet of lignite it would have required 60 feet of peaty matter, or 
that it took 5 feet of peat to form 1 foot of lignite, and that 100 years 
would be needed for the growth of each foot of peat: thus a total of 
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6000 years is obtained. But the growth of peat varies extremely. 
It may be, in some cases, not more than | foot ina century, but it is 
commonly more, being sometimes as much as 4, 5, and even 10 feet 
in that time; and while it is estimated that to form 1 foot of coal, 
from 24 to 3 feet of woody matter may be required, it is clear that 
lignite, which has lost less of its original constituents* than coal, and 
of which the specific gravity is about 1:25, while that of coalis about 
1-5, cannot require for each foot 5 feet of peat and wood. Taking, 
therefore, the original thickness of the peat at 24 instead of 60 feet, 
and the growth at 4 feet in a century, 600 years, instead of 6000, 
would be sufficient for the formation of the Diirnten beds. 

These intervals, therefore, although they may involve considera- 
tions respecting hundreds, are scarcely likely, as they must have been 
subordinate to the general progress of the ice-sheet, to involve ques- 
tions relating to thousands of years. It is to be observed also that 
there is no evidence in North America of an interglacial period in 
the sense of the one supposed to have existed in Europe, although 
there is evidence that after the great ice-sheet had retreated for a 
very considerable distance northward, there was a pause or a partial 
advance again southward—an advance marked this time by deeply 
lobed lines of moraines. 

Whiist there are these reasons for prolonging the duration of the 
Glacial epoch, there are other factors in the question which tend to 
shorten it. At present the discharge of ice from the Greenland 
sheet is merely the surplus under conditions of a settled mean an- 
nual temperature; but the Glacial epoch was a time, on the whole, 
although there may have been pauses, of constantly increasing cold, 
and of constant increase in the area of the great ice-sheet, and there- 
fore there was not merely a supply due to a uniform mean annual 
temperature, but the increments arising from the gradual secular 
refrigeration. 

It may also be a question whether or not the rainfall was then 
greater than now. At present in Greenland it is small, apparently 
under 20 inches, while in the North-American old ice-area it is not 
less than from 40 to 45 inches annually. Possibly the precipitation in 
the Glacial epoch was even larger, for the Florida promontory, which 
now deflects and contracts the Gulf-stream, was at that time con- 
siderably smaller, the coral reef by which it is formed not having 
then extended so far south. Consequently the channel through 
which the stream passed being wider, a greater volume of water 
flowed through; and this large body, thus carried into the North 
Atlantic, moving probably with greater velocity and having a higher 
temperature than now, may, in consequence of the greater satura- 
tion of the incumbent air, have materially affected the precipitation 

* Jn the extreme case of the conversion of wood and peatinto anthracite, in 
which the proportion of oxygen and hydrogen to the carbon is as 5: 99, the esti- 
mate is of from 7 to 8 feet of wood to 1 foot of anthracite ; and in ordinary coal, 
where these constituents are roughly as 15:85, the estimates vary from 23 to 
3 feet of woody matter to 1 foot of coal. In lignite, then, where the change has 
involved less loss (say to 300 + H:700C) and the pressure has been less, the 
«compression must certainly have also been less. 
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both in North-eastern America and North-western Europe. It is 
therefore more than possible that the mean annual surplus of ice 
was, independently of the extra quantity due to the increasing cold, 
larger than in Greenland at present. 

The growth of the ice-sheet is not, however, dependent only on 
the rainfall. The experiments of MM. Dufour and Forel have shown 
that when the temperature of the air on the Rhone glacier varied 
from 41° to 52° F. there was a condensation of moisture equal to 
150 cubic métres of water per square kilomctre, and this in- 
creased proportionally the volume of the elacier-ice and water. 
Under these circumstances it is not difficult to conceive that a foot 
or more, taking the total precipitation, might be added annually to 
the thickness of the ice. Even in recent times a difference of level 
in the surface of some of the Swiss glaciers to the extent of from 
80 to 100 feet has been known to have been effected in the course 
of 20 years. 

Taking as the known quantity the results supplied by the Green- 
land observations, the equation will be—a surplus-ice overflow equal 
to one mile advance in eight or twelve years, minus the retardation 
due, Ist, to friction and irregularities of surface; 2ndly, to seasonal 
changes of temperature (the so-called interglacial periods); plus, 1st, 
the increase of discharge due to progressive secular refrigeration, and 
2Zndly, the increased precipitation and condensation. The one known 
quantity gives from 4000 to 6000 years. Of the unknown quantities 
we can at present but form a distant idea. We can only feel assured 
that they must, in all probability, be subordinate to the known 
quantity. After full consideration of the subject, my own opinion, 
based on the facts [ have here brought forward, is, that it will be 
found that the time required for the formation and spread of the 
great ice-sheets in Europe and America need not be extended be- 
yond from 15,000 to 25,000 years, if so much. 

I am taking this to represent the interval between the time when 
the ice-sheet commenced its progressive march and that when the 
climatal change was such as to cause its full retreat. The fact is, as 
we use the terms, they have not the meaning that might be attached 
to them. Preglacial does not signify a separate pericd before the 
Glacial,nor Postglacial ancther subsequent toit. The former term 
merely applies to the earlier stages of the Glacial epoch, and the latter 
to the later stages. The linesare arbitrary ones. We might equally 
well adopt two periods, the one from the inset of the cold period 
to its zenith, and the other from its zenith to its termination. I, 
however, here adopt the usual divisions—the so-called Glacial epoch 
representing a certain length of time when the cold was at its 
maximum, and the others the periods of first increase and last de- 
crease. It is to the latter, to which, on Dr. Croll’s hypothesis, a 
term of 80,000 years has been assigned, that I now refer. 

The adoption ‘of this length of time has been very much the result 
of the belief that no shorter time would account for the excavation 
of the valleys supposed to have been formed during this period. I 
myself may have been partly instrumental in giving currency to the 
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belief, for I placed the oldest of the old valley-gravels at the com- 
mencement of this Postglacial period, whereas L now think it pro- 
bable that in the south of England and in France many of them 
may date back to full Glacial times. Icould never, however, agree 
to the great length of time assigned to the postglacial period. The 
adoption of a rate of denudation based on that of the present day 
always seemed to me open to grave objections, and in this belief all 
subsequent experience has confirmed me. Dr. Croll, who, with others, 
adopts the generally accepted rate of denudation, namely, one foot 
of rock or soil removed off the general level of the country during 
6000 years, nevertheless remarks “if the rate of denudation be at 
present so great, what must it have been during the Glacial epoch ? 
It must have been something enormous.” This led him, it is true, 
to reject the alternative date of from 980,000 to 720,000 years ago 
for the Glacial epoch, and to adopt the one terminating 80,000 years 
ago; yet much of his argument is based on the assumption of the 
above-named rate of denudation *. 

But it is no more possible to judge of the rate of denudation during 
the Glacial period by that of river-action at the present day than it 
was to estimate the rate of flow of the Greenland ice by Alpine experi- 
ence. ‘The enormous pressure and wear of ice from 2000 to 6000 feet 
thick in contracted valley-channels, especially in fiords, where, as for 
example in Greenland, it stood from 1800 to 2000 feet higher than 
now ; the powerful disintegrating effects of extreme cold on rocks; the 
annual action of ground-ice in rivers, and of the sweeping and devas- 
tating floods, resulting from the melting of the winter’s snow and 
surplus ice, combined to produce results of which it is impossible 
to judge by the ordinary work of these termaperate latitudes. We 
must go to high northern latitudes to find any terms of comparison. 

Jam unable at present to go more fully into this subject, but I would 
justalludeto some interesting corroborativetéstimony recently brought 
forward by Prof. J.D. Dana in connexion with the phenomena of the 
Connecticut valley +. The numerous old river-terraces in this valley 
extend for a distance of 250 miles inland. The river has excavated 
a valley through the ancient high-level plain to a depth of from 
150 to 200 feet, with a width of from one eighth of a mile to one mile. 
The mean depth of the river in flood at this Postglacial (Champlain) 
period is estimated hy Dana to have been about 140 feet ¢, the mean 
height of the present floods being about 26 feet. The mean width 
of the upper section of the flooded stream he estimates at 6000 feet. 
Taking these measures, together with the mean slope, he obtains a 
maximum velocity of over twelve miles an hour, with a mean of about 
three or four miles, whence some idea may be formed of the enormous 
transporting power of the river of that period. The annual rainfall in 

* Though little change has yet been made in the line of argument, there has 
been a growing belief amongst geologists that the present rate of change has 
not always been uniform, and must not be taken as the measure for all past and 
all future time. See some pregnant observations on this point by Dr. Archibald 
Geikie in the Trans. Geol. Soc. Glasgow for March 1868, p. 188. 
_ + American Journ. of Science for March 1882. 
} This seems to me possibly too extreme a depth. 
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this district now varies from 65 inches on the coast to 42 inches in 
the interior ; but during the Glacial period, Dana considers that the 
special conditions must have occasioned a much more abundant pre- 
cipitation— probably as high as 120 inches, or greater than in any 
modern glacial region. 

In this country and in the north of France the valleys have been 
excavated to the depth of from 80 to 120 feet in glacial and postglacial 
times. It may be difficult from our present experience to conceive 
this to have been effected in a comparatively short geological time, 
though the extension back to glacial time gives both greater power 
dnd greater time; yet it is equally, and to my mind more, difficult 
to suppose that Man could have existed 80,000. years (or 200,000, 
if Preglacial), and that existing forms of our fauna and flora should 
have survived during 240,000 years without change and modification. 
The acceptance of those dates, which place the land-glaciation some 
100,000 to 150,000 years back, would also lead to the difficulty (even 
on the assumption of a rate of denudation of 1 foot in 6000 years)* 
that the surface-wear should have been far greater than it is. 
For example, to mention only two points, could the striations on 
soluble rock-surfaces have remained so fresh as they are, and would 
not the limestone-rock on which the boulders of Silurian rocks 
were left on the melting of the ice on the Yorkshire hills show 
much greater wear than it actually does? These boulders now stand 
on pedestals raised from | to 2 feet above the surrounding surface-level 
in consequence of the dissolving away of the limestone rocks. _ We 
should look for pedestals of much greater height if the glaciation 
took place at the distant period involved in Dr. Croll’s hypo- 
thesis. : 
My firstimpressions with respect to the Valley of the Somme were:— 

that the high-level gravels originated in early Glacial times; that the 
intermediate stages and terraces were formed during the excavation 
of the valley as a consequence of the great glacial and postglacial 
floods ; and that the low-level gravels formed the concluding stage of 
those conditions. but in the absence of data, since acquired, the 
strong prepossessions then existing, and the novelty of the subject, 
I was then led to conclude that the whole might be Postglacial. 

So much evidence has, however, since been brought forward with 
respect to the so-called Preglacial Man, that I feel 1 am now justi- 
fied in reverting in great part to my original position. The cave- 
work of Mr. Tiddeman and Dr. Hicks gives strong presumptive evi- 
dence of the earlier geological appearance of Man in the British area ; 
and I see no reason to doubt the sub-boulder-clay evidence of Mr. 
Skertchly, although I was unable myself to corroborate his discovery 
of the worked flints. Of the correctness of his opinion in respect to 
the stratigraphical position of the bed in which his specimen was 
found, I have, however, little doubt. The great masses of gravel in 
the neighbourhood of Mildenhall and Lakenheath, also containing 
flint implements, are certainly not of fluviatile origin; they seem 

* A general rate of this description is also scarcely applicable to a special 
rate, such as that relating to valley-denudation. 
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to me to be part of the phenomena connected with the passage of 
the great ice-sheet over the eastern counties, and in that sense 
Preglacial. I hope, when more at leisure, to be able to give other 
instances, 

In the meantime, I may briefly state my conclusions that the 
high-level beds of the Somme Valley at Amiens, of the Seine in the 
oe Shhomieal of Paris, of the Thames at the Reouleers) and of the 
Avon at Salisbury, together with the caves above named, date back 
to Glacial or Preglacial times, not in the sense of being anterior 
to the Glacial epoch, but in the sense of belonging to that part 
of the Glacial epoch when the great ice-sheet was advancing, but 
had not yet invaded the whole of this area. The ice-flood does not, 
however, seem to have extended to the Somme and Seine Valleys, 
and there Man, driven back from more northern latitudes, remained 
im occupation possibly during the climax of the Glacial epoch, after 
which he returned to the old ground he had previously occupied, 
and has left further traces of his presence in the lower drifts of the 
Valley of the Thames and of other rivers of England, and in the 
caves of Cresswell and other districts. Man was therefore “ Pre- 
glacial” in one sense, but should, I think, in another sense, be 
more correctly termed ‘“ Glacial” or “ Midglacial,” inasmuch as it 
was during the advance of the ice-flood, and only shortly before 
the land was overwhelmed by it, that he occupied the ground. 

In supposing that Man was present in this part of Europe in 
Glacial times, I am, however, far from claiming for him the antiquity 
which a term of 80,000 years would give to Postglacial Man, as 
usually understood. For the reasons before given, I believe that 
the Glacial epoch—that is to say, the epoch of extreme cold—may 
come within the limits of from 15,000 to 25,000 years, and, for 
reasons just named, that of the so-called Postglacial period, or of 
the melting away of the ice-sheet, to within from 8000 to 10,000 
years. This might give to Paleolithic Man, supposing him to 
be of so-called Preglacial age, if we may be allowed to form a 
rough approximate limit on data yet very insufficient and subject to 
correction, no greater antiquity than perhaps about from 20,000 to 
30,000 years; while, should he be restricted to the so- called Post- 
elacial period, his antiquity need not go further back than from 
10,000 to 15,000 years before the time of Neolithic Man. 

Looking at the facts before mentioned—that most of the species of 
our existing land- and marine fauna and flora appeared in true pre- 
glacial time, that is to say, in the time of the Forest-bed group, and 
were the same as now; that the great extinct Mammalia of that time 
have left no descendants, but have merely died out as a consequence 
of the great changes of climate and conditions; and the difficulty of 
conceiving that Man could have existed for a period, say, of 200,000 
years without change and without progress—looking, I say, at these 
facts, it seems to me that a shorter estimate of time is the only 
one in accordance with all the conditions of the problem. 

This view of the question also brings the geological and ethnolo- 
gical data into closer relationship. Paleolithic Man in north-western 



. 408 PROF. J. PRESTWICH ON THE GLACIAL PERIOD, WITH 

Kurope disappeared with the valley-graveis. With the alluvial and 
peat-beds Neolithic Man appeared, after an unascertained but not 
necessarily a very long interval, geologically speaking. In Europe 
we are unable to carry back his presence beyond a period of trom 
3000 to 4000 years B.c. But already in Egypt, and now in Asia 
Minor, it is proved that civilized communities and large States 
flourished before 4000 z.c. Civilized Man must therefore have had 
a far higher antiquity in those countries, and probably in Southern 
Asia, than those 4000 or 5000 years; so that it is possible that the 
two periods may have overlapped in Europe and in Asia, and that 
while Man in a more advanced state flourished in the Kast, he may 
here in the West have been in one of his later Postglacial stages. 

Discussion. 

The Prustprnt welcomed Prof. Prestwich back again, and said 
that he had been greatly missed whilst engaged in other work, for 
the result of which all were looking anxiously. The paper was 
calculated to arouse an animated discussion. Prof. Prestwich had 
only noticed the geological objections to Dr. Croll’s hypothesis. The 
investigations of the Danish geologists in Greenland afforded valu- 
able new data. One most important point for consideration was 
the age of the valiey-gravels in England and Northern France, 

einen Prof. Prestwich had so ably treated. 
Dr. Evans regretted that he had to differ from the Author, and 

commented on She boldness of giving numerical estimates of geo- 
logical time. It was questionable whether the astronomical caleu- 
lations were quite complete. Considering the deposits formed 
since the Glacial epoch, both marine and fluviatile, he doubted 
whether the dates assigned by the Author sufficed. Increased rain- 
fall might account for some of the denudation, but the amount 
could not have been immensely excessive or animal life would have 
suffered more than it did. Marine erosion told a similar story to 
fluviatile, asin the case of the southern part of what must have 
been the old valley of the Solent, which must surely have required 
more than 10,000 or 12,000 years to remove. Still the ordinary 
views of extent of time might be exaggerated. The speaker could 
not accept as conclusive the evidence of the preglacial age of man 
in Wales, and was very doubtful whether the paleolithic implements 
found by Mr. Skertchly were in beds of glacial date. Some of the 
paleolithic implements in the Eastern districts were made from 
pebbles brought into the country by glacial action, and it was in- 
credible that any implements of really preglacial age should be of 
the same type. Preglacial man might, however, have lived in 
other parts of the world. 

Dr. Grixin remarked that Sir W. Thomson originally had allowed 
100 millions of years geological time, and it was on this estimate 
that Dr. Croll’s views were founded. Now, however, Dr. Thomson 
had limited geological time to about 12,000,000 years. The speaker 
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doubted whether this could have sufficed for the known course of 
geological events. He wished to know the data on which Prof. 
Prestwich’s estimates of time were founded. It had been suggested 
that the upper valley-gravels might be due to the melting of the ice- 
sheets and not to rivers at all. 

Prof. Bory Dawxrns also questioned the figures. There are no 
standards for measuring time in terms of years outside history, in 
which not only the sequence of events is recorded, but the length of 
the intervals between them. In geological time we are dealing with 
a sequence of events separated from one another by intervals, of 
neither of which have we any certain measure. Dr. Croll’s theory 
is based on the assumption tnat the Glacial climate was produced 
by a charige in the relation of the earth to the sun. ‘There is no 
evidence of this. Nor are natural chronometers to be found in the 
variable rate of valley-erosion, or of the deposit of alluvium, or of 
the retrocession of waterfalls. Nor do Sir W.Thomson’s varying 
estimates of past time (ranging from twelve to three hundred mil- 
lions of years) help us. ‘The antiquity of man can only be measured 
by the changes which have taken place in geography, in climate, and 
in fauna, which have been very great. The strata with paleo- 
lithic implements in Algiers, Hgypt, Palestine, and the Dekhan have 
not as yet been brought into relation with the Glacial period. 

Dr. Hicxs remarked that Prof. Prestwich, in giving reduced esti- 
mates of geological time, must have been desirous of converting some 
who seemed still unwilling to accept the evidence obtained, bearing 
on the preglacial age of man, apparently mainly because of the 
exaggerated amount of time given to the Glacial period by some 
authors. ‘The evidence as to rapidity of motion of ice in Greenland 
tended to shorten the necessary duration of the Glacial period. He 
invited Dr. Evans and all Fellows to be present at the new ex- 
cavations in Wales, which were to be commenced on the 6th June. 
He described the situation in which the remains of man, claimed 
to be of Glacial age and probably Preglacial, had been found, and 
explained the line ‘of investigation about. to be adopted. 

Mr. De Rance stated that he fully agreed with Dr. Hicks in 
his interpretation of the facts observed by him, 

Mr. J. Aten Brown, after thanking Prof. Prestwich and Dr. Evans 
for their Poniributions to the disap aston of this question, proceeded 
to notice the results of his own researches in the Thames Valley, 
and especially in the neighbourhood of Ealing, which indicated, he 
thought, that a lapse of time incaiculably vast must have been re- 
quired for the production of the observed phenomena. 

Mr. Tippemawn said that the evidence as to the rapidity of motion 
of the Greenland ice-sheet was most important. He did not think 
we could safely take the erosion of the limestone around the perched 
Norber boulders as a measure of time elapsed since the ice-sheet, 
because much glacial rubbish may have been removed before the 
surface of the rock was exposed to weather. ‘The implement ad- 
duced by Dr. Evans as proving that paleolithic man was postglacial 
in England could not prove that he was later than «terglacial 
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times ; and of an interglacial land-period in England there were 
the clearest possible proofs. 

Mr. Tortry referred to the relative condition of land now and 
fifteen hundred years ago, which, he thought, must be of conse- 
quence in this discussion. From the remains of Roman works we 
might safely conclude that the physical condition of the country was 
practically unchanged since that date; the fords of the Roman 
roads are often still in use, and no appreciable amount of valley- 
erosion has taken place in 1500 years. Under these circumstances 
he thought that we could not suppose such great changes as we 
know to have occurred could have taken place in only six or eight 
times that period. 

The Prestpent suggested that Prof. Prestwich was not by any 
means the first person to lay down fixed terms of years for the 
duration and date of the Glacial period ; he found very definite terms 
laid down by other writers, and merely indicated reasons why these 
should be greatly reduced. 

The AvtHor did not attempt to fix actual definite terms of years, 
but only to show that we must not unhesitatingly accept such large 
measures of time, especially when based, as they were, upon an assumed 
and unproved necessity. He objected to remain in that state of 
ignorance with reference to time which some of the speakers seemed 
to find quite satisfactory. He referred to the observations of the 
Danish observers on the Greenland ice, as furnishing us with certain 
definite time-results, the application of which might be expected to 
help the question. It was a simple rule-of-three sum. If the 
Alpine data were supposed to accord with terms of 80,000 and 
160,000 years, what are the numbers which should accord with the 
Greenland data? Itis impossible to contend that it would make 
no difference, which would be the conclusion implied by the obser- 
vations of some of the speakers. 
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30. A Revision of the Kcutnorpea from the AustRALIAN TERTIARIES. 
By Prof. P. Marrtiw Donoan, F.RS., F.G.8., &. (Read 

June 8, 1887.) 

In a communication to the Geological Society on the Echinodermata 
of the Australian Cainozoic deposits, which was printed in the 

- Quarterly Journal of the Society, 1877, vol. xxxiii. p. 42, a list of 
__ ‘the species of fossil Echinoidea which had been published up to that 

_ date was given, and eleven new species were described. Since the 
_ publication of that communication, there has been an important 

_ addition made to the Australian Tertiary fauna by Prof. R. Tate, 
_F.G:S.*, who described Salenia tertiaria from the middle Tertiaries 

= of Aldinga, south of Adelaide. This author also mentioned the 
- occurrence of several genera which had not been considered to be 
_ members of the Australian Echinoid fauna, but he did not describe 

' any of their species. Observations have been published upon the 
' yery interesting Salema by A. Agassiz; and myselft. The only 
_ other communications on the subject of the Echinoidea have come 
_ from Prof. M‘Coy §, who introduced three species of Pericosmus and 
_ a Clypeaster to the fauna, and, moreover, made some most valuable 
criticisms upon the work of previous observers. ~ He has had ex- 
cellent specimens, the examination of which has thrown much light 
upon some doubtful species |}. 

_ Im spite of the comparative paucity of species in this fauna, it has 
_ been very constantly before those paleontologists who have studied 
_ the other Echinoidean faunas of the East, and who have attempted 
_ to comprehend the affinities of the ancient faunas and that of the 
_abyssal oceans. The extraordinary grouping of Cretaceous and 
‘Tertiary, as well as of recent, ty pes in the Australian deposits has 
not been forgotten, although research amongst the fossil Echinoidea 
of other parts of the world has diminished ‘the intensity and value 

_ of this peculiarity of the Australian Echinoid fauna. 
_ As it is necessary that some of the species of Echinoidea should 
be revised, I have gone through the whole series, so as to leave as 
little opportunity for erroneous conclusions as possible. It will be 
found that some alterations are made which render the Cretaceous 
alliances of the fauna rather more decided than hitherto; but they 
will not assist in the linking of the deep-sea Echinoid fauna directly 
with the Cretaceous types. 

| * BR. Tate, Quart. Sousa. Gealdeen 1877, vol. xxxiii. p. 256. 
ss t A. Agassiz, ‘Report Challenger Echini,’ 1881, p. 51. 
_ ¢ P. Martin Duncan, Ann. & Mag. Nat. Hist. ser. 5, vol. ii. p. 61 (1878). 
 § BF. M‘Coy, Prodr. Pal. Vict. decades vi., vii. (187 9, 1882). 

_ || The excellent Catalogue of Australian Fossils compiled by R. Etheridge, 
jun., and published by the Syndics of the University “Press of Cam- 

fe in 1878, records most of the Echinoidea, and of course all which were 
n to the author. For the list of Tertiary Echinoidea, see p. 138. 
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1. Crmaris (Lerocmparis) AvsTRaLtI#, Dune. Quart. Journ. Geol. 
Soe. 1877, vol. xxxiii. p. 45, pl. 11. 

There is nothing to add to the former description of this species. 

2. There is another species of Leocidaris in the fauna, but the spe- 
cimen in the British Museum, Blanford Coilection, from Bairnsdale 
(‘*« E. 197”), is defective, there beimg only a portion of an inter- 
radium and ambulacrum. But the structures enable this form to be 
distinguished specifically from Levocidaris australie, nob. The am- 
bulacrum is rather undulating and narrow ; the poriferous zone is - 
very slightly sunken; the pores are large; the outer one of a pair is the 
larger and elliptical ; the inner or adoral is round ; they are united by 
a groove, and about seventeen pairs are in relation to a large inter- 
radial coronal plate. Interporiferous area with a row of small, im- 
perfect secondaries, with slightly raised scrobicules and a small boss, 
no mamelon, placed close to the poriferous zone, and a series of 
smaller secondaries nearer the median line, in a vertical row extend- 
ing along the middle of the area, but not reaching much actinally or 
far towards the apex. The primaries of the interradia are large; 
the scrobicules are distinct, nearly circular; and there is a row of 
small secondaries and a few granules between them and the hori- 
zontal sutures of the plates. The boss is broad at the base and 
conical, and the mamelon is contracted at the neck and is perforated. 
There is no crenulation. The margin of the scrobicular circle is 
sunken, and is surrounded by a row of small secondaries made up of 
an elongated raised serobicule, longest transversely, and a small boss ; 
there are a few smaller tubercles placed beyond the circle, and 
fitting in between the larger, so as to complete the circle, and a few 
exist beyond it. Two or three rows of still smaller tubercles extend 
along the plates beyond the circle towards the median line, and the 
median area of the interradium is narrow. 

Numerous spines are in the collection, and the large and nearly 
smooth ones may be associated with this genus. 

3. GoNIOCIDARIS, sp. 3 

There are several spines cf a species of this genus present in the 
Cape Otway deposits. 

4, Sanents TERTIARIA, Tate, Quart. Journ. Geol. Soc. 1877, vol. xxxiii. 
p- 256. 

This interesting species has been examined by me (‘ Annals and 
Magazine of Natural History,’ 1878, ser. 5, vol. ii..p. 61), and recon- 
sidered by A. Agassiz (Report on the ‘Challenger’ Echini, p. 51, 1881), 
It is a most interesting form, and large and well-grown. 

The occasional entry of one of the radial plates ‘into the formation 
of the anal ring is not enough to remove the species from the genus, 
for a similar entry is also inconstant in the recent Salenia hastigera, 
A. Agass. Moreover, Cotteau, Péron, and Gauthier have deséribel 
Algerian Cretaceous Saleniew, which have a radial plate entering the 
anal ring ; and Salenia Blanfordi, Dunc. & Sladen, from the Eocene of 
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Sind, has a similar character. There isnow no doubt that the suc- 
cession of the species of Salenia has been from the Cretaceous age 
through the Eocene and Miocene to the present day, and that the | 
definitions of the species indicate that the principal generic characters 
prevail in all. But it does not appear, from the consideration of the 
species of Mollusca, or of the other species of Echincidea which are 
found in the same deposits as Salenia tertiaria, Tate, S. Pellaii, 

 Cott.*, and S. Blanfordi, Dunc. & Sladen 7, that they were dwellers 
in deep water. Certainly the same kind of evidence, when applied in. 
the instance of the Cretaceous forms of the genus, does not show 
that they lived under the same conditions as those species which 
have been dredged up from great depths. It would be more correct 

_ to say that there is no evidence to show thatthe ancient species had 
the same bathymetrical range as the recent forms. A. Agassiz, in 

his report on the‘ Challenger’ Echini, 1881, p. 209, explains that the 
_ range of the species as a group is from 60 to 1850 fathoms, and it 
may be reasonably assumed that the Tertiary species did not exist 
at the extreme depths, but that they and the Mollusca which were 
found associated with them were dwellers in a less depth than 500 
zathoms. 

5. Psammecuryvs Woonst, Laube, 1869, Sitzungsh. Akad. Wiss. 
Wien, Bd. lix. p. 185; R. Etheridge, jun., Quart. Journ. Geol. 
Soc. 1875, vol. xxxi. p. 447. 

The specimens of this Psammechinus in the collection of the 
Geological Society are fairly preserved, except in the apical system. 
‘They are small and tall, and certainly have triple compound plates 
formed upon the true 4chinus principle; but although Mr. 
¥ theridge, jun., has figured the apical system of a specimen in the 
Blanford collection now in the British Museum, which is similar to 
that of a common species, it will be observed that the Australian 

forms are somewhat unusual and aberrant. 

6. OrrHoLoruts Lingatus, Dunc. 

 Temnechinus lineatus, Dunc. Quart. Journ. Geol. Soc. vol. xxxiii. 

1877, p. 46. 
_ This form has given a vast amount of trouble in its Hiegiip ater 
and it has been necessary to define a new genus for its reception. 
When the species was included by me in the genus Temnechinus, 
forbes, the morphology of the plates of that genus and of Temno- 
L was not known; but subsequently a considerable number of 
Ee ” which had been placed under Temnopleurus, Agass., by 
‘Archiac and Haime, were studied by Mr. Percy Sladen and 
yselt ¢. A few years ago § the morphology of the coronal plates of 

* Rev. et Mag. de Zool. sér. 2, t. xii. p. 222 (1860). Eocene. 
Pal. Ind. ser. xiv. Foss. Ech. W. Sind, pt. 2, p. 28 (1882). 

t a ser. xiv. Foss. Ech. Sind, pt. 2, p. 36 (1882). Foss. Ech. Kach, 
. 54 3) 

ourn. Linn. Soc., Zool. 1882, xvi. p. 447; also A. Agassiz, Report on 
* Echini, 1883, p. 37. 

od a: G. S. No. £71: 
» F 
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Temnopleurus and of Temnechinus was published, which enables the 
genera to be well separated. D’Archiac and Haime* passed very 
abruptly over the claims of Temnechinus, Forbes, and placed all the 
beautiful forms they discovered amongst the Sind Tertiaries in the 
genus Temnopleurus. They should, however, haye been placed in 
Temnechinus. But associated with these forms were others which 
had a raised costulate ornamentation only, without furrowing of 
sutures or the presence of true and false pits. By the light of the . | 
morphological investigations, these species were removed from Tem- | 
nopleurus, Agass.,and Temnechinus, Forbes, and associated with the 
genera Dictyopleurus, Arachniopleurus, Dunc. & Sladen, &c., and it 
is in their neighbourhood that the species formerly named Temne- 
chinus lineatus, nob., must come. -In fact it is correct, from what 
is now known, to distinguish three alliances of genera, the Temno- 
pleuroid, the Temnechinoid, and the Dictyopleuroid, and the species 
under consideration must come within the latter group. 

Up to the present time no true Temnopleurus or true Temnechinus 
has been found in the Australian Tertiaries. 

Laube7 discovered and described an Echinoid which, unfortunately, 
had no apical system; but the basal and radial plates had left their — 
impressions on the test surrounding the periproct. The ornamental | 
characters associate this form with the Tertiary Dictyopleuroids of | 
Sind and Kach, but there are more than specific distinctions between 
Paradoxechinus novus, Laube, and the costulated form called Temne- — 
chinus lineatus. 

It is, however, evident that the apical system of the form which | 
was termed Temnechinus lineatus, and which it is now proposed | 
should enter a new genus, Ortholophus, is small, and not one half of | 
the dimensions of that of Parado«wechinus, the measurement being | 
made across the vacant spaces and as far as any evidence of former 
structure occurs. : 

The so-called Temnechinus had not the elongated periproct of the 
genus Dictyopleuwrus and of Paradoxechinus, and no radial plate | 
entered the periproctal ring as in those genera. It is therefore | 
necessary to define a genus for the species, which has a small apical | 
system and a remarkable straight and crowded transverse costulation | 
of the test. 

Genus ORTHOLOPHUS, gen. nov. 

The test is small, low, more or less pentagonal in marginal outline, 
subconical above the tumid ambitus, Apical system (wanting). Peri- 
-proct small and circular, Ambulacra one half of the width of an inter 
radium at the ambitus, straight, with slightly sunken poriferous 
zones ; pairs in ill-defined triplets nearly in straight series, appear- 
ing.on the edges of transverse coste. Compound plates with a centra 
demiplate, the others primaries. <A vertical row of small imperforate 
non-crenulate primary tubercles is close to the poriferous zone, anc 

* Anim. Foss. de l’Inde, p. 202. 
+ Laube, Sitzungsb. Akad. Wiss. Wien, Bad. lix. p. 186, fig. 2 (1869). 
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the median area is crowded with nearly straight ridge-like coste, 
passing from the bases of the primaries almost transversely, and 
carrying small secondaries. Interradia with two vertical rows of 
primaries of the same size and structure as those of the ambulacra, 
their scrobicules raised and united with those above and below by 
vertical straight coste#, and with those of the opposite row by 
numerous crowded, transverse, straight costs, with small secondaries 
on them. Peristome small, almost without cuts. 

ORTHOLOPHUS LinEATUS, Dunc. (See the description of the species 
under the generic head of Temnechinus, Quart. Journ. Geol. 
Soc. vol. xxxiil. p. 46.) 

The dimensions of the specimen are: height 8 millim., diameter 
14 millim., width of apical system 4 millim. 

The alliance of this form is closest to the recent Trigonocidaris, 
A. Ag., and it is the representative of the Dictyoplewrt of the 
Tertiaries of Sind, Kach, and Egypt. 

7. PARADOXECHINUS Novus, Laube*. 

The impressions left by the basal and radial plates upon the test 
close to the anal margin indicate that the last-named plates were 
placed between the others, and that they all entered the anal ring ; 
the anal opening was large, and the apical system appears to be de- 
pressed according to Laube’s evidently correct drawing of the species. 
The height of the test is 6°5 millim., the diameter 13 millim., and 
the diameter of the anal opening 7 millim., whilst that of the 
peristome is only 4 millim. The pairs of pores are on the plates of 
the test, and not upon cost, and the oblique direction of the zigzag 
of bunches of coste is very striking; the primary tubercles are 
neither crenulate nor perforate. The branchial cuts are very small. 
This is a well-defined genus and species, and if the statement about 
the apical system just made turns out to be absolutely correct, then 
the alliance is with the Kocene Dictyopleurt of Sind and of Kgypt. 
Cotteau has defined a genus, Coptechinus (‘* Kch. nouv. ou peu 
connus,’ Extr. du Bull. de la Soc. Zool. de France, 1884, fase. 2, 
p. 27), and the species is from the Miocene of France; but the fo m 
so well described is clearly a species of Paradoechinus, that genus 
haying escaped the observation of the distinguished French Hchino- 
dermatist. It is very interesting to be able to trace this westerly 
development of an Australian genus. Paradowechinus novus was 
found in the deposits of the Murray Cliffs, South Australia. 

8. CLyprasteR FotIum, Agass. Cat. rais. p. 73; Desor, Synopsis, 
p. 243. 

A variety, var. elongata. 
So long ago as 1864 I asserted the presence of Clypeuster foliwm, 

Agassiz, in the Murray Cliffs and at Mount Gambier, South Austraha 
(Ann. & Mag. Nat. Hist. 1864, vol. xiv. p. 166). But Mr. R. 
Ktheridge, jun., in his communication to this Society in 1875, 

-lom. cit. p- 10, figs 2. 
2¥ 2 
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remarked that he had compared the specimens identified with Cly- 
peaster foliam with Monostychia australis, Laube, and that he found 
them one and the same. In 1877 I accepted Mr. R. Etheridge’s 
correction with a necessary explanation (Quart. Journ. Geol. Soc. 
vol. xxxiil. p.48). But there is at least one excellent specimen of a 
Clypeaster in the National Collection (Blanford Coll., Geelong, 
Victoria E. 1,108, marked X), and it has the specific characters of 
Clypeaster folium, Agass. The specimen was compared with a small 
Clypeaster folium from the Miocene of Corsica, in the British 
Museum, and with a full-grown type from Malta, also in the 
National Collection ; careful measurements were taken, and with the 
following results :— 

The relational measurements of a small Clypeaster folium from 
Corsica (length 47 millim.; 47=100): length 100, width 95:7, 
height 17. The measurements of the large type from Malta, the 
length being 93 millim: length 100, width 86, height 18:4. 
The measurements of the middle-sized specimen from Geelong 
(length 66 millim): length 100, width 84-8, height 17:4. The 
comparison of these measurements with those taken by M‘Coy of 
Clypeaster gippslandicus shows that the height of that form is 
much greater than that of Clypeaster folium, being 27 in relation 
to 100. Inthe form which I consider to be a mere variety of 
Clypeaster foluum, Agass., the petaliferous part of the ambulacra is 
very slightly raised and the flatness of the test is very marked. 
But there are the same characters, regarding shape and relative size. 
in the petals of the three specimens measured. In a typical 
Clypeaster foliuwm the anterior petal is the longest, and its breadth 
is the same as that of one of the antero-lateral petals, which is, 
however, shorter; the postero-lateral petals are the shortest and 
widest. The measurements in the Australian type are :—anterlor 
ambulacral petal 18 millim. long and 12 millim wide; antero- 
lateral petals 16 millim. long and 12 millim. wide; postero- 
lateral petals 11 millim. long and 13°5 millim. wide. The anterior 
petal is widely open, and the postero-lateral are less so, but are 
large distally, and the antero-lateral petals are nipped in near 
the end where the pores of the opposite zones approach to a con- 
siderable extent. ‘This narrowing of the distal ends is very striking 
and persists in all the specimens. 

The shape of the test of the Geelong form is rather longer than is 
usual in European specimens, and there is perhaps a little more 
rounding of the thin posterior margin of the test. The shape 
differs materially from that of Clypeaster gippslandicus, M<‘Coy, 
and the ornamentation of the coste of the poriferous zones and of 
the test between the tubercles is also different in the two forms. 

If the Geelong Clypeaster had been found in Malta, it would have 
been put down at once as a variety of Clypeaster folium, and I 
therefore give it that name. 

9. CLYPEASTER GIPPSLANDICUS, M‘Coy, 1879 *. 

Echinanthus testudinarius, Gray. 

Prof. M‘Coy considers that, Echinanthus testudinarius, Gray, which 
* Prodr. Pal. Vict. dec. vi. 1879, p. 33. 
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was stated to be a fossil in the Mitchell-river Tertiaries by Mr. 
Tenison-Woods and myself, is a species of Clypeaster. The classifi- 
catory position of the form I examined was a subject of doubt, as 

will be gleaned from the following extract :—‘ Except in some slight 
points in which there is great individual variation in the recent 
forms, the fossil agrees with those which Gray called H. testudinarius 
and &. australe, the latter of which has been absorbed by the 
FOTMNET: ws. . s The species is interesting from its close resemblance to 
a Clypeaster ; but it has no pores close to the sutures of the plates 
within the ambulacra on the actinal surface ” * 

M‘Coy has shown that the internal structure of the test is that of a 
Clypeaster, according to A. Agassiz, and he has investigated the 
subject of the ambulacral pores and finds that they are variable; 
but probably that is produced by fossilization. 

Prof. M‘Coy considers that the morphological distinction between 
Clypeaster and Echinanthus, according to A. Agassiz, is barely suffi- 
cient to separate the genera; and it must be remembered that, with 
the exception of the greater concavity of the actinal surface in 
Echinanthus, the other structural differences are internal. The 
specimen examined by Mr. Tenison Woods was not studied by me, 
and Prof. M‘Coy has not had the advantage of examining the very 
large form which was noticed in my former communication, and 
which is in the collection of this Society. It is exceedingly Kchi- 
nanthine in its general appearance, but the test is flat actinally for 
some distance towards the deeply sunken peristome. ‘The relative 
measurements of Clypeaster gippslandicus, M‘Coy, are :—length 
90 millim.=100, width 88, height 27. Those of the large form 
now under consideration are :—length 105 millim. —100, width 85-7, 
height 31. The suspicion that the two forms are not specifically 
identical is somewhat aroused by the relative increase in length of 
the larger form, and is intensified by the petals of the larger form 
being much broader than those of the other; moreover, the postero- 
lateral petals of the Gippsland species are longer than those of the 
larger form. If the drawing of the terminations of the petals given 
by Prof. M‘Coy is correct, there is almost, if not quite, a specific 
difference between the forms, for the antero-lateral petals are tend- 
ing to close, and are rather narrow externally, in the form which 
came under my observation. In fact there is a facies about the 
petaloid part of the test which recalls Clypeaster foliwm. Subject 
to this expression of doubt, I agree with M‘Coy in considering the 
form to belong to his Clypeaster gippslandicus. 

In my former communication (p. 66) I expressed my belief in the 
identity of Monostychia, Laube, and Arachnoides, Klein, mainly 
owing to the furrowing of the ambulacra; and the drawing and 
description given by Laube of the internal supporting structures of the 
test (Laube, ‘‘ Fossil Echinoidea from the Murray Cliffs,” Sitzungsb. 
Akad. Wiss. Wien, vol. lix. Bd. i. 1869, p. 188, fig. 3c). At 
that time the reasons for separating the genus Monostychia from 
Arachnoides were the not invariable supramarginal position of the 

* Quart. Journ. Geol. Soc. vol. xxxiii. (1877) p. 47. 
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periproct in Arachnoides, and the variable notching of the test- 
margin in Monostychia. It was evident that the position of the 
periproct was variable in Arachnoides, and that it was found quite 
marginal, as well as inframarginal, in Monostychia. M‘Coy figured 
the internal supporting structures of Monostychia in his ¢ Prodromus,’ 
and it agrees generally with the drawing by Laube, and there are 
no structures to be seen near the margin of the test. He considers 
Monostychia a good genus and retains it. Having had the oppor- 
tunity of examining very much better specimens than those which 
I studied formerly, and having seen a fortunate fracture of a speci- 
men of Monostychia australis, Laube, I still find myself in the 
difficulty of not being able to agree with my fellow-workers. My 
reading of the nature of the internal part of the test does not agree 
at all with that of my predecessors. But it is necessary that I should 
state that, had I seen the specimen I now allude to, I should not 
have placed the specimens in relation with Arachnoides. The new 
specimens have enabled me to make out the distribution of the pores 
beyond the petaloid parts of the ambulacra, and to describe the 
nature of the plating of the actinal surface, and the nature of the 
plates which enter the peristomial margin. It now appears to me 
that the alliance is with Clypeaster, a notion which, so far as I am 
concerned, dates back to 1864. 

In the figures published both by Laube and by Prof. M‘Coy no 
internal supporting structures are seen near the edge of the test. 
This is unlike the structures of all Clypeasters; but on examining 
the worn edges of several of the tests in the National Collection, the 
presence of upright and small needle-shaped pillars became evident, 
and this Clypeastroid character became still more pronounced on 
studying one of the specimens which had been fractured across. In 
the best-preserved specimen the appearance of the structures which 
occur between the upper and the actinal parts of the test within is 
almost exactly identical with that presented by Clypeaster sub- 
depressus, Gray, sp. The needle-shaped pillars with different 
diameters are the same in structure as those represented in A. 
Agassia’s ‘ Revision of the Echini,’ 1874, pl. xii. fig. 15. The flatness 
of the test is quite equalled in small specimens of Clypeaster folium 
from Corsica; and there is no appreciable difference in this respect 
between a rather elongated specimen of the Clypeaster and the 
young specimens of Monostychia in the collection of the Society. 
In both genera the ambulacra are grooved radially on the actinal 
surface, but in the Australian forms the groove is continued defi- 
nitely over the margin, and reaches up close to the actinal system ; 
moreover, the edge of the test 1s notched at the ambulacral margins 
at the place where the grooves are seen. The groove is not a simple 
depression of the test along the median line of the ambulacrum, for 
close to the peristome there is a slight median ridge, which is also 
seen on the little projection which each groove makes into the 
peristome and beyond the rest of its plates. In one specimen, pores 
are seen on either side of the ridge, and connected with it by indis- 
tinct grooves, Beyond the pores, and just within the interradial 
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sutural edge of the ambulacral plate, is a row of close and small 
granules. ‘The peristomial termination of each groove is in two 
terminal ambulacral plates, which are narrow, and each pair of 
ambulacral plates is separated from its neighbours, on either side, by 
a single peristomial interradial plate. Thesecond ambulacral pair of 
plates are larger than the peristomial, and are sutured along the 
median line of the interradia with the neighbouring pair of ambu- 
lacral plates, there being no interradial plate intervening. This 
discontinuity is as in Clypeaster. The second plates are marked 
with obliquely arranged granules, and are pierced by numerous 
small pores, so that two triangular areas are thus marked, the base 
of each being in contact along the median line of the ambulacrum, 
one side being along the aboral suture of the plate, and the third 
side being along a line drawn from the peristomial end of the median 
suture of the plate across to the aboral and interradial angle of the 
plate. A corresponding ornamentation occurs on the next and some 
other pairs of plates, and is comparable with the peculiar appearance 
shown by A. Agassiz in his drawing of the actinal surface of Clype- 
aster Ravenellu, A. Ag. (‘ Echini of the Blake Exped.,’ Mem. Mus. 
Comp. Zool. Harvard, vol. x. No. 1, 1883, pls. xv. 6, xv.c). 

There are very few pores to be seen in the groove abactinally, 
and the ambulacral plates beyond the petaliferous part are crowded 
with minute pores close to the groove, but not far from it. 

The position of the periproct is inframarginal and rarely at the 
margin, and there is slight swelling of the test (not so much as in 
Laube’s figure) actinally and abactinally along the path of the 
intestine in relation to the posterior interradium. 

The jaws are not seen in any of the specimens, but it appears 
that the low verignathic ridge-process is placed, as in Clypeaster, 
upon the edges of the peristomial ambulacral plates. 

The coronal plates, actinally, are well marked near the margin of 
the test, and the petaloid parts of the ambulacra resemble those of 
Clypeaster ; but the interradia are greatly diminished in breadth 
near the apical system. 

The apical system is small and the madreporite is central and 
button-shaped, the four genital pores being immediately external 
to it. ‘There is no posterior genital opening. 

Two young specimens show that the notching of the margin and 
the distinctness of the abactinal grooves are matters of growth; and 
it is quite pardonable for any naturalist who is aware of the great 
diversity of shape assumed by Clypeastroids in their youth to place 
the young forms out of the genus or subgenus JMonostychia. It is 
evident that while there are some structural resemblances to 
Arachnoides in the actinal part of the test, the principal structural 
characters of physiological importance are all Clypeastroid. 

There are. not sufficient data to separate the species from the 
very flat Clypeasters, and I propose to retain Monostychia as a sub- 
genus of Clypeaster. 
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10. CrypEaster (Monostycuta) avstRaLis, Laube, op. cit. p. 190. 

Arachnoides australis, Dune. op. cit. p. 48. 
Arachnoides australis, var. elongatus, Dune. op. cit. p. 48. 
Clypeaster (Monostychia) Lovent, Dune. 

11. CrypEaster (Monostycur1A) Loveni, Dunc. op. cit. p. 47. 

It is proposed to omit Echinarachnius parma from the list, and it 
is necessary to observe that fragments ot a species of Fibularia and 
of an allied genus are in the collection at the British Museum. 

12. EcHINOBRIssUS AUSTRALIZ, Dunc. * 

There is nothing to add to the description of this species, which 
is closely allied to the recent species of the subgenus Wucleolites. 
The anal grooye is long and pronounced in the Australian species, 
and, moreover, some of the pairs of pores are conjugate and others 
non-conjugate. 

13. Catopyeus ELEGANS, Laube 7. 

It will be interesting to know whether this species differs from 
the Cretaceous species in the same manner as the recent Catopygus 
recens does. ‘This last-mentioned species has but a single row of 
pores, reaching from the petaloid part of the ambulacra to the 
peristome, and not a row of pairs of pores on either side of the 
ambulacra. The position of the periproct is not that of the Cre- 
taceous forms. See A. Agassiz,‘ Report on Challenger Echini,’ 
p.- 123. I believe that the Tertiary and recent Catopygi should be 
placed in a subgenus. 

14. Pyreoruyncuts Vassar, Wright +. 

15. EcuryoLampas ovuLtum, Laube §. 

This species was very shortly described by Laube and not figured.. 
The measurements of the test were not given. The pentagonal, ovoid, 
and somewhat rostrated high form and the very broad ambulacra 
distinguish the species from all others. A specimen in the British 
Museum, Blarford collection, is 57 millim. long, 49 millim. broad, and 
33 millim. high. There is but slight difference between the lengths 
of the poriferous zones and the antero-lateral ambulacrum, 20 
millim. long and 8 millim. broad, the posterior one 23 millim. 
long and 95 millim. broad. 

16. Hotaster avstratia#, Dune. op. ct. p. 51, pl. iii. figs. 12 
and 13. 

There is no alteration required in the description of this species 

* Dune. Quart. Journ. Geol. Soc, vol. xxxiii. p. 50. 
Tt Laube, op. cit. p. 190, fig. 7. 
t Dune. op. cit. p. 51. 
§ Laube, op. cit. p. 191. 
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except in the matter of ornamentation. The ornamentation is of 
small tubercles, crenulated and perforated and surrounded by a plain 
serobicular area flush with the test; the scrobicules are separated 
by a very delicate granulation. This ornamentation is largest 
actinally and resembles that of HA. suborbicularis, Agass. The 
shape of the test resembles that of H. Periz, Sismonda, and the 
very shallow anterior groove is smaller than that of H. subglobosus. 
The figure of the apical disk is in part incorrect, and the woodcut 

Apical System of Holaster australi®, Duncan. 

now given should supersede it. This is a true Holasier, and so is 
the species which I wrongly attributed to an abnormal form of Rhyn- 
chopygus—R. dysasteroides, Dunc. 

17. Hotaster virricitis, Dunc. % 

fihynchopygus dysasteroides, Dunc. op. cit. p. 49, pl. iii. figs. 
9 and 10. 

The specimen has been crushed from above downwards, but there 
18 no doubt in my mind now that the apical system is Holasteroid 
and not Dysasteroid. The ornamentation is Holasteroid. Other- 
wise the descriptive part of the notice of this species given in the 
communication now under revision is correct, but all the references 
to the affinities on p. 50 are erroneous. Both of the Holasters came 
from the Upper Coralline beds, Castle Cove, Cape Otway. 

18. Micraster sruvistenia, Laube, op. cit. p. 192, fig. 7, non 8; 
and R. Etheridge, jun., Quart. Journ. Geol. Soc. vol. xxxi. 
p. 448, figs. xi. & xii. 

This species has been fully elaborated by the above-named 
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authors, and it is especially mentioned here in order to bring it into 
relation with a Micraster trom the Indian Nummulitic deposits. 

The height and general tumidity of the test and the short ambu- 
lacra separate the Australian form from all the Cretaceous species 
of the well-known genus; but in these details there is an evident 
alliance with Micraster tumidus, Dunc. & Sladen, from the Khirthar 
or true Nummulitic hmestone of Western Sind (Pal. Ind. ser. xiv. 
pl. ui. p. 189, 1884). This species, from older Tertiaries than those 
of Australia, has slightly longer and wider ambulacra than the 
other, and in both the evidences of a subanal fasciole are not 
satistactory. The posterior groove leading from the margin to the 
periproct is more decided in the Australian form, and the whole of 
the posterior surface is wider in the Australian form than in the 
Indian. The British Museum specimen is 50 millim. high, 62 millim. 
long, 51 millim. broad, and it has traces of a subanal fasciole (not a 
lateral one, as stated in the former paper). 

i9, Marerra anomata, Dune. op. cit. p. 52, pl. iv. figs. 1-4. £4; 

The abnormality in this species is the presence of a more or less 
discontinuous fasciole just above the ambitus. Since the description 
of the species, A. Agassiz has found a corresponding fasciole in a 
recent species. 

20. Mzeataster compressts, Dune. op. cit. p. 62. 

The species is retained provisionally, for the ornamentation has 
almost all disappeared and the possibility of its turning out to be 
a Pericosmus is considerable, as will be understood after reading 
M‘Coy’s observations on that genus. But it must be admitted that 
the specimen in the British Museum does not show the least trace 
of fascioles, and that there are clear specific distinctions between 
it and any species of Pericosmus, leaving out the consideration 
of the fascioles. The length of the specimen (KH 296, B.M.) is 
5 inches, the width 4:75 inches, height 2:1 inches. The apical 
system is more or less deficient, but the radial plates are small, 
obscurely quadrangular and longer than wide; the tentacular pore 
is very large, the poriferous plates of the ambulacra, near the radial 
plates, are small and perforated by pairs of minute foramina; and in 
the posterior lateral ambulacra, at about the sixth plate, the plates 
dip down into the ambulacral groove. Aft a little distance from the 
small plates the others become large, low and broad, and the inner 
pore is large and slightly elongate, although, on the whole, circular 
in outline, and the outer pore is very long and most open externally. 
There is no groove between the pores of a pair, and the pairs are 
separated by very distinct and ornamented cost. ‘The anterior 
ambulacral pores are all small and circular and become very distant 
halfway down the very deep and broad groove. The postero- 
lateral petals are slightly wavy, long, narrow,and deep; they are in 
a narrow depression of the test, so that the poriferous zone does not 
come up to the level of the test, but is on the flank of the depression. 
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The length of these petals is 31 millim., width in the middle 
6 millim., extreme depth of the depression 6 millim. ‘There are 
forty pairs of pores, and the interporiferous area is very equal in 
width throughout, except near the radial plate, and is slightly 
narrower than the poriferous zone. The antero-lateral petals are 
longer than the others (33 millim.), their width is 6:5 millim., 
and they are shallower, 4 millim. The highest part of the test is 
in interradia 1 and 4, and near the apex, which is excentric in 
front. The slope is sudden from the apex in front, and gradual 
behind for a short distance, and then there is some tumidity of the 
posterior interradium. ‘There is no keel there, and the interradium 
is rather narrow on account of the angle made by the ambulacra 
being 60 degrees. 

The anterior petals diverge at an angle of 120 degrees. The 
posterior truncation is low and broad, and the periproct is close to 
the upper edge of it and is elliptical transversely. Width of the 
truncation 60 millim., height 35 millim; height of the periproct 
11°5 millim., width 21 millim. There is a slight re-entering 
curve quite at the posterior actinal edge. The actinal surface is 
very flat, and the large, wide, very anteriorly placed mouth has a 
downward projecting labium 22 millim. broad. 

The ornamentation is largest on the flanks of the anterior groove, 
and consists of small perforate mamelons on conical bosses, crenu- 
lated and placed on a level, large, plain scrobicule, with miliary 
granules on the edges. Elsewhere the tubercles are smaller, and 
there is a small granulation between their more distant scrobicules. 

Locality, Murray Cliffs. This specimen is slightly larger than | 
that which was figured in the former communication and which, 
unfortunately, has been mislaid. | 

21. Prricosuus e1éas, M‘Coy, Prodr. Pal. Vict. dec. vil. 1882, pls. 64 
& 65, p. 15. 

This huge species attains the length of 7 inches 6 lines and is 
nearly as broad, the height, however, being only about one half of 
the length. ‘The specimens described by M‘Coy are wonderful, and 
the minute ornamentation, the peripetalous fasciole clinging to the 
petals and reaching along the anterior one to behind the deep notch, 
and the lateral fasciole are vety characteristic of the genus. The 
lateral fasciole is, however, more or less discontinuous in the species. 

22. Puricosmus Netsont, M‘Coy, op. cit. pls. 66 & 67. 

This is another well-marked species. 

23. PERicosmus compressus, M‘Coy, op. cit. pls. 67 & 68, p. 21. 

This is a large and compressed species, and has a very close resem- 
blance in shape to Megalaster compressus, nob. (Quart. Journ. Geol. 
Soc. 1877, vol. xxxiii. p. 62). Supposing Megalaster compressus to be 
a well-scrubbed fossil, from off which all traces of fascioles have been 
worn, may it not be a Pericosmus, and is it not a worn Pericosmus 
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compressus? M‘Coy considers that these questions may be answered 
possibly in the affirmative; but, after a careful examination of the 
specimen, I could find no fascioles. 

24. Loventa Forzpesi, Woods & Duncan. 

A passage in M‘Coy’s ‘ Prodromus’ places paleontologists in a 
considerable difficulty regarding the correct authorship of this 
species. Is it to have the names placed after it as above, or ought 
the name of Prof. M‘Coy to stand in their place? It does not 
matter much to whom the naming of the species should be 
accredited, now that the whole of the morphology of the test has 
been published. But, divesting this subject of all personal feeling 
(and I am glad to say none has ever-been felt by Prof. M‘Coy and 
myself), the question turns upon the old settlement of former 
disputes. Are MS. names of species to take priority? It has been 
decided over and over again that MS. names do not take priority of 
those which have been accompanied by comprehensible and pub- 
lished specific definitions. This interesting form has quite a 
literature of its own, as may be noticed by reading Mr. R. Etheridge, 
jun.’s, elaborate communication to the Society (Quart. Journ. Geol. 
Soc. vol. xxxi. p. 445), and by referring to the essay of which this is 
a revision. Since those pages were written, Prof. M‘Coy has given 
a still more elaborate history of the species. 

The first discoverer of the Echinoid was Sturt, the traveller, who 
named a common Urchin, in 1832, Spatangus Hoffmanni, Goldf. 
The identification was erroneous. 

In 1852 Forbes gave some lectures at the Museum of Practical 
Geology, London, on Gold, &c., and they were published. The 
Echinoid was mentioned by him as a Spatangus, without a 
specific name, and an imperfect figure was given of it. In 1859 
M‘Coy named the specimens in the Melbourne Museum, and wrote 
Spatangus Forbesi on the tablets. He did not write or publish any 
description of the species. In 1862 Mr. Tenison Woods published 
a drawing of the Echinoid in his ‘ Geological Observations in South 
Australia,’ and called it Spatangus Forbest. In 1864 I could not find 
any description of the species, and showed that it was a Hemipatagus, 
from the nature of the specimens sent to me by Mr. T. Woods. I 
described this species, naming it Hemipatagus Forbesi, Woods & 
Duncan, and had the type drawn (‘Annals and Magazine of 
Natural History,’ ser. 3, vol. xiv. p. 165, pl. 6). In 1869, 
Laube named the species H. Forbest, and placed Mr. T. Woods’s 
name after it. He had not seen my communication, I presume. 
In 1875 Mr. R. Etheridge, jun., advanced the knowledge of the 
morphology of the test by discovering a subanal fasciole (Quart. 
Journ. Geol. Soc. vol. xxxi. p. 445) in a form which he considered 
specifically distinct from H. Forbest, Woods & Duncan, but which 
must now be considered to be a variety. He recognized the pro- 
priety of associating the names of Mr. T. Woods (who gave me 
such assistance in describing the species that I was bound to con- 
nect him with my work) and myself with Hemipatugus Forbesi. 
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In 1877 I found the internal fasciole of the test, and completed the 
description of the morphology. But as the species could no longer 
remain as a Hemipatagus, I placed it within the genus ZLevenia, 
and the species became Lovenia Forbest, Woods and Duncan (Quart. 
Journ. Geol. Soc. 1877, vol. xxxiil. p. 58). 

In the Prodr. Pal. Victoria, dec. vi. p. 39 (1879), Prof. M‘Coy 
considers that ‘‘ I, also, will probably prefer to leave it now under 
the old authority,’ meaning that the species should stand as Lovenia 
Forbest, M‘Coy, sp. It is, of course, not of much importance 
whose name is to stand after the species, provided the paleontologist 
who is studying the Australian fauna can be directed to the first 
and most correct specific definition, That given by M‘Coy, in 1879, 
leaves nothing to be desired, nor is that given previously by me 
otherwise than correct. 

Ii MS. names on a tablet in a museum are to be of greater value 
than careful descriptions and delineations, then the best plan will 
be for the recognizers of new forms simply to name them and 
to leave the description to the chapter of accidents. As a personal 
matter, I would leave the name to be placed after the specific 
name as Professor M‘Coy wishes; but it is not in the interest of 
science to do so, and the personal names placed after a species 
must be those of the first writers who first defined the species 
so that it could be recognized by subsequent observers. 

M. Pomel (‘ Theses par A. Pomel, Class. méthod. Ech. viv. et 
foss.’ Alger, 1883, p. 28) has diagnosed a genus Sarsella, which 
differs from Lovenia, Desor, in not haying the ampulle visible on the 
inner surface of the test beneath the sunken scrobicules of the 
primary tubercles. Lovenia Forbesi is included by M. Pomel in his 
genus. Now the occurrence of these projections, rounded in shape 
and with a depression in them, are in relation with the bases of 
the smaller actinal tubercles as well as with the more important 
darge primaries (A. Agassiz, ‘ Revision,’ pl. xxxviii. figs. 28 & 28'); 
they arise from the thin condition of the test, and the hollows are 
the involuted bases of the tubercles, whilst the swellings are the 
inward projection of the scrobicules. The thicker the test the less 
visible are these characters. They are visible in the recent forms ; 
but unless a fossil Zovenia be so preserved that the matrix within 
clears out readily, there is no opportunity of noticing whether this 
particular structure prevails in the stout tests. In the only instance 
Lhave had of a form with an unusually delicate test, and which 
was iractured, I saw slight relics of the roundings within. As all 
other characters of physiological value are the same in the recent 
and fossil Lovenie, and as the character relied upon by M. Pomel is 
not of primary physiological value, I do not csnsider that he has 
‘shown the necessity for the introduction of a new genus. Again, 
I am by no means satisfied that Sarsella mauritanica, Pomel, 
described and figured in Cotteau’s ‘ Ech. Foss. de Algérie, Ktage 
Hocene,’ 1885, p. 36, pl. i. figs. 4-8, is a Lovenia without ampulle. 
There is most certainly no internal fasciole present, nor is a sub- 
anal one yisible. Cotteau (p. 38) states that M. Pomel has not 
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definitely stated that he has found an internal fasciole in his 
Specimens, and has given no details of any. Cotteau does not 
know whether to call M. Pomel’s typical species a Sarsella or a 
Maretia. It is quite apparent, on comparing the figures of 
Maretia planulata given by A. Agassiz (‘ Revision,’ pl. xix 5. fig. 7), 
and Maretia anomala, nobis (Quart. Journ. Geol. Soc. vol. xxxiil. 
pl. iv. fig. 1), that M. Cotteau was justified in his doubt, and that if 
a subanal fasciole exists, the species is really a Maretia; if not, 
the species belongs to Hemipatagus (Desor, ‘ Synopsis,’ tab. 44). 

Before perfect specimens of Lovenia Forbesi had been obtained 
Mr. Tenison Woods had considered the form under consideration to 
be a Hemipatagus, and this genus of Desor’s is characterized by the 
test being small and furnished with large interradial primary 
tubercles, resembling those of Spatangus, but absent in the posterior 
interradium, by the plastron being in general smooth, as if worn, 
and by having projecting and elongate petals, four genital pores 
and no fascioles. Yet M. Pomel places Waretia, Gray, as synony- 
mous with Hemipatagus (op. cit. p.29). It is perfectly evident that 
Maretia has a subanal fasciole and often a discontinuous narrow 
lateral fasciole ; this last has been noticed by A. Agassiz and myself. 
Maretia according to Cotteau is therefore not Hemipatagus accord- 
ing to M. Pomel. 

25. EUSPATANGUS RoTUNDUS, Dune. 

Eupatagus rotundus, Dune. op. cit. p. 53, pl. ui. figs. 14-17. 

The relative dimensions of this species and the want of any 
contraction on either side posteriorly separate it from the other 
forms of the genus from Australia and elsewhere. 

26. Euspataneus Lavset, Dune. 

Eupatagus Lauber, Dune. op. cit. p. 55. £4244) 

The classificatory position of this form is not without doubt, for 
it has the primary tubercles “‘ environed by the peripetalous fasciole ” 
small and even present in the posterior interradium as in Peripneustes. 
In all other respects the species is a true Euspatangoid. A similar 
difficulty was met with by Mr. Percy Sladen and myself in studying 
Euspatangus avellana, d’Archiac & Haime, and we noticed the 
affinity of that species to Macropneustes (Pal. Ind. ser. xiv. Foss. 
Kchin. W. Sind, pt. ii. p. 237). The presence of a subanal 
fasciole was not mentioned by me in my former communication, and 
now I can add that it is well developed. Wot sppa-ent ix E 424m or 
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27. EUSPATANGUS MURRAYENSIS, Laube. "a 

Eupatagus murrayensis, Laube, op. cit. p. 196, fig. 4. 

This species is very oviform in shape and high behind, and 
differs from the other species very definitely. 

28. Euspataneus Wricutt, Laube. 

Eupatagus Wrighti, Laube, op. cit. p. 195, fig. 5. 

There is some affinity between Huspatangus rostratus, d’Archiac, 



FROM THE AUSTRALIAN TERTIARIES. 49°77 

and this species, and on the other hand the recent Huspatangus 
Valencennesi, Agass., is ailied to Huspatangus murrayensis. 

29. ScHIZASTER VENTRICOSUS, Gray, 1851, Ann. & Mag. Nat. Hist. 
vol. vii. p. 133. 

A fragment of this recent form is in the Blanford collection in 
the British Museum. 

Last of the Species of Australian Tertiary Echinoidea. 

. Cidaris (Levocidaris) austrahe, Dune. Cape Otway. 
( ), sp., Dunc. Bairnsdale. 

. Goniocidaris, sp. Spines. Cape Otway. 

. Salenia tertiaria, Tate. Aldinga, South of Adelaide. 
. Psammechinus Woodsi, Laube. Murray Cliffs. 
. Ortholophus lineatus, Dunc., syn. Temnechinus lineatus. Mor- 

dialloc. 
. Paradoxechinus novus, Laube. Murray Cliffs. 
. Clypeaster folium, Agass., var. elongata, Dunc. Geelong. 

gippslandicus,*M‘Coy. Gippsland. 
. —— (Monostychia) australis, Laube, sp. Murray Cliffs. 

(——-) Loveni, Dunc. Murray Clifts. 
. Echinobrissus australie, Dunc. Cape Otway. 
. Catopygus elegans, Laube. Murray Cliffs. 
. Pygorhynchus Vassal, Wright. Kast of Glenelg. 
. Echinolampas ovulum, Laube. Murray Cliffs. 
. Holaster australie, Dune. Castle Cove, Cape Otway. 

difficihs, Dunc., syn. Rhynchopygus dysasteroides, Dunc. 
Cape Otway. 

. Micraster brevistella, Laube. Murray Cliffs. 

. Maretia anomala, Dune. South of Sherbrook River. 

. Megalaster compressus, Dunc. Murray Cliffs. 

. Pericosmus gigas, M‘Coy. 
Nelson, M‘Coy. 

: compressus, M‘Coy. 
. Lovenia Forbesi, Woods & Dunc. Mordialloc. 
. Kuspatangus rotundus, Dune. Murray Cliffs. 

Laubeit, Dunc. North of Sherbrook River. 
. —— murrayensis, Laube. Murray Cliffs. 

Wrighti, Laube. Murray Cliffs. 
. Schizaster ventricosus, Gray. Adelaide district? 
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Varieties :— 

Clypeaster (Monostychia) australis, Laube, var. elongata, Dunc. 
Lovenia Forbesi, Woods & Duncan, var. Woodsi, R. Etheridge, jun. 

On studying this list of Australian Tertiary species of Echinoidea, 
it will be observed that there is but one species (Schizaster ventri- 
cosus) which belongs to the recent fauna. It has not an Australian 
habitat, but is found widely in the Pacific area and as far north as 
Japan. Of the nineteen genera found represented in the Tertiaries, 
only seven, possibly, have species in the recent Australian fauna, 
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which numbers (counting three deep-sea forms) at least thirty-one 
genera™. Even such common Australian genera as Salmacis, Ambly- 
pneustes, Holopneustes, Breynia, and Echinocardium are not repre- 
sented in the list of fossil species. In this slight relation to the 

recent fauna the Australian Tertiary Kchinoidea resemble the fauna 
of the Tertiaries of Sind, Kach, Kattywar, and the Mekran coast ; 
in both instances the percentage-method of classifying Tertiary 
deposits will fail, and the explanation must refer to the great 
changes which occurred along all the coast-lines of that part of the 
world at the close of the Pliocene age. 

Asa whole, the grouping of the genera of the Australian Tertiary 
Echinoidea is a mixture, and it is characterized by the presence of 
genera which commenced in the Mesozoic ages, of a majority of 
genera which began in the Tertiary ages and have lasted on, and of 
a few characteristic Tertiary genera. ‘There are three genera special 
to the fauna. 

But when the genera which began in the Mesozoic age are con- 
sidered, it will be found that four of them are represented by living 
species, for instance Cidaris, Salenia, Hchinobrissus, and Catopygus. 
Micraster lasted into the Nummulitic of Sind, and the Australian 
species is the latest; and the Holasters are recognized, only in 
Australia, as Tertiary forms and not early Tertiary. 

The essentially Tertiary species are those of the genera Pygo- 
rhynchus and Pericosmus. The genera which arose during the 
Tertiary ages and are still represented by species are Hchinolampas, 
Maretia, Lovenia, Huspatangus, Schizaster, Clypeaster, Psammechinus, 
and Goniocidaris. The special genera are Ortholophus, Paradox- 
echinus, and Megalaster, and the first two have very Sindian 
(Kocene) alliances. 

The greatest interest of the fauna is, of course, centered in the 
Holasters, and every student of the recent fauna will recognize 
their importance in reference to the abyssal Echinoidea with 
apetalous and flush paired ambulacra, and which present such a 
curious mixture of antique and very modern structures. But 
instead of allying the abyssal Ananchytyoid-looking forms, classified 
under the genera Homolampas, A. Ag., Genicopatagus, A, Ag., 
Cystechinus, A. Ag., and Urechinus, A. Ag., with the Holasters and 
Ananchytes of the Chalk, it will be necessary to consider them in 
reference to the Holasters of the later Tertiaries of Australia. Just 
as it is now necessary to consider the recent Salenze as the modified 
descendants of the Tertiary species, so it is obligatory to believe 
that the very degraded and yet in some points very anciently 
structured abyssal species of the genera mentioned above are the 
modified and degenerate successors of Tertiary predecessors. 

There are no species which are common tothis Australian fauna and 
that of the Indian Tertiaries, and the alliance with the European 
faunas is slight indeed. The large species of Pericosmus recall the 
forms from the Javan Tertiary deposits, but the species of the two 
localities are not the same. 

* Ramsay, Catal. Echin. Austr. Mus. pt. i. (1885), 
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No satisfactory information regarding the Tertiary Echinoidea of 
New Zealand has been obtained since the publication of Zittel’s 
monograph, which forms part of the description of the ‘ Novara’ 
Expedition (‘ Foss. Mollusk. u. Hch. aus Neu-Seeland,’ Vienna, 1864). 
That author gave admirable figures and clear descriptions of several 
species. Nucleolites papillosus, Zitt. (op. cit. p. 62), is said to be 
closely allied to the recent species of the New-Zealand seas, 
Nucleolites (Echinobrissus) recens, Edw. 

There is no doubt that Breynius described and delineated the genus 
Echinobrissus in 1732, and that Lamarck, being unaware of this fact, 
founded the genus Nucleolites in 1801, to receive, unfortunately, not 
only true species of Echinobrissus, Breynius, but also other species 
which L. Agassiz subsequently properly associated with the genera 
Catopygus and Pyrina. In 1358 Desor endeavoured to separate the 
genera Echinobrissus and Nucleolites (‘Synopsis des Echinides fossiles,’ 
pp. 257 & 263). 

He moreover introduced Trematopygus, @Orb., as a group of 
Nucleolites, with an oblique peristome. <A. Agassiz, in revising the 
genera of recent Echinoidea, had to consider the proper generic title 
of the two recent species, both of which had been placed under 
Nucleolites by their describers. He retains “ provisionally the 
separation into two genera,” and remarks that “ from the examination 
of the scanty material of living species, the splitting of this genus into 
two sections seems scarcely warranted.” He notices that conjuga- 
tion of the ambulacral pores, which Desor would make a generic 
attribute, is seen associated with the opposite condition on the same 
petal in some species, and that it is of no taxonomic value. The 
shape of the peristome he does not consider to be? of much 
importance ; but he thought that the best plan was to let Echino- 
brissus remain as the genus and to permit Nucleolkites to be a 
subgenus. It must be conceded that the recent species are aberrant 
from the genus and the subgenus. Probably future research in 
the morphology of the recent and fossil species will permanently 
establish the old genus Hchinobrissus, Breynius, and will absorb 
Nucleolites, allowing two subgenera to be arranged, so that one 
can receive the species with an oblique mouth, and the other 
the species the ambulacra of which have single extra-petaloid 
pores. Itis evident that the Australian species differs from that 
described by Zittel, but it is interesting to find the persistence of 
the type through the Australian and New-Zealand Tertiaries to the 
present Australo-New-Zealand Echinoid fauna. 

Zittel’s fine drawing of Hemipatagus tuberculatus, Zitt.*, indicates, 
from the separation and incomplete condition of the anterior 
poriferous zones of the antero-lateral ambulacra, that there was 
once an internal fasciole present on this form. I have little doubt 
that specimens will be found which will prove the species to be a 
Lovenia, closely allied to Lovenia Forbesi, Woods & Duncan. But 
the species described as Hemipatagus formosus, Zitt.f, appears to be 

* Zittel, op. cit. p. 63, pl. xii. fig. 1. t Zittel, op. cit. p. 63. 

SweG.. No. 171. 26 
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a true member of that genus. Zittel noticed the affinities of this 
form with the Hemipatagi described by Herklots from the Java 
Tertiaries. 

Schizaster rotundatus, Zitt., is allied to S. ventricosus, and there- 
fore to the Australian Tertiary form which I have noticed. 
Zittel has also described a huge Brissus (Brissus eximius, Zitt.). 
Unfortunately the species named by all writers on New-Zealand 
fossil Echinoidea, subsequently to Zittel, are without satisfactory 
descriptions. 

Discussion. 

The Prestpent remarked upon the importance. of recording the 
nature of faunas from distinct localities, even though the materials 
at command might be imperfect. 

Mr. StapEn congratulated the Society upon having brought before 
them such a paper as that just read. With regard to Clypeaster 
and Echinanthus he had strong conservative views. Echinanthus, 
he thought, should be confined to Breynius’s type. One interesting 
point in connexion with the ‘Challenger’ researches he would 
notice, namely, the occurrence in comparatively shallow water in the 
Philippines of forms which elsewhere live in very deep water, and 
this, he thought, might be found to have a bearing upon our views 
as to the distribution and bathymetrical range of the fossil forms. 

Prof. Duncan expressed a wish that Mr. Sladen would tell us 
what conservatism means in this connexion. In many cases when 
his previous remarks had been criticized by Prof. M‘Coy his observa- 
tions had been founded upon imperfect specimens, although in some 
instances he could not shelter himself under any such plea. 

Mr. StapEen said that in his opinion Prof. Agassiz was in error 
in his application of the generic term Hchinanthus, as the forms he 
had referred to that genus were not Echinanthi at all. 
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(Read April 27, 1887.) 

THE LONDON CLAY AND BAGSHOT BEDS OF ALDERSHOT. 
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31, On the Lonpon Cray and Baesnor Bups of ALpERsHOT. 
H. G. Lyons, Esq., R.E., F.G. 
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A restpence in Aldershot has furnished me with facilities for 
observing numerous sections and exposures of the Bagshot Beds in 
the immediate neighbourhood of the North and South Camps, which 

262 

appear to me to bear strongly on the questions relating to the 
stratigraphy of the Bagshot area which have been raised of late. 
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I first propose to discuss one particular section which has been 
very differently interpreted by different observers *. 

The section is one through Thorn and Redan Hills to the east of 
South Camp, and, as shown in fig. 1, is drawn in a direction N. 14° E. 
and §. 14° W., thus giving nearly the true dip of the beds, which 
dip slightly E. of N. 

Commencing at the North end of the section (which is drawn on 
the scale of 4” to one mile horizontal and 8" to one mile vertical), 
the Pebble-bed, which I take as the line of division between the 
Upper and Middle Bagshot, occurs behind the Commissariat Stores, as 
described by Mr. Monckton (Joc. cit. p. 410). 

This bed of rolled black flint-pebbles can be traced round the east 
slope of the hill past the Magazine and the Cemetery, at each of 
which places it can be seen 7n situ, to the brow of the hill on which 
the Cambridge Hospital stands. Here the bed has rather thinned 
and the pebbles are imbedded in a more clayey bed than at the 
Commissariat Stores. 

Walking down the road leading from the eastern end of the 
Hospital enclosure to the Field Stores in the valley below, we 
start from the pebble-bed at the top and pass over the outcrop of 
the different beds of the Middle Bagshot, and then of some of the 
Lower Bagshot. 

The upper portions of the Middle-Bagshot beds are at first sandy, 
as we see in nearly all the well-sections in the neighbourhood, but 
lower down they become stiff and clayey, till at the foot of the hill the 
sandy Lower Bagshots come in. Behind the Field Stores 20 ft. of 
white, false-bedded Lower-Bagshot sand appear in a sand-pit; and 
as we ascend the slope of Redan Hill, wherever rifle-pits or shelter- 
trenches furnish us with sections, yellowish sands of the Lower 
Bagshot are seen. 

A shelter-trench made last summer furnishes a good section of 
the upper third of Redan Hill, and in it we find exposed, first the 
yellowish sands of the Lower Bagshot, then clayey beds similar to 
those passed over in descending the opposite slope of Thorn Hill. 
These clay-beds extend to the top of Redan Hill till overlain by the 
gravel capping above them; and I take them to be the lower beds of 
the Middle Bagshot, which have been raised to this height by the 
northerly dip of all the Tertiary beds. I will show presently that 
this is sufficient to do so. 

On the south side of Redan Hill these clay-beds are almost 
wanting, being only seen quite at the top of the railway-cutting, 
where they are brought out by the northerly dip of the beds. The 
pebble-bed described by Mr. Irving as occurring in the railway- 
cutting south of Redan Hill appeared to be a few scattered pebbles 
occurring at a particular horizon in the Lower Bagshot. Thus 
there should be no anticlinal between Thorn Hill and Redan Hill as 
shown by Mr. Irving; and the section as drawn by Messrs. Monckton 
and Herries in their paper (Quart. Journ. Geol. Soc. vol. xlii. 
p. 412) requires some alteration. 

* Rey. A. Irving, Quart. Journ. Geol. Soc. vol, xli. p. 502; and Messrs. 

Monckton and Herries, Quart. Journ. Geol. Soc. vol. xlii. p. 410. 
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Mr. Irving in his paper refers to the green sands of the Middle 
Bagshot as occurriug at the foot of the northern slope of Cesar’s 
Camp at an altitude of 350 feet. This is 50 feet higher than the 
top of the Middle Bagshots, as he shows them by his pebble-bed in 
the railway-cutting. ‘To produce this a synclinal flexure is neces- 
sary having its axis in Aldershot town, of which we have no proof. 
As in fact these green sands are at an altitude of 450 feet, a still 
sharper bend must be supposed if we admit the Thorn-Redan Hill 
anticlinal, 

Again, the green sand in situ occurs at from 500 to 550 feet in 
Czesar’s Camp and Hungry Hill; and this, coupled with the fact that 
the Middle-Bagshot beds can be traced from the Canal across the 
Long Valley up into the flanks of Cxsar’s Camp, points to a regular 
northerly dip. 

Now, turning to the same section as drawn by Messrs. Monckton 
and Herries, we find that, too, to be slightly misleading, though they 
indeed show the persistent northerly dip of all the beds which, I 
have shown, is most probable. The difference in level shown 
between Thorn Hill and Redan Hill is the cause of this; for, as 
Thorn Hill is 100 feet above the valley, one would assume from the 
section that Redan Hill was 30 feet below the opposite hill, whereas 
it is in reality but one foot below it. Again, from the figuring and 
description of the section, I understand that the authors consider 
the pebble-bed to represent the Middle Bagshot, and refer all below 
it to the sands of the Lower Bagshot, omitting the Middle Bagshot 
clays which occur below the pebble-bed in Thorn Hill in the well- 
borings and ali the surface-sections about, and cap Redan Hill below 
the gravel. 

I will now shortly show how the section in fig. 1 was drawn 
from the evidence brought forward. 

The form of the ground having been plotted from the 6” Ordnance 
Survey map of 1882, the pebble-bed was put in as follows :—Below 
the point marked 362 feet, which is the Time-gun, the bed is 
exposed at 300 feet by the Magazine, a point at right angles to the 
line of section and 400 yards distant, in an exposure by the Cemetery, 
and one on the pathway below the Mortuary Chapel; and from these 
three points, between which the bed can be traced continuously, the 
line of division between the Upper and Middle Bagshots is drawn. 

The thickness of the Middle Bagshot is given by the well-section 
quoted on p. 434, and by the outcrop of clay-beds on the two hill- 
slopes from which it was plotted, and found to coincide with the 
well-section. The London Clay I believe to crop out as shown, as 
there are two ponds of water lying in this hollow, and the clay is 
shown in the brickfield on the hill above, where it is overlain by a 
few feet of Lower Bagshot loam. This also coincides with the well- 
section. In this section it will be seen that I agree with the Survey 
mapping, except that I take the top of Redan Hill to be Middle 
Bagshot, having the whole thickness of the Lower Bagshot beneath 
it. The Cambridge Hospital and South Camp are shown in elevation, 
with the pebble-bed forming the surface of the ground. 
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Section of Well at D Lines, South Camp, Aldershot. 

(Surface 340! above O.D., formed by the pebble-bed at the 
top of the Middle Bagshot.) 

No. Description. Thickness. | Total depth. 
ft. in. tee aba, 

(oleae Mellow loamie: acces asa 15 6 15 6 
2: | Greensand \ Wsaaeen eens: ZE6 28 0 

Middle | Ou, || Grey, Sandie crea cane: 10 0 38 0 
Bagshot, { 4. | Mixed greensand......... 6 6 44 6 
53 feet. 5. | Dark green sand ......... 16 46 0 

6. | Blue clay, streaky ...... 3 0 49 0 
ion A Blue claytne. creer a scensc 4 0 53 (OO 

(Poet a Black sandiiis.cerss anaes 15 0 68 0 
oe ii| WAIEOEN? | sogecoboqadsocqode (ni) 1) 

LO ses clay gece ssa cee: 13 O 88 0 
die AGMiaxedisamd, 2ccceteassscke 20 O 108 0 
Le Bed Olistoneis. sae 6 O 114 0 
132 ieVioxedisandalesewanaceaneee 1 O 115 0O 
14. | Mixed sand and clay . 8 0 123. O 
15) eal Blaciclaymnrcce maces 6 0 129 0 
165) a Yellow: Clayieae sees ee Ie @) 1380 O 

Lower Pisco Senay TOYS gu eodaaddoodons 5 O 135 0 
Bagshot: <9 lS). Mixed sands c7:5..53. 055 0) 136 0 
115 feet. | TOMMeBiluetclay cee spacer ae. 1 O 137 0 

20. 1 (Green sande .cesceened-e ee 5 O 142 0 
| Dike ie Red said seamelcedmsce sores ib 143 0 
| 22), j\ Mixed Sandi ne-neseeeeace 5 O 148 O 

Dove) wlbielatySaniGee arenes sso senns 2) 150 0 
DA | Blue Clay) .s.ccsthedoedeere 4 0 154 O 

| Dio.) Mixed elaiyyi ii. seas 270 156 O 
See! Wi Wikies! “anal, We heacocoaaeocs 6 O 162 0 

| 27. | Mixed clay and sand ...|’ 3 O 165 O 
ze: 5 - : 3 0 168 0 

The rest is blue clay of the London Clay to 500 feet 4 inches, where 
sand was met with, and a supply of water obtained rising to 48 feet 
6 inches from the surface. In the London Clay, the following layers 
were passed through at depths from the surface as follows :— 

ft. 
Avlayeriot stoneat ces... sanadienecseeneaneoe 192 

. pebbles at 5-0. cec.ccmsckian seteeoemete 207 
a ye Sec ecaatee Se atee ens ae 223 
ca TMM EN Gnnie RR ERE LMC AACNE STolsic 252 227 
- yellow stone at 2.0.0 memes gartee ee 249 

[CSS BY Ghodebapabbeancocosnagecoboed 433 

In this well-section the passage of Lower Bagshot into London 
Clay is remarkable, and is very similar to that shown at Brookwood. 
The thick development of clay in the Lower Bagshot at beds 9 and 
10 in the well-section would seem to furnish a case of a thick 
lenticular patch of clay in sandy strata similar to that described by 
Mr. Hudleston at Walton, as no such thickness of clay is found to 
occur in any surface-sections of the Lower Bagshot round about. 

Coming to the instances of, and arguments for, overlap of the 
Upper beds and erosion of the London Clay which Mr. Irving has 
put forward, I cannot say that 1 have been able to make his con- 
clusions agree with the facts which I have collected in this immediate 
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neighbourhood. I will commence with the section at Ash Station, 
which he has described lately (Proc. Geol. Assoc. vol. ix. no. 6, 
May 1886). 

As will be seen from fig. 2, we have a spur of the Fox Hills 

Fig. 2.—Section from Gravel-pit Hill to Ash Green, S. W. R&R. 
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consisting (omitting the gravel capping) of Upper-Bagshot sand of 
the normal type till we come to the lower shoulder of the spur, 
which is capped by the rounded black flint pebbles in great numbers, 
marking the junction of Upper and Middle Bagshot. In a gravel-pit 
near Ash Vale they occur in a bed of dark green sandy clay, and, 
indeed, may be traced for a considerable distance round the foot of 
the eastern slope of the Fox Hills towards Brookwood. In the lane 
close by the clay of the Middle Bagshot is seen, and again in the 
brickfield on the way to Normandy. 

Then, at Ash Station, we have the section given by Mr. Irving :— 

ft. 
1. Yellow and buff-coloured sand, with occasional iron-stone ...... 48 
2. Dark-grey, blackish, laminated clay ..........--scscsecseseesereee tO S 
Rem MEA ECETINSI SANG 2155.5 4okecee ve cecelssascssbcedevaseecsdercsousese 5to 6 
4. London Clay (blue clay), pierced to 

76 th 
Comparing this with the well-section on page 434, and taking into 

account the sand, presumably Lower Bagshot, at Kast-Wyke Farm, 
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half a mile east, described by Messrs. Monckton and Herries* as 
occurring beneath the clay-beds of the Middle Bagshots, which I have 
mentioned above, the arguments already put forward for conform- 
ability and constant northerly dip of the beds, and the regular 
succession of the beds in the Long Valley, I consider the Ash-Station 
Well to show the basement beds of the Lower Bagshot of a character 
very similar to those in the Brookwood and South-Camp deep borings. 
Moreover, the London Clay crops out 1200 feet south on the road 
leading to the South-Western Station at the same level as the Station. 
This gives a slope to the north of 61 feet (the thickness of the 
Bagshot strata) in 1200 feet, or about 1 in 20, which would give 
2° 52’, which dip corresponds well with that.measured by Mr. 
Monckton at East-Wyke Farm (Quart. Journ. Geol. Soe. vol. xlii.). 

Also, at the South-Western Ash-Green Station, a deep well-boring 
(Surv. Mem. vol. iv. p. 537) gives London Clay and Reading beds as 
370 feet thick. Deducting 80 feet for the Reading beds, we have 
290 feet as the thickness of London Clay, 1500 feet from the outcrop, 
and aslope of 1 in 20, which we have just found above for the over- 
lying Bagshot strata, gives a thickness of 75 feet to be added. A 
further deduction of the difference in level between the well, 290 feet, 
and the outcrop 255 feet above O.D., viz. 35 feet, is also required; 
and thus we have a thickness of 330 feet for the London Clay, which 
is about the same as that in the South-Camp boring and in the 
Aldershot Waterworks, as will be shown again later. I therefore 
consider that there can have been but little erosion of the London 
Clay at this point before the deposition of the Bagshot beds. 

In describing the well-section at Ash Station, S.E. Railway, 
Mr. Irving (Proc. Geol. Assoc. loc. cit:) says, “‘ Here we are about the 
level of the southern end of the Fox Hills, which consist of un- 
doubted Upper-Bagshot sands.” This would account for his drawing 
the Bagshot beds horizontal in the woodcut there given; but as the 
well-mouth is over 60 feet below the outcrop of the Upper-Bagshot 
sands, in order to bring them into the well-section a downward slope 
of 108 feet in 1800 feet must be allowed, since to the 60 feet given 
above the 48 feet of yellow sand, called Upper Bagshot in the section, 
must be added. This gives a slope of about 1 in 17 to the south; 
and by the well-section and the point of outcrop of the London Clay, 
we get a slope of about 3°, or, say, 1 in 20 north for that formation. 
Of this Bagshot anticlinal, which is not shared in apparently by the 
London Clay, I maintain we have no sufficient evidence ; and I have 
already argued against one at Thorn Hill, and shall do so again 
when describing the section across Aldershot Town. Moreover, the 
anticlinal here would bring in Middie-Bagshot beds and Upper- 
Bagshot sands overlying them, dipping 4° south, just about where 
Messrs. Monckton and Herries have described Lower-Bagshot sands. 
underlying Middle-Bagshot basal clays, and dipping about 3° north. 
This appears to me conclusive. 

I have quite lately obtained (through the kindness of Generai 
Hammersley, of Ash Grange) some details of a deep well in the London 

* Quart. Journ. Geol. Soc. vol. xlu. p. 4138. 
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Clay at his house, which is about halfway between the Ash Stations on 
the South-Eastern Railway and South-Western Railway, and is situ- 
ated just by the outcrop of the London Clay. The well was deepened 
to about 300 feet in 1864, before the South-Western Railway 
Company bored the one close by, which later boring considerably 
reduced the supply of water in the Ash-Grange well. Thus it seems 
that the well draws its water from the base of the London Clay, or 
from the Woolwich and Reading beds; and restoring what erosion has 
removed, we get a thickness of 320 feet, if the bottom of the well 
is the base of the London Clay. 

The south slopes of the extremity of the Fox Hills, near Ash, give 
a very good section of the Upper- and Middle-Bagshot beds. Com- 
mencing at Ash Vale, we have the pebble-bed, about 2 feet thick in 
a dark green clayey sand, partly zm situ and partly reconstructed. 
The pebbles show considerable current-action, having their longer 
axes inclined at about 70°. This bed may be traced continuously 
round the foot of the hills, and occurs cropping out on the hill-slope 
about the brickfield referred to by Messrs. Monckton and Herries in 
their account of the Wyke-Lane section. Here, below the pebbles, 
are sandy beds which furnish with water the springs which are 
thrown out by the clays at the base of the Middle-Bagshot beds. 

The next section I propose to discuss is one across the valley, 
between Aldershot Town and the Permanent Barracks, and con- 
tinued on to the Aldershot Waterworks (fig. 3). 

The section begins on the top of the hill overlooking South 
Camp, and as this point is not 300 yards east of the deep-boring at 
D Lines, described above, I have felt myself justified in plotting 
the thickness of beds given there at this end of the section. The 
base of the Middle Bagshot crops out as a clay-bed, at about the 
020-feet contour on this line of section; and again some 100 yards 
to the west it is exposed under Red Hill at the same level. This is 
slightly below the spot where Mr. Blake is mentioned by Mr. 
Irving as finding a “ sandy bed containing numerous green grains ” 
(Proc. Geol. Assoc. vol. ix. No. 6). This bed I also saw in 
November last, when this section was opened up by a drain from the 
beginning of the section to the top of the hill marked 340 (fig. 3). 
All along this drain the same yellow and buff-coloured sand was 
exposed, as soon as the Middle-Bagshot beds had been left on the 
north side of the valley; and a glance at the section will show that 
this drain was cut in the same portion of the Lower-Bagshot strata, 
owing to the corresponding dip of the beds and slope of the ground. 

These Lower-Bagshot beds crop out on the south slope of the hill 
behind the brickyard by Aldershot Station, and are exposed in a 
sand-pit at the top of the hill near the reservoir, as mentioned by 
Mr. Monckton in a footnote to his last paper. 

The dip which I have drawn, viz. 23° North, was obtained by 
Several means. First, it can be measured at the top of the hill at 
the north end of the seca. as stated by Mr. Irving (Quart. Journ. 
Geol. Soc. vol. xli. p. 501), where he describes it as 2°5 north; the 
lines joining the points of outcrop of the Bagshot strata ‘with 
corresponding points in the South-Camp well give the same, as 
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also does that joining the base of the London Clay, as given in this 
well, and the base, as proved in the Aldershot-Waterworks boring. 
In Proc. Geol. Assoc. loc. cit., Mr. Irving refers to the occurrence 
of the green bed of the Middle Bagshot at the foot of the northern 
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escarpment of Czesar’s Camp at an altitude agreeing with that of 
the beds at Aldershot; and in Quart. Journ. Geol. Soc. xli. p. 501 he 
describes the same section, presumably as green sands in the rifle- 
butts, at the height of 350 feet. This must be an error, as the 
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butts are at 450 feet; and this gives 100 feet above the hill by the 
Aldershot brickyard, shown in the section (fig. 3), which is capped 
on the line of the section by some 10 or 20 feet of Lower-Bagshot 
beds. This 100 feet would bring us into the lower beds of the 
Middle Bagshot in their natural position, and this disposes of 
anything unusual in their occurrence at Cesar’s Camp. 

Coming now to the London Clay in this section, I have already 
shown how the base of the clay, as proved in the South-Camp and 
Aldershot-Waterworks borings, agrees with both the proved and 
measured dip of the Bagshot Beds ; IT will now show that the 
thickness of the London Clay at the latter place is about the same 
as that at the South-Camp boring, and at Ash, as I have given it 
above. This I shall do, since Mr. Irving (Quart. Journ. Geol. Soc. 
vol. xli. p. 507), in his ‘* General Gondlusions,” No. 6d, points to 
this as a section proving great erosion of the London Clay before 
the deposition of the Bagshots. Two borings at the Aldershot 
Waterworks penetrated the London Clay 132 and 134 feet respec- 
tively. I will take a mean of 133 feet. The mouth of the well is 
at 250 feet O.D., and the outcrop of the London Clay is at an 
altitude of about 340 feet, and is 730 yds. N. Now 730 yds. and 
a dip of 27° N. gives a rise of 110 feet; so we have a total thicknesss 
of (133+ 90+110)=333 feet, which agrees with the deep boring 
at South Camp (332 feet), and with the thickness at the South- 
Western Railway Station at Ash (330 feet). 

There are two more well-sections which should be mentioned in 
connexion with this area, namely those given in Geol. Sury. Mem. 
pp. 445 and 446, as at Aldershot Place. (This I think must be 
meant for Aldershot Park, as it is called on the 6-inch Survey maps, 
Aldershot Place being called there ‘“‘ Manor House.” ‘The descrip- 
tions of the positions and altitudes of the wells agree well with 
spots in Aldershot Park, but cannot be reconciled with any part of 
the Manor-House grounds. ) When the depths of London Clay 
found in these borings, namely 151 fect in one and 66 feet in the 
other, are plotted in connexion with the thickness of London Clay 
found at the D Lines, South-Camp well, they are found to give a 
dip of between 22° and 3° to the N., and a thickness of 330 feet. 

Thus we get a thickness of London Clay equal to that at Alder- 
shot Waterworks, South Camp, and Ash, and a dip of the strata 
intermediate in amount between Aldershot and Ash, between which 
two places Aldershot Park occupies a nearly central position. The 
Reading Beds with 76 feet are also of about the usual thickness. 

Coming now to Cxsar’s Camp and the Long Valley, there is but 
little of importance besides the occurrence of the green sands at 
altitudes of from 500 to 550 feet and even higher. The Middle- 
Bagshot beds can be traced all across the valley, rennin occasionally 
by Upper-Bagshot sands, with their uppermost limit marked here 
and there by the pebble-bed. 

So far, each section has been discussed to see to what extent it bears 
out the hypothesis of a constant northerly dip of the beds. I will 
now shortly describe a section taken from North to South, across the 



440 MR, H. G. LYONS ON THE LONDON CLAY 

Long Valley by the Farnborough and Farnham Road. In this 
section we get the high ground at the south instead of the north 
end of the section, which is more convenient for our present purpose. 

On the tops of the ridges north of the Red Church, near the 
Permanent Barracks, the pebble-bed occurs at the top of the Middle 
Bagshot; and a scarped face of one of these ridges nearest to the 
Red Church shows a section of the base of the green clayey sands 
and the top of the clay-beds which form the base of the Middle 
series. Here, when freshly cut, a dip of about 23° north was shown. 
Going south, Lower-Bagshot sands were shown ina small excavation 
by the Queen’s Pavilion, and again in a sand-pit behind the Lock 
Hospital, where there are about 20 feet of brown and buff false- 
bedded sands, and seams of pipe-clay are seen, having a dip of 24° 
north. 

Further on, at Windy Gap, on Hungry Hill, the same sands are 
seen, while the London Clay is dug in a small brickyard at the foot 
of the hill to the east. 

Hungry Hill itself is capped by a considerable thickness of gravel, 
and below it small springs are thrown out in wet weather, I 
think by part of the clay-beds which form the base of the Middle 
Bagshot. 

Quite lately, a well 62 feet deep has been sunk at the Inn on the 
Farnham Road by Hungry Hill, and reached clay having all the 
characters of the top of the London Clay, having passed through 
buff and brown loamy and sandy beds. ‘There are 4 feet of water 
in it. 

In extending the drains above the Reservoirs in Bourley Bottom, 
a bed of green clayey sand was cut into, overlain by a brown 
loamy clay. This green bed is the one which furnishes all the 
springs which fill the Reservoirs, and is, I think, the middle bed of the 
Middle Bagshots, which supplies nearly all the wells in and about 
Aldershot. The point where it was exposed was between 560 and 
570 feet above O.D., under Cesar’s Camp and Bricksbury Hill. 

The sand is dark green when first dug out, but becomes light on 
exposure to the atmosphere. 

From these considerations I think that the London Clay and 
Bagshot beds at Aldershot have a constant northerly dip, and that 
the Bagshot beds lie conformably on the older beds, which have at 
this point an average thickness of 335 feet. 

In conclusion I will briefly recapitulate the points I have drawn 
attention to in this paper, and their bearing on the stratigraphy of 
the district. 

Commencing with the London Clay, I have howe that wherever 
we can fix the top or base of this formation, we get a dip to the 
north of from 27° to 3°; and that this dip, if we restore the portions 
which have been removed by subaerial erosion, gives us a fairly 
constant thickness of from 330 to 340 feet. In the table below are 
given the thicknesses of the London Clay at several places in and 
near Aldershot; and wherever I have restored what has been eroded 
away, I have shown it in this table. The authorities for each 
section are also given. 
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London Clay. | 
Bagshot Thickness in feet. 

Locality of Well. Bade Authority. 

fa oe Restored. Total. 

foeamersaeld Park el | vor {| Geol. Surv. Mem. vol. 
(Near Odiham) ... } =< SHRED | been | CBD ga errs 

D Limes, South ae : a fere 
Camp, Aldershot ... } te oa a 332 | This paper. 

Aldershot Water- ANe. vie 
works, INO. 1 :..... | ao l [oes MS. letter of Mr. 

200 | Whitaker, Dee. 1884. 
Dito, NOW2 ... 20.0. S60 132 J 332 ~ | 

Aldershot Park, ae > Geol. Surv. Mem. vol. 
sid 11 oa } aot LOB RD 1) Bail { iv. p. 445. 

Ditto, No:.2 ...-..... se 72 260 332 | Ibid. p. 446. 

Ash-Green Station,| } { Geol. Surv. Mem. vol. 
Bev Reka... ee 2A ED aes er 

Ash Grange (Gen. { 300 20 320 : : 
Hammersley’s).... } sai (about) (about) This paper. 

{ Rev. A. Irving, Geol. 
Brookwood ......... 1703 371 ve 371 Mag. dee. iii. vol. ii. 

p. 303. 

Thus we get a fairly constant thickness of the London Clay from 
Odiham on the west, to Ash on the east, when it thickens to the 
east at Brookwood. 

Moreover, besides the passage from the London Clay up into the 
Bagshot beds, at the Wellington-College well (Rev. A. Irving, 
Quart. Journ. Geol. Soc. xli. p. 506), similar passages are shown in 
the Brookwood well and in the one at D Lines, South Camp, Alder- 
shot; so at these points there can have been no great erosion or 
ereat unconformability. The overlying Bagshot Beds too, as I have 
endeavoured to show, lie conformably on the London Clay and on 
one another so far as Aldershot is concerned; and the exposure of 
the Lower London Tertiaries to denuding agencies in Bagshot times 
cannot have been so near the Bagshot area as Aldershot. 

DIscuUssION. 

The Prustpent congratulated the Society on the acquisition of a 
recruit whose carefully plotted sections did credit to his training as 
an officer of the Royal Engineers. 

Mr. Irvine observed that the Author had the advantage of being 
stationed at Aldershot, and expressed a hope that this was merely 
an earnest of future work on the part of one in whom he could not 
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fail to take an interest. In consequence of the overwhelming evi- 
dence obtained by Lieut. Lyons he accepted his conclusions and gave 
up his own hypothesis with respect to the section on Redan Hill &e. 
He had verified Mr. Lyons’s reading of that section, and observed that 
the clays of the Middle Bagshots constituted the most persistent hori- 
zon. Where there is a full normal development of London Clay we 
have a passage into the Lower Bagshots. He was not quite prepared 
to accept the calculation of 330 feet from the thickness of the London 
Clay at the Aldershot waterworks. He regretted that we seem no 
further advanced as to the age of the Kingsclere axis. 

Mr. Wuiraxer complimented Mr. Irving on having frankly ac- 
knowledged his error when it was shown that he had been mistaken. 
It would, however, be a gratification to him that the correction had 
come from a former pupil. It was scarcely to be expected that 
pebble-beds should be persistent over any area; but it was often a 
matter of surprise how certain thin beds occurred for long dis- 
tances. He always felt under obligations to those who would 
correct errors of detail, and hoped that this hint might not be lost 
upon other officers. 

Mr. Monckton expressed his obligations to Mr. Lyons, whose 
paper, in the main, confirmed the work of Mr. Herries and himself. 
One of their endeavours had been to ascertain if there existed 
reliable physical differences between the Upper and Lower Bagshots. 
In this he considered that they had been successful. The Lower 
Bagshots are characterized by the presence of beds or layers of 
pipeciay, by abundance of false-bedding, and an absence of shells ; 
in the Upper Bagshots there is no false-bedding, an absence of pipe- 
clay, and usually casts of shells. Applying these tests to the 
Thorn-Hill—Redan-Hill section, the results were the same as those 
arrived at from a surveyor’s point of view. ‘This work had been 
admirably done. The clay at the top of Redan Hill had not before 
been noticed. 

Mr. Hupirston remarked that, since there was no opposition to 
Mr. Lyons’s reading of the district, 1t was unnecessary to say any- 
thing more in corroboration of a most excellent and original paper. 

Mr. Hnurrtss justified the account of the Thorn-Hiull section given 
by himself and Mr. Monckton, and observed that the clay on Redan 
Hill was not exposed at the time their paper was written. He 
had found Upper-Bagshot fossils in Beacon Hill, and also in abun- 
dance on the steeple-chase course in the large outlier to the north, 
thus confirming the Survey mapping. 

Mr. Lyons, in reply, cordially acknowledged the advantages he 
had derived from Mr. Irving’s training. Referring to the thick- 
ness of the London Clay at the Aldershot waterworks, he showed in 
detail how the thickness of 330 feet was obtained, and argued for 
the correctness of his estimate. The extent of the Pebble-bed 
was most remarkable, and the Geological Survey mapping was good, 
although the boundaries might require to be altered alittle. As 
regards the passage-beds in the well-section, he did not speak with 
certainty. 
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32. SUPPLEMENTARY Nore on the Watton-Common Section. By W. 
H. Houptzston, Esq., M.A., F.R.S., Sec.G.8. (Read April 27, 
1887.) 

. Recapitulation of some points in the previous paper. 
Continuation section. 

. Composition of No. 4 Bagshots. 
Remainder of the cutting. 

. The Brick-earth of Hatch. 

. Its probable Geological Position. 

.- Conclusion. STD OB CO DD 

THERE seems to be so much uncertainty as to the character of the 
basal beds of the Lower Bagshots in the London Basin that any 
opportunity which affords us unmistakable evidence of their real 
nature should be seized without delay. We have had so much 
theorizing, based upon the evidence of well-sections and of limited 
exposures, that we turn with pleasure to a good continuous section 
like the one which has lately been disclosed between Walton and 
Weybridge on the London and South-Western Railway. The main 
features of the Lower Bagshot series in this section, at its actual 
junction with the London Clay, were very fully described by me in 
a communication made to the Society last year. Whether we 
regard the junction there shown as evidence of an unconformity or 
otherwise, the fact of a complete lithological change is patent to all. 

1. RECAPITULATION OF SOME POINTS IN THE PREVIOUS PAPER. 

Resting immediately upon the grey-coloured and sticky London 
Clay, distinguished by its fine and perfectly regular bedding, is a 
sharp yellow sand full of current-bedding. This yellow sand I 
dubbed ‘No. 1 Bagshots.” Then follows the first clay series, 
which I called No. 2, or the “ Blue Bagshots.” It is surmounted 
by a second sandy series, referred to in my previous paper as “ No. 3 
Bagshots.” As far as the new cutting for the widening of the line 
had then progressed, there was no reason to suppose that No. 3 was 
succeeded by a second clay series, beyond the fact that the line is 
rather wet thereabouts. For some reason the contracter left this 
piece unexcavated, and even now (end of March 1887) this portion 
has not been fully excavated, so that there are one or two points 
which cannot be ascertained by actual observation. 

The previous sections (Q. J. G. 8. May 1886, pp. 148, 157) refer 
entirely to Walton Common. The one on p. 148 is merely a gene- 
ralized section of the portion of the cutting then under description, 
whilst the details of the Lower Bagshot beds given on p. 157 are not 
continued to the end. Hence the section now offered (fig. 1, p. 445) 
must be fitted on to the west end of the generalized section, which 
gives no details of the Lower Bagshot Beds, but merely represents 
their position with reference to the London Clay and Plateau-gravel. 
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The generalized section serves to show how deeply the Bagshots are 
cut into, there being no less than three places where No. 3 is cut 
through to the level of the line. The spot where the old section 
actually terminates is a few yards to the westward of the third gap, 
where the plateau-gravel is of very great thickness. 

2. ContInvATiIon Section (fig. 1). 

It is now proposed to carry the original section 300 yards further to 
the westward. The east end of the new section (fig. 1) coincides 
with the boundary between Walton Common and Oatlands Park. 
For the space of 45 yards or thereabouts the pale buff sands of 
No. 3 Bagshots may be traced beneath the immense thickness of 
plateau-gravel. When last seen (about the point indicated by the 
arrow in fig. 1) this sandy series is strongly current-bedded, with a 
false dip of 7° towards the west. Then occurs a kind of hiatus 
where nothing is seen but portions of plateau-gravel. Yet a little 
further on and the clays of No. 4 are well seen on the bank-side, 
and very soon at least 12 ft. of these beds can be measured on the 
slope. The actual junction with the presumably underlying No. 3 
series 1s nowhere visible by reason of the extensive denudation 
which the clay series has undergone towards its outcrop. But 
evidence of the former extension of the clay series in this direction 
may be seen in the clayey nature of portions of the material com- 
posing the so-called plateau-gravel at this point (m in fig. 1). 
Altogether the evidence is very much in favour of the clay series 
resting upon the sandy series, and not passing into it by a process of 
lateral change, as is stated to be sometimes the case. And there is 
an additional proof of the truth of this view, that for some distance 
beyond gap No. 4 the line remains quite dry, as though the 
argillaceous series, so visible on the slope, did not extend quite 
down to the level of the permanent way. Presently the effects of 
the clay begin to be felt upon the line, and throughout the remainder 
of the section the unballasted portion is a perfect quagmire. The 
influence of this clay is felt upon the line considerably further than 
the section extends, owing to the impermeable surface throwing out 
all the water which percolates the overlying loose sandy series 
(No. 5). There is an appearance in the upper part of the clay 
which seems to indicate erosion previous to the deposition of the 
overlying sandy series (No. 5); but this is doubtful, and in the 
present state of the section it is impossible to clear up that doubt. 

3. Composition oF No. 4 Bagsuors. 

Towards the east end thin seams of a pale-coloured loam, resembling 
the so-called pipe-clay, form the upper part ofthe series, alternating 
with brownish sands, which are rather coarser in the grain than 
those of No. 3. Lower down these seams are observed to be thicker 
and the clays less bleached. As we proceed westwards the blue 
beds (4") occupy the slope, and the greater part may be described asa 

; 
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mass of brown laminated loams with blue centres. This constitutes 
the main exposure, where sandy intercalations are less frequent. 
The clay is greasy to the touch and behaves like putty when first 
handled, yet when dried and pulverized it is found to consist very 
largely of sand, chiefly quartzose, but with a fair proportion of 
glauconitic granules. Although tenacious and impermeable to a 
very high degree, it is doubtful whether these beds would constitute 
a good brick-earth. On the other hand these loams are much sought 
for by gardeners, as they are evidently possessed of valuable fertilizing 
properties. The glauconitic granules are much smaller than those 
of the Middle Bagshots of St. Anne’s Hill, which I use as a standard 
of comparison, and the periphery of the individual grains is less 
smooth. On the other hand there are fewer fractured granules 
than were noticed in the lower beds. Thus, whilstin a sample from 
St. Anne’s Hill the grains average 3 millimetre in longer diameter, 
these grains are certainly less than one fifth. The bluer portions 
of the beds contain numerous nodular aggregates of sandy pyrites, 
from 20-50 millim. in length, usually in association with fragments 
of lignite. 

