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Name of Species. Formation. Locality. Paee

Madreporaria kugosa.

Caninia cf. patula, fig. 4 &]
pi. X, fig. 6

Biphyphyllum of. concinnum.

! I
Carboniferous

Limestone . I
Tickuall

Breedon Cloud
107
108

Encrimis hyatti, fig. 8
EntrocJmh ternio, sp. nov.,

figs. 3-7
undatus, sp. nor., figs. 1

&2
Isocrinus argenteus, sp. nov. ...

cupreus, sp, nov., fig. 14 .

gravincB, sp. nov., fig. 15.

trechmanni, sp. nov., figs.

9-13

Crtnoidea.

Upper Trias

V Kaihiku Beds

Middle Trias

V Upper Trias ,

Kaihiku Beds

California 251

249IHokonni Hills .

Eigbtv-Eight
\

Valley
i

247
Nevada • 254

1/255
!l256

Alaska

Hokonui Hills 252

Coenothyris sp., pi. xsiii, fig. 7.

Dielasma cf. himalayana
zealandica, sp. nov., pi,

xxiii, fig. 5

Halorella zealandica, sp. nov.,

pi. xxiii, figs. 1 a-3

sp., pi. xxiii, fig, 4

Hectoria hisulcata, gen. et sp.

nov., pi. XXV, figs. \a &i\h .

cuneiformis, sp. nov., pi.

XXV, figs. 4a & 46
tumida, sp. nov., pi. xxv.

fig. 2
Mentzelia kawhiana, sp. nov.,

pi. xxiii, figs. 10 a & \0 h ...

cf. ampla, p]. xxiii, fig. 9.

^•i{

Braciiiopoda.

Tmudomonoth-
richmondiana
Beds

I^KaibikuBeds...

Mytilus-prohle-
maticus Bed.

i Oarnic-Noric ..

Bajocian, &c. ...

'

I

)-Rb{Btic

I

[
Eicbniond

f
(N-Z.)

/^Hokonui Hills .

i

{ Hokonui Hills .

I

l^ Caroline Cutting
' Eigbty-Eigbt

Valley

Otamita

New Zealand ..

Hokonui Hills

I

KawbiaHarbouv
i^ KawliiaHarbour

218

217

217

216

216

235

237

236

228
228
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Name of Species. Formation. I Locality.
i

Pa^e

Braciiiopoda {continued).

Mentzeliopsis horrida, gen. et

sp, nov.,pl.xxiii,figs. i7&18
spinosa, sp. nov., pi. xxiii.

figs. 11-16
JRetzia schwagerij pi. xxiii, fig.

21..

Spiriferina acutissima, sp. nov.,

pi. xxiv, fig. 3
cf. austriaca, pi. xxiv.

fig.o

(?) Carolines, sp. nov., pi.

xxiii, figs. 19 «-20
diomedea, sp. nov., fig. '6

& pi. xxiv, figs. 1-2
fragilis, pi. xxiv, figs. 10-

yyV'^'^^^tus, pi. xxiv, fig. 4
kaihikuana, sp. nov., pi

xxiv, fig. 15
nehonensis, sp. nov., pi

xxi 7, figs. 6-8
otaviitensis. sp. nov., pi

xxiv, figs. 9 a & 9 />

Sfcessi, var. australis nov.,

pi. xxiv, figs. 13a-14
Spirigera kaihikuana, sp. nov,

pi. XXV, fig. 5
manzavinioides, sp. nov.,

pi. XXV, figs. 7 a & 7 ^

wreyi, pi. xxv, figs. <cta &

66
Terebratula ef. hungarica, pi

xxiii, fig. 8
pachydentata, sp. nov.,

pi. xxiii, fig. 6 ,

Kaihiku Beds ...

f

\ Caroline Cutting

rr , ,. -D 1 ,
Mount Heslmg-

Halobia Beds ...-!, ^
ton

None(?)
|Mount Hesling-

ton

Lower Caniic(?) Mount Potts ..

Kaihiku Beds ...j Caroline Cutting

Eihsetic

Kaihiku Beds ...

Noric(?)

Kaihiku Beds ..

Halohia Beds ..

Carnic

Halohia Beds .

.

Kaihiku Beds

Carnic

New Zealand ..

Caroline Cutting

Hokonui Hills .

Eightv-Eight
Valley .........j

Mount Hesling-'

ton

Otamita

f Mount Hesling-

1 ton

(

Caroline Cutting

•l-l

Otamita
Mount Hesling-

ton

Otamita

1^ Otamita

1230

[230

227

221

224

226

222

219
221

220

223

225

225

231

232

231

219

218

Lamellibranchiata.

Anisocardia jMmilo, sp. nov.,

pi. xxii, figs. 6 & 7
Anodo)itopliora aiigulata, sp.

nov., pi. xxi, fig. 10
edmondiiformis, sp. nov.,

pi. xxi, fig 8
ovalis, sp. nov., pi. xxi,

fig.9

Cardiomorpha (?) nuggeUnsis,

sp. nov., pi. xxi, fig. 7

Cassianella sp., pi. xxi, fig. 19.

Daonella indica, pi. xx, fig. 7

& pi. xxi, fig. 5

\ Carnic
\ Otamita

I

Kaihiku Beds
f Carol

1 Cut

Nugget Point
Otamita

•oline

itting ...

I

213

! 208

J208

\,208

189
206

196
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Name of Species. Formation. Locality. Page

Lamellibranchiata {continued).

Halohia cf. mistriaca, pi. xxi

fig.4

hochstetteri, pi. xxi, fig

r- zitteli, var. zealandica

nov., pi. XX, fig. 6 & pi. xxi

figs. 1-2

Hokomda limceformis, gen. et

sp. nov., pi. XX, fig. 4 & pi.

xxii, figs. 2a, 2i, & 5

rotu>idata, sp. nov., pi

XX, figs. 5 a-5 h & pi. xxii

figs. 1,3, (?)4a, 46
Leda semicrenulata, sp. nov,

pi. xxi, fig. 20
Lima (Limatula) cf. pichleri,

pi. xxi, fig. 16

Macrodon cf. citrionii, pi. xxi,

figs. 12&l;-5
Megalodon globular is, sp. nov.,

pi. xxi, fig. 17
Monotis salinaria, pi. xix, fig.

]0
, var. hemispherica

nov., pi. XX, figs. 2 & 3
, var. intermedia

nov., pi. XX, fig. 1

Myophoria heslingtonensis, sp.

nov., pi. xxii, fig. 9
nuggefensis, sp. nov., pi.

xxii, fig. 10

otamitensis, .sp. nov., pi.

xxii, fig. 8 , ...

Mytilus (1) mirahilis, sp, nov.,

pi. XX, figs. 9a& 96
problematicus, pi. xx, fig.

sp,PalcBocardiia quadrata,

nov., pi. xxi, fig. 11 ,.

Valceonello otamitensis, sp

nov,, pi. xxi, fig. 21

cf, prceacuta, pi. xxi, fig

22

Pecten sp., pi. xxi, fig. 18

Pinna sp,, pi. xxii, fig. 11

Pleurophorus zenlandicus, sp.

nov., pi. xxi, fig. 6
Pseudomonotis ochotica, pi, xix,

figs. 1-G & 8
, var. acutecostata

nov., pi. xix, fig. 7
richmondiana, pi. xix,

figs. 9a & 96

\ Carnic

I

Lower Oarnic .

.

}-Noric(?)

I

Carnic

Palceocardita

Bed

Carnic

Upper Noric ...

Noric

Otamita ;

.

Mount Hesling-

ton

New Zealand ...

\ New Zealand ..

I

New Zealand ...

I
Otamita

I

Mount Hesling-

ton

1^ Otamita

Wairoa Gorge.

Okuku

"Mount Hesling-

ton

Nugget Point

Otam
Eighty-Eight

! Valley
^ Eighty-Eight

Valley

Nugget Point

Otamita

l^ Otamita

Nugget Point ...

Eighty-Eight
Valley

i^Otamita

\ Wairoa Gorge...

I Mount Hesling-

l ton

200

199

197

204

205

191

205

191

209

195

) 196

I

U96

211

210

211

202

201

212

190

190

206

206

212

I

193

[l94

194
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Name of Species. Formation. Locality. Page

Lamellibranchiata {continued).

Pseudoplacimopdsplacentoides.\ 1

Bp. uov.. pi. xxi, figs. 14 &j \

15 Ij

Carnie I
Otaraita

i

Gasteropoda.

Aclisina aciculata, pi. vi, fig. 6.

—— ashtonejisis, pi. Ti, fig. 9..

cosfatula, var. duhia
delicatida, sp, nov,, pi. v,

figs. 6 a-6 c

elegantula, pi. vi, fig. 2. .

elongata, pi. v, figs. 10-

12.

, var. cingulata, pi. v,

figs. 13 & 14

, var. varians, pi. v,

fig. 15
faher, sp. nov., pi. v,

figs. 4, 5 a-b c

micula, sp. nov., pi. v,

figs. 7a&7b
(!) multirolva. sp. nov.,

pi. vi, figs. 7 &8'
pulchra, pi. v, figs. 1,

2a-2h
, var. exigua nom.

nov
'pusilla, pi. V, fig. 9
similis, pi, v, fig. 8
stricdhsima, pi. vi, figs.

3&4
S'ubelougata, sp. nov., pi.

vi, fig. 1

tenuistriata, pi. vi, fig. 5.

venusta, sp. nov., pi. v,

figs. 3a&3/>
Aclisoides (?) armstrovgiana...

striatula, pi. vi, figs. 10-

15 ..•: ;
Bourgup.tia ('!) arata, sp. nov., "^

pi. xviii, fig. 3
Comdaria sp., pi. xviii, fig. 1

.

Coronaria spectahilis, sp. nov.,

pi. xviii, fig. 4
Dentalium sp., pi. xviii, fig. 2.

Patella (?) nelsoneiisis, sp. nov.,

pi. xviii, figs. 8a & 86
Pleurotomaria (Sisenna) hec- ]

tori, sp. nov., pi. xviii, figs.

ba-bc
j

Jiokojmiensis, sp. nov., ) Carnie.
pi. xviii, figs. 6 a-6c I

Trochus (Tectus) marshalli,
\

sp. nov., d1. xviii, fig. 7 )

Lower
Cai'bouiferous,

) Carni

Kaihiku Beds

/'Gill foot, Car-

luke

Ashton Vale
Colliery

Moss Mullock...

Glen cart, Dairy,

Law, Dairy

Lauriston

Glencart, Dairy

Lauriston

Glencart, Dairy.

j Kilwinning

; Moss Mullock...

Tournai

Robroyston
Law, Dairy I

Law, Dahy
I

Law, Dalrv

]\ross Mullock.
Penton Linns.

Law, Dairy.
Law, Dairy

,

^^ Various
^ Mount Hesling-j

I

ton
j

J
Otaraita

j

! Mount Hesliug-

I

ton
I

l^ Otaraita I

r Eightv-Eight

1 Val'ley

r
I

I

J^ Otamita

209

77

78
70

71

74

72

73

73

70

71

77

68

68
72
71

74
76

82

188
189

187
188

185

I
186

j

186

U87



POSSILS FIGTTEED AND DESCRIBED. IX

Name of Species. Formation. Locality. Page

Acanthopleuroceras rursicosta,

nom. nov., pi. xxvi, fig. 4 ...

Arcestes of. rhaticus, pi. xvii,

fig...l

Arieiites turgescens, sp. nov.,
pi. xxix, fig. 2 & pi. xxxi.

fig- 5
Arnioceras anageneticitm, sp.

nov., pi. xxxi, figs. ^a-6d. .

flaimm. noin.iiov.,pl.xxxi,

figs. 2a-2h
' fortunatum, sp. nov., pi.

xxviii, fig. 4 & pi. xxxi, figs.

4a-4i "..

Aspidoceras perarmatum, pi.

iv, fig. 12 ., ..

Atdacoceras sp., pi. xvii, figs.

4 & 5

Cladiscites sp.. pi xvii fio-

2 :.....

"

Clydonautilus (Prodydonautir
lusj cf. spirolobus, pi. xvii,

fig. 3 .".

C'jeloceras fonticulus, fig. 8 (4).

pettos, fig. 8 (5)
Cosmoceras jason, pi. iv, fig, 10
Dactylioceras commune, fig.^. 3-

11, pi. ii, fig. 2, pi. iii, figs.

1-5, & pi. iv, fig. 15
Beroceras hispinigerum, noiii.

nov., fig, 7 ....'

JDiscophtfllites cf. ebiieri, pi.

^.f^^%'brteviceras meritulnm 'glevense.

gen. nov., pi. xxx, figs. 5 a-
5 i, & pi. xxxi, figs. 1 a-1 h .

qlevense, noni. nov., figs.

4, 5, 11, 20, pi. xxvii. figs.

2-3, pi. xxvii i, figs. 1-2.

pi. xxix, fig. 3, & pi, xxx,

fig. 4
Hparium, pi. xxx. figs.

3a-3^
Grypoceras cf. mesodiscum . .

.

Guibaliceras g^iihaliamim, gen

.

nov., figs. 14, 18
HopUtes auritns, pi. iv, fig. 8 .

rmiliniaiuis, pi. iv, fig. 7.

splendens, pi. iv, figs. 4-6
Keplerites calloviends, pi. iv.

fig. 14 :

Leptcdeoceras lepUim, gen. et

sp. nov., pi. xxvi, figs, \a-
Sb

Cephalopoda.

Middle Lias .,.' Leckhampton ... 286

Ebsetic ;
Albatross Point. 182

Lower Lias Barrow Grurney,

Lias i i Lvnie Regis . .

.

296

300

Lower Lias

.

Jurassic

Noric & Oarnic

.

I

y Carnic

I

I

^Jurassic

i

I

; 1298

Paulton 301

Fariugdon 53

New Zealand ... 184
(^Mount Hesling-

I

ton ' 183

<

[ Nugget Point ... 182
/^Whitbj 39

I

Baden 39
! Woburn Sands . 53, 55

Lias Various

Carnic ! Otaniita

]^Various 31 et seqq.

.... 302

... 184

y Lias

,

Cbarnioutli 291

Lower Lias

.

Carnic

Lias,

1

I

}- Jurassic

Lias,

(^Various 289

Aston Cross ... 292
Otaniita 181

Various 293
/^Cambridge 52

j

Folkestone 53,55
-{ Various 52 et seqq.

i

I

l^Asbton Keynes .; 53

Various I 285



FOSSILS PIGURED AND DESCRIBED.

Name of Species, Formation. Locality.

Cephalopoda {contimted).

Microderoceras depressum,

nom. nov., pi. xxx. tigs, la-
lb

inflatum. sp. nov., pi.

xxviii, fig, 3 & pi. xxix, fig. 1

rhodanicum, nom nov...

septigerum, nom. uov.,

pi. xxx, figs. 2a-2b
Normannites braikenridgei,

pi. iv, fig. 11

Orthoceras sp., pi xvii, fig. 6 .

Oxynoticeras oxynotum, figs. 1.

a-lb. 8.9, 15. &16
polyophyilum. figs. 3, 10

&17 ;

Pei'isphinctes triplicatus, pl.iv

figs. 1-3
Polyrnorphites Jupiter, fig. 5 b

PsUoceras planorbis. pi. iv,

fig. 9
Badstockiceras complicatum

gen. et sp. nov., figs. 6, 12
21 & pi. xxvii, figs. 1 a-\ b

Sphceroceras brongniarli, figs,

1.5-17 &pl. iii, fig. 7
Traqophi/lloceras loscombi, figs

12-14 & pi. iii, fig. 6
Tjptoniajamesoni, pi. iv, fig. 13
Vicioriceras victoris. gen. nov.,

figs. 13, 19

) Lias

Jurassic

Caruic .

.

Lias.

Kim Bridge Clay
Jurassic ,

\

I

^Lias

i

;

i

) Jurassic

Lias

Barrow Gurney.

j
Barrow G-urney

I
?

l^Clieltenham ...

Mesvil . .

,

Otamifa

Various

Market Rasen
OldDalby ....

/^ Robin Hood's

I

Bay

l^ Radstock Grove.

(
Sherborne

I

Lyme Regis

I
?

Various

303

305
305

304

53
181

293
et seqq.

51

35

52

287

47

45
57

293

Primates.

Eoa7ithropus dawsoni, fig. 2 &j |

pi. i, figs. 1-5
1
Piltdown Gravel' Piltdown. 3 et seqq.



EXPLANATION OF THE PLATES.

Plate
Page

Cranial Bones and Molars of Eoantkropus
DAWSONi, ETC., illustrating Dr. A. Siuitli

Woodward's paper on that fossil

Plates
( Apparatus used in Surveying and Levelltngthe ^

Surfaces op Septa and of Whorls ; Dacty-
j

LIOCERAS C03IMUNE, A^Jy SePTAL SECTIONS DRAWN
FROM THE Same; Devblopmeni of the Septum

|

II-IV-( of D. C03IMUNE ; and Development of the ) 26
Ammonite Septum generally, illustrating the

paper by Prof. H. H. Swinnerton & Mr. A. E.

Trueman on the Morphology and Development
i^ of the Ammonite Septum )

Y D YT / ^CLisiyA and Aclisoides, illustrating Mrs. Long-

\ staff's paper on those genera
59

/^Exposures at Ticknall ; the Southerm Fault

I

VII-XI^

i

AT Breedon Cloud ; Microscope-Sections of
|

DoLOMiTic Limestone ; and Map of the Car- y

BONiPEROus Limestone bordering the Leices-
j

TEusHiRE Coalfield, illustrating Mr. L. M.
|

Parsons's paper on that formation )

84

/^ Craig Llanishen, Cefn-On, etc.; the Scarp- "^

Face of Cefn-On at the Head of Cwm
Draetiien; Macmen Quarry, etc. ; the Gorge
OF the Taff below Taff's Well; Escarp-
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PROCEEDINGS
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SESSION 1916-17.

November 8th, 1916. '-^^^.J^^f IjlU'^^

Dr. Alfred Haeker, F.R.S., President,

in the Chair.

The List of Donations to the Library was read.

The Names of certain Fellows of the Society were read out for

the first time, in conformity with the Bye-Laws, Sect. YI, Art. 5,

in consequence of the Non-Payment of the Arrears of their

Contributions.

The President referred to the loss which the Society had
sustained during the recess by the decease of its Treasurer,

Mr. Bedford McNeill, A.E.S.M., M.Inst.M.M., A.M.Inst.C.E.

He spoke of Mr. McNeill's eminence in his profession, and of

the services that he had rendered to the Society as a Member of

Council for many years, and as Treasurer since 1912. The President

mentioned that the Society was well represented at the funeral,

and added that he felt sure that the Fellows would associate

themselves with the resolution of condolence and sympathy which
the Council had addressed to Mrs. McNeill.

The following communication was read :

—

^ Aulina retiformis, gen. et sp. nov., Phillipsastr<X!a hennahi
(Lonsdale), and the Grenus Orionastrcea' By Stanley Smith,

B.A., D.Sc, F.G.S.

Mr. J. W. JACKSOif exhibited a number of facetted pebbles
from Pendleton (Lancashire), and stated that nearly 200 of these
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had been collected during the last six months from near the top of

a section of cuiTent-bedded and faulted Glacial Sand and Gravel
at an altitude of about 200 feet O.D.

The pebbles occm* in situ some 2 or 3 feet below the capping of

darker subsoil, which contains cores and flakes of flint, including

pigmies. They consist of slate, gi-anites (Eskdale and Shap),

Ennerdale granophvre, Borrowdale volcanic tuffs, porphyries,

quartzites. Millstone Grit, sandstones, Chalk flints. Carboniferous

chert, and other rocks.

Tlie largest facetted pebble measures 11^ x 8| inches, and is

7 inches high ; the smallest is only half an inch in diameter.

The facets are generally concave, grooved, or fluted. They vary

in number : some stones have one facet only, others t^vo or more.

One stone with a flat top shows five incipient facets. On some
the grooving is of the nature of parallel series of elongated pits.

Differentiation, according to varying hardness and composition,

is well displayed on the granites, porphyries, grits, etc., where the

weaker constituents have been strongly eroded, leaving the stones

witli an irregularly pitted surface.

The production of facets by splitting along joint-planes is seen

on some examples of sandstone ; but the facet thus formed has

been modified by wind-action.

A few pebbles occurred in the sand completely inverted, and
show some distinct facetting on both sides.

Of examples orientated in situ, the facets faced north-westwards,

westwards, and south-westwards—the directions of the present

prevailing winds.

All the pebbles are of Glacial origin, but the facetting may be

relatively quit€ recent. The upper part of the sands where they

occur may be the result of redistribution by wind before a soil-cap

began to form.

A series of pohshed specimens of Palaeozoic corals was exhibited

bv W. F. Gwinnell, B.Sc, F.G.S.

"a geological map of British Guiana, 1913 (1:633,600, or

1 inch = 10 miles), presented by the Secretary of State for the

Colonies ; and twelve sheets of maps published and presented by
the Geological Survey of Japan, 1916 (1 : 400,000), were also ex-

hibited.

Numerous books and pamphlets from the Library of R. D.
Oldham. F.R.S., V.P.G.S., were exhibited. These formed a selection

of an extensive series of publications, relating chiefly to seismology,

that Mr. Oldham recently presented to the Society.
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November 22nd, 1916.

Dr. Alfred Harkee, F.R.S., President,

in the Chair.

Stanley Charles Hooper Blandford, F.S.I., Stud.Inst.M.M.,

Coronel, Chile (South America) ; and Herbert Kilbm-n Scott,

M.Inst.M.M., Jaciitinga, Chesham Bois (Buckinghamshire), were

elected Fellows of the Society.

The List of Donations to the Library Avas read.

The following communication was read :

—

' Characese from the Lower Headon Beds.' By Clement Reid,

F.R.S., F.L.S., F.a.S., and James Groves, F.L.S.

The Names of certain Fellows of the Society were read out for

the second time, in conformity with the Bye-Laws, Sect. VI. Art. 5,

in consequence of the Non-Payment of the Arrears of their

Contributions.

Lantern-slides, photographs and specimens of Characea? from the

Lower Headon Beds were exhibited by Cleinent Heid, F.R.S..

F.L.S., F.G.S., and James Groves, F.L.S., in illusti-ation of their

paper.

A Pahfolithic Hint-implement, found in the British trenches

near Bray, was exhibited by W. Whitaker, B.A., F.R.S.
A Geological sketch-map of Tasmania, based on a map by

B. M. Johnston, and revised b}^ the Geological Survey of Tasmania
(scale: 1 inch — 15 miles), 1914, was also exhibited.

A S])ecial General Meeting was held on Wednesda}^, November
22nd, 1916, at 5.15 p.m. (before the Ordinary Meeting).
when James Vincent Elsden, D.Sc, was elected a Member of

Council and Treasurer in place of the late Mr. Bedford McNeill.

December 6th, 1916.

Dr. Alfred Harker, F.R.S. , President,

in the Chair.

William Ernest Hadford Burton, Wrenfield, Berlin Street,

St. John's, Wakefield ; Colin Clegg, More Hall, Bolsterstone, near

Sheffield ; William Edmund Cutler, Calgary, Alberta (Canada)
;

Hugh Peter William Giffard, B.A.. B.Sc," Chillington, Wolver-
hampton ; Leonard Hawkins, M.Sc, 26 Hoha-ood Quadrant West,
Glasgow ; Daniel Franklin Higgins. M.S., care of the British Lega-

tion, Peking (China) ; Major John Sidney Kitson, 9 Smith Street,

a2
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Tliornbuiy, Melbourne (Victoria); William Pickup, President of

the Manchester Geological Society, Carlton Lea, Billinge End,
Blackburn ; Lancelot Arthur Basil Sharpe, B.A., 26 St. Margaret's

Eoad, Oxford; William Walter Smithett, 34 Molyneux Park, Tun-
bridge Wells ; Judge Frederic Grordon Templer, The Hall, Eagles-

clift'e, K.S.O. (County Durham) ; Ernest Sterne Lusher, 37 Moor
Street, Fitzroy, Melbourne (Victoria) ; William Rupert Alfred

Weatherhead, B.Sc, The University, Edmund Street, Birmingham ;

James Watt, W.S., 24 Rothesay Terrace, Edinburgh; and Edward
Walker, M.Sc, 52 Queen's Road, St. John's Wood, N.W., were

elected Fellows of tlie Society.

The List of Donations to the Library was read.

Mr. Gr. C. Crick, A.R.S.M., F.G.S., gave an account of some
recent researches on the belemnite animal. He stated

that it was not his intention to deal that evening with the

homologies of the belemnite shell or with the phylogeny of the

belemnite group, but to confine himself to the restoration of a

t3qDical belemnite animal and its shell, as shown particularly by
examples in the British-Museum collection.

He first demonstrated, by means of a rough model, the construc-

tion of the belemnite shell, including the guard or .rostrum, the

phragmocone with its ventrally-situated siplmncle, and its thiii

envelope the conotheca, with its forward prolongation and expan-

sion (on the dorsal side) known as the pro-ostracum. He then

exhibited photographic slides of examples in the British-Museum
collection showing these various characters, and noted the abrupt

termination of the chambered cone on the lower part of the pro-

ostracum, of which the dorsal surface may have been partly or

almost completely covered by a thin forward extension of the

guard. To illustrate what was known of the complete body of

the ainimal as found associated with the guard, he then showed
photographic slides of two of tlie examples figured by Huxley
in his ' Memoir on the Structure of the Belemnitidie ' published in

1864. Each of these exhibited the guard associated with portions

of the pro-ostracum, the ink-bag, and the booklets of the arms.

The form of the booklets with their thickened bases was discussed,

this feature in a great measure justifying the attribution to the

belemnite of certain cephalopod remains (found practically at

about the same geological horizon) that included uncinated arms
associated with an ink-bag, and frequently also with nacreous

portions of (presumably) the pro-ostracum.

Of the remains of uncinated armed cephalopods from the Lias,

each exhibiting the same form of booklets as those figured by
Huxley, he said that the British-Museum collection contained

seventeen examples, all from the neighbourhood of Lyme Regis

and of Charmouth, in Dorset. Each specimen exhibits a number of

uncinated arms associated usually with an ink-bag, sometimes also

with nacreous matter, and in two instances also with the guard or
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rostrum. These two examples were those to which he had ah-eady

referred as having been figured by Huxley, and unfortunately

the arms are not well preserved in either of these specimens ; in

one (-S. hniguierianus, from the Lower Lias near Charmouth)
there are only a few scattered booklets, while the arms of the

other {B. eJongatus, froiu the Lower Lias of Charmouth) are

represented only b}^ a confused mass of booklets. Of the other

fifteen examples, in one there are a few solitar}' booklets ; in

ancjtber the number of the arms is very indistinct ; in two the

remains of only two arms are preserved ; in one there are traces

of three arms ; in two there are indications of three, or possibly

four, arms ; in one there is a confused mass of possibly four

arms ; and in one there are the remains of four, or possibty of five,

arms. In each of the remaining six specimens six arms can

be more or less clearly made out, while there is not a single

example in which more than six uncinated arms are displayed.

Of the six examples that exhibit six uncinated arms four are

stated to be from the Lias of L3'me Regis : one is from the Lias of

Charmouth; and one was obtained from the Lower Liassic shales

between Charmouth and Lyme Regis. From a consideration of

these specimens, the speaker concluded that the cephalopod repre-

sented by these uncinated arms is the animal known as the

belemnite, and that the six uncinated arms Avere arranged in three

pairs of unequal length, of Avhich the longest pair was lateral, the

medium-sized pair probably dorsal, and the shortest pair probably
ventral. He considered the presence of tentacular arms to be

doubtful. These observations Avere in accord Avith those of

Huxley, who, in his 'Memoir' already cited, stated that he had
* not been able to make out more than six or scA^en arms in

any specimen, nor has any exhibited traces of elongated tentacula,

though the sliortness of the arms Avhich have been preserved Avould

liave led one to suspect their existence.'

The speaker regarded certain markings sometimes to be seen on
the guard as indicating that during the life of the animal the

guard AA'as almost, if not entirely, coA^ered by the mantle, in A\diich

case it AA^as highly improbable that the guard AA'as pushed into the

soft mud of the sea-bottom in order to act as an anchor.

He considered the animal to have been a free sAvimmer, swimming
forward ordinarily, but AA'hen desirable, capable also of sudden and
rapid propulsion backwards.

A short discussion folloAved, and the thanks of the FelloAvs

present Avere accorded to the Lecturer.

Lantern -slides and specimens of belemnites were exhibited by
Mr. G-. C. Crick in illustration of his lectm-e.

A geological map of Mysore, compiled from the Records of the

Department of Mines & Geology, Mysore (scale : 1 inch — 8 miles),

1915, AV^as also exhibited.
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December 20th, 1916.

Dr. Alfred Harkek, F.K.S., President,

in the Chair.

Tlie List of Donations to the Library was read.

Marie C. Stopes, D.Sc., Ph.D., gave an account ol some
recent researches on Mesozoic 'Cj^cads' (Bennetti-
tales), dealing particularly with recently-discovered petrified

remains which reveal their cellular tissues in microscopic prepara-

tions. To make the significance of the various fossil forms clear,

the Lecturer first showed some lantern -slides of living Cj^'ads, and
then pointed out that it was in their external featvu-es and in their

vegetative anatomy only that the fossil ' Oycads ' were like the

living forms : the most im])ortant features, the reproductive organs,

differ profoundly in the two groups, and the fossils were funda-

mentally distinct, not only from the living Cycads, but from all

other living or fossil families.

The fossils representing the grouj) that are most frequently

found are {a) trunks, generally more or less imperfect casts or

partial petrifactions, and sometimes excellent petrifactions pre-

serving anatomical details and cell- tissues ; [b) impressions of the

foliage. Not infrequent are the detached im])ressions of incomplete
' flowers ' or cones, of one cohort (the Williamsonete), while

petrified fructifications are numerous in some of the well-petrified

trunks of the Beniiettitea?. The described species of the group
run into hundreds, but probably many of these duj^licate real

species, because the foliage, trunks, pith-casts, various portions of

the fructifications, etc., have often been separately found and
named. In very few cases have the different parts been correlated.

The species of the foliage are the most genei-ally known, as they

are the most readih^ recognized with the naked eye ; they have
been described under a variety of generic names.

The. following table gives the proved, or probable, associated

parts of some members of the group :

—

Foliage. Trunk. Fructifications.

Zanxites spp. Bennettites spp. Beiinettites spp.

Zamite)> gigas. Attached, no separate Williamsonia gigas.

name.
Otozamites sp. Williamsonia spectahilis.

Ptilo2>h ijllum pectinoides. Williamsonia whithiensis.

Anomozamites minor. (Only slender branches Wielandiella angustifoUa.
known, no name.)

Tseniopteri>< rittata. WiUiamsoniella covonafa.

The Lecturer exhibited uiicrophotographic slides of the stem
and leaf-base anatomy of the group, including some unpublished de-

tails of Betuictfifes majrimtis. The roots of the group ha\e hitherto

been entirelv uidi:no\vn, and a slide was exhibited for the first time
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shomng rootlets penetrating the leaf-bases of a petritied specimen

(represented by a section in the Geological Department of the

British Museum—Natural History). These roots probably belong

to BenneUites saxhyanus ; the}^ are covered with wonderfully-

petrified root-hairs, running uncollapsed through the silica matrix.

They raise interesting questions concerning the possible chemical

conditions of the infiltration of the silica. Illustrations were also

exhibited of the famous complex ' flower ' and cone-structures, and
of Wieland's brilliant restorations of the same.

Microphotographic slides were exhibited of the seed-cone of an
interesting unpublished new species from the British G-ault. This
is beautifully petrified, and adds to our knowledge of the finer

anatomy of the seeds and associated structures. It is also the

largest cone of the Bennettitales yet known, though it occurs in

the Gault, by which time the group appears to have begun rapidly

to die out.

The following table illustrates the distribution of a few of the

most interesting representatives of the Bennettitales (including

the cohorts Bennettiteae and Williamsonese) :

—

Upper Cretaceous. Very fragmentary and uncertain records ; apparently

the group is nearly or quite extinct.

Middle Cretaceous
Gault.

The new large-sized seed-cone.

B.morierei $ (? described originally from the Jurassic).

Lower Cretaceous : Well-petrified trunks with fructifications.

Lower Greensand. B. gibsonianiis (type-species of the Bennettiteae).

Throughout
these periods

B. maximus.

Potton Sands. Trunks, e.g. Colynibetes edwai-dsL

Wealden. Trunks (casts and petrifactions),

foliage.

jB. saxhyanus.

Jurassic : Purbeck. Trunks (casts and semi-petrifac-

tions).

Buckland's original Cycadeoidea
spp.

C. gigantea.

Trunks, pith-casts, etc. Much
foliage of various types. Wil-
liamsotiia gigas and other fruit-

impressions.

W. scotica.

Williamsoniella coroaata. ~) E-ich impressions in

I Mexico of William-
r sonia and many
J foliage genera.

Wielandiella angustifolia and foliage.

Oolites.

Lias.

Rhaetic.

in America,
trunk-remains
very abun-
dant, often

petrified and
with fructifica-

tions, parti-

cularly from the

Black Hills,

South Dakota,
and Maryland,

C. jenneyana,
C. ingens,

C. wielandi, etc.

Foliage and Williamsonia-
fruits (India).

This group is by far the most characteristic of all the plants of
the Jui-assic and Lower Cretaceous, during which periods its

distribution was almost world-wide. It was locally, if not univer-

sally, dominant, and was the most highly evolved plant-group of

the epoch of which we are cognizant.
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Three chief points of interest are to be noted in the geological

distribution of these plants: (a) that the most numerous highly-

specialized trunks reach their maximum in the Jurassic and Lower
Cretaceous Periods, when their distribution was practically world-

wide
;

{b) that the oldest and therefore presumably the most
primitive type, Wielandiella, is externally less like the living

Cycads than the commoner later forms, while these latter are

utterly unlike the living genera in their fructifications
;

(c) that

the geologically youngest cone is the biggest yet discovered,

occurring in the Gault when the extinction of the group appears

already to have set in.

Contrary to what might have been anticipated from their

external likeness to the living Cycads, coupled with their great

geological age, the fossil ' Cycads ' are much more complex and on
a higher level of evolution than the living group. It seems to be

extremely unlikely that the fossil and the living forms have any
direct phylogenetic connexion nearer than a remote, unknown,
common ancestor. The mooted connexion between the fossil

' Cycads ' and the Angiosperms is highly suggestive, but lacks

data for its establishment.

A short discussion followed, and the thanks of the Fellows
present were accorded to the Lecturer.

January 10th, 1917.

Dr. Ai,FBED Haeker, F.E.S., President,

in the Chair.

The List of Donations to the Library was read.

The following Fellows of the Society, nominated by the Council,

were elected Auditors of the Society's Accounts for the pre-

ceding year :

—

Berxaed Smith, M.A., and Samuel Hazzledine
Warren.

The following communications were read :

—

1. ' On the Palaeozoic Platform beneath the London Basin and

Adjoining Areas, and on the Disposition of the Mesozoic Strata

upon it.' By Herbei-t Arthur Baker, B.Sc, F.G.S. With an

Appendix by Arthur Morley Davies, D.Sc, F.G.S.

2. ' Balston Expedition to Peru : Report on Graptolites collected

by Capt. J. A. Douglas, R.E., F.G-.S.' By Charles Lapworth,

LL.D.,'M.Sc., F.R.S., F.G.S.

Lantern-slides were exhibited by Dr. A. M. Davies, A.R.C.Sc,

F.G.S. , in illustration of Mr. H. A. Baker's paper.
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Specimens of graptolites from the Inambari district of Peru,

collected by Capt. J. A. Douglas, were exhibited in illustration of

Prof. C. Lapworth's paper.

A fragment of garnet-pyroxene rock, enclosing an octahedral

crystal of diamond, was exhibited by Capt. H. M. Luttman-
Johnson, R.E., F.Gr.S. This specimen was found in the Eoberts-
Victor Mine (Orange Free State), and formed part of the larger

piece of rock described by Dr. G. S. Corstorphine.^

January 24th, 1917.

Dr. Alfked Harkee, F.R.S., President,

in the Chair.

Thomas Landell -Mills, Stud.Inst.M.M., Lieut. R.E., Duke of

York's Headquarters, Chelsea, S.W. ; and John Watson, M.A.,
Bracondale, Brooklands Avenue, Cambridge, were elected Fellows

of the Society,

The List of Donations to the Library was read.

Dr. Aubrey Steaha^^ F.R.S., Director of H.M. Geological

Survey, addressing the President and Fellows, said that in 1914 a

proposal was made to subscribe for a bust of Sir Archibald
Geikie which would be presented to the Board of Education for

preservation in the Museum of Practical Geology. Notwith-
standing that war broke out shortly after the scheme Avas

launched, the proposal was warmly supported b}^ geologists at

home and abroad, and among others by Fellows of the Society.

A marble bust, executed by Prof. E. Lanteri, of the Royal
College of Art, was presented to the Board on March 14th, 1916,

and placed in the Museum. At the same time a replica was
presented to Sir Archibald, who has since made it a gift to the

University of Edinburgh, where he was the first Murchison Pro-

fessor. The past and j^resent staff of the Geological Survey and
Museum, thinking that a copy of the original model of the bust

would be a suitable gift to the Geological Societ}^ of London,
in whose affairs Sir Archibald had taken so prominent a part, had
caused a cast to be made, and Dr. Strahan, on their behalf,

offered it for the acceptance of the Society.

The President, referring to Sir Archibald Geikie's long and
intimate connexion with the Society, gratefully accepted the gift

on behalf of the Fellows.

' ' The Occurrence in Kimberlite of Garnet-Pyroxene Nodules carrying

Diamonds ' Trans. Geol. Soc. S. Africa, vol. x (1907) pp. 65-68.
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ScoRESBT KouTLEDGE, M.A., sfave an account of Easter
Island. He said that the Expedition, that he had had the

honour to command, was organized with the object of carrying

out a long-standing wish of various bodies interested in anthro-

pology. This wish was that Easter Island, and other islands

nearest to it, thougli far distant from it, should be thoroughly

examined, and that all information and material thereon found
should be carefully considered on the spot, or, if possible, be brought
back for comparative study.

This jDrogramme necessitated a vessel being specially designed,

built, and equipped for the purpose. A schooner with auxiliary

motor 230wer, the • Mana,' of 90 tons gross register, 78 feet

on the water-line, 20 feet beam, and drawing 10'5 feet aft,

was accordingly completed by the end of 1912, and she sailed

from Southampton in February 1913 with a company of twelve

all told, of whom four formed the scientific staff. After the

longest voyage ever made by a A^acht under canvas, she sailed

into Southampton again in June 1916, without having experienced

accident to man or material.

The course taken was throuo^h the Mag^ellan Straits, and thence

through the labyrinth of Andean waterways that stretch north

therefrom, and are known as the Patagonian Channels.

On reaching Juan Fernandez Island, the ' Mana ' had to put

back to Valparaiso because the geologist of the Expedition, the

late Mr. F. L. Corry, had contracted t^^phoid fever on the Chilean

coast. Mr. Corry never recovered sufficiently to allow him to

rejoin the Expedition. Hence no formal geological report on

the island could be submitted to the Meeting. It' was thought
best, therefore, to endeavour to convey the conditions existent on

Easter Island by means of a series of panoramic and other photo-

graphs, specially taken to illustrate geological features. As these

very largely consist of coast-sections, the opportunity was taken to

show, and explain, other pictures that were closely associated with

them. Such were the ruins of the village called Orongo, consisting

of peculiar canoe-shaped houses built of imbricated slabs of shale,

with the roof convex, both longitudinally and transversely, on its

exterior aspect, and covered with earth. They are romantically

situated on the rim of the volcano of Rano Kao, with an almost

sheer drop of 900 feet into the sea, or of 600 feet into the crater-

lake. At Orongo, too, are found certain large rocks, carved with
the syinbol of a bird-headed man, holding in his hand an e^^. A
cult, based on annually obtaining the first-laid q^^ of a certain

migratory sea-bird, was thus gradually brought to light, and
appears to be a unique form of worship. A brief outline only

could be given of some of the knowdedge obtained concerning the

peculiar routine associated with seeking, and taking, the sacred

egg, and of the j)art which it occupied in the former religious life

of the island.

Proceeding along the coast, the Lecturer showed typical examples
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of the great terraces, and their giant stone figures, and discussed

theii' leading chamcteristics. A submarine freshwater spring, near

the great image-terrace of Tongariki, and opposite certain typical

lava-formed caves, gave occasion to the Lecturer to explain how-

had arisen tlie longstanding, and world-wide spread rejDort, that

man and beast on Easter Island habitually drink sea-water, in the

place of fresh.

The old volcano of Rano Raraku, the centre of the former
religious life of the island, was then described. A sei'ies of

panoramic pictures, preceded by an accurate sm'vey made by
Lieut. R. D. Ritchie. R.N., the Cartographer of the Expedition,

showed a crater-lake surrounded by a rim of tuff which rises to a

height of 540 feet above the surrounding plain. The plain is

undulating in surface, formed superficially of hard, dense, but
nevertheless vesicular, lava, and it rests on compact non-columnar
basalt. One section of this crater-wall, some 600 yards long,

on both its interior and exterior aspects, was seen to be quarried

right up to the highest point. On the mountain-face, both inside

and out, large numbers of statues, in every state of completion,

were to be seen. The largest of these measured 68 feet in length.

Some of those excavated by the Expedition exhibited fine details,

such as the finger-nails, in perfect condition.

Li conclusion, Easter Island might be described as a plateau of

basalt raised from 50 to 100 feet above the sea. Superimposed on
this were numerous cones ranging up to nearly 2000 feet. The
plateau was covered but sparsely with soil, and could only be
crossed with difficulty in any direct line. The cones, on the otlier

hand, were generally smooth of surface, with a good depth of soil.

Nevertheless the island is practically without trees, bushes, or

shrubs.

A short discussion followed, to which the Lecturer replied ; and
the thanks of the Fellows present were accorded to Mr. Routledge

for his lecture.

A large series of lantern -slides and specimens of the rock of

which the stone-images of Easter Island were made, were exhibited

by Scoresby Routledge, M.A.
J. B. Scrivenor, M.A., F.G-.S., G-overnment Greologist to the

Federated Malay States, exhibited a manuscript geological map
of the Malay States. This map, which he presented to the Society,

was prepared b}'- himself from all sources, and represented all that

was known of the geology of the region at the end of the vear

1916.
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Febmary 7tli, 1917.

Dr. Alfred Harker, F.R.S., President,

in the Chair.

The List of Donations to the Library was read.

The following communications were read :

—

1. ' The Trias of New Zealand.' Bv Charles Taylor Trechmann,
M.Sc, F.G.S.

2. ' The Triassic Crinoids from New Zealand collected bv Mr. C.

T. Trechmann.' By Francis Arthur Bather, M.A., D.Sc.,"^ F.R.S.,

F.G.S.

3. ' On a Spilitic Facies of Lower Carboniferous Lava-Flows in

Derbyshire.' By Henry Crunden Sargent, F.G.S.

Lantern-slides, fossils, and gutta-percha impressions of fossils

from the Trias of New Zealand \rere exhibited by C. T. Trechmann,
M.Sc, F.Gr.S., in illustration of his paper.

Lantern-slides, rock-specimens, and microscope-slides of rocks,

illustrative of the Carboniferous lava-flows in Derbyshire, were
exhibited by H. C. Sargent, F.G.S.



ANNUAL GENERAL MEETING.

February 16th, 1917.

Dr. Alfred Harkee, F.K.S., President,

in the Chair.

Keport of the Council for 1916.

DuRiN& the year under review, 34 new FelloAvs were elected into

the Society (3 more than in 1915^. Of the Fellows elected in

1916, 27 paid their Admission Fees before the end of that year,

and of the Fellows who had been elected in the previous year,

7 paid their Admission Fees in 1916, making the total accession of

new Fellows during the past vear amount to 31 (3 more than in

1915;.
Allowing for the loss of 66 Fellows (15 resigned, 29 deceased,

and 22 removed from the List, under Bve-Law Sect. VI, Art. 5),

it will be seen that there is a decrease of 32 in the number of

Fellows (as compared with a decrease of 59 in 1915, and an

increase of 11 in 1914).

The Total Number of Fellows is, therefore, at present 1231,

made up as follows:—Compounders 226 (7 less than in 1915);
Contributing Fellows 990 (25 less than in 1915) ; and Xon-
Contributing Fellows 15 (the same as in 1915).

Turning now to the Lists of Foreign Members and Foreign

Correspondents, the Council has to regret the loss during the past

year of Prof. J. Gosselet, M. M. F. Mourlon, and Count H.
zu Solms-Laubach. It will be remembered that, in the List of

Foreign Members at the end of 1915, there were two vacancies,

and five in that of Foreign Correspondents ; and, as no elections

were held to make up the numbers during the past year, there are,

at present, four vacancies in the List of Foreign Members and six

vacancies in that of Foreign CorresjDOndents.

The Society has to record, with deep regret, the loss during the

year of its Treasurer, Mr. Bedford McNeill, who died on Sep-

tember 18th, 1916, after holding office for 4 years. Mr. McNeill
had also served on the Council for 11 years, and the vacancy

caused by his decease was filled on November 22nd by the election

of Dr. James Vincent Elsden as Treasurer and as a Member of the

Council.

With regard to the Income and Expenditure of the Society

during 1916, the figures set forth in detail in the Balance-Sheet

may be summarized as follows :—The actual Receipts (excluding

the Balance of £635 13s. 4f?. brought forward from the previous

year) amounted to £2668 3s. If/., being £109 9s. \d. more than

the estimated Income.

On the other hand, the Expenditure during the same year
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amounted to £2627 4.^. Od., being £68 lO*-. Od. more than the

estimated Expenditm'e, and the vear closed with a Balance in hand
of £676 12s. 5^/.

On accomit of the special need at the present time of safe-

guarding the Society's Archives, a strong-room has been built for

their reception ; and the existence of a particularly suitable site

in the basement of the Apartments permitted of this being carried

out at a comparatively low cost.

In response to the Treasury's appeal to holders of Canadian

Securities, the Society's holding of £2000 Canadian 3i per cent.

Registered Stock, in which the Sorby and Hudleston Bequests

Avere invested, was deposited on loan Avith H.M. Government
(under Treasury Scheme B).

With regard to the publications of the Society, the Council has

to announce the completion of Vol. LXXI of the Quarterly

Journal (1915).

In accordance with the provisions of the modification of Bye-

Law Section YI, Art. 4, sanctioned at the Special General Meeting
of March 10th, 1915, the Council has. on the motion of the

Treasurer, remitted the contributions of 31 Fellows serving with

His Majesty's Forces.

During the past year the Apartments of the Society have been

used for General and for Council Meetings by the Mineralogical

Society, the Paheontographical Society, the Bay Society, the Geo-

logical Physics Society, the Institution of Mining Engineers, the

Institution of Mining & Metallurgy, the Institution of Water
Engineers, the Institution of Municipal & County Engineers,

the Society of Engineers, and the Soutli-Eastern Union of

Scientific Societies.

At the request of the Advisory Council for Scientific & In-

dustrial Eesearch. a Committee was formed to assist the Ad-vdsory

Council on matters of geological importance that might arise from

time to time. A Committee has also been formed to co-operate

with the Conjoint Board of Scientific Societies, and Dr. A. Strahan

and Prof. W. G. Fearnsides have been nominated as the Society's

representatives on this Board.

The fourteenth Award from the Daniel Pidgeon Trust Fund
was made on April 5th, 1916, to John Kaye Cliarlesworth, M.Sc,
Ph.D., who proposed to conduct researches in connexion Avith the

Glaciation of Donegal.

The following Awards of Medals and Funds have also been

made :

—

The Wollaston Medal is awarded to Prof. Antoine Francois

Alfred Lacroix, in recognition of his 'researches concerning the

Mineral Structure of the Earth,' especially in connexion with the

Mineralogy and Petrology of France and her Colonies.

The Murchison Medal, together with a sum of Ten Guineas

from the Murchison Geological Fund, is awarded to Dr. George

Frederic Matthew, as an acknowledgment of his valuable Avork on

the Stratigraphy and Palaeontology of the LoAver Palaeozoic Rocks

of North America.
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The Lyell Medal, together with a sum of Twenty Pounds, is

awarded to Dr. Wheelton Hind, as an acknowledgment of the value

of his contributions to the Geology of the Carboniferous Eocks'of

Britain, and of his researches on the Palaeozoic Lamellibranchia.

The Bigsby Medal is awarded to Mr. Robert Greorge Carruthers,

as a mark of appreciation of his work on the Carboniferous

Anthozoa and of his contributions to Scottish Greolog^-, and to

stimulate him to further research.