4, REMAINDER OF THE CUTTING. 

The portion above described was the last excavated, but the 
widening of the line has been continued as far as Weybridge Station, 
and the works are now completed between Walton and Weybridge 
Stations. As far as Haine’s Bridge (mentioned in the previous 
paper), the series No. 5 maintains its character as fine buff sand 
with clay laminations, and is not to be distinguished lithologically 
from No. 3 series. In fact these two series are certainly typical of 
the Lower Bagshots of this district, and both of them must be of 
considerable thickness. The base of the clay series No. 4 may be 
about 40 ft. above the London-Clay surface, but this depends very 
much upon the behaviour of No. 1, the very false-bedded series. 
Above No. 5 I have not succeeded in distinguishing any series at 
present, because, west of Haine’s Bridge, the exposures during the 
widening were not of a clear nature, owing to the methods of working 
adopted. Bright yellow fine-grained sands, similar to those so well 
known between Weybridge Station and the river Wey, are seen for the 
most part; still it is certain that even in this portion of the cutting 
there occurs a certain proportion of argillaceous beds. The precise 
mode of development of these Lower-Bagshot clays could not be 
ascertained, but I was led to suspect that they form small basins 
of argillaceous matter in the midst of the sands. The exposures 
between Haine’s Bridge and Weybridge Station would lie in the 
very heart of the Lower Bagshots, here estimated by Prestwich at 
130 ft. in thickness. 

5. Tur Brick-rartH or Hato. 

Thus far we have felt our way carefully, and the sequence of 
the Lower Bagshots in the railway-cutting may be regarded as 
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settled up to a certain point. Henceforth, if we would further 
endeavour to study the development of the Lower Bagshots of this 
part of West Surrey, it will be necessary to take a leap more or less 
in the dark. We leave the positive for the inferential, and, what 
is more, we find ourselves in collision with the Geological Survey as 
represented in their mapping of the ridge known as Woburn Hill 
between Addlestone and Chertsey (sheet 8 of the solid geology and 
surface geology of London and environs). This Woburn Hill, or 
Woburn Park, as it is sometimes called, constitutes a promontory of 
Bagshot Beds, about 90 ft. above O.D., projecting into the great 
mass of alluvium and valley-drift at the junction of the Thames and 
Wey, which takes place about 30 ft.above O.D. The ridge is about 
two thirds of a mile in length from E.N.E. to W.S.W., and the 
upper portion is composed of avery stiff clay, which has been worked 
for a considerable period towards its western extremity at Hatch 
Farm. This forms a portion of the “clays most extensively deve- 
loped round Addlestone and Chertsey, where they attain a thickness 
of 10 to 20 feet,” referred to by Prof. Prestwich * as constituting 
part of his Middle Bagshot beds. It is not to be denied therefore that 
the mapping of the Survey in respect to Woburn Hill has the sanction 
of the great pioneer of Tertiary geology in the London basin. 
Before proceeding to express my doubts on this point, and also before 
proceeding in the attempt to define what should be regarded as 
Middle Bagshots in this part of West Surrey, I propose to give a 
description of the 

Hatch-farm Clay-pit (fig. 2,p.448).—The pit is practically a trans- 
verse section of the west end of the top of Woburn Hill. We perceive 
at once that the brick-eartl does not occur as an ordinary seam of clay 
parallel to the underlying sand, but that it occupies a basin-shaped 
hollow in that sand. There is, in fact, every reason to suppose, from 
the upward curve of the underlying series, that we simply see the 
transverse section of a lenticular mass of clay, which on the north 
is truncated by the escarpment, but towards the south has the appear- 
ance of going out altogether. Another feature in the brick-earth is 
the remarkable amount of current-bedding with a prevailing southerly 
dip, towards the centre of the hollow, in fact ; whilst further soutb, 
where the hollow in the sand is less pronounced, the laminations 
are almost horizontal, 

The clay of this pit is pretty strong, being used for making red 
bricks and stock bricks, whilst the presumably Middle-Bagshot clays 
of Ongar Hill, worked by the same proprietor, are also largely used 
for pipes and tiles. The blue portions of the clay are full of flattened 
pyzitous lumps of a different shape from those previously noticed in 
No. 4 of the Oatlands-Park cutting, and there is an abundance of 
microscopic crystalline aggregates of pyrites and some very fine 
quartz-grains.- Carbonaceous matter is plentiful throughout, but 
glauconitic granules are scarce in all examples examined by me. 
The hill itself forms one of the stiffest clay soils known in this part 
of the country. 

*Q. J.G. 8. vol. iii. p. 383. 

2H 2 
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6. PRoBABLE GEoLocicaL Position oF THE HatcH BRIcK-EARTH. 

In attempting to fix the position of this remarkable loam, or brick- 
earth, we must first arrive at an understanding of what is meant by 
Middle Bagshots. A casuist might argue, because Prof. Prestwich 
speaks of the clays between Addlestone and Chertsey as forming the 
base of the Middle Bagshots, that in point of fact these must belong 
to the Middle Bagshots, whatever the position of other beds assigned 
to that seriesmay be. As amere logical crux, there may be something 
to be said for this view of the case; but geologists will have no 
difficulty in admitting, if the basal beds of the Middle Bagshots can 
be shown to occur on a higher horizon in this district, and if such 
beds have been recognized, both by Prof. Prestwich and the Officers 
of the Geological Survey, as forming the base of the Middle Bagshots, 
that in that case we must take the beds usually accepted as the base 
of the Middle Bagshots for our standpoint, and then see if the Hatch 
brick-earth or loam can be brought into alignment with them. 

Along the line of the London and South-Western Railway it is 
clear, according to the meaning both of Prestwich and the Survey, 
that the brick-earth (loam) worked on St. George’s Hill forms part of 
the basal beds of the Middle Bagshots—there 170 ft. above O.D. 
But the type section must be sought in the cutting on Goldsworthy 
Hill, where Prof. Prestwich describes the basal beds of the Middle 
Bagshots as foliated clays, more or less sandy, having a thickness of 
14 feet and resting on 130 feet of “* Lower Bagshot Sands.” 
We are not now discussing the question as to what are the best 

divisions for the Bagshot series of the London basin taken as a whole. 
The real issue to be decided at present is whether the Hatch brick- 
field is in alignment with the basal beds of the Middle Bagshots as 
defined by Prestwich in the Goldsworthy cutting ; if itis below that 
horizon it should be mapped as part of the Lower Bagshots notwith- 
standing its argillaceous character*. J am disposed to think that 
it does lie below the basal beds thus defined, and moreover that it 
differs somewhat in character from the basal beds of the Middle 
Bagshots as seen in the clay-pit on St. George’s Hill. 

The considerations for determining the point at issue are partly 
stratigraphical and partly lithological. We must not, I admit, place 
too much reliance on the latter, considering the variable and uncertain 
nature of such accumulations. I would merely indicate that the 
general character of the standard basal clays of the Middle Bagshots 
is much more regular, there is less of such very accentuated false- 
bedding, and the material is more frequently of the nature of a pipe- 
clay. At the same time there are certain well-known features 
common to all Bagshot clays, such as their loamy and laminated 
character, abundance of carbonaceous matter, and other conditions, 
all pointing to considerable similarity in origin. Hence we must 

* It may perhaps be a legitimate question how far physical peculiarities should 
determine the mapping of a series. If by Lower Bagshots it is intended to 
represent sandy beds, and by Middle Bagshots loamy or clayey beds, then 
Woburn Hill is correctly mapped. But although this arrangement is suitable 
to the economy of the case it cannot be satisfactory to geologists. 
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not expect the lithological contrasts to be strong or reliable in all 
cases. The standard basal clays of the Middle Bagshots are nothing 
more than a repetition on a higher horizon, and over a more extended 
area, of argillaceous conditions which have obtained from time to 
time throughout the so-called Lower Bagshots. 

The stratigraphical aspect of the question, as to the geological 
position of the Hatch brick-earth, presents more material for our 
consideration, though I am willing to admit that the evidence 
presently to be adduced is not absolutely conclusive. Before 
venturing on a diagrammatic section across country, let me recall 
one or two facts in connexion with the Clay-pit. The lenticular 
character of the deposit is obvious. The base may be taken at 
60 ft. above O.D. where the mass is thickest, and this is about 
25 ft. above the general level of the Thames at Chertsey. There 
is a well commencing in the underlying sand, the mouth of which 
is about 75 ft. above O.D. This well is said to be 35 ft. deep, all 
in sand, and had 9 ft. of water in January 1887. This makes the 
water-line in that part of Woburn Hill 14 ft. higher than the 
general level of the Thames at Chertsey. Such indications point to 
the probability of clay at no great depth from the bottom of the 
well, since the well can hardly be deep enough to reach the valley- 
water. At the same time I lay no very great stress upon this 
conclusion ; first, because the various levels have not been ascer- 
tained with absolute accuracy, and, secondly, because, in a Bagshot 
country, the water is often held up so curiously and so capriciously 
as to make us shy of drawing conclusions therefrom. 

Leaving the question of water-lines, let us consider how far the 
general question of levels helps us to fix the position of the Hatch 
brick-earth. With this object I now venture on a diagrammatic 
section (fig. 3, p.453). From St. Anne’s Hill to the northern brow of 
St. George’s Hill is a distance of 5 miles, N.W.-S.H. St. Anne’s Hill 
is 230 ft. above O.D., and the north brow of St. George’s Hill is 245 ft. 
above O.D. Woburn Hill is just midway, with an elevation of 92 ft. 
asamaximum. The position of the recognized basal beds of the 
Middle Bagshots is very well known on St. George’s Hill, and may 
be placed at about 170 feet above O.D. ‘The actual position of these 
same beds at St. Anne’s Hill is not quite so clear; but from general 
considerations I am disposed to regard this hill*, in its normal and 
unruined condition, as having the following composition :— 

* Tt is evident that opinions as regards this hill have varied at different times. 
It owes its existence to an unusually thick deposit of Bagshot pebble-gravel, 
which oceurs quite at the top of the hill and presumably at the junction of the 
Middle and Upper Bagshots. These pebbles are sometimes welded together as 
a very hard conglomerate, and both this and the loose pebbles have been tumbled 
about in every possible direction. St. George’s Hill, on the other hand, is quite 
different in shape, and owes its origin to a strong deposit of the older plateau- 
ravel. 

a It is admitted that the fixing of the line of the London Clay on St. Anne’s 
Hill is somewhat arbitrary, and seems rather opposed to the results of the 
sinking for water at the Holloway sanatorium (Whitaker, op. cit. p. 66). But 
as we read of passage-beds (?) into the London Clay, there is evidently an elemen 
of uncertainty in the Report. | 
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This calculation brings the base of the Middle Bagshots in St. 

Anne’s Hill to 170 ft. above O.D.—a level almost identical with that 
on St. George’s Hill. Making due allowance for errors and mis- 
calculations, we may safely say that the levels are within 15 ft. of 
each other. 
A glance at the diagrammatic section (fig. 3) at once makes us 

inquire why, if the basal beds of the Middle Bagshots lie so high 
up on St. George’s Hill and on St. Anne’s Hill, they should have 
descended so low in Woburn Hill, which lies between the two. In 
other words, is the mapping of Woburn Hill as Middle Bagshot 
justified ? 

The chief point for our consideration is whether there exists any 
evidence of a trough between St. George’s Hill and St. Anne’s Hill, 
produced either by an ordinary syncline or by erosion of a pre-Bag- 
shot surface. If there is no evidence of such a trough, then, on 
stratigraphical grounds, the Hatch brick-earth must be a member of 
the Lower Bagshots. JI am quite prepared to admit the existence 
of some peculiarity hereabouts, because the Thames suddenly 
changes its mean direction just opposite Woburn Hill, recovers its 
former course for a few hundred yards, and then suffers final deflec- 
tion to the E.N.E. The confluence of the Wey and the Thames 
marks the most southerly point attained by the principal river ; 
and no doubt the causes which induced and afterwards arrested the 
southerly course of the Thames are to be sought in the nature and 
disposition of the beds in this immediate neighbourhood. The 
Thames was probably drawn southwards by the fall in the London- 
Clay surface, since it was much easier to eat away the loose sands 
of the Lower Bagshots than the strong blue clay on which they 
rest. Hence the most southerly point of the Thames valley probably 
coincided with the maximum depression of the London-Clay surface 
on the flanks of the main valley. But the cap of clay on what is 
now Woburn Hill helped to keep together the incoherent sands 
beneath ; so that we perceive St. Anne’s Hill, Woburn Hill, and St. 
George’s Hill are primarily caused by a capping of tenacious 
material which is of an entirely different nature in each case. 
We are quite prepared for a synclinal, then, if it can be proved 

to exist ; but at present [ have not been able to obtain evidence that 
such is the case, at least not to the extent necessary to bring the 
Woburn-Hill beds into alignment with the basal beds of the Middle 
Bagshots. At the same time, there can be no doubt that the fall 
of the Bagshot base between Walton Common and the River Wey 
is considerable. Thus at the eastern extremity of the formation in 
this district, 658 yards west of Walton Station, the Bagshot base is 
85 ft. above O.D., whilst near the railway-bridge over the Wey it 



452 MR. W. H. HUDLESTON ON THE 

cannot well exceed 30 ft. above O.D., and may be less. We have, 
then, a fall of say 55 ft. in 27 miles in a direction from E.N.E. to 
W.S.W., which serves to show that the London-Clay surface falls at 
the rate of 1 in 216 throughout the portion traversed by the London 
and South-Western Railway, between the above-named points. 
There is also additional evidence that the London-Clay surface 
continues to fall very slightly still further down the line, since the 
Bagshot base at Brookwood is 214 ft. below O.D.*. But the above 
considerations will only slightly affect a line drawn from St. George’s 
plateau to St. Anne’s Hill (fig. 3), which is nearly at right angles to 
the direction of the main L. & 8.W. Railway. 

Hence, we are not entitled to assume the existence of a marked 
synclinal in the position occupied by Woburn Hill on the evidence 
above stated ; whilst, on the other hand, if there be no synclinal, 
the ascertained position of the recognized basal beds of the Middle 
Bagshots in the district is very much against the notion that the 
Woburn-Hill Clay (Hatch brick-earth) should be on their horizon. 
At the same time I am ready to admit that the base of the Ongar- 
Hili brick-earth, about two miles on the other side of Addlestone, 
which apparently must be correlated with the recognized basal beds 
of the Middle Bagshots, cannot be much more than 100 ft. above 
O.D.; but even this is fully 40 ft. higher than the base of the 
Hatch brick-earth, and more in the direction where the Bagshot 
base is undoubtedly falling +. Altogether, it must be considered 
that if the Hatch brick-earth belongs to the Middle Bagshots, as 
indicated on the Survey Maps, there must be an exceptional condi- 
tion of the local stratigraphy. In point of fact we are faced by the 
following difficulty :—Seeing that the base of this brick-earth is 
about 60 feet above O.D., and assuming that the Lower Bagshots 
retain their average thickness of 120 ft., we should have the London- 
Clay surface 60 ft. below O.D. at this pomt. Itis for those who 
maintain that this brick-earth belongs to the Middle Bagshots to 
bring proof of this. 

Even in the actual valley of the Thames there is no instance 
that I know of, on the Surrey side, where the London-Clay surface 
sinks below O.D. At Chertsey, in the heart of the Thames-valley 
‘“‘ shingle,” the London-Clay surface does not fall below Ordnance 
Datum, though it approaches very near it. At the brewery, where 
the well-mouth is probably 44 ft. above O.D., this happens to be 
the exact thickness of the superficial beds, thus :— 

ft. 
Surface-mould land) loamy clave eis peer 5 
Gravel andisamdgessy hye aie s ss oleh @ Avene een 30 
Dark said sso reef ac) a vst ok aha eee eee 4 

Total of beds above London Clay ........ 44 zt 

* W. Whitaker, ‘On some Surrey Wells and their Teachings,’ p. 47. 
t The clay beds at Ongar Hill and the adjacent Row Hill afford a remark- 

able instance of the development of argillaceous beds in the Bagshot system, 
which seems to point to considerable variation in their volume and importance 
even on a well-recognized horizon. { Whitaker, op. civ. p. 49. 
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Hence at Chertsey the London-Clay surface almost coincides with 
the Ordnance Datum. At the junction of the Wey and Thames I 
have no record, but the well-sinker at Oatlands (Mr. Gray) considers 
that the ‘* blue clay ” will not be quite so low there as at Chertsey. 
At West Molesey the London-Clay surface is 7 ft., and at Thames 
Ditton, 14 ft. above O.D. If these places in the valley of the 
Thames itself fail to afford a London-Clay surface below O.D., how 
much less likely is it that the flanks of that valley should do so? 
Unless there are exceptional circumstances, of which we have no 
proof, I should be disposed to run the line of junction between the 
London Clay and the Bagshot beds in Woburn Hill at from 20 to 30 
ft. aboveO.D. The effect of this would be to bring the Hatch brick- 
earth comparatively low down in the Lower Bagshots, and pretty 
nearly on the horizon of the clays distinguished as No, 4 of the 
Walton-Oatlands cutting. Not that these two deposits are by any 
means to be regarded as continuous, since ail the evidence goes to 
show that clays occur in an irregular and sporadic fashion through- 
out the sandy beds of the Lower Bagshots. 

7. ConcLusion. 

It may be asked why so much importance should be assigned to 
the position of these Bagshot clays, or, to put it more plainly, why 
a particular brick-earth should be relegated to the Lower rather 
than to the Middle Bagshots. 

There are two principal answers to this question. rst, that we 
should not neglect any opportunity of studying the Lower Bagshots of 
the London Basin, with a view to ascertaining their composition 
and development throughout the district. The term “‘ Lower Bag- 
shot Sands,” appled by some people, is thoroughly misleading, as 
lithological terms usually are in such cases. But altogether apart 
from the question of nomenclature, there arises a desire to possess a 
more complete knowledge of these curious beds. ‘The more they are 
studied under favourable opportunities and without prejudice, the 
less we shall hear of a passage between a uniform deposit with 
marine organisms, like the London Clay, and the irregular, current- 
bedded sands, loams, and clays which constitute the beds usually 
known as the Lower Bagshots. At present we really know very 
little of the junctions between the London Clay and the Bagshot 
Beds; since those of well-sections are not very satisfactory, 
owing to the different appearance which the same beds are apt to 
present under a different state of oxidation, and also, in some 
cases, to the unfitness of those who have to prepare the sectional 
reports. 

The second answer to the inquiry, as to the utility of these 
investigations, is mainly derived from the following consideration, 
viz.: that, until observers fairly realize the existence of important 
masses of clay and loam in the division usually known as the Lower 
Bagshots, we shall be continually finding beds referred to the 
Middle Bagshots which stratigraphically do not belong to them. 
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In this way a species of speculative stratigraphy is encouraged; 
which has no real foundation except in similar misconceptions. 
Thus, true progress towards a correct understanding of the history 
and constitution of the London Basin is retarded. 

With reference to the subject of mapping, if it is proposed that 
all argillaceous outcrops shall be coloured as Middle Bagshots, that 
is a question which must be settled elsewhere. But if this is the 
view taken by the authorities in charge of these matters, it 
obviously implies a reclassification of the entire Bagshot system. 

DiIscussIon,. 

The Prestpent congratulated the Author on the light he had 
thrown on the relations of the Eocene beds near Weybridge. He 
thought that the lenticular character of the beds of this age in both 
the Hampshire and London basins had been clearly shown. 

Mr. Wuitaker said Mr. Hudleston’s section of the Hatch-Farm 
Clay-pit suggested a synclinal, though probably the hollow was one 
of erosion. 

The junction of the London Clay and the Bagshot Beds in the 
Walton-Common section was singularly abrupt; as a rule those 
formations passed into each other. ‘The term Bagshot Beds was 
preferable to Bagshot Sands, for the character varied. ‘There was 
more clay to the west, in the Hampshire Basin, and especially in 
Dorsetshire. 

Mr. Irvine gave some details of a section at Highclere to show 
the transition between London Clay and Bagshot. The section 
through Woburn Hill, if drawn to true scale, would show the 
synclinal to be very shallow. The Hatch section appeared to be a 
mere case of “contemporaneous erosion and filling up.” 

Mr. Herrres said he had seen no clays in the Bagshot Beds 
like those of Woburn Hill; but they resembled the basement bed of 
the Middle Bagshot more than any others. He was, however, in- 
clined to think Mr. Hudleston’s conclusions were right, but thought 
judgment should be suspended till the nature of the upper part of 
the hill was known. It had been said that the chalk surface and 
the beds above it were irregular ; if so, there might be a local syn- 

¢linal here, quite distinct from the general basin-shape of the dis- 
trict. Again, clay conditions might have set in earlier here, so as 
to cause a great development of Middle-Bagshot clays at the expense 
of the sands of the Lower Bagshot. He agreed with Mr. Hudleston’s 
view of the Walton-Common section. 

Mr. Hupieston said the suggestion of a great development of 
Middle Bagshot was difficult to prove or disprove. The curve made 
by the Thames at this point might, however, be due to a depres- 
sion of the Bagshots. ‘The presence of passage-beds in a different 
district, as described by Mr. Irving, did not necessarily throw any 
light on the conditions prevailing near Weybridge. In some cases 
the clays of the Lower Bagshots might have been mistaken for 
London Clay. 
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If the London Clay passed into the Bagshots there was an end to 
the unconformity for which Mr. Irving contended. 

Mr. Irvine said, in explanation, that he had only argued that 
there was unconformity on the margins of the area. The case 
he had mentioned confirmed the well-sections he had previously 
quoted. ‘There is no such passage in the surface-sections on the 
north side. 

Mr. Hvpieston was glad Mr. Whitaker thought that the Hatch 
brick-earth on Woburn Hill might be Lower Bagshot, and heartily 
agreed with his objections to the term Bagshot Sands. 
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33. On NepHELINE-Rocks in Brazin, with SpEcIAL REFERENCE fo the 

Association of PHonozite and Foyaite. By Orvitre A. 
Dersy, Esq., F.G.S. (Read June 22, 1887.) 

THE nepheline-rocks heretofore recognized in Brazilian territory 
are the phonolites and associated basalts of Fernando Noronha, a 
deep-sea island off the north-eastern shoulder of the continent, in 
lat. 3° 5' §., long. 32° 24' 19" W., the volcanic nature of which 
appears to have been first recognized by Darwin in the ‘ Voyage of 
the Beagle’*. Recently a single small pebble from the little- 
known island of Trinidade, in lat. 20° 31'S., long. 29° 19’ W., has 
come into my hands, showing that phonolite of somewhat different 
character from that of Fernando Noronha occurs at that place 
also. 

Recent investigations have shown that nepheline-rocks of a 
somewhat different character are also abundantly developed on the 
mainland, and in such favourable conditions as to throw light on 
the relations of the granitic type of foyaite or eleolite-syenite to 
the other members of the group. The localities in which they have 
thus far been recognized are situated in the Provinces ef Rio de 
Janeiro, Sao Paulo, and Minas Geraes, and their relative position 
and relation to the main orographic lines of the region in which 
they occur are shown in the accompanying sketch map (fig. 1). Three 
of these localities, Campo Grande, Cabo Frio, and the peak of Tingua, 
are in the immediate vicinity of Rio de Janeiro, the latter being in 
the Serra do Mar range, the two former among its foot-hills. 
Further south another set of localities occurs in the same range 
in the valley of the river Iguapé. In the Mantiqueira range the 
peak of Itatiaia (8000 metres high, and the highest mountain of 
eastern South America) and one or more other high peaks in the 
neighbourhood are composed of these rocks, which occur also in the 
Serra do Bocaina, a spur of the Serra do Mar range on the opposite 
side of the Parahiba valley. The other two localities are the Pocos 
de Caldas (hot springs), on the southern margin of the great 
westward expansion of the mountainous area which connects the 
coast range through the Serra do Canastra with the central range 
of Goyag, and Itambé in the Serra do Espinhaco range, a northward 
extending branch of the Mantiqueira. As little more than a year 
has elapsed since attention was first directed to these rocks, and as 
the first knowledge of their existence in these different localities 
was obtained almost casually, it may reasonably be supposed that 

———————— 

, 
43 

| 

* A few of the Fernando-Noronha rocks are described by Renard (Bull. de 
V Acad. de Belgique, iii. 1882). A very complete collection made by Mr. J. C. 
Branner for the Geological Commission of Brazil has been placed in the hands 
of Prof. G. H. Williams for study. 
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future investigation wili give them a very considerable extension 
beyond the limits above indicated *. 

At the Cabo-Frio locality, a rocky island about three miles long 
and 400 metres high is composed almost exclusively of foyaite of 
two distinct types, the least abundant of which is referred by Prof. 
Rosenbusch, who has kindly undertaken a microscopic examination 
of these rocks, to nepheline-bearing augite-syenite. A single point 

Fig. 1.—Sketch Map of parts of the Provinces of Rio de Janeiro, 
Sado Paulo, and Minas Geraes. 
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of the island is occupied by a considerable mass of felspathic tuff. 
The adjoining mainland is composed of gneiss cut by numerous dykes 
of phonolite, basalt, amphibolite, diabase, and other rocks. A 
detailed description of this important locality is deferred for a 
future paper. At the Campo-Grande locality a network of dykes of 
diabase, phonolite, trachytes, and various kinds of basalt, one of 
which is limburgite, occur in gneiss in the railway-cuttings. Judging 

* Since the above was written, I find the occurrence of nepheline basalt 
reported by Pohlman from Paraguay (‘Neues Jahrbuch,’ 1886, vol. i. p. 244), 
which makes it probable that the group of rocks here considered will be found 
alzo in the Brazilian highlands bordering the Paraguay basin. 

a FRIC 
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from analogy with other places examined, there should be some- 
where in the neighbourhood some central mass from which these 
dykes of phonolite, trachyte, and basalt radiate ; and an examination 
of the hills in the vicinity will probably reveal such a centre. It is 
possible, however, that they should be referred to the eruptive mass 
of the peak of Tingua, which is about 20 miles distant. Here only 
the lower portion of a single spur has as yet been examined; 
this is composed of foyaite similar to that of the principal mass 
of Cabo Frio, resting upon gneiss. That it has not the character 
of a dyke in the place examined, is proved conclusively by 
a tunnel some 400 metres long, which has been cut through the 
spur from side to side. Gneiss, cut by small dykes of basic rocks, 
occurs throughout the tunnel and for a few metres above its mouth 
at both ends, but the surface of the spur above the line of the 
tunnel is occupied exclusively by foyaite. Small dykes of basalt 
similar to those of Campo Grande and of a trachytic rock occur ; but 
thus far they have only been seen in the gneiss. The only 
phonolite seen is in a large boulder or projecting point in the midst 
of a foyaite area; it presents the appearance of a dyke about two 
metres wide, with a sharp line of demarcation between it and the 
foyaite, which adheres to both sides. The phonolite is thickly 
spotted with inclusions or segregations of foyaite similar to that of 
the sides, of all sizes up to an inch or more in diameter. The 
cross sections of these inclusions show a tendency to geometrical 
forms, appearing like sections of crystals *. The appearance is that 
of a dyke which had caught up fragments of the enclosing rock ; but 
the regularity of the distribution of the inclusions and their similarity 
of form is against this view, while. on the other hand, the phenomena 
to be described below from the Caldas locality make it seem 
plausible to suppose that the phonolite is a portion of the original 
magma that has escaped complete crystallization, and that the 
inclusions are crystallized segregations in the midst of it. A 
petrographical study will doubtless determine which view is correct. 

The great mountain mass of Itatiaia, rising about 2500 metres 
above its base, is made up for the most part of a variety of foyaite 
which has more of the granitic aspect than the prevailing rock at 
Tingua and Cabo Frio, and which has only been met with in a 
subordinate mass at the latter place, referred, as already stated, to 
nepheline-bearing augite-syenite by Prof. Rosenbuschy. Foyaite 
of the ordinary type is also known to occur there, as likewise an 
aphanitic rock, which may be considered a phonolite or a fine- 
grained foyaite. As the excursion to this peak was made before 
my attention was drawn to the group of rocks here considered, 
many other types doubtless passed unnoticed. The neighbouring 

* A similar inclusion of foyaite in the phonolite of Fernando Noronha was 
found in a specimen from that place, when no large masses of foyaite were met 
with in acareful examination of theisland. Prof. Rosenbusch, to whom a chip 
was submitted, regards it as an included fragment of an older rock. 

+ A specimen of this rock given to Mr. Henry Bauer, of Iguapé, was sent by 
him to the late Prof. Lasaulx, who described it in a recent number of the 
‘ Sitzungsbericht der niederrheinischen Gesellschaft,’ Bonn. This is the first. 
published notice of the occurrence of these rocks in Brazil. 
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peak of Pict is known, from specimens collected in the bed of a stream 
flowing from it, to contain a variety of types of foyaite and other 
nepheline-bearing rocks ; and another prominent peak, called Itajubd, 
in the same vicinity and in the same range is, judging from its 
topographical features, of similar structure. The Bocaina locality is 
only known to me by a specimen of foyaite brought from there 
‘some years ago by the director of the National Museum when on a 
botanical excursion. 

The Iguapé region is only known to me through specimens kindly 
furnished at various times by a German engineer, Mr. Henry Bauer, 
who has given considerable attention to the collection and study of 
the rocks of his district. They include several peculiar types not 
yet known from other localities; and ‘suspecting that they were 
associates of foyaite, I requested Mr. Bauer * to search for that 
rock, which he has recently found at a place called Jacupiranga. 
Nepheline-bearing rocks also occur in the vicinity of Xiririca 
further up the valley, and there are reasons for supposing that a 
number of other localities will be found in that region. The Itambé 
locality is only known by a specimen in the National Museum of Rio 
de Janeiro, sent many years ago by the German geologist Eschwege, 
under the name of diorite, and which is pronounced by Prof. Rosen- 
busch to be a fine example of nephelinite. 

A cursory examination of some of the localities above mentioned 
having shown an apparent and hitherto unsuspected relation 
between foyaite, phonolite, trachyte, tuff, and certain types of basalt, 
I determined to visit the Caldas region, from which a specimen 
intermediate in character between foyaite and phonolite had come 
into my hands, and where a railway under construction gave 
unusual facilities for examining this series, while the proximity 
of a sedimentary formation of paleozoic age gave hopes of ob- 
taining some idea of its geological age. A splendid development 
of foyaite, phonolite, and tuff was found associated with several 
types that have not yet been met with in the other localities. 
The tephritic basalts which characterize the other places are repre- 
sented by leucite-basalt and by a peculiar rock having the external 
aspect of a diabase, in which plagioclase is the predominant element, 
and which I suspect will prove to be teschenite. Trachytes, if 
represented, only appear in dykes too much decomposed for accurate 
determination. 

The Mogyana railway, starting from Campinas in the province of 
Sao Paulo, runs near the margin of the mountainous plateau of 
southern Minas Geraes and the sedimentary plateau of Sao Paulo., 
The former, composed of gneiss and metamorphic schists, has a 
mean elevation of from 1000 to 1200 metres; the latter composed of 
horizontal strata of shale, sandstone, and limestone, cut by numerous 
and large dykes of diabase, varies in elevation between 600 and 1000 

* Among the rocks sent me by Mr. Bauer is olivine-basalt (limburgite). In 
the other two localities in which it is known (Campo Grande and Tingua) it 
occurs also in connexion with the group of nepheline rocks here considered, 
and it may be suspected that the relation is not purely accidental. 
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metres, the highest of the denudation-ridges in the part here con- 
sidered rising to a little over 700 metres. The geological age of 
this plateau has only in part been determined. The lower beds are 
soft shales and sandstone with flaggy siliceous limestones, which 
last are remarkably persistent, having been found across nearly the 
whole width of the Provinces of Sao Paulo and Parana, a distance 
of about 300 miles. The limestone has afforded fossil reptiles, wood, 
and a few unsatisfactory shells, all of which indicate Upper Paleozoic 
(Carboniferous or Permian) age. The most satisfactory fossils are 
the silicified woods, which include Lepidodendroids, conifers of the 
Dadoxylon-type (conifers with a single row of pores also occur), and 
ferns of the type of Psaronius. Above the limestone come heavy 
beds of sandstone with intercalations of a melaphyre-like rock, often 
porphyritic and amygdaloidal, which has not afforded fossils, but is 
presumably Permian or Triassic. The railway for some distance 
out from Campinas is at times on the sedimentary series, at times 
among gneiss hills of the mountainous zone; but after crossing the 
river Mogyguassu the latter disappear and the main line to Casa 
Branca follows a flat-topped sedimentary ridge between that river 
and the Rio Pardo, leaving the Caldas group of mountains, which 
lies between the head-waters of these two rivers, to the eastward. 
The Caldas branch runs over the sedimentary series to within about 
10 miles of the foot of the mountain, where it disappears, giving 
way to the gneiss foot-hills. Sedimentary rocks, however, appear 
in a narrow belt along the foot of the mountain, and it is probable 
that the interruption above noted is due to the fact that the railway 
follows the bottom of a valley, and that on the heights on either 
side the sedimentary strata extend continuously to the mountain. 
At all events there are no reasons for supposing that the beds at the 
foot of the mountain belong to a different series from those further 
away, whose geological age is fixed by the occurrence near Casa 
Branea of limestones with characteristic fossils. 

The railway ascends the mountain on one side of the valley of the 
Corrego (brook) do Quartel, rising in a distance of 18 kilometres 
from 820 metres at the Prata station to 1270 metres at the summit. 
The eruptive series begins to appear about 2 kilometres from the foot 
of the serra in a cutting near the Prata bridge, where a greenish 
spotted phonolite appears associated with gneiss. Then follow a 
few low cuttings of sandstone of no special interest. ‘The ascent 
proper commences with the passage of a narrow gap between 
magnificent cliffs of sandstone rising about 50 metres above the 
road-bed. This gap is cut through a narrow ridge set like a wall 
across the end of the rather broad valley of the Quartel. The 
sandstone is a very hard fine-grained white rock, broken by joints 
into small angular fragments, and is very similar in appearance to 
some of the beds of quartzite (itacolumite) of the metamorphic series, 
and quite unlike the ordinary sandstones of the sedimentary group 
above described. That its relations are with this group rather than 
with the older one is, however, proved by thin beds of soft clay- 
shales intercalated in it near the base along with a thin layer of 

od.G.8.. No. 171. Dat 
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chert, this last being a very characteristic feature of the Carboniferous: 
series of Sao Paulo. No fossils could be found, and its complete 
identity with the Carboniferous series could not be satisfactonly 
established, since it is possible, though not very probable, that two 
distinct formations in this region may be characterized by cherty 
layers. If it is distinct I am very strongly of opimion that it 
will prove to be older rather than newer. The beds are inclined at 
an angle of 15° to the eastward (away from the mountain), strike 
N. 20° W. So high an inclination is unusual in the series to which 
this rock is referred, which, whenever it has been examined, is essen- 
ially horizontal or with only slight localinclination. As, however, 

the eruptive activity of this region continued after the sandstone 
was deposited, the disturbance may be regarded as local. Passing 
the gap the road bends round and follows the base of the mdge, 
cuttings in sandstone appearing for a distance of two or three hlo— 
metres. In some of these the rock is seen to pass into a tuffaceous 
conglomerate containing pebbles of quarizite, and pebbles and 
boulders of eruptive rocks. A peculiar feature of this conglomerate 
is the presence of abundant and oiten large masses of brown mica, 
which, from its occurrence in masses of considerable thickness and of 
almost perfect crystallme form, not in detached flakes, must have 
beer formed in place aiter the coarser material of the rock was 
deposited. 

In the cuttings both the sandstone and the conglomerate are con- 
siderably decomposed, and the contact is not perfectly clear. In one, 
sandstone is seen above, conglomerate below, with no apparent line 
of demarcation between them, although the passage from coarse con- 
glomerate to fine-grained and homogeneous sandstone is an abrupt 
one. That an actual passage occurs seems to be confirmed by the 
fact that im the coarser parts of the conglomerate, and near the 
supposed contact, the cement is extremely quartzose, whereas further 
away and in the finer portions the eruptive elements predominate — 
in the cement, and the same rock with its characteristic crystals of 
mica presents the aspect of an ordinary tuff. The predominant 
types among the boulders of the conglomerate are two rocks which 
were not found satisfactorily exposed in situ. One has the external © 
aspect of a moderately coarse-grained diabase, which, under the — 
microscope, shows remarkably fresh plagioclase as a predominant 
element, the other elements being altered beyond recognition by me, 
and in a manner which I have never seen in any diabase. From — 
its behaviour with acids it appears to contain nepheline, in which — 
case it is probably a teschenite. The other rock common in the — 
boulders seems to me to be a somewhat altered phonolite, but, if so, 
it is much richer im iron than any undoubted phonolite that I have” 
examimed. Undoubted specimens of phonolite also appear in the 
conglomerate. 

In one of the cuttings in sandstone a dyke of phonolite occurs, — 
also a dyke of a rock too much decomposed for positive recognition, 
but which appears to be identical with the diabase-like rock of the 
boulders. In another cutting in conglomerate there is an inclined 
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dyke, about 9 metres wide, which is of extreme interest (fig.2). Owing 
to decomposition, only detached fragments, still 2n situ, of perfectly 
sound rock could be obtained, those near the margins being typical 
phonolite, those near the centre foyaite equally typical. Another 
case of the peripheral development of phonolite as a phase of 
foyaite will be mentioned hereafter. 

Fig. 2.—Section of Decomposed Dyke in cutting, Corrego do Quartel. 

a. Decomposition-nodules of phonolite in decomposed dyke. 
b. Decomposition-nodules of foyaite in decomposed dyke. 
¢. Decomposed micaceous conglomerate. 

Leaving the sandstone and conglomerate area at an elevation 
of about 900 metres, whichis presumably about its highest level, the 
road, while following in general a nearly straight line for about 10 
kilometres to the Cascata station, near the summit winds about for 
a considerable space marked off by lateral valleys, in which the road 
makes long and sharp bends to the eastward. The extreme points 
of these bends are marked by the Pinhalzinho culvert, the tunnel 
and viaduct, the intervening distances being 343 and 2 kilometres. 
In the U-shaped bends of Pinhalzinho and of the tunnel and viaduct, 
where the road crossing the lateral valleys enters most into the 
material of the mountain, nepheline-rocks alone are found, while 
along the projecting portion of the lower space a dark-coloured 
basic rock with prominent crystals of pyroxene is exposed in several 
considerable cuttings. This is in general totally decomposed, showing 
only rarely, in spots, stony nuclei of a mottled bluish and brownish 
colour and heavily charged with white zeolites; but in all cases the 
outlines of the pyroxene-crystals are sufficiently well preserved to 
serve for its ready identification. In one cutting only, between the 
tunnel and Pinhalzinho, is the rock perfectly preserved. Two 
types are here presented: one is a jet-black basalt, which, according 
to a note kindly furnished me by Prof. Rosenbusch, is a leucitite ; 
the other is a bluish-black tuffaceous rock containing pebbles up to 
the size of the first of the leucitite, but as it also contains prominent 
crystals of pyroxene, the two rocks cannot be distinguished in the 
decomposed masses. ‘The relations of these basic rocks to the 
nepheline-series is shown in two cuttings between the tunnel and 
the viaduct, represented in the annexed sketches (fig. 3). Both rocks 
are much decomposed, but in spots are sufficiently preserved to make 
their identification perfectly certain, while owing to the marked 

difference in colour of the decomposition-products the line of contact 
is remarkably sharp. I could not make out satisfactorily whether 
the leucite-rock was originally a basalt or a tuff. The appearance 

212 



AG64 MR. 0. A. DERBY ON 

is suggestive of denuded hills of leucite rock buried beneath a flow 
of phonolite. The former rock occurs in the little valley between the 
two cuttings, the relative position of which is very much as repre- 
sented in the figure, so that it is probable that the two masses are 
connected underneath a capping of phonolite. The peculiar-shaped 
detached mass in the left-hand figure can hardly be a dyke, and is 

Fig. 3.—Sections on Railway near Pinhalzinho. 

a. Decomposed leucite rock. 
b. Decomposed phonolite. 

perhaps a fallen boulder enveloped in the phonolite. It is 4 miles 
wide in the widest part and hes about 20 metres away from the 
main mass. In the cuttings in leucite rock below Pinhalzinho 
several dykes, from 2 to 4 metres wide, occur, some of which are 
evidently of decomposed phonolite, while one, which is better pre- 
served, although altered to some extent, is either a trachytic rock 
or a more felspathic phonolite than any elsewhere observed. 

In the bends of the tunnel and of Pinhalzinho there are considerable 
cuttings in dark blue phonolite and in a peculiar red rock intimately 
associated with it. The latter is best preserved at the tunnel; 
but even there, although the rock is apparently perfectly sound, its 
brisk effervescence with acid shows that a part of its original con- 
stituents have been transformed into carbonates. Under the micro- 
scope, | could make nothing out of it beyond the occurrence of 
minute dark microlites in a very finely granular ground-mass. In 
places, dark red glassy crystals of hexagonal outline and irregular 
whitish spots occur sparingly; both appear to be of secondary 
origin. Generally the rock appears very homogeneous, but in 
places thin undulating streaks of lighter and darker red, giving an 
appearance of fluxion-structure, are seen. In other places there are 
patches and streaks of bluish and greenish phonolite, which appear 
to shade off into the red rock without well-defined outlines, such 
as would be expected if they were foreign inclusions. Patches 
of included pebbles and boulders with well-defined rounded out- 
lines are also seen; and two or three large cuttings near Pinhal- 
zinho are exclusively through a coarse boulder-conglomerate, which 
is, however, so much decomposed that only on the closest scrutiny 
can it be distinguished from the ordinary red rock. This con- 
glomerate is well exposed in a ridge just above the tunnel, inter- 
calated between two closely adjacent ridges of the red rock, and 
passed by a cutting about 80 metres long and 15 metres high, in 
which hundreds of broken boulders with perfectly fresh fracture are 
seen. They are all well rounded and of all sizes up to a cubic 
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metre, mingled together in the greatest confusion, and loosely 
cemented by a paste of pebbles and minute rounded grains of 
the same nature as the boulders. With the exception of a few 
masses which are fragments of a preexisting and more firmly com- 
pacted conglomerate of the same aspect as that of which they now 
form a part, all the boulders and pebbles seen are of the same 
character and, to my eye at least, undistinguishable either macro- 
scopically or microscopically (except by a slight difference in colour, 
a light shade of red or a leaden colour being predominant) from the 
red rock of the adjacent cuttings. At one point a small mass of the 
red rock, decomposed, but evidently i situ, rests upon the con- 
glomerate, which is also cut by a small dyke which, in its decom- 
posed state, also resembles the red rock. A relation is thus estab- 
lished between this large and almost detached mass of conglomerate 
and the smaller patches, which are clearly included in the red rock, 
and the latter is thus seen to pass on the one hand into a fragmental 
rock, and on the other into a compact phonolite *. 

On the same spur, between the tunnel and Pinhalzinho, occurs 
the largest exposure yet known in the region of foyaite, which 
evidently forms a considerable portion of the mass of the spur, and 
appears in connexion with the red rock throughout a distance of 
about 2 kilometres. The rock is in general of rather coarse grain, 
but of even texture, and weathers into large rounded boulders, 
which, if the massive rock was not seen in the cuttings, might be 
taken for erratics. In one place, at the side of a small ravine, the 
texture is porphyritic, with large and small polygonal patches of 
coarse-grained whitish rock and large and perfect felspar-crystals 
seattered through a bluish finely granular ground-mass, in which, 
however, the granitic texture is still apparent. At the tunnel the 
relations of the foyaite to the red rock are very well exposed. 
High up on the side of the peak above the tunnel a considerable 
mass of foyaite is seen close alongside of a considerable exposure of 
the red rock. The tunnel is excavated in a large irregular dyke- 
like mass of foyaite that cuts the red rock, and is most probably 
continuous with that of the top of the peak some 500 metres above 
it. This mass of foyaite is separated by an intervening mass of red 
rock from another about 100 metres further up the ravine, in which 
a quarry hasbeen opened. The annexed sketches (fig. 4) of the two 
openings of the tunnel and of parts of its sides near the upper end 
show the relations of the two rocks. At the upper end, the lower 

_ part of the arch is of the red rock, rising highest on the left or 
upper hill-side; the upper part is of foyaite. A road cut on the 
right side, on a level with the floor of the tunnel, shows the foyaite 
entting out the small patch of red rock of the right-hand side of the 
mouth, but giving way to it again a little further round the hill. 
This appearance can only be explained by regarding the foyaite as 
an irregular dyke-like mass, some 10 metres or more thick, cutting 

_ * Judging from the reference in Rosenbusch’s ‘ Mikroskopische Physio- 
graphie,’ vol. il. p. 299, a comparison might be made between this rock and 
that from Teneriffe denominated eutaxite by Fritsch and Reiss. 
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the red rock at a low angle. The tunnel, which describes a strong 
curve, soon enters wholly into the foyaite, which appears in the 
floor, roof, and sides: but a few metres beyond, the red rock appears 
again irregularly, still msing highest on the left side when the 
exposure is continuous (3), while in front it is divided into three 
distinct masses, the foyaite sinking between to below the floor of the 
tunnel (4). The road-bed again rises above the level of the lower 

Fig. +.—WSections across and on the sides of the tunnel near Pinhalzinho. 
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4. Right side of tunnel near upper end. w 
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contact oi the foyaite and the red rock, and contifues in the former ~ Bx 
to the lower opening, where the latter again appears im very small — ap 
patches on each side, which only rise very slightly above the floors. 
The foyaite forms quite a regular arch over the lower mouth of the 
tunnel (2); this comes out at the upper surface of the mass, which is 
covered completely by the red rock. The latter is here so broken into 
small iragments as to resemble an immense heap of chestnuts, and a 
land-slide of this incoherent material had, at the time of my visit, 
revealed a considerable surface of the foyaite on the slope over the 
mouth of the tunnel. This contact-surface was irregularly undu- 
lated, and inclined at an angle oi 15°—-20°. The rock-openings and — 
a part of the interior contacts have been concealed by masonry, but — 
a portion of the latter are still exposed. | 

- Both rocks near the contact are generally decomposed, and the 
red rock is everywhere too much so to reveal any modifications that 
it may have suffered. In places, however, the foyaite shows an in-— 
teresting contact-phenomenon. At about a metre away the rock 
becomes finer-grained, and passes rapidly into foyaite porphyry and 
finally into true phonolite, the phonolitic facies extending for 10-15 — 
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centimetres from the immediate contact. Unfortunately I was 
unable to ascertain whether or not the same phenomenon is presented 
along the upper contact, as the places where it had been exposed 
were either decomposed or covered up by slides of the overlying 
red rock. 

Above the tunnel, for a distance of 5 or 6 kilometres, the cuttings 
(with the exception of those in the red rock and leucite-rock already 
mentioned, and situated close to the tunnel) are mainly in phonolite, 
generally much decomposed, and of no special interest. Im one a 
dyke of phonolite is seen, cutting a mass of decomposed foyaite, 
showing that if a part of the phonolite (as in the case of that 
enclosed i in the red rock and the conglomerate near the foot of the 
mountain) is older, or (as in the case of the peripheral portions of 
the mass at the tunnel, of the dyke in conglomerate above mentioned 
and of the rock described below) contemporaneous with the foyaite, 
a part also is newer. A cutting about 2 kilometres below the 
Cascata station shows inclusions of foyaite in bluish phonolite, some 
of which are of considerable size. These present sharply defined 
outlines, and are either circular or show a tendency to mimic poly- 
gonal crystalline forms. The next cutting above, which is through 
a broad low ridge of foyaite, exhibits exactly the reverse inclusions, 
that is to say, of phonolite in foyaite. 

This rock, which is apparently identical with that of two quarries 
off from the line of railway near the Cascata station, and almost in 
a straight line with the cutting, the furthest being at least a mile 
away, presents several inter esting characteristics. The rock in the 
main resembles quite closely that of the tunnel, but contains a 
glassy honey-yellow ingredient, which has not been noticed else 
Where. It is also marked by indistinct circular spots slightly 
darker in colour than the generality of the rock, as if drops of oil 
had been sprinkled over it. In places also the nepheline, which is 
generally bluish, takes on a rather brilliant red colour, and appears 
to present more distinctly marked crystallme forms. Small points 
-and thin irregular lines and, in one case, a pear-shaped inclusion 
two inches long, of an amethystine colour also appear. ‘The most 
interesting of its peculiarities, however, are the inclusions. Some 

\ of these are irregular masses more coarsely crystalline than the 
enclosing rock, which, owing to the predominance of large crystals of 
 Ttelspar, have something of the aspect of pegmatite. Others are 

pebble_tike masses of fanecrned and darker foyaite, while others 
again, and these are the most common, are of phonolite. These are 

~ of ali sizes up to that of a man’s head, with sharply defined and 
_ generally angular outlines, though without the mimicry of crystal- 
_ line form presented by the reverse inclusions of foyaite in phonolite. 
The smaller inclusions, often no larger than the end of the thumb, 
p are perfectly homogeneous in appearance; but in some of the 

larger ones there is a more or less distinct mixture of granitic and 
 felsitic material. Two of the largest inclusions seen are here 
_ xepresented (figs. 5 and 6). 
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Fig. 5.—Phonolite-inclusion m Fig. 6.— Crystalline inclusion in 
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The larger one (fig. 5), which is 9 inches long and 4 inches wide,. 
is a blue phonolite, with tolerably abundant crystalline inclusions in 
the left-hand portion, which become rarer towards the right. On 
the left side there is also a long, curved, ribbon-like inclusion of 
foyaite, which shades off at the lower end into the including rock 
through a group of scattered crystals, such as are common in phono- 
lite. The other one (fig. 6), which is about 4 inches long, is repre- 
sented above as it appears on an irregularly fractured surface. The 
dark-shaded portion is felsitic, and may, I think, be considered as 
phonolite, notwithstanding its abundant crystalline inclusions. It 
forms a distinct sheath, sharply defined against the enclosing foyaite, 
about the whole inclusion, and also about the three principal 
crystalline masses imbedded in it in the lower part of the mass. 
It appears, however, to shade into these, and into the smaller and 
less-defined inclusions of the upper part. These masses differ con- 
siderably in aspect from the enclosing foyaite, and are flecked with 
small dark patches apparently related to the felsitic mass. As 
the specimen has been placed in the hands of Prof. Rosenbusch, no 
further description of it will be attempted here, as, for my present 
purpose, it is sufficient to signalize the double nature of the inclusion, 
that is to say, of a rock of granitic texture in one of felsitic character, 
which is itself enclosed in a rock of granitictype. The appearance 
of this and other inclusions, coupled with the facts already stated, 
as to the occurrence of phonolite as a peripheral facies of foyaite, lead 
me to regard the inclusions, whether in the one or the other of the 
rocks, as parts of the same original magma. A petrographical exam- 
ination will doubtless determine whether this view is correct or not. 
From the cutting in foyaite, above mentioned, to the Cascata 

station the road winds for about a kilometre around a prominent 
spur, some 400 metres wide, of bluish-black and greenish tuff, which 
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in general appears quite homogeneous, but in many places shows 
layers and patches of pebbles up to the size of a hen’s egg. The 
pebbles could not be certainly recognized, but the most abundant 
appear to be similar to the diabase-like rock of the conglomerate 
at the foot of the mountain, only finer-grained and somewhat 
altered, so that only lath-shaped felspars could be made out with 
certainty. This tuff further resembles that associated with the 
conglomerate by the presence of rare and small flakes of brown 
mica. It is cut by small dykes of phonolite, and by dykes about 
20 centimetres wide, too much decomposed for recognition, but 
which appear to be of a basic rock. One mass which I had noted 
in a field as a dyke, one metre wide, of a basic rock, proves on exami- 
nation to be composed mainly of granular quartz and magnetite, and 
is probably not a dyke, though it -certainly presents the appearance 
of one. The tuff is also traversed by horizontal vein-like masses, 
from one to two inches thick, of a highly felspathic rock of granitic 
or coarse porphyritic texture, and by vertical dykes, from 3 inches to 
2 feet wide, of a rock that appears to be a more crystalline variety 
of that of the horizontal dykes or sheets. In the largest of these 
dykes, which is much decomposed, the felspar crystals attain the 
diameter of aninch. In aspect this rock resembles the felspathic 
veins of granite and gneiss much more than it does the foyaitic 
rocks of the region in which it occurs. Under the microscope it 
differs markedly from any rock known to me; but I suspect that it 
will prove to be an augite-syenite, or perhaps a liparite. Whatever 
it may be, it, with the phonolite dykes, serves to connect the tuff 
with the crystalline rocks of the region. 

Close by the Cascata station there is a small cutting in decomposed 
quartzite intercalated between two cuttings in tuif. The rock is so 
decomposed and broken by joints that its position could not be satis- 
factorily determined, but it appears to dip to the eastward at an 
angle of about 20°. It is cut by small dykes of phonolite and by 
very thin irregular veins of pegmatite, showing large quartz-grains 
and kaolin in the form of felspar, which I take to be ditterent 
from the felspathic dykes and layers in the adjacent mass of tuff. 
In appearance the rock is not very unlike the sandstone at the foot of 
the mountain ; but its occurrence at a much higher level, the presence 
of granitic masses apparently distinct from the eruptive group that 
characterizes the region, and, above all, the occurrence in similar 
conditions at another point, to be described below, of undoubted 
itacolumite, lead me to refer this exposure to a series much older 
than that represented at the foot of the mountain. 

At Cascata the road leaves the wooded slope of the valley of the 
Quartel and enters the Campo region of the mountainous plateau of 
Caldas. This plateau extends northwards some 15 or 20 miles to 
the Rio Pardo, which, where I crossed it, flows at an elevation of 
875 metres. The mean elevation of the plateau is about 1200 metres, 
the undulating surface presenting differences of level of from 100 
to 200 metres. It is bounded on the west and north by an approxi- 
mately semicircular arc of ridges rising abruptly from 200 to 400 
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metres above the general level. Similar but shorter detached ridges 

(the Serra do Caracol and Serra de Caldas) to the southward and 

eastward appear to complete an approximately circular or elliptical 

enclosure (fig. 7). This circular arrangement of the higher ndges 

is peculiar, and, taken in connexion with the character of the pre- 

dominant rocks of the plateau and of the bounding ridges, as far as 

examined, is probably not without significance. 

Fig. 7.—Sketch Map of the Caldas region. 
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In the 18 kilometres of railway from Cascata to the village of 
Pocos the cuttings are mainly in decomposed rock, which is, however, 
sufficiently preserved in patches to show its original character, either 
in loose masses or in the traces of structure still visible in the clay 
resulting from decomposition. The predominant rock is phonolite. 
Foyaite appears rarely in a few cuttings, always totally decomposed. 
No evidence of the existence of other rocks was met with, and the 
absence of dykes is noticeable. About 4 kilometres from Pocos two 
cuttings in decomposed phonolite show an abundance of decomposed 
analcime, some of the crystals measuring 3 inches in diameter. 
Near Cascata two quarries, already referred to, have been opened 
to the right of the road in hills of foyaite with abundant inclu- 
sions. Close to one of these there is a hill of coarsely porphyritic 
phonolite unlike any variety seen on the railway. The crystalline 
inclusions are of all sizes up to an inch in diameter, with ill-defined 
limits and generally stained red, the red colour extending at times 
to the ground-mass, which is normally bluish, the inclusions being 
white. This reddening of the rock without visible signs of decay 
has extended to nearly the whole quarry, so that masses free from 
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it are somewhat difficult to find. It is seen, however, to be most 
pronounced near the surface and in the neighbourhood of fissures, 
and is undoubtedly due to weathering or to infiltrating waters. 
This phonolite differs further from all other varieties seen in the 
region, except that of the Prata bridge, in being fit for a building- 
stone on account of its freedom from the fine joints and splintery 
fractures that generally characterize the Caldas phonolites. About 
the village of Pocos the phonolite is generally distinctly granular, 
and might perhaps be regarded as a fine-grained foyaite. The 
hot sulphur springs (temp. 45° C.) that give name and importance 
to the place issue from the midst of the phonolite. The hill close 
to the village (1600 metres high, the highest of the semicircular 
ridge) was examined for a distance of over a mile, and found to con- 
sist exclusively of phonolite. This rock also characterizes the road 
from Pocos to the Rio-Pardo margin of the plateau, occurring also 
with foyaite along the descent, but, apparently, not extending 
beyond the river. 

The Rio das Antas, the principal stream of the plateau, just 
before it breaks through the ridge to descend to the Rio Pardo, 
traverses for several hundred metres a considerable patch of 
quartzite. In places this shows the flaggy structure and other cha- 
racteristics that identify it with the itacolumites so abundant in the 
province of Minas. The geological age of the series to which it 
belongs has not been determined for Brazil, but it is certainly very 
old. Rocks similar to it and to its associates are called Huronian 
by many North-American geologists. The strike is N. 20° W. *; 
dip 20° $.W. <A small exposure of phonolite occurs close to the 
quartzite, and two quarries in foyaite have been opened in the imme- 
diate vicinity, but the relations of these rocks to the quartzite could 
not be seen. A little above a cascade formed by the quartzite there 
is another, in which the rock, at first sight, appears to be similar ; 
but on closer inspection it is seen to be a greenish tuff enclosing 
fragments of eruptive rocks. This continues for a considerable dis- 
tance up stream, then isolated masses of quartzite begin to appear 
associated with it, though in no case could an actual contact be 
discovered, nor could pebbles of quartzite be detected in the tuff, 
though grains of quartz and fragments of gneiss are not uncommon. 
Apparently, however, the tuff forms a layer on an irregular surface 
of quartzite, points of which occasionally appear through it. The 
tuff is traversed by joints running N. 70° E., and dipping 70° N., 
which in places produce a sort of flaggy structure. 

The Rio Pardo appears to form the northern limit of this eruptive 
sroup as the Rio de Prata forms the southern. Going northward 
from the Rio Pardo only gneiss, mica-schist, and granite were met 
with between that river and the Rio Grande. North of the latter 

* It may here be remarked that I found a north-westerly strike predomi- 
nant between Caldas and the Serra do Canastra, as well as in that range, whereas 
in Eastern Minas and along the Serra do Espinhago the strike is almost univer- 
sally north-westerly. It is for this reason that I have ventured to suggest (by 
the dotted line of the map, fig. 1) the derivation of the Serra do Canastra as 
a branch of the Mantiqueira range. 
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the quartzite (itacolumite) and metamorphic-schist series (repre- 
sented in the Caldas region by the quartzite of the Rio das Antas 
and Cascata) appears in the well-defined mountain-range known as 
the Serra do Canastra, which forms the western wall of the Sao 
Francisco basin and the watershed between that river and the upper 
Parana. ‘The sandstones and bedded melaphyres of the upper part 
of the Sado Paulo plateau abut against the western side of this range, 
their eastern margin cutting across the rivers Pardo and Grande, 
some distance to the westward of the Caldas mountains. Gneiss 
is said to occur on the mountainous plateau near the city of Caldas, 
and fine and large crystals of zircon come from the same locality, 
leading to the suspicion that zircon-syenite or a zirconiferous variety 
of foyaite may occur in that vicinity. The limited time at my dis- 
posal did not permit me to follow up this interesting suggestion *. 

Pending the detailed microscopic examination of the Caldas rocks 
which Prof. Rosenbusch has kindly undertaken, it does not seem 
desirable to attempt to go very far in drawing conclusions from the 
observations recorded in this interesting region. Itis hoped, how- 
ever, that this imperfect exposition may prove as convincing to the 
minds of others as the phenomena observed in the field were to my 
own mind on the following points :— 

1st. The substantial identity as regards mode of occurrence and 
geological age of the Caldas phonolites and foyaites. 

2nd. The connexion of the latter through the phonolites with a 
typical volcanic series containing both deep-seated and aerial types 
of deposits. _ 

ord. The equal, if not greater, antiquity of the leucite-rocks as 
compared with the nepheline-rocks, whether felsitic, as phonolite, or 
granitic, as foyaite. ) 

4th. The probable Paleozoic age of the whole eruptive series. 
The interruption in the section of the sedimentary series néar the 

foot of the Caldas mountains renders the last conclusion less positive 
than could be desired. The conglomerate at the base of the sand- 
stone at the foot of the mountain proves that the eruptions com- 
menced before or during the deposition of the sandstone, while the 
dykes cutting the latter show that they continued after the deposi- 
tion. It is certain that at the time when the present sedimentary 
plateau of Sao Paulo was occupied by a late Paleozoic or early 
Mesozoic sea, the Caldas mountains, with an elevation of at least 200 
metres, rose either at the margin, or not more than 10 miles distant 
from the margin of that sea, and thgs, in accordance with the law of. 
the relation of volcanoes to the coast-line, may be taken as an argu- 
ment in favour of the great age of the eruptions, since no late 
Mesozoic or Tertiary marine deposits are known nearer than the 
present Atlantic coast between Rio de Janeiro and Bahia, or the 
Pampa region of the Paraguay basin. Freshwater Tertiary deposits 
ure known about the city of Sao Paulo and between the Serras do 

* Zircon has not been recognized in any of the Brazilian foyaites thus far 
examined. Sphene is a characteristic and abundant microscopic accessory in 
that of Cabo Frio, Tingua, and Itatiaia, but has not been observed in that of 
Caldas, which also differs in other respects from that of the other localities. 
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Mar and Mantiqueira in the valley of the Parahiba; but these are 
certainly newer than the eruptions of similar material of Itatiaia. 
Unfortunately the other localities mentioned in this paper afford no 
prospect of throwing light on the geological age of the nepheline- 
rocks, as there are no sedimentary beds in their vicinity iterme- 
diate between the gneiss and the recent deposits. They promise, 
however, to give important results on the relations of various types 
of eruptive rocks, and it is hoped that an opportunity will soon be 
afforded for examining and describing them more fully. 

Discussion. 

The Presrpent said it was seldom that a paper containing such 
important facts was presented to the Society. It was reserved to 
Mr. Derby to have proved that plutonic rocks containing nepheline 
(foyaite) passed into volcanic masses which were true phonolites. 
This Mr. Derby had clearly established by observations in the field. 
He had also shown that leucite existed in rocks of paleozoic age, 
thus rendering untenable the last stronghold of those who insisted 
on making geological age a primary factor in petrographical classi- 
fication. He alluded also to the value of the independent determi- 
nations of Prof. Rosenbusch. 

Mr. Baverman had been over portions of the ground with the 
Author, and was glad to add his testimony to the value of the 
paper. He spoke of the importance, in a geological sense, of these 
generalizations. It was remarkable how highly crystalline masses 
of rock pass over into a sort of phonolite. These were associated 
with paleozoic masses, which were pre-Permian or at least pre- 
Triassic. He alluded to the difficulty of investigating Fernando 
Noronha, and also to the difficulties attendant upon the investigation 
of rocks in Brazil, which were subject to such an enormous amount 
of local alteration. 

Prof. Bonnry also expressed his sense of the value of the paper. 
He alluded to the comparative rarity of nepheline- and leucite-rocks, 
and to the confusion in the nomenclature. He was reminded of the 
nepheline-rocks near Montreal, where dolerite was broken through 
by nepheline-syenite, associated with tephrites and phonolites. 
Although there might be a doubt here, these rocks were most pro- 
bably of Silurian age; but the evidence in Brazil was still clearer 
as to the paleozoic age, and he believed that, in. the case of some 
other masses, the evidence had satisfied the Canadian geologists. 
He alluded also to the nepheline-rocks in the Katzen-Buckel, where 
there was a similar passage from coarse-grained to fine-grained. 

Dr. Harcn said that in this case leucite was clearly shown to be of 
palzozoic age, and he regarded the paper as a step towards the better 
classification of this group of rocks. 

Prof. Srerey asked for evidence as to the identification of the 
leucite. 

The Prrstpent thought there was no possibility of mistake in 
this respect. As regards the rocks of the Katzen-Buckel, none 
were truly holocrystalline, and hence they could not be compared 
with foyaite or eleeolite-syenite. 
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34. On some OccurRENCES of PinpMonvite-Scuist in Japan. By 

Prof. Bunpstro Koré, Ph.D. (Read June 8, 1887.) 

[Communicated by Frank Rutzey, Esq., F.G-S.] 

As already stated in a former paper *, the occurrence of mangan- 
epidote or piedmontite is often associated with glaucophane-bearing 
rocks in the crystalline-schist system in Japan. The rock which 
contains piedmontite as an essential component is well characterized 
in outward appearance, being of a dark violet colour; hence it is 
locally named the ‘ murasaki’ or violet rock, and it is most typically 
developed in the Island of Sikoku, especially in the neighbourhood 
of the city of Tokusima. 

The first specimen that came under my notice was brought from 
Mount Otakisan, one mile to the south-west of the last-named city ; 
and many localities have since been added to the list of places where 
it occurs, so that we are now able to trace out the geological 
horizon of the piedmontite-bearing rock everywhere within the 
crystalline-schist system of that island. ‘The rock is, however, not 
exclusively confined to this region. It also has a wide distribution 
in the provinces of Musasi and Kozuké, on the main island, Honsit. 

The piedmontite is associated with fine quartz-grains ; and by the 
parallel position of the former, the rock itself assumes a schistose 
structure, a vertical section presenting a regularly banded appearance 
resulting from the alternation of fine piedmontite layers with those 
of quartz. 

The accessory comporents are muscovite (hydrous mica of Prof. 
Bonney 7), greenish-yellow garnet, rutile, some felspars (probably 
orthoclase), blood-red iron-glance, and also opaque crystals of the 
same mineral. This is the typical piedmontite-schist. In the 
glaucophane-bearing rocks { manganepidote also makes its appear- 
ance, but it is subordinate in quantity to glaucophane, and its 
place is often supplied by common yellowish-green epidote. We 
shall, first of all, speak of the epidote in the piedmontite-schist. 

(a) Piedmontite.—Crystals of piedmontite are usually much 
elongated, traversed by transverse irregular cracks and _ fissures, 
sometimes broken, and then the dismembered parts form chains, 
with faces striated in the direction of the axis of eee Nearly 

all the crystals lie with the orthopinacoid ( oPao I par to the 
planes of schistosity of the rock. 

Unlike the common rock-forming epidote, in which well-defined 
crystallographic forms are seldom to be seen, these crystals of pied- 

montite have usually well-developed faces of M (oP), T ( oP ); 

1(4P% ) n(P), sometimes r(Poo ) as in fig. 1 

The clinopinacoidal section (Pa ) is, as a rule, of an oblique 

* Journal of Sicence College, Imperial University, vol. i. part 1, p. 85, 
Tokyo. 

t+ Min. Mag. vol. vii. no. 32, July 1886, p. 3. t Loe. cit. p. 86. 
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rhomboidal outline, caused by the predominance of the traces of T 
and M as in the figure, and if the faces 7 or z be also developed 
the section will then be six-sided ; but the latter case is less frequently 

seen. In common epidote the face r (Px ) is said to be a predominating 

element, and, as a rule, it is more perfect than the face T ( oP as )): 
In these piedmontites the face r is very poorly developed, and it 
is usually not visible even in the clinopinacoidal section, the outlines 

Fig. 1. 

of which are never regular, owing to the fact that there are an 
infinite number of prominences and indentations, and they are some- 
times even knee-shaped, just like twins of rutile. All these facts 
are due to the parallel growth and intergrowth of two or more in- 
dividuals of different sizes; the striations commonly observed on 
the faces parallel to the ortho-axis arise mainly from these causes, 
and proportionally few of the striations can be attributed to the 
twinning. 

Extinction takes places simultaneously in all the individuals that 
enter into the formation of the complex crystals, and this would not 
occur in the case of twins. Some of these remarkable forms are 
given in figs. 2, a, b,c. 

Fig. 2. 

a i) c 

- 
\ 

Twins are comparatively rare, and, if present, they are of a common 

type whose plane of twinning and composition is T ( oPe ), the ex- 
tinction-direction of the one individual making an angle of 6° with 
that of anothér (fig. 3). The traces of cleavage upon M, in both 
individuals, meet at an angle of about 130°, just as in the case of 
common epidote described by F. Becke* and H. Reuscht. The 

* Tschermak, Min. u. petr. Mitth. 1879, p. 837. 
Tt Neues Jahrb. fiir Min. ete. 11. 1883, p. 87. 
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erystal individuals of twins differ considerably in their size, and the 
one bears a parasitic relation to the individual to which it is attached. 

The colour and the behaviour of pleochroism in twins are exactly 

similar in most cases, so that the existence of twinning can only be 
recognized by a slight difference in the shade of colour of both 
crystals under crossed nicols, and also in the direction of the traces 
of cleavage upon M. 

Cleavages upon the base (oP), and orthopinacoid (Ps ) are 
sometimes observed ; but in minute crystals they are, as a rule, less 
distinctly developed than in the larger individuals; for in the 
majority of cases the smaller ones are perfectly free from such traces 
of cleavage. 

The angle of oblique extinction :—c: A=3°. The axial colours: 
A=deep reddish-violet ; C=brownish red; B=lght violet. The 
degree of absorption: A>C>B; while in common epidote it may 
be expressed in the following scheme*,C>B>A. Therefore the 
clinopinacoidal sections of this mineral show the most intense colours, 
while those parallel to the ortho-axis display a lighter tint. When 
a slide is prepared in the direction of the planes of schistosity in 
the rock, we usually see sections approximately parallel to the 
b-axis; but we also perceive a marked difference in the colours 
of various sections suggestive of entirely different minerals; the one 
is a deep violet, the other a brownish yellow. As there are great 
differences in the axial colours already stated, it may be naturally 
expected that a section parallel to the basal pinacoid M is of a 
brownish yellow ; for we see the combination of the axial colours of 
C and B; that which is taken nearly parallel to the orthopinacoid 
T is of a deep violet (a combination of A and B). The clinopina- 
coidal section shows the deepest shade of colour, the face-colour 
being a combination of C and A. 

* Rosenbusch, ‘Mikroskopische Physiographie,’ i. p. 497, 2te Auflage. 
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The extinction-direction is, of course, parallel and at right angles 
+o the longer sides of sections in the zone of M and T, and the in- 
tensity of the colours also depends upon the section in this zone. 
The polarization-colours are magnificent, ranging from an intense 
violet to an indigo-blue tinge, and this becomes more pronounced 
if we insert a quartz-plate in the tube of the microscope. 

The piedmontite is generally pure; neither liquid-enclosures, 
gas-enclosures, nor microlithic interpositions being found in large 
quantities. Minute crystals represent the ideal purity of the 
mineral. 

This mineral has been isolated from other constituents of the 
schist from Otakisan, Awa province, by means of Thoulet’s solution. 
The result of the chemical analysis, kindly undertaken by Mr. J. 
‘Takayama, of the Geological Survey of Japan, is as follows :— 

OL) Bec mates SIM Set omega 36°16 
Al,0, SP Sea Citeeete tM hp > 22°52 
ION a ake tat as Sel ae 9°33 
ae Se Aeon Saha ee ¥ ae 

5 Orne hansen 22° 
EM, 52 nl sgBtiy seater ate tes, «5 0-40 
RO) ais Cem res te» trace 
ITN Oey 6 seek see eehc Weems be 0-44 
1BL QMS pstnteip le See tr eg aae 3°20 

100°53 
ele Cail, = 2:2 Cas Re er eae 92 

(b) Comparison with other Occurrences.—On comparing the result 
stated above with analyses of Swedish and Alpine epidotes * our 
mineral shows in some particulars a marked difference in the per- 
eentage-composition from both of them; there is nevertheless a 
general resemblance in all, and the Japanese epidote supplies a 
hitherto missing link between that of Jacobsberg, in Sweden, and 
that of St. Marcel, in Piedmont. Mr. Takayama states that he is 
as yet unable to decide whether the manganese in the Japanese 
epidote exists as sesquioxide or as monoxide, or as both. Igelstrom 

suggests that the Swedish mineral contains manganese as the 
monoxide, while others are of opinion that in the Alpine epidote 
the manganese exists only in the condition of sesquioxide. Some 
mineralogists therefore hesitate whether they should be regarded as 
the same mineral varietyy. The writer before expressing himself 
decisively on this point awaits the results of a more complete 
examination. 

Being of a very beautiful rose-red colour, highly pleochroic and 
acicular in habit, piedmontite is frequently confounded with tour- 
maline, and as such it was at first regarded by us. Dr. KE. Naumannt 

* Rammelsberg, ‘ Mineralchemie,’ 2te Auflage, p. 595. 
» + Naumann; Zirkel, ‘Hlemente der Mineralogie,’ 12te Auflage, p. 577. 
t ‘Ueber den Bau und die Entstehung der japanischen Inseln,’ Berlin 

1885, p. 10. 

Q.J.G.8. No. 171. 2k 
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notes that there are two interesting rocks in the erystalline-schist 
system of Japan, one of which is “ ein echter durch charakteristische 
rothe Farbung kenntlicher Turmalinschiefer, der unter dem Mikro- 
skop schongefairbte starke dichroitische langgestreckte Krystalle 
zeigt.” The original specimens from which E. Naumann penned the 
above-quoted statement were kindly placed at my disposal by the 
Geological Survey of Japan. On examining the various slides the 
writer was firmly convinced that here we have to do with true pzed- 
montite, and not a tourmaline; and the analysis given above confirms 
the writer’s view. 

(c) Geographical Distribution of Piedmontite——The mineral pied- 
montite is not of common occurrence. In treatises on mineralogy 
we find only two typical localities up to the present: the one is 
St. Marcel, near Aosta, in Piedmont, Italy, where it occurs, as a rare 
mineral, together with other manganese ores ; the other is Jacobs- 
berg, in Wermland, Sweden, where it is found localized within a 
limestone. In both cases, as it seems to me, piedmontite occurs as 
a rare mineral, and it is by no means abundant enough to form an 
independent rock. 

Its extensive occurrence in Japan is somewhat remarkable, and is 
probably unequalled in other parts of the world ; the manganepidote 
and quartz constitute the piedmontite-schists, and it is also an acces- 
sory component in glaucophane-schist *. Geologically speaking, its 
occurrence is confined to the same horizon as the glaucophane, ?. e. 
the lower part of the chlorite-schist series of the Archzean complex. 
This unique piedmontite-bearing rock is of unexpectedly wide dis- 
tribution, and constitutes, indeed, an essential member inthe Archean 
system of Japan. The subjoined are some out of many of the 
typical Japanese localities of manganepidote :— 

Sikoku Island. 

1. Otakisan, near the city of Tokusima, Awa province. 
2. Bessi Copper-mine, in Uma Gori, Sanuki province. 
3. Chihara Copper-mine in Sitfu district, Kitanada in Kami- 

Ukima district, Uchinoko and Kaya in Kita district, Lyo province. 

Main Island. 

4, Minano, Simo-Tano and Yori, Chichibu district; Ogawa, in 
Hiki district, Musasi province. 

5. Umenokidaira and Sambagawa, Kanra district, Kozuke pro- 
vince. 

6. Misaka, in Iwamae district, Iwaki province, &e. 

(d) A peculiar Hpidote—There is still another variety which 
may be conveniently described on the present occasion. In speaking 
of the glauecophane-schist in his other paper‘, the writer has already 
given a brief notice of the presence of a remarkable piedmontite. 

* Journal of Science College, Imperial University, Toky6, vol. i. part 1. 
B. Kot6, ‘A Note on Glaucophane,’ pp. 85 é7¢ seq. 

t Loc. cit. p. 85. 
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In this schist we find a peculiar epidote in the form of long irregular 
plates (}+1 centim.), having a slight yellowish-green colour, and being 
irregularly traversed by transverse cracks and longitudinal strie. 
The morphological habitus differs from that of an ordinary epidote 
in its more flattened tabular condition. It possesses sometimes a 
faint rosy tint, its pleochroism is weak, but distinct, being more in- 
tense when the short diagonal of the lower nicol is at right angles 
to the longer sides of the epidote. In other instances the red pig- 
ment is localized in the centre (fig. 4), so as to form a distinct zone ; 

but the reversed case, ¢. e.a red margin with the yellow centre, has, 
within the writer’s knowledge, never yet been observed. 

The rosy pigment which characterizes this epidote is certainly 
due to the presence of a manganese oxide, and the mineral forms an 
intermediate link between common epidote and piedmontite. One 
point in connexion with this epidote should not pass unnoticed, 
namely the abundant enclosures of aggregates of opaque iron-glance, 
and blood-red hexagonal scales of the same mineral, since the typical 
piedmontite is entirely free from enclosures of such a kind. This 

indicates the fact that the latter (piedmontite) has crystallized out 
before the yellowish-green epidote. 

(e) Garnet.—In the glaucophane-schist from Otakisan, in the 
Island of Sikoku, we find a large number of rhombic dodecahedra 
(size of a pea) of a greenish-yellow garnet. A slide cut from one 
of these garnets shows, under the microscope, that it is made up of 
different minerals as indicated in figure 5. This crystal is, indeed, a 
small mineral cabinet of all the constituents of the rock in which it 

occurs, except glaucophane. The violet piedmontite needles, clumps 
of dark iron-glance, hexagonal scales of iron-glance, the knee-shaped 
twins of rutile-needles which contain in their substance also a large 
number of already twinned crystals upon Po, and, lastly, highly 

2K 2 
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vitreous grains of quartz, are all thrown together within the garnet 
crystal, these enclosures assuming a more or less curved course. 

The colour of the garnet itself is deep yellow, and the crystals 
show anomalous optical: properties, being anisotropic. This is 

Fig. 5. 

caused probably by the strain from the interposition of other minerals 
contained in it. Prof. Bonney* has also found garnet in cer- 
tain glaucophane-bearing rocks near Berrioz, Val d’Aoste, in the 
Alps. Here the garnet sometimes contains glaucophane and dark 
dust (?), which he suggests may be possibly due in certain cases to 
subsequent infiltrations. The garnet here described is entirely free 
from enclosures of glaucophane, although the rock itself is a glauco- 
phane-schist; and the above-mentioned interpositions, 2. ¢. pied- 
montite, &c., seem to have been developed prior to, or contem- 
poraneously with, the formation of the garnet. 

Discussion. 

The Prestpent remarked that, in the slides, where the glauco- 
phane was best developed, there the piedmontite was most rare, and 
that where the piedmontite was abundant but little glaucophane 
was to be seen. He alluded to the striking pleochroism of the 
piedmontite, end to the interesting fact of its having been now 
recognized for the first time as a rock-constituent. 

Mr. Miers, whilst claiming but lttle special knowledge of the 
minerals described, expressed his satisfaction with the paper. 

Mr. Huptzston said that the President’s remark precisely con- 
firmed Mr. Koto’s statement to the effect that the piedmontite exists 
only as an accessory mineral in the glaucophane-rock, whilst it is 
one of the principal constituents in the piedmontite-schist, which 
contains hardly any glaucophane. 

* «On a Glaucophane-eclogite from the Val d’Aoste,” Min. Mag. vol. vii. 
no. 32, p. 2 (1886). 
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30. On the Rocxs of the Matvern Hitis. By Franx Rovrrey, 
Ksq., F.G.S., Lecturer on Mineralogy in the Royal School of 
Mines. (Read December 1, 1886, and April 6, 1887.) 

[Prates XITX.-XXT_] 

Part I. 

Tue rocks of the Malvern Hills have already been the subject of 
much discussion, and some of our most eminent geologists have 
devoted a large amount of time and trouble to the unravelling of 
their history. 

One of the most important papers, however, upon this subject 
was written by Dr. Harvey B. Holl *, over twenty years ago; and 
with this paper and a few maps I have spent several weeks in 
examining the range. 

The general result of this examination may be of interest, inas- 
much as it enables me to confirm to a great extent the statements 
made by Dr. Holl, whose careful observations and sound inferences 
cannot fail to impress those who endeavour to follow up his work. 

One of the main points which Dr. Holl wished to demonstrate 
was, “that the rocks which had hitherto been treated of as syenite, 
and supposed to form the axis of the hills, were in reality of meta- 
morphic origin, and belonged to the Pre-Cambrian, Azoic, or Lau- 
rentian Age.” I think that, at the present day, many geologists 
will be found who are ready to accept this conclusion, in spite of 
the protest of the late Sir Roderick Murchison 7. 

Dr. Holl, in his paper, discusses first the structure and origin of 
the crystalline rocks of the Malvern Hills, he next treats of the 
adjacent Paleeozoic strata, and finally endeavours to show the chrono- 
logical relationship of the several events in their geological history. 

Without attempting to follow out such an extensive programme, 
I have restricted my work to the old ridge of gneissic syenite, 
granite, &c. which constitutes the central or axial, and, indeed, the 
main portion of the range; and although I have failed to see many 
things, I have nevertheless verified much that Dr. Holl, the late 
Professor Phillips f, the Rev. W. 8. Symonds §, and other observers 
have recorded. 

At the outset, Dr. Holl describes the small hill known as Keys 
End or Chase End as consisting, at its southern extremity, of 
thinly bedded gneissic rocks dipping east, the gneiss being some- 
times micaceous, at others hornblendic. This hill is the extreme 

* “On the Geological Structure of the Malvern Hills and Adjacent Districts,” 
Quart. Journ. Geol. Soc, vol. xxi. pp. 72-102. 

T ‘Siluria,’ 4th edition, 1867, p. 14. 
t ‘ Memoirs of the Geological Survey,’ vol. ii. part 1. 

_ § ‘Old Stones, a series of Geological Notes on the Rocks in the Neighbour- 
hood of Malvern,’ new edition, 1884. 
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southern member of the Malvern range, and after a more detailed 
description of it Dr. Holl carries the reader gradually northward. 

Without following his description further at present, L will at 
once venture to expound the view to which my own examination of 
the range, coupled with a careful perusal of Dr. Holl’s paper, has led 
me—a view which begins at the other end of the chain, and which, 
if true, may result in a better understanding of its structure. 

In the first place, the beds of crystalline rocks, mostly of a gneissic 
character, which form the axis of the Malvern range have, I believe, 
been disposed in a synclinal flexure, which stretched from the north 
of the range as far as the middle of the ridge which forms Swin- 
yard’s Hill, where there is, I think, evidence to show that they 
experience a sharp anticlinal flexure and are then faulted down- 
wards, to reappear no more in this country. The synclinal fold just 
mentioned, which is over five miles and a half in length, is probably 
more or less irregular through subordinate crumpling of the beds, 
and, in common with the rest of the range, is traversed obliquely by 
a number of approximately N.W. and 8.H. or N.E. and 8.W. faults, 
as already indicated by Dr. Holl. 

Inferences regarding the upthrow or downthrow of the masses 
lying between these faults may, perhaps, be most safely arrived at 
from the corresponding displacements of the Silurian strata which 
occur on the western flank of the range, and although from a little 
north of Malvern Wells to the extreme north of the chain there 
appear to be successive downthrows to the north, yet south of 
Malvern Wells the throws vary. 

From lithological evidence generally, it seems that the rocks 
forming the northern portion of Swinyard’s Hill are a repetition of 
those which constitute the Worcestershire Beacon, and the assumed 
relationship of the beds is indicated in the diagrammatic section 
appended to this paper (facing p. 488) *. 
We may infer that probably, but not necessarily, the oldest and 

once most deeply-seated beds of gneiss would be those which would 
have undergone the greatest alteration, that traces of bedding in 
them would be rare or very obscure and irregular, and that in 
crystalline structure they would approximate more closely to plutonic 
rocks than the higher beds of the series. In other words, we should 
expect to find the older beds occurring in the condition of coarsely 
erystalline gneiss, or even of crystalline rocks devoid of foliation, 
and the younger of finer texture and approximating to schists. 

In the Malvern range we find the most coarsely crystalline rocks 
in the northern, and the fine-grained rocks and schists mostly in the 
southern hills. Hence it may, I think, be inferred that the rocks 

* On referring to Phillips’s Memoir, the following statement concerning what 
he termed “mottled syenite ” will be found :—‘“‘ As already observed, it is in the 
northern parts of the Malvern range, and especially north of the Worcestershire 
Beacon, that this beautiful rock appears most abundantly. It is, however, not 
entirely absent from any of the hills, at least in small masses. On the crest of 
Swinyard’s Hill it may be found amidst the great variety of compounds which 
that narrow and interesting ridge presents.” (Mem. Geol. Surv. vol. ii. pt. L, 
p. 41.) . 
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constituting the northern parts of the chain are older than those 
which occur in the southern end. The rocks of the North Hill and 
the Worcestershire Beacon are, as a rule, coarsely crystalline, and, 
I believe, older than those of the Raggedstone and its vicinity, 
which are for the most part of a schistose character. Owing to 
frequent faulting and subsequent denudation, the regular chrono- 
logical sequence along the range is more or less disturbed, and in 
this manner we meet with very coarsely crystalline rocks in the 
northern part of Swinyard’s Hill, only two or three miles from the 
southern extremity of the chain, which appear closely to resemble 
some of the very old rocks in the northern parts of the range. 

The flanking beds of Paleozoic strata, which abut against the 
western side of the chsin throughout its entire length, occur only 
on the eastern sides of the southern hills; and it does not seem un- 
reasonable to suppose that their partial preservation on this side is 
due to the downthrow towards the south of the southern portions of 
the old ridge, although it must be admitted that there are some 
objections to this view. 

_ Most of the faults which cross the axis, generally in N.W. and 
S.E., and N.E. and S.W. directions, have been indicated by Dr. Holl, 
who has traced them by means of breccias, or inferred their ex- 
istence from marked discrepancies in the strike of the beds. An 
examination of the ground shows how carefully he has done this; but 
I have ventured here and there to extend some of these lines of fault 
from the Silurian area across the gneissic rocks, on the strength of 
somewhat meagre evidence not recorded in his paper. 

As already mentioned, one of the most striking lithological 
features of this range consists in the generally coarsely crystalline 
character of the rocks forming the North Hill, the Sugarloaf, the 
Worcestershire Beacon, the Herefordshire Beacon, and the northern 
part of Swinyard’s Hill. These constitute two well-marked masses 
when regarded lithologically—the first extending from the northern 
end of the chain to the Wych, while the second reaches from the 
northern foot of the Herefordshire Beacon to the fault which crosses 
Swinyard’s Hill. 

These two masses consist, for the most part, of coarsely crystal- 
line gneissic rocks, sometimes hornblendic, at others micaceous ; 

while non-foliated rocks of similar mineral constitution also occur, 
which may be regarded as syenite and granite. Beds of much finer 
texture are also met with within these areas, but the general 
character of the two masses is a coarsely crystalline one. 

The contrast between these rocks and those which constitute the 
other portions of the range, which consist mostly of schists and thinly 
bedded gneissic rocks of finer texture, has been specially noticed 
both by the late Professor John Phillips * and by Dr. Holl. 

*  Schistose rocks more or less approaching the character of gneiss are more 
abundant in the Malvern Hills than might be expected. They occur prin- 
cipally in the West Raggedstone Hill, about its summit; in the northern parts 
of the Midsummer Hill, and in the hills south of the Wych; but there are 
various other more limited exhibitions of such compounds.” (Mem. Geol. Surv. 
woOl. i. pt. 1, p. 43.) 



A84. MR. F. RUTLEY ON THE ROCKS 

The first, or northern, coarsely crystalline mass is cut off on the 
south by a fault near the Wych Pass; while the other coarsely 
crystalline mass is bounded by a fault on the north of the Here- 
fordshire Beacon, and by another which cuts across Swinyard’s Hill, 
near the highest part of the ridge. It is to these three faults that 
I would specially direct attention, as they appear, from adjacent 
lithological evidence, to be the principal dislocations of the chain. 

We will deal first with the northern mass. Dr. Holl states * 
that there is, nearly opposite the ravine (the Dingle) which 
separates the Worcestershire Beacon from Summer Hill, a fault 
which ‘‘ has carried the Woolhcpe Limestone, on its southern side,. 
30 yards further to the west.” 

Meeting with breccia on the eastern slope of the range in the 
vicinity of St. Ann’s Well, it occurred to me that it might indicate a 
fault and that the line of fault just alluded to, and which is Shown on 
the map accompanying Dr. Holl’s paper, would, if produced, touch 
the spot at which this breccia occurs. Drawing such a line across the 
Ordnance six-inch scale map, I endeavoured to trace the breccia, and 
found a small exposure of it just where the line crossed the ridge of 
the hill, above and a little to the south of the head of the Dingle.. 
Several hours of search for further evidence resulted in the discovery 
of breccia at various points, near the line, but sufficiently far from 
it to show that, if the breccia indicated a fault, it was either very 
sinuous or, more probably, was itself faulted by transverse disloca- 
tions. JI think, however, it may be assumed that a fault does 
actually cross the range at this point; for, apart from the occurrence 
of breccia, the strike of the rocks composing the Worcestershire 
Beacon does not agree with the general strike of those on the other 
side of a line drawn along the Dingle and over the ridge to St. 
Ann’s Well, 

Roughly classifying the chief rocks of the Malvern axis, we may 
separate them into three groups, viz. :— 

Upper group =Schists and fine-grained gneiss. 
Middle group = Fine- and medium-grained gneiss. 
Lower group = Medium- and coarse-grained gneiss, with 

diorite and granite. 

Between these groups there exist no definite lines of demarca- 
tion, all three groups being composed of alternating beds of variable 
texture. 

The Upper group ‘is, however, specially characterized by the 
prevalence of schists, while the Lower group consists mainly of beds 
of very coarsely crystalline gneiss alternating with granite, syenite,. 
and diorite. 

The range from the extreme north to the Wych consists mainly 
of the Lower, with perhaps the base of the Middle group. 

From the Wych to the Herefordshire Beacon the rocks belong 
chiefly to the Middle group. But it seems probable that some of. 

* Op. cit. p. 95s 
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the highest beds a little south of Malvern Wells should be referred 
to the base of the Upper group. 

The Herefordshire Beacon is probably composed chiefly of the top 
of the Lower and bottom of the Middle groups, but exposures of 
rock are not very numerous; while the northern part of Swinyard’s 
Hill belongs, I believe, to the Lower group. South of the fault 
which crosses Swinyard’s Hill down to the south end of the range 
the rocks belong to the Upper group, except perhaps the southern 
portion of Midsummer Hill, which may represent the top of the 
Middle Group. 

In support of such evidence as appears to me to denote repetition 
of the gneissic beds, I cannot do too than quote the sequence of 
rocks recorded by Dr. Holl.in various parts of his paper, since, 
although he disclaims any belief in the repetition of these beds, his 
observations are in most instances of a much more detailed character 
than my own. Thus on pp. 76 and 77 of his paper he gives a list 
of the beds traversed in passing from the southern to the northern 
end of Swinyard’s Hill, stating the approximate thicknesses as: 
shown along the crest of the hill. 

Beginning at the south end he records :— 

tte 
Micaceous schist and fine-grained gneissic 

rocks, with a few subordinate bands of horn- 
IS MiG SONS Gey: aGaiwanckt <icBiatain venice sarees 665 

Hine-erained red granulite .................. 95 
Fine-grained gneissic rocks and mica-schist, 

with a few narrow bands of hornblende- 
SCLIN GE IR etme aalc uli bee Coenakneaded s hectare 565 
Elormiblende-schistsjssdss. cc ses sae cwsseeas bios 15 fits 
PVC ASO MIS MMnG Mee epee aissecsiaee dessus eieslansss> 15 { 680 
MUS cern Net tc Rac A cadeccelulsisticiuaese tenes 85 

Here we have, assuming his granulite to form the axis of a fold, 
665 feet of rock on one side, corresponding more or less precisely 
in lithological characters with 595 feet of rock on the other side, 
es a margin of 85 feet of unseen rock to supply a deficiency of 
O feet. 
These beds belong to what I have here termed the Upper Group. 

They are succeeded on the north, according to Dr. Holl, by trap- 
rock, micaceous and hornblendic schists, and fine-grained gneissic 
rocks with subordinate bands of hornblende-schist. Then follows 
what I conceive to be another, but a minor, fold, viz. :— 

ft. 
Diorite, rich in hornblende, with small quartzo- 

HE US FEN MICE MCI ote and accel aic oa aisle Gwen siemeaises sede snes 
ISICINISIE igh Nba RMR BEI eS bocicccG/ RGEC AS Sele ena EPPA nar 3 
Diorite, rich in hornblende, with many quartzo- 

RCSL MLC VEL yc eecye Ee Merne cctint ete sai nccdcuneveessuesteanwese 

Here, then, judging by the approximate thicknesses, we have in 
all probability a repetition by flexure. 

If the coarsely crystalline rocks forming the northern part of 
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Swinyard’s Hill be a re-emergence of the beds forming the Wor- 
cestershire Beacon, it then becomes. interesting to compare the 
immediately superincumbent rocks in the Herefordshire Beacon and 
those in the tract lying between the Wych and the Worcestershire 
Beacon; and we may, for this purpose take Dr. Holl’s statements 
as a close approximation to the truth. 

In the Herefordshire Beacon he records the presence of gneissic 
rocks, both hornblendic and micaceous, mica-schists, hornblendic 
rock, and large granite veins. 

From the Wych to halfway up the southern slope of the 
Worcestershire Beacon he also notes the occurrence of mica-schists, 
hornblende-schists, gneissic rocks, diorites, granitoid rocks, and 
granite veins. In this series, out of a roughly paced distance of 
677 yards, about 400 yards consists of rocks described as schistose 
and gneissic, and it therefore seems quite possible that they are 
the northern representatives of the rocks forming the Herefordshire 
Beacon, which, as already mentioned, may probably be referred to 
the upper part of the Lower and the lower portion of the Middle 
groups. In these questions of correlation I speak with great diffi- 
dence and must disclaim any wish to dogmatize. I would rather 
suggest, leaving future observers to draw their own conclusions. 
The probability of the repetition of beds here indicated has gradually 
forced itself upon me, both from field-work and in the endeavour to 
construct an intelligible section* through the range; and, on 
reference to the latter, it will be seen that the elevations and sub- 
sidences of the larger rock-masses have, I think, often occurred 
somewhat unevenly, while, in addition to this, I believe that some 
of them have sunk more or less to the east or west during the 
movements which have shattered and faulted the ancient ridge. 

Throughout this paper I have spoken of the bands of gneiss, 
schist, and other rocks which constitute the chief mass of the 
Malvern Hills, as beds. This has been done partly for the sake of 
convenience and partly because the foliation of these rocks seems, as 
a rule, to be parallel to the divisional planes which appear, on the 
sround, to represent stratification. Aware of the difficulties which 
environ questions connected with foliation, I would, indeed, prefer 
to employ the expression divisional planes in heu of stratification, 
bedding, or any more precise term. Darwin, whose observations on 
this subject are, in the main, opposed to the assumption that direc- 
tions of oven agree with Piers of bedding, has remarked that 
the strike o the foliation in most countries lies parallel to axes of 
elevation +; but if the ridge of the Malvern hills be an axis of 
elevation, the general law which he here enunciates is apparently 
violated throughout a considerable part of the range. 

That such repeated change in the strike of the divisional planes 

* The views of the late Professor Phillips, although given in considerable 
detail in the Memoirs of the Geological Survey, are simply expressed on the 
published sections by a wash of vermilion. 

+ ‘Geological Observations on South America, 1846, p. 166. See also 
Scrope’s ‘ Volcanos,’ 2nd ed. 1862, p. 299. 
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may have been brought about by the faulting of rocks in which 
there may have been once a persistently uniform strike, is, however, 
a possibility not unworthy of consideration*. On the other hand, 
the arguments in favour of the divisional planes being old planes of 
bedding appear to rest on the parallelism of the foliation to the 
divisional planes, on the seeming interstratification of rocks which 
exhibit no foliation, on the marked diiterences in texture shown by 
adjacent bands or beds, and also on the differences which occur in 
their respective mineral constitution. If we assume these rocks to 
be metamorphosed sediments, it follows that they were originally 
bedded, but it does not necessarily follow that they were all sub- 
sequently affected by cleavage; and we do not therefore seem 
justified in the inference that the foliation in this case is parallel to 
structural planes which may have existed, to the exclusion of the 
possibility that it may be parallel to others which, if the rocks be 
metamorphosed sediments, we feel assured did exist f. 

The reference of cases of more or less advanced metamorphism, 
and the accompanying phenomenon of foliation, to the shearing or 
creeping movement of one rock-mass over another, may induce many 
to search in the Malvern range for evidences of disturbance other 
than those already mapped as faults. Pending the result of such 
inquiries, it seems better to leave one’s mind in a receptive state 
than to crowd it with opinions of questionable value. 

In the meanwhile strikes and dips indicate the directions and 
inclinations of structural planes ; but whether those planes denote an 
original stratification is an open question and one upon which it 
seems unsafe to express any decided opinion. 

The upheavals and plications which the older rocks have undergone 
render it more than likely that in many mstances the steeply 
inclined planes of foliation do actually agree with steeply and 
similarly inclined planes of original stratification in rocks in which 
cleavage has not been induced, at least to some extent and along 
parallel portions of folds. On the other hand, the facts recorded by 
good and competent observers show that in a great number of cases 
unanswerable proof exists that often, over wide areas, the planes of 
foliation agree with planes of cleavage, and do not in any way 
correspond with planes of original stratification. 

Interbedded lavas and other eruptive rocks are also frequently 
present in most of the older formations, and it is therefore needful 
to remember this in accounting for some of the more strongly 
marked lithological differences in contiguous bands. 

* The foliation was developed in the range before the faults were formed, 
since the faults cause marked changes in the direction of foliation. In de- 
scribing the old ridge of the Malvern Hills as an axis of elevation, we are 
probably expressing merely a partial truth, since the ridge is, most likely, only 
an upeast portion of an axis of elevation, disrupted by north and south 
fissures. 

+ The late David Forbes considered that the direction of foliation agreed in 
all cases with the planes of least resistance, whether planes of stratification or 
cleavage, or, in eruptive rocks, with “ striz of fusion.” (‘The Structure of Rock 
Masses,” Popular Science Review, vol. x. p. 236.) 
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Again, we must remember that cleavage- and other superinduced 
structural planes do not bound any marked differences in texture or, 
more especially, in mineral constitution, unless they agree with 
planes of stratification ; and this appears to be a matter worth some 
consideration, for, if foliation invariably agree with planes which 
are not planes of stratification or lamination, we have to account 
for the very marked differences in texture and often in mineral 
constitution which are frequently met with in metamorphic rocks, 
and which certainly simulate, even if they do not actually represent, 
bedding. In a district such as the Malverns it is most easy to be 
led astray by appearances, and amid the many tempting possibilities 
which present themselves a wrong one may be chosen. It may be 
that I have done so in treating these gneissic and schistose bands 
as stratified beds of rock; but, if so, the error begins and ends with 
the treatment; for although I am inclined to believe that the 
divisional planes, with which the foliation appears to be parallel, 
may be planes of original stratification, and, although I have based 
the accompanying section upon such a possibility, I regard these 
planes for the present merely as structural planes of some sort, 
between which the rocks exhibit divers lithological characters *. 

Note to accompany the Plans and Section. 

For the sake of clearness two plans are given in juxtaposition, on 
one of which, fig. 2, only the faults are shown. Those given on 
Dr. Holl’s map are represented by continuous thick lines, while my 
own extensions of them are indicated by dotted lines. The outcrops 
of the Upper Llandovery beds and the Woolhope limestone on the 
western flank of the range serve to show the direction of the dis- 
placements produced by some of these faults. 

On the other plan, fig. 1, strikes and dips as well as faults are 
represented, those strikes recorded by Dr. Holl being shown by 
continuous strokes, while those which I have added from observa- 
tions made on the ground are denoted by dotted lines. The 
accompanying section (fig. 3) must be regarded as more or less dia- 
grammatic, its purpose being to illustrate the views put forward in 
this paper concerning the general structure of the range. 

To render the section less confused, the trap-dykes and the 
numerous granite or pegmatite veins which have been described 
are omitted, since although there is abundant evidence that some of 
them are intrusive, it seems by no means certain that many of 
those which follow the general strike of the beds do not actually 
belong to the gneissic series in which they occur. 

* During the completion of the first part of this paper, in which the work 
of Dr. Harvey B. Holl is so frequently cited, came the sad intelligence that 
that skilled geologist had been taken from our ranks. 

He leaves to us in his writings a lasting memorial of conscientious research. 
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Fig. 1.—General Plan, showing Dips, Strikes, and Faults. 
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Fig. 2.—General Plan of the Malvern Range, indicating Localities and Faults. (Seale 1 inch to a mile.) 

Fig. 3.—Diagrammatic Section from South to North, through the Malvern Hills. 

Ss. = % N. | 5 F £ 
z 5 E = z Pe Fs a 8 Z = a2 & 5 =e 
Ee =H = ER Fal SI ee) 5 z 2 é E 2 a F 4 i , i \ i i t ! | 

Lh la : i i 1 7 H Hs ge i a : ” H m7 Ge | eS 
i a LP ndage b H — y © 

we ETS é SS f Shas \\\ eae - —S 

IWS Sy BSS SSS 
F Fad F 

gr =Upper Gneissic Series, including mica-schisis, quartzites, and fine-grained gneiss. db=Diabase, BSSAS tg=Wornblende Gabbro. 
gn’ =Middle Gneissic Series. Foliated rocks of medium and fine texture. d=Niorite. ieee 
gn =Lower Gneissic Series, Yoliated rocks, mostly of coarse texture. md=Mica-diorite, |*#t#+34/G Granite, including Hornblendic Granite and : 2 =Miea- ec. eat es 8 tees ACT $ eee 7 — Granulite. [Quartz-syenite. “F P=Faults, 



> 

Neath ae 

aS pe ey eR 

aim 

PE 

‘ 
ie 



OF THE MALVERN HILLS. A89 

The greatest vertical displacement indicated in the section is 
connected with the fault which crosses Swinyard’s Hill, and, as 
drawn, it would appear to be about 3000 feet; but it is very 
probable that this amount of throw may be divided between this 
and two other possible faults, one of which may occur in Phillips’s 
“ Silurian pass” on the north of Swinyard’s Hill, while the other 
may be situated in “The Gullet” between Swinyard’s Hill and 
Midsummer Hill. This view derives some support from a statement 
made by Dr. Holl to the effect that “the several passes which 
divide the chain of the hills at intervals are probably, some of them 
at least, determined by lines of fault, as the direction of the strike 
of the rocks on opposite sides of these passes is, In some cases, 
abruptly altered ” *. 

No sharp demarcations occur between the Upper, Middle, and 
Lower Archean groups which I have here ventured=to propose. 
The very existence of any one of these groups depends upon the 
predominance or paucity of schistose beds, upon characters dependent 
upon coarseness of crystalline structure, thickness of bedding, and, 
in fact, upon the general nature of the rocks which constitute each 
group. 

Parr II. 

On the Rocks of the Malvern Hills. 

In the first part of this paper the general structure of the 
Malvern Range was considered; but, at the time it was written, I 
had not microscopically examined the recks which were collected 
during my stay in that district. 
- The details of this microscopic examination mainly constitute 
the second part of this paper; and I may here state that the micro- 
scopic evidence does not appear to me to disagree in any important 
respect with the views advanced in the earlier communication, except 
that truly eruptive rocks are more plentiful in the range than I had 
at first imagined. The following details relate to specimens which 
were selected as typical :— 

No.1. North Mill. Largest quarry on North face of hill.—Coarsely 
erystalline rock, consisting of pinkish-brown or flesh-coloured 
felspar, black hornblende, small scales of dark mica, and some 
quartz. This rock shows very coarse and strongly marked folia- 
tion, the hornblende and mica forming irregular and somewhat 
lenticular streaks, which are often an inch or more in breadth 
and are rudely parallel; but the bands do not appear to be con- 
tinuous, as a rule, for any great distance, and a band frequently 
thins out altogether. his is the coarsest example of foliation I 
have met with in the Malvern range. Under the microscope some 
of the larger felspar-crystals are seen to be microcline, the twin- 
lamellae crossing approximately at right angles and undergoing 
maximum extinction when rotated 15°. Orthoclase twinned on the 

* Op. cit. p. 95. 
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Carlsbad type is also present, and, judging from the angles of 
extinction, there is more or less andesine. Apatite crystals are 
numerous, and magnetite is also plentiful, occasionally in octahedra, 
but mostly in irregularly shaped patches. Quartz is plentiful, and 
it contains great numbers of fluid lacune which frequently lie in 
more or less well-defined bands, an arrangement which is probably 
due to pressure, aS pointed out by Prof. Judd in the quartz-grains 
of certain crushed quartzite-pebbles; but in this rock the stresses 
have been exerted in so many different directions, owing to the 
coarsely crystalline and mixed mineral constitution of the rock, that 
the bands of Jacunze seldom exhibit any approximate parallelism, 
except in one and the same crystal. The bubbles contained in the 
liquid of many of these lacunee exhibit spontaneous movement. A 
bubble in one of the largest lacune shows this spontaneous motion 
very perfecthy, and the drawing (Pl. XX1I. fig. 8) roughly indicates 
the course which it followed while watched for about a minute. 
Occasionally well-formed tabular crystals of specular iron occur in 
the quartz. The apatite crystals lie within crystals of hornblende 
and quartz and also within patches of magnetite, and evidently 
represent the first-formed constituents of the rock. 

Pl. XIX. fig. 1 shows the coarsely crystalline character of this rock. 
On the right, a portion of a large crystal of hornblende is represented, 
with a few included crystals of apatite ; the remainder of the figure 
shows portions of felspar-crystals and some interstitial quartz. The 
rock is a foliated quartz-syenite or hornblendic granite. The paucity 
of mica, however, hardly entitles it to the latter name. Gneissic 
quartz-syenite is, perhaps, the most appropriate term to apply to it. 

No. 2. North Mill. Largest quarry. North face of the hill—A 
rather finely crystalline dark greenish-grey rock, with pale greenish- 
grey streaks varying from a millimetre to a centimetre in breadth. 
This banding is sometimes very even and parallel, the rock splitting 
more or less readily along the pale greenish bands. In places the 
bands are less regular and have a tendency to branch. 

Under the microscope the pale greenish streaks are seen to con- 
sist In great part of epidote, which has probably resulted from the 
alteration of hornblende. Some green magnesian mica is also 
present. The section contains one crystal in which the change of 
the hornblende has only been partially effected, portions still showing 
the characteristic cleavage and strong pleochroism. 

Much of the felspar appears, from the extinction-angles, to be 
labradorite. Quartz is present in irregular patches, and contains 
numerous fluid lacune, generally ranged in lines, which, however, 
do not correspond in direction in the different crystals. The section 
also shows some good crystals of apatite. There are some portions 
of the preparation, consisting possibly of cordierite, which have been 
altered into a mass of minute fibrous crystals, irregularly felted, and 
showing, although colourless, strong absorption of light. Their 
extinction indicates that they are rhombic, and it is probable that 
they are sillimanite or natrolite. Magnetite is present, but only 
in small quantity. 
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An especially noteworthy point is the great difference in texture 
between this rock and the rocks with which it is associated. The 
latter are very coarsely crystalline and extremely rich in horn- 
blende. This rock, on the contrary, is of much finer texture, and 
one of its chief constituents is epidote, a mineral of secondary origin. 
The fibrous alteration-product already mentioned (sillimanite or 
natrolite) chiefly characterizes those particular bands in the section 
which give the foliated appearance to the specimen. 
There is no elongation of the quartz- and other constituent crys- 

tals to indicate that the banding of the rock is due to stresses and 
earth-movements, which in some cases are known to induce foliation 
and schistose structure in eruptive rocks, and it seems by no means 
improbable that this rock, in its earlier condition, possessed such 
banded structure as now exists in it (Pl. XIX. fig. 2), and that this 
banding resulted from the accumulation of hornblende &e. in certain 
planes *. These, I believe, were planes of stratification; and I am 
disposed to regard the rock provisionally as a highly altered sedi- 
mentary deposit or an altered and bedded volcanic tuff. Indeed, 
it seems very probable that in the earlier periods of the earth’s 
history, when sedimentary rocks must necessarily have formed a 
far smaller proportion of the earth’s crust than they do now, the 
products of denudation were chiefiy derived from rocks of an erup- 
tive type, and deposits formed of such materials would approximate 
more or less closely in mineral constitution to beds composed of 
truly volcanic ejectamenta. The sedimentary rocks of later date 
consist, in great part, of partially decomposed and triturated mate- 
rials derived from the repeated partial decomposition and trituration 
of rock, and there is, consequently, less probability now of the 
sedimentary deposits resembling volcanic tuffs than there was in 
Archeean times. 

The minute structure of the rock is not gneissic or schistose, and 
its fissile character is dependent upon the layers of epidote, which 
give itits banded appearance. 

No. 3. North Hill. Easternmost quarry on North side —This is a 
coarsely crystalline rock apparently consisting of black hornblende 
and flesh-coloured felspar, and in which traces of foliation are only 
perceptible in large specimens. 

Under the microscope the rock is seen to consist of hornblende, 
triclinic felspars, magnetite, and apatite. The felspars are mostly, 
if not exclusively, triclinic, and are, as a- rule, more or less altered 
by the development either of felsitic microcrystalline matter, or by 
minute scales, with here and there elongated negative crystals 
sometimes filled with decomposition-products. In one of these 
cavities a bubble is perceptible. All these results of alteration 
follow, as arule, the direction of twin-lamelle, aithough at times 

* Tn accordance with what is stated in the concluding pages of this paper, I 
may add that it is possible that such a rock might result from the crushing and 
chemical alteration of a diorite; and the proximity of diorite would lend 
support to this view. The microscopic evidence does not, however, appear to 
fayour such an hypothesis.—June 28, 1887. 
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they pass in parallel lines across such lamelle without any accom- 
panying twin-lamellation ; and in such cases they sometimes appear 
as dark opaque rods, probably the edges of thin tabular crystals of 
minute dimensions. 

These alterations are evidently similar to those described by 
Prof. Judd under the term “Schillerization”*; and it would 
have been superfluous to figure them, since like examples are admi- 
rably delineated in pl. x., vol. xli. of this Journal. By reflected 
light some of these alteration-bands appear of a pale greyish-white 
colour ; they are more opaque than the unaltered parts of the felspar, 
and it seems highly probable that the minute SUES, which in great 
measure made up these bands, are kaolin. 

In one or two cases the felspar crystals appear o undergo parallel 
extinction ; and bearing in mind the low extinction-angles of some 
of the triclinic felspars, notably in basal sections of oligoclase and 
andesine, I have felt some doubt in referring such crystals to ortho- 
clase or to a micro-perthitic growth of that mineral with another 
felspar. There appears to be no perceptible change of tint when a 
Klein’s plate is employed, and it seems possible that the very regular 
parallel bands of decomposition-products may, in this case, be fol- 
lowing a direction of cleavage in a monoclinic crystal. Due pre- 
caution was of course taken to insure the accurate crossing of the 
nicols. I am, however, still doubtful whether these crystals can 
be regarded as orthoclase. Some of the felspars, indeed a large 
proportion of them, appear, from their extinction-angles, to be labra- 
dorite. Twinning on both the albite and pericline types may 
sometimes be met with in the same crystal. Little or no quartz is 
present, and the rock may be regarded mineralogically as diorite, 
petrologically as a gneissic diorite or hornblendic gneiss. The 
foliation of the rock is scarcely evident in the microscopic section, 
except in one or two places where the smaller hornblende crystals 
show a tendency to form short and irregular bands (Pl. XIX. fig. 3). 
The dioritic character of the rocks of the North Hill was duly 
recognized more than twenty years ago by Dr. Harvey B. Holl +. 

No. 4. North Hill. Kasternmost quarry, North end.—A very 
coarsely crystalline rock consisting of blackish-green crystals of horn- 
blende, ranging from a quarter of an inch in diameter to smaller 
dimensions, and flesh-red felspar. This is one of the most coarsely 
erystalline and profusely hornblendic rocks in the whole range. 

Under the microscope the larger proportion of the rock is seen to 
consist of hornblende in large crystals, which by transmitted light 
appear of a green colour. The pleochroism is strong and the 
cleavages are well defined. Their boundaries are, however, irre- 
eular, as are those of the felspar crystals. The latter have under- 
gone much alteration, so that it is difficult to ascertain their optical 
characters. Some of them, however, are plagioclastic and tolerably 

* “On the Tertiary and Older Peridotites of Scotland,” Quart. Journ. Geol. 
Soe. vol. xli. p. 376. 

t “On the Geological Structure of the Malvern Hills” &c., Quart. Journ. 
Geol. Soc. vol. xxi. p. 83. 
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fresh, while the majority show indications of twin-lamellation. 
Some crystals of apatite are present, and there is a little quartz 
containing fiuid-enclosures ; but the latter mineral forms only a very 
small proportion of the rock, just enough to entitle it to the name 
of quartz-diorite. Taking the coarsely crystalline structure of the 
rock into account, it should, perhaps, rather be termed a hornblende- 
gabbro. It does not appear to be foliated, and is probably an 
intrusive rock. Pl. XIX. fig. 4 shows portions of the large horn- 
blende and felspar crystals as seen by ordinary transmitted light and 
magnified 55 diameters. 

No. 5. North Hill, near the top, South side—A rather coarsely 
erystalline dark iron-grey rock, consisting apparently of hornblende 
and felspar crystals, the former being, as a rule, the larger. The 
specimen exerts a moderately strong attraction when brought near 
the magnetic needle. 

Under the microscope it is seen to consist of hornblende, triclinic 
felspars, magnetite, and apatite. The felspar, judging from its 
extinction-angles, is in most cases labradorite. It is considerably 
altered, as a rule, especially on the borders of the crystals where 
they abut against the hornblende, into a microcrystalline-granular 
material, probably felsitic. 

The magnetite occurs in octahedra and in irregularly-shaped 
patches, the apatite in well-defined crystals. 

There is no sign of foliation, either in the specimen or in the 
microscopic preparation. Quartz appears to be absent; and the 
rock may be regarded as a good example of a diorite. 

No. 6. North Hill (top).—A rather fine-grained, pinkish, granitic- 
looking rock, showing slight foliation. 

Under the microscope the section shows felspar, quartz, horn- 
blende, magnetite, apatite, and kaolin. 

The felspars appear to be, in part at least, triclinic, but as a rule 
they are much decomposed. A very little mica may be present. 
The rock is essentially a quartz-syenite or hornblendic granite 
(Pl. XX. fig. 1). There is no evidence to show that it is a meta- 
morphic rock. From its rather fine texture it may be regarded as 
an intrusive sheet or dyke of no great extent. 

No. 7. North Hill, just south of Ivy Scar Rock (bench-mark).—A 
very fine-grained dark-grey rock, resembling the whin of the North 
of England in general appearance. 

Under the microscope the felspars -show the twin-lamellation 
eharacteristic of triclinic felspars, and the greater number of the 
Sections give extinctions of between 5° and 6° and between 15° and 
16°. Jt would appear therefore that the dominant, if not the only, 
felspar is labradorite. The other constituents are hornblende, mag- 
netite, and apatite. The apatite occurs in well-formed hexagonal 
prisms *, the hornblende in crystals which exhibit no regular boun- 

| daries, while the magnetite, which is plentiful, occurs in octahedra 
or in irregular patches. Some opaque white matter is also present; 

* ae group of seven individuals occurring in this rock is shown in Pl. XXI. 
wg. d. 

ee G.s. No. 171 25 
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it results from the decomposition of the felspar, and is probably 
kaolin. 

The rock is a diorite (Pl. XIX. fig. 5). 
No. 8. Quarry just above West Malvern Church.—A greenish- 

grey gneissic-looking rock, with very minute micaceous scales. The 
rock varies in texture, pinkish felspar occurring in some of the 
bands in rather coarse crystals. 

Under the microscope the chief constituents are seen to be tri- 
clinic felspars, biotite, epidote, apatite, a little quartz, and several 
decomposition-products. The biotite appears, by transmitted light, 
to be mostly of a sea-green colour. The felspars often contain great 
numbers of crystals, frequently mere microliths, which undergo 
parallel extinction and are probably mesotype. The rock is a mica- 
ceous gneiss. 

No.9. Quarry just above West Malvern Church.—A foliated rock, 
consisting of flesh-coloured and narrow dark-greenish bands. The 
former appear to be chiefly felspar, sometimes showing crystals a 
quarter of an inch in length. 

Under the microscope the rock is seen to be composed of micro- 
cline in large crystals without any regular boundaries, and showing 
the characteristic crossed twin-lamellation very distinctly, with the 
usual extinction-angles ; quartz, biotite forming thin irregular bands 
which mark the foliation of the rock, a little epidote and irregularly 
shaped and sparsely distributed grains of magnetite or titaniferous 
iron, probably the latter, as the grains are sometimes surrounded 
by an opaque, yellowish-white substance, which may be leucoxene. 
In general terms the rock may be designated biotite-gneiss. The 
foliation is shown in Pl. XIX. fig. 6. 

No. 10. Large quarry (Leighion’s) at the mouth of the Dingle, 
between the Worcestershire Beacon and North Hill.—A fine-grained, 
bluish-grey, crystalline rock, resembling whin, and showing a few 
minute specks of pyrites. The specimen selected is an average 
sample of the stone now being quarried for road-metal. The rock 
strongly attracts the magnetic needle. 

Under the microscope it appears to consist of pale-green horn- 
blende considerably altered (but crystals occasionally give an 
extinction-angle of 19° from the vertical axis), biotite, lath-shaped 
crystals of felspar much decomposed, but some tolerably fresh, 
showing micro-pegmatitic structure, and others twin-lamelle in 
which the extinctions indicate labradorite. Magnetite is plentiful, 
and there is a little pyrites. The biotite is of a green colour; and 
it is a matter of some difficulty to distinguish between it and the — 
hornblende, as they are often intimately associated. The rock is 
apparently an altered mica-diorite (Pl. XIX. fig. 7). . 

No.11. Worcestershire Beacon. North side near the summit.—A very 
fine-grained pale pinkish-grey crystalline rock resembling elvan or 
granulite. Seen under a pocket-lens it appears to consist of pinkish 
felspar, quartz, and minute deep-red grains which are seemingly 
garnets. Under the microscope the constituents are seen to be those 
already enumerated. The grains composing the rock are all of them 
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irregular in form and appear to be bound together by a crypto- 
erystalline cementing material. The felspar appears to be orthoclase : 
the garnets are only to be recognized by their isotropy, while the 
quartz contains numerous fluid lacune, some of them with bubbles 
which exhibit spontaneous movement when examined under a power 
of about 800 linear. 

The rock is a granulite and, in common with rocks of this class, 
is remarkably tough under the hammer. Portion of a thin section 
as it appears between crossed nicols and magnified 55 linear is 
shown in Pl. XIX. fig. 8. 

No. 12. Worcestershire Beacon. North side near summit.—A 
granitic-looking rock, coarsely crystalline and apparently composed 
of quartz, pink felspar, and mica. 

Under the microscope the constituents are seen to be microcline, 
quartz, biotite, and apatite. Here and there a little lhmonite and 
specular iron occurs; one or two small crystals of hornblende may 
be seen, in which the angle c:c¢is exceptionally large, being over 
30°. The pleochroism is somewhat distinct. The biotite, when 
examined under a tolerably high power, is found to be spotted with 
stains and patches of ferric oxide, and in some places scales of 
specular iron are developed. In other cases spicular bodies which, 
when magnified about 800 diameters, are seen to consist of strings 
of globulites massed in small fasciculi appear dark and opaque 
except towards their ends, where their component globulitic strings 
are irayed out and the globulites are seen to betranslucent. These 
globulitic crystals, for as such they may be regarded, probably 
represent an early stage in the development of some such mineral 
as hornblende. Furthermore, they intersect at angles of 60° in 
basal sections of the*bictite, and evidently lie in the directions of 
the three lines which form the percussion-figure of this mica. In 
sections normal or oblique to the cleavage of the biotite they appear 
merely as dark lines which follow the cleavage-planes. There is a 
certain resemblance in this arrangement which recalls the well- 
known crystals of specular iron in the Pennsbury mica, but the 
latter have sharply defined boundaries. Crystals and scales of 
specular iron also occur in the biotite of this Malvern rock, asso- 
ciated and sometimes in contact with the globulitic crystallites 
just described; but here, too, the specular iron exhibits sharply 
defined boundaries, and there is no doubt that whatever the globulitic 
bodies may be, they represent the incipient development of some 
mineral which retains any iron it may contain in the protoxide 
state, since the globulites are either colourless or pale green: but, 
since the surrounding biotite is of a green colour, it is difficult to 
say what their colour would be by transmitted light, if isolated. By 
reflected light the opaque portions of these crystallites, where the 
globulites have become densely packed, appear of a pale green or 
greenish white. A drawing of some of them, as seen by substage 
illumination and magnified 850 linear, is given in Pl. XXI. fig. 6. 

The rock is granite. Portion of the section magnified 18 linear 
_ is shown in Pl. XX. fig. 2. 

Zin 
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No.13. Worcestershire Beacon. North side of sumnut.—A greenish- 
grey crystalline rock, apparently composed toa large extent of horn- 
blende crystals varying from about 2 millim. to smaller dimensions. 
Under the microscope it is seen to consist of hornblende, decomposed 
felspars, apatite, and magnetite. The hornblende is very fresh. The 
cleavages are well defined and the pleochroism strong ; a= brownish- 
yellow, 6=dark brownish-green, c=bluish-green. ‘The felspars are 
in too advanced a stage of decomposition to admit of any determi- 
nation, but a few of them show faint indications of twin-lamellation. 
The magnetite occurs in irregular grains (Pl. XX. fig. 3). 

The rock is possibly a syenite, probably a diorite. The altered 
condition of the felspar precludes a decided opinion. 

No. 14. Worcestershire Beacon. Sumnut.—A crystalline rock 
apparently composed of dark green crystals of hornblende and 
pinkish-grey felspar. 

Under the microscope the constituents are found to be hornblende, 
triclinic felspars which show the extinction-angles of labradorite, 
apatite and magnetite. A little quartz is also present, but it certainly 
cannot be regarded as an essential constituent of the rock, which is 
a diorite. The section shows no traces of foliation. It is an erup- 
tive rock, and its general appearance en situ is that of a vertical 
dyke about 18 inches to 2 feet broad. 

Portion of a section magnified 18 LENCO | is shown im Pl. XX. fig. 4, 
as seen between crossed nicols. 

No. 15. Worcestershire Beacon. Nov side of summit.—A very 
fine-grained, pale bluish-grey crystalline rock. Epidote in small 
grains, triclinic felspar, quartz, and sparsely disseminated grains of 
Snaenetits appear, under the microscope, to be the chief constituents 
of this rock (Pl. XX. fig.5). Here and there a faintly defined linear 
arrangement of the epidote may be seen, as shown in the drawing, 
but it can hardly be regarded as foliation. The rock is probably 
an altered quartz-diorite, but it may, in its present condition, be 
looked upon almost as epidosite. 

No. 16. Herefordshire Beacon. North side, near top of ancient 
British Camp.—A fine-grained crystalline greenish-grey rock with 
small blackish-green porphyritic crystals. Under the microscope 
the latter are seen to be hornblende, and ragged fibrous-looking 
crystals of this mineral appear to constitute a large proportion of 
the rock and, from their arrangement, to give rise to a wavy and 
faintly foliated structure (Pl. XX. fig. 6). Minute granular crystals 
of epidote are plentiful, while patches of magnetite, often accom- 
panied by a little hematite, are common. The remainder of the 
section appears to consist of felspar, for the most part decomposed. 

Judging from the general appearance of the rock under the 
microscope, it seems highly probable that it is an altered diabase or 
andesite tuff; but it is also possible that the foliation in this, as in 
some other cases, may be due to shearing. 

No. 17. Herefordshire Beacon. North side, near top of British 
Camp.-—Dark bluish-grey to reddish-brown crystalline rock, show- 
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ing, on a cut surface, small reddish-brown and greyish-white 
blotches on a dark bluish-grey ground. 

Hornblende, triclinic felspars, quartz, epidote, apatite, and a little 
pyrites and chlorite appear, under the microscope, to be the principal 
constituents of this rock. 

Some of the felspars, judging from their extinction-angles, are 
labradorite, while others occasionally give an extinction-angle of 
39°, and must consequently be referred to anorthite. The horn- 
blende appears of a pale green colour by transmitted light; it occurs 
in irregularly bounded crystals which show the characteristic cleavage. 
The epidote occurs in moderate-sized crystals and in small grains. 
The quartz has segregated so as to form distinct bands, which 
alternate with the very irregular bands of hornblende, epidote, &c., 
through which more or less quartz is also disseminated. 

It is difficult to assign any precise origin to this rock ; it might 
quite weil have resulted from the degradation of syenitic rocks or 
hornblendic gneiss. It may even be regarded as a fine-grained 
hornblendic gneiss, and it is to the latter rock that I am inclined pro- 
visionally to refer it. Its general appearance by ordinary transmitted 
light under an amplification of 18 linearis shown in Pl. XX. fig. 7. 

No. 18. Herefordshire Beacon. Close to and on the west of the 
Cave.—Rather coarsely crystalline dark greenish-grey rock resem- 
bling basalt. 

Under the microscope the constituents are seen to be augite, 
triclinic felspars, apatite, pyrites, and serpentine (Pl. XX. fig. 8). 
The crystals of augite are occasionally over 5}, inch in length. The 
characteristic, almost rectangularly-intersecting cleavages ay be 
seen in the basal sections. ‘The crystals are intersected by strong 
and very irregular fissures, frequently accompanied by peroxide 
of iron, which communicates a rusty stain to the augite for 
a slight distance bordering the cracks. Here and there erie 
scales of specular iron may also be seen lying within the substance 
of the augite. In sections parallel to 010 the measurements of the 
extinction ¢:¢ vary but little from 38°. These augite-crystals 

) barely exhibit a trace of pleochroism. ‘The felspars show by their 
extinction-angles that some of them are labradorite, while others, 
and those perhaps the more numerous, are anorthite. The latter 
show, as a rule, less twin-lamellation than the labradorite, and the 
extinction-angle measured in four or five sections is 37° and some- 
times 38°. Pale green patches of serpentine are common in the rock 
and probably result from the alteration of olivine. No distinct forms 
which can be referred to crystals of olivine, however, are to be met 
with in the preparation. The pyrites occur in very irregularly-shaped 
patches often traversed by a labyrinth of channels and generally 
yery much cut up by branching cracks, which, when seen by reflected 
light, appear to be filled with hematite, while the pyrites is very 
ey seen to be intimately associated with magnetite, the 

latter mineral always enveloping the pyrites. From its mineral 
| constitution the rock appears to be related to eucrite. 

“An analysis of a rock from the same locality, no doubt the same 
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rock, has been given by the Rev. J. H. Timins (anal ysis xxxvii.* 
This analysis is subjoined, together with one of eucrite lava from 
Thjorsd in Iceland + :— 

eere : Tron . : Loss on Alkalies 
| Silica. econ Ora. Lime.| Magnesia. Ignition.| and Loss. 

—_——_—_| MPM sei 

| SOORVLL eee | 49°37 | 15°80 | 10°82 | 11°90 6°40 4:00 2°59— 99:98 

-Eucrite ...... 49-60 | 16°89 | 11:92 | 13:07 7:56 . | 1°44 10048 
| | 

In the first analysis traces of oxides of manganese and copper are 
recorded, and in the latter analysis traces of manganese, cobalt, 
and nickel. In the latter analysis, also, the iron is all in the 
protoxide condition, and the alkalies are given as Na,O=1°24 and 
i O—020 

Mr. Timins = stated that the subject of his analysis contained a 
few grains of olivine and a little quartz in cavities. He also adds, 
‘“* Parts of this rock resemble the matrix of the lava of the Capo di 
Bove near Rome. In its chemical composition it nearly corresponds 
with that which Bunsen gives for the ‘Normal Augite’§ of 
Iceland. Notwithstanding its occurrence in regular beds, its mine- 
ralogical character and its chemical composition make it probable 
that it has flowed over the surface.” | 

It is gratifying to find the mineral constitution of this rock, as 
revealed by the microscope, so well in accord with the results of 
Mr. Timins’s analysis made twenty years ago. 

The rock is eucrite- or anorthite-basalt. 
The eucrite lava of Thjorsa, the analysis of which I have here 

employed for comparison, is cited by Von Lasaulx || as an example 
of a true eucrite, and there seems, therefore, good reason to accept the 
analysis given by Kalkowsky as typical. The latter authority does 
not consider the term eucrite well chosen, and deprecates its use. 

No. 19. Herefordshire Beacon. East side, at the back of the Cave.— 
Very fine-grained bluish-grey aphaniticrock. Under the microscope 
it is seen to consist of felspars, chiefly labradorite, augite, titani- 
ferous iron, leucoxene, and pyrites in exceedingly minute specks. 

The section is traversed by a small vein of epidote enveloping 
fragments of the adjacent rock and also a little quartz. 

The augite appears in irregular grains, few distinctly formed 
crystals being visible. 

The felspars occur in lath-shaped crystals, generally corroded and 
frequently bent (Pl. XXI. figs. 4 & 5). There is much opaque 

* “On the Chemical Geology of the Malvern Hills,” Q. J. G. 8. vol. xxiii. 
. 008. 

: + Kalkowsky, ‘Elemente der Lithologie,’ Heidelberg, 1886, p. 150. 
t Op. cit. p. 359. 
§ The name Augite was used synonymously with Basalt by some of the 

earlier writers, and is given, in this sense, by Kinahan, ‘ Handy-Book of Ro 
Names,’ London, 1873, p. 73. 

| ’ Elemente der Petrographie,’ Bonn, 1875, p. 316. 
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avhite matter in the section, which, as seen by substage illumination, 
is indicated by the darker parts in Pl. XX. fig. 9. This is probably 
leucoxene, and it is generally associated with an opaque black 
mineral, which may, consequently, be regarded rather as ilmenite 
than as magnetite. The rock is a basalt. 

No. 20. At the back of the Cave. Herefordshire Beacon, overlooking 
Castle Morton Common.—A compact pinkish-brown to pale liver- 
brown rock of felsitic appearance and not unlike some porcellanites, 
with splintery to small wavy, almost conchoidal fracture, harder than 
steel, harder, at all events in part, than quartz, since the brilliant 
pyramidal face of a quartz-crystal was distinctly scratched by sharp 
corners of the specimen. 

Under the microscope the rock is seen to be filled with minute, 
sometimes irregularly-shaped, but generally nearly spherical granules 
with apparently a somewhat high refractive index. 

The aspect of the section between crossed nicols is that of a felsite, 
and it appears that the feeble light transmitted under these conditions 
emanates from portions of the otherwise seemingly structureless parts 
of the ground-mass, since, as a rule, the minute granules are appa- 
rently isotropic. It is, however, difficult to speak positively as to 
their absolute isotropy. Here and there crystals ranging from -4, 
inch to smaller dimensions may be seen either isolated or in groups. 
They are colourless and prismatic in habit. They are traversed 
transversely to the axis of the prism by lines which may represent 
a rather irregular cleavage. Between crossed nicols they undergo 
parallel or straight extinction, and may belong to the rhombic 
system. I would very doubtfully refer them to topaz. a supposition 
which is strengthened by the analysis (xlii.) of the Rev. J. H. 
Timins* of a rock from the same locality, in contact with felstone, in 
which he detected one per cent. of hydrofluoric acid. An interesting 
point connected with this rock is an obscure perlitic structure. In 
the first section examined it was not sufficiently well marked to 
enable me to form a definite conclusion; but since, in another 
section off the same specimen, a similar but better-marked structure 
(Pl. XXI. fig. 7) has been observed, I no longer hesitate to describe 
the rock as a devitrified obsidian with perlitic structure. It may be 

_ the rock analyzed by Mr. Timins, No. xlii., described by him as 
felstone ‘‘ of a pink colour,” or No. xlv. “ Porcellanite, north-east of 
the cave” 7. It is probably the latter, but both analyses are here 
transcribed :— 

mg - _ | Oxide of | +. __. | Loss on | Alkalies 
| Silica. | Alumina. oe Lime. | Magnesia. ‘Ignition. land Loss. 

it. ......,4050 | 123 1:33 5°39 0-91 1:45 29 

Pal i..03- 50 78°92 8:18 4°08 5:05 0°48 Pils) 2:10 

* “On the Chemical Geology of the Malvern Hills,” Q. J. G. 8. vol. xxiii. 
p. 360. 

+ Op. cit. p. 360. 
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The percentage of alkalies is, however, considerably lower than is- 
usual in rocks of this class. 

The perlitic structure is chiefly rendered evident by the massing 
together of the minute granules already alluded to along curved 
lines. This is indicated in the drawing which was made from a 
spot in the section which shows the structure best, as it frequently 
becomes very obscure, owing to the multitude of the granules, so 
that oftentimes no arrangement denoting perlitic structure can 
be traced. Even under favourable circumstances it is frequently 
needful to examine the section attentively before the fact that 
this structure is present and pervades the entire section becomes 
evident to the observer. The specimen was collécted and labelled 
as likely to show perlitic structure. It does show it, but it is 
the most feeble demonstration of the structure that I have ever 
seen. It is interesting, however, as being the first indication of a 
vitreous rock in the Malvern Range hitherto recorded, and it may 
possibly belong to the same geological horizon as the perlitic rocks 
of the Wrekin, first described by Mr. 8. Allport *. 

The specimen is a mere surface-chip, and further search in the 
neighbourhood from which it was derived would certainly yield 
better material for investigation and probably more satisfactory 
results. 

The apparent banding shown in P]. XXI. fig. 7 is merely due to 
alteration, produced by the filtering of water along cracks resulting 
in a slight rusting ; but these cracks, as shown in the drawing, have 
been faulted by other minute fissures. 

No. 21. Hollybush Pass. Large Quarry on North side of road.— 
Average sample of the stone now quarried. Very fine-grained 
bluish-grey crystalline rock, strongly attracts the magnetic needle. 
Under a pocket-lens it shows here and there a few scales of silvery 
mica. Its general appearance resembles that of very fine-grained 
whin. Under the microscope the rock appears to consist of altered 
triclinic felspars, biotite, magnetite, and various products of de- 
composition. The felspars, when their extinction-angles can be 
made out, are apparently labradorite. Numerous but very small 
apatite crystals are visible; epidote and chlorite are present. ‘The 
magnetite frequently occurs in octahedra, which now and then, by 
their reentering angles, are seen to have a parallel grouping. The 
general impression derived from an examination of this rock under 
the microscope is that it is a much-altered diabase. 

No. 22. Swinyard’s Hill. Commencement of North end of the ridge. 
—A yery coarsely crystalline rock consisting of red felspar in large 
crystals, a greenish mica in small scales, and quartz in crystalline 
pellets, occasionally nearly half an inch in diameter. 

Under the microscope the felspars are seen to be microcline and 
orthoclase, the former showing, in polarized light, the characteristi¢ 
twin-iamelle intersecting approximately at right angles, the angle 
of maximum extinction in basal sections being about 15° from the 

Quart. Journ. Geol. Soc. vol. xxxiii. p. 449. 
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directions of the lamelle. The orthoclase also occurs in large 
erystals. One of those present in the section is twinned on the 
Carlsbad type. The mica is of a green colour by transmitted light 
and the crystals are much smaller than those of the felspars. The 
quartz encloses great numbers of fiuid-lacune containing bubbles. 
These cavities are mostly ranged in lines or streams which appear 
to follow two general directions crossing at a high angle, which, 
however, varies, as the lines are rather wavy and sometimes converge. 
By carefully traversing the preparation under the microscope it is 
seen that the directions of these streams of cavities are tolerably 
persistent in patches of quartz more or less widely separated, and it 
is possible that they may be approximately normal to two different 
directions of stress. The large patches of quartz are seen in 
polarized light to be made up of smaller patches, each being an 
individual quartz-crystal; yet the same stream of cavities will pass 
unbroken through many of these crystals, until, joming with other 
streams of cavities, it can no longer be traced, or until it reaches 
the opposite side of the composite area of quartz. 

None of the component minerals exhibit any definite crystalline 
forms. No apatite is present, but afew granules, apparently of 
epidote, are visible. 

The rock is a coarse-grained granite or pegmatite. 
No. 23. Swinyard’s Hill. Highest point of the ridge.—A coarsely 

erystalline rock composed apparently of dark-green hornblende and 
pinkish-grey to greyish-white felspar, with a few minute scales of 
a silvery mica. The chief constituent of the rock, however, appears 
to be hornblende in large crystals. 

Under the microscope the constituents are seen to be hornblende, 
triclinic felspar, a colourless mica, epidote, natrolite, and magnetite. 
Of these, hornblende is by far the most important, constituting 
probably more than three fourths of the rock. The felspars approxi- 
mate in their extinction-angles, in some cases to andesine, in others 
to labradorite; but the lamelle are often bent. They are by no 
means numerous, and exhibit no well-defined crystalline form. 
The mica is colourless or of a very pale greenish tint when viewed 
in thin section by transmitted light. Both epidote and magnetite 
occur in small irregularly-shaped grains. The natrolite is chiefly 
met with in the triclinic felspars, in small prisms which polarize 
in brilhant colours, and, between crossed nicols, undergo straight 
extinction. Here and there minute scales of specular iron of a 
bright orange-red colour may be seen in basal sections of the mica. 
In these sections only a portion of an hyperbola can be seen in 
convergent polarized light. 
The rock is a diorite, and was described as such by the late 

Dr. Holl*. The Rev. J. H. Timins has also described it in his 
paper T as “containing hornblende, white felspar and silvery mica. 
The more micaceous and felspathic portion of the rock was 
analyzed.” ‘The analysis is subjoined. 

* Op. cit. p. 77. Where he refers the felspar to oligoclase or andesine. 
tT Op. cit. pp. 363-364. Analysis lx. 
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Silica=44°76. Alumina=16:60. Oxide of Iron=8°43. Oxide 
of Manganese = 0°20. Lime = 9°92. Magnesia = 8°56. Loss on 
Jgnition=2°68. Alkalies and Loss=8°85. 

No. 24. Swinyard’s Hill. North side of highest point of ridge.—A 
remarkably coarsely-crystalline rock composed of flesh-red felspar, 
dark green hornblende, and quartz. This and No. 22 are perhaps 
the most coarsely crystalline rocks in the whole of the Malvern 
Range. 

Under the microscope by ordinary transmitted light the horn- 
blende appears of a greenish-brown colour, and some minute opaque 
brown flecks, seemingly of limonite, may here and there be seen in it. 
The felspar-crystals are mostly very large and exhibit no definite 
crystalline form, their boundaries being extremely irregular. Some 
of them are tolerably fresh, others considerably altered. One 
measurement gave an extinction-angle of about 5°, another, but not 
a trustworthy one, about 12°. They are probably microcline. The 
quartz contains fluid-lacune with bubbles. 

The rock is coarse hornblendic granite or quartz-syenite. 
No. 25. Swimyard’s Hill, North side of highest point.—A rather 

fine-grained, crystalline, dioritic-looking rock, apparently composed 
of dark green hornblende and a pale grey or pinkish-grey felspar. 

Under the microscope the hornblende appears to be the principal 
constituent (Pl. XX. fig. 10). It is of a brownish-green colour when 
viewed by transmitted light. Its pleochroism is strong, a=pale 
brownish yellow, b—coffee- brown, c=greenish brown. 

Where moderately fresh, the extinction-angles of the felspars 
indicate that they may be in some cases amdlesinie) in others labra- 
dorite; but for the most part the felspars are greatly decomposed, 
and no safe deductions can be formed concerning them, except that 
they are triclinic. They appear, in most cases, to be replaced by 
natrolite. Quartz, containing minute fluid-lacune, is of common 
occurrence in the section ; but the grains are small, and it forms a 
comparatively insignificant proportion of the rock, which must be 
regarded as a diorite. 

‘No. 26. Swinyard’s Hill, just South of the swmmit.—A very dis- 
tinctly foliated crystalline rock, the bands being alternately flesh-red 
(or a finely crystalline admixture of fiesh-red and greyish-white 
minerals) and dark green, the constituent of the dark green bands 
being probably hornblende. Under a pocket-lens a few minute 
scales of silvery-looking mica are visible. The foliation reminds 
one somewhat of that of the Schorlschicfer of Auersherg in Saxony ; 
but in the latter rock the dark bands are intensely black instead of 
dusky green. 

Under the microscope, quartz, magnesian mica, and, apparently, 
some muscovite and triclinic felspars, especially microcline, are 
seen to be the principal constituents of the rock. The cleavage- 
planes in the mica have a general tendency to follow the foliation, 
which in reality is due to this mineral. The quartz shows streams 
of fluid-lacunee, which in nearly all cases run in a direction more 
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or less at right angles to the foliation. There is something more 
than accident in this circumstance. By reflected light, a rusty 
brown colour is seen to pervade the darker bands of the rock, and 
the darkness of these bands appears to be due partly to the presence 
of biotite, and partly to that of lmonite. The rock is essentially a 
biotite-gneiss. 

No. 27. Swinyard’s Hill, largest Quarry, South end.—Dark grey, 
finely foliated micaceous rock. On a cut surface, blotches and 
streaks of a fiesh-red felspar are visible. The rock has an imper- 
fectly fissile structure, and on the schistose planes the micaceous 
character is, of course, most perceptible. 

The description of the microscopic characters of the preceding 
specimen applies equally well to this, except that there is more 
muscovite present, and itis still noteworthy that the streams of fluid- 
enclosures in the quartz again run in a direction roughly normal to 
that of the foliation. 

The rock is a biotite-muscovite-gneiss. The foliated structure of 
this rock is shown in Pl. XX. fig. 11. 

No. 28. Ragyedstone Hill, Hastern Spur at top of hill near the 
middle, and at the northern end.—A fine-grained, greenish-grey, 
micaceous, schistose rock. 

Under the microscope, quartz, a little felspar, muscovite, and 
kaolin appear to be the principal constituents. The quartz occurs 
in grains and aggregates of grains, which have a lenticular form, 
and the mica scales lie in wavy films, which separate these lenticular 
bodies and impart a wavily streaked appearance to a section taken 
transversely to the schistose structure of the rock. These micaceous 
streaks are rendered more distinctly visible by an opaque yellowish- 
white substance which accompanies them, and is probably kaolin. 
Small scales of mica are also seen traversing individual grains of 
quartz. The quartz contains numerous fluid-lacune, and these, again, 
frequently he in streams which in most cases follow directions more 
or less steeply inclined to the general direction of the micaceous 
bands. 

The rock is a mica-schist. Its foliated character is shown in 
Pl. XX. fig. 12, where the darker markings represent the micaceous 
bands. 

No. 29. Swinyard’s Hill, large Quarry, South end, at foot of hill_— 
An essentially micaceous rock, in colour reddish brown to grey 
transverse to the direction of fission, but greenish grey, from the pre- 
dominance of mica, along the planes of fission. The fissile structure 
is very irregular. 

The microscope shows the presence of quartz, felspar, biotite, here 
and there a grain of magnetite, natrolite, and a very little limonite. 
Some of the felspar shows twin-lamellation, but it 1s nearly all in an 
advanced stage of alteration. It appears to be microcline, as a rule. 
The biotite is of a greenish colour, and runs in irregular bands. 
The quartz is in irregularly-bounded crystalline grains, through 
which run streams of fluid-enclosures at right angles or obliquely to 
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the direction of the micaceous bands, as already pointed out in the 
descriptions of specimens Nos. 22 and 26. ‘That the direction of 

_ these streams of enclosures is dependent upon causes operating sub- 
sequently to the formation of the quartz is evident from the fact 
that when the section is examined in polarized light the same 
stream of enclosures will be found to traverse without deflection 
several crystals which differ from one another in optical orienta- 
tion. 

The rock is a biotite gneiss. 
No. 30. Raggedstone Hill, Hastern Spur, North end, top.—A very 

fine-grained, pale, bluish-grey rock, resembling an exceedingly fine- 
grained quartzite. ‘The rock is very hard, a knife-point making 
littie or no impression on it. 

Under the microscope, between crossed nicols, the section presents 
a general appearance similar to that of the ground-mass of a quartz- 
porphyry, or of a rather coarse microcrystalline felsite, in which 
occur numerous porphyritic crystals of felspar and delicate strings 
and specks of more or less opaque granular matter, which, under 
reflected light, appears of a yellow-white or pale reddish-brown 
colour. Under a higher power, however, it is seen that the opacity 
of these strings and spots is only partial, and that in great part 
they consist of small translucent greenish or nearly colourless 
granules of epidote, with much fine dusty matter of a deep green 
colour, which appears to be allied to chlorite. The porphyritic 
felspar seems to be of a mixed character, the angles of extinction in 
some crystals being apparently very low, in other cases approxi- 
mating to those of labradorite. Microcline is also present. Some 
of the felspar may be andesine. 

The rock in some respects resembles granulite, but garnets are 
absent, and the felspar is all, or nearly all, plagioclastic. On the 
other hand, it is not unlike some felsites, especially some of the 
more coarsely micro-crystalline parts of certain devitrified rocks. 
I am, however, inclined to regard it as an altered sandstone derived 
from the disintegration of the older Archean rocks, and bearing 
the same relation to them that arkose or millstone-grit bears to 
granite. 

A drawing made from a section of this rock, magnified 25 diame- 
ters, is given on Pl. XXI. fig. 1. 

No. 31. Raggedstone Hill, Eastern Spur, North end, top.—A pale 
brownish-grey to bluish-grey rock, resembling quartzite strongly 
impregnated with very minute silvery-looking micaceous scales, 
and with a schistose structure. 

Under the microscope, in polarized light, this rock is seen to be 
essentially a quartzite, in which a schistose structure is induced by 
extremely thin micaceous or sericitic films. These are, in some 
instances, crossed by rather irregular and tolerably broad bands, 
consisting of quartzite of a much finer texture than that constituting 
the mass of the rock, and suggesting that another stress has been 
experienced in a direction approximately at right angles to that 
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which produced the schistosity of the rock. The quartz-grains, 
which are quite irregular in form, contain fluid-lacune, often ranged 
in lines, and these streams of enclosures le sometimes in the direc- 
tion of the fine-grained quartzitic bands, at others in the direction 
of the micaceous bands. 

The rock may not inaptly be termed a micaceous quartzite-schist. 
Part of a section of this rock is shown in Pl. XX. fig. 2, as seen 

by ordinary transmitted light. 
No. 32. Raggedstone Hill, Eastern Spur, East side, North end, near 

the middle.—A very compact, bluish-grey rock, translucent on the 
edges, resembling quartzite, with a faint laminated structure, and 
showing under a pocket-lens numerous minute, glistening, crystalline 
facets or cleavages. 

Under the microscope this is seen to be a quartzite containing 
numerous but very minute scales of mica, which, in places, show a 
tendency to segregate in irregular lines. They are not, however, 
sufficiently numerous in proportion to their size to impart a fissile 
character to the rock. 

No. 33. Vein, about a foot in thickness, in first quarry on South 
side of The Wych, Western side of the Malvern Range.—A very coarsely 
erystalline rock of a deep flesh-red colour, with spots of greyish or 
bluish-white quartz. 

Under the microscope the felspar appears to be microcline, the 
extinction-angle generally ranging from about 12° to 15°. The 
cross-hatched twinning on the pericline and albite types, so common 
in this mineral, is not to be detected in the section here described, the 
crystals showing but one set of twin-lamellz, and in some cases none. 
The crystals are sometimes cracked and faulted, as shown in Pl. XXI. 
fig. 3. Some opaque white matter, probably kaolin, is present in 
small flecks and streaks. ‘The quartz contains fluid-lacune, often 
showing a faint linear arrangement. ‘This is a good example of the 
pegmatite-veins so common in the Malvern Hills. Of their intru- 
sive character there can be no doubt. An admirable example of a 
branching vein may be seen traversing schists in an abandoned 
quarry on the east side of the Raggedstone and towards the southern 
end of the hill. J am not, however, inclined to think that the 
coarse pegmatite forming the northern part of the ridge of Swin- 
yard’s Hill is to be regarded as a vein-rock or dyke, or as a series of 
veins; it is more likely to be part of a deep-seated rock belonging 
to the lower, and probably to the lowest exposed portion of the 
Archeean series in this district. 

In reviewing the results of the microscopic examination of the 
Malvern rocks, we must in the first place separate those rocks which 
exhibit foliation or lamination, or of which the origin has been 
sedimentary, from those which show no such structure, and which 

must, without doubt, be regarded as eruptive. This is the more 
needful since much diversity of opinion exists concerning the inter- 
pretation which should be put upon the phenomena of foliation. 
‘We shall by this means classify the rocks of the Malvern Range into 
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a banded and an unbanded series, and under the former will come 
the different varieties of gneiss. For my own part, I am inclined to 
regard the gneissic rocks of this district as probably being more or 
less altered volcanic tuffs, or as sedimentary rocks mainly composed 
of eruptive material derived from the disintegration of rocks of a 
dioritic or syenitic character. Reasons for and against the assump- 
tion of a sedimentary origin for these gneissic rocks have already 
been given in the first part of this paper, and a section through the 
Malvern Hills was appended, based upon the hypothesis that folia- 
tion in this district corresponded with structural planes which fre- 
quently mark lithological differences, and that these structural 
planes were possibly planes of stratification. We shall find, on 
comparing the results of the foregoing microscopic examination, 
that, except in that part of the range which lies south of the fault 
crossing Swinyard’s Hill, the rocks are of a mixed character, being 
partly foliated and partly devoid of foliation. In the following Table 
the rocks are placed in three columns, so as to diwide the eruptive, 
the foliated, and the probably and unquestionably stratified rocks :— 

| Eruptive. Foliated. Stratified. 

Nortiriaath 23... seats | Hornblende-Gabbro, | Gneissic Syenite,| Altered Tuff? 
| _ Diorite. | Gneissic Diorite. 

North Rh ese. see nee | Quartz-Syenite. | 
‘North Hill (above West 

Malvern) ...............| Mica-Diorite. Biotite-Gneiss. 
North Hill (The Dingle) Mica-Diorite. 
Worcestershire Beacon Granulite?, Granite, 

Diorite, Epidosite ?) 
Herefordshire Beacon . * Eucrite, * Basalt,) Hornblendic Gneiss.|Diabase-Tuff ? 

. | * Devitrified Obsi-| 
| dian. 

Swinyard’s Hill ......... | Pegmatite, Horn-! Biotite-Gneiss, Bio- 
blende - Pegmatite,| tite, | Muscovite- 

t Diorite. | Gmeiss. 
Hollybush Pass ......... | Diabase. | 
Raggedstone Hill ...... Re PTRM eae sestere |Mica-Schist, Mica-| Altered Sand- 

| | ceous Quartzite-| stone, Quart- 
aii | | Schist. zite. 

t Rocks between a little south of the summit of the Worcestershire Beacon 
on to Winds Point were not collected. 

t Rocks of Midsummer Hill were not collected. 
tt Rocks of Keys End were not collected. 
* These occur in the eastern buttress of the Herefordshire Beacon, and are 

of Cambrian (?) age, ‘‘ Altered primordial rocks ” of Dr. Holl. — 

It is evident therefore that the above list gives only a very in- 
complete idea of the rocks constituting the whole length of the range. 
By reference to Dr. Holl’s paper, these gaps may, to some extent, 
be filled up, as already indicated in the first part of this communi- 
cation. rom the tabular classification just given, it appears that 
the North Hill consists partly of rocks which show no foliation, and 
which we must regard as truly eruptive, and partly of foliated rocks, 
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which in many cases are, I think, either altered tuffs or are com— 
posed of the débris of eruptive rocks rich in hornblende. The rocks 
of the Worcestershire Beacon appear to be mainly eruptive. Those 
of the Herefordshire Beacon are, I believe, chiefly gneissic ; but the 
exposures are not sufficiently numerous or good to enable me to say 
much on this point, and the time for more careful examination was 
wanting. The eucrite, basalt, &c., which I have classed with the 
general mass of this beacon, occur in a buttress of the hill, which, 
according to Dr. Holl, consists of ‘ Primordial rocks.” 

The northern part of Swinyard’s Hill is composed of pegmatitic 
or granitic rocks of varying coarseness. The altered diabase in the 
Hollybush quarry forms part of the southern end of Midsummer 
Hill. A vein of pegmatite, consisting in great part of a red felspar, 
is, at the present time, exposed in the lower part of the quarry. 
South of Midsummer Hiil we meet with fine-grained gneissic rocks, 
quartzite-schist, quartzite, and altered sandstones, which form, I 
believe, the highest and least altered part of this Archean series. 

The views advanced in the first part of this paper appear there- 
fore to be, as a rule, borne out by the microscopic examination of 
the rocks, except that those of a truly eruptive character are much 
more plentiful than I had at first imagined. 

The Malvern Range may, | think, now be regarded as part of an 
old land where denudation had laid bare certain plutonic rocks, and 
where volcanic activity was very great; for whether we look upon 
these gneissic rocks as beds of volcanic ejectamenta, or regard them 
as of sedimentary origin, there seems to be little doubt that they 
are composed of the minerals which constitute eruptive rocks, and 
there appears to be no reason to assume that the alteration of any 
ordinary sedimentary rocks, such as slates and sandstones, could have 
resulted in the development of such a vast amount of hornblende. 
It may be argued that there is no appreciable difference in much of 
the hornblende occurring in the foliated rocks from that in the 
adjacent and non-foliated syenites and diorites, and that it is there- 
fore probable that the foliation has been induced in truly eruptive 
rocks by earth-movements* ; yet, granting this, how comes it that 
all of the rocks are not foliated? The pressure or movement which 
would affect one bed would naturally affect those in its proximity ; 
yet we meet with great variety in these beds both in texture and 
in structural characters. The facts do not seem to me to bear out 
the conclusion that earth-movements, at all events in the Malvern 
Range, have begotten foliation, except, perhaps, on a very small 
scale. We know too little as yet of the rocks which are formed 
from the waste of districts composed mainly of eruptive materials. 
Whence come our hornblende-slates and schists, chlorite-schists, 
mica-schists, schorl-schists, &c., the constituents of which are either 
those of eruptive rocks or their alteration-products, such as epidote, 

* Such apparently bedded structure, accompanied by differences in texture, 
is described by Prof. Bonney, in his Presidential Address to this Society (1886), 
by the name pseudostromatism, which he regards as the result of ‘a crushing 
in situ of zones of the original coarse-grained rock.” 
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chlorite, limonite, kaolin, serpentine, &c.? Some would say that 
they result from the pressure-metamorphism of eruptive rocks. It 
is true that, in certain cases, slates of the ordinary kind may be 
found to graduate into mica-slates as they near an eruptive mass; 
yet is this the only way in which mica-slates and schists have been 
formed? Admit that it is, and we may at once grant that the 
eneisses and schists of the Malverns are but metamorphosed sedi- 
ments. It may be so: we have yet to settle the limits of meta- 
morphism. On the other hand, it seems well also to suggest the 
possibility that the materials resulting from the denudation of 
eruptive rocks go somewhere and form something, and that the 
resulting rock is consequently likely to resemble those from which 
its materials were derived, rather than a slate or sandstone. I there- 
fore venture the suggestion that the ynewssie rocks of the Malvern 
Hills may be composed of the detritus of eruptive rocks. It is even 
possible that in an early stage of the earth’s history there was little 
save rocks of an eruptive nature for the denuding agents to work 
upon, and, if such an assumption were true, these Archzan rocks 
would claim a far greater antiquity than if they resulted from the 
metamorphism of stratified deposits. 

Again, it is very difficult to say how far the movements which 
these rock-masses have experienced may bave influenced their litho- 
logical structure, and whether such movements have resulted in any 
of the effects attributed to shearing. That such action is implicated 
to a certain extent in the production of their foliation is highly 
probable; but how we are to distinguish between the crushing and 
rearrangement of crushed materials by lateral thrust and the ar- 
rangement of detritus by a sorting process (which may take place 
either in air, in the case of volcanic dust falling on land and rocks 
disintegrated and recemented in situ, or in water, in the case of 
volcanic dust and rock-detritus deposited in seas or lakes) it is very 
difficult to say. In either case we have triturated rock-matter, in 
which a banded arrangement of the constituents prevails. It must 
be admitted, however, that in the rocks of the Malvern Hills the 
foliation bears but little resemblance to the structure induced by 
shearing, the crystals and crystalline grains seldom showing any 
marked lenticular form, while there is but little resemblance, as a 
rule, to that pseudo-fluxion structure, described by Lehmann * and 
other observers, which is so characteristic of rocks which have been 
modified by a creeping movement along structural planes. 
My conclusion 1s, that the rocks of the Malvern Hills represent part 

of an old district consisting of plutonic and, possibly, volcanic rocks, 
associated with tuffs, sedimentary rocks composed mainly or wholly of 
eruptive materials, and grits and sandstones. That the structural 
planes in these rocks, sometimes certainly, at others possibly, indi- 
cate planes of stratification, and that the foliation in many cases, if 
not in all, denotes lamination, due to deposition either in water or 
on land surfaces, probably more or less accentuated or altered by 

* «Entstehung der altkryst. Schiefer.’ Bonn, 1884. 
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the movements which produced the upheavais, subsidences, and 
flexures prevalent in the range. 

If the progressive development of organisms be admitted, we can 
scarcely consider that the Trilobites found in the Cambrian rocks 
represent the earliest forms of life, and, consequently, we may infer 
that earlier sedimentary deposits have existed in which still lower 
types would be found. Yet, putting Hozoon out of the question, if 
such fossiliferous deposits exist, where are they, unless so com- 
pletely metamorphosed that their life-history can no longer be de- 
ciphered? ‘This seems an additional reason for supposing that, in 
the Archean rocks we have metamorphosed sediments associated 
with the products of vulcanicity and with plutonic rocks. 

The observations embodied in this paper are necessarily very im- 
perfect. To unravel the structure of the Malvern Hills would be 
the work rather of a lifetime than of a few months. It should also 
be remembered that the whole Malvern chain is only about eight 
miles in length and barely three quarters of a mile in breadth in its 
broadest parts; that it is grass-covered throughout, save where 
outcrops occur or where quarries have been opened; and that these 
outcrops and quarries are not sufficiently numerous to enable an 
observer to work out the relation of the rocks to one another with 
any precision, except in a few places. It is therefore manifest that 
it would be unsafe to draw any general conclusions from such 
scanty data and in so limited an area, except provisionally and with 
great caution. 

APPENDIX To Part LI. 

The conclusions arrived at in this paper have necessitated some 
alteration in the interpretation of the structure of the Malvern 
Range, as illustrated diagrammatically in the section which was 
appended to Part I. (facing p. 488). 

The prevalence of quartz-syenite or hornblendic granite and the 
existence of true diorites and hornblendic gabbro indicate that, at 
all events in a considerable portion of the North Hull, the rocks are 
certainly eruptive. There seems also reason to believe that much of 
the mass lying between the Dingle and the summit of the Worces- 
tershire Beacon is also of a syenitic or granitic character, while it is 
highly probable that the granulite occurring close to the summit 
represents a marginal condition of the granite. Of the relation of 
the diorite to the granite and syenite I am uncertain; but it seems 
probable that the diorite flanks these rocks as at Cock’s Tor, Brazen 
Tor, and other localities in Devonshire, where gabbros and sometimes 
amphibolites rest on the flanks of the Dartmoor granite*. It is 
probable also that, in some cases, the diorite penetrates the granitic 
and syenitic rocks. Upon these considerations I venture to alter 
that part of the diagrammatic section appended to Part I. which 
lies between the northern end of the range and the Wych, as in the 
annexed figure (fig. 4); but it must be remembered that this altered 

* “The Hruptive Rocks of Brent Tor,” Mem. Geol. Survey, p. 15. 

OG. s. No. 171. 2 
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version is still hypothetical, and is not the outcome of any detailed 
fieldwork. 

Fig. 4.—Hypothetical Section through the North Hill and the 
Worcestershire Beacon. 

ae $F i; YY YY 
; YY GS fey) 

< UM 

Worcestershire Beacon. North Hill. 

g=Granite. d=Diorite. md=Mica-diorite. =Granulite. = Hornblende- 
gabbro. s=Gneissic rocks. EF K=Faults. 

The dotted lines indicate the relative positions of the rocks prior to faulting. 
The rock marked Granite, g, is really a very hornblendic Granite or Quartz- 
syenite. 

It may also be desirable to alter that part of the section which 
lies between the Herefordshire Beacon and the Raggedstone, treating 
the northern part of Swinyard’s Hill as part of a possibly once deep- 
seated mass of granite or pegmatite faulted in among newer rocks. 

The late Dr. Holl was of opinion that this part of Swinyard’s Hill 
was chiefly composed of granitic veins *, and it is quite possible that 
he may haye been right, since he mentioned gneissoid rocks, horn- 
blendic gneiss and schists as occurring with the granite. 

His observations in this locality were much more detailed than my 
own, yet I must admit that this portion of the ridge did not appear 
to me to consist of veins, and he himself seems to have felt consider- 
able doubt upon this point, as evidenced by the expressions “ Granite, 
probably a vein,” ‘ Granite vein ? ” 

The rocks north of this fault crossing Swinyard’s Hill and forming 
the highest part of the ridge appear to be coarse hornblendic granite 
or quartz-syenite, diorite, and gneiss. The diorites occur on either 
side of the coarse-grained quartz-syenite, as roughly indicated on 
the section (fig. 3, facing p. 488), and the contact of similar rocks 
in the Worcestershire Beacon and North Hill is worthy of note. 

The southern part of Midsummer Hill also shows an intrusive or 
else an interbedded diabase, probably the former. 

*: Op. cit. Pp: Ue 
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With these exceptions, [ am disposed to let the remainder of the 
section (appended to Part I.) stand as it is for the present, since it 
is merely intended to represent diagrammatically what may be, and 
is based upon a very limited foundation of observed facts. 

The foliated finely-crystalline gneiss, micaceous schists, and quart- 
zites in the south of the range appear to represent a series of altered 
and probably once-stratified rocks, such as sandstones, and micaceous 
and felspathic grits, and these graduate, as we pass northwards, into 
gneissic rocks, which probably represent coarse tuffs and detrital 
deposits, composed almost wholly of materials derived from the 
waste of plutonic rocks. These are associated with plutonic rocks 
of similar mineral constitution, probably in some cases of a later 
date, but-still of immense antiquity. 

It may also be a point of some significance that in what is here 
regarded as the Lower gneissic series we have hornblende in great 
quantity; in the Middle series the rocks become partly micaceous 
and partly hornblendic ; while in the Upper gneissic series, horn- 
blende is almost or totally absent, and the rocks in the lower part 
of this Upper series are very micaceous. The mica, however, becomes 
less and less plentiful as we pass southwards, until, in the upper part 
of this Upper series, it is present either in very small quantity or 
disappears altogether, as in the quartzites. There is, in fact, as we 
pass from the north to the south of the Malvern Range, a diminution 
in the percentage of those minerals which have the greatest density. 

Although in this paper it is assumed that the rocks of the Malvern 
Hills are partly eruptive and partly detrital, the latter showing under 
the microscope no distinct pseudo-fluxion structure such as would be 
expected in cases of well-marked pressure-metamorphism, yet it is 
quite possible that the foliation in some of these rocks may be due 
to the latter cause. 

One of the strongest arguments in favour of such an hypothesis is 
that foliated or gneissic diorite is here and there found in contact 
with non-foliated diorite, while gneissic quartz-syenite also occursin 
contact with quartz-syenite in which no foliation is discernible. 

That the mass which constitutes the main ridge of the Malvern 
Hills has experienced repeated movements and dislocations coupled 
with great stresses there can be no doubt. Hence there is strong 
probability that pressure-metamorphism has had some share in de- 
veloping the minute structural characters of these rocks. Distinct 
evidence upon this point seems, however, as yet, to be wanting ; and 
therefore, although willing to make all due concession to the advo- 
cates of pressure-metamorphism, on the production of sufficient 
proots, I am for the present disposed to hold by the opinions which 
I have already stated, modifying them only to the extent here 
indicated. 

There are probably many exposures of rock, south of the Worces- 
tershire Beacon, which the limited time at my disposal prevented me 
from visiting, nor am I sure that, among the specimens which [I 
collected, there may not be many which would present fresh points 
of interest if examined microscopically. In those which have been 

Zu 2 
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so examined there may also be some minerals which I have failed 
to recognize. Mr. Teall informs me that he has detected sphene in 
some of the rocks of the North Hill, and I am by no means certain 
that, in one or two of the sections prepared from specimens collected 
at the southern end of the range, rutile is not present. The opinions 
frequently expressed concerning the species of the felspars must also 
be accepted, in some cases, with a certain amount of reserve, since the 
measurement of the extinction-angles was often made from imperfectly 
developed crystals in which the directions of the planes of section 
were extremely doubtful. 

Under any circumstances the paper does but very imperfect 
justice to the various points discussed in it, and there still remains 
in these Archean rocks a vast and comparatively unexplored field 
for the exercise of the hammer and the microscope. 

EXPLANATION OF THE PLATES. 

Puate XIX. 

. Gneissic quartz-syenite. North Hill. x 18. (Specimen no. 1.) 
2. Epidote-plagioclase rock. Probably an altered diorite-tuff. North 

Hill, x 18. (Specimen 2.) 
. Coarsely crystalline and slightly foliated diorite or hornblendic gneiss. 

North Hill. x 18. (Specimen 3.) 
. Coarsely crystalline quartz-diorite or hornblende-gabbro. x 55. The 

drawing shows portions of crystals of hornblende and orthoclase. 
(Specimen 4.) 

. Diorite. Ivy Sear Rock, North Hill. x 25. (Specimen 7.) 
: aE Sa Quarry aboye church, West Maivern. x 55. (Speci- 

men 9.) 
. Altered mica-diorite. Large quarry (Leighton’s) at mouth of the 

Dingle. X18. (Specimen 10.) 
. Granulite. Worcestershire Beacon, near top, north side. x 55, pola- 

rized light, nicols +. (Specimen 11.) 
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Fig. 1. Quartz-syenite or hornblendic granite (feebly foliated ?). Top of North 
Hill. x 25. (Specimen Gar 

2. Granite. Worcestershire Beacon, near top, notte side. X18, nicols 
+. (Specimen 12.) 

3. Diorite ? (syenite?) (felspars much decomposed). Worcestershire Bea- 
con, top. xX 18, nicols +. (Specimen 13.) 

4, Diorite. Worcestershire Beacon, top (? dyke). X 18,nicols +. (Spe- 
cimen 14.) 

5. Epidosite (altered quartz-diorite). Worcestershire Beacon, top, north 
side.  X 18. (Specimen 15.) 

6. Diabase-tuff (? foliation due to pressure-metamorphism). Herefordshire 
Beacon, north side, near top of ancient British camp. X 25. (Speci- 
men 16.) 

7. Hornblendic gneiss. Herefordshire Beacon, north side, near top of 
ancient British camp. X 18. (Specimen 17. ) 

8. Eucrite or anorthite-basalt. Herefordshire Beacon, close to and on 
: west of the cave. x 18. (Specimen 18.) 

. Basalt. Herefordshire Beacon, east Bide, at back of the cave. x 5, 
(Specimen 19.) 
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Fig. 10. Diorit2. Swinyard’s Hill, north side of highest point of ridge. x 18. 
(Specimen 25.) 

11. Biotite-muscovite-gneiss. Swinyard’s Hill, largest quarry, south end. 
x 18. (Specimen 27.) 

12. Mica-schist. Raggedstone Hill, east spur, top of northend. x 18. 
(Specimen 28.) 

Puate XXII. 

Fig. 1. Altered felspathic sandstone. Raggedstone Hill, top, east spur. x 25. 
nicols +. (Specimen 30.) 

2. Quartzite-schist (micaceous). Raggedstone Hill, top, eastspur. X 25. 
(Specimen 31.) 

3. Microcline-crystal (crushed and faulted) in granitic vein. Quarry close 
2 and on south-west of the Wych. xX 30, nicols +. (Specimen 
3.) 

4 & 5. Corroded and bent erystals of triclinic felspar in basalt. Here- 
fordshire Beacon, east side, at back of the cave (see also fig. 9, Pl. XX.). 
x 55, nicols +. (Specimen 19.) 

6. Globulitic crystallites in biotite of granite. Worcestershire Beacon, 
north side, near summit.  X 850. (Specimen 12.) 

7. Devitrified obsidian, showing perlitic structure and faulted band. 
Herefordshire Beacon, back of the cave, overlooking Castle Morton 
Common. X 55. (Specimen 20.) 

8. Diagram showing track of spontaneously moving bubble in fluid-lacuna 
in quartz of gneissic quartz-syenite. North Hill. (Specimen 1.) 

9. Group of apatite crystals in diorite. North Hill, just south of Ivy 
Scar Rock. Xx 350. (Specimen 7.) 

Note. —When not otherwise specified, the figures are represented 
as viewed by ordinary transmitted light. 

Discusston 

(December 1, 1886). 

The Present said that it was satisfactory that the Author had 
been able so completely to confirm Dr. Holl’s work. The three 
issues raised in the paper would probably meet with a varying 
amount of acquiescence on the part of the members :—(1) that 
these rocks are metamorphic, and not igneous, few would contest ; 
(2) there might be a difference of opinion as to the significance of 
the apparent succession ; (3) he anticipated a debate on the relation 
of foliation to sedimentation. 

Prof, Bonney would abstain at so late an hour from discussing 
the general question of foliation. Some years ago he had made a 
collection of these rocks, as also had Mr. Allport, who, he trusted, 
would yet publish the results of his investigation. He would now 
only ask :-— 

(1) Had the Author detected any indications of schistosity along 
planes of mineral banding ? 

(2) Is there any strong proof of mechanical disturbance productive 
of cleavage-foliation ? 

(3) Lastly, in studying the structure of the more coarsely crys- 
talline rocks, had he come upon those curious structures which occur 
in the oldest known gneisses, or upon those distinctly characteristic 
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of igneous rocks, and were they in any way modified by meta- 
morphism ? 

If these Malvernian rocks are gneisses of true Laurentian types, 
he would find them exhibit certain modifications in passing upwards. 

Mr. Tratt said that the Author had described a number of facts 
which any theory of the district would have to account for. What 
is the significance of the principal structural planes? This was the 
question which must be solved before any advance in the theoretical 
interpretation of the district could be made. ‘The Author appeared 
inclined to think that these planes were originally planes of strati- 
fication ; otherwise no conclusions as to age could be drawn. The 
coarsely crystalline rocks were igneous rather than sedimentary in 
aspect. He thought they might be igneous and of plutonic origin. 

The Presrpent observed that both the great longitudinal fault 
and also the cross faults were of later date than the foliation. 

The Avtuor, in reply, said that the President had indicated with 
great clearness the lines which the discussion should take. He 
agreed with him concerning the age of the faults; the amount of 
their throw is difficult to determine. Had he known of the in- 
tention of Prof. Bonney and Mr. Allport to take up this subject he 
would have abstained from the task. , Not having fully examined 
his slides, he was unable to answer questions relating to the micro- 
scopic characters of the rocks. He had found no particular evidence 
of mineral reconstruction along divisional planes. Difficult to say 
whether these rocks were or were not igneous; they are very like 
some igneous rocks and yet with a rude foliation. He then spoke 
of the different meanings attached to the word metamorphism. 
Judging from hand specimens, the Malvern rocks seemed to resemble 
those from the Hebrides and Canada. He had little doubt that 
the fine-grained schists were sedimentary, as they even contained 
beds of quartzite. He admitted that, according to the meaning 
given to the section, the great planes must be taken as bedding- 
planes. If the rocks were igneous, then the divisions into upper, 
middle, and lower groups had but little meaning. There may have 
been interbedded lava-flows. He had never met with divisional 
planes of such an even and persistent character in undoubted 
plutonic rocks. The divisional planes, rudely parallel to the sur- 
faces of granitic masses, such as those described by Boase and 
De la Beche, were far less regular. 

Discussion 

(April 6, 1887 *). 

The Presmpent observed that the Society did not often enjoy the 
advantage which they had that evening, of hearing papers on the 
same locality by two authors who looked at the subject from dif- 
ferent points of view. 

* This Discussion relates also to Dr. Callaway’s papers on the Rocks of 
Galway and the Malvern Hills, pp. 517 and 525. 
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Mr. Tratt said that Mr. Rutley had described a number of im- 
portant facts, but was very guarded in his interpretation of them. 
Dr. Callaway offered solutions of many of the problems. The pas- 
sage from felsite into a variety of mica-schist was of great interest. 
He agreed with Dr. Callaway, that crystalline schists and massive 
igneous rocks of similar chemical composition are frequently found 
in association with each other. He also agreed with Dr. Callaway 
as to the origin of certain banded gneisses. Granitic and dioritic 
rocks might be seen in one part of the Lizard to vein each other in 
the most intricate manner. It was possible to trace the veined 
series Into a banded gneissic series without a break. He regarded 
the banded gneissic series as the result of the deformation of a 
complex mass of plutonic igneous rock, and this was the view he 
understood Dr. Callaway to maintain with reference to some of the 
Malvern gneisses. 

Dr. Hicks said that the two views were nearer than would appear. 
Kach admitted that there was a granitoid rock in the centre, with 
dioritic rocks on the flanks, both igneous. To a certain extent these 
conditions are similar to what is found in some parts of Scotland, 
where, associated with granitoid rocks, there is a series of schists and 
eneiss. He was disposed to incline towards Mr. Rutley’s view, that 
there is a series of some kind, probably as in the Pebidian—a vol- 
canic series—where pressure had produced schistosity in parts 
even of the intrusive rocks, but not in the great masses. Dr. 
Callaway speaks of a felsitic rock converted into mica-schist ; from 
this view he was inclined to differ, as some of the specimens exhi- 
bited as converted into mica-schists should be classed rather as 
schistose felsites, as the felsitic structure is not destroyed, and the 
mica occurs as a secondary product along the cleavage-planes, mainly 
as the result of infiltration. The Archzean rocks may be, in the 
main, of igneous origin, but they contain also detrital and chemical 
deposits. 

Col. McMavon asked Dr. Callaway whether the foliation ,of a 
certain mass shown on one of the diagrams had been produc d by 
intrusion, by pressure previous to consolidation, or by pressure sub- 
sequent to consolidation, and, if subsequent, how he accounted for 
the granite showing no foliation at all. 

Dr. Cattaway expressed himself unable to explain Mr. Rutley’s 
diagrams, and 

Mr. Ruttry stated that the section through the North Hill was 
hypothetical. 

The PrestpENT commented on the different inferences drawn from 
the same set of facts. In the North Hill there are rocks not foliated 
and others greatly foliated. To Mr. Rutley this afforded the 
strongest proof of difference of origin, whilst Dr. Callaway saw 
gradual transitions from one to the other. The attempt to explain 
the formation of schists from volcanic rocks of an acid character 
had not been made before in this country. 

Mr. Rurtzy, in reply, was at a loss to recognize the position of 
Dr. Callaway’s section, He remarked that the foliation in these 
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rocks appears to be restricted to bands. He referred to a diagram 
in a recent publication by Mr. Mellard Reade, which proves that 
flexure cannot take place without great trituration of the inter- 
vening mass, and he considered that such a cause had produced a 
certain amount of foliation. He commented on the opposite views 
expressed by Drs. Hicks and Callaway with reference to the 
alleged conversion of felsitic rocks into mica-schists. A case parallel 
to one of the instances of foliation mentioned by Dr. Callaway may 
be met with on the west of Dartmoor. 

Dr. Cattaway, in reply, congratulated himself on having had the 
support of Mr. Teall. Replying to Dr. Hicks’s remarks, he held that 
there was a true passage between felsite and mica-schist ; but this 
was a matter of field-observation, and could not be decided in that 
room. He did not see how a succession could be made out of 
hypogene igneous rocks. How the localization of pressure was 
effected he could not tell. There is a foliation, whether local or 
general. The section queried by Mr. Rutley is half a mile north 
of the Wych. 
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CONVERSION OF CRYSTALLINE SCHISTS INTO IGNEOUS ROCKS. 57, 

36. On the AttEGED CoNvERSION of CrystaLtIneE Scuists into 
Ienzous Rocks in County Gatway. By C. Catzaway, Ksq., 

D.Se., F.G.8. (Read April 6, 1887.) 

INTRODUCTION. 

. General Distribution of the Igneous Rocks. 

. The Relations of the Igneous “Rocks to each other and to the Schists. 
Knockseefin, Ground south-east of Glendalough, Lettershinna, 
Ground south of Glendalough. 

be 

3. The Foliation of the Igneous Rocks. 
_ The Granite. The Diorite. Veins of an Acidic Rock. 

4, Age of the Igneous Rocks. 
5. The Galway Gneiss. 
6. Summary. 

INTRODUCTION. 

Tue theory of the metamorphism of aqueous deposits into granite and 
other igneous rocks has been maintained by most Irish geologists, 
and is set forth with much detail in the elaborate memoirs of the 
Trish Geological Survey * on the district between Galway and 
Westport. It therefore seemed to me, after some preliminary work 
in Donegal, that the Connemara region would probably afford 
rich material for the determination of the question. In this 
hope I was not disappointed; but while working at the relations 
between the igneous and the metamorphic rocks, another problem, 
the origin of the schists themselves, began to emerge. The result 
of my inquiries was a singular reversal of the theory I was exam- 
ining. I found, not that the igneous rocks had been formed out of 
schists, but that some, at least, of the schists had been formed out of 
igneous rocks. ‘The Galway region has, indeed, been most fruitful 
in suggestion, and has supplied me with a clue to the origin of some 
of the less complex oneisses. 

I have to acknowledge my obligations to Prof. Bonney, F.R.S., 
who has been kind enough to look through my microscopic slides, 
and to give me his opinion on critical points. 

In discussing the origin of the igneous rocks, it will be desirable 
to state briefly the evidence upon which the theory of the Irish 
Survey has been based. I will give the chief points, as far as 
possible, in the words of the Survey Memoirs ¢. 

Of the granite there are three types—Intrusive, Porphyritic, and 
Foliated. The porphyritic passes into the porphyritic-foliated, and 
the latter sometimes gradually loses its porphyritic character, and 
seems to pass into gneiss and schists. Itis inferred as probable that 
the foliation of the granite points to its original stratification and that 
even the porphyritic granite was originally part of a sedimentary 
series ; but being nearest to the “ seat of metamorphic action,”’ “ all 

* To accompany sheets 93, 94, 95, 104, 105, 1138, 114. 
+ Quart. Journ, Geol. Soe. vol. xli. p- 221, 
¢ Memoirs 105 and 114, pp. 7-16 e¢ alidz. 
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or nearly all traces of foliation which succeeded the stratification ”’ 
had been obliterated. 

In the “ metamorphic sedimentary rocks” are “ conglomeritic 
beds,” “containing large and small blocks, sometimes sparingly 
scattered through the mass, but often thickly together.” When the 
blocks are scattered they are considered to be due to a nodular 
structure in the original rock; but when numerous, the rock is 
regarded as ‘metamorphosed conglomerate.” 

Of the numerous varieties of igneous rocks described in the Survey 
Memoirs, [ shall usually be able to confine myself to two, granite 
and diorite. The granite is either uniform in grain or porphyritic, 
and either kind may be foliated. The diorite is generally a dark- 
green coarsely crystalline rock without varietal differences of 
importance. For the purposes of this paper, it will be unnecessary 
to notice minute distinctions. 

1. GeneRAL DistRIBUTION OF THE IGNEOUS Rocks. 

The granite forms an extensive area reaching from the town of 
Galway all along the northern side of Galway Bay to the open 
Atlantic, and broadening out towards the west to a width of nearly 
20 miles. It also appears in irregular intrusions amongst the 
schistose rocks to the north of the main mass. The most prominent 
exposures of the diorite are dotted at intervals round the northerly 
margin of the chief granite mass, either at a little distance from 
it or in actual contact with it. 

2. Tue RELATIONS OF THE IenEovs Rocks TO EACH OTHER AND 

TO THE SCHISTS. 

Knockseefin. 

This hill lies nearly 4 miles to the south of Oughterard, and 
close to the margin of the chief granite-mass of the region. This is 
stated * to be the typical locality for witnessing the passage of 
eranite into schist. 

The ground is covered between the granite and the eneiss of 
which the hill is chiefly composed. The latter rock is a mica-gneiss 
of coarse grain, but clearly banded, weathering on strike-surfaces 
in fine parallel raised lines. The foliation-planes strike to the N.W. 
Towards the summit, nodules of diorite, lenticular in horizontal 
section, made their appearance in the gneiss, their longer axes 
running with the strike. These are apparently the extremities of 
veins which have been flattened by pressure. 

The diorite-nodules (veins) increase in number towards the top 
of the peak, and at the very summit the rock is nearly all diorite. 
Granite here comes in, irregularly penetrating the diorite. ‘The 
latter displays a sort of nodular jointing, the joint-blocks running 
in a roughly linear manner to the N.W., while the granite in 

* Kinahan’s ‘ Geology of Ireland, p. 190. 
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places finds its way along the joints, forming a cementing matrix. 
The mixed rocks thus present a superficial resemblance to a con- 
glomerate. It appears from this section that the diorite is intrusive 
in the gneiss, and the granite in the diorite. It would also seem 
as if the diorite had consolidated and acquired a jointed structure 
previous to the introduction of the granite. How this ground affords 
evidence of a passage from granite into schist, I am unable to 
understand. 

Ground south-east of Glendalough. 

The singular phenomena [ am about to describe occur at the 
eastern end of a long band of ‘‘ hornblende-rock,” which runs in an 
east and west direction for a mile anda half. We here see all the 
steps of the process by which igneous rocks have been converted 
into a pseudo-conglomerate. 

The prevailing rock is diorite, with a very distinct jointing. On 
the weathered surfaces the material along the joints has yielded to 
degrading influences, so that the blocks between stand out in relief. 
These joint-blocks have a diameter varying between a few inches 
and perhaps two feet. In shape they are sometimes roughly oval or 
ovate, but frequently they are partially angular or subangular. 
Some of them are represented in figs. 1-3. 

There are in this locality several outcropping masses, some of 
which consist of unbroken diorite. In others, the following appear- 
ance is observed. For some yards, we pass the jointed diorite ; 
then we see a gradual coming in of the granite. ‘Thin veins find 
their way along the joints, in one place coming to an end against a 
joint-block (fig. 1), and in another, where the joints narrow, termi- 

Fig. 1.—Section of Granite in Jointed Diorite. 

nating between adjacent blocks. Not far off we see veins creeping 
along each side of a block, but failing to force their way entirely 
round (fig. 2); while close at hand the granite has succeeded in 
entirely isolating the blocks from the main mass, so that diorite is 
immersed in granite. It is therefore clear that these pseudo-con- 
glomerates are merely agglomerations of joint-blocks imbedded in a 
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ground-mass of granite. For these mixtures of hypogene rocks, the 
term “ diglomerate ” * may be suggested. 

Fig. 2.—Section of Granite in jointed Diorite. 

KIRN 

Lettershinna. 

Some interesting facts in confirmation and expansion of the pre- 
ceding observations occur in this hill, which lies two and a half miles 
south-west of the last locality, and therefore much nearer the 
granite massif. Lettershinna is a ridge running east and west in 
accordance with the strike of the region. It is mainly composed of 
granite; but near and at the summit are some masses and blocks of 
included diorite. 

On the north-western slope, I observed an oblong block of diorite 
immersed in the granite. The fragment was about a yard long 
and eighteen inches broad (fig. 3). The microscope shows the 

Fig. 3.—Section of Diorite in foliated Gramite. 

hornblende of this diorite to be clear and well crystallized; but 
the felspar is cloudy, and has apparently undergone partial decom- 
position. At the distance of about a foot was a smaller block of a 
roughly ovoid shape. That these are true inclusions, and not cross 
sections of veins, may be seen a little higher up the hill. Here a 
block of diorite is exposed in the face of a cliff, the foliation of the 
granite curving round the block both above and below it. 

Near the summit of the hill the diorite occurs in larger masses. 
Some of these are fringed by one or more outlying bands arranged 
roughly parallel to the margin. In one place there were three of 

* « di-.” because the blocks are forced asunder. 
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these (fig. 4); in another, only one. Sometimes they are mere flakes. 
They are isolated from the main masses and from each other by 
granite. It would appear as if they were separated from the parent 
blocks by exfoliation. As the granite rose up between the blocks, 

Fig. 4.—Section of Diorite (? exfoliated) in Granite. 

they would become strongly heated, and the outer zones, being 
hottest, would by their greater expansion split away concentrically. 
That the exfoliated fragments retain their parallelism to the adjacent 
margin of the main masses is a.remarkable fact, to which I shall 
return. 

Ground south of Glendalough. 

Leaving the hotel in a southerly direction, we pass over crystalline 
limestone, quartzite, and a considerable thickness of hornblende- 
schist. A little further south lies a large mass of rock, chiefly 
hornblendic, which is said to “‘ graduate into the associated gneiss 
and schist” *. Near where “=” is marked on the map, there is a 

singular entanglement of schist with granite and diorite. The 
rocks are heavily glaciated, so that it was impossible to obtain large 
specimens; but even the small fragments collected clearly show that 
there is no passage between the schists and the igneous rocks. The 
schists are intensely contorted and much shattered, and the granite 
or the diorite sometimes finds its way even between adjacent folia, 
and is mixed up with the schists in inextricable confusion. Several 
contact-specimens have been microscopically examined, and Prof. 
Bonney, at my request, has devoted special attention to them. He 
thinks there is no doubt that they are a case of intrusion of granite 
into a fibrolite-schist ; but the structure of the granite is irregular 
and peculiar, owing probably to its contact with the schist. 

Tt is a striking fact that, in this locality, detached folia, or bundles 
of folia, frequently preserve an approximate parallelism to the 
foliation of the adjacent schists. This might appear to be a strong 
piece of evidence in favour of the metamorphic hypothesis. It is 
not easy to believe that an igneous rock could have been intruded 
amongst masses and fragments of schist without destroying the 
parallelism of strike. I would, however, venture to urge that the 

* Survey Memoir, 93, 94, p. 139. 
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facts furnished by the Lettershinna sections greatly attenuate the 
difficulty. If I am right in my reading of those sections, it is clear 
that the granite has intruded between the strips of diorite and 
pushed them apart, without materially disturbing their parallelism. 

But if we reflect upon the probable conditions under which the 
granite was intruded, even the original difficulty will not appear so 
great. The displacing power of an intruding current of molten 
matter will be in proportion to the rapidity of its motion. Dykes 
of greenstone intruded into faults often contain numerous pieces of 
fractured rock lying pellmell. But an igneous rock forced along 
lines of least resistance by tangential pressure may be expected to 
move with extreme slowness, so that the currents might act rather 
in the manner of slowly moving wedges than with the irregularity 
of an ordinary flow. 

Another consideration appears to me of still greater weight. The 
region under discussion has been subjected to great pressure. If, 
then, a number of flattened pieces of schist were scattered pellmell 
through the plastic mass of granite, the compressing force would 
move the fragments into planes lying at right angles to its own 
direction. We are familiar with a similar result in the formation 
of slates, and we may safely infer that the process would be 
facilitated by the plasticity of the granite, 

3. Tue FoLtarion oF THE IgnEous Rocks. 

The Foliation of the Granite. 

The foliated structure is well seen in the district south of Glen- 
dalough. In one spot, the granite runs into the diorite in long 
tongues striking east and west, that is, 1n coimcidence with the 
strike of the schists in this area, and here the foliation of the 
granite is also east and west, and is strongly marked. But where 
the veins were oblique to the strike of the region, the foliation was 
oblique and obscure. In another place, where the veins ran north 
and south, they were intensely contorted. These facts point clearly 
to the influence of an earth-thrust acting along a north and south 
line. 

Foliation in the Diorite. 

I noticed this on Knockseefin, in veins intrusive in schist. The 
foliated structure is parallel to the longer axes of the transverse 
sections of the veins and to the strike of the schists. It is 
obviously due to pressure. Prof. Bonney has examined slides of 
this squeezed diorite, and he finds no difference between it and 
hornblende-schist. 

Foliation in Veins of an Acidic Rock. 

Near the summit of Shannarea appear several veins, lenticular in 
plan, which are not easy to explain. They consist of quartz, with 
a little mica, probably biotite, and a fair number of garnets. The 
foliation is very distinct, and coincides with the foliation of the 
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enclosing schists. Most of the micais in long, narrow, ragged flakes, 
almost like bits of frayed string, and suggests great compression. 
The rock is now a sort of quartz-schist. What it was originally, it 
is hard to say; but I see no reason why it may not have been a 
hornblendic granite, like the granite of the district. 

4, AcE oF THE Ienxous Rocks. 

The Silurian conglomerates of Killary Harbour are mainly com- 
posed of large rounded fragments of igneous and metamorphic rocks. 
Amongst these is a coarse-grained granite, with a great deal of 
plagioclase and a little altered biotite. The constituents of this 
rock are the same as those of the typical Galway granite, but the 
felspars are smaller. Pebbles of quartz-felsite are also abundant. 
The ground-mass of this felsite is devitrified, the quartz-crystals are 
large and clear, and there is a small proportion of biotite. This 
description will also apply generally to the ordinary quartz-felsite 
near Galway. The conglomerates clearly prove that in early 
Silurian times the adjoining land largely consisted of igneous rocks, 
closely resembling those still found in the region, and we may there- 
fore fairly conclude that the granite and felsite, with the still older 
diorite, are of Pre-Silurian age. The metamorphic schists enclos- 
ing the intrusive masses and veins are, of course, of still greater 
antiquity. 

5. Tue Gatway GneIss. 

This rock forms a triangular area about two miles each way, with 
the town of Galway situated in the centre. It is bounded on the 
west by granite and felsite, on the north-east by the Carboniferous 
limestone, and on the south by Galway Bay. It is usually coarsely 
erystalline. The common minerals are quartz, felspar, and horn- 
blende, with epidote as accessory. The quartz and felspar form the 
ground-mass. Immersed in it are numerous dark, speckled blocks, 
suggesting the diorite fragments in the granite further west. These 
block-like masses are often arranged in a roughly linear manner, 
but frequently they are irregularly distributed. Hornblende also 
occurs in bands or masses, displaying a foliated structure. In the 
latter case, the rock is like true gneiss. Rarely could I find con- 
tinuous seams of the hornblende. A flaky appearance sometimes 
occurs on rather a large scale, long slender tongues running out 
irregularly from patches of foliated hornblende into the grey grani- 
toid ground-mass. 

There is no true bedding in the Galway gneiss, so far as I saw; 
but the seams and masses of hornblendic rock usually lay with their 
longer axes dipping at a high angle to the N.N.W. Comparing 
this gneiss with the diglomerates already described, a similarity of 
origin is at once suggested, the apparent dip being accounted for by 
tangential pressure. As this was the first district I visited in Con- 
naught, the significance of the phenomena did not then appear, 
and my work proceeded on other lines ; but the hints afforded by the 
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behaviour of the igneous rocks of the region further west have since 
been worked out in the Malvern Hills, as will appear in a separate 
communication. 

6. SuMMARY. 

1. There is no satisfactory evidence for the contention that the 
igneous rocks of Western Connaught have resulted from the meta- 
morphism of schists, since in every locality examined, including the 
type section, the igneous rocks were seen to be sharply separable 
from the schists and clearly intrusive in them. 

2. The “‘ metamorphosed conglomerates ” adduced in proof of the 
original sedimentary character of the Galway schists are mixtures 
of schist, diorite, and granite, or of two of them, the ground-mass 
being usually granite. 

3. There is no proof that the foliation of the igneous rocks follows 
an original structure. In the granite it 1s chiefly due to regional 
pressure. Fragments of diorite in granite are not foliated, but 
veins of diorite in schist sometimes display a foliation caused by 
pressure. 

4, The ancient gneissic rocks of Galway town display evidence of 
haying been formed in part from mixtures of diorite and granite, 
similar to the more modern diglomerates. 

(For the Discussion on this paper, see p. 514.) 
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37. A Pretorary Ineurry into the Gunusis of the CRYSTALLINE 
Scuists of the Matvern Hints. By Cu. Carraway, Esq., D.Sc., 
F.G.S. (Read April 6, 1887.) 

Introduction. 
1. The Materials from which the Schists were produced. 

Diorites, Several Varieties; Granite; Felsite. 
2. Evidence of Pressure. 

Contortion of Granite-veins. 
3. The Products of the Metamorphism. 

A. Simple Schists. 
Hornblende-gneiss, Mica-gneiss, Mica-schists. 

B. Injection-Schists. 
Duplex Diorite-gneiss, Granite-diorite-gneiss. 

4, General Remarks. 
5. Summary. 

INTRODUCTION. 

Tue igneous origin of some foliated rocks was first suggested to 
me by the granite of Northern Donegal*. The Rev. E. Hill, 
F.G.S., had previously noticed f a gneissic structure in the granite 
of Guernsey. Mr. J. J. Harris Teall, F.G.S., has described foliation 
in basic rocks in the North-western Highlands? and at the Lizard§. 
Schistosity in granitoid rocks has also been observed in the Alps 
by Professor Bonney||, F.R.S. Besides English workers, several 
foreign writers, both American and Continental, have declared in 
favour of an igneous origin for certain schists, so that the produc- 
tion of a parallel structure in igneous rocks may fairly be regarded 
as an established fact. 

The work which I have described in another paper (p. 517) led me 
to hope that we might be able to advance a step further. The intru- 
sion of veins of granite in diorite, under pressure, suggested that at 
great depths, where pressures were at a maximum and chemical 
processes might be presumed to be most active, gneissic rocks of a 
more varied character might be produced. At the town of Galway 
I had seen gneisses which might have been produced in this way ; 
but the crystalline schists of the Malvern Hills have furnished clear 
evidence of the genesis of some of the more complex gneisses, be- 
sides throwing additional light upon the production of the simpler 
schists. J am able to show that many of the schistose rocks of 
Malvern have an igneous origin, and I hope that the clues I have 
obtained will enable me in a future communication to extend my 
explanations to certain varieties whose genesis is at present less 
clearly ascertained. 

* Quart. Journ. Geol. Soc. vol. xli. p. 221. 
t Jbid. vol. xl. p. 404. 
+ Lbid. vol. xli. p. 133. 
§ Geol. Mag., Nov. 1886, p. 481. 
|| Quart. Journ, Geol. Soc. Pres, Address, 1886. 

@.3.G.8. No. 171. 2N 
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1. Tor MareriaLs FROM WHICH THE SCHISTS WERE PRODUCED. 

Diorites. 

I have been able to recognize at least four varieties of diorite in 
the schists thus formed. 

Medium-black (No. 1).—This rock contains about equal pro- 
portions of hornblende and felspar, and in the mass appears nearly 
black. The felspar, under the microscope, often presents a cloudy 
appearance, and contains numerous clear microliths, both conditions 
indicating alteration. When the alteration is only shght, the 
twinning of plagioclase is visible, but this occurs only in a minority 
of the erystals. 

Coarse-black (No. 2).—The hornblende is often in a greater pro- 
portion than in No. 1. ‘The crystals of both minerals are larger. 
The felspars display similar alteration. 

Coarse-grey (No. 3).—The hornblende is usually about one fourth 
of the mass. Most of the felspar is less changed, and shows the 
striping of plagioclase. 

Medium-grey (No. 4).—The hornblende is abundant, but pale in 
colour. The felspars display no twinning, are cloudy, with large 
patches of opacite in the centre, and frequently contain microliths. 
This variety will be but slightly referred to in the present paper. 

Tam not prepared to say that none of these varieties ever graduate 
into each other, but I have seen no evidence of a passage In any case. 
No. 4 is the newest, for veins of it occur in No. 3; and No. 31s 
probably newer than Nos. 1 and. 2, since at North Malvern it con- 
tains rounded and angular fragments of both. The occurrence of 
these fragments would seem to indicate a consolidation previous 
to the intrusion of the younger variety, and this is confirmed by 
sections in the quarries at North Malvern. A mass of No. 2 was 
seen to be penetrated by a variety of a lighter colour. The vein 
passed between irregularly shaped joint-blocks, and contained de- 
tached pieces of the darker kind. Im another mass, a fine- 
grained diorite was lntrusive in a coarser variety, and in like 
manner enclosed large blocks of the older rock. In this respect 
the mode of intrusion is similar to that of the granite in diorite, 
as described in my paper on the rocks of Galway. I have noticed, 
however, that in Malvern, as well as the town of Galway, there was 
a more thorough welding together of the two kinds of rock at 
their junctions than was observable in the Pre- PIE granite 
and diorite of Connemara. 

Granite. 

I have no positive evidence of the existence of more than one 
variety of original granite in the Malvern Hills. This is the well- 
knewn binary compound of quartz and red orthoclase. 

This granite is younger than all the above-named diorites. By 
its association with them it gives rise to some of the most interest- 
ing phenomena of the region. 
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Felsite. 

Near the Wind’s Point, there is a well-marked band of felsite 
hading in accordance with the banding of the enclosing gneiss. 
It is compact, homogeneous, and of a pale-reddish colour. A 
similar rock occurs in the Raggedstone Hill, and by its modifica- 
tion gives rise to schists. 

2. EvipENcE oF PRESSURE. 

Zones of crushing, indicated by bands of breccia, are very common 
in the district ; but some of these are posterior to the metamorphism 
and do not concern us. Some direct evidence of mechanical force, 
resulting in schistosity, will come out in describing the intimate 
structure of certain rocks; but it is obviously difficult to obtain 
very abundant indications amongst igneous masses, where there are 
no beds to be contorted and faulted. There is reason to believe 
that the pressure is partly transformed into molecular energy, and 
thus changes are brought about which often mask mechanical effects. 
There is, however, some field-evidence for the action of enormous 
pressures. A good example is seen in a quarry of gneiss at the 
southern termination of Keys End Hill. The foliation-dip 1s 
at a moderate angle to the south-east. The rock is traversed by 
contorted veins of granite, running in several directions. One of 
these is shown in fig. 1, and gives a rough measure of the pressure. 

Fig. 1.—Contorted Granite-vein in Geiss. 

Assuming the vein originally to have been straight, its length has. 
been reduced in the proportion of about five to two. 

The regional pressure has acted with intensity only at intervals 
along the range. In the North Hill and the northern part of the 
Worcestershire Beacon there are large masses of diorite which have 
undergone little mechanical change; but between the summit of 

eBeacon and the Wych there are numerous alternations of diorite 
and granite displaying foliation. The long ridge between the 

Wych and the Wind’s Point contains a great deal of black diorite 
2Nn 2 
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with granite-veins; but at intervals, and especially at the southern 
end, a banded structure has been produced. ‘The northern part of 
Swinyard’s Hill is composed of massive granite, while at the 
southern end is a flaggy gneiss, which has been produced from the 
granite by pressure. Other examples of the localization of pressure 
occur in the hills further south. 

3. Tur Propucts of THE MrtTAMOoRPHISM. 

A. Simple Schists, or those formed from one kind of rock. 

Hornblende-gneiss, formed from Diorite-—In this case the pres- 
sure has rearranged the constituent minerals, so that the horn- 
blende and felspar lie in irregular folia. There are many grada- 
tions between the ordinary diorite and a gneiss in which there has 
been some reconstitution of the minerals, the formation of quartz 
being the most conspicuous result. The coarse-black diorite, at 
North Malvern, is one variety which has been modified into gneiss. 
For about two thirds of the breadth, the intrusion of the vein was 
clearly seen; then, for a few inches, the two kinds of diorite were 
confusedly mingled. The remainder of the breadth, consisting only 
of the coarser diorite, was rudely foliated. 

Mica-qneiss, formed from Granite.—Near the southern end of 
Swinyard’s Hill, on the crest of the ridge, is a very interesting 
case of the formation of gneiss by crushing. A narrow band, 
striking across the axis, has the appearance of the ordinary binary 
granite; but a laminated structure 1s very apparent even in the 
field. In immediate contact, forming part of the same mass, the 
rock is flaggy, and seams of mica appear. Then comes a break, but 
flagey schists of the same general type appear in force a few 
hundred yards to the north. A description of microscopic slides 
will bring out the transition indicated. 

No, 281. This was taken as a typical specimen of the granite 
which is seen in mass at the northern part of the hill. It is the 
ordinary compound of orthoclase and quartz, with a little mica. 
Most of the felspar is suffused with a brownish tinge, probably iron- 
oxide, and presents a cloudy appearance. Many of the crystals 
also contain patches or microliths of clear mica, polarizing in 
brilliant colours. The felspar has therefore undergone partial 
decomposition. That this granite contains iron would appear from 
the analysis of the Rev. J. H. Timins*. He states that the 
‘“‘ quartzo-felspathic” veins, which are almost certainly the granite 
I am discussing, furnished in three analyses iron-oxide varying 
between °92 and 1:52 per cent. Both quartz and felspar are some- 
what cracked, and iron-oxide is deposited in the cracks. 

Nos. 282-284.—From the locality at the southern end of the hill. | 
No. 282. From a part of the laminated granite which appears 

more granitoid than the rest. The rock is excessively cracked and | 
crushed, the cracks, which run in all directions, but predominantly | 

* Quart. Journ. Geol, Soc. vol. xxiii. p. 362. 
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with the parallel structure, being filled with either iron-oxide or 
mica. The quartz lies in wedges rather than folia. They are 
approximately parallel, roughly lenticular in section, and rarely 
continuous across the slide. Sometimes lines of quartz-grains curve 
round the felspars. In one part of the field an angular bit of 
quartz is immersed in a confused mass of quartz and felspar in 
granules. ‘The parallelism of the quartz seems at some points to be 
determined by cracks, which are occupied by infiltrated products. 

The felspar has the brown cloudiness of the uncrushed granite. 
It is very much cracked, and where crystals are defined they are 
rather flattened, and often tail out to a point on each side, so as to 
resemble a human eye inshape. Some of the felspar, forming bands 
of small crystalline grains between the quartz folia, is very dirty. 

Mica is very small in quantity. It occurs in some of the narrow 
eracks in quartz, and in some of the felspar, and rarely it forms a 
sort of sheath to the attenuated ends of the eye-shaped crystals. 

No. 283. From the same piece as the last, within a few inches 
of it, but showing such clear lamination that it caught my eye 
at a distance. Under the microscope it is much more like a gneiss. 
The field is clearer, and there is much less cracking of the minerals. 
The folia of quartz are longer, thinner, and more uniform in 
thickness. In a few parts the quartz is traversed by longitudinal 
cracks, but their mode of origin is less evident. Most of the felspar 
is in regular folia of small crystalline grains, but there still remain 
a few of the larger felspars with rounded and irregular outlines. 
Some distinct folia of mica now make their appearance amongst 
the felspar, but the quantity is still small. There has evidently 
been much reconstruction of the minerals in this slide. 

No. 284. Part of the same block, but with the flaggy structure, 
and showing in the field dark seams of mica. The quartz-folia are 
still longer than in No. 283 and more regular in thickness. In 
some spots a thin folium bends out of its course round a crystal of 
felspar. The felspar is similar to the last. Seams of small granules 
of this mineral also are seen to curve out of the straight line round 
large crystals. The notable difference between this and all the 
preceding slides is in the much greater proportion of mica. It 
often occurs in regular folia between the quartz. Sometimes it forms 
a complete sheath to an eye-shaped felspar-crystal. In one place a 
felspar has been cracked obliquely across, and the crack is filled in 
with mica. Thus each half of the crystal forms an almond-shaped 
“eye,” with its fringe of mica. There can be no question that this 
mica, which is the same in all the set of slides, has been formed 
out of the felspar. 

No. 285. From the flaggy schists to the north of the last. The 
structure of the rock strongly suggests a similar origin. There is 
more quartz, which here and there looks as if the lines separating 
its folia had originally been cracks. Several cracks also cut across 
the foliation, and these are filled in with mineral matter, which in 
one spot is seen to be optically continuous with a regular folium. 
At another point an elongated granule of quartz, forming part of 
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a fohum, passes across a transverse crack which therefore must 
be older than the folium, and presumably older than the general 
foliation in its completed state. Where a transverse crack passes 
through quartz, it sometimes vanishes for a little distance, 
reappearing further on, so that it is clear that the sides of the crack 
have come together and become welded. The occurrence of these 
transverse cracks, and their evident connexion with the process of 
metamorphism, is a piece of evidence which tends strongly to 
confirm the suggestions made by the structure of the folia. 

Mica-schist, formed from Felsite—A very interesting section 
(fig. 2), about 30 feet in length, is seen in the slope at the end of the 

Fig. 2.—Passage of Felsite into Schist. 

1. Crushed Felsite. 2. Sehistose Felsite. 3. Schists. 

south-eastern spur of the Raggedstone Hill. Taken in descending 
order, the following are the rocks observed :— 

1. Pale-reddish felsite, so jointed and crushed that it was difficult 
to obtain a piece large enough for a microscopic slide, and the 
specimen selected broke into fragments in grinding. This rock 
forms a band, striking across the ridge in concordance with the 
foliation of the underlying schists. Under the microscope the rock 
is seen to be entirely devitrified, and the microcrystalline structure 
of a typical felsite is very apparent. Even minute fragments, 
which have remained entire in grinding, are brecciated. The cracks 
are usually marked by iron-oxide, and, occasionally, when wider 
than usual, are filled by quartz or by mica. ‘here is a rough 
parallelism in the structure, and this incipient foliation is some- 
times accentuated by a little mica. 

2. A few feet below the last, and separated from it by soil. 
The rock is still felsite, much sounder under the hammer than 
No. 1. Microscopically examined, the field is seen to be clearer, 
the parallel structure is more distinct, and there is a larger pro- 
portion of mica. This rock has evidently been porphyritic, for 
there are several deformed masses of quartz on the slide. One of 
these is eye-shaped, and tails out at each end in a stream of minute 
granules. 
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3. About 15 feet of schistose rock, forming a band below No. 2, 
but continuous with it. Some of it is hardly distinguishable from 
the rock above, but the laminated structure is more evident. In 
other seams the foliated appearance is more marked, and a complete 
gradation can be traced between the modified felsite and a true 
schist. The change is seen even on the ground in the increasing 
distinctness of the lamination proceeding part passu with the 
growing thickness of the films of mica on the planes of fissility. 
These indications are entirely confirmed by the microscope. The 
following gradation is seen in three specimens taken from the same 
band, within a yard or so from each other. 

No. 294. Felsitic appearance in hand specimens, but slightly 
laminated. Under the microscope the parallel structure is seen to be 
due to intermittent folia of a green mica, in irregular bundles of 
fibres and sometimes dirty. This part of the rock also must have 
been a porphyry, for the slide shows several eye-shaped masses of 
crushed quartz which have caused the folia of mica to curve out of 
their course, forming, as it were, eyebrows to the quartz, both above 
and below, just as in the crushed granite described above (p. 529). 
Some parts of the slide display the felsitic structure, as above ; but 
where the mica is most abundant the granules of the ground-mass 
are often of larger size and polarize in bright colours. Mineral 
differentiation would thus appear to have proceeded a stage further. 

No. 295. The change in the felsite is more advanced. The rock 
chiefly consists of elongated granules of quartz arranged in a linear 
manner, with mica lying between them in microliths, so as some- 
times to form a partial sheath. Some of this mica is transparent, 
polarizing in bright colours. Patches of the same mica and some 
felspar are also present. Distinct seams of mica and felspar, parallel 
to the longer axes of the quartz-grains, accentuate the foliation. 

No. 296 is generally similar to the last. In about the middle of 
the slide is a very quartzose seam, in which the grains are much 
larger than in the previous specimens. It is not a vein, but a true 
folium, parallel to the rest. It passes by the gradual introduction 
of mica into a broad, very micaceous band, which graduates in- 
sensibly into a zone displaying a structure strongly suggestive of the 
micro-felsite, but a few microliths of clear mica are present. Some 
parts of the hand-specimen also have a very felsitic look under the 
lens. 

No. 299 is from one of the several narrow micaceous bands inter- 
laminated with the more quartzose schist. It is an indubitable 
mica-schist. The mica is the white variety. It forms about half 
the mass, a great part of it being in distinct folia, which sometimes 
undulate. Some of the quartz has the same appearance as in Nos. 
295, 296,-the granules being more or less sheathed with mica. A 
few lenticular “‘ eyes” of quartz are rather suggestive of the crushing 
of a porphyry ; but on this I do not speak decisively. I am quite 
satisfied, from a very careful study on the ground, that these 
micaceous seams cannot be regarded as foreign fragments of schist 
entangled in the crushed felsite. 
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These modified felsites, now schists, form a low vertical cliff, 30 
or 40 yards long, in which the rock is continuously exposed. I 
worked along the strike to the western end and found similar 
schists, some of them highly quartzose, passing occasionally into a 
material like a quartzite, and into felsitic rock like the first named. 
The different varieties were not always interbanded, but often passed 
into each other with some irregularity. That they all belong to the 
same mass I have no doubt. The rapid variations in the metamor- 
phism agree with the sudden changes noticed in the crushed granite. 
A specimen of one of the quartzose varieties, almost like a quartzite, 
was examined microscopically. In structure it is intermediate 
between a quartzite and a quartz-schist. _ There is very little orien- 
tation in the quartz, which is frequently in large granules. Mica is. 
in small proportion. Much of it is in clear microliths, which 
occasionally form a partial sheath to the quartz-granules, as in the 
other schists of the locality, but more frequently they have a rough 
orientation in one direction; occasionally they accumulate into 
imperfect folia. Parallel with this foliation are several cracks, 
which are more or less filled in with mica and iron-oxide. Some, if 
not most, of the mica in the cracks is the same white variety which 
prevails throughout the slide. This parallel cracking, coincident: 
with the foliation, is another interesting analogy between this schist 
and the crushed granite, and is of course suggestive of similarity of 
causation. 

B. LInjection-Schists, or those in which the Banded Structure is 
due to the Parallelism of Intrusive Veins. 

Two varieties of this rock are here described. 
Duplex Diorite-qneiss, formed from veins of Diorite mm Drorite.— 
This fine-banded rock is common in one of the quarries at North 

Malvern. Parallel seams of grey granitoid diorite (No. 3) are 
enclosed in a black variety (probably No. 1). The differences 
between the ordinary diorites and their gneissic representatives cer- 
tainly do not militate against my theory of the origin of the latter. 
The following points may be noted :— 

In the massive black diorite there is some epidote and chlorite and 
a little green biotite, but in the gneiss there is a much larger pro- 
portion of biotite, and most of it has a definite orientation parallel 
to the direction of the adjacent vein. Some hematite also, which 
is in lath-shaped forms, is similarly orientated. The felspar of the 
ordinary diorite is cloudy, rarely showing plagioclase-twinning, and 
contains numerous clear microliths. In the gneiss the felspar of 
this diorite is rather clearer and sometimes displays striping. 
Comparing the unfoliated grey diorite with the grey variety in the 
gneiss, there is no material difference observable. The crystalli- 
zation of the latter is larger, but in both cases the felspar is pre- 
dominantly plagioclastic, and the proportions of hornblende, biotite,. 
epidote, and quartz are about the same. 

Owing to the want of continuous sections, I was unable to trace 
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an actual passage between the massive and the foliated diorites; but 
if the former were diorites, so were the latter, and I submit that 
there is nothing in the parallelism of the veining inconsistent with 
the theory of an igneous origin. But the description of the next 
variety of gneiss will throw additional light upon this question. 

Gramte-diorite-gneiss, formed from veins of Granite in Diorite.— 
This is the most conspicuous gneiss in the Malvern Hills. The 
gneiss itself and the rocks out of which it is constructed constitute 
about one half of the entire mass of the range. The diorite is black 
and of medium grain(No.1). The production of the banded struc- 
ture is well seen in the long ridge extending between the Wych and 
the Wind’s Point. At the western quarry on the south side of the 
Wych there is a mass of the diorite with granite veins. It appears 
to pass into the gneiss of which the section chiefly consists, but 
junctions are obscured by débris. Similar rocks, in which there is 
the like association of massive and foliated mixtures of the diorite 
and the granite, are seen at intervals along the crest of the ridge to 
the south. At the top of the third summit the relations of the 
rocks are well seen. At one spot the granite is intrusive in the 
ordinary irregular veins, but it passes rather abruptly on the north 
into a rock in which the veins strike in a definite direction to the 
north-west, producing the banded structure of a gneiss. This rock 
is also well exposed about the Wind’s Point. 

The granite-seams in the gneiss vary considerably in thickness 
Sometimes they are continuous for yards, but frequently they are 
lenticular in section. They often behave like veins in their rapid 
attenuation and in their branching habit. Their parallelism is by 
no means uriform, as they sometimes pass obliquely across the inter- 
banded diorite. Comparing microscopic specimens of this gneiss 
with slides from the unfoliated vein-structures in the Wych quarry, 
I do not hesitate to say that it would be impossible to determine 
which was gneiss and which was vein-structure. In both cases 
there is some epidote and chlorite produced in the diorite at the 
junction of the granite, and for a little distance from it, while the 
granite is slightly cracked. 

This banded gneiss is, then, a binary mixture of ieneous rocks, in 
which regional pressure has produced a parallelism of the granite- 
veins. 

4, GENERAL REMARKS. 

As this paper is strictly introductory, the evidence offered is in- 
complete; but it will perhaps suffice to prove that some of the 
Malvern schists are produced out of igneous rocks, and to create a 
presumption in favour of a similar origin for other varicties. 

In the formation of some of the schists, the chemical and mineral 
changes have been very great; but into this division of my subject I 
have barely entered in the present communication. 

Association of the Gneissic Rocks with the 1 Igneous masses. —It is 
generally true that particular varieties of gneiss and schist occur in 
the vicinity of the igneous masses to which they are respectively 
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most nearly related in mineral composition. A few examples are 
here given. 

In the North Hill we have large masses of several kinds of diorite 
penetrating each other in veins, and it is in this locality that we 
find the diorite-gneisses, simple and duplex. 

North of the Wych the above-named diorites are intermixed with 
granite, and here we have a variety of gneissic rocks of more com- 
plex structure. 

Between the Wych and Swinyard’s Hill there is little besides black 
diorite and granite, and here we chiefly find the banded granite- 
diorite-gneiss. 

Swinyard’s Hill consists largely of granite, and it is in this ridge 
that the flaggy quartzo-felspathic schists occur. 

In Midsummer Hill there are masses of coarse diorite, and the 
gneissic rocks in association with them are certainly more allied in 
mineral composition with this diorite than with any other igneous 
rock of the region. 

Raggedstone Hill contains schists widely differing from any of 
the above, and here the associated igneous rocks are felsite. 

These associations cannot be due to accident, and even if no direct 
proof of actual conversion could be offered, they would be of weight 
in the argument. 

Absence of Stratification Except* perhaps in the Raggedstone 
Hill, I could detect no true bedding in the crystallines of the 
Malvern Hills. The zones of igneous and foliated rock, though 
they have a predominantly north-west strike, behave more like veins 
than strata. Where a sufficiently large surface is exposed in plan, 
we find the bands, whether massive or schistose, rapidly thin out. 
For example, on the crest of the ridge about half a mile north of the 
Wych the attenuation is usually from east to west. Fig. 3 shows a 
part of one of the exposures in this locality. 

Age of the Rock.—I see no reason to doubt the received views as 
to the age of the greater part of these rocks. At the south-western 
extremity of the Raggedstone Hill, the Hollybush Sandstone rests 
at a low angle upon the edges of nearly vertical schists. The old 
rocks of the Salopian district afford confirmatory evidence. The 
Uriconian conglomerate of Charlton Hill contains several varieties of 
plutonic rocks, most of which can be matched in the Malverns, and 
these Uriconians are themselves older than the Longmynd series 7. 
It is possible that the felsites and the schists formed from them are 
of a younger epoch. , . 

Period of Metamorphism.__The most effective pressures may have . 
acted at more than one period ; but there is no doubt that the meta- 
morphism was substantially complete before Cambrian times, since 
it is incredible that a force producing a strike transverse to the 
ridge could have acted without dislocating the strike of the flanking 
Cambrian and Silurian strata. 

* After further research I think it no longer necessary to make even this 
slight reservation —C. C., July 20th. 

tT Quart. Journ. Geol. Soe. vol. xlii. p. 481. 
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Schistosity, whether produced before or after Consolidation.—The 
evidence I have submitted points towards the latter alternative. In 
some of the diorites of the North Hill we have seen that the in- 
trusive veins passed along planes of jointing and contained fragments 
of the enclosing rock, as in Galway. ‘Then, too, the schists formed 
from the granite and the felsite are the effect of crushing. I prefer, 
however, to postpone the more adequate discussion of this question. 

Fig. 3.—Plan of Vein-structure i Schistose Rocks. 
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A. Coarse granitoid rock with biotite. 
B. Bands composed of granite-veins, with seams of dark mica and of coarse 

rock (A) foliated. 
C. A yein macroscopically like a fine-grained diorite. Under the microscope it 

is ‘seen to consist of hornblende, two micas, epidote, and quartz, and has a 
rude foliation in a specimen taken at the margin. 

D. Black schist, chiefly mica, penetrated by small granite-veins. 

5. SuMMARY. 

1. Many of the gneissic and schistose rocks of the Malvern Hills 
were formed out of igneous masses and veins. Amongst the materials 
which underwent the metamorphism were several varieties of diorite, 
a granite, and a felsite. 

2. The parallel structure has been caused by regional pressure. 
This conclusion is proved by the intense contortion of granite-veins, 
and by the mechanical effects recognized in the rocks under the 
microscope. 

3. The products of the metamorphism are divided into (1) Simple 
and (2) Injection-schists, the former elaborated out of one kind of 
rock, the latter out of at least two kinds, one being intrusive in the 
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other. The Simple Schists described are hornblende-gneiss, formed © 
from diorite, mica-gneiss from granite, and mica-schist from felsite. 
The Injection-schists noticed were duplex diorite-gneiss, composed 
of veins of diorite in diorite, and granite-diorite-gneiss, of veins of 
granite in diorite. 

In conclusion it was observed that :— 
(1) Particular varieties of gneiss and schist generally occurred in 

the vicinity of the igneous masses to which they were most nearly 
related in mineral composition. 

(2) No true stratification was detected, the bands of igneous and 
of foliated rocks thinning out rapidly, in the manner of veins. 

(3) The received view of the age of the greater part of the rocks 
was not affected by the conclusions of the Author. 

(4) The chief metamorphism was completed before the Cambrian 
epoch. 

(5) Some, at least, of the schistosity had been caused subsequent 
to consolidation. 

(For the Discussion on this paper, see p. 514.) 
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38. On the Rematys of Fisues from the Kevrer of Warwick and 
Nortinenam. By E.T. Newron, Esq., F.G.S. With Norzs on 

their Movr of Occurrencr, by the Rev. P. B. Bropiz, M.A., 

F.G.8., and Epw. Witson, Esq., F.G.S. (Read May 25, 1887.) 

[Prats XXII.] 