The Balance of the proceeds of the Wollaston Donation Fund is

awarded to Dr. Percy G-eorge Hamnall Boswell, in recognition of

his investigations on the Tertiary and Quat<irnary Deposits of East
Anglia, and on the Petrology of the Sedimentary Rocks.

The Balance of the proceeds of the Murchison Geological Fund
is awarded to Dr. William Mackie, as an acknowledgment of his

valuable work on the Sedimentary and Igneous Rocks of Scotland,

especially in connexion with his researches on the Petrology and
Palaeontology of the Old Red Sandstone of Elgin.

A Moiety of the Balance of the proceeds of the Lyell Geological

Fund is awarded to Dr. Arthur Hubert Cox, in recognition of the

value of his contributions to the Stratigraphy of the Lower Palaeo-

zoic Rocks of South and Central Wales.

The second Moiety of the Balance of the proceeds of the Lyell

Geological Fund is aw^arded to Mr. Tressilian Charles Nicholas, as

an acknowledgment of his work on the Stratigraphy and Palae-

ontology of the Lower Palaeozoic Rocks of North Wales.

The Balance of the proceeds of the Barlow-Jameson Fund is

awarded to Mr. Henry Dewey, in recognition of his contributions

to the Geology of the South-West of England and of his researches

in connexion with Quaternar}'- Deposits.

Report of the Library Committee for 1916.

Much progress in the work of the Library has been made during

the year, and the number and importance of the accessions from
the usual sources are approximately the same as those of last year.

The binding of serials has been keptw^ell in hand, and 115 separate

sheets of maps have been mounted.

A notable addition was made during the recess in the form of

numerous volumes and pamphlets presented by Mr. R. D. Oldham,

F.R.S. The series obtained from Mr. Oldham's Library is jDarti-

cularly rich in seismological literature, and three serials in this

branch are new to the Society's Library ; they are the Publications

of the Japanese Earthquake Committee in Foreign Languages, the

Bulletins of the Imperial Earthquake Investigation Committee, and
the BoUettino della Societa Sismologica Italiana. Two other serials

were ])resented—the Annual Reports of the Cape of Good Hope
Geological Commission from its commencement until 1911, and a

complete set of the publications of the Societe de Speleologie,

Paris ; the former is a valuable addition on account of its raritv,
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and the latter on account of its being the only complete set now
in a London Library. In all 91 Volumes of serials have been

added.

Thirty-nine Volumes of separately-published works were also

chosen from Mr. Oldham's Library ; most of them were new to the

Society's collection, but certain duplicates were selected on account

of their use for purposes of circulation.

A series of pamphlets, reports and extracts (numbering alto-

gether 156 works) forms an important part of this new addition.

Indian geology is represented in this section by 45 publications,

several rare reports being included. There are 47 papers on

Earthquakes, 32 on Permian Grlaciation, 9 on Petrology, and 7 on

Palaiobotany, the remaining 16 being of a miscellaneous character.

Included also in Mr. Oldham's donation are seismograms of the

North Pacific and South American Earthquake of August 16th,

1906 (published by the International Seismological Association)

and an Album of Photographs of the Grohna Landslip of 1894.

Donations from other sources number 18 Volumes of separately-

published works, 184 Pamphlets, and 2 detached Parts of works,

also 124 Volumes and 386 detached Parts of serial publications,

44 Volumes and 123 detached Parts of the publications of Greo-

logical Surveys and other public bodies, and 8 Volumes of weekly

periodicals.

The total number of accessions by Donation amounts, therefore,

to 324 Volumes, 340 Pamphlets, and 509 detached Parts.

Among the books and pamphlets mentioned in the foregoing

paragraph, especial attention may be drawn to the following

Avorks :

—
' The Subantarctic Islands of New Zealand : Reports on

the G-eo-Physics, Geologj', &c., ' 2 vols,, edited by C. Chilton

(Philosophical Institute of Canterbmy, New Zealand), 1909

;

* Fossil A^ertebrates in the American Museum of Natural History

—Department of Vertebrate Palaeontology,' vol. iv (1915) and
vol. V (1916), by H. F. Osborn and others; 'The Geology of

the English Lake District,' by J. E. Marr, 1916; ^ The Topo-

graphy & Greology of West Central Sinai,' by John Ball

(Ministr}^ of Finance, Survey Department of Egypt), 1916 ;
* A

Bibliography of Yorkshire Geology,' by T. Sheppard (C. Fox-

Strangways Memorial Volume—Proc. Yorks. Geol. Soc. vol. xviii,

1915) ;
' Papers from the Geological Department, Glasgow Uni-

versity,' vol. ii (1915), 1916; the third edition of the 'Data of

Geochemistry,' by F. W. Clarke (Bulletin of the United States

Geological Survey, No. 616, 1916) ; Ricerche Idrogeologiche,

Botaniche, &c., fatte nella Somalia Italiana Meridionale, 1913
'

(Missione Stephanini-Paoli — Relazioni & Monografie Agraria-

Coloniali, No. 7, 1916) ; 6 parts of the ' Memoires du Service

Geologique de I'lndochine,' dealing with the stratigraphy^ and
palaeontology of that region ; and, among the publications of the

Geological Survey of England and Wales, the volume on the

Thicknesses of Strata and five volumes of Special Reports on

the Mineral Resources of Great Britain.

An extensive series of works has also been received from the
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United States G-eological Survey ; and the G-eological Survey of

Canada has presented a number of memoirs of economic

importance.

Numerous Colonial Office Reports have been presented through

the kindness of Mr. J. F. N. Green, and it has thus been found

possible to complete certain sets of these" pubhcations in the

Societ}^'s Library. A series of reports relating to the Mineral

Sm-vey of Ceylon has also been presented by Dr. A. K.
Coomara swamy

.

A decrease in the number of new Maps received is again to be

noted ; but this year 12 sheets have been received from the Geo-

logical Survey of Japan, 2 from that of New South Wales, 2 from
that of Scotland, and one each from British Guiana, Mysore, Nor-

way, Tasmania, and Tennessee.

The Donors during the preceding year included 99 Government
Departments and other Public Bodies, 103 Societies and Editors

of Periodicals, and 113 Personal Donors.

The Purchases included 38 Volumes and 7 detached Parts of

separately published works, and 6 Volumes and 34 detached Parts

of works published serially.

The Expenditure incurred in connexion with the Library dming
the 3''ear under review was as follows :

—

£ s. d.

Books and Periodicals 71 7 3

Binding and Map-mounting 65 3 11

Catalogue Cabinets 37 16
Catalogue Cards ^ 11 3 8

Total £18o 10 10

Work on the cataloguing and indexing of the accessions of 1913
has been well advanced, and good progress has been made with
No. 20 of the * Record of Geological Litemture.'

With reference to the Card-Catalogue of the Library, a slip was
issued with No. "283 of the Quarterly Journal (September 1916),
setting forth the progress of Mr. Sherborn's work. Wlien the

task of editing the existing material has been accomplished, the

Catalogue will be practically complete from the year 1800 to 1912
;

while it contains a large number of entries relating to previous

years. The Catalogue includes over a million entries to which
reference can be made, and is now contained in 540 drawers of

cards under one alphabetical arrangement of authors, subjects, and
localities. The recent publication b}^ the Cambridge University

Press of the fifteenth volume of the Royal Society's Catalogue of

Scientific Literature will entail many further additions to the Card-

Catalogue. This new volume ranges from fitting to htslop, and
Mr. Sherborn is now engaged on the selection of the geological

papers, the transference to cards, and the indexing and incorporation

of the titles, etc. of those papers.

YOL. LXXIII. I
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The appended Lists contain the Names of Grovernment Depart-
ments, Public Bodies, Societies, Editors, and Personal Donors, from
whom Donations to the Libmry have been received during the year

under review :

—

/

I. GrOVEEi^^MENT DePAETMENTS AlfD OTHEE PUBLlC BODIES.

American Museum of Natural History. New York.
Australia (S.), etc. See South Australia, etc.

Bergens Museum. Bergen.
Birmingham, University of.

British Columbia.—Department of Mines. Victoria (B.C.).

British Guiana.—Department of Mines. Georgetown.
Buenos Aires.—Museo Nacional de Buenos Aires.

Califoriwa.—Academy of Sciences. San Francisco.
, University of. Berkeley (Cal.).

Camborne.—Mining School.

Cambridge (Mass.).—Museum of Comparative Zoology in Harvard College.

Canada.—Department of Mines. Ottawa.
, High Commissioner for. London.

Cape of Good Hope.—South African Museum. Cape Town.
Chicago.— ' Field ' Columbian Museum.
Connectiout.—State Geological & Natural History Survey. Hartford (Conn.).

C6rdoba (Argentine Republic).—Academia Nacional de Ciencias.

Denmark.—Geologiske Undersogelse. Copenhagen.
. Kongelige Danske Videnskabernes Selskab. Copenhagen.

Dublin.—Royal Irish Academy.
Egypt.—Department of Public Works (Survey Department). Cairo.

Great Britain.—British Museum (Natural History). London.
. Colonial Office. London.
. Geological Survey. London.
. Home Office. London.

Holland.—Rijksopsporing van Delfstoffen. The Hague.
Hull.—Municipal Museum.
Illinois State Geological Survey. Urbana (111.).

India.—Geological Survey. Calcutta.

. Surveyor-General's Office. Calcutta.

Iowa Geological Survey. Des Moines (Iowa).

Ireland.—Department of Agriculture & Technical Instruction. Dublin.

Italy.—Reale Cv^mitato Geologico. Rome.
Japan.—Earthquake-Investigation Committee. Tokj'o.

. Geological Survey. Tokyo.
Kingston (Canada).—Queen's College.

Leeds, University of.

London.—City of London College.

. Imperial College of Science & Technology.

. Imperial Institute.

. Metropolitan Water Board.

. Royal College of Surgeons.

. Univereity College.

Madrid.—Real Academia de Ciencias Exactas, Fisicas & Naturales.

Melbourne (Victoria).—National Museum.
Mexico.—Instituto Geologico. Mexico City.

Milan.—Reale Istituto Lombardo di Scienze & Lettere.

New Jersey.—Geological Survey. Trentham (N.J.),

New South Wales, (Cgent-General for. London.
. Department of Mines & Agriculture. Sydney.
. Geological Survey. Sydney.

New York State Museum. Albany (N.Y.).

New Zealand.—Department of Mines. Wellington.
. Geological Survey. Wellington.

Norway.—Norges Geologiske Undersokelse. Christiania.

Nova Scotia.—Department of Mines. Halifax.

Ohio Geological Survey. Columbus (Ohio).

Oklahoma Geological Survey. Norman (Okla.).
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Ontario.—Bureau of Mines. Toronto.
Padua.—Reale Accademia di Scienze, Lettere & Arti.

, Royal University of.

Paris.—Acad^nnie des Sciences.

Peni.—Ministerio de Poruento. Lima.
Philippine Is.—Department of the Interior : Bureau of Science. Manila.
Pisa, Royal University of.

Portugal.—Cominissao dos Trabalhos Geologicos. Lisbon.

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

Redruth.—School of Mines.
Rio de Janeiro,—Museu Xacional.
Rome.—Reale Accadetaia dei Lincei.

Bussia.—Comity Geologique. Petrograd.
, ]\Iusee Geologique Pierre le Grand. Petrograd.
. Section Geologique du Cabinet de S.M. I'Empereur. Petrograd.

Sao Paulo (Brazil).—Commissao Geographica & Geologica. Sao Paulo City.
. Secretaria da Agricultura, Commercio & Obras Publicas. Sao Paulo City.

Seuda' (Japan).—Tohoku Imperial University.

South Africa, Union of.—Department of Mines. Pretoria

South Australia, Agent-General for, London.
. Department of Mines. Adelaide.
. Geological Survey. Adelaide.

Stockholm.—Kongliga Svenska Vetenskaps Akademi.
Sweden.—Sveriges Geologiska Undersokning. Stockholm.
Switzerland.—Geologische Kommission der Schweiz. Berne.
Tasmania.—Secretary for Mines. Hobart.
Tokyo.—College of Science (Imperial University).

Turin.—Reale Accademia delle Scienze.

Union of South Africa. See South Africa.

United States.—Department of Agricultarp. Washington (D.C.).

. Geological Survey'. Washington (D.C.).

. National ]\Iuseum. Washington (D.C.).

Upsala, Royal University of.

Victoria (Austral.), Agent-General for. London.
( ). Department of Mines. JMelbourne.
( ). Geological Survey. Melbourne.

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

Washington, State of (U.S.A.).—Geological Survey. Olympic (Wash.).
Western Australia, Agent-General for. London.

. Department of Mines. Perth.
. Geological Survey. Perth.

II. Societies and Epitoe^.

Adelaide.—Royal Society of South Australia.

Basel.—Naturforschende Gesellschaft.

Bergen.— ' Naturen.'
Berne.—Schweizerische Naturforschende Gesellschaft.

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

Bristol Naturalists' Society.

Buenos Aires.—Sociedad Cientifica Argentina.
Calcutta.—Asiatic Societ}' of Bengal.

Cambridge Philosophical Society.

Cape Town.—Royal Society of South Africa.

. South African Association for the Advancement of Science.

Cardiff.—South Wales Institute of Engineers,

Chicago.
—

' Journal of Geology.'

Christiania.
—'Nyt Magazin for Naturvidenskaberne.'

Croydon Natural History & Scientific Societ}'.

Dorchester.—Dorset Natural History & Antiquarian Field-Club.

Dorpat (Jurjew).—Naturforschende Gesellschaft.

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

. Roval Society.

h2
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Ekaterinburg.—Societe Ouralienne d'Amateurs des Sciences Naturelles
Falmouth.—Royal Cornwall Polytechnic Society.

Geneva.—Soci^t6 de Physique & d'Histoire Naturelle.
Glasgow.—Geological Societj-.

Gloucester.—Cotteswold Naturalists' Field-Club.

Hereford.—Woolhope Naturalists' Field-Club.
Hertford.—Hertfordshire Natural History Society.

Hull Geological Society.

Johannesburg.—Geological Society of South Africa.

Kiev.—Societe des Naturalistes.

Lancaster (Pa.).
—"Economic Geology.'

Leeds.—Yorkshire Geological Societ}'.

Leicester Literary & Philosophical Society.

Lima.—'Revista de Ciencias.'

Lisbon.—Sociedade de Geographia.
. Societe Portu^gaise des Sciences Naturelles.

Liverpool Geological Society.
. Literary & Philosophical Societ3\

London.— British Association for the Advancement of Science.
. Chemical Society.
. ' The Chemical News.'
. 'The Colliery Guardian.'
. ' The Geological Magazine.'
. Geologists' Association.
. Institution of Civil Engineers.
. Institution of Mining Engineers.
. Institution of Mining & Metallurgy-.
. Institution of Water Engineers,
. Iron & Steel Institute.

. Linnean Society'.

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

. Mineralogical Society.

. ' Nature.'

. Palseontographical Society.

. Prehistoric Society of East Anglia.
. ' The Quarry.'
. Royal Geographical Society.
. Royal Institution.

. Royal Meteorological Society'.

. Royal Microscopical Society.

. Royal Photographic Society.

. Royal Society.

. Royal Society of Arts.

. ' The South-Eastern Naturalist ' (S.E, Union of Scientific Societies).

. Victoria Institute.

. ' Water.'

. Zoological Society.

Manchester Geological & Mining Society.

. Literar}' & Philosophical Societj'.

Melbourne (Victoria).—Australasian Institute of Mining Engineers.
. Royal Society of A^ictoria.

. ' The Victorian Naturalist.'

Mexico.—Sociedad Cientifica ' Antonio Alzate.'

Moscow.—Societe Imperiale des Naturalistes.

Newcastle-upon-Tj^ne.—North of England Institute of Mining & Mechanical
Engineers.
. University of Durham Philosophical Society.

New Haven (Conn.).—Academy of Arts & Sciences.

. * The American Journal of Science.'

New York.—Academy of Sciences.

. American Institute of Mining Engineers.
. ' Science.'

Northampton.—Northamptonshire Natural History Society.

Oporto.—Academia Polytecnica. [Coimbra.]

Ottawa.—Royal Societj' of Canada.

Perth.—Perthshire Society of Natural Science.

Philadelphia.—Academy of Natural Sciences.
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Philadelphia.—American Philosophical Society.

Plymouth.—Devonshire Association for the Advancement of Science.

Rochester (N.Y.).—Academy of Science.
. Geological Society of America.

Rome.—Societa Geologica Italiana.

Rugby School Natural History Society. -

Stockholm.—Geologiska Forening.
Stratford.—Essex Field-Club.

S3'dney (N.S.W.).—Linnean Society of New South Wales.
. Roj'al Society, of New South Wales

Toronto.—Canadian Institute.

Truro.—Royal Institution of Cornwall.
Washington (D.C.).-^Academy of Sciences.

. Philosophical Society,

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

Worcester.—Worcestershire Naturalists' Club.

York.—Yoi'kshire Philosophical Society.

Abbott, G.
Allen, II. A.
Ameghino, C.

Andrews, E. C.

Ball, J.

Barren, J.

Batchelor, E.
Becker, G. F.

Bonney, T. G.
Boswell, P. G. H,
Bowen, N. L.

Gate, D. H. S. Blaupot
ten-.

Chapman, F.

Chirvinski, P. N.
Choffat, P.

Cole, G. A. J.

Collins, J. H.
Coomaraswamy, A. K,
Cope, Mrs. T. H.
Craig, E. H. C.

Crick, G. C.

Cumings, E. R.

Dall, AV. H.
Daly, R. A.
Davies, G. M.
Day, A. L.

Dewey, H.
Duparc, L.

Ellis, T. S.

Evans, O. H.

Fearnsides, W. G.
Filliozat, M.
Fleury, E.
Fourtau, R.
Foye, W. G.

Gadeceau, E.
Gallowaj', J. J.

Geikie, Sir Archibald.

III. Peesoxal Donoks.

Green, J. F. N.
Gregorio, A. de.

Gregory, J. W.
Grosset, A.
Gurley, R. R.

Heim, Albert.

Heim, Arnold.
Henderson, J. A. L.

Hoist, N. O.

Hopkinson, J.

Home, J.

Hughes, T. McK.
Hume, W. F.

Jack, R. L.

Jackson, J. W.
Johnston, J.

Jones, W. R.

Knight, C. W.

Leach, A. L.

Leucewicz, S.

Loewinson-Lessing, F.

Lomax, J.

Lugeon, M.
Lyons, H. G.

Marr, J. E.
Martin, E. A.
Merwin, H. E.
Miller, W. G.
Monckton, H. W.

Newton, E. T.

Newton, R. B.

Nicholas, R. E.
North, F. J.

Odling, M.
Osborn, H. F.

Palmer, H. S.

Percival, F. G.
Pickering, A. J.

Preller, C. S. Du R.
Purington, C. W.

Reid, C.

Reusch, H.
Richards, H. C.

Sabot, R. C.

Sauvage, H. E.
Sawver, A. R.
Schardt, H.
Schuchert, C.

Schwarz, E. H. L.

Sheppard, T.

Sherborn, C. 1).

Smith, B.
Smith, R. A.
Smith, S.

Sosman, R. B.

Stebbing, W. P. D.
Stevenson, J. J.

Stobbs, J. T.

Stoyanov, A.
Strahan, A.

Thompson, B.
Titanovich, M.
Tse Tsan Tai.

Tyrrell, G. W.
Tyrrell, J. B.

Vasiliev, V. T.

Vaughan, T. W.
Veatch, A. C.

Washington, H. S.

Wherry, E. T.

Whitaker, W.
Wills, L. J.

Woodward, H.
Wray, D. A.
Wright, F. E.
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COMPAEATITE STATEMENT OF THE NUMBEB OF THE SOGIETT AT

THE Close of the Yeaes 1915 akd 1916.

Dec. 31st, 1915. Dec. Slst, 1916.

Compounders 233 223
Contributing FeUows 1009 990
Non-Contributing Fellows... 15 15

1257 1228
Foreign Members 37 36
Foreign Correspondents 39 38

1333 1302

Compcrrative Statement, explancdory of tlie Alterations in the

Numher of Felloios, Foreign Memhers, and Foreign Correspon-

dents at the close of the Years 1915 and 1916.

Number of Compounders, Conti-ibuting, and Non- 1
-i o--

Conti'ibuting FeUows, December 31st, 1915 ... J

Add FeUovfs elected dm-ing the former year and 1

paid in 1916
J

Add FeUows elected and paid in 1916 27
Add FeUows reinstated after payment of arrears. 3

1294
Deduct Compounders deceased 10

Contiibuting Fellows deceased 19
Contributing FeUows resigned 15
Conti'ibuting FeUows removed 22

— m

Number of Foreign Members and Foreign Cor- 1 ^^
respondents, December 31st, 1915

J

'

Deduct Foreign Member deceased 1

i>^f/e^c^ Foreign Correspondent deceased 1

1228

74
— 74

1302
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Deceased Fellows.

Compounders (10).

Barnett, A. K. [elected 1875.]

Clough, C. T. [el. 1875.]

Derby, O. H. [el. 1884.]

Deverell, L. C. [el. 1901.

Don, A. 'W. E. [el. 1912.

Meade, T. de Courcy [el. 1891.]
Peyton, J. E. H. [el. 1871.]

Reid, Clement [el. 1875.]

Ross, W. J. C. [el. 1882.]

Stone, Sir John B. [el. 1864. J

Resident and other Contributing Fellows (19).

Allen, a. A. [elected 1904.]

Collins, J. H. [el. 1869.]

Croom-Johnson, A. [el. 1911.]
Dunlop, A. [el. 1874.]

Dawson, C. [el. 1885.]

Fairley, W. [el. 1887.]

Florence, H. L. [el. 1872.]

Fowler, d. H. [el. 1904.]

Hawtrey, R. [el. 1912.]

Holiday, F. A. [el. 1910.]

Judd, J. W. [el. 1865.]

Koch, W. E. [el. 1869.]

Lewer, R. R. [el. 1911.]

McNeill, B. [el. 1888.]

Power, E. J. [el. 1898.]

Simpson, J. C. [el. 1906.]

Swann, J. S. [el. 1865.]

Warden, S. C, [el. 1880.]

Woodall, Sir Corbet [el. 1884.]

Andi-e, G. G.

Banbery, E. C.

Broad, W.
Butler, G. G.

Childe, H. S.

Coleman, C. J.

De MuUer, W. J.

Gasking, S.

Fellows Resi&ned (15).

E.

Hay, J. D.
Henderson, J. M'C.
Powney, W. E. F.

Rolfe, W.
Szlumper, Sir James W.
Walker, W. P.

Watermeyer, T. H.
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Binet, E. P.

Briggs, H.
Crankshaw, J.

Croston, J. W.
Daniel, P. F.

Davies, J.

Davies, W. H.
Eastaugh, F. A.
Hosking, J. H.
Jorissen, E.

Fellows Kemoyed (22).

Krause, H. L.

Miller, F. R. L.

Perkes, S.

Poole, W.
Preston, F. M.
Prouse, O. M.
Rawlins, C. C.

Tembv, E. T.

Zeller, C. van.

[ + 3 reinstated.]

Foreign Member Deceased.

Prof. Jules Gosselet.

FOREIGIf CORRESPOIfDENT DECEASED.

M. Michel F. Monrlon.

After the Reports had been read, it was resolved :

—

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

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

and circulated among the Fellows.

It was afterwards resolved :

—

That the thanks of the Society be given to Sir Thomas

Holland and the Rev. H. H. Winwood, retiring fi-om the office

of Vice-President and also from the Council, and to the other

retiring members of the Council: MrJ H. Bury, Prof. W. G. Fearn-

.sides, and Mr. W. Whitaker.

After the^fBalloting-Glasses had been closed, and the Lists

examined by the Scrutineers, the following gentlemen were declared

to have been duly elected as the Officers and Council^ for the

ensuing year:

—
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OFFICERS AND COUNCIL.—1917.

PRESIDENT.

Alfred Harker, M.A., LL.D., F.R.S.

VICE-PRESIDENTS.

li. Mountford Deeley, M.Inst.C.E.

Edwin Tulley Newton, F.R.S.

Prof. William Johnson Sollas, M.A., LL.D., Sc.D., F.R.S.

Arthur Smith Woodward, LL.D., F.R.S., F.L.S.

SECRETARIES.

Herbert Henry Thomas, M.A., Sc.D.

Herbert Lapworth, D.Sc, M.Inst.C.E.

FOREIGN SECRETARY.

Sir Archibald Geikie, O.M., K.C.B., D.C.L., LL.D., Sc.D.,

F.R.S.

TREASURER.

James Vincent Elsden, D.Sc.

COUNCIL.

Charles William Andrews, D.Sc,
F.R.S.

Prof. John Cadman, C.M.C., D.Sc.

Prof. Charles Gilbert CuUis, D.Sc.

Arthur Morley Davies, D.Sc.

R. Mountford Deeley, M.Inst.C.E.

Prof. Edmund Johnston Garwood,
M.A., Sc.D., F.R.S.

Sir Archibald Geikie, O.M., K.C.B.,

D.C.L., LL.D., Sc.D., F.R.S.

Walcot Gibson, D.Sc.

Alfred Harker, M.A., LL.D., F.R.S.

Finlay Lorimer Kitchin, M.A.,
Ph.D.

George William Lamplugh, F.R.S.

Herbert Lapworth, D.Sc, M.Inst.

C.E.

John Edward Marr, Sc.D., F.R.S.

Edwin Tulley Newton, F.R.S.

Richard Dixon Oldham, F.R.S.

Robert Heron Rastall, M.A.
Prof. Thomas Franklin Sibly, D.Sc.

Prof. William Johnson Sollas, Sc.D.,

LL.D., F.R.S.

Sir Jethro J. Harris Teall, M.A.,

D.Sc, LL.D., F.R.S.

Herbert Henry Thomas, M.A., Sc.D.

Samuel Hazzledine Warren.
Ai-thur Smith Woodward, LL.D.,

F.R.S., F.L.S.
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LIST OF

THE FOREIGN MEMBERS

OF THE GEOLOGICAL SOCIETY OF LONDON, in 191(5.

Date of
Election.

1884. Commendatore Prof. Giovaniii Capellini, Bologna.

188G. Prof. Gustav Tschermak, Vienna.

1891. Prof. Charles Barrois, Lille.

1893. Prof. ^Yaldemar Christofer Brogger, Christiania.

1893. Prof. Alfred Gabriel Natliorst, Stockholm.

1894. Prof. Edward Salisbury Dana, New Haven, Conn. (T'.S.A.).

1895. Dr. Grove Karl Gilbert, Washington, B.C. {U.S.A.).

1896. Prof. Albert Heim, Ziirich.

1897. Dr. Hans Reuscb, Christiania.

1898. Dr. Charles Doolittle Walcott, Washington, B.C. {U.S.A.).

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

1900. M. Gustave F. Dollfus, Paris.

1900. Prof. Paul von Groth, Munich.
1900. Dr. Sven Leonhard Tornquist, Lund.
1901. M. Alexander Petrovich Kai*pinsky, Petrograd.

1901. Prof. Antoine Fran9ois Alfred Lacroix, Paris.

1903. Prof. Albrecht Penck, Berlin.

1903. Prof. Anton K(^ch, Budapest.
1904. Prof. Joseph Paxson Iddings, Brinklow, Maryland (U.S.A.).

1904. Prof. Henry Fairfield Osborn, Neiv lork (U.S.A.).

1905. Prof. Louis DoUo, Brussels.

1905. Prof. August Rothpletz, Munich.
1907. Hofrath Dr. Emil Ernst August Tietze, Vienna.

1907. Commendatore Prof. Arturo Issel, Genoa.

1908. Prof. Bundjiro Koto, Tokyo.

1909. Prof. Johan H. L. Yogt, Christiania.

1911. Prof. Baron Gerard Jakob de Geer, Stockholm.

1911. M. Emmanuel de Margerie, Paris.

1912. Prof. Marcellin Boule, Paris.

1913. Prof. Johannes Walther, Halle an der Saale.

1914. Prof. Friedrich Johann Becke, Vieyina.

1914. Prof. Thomas Chrowder Chamberlin, Chicago, III. (U.S.A.).

1914. Prof. Franz Julius Loewinson-Lessing, Petrograd.

1914. Prof. Alexis Petrovich Pavlow, Moscow.
1914. Prof. William Berryman Scott, Princeton (Xew Jersey).
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LIST OF

THE FOREIGN CORRESPONDENTS

OF THE GEOLOGICAL SOCIETY OF LONDON, in 1916.

Date of
Election.

1879. Dr. H. Emile Sauvage, Boulognesur-Mer. [Deceased.)

1889. Dr. Rogier Diederik Mariiis Verbeek, The Hague.

1890. Geheimer Bergrath Prof. Adolph von Koenen, Gottingen.

1892. Prof. Johann Lehmann, Weimar.

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

1898. Dr. W. H. Dall, Washington, D.C. {U.S.A.).

1899. Dr. Gerhard Holm, Stockholm.

1899. Prof. Theodor Liebisch, Berlin.

1900. Prof. Federico Sacco, Turin.

1902. Dr. Thorvaldr Thoroddsen, Copenhagen.

1902. Prof. Samuel Wendell Williston, Chicago, III. (U.S.A.).

1904. Dr. William Bullock Clark, Baltimore (U.S.A.). {Deceased.)

1904, Dr. Erich Dagobert von Drygalski, Charlottenhurg.

1904. Prof. Giuseppe de Lorenzo, Naples.

1904. The Hon. Frank Springer, TJast Las Vegas, New Mexico {U.S.A.)

1904. Dr. Henry Stephens Washington. Washington, D.C. {U.S.A.).

1906. Prof. John M. Clarke, Albany, N.Y. {U.S.A.).

1906. Prof. William Morris Davis, Cambridge, Mass. (U.S.A.).

1906. Dr. Jakob Johannes Sederholm, Helsingfors.

1908. Prof. Hans Schardt, Ziirich.

1909. Dr. Daniel de Cortazar, Madrid.

1909. Prof. Maurice Lugeon, Lausanne.

1911. Prof. Arvid Gustaf Hogbom, Upsala.

1911. Prof. Charles Deperet, Lyons.

1912. Dr. Frank Wigglesworth Clarke, Washiyigton, D.C. ( U.S.A.)

1912. Dr. Whitman "Cross, Washington, D.C. (U.S.A.).

1912. Baron Ferencz Nopcsa, Temesmegye (Hungary).

1912. Prof. Karl Diener, Vienna,

1912. Prof. Fusakichi Omori, Tokyo.

1912. Prof. Ernst Weinschenk, Munich.

1913. Dr. Emile Haug, Paris.

1913. Dr. Per Johan Holmquist, Stockholm.

1914. Dr. Paul Choffiit, Lisbon.

1914. Dr. Charles Richard Van Hise, Madison, Wisconsin (U.S.A.).
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AWARDS OF THE WOLLASTON MEDAL
UNDER THE CONDITIONS OF THE ^ DONATION FUND '

ESTARLISHKD BY

WILLIAM HYDE WOLLASTON, M.D., F.R.S., t^\G.S., etc.

To promote researches concerning the mineral structure of the Earth, and to

enable the Council of the Geological Societ}-^ to reward those individuals of any

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

being a Member of the Council.'

1831.

1835.

1836.

1837.

1838.

1839.

1840.

1841.

1842.

1843.

1844.

1845.

1846.

1847.

1848.

1849.

1850.

1851.

1852.

1853.

1854.

1855.

1856.

1857.

1858.

1859.

1860.

1861.

1862.

1863.

1864.

1865.

1866.

1867.

1868.

1869.

1870.

1871.

1872.

1873.

Mr. W^illiaiu Smith.

Dr. Gideon A. MantelL
M. Louis Agassiz.

I Capt. T. P. Caiitley.

I
Dr. Hugh Falconer.

Sir Richard Owen.
Prof. C. G. Ebrenberg.
Prof. A. H. Duiiiont.

M. Adolphe T. Brongniart.

Baron Leopold von Biich.

M. Elie de Beaumont.
M. P. A. Dufrenov.

The Rev. W. D. Conybeare.
Prof. John Phillips.

Mr. William Lonsdale.

Dr. Ami Boue.
The Very Rev. W. Buckland.
Sir Joseph Prestwicli.

Mr. William Hopkins.
The Rev. Prof. A. Sedgwick.
Dr. W. H. Fitton.

j M.le Vicomte A.d'Archiac.

\ M. E. de Verneuil.

Sir Richard Griffith.

Sir Henry De la Beche.

Sir William Logan.
M. Joachim Barrande.

I Herr Hermann von Mever.

I
Prof. James Hall.

Mr. Charles Darwin.
Mr. Searles V. AVood.
Prof. Dr. H. G. Bronn.
Mr. R. A. C. Godwin-Austen.
Prof. Gustav Bischof.

Sir Roderick Murchison.
Dr. Thomas Davidson.
Sir Charles Lyell.

Mr. G. Poulett Scrope.

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

Prof. G. P. Deshayes.

Sir Andrew Ramsay.
Prof. James D. Dana.
Sir P. de M. Grey Egerton.

1874. Prof. Oswald Heer.

1875. Prof. L. G. de Koninck.
1876. Prof. Thomas H. Huxley.
1877. Mr. Robert Mallet.

1878. Dr. Thomas Wright.
1879. Prof. Bernhard Studer.

1880. Prof. AugListe Daubree.
L881. Prof. P. Martin Duncan.
1882. Dr. Franz Ritter von Hauer.
1883. Dr. AVilliam T. Blanford.

1884. Prof. Albert .lean Gaudry.
1885. Mr. George Busk.
1886. Prof. A. L. 0. Descloizeaux.

1887. Mr. John Whitaker Hulke.
1888. Mr. Henry B. Medlicott.

1889. Prof.Thomas George Bonnev.
1890. Prof. W. C. AViUiamson.
1891. Prof. John Wesley Judd.
1892. Baron F, von Richthofen.

1893. Prof. Nevil Story Maskelyne.
1894. Prof. Karl Alfred von Zittel.

1895. Sir Archibald Geikie.

1896. Prof. Eduard Sues.«.

1897. Mr. Wilfrid H. Hudleston.
1898. Prof. Ferdinand Zirkel.

1899. Prof. Charles Lapworth.
1900. Dr. Grove Karl Gilbert.

1901. Prof. Charles Barrois.

1902. Dr. Friedrich Schmidt.
1903. Prof. Heinrich Rosenbuscb.
1904. Pi-of. Albert Heim.
1905. Sir Jethro J. H. Teall.

1906. Dr. Henry Woodward.
1907. Prof. William J. Sollas.

1908. Prof. Paul von Groth.

1909. Mr. Horace B. Woodwai-d.
1910. Prof. William B. Scott.

1911 . Prof. Waldemar C. Brogger.
1912. Sir Lazarus Fletcher.

1913. The Hev. Osmond Fisher.

1914. Prof. John Edward Marr.
1915. Prof.T.W.Edgeworth David.
1916. Dr. A. P. Karpinskv.
1917. Prof. A. F. A. Lacroix.
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AWARDS
OF THE

BALANCE OF THE PROCEEDS OF THE WOLLASTON
' DONATION FUND.'

1831.

1833.

1834.

1835.

1836.

1838.

1839.

1840.

1841.

1842.

1843.

1844.

1845.

1846.

1847.

1848.

1849.

1850.

1851.

1852.

1853.

1854.

1855.

1856.

1857.

1858.

1859.

1860.

1861.

1862.

1863.

1864.

1865.

1866.

1867.

1868.

1869.

1870.

1871

1872.

1873.

Mr. William Smith.

Mr. William Lonsdale.

M. Louis Agassiz.

Dr. Gideon A. Mantell.

Prof. Gr. P. Deshayes.

Sir Richard Owen.

Prof. C. G. Ehrenberg.

Mr. J. De Carle Sowerby.

Prof. Edward Forbes.

Prof. John Morris.

Prof. John Morris.

Mr. William Lonsdale.

Mr. Geddes Bain.

Mr. William Lonsdale.

M. Alcide d'Orbigny.

J
Cape of Good Hope fossils.

I M. Alcide d'Orbigny.

Mr. William Lonsdale.

Prof. John Morris.

M. Joachim Barrande.

Prof. John Morris.

Prof. L. G. de Koninck.

Dr. Samuel P. Woodward.
Dr. G. Sandberger.

Dr. F. Sandberger.

Prof. G. P. D-^hayes.

Dr. Samuel P. Woodward.
Prof. James Hall.

Mr. Charles Peach.

I Prof. T. Rupert Jones.

I
Mr. W. K. Parker.

Prof. Auguste Daubree.

Prof. Oswald Heer.

Prof. Ferdinand Senft.

Prof. G. P. Deshayes.

Mr. J. W. Salter.

Dr. Henry Woodward.
Mr. W. H. Daily.

M. J. Bosquet.

Dr. William Carruthers.

M. Marie Rouault.

Mr. Robert Etheridge.

Dr. James Croll.

Prof. John Wesley Judd.

1874. Dr. Henri Nyst.

1875. Prof. Louis C. Miall.

1876. Prof. Giuseppe Seguenza.

1877. Mr. Robert Etheridge, jun.

1878. Prof. William J. Sollas.

1879. Mr. Samuel AUport.

1880. Mr. Thomas Davies.

1881. Dr. Ramsay H. Traquair.

1882. Dr. George Jennings Hinde.

1883. Prof. .John Milne.

1884. Mr. Edwin Tulley Newton.

1885. Dr. Charles Callaway.

1886. Mr. J. Starkie Gardner.

1887. Dr. Benjamin Neeve Peach.

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

1891. Mr. Richard Lydekker.

1892. Mr. Orville Adelbert Derby.

1893. Mr. John George Goodchild.

1894. Dr. Aubrey Strahan.

1895. Prof. William W. Watts.

1896. Dr. Alfred Harker.

1897. Dr. Francis Arthur Bather.

1898. Prof. Edmund J. Garwood.

1899. Prof. John B. Harrison.

1900. Dr. George Thurland Prior.

1901. Dr. Arthur AYalton Rowe.
1902. Mr. Leonard James Spencer.

1903. Mr. L. L. Beliufante.

1904. Miss Ethel M. R. Wood.
1905. Dr. Henry Howe Bemrose.

1906. Dr. Finlay Lorimer Kitchin.

1907. Dr. Arthur Vaughan.

1908. Dr. Herbert Henry Thomas.
1909. Mr. Arthur J. C. Molyneux.
1910. Mr. Edward B. Bailey.

1911. Prof. Owen Thomas Jones.

1912. Mr. Charles Irving Gardiner.

1913. Mr. WilliamWickham King.

1914. Mr. R. Bullen Newton.

1915. Mr. Charles Bertie Wedd.
1916. Mr.William Bourke Wright.

1917. Prof. Percy G. H. Boswell.
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AWARDS OF THE MURCHISON MEDAL

UNDER THE CONDITIONS OF THE

'MURCHISON GEOLOGICAL FUND,'

ESTABLISHED UNDER THE WILL OF THE LATE

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

To be applied iu every cousecutive j'ear, iii such manner as the Council of the

Society may deem most useful in advancing Geological Science, whether by

granting sums of money to travellers in pursuit of knowledge, to authors of

memoirs, or to persons actuallj'^ emploj^ed in anj' enquiries bearing upon the

science of Geolog}', 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 monej' or recompense in respect of Geological Science.'

Mr. T. Mellard Reade.

Mr. Horace B. Woodward.
Mr. Thomas F. Janiieson.

Dr. Benjamin Neeye Peach.

Dr. John Home.
Baron A. E. Nordenskiold.

Mr. A. J. Jukes-Browne.

Mr. Frederic W. Harmer.

Dr. Charles Callaway.

Prof. George A. Lehour.

Mr. Edward John Dunn.

Dr. Charles T. Clough.

Dr. Alfred Harker.

Prof. Albert Charles Seward.

Prof. Grenville A. J. Cole.

Prof. Arthur P. Coleman.

Mr. Richard Hill Tiddeman.

Prof. Louis Dollo.

]S[r. George Barrow.

Mr. William A. E. Ussher.

Prof. William W. Watts.

Dr. Robert Kidston.

Dr. George F. Matthew.

1873. Mr. William Davies. 1896.

1874. Dr. J. J. Bigsby. 1897.

1875. Mr.W. J.Henwood. 1 1898.

1876. Mr. Alfred R. C. Selwvn. 1

1877. The Rev. W. B. Clarke.
1899.

1878. Prof. Hanns Bruno Geinitz. 1900.

1879. Sir Frederick M'Coy. 1901.

1880. Mr. Robert Etheridge. 1902.

1881. Sii' Archibald Geikie. 1903.

1882. Prof. Jules Gosselet. 1904.

1883. Prof. H. R. Gceppert. 1905.

1884. Dr. Henry Woodward. 1906.

1885. Dr. Ferdinand von Roemer, 1907.

1886. Mr. William Whitaker. 1908.

1887. The Rev. Peter B. Brodie. 1909.

1888. Prof. J. S. Newberry. 1910.

1889. Prof. James Geikie. 1911.

1890. Prof. Edward Hull. 1912.

1891. Prof.Waldemar C. Brogger. 1913.

1892. Prof. A. H. Green. 1914.

1893. The Rev. Osmond Fisher. 1915.

1894. Mr. William T. Aveline. 1916.

1895. Prof. Gustaf Liudstrom. 1917.



part 1] ANNUAL EEPORT. XXXI

AWARDS
OF THE

BALANCE OF THE PEOCEEDS OF THE

^MURCHISON GEOLOGICAL FUND.'

1873. Prof. Oswald Heer.

, g« . I Mr. Alfred Bell.

•

I Prof. Ralph Tate.

1876. Prof. H. Govier Seeley.

1876. Di. James Croll.

1877. The Rev. John F. Blake.

1878. Prof. Charles Lapworth.

1879. Mr. James Walker Kirkby.

1880. Mf. Robert Etheridge.

1881. Mr. Frank Rutley.

1882. Prof. Thomas Rupert Jones,

1883. Dr. John Young.

1884. Mr. Martin Simpson.

1885. Mr. Horace B. Woodward.
1886. Mr. Clement Reid.

1887. Dr. Robert Kidston.

1888. Mr. Edward Wilson.

1889. Prof. Grenville A. J. Cole.

1890. Mr. Edward B. Wethered.

1891. The Rev. Richard Baron.

1892. Mr. Beeby Thompson.

1893. Mr. Griffith John Williams.

1894. Mr. George Barrow.

1895. Prof. Albert Charles Seward.

1896. Mr. Philip Lake.

1897. Mr. Sydney S. Buckman.
1898. Miss Jane Donald.

1899. Mr. James Bennie.

1900. Mr. A. Vaughan Jennings.

1901. Mr. Thomas S. Hall.

1902. Sir Thomas H. Holland.

1903. Mrs. Elizabeth Gray.

1904. Dr. Arthur Hutchinson.

1905. Prof. Herbert L. Bowman.
1906. Dr. Herbert Lapworth.

1907. Dr. Felix Oswald.

1908. Miss Ethel Gertrude Skeat.

1909. Dr. James Vincent Elsden.

1910. Mr. John Walker Stather.

1911. Mr. Edgar Sterling Cobbold.

1912. Dr. Arthur Morley Davies.

1913. Mr. Ernest E. L. Dixon.

1914. Mr.Frederick Nairn Haward.
1915. Mr. David Cledlyn Evans.

1916. Mr. George Walter Tyrrell.

1917. Dr. William Mackie.
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AWARDS OF THE LYELL MEDAL

TNDER THE CONDITIONS OF THE

' LYELL GEOLOGICAL FUND,'

ESTABLISHED UNDEK THE WILL AND CODICIL OF THE LATE

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

The Medal ' to be cast iu bronze and to be given annuall}- ' (ov from time to time)

'as a mark of houorar}^ distinction and as an expression on the part of the

governing bod3' of the Society that the Medallist (who may be of any country

or either sex) has deserved well of the Science,'
—

' not less than one third of the

annual interest [of the fund] to accompany the Medal, the remaining interest

to be given in one or more portions, at the discretion of the Council, for the

encouragement of Geology or of any of the allied sciences hy which they shall

consider Geology to have been most materially advanced, either for travelling

expenses or for a memoir or paper published, or in progress, and without

reference to the sex or nationality of the author, or the language iu which any

such memoir or paper may be written.'

There is a further provision for suspending the award for one year, and in

such case for the awarding of a Medal to ' each of two persons who have been

jointl}^ engaged in the same exploration in the same country, or perhaps ou

allied subjects in different countries, the proportion of interest alwa5'S not being

less to each Medal than one third of the annual interest.'

1876. Prof. John Morris.

1877. Sir James Hector.

1878. Mr. George Busk.

1879. Prof. Edmond Hubert.

1880. Sir John Evans.

1881. Sir J. AVilliam Dawson.

1882. Dr. J. Lycett.

1883. Dr. W. B. Carpenter.

1884. Dr. Joseph Leidy.

1885. Prof. H. Gorier Seeley.

1886. Mr. AVilliam Pengelly.

1887. Mr. Samuel Allport.
"

1888. Prof. Henry A. Nicholson.

1889. Prof. W. Boyd Dawkins.

1890. Prof. Thomas Rupert Jones.

1891. Prof. T. McKenuy Hughes.

1892. Mr. George H. Morton.

1893. Mr. Edwin Tulley Newton.

1894. Prof. John Milne.

1895. The Rev. John F. Blake.

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

1899.

1900.

1901.

1902.

1903.

1904.

1905.

1906.

1907.

1908.

1909.

1910.

1911.

1912.

1913.

1914.

1915.

1916.

1917.

Prof. AVilhelm Waagen.

Lt.-Gen. 0. A. McMahon.
Prof. John Edward Marr.

Dr. Ramsay H. Traquair.

Prof. Anton Fritsch.

Mr. Richard Lydekker.

Mr. Frederick W. Rudler.

Prof. Alfred G. Nathorst.

Dr. Hans Reusch.

Prof. Frank Dawson Adams.
Dr. Joseph F. Whiteaves.

Mr. Richard Dixon Oldham.

Prof. Percy Fry Kendall.

Dr. Arthur Vaughan.

Dr. Francis Arthur Bather.

Dr. Arthur Walton Rowe.

Mr. Philip Lake.

Mr. Sydney S. Buckman.
Mr. C. S. Middlemiss.

Prof. Edmund J. Garwood.

Dr. Charles W. Andrews.

Dr. Wheelton Hind.



part 1] AKNTAL EEPOET XXXll

AWARDS

OF THE

BALANCE OF THE PROCEEDS OF THE

'LYELL GEOLOGICAL FUND.'

1876. Prof. John Morris.

1877. Mr. William Pengelly.

1878. Prof. Wilhelm Waagen.

1879. Prof. Henry A. Nicholson.

1879. Dr. Henry Woodward.

1880. Prof. F. A. von Quenstedt.

1881. Prof. Anton Fritsch.

1881. Mr. G. R. Vine.

1882. The Rev. Norman Glass.

1882. Prof. Charles Lapworth.

1883. Mr. P. H. Carpenter.

1883. M. Edmond Rigaux.

1884. Prof. Charles Lapworth.

1885. Mr. Alfred J. Jukes-Browne.

1886. Mr. David Mackintosh.

1887. The Rev. Osmond Fisher.

1888. Dr. Arthur H. Foord.

1888. Mr. Thomas Roberts.

1889. Prof. Louis Dollo.

1890. Mr. C. Davies Sherborn.

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

1891. Mr. George W. Lamplugh.

1892. Prof. John Walter Gregory.

1892. Mr. Edwin A. Walford.

1893. Miss Catherine A. Raisin.

1893. Mr. Alfred N. Leeds.

1894. Mr. William Hill.

1895. Prof. Percy Fry Kendall.

1895. Mr. Benjamin Harrison.

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

1897. Mr. W. J. Lewis Abbott.

1897. Mr. Joseph Lomas.

1898. Mr. William H. Shrubsole.

1898. Mr. Henry Woods.

1899. Mr. Frederick Chapman.
1899. Mr. John Ward.
1900. Miss Gertrude L. Files.

1901. Dr. John William Evans.

1901. Mr. Alexander McHenry.
1902. Dr. Wheelton Hind.

1903. Mr. Sydney S. Buckman.
1903. Mr. George Edward Dibley.

1904. Dr. Charles Alfred Matley.

1904. Prof. SidneyHugh Reynolds.

1905. Dr. E. A. Newell Arber.

1905. Dr. Walcot Gibson.

1906. Prof. W. G. Fearnsides.

1906. Mr. Richard H. Solly.

1907. Mr. T. Crosbee CantriU.

1907. Mr. Thomas Sheppard.

1908. Prof. T. Franklin Sibly.

1908. Mr. H. J. Osborne White.

1909. Mr. H. Brantwood Maufe.

1909. Mr. Robert G. Carruthers.

1910. Dr. F. R. Cowper Reed.

1910. Dr. Robert Broom.

1911. Prof. Charles Gilbert Cullis.

1912. Dr. Arthur R. Dwerryhouse.

1912. Mr. Robert Heron Rastall.

1913. Mr. Llewellyn Treacher.

1914. The Rev. Walter Howchin.
1914. Mr. John Postlethwaite.

1915. Mr. John Parkinson.

1915. Dr. Lewis Moysey.

1916. Mr. Martin A. C. Hinton.

1916. Mr. Alfred S. Kennard.
1917. Dr. A. Hubert Cox.

1917. Mr. Tressilian C. Nicholas.

YOL. LXXIII.
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AWARDS OF THK lUGSBY MKDAL,

FOUNDED BY THE LATE

Dr. J. J. BIGSBY, F.H.S., F.G.S.