Ar the meeting of the British Association which took place last 
September, at Birmingham, the Rev. P. B. Brodie called attention 
to some specimens of fishes which he had obtained from the Upper 
Keuper of Shrewley. The specimens, which he has kindly sent to 
me for examination, are, unfortunately, very fragmentary, but still 
many of their characters can be deciphered; and seeing that 
Ganoid fish-remains from these deposits are of such rare occurrence, 
it is very desirable to place on record any fresh evidence which 
may be brought to light. Portions of seven specimens have been 
found, the best preserved (Pl. XXII. fig. 1) showing the left side of 
the body, minus the head and nearly the whole of the tail, but witi 
parts of the dorsal, pectoral, ventral, and anal fins preserved in situ, 
with one or two rays of the tail-fin. In its present condition the 
specimen measures one inch and a half in length. 

The second specimen (fig. 2) seems to include the whole of a fish; 
but it is so curved round, twisted, and crushed, that its form is 
well-nigh obliterated. When perfect, it probably measured two 
inches and a half in length. The large fulcra of the tail-fin are 
well seen from above; but with the exception of one or two 
plates, probably belonging to the head, little of the structure can 
be made out. 

The third specimen (fig. 3) appears to be a head with the right 
pectoral fin and a portion of the body; but none of the bones of 
the head are preserved, and there is merely an outline in the form 
of a head in front of the pectoral arch. Two other fins are pre- 
served on this block of stone, but they seem to be parts of another 
fish. The fourth specimen is a portion of a body with the ventral 
fin (fig. 4) preserved. 

The fifth and sixth specimens (figs. 5, 6) are portions of tails. 
The seventh specimen, now in the British Museum, is a body with 
perhaps a fragment of the head, but without any tail or fins. The 
scales, in the middle of the side, have their hinder margins denticu- 
lated (fig. 7). 

So far as preserved, these specimens are much alike, and there is 
nothing to lead to the supposition that they belong to more than 
one species. Judging from the best specimen (fig. 1) the body is 
comparatively deep, its entire length, when perfect, being only 
about two and a half times the depth. At the front part of this 
specimen there is a curved fragment, which seems to be part of the 
pectoral arch, and a little behind this there are traces of the 
pectoral fin. The form of this fin, however, is better shown in 
another specimen (fig. 3). If the lower margin of this specimen 
(fig. 1) be divided into three equal parts, then at the junction of 
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the first and second thirds will be the attachment of the’ ventral fin ; 
and at the point between the middle and hinder thirds the beginning 
of the analfin. The form of the ventral fin is best shown by speci- 
men number four (Pl. XXII. fig. 4). The pectoral, ventral, and anal 
fins are of moderate size ; but the single dorsal fin is large, with strong 
and seemingly articulated rays, while its anterior border is provided 
with well-developed fulcral scales. This fin begins nearly opposite 
the ventral fin, and seems to have extended backwards almost to 
the anal fin; but the hinder part being broken away, its exact 
extent cannot now be seen. Several ridges and grooves extending 
downwards from the dorsal fin indicate the presence of strong 
interspinous bones. The tail-fin is not preserved in number one 
(fig. 1); but the fragments of tails (figs. 5, 6) show that the 
upper lobe was larger and stronger than the lower, and had its 
upper margin furnished with particnlarly large fulcra (see also 
fig. 2), and its sides covered with elongated spindle-shaped scales. 
The sides of the body are covered with comparatively strong, 
shining, rhomboidal scales, which in the middle region are large 
and from two to three times as long from above downwards as 
they are from back to front. Towards the tail, as well as above 
and below, the scales become smaller and nearly equal-sided. The 
surface of the scales is smooth and shining; but on some of them, 
especially towards the tail, two or three indistinct oblique ridges 
run from front to back. In the first specimen (fig. 1) the hinder 
border of the scales is imperfect, and it is not clear whether this 
was smooth or denticulate; but specimen number seven has some 
at least of the body-scales finely denticulate (fig. 7). One of the 
tails (fig. 6) also shows that in some. of the scales the indistinct 
ridges end in points on the hinder margin. 

Unfortunately none of the specimens give any clear information 
as to the form of the head, or of any of its bones or plates. The 
restored outline of figure 1 is hypothetical, and is merely added to 
give a better idea of the position of the parts preserved. In the 
position where the bones of the head might be expected (figs. 2 and 3) 
there are only indistinct traces, which may be bones partially 
dissolved, and these appear granular on account of the sandy 
matrix beneath. Specimen number 2 shows what seems to be a 
comparatively large conical tooth near the end of the snout (fig. 2,a). 
In the opercular region there is a broad plate (6) with two 
tooth-like prominences at its hinder border, which may be one of 
the opercular bones; and a strongly striated plate (c) seen a little 
further back will probably bear a like interpretation. . The seventh 
specimen also shows a similar striated plate. 

The only ganoid fishes which have been described from British 
Triassic strata are the unique specimen of Dipteronotus cyphus, 
from the Bunter of Bromsgrove, described by the late Sir Philip 
Egerton *, and the Paleoniscus superstes, also described by the same 
author fT, from a specimen found by Mr. Brodie at Rowington, in > 

* Quart. Journ. Geol. Soc. vol. x. p. 367 (1854). 
T Ibid. vol. xiv. p. 164 (1857). 
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beds of the same Upper Keuper age as those which have now 
yielded the specimens above described. ‘To neither of these Triassic 
fishes can the Shrewley specimens be referred. In the form and 
position of the fins the Shrewley specimens agree with Semionotus ; 
but with such imperfect material, more especially the absence of 
information as to the nature of the head, the generic affinities of 
this fish must be uncertain, and I am unable to find any described 
species with which it will agree. Amongst the forms described by 
Agassiz, Semionotus striatus, from the Lias of Seefeld *, is perhaps the 
nearest to our fossil; but besides being much larger, this has all the 
scales of a more uniform size. In this latter particular S. Mils- 
soni is more like, but in other respects it is even further removed 
from, our specimens. Sir Philip Egerton described three species 
of Semionotus from beds, said to be of Liassic age, at Castella- 
maret; but the descriptions of these are sufficient to show 
that they are not the same as the Shrewley Triassic fishes. 

If it should be thought desirable to have a name for such rare 
British fossils, it is suggested that the species be called after its 
discoverer, Semionotus Brodie. 

Mr. KE. Wilson, at the British Association Meeting at York §, 
called attention to the discovery of fossil fishes in Keuper beds at 
Nottingham. In the abstract of this paper it is said that “‘ The 
specimens he obtained have been examined by several competent 
authorities; but, unfortunately, their state of preservation is so bad 
that nothing certain can be made out as to their precise zoological 
affinities. Dr. Traquair, however, believes that they probably 
belong to some species, new or old, of the genus Semionotus.” No 
further account seems to have been published ; but Mr. Wilson has 
been good enough to let me see these specimens. A few of his 
best examples were presented to the Nottingham University College 
Museum; and through the courtesy of the museum authorities and 
of the Curator, Mr. J. W. Carr, I have had the opportunity of 
examining these also. The number of fishes in this deposit must 
have been very great, as will be gathered from the notes by 
Mr. Wilson (p. 542). Many of these have the scales well preserved ; 
but unfortunately none give any satisfactory clue to the form of the 
body. One of the most perfect is on a small slab belenging to the 
Nottingham Museum, and is marked No. 1. In size, as in other 
respects, this agrees fairly well with the Shrewley fishes; it is 
lying partly on its back, so as to show both the ventral fins and 
above them the dorsal fin; the tail is twisted round, so that its 
upper border is now turned downwards. ‘The position of the head 
is indicated by some irregular bony plates; butits form is uncertain, 

The moderately heterocercal tail and the position of the dorsal and 
ventral fins agree with Semionotus, and possibly the fish may belong 
to the same species as those discovered by the Rey. P. B. Brodie. 
The dorsal fin-rays which are preserved are entire and not articu- 
lated, as in the Shrewley specimen; it may be, however, that these 

* ¢ Poissons Fossiles,’ vol. ii. p. 231. if Loe! cits p. 229: 
+ Proc. Geol. Soc. vol. iv. p. 183 (1848). § Rep. 1881, p. 637. 
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are anterior rays, while those preserved in the Shrewley fish are not 
the front ones. Another specimen, also belonging to the Nottingham 
Museum, and, apparently, part of a similar fish, has these entire 
dorsal fin-rays very well shown (Pl. XXII. fig. 8). 

On the same slab with No. 1 specimen there are fragments of 
what appears to be a Paleeoniscoid fish. This is a portion of an 
extremely heterocercal tail (marked No. 2), the upper lobe being 
covered by numerous slender elongated scales. Some of the more 
anterior and ventral scales of this fragment have longitudinal stria- 
tions; and other fragments on the same slab, with strongly striated 
scales (marked 3 and 4), probably belong to the same fish. The 
markings on these scales are not easy to decipher, but there seem to 
be five or six oblique ridges traversing the exposed part of the scale. 
Figure 9 fairly represents one of these scales, which are much like 
those of Elonichthys given by Dr. Traquair *. 

On another slab there are fragments of a larger fish, as indicated 
by some masses of scales; but these are too fragmentary to call for 
more than a passing notice. 

Notes on the Upper Keuper Section at Shrewley where the Fish were 
found, and on the Trias generally in Warwickshire. By the 
Rev. P. B. Bropre, M.A., F.G.S. 

As a rule, the Trias in Great Britain, considering its extent and 
thickness, is noted for the paucity and rarity of fossils, perhaps it is 
the most unfossiliferous of all rocks containing organic remains in 
this country, especially when compared with the abundant fauna 
and flora of the New Red Sandstone in Europe and other parts of 
the world. Any addition therefore to our knowledge in a field so 
comparatively barren is of considerable interest to the Paleontolo- 
gist. It is now many years ago since I discovered Palwoniscus 
superstes, apparently the last of the genus, in the Upper Keuper at 
Rowington. Last summer, in company with my son, Mr. Douglas 
Brodie, I visited the sandstone-quarry at Shrewley, and he drew 
my attention to some obscure remains on a slab of sandstone which, 
when cleared, turned out to be portions of fish, unfortunately 
fragmentary and ill preserved, belonging to the genus Semionotus fT, 
which, though frequent in the German Keuper at Coburg, Stuttgardt, 
and elsewhere, has not been previously recognized here. On a 
second visit I found a few more in a somewhat better condition, all 
of which I placed in Mr. Newton’s hands. On the slab on which 

* Pal. Soc. 1877, pl. v. 
+ Another and larger fish was found at Shrewley some years ago, but the 

owner will not part with it nor allow it to be figured or described. I showed 
a photograph I have of it to Sir P. Egerton, at the meeting of the British 
Association at Exeter in 1869, and he thought it might be a species of Semionotus. 
It measures from head to tail about 5 inches in length and half an inch broad 
in the centre of the body; it stands out in relief, lying on its back on a block 
of sandstone, and resembles in its mode of preservation some of the fine fish 
from the Ilminster Lias, discovered by my friend the late C. Moore. In the 
New Red Sandstone of North America several fossil fish have been met with 
and will shortly be figured and described by Dr. Newberry, of the School of 
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the first specimens were found were two impressions of footsteps of 
a large Labyrinthodon, and I fancy that the whole number, seven, 
may have been lying on the surface of one large slab afterwards 
broken on removal. The following section of the quarry will 
show the probable position of most of the fossils which occur 
there :— 

ft. An 
1. Soft, brown-coloured sandstone, current-marked ................ceeeee0: Od 
PG EeCHaMmiratls, LIMORe/OF LSs SANG Y.. 5.1: «-js/c4s-aoeee sees ded ecdseienccss oa mawoar 4 7 
3. Friable sandstones, in beds divided by green marl, softer at the top, 

getting harder at the bottom, with green marly surface............... a. 2 
4, Seven or eight beds of sandstone of variable hardness, with Hstheria, 

divided by marls, the bottom rock the hardest ..............-.e+cecees 5 0 
De tard tea-sreen marls with Hstheria  .......ccesces-cacosecuerceetoewneseos Tia 

Mota ee. csiexste «aes 2a 8 

This section faces the south; at the east end of the quarry 
there are about 20 feet of red marls, above the green marls 
and thin-bedded brown sandstone, Nos. 1 & 2. The strata are 
nearly horizontal. The ‘bottom rock’ is exposed on the canal at 
Rowington, where it has a slight dip, owing te a local disturbance, 
and it appears again on the road between that village and Shrewley, 
and elsewhere. The lowest bed in No. 3, probably containing the fish, 
is a rather soft, gritty sandstone, made up of small grains of white 
quartz and other variously coloured rolled material, very small, 
loosely connected together, and readily broken. Here and there this 
sandstone is traversed by bands of green marl. The most abundant 
organisms in this bed, which have been known for a long time, are 
the remains of Cestracionts, consisting of teeth, palatal and cutting 
{the latter very rare), of several species of sharks, with the dorsal 
spines and, occasionally, portions of the shagreen. I have in 
my collection a series of small palates, united together, which is 
a unique example from the Trias here. A similar stratum, with 
similar fossils, occurs at several localities in Worcestershire. 
Footprints of Labyrinthodon, generally of small size, are occasionally 
found on the surface of the sandstones; and at Rowington remains 
of plants in a very imperfect condition, among which is Volézia in 
fructification, and some small fruits resembling the Jurassic Carpoli- 
thus, so called. The ‘bottom rock’ is an excellent and durable 
building-stone, and was formerly largely quarried at Rowington 
and other places. In most works on geology the New Red Sand- 
stone is simply classed as a series of stratia of variously coloured 

Mines, New York. He informs me that he has enumerated about twenty 
Species from the American Trias, viz. :— 

Caropicnus Rediield acs .ch)sesenocir essences 6 species. 
Ischypterus, Egerton= Pal@oniscus............ I2Zi- 5; 
BZCUCHO) Cpts We NOASS «rit ige «Balas sere sina winstices be hs 5s 
WB UEU SSN WDOIIGY fe sete sco isis as <0. = s.r: ileeerie 

Dr. Newberry states that the American genus Ischypterus is so near to the 
genus Semionotus, that if found in Europe, Agassiz would have referred it 
unquestionably to that genus. 

@rJ.G. 8: No. 171. 20 
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marls and sandstones, including the waterstones at the base. Now 
there are in Worcestershire several marls and sandstones, including 
the Waterstones, having at the bottom the hard rock above men- 
tioned, overlying green marls with Hstheria, succeeded by a thick 
stratum of red marls, which evidently come between these and the 
lower Waterstones at Warwick, Leamington, Cubbington, and else- 
where, so that the New Red in this district might be fairly divided 
into Upper and Lower Keuper, with two important beds of sandstone, 
one above and another below, separated by red marls, which would 
form hereabouts the dividing line. The same thing applies to the 
neighbourhood of Rugby, and is, I see, adopted by the local 
geologists there. The same subdivision is also adopted by the 
Rev. J. Mello for the Cheshire Trias; and I think it might be 
generally and advantageously adopted where these two sandstones, 
which differ lithologically, are closely separated by a thick inter- 
vening mass of red marl. The Waterstones are famous for the 
number (comprising nine genera) of Salamandroid Batrachians, a 
large number and variety of which have been found at Warwick, 
Leamington, and Coventry; and a unique collection is preserved in 
the Warwick Museum. 

I may add that although the red rocks of Kenilworth and 
Coventry have hitherto been assigned to the Permian, there seems 
every probability that a large peipanion of the former will now 
have to be classed with the Trias. 

Notes on the Triassic Beds at Colwick Wood, near Nottingham. 
By Epw. Witson, Esq., F.G.S. 

The small fishes described were found by me in the summer of the 
year 1879, in the roof of a tunnel which was being driven through 
the side of the hill at Colwick Wood, near Nottingham, for the Leen 
Valley Outfall Sewer. They come from the Lower Sandstone or 
‘Waterstones’ of the Upper Keuper, which at this point rest upon 
the ‘Basement-beds’ of the Lower Keuper. The fishes were 
apparently limited to the lowest stratum of the ‘ Waterstones,’ a 
bed of greenish-yellow sandstone 10 inches thick, with intercalated 
streaks of red and green marl, and a seam of pebbles at its base, 
and to the bottom inch or two of that stratum. This bed may be 
seen cropping out in an adjoining field on the hillside which here 
forms the escarpment of the Trent Valley, but it is not fossiliferous 
at that point; and although there have been many opportunities 
of examining the strata at the same horizon on the east side of Not- 
tingham, and at other places in the vicinity, no traces of any similar 
organisms have, so far, been discovered elsewhere in the district. 
In addition to the exceptional interest that is always to be derived 
from the presence of organic remains in Triassic rocks, as a rule so 
barren of life, there were two points specially noticeable in con- 
nexion with the occurrence of these fossils in the Keuper at 
Nottingham; namely, first, the great number of the fishes, there 
being quite a shoal of them for a distance of thirty feet or there- 
about, in the line of section, the individual fishes even lying over 
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one another in the middle portion of that distance, but gradually 
becoming more widely separated in either direction until they 
finally came to an end; and, secondly, their occurrence at the 
junction of two subformations of the Trias, namely, of the Water- 
stones of the Upper Keuper and the Basement-beds (Lower Keuper). 
This may be, and probably is, merely an accidental coincidence. 
At the same time, it may be worth while to record the fact. The 
two series of deposits, at the junction of which this fossil shoal of 
fishes was found, are of very diverse characters, and were formed 
under very different physical conditions. The Keuper Basement- 
beds are a series of gritty, false-bedded sandstones with frac- 
tured quartzite pebbles and strange wedge-shaped intercalations of 
fine red marl and marly débris, irregularly bedded and showing 
clear signs of the existence of powerful currents as well as of 
considerable contemporaneous erosion. These deposits I believe to 
have probably had a fluviatile origin. The Waterstones, on the 
other hand (at the base of which the fishes occurred, and to which 
series they belong), are regularly bedded fine-grained sandstones and 
marls, showing ripple-marks and sun-cracks*, and were evidently 
formed in waters which were tranquil but extremely shallow, and 
liable to entire and perhaps rapid desiccation. These waters were 
in all probability those of saline lakes or lagoons. Possibly the 
fishes found at Colwick may have become entrapped in the shallows 
of such a lake, and killed in numbers by the drying-up or the 
increasing salinity of the water. 

EXPLANATION OF PLATE XXII. 

Fig. 1. Semionotus, found by the Rev. P. B. Brodie in the Upper Keuper of 
Shrewley, twice natural size. d, dorsal fin; p, pectoral fin; 
v, ventral fin; an, anal fin. The head and greater part of the tail 
are wanting, but their probable form is indicated by a hypothetical 
outline. 

Fig. 2. A much crushed specimen, natural size, showing the large fulcral 
scales of the tail. 

Fig. 3. Another example, twice natural size, showing part of head, pectoral 
fin, and possibly part of ventral fin. 

Fig. 4. A fragment, showing ventral fin, twice natural size. 
Fig. 5. A tail, twice natural size, showing its moderately heterocercal cha- 

racter. 
Fig. 6. A similar specimen, also twice the natural size, showing the large 

fuleral scales. 
Fig.6a. A few of the scales, further enlarged. 
Fig. 7. Scales, enlarged, from a specimen presented to the British Museum 

by the Rey. P. B. Brodie, showing their denticulate margins. 
Fig. 8. One of the numerous specimens of Semonotus found by Mr. EH. Wilson 

in the Trias of Colwick Wood, near Nottingham; natural size. 
Other examples show that the ventral fins (and probably the anal 
fin) were situated as in figure | above. 

Fig. 9. A scale, enlarged 20 diameters, of one of the Palzoniscoid fishes, also 
found by Mr. B. Wilson in the Trias of Colwick Wood. 

* In these lowest beds of the Waterstones at Colwick I found the stem of a 
land plant having the appearance of Hguisetites columnaris, and probably 
allied thereto. Unfortunately it was only a sandstone cast, and too friable to 
remove. 

rors 
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39. On the LowER Part of the UpPper Cretacrous SERIES 7m Wrst 
SurFotk and Norrotk. By A. J. Juxes-Browne, Esq., B.A., 
F.G.S., and W. Hirt, Esq., F.G.S. (Read June 8, 1887.) 

INTRODUCTION. 

Tur zonal subdivisions of the Cambridgeshire Chalk were first 
described in 1880 *, and more fully in the Memoirs of the Geological 
Survey, in 1881, the outcrops of the Totternhoe Stone and the 
Melbourn Rock having then been traced as far as Burwell and 
Newmarket respectively ; but the survey of the Suffolk Chalk having 
been previously completed, the lines were not continued on the 
Survey map. 

The section exposed in the cliffs near Hunstanton has often been 
described, but the beds there seen are very different from those 
which occupy a similar stratigraphical position near Newmarket; it 
was evident, therefore, that between these two places the beds 
forming the lower part of the Chalk underwent a considerable 
amount of lateral change, and that, until more was known of the 
manner in which one facies of the Lower Chalk passed into the 
other, no correlation of the Norfolk and Cambridge sections could be 
more than suggestive. 

Moreover, in the absence of this information, one of us has found 
much difficulty in correlating the subdivisions of the Lincolnshire 
Chalk with that of the Midland counties, and he felt that when 
once the constitution of the Norfolk Chalk was properly understood, 
that of Lincolnshire, which bears great resemblance to it, would no 
longer offer any difficulty. 

It being clear, therefore, that important issues depended upon an 
investigation of the changes that take place in the Cretaceous rocks 
as they pass from Suffolk into Norfolk, it was with the object of 
exploring this terra incognita that we started from Newmarket 
in June 1886, and worked rapidly northward as far as Shouldham 
and Marham in Norfolk. By this traverse we succeeded in obtain- 
ing some important information, which was communicated to the 
Director of the Geological Survey, the result being that Mr. 
Whitaker was sent into the district, and one of us accompanied him 
in continuing the work through Norfolk to Hunstanton. During 
this traverse the lines for the Melbourn Rock and Totternhoe Stone 
were drawn, and that for the Melbourn rock will be engraved on 
sheets 65 and 69 of the Geological Survey map. A third visit was 
made in September, and two others in the spring of this year, for 
the purpose of gaining further information on certain points, and 
superintending the execution of three borings which were made for 
the purpose of testing the accuracy of our conclusions at localities 
where little natural evidence was obtainable. 

* Geol. Mag. dec. ii. vol. vii. p. 248. 
t ‘Geology of the Neighbourhood of Cambridge,’ by W. H. Penning and A. 

J. Jukes-Browne, pp. 20 ez seq. 
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The present communication therefore is based upon our joint 
investigations in the field, checked and confirmed by the results of 
the borings, by the examination of the fossils collected from the various 
exposures, and by the study of more than 150 rock-slices under the 
microscope. 

The mass of evidence thus obtained will naturally be treated under 
the three heads of (1) stratigraphical evidence, (2) paleontological 
evidence, (3) microscopical evidence; and these are supplemented by 
the chemical analyses which the kindness of Dr. Johnstone enable 
us to adduce. We desire also to thank Mr. Whitaker for his assis- 
tance and cooperation in the field, and for his readiness to impart 
such information as he possessed. 

§ 1. SrrarrerapHicaL EvipEnce. 

For the purposes of description, it will be most convenient to 
divide our matter into three portions under the following heads: 
(a) the Gault and the Cambridge Greensand, (6) the Totternhoe 
Stone and Chalk-marl, (¢) the Grey Chalk, Melbourn Rock and 
associated beds, tracing each division from south to north, and de- 
scribing the exposures which we observed along the tract occupied 
by it. 

A. The Gault and Cambridge Greensand. 

On the eastern borders of Cambridgeshire, near Reach, Burwell, 
and Soham, well-sections prove the thickness of the Gault to be 
about 100 feet, the information obtained showing a variation 
between 90 and 110 feet at different places. 

The greater part of the Gault lies below the surface of the Fen, 
so that little can be seen of it; but some fourteen or fifteen years 
ago many Coprolite-pits were open between Reach and Soham, and 
we quote the following observations from the ‘Survey Memoir on 
the Neighbourhood of Cambridge’ (p. 34) as indicating that the 
clay which here underlies the Coprolite-bed belongs to a different 
and probably higher part of the Gault than that on which it rests 
near Cambridge. The memoir says:—‘The phosphate nodules 
extracted from these pits exhibited different characters from those 
obtained nearer Cambridge ; there was a much greater proportion of 
hghter-coloured phosphates, and the fossils which occurred among 
these had not apparently been subjected to much rolling, but retained 
their shells in a more perfect state than usual—Terebratule, Rhyn- 
chonelle, and Haogyre being especially common and well pre- 
served. . . . Amongst the darker nodules there are some which 
have a greenish exterior, and the whole assemblage has a different 
aspect from those [of the pits] to the south, as if resulting from 
the erosion of differently constituted beds in the Gault.” 

It is also mentioned that at one pit near Reach “a second 
Coprolite-bed was worked in the mass of the Gault, about 8 feet 
below that forming the base of the Chalk-marl,’” the fossils from 
both beds being mixed in the washed heap. 
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Fig. 1.—Map of the Outerop of Cretaceous Rocks in West Suffolk 
and Norfolk. (Scale 8 miles to 1 inch.) 
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Now it is remarkable that these phenomena are similar to those 
found near the southern termination of the Cambridge Greensand 
in Bedfordshire; the phosphates dug near Barton in that county 
exhibited a similar preponderance of light-coloured nodules, and it 
was specially observed * that their surfaces were fresher and less 
water-worn than those of the Cambridge nodules. It was shown, 
in the paper referred to, that these nodules were in all probability 
derived from the uppermost beds of the Gault, and the resemblances 
between them and the nodules from the Reach and Soham pits are 
therefore very suggestive ; this point will be again referred to in the 
sequel. 

The most northern locality where the Cambridge seam has been 
worked is near Wedd’s Farm, about two miles north-east of Soham, 
where it was not far from the surface. Beyond this spot its course 
is unknown, and no line for the base of the Chalk beneath the 
Fenland has been drawn on the Geological Survey map (sheet 51, 
N.E.); there can be little doubt, however, that it runs below 
Mildenhall Fen, and probably passes out of sheet 51 into sheet 65, 
about a mile and a half north-west of Lakenheath. How far the 
nodule-bed continues at the base of the Chalk-marl is of course a 
matter which could only be decided by making a series of borings 
through the fen-beds along the line above indicated. 

Gault is said to underlie the gravel of Shrubb Hill, which is 
an island in Hockwold Fen, on the north side of the Little Ouse, 
but the base of the Chalk-marl seems to be still below the Fen- 
level. 

Between West Dereham and Stoke Ferry the Gault once more 
rises above the level of the Fen, and forms a low-lying plain be- 
tween the ridges of the Lower Greensand to the westward and the 
slope of the Lower Chalk on the east. 

That this is really Gault we have not the slightest doubt. Mr. 
C. B. Rose, who was the first to describe it, seems at first to have 
had some doubt whether it was true Gault; but his hesitation was 
set at rest by William Smith, who identified it by the fossils he had 
found in itt, so that we find Fitton (in 1836) accepting its existence 
as an established fact. Mr. Rose afterwards succeeded in tracing 
the several detached exposures of this clay from West Dereham to 
Congham and West Newton, and records the finding of other Gault 
species¢. From this time, no doubt was ever thrown on the occur- 
rence of Gault in West Norfolk until 1885, when Messrs. Reid and 
Sharman § raised the question in the ‘ Geological Magazine,’ and sug- 
gested that the whole of it was Chalk-mazrl, asserting that it con- 
tained a Chalk-marl fauna. 

From their conclusions we entirely dissent, and our reasons for 
maintaining that this clay is really Gault have already been 
published, so that we need not repeat them here; but we think that 

* See Quart. Journ. Geol. Soe. vol. xxxi. p. 262. 
t Phil. Mag. vel. vii. (1835) p. 179 e¢ seg. 
t Proc. Geol. Assoc. vol. i. p. 234. © 
§ Geol. Mag. dee. iii. vol. iii. p. 55. 
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if Messrs. Reid and Sharman had traced the Chalk-marl through 
Suffolk and Norfolk, as we have done, and had realized the true 
position of the hard chalk exposed at Stoke Ferry they would never 
have published their suggestion. 

In our brief communication to the ‘ Geological Magazine’ we men- 
tioned that, in order to decide the question, we had a boring made 
at Stoke Ferry, and had proved the existence of a glauconitic marl 
there, which rested on blue clay at a depth of 532 feet below the 
quarry floor (see p. 556). 

We may also mention in this connexion that from the core of the 
Glauconitic Marl brought up from the bore at Stoke Ferry we ex- 
tracted a small but perfect cast of Avicula grypheoides in dark- 
brown phosphate of exactly the same appearance as the casts of the 
same shell in the Cambridge Greensand, so that we feel warranted 
in regarding this bed as an actual continuation of the Cambridge 
Greensand. 

Another well-section, at a point a quarter of a mile south-east of 
the quarry, continues the succession, and shows 56 feet of Gault 
below the base of the Chalk-marl. The details are as follows :— 
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The three feet of “« Yellow Marl” we regard as in all probability 
the glauconitic basement-bed of the Chalk-marl, which has a 
yellowish tinge, especially when contrasted with the whiter Chalk- 
marl above, and its assigned thickness agrees very closely with that 
of the bed proved by our boring. The clay below is, of course, the 
Gault, and the “‘ dark green sand” is its basement-bed, in which the 
Coprolites occur at West Dereham. 

For the details of this boring we are indebted to Mr. W. 
Whitaker, who obtained them from the well-borer himself, Mr. T. 
Tilley. The three sections taken together, namely, the open quarry, 
our boring, and Mr. Tilley’s boring, give the complete thickness of 
the Chalk-marl and Gault at Stoke Ferry, the former being 75 feet 
and the latter 58 feet in thickness. We had previously calculated 
the thickness of the Gault, taking the breadth of its outcrop as two 
miles, and assuming a dip of 1°, to be 59 feet. We shall show in 
the sequel that the thickness of this clay rapidly decreases from this 
point northwards. 

On the Gault-area the only sections are those to be seen in Ule 
trenches opened from time to time for the purpose of working h 
seam of phosphate-nodules which lies at the base of the clay. T° 
best section open in 1886 was at the works one mile W.N.W. ° 
Dereham Church ; this showed from 10 to 12 feet of dark grey clay’ 
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with a basement-layer (9 inches thick) of sandy glauconitic clay 
containing the ‘‘Coprolites.” This layer rested directly on brownish 
sand, the line of junction being undulating, as if indicating erosion. 
Both here and at the other pits south-west of the church there was 
only one seam of nodules, and all the nodules on the washed heaps 
were of the gritty or pebbly phosphate, such as occurs in the zone 
of Ammonites mamillaris at Folkestone. In the older pits near 
West Dereham, phosphate-nodules of the darker compact kind 
usually found in the Gault occurred in the clay overlying the 
nodule-bed; but in the present workings only pale grey or buff- 
coloured phosphates occurred above the basement-bed. 

Near the farm called “* Muzzle,” about four miles west of West 
Dereham, a good section of the lower part of the Gault can be seen 
in an old pit, where clay has been extensively dug for agricultural 
and other purposes. The lower part of the face is now hidden by 
a talus slope, due to weathering, but there yet remains a vertical 
section of about from 4 to 6 feet. This exposure has been considered 
by many writers to afford a proof of the existence of the Gault in 
Norfolk. Messrs. Reid and Sharman, however, as previously men- 
tioned, refer it to the Chalk-marl. They visited this pit to obtain 
fossils ‘‘unmixed with derivative forms,” and they consider the 
assemblage so obtained to be characteristic of the Chalk-marl rather 
than of the Gault. 

We have examined the exposure carefully. All the fossils found 
here were met with in the face of the pit except Ammonites 
umterruptus. Ammonites of this species were obtained by digging 
a little below the floor of the pit, and appeared common as soft-clay 
casts; but some of the interior whorls of at least one specimen 
were phosphatized. With the Ammonites were associated numbers 
of Inocerami, which appear to belong to Inoc. concentricus and allied 
species. The whole assemblage is unquestionably a Gault one. 

The area occupied by the Gault north of West Dereham is much ob- 
scured by spreads of Boulder-clay, &c., but deep ditches give occasional 
facilities for following its outcrop. In one of these, to the south of 
Shouldham, Messrs. Reid and Sharman record a bluish-white marly 
clay, full of Belemmites minimus and B. attenuatus and Plicatula, 
which they refer to as Chalk-marl*. From the evidence we have 
obtained at Muzzle and West Dereham, and also further to the 
north, at Grimston, we believe this marly clay to be true Gault. 
Mr. Whitaker informs us that a boring at Narborough House passed 
through 85 feet of chalk, which was hardest near the base, then 
through 20 feet of blue clay or marl, reaching the Lower Greensand 
at 105 feet. 

In the neighbourhood of Grimston we have been able to identity 
the Gault, and have ascertained its thickness by boring. 

The point chosen for this operation was a pit about half a mile 
N.N.E. of Roydon Church, in which occurs a hard, grey, and gritty 
chalk, with green-coated nodules at its base, described by Mr. 

* Geol. Mag. dee. iii. vol. ili. p. 55. 
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Whitaker * as the probable representative of the Totternhoe Stone. 
This hard grey chalk is underlain by exceedingly hard creamy- 
white chalk, which passes rather abruptly into a softish, grey, clayey 
marl. At the junction of these two the hard material was de- 
cidedly yellower, and it passed into the bed below as layers or 
lumps separated by the marl. The section obtained by digging and 
boring is as follows (fig. 2) :— 

Fig. 2.—Diag puch of Section shown and obtained by LOG wm the 
Pit about 3 mile N.N.E. of Roydon Church. (Scale $ inch to 
1 foot.) 
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* Proc. Norwich Geol. Soe. vol. i. pt. iii. p. 238 (1884). 
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of the cores showed that hard material had been passed through, 
probably at the top of the blue Gault. Belemnites were found in 
the cores, and also in the lowest part of the hard Chalk-marl, but 
not higher. 

About half a mile N.E. of Grimston-Road Station the following 
succession of beds, having a slight dip to the east, is shown in a 
shallow cutting of the railway. Entering from the southern end, a 
dark-grey calcareous clay is seen for about fifty yards. Some thirty 
yards south of the bridge which spans the centre of the cutting this 
clay is seen to be overlain by a bed of hard, bluish-grey rock, eight 
or ten inches thick. Two feet above this bed, and extending for 
almost the entire length of the cutting from this point to the north, 
rather more than a foot of the clay is coloured a bright reddish 
pink. This band is divided in places by uncoloured material. 
North of the bridge, a second bed of pale yellowish-grey rock, about 
eight inches thick, is seen above the red band, separated from it by 
a few inches of marly clay. The lower of these hard beds proved 
fossiliferous, the most abundant form being Inoceramus concentricus ; 
associated with it were Jnoceramus sulcatus, Ammonites lautus, and 
A. rostratus. The upper bed appeared to contain few fossils. 
Inoc. concentricus occurred sparingly. 

The succession of these beds was further confirmed by following 
the course of the brook to the west of Grimston Church. ‘The out- 
crop of the lower hard bed occurs just by a small field-bridge about 
a quarter of a mile S.W. of the church. It is easily identified by 
its fossils, which are the same as those from this bed in the cutting. 
Following upward the course of the stream, a grey marly clay is 
exposed on either bank, which, just above the hard bed, and rather 
closer to it than in the cutting, is tinged with pink. Above this is 
a second hard bed. At the confluence with the main brook of a 
small stream, which takes its rise immediately to the west of the 
church, hard, creamy-white Chalk-marl is seen, bared at this point 
from all sediment by the swiftly running water. This spring 
appears to rise at the horizon of the hard grey chalk noted at the 
Roydon pit, with which the material from the spring-head agrees. 
Belemnites occur from the lower hard bed to the Chalk-marl, very 
abundantly in the pink, more sparingly above it. 

About a mile to the south-west, the same order of succession of 
these beds can be made out in the channel cut by the water rising from 
the Sow’s Head spring. The water here appears to come out at the 
base of the hard Chalk-marl, for hard limestone, weathering yellowish 
and containing Belemnites, extends for some little distance down 
stream. Below this, with about the same interval of grey marly 
clay between them as at Grimston, are two hard beds, the lower 
containing the same fossils as before; and the marl above it being 
tinted a dull brownish pink, is probably the representative of the 
red band in the cutting. 

There is perhaps some ground for doubting whether the hard 
beds seen in this neighbourhood occur continuously at the same 
horizon ; for Mr. Rose notes a hard bed at Pentney only 2 feet 
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above the base of the Gault *; but in both the brook-sections soft 
greyish-blue marl underlies the lower hard bed, below the outcrop of 

which the banks weather down, and the strata through which the 
water cuts its way are no longer openly exposed. 

A small exposure was noted of grey clayey marl, with some pinkish 
streaks, just to the east of the gardens at Sandringham, in what 
appeared to have been an old pit close by the road. This we refer 
to the Gault. At a subsequent visit this exposure was covered up, 
but red clayey earth was seen just above the outcrop of the Carstone 
around some young trees which had just been planted. 

That which we believe to be the final thinning-out of the Gault 
clay was found by boring in the large chalk-pit at-Dersingham (for 
section see p. 560). Here, below the hard Chalk-marl, 2 feet of 
softish pale grey marl was found, and beneath this 3 feet of 
yellowish-brown chalky material, hard at the top, but passing down 
into 23 feet of red marly clay, which rested immediately on the 
Carstone. 

This confirms a statement of the Rev. T. Wiltshire, who says - :— 
“‘ 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 
Belemnite, 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.” 

As will be seen in the sequel, the stratigraphical evidence is 
strongly in favour of the Red Chalk being the actual continuation 
of the Norfolk Gault, a conclusion which agrees with that arrived 
at by Mr. Wiltshire; but it will be seen that the strength of this 
evidence lies in the identification of the overlying “ sponge-bed” as 
the real base of the Chalk-marl. 

B. The Chalk-marl and Totternhoe Stone. 

The thickness of the Chalk-marl in Cambridgeshire is from 60 to 
70 feet, and its upper beds, underlying the Totternhoe Stone, are well 
exposed in the large quarry at Reach and in the northernmost 
quarry at Burwell. 

At Reach a face of about 30 feet is seen, the highest beds being 
tough and blocky, drying to a dull greyish white and being then 
fairly compact; they are not really bedded, but split into large blocks 
with curved and largely conchoidal fractures, and the. whole mass 
is divided by strong joints; this “clunch,” as it is locally called, 
passes down to a softer and darker brownish-grey marl which 
towards the bottom of the section shades into a bluish shaly marl, 
these lower beds containing Jnoceramus latus, Ammonites varians, 
and other fossils in some abundance. 

The lower part of the Chalk-marl, as seen in the numerous 

* Phil. Mag. 1835, vol. vii. p. 180. 
tT Quart. Journ. Geol. Soc. vol. xxv. p. 190. 
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Coprolite-pits between Cambridge and Soham, is a soft, argillaceous, 
bluish or greenish-grey marl, containing many small Brachiopoda. 

The Totternhoe Stone is invariably found at the top of the Chalk- 
marl throughout Buckinghamshire, Bedfordshire, and Cambridge- 
shire ; and the most northerly point to which it has hitherto been 
traced is the village of Burwell, in Cambridgeshire, where there are 
large quarries and good sections. These have been described in the 
“ Geology of the neighbourhood of Cambridge ” (Mem. Geol. Survey), 
so that a brief summary need only be given here. ‘The stone is gene- 
rally spoken of as a grey sandy chalk, but the roughness and apparent 
sandiness is probably due in great part to the quantity of the com- 
minuted fragments of Jnoceramus-shells which it contains. Its 
basement-bed is a remarkable stratum, consisting of hard, grey, 
gritty stone full of green-coated phosphatic nodules, which vary in 
size from that of a pea to that of a walnut or small potatoe; the 
thickness of this layer is from six to twelve inches and it is locally 
known as ‘“ brassil.” At Burwell the uppermost bed of the stone 
is a course of compact grey freestone, about 3 feet thick, which 
is known as the “bond” course and forms the best building-stone 
of the quarries. The whole thickness of the Totternhoe Stone is not 
exposed in any of the sections, but is seen to be more than 13 feet. 

The first locality beyond Burwell where we found traces of this 
stone was in the shallow cutting on the new railway nearly a mile 
north of Fordham Station. Much water is thrown out here, and as 
a level piece of ground has been left by the removal of material 
between the rail and the road, shallow trenches have been dug to 
facilitate the escape of the water; these excavations expose a 
portion of the basement-bed of the Totternhoe Stone, which is full 
of green-coated nodules like those of Burwell, and contains some 
fossils, such as Pecten fissicosta, Kth., and Rhynchonella Grasiana, 
dOrb. Only the bared outcrop of this bed is seen, and it probably 
dips eastward, the general features of the country suggesting that 
the long ridge on which the eastern part of Fordham stands coincides 
with a shallow synclinal trough. The cutting north-east of this point 
is chiefly through a kind of chalky wash overlain by a gravelly soil. 

The “ clunch-pit”’ three furlongs N.E. of Fordham Church appears 
to be in the top of the Chalk-marl, just below the horizon of the 
Totternhoe Stone; but we found fragments of the stone near the 
windmill three quarters of a mile N.N.H. of this, so that the hill east 
of the mill is probably an outlier of grey chalk based on the Stone. 

At Isleham there are two large quarries, which have been worked 
for many years; both of these show sections of the Totternhoe Stone, 
very like those of Burwell, but the base is not exposed and there is 
no bed comparable to the ‘“‘ bond course” of that locality. The 
beds seen in the oldest quarry south of the church are :— 
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The Totternhoe Stone is called ‘“ the blocks” by the quarrymen, 
and they stated that these extend for another 6 feet below the level 
then exposed, another course being then reached, which they call 
‘“‘the greys,’ and water comes in at 8 feet down. It would appear 
therefore that the stone is hereabout 12 feet thick, excluding “the 
hards,” which are perhaps more fitly classed with the overlying 
chalk into which they merge. The blocky stone is burnt for lime, 
but is also used for walling and for small buildings when required. 

The other quarry is about a quarter of a mile east of the church, 
and exposes a rather deeper section, but without showing the base 
of the stone. At this pit we were informed by one of the workmen 
that he had found a number of large stones in a hole at a depth of 
22 feet from the surface ; according to his account it was a cavity in 
undisturbed chalk, and the stones were mixed with material like 
rotten wood or decayed bones. We came to the conclusion that it 
may have been a stone-laden mass of drift-wood which had sunk to 
the sea-bottom at this spot and been imbedded in the Totternhoe 
Stone. 

The railway-cutting by Isleham Station doubtless traversed the 
Totternhoe Stone, but it is now so grassed over that nothing is 
visible, and the outcrop on the other side of Freckenham Beck is 
entirely concealed by a wide spread of gravel. 

The well at the Isleham waterworks, about half a mile west of 
Isleham Station, gave a nearly complete section of the Chalk-marl, 
the details being as follows, according to Mr. Hook of Soham, who 
made the boring :— 
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Crossing the river Lark by West-Row ferry, we come to the large 
quarry which has been elsewhere described*, and which is 
remarkable for exposing a band of pink or light red chalk similar 
to one of those which occur in Lincolnshire. We need not repeat 
the details of this section, but may say that the beds are clearly in 
the grey chalk and must be some distance above the Totternhoe 
Stone. 

The “ clunch-pit,” marked on the Ordnance map near the words 
“Western Ditch,” is now disused and turned into a garden; but a 
small exposure beneath the hedge shows brownish-grey gritty stone, 
having the appearance of Totternhoe Stone, an identification which 
was afterwards confirmed by microscopical examination. We 
followed the slight feature made by the outcrop of this stone as far 
as Beck Row, the direction of the strike being about N.N.E.; but 
beyond that place the feature is completely obscured by the blown 
sand which overspreads so large a part of this district. 

* Geol. Mag. dec. iv. vol i. p. 74; and Brit. Assoc. Rep. 1886, Sect. C, p. 664. 
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On the north side of the Brandon River, near Hockwold and 
Feltwell, grey chalk is again above the Fen-level, but none of the 
pits expose anything which we could identify as Totternhoe Stone. 
Grey blocky chalk in which we could not find any fossils, but which 
must be between this horizon and the Melbourn Rock, is seen in a 
quarry by the main road two furlongs north of Hockwold. To the 
westward, near Hockwold Grange, there is hard blocky grey chalk or 
‘‘ clunch,” which appears to belong to the upper part of the Chalk- 
marl, A weathered exposure of this grey chalk occurs in an old pit 
near the Grange, Ammonites varians and Inoceramus latus being here 
as abundant as in the large quarries near Reach. At a small lime- 
kiln by the road, three furlongs north-east of the Grange, we saw 
about 20 feet of blocky grey chalk, which more resembled that above 
the Totternhoe Stone at Cherry Hinton than any part of the Chalk- 
marl, and the only fossil found was Ammonites rhotomagensis, which 
is not common in Chalk-marl; still the distance between the two 
exposures is so small, and the difference of level so slight, that we 
believe the latter to be still in the Marl. 

There is another small pit by the roadside, north of White Dyke, 
and in the lower part of this are some hard dark grey beds with 
lumpy irregular surfaces, which greatly resemble the beds overlying 
the Totternhoe Stone at Isleham (see p. 554), but we afterwards 
found that similar beds appeared in the Chalk-marl. 

South of Feltwell St. Nicholas, and near the windmill marked on 
the map, is a quarry from the face of which adits or tunnels have 
been driven, and the following section is exposed :— 

feet. 
Perm HallcysSOlligm moot eercaes ta dejies-bseewstinsoreeere tt sects 1 
3. Greyish-white chalk, rather hard .................. 10 
2. Hard grey chalk in thin irregular beds mottled 

with darker grey pipings, about .................. 5 
1. Softer and lighter blocky chalk, seen for ......... 10 

26 

The hard beds are like those at White Dyke, but the chalk below 
is certainly not Totternhoe Stone; it resembles the Chalk-marl of 
Hockwold Grange, and the comparison is confirmed by microscopical 
examination. The caves are excavated in this blocky chalk, the 
lower part of the hard beds being also removed, leaving the upper 
part of the latter to form the roof. If these grey beds are the 
same as those of White Dyke, we must infer the existence of a 
fault to account for their position at Feltwell on a higher level and 
more than a mile eastward of the former place. 

Small pits exist near the edge of the fen north-west of Felt- 
well, and near Methwold Hithe, but do not expose anything of 
interest. ~ 

In the large quarries at Stoke Ferry we were able to identify the 
representative of the Totternhoe Stone, and the underlying beds 
must therefore be referable to the Chalk-marl. Of these 22 feet 
are exposed, and they consist of hard blocky dull white chalk, which 
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clinks under the hammer, and has a yellowish tinge on the weathered 
surfaces; no one would at first sight identify this with the Chalk- 
marl of Cambridgeshire, but its position is sufficient proof of its 
being on the same horizon, and it is similar to the hard blocky chalk 
of Feltwell and Hockwold Grange. 

The section exposed at Stoke ‘Ferry is as follows (fig. 3) :— 

Fig. 3.—Section at Stoke Ferry, partly ae on the quarry, and 
partly ee by boring. 
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We think that there can be no doubt about this glauconitic marl 
being the representative of the Cambridge Greensand (Chloritic 
Marl), and by adding the thickness shown in the boring to that of 
the chalk between the quarry-floor and the base of the Totternhoe 
Stone, we get 754 feet as the total thickness assignable to the 
Chalk-marl. 

The Totternhoe Stone has no definite top or base, even the “ brassil”- 
like line of nodules being rather at the top of the mottled band than 
at the base of the grey chalk; this mottled band evidently consists 
of two distinct kinds of material, and looks as if it had been originally 
a layer of white chalk in which pipes and hollows had been excavated 
and filled up with the grey material: its depth is about 12 inches ; 
it and the grey stone above split together into large blocks. None 
of the chalk in this quarry exhibits any distinct planes of bedding, 
but the band of Totternhoe Stone is fairly conspicuous on account 
of its grey colour. 

The ridge formed by the hard beds of the Chalk-marl and 
Totternhoe Stone runs for some distance beyond Stoke Ferry, its 
strike being to the N.W.; but near Wereham it is capped and 
partially concealed by thick deposits of gravel. About a mile north- 
west of Wereham, and half that distance from West Dereham Church, 
there is a quarry exposing the following section :— 

feet 
Solan chalk=rnDDle. oso O a ccd. qockses «aeineh seeeemee 4 
Rather dark grey thin-bedded gritty chalk ......... 5) 
Yellowish-grey marly chalk with many very hard 

lumps on the weathered surface ..................04. 8 to 12 

The lower beds resemble the hard Chalk-marl of Stoke; but 
though the bed above had some resemblance to Totternhoe Stone, 
there were no signs of the “ brassil”’-like nodules which so invariably 
occur near its base. We think therefore that it is probably one of 
the harder beds of the Chalk-marl like those passed through in the 
boring at Stoke. 

At Crimplesham the Chalk-marl passes beneath the Boulder-clay, 

by which it is entirely concealed for a space, and the next exposure 

seen was in a small quarry at Shouldham by the roadside south of 

the church. Here about six feet of tough yellowish-grey chalk in 

lumpy and irregular beds overlie two feet of soft grey shaly and 
silty marl, which is full of small green glauconite grains and con- 

tains many small green-coated phosphatic nodules; Avecula gry- 

pheoides is abundant in this glauconitic marl, and we have no doubt 

that this bed is identical with that found at the bottom of the boring 

at Stoke. We could not reach its base on account of the water 

which stands in the quarry; but the standing water testifies to the 

existence of impermeable clay below. Shouldham itself stands on 

the clay flat, which is, however, much narrower than at West 

Dereham. 
This Glauconitic Marl is very similar to some varieties of the 

material which forms the basement-layer of the Chalk-marl near 

Ree Gs. No. 171. 2Qp 
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Dunstable and Tring, beyond the southern termination of the 
Cambridge Greensand. In that district the basement-bed has a 
very variable composition, especially as regards the glauconitic 
ingredient—sometimes it resembles what is elsewhere called Upper 
Greensand, sometimes it is a laminated calcareous and micaceous 
silt without visible grains of glauconite. Everywhere, however, it 
is characterized by the presence of Avicula gryphwoides, and it 
occasionally contains small phosphatic nodules. The principal 
difference between specimens from Norfolk and Bedfordshire is that 
micaceous spangles are more obviously abundant in the latter, the 
Shouldham bed being lighter in colour, as if more purely calcareous. 

Before passing to the sections north of Shouldham, we may call 
attention to the fact that the soft whitish marl which overlies the 
basement-bed in the Stoke boring appears to be absent at Shouldham,, 
the hard buff-coloured chalk which is seen at the latter place 
resembling that which is 16 feet above the glauconitic marl at 
Stoke. This observation suggests the possibility of some 16 feet of 
the Chalk-marl having thinned out northwards, or having passed 
into a more purely calcareous and solid form; and we think this 
idea furnishes an explanation of the great changes which take place 
further north. 

The outcrop of the Totternhoe Stone must emerge from beneath the 
Boulder-clay somewhere south of Fincham, and skirting the ridge 
below Fincham Mill, it doubtless runs along the slope which lies 
on the east side of the road to Marham. We did not notice any 
traces of the stone in this district, but subsequent experience in the 
country to the north would lead us to think the Totternhoe Stone 
would occur at Marham some 50 feet below the Melbourn Rock, 
which is exposed there, and consequently that its outcrop cannot be 
far from the church. 

At the foot of Marham Hill a strong spring issues from an horizon 
which must be low down in the Chalk-marl, and a deep watercourse 
has been cut for the escaping water along the side of the road which 
leads to the Turf Fen. In this ditch, at a point somewhat less than 
a quarter of a mile west of the church, we found a bed of Glauconitic 
Marl, the microscopical examination of which proved it to be 
identical with that at Shouldham and in the boring at Stoke Ferry. 

No important exposure of the Chalk-marl or Totternhoe Stone 
was seen for some miles north of Marham, but at Gayton, in a 
disused pit just west of the one in which lime is still burnt, the chalk 
at the base of the exposure is hard, greyish and gritty; and as it 
proved under the microscope to contain green grains, it is probably 
close to, if not actually the top of, the Totternhoe Stone. 

The remarkable change in the lithological character of the Chalk- 
marl which we have shown to be gradually coming on as we 
progress northward is still more marked in the exposure in a pit 
about half a mile N.N.E. of Roydon Church (for section see p. 550). 

The hard, grey-coloured, gritty chalk seen here has much of the 
character and appearance of Totternhoe Stone, for which it was 
taken by Mr. Whitaker. Beneath it is creamy-white material, very 
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hard, into which the dark-coloured gritty chalk above is let down by 
pipes or mottlings for a foot or more; becoming more yellow towards 
the base, it passes into a grey-coloured marly clay, which contains 
Belemnites. 

But the identification of this clay with the Gault, and the know- 
ledge we have gained from the study of the beds at this horizon, both 
in this neighbourhood and further to the north, shows that the true 
stratigraphical position of the hard, grey, gritty chalk, with the 5 ft. 
of lighter-coloured material beneath it, must be at the base and not 
at the top of the Chalk- marl. 
We have here a section analogous to that seen immediately above 

the Red Chalk in the cliffs at Hunstanton, viz. hard, creamy-white 
limestone overlain by grey and gritty chalk with a layer of green- 
coated nodules at its base, the so-called sponge- and Inoceramus-beds. 

Though between this hard chalk and the Gault the glauconitic 
bed of Stoke Ferry and Shouldham appears to be wanting, yet the 
occurrence of Avicula gryphwordes at the base of the hard Chalk- 
marl, both here and in the Grimston brook, is a palxontological 
link which confirms our reading of the strata in this area. The 
lower part of the hard Chalk-marl seen in the banks of the brook at 
Grimston and at the Sow’s Head spring has been described (see ante). 
We recognize the equivalent of the Totternhoe Stone in an old 

pit three quarters of a mile N.K. of Sandringham Church. It is 
here a bed of hard, grey, gritty stone, 23 feet thick, with a layer 
of green-coated nodules at its base. Below it passes abruptly to 
hard creamy-white material, which we refer to the Chalk-marl. It 
is overlain by rather hard, dull, whitish chalk, the difference of colour 
in the chalk above and below the stone showing it in some relief. 

A fine exposure of the lowest part of the Lower Chalk occurs in 
the parish pit of Dersingham, and was described by Dr. Barrois in 
1876. Dr. Barrois*, however, never assigned to the Totternhoe 
Stone its true place in the series ; he at first supposed this stone to 
be on the horizon which we now call the Melbourn Rock, and sub- 
sequently he was led to regard it as belonging to the very lowest 
part of the Chalk-marl+. Consequently, when he visited Norfolk 
in 1875, he was quite unprepared to identify any representative of 
the Totternhoe Stone which might there exist. No geologist, 
however, excels Dr. Barrois in careful accuracy of observation, and 
accordingly we find him recording a layer of hard, rolled, yellowish 
or greenish nodules at a certain horizon both in the Dersingham 
and Hunstanton sections. This layer of greenish phosphatic nodules 
is identical with the “ Brassil”? of Cambridgeshire, and lies at the 
base of the band of grey rock which we identify with the Totternhoe 
Stone. At Dersingham it may be traced all round the pit, though 
the nodules are more abundant and the layer thus more evident in 
some places than in others. The band of compact grey chalk noticed 
by Dr. Barrois as occurring above this is the Totternhoe Stone. 

* C. Barrois, “ Recherches sur le Terrain Crétacé Supérieur de l’Angleterre 
et de l’Irlande,” p. 160 (Mém. Soc. Géol. du Nord). 

t See Ann. Soc. Géol. du Nord, tom. iii. p. 145. 
2P2 
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Knowing that the base of the Chalk-marl could not be far beneath 
the floor, a boring was made to ascertain whether it rested on 
Gault or Red Chalk. Below is the complete section of this exposure 
combined with the results of the boring (fig. 4) :— 

Fig. 4.—Diagram of the section shown and obtained by boring in 
the Dersingham Parish Chalk-pit. (Scale 4 inch to 1 foot.) 

feet. 
Se eS See Soil and chalk-rubble ...............00000: 1 

As 
/ 7 — |) =) — th lb = 

1) — 7 = 

Thin-bedded, or platy, rather hard, 
whitish chalky. e4.5, eee ee ee te 16 

Hard, tough, grey-coloured chalk in 
massive beds, a layer of green-coated Stone...... : 
nodules at its base'* --...ssscnerseessae- 24 

Hard creamy-white chalk passing down 
into greyer and parted by jointing into 
Massive: DES »...//is pide sesceatetae eee ee 8 

Boring. 
Chalk-marl. * > 

Hard chalk, becoming grey and more 
gritty downwards, at its base the auger 
evidently passed through yellowish- 
green-coated nodules (lnoceramus- 
Bed). ccces secures ccsch eset: Seceeeeeeeeeeee 8 

White, exceedingly hard, compact lime- 
stone (Sponge-bed of Hunstanton)... 14 

Softish, greyish-white marl (dries white) 2 
passing abruptly to 

Pale yellowish-buff material, hard and 
compact at first, becoming softer and 
browner, and passing gradually to ... 23-3 

Moderately hard, clayey marl, mostly red 
in colour, but streaked or blotched 
with tawny brown, a sandy vein near 
the bottom 25.02. .5.0/aeene eee 2-24 

: Boring. os a ee RES See OSS soe, wee tee 

Ganltrscssesce 

Carston Carstone 2755 ..2b6ss506 eceeeeeee--proved to 1-15 

The section given by Dr. Barrois of this pit is very similar to our 
own, as follows :— 

* Represented too thick in the cut. 
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feet. 
Compact whitish or greyish marly chalk with many fossils ... 12 
Hard chalk with layer of nodules at base......... ZA sa a A 3 
Elcdewmnnte chales a. ceecncace nce emcee soa eaaccamntaed coset cea. 13 
Hard greyish-white chalk, rather sandy ................02 ..s..00- 9 

If the above section is compared with that of the Hunstanton 
cliff on page 562, the analogy between them is seen to be very 
striking. Jn both cases we have the same descending order of 
succession, viz. grey chalk, hard grey Totternhoe Stone with a layer 
of green-coated nodules at its base, overlying hard creamy-white 
Chalk-marl, which passes down into the greyer and more gritty 
Inoceramus-bed ; beneath this the whiter and more compact sponge- 
bed rests in the one case on the Gault, and in the other on the Red 
Chalk. 

The section shown in the pit about half a mile S.E. of the church 
at Snettisham is almost identical with the last, as follows :— 

feet. 
SS onlligeptord ears e tee caret oe)o sis onic 2m ocean ae pio seemeeeeees 1 

Grey Rather hard chalk, dull white weathering in platy 
OTe ee MPIAV CTS ass e heres ccc sees case lweutdeneneaeeeeentes 8 

Totternhoe { Hard, greyish, massively bedded chalk, with an ill- 
Stone. { defined layer of green-coated nodules at its base 24 
Chalke | Hard, creamy-white chalk passing down into greyer 

and more gritty material, the whole divided by arl. ae aa : 
a jointing into massive beds .............esecccceresoee 15 

We again recognize as the Totternhoe Stone the massively bedded 
layer which is a prominent feature in the face of the pit. 

At the large quarries at Heacham the Totternhoe Stone is again 
exposed as a bed of hard, grey, flaggy chalk with green-coated nodules 
at its base. If anything, the underlying Chalk-marl is of a purer 
white, showing up the darker grey stone in relief. Hardly so much 
of the marl below it is shown asin the preceding exposures; but its 
thickness cannot be great, for the outcrop of the Red Chalk is seen at 
the entrance of the pit. The pitis worked in two sections, an upper 
and lower ; the whole, which shows a continuous section of the Lower 
Chalk, is given on page 570. ‘The section of the lower part is :— 

feet. 
Souler massac cereet Sasa ceioeac ees aiitesies oalcinciednite dintins 1 
Gieeyac laa likcomn etme elon s hts eee Sainte about 30 

Totternhoe f Rather dark-erey, hard, gritty, chalk with green- 
Stone. mcoated nodulesat itssbase: Js... loco. c5-ceeccnee 223 2 

Chalk-marl. Hard creamy-white Chalk-marl............ seen for 12 

The final exposure of the whole of the Chalk-marl, with the 
Totternhoe Stone and basal part of the Grey Chalk, can be seen in the 
cliffs at Hunstanton. The section (fig. 5) was taken a little to the 
north of the lighthouse. 

The Totternhoe Stone is seen coming in with the gradual inclination 
of the beds a little to the south of the lighthouse. It forms a 
marked feature in the cliff face, its dark grey colour contrasting with 
the material above and below it. Except at one point 11 cannot be 
reached. Here the green-coated nodules can be seen at its base ; 
they can also be detected in fallen blocks, which may be known by 
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their dark colour and by their compact, even, though somewhat 
gritty texture, compared with the rough unevenly sorted material of 
the Jnoceramus-bed. 

Fig. 5.—NSection of Cliff near the Lighthouse at Hunstanton. 
(Scale 3 inch to 1 foot.) 

feet. 

Soil and chalk-rubble ................000 eee es 

“aot! =~Thin-bedded chalk with some indefinite 
Grey Chalk. ¥ Fa —ii—— 7 marly bands near its base ............. y 

Patterhos Dark grey chalk, hard and gritty ........ 2 
Stone ...... 

Hard creamy-white chalk ...............00. 13 
passing gradually into 

Chalk-marl. 

Hard grey and very gritty chalk contain- 
ing green-coated nodules, which form a 
layer at its hase (Jnoceramus-beds) ...... 4 

Hard white chalk=‘“‘the Sponge-bed”... 13 

Gunie. eke Red chalk -.s.c.a<e- Entten 000006 3d 2dabubson sce 3 

@arstone Ferruginous sandstone ....... «-raee0 SCC 

The Chalk-marl presents no different characters from those already 
described ; it may be seen passing into the greyer and coarsely gritty 
Inoceramus-bed, which contains green-coated nodules, sparingly 
distributed at first, but forming a Brassil-like layer at its base. 

As already mentioned, Dr. Barrois noted the occurrence of the 
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band of nodules beneath the Totternhoe Stone, but he failed to 
recognize the true horizon of the latter, correlating that stone and 
the overlying beds with his zone of Belemnites plenus. The list of 
fossils which he gives as obtained from these beds shows an assem- 
blage which might have been obtained from the Totternhoe Stone of 
Burwell or Cherry Hinton. 

In 1880 one of us suggested that the Jnoceramus-beds might be 
the representative of the Totternhoe Stone, thinking that the whole 
of the Chalk-marl must have thinned out between Cambridge and 
Hunstanton, and not imagining that it could have passed into such 
hard chalk as that which forms the lower part of the Hunstanton 
section. The recognition of the Totternhoe Stone above the hard 
Chalk-marl of Stoke Ferry and the discovery of similar stone in a 
similar position at many intervening localities have, however, con- 
yinced us that the Jnoceramus-beds lie below the real representative 
of the Totternhoe Stone. 

The white nodular limestone (so-called Sponge-bed) which directly 
overlies the Red Chalk is about a foot and a half thick, and sepa- 
rates readily from the beds above and below; the inequalities 
between its under surface and the Red Rock are filled with a deep- 
red, nodular, ferruginous material, which Dr. Johnstone informs us 
consists largely of peroxide of iron. We think there can be little 
doubt that this white limestone is the same bed as that overlying 
the marly Upper Gault at Grimston, Roydon, and Dersingham, 
its character and thickness at the last-mentioned locality being just 
the same as at Hunstanton. The great importance of this identi- 
fication has already been indicated (p. 552), and will be more fully 
discussed in the sequel. 

The Red Rock below is certainly divisible into two portions or 
layers, if not into three, as under :— 

3. Hard lumpy reddish chalk, or mottled red and white. 
2. Rough, nodular, red hmestone passing down into 
1. Deep red gritty rock, softer at the base. 

The commonest fossils in 1 and 2 are Belemnites minimus and 
Terebratula biplicata, in 3 Exogyra Rauliniana and broken shells of 
Tnocerami. For further details respecting this well-known rock we 
may refer our readers to Mr. Wiltshire’s paper (Quart. Journ, Geol. 
Soc. vol. xxv. p. 185). 

C. Zones of Holaster subglobosus, Belemnitella plena, 
and Rhynchonella Cuvieri. 

In Cambridgeshire the chalk which overlies the Totternhoe Stone 

presents the following succession in descending order :-— 
feet 

Base of - f Rough, nodular, shelly chalk...............+...-.0+-4+- 40 
Middle Sandy, yellowish, nodular rock in thick beds (Mel- 

Chalk. [aaurist vavel 2) Bese cicos cues e an eaeeneceene quceercon: about & 
(Shaly marls enclosing band of hard white chalk 

ee | Gone of Bel. plend).........0.0..0e00--e20-eans es: sare 
Chalk 4 Firm white chalk passing down into whitish chalk, 

cee | which changes rapidly into next ................0. 50 
\ Grey chalk, blocky and fine-grained.................. 30 
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Part of the above succession can be seen in the quarries at 
Swaffham Bulbeck, west of Newmarket, but there are no good 
exposures north of Newmarket. When the Bury and Soham rail- 
way was being made, in 1879, Mr. Whitaker recognized the 
Melbourn Rock and its underlying bands of shaly marl (zone of Bel. 
plena) in one of the cuttings south-west of Snailwell; and it is pro- 
bable that the springs which rise below the church at Snailwell issue 
from the Melbourn Rock. 

The outcrop of the Melbourn Rock is an important line to trace, 
because it fixes the uppermost limit of the Lower Chalk and the 
base of the Middle Chalk. It probably runs through Chippenham 
Park, and then passes beneath the great spread of valley-gravel 
which lies between Chippenham and Kennet; north of Kennet the 
country is covered by blown sand, but near Worlington-Heath farm 
there is a pit exposing the lower beds of the zone of Rhynch. Cuviert 
and what seems to be the topmost bed of the rock itself. The section 
was as follows :— 

feet. 
Gravelly ‘soil-and! tulbble:.2 2 ssceeee eee se eee eee eeereer 
Hard, nodular, whitish rock in thin beds, full of 

Inoceramus mytiloides and Rhynch. Cuviert ......... 4 
Thin seam of greenish-grey marl. 
Hard nodular rocky chalk, white with greenish 

matter between the lumps (no fossils) ............... 3 
Talus aiding: chal kabelowie yo. oseceaes gee eee Ceemeeee 4 

The beds appear to have a slight dip due east. 
The gravel which forms such an extensive tract between Fresk- 

enham and Worlington seems to be banked against the ridge formed 
by the outcrop of the Melbourn Rock, and this will account for the 
sudden emergence of the Chalk from beneath the gravel plain. The 
rock is again seen in the cutting on the new railway to Mildenhall, 
just south of Worlington House, and it appears to have been formerly 
quarried by the side of the main road N.E. of that house. 

On the north side of the river we could not find any trace of it, 
the large quarries at West Row being opened in the grey chalk, 
which here contains a remarkable band of reddish chalk; the details 
of this section have been given elsewhere *, and need not be repeated 
here. 

Mildenhall itself stands on the hard, shelly, yellowish chalk of the 
zone of Rhynchonella Cuviers, chalk of this description and containing 
that fossil together with Inoceramus mytiloides and Echinoconus 
subrotundus being exposed in a small pit at the east end of the 
town. 

The chalk by the roadside, a mile and a quarter north-west of 
Mildenhall, appears to be the white blocky chalk which forms the 
upper portion of the zone of Holaster subglobosus, and the outcrop 
of the Melbourn Rock must therefore sweep round the western and 
northern sides of the town to the south end of the long inlet of fen- 
land which runs by Eriswell. All the exposures which we could 

+ Bris. Assoc. Rep. 1886, and Geol. Mag. dee. ili. vol. iv. p. 24. 
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find along the eastern side of this fen are above the horizon of the 
rock ; thus an old pit by the side of the main road, five furlongs 
S.E. of Eriswell Church, shows chalk with many fragments of Ino- 
ceramus mytiloides; this we regard as high up in the zone and 
consequently at some 30 feet above the base of the rock; the pit 
itself may be about 25 feet above the level of the fen, so that the 
outcrop of the rock is probably just at the edge of the fen near 
Eriswell, a position which it appears to hold for some distance 
northward, as far as Lakenheath. 

The lowest exposure we could find near Eriswell was in a small 
pit about a mile north of that place, where we found hard chalk 
containing Rhynchonella Cuviert and Inoceramus mytiloides ; this 
cannot be far above the Rock. Beyond this the country is deeply 
covered with blown sand. 

At Lakenheath, north-east of the church, there is an extensive 
quarry exposing about 30 feet of hard lumpy or nodular chalk 
which clearly belongs to the zone of Rhynchonella Cuviert. It bears 
a striking resemblance to the chalk of the same zone exposed in the 
quarry and rail-cutting north of Goring in the valley of the Thames ; 
the weathered faces present a rubbly appearance with large lumps 
of harder rock standing out here and there, but not forming any 
continuous bed; Hchinoconus subrotundus was fairly common, but 
other fossils were not abundant except at the lowest level near the 
entrance, where harder and more regularly bedded nodular yellowish 
chalk is exposed, full of Inoceramus mytiloides, and like that which 
always overlies the Melbourn Rock. The workmen informed us 
that a few feet below the floor of this excavation they were stopped 
by water, so that here the rock appears to be below the level of the 
adjacent fenland, which is only about 300 yards from the entrance 
to the quarry. 

More than two miles N.N.E. of Lakenheath and a little way 
south east of the railway-station there is a small pit close to the 
edge of the fen, which we did not visit, but in which Mr. Whitaker 
subsequently found Inoceramus mytiloides and LEchinoconus sub- 
rotundus, so that it is doubtless in the same beds as the large quarry 
at Lakenheath. 

Crossing the alluvium of the Brandon river we find ourselves on 
Lower Chalk, as already mentioned; and though the ridge above 
Hockwold is doubtless partly due to the outcrop of the Melbourn 
Rock, we could not discover any actual evidence of its existence, 
the only quarry near Hockwold (three furlongs north of the church) 
being in Grey Chalk. 

On the Feltwell side this ridge sinks down into an undulating 
plateau, the natural features of which are masked by a drift of blown 
sand, and_no pits have been opened along the course of the zone we 
have been following; but at Feltwell St. Mary, in a dry pond by 
the roadside, a quarter of a mile N.E. of the church, we found a 
small exposure of pink chalk weathering yellow and exactly lke 
that of West Row; below it was a course of very hard nodular rock 
overlying soft whitish chalk, so that the agreement between the 
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two exposures is remarkable, although ‘they are ten miles apart. 
We may fairly assume that this red band and its associated strata 
are continuous across the intervening space; and though we saw no 
traces of it further to the north, it is very likely to extend as far as 
Methwold, and might be discovered by a careful search over the 
fields west of that village. 

At Methwold itself (south-east of the church) there is a large 
quarry nearly 40 feet deep and exposing the hard rocky chalk of the 
Rhynchonella-Cuviert zone, overlain on the western side by about 12 
feet of stratified sand and gravel. At the north end there is less 
gravel, and the section is as follows :— 

feet. 
Soil, gravel and disturbed chalk ..............t..2c0-0 4 
Hard lumpy chalk with two thin bands of greyish 

marl at the: Base 3. 2. «sions face onleeneesapcecer se ere 
Hard, yellowish, nodular chalk with Rhynch. Cuviert 

and other fossils”. 0202. sa. 0 Ses secceceesesceesee eae ener 25 

At the base a hole cleared of talus showed very hard, nodular, 
yellowish rock with fragments of Inoceramus mytiloides, which greatly 
resembled the upper part of the Melbourn Rock of Cambridge and 
Hertfordshire. 

From this exposure it is evident that the outcrop of the Melbourn 
Rock runs not far to the westward of Methwold, and must sweep 
round into the valley which lies to the north of the viliage. Thence 
it runs north-westward towards Whittington, forming a well-marked 
ridge which crosses the main road about a mile south-east of Whit- 
tington; a little beyond this point and by the roadside is a quarry 
in hard, yellowish, nodular chalk like that seen at Methwold, and 
containing most of the same fossils. 

To the north of Whittington is another quarry, which exposes the 
base of the Melbourn Rock and its junction with the underlying 
beds; the section is therefore of much importance, inasmuch as it 
is the first quarry in Norfolk exposing this horizon, and its distance 
from the last exposure of the zone of Bel. plena is not less than 20 
miles. The beds exposed here are :— 

feet. 
Gravelly soiliand: rubble! 22-2 ).-ia2.5 spect woe cee sree 3 to 4 
Hard, whitish, rough and rocky chalk, weathering 

into nodular lumps (Melbourn Rock) ............... 7 
Band of buff-coloured marl enclosing loose lumps or | 

nodulesof hardichalks.27, 402 o- eee ee ees ic 
Very hard, white, lumpy chalk, breaking with vertical 

joints (about 3 feet), passing down into hard 
blocky, white chaltctsuecretes tea. satteseceeupeoreees 15 

about 27 

The lowest beds have a greyish tinge, probably from moisture, but 
would doubtless dry white; these white blocky beds are comparable 
to the upper part of the Lower Chalk seen at Swaffham Prior and 
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Cherry Hinton in Cambridgeshire, but they pass up into a rock 
which is much harder and lumpier than any part of the Lower Chalk 
in Cambridgeshire. The overlying band of marl is doubtless the 
attenuated representative of the zone of Belemmitella plena, though 
its aspect is considerably different from that of its typical develop- 
ment. There isnoclear separation into two layers, its upper surface 
is not so clearly defined as in Cambridgeshire, and its total thickness 
is very much less ; the only fossils we could find in it were Terebratula 
semiglobosa and fihynchonella plicatilis, the latter being abundant 
and the same variety of that species which is characteristic of the 
zone in Cambridgeshire and elsewhere. 

The valley between Whittington and Stoke Ferry possibly coin- 
cides with a line of fault, for the ridge on the Stoke side, which 
should be a continuation of the Whittington outcrop, consists of 
Chalk-marl and Totternhoe Stone. The outcrop of the Melbourn 
Rock appears to be thrown back to the eastward, and emerges from 
under the alluvium near Oxborough, but little is seen of it for some 
distance. In an old pit by the roadside, near the windmill north 
of Oxborough Fen, we found lumps of hard yellowish chalk con- 
taining Rhynchonella Cuviert and LInoceramus mytiloides, evidently 
belonging to chalk not far above the Melbourn Rock. 

Thence there is a feature running northward along the border of 
Barton Fen, and then westward to a pit about half a mile south of 
Barton Bendish: here the base of the Melbourn Rock is again seen, 
together with some 30 feet of the underlying chalk. At the north- 
east corner the section 1s :— 

feet. 
Thin soil, with hard nodular chalk below weathered into rough 

URREE I SMP cles tied a eee Scenario binnicaen cnn obiees casas smecsisoses 4 
Yellowish, gritty, rough, and nodular chalk, passing down into 

whiter nodular chalk, which becomes soft and marly below...... 13 
Very hard, rough, white chalk (about 8 feet), passing down into 

greyish-white chalk, which breaks into blocks with a smoother 
Re PUM eater slaieira eect tise Ascetic cisino eeLicc.silsisinsie wo Fsiasnstoedadeowscciess as 12 

Talus below. 

The west end of the quarry is entirely in the greyish chalk, 
which contains a hard rocky band; it is thick-bedded, and has a 
slight dip eastward. The marl band contained Rhynchonella plica- 
tilis, as at Whittington. 

At Marham lime-kiln, two miles further north, there is a similar 
section, showing about 5 feet of the Melbourn Rock overlying the 
yellow marly band; the rough white chalk below is so hard that it 
stands out prominently in the weathered face and overhangs the 
blocky greyish chalk into which its lower part passes. The yellow 
band at the base of the rock consists, in the upper part, of loose, 
yellow, rocky chalk, and in the lower of yellowish marly chalk 
and grey marl. At the north end of the quarry there is a marked 
band of hard nodular rock at the base of the hard white chalk; but 
this seems to disappear southwards. 
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A little north of this quarry are two cottages; and we are 
informed by the Rev. H. J. Sharpe, Vicar of Marham, that a well 
was sunk here some years ago to a depth of 85 feet, clay being 
touched at that depth and bored into for about 30 feet. ‘The water- 
supply runs short in dry seasons, and is probably therefore derived 
from the Chalk, the bore not having been carried far enough to 
reach the Lower Greensand. As the cottages are very little below 
the level of the Melbourn Rock, we may estimate the thickness of the 
Grey Chalk, Totternhoe Stone, and Chalk-marl together here as 
about 90 feet, which is probably from 30 to 40 feet less than their 
combined thickness at Stoke Ferry. 

Another large quarry at Marham, south-east of the church, shows 
an exact counterpart of the section at the first quarry, and calls for 
no especial remark. 

From Marham the Melbourn Rock can be followed along the 
ridge on which its outcrop occurs, the rock itself being shown in 
one small exposure about two miles to the north of the preceding. 
Beyond this, though we are able to follow it by the character of 
the chalk and its contained fossils, the features usually formed by 
its outcrop may be said to be lost. The thinning-out and gradual 
hardening of the Lower Chalk in West Norfolk, as well as the 
severe glaciation to which this county must have been exposed, may 
account for this. The outcrop of the Grey Chalk is much hidden 
beneath Boulder-clay or spreads of gravel, but several good sections 
occur. 

About a mile south-east of Narborough Station, hard rubbly chalk 
is seen in an excavation, made probably to obtain material for the 
railway. The exposure is much overgrown ; but the character of 
the chalk indicated a close approach to the Rock. 

In a pit half a mile south-east of Narborough church, hard 
whitish chalk, similar to that lying immediately below the Rock, 
was exposed. 

Beyond the valley of the Nar are several pits in the chalk, but 
all above the Melbourn Rock; a little below them a slight ridge 
may possibly indicate its outcrop. We are able to identify it again 
in an old pit close by the church at Gaytonthorpe, hard, yellowish, 
nodular chalk, with a rough fracture, being exposed. A large - 
Ammonite, closely resembling in form and state of preservation 
specimens from the Melbourn Rock of Hertfordshire and Cam- 
bridgeshire, was found here. 

A good exposure of the lower part of the Grey Chalk occurs at 
Gayton. Asis frequently the case in Norfolk, this pit is worked in 
two parts, an upper and lewer, which, though separated by a consider- 
able interval, yet form a continuous section. The chalk seen here is 
not of the same character throughout; it is rather darker grey at the 
base, and overlying this is a harder, more massively bedded layer, 
not unlike that lying beneath the Red Chalk at West Row. Above 
this the chalk is whiter, thinly bedded, weathering in thin platy or 
flaggy pieces. 
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The section is :— 
Upper Pit. feet. 

Sonmvand cra hle) yes-es cease ses aee deen ee eeiisac vascan os 1 
Thin-bedded, rather tough chalk, dull white ......... 20 

Lower Pit, 
HUD Gs Ree see Buch sees “aca gs sae e SEaoHe Saas secbine sacked eh nee 1 
erm-beddediwhite chalk. i. 553.-sce-b sta eee opas ee 12 
Hard chalk, rather rough, parting along greenish 

marly lines, massively bedded -.2....-....-..0.-.0++- ie 
Massively bedded, greyish, marly chalk ............... 12 

Beyond Gayton a slight ridge, more or less marked by spreads of 
gravel and nowhere a pronounced feature, continues; and near its 
summit, at Grimston, about half a mile south-east of the church, an 
old pit showed very hard and rough yellowish chalk at the top, with 
rather hard, but smooth, white chalk beneath it. Microscopical 
examination proves the hard yellow chalk to be the Melbourn Rock. 

An excellent exposure of the upper part of the Grey Chalk occurs 
at Hillington, in a large pit in which the chalk is quarried for lime- 
burning. As usual, the pit 1s in two sections, which are as follows :— 

Upper Pit. feet. 
Sollzanderimlble-challk poe. ae seco. 6 seni cicis amo mers Cues tomnnine 1 
Thin-bedded, platy chalk, hard, and much stained 

with yellowish; a thin band of buff-coloured marl 
HPAI GMENLO DNAse Rena eeee steers iewits derobueeslaasesorss 19 

Lower Pit. 
Wintish, thin=bedded chalk ...0 02... 0.2. .-seasene sence 45 
Thin, but persistently yellowish-buff marly band. 
Hard, massively bedded, whitish chalk ............... + 
Bedded chalk, dull white, with greyer-coloured beds 

or bands! |.52%5-.. Bade eect ate NSE ic oro oleic Sete sini Oye icin 10 

The chalk in the lower part of this pit divides into rather massive 
blocks along joints or veins of greenish-grey material, not unlike 
that seen in the partings of the Melbourn Rock. Overlying this, 
and a marked feature in the pit-face from its massive appearance 
and thick bedding, is a layer of whitish chalk, which breaks with a 
clean fracture, and is in appearance and structure like the firm 
white chalk which we have noted as underlying the Melbourn Rock 
at varying distances in Hertfordshire, Cambridgeshire, &e. The top 
of this exposure cannot be far below the Melbourn Rock. The 
higher thin band of buff-coloured marl may be the attenuated repre- 
sentative of the Belemnite-marls of Hertford and Cambridge. 

In the railway-cutting just north of Hillington Station, hard, 
yellowish chalk, with rough fracture and full of fragments of Inoce- 
vamus-shells, was seen. This is probably just above the Rock; 
proceeding up the cutting, the chalk gradually became whiter, less 
shelly, and not so hard. 

It may be noted here that, for a considerable thickness, the base 
of the Middle Chalk of Norfolk is extremely hard, a peculiarity 
which probably extends through the zone of Rhynchonella Cuviert, 
as at Dover. 

The outcrop of the Melbourn Rock probably follows the contour 
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of the wide transverse valley lying between Hillingdon and West 
Newton, at which place there are two good sections in the Grey 
Chalk, though they show nothing worthy of note. 

A few feet of the base of the Grey Chalk may be seen overlying 
the Totternhoe Stone at Sandringham and Dersingham. A large 
pit in the central part of it occurs at Ingoldsthorpe, and its base is 
again seen in the pit at Snettisham. 

Hard, yellowish, nodular chalk, but little above the Rock, is seen 
less than a quarter of a mile north of the church of Sherborne, in 
a small exposure by the roadside and just by an old quarry, the 
sides of which are now overgrown and its floor cultivated. Dr. 
Barrois says that in this quarry he could recognize the hard nodular 
bed (2. e. the Melbourn Rock) which throughout England occurs at 
the base of his zone of Znoceramus labiatus. His list of fossils gives 
those most common at this horizon. 

The Melbourn Rock is well exposed in the upper part of the 
large quarry at Heacham. It is seen here as a very hard, yellowish, 
nodular rock, with rough fracture, massively bedded, and about 
six feet thick. Rhynchonella Cuviert, Echinoconus subrotundus, and 
E. castanea, with Inoceramus mytiloides, occur. 

It is much weathered, and splits along greenish marly veins in 
thin platy pieces, with a very rough, nodular, and uneven surface. 
The base is clearly marked, but it rests directly on hard white chalk 
without the intervention of a marl-band ; there is, however, a thin 
layer of buff-coloured marl in the white chalk, about one foot below 
the base of the Melbourn Rock, and a second is seen near the top 
of the lower pit. These bands are similar to those at Hillingdon, 
where they probably occupy the same position with regard to the 
Rock as they are seen to do in this case. 

The Lower Chalk weathers into thin platy pieces, with a more 
even surface and fracture, which contrasts with the rough nodular 
surface of the Melbourn Reck. 

The entire section of both upper and lower pit is as follows :— 

Upper Pit. feet. 
| Rough, thin-bedded chalk and soil .................ceeseeseeeeee 3 

Mee Hard, yellowish, nodular rock, massively bedded ............ 6 

‘Thin-bedded, hard, rather rough, whitish chalk in two 
courses, separated by a thin, buff-coloured, marly band . 2 

Thin-bedded, hard, whitish chalk; base obscured by talus 3-4 

Lower Pit. 

Thin-bedded, platy chalk, becoming more massively bedded 
in its lower part, but not equally so; a marly band near 

ae — 
| 

Che COD te.% peaches ae sompeneninae ants lo spncs eee ia ee uaeeee enna 30 
Totternhoe { Rather dark-grey gritty chalk, with green-coated nodules 

Stone. t at Its! base’. aii 80 dauswwoncswacede dasinabicn croc thet aee ane eee ae 2 

Chalk-marl. Hard creamy-white chalk-marl .................c0s-00 seen for 12 

It will be seen, therefore, from the section given above of both 

the upper and lower parts of Heacham quarries, that, with the 
exception of two or three feet of Chalk-mazrl, the whole of the 
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Lower Chalk of North-west Norfolk is here exposed, and, like all 
the lower divisions of the Upper Cretaceous Series, it has thinned 
out, in a most remarkable manner, from about 150-160 feet at 
Cambridge to less than 60 feet at this point. 

In the coombe a little to the north-east of the farm at Barret Ring- 
stead there is a good exposure of the Melbourn Rock. It presents 
the same massive appearance as at Heacham. The section is:— 

feet. 
Soil and hard rubbly broken chalk ...222.......2200-0s00-ss0e8s. 6 
Hard jrouch, creamy-whitecchalke. 5002 tees ee- ook no ctee 3 

Melbourn f Very hard, rough, yellowish, nodular rock in two massive 
Rock. Bee Sherrer scenes creda Wectinenen cea ne remot ee. joome eee coe 
G Thin-bedded chalk, dull white in colour, weathering into 
Je thin platy pi 12 Chalk. am) platy pieces: 2.2.6.2 22 eecn-- oo oesencn-eeense eaderre nn eese se 2 

Moretincklysbedded grey. chalk” <.2<...22:2-<.252-0-2525- deere 4 

It only remains to note that 9 or 10 feet of Grey Chalk are 
shown above the Totternhoe Stone in the Hunstanton-cliff section 

(see p. 562). 

§ 2. PaLmontoLoey. 

Tasie 1.—Possils of the Gault. 

The following is a tabulated list of the fossils we have collected 
from the Gault of West Norfolk, the last column showing how many 
of them have also been found in the Red Rock of Hunstanton :— 

| | gj Sq 8 “ | 

|¢|2|48|88| ae 
S 2 & | 28 |-e3 
a o Se) qf SS 

| = AR ae} oo xe bo Fa 
a es pernee 
Pentacrinus Fittoni, Aust. ............... i nae eerie See * * 
Terebratula biplicata, Sby. (var. Du- kia 
MBNA DMs i. Sa cte cand te hssacoesseweece seit Gor Ths * * 

Wimecna dima, Der. ...<.0.2+4..s04.-5000-- x | x 
Ostrea vesicularis, Lam. ..........0...2++- BEE gtk * 

Gumyarostris, IN2ISS. \.c..5<. +c beens ait x * 
SOMCOD HXOCyra)) tees. .etencenses [hese 80ae TN Ke * 

Plhicatula pectinoides, Sby. ............... * * fs * 
Inoceramus sulcatus, Park. ............ * * ay % 

concentricus, Park. ...1:...002+.+00 | * % * *% ? 
— (VANS) Becetcis sateen at cate de es iis ine * * 

Weng ps it eM ONE si sesso. sosses: x % ai * 
Nucula-pectinata, SOY. .........-0..2+6 * 
PABA AISeAS Domeaiyn Aik Seles «Geen asia 0. ud * 
Ammonites interruptus, Brug. ......... * * aa 360 * 

WANES SOY. cca ens ia Rca wa i Sia 2 ** % x 
—— *FOSGEALUS, S02/. 2... ....seceeteeen. =. ae * * * 

MaICOsus 2 WMC. yee ae lecte.. * x 
Peerepiluagisy;,.655)5.02sccsadece snes ct oe foe oe * 
Belemnites minimus, List. ............... | * * x * * 

Ube MU AUIS ON ee ccseee reece felons. * * 
TENS) Diccl OVO) SPS ae 2G a ac 
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Tt will be seen from this list that we succeeded in finding indubit- 
able Gault fossils at the Muzzle pit, where Messrs. Reid and Sharman 
could not discover anything to convince themselves that the clay 
was not Chalk-marl. As already stated (p. 549), the specimens of 
Ammonites interruptus were mostly in the state of clay casts, a few 
only having their inner whorls preserved in phosphate, so that no 
doubt can exist about their being contemporaneous fossils ; and this 
fact is of itself sufficient to decide the point at issue, even without 
the other characteristic Gault fossils which accompany them, viz. 
Nucula pectinata, Inoceramus sulcatus, and Terebratula Dutempleana. 
Of the other Jnocerami, some seem certainly to be J. concentricus, 
and others resemble the larger and more compressed species which 
occurs frequently in the Lower Gault elsewhere, and may be iden- 
tified with that known as J. Crippsw when found in the Red Chalk 
of Hunstanton. 

With respect to the Dereham fossils our list is not so large as 
that given by Messrs. Reid and Sharman; but we protest against 
the elimination of the phosphatic specimens. Similar phosphatized 
fossils occur everywhere in the lower part of the Gault, often 20 feet 
above its base, as in Bedfordshire and Buckinghamshire. The state of 
the Ammonites with phosphatic centres at Muzzle shows why the 
phosphatic specimens are so often fragmentary ; for if the beds in 
which such casts lay imbedded were afterwards subjected to the wash- 
ing of a current, all the fine mud which composed the cast might be 
washed away and redeposited, leaving only the phosphatic portions 
in situ. It seems probable therefore that we may regard all such 
contemporaneous nodule-beds, which are frequent in the Gault, as the 
siftings of a certain thickness of clay which contained semiphos- 
phatized and semiconsolidated casts of fossils. The rounded and 
broken appearance of the phosphatic fragments does not, then, 
necessarily show that they have been much rolled or waterworn, for 
they would present such an appearance as soon as they were detached 
from that portion of the cast which had not been filled with phos- 
phatic matter. 

Small oysters, resembling Ostrea acutirostris, Nilss., and O. cur- 
virostris, Nilss., certainly occur; but most of those found by us 
come near to O. curvirostris, as figured by d’Orbigny, than to 
the broader shape of O. acutirostris; they differ, however, from 
the inflexed form of O. curvirostris which occurs in the Totternhoe 
Stone. 

The fauna of the limestone beds seen in the Roydon cutting and 
in the Grimston brook remains to be considered; and, fortunately, 
the species and the state of their preservation are such that no 
doubt can possibly exist about the age of these beds. Lithologically, 
these limestone bands are exceedingly like the hard beds which occur 
in the Chalk-marl of Buckinghamshire and Oxfordshire; and had we 
not found the fossils above indicated, we might have felt very great 
hesitation about referring them to the Gault. Their lithological 
characters, however, can easily be explained, for a deep-sea formation 
of Gault age is not likely to resemble the Folkestone clay ; whereas, 
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on the supposition that these beds are Chalk-marl, the occurrence 
of Inoceramus sulcatus, I. concentricus, Ammonites lautus, and Am. 
rostratus would be such an anomaly that, if anyone chooses to accept 
it, he must be prepared to renounce the stratigraphical axiom that 
‘strata can be identified by their fossils.” 
We would apply the same reasoning to the Red Chalk of Hun- 

stanton, where the same Ammonites, together with two others equally 
characteristic of the Gault, are found, and are associated with Jne- 
ceramus sulcatus and I. Cripps. We do not think that any for- 
mation containing these fossils in an underived state can be other 
than of Gault age, whatever the lithological character of the rock 
may be; and we feel sure that our friend Mr. Whitaker allowed 
lithological evidence to have too much weight and palzontological 
evidence far too little, when he mapped the Norfolk Gault as Chalk- 
marl and refused to see anything but chalk in the Red Rock of 
Hunstanton. 

Mr. Whitaker has discussed the evidence of the fossils in his 
Address to the Geological Society of Norwich*; and he asks, “if 
the rock represent Gault and Gault only, how are we to account for 
the occurrence of the fossils belonging to higher beds, and some of 
which have nowhere been found in undoubted Gault?” This is a 
very fair question ; but he seems to think that it is much more 
difficult to account for the appearance of species in any formation 
which have hitherto only been found in newer and higher beds, 
than it is to explain the occurrence of species which have only been 
found in older beds; we really cannot see why one case should 
be necessarily more difficult of explanation than the other: every- 
thing must depend upon the circumstances of the particular 
case. 

In comparing the succession of faunas at places so far apart as 
Folkestone and Hunstanton, considerable allowance should be made 
for the possibility that some species may have come in at one 
locality before they reached the other; for it is quite certain that 
the conditions of life were very different at.the two places—the sea- 
bottom in the one place was mud, and the water above was not very 
deep, while in the other place the bottom was a calcareo-ferruginous 
sediment, and the water was probably much deeper. This being so, it 
seems to us that the occurrence of a certain number of deep-sea (or 
Chalk species) is only what might be expected in the Hunstanton 
deposit. Two of these species, namely Ostrea curvirostris and Tere- 
bratulina gracilis, have already been found in the marly Gault of 
West Norfolk; and we are consequently led to expect that the other 
precursors of the Chalk-marl fauna of Southern England will be 
discovered in this deposit. 

We would urge, therefore, in opposition to Mr. Gunn and Mr. 
Whitaker, that it is by no means the fossils “ of the latest type that 
must be used in identifying the period” of the bed; but, on the 
contrary, that it is those of the earliest type that must be taken as 

* Proc. Norwich Geol. Soe. vol. i. p. 280. 

@rd.G.8. No. 171. ZQ 
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guides in this case, wnless it can be shown that they have been derived 
from an older stratum. Mr. Whitaker suggests the possibility of 
their derivation, but frankly admits that he knows of no evidence 
in favour of it; neither do we, for the Gault species of the Red 
Rock seem to be in just the same state of preservation as the 
others. 

The following statements were made by one of us when supplying 
Mr. Whitaker with a list of the fossils in the Red Rock of Hun- 
stanton, and are quoted by him in the paper referred to :—‘“ Palzon- 
tologically the Hunstanton Limestone has stronger affinities with 
the Gault than with any other formation,”....‘‘its affinities with 
the Chalk-marl are less strong: it must be remarked that none of 
the specially characteristic Chalk-marl species are found.” Our 
recent researches have only strengthened the data on which these 
two statements were founded. 

On reference to the list (Table I.), it will be seen that nearly all 
the fossils we have found in the Gault of Norfolk occur also in the 
Red Rock. Further,if we confine our attention to the Cephalopoda, 
which are usually regarded as the best guides in correlating strata 
of Secondary age, we find that no fewer than eight Ammonites, of 
characteristic Gault species, have been recorded from the Red Rock. 
These are:—<Ammonites auritus, Am. Beudanti, Am. interruptus, 
Am. lautus, Am. ochetonotus*, Am. rostratus, Am. splendens, and 
Am. tuberculatus. Ammonites varians, Am. Couper, Am. Mantellr, 
Am. navicularis, and Am. falcatus, which are the characteristic 
Ammonites of the Chloritic Marl and the Chalk-marl, are con- 
spicuously absent from the Red Rock. 

The extreme rarity of Gasteropods in the Red Rock, while they 
are abundant in the Gault of Southern England, finds a natural 
explanation in the hypothesis that we are dealing with a deep-water 
fauna; for they are always rare in deep-water deposits, and at the 
present day their numbers always diminish with depth of water and 
distance from land, Pleurotomaria being the only genus that is now 
indicative of deep water. 

* Recently found in the Lower Gault of Bucks, as have also all the other 
species, including Am, rostratus, which has hitherto been supposed to occur only 
in the Upper Gault. 
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TasrE 11.—Fossils of the Chalk-marl. 
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Taste II. (continued). 
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The letter B in the above list indicates that the species is quoted 
from Dr. Barrois’s ‘ Recherches sur le Terrain Crétacé supérieur.’ 

As the lithological characters of the Chalk-marl exhibit a change 
in passing from Cambridgeshire into Norfolk, it is not surprising to 
find a corresponding change in the relative abundance of the fossils 
which occur in this subdivision. Thus in Cambridgeshire and the 
Midland counties, where the greater part of the Chalk-marl is 
really a marl, Holaster subglobosus is a very rare fossil, so rare that 
neither of us has yet found a specimen ; in the “ Inoceramus-beds ” 
of Hunstanton it is exceedingly common, and it also occurs occa- 
sionally in the overlying beds below the Totternhoe Stone. Similarly 
Lima echinata which was first described from the Totternhoe Stone 
of Burwell, and has not yet been found in the Chalk-marl of 
Cambridge, becomes a common fossil where this.Marl puts on the 
rough and rocky facies in West Norfolk, and is especially frequent 
in the Znoceramus-beds. 

On the other hand, Rhynchonella Martini, which is such a common 
species in the Chalk-marl of more southern counties, becomes so 
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rare in Norfolk that we only found the typical form in the pit at 
Snettisham, that in the Hunstanton “ sponge-bed” being a fine-ribbed 
variety, having some affinity with Zh. lineolata. 

The same is the case with Ammonites varians, which is so 
common a fossil in the Chalk-marl of Reach and other Cambridge 
localities, and which is still abundant in the hard marl of Hockwold 
Grange, Suffolk. At Stoke Ferry it is a rare fossil, and beyond that 
place we did not meet with it at all except doubtfully at Hunstanton, 
neither is it recorded in Dr. Barrois’s lists, so that if it does occur 
it is one of the rarest fossils at Hunstanton. The same may be said 
of Ammonites Mantelli, which is common in the Chalk-marl of the 
southern counties, but becomes rarer in going north. 

It would appear in fact that the Ammonites were inhabitants of 
shallow waters, for while they swarm in the Gault, Upper Greensand, 
and Chalk-marl of the southern counties, they become gradually 
less abundant in the higher parts of the chalk of that region. 
Since therefore they also become much rarer both in the Gault and 
in the Chalk-marl as these divisions are traced northward, we 
may reasonably conclude that this rarity is due to the increase in 
the depth of the Cretaceous sea towards the north, an inference 
already drawn from other data. 
We have to thank Mr. H. G. Fordham for the loan of the fossils 

which he collected recently from the Sponge-bed at Hunstanton ; 
these have enabled us to give a fuller list than has hitherto been 
published. One of the commonest fossils in this bed is Avicula 
grypheoides, which is so abundant in the basement-bed at Roydon 
and Shouldham and in the Cambridge Greensand ; this species occurs 
rarely in the Jnoceramus-beds, and we did not meet with it above 
that horizon. 

Our thanks are also due to Dr. G. J. Hinde for naming the 
fragments of Sponges which Mr. Fordham had found. 

TasLE I11.— Fossils of the Totternhoe Stone. 
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TasreE ITT. (continued). 

° = e o . 

‘=| & a an o 

[ta || SOS Baia ens 
ae | ee [es = © S 
fis ae bc |= 
Hlal|Alalal4 k 

BracHIOPoDA. 

Merebratulabiplicata, S00. occccsnceseececseeea: se 09) brceeut | sei oar oa ee ase 
SulCiter awl omi. tae cscucescuccensnAccee Reece * 
BEMIS ODOSA, WOYsraic. ohn ot seemecadececee: He PSR) Seana Soe ase 
swlum data wSO/s veseecemeen eeniaceeacee aces Ale she yl 36 
Squamosa, Mais ans asscmker ua ennehee ache % 

iKaneenadhima ej ences ccee- cee peepee see % 
Terebratulina gracilis (var. nodulosa, Hth.) ...| ? Se allccenaly ae 
Rbynchonella Manteiliana, Sby. ............... x | ox a 

PELECYPODA. 

ANA WUG HUENEy JOO. Wacapncee dbaacune osccheoopocose seule 1% 
SAMS IDS) alate ete (otetotaialels otelaynin\afere ole/ol=(ofe}aie\elsl ete <\alp/stolats els ** 

@streasvesicullaris) ams eussscceneeccenssoceesesee * ayers % 
Pecten orpiculanisn SOymaeesenccesseccr een ere cents * i eae rena al ieee 
a Beaver, SOY! ccacchcsccsnedavetacseoecueecuert ve a I 

eloneabusiilanvyn sccne.eeeenesnencenaascr cee * 
Neithea quinquecostata, SbY. ............0e.0.-00: * 
PlicatullajinilaitaSO¢specesee cues see aaeney-eeeeinceie 1% * 
Meredo amphisbeena, Goldf, ..........--20++--+" | # 
Rima S1ObOsar SOgany suectaeteeceneson ee nce eae * * 
imoceramuswatusn Wap sn ssaeocecenccele renee * * 

GASTEROPODA. 
PlourotOMmaria SP. se.scascscadeeeterccacuee sn secenos Soe : % 
WMVISUIS, (SI0e. wrens arias slelsiasajeu wralcitereractcinetaciae cin ever * 
IBUTDOMSPs noc) Miaccoete stesaicnse busied saan canes eh % 

CEPHALOPODA. 
Ammonites vanlans.eSO7.uaceneteacceeteoesnnneet ? 

Thoconagensisn a7 Onve wy ance: ccc toesee eer rf 
Murrilites) costatws r-WAnvew cee eecsecee eee nae ore |eeck 
Ba culitess: Spon d iireaiscn hci seien tctsiue saaees aecee eer ** 
Nautilus elesang Soy ne eraeh sects aeceee deca eee % 

Deslongchampsianus, d@’O7b, ..........666 |, % 

Fisu. 
iam ABI. «sage chee atk ehtsenneasenst eet asaelt % 56 x 
Oxyrhimay Mantel Vagina eer sesee ete eee: ** 

eeecccereceesess vee eee os Saurocephalus striatus, Ag 

From the above list it will be seen that at Isleham the stone is 
nearly as fossiliferous as it is at Burwell and Cherry Hinton. The 
Isleham column has been filled up from three sources, (1) our own 
collections, (2) that of the Woodwardian Museum, (3) that of the 
Jermyn Street Museum, to which Isleham fossils were presented by 
Sir E. H. Bunbury. 

From Islehara to Stoke Ferry is a distance of 18 miles, and at 
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Stoke the stone does not yield so many fossils, but then its 
diminished thickness must be taken into account. Its fauna in 
Norfolk does not offer any special peculiarities, and no doubt more 
prolonged search would greatly increase the number of fossils, and 
prove the assemblage to be the same as in Cambridgeshire. 

Taste 1V.—Fossils of the Grey Chalk. 
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The assemblage above recorded is such as might be found in the 
same subdivision further south, with the exception of Belemnitella 
plena. The occurrence of this species in the grey chalk of West 
Row near Mildenhall is a noteworthy fact, for it is its first 
recorded occurrence at such a distance below the Marls which form 
the zone of Bel. plena. The species from the Totternhoe Stone 
which has elsewhere been called Bel. plena is not that form, but the 
Bel. lanceolata of Sowerby (non Schlotheim). 

The original example of Peltastes Bunbury2, Forbes, was obtained 
near Mildenhall by Sir EK. H. Bunbury, and may therefore have 
come from the West Row pit. 

The marls of the zone of Belemnitella plena in Norfolk have as 
yet yielded but two species, Yerebratula semiglobosa and Rhyn- 
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chonella plicatilis; but as the bed is only exposed at three or four 
localities and is very thin, this paucity of fossils is not surprising. 

The letter B in the Dersingham column means that the species 
so indicated are quoted from Dr. Barrois’s list in his ‘ Recherches sur 
le Terrain Crétacé supérieur.’ 

Taste V.—Fossils of the Melbourn Rock and zone of R. Cuvieri. 
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The fossils on this zone, as might be expected from the constancy 
of its lithological characters, are the same as those which it contains 
in the Midland and Southern counties. The lower beds of the 
Melbourn Rock are, as usual, without fossils, but the upper beds and 
the shelly chalk above abound in Rhynchonella Cuviert and Ino- 
ceramus mytiloides, while the echinid Hchinoconus subrotundus is 
hardly less common above the Rock. 

§ 3. REVIEW OF THE MINUTE STRUCTURE OF THE BEDS DESCRIBED 
IN THIS PaPER. 

Gault.—The examination of specimens from various horizons of 
this formation, from Chatham Well-boring, Streatham Well, Arlesey, 
Tring, &c., shows them to consist in great part of inorganic material 
in an exceedingly fine state of division ; on this acid has no effect, and 
it is negative under crossed nicols. An inconsiderable portion can 
be recognized as very fine quartz-sand, mica, grains of glauconite, 
and fragments of a fibrous material, probably of felspathic origin. 
Fragments of shell, Foraminferal tests, and minute atoms which 
appear to be calcareous and disappear after acid, are present in 
varying proportions ; but the deposit, as a whole, may be spoken of as 
inorganic. 

The material composing the Upper Greensand which overlies the 
Gault in Buckinghamshire is ina much coarser condition, and the 
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examination of cores from a boring near Tring showed that there 
was a gradual passage extending through many feet from the coarse 
material of the Greensand to the finer material of the Upper Gault, 
a similar but more rapid passage to the Lower Greensand occurring 
at its base. 

Proceeding along its outcrop to the north-east from Tring, the 
upper part of the Gault becomes more calcareous, and contains many 
Foraminifera, shell fragments and atoms of a calcareous nature, 
rendering it at Fancourt, near Harlington, almost comparable to 
certain parts of the Chalk-marl. But it is invariably separated 
from this formation by a Glauconitic Marl, a bed in which rather 
coarse grains of glauconite, quartz and mica flakes, with many shell- 
fragments, abound in a calcareous matrix, though the amount of 
its several ingredients varies somewhat with locality. 

Proceeding still further to the N.E., we reach the incoming of 
the Cambridge Greensand dividing the Gauit from the Chalk-marl, a 
bed marked by the abundance of large glauconitic grains, rather 
coarse quartz-sand, and some mica. At Arlesey this bed rests 
immediately on the Gault, which is not calcareous and agrees with 
that from its centre near Tring, there being no passage whatever. 

We have had no opportunity for the examination of the material 
at the junction of the Gault and Cambridge Greensand between 
this point and Stoke Ferry, but at Stoke our boring passed through 
a bed in which green grains were abundant, and which also 
contained quartz and mica, and then entered abruptly into bright 
blue clay, which, though less calcareous than that at Fancourt, is 
more so than at Arlesey, and is probably Upper rather than Middle 
Gault. It forms a link between the latter and the still more 
calcareous deposit which we recognize as the Upper Gault further 
to the north-east. 

The Lower Gault exposed at Muzzle and West Dereham is some- 
what calcareous and contains many shell-fragments, &c.; it is, 
however, not unlike that from the lower part of the Tring boring, 
but there isa decrease of the coarser recognizable inorganic particles. 

The examination of specimens from the railway-cutting north of 
Grimston station, from the brook sides, and from the boring at 
Roydon pit shows that the deposit which we recognize as the Gault 
has undergone considerable change. 

That lying below the hard beds, while still containing much of 
the fine inorganic material, contains also a large proportion of shell- 
fragments and Foraminifera, and calcareous atoms derived probably 
from their decomposition. Glauconite appears to be absent, but 
there are a few quartz-grains sparingly distributed through the 
mass; some of these appear to be of greater size than those usually 
met with in the Central or Lower Gault, and may be derived in part 
from the underlying sands. 

The hard beds seen both in the railway-cutting and elsewhere are 
alike in their structure. They appear to be entirely organic, and con- 
tain no quartz or glauconitic grains. Disunited or primordial cells 
of Globigerina or other Foraminifera form nearly 20 per cent. of their 
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mass, and shell-fragments, which often occur in small accumulations, 
about 8 or 10 per cent. more, the remainder being fine amorphous 
material, That part of the Gault above the hard beds, while still 
containing fine inorganic material, abounds in  shell-fragments, 
Foraminifera, and calcareous atoms, the amount of the coarser 
fragments varying in different specimens. Recognizable particles 
of quartz are few and small, and grains of glauconite have not 
been detected at all. 

The pink marl of the cutting and of the brook presents no impor- 
tant difference in structure from that described above. 

The. yellow and red beds passed through in the boring at Der- 
singham are alike in their structure. As in the Gault at Roydon, 
especially in that lying above the hard beds, organic material 
preponderates, single Foraminiferal cells, with some shell-fragments, 
forming no inconsiderable part of their mass. A few large grains 
of quartz-sand occur in the Red Clay, visible to the unassisted eye 
and comparable with those from the Carstone; smaller particles are 
not uncommon. 

We have been unable to make a satisfactory section of the basal 
foot of the Red Chalk at Hunstanton; but above this the structure 
is much the same as that of the most calcareous Gault above 
described. Foraminiferal tests are perhaps in greater proportion, 
and there are indications of sponge-structure in the specimens 
examined. The upper part of the Red Chalk will, in fact, compare 
with the Red Clay of the Dersingham boring, with the more cal- 
careous specimens of the Grimston Gault, and also with the hard 
beds, its chief difference being the greater amount of large quartz- 
and other mineral grains which it contains, and which have 
evidently been derived from the sands on which it lies. 

The Glaucomtic Marl found at the base of the Chalk-marl at 
Stoke Ferry has many points of resemblance both to the Cambridge 
Greensand and to the beds which lie at the base of the Chalk-marl 
in Bedfordshire. It is a calcareous marl, containing an abundance 
of glauconitic grains, with some mica-fiakes and fine quartz-sand ; 
and though these materials, particularly the glauconitic grains, are 
smaller and finer than in the Greensands of Bedford or Cambridge, 
the fact of their appearance in abundance at this horizon in a 
locality where such inorganic material is rare is most important. 

The base of the Chalk-marl seen in the pit at Shouldham is a 
glauconitic bed, similar in all respects to that above described. ‘This 
marl was again identified at Marham, beyond which it was lost. 
Above this bed, at Shouldham, the Chalk-marl, though hard, is not 
gritty, fine amorphous material forming a large proportion of its 
mass; single Foraminiferal cells are conspicuously abundant, and 
these with a few shell-fragments and entire Foraminifera constitute 
the remainder. 
Chalk-marl,—Following the Chalk-marl, as we have done the Gault, 

we find that at Charlton, in Bedfordshire, it consists of a bluish 
erey clayey marl, with a recognizable amount of glauconitic grains, 
fine quartz-sand, and a proportion of the fine inorganic matter 
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similar to that of the Gault. But the quantity of shell-fragments, 
entire tests and disunited cells of Foraminifera, and caleareous atoms 
prove the marl to be mainly of organic origin, though at this point 
impurely so. At Charlton it passes up into a purely cale marl, 
yellowish-grey in colour, the tint becoming lighter with its 
increasing purity as a calcareous deposit. 

Following the marl to the N.E., we find a gradual diminution in 
the amount of recognizable quartz-particles and gradually increasing 
purity from inorganic matter, till at Stoke Ferry hardly a trace of 
the bluer and most impure marl was noted in our boring, and the 
deposit, as a whole, appeared almost purely calcareous. 

As previously mentioned, the upper part of the marl, at Feltwell, 
White Dyke, &c., increases in hardness. This is marked by an 
increase in the quantity of shell-fragments, principally prisms of 
Inoceramus-shells, which give it a gritty touch not unlike the 
Totternhoe Stone. 

At Stoke Ferry layers of hard Chalk-marl, rendered gritty to 
the touch by the presence of many minute pieces of shell, and 
separated by layers of less shelly material, extend for some distance 
below the Totternhoe Stone. Below this, in the softer Chalk-marl, 
the amount of the coarser organic remains, such as shell-fragments 
and Foraminifera, is small compared with the proportion of amor- 
phous material of which the Marl consists. Particles of quartz are to 
be found throughout it; grains of glauconite occur commonly in the 
top and lower portion, but are less abundant in specimens from the 
centre. 

To this point every specimen of the Chalk-marl we examined 
contained minute grains of glauconite and quartz in varying 
proportions ; beyond it the glauconite does not occur in the base- 
ment-bed, and is restricted to that part of the marl which we 
believe to be the equivalent of the Jnoceramus-bed and to the 
Totternhoe Stone, while particles of quartz are few and small. 

Thin sections of the hard creamy-white limestone which les 
immediately above the Gault at Roydon and in the neigh- 
bourhood of Grimston show that this bed does not differ 
materially in its structure from the base of the marl above the 
glauconitie bed at Shouidham. Single Foraminiferal cells and 
more or less perfect tests of Foraminifera are conspicuously abun- 
dant; but these and a few shell-fragments form hardly 25 per 
cent. of the material. The so-called Sponge-bed at Hunstanton is 
comparable in all respects to the base of the Chalk-marl at Grim- 
ston and Roydon. 

In the hard grey chalk above the creamy-white limestone at 
Roydon we find the gritty character of the Marl, which we have 
noted gradually increasing to the northward, still more marked. 
Here it closely resembles the Totternhoe Stone in appearance and 
structure, consisting of about 60 per cent. of coarse, irregularly 
sorted shell-fragments, mostly prisms of Jnoceramus-shells; grains 
of glauconite are abundant, and the whole is set ina matrix of 
amorphous calcareous material. The green-coated nodules at its 
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base are not shelly, but agree in character with the underlying 
limestone. 

This bed was certainly passed through in the boring at Dersing- 
ham, and at this place, as well as at Snettisham and Heacham, it 
gradually passes up into hard, white Chalk-marl, which, though less 
gritty, is full of shell-fragments and Foraminifera. The structure of 
the Inoceramus-bed at Hunstanton is almost identical with that 
of the hard, gritty chalk at Roydon. ‘The shell-fragments are 
much coarser in its basal two or three feet, but it passes up into 
similar material and, finally, mto the hard, white Chalk-marl, 
identical with that at Dersingham. 

The Totternhoe Stone-—The beds usually referred to as the 
Totternhoe Stone vary a little in structure. That most in request 
for building-purposes, and which is quarried at Totternhoe and other 
places, and may be described as the typical stone, is seen, under the 
microscope, to consist of from 60 to 70 per cent. of shell-fragments, 
remarkably uniform in size, many glauconitic grains, which are 
frequently of large size and often in the form of beautifully perfect 
casts of Foraminifera, and a small percentage of fine quartz-sand. 
Both above and below the typical Totternhoe Stone are beds which 
present no such regularity in the assortment of the shell-fragments 
composing them, and the beds of the stone itself vary in thickness, 
and are often separated from one another by layers of less shelly 
chalk. 

The ‘ Brassil,” which underlies the Stone at Burwell, consists 
mainly of very coarse shell-fragments ; but the green-coated nodules 
contained in it are not shelly, their microscopic structure being 
comparable with that of the Chalk-marl beneath. 

At Isleham, Beck Row, and Stoke Ferry we are able to identify 
the Totternhoe Stone by its microscopical characters. It presents 
in all these exposures the same appearance as in specimens from 
the less defined beds of Hertfordshire and Cambridge, being rather 
irregular in grain. 

At Sandringham, Dersingham, and all exposures beyond, the 
massively bedded layer at the top of the hard Chalk-marl possesses 
the same shelly character as its equivalent at the top of the Marl 
in Hertfordshire and Cambridge. Specimens from most of these 
exposures show some little irregularity in the size of the comminuted 
fragments of shell of which they are largely composed ; but that 
from the cliff of Hunstanton is very like the upper part of the stone 
exposed in the Totternhoe quarries. 

It must be added, however, that the fine quartz-sand, which at 
Totternhoe forms a part of its constituent material, is almost 
absent at Hunstanton. The gradual diminution in the proportion 
of this can be followed along the line of the outcrop of the Stone. 

The Grey Chalk.—Above the Totternhee Stone the change 
in the character of the deposit is usually abrupt, but not 
invariably so. Thin sections from the lower part of the Grey 
Chalk between Newmarket and Shouldham present exactly the 
same characters as those which we have before described in Cam- 
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bridge and Hertfordshire*. It consists almost entirely of fine 
amorphous material, with but few recognizable shell-fragments and 
Foraminifera; but north of Shouldham these become much more 
abundant, and the chalk assumes a firmer texture. 

The hard white chalk previously referred to as underlying the 
Belemnite-marls closely resembles the white chalk with clean 
fracture noted by us 7 as occurring at varying distances below the 
Belemnite-marls of Hertfordshire and Cambridge. The single cells 
of Foraminifera increase in quantity, and it would appear that 
the change in the lithological character of the Chalk may be due to 
some extent to their presence. This bed was noted as far as 
Hillington, where it forms a marked feature in the pit-face; beyond 
this to the north it was lost. 

Grains of glauconite, which are to be found in almost every 
specimen of the Chalk-marl, do not occur commonly in the Grey 
Chalk (except at particular horizons in certain beds, as the ‘*‘ Rag” 
of Bedfordshire) ; of nearly 150 specimens from this horizon alone, 
from various localities, only one contains them. Minute grains of 
quartz extend a little distance up into the Grey Chalk, where the 
passage between it and the Totternhoe Stone is not abrupt; the 
same remark will also apply to the grains of glauconite. 

Melbourn Rock.—In thin sections this rock also presents the same 
characters through Suffolk and Norfolk that have already been 
described by us. Like that of Cambridge and Hertfordshire, it is 
full of fragmentary pieces or nodules of chalk, not unlike that which 
forms the top of the Grey Chalk beneath it, and these are imbedded 
in a matrix which frequently contains a large proportion of coarse 
shell-fragments. 

- There is also at this horizon a remarkable increase in the quantity 
of single Foraminiferal cells ; in some of the less nodular and shelly 
specimens they are exceedingly abundant, and form a large part of 
the material of the Chalk. 

Although these forms are often conspicuously abundant (see 
ante), there is no other horizon below the Chalk Rock where, so far 
as we know, they play so important a part in the formation of the 
Chalk. They are generally referred to as the disunited or primordial 
cells of Foraminifera; but it is singular that with their increase 
perfect forms do not become more abundant. 

§ 4. Cuemicat Composition oF THE GAULT AND CHALK-MARL. 

By the kindness of Dr. W. Johnstone, F.G.S.. and Mr. W. D. 
Severn, we are able to furnish some information concerning the 
chemical composition of the beds ‘referable to the Gault and Chalk- 
marl in West Norfolk. 

It has been stated (pp. 547, 549) that the marls which we refer 
to the Upper Gault, near Roydon and Grimston,‘are so calcareous as 
to have been mistaken by some geologists for Chalk-marl. The 

* Quart. Journ. Geol. Soe. vol. xli. p. 216. beOnacin 
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following is an analysis made by Mr. W. D. Severn of the marl 
found at a depth of 5 feet in our boring at Roydon :— 

Residue insoluble in HCl........ 25°50 
Carbomate oOrlimie ete 66°31 

WAC Trae Sere ae Re ie (Beg eae 3°33 
Troui(as- Wl elO)) Shel Ree eater ee “$1 
Migoine sian Mera: lait Ree ay ieee “46 
Phosphoric acrdis, set sae trace. 
Moisture (acmhOOs Cai eer aaa 1:85 

98°31 

The percentage of carbonate of lime in this sample is, undoubtedly, 
a very high one, and the marl is evidently far more calcareous than 
the Upper-Gault Marl of Folkestone, in which Mr. Hudleston found 
only 25 per cent. But it is obviously more logical to compare the 
Norfolk Marl with the Upper Gault of some more northern locality 
than Folkestone ; and we have already mentioned the calcareous 
aspect of the Upper Gault of Bedfordshire, some of which has also 
been mistaken for Chalk-marl. We are indebted to Mr. Severn for 
the following analysis of a sample from Fancourt brickyard :— 

Residue insol. in HCl, silica and silicates 38:21 
Carbonate. ol lime py wees. ar eee 53°50 
AMA Br aceon een oe Seis Une ee 3°90 
Tron. (ste) ae cima ete een ae 2-00 
Phosphoric acid we iy. cw bu.) trae ser see "09 
Moisture (at chOUCKCD)) cre spacer 2°00 

99°70 

It will be seen that this marl contains twice as much carbonate of . 
lime as that of Folkestone, and, consequently, that the proportion 
comes very much nearer to that in the Roydon marl—an approxi- 
mation which strengthens the conclusion already arrived at, that the 
Norfolk marl is an actual northward continuation of the Bedford marl. 

The following (A) is an analysis of the limestone which lies at 
the base of this marl in the Roydon cutting ; it was made for us by 
Dr. W. Johnstone, and we have placed beside it an analysis by 

Prof. Way, of a hard bed in the Chalk-marl of Farnham (B), which 
has a very similar composition :— 

A. B. 

Insoluble residue (silicates, &e.) .. 6°64 7:26 
Carbonate) of lime. ssnoe eh ve 89°46 85°95 
Sulphate of Mme er serene yy et 1:32 10 
Carbonate of magnesia.........- aks 1:18 
Potash yandesodaye {aan eerie — 1:47 
Manganese: cic. sah eke eas ae oe “40 — 
Amaia): i apc aeteen erie te hes 1°40 20) 
Peroxide Of iron ec eee ore 1-10 1-74 
Soluble! silica uceseneee eee cre _— DRILL 
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Just as this limestone lithologically resembles the harder beds of 
the Chalk-marl, though it holds fossils which are characteristic of 
the Gault, so also there is a resemblance between the Roydon 
marls and ‘the softer Chalk-marls of the south of England, as will 
be seen by comparing the analysis above given with the following 
(A being one by Prof. Voelcker, of a Wiltshire Chalk-marl*, B one 
by Prof. Way, of a soft marl, near Farnham, in Surreyy, and C by Mr. 
J. W. Knight, of the Chalk-marl at ee near Cambridge) :— 

B. C. 
Insoluble residue (silica, &c.) 22: 80 21°35 16°60 
Dolmiblecilacay -.. aioe lw. os ZENG ae 
Carbonate of lime ........ 70-80 70°88 69:00 
Carbonate of magnesia .... G2 ‘75 1:80 
Sumlpiwate of lime ....2...55 2°65 “3D See 
owisheand soda .........5.. traces 1:90 2°30 
J UUIe raya es CUE 0) ee eee 1:02 2°31 3°70 
Organic matter and loss .... 1:00 eae 6°60 

99-99 99:70 100200 

The proportion of carbonate of lime is a little larger than in 
the Roydon marl, but near enough for us to conclude that the latter 
was formed under such conditions of depth and distance from land 
as afterwards prevailed in the south of England during the formation 
of the Chalk-marl ; consequently we may inter that the Gault sea 
in Norfolk was deeper and more distant from land than the Gault 
sea of the south and centre of England. 

If we now compare the analyses of Chalk-marl, or even that of 
the harder and more calcareous bed at Farnham, with analyses 
of the beds at the base of the Chalk at Hunstanton, we shall see 
how much more ealcareous the representative of the Chalk-marl 
becomes in Norfolk. The following analyses of (A) the “ Sponge- 
bed” and (B) the Jnoceramus-bed have been kindly placed at our 
disposal by Dr. W. Johnstone :— 

A. B 

insolublersilica 3.55.5... 3°17 3°38 
TLGTEIVS: iter e, pest beheng oiree suena 53°23 51°50 
Carbomicacid)) ts. 2. ie... 42°29 40°54 
Pirosplomeyacid |. .ci... - 29 16 
Sulplmumeracid 2. 5 6 «ciel traces 09 
PAM HUN PP ooo Pia cn po cee 0 ys 39D °39 
iReroxadenoh Iron) a ci4.. - sic 32 50 
IVA AIMESO! os, 6 aale oases ane traces “AT 
Miaomiesians.. 3. s-i. 2 «s.2 ‘7o 25 
Sodium! chloride 7... .... traces Uf 
Moisture and org. matter.. traces 1-40 

100°40 99°39 

* Journ. Bath and W. of Engl. Soe. ser. 2, vol. vii. p. 240. 
t Journ. Roy. Agric. Soe. vol. xii. p. 551. In this, after combining the mag- 

nesia, the sum of CO,CaO has been taken as giving the amount of Caco, 
though the amounts are not in strict theoretical proportion. 
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The amount of carbonate of lime in A may be taken as 95°5 per 
cent., and in B as 92 per cent.; for although the Znoceramus-bed is 
so gritty to the touch, it is really a pure limestone, and does not 
contain a larger quantity of silica than the compact limestone upon 
which it rests, its grittiness being entirely due to the angular 
fragments of hard Jnoceramus-shell, of which it is so largely 
composed, 
We were also desirous of knowing the chemical composition of 

the red marls, which occur.at Grimston, Roydon, and Dersingham, 
and to see whether the last was more closely related in this respect 
to the Roydon marl or to the Red Chalk of Hunstanton. By the 
kindness of Dr. Johnstone, to whom we sent samples, we have 
been furnished with the following analyses of (A) the Grimston, (B) 
the Roydon, and (C) the Dersingham Marl :— 

A. B. C. 

Silica, and! silicates’ 5.2 4.4) 22°60 24-13 25°7 
Carbonaterot lames Aeris. 69°50 64-46 64:49 
Carbonate of magnesia .... “90 -90 1:32 
Sullipmatewor immense n "66 “36 33 
RELOxideROleiGOM ae 4; ened 3°40 6-00 4:16 
Alumina and phosphoric acid 1°60 "90 80 
Mian@anese te... ys jo.abh era «ot trace traces traces 
Orgamicimatver, Cosme 1°34 3°25 3°20 

100-00 100-00 100-00 

It will be seen that the three are very similar in their com- 
position, the marls from Roydon and. Dersingham being almost 
identical, although the localities are more than four miles apart. 
A comparison of the above analyses with that of the overlying 
grey marl at Roydon (p. 586) shows that they may be regarded 
as the same marl, coloured red by peroxide of iron, the proportions 
of siliceous matters and carbonate of lime being almost the same, 
while the proportions of iron and alumina are in an inverse ratio. 

They all differ from the Red Chalk, an analysis of which has 
been given by Mr. Wiltshire*; and the following is that of a pink 
sample from Hunstanton, by Dr. Johnstone :— 

Silica NOEes Wea ee te wees 7°50 
Carbonate of lime ...... 83°81 
Ad rin im areeeaen orc woe 1:67 
Reroxiderorsinon eee ee Kee, 
Mla AMOS Cis ce. were ieetemece 58 
Maenesia . 2 .202544-500 62 

99-90 

This is, lithologically, a chalk; but its being so does not prove it 
to be stratigraphically Chalk, any more than the composition of the 
Roydon marl proves that to be Challk-marl. 

* Quart. Journ. Geol. Soc. vol. xxy. p. 185. 
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§ 5. FavLts AND THE CHANGE OF STRIKE. 

rof. Judd has called attention to the frequency of cross faults 
in the district where a change of strike takes place*. Such is the 
case in the north of Gloucestershire, where the Jurassic escarpment 
changes its strike from a northerly to a north-easterly direction, 
and, again, in Rutland, where it resumes a northerly strike. 

The same phenomenon is exhibited in the district we have 
described, where the Chalk escarpment changes its direction from 
north-east to north ; but the faults are much less easily detected, be- 
cause there are no sharp contrasts in the lithological characters of the 
beds, like those which exist among the Jurassic rocks, and it is only 
when a definite horizon, like that of the Melbourn Rock, is followed 
across the country that anything like good evidence is obtained 
of the existence of such faults. 

At West Row, near Mildenhall, a small fault is seen in section; 
but its throw is small, and as we were not able to trace the out- 
crop of the Melbourn Rock round Mildenhall, we cannot say 
whether there are others; but the change of strike certainly 
begins here. 
We feel sure that an important fault is hidden beneath the 

alluvium of the Brandon river, for, as already stated (p. 565), the 
horizon of the Melbourn Rock, near Lakenheath Station, is at or 
below the fen-level, whereas on the northern side of the valley, 
near Hockwold, it is 40 or 50 feet above the alluvium, and the 
Lower Chalk forms a prominent ridge which extends westward from 
Hockwold for a distance of about two miles. There must therefore 
be an east and west fault, with an upthrow on the north side. 

We also think that there are two parallel faults near Feltwell, 
between which a narrow block is thrown up, so that the outcrops 
are shifted eastward for a space, but resume their normal position 
to the north of Feltwell. This inference, however, depends entirely 

on the correctness of our supposition that the beds exposed in the 
old lime-kiln south of Feltwell belong to the Chalk-marl. 

From Feltwell the outcrops appear to be continuous as far as 
Whittington, the strike being nearly due north, and the beds 
having a slight inclination in the direction of the strike, so that at 
Whittington the Melbourn Rock is not so far above the level of the 
fen as it is at Hockwold and Feltwell. On crossing the Stoke 
river we find the Totternhoe Stone at a somewhat higher level 
than that of the Melbourn Rock at Whittington, and as the out- 
crop of the Lower Chalk here runs north-west for some miles, it 
looks at first sight as if there were a fault bringing up the lower 
beds on the N.W. side of the valley; but it is probable that the real 
strike is still nearly due north and south, and it will be seen that 
a line connecting the outcrops of the Melbourn Rock at Whittington 
and Marham would not deviate much from this direction. There 
may be a fault with a northerly upthrow, but there is no clear 
evidence of its existence. 

* «“ Geology of Rutland,” Mem. Geol. Surv. 

Q.J.G.8. No. 171. 2R 
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There can be little doubt, however, that Stoke is the centre of a 
shallow syncline (whether faulted or not), and that just as the beds 
fell northwards along the strike to Whittington, so beyond that 
place they rise northward to Marham, where the Melbourn Rock 
attains a high elevation without being much in advance of the line 
of strike. This northerly rise will account for the emergence of 
the Gault and Lower Greensand from beneath the fen, and it will 
also explain the carrying back of the outcrops so far eastward by 
the valley of the Nar, which would otherwise seem to require the 
agency of a fault. 

North of Marham and Narborough it is possible that the level of 
the base of the chalk still continues to rise; butif so, the diminution 
in the thickness of the Lower Chalk keeps the normal level of the 
Melbourn Rock nearly horizontal; for though we do not possess 
accurate information, the height of its outcrop at Marham and 
at Hunstanton appears to be nearly the same, and these two places 
are, we think, about on the true line of strike, viz. a north and 
south line, without any appreciable trend to the west, such as would 
appear if the line from Narford to Hunstanton were taken to be the 
true line of strike. 

Thus the district we have described may be regarded, geometrically, 
as consisting of three portions or blocks, the first extending from 
Mildenhall to the Brandon river, the second from that river to the 
Stoke river, and the third from Stoke to Hunstantcn. The first 
two of these blocks have received a slight tilt to the north, so that 
the beds rise along the strike southwards, the third has an incline- 
tion in an opposite direction. , 

It is evident that these faults and -tiltings have a considerable 
effect upon the surface-contours of the country, and it seems probable 
also that the tilting of the first two blocks has a connexion with 
the change of strike. In seeking for the cause of this change, we 
must ask ourselves which is likely to have been the original strike, 
the northerly strike of Norfolk, or the north-easterly strike of the 
Midland counties? We think there can be little doubt that the 
former was the original strike, imparted to the Cretaceous rocks by 
the upheaval at the close of that period, and that the north-easterly 
strike was the direction given to the escarpment by the disturbances 
which produced the London and Hampshire basins. In other words, 
we hold that the influence of the synclinal curvature of the London 
basin does not extend beyond the latitude of Mildenhall, and that 
north of this the original strike of the Cretaceous rocks is preserved 
with little alteration, and has not been affected by the disturbances 
above mentioned. 

§ 6. Summary anv INFERENCES. 

Gault.—With respect to the Gault we claim to have established 
the following facts :— 

1. That the Gault can be traced through Norfolk from Stoke 
Ferry to Dersingham, where it thins out. 

2. That it is divisible into an upper and a lower portion, and 
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that it contains a peculiar layer of reddish marl or clay, which 
remains as a basement-bed after the more Gault-like material has 
thinned out. 

3. That the Norfolk Gault, as a whole, is much more calcareous 
than the Midland Gault, and that its upper portion cannot be called 
a clay, but is a light-grey chalky marl, with occasional layers of 
yellowish-grey limestone. 

4, That the fossils of these limestone bands decide the real age of 
the beds. 

5. That microscopical examination shows a decreasing amount of 
inorganic matter (quartz, mica, and felspar) as the beds are traced 
northward, with an increasing proportion of organic material (Fora- 
minifera and shell-fragments), which becomes very large in the 
Roydon and Grimston Marls. 

6. That there is an entire absence of anything comparable to the 
malmstones, ragstones, or glauconitic sands of the so-called Upper 
Greensand. 

The increasing amount of calcareous matter in the Gault as it is 
traced northward through Norfolk is, we consider, a fact of much 
importance. It is evident that in passing from Dorsetshire to 
Norfolk we travel further and further away from the source of the 
mechanical sediment, and get nearer to oceanic conditions. The 
quartzose sands of the so-called Upper Greensand appear to die out 
in North Wiltshire or in Berkshire, the malmstones die out in Buck- 
inghamshire, and marly clays of the Upper Gault take their place 
to the northward; in Bedfordshire this Upper Gault is very cal- 
eareous, and it is still more so in Norfolk, where the Lower Gault 
also becomes calcareous, and the whole formation gradually passes 
into a thin calcareous deposit. 

Just as the upward succession of the Gault clays at Folkestone 
from the dark-blue pyritous clay of the Lower Gault to the light- 
erey marly clay of the Upper Gault, indicates in all probability a 
deepening of the sea in which they were deposited, so the lateral 
passage from the argillaceous Gault of Bedford and Cambridge to 
the marly clays of West Norfolk means an increasing depth of water 
and distance from land in this direction. 

These considerations are, in our opinion, quite sufficient to explain 
why the Upper Gault in the centre of West Norfolk bears so great 
a resemblance to Chalk-marl, and why it contains layers of lime- 
stone and red clay. 

This chalky marl is, in fact, the deep-water representative of the 
Upper Gault and so much of the Upper Greensand as can be shown 
to be the equivalent of the Upper Gault. 

Chalk-marl_—With respect to the Chalk-marl itself, we may 
summarize our results as follows :— 

1. That it maintains its average thickness as far as Stoke Ferry, 
but then thins rapidly northward, and decreases to 18 feet at 
Hunstanton. 

2. That its lithological characters alter, the upper part becoming: 
harder and whiter before it begins to thin; hard beds also make 

Z2R2 
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their appearance below, and the marly beds thin out, till at and 
beyond Grimston the whole division consists of hard chalk. 

3. That for a certain distance its basement-bed is a glauconitic 
marl, but that this thins out beyond Marham, and the overlying 
bed of hard white limestone then forms its basal layer. 

4, That microscopical examination shows that the proportion of 
Foraminifera and recognizable shell-fragments increases as the beds 
are followed northward, and that the hard beds of north-west 
Norfolk may be regarded as the condensed equivalent of the true 
Chalk-marl, differing from it by the greatly reduced amount of 
inorganic matter and of glauconite grains. 

Red Chalk.—We are now in a position to indicate the bearing 
of our work on the debated question of the exact age of the Red 
Chalk. In the absence of anything like ordinary Gault, Upper 
Greensand, or Chalk-marl at Hunstanton, the remarkable stratum 
which there lies at the base of the Chalk has been referred by 
different observers to each of the formations which appeared to be 
missing—to the Gault by most of the earlier writers and by Mr. 
Wiltshire, to the Upper Greensand by Prof. Seeley (on the strength 
of its fossils being similar to those of the Cambridge Greensand), 
and, lastly, to the Chalk-marl by Mr. Whitaker. Everyone, however, 
has discussed the question principally from a local point of view, 
founding their arguments mainly upon a consideration of the rock 
and its fossils as seen at Hunstanton. It is true that Mr. C. B. 
Rose and Mr. Wiltshire both obtained some items of stratigraphical 
evidence, but they were rather meagre, while tle value of Mr. 
Whitaker’s remarks is diminished by his having then mistaken the 
Upper Gault of Norfolk for Chalk-marl. 

It was evident, therefore, that the problem could only be solved 
by following up the component beds of the Gault and Chalk-marl 
from an area in which they were more normally developed. Such 
stratigraphical work, however, was by no means easy; for these 
strata form a low-lying tract of country, where natural or artificial 
exposures are few, and where they are often concealed by spreads of 
Boulder-clay and gravel. We think, however, that the borings we 
have made, and the facts we have observed, are sufficient to deter- 
mine the stratigraphical relations of the beds we are discussing. 

As already stated, we have ascertained that in Norfolk there is a 
complete but rapid or sudden transition from Upper Gault to Chalk- 
marl, without the intervention of any quartzose or glauconitic 
sands; but we would point out that these are not exceptional relations, 
and that the Stoke and Shouldham sections may almost be matched 
near Ivinghoe in Buckinghamshire and Totternhoe in Bedfordshire. 
At both these places there is an entire absence of anything which 
can truly be called Upper Greensand, and there is a complete passage 
from marly Gault into Chalk-marl, the passage-bed being a dark- 
grey marl with many spangles of mica and small grains of glauconite. 
The explanation of this passage is that the sands and rock-beds of 
the so-called Upper Greensand have been gradually replaced by the 
marls of the Upper Gault, while the green glauconitic marls seem 
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to have thinned out, so that there is a direct transition from the 
Gault-marl to the Chalk-marl. Itis hardly too much to say that the 
structure of the Totternhoe district affords the key to that of West 
Norfolk, because it explains that passage from Gault to Chalk which 
has been such a puzzle to those who have examined the Norfolk 
sections. It is now evident that such a complete transition from 
one formation to the other is the normal condition of things in that 
part of England which les to the north-east of Buckinghamshire. 

This being so, we are completely relieved from the necessity of 
finding an equivalent of the Upper Greensand as distinct from the 
Upper Gault in the Hunstanton section, and it only remains to 
decide whether the Red Rock in that section is the equivalent of the 
Norfolk Gault or of the Norfolk Chalk-marl. This question seems 
to find a decisive answer in the following considerations :— 

1. That the Norfolk Gault becomes increasingly calcareous towards 
the north, till at Dersingham it passes into 7 feet of marly and 
chalky material, the lower portion of which is coloured red. 

2. That the microscopical structure of the Hunstanton rock bears 
the same relation to the red and yellow marls of Dersingham that 
the hard Chalk-marl of Norfolk does to the softer Chalk-marl of 
Cambridgeshire. 

3. That the hard whitish limestone which overlies the represen- 
tative of the Gault from Grimston to Dersingham is identical, in 
our opinion, with the so-called ‘‘ sponge-bed” which overlies the 
Red Rock at Hunstanton. 

4, That the fossils are chiefly Gault species, and are such as 
would constitute a deep-sea fauna contemporaneous with that of the 
shallower and muddier water in which the Gault of South England 
was formed. 

From these premises we come to the inevitable conclusion that 
the Red Rock of Hunstanton must be the equivalent of the Gault, 
and not of its upper division only, but that it is a condensed repre- 
sentative of both Lower and Upper Gault, formed outside the hmits 
of the area reached by mud-bearing currents. 

Cambridge Greensand.—It has been stated above that the transi- 
tion from Gault to Chalk-marl must be regarded as the normal state 
of things in the counties of Bedford, Hertford, Cambridge, Suffolk, 
and Norfolk. Now it is true that, over a large part of this area, 
there is no such transition, but, on the contrary, a plane of erosion 
between the two formations, and a nodule-bed at the base of the 
Chalk-marl, containing fossils and phosphates derived from the 
Gault. But this must be regarded as an abnormal condition of 
things; as explained by one of us twelve years ago*, the Hertford 
and Cambridge area was part of atract of the sea-bottom which was 
invaded by rapid currents, and over this tract a certain portion of 
the Gault was sifted and swept away. In thesouth of England the 
interval is represented by certain glauconitic sands and marls; but in 
Norfolk there seems to have been simply an absence of deposition, 

* Jukes-Browne on “ The Relations of the Cambridge Gault and Greensand.” 
Quart. Journ. Geol. Soc. vol. xxxi. p. 256 et seq. 
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the interval being here marked by the sudden change from Gault to 
Chalk-marl, and from ‘‘ Red Rock” to white limestone. 

The diagram, fig. 6, is drawn with the view of illustrating the 
normal succession in the counties referred to, and the manner in 
which this is broken by the erosion of the upper part of the Gault 
over a certain space. From this it will be seen that we are pre- 
sented, as it were, with the two ends of the stratigraphical chain, 
and that, in the interval beween Totternhoe and Stoke Ferry, the 
total thickness of the Gault has diminished from about 230 feet to 
60, the difference, 170 feet, being entirely the result of thinning- 
out. The additional information which has been obtained since the 
publication of the paper on “ The Relations of the Cambridge Gault 
and Greensand,” makes it now possible to estimate more accurately 
the width of the area over which erosion took place, and the 
maximum amount of the Gault which was removed from the central 
portion of this area. 

In the first place we must point out that, though there is a steady 
decrease in the total thickness of the Gault, yet between Tring and 
Hitchin there would appear to be an increase in the thickness of 
the Lower Gault from 150 to 204 feet, so that if the Upper Gault 
had maintained the thickness it presents near Tring, namely, 80 
feet, the formation would have had a thickness of at least 284 feet 
near Hitchin and Arlesey. There 1s, however, good reason to believe 
that the Upper Gault becomes rapidly thinner as it 1s traced north- 
ward, and could never have been more than 20 or 30 feet thick at 
Hitchin, so that the original thickness of the Gault there was pro- 
bably about the same as near Tring, though the relative thicknesses 
of the two subdivisions were different. 

North of Arlesey the Lower Gault diminishes in thickness, and it 
is assumed that this is mainly due to the erosion it has undergone; 
it is not improbable, however, that this division attained its greatest 
thickness at or near Arlesey, and that it thinned northward as 
rapidly as it did and does to the southward. On this supposition it 
would have had a thickness of 150 feet at Cambridge, and to this 
must be added a certain thickness (say 20 feet) for the Upper 
Gault. 

The diagram, fig. 7, shows the actual surface of the Gault be- 
tween Cheddington (near Tring) and Dersingham in Norfolk, and 
the broken lines show what we suppose to have been the original 
surfaces of the Lower and Upper Gault respectively. From Arlesey 
to Cambridge these are drawn in accordance with the inference that 
the Gault was originally 170 feet thick at the latter place, and, as 
we believe that the Gault at Stoke Ferry has not suffered from 
erosion, the diagram is easily completed by joining the lines between 
Cambridge and Stoke. It will be seen that the slope thus obtained 
agrees very nearly with that of the actual surface between Stoke 
and Dersingham. 

If the data on which this diagram is founded are correct, the 
maximum amount of Gault removed from any part of the eroded 
area appears to be 50 feet. The base of the Gault is drawn as a 
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horizontal line, but it would not make any difference to this calcula- 
tion if it were a curved one. It is quite possible that the Gault 
below Arlesey fills up a hollow in the surface of the Lower Green- 
sand, and that its upper surface is ALY level, but the thicknesses 
would of course remain the same. 

It might be said that the assumed thickness of the Gault at Cam- 
bridge (170 feet) is too great, and that the Lower Gault may have 
thinned out more rapidly northward of Arlesey than it does south- 
ward; but we reply that on the other hand it may have continued 
to thicken for some distance north of Arlesey, for we have no real 
evidence to the contrary. We think that, considering all the cir- 
cumstances, the thickness we have assigned is a reasonable one, and 
that the projection as shown in the diagram has a more natural 
appearance than if the original thickness at Cambridge were taken 
to be less. 

A further inference may be drawn from this diagram, for if it is 
a fairly accurate representation of the facts, it will enable us to 
predicate the probable limit of the Cambridge Greensand in a 
northerly direction. This will be indicated by the point where the 
line representing the original slope of the Gault meets the line 
representing its present surface; now the prolongation of the 
present slope north of Soham meets the line for the base of the 
Upper Gault at a point about seven miles south of Stoke Ferry, and 
hence it may be expected that the Cambridge Coprolite-bed will be 
found to extend beneath the fens to this point, or at any rate for a 
distance of 10 miles beyond Soham. It is probable that the number 
of derived nodules and fossils diminished gradually to the north- 
ward, and that the bed passes gradually into the glauconitic marl of 
Stoke Ferry: and further, since we found a derived phosphatic 
specimen of Avicula grypheoides in that marl, it is evident that 
Stoke cannot be far beyond the limits of the eroded area. 

Totternhoe Stone.—The stratigraphical importance of this band 
lies chiefly in its affording the means of fixing the upper limit of 
the Chalk-mar!; forif this stone had not been recognizable, it would 
have been very difficult to draw any line between the Grey Chalk 
and the still harder chalk representing the Chalk-marl; but, as a 
consequence of tracing this stone through the west of Norfolk, we 
were able to recognize the horizon in the Hunstanton cliffs, and 
thus to give a more satisfactory reading of that section than any 
which has hitherto been proposed. 

The Totternhoe Stone partakes in the universal attenuation of 
the Lower-Chalk strata in West Norfolk, diminishing from 20 feet 
at Burwell to 4 feet at Stoke Ferry, and 2 feet at Hunstanton, but 
its lithological characters undergo very little alteration. 

Grey Chalk.—It is interesting to observe that the chalk over- 
lying the Totternhoe Stone exhibits the same separation into a lower 
grey and an upper white portion that we have observed in this 
division elsewhere; the characters of the upper white portion are, 
indeed, more distinctly marked than they are further south, the rock 
being so much harder than the underlying grey chalk that in old: 
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pits it has a tendency to form an overhanging cornice. In thick- 
ness this part of the Lower Chalk diminishes from about 80 feet near 
Newmarket to about 35 feet near Hunstanton. 

Belemmite Marls.—The component strata of this zone are so per- 
sistent in the midland counties that we were not prepared to find 
such a difference in the Norfolk sections, and, in the absence of any - 
exposures between Snailwell and Whittington, we can only say that 
a great change takes place in the interval, and that this change is 
in harmony with those exhibited by the other beds. It consists in 
a diminution in the amount of the muddy ingredient, and this con- 
densation continues till, in the north of Norfolk, the marly element 
is almost eliminated, so that in the absence of fossil evidence it 
becomes impossible to recognize the horizon. 

The Melbourn Rock, which forms the base of the zone of Rhyn- 
chonella Cuviert and of the Middle Chalk, presents substantially the 
same characters as it possesses in the counties of Cambridge and 
Hertford. It is evident that at this time deep-sea conditions pre- 
vailed over the whele area, consequent perhaps upon an accele- 
ration in the rate of subsidence, so that a deposit of the same kind of 
sediment was formed over a large area. 

In conclusion, we would point out that the total amount of diminu- 
tion in the thickness of the Lower Chalk between Newmarket and 
Hunstanton is 115 feet, being the difference between 170 feet at 
Newmarket and 55 feet near Hunstanton. In spite, however, of 
the reduced thickness of the Lower Chalk in West Norfolk, we 
have found that its zonal divisions can be brought into harmony 
with those which have been established in the midland and southern 
counties. 

This having been done, we now possess a surer basis for the 
study of the Lower Chalk of Lincolnshire, which is known to be 
generally similar to that of West Norfolk. The Totternhoe Stone 
has not yet been identified in the northern counties, but the Hun- 
stanton section shows that its attenuated representative may still be 
found in Lincolnshire, since the Lower Chalk is certainly somewhat 
thicker than it is near Hunstanton. 

Discussion. 

The Prusrpent remarked on the difficulty of correlating a series 
of beds which have become greatly attenuated and meet together. 
He also commented on the difference of opinion as to the palaonto- 
logical evidence where the fauna is elsewhere so largely developed. 
There was a difference as to geological position, though general 
agreement as to thinning. 

Mr. E. T. Newron acknowledged how much the Society was in- 
debted to the Authors. He was not acquainted with the district in 
question, but had at different times been consulted by both Mr. Hill 
and Mr. Clement Reid. Unfortunately circumstances had prevented 
those gentlemen from meeting to discuss this question, although 
they were desirous of doing so. With regard to the fossils collected 
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by Mr. Reid at West Dereham, the greater part were phosphatized, 
and might have been derived ; but the few which evidently belonged 
to the bed were thought to indicate Chalk-marl rather than Gault. 
Fragments of large Jnocerami were such as occur in the Chalk. 
The correlation, by the Authors, of the Hunstanton Red Chalk with 
the Gault, if proved, was of great interest. 

Dr. H1ybe also spoke in verification of the Authors’ work. 
Mr. Hupteston regretted the length of time which had elapsed 

since he had entertained any of these questions, but the paper was 
calculated to arouse the old interest. He had always thought that 
the fossil contents of the Hunstanton red rock pointed most clearly 
to its being, in the main, on the horizon of the Upper Gault. These 
were, in the main, Mr. Wiltshire’s original views, and the objections 
arising from lithological differences had been surmounted years ago. 
Consequently it was with the utmost surprise that he had read from 
time to time the several interpretations which had been put forth. 
In the present paper it would seem that the Authors claimed that 
the Hunstanton red rock represented the whole of the Gault. Cer- 
tainly the occurrence of Amm. interruptus in the chalky Gault a 
very few miles south of Hunstanton was in favour of this view, but 
he should lke to know of its occurrence at Hunstanton. The attenu- 
ation of the various beds so carefully traced out by the Authors, 
besides tending to throw much lght on the basal Upper Cretaceous 
in Lincolnshire, would ultimately explain what had hitherto been 
regarded as an anomaly in the Chalk of Yorkshire. | 

Mr. Tratt had not studied the subject since he wrote his essay 
on the Potton and Wicken phosphatic deposits. He was pleased to 
find that there was good reason to believe that he had not made a 
mistake in recording the occurrence of Gault in West Dereham. The 
section was well exposed when he examined it, and he satisfied 
himself that the phosphatic nodules were, to some extent, at least, 
indigenous to the deposit in which they were found. 

Mr. Juxes-Browne, in reply, alluded to the differences of opinion 
expressed by his colleagues on the Survey, and, as Mr. Newton had 
said, they had not yet met with a view to coming to an agreement, 
but he believed that it would be found that the work done in 
Norfolk would have much bearing upon the interpretation in 
Lincolnshire and Yorkshire. Mr. Reid had given up his reliance 
on the stratigraphy. The presence of Amm. interruptus in the 
base of the Marl at West Dereham was a fact that could not be got 
over. The presence of a nodule-bed did not necessitate any great 
break in the sequence ; it merely represented the residual washings 
of a certain amount of sediment. Their paper was a confirmation of 
Mr. Wiltshire’s conclusions, and that author had himself heard of a 
red bed overlain by grey clay near Flitcham. The Hunstanton 
specimen of Amm. interruptus ought to be in the Woodwardian 
Museum. He would remark that Amm. rostratus was not confined 
to the Upper Gault, but was common in the Lower Gault of Bucking- 
hamshire, where there was a mixture of Upper and Lower Gault 
forms of Ammonites. 
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40. On Grooves and Quartzire Bourtpers in the Rocrr Mine at 

DvxinFierD. By James Raperirre, Esq., F.G.S. (Read 
March 23, 1887.) 

Tur Roger Mine, shown on Ordnance sheet no. 105, six-inch scale, 
of Ashton-under-Lyne and Dukinfield, is extensively worked at 
Denton, Dukinfield, Ashton-under-Lyne, and in the neighbourhood 
of Oldham. 

At Dukinfield coal is being worked at a depth of five hundred and 
fifty yards, and averages about four feet in thickness. Quartzite 
boulders have from time to time been found in this mine, and have 
been noticed on various occasions in communications to the Man- 
chester Geological Society, in vols. xii. and xiv. of their Transac- 
tions. 

The groovings and boulders are not found in any mine or strata 
in this neighbourhood, except in what is known as the Roger Mine, 
which lies near the top of the middle series of the Manchester 
coalfield. But occasionally quartzite pebbles have been found by 
Mr. G. Wild, of Bardsley, in the Arley and Pomfret Mines. The 
single groovings vary in depth from a few inches to eighteen inches, 
and in width from one foot to three feet. Occasionally several of 
these grooves run close together, and then widen out into one broad 
‘“‘scour, or groove, of fifteen or even eighteen feet wide, as if the 
base of a large moving body had come in contact with the upper 
surface of the coal-bed. These grooves have been traced at intervals 
over a distance of from five to six hundred yards in length, and from 
fifty to sixty yards in width. 

The Roger-Mine seam of coal is composed of three divisions :— 
the ‘upper,’ a soft, bright, free-burning coal; the ‘“ middle,” or 
‘“‘bony-band,” a hard, dull, stony-looking coal; the ‘ lower,” or 
bottom bed, a dull-looking coal with two partings. The dip of the 
measures is west, and has an inclination of 18 degrees. The 
mean line of bearing of the grooves is 8. 50° E.; line of fault-slips 
&e. is 8. 26° W. The line of the grooves is not connected with, 
nor is it nearly parallel to, any fault or fault-slips. There are no 
faults or dislocations of the strata for a considerable distance from 
where these grooves are seen. No fossil trees or specimens of 
Stigmaria ficoides are found with the boulders, or in the immediate 
neighbourhood of the grooves. The cleavage of the coal is about 
$. 15° E. 

All the fault-slips, joints, &c. come upwards through the floor 
beneath the coal, through the coal, and into the roof overlying the 
coal, which is not the case with the grooves; these are not seen in 
the floor, nor do they ever reach the bottom of the coal; they rarely 
extend to the middle coal, the ‘“‘bony-band” being undisturbed 
except in two cases I noticed: one in the form of an undulating 
ridge in the *‘ bony-band”’ on one side of the groove, as if caused by 
pressure from the centre of the groove, which, being in the upper 
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part of the seam only, the cause must have been from above, and not 
from below; the groove could not be made from below without 
affecting the strata below the coal, and the coal in which the groove 
is made. In the case of our faults &c., the cause is from below, for 
we often find them in a lower seam, and entirely absent from the 
upper ones. 

In the cross-sections of the grooves are seen layers of the same 
kind of shale, varying in colour exactly the same as on each side 
where the coal-seam is intact; these layers increase in thickness at 
the lower part of the groove, and gradually lessen in thickness as 
they near the top of the groove, until they become parallel to the 
layers in the strata on each side of the groove, the sides of which 
are raised up a little, as if they had been pressed by the passage of a 
body along the groove. Where the sides are so pressed the “ bord” 
or “cleat” of the coal is destroyed, and often a mixture of coal and 
earthy matter is present. The groovings always commence with a 
narrow ‘‘ scour” or small groove, then increase in breadth and depth, 
and afterwards thin entirely out. 

Fig. 1.—Plan of the Roger Mine, Dukinfield. 
(Scale 100 yards to 1 inch.) 
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The tinted bands indicate grooves. 

On the plan (fig. 1) is shown the position in which several of 
these boulders were found. 

One of the boulders exhibited, with the block of coal upon which 
it lay, showed that the upper side of this block of coal is inferior 
in quality, a common occurrence immediately round about the 
boulders ; the coal under the boulder shows a considerable amount 
of compression. 
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The roof in which these boulders are partly imbedded (part in 
roof and part in coal) consists of a grey shale, of an argillaceous 
character, with dark shades of carbonaceous shale forming layers 
varying in colour and from three to four feet in thickness up to a 
biack parting, above which is a light-grey shale with rock binds; the 
floor upon which the Roger coal rests is an inferior fire-clay mixed 
with bands of coaly matter. 

Figs. 2-5.— Boulders in Coal, in the Roger Mine. 

Fig. 2. Fig. 3. 

a. Metal with rock-bands. c. Soft holing dirt. 
6. Coal. d. Inferior fire-clay. 

The boulders are coal-blackened only as far as they are buried 
in the coal, and appear to have been dropped quietly on to a soft 
bottom ; in one instance the boulder stood edgeway up, not flat 
down as the others were. 

The sectional sketches (figs. 2-5) show the positions the boulders 
occupied in the measures in which they were found, they being 
foreign to the surrounding strata, much harder, different in form 
and structure. 

No. 2 boulder (fig. 2) found imbedded in the coal, the upper edge 
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flattened, and level with the top of the coal-seam; it is 
rough, angular, and pitted with holes from three eighths 
to three quarters of an inch in depth, on its sides and 
end. 

No. 3 boulder (fig. 3) found on the top of the coal-seam, but only 
partly imbedded in the coal, the other part in the roof, the 
layers of which were parallel on each side of the boulder ; 
the top and one side flattened, subangular, the carbonaceous 
coating mixed with iron pyrites. 

No. 4 boulder (fig. 4), very smooth and round, found entirely 
covered by the coal, the top of the boulder being six inches 
below the top of the coal; where this occurs the coal cover- 
ing the boulder is of an inferior character and shaly, often 
mixed with thin partings of dirt and shale. 

No. 6 boulder (fig. 5) found resting on the coal-seam, a little 
imbedded, and partly surrounded by coal-shale, and covered 
with the roof, same in kind as the surrounding strata; sur- 
face smooth. 

For the following details of the mineral composition of these 
boulders, I am indebted to the kindness of Professor Bonney, F.R.S8. 

No. 1 boulder weighs one hundred and sixty-six pounds, and is 
‘6a, quartzite, grains mostly angular, some subangular, a few mode- 
rately rounded, maximum about :027", but the majority about half. 
the size; occasional small grains of chalcedonic aspect, such as 
might come from a very minutely granular quartzite, a vein, or a 
fine-grained schist. There are besidés some small opaque grains, 
probably iron-oxide, a few of a mineral resembling a rather dirty 
epidote, and two or three of tourmaline, with some flakes of white 
mica, and perhaps a little felspar.” 

No. 2 boulder weighs one hundred pounds. ‘A hard quartzose 
grit, composed of fragments much about the same size and shape as 
in the last: but in these there is a larger proportion of, the chalce- 
donic quartz, which sometimes strongly suggests a derivation from 
a very fine-grained schist. There is also a considerable number of 
brown earthy-looking grains; these may be decomposed felspar, but 
many of them have much more the appearance of a decomposed de- 
vitrified rhyolite, though not of a very acid type; some may be com- 
pact argillites. The evidence as to the nature of these is hardly 
conclusive. The slide contains a very few flakes. of mica, and a 
erain or two of epidote, hornblende (?), and tourmaline, but fewer 
than in the last case.” 

No. 3 boulder weighs four pounds. ‘A fine-grained grit formed: 
of fragments commencing about :005" in diameter; angular in 
shape, consisting of quartz, a felspathic substance (as to the exact 
nature of which it is difficult to pronounce), about equal in quantity 
to the quartz. There are flakes of mica, green-coloured and white, 
granules of iron-oxide, and, as before, one or two grains, probably 
epidote and tourmaline.” . 3 

No. 4 boulder weighs twelve pounds. ‘A rock very similar to 
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No. 1, but perhaps with a shade more earthy matter among the 
granules of quartz. We find the same adventitious minerals.” 

No. 5 boulder weighs five pounds. “A erit somewhat resem- 
bling No. 2, or intermediate in character between it and No. 3. 
Fragments rather distinctly angular. I recognize some felspar by 
its plagioclastic twinning, but a good many ch the grains suggest 
either an argillite or a decomposed rhyolitic rock. There are gran- 
ules and specks of iron-oxide, two or three grains of tourmaline, and 
a few flakes of mica.” 

No. 6 boulder weighs thirty-one pounds. ‘“ A quartz-grit, rather 
ferrite-stained ; grains rather variable in size and shape, the larger 
and rarer about :025" diameter. The quartz, besides minute cavities, 
contains occasional belonites, rutile (?); one or two grains are chalce- 
donic. There are also grains of iron-oxide, epidote and tourmaline 
(rare), and flakes of mica and, as before, a few fragments of de- 
composed felspar (?). 

“In more than one of these specimens secondary quartz can be 
seen, deposited in crystalline continuity with the original fragments. 
Nos. 1 and 4, especially, bear a very close resemblance to the rock 
of a quartzite pebble found by Mr. Gresley in a coal-seam in Leices- 
tershire, and to that of a large pebble taken out of the thirteenth 
coal at the Cannock-Chase Colliery near Rugeley. 

“These quartzites present considerable resemblance to the rocks 
of some of the pebbles in the Bunter conglomerate of the midland 
counties, in which occasional grains of tourmaline, and of the mineral, 
which I have identified as probably epidote, may be found. 

“They also resemble some of the quartzites in the Loch-Maree 
district, in which also these two minerals may be detected.” 

Discussion. 

Mr. W. W. Suyre said the occurrence of the boulders was an in- 
teresting phenomenon, on account of the absence of pebbles generally 
throughout the Coal-measures above the Millstone Grit. Only now 
and then, throughout the enormous area of coal daily raised, some of 
these boulders were unearthed. The boulders are worn on the 
surface, polished and sometimes striated. He had seen, in company 
with the late Mr. Binney, a number of these boulders, some with a 
coating of coal, others partly coated with a film of iron pyrites, just 
like some slickenside surfaces. One popular explanation was that these 
boulders were meteorites, an utterly untenable supposition. He had 
never seen one of these boulders actually imbedded. The whole 
subject so far appeared to be very obscure. 

Prof. Boyp Dawxtns said such boulders were far from uncommon 
in parts of Lancashire, and all appear to be of a very similar quartzite 
to the specimens exhibited. The grooves were not necessarily con- 
nected with the boulders. The upper surface of a coal-seam was 
generally uneven, and often showed denudation by water. He had 
seen remarkable markings made apparently by snags. He was 
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inclined to think that the boulders came from some of the Pre-Car- 
boniferous conglomerates in the north of England and Scotland. 
These boulders may have been transported to their present position 
by roots of trees. 

Mr. Branrorp suggested that the grooves might have been caused 
by floods at the time when the beds were being deposited. He 
had seen similar excavations in plains over which water had passed. 
He also noticed how rapidly evidence of glacial action in Car- 
boniferous times is accumulating in various parts of the world. 

Prof. Bonney pointed out that boulders were sometimes imbedded 
in the coal, and did not always project above the seam. 
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41. On CHONDROSTEUS ACIPENSEROIDES, Agassiz. 
By James W. Davis, Esq., F.L.8., &. (Read March 9, 1887.) 

[Prats XXITI.] 

Two species of Chondrosteus have been described by Sir Philip 
Egerton, viz. Chondrosteus acipenseroidcs and C. crassior. Both 
were obtained from the Lias of Lyme Regis. The former species 
was known to Louis Agassiz, who named, but did not de- 
scribe it (‘ Poissons Fossiles,’ vol. ii. part 2, p. 280). In 1858 
Egerton communicated a paper to the Royal Society (Phil. Trans. 
vol. xlviii. p. 871) on Chondrosteus, in which he described a number 
of specimens, which he referred to the species named by Agassiz and 

_ to the second one named above. The specimen which afforded the 
most perfect description was in a slab of indurated shale. A part 
of the head and the tail were missing; the length of the parts 
preserved was 15 inches, and the total length of the fish was esti- 
mated at 24 inches. This, together with examples of the head of 
C. acipenseroides, and a head and a good example of the tail of 
C. crassior, afforded a large amount of detailed information, on which 
Sir Philip Egerton was enabled to base the description and the deter- 
mination of the genus. The characters of the species are indicated 
as follows (loc. cit. p. 883) :—‘* The numerous specimens derived from 
smaller individuals present indications of two species, one having 
the bones of the head thin and smooth, the other being characterized 
by stronger cranial plates, having a granulated exterior. The anal 
fins of the latter are more massive, and have the transverse articu- 
lations at shorter intervals. J propose to retain the Agassizian 
name Chondrosteus acipenscroides for the former, and to designate 
the latter as Chondrosteus crassior.” In addition to these, mention 
is also made of a third species, C. pachyurus, a large fish, estimated 
at 5 feet in length; only fragments were known, the tail being most 
perfectly preserved. Of the tail, the most remarkable character is 
“¢ the excessive development of the scales bordering the upper margin. 
The size and solidity of these scales is such that they more resemble 
the broad teeth of an Acrodus than any dermal development with 
which I am acquainted.” The length of the tail is about 18 inches. 

Examples of the fossil fishes of the genus Chondrosteus, Agass., are 
not unfrequently found in the Lias shales of Lyme Regis; but it rarely 
happens that a specimen is found so well preserved as the one it is 
now proposed to describe (Pl. XXIII.). The head (with the excep- 
tion of the snout), the trunk, and the tail are excepticnally complete, 
and during fossilization have maintained their proper relative 
position. The bones remaining in their natural position afford 
evidence, which has not hitherto been available, of the exact size 
and relative proportions of the fish; and, what is of equal or still 
greater importance, in addition to the osseous structure of the head 
and that of the tail, a considerable portion of the elements of the 
vertebral column is preserved. The dorsal and pectoral fins are 

Q.J.G.8. No. 171. 28 
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present, and the ventrals are represented by a mass of bony ray 
broken and fragmentary, but indicating clearly the position of the 
fins. The anal fin is wanting in this specimen. The length of the 
fish, from the tip of the upper lobe of the tail to the anterior extremity 
of the head, so far as preserved, is 44 inches. Of this length, the tail 
occupies 12 inches ; and the head, from the posterior margin of the 
scapular arch to the anterior extremity of the mandible, is 9-2 inches. 
The height of the posterior part of the head is 9 inches. The body 
behind tiie head decreases rapidly in size; between the dorsal sur- 
face and the pectoral fin there is 7°D inches. Atthe anterior base of 
the dorsal fin, ten inches further back, the depth has decreased to 
5°) inches, and this is reduced at the tail to 2°5 inches. The ex- 
pansion of the caudal fin is very rapid, the extremities of the lobes 
being 13 inches apart. The single dorsal fin is separated from the 
occiput by a distance of 11°5 inches; its base extends 6°5 inches, 
and its posterior extremity is 5°5 inches from the base of the caudal 
fin. The ventral fin is opposite to the posterior part of the dorsal ; 
its anterior rays are separated from the anterior rays of the pectoral 
fin by a distance of 13 inches, and from the base of the tail by 
about 7 inches. Its base was between 4 and 5 inches in extent. 

The head in this specimen is proportionately larger and deeper 
than the body of the fish. This comparative largeness is due, to 
some extent, to the effects of lateral pressure during fossilization, 
by which the skull has been squeezed flat on its side. ‘The cranial 
bones, which covered the surface of the crown, are pressed into a 
lateral position, dividing down each side from the median suture. 
The facial and maxillary, the hyoid and branchial elements are also 
pushed considerably from their proper position, though they still 
maintain their relative positions with regard to each other. 

The head, as preserved in this specimen, has an almost circular 
outline, with a diameter of about 9-0 inches (see diagram, p. 607). 
The anterior termination of the snout is absent, and no evidence is 
afforded as to the length to which it may have extended forward, 
this part of the specimen having been most unfortunately broken and 
lost during its extraction from the matrix. 

The cranium was protected by dermal bones or scutes. ‘The 
upper surface was enveloped by large plates, which extended down- 
wards so as to encircle the orbit, and the postero-lateral surfaces 
were covered by a large expansion of the opercular apparatus. The 
anterior portion of the head beneath the orbit does not exhibit any 
traces of external defence. In this respect the fossil Chondrostcus — 
differs materially from the existing Sturgeons, in which the whole 
of the superior surface of the head is enveloped in osseous plates. 
The opercular apparatus is large and well developed; its posterior 
margin rests on the depressed anterior surface of the scapular arch. 
The operculum (28*) is 3:5 inches in height and 3:0 inches in 
breadth ; its anterior margin is somewhat angular, and the inferior 
one forms a concavity fitting to the upper convex margin of the 

* The numbers thus given in brackets are those employed by Sir Richard 
Owen to indicate the bones of the head. 
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suboperculum (32), The latter is 2:0 inches in breadth and 1:0 inch 
in depth, ovoid in outline, with an acute angle behind and an obtuse 

Diagram of the Bones of the Head of Chondrosteus acipenseroides 
(One third natural size.) 
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ma, mastoid. sop, suboperculun. md, mandible. 
so, supraoccipital. r, radius. p, palatine. 
ex, exoccipital or petrosal. uw, ulna. as, alisphenoid. 
ss, Suprascapular. br, beanchiostegal ps, presphenoid. 

_ hm, hyomandibular. rays. 20, infraorbital. 
bs, basisphenoid. ch, ceratohyal., 0, orbit. 

one in front. The external surfaces of the opercular bones are rudely 
punctate, and exhibit a series of lines or striz radiating from the 
upper anterior surface towards the margin. To the lower concave 
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anterior margin of the operculum there was, probably, attached an 
inter-operculum ; but though its place appears to be indicated, there 
is no trace of the bone remaining. 

The frontals, postfrontals, parietals, mastoid, and some of the 
occipital bones are present. There is indication of an extension of 
the frontals on a portion of the matrix, which extends about an inch 
forward from that part of the dermal bones actually preserved. 
All the bones are united by sutures. The frontals are 2°5 inches 
in length and 1:0 inch in breadth; they are broadest posteriorly, 
where they join the parietals and mastoid. Attached to the inferior 
margin of the frontal is the postfrontal (sphenotic of Parker), 
shorter than the frontal, and extending downwards so as to embrace 
the upper margin of the orbit; its posterior margin articulates 
with the mastoid. The mastoid is a large plate, with a length of 
3°0 inches; it is 1°3 inch in width near the posterior extremity, 
diminishing forward to 1:0 inch. The centre of the plate is 
considerably raised and forms a ridge; from this the surface 
declines to the extremities, which are much thinner and are jagged 
and uneyen where attached to the neighbouring plates. The 
external surface of the mastoid is coarsely striated or ridged. The 
ridges radiate, for the most part, from the centre towards the 
margin; the surface of the ridges is covered by strips of ganoine, 
apparently thin, and not extending to the base of the intermediate 
striations. The parietal plates are equal in size to the frontals ; 
they are rhomboidal in outline, roughly striated on the surface, 
the strie radiating from a slight elevation of the median portion. 
Connected with the posterior margin of the parietal plate there 
is a long and narrow bone. It extends backwards 3:0 inches, 
and is 0°5 inch in width. It presents the appearance of being 
a lateral bone, haying a complementary one on the opposite 
side of the head, to which it is anchylosed or joined by suture. 
In the recent Sturgeon a single median bone terminates the 
cranial covering, and is succeeded by the closely-imbricating series 
of scutes, which extend along the dorsal surface of the body. In 
the fossil there is no evidence of such a series of dermal scutes, 
and this posterior portion of the dermal covering of the cranium is 
proportionately much elongated; the lateral surfaces of the com- 
bined vlates are produced along the median line, and form a raised 
and acutely angular ridge. The posterior surface of the plate is 
covered with coarse pustulations of enamel; its anterior portion 
envelopes, and apparently affords attachment to, the upper extremity 
of the suprascapular. The bones occupy the position, and are pro- 
bably the equivalents, of the supraoccipital (8). Another bone, 
thin and widely expanded, whose posterior margin is overlain by 
the suprascapular, whilst its anterior one lies hidden by the dermal 
bones of the postorbital region of the skull, from its position 
must represent either the exoccipital or the petrosal portion of 
the base of the cranium, and may have been connected with the 
basisphenoid by cartilage when living, though now separated by a 
distance of 0°25 inch. 
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The orbit is oval, 1-2 inch from back to front, and 0°75 inch in 
height. Its upper margin is bounded by the postfrontal (sphenotic) 
bone, to the lower anterior extremity of which there is attached a 
long and narrow bone (100), which bounds the orbit anteriorly and 
separates it from the nasal orifice. The anteorbital region of the head 
is, for the most part, lost. Sufficient indication of the arrangement 
of the bones composing that part is left to show that the nostril was 
large, and was, in its turn, surrounded by osseous structures forming 
the anterior termination of the snout; unfortunately the extent to 
which the latter projected cannot be ascertained, but a comparison 
of the bones composing the skull of the fossil with those of recent 
species appears to indicate a short rather than a long snout. The 
infraorbital margin is occupied by a bone, or series of bones, it is 
not easy to determine which, extending backwards from the lower 
part of the one already mentioned as dividing the orbit from the 
nasal cavity beneath the orbit, forming a semicircular ring, and 
joining the under surface of the cranium at the point where the 
postfrontal is attached to the squamosal or mastoid. 

The base of the skull is formed by bones more completely ossified 
than in the existing species of Sturgeons, and forming the roof of the 
branchial, as well as the buccal cavity. The posterior portion of the 
basisphenoid (6) extends posteriorly considerably beyond the point 
of attachment of the suprascapula (post-temporal). It is broadly 
expanded, thin, and fibrous in structure. Its extension forwards is 
hidden for some distance by the epitympanic (hyomandibular), 
beyond which it can be again traced, extending beneath the orbit 
and the nasal cavity. Lateral expansions of the bone appear 
beneath the suture joining the mastoid with the frontal, and, in 
all probability, represent the alisphenoid (prooticum); while the 
extension further forward may represent the presphenoid or vomerine 
portion of the roof of the mouth. 

The posterior margin of the head is formed by the scapular arch, 
which extends in the form of a semicircle from the occipital region 
of the skull, giving attachment to the pectoral fin, and extending 
as far forward as the anterior margin of the operculum. ‘The 
upper portion of the arch is formed by the suprascapular (post- 
temporal, 46), extending from the base of the skull 2°5 inches; it 
is long and narrow, thick posteriorly, and convex in outline ; 
anteriorly, the bone is thinner and slightly expanded towards its 
lower extremity. Attached to the suprascapula is the second bone 
of the series, the scapular (supraclavicula, 47); it is 3:0 inches in 
length, thick and strong, slightly over 1-6 inch in breadth in the 
upper part, but becoming narrower towards its lower extremity. 
The anterior portion of this element of the arch, like that of the 
suprascapular, is comparatively thin and aliform. The coracoid 
(clavicula, 48) is a large bone, extending beneath the scapula at 
its upper extremity, and curving downwards anteriorly beneath the 
opercular apparatus, by which it is, to a large extent, enveloped. 
It is thick and rounded, affording a strong support to the large 
pectoral fin. Its exact form is hidden by the overlapping operculum, 
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and the inner extent of the bone cannot be distinguished. Between 
the coracoid and the pectoral fin there are two bones connecting 
them together. ‘The anterior one, 0-7 inch in breadth and 0-25 in 
length, is rounded in front, where it affords a substantial support to 
the large anterior ray of the pectoral fin; behind it is somewhat 
attenuated. The second intermediate bone extends from the pos- 
terior extremity of the one described to the termination of the base 
of the fin, and is nearly 2:0 inches in extent; to it are attached 
the bases of the remaining rays of the pectoral fin. The two bones 
probably represent the radius and ulna of Owen (coracoid and 
scapula of Parker and Huxley). Sir Philip Egerton*, in his de- 
seription of the genus Chondrosteus, states that the elements of the 
bony girdle encircling the thoracic region, which in recent Sturgeons 
are three in number, in the fossil genus are reduced to two, by the 
coalescence of the scapula and the coracoid. ‘The external portion 
[of the combined scapulo-coracoid | is crescentic, the concavity being 
anterior for the reception of the opercular flap. At the point of 
attachment of the pectoral fin the bone is thick and rounded; the 
upper or scapular portion expands gradually into a triangular 
plate, thinning off towards the upper extremity for adjustment with 
the suprascapular bone; the lower or coracoid portion also expands 
as it descends, sweeping under the thorax, and meeting the corre- 
sponding bone of the opposite side on the median line. . . . Anteriorly, 
each scapulo-coracoid expands into a broad concave plate, directed 
inwards and forming the platform of the branchial cavity, and 
partitioning it off from the thoracic cavity.” In the specimen now 
described the great lateral and anterior expansions do not appear 
to be developed as in the specimens described by Sir P. Egerton; 
and the scapula and coracoid are separated, the two overlapping 
midway between the attachment of the pectoral fin and the junction 
with the suprascapular. The small bones connecting the scapular 
arch with the pectoral fin in the species already referred to are said 
to be a series of strong metacarpal bones, of which those supporting 
the hinder rays are longest. A reference to the plate (op. cit. lxix. 
57) on which these bones are represented will show that the meta- 
carpals are not similar to the bones existing in this specimen, de- 
scribed as equivalent to the ulna and radius; they have the appear- 
ance of being merely fragments of the rays of the pectoral fin which 
have become detached. ‘This pectoral fin is large and comprises 42 
rays. The anterior ray is spinous, thick, with expanded base for 
attachment ; it gradually tapers to a point, terminating 2-5 inches 
from the base. The succeeding rays are the longest. In this specimen 
there is preserved a length of 4°25 inches, bub the distal extremities 
are imperfect, and at least one inch more would be required to com- 
plete the length of the fin-rays. The base of the fin nearly 
approaches 3:0 inches in length, and the fin-rays gradually diminish 
backward ; the posterior rays are not more than half the length of 
the anterior ones. The rays increase, towards the distal end, by 

* “On Chondrosteus, an extinct Genus of the Sturionide found in the Lias’ 
formation at Lyme-Regis,” Phil. Trans. vol. exlviii. 1858, p. 871. 



MR. J. W. DAVIS ON CHONDROSTEUS ACIPENSEROIDES. 611 

bifurcation. A keel extends along the lateral surface of each ray, 
and a line of pustulations extends along the median surface of the 
keel. The anterior ray or spine is quite smooth. The fin is 
capable of wide expansion ; as preserved, the breadth of the outer 
margin of the fin is equal to the length of the anterior rays. The 
pectoral fins in this species approach the existing forms in possessing 
a strong, spinous anterior ray, and, to the same extent, seem to 
differ from the fossil forms described by Sir Philip Egerton from 
the same locality. 

The tympanic arch or suspensorium consists of three parts, each of 
which is represented by a tolerably complete ossification, and together 
they connect the cranial bones with the mandible. The epitympanic 
or hyomandibular (23) is the most prominent bone of the series: it 
is 3°3 inches in length, the articular surface is 1-2 inch across; it is 
contracted in the middle, and expands again at its lower extremity to 
slightly under one inch in breadth. The bone is thick and strong, and 
has a solid fibrous appearance. Its upper extremity has a double 
suriace for articulation, and was connected with the mastoid, and 
probably with the postfrontal bone, though the connexion is not 
quite so clear as that with the mastoid in this specimen. The 
lower extremity is rounded and thinner than the upper; to it is 
attached a smaller plate, the mesotympanic or symplectic (31); 
the latter is partially covered by the operculum posteriorly. Its 
exposed surface is 0:8 inch across; its lower extremity affords 
attachment to the hypotympanic or quadrate (26), an ossification of 
considerable size supporting the posterior extremity of the man- 
dible. Its form is not readily distinguishable. Its posterior margin 
is covered by the operculum; anteriorly its extent is lost amidst 
several smaller bones which may pertain to the hyoid apparatus. 

The hyoid apparatus is mostly hidden by the bones of the tym- 
panum and the operculum. Between the suboperculum and the 
mandible, a distance of 2 or 3 inches, the ceratohyal (38) may 
be distinguished, with six short bones attached to it, the latter 
evidently bearing some relation to the branchiostegal rays (43); the 
posterior ray 1s one inch in length, those succeeding are shorter, 
and they also diminish in thickness. ‘The anterior bones of the 
hyoid arch are obscure. In a cavity above the ceratohyal, bounded 
by the posterior part of the lower jaw and the hypotympaniec, three 
bones are exhibited; the exposed parts are 0-2 inch in thickness 
at the anterior end, decreasing backwards as they sink beneath 
the superincumbent bones. These osseous rods represent some part 
of the branchial apparatus, probably the basal portion of the 
ceratobranchials. 

The mandibles and the maxillaries in this species are large and well 
ossified ; in this respect differing considerably from the existing species. 
There is no evidence of teeth, and the inference naturally arises 
that the fossil, like its recent representatives, was devoid of teeth. 
The mandible (34) is 4:5 inches in length, to the extent preserved ; 
but it is probable that a little more must be added, because the bone 
ends abruptly ; its anterior termination is wanting. The external 
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suriace of the jaw is strong and rounded, 0:5 inch in diameter. 
Posteriorly it becomes thinner and assumes an expanded form; the 
inferior margin is also rounded, whilst the superior extremity is 
produced to form a styliform process extending backward quite 
half an inch. It was probably by this process that the man- 
dibular bone was connected with the quadrate or hypotympanic, 
with which it is in close proximity. The part preserved may 
be equivalent to the dentary element in the lower jaw of the 
Teleosteans ; and the posterior articular portion which connected 
the jaw with the hypotympanic, in this specimen defective, 
may have been mostly cartilaginous, with a thin osseous struc- 
ture, of which there is a trace extending over the ceratobran- 
chials. The maxillary bone (18) is large and crescentic in outline ; 
its anterior portion, like that of the mandible, is thicker and 
stronger than the posterior. It commences in front in connexion 
with the premaxillary; the upper margin of the former is overlain 
by the lower portion of the latter. The total length of the maxilla, 
allowing for its curvature, is 4°5 inches; its height at the anterior 
part is 0°5 inch. The upper surface is deeply concave, the lower 
one angular; the depth at 2-0 inches from the anterior extremity is 
increased to 1:0 inch; thence it decreases towards the upper 
posterior extremity to 0°35 inch about half an inch from the end. 
The latter again expands and is more or less rounded. 

The posterior expansion of a large bone midway between the 
orbit and the maxilla is the palatine (22). It is 1°3 inch in 
breadth, the length of the part preserved is 2:0 inches. It has 
a fibrous structure radiating from the anterior extremity of the 
broken bone. Its posterior margin is rounded, the anterior part 
is constricted to 1:0 inch in breadth. The remaining part of the 
bone has disappeared with the whole of the anterior extremity of 
the head, by the loss of a portion of the slab on which the fossil is 
exposed. The posterior margin of the palatine is in close contact 
with the tympanic elements and with the posterior extremity 
of the upper jaw. Between the palatine and the epitympanic bone 
there are a few small bones or fragments, of an indefinite character, 
which cannot be localized with any amount of certainty. 

Osseous neurapophyses are preserved in the anterior portion 
of the body. ‘There is no trace of the vertebral column nor 
of ribs or heemapophyses, except in the caudal fin, where hemapo- 
physes support the lower lobe, as will be mentioned hereafter. 
The neurapophyses extend from the occipital region of the skull, 
situated high in the body, to the base of the dorsal fin, a length of 
13:0 inches. In this length there are preserved 35 neurapophyses 
representing the same number of vertebre. The first ray of the 
dorsal fin is inserted above the 30th vertebra. The total number of 
vertebree comprised in the spinal column would in all probability be 
from 80 to 85. The anterior neurapophyses are 0:7 inch in length, 
divided at the base for the passage of the spinal cord, somewhat 
constricted mesially, and expanded at the upper extremity to afford 
attachment to a second series of interspinous bones, 1°25 inch in 
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length, extending diagonally towards the dersal surface of the 
body. The interspinous benes are more slender than the neura- 
pophyses; they are forked at the base, and may afford pro- 
tection to a second canal. Suir Philip Egerton* cites the description 
by Prof. Gwen of the vertebre in the existing Sturgeon as com- 
posed of ‘“‘two superimposed pieces on each side, the basal portion 
bounding the neural canal, the apical portion the parallel canal, 
filled by fibrous elastic ligament and adipose tissue; above this is 
the single cartilaginous neural spine”t. Of the fossil examples 
described by Sir Philip Egerton, it is stated that the neura- 
pophyses appear to be composed of two elements, corresponding to 
the basal and apical cartilages of the Sturgeon; but whether they 
embraced a second canal, running parallel with the spinal cord, 
could not be ascertained. The divided base of the apical neura- 
pophyses or spines of the specimen now described affords conclusive 
evidence that a second canal did exist in the fossil Chondrosteus, as 
in the recent Sturgeon. In addition to the two sets of basal and 
apical neurapophyses, the dorsal fin is supported by an additional 
double series of bones. Connected with the apical neurapophyses 
there is a series of interneural spines, more or less pointed at their 
lower extremity, exceeding an inch in length, and with their 
upper extremities expanded so as to afford attachment to a second 
range of interneurals, to which the rays of the dorsal fin are 
attached. Between the expanded and rounded extremities of the 
two rows of interneural spines there is a continuous space which 
indicates a cartilaginous attachment of no small size and strength ; 
its decay has left the two sets of bones separated by 0-3 of an inch. 
The interspinous bones are strong, and would afford a firm base of 
attachment for the rays of the large dorsal fin. 

The dorsal fin extends along the back 6°5 inches, and its longest 
rays are fully 6:0 inches in length. It is composed of 66 rays, of 
which the anterior 15 are short and more or less rudimentary ; 
they occupy 1:75 inch of the base of the fin. The first rays are 
short, thick, and imbricating ; they gradually increase in length to 
about an inch. All are simple. The succeeding rays are trans- 
versely jointed, and increase rapidly in length to the seventh; the 
twenty-second from the anterior extremity of the fin is the longest, 
the succeeding rays gradually diminish to the posterior extemity of 
the fin. All the rays, except the anterior fifteen, are jointed quite 
from the base. The longest anterior rays bifurcate three inches 
from the base, and the division is repeated nearer the distal extre- 
mity. The bifurcation commences in the posterior rays nearer the 
base in proportion to the length. 

The ventral fin is much disturbed. The fin-rays are numerous, 
many of the fragments are thick and strong, and indicate somewhat 
large and powerful fins. There is no appearance of ordinary pubic 
bones; but the anterior origin of the fin is marked by a V-shaped 
bone 1-2 in length; it apparently forms a single piece for 0°5 inch, 

* Op. cit. p. 879. t+ Hunterian Lectures, 8vo, vol. ii. p. 53 (1846 

@aa. G. 8. No: 171. 2 
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beyond which it bifurcates, possibly to support the two ventral fins. 
The bone is opposite to the anterior insertion of the dorsal fin. 

The anal fin is not represented. 
The caudal fin is very large, and a most powerful organ of 

propulsion. The upper lobe, as in the recent Sturgeon, is the 
longer of the two, and its extremity is more pointed than that of 
the lower one. The length of the upper lobe is 12:0 inches, that of 
the lower 10°5 inches, and the terminations of the two are 13-0 inches 
apart. Along the median portion of the upper lobe there is a series 
of dermal scales or scutes; at the basal part of the tail they cover 
about an inch in breadth and extend almost to the termination of 
the tail, gradually diminishing in area until they end in a pomt. 
The scales at the base of the tail are of an elongated oval form ; 
posteriorly they are greatly elongated and assume a rod-like form 
pointed at each end. The upper external margin of the fin is 
formed of a series of large, sigmoidally-curved, imbrieating, fuleral 
scales. Those attached immediately behind the pedicle of the tail 
are about 1:0 inch in length, 0-2 inch in thickness mm the middle ; 
the basal and distal extremities are somewhat spatulate and thin. 
Sueceeding scales become more attenuated, and midway their length 
has increased to 2°5 inches, with a medium thickness of 0-1 inch; 
thence to the end they diminish both in length and thickness. 
The strong basal fuleral scales are directly supported by a series of 
short but thick neurapophyses. The latter do not appear to extend 
more than two inches beyond the base of the tail. The lower lobe 
of the tail is supported by hemapophyses of larger size and more 
solid construction than the neurapophyses; they are expanded at 
the base, and have evidently been firmly attached to a powerful 
vertebral axis. The latter was entirely cartilaginous and has 
disappeared. The hemapophyses can be distinguished a distance 
of six inches from the base of the tail; they gradually diminish 
in length, but become broader and spatulate as they approach the 
termination of the vertebral column. Attached to the hemapo- 
physes there is a long series of interheemal bones, which form the 
base of attachment for the rays of the fin. The latter are strong 
and jointed from the base. A few short rudimentary rays are 
followed by others which extend to the extremity of the lobe; 
they are divided towards the extremity of each ray, the divided 
portions again bifureating until the external margin of the fin has 
assumed a more or less filamentous condition. The rays decrease 
in length and thickness as they are successively attached to the fin, 
extending quite to the extremity of the upper lobe. From the 
base to a point halfway towards the termination of the upper lobe 
72 rays may be counted; beyond this point there are many others, 
but the actual number is not easy to determine. 

The specimen of Chondrosteus described in the preeeding pages 
is nearly twice the length of those described by Sir Philip Egerton 
(excluding C.pachyurus, which is only mentioned incidentally), whilst 
the depth of the body, taken in front of the dorsal fin, is 6 inches, 
the same as that of C. acipenseroides, so that this species approaches 
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much more nearly to the existing types. In this specimen the 
length of the body from the base of the pectoral fin to the pedicle 
of the caudal fin is 24 inches, the length of the caudal is 12 inches; 

in Kgerton’s specimens the proportions are as 15 inches to 9 inches ; 
though it is possible that as the caudal fin was not attached to the 
body in the latter instance, the estimation of the proportionate 
lengths of the body and tail may have been exaggerated in the case 
of the latter. ‘The ventral and dorsal fins are described as being 
midway between the base of the pectoral and that of the caudal ; 
in this specimen the distance between the pectoral and ventral is 
14 inches, and between the latter and the caudal 19 inches. The 
dorsal fin of this specimen is readily distinguished by the large 
number of short rudimentary or accessory rays forming its anterior 
portion; and the pectoral fin is possessed of a strong anterior 

_ spinous ray very similar to that of some recent Sturgeons. 
Some differences in the cranial anatomy have been already 

mentioned. ‘The division of the scapular arch into three parts— 
the suprascapula, the scapula, and the coracoid—in this specimen 
appears to be undoubted, whilst in those previously described the 
scapula and coracoid are said to be united. In the existing 
Sturgeons the two latter ossifications of the shoulder-girdle are 
separate*, and in the Ganoid fishes generally this is also the case. 

The mandibular suspensorium, in the examples described by 
Sir P. Egerton, is stated to consist of a large epitympanic bone 
connected with the tympanic pedicle; the succeeding cartilages, 
the mesotympanic and hypotympanic, which are represented in the 
recent Sturgeon by two cartilages, are united to form one bony plate. 
This united bone is very small and feeble as compared with the 
epitympanic, and is considered ill-adapted, either in form or dimen- 
sions, to afford an articulation strong enough to support the 
mandibular and maxillary organs. Dr. Giinther? states that 
the suspensorium in the Sturgeon is movably attached to the side 
of the skull, and consists of two pieces, a hyomandibular (epitym- 
panic) and a symplectic, which now appears for the first time as a 
separate piece, and to which the hyoid is attached; as regards the 
second part of the suspensorial apparatus the Sturgeons are distinctly 
in advance of the paleoniscoid Ganoids, in which Dr. Traquair has 
seen no trace of symplectic £. | 

A careful comparison of the numerous specimens of the genus 
Chondrosteus, at present located in the New Natural History 
department of the British Museum, has led to the conclusion that 
there is no specific difference between the species Chondrosteus 
acipenseroides, Agassiz, and C. crassior, Egerton. The characters 
separating the two, as stated by Sir Philip Egerton, are slight, con- 
sisting in the relative thickness of the cranial bones and the position 
of the anal fin. The former difference can scarcely be maintained, 
because the specimens merge gradually the one into the other, and 

* Prof. W. K. Parker, “On the Shoulder-girdle and Sternum.” 
+ ‘Study of Fishes,’ 1880, p. 76. 
t Paleoniscidz (Paleontographical Soc., vol. xxxi. 1877, p. 17) 



616 MR. J. W. DAVIS ON CHONDROSTEUS ACIPENSEROIDES. 

the thicker ossification appears to depend more on the age of 
the fish than anything else. The evidence of the anal fin is 
derived from very fragimentary specimens. The anal fin of C. 
crassior is described as more massive and having the transverse 
articulations at shorter intervals than the anal fin of C. acipen- 
seroides—the latter being represented in the specimen depicted .on 
plate xvi. (Phil. Trans.), and the former, in conjunction with the 
caudal fin regarded by the author as belonging to the species 
C. crassior, on pl. lxx. It was unfortunate that no specimen 
was known to Sir Philip Egerton having the body sufticiently 
well preserved to show the actual relationship of the caudal fin 
with the remaining constituents. The specimen herein described 
proves that there is no difference between the tail described as 
belonging to C. crassitor and the one actually attached in this 
specimen to the body of C. acipenseroides, so that the former must 
be united with the latter species. It is very probable that better 
preserved specimens will exhibit an equal similarity in the anal fins ; 
and until such are found it must be remembered that the anal 
fin on which Sir Philip Egerton based his determination is the 
one attached to the caudal fin mentioned above, and which is 
undoubtedly the tail of C. acipenseroides, Ag. 

EXPLANATION OF PLATE XXIII. 

Specimen of Chondrosteus acipenseroides, Ag., from the Lias of Lyme Regis, 
one-sixth natural size. op, operculum ; p, pubis (?); v, ventral fin. 

Discussion. 

The PresrpENnt observed that the subject was one to which the 
Author had devoted much labour, and that the comparison of such 
fossil forms with existing ones was of the greatest importance. 

Mr. SuirH Woopwarp regretted that there was no specimen to 
_ verify the drawings, which seemed to show the bones with unusual 

clearness. A figure of so instructive a fossil would be especially 
valuable ; but he advocated a more modern nomenclature than that 
of the Author. He considered the absence of an anal fin accidental. 
These Chondrostet of the Lias formed the connecting-link between 
the old Paleoniscide and the living Sturgeons, notably Polyodon, 
and any contribution to their anatomy was thus very welcome to 
ichthyologists. 

Mr. Newron remarked on the fact that the tail alone was all that 
Agassiz had to work upon. In 1858 Egerton gave further descrip- 
tions, including parts of the head, but his specimens were crushed. 
Mr. Davis’s specimen was more perfect, and for the most part the 
bones of the head appeared to be in the position they ought to 
occupy. He criticized the position of the coracoid with reference 
to the scapula, the line between them being, as he thought, due 
to a break in the stone. The appearance of the mouth might 
also be due to breakage. He referred to the absence of the anal fin 
and to the apparently disjointed condition of the vertebral column. 

The SgcrErary observed that the Author expressly noted the 
absence of the anal fin. 
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42. Notes upon some CaRBonIFEROUS Spectres of MuRCHISONIA in our 
Pustic Muszvms. By Miss Janz Dowatp, Carlisle. (Read 
May 25th, 1887.) 

[Communicated by J. G. Goopcuitp, Esq., F'.G.8., of H.M. Geological Survey. | 

[Puate XXIV. |] 

Ir is exceedingly difficult to fix the limits of the genera of many 
fossil Gasteropoda and to ascertain their affinities with those of 
existing forms. As the soft parts of the animals are never preserved, 
the only data upon which we can rely are such as may be derived 
from the form and structure of the shell. The most characteristic 
feature in the Murchisonie is the slit in the outer lip, the successive 
filling-up of which gives rise to the formation of a band upon the 
whorls of the shell. Now this slit in the outer lip exists in several 
other genera, such as Plewrotomaria, Pleurotoma, some species of Tur- 
ritella, Sihquaria, Scissurella, Hmarginula, Bellerophon, and, to a 
greater or less degree, alsoin Haliotis, Lanthina, Huomphalus, &c. Of 
these genera, those which Murchisonia most resembles are Pleuroto- 
maria and Turritella, and in some instances it is very difficult to 
draw the line between the genus Murchisonia and the genus Pleuro- 
tomaria ; 1n both genera the slit is represented on the whorls by a 
well-defined band, and the only external difference between the 
shells is the form of the spire, that of Murchisoma being elongated, 
while in Plewrotomaria it is short. But there are shells of every 
intermediate length, and these have been referred sometimes to the 
one genus, and sometimes to the other. G. Lindstrom (‘ Silurian 
Gasteropoda and Pteropoda of Gotland,’ p. 92*) thinks it well to 
limit the genus Murchisoma to shells which have a long slender 

spire of more than six whorls. 
The structure of the shell of Plewrotomaria seems to differ from 

that of Murchisonia in the interior being nacreous, and G. Lindstrom 
states that many of the Gotlandic Plewrotomariw have this inner 
pearly layer preserved, but he has not observed this structure in any 
of the Murchisonie from the same beds. In his description of 
M. compressa (p. 130) he says that “the nuclei have a glossy surface, 
and look as if the interior walls of the shell had been porcellanous.” 
None of the British specimens of Murchisonia that I have examined 
have shown any evidence of the internal character of the shell. 
Indeed, from the manner in which most of these are preserved, it is 
difficult even to ascertain the relative thickness of the shell; in most 

instances it is thin, but in others it appears decidedly thick, com- 
pared with the size of the shell. ‘This thickness may not have 
existed in the original shell, for Mr. Etheridge informs me that a 
thickening sometimes takes place when the test is replaced by 

some mineral substance, as is frequently the case in the Paleozoic 
Gasteropoda. 

Struck by the external resemblance of the Murchisonie to the 
* Kongl. Svenska Vet.-Akad. Handl. Bd. xix. (1881), no. vi. 

Q.J.G.S. No. 172. 20 
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Turritelle, some of the earlier paleontologists referred them to that 
genus. But in 1841*, A. d’Archiac and EK. de Verneuil classed them 
together in a new genus called Murchisonia, the possession of the 
sinus in the outer lip being considered to distinguish them from the 
genus Turritella and from other genera of elongated shells to which 
they had been referred. In 1859, J. W. Salter (Geol. Surv. 
Canada, dec. 1. p. 18) separated from the typical Murchisonie 
elongated shells composed of rounded, bead-like whorls, and whose 
mouth is round, instead of being ovate and slightly channelled. To 
this group he gave the name of Hormotoma, and took M. gracilis, 
Hall, as the type. 

Whitfield (Bull. Amer. Mus. Nat. Hist. vol. i. no..8, 1886, p. 311) 
considers it advisable to form a distinct genus for some other shells 
which have hitherto been classed as Murchisonia. He calls this 
new genus Lophospira, and defines it thus :—‘‘ Shells univalve, with 
elongated spires, and strongly carinated or keeled volutions; whorls 
closely coiled in the upper part, but often becoming disconnected 
below from a too rapid descent of the coil. Central keel marking 
the position of a sinus or notch in the outer lip of the aperture. 
Axis usually minutely perforate when the whorls are not discon- 
nected. Types M. bicincta=M. Millerr, Hall, and MM. helicteres, 
Salter.” 

The exact value of these subdivisions can hardly be determined 
at present, but possibly the discovery of better-preserved specimens, 
and the detailed examination of the whole series of the Paleeozoic 
forms possessing a slit in the outer lip, may eventually lead to the 
establishment of several well-defined subgenera. 

It is a question, however, whether the Murchisoniw may not be 
more nearly allied to some species of Turritella than was thought 
at one time; for recent investigations have brought to our knowledge 
the fact of some species of Yurritella possessing a sinus in the outer 
lip. In January 1881, Mr. Marrat, of Liverpool, first pointed this 
out to me, and showed me some shells in the Liverpool Museum 
with a deep, narrow slit in the outer lip, similar to that of Mur- 
chisoma. These shells were collected in Bass’s Straits, by Capt. W. 
H. Cawne-Warren (ship ‘ Bedfordshire ’), Associate of the Lit. and 
Phil. Soc. of Liverpool, who presented them to the Museum ; and 
Mr. Moore, the Curator, kindly enabled me to obtain two specimens 
in exchange for some fossil Gasteropoda. Mr. Marrat named this 
species 7. fissurata (in lit.). In the Journ. Linn. Soe. Zoology, vol. 
xv. pp. 217-230, 1881, the Rev. Boog Watson described some 
species of Turritella with a sinus in the outer lip, obtained in the 
dredgings of H.M.S. ‘ Challenger.’ These have since been more fully 
described and figured by him in ‘The Voyage of H.M.S. Challenger, 
Report on the Gasteropoda, Zoology,’ vol. xv. 1886, p. 466. The 
depth of the sinus in Turritella seems to vary from a mere curve to 
a deep, V-shaped slit, as in the Liverpool shell, and also in 7. 
runcinata, Watson, and 7’. accisa, Watson. This sinus is indicated 

* Bulletin de la Soc. Géol. de France, t. xii. p. 154. 
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on the whorls by the strong arching of the lines of growth, both in 
Turritella and Murchisona. But there is this difference between 
Turritella and Murchisonia, that, whereas the successive filling- 
up of the sinus in Murchisonia forms a distinct band, which is 
limited on each side by keels or by grooves, it never seems to 
form a distinct band on all the whorls of Turritella. In T. run- 
cmata and 7’. accisa, however, the sinus lies between two carine ; 
and, on the other hand, G. Lindstrém says that in Murchisonia 
attenuata, His., ‘“‘near the aperture in large specimens, the trans- 
verse ornamental strie above and beneath are confluent with the 
band, without any separating or bordering lines, and it continues 
only as an elevated ridge, sometimes not clearly distinct from the 
surface ” (‘ Silurian Gasteropoda and Pteropoda of Gotland,’ p. 130). 
The mouth of Murchisonia is different in form from that of Tur- 
ritella, being longer and slightly channelled below, while that of 
Turritella is, as a rule, rounded or subquadrangular, though some 
species, such as 7’. admirabilis, Watson, and 7’. lamellosa, Watson, 
are slightly channelled at the base of the pillar. In the group 
Hormotoma, Salter says that the mouth is rounded; but I have not 
seen any sufliciently well-preserved specimens to show this; the 
specimen from which his type is taken is evidently broken at the 
base of the mouth. 

Mr. Boog Watson also points out two remarkable features in 
Turritella, viz., the possession of a system of microscopic spirals, 
which covers the entire shell, and also the existence of an epidermis. 
Ti this latter had existed in Murchisonia, we could hardly expect 
any trace of it to be preserved in shells of so great an age, unless 
under exceptional circumstances ; and I have not come across any 
species of Murchisonia sufficiently well preserved to show whether 
they possessed the microscopic spirals or not. Another point to be 
noticed is that Zurritella possesses an operculum, and I am not 
aware of any opercula being found which can with certainty be 
referred to Murchisonia. There is also a greater variation in the 
spiral angle in Murchisonia than in Turritella, some of the shells 
being almost buccinoid in form. 

No observations seem to have been made upon the animals of the 
shells with a deep sinus in the outer lip, and it would be interesting 
to know if there is any difference between their form and that of 
the animals belonging to the shells which have the outer lip merely 
sinuated. Thus some idea might be formed of the relative value of 
the sinus, with regard to making generic distinctions. 

The researches of Dall upon the animals of the recent species of 
Pleurotomaria have led to their being separated from the Haliotide, 

and being assigned to a distinct place in a family of their own. G. 
Lindstrom. refers the genus Murchisonia to the family Pleuroto- 
mariade, which position it may be well for it to retain, until further 
research throws more light upon its affinities. 

At present the synonymy of this genus stands as follows :— 

Muricites (pars), KE. F. von Schlotheim, 1820, ‘ Petrefactenkunde,’ 
p. 145. 

Doh 
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Turritella (pars), J. Sowerby, 1829, ‘ Min. Conch.’ vol. vi. p. 125. 
Buccinum (pars), J. Sowerby, 1829, ‘ Min. Conch.’ vol. vi. p. 128. 
Turritella, W. Hisinger, 1829, ‘ Esquisse d'un Tableau des Pétrifi- 

cations de la Svéde,’ 1. 11. 
Melanopsis, F. W. Honinghaus, 1830, ‘ Jahrbuch fiir Geologie und 

Petrefaktenkunde, von Dr. K. C. von Leonhardt und Dr. H. G. 
Bronn, p. 231. 

Cerithium, J. Steninger, 1831, ‘ Bemerkungen tber die Versteiner- 
ungen welche im Uebergangs-Gebirge der Hifel gefunden werden.’ 

fostellaria, J. Phillips, 1836, ‘Geol. Yorks.’ vol. 1. p. 230. 
Pleurotomaria (pars), J. Phillips, 1836, 7b. p. 227. 
Pleurotoma, J. Sowerby, 1839, ‘Sil. Syst.’ p. 612. 
Schizostoma (pars), G. von Minster, 1840, ‘ Beitrige zur Petrefak- 

tenkunde,’ vol. ili. p. 87. 
Murchisonia, A. d’Archiac et EK. de Verneuil, 1841, ‘Bull. de la 

Soc. Géol. de France,’ vol. xu. p. 154. 
Terebra ?, J. Phillips, 1848, ‘Geol. Surv. Malvern Hills,’ vol. ii. pt. 1. 

p. 357, pl. xiv. fig. 2, non Sow. ‘Sil. Syst.’ p. 619, pl. viii. fig. 15, 
nec hill Pall Hosst7ps99) ply xxx fee le2s 

Pleurotomaria (pars), G. & F. Sandberger, 1850-55, ‘ Versteiner- 
ungen des Rheinischen Schichtensystems in Nassau.’ 

Pleurotomaria (pars), E. d’Kichwald, 1860, ‘ Lethza Rossica,’ vol. 
i. p. 1166. 

The characters of the genus may be thus defined :—Shell elongated, 
turreted, of numerous, gradually increasing whorls. Aperture 
longer than wide, with a short or truncated canal at its base; the 
columella is arcuated. In some species there is an umbilicus, and 
in others it is absent. In the outer lip there is a narrow and more 
or less deep slit, with parallel edges, the successive filling-up of 
which produces a continuous band throughout the whole length of 
the spire. This band is sometimes formed by a single elevated keel, 
or it may be flat and bounded on each side by keels or grooves. 
The lines of growth on the band are more or less strongly arched. 
On the upper part of the whorl they curve backwards to the band, 
and below they curve forwards again, and they indicate the succes- 
sive positions of the edge of the outer lip. The Murchisonice are 
frequently ornamented with keels or tubercles, but they are some- 
times smooth, with the exception of the band. G. Lindstrom 
(‘Silurian Gasteropoda and Pteropoda of Gotland,’ p. 125) states 
that the ‘* oldest whorls are filled with organic deposit of calcareous 
matter.” On p. 135 he also describes a great peculiarity in the 
structure of M. deflewa, viz., the possession of two internal, longi- 
tudinal keels, continuing throughout the length of the shell, and 
resembling the interior ridges of the Nerinee. 

The size of the Murchisonie varies greatly, some being less than 
one fifth of an inch in length, while others attain a length of three 
or four inches. 

The genus Murchisonia is mainly confined to rocks of Palaeozoic 
age. The exact number of species cannot, in the present state of 
our knowledge, be accurately determined. 
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MorcHisonra aneuLata, Phill.? (Pl. XXIV. figs. 1, 2.) 

Rostellaria angulata, ?J. Phillips, 1836, ‘Geol. Yorks.’ vol. ii. p. 230, 
pl. xvi. fig. 16 (dextra). 

Non Murchisoma angulata, J. Phillips, 1841, ‘ Pal. Foss. of Devon,’ 
Pawul pl. xxxix. fig, 189. 

Non Murchisonia angulata, A. d’Archiac and E. de Verneuil, 
1842, ‘Trans. Geol. Soc.’ 2nd ser. vol. vi. p. 356, pl. xxxii. figs. 6, 7. 

Non Murchisonia angulata, A. Goldfuss, 1841-44, ‘ Petr. Germ.’ 
vol, il. p. 25, pl. clxxii. fig. 5, a, 0b, ¢. 

Non Murchisonia angulata, J. E. Portlock, 1843, ‘Geol. Rep. 
Londonderry,’ p. 418, pl. xxxi. fig. 5. 
Bee angulata, H. G. Bronn, 1848, ‘Index Palzontol.’ 

p. 747. 
Murchisonia angulata, A. VOrbigny, 1850, ‘ Prodr. de Paléont. 

stratigr.’ vol. i. p. 122. 
Murchisona angulata, J. Morris, 1854, «Cat. Brit. Foss.’ p. 258. 
Murchisoma angulata,? A. Sedgwick and F. M‘Coy, 1855, ‘ Brit. 

Pal. Rocks,’ p. 531. 
Non Pleurotomaria angulata, EK. d’Eichwald, 1860, ‘ Lethea 

Rossica,’ vol. i. sect. ii. p. 1180. 
Non Murchisoma angulata, J. Armstrong, J. Young, and D. 

Robertson, 1876, ‘Cat. of the West. Scot. Foss.’ p. 56. 
Murchisonia angulata, J. J. Bigsby, 1878, ‘ Thes. Devonico-Car- 

boniferus.’ p. 325. 
Non Murchisonia angulata, L. G. de Koninck, 1883, ‘ Faune du 

Calc. Carb. de la Belgique,’ vol. viii. pt. 4, p. 18, pl. xxxiv. fig. 4. 

As will be seen from the above synonymy, considerable confusion 
has arisen with regard to the identification of the Murchisonia 
angulata of Phillips, owing to his having described three distinct 
species under this name. In 1836, in the ‘Geol. Yorks.’ vol. ii. 
p. 230, pl. xvi. fig. 16, Phillips figures and describes two different 
Carboniferous shells as Rostellaria angulata; and in 1841, in the 
‘Pal. Foss. of Devon, p. 101, pl. xxxix. fig. 189, he figures and 
describes a Devonian shell as Murchisonia angulata, identifying it 
with the shells previously described as Jostellaria angulata, and 
referring them all to the genus Murchisonia, @Arch. & de Vern. 
This last shell is evidently quite distinct from those first described, 
being much smaller and the keels being differently disposed ; the 
only point of resemblance being that both it and the shell figured 
on the right hand of pl. xii. fig. 16, in the ‘ Geol. Yorks., are tricari- 
nate. With regard to the first two, it is somewhat difficult to 
decide which should be taken as the type of the species, only one of 
the original specimens being in existence, and that in a very imper- 
fect state of preservation. The Gilbertson Collection in the Natural 
History Museum contains a large number of the fossils described by 
Phillips in the ‘Geol. Yorks.,’ and the other specimens, I am told, have 
been lost. There is one shell in this collection which agrees with 
the left-hand figure of pl. xvi. fig. 16, and which is distinguished 
in the tray as the MW. angulata figured by Phillips. Itis much worn, 
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but it is clearly identical with the shell since described by M‘Coy as 
M. Verneuiliana, var. kendalensis, of which there are some speci- 
mens in the Museum from Kendal. Phillips thus describes the 
shell: ‘“ Whorls angular, the upper ones tricarinate.” I have 
examined a great many specimens of this shell, and it is never 
tricarinate. It has a broad, flattish band, about the centre of 
each whorl, which is solid on the body-whorl, but on some 
of the upper whorls it is frequently hoilowed in the centre, which 
causes it to be formed of two small keels with a groove between them. 
This band represents the sinus, and is shown on the specimen in 
the Gilbertson Collection, where it is solid, and not grooved. 
In some specimens below this band. there is occasionally a 
strong angle on the body-whorl, which either appears just above 
the suture on the upper whorls, or else is hidden by the whorl below ; 
there is never any indication of a keel on the angle in any of the 
specimens I have examined, and in many, especially in older speci- 
mens, the angle is scarcely visible, the base being rounded, and this 
is the case with the specimen in the Gilbertson Collection. 

With this shell is another, also from Bolland, but which is clearly 
distinct from it. It strongly resembles the right-hand specimen of 
pl. xvi. fig. 16, but is evidently not the original from which the 
drawing was made, as it is larger and appears to increase more 
slowly ; but the exact spiral angle of the figure could hardly be 
accurately determined, as the specimen is so imperfect. This shell, 
however, agrees better with Phillips’s brief description, being 
angular, and the upper whorls, which alone are preserved, are 
tricarinate. Since the shell represented by the left-hand figure is 
never tricarinate, and it has also been well described and figured by 
M‘Coy, in the ‘Brit. Pal. Foss.’ 1855, p. 532, pl. 3 u. figs. 11 and 12, 
it would, I think, be convenient to take the other shell which is 
tricarinate, and which has not been elsewhere described, as the type of 
M. angulata. I have examined all the Carboniferous Gasteropoda in 
the Natural History Museum and in the Oxford Museum, and have 
also made numerous inquiries, but have not been able to obtain any 
more information concerning this species, neither do I know of any 
other tricarinate shell bearing a greater resemblance to Phillips’s 
figure. 

Many different shells have been referred by succeeding paleeonto- 
logists to this species, which are not identical with either of the 
shells. J. EH. Portlock* has erroneously identified a shell as JM. 
angulata, but it differs from both of Phillips’s figures by its greater 
spiral angle, the form of the band, and its ornamentation. A. 
Sedgwick and F. M‘Coy + mention a shell which seems to me dis- 
tinct, but 1t is so much imbedded in the matrix that it is difficult to 
make anything of it. The shell referred to as M. angulata in the 
‘Cat. of West. Scot. Foss.’ p. 56, is of much smaller proportions, 
and is differently ornamented. A. d’Archiac and HE. de Verneuil t 

* Geol. Rep. Londonderry, p. 418, pl. xxxi. fig. 5. 
Tt Brit. Pal. Rocks, p. 531. 
t Trans. Geol, Soc. 2nd ser. vol. vi. p. 356, pl. xxxii. figs. 6, 7. 
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and Goldfuss * have referred Devonian shells to this species. That 
of the former differs from both of Phillips’s figures; the more rapid 
increase of the whorls, and the absence of the keels below the band, 
distinguish it from the right-hand figure, while the whorls are more 
excavated than those of the left-hand figure. The shell described 
by Goldfuss, which I have examined in the Bonn Museum, in- 
creases more rapidly, the band is formed of two keels placed close 
together, and the whorls are more excavated. The Pleurotomaria 
angulata of E. d’Hichwald 7 is evidently different, from its having 
keels above as well as below the band, and it is also very much 
smaller. Of all the forms referred to this species, that described by 
L. G. de Koninck + most resembles it. He considers his shell iden- 
tical with the right-hand figure of Phillips; but I have seen his type 
in the Brussels Museum, and I do not think it is the same, as it 
increases more rapidly, the sutures are more oblique, the sinal band 
is formed of two keels, and the keels below the band are more 
numerous. There is, however, a fragment of a shell on the same 
tablet, which strongly resembles the tricarinate shell in the Gilbert- 
son Collection, and may possibly be identical with it. 

It would be a great advantage to have, as the type of the species, 
a well-defined shell such as that in the Gilbertson Collection, as its 
marked characteristics readily distinguish it from any other of the 
genus. I therefore append a fuller description. Shell elongated, 
turriculated, composed of numerous angular whorls. Only fragments 
are preserved, but a perfect specimen would probably consist of ten 
or more whorls. The sutures are deep, and the whorls increase 
gradually. Rather below the centre of each whorl there is a pro- 
minent keel, on each side of which is a narrow groove, limited by a 
fine line ; below this prominent keel there are two smaller keels, 
one of which is about halfway between it and the suture, and the 
other appears just above the suture. The prominent keel evidently 
represents the sinus in the outer lip; though the lines of growth are 
not preserved on it, they are on the surface of the whorl, and curve 
back to it above, and forwards below. Above the band, the surface 
of the whorl is slightly concave; below it is almost vertical, sloping 
but little towards the suture. Mouth unknown. 

(Pl. XXIV. fig. 1.) A fragment consisting of two entire whorls, 
and portions of two others from Bolland, is in the Gilbertson Collection 
in the Natural History Museum. 

Length 33 millim., width of lower whorl 21 millim., height 11 

millim. 
In the Burrows Collection in the Woodwardian Museum there 

are four specimens of this shell from Settle, and there is also a large 
cast from the same locality, which is probably this species. All the 
specimens are more or less imperfect and imbedded in the matrix. 
Part of the base of one specimen is preserved, and on it there are 

three or four additional keels. The specimen figured (Pl. XXIV. 

* Petr. Germ. vol. ili. p. 25, pl. clxxii. fig. 5, a, 0, c. 
+ Lethza Rossica, vol. i. sect. 11. p. 1180. 
+ Faune du Cale. Carb. de la Belgique, vol. viii. pt. 4, p. 18, pl. xxxtv. fig. 4. 
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fig. 2) is the upper part of a shell, of which five entire whorls are 
preserved, and a portion of another. 

Length 23 millim., height of lower whorl about 52 millim. 
Formation. Carboniferous limestone. 

Morcuisonia KENDALENSIS, M‘Coy. (Pl. XXIV. figs. 3-5.) 

Rostellaria angulata, J. Phillips, 1836, ‘ Geol. Yorks.’ vol. ii. p. 280, 
pl. xvi. fig. 16 (sinistra). 

Non Murchisonia Vernewliana, L. G. de Koninck, 1843, ‘ Précis 
élément. de Géologie, par. J. J. d’Omalius d’Halloy,’ p. 516. 

Non Murchisonia Vernewhana, L. G. de Koninck, 1848, ‘ Descr. 
des Anim. Foss. du Terr. Carb. de la Belgique,’ p. 414, pl. xxxviii. 
fig. 5. 

Murchisonia Vernewiliana, var. kendalensis, F. M‘Coy, 1855, 
‘Brit. Pal. Rocks, p. 532, pl. 3.4. figs. 11 and 12. 

Murchisonia Vernewliana, var. kendalensis, J. J. Bigsby, 1878, 
‘Thes. Devonico-Carboniferus,’ p. 327. 

Non Murchisonia Vernemliana, L. G. de Koninck, 18838, ‘ Faune 
du Cale. Carb. de la Belgique, p. 25, pl. xxxiv. figs. 35, 36, 37. 

Shell elongated, conical, composed of from eleven to seventeen 
gradually increasing whorls. A little below the middle of each 
whorl is a broad, flat band, which represents the sinus in the outer 
lip. It is solid, and bounded by two fine grooves on the lower 
whorls, but on the upper whorls it is frequently hollowed out in the 
centre, forming two keels, separated by a groove. Above the band 
the whorl is almost flat, while below it is slightly convex. The 
surface of the whorls is smooth, with the exception of the lines of 
growth, which are strong and irregular ; they curve back to the band 
above and forwards below; on the band they are strongly arched 
(fig. 3a). On some specimens there is a strong angle on the body- 
whorl below the band, which is visible just above the sutures on the 
upper whorls. On many specimens, however, the base is rounded, 
and the angle is scarcely visible. There is a small umbilicus. The 
sutures are deep. The mouth is longer than wide, but it is not well 
preserved in any of the specimens I have seen. 

M‘Coy thought this shell might be a variety of MW. Verneuiliana, 
de Kon.; but de Koninck doubts its being identical with his species, 
and, after the examination of his specimens at. Brussels, I certainly 
think the differences are sufficiently marked for it to constitute a 
distinct species. It is a much more solid-looking shell than MW, 
Vernemliana, de Kon., the spiral angle is less, the whorls more 
numerous, and the form of the band is usually different; it also 
possesses an umbilicus. 

Should it be deemed advisable to take the tricarinate shell as the 
type of M. angulata, Phill., this shell must be called MZ. kendalensis, 
M‘Coy. Otherwise, of course, the name kendalensis must be 
dropped, and this must be termed M. angulata, Phill., while the 
tricarinate shell must have a new name. 

M‘Coy identifies this shell with the Devonian species MZ. angulata, 
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d’Arch. & de Vern. (‘Geol. Trans.’ 2nd ser. vol. ii. p. 356, pl. xxxii. 
fig. 6), which is, I think, distinct, the whorls being much more exca- 
vated, and in the type the band is grooved on all the whorls, while 
on the variety @ it is much narrower. 

There are about twenty-two specimens of this shell in the Wood- 
wardian Museum ; the largest is one figured by M‘Coy (pl. 3 u. fig.11). 
Its length is 58 millim., width of penultimate whorl 27 millim., 
height 12 millim. The shell is imbedded in the matrix; it consists 
of seven whorls, and the apex is broken. The base is rounded, and 
the angle shows but slightly on the upper whorls, just above the 
sutures. 

A smaller specimen in this museum has the angle well marked on 
all the whorls. Only five whorls of it are preserved. A nearly per- 
fect specimen consists of eleven whorls, and would, probably, have 
one or two more if the apex were entire; it is 45 millim. in length, 
but the surface is badly preserved. None of these specimens have 
the band much hollowed out in the centre on the upper whorls, it 
being more or less solid on all the whorls. 

The specimen (Pl. XXIV. fig.5) in the Gilbertson Collection, figured 
by Prof. Phillips (‘ Geol. Yorks.’ vol. ii. pl. xvi. fig. 16, sinistra) is 
merely a cast consisting of two whorls, but it shows the strongly 
marked characteristics of this species. The band is broad and flat, 
and the slit in the outer lip is shown. 

There are four specimens in Prof. Phillips’s collection in the 
Oxford Museum, but none of them are well preserved. One, which 
is much imbedded in the matrix, consists of about seventeen whorls, 
and it has the strong angle below the band. 

Its length is about 386 millim. 
‘There are specimens of this shellin the Geological Society’s Museum, 

the Museum of Practical Geology, and the Kendal Museum; and there 
are also one or two others in the Natural History Museum, besides 
that figured by Phillips. 

Locality. All the above-mentioned fossils are from Kendal, with 
the exception of the specimen figured by Phillips, which is from 
Bolland. 