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

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

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

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

1877. Prof. Othniel Charles Maivh.

1879. Prof. Edward Drinlcer Cope.

1881. Prof. Charles Barrois.

1883. Dr. Henry Hides.

1885. Prof. AlplionseRenard.

1887. Prof. Charles Lapworth.

1889. Sir Jethro J. II. Teall.

1891. Dr. George Mercer l)aw.«!oii.

1803. Prof. Wifliam J. Sollas.

1895. Dr. Charles D. Walcott.

1897. Mr. Clement Peid.

1899. W. EdaewortliProf. T.

D;.vid.

1901. Mr. George W. Laii.pliigh.

190.3. Dr. Henry M. Ami.
1905. Prof. John Walter Greg-ory.

1907. Dr. Arthur W. Rogers.

1909. Dr. John Smith Flett,

1911. Prof. Othenio Abel.

1913. Sir Thomas IT. Holland.

1915. Dr. Henry Plubert Ilayden.

1917. Mr. Robert G. Carruthers.

AWARDS OF THE PRESTWICH MEDAL,

ESTABLISHED UNDER THE WILL OF THE LATE

SIR JOSEPH PRESTWICH, F.R.S., F.G.S.

To apply the accumulated iunuial proceeds ... at the end of every three years, in

providing a Gold Medal of the value of Twenty Pounds, which, with the

remainder of the proceeds, is to be awarded . ; . to the person or persons, either

male or female, and either resident in England or abroad, who shall have done well

for the advancement of the science of Geology ; or, from time to time to accumulate

the annual proceeds for a period not exceeding six years, and apply the said

accumulated annual proceeds to some cbject of special research bearing on

Stratigraphical or Physical Geology, to be carried out by one single individual or

by a Committee; or, tailing these objects, to accumulate the annual proceeds for

and devote such proceeds. to such sjiecial purposes aseither three or six year*

may Ijc (lecided.'

]903,

1906

1909

19lL>

John Li^bboclv, Baron Avebnry

Mr. William W'hitaker.

Lady (Johu) Evans.

Library extension.

1915. Prof. Emile Cartailhac.
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AWARDS OF THE PROCEEDS OF THE BARLOW-
JAMESON FUND,

ESTABLISHED UNDER THE WILL OF THE LATE

Dr. H. 0. BARLOW, RG.S.

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

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

1879.

1881.

Purchase of microscope.

Purchase of microscope -

lamps.

1882. Baron C. von Ettingshausen.

1884. Br. James Croll.

1884. Prof. Leo Lesquereux.

1886. Br. H. J. Johnston-Lavis.

1888. Museum.

1890. Mr. W. Jerome Harrison.

1892. Prof. Charles Mayer-Eymar.

1893. Scientific instruments for

Capt. E. F. Young-husband.

1894. Br. Charles Bavison.

1896. Mr. Joseph Wright.

1896. Mr. John Storrie.

1898. :Mr. Edward Greenly.

1900.

1900.

1902.

1904.

1906.

1908.

1911.

1913.

1915.

1917.

Mr. George C. Crick.

Br. Theodore T. Groom.

INlr. William M, Hutchings.

Mr. H. J. LI. Beadnell.

Mr. Henry C. Beasley.

Contribution to the Fund for

the Preservation of the

' Grey Wether ' sarsens

on Marlborough Bowns.

Mr. Jolin Frederick Norman
Green.

jMr. Bernard Smith.

I Mr. John Brooke Scrivenor.

Mr. Joseph G. Hamling.

Mr. Henry Bewey.

AWARDS OF THE PROCEEDS OF THE
^ DANIEL PIDGEON FUND/

FOUNDED BY MRS. PIDGEON, IN ACCOKDANCE WITH THE

WILL OF THE LATE

BANIEL PIBGEON, F.G.S.

An annual grant derivable from the interest on the Fund, to be used at the

discretion of the Council, in whatever way may in their opinion best promote

Geological Original Research, their Grantees being in all cases not more than

twenty-eight years of age.'

1903. Prof. E. W. Skeats.

1904. Mr. Linsdall Richardson.

1905. Mr. Thomas Vipond Barker.

1900. Miss Helen Bre^v,

1907. Miss Ida L. Slater.

1908. Br. James A. Bouglas.

1909. Br. Alexander M. Finlayson.

1910. Mr. Robert Boyle.

1911. Mr. Tressilian C. Nicholas.

1912. Mr. Otway H. Little.

1913. Mr. Roderick U. Sayce.

1914. Prof. Percy G. H. Boswell.

1915. Mr. E. Talbot Paris.

191G. Br. John K. Charlesworth

1917. Br. Arthur Holmes.

c2
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Estimates for

INCOME EXPECTED.

<£ s. d. M s. d.

Compositions 35

Arrears of Admission-Fees . . .

,

44 2

Admission-Fees, 1917 126 18

171

Arrears of Annual Contributions 150

Annual Contributions, 1917 1646 16

Annual Contributions in advance. .,. c .... c . . 60

1856 16

Sale of the Quarterly Journal, including Long-
man's Account 88 8

Sale of other Publications ,.... 500
Miscellaneous Receipts 10

Interest on Deposit-Account and on War Loan* 35

Dividends on £2500 India S per cent. Stock .

,

75

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

ference Stock 15

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

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

Dividends on £2072 Midland Railway 2| per

cent. Perpetual Preference Stock 51 16

Dividends on £267 6s. 7(7. Xatal 3 per cent. Stock. 8

351 16

£2553

* The Council on January 24th, 1917, authorized the
Treasurer to apply, on behalf of the Society, foi iv500 War
Loan (1925-1947) Inscribed Stock.
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the Year 1917.

EXPENDITURE ESTIMATED.

£ s. d dfi s. d.

House-Expenditure :

Taxes 15

Fire- and other Insurance 31 6

Electric Lighting and Maintenance 40
Gas 15
Fuel 50
Furniture and Repairs 15

House-Repairs and Maintenance 15

Annual Cleaning 15

Washing and Sundry Expenses 40
Tea at Meetings 20

242 1

Salaries and Wages, etc.

:

Permanent Secretary 360

„ half Premium Life-insurance... 10 15

Librarian 170
Library Assistant 81

Clerk 105
DeputyClerk 117
Junior Assistant 55 12

House-Porter and Wife 94
Housemaid 57 2

Charwoman and Occasional Assistance 20

Accountants' Fee 10 10
1080 19

Office-Expenditure

:

Stationery 15

Miscellaneous Printing 50

Postages and Sundry Expenses 65
130

Library (Books and Binding) 120

Library Catalogue :

Cards 10

Compilation 50
60

Publications

:

Quarterly Journal, including Commission on
Sale 700

Postage on Journal, Addressing, etc 80

Abstracts of Proceedings, including Postage . 100

List of Fellows 40
920

£2653

JAMES VINCENT ELSDEN, Treasurer.

February 5th, 1917.



XXXvi PROCEEDINGS OE THE GEOLOaiCAL SOCIETY, [vol. Ixxiii,

Estimates for

INCOME EXPECTED.

£ s. d. £, s. d.

Compositions 35

Arrears of Admission-Fees . . . , 44 2

Admission-Fees, 1917 126 18

171

Arrears of Annual Contributions 150

Annual Contributions, 1917 1646 16

Annual Contributions in advance. .,.-..,.,. . 60

1856 16

Sale of the Quarterly Journal, including Long-
man's Account 88 8

Sale of other Publications 500
Miscellaneous Receipts 10

Interest on Deposit-Account and on War Loan* 35

Dividends on £2500 India 3 per cent. Stock .

.

75

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

ference Stock 15

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

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

Dividends on £2072 Midland Railway 2^ per

cent. Perpetual Preference Stock 51 16

Dividends on £267 6s. 7^. Natal 3 per cent. Stock. 8

351 16

£2553

* The Council on January 24th, 1917, antborized the
Treasurer to apply, on behalf of tne Society, foi iv500 War
Loan (1925-1947) Inscribed Stock.
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the Year 1917.

EXPENDITURE ESTIMATED.

£ s. cl £. s. d.

House-Expenditure

:

Taxes 15

Fire- and otiier Insurance 31 6

Electric Lighting and Maintenance 40
Gas 15
Fuel 50
Furniture and Eepairs 15

House-Repairs and Maintenance 15

Annual Cleaning 15

Washing and Sundry Expenses 40
Tea at Meetings 20

242 1

Salaries and Wages, etc.

:

Permanent Secretary 360

„ half Premium Life-Insurance... 10 15

Librarian 170
Library Assistant 81
Clerk 105
DeputyClerk 117
Junior Assistant 55 12

House-Porter and Wife 94
Housemaid 57 2

Charwoman and Occasional Assistance 20

Accountants' Fee 10 10
1080 19

Office-Expenditure :

Stationery 15

Miscellaneous Printing 50

Postages and Sundry Expenses 65
130

Library (Books and Binding) 120

Library Catalogue :

Cards 10

Compilation 50
60

Publications

:

Quarterly Journal, including Commission on
Sale 700

Postage on Journal, Addressing, etc 80

Abstracts of Proceedings, including Postage . 100

List of Fellows 40
920

£2553

JAMES VINCENT ELSDEN, Treasurer.

February 5th, 1917.



Income and Expenditure duri7ig the

RECEIPTS.
£ s. d. £ 8. d.

To Balance in the hands of the Bankers at

January 1st, 1916 127 13 7

,, do. do. Deposit Account 500

,, Balance in the hands of the Clerk at

January 1st, 1916 7 19 9

63o 13 4
., Compositions 105

,, Admission-Fees

:

Ai'rears 44 2

Current 170 2— — 211: 1:

,, Arrears of Annual Contributions 141 6 6

,, Annual Contributions for 1916 :

—

Eesident Fellows 1689 19 6

,, Annual Contributions in advance 64 7 U
1895 13

,, Publications :

Sale of Quarterly Journal :

^

,, Vols, i to Ixx (less Commission
^4 O*-. 9d.) 57 1 5

„ Vol. Ixxi (less Commission
£2 Us. Id.) 30 10

87 11 11

,, Other Publications (less Commission) 4 13 11

,
, Miscellaneous Keeeipts 9 8

„ Interest on Deposit 38 17 7

„ Dividends (less Income-Tax) :
—

^2500 India 3 per cent. Stock 59 1 4

^300 London, Brighton, k South Coast
Eailway 5 per cent. Consolidated

Preference Stock 12 6

=£2250 London & North-Western Railway
4 per cent. Preference Stock 73 13 9

d82800 London & South-Western Railway
4 per cent. Preference Stock 91 14

,£2072 Midland Railway 2* per cent.

Perpetual Preference Stock 42 9

£267 6s. 7c?. Natal 8 per cent. Stock 6 6 4

285 2 2

„ J ncome-Tax recovered 27 12 6

* A fiu-ther sum is due from Messrs. Longmans
& Co. for Journal-Sales, etc. ... £28 13 9 £3303 16 5



Year ended December 31st, 1916.

PAYMENTS.
By House-Expenditure

:

An. d. £ s. <L

Taxes 15

Fire- and other Insurance 31 13 7

Electric Lighting, Installation and Main-
tenance 33 19 10

Gas 13 19 2

Fuel 51 12

Furniture and Repairs 107 5 1

House-Repairs and Maintenance 86 3 3

Annual Cleaning- 11 2 6

Washing and Sundry Expenses 42 17 6

Tea at Meetings 18 4 7

397 12 G

„ Salaries and Wages :

Permanent Secretary 360

„ half Premium Life-insurance... 10 15

Librarian 165
Library Assistant 72 16

Clerk 93
Deputy Clerk 91
Junior Assistant 54 12

House-Porter and Wife 92 11

Housemaid 53 8

Charwoman and Occasional Assistance ... 17 13 6

Accountants' Fee 10 10

Extra Assistance 1 8 6

Grant to Executors of the late Librarian. . 10

Warbonuses 38 17

1071 11

„ Office-Expenditure :

Stationery 31 4 9

Miscellaneous Printing 56 17 6

Postages and Sundry Expenses 57 3

Ud o 3

„ Library (Books and Binding, etc.) 136 11 2

„ Library- Catalogue :

Cards 11 3 8

Compilation 50

61 3 8

„ Publications :

Quarterly Journal, Vol. Ixxi, Paper,

Printing, and Illustrations 581 19 7

Postage on Journal, Addressing, etc. 69 9

Abstracts of Proceedings, including Postage 96 17 10
ListofFeUows 50 6 6

798 12 11

„ Medals 14 5 6

„ E-efund of Contribution Received in advance in

1915. (Fellow since deceased) 2 2

,, Balance in the hands of the Bankers at

December 31st, 1916 :

Current Account 59 3 10

Deposit Account 600

,, Balance in the hands of the Clerk at

December 31st, 1916 17 8 7

676 12 5

We have compared this statement with £3303 16 5
the Books and Accounts presented to us,

'

and find them to agree.

BERNARD SMITH,! . ...

S.H.WARREN, \
^^^^^itors.

JAMES VINCENT ELSDEN, Treasurer.

February 5th, 1917.
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Stattmetit relatiny to the Society's Propertij:

December 31st, 1916.

£ s. d. £ s. d.

Balance in the Bankers' hands, December 31st,

1916:

On Current Account 59 3 10

.„ Deposit „ 600

Balance in the Clerk's hands, December 31st, 1916 17 8 7

67(3 12 5

Due from Messrs. Longmans & Co., on account

of the Quarterly Journal, Vol. LXXI, etc 28 13 9

Arrears of Admission-Fees 44 2

Arrears of Annual Contributions 403 6

(Estimated to produce £150 Os. Od.)

476 1 9

£1152 14

Funded Property, at cost price :

—

£2500 India 3 per cent. Stock 2623 19

£300 London, Brighton, & South Coast Rail-

way 5 per cent. Consolidated Preference

Stock 502 15 3

£2250 London & North-Western Railway

4 per cent. Preference Stock 2898 10 6

£2800 London & South-Western Railway

4 per cent. Preference Stock 3607 7 6

£2072 Midland Railway 2| per cent. Per-

petual Preference Stock 1850 19 6

£267 Qs. 7d. Natal 3 per cent. Stock 250

£2000 Canada 3^ per cent. Stock 1982 11

£13716 2

[Note.—The above amount does not incliule the value of the Library, Furniture,

and stock of unsold Pnblications. The value of the Funded Property of the

Society, at the prices ruling at the close of business on December 31st, 1016,

amoimted to £7984 7s. 3d.]

JAMES VINCENT ELSDEN, Treasurer.

Fehrtiary 5th, 1917.
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AWAED OF THE WOLLASTON MeDAL.

In handing the WoUaston Medal, awarded to Prof. Antoijs^e

FEANgois Alfeed Laceotx, F.M.Gr.S., to Sir Aechibald Geikie,

O.M., for transmission to the recipient, the Peesident addressed

him as follows :

—

Sir Aechibald Geikie,—
For a Medal instituted ' to j^i'omote researches concerning the

mineral structure of the Earth,' it would be difficult to find a fitter

recipient than Prof. Lacroix, to whose labours in the domain of

Mineralogy and Petrology our science is so deeply indebted.

His researches on the optical and cr3''stallographic constants of

numerous minerals have given us a mass of useful data ; but it has

always been his practice to extend his investigations to the field as

well as to the laboratorj'". His studies of the mode of occui'rence,

the mutual associations, and the manner of origin of a host of

species have done much to rehabilitate Mineralogy as, not merely

a department of Physics and Chemistry, but a fascinating branch

of Natural History. His many separate papers deal with material

from all parts of the world ; but of chief importance will always

be reckoned his four volumes on the Mineralogy of France and her

Colonies, a single-handed work unique in its wide scope and com-

prehensive treatment.

In Petrology, too, Prof. Lacroix's contributions have been

numerous and many-sided. Of special note for their influence

upon the science are his i-esearches on contact-metamorphism,

contained in the Bulletins of the Geological Survey of France, his

various memoirs treating of the inclusions in igneous rocks, and

his comparative study of the volcanic products of Mont Pele,

followed by a like examination of the rocks of Vesuvius.

From the products of volcanoes to the physics of volcanic action

is a natuml transition, and in respect of both Prof. Lacroix's

mission to Martinique in 1902 was eminent^ fruitful in results.

In particular, he was able to elucidate two remarkable phenomena

previously unrecognized or unappreciated : the peculiar plugs or

domes formed under certain conditions by extruded lavas, and that

most terrible of all volcanic effects—the nuee ardente.

As a diligent student of his writings, I feel a special pleasm*e

in placing the Wollaston Medal in your hands for transmission
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to Prof. Lacroix. With no less pleasure, I am sure, will all

British geologists see his name added to a list which is already

gi-aced by the names of Elie de Beaumont and Ami Boue, Daubree

and Descloizeaux ; and they will acclaim this award the more

cordially since, in doing homage to a distinguished savant, we are

honom'ing a citizen of a great nation, with which our own is linked,

as we hope, by enduring ties.

Sir Archibald G-eikie replied in the following words :

—

Mr. President,—
It is both a signal honom* and a welcome pleasure to me to have

been requested by my friend Prof. Lacroix to receive this Medal on

his behalf. He has asked me to express to you and to the Society

his grateful thanks that you should have thought him worth}^ of

your highest prize, and at the same time to assure you how deep is

his regret that his official engagements prevent him from leaving

Paris and being with us here to-day. You are aware that he has

now added to his ordinary professional duties those of Secretaire

Perpetuel de 1'Academic des Sciences, thus following, at no great

interval of time, another eminent geologist of France, our lamented

Foreign Member A. de Lapparent.

You have sketched with well-merited appreciation the wide range

of investigation through which our latest Wollaston Medallist has

pursued his studies. He has united with pre-eminent skill the

detailed work of the laboratory with an appeal to the essential

e^ddence which can only be obtained in the field. In this latter

branch of research he has been fortunate in having as his com-

panion and fellow-labourer a devoted and enthusiastic wife.

Madame Lacroix, as the daughter of Ferdinand Fouque, has

inherited her father's scientific ardour, and has proved herself to

be as capable and enduring a mountaineer as her husband.

Prof. Lacroix has sent me a brief address to you, Mr. President,

expressive of his grateful recognition of the honour which the

Geological Societ}^ has conferred upon him. His handwriting,

however, is so difficult to decipher that I have ventured to make

a tmnslation of this Address, which I will now read :

—

' Mr. President,—
' No honour could be more appreciated by me than that which the Geolo-

gical Society of London has conferred upon me. Over and above the pride

which I feel in this award from so many competent judges, among Avhom are

not a few who pursue the same researches as those to which I have devoted
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myself, there is added, in present circumstances, the further gratification to

see the ties strengthened which from old times have linked the men of science

in our two countries—Britain now striving mth all her power and all her
soul, hand in hand with France in defence of Eight and Liberty.

' You have \vished this 3'ear, I am siu-e. to honour in a more special manner
French Geology, and this adds a further reason why I shoiild be touched that

you have chosen me as the recipient of your prize.

' In being so good as to represent me at yoiu- Anniversary, Sir Archibald
Geikie, for whose work I have as great an admiration as I have respectful

esteem for him personally, will convey to joxi. so far as that is possible, my
regret that my official duties here prevent me from being present with you,

and expressing with my omti living voice all my gratitude.
• Among the distant memories of my student-days there rises in my mind

the recollection of mj old and dear master Descloizeaux, the friend of your
Miller, carefully taking out of a di-awer in his A^Titing-table the Wollaston
Medal, which he had some time before received from you, and showing it to

his pupils as one of the most valuable tokens of esteem that he had ever

received in the coru'se of his long and laborious career.
' How indeed could one not be proud, though ^ith all humility, to see one's

name inscribed in youi- golden book below those of the Founders of our Science,

and following those among 3-oii who -^-ith such brilliance continue to maintain
their great and glorious inheritance r

' Be so good, Mr. President, as to receive the expression of my highest

consideration.

A. Laceoix.'

AWAED OF THE MUECHISOX MeDAL.

The Pkesidext then handed the Mnrchison Medal, awarded to

Dr. G-eoege Feedeeic Matthew, to Dr. J. E. Maee for tmns-

mission to the recipient, addressing him as follows :
—

Dr. Maee,—

In awarding the Murchison Medal to Dr. Gr. F. Matthew, the

Council desires to mark its high appreciation of the services which

he has rendered to Greologv, more particularly b}' his researches

among the Lower Paheozoic rocks of Xew Brunswick.

Engaged for many years in official duties, and enjoyin.g little of

the advantages which come from association with fellow-workers

and from access to large libraries and museums, he has still found

time and uieans to make valuable contributions to o\u' science. So

lonp- ago as 1865 he communicated an important paper to this

Society, but most of his results have seen the light in Canadian

and American journals. Of first importance must be reckoned his

' Illustrations of the Fauna of the St. John Group," publi.shed by

the Moval Society of Canada, a work embodying much jDatient and

skilful research. A ])aper which appeared in lS9o. in the Trans-

actions of the Xew York Academy of Sciences, contained the first
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account of the Po'ofolemis fauna. Of other imj^ortant contribu-

tions which Dr. Matthew has made to Lower Palaeozoic geology, I

may mention his discovei'ies of the Etchiminian and the still older

Coldbrook fauna beneath what had previously been considered the

oldest fossiliferous horizon in New Brunswick. His work has been

distinguished throughout by a happy combination of stratigraphical

skill with pala^ontological knowledge, and some of his studies, such

as those on the evolution of tlie Cambrian Trilobites, have had far-

reaching consequences.

I have much pleasure in handing this Medal to you for trans-

mission to the veteran Canadian geologist, and hope that he will

see in it a token that his labours in the field of science are not

without recognition in this country.

Dr. Maer replied in the following words :

—

Mr. Presidetst,—
The interval that has elapsed since the award of the Murchison

Medal has been too short, in these times of stress, to allow

Dr. Matthew to send an acknowledgment. Had he done so, he

would doubtless have expressed to the Council his gratification at

the honour conferred upon him.

I am glad to receive the Medal on his behalf, so that I, an old

friend, may add my appreciation of the value of his work, although

this is unnecessary after the sympathetic words which you. Sir, have

offered concerning it.

Dr. Matthew's name is the latest in a long list of Canadians on

our roll of honour, for the men of the Dominion have excelled in

the field of our science, as latterly in another and a sterner field.

I feel that I may, on behalf of the Fellows of the Society, express

the wish that our Medallist, veteran though he be, may yet enjoy

many years in the studv of his favourite science.

Award of the Lyell Medal.

In handing the Lyell Medal, awarded to Dr. VVirEET/rox Htnd,

F.U.C.S., to Dr. A. Smith Woodwahd for transmission to the

reci])ient, the Phesidext addressed him as follows:

—

Dr. Smith Woodward,—
The Lvell Medal has been awarded bv the Council to Dr. Wheelton
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Hind as a token that he has, in the words of its Founder,
' deserved well of the Science.'

On the side of descriptive and systematic palaeontology his two

memoirs on the Carboniferous Lamellibranchiata, published hj the

Palseontographical Society, have long taken rank as standard

works, and he has suj^plemented them from time to time by many
other contributions dealing with the same subject. Further, he

has brought his palseontological knowledge to bear upon impoi-tant

questions of stratigraphy, and has shown that the lamellibranch

faunas of different grouj^s of rocks furnish valuable data for

purposes of comparison. In this way he has taken no small part

in the correlation of the Carboniferous strata in different areas in

Britain, and has further pushed his enquiries to the Continent of

Europe.

The quantity, as well as the quality, of his geological work

seems the more remarkable, when we remember that his researches

have been carried out in the intervals, none too frequent, of a busy

professional life. In conferring upon him this mark of recognition,

so well earned, we are thus honouring one of those amateur workers

to whom British Geology has always been signally indebted. In

presenting it I express the hope that, when happier da3''s bring

again some allowance of leisure. Dr. Hind will be able to renew

those investigations which have already proved so rich in results.

Dr. Smith Woodwaed replied in the following words :

—

Mr. Peesident,—
I shall have much pleasure in transmitting the Lyell Medal to

my friend Dr. Wheelton Hind, on Avhom it has been so worthily

bestowed. Geological science has always been greatty indebted

to the medical profession for important advances made in their

brief intervals of leisure, and Dr. Hind has for many years

excellently maintained the old tradition. Recognizing the im-

portance of combining work in the field with detailed palseonto-

logical research in the study, lie soon became one of the most

successful exponents of the modern methods of stratigraphical

geology. Beginning researches on the Carboniferous rocks in his

own district of North Staffordshire, he has gradually extended his

domain until, as 3''ou have well said. Sir, he has taken no small

part in the correlation of the Carboniferous strata of Britain. So

soon as he is released from the military duties which j^revent his
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attendance at the meeting to-da}^, I feel sure that Dr. Hind will

return with renewed vigour to the geological work which has so

long been his recreation ; and he desires me to express his best

thanks to the Council of the Greological Societ}^ for the stimulating

Award with which the}^ have honoured him.

Award of the Bigsby Medal.

The Preside]S't then handed the Bigsby Medal, aAvarded to

Mr. Rx)bert G-eorge Carruthers, to Dr. A. Strahan, Director

of H.M. Geological Survey, for transmission to the recipient^

addressing him as follows :

—

Dr. Strahan,—
The Bigsby Medal has been awarded to Mr. Carruthers by the

Council as an acknowledgment of his eminent services to Scottish

Geology. As an officer of the Geological Survey he has investigated

considerable areas of the ancient rocks of the Highlands, the Carbon-

iferous of the Scottish Midlands, and the Old Red Sandstone of

Caithness ; and in each of these fields his labours have yielded

results which possess more than a local interest. On the side of

pure Palseontolog}^ he has made important additions to our

knowledge of the Corals, in particular by his memoir dealing

wdth the morphology of the Rugosa ; but especiall}'' are geologists

indebted to him for the use which he has made of the Corals in

the zonal subdivision of the Carboniferous succession. Of other

palaeontological contributions having a direct stratigraphical appli-

cation, I will recall only his discovery of a Pendleside fauna in

the Calciferous Sandstone Series of Lanarkshire and his reference

of the fish-fauna of Achanarras to its true position in the Old Red
Sandstone sequence. Among his services to Economic Oeology,

his revision of the memoir on the Oil-Shale Fields of the Lothians

is especially worthy of mention.

The Founder of this Medal, in fixing an age-limit for the

recipient, made clear his intention that regard should be had, not

only to performance in the past, but to promise for the future.

Confident that in this case the one is a sure guarantee of the other,

we ask him to receive this Award in the double acceptation of a

tribute and an encouragement.

VOL. LXXIII. d
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Hind as a token that he has, in the words of its Founder,
* deserved well of the Science.'

On the side of descriptive and systematic palaeontology his two

memoirs on the Carboniferous Lamellibranchiata, published by the

Palseontographical Society, have long taken rank as standard

works, and he has supplemented them from time to time by many
other contributions dealing with the same subject. Further, he

has brought his palseontological knowledge to bear upon important

questions of stratigraphy, and has shown that the lamellibranch

faunas of different groujDs of rocks furnish valuable data for

purposes of comparison. In this way he has taken no small part

in the correlation of the Carboniferous strata in different areas in

Britain, and has further jDushed his enquiries to the Continent of

Europe.

The quantity, as well as the quality, of his geological work

seems the more remarkable, when we remember that his researches

have been carried out in the intervals, noiie too frequent, of a busy

professional life. In conferring upon him this mark of recognition,

so well earned, we are thus honouring one of those amateur workers

to whom British Geology has always been signally indebted. In

presenting it I express the hope that, when happier days bring

again some allowance of leisure. Dr. Hind will be able to renew

those investigations which have already proved so rich in results.

Dr. Smith Woodward replied in the following words :

—

Mr. Presidejtt,—
I shall have much pleasure in transmitting the Lyell Medal to

my friend Dr. Wheelton Hind, on whom it has been so worthily

bestowed. Geological science has always been greatly indebted

to the medical profession for important advances made in their

brief intervals of leisure, and Dr. Hind has for many years

excellently maintained the old tradition. Recognizing the im-

portance of combining work in the field with detailed palseonto-

logical research in the study, he soon became one of the most

successful exponents of the modern methods of stratigraphical

geology. Beginning researches on the Carboniferous rocks in his

own district of North Staffordshire, he has gradually extended his

domain until, as you have well said, Sir, he has taken no small

part in the correlation of the Carboniferous strata of Britain. So

soon as he is released from the military duties which prevent his
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attendance at the meeting to-day, I feel sure that Dr. Hind will

return with renewed vigour to the geological work Avhich has so

long been his recreation ; and he desires me to express his best

thanks to the Council of the G-eological Society for the stimulating

AAvard with which they have honom^ed him.

Award or the Bigsby Medal.

The President then handed the Bigsby Medal, awarded to

Mr. Et)BERT GrEORGE Carrtjthers, to Dr. A. Strahan^, Director

of H.M. Geological Survey, for transmission to the recipient,

addressing him as follows :

—

Dr. Straha:n%—
The Bigsby Medal has been awarded to Mr. Carruthers by the

Council as an acknowledgment of his eminent services to Scottish

Geology. As an officer of the Geological Survey he has investigated

considerable areas of the ancient rocks of the Highlands, the Carbon-

iferous of the Scottish Midlands, and the Old Red Sandstone of

Caithness ; and in each of these fields his labours have yielded

results which possess more than a local interest. On the side of

pm*e Palaeontology he has made important additions to our

knowledge of the Corals, in particular by his memoir dealing

Avith the morphology of the Rugosa ; but especially are geologists

indebted to him for the use which he has made of the Corals in

the zonal subdivision of the Carboniferous succession. Of other

palaeontological contributions having a direct stratigraphical appli-

cation, I will recall only his discovery of a Pendleside fauna in

the Calciferous Sandstone Series of Lanarkshire and his reference

of the fish-fauna of Achanarras to its true position in the Old Red
Sandstone sequence. Among his services to Economic Geology,

his revision of the memoir on the Oil-Shale Fields of the Lothians

is especially worth}^ of mention.

The Founder of this Medal, in fixing an age-limit for the

recipient, made clear his intention that regard should be had, not

only to performance in the past, but to promise for the future.

Confident that in this case the one is a sure guarantee of the other,

we ask him to receive this Award in the double acceptation of a

tribute and an encom'agement.

VOL. LXXIII. d
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Dr. Steahax replied in the following words :

—

Mr. Phesidext,—
It is a great pleasure to me to receive, on behalf of mv col-

league on the Geological Survey, this testimony of the value that

the Council attaches to his Avork. You have refeiTed in generous

terms to Mr. CaiTuthers's contributions to our knowledge of

Scottish G-eology, and to his researches in pure Palaeontology.

His application of scientific methods of investigation to the

Corals has done much to elucidate stages of evolution in those

lowly organisms, and I believe that your recognition of this branch

of his work will be especially gratifying to him. In Economic

Geology the demands made upon the staff by the exigencies of war

were sudden and imperative, and no one knows better than myself

how well Mr. Carruthers and his colleagues responded to the call,

and for the time resisted the fascinations of abstract science.

Mr. CaiTuthers, writing amid the distractions of the Western

Front, tells me that it is

' almost impossible to give any adequate expression of my gratitude to the

Society for their award of the Medal As the bulk of my work has
been concerned with Economic Geology, the honour of this award is shared

equally with my comrades on the Survey .... In the field of abstract science

my ventures have been little more than tentative. I hope that the generous

encouragement that thej' have always received from the Society may ulti-

mately be repaid in some degree. The obligation is, of course, greatly

increased by this additional proof of trust.'

Ma}'- I express the hope, for myself and for the Fellows of the

Society, that it will not be long before Mr. CaiTuthers can resume

his scientific work and justify the confidence that you have so

gracefully expressed in his promise for the future ?

AWAED FROM THE WOLLASTON DOXATIOX FUXD.

In presenting the Balance of the Proceeds of the Wollaston

Donation Fund to Peecy Geoege Hamx'all Boswell, D.Sc,

the Pee8IDE>'t addressed him as follows :—

•

Dr. Boswell,—
The Balance of the Proceeds of the Wolkston Donation Fund

has been awarded to you by the Council in recognition of your

work in East Anglia. b}" whicli you have added to our knowledge
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of the subterranean as well as the superficial geology of that area.

In your earlier contributions you examined the origin of the exist-

ing river-system of Suffolk, and also endeavoured to define the

limits of extension of the Lower Grlacial deposits of Norfolk into

the more southerly county. You have also made instructive re-

searches into the lithology and mineralogy of many of the sedi-

mentary deposits of East Anglia. In a paper read before this

Society two years ago you employed this method, in conjunction

with stratigraphical observation, in a comprehensive study of the

Lower Eocene strata of the area, and drew interesting Conclusions

concerning the geography of the period and even the tectonics of

the country. Your more recent investigations concerning sands

suitable for glass-making have a direct practical application, of

much importance at the present time.

Some jmrt of your work has been the outcome of a grant from

the Daniel Pidgeon Fund, and the good use which you made of

that opportunity assures us that you will regard the present Award

as an incentive to new enterprises in the service of Geology.

Award from the Murchiso?^ Geological Fund.

The President then handed the Balance of the Proceeds of the

Murchison Geological Fund, awarded to Dr. William Mackie,

to Dr. W. T. Gordon, for transmission to the recipient, addressing

him as follows :

—

Dr. Gordon,—
The Balance of the Proceeds of the Murchison Geological Fund

has been awarded by the Council to Dr. Mackie in recognition

of his contributions to the geology of Northern Scotland. A
skilled chemist as well as a keen petrologist, he has utilized in

this way his leisure as a medical practitioner during the last

twenty years.

By his investigation of the sandstones of Eastern Moray he has

thrown light, both on the source of the material and on the climatic

conditions which prevailed during its deposition. In the cement

of these sandstones he detected traces of the heavy metals, and his

enquiry led to the discovery in quantity of barvtes and fluor in the

d2
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Elgin Trias. His petrographical work includes an interesting

study o£ the granites of the North of Scotland, and he has also

carried out a large series of chemical analyses of igneous and sedi-

mentary rocks in order to elucidate theoretical questions suggested

in the course of his researches.

His recent discovery of plant-bearing cherts in the Old Red

Sandstone of Rhynie (Aberdeenshire), has added a new interest

to that formation. Dr. Kidston and Prof. Lang recognize these

cherts as silicitied layers of peat, and a new class of vascular

cryptogams, the Psilopliytales, has been made for the reception of

the plants which they contain.

I ask you, in forwarding this Award to Dr. Mackie, to convey to

him oui* hope that he will thereby be encouraged to continue the

researches which he has hitherto pursued with such enthusiasm.

AWAEDS EEOM THE LyELL GEOLOGICAL FuND.

The Peesideis^t then presented a moiety of the Balance of the

Proceeds of the L^^ell Geological Fund to Arthue Hubeet Cox,

Ph.D., and addressed him in the following words :

—

Dr. Cox,—

Tlie Council has awarded to xom one moiety of the Proceeds of

the Lyell Fund in recognition of the value of your work among
the Lower Palaeozoic rocks. Since you read before this Societ}',

five years ago, a paper on the Pedwardine Inlier, you have devoted

much time to geological researches m Wales, both South and

North. Your paper on the Abereiddy and Abercastle district was

a valuable contribution to the stratigraphy and tectonics of Pem-

brokeshire, and gave evidence of skilful and accurate w^ork in the

field. On the petrological side, too, it added to our knowledge of

the Ordovician igneous rocks, a subject to which ^^ou have also

given attention elsewhere. Your work in the Cader Idris district,

of which we have as yet onl}" a preliminar}' account, seems to be

of the same thorough quality ; and, in thus marking our apprecia-

tion of what you have already done, Ave look forward to results not

less important from 3'our geological labours in the time to come.
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In handing the other moietv of the Balance of the Proceeds of

the LyeJl Geological Fund, awarded to Teessiliax Chaeles

Nicholas, M.A.. to Mr. H. Woods, for transmission to the

recipient, the Peesidext addressed him as follows :

—

Mr. Woods,—
A moiety of the Proceeds of the Lyell Fund has been awarded

to Mr. T. C. Xicholas as a mark of appreciation of his work on

the older Palaeozoic rocks of Carnarvonshire. The results of that

work are represented first by a paper on the Greology of the

St. Tudwal's Peninsula, in Lleyn, read before this Society in 1914.

Therein he gave a comprehensive account of the succession, fossil

contents, and classification of the Cambrian strata of the district,

and established the unconformity which exists between these beds

and the overlying Ordo^acian. This paper was supplemented in

the same year by a palaeontological one dealing with the rich

trilobitic fauna, of Middle Cambrian age, which his researches had

discovered. A number of new and interesting species were

described, and the succession of forms Avas correlated with that

recorded for other areas.

As an old friend of Mr. Nicholas, and one who has seen some-

thing of the difficulties presented by the Lleyn district. I am
pleased that it falls to my lot to extend to him, on behalf of the

Council, this token of recognition of his geological and palseonto-

logical work.

AWAED FROM THE BaBLOW-JaMESOX Fl'XD.

The Peesidext then presented the Balance of the Proceeds of

the Barlow-Jameson Fund to Mr. He>'EY Dewet, addressing him

as follows :

—

Mr. Dewey,—
The Proceeds of the Barlow-Jameson Fund have been awarded

to you in recognition of your services to Geology and as an

encoui-agement to you for the future. In the record of your

geological work the first place belongs to your researches in North

Cornwall, where you were engaged as an officer of the Geological

Survey. There your mapping led you to recognize a number of
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subdivisions of the Devonian strata and to determine their natural

sequence, and with this help you were able to demonstrate the

existence of important overthi-usts in that area. The peculiar

features of the ' pillow-lavas ' intercalated in the Upper Devonian

also engaged your attention, and your paper on the ' spilitic series,'

written in collaboration with Dr. Flett, has proved a valuable

contribution to Petrology. Of not less consequence, of another

kind, were your paper on the Eaised Beach of North Devon and

that which you read before this Society a year ago on the Origin

of River-Gorges in Cornwall and Devon. Your removal from the

West of England to the Thames A^alley introduced you to new

problems, to which you have brought the same zeal and insight,

and it is our hope that you will find in the present Award an

incentive to fui-ther investigations in the field of G-eology.
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THE ANNIVERSARY ADDRESS OF THE PRESIDENT,

Alfred Harker, M.A., LL.D., F.R.S.

Jhe death-roll for the last twelve months is a heavy one, and

includes not a few well-known names. In preparing notices

of some of om- deceased Fellows, I have used various sources

of information, but especially I must acknowledge the help

kindly given by Prof. Cayeux, Mr. Lamplugh, Prof. Skeats, and

Mr. Barrington Brown, Jr.

The death of Jules Gtosselet, in his 84th year, removes the

doyen of French geologists, and one whose name stood second on

the roll of our Foreign Members. Born at Cambrai on August 19th,

1832, he very early gave evidence of scientific aptitudes of a high

order. After holding several minor appointments, he was chosen

in 1864 Professor of Geology & Mineralogy in the Faculty of

Sciences at Lille, a place which became thenceforth his home and

the centre of his multitudinous activities. His immediate task

was no light one. The Chair Avas newly created ; library and

museum were alike wanting ; and science did not at that time

enhst much interest in a bus}- industi'ial city. This last difficulty

disappeared like the rest before the zeal of the young Professor

;

and indeed his subsequent labours must have convinced the most

sceptical of the immense material benefit which may accrue to a

country from the cultivation of pure science.

Gosselet's whole-hearted devotion to his work, and his ability to

communicate his enthusiasm to others, made him an ideal teacher.

His old students speak of him with an affectionate admiration,

which is a high tribute to his personal qualities no less than to

his poAvers as an instructor. The time and energy not absorbed by

professional duties he devoted to geological investigation. Here,

too, his example proved inspiring, for he was chiefly instrumental

in founding in 1870 the Societe G-eologique du Nord, of which he

continued to be to the last the guiding spirit.

Even before settling at Lille Gosselet had been attracted to the

Ardenne, already made famous by the pioneer labours of Omalius

d'Halloy and Dumont, and it was to the geology of that country

that he now addressed himself. He brought to the task a laborious
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patience, joined to an insight which had something of the detec-

tive's acumen and something of the poet's imagination. Dm-ing

ten 3'ears he produced in rapid succession papers treating of the

general structure of the district, the stratigraphy and fauna of

the Devonian formations, the ridges of Cambrian rocks which rise

in the midst of the younger strata, and the remarkable metamorphic

effects induced in connexion with the folding and overthrusting.

His results were finally collected in the masterly monograph

entitled ' L'Ardenne,' which appeared in 1888, and was at once

recognized as a work of the fii'st rank.

It would take long to enumerate all the contributions which

Gosselet made in succeeding je^rs to almost every department of

geology. Remarkable for originality and freshness of interest,

they often had also important practical applications. Of chief

moment was the investigation of the structure of the Franco-

Belgian coal-basin. This was indeed the natural complement of

Gosselet's study of the Ardenne, and he Avas able to show how the

Ardenne massif, or its prolongation, has been driven over the

southern margin of the coal-basin. This work had a decided

influence upon the doctrines then current concerning the structure

of the Alps, while on the practical side it led to an extension of

the Avorkable coalfields. Gosselet was also attached to the Geolo-

gical Survey of France, and was responsible for numerous sheets

of the map with accompanying memoirs.

The value of his scientific labours was recognized both at home

and abroad. The Academy of Sciences of Paris had awarded him

the Bordin Prize in 1881, and when many years later the member-

ship of the Academy was extended to provincial savants, Gosselet's

name figured on the first list. Our Society awarded him the

Murchison Medal in 1882, and three years later elected him a

Foreign Member.

Still hale in mind and body at 70, the Professor was forced by

an unwelcome age-limit to relinquish his Chair ; but a kindly fate

sent him for successor his old pupil and attached fi'iend Dr. Charles

Barrois. An unofficial place was found for the elder man, and in

the leisure of retirement he saw merely enlarged opportunity for

geological activities. When darker days came, and Lille fell into

the hands of an ungenerous enemy, the veteran geologist refused

to quit the scene of his long labours. His last illness was con-

tracted while striving to repair the havoc wrought by an explosion

among his cherished collections. He died on March 20th, 1916,
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and rests in the little cemetery of Lanclrecies, the home of his

boyhood. 1

John Wesley Jxjdd was born at Portsmouth on February 18th,

1840. His father was of a Kentish family long settled in the

Isle of Wight, and his mother was of Scottish descent. His

devotion to natural science declared itself at an early age ; but,

although he had obtained first-class certificates in Geology and

Mineralogy from the Department of Science & Art, he found at

first no opening in this direction. He accordingly became in 1859

a master in a school at Horncastle, in Lincolnshire. There he

remained for three years, pursuing at the same time his studies in

chemistry and devoting his holidays to geological excursions in the

neighbourhood. In 1863, making another attempt to realize his

aspirations towards a scientific career, he entered the E-oyal School

of Mines, and was rewarded by winning one of the newly instituted

Royal Exhibitions. His design was to devote himself for a time

to research work, but in this he was again disappointed, and we

next find him engaged as an analytical chemist in iron and steel-

works at Sheffield. It was there that he made the acquaintance

of Sorby, and was introduced by him to the new method of studying

rocks in thin slices.

Judd's residence at Sheffield terminated abruptly by reason of a

railway-accident, from the consequences of which he suffered for

a long time. Forbidden to undertake any regular employment,

he turned again to his geological work in Lincolnshire. By a

stratigraphical and palseontological study of the strata at the base

of the Chalk Wolds he was able to correlate them with the Neo-

comian of the Continent ; and, extending his investigation to the

Yorkshire coast, he there identified the same zones under a different

facies. These researches formed the subject of his first two com-

munications to our Society. He next carried out a revision of

the Lower Oolites of Lincolnshire, and extended it into Yorkshire

in one direction and into the Midland counties in the other. This

he developed further in the course of his work on the G-eological

Survey, which he joined, at the instance of Ramsay, in 1867, and

the results were embodied in the memoir on the Geology of Rutland

which appeared, after some delay, in 1875.

^ For many of the facts here recorded I am indebted to an interesting and

sympathetic notice by Prof. L. Cayeux, in the ' Revue generale des Sciences,'

July 15th, 1916.
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In the meantime Jucld had quitted the Sm-vev, and present!}'

found himself in a position to resume independent work in the

field. He chose as a promising subject of study the Secondary

rocks of Scotland. Beginning with the isolated and little-known

exposures of these strata on the North-East coast, he was able

after two years of work to make out the true succession and corre-

lation of the several formations, ranging from the Trias to the'

Upper Oolites. He next transferred his attention to the West

Coast and the Inner Hebrides ; but there he soon became absorbed

in a new interest. The Mesozoic rocks of the west have been

buried under great Hoods of lava of Tertiary age, and are only

partially exposed as the result of profound erosion in conjunction

with plateau-faulting. At certain centres, too, masses of Tei-tiary

plutonic rocks have broken through, and now build the mountains

of Skye, Hum, and Mull. Little systematic Avork had been done

upon these late igneous rocks since the pioneer days of Macculloch,

and Judd threw himself into the task with characteristic energy.

It was no liglit undertaking, for the area is large, much of the

ground is not easily accessible, and no good topographical maps

were then in existence. As the result of his investigations, he was

led to regard the volcanic rocks of the Inner Hebrides as the

products of five great volcanoes, the much-eroded cores of which

are now represented by the chief plutonic complexes of the region.

He recognized further a certain succession in time among the

volcanic rocks, acid lavas and agglomerates being succeeded by

basic. If those who have followed him in the same field, Avorking

under more advantageous conditions, have not confirmed all his

conclusions, the}' have still recognized their great indebtedness to

him who led the way. His results will remain an imjwrtant con-

tribution to the ultimate solution of the j^i'oblem, as Avell as a

memorable example of a generalization boldly conceived and

laboriously worked out.

The memoir which was the outcome of these researches, published

in the Quarterly Journal of the Geological Society in 1874,

atti'acted the notice of some of the leading geologists of the day,

and in this way the author made the acquaintance of Sir Charles

Lyell and Scrope, and later also of Darwin. The friendship and

encouragement of these veterans Avas of great value to the younger

man. It was under Scrope's auspices that he enlarged his know-

ledge of volcanic phenomena by A'isits to the active and extinct

volcanoes of Italy, Hungary, and Bohemia, the results of Avhich
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were seen in a series of papers published in the * G-eological Maga-

zine.' In the course of these studies he was led to consider more

closely the nature of igneous action, and at this time also he first

formed that conception of different ' petrographical provinces

'

which has since proved so fruitful.

The turning-point of Judd's career came in 1876, when he was

chosen to succeed Kamsay as Professor of Geology in the Koyal

School of Mines. The School was then housed in Jermyn Street,

but a little later the Geological division was removed to South

Kensington, where it subsequently became part of the Roj'al

College of Science. Advised by Huxley, and profiting also by

what he had seen in Continental schools of geology, the new

Professor built up a thorough and comprehensive S3'stem of

instruction, in which the practical element occupied a prominent

place. His own extensive knowledge and organizing talent, with

the help of a succession of able assistants of his own training, soon

placed the Royal College of Science in the foremost rank as a

training-school for geologists. The cordial relations which he

always cultivated with his students did not cease when they passed

out of his class, and many geologists at home and abroad still hold

the Professor in grateful remembrance.

His professorial engagements did not, however, preclude other

interests. In 1865 he had been elected a Fellow of this Society,

and in 1878 he had become one of its Secretaries, which office he

held until his election to the Presidency eight years later. In

the same year, too, he had married Jeannie Frances Jeyes, a

niece of the Midland geologist Samuel Sharp. Opportunities for

field-work were now more restricted ; but, besides carrying out

a revision of the Tertiaries of the Hampshire Basin, he found

time to revisit the Western Isles and to make there a large

collection of the igneous rocks. With this material he entered

upon a new line of research, and in the years following he j^roduced

a series of petrographical memoirs remarkable for their originality

and breadth of view. It was more particular^ for this work that

he received in 1891 the award of the Wollaston Medal ; but many
other subjects from time to time engaged his attention, and it is

impossible in a short notice to do justice to the long list of his

published works, showing an activity wliich embraced almost every

branch of geology.