Formation. Mountain Limestone. 
Mr. Morton, Liverpool, has specimens in his collection from 

Porth-y-Vaen, near Oswestry, Llangollen, and Mold. He divides 
the Carboniferous Limestone of that district into the following 
lithological divisions, in descending order :—Upper Black Lime- 
stone, Upper Grey Limestone, Upper White Limestone, Lower 
White Limestone, Lower Brown Limestone. He finds that MM. 
kendalensis, M‘Coy, ranges throughout the series with the exception 
of the Upper Black Limestone. It occurs in the Lower Brown and 
Upper Grey at Llangollen,in the Upper White near Oswestry, and 
in the Upper Grey near Mold. 

In the Wood Collection in the York Museum there is also a 
specimen from Oswestry (Pl. XXIV. fig. 4). It consists of about eight 
whorls, and the apex is broken. The band on the lower whorls is 
solid, but on the upperit is grooved and composed of two keels. 
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It exhibits a slight variation, there being two fine lines on the part 
of the whorl above the band. The angle is well developed on the 
lower part of the whorl. Umbilicus distinct. Mouth broken. 
Length 36 millim., width of body-whorl 194 millim. 

Formation. Mountain Limestone. 

Murcuisonia VERNEUILIANA, de Kon. (Pl. XXIV. figs. 6-8.) 

Murchisonia Verneuiliana, L. G. de Koninck, 1848, ‘ Précis 
élém. de Géologie, par J. J. d’Omalius d’Halloy, p. 516. 

Murchisoma Verneuiliana, L. G. de Koninck, 18438, ‘ Descr. des 
Anim. Foss. du Terr. Carb. de la Belgique, p. 414, pl. xxxviii. 
fig. 5. 

Murchisoma Vernewiliana, H. G. Bronn, 1848, ‘ Index Palzeontol.’ 
p- 748. 

Non Murchisona Vernewiliana, var. kendalensis, F. M‘Coy, 1855, 
‘Brit. Pal. Rocks and Foss.’ p. 532, pl. 3 u. figs. 11 and 12. 

Murchisona Verneuiliana, L. G. de Koninck, 1877, ‘ Recherches 
sur les Foss. Pal. de la Nouvelle-Galles du Sud, p. 119, pl. xxii. 
fig. 15. 

Murchisoma Verneuliana, J. J. Bigsby, 1878, ‘ Thesaurus Devonico- 
Carboniferus,’ p. 327. 

Murchisonia Verneuiliana, De Kon., 1883, ‘ Faune du Cale. Carb. 
de la Belgique,’ p. 25, pl. xxxiv. figs. 35, 36, 37. 

Shell conical, composed of from eight to ten angular whorls. A 
little below the centre of each whorl there are two strong keels, 
between which les the sinual band;.the band is wide and sunk 
between the two keels. The lines of growth are distinct, curving 
back to the band above and coming forward again below; on the 
band they are arched, but not so strongly as in M. kendalensis, 
M‘Coy. The surface of the whorls is almost flat, being but slightly 
convex, The base of the last whorl is convex; it has a slight 
angularity a little below the band, whichis hidden by the suture 
on the upper whorls. Prof. de Koninck says that the last whorl 
has a tendency to become detached from the preceding whorls. 
The sutures are deep. The mouth is a little longer than 
wide. The columella is simple, and there is no umbilicus. 
The surface of the whorls is generally ornamented with fine spiral 
strie. The largest of the specimens in the Woodwardian Museum 
has these spiral lines well preserved. Another only shows two 
of the strongest lines above the band and two below; the keels 
bounding the band of this specimen also appear to be slightly 
undulating, but this may arise from wear, as the surface of the shell 
is much worn. The specimen figured by de Koninck has only the 
spiral lines below the band. 

De Koninck says that this shell differs from MW. plicata, Goldf., 
by the depth of its suture and also by the absence of the keel on 
the base. In the type of I. plicata, Goldf., which I have examined 
in the Bonn Museum, there is a still greater difference, for the upper 
margin of the whorl is nodulose at the suture, the keel below the 
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band on the body-whorl is also nodulose, the surface of the shell is 
plicated, and the keels bounding the sinual band are somewhat 
undulating, as in M. Humboldiiana. In 1848, de Koninck (‘ Descr. 
des Anim. Foss. du Terr. Carb. de la Belgique,’ p. 414) considered 
this shell identical with a Devonian one figured and described by 
A. d’Archiac and E. de Verneuil as I. angulata (‘ Trans. Geol. Soc.’ 
2nd ser. vol. u. p. 356, pl. xxxii. fig. 6); but in 1883, ‘Faune 
du Calc. Carb. de la Belgique,’ p. 25, he says he considers them 
to be distinct species. 

This shell bears a strong resemblance to the Devonian Pleuroto- 
maria angulata of Sandberger (‘ Die Versteinerungen des Rheinis- 
chen Schichtensystems in Nassau,’ p. 204, pl. xxiv. fig. 19). 

I am not aware of its having been described as British before. 
There are four specimens of this species in the Woodwardian 

Museum. The length of one (Pl. XXIV. fig. 6), consisting of eight 
whorls, is 21 millim., width of body-whorl 13 millim., height of 
body-whorl 9 millim. A portion of a larger shell (Pl. XXIV. fig. 7), 
consisting of three whorls, has a length of 21 millim.; the width 
of the body-whorl is 14 millim. ; height of body-whorl 15 millim. 
The other two specimens are much smaller. 

Locality. Settle. 
Formation. Mountain Limestone. 
In the Museum of Practical Geology there are three very small 

specimens, which are of about the same size as the smallest I saw 
in the Brussels Museum. The length of that figured on Pl. XXIV. 
fig. 8 is 7 millim., width of body-whorl nearly 4 millim. It is on 
the same piece of rock as Plewrotomaria Griffith, de Kon. 

Locality. Abergele. 
Formation. Mountain Limestone. 
The other two specimens in this Museum are from the Mountain 

Limestone of Narrowdale and the Great Ormes Head. 

MurcHIsoNniIA PYRAMIDATA, sp. nov. (Pl. XXIV. fig. 9.) 

Shell elongated, whorls angular, gradually increasing. Only four 
whorls and a portion of a fifth are preserved; there would probably 
be ten or twelve if the shell were entire. There is a prominent 
rounded keel situated about two thirds down each whorl, which 
evidently represents the sinual band, though no lines of growth are 
preserved on it. These lines curve backwards to it above and slightly 
forward again below; they are fine and faint. The surface of the 
whorls both above and below the band is slightly concave, and the 
base is convex. ‘The form of the mouth and columella is unknown, 
as the base is broken. The lower part of the whorl is covered with 
fine spiral threads, thus disposed :—immediately below the band is a 
deep groove, then a strong thread, three or four finer ones, another 
strong thread which is about midway between the band and the 
suture, below this there are two or three fine ones on the upper 
whorls, but they are more numerous on the base, which is covered 
with them. These spiral lines are slightly beaded; they are 
probably rendered so by the crossing of the lines of growth. Above 
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the band there is a spiral thread about two thirds below the suture, 
and immediately below the suture there is another fine thread on 
the body-whorl, but it is not preserved on the other whorls. 

There is only one specimen of this shell in the Gilbertson 
Collection in the Natural History Museum (no. G. 234). The 
length of the four and a half whorls is 20 millim., width 12 millim. 

The shell has a slight resemblance to M. Archiaciana, de Kon., but 
the whorls are not so convex, the band is narrower and more 
prominent, and the spiral lines below the band are beaded and 
more numerous. Perhaps the general form most nearly approaches 
that of MZ. spirata, Goldt., the type of which I have seen at Bonn; 
but the band of this species is formed of two keels, separated by a 
small groove, and there are only two spiral lines below it, instead of 
the numerous lines of WM. pyranuidata. 

Locality. Bolland. 
Formation. Carboniferous Limestone. 

MURCHISONIA ZONATA, sp. nov. (Woodcuts, figs. 1, 2.) 

Shell conical; whorls convex, separated by deep sutures. There 
are only two specimens of this shell, and neither of them is entire, 
but three whorls being preserved of each, and one specimen is a 

Fig. 1.—Murchisonia zonata, Fig. 2.—Cast of Murchisonia 
Donald. -Nat. size. zonata, Donald. 

From the Mountain Limestone of Narrowdale. 

mere cast. The sinual band is situated about the middle of each 
whorl; it is broad and flat, and is not raised above the surface of 
the whorl; it is bounded by two grooves. Below the sinual band 
there are two narrower and slightly convex bands, separated by 
grooves, and on the body-whorl there are two or three additional 
bands and grooves. On the upper part of the whorl there are two 
very shallow grooves, one of which is about midway between the 
suture and the sinual band, and the other is just below the suture. 
The lines of growth are only preserved on the upper part of the 
body-whorl, where they are distinct and curve backwards to the 
sinual band. ‘The mouth is imbedded in the matrix. 
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Length of the more perfect specimen 8 millim., width 53 millim., 
Length of the cast 10 millim. These two shells are in the Carr 
Collection in the Museum of Practical Geology. 

This species bears some resemblance to M. Sedgwickiana, de Kon., 
but it is more elongated, the bands and grooves are not so evenly 
disposed, and it is also much smaller. From M. subsulcata, de 
Kon., it is distinguished by the greater number of grooves possessed 
by that species. The American form, M. terebriformis, Hall, 
most nearly approaches it; butit is ornamented with elevated spiral 
strie below the band instead of with flat bands. 

Locality. Narrowdale. 
Formation. Mountain Limestone. 

MURCcHISONIA SPHHRULATA, sp. noy. (Pl. XXIV. fig. 10.) 

Shell elongated, conical, composed of numerous convex whorls. 
The whorls are rendered slightly angular in the middle by the sinual 
band. The band is broad and flat, and bounded by two narrow 
grooves ; there is a wider and shallower groove in the centre of it. 
Below the band there are five or six spiral lines; they are some- 
what indistinct, and are slightly reticulated with the lines of 
erowth. The lines of growth are strong, and curve backwards to 
the band above, and forwards below; they are arched on the 
band. The upper part of the whorl is smooth. The mouth is 
longer than wide. 

There is but one specimen of this species in the Museum of 
Practical Geology, and it has only four whorls preserved. 

Length 17 millim., width of body-whorl 8 millim., width of 
penultimate whorl 7 millim. 

This shell is more elongated than M. zonata, and it is orna- 
mented with fine spiral lines instead of with flat bands. It is 
larger than lM. terebriformes, Hall, the whorls increase more slowly, 
and the lines below the band are very fine and more numerous, 
instead of being raised spiral threads. 

Locality. James’s Cleugh, King Water, Cumberland. 
Formation. Lower Carboniferous. 

MURCHISONIA TENUISSIMA, sp. nov. (Pl. XXIV. fig. 11.) 

Shell very elongated, turriculated. A perfect specimen would 
possess from ten to twelve whorls. Whorls angular, and each 
ornamented with six spiral keels. Three of these keels are placed 
rather close together about the middle of the whorl and form the 
sinual band; the central keel is a little finer than the others. 
Above the band a fine keel lies just below the suture, and below 
the band there are two keels, the lowest of which appears just 
above the suture on the upper whorls. On the body-whorl there is 
also a very fine thread between the band and the uppermost keel. 
The lines of growth are strong and very distinct; they curve back to 
the band above, and forward below; they are arched on the band. 
The specimen is imbedded in the matrix, and the body-whorl is 
broken away from the rest of the shell. 
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There is only one specimen in the Museum of Practical Geology ; 
its length is 10 millim. 

The only shell which this resembles is Turritella? sulcifera, Portl., 
from which it differs by the form of the band, which is formed of 
only two keels in 7. sulefera, and the space above the band is 
greater and slopes more gradually than in that species. 

Locality. Wark, Northumberland. 
Formation. In beds on about the same horizon as the top of the 

Mountain Limestone and the base of the Yoredales. 

TURRITELLA? sutcireRA, Portl. (Pl. XXIV. fig. 12.) 

Purritela? suleafera, J. H. Portlock, 1843, ‘Geol. Rep. London- 
derry, p. 420, pl. xxxi. fig. 11. 

A minute shell in the Museum of Practical Geology is considered, 
but not without doubt, to be the specimen figured and described by 
Gen. Portlock. He describes it as a “minute shell, having ten 
whorls in less than one third of an inch; it is narrow and 
elongated, and has its whorls marked by spiral sulci, bounded by 
strong spiral ridges, of which there are four on each whorl.” His 
figure is too imperfect to be of any assistance in the way of 
identification ; but the specimen in the Museum agrees with the 
description, with the exception that there is a fifth keel on the 
lower whorls, where it appears just above the suture, and on the 
uppermost whorls it is hidden below the suture. The apex is 
broken, but this may have been done since Gen. Portlock’s 
description was written. Thus only seven whorls remain. Of the 
five keels with which the whorls are ornamented the central and 
that next above are the strongest, the uppermost is the slightest, 
and the space below the uppermost keel is the widest. ‘This shell 
bears a strong resemblance in its characteristics to species of the 
genus Murchisonia, but as neither the mouth nor the lines of 
growth are preserved, it cannot with certainty be referred to this 
genus. Should it be a Murchisoma, the sinus probably lies between 
the strongest keels. I have seen no shell resembling this species in 
the Irish collections in Dublin; and this is the only specimen I 
know of that comes near to Gen. Portlock’s description. Length: of 
the seven whorls 5 millim., width of the penultimate whorl 
under 2 millim. 

Locality. Cullion, co. Derry. 
Formation. Shales in the Lower Limestone. This is probably 

about the same horizon as the lower part of the Mountain 
Limestone. | 

Notr.—In concluding this paper I must acknowledge how greatly 
I am indebted to Prof. Hughes, Prof. Prestwich, Mr. Etheridge, 
Mr. E. T. Newton, Prof. Schliiter, Dr. Purves, and others, for afford- 
ing me every facility in studying the collections in the different 
museums with which they are connected. The Rev. G. Crewdson 
has also kindly lent me specimens from the Kendal Museum. 
I am also under great obligations to Mr. Goodchild for revising 
these notes and assisting me in many ways. 
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EXPLANATION OF PLATE XXIV. 

Figs. 1, la. Murchisonia angulata, Phill.? Bolland. Nat. size, la, band 
enlarged. 

P'Settlex eco: 
kendalensis, M‘Coy. Kendal. Nat. size. 34a, band enlarged. 

. Oswestry. Nat. size. 4a, fourth whorl, x3. 
Bolland. Nat. size. 

3, oa 
4, 4a. 
5: 

6, 7. —— Verneuiliana, de Kon. Settle. x2. 
8. —— —. Abergele. x6. 
9. —— pyramidata, sp.n. Bolland. x2. 
10. —— spherulata, sp.n. James’s Cleugh, King Water, Cumberland. 

x3. 
EL, tenuissima, sp.n. Wark. x6. 
12. Turritella? sulcifera, Portl.? Cullion. x10. 

Discussion. 

The Prestpent remarked that while there was little in such a 
paper as that before the Meeting which could have interested the 
Fellows had it been read in full, the paper was nevertheless of 
great value as containing many most useful observations upon a 
very important group of Paleozoic fossils. 

Mr. Goopcuixp stated that Miss Donald had not only studied most 
carefully the fossils of the northern district in which she resides, but 
she had also pursued her researches during visits to many museums 
in this country and also on the continent of Europe. 
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43. Norns on some Potyzoa from the Ltas. 

By Epwin A. Watrorp, Esq., F.G.S. (Read June 23, 1887.) 

[Prats XXYV.| 

Tar Polyzoa of the Lias at present known seem to be restricted to 
the genera Stomatopora, Proboscina, Spiropora, Neuropora, Licheno- 
pora, Semimultrclausa, Drastopora (Berencea being by later syste- 
matists classed with the Diastopore), and the genus it is now 

proposed to add, viz. Tubulipora. aes 

History. 

In ‘Morris’s Catalogue of British Fossils,’ published in 1854, there 
isno record of Polyzoa from the Lias; but the steadily accumulating 
records of paleontological work enabled Mr. R. Etheridge, F.R.S., 
in 1882, in his Presidential Address to the Geological Society * to 
tabulate three genera and six species. Viney in the British 
Association Report for the same year reviews but three genera and 
four species. French and German authors have, however, increased 
the number. Although Deslongchamps +, having turned over his 
Neuropora to the Spongide, mentions but two genera, representing as 
many species, Haime § can add but one species more, saying, at the 
end of his admirable monograph, “on ne connait encore aucun 
bryozoaire dans le lias moyen ni dans le lias supérieur.” Terquem 
and Piette || in 1865 recognize, in addition to some forms previously 
described by Fromentel 4], three genera new to the Lower Lias, and 
add also six new species: a few years later Dumortier ** catalogues 
in his list of fossils from the several divisions of the Lias of the 
Rhone basin seven species, of which four are new. ‘Their occurrence 
in the Lias of Germany appears to be very rare, for Quenstedt and 
Oppel mention but one species. 

The rarity of Polyzoa in the Lias of England has been pointed out 
_ by Prof. Tate r+ when describing a new species of Spzropora from 

the Upper Lias (Lepteena-beds) of May, Normandy. To that species 
(Spiropora liassica) he refers other Polyzoa from the Middle Lias 
of King’s Sutton, Northamptonshire, in Mr. Beesley’s collection. 

* “On the Analysis & Distrib. of Brit. Jurass. Foss.,” by R. Etheridge, 
E.R.S., &e., Quart. Journ. Geol. Soc. vol. xxxviii. Proc. p. 152 (1882). 

t+ Third Report on Foss. Polyzoa (Jurass. sp., Brit. area only) by Dr. H. C. 
Sorby, F.R.S., and G. R. Vine, Brit. Assoc. 1882. 

t ‘Etudes Jurass. Inf. de la Normandie,’ par M. i. Hudes-Deslongchamps, 
Paris and Caen, 1864. 

§ “ Descr. des Bryozoaires Foss. par Jules Haime,” Mém. Soc. Géol. de 
France, 2€ série, t. v. (1854). 

|| Terquem & Piette, “ Lias inf. de Vest de la France,” Mém. Soc. Géol. de 
France, 2° série, t. vill. p. 124. 
¢ Fromentel, H., ‘Pal. de la Cote-d’Or,” Mém. Soc. Géol. de France, 2° série, t. 

Vide Pao le 
ee Dumortier, E.,‘‘ Etudes Pal. sur les Dép. Jurass. du Bassin du Rhéne,” 

Paris, 1864-1874. 
tt Tate, R., “On some New Liassic Fossils,” Geol. Mag. dec. 2, vol. 11. p. 205. 
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Amongst some specimens from the latter locality in my own cabinet 
are numerous examples which both Mr. Vine and myself consider 
to be distinct from Tate’s type; and to the consideration of them and 
associated forms these notes are directed. 
-Inasmuch as, with the Cyclostomatous Polyzoa, the simple cell- 

structure makes it necessary for the student to adopt in great degree 
zoarial growth as a means of classification, there occasionally occur 
forms, as in the species under notice, which find no secure resting- 
place under any family roof. In other examples, from the Inferior 
Oolite, this difficulty is equally apparent. 

TUBULIPORA INCoNsTANS, sp. nov. (Pl. XXYV. figs. 1-9 & 12.) 

Rarely does a form present more varying and erratic modes of 
growth than the species before us. Whilst some colonies have a 
foliaceous habit (fig. 1), others are cylindrical (fig. 5), after the 
fashion of Diastopora Lamourouxt, M.-Edw., though the predomi- 
nant form of growth is erect, ramose, and cylindrical (figs. + and 7). 
In some instances from the flattened lobes spring branches cylindri- 
cal or but slightly flattened (fig. 8), and occasionally the colony is 
adnate. 

The zocecia are long, with proximal extremities free for as much 
as 3 or % of their whole length (fig. 7), or else have but a slight 
degree of projection from the stem. ‘The peristomes are circular 
(fig. 2), opening irregularly over the zoartum, and are about two 
thirds of the diameter of the zocecia. Bright and distinct purple 
lines separate the cells in marked contrast to the fawn-colour of the 
cells themselves. Covering the whole surface are tubular papille 
or minute projecting tubes (surface-pores), arranged ocvaslonally 
in transverse or subspiral lines. The pores seem tu uwmmunicate 
with the interior of the cell and are apparently connected with 
each other by delicate tubes (fig. 3), which traverse the outer wall 
mainly in the direction of the length of the cell. These surface- 
pores, common to many families of the Polyzoa, are almost iden~ 
tical with the markings upon some Italian Proboscine. 

The zocecia of both foliaceous and cylindrical forms bear just 
within the peristome solid circular closures (fig. 2). Though there 
appear to be no absolutely terminal closed cells, yet, immediately 
below the extremity of the newest branch, cells are often provided 
with the closures—a point rather against the theory of their 
development being only on old and worn-out cells. The position of 
this caleareous cover below the orifice tells also somewhat against 
its being considered a movable operculum. In its centre is a 
funnel-shaped perforation measuring about one third of the width 
of the whole, and there are also a few scattered minor perforations. 
Frequently a slight constriction of the zocecial tube may be noted 
below the position of the closure. 

Prof. Busk * figures species of Pustulopora and Patinella with the 
zocecial tubes closed with calcareous lids, which are placed quite 

* “The Polyzoa of the Crag,’ by G. Busk, pl. xviii. fig. 2, pl. xix. fig. 1, Mem. 
Pal. Soc. 

Orn Gas. No.2: 2x 
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close to, though within, the orifice. In an able critique by Mr. F. 
D. Longe *, examples of Jurassic Diastopore are shown with the 
closures in a terminal position, and hence the author infers that 
there is no substantial difference between them and the opercula of 
the Chilostomata. 

Prof. D. Brauns t boldly advocates the establishment of an 
operculate division in the order Cyclostomata, and places under that 
head the genus lea, with Lilea foliacca as his type. 

Mr. Waters, working upon Recent and Tertiary material, points 
out that “The most usual position for the calcareous plate which 
closes the tube would seem to be about the point where the zoccial 
tube rises free from the zoarium.” In the genera Hornera, Entalo- 
phora, and Reticulipora, figured by him, the closures are shown to 
be so far within the tube as to almost negative the question of their 
identity with movable opercula. <A section of Newropora damicorns 
(Lamx.) in my collection shows each zocecial tube with numerous 
closures or septa, none of which, however, are near the mouth. 

The zocecial surface is not only transversely wrinkled, but also 
shows some traces of what may possibly be spines. This feature is, 
however, very obscure, for the surface of well-preserved specimens 
is often covered with a close and exceedingly delicate calcareous 
network (fig. 6), partly hiding even the dark lines of the zoecial 
walls. A similar network of fine threads occurs upon small shells 
found in the same beds. 

The ocecia are rare and consist of irregular inflations of one or 
two cells (fig. 4). In one instance the ocecium, apparently an 
enlarged simple cell, is provided with a smaller opening in addition 
to the ordinarily large mouth. Other forms of ocecia are external 
semiglobose chambers enveloping the free parts of one or two cells 
(fig. 9). The study of this species brings home the fact, so 
frequently acknowledged by specialists, of the unsatisfactory nature 
of the classification of the Cyclostomatous Polyzoa; and one cannot 
put aside the thought that had a few fragments only of it been 
found, one portion might have done duty as a foliaceous Diastopora, 
another as an Hntalophora, whilst a third would possibly have been 
referred to Tubulipora. Notwithstanding some superficial resem- 
blance to Diastopora cervicornis and D. Lamourouat, M.-Edw., the 
exceptional length of the zocecia and their partial freedom sufficiently 
remove the King’s-Sutton species from the Diastopore, irrespective 
of its Tubulipora-like habit of growth. To the Spiropore the 
foliaceous and adherent forms present an insuperable barrier 
(though it must not be overlooked that Cricopora abbreviata, Mich., 
is figured with a flattened base from which the branches spring). 
The cell-closures do not, as yet, seem to have been discovered either 

* Longe, F. D., “On the Relation of the Escharoid Forms of Oolitic 
Polyzoa,” &c., Geol. Mag. dee. ii. vol. viii. p. 23. 

t “ Die Bryozoen des mittleren Jura der Gegend von Metz,” von D. Brauns, in 
Halle. Zeitschr. d. deutschen geolog. Gesellschaft, Jahrg. 1879. 

t Waters, A. W., ‘Closure of the Cyclostomatous Bryozoa,” Linn. Soc. 
Journ. vol. xvii. p. 400. 
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in the Sprropore * or the Tubulipore ; yet, notwithstanding this, 
I think the species finds best, though insecure, place with the latter 
group. It has the long and partly free zocecia of Tubulipora, and 
an inconstant habit of growth common to the genus. As a 
provisional name therefore seems to be necessary, I would suggest 
that of Tubulipora inconstans. The transverse line or septum 
formed by the two layers of cells when back to back, as in the 
foliaceous forms (fig. 12), has somewhat of a Diastoporoid look. 

Through the courtesy of Mr. Newton I have been enabled to 
examine the type specimens of Tate’s Spiropora liassica at the 
Jermyn-Street Museum, and it appears to me that the Spiropora- 
like branches of Zubulipora imconstans are not only provided with a 
smaller number of zocecia to form an average-sized zoarium, but the 
zocecia are also much longer and somewhat broader. Their dispo- 
sition is irregular, whereas S. liassica has a regular arrangement of 
the peristomes in each annulation and, moreover, the ordinary 
erect colonial growth of the Spiroporas. 

Horizon and Locality. From the Marlstone Rock-bed, zone of 
Ammonites spinatus, of the Middle Lias, King’s Sutton, Northampton- 
shire, also from the Transition bed between the Middle and Upper 
Lias at Appletree, near Banbury, and at Badby, near Daventry. 

Associated with the species above described are two others in which, 
though the colonial and zocecial forms are essentially different from 
it, the structural details are so closely mimicked as to make their 
reference to other genera a matter of doubt. I have therefore 
described and figured them, but have left the nomenclature until 
further evidence shall show their precise relationship. 

Zoarium erect, uniserial, commencing as a straight or slightly 
undulating and often flattened simple tube, then dilating and 
throwing off a branch right and left, without, however, any cell- 
opening at the node, though a faint line of fusion is visible in the 
primary stem. ‘The secondary branches or zocecia dilate also at 
each succeeding node where the single cell opens and a fresh zocectum 
begins. The branches diverge at an angle of from 45° to 50°, and 
the cell opens at a little distance above the point whence the new 
one has sprung. Peristomes circular, in diameter of the normal 
width of the zocecium. Thesurface pores and subsidiary tubes are of 
the same character as in Tubulipora inconstans. (Pl. XXYV. fig. 11.) 

Though out of the few examples collected some are erect, others, 
on the contrary, show some portion of the zocecium to be flattened 
as if the colony was partially adherent, and between this and the 
next group there seem to be connecting links. 

Horizon and Locality. From the Middle Lias, zone of Am- 
monites spinatus, King’s Sutton. 

Similar forms occur in the Inferior Oolite of Dorsetshire. 

* Mr. Waters (Quart. Journ. Geol. Soc. vol. xliii. p. 340, 1887) describes 
and figures Hntalophora wanganwiensis with closures, and I have now Inferior 
Oolite species similarly provided. 

2x2 
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STOMATOPORA* sp. (Pl. XXV. fig. 10.) 

Zoarium adnate, dilated at point of attachment, flattened or very 
convex. Zocecia uniserial, large and frequently of extraordinary 
length (2 millim.), the free part then comprising two thirds of the 
length of a single zocecium and springing from the point of adherence 
at an angle of 45°, or, in some cases, almost vertically. The unat- 
tached portion of the cell is also sinuous and coarsely wrinkled, and 
though the surface-pores are throughout of the same type as in the 
species already described, they are apparently fewer in number than 
upon the adherent part. 

This form, so like a Stomatopora, is distinguished from any de- 
scribed species of that genus by the greater length of the free parts 
of the zocecia, and also by their size and the distance from peristome 
to peristome. 

Horizon and Locality. From the Middle Lias, zone of Am- 
monites spinatus, King’s Sutton. 

Appenpum [September 16, 1887]. 

The quarry from which these Polyzoa have been collected is 
noted as having yielded many beautiful specimens of both Mollusca 
and Corals, and amongst the rarer forms mention may be made of 
Spirtferina vaygona, K. Desl., Pecten tewtorius, Schl., Mytilus avio- 
thensis, Buv., Perna lugdunensis, Dumort., Pleurotomaria mirabilis, 
E. Desl, Thamnastrea Etheridqu, Tomes, and <Astrocena, sp. 
The Foraminifera are well represented, the examples of Dentalina, 
Nodosaria, Marginulina, Vaginulina, and Cristellaria being excep- 
tionally large, whilst species of Prondicularia, Glandulina, and other 
genera occur also. An interesting addition to our fossil fauna is 
made by the discovery of small forms of Calcispongie, which I have 
submitted to so eminent a specialist as Dr. Hinde. He writes not 
only that their condition is simply marvellous, but that they belong 
probably to the existing group of the Leuconidz, examples of which 
do not seem to have been found previously in a fossil condition. He 
reserves their description for his forthcoming monograph. 

EXPLANATION OF PLATE XXYV. 

Fig. 1. Tubulipora inconstans, sp. n., foliaceous form. X12. 
2. The same, zocecium with closure. 40. 
3. The same, worn zoccia showing surface-pores and subsidiary tubes. 

x 45. 
4, The same, erect, Spiropora-like form, showing oecia. 20. 
5. The same, cylindrical form. x25. 
6. The same, showing fine threads upon the surface of the cells. x 25. 
7. The same, erect form, showing free proximal ends of zoecia. X13. 
8. The same, flattened form of irregular growth, throwing off cylindrical 

branches. 14. 
9. The same, showing oecia. X30. 

10. Stomatopora, sp. X25. 
11. Species not determinable. X25. 
12. Tubulipora inconstans, end of flattened lobe. 380. 

* T have since found the same species in the Inferior Oolite of Dorset. Its 
well-marked distinction from other forms will induce me to name it Stomato- 
pora elongata. 
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44, On the SupERFici1aL GuoLoey of the Sournern Portion of the 
WeEALDEN Anza. By J. Vincent Espen, Esq., B.Sc. Lond., 
F.C.S. (Read June 23, 1887.) 

[Communicated by the President. | 

INTRODUCTORY. 

Mors than thirty years have elapsed since Sir Roderick Murchison 
published his well-known paper ‘“‘ On the Distribution of the Flint 
Drift of the 8.E. of England on the Flanks of the Weald and over 
the Surface of the North and South Downs” *. The observations 
contained in that paper are stated by the author to be far from com- 
plete, and offered chiefly to elicit further inquiry and discussion. 
Since that time the 6-inch Ordnance maps of this area have been 
completed, and the superficial deposits of a considerable portion of 
the district mapped by the Geological Survey. No detailed descrip- 
tion, however, of the nature and extent of the various drift-gravels 
of the southern portion of the Wealden area has been published 
since the completion of the accurately contoured maps of the 
Ordnance Survey. Apart from the importance attaching to any 
new investigations relating to the question of Wealden denudation, 
the superficial deposits of the area under consideration are of 
interest on account of their extremely scanty occurrence, many of 
the drift-beds to be hereafter described consisting of nothing more 
than a thin coating of flinty loam, or of the mere fragmentary 
remains of old beds of gravel. But in all cases the limits of these 
beds are sharply defined, and their relation to the present contours 
easily established. The following observations are offered as the 
result of a somewhat detailed examination of a considerable part of 
this area during the year 1886, but the investigation has of neces- 
sity been limited to the district lying between the central dome and 
the chalk escarpment of the South Downs. 

Tt will be convenient in the treatment of the subject to consider 
each river-basin separately. 

The Arun Basin.—In the higher parts of the Arun valley it has 
already been shown that the bills are capped by patches of angular 
chert, containing no flint, and representing probably the remains of 
the Lower Greensand escarpment when it reached further south 
than nowy. Around Chiddingfold, Fisherlane, and Dunsfold 
Green there occur frequently thin patches of loam with Greensand 
pebbles, sometimes cemented into a conglomerate. This deposit 
occurs indifferently on the hills and in the valleys. On approaching 
Slinfold we find a good deal of true river-gravel on the Weald Clay, 
containing flints, pebbles of Wealden sandstone, and Lower Green- 
sand ironstone and chert. On the central nucleus of Hastings beds 
itself flints occur at Amy’s Mill, near Horsham, where Mr. Drew 
obtained a single fragment of flint from the gravel =. I examined 

* Quart. Journ. Geol. Soc. vol. vii. p. 349. 
+ Topley, ‘Geology of the Weald,’ p. 200. ‘t Lbid, 
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this section with some care, incompany with Mr. P. R. Head. 
About 8 feet of stratified gravel, consisting of waterworn Wealden 
fragments, with intercalated beds of sand, occur in some pits near 
Amy’s Mill Bridge, at no great distance from the river, and only 20 
or 30 feet above its level. After a careful search as many as seven 
angular fragments of flint were found, so thin and sharp at the 
edges as to render it improbable that they had ever been transported 
very far by ordinary river-action. A few of these angular flints 
may be found lying on the surface of the ground in the fields to the 
south of Amy’s Mill Farm. This occurrence of flints on the flanks 
of the central dome is extremely rare. Murchison, in fact, states 
that flints do not occur in this portion of the Arun valley. 

During the remainder of its course through the Weald-Clay 
country there are few deposits of any remarkable extent beyond 
loams, sometimes containing concretionary ironstone, which is often 
ploughed up, and was originally smelted. Between Rudgwick and 
the Lower Greensand escarpment these loams occur on both sides of 
the river, greatly improving the agricultural value of the land. In 
these loams angular fragments of chert are found in great abund- 
ance, together with some chalk flints. 

To the south of the Lower Greensand escarpment, however, there . 
are extensive deposits of angular gravel, resting chiefly upon the 
Lower Greensand, but occasionally also upon the Gault and Upper 
Greensand formations. These beds appear to consist of two distinct 
kinds. In the first place, there is a true river-gravel, which occurs 
in patches along the course of the Rother between Pulborough and 
Cowdry Park; but this lower river-gravel is sometimes difficult to 
separate from other extensive patches occurring at much greater 
heights above the present level of the river. 

Sections of the lower gravel are to be seen in several places in the 
railway-cutting between Coates and Pulborough. At Fittleworth 
from 5 to 10 feet of gravelly loam is seen, containing whole and 
broken flints, both angular and subangular, together with ironstone 
and chert, and occasionally a rolled pebble of flint. The junction of 
the Lower Greensand is often marked by the presence of large 
masses of ironstone ; but stratification is only very slightly indicated. 
In some places the gravel has intercalated beds, 4 or 5 feet thick, of 
sandy loam, with only a few flints. From the abundance of flints 
on the surface this bed of gravel appears to extend over the whole 
area between Coates Common and Coldwaltham to above the 100 feet 
contour. At Hardham a pit shows about 6 feet of sandy gravel, 
with very marked stratification, the beds being sometimes violently 
contorted, and the same gravel is seen again at Hardham Tunnel. 
All these gravels agree in containing stones of very different sizes, 
from large unbroken flints to very small, sharp, shattered frag- 
ments, and chert and ironstone are very abundant. On the north 
bank of the Rother this gravel is again seen at Lower Fittleworth, 
where I procured a fragment of bone. On the very summit of 
Fittleworth Common, above the 100 feet contour, there are several 
pits showing good sections of gravel with a rude and contorted 
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stratification, and often penetrating the Lower Greensand in huge 
pockets. The diagram (fig. 1) shows an upper and lower bed of 

Fig. 1.—Section on Fittleworth Common. 

DAWSONSC. 

B 

D. Angular gravel. B. Angular gravel. 
C. Loam. A. Mounds of rubbish. 

angular gravel, separated by an irregular bed of sandy loam con- 
taining no flints. This gravel continues past Lee Farm to the river 
Arun, at Stopham ; but on the left bank of the river not a flint is to 
be seen in the section at Stopham Bridge, where a distinctly bedded 
river-gravel occurs, containing only Lower Greensand and Wealden 
detritus. Thus, while the Rother has brought down an abundance 
of angular flints, the Arun, emerging from the Lower Greensand 
defile, has accumulated only such detritus as is furnished by the 
Lower Cretaceous and Wealden strata (see fig. 2). 

Fig. 2.—Section at Stopham Bridge. 

D. Angular fragments. 
C. Loam, with no stones. 
B. Pebbles (waterworn). 
A. Pebbles, with large masses of ironstone. 

Following the main stream down towards the chalk gorge at 
Houghton, a good coating of gravel is found on the isolated hill at 
Timberley, at a height of 57 feet above sea-level. In the railway- 
cutting here 5 feet of angular and subangular flint gravel is seen, 
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with occasionally a very marked stratification. 
A similar gravel capping is found on the isolated 
a0 feet contour to the west of Amberley, and 
again at Houghton, while, within the gorge, the 
gravels of North and South Stoke, and the 
mammaliferous gravel at Peppering, 80 feet 
above the present level of the Arun, have already 
been sufficiently noticed *. 

At Greatham, on the left bank of the Arun, 
the gravels differ chiefly from those just described 
in containing very much less chert. Chert, in 
fact, as a prominent constituent of the gravel, 
as confined to the right bank of the rwer, which is 
in striking harmony with the difference in com- 
position and texture of the Greensand beds lying 
to the west of the river, where a brittle and 
cherty stone succeeds to the compact argillaceous 
stone of Pulborough *. 

Gravel extends all along the left bank of the 
Arun from Greatham through Rackham to Wig- 
gonholt and Wickfield Bridge, where two small 
tributary streams, the Chilt and the Stor, join 
the main river. Near Wiggonholt Common, on 
the very edge of the alluvium of the Arun, some 
pits show the following section :—2 feet of white 
sand, with few or no flints, resting on a narrow 
band, 6 inches in width, of dark sand. Below 
this are 4 feet of sandy gravel, with small an- 
gular flints and large lumps of ironstone. On 
the summit of Wiggonholt Common, at a height 
of 132 feet above the river, the surface-deposit 
consists of a thin coating of angular flints, with 
a little ironstone, but no chert fragments. Traces 
of rude stratification are seen in this gravel in 
some of the sections, and the level is nearly 
the same as the highest gravel of Fittleworth 
Common, on the opposite side of the river. 

The gravels of the Stor, near Hurston, are an 
instructive example of the denudation effected 
by this small stream (see fig. 3). On each side 
of the river beds of gravel occur, extending 
above the 50 feet contour. There can be no 
doubt that these are old river-gravels of the 
Stor. At Redford sections are seen showing 
about 5 feet of ferruginous sandy gravel with 
contorted stratification. In the lower parts flints 
are small and scarce, and the sand is finely 

* Mantell, ‘Geology of S.K. England,’ p. 41. 
t Martin, ‘Geological Memoir on part of W, Sussex, 

p- 67, 
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laminated. On Hurston Warren the same gravel is seen in frequent 
sections, covering the small plateau between the two streams to a 
height of 50 feet. These gravels contain angular and subangular 
flints and ironstone, but no chert. It is in these valley- and terrace- 
gravels that mammalian remains have been found in several localities, 
as at Burton Park, Fittleworth, Wiggonholt, and Peppering; and 
Murchison states that these remains only occur where the drift is 
protected from percolation by a capping of loam or clay. 

But in addition to these gravels of undoubted river-origin, there 

are other deposits which do not appear directly connected with the 
present river-system. From Petersfield to West Heath, and thence 
to Rogate, Trotton, and Midhurst Commons, extensive beds of angu- 
lar flint-drift, often mingled with ironstone fragments and chert, 
rise in places to 500 feet above sea-level and 300 feet above the 
present drainage-level. West of the Arun these beds of angular 
drift are most abundant between the Rother and the Chalk escarp- 
ment, but they do not usually occur either on the Upper Greensand 
or Gault. The higher grounds, also, near the summit of the Lower 
Greensand escarpment are quite free from flints. Murchison has 
described these beds so fully that nothing need be added here con- 
cerning them*. East of the Arun, however, upon or near the 
watershed between the Arun and Adur rivers, similar beds occur, 
and these will now be described in detail. 

Near Storrington, on approaching the summit of the hill known 
as Sullington Common, angular flints become pleatiful, and several 
small pits have been opened in a true gravel-deposit of variable 
thickness, and extending in patches as far as Clayton on the west 
and Wantley on the north. The deposit is thickest on the highest 

Fig. 4.—Section on Sullington Common. 

3. Black sand, with bleached flints. 
2. Sand, with a few flints. 
1. Angular gravel. 

contours of the Lower Greensand, which reach the height of more 
than 200 feet in this district. A pit near the Washington road shows 
from 1 to 5 feet of sandy gravel, the upper part bleached, the lower 
part ferruginous. The flints vary from a diameter of four inches to 
the smallest fragments, some of which are so angular and fresh that 
their edges cut like a knife. Ironstone occurs sparingly, but chert 
is apparently absent; below the gravel is found sand, with a few 
flints here and there. Scarcely any traces of stratification can be 

* Quart. Journ. Geol. Soc. vol. vii. p. 349. 
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detected in this section, and, after a long and careful search by Mr. 
P. R. Head and myself, no traces of any flint implements were dis- 
covered. In 1881 a pit was opened near the windmill, in which, as 
on Fittleworth Common and elsewhere, the deposit consists of two 
distinct parts, angular gravel and an irregular bed of sand contain- 
ing few flints (see diagram, fig. 4). Obviously connected with this 
spread of gravel is another smaller patch on Kithurst Warren, at a 
height of 150 feet above sea-level. In a small pit in the fir planta- 
tion contorted stratification is visible, and the angular gravel over- 
lies an irregular bed of sand containing only a few flints, and resting 
upon an eroded surface of Lower Greensand. The junction is well 
marked by a layer of ironstone and angular flints (see diagram, 
fig. 5). No flint implements have been detected in these beds, 

Fig. 5.—Section at Cootham Firs. 

3. Angular gravel, with contorted stratification. 
2. Sand, with a few angular flints. 
1. Lower Greensand. 

which continue at intervals still further westward, reaching in 
Parham Park an elevation of 200 feet. Although this last locality 
is within a mile of the alluvium of the Arun, it does not seem 
probable that these accumulations of flint-drift have any connexion 
with the lower river-gravels of Wiggonholt and Greatham, beyond 
furnishing some of the materials of which the latter are composed. 

Going eastward from Sullington Common towards the water- 
shed angular flints abound everywhere, and sections of thin gravel 
are plentiful above the 200 feet contour. This gravel rises to an 
altitude of 300 feet at Longbury Hill, where it is seen much mixed 
with large masses of ironstone. ‘The best section in this patch of 
gravel is on the roadside at Gravel-pit Plantation, where 5 feet of 

ferruginous sandy gravel are exposed. Here there are very decided 
traces of stratification, often slightly contorted. Seams of clayey sand 
are intercalated with the gravel, and the base, consisting of sand 
with only a few flints, rests upon an eroded surface of Lower Green- 
sand (fig. 6). This gravel lies exactly upon the watershed between 
the Arun and the Adur (see fig. 11, p. 656). Continuing along the 
road from Washington to Steyning the ground again rises above the 
200 feet contour near Lower Chancton Farm, and here again there 
are small sections showing a thin coating of gravel of the same 
nature as that of Longbury Hill. This patch of flint-drift appears 

to extend past Buncton to Guess’s Farm, but disappears on descend- 

ing below the 100 feet level on the north. A striking feature of this 
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deposit is its extension in a thin band from Lower Chancton Farm 
past New Common copse to Lock’s Farm, right at the base of 
Chanctonbury Hill, thus forming a remarkable exception to the 

Fig. 6.—Section on Longbury Hull. 

DAWSON Se. 

3. Angular gravel, with seams of clayey sand. 
2. Sand, with a few angular fiints. 
1. Lower Greensand. 

almost total absence of broken flints from the Gault and Upper 
Greensand of the rest of the Arun basin *. 

The Adur Basin.—Leaving the watershed at Longbury Hill, the 
ground rises between Ashington and West Grinstead in a long ridge 
to a height of nearly 150 feet at Hooklands and 180 feet at Windcave’s 
Farm. Thence there is a gradual fall to the level of the river at 
West Grinstead. The whole of this ridge, consisting of Weald-clay, 
is covered thickly with whole and broken flints, intermingled with 
a few small fragments of ironstone. The boundaries of this bed of 
drift are very clearly defined on the north-west by the small stream 
running past Benton’s Place and New Barn, and on the south-east 
by a line running from Hook Farm to Clothall’s Farm. This ridge 
is separated by a deep valley from the high ground at Ashurst, 
which reaches an elevation of 83 feet near Pepper’s Farm. Here 
also a coating of angular flints is seen upon the surface of the 
Weald Clay and Lower Greensand, and several small sections occur, 
showing 1-2 feet of gravel. The flints are occasionally cemented 
into a dark ferruginous breccia. As at West Grinstead, the drift 
extends right down to the margin of the river. The banks also of 
the small stream running past Honey Bridge have a narrow fringe 
of gravel, extending in places up to the 50 feet contour. Following 
up the course of the Adur towards its source flints occur again 
to a slight extent near Shipley, but after passing Coolham their 
occurrence is extremely rare. 

Undoubted river-gravels of the Adur occur at several places on 
the right bank of the river between Bineham Bridge and Bramber. 
At Heath Barn, near Horsebridge Common, they cover the 50 feet 
contour, but around Wickham Farm they reach the height of 95 feet. 
A thick coating of flints is seen again on the opposite side of the 
river at Streatham, but at no great height above the stream. Nearer 
Steyning the railway-cutting exposes about 3 feet of gravel at a 

* This does not apply to the Gault near the banks of the Arun, which, at 
Wiggonholt, Hardham, and 'Timberley, is covered with river-gravel, as previ- 
ously described. 



644 MR. J. VY. ELSDEN ON THE SUPERFICIAL GEOLOGY OF 

height of 30 feet above the river, with angular and subangular flints 
and very imperfect traces of stratification; and again south of 
Steyning railway-station the 50 feet contour is covered with a similar 
deposit. These gravels contain chiefly flints, Wealden sandstone, 
and a little ironstone, and differ totally in composition from the 
gravels in a similar position with respect to the Arun valley. 

Crossing to the eastern side of the Adur valley, a long narrow 
ridge of gravel and flinty loam is found extending from the river- 
side at Catsfold, past Henfield to Bilsborough and Blackstone Farms. 
The flints are thickest above the 50 feet contour, and small sections of 
gravel are to be seen at Henfield in the pond at Henfield Place, and 
also near Parsonage Farm. The highest points reached by this drift 
are 103 feet at Furner’s Farm and 100 feet at Wantley Farm, thus 
nearly corresponding with the highest gravel on the opposite side 
of the river at Ashurst (see section, fig. 13, p. 656). The influence of 
drift loams on the stiff soil of the Weald-clay is well seen at Park 
Farm, where the fields on the southern bank of the stream have a 
light, friable soil, contrasting strongly with the bare Weald-clay on 
the northern bank. Smaller patches of flinty loam occur at Sibb’s 
Farm and also at Chates, where it is strongest on the isolated 50 feet 
contour. The long ridge of detritus just mentioned borders and 
faces the stream running due west from Hurstpierpoint. ‘To the 
south of a lime drawn from Henfield to Blackstone between these 
points and the chalk escarpment scarcely a flint is to be met with, 
although a good deal of the ground lies above the 100 feet contour. 

Going eastward from Blackstone the ground rises considerably, 
and between Albourne and Hurstpierpoint we approach the sources 
of the small tributary streams which drain into Cutler Brook from 
the south. These streams have cut small valleys into a plateau 
covered with angular flint drift. This is especially well seen at 
Albourne Place, where the flints are most numerous on the highest 
level, 136 feet above the sea; and again at Sandpit Cottage, Calves 
Wood, and thence to Danny Park and Hurstpierpoint, where sections 
of gravel may be seen above the 200 feet contour at Tott’s Farm (see 
section, fig. 12, p. 656). Throughout the whole of this district the 
tops of the plateau are drift-covered and the valleys almost com- 
pletely free. This spread of drift can be traced along New Lane 
to Stonecroft Copse and thence to Ockenden’s Wood, intruding into 
the Upper Greensand almost to the very foot of the chalk escarpment. 
Around Clayton the drift is absent, but a small patch of flint-covered 
soil is again seen on the new road, near the Halfway-house, resting 
upon the Upper Greensand. These spreads of angular flints can 
scarcely be reierred to the existing streams, since they occupy the 
highest contours, and are very near the main watershed. 

From this plateau-drift, however, true river-gravel and flinty 
loam have been formed on the left bank of the stream which flows 
from Hassock’s Gate to Danworth Farm and Hickstead. Near 
Hickstead Bridge the Weald-clay is covered with a thick deposit of 
angular flints, which are almost entirely absent on the right bank, 
thus proving their derivation from the higher grounds around Hurst- 
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pierpoint. All these gravels agree in containing both angular and 
subangular flints, very little ironstone, and no chert or Wealden 
sandstone. 

We now come to the line of watershed between the Adur and the 
Ouse, the elevated ridge running through Ditchling to Burgess Hill. 
At the village of Keymer, half a mile from Ditchling, small traces of 
flint-drift are to be seen near the Post Office; but on ascending to 
the summit of the water-parting at Lodge Hill, 278 feet above sea- 
level, the fields are again strewn with an abundance of flints, which 
become thickest near Oldland Windmill. This bed of gravel is 
entirely confined to the summit of the watershed, and disappears 
abruptly on descending below the 200 feet contour in any direction. 
Following the line of watershed from Ditchling to Burgess Hill the 
surface is at first depressed, and there is no sign of any dritt; but 
the moment we ascend the higher ground at Burgess Hill small 
sections of gravel, from 1 to 3 feet in thickness, again appear at about 
200 feet elevation. The flints here are as angular as any observed 
elsewhere, and they rest upon the Weald-clay. On the hill at 
Inholmes Farm the clay has been extensively worked for bricks and 
pottery, and on closely examining the sections numerous pockets of 
gravel are seen, sometimes dipping from 2 to 3 feet into the clay and 
then again thinning out and perhaps entirely disappearing. The 
flints are very angular, no traces of stratification are here visible, 
and there is very little admixture of ironstone. The general 
appearance of these remnants of angular gravel is represented in 
the diagram (fig. 7). Again, at Oathill Farm the fields are thickly 

Fig. 7.—Section at Inholmes Farm. 

1. Weald clay. 2. Gravel. 

strewn with angular flints to a height of 181 feet above the sea-level, 
or 80 feet above the level of the river. From this point the gravel 
descends to the river, and forms a well-marked bed along its left 
bank, the right bank at Wivelsfield and Lunceshill being quite 
free from any detritus, nor was any trace of this gravel found in 
the lower grounds lying to the west of the line of railway. An 
interesting feature of this gravel at Oathill is that it rests partly 
upon the Hastings beds, and, unlike the gravel at Amy’s Mill, near 
Horsham, previously described, it consists almost entirely of angular 
flints, with only a very small admixture of Wealden fragments. 

Crossing now the valley between Burgess Hill and Ditchling 
Common, the gravel reappears at the latter place on reaching an 
altitude of from 170 to 200 feet, and at Ditchling Potteries several 
sections are visible, showing from 1 to 5 feet of angular flint-gravel 
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resting upon Weald-clay. In some cases faint signs of stratification 
are visible, and there are intercalated seams of clay. Many of 
the larger stones have their axes horizontal, and, as at Inholmes 
Farm, the gravel penetrates eroded hollows in the Weald-clay 
beneath. The angular flints continue to occur in patches wherever 
the ground rises above the 200 feet contour, and thick coatings 
may be seen covering the fields near Middleton Common Farm, 
and again in parts of Blackbrook Wood; but the drift suddenly 
disappears on descending to the lower levels north of Plumpton 
Green. 

Thus we see that the line of watershed from near the chalk 
escarpment at Ditchling to the very edge of the central dome of 
Hastings beds still retains, on its highest levels, isolated patches of 
angular gravel, in every respect resembling the watershed gravels 
previously described near Sullington and Heath Common; while 
along the margins of the Adur and its tributaries there occur, in 
several localities, true river-gravels at various heights above the 
present level of the water. 

The Ouse Basin.—Descending from the watershed at Ditchling 
Common, a small belt of river-gravel may be traced along the 
course of the stream which flows from Blackbrook Farm past 
Plumpton Railway Station. This stream joins the Ouse at Bar- 
combe Mill, near which gravels occur in several localities. One 
patch occupies the 50 feet contour at Crink Hill, and ascends at Bar- 
combe Cross to an altitude of 100 feet above sea-level, or nearly 70 
feet above the present level of the Ouse. This gravel contains flints, 
Wealden-sandstone and Lower-Greensand débris, and rests upon 
Weald-clay. It is separated by a small valley from another similar 
patch at Barcombe village, where it occurs at a height of 120 feet, 
near the windmill, while a third patch is seen at Banks Farm, on 
the north of the stream which runs from Plumpton. About a mile 
north of Cooksbridge the ground rises considerably, and near Folly 
Farm the 200 feet contour is reached. Here angular flints again 
become numerous; but it does not seem probable that these have 
any connexion with the present drainage-channels, since they 
occur at some distance from any existing stream, and are consider- 
ably higher than the gravels at Barcombe. In level they agree 
with the watershed gravels at Ditchling previously described, and 
they may possibly be the last remnants of a plateau-drift. 

Continuing along the margin of the Ouse, gravel with many angu- 
lar flints occurs again at North End, near Hamsey, where it attains 
an elevation of about 60 feet above the sea-level, and near Welling- 
ham, on the opposite side of the river, other small patches occur at 
nearly the same altitude. These are about 50 feet above the level 
of the river, and are evidently old river-gravels of the Ouse. At 
about the same level we find gravel at Malling House, near Lewes, 
and again on the opposite bank of the river in a well-defined 
terrace between the 50 and 100 feet contours. <A good section of 
this gravel is seen in the railway-cutting near St. John’s Farm. 
The flints are very angular, but there are some Tertiary pebbles. 
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Although this is undoubtedly a terrace-gravel, scarcely any signs of 
stratification are visible in this section. South of Lewes gravel 
occurs on the summits of the two low hills, called respectively 
Upper and Lower Rise, at an elevation of nearly 50 feet above the 
level of the alluvium. Besides flints, some Tertiary and Wealden 
pebbles occur here. The whole of the slope bordering the alluvium 
between Kingston and Rodmell is covered with angular drift up to 
the 100 feet contour, making a well-defined terrace-gravel. At Rod- 
mell windmill there is an interesting section of this gravel resting 
upon the Lower Chalk, into which it penetrates in deep pipes, 5 or 
6 feet deep. The gravel here consists of angular and subangular 
flints, apparently less angular than the watershed-gravels, with a 
lot of small Wealden pebbles, disseminated through a clayey loam. 
The pipes have a well-defined coating of clay, with only a few 
flints, between the gravel and the chalk, a phenomenon which has 
previously been noticed in connexion with gravel-pipes in calcareous 
rocks *, 

Crossing now to the eastern bank of the Ouse, from Beddingham 
to West Firle, and thence to the railway at Burgh Bridge, a good 
many flints are scattered over the surface in a thin band parallel to 
Glynde Reach, and occupying generally the 50 feet contour; but no 
sections were noticed showing any depth of gravel. Between West 
Firle and Selmeston also the fields usually have a plentiful coating 
of angular flints, especially near Ripe Crossing and Sherrington. 

So far as the river-gravels are concerned, the Ouse north of 
Barcombe has very few patches of any importance, although small 
deposits occur at Isfield, Little Horsted, Buckham Hill, and Buxted 
Park, while loams and brickearth occur near Sheffield Bridge and 
Tindfield. On entering the Hastings-beds country flints no longer 
occur either on the surface or in the river-gravels. 

The watershed between the Ouse and Cuckmere passes through 
Selmeston, and on approaching the higher ground near this place 

Fig. 8.—Section at Selmeston Church. 
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ene He, 

1. Lower Greensand. 9. Gravel. 

flints become more abundant, until near Selmeston church a good 
section is seen showing 7 or8 feet of angular gravel resting upon an 

eroded surface of Lower Greensand. The flints here are very 

* Prestwich, Quart. Journ. Geol. Soc. vol.xi.p.79; and Foster and Topley, 

“ Superficial Geology of the Medway,” Quart. Journ. Geol. Soc. vol. xxi. p. 459; 
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angular, and there is but little admixture of ironstone. No trace 
of stratification is to be noticed, and the gravel sometimes makes 
huge pockets in the Greensand below (see diagram, fig. 8). It is 
interesting to find this bed of gravel rigidly confined to the 100 feet 
contour, which extends from Selmeston to Berwick Station, where 
sections are again visible in the railway-cutting. On descending 
this ridge and ascending again to a similar level on the isolated hill 
at Mayo the flint-drift reappears, capping the hill, but not a trace 
is to be seen in the lower grounds to the north around Ripe and 
Laughton. Approaching the Cuckmere river there is only one 
locality in which the 100 feet contour is reached, and this on a small 
hill immediately overlooking the river, about half a mile south- 
west of Sessingham. The altitude here is 110 feet, or nearly 
90 feet above the level of the river, and this hill is again capped 
with angular flint-gravel. This is so evidently an outlying patch 
of the gravel at Selmeston and Berwick Station that it is noticed 
here, although the locality is well within the Cuckmere basin. 
The Selmeston gravel extends southwards as far as Berwick church, 
overlapping the Gault and part of the Upper Greensand. 

Thus in the Ouse basin we find an exact repetition of the 
phenomena observed in the basins of the Arun and Adur, viz., well- 
defined river-gravels bordering the streams at various altitudes, and 
traces on the watersheds of an old plateau-drift which furnished 
part of the materials for the gravels of the lower levels. 

The Cuckmere Basin.—The gravels which have just been 
described as occupying heights of 100 feet or more above the 
sea-level at Berwick Station are intimately connected with other 
beds at a lower level, which seem to be of undoubted river-origin. 
The reason for the close proximity of these gravels is to be found in 
the narrowness of the Cuckmere valley and the small distance 
intervening between the river and its watershed. The lower gravel 
is to be seen on descending the hill at Berwick church, towards 
Lower Berwick. From this point it extends past Winton to 
Alfriston in a narrow band, fringing the river at between 25 and 
30 feet above its present level. On the opposite side of the river, at 
Milton Court, it occurs again, and several patches of angular flints 
are to be found higher up the river, as at Highfield Bank and 
Milton Barn. Near Milton Crossing a good section of this lower 
gravel is to be seen in a cutting south of the railway, where 3 or 
4 feet of loam and gravel, full of angular flints of all sizes, rest upon 
an uneven surface of Lower Greensand. ‘There are here distinct 
traces of stratification, although the flints are very angular. This 
bed of gravel covers the 50 feet contour close to the river. Similar 
gravel occurs at the same elevation on the opposite side of the river, 
and again near Chilver Bridge, where the whole of the 50 feet level 
is thickly covered with angular flints. 

Between this point and Michelham the banks of the river consist 
of low mounds of loam, with many very small Wealden fragments 
and a few flints; but at Michelham Priory there is a small bed of 
river-gravel, chiefly composed of waterworn Wealden pebbles 
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together with a few angular flints, but at no great elevation above 
the river. 

Approaching the eastern watershed of the Cuckmere, traces of old 
flint-covered surfaces again become visible on the highest contours. 
Thus, in Abbot’s Wood, near the Royal Oak public-house, indica- 
tions of a thin coating of angular flints occur at an elevation of 
134 feet above sea-level, and again at New House at a height of 
136 feet. A striking example of the occurrence of this flint-drift on 
the highest levels only is to be seen in a field near Eastland 
Coppice, where the highest level in the neighbourhood is reached at 
an altitude of 152 feet. Here there is an abundance of angular flints, 
with some Tertiary pebbles; but no sections occur to show any 
depth of gravel. Although these gravels appear to be very thin and 
in fragmentary patches only, it is interesting to note even the 
smallest traces of flint-drift on the watershed of this the last and 
smallest of the rivers in the area under discussion. 

Of the deposits of the Ashburn valley there is nothing to add to 
what has already been described by Sir R. Murchison * and Dr. 
Mantellf. The superficial deposits are chiefly loams, from which at 
Eastbourne many bones of fossil Mammalia have been obtained. 

Subaerial Deposits:—Besides the above-mentioned accumulations 
of angular flint-drift, the surface of the Lower Greensand in many 
localities has a few feet of sandy or loamy deposit containing large 
angular fragments of ironstone and generally small angular flints 
sparingly disseminated throughout the mass. In the majority of 
cases where this deposit is present the surface of the rock below is 
greatly eroded, and ironstone is not present. From the constant 
manner in which these deposits confine themselves to the outcrop of 
the Sandgate beds, there can be little doubt that they are merely 
superficial accumulations. 

Occasional flints, as well as Lower-Greensand ironstone, are 
scattered over the surface of the Weald-clay to the very margin of 
the central dome. Tertiary pebbles also are frequently to be met 
with. These doubtless represent the remains of the strata which 
formerly covered the Weald-clay area. Flints, however, are much 
less frequently met with on the Weald-clay of the Arun valley than 
in the case of the Adur and the Ouse. 

Erratic Blocks.—Not a single instance has been noticed of the 
occurrence of foreign boulders upon the surface of the Wealden 
valley itself, but I procured a moderately large granite boulder from 
the summit of the Chalk escarpment. The boulder lay amongst a 
thick coating of flints on some ploughed land at Kithurst, close to 
the edge of the escarpment, and exactly upon the 600 feet contour of 
Kithurst Hill. The occurrence of this boulder is so remarkable 
that it merits a more detailed description, The mass weighed 
between 5 and 6lbs., and had an irregular shape, with a rough 
surface destitute of any signs of scratching or polishing by ice- 
action. When broken it exhibits the structure of a moderately 

* Quart. Journ. Geol. Soe. vol. vi. p. 355. 
t ‘Geology of S.H. England,’ p. 43. 

Q.J.G.8. No, 172. Dy 
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Fig. 9—Map of the Southern Portion of the Wealden Arca. 
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coarse-grained granite, with an abundance of pink and white 
felspar, and small grains of quartz. Black mica is also present. 
Although the rock is much decomposed, I prepared a thin slice for 
microscopic examination. In this the felspar is seen to predomi- 
nate largely and is almost wholly kaolinized, scarcely any of it 
retaining the depolarizing power. Iron stains are common along 
the edges and cleavage-planes of the crystals. The quartz is in 
irregular grains, and sometimes discoloured by decomposition-pro- 
ducts: the grains are generally cloudy, owing to the presence of 
innumerable minute fluid- or gas-cavities. The mica is biotite, very 
dark and strongly dichroic. Hornblende does not appear to occur, 
but some opaque patches of magnetite are to be seen. ‘The section 
bears a strong resemblance to a specimen of Peterhead granite in 
my cabinet. 

Until the conveyance of this boulder to its position on the Chalk 
escarpment by natural transport is confirmed by the discovery of 
other blocks, it will be better not to venture upon any theory as to 
its origin, especially as the presence of erratics in such a position 
would necessitate a modification of accepted views respecting the 
physical condition of the south of England during the Glacial 
epoch. 
: General Conclusions.—Although it is clear in many cases that the 

gravels just described bear a close relation to the present drainage- 
channels, and old river-beds are easily to be recognized at various 
elevations above the present water-level, yet there are many 
difficulties to be encountered when it is endeavoured to explain the 
origin of the beds of angular drift which lie either upon the main 
watersheds or upon the higher contours far removed from existing 
rivers. Sir R. Murchison maintained that all the beds of angular 
drift within the Wealden area, irrespective alike of their position 
with regard to the river-valleys, their composition, or the evident 
traces of stratification which many of them reveal, are ‘the results 
of an agency of vast intensity,” of a former powerful but transient 
current, which ‘‘ denuded the surface of the bare rocks in many 
parts, and at the same time distributed broken materials along a 
zone of limited width,” especially where the higher ridges arrested 
the progress of the current*. In support of this theory he dwells 
particularly upon the want of stratification in the drifts of this 
area, and also upon the fact that in the more eastern portions the 
stones are more waterworn, and finally give place to beds of loam 
without any admixture of flints. Mr. Martin supported this view 
with the statement that the Weald valley looks like a great water- 
channel after a flood—some parts being clean denuded, others loaded 
with driftt. Prof. Prestwich in 1851 agreed with Murchison in 
advocating the sudden, tumultuous and rapid accumulation of the 
angular drift, and Mr. Hopkins, in 1852, expressed similar views ¢. 

* Quart. Journ. Geol. Soc. vol. vii. p. 349. 
t ‘Geol. Mem. of Part of W.Sussex,’ p. 84; and ‘ Phil. Mag.’ ser. 4, vol. vii. 

p. 116. 
t Quart. Journ. Geol. Soe. vol. viii. p. xliv. 

Pets aor 



652 MR. J. V. ELSDEN ON THE SUPERFICIAL GEOLOGY OF 

A general review of the evidence in favour of this view has been 
so recently given by Mr. Howorth* that it only remains here to 
examine how far the theory of a sudden flood will explain the facts 
described in this paper. 

In the first place, it becomes evident to anyone who carefully 
examines these beds of drift that, instead of having been formed 
after the present configuration of the land had been established, and 
having been arrested here and there from some rapid current, all 
the evidence points to an interruption in the continuity of the beds 
by the subsequent lowering of the valleys by denudation. The 
accompanying sections, drawn across the river-valleys, point to the 
existence of an ancient drift-covered plateau lying between the base 
of the Chalk escarpment and the margin of the central dome (see 
figs. 10-12). Denudation has destroyed almost every trace of this old 
plateau, except on the higher grounds, near the watersheds, and even 
here the remnants of the drift are thin and fragmentary, and are cut 
through by the smallest depressions. This is especially noticeable 
around Hurstpierpoint, Ditchling, Burgess Hill, and Berwick. In 
fact wherever the smallest trace of the plateau-drift has been pre- 
served it is invariably confined to the highest contours, and ends 
abruptly on passing a certain level. From this ancient plateau the 
flint-drift trails out in the direction of the streams, forming lower 

terrace-gravels of more recent origin. 
Murchison’s statement that the gravels become more waterworn 

in the eastern portions of this area was not borne out by my observa- 
tions, the gravels at Selmeston and Berwick being quite as angular 
as any of the more western drifts. Moreover, the theory of a strong 
current setting out from the west is scarcely in harmony with the 
lccal character of the drifts of different areas. Thus at Hardham, on 
the right bank of the Arun (fig. 3), the gravels contain an abundance 
of ironstone and chert from the Lower Greensand, and these sub- 
stances occur i situ at no great distance from the river. But on 
the left bank of the same river chert is much less plentiful, and 
becomes quite rare in the gravels of the upper parts of the eastern 
tributaries, which do not flow through districts in which chert is a 
constituent of the rocks. Jronstone also, which is abundant in the 
gravels otf the Arun and Adur, becomes quite scarce in the valleys 
of the Ouse and Cuckmere, where the Lower Greensand is lower 
and thinner and only occasionally contains bands of ironstone. 

This same connexion between the materials composing the gravels 
and the composition of the underlying strata may also be noticed in 
the watershed gravels. Thus the drift at Petersfield is stated by 
Murchison to consist only of flints: further eastwards it becomes 
mixed with chert and ironstone; but at Longbury Hill, between the 
Arun and Adur basins, scarcely any chert is to be found, although 
an abundance of ironstone occurs both in the gravel and in the 
underlying strata. At Ditchling and Burgess Hill even the iron- 
stone is tar less common, and at Berwick it becomes quite insignifi- 
cant. The Arun gravels, again, contain no considerable quantity of 

* Geol. Mag., Nov. 1882, p. 509. 
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flints until after receiving the Rother and the Stor, two tributaries 
which rise near the Chalk escarpment. The Adur, in both its 
western and eastern branches, has flint-gravels only where its 

tributaries rise in the flint-covered surfaces near its watersheds. 
Any tumultuous easterly current would certainly have mixed up 

the detritus to a sufficient extent to have obliterated any such 
evidences of a purely local origin. The theory, therefore, of a 
torrential current, while certainly not required for the explanation 
of the lower gravels, is inadequate to account for the origin of even 
the watershed-drifts. 

Let us now endeavour to compare the drift-phenomena of Sussex 
with those of neighbouring districts. When we turn to the 
northern watershed of the Wealden area, we find there, as Mr. 
Topley has long ago pointed out, extensive deposits of gravel, nearly 
all of which can be referred to the action of existing rivers when 
they flowed at a higher level. But in two separate localities gravel 
deposits occur, the origin of which is not so clearly established. One 
of these is at Limpsfield, at the western end of the Darent valley, 
where a coarse angular gravel occurs on the watershed, 500 feet above 
sea-level. The other is at Warren House, near the eastern water- 
shed of the Stour, where gravel containing Tertiary pebbles caps a 
hill 300 feet above the sea. Of these two patches of gravel Mr. 
Topley remarks that, under any theory, they are difficult to account 
for, and their origin must for the present be left undecided*. We 
see therefore that there is a general agreement in the drift-deposits 
of the northern and southern portions of the Weald. In both cases 
we find river-grayels, and also gravels on the watersheds, of which 
the origin cannot be traced to any existing streams. 

If, sow, we extend our observations beyond the Wealden area, we 

find, in Hampshire and the Isle of Wight, gravel-deposits which 
Mr. Codrington considers to be of far greater age than the valley- 
gravels of the rivers Tt. These gravels reach an elevation of 420 feet 
in the New Forest and 390 feet on Headon Hill. Now no one can 
avoid being struck by the close resemblance between the Headon- 
Hill gravels and those of the Wealden area of West Sussex. Mr. 
Topley has already suggested a possible connexion between the 
angular gravels of Midhurst and Rogate Commons and the higher 
portion of the great Hampshire sheet of gravel in its easterly ex- 
tension. Mr. Prestwich, again, in describing the Quaternary 
phenomena in the Isle of Portland and around Weymouth, says :— 
“Capping the high chalk ranges of Upton, the White Nore, and 
Abbotsbury, is a thick bed of perfectly angular sharp chalk-flints in 
a reddish clay reposing on a deeply-indented surface of chalk, while a 
similar angular drift composed of fragments and masses of chert and 
ragstone caps the Upper-Greensand hills north of Abbotsbury... .. 
I merely refer to them as having been the storehouses whence much 
of the latter drift-beds have been supplied” =. Devon and Cornwall 

* Topley, ‘Geology of the Weald,’ p. 297. 
+ Quart. Journ. Geol. Soe. vol. xxxyi. p. 549. 
} Ibid. vol. xxxi. p. 41. 
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also show abundant traces of plateau-gravels, at heights varying 
from 300 to 1200 feet above sea-level. The miterials of these 
gravels are mostly of local origin, and, while the slopes of the hills 
are free from drift, the valleys have abundant gravel-deposits up to 
100 feet above sea-level *. 
Now when we look for an explanation of these phenomena, 

which are seen to be general over the whole of Southern England, 
it is evident that we must accept one of two views. LEither the 
higher plateau-gravels are the oldest, and the lower valley-gravels 
represent former river-beds, and are consequently a measure of the 
denudation which has been effected since their deposition ; or all 
these patches of gravel have been deposited since the excavation of 
the valleys, their sporadic character being due either to a kind of 
selective deposition, or to a subsequent process of selective denuda- 
tion. The former theory has been sufficiently proved by Mr. 
Topley to hold good for the gravels of the northern portion of the 
Wealden area, and the phenomena described in this paper respect- 
ing the southern portion tend to a similar conclusion. 

The chief advocate of the marine theory is Mr. Searles V. Wood, 
who, in an elaborate contribution to this subject as late as 1882 7, 
discredits the view that there has been any considerable excavation 
of the Wealden valleys since the deposition of these gravels, which, 
he states, were accumulated either under the sea, or in estuaries as 
the sea was invading or retiring from the land. 

An examination, however, of the facts described in the earlier 
portion of this paper shows the extreme difficulty of accounting for 
the gravels of the southern portion in this manner. Whether we 
examine the valley of the Rother at Fittleworth, the Arun at Hen- 
field, Wickham, and Steyning, or the Ouse between Barcombe and 
Rodmell, the terracc-qravels always slope gently towards the rwers, 
and terminate abruptly im the opposite direction. Could any process 
of selective deposition or selective denudation by the sea explain 
this fact? Again, let us consider the plateau-gravel of the Adur 
watershed at Ditchling. Here we find three or four isolated hills, 
close together, each capped with gravel, and in each case the inter- 
vening valleys are free from drift. Is it not more in accordance 
with the fundamental principles of geology to see in this fact the 
excavation of the valleys subsequently to the accumulation of the 
drift, than to imagine some unintelligible process of selective depo- 
sition on the summits of these hills, when submerged beneath the 
sea, or a peculiar process of denudation, which during emergence 
swept the valleys clear and left each hill-top covered with drift? 
An exactly similar but still more striking instance of the 
same kind is seen in the Cuckmere valley, where we find isolated 
hill-tops capped with drift, even when an area of only a few square ~ 
yards reaches above the particular contour to which the gravels are 
confined. 

Another argament against the view that the Wealden valleys 

* Belt, Quart. Journ. Geol. Soc. vol. xxxii. p. 85. 
Tt Quart. Journ. Geol, Soc. vol. xxxviu. p. 690. 
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have not been considerably lowered since the Glacial period is to be 
found in the existence of Crag deposits at Lenham, on the edge of 
the Chalk escarpment, which points to the conclusion that the whole 
Wealden valley has been excavated since the Pliocene period *. 

When we come to consider the origin of the plateau-drift, we 
are met by considerable difficulty. The flints are the residue of the 
Upper Chalk which still covered a certain portion of this area after 
marine denudation had exposed the Hastings beds of the central 
dome, and probably also the higher portions of the Lower Greensand 
escarpment. Similar flints, many of them angular and broken, still 
lie in great quantities upon the summit of the Chalk escarpment, 
and in many places, as at Beachy Head, build up a considerable 
thickness of angular, ferruginous gravel, not unlike the drift-gravels 
just described. ‘The broken and shivered condition of the flints of 
the Wealden area has been attributed by Mr. 8. V. Wood to the 
result of alternating frozen and warmer conditions of the surface of 
a soil which remained permanently frozen below 7. 

But to account for the distribution of the beds of angular gravel 
on the higher grounds, and the evident traces of stratification which 
they in many cases present, appears to require something more 
than a mere letting down of the angular flints, in proportion as the 
Chalk disappeared, upon an eroded surface of the inferior strata ; 
for if such a process has been going on during the recession of the 
Chalk escarpment, it should also be going on now, and flints should 
occur, along the base of the escarpment, upon the Upper Greensand 
and Gault. Yet it is just here that the flint-drift is absent, except 
in certain instances near the watersheds, as near Chanctonbury and 
Clayton. An examination, moreover, of the diagrams of the water- 
shed gravels is sufficient to show that such phenomena as contorted 
stratification, intercalated beds of sand or clay, and alternations of 
fine and coarse materials require some more powerful agent than 
mere subaerial deposition, however angular and confused the general 
character of the drift may be. 

It seems necessary therefore to look upon the watershed gravels 
of Heath Common, Ditchling, and Berwick as the remains of an 
eastern extension of the angular drift of Rogate and other parts of 
West Sussex, and as a true subaqueous deposit. 

SUMMARY, 

It will be convenient, in conclusion, to sum up the results which 
it has been the object of the present papey, to prove, viz. :— 

1. That the highest and oldest gravels of this area occur only in 
patches in or near the watersheds: that, although appar- 
ently without fossils, these gravels exhibit some traces of 
subaqueous origin, and may possibly be contemporaneous with 
similar deposits occurring throughcut the southern counties of 
England. 

* Prestwich, Quart. Journ. Geol. Soc. vol. xiv. p. 322; C. Reid, ‘ Nature,’ vol. 
XXXIV. p. D42. 

t Geol. Mag. 1882. pp. 339, 441. 
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. That the valley-gravels have been mainly built up of the 
detritus from the older beds: that these valley-gravels have 
been formed by existing rivers, flowing in their present 
directions, and that in the lower gravels mammalian remains 
have been discovered in several localities. 

. That the gravels of this area are strictly local in character, 
and contain only such detritus as can be derived from the 
districts drained by the different rivers or their tributaries. 

. That a considerable amount of denudation is proved, not only 
by the fragmentary nature of the watershed-gravels, but 
also by the height to which the terrace-gravels reach above 
the present level of the rivers. 

. That the finding of a granite beulder on the summit of the 
Chalk escarpment may, if confirmed by other similar dis- 
coyeries, ccusiderably modify existing ideas respecting the 
physical conlition of this area during the Glacial period. 
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Fig. 10.—General Section across the River- Valleys. (Horizontal scale, a4. Vertical scale, 5257.) 
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Tittleworth. Arun. Hill. Wickham. Adur. Ditchling. Barcombe. Ouse. Laughton, Berwick. 
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Fig. 11.—Séection across the Arun and Adur Watershed. i 1 ' 1 (Horizontal scale, 1,5. Vertical scale, 5745-) 
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Fig. 12.—Section across the Adur and Ouse Watershed. (Horizontal scale, 5,t55- 
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Adur. Henfield. Albourne. Hurstpierpoint. Ditchling. Barcombe. 

Fig. 18.—Section from Ashurst to Henfield, across the Adur Valley. (Horizontal scale, ,;1,,. Vertical scale, >77-) 
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45. On the Anctunt Brace and Bovtpers near Braunton and 
CroypE, in N. Devon. By T. M‘Kenny Huenes, M.A., Wood- 
wardian Professor, Cambridge. (Read June 23, 1887.) 

Tue ancient high-level beaches of tihe south-west of England have 
long attracted notice. Paris * referred some of them to blown sand ; 
Carne 7 and Boase + mentioned the occurrence of similar phenomena 
emt the coast of Cornwall. Godwin- Austen§ described a 
“raised beach” at Hope’s Nose, and later on, in his paper on the 
superficial accumulations of the coasts of the English Channel ||, gave 
an account of several other deposits in different localities, which 
seemed to him to indicate an elevation of the coast-line. The posi- 
tion of many of these beaches is indicated by Greenough on his 
geological map and by De la Beche on the maps of the Geological 
Survey. 
Among the raised beaches we generally find included the sand- 

cliffs of Saunton Down and Middle Borough, on the coast west of 
Barnstaple. These deposits have a further interest attached to 
them from the occurrence at their base of large boulders of various 
kinds of rock, some of which, it would seem, do not exactly resemble 
any rock-masses in the drainage-areas from which they could have 
been transported to where they are now found by any kind of river- 
action. 

Sedewick */, Murchison **, Williams +7, and Dela Beche ¢? have 
described these cliffs, pointing out the bee of the deposits to- 
those of the modern shore, and, assuming that the whole was an 
ancient beach, of course explained its present position by changes 
in the relative level of land and sea. It seems to have been 
generally spoken of as a Raised Beach from the time of these 
earlier cbseryers till the year 1866, when Mr. Spence Bate $$. from 
a careful examination of the sections, returning to the views of 
Paris, arrived at the conclusion “ that the entire structure conduces 
to the conviction that the so-called raised beach is in reality the 
undestroyed remnant of an extensive district of wind-borne sand 
similar to that which now exists on Braunton Burrows.” 

In a paper published in 1867 |||| Mr. Pengelly replies to Mr. Spence 
Bate, and gives exact measurements taken at various points along 
the cliffs. He is led by a consideration of the low level at which 
various land-plants are found to infer that the tide does not now 
often reach the level to which the remains of Balanus indicate that 

* Trans. R. Geol. Soc. Cornwall. vol. i. 1818, p. 4 
+ Ibid. vol. iv. 1832, p. 259. it Tom. cit. pp: 209, 270-278, 320. 
§ Proc. Geol. Soc. vol. 11. 1834, p. 102. 
|| Quart. Journ. Geol. Soe. vol. vii. 1851, p. 118. 
4| Trans. Geol. Soe. vol. v. p. 279; Proc. Geol. Soe. vol. ii. p. 442. 
=* Ibid. 
o Trans. Geol. Soe. vol. v. p. 287; Proc. Geol. Soe. vol i. p. 441. 
{ Report on the Geol. of Cornwall, Devon, and W. Somerset, 1839, p. 425. 
. Trans. Devon Assoc, Ady, Sci. Lit. and Axt, 1866, p. 128. 
{|| Zoid. 1867, p. 415. 
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it once commonly rose. He thinks that the “ transportation ” of the 
great boulder of red granite ‘“‘required more than wave-power 
merely,” and, on the assumption that it was carried on ice, points 
out that it would necessitate a considerable change of level to float 
such a large mass of ice to where the boulder now lies. Inciden- 
tally he notices the vertical shafts in the sand-cliffs, and suggests in 
explanation that the process begins by the infiltration of rain-water 
containing carbonic acid in solution, which dissolves the calcareous 
cement of the consolidated sand, and ‘that in periods of continued 
drought the water evaporates, the winds disperse much of the dry 
loose sand, but communicate a rotary motion to the residue, and 
thus produce the cylindrical or subcylindrical form of the shafts, 
and that by a repetition of this process the shaft is gradually deep- 
ened until it passes completely through the sand-beds.” 

The points to which I invite attention in the following paper 
are :— 

(1) Is this deposit on the southern slopes of Saunton Down a 
raised beach? and 

(2) Were the above-mentioned boulders carried to their present 
position by ice? 

I would avoid any future misapprehension of my meaning by 
defining what I understand by a raised beach. 

A raised beach is a portion of the shore-deposits which were 
accumulated when the land was at a lower level. It is not suffi- 
cient to show that the deposit could not now be laid down by the 
sea in the position and at the height at which it is found, unless it 
can be shown also that no other conditions than a sinking of the 
land would explain its occurrence in such a position or at such a 
height. 

High-water mark for the purposes of this inquiry does not mean 
the level to which the tide rises in calm, but the much higher line 
up to which wind-driven Atlantic waves in spring-tides carry sand, 
shells, and blocks of stone. The tidal range in Barnstaple Bay is 
stated by Mr. Hall to be between 38 and 40 feet; but enormous 
masses of rock may be seen thrown up to much higher levels in 
almost any little cove around this coast. 

We know that stones &c. can be caught in the waves * and 
hurled to the top of vertical walls of rock; but this does not give a 
beach-like deposit. If, however, we have a long slope on an open 
shore, or still more in a narrowing creek or bay, and ocean waves 
breaking on it, beach-deposits (stones, sand, shells, &c.) are carried 
far above what is commonly understood by high-water mark. Alter 
the coast-line, destroy a promontory or sandbank, turn on a current, 
or change the outfall of a river and the sand and shingle are swept 
away ; the sea cuts into the solid rock, and leaves a cliff with the 
thin end of the long shore slope seen on top of it, now many feet 
above high-water mark *. 

That is not a raised beach, for it would require no change of 

* Hughes, Journ. Vict. Inst. or Phil. Soe. Gt. Brit., Feb. 1887, p. 4. 
Tt Cf. Carne, Trans. R. Geol. Soe. Cornwall, vol. ili. 1828, p. 229 et seq. 
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level to produce it. It would be brought about by the uniform 
waste of an irregular coast-line, where the destruction of headlands 
and the shifting of sandbanks and currents determine which part 
of the rocky coast shall have a protecting mantle of sand for a time 
thrown over it, and which shall be stripped to bear the ceaseless 
lash of the waves. 

Referring to the diagram (fig. 1), let L, M represent high- and 

Fig. 1.—Diagram Section showing the Mode of Formation of some 
of the High-level Beaches of Devonshire. 

1. Talus. 3. Ancient shore-deposits. 
2. Modern shore-deposits. 4. Rock. 

low-water mark, the level of ordinary high and low water respec- 
tively, and HF the surface of the existing sand-slope; then the 
waves in storm may break against the foot of the cliff GH, but 
never get as high as K, the base of what is called a raised beach. 

But when A B or CD was the surface of the sand-slope, the sea 
in storm, especially if it was in a bay or creek or corner, would rush 
up the incline along A B or C D toa level far above K. Then when 
the gradual changes of the coast, shifting the sandbanks, eating 
away the promontory, and so on, had removed the sand marked (3) 
and cut back the cliff to GH, the portion above K would look like 
a raised beach, and, in fact, would be practically out of reach of 
the waves. 

If any change of level has taken place in this case it seems to me 
to be quite as likely to have been a downward as an upward move- 
ment. At any rate it is probable that if the sea were thrown more 
strongly on to the sand-dunes in Barnstaple Bay by a small depres- 
‘sion, the tendency would be to drive them back to the east, leaving 
just such patches of consolidated sand and talus in cliffs near Saun- 
ton Court as are now seen along the cliff further west. And the 
height to which the, properly speaking, marine deposits occur is so 
little above ordinary high tide that there is plenty of margin left for 
storm-waves to carry them up to where they are now found. 

When a long sweep of shore such as Woolacombe sands or Bide- 
ford Bay leaves a wide expanse of sand exposed between every tide 
to the sun and wind, it is curious to notice how soon after the sea 
has left it the surface of the sand begins to move under the influ- 
ence of a dry wind. One might almost think sometimes that the 
sun and wind dried one grain at a time and started it off immedi- 
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ately, so damp is the sand, while the yellow haze a few inches 
deep tells us the surface is beginning to drift away. Stick a slate 
or a shell up to catch it, and you soon find how rapidly the work is 
going on. So the sandhills are formed which protect the lower part 
of the lowlands behind from the rush of the wind-driven tides. In 
exceptionally high tides, however, the sea is carried far up the 
incline formed by the dunes, and so marine deposits are intercalated 
in the lower part of the blown sand. Thus we must have in all 
such cases marine deposits at the base, then resting on them alter- 
nations of AZolian and marine, all heaped up on solid rock or estua- 
rine silt or whatever the floor may happen to have been. 

When we examine the upper part of the deposit, we find that the 
sand is carried by the wind above the highest water-mark to form 
the dunes, and in like manner up the hill-sides that bound the 
estuary or bay. 

Here another operation is at the same time going on. ‘The talus 
due to gravitation or pluvial action creeps down over the shifting 
sand and covers or is covered by it. This may go on up to any level 
if the slope be favourable and the supply of sand sufficient ; and if 

Fig. 2.—Diagram showing Sucecssion of Deposits West of 

Saunion Court. 

Ce G Teg I) 

1. Talus. 3. Marine sand and shingle. 
2. Blown sand. 4. Pilton Beds. 

deposits thus formed are cut back and exposed in section, we see 
alternations of blown sand and talus, but further from the hill the 
blown sand only, as shown in the diagram (fig. 2). 

Where therefore only this last-described deposit of blown sand 
and talus rises above highest water-mark, but the marine deposits 
at the base are no higher than could now be reached by the waves, 
there is no evidence of change of level such as would justify our 
calling the deposit a razsed beach. 

Along the coast from the north end of Braunton Burrows around 
Croyde Bay, but especially under the south slope of Saunton Down 
and west of Middle Borough, there is an almost continuous beach, 
which I would refer to the agencies I have just been describing (see 
fig. 3). The upper part consists of angular fragments of the rocks 
which occur on the hill immediately above it imbedded in earth, the 
result of the subaerial decomposition of those rocks. Where the 
cliff has been cut back pretty close to the steeper slopes the thick- 

a a as ee | 
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ness of this deposit is very great. Conspicuous white bands are 
sometimes seen along the face of the section, but this is only a 
superficial efflorescence of salt due to the evaporated spray from the 
sea. 

Below this talus there is a deposit of sand of very variable thick- 
ness, often having at various horizons in the upper part bands of 
angular talus like that above. 

The bedding is very clear in the weathered cliff (see fig. 4). It 
is often false-bedded, and in sections at right angles to the coast is 

Fig. 3.—Diagram Section across so-called Raised Beach under Saunton 
Down, North end of Barnstaple Bay. (Scale 200 feet to 1 inch.) 

a. Recent sand and shingle. 
6. ‘Talus, overlapping and dovetailing with upper part of c. 
e. Blown sand, with subaerial talus intercalated in upper part, and sea-beach 

deposits alternating with lower part. 
d. Pilton Beds. 

xz. Low water. y. High water. z. Spring-tides and storms. 

Fig. 4.—Chiff of Consolidated Sand resting on Cleaved Rock 
(Pilton Beds), Saunton Down, North Devon. 
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sometimes seen to slope up rapidly against the hillside, as indicated 
in the section (fig. 3). 
-Land-shells occur here and there, singly or in bands, Helix vir- 
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gata being the most common, as on the adjoining sand-dunes. Sea- 
shells are rare, and only such as might have been carried by birds 
or rolled up the sand-slope by the wind. 

_ In the lower part of the sand-cliff, however, sea-shells are com- 
mon, and there are lines of shore shingle which generally forms an 
irregular conglomerate at the base. It is consolidated into a hard 
calcareous sandstone, so hard that it is used in the neighbourhood 
for rough walling. Owing to its being but little jointed, it long 
resists the battering of the waves, which have to remove it almost 
grain by grain. Here and there, however, great masses are lifted 
out and trundled by the waves along the shore, furnishing an 
example of the sea quarrying out and moving along the shore, at the 
same level as the boulders of granite, masses as large as, if not larger 
than, those for the transport of which ice-agency is invoked. One 
such, resting on the cleaved rocks at the foot of the cliff, is shown on 
the left-hand side of fig. 4. 

The consolidation of the blown sand round the coast of Devon 
and Cornwall was noticed and explained by Paris *, who ascertained 
by experiment that the shelly sand contained from 60 to 64 per 
cent. of carbonate of lime. Boase + describes the same thing, and 
quotes an old author who, fifty years before his time, explained the 
induration of the sand by infiltration of water charged with car- 
bonate of lime, only he described it as sparry or coralline juice, such 
as forms incrustations in the bottoms of culinary vessels and in 
water-pipes. In a little ravine about half a mile west of Middle 
Borough I noticed a section as of a transverse gully about twenty 
feet deep, at the base of which, under some seventeen feet of talus, 
was three feet of sand, in which were bands about an inch thick of 
a dark sandy ironstone. This also seemed to be quite a reccnt 
formation. 

Where the sand from above has run down through a crevice, like 
sand in an hour-glass, it has often eaten out a cylindrical hole 
from two to four feet across. J am inclined to think from what I 
have seen that, except where there has been a hole quite through, 
these chimneys are never formed, but that some of them are origi- 
nally half-cylinders, that is to say, the sand pouring over the edge 
of a sand-cliff cuts a groove out as would water. I think it certain 
that when once formed the wind helps to carry on the work and 
round them off, but that the action of the wind on the top of the 
sand could never form them by producing a rotatory motion, as the 
water of an eddying mountain-torrent bores holes in the solid rock 
by whirling pebbles round in any hollow that arrests them. 

Flints occur in this ancient beach as on the modern shore, and 
there has been much speculation as to their origin and mode of 
transport. An examination of the flints themselves will, I think, 

* Paris, “ Geological Structure of Cornwall,” Trans. R. Geol. Soc. Cornwall, 
vol. 1. 1818, p. 194. 

t Boase, ‘‘On the Submersion of part of the Mount’s Bay,” &c., Trans. R. 
Geol. Soe. Cornwall, vol. 11. 1822, p. 148. See also Carne, “On the Mineral 
Productions of St. Just,” 27d. p. 333. 



BEACH AND BOULDERS NEAR BRAUNTON AND CROYDE. 663 

be sufficient to justify our dismissing several of the hypotheses 
suggested. 

They are not flints of the kind used by primeval man for the 
manufacture of implements. 

Their numbers, wide distribution, and constant association with 
ancient deposits at very various levels make the hypothesis that 
they were accidentally introduced quite untenable. They go back to 
times far earlier than any ships that carried ballast. 

They are irregularly iron-stained, subangular gravel-stones, not 
flints derived directly from the chalk. 

They are of the same kind as those common in the high-level marine 
deposits of Wales* and the north of England, and occur all round our 
western coasts. _ 

They are found on the St.-David’s plateau. They have been 
brought to me by Mr. F. J. H. Jenkinson from the gravels that 
occur here and there all over the Scilly Isles. They are handed on 
to lower levels by every later denudation, and are generally to be 
picked up in every modern shingle. They form part of the great 
gravel banks of unknown age that lie off our south-west coast. 

They do not appear in the older boulder-clays of Wales, but came 
in with the shore-drifting that mixed up the debris of the northern 
ice-sheets with that from the Cambrian mountains, and dates from 
the Moel-Tryfan and St.-Asaph stage of the Pleistocene. 

It is perfectly clear that the upper part of this cliff below the 
talus consists of nothing but blown sand. We have only to walk 
south as far as Braunton Burrows to see a similar deposit now in 
process of formation. The sand is blown up against preexisting 
dunes, so as to show in section steeply inclined beds, just as it does 
where blown against the hill-sides of Saunton Down or Middle 
Borough. A few stones are carried here and there far up the sand- 
slope and in between the dunes. Shells are transported some dis- 
tance up by the waves, and still further by the wind. Certain 
species are carried in by gulls and crows. [saw here among the 
sand-dunes the shells of Patella vulgata, Pecten varius, Mytilus 
edulis, Mactra stultorwm, Scrobicularia piperata. On the coast of 
Pembrokeshire I have seen the shell of Nassa reticulata rolling up 
a steep sand-dune in a gale of wind. The shells of land-mollusca, 
such as Helix virgata, H. aspera, H. nemoralis, Bulimus acutus, &c., 
are also blown about and rest in any sheltered hollow, or even in a 
footprint ; but they do not occur indiscriminately throughout the 
mass, so that it often happens that over large tracts not a single 
specimen can be seen. 

At the north end of the dunes the sand creeps up the hillside, 
extending in irregular hummocks as far at any rate as Saunton 
Court. If any change of current were to destroy the great barrier 
of blown sand, so that the sea rolled in below Saunton Court, and 
the sand next the hill were hardened a little by percolating water, 
we should have cliffs precisely similar to those now seen along the 
south side of Saunton Down and round by Middle Borough almost 

* Quart. Joura. Geol. Soc. vol. xliii. 1887, p. 83. 
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to Baggy Point. The lower part only would be washed by the 
waves, and the upper part would appear to be beyond the reach of 
any tide, and not in the way of any possible accumulation of blown 
sand. But when the dunes were further forward they must have 
abutted, as now, against the hill at their north end, and the sand 
was blown up its flank as it is now near Saunton Court. 

Along the sandy roadway down to the shore from Saunton Court 
the wind often strips off part of the sand and shows that the talus 
sometimes creeps down over the dunes and sometimes is covered by 
the blown sand. So there are alternations of stony earth, sand, 
shells, &c. in the upper part, just as we see in the ancient cliff 
further west. 

It is easy enough to explain the slight difference in the character 
of the sand in the old sand-cliff onde in the more modern dunes. 
The newer sand consists more largely of comminuted shell, whereas 
the avidulated water percolating from the hill-side has destroyed 
some of the shell in the sand abutting against it and has thrown 
the carbonate of lime down again where it has been exposed to 
evaporation. 

That this process has been going on is shown by the casts of 
shells found in the solidified sand; and that the precipitation has 
taken place elsewhere is shown by the bands of calcite a quarter or 
half an inch thick which have formed along some of the more open 
divisional planes, by the crystals of calespar which line some of the 
cavities where shells have been, and by the solidified masses of 
sand described above. 

So, I take it, this cliff of sand and angular stony débris on the 
shore south of Saunton Down and west of Middle Borough is no 
raised beach, but only the run-of-the-hill or talus overlapping and 
dovetailing into the top of the sand which was driven by the wind 
up the hillside when the sandy shore-line of Barnstaple Bay stood 
a little further west, and that the lower part of it, where the blown 
sand contains beds of shingle and marine shells, is only the part 
where the waves occasionally rushed over the base of the sand- 
dunes, and does not extend above the height now washed by the 
sea. To put it shortly, what is above sea-level is not beach, and 
what is beach is still within reach of the sea. 

Resting apparently on the bare rock under this sandy deposit 
there are many large boulders, most of them composed of the gritty 
beds in the Devonian. There are, however, now visible three other 
boulders, the original source of which is not so easy to determine 
with certainty. 

The first occurs about 7; mile west of Middle Borough. It is 
a great mass of yellowish-white gneissose granite, the part ex- 
posed measuring some 8x6x6 feet. The surface is somewhat 
decomposed and exfoliates in places. The boulder is capped by some 
of the talus, not, it appeared to me, the original mass of which the 
cliff was composed, but only a portion slipped from it. 

The second boulder (fig. 5) occurs about halfway along the shore 
south of Saunton Down. It rises out of a little pool between the 
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jagged ridges of the rock just in front of a small alcove or cave in 
the western face of a portion of the sandstone cliff which runs out 
south from the hill, It measures about 4 feet across from corner 

Fig. 5.—Boulder of Grey Porphyry at base of Cliff South of Saunton 
Down, North end of Barnstaple Bay (April 11, 1887). (Scale 
73 feet to 1 inch.) 

a Recent shingle. d. Pilton Beds. 
5. Boulder of grey porphyry in 1 foot of water. 
Cz Consolidated blown sand, modified at base by action of sea, with lines of 

shingle and sea-shells, and alternating in upper part with talus, 

to corner of the irregular rhomboidal mass now exposed. On the 
south side of it a fold over of one of the harder beds has caused a 
stronger barrier than usual and probably determined the position in 
which it rested. 

This boulder consists of a grey porphyry much resembling that 
so common on Arenig; but I should be sorry to say that it could 
not have come from the felsite which occurs at intervals for many 
miles at the base of the Pickwell-Down Sandstone, as that is ex- 
posed only here and there, and, where seen, is so variable that we 
may easily allow that there may be parts of it very like the Saun- 
ton boulder. 

The third boulder (fig. 6) is more like the Ross-of-Mull granite 
than any other with which I am acquainted. It occurs in a cave 
eaten out by the waves in the very base of the sand-cliff, a short 
distance further east than that last described. It rises out of some 
newly tossed-up shingle, and supports the roof of the cave. From 
the levels observed outside, it is clear that it must rest on the solid 
rock. It is partly concealed by the shingle, so that exact measure-~ 
ments cannot be obtained. From what was exposed when Mr. 
Townshend Hall saw it he estimated that it must weigh between 
10 and 12 tons. 

Mr. Townshend Hall* thinks “it is very doubtful whether there 

* See note Tt on p. 666, 
eed. G. Ss. No. 172. 22 
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is any vein of a similar colour and texture on Lundy Island, capable 
of producing a block of such magnitude. The nearest point of the 
Dartmoor Granite is exactly 30 miles from Saunton, but any of a 

Fig. 6.— Boulder of Red Granite in base of Ancient Beach South of 
Saunton Down, North end of Barnstaple Bay (April 11, 1887). 
(Scale 72 feet to 1 inch.) 

= = 

a. Recent shingle. d. Pilton Beds. 
b. Boulder of red granite. 
e. Consolidated blown sand, modified at base by action of sea. 

red colour can only be obtained in very few localities, and at a 
much longer distance.” | 

The Rev. Dr. Williams* was of opinion that it could not have 
come from Dartmoor or Cornwall, or Lundy, but that it resembled 
much of the granite of the Grampians. 

The boulders all occur in caves or at the base of deposits now 
being washed by the sea; in fact they would not be seen at all 
if they were not within reach of the breakers which are under- 
mining the cliffs and exposing the original surface of the solid rock 
and the boulders which rest upon it, so that it is clear that they 
may have been tossed into their present position by the waves of 
the sea at its present level. ‘The size of the boulders, and the height 
to which they have been thrown, is nothing for that western sea in 
storm; all round the coast we find plenty of larger blocks carried 
higher. 

The character and mode of occurrence of these boulders does 
fairly raise the question whether there are any satisfactory traces of 
glaciation south of the Bristol Channel. 

Mr. Townshend Hall f remarks on this subject :—‘‘ The great ice- 
sheets which in the Glacial Period covered the northern part of 
England and Wales, are not generally supposed to have extended 

* Trans. Geol. Soc. vol. v. p. 287; Proc. Geol. Soe. vol. ii. p. 441. 
t “A Sketch of the Geology of Devonshire by Townshend M. Hall,” White’s 

History, Gazetteer and Directory of the County (Devon), Sheffield, 1878, p. 16. 
See also Ussher, ‘“‘ Physical Features of Devonshire,” Trans. Devon. Assoc. Sci. 
Lit. & Art, vol. xii. 1880. 
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south of the Bristol Channel, and the characteristic furrows and 
scratches made by the friction of glaciers against the sides of 
valleys, so commonly met with in the north of England and Wales, 
haye not yet been positively identified in Devonshire.” But he very 
fairly points out that “if such markings ever were formed, they may 
have been rapidly effaced, owing to the soft nature of the slate, and 
the tendency of granite to become disintegrated on the surface.” 
He is of opinion “that in various parts of both Dartmoor and 
Exmoor there are collections of stones and débris similar in every 
respect to those composing the moraines of modern glaciers, and 
valleys which haye evidently been shaped by glacial agency.” 

Mr. Ussher * is of opinion that there are traces of glacial action in 
Devonshire, and accepts the view that the high-level beach of Saunton 
Down and Croyde and other places on the coast of Devon and 
Cornwall show evidence of elevation, but refers them to an age 
which corresponds to the ‘“ Interglacial Period” of the north and 
east of England, but in Devonshire was not succeeded by any later 
glaciation. 
We must clearly distinguish between (a) a theory which refers 

these deposits to local glaciers originating within the area, as 
it is most improbable that any traces of such small local glaciation 
could remain, and (6) any hypothesis which refers boulders or clays 
to the terminal deposits, whether on sea or land, of the great ice 
mass, which we do know got down as far as the Bristol Channel. 

Mr. Doe 7 has recorded some boulders of felsite occurring at a 
height of some 500 feet above the sea near Great Torrington, but 
these are described as resembling some of the Elvans. 

Mr. Hall { further mentions that “At Waddeton Court, near 
Dartmouth, a group of New Red Sandstone boulders are found re- 
posing on the slate at elevations varying from 18 to nearly 200 feet 
above the level of the sea. At Harberton, near Totnes, also on a 
slate subsoil, boulders of a fine-grained trap occur at a height of 
about 100 feet, and are especially noticeable as being in some cases 
marked with parallel grooves or scratches. Another group, also 
composed of trap, is situated at Druid, near Ashburton ; and boulders 
of various sizes have been recorded as occurring in the parish of 
Bishop’s Teignton, near Teignmouth, some 300 feet above the sea.” 
*«* Another instance of transported boulders occurs in the parish of 
Fremington, near Barnstaple, where boulders of trap are frequently 
found on or near the surface of a thick bed of brown clay much 
used for pottery.” 

Dr. Slade King also informs me that a waterworn boulder of 
coarse grey granite, weighing, say, 2 cwt., was found in a clayey 
deposit in draining a meadow on Bicklescombe farm, near Llfra- 
combe, some forty years ago. It was round and smooth, and had no 
grooves or striz on it. Near it were found also, in the words of a 

* “On the Chronological value of the Pleistocene Deposits of Devon,” Quart. 
Journ. Geol. Soc. vol. xxxiv. 1878, p. 449. 

t Rept. Committee on Erratic Blocks, Rept. Brit. Assoc. 1876, p. 110. 
t Op. cit. Des 
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man who saw them, “some old stone things, hammer-heads and 
heads of spears, and such hike.” So it is probable that this boulder 
was in disturbed ground. 

Setting aside, then, any suggestion of ice-action arising out of the 
character and position of these boulders, there does not appear to be 
any satisfactory evidence of glacial conditions in Devonshire. Its 
deep combes tell of long continuous erosion by the streams which have 
cut their way back from the coast almost horizontally into the table- 
land, not vertically down from the tableland to sea-level. After the 
rapids or waterfalls where the work is going on have receded, the 
talus gathers in every hollow and on every ledge, and the enormous 
thickness of the rainwash and run-of-the-hill in Devonshire tells of 
long-continued subaerial waste. The thin lamine due to cleavage 
or bedding, or both, are all, so far as I have seen, turned over down 
the slope by gravitation, and none curve over in unexpected direc- 
tions as if pushed by ice. There is nothing in the form of the 
ground or the character of the superficial deposits (saving always the 
boulders in question) to suggest ice-action. 

The thick deposits of subaerial talus do not differ in character 
from those now being formed, and represent, not so much the 
greater intensity of the cold at some former period, as the greater 
length of time during which the surface has been exposed to the 
disintegrating effects of weather, just lke what prevails there still. 

The brown clays and other similar deposits referred to by 
Mr. Hooker as possibly of glacial origin are obviously not to be 
referred to the direct action of ice. They are not, as they stand, 
Boulder-clays or true glacial deposits; and if they are only due to the 
destruction of old Boulder-clays, we are opening up another question, 
viz. How far off were the Boulder-clays from which they were derived, 
and to what denudation can those brown clays be referred? Did 
it follow immediately upon the deposition of the moraine or when ? 
It may be that Devon was under the sea during the age of extreme 
glaciation in N.W. Europe, and received some of the marginal 
glacial deposits and emerged early, so that all traces have been 
destroyed. 

No one can tell how far back we must place the beginning of the 
subaerial denudation of this district. Nor have we evidence to show 
what was the condition of the surface of the great Devon plateau 
when first it emerged from the sea. That no blocks from what 
were then granite islands should have been anywhere left upon the 
sea-bottom around them is improbable; that no block from the 
central tors should have travelled down the ordinary channels of 
denudation in later times is also contrary to our usual experience in 
such cases. Therefore we have no right to assume the existence of 
glacial conditions to explain the occurrence here and there of a 
block of granite or other rock of Devonshire origin over the area 
surrounding those rocks in place. 

If the red granite cannot have been derived from Dartmoor, 
where there are some beds of that colour, or beds which would 
probably in similar circumstances become of that deeper colour on 
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the outside—if the felsite cannot be a harder, more solid fragment 
of the Bittadon vein—and, further, if they cannot have been derived 
from known or inferred submarine bosses of rock *, which some 
believe furnished many of the boulders dredged up on the south 
coast of Devon and Cornwall; if the great boulder of red granite 
on the shore below Saunton Down must be identified with some 
Scotch rock, and if the block of dark grey felsite should be referred to 
one of the Arenig porphyries—that is on the hypothesis that these 
are north-country boulders—must we assume local glacial action 
to account for their occurrence where we now find them ? and if not, 
what explanation can we offer of their being found in that district 
at all? 

That they owe their present position on the jagged rocks of the 
coast and under the ancient beach to the action of the waves of a 
sea at about the same level as at present seems almost certain, 
because there they lie half buried in the shingle recently thrown up 
by the sea, and blocks as large are hurled by the waves to much 
higher levels in many of the creeks and coves around the coast‘; 
but where did the waves pick them up? 

A glance at the map will show that the district in question is 
just in the line of advance of the great tongue of ice that crept 
along the west coast of Scotland and the Lake District, and abutting 
against the ice-clad coast of North Wales, was held back by it, so 
that it was forced to turn round by Chester on the east and Anglesey 
on the west. Part of its terminal moraine ought to be found in the 
Trish Sea—at any rate, bergs from it must have floated off into the 
Irish Sea; and there is nothing improbable in the idea that many a 
half-melted mass stranded off the coast of Devon and left boulders 
strewn over the sea-bottom around. That the boulders were not 

dropped during a period of submergence where now found is shown 
by our never finding any masses of drift, but only isolated blocks, 
and they all look sea-worn. Nor were they carried ashore on bergs, 

because they are close up to a wall of solid rock where a berg could 
not have floated them. 

Of course we must not attach any great weight to the fact that 
they have no glacial markings, as we only see them at all because the 
waves have washed away the surrounding sand and shingle, and 
that might have obliterated the strie ; but I think that any one who 
examines the blocks will allow that it is improbable that such is the 
explanation of the absence of all traces of ice-action. However, 

I will not lay much stress on this point. 
Mr. Townshend Hall records some boulders with grooves, though 

they do not seem to have commended themselves to him as un- 
doubtedly of glacial origin. If these were striated blocks, they still 

* Smeaton, ‘A Narrative of the Building and a Description of the Con~ 
struction of the Eddystone Lighthouse with Stone,’ 1813. 

Godwin- Austen, Quart. Journ. Geol. Soc. vol. xi. 1855, p. 532; ibid. vol. xii. 
1856, p. 38. 

Prideaux, Trans. Plymouth Inst. 1860, p. 40. 
Pengelly, Trans. Devon. Assoc. &c. vol. ix. 1877, p. 182. 
t See Carne, Trans. R. Geol. Soc. Cornwall, vol. iii. 1828, p. 222 ez seq. 
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might have been thrown up by the sea under existing conditions of 
level, &c. Many boulders may be seen along the coast of North 
Wales and Anglesey, washed out of drift and knocked about along 
the coast for a considerable distance before they have the traces of 
ice-grooving entirely rubbed out. 

On the whole, then, I would thus sum up the evidence :— 
The ancient beach of Saunton Down and Croyde is not a raised 

beach. The top is subaerial talus, the middle part blown sand, the 
base only marine; and the marine part is not above the reach of 
the waves of the sea at its present level. 

The boulders of granite and felsite which occur at the base of the 
ancient beach were transported to their present position by the 
waves of the sea. Such as are of local origin could have reached 
the sea by the ordinary process of denudation ; such as are possibly 
of northern origin could have been carried down the Irish Channel 
on bergs and been thrown up by the sea to where they would lie 
at any period subsequent to their being transported south by ice, 
but they do not in themselves imply any Jocal glaciation. 
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46. Notxs on the Formation of CoaL-sEAMs, as suggested by evidence 
collected chiefly in the LEICESTERSHIRE and Soura DERBYSHIRE 
Coar-Fietps. By W. 8. Grustzy, Esq., F.G.S. (Read June 
23, 1887.) 

[ Abridged. ] 

My principal object in this paper is to bring forward evidence in 
opposition to the view now generally accepted that coal-seams 
were formed from vegetation which grew on the spot. 

It seems to me that the growth-in-situ theory has been, or is still, 
held by the majority of those who have considered or written upon 
the question to be the right one, partly because the accumulation of 
the vegetable matter of coal-beds by driftage appears to be totally 
beyond our comprehension, and partly (probably chiefly) because we 
have been told and led to believe that the underclays of coal-seams 

contain the Stigmarie which were the very roots of the trees the 
remains of which constitute the bulk of the coal. 

During an extensive experience in the midland district in connexion 
notonly with coal-mining, but also with the working of the underbeds, 
the fireclays, both underground and in opencast workings, I have 
had unusual opportunities of studying the relationship of the coal- 
seams to the underbeds, their fossil contents, &c. 

The various points for consideration may be taken as under :— 
a. The relation of the fireclays to the coal-seams. 
b. Mode of occurrence of Stigmaria in underbeds.' 
c. Erect fossil tree-stems with attached roots. 
d. Lamination of coal-beds. 
¢. The presence of boulders &c. in the underclays. 
f. The foreign bodies in coal-beds. 
g. Marine fossils associated with coal-seams, brine, &c. 

a. It must not be concluded, because almost every coal-seam 
rests upon a stratum partaking more or less of the nature of a fire- 
elay and enclosing Stigmarie and other root-like fossils, that such 
beds do not occur in other positions in the coal-measures ; for the fact 
is that they very frequently occur lying immediately on the top of a 
coal-seam, sometimes wholly removed from coal; or they may occur 
as very thin layers, often very irregular and locally distributed, 
entirely enveloped in the coal. The thickness of an underclay bears 
no proportion whatever to that of the coal-seam resting upon it. 
The thickest coal-beds often rest upon the thinnest clays, and the 
greatest development of fireclay will be followed by the most meagre: 
of coal-seams. I have also found it to be almost invariably the case 
that where underclays come in contact with coal-seams there is a 
sharp dividing line, a true bedding-plane, between the two; we do 
not find the clay eradually changing upwards into coal, ‘but the 
change from one to the other is most distinct, in fact the plane of 
stratification is often quite a smooth one. Precisely the same cha- 
racteristic obtains in the case of lamine of clay running through the 
body of a coal-seam, 7. ¢. where coal and clay are interstratified. 
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b. My experience is, that a considerable proportion of the under- 
beds do not contain Stigmaria-roots at all; but that they seldom fail 
to reveal the presence of thin grass-like fossil markings, I admit. 

Very frequently the bed next below the underbed is crowded with 
Stigmarice, though not more so towards the upper than in the lower 
part. In Stigmaria-beds next but one below a coal-seam I have 
noticed several examples of that fossil standing erect, in a manner 
showing them to have been in all probability independent organisms. 
But when Stigmarie occur in the underclays the result of my inves- 
tigations shows that they do not pass upwards into the coal. Only 
once or twice have I detected anything like such fossil roots running 
from the coal into the clay below *, and therefore my conclusion is 
that instances of this phenomenon are exceedingly rare. On refer- 
ring to the writings of Binney, Brown, Dawson, De la Beche, Green, 
Hawkshaw, Lesquereux, Logan, Lyell, Macfarlane, Nicholson, Wil- 
liamson, and others, I have failed to discover in them one single 
description of an actual bond fide erect fossil tree with its Stigmarian 
roots attached to it and imbedded in the underclay, whilst the stem en- 
tered or passed through the overlying coal-seam. Now, surely if coal- 
beds have been formed from trees and other plants whose roots grew 
in or penetrated the underclays or so called “ old soils,” unmistakable 
indications of their former existence ought to be present in great 
abundance ; these roots must also have been more thickly matted 
together the nearer they approached the coal; and instead of there 
being, as there is, a most distinct break between the base of a coal- 
seam and the underbed, we should expect to find the one gradually 
changing into the other, as is so frequently exemplified in the 
junction of a peat-bed with the clay below it, where the roots can 
be clearly seen communicating with the vegetable mass above. 
Had instances of Stigmaria actually trending from the coal into the 
underbed been met with, we should undoubtedly have been long since 
furnished with exact particulars, locality &c., of such discoveries +. 
Stigmaria ficoides, then, so far as my investigations have gone, does 
not occur in the underclays as the fossil roots of trees, but rather, 
it would seem, as plants sui generis. 

c. It would seem that the very significant fact of erect fossil tree- 
stems with Stigmaria-roots attached in situ being of so exceedingly 
rare occurrence just where they ought to be most common, namely, 
immediately below the bottom of a coal-seam, must obviously upset 
the theory which has been based upon the inference that because coal 
is probably largely made up of the remains of forest trees whose roots 

* At the fireclay mines of Messrs. Ensor & Co., on Ashby Wolds; also at 
Aldridge Colliery, Walsall, where I am informed that St¢gmaria penetrated a 
coal-seam and extended into the floor below. The roots in this instance pro- 
ceeded from an erect fossil stem standing upon a 3-foot bed of coal.—W. S. G. 
T Moreover, even supposing for a moment that the roots of the coal-forest 

trees, &c., did really grow in the underbeds, by what possible subsequent process 
can all the carbon have become concentrated at one exact level, namely, where 
the clay ceases and the coal-seam begins? Not a single example of a fossil tree’ 
(so far as I know) has ever been met with in which the roots were composed. 
of clay or shale, and the stump of coal. 



THE FORMATION OF COAL-SEAMS. 673 

are the Stigmarie, it is almost proof positive that these trees grew 
on the spot, because we find the same kind of fossiis in the underclays. 
When erect fossil stems or stools of trees are met with, they are 
generally either resting upon or at no great distance above the tops 
of coal-beds, though the largest and most perfect examples of such 
fossils have occurred in beds far removed from coal*. ‘The absence 
of them in the underclays is conclusive evidence that they very 
seldom if ever grew there ; and the fact of their very rare occurrence 
in the coal itself further strengthens the argument against a growth- 
in-situ formation of coal, at all events from trees. And when we 
find, as we do, impressions of the bark of large trees upon the base 
of a coal-seam next to the underclay, it is clear that the vegetable 
matter was transported from a distance. 

d. Does a vertical section of a coal-seam afford any clue to the 
way in which it was accumulated? It seems to me that when we 
find that the structure, from top to bottom, is strictly a laminated one, 
that every layer, division, ‘‘ bench,” or what not, and every line or - 
film observable in the “grain” of coal lies parallel to the plane of 
the seam, there is not a tittle of evidence that the coal-forming plants 
grew onthespot. Take a sample of coal from whatever locality you 
will, and from any part of any coal-seam, and its characteristic 
grain or lamin will be seen if carefully looked for. I have never 
yet in all my experience detected or heard of more than one or 
two upright forms of fossil stems (?) in coal; and I maintain that 
if trees grew in large quantities where the coal-beds now are, their 
erect remains would have materially interfered with the parallelism 
of the coal as existing. That pre-existing interruptions in this 
universal lamination can have since been obliterated by pressure or 
by metamorphism seems highly improbable. The growth-in-situ 
difficulty would also seem to be increased when we bear in mind that, 
spreading over very large areas of some of our coal-fields (measured by 
square miles in extent), there are conspicuous and comparatively thick 
layers of spore-coal, consisting almost wholly of macrospores, every 
one of which lies horizontally. Where, it must be asked, are the 
remains of the stumps of the trees from whose branches these myriads 
of seeds or seed-cases were shed? A satisfactory explanation of the 
cause or origin of the perfect lamination of coal, and of the phe- 
nomena of “‘ partings” or distinct bedding-planes by which so many 
seams of coal are divided and subdivided, and of the insinuation of 
thin layers of clay into the seams, has yet to be given. 

e. Occurring occasionally in some of the underclays in Leicestershire 
and South Derbyshire are well-worn boulders and pebbles of quartzite 
and quartz which have been transported from a distance 7. 

But besides boulders and the fossil Stiqmarie, the fireclays some- 
times contain fragments of the stems of tree-ferns, leaves, and other 
plants of a peculiar nature; <Anthracosie also have been noticed 

* IT refer particularly to the “fossil trees” recently found at Clayton and at 
Bradford, Yorks.—W. 8. G. 

+ In the underbed of the Coalburg seam in West Virginia, U.S.A., rounded 
quartz-boulders have been found. 
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associated with Stigmaria between two coal-seams *, And thus it 
would appear that the underclays were probably not the old /and- 
surfaces which supported the coal-forests, but were true aqueous 
deposits. 

f. Actually imbedded in coal itself have been found numerous 
quartzite boulders very similar to those found in the underclays, and 
these have turned up in many parts of England as well as on the 
continent. Other foreign bodies in coal-seams consist of the remains 
of aquatic mollusca, fish, &e. T 

g. That marine conditions mneyaileds if not during the accumulation 
of many of our coal-beds, certainly immediately afterwards, is clear 
from the abundance in the roof-shales of the seams of fossils 
which must have had a salt-water habitat, and also from the fact 
that brine is so frequently met with in the pores of the coal itself. 

In conclusion, then, my contention is, that, notwithstanding all that 
has been written on the coal-question, up to the present time no 
facts have been brought forward which can in any way show that 
the plants forming coal-seams actually grew in situ, but that what 
evidence we do possess decidedly fayours a drift- or, at all events, 
an aqueous origin. 

* At Coleorton Colliery, near Ashby de la Zouch, the author found this shell 
between the ‘‘ Lount Middle” and the “‘ Lount Nether” coal-seams. 

t From the “Main,” the “ Cannel,” and other seams of the Leicestershire 
coal-field. 
~ The “Main” coal-seam of Moira, in the Leicestershire coal-field. 
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47. FurtTHER OBSERVATIONS upon HyPERODAPEDON GoRDONI. 

By Prot. T. H. Hoxuy, F_RS., F.G.S. (Read May 11, 1837.) 

[Puates XXVI. & XXVII.| 

it is now twenty-nine years since, in describing those remains of 
Stagonolepis Robertson: from the Elgin Sandstones which enabled 
me to determine the reptilian nature and the crocodilian affinities 
of that supposed fish, I indicated the occurrence in the same beds 
of a Lacertilian reptile, to which I gave the name of Hyperodapedon 
Gordom: I laid stress upon the “ marked affinity with certain 
Triassic reptiles” (e.g. Rhynchosaurus) of Hyperodapedon, and I 
said that these, “when taken together with the resemblance of 
Stagonolepis to Mesozoic Crocodilia,” led me “ to require the strongest 
stratigraphical proof before admitting the Paleozoic age of the beds 
in which it occurs” *. 

Many Fellows of the Society will remember the prolonged dis- 
cussions which took place, in the course of the ensuing ten or twelve 
years, before the Mesozoic age of the reptiliferous sandstones of 
Elgin was universally admitted. Hyperodapedon was destined to 
play no inconsiderable part in the controversy. Some ten years 
after the discovery of the original specimen, remains referable to 
the same genus were found in strata of unquestionably Triassic age 
in Central and Southern England; and, about the same time, I 
received abundant evidence of the occurrence of Hyperodapedon, 
associated with Dicynodonts, Crocodilia, and Labyrinthodonts, in 
certain Indian rocks which, on other grounds, were strongly sus- 
pected to belong to the oldest Mesozoic series. An account of these 
new materials, together with a full description of the original speci- 
men of Hyperodapedon, was read before the Society and published 
in the ‘ Quarterly Journal’ for 1869 ry. 

Unfortunately the type specimen, now in the Elgin Museum, was 
in very bad condition; and though, by careful study of the fossil 
itself, it was possible to make out all the most important features 
of the skeleton, the work of the artist employed to figure it turned 
out so unsatisfactory, that: 1 abstained from publishing the two 
plates which were prepared for the Memoirs of the Geological Survey, 
thinking it wiser to wait until better materials should make their 
appearance. My discretion has been justified by the event, as a 
second specimen, of almost exactly the same dimensions as the first, 
was discovered in the Lossiemouth Quarries, and became the pro- 
perty of the British Museum some time ago. It has been worked 
out with a skill which my old experience of the nature of the matrix 
of these Elgin fossils enables me fully to appreciate, by Mr. Hall, 
and my friend Dr. Woodward has been so good as to place it in 
my hands for description. 

* Quart. Journ. Geol. Soe. vol. xv. 1859, p. 460. 
t “On Hyperodapedon,” Quart. Journ. Geol. Soc. 1869, vol. xxv. p. 138. 
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I am glad to be able to say that, so far as it goes, the account 
of the structure of the skeleton of Hyperodapedon which I gave in 
1869 needs no correction; but the new material enables me to 
make large and important additions. Moreover, several specimens 
of Rhynchosaurus articeps in the Paleontological Collection of the 
British Museum render it possible to make a full comparison of 
Rhynchosaurus with Hyperodapedon, and to put an end to any doubts 
which may have been entertained as to the generic distinction of 
the two. Finally, the full evidence now accessible permits us to 
obtain a clear view of the relations of both these extinct genera 
with the recent Sphenodon, a point to which I drew particular 
attention in 1869*. These relations, both of resemblance and of 
difference, are so interesting and important, in fact, that I shall give 
my account of Hyperodapedon mainly in the form of a comparison 
between that genus and Sphenodon. 

The present specimen of Hyperodapedon Gordoni has been exposed 
by the splitting of a large block of sandstone into two slabs, along a 
plane which corresponds roughly with that of the imbedded skeleton. 
I have no information respecting the relative position of these slabs 
in the rock before it was quarried ; but, supposing that slab which 
contains the larger part of the skeleton and the entire skull to have 
been uppermost, the animal lay flat upon its belly with its limbs 
standing out, very much as those of a dead Lizard ordinarily do, when 
it was buried in the sands of the Elgin shore. The skull, the verte- 
bral column as far as the root of the tail, slightly curved towards 
the right side, almost the whole of the bones of the left (and part 
of the right) fore limb, with those of the right hind limb, are pre- 
served in almost their natural relations. - 

The following table gives a view of the actual dimensions of 
Hyperodapedon and of the proportions of its parts compared with a 
specimen of Sphenodon :— 

Measurements, in millimetres. 

Hyperodapedon. Sphenodon. 

opal Venetia eee (Probably over 2000) 460 
End of premaxilla to end of 

second sacral vertebra ...... 900 208 =(4'5 : 1) 
Skull, end of premaxilla to edge 

OLOCCIPUG nic rie pee re 160 55=(3:1) 
Skull, greatest breadth of the 

OceIplbalresion” . cee ae: 210 34=(7: 1) 
Total length of humerus + . 

TACUUS sch, «agai pave ee ee 210 o6=(4: 1) 
Total length of femur+tibia .. 200 Do 2 1) 

Supposing the tail of Hyperodapedon to have been as long in pro- 
portion as that of Sphenodon, this specimen will have had a length 
of between six and seven feet, or rather more than four times as long 
as the specimen of Sphenodon. Hence it would appear that the 

* Loe. cit. p. 147. 
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skull and the hind limbs were relatively shorter in the extinct reptile, 
but otherwise it must have had much the general aspect of its New- 
Zealand ally—only, as I shall have occasion to point out more fully 
by-and-by, the skull was relatively much broader and more massive 
and the feet were shorter and stouter in Hyperodapedon. 

There are certainly 23 presacral vertebre in Myperodapedon, 
perhaps 24, but I think not more; Sphenodon has 25. In both 
genera there are two sacral vertebre. 

In the first specimen, such of the thoraco-lumbar vertebree as were 
preserved were split through the middle vertically and longitu- 
dinally. The sections of the centra showed that they were well- 
ossified throughout, and they appeared to be terminated by slightly 
concave contours. In the present specimen, the ventral faces of the 
cervical, and of some of the anterior thoracic, vertebre are exposed 
and are almost uninjured; but from that which I reckon to be the 
13th (though it may be the 14th) to the 20th, they are split horizon- 
tally and longitudinally, the dorsal halves lying in the upper slab 
and the ventral halves in the lower. The 21st, 22nd, and 23rd are 
similarly split, but they are much injured. Now the ends of several 
of these centra, notably the 13th, 14th, 18th, and 20th, present 
a sectional contour, which in front is more or less convex; while 
behind it is similarly concave. The anterior ends of the centra 
of the 4th (cervical) vertebra and of the 10th and 11th (thoracic) 
vertebra appear to be strongly convex from side to side and their 
posterior faces correspondingly concave. Combining these appear- 
ances with those seen in the longitudinal section, I can only suppose 
that the surfaces must have been slightly cylindroidal, convex from 
side to side in front, and concave in the same direction behind ; 
and thus that they approximated, though very distantly, to those of 
ordinary birds. 

The remains of the slightly displaced atlas (Plate XXVI. fig. 7) 
are seen immediately behind the skull. It has the form of a ring 
26 millim. wide and 20 millim. in vertical height. Traces of the os 
odontoideum are visible immediately in front of the ventral portion 
of the ring, which lies horizontally, with its ventral region turned 
backwards. The front half of the second cervical vertebra is 
broken away, but its centrum appears to have been about 20 millim. 
long. The ventral faces of the third and fourth are well displayed. 
Each is about 20 millim. long and 17 millim. wide at the ends, 
but not more than 13 millim. at the middle. On each side of 
the anterior end a short broad tubercle, which represents the 
transverse process, is developed. I can find no indication of the 
existence of intercentral ossifications. Hach vertebra possesses a 
pair of strong ribs (Plate XXVI. fig. 8). These lie at the sides 
of the centra of the vertebre and parallel with their length; so that, 
at first sight, the cervical region has a crocodilian look. The first 
rib on the right side is well seen. It is a straight styliform bone, 
40 millim. long and 3 millim. wide. On its dorsal side, and, more 
or less hidden by it, lies the second rib, the remains of which have 
about the same width and length. However, neither of these ribs 
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is complete at its extremities. The right rib of the third cervical 
vertebra is 38 millim. long and 10 millim. wide at its head, but it 
gradually tapers to a point at its ventral end. The fourth cervical 
vertebra has a rib of similar dimensions, but curved somewhat in 
the shape of an italic f. This great development of all the anterior 
cervical ribs is a point of contrast between Hyperodapedon and Sphe- 
nodon, in which last only rudiments of such ribs are discoverable. 

The fifth cervical vertebra is almost completely hidden under the 
shoulder-girdle, behind which a vertebra makes its appearance, 
which I take to be the 9th, though it may be the 10th. The cen- 
trum of this vertebra is 20 millim. long, 25 millim. wide between 
the ends of the transverse processes in front, and 17 millim. wide 
in the middle of its length; and the centra of the three vertebrz which 
follow it have similar dimensions and appear to have concave posterior 
faces. These vertebrae have strong but short transverse processes. 
That of the 11th vertebra, on the right side, shows a rottnded surface 
for the articulation of the head of the rib. ‘The vertebral end of this 
rib is also well displayed ; it is broad, measuring 20 millim. from its 
dorsal to its ventral margin, which is concave and thick, while the 
dorsal margin is thinner and convex (Plate XXVI. fig. 9). The 
vertebral end of a similar rib is visible on the right side, close to the 
16th vertebra, and there are less well-preserved remains of others. 
These ribs are very similar to the corresponding ribs of Sphenodon. 

Nearly the whole length of the rib which belongs to the 12th or 
13th vertebra is shown; it 1s about 12 millim. broad, flattened 
and truncated at the sternal end; it measures 153 millim. along 
the chord of the are of its curvature. The vertebral end is not 
completely exposed. i | 

A thin flat plate of bone, 20 millim. long by 14 millim. wide, is 
seen on the right side, overlying the remains of two vertebral ribs, 
opposite the 14th vertebra. I suspect that this is a “ processus 
uncinatus’’ such as those which occur in Sphenodon. The position 
of the skeleton is unfavourable for showing such bones, if they were 
preserved, and they would readily become detached. Portions of 
eight ribs, in undisturbed series, corresponding to the vertebree from 
the 18th to the 22nd inclusively, are seen on the right side. It is 
possible that these may be the ends of vertebral ribs ; but I incline to 
the supposition that they are sternal ribs, because the inner trun- 
cated end of each is in close relation with a bundle of five or six lateral 
abdominal ossicles, of which the central ossicles in each bundle are 
nearly straight, while the anterior and posterior describe elliptical 
curves. If these are really sternal ribs, they are very different, in 
form, from those of Sphenodon*, It is by no means easy to 
arrive at a clear notion of the nature and arrangement of the abdo- 
minal ossicles, which extend over the ventral surface between the 
sternum and shoulder-girdle in front, and the pelvis behind. In 
front there is an area covered by ossicles of a V shape, the point 

* Dr. Baur has stated that the abdominal ossicles of Sphenodon are con- 
nected by ligament in pairs with the sternal ribs, but I have not yet been able 
to satisfy myself of the fact. 
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oi the V being turned forwards. The most anterior two of these 
are 4—5 millim. broad in the middle; but, behind, they become 
narrower in the middle and taper off to mere threads of bone at 
their outer and posterior ends. ‘This area of V-shaped ossicles can 
be traced back for 90 millim. and is fully 120 millim. wide. Between 
the 15th and 20th vertebree, narrow and nearly straight bands of 
bone appear to extend across the abdominal wall, and either to end 
in, or be connected with, the lateral ossicles already mentioned. 
The width of the area occupied by the abdominal ossicles, in this 
region, is not less than 220 millim. In front of the right pubis 
there are three broad curved plates, the inner ends of which turn 
forwards, and which fill up the space between the prepubic process 
and the position which would be occupied by the epipubic cartilage, 
if such existed. The posterior abdominal ossicles in Crocodiles are, 
as is well known, closely connected with the pubis. Sphenodon 
requires re- “examination in relation to this point. 

The sacral vertebre are, unfortunately, much injured; but the 
centrum of the first (Plate XXVI. fig. 10) appears to be amphi- 
ccelous, the convex posterior face of the 28rd (or 24th) centrum 
fitting into it in front, and the convex anterior face of the second 
sacral fitting into it behind. 

The rib of the first sacral vertebra measures 18 millim. trans- 
versely, and its expanded outer end 23 millim. 

In the form of the articular surfaces of the centra, in the great 
development of the cervical ribs, and in the absence of intercentral 
ossifications, the skeleton of the trunk of Hf yperodapedon departs 
from Sphenodon more widely than in any other particular. 

The skull has been completely detached from the matrix, and all 
its most important characters are beautifully displayed. 

Viewed from above (Plate X XVI. fig. 1), its contour presents the 
. form of a broad-based isosceles triangle. The base, represented by the 
occipital region, measures 210 millim.; while the distance from the 
centre of that region to the rounded apex, formed by the conjoined 
premaxillary bones, is 160 millim. ‘The hinder moiety of the dorsal 
region of the skull display s the great supratemporal fossz (s.¢), which 
are somewhat rounded (50 millim. wide and 58 millim. long), and are 
separated by the relatively narrow parietal region of the skull (20 
millim. wide), which presents no parietal foramen. In the front 
moiety, the orbits (or.), of a half-oval shape (50 millim. long and 
30 millim. wide), are separated by the broad frontal portion of the 
skull, which is 40 millim. wide. In front of these, again, and of the 
broad and short nasal bones, is the single anterior nasal aperture (a.n), 
which is triangular, with the apex forwards, and is 20 millim. broad 
by 24 millim. long. In the living animal, this opening would have 
been divided into two by the nasal septum ; but, no doubt, this was 
entirely cartilaginous, and hence, in the fossil, the aperture appears 
single. Laterally, it is bounded by a strong ascending process of 
each premaxilla. 

In this respect there is a very marked difference between 
Hyperodapedon and Sphenodon. In the latter, the median end of 
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each premaxilla sends up a broad and strong process, which, united 
with its fellow, ascends in front of the nasal septum to the nasal 
bones, and thus the two nasal apertures become widely separated by 
bone. Laterally,on the other hand, the premaxille are united with 
the maxillz by a short process, which has no ascending branch. 

In Hyperodapedon, as in Sphenodon, the median end of the oral 
face of each premaxilla is elongated downwards into a recurved 
process (Plate XXVI. figs. 2, 3, 5, r.p); and the two processes, 
closely applied together by their inner surfaces, form the beak, or 
rostrum, in which the upper jaw terminates. In WSphenodon, 
these rostral processes are broad and flattened from before back- 
wards. Their broad truncated ends descend but little beyond 
the dentary edge of the mandible, when the mouth is shut, and 
present two tooth-like eminences. Moreover, their inner sides, 
closely applied through the greater part of their length, diverge 
so as to leave a median notch below. In Hyperodapedon, the 
rostral processes are thick and semicircular in section, the inner, 
mutually applied, sides being flat and the outer faces convex. Hach 
tapers to its extremity, and the apices of the two are conjoined to 
form the sharp conical extremity of the beak. The rostrum, as a 
whole, is much more curved than in Sphenodon, and descends far 
lower in front of the mandibular symphysis. There is no dentary 
substance upon any part of the rostrum of Hyperodapedon; and the 
aspect of its external surface leads me to believe that it was coated 
with a horny sheath. 

In Sphenodon, the anterior end of the mandible lies altogether 
behind the broad premaxillary rostrum, when the mouth is shut. In 
Hyperodapedon, on the contrary, the rostrum is received between 
the rostral processes of the mandible. 

The lateral view of the skull (Plate XX VI. fig. 2) shows that 
the orbits looked more upwards in Hyperodapedon than in Sphe- 
nodon ; the lateral temporal fosse (/.t) are relatively much smaller 
and have a very peculiar ear-like contour, while the bony boun- 
daries of these parts are much stronger. In Ayperodapedon, I 
can find nothing but bone in the region which should be occupied 
by the posttemporal fosse. The contour of the alveolar edge of 
the maxilla in Sphenodon is slightly convex downwards and 
slightly concave inwards. In Hyperodapedon, the contour is very 
strongly convex both downwards and inwards, and this feature, 
combined with the great length and recurvature of the pre- 
maxillary rostrum, confers a very peculiar aspect on the skull 
(see figs. 1 & 3, p. 682). 

In the under view of the skull of Sphenodon (fig. 6, p. 683), the 
maxillary and palatal regions present little difference from those of ordi- 
nary Lizards. The palatal area slowly widens from before backwards, 
and its maxillary boundaries are slightly concave inwards. Running 
parallel with the posterior half of each of these is the dentigerous 
ridge of the palatal bone, bearing a single series of some seven or 
eight teeth, which, like those of the maxilla, are acutely conical. 
Between these and the posterior maxillary teeth is the deep groove 
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into which the mandibular teeth are received. The palatal and 
maxillary teeth of opposite sides are separated by the widest part of 
the palatal area, formed by the pterygoid bones in the middle, and 
the palatals at the sides. The long oval posterior nares are wide 
and conspicuous, occupying, as they do, the greater part of the space 
between the anterior end of the palatal series of teeth and the 
premaxillary rostrum (see fig. 6, p. 683). 

In Hyperodapedon (Plate X XVI. fig. 3) the alveolar edges of the 
maxille describe a curve which is strongly convex towards the middle 
line, and correspondingly concave outwards. Their posterior ends are 
very far apart, but in the anterior halves of their extent they approach 
so closely as to leave only a narrow palatal area. At their anterior 
ends they again slightly diverge. Behind, three longitudinal rows 
of obtusely conical teeth are set between the groove for the man- 
dible and the outer margin of the maxilla, but only one of these 
rows is continued forwards along the anterior half of the length of 
the maxilla (see fig. 4, p. 683). 

The space included between the mandibular groove and the 
curved posterior boundary of so much of the dentigerous area of the 
palatal bones as is left visible in the specimen by the dislocated 
mandible is occupied on each side by four rows of obtusely conical 
teeth, which take a direction roughly parallel with one another and 
with the series of maxillary teeth. Only one of these series of teeth 
is continued forward alongside of the single part of the series of 
maxillary teeth. 

The palatal bones are undistinguishably united, either with the 
pterygoids, or over them, in the anterior narrow part of the palate, 
which ends in a semilunar margin, concave forward. ‘The space 
between this and the posterior face of the root of the premaxil- 
lary beak is, for the most part, filled by a broad plate of bone 
which represents the vomers. The posterior nares must have been 
very small; but, on the left side, between a concave edge of this 
vomerine plate, on the inner side, the premaxilla, in front, and the 
maxilla, externally, there is a small aperture, which I take to be the 
posterior nasal opening (Plate XX VI. fig. 3,p.n). The articular con- 
dyles of the quadrate bones are elongated from side to side, and present 
ceylindroidal surfaces. They lie about 25 millim. behind a vertical 
line drawn from the occiput, when the roof of the skull is horizontal. 

In Sphenodon (see fig. 3, p. 682) the rami of the mandible appear 
nearly straight in the greater part of their length, both in the lateral 
and the ventral aspects. In the latter, their anterior ends presenta 
sudden incurvature towards the symphysis, which is not longer than 
in ordinary Lizards ; and, as in them, the union of the ram1 is effected 
by ligament. The contours of the alveolar edges of the rami have 
an upward concavity, which is so slight as to be hardly perceptible ; 
and, viewed from above, they form a narrow arch with nearly straight 
sides. ‘The inner and superior angle of the symphysial end of each 
ramus is separated by an interspace from its fellow, above the sym- 
physis. The surface of the ramus at this part is tooth-like in 
aspect, from the density of the bone of which it is composed. 
Externally, just where the bent portion of the ramus passes into the 

Oye Gas. No. 172. 3A 
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Figs. 1-6.—Diagrammatic views of the Skulls of Hyperodapedon, 

proportions 

straight part, there is a strong conical tooth, the base of which is 
imbedded in the substance of the ramus. This is followed by a 
series of distinct, acutely conical, teeth (also ankylosed to the jaw) ; 
these increase in size backwards up to the last three, which gradu- 
ally diminish. The anterior six or seven of these teeth are very 
close set, but quite separate. 

In Hyperodapedon, the mandibular rami are extremely massive, and 
are ankylosed together in front, throughout their long symphysis 

oS ee ee oe 
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Rhynchosaurus, and Sphenodon, illustrating the variations in their 

and form. 

(Plate XXVI. fig. 4). The anterior and superior angle of each is 
prolonged into a “rostral” process (r.m), which passes upwards, cut- 
wards, and forwards. The two thus leave a wide V-shaped interval, 

3A2 
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into which the end of the premaxillary beak is received when the 
mouth is shut. ‘These mandibular rostral processes were probably 
clothed, like the premaxillary rostrum, with horn; and, with the 
interlocking premaxillary beak, must have constituted a pair of pincers 
of great strength. Behind this forked mandibular beak, the upper 
contour of each ramus is strongly concave upwards, in correspondence 
with the maxillo-palatal convexity, and its close-set teeth are worn to 
a sharp scissor-edge, which fitted into the fore part of the mandi- 
bular groove of the upper jaw. Throughout the symphysial region, 
the two rami lie close together and form a parallel-sided body of the 
width of the fore part of the palate; but, behind, the rami diverge, 
sweep outwards in a curve which corresponds, at first, with that of 
the mandibular groove in the broad part of the palate, and then pass 
to their articulation with the quadrate. The angle of the ramus 
appears to have extended considerably behind this articulation, but 
its exact length and shape cannot be determined. 

The alveolar edges of the rami begin to show teeth rather behind 
the middle of the symphysis, and the series of teeth extends for 60 
millim. behind this point. In the front part of the series, the teeth 
are so close-set as to form a palisade-like continuous ridge, worn 
upon the two faces to a sharp edge. There are about 6 teeth in a 
length of 10 millim., and each tooth is 5 millim. high, but at about 
7 millim. from the hinder end of the series the teeth become separate. 
Here they present rounded summits and their outer surfaces are 
convex and unworn (Plate XX VL. fig. 6). 

Measurements of parts of the Skull of Hyperodapedon in millimetres. 
Nasal aperture, 27 long by 24 broad at the base. 
Orbit, 48 long, 35 wide. 
Narrowest part of interorbital region, 40. 
Supratemporal fossa .. 50 long, 45 wide. 
Parietal region ...... 20 wide. 
Lateral temporal fossa. 23 wide, 41 in perpendicular depth. 
Premaxillary rostrum . 25 thick at the base from before back- 

wards. 
3 Be 30 broad from side to side. 

35 in a straight line from base to apex. 
Pxxtreme width of dentiserousiarea vss). oo otis ee 93 

rN length Se ee ere re ee Sate oc 82 
Width of eae face of posterior end of maxilla .... 14 

BS palatal 5 yen ae 
Demat of the bases ofitesthiad <a ce  eee 3 to 4 
Length of symphysis of mandible .................. 56 
Breadth of middle of symphysis of mandible at narrowest 

between the anterior parts of the dentary edges .... \ 
Depthyof the rami/at this pariye eee eee eee 30 
Length of each half of the mandibular rostrum from base. 20 
Greatest depth of ramus from the dentary edge to the 

lower borders .-Qaii cB eee eames en oer 
Total length of ramus, probably. se eee 190 
Posterior mares’ Site eee Me Aiea 6 wide by 4 long. 
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Fig. 7.—Hyperodapedon Gordom. Fig. 8.—Hyperodapedon Gordoni. 
Mr. Grant’s specimen. Mr. Grant’s specimen. 
Left side. Right side. 

Dr. Woodward has afforded me the opportunity of examining a 
very instructive, though fragmentary, specimen of the fore part of the 
skull of a large Hyperodapedon, the property of Mr. Grant, of Lossie- 
mouth. The premaxillary rostrum is nearly entire and in connexion 
with the facial bones, as far as the anterior boundary of the orbit on 
the left side. The anterior end of the left ramus of the mandible, with 
its rostral process nearly entire, is almost in place (fig. 7), and on the 
opposite side of the matrix there is the almost complete impression of 
the right mandibular rostral process (fig. 8). Moreover, a cast of the 
outer surface of the left rostral process of the premaxilla is preserved 
in one of the halves of the matrix. The left rostral process itself is 
quite free, and can be lifted out and examined on all sides. In- 
cluding the anterior extremity, of which only the impression remains, 
it is 57 millim. long, 23 millim. deep, and 13 millim. thick at its 
proximal end. The anterior face is more strongly curved than the 
posterior, and somewhat flattened, and itis rather obtusely pointed at 
its free end. ‘The inner face is flat, and was evidently closely applied 
to that of the opposite rostral process in the greater part of its extent ; 
but, in the course of fossilization, a thin layer of matrix has been 
interposed between the two. About the posterior third, the inner 
face of each rostral process slopes sharply outwards, and the upper 
margin becomes rounded as it bounds the external nares. Both the 
inner and the outer surfaces of the bony substance of the rostral 
processes are marked by fine close-set longitudinal grooves, and the 
surfaces of the rostral processes of the mandible present similar 
markings. 

The convex face of the left premaxillary rostral process fits closely 
into the concavity of the cast, to which I have referred, and presents 
fine longitudinal ridges which answer to the grooves on the surface 
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of the bone. I conclude, therefore, that the soft parts and any horny 
sheath that may have existed must have decomposed and left the 
bone bare before the sandy matrix set round the imbedded skeleton. 

Of the bones which enter into the composition of the shoulder- 
girdle of Hyperodapedon, the specimen presents remains of the 
interclavicle and the clavicle, the coracoid, and the scapula. The 
interclavicle is a long narrow bone, thin and spatulate towards its 
posterior end. The anterior end bends somewhat sharply towards 
the dorsal side; but the shape of its extremity, and whether it was 
provided with transversely elongated lateral processes or not, cannot 
be ascertained. On the left side it is in connexion with a strong 
and long curved bone, which is obviously a clavicle. Nothing more 
than the edge of a bone which I take to be the scapula can be seen, 
but the left coracoid is well preserved. It is a cheesecutter-shaped 
bone, with a broad blade and a comparatively narrow neck, which 
widens out again to the glenoidal extremity. 

In Sphenodon, the anterior end of the interclavicle is not bent 
upwards, and is produced into two strong transverse arms, with which 
the clavicles are articulated. ‘The scapula and the coracoid very 
early became undistinguishably united; while, in Hyperodapedon, 
they appear to have remained, as usual, separate. 

The principal bones of the left fore limb are seen nearly in their 
natural relations (Plate XXVI. fig. 11). 

The humerus has a widely expanded proximal end of a rhomboi- 
dal shape. In the middle, the shaft is rounded for a short distance 
and then expands into the broad and thick distal end, the ventral 
face of which presents a deep intercondyloid fossa. On the inner 
side there are indications of a “‘ median” canal. The ulna is stout, 
with a prismatic olecranar prominence, and is somewhat curved longi- 
tudinally so as to be concave to the interosseous space. The radius is 
more slender and nearly straight. 

The structure of the carpus is not recognizable. The five meta- 
carpals are preserved in various conditions of completeness. The 
most remarkable feature about them is that they do not seem to 
have differed to any notable extent in length (17 millim.); but while 
the first, second, and third are proportionally very broad (about 10 
millim.), the fourth has a width of not more than 7 millim., and 
the fifth of 5 millim. 

‘The humerus, radius, and ulna in Sphenodon, though more slender, 
are very similar; but the ulna is longer in proportion to the radius ; 
the first metacarpal is considerably shorter and at the same time 
thicker than the second, while the second and fourth are a little 
shorter than the third, and the fifth is about as long as the first ; 
and all have much slenderer proportions than those of Hyperoda- 
pedon. The fore foot of the extinct Lizard must in fact have been 
remarkably short and thick in its proportions. 
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Measurements of the Shoulder-girdle and Fore Limb in millimetres. 

Hyperodapedon. Sphenodon. 
iingerclavacleslencth yo 0... 2). 90 (about) 31 

A greatest width.... ae 3 
laWAClen ok eile ce cei e 100 (about) 20 
Woracordlenethy oo). oo. 5) 

oa. PLS ELENG IFC URURN wetem oer 49 i 
imoummeriss length’ 0.0 y 0 4 130 33 

- width at proximal 
end Ete 62 11 

eke ;,  atdistalend.. ? 11 
‘ shaft in the middle. . 20 2°5 

eam tenoth 0. os id 74. 20 
Peeowidtie proximal: 42). 4)... 20 4. 
Bt mr CIStale 7 ce pee ae 3133 4 

imasmlemethe nts ig 74 25 
ee owidth proximal, .. 72)... 30 5 
a nis, COU TSKIFET anise eeseglb eae a 20 5 

Metacarpals :— 
Te esian ita ever eee ke te 6:5 

THs: Sater ite ae we 9°5 
iN Do Neepsvalls Set ees Ibe 11:0 
iN,“ eth Bac tak ent a Sy 10:0 
“Teale ae ha memes 6:0 

The right half of the pelvis is exposed; but the pelvic bones are 
a good deal crushed, and it is difficult to arrive at an unquestionable 
interpretation of the appearances they present. There is no doubt, 
however, as to the position of the obturator foramen, bounded in front 
by the pubis and behind by the ischium. The former bone (Pl. XX VI. 
fig. 12, »b) is transversely elongated, and somewhat narrow in the 
middie ; it widens out at both ends. At the inner extremity it is flat 
and thin, and presents a convex symphysial contour. At the outer 
extremity it 1s developed forwards into a strong prepubic process 
and backwards into a thick acetabular portion. ‘The bone is there- 
fore quite Lacertilian. The thick acetabular portion of the ischium 
(Plate XX VI. fig. 12, 2s) is in connexion with that of the pubis, and 
the concave obturator margin of the bone can be well made out. 
The difficulty is to say how much of the mass of bone which lies 
behind this point (a, fig. 12) belongs to the ischium and how much to 
the ilium, which seems to be crushed down upon the ischium. Ii, 
as appears probable, the posterior contour of the ischium is indicated 
by the curved depression (a a, fig. 12), the ventral half of the pelvis 
will be quite like that of ordinary Lizards, and the rest of the bony 
matter belongs to the ilium. On the other hand, the form of the 
ischium in Rhynchosaurus rather leads to the supposition that the 
ischium was expanded inwardly and prolonged further backward, so 
as to be unlike that of Sphenodon. 

The chief bones of the right hind limb (Plate XXVI. fig. 12) are 
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fairly well seen. The femur is directed forwards, outwards, and 
dorsad, its proximal end being close to the acetabulum. The bones 
of the leg are sharply bent at the knee, where they lie close to the 
distal end of the femur, but slightly dislocated backwards. At their 
distal ends they are in close proximity to the remains of the tarsus 
and metatarsus. The femur is a short and stout bone, bent so as to 
be slightly concave on the ventral and convex on the dorsal surface.. 
The proximal end is a good deal injured, but it obviously expanded 
to its articular surface and was quite Lizard-like. The middle of 
the shaft is rounded and little more than half the diameter of the 
ends of the bone. The inner condyle is stouter than the outer, and 
between the two there is a deep intercondyloid depression. At about 
the junction of the middle with the proximal third, the ventral face 
exhibits‘a: longitudinal elevation, which I take to be the commence- 
ment of a strong trochanteric ridge, such as exists in Sphenodon. 
The tibia and fibula are not fully exposed, but the former must have 
been much shorter than the femur; the distal end is trihedral; the 
middle of the shaft is flattened, and the proximal end somewhat 
expanded. ‘The fibula seems to have had a similar form, but it was 
much more slender. Only fragments of the tarsal bones are pre- 
served. 

There are indications of five metatarsals, only three of which are 
represented in Plate XX VI. fig. 12. They increase in length from 
the first to the third, if not to the fourth. The firstis 17 millim. long, 
the second 35 millim., the third 45 millim., and each has a breadth of 
about 10 millim. Of the fourth only an imperfect impression of 
the proximal half remains. ‘These four metatarsals lie close together 
and parallel with one another. The fifth digit was set at a distance 
from the fourth, asis usual in Lizards, but only the impression of the 
characteristically broad basal end of the fifth metatarsal is preserved *. 
The first phalanx of the first digit is 14 millim. long, and the second 
seems to have had about the same length. There are two frag- 
mentary phalanges of the second and third digits respectively. 

Measurements of the Pelvis and Hind Limb. 

Hyperodapedon. Sphenodon. 
Pubis from acetabulum to medial 

COSC ener rsa aren ee eae Sie 74 19 
Memiun venetian ss a ae IZ 40 

breadth, proximalendy es...) aio an 8 
ie a middle ae woe eee 23 3 
a Be distal’ end@as.pere 36 8°5 

Mibvastleneth ea hee eee eee 80 26 
ius slong ty yen eee eee 80 (about) 25°'5 
Metatarsal’ teste aoe nee ene Ie 8 

a iT SMR NE RRL ia 7c ns 35 12°5 
ee ITE SO ore ny eee 45 15 

* The indications of the structure of the metatarsus which I have interpreted 
as above, are sumewnat obscure. Hyven with large-sized figures, their value 
could hardly be estimated without examination of the original. 



UPON HYPERODAPEDON GORDONI. 689 

it is obvious, even from these imperfect data, that the hind foot 
of Hyperodapedon was longer than the fore foot, though shorter in 
proportion than that of Sphenodon. It seems also in the gradation 
of the digits to have departed less from the ordinary Lacertilian foot 
than the fore foot does. 

The comparison of all parts of the skeleton, which has now been 
made, leaves no doubt as to the close relations between Hyperodapedon 
and Sphenodon. At the same time it makes clear the existence of a 
number of differences, of which the following appear to me to be the 
most important :— 

1. The centra of the presacral vertebre are ossified throughout 
and more or less opisthoccelous, especially in the cervical region. 
Moreover there are no intercentral ossifications. 

2. The anterior cervical vertebre have long and strong ribs. 
3. The external nares are not separated by bone. 
4, The conjoined premaxillary processes form a long, conical, 

curved, pointed rostrum, which is received between two rostral pro- 
cesses of the mandible. All these were devoid of teeth, and probably 
ensheathed in horn. 

5. The palatal area is very narrow in front and wide behind, with 
strongly curved lateral boundaries. 

6. The posterior maxillary and palatal teeth are multiserial. 
7. The rami of the mandible are united in a long symphysis, 

behind which they diverge widely, and their dentigerous edges are 
strongly concave upwards as well as outwards. 

8. The mandibular teeth are set into a close, apparently continuous 
palisade in front, and they become distinct and conical only at the 
posterior end of each series. 

9. The fore foot is remarkably short and stout, with metacarpals 
of equal length. I find no evidence of the existence of an “ ect-epi- 
condylar foramen” in the humerus. 

Rhynchosaurus, although allied to Hyperodapedon, is sharply dis- 
tinguished from the latter by its vertebral and cranial. characters ; 
and, in some respects, it occupies an intermediate place between 
Hyperodapedon and Sphenodon. 
A specimen in the British Museum (to which I shall refer as No.1) 

shows the head and trunk in almost undisturbed relation, though much 
damaged in some parts. The length, from the snout to the sacrum, 
could not have exceeded 280 millim.; so that the animal was only 
a little larger than the specimen of Sphenodon of which the measure- 
ments are given above; and, as the skull was about 80 millim. long, 
it had about the same proportion to the trunk as in Sphenodon. 

The centra of the thoraco-lumbar vertebre are about 10 millim. 
long and amphiccelous. They present, at each end, a hemispherical 
concavity, each of which occupies about a fourth of the length of the 
centrum, the two middle fourths being occupied by bone. No 
specimen which I have seen shows the characters of the centra of the 
cervical or sacral vertebre, nor throws any light upon the question 
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of the existence of anterior cervical ribs. There is no evidence of 
the occurrence of intercentral ossifications. 

The abdominal ossicles, so far as they are visible, resemble those of 
Hypecrodapedon and Sphenodon, but no specimen I have seen enables 
their details to be satisfactorily made out. 

The skull, in its general characters, resembles that of both Hypero- 
dapedon and of Sphenodon. In contour, it is intermediate between 
the two, having the occiput relatively somewhat broader than in 
Sphenodon and much narrower than in Hyperodapedon. 

The anterior nasal aperture is single, as in Hyperodapedon, and 
the strong recurved premaxillary rostrum has essentially the same 
structure, and probably was ensheathed in a horny envelope. On 
the other hand, the dentary edge of the maxilla is but very slightly 
convex downwards: and, viewed from below, there is a corresponding 
difference from Hyperodapedon. ‘The outward lateral concavity and 
inward convexity of the dentary edges of the maxille are very slight, 
and consequently there is no such anterior narrowing and posterior 
widening of the palatal surface as in Hyperodapedon. The palatal 
bones are not fully exposed in any specimen, but in one there is 
evidence that they bear certainly not more than two longitudinal 
rows of teeth, perhaps only a single row; consequently they are 
narrow, as in Sphenodon; and, as in the latter genus, leave the ante- 
rior portions of the pterygoid bones, which lie between them, un- 
covered (Plate XXVIL. fig. 1, pt). The symphysis of the mandible 
is relatively short, and the rami do not curve cutwards as they do in 
Hyperodapedon. The mandibular rostral processes, between which © 
the premaxillary rostrum is received, are short and obtuse (see 
fig. 2, p. 682). 

Thus the skuli of Rhynchosawrus resembles that of Hyperoda- 
pedon and differs from that of Sphenodon, in its single anterior nasal 
aperture, its premaxillary and mandibular rostral processes, and, 
perhaps, in possessing more than one series of palatal teeth; but, 
in general form, and in the shape of the maxille, palatal bones, 
and rami of the mandible, it departs far less from Sphenodon than 
Hyperodapedon does. In another respect, Tthynchosaur us appears to 
differ from both Hyperodapedon and Sphenodon, in that no distinct 
teeth are discernible on the dentary edges either of the maxille or of 
the mandible. Without microscopic examination of sections of the 
parts, it is impossible to say whether the maxille and the mandible 
of Rhynchosaurus were really edentulous or not. If they were, this 
genus will present an interesting approximation to the Anomodontia. 

Two other specimens (No. 2, and its counterpart, No. 3) display 
the coracoids (co) in place (Plate XX VII. fig. 3). These bones are 
broad and expanded, 34 millim. long and 20 millim. wide, and 
have convex median edges. Close to this edge of the right coracoid 
(in No. 2) lies the interclavicle (7.cl.), 30 millim. long. It is 
narrow, blade-like, and bent dorsad at its anterior end. Here it 
expands transversely into two arms, which are short, but are not 
improbably broken. The clavicles are wanting, unless the part 
marked c/. in fig. 3represents one. 

In the specimen of Rhynchosaurus to which I have already referred 
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as No. 1, much of the skeleton of the right fore limb is preserved. 
The right humerus is 40 millim. long, and has widely expanded 
proximal and distal ends. The radius has about the same length. 
There are more or less well-preserved remains of five metacarpals. 
The first has about half the length of the second, which is about 
equal to the third. 

In the specimen (No. 2) all five digits of the manus are dis- 
played. ‘The fifth metacarpal, which is broad and short, as in Sphe- 
nodon, and three or four of the phalanges of the fifth digit are in place 
(Plate XX VII. fig. 3). In all respects, this foot is more like that of 
Sphenodon than that of Hyperodapedon. 

The impressions of the ischia are very well shown in No.3 (Plate 
XXVII. fig. 4, is). They are broadly triangular in shape, with the 
angles rounded off. The symphysial side is 25 millim. long ; while, 
from the symphysis to the acetabulum, transversely, the bone measures 
20 milim. In front of the left ischium there is seen, in the place 
which ought to be occupied by the pubis, the impression of a broad 
flat plate (Plate XX VII. fig. 4, pd), 25 millim. from side to side by 
10 antero-posteriorly, the posterior edge of which is, for its inner 
two thirds, in close contact with the front edge of the ischium, 
leaving only a small space to represent the obturator foramen. I 
cannot take this impression to represent anything but the pubis, 
though its form and position are somewhat unusual. The femur is 

57 millim. long, and the shaft is curved like an (, The tibia and 

fibula are each 50 millim. long. The astragalus and calcaneum are 
separate (as in Sphenodon), and have the ordinary Lacertilian form. 
A large distal tarsal bone (as in Sphenodon) affords an articular 
surface for the fifth metatarsal, which, with the four phalanges of its 
digit, is preserved (Plate XXVII. fig. 4,v). This digit differs but 
little in size and form from the corresponding digit in Sphenodon ; 
and it is therefore remarkable that the fourth metatarsal of Rhyncho- 
saurus is very much broader than that of Sphenodon, and half as 
long again. The third and second metatarsals are nearly as broad, 
but shorter. The first is relatively shorter and thicker (Plate XX VII. 
fig. 5). 

Two imperfect series of tail-vertebree show that, in the anterior 
caudal region, the vertebree were provided with long and strong 
cheyron bones (Plate XXVII. fig. 2). 

The evidence which has now been adduced appears to me to prove 
that Hyperodapedon, Rhynchosaurus, and Sphenodon constitute a 
peculiar group of Lacertilia, the skeletons of which are distinguished 
from those of all other recent or extinct known forms by the com- 
bination of the following characters, namely :—the premaxillary 
rostra ; the longitudinal series of palatal teeth, bounding a groove, 
between which and the maxillary teeth the hinder mandibular teeth 
are received ; the abdominal ossicles; and the absence of proccelous 
presacral vertebre. This group of Sphenodontina falls into two 
families, the Rhynchosawride and the Sphenodontide. 

The Rhynchosauride have a single external nasal aperture 
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edentulous premaxillary and mandibular rostra, probably covered 
with horn, the former received between the latter; sometimes more 
than one series of palatal teeth ; and either amphiccelous, or more or 
less opisthoccelous, presacral vertebre. 

This family contains Hyperodapedon and Rhynchosaurus, readily 
distinguished by the cranial, vertebral, and dental differences given 
above. 

The Sphenodontide have divided external nares; a toothed pre- 
maxillary rostrum, not horn-covered, nor received between mandi- 
bular rostral processes ; a single series of palatal] teeth; and amphi- 
coelous vertebree. 

It is very interesting to observe that, so early as the Triassic epoch, 
the group of the Sphenodontina had attained its highest known 
degree of specialization, Hyperodapedon being in all respects a more 
modified form than Sphenodon. It appears a probable conclusion 
that in the Permian epoch or earlier, Lacertilia existed which were 
less different from Sphenodon than either Hyperodapedon or Rhyn- 
chosaurus. 

I am unable to discover any feature in the organization of either 
Hyperodapedon or Rhynchosaurus which supports the supposition, 
sometimes entertained, that these reptiles departed from the types of 
structure found among existing Lacertilia in any greater degree than 
these (e.g. Monitor, Chameeleo, Gecko, Sphenodon) do from one another, 
or that they present any approximation to other Orders of Reptilia. 

The evidence now offered concurs with that afforded by the 
structure of Telerpeton, in establishing the belief that the Lacertilian 
type of organization had, in the Triassic epoch, attained perfectly 
clear definition from all others; and it further shows that, in 
Hyperodapedon, the type had attained a degree of specialization on 
a level with that exhibited by any modern Lizard. 

The relations of the Sphenodontina with other groups of Reptiles 
of approximately the same age, in which the anterior ends of the 
jaws tend to assume the characters of a beak, with or without 
palatal teeth (Dicynodon, Endothiodon), and with such forms as 
Placodus, cannot, I think, be profitably dealt with until more is 
known of the organization of the latter. I may add that I am 
unable at present to see any good grounds for the approximation of 
Simedosaurus to Hyperodapedon. 

In his valuable account of the Indian species of Hyperodapedon 
(‘ Indian Pretertiary Vertebrata,’ vol. i. 1885), Mr. Lydekker assigns 
various detached bones to this genus on very fair grounds of proba- 
bility. The absence of intervertebral ossifications in H. Gordon, 
however, would seem to diminish that probability so far as the 
vertebree are concerned. 

EXPLANATION OF THE PLATES. 

Puate XXVI.—Ayperodapedon Gordoni. 

Fig. 1, 2. Upper and lateral views of the skull. 4 nat. size. 
3. The palatal surface of the skull, so far as the adherent mandible 

permits it to be seen. 4% nat. size. 
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4. Under view of the mandible. 3 nat. size. 
5. Front view of the premaxillary rostrum and the anterior nares. 

3 nat. size. 
6. Series of mandibular teeth: a, anterior, p, posterior end. Nat. size. 
7. The remains of the atlas, and fig. 8, the succeeding cervical vertebre. 

Nat. size. 
9. Preesacral vertebra, with the proximal end ofa rib. Nat. size. 

10. The remains of the first sacral vertebra. Nat. size. 
11. The left fore limb. + nat. size. 
12. The right hind limb. i nat. size. 

Puate XXVII.—Rhynchosaurus articeps. 

Fig. 1. Under view of an imperfect skull. Nat. size. 
2. A series of caudal vertebre. Nat. size. 
3. The right shoulder-girdle, ventral aspect (No. 2), and the left fore 

limb, dorsal aspect (No. 3). Nat. size. It is doubtful whether c/ 
is really the clavicle. 

4. Impressions of the left pubis and ischium, and remains of the bones 
of the left hind limb as they lie in No. 3. Nat. size. 

5 Right hind foot, ventral aspect (No. 1). Nat. size. 

Discussion. 

The Presripent remarked that he felt he only expressed the sen- 
timents of all the Fellows present in welcoming back their past 
President to the scene of his former triumphs. The type specimen of 
Hyperodapedon was so imperfect that it was marvellous the charac- 
ters ascribed to the genus required so little modification in conse- 
quence of the far more perfect specimen now described. 

Mr. Hutxe could only re-echo the President’s congratulations on 
the reappearance of Prof. Huxley. He could but admire the clear 
manner in which this very interesting reptile had been described by 
him. 

Dr. Gxrxie recalled the early controversies about the age of the 
Elgin Sandstones, and pointed out that no satisfactory stratigraphical 
solution of the puzzle had yet been found. A line between the beds 
with Mesozoic Reptilia and those containing Holoptychius would 
never have been drawn but for the extraordinary contrast of the 
organic remains. By physical characters it was not possible to 
separate them. 

Prof, Srrtzy said that caution was necessary in concluding that 
such types were limited to one system. The Reptiles of South 
America associated with Lepidodendron and Schizodus, partly de- 
scribed by Prof. Cope, have close affinity with some from South 
Africa which are usually regarded as Triassic. 

The form of articulation of the vertebrae being merely generic in 
Amphibia, it is not surprising to find that some reptiles have opis- 
thoccelous vertebree. Some recent lizards also show peculiar forms 
of the abdominal ribs, as in Plescosawrus, which are present in many 
Triassic reptiles, though enveloped with matrix, so as to form abdo- 
minal rods like those seen in this fossil. In conclusion, he spoke of 
the satisfaction he experienced in once more hearing Mr. Huxley. 

Mr. Lyprxxer noticed the occurrence of Hyperodapedon in India 
associated with Parasuchus and Belodon; but the associated ver- 
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tebree are amphiceelous. The maxillo-palatines appeared perfectly 
similar, more so than he at first believed ; indeed there was scarcely 
apparent specific difference between those described by him and 
those of the new Elgin specimen. 

Mr. Wuiraxer wished to thank Prof. Huxley for the good lesson 
given by the absence of dogmatism in his paper. 

Dr. Baur inquired as to the development of the parietal foramen. 
Prof. Huxey said that he could not find a trace of any such fora- 

men in Hyperodapedon. 
Dr. Baur said that this showed the specialization of Hyperoda- 

pedon. Simedosaurus or Champsosaurus must have some relation 
to Sphenodon, but it is also a specialized form. He pointed out some 
vertebral points of similarity between the former and Sphenodon. 

With regard to the systematic position of Ayjperodapedon and its 
allies he would prefer putting them under the Rhynchocephalia apart 
from Lacertilia as a group equivalent to Ophidia and Mosasauria. 

Dr. Branrorp described the relative position of the Hyperoda- 
pedon-beds in India, showing that they were, in all probability, 
later than the Dicynodon-beds, and closely allied, if not identical, 
with the beds containing fishes of Liassic type. He also noticed 
that Uromastiv, an agamoid lizard which shows some points of re- 
semblance in dentition to Hyperodapedon, is exclusively herbivorous. 

Prof. Boyp Dawxins said that Mr. Charles Moore’s examination 
of the Rhetic strata which overlie the Hyperodapedon-beds of 
Elgin, proved that the latter occupied the same paleontological horizon 
below the Jurassic series as the Hyperodapedon-beds of India men- 
tioned by Dr. Blanford. 

The Prusrpent said, the difficulty about the position of the Elgin 
beds was not so great as was often supposed. In the Old Red- 
Sandstone quarries fish-remains are byno means rare, but in the exten- 
sive quarries whence the reptiles have been procured no fishes are 
found, and recently the reptiliferous beds have been shown to overlie 
unconformably the Holoptychian beds. The whole of the strata are 
greatly faulted and covered with drift. Hyperodapedon and Dicyno- 
don certainly occurred together, and the specimens of the latter were 
being worked out by Dr. Traquair. The Rheetic fossils obtained by 
Mr. Charles Moore were from a boulder. 

Prof. Huxiny, in reply, said he remembered the time when 
paleontological papers were not received with such general consent. 
He begged leave to thank the President and Fellows for the very 
cordial reception they had given him. He was unable to agree 
with Dr. Baur’s views as to the classification of lizards and their 
allies, and considered that it was undesirable to multiply great 
groups too much. The Rhynchocephalian forms did not appear 
to him to have any real affinity with Simedosaurus, nor were they 
so much generalized as, for instance, Telerpeton. Probably in Car- 
boniferous times the gap between Labyrinthodonts and Lizards was 
bridged over, and intermediate forms occurred. 
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48. Nore on some Dinosavrian Remains in the Collection of A. 

Lzrerps, Esq., of Hyebury, Northamptonshire. By J. W. Hutxs, 
Esq. (Read June 23, 1887.) 

In a short visit which I made with Dr. Woodward in May 1886 to 
Kyebury to see the very rich and highly instructive collection of 
Saurian fossils made by Mr. A. Leeds from the Kimmeridge Clay of 
Northamptonshire, two series of remains arrested our attention by 
the close resemblances they bore to those of the Wealden Orni- 
thopsis, H. G. Seeley, to Omosaurus, R. Owen, and to certain of 
the American Jurassic Dinosaurs described and figured by Prof. 
O. C. Marsh. We had not at that time with us on the spot the 
materials for instituting an exhaustive comparison, but on a second 
visit to Hyebury, recently made, I took with me Sir R. Owen’s 
and Prof. O. C. Marsh’s memoirs, and with these by me I re- 
examined the two series of fossils. The results of this renewed 
inquiry are so interesting that I venture to bring them under the 
notice of the Geological Society. 

Part I.—OrnirHopsis LEEDSsII. 

OrnituHopsis, H. G. Seeley. 

Synonyms: Hucamerotus, Hulke; Cetiosaurus, R. Owen, partim ; 
Cetiosaurus, Phillips, partim; Chondrosteosaurus, R. Owen, 
partim ; Bothrospondylus, R. Owen, partim. 

The remains in Mr. Leeds’s collection referable to this Dino- 
saur, or to a very nearly allied form, comprise several vertebrae, 
ribs, both pubes, both ischia, the right illum, and many small 
fragments too imperfect for reunion and identification. 

Vertebree.—All the vertebre are, I think, referable to the trunk ; 
they comprise four centra, and some portions of neural arches and 
processes. All the centra are much crushed and distorted, and 
they have lost their arches. They display the large chambers 
opening externally in the lateral aspect of the centrum, and exca- 
vating this latter so deeply that the chambers of opposite sides 
nearly meet in the median antero-posterior plane of the centrum 
under the neural canal, being separated there only by a thin, bony 
partition, remains of which are preserved in one specimen. The 
following measurements will give some idea of the bulk of the least 
mutilated of four centra; but it should be borne in mind that these 
very imperfectly represent the dimensions of its true figure. The 
present horizontal diameters of the two articular faces are 29 
centim. and 28°5 centim. The same diameter taken at the middle 
of the centrum is 19°5 centim. ‘The length of the centrum between 
the two articular faces, taken at the under surface, is 14 centim. 
This surface is much incurved in the longitudinal direction, which 
gives the centrum the appearance of being strongly constricted at 
its middle. I think it probable that some degree of constriction 
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originally existed, but that this has been greatly exaggerated by 
compression since death. 

Ribs.—A nearly complete vertebral rib, being about three times 
as large as the longest rib in the articulated skeleton of an 
Elephant of average stature preserved in the Museum of the Royal 
College of Surgeons, gives an idea of the great girth of the thorax in 
this Dinosaur. This rib presents a distinct neck and shaft, which 
include between them a present angle of about 90°. The vertebral 
end of the rib is unforked ; the capitular and the tubercular articula- 
tions were therefore both seated above the level of the neuro-central 
suture on the transverse process of the corresponding vertebra. In 
extant Crocodilians this arrangement obtains first at the llth or 
12th vertebra, and this rib is usually the third in that segment of 
the vertebral-costal series in which the vertebral ribs are connected 
with the thoracic sternum by sterno-costal cartilages. So far, 
therefore, as the Crocodilian analogy warrants the inference, this 
Dinosaurian rib belonged to the scapular region of the thorax. The 
length of the neck of the rib, taken from its capitular end to the 
angle which it includes with the shaft, measures 34:5 centim., and 
that of the shaft, which has a slightly f-shaped double curve, taken 
along a straight line between its extreme points, is 152 centim. 
The upper border of the neck is approximately straight, while the 
lower border makes a regular downward curve, and this part of the 
rib rapidly expands in its vertical dimensions, attaining a maximum 
measurement of 20 centim. across the angle. From here the 
breadth declines, becoming only 9-7 centim. at the distance of 
41 centim. from the angle. This reduced breadth continues with 
little variation for a considerable distance, and then augments 
towards the ventral end, where it is 13 centim. The expanded part 
of the neck and angle of the rib is a relatively angularly folded 
plate, exhibiting in its posterior or visceral aspect a deep, longi- 
tudinal hollow. ‘The outer surface exhibits the commencement of a 
longitudinal ridge which subdivides this surface into a posterior 
part somewhat convex transversely, and an anterior part slightly 
hollowed. The part of the rib behind the ridge is stouter than 
that in front of it. In its vertebral third the cross-section of the 
shaft of the rib is a triquetrous figure; beyond this the shaft 
becomes flattened as its breadth increases towards its ventral end. 

Pelvis. —The ilium, ischium, and the pubis all contributed to the 
composition of the acetabulum, the last-mentioned bone not being 
excluded from it as in Crocodilians. The pubis and the ischium 
diverge, the former being directed forwards, downwards and 
inwards, the latter backwards, downwards and inwards; the pubis 
also is not divided into a pre- and a post-pubic segment: in both 
these respects this pelvis differs from that of the Iguanodontide. 
One ilium only, and this in a very mutilated state, was obtained: I 
regard it as the right. Its present length is 84°5 centim. Of this 
the chord of the acetabulum is about 40 centim. long, and the length 
of the preacetabular portion 45 centim. The maximum breadth of 
the acetabular surface is 17°5 centim. between its inner and its 
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outer borders. The preeacetabular portion of the bone is narrow 
relatively to its length, its depth, or width, near the middle 
measuring about 15°5 centim. Its borders through a great part of 
its length are roughly parallel. The sacral aspect of the bone is 
rough and much damaged. Attached to it are projecting fragments, 
which may be parts of the iliac extensions of sacral costoids. The 

Fig. 1.—Pelvis of Ornithopsis Leedsii, from the Kimmeridge Clay of 
Northamptonshire. About one-twentieth natural size. 

pubis has the form of an expanded, oblong plate, wider and stouter 
at its ends than at its middle. Its iliac end contributed about + to 
the eircle of the acetabulum. The roughness of its curved ventral 
end suggests the former presence of a cartilaginous lip for sym- 
physial union with its fellow of the opposite side. The anterior 
border is incurved. The posterior border for the space of 40 centim. 
is straight, and throughout this extent was connected with the 
corresponding border of the ischium, the suture, when the bones are 
articulated, lying in a nearly vertical plane transverse to the axis of 
the trunk. From the lower end of the ischial suture the posterior 
border of the pubis changes abruptly its direction, tending forwards 
for a space of about 38 centim. This part has sustained some 
mutilation, so that its extent is not shown; but a small part of the 
natural margin is preserved near the symphysial end, and this suggests 
that the missing part was incurved. The outer surface of the bone, 
in its upper part, is sinuous in a direction transverse to the long axis, 
being gently concave behind and convex in front of the axis. The 
length of the bone from the acetabular part to its symphysial end is 
95 centim., the width of its symphysia] end 40°5 centim., that of the 
acetabular end is approximately estimated at £0 centim., and that at 

Q.3.G.8. No. 172. 3B 
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the lower end of the pubo-ischial suture is 50 centim. An oval fora- 
men, 6:0 and 6°5 centim. in its two diameters, pierces the bone at a 
spot not far from the acetabular and ischiatic borders, and 31 centim. 
distant from its anterior border. 

The ischium is a much narrower, less expanded bone than the 
pubis. Its long axis appears as if twisted, the outer surface in the 
upper part looking outwards and in the lower part of its extent 
having also a backward inclination. Its length is 91 centim., the 
breadth at its upper end, taken between the posterior angle of its 
iliac suture and the lowest point of its pubic suture, is 35 centim. 
Below this the figure rapidly contracts, so that at the middle of the 
bone the width is only 15°5 centim., and this continues till towards 
the lower end, where it enlarges to 17 centim. 

The resemblances which these remains—I refer particularly to the 
pelvic bones—present to those of the Wealden Ornithopsis are so 
obvious as not to admit of any doubt respecting the very near 
affinity of these two Dinosaurs, if, indeed, they are not actually 
identical. The chief differences observable, the much larger size 
and the massiveness of the Kimmeridgian form, are of a kind which 
may merely express the greater age of this individual, and they do 
not indicate generic distinctness. Pending, therefore, the acquisition 
of new materials which, permiting the extension of the comparison 
to other parts of the skeleton, will furnish a decisive solution of the 
question of affinity or identity, it appears to me preferable to include 
the Kimmeridge Dinosaur in the genus Ornithopsis than to make 
a new genus for it. I propose for it the specific name Leedsi, 
in recognition of the liberality with which Mr. A. Leeds affords 
to scientific inquirers the opportunity of studying his valuable 
collection; and [ am happy to express here my personal obliga- 
tion to him and Mr. Ch. Leeds for much valuable assistance 
kindly rendered in the course of my inquiry. 

In a former communication to this Society I expressed my con- 
viction of the very near affinity of Cetiosaurus oxoniensis and Orni- 
thopsis*. This was based chiefly on their vertebral resemblances ; 
for the ischium and pubis of the latter were then unknown. But 
the similarity is not less striking between their pelves, as will 
become evident upon a comparison of the figure of the inferior pelvic 
elements of Ornithopsis in pl. xiv. vol. xxxvili. of the ‘ Quarterly 
Journal’ of our Society with the diagram at p. 277 in Phillips’s 
‘Geology of Oxford’ (London, 1871); only, because the bones are 
represented misplaced, each figure in this diagram must be 
turned over, the margins of the pubis and ischium in proximity 
to which the measurements 1, 2 occur should be removed from these 
numerals, and the roughened borders near the word “ zliwm” should 
be joined vertically below the letter ‘‘a.” When this very excus- 
able error has been rectified, the resemblances of the two pairs of 
pelvic elements are very significant. 

* Quart. Journ. Geol. Soc. vol. xxviii. p. 36, vol. xxxv. p. 757, vol. xxxvili- 
p- 374. 
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Of the taxonomic position of Ornithopsis in the Order Dinosauria 
there cannot be any doubt. Accepting Prof. O. C. Marsh’s classifi- 
cation as best representing our present knowledge of the order, Orni- 
thopsis certainly falls into the group Sauropoda, and should find its 
place amongst the members of the Atlantosauride. 

Part II. 

OmosAURUS. 

The remains which in May 1886 were thought by Dr. Wood- 
ward and myself to be referable to Omosaurus, a Dinosaurian genus 
of which the type specimen, from the Kimmeridge Clay of Swindon, 
is preserved in the British Museum, comprise a sacrum with 
both ilia, a caudal vertebra, parts of the other vertebral centra, a 
femur, a metapodial bone, and many small and indeterminable 
fragments. 

Pelvis —The sacrum, still retaining its connexion with the ilia, 
is mutilated, and it has been flattened and otherwise disturbed by 

Fig. 2.—Pelvis of Omosaurus durobrivensis, Hulke, from the Kim- 
meridge Clay of Northamptonshire. One-tenth natural size. 

pressure, which has overthrown and squeezed down the spinous pro- 
cesses upon the right transverse processes, hiding the junction of these 
with the neural arches. The centra of the vertebre have disappeared, 
so that in a ventral view the under or neural surface of the neural 
arches is seen. The arches appear synostosed, thus forming a 
continuous vault in which the original distinctness of its several 
segments is doubtfully traceable, a structural arrangement architect- 

3B 2 
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urally imitating the roof of a brain-case. The spaciousness of this 
sacral expansion of the neural canal may be inferred from the di- 
mensions of the best-preserved part of the roof, which are 16-5 centim. 
longitudinally, and 8 centim. transversely. The transverse processes 
of the sacral vertebree are long, the second on the left side measures 
24-3 centim. ; their vertical extent was considerable, their fractured 
and mutilated lower border suggests their downward extension below 
the neuro-central suture upon the lateral aspect of the centrum. 
The number of sacral vertebre, inferred from that of the transverse 
processes prolonged to the ilium, is four. Two in front of these I 
am inclined to regard as lumbar, from the different direction and 
length of the transverse processes. 

Tia. —The ilium is remarkable for the great length of the pre- 
acetabular process ; that of the left ilium (the better preserved) is 
53 centim., the present entire length of the bone being 85-5 centim. 
The breadth of the process taken just in front of the acetabulum is — 
18 centim., and at the distance of 15 centim. from its free anterior 
extremity it is 15 centim.; thus the borders of the process are almost 
parallel. The acetabulum is capacious, the length of its chord 
is 24-7 centim. The part lying above the acetabulum presents a stout 
crest, which now projects externally beyond the outer lip of this 
cavity, but which probably, before the bone was distorted by pressure, 
was more erect. The longitudinal outline of this crest ascends for- 
wards in a convex curve from the posterior extremity of the ilium 
to above the middle of the acetabulum ; in front of this it descends, 
becoming concave, and is lost upon the preeacetabular process. 

Vertebre.—A caudal vertebra, well preserved, closely reproduces 
in its general features those of Omosaurus armatus. The total height 
of this vertebra from the apex of its spinous process to the lowest 
part of the posterior articular surface is 33°] centim.; the height of 
the spinous process and arch is 26°5 centim.; the vertical diameter 
of the anterior articular face is 11:2 eentitin. and the transverse 
horizontal diameter 9:2 centim., the same diameters of the posterior 
articular surface being 12°6 and 11:2 centim.; and the antero-pos- 
terior dimension or length of the centrum is 6°8 centim. Thus the 
spinous process is lofty, the contour of the articular surface is nearly 
circular, the vertical dimension slightly preponderating. ‘The figure 
of these surfaces is gently concave, the depression of the posterior 
slightly exceeding that of the anterior surface. The right transverse 
process, nearly entire, has the figure of a triangular vertical plate. 
Its lower border is directed nearly horizontally outwards, its upper 
border descends, its base, borne chiefly by the centrum, ascends above 
the neuro-central suture upon the side of the arch. The free end of 
the process, swollen and obliquely cut, exhibits appearances which 
suggest its having borne a rib, as occurs in a few anterior caudal 
vertebre of some existing Lizards. The depth of the transverse 
process near its base is 14°8 centim., its length 1s 9:4 centim. 
Below the transverse process the surface of the lateral aspect of the 
centrum is depressed, being concave longitudinally and vertically. 

Two other very imperfect vertebral centra have a slightly con- 
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stricted cylindroid form with plane or gently concave articular ends. 
The presence of a large internal space now filled with clay points to 
the persistence of an intracentral, nodal swelling of the notochord. I 
refer these vertebral centra to the lumbar region. 

Femur.—This bone (the left) is in excellent preservation, though 
somewhat flattened by pressure. In its straightness, and scarcely 
observable axial twist, it closely repeats the femur in the type of 
Omosaurus armatus. Its proximal end bears a well-marked oval 
articular caput separated by a shallow depression from a massive 
external trochanter lying at the same level, and not divided from 
the shaft by the deep narrow cleft which is so marked a feature in 
the Iguanodontide. The distal end of the bone exhibits the common 
condylar division ; the inner condyle is rather more prominent an- 
teriorly, the outer condyle broader. The dorsal or extensor surface 
is traversed longitudinally by a depression, wide and shallow in its 
proximal part, narrower at the middle of the shaft, and deeper and 
wider distally, where it runs out between the condyles. A low, 
narrow, but perfectly distinct, crest-like inner trochanter is present 
at the inner border of the bone, at the middle of the shaft. The 
posterior intercondyloid groove is deep and wide. ‘The length of 
this femur is 100 centim., the breadth of the proximal end is 28 
centim., that of the distal end 27 centim., and that of the middle of: 
the shaft at the level of the inner trochanter 13 centim.; the 
diameters of the caput femoris are 12°5 centim. and 14°5 centim. 
Metapodium.—A bone which I refer to the metatarsus, from its 

likeness to the metatarsals of Stegosaurus (all the component bones 
of the foot of which are figured by Prof. O.C. Marsh), is 14:5 centim, 
long. Its shaft has a cylindroid figure flattened at one side. Its 
middle is gently constricted, and its ends expanded. ‘The contour 
of the proximal end is a roughly quadrilateral figure, in which the side 
answering to the flattened sides of the shaft is straight, the opposite 
side being convex. ‘The distal end is unequally subdivided into two 
condyles, the larger of which is prolonged much further on the 
plantar aspect than is the other. This longer condyle coincides with 
the convex border of the shaft and similarly convex aspect of the 
proximal end. I am disposed to refer this bone to the outer side of 
the left foot. 

The correspondence of these remains with those of Omosaurus 
armatus, R. Owen, is so close that I cannot hesitate to refer to this 
genus the Dinosaur which they represent. The chief differences, the 
less massive forms of the bones and the hollowness of the vertebral 
centra, may only express differences of age. In these points and 
also in the more narrow and elongated form of the preacetabular 
process there is a closer approach to Stegosaurus O. C. Marsh, 
between which and Omosaurus, the very closest affinity exists. For 
this new species I propose the distinctive name of Omosaurus duro- 
brivensis, from the name of a Roman settlement near the present 
site of Peterborough. 

Dermal Armour.—All the remains just described were associated, 
affording a strong presumption of their having all been parts of one 



702 ON SOME DINOSAURIAN REMAINS, 

individual; their general facies, also, and the character of the osseous 
tissues leave no doubt on my mind that they are parts of one skeleton. 
From the same locality Mr. A. Leeds has also obtained many frag- 
ments of large, thin, flat, bony plates, which cannot be referred to 
any part of the endoskeleton and which doubtless represent a dermal 
armour. ‘Two of these shields, which have been reconstructed by 
accurately placing together their fragments, show that their ori- 
ginal dimensions were very considerable, the present breadth of 
one being not less than 50 centim., and that of another about 80 
centim. It has not yet been possible to reconstruct them so com- 
pletely as to show their original contour. They are formed of 
two thin tables with an intermediate diploé. The free surface of 
one table is smooth and mostly of finer grain than the other, which is 
usually impressed by long pits and furrows, and these, as also the finer 
grain of the bone, show a radial arrangement starting from the 
stoutest part of the plate, which rises as a low hummock above the 
general level of that which I regard as the upper or outer surface. 
This, which presumably represents the centre of ossification of the 
plate, imparts a stoutness in one plate of 3 centim., thinning out 
towards the periphery to less than the thickness of a playing-card. 
Perhaps this has been reduced by pressure. A few fragments pre- 
serve anatural edge ; this has the form of aslightly swollen lip, bounded 
towards the expansion of the plate by a submarginal groove, a con- 
struction which suggests that adjoining plates may have been linked 
together by intercalated flexible integument. | 

The evident close affinity between Omosaurus and Stegosaurus 
made it very probable that as the former possessed dermal spines it 
would likewise be provided with tegumental plates; I am therefore 
disposed to associate with the other skeletal remains the plates in 
Mr. Leeds’s collection. Should this association be confirmed by new 
discoveries, the question may arise, Does not the association rather 
suggest that the remains should with greater justice be referred to 
Stegosaurus than to Omosaurus? 

The Dinosaur they represent has, however, in its femur a distinct 
innertrochanter ; thisalsois presentin the type of Omosaurus armatus ; 
while it is stated that there is no evidence of its presence in 
Stegosaurus. Should this difference be confirmed, it appears decisive 
against the generic identity of these two Dinosaurs; but for the 
moment reservation is necessary upon this subject. 

Up to the present time the reptilian fauna of the Kimmeridge Clay 
has been chiefly distinguished by the abundance of Ichthyopterygia and 
Sauropterygia, for the numbers of its [chthyosauri, its Plesiosauri, 
and its Pliosawrt in their many and distinctive modifications, not 
less than for the numbers of its Crocodilians, the T’eleosauri and 
Stencosaurr. 

Evidence is now accumulating that the Dinosaurian group was also 
well represented, and this not by one but by several of its subgroups :— 
(a) The Ornithopoda by Iguanodon Prestwichit; (6) the Sauropoda 
by Ornithopsis or a nearly allied form; (c) the Stegosauria by Omo- 
saurus armatus and Omosaurus durobrwensis. 
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49. On some New FEatures in PELANECHINUS coRALLINUS. By 
T. T. Groom, Esq., of St. John’s College, Cambridge. (Read 
June 23, 1887.). 

[Communicated by Prof. T. McK. Huauss, F.G.S.] 

[Puats XXVIII.] 

In vol. xxxiv. p. 924, of the ‘ Quarterly Journal of the Geological 
Society,’ Mr. Walter Keeping, F.G.S., described two specimens of a form. 
previously referred by Dr. Wright to the genus Hemipedina. He 
showed that this form was quite distinct from Hemipedina, and gave 
it the name of Pelanechinus. It showed, in his opinion, affinities 
with the Echinothuride on the one hand and the Diadematide on 
the other. 

These two specimens have hitherto been the only ones known, 
with the exception of a few fragments described by Dr. Wright. 

I was fortunate enough to find in 1881 in the Coral Rag at Calne, 
in a quarry at the north end of the town, a third specimen which 
shows some interesting features hitherto undescribed. 

The diameter of the test is about 85 millim.; it is considerably 
flattened from above downwards. ‘The whole of the oral surface is 
beautifully preserved, with the exception of a sector including one 
ambulacral and the greater part of two interambulacral areas. The 
teeth are exposed wm situ, together with most of the peristomial 
imbricating plates ; the latter, however, are not exhibited so clearly 
as in the specimen in the Woodwardian Museum. A zone, about 
15 millim. wide, belonging to the oral surface is also preserved. My 
specimen quite confirms Mr. Keeping’s opinion that the test was 
flexible. 

The plates have frequently separated along the line of suture, 
especially on the aboral surface, while the median interambulacral 
line and the lines of junction between the ambulacral and interam- 
bulacral areas have frequently broadened into gaping fissures; the 
calcareous matter between the plates must either have been deficient 
or wanting; the plates themselves are occasionally bent, but very 
seldom broken. 

The Inierambulacral Areas (fig. 1) differ considerably on the under 
and upper sides of the test. At the equator there are two large 
median tubercles to each plate, and two smaller lateral ones ; 
towards the mouth all these decrease regularly in size, and ata 
little distance from the peristome diminish first to three, and then 
to two on a plate, the two innermost rows (7.¢. nearest the median 
interambulacral line) disappearing first, while the outermost of the 
large tubercles are the only ones that are represented on the last 
plates. Above the equator a similar diminution in size takes place 
in three of the rows; the innermost row of large tubercles almost 
immediately disappears, as also does the outermost row of the 
smaller tubercles. The outer row of large tubercles retain almost 
their full size. 
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The plates are widest at the equator, but regularly increase in 

height from the peristome up to the highest point seen. 

Thus on the wnder surface we have elongated plates with several 

tubercles, while on the wpper surface the plates are deep, bearing one 

Fig. 1.—Portion of an Interambulacral Area of Pelanechinus 
corallinus. x 2. 

b 

a. Plates on oral surface. m. Median interambulacral line. 
b. Plates on aboral surface. . Peristomial notch. 

primary tubercle, the greater part being covered with minute tubercles 
and granulations. 

The plates end abruptly at the peristome in a rounded prominence 
separated from the ambulacra by moderately deep peristomial notches. 

The plates on the aboral side of the test seem to have been free 
and movable upon one another, as they have commonly separated 
along the lines of suture, and the sutures are seen at the equator to 
be the expressions of clean vertical cuts whose edges are often some- 
what smoothed off, while the uppermost plates have their borders 
well rounded. This, I believe, explains the fact that. the apical 
portion of the test is wanting in all specimens hitherto found, though 
the rest is so well preserved. The shape and disposition of the 
interambulacral plates undergo a remarkable change on the upper 
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side of the test immediately after the equator is passed. Their 
boundaries, before only slightly and regularly undulating, here 
become distinctly curved, while their inner extremities become much 
less in width than their outer; the result is that a triangular 
depression (fig. 6) is left in the interambuiacral areas, giving the 
apical area a pentagonal outline. The uppermost plates at the same 
time overlap from below upwards ; this may, however, be due to pres- 
sure, but I believe is natural, as a certain amount of bevelling off at 
the edges is perceptible. 

¢ is noteworthy that the direction of overlap differs from that of 
the Echinothuride, but is the same as in Astropyga*. This genus 
it also resembles in the behaviour of the interambulacra on the 
aboral side of the test, the plates undergoing precisely similar changes 
in shape and disposition 7. 

The triangular depressions I believe to be due to the projection 
of the genital plates, which were probably large; the pentagonal 
outline of the central space probably represents the shape of the 
apical disk, which must have been of considerable size. 

This view is confirmed by the behaviour of the ambulacra, which 
narrow rapidly on the upper side of the test (fig. 5), and show cha- 
racters which indicate that they are not far from their apical termina- 
tion (fig. 4, d). 

In their elongated shape, general appearance and behaviour, and 
in their loose connexion, the interambulacral plates resemble those 

of the Echinothuride and <Astropyga, the upper plates especially 
(see figs. of Asthenosoma and Phormosoma +). 

In the notched peristome, and the contrast between the plates of 
the corona and peristome, and between the ambulacral and interambu- 
lacral areas, the test resembles that of Echinide and Diadematide. 

The Ambulacral Areas (figs. 2 & 3) were not correctly described 
by Keeping §. The structure of the plates is best shown at the 
equator. Hach plate is pentagonal and has nine pairs of pores dis- 
posed in three oblique rows, each pair surrounded by a peripodium. 
It is traversed by two sutures, which extend from margin to margin, 
and indicate the boundaries of the three primary plates which enter 
into its composition ; each of these primaries bears a tubercle and 
has at its outer border a pair of pores. The middle primary is the 
largest and supports the largest tubercle ; its inner border occupies 
by far the greater part of the boundary formed by the median 
ambulacral line; the aboral primary comes next in size, while the 
adoral is smallest and bears the smallest tubercle. In addition to 
the three primaries there are six demiplates, which do not extend 
from margin to margin ; each bears ordinarily a pair of pores. The 
grouping of these component plates is seen in fig. 2. The adoral 

* Wyville. Thomson, “On the Hchinoidea of the ‘ Porcupine’ Deep-sea 
Dredging Expedition” (Phil. Trans. Royal Soe. vol. 164, part 2, p. 732). 

+ I am indebted to Prof. Jeffrey Bell for an opportunity of examining this 
and other genera in the British Museum. 
t ‘Challenger’ Report ; Echinoidea, Al. Agassiz ; and Wyville Thomson, Phil. 

Trans. Royal Soc. 1874, pl. Ixv. 
§ W. Keeping, Joe. cit. 
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boundary of the compound plates is occupied by a primary ; then 
come two demiplates, the pores of which form with those of the pri- 
mary one of the three oblique rows. ‘The largest primary succeeded 

Fig. 2.—Two Ambulacral Plates from the Equator of 
Pelanechinus corallinus. x4. 

a, aboral; 0, adoral boundary. 

Fig. 3.—Ambulacral Plates from above the Equator of 
Pelanechinus corallinus. x 4. 

by two demiplates forms the second oblique row, while the aboral 
primary with two demiplates forms the third. At one place (fig. 2) 
where some of the pores are aborted, the boundaries of the demi- 
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plates are seen very distinctly. The primaries can readily be traced 
across by means of the granulations and tubercles covering them. 
The sutures traverse the base of the large tubercle, which thus 
rises from all three primaries. 

I have described the structure of these plates at length because 
I believe the type to be anew one. It does not seem to be included 
under any of the six types given by Prof. Duncan, in his paper on 
the ambulacra of fossil Echinoidea*. Of these six the only ones 
it at all resembles are the Echinoid and Diadematoid ; from the 
former it differs in having primaries in the middle, and from the 
latter in having demiplates in the middle. 

This structure may, however, have arisen from the fusion of three 
oligoporous plates into one; thus each of the primaries with the two 
demiplates above would represent an oligoporous plate. Three of 
these fusing with one another, together with development of the 
middle one with its tubercle at the expense of the two others, would 
give us such a polyporous plate as we have before us. 

This phenomenon seems to me quite analogous to the method of 
formation of the oligoporous plates from three primaries, especially 
in the case of many Diadematoid and Arbacioid forms in which the 
middle plate develops at the expense of the other two. Whilst enter- 
taining this idea, I was much interested to find that towards the 
apex the association between the primaries seems much less inti- 
mate, the sutures being replaced by deep fissures, and the adoral 
and aboral primaries with their tubercles relatively larger and more 
independent ; in fact I believe that in the uppermost plates seen, where 
the most primitive condition doubtless prevails, the oligoporous 
condition actually obtains, though the plates are not quite of the same 
size. : 

Traced towards the mouth the structure of the ambulacral areas 
is precisely the same as at the equator, and the arrangement is still 
trigeminal. At the peristome the imbricating plates come in sud- 
denly. As the area narrows, the tubercle decreases in size, and the 
middle primary ceases to project much beyond the others, so that 
the median ambulacral line running at the equator in sharp S-like 
curves passes, through less abrupt curves, into a gently undulating 
line finally terminating in an almost straight portion. 

Above the equator the main tubercle again diminishes in size, but 
much more suddenly, in correspondence with a more sudden narrowing 
of the areas. As the middle primary diminishes in size, the adoral 
and aboral primaries maintain theirs, and their tubercles increase 
rather than diminish in size, so that at the highest point seen the 
primaries with their tubercles show comparatively little difference 
(fig. 3). The plates here seem to be in an oligoporous condition, 
and judging from the diminished width of the areas, the small and 
nearly uniform size of the tubercles, and the gently undulating 
median line, the ambulacral areas are near their aboral termination. 
_ The ambulacral plates, then, of Pelanechinus may be looked upon as 

* Quart. Journ. Geol. Soe. vol. xli. 188 
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a modification of the oligoporous Echinoid type, in which the two 
aboral primaries are represented by demiplates*. 

They could not, however, arise from the fusion of three of the 
oligoporous plates of the Echinothuride +, where we also meet 
with a trigeminal arrangement, as there the demiplates seem to be 
adorally placed. 

The ambulacral areas seem at first sight to present a considerable 
amount of resemblance to those of Astropyga pulvinata t. This form 
has oligoporous plates, each of which has a tubercle, every third 
plate being larger than the other two, this giving rise to an S-shaped 
median line. Prof. Duncan has, however, shown that the triplets 
are arranged after the type of Diadema§. 

Fig. 4.—One of the Rows of Imbricating Actinal Plates in Pelane- 
chinus corallinus, with the adjacent interambulacral (2) and 
ambulacral (a) areas. X23. 

p- Peristome. 

The Imbricating Peristomial Plates (fig. 4).—These, in my specimen, 
are not well shown; but the results of a re-examination of a specimen 

* Duncan, loc. cit. 
Tt It is usually stated that the plates of the Echinothuride are simple pri- 

maries, but the figures of Agassiz (‘Challenger ’ Report) make it clear that they 
are, at any rate in many cases, oligoporous, the demiplates (=the so-called acces- 
sory plates) which seem constantly to occur on the adoral side of the primary 
being distinctly fused with the latter. See figs. in ‘Challenger’ Report :— 
Phormosoma hoplacantha (pl. xiia. fig. 12), Asthenosoma tessellata (pl. xxia.fig. 14), 
Asthenosoma Grubei (pl. xvii. fig. 6), Asthenosoma pellucida (pl. xviii. fig. 5). 

t Journ. Linn. Soc., Zool. vol. xix. p. 95, pl. v. fig. 9. 
§ Duncan, Journ. Linn. Soc., Zool. vol. xix. p. 106. 
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in the Woodwardian Museum are given in fig. 4. At one place the 
peristomial plates are beautifully preserved; here a row of at least 
13 plates is visible, on each of which (except the most adoral, which 
is partially hidden) a pair of pores is seen*. These, as Keeping 
points out, are arranged approximately ina vertical row. Each plate 
extends from the median ambulacral to the median interambulacral 
line. This is also seen more or less clearly at other points, both in 
the Woodwardian and my ownspecimen. There are thus 10 rows of 
imbricating plates, and all are perforated by pores. The arrange- 
ment thus differs from that in Cidaris, where imbricating plates de- 
void of pores are found opposite the interambulacral area, but is 
identical with that found in Asthenosoma Grubei + , Phormosoma bur- 
sariat, Phormosoma luculenta§, &e. The overlapping plates much 
resemble those of Asthenosoma hystrix|| and of Phormosoma bursariaG] 
and they imbricate and overlap one another in exactly the same way. 
The inferior (oral) edge of most of the plates is tolerably straight, 
but in those nearest the mouth it is raised up into an eminence 
which supports a member of one of the three rows of tubercles with 
which these plates are provided. 

Pedicellarie (Pl. XX VIII.).—A feature of great interest is the 
occurrence of the structures known as pedicellarie. These, which 
were first made known by O. F. Muller**, and have been variously 
looked on as parasites, young stages of Hchin, &c., are now 
recognized as spines peculiarly modified for prehensile purposes. 

They have not hitherto, so far as I have been able to ascertain, 
been described as occurring in a fossil state. Prof. Zittel remarks 
in his ‘Handbuch der Paliontologie,’ vol. 1. p. 474:— “ Pedicellarie 
. ... are of no practical significance to the paleontologist, since, 
on account of their delicate nature and small size, they are not 
capable of being preserved.” I have, however, found them in great 
variety and abundance, and in beautiful preservation. 

Though small, they are distinctly visible to the naked eye. The 
only satisfactory way to examine them was, I found, to place the 
whole urchin on the stage of the compound microscope, and use a 
good illumination. If this method were employed, I believe the 
pedicellarize would be found in many other cases also. 

The pedicellariee of Pelanechinus are all 3-valved, and their surface 
shows here and there numerous granulations. I have found three 
distinct varieties, and of the three kinds into which the pedicellarize 
of Echinus were divided by Yalentint?, whose nomenclature has 
been generally adopted, I believe two are represented. 

* Prof. Zittel, in his ‘ Handbuch der Palaontologie,’ vol. i. p. 504, refers to this 
form as having, according to Keeping, peristomial plates devoid of pores ; this, 
however, is not correct, as Keeping distinctly states that the ambulacral pores 
are continued over these plates to the mouth. They are also visible in my spe- 
cimen ; but fig. 3 will remove all doubt. 

t ‘Challenger’ Report, Echinoidea, pl. xvii. figs. 1-4. 
£ Ibid. pl. xd. fig. 3. § Ibid. pl. xa. fig. 4. 
|| Phil. Trans. Royal Soc. 1874, pl. Ixvi. fig. 1. 
€ ‘Challenger’ Report, Hchinoidea, pl. x0. fig. 3. 

** Zoologia Danica, 1788, p. 16. tt Monographie de l’Echinus. 
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(a) The commonest variety is represented in Pl. XXVIII. fig. 1. 
The largest seen (fig. 1d) measured about 1 millim.in length. In shape 
they are conical and each consists of three valves which fit neatly 
and tightly together. I could detect no teeth on them. They vary 
in size; each valve is broadest at its base, and is furnished with a 
rounded knob close to the point of attachment. In front it narrows, 

Fig. 5.—Oral Surface of Pelanechinus corallinus (restored). 
Nat. size. 
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and then expands again to a broad spoon-shaped piece. The in- 
terior of the valve is shown in figs. 4¢ and f*. The lower 
portion is seen to be divided by a median crest, which in recent 
pedicellariz gives attachment to the muscles connecting the valves 
togethert. This variety only occurs in a depression immediately 
surrounding the imbricating plates. They probably have long stems. 

* Fig. 1 fis very diagrammatic. 
Tt P. Geddes, Trans. Royal Soc. Edinburgh, vol. xxx. part i. p. 383. 
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(6) On the oral surface of the test, extending to a greater distance 
from the peristome than the last variety, are found a number of very 
slender pedicellariz. These also have three valves; the base is tri- 

Fig. 6.—Half the Aboral Surface of Pelanechinus corallinus. x 13. 

angular and lies nearly at right angles to the long slender prong into 
which it passes. These may perhaps be referred to the type known 
as gemmiform (Pl. XXVIII. fig. 2). The one figured measures 1°16 
millim, in length. ‘These also probably had long stalks. 
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(c) Of the third variety only asingle specimen occurs, it was found 
on the upper side of the test, near the middle of an interambulacral 
area. It is much larger than the others, and measures 2 millim. in 
length. Each valve has a stout basal portion perforated by a cir- 
cular foramen. A prong given off from this widens out at the ex- 
tremity into a spoon-shaped end, the margins of which are supplied 
with a number of small triangular teeth (Pl. XXVIII. fig. 3a). 
This, and the first variety, may be referred to the tridactyle type. 

As this pedicellaria became detached from the rest of the specimen, 
T was enabled to examine it from all points of view. Fig 36 isa 
side view. 3c a view from the basal end, and 3d a view of the three 
spathulate prolongations. The circular aperture is distinct only in 
one of the valves. In general shape this pedicellaria resembles 
those of Asthenosoma hystrix figured by Sir Wyville Thomson *. 

I have found pedicellariz of the varieties a and 6 on the specimen 
in the Woodwardian Museum. 

Pedicellaria-stems (P|. XXVIII. figs. 4a, 6, c, d).— Numerous ex- 
amples of these are scattered about the test. They vary greatly in size, 
but all agree in having a slender shaft with enlarged extremities ; 
the basal extremity ends abruptly, while the free end to which the 
pedicellariz: were attached is well rounded. I found none in actual 
connexion with the pedicellariz ; but they are readily to be distin- 
guished from the spines; they are more slender, and the striations 
on them are much finer. The rounded ends have no constriction 
such as is found among the Echinothuride and Diadematide. The 
stems more resemble those of the Echinide ‘. 

Teeth.—I have lastly to mention. the teeth. These were figured 
and carefully described by Wright, in his ‘ Monograph of the Oolitic 
Echinodermata’ +. Mr. Keeping, when describing Pelanechinus, was 
unable to find the specimen figured by Dr. Wright. In company 
with Mr. Newton, I succeeded in finding it in the collection of the 
British Museum. It is undoubtedly referable to our Pelanechinus 
corallinus. ‘The epiphyses were probably not united to form an 
arch above the teeth. 

Affinities and Systematic Position.—Of the distinctness of Pelan- 
echinus as a genus there can be no question. While it resembles 
the Echinothuride in the flattened shape, in the flexibility and thin- 
ness of the test, in the length, undulating boundaries, shape, and 
general characters of the interambulacral plates, and above all in the 
nature and arrangement of the peristomial plates, yet in the con- 
trast between these and the adjacent coronal plates, and between 
the ambulacral and interambulacral plates, in the notched peristome, 
and in the types and variety of the pedicellariz, it 1s allied to the Gly- 
phostomata of Pomel (Echinide and Diadematide). 

The flexible test with overlapping plates occurs also in Astropyga 

* Phil. Trans. Royal Soe. vol. 164, pl. xiv. figs. 4, 5. 
+ See figure of Strongylocentrotus in Al. Agassiz’s ‘ Revision of the Hchini,’ 

pl. xxiv. fig. 20. 
t P. 168, pl. xi. fig. 1a. 
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among the Glyphostomata, and this genus Pelanechinus resembles in 
the shape and character of the aboral interambulacral plates. 

It seems to have affinities with both members of the Glyphostomata. 
It resembles the Diadematide in the possession of simply grooved 
teeth, and the Kchinide in the structure of the ambulacral plates and 
in the shape of the pedicellaria-stems. 

It thus occupies an intermediate position between the Echino- 
thuride and the Glyphostomata ; and its peculiarities seem to entitle 
it, if not to a separate position between the two families, at least to the 
rank of a subfamily (which might be termed Pelanechinide) among 
the Glyphostomata, to which it seems most nearly allied. I may 
say that this is the position assigned some weeks ago to Pelanechinus 
by Prof. Alex. Agassiz from a cursory examination of my specimen. 
He expressed an opinion that Pelanechinus was allied to the 
Echinothuride on the one hand and the Diadematide on the other, 
the affinity being rather with the Diadematide. 

Cuaracters oF Pelanechinus corallinus. 

Test. Circular, depressed, thin, and probably flexible. 
Interambulacral Areas. Narrow at the peristome, broadening 

rapidly to more than twice the width of the ambulacra at the equator, 
where there are eight rows of tubercles. 

Plates differ on the under and upper sides of the test; on the 
under surface elongated and with several tubercles; on the upper 
surface broader and with undulating boundaries, movable and pro- 
bably overlapping from below upwards. One primary tubercle on 
each plate. 

Ambulacral Areas. Less than half the width of the interambu- 
lacra at the equator, narrowing gradually towards the peristome. 

Plates towards the apex of the oligoporous Echinoid type, with one 
adoral primary and two aboral demiplates; but at the equator 
compounded into polyporous plates with nine pairs of pores arranged 
in three oblique rows, one primary tubercle for each median primary. 

Peristome. Large, about 4 of the diameter of the test. Peri- 
stomial notches of moderate depth. Peristomial membrane covered 
with 10 rows of overlapping and imbricating calcified plates with 3 
rows of tubercles on their free edges. Hach plate with perforated 
tubercles, spines, granules, and a pair of pores; the successive pairs 
forming a linear series continuous with the pores of the ambulacra. 

Dental Apparatus. Alveoli powerful. Teeth simply grooved. 
Apical System. Probably large and pentagonal. 
Primary Tubercies. Rather small, perforated, and mounted upon 

elevated bases, with smooth and uncrenulated summits; they are 
uniform over both areas. 

Spines. Small, hollow, longitudinally striated. 
Pedicellarie. Three kinds (Pl. XX VIII.) :— 

(a) Small tridactyle from round the peristome, probably long- 
stalked (fig. 1). 

Q.J.G.8. No. 172. 36 
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(6) Gemmiform from the oral surface, probably long-stemmed 
(fig. 2). 

(c) Large tridactyle, spoon-tipped, from the aboral surface 
(fig. 3). 

Pedicellaria-stems. Long, slender, head without constriction 
(fig. 4). 

EXPLANATION OF PLATE XXVIII. 

Fig. 1, a, 6,¢, d. Pedicellariz from round the peristome, 50. e. Internal view 
of one of the valves, x50. jf. Internal view of an older one (dia~ 
grammatic), X50. g. Basal view of one, x50. 

2. Slender pedicellaria from oral surface, x 50. 
3,a. Large tridactyle pedicellaria from aboral surface, seen from above. 

x40. 6, Ditto, seen from the side; c, view of basal end; d, view of 
distal end. 

4, a, 6, c, d. Pedicellaria-stalks, x 50. 

Discussion. 

Prof. Duncan said he had recently gone over Mr. Keeping’s 
drawings, and his interpretation of the peristomial plates resembled 
Mr. Groom’s. The imbricating plates are all ambulacral, there 
being no interradial plates of that nature as in Crdaris, The dis- 
covery of fossil pedicellariz was quite new. 
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ON THE METAMORPHIC ROCKS OF SOUTH DEVON, (15 

50. Notes on the Muramorputc Rocks of Sourn Devon. 

By Caruerine A. Raisin, B.Sc. (Read June 23, 1887.) 

(Communicated by Prof. T. G. Bonney, D.Sc., LL.D., F.R.S., F.G.8.) 

Contents. 

I, Boundary of Slaty and Metamor- B. Macroscopic Struetures. 
phic Series. 1. In Mica- and Micaceo-chloritic 

1. Hope Cove. Schists. Strain-slip cleavage. 
2. West of Salcombe Hstuary. 2. In Chlorite-Schists. 
3. Hast of Salcombe Estuary. ITT. Stratigraphical succession in Me- 

. Southward of South Pool. tamorphic rocks from their 
5. Hastward of Estuary; inland, northern limit. 

and Hall Sands. 1. (a) Interbanded Series. 
Il. Microscope Slides and Lithologi- (>) Chlorite-Schist. 

cal Characters of Metamorphic 2. (a) Mica-Schist. 
Rocks. (>) Interbandings ? 

A. Microscope Slides. 3. Mica-Schist. 
1. Chlorite-Schists. Estuary south of South Pool. 
2. Micaceo-chloritic Schists. Hastward of South Pool. 
3. Mica-Schists. TV. Summary. 

THERE are scanty notices, by De la Beche and other earlier writers, 
of this southernmost part of Devonshire; but later it has been very 
fully described by Professor Bonney*; and taking his paper as a 
guide, I was able during two visits to obtain some knowledge of the 
district. I have ventured to think that a few supplementary details 
might be of some slight interest. 

I. BounDARY OF SLATY AND METAMORPHIC SERIES. 

As I had not time to visit thoroughly all parts of the district, I 
tried primarily to make an examination of the exposures in the 
vicinity of the junction of the slaty and the metamorphic series. 
Here I was anxious to arrive independently at a conclusion on the 
question whether metamorphism had affected a continuous series 
of beds, or whether the southern rocks had the character of a sepa- 
rate and probably much older formation. Hence, before visiting any 
of the sections already described, I made expeditions to two localities 
on the shores of the estuary north of Portlemouth, where I found 
exposures, in one place quite, in the other nearly, continuous from 
Devonian to metamorphic rocks. I had no real difficulty in deciding 
when I had passed from one formation to the other, and the opinion 
then formed as to the complete distinctness of the two series was 
confirmed by further examination in the field and by the microscope. 

Along the southern boundary of the slaty rocks, I visited the cliff 
exposures of the eastern and western coasts, those bordering the 
estuary, and I also zigzagged across parts of the intervening country. 

1. Hope Cove.—The western limit of the boundary line at Hope 
village is marked on the Survey map, and has been described by 

* Quart. Journ. Geol. Soc. vol. xl. p. 1. 
302 
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METAMORPHIC ROCKS OF SOUTH DEVON. ne 

Prof. Bonney, as running out to sea in the cove just north of a 
small rocky headland. I was able, owing to a more favourable tide, 
to skirt this headland for a short distance, and found clear evidence 
that its northern face, as suggested, ‘‘ has been determined by the 
fault.” While the mass of the headland is of mica-schist, fragments 
of what are evidently beds of the slaty series are found coating its 
northernmost portion. They agree with that series in direction and 
amount of dip; and, lithologically, are very like beds occurring at a 
junction near South Pool, to be described immediately. They con- 
sist chiefly of impure limestone, very much indurated and crystalline 
in character, and of brittle bands of blackish material having a very 
crushed and slickensided look. At a higher level, where the scour 
of the waves between high and low tide wouid be stronger, the 
neck of the headland has been worn away rather more deeply, and 
exposes down its cliff signs of what I believe is the faulted junction. 

2. West of Salcombe Kstuary.—On the western shore of Salcombe 
estuary, as Prof. Bonney has described, the actual junction is not 
seen; but we can easily recognize when, from smooth satiny slates 
dipping evenly to the west of north at about 55°, we have passed, 
over a very short interval, on to mica-schist. To the west of this 
exposure, I noted, in a lane north of Batson, the occurrence of phyl- 
lites* followed by mica- and chlorite-schists, the junction being rather 
to the south of the line given on the map, thus agreeing with the 
position on the estuary s suggested by Prof. Bonney. 

3. East of Salcombe Estuars y.—On the opposite shore of the estuary 
IT landed at Halwell Wood, and walked southwards by a low chff, 
where the phyllites were well exposed, varying somewhat in cha- 
racter, but all clearly of the unmetamorphosed series, having a dip 
of about 55° to the west of north. Some bands were fairly good 
slate, others true phyllite; while here and there the sheen surface, 
developed along veined or coarser and more gritty parts, gave an ir- 
regular schistose look to the beds, which, however, was easily distin- 
guished as a merely superficial likeness. South of the phyllites, a 
tiny streamlet comes down to the beach, and the mouth of its shght 
valley extends about 50 yards with no exposures; then mica-schist, 
at first very brown and decomposed, forms the low cliff. 

4, Southward of South Pool.—Along the arm of the estuary which 
comes down from South Pool, we can again note where the junction of 
the two series occurs, and we find it some 200 yards south of the line 
drawn on the Ordnance map. The west shore gives us a continuous 
section, and, in spite of the ferruginous rotting which has attacked 
some 75 feet of the rocks, I identified, I believe, both the original 
phyllites, with hard calcareous bands similar to those which I found 
at Hope Cove, and also the much altered, but more massive, rhom- 
boidally-jointed chlorite-schist, which is here the first of the meta- 
morphic rocks to be met v4 as we go south. On the east shore 
there is a blank of about 10v yards (partly occupied by a cliff of 
recent deposit) which separates the phyllites on the north from 

* T use the term phyllite to denote a slate in which a large amount of micro- 
lithic mica is developed. 
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chlorite-schist to the south ; and over this space several very small 
springs flow out. The more recent series consists chiefly of satiny 
slates, greenish or greyish, splitting with the characteristic crisp 
brittle fracture, here and there with hardened bands of impure lime- 
stone, and cut at places by thick white quartz veins; they are 
occasionally contorted and irregular, but for the most part lie smoothly 
and evenly. The phyllites of the western shore show a steady dip 
to the west of north; while the chlorite beds, including micaceous 
bands, after some variation, set in dipping towards the south. On 
the eastern bank, the slaty beds dip with some exceptions in a 
southerly direction but the cliffs are so low, and, in cuttings into 
the phyllite, I so oft2a noted a tendency for the upper part, even 
to a depth of four, five or six feet, to be bent over in an opposite 
direction to the true dip, that I should hesitate to trust the southerly 
inclination, if there were not a constant, though interrupted, sug- 
gestion of it over a space of nearly half a mile. 

5. Eastward of South Pool Estuary.—At Hall Sands there is at 
first sight some little difficulty in fixing the boundary of the two 
series : but on more careful examination, we see that the rocks south 
of the stream all show schist-lke fracturing, and are of very mica- 

ceous character, only with something of the look of phyllites, due, I 
doubt not, to subsequent slickensiding or crushing. ‘To the north of 
the valley the slaty beds have, it is true, a very thorough develop- 
ment of micaceous surface, and, at places, a wavy lamination, which 
gives a superficially schistose character, especially when accompanied 
by corrugations and irregular veinings of quartz; but these beds are 
soon interrupted by evenly cleaved true slaty bands. My note made 
on the spot, after re-examination, was, that “ any simulations of phyl- 
lite, south of Hall Sands, and any simulations of schist, north of 
Hall Sands, are in each case local and very inextensive; a small 
flake of the southern cliffs might be mistaken for phyllite, and a 
veined fragment of the northern rocks might be thought approxi- 
mating to schist, but any larger examination, even in the field, would 
show the distinctness.” This conclusion, on referring to Prof. Bon- 
neys paper, I found to be in complete agreement with his own 
summary of the difficulty. 