After his retirement in 1905, though his pen was not idle, his

energy began to suffer from the state of his health. A partial
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deafness cut him off from social intercourse, but infirmity did not

imjDair the genial temper, the quiet helpfulness and consideration

for others, which endeared him to his friends. During the last

year of his life he suffered from a nervous malady, under which he

gradually sank, and he died at his residence at Kew on March 3rd,

1916, a fortnight after his 76th birthday.^

Joseph Hein^ry Collixs died on April 12th, 1916, aged 75,

after a long life devoted to the stud}^ of the geology, mineralogy,

chemistrj^, and metallurgy of Cornwall and the Cornish ore-deposits.

Among his numerous scientific writings ma}'- be mentioned his

' Handbook to the Mineralogy of Cornwall & Devon ' (1871) ;

' The Hensbarrow Granite District ' (1878) ;
' Cornish Tin-Stones

& Tin-Capels,' issued in 1888 as a revised edition of papers pre-

viously communicated to the Mineralogical Society" ; and a memoir
' On the Origin & Development of Ore-Deposits of the West of

England,' published in the Journal of the Royal Institution of

Cornwall, 1890-95. He was a well-known figure in Cornwall,

where he was associated with all the local scientific societies. He
received the Henwood Medal of the Royal Institution of Cornwall

in 1893. and the Bolitho Medal of the Royal Geological Society of

Cornwall in 1898. He Avas elected a Fellow of this Societ}^ in

1869, and contributed to its Qviarterly Journal a nmnber of papers

dealing with Cornish geology and with Canadian metalliferous

deposits.

Charles Thomas Clough was born on December 23rd, 1852,

at Huddersfield, where his father held the office of Town Clerk.

From school at Rugby he passed to St. John's College, Cambridge,

and, after graduating in 1874 in the first class of the Natural

Sciences Tripos, joined the Geological Survey. He began work in

Teesdale, and his first original production was a paper on the

section at High Force, read before this Society in 1876. Later he

was engaged in the Cheviot district, and in 1884 he was transferred,

with other members of the staff, from the English to the Scottish

branch. The detailed investigation of the North-West Highlands

was then beginning, and in this work Clough was soon taking an

important part. He was responsible for a portion of the critical

' I have borrowed largely from appreciative notices in the ' Geological

Magazine' for 1905 and 1916.
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area in West Sutherland and also for the Loch Maree district. In

the spring, when the mountains were not 3^et clear of snow, and in

the autumn, when the deer-forests were closed, he was engaged in

the Cowal peninsula of Argyllshire. Later he surveyed much
difficult ground in the Glenelg district, the south-eastern part of

Skye, and Easter Ross.

In 1902 Clough was made a District Geologist, and soon after-

wards took over the charge of the Survey work in Northern

Argyllshire and the Isle of Mull, while he was occupied during

the spring and autumn with the revision of the Scottish coal-fields.

It was in the course of this latter work that he met his death,

being run over in a railway-cutting, and sustaining injuries to

which he succumbed three days later, on August 27th, 1916.

Clough was essentially a geological mapper, and, whether for

skill in unravelling complicated structures, or for minute and

accurate detail, his maps have probably never been equalled. Of

the numerous official miemoirs of which he was author or joint-

author the most important are his parts of ' The Greology of

Cowal,' published in 1897, and ' The Geological Structure of the

North-West Highlands,' issued ten years later. His writings are

characterized by scrupulous accuracy concerning the facts of

observation, combined Avith a conscientious care in the drawing of

conclusions. The reader soon acquires the conviction that any

statement advanced bj^ Clough may be accepted without hesitation.

While deeply absorbed in his geological work, he took also a

keen interest in social questions. His personal tastes and habits

were of the simplest. His gentle nature, his transparent sincerity,

his modesty concerning his own work, and his generous apprecia-

tion of that of others, gave him a warm place in the hearts of all

who knew him. In 1906 he received recognition from this Society

in the form of the Murchison Medal ; from 1908 to 1910 he Avas

President of the Geological Society of Edinburgh
; and onh^ a

month before his death the Universit}" of St. Andrews conferred

upon him the degree of LL.D. He leaves a widow with one son

and two daughters.'&'

By the death of Clemext Keid we have lost an assiduous

worker who, during a Fellowship of forty 3'ears, has done much to

forward the interests of the Societ}", both by his scientific contri-

butions and by his services on the Council. The value and promise

of his work were recosrnized by the award to him of the Mm-chison
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Fund in 1886 and of the Bigsby Medal in 1897. He was elected

into the Koyal Society in 1S99. He served on our Council in

1892-95; and again in 1912-16, being a Vice-President for the

last three of these ^^ears. He also served on the Council of the

Linnean Society.

Born on January 6th, 1853, Reid had the investigator-strain in

his blood, being a great-nephew of Michael rarada3\ He owed

little to early training, for circumstances compelled him to enter

business while still a youth ; but the nascent spirit of research

was stirred in him at the Juvenile Lectures of the Royal Institu-

tion, and he set out courageously to qualify himself for a scientific

career. Overcoming all difficulties, he obtained in 1874 a post on

the G-eological Survey as Assistant- Geologist, and entered with

enthusiasm upon what was to be his life's work. After a short

spell in the South-West of England, his duties took him to the

Eastern Counties and to the investigation of the complicated

Pliocene and Pleistocene deposits of the Norfolk coast, a task in

which he quickly proved his ability both as geologist and as

naturalist. In the course of this work he devoted special attention

to the discovery and identification of the seeds of plants contained

in some of the deposits. This branch of research he afterwards

continued to pursue with conspicuous success, and became recog-

nized as a leading authority on the subject among Continental as

well as British geologists.

Reid was next engaged on the north-eastern moorlands of York-

shire, and afterwards in Holderness and East Lincolnshire. Later

he was sent to map the South Downs and the coastal tract of

Sussex, passing thence through Hampshire and part of the Isle of

Wight into Dorset and Wiltshire. His descriptions of these areas

are contained in a series vi official memoirs published between the

years 1882 and 1903, and they are characterized, as are all his

writings, by clarity of expression and a grip of essentials. Mean-

while he had produced also a general monograph on the Pliocene

deposits of Britain, during the pre25aration of which he paid visits,

for purposes of comparison, to Belgium and Italy. His researches,

however, never stopped at the bounds of his official duty : all his

leisure was spent in furthering the studies which he had at heart,

and he was ever ready to bestow time and pains in helping any

otlier worker wlio stood in need of his special knowledge. His

papers contributed to scientific societies and periodicals were many,

and cover a wide range of subjects, but especialh^ the plant-life
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of the later geological periods, the climatic conditions indicated by

various kinds of deposits, and questions relating to the early histor}'^

of Man in this country. By theii' subject-matter and the able

manner of its presentment some of these papers have taken a

standard place in geological literature.

In 1897 Reid married Miss Eleanor M. Wynne Edwards, who

took an active share in most of his later work. In 1899 he summed

up his knowledge of the botanical conditions of the past in a book

entitled ' The Origin of the British Flora,' which appealed equally

to geologists and to botanists ; and later, in 1913, he dealt in the

same way with the subject of our ' Submerged Forests.' After

his promotion in 1901 to the rank of District Greologist, he was in

charge of the Survey work in the difficult area of Cornwall and

Devon. This was completed in 1909, and the results are recorded

in memoirs written in conjunction with his colleagues. It was in

recognition of this work that Reid received the Bolitho Medal of

the Royal Greological Society of Cornwall. In 1908 he made a

visit to Cyprus, for the purpose of advising the Colonial Office on

matters connected with the water-supply of the island. From
1909 until his retirement from official life early in 1913, he had

charge of the survey of the area round London.

Freed from the traunnels of office, Reid left London for the

quiet of a new home at Milford-on-Sea, on the borders of the New
Forest, where he concentrated his energies upon palseobotanical

researches. Among other studies, he made, in collaboration with

his wife, a thorough examination of the interesting plant-fossils

from Holland, which were described in a series of joint papers

upon the Pliocene flora of the Dutch-Prussian border. He also

began with Mr. J. Grroves a promising investigation of the fossil

Characese, some of the first results of which were brought before

this Society only a few weeks ago. But the check came when he

was in full career, with every prospect of further achievement.

He died after a short illness, and without much suffering, on

December 10th, 1916.

Clement Reid's sincerity of mind and unswerving devotion to

the pursuit of knowledge were apparent to all who knew him.

His writings constantly evince a sense of the imperfection of our

present attainment and the 'tentative character of the results

achieved. Always he lays stress upon the need for more facts, and

avoids the temptation to round off artificially the work already

done. In his outlook he was essentially a naturalist, and he
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deprecated an}^ attempt to solve the problems of the earth's past

from geological data alone. He persevered to the end in his

self-appointed task, and his latest thoughts were still for his

work. [a. W. L.]

The death of Bedeoed McNeill, at the age of 55, takes fi-om

us a prominent exponent of Applied Geology, and deprives the

Societ}^ of a valued officer. Trained at the Eoyal School of Mines,

Jermyn Street, he entered upon his profession of mining engineer

in 1880, and was employed to inspect and report on mines in

Mexico, Colorado, and other parts of the world. Settling later

in London, he became consulting engineer to a nmnberof important

mining companies, and attained a leading place in the profession.

In the year 1913-14 he w^as President of the Institution of Mining

& Metallurgy, and his Address on that occasion showed that he

held high views as regards the importance of geological science in

relation to all mining undertakings. His intervals of leisure Avere

employed during many years in compiling the Telegraphic Code

which has made his name widely known, a work of much careful

labour, which was first issued in 1893, and was revised and enlarged

in 1908.

Bedford McNeill had become a Fellow of this Society in 1888.

He served on the Council in 1904-1907, and at the time of his

death had held for four years the important office of Treasurer.

His loss is deplored by a large circle of friends, to whom his happy

disposition and genial humour rendered him always welcome. He
died at his residence at Claygate (Surrey), after a short illness,

on September 18th, 1916, leaving a widow but no famil}^

Charles Barri:ngtox BuowiN- was born at Cape Breton (Nova

Scotia), and educated at Harvard University and at the Eoj^al

School of Mines in Jerm^^n Street. His father, Kichard Brown,

author of several papers on Cape Breton in the early volumes of om*

Quarterly Journal, was a close friend of Sir Charles Lyell, and it

was through Lyell that the younger Brown was appointed to the

Geological Survey of the West Indies (Jamaica) and of British

Guiana. The results of this work are contained in valuable reports,

written in conjunction with J. G. Sawkins and published in 1869

and 1875. Brown was an explorer as well as a geologist. In 1870

he discovered the famous Kaieteur Falls on the Potaro Kiver in

British Guiana, and between 1873 and 1875 he travelled 15,000
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miles on the Amazon and its tributaries. Later he Avas engaged

chiefly in the exploitation of gem-stones in Bm-ma, North Carolina,

Ceylon, and New South Wales ; and in particular his memoir on

the rubies of Burma, written in collaboration with Prof. Judd, was

an important contribution to the natural histor}^ of corundum.

By the testimony of those who knew him best, Barrington

Brown's success as an explorer was made possible b}^ personal

qualities which endeared him to men of all kinds, and especially by

an evident sincerit}^ which caused him to be universally trusted.

In his later years he suffered from the effects of fevers contracted

during many tropical journeys, but he had reached his seventy-

eighth year when he died on February 13th, 1917. He had been

a Fellow of "this Society since 1879.

He]V'RT Rosales, probably the oldest Fellow on our list, in

which his name first appeared in 1877, was well known as a

geologist and mining engineer in Victoria for more than sixty

years. Born in Spain, he received his training at Freiberg, and

went out to Australia, where he was engaged on the Ballarat and

other gold-fields of Central Victoria. His first communication

to this Society was made in 1855, and he was the author of

numerous contributions to mining journals and to the publica-

tions of the Greological Survey of Victoria. He also made a

valuable collection of minerals, which he presented to the Uni-

versity of Melbourne. Retiring from professional life thirty years

ago, he continued to take an interest in geological and mining

problems, and retained to the last his keen intellectual faculties.

He died at Melbom-ne in May, 1916, aged 94.

Walter Edward Koch was born on March 19th, 1848, and

was educated at Marlborough, at King's College, London, and at

St. John's College, Cambridge. He adopted the profession of

mining engineer, and for the last thirty years of his life was

engaged in mining work in various parts of America. He became

a Fellow of tliis Society in 1869, and, though he did not contribute

to our Journal, always preserved his interest in geolog}^ as well as

chemistry. At the time of his death he had in hand a series of

experiments on the effects produced in rocks at high temperatures.

He died on May 25th, 1916, at El Paso (Texas), where he was

manager of the famous quicksilver-mines of Terlingua.

YOL. LXXIII. e
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Feais'k Fowlee, who died on January 16th, 1917, aged 53, was

a well-known Grovernment official in Bntish Gruiana. There he

was born and educated, and his life was spent in the Ci\TLl Sei'vice

of the Colony. At the time of his death he had fiUed for fourteen

years the office of Commissioner of Lands and Mines. He was

elected into this Society in 1910.

Chaeles Dawsok, though born in Lancashire, passed most of

his life in Sussex. There, while following the profession of solicitor,

he found time to gratify his interest in geology and archaeology.

He devoted much attention to the reptilian remains in the Wealden

formation, and made a valuable collection, which is now deposited

in the British Museum (Xatm-al History). Later he was attracted

to the study of prehistoric man, and his name became wddely

known in connexion mth his discovery of the Piltdown skull.

Of this, with Dr. Smith Woodward as coadjutor, he communi-

cated an account to oui' Society in Deceiiiber, 1912. He died at

Lewes, after a protracted illness, on August 10th. 1916. He had

been a Fellow of our Society since 1885.

Thomas de Couecy Meade, who died on February 13th, 1916,

had held since 1894 the post of City Surveyor at Manchester.

There his most important work was done in connexion with the

ne^v drainage scheme of the city, on which he read a paper to the

Engineering Section of the British Association in 1915. He was

elected a Fellow of this Society in 1891, and was also a member of

the Institutions both of Civil and of Mechanical Engineers.

Lastly, we have to lament the premature death of five of our

younger Fellows, who have fallen while fighting for their countiy

and for the cause of civilization. Eeginald Cooksey Bueton,

Assistant-Superintendent on the Geological Sm'vey of India,

attached to the 104th Rifles in Mesopotamia, was wounded in

action on April 8th, 1916, and died on the following day, aged 26.

During three years of service in India he had done good Avork,

especially in connexion with the gneisses of the Centi-al Provinces

and the origin of the Seoni bauxites ; and the Director of the

Survey describes him as ' one of the most promising, as well as one

of the most popular, of its younger members.' Richaed Roy
Lewee, Lieutenant in the King's Royal Rifles, eldest son of

Mr. H. W. Lewer, of Priors, Loughton (Essex), was wounded on
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July 15th, 1916, on the Western Front, and died six days later,

aged 26. He had already done useful Avork in the oil-fields of

Burma, Russia, and Western Canada. Archibald William
RoBERTSOX Don, Lieutenant in the Black Watch, fourth son of

Mr. R. B. Don, of Tealing House (Forfarshire), died in hospital

in Greece on September 11th, 1916, aged 25. The keen interest

in Geology which he had shown as an undergraduate at Cambridge

was not lost when he quitted the University to enter the medical

profession, and his researches on Farka decipiens seemed to hold

the promise of much good work in the future. James Cowie

Simpson, Lieutenant in the Royal Engineers, eldest son of the

late Mr. Watson Simpson of Edinburgh, was killed m action on

December 4th, 1916, aged 31 ; and Ralph Hawtrey, also a

Lieutenant in the Royal Engineers, son of the late Mr. Montagu

Hawtrey, of Shanghai, was killed in action on September 3rd,

1916.

Some Aspects of I&xeous Action in Britain.

It has often been pointed out that, for so small an area, the strati-

graphical record in Britain is a remarkably varied one, bearing

witness to many vicissitudes of physical conditions in this part of

the earth's surface. To this may be attributed in some measure

the lead which British workers-have so often taken in the develop-

ment of stratigraphical geology. It is equally true that the record

of igneous activity in our area is full and varied to an extent not to

be paralleled elsewhere. Whether here also we have always lived

up to our privileges I will not now enquire, but it will be granted

that in the last quarter of a century, at least, much valuable work

has been done in this field. In this revival of interest, shown both

on the Geological Survey and among individual workers, we can

trace especially the influence of Sir Archibald Geikie. The masterly

account of igneous action in Britain, Avhich he gave from this

Chair in 1891-92, was expanded subsequently to the compass of

two large volumes, but it would to-day need to be much further

amplified in order to include the results of later researches. I must

be content to choose a single aspect of this large subject, and

I propose to consider it from the point of view of the relation

between igneous action and crust-movements. The link

e2
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connecting these two classes of effects is found in the consideration

that both afford relief to the unequal stresses ^vhich are continually

being set up in the earth's crust by causes regional as Avell as

cosmic.

To enquire into ultimate causes is no part of my design. Mellard

Keade showed long ago how mountain-building moYements result

from prolonged sedimentation in a slowly subsiding geosynclinal

basin, but the general problem seems to inyolve also other factors.

There is in the greater orogenic displacements an element of uni-

lateral progression, which leads us to picture them in imagination

as gigantic wayes. In the broad structure of Eurojje we see the

results of four successiye earth-wayes of the largest order, all

adyancing in a general sense from the south. The actual belts

of folding, as laid down on a map, show sweeping curves, with a

certain amount of interlocking. At one place only do three of

these belts come together within a relatiyeh' narrow space, and it is

precisely in this significant situation that the British Isles lie.

The unique advantages enjoyed by British geologists, to which I

have adverted, result then from the fact that three systems of crust-

movements, at widely separated ejDOchs, the Lewisian, the Cale-

donian, and the Hercynian, have all contributed to the building of

our counfay. Moreover, the whole history of Britain can be viewed

in relation to these cardinal events, and only when so regarded

appears as a coherent sequence. Especially is this true of igneous

action, since fluid, or partly fluid, or potentially fluid, rock-material

is necessarily more responsive to changes in stress-conditions than

the solid crust itself. Accordingly, each great system of crust-

movement has been attended by a display of igneous activity,

related to it in a manner which clearly bespeaks some underh'ing

law of causation. There is in each case evidence of extensive

plutonic inti-usion within the disturbed area, either at the crisis of

the disturbance, or following it after no long interval by geological

reckoning. These copious intrusions of magma, no pai*t of which

reached the surface, are not only events of the first magnitude, but

seem to differ functionally from the igneous action which chai-ac-

terizes other stao'es of the cvcle. This more diffused actixdtv,

taking the form of extrusion as well as intrusion, is develojDed

during the gathering of crustal stress before the critical epoch, and

again especially in the later waning stages. It has many features

suggesting that the several episodes which can be distinguished

have their jn-oper places in an ordered sequence. When there has
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been igneous action during a season of relative quiescence, this too

has its own significant characteristics.

We shall not, however, ap2:)reciate fully the relation between

igneous action and crustal stress, unless we have regard also to the

petrographical facies of the rocks erupted at different phases of a

complete cycle. It is becoming increasingly evident that magmatic

differentiation is closely bound up with progressive crystallization,

the essential factor being a separation, or partial separation, effected

between the crystalline and the fluid portions at one stage or

another of the process. Thanks to the researches of the Washington

chemists, this doctrine now rests upon a basis of laboratory experi-

ment, and Dr. Bowen has recently put forw^ard a general theory of

primary differentiation founded upon this direct evidence. The series

of successive ' fractions ' begins with terms rich first in magnesian

and next in calcic silicates, and shows then a steady increase both

in alkalies and in silica. So far this agrees with what has been so

often observed in a series of related plutonic intrusions, following

one another in an order of increasing acidity with falling tempe-

rature. Bowen shows, however, that a rock rich in alkali-felspars

and free silica need not represent the final term. The continued

concentration of water and other gases in the residual magma gives

rise in the later stages to hydrolysis and analogous reactions, by

which the progress of crystallization is much modified. This

appears in the formation of orthosilicate micas in the presence of

free silica, and finally in the ])roduction of nepheline and other

basic alkaline silicates at the expense of the albite molecule. The

differentiation-series is thus extended by the addition of new terms,

still increasingly rich in alkali, and specifically in soda, but now

with a diminishing content of silica. The empirical law of in-

creasing acidity must therefore be replaced by one of increasing

alkalinity. An ideal complete series would begin with an ultra-

basic type, such as a peridotite, devoid of alkali, and end with

another ultrabasic iji:>e, such as an ijolite, very rich in alkali.

This doctrine, for which much geological as well as chemical

evidence can be adduced, throws an interesting new light upon the

mutual relations of igneous rocks. For my present purpose it is

sufficient to emphasize the general rule to be deduced from it. If

at any stage of progressive crystallization, or progressive fusion, a

separation or partial separation is brought about between the fluid

and the crystalline part, the former will be i-elatively rich in alkali,

and particularly in soda, while the latter reciprocally will be rich in
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connecting these two classes of effects is found in the consideration

that both afford rehef to the unequal stresses which are continually

being set up in tlie earth's crast bv causes regional as well as

cosmic.

To enquire into ultimate causes is no paii: of my design. Mellard

Eeade showed long ago how mountain-building movements result

from prolonged sedimentation in a slowly subsiding geosynclinal

basin, but the general problem seems to involve also other factors.

There is in the greater orogenic displacements an element of uni-

lateral progression, which leads us to picture them in imagination

as gigantic waves. In the broad structure of Em-ope we see the

results of four successive earth-waves of the largest order, all

advancing in a general sense from the south. The actual belts

of folding, as laid down on a map, show sweeping curves, with a

certain amount of interlocking. At one place only do three of

these belts come together within a relatively narrow space, and it is

precisely in this significant situation that the British Isles lie.

The unique advantages enjoyed by British geologists, to which I

have adverted, result then from the fact that three systems of crust-

movements, at widely separated epochs, the Lewisian, the Cale-

donian, and the Hercynian. have all contributed to the building of

our country. Moreover, the whole history of Britain can be viewed

in relation to these cardinal events, and only when so regarded

appears as a coherent sequence. Especially is this true of igneous

action, since fluid, or pai-th' fluid, or potentially fluid, rock-material

is necessarily more responsive to changes in stress-conditions than

the solid crust itself. Accordingly, each great system of crust-

movement has been attended by a display of igneous activity,

related to it in a manner Avhich clearly bespeaks some underlying

law of causation. There is in each case evidence of extensive

plutonic inti'usion within the disturbed area, either at the crisis of

the disturbance, or following it after no long interval by geological

reckoning. These copious intrusions of magma, no pai-t of which

reached the surface, are not only events of the first magnitude, but

seem to differ functionally from the igneous action which charac-

terizes other stages of the cycle. This more diffused activity,

taking the form of exti'usion as Avell as intrusion, is developed

during the gathering of crustal stress before the critical epoch, and

again especially in the later waning stages. It has many features

suggesting that the several episodes which can be distinguished

have their ])roper jjlaces in an ordered sequence. When there has
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been igneous action during a season of relative quiescence, this too

has its own significant characteristics.

We shall not, however, appreciate fulh^ the relation between

igneous action and crustai stress, unless we have regard also to the

petrographical facies of the rocks erupted at different phases of a

complete cvcle. It is becoming increasingly evident that magmatic

differentiation is closely bound up with progressive cr3'Stallization,

the essential factor being a separation, or partial separation, effected

between the crystalline and the fluid portions at one stage or

another of the process. Thanks to the researches of the Washington

chemists, this doctrine now rests upon a basis of laboratory experi-

ment, and Dr. Bowen has recently put forward a general theory of

primary differentiation founded upon this direct evidence. The series

of successive ' fractions ' begins with terms rich first in magnesian

and next in calcic silicates, and shows then a steady increase both

in alkalies and in silica. So far this agrees with what has been so

often observed in a series of related plutonic intrusions, following

one another in an order of increasing acidity with falling tempe-

rature. Bowen shows, however, that a rock rich in alkali-felspars

and free silica need not represent the final term. The continued

concentration of water and other gases in the residual magma gives

rise in the later stages to hydrolj^sis and analogous reactions, by

which the progress of crystallization is much modified. This

appears in the formation of orthosilicate micas in the presence of

free silica, and finally in the production of nepheline and other

basic alkaline silicates at the expense of the albite molecule. The

differentiation -series is thus extended by the addition of new terms,

still increasingly rich in alkali, and specifically in soda, but now

with a diminishing content of silica. The empirical law of in-

creasing acidity must therefore be replaced by one of increasing

alkalinity. An ideal complete series would begin Avith an ultra-

basic type, such as a peridotite, devoid of alkali, and end with

another ultrabasic type, such as an ijolite, ver}^ rich in alkali.

This doctrine, for which much geological as well as chemical

evidence can be adduced, throws an interesting new light upon the

mutual relations of igneous rocks. For my present purpose it is

sufficient to emphasize the general rule to be deduced from it. If

at any stage of progressive crystallization, or progressive fusion, a

separation or partial separation is brought about between the fluid

and the crystalline part, the former will be relatively lich in alkali,

and particularly in soda, while the latter reciprocal^ will be rich in



Ixx PEOCEEDI>'GS OF THE GEOLOGICAL SOCIETY. [vol. Ixxiii,

lime and magnesia. As regards the mechanism of such separation,

Bowen lavs stress especially upon the sinking of crystals in a mass

which is still mainly liquid. Simple physical considemtions, how-

eyer, tell us that a great liquid or mainly liquid reservoir within

the earth's crust can haye only a temporary status. It is doubtless

incidental to the existence of much more extensiye tracts of the

lower crust in a semi-liquid state, that is, as a liquid crowded with

crystals or a crystalline fabric with interstitial liquid. Such a

condition must be postulated beneath any region which is the

theatre of long-continued igneous activit\% and a mass so constituted

possesses remarkable properties. In particular, it is very sensitiye

to unequally distributed stress, the liquid part tending to be driyen

from places of greater to places of less stress. When in such a

region an unequal disti'ibution of crustal stress is maintained suffi-

ciently long, there will be a continued flux of the interstitial

magma, which will be driven out from areas of special disturbance

to accumulate beneath areas of relatiye quiescence. If, in addition

to this lateral displacement, the magma works its way into the

upper crust or to the surface, highly alkaline rock-t^^pes may result.

Otherwise, and more generally, the magma so displaced will go to

impart a more or less marked richness in alkali to the crust beneath

the undisturbed areas, and the effect may be seen only at some later

epoch and in a less extreme manifestation.

The doctrine of two classes of igneous rocks, alkaline and calcic,

liaving a significant geographical distribution in relation to the

great tectonic features of the globe, has, then, a certain justification.

It does not, of com-se, imply any shar23 diyision ; and perhajDs the

more philosophical conception is that of two opposite petrographical

poles, towards which igneous rocks tend as a result of primary

differentiation. There is naturally some complication introduced

by subsequent processes, giving rise to the great diversit}^ of igneous

rocks known to petrograj)hers ; and these later processes may some-

times obscure, as regards individual rock-t^pes, the primary

characteristics.

To illustrate these general remarks, and to put to the test the

element of hypothesis which they contain, I propose to recall

rapidly the leading events in the igneous history of the British

area. We are met at the outset by a difiiculty which arises from

lack of full knowledge. There is only one part of the country,

namely : the Scottish Highlands, where any large expanse of the
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oldest rocks can be seen, and much study of that difficult region has

left some fundamental questions still unsettled. It is not yet a

matter of common agreement whether the ' Older ' Grabbros and

Granites of the South-Eastern Highlands belong to the same

epoch as the Lewisian of the North-West, or to a distinct and much
later epoch.

Leaving this question and others for future solution, we may note

meanwhile some very instructive features of these ancient plutonic

intrusions. The rocks are of calcic facies, like all other rocks

intruded in close connexion with powerful lateral thinist. In this

case the connexion is of the closest possible kind. In the South-

Eastern Highlands especially it is clearly seen that the earliest

inti'usions of magma preceded the clunax of the disturbance, so that

the basic members of this rock-series met the brunt as rocks already

solid ; while the later and more acid magmas were intruded near

the height of the mechanical disturbance, and during its decline.

The further circumstance that the region was long maintained at a

high temperature had an interesting consequence ; for the stmining-

off process, which I have pictured as taking place in the deeper

crust, was here effected at a level which is now exposed to view.

How in this way broad fringes of pegmatite have been squeezed out

from the half-consolidated gi-anites has been well described by

Mr. G-eorge BaiTow. The pegmatites are often rich in microcline

and muscovite, but this is the limit of their approach towards the

alkaline pole. It is instructive to compare these Scottish Archsean

granites with those which build the gi-eat Lam*entian batholites of

Lower Canada, intruded under very different mechanical conditions.

There we find a fringe of albite-gi-anite, albite-syenite, and finally

nej)heline-syenite and ijolite. The close s^^nchronism of the British

Archaean inti'usions mth powerful lateral thrust finds a parallel,

however, in many other parts of the world, and the fact is of prime

imjDortance in relation to the crystalline schists. The older sedi-

ments were recrystallized under the influence of great stress as well

as high temperature, a conjunction not realized on the same exten-

sive scale at an}" subsequent period.

What has been remarked of the ' Older ' plutonic intrusions of the

South-Eastern Highlands seems to be true also in the main of the

Lewisian series, assigned on the view most widely held to an earlier

epoch, and so to an earlier system of crust-movement. Erosion,

however, has exposed lower levels in the North-West, and thus has

presented us with a different aspect of the igneous economy. In
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particular, the more basic members of the series are much more in

evidence, as also the invasion of these by the later acid rocks with

resultant intermingling and hybridism.

Time does not permit me to do more than mention the Archaean

crystalline rocks of North-Western Ireland, of Central Anglesey,

of Malvern and the Wrekin, and of the English Channel tract. I

pass on to the Dalradian Series, belonging on the more generally

accepted view to some time between the Lewisian crust-movements

and those to Avhich the ' Older G-ranites ' of the South-Eastern

Highlands were related, but on Mr. Bari-ow's reading older than

the one great Archaean system of mountain-building in that

region. Whatever ma}^ be their chronological relations, it appears

that these ancient sediments, now^ so highly disturbed, were laid

down in a basin wdiich was undergoing a slow subsidence but no

movement of the natrure of folding. This is to be inferred from

the extension of the series and the persistence of the same types of

sediment over wide areas. Contemporaneous igneous action is

indicated, on no great scale, but of very distinctive type. Specially

characteristic are the spilite-lavas in the Loch Aw^e group of Knap-

dale, wdth their associated intrusions of albite-dolerite and soda-

felsite. If the spilites seen in North Glen Sannox (Arran) are in

their original relations, which I see no reason to doubt, they afford

evidence of similar eruptions at a low^er horizon. The 'pillow-lavas
'

and associated volcanic rocks of County Tja'one were likewise

referred b}'- Sir Archibald Geikie to a Dalradian age, and, although

he has retracted this opinion, the materials for a final judgment

are still to be gathered. Probably to this age, and certainly to a

very early pre-Cambrian epoch, belong the ' Green Kocks ' studied

by Mr. Greenly in Anglesey and by Dr. Matley on Bardsey and the

coast of Lleyn. These reproduce the same characteristic types,

both effusive and intrusive.

The oldest volcanic rocks in Britain have, then, a common petro-

graphical facies, and with them are associated intrusive rocks also

of certain well-defined types. The chief characteristic of the whole

is a richness in sodic felspars. Mr. H. Dewey & Dr. J. S. Flett have

shown that the same association of i-ock-types recm's in the British

area at several later epochs, and they consider that it is peculiar to

' districts that have undergone a long-continued and gentle subsidence, with

few or slight upward movements, and no important faulting.'

In several parts of Wales and the English Midlands we have

evidence of igneous activity at a much later period of pre-Cambrian
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history. Although there are no data for correlating the rocks of

the isolated areas, it is clear that the^^ all belong to a time when

the main Ai-chaean crust-movements were past. It does not follow

that the conditions as regards crustal stress were the same in

the several disti-icts, and the observed petrogra])hical dilferences are

probabh^ not without significance. In Pembrokeshire there seems

to be no noteworthy break between the volcanic series and the

succeeding Cambrian, and indeed the basic intrusions which repre-

sent the latest igneous episode sometimes penetrate the Lower

Cambrian strata. The old lavas and tuffs here have been studied

onh^ in part, but soda-rh^^olites seem to be the most cliaraeteristic

type. The associated intrusions in the Brawdy and St. David's

districts, as described by Dr. H. H. Thomas & Prof. 0. T. Jones,

include especially albite-granites, and the plutonic complex of

Johnston is also composed of rocks rich in sodic felspars. In this

area, not affected by any contemporaneous disturbance, the rocks

have, then, a pronounced alkaline facies. Herein they differ from

the probably homotaxial rocks of the Wrekin and Malvern, Bangor

and Llanberis, areas which lay close to centres of Lewisian in-

trusion, and were perhaps still under the influence of special stress.

With the Paheozoic era we enter upon a time concerning which

we possess much fuller information. Some leading features of the

broad structure of our country were already roughly blocked out,

and have exerted a dominant influence upon subsequent events. To

the north- we^t was the large cr^^stalline mass of which the Scottish

Highlands and North-Western Ireland are relics, consisting of great

plutonic cores with their aureole of metamorphosed sediments.

This, with a general north-easterly and south-westerly extension,

marks rovighly one limit of the geosyncline in which our LoAver

Palaeozoic strata were laid down. As regards the southern limit,

there are many indications of an important Archaean tract on the

site of the English Channel ; and it may well be that what we

regard as the Armorican trend was already impressed on the

southern part of the British area, as the Caledonian trend Avas on

the northern. The geosyncline thus bounded was not a simple

one, but contained within it minor features, likewise of Archaean

age, which continued to make their influence felt at later times.

During the deposition of the Cambrian and earlier Ordovician

sediments this area was undergoing a general subsidence. The

dowuAvard movement, however, was neither equable in extent nor

I
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uniform in rate, and was at times interrupted and loeallv reversed.

In particular, the Ordovician conditions were ushered in bv differ-

ential vertical movements, which accentuated the geosynclinal

structure, defining more strictly the north-western border, pro-

bably the southern too, and developing areas of relative elevation

in the interior, which were broadly of the nature of horsts. It

was about this time that igneous action was initiated, breaking out

in the marginal pai-t of the basin, and affording relief to the

differential stresses which there attained their maximum.

Following upon a prolonged gentle subsidence, not complicated

by any movements indicative of lateml thrust, these early eruptions

had everywhere a pronounced alkaline, that is, sodic, facies. The

earliest, which broke out close to the actual borders, all belong to

the ' spilitic series ' of Dewey & Flett. The predominant basic

lavas are typical spilites, and, if acid types occur, they are soda-

rhyolites with corresponding tuffs. The associated intrusive rocks

are of types constantly found in this connexion, such as albite-

dolerites and soda-granite-porphp-ies. Here comes the volcanic

series of which relics are found along the actual Highland Border,

especially in Forfarshire and Kincardineshire. The volcanic belt

is perhaps prolonged fai-ther south-westwards, for to this series

Mr. Gunn has referred the North Glen Sannox spilites and Su*

Archibald Geikie the volcanic rocks of T^'rone. In Cornwall the

spilites of the Lizard and Gorran Haven seem to preserve relics of a

similar train of volcanic centres on the southern border of our area.

The age of the eruptions in these several districts cannot alwa^'s be

fixed with precision. They are commonly referred to the Arenig,

but on the Highland Border at least they may, according to

Dr. Campbell, be Upper Cambrian.

From this narrow border-belt igneous acti^'ity shifted to a

^vider belt lying somewhat within the border. The eruptions here

were on a grander scale. Dating from the Arenig, they continued

in some districts into part of Llandeilo time. In addition to the

spilitic series, the rocks of this submarginal belt include other types,

likewise characterized by richness in sodic felspars. Here belong in

the north the volcanic districts of the Southern Uplands of Scot-

land, extending from Girvan and Glenluce to the Muirfoot Hills

in Peebleshire, and in the west the Lower Palaeozoic inliers of the

Lough Mask district, described by Prof. Eeynolds & Mr. Gardiner.

It may be remarked that the plutonic complex of Girvan consists

of calcic types of rocks, and in the Irish district also the associated
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intrusive rocks are only in part of strongly sodic nature. The

intrusions are of later date than the volcanic outj)Ourings—some in

the Lough Mask area are post-Llandover}'-—and a change in the

sti'ess conditions ma}^ be presumed. We shall see later that calcic

intrusive rocks may be found in closer relation with volcanic rocks

of alkaline nature, and that the seeming anomaly is in accordance

with the principles laid down.

In the south the submarginal belt of activity includes the

voleaiiic districts of Pembrokeshire, our knowledge of which has

been much enlarged in recent years. The lavas of Skomer Island,

described by Dr. H. H. Thomas, include a range from soda-rhyolites

through various types of soda-trachytes to mugearites and olivine

-

basalts. To the same series we may probably refer the soda-

rhyolites of Trefgarn, near Haverfordwest, and perhaps the volcanic

group of Llangynog, near Caermarthen. This is described as

consisting of augite-andesites and rhj^olites ; but the former seem

to be of mugearitic rather than andesitic affinities, and so make no

exception to the general alkaline facies.

These various occurrences are probably all low down in the

Arenig ; but those of North Pembrokeshire belong to higher hori-

zons, indicating a progressive displacement of the theatre of

activity towards the interior of the geosj^ncline. The ceratophyres

of Abercastle are intercalated in the Tetragraptus Beds, while the

soda-rhyolites and rhyolite-tuffs of Llanrian are in the upper part

of the Didymograptus-hifidtis Zone, and the fuller development at

Fishguard is probably at about the same horizon. Here, in

addition to soda-rhyolites, Dr. Cox has recognized typical spilites.

They were succeeded by basic intrusions, mostly in the form of

irregular sills. In these the stronglj^ alkaline nature is sometimes

less pronounced, but the dolerites of Fishguard have an oligoclase-

andesine as their dominant felspar, and the thick sills of St. David's

Head, probably of the same series, show albitization.

In the interior of the British geosyncline late Cambrian and

early Ordovician eruj^tions were not wholly wanting, bu.t they were

on a feeble scale, and were confined to the neighbourhood of areas

which had already acquired special tectonic importance. If any

outbreak occurred on the borders of the Archaean horst of

Anglesey, the evidence of it has been lost. But the Harlech

anticline had alread}^ declared itself, perhaps as the reassertion of a

concealed Archaean centre, and on its skirts the first effects of

vulcanism were localized. The lavas in the Upper LingiiJa Flags
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of Dolgellv are much albitized, and appear to be spilites. The

crystal-tuffs and agglomerates of Rhobell Fawr, immediately

underlying the base of the Ordovician, resemble those of the

Sanquhar district of Dumfries-shire, and will probably be found

likewise to have alkaline affinities. Later came the soda-rhyolites

of Dolgellv and Cader Idris, assigned by Mr. P. Lake & Prof.

S. H. Reynolds to a LoAver or Middle Arenig age, and on the

other side of the Harlech dome Prof. 0. T. Jones has noted spilite-

lavas in the Lower Arenig of the Lleyn.

So far. the only important crust-movements had been of the

nature of a slow subsidence. The igneous action connected with

the subsidence shows a certain symmetrical disposition relative to

the shape of the geosynclinal region, and the general alkaline

nature of the igneous rocks is significant in the same sense.

Towards the close of the Arenig age, however, a change in all these

conditions begins to be evident. It is clearlv related to the coming

in of a certain element of lateral thrust, a premonition of that

which attained a much greater intensity at a later time. The

symmetry of arrangement gave place to a decided unilateral

disposition. By the accentuation of old features and the develop-

ment of some new ones, the original geosyncline came to be divided

into areas which can for many purposes be considered separately,

and in each of them the unilateral factor, related to a thrust

coming from the south or south-east, is apparent. The vigorous

outbreak of igneous activity which ensued was comprised mainly

in Llandeilo time, and its products are found to dift'er significantly

fi'om those of the earliei' eruptions, the spilitic series giving way

largely to the andesitic.

I vnW consider especially the Welsh part of the region, since

there our information is relatively full. It was in some measure

isolated by the presence, on what may be tei'med its * lee side,'-of

the old massif of Anglesey. In front of this, as we now see it,

and having the same north-easterly and south-westerly direction,

are the two parallel ridges in which the younger pre-Cambrian rocks

emerge, one extending from Bangor to Caernarvon and the other

passing near Llanberis. The initiation of these ridges seems to

have been an early consequence of the slowly gathering thrust,

and they played the part of outworks to the Anglese}' barrier. A
broader uplift, with the same Caledonian trend, was developed

through Shropshire and Radnorshire, and, though too gentle an

undulation to act as a buttress, probably had its infiuence on the

distribution of eruptions in the area.
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The widespread vulcanicit^^ of Arenig times in South Wales

had died out, and the new theatre of activity lay farther north.

Eruptions broke out on the flanks of the new central anticline,

both in Radnorshire and in Shropshire. In Merioneth the vul-

canicit}^ prolonged through the whole of Llandeilo time, M'as on a

larger scale. It is represented by a great thickness of fragmental

accumulations, together with andesitic sills which, as Prof. Fearn-

sides has shown, were closeh'' bound up with the volcanic episode.

In Caernarvonshire, in addition to explosive outbursts, there was a

great outpouring of lavas. The district there affected, centreing

in Snowdonia, extends in one direction beyond Conw}^ and in the

other into the Lleyn peninsula. The maximum energy of this age

in Wales was thus displa3^ed along a belt immediately fronting the

Llanberis ridge ; but at that boundary it came abruptly to a stop.

The several volcanic dist]-icts show nearly the same petrographical

types, folloAving one another in the same order of decreasing basi-

city, but with significant points of difference. In the Wells

district of Radnorshire basalts were succeeded by hypersthene-

andesites, and these finally b}' rhyolites. About Arenig Fawr, in

Merioneth, the earliest term of this sequence is wanting. First

come agglomerates and tuffs of hypersthene-andesite composition,

then, after an interval, more acid andesitic material, followed by

dacitic and finall}^ rhyolitic. In Snowdonia, not merely are basalts

lacking, but p3a'oxene-andesites are only feebly represented. The

great pile of lavas, with subordinate tuffs, is first dacitic and then

rhyolitic in composition, reaching also a higher degree of acidity

than is found elsewhere. The earlier types of the sequence are

thus better represented in the south, and the later in the north.

In the Shropshire district, lying somewhat aside from the main

line of thrust, the volcanic record is m^ueh scantier, and is also

spread over a longer time. After the Stapeley andesitic ashes,

which seem to correspond with the lowest group of Arenig FaAvr,

the Llandeilo strata here show no sign of contemporaneous vul-

canicity, and the completion of the sequence is represented in the

Bala Series by the Hagley and Whittery ashes, the admixture of

rhyolitic with andesitic material in the latter marking the final

phase.

The change from an alkaline to a calcic facies, which marked

the Llandeilo epoch, did not necessarily take effect simultaneously

in different areas. In the Cader Idris district the spilitic type

seems to have persisted while andesitic eruptions were breaking out
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elsewhere, for Dr. Cox has recognized as spilites the thick group of

lavas which forms the summit of the mountain, and with these

may probably be connected the intrusive sill of soda-granophyre

which makes so prominent a feature.

The intercalation in the volcanic sequence of sills which were

intruded almost contemporaneously is a noteworthy characteristic

of Ordovician vulcanicity, whether of alkaline or of calcic facies.

It is illustrated by sills of ceratophyre at Abercastle and perhaps

of spilite on Mullion Island, but also by h}^)ersthene-andesites in

the Arenig hills and Shropshire and by rhyolites [in the Lleyn

district. Again, some plug-like intrusions breaking through the

Cambrian of Caernarvonshire not improbabh^ mark the sites of

Llandeilian volcanoes. With these exceptions the ver}^ numerous

intrusions in the Welsh area are later than all the volcanic

eruptions. Of a distinct plutonic phase of activity there is but

slight indication, and that only in the north-west, the diorite-

granite complex of Sarn being the chief representative.

The minor intrusions are found in all the districts, but on the

whole in greater force as we pass towards the north or north-west,

and this is especially evident in the case of the acid rocks. More-

over, in this dii-ection—that of increasing stress—the concordant

habit gives place more and more to the transgressive. The intru-

sions, like the volcanic outbreaks, are sharply limited by the line

of the Llanberis ridge. The small Llanfaglen mass, if it belongs

to this age, is the onlv exception. The succession of different

types, in so far as it can be ascertained, is one of increasing

basicity. Some of the latest intrusions are proved in Shropshire to

invade the Peiitamerus Limestone of the Llandovery Series. Else-

where the numerous intrusions of dolerite are intercalated in the

main volcanic group and at lower horizons, but the}^ must certainl}^

be referred to a late date. While affecting the sill habit, they do

not make sills with any great lateral extension, but tend to occur

along anticlinal and synclinal axes. We may infer that they were

injected at a time when folding of the strata was already beginning,

name!}' : that folding which culminated towards the close of the

Silurian in the main Caledonian crust-movements.

Next to Wales the most im])ortant area of Ordovician igneous

activity is the Englisji Lake District. Both here and in the

neighbouring inlier of Edenside early eruptions are represented

by a few thin lavas and tuffs in the upper part of the Skiddaw

.Slates. The rocks, which are much altered, have been described
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as andesites, but their felspars can often be identified as oligoclase,

and one type in the Knock district is a characteristic spilite. The

much more important eruptions, which came later, lasted without

apparent interruption through Llandeilo time, and continued into

the Bala. The sequence, as set forth by my colleague, Dr. Marr,

is less simple than that seen in Wales. Pyroxene-andesite lavas

were followed by a much more widespread outpouring of basalts,

and then by activity of the explosive type, which produced a

great thickness of breccias and ashes. Many of these show a

commingling of basic and acid material. To this succeeded a

second group of pyroxene-andesites, and finall}^ rh^^olitic lavas

and breccias, which are in part interstratified in the Coniston

Limestone G-roup.

No distinct plutonic phase of this age is to be recognized in the

Lake District, but the intrusions which followed the volcanic out-

burst were numerous and of various petrographical types. The

largest masses, such as that of Ennerdale and Buttermere, are of

acid natm-e, sometimes with basic rocks involved in their marginal

pai-ts. There is no conspicuous group of dolerite sills, but many
of the intrusions, ranging from acid to ultrabasic in composition,

have assumed an irregular sill-habit. The most basic occur in the

Skiddaw Slates and the most acid in the Coniston Limestone

Grroup, suggesting a vertical distribution in accordance with density.

The whole suite of rocks, volcanic and intrusive, excepting the

early sodic types, has a calcic facies. In this connexion the

frequent occurrence of red garnet is worthy of remark, and,

whether of primary or of metamorphic origin, its chemical signifi-

cance is the same. The general geological relations are much less

clearly revealed than in Wales ; but it is probable that here too we

are to recognize in the Llandeilian igneous action the influence of

a certain element of lateral thrust directed towards the north or

north-north-west. It is in that direction that the large acid

intrusions are situated. We can verify that at a later epoch, when

the rocks were folded, overthrust, and cleaved by a more intense

thrust on the same lines, these large igneous masses, perhaps

larger than their exposures indicate, acted in some measure as

a buttress. Whether their resistance was backed by an old ridge

concealed beneath the Skiddaw anticline, we do not know, but the

existence of such an ancient barrier would explain the absence of

intrusions on the farther side of that line.

It does not appear that the principal volcanic series of Wales and



Ixxx peoceedexctS of the geological society, [vol, Ixxiii,

the Lake District is represented in the Southern Uplands of Scot-

land, although local unconformity indicates some crust-movement

in that area at about the same time. Such vulcanicity as the

Llandeilo there shows seems to have been merely the continuation

of the Arenig outbreak. In Ireland early Ordovician eruptions

appear to have been confined to the marginal parts of the area. As
regards the interior, there are records of igneous rocks assigned to

the Llandeilo and Bala at numerous places from County Down to

the coast of Waterford ; but our knowledge, both on the strati-

grajDhical side and on the petrographical, is still so imperfect that

general conclusions would have but little value.

Dm-ing the Bala and part of Silurian time there was renewed

subsidence, affecting more or less the whole of the area, but a

complete restoration of the early Ordo^^cian conditions was not

now possible. Crustal stress, not wholty relieved by the Llan-

deilian vulcanicity, was doubtless unevenly distributed, and was

undergoing change. We find accordingly that igneous activity

during this time was feeble and sporadic, and showed no common

characteristics of the petrographical kind, though a reversion, or

partial reversion, to sodic types is often noticeable. Setting aside

such areas as the Shelve district and that of the English Lakes,

where Llandeilian vulcanicity was prolonged into Bala time, there

were revivals during the latter age at a number of isolated centres.

In the Southern Uplands there was an outbreak in the neigh-

bom-hood of Peebles, the lavas being now of acid instead of basic

natm*e, but still of sodic types. In the Berwyns again the alka-

line nature of the Bala igneous rocks is unmistakable ; but in some

other cases, such as the neighbouring Breidden Hills and the

Kildare inlier in Ireland, the petrographical facies is not clearly

characterized. These Bala revivals, if we except that of Peebles-

shire, were all in the interior of the area, but the scattered out-

breaks in the Silurian occm'red in the marginal belt, those assigned

to the Upper Llandoveiy being in the neighbourhood of the Bristol

Channel. Of these the Mendip and Toi-twoi-th lavas, although

described as andesites, seem to be of somewhat alkaline composi-

tion, and the same may be true of the basic lavas with ' pillow-

structure ' at Milford Haven. The latest volcanic rocks of this

suite, seen at Clogher Head in the far west of Ireland, are mainly

of acid t^'pe.

The most highly alkaline of our Lower Palseozoic igneous

rocks, those of the Assynt district, I have perforce omitted. The
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stratiform habit of the plntonic complex, and of its component

jDarts, and the regular sill-form of its satellites assure us that the

intrusions were effected during a time of relative rejDose ; but, as

regards their age, we knoAV only that they are younger than the

Durness limestones and older than the Caledonian overthrusting.

The lack of stricter chronological data and the isolated situation

of the district preclude any present discussion of the relations of

this interesting group.

Towards the close of Silm-ian time the original geosyncline had

been filled in, and indeed was being replaced by a geanticline.

The thrust, which had been renewed, now attained a much greater

intensity, until it culminated in the main Caledonian crust-

movements. The rocks yielded hj folding, or cleavage, or over-

thrust, according to their lithological characters ; but, allowing

for this, we see that the effects become more marked, both in

separate areas such as Wales and the Lake District and in the

region as a whole, when we pass northwards or north-westwards.

The climax is reached Avhere the front of the great Highland

barrier itself has broken before the advancing earth-wave. Those

parts which had experienced to the full the effects of the Archaean

metamorphism and had cores of Archaean plutonic rocks, could

yield only en bloc. The movement, therefore, instead of being dis-

tributed, was localized in great dislocations along what Mr. Barrow

styles the ' outer margin of crystallization.' The displacement

at the Highland Border seems to be of the nature of an under-

thrust; a second master-fracture is represented by the line of

the Great Grlen ; and a third by the Moine overthrust, or by

the system of which it is the chief member. The south-

westward convergence of these three lines shows how the earth-

wave, travelling on the whole northwards, was swung round on

meeting an obstacle with a north-easterly and south-westerh^

trend. The effect of these displacements was to sever the

Highland tract from the LoAvlands, and to divide it into three

broad belts, South-Eastern, Central, and North-Western, each

narrowing somewhat in the south-westerly direction.

The Caledonian crust-movements were not immediately accom-

panied, like those of Archaean age, by igneous action. The S3^stem

of intrusions known to Highland geologists as the *Newer Granites,'

w^ith others of like age elsewhere in Britain, came somewhat

later, after crustal stresses had greatl}^ relaxed. Accordingly,

TOL. LXXIII. f
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instead of fringing out into innumerable sheets and veins, they

have made large compact bodies. In general the intrusions have

avoided the neighbourhood of the great overthrusts, and are to

be found chieflv in the interior of those belts of country which

had behaved as tectonic units. Thus in the South-Eastern High-

lands a train of plutonic masses extends from Peterhead into

Argyllshire, and in the Centi'al Highlands a somewhat less im-

portant train can be traced from the borders of Caithness to the

Ross of Mull. In each case the intrusions are largest and most

numerous towards the north-east, where the overthrusting had been

least, and the individual masses tend to have their long axes in

the common direction. All these facts go to show that, although

the great crust-movements were past, the intrusions were localized

and guided b}" a distribution of stress of the same general

character.

In Northern Ireland the plutonic masses of Slieve Gallion,

Pomeroy, and perhaps others, seem to carry on in a general way

the line of the Newer Granites of the Highlands. Farther south

a parallel belt of intrusion, referred with some confidence to this

age, is represented by the Gallowa}^ granites and those of Castle-

wellan, Ne^vry, and Crossdoney in Ireland. Another belt, includ-

ing the Enghsh Lake District, the Isle of Man, and the long tract

of the Leinster granites, seems to mark the limit in this direction

of important Caledonian intrusions. In this bordering belt,

removed from the principal theatre of disturbance, the abrupt

boss-form tends to be replaced by a roughly stratiform habit, as is

clearly indicated by the underlying position of the Skiddaw,

Eskdale, and Foxdale granites. Even here, however, contem-

poraneous stress is proved by a certain horizontal differentiation,

seen in an increasing acidity and richness in white mica towards

the northern edge of each mass. The Leinster granite-tract is

more complex, and seems to be the result of several intrusions.

The granites of the main chain are foliated and sometimes

crushed in a manner which indicates stress during and after their

consolidation.

On the petrographical side there are some significant facts of

distribution. The name ' Newer Granites ' does not adequately

describe an assemblage of types which ranges from acid to ultra-

basic. In the Highlands, and especially in the large masses

situated toAvards the north-east, different rocks are often inti-

mately associated in a complex which may include peridotites,
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diorites, quartz-diorites, and hornblende- and biotite-granites. In

this area, presumably near the principal focus of intrusion, the

more basic types are often well represented ; but farther awa}?-, in

Galloway, the Lake District, and Leinster, they are either lacking

or of small importance. On the other hand, muscovite-bearing

granites, Avhich are little in evidence in the Highlands, become

the dominant type in the most outlying belt. In Leinster we

find granites rich in microcline and muscovite. Here, too, south-

east of the main chain, and, as Prof. W. J. Sollas has shown,

of somewhat later intrusion, is a group of soda-granites, including

some rich in albite. Some of the minor intrusions presmnably

related to the granites are of thoroughly alkaline composition, and

it is clearly suggested that we touch here the limit of the

distinctively calcic province which goes with the Caledonian dis-

turbance.

The minor intrusions of the region in general, usually taking

the form of dykes, belong to simple petrographical types. There

are first porphyrites, perhaps not differing materially in composi-

tion from the average magma of the region, and then lamprophyres

with their complementary acid rocks. The distribution of stress

during a dyke-phase is necessarily more complex than during the

preceding plutonic phase. It is compounded of the regional

S3'stem together with local stresses centreing in the plutonic intru-

sions, at least when these have the boss-habit. In the areas of

maximum disturbance the regional element is usualty dominant,

but in outlying districts the local stresses pi-evail. Thus the

Caledonian dykes in the South-Eastern Highlands tend to have

the strike-direction, and those in Galloway the direction of dip
;

but round the Shap granite the dykes have a markedly radiate

arrangement.

A great system of crust-movement is not completed at one

defined epoch. It appears indeed that some part of the Cale-

donian overthrusting in the Highlands was effected during Old

Red Sandstone times : but, what is most in evidence during this

waning phase is not the lateral displacement, so much as the

differential vertical movement which went with it. Broad folds

were gradually formed, in the troughs of which the Old Ked

Sandstone was deposited. The conditions during this period, and

especially the manner in which the vulcanicity was related to

the broad geographical features, have been so well described by

Sir Archibald Geikie that a brief summary will suffice here. The
/•2
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])rincipal trough was what is often called the Midland Valley of

Scotland, that is, the lowland tract, some 50 miles broad, which

divides the Highlands from the Southern Uplands. Subsidence of

this area, with correlative elevation of the contiguous tracts, con-

tinued through Old Red Sandstone times, and eventually passed

into important trough-faulting. It was along the two opposite

boixlers of the depressed area, where differential stress reached its

maximum, that volcanic eruption broke out. It began, as

Dr. Campbell has proved at Stonehaven, in the Downitonian, but

belongs in the main to the Lower Old Ked Sandstone. On the

north-western side, where activity was most vigorous, it affected

a stretch of countrv which, including its prolongation into Ireland,

has a length of about 300 miles. Of the other detached or semi-

detached areas of depression the most irajwrtant are the Lome and

Glencoe district on one side and the Cheviot district on the other-

In the far north two or more minor volcanic centres are indicated

in the Orkneys and Shetlands, while smaller outbreaks in the Kil-

larney district and in County Waterford mark perhaps the limit

of volcanic action towards the west and south.

In these subsidiary basins the linear trough-form was much less

pronounced, and a marginal arrangement of volcanic vents is not

clearly discernible. None the less, the intimate relation between

igneous action and crustal displacement is very apparent. It is

illustrated in the most striking fashion l)y the cauldron -subsidence

of Glencoe with its accompanying outflow of lavas, as described by

Dr. Clough, Mr. Maufe, & Mr. Bailey, The plutonic phase which

succeeded, not in the Midland Yalle}" but in Lome, Cheviot, and

the Shetlands, tells the same story. In each area the plutonic

rocks have broken through as abruj^t bosses in the midst of the

volcanic outpourings ; and the cylindrical plugs of Beinn Cruachan

and Beinn Nevis, associated with a peculiar piston-like faulting,

are the analogues in this phase of the neighbouring Glencoe

subsidence. The numerous dykes clustered round these two centres

present a sheaf-like arrangement about a north-easterly and south-

westerly axis, showing the regional stress modified in some degree

by the local. In each case there is a second, inner plug of

granite, A^ounger than the majority of the dykes, imphdng a

duplication or alternation of the plutonic phase and that of minor

intrusions. In the Cheviot district stress of the regional type was

of little moment during the final phase, for the dykes about that

centre approximate to a regular radiate disposition.
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The volcanic rocks of the Lower Old lied Sandstone belong

everywhere to the andesitic series, ranging from basalts to rhjolites,

but with p3'roxene-andesites as the dominant types. No general

law of sequence is apparent. The plutonic rocks are mostty

granites and quartz-diorites, tending, however, in Argyllshire to

monzonitic types. The dyke-rocks are comparable with those

found as satellites of the Newer G-ranites, and the petrographical

characters of the suite as a whole shov/ that the influence of the

Caledonian disturbance was still felt. It is to be regretted that

we possess no detailed petrographical knowledge concerning the

feeble and sporadic revival of vulcanicity in Upper Old Red Sand-

stone time, when this influence was presumably exhausted. The

record of this episode is preserved in Caithness and the Orkneys,

in Arran, and in the neighbourhood of Limerick, and the rocks of

the tirst-named district are, according to Dr. Flett, basalts of

alkaline affinities.

Setting aside these scattered outbreaks, the next important

manifestation of igneous activity in Northern Britain began early

in Carboniferous time. The conditions were now wholly changed.

All folding related to lateral thrust had long ceased, and a general

subsidence w^as in progress. The change was reflected in the com-

position of the igneous magmas now brought into action, which

were of an alkaline character, at first but moderately pronounced

though becoming progressively sti'onger.

The subsidence was not uniform, and the vulcanicity related to

it had a distribution sufficiently significant. The chief theatre of

activity was the Midland Valley of Scotland, prolonged to what is

now the Mull of Kintyre ; and the Carboniferous lavas and tuffs

are thus found in close proximity to the very different volcanic

rocks of Old Red Sandstone age along the borders of the same

tract. Another volcanic belt was situated on the other side of the

Southern Uplands, coiTesponding roughly with the axis of the

Old Red Sandstone basin of Cheviot. There were also more iso-

lated centres of activity, one as far away as Limerick ; but I shall

deal with the matter briefly, taking the Midland Valley as a typical

area.

One point of interest brought out by the detailed mapping is

the gradual shifting of the theatre of activity, in general from east

to west. In the east volcanic rocks are practical^ confined to the

Calciferous Sandstone Series, and later igneous action took the form
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of intrusion ; but in West Lothian, West Fife, and Stirlingshire

important volcanic groups appear in the Carboniferous Limestone

Series, and farther west vulcanicity continued in some districts into

the Uppei- Carboniferous. In the com'se of the revised survey of

the ground Dr. Flett, Mr. Barrow, and Mr. Bailey have added

much to our knowledge on the petrographical side. The volcanic

rocks are mostly of basic composition. Not every type of basalt

bears the evident mark of richness in soda, but their constant

association with mugearites and tmch3^tes is always significant.

Intercalated among the lavas, with corresponding tuffs and agglo-

merates, the same types occur in the form of sills, which must

have been intruded during the volcanic period. Sills and dykes of

later intrusion belong to other petrographical types with more

strongly marked alkaline characters. They include phonolites,

analcime-dolerites, essexites, teschenites, and picrites, and in smaller

occurrences analcime-basalts, monchiquites, and limburgites.

In the eastern districts these alkaline rocks were apparently

intruded in Carboniferous Limestone times. Similar intrusions in

the west may be in part of like age, but some in Ayrshire are

found in sti-ata as high in the succession as the latest Carboni-

ferous, if not higher. Further, these Ayrshire intrusions, or some

of them, are younger than, and evidently related to, the volcanic

group of the Mauchline basin, interstratified among red sandstones

which were assigned by Sir Archibald Geikie to the Permian.

Whether of Permian or of uppermost Carboniferous age, this

interesting volcanic outbreak is to be regarded as a pendent to the

Carboniferous igneous activity of the area. As described by

Mr. Gr. W. Tyrrell, the Mauchline lavas are all of very basic com-

position, and include olivine-basalts, sometimes approximating to

limburgite, analcime-basalts and monchiquites, and fresh nepheline-

basalts. The intrusive rocks, besides essexites, teschenites, and

picrites, comprise a number of peculiar types very rich in nepheline

or in primary analcime. The group as a whole marks the final

stage of the increasing alkalinity of the Carboniferous suite.

Of the Thornhill volcanic rocks, in Dumfries -shire, which Sir

Archibald Geikie correlates with the Mauchline group, we have as

yet no petrographical account ; but in the numerous small volcanic

necks, with associated dykes and plugs, on the coast of Fife, also

assigned to the Permian, there are monchiquites and nepheline-

basalts closely comparable with those of Ayrshire. It is not

improbable too that at this late Palaeozoic epoch diffused igneous
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activity attained a wide extension through the Highlands. Scattered

dykes of the same distinctive types as those of the Ayrshire dis-

trict are found on the isles and littoral of Argyllshire, in the

Glenelg district, Central Ross, Eastern Sutherland, and the Orkneys,

and volcanic necks on the north-eastern coast of Caithness repro-

duce all the characteristics of those of East Fife.

Of more doubtful significance are the east-and-west dykes of

quartz-dolerite and tholeiite, which are scattered over the southern

lialf of Scotland and across the Border. They were intruded in

relation with the faulting of the country at or near the end of the

Carboniferous Period. Closely connected with them in the Midland

Valley of Scotland are numerous large sills of quartz-dolerite,

sometimes accompanied by granophyre ; and to the same group we

may assign, not only the Whin Sill of Teesdale, but probably the

Tremadoc sills and perhaps the intrusions of Carrock Fell.^ Quartz-

dolerite, though not itself an alkaline rock, has been claimed by

Mr. Dewey & Dr. Flett for the ' spilitic series,' and may possibly

sustain a complementary relation towards the types rich in soda
;

but more light on the question is needed before we can assign to

this group of intrusions its part in the Carboniferous system of

igneous activity.

If now we glance back at the history of our area during Paleo-

zoic times, it appears, from the point of view that I have tried to

suggest, as one complete cycle of events. The culminating episode

is that of the principal Caledonian crust-movements, to Avhich the

preceding events led up, while the succeeding can be regarded as

their natural sequelae. That epoch marks the logical dividing-

point between Lower Palaeozoic and Upper Palaeozoic time.

Igneous action was an essential factor at numerous stages of the

cycle, but it assumed different phases and contrasted characters in

accordance with the changing stress-conditions. In particular,

we observe how, during the tranquil subsidence with which the

cycle began and ended, the magmas extruded and intruded were

invariably of alkaline nature, but calcic magmas took their place

at all times of special stress. Besides the great system of plutonic

intrusions which followed the main disturbance, the Palaeozoic cycle

included three minor igneous c^^cles, the Ordovician, the Lower Old

^ The quartz-dolerites of Hawoswater and other parts of the Lake District

are older than the Caledonian crust-movementa.
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Red Sandstone, and the Carboniferous. Of these the second was

calcic and the thii-d alkaline, while the first, as a result of the

premonitory distui'bance in mid-Ordovician time, partook of both

characters in tm*n.

Other points of difference maj be noted. Tlie Lower Old Ked

Sandstone cycle, which was most closely bound up with the oj^era-

tion of lateral thrust, illustrates a well-defined type of igneous

action. All manifestations were localized within certain areas,

having a definite relation to contemporaneous folding. Explosive

outbm'sts and the extravasation of lavas constituted the first phase

of activity ; then came the intrusion of plutonic rocks in the form

of bosses ; and finall}^ if we disregard exceptional overlapping, the

injection of large nirmbers of dykes and sheets. In the volcanic

phase lavas of different kinds were poured out from neighbouring

centres. The plutonic rocks broke through in the midst of the

several volcanic districts, and sometimes in places already marked

out in the volcanic phase. The minor inclusions clustered about

the plutonic centres, and tended to orient themselves A\ith reference

to those centres. In the earlier and later igneous cycles this

orderly disposition is not seen : there were no fixed foci of activity,

the theatre of operations shifting from one district to another.

The plutonic phase was scarcely represented in the Ordovician and

wanting in the Carboniferous Period. With this there went a

certain confusion between the exti'usive and the intrusive phases,

shoAvn by the fi'equent interpolation of quasi-contemporaneous sill-

intrusions in the volcanic succession.

In most of the history that I have briefly outlined Southern

England bore no j^ai't. Lying outside the region principally

affected by the Caledonian disturbance, this area presents so far a

much less eventful record. After the early Ordovician activity

had passed away from the border belt, there foUoAved here a long

season of quiescence ; and, when vulcanicity again broke out, its

petrographical facies was unchanged. The Upper Devonian lavas

of Noi-tli Cornwall and South Devon are spilites, together with

some soda-rhyolites in the Dartmoor district, and the associated

intrusions are mostly of albitized dolerites, with more basic tyjjes,

minverites and j^endotites. Further, when another revival of

activity took place in the time of the Lower Culm, alkaline tj^pes,

including spilites, recurred once more.

It is interesting to remark that, during the earlier half of the
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Carboniferous, two petrographical provinces existed in Britain,

both of alkaline facies but with different histories. The southern

one was an old-established province, and preserved the spilitic

character which seems to be associated with prolonged gentle sub-

sidence. The northern province was a new one, representing a

reaction from the Caledonian calcic regime, to which it -was

genetically complementary. With this character there goes natur-

ally a wider diversity of petrographical types, showing progressive

enrichment in soda. The Irish districts of Philipstown and

Limerick are clearly related to Scotland, and the same is true of

the scant}^ development in the Isle of Man. The lavas of Derby-

shire and of North Somerset, as described by Mr. H. C. Sargent

and Prof. S. H. Reynolds respectively, present transitional cha-

racters. The occurrence of basalts and of certain types rich in

potash Avould attach these two districts to the noi-thern province
;

but the Derbyshu'e rocks seem also to have certain affinities with

the Cornish, and those of Somerset include typical spilites.

In Northern Britain igneous activity lingered, as we have seen,

into the Permian. In the south it died out earlier, and here the

relative repose of the country was at length broken by the advance

of the Hercynian or Armorican crust-movements. Although these

Avere felt in some degree over a larger area of Britain, the extreme

effects—violent folding, cleavage, and overthrusting—are confined

to the south. Of the Caledonian zone of folding the full width

had been comprised within the limits of Britain, but it was only

the front of the Hercynian earth-wave that invaded our area. The

record of igneous activity related to this system is correspondingly

scanty. It includes first and foremost the intrusion of the gmnites

of Cornwall and Devon, which are found along a belt running from

Scilly to Dartmoor, with possible further extension in both direc-

tions.

The great Caledonian intrusions of the Highlands had followed

the principal movements after a decided interval, though not late

enough to escape all effects of crushing. In the case of our

Hercynian granites the interval seems to have been longer. The

cleavage and overthrusting of the older strata were long past, and

the disturbance had subsided into folding of a gentler type. It is

well known that posthumous folding on the same roughly east-and-

west axes affected Mesozoic strata at a much later epoch ; and it

is probably by no mere coincidence that the Land's End and Carn
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Menelez granites are situated on the prolongation of the axis o£

Bray, the Dartmoor granite on the Purbeck axis, and the Lundy
granite on the axis of North Devon. Under such mechanical con-

ditions intrusion did not assume the most boldly transgressive

habit. The form of any individual mass, in so far as it is revealed,

j^resents a gently domed upper surface, though with steeply sloping

sides.

The main Hercynian zone of plutonic intrusion, extending from

Britanny eastwards into Central Em-ope, presents a Avide diversity

of calcic rock-types, ranging, for example, in the Harz district

itself from peridotite to granite ; but only the latest and most acid

differentiate from the primitive magma penetrated into the northern

fringe of tlie region, and is represented by the Cornish granites, rich

in alkali-felspars, and containing abundant light as well as dark

mica. The gaseous constituents, in which this granitic magma was

peculiarly rich, were eventually driven farther still, and seem to

have permeated the country over a wide extent. To pneumatolytic

operations connected with this invasion we owe the mineral wealth,

not only of Cornwall, but probably, as Dr. A. M. Finlayson has

maintained, of other mining districts much farther north.

The observed pneumatolytic effects in Cornwall were not imme-

diately connected with the intrusion of the granite, but belonged

rather to the succeeding dyke-phase. As is well known, the fissures

occupied by the principal lodes follow the general direction of the

strike, while -the 'cross-courses' intersect them at right angles, and

often shift them. The two sets of fractures and displacement

clearl}^ represent successive stages in the relief of crustal stress and

the establishment of equilibrium. Of the two complementar}^

groups of dykes the quartz-porphyries, often themselves moditied

b}"^ pneumatolysis, have the same roughly east-and-west bearing as

the principal lodes, while the lamprophyres tend to run north and

south like the ' cross-courses.'

Owing to the incompleteness of the Hercynian record in Britain,

the next manifestation of igneous action, coming after a long hiatus,

appears as an isolated episode. The evidence of it is seen in the

lower part of the New Red Sandstone succession, which rests with

discordance upon the folded Devonian and Carboniferous strata.

Whether Permian or Triassic, a question not yet finally resolved,

these younger strata belong to a time when folding had wholly

ceased, and a new movement had set in, which was of the nature of

a local subsidence. As seen in the Exeter district, the volcanic
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rocks include feeble flows of lava at several horizons, together with

thick bedded breccias composed in part of like materials. The

lavas are of various types, and seem to have followed one another

in order of decreasing basicity. There are olivine -basalts containing

orthoclase, rocks intermediate between these and olivine-trachytes,

and again trachytes without olivine but rich in biotite and approxi-

mating to the minette and cuselite types. The series may be

carried farther if we include the rocks of Cawsand and Withnoe,

near Plymouth Sound : the one a biotite-trachyte and the other,

which has intrusive relations, a quartz-porphyry in which the

felspar is almost wholly orthoclase. Here then is a well-marked

series of rocks of strongly alkaline nature, rich not in soda but in

potash. Sir Jethro Teall has compared them with some of the

Permian lavas of the Continent, but in British petrography they

are unique. The origin of highly potassic rocks in general is a

problem upon which more light is needed, but it could not be

profitably discussed in connexion with this isolated occurrence.

Throughout the European area the time during which the Meso-

zoic strata were laid down, though marked by many vicissitudes,

was not interrupted b}'' any crustal disturbance of an accentuated

type. At a later epoch all Southern Europe was involved in the

Alpine crust-movements, with attendant consequences which are

not yet exhausted. Some outlying ripples of this system reached

the British area, but there was no igneous outbreak in this country

which can be probably related to those events. Tertiary igneous

action in Britain has a different significance, and its seat was not in

the south but in the north and north-west. Affecting an area of

which the northern half of Britain is but a small fraction, this

immense and widespread activity was not connected with any

lateral creep of the earth's crust, nor did it coincide with mere slow

subsidence within the limits of geosynclinal troughs. Its relations

seem to be with movements of a larger order. If we follow

Marcel Bertrand, we may connect this extra-Alpine Tertiary igneous

activity with the foundering of extensive tracts in the Atlantic

region, a deepening of an oceanic basin which was itself of no great

geological antiquity. It is clear at least that the important move-

ments in this region were differential movements in the vertical

sense, expressed by normal faulting instead of folding, and there-

fore in their tectonic effects plateau-building rather than mountain-

building.
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The igneous manifestations were closely connected with these

vei*tical disjDlacements, and the manner in which the uprise of

molten magma seems to be correlated with the sinking of faulted

blocks of country suggests that hydrostatic equilibrium was an

important factor in the process. In the British area the maximum
activity was developed within a sunken tmct lying between the

ancient rocks of the Long Island on the one hand and the main-

land of Scotland on the other. Such a trough, however, is in no

wise compai*able with that, for instance, of the Midland Valley of

Scotland in Carboniferous times, for it does not bear any ascertain-

able relation to the geological structm*e of the country Avhich it

tmverses. It is an 'Atlantic,' as contrasted with a ' Pacitic ' featm-e.

Moreover, in respect of the more important events in the igneous

record, this area was merely part of a vast region affected b}^ the

same activity.

These events characterized by a regional extension may be

summarized as: first, the outpouring of enormous quantities of lava j

second, the intrusion of innumerable sills ; and, third, the injection

of a great system of dykes. The lavas, which can be assigned to

an Eocene age, did not emanate from great central volcanoes, but,

as Sir Archibald Greikie has shown, welled up through innumerable

lissures. The individual Hows Avere not large, but collectively they

covered a very extensiA^e region. Indeed, for any evidence to the

contrary, a continuous lava-field may have stretched from Antrim

to beyond Franz Jossf Land, a distance of 2,000 miles. The

free opening of so many fissures may be taken as proof that

there was at this time no crustal stress involving the element of

latei-al pressure. The same conclusion may be drawn from the

behaviour of the sills which followed, remarkable for their regu-

larity and often of wide extent. Vertical movement was doubtless

renewed from time to time, for both lavas and sills are intersected

by considerable faults. Lava-Hows and sills were fed by dykes,

but in addition there is a great profusion of d3^kes of later age.

Distributed over a large part of Britain, they maintain a common
direction, which seldom deviates far from north-west and south-

east, and show a total disregard for the structure of the countiy

which they traverse. Clearly, their intrusion was controlled by

some larger law.

Petrographically these extrusions and intrusions are characterized

by an overwhelming preponderance of basic t^q^es, with an alkaline

tendency which is sometimes rather latent than expressed, but
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sometimes strongly marked. These Tertiary rocks as a Avhole have

much in common witli the Lower Carboniferous igneous rocks of

the Midland Valley. Various types of Carboniferous basalts and

dolerites are closely reproduced, in addition to the very significant

mugearites. Tmch^^tes are less prominent, but are found in Skye,

Ardnamurchan, and perliaps elsewhere. In considering the widely

distributed amygdaloidal basalts, it is to be remembered that the

contents of the vesicles are an integral part of the rock. It is, then,

of interest to observe that the Tertiary and Carboniferous lavas are

the chief source in Britain of zeolites, while the veiy different lavas

of the Old Red Sandstone are the home of agates and onyxes. In

not a few of the Tertiary rocks primary zeolites, chiefly but not

exclusively analcime, make part of the general fabric, and this is

true of lavas, sills, and dykes. Another index of an alkaline com-

position is the incoming of a pleochroic titaniferous augite.

In addition to the Tei*tiary crust-movements already noticed, of

simple type and having a vast extension, there were within the same

i-egion disturbances of a different order, strongl}^ accentuated and

strictly localized about distinct centres. With these is closely

related another series of igneous rocks, chiefly in the form of

jjlutonic masses with a host of minor intrusions as satellites. The

principal centres are in the tract, already mentioned, which embraces

the Inner Hebrides and the Clyde Isles, and the most remarkable of

all is the Mull centre, situated in the middle of that tract. The

i-elations here recall those at the Old Red Sandstone centres of the

West Highlands, but show a much higher degree of complexity.

They have been unmvelled by the labours of the Geological Survey,

and the map of the district, with the accompanying memoir, will

doubtless add largely to our knowledge of the mechanism of igneous

intinision. Pending the publication of that work, I will ])ass over

the subject with a few words.

The special centres were already marked out in the volcanic

phase, or even earlier. In Mull there was a cauldron-subsidence,

accompanied by outpourings of ' pillow-lavas " and later a girdle of

volcanic vents. The great volcanic vent of Kilchrist in Skye and

that of Central Arran also belong to an early date, and may have

something of the same significance. At subsequent epochs the

vertical movement at the special centres, though not always in the

same sense, seems to have been in general one of elevation. Where

the local movements were strongly emphasized, the plutonic in-

trusions are sharply tmnsgressive, and they stand in evident relation
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to special tectonic features such as ring-like faults and folds. At

centres where the disturbance was of a less violent kind there is a

tendency to a laccolitic or roughly stratiform habit. Of the minor

intrusions the most remarkable are the groups of inclined sheets,

dipping inward at angles up to 45°. Such sheets are very numerous

in the Cuillin Hills of Skye, and are represented in less force about

the centres of Rum and Ardnamurchan. In Mull the}^ occur in

extraordinary numbers, and are disposed about two neighbom-ing

points. About some of the plutonic centres there are local groups

of dykes with a radiate arrangement ; or, again, the d^d^ies of

the regional series become unusually'' numerous, and are drawn

into a sheaf-like disposition. In all these phenomena we see the

evidence of a special distribution of stress related to the prescribed

centres.

Petrographically the local groups of rocks show more variety

than the regional series. Apart from some complications in the

Mull district, the sequence, when complete, ranges from ultrabasic

to acid in the plutonic phase, and the reverse in the phase of minor

intrusions. The parent stock of all must have been the same basic

magma as that which provided the plateau-basalts of the region and

other rocks with evident alkaline affinities. None the less we find

that, about the centres of acute disturbance in the interior of the

^ti*act, the local groups of rocks belong to distinctively calcic t^^pes :

peridotite and allivalite, eucrite, gabbro and norite, augite- and

hornblende-gi-anite, and biotite-granite.i Towards the limits of

the tract, where the locally developed stresses were much less

intense, the alkaline facies reasserts itself in the plutonic rocks.

This is shown in the north by the massive sheets of riebeckite-

granite on Raasay, while in the south it is suggested by the Arran

gi-anites, rich in micropei-thite, and still more clearly b}-- the

paisanite of Ailsa Craig.

The same law is illustrated by the rocks of regional distribution

themselves, where they come within the influence of the special

centres of stress. The basaltic lavas of Centml Skye seem to be

decidedly of less alkaline composition than those in the northern

part of the island. A like conclusion emerges when we compare

the dolerite sills in the interior of the specified tract with those of

^ An anoiualy, from this point of view, is the occurrence of an alkali- syenite

forming a reef opposite Carsaig, on the south side of Mull.



part 1] AJfNIYERSARY ADDRESS OF THE PRESIDENT. XCV

Raasay and the Shiant Isles in the north, or again with the

analcime-dolerite (crinanite) sills of Southern Arran and the ortho-

phyre with riebeckite and segirine on Holy Isle. If we tr}^ to push

the examination farther afield, where the only Tertiary rocks pre-

served are in the form of dykes, we find very few trustworthy

data. A number of dykes in Argyllshire and elsewhere, belonging

to very characteristic alkaline types, have sometimes been claimed

as Tertiary, but I have assigned them, upon a balance of evidence,

to a Permian age. When, however, we pass beyond the bounds of

Scotland, southwards and westwards, we meet with a few scattered

occurrences which have a special interest. The nepheline-basanite

of Butterton, the phonolite of the Wolf Rock, and the peculiar

segirine-bearing type of Rockall are reasonably regarded as

Tertiary. They are of much more strongly alkaline composition

than the known rocks of this age in Northern Britain, and find

their nearest relatives in the Cape Verd Isles and other island

groups far to the south. If then we are to distinguish among
the 'younger' igneous; rocks of this part of the world a strongly

alkaline North Atlantic region, connected with the collapse of con-

siderable tracts in mid-ocean, and a less strongly alkaline Arctic

region, including the Brito-Icelandic Province of Judd, we can

point to one more important dividing line crossing the British

area. It is in the nature of the case, however, that much of the

evidence by which we might follow out this suggestion is buried

beneath the waves.

Here I must bring my rough summary of igneous action in

Britain to a close. Apart from personal shortcomings, it has

suffered from necessarj^ condensation and sometimes from the

insular method of treatment imposed by considerations of time and

space. I have tried to show that at different periods of its history

our area has been differently mapped out into petrographical

provinces, and this in a manner quite definitely related to the larger

displacements of the earth's crust. The inference seems just that

the distribution of crustal stress is a dominant factor

in determining the petrographical facies of igneous
rocks. One way in which this factor may operate has been

suggested, and I venture to think that in an}- theoretical discussion

of the question a place must be found for that intercrustal creep

of alkaline magmas which 1 have specially emphasized. That it is
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the only selective action determining the geographical distribution
|

o£ different classes of igneous rocks is not claimed. In pai-ticular, "

any discussion of that question as a whole must try to assess the

importance of isostasy, and the consequent tendency of the denser

basic magmas to accumulate beneath the ocean-basins. This and

some other elements of tlie larger problem may be eliminated in

considering so small an area as the British Isles ; which neverthe-

less can .still produce, as I have shown, not a few unsolved questions

to engage the attention of petrologists in the future.
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February 28th, 1917.

Dr. Alfeed Haekee, F.R.S., President,

in the Chair.

Roger Howel, Bryncoch, Neath (Glamorgan) ; Greorge Catterall

Leach, Inspector of Mines, Sitarampur, E.I.R., Bengal (India)
;

Ashley Gordon Lowndes, B.A., The Grange, King's School,

Canterbury ; and Ernest Neaverson, B.Sc, 16 Mandeville Road.

Aylesbury, were elected Fellows of the Society.

The List of Donations to the Library was read.

The following communication was read :

—

* Fourth Note on the Piltdown Gravel, with Evidence of a

Second Skull of Eoanthropus dawsoni.' By Arthur Smith
Woodward, LL.D., F.R.S., V.P.G.S. With an Appendix on the

Form of the Frontal Pole of an Endocranial Cast of EoantJiropus

dawsoni. By Prof. Grafton Elliot Smith, M.A., M.D., F.R.S.

Two fragments of skull and a tooth of Eoanthropus dawsoni,

together with a supposed hammer-stone from the Piltdown gravel,

were exhibited by Dr. A. Smith Woodward, F.R.S., V.P.G.S., in

illustration of his paper.

Restored models of the Piltdown skull made by the British

Museum and the American Museum of Natural History, and plaster

casts of the original fragments on which these reconstructions

were based were also exhibited by Dr. A. Smith Woodward.
A restored model of the Piltdown skull, made by the Royal

College of Surgeons, was exhibited by Prof. Arthur Keith, F.R.S.

A plaster cast of a fossil human skull from Talgai (Queensland)

was exhibited by Prof. G. EUiot Smith, M.A., M.D., F.R.S.

A mandibular ramus of a Chimpanzee, showing molar teeth

worn flat, was exhibited by Mr. W. P. Pycraft, A.L.S.

March 14th, 1917.

Dr. A. Smith Woodwaed, F.R.S., Vice-President,

in the Chair.

George Fairbairn, M.C., Assistant Commandant of Mines, R.E.,

18 Welbeck Court, London, W. ; and Major William Gregson,

B.Sc, Blaina (Monmouthshire), were elected Fellows of the

Society.

The List of Donations to the Library was read.

VOL. Lxxiii. g
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The following communication was read :

—

' The Carboniferous Limestone bordering the Leicestershire

Coalfield.' By Leonard Miles Parsons, D.I.C., B.Sc, F.G.S.

Specimens and microscopic slides of dolomite, and fossils from
the Carboniferous rocks of the Leicestershire Coalfield, were exhi-

bited b}^ L. M. Parsons, D.I.C., B.Sc, F.G.S., in illustrntion of his

paper.

The following maps were also exhibited :—Geological Survey'' of

Scotland : 1-inch Map. Sheets 36—Kilmartin, and 60—Rhum,
1917, presented by the Director of H.M. Geological Survey.

March 28th, 1917.

Dr. Alebed Harkee, F.R.S., President,

in the Chair.

Guthrie Allsebrook, Moorland, Shinfield, near Reading ; Thomas
William Brown, B.Sc, A.M.S.E., 54 Brookvale Street, Belfast

;

and Scoresby Routledge, M.A., 9 Cadogan Mansions, Sloane Square,

S.W. 1, were elected Fellows of the Society.

The List of Donations to the Library was read.

The President announced that the Council had awarded the

Proceeds of the Daniel-Pidgeon Fund for the present year to

Arthur Holmes, D.I.C, B.Sc, F.G.S., who proposes to conduct
researches in connexion with the Geology of the Dartmoor Border,

around Okehampton and Belstone.

The follo\ving communication was read:—
'The Carboniferous Limestone Series on the South-Eastern

Margin of the South Wales Coalfield.' Bv Frank Dixey, M.Sc,
F.G.S., and Thomas Franklin Sibly, D.Sc, F.G.S., University
College of South Wales & Monmouthshire. Cardiff.

Lantern-slides, rock-specimens and microscope-slides of rocks from
the Carboniferous Limestone Series on the South-Eastern Margin
of the South Wales Coalfield were exhibited b}^ F. Dixey, M.Sc,
F.G.S., and T. Franklin Sibly, D.Sc, F.G.S., in illustration of
their paper.

The follomng map was also exhibited :—Geological Survey of

England & Wales—-l-inch Map of Shefiield (Barnsley), temporary
edition, 1917, presented by the Director of H.M. Geological Survey.
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April 18th, 1917.

Dr. Alfred Harkek, F.R.S., President,

in the Chair.

The List of Donations to the Library was read.

The following communication was read :

—

' TheDeveloj^ment and Morphology of the Ammonite Septum.'

By Prof. Henry Hurd Swinnerton, D.Sc, F.G.S., and Arthur
Elijah Trueman, M.Sc.

Specimens used in the investigation of the relationship between
septal sections and stages in the sutural development of Ammonites,
as also the instrument designed for taking measurements, were
exhibited by Prof. H. H. Swinnerton, D.Sc, F.G.S., and A. E.

Trueman, M.Sc, in illustration of their paper.

A series of Ammonites, some in section, and others ground to

show the form of the edges of the septa, were exhibited bv W. F.

Gwinnell, B.Sc, F.G.S.

May 2nd, 1917. '

Dr. Alfred Harker, F.li.S., President,

in the Chair.

The List of Donations to the Library was read.

The following communications were read :

—

1. ' Supplementary Notes on Aclislna De Koninck, and Acli-

80ides Donald, with Descriptions of New Species.' By Jane
Longstaft' (nee Donald), F.L.S. (Communicated by Dr. Gr. B.
Longstaff, M.A., F.G.S.)

2. ' The Microscopic Material of tlic Bunter Pebble-Beds of

Nottinghamshire and its Probable Source of Origin.' Bv Thomas
Harris Burton, F.G.S.

Specimens of AcUslna and Aclisoules were exhibited bv
Mrs. Jane Longstaft", F.L.S., in illustration of her paper.

Lantern-slides and microscope-slides of pebbles and sands from
the Bunter Pebble-Beds of Nottinghamshire were exhibited bv
T. H. Burton, F.Gr.S., in illustration of his paper.

There was also exhibited a geological map of Dublin, on the scale

of 6 inches to the mile, 1917—presented by the Geological Survey
of Ireland.



C PEOCEEDlNaS OF THE GEOLOGICAL SOCIETT. [vol. Ixxili,

May 16th, 1917.

Dr. Alfeed Haeelee, F.R.S., President,

in the Chair.

The Kev. Joseph Fowler, M.A., Niclcl Vicarage, Harrogate
(Yorkshire), was elected a Fellow of the Society.

The List of Donations to the Library was read.

A Lecture on British Greological Maps as a liecord of

the Advance of Geolog}" was delivered by Thomas Sheppaed,
M.Sc, F.Gr.S. He observed that geological changes Avere in many
cases indicated on old topographical maps ; consequently, very old

plans and charts were of use in connexion with geological enquiries,

although not strictly geological in character. Some examples of

maps, dating from Elizabethan times, were exhibited, and the}"

showed that in the Humber area great changes had taken place :

in certain districts large tracts of land had been denuded, and man}'

towns and villages had disappeared ; in others, large stretches of

reclaimed land marked places where water once stood. So long ago

as 1595 writers were familiar with lithological differences in various

parts of the country, and in 1683 Martin Lister read to the Royal
Society a paper in which he definiteh^ suggested ' A Scheme for

the Mapping of Soils and Rocks,' wherein he mentioned the various

kinds of rocks that occurred in Yorkshire ; but his scheme was not

actually carried out until a century later. Strachey (1719) and
Packe (1743) produced some remarkable geological sections and
plans.

.

The first systematic series of maps, illustrating the geological

features of the counties, was issued in the Reports of the old

Board of Agriculture, and dated from 1793 to 1822. These
Reports usually contained ' soil-maps ' of the counties described,

upon which chalk, sandstone, limestone, peat, marl, gravel, etc.

were shown by colours and shading. William Smith was certainly

familiar with these ' Agricultural Surveys,' and doubtless they
provided him with information that assisted him in the preparation

of his great map of the geology of England and Wales, issued in

1815.
^

One of the earliest and most serious attempts to prepare geolo-

gical maps was by Prof. Jameson, who read a paper in 1805 * On
Colouring Geognostical Maps ' (Wernerian Nat. Hist. Soc. vol. i,

published 1811) ; but the enormous number of complicated signs

and symbols that he suggested proved unsuitable for practical

purposes, although there were many good features in his coloui'-

scheme.

The first strictly geological map (now in the Society's possession)

was apparently that made by William Smitli in 1799, showing the

geological structure of the Bath District. This had been proved

by the Lecturer to have been coloured on a plan originally issued

in ' The New Bath Gruide ' of 1799. The first geologicar map of
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England and Wales was a small one, also by Smith, and it was

presented to the Societj^ by 'the Father of English Geology' when
the first Wolki-ton Medal was awarded to him in 1831. The
Lecturer discussed the histor}^ of the various maps and sections pub-

lished by Smith, and described two hitherto miknown maps (of the

counties of Durham and Northumberland) by the same author, in

the Society's possession. He also exhibited one of the Scarborough

district, found while he was cataloguing the Society's maps ; all

trace of this particular map had been lost for over eighty years.

Smith's finest piece of work, his map of the Hackness district, dated

1S82, apparently had not been seen by any worker since its publi-

cation, and the Lecturer explained how he had recently been able to

trace two copies. One of them, which was exhibited, he presented

to the Society.

In the Society's possession also is an extensive and valuable

collection of the maps of Grreenough, both published and in

manuscript. Among an extraordinary series of coloured maps of

England and Wales, and of the British Isles, issued during the

middle of the 19th centmy, those of Arrowsmith, Murchison,

Walker, Ramsay, Ravenstein, Knipe, Phillips, and Johnston are

especially notewoi'th}^

The Society's collection includes geological maps of Scotland and
Ireland, some of great value and historical interest. Of Scotland,

the remarkable series b}'^ MacCulloch, published and in manuscript,

shows that the collection is b}" far the finest as regards early maps
dealing with the geology of the country. A manuscript map of

Scotland by Necker is dated 1808 (earlier than Smith's large map
of England and Wales), and is undoubtedly the oldest. Among
the maps of Ireland there is the fine series by Oriffith, which
includes a few examples not known by Judd or other writers on

the subject.

As examples of privately published maps, those by Sanders of

the Bristol Coalfield, Jordan's London District, and Elias Hall's

Lancashire area were described. The Lecturer concluded by
referring to a Catalogue of geological maps (other than the Geolo-

gical Survey Publications) which he had in course of preparation.

This already contained details of approximately 3000 maps.

The President commented on the value of Mr. Sheppard's work,

and on the important discoveries that he had made, and expressed

the thanks of the Fellows present for his lecture.

Lantern-slides and examples of important early geological maps
were exhibited in illustration of the lecture.

June 6th, 1917.

Dr. Alfred Harker, F.R.S., President,

in the Chair.

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

—

1. 'On the Geology of the Old Radnor District, with special

reference to an Algal Development in the Woolho^^e Limestone.'

By Edmmid Johnston Garwood, Sc.D., F.K.S., F.G.S., and
Edith Goodyear, B.Sc.

2. ' Jm-assic Chronology: I. Lias.' By S, S. Buckman, F.G.S.

Lantern-slides and specimens of rocks from the Old Radnor
District were exhibited in illustration of the paper by Prof. E. J.

Garwood, Sc.D., F.R.S., and Miss E. Goodyear, B.Sc.

Examples of Jurassic ammonites were exhibited by S. S.

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

June 20th, 1917.

Dr. Alfeed Marker, F.R.S., President,

in the Chair.

John Cecil Mackmurdo Given, M.D., M.R.C.P., Lowood, Mossley
Hill, Liverpool; William Watts Ratcliff, A.M.Inst.C.E., R.E.,

The Willows, West Drayton (Middlesex), Staff Officer to the Chief
Engineer, Xlllth Army Corps ; Ewart Watson Ravenshear, B.A.,

Captain, 7th Ro^^al Berkshire Regiment ; and Francis Whitworth
Wright, J.P., B.A., M.I.M.E., Lieut. R.F.C., 141 Church Street,

Chelsea, S.W. 3, were elected Fellows of the Society.

The List of Donations to the Library was read.

The following communications Avere read :

—

1. ' The Pre-Cambrian and Associated Rocks of the District

of Mozambique.' By Arthur Holmes, D.I.C, B.Sc, F.G.S.

2. ' The Inferior Oolite and Contiguous Deposits of the Crew-
kerne District (Somerset).' Bv Linsdall Richardson, F.R.S.E.,

F.G.S.

A manuscript map of the district of Mozambique, rock-specimens,

and thin sections of rocks were exhibited by Arthur Holmes. D.I.C,
B.Sc, F.G.S., in illustration of his paper.

The following were also exhibited :—Geological Map of the Wit-
watersrand Goldtield, in three sheets (scale= 1 : 60.UUO ; lOlGj

—

presented by the Geological Survey of the Union of South Africa
;

and Geological Survey Map of Japan, Sheets Niagata & Shiriya-

zaki, 191(3, and Takayama, 1917 (scale = 1 : 20,000)—presented'by
the Imperial Geological Survey of Japan.
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[Plate L]

The Piltdown gravel has already been well described by the late

Mr. Charles Dawson,^ who pointed out its variable character and
concluded that its two lower layers at least could not be very dif-

ferent in age. '2 Further extensive excavations last summer round
the margin of the area previously explored, tended to confirm this

impression, and to show that the whole deposit is a shingle-bank

which may have accumulated within a comparative^^ short space

of time. The lenticular patches of the dark-brown ferruginous

gravel proved to be even more variable than before, and they were
seen to j)ass both into the sandy clay below and into the less clayey

deposit above. Large flints and waterworn pieces of Wealden sand-

stone were still observed scattered irregularly through the liner

material. The characteristic ' subangular flints ' were also found
at intervals in the basal sandy clay. More interesting, however,

was the discovery in this layer of numerous large elongated flints

and pieces of Wealden sandstone, witli their long axis more or less

nearly vertical. The evidence of Hood-action thus became complete.

1 Q. J. G. S. vol. Ixx (1914) p. 82
- Ibid. vol. Ixxi (1915) p. 147.

Q. J. G. S. No. 289. r
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Fig. l.—Siqyposed hammer-stone
from the Piltdotcn Gravel;
the natural size.

[A= side view; B=face showdng the original crust

of the flint; C = extensively-flaked face: x~
battered portions.]

of flint Although so much
half of material Avas carefully

exammed, neither bones

nor teeth Avere met with.

The only noteworthy
find was a battered

nodule of black flint,

which occurred m a

rather sand}^ patch of

the dark-brown gravel

resting immediately on

the basal layer. This

specimen, which is con-

spicuously different from
the other flints and very

little stained, may have
been used by man as a

hammer-stone (text-fig.

1). It measures nearly

13 centimetres in length

by 9'5 cm. in width,

and about 7"5 cm. in

maximum thickness.

The largest face (C),

which is almost flat, has

been produced by coarse

flaking, and bears marks
of much battering round
the edge, especially at

one angle {x). The op-

jDosite large face (B) is

covered for the greater

part by the original

crust of the flint-nodule,

but is strongly battered

along the two cross-

ridges {x) and one con-

necting edge, fromwhich
lateral flakes have been

struck. Where not thus

flaked the periphery of

the flint is also covered

with the original crust.

Like the later undoubted
hammer-stones, there-

fore, this flint has been

used mainly on two
opposite faces ; but it

appears to owe its j^re-

sent form merely to use,
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not to any original intentional shaping. All the edges are re-

markably sharp, and the black facets bear scarcely any patina.

The wide distribution of the Piltdown gravel, as determined by

its characteristic brown flints, was shown by Mr. Dawson in his

map of 1912.1 It could easily be traced in the ploughed fields of

the district ; but, notwithstanding the most careful and persistent

rsearch, it yielded no fossils, except at the original locality, until the

winter of 1914-15. /^One large field, about 2 miles from the Pilt-

down pit, had especially attracted Mr. Dawson's attention, and he

and I examined it several times without success during the spring

and autumn of 1914. When, however, in the course of farming,

the stones had been raked of£ the ground and brought together into

heaps, Mr. Dawson was able to search the material more satisfac-

toril}'' ; and early in 1915 he was so fortunate as to find here two
well-fossilized pieces of human skull and a molar tooth, which he

immediately recognized as belonging to at least one more individual

of JEoanthropus dawsoniy Shortly afterwards, in the same gmvel,

a friend met with part of the lower molar of an indeterminable

species of rhinoceros, as highly mineralized as the specimens pre-

Tiously found at Piltdown itself.

The most important fragment of human skull is part of the supra-

oi-bital region of a right frontal bone adjacent to the middle line

(PI. I, figs. 1 a-\ d). It is in exactly the same mineralized condition

as the original skull of Eoauthropus, and deepl}^ stained Avith iron-

oxide. It is also similarly thickened, exhibiting the characteristic

very fine diploe with comparatively thin outer and inner tables oi

dense bone. It provides a portion that was absent in the first

specimen, its upper end approaching Avithin a few^ millimetres the

level of the anterior broken edge of the left frontal in the latter,

while its lower portion now leaves only about 2 cm. of the supra-

orbital border unknown. Its gently upivard and backward curva-

l;ure (figs. 1 c & 1 <:/) is that already assumed in restorations, and its

outer face is marked only by a small and low supraciliary ridge (s.),

which is well above the orbital border, fades aAvay medially at the

beginning of the glabella, and only extends laterally just be^^ond

the supraorbital notch {n.). On the inner face of the bone (fig. Ih)
the median border bears an unusually stout sagittal crest (c). Avhich

is slightly marked by a groove for the longitudinal sinus. The im-

pressions of the convolutions of the frontal lobe of the brain are

feeble, but show some features of interest, as described by Prof.

Elliot Smith in the Appendix (p. 7). The orbital plate, as might
be expected, is broken away, and the rather tumid glabellar region

is imperfect below, exposing small air-sinuses, which do not appear

i>o extend along the supraorbital boi-der beyond the supraorbital

notch. This notch (figs, la &\h, n.) is especially conspicuous (per-

haps enlarged by abrasion in the fossil), and the supraorbital border

to the right of it forms a comparatively sharp edge (figs, la, 1 h,

^Id). The median plane of fracture (fig. 1 c) follows closely the

1 Q. J. G. S. vol. Ixix (1913) p. 118.

b2
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line of the iiiterfrontal suture, which, however, judging from
the appearance of the broken surface, cannot have been persistent.

It shows a complete septum (a.) between the air-sinuses of the

right and left sides, and indicates the total thickness of the bone
at the frontal ci-est.

The following are some measurements of thickness of the new
fossil, in millimetres :

—

Supero-lateral angle 10
Thinnest part of lateral edge 8

Sharp supraorbital border (fig. Id) 12

Upper end of sagittal crest 13
Lower end of sagittal crest 19

With these may be compared the following measurements of

thickness of the original specimen of Eoantliroj)iis :
—

Left frontal at the nearest point of api^roacli to the

part represented b}^ the new fossil 11

Thinnest part of frontal above the left orbit 9

The second fragment of human skull is the middle part of an
occipital bone, whicli is also well fossilized, but seems to have been

weathered since it was derived from the gravel (PL I, figs. 2ff-2c).

Though still stout, it is thinner than the coi'responding bone of

JEoanthropiis from Piltdown, and differs from the latter in at least

one important respect. The outer face of the fossil (fig. 2 a) ex-

tends upwards just be3"ond the superior curved line (s.c.l.) which
passes along a gentle transverse prominence ; while the lower edge
of the fragment is a little below the inferior curved line (/.c./.).

The inner face (fig. 2/;) shows the internal occipital crest (i.o.c.),

with its protuberance, displaced somewhat to the right of the

median line, the fossa for the left cerebral hemisphere (cer.) being

relatively' wide. The broad transverse grooves for the lateral sinus

(l.sL), however, are at the same level' on the right and left sides,

and the upwardly turned groove at the torcular Herophili (f.) of

the longitudinal sinus is large and conspicuous on the right. The
fossai for the cerebellum (ch.) indicate very little asymmeby.
The brain must thus have been much more nearly symmetrical

than that of the original specimen of Eoantliropus—a diiference

that is to be regarded as merely an individual variation. When,
however, a vertical section of the bone is made along the external

occipital crest (fig. 2 a, e.o.c.) which marks the median plane

(fig. 2 c), an essential difference is observable between this and
the previously'-described specimen. The superior curved line of

the outer face and (by inference) the inion, or external occipital

protuberance, are distinctly above the level of the upi)er edge of

the lateral sinus which denotes the limit of the tentorimii covering

the cerebellum ; whereas, in the first specimen, the same external
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and internal features are opposite, as in modern man. It is there-

fore clear that, in the skull represented by this new fossil, the

muscles of the neck must have extended farther up the occiput

than is usually the case. Such an upward extension of the neck-

muscles is already known in Neanderthal man, where it is supposed

to be correlated with the support of a heavy face ; and it may be

that in still earlier man the condition was variable, perhaps even

different in the male and in the female. If this were so, there

would be no reason to hesitate in referring the fragment now
described to Eoanthropus dawsoiil.

The followmg are some measurements of thickness of the new
occipital bone, compared with that of JEoantliropus previously

described :

—

New fossil. Eoantliropus.

Greatest thickness 17 mm. 20 mm.
Thickness at internal protuberance ... 16 mm. 20 mm.
Thimiest part of cerebellar wall 4 mm. 4 mm.

The tooth, discovered by Mr. Dawson in the same locality as the

two pieces of bone, is a left first lower molar (PI. I, figs. 4 «-4 e)

agreeing very closely with that of the original specimen of Eocm-
tliropus dawsoni, but more obliquely worn by mastication. It is

equally well fossilized, and stained brown with oxide of iron in the

usual manner. The difference in the mode of wear can be seen in

its anterior end-view (4 e) when this is compared with that of the

original specimen (fig. 5). The tooth, as before, is elongated

antero-posteriorly, and its grinding surface (fig. 4^. a) lacks any
well-defined cruciform fissure, its central area being an irregular,

nearly smooth depression. Of its two inner cusps, the anterior is

the larger, and must have been more elevated than the posterior

cusp (its worn apex exposing a small triangular area of dentine,

while the latter is still covered with enamel). Both the outer cusps

are worn down to the dentine, the anterior exposing a slightly larger

area than the posterior cusp. The small fifth cusp behind is, as

usual, nearest the outer bordei-, from which it is visible in side

view (fig. -iZ*). It is also worn down so as to expose a very small

area of dentine. Between this, the postero-internal cusp, and the

posterior border of the tooth, the crown (fig. 4 a) is slightly marked
by a small transversely-extended depression. In outer view

(fig. 4/;) and inner view (fig. Ic), the depth of the crown is well

seen, and the two cusps are clearl}'- separated by a fissure. At
both ends of the tooth (4 d, 4 e), a pressure-scar is distinguishable.

The two roots, of which, only the upper portions are preserved, are

separate nearly as far as the neck of the tooth, which is but
slightly constricted.

If the new tooth be compared with the corres])onding molai's of

a Melanesian (figs. Qa-Qe), a Tasmanian (figs. 7 a-7 d), and a

Chimpanzee (figs. 8«-8e), of approximately the same size, it will

readily be recognized as essentially human. In the considerable
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depth of the crown and its gradual passage into the root, it agrees-

Avith the human tooth and differs from that of the Chimpanzee, in

which the crown is very brachyodont and overhangs the root. As-

a human moh\r it is unusual in the feebleness of its cruciform fis-

sure, and in the presence of the slight depression on the crown
behind the postero-internal and fifth cusps ; but both these features

are approached in the Melanesian tooth selected for comparison

(PL 1, fig. 6 a). In the antero-posterior elongation of the crown
and in the characters just mentioned, it obviously resembles the

corresponding tooth of the Chimpanzee (fig. S a) ; but the cusjds in

the latter are so bi-achyodont that much larger areas of dentine are

exposed when they are worn down to the level reached in the fossil.

These comparisons are made because it has been stated that the

molar teeth in the Piltdown mandible are those of a Chimpanzee ^
:

reference to the teeth of other knoAvn Apes is not necessary.

The following are the extreme measurements (in millimetres)

of the teeth taken between the convexities of the sides :

—

Melanesian. Tasmanian. Neir Tooth. Chimjyanzee,

Length 13 13 13 12

Width 11-5 11-5 11 10-5

The following are similar measurements of the two lower molars-

in the original specimen of JEoanthropus dawsoni:—

Length 12-5 13

Width 11 11-5

From the new facts now described it seems reasonable to conclude

that Eoantlirojyus dawsoni will eventually prove to be as definite

and distinct a foi-m of early Man as was at first supposed ; for

the occurrence of the same type of frontal bone Avith the same
type of lower molar in two separate localities adds to the jH-obability

that they belonged to one and the same species.

Again I have to thank the Lord of the Manor. Mr. Gr. M. Maryon
Wilson, and the tenant of Barkham, Mr. Kobert Kenward, for

facilities in continuing the exploration of the Piltdown gravel-pit.

I am also indebted to Mr. C. G. Turner, of Cckfield. for much
kind service. Finally, I desire to thank my colleague, Mr, W. P.

Pycraft, A.L.S., for his valuable help in making comparisons with

the osteological collection under his charge.

^ G. S. Miller, ' The Jaw of the Piltdo^^^l Man " Smithson. Miscell. Collect,

vol. Ixv, No. 12 (1915). Endorsed by W. K. Gregory, 'Studies on the Evolu-
tion of the Primates ' Bull. Amer. Mus. Nat. Hist. vol. xxxv (1916) pp. 313-20.

Replied to by W. P. Pvcraft. • The Jaw of the Piltdown Man ' Science Progress,

No. 43 (1917) pp. 389-409.
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EXPLANATION OF PLATE I.

[All the fig-ures are of the natural size.]

Fig". 1. Eoanthropus dawsoni A. S. Woodward. Inner supraorbital portion

of right frontal : outer view (1 a) ; inner view (1 b) ; section along"

sagittal crest (1 c) ; and section at outer edge (1 d). a.=air-sinus
;

o.=frontal crest ; 7i.= supraorbital notch ; s.= supraciliary ridge.

2. Eoanthropus dawsoni. Middle portion of occipital : outer view (a)
;

inner view (b) ; and vertical median section along external

occipital crest (c). c&.= cerebellar fossa; cer. = cerebral fossa;

e.o.c. = external occipital crest; i.o.c.= internal occipital crest;

i.e.L= inferior curved line; i.si.=groove for lateral sinus; s.c.i.=

superior curved line ; i.=groove above torcular Herophili.

3. Eoanthropus dawsoni. Vertical median section of the occipital bone
of the type-specimen along the external occipital crest. Lettering

as in fig. 2, with addition of i.=inion.

4. Eoanthropus daivsoni. Left first lower molar: crown (a); outer (b),

iimer (c), posterior (d), and anterior (e) views.

5. Eoanthropus dawsoni. Eight first lower molar of the type-specimen,
anterior view.

6. Left first lower molar of Melanesian : crown (a) ; outer (6), inner (c),

posterior (c?), and anterior (e) views.

7. Left first lower molar of Tasmanian : crown (a) ; outer (6), inner (c),

and posterior [d) views.

8. Left first lower molar of large Chimpanzee : crown (a) ; outer (6),

inner (c), posterior (d), and anterior (e) views.

Appendix.

On the Form of the Frontal Pole of an Encloci'anial Cast of

Eoanthropus dawsoni.

Bj Prof. a. Elliot Smith, M.A., M.D., F.P.S.

Although the fragment of the right side. of the frontal bone

reveals the form of only a small area (little more than 5 cm. long

X 3 cm. broad) of the endocranial surface, which is devoid of

obtrusive features, it is of interest and importance because it sheds

some light upon a part of the endocranial cast of which nothing

was known before. Moreover, it is a part of the cast, the frontal

pole, the form of which is of peculiar significance in the study of

the features of earl}^ Man.
In a communication dealing with the endocranial cast of the

Boskop skull, which I presented to the Manchester Literar}'' &
Philosophical Society last month,^ I called attention to the small

size and lack of roominess of the prefrontal region of the cranial

cavity in Neanderthal man, and made special use of the form, and
relative size of the prefrontal area of the Boskop cast to establish

^ This will be published in the Transactions of the Royal Society of So uth.

Africa.
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the fact that the skull from which it was obtained conformed to

the modern type (by some authorities regarded as the species

Somo sapiens, as distinct from S. neanderthcde)isis).

The small fragment of endocranial cast now under consideration

presents at its medial border about 4-5 centimetres of the broad

deep median furrow, corresponding to the endocranial sagittal crest

of the frontal bone ; and below, part of the orbital margin, although

not sufficient to display the form and extent of 'the orbital rosti'um.

There are no distinct indications of the situations of an}' of the

<3erebral sulci, although there is a definite flattening of the sm-face

parallel to, and about 1 centimetre above, the orbital margin.

Passing upwards from the

Ym. 2.—The frontal pole of cui ^^^^"^^^ of this flattening is

endocranial cast of Eoan- ^n even more definite de-

thropns viewed from the pi'ession (fig. 2, h) proceedmg

fj.Qjj^f

'

sagittallv at a distance of about

2 centimetres from the median

,„.-,-....,, plane. The sui'face between
this depression and the median
groove is raised up into a pro-

minent hillock {a «), the exact

analogy for which I have been

unable to find in an}^ human
brain or cranial cast. It pre-

sents a much closer analogy to

the condition found in the casts

of skulls of the Xeanderthal
series (more especially the Grib-

raltar, Xeanderthal, and La
Quina casts) than in those of

any more recent varieties of

man. But it suggests also the

paramedian ridge formed by
the anterior j^art of the superior

frontal convolution in the an-

thropoid apes, the prominence
of which is due in part to the

falling away of the ill-deve-

loped lateral part of the pre-

frontal area.

If these tentative suggestions are justified, this small fi*agment

affords further corroboration of the opinion that I expressed vdth.

reference to the endocranial cast of the Piltdown skull : namely,
that it presents features which are more distinctly
primitive and ape-like than those of any other member
of the human family at present available for exami-
nation.

V

a = paramedian eminence ; h = de-

pressed area at the lateral border
of the eminence ; c = part of the

fronto-orbital margin.]
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Discussion.

Mr. W. P. Pycraft exhibited a specimen of the right half of

a mandible of a chimpanzee, sent to him for examination by
Mr. (lerritt T. Miller, of the Smithsonian Institution, Washington.

Mr. Miller, in his Memoir on the Piltdown jaw, laid no little

stress on the importance of this specimen, from the fact that the

molars are worn so as to present flattened crowns similar to those of

the Piltdown jaw. Hence, this specimen formed a link in his chain

of evidence that the Piltdown jaw was unquestionably that of a

chimpanzee.

It is clearty the jaw of an adult of one of the small races of

chimpanzee, and apparently of a female. But, as a witness for

Mr. Miller, it must be held to have failed ; because, although the

molars are worn flat, this is due, not to normal wear, but to some
interference in the normal * bite ' of the jaw caused by the

abnormal position of PM,, which projects above the lev^el of

the worn surface of the molars as much as 5 mm. That this is

not due to post-mortem displacement is clear, since the posterior

border of the crown, where it impinges upon the anterior border

of PM^, shows no sign of facetting as a consequence of the

mutual pressure of the two teeth. Nor does the crown show any
sis^n of wear. Unfortunately about half of this is missing, the

tooth having split longitudinally.

The second premolar shows but very slight signs of wear, and is

conspicuously flat-topped—a feature peculiar to the tooth rather

than due to wear.

The first molar is, as Mr. Miller described it, worn to a flat-

topped surface, but the wear has been from in front backwards, so

that the crown presents a decided backward slope when seen in

profile.

The surface of M.^, though worn flat, is not in the same plane as

that of M^. This much can easily be demonstrated if a straight-

edge be placed over the two teeth ; a large wedge-shaped gap will

then be foimd between the straight-edge and Mp the apex of the

wedge being pointed forward. The worn surface of this tooth (Mj
is not absolutely flat, but presents a shallow depression running
from, the entoconid obliquely forwards to the protoconid.

The incisors have been worn down to about half their original

length.

In no other chimpanzee that the speaker had examined had he

ever found anj'thing in the matter of wear comparable with the

molars of Mr. Miller's specimen. These are quite abnormal in this

regard, and therefore of no value as evidence that the Piltdown
teeth might, even in the wear of their crowns, agree with teeth of

<3himpanzecs. Normally, one might affirm that the molars of these

animals never wear flat ; but the outer cusps disappear before the

inner cusps are perceptibly reduced b}^ wear.
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Prof. A. Keith said that these further Piltdown ' finds ' estab-

lished beyond any doubt that Eoanfhropus Avas a very clearly-

differentiated t^'pe of being—in his opinion a truly human type.

He agreed with Dr. Smith Woodward and Mr. Pycraft that the

lower molar now found and the original mandible and teeth must
be ascribed to Eoanfhrojjus, and constituted the characteristic

features of the type. He did not think that the relationship of the

external occipital protuberance to the position of the lateral venous

sin vises had any great value in the differentiation of human species.

Among modern English skulls it was not uncommon to find the

external occipital protuberance above the level of the lateml sinuses,

as in the newly-found fragment. The position of the protuberance

changed with age, and it ascended on the occiput as the neck

expanded ; it was low in position in women and children, and high

in men with thick necks. The high position of the protuberance

in the specimen found either indicated that it belonged to an older

individual than the type-specimen, or pointed to a difference of sex.

The frontal fragment was a particularly valuable addition, because

it cleared up any doubt as to the contour of the forehead over the

root of the nose. The supraciliary parts of the supraorbital bar

were but slightly prominent, there being a wide shallow dej^ression

separating the right and left supraciliary eminences. The depth

and thickness of the internal frontal crest were altogethe]-

remarkable.

Sir Ray Laxkestee said that all must appreciate the clear and
interesting statement made by Dr. Smith Woodward. He con-

gratulated the Author on the gradual addition, by his patient work
and that of the late Mr. Charles Dawson, of new bits to our
knowledge of the Piltdown man. He pointed out that it was a

possibility—although highly improbable—that the piece of the

frontal bone and also the molar tooth now described belonged to

the same individual as that represented by the imperfect skull

and lower jaw already known. But this was not true of the

fragment of the occipital bone, since the region corresponding to

this fragment was present in the imperfect skull now in the

Xatural History Museum. The present ' find ' therefore makes
it impossible to regard the Piltdown man as an isolated abnormal
individual. The fragments hitherto found must be referred to two,

and possibly to three or even four individuals.

Mr. W. Dale observed, with regard to the flint that was said to

have been used as a hammer-stone, that it had probably sunk down
from a higher level and was of newer date. At a previous meeting
on the same subject, pala?olithic implements had been shown which
were of the deep-ochreous colour of the bones. This ' hammer-
stone ' was scarcely patinated at all.

Dr. A. S]SHTH Woodwaed thanked the Fellows present for their

reception of his paper, and mentioned that the new specimens of

Eoanthrojms exhibited had been presented by Dr. F. DuCane
G-odman to the British Museum.
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1. Inteoductiojt.

The igneous rocks o£ Derbyshire, locally called ' toadstoiies,' form
a well-known basic series comprising lava-flows, sills, a few thin

dykes, and also, in many localities, pyroclastic material varying

from coarse agglomerate to fine-grained tuff. All these rocks occur

entirely in beds of Lower Carboniferous age. The lava-flows and
ashes were contemporaneous with the Carboniferous Limestone,

with the exception of a few small occurrences in the south-west of

the county which are in the Limestone Shales overlying the lime-

stone. That they were submarine is evident from their intercalation

at various horizons in marine deposits. There would appear to have

been a large number of vents scattered over a sea-floor that was
undergoing slow and ^^rolonged subsidence.

Dr. Bemrose ^ has classified the lavas and sills under three heads,

namely: (1) olivine-dolerites, (2) ophitic olivine-dolerites, and (3)
olivine-basalts. These distinctions rest on internal structure alone,

and not on mode of occurrence, intrusive or extrusive.

In the course of a visit of the Greologists' Association to Derb}^-

shire in the summer of 1914, specimens of lava were collected in

Tideswell Dale which appeared, on examination under the micro-

scope, to vary widely in character from the dolerites and basalts of

the county hitherto described. Dr. Harker, to whom a thin section

was submitted, pointed out that it possessed decided aftinities with

the spilites of Devon and Cornwall, and also, to some extent, Avith

the mugearites of East Lothian. It seemed desirable, therefore,

to make a furthei- examination of the rocks of the district, in order

to ascertain to how great an extent these features occurred , else-

where, and the object of this paper is to record the result.

I desire to express my great indebtedness to Mr. A. T. Metcalfe,

F.G-.S., who was the first to note the special features of the

Tideswell-Dale rock and urged me to undertake the investigation.

1 Q. J. G. S. vol. 1 (1894) p. 624.
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II. The Latas

The features of the Tideswell-Dale rock that dh-ected attention

to the subject were {a) the abundance of oUgoclase among the

i'elspathic constituents : (b) the occurrence of albite in the vesicles;

and (c) the subordinate part played by augite as compared with
olivine. Many specimens from other areas of the county have now
been examined under the microscope; and, although from numerous
exposures, Dr. Bemrose's petrographical description ^ is fully borne

out, there are many from various localities which possess features

similar to those of the Tideswell-Dale rock. Such localities as have

been hitherto noted by me are set forth in the accompan3^ing list,

and it will be seen that all the main flo\vs of the county, as mapped
by Dr. Bemrose, are represented, as well as several of those which
he describes as ' uncorrelated.' " With the exception of Kniveton,

all the localities are in the Carboniferous Limestone.

Locality. Hovizon

1. Ball Eye.Via Gellia, near Cromford.
~"

"Upper Lava.

2. Salter's Lane. Matlock Do. do.

3. Masson. Matlock Do. do.

4. Dobb Lane, Bonsall > Matlock Area < Lower Lava.

5. Ember Lane. Bonsall Do. do.

6. Aldwark Grange, near Grange Mill. Uncorrelated.

7. Sactiereral Barn, near Grange Mill. ^ Do.

8. Knot Low. Millers Dale " 'Upper Lava.

9. Tideswell Dale
>Millers Dale Area. <

Lower Lava.

10. Tideswell Dale Uncorrelated.

11. New Bridge, near Ashford ^ Do.
12. Conksbury Bridge. Lathkill Dale. Upper Lava of Lathkill Dale.

13. Bradford Dale, Youlgrave
Bakewell Area ..

Uncorrelated.

14. Lumford Mill, near Bakewell Do.

15. Crich Cliff Donbtfnl.

16. Kniveton Tissington Area . .

.

Limestone
Shales.

In both macroscopic and microscopic characters the Derbyshire

lavas show a rather wide range. Their colour varies from different

shades of grey, green, or blue, to black. Their texture ma}' be fine-

grained or coarsely crystalline, Avith gradations from one extreme

to the other.

The rocks with which this paper is concern'ed belong to the

leucocratic end of the series. They are nearly always vesicular

and always intense^ altered. Both olivine and augite appear to

have been invariably present in the original rock, the former

sometimes pre])onderating over the latter, as already noted in

the Tideswell-Dale specimen ; but, under the microscope, both

minerals are always seen to be completely destroyed. The
evidence of their former presence consists in a more or less com-
plete recrystallization, pseudomorphous or otherwise, of secondary

products such as calcite, quartz, and minerals of a chloritic or

1 Q. J. G. S. vol. 1 (1894) pp. 611-25.
2 Ihid. vol. Ixiii (1907) pp. 247 & 251.
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serpentinous character, often with radial and spherulitic structures.

Iron-ores, both magnetite and ihuenite, are generally abundant.

But, amid the general Avreck of the other constituents, tlie felspars

stand out conspicuously as much less altered. They retain their

crystal-form, though their edges are always ragged and corroded.

Their interiors, when original, are clouded witli alteration-products
;

but not seldom they are quite fresh and watei'-clear, apparentl}^ as

the result of a replacement of the original felspar-substance by
secondary material.

In all the localities named above the felspathic element pre-

dominates, and not infrequently forms the bulk of the rock. It

occurs as phenocrysts, laths, or microlites, and sometimes in allo-

triomorphic interstitial fragments. In general, porph^^ritic struc-

ture is not very noticeable, and it is often absent. In a few
localities large felspar-phenocrysts abound [1; 13]. ^ In many of

the thin sections the felspar-content is seen to consist wholly of

laths of fairly uniform size, and in a few it is almost entirel}^

microlitic [9; 11; 16]. The species, too, show a rather wide range.

Oligoclase appears to be always present among the laths and
microlites, and sometimes it is the dominant felspar. Its identity

is known b}^ the extinction-angles which, in sections normal to

the albite-lamellse, range from zero to 6° ; and by the refractive

index which, when it can be compared with that of the balsam, is

seen to be about the same, or a very little higher. More often than

not, comparison with the index of the balsam is obscured by
alteration-products in the felspar. Subordinately, a more basic

pltigioclase occurs among the laths, and this may generally be

referred to andesine or to an acid labradorite. When phenocrj^sts

of original composition are present, they are often more basic

than the felspar of the ground-mass, and belong to the andesine-

labradorite series.

In addition to plagioclase there is undoubtedly a considerable

proportion of potash-felspar, which is assumed to be orthoclase

and is often of a secondary character, in these rocks. Sometimes,

when a large amount of replacement of the original laths has

taken place, it becomes the dominant species [2 ; 3]. This view

is borne out by both tlie microscopic examination and the analj'-ses.

Carlsbad twins extinguishing simultaneously when parallel with

the cross-wires occur in both phenocrysts and laths, and nntwinned
crystals extinguishing straight are seen in many of the sections.

Very low refractive indices, lower than that of the balsam, may
be seen in many of these individuals. Shapeless fragments of

felspar-substance, probably orthoclase, also occur interstitially in

some of the sections.

Zoned felspar-crystals are not uncommon, a thin outer zone less

basic than the interior and with straight extinction being often seen

on the laths.

^ Numbers in square brackets refer to the localities enumerated in the list

on p. 12.
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Dr. Bemrose has noted that, hi spechnens from three outcrops

examined hy him,

' the ground-mass sometimes consists of a small felt of felspar-laths often

^ving parallel extinction/ ^

It is interesting to contrast these rocks with those at the other

end of the series, the darker rocks which are of normal basaltic or

doleritic tj^pe. It is unnecessary to describe these in detail, since

Dr. Bemrose has already done so ^ ; but a point of importance

bearing, as I conceive, on the evolution of the whole series, is their

general freshness as comjDared with the rocks above described. They
are sometimes beautifully fresh and well preserved, the principal

sign of alteration being slight serpentinization of the olivine.

A more detailed description of a few of the more noteworthy

rocks Avith spilitic affinities may now be given. This will be mainly

confined to the felspathic content, since the general description of

the other constituents given above holds good for all.

In the rock fi'om Ball Eye, Via G-ellia [1], the felspar occurs in

two generations : large lath-shaped phenocrysts and a ground-mass

of microlites. Many of the phenocrysts are tAvinned on the albite

law, and show extinction-angles which point to andesine-labradorite.

Carlsbad twins with simultaneous or unsymmetrical extinctions,

and untwinned crystals extinguishing straight, also occur in sub-

ordinate quantity. The microlites of the ground-mass appear to

be dominantly oligoclase. Very little, if any, replacement by
secondary felspar has taken place here.

The Salter's Lane and Masson rocks [2 & 3] are both outcrops

of the Upper Lava of the Matlock area. The former was collected

in situ ; the latter was obtained from the waste -heaps of the Seven

Rakes Mine, now closed. The rock is sub-porphyritic, the felspar-

content consisting of a few^ small phenocrysts and a mass of laths

of fairly uniform size. The phenocrysts are altered throughout

to a water-clear fels])ar- substance associated with yjatchesof calcite.

The laths are sometimes similarly altered ; but often the secondary

felspar is seen on the margins only, the interior forming a spongy
core of chlorite and calcite. Vestiges of albite-twinning occur in

some of the laths, and the secondary calcite suggests that labradorite

was origmally present. The seconilar}' fels]:>ar has a lower refractive

index than the balsam, and in view of the analyses (Nos. VI &
VII, p. 22) it must be assumed to be orthoclase.

The lava-flow on Knot Low, Millers Dale [8], is about 120 feet

thick. At the summit the rock below the zone of atmospheric

weathering is a fresh basalt ; at the base it is of spilitic character,

and is altered throughout. It is non-porphja-itic ; the felspars are

all lath-shaped, frequently untwinned, and sometimes twinned on

Q. J. G. S. vol. 1 (1894) p. 624.
2 Ibid. pp. 611-2
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the Carlsbad law. Extinctions are straight, or with a very low

angle.

The Tideswell-Dale flow [9] is well seen in a small disused quarry

directly south of the North Fault, as mapped by Dr. Bemrose,i

where the specimens mentioned on p. 11 were collected. Both
vesicular and non -vesicular rocks are well exposed. The former

has already been briefly described : it consists mainly of a mass
of felspar-laths and microlites with flow-structure. They appear

to be chiefly oligoclase, but subordinate andesine also occurs.

Felspar-phenocrysts are absent.

In the non-vesicular rock, which overlies the vesicular portion,

large felspar-phenocrysts are very abundant. The transition from
non-porphyritic to porphyritic rock is absolutel}^ abrupt, and a

clear line of demarcation, marked by the greater alteration of the

underlying vesicular rock, is well seen. There can hardly be a

doubt that the porphyritic rock is a distinct flow from the under-

lying spilitic bed. Its phenocrysts are frequenth^ very long and
lath-shaped. Untwinned inclividuals occur among them, and these

have straight extinction ; but most of the crystals have extinction

-

angles which show that a felspar predominates which is more basic

than that in the vesicular portion of the exposure. The dominant
species appears to be andesine, but subordinate oligoclase also

occurs, and probably some orthoclase as well. Augite is present in

fairly fresh condition, moulded on the felspars, and it is clear that

this bed does not come within the range of the spilitic type of

these lavas. Nevertheless, here too, replacement of the original

felspar by alkali-felspar appears to have commenced along cracks

and fissures in the phenocrysts.

The lava of Crich Cliff [15] can now be collected only on the

waste-heaps of abandoned mines. Examples of both types of

rock may be found. The comparative freshness of the

basalts is very striking, when compared with specimens having
spilitic affinities. In the former granular augite is abundant, and
remains of unaltered olivine may be seen. A few felspar-phenocrysts

occur, but the bulk of the felspar-content is in the form of laths.

Extinction-angles indicate labradorite as the dominant species ; but
untwinned water-clear crystals, with straight extinction and appa-

rently of secondary origin, occur in subordinate quantity. In
specimens with spilitic affinities from the same waste-heaps the

dominant original felspar is sometimes oligoclase, sometimes ande-

sine labradorite ; but replacement on a considerable scale has taken

place, and the other constituents are always destroyed. Here, too,

untwinned laths and Carlsbad twins with straight extinction occur.

The lava of Worm Wood, near Bakewell, is a good exam])le of

a rock intermediate between those of spilitic type and the true

1 Q. J. G. S. vol. Iv (1899) map, pi. xix.
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basalts. The phenocrvsts here are entii-ely replaced b}* alkali-felspar

enelosmg small patches of secondary calcite, which probably indicate

labradorite as the original felspar. They are twinned on the albite

law, and have extinction-angles indicating andesine or an acid

labradorite. Then* refractive index is higher than that of the

balsam. Messrs. E. B. Bailey & G. W. Grabham's observation^

that, in a porphyritic basalt, the phenocrysts are alwa^^s attacked

before the less basic felspai's forming the ground-mass, is thus

confirmed here, as well as elscAvhere, in the Derbyshire rocks.

The study of the vesicles affords matter of much interest.

Frequently the}' are lined with a very thin layer of a fibrous

green chloritic substance, the fibres standing out from the wall of

the cavity. The birefringence of this mineml is higher than that

of chlorites in general. The following minerals occur in the interior

of the vesicles, generally two or more together: quartz, chalcedony,

calcite, dolomite, albite, and chlorite. The sequence observed in

the deposition of these minerals varies in different vesicles.

Granular quai-tz frequently occurs in small grains or narrow strips

associated with the outermost chloritic lining, or itself forming the

actual lining of the cavity. When quartz and calcite are associated,

the quartz has generally separated out before calcite. llarely, the

reverse is the case, and dogtooth cr^'stals of an outer zone of calcite

are seen penetrating an inner zone of quartz. Dolomite is often

associated with calcite. Helminth is the most abundant form
of chlorite, and there is sometimes ])resent a yelloAvish-brown fibrous

mineral, pleochroic and with low birefringence, wdiich ma}' be near

delessite. Sometimes these chloritic minerals fill the entire vesicle,

or, in a composite amygdale, they may be formed at any stage

relatively to the other minerals in the vesicle. In the vesicles

described by Messrs. Bailey & Grabham ^ a regular sequence of

deposition occurs, namely: (a) albite, (h) chlorite, and (c) calcite.

It is clear from the foregoing description that there is a facies of

lava-flows in Derbyshire presenting characters widely different from
those of the true basalts. That they have structural trachytic

affinities is obvious from the predominance of alkali-felspar con-

sisting of a mass of laths and microlites, sometimes exhibiting

fiuidal arrangement and often forming the bulk of the I'ock. On
the other hand, they are essentiall}' more basic than the trachytes,

as is shoAvn b}' their low silica-content, their abundant iron-ores,

and the presence of olivine.

There is no need to emphasize the points of resemblance and
difference between these rocks and those of the spilitic and
mugearitic groups. Like the spilites, the Derbyshii'e rocks were

submarine flows in an area that was undergoing slow and prolonged

subsidence. Like both spilites and mugearites, their structure is

^ ' Albitization of Basic Plagioclase Felspars ' [Geol, Mag. dec» 5, vol. vi

(1909) p. 251.
2 Ibid. p. 253.
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trachjtic and they are rich in alkalies. They are, however, dif-

ferentiated from the spilites of Cornwall by their abundant content

of olivine and the presence of orthoclase. On the other hand, these

features are characteristic of the niugearites.

Pillow- structure, again, has not been recorded among the Derby-
shire lavas, but this feature is probably dependent on accidental or

local chcumstances. Mr. C. lieid & Mr. H. Dewey i have suggested

that it may, perhaps, result from some special physical capacit}- for

retaining bubbles of gas, and be quite independent of chemical

composition.

It is clear therefore, in view of the characteristic features of the

Derbyshire lavas described above, that, while they are intermediate

geographicall}'- between the spilites of the South-West of England
and the mugearites of the Lothians, they are also intermediate in

character. Their structure and field-relations appear to me to asso-

ciate them, on the whole, more closely with the former than A\ith

the latter, and, in view of their outstanding peculiarity, it is sug-

gested that they may be ajDpropriately termed potash-spilites.

It is interesting to note the striking resemblance between the

spilitic lavas of Derbyshire and some of the rocks of similar age
associated with the Carboniferous Limestone of the Bristol district.^

which appear to be also of sj^ilitic type. The preponderance of

potash over soda is as marked there as in the Derbyshire lavas.

The average of five analyses of the Bristol rocks shows the follow-

ing percentages:—potash= 5'028, soda=0-854.3 There, too, as in

Derbyshire, the rocks of spilitic type are associated with true

basalts.

III. The Associated Rocks.

Just as the mugearites of Skye are associated with the Roineval

dolerites,* those of the Lothians with olivine-basalts,^ and the

spilites of Devon and Cornwall Avith albite-diabases,^ so, too, in

Derbyshire, magmatic differentiation has produced similar results

which are seen in the association of the spilites of that county with

olivine-basalts. These have labradorite or a more basic species for

their dominant felspar; but, for the reason already noted, there is

no object in describing them here in detail.

The close association of spilites with jaspers and cherts, the

' Q. J. G. S. vol. Ixiv (1908) p. 268.
- S. H. Reynolds, ' Further Work on the Igneous E-ocks associated with

the Carboniferous Limestone of the Bristol District ' Q. J. G. S. vol. Ixxii

(1916-17) pp. 23-41.
=* Ihid. p. 38.
"* ' The Tertiary Igneous Eocks of Skye ' Mem. Geol. Surv. Scotland, 1904,

pp. 262-64.
^ • The Geology of East Lothian' Ihid. 1910, pp. 122-23.
'' H. Dewey & J. S. Flett, ' On some British Pillow-Lavas & the E.ock&

associated with them ' Geol. Mag. dec. 5, vol. viii (1911) p. 206.

Q. J. G. S. No. 289. c
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latter often said to contain radiolaria, is well known. Sir Archibald

Geikie ^ has pointed out this association in the case of pillow-lavas

in such widely scattered localities as Cader Idris, the Lizard, the

southern flanks of the Scottish Highlands, the North of Ireland,

Saxon}', and California. Mr, Dewe}" & Dr. Flett - have recorded

the constant association of the Cornish spilites with radiolarian

chei-ts, which they ascribe to the escape and decomposition of the

soda -silicates in the igneous rock, whereby silica would become
available for assimilation b}- the radiolarian plankton.

The i^hysical conditions of the Carboniferous Limestone sea were

doubtless, in general, unfavom-able to the development of organisms

requiring silica for their tests ; but an analog-ue to the Cornish

cherts is to be found in the silicified limestone or quartz-rock,

formed by the replacement of carbonate of lime b}'' silica, which so

often occurs in Derbyshire in the areas of former volcanic activity.

These rocks have been described by Dr. Bemrose,^ and he attributes

their occurrence to the action of deep-seated thenual waters holding

silica in solution. The liberated silica, which w^ould seem to be a

necessary product of the intense alteration that the spilitic lavas

have undergone, would probably, unless it were borne away by
currents, contribute to this result. Volatilized silicates held in

juvenile gases, the later efforts of volcanic energy, would also

contribute abundant sihca, which would be available for the for-

mation of quartz-rock. Ste. -Claire Deville and other investigators

have shown that ' emanations of carbon dioxide mark the dying-out

of the volcanic energy,' * and it seems probable that the reactions

originated by these components of juvenile gases Avould effect the

metasomatism in question.

Instances of the occuiTcnce of quartz-rock in the immediate

neighbourhood of vents may be seen at Bonsall, close to the Ember-
Lane vent ; and at Ashover directly over the tuff of that locality.

Near Bakewell, in close proximity to the Crackendale vent, there

are thick deposits of chert which may, almost without doubt, be

ascribed to similar agency. The same observation applies to the

chert which occurs so abundantly in the neighbom-hood of Castleton,

again in close proximity to the scene of volcanic activity. In the

limestone of the Crich inher there are thin pai-tings consisting

entirely of microscopic crystals of quartz.

Evidence in support of the view that the metasomatism resultmg

in the Crackendale type of chert is due to agents of volcanic origin

may be found (apart from the fact that it appears to occur always

in the area of former volcanic activity) in the presence of streaks

and patches of crystalline calcite and fluorspar embedded in the

chert, and also in the development, in cavities, of quartz-crystal.s

' 'Ancient Volcanoes of Great Britain ' vol. i (1897) p. 193.
2 Geol. Mag. dec. 5, vol. viii (1911) p. 245.
3 Q. J. G. S. vol.liv (1898) pp. 169-82.
^ See F. W. Clarke :

' The Data of Geochemistry " Bull. U.S. Geol. Surv.

No. 616. 3rd ed. (1916) p. 262.



part 1] SPIT.ITES IN DERBYSHIRE. 19

such as are never seen in tlie normal black chert so abundant in

nodules and thin layers in the upper beds of the Carboniferous

Limestone of Derbyshire. In the Crackendale chert-beds, too, all

the original organisms of the lime«^tone appear to have been

entirely destroyed, although in the limestone above and below the

chert fossils are abundant. The chert-beds at the Holme-Bank
Mine have an average thickness of 4 feet, and the rock is white

or grey in colour : it is mined for use in the Potteries.

IV. Petrogenetic Considerations.

The form of alteration to which the Derbyshire spilites have

been subjected obviously is quite different from that which results

from ordinary weathering, and appears to be clearly in the nature

of autometamorphism. All the available field-evidence that I

have hitherto noted tends to show that the spilitic rocks generally

underlie (in the same bed) those of more basaltic type, and it is

sometimes possible to observe a progressive upward variation. This

has already been noted in the description of the lavas on Knot Low
and in Tideswell Dale.

These observations agree with those recorded by other investi-

gators, from Charles Darwin ^ (more than seventy years ago) to

Prof. P. Marshall ^ in his paper read before the Geological Society

in May 1914, to the effect that, where alkaline and calcic lavas

proceed from the same orifice, the former have generally been

erupted first.

It is not claimed that the Derbj^shire spilites are of extreme

alkaline type; but it is suggested that, in considering their genetic

relations to the associated basalts, we may premise a magma of

which the upper part w^as richer in gases and in the more easily

sublimable constituents, including the alkalies, than the remainder,

and that, as this upper portion was drawn off, the later erupted

material would tend to become increasingly calcic. The constantly

vesicular nature of the spilites is sufficient proof of the presence of

a large amount of gases and residual water.

That no general stratification of the magma, due to the action

of gravity, took place prior to eruption is, however, clear from the

fact that the earliest flows, the spilites, always contain a notable

proportion of the first-formed minerals—olivine and iron-ores.

Without entering on the vexed question of the origin of alkaline

rocks in general, on w^hich so much has been written of late years,

I may point out that the relative enrichment in alkaline con-

stituents of the upper part of the magma, postulated above, is

probably assignable to the upward passage through the magma
of gases carrying Avith them a considerable portion of the alkalies

^ ' Geological Observations on the Volcanic Islands ' 1844, p. 118.
2 Q. J. G. S. vol. Ixx (1914) pp. 382-406.

c2 •



20 ME. H. C. SAEGE>T OX LO^ER CAI{EO:NIFEEOrS [yoI. Ixxiii,.

in a volatile state. Prof. R. A. Daly^ cites strong corroboration,

of his view that

' the abundant soda of a spilite has been concentrated from an underlining- mass
of normal basaltic magma '

hy gaseous transfer of the albite molecule. Dr. F. W. Clarke ^ is

also of opinion that

' the magmatic vapours must exert an important influence upon the process of

differentiation, for thej tend to accumulate in the upper part of a lava column
or reservoir and to modify its properties locally.'

A further consideration, which api^ears to have an impoi-tant

bearing on the evolution of the spilites, is the effect of the physical

environment of a submarine flow. It is generally recognized that

the pressure of the superincumbent mass of water on the molten
rock.would effect the rapid formation of a thin crust on its surface,

with the twofold result that its internal heat would be retained

longer than in the case of a subaerial flow, and the release of the

volatile constituents would be im^^eded.

The presence of hot alkaline solutions thus retained and circu-

lating among the earlier-formed minerals affords a ready explana-

tion, as has been noted by other observers, of the intense alteration

seen in the spilites. Post-volcanic or juvenile emanations have also

been invoked, but retained residual solutions, especially in the case

of outcrops far removed from any recognizable vent, seem quite

sufficient for the pm'pose.

It has been already pointed out that the basalts, which were

erupted later than the spilites, are often beautifull}' fresh, although

they have, of com'se, been subjected to the same external influences

since ei-uption as the spilites. This affords further evidence that

the altei-ation of the spilites cannot be due to weathering. It

a])pears, rather, to be the flnal stage of consolidation.

The infilling of the vesicles presents features which, it is sug-

gested, may be referred to the prolonged retention of a high

temperature in the lava after effusion. It has already been stated

that the vesicle-minerals are chlorite, albite, quartz, chalcedony,

calcite, and dolomite. Seeing that augite was one of the latest

minerals to consolidate, it is j^i'obable that the hydrated residue

contained augite-forming bases, and thus the earliest-formed

chlorite, the lining of the vesicles, which differs widely in character

from the helminth and delessite formed at later stages, may,
perhaps, be regarded as a primary mineral. This seems to be the

view adA'ocated by Mr. James Strachan.'^

The amygdaloidal albite, too, may also be regarded as a primary

"' ' Igneovis E-ocks & their Origin ' 1914, p. 339.
2 • The Data of Geochemistry ' 3rd ed. (1916) p. 311.
^ ' The Carnmoney Chalcedony -. its Occurrence & Origin ' Proc. Belfast

Nat. Field Club, vol. ii (1906).
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mineral, since there can be little doubt that the hydrated residue

'Contained all the elements- necessary to its formation. The occm*-

rence of amygdaloidal albite is somewhat rare : in the Tideswell-

Dale rock, when it occurs in the vesicles, this albite forms the

.entire infilling, with the exception of the thin chloritic lining.

The other infilling minerals are all clearly of secondary origin,

:resalting from the breakdown of the ferromagnesian constituents.

They are, moreover, all minerals that may be formed at fairly high

temperatures, and it is noteworthy that no hydrated minerals that

.are formed at lower temperatures than albite, such as zeolites of

various species, and 2)rehnite, are present (so far as my observation

goes) in any of the Derbyshire lavas, whether spilites or basalts.

The synthesis of both albite and orthoclase has been effected by
various investigators at about 500° C.^

Mr. W. F. P. McLintock 2 has" shown that in the vesicles of

Beinn Fhada (Mull) the order of deposition, apart from chlorite,

which there, too, may be formed at any stage, was : albite, epidote,

prehnite, scolecite. These vesicles were evidently fi^lled under
conditions of falling temperature ; for, with rising temperature,

•occasioned by an intrusion of granophyre, the metamorphic changes
in lime-bearing silicates resulted in the production of minerals in

the reverse order: scolecite, prehnite, epidote, garnet. Since all

the elements necessary to the formation of minerals of the zeolitic

class so frequently found in basalts were undoubtedly present in

the residual solutions of the Derbyshire lavas, either as primary
•constituents thereof or as alteration-products of the earlier-formed

minerals, the inference seems to be justified that the consolidation

•and the autometamorphism of the Derbyshire spilites were botli

•completed before the temperature fell much below 500° C.

V. Analyses.

Analyses of two of the spilitic lavas of Derbyshire are given
•on p. 22 (Nos. IV & V) and partial analyses of a third (Nos. VI &
VII). For comparison, analyses of a mugearite and two spilites

iire also quoted. Such intensely altered rocks as these cannot, of

course, be expected to show the composition of the original rock.

Nevertheless, it is clear that we are dealing here with essentially

basic rocks rich in alkalies, especially potash, but much altered

with production of carbonates and hydrated secondary material.

If we assume the carbon dioxide to be combined with lime in the
form of calcite, an assumption which is borne out by the micro-
scope, it will be seen that there is very little lime left for lime-

felspar.

^ See C. Doelter, ' Minerogenese & Stabilitatsfelder der Minerale ' Tscher-
mak's Min. Petr. Mittheil. vol. xxv (1906) p. 103; also F. W. Clarke, 'The
Data of Geochemistry ' Bull. U.S. Geol. Surv. No. 616, 3rd ed. (1916) p. 366.

^ ' On the Zeolites & Associated Minerals from the Tertiary Lavas around
Ben More (Mull)' Trans. Roy. Soc. Edin. vol. li (1915) pp. 24-30.
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I. Mugearite, Druim na Criche, Skj'e (W. Pollard). 'The Tertiary Igneous
Rocks of Skje ' Mem. Geol. Surv. Scotland, 1904, p. 263.

Spilite, Tregedden, South Cornwall (E. G. Kadley). Quoted from H. Dewey
& J. S. Flett, 'On some British Pillow-Lavas & the Rocks associated

with them ' Geol. Mag. dec. 5, vol. viii (1911) p. 206.

Spilite, Devonport Workhouse Qnarrv' (W. Pollard). ' The Geology of the-

Country around Plymouth & Liskeard ' Mem. Geol. Surv. 1907, p. 97.

IV. Spilitic lava, Tideswell Dale (E. Siukinson).

V. Spilitic lava, Knot Low, Millers Dale {E. Siukinson).

VI. Spihtic lava, Masson, Matlock. Partial analysis (E. Siukinson).

IL

III

VII. Spilitic lava, Masson, Matlock. Partial analysis (C. S. Garnett),

YI. The Tuffs.

Although the scope of this paj^er is Hmited to tlie lava-flows, it

is interesting to note that the tuffs, under the microscope, are not

infrequently seen to contain felspar-crystals with straight extinc-

tion. Dr. Bemrose^ records the occurrence of such felspars at the

following tuff outcrops : Cressbrook Dale. Monk's Dale, Cracken-
dale, Ember Lane, Grange Mill, Woodeaves Vent. He also note&

the presence in specimens fi'om Grrange Mill of

' a felspar-like material here and there in the lapilli which is biaxial, and may
be secondary albite.' -

AYater-clear, untwinned felspars also occur in some of these tuffs.

On the assumjition that, Avhen explosive action occurs, it takes ])lace

at the commencement of the volcanic episode, we have thus fm'ther

evidence that the alkalies were to some extent concentrated in the

upper part of the magma.

^ Q. J. G. S. -vol. 1 (1894) pp. 629-38.
^ Ibid. p. 635.
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VII. Summary of Concltjsions.

(1) The lavas of Derbyshire, which are all of Lower Carboniferous

age, embrace rocks of spilitic or iiiugearitic type and basalts. Both
types have been derived from a common magma. The field-relations

hitherto ascertained indicate that, when they occur in association,

the spilitic rocks always underlie, and may grade upwards into, the

basalts.

(2) The differentiation was effected by the partial concentration,

prior to eruption, of the alkaline constituents in the upper part of

the magma, whither they were probably carried in a volatile state

by the upward movement of gases in the magma.
(3) The intense alteration which the spilitic rocks have under-

gone was effected shortly after extrusion by hot residual solutions

belonging to the lava itself, and not by post-volcanic emanations

or weathering agencies.

(4) The deposits of quartz-rock and chert, which frequently occur

in Derbyshire in the neighbourhood of vents, are probably the result

of volcanic emanations of which it is difficult to define the precise

composition. There appears to be no doubt that they contained

silicates and carbon dioxide in solution, and other substances may
have been present. Silica liberated from the lavas as a result of

pneumatolytic alteration may also have contributed to the same
result.

Discussion.

The Peesideis^t (Dr. A, Haeker) welcomed this contribution to

the petrology of the Carboniferous lavas. The interesting alkaline

types described had been hitherto neglected, owing parth^ to a ten-

dency to select for study the fresher-looking material. It would
appear that in Lower Carboniferous times the British area included

two petrographical provinces, both characterized by rock-types rich

in sodic felspars, but having different histories. The southern or

Cornish province was an old-established one, and was spilitic : the

Somerset lavas must be included here. The northern province

represented a reaction from the very different Caledonian regime,
and was marked by the prominence of olivine-basalts and muge-
arites, Avith some soda-trachytes : here belong the Scottish and
Irish districts with the Isle of Man. In Derbyshire, occupying
geographically an intermediate situation, the volcanic rocks seem
to be mainly of Scottish types, but with spilitic affinities indicated

in some of the occurrences.

Mr. E. B. Bailey queried the application of the term ' spilitic
'

to a suite of rocks in which ])seudomorphs after olivine are com-
monly found. He thought that the decomposed lavas of Derby-
shire might be compai-ed perhaps with albitized basalts and
mugearites from the Scottish Carboniferous, rather than with
the numerous occurrences of spilites described by Dr. Flett from
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other formations. The problem of albitization had attracted con-

siderable attention from British geologists since Mr. G-rabham
noticed albitization among the Scottish Carboniferous lavas. A
notable recent contribution was that of Mr. McLintock, who had
studied the Tertiary propylites—to use the late Prof. Judd's

nomenclature—of the island of Mull. It was best to discuss the

origin of albitization in every case upon the local evidence. In

connexion with the present paper, which added considembly to our

knowledge of the Derbyshire volcanic rocks, it w^as important to

know whether the accompanying analyses could be fully relied

"upon.

Dr. A. H. Cox wished to congratulate the Author on the results

of the investigations. He had been pai'ticularly interested in

hearing these results, since they confirmed opinions at which he had
previously amved from theoretical considerations. The President

had already referred to the Derbyshire rocks as being intermediate

in chai'acter between the Lower Carboniferous lavas of Devon
and Cornwall on the one side, and those of Scotland on the other.

The stratigraphical conditions were also intermediate. The lavas

of the West of England were extruded in an area which, having

undergone prolonged subsidence, w^as geosynclinal in character,

and the rocks were typically spilitic. On the other hand, the

Lower Carboniferous of Scotland was a shallow-water formation,

implying only a limited amount of subsidence, and the lavas were

typically basaltic, sometimes, it was true, showing a certain amount
of albitization. Opposed to this was the Lower Carboniferous of

Derbyshire—a massive limestone formation, evidently deposited in

deeper water, implying a greater degree of subsidence, though not by
any means to such a degree as that which had obtained in the West
of England. It was to be expected, therefore, that the Derbyshire

lavas, while very largely basaltic, would yet show a closer approach

to the spilitic type than was manifest in the case of the Scottish

rocks. The whole question of a possible connexion between the

iype of earth-movement and the composition of the igneous rocks

produced during such movement was still an open one, and papers

such as the Author's were most valuable as furnishing the data by
means of which this important subject could be investigated.

The Author, in a brief reply, desired in the first place to thank
the President and Fellows for their kind reception of his paper.

In regard to Mr. Bailey's view that it was misleading to call an

olivine-bearing rock a spilite, he pointed out that, since the spilites

appear to be derived from the basalts, and since there are both
olivine-basalts and basalts without olivine, there seemed to be no

valid reason why there should not also be olivine-spilites and
spilites without olivine.

It had been a question of some difficulty whether the Derbyshire

rocks should be placed with the spilites or with the mugearites :

he thought, however, that, in view not only of their structure but

also of their physical environment, they came nearer the former
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than the latter. The Carboniferous Lunestone was no doubt
a deeper-water formation than the Calciferous Sandstone; and
the conditions obtaining in Derbyshire, when the spihtes of that

area were erupted, probably more nearly approached those of

Cornwall at the same period than those of the Lothians. He
deprecated unnecessary additions to the nomenclature of rocks, and
thought that, if the term potash- spilites were used for the

Derbyshire rocks, their outstanding peculiarity would be sufficiently

indicated.

With regard to the analyses, he quite agreed as to their import-

ance, and had every confidence in their accuracy.

In reply to Dr. Cox, he agreed that, although no active folding

or faulting took place when the Derbyshire rocks were erupted,

there was clearly a state of slow and prolonged subsidence, although
not to the same extent as in Cornwall, and this might have been

a factor in the evolution of the rocks.
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I. Introductiox.

Several years ago one of us noted with particular interest the

appearance of the sutures upon some badly-weathered ammonites.

They were characterized b}^ an absence of frilling and a simplicity

of curvature strongly suggesti\'e of the early stages in development.

A preliminary enquiry was immediately made into the development

of the sutures of Dactylioceras, and into the changes produced in

the adult suture by filing the surface away in imitation of the

process of weathering. This made it evident that the similarity

already noted was not merely superficial, but had a widely-extended

significance. It was with the view of establishing the extent and
limitations of this similarity', as determined b}' variations in the

shape of the whorl in difterent ammonites, that the present

investigation was undertaken.

As the work advanced, the problem resolved itself into a study

of the morphology and development of the septum as opposed to

the suture-line. The value of the latter has long been recognized,

and a distinguished succession of Avorkers, including Sowerby,

Hyatt, Neumayr, and Buckman, have made \^yy effective use of it

in solving problems of ammonite affinities. On the other hand,

and apart from the suture- line, the septum itself has been com-
paratively neglected, and much of the information which exists

concerning it must be gleaned from figures, frequently undiscussed.
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Tliere has also been a limited discussion upon the mechanical
conditions which have heen concerned in modelling the septum,
and upon the relatiSns of newh^-formed septa to their predecessors.

II. METH0I3S OF I^^YESTIGATION.

The chief obstacle to the study of the sej^tum is the difficulty

experienced in isolating the casts of successive chambers in such a

way as to show a septal face with all its marginal frilling complete.

This difficulty increases as the frilling becomes more complex.

It is very seldom that a specimen breaks naturalh^ in such a way
as to show a complete septum, for the minor, if not the major,,

frills are almost invariably broken.

The septa shown in PI. Ill, figs. 1, 6, & 7, were cleaned with

acid and tools, and supplied much useful information. The
alternative method was to file away the superficial portions of a

whorl in successive laj'^ers. This brought to view a series of sec-

tions of the septa cut approximately parallel to the periphery.

Such sections are hereinafter referred to as septal sections.
To secure accurac}^ in working, much use was made 'of the

instrument figured in PL II, fig. 1, and shown in the accompanying
text-figures (1 & 2, pp. 28-29) in plan and elevation.

This was designed with the expert assistance of Dr. P. E. Shaw,
of the Physics Department of University College, Nottingham,
^t consisted of two parts. The one was a microscope with micro-

meter e3^epiece and graduated rack-scale, of the kind commonly
used in physical laboratories. The other consisted of a graduated
turn-table (fig. 2 a) mounted on another table (b) which could

travel horizontally. This latter had one edge provided with a

vernier and laid against a fixed horizontal scale. Above the table

was a double-pointed needle (c) held up in the position of rest

shown in PI. II, fig. 1, by a lever (d) actua^ted by a spring (e).

The needle 2Jassed loosely through the lever, and rested on it by
means of a collar (f). When the lever Avas pressed down the

needle was left free to fall. As it was very light, a spring (y) was
insei-ted which, b}^ pressure on a collar (Ji) near the lower end,

ensured a certain but gentle contact of the j^oint with the surface

of 'the table, or of the object of stud}^ When the lever was
released, the needle was at once lifted b}^ it to the position of rest.

The luicroscope was focussed upon the upper point of the needle,

and its precise position, as recorded in the micrometer eyepiece

and on the rack-scale, was noted. The amount of drop of the

needle on to the table, or on to different points of the surface of

an object, could then be easity registered—for small movements by
means of the eyepiece alone ; for large ones, by the rack-scale.

In obtaining the measurements for producing the contoured
plan of a septum (fig. 4, p. 32) the specimen was securely fastened,

with the septal face upwards, on the centre of the turn-table. This
being caused to travel horizontally, a series of heights, or depths,

was taken at definite intervals along one diameter of the septum.
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Fig. 2.

—

Section of the installment nsed in surveying and
levelling the surfaces of septa and ivhorls.
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The table was then rotated through a certain lumiber of degrees,

and another diameter was brought into line Avith the direction of

travel. This process was re^^eated until readings had been taken

along a sutheient number of radial lines to allow of a contoured

plan being made. Though this plan proved of great value, it

could not be ]-elied upon to record certain details, inasmuch as any
portion of the septal svu'face which tended to be an * under-cut

'

could not be registered by the vertically moving needle.

In the preparation of a plan (figs. 11, 11. & 17, pp. 44, 46, & 49)
showing the precise position of successive surfaces produced b}' filing,

the following procedure was adopted. A portion of an adult whorl,

containing at least one septum, was isolated, and the ends were
ground flat and polished along a plane parallel to that of the septmn.

The specimen was then placed on the turn-table, with one of its ends

pressed against the polished side of a metal block, fastened so that

the plane of the septum la}- in the direction of tiuvel, and under

the point of the needle. The rounded venter of the whorl was then

made to pass under the needle, and readings were taken at regular

intervals by means of the scale and vernier. This was repeated

for the side and the dorsum. The surface of the whorl was then

carefully filed away over the area occupied by the suture-line.

Within the zone of complicated frilling, in a specimen of the size

of Dacfylioceras commune, a depth of only •25 mm. was removed;
but in deeper and less complicated regions of the septum this was
increased to 'o mm. or even more. At each level a series of read-

ings was taken, and the corresponding jJi'ofile of the filed surface

was made and introduced into the jDlan. With small ammonites
the whole specimen was used, and a wax or plaster mould was
made to hold it.

For the purposes of general systematic work, upon a large

quantity of material, the methods just described involve too much
labour and, incidentally, the whole of the septum may be lost by
tiling. Such methods were necessary in order to test the value of

septal sections of one septum for the first time, and all the results

recorded in the following pages Avere obtained by them. For most
purposes, it will sufiice if the worker takes a portion of a whorl

containing not less than eight septa, and files it into a truncated

cone or, better still, into a series of steps (PI. II, figs. 3 & 4).

The successive septa will be cut at increasing depths, and aWII

show most of the salient features seen in a series of sections made
from one st^ptum. As a rule, the differences between successive

septa Avill not be great enough to vitiate the results serioush-

(compare PI. II, fig. 4 with text-fig. 10, j). 43), and at the same
time the series can be preserved for reference.

The camera lucida was used for drawing the sutures and septal

sections of small fossils. The whorl was turned to show successive

portions the drawings of which Avere subsequently pieced together.

Sutures of larger specimens Avere reproduced in the manner
suggested by Mr. S. S. Buckman :

i namely, by painting the chamber
behind the suture and then tracing the latter.

1 ' Inf. Ool. Arnrn.' Monogr. Paljfiont. Soc. 1894, p. 380.



part 1] ON THE MOEPHOLOGY OF THE AMMONITE SEPTUM. 31

III. Materials used in the Inyestigation.

Three species of ammonites were chosen for the main pai*t of

this enquiry, namely :

—

Dactylioceras cominune, because it had what may be defined as a

normally shaped whorl : that is, neither depressed nor compressed
to- any marked degree.

Sphseroceras hrongiiiarti, as an example of a form possessing a depressed
whorl.

Tragojilxxjlloceras loscomhi, as representing forms possessing elevated and
compressed whorls.

In the two former the development of the sutm*e was worked
out in the same specimens as those from which the septa used for

making septal sections were taken. In the first, a series of septa

was also cleaned, while the protoconch and first whorl were re-

constructed in wax, and arranged in such a w^ay that the separate

chambers could be taken apart and the septa examined.

Fig. 3.— Grcqyh sliowing the average j)rofile of ill e adult septum
o/' Dactylioceras commune (see PI. Ill, Jig. 1).
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We are indebted to Mr. W. D. Lang, F.G.S., of the British

Museum (Natural History), for samples of the third, and we relied

for the sutm^al development upon the figures of Mr. L. Spath,i

which we reproduce here in fig. 12 (p. 46). The details of other
material will be given below.

IV. The Morphology or the Adult Septum.

The consideration of the morphology of the septum may be
approached from a study of the contoured plan (fig. 4), which was
made from a cleaned septum of an adult Dactylioceras commune.

^ ' On the Development of Tragophylloceras loscombi ' Q. J. G. S. vol. Ixx
(1914) p. 341.
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The septum was 14^ mm. broad, and measured 9*25 mm. from
dorsum to venter. The datum-plane taken passed throug-h the

centre of the ammonite at right angles to the plane of coiling,

and touched the sejDtum tangentially in its median line.

The general form assumed by septa has been aptlv described by
S. P. Woodward^ as

' nearly flat in the middle and folded round the edge like a shirt-frill, where
they abut against the outer shell-Avall.'

The antei-ior folds are referred

Fig. 4.

—

Contouredplan of the

adult septum of Dactvlio-

ceras commmie (see JPl. III.

fia- !)

[The shaded portion is the flattened

area ; the thick lines represent

the posterior folds, or lobes :

the thin lines represent the
anterior folds, or saddles. The
contours are di-a-n-n at interrals

of 0-25 mm.]

althouo^h it should

to as saddles and the posterior

as lobes. The extreme antero-

posterior range from crest of sad-

dle to trough of lobe was 6*5 mm.
The graph shown in fig. 3 (p. 31)

was made by finding the relative

areas of septum in front of succes-

sive contour-lines. It shows that

nearly 52 per cent, of the area of

the septum lies between contours

only 0*75 mm. apart. This
portion of the septum, with its

extensions into the folded region,

is shown ^Aith dotted shading in

fig. 4. This flattened area is con-

centrated chiefl}' in the centre of

the septum, and coincides approx-

imately with the datum-plane.

The central area is crossed by
very slight undulations, which
miite the corresponding folds of

the opposite sides, or of the venter

and dorsum, in all three genera.

In higiily compressed or depressed

ammonites these undulations be-

come more or less strongly de-

veloped folds.

From the graph it is also

apparent that the area occupied

by the posterior folds is nmcli

greater than that occupied by the

anterior folds, and further that the

former are more acute than the

latter. It thus appears that the

septum as a whole is convex for-

wards, as stated by J. F. Blake 2

;

be noted that sections across the septum in

^ ' Manual of Palseontology ' 1872. p. 286.
2 ' The Yorkshire Lias '1876, p. 263.
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different directions are here convex there concave. Branco ^ and
Hyatt ~ both observe that in median sections of ammonites tlie

])rofile of the septmn, passing as it does along the troughs of the

doi'sal and ventral lobes, necessarily appears convex forward. On
the other hand, it may be remarked that profile sections along the

crests of individual saddles are concave forwards. Thus the form

of an anterior fold of the septum is comparable with that of a

horse's saddle, or with the heteroccrlous articular surface of a bird's

cervical vertebra, since sections along the crest, and at right angles

to it, are concave, and convex respectively.

Note.—J. F. Blake sug-gested that the forward convexity of the septum
is evidence of pressure from behind the animal, and that the saddles represent

parts of the edg-e which have yielded to the pressure. In more recent work
Pfaff •* also concludes that the form of the septum has been determined largely

by pressure upon the posterior part of the animal. Probably, as in the Pearly

Nautilus (Willey"*), the chambers of the shell were filled with gas secreted by
the veins of the mantle. In ammonites the vigour of secretion may have
been so great that the gas exerted sufficient pressure upon the soft mantle to

make it bulge forward, while the septum was being deposited. The forma-

tion of a new septum must always have been preceded by a period of rapid

evolution of gas. Perhaps the pressure thus produced helped the forward
shifting of the posterior end of the long worm-like body of the ammonite.

In all three types of ammonites considered, the axes of the folds

are always approximately at light angles to the whorl-surface

(PI. Ill), and they maintain this relation throughout all the changes

in shape of the whorl which take place during development or

during the distortions associated with asymmetry (PI. IV, figs. I,

4, & 9). _

^

Each pair^of folds behaves independently of the others. Thus,

in tlie development of the septum of Dacfi/lioceras commune the

axis of the internal saddle is at one stage almost continuous with
that of the external saddle (PL III, fig. 3) ; but as, during
development, the whorl increases in height, it comes into a similar

relation with the first lateral saddle (PL III. figs. I & 2). The
same independence is manifested also in the development of the

septum in Tragoplnjlloceras.''

This independence finds further expression in the variations of

arrangement of the folds according to the shape of the whorl.

When this is round, as, for example, in Li/foceras, ihej radiate

from a central point ; when it is impressed dorsally, as, for instance,

in Dacti/lioceras and Spliceroceras (PL III, figs. 1 & 7), the

internal folds come into relation with the corresponding external

saddles, and the number of dorsal and ventn^l elements is nearly

equal; when it is compressed, as in Tragojjliylloceras (PL III,

^ ' Beitrage zur Entwickelungsgeschichte der Fossilen Cephalopoden ' Palse-

ontographica, pt. 2, vol. xxvi (1879-81) p. 50.

- ' Genesis of the Arietidte ' Smithson. Contrib. to Knowledge, No. 673,
1889.

'^ ' Form & Ban der Ammonitensepten & ihre Beziehungen zur Suturlinie

'

Jahresb. des Niedersiichs. Geol. Verein, vol. iv (1911) p. 208.
"* 'Contribution to the Natural History of the Peai-ly Nautilus' Zool.

Results .... New Britain, New Guinea, &c., pt. vi, 1902, 4to. Cambridge.
^ L. F. Spath, Q. J. G. S. vol. Ixx (1914) pi. xlix.

Q. J. G. S. No. 289. p
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fig. Q), the ventrally situated folds of the external series come into

line with their fellows of the opposite sides, and consequently

the elements of the venter exceed those of the dorsum b}^ the

number of folds which thus cross the central area.^

V. Teemixology of Loees axd Saddles.

Some of the existing terminologies for lobes and saddles of the

suture-line caimot be adopted for the present purpose, because they

are to a great extent arbitrary. Thus the term superior, as

applied to the first two lateral saddles., although it tits in with

the accepted conventional method—used even in our own figures

—

of representing the septum, is quite wrong when the septum is cor-

rectly placed with its venter downwards, in the attitude which
it is believed to have assumed when the animal was alive.

The terminology suggested by Mr. S. S. Buckman - is most
nearly in accordance with the facts of development, and Avill be

adopted here. He gives the name of external saddles to the

pair on each side of the A^entral lobe; and uses the term lateral
for the others. The difference thus implied is a real one : the

external saddles originate fi'om the large median saddle (' aussen-

sattel' of Branco) of the first septum by the appearance upon its

crest of a median lobe (Spath, op. cif. 1914, p. Ji41 ; A. E. True-

man^). The lateral saddles, on the contrary, appear as simple folds

on the umbilical angle, and travel thence towards the venter

(PI. Ill ; and Spath, o;;. cif. pi. xlix, figs. 2a k 2 b).

The development of the folds on the dorsum apjDarently follows

the same lines as those just laid down for the venter. Thus, the

first septum shows occasionallv a median saddle (fig. 12 a, p. 46 ;

Spath, op. cit. pi. xlviii, fig. 2 c). In the second septum this has

given place to a median dorsal lobe flanked by the internal saddles.

The remaining elements appear at the umbilical angle, and travel

towards the median dorsal line (see figs. 9 c, d, k e, p. 42 ; 12 c k
e, p. 46 ; and l.j c, d,f, &. g, p. 48 ).

Although the distinction into laterals and auxiliaries may be

convenient for descri])tive jku'poses, it does not correspond to any
uiorphological difference between the folds—inasmuch as the

auxiliaries also appear for the first time as simple folds on the

umbilical wing of the septum, and travel towards the venter or

towards the dorsum, as the case may be. Moreover, the auxiliaries

of one ammonite may correspond to the laterals of another.

Thus, develo])ment shows that the large second lateral of Trago-

jihj/lloceras Iosco ntlji is the strict homologue of the small first

auxiliary of Dacfylioceras.

^ The septal aponeurosis of amuionites does not seem to have been so well

developed as in Nantilut;. In them the fibres were apj^arently isolated and
attached to the shell along a wavy line at points indicated on the suture -line

by denticles. Pressure upon a membrane thus attached by its margin must
produce folds at i-ight angles to the peripherj'.

2 ' Yorkshire Type Ammonites " vol. i (1909-12) p. ix.

^ ' The Lineage of Traf/oj^h ylloceras loscombi ' The Naturalist, 1916, p. 222.
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VI. The Formattox of the SEPTTj]\r.

Evidence bearing upon the mode of deposition of the septum is

scanty. In an adult specimen of Daciijlioceras commune from
Grantham, the last septum Avas found to be only in part secreted.

Its suture was clearly visible as a white line at the umbilical angles.

Here the secretion of the sej^tum was evidently well-advanced, but

elsewhere it could be seen onl}^ as a faint dark line—possibly due to

a conchiolin membrane. Septal sections seemed to indicate that

the septum was incomplete internalh'; but a definite statement

cannot be made, for it had evidently been disrupted when the shell

was becoming filled with mud. The evidence shows that the

Fig. o.

—

Last tivo suture-lines of two ammonites showing the

last suture incompletely formed.

'^iVv

^fV'v^^Vlpv

Sb= Dactylioceras commune, Grantham.
h= Polymorph ites Jupiter, Old Dalby.

Diameter= 57 mm.
Diameter= 18 mm,

secretion commenced in the region farthest removed from the

siphuncle. Partly formed septa, showing the same peculiarities,

have also been noticed in Fol// morphites p(i)iter d'Orhigny (fig. 6h).

The formation of the septum in ammonites seems to have taken

place in the same manner as in living Nautilus. It has long

been known i that in the latter the deposition of calcareous

mattei- begins at the sides of the shell, and proceeds towards the

siphuncle. Willey (19U2) observed further that the secretion of a

septum was preceded by the formation of a conchiolin membrane,

upon which the calcareous matter was deposited.

The septa, just described for Dacti/lioceras and Foh/morphites,

^ F. A. Bather, ' Growth of Cephalopod Shells ' Geol. Mag. dec. 3, vol. iv

1887) p. 447.

j)2
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were complete in all sutrural details and, though only formed
in part, were situated at the normal distance from the preceding-

septa. These facts run counter to, the views of Eiefstahl ^

supported by Buckman ^ ; and, along with the observations of

Willey (1902) upon Xautihis, they furnish further support, if

such be needed, for those of Bather ^ and Appellof.^ According to

Riefstahl, the last septum was formed in contact with the previous

one, and became separated by the growth of the intervening

shell-wall. He based his view upon the microscopical study

of tlie sepion. This, however, is so highly modified that it would
not be safe to use it for throwing light upon the formation of the

septum of the (comparatively) closely-allied l)elemnite, still less

upon that of the only very distantly-related ammonite.

YII. The Deyelopmext of the Septum of
Dactylioceeas commcxe.

(1) The Second Sejitum.

A wax model enlargement was made of the second septum, and
from this a contoured plan (fig. 6) and a grajDh (fig. 7), like those

Fig. 6.— Contoured ])^an of the second septum o/ Dactylioceras

commune shoivn in PI. Ill, Jic/. 4.

[Explanation as in fig. 4 (p. 32). The contours are drawn at intervals

of O'Ol mm.]

already described for the adult septum, were constructed. The

^ ' Die Sepienschale & ihre Beziehung zu den Belemniten ' Palfeontographica,

vol. xxxii (1886) p. 20.

- ' Notes on Nautili & Belemnites ' Proc. Geol. Soc. vol. xlvii (1891) p. 165.
=* ' Shell-Gro^vth in Cephalopoda ' Ann. Mag. Nat. Hist. ser. 6, vol. i (1888)

p. 298.
* ' Die Schalen von Sepia. Spinila, & Navtilus' Kongl. Svenska Yetenskaps-

Akad. Handl. vol. xxv, No. 7 (1893) p. 28.
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septum itself was 0*95 mm. broad, and 0'22 mm. from dorsmn to

venter. The extreme antero-posterior range from the crest of the

saddles to the trough of the lobes was 0"16 mm. The area shaded

in the ])lan is comparable with the flattened area of the adult, but

is relatively much less extensive. It lies between contours 0*03 mm.
apart, and occupies 30 per cent, of the area of the septum. On the

whole, the septum tends to be concave rather than convex forwards.

It is evident that the septum-secreting portion of the mantle,

Avhich was strongly convex at the time of formation of the proto-

eonch and even of the first septum, had already.begun to feel the

influence of that pressure, which in later life became strong

enough to impose upon it a marked concavity. In the more
primitive ammonoids, especially the Asellati,^ the form of the

earlier septa proves that this influence did not develop quite so

rapidl}' in them as it did in the specialized forms represented by
Dactylioceras, «

(2) Comparison of the Second with the Adult Septum.

On comparing the second septum of Dactylioceras (PI. Ill) with
the adult septum, it is seen that, apart from the peripheral zone, the

latter shows all the essential features of the former, so that, except
for the increase in size and flattening of the elements,' the major
portion of the septum has undergone no significant change during

development. The
Fig. 7.— Graph illustrating the average

profile of the second septum o/ Dacty-
lioceras shown in PI. Ill, Jig. 4.

.08-

changes already

mentioned above :

namely, the relative

movements of the

first lateral saddle

as the height of the

whorl increases, and
the origin of the

new lobes and sad-

dles on the umbilical

wing of the septum,

are confined to the

marginal area.

It must not be

supposed, however,

that this general

agreement of the major portion of the adult septum with the Avhole

of the second septum is due merely to a simple enlargement of the

area which secreted the latter. Had this been the case, the siph .ncle

would have retained the subcentral position of the second septum
throughout life. During the growth of the first and second whorls,

however, it gradually shifts to the ventral margin, and thus comes
to lie within the frilled peripheral zone. In some cases, according

Datum -plane

Area in front of successive contours.

^ W. Branco, Palaeontographica, vol. xxvii (1880) p. 68.
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to Branco,! the siphon lies near the internal margin of the early

septum, as in most latisellate ammonoids ; while in certain forms,

as, for example, Goniiitites lamed var. calcuIifoDnis, it occupies

a ventral position from the first. Despite these variations in

jjosition of the siphuncle, the development of the septum pursues a

definite course. Assuming that there is no actual migration of the

si])lmneular cord through the substance of the mantle, it may be

taken as furnishing a datum-point. It then seems as though a

portion of the mantle ventral to this point is withdrawn from
taking part in the seci'etion of the septum, and that the mantle

dorsal to it increases, especiall}'- on the umbilical Avings. Through-
out development, and also despite all the distortions associated

with asvmmetrv (PI. IV), the siphuncular cord and ventral lobe

remain intimately related.

The close similarity in form between the early septum and
the central part of the adult septum suggests that the study of

the latter may give some clue to the development. In actual

practice the contouring of a cleaned septum was found to be un-

satisfactory for this purpose, inasmuch as the instrument could not

be made to deal efficiently with undercut or even vertical portions

of the surface. On the other hand, septal sections proved highly

satisfactoi'v. Before considering these, it will be necessary to

provide a* basis for comparison by giving an account of the suture-

line of Dactylloceras and of its development.

VIII. The Adult Sutuee of the Dactyloid^. •

Before proceeding to the detailed description of the adult suture

in the specimen from which both developmental details and septal

sections were obtained, it will be helpful to refer brielly to the

general features of the suture-lines in the family Dactyloidse and
in the Cceloceran forms from which it has been derived. Unfor-
tunately, the material at our disposal was neither abundant enough
nor sufficiently complete to permit the elucidation of major and
minor lines of descent Avithin these families. Nevertheless, there

Avas sufficient to lead to the detection of certain tendencies which
throAv much light upon the problem now being considered.

The material examined included the following species :

—

Dactylloceras cotmnune (Sowerby).

B. crassum (Young & Bird).

D. annulatum (Sowerby).

D. turriculatum (Simpson).

Peronoceras fibxilaUim (J. de C. Sowerby).
Porpoceras andrsei (Simpson).

Coeloceras pettos (Quenstedt).

C. fonticulus (Simpson).

The general relationships of some of the variations of the

suture-lines within this family may be illustrated from one

sj)ecimen of Dacfj/lioceras by a comparison of its last suture with

that of a slightly' earlier one, namely, the tenth from the last

(fig. 8, ii & iii).

During the interval between the deposition of these two septa

Op. cit. p. 02.
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some change—which, following the prevailing custom, may be

ascribed to the onset of senile decay—had taken place in the

animal. This expressed itself in the "^suture -line by a considerable

decrease in the antero-posterior range of the lobes and saddles,

accompanied by a swinging forward of the umbilical portion of the

sutm-e-line. These

Fig. H.—Sitture-li)ie of Dactylioceras changes, which lead

and Cwloceras.
^

to a crumbling-down
of the apices of the

saddles to approxi-

mately the same plane,

strongly suggest a

diminution in the

forward convexity of

the septum. Mean-
while the saddles

broadened out, and
the demarcation from
the lobes became more
ill-defined. In minor
details the later sep-

tum seems at first more
intricately wrinkled, a

feature which is still

better exhibited in

^y\r^^ ' \ / \ ( A other specimens (fig.
* " " " ^ J

. 8, i), some of which
show these and other
* ageing ' characters

through a wide range

of septa. This com-
plexity is strongly

suggestive of the

wrinkling of a collaps-

ing or flaccid bladder,

as opposed to the

simpler and more tur-

gid outlines of the

folioles in earlier

septa, and suggests a

diminution in the vigour of gas-secretion in the declining period

of life.

The features that distinguish the earlier septum become more
obvious in the primitive members of the family, and lead by an

almost perfect gradation of changes to the condition observed in

Coeloceras pettos (fig. 8, v).

The Dactyliocerates are evidently a decadent offshoot of

Coeloceras.^ In them are to be seen the phenomena which

^ S. S. Buckman, ' On the Grouping of some Divisions of so-called " Jurassic
"

Time ' Q. J. G. S. vol. liv (1898) p. 442.

\l-Z— Bactylioceras commune ; 2, at the diameter
of 45 mm. ; 3, at the diameter of 39 mm. 10
sutures earlier in the same specimen. 4=
Cceloceras fonticulus from Whitby ; diameter,

28 mm. 5^ Cceloceras pettos from Baden;
diameter, 27 mm.]
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characturize tin* first stages in the simplitieation of tlie suture-line,

a simplitieation that is earried to sueh extremes in Cretaeeous

ammonites.

IX. The Adult Sltike ue UAcrvLiocEUAs commlwe.

The adult suture (tig. 1) /, Hg. U) m) shows externally a deep

ventral lohe divided by a median saddle, and Hanked by broad external

saddles. The first lateral lobes are almost as wide, but not so deep,

as the ventral lobes ; while the first lateral saddles are of smaller

l)i'opoi'tions than the external saddles, presenting in this respeet a

marked eontrast with Tra(/ophi/Uoceras. The second lateral lobes

are very small, and the two auxiliary saddles of the external series

are insignificant. Internally, the dorsal lobe with its minute
median saddle is the most important feature, being exceeded in

depth only by the corresponding lobe of the external series. A
pair of internal saddles, about as high Ijut slightly narrower than

the first lateral saddles, and a pair of smaller auxiliaries separated

from the internal saddles by internal lobes, are also present. All

the features of the suture-line, except the auxiliaries, are compli-

cated by the presence of frillings or denticulations. On each of

the external saddles are three main divisions similar to the simple

divisions on the internal saddles. The first lateral lobe of the left ^

is markedly trifid. That of the i-ight side is abnormal. A similar

asymmetry has been noticed in other ammonites, as, for example,

in Sonninia.^ While these major frillings are symmetrically

developed on each side of the median line, the minor frillings are

less constant, and frequently give rise to asymmetry. Thus,

although the three minor fiillings on the central division of the

external saddle are present on each side, the small frills on the dorsal

foliole of the same saddle are much more developed on the left

than on the right side. It ap})ears. therefore, that, at least in

such retrogressive types as DactyUuceras, only the major frillings

can be of systematic importance. The minor frillings, which
further complicate the suture, show even on opposite sides of the

same suture an inconstancy that may be associated with the

})henomena of decline discussed above.

X. Deyelopmext of the Suture tx DAcryrjocEUAs.

The first suture (fig. 'da, p. 42) of Dacti/Uoceras shows the

usual angustisellate condition.

In the second suture (9 i ) a well-defined ventral lobe is ])resent.

which is as broad as it is deep. The dorsal lobe is similar, but

smaller ; both are deeper than the lateral lobes. As in the adult

suture, the external saddles are the largest, and the internal saddles

come next in size. The lirst lateral saddle is just appearing as a

low fold close to the umbilical angle.

' Ki",'!)! :ui(l k'l't ;is uslmI in tla- (If^c-riiition itRt oiil}- to tlio figures.

- S. S. liuL'kinan, ' liif, Oul. Ammuiiites ' Muiiugr. Palttunt. Sue. ISUi. p. 381.
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111 the seventh suture (9 c) the same proportions are mamtainecl.

The new features to be noticed are the appearance of a median
ventral saddle, the increase in size of the lateral saddle, and the

presence of another saddle, the internal auxiliary, near the mn-
bilical angle.

The folds just described persist throughout the remainder of the

first three whorls, Avith little change in their relative pro]Dortions.

Meanwhile crimping begins, and the Hrst external auxiliary appears

near the umbilical angle (9 <?). The external saddle becomes tri-

lobed, and thus resembles the internal saddle of the adult. The
first lateral lobe on the left is trifid, while that of the right is only

bifid ; thus, even at this early stage, the curious asymmetry already

noted in the adult has become established.

In the fourth whorl (9^/) frilling becomes still more marked.
In the fifth whorl (9y) crimping is carried farther, but its small

taxonomic value is made evident by a comparison of the right

and left sides. The left lateral lobe is wide, and has the primitive

five-fingered appearance of the corresponding lobe in Coeloceras

(fig. 8, iv & V, p. 39). Up to this stage the outlines are all

manifestly turgid.

In the sixth whorl (fig. 9 h, p. 42) conditions giving rise to flaccid

ovitlines have begun to set in.

The development of the dorsal series of lobes and saddles pro-

ceeds along similar lines to that of the ventral series, but the

details are later in appearing. For example, no signs of frilling

are present on the lobes and saddles of the dorsum at the fourth

^^horl (9/"), ^^et marked frilling was already manifest in the

ventral series before the end of the third whorl (9 e). Again, the

median saddle of the dorsum does not appear until the fifth Avhorl,

and it always remains small ; but the corresponding saddle of the

ventral series is present three whorls earlier. Further illustrations

of the same principle are afforded by the development of Trarjo-

phylloceras and 8pli(Erocera8. Branco noted a similar feature in

many other ammonites. The conditions in Clymenia (Palyeonto-

graphica, pt. 2, vol. xxvii, 1880, pi. viii) are exceptional, for the

dorsal folds are more deeply divided than the ventral. The fact

that in it the si2)huncle is dorsal suggests that the complexity of

folding is, in some way, associated with the position of the siphuncle.

XI. Septal Sectiois^s of DACTVLiocEiiJS.

In the foregoing pages it has been shown that the central area of

an adult septum is strikingly similar to the earlier septa. This fact

suggests that, if septal sections were made, they would show some
resemblance to the suture-lines at different stages in develo])ment.

Fig. 10 (p. 43) shows a series of such sections made at the zonal

lines shown in fig. 11. Thus section I) represents the ground edge

of the septum at zonal line 2 of fig. 11 (p, 44). This illustrates

the extraordinaiy flatness of the innermost area of the septum.



Fig. 9.—DeveJo2)ment of the suture-Une (>/'Dactylioceras

commune {Jigured in PI. II, Jig. 2).

a= First suture X 28.

h= Second suture X 28.

c= Seventh suture X 28

d= Sutm-e at 1| whorls X 28. j;= Suture at 4| whorls X 8.

e= Suture at 2f whorls x 15. /)= Suture at h^ whorls X 4.

/= Suture at 3f whorls X 1 2. / = Sutiu-e at 6f whorls X 2,

i



Fig. 10.

—

Series of septal sections made from one of the latest

septa of the Dactvlioceras/y/^r*?^/ in PL II, ff/- ^- X 2.

[The horizontal lines indicate the position of the datum-plane. The broken

lines indicate the positions of the ribs on the original surface. The
letters correspond Avith the numbers of fig. 11, p. 44.]
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Passing outwards from this, the sections show ever more clearly

detined indications of folding mitil at section e (tig. 10, p. 43) thev

are distinct enough to jjermit of comparison with the second suture

(9 h, p. 42). Such comparison shows that, except for the flattening

of the features, all essential characters of the latter are to be seen.

If it Avere not for the enlargement of the first lateral saddle, the

fifth septal section (fig. 10 e) would be identical with the second

suture (fig. 9 &). This discrepancy is slightly rectified in the sixth

section (Hg. Vdf).

Fig. 11.

—

Section of whorl {x6) alonrj the datum-plane of the

septum ivhereof sections are shown in fif/. 10, p. 43.

[The lines parallel to the periphery show the positions of these sections. The
numbers 1, 2, 3, etc. correspond to the letters a, h, c, etc. in fig. 10.]

The seventh section (10 _^) is comparable mth the seventh

suture (9 c) and those which follow it as far as the second whorl
(9f/), or even a little later. This is shown by the appearance of

the internal auxiliary, and of faint indications of friUing on the

external saddles and on the first lateral lobes. It should be noticed

that at this stage, so far as main folds are concerned, the tendency
to flattening has been reversed, and the features are now relatively

deeper and narrower than in development. Section 8 (fig. 10/0 ii=^

comparable with the sutures in the third whorl (9 r), differences

being similar to those noticed in the previous section : that is to

say, the crimping, having just made its appearance, is (on the

whole) flatter than in the corresponding developmental stage.
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It is interesting to notice that the asjanmetry due to the

abnormal characters of the hrst lateral lobe of the right side is

shown clearly in the septal sections as well as in the development

of the sutures, a fact which emphasizes the soundness of the con-

clusion j to which this comparison seems to be leading, that the

septal sections may be used for ascertaining some of the leading-

points in the develo])ment of the sutures.

Septal section 9 (lig. 10 i) is comparable with the sutures of the

fourth .whorl (fig. 9/') except that the second auxiliary has made
its appearance, and that the frilling has clianged in the same way as

did the major folds of the earlier sections : that is to say, they haye

l)ecome deeper and narrower than in the corresponding sutures.

Their relative proportions are the same : for example, in the sutures

of the fourth whorl (9/') the external saddles are asymmetrically

subdivided. A similar asymmetry may be detected in the nintli

section (10/). The tenth section (10 7l) also bears much detailed

similarit}" to the sutures of the lifth whorl (9y) : observe, for

example, the five-fingered appearance of the left lateral lobe. By
this stage in development the animal has begun to assume adult

characters.

XII. Septal Sections oe Tragophylloceeas loscombi
(J. Sowerby).

The shape of the whorl of Dacfylioceras does not depart greatly

from that which is normal for ammonites. We have yet to ex-

amine to hovr great an extent the characteristic just observed in

Dactylioceras is true for ammonites in which the whorl has become
either compressed or depressed. As an example of a type with a

compressed whorl, TracfopliyUoceras loscombi is here taken. The
septal sections shown in lig. 13 (p. 46) are lettered for comparison

with the stages in the sutural development (fig. 12). The positions

of the sections in the whorl are indicated in fig. 14.

The specimen of thife genus used by us was a young one. Its

size and last suture show that it comes in between k and / of

Mr. Spath's series (^op. cit. 1914, p. 340 ; see fig. 12). It shows
differences from his specimens, which must be borne in mind when
comparing septal sections made from it with the developmental

series given by him. For example, the great size of the terminal

leaflets of the external and first lateral saddles shown in his sutures

at h and 7 does not appear in the last suture of our specimen.

This fact may account for the relative smallness of those leaflets

in the septal sections. Again, Spath's figures of sutures h and /

do not form a continuous series with g and /'
: compare, for

example, the second lateral saddle and also the terminal leaflets of

the external saddles. We have been unable to detect this break in

the earlier sutures of our specimen, so that its absence in the

septal sections can hardly l)e accepted as evidence against their

value.



Figs. 12-14- Tragophylloceras loscombi (J. Sowerhy)

from Lyme Hegis.

[12 ^-Development of sutiire (from L. F. Spath, op. cit. p. 341) : 13 = Series of

septal sections made from one septum, X 2 ; 14= Section of the whorl

along the datum-plane of that septum, showing the positions of these

septal sections.]
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As in Dactjflioceras, the smaller details of the suture are so

asymmetrical about the median line as to indicate that they are of

little consequence in taxonomic discussion. Here, again, the com-
parison of the developmental series and the septal sections may he

confined to the more outstanding features. The sections give

nothing compara])le with tlie first suture, but the innermost

sections (hg. 13 h & c) are almost identical with the seventh suture

(fig. 12 c). This similarity is emphasized by the presence of tlie

ventral saddle which, by acceleration in development, appears earlier

in development in Tragopliylloceras than in Dacti/lioceras : a

difference in the time of appearance which is manifested also by
the sections of the two t3^pes. As in Dactylioceras, the fresh

lobes and saddles appear at the umbilical angle in both sutures and
sections. In the sutures, the first denticnlation is shown on the

external saddle, new^ frillings coming in rapidly from that time

onwards. Although the relative proportions of these divisions are

not the same in the sections as in the sutures, the numbers at the

various stages are practically identical. The difference in pro-

portions may be partly explained b}^ the difference between
Mr. Spath's specimen and ours, as mentioned previousl}^. It may
also be suggested that the notches which produce ' undercuts ' on

the folds are confined to the edge of the septum, and are therefore

necessarily shown only in the sutures, 3''et are absent from the

inner portions of the early as well as the latest septa. This last

fact is of practical value in breaking up an ammonite for examina-
tion : for, if the outer surface is filed away along any suture-line,

the chambers may be readily separated.

XIII. Septal Sections of SpH.imocEiiAS BROxGyiAitTT
(J. Sowerby). (See figs. 15 & 10, p. 48.)

The septal sections of this specimen correspond very closely

with the developmental series. The order of appearance of denti-

culations in ontogeny is closelj'^ paralleled in the sections. Thus
the first frillings in each series are developed in similar positions

on the external saddles (compare fig. 16 c & d with fig. 15 r) after

the appearance of the median saddle in the ventral lobe. At this

stage there are tliree jmirs of saddles in both cases. The develop-
ment of additional frillings and of small auxiliaries also proceeds
along almost identical lines. It will he noted, however, that in onto-
geny the median ventral saddle is present at an earlier stage than in

the sections : namely, befoi-e the development of the second lateral,

saddle. The differences noted in the previous comparisons are also

to be seen here ; the undercuts, which are well developed in onto-
gen}^, are only preserved in the outer parts of the septum, and
consequenth^ do not appear in any but the outermost sections.

Further, even in the inner septal sections, main folds are genei-ally

more acute than in development. This is due to the absence of a
central flattened area.
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Nevertheless, the similarity is sufficiently striking to justify the

opinion that the principle educed from the septa of normally-shaped

and compressed whorls holds good also, with the limitations noticed,

for forms with depressed whorls.

Fig. 17.

—

Section of the whorl of Sphseroceras hrongniarti along

the datum-plane of the septum of which septal sections are

shown in fig. 16 (p. 48). The 'lines parallel to the peri-

pherif shoic the positions of these sections.

XIV. The GrEXEKA.!. COXSIHERATIOX OF SePTAL SeCTTOXS.

Mr. E. T. Jackson ^ has drawn attention to the phenomenon
of localized stages in development : that is to say, during life

' stages may be foimd in localized parts which are similar to stages found in

the young, and the equivalents of which are to be sought in adults of ancestral

groups.'

Thus, for example, the auxiliary saddles in the suture of Trago-

j)hylloceras are similar to the external and lateral saddles of the

first suture. The idea has been applied to the study of different

species in a progressive series {Lytoceras) by" Mr. S. S. Buckman,-
who has shoAvn that the first lateral saddle of an early tyjje is

at the same stage as tlie second lateral of a more advanced type.

The similarity of the central area of the adult septum to the

earlier septa is not, however, an illustration of the same prnici]:)le.

All Jackson's illustrations are drawn from newly developed parts,

1 ' Localized Stages in Development in Plants & Animals' Mem. Boston Soc.

Nat. Hist. vol. v (1899) p. 92.

- ' On certain Genera «fc Species of Lytoceratidae ' Q. J. G. S. vol. Ixi

(1905) p. 151.

Q. J. G. S. No. 289. - e
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sucli as the auxiliaries of suture-lines, the last-formed plates in the

stalk of a crinoid, or in the interambulacral area of an echinoid.

The simplicity of the central area of the adult septum is due to

the retention of this feature through all stages of development,
despite the increasing complexity of adjoining parts.

Just as the development summarizes the stages of evolution

with omissions here and additions there, so septal sections summarize
the development, but with omissions ou]j. The features to be

omitted are determined by the fact that the series of changes,

shown in the passage from the centre of the septum to the edge,

represents the most direct way in which the adult septum, with
its highly complicated margin, could have been evolved from a

septum as simple as that of an asellate protoconch. If this course

of evolution has been, as it were, a winding one, the winds Avill be

omitted, to some extent in development, and completely in the

adult septal sections.

In ammonites with normally-shaped Avhorls the septal sections

closely resemble the sutural development : in highly-compressed
and depressed forms, however, the central area of the septum is

like a primitive septum greatly elevated or laterally extended.

During ontogeny, the first lateral saddles in these forms early

assume adult proportions, and consequently in septal sections the

stages represented by the earliest sutures are omitted. In no case

do septal sections show a stage comparable with the fii'st suture.

This seems to indicate that, in ammonites, a change akin to a

metamorphosis took place in the period between the formation of

the first and the second septum. The creature which secreted the

former was possibly larval, and followed a line of evolution of its

own : which is reflected in the series of coenogenetic changes repre-

sented by the terms asellate, latisellate, and angustisellate.
Further, in such forms as Pinacoceras, Avhere a large number
of adventitious inflections are developed, and" compression has

reached its maximum, we should not expect to find so close an

agreement between the septal sections and the sutural development,

With these exceptions, however, septal sections will at least

furnish a standard of direct development, ^ which may be useful foi*

detecting deviations in the normal development where such occur.

This direct development may or may not approach as closely as

ontogeny to a true reprjsentation of actual evolution.

Septal sections should prove especially useful where material for

the study of early stages is not accessible. Although, in ordinary

cases, sutural development may prove of greater value than the

septal sections, where the former cannot be worked out the latter

will, to some extent, serve as a substitute.

It is well known that the sutures of senile stocks bear a close

resemblance to the young sutures of the advancing types which

preceded them. This resemblance is due, not to a resumption of

' We owe this sug-g-estion to a conversation with tliat brilliant and muoh
lamented investigator, the late Dr. A. Vanghan.
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embrvonic characters which have disappeared as the study of the

suture-hnes alone seems to suggest, hut to a bringing to the surface

once more of those embryonic features which, even in acmic

radicals, have persisted into adult life hidden from view by a narrow

fringe of complicated frilling. During retrogression this fringe is

gradually lost, and thus a })rocess analogous to the making of

septal sections takes place. Strictly, the sutures of senile stocks

should be compared, not with those seen in the ontogeny of

ancestral tyj^es. but with the septal sections of the ancestral adult

septum. It is not at all unlikely that, while ontogeny smnmarizes

])rogressive evolution, septal sections forecast in similar broad out-

lines retrogressive evolution. Thus, for example, a careful study

of a large number of Baculites. and a comparison with the septal

sections of ammonites from which they have pi-obably descended,

would make it possible to connect up with certainty many of these

forms. It is to be regretted that inability to secure sufficient

material has made it impossible for us to establish this principle

satisfactorily. «

XV. Asymmetry in Sutuee-Lines.

A marked tendency to asymmetry in suture-lines has already

been noted in Dacfylioceras commune. It is now proposed to

deal with this aspect of the morphology of the septum more fully.

Such asymmetry usually arises in one of two ways, namely :

—

(1) By the different development of elements of opposite sides.

(2) By association with lateral displacement of the siphuncle.

The former is of common occurrence. It has already been

described above for Dactylioceras (p. 40). It has been observed

by S. S. Buckman in Sonninia ^ and by Solger in Neopty-
ckites? In each of these cases the first lateral lobes of opposite

sides were different in plan. Other cases have been seen in which
this character has been associated with a tendency to helicoid

coiling, as in the ' Turrilltes ' of d'Orbigny.^ As O. Fraas has

shown,* it is oriW when this character has become constant, as

in Turrilites, that it is of generic importance.

Asymmetr\" associated with the displacement of the siphuncle

may be brought about in various wa^^s. The most instructive

example that has come under our notice is that of a specimen
of Ferispliinctes friplicatus, found in the Kimeridge Clay of

Market Rasen by Mr. P. T. Ingham. This siDecimen shows three

septa (PI. IV, fig. 2) ; the suture of the earliest is normal, that of

the second is slightly irregular, that of the third is markedly
distorted, for the siphuncle has during this short interval become

' ' Inf. Ool. Ammonites ' Monogr. Palseont. Soc. 1894, p. 381.
^ ' Die Fossilien der Mungokreide in Kamerun & ihre Geologische Be-

deutung' Beitr. Geol. von Kamerun (1904) p. 107.
^ ' Paleontologie Fran(,'aise : Terrains Cretaces ' vol. i (1840) p. 571.
^ ' Abnormitaten bei Ammoniten ' Jahreshefte Wiii'ttemb. xix (1863) p. 112.
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considerably displaced from the median line. These features of

the suture-line are only an external manifestation of an enlarge-

ment of one half of the septum i hg. 1) at the expense of the

other : in such a manner that the internal as Avell as the external

lobe has been pushed to one side, and the enlarged half has also

been pushed behind the general level of the septum. That the

asymmetry is not due to an injury seems ])robable, since it deve-

loped slowly enough to permit of the secretion of at least two
septa. Xeither does it api)ear to have been due to a change of

the conditions which directly affect the form of the suture, since

all the details are preserved. The cause was possibly pathological.

The facts already discussed show that the form of the septum,

even in these asymmetric examples, is independent of the internal

organs in tlie neighbourhood of the septum : otherwise a diseased

condition of some paired organs (for instance, the gonad) might
have been postulated. As it is, the cause must be looked for in

a diseased condition of the stretched membrane : namely, the

septum-secreting area of the mantle. If this became hypertrophied

on one side, it would still assume the form of a stretched mem-
l)rane, but being more resistant to pressure from behind, would not

become so concave forwards as the other half. This is precisely

the condition which the shaj^e of the abnormal septum suggests.

Usually the change in the position of the siphuncle takes ])lacc

slowly and in one direction only : but in a specimen of Hoplites
aurltus (PI. IV, fig. 8) it moves from side to side repeatedly, in

association with the alternate develo})ment of tubercles on opposite

sides of the venter. The mantle apparently sank into the cavities

of the tubercles, and thus caused a displacement of the adjoining

parts of the body as well as of the mantle.

Lateral displacement of the siphuncle in tlie example of Peri-

sphinctes which we have just described has been accompanied by
wholesale enlargement of one half of the septum, but usually only

the ventral features of the suture are affected. Thus in the

septum of Iloj)Iifes sphndcns (PL IV, fig. 4) all the elements of

the internal series and those of the external series which are dorsal

to the first latei'al lobe, are quite normal. Further, in the septum
of Psiloceras planorhis (PI. IV, fig. 9), the displacement is of a

character similar to that observed in Ho2)Jites sfjiendens : for there

also the dorsal suture is not a-ft'ected, while the elements of the

venter are disturljed even more markedly than in the latter form.

Thus the displacement of the si2:)huncle in Perisphinctes and
KopJifes aiiritus is different in origin from that of Psiloceras

and Hoplites splcndeiis. Dr. J. F. Pompeckj ^ has. for example,

stated tliat the ty})e of asymmetry in Psiloceras is of systematic

value. The discovery, also by him, of a specimen of TragoplufUo-
ceras with a similarly asymmetric suture-line, has been mentioned

' ' Beitriif^e z\\ eiiier Eevisiuii der Aimuoaiiteu dcs Schwiibisclieu Jura ' pt. i

(1894) pp. 56-71.
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by Spatli {op. cif. 1911-, p. 351), presumably as corroborative evi-

dence of the connexions between Psiloceras and TragopJiyUocerasy

Similarly, this character has been described in Cosmoceras by

Teisseyre." Sayn -^ mentioned that he had not observed a similar

feature in Hopliteii, and considered that this showed conclusively

that Hoplites was not directly descended from Cosmoceras. It

should be mentioned, however, that A. d'Orbigny (1840, p. 222)
had previoush' noticed that asymmetry is of common occurrence

in certain species of HopJifes—an observation which Ave are able

to confirm.

An examination of sixteen specimens of Psiloceras planorhis

from the Lower Lias of Robin Hood's Bay revealed asymmetry in

nine cases. Although asymmetry is of common occurrence in

Psiloceras, it would appear to be an unreliable character. Further,

Pompeckj's figures show that the displacement varies in amount
and direction.

The careful examination of the suture-lines of more than 600
Jurassic and Cretaceous ammonites has shown that asymmetry
due to a displacement of the siphuncle occurs sporadically in

many widely-separated genera. We have noticed it in the follow-

ing cases :

—

Psiloceras 'planorhi)i{'^oweYhy) . ^]S'.U.C,,N.M. Robin Hood's Bay. 9 out

of 16. PI. IV, %. 9.

'^ Nonnaniiites'' hraikenridgi {^oyvQxhY). N.M. Mesvil (Yorkshire), lout
of 2. PI. IV, fig. 13.

Keplerites calloviensis (d'Orbigny). N.U.C., N.M. Ashton Keynes. 1

out of 3.

Aspidoceras perarmaturn (Sowerby). N.U.C., N.M. Faringdon. 2 out

of 4.

Hoplites splendens (d'Orbigny). N.U.C., N.M., B. Folkestone; Cam-
bridge. 62 out of 112.

Hoplites raulinianus (d'Orbigny). N.M. Folkestone. 1 out of 2.

Dactylioceras commune (Sowerby). N.U.C., N.M., B. Whitby, etc. 10

out of 30.

Cosmoceras jaso7i (Reinecke). N.U.C., N.M. Woburn Sands. 5 out of 12.

The occurrence of asymmetry in so large a number of examples

of Hoplites is noteworthy, and fully bears out d'Orbigny's observa-

tion. Yet it should be mentioned here that, in 78 specimens of

Hoplites lautiis and H. tuherculatus, we were unable to detect

^ Mr. Spath remarked that he had not observed any cases of asymmetry in

the specimens of Tragophylloceras loscomhi from Lyme Regis. Mr. W. D.
Varney, however, has found an example of this species showing asymmetry
at Old Dalby (North Leicestershire).

- ' Bin Beitrag zur Kenntniss der Cephalopoden Fauna der Ornatenthone im
Gouvemement Rjasan (Russland) ' Sitz. Math.-Naturw. Classe, K. Akad.
Wissensch. Wien, vol. Ixxxviii, pt. 1 (1883) pp. 538-69.

•* ' Ammonites Pyriteuses des Marnes Valangiennes du S.E. de la France
'

Mom. Soc. Greol. France, Paleont. vol. xv (1907) p. 65.
* N.U.C.= Teaching CoEection, University College, Nottingham; N.M.=

Natural History Museum, Nottingham ; B.= Teaching Collection, Birmingham
University.
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one case of asvmmetrv. Further, asymmetry of a similar character

has been observed by previous writers in a larye number of other

forms :

—

Ammonitea miserabilis Queustedt {Agassicera^ Hyatt).

^

Ammo)ntes falcaries Queustedt.^

Oxynoticeras heteroplenrum Neiimayr & Uhlig.^

Hoplites oxygonius Nemnayr k. Ulilig.-

Engonoceras pierdenale var. commune Hyatt.''

Engonocenis uddeni Cragin.'*

Oxyiioticeras guibali Hyatt ('Genesis of the Arietida; ' 1889, p. 219 &
pi. X, fig. 28).

Cosmoceras jason (d'Orbigny).

'

Cosmoceras m. f. jason Reinecjke. C. proniae Teisseyre,"* C. 2'>ollux Reinecke,

C. subnodatum, C.jenseni Teisseyre {op. cit. 1884, pp. 538-69).

Ammonites convolvtus Schl. (Fraas. op. cit. 1868, p. 111).

Ammonites denarius, fittoni. lyeUi Leymerie.'^

Ammonites coregonensis Sowerby, Waelxneroceras guidoni (Sowerby).^

Ammonites suessi, A. abnormalis, von Hauer.^

It will be noted that the greater number of the fossils in which
this type of asymmetry has been observed are included in, or

connected with, the families Cosmoceratidse, ^goceratidse, and
Stephanoceratidse (according to the classification adopted by
J. P. Smith). 8 Thus it would at first appear that the feature is

of considerable systematic importance
;
yet it should be remem-

bered that, although asymmetry is typical of certain species of

Hoplites, in other species of the same genus we have not observed

it. The presence or absence of examples of asymmetry, therefore,

must not be taken as conclusive evidence of relationship in the face

of other facts.

An examination of the lists just given shoAvs that nearly every

specimen in which this type of asymmetry has been observed has

a rounded or flat venter. Although at least a third of the

specimens examined had keeled venters, not one case of as^^mmetry

has been detected by us among them. It would thus appear that

the displacement is to a large extent associated Avith the shape of

the whorl. Xevertheless, asymmetry may occur occasionally in

^ F. A. Quenstedt, " Die Ammoniten des Schwabischen Jura ' Stuttgart,

1885, pi. xiii, figs. 15, 29.
'^ M. Neumayr & V. Uhlig ' Ueber Ammoniten aus den Hilsbildungen Nord-

deutschlands.' Palaeontographica, vol. xxAai (1880-81) pp. 135, 171.
"^ A. Hyatt, ' Pseudoceratites of the Cretaceous ' U.S. Geol. Surv. Monogr.

xliv (1903) pp. 159, 165.
* A. d'Orbigny, ' Paleontologie Fran^aise : Terrains Oolitiques ou Juras-

siques' vol. i (1842) p. 448.
" M. Neumayr & V. Uhlig, Palaeontographica, vol. xxvii (1880-81) pp. 219-

55.

^ P. Sa\T & G. Meneghini, ' Osservazioni stratigrafiche & paleontologiche

concementi la Geologia della Toscana ' 1851, pp. 73-77.
' F. R. von Hauer, ' Ueber einige unsymmetrische Ammoniten aus den

Hierlatzschichten ' Sitz. Math.-Naturw. Classe, K. Akad. Wissensch. Wien,
vol. xiii (1854) pp. 401-410.

" Cephalopoda, in K. von Zittels ' Text-book of Paleontology ' (transl.

Eastman), 2nd ed. (1913) p. 150.
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scune keeled forms ; for it lias been recorded in Ammonilps
miserahilis Quenstedt, in Oxynoticeras lieteroplenrnm, and in

O. guihali. In the latter genus, at all events, the exception is

only apparent, for the venter maybe strictly considered as rounded,

on account of the hollow keel.^

Asyiiimetrv has been observed in Hoj)Iitr,s hiherculatiis by
(y. C. Crick, - but here it was accompanied by a distortion of the

shell
;

yet a specimen with asymmetric ornament may have a

normal suture, as seen in an example of Ammonife^ amaUlieus?
The asymmetry which occurs so commonly in Hoplites sjjlendens

and a. raulinianus is usually accompanied by the displacement

of the sijDhuncle into the angle bounding the flat venter. At
12 mm. diameter in each of the specimens the sutures were sym-
metrical, and at this stage the specimens had round venters

(PI. IV^fig. f)a). From this stage until a whorl later (PL IV,

fig. 5 J) the siphuncle became gradually more displaced ; but onty
the ventral part of the septum became distorted, for all the

features dorsal to the first lateral lobe remained normal. Similar

characters were observed by A. d'Orbign}^^ in the development of

asymmetr}^ in Ammonites denarivs. Asymmetry in these cases

is probably a growth phenomenon, associated with the tendency

of the siphuncle to take up a stable position along the angle

bounding the venter.

Accompanying the displacement there has been in many forms
a rapid change in the form of the suture, which is ])robably a

result of the increased area on that side of the siphuncle. It

illustrates the manner in which the form of a suture may be changed
owing to a lupidly increased height of whorl. Thus in Hoplites

splendens (PL IV, figs. 4-(5) the external saddle at first has two
main divisions ; but later it becomes trilobed. Further, in Cosmo-
ceras (PL IV, fig. 10) the external saddle of the enlarged side is

practically double the breadth of the corresponding saddle of the

other side. In association with this increase in relative size the

saddle has become more deeply denticulated, and the major frillings

have become indented by numerous minor frills which are but

feebly represented on the other side. This peculiarit}^ has been

studied in some detail by Teisseyre.-"'

He suggested that the displacement that we have desei'ibed

is a growth-phenomenon associated with the form of the whoi-l.

Solger^ believed that the movement of the siphuncle away from
the median plane was due to the a(lo])tion of a recumbent habit.

' A. Hyatt, Smithsonian Contvibntions to Knowledge. No. 073 (1880) pi. x.

fig. 28.
'^ ' A deformed example of Hopllles ti(bercttJat}im,' Geol. Mag. doc. 4. vol. v

(1898) p. 541.
3 O. Fraas, Jahreshefte Wiirttemberg. xix, 1863. p. 111.
** A. d'Oi'bigny, ' PaL'ontologie Franeaise : Terrains Cr.'tac.'s ' vol. i (1840)

p. 222.
' L. Teisseyre, Sitz. Math.-Naturw. Classe, K. Akad. Wissenscli. Wien.

vol. Ixxxviii, pt. 1 (1883) pp. G04^()08.
•' F. Solger, ' Beitriige zur Geologic von Kamerun,' 1904.
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Dr. O. Abel ^ considers that, while iiiany ammonites were adapted

for a swimming hfe, jet many of the ' one-sided ' forms that we
have mentioned had a benthic habit. He also sug-g^ested that the

presence of a keel in a nectonic animal would assist rapid motion.

As we liave seen, asymmetric siphuncles rarely occur among these

keeled forms, which presumably liad I'arely a benthic habit.

Briefly then, although a displaced siphuncle and an
as^nnmetric suture may be most usually developed in

certain connected species, the existence of such ab-
normalities in a single specimen is not sound evidence
of genetic affinity.

In conclusion, we wish to ex})ress our thanks to those who have

helped us : to W. D. Lang, M.A., F.G.S., for gifts of material

;

to Prof. J. W. Carr, M.A., F.G.S., for permission to examine the

collection in the Nottingham Museum ; and to Prof. W. S. Boulton,

F.Gr.S., for allowing us similar access to the collection in the

B i rmingham Un iversify

.

EXPLANATION OF PLATES II-IV.

Plate II.

Fig. 1. Apparatus used in survejang and levelling the surfaces of septa and
of whorls.

2. Dactijliocerns commit ne (J, Sowerby), from Whitb3\ Specimen used
for working out the development of the septum, the suture-line, and
for making septal sections. Diamet£r=7-.5 cm. X I-

3. Portion of the whorl of another specimen of the same species filed

away in steps, in order to show septal sections of successive septa.

X H.
4. Series of septal sections drawn from this specimen.

Plate III.

Figs. 1-5. Development of the septum of Daetyliocevan commune. Figs. 2-5

are frcmi the specimen s]K)\\Ti,in PI. II. fig. 2.

Fig. 1. Adult septum. X 4-5. (Text-fig. 4.)

2. Septum at 2^ whorls. X 22.

3. Do. at 2^ whorls. X 25.

4. Do. at 1^ whorls. X 35. {The numbering of figs. 4
5. Second septum. X 40. (Text-fig. 6, p. 36.) j & 5 should be reversed.

0. Almost adult septiim of TragnphyUnceras Josromhi (.1. Sowerby), from
Lyme Regis. Diameter= 17 mm. X <>. ,

7. Adult septum of Sphceroceras hfoiuiiriarti (J. Sowerby). from Sher-

bf)rne. Diameter= 20 mm. X 2h.

Plate IV.

Figs. 1-3. Peritii^hinctes tripliratus, frtmi Market Rasen.
Fig. 1. Front view of an abnormal septum. Natural size.

2. Ventral view of a portion of an outer whorl. Natural size.

3. Last suture shown by this specimen.

* ' Verbreitung & Lebensweise der Ammoniten " Verhandl. k.-k. Zool.-Botan.

Gesellsch. Wien, 1912. p. 83.
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Figs. 4-6. Hoplites splendens. Diameter=34 mm.
Fig. 4. Septum showing displaced siphuncle, ami distortion associated there-

vnth..

5 a. Suture of the same at 12 mm.
5 h. Do. do. at 32 mm.
6. Do. of another specimen.

7. Hoplites raidinianiis. Folkestone. Suture.

8. Hoplites auritus. Cambridge. View of venter showing displacement

of the siphuncle, first to one side and then to the other.

9. Psiloceras planorhis. Robin Hood's Bay. Shomng position of dis-

placed siphuncle.

Figs. 10-15. Asymmetrical sutures of various ammonites.

Fig. 10. Cosmoceras jason. Buckinghamshire.

11. ^ Normannites' hrailcenridgii. Mesvil.

12. Aspidoceras perarmatiim. Faringdon.

13. TJptonia jamesonl.

14. Keplerites calloviensis. Ashton Keynes.

1.5. Dactijlioceras commvne. Whitby.

IL= Internal lobe. ES= External saddle. L^= Principal or first lateral lobe.

L'-= Auxiliary' lobe. S^= First lateral saddle. M= Median plane. Sip.=
Siphuncle.

Discussion.

Dr. F. A. Batheji thanked Prof. Swinnerton for his well-

illustrated and lucid exposition. It had heen said that in science

the invention of a new method was worth more than the discovery

of a hundred facts. The instrument devised hy the Authors might
be applied to the reproduction of other complicated surfaces. The
ammonites illustrated had all been proo;ressive types, and apj^a-

rently the method was unsuitable when retrogression had set in.

In progressive types the study of a late-formed septum enabled one

to work backwards, but not forwards, to the unknown. Might it

not, however, he possible to forecast the lines of retrogression "r' In
any case, the method would facilitate the determination of affinities

and the plotting-out of definite series on which more secure in-

ferences could be based.

Dr. A. M. Dayies said that the suggestion that septal sections

might be used as a means of studying the development of the

septum had been made to him in conversation by Mr. S. S. Buck-
man some years ago. He congratulated the Authors on their

success in demonstrating the truth of this suggestion. He enquired

as to how far coarse ornamentation would interfere with the aj)plica-

tion of the metliod, and Avhether it was really trustworthy in the

case of septa which had undergone catagenetic simplification.

Prof. H. H. 8wl^^^'£KT0X thanked those present for the kind
reception given to the paper. Replying to Dr. Bathei*. he stated

that ' septal sections ' supplied a standard of the most direct line

of development leading up to the condition found in the particular

septum from wliich they had been made ; for that reason they would
not record any deviations from that line occurring during evolu-

tion or development. The study of the septal sections of a simple

Q. J. G. S. No. 289. f
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septum could not be expected to throw light upon the possible

complications which might arise in the future in a progressive series.

On the other hand, sections of a complicated septum such as that

of Lytoceras might reasonably be expected to show resemblances

to the sutures of any species of Baculites of Lytoceratan origin.

Replying to Dr. Davies, he expressed the opinion that the presence

of coai'se ornamentation on the surface of an ammonite would not

seriously impair the usefulness of septal sections. The resemblance

of the inner pai't of the septum to the early septa was not really

an example of the phenomenon defined in the phrase ' localized

stages in development.'

[April 6th. 1 91 8.1



ADMISSION AND PEIVILEGES

OF

FELLOWS OP THE aEOLOGICAL SOCIETY OF LONDON.

Every Candidate for admission as a Fellow must be proposed by three or more Fellows,

who must sign a Certificate in his favour. The Proposer whose name stands first upon
the Certificate must have a personal knowledge of the Candidate.^

Fellows on election pay an Admission Fee of Six Guineas. The Annual Contribu-

tion paid by Fellows is Two Guineas, due on the 1st of January in every year, and
payable in advance ; but Fellows elected in November or December pay no Contribu-

tion for the current year. The Annual Contribution may, at any time, be compounded
for by a payment of Thirty-Five Pounds.

The Fellows are entitled to receive gratuitously all the volumes or parts of volumes
of the Quarterly Journal of the Society that may be published after their election,

so long as their Annual Contributions are paid ; and they may purchase any of the

publications of the Society at a reduction of 25 per cent, under the selling-prices.

The Library is open on Week Days to the Fellows between the hours of 10

and 5 (except on Saturdays, when the hours are from 10 to 1, and except during

he fortnight commencing on the first Monday in September; see also next page).

Under certain restrictions, Fellows are allowed to borrow books from the Library.

Publications to be had of the Geological Society,

Burlington House.

QUARTERLY JOURNAL. (Vols. IH to LXXII, inclusive.)

Prioe to Fellows, 13s. 6d. each (Vols. XV, XXin, XXX, and XXXIV to LXXU,
16s. 6d.), in cloth.l

GENERAL INDEX TO THE FIRST FIFTY VOLUMES OF THE
QUARTERLY JOURNAL (1845-1894). Part I (A-La). Part H (Lar-Z).

Price 55. each. To Fellows 3s. 9d. each. [Postage 3d.]

GEOLOGICAL LITERATURE added to the Geological Society's Library

during the years ended December 31st, 1894-1912. Price 2s, each. To Fellows, Is. 6d.

each. [Postage 3d.]

THE HISTORY OF THE GEOLOGICAL SOCIETY OF LONDON,
by H. B. Woodward, F.E.S. Price 7s. 6d. To Fellows, 6s. [Postage 6d.]

THE CENTENARY OF THE GEOLOGICAL SOCIETY OF
LONDON, recorded by W. W. Watts, F.R.S. Price 2s. net. [Postage 3d.]

HUTTON'S 'THEORY OF THE EARTH,' Vol. Ill, edited by Sir

Archibald Geikie, D.C.L., F.R.S. Price 3s. 6d, To Fellows, 2s. [Postage 4d.]

THE GEOLOGY OF ,NEW ZEALAND. Translated by Dr. C. F.
Fischer from the works of MM. Hochstetter & Petermann. With an Atlas of

Six Maps. Fellows may purchase one Copy of iiiis Book at 2s. Additional Copies
will be charged 4s. [Postage 5ci.]



CONTENTS.

Pages

Proceedings of the Geological Society. Session 1916-17, including the

Proceedings at the Annual General Meeting, the President's Anniversary

Address, etc i-cii

PAPERS READ.
Page

1. Dr. A. Smith Woodward on a Second Skull from the Piltdown Gravel.

(Plate 1) . 'With an Appendix by Prof. G. Elliot Smith 1

2. Mr. H. C. Sargent on Lower Carboniferous Spilites from Derbyshire 11

3. Prof. H. H. Swinnerton & Mr. A. E. Trueman on the Morphology and

Development of the Ammonite Septum (Plates II-IV) 26

[The Editor of the Quarterly Journal is directed to ma.s:e it known to the Public

that the Authors alone are responsible for the facts and opinions

contained in their respective Papers.]

*^* The Council request that all communications intended for publication by the

Society shall be clearly and legibly written on one side of the paper only, with

proper references, and in all respects in fit condition for being

at once placed in the Printer's hands. Unless this is done, it will be in

the discretion of the Officers to retiim the communication to the Author for revision.

The Library at the Apartments of the Society is open every Week Day from Ten

o'clock until Five, except on Saturdays (when the hours are from 10 to 1), and

except during the fortnight commencing on the first Monday in September,

when the Library is closed for the purpose of cleaning.



Vol. LXXIII. No. 290.
Part 2.

THE

QUARTERLY JOURNAL

OF THE

GEOLOGICAL SOCIETY

EDITED BY

THE PERMANENT SECRETARY.

{
[With Twelve Plates, illustrating Papers by Mrs. Longstaflf,

\ Mr. L. M. Parsons, and Mr. F. Dixey & Prof. T. F. Sibly.]

August 20tli, 1918.

LONDON

.

LONGMANS, URKEN, AND CO.

PARIS:—CHARLES KLINCK8IECK. 11 RUE DE LILLE.

SOLD ALSO AT THE APARTMENTS OF THE BOCIETY.

Price Five Shillmgs,



LIST OF THE OFFICERS AND COUNCIL OP THE
GEOLOGICAL SOCIETY OF LONDON.

Elected Febrnary 15th, 1918.

^re^tfieut.

George William Lamplugh, F.R.S.

R. Mountford Deeley, M.Inst.C.E. i Prof. William Johnson Sollas, M.A.,

AMred Barker, M.A., LL.D., F.R.S. Sc.D., LL.D., F.R.S.

Sir Jethro J. Harris Teall, M.A., D.Sc,
I LL.D., F.R.S.

Herbert Henry Thomas, M.A., Sc.D. I Herbert Lapworth, D.Sc, M.Inst.C.E.

SirArchibald aeikie, CM., K.C.B., D.C.L.,
|

James Vincent Elsden, D.Sc.

LL.D., Sc.D., F.R.S.
|

Charles William Andrews, D.Sc, F.R.S
Francis Arthur Bather, M.A., D.Sc, F.R.S.

Prof. John Cadman, C.M.G.,D.Sc., M.Inst.

C.E.

Arthur Morley Davies, D.Sc, A.R.C.Sc
R. Mountford Deeley, M.Inst.C.E.

James Vincent Elsden, D.Sc.

Prof. Edmund Johnston Grarwood, M.A.,

Sc.D., F.R.S.

Sir Archibald Geikie* O.M., K.C.B.,D.C.L.,

LL.D.. Sc.D.. F.R.S.

John Frederick Norman Green, B.A.

Alfred Harker, M.A., LL.D., F.R.S.

Finlay Lorimer Kitchin, M.A., Ph.D.

George William Lamplugh, F.R.S.

Herbert Lapworth, D.Sc, M.Inst.C.E.
Major Henry George Lyons, D.Sc, F.R.S.
Prof. John Edward Marr, M.A., Sc.D.,

F.R.S.

Richard Dixon Oldham, F.R.S.
Robert Heron RastaU, M.A.
Prof. William Johnson Sollas, M.A. , Sc.D.

,

LL.D., F.R.S.

Prof. Henry Hurd Swinnerton, D.Sc.
Sir Jethro J. Harris Teall, MA., D.Sc,

LL.D., F.R.S.

Herbert Henry Thomas, M.A., Sc.D.
Samuel Hazzledine Warren.
Prof. William Whitehead Watts, M.A.,

Sc.D. LL.D., F.R.S.

permanent Btnttayj^.
L. L. Belinfante, M.Sc.

Htbrartan.
C. p. Chatwin.

Clerk.
M. St. John Hope.

Qgdistant in Eibrary.
Arthur Greig.

STANDtNG PUBLICATION COMMITTEE.
Mr. G. W. Lamplugh, President.

Dr. H. Lapworth. 1 ^ x •

Dr. Herbert H. Thomas. |
^^^'tartes.

Dr. F. A. Bather. Mr. J. F. N. Green. Prof. W. J. SolJaa.

Prof. J. Cadman. Dr. F. L. Kitchin. Sir Jethro TealL
Mr. R. M. Deeley. Major H. G. Lyons. Mr. S. H. Warren.
Dr. J. V. Elsden. Mr. R. D. Oldham. Prof. W. W. Watts.
Prof. E. J. Garwood.

ORDINARY MEETINGS OF THE GEOLOGICAL SOCIETt"
TO BE HELD AT BURLINGTON HOUSE.

Session 1918-1919.

1918.

Wednesday, November 6*—20

,, December 4 —18*

1919.

„ January 8*—22»
„ February (Annual Meeting,

Friday, February 2l8t) . 5»—26»
March 12—26*
Apra 9*

May 7 —21*
June 4 —25*

IBxuineu will cofMnenee at 6.30 p.m. predtely.'}

The asteriBks denote the dates on which the Council will meet.



part 2] ACLisiyA and aclisoide^. 59

4. SuppleMENTAEY Notes on Aclisina De KojS'ixck and Aclt-

soiDE^^ Donald, with Descriptions of New Species. Bj
Jane Longstaef (jiee Donald), F.L.S. (Communicated

by Dr. a. B. Longstaef, M.A., F.a.S. Read May 2nd,

. 1917.)

[Plates V & VI.]

In 1898 I commmiicated a paper to this Societ}' on the genus

Aclisina and on Aclisoides, a new section or subgenus of Murchi-
sonia. Since that date I have had the opportunity of studying

a larger number of specimens, which has not only enabled me to

learn more about the species then described, but also to add to

their number.
Fifteen species of Aclisina with several varieties, and a single

species of Aclisoides with one variety, were dealt with in 1898. I

am. now referring seven more species to the former, six of which have

not been previously noted, and am regarding the form considered

a variety of the latter as a distinct species. Thus we have a total

of twenty-two possible species of Aclisina and two of Aclisoides.

In addition to these there are in the Sedgwick Museum, Cambridge,

three small shells resembling Aclisina, one from Poolvash, the

others from Settle, all too much embedded in the matrix to be

accm-ately determined.

The numbers given can only be regarded as approximate, for

paucit}^ of specimens and defects in the manner of preservation

sometimes render the definition of genera and species difficult. It

is, therefore, possible that some shells at present considered as

distinct species may afterwards prove to be varieties only, while

others now grouped together may need to be separated.

In the previous paper no holotypes were selected. I am now
supplying the omission, and also stating in which collections they

are deposited.

Although I have already remarked on the beautiful state of

preservation of many of the Scottish specimens, it ma}^ not be

amiss to draw attention to it again. No less than thirteen species

of Aclisina and one of Aclisoides have the protoconch well pre-

served. In the latter it is attached to the post-embryonic whorl

and simply coiled on the same plane, and thus in no wise peculiar.

But in Aclisina it is markedly so, being more or less irregular.

In six species the protoconch stands up, forming a Avide angle with

the post-embr3^onic whorl ; in four it is not so much raised, but is

oblique and overhangs the spire ; in the remaining three it is

wholly attached, forming a broad flat apex.

The material at hand is not sufficient to show to how great an

extent variation in the character of the protoconch of a species mjjiif^*^ • «'T*^^
take place, either in the same beds, or in those separated by tuif^^^ "^tti

Q. J. G. S. No. 290. G A>^

r JAN 10 191'
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space. In no instance have I observed a species including indi-

viduals with the protoconch greatly elevated and others with it flat.

In two species, AcUsina miciila and A. striatissima, I have noted

very slight variation. Onh^ two examples of the former are known
to me: in one the protoconch adheres closely, in the other it is a

little raised, and in one example of A. striatissima (PI. YI, fig. 4)
it is flatter than in the type. In some shells one or more of the

upper whorls of the spire are unattached, as well as the protoconch :

as, for instance, A. aciculata (PL VI, flg. 6). The protoconch is

frequently more translucent than, or of a different colour from,

the rest of the shell.

I have previously noted that the Scottish Gasteropoda as a

whole are small. There are, however, exceptions to this, for at

Craigengien and Strathavon, both near the base of the Lower
Limestone Series, larger shells occur, equalling in dimensions indi-

viduals of the same species at Settle and Vise. Mr. Peter Macnaii*

suggests that this may be the result of the clear-water conditions

which prevailed during the deposition of the beds at these localities.

It is remarkable that the most minute examples occur at Glencart,

Dairy, near the top of the Upj)er Limestone Series ; the pecuhar

character of the deposit in which they were found was described

by Dr. John Young, and also referred to by me.

AcUsina and Aclisoides are not associated together in this

paper on account of a supposed close relationship, but because,

owing to a superficial resemblance, a species of the latter had been

mistaken for a member of the former. I have discussed the

possible aflinities of Aclisi?ia, and have shown that it beai*s a great

likeness to Promathildia Andrese, which genus was then included

by some palaeontologists in the family Turritellidae. Koken con-

sidered that AcUsina might be the direct forerunner of certain

TurriteUce. M. Cossmann has since created the family Mathil-

diidse : ^ thus it is now a question Avhether AcUsina should not

find a place there in proximity to FromatJiildia. If this were

the case, AcUsina would be the most ancient member of the group
as now constituted.

A far greater number of species of AcUsina have been found in

Scotland than in any other country. Of the twentj-two recorded

only one is peculiar to England, and one, or at most two, to

Ireland. The former is the fossil described by Mr. Bolton as

Loxonema ashtoneiise from the basement-beds of the Bristol Coal-

field. One of the Irish species, A. sulcatula (McCo}'), has not

been observed elsewhere ; the other, A. poly(/}/ra (McCoy), is pro-

bably conspecific with A. elonr/ata (Fleming), but the holot^'pe is

so much embedded in the matrix that it is difficult to be certain

of this.

With regard to the species occurring in Scotland, it may be

^ ' Essais de Palooconchologie Comi^aree," vol. ix (1912) p. 2, After Avriting

the above I received vol. x (1915) of this work, and I observe that on p. 259

M. Cossmann does not consider AcUsina to be related to Turriiella, but

states that ' I'intermediaire entre Jjoxonema et Mathildia est manifeste.'
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noted that the variet}^ ex'ujua of Aclisina pulclira De Koninck and
A. eloiKjata (Fleming) have the most extended range, the former

making its appearance in the Calciferous Sandstone Series, and
continuing throughout the Lower Limestone Series and the Upper
Limestone Series into the Millstone Grit. In Belgium the species

is only recorded from Tournai, where specimens attain a greater

size than any Scottish variety that I have seen. A. elongata has

a similar range in Scotland, except that it has not been i-ecorded

from the Millstone Grrit. It also occurs in the Yoredale Series

of England, and is probably represented in Ireland and Belgimn.

L. Gr. de Koninck figures a small gasteroj^od from A^ise on pi. xxxiii,

iigs. 1-5 & 46, in ' Faune du Calcaire Carbonifere de Belgique
'

pt. iv, Ann. Mus. Koy. Hist. Nat. Belg. vol. viii (1883), which
greatly resembles this species ; but it is undescribed. as it was
lost.

Eight species occur in both the Lower and the Upper Limestone
Series: namely,^, costatula, A. attenuata, A. aciculata, A. tenui-

striata, A. q^uadrata, A. similis, A. sfrlatissima, and A. / multi-

volva. Of these, A. similis and probably A. striatissima are

found also in Belgium.

Five species are confined to the Lower Limestone Series : namely,

A. pusilla, A. parvula, A. terehra, A. elegant ida, and A. venusta.

Four are limited to the Upper Limestone Series : nameh^,

A. delicatulct, A. fahe)\ A. iiiicula, and A. siihelonrjata.

A. fjrantoneas is has onh^ been found in the Calciferous Sandstone

Series.

Of the two species referred to Aclisoides, A. striatula has the

widest range, occurring in both the Lower and the Upper Lime-
stone Series of Scotland, as ^vell as in England, the Isle of Man,
and Belgium; while A. I armstrongiana is onl}^ known from the

Lower Limestone Series of Scotland. This subgenus is confined

to the Carboniferous Period.

In addition to the fourteen foreign Carboniferous species of

Aclisina previously mentioned, three have been described by
Miss Clara Gr. Mark,^ and three others have been doubtfully re-

ferred to the genus by her ; these latter, however, do not appear

to possess the characteristic lines of growth. The thi-ee former
are A.forniosa, A. conditi, and A. piimila, from the Portersville

Limestone, Conemaugh Formation.

Besides these, a new species from the Zechstein, A. heneventa,'^

has been described by E. Dietz, and also one from the Devonian,

A.fiigitiva Barrande, by Dr. Jaroslav Perner.^

This genus has been stated to range from the Devonian to the

Permian : if, however, the species A. obscura Donald,* doubtfully

1 Geol. Siirv. Ohio, ser. 4, Bull. 17 (1912) p. 314 & pi. xvi, figs. 7-10.
2 Jahrb. K. Preuss. Geol. Landesanst. vol. xxx, pt. i (1911) p. 475 <&

pi. XV, fig. 1.

^ ' Systeme Siliirien du Centre de la Boheme, vol. iv : Gasteropodes ' vol. ii

(1907) p. 372 & pi. ex. figs. 19-20.
" Q. J. G. S. vol. Iviii (1902) p. 337 & pi. ix, fig. 12.

fi2
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referi'ed to it from the Silurian, prove to l)e a true member, its

origin must be more ancient.

1 am greatly indebted to both Mr. K. Gr. Carruthers and
Mr. Peter Macnair for information resjjecting the horizons at

which the Scottish species occur. Their views agree in the

main with regard to the I'pper Limestone Series. But for the

Lower Lmiestone and Calciferous Sandstone Series I have been
guided bv Mr. Macnair, ^vhose recent extensive studies of the

stratigra])hy of these beds have led him to differ from the Geo-
logical Survey. He considers that there is no marked break

between the strata of the Calciferous Sandstone Series and the

succeeding LoAver Limestone Series, and refers to the latter all

the sedimentary rocks (including the Hollybush Limestone) that

occur above the Calciferous-Sandstone lavas of the West of

Scotland.

Li Proc. Geol. Assoc, vol. xxvi, jDt. 3 (19L3 ; p. 179, he describes

the remarkably fine sections at Corrie Burn, Kilsyth (Stirlingshire),

and on p. 181 sums up thus

:

' The main points of difference between thi? reading of the succession and
that of the Geological Survey is that in the north of Ayrshire they take the

Docki-a Limestone as the Hurlet, the four succeeding limestones being respec-

tively the Blackball, Main Hosie. Mid Hosie, and Top Hosie. In Fife they
take the Seafield Limestone as the Hurlet ; this is mj Main Hosie. Tn the

Bilston Burn, Midlothian, they take the Gilmerton Limestone as the Hurlet,

whereas my Hurlet datum-line lies about 200 feet below the Gilmerton
Limestone.'

Mr. Macnair regards the Doc-kra Limestone as underlying the

Hurlet, and as being equivalent to the Blaekbyre Limestone of

Kilsyth, Campsie. and Hurlet. In several conmiunications to the

Geological Society of Glasgow, published in their Transactions

during the years 1912-1(3, he supjDlies further details, and deals

Avith the correlation of these strata Avith those in Lanarkshire.

Xo species of AcJisina and Aclisoicles have been recorded from
the Hurlet Limestone as here defined; this is not, however,

remarkable, since they are mostly small forms, and Mr. John
Smith 1 states that there is a great scarcity of fossils in this

stratum.

The beds at Penton Linns (Dumfriesshire) have not been care-

fully zoned, therefore it is impossible to state the exact position of

those from which the gasteroj^ods here described are deri^-ed. The
undersides of" the slabs are crowded with Prodvctv.s longispiuKS

Sowerby, and there are numerous spines and fragments of the

brachiopods above. Dr. J. Home &. Dr. B. X. Peach - give a short

list of fossils from this locality in their account of the Canonbie
Coalfield, and state that they recall the assemblage of organic

remains of the Lower Limestone Series of Central Scotland.

The exact relationship of the Scottish strata with the English

has not been thoroughly worked out, therefore the reference to

' Ti-ans. Geol. Soc. Glasgow, vol. xlv, pt. ii (1911) p. 141.
2 Trans. Eoy. Soc. Edin. vol. xl (1903) p. 850.
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the late Dr. Arthur Yaughan's zones can onl}'' be regarded as

temporary and approximate.

Prof. E. J. Garwood has very kindly given me his views, based

on the information at present available. He considers the Lower
Limestone Series to be homotaxial with D^-D^, and the Upper
Limestone Series with Dy-? Dg. The Settle Limestone is S2

and D,. Widdale Fell, Mosedale, is Dy.

The Upper Limestone of Poolvash (Isle of Man) is probably

D^-D.,. Mr. J. Smith's gasteropoda came from the partly dolo-

mitized upper limestone east of the Balladoole Fault, Poolvash.

He believes the horizon to be lower than that of the Hurlet

Limestone of the West of Scotland.

With regard to the Irish localities, Cullion, DraperstoAvn, and
Carrickoughter. Kesh, Prof. Gr. A. J. Cole states that the districts

require careful zoning before the exact positions can be ascertained.

Dr. Yaughan considered that the former might be homotaxial

with C^ of the Avon Section. The latter is probably at a much
higher horizon.

A table is appended (pp. 64-67) with names of species, localities,

and thf Scottish horizons. These latter are, for the greater part,

called after the characteristic limestone ; the fossils, however, are

by no means restricted to that stratum, but are frequently found
in the associated shales. There being ver}^ few records outside

Scotland, it has not been considered necessary to give additional

columns for their horizons, more especially as they are not very pre-

cisely defined at present. Since the localities are full}" dealt with

here, they are given under the descriptions only in the case of

holotypes and rarer species. Also those alone from which I have

actually seen specimens myself are stated. I have examined many
of the gasteropoda to which names have been given in the Scottish

Greological-Survey lists, and I find that these names are not in all

cases to be depended upon. Confusion has probably arisen from
grafting more recent nomenclature on the older. For instance,

I have met with five distinct species referable to at least two
genera, all grouped under one specific name,- which was not

applicable to any one of them. On the other hand, a single species

occurs under two different names.

In order to save space, onty such parts of tlie synonymy are

re])eated as are essential for clearness.

Most of the small specimens were drawn with the camera lucida

on the microscope, and the approximate magnification is given in

each case.

For the loan of specimens I offer my most hearty thanks to

those in charge of the Greological Survey Collections in London
and Edinburgh; to the Council of the Hancock Museum, New-
castle-upon-Tyne ; to the late Prof. McKenny Hughes, Sedgwick
Museum, Cambridge; to Dr. Ritchie, Royal Scottish Museum,
Edinburgh ; to Mr. Peter Macnair, Glasgow Museum, Kelvin-

grove ; and to Mr. Herbert Bolton, Bristol Museum. I desire

also to express my gratitude to Mr. Robert Dunlop, Dunfermline,
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Mr. James Wright, Kirkcaldy, and Mr. John Smith, Dahy, for

the privilege of examining examples in their private collections.

Fnrthei', for assistance in many ways I am greatly obliged to

Dr. A. Smith Woodward, F.R.S., Dr.'F. A. Bather, F.E.S., Prof.

E. J. Garwood, F.R.S., Dr. F. L. Kitchin, the late Mr. G. C. Crick,

Dr. F. R. Cowper Reed, Dr. Lee, Prof. S. H. Reynolds, Prof.

G. A. J. Cole, M. Louis Dollo, and M. Douville.

Genus Aclisiis'a De Koninck.

AcLisiNA PULCHEA De Koninck. (PL V, figs. 1 & 2 a~2 h.)

Aclisiiia pidchra De Koninck, 1881, ' Faune Calc. Carb. Belg.' pt. iii, Ann.
Mus. Roy. Hist. Nat. Belg. vol. vi, p. 87 & pi. vii, tigs. 26-27.

Remarks.—L. G. de Koninck represents this species as

having the whorls ornamented b}^ seven or eight spiral grooves and
ridges of equal size. In reality, however, the upper ridges, from
1 to 3 in number, are finer than the three or four below, and on the

bod^^-wliorl these latter are followed by numerous still finer ridges,

one or two of which frequently show above the suture on the

penultimate whorl. On the earlier whorls onl}^ one of the three

finer ridges exists, it is immediate^ below the suture. None of

the Belgian specimens that I have seen has the apex intact. The
sigmoidal form of the outer lip is well preserved in a specimen
(PI. Y, fig. 2) in the collection of Canon H. de Dorlodot : this

character is only indicated b}^ the lines of growth in all the other

species of the genus that I have examined.

So far, I have not met with an}' typical specimens of this species

in the British Isles.

Holotype.— 0/A c/f. pi. vii, figs. 26 & 27. Also PL V, i\g. 1 of

this paper.

There are two smaller examples associated with the holotype in

the Musee Royale d'Histoire Naturelle at Brussels, also a good
specimen in the British Museum (Natural History), and I have
two otliers purchased from M. Piret.

Locality and horizon.—Tournai (Assise i).

AcLisiNA PULCHEA, var. EXiciUA, uom. nov.

AcUsiiia pulchra var. temiis (De Koninck) Donald, 1898, Q. J. G. S. vol. liv,,

p. 52 & 1)1. iii, figs. 1-4.

Remarks.—I referred a small Scottish variety of A. 2yi(^('-hra

to j\Lii'chlsoiiia tenuis De Koninck, because I found that it agreed

with the best-preserved shells on a tablet so named in the Binissels

Museum. During a subsequent visit a further examination of

this tablet convinced me that there were two distinct si^ecies on

it. The specimen marked as holotyjDc is much worn, and has only

three somewhat coarse threads ornamenting the whorl ; two of the

eight exam])les associated with it are the same, and they all look

like immature shells. The remaining five are diiferent, and are

conspecific with the Scottish shells. These latter greatly resemble
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the typical A. pulclira, but they are much smaller and rather

more slender. At least eight and twenty Scottish specimens are

remarkable for having the protoconch intact, and some also exhibit

the characteristic sigmoidal lines of growth.

Holotype.

—

Op. cit. pi. iii, tig. 2, In the Neilson Collection,

Koyal Scottish Museum, Edinburgh.

Locality and horizon.—Kobroyston, Grlasgow, in the Upper
limestone Series.

Unfortunately the finer specimen (fig. 1) from Swindridge Muir,

Ayrshire, also in the Upper Limestone Series, has perished by fire.

There are, however, numerous examples from this locality in the

Young, Xeilson, and my own collections.

Specimens in Mr. J. Smith's collection from the Index Lime-

stone at Highfield, Dairy, and Dernshaw, Stewarton, have the

protoconch preserved, as well as those previouslv mentioned from

the last-named localitj'.

AcLisiXA PULCHEA, var. INTERMEDIA Donald.

Aclisina pulchra, var. intermedia Donald, 1898, op. cit. p. 53 & pi. iii, tigs. 5-5«,

Ke marks.—Specimens previously referred to this variety from
Swindridge Muir are most probably A. costatula.

Holotype.

—

Op. cit. pi. iii, figs. 5 & oa. Bennie Collection,

lioyal Scottish Museum, Edinburgh.
Locality and h o r i z o n.—Law, Dairy ( Ayrshire) , in the Lower

Limestone Series.

Aclisina venusta, sp. nov. (PI. V, figs. 3 r/ & 3 h.)

Diagnosis.—Shell elongated, conical, composed of more than

seven whorls. Whorls convex, ornamented on the lower part by
four threads, the two upper of which are the strongest and farthest

apart; midway between these and the suture are two finer ones, and
on the body-whorl there are two additional fine threads below.

Sutures deep. Base convex, slightly produced. Inner lip refiected.

Columella nearly straight.

Remarks.—From A. iniJchra this species maybe distinguished

by being more slender and having more regularly convex whorls.

It is most like the variety intermedia, but is of much gi;eater size,

and has also two fine threads on the upper part of the whorl. We
have, however, only one example of each of these forms ; it is

therefore possible that the discovery of intermediate links might
prove them to be the extremes of a single species or variety.

Holotype.—PLY, figs. 3^ & 3/;, Bennie Collection, Royal
Scottish Museum, Edinburgh.
Dimensions.—Length = S millimetres ; width= 3 mm.
Locality and horizon.—Law, Dairy, in the Lower Limestone

Series.
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AcLISIJs^A FABEB, sp. IIOV. (PI. Y, tlgS. 4 & 5 «-5 C.)

Diagnosis.—Shell small, conical, composed of more than nine

whorls. Whorls broad, convex, slight^ flattened above and sub-

angular near the middle. Lower part ornamented by six moderately

strong threads with two additional ones on the body-whorl; upper
part ornamented b}^ three fine threads ; base covered b}^ numerous
still finer ones. Protoconch composed of little more than one

smooth volution, moderately raised and slightly overhanging the

succeeding whorl. Aperture subcircular. Columella nearly straight.

Inner lip reflected.

Remarks.—This species somewhat resembles A. jnilcJira, but
it has more convex whorls ornamented by finer and more numerous
threads, also the protoconch is more orbicular and not so erect.

^—Holotype.—The larger specimen re^Dresented in PI. \, fig. 4,

must be regarded as the holotype ; it consists of nine whorls the

length of which= 6 mm., and 'the Avidth^2*5 mm. The smaller

shell (fig. 5) is remarkable for having the protoconch intact; its

length= l-75 mm. Both are in Mr. John Smith's collection.

Locality and horizon.—High Smithston, Kilwinning (Ayr