I walked through most of the lanes lying between South Pool and 
Hall Sands, and found no difficulty in deciding whether an outcrop 
was of slaty or of metamorphic rock. Over much of the country the 
rocks are hidden, but deep cuttings by roadsides and occasional 
quarries enabled me to decide that the line of fault, traced eastwards, 
bends rather to the south, running out to the sea at Hall Sands, as 
marked on Prof. Bonney’s map. The boundary runs between the 
South Pool and Chivelstone valleys, along the summit, or the north- 
ern slope, of the rising country ; its line is not exactly defined, but 
I rather incline to mark it somewhere along the more southerly of 
its possible positions. Eastwards, to the south of Ford, I found 
some indications, which suggest the continuation of the fault south 
of the main road. Very good exposures mark its position as passing 
through Killington, to the south of Muckwell, and as having deter- 
mined the lower part of the course of the Hall-Sands streamlet. 
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South of this valley, the most northerly of the metamorphic rocks 
are of chlorite-schist, including micaceous bands. This chlorite rock 
forms the foundation of some of the Bickerton cottages; it has been 
worked at one small quarry south of the Bickerton lane, and at an- 
other on the hillside overlooking Hall Sands, and is of an ordinary, 
but very well-banded character. 
We have thus roughly traced the southern boundary of the phyl- 

lites, and this boundary cuts obliquely across the general strike of 
the metamorphic beds, so that different members of this series are 
thrust against the phyllites as we go eastwards. There is, at places, 
marked variation of dip and strike, and the beds, as I shall describe 
later, are often disturbed, and dip, in some cases, at a very high angle. 
Wherever an actual junction is exposed, it emphasizes itself by de- 
eomposition of the rocks into a brown iron-stained material. More 
often the beds thus affected have been completely denuded, and their 
former place is marked by a small valley or streamlet. | 

Il. Microscope Stipes anD LirHonoGicaL CHARACTERS 

oF THE Meramorpaic Rocks. 

A. Microscope Slides. 

I examined slides from various parts of the district, and I may 
perhaps be allowed to add to the full descriptions, given by Professor 
Bonney, a few notes on specimens which seem to me not quite of 
the normal type. The metamorphic rocks, as he has stated, may 
be grouped into two series, essentially characterized by the abundant 
presence of mica and of chlorite respectively. I found, however, 

some specimens containing such an amount of both minerals that I 
have ventured to speak of them as micaceo-chloritic; but if this 
term is objected to, they can be placed as exceptional forms, partly 
of chlorite-schist, mainly of mica-schist. These rocks occur at 
places where there are alternating beds of chlorite- and of mica- 
schists, and especially along an extensive tract in the north of the 
area. It is true that chlorite is present in some of the typical mica- 
schists; but these differ from the “ micaceo-chioritic,” even in hand- 
specimens, and markedly under the microscope ; while in the true 
chlorite-schists, if the colourless mica is found, it occurs generally 
in only an occasional flake. 

1. Chlorite-Schists—-When we examine, as our first example, a 
typical slide of chlorite-schist, we see, without magnifying, irregular 
bands, greenish in colour, alternating with bands of material appa- 
rently quartzose. By the aid of the microscope the separate consti- 
tuents can be investigated. The green layers consist mainly of a 
mass of chlorite ageregated in the modes described by Professor 
Bonney, generally associated with some brown ferruginous deposit, 
not identifiable, and with epidote. The epidote may appear in nume- 
rous small grains, or in larger crystals, some exhibiting cleavage- 
lines, and showing occasionally a tendency to break up. The 
chlorite folia are sometimes grouped in a radiate manner; they 
are generally dichroic, changing from a feeble brownish tint to a 
deep green colour; by the extinction being parallel to the cleavage- 
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planes in some examples, the species would seem to be a chlorite of 
uniaxial character, possibly, in part at least, prochlorite of Dana. 
The more transparent layers in the chlorite-schist slide are consti- 
tuted chiefly of grains not usually elongated in form, in some cases 
adjoining in the manner of quartzite- or schist-grains, but often 
separated by a pale greenish or dark deposit, composed partly of 
not clear chlorite, partly of more opaque substance, this intermediate 
material being often in more or less continuity with the mass of the 
green chloritic layers. The grains thus defined have an appearance 
as if they had been forced apart, possibly by local crushing of the 
rock; and this appearance occurs most markedly in slides from 
districts where the rocks in the field. had a disturbed aspect. 
Professor Bonney calls attention to a somewhat “clastic look” in 
specimens examined by him, and suggests its being due to the action 
of “unequal pressure.” The transparent grains themselves are 
many of them uncleaved and fairly clear, except for minute enclo- 
sures, small flakes of chlorite or other belonites ; and these grains I 
suppose to be chiefly quartz. Of others, which show more or less 
distinct cleavage, some at least, after hesitation, I identified as 
possibly kyanite, the presence of this mineral being suggested by 
Professor Bonney in some of the chlorite-schists. In some cases my 
specimens show, as Rosenbusch describes, an extremely clear appear- 
ance, with the occurrence of infiltration-products settled along the 
very distinct cleavage-planes*. As is stated by Fouqué and Lévy to 
be the character of thin slices, the grains are colourless and not 
dichroicy. Felspar seems to be present in certain slides as an occa- 
sional grain, and it may occur more markedly in other specimens ; 
but in many cases its appearance is not quite normal, and Professor 
Bonney has suggested to me the possibility of the crystal consisting 
of a secondary mineral replacing the original felspar. Such typical 
characters of chlorite-schist I have noted in slides from rock obtained 
along the coast northward of Prawle Point, from the cliff near 
North Sands, and in others to be mentioned immediately. 

In a slide cut from the chlorite-schist which is quarried near 
North Sands, I was interested to find hornblende occurring in 
portions larger than the belonites described by Professor Bonney. 
There are in the shde a fair number of specimens varying in size, 
but all very characteristic; they are green in colour, exhibit 
dichroism, and have the cleavages parallel to « P well marked. 
Most of the grains also are partially bounded by prismatic faces. 
They occur, some of them intercrystallized in nests of. quartzose 
material, others in the greener bands of the rock, where, at parts, 
they seem to merge into the chlorite, at parts seem as if eaten into 
by the bordering epidote-grains. In chlorite-schist near Rickham 
Signal the clastic aspect, previously described, is noticeable, and is 
emphasized (even more markedly than in my specimen from North- 
Sands quarry) by the deposition of calcite along cracks in some of the 
clear mineral. Among the grains may be noted one of a twinned 

* Mikr. Phys. der petr. Min. p. 545. 
t Min. Micr. p. 460. 
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erystal, which has evidently been broken and suffered some displace- 
ment of its parts with deposition of calcite along the crack. Similar 
examples of pressure-effects may be found in various slides. Many 
of the clear grains in this Rickham specimen, even where not exhi- 
biting definite cleavage-lines, contain narrow laths of a richly 
coloured reddish-brown mineral, possibly hematite, which have a 
uniformity of direction in the grain, as if determined by its cleavage- 
planes. Im another specimen of chlorite-schist, taken from the 
foundation rocks of the Old Castle near Salcombe, Professor Bonney 
called my attention to the form and arrangement of the grains in 
the clear layers. Without magnifying, the folded zigzags of these 
colourless bands are quite evident across one part of tne slide. 
Under a low power of the microscope their constituent grains show 
an elongation transverse to the main layer, and with polarizing 
apparatus an orientation of colours similarly transverse, these cha- 
racters of form and optical property being therefore due probably to 
the pressure which bent tke layers. 

Certain masses of chlorite-schist occurring in the northern part 
of the district call perhaps for some special notice. Specimens for 
the microscope were taken from the points on opposite sides of the 
main estuary north of Salcombe, which I have called for distinc- 
tion ‘‘Snapes” Point and “Scoble” Point. The usual minerals 
(chlorite, quartz, epidote) are present, and in the Scoble slide occur 
some grains of the cleaved mineral and some which seem to be 
felspar ; we may note examples of simple twinning, and others of 
multiple twinning after the manner of plagioclase. One very 
interesting specimen was pointed out to me by Professor Bonney, 
where the members of the compound crystal are distorted, waved, 
and even broken across and displaced—an additional proof of the 
action of pressure, which had seemed to me marked in this rock even 
in hand-specimens, and emphasized by the evidence ofthe microscope- 
slides. The section of the Scoble rock shows quartz-grains, occurring, 
for the most part, separated in the chloritic ground-mass, and many 
of the grains elongated, with their long axes parallel to the lami- 
nation. In the Snapes specimen knots of quartz appear frequently | 
as if squeezed out into rather long irregular bands, in which the 
mineral has assumed the ordinary schist or quartzite characters. 
Some of the separate grains are of very flattened form. In the 
mass the rock exhibited, throughout, a close compressed look, but 
was traversed at places by bands of apparently different mineral 
constitution. ‘The evenness of these layers and the compressed look, 
taken in connexion with the micro-structure already noted, seem to 
suggest that the rock had suffered from a pressure somewhat 
normal to the bands, and that the lamination may have existed in 
some form in the rock as a previous stratification-foliation. 

2. Micaceo-chloritic Schists—An interbanding of some mica- and 
chlorite-schists in the cliff near Rickham Signal-Station yielded a 
specimen containing both mica and chlorite, with layers of quartzose 
and other colourless grains, some cleaved and some exhibiting 
twinning. Scattered about with epidote are small garnets, abundant 
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in the mica-chlorite layers, rare elsewhere. The signs of a crushing 
of the rock are very evident; the grains are of varying sizes, their 
boundaries shade off in polarized light with an appearance of secondary 
deposition, and many are dirty and less clear than usual; the 
micaceo-chloritic layers also are crumpled as in the true mica- 
schists. Like this last specimen, a mass of rock from the north of 
“Snapes” Point might be described as a kind of chlorite-schist ; but 
it exhibits, even in the hand-specimen, a large amount of mica. It is 
dark-greenish in colour, tough, and weathers toa very rough surface, 
partly ridged from plates and fibres of mica, partly pitted with 
roundish hollows irregularly weathered out. A slide cut from this 
rock shows chlorite largely present in aggregated folia, but, inter- 
crystallized with it, flakes of white mica in much abundance. This 
mica seems to agree with that in the true mica-schist, and shows 
the zigzag crumpling of the folia which is so marked in that series. 
As in chlorite-schists, granular epidote is abundant, and large grains 
occur with an indication of cleavage-planes and showing a tendency 
to break into smaller fragments. Within the ground-mass are 
fairly large isolated grains of other minerals. Some of these seemed. 
at first not easy to distinguish from quartz; but, unless we may 
infer its secondary deposition, several characteristics of the grains 
make this identification difficult, as was pointed out by Professor 
Bonney, who kindly looked at this and other slides for me. Other 
grains present show twinning or cleavage, and very many of them 
exhibit characters which seem to me most like those of kyanite, in 
some cases the mineral appearing in longish forms with lines of 
pinakoidal cleavage (a Pa and a P a) crossed by some of the nearly 
“perpendicular breaks” of the basal cleavage (O P) described by 
Fouqué and Lévy * and by Rosenbusch +. In the hand-specimen, I 
could recognize grains having pearly cleavage-faces and of pinkish 
or pale brown colour. In the slide all the grains are fairly uniform 
in size and similar in shape, having a somewhat elongated, elliptical 
outline (only one showing good suggestion of crystalline form) and 
the margin at places being fairly even. They contain various 
enclosures, some of which seem to be epidote, sometimes in rather 
stumpy crystalline forms; others are clear colourless belonites; and 
very minute enclosures, such as are common in the quartz of the 
ehlorite-schist, are very abundant. The inclusions, especially the clear 
belonites, extend, in many cases, in lines parallel to the long axis of 
the enclosing grain, and often these lines are curved. Insome grains, 
cleavage runs undisturbed obliquely across the lines of enclosures, 
so that we might perhaps infer the subsequent crystallization of 
the enclosing mineral around the epidote and belonites. These 
must in that case have existed previously, and the kyanite, in its 
present condition, may be posterior to the crumpling and contortion 
of the rock. It is interesting to note that the longitudinal extension 
of the kyanite in some examples is roughly in the direction of the 

* Minéralogie Micrographique, p. 461. 
t Mikroskopische Physiographie der petrographisch wichtigen Mineralien, 

p. 345. 
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planes. and that the grains themselves are sometimes outlined 
approximately parallel to the curving lines within. I tried to 
observe the optical characters of the belonites, but not always 
successfully ; some indications seemed to agree with characters of 
sillimanite—the clearness of the mineral, and its absence of colour, 
its occurrence in long slender prisms with transverse cracks, and 
occasionally the appearance of bright colours with crossed nicols; 
the extinction in some examples seemed to occur at an angle of 
about 20°, but varied in others. 

Frequently in the masses of chlorite-schist seen in the field, 
there occur thin bands of chloritic rock of brighter green colour 
and with very smoothed surfaces as if slickensided ; even in freshly 
hewn quarries these bands were generally too fragile to yield slides 
for the microscope. One firmer band, however, having a more 
silvery micaceous look, occurs in a quarry by the new road near 
Snapes Point, and may perhaps be representative. This gives a 
clear, filmy, apple-green chlorite, and very clear large mica flakes 
accompanying an exceptionally small quantity of quartz, most of it 
exhibiting signs of secondary change. There are numerous grains, 
some of Bpiiote. some of garnet, and others of a mineral rather 
resembling garnet, but apparently not isometric, giving a dull purple 
tint on rotating the stage. The layers are crumpled, the mica- 
flakes lying at intervals obliquely across the general direction, as if 
bent down in the slipping. 
When we turn to the examination of the most general type of 

micaceo-chloritic schists, we find some of the best specimens near 
“Snapes” Point,‘‘ Scoble” Point, and Westercomb, all places approach- 
ing the northern boundary-line. Macroscopically, these rocks differ 
from the ordinary mica-schists in being duller in appearance, although 
rather light in colour, greyish, or sometimes with a slightly greenish 
tint. In the mass they are generally more evenly bedded. Under 
the microscope these rocks are found to consist chiefly of mica, 
chlorite, and quartz, with possibly felspar and a mineral, more or less 
abundant, approximating in its cleavages to kyanite, several grains 
showing interrupted cleavages meeting at an angle of about 56°, and 
reminding one of the planes parallel to the base and the brachydome 
(O P and Pa) shown by Max Bauer *. Grains are fairly abundant 
in these slides having a marked twinning, some quite simple, others 
shghtly repeated ; and in one or more examples the crystal is cracked 
and its parts displaced. ‘The quartz is dirty from the number of 
minute enclosures, and has the usual schistose structure, irregularity 
in the size of the grains and shading of their colours in polarized 
light suggesting subsequent strain of the rock. In many places, 
larger clear grains are imbedded in a mosaic of small shaded ones 
and not uncommonly the large grain is cracked across, and the 
commencing development of the fine mosaic can be traced along the 
crack. In some slides occur certain granular aggregations which 
are partly resolvable under a higher power of the microscope into 

* Zeitschrift der Deutschen geologischen Gesellschaft, 1878, Bd. 30, Taf. xiv. 

fig. 1a. 



724 MISS C. A. RAISIN ON THE 

colourless microliths, somewhat dichroic, if I could trust my not 
very clear observation; they may possibly be a secondary acti- 
nolite. In these micaceo-chloritic slides mica plates at parts form 
level and continuous layers, at others they constitute bent or wavy 
laminz. Occasionally there is an example of a breaking and 
slipping of the layers at the folds, which I will indicate later, when 
I speak of similar structures in other schists. 

3. Mica-Schist.—True mica-schists form the dark massive cliffs 
which extend towards Bolt Head, with a kind of black-lead sheen, 
and the paler, more silvery rock of the cliffs near the Start. In 
the Bolt specimens I identified the constituents described by Pro- 
fessor Bonney, and found one fragment showing good examples 
of what I believe to be kyanite. The grains are visible without 
magnifying, and, thus looked at, they are seen to be about ;4, inch 
in diameter, to be blackish in colour, and to have somewhat of a 
prismatic form. Under the microscope the grains, some of them, 
show clear kyanite-like cleavages, and in one is a good example of 
twinning. Where this clear mineral occurs, it abruptly interrupts 

Fig. 2.—Crystal of Kyanite in Mica-Schist near Bolt Head. 
(Enlarged 70 diameters.) 

The schist consists mainly of chlorite, white mica, and “ black mineral,” and its 
layers pass on through the kyanite. The kyanite shows one good cleavage, 
with interrupted planes, and is twinned. : 

the micaceous and chloritic layers; but the ferro-carbonaceous 
material (as I infer it to be from Professor Bonney’s description) 

seems to continue on in its own wavy lamine through the kyanite 
(fig. 2). Here, therefore, where the grains are larger, they contain 
more foreign deposit, some of them being almost full of the black 
dust; but its arrangement seems only explicable by supposing the 
growth of the kyanite-grain in situ in the rock. ‘The schist from 
Start Point seems to have in it less of the black mineral, its mica- 

——— CUO Oe . P5 o 
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folia are clear and well defined, although small and at places irregu- 
larly intererystallized with quartz. The quartz shows minute 
agglutinated grains, and has the appearance of having suffered from 
pressure. In all these slides, I was on the look out for evidence of 
a secondary cleavage-foliation, and I couid trace in all the begin- 
nings of such a structure. The thin folia have given way along 
some of the sharp abrupt folds, as is shown in the figure given in 
the article before quoted *, and the secondary planes thus here and 
there arising consist of the black mineral with some mica-folia. 

B. Macroscopic Structures. 

1. Mica- and Micaceo-chloritic Schists—In hand-specimens the 
mica-schist gives interesting study of various forms of crumpled and 
contorted beds. In many places examples may be found of a slipping 
of the zigzagged layers, being an illustration of what might be 
classed under ‘strain-slip” (Ausweichungs-) cleavage. In the 
schist of the Bolt Head, Professor Bonney has described how the 
beds are folded and contorted, and how the rock readily breaks up 
“into rude prisms.” This tendency seems due to the schist being 
traversed by two sets of divisional planes, one parallel with the 
original stratification-foliation, the other marking a subsequent 
cleavage-foliation. The cleavage-surfaces have, on the whole, a 
smoother, more continuous polish; while the original folia are 
thinner, closer, but more crumpled, and therefore give rise to 
surfaces more liable to break with small irregularities. 

In certain areas the schists, whether mica- or micaceo-chloritic 
schist, have a tendency to split along broadly undulating planes, which 
do not entirely follow the lamination. This is a marked character 
in much of the rock near Start Headland and at several localities in 
the northern part of the district. Near Gullet, on the arm of the 
estuary from South Pool, just before mica-schist sets in, the chlorite 
rock contains what I should judge to be micaceo-chloritic bands, 
and these are traversed by undulating planes. ‘Thus these bands 
have a tendency to split along curving surfaces, dividing the rock 
into somewhat rounded rhomboids, within which the quartz often 
thickens at places into little knots or eyes. Here the planes of 
weakness seem to include in their course part of the slip-planes or 
planes of cleavage-foliation, and part of what we may consider true 
bedding-planes. ‘There must in that case have been some modifica- 
tion of the structure, induced by the pressure which the rock has 
undergone; and I thought that possibly the cause could be connected 
with the more marked presence of quartzose layers, which might 
have helped the bending-over of the planes of weakness, by offering 
a resistance to the cleavage-slipping. Passing now to other ex- 
amples of like structure, I would note a rock of mica-schist on the 
beach near Lannacombe, whose surface, polished by the waves, 
exhibits, with greater clearness and on a more minute scale, similar 
markings to those of the Gullet specimen. Here, blacker patches 
in the silvery mica-schist seem, in consequence of the structure 

* Quart. Journ. Geol. Soc. vol. xl. 1884, fig. 7, p. 15. 
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described, to tail off where the cross planes break the lamination. 
Very similar to this is a micaceo-chloritic rock from the shore 
opposite Gullet, which I examined with the microscope. In 
the hand-specimen blacker bands continually tailing off seem to 
cause an incipient formation of ‘‘eyes” of the darker material. 
These bands, under the microscope, are found to consist of chlorite, 
mica, and a quantity of a black mineral present in all my slides 
of micaceo-chloritic rock, which both here and in some others consists 
markedly of small crystalline masses rather flattened in form, and 
ranging along the lamination, like the titaniferous iron-ore shown 
in the Scourie-Dyke schist*, only the ferrite in my slide is more 
abundant. Here (as well as in one other slide) I thought it 
accompanied by grains of sphene. Some of the micaceous layers 
present an appearance as if they were flowing around the larger 
eraius of quartz; andthe hand-specimen, like others of the micaceo- 
chloritic group, has a very squeezed look. The slide has the structure 
already noted as generally belonging to the group—the small mosaic 
of quartz granules surrounding larger grains which are sometimes 
broken across; and the aggregations of microliths are also present. 
This rock was obtained near Westercomb, from within 60 yards of 
a junction with the phyllites. In other northern localities of the 
district the curving fracture-planes, as seen in hand-specimens, are 
very marked in schists which have what seemed to me a specially 
slickensided and crushed look; and this occurs where I am inclined, 
from stratigraphical relations, to suspect that a line of fault occurs, 
which has very possibly split and followed two directions, as, for ex- 
ample, in the point opposite Westercomb, 

On the whole, the characteristic of the mica-schist of South Devon 
seems to be a tendency to develop cleavage-planes of less or greater 
force, which become, at places, fairly well marked, although not in 
an equal degree with the original foliation-planes. 

2. Chlorite-Schists.—Certain structures in the chlorite-schist, when 
it is studied in the field, seem to require some notice; but I am very 
diffident about making any suggestions as to their relations. Apart 
from any ferruginous decomposition, the chlorite in weathering 
acquires often a paler shade, sometimes almost whitish, and some- 
times a delicate pale sea-green. This last colour I generally found 
occurred in parts protected from rain-wash, and I have never seen a 
more beautiful study in rocks than that in some of these chlorite-masses 
where, receding slightly beneath a projecting ledge, they expose a 
surface coated with the soft pale sea-green dust. The picturesque 
appearance is increased by the tendency to pitted weathering here, as 
elsewhere, exhibited, which has already been described by Professor 
Bonney. In other exposures, I noted a tendency to rather regular 
rhomboidal divisions. These two structures I should suppose nearly 
related; but the rhomboids at all events seem to be due to the develop- 
ment of two obliquely crossing sets of planes, the one set being in the 
direction of bedding, the cause of the other set being more difficult 
to prove. It might perhaps be a kind of jointing; but there is some 

* Teall, ‘ British Petrography,’ pl. xx. fig. 2. 
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slight evidence which would rather connect it with the effects of 
pressure. One example, which had some weight with me, was a 
case of chlorite-schist interbanded with a 15-inch mica-band. The 
mica-schist showed puckerings, which I can best describe as giving 
an outline roughly duplico-dentate, and the transverse planes of the 
chlorite ran up into the sharp teeth of the puckerings. It seemed 
as if the force which crumpled the mica-band had developed the 
oblique planes in the chlorite. At other localities also, the divisions 
seemed to be suggestive of pressure-planes, as in exposures near 
Rickham Signal-station, on the shore east of Portlemouth Parsonage 
and elsewhere. For comparison with these examples I searched 
on the shore south of Portlemouth for an occurrence in chlorite- 
schist, referred to by Professor Bonney *, and described as a cleav- 
age-structure, and I think the cases I have quoted will bear a 
similar explanation. To such pressure-planes crossing those of 
bedding, modified by the not very plastic material of the rock 
in which they are developed, I am inclined to attribute the 
irregularly worn surfaces of the chlorite-schist ; since the hollows 
which weather out at places can be found in all gradations from 
regular angular rhombus-shapes to rounded and irregular pits. The 
rounded depressions, like the angular ones already described, follow 
planes of bedding; in one example I traced them along the con- 
tortions of a corrugated mass of chlorite-schist. Where the pitting 
was most irregular in its arrangement, the beds had often suffered 
such foldings and dislocations that it was difficult, or even impos- 
sible, to track the bedding-planes. 

The angular markings [ have alluded to were generally rather 
local in their occurrence; but over large masses of chlorite-schist 
there was a development of a second set of planes, presumably 
joint planes, along which the rock continually broke up and slipped. 
This often gave erroneous impressions as to the dip of beds seen 
from a distance. 

ILI. SrrarrgRAPHicAL RELATIONS OF SOME OF THE METAMORPHIC 

Rocks. 

In this part of the paper I shall restrict myself mainly to the 
small northern area beyond Portlemouth, which was not specially 
examined by Professor Bonney. The best exposures are along the 
main Salcombe estuary, whose shores, extending roughly from north 
to south, cut across successive beds. The eastern cliff is perhaps 
rather less disturbed, and from it chiefly we may describe a typical 
succession. 

1. (a) Interbanded Series of Main Estuary and Batson.—South 
of the fault, near Halwell Wood, we come to a mass of mica-schist, 
partly brown from decomposition, which dips northerly and extends 
about 100 yards; beyond this, chlorite-schist is exposed. Hence, 
nearly to the beginning of ‘“‘Scoble Point,” we have beds, at first 
and at places, with variable or southerly dip, but, on the whole, 

* Quart. Journ, Geol, Soc. 1884, vol. xl. p. 9. 
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dipping to the west of north. These are chlorite-, mica-, and mica- 
ceo-chloritic schists alternating one with another.. Bands only a 
few feet thick or even less occur; but the average thickness may be 
taken as about 50 feet, though there are two masses of mica-schist 
nearly 200 feet in thickness. With few exceptions the beds quietly 
overlie, and after looking out carefully for evidences of repetition 
or overfolding, I came to the conclusion that these rocks probably 
represented a true stratigraphical succession. This series is not 
quite so well shown along the western shore; here a westward 
thinning-out of the chlorite bands is suggested, unless they come 
in partly where exposures are wanting or beds disturbed. Further 
west, the rocks are exposed in roadside cuttings, one at Lower 
Batson, and one to the north of it close to a phyllite outcrop, and 
also along the shores of Batson Inlet. Here the eastern cliff has an 
extensive development of mica-schist, but part of it, much gnarled 
and contorted and with a changed dip, may possibly have cut out, 
by faulting, the chlorite-band, which would otherwise have con- 
tinued to this place from the western shore and from the lane by 
the cemetery. The general dip is northerly or to the west of north, 
varying from 35° to 80°, but often at about 60° to 70°. 

1. (6) Chlorite-Schist of Scoble and of Snapes.—To the south of the 
interbanded series, on both sides of the main estuary, a thick bed of 
chlorite-schist has resisted the action of the water and still pro- 
jects in the opposite headlands of “Scoble” and of ‘“ Snapes.” 
This chlorite-schist is closely and evenly laminated, very firm, at 
places so compact as to be almost flinty in appearance, and has 
altogether a squeezed look, which is confirmed by the microscope 
slides that I have already described. 

Salcombe and Southwards.—This chlorite-schist seems to strike 
to the northern part of the large mass on which Salcombe is built, 
and of this there are exposures, as Professor Bonney has described, 
as far south as an alley beyond the Ferry. Southward from this 
alley, at an exceptionally low tide, I was able to scramble along the 
shore, and found the cliffs, nearly to the Old Castle, to consist of 
mica-schist, folded and contorted and nearly vertical, but striking 
boldly out to the north of east. As the road on the top of the hill, 

after leaving Salcombe, cuts most of its way through mica-schist, 
of which rock there is one quarry by the road and two on the 
southern slope overlooking North-Sands valley, it would seem pro- 
bable that to the south of Salcombe the hill mainly consists of the 
mica-formation until we come to the chlorite-schist forming the 
foundation of the Old Castle ruin and worked in the quarries near 
North Sands. Here I would suggest the possibility of a faulted 
junction, and of a southerly pressure overturning the chlorite and 
some interbanded beds, and thrusting them against the mica-schist. 
There seemed some grounds for the idea in the aspect of the cliffs 
between the Old Castle and North Sands—the beds are disturbed, 
contorted and broken, and form a wild scene of rugged points of cliff, 
worn into caves, and weathered irregularly to yellows and reds, the 
brighter colours of decomposition ; the beach is a piled-up mass of 
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_ huge fallen blocks. The dip of these beds varies, but on the whole 
seems to incline southerly at one spot, being to W. of S. at quite a 
low angle, about 30°, while the mica-schist to the north, as I have 
said, seems nearly vertical, or with a high dip towards the north. 
Moreover, opposite the Old Castle is a good junction, which may 
mark, if not the main fault, a minor break connected with it, where 
the chlorite rock with a dip to W. of S., much jointed and marked 
by cross planes, overlies mica-schist with a dip to E. of S.; the true 
nature of the latter is almost concealed by the uniform deep red 
tint which it has assumed in decomposition (fig. 3). If this chlorite- 

Fig. 3.—Chff opposite the Old Castle near Salcombe, 

a. Mica-schist, massive, of deep red 6. Chlorite-schist. 
colour. F. Line of fault (?). 

schist and these interbandings have been thrust northward, the 
chlorite-rock, which occurs in a lane from north of South Mill to 
north of Combe, might possibly represent the same mass, whose out- 
crop had been carried further north out of its proper line of strike ; 
but the beds in this inland exposure seem less disturbed and retain 
their northerly dip where I had opportunity of testing it. 

I was able, during the same favourable tide, to traverse hastily 
the shore from North to South Sands, passing from the southerly 
dipping chloritic rock, over the beds marked by Prof. Bonney 
as showing much disturbance. They consist of a rather thick mass 
of mica-schist, agreeing in strike to N. of E., but with an almost 
vertical dip and much folded, possibly bounded on the south by a 
small fault, where there follow, first, chlorite-beds nearly vertical 
and with variations of dip, and then, as far as South Sands, interband- 
ings of chlorite- and of mica-schists, exhibiting a southerly dip. The 
mica-schist in these cliffs beneath Molt agrees in its appearance with 
the larger masses occurring to north and to south; but the greatly 
diminished thickness would be difficult to explain on this hypothesis, 
and I incline to consider it a lower band appearing beneath a fold of 
the chlorite-schist. 

2. Mica-Schist, with (?) Interbandings.—Turning back to the dis- 
trict beyond Scoble Point, we find, south of its chlorite-schist, mica- 
achist rising and extending very continuously along the northern 
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shore of the side estuary, being possibly part of an interbanded 
series, the remains of which to the south still occur along the oppo- 
site shore. The mica-schist strikes in the common direction of N. 
of E., and has often a high northerly dip; it is mostly nearly vertical 
and much folded. At places the dip varies, and the beds have a 
squeezed look, rather like those in the mica-schist point up the estuary. 
From the uniform direction of strike, the mica-schist is cut very 
obliquely by the shore, which trends eastwards from Scoble ; but, 
bounding a small inlet in this shore, a cliff occurs, which cuts across 
the beds; although much weathered and overgrown, we can see 
that they consist of similar mica-schist. In this side estuary, the 
southern shore, passing Portlemouth Parsonage, exposes interband- 
ings, some of only a few feet, some thicker. ‘The rather massive 
chlorite-schist, which is quarried near the old limekiln, is of such 
small extent that I place it and also the chlorite-schist of the cliff 
north of Portlemouth Ferry as a subordinate part of this series. 
The dips of the latter mass of chlorite-schist rather vary, but the 
rocks of this series have a general dip to the W. of N. 

3. Mica-Schist (of Portlemouth Ferry).—They would thus probably 
overlie the large mass of mica-schist found along the shore to Portle- 
mouth Ferry and beyond, which has previously been described. 
Similarly, this interbanded series, dipping northerly, seems along 
the estuary shores to overlie mica-schist, about a quarter of a mile 
north-west of Good Shelter. The schist, with one rolling over, dips 
northerly, although towards Waterhead it seems to change, but is 
not well exposed. The mica-schist is also traceable inland near 
Portlemouth church, and at places along the lanes south of Waterhead 
estuary, notably near Hawkshead. ‘The strike here is well marked, 
still to about 10° N. of E., and the dip is about 70° to W. of N. 

Kstuary shores southward of South Pool.—Passing now to expo- 
sures further eastward, we have rather more difficulty in deciding 
their relations. First, in completing our survey of the estuary shores, 
we find atong the arm descending from South Pool, south of the 
phyllites already noted there, exposures of chlorite- or interbanded 
schists ; these extend southwards, and form the point east of Wester- 
comb, and also the cliffs of the opposite shore north and south of 
Gullet. The beds are partly normal chlorite-schist, such as those 
quarried opposite Gullet, partly mica- and micaceo-chloritic bands, 
resembling those obtained from the main estuary. 

Parts of these beds are rather out of the direction of the strike of 
chlorite-schist from the westward ; but this, I think, might be from 
a faulting of the district. The slickensided look in the mica-schist 
of the point opposite Westercomb, the changed, variable and high 
dips of the Gullet beds and those opposite, all seem to support the 
idea of faults having broken the country near. Such faults may 
have partly determined the lines of the estuary. If we suppose 
these chloritic beds to be equivalents of the Scoble-Point rocks, and 
to have been partly displaced to the southward, then there is some 
difficulty in accounting for the mica-schist, which forms the cliffs 
nearly all the way from a little south of Gullet around the projecting 
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point and up the estuary branch to Waterhead. It seemed possible, 
however, that. the rocks had been thrust northward and that the 
mica-schist might belong to the mass occurring at Good Shelter, 
stretching westward, and probably, as we shall describe, eastward also. 

The Point, which projects where the two branches of the estuary 
join, is occupied by mica-schist much folded, varying in dip, often 
nearly vertical, and so crushed and slickensided that small frag- 
ments have quite a phyllite look; indeed they split up into thin 
folia, so as to be almost describable as “‘ papery.” About one third 
the distance from the point to Waterhead along the northern shore, 
these schists pass into mica-schist of more usual character, folded 
and gnarled, but dipping steadily to the W. of N., with one inter- 
banding of chloritic beds. 

Inland, eastward of South Pool_—Eastward of South-Pool estuary, 
we can trace the beds which are successively cut out by the faulted 
junction, and which probably form a downward succession. With 
the exception of the chlorite-schist which occurs first, whose dis- 
turbance we may possibly correlate with that of the beds near 
Gullet, these inland exposures show a general dip to the N. or 
W.of N. Near Wilton and eastward of it, chlorite-schist occurs 
exposed by roadsides and in several quarries; the dip is not altogether 
uniform, especially at places approaching the boundary line, but is 
partly in the general northerly direction. Next, underlying, is a 
mass of mica-schist cropping out around Chivelstone, at and north- 
ward of South Allington, and cut by the main fault at Killington, 
having a uniform strike and northerly dip. There is evidence of 
chlorite-bands occurring at places in the mica-schist. I would ven- 
ture to suggest that, possibly, this mass may be a continuation of the 
Portlemouth-Ferry schist. Underlying the mica-schist, chlorite- 
schist again occurs (including some mica-bands) at Bickerton, and 
is quarried on the south of the valley to the eastward. 

Summing up the succession in this northern area we seem to 
have, in descending order, as shown in the annexed section (fig. 4), 
which is only diagrammatic :— 

1. (a) Interbanded series, found south of Halwell Wood, and on 
the opposite shore, also near Lower Batson. 

(6) A thick band of chlorite-schist, at Scoble and at Snapes Point, 
west of Batson inlet and extending beneath Salcombe. On the coast 
this might be represented by the Westercomb-Point and Gullet rocks 
and by those near Wilton and eastwards, but I rather prefer to place 
these with the interbanded series, 2 (0). 

2. (a) Mica-schist north of the side estuary. 
(6) Interbanded series (including one or more marked masses of 

chlorite-schist) remaining on the southern shore of the side estuary, 
doubtfully including the Westercomb, Gullet, and Wilton rocks. 

3. Mica-schist of Portlemouth Ferry and of inland exposures 
occurring near Good Shelter and Waterhead, possibly including the 
rocks of the point south of Gullet, and probably continued in the 
Chivelstone, South Allington, and Killington exposures. 

4. Chlorite-schist of Bickerton, which T have not attempted to 



(a2 MISS C, A. BAISIN ON THE 

trace westwards, so that its presence in the line of the annexed 
section is inferential. 

Fig. 4.—Generalized Section across the Eastern Arm of the Estuary. 
N.W.N. ; E.S.E. 

Portlemouth 
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TV. Summary. 

I. As to the relation of the South-Devon schists to the adjacent 
rocks, all observations which I have been able to make support Prof. 
Bonney’s statement that the slaty beds are markedly distinct from the 
true metamorphic rocks to the south, and that there is no evidence 
of progressive metamorphism in this district. 

II. I have indicated some additional illustrations in these meta- 
morphic rocks of the results following from the action of secondary 
forces. That both the chlorite- and the mica-schists, however 
originally formed, had been later affected by lateral pressure is shown 
in Prof. Bonney’s paper, where he several times alludes to the 
erushing of the one series and the crumpling of the other. The 
indications of a folding of layers in chlorite-schist are but rarely 
exhibited with clearness; but such structures as the transverse 
planes locally occurring, the pitted weathering, and the ‘‘ arenaceous 
aspect” alluded to by De la Beche, seem partially due to the effects 
of lateral pressure. In other examples there is a compressed look, 
evidencing apparently similar force differing in direction. The 
microscope has given additional evidence of the crushing of the 
chlorite-rock, shown in the breaking up of quartzose layers, the 
fracture of individual crystals, and the appearance of much secondary 
mineralization ; while a squeezing of the beds is indicated by the 
pressed-out form of the layers and the elongation of their constituent 
grains. In mica- and micaceo-chloritic schists the pressure to which 
they have been subjected has resulted in a crumpling of the layers, 
often in the formation of strain-slip cleavage-planes exhibited in 
hand-specimens and under the microscope, and at places has given 
rise to slickensided, crushed and even papery schists. The larger 



METAMORPHIC ROCKS OF SOUTH DEVON. 733 

effects of pressure are seen in the general folding of the beds with a 
dominant strike from east to west, and in the high dip of the strata, 
sometimes even vertical, thus indicative of a great thrust along a 
S. to N. line, no doubt in connexion with that whieh caused the 
folding of strata in the long axial region, stretching from Devonshire 
away to the Hercynian range. 

Ill. In tracing stratigraphical relations among the northern 
metamorphic rocks, I have pointed out extensive examples of inter- 
bandings there occurring. Mica- and chlorite-schists alternate in 
thin layers or thicker beds over a fairly large area in the north, as 
they do aiso, perhaps more locally, in other parts, reminding one 
of the descriptions given by Prof. Bonney, in his Presidential 
Address *, of rocks in more than one locality, where he asserts 
the necessity of some material distinctions in the original beds. 
The mineral bands in these South-Devon rocks may be of an 
inch or a few inches in width, but often they are to be measured 
by feet, and, as I have shown, the alternating and generally even- 
bedded series south of Halwell Wood consist of masses, on an 
average, some 50 feet thick. The limit of each bed is often abrupt 
and distinctly marked off from the next in succession, although. 
many gradations can be obtained by collecting from particular and 
often separated areas. If it should be that we have here an 
example of a stratification-foliation, this will lead us back to an 
anterior epoch when the great Channel mountains were not, and 
will suggest to us the wide problem of the origin of these rocks 
and the question of a primary metamorphism. 

I cannot conclude without expressing my indebtedness to Prof. 
Bonney, not only for the help his paper afforded me, but also for 
valuable suggestions and kind encouragement in this endeavour te 
carry on his work in the south of Devonshire. 

* Quart. Journ. Geol. Soc. (1886), p. 46. 
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51. On Bourpers found in Suams of Coat. 
By Joun Spencer, Esq., F.G.8. (Read June 23, 1887.) 

In working the coal-seams of Lancashire, particularly in those seams 
found near the Gannister mine, from time to time isolated boulders 
have been discovered, the position of which it is not easy to explain. 

These boulders are not always of the same kind. They generally 
consist of granite, quartz, or quartzite, and probably of local rocks 
which do not particularly attract the attention of the workmen in 
the collieries. They vary in size from an inch to six or eight inches 
in diameter, the largest being of granite. 

A fine speeimen has lately been found at Old Meadows Pit, near 
Bacup, Lancashire, by Mr. John Lord, Bacup. It weighs 6 lb. 
The granite is composed of quartz, reddish felspar, and hornblende. 

This boulder was imbedded in the chief coal of the Rossendale 
district, the Gannister or Mountain Mine, at a distance of 180 ft. 
from the surface of the ground. Between this seam and the surface, 
besides sandstones and shales, are found the Upper Foot or Bullion 
Coal, the Forty Yards’ Mine, and a small Cannel Coal, as seen in the 
accompanying section :— 
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There was no trace of disturbance in the strata near where the 

boulder was found. Similar boulders have been found at Crawshaw- 

booth and Goodshaw Hill, about four miles from Burnley, at Wholaw 
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Nook and Burnt Hills Coalpits, in the same district, and at Higher 
Dog Hill, Oldham. They are also said to occur in the neighbourhood 
of Leeds. 

The boulders in every case are isolated. Sometimes they occur 
im the bed of coal, and sometimes at its junction with the over- 
lying rock. The boulders or pebbles, in the instances I have 
seen, are invariably waterworn and rounded. 

Two possible explanations of the occurrence of boulders in this 
anomalous position may be suggested, namely, transportal by being 
entangled in the roots or branches of trees, and the agency of floating 
ice. It is by the latter means, I think, that the boulders observed 
were in all probability conveyed to the spots where we now find 
them. ‘The chief evidence in its favour consists in the presence of 
rocks brought from a distance, and the apparent absence of local 
rocks. 
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230. 
Bigsby Gold Medal, award of the, 

to Prof. C. Lapworth, Proc. 37. 
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Biotite-gneiss, from North Hill, Mal- 
vern Range, 494; from Swinyard’s 
Hill, Malvern Range, 502, 503, 
504. 

Boar’s Head, Rotomahana, 171. 
Behmeria antiqua, 291. 
Bolt Head, erystal of Kyanite in 

mica-schists from near, 724. 
Bonney, Prof. T. G., on the structures 

and relations of some of the older 
rocks of Brittany, 301. 

Borings in Kent, 197; in the London 
Clay and Bagshot beds, 441. 

Boulder, of grey porphyry at base of 
cliff south of Saunton Down, 665; 
of red granite in ancient beach 
south of Saunton Down, 666. 

Boulders, northern, transportal of, to 
the Vale of Clwyd, 83. 

, ancient, near Braunton and 
Croyde in South Devon, 657. 

, quartzite, and grooves in the 
Roger Mine at Dukinfield, 599. 

found in seams of coal, Mr. J. 
Spencer on, 735. 

Bourley Bottom, 440. 
Bracknell, section through, 388. 

, sections of Bagshots near, 387. 
Braunton, in South Devon, ancient 

beach and boulders near, 657. 
“ Brassil,” 555, 557, 559, 584. 
Brazil, Prof. O. A. Derby on Nephe- 

line-rocks in, 457. 
Brecqhou, granitic rock of, 330, 331; 

hornblende-schists of, 325. 
Brenets, 242, 243, 246, 247. 
Bressancourt, 239. 
Brick-earth of Hatch, 446; probable 

geological postion of the, 449. 
of Ongar Hill, 452. 

Bridlington, fossils of the drift of, 
91, 93-97. 

Brittany, structures and relations of 
rocks of, 301: resemblances of 
soe of, to those of other localities, 
20. 

Brodie, Rev. P. B., award of the 
Murchison Medal to, Proc. 31. 

, notes on the Upper Keuper 
section at Shrewley where fish were 
found, and on the Trias generally 
in Warwickshire, 540. 

Broken Basin, Rotomahana, 171. 
Brynelwy, drift near, 82. 
Brynypin, gravels of, 86. 
Bryozoa, Chilostomatous, from New 

Zealand, 40. 
, Cyclostomatous, from New Zea- 

land, 337. 
See also “* Polyzoa.” 

Buckhurst, section through, 388. 
Burgh, traps and leaf-beds at, 283. 
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Burons, Sark, 327. 
Burwell, Chalk-marl and Totternhoe 

Stone at, 553. 

Cabo Frio, occurrence of foyaite at, 
457, 458. 

Cae Gwyn Cave, 104, 108; flint fiake 
from, 108. 

Caerhug, sea-shells in drifts of, 86. 
Cesar’s Camp, Aldershot, 435, 438, 

439, 440. 
“* Calcaire a Nérinées,” 235, 248, 260; 

fossils from the, 236. 
Caldas, Pogos de, occurrence of foyaite 

at the, 457, 460. 
railway, 461. 
region, sketch-map of the, 470. 

Callaway, Dr. C., on the alleged con- 
version of crystalline schists into 
igneous rocksin County Galway, 517. 

, preliminary inquiry into the 
genesis of the crystalline schists of 
the Malvern Hills, 525. 

Callovian, 255; of the Bernese Jura, 
230; fossils of the, 231; of the 
Southern Jura, 242. 

Cambridge Greensand, Patricosaurus 
merocratus, Seeley, from the, 216. 

distribution of the, in 
West Suffolk and Norfolk, 545; 
minute structure of the, in West 
Suffolk and Norfolk, 581; of Suf- 
folk and Norfolk, 593. 

Campinas, railway from, 460, 461. 
Campo Grande, occurrence of foyaite 

at, 457, 458. 
Caquerelle, 236. 
Carboniferous Murchisonieg, Miss J. 

Donald on some, 617. 
strata, lower, of Scotland, species 

of the genus Diphyphyllum, Lons- 
dale, in the, 33. 

——and Hawkesbury series, New 
South Wales, glacial action in the, 
190. 

—— or Permian deposits in Sao 
Paulo and Parana, 461. 

Carsaig, Ardtun, &c. in Mull, gravel 
and leaf-beds of, 270. 

, section of lower part of cliff at 
Malcolm’s Point, 282. 

Cascata Station, rocks near, 467-469 ; 
foyaite near, 467, 468, 470; phono- 
lite near, 471. 

Catopygus elegans, 420. 
Caves and cave-deposits of the Vale of 

Clwyd, 73, 102, 105. 
Cefn caves, 103, 107. 

Meiriadog, caves on, 104. 
Cellepora albirostris, 68. 

coronopus, 68. 

Cellepora costata, 68. 
decepta, 69. 
tridenticulata, 68. 
sp., 70. 

Cercopid, hind wing of a, from Ard- 
tun, 289. 

Cetacea of the Suffolk Crag, 7. 
from the Crag, list of, 17. 

Cetotherium, 12. 
Chalk-marl of West Suffolk and Nor- 

folk, minute structure of the, 582. 
, fossils of the, in West Suffolk 

and Norfolk, 573; chemical com- 
position of the, in West Suffolk and 
Norfolk, 586-588 ; from the Roydon 
cutting, 585; from Wiltshire, Farn- 
ham, and Horningsea, 587; from 
Hunstanton, 587; red marls from 
Grimston, Roydon, and Dersing- 
ham, 588. 

of West Suffolk and Norfolk, 
oot 

and Totternhoe Stone in West 
Suffolk and Norfolk, 552. 

Chalk Valleys, dry, and Coombe Rock, 
Mr. C. Reid on the origin of, 364. 

Change of strike and faults in the 
Upper Cretaceous of West Suffolk 
and Nortolk, 589, 590. 

Chapel du Mur, 318. 
Chasseral, 244. 
Chatham, depth of second boring at, 
We 

Chattenden, well-boring at, 198. 
Chaux-de-Fonds, 242. 
Chemical composition of the Gault 

and Chalk-marl in West Suffolk 
and Norfolk, 585-588. 

Chertsey, section through, 453; Lon- 
don Clay at, 452, 454. 

Cheshire and Laneashire, fossils of 
the Drifts of, 89, 93-97. 

Chlorite-schists of South Devon, 719, 
2: 

Chilostomatous Bryozoa from New 
Zealand, 40. 

Chloritoid schists of the Ile de Groix, 
303. 

Chondrosteus acipenseroides, 605. 
Choneziphius planirostris, 14. 
Chronology, geological, of Sark, 

354. 
Cinctipora elegans, 341. 
Cleavage, strain-slip, 725. 
Cliff of consolidated sand, Saunton 

Down, N. Devon, 661. 
Clwyd, Vale of, Drifis of, 73; fossils 

of the Drifis of, 93-97 ; classifica- 
tion. of the Drifts of, 114. 

Clwydian Drift, 79. 
Clypeaster folium, 415. 
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Clypeaster gippslandicus, 416. 
Coal-seams, Mr. W. 8S. Gresley on 

the formation of, 671. 
Coal, Mr. J. Spencer on Boulders 

found in seams of, 735. 
Coast-line, change of, in North Wales, 

99. 
Coatham Firs, section at, 642. 
Colwick Wood, near Nottingham, 

notes on Triassic Beds at, 542. 
Colwyn Bay, section in sea-cliff N.W. 

of Bath House, Aberrhyd, 76; fossils 
of the Drifts of, 89, 93-97. 

Combe Chavatte, 233, 234. 
Gréde, 242, 244, 245, 246, 248. 

Conglomerates and sandstones of the 
Corrego co Quartel, 462. 

Contorted strata, overlain by current- 
bedded deposits, in the Hawkesbury 
series of Australia, 194, 195. 

Contour-map of part of the South 
Downs, 366. 

Convers, 242. 
Conversion of crystalline schists into 

igneous rocks in County Galway, 
Dr. C. Callaway on the alleged, 
517. 

Coogee Bay, near Sydney, N.S.W., 
contorted strata overlain by current- 
bedded deposits at, 194. 

Coombe rock, 365; fossils of the, 
365; formation of the, 365. 

and dry chalk valleys, 
Mr. C. Reid on the origin of, 364. 

Coral Rag, 259, 260. 
Corallian, 258, 259; of the Bernese 

Jura, 283; of the Southern Jura, 
243; fossils of the, 244. 

Coralline Oolite, 259, 260. 
Cornbrash, 255. 
Corrego do Quartel, rocks of the valley 

of the, 461 ; section of decomposed 
dyke in the, 463. 

Correlation of the Upper Jurassics of 
the northern and eentral Jura, 248, 
249; of English and Swiss Upper 
Jurassic deposits, 250-268 ; accord- 
ing to Oppel, 250, 254; according 
to Waagen, 252, 254; according to 
Renevier, 253, 254; of Purbeck 
and Portland in the Jura and 
England, according to Maillard, 
266. 

Corylites Macquarrit, 290. 
Courgenay, 239. 
Courrendlin, 2386, 239. 
Crag, Suffolk, Cetacea of the, 7. 
Crassohornera waipukurensis, 349. 
Cretaceous of India and the Isle of 

Wight, Dinosaurian vertebre from 
the, 156. 

Cretaceous strata of the Lower Nar- 
bada Region, Echinoidea of the, 150. 

series in West Suffolk and Nor- 
folk, lower part of the Upper, 544 ; 
map of the outcrop of the, in West 
Suffolk and Norfolk, 546. 

Creux Derrible, Sark, 325. 
Harbour, hornblende-schists 

overlying gneiss at, 328. 
Harbour gneiss, 326, 

Cribrilina figularis, 53. 
monoceros, 52. 
radiata, var. Hndlicheri, 53. 

Crimplesham, Chalk-marl at, 557. 
Crisina cancellata, 349. 
Crocodile, Proccelian, Prof. Seeley on 

Es DAI, 
Croyde, in South Devon, ancient 

beach and boulders near, 657. 
Crystalline schists, on the alleged 

conversion of, into igneous rocks, 
in County Galway, 517. 

of the Malvern Hills, 525. 
Cuckmere Basin, superficial geology of 

the, 648. 
Cwm Nannerch, gravels of, 86. 
Cyclostomatous Bryozoa from New 

Zealand, 337. 

“ Dalle nacrée,” 242, 248. 
David, Mr. T. W. E., evidence of 

glacial action in the Carboniferous 
and Hawkesbury series, New South 
Wales, 190. 

Davis, Mr. James W., on Chondrosteus 
acipenseroides, Agassiz, 605. 

Delémont, 233, 235, 239. 
Delphinide, 15. 
Dentition and affinities of the Selachian 

genus Ptychodus, Agassiz, 121. 
—— of a Triassic Saurian (Galesaurus 

planiceps, Ow.), 1. 
Deposits, subaerial, of the Southern 

Wealden area, 649. 
Derby, Mr. O. A., on nepheline-rocks: 

in Brazil, with special reference to 
the association of phonolite and 
foyaite, 457. 

Derbyshire coal-field, south, evidence 
from the, as to the formation of 
coal-seams, 671. 

Dereham, West, Chalk-marl near, 
557. 

Derrible Bay, Sark, 325. 
Dersingham, Totternhoe Stone at, 

559; section at, 560; thinning out 
of the Gault at, 552. 

Devil’s Dyke, 367. 
Devonshire, North, Prof. Hughes on 

the ancient beach and boulders near 
Braunton and Croyde, in, 657. 

-.. & Ca 
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Devonshire, South, Miss C. A. Raisin 
on the metamorphic rocks of, 715; 
map of part of, 716. 

Diabase, altered, from the Hereford- 
shire Beacon, Malvern Range, 496 ; 
from the Hollybush Pass, Malvern 
Range, 500. 

Diagram showing alternation of Gault 
and Lower Chalk between Cam- 
bridge and Hunstanton, 595. 

showing the thinning-out of the 
Gault, and the amount lost by 
erosion between Cheddington and 
Dersingham, 595. 
aoe sarniensis, var, perangusta, 

342 
suborbicularis, 342. 

Diatoms, freshwater, presence of, in 
Bagshot beds, 381. 

“‘ Diglomerates,” 520, 523. 
Dingle, between the Worcestershire 

Beacon and North Hill, rock from 
the, 494. 

Dinosaurian remains in the collection 
of A. Leeds, Esq., of Eyebury, 
Northamptonshire, 693. 

vertebree from the Cretaceous of 
India and the Isle of Wight, 156. 

Diorite, of Galway, foliation in the, 
522; sections of, in granite near 
Glendalough, 520, 521. 

——., jointed, section of granite in, 
near Glendalough, 519, 520. 

, hornblende-gneiss formed from, 
in the Malvern Hills, 528. 

, from the Dingle, Malvern 
Range, 494; from the Worcester- 
shire Beacon, Malvern Range, 496. 

Diorite-gneiss, duplex, 532; granite-, 
O90. 

Diorites from North Hill, Malvern 
Range, 492, 493. 

from Swinyard’s Hill, Malvern 
Range, 501, 502. - 

in the schists of the Malvern 
Hills, 526. 

of the neighbourhood of Glenda- 
lough, 519-521. 

Diphyphyllum, Mz. J. Thomson on 
the genus, 33. 

— Blackwoodi, 36. 
_— , var. approximatum, 36. 
— concinnum, 3D. 
— cylindricum, 36. 
—— gracile, 37. 

latiseptatum, 37. 
, var. giganteum, 37. 
, var. interruptum, 37. 

Dixcart Bay, Sark, 325. 
Dol, section at bend of river Elwy, 

near, 79. 

—— 

Dolerites, fragments of, in the Essex 
Drifts, 355. 

Donald, Miss J ane, on some carbon- 
iferous species of Murchisonia in 
our public Museums, 617. 

Donationsto the Library and Museum, 
Proc. 83. 

Dover, well-boring at the convict- 
prison at, 199. 

Drift, Clirydiam, 19; marine, of North 
Wales, 79, 83; ” Essex, rocks of, 
ool. 

Drifts of the Vale of Clwyd, &e., 73; 
table of fossils of the, §3_97. 

Dry Chalk Valleys and Coombe rock, 
on the origin of, 364. 

Dukinfield, grooves and quartzite 
boulders in the Roger Mine at, 599. 

Duncan, Prof. P. M., on a new genus 
of Madreporaria (Glyphastrea), 
with remarks on the morphology of 
Glyphastrea Forbesi, Ed. & H., 
from the Tertiaries of Maryland, 
Wot 225 

, on the Echinoidea of the Creta- 
ceous strata of the Lower Narbada 
Region, 150. 

, revision of the Echinoidea from 
the Australian Tertiaries, 411. 

Duplex diorite-gneiss, 532. 
Dirnten, lignite of, 401. 
Dykes, intrusive, in Sark, 332. 

Earthquakes during the eruption of 
Mount Tarawera, New Zealand, 
181-183. 

Easthampstead Church, 
Bagshots near, 587. 

Eehinobrissus australiz, 420. 
Echinoidea of the Cretaceous strata of 

the Lower Narbada Region, 150. 
from the Australian Tertiaries, 

411. 
Echinolampas ovulum, 420, 
Hjectamenta of the Tarawera erup- 

tion, 184. 
Ekaterinebourg, notice of Exhibition 

to be held at, Proc. 86. 
Eleolite-syenite in Brazil, 457. 
Elsden, Mr. J. V., on the Superficial 

Geology of the Southern Part of the 
Wealden area, 637. 

Elwy, River, section at bend of, near 
Dol, 79; section in the east bank of 
the, below the Mount, St. Asaph, 
81. 

England, Upper Jurassic Rocks of, 
correlation of, with those of the 
Swiss Jura, 229, 

Entalophora intricaric, 340. 
— wanganuiensis, 340. 

sections of 



742 

Epidosite from the Worcestershire 
Beacon, Malvern Range, 496. 

Epidote, peculiar Japanese variety of, 
479 

Equisetum Campbelli, 289. 
Equus, Pliocene type of, from Nubia, 

molar of, 161. 
Eriswell, Middle Chalk at, 565. 
Erosion, marine, of the South Downs, 

264. 
Erratic blocks of the Southern Weal- 

den area, 649. 
Hruption of Mount Tarawera, 178. 
Essex Drift, rocks of the, 351. 
Eucetus amblyodon, 13. 
Eucrite from the Herefordshire Bea- 

con, Malvern Range, 497. 
lava from Thjérs4, in Iceland, 

analysis of, 498. 
Huspatangus Laubei, 426. 

murrayensis, 426. 
rotundus, 426. 

Hyebury, Northamptonshire, Dino- 
saurian remains from the Kim- 
meridge Clay near, 693. 

Falkland Islands, Sir A.‘!Barkly on 
the slip of a peat-bog at Stanley, in 
the, Proc. 2. 

rile: bedding in the Bagshot beds, 
oie 

Fascicularia tubipora, 344. 
Faults of the Malvern Hills, 483, 484, 

485, 487. 
and change of strike in the 

Upper Cretaceous of West Suffolk 
and Norfolk, 589, 590. 

Felsite, mica-schist formed from, in 
Raggedstone Hill, 530. 

Felsites, fragments of, in the [Hssex 
Drifts, 353. 

Felspar-porphyrites, fragments of, in 
the Essex Drifts, 354. 

Feltwell, Grey Chalk at, 555; 
near, 555. 

“ Ker sous-oxfordien,” 232, 242, 255 
256; fossils from the, 232, 248, 

Ffynnon Beuno, caves of, 104, 108; 
fossils from, 110; view of Old 
Fence at, 111. 

Fincham, Totternhoe Stone near, 558. 
Fisher, Rev. O., award of the Balance 

of the Lyell Geological Fund to, 
IZRUG, AG, 

Fishes, remains ae from the Keuper 
of Warwick and Nottingham, 537. 

Fissures formed in the ground during 
the eruption of Mount Tarawera, 
183. 

Fittleworth Common, section on, 639. 
Flora of the Ardtun leaf-beds, 288. 

section 
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Flysch, supposed glacial origin of the, 
396. 

Foliation of the igneous rocks of Gal- 
way, 522, 524. 

Fontenois, 239. 
Fordham, Totternhoe Stone at, 553. 
Fort de la Croix, 303. 
Fossils, distribution of, in the Drifts 

of the Vale of Clwyd, Moel Tryfan, 
Minera, Lancashire and Cheshire, 
Macclesfield, Kelsea, and Bridling- 
ton, 93-97. 

of the Callovian of the Bernese 
Jura, 231; of the “Terrain 4 
chailles siliceux,” 234; from the 
“ Oolithe Corallienne” and ‘‘Cal- 
caire a Nérinées,” 286; of the 
Astartian, 238; of the Pterocerian, 
239; of the Callovian of Pouil- 
lerel, 242; of the Oxfordian of the 
Southern Jura, 243; of the Coral- 
lian, 244; of the Astartian, 244; 
of the Pterocerian, 246; of the 
Gault in West Suffolk and Nor- 
folk, 571; of the Chalk-marl in 
West Suffolk and Norfolk, 573; of 
the Totternhoe Stone, 577; of the 
Grey Chalk in West Suffolk and 
Norfolk, 579; of the Melbourn 
Rock in West Suffolk and Norfolk, 
580. 

Fox Hills, 437. 
Foyaite and phonolite, association 

of, in nepheline rocks in Brazil, 
A 

, phonolite- and crystalline in- 
clusions in, 468. 

, inclusions of, in phonolite, 459, 
467. 

Gabbro, hornblende-, from North 
Hill, Malvern Range, 492. 

Galesaurus planiceps, 1. 
Galway, County, on the alleged con- 

version of crystalline schists into 
igneous rocks in, 517. 

, rocks of, 517; gneiss of, 523, 
524. 

Gardner, Mr. J. Starkie, on the leaf- 
beds and gravels of Ardtun, Car- 
saig, &c. in Mull, 270. © 

Garnet, peculiar Japanese crystals of, 
479. 

Gault of West Suffolk and Norfolk, 
590. 

, chemical composition of the, in 
West Suffolk and Norfolk, 585, 
586; marls from Roydon and 
Grimston, 585, 586; marl from 
Fancourt brickyard, 586; distri- 
bution of the, in West Suffolk and 
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Norfolk, 545; fossils of the, in 
West Suffolk and Norfolk, 571; 
minute structure of the, in West 
Suffolk and Norfolk, 580. 

Gayton, Totternhoe Stone at, 558; 
exposure of Grey Chalk at, 568; 
section at, 569; Melbourn Rock 
near, 569. 

Genesis of the crystalline schists of 
the Malvern Hills, 525. 

Geology, superficial, of the southern 
part of the Wealden Area, Mr. J. 
V. Elsden on the, 637. 

Giant Buttress, Rotomahana, 170. 
Glacial action in the Carboniferous 

and Hawkesbury series, New South 
Wales, 190. 

beds, Carboniferous, in Aus- 
tralia, 190. 

Period, considerations on the, 
with reference to the antiquity of 
man, 393; dates assigned to, 393- 
395. 

- periods, supposed recurrence of, 
395, 396. 

Glacier-movements, seasonal fluctua- 
tions of, 398, 401. 

Glaciers, arctic, phenomena of, 399. 
Glauconitic marl at Stoke Ferry, 548, 

597 ; at Crimplesham, 557 ; of West 
Suffolk and Norfolk, minute struc- 
ture of the, 582. 

Glaucophaneamphibolites of the Te de 
Groix, 303. 

Glendalough, igneous rocks of the 
neighbourhood of, 519-522. 

Globicephalus uncidens, 16. 
Glovelier, 231, 239. 
Glyphastrea Forbesi, Ed. & H., from 

the Tertiaries of Maryland, U.S., 
24. 

Glyptostrobus europeus, 289. 
Gneiss, banded, of the Pouldu, section 

of contorted, 308. 
——., biotite-, from North Hill, Mal- 

vern Range, 494. 
, hornblende-, formed from dio- 

rite, in the Malvern Hiils, 528. 
, hornblendic, from the Here- 

fordshire Beacon, Malvern Range, 
496. 

, Micaceous, intrusions of granite 
in, on the Belon River, Brittany, 
313. 

, mica-, formed from granite, in 
the Malvern Hills, 528. 

, duplex diorite-, 523; granite- 
diorite-, 533. 

of Galway, 523, 524. 
Gneisses of Quimperlé, 305, 307, 

308. 

Gneissic quartz-syenite from North 
Hill, Malvern Range, 490. 

and other crystalline rocks of 
the Malvern Hills, 482, 483. 

rocks, association of, with ig- 
neous masses in the Malverns, 
533. 

Goathurst Hill, section through, 388. 
Gobat, 234. 
aoe Plantation, section through, 

Goyag range, 457. 
Grand Moie, Sark, 327. 
Granite, intrusion of, in a micaceous 

gneiss on Belon River, Brittany, 
3158. 

—., overlying, of Sark, 328. 
, sections of, in jointed diorite, 

near Glendalough, 519, 520. 
, sections of diorite in, near 

Glendalough, 520, 521. 
—— of Galway, foliation of the, 522. 
——, mica-gneiss formed from, in the 

Malvern Hills, 528. 
—— from the Worcestershire Beacon, 

Malvern Range, 495. 
—— or pegmatite, from Swinyard’s 

Hill, Malvern Range, 501. 
, boulder of red, in ancient beach 

S. of Saunton Down, 666. 
fragments, absence of, in the 

Hssex Drift, 352. 
Granite-diorite-gneiss, 533. 
Granite-vein, contorted, in gneiss, 

527. 
Granites near Roscoff, 316. 
Granulite from the Worcestershire 

Beacon, Malvern Range, 494. 
Granulites, fragments of, in the Hssex 

Drifts, 358. 
Grass-tree, Carboniferous glacial beds 

at, 192. 
Gravel of Ardtun, Mr. G. A. J. Cole 

on the constituents of the, 276. 
Gravels and leaf-beds of Ardtun, 

Carsaig, &c. in Mull, 270. 
Gravel-pit Hill, Aldershot, section 

from, to Ash Green, 435. 
Greenland, great ice-sheet of, 399. 
Greensand, Cambridge, in West Suf- 

folk and Norfolk, 545. 
, ——-, Patricosaurus merocratus, 

Seeley, from the, 216. 
Gresley, Mr. W.S., on the formation 

of coal-seams, as suggested by eyi- 
dence collected chiefly in the Lei- 
cestershire and South Derbyshire 
coal-fields, 671. 

Grey Chalk of West Suffolk and Nor- 
folk, 596; fossils of the, 579; 
minute structure of the, 584. 
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Grimston, Gault near, 549, 551; 
boring near, 550. 

Groom, Mr. T. T., on some new fea- 
tures in Pelanechinus corallinus, 
704. 

Grooves and quartzite boulders in the 
Roger Mine, at Dukinfield, 599. 

Halleflinta, 306, 307. 
Hall Sands, boundary of slaty and 

metamorphic series at, 718. 
Hambleton Oolite, 259. 
Hastings, Heterosuchus valdensis from 

the Hastings Sand of, 212. 
Hatch, brick-earth of, 446, 449. 
Hatch-Farm clay-pit, Woburn Hill, 

section in, 447, 448. 
Havre Gosselin, Sark, 325. 
Hawkesbury and Carboniferous Se- 

ries, New South Wales, glacial 
action in the, 190. 

Heacham, Melbourn Rock at, 570; 
section at, 570; Totternhoe Stone 
near, D61. 

Henfield, section from Ashurst to, 
656. 

Herefordshire Beacon, Malvern Range, 
section through the, 488; rocks 
from the, 496-500; analyses of 
rocks from the, 498, 499. 

Herm, granitic rock of, 332, 333, 
334; shell-beach at North end of, 
300. 

——, rocks of, 322. 
Herpetocetus scaldiensis, 15. 
Hessle beds, shells of, 90. 
Heterocetus, 12. 
Heteropora napierensis, 348. 

pelliculata, 548. 
Heterosuchus valdensis, 212. 
Hill, Rey. E., on the rocks of Sark, 

Herm, and Jethou, 322. 
Hill, Mr. W., and Mr. A. J. Jukes- 

Browne, on the lower part of the 
Upper Cretaceous Series in West 
Suffolk and Norfolk, 544, 

Hillington, section at, 569. 
Hockwold, Grey Chalk at, 555. 
Holaster australia, 420. 

difficilis, 421. 
subglobosus, zone of, 563. 

Hollybush Pass, Malvern Range, rock 
from, 500. 

Holmston Camp, well-boring at, 204. 
Hope Cove, boundary of slaty and 

metamorphic series at, 715. 
Hoplocetus, i4. 
Hornblende-gabbro from North Hill, 

Malvern Range, 492. 
Hornblende-gneiss, formed from dio- 

rite, in the Malvern Hills, 528. 

GENERAL INDEX, 

Hornblende-schists of Sark, 324; false- 
bedding in, 324; overlying gneiss 
in Sark, 327, 328; overlain by gra- 
nite in Sark, 330. 

Hudleston, Mr. W. H., supplementary 
note on the Walton-Common Sec- 
tion, 443. 

Huelgoat, 318. 
Hughes, Prof. T. MeKenny, on the 

Drifts of the Vale of Clwyd, and 
their relation to the Caves and Caye- 
deposits, 73. 

, on the ancient Beach and 
Boulders near Braunton and Croyde 
in South Devon, 657. 

Hulke, Mr. J. W., award of the Wol- 
laston Gold Medal to, Proc. 30. 

. on some Dinosaurian remains in 
the collection of A. Leeds, Esq., of 
Eyebury, Northamptonshire, 693. 

Hungry Hill, 440. 
Hunstanton, exposure of Chalk-marl 

and Totternhoe Stone in cliff at, 
561; section of cliff at, 562; Red 
Chalk of, 563; Sponge-bed at, 563; 
Grey Chalk at, 571. 

Hutton, Capt. F. W., the eruption of 
Mount Tarawera, 178. 

Huxley, Prof. T. H., on Hyperodapedon 
Gordont, 675. 

Hyotherium, jaw of, from the Pliocene 
of India, 19. 

—— perimense, 19. 
Hyperodapedon Gordoni, Prof. Huxley 

upon, 675. 
Hyperoodon, sp., 14. 

Ice-action, evidence of, in Carbonife- 
rous deposits of Australia, 192, 193 ; 
in the Hawkesbury series of Aus- 
tralia, 193, 194; in Siluro-Devonian 
beds in New South Wales, 195. 

Ice-sheet, of Greenland, 399. 
Ice-sheets of Europe and America in 

Glacial times, 400. 
Iceland, analysis of eucrite lava from 

Thjorsa in, 498. 
Idmonea contorta, 359. 

ramosa, 339, 
serpens, 339. 

Igneous masses, association of gneissic 
rocks with, in the Malverns, 533. 

rocks, effects of intrusion of, in 
Brittany, 319; of Galway, 518, 524; 
foliation of the, 522; age of the, 
523. 

, on the alleged conversion 
of crystalline schists into, in County 
Galway, 517. 

Iguapé valley, occurrence of foyaite in 
the, 457, 460. 
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Tle de Groix, 302. : 
Implements, stone, from Pontnewydd 

Cave, 116. 
India, jaw of Hyotherium from the 

Pliocene of, 19. 
and the Isle of Wight, Dinosau- 

rian vertebree from the Cretaceous 
of, 156. 

Inholmes Farm, section at, 645. 
Tnjection-schists in the Malvern Hills, 

532. 
Interglacial warm periods, 397. 
Iron and nickel, peculiar alloy of, in 

some New Zealand rocks, Proc. 3. 
Trony concretions in the Bagshot beds, 

378 
Irving, Rey. A., the Physical History 

of the Bagshot beds of the London 
Basin, 374. 

Isle of Wight and India, Dinosaurian 
vertebree from the Cretaceous of, 
156. 

Isleham, Totternhoe Stone at, 553; 
well-section near, 554. 

Itacolumite of the Corrego do Quartel, 
461; of the Rio das Antas, 471. 

Itambé, occurrence of foyaite in, 460. 
Itatiaia, occurrence of foyaite in the 

peak of, 457, 459. 

Japan, occurrence of piedmontite- 
schist in, 474. 

Jethou, rocks of, 322; granitic rock 
of, 332, 333, 339; raised beach on, 
338. 

Jones, Prof. T. R., note on Nummu- 
lites elegans, Sowerby, and other 
English Nummulites, 132. 

Jougne, 245. 
Judd, Prof. J. W. (President), Address 

on presenting the Wollaston Gold 
Medal to Mr. J. W. Hulke, Proc. 30; 
Address on presenting the Balance 
of the Wollaston Donation Fund to 
Mr. B. N. Peach, Proc. 31; Address 
on presenting the Murchison Medal 
to the Rev. P. B. Brodie, Proc. 31; 
Address on handing the Balance of 
the Murchison Geological Fund to 
Dr. H. Woodward, for transmission 
to Mr. R. Kidston, Proc. 33; Ad- 
dress on handing the Lyell Medal 
to Prof. T.G. Bonney, for transmis- 
sion to Mr. 8. Allport, Proc. 34; 
Address on presenting the Balance 
of the Lyell Geological Fund to the 
Rev. O. Fisher, Proc. 35; Address 
on presenting the Bigsby Gold 
Medal to Prof. C. Lapworth, Proc. 
7, Anniversary Address, February 

18, 1887 :— Obituary Notices of De- 
Q.J.G. 8. No. 172. 
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ceased Fellows: the Earl of Enni- 
skillen, Proc. 38; Sir C. J. F. Bun- 
bury, Proc. 39; Mr. George Busk, 
Proc. 40; Mr. J. A. Phillips, Proe. 
41; Mr. H. M. Jenkins, Proc. 44; 
Dr. H. B. Holl, Proc. 46; Mr. Caleb 
Evans, Proc. 47; Rev. W. Downes, 
Proc. 48; Prof. F. Guthrie, Proc. 
48; Mr. A. Grote, Proc. 48; Dr. 
Hermann Abich, Proc. 49; Prof. 
G. Guiscardi, Proc. 50; and M. F. 
L. Cornet, Proc. 50. Address on 
the work done by the Society and 
its Fellows, on the progress of 
geology, and on petrological inves- 
tigations, Proc. 51. 

Jukes-Browne, Mr. A. J., and Mr. W. 
Hill, on the Lower Part of the Upper 
Cretaceous series in West Suffolk 
and Norfolk, 544. 

Jura, Swiss, Upper Jurassic rocks of, 
correlation of the, with those of 
England, 229. 

, north and central, correlation of 
Upper Jurassics in the, 248. 

, Southern, Upper Jurassics of 
the, 241. 

Kelloway rock, 255. 
Kelsea, fossils of the drifts of, 90, 93— 

97. 
Kent, deep borings in, 197. 
Kersélec, bay of, 312. 
Keuper, section in the, at Shrewley, 

where fish were found, 540. 
of Warwick and Nottmgham, 

on the remains of fishes from the, 
537. 

Kidston, Mr. R., award of the Balance 
of the Murchison Geological Fund 
tolePT0cn 33. 

Killary harbour, Silurian conglome- 
rates of, 523. 

Kimeridge clay, 260, 261, 263, 264. 
Kimeridgian of the Bernese Jura, 239 ; 

fossils of the, 239. 
Kingley vale, 367. 
Knockseefin, rocks of, 518; foliation 

in diorite of, 522. 
Kotd, Prof. B., on some occurrences 

of Piedmontite-schist in Japan, 
ATA. 

Kyanite, crystal of, in mica-schist 
from near Bolt Head, 724. 

La Baume, 245. 
Lakenheath, Middle Chalk at, 565. 
Laneashire and Cheshire, fossils of the 

drifts of, 89, 93-97. 
Lapworth, Prof. C., award of the 

Bigsby Gold Medal to, Proc. 37. 
OF 
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Lava, eucrite, from Thjérsi in Ice- 
land, analysis of, 498. 

Leaf-beds and gravels of Ardtun, Car- 
saig, &c. in Mull, 270. 

Leeds, Mr. A., of Eyebury, North- 
amptonshire, Mr. Hulke on Dino- 
saurian remains in the collection of, 
6938. 

Leicestershire Coal-field, evidence 
from the, as to the formation of 
coal-seams, 671. 

Leiocidaris, sp., 412. 
Lepralia bistata, 62. 

foraminigera, 62. 
— imbellis, 60. 

longipora, 61. 
Poissonii, 59. 
rectilineata, 60. 
rostrigera, 61. 
semilunda, var. sinuplex, 62. 

Les Autelets, Sark, 325. 
Les Praises, 243. 
Leucite rock of Pinhalzinho, 468, 464. 
Lias, Mr. EH. A. Walford on some 

Polyzoa from the, 632. 
Lichenopora clypeiformis, 345. 

Houldsworthi, 347. 
wanganuiensis, 346. 

Liesberg, 235, 234; section in quarry 
near, 234, 

Limestones, fragments of, in the Essex 
drifts, 361. 

Lion rock, Rotomahana, 167. 
Llandulas, caves at, 104. 
Lockley Park, section through, 388. 
Locle, 245, 247, 248. 
Loemaria, 308. 
Loges, 244. 
London Basin, Bagshot beds of the, 

374. 
clay and Bagshot beds of Alder- 

shot, 431; table of borings in the, 
441. 

Longbury Hill, section on, 643. 
Lovenia Forbesi, 424. 
Lower Calcareous Grit, 258, 259. 
Lunulites petaloides, 70. 
Lydd, well-boring at, 204. 
Lydekker, Mr. R., the Cetacea of the 

Suffolk Crag, 1. 
, description of a jaw of Hyothe- 

riwm from the Pliocene of India, 19. 
, on certain Dinosaurian vertebrae 

from the Cretaceous of India and 
the Isle of Wight, 156. 

, on a molar of a Pliocene type of 
Equus from Nubia, 161. 

Lyell Geological Fund, award of the, 
to the Rey. O. Fisher, Proc. 35. 

-—— Medal, award of the, to Mr. 8. 
Allport, Proc. 34. 

GENERAL INDEX, 

Lyons, Mr. H. G., on the London Clay 
and Bagshot beds of Aldershot, 481. 

Macclesfield, fossils of the drift of, 90, 
93-97. 

Malcolm’s Point, Carsaig, basalts, 
gravels, and leaf-beds of, 281; sec- 
tion of lower part of cliff at, 282. 

Malvern axis, classification of crystal- 
line rocks of the, 484. 

Hills, distinction between crys- 
talline rocks of northern and 
southern portions of the, 482 ; rocks 
of the, 481, 489-512; age of the 
rocks of the, 534; crystalline schists 
of the, 525. 

Range, plans and section of the, 
488 ; classification of the rocks of 
the, 505-507; history of the, 507— 
509. 

Man, the Glacial Period with reference 
to the Antiquity of, 393. 

, Preglacial, 406, 407; probable 
date of, 407. 

Mantiqueira Range, occurrence of 
foyaite in the, 457. 

Map, contour-, of part of the South 
Downs, 366; of the North Island 
of New Zealand, 178 ; of the country 
round Tarawera Volcano after the 
eruption of 10th June, 1886, 180; 
of Sark and the neighbouring islets, 
323; of parts of the Provinces of 
Rio de Janeiro, Sao Paulo, and 
Minas Geraes, 458; of the Caldas 
region, 470; of the outcrop of Cre- 
taceous rocks in West Suffolk and 
Norfolk, 546; of the southern por- 
tion of the Wealden area, 650; of 
part of South Devon, 716. 

Maretia anomala, 422. 
Marham, Melbourn Rock at, 567, 568. 
Marham Hill, glauconitic marl in 

watercourse at, 558. 

Marine deposits of Wales, Cheshire, 
and Lancashire, 87. 

erosion of the South Downs, 
364. 

Martin, Mr. J., the Terraces of Roto- 
mahana, 165. 

Maryland, Glyphastrea Forbesi, Hd. 
& H., from the Tertiaries of, 24. 

Materials, derived, in the Bagshot 
beds, 378. 

Megalaster compressus, 422. 
Megaptera affinis, 11. 
—. minuta, 11. 

Melbourn Rock, range of, 564-570; 
fossils of the, in West Suffolk and 
Norfolk, 580; minute structure of 
the, in West Suffolk and Norfolk, 
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585; of West Suffolk and Norfolk, 
597. 

Membranipora annulus, 47. 
Dumerilii, 45. 
Lacroixii, var. grandis, 45. 

—— lineata, 45. 
—— monostachys, 45. 
—— nobilis, 46. 
—— occultata, 48. 

solidula, 46. 
spinosa, 48. 
trifolium, 48. 

Membraniporella nitida, var., 52. 
Mesoplodon, 15. 
—— longirostris?, 15. 
Metamorphic rocks of South Devon, 

Miss C. A. Raisin on the, 715; cha- 
racters of, 719. 

Metamorphism, effects of, on Palzo- 
zoic rocks in Brittany, 319; pro- 
ducts of, in the Malverns, 528; 
period of, in the Malvern Hills, 534. 

Methwold, Middle Chalk at, 566. 
Mica-gneiss, formed from granite, in 

the Malvern Hilis, 528. 
Mica-schist from Raggedstone Hill, 

Malvern Range, 503; formed from 
felsite, in Raggedstone Hill, 530. 

Mica-schists of the Ile de Groix, 302 ; 
of South Devon, 724, 725; of Por- 
tlemouth Ferry, 730; south of 
South Pool, 730. 

Micaceo-chloritie schists 
Devon, 721, 725. 

Micraster brevistella, 421. 
Micropora lepida, 51. 

variperforata, 51. 
Microporella ciliata, 53. 

decorata, var. angustipora, 54. 
—— ? macropora, 94. 

magnirostris, 55. 
Microscopic structure of Bagshot beds, 

380. 
Middle Terrace, Rotomahana, 171. 
Midsummer Hill, 534; — section 

through, 488. 
Mildenhall, Middle Chalk at, 564. 
Minas Geraes, sketch-map of part of 

the province of, 458; occurrence 
of foyaite in, 460. 

Minera, fossils of the Drifts of, 89, 
93-97. 

Moel Tryfan, fossils of the Drifts of, 
89, 93-97. 

Monoporella capensis, 49. 
, var. dentata, 49. 

crassatina, 49. 
—— disjuncta, 50. 

watpukurensis, 50. 
Montchaibeut, 238. 
Montmelon, 231, 234, 236. 

of South 

Morfa Rhuddlan beds, 98. 
Morlaix, older rocks of, 317. 
Morphology of Glyphastrea Forbesi, 

Kd. & H., from the Tertiaries of 
Maryland, U.S., 24. 

Mount Tarawera, eruption of, 178. 
Moutier Station, section in cutting 

north of, 241. 
Mucronella? Alvareziana, 57. 

jirmata, 58. 
—— ? Liversidgii, 58. 

nitida, 55. 
Peachii, var. octodentata, 56. 
porosa, 57. 
prestans, 56. 
tricuspis, 57. 

, var. waipukurensis, 57. 
Mud ejected from Mount Tarawera, 

185, 186. 
Mud-yolcanoes of Rotokanapanapa, 

174. 
Mull, gravel and leaf-beds in, 270. 
Murchison Geological Fund, award of 

the, to Mr. R. Kidston, Proc. 33. 
—— Medal, award of the, to the 

Rev. P. B. Brodie, Proc. 31. 
Murchisonia, Miss Jane Donald on 

some Carboniferous species of, 617. 
Murchisonia angulata, 621. 

kendalensis, 624. 
—— pyramidata, 627. 

spherulata, 629. 
tenwissema, 629. 
Verneuiliana, 626. 
zonata, 628. 

Narbada Region, HEchinoidea of the 
Cretaceous strata of the Lower, 150. 

Narborough, Melbourn Hock near, 
568. 

Nepheline-rocks in Brazil, 457. 
Newton, Mr. EH. T., on the remains of 

fishes from the Keuper of Warwick 
and Nottingham, with notes on the 
mode of occurrence by the Rev. P. 
B. Brodie, M.A., and Mr. Hi. Wilson, 
537. 

New South Wales, glacial action in 
the Carboniferous and Hawkesbury 
series of, 190; ice-action in Siluro- 
Devonian beds in, 195. 

New Zealand, Chilostomatous Bryo- 
zoa from, 40; Cyclostomatous Bryo- 
zoa from, 337. 

, map of the North Island 
of, 178. 

——, Prof. Ulrich’s discovery of 
a peculiar alloy of nickel and iron 
in some rocks of, Proc. 3. 

Nickel and iron, peculiar alloy of, in 
New Zealand rocks, Proc. 3. 
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Nine-mile Ride, section through the, 
388. 

Noirvaux-dessous, 245. 
Norfolk, on the lower part of the 

Upper Cretaceous series in West 
Suffolk and, 544. 

North Hill, Malvern Range, rocks 
from, 489-494, 534. 

—— ——, section through, 488; and 
the Worcestershire Beacon, section 
through, 510. 

Northamptonshire, Dinosaurian re- 
mains from the Kimmeridge Clay 
of, 693. 

North Wales, change of coast-line in, 
99. 

Norway, Mr. W. F. Stanley on the 
probable amount of the former gla- 
ciation of, Proc. 83. 

N ottingham, notes on Triassic beds at 
Colwick Wood, near, 542. 

—— and Warwick, on the remains of 
fishes from the Keuper of, 537. 

Nubia, molar of a Pliocene type of 
Equus from, 161. 

Nummulites, table of the range of, in 
England, 148. 

Nummulites elegans, 132, 142. 
levigatus, 147. 

—-— variolarius, 145. 

Okaro craters, 181, 182, 184. 
Omosaurus durobrivensis, 699. 
Ongar Hill, brick-earth of, 452. 
Onociea hebridica, 289. 
“Oolithe corallienne,” 285, 248, 259; 

fossils from the. 236. 
Orca citoniensis, 16. 
Ornithodesmus cluniculus, 206. 
Ornithopsis Leedsii, 697. 
Ortholophus, 414. 

lineatus, 413, 415. 
Otukapuaranga, 176. 
Ouse Basin, superficial geology of the, 

646. 
and Adur watershed, section 

across the, 656. 
Owen, Sir R., on the skull and denti- 

tion of a Triassic Saurian (Gale- 
saurus planiceps, Ow.), 1. 

Oxborough, Melbourn Rock near, 567. 
Oxford Clay, 256, 257. 
Oxfordian, 255, 258, 259; of the Ber- 

nese Jura, 232; of the Southern 
Jura, 242; fossils of the, 243. 

** Oxfordien calcaire,”’ 242. 

Palzontology of the Upper Cretaceous 
deposits of West Suffolk and Nor- 
folk, 571-580. 

GENERAL INDEX, 

Paleozoic rocks of Brittany, effects of 
metamorphism in the, 519. 

, Upper, in Sao Paulo and 
Parana, 461. 

Paradoxechinus novus, 415. 
Parana, Upper Palzeozoic deposits in, 

461. 
Patricosaurus merocratus, 216. 
Peach, Mr. B. N., award of the 

Balance of the Wollaston Donation 
Fund to, Proc. 31. 

Peat of the Clwyd estuary, 99. 
Peat-bog, Sir A. Barkly on the slip of 

a, in the Falkland Islands, Proc. 2. 
Pebbles of the Bagshot beds, 376. 
Pegmatite from a vein at the Wych, 

Malvern Range, 505. 
Pelanechinus corallinus, Mr. T. T. 
Greom on some new features in, 
703. 

Pericosmus compressus, 423, 
gigas, 423. 

Permian or Carboniferous deposits in 
Sao Paulo and Parana, 461. 

** Pholadomien,” 243, 258. 
Phonolite, inclusions of foyaite in, 

459, 467; inclusions in foyaite, 468. 
and foyaite, association of, in 

nepheline-rocks in Brazil, 457. 
Physeteride, i3. 
Physical History of the Bagshot Beds 

of the London Basin, 374. 
Pichoux, 2384, 240. 
Pict, occurrence of foyaite in, 460. 
Piedmontite, crystals of, in Japan, 

474-477 ; optical characters of, 
476; analysis of, 477; comparison 
of Japanese, with that of other 
localities, 477 ; geographical distri- 
bution of, 478. 

schist in Japan, occurrences of, 
AT4. 

Pinhalzinho, leucite rock of, 463, 464 ; 
phonolite of, 464; conglomerate 
near, 464; foyaite of, 465; sections 
on railway near, 464; sections 
across and on the sides of the tunnel 
near, 466. 

Pink Terrace of Rotomahana, 176. 
Pipeclay, origin of, in the Bagshot 

beds, 378. 
Plan of the Roger Mine, Dukinfield, 

600. 
Plan of vein-structure in schistose 

rocks, 535. 
Plan and section of the White Terrace, 

Rotomahana, 167. 
Plans and sections of the Malvern 

Range, 488. 
Plas Heaton Cave, 103, 111; fessils 

of, 106. 
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Platanites hebridicus, 289. 
Plesiocetus, 12. 
Pliocene of India, jaw of Hyotherium 

from the, 19. 
Pliocene type of Hguus from Nubia, 

molar of a, 161. 
Pluvial Period, 369. 
Porrentruy, 239, 240. 
Pocos de Caldas, occurrences of foyaite 

at the, 457, 460. 
Podocarpus Campbelli, 289. 

sp., 289. 
Poikilopleuron pusillus (Owen), 

221. 
Point Terrible, Sark, 326; section 

showing hornblende-schist over- 
lying gneiss at, 327. 

Polyzoa, Mr. EH. A. Walford on some, 
from the Lias, 632. 

See also Bryozoa. 
Pontnewydd Cave, 103, 107 ; fossils 

from, 107. 
, stone implements from, 

116. 
Porcellanite, 318. 

from the Herefordshire Beacon, 
Malvern Range, 499. 

Porella concinna, 63. 
Porina grandipora, 59. 
Porphyrites, quartz-, fragments of, in 

the Essex Drift, 353. 
Porphyry, boulder of grey, at base of 

cliff, south of Saunton Down, 665. 
Port du Moulin, Sark, hornblende- 

schists of, 324. 
Poré es Saies, Sark, 325. 
Portlandian, 264; of the Bernese 

Jura, 241; of the Southern Jura, 
246. 

Portlemouth Ferry, mica-schist of, 
730. 

Postglacial lapse of time, 404. 
Pouillerel, 242. 
Pouldu, contorted banded gneiss at 

the embouchure of the, 308. 
Pressure, evidence of, in the schists 

of the Malvern Hills, 527. 
Prestwich, Prof. J., Considerations on 

the Date, Duration, and Conditions 
of the Glacial Period with reference 
to the Antiquity of Man, 393. 

Psammechinus Wilsoni, 413. 
Pterocerian, 261, 263, 264: of the 

Bernese Jura, 239; fossils of the, 
239: of the Southern Jura, 245; 
fossils of the, 246. 

Ptychodus, Agassiz, dentition and 
affinities of the Selachian genus, 
121. 

Ptychodus decurrens, 123-130. 
paucisulcatus, 127. 
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Ptychodus polygyrus, 127. 
Purbeckians, 265; of the Bernese 

Jura, 241; of the Southern Jura, 

247. 

Quartz-porphyrites, fragments of, in 
the Essex Drift, 353. 

Quartz-rock, fragments of, in the 
Essex Drift, 359. 

Quartz-syenite, gneissic, from North 
Hili, Malvern Range, 490. 

Quartz-tourmaline, fragments of, in 
the Hssex Drift, 353. 

Quartz-trachyte, fragment of, in the 
Essex Drift, 354. 

Quartzite boulders and grooves in 
the Roger Mine at Dukinfield, 
599. 

(itacolumite) of the Corrego do 
Quartel, 461; of the Rio das Antas, 
A71. 

schist, micaceous, from Ragged- 
stone Hill, Malvern Range, 909. 

Quartzites, fragments of, in the Essex 
Drift, 359. 

Quercites grenlandicus, 291. 
Quimperlé, older rocks of, 304-314. 

Radcliffe, Mr. James, on Grooves and 
Quartzite Boulders in the Roger 
Mine at Dukinfield, 599. 

Raggedstone Hill, Malvern Range, 
534; felsite in, 527; rocks from, 
504, 505; section through, 488. 

Rainfall, of the Glacial period, 403 ; 
influence of, on Glaciers, 404. 

Raisin, Miss Catherine A., on the 
Metamorphic Rocks of South Devon, 
715. 

Ravenswood, brook-sections in the 
Bagshots, south of, 382, 383. 

Reach, Chalk-marl and Totternhoe 
Stone at, 552. 

Red Chalk of Hunstanton, 552, 592; 
chemical composition of the, 588. 

Redan Hill, Aldershot, section from 
Thorn Hill to, 431. 

Reid, Mr. C., on the origin of Dry 
Chalk valleys and of Coombe Rock, 
364. 

Remains of Fishes from the Keuper of 
Warwick and Nottingham, 537. 

Reptocavea aspera, 347. 
Rhyl, section in drift-beds near, 98. 
Rhynchonella Cuvieri, zone of, 563. 
Rhynchopora longirostris, 70. 
Rhynchosauride, 691. 
Rhynchosaurus articeps, 676, 689. 
Rhyolite, ejected from Tarawera, 184; 

near Quimperlé, 306. 



750 

Rio de Janeiro, sketch-map of part of 
the province of, 458. 

Rio Pardo, 471. 
River-origin of the Gravels of Ardtun 

and Carsaig, 284. 
Roberts, Mr. T., on the Correlation of 

the Upper Jurassic rocks of the 
Swiss Jura with those of England, 
229. 

Roche, 236. 
Rock, Coombe, and Dry Chalk valleys, 

on the origin of, 364. 
Rocks of Brittany, structures and 

relations of, 301. 
, igneous, on the alleged conver- 

sion of crystalline schists into, in 
County Galway, 517. 

of Sark, Herm, and Jethou, 322. 
of the Essex Drift, 351. 
of the Malvern Hills, 481. 

, Upper Jurassic, of the Swiss 
Jura, correlation of, with those of 
England, 229. 

Roger Mine at Dukinfield, grooves 
and quartzite boulders in the, 599. 

Roscoff, older rocks of the district of, 
314; gneisses of, 314; view of low 
cliff at, 314; granite near, 316; 
amphibolite of, 317. 

Rother, section across the valley of 
the, 640. 

Rotokanapanapa, mud-volcanoes of, 
174 

Rotomahana, explosion of, 181, 182; 
effects of eruption upon, 183. 

-- Lake, 179; disappearance of, 
Wi Fee 

~——, Terraces of, 165. 
Rotomakiriri, Lake, disappearance of, 

177. 
Rotorua, hot springs of, 181. 
Rowe, Rey. A. W., on the Rocks of 

the Essex Drift, 351. 
Roydon, Totternhoe Stone near, 558. 
Ruapehu, 178, 181, 182. 
Rutley, Mr. F., on the Rocks of the 

Malvern Hills, 481. 

St. Anne’s Hill, section from St. 
George's Hill to, 453. 

St.-Asaph Drift of the Vale of Clwyd, 
le: 

, fossils of the Drifts of, 89, 93- 
ie 

, section in the east bank of the 
Elwy below the Mount, 81. 

St. George, section in quarry near the 
village of, 85. 

St. George’s Hill, section from, to St. 
Anne’s Hill, 453. 

St. Imier, 242, 247, 248. 
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St. Ursanne, 238. 
Ste. Croix, 243, 244, 248. 
Salcombe, section of cliff opposite 

Old Castle near, 729. 
estuary. boundary of slaty and 

metamorphic series near, 717; in- 
terbanded series of, 727; chlorite- 
schist of, 728 ; section across eastern 
arm of, 732. 

Salenia tertiaria, 412. 
Sandringham, Gault at, 552; Tottern- 

hoe Stone near, 559. 
Sandstones, fragments of, in the Essex 

Drifts, 360. 
and conglomerates of the Corrego 

do Quartel, 462. 
Sao Paulo, sketch-map of part of the 

province of, 458 ; Upper Palzeozoic 
deposits in, 461. 

Sark, map of, 323; rocks of, 322; 
hornblende-schist of, 324; Creux- 
Harbour gneiss of, 326; granitic 
rock of, 328, 333, 334; veins and 
dykes in, 332. 

Sarsens, distribution of the, 380. 
Saunton Down, cliff of consolidated 

sand at, 661; boulder of grey por- 
phyry at base of cliff south of, 665; 
boulder of red granite in ancient 
beach, south of, 666. 

Scaldicetus, 14. 
“* Schillerization,” 492. 
Schist, mica-, formed from felsite, in 

Raggedstone Hill, 530. 
, Piedmontite-, occurrence of, in 

Japan, 474. 
Schists, crystalline, fragments of, in 

the Essex Drifts, 359, alleged con- 
version of, into igneous rocks, in 
County Galway, 517; of the Mal- 
vern Hills, 525. 

, injection-, in the Malvern Hills, 
5382. 

--_— of the Ile de Groix, 302. 
of the Malvern Hills, diorites in 

the, 526; granite in the, 526; fel- 
site in the, 527. 

——, simple, of the Malvern Hills, 
528. 

Schistose rocks, plan of vein-structure 
in, 535. 

Schistosity, period of, in the rocks of 
the Malverns, 535. 

Schizoporella cinctipora,var. personara, 
67. 

circinata, 64. 
clavula, 65. 
conservata, 6D. 
eribrilifera, 65. 

— hyalina, 68. 
obliqua, 66. 
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Schizoporella Ridleyi, 64. 
tuberosa, var. angustata, 67. 

Scoble Point, 728. 
Scotland, Lower Carboniferous strata 

of, species of the genus Diphyphyl- 
lum, Lonsdale, in the, 33. 

Sections, diagram- at bend of River 
Elwy, near Dol, 75; in the sea-cliff 
N.W. of the Buth House, Aberrhyd, 
Colwyn Bay, 76; in the east bank 
of the Elwy, below the Mount, St. 
Asaph, 81; in quarry near the vil- 
lage of St. George, 85 ; of the White 
Terrace, Rotomohana, 167; of con- 
torted strata overlain by current- 
bedded deposits, at Coogee Bay, 
near Sydney, N.S.W., 194; in a 
quarry near the roadside, south- 
east of Liesberg, 234; in railway- 
cutting north of Moutier station, 
241; of west side of ravine, Ardtun 
Head, 275; in quarry on east side 
-of ravine, Ardtun Head, 275; in 
second ravine, Ardtun Head, 278; 
in face of cliff, Ardtun Head, 279; 
of leaf-bed and gravels at Ard- 
tun, 280; of lower part of cliff at 
Malcolm’s Point, near Carsaig, 282; 
diagrammatic, of contorted banded 
gneiss at the embouchure of the 
Pouldu, 508 ; of banded gneiss and 
amphibolite at the embouchure of 
the Pouldu, 311; of micaceous gneiss 
with intrusions of granite, 313; of 
gneiss and granites at Roscoff, 516 ; 
showing “false-bedding” in horn- 
blende schists in Sark, 324; show- 
ing hornblende-schists overlying 
gneiss in Sark, 327, 328; of granite 
overlying hornblende-schist in Sark, 
330; of dry chalk coombes in the 
South Downs, 367 ; from Welling- 
ton College to Wokingham, 388; 
from the river Loddon to Ascot 
race-course, 388; from Thorn Hill 
to Redan Hill, Aldershot, 431 ; from 
Grayel-pit Hill, Aldershot, to Ash 
Green, 435 ; across Aldershot Town, 
438; in Walton Common, 445; in 
Hatch-Farm Clay-pit, Woburn Hill, 
448; from St: George’s Hill to St. 
Anne’s Hill, 453; of decomposed 
dyke in cutting, Corrego do Quartel, 
463; on railway near Pinhalzinho, 
464; across and on the sides of the 
tunnel near Pinhalzinho, 466; dia- 
grammatic, through the Malvern 
Hills, from south to north, 488; 
through North Hill and the Wor- 
cestershire Beacon, 510; of granite 
in jointed diorite, near Glenda- 
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lough, 519, 520; of diorite in granite, 
near Glendalough, 521; of a con- 
torted granite-vein in gneiss, 527 ; 
showing passage of felsite into schist 
in Raggedstone Hill, 530; of chalk- 
marl and gault obtained by boring 
near Roydon, 553; in quarry at 
Stoke Ferry, 556; in Dersingham 
parish chalk-pit, 560; of cliff near 
the Lighthouse at Hunstanton, 562 ; 
showing the alternation of Gault 
and Lower Chalk between Cam- 
bridge and Hunstanton, and the 
thinning-out of the Gault between 
Cheddington and Dersingham, 595; 
on Fittleworth Common, 639; at 
Stopham Bridge, 639; across the 
valleys of the Rother, Arun, and 
Stor, 640 ; on Sullington Common, 
641; at Coatham Firs, 642; on 
Longbury Hill, 643; at In- 
holmes Farm, 645; at Selmeston 
Church, 647; general, across the 
river-valleys of the Southern Weal- 
den area, 656; across the Arun and 
Adur watershed, 656; across the 
Adur and Ouse watershed, 656; 
from Ashurst to Henfield, across 
the Adur Valley, 656; diagram-, 
showing mode of formation of some 
of the high-level beaches of Devon- 
shire, 659 ; diagram-, showing suc- 
cession of deposits west of Saunton 
Court, 660; diagram-, across the 
South Flank of Saunton Down, 
661; of cliff opposite Old Castle, 
near Saleombe, 729; across eastern 
arm of Saleombe estuary, 730; of 
Old-Meadows pit, near Bacup, 734. 

Seeley, Prof. H. G., on a sacrum, in- 
dicating a new type of bird, Orni- 
thodesmus cluniculus, Seeley, from 
the Wealden of Brook, 206. ~ 

, on Heterosuchus valdensis, See- 
ley, a Procelian Crocodile from the 
Hastings Sand of Hastings, 212. 

, on Patricosaurus merocratus, 
Seeley, a lizard from the Cambridge 
Greensand, preserved in the Wood- 
wardian Museum of the University 
of Cambridge, 216. 

, on Aristosuchus pusillus (Owen), 
being further notes on the fossils 
described by Sir R. Owen as Pozki- 
lopleuron pusillus, Owen, 221. 

Selmeston Church, section at, 647. 
Semionotus Brodiei, 539. 

sp., 039. 
Septastreea, 24. 
Sequanian of the Bernese Jura, 237 ; 

fossils of the, 238. 
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Sequoia Langsdorfi?, 289. 
Serra do Bocaina, occurrence of foy- 

aite in the, 457. 
do Canastra, 457. 
do Espinhaco, 457. 
do Mar, occurrence of foyaite 

in the, 457. 
Shell-beach at north end of Herm, 

338. 
Shells, marine, in drift on Caerhug, 

86. 
Shouldham, Chalk-mar]l at, 558. 
Shrewley, notes on the Upper Keuper 

section at, 540. 
Silurian conglomerates of Killary Har- 

bour, constituents of the, 523. 
Siluro-Devonian beds, ice-action in, in 
New South Wales, 195. 

Smittia biincisa, var. bicuspis, 58. 
Napierii, 59. 

Snapes, 728. 
Snettisham, section of Lower Chalk 

near, 561. 
** Société Ouralienne d’Amateurs des 

Sciences Naturelles,” notice of exhi- 
bition by the, at Ekaterinebourg, 
Proc. 86. 

Soham, Cambridge Greensand near, 
547. 

Soleure, 245. 
South Devon, Miss OC. A. Raisin on 

the metamorphic rocks of, 715. 
Downs, marine erosion of the, 

364; contour-map of the, 366; sec- 
tions in the, 367. 

Pool, boundary of slaty and 
metamorphic rocks near, 717; mica- 
schists south of, 730. 

Soyhiére, 236. 
Spencer, Mr. John, on Boulders found 

in seams of coal, 735. 
Sphenodon, 676, 677, 679, 680, 681, 

687. 
Sphenodontide, 691. 
Sphenodontina, 691. 
Spongitian, 258. 
“Spongitien,” 242. 
Squalodontide, 15. 
Stanley, in the Falkland Islands, Sir 

A. Barkly on the slip of a peat- 
bog at, Proce. 2. 

Stanley, Mr. W. F., on the probable 
amount of former glaciation of Nor- 
way, Proc. 83. 

Steam-jets in the hill surrounding 
Terata, 175. 

Steganoporella neozelanica, 50. 
Stoke Ferry, Gault near, 547 ; boring 

at, 548; Totternhoe Stone at, 555, 
557 ; section in quarry at, 556. 
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Stomatopora elongata, 636. 
eranulata, 341. 
major, 342. 

Stone implements from Pontnewydd 
Cave, 116. 

Stopham Bridge, section at, 639. 
Stor, section across the valley of the, 

640. 
Strain-slip cleavage, 725. 
Strata, contorted, overlain by current- 

bedded deposits, in the Hawkes- 
bury series, Australia, 194, 195. 

Stratification, absence of, among the 
crystalline rocks of the Malvern 

| Hills, 534. 
Stratigraphical relations of the meta- 

morphie rocks of South Devon, 
127. 

Stratigraphy of the Upper Cretaceous 
deposits in West Suifolk and Nor- 
folk, 545. 

Strood, well-boring at, 203. 
Subaerial deposits of the Southern 

Wealden area, 649. 
Suffolk Crag, Cetacea of, 7. 

, West, and Norfolk, Messrs. Hill 
and Jukes-Browne on the Lower 
Part of the Upper Cretaceous 
Series in, 544. 

Sullington Common, section on, 641. 
Supercytis digitata, 344. 
Surface-drift of the Vale of Clwyd, 

97. 
Swinyard’s Hill, 534; section through, 
488 ; rocks from, 500-503; mica- 
gneiss formed from granite in, 528. 

Swiss Jura, correlation of Upper Ju- 
rassic Rocks of, with those of 
England, 229. 

Sydney, contorted strata! overlain by 
current-bedded deposits at Coogee 
Bay near, 194. 

Syenite, fragments of, in the Essex 
Drift, 352. 

Talargoch beds, 86. 
Tarawera, Mount, 179; account of 

the eruption of, 181; products of 
the eruption of, 184; map of the 
country around, after the eruption, 
180; cause of the eruption of, 187. 

Taxus Campbelli, 289. 
Temora, New South Wales, ice-action 

in Siluro-Deyonian beds at, 195. 
Terata Geyser of Rotomahana, 165, 

167, 168; steam-jets in the hill 
surrounding, 175. 

Terraces of Rotomahana, 165. 
“Terrain 4 chailles marno-calcaire,” 

233. 
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* Terrain a chailles siliceux,” 234, 248, 
258, 259; fossils of, 239. _ 

Terrible Bay, Sark, 325, 326. 
Tertiaries, Australian, Revision of the 

Eehinoidea from the, 411. 
of Maryland, Glyphastrea 

Forbest from the, 24. 
Thiergarten, 233, 284, 236, 238. 
Thjorsa, Iceland, analysis of eucrite 

lava from, 498. 
Thomson, Mr. James, on the Occur- 

rence of species of the genus Diphy- 
phyllum, Lonsdale, in the Lower 
Carboniferous Strata of Scotland, 
with a description of some new 
species, and notices of varieties, 
6 

Thorn Hill, Aldershot, section from, 
to Redan Hill, 431. 

Tingua, occurrence of foyaite at the 
peak of, 457, 459. 

Titanosaurus, 157, 159. 
Tongariro, 179, 181, 182. 
‘Totternhoe Stone in West Suffolk 

and Norfolk, 596; fossils of the, 
577; minute structure of the, 
584. 

——- and Chalk-marl in West 
Suffolk and Norfolk, 552. 

Trachytes, superficial fragments of, 
in Hssex, 355. 

——, quartz-, fragment of, in the Essex 
Dritt, 354. 

Tramelan, 241. 
Traps of Ardtun Head, 272. 
Tremeirchion, caves near, 104, 108. 
‘Yrias in Warwickshire, notes on, 

540. 
Triassic Beds at Colwick Wood, near 

Nottingham, 542. 
deposits, supposed, in 

Paulo and Parana, 461. 
Tubulipora biduplicata, 343. 

Campicheanda, 343. 
inconstans, 633. 
sp., 635. 

Turritella? sulcifera, 650. 

Sao 

Twinning of Japanese crystals of 
Piedmontite, 475. 

: Ulrich, Prof., notice of discovery of a 
peculiar alloy of Nickel and Iron in 
New Zealand rocks, Proc. 30. 

Valangin, 247, 248. 
Valleys, dry Chalk, and Coombe 

Rock, Mr. Clement Reid on the 
| origin of, 364. 
) Vallorbes, 248. 
| Vein-structure, plan of, in schistose 

rocks, 030. 
' Veins, mineral, in Sark, 3382. 
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Vermes, 239. 
Villars, 239. 
Villers-le-Lac, 247. 
Virgulian, 261, 265, 264; of the 

Southern Jura, 246; of the Bernese 
Jura, 240, 

Vorbourg, 235, 237, 239. 

Wahanga, eruption of, 181. 
Wairakei, hot springs of, 183. 
Walford, Mr. E. A., on some Polyzoa 

from the Lias, 632. 
Walton-Common Section, Mr. W. 

Hudleston on the, 448; continua- 
tion of the, 445, 446. 

Warfield Brick-yard, section in, 386. 
Warwick and Nottingham, remains 

of Fishes from the Keuper of, 
537. 

Warwickshire, 
540. 

Waters, Mr. A. W., on Tertiary Chi- 
lostomatous Bryozoa from New 
Zealand, 40. 

, on Tertiary Cyclostomatous Bry- 
ozoa from New Zealand, 337. 

Wealden Area, Mr. J. V. Elsden on 
the Superficial Geology of thé 
Southern part of the, 637. 

of Brook, sacrum _ from, 
indicating a new type of bird 
(Ornithodesmus cluniculus, Seeley), 
206. 

Wellington College, section of Bag- 
shot beds to the north of, 384; 
section from, to Wokingham, 388. 

Well-section at D lines, South Camp, 
Aldershot, 434. 

Wereham, Chalk-marl near, 557. 
West Dereham, Gault near, 547, 548, 

549. 
West Row, Totternhoe 

554. 
Whitaker, Mr. W., further notes on 

the results of some deep Borings im 
Kent, 197. 

White Island, New Zealand, 
183. 

—— Terrace of Rotomahana, 165. 
Whittington, Melbourn Rock at, 566 ; 

section at, 566. 
Wilson, Mr. H., notes on the Triassic 

beds at Colwick Wood, near Notting- 
ham, 542. 

Winds Point, section through, 488 ; 
felsite in the, 527. 

Woburn Hill, section in Hatch-Karm 
Clay-pit, 447, 448. 

Woburn Hill, secticn through, 453. 
Wokingham-Sandhurst Road, well- 

section near the, 382. 

3) @ 

notes on Trias in, 

Stone — af, 

179, 
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7 Wokingham, section through, 388. 
Wollaston Donation Fund, award of 

the, to Mr. B. N. Peach, Proc. 31. 
—- Gold Medal, award of the, to 

Mr. J. W. Hulke, Proe. 30. 
Wollongong beds, 190, 191. 
Wood, silivified, fragments of, in the 

Essex Drifts, 360. 
Woodward, Mr. A.S., on the Denti- 

tion and Affinities of the Selachian 
genus Ptychodus, Agassiz, 121. 

Worcestershire Beacon, Malvern 
Range, rocks from the 494-496 ; 
section through the, 488; and 
North Hill, section through, 510. 

Wych Pass, 534; section through the, 
488 ; fault near the, 484; rock from 
the, 505. 
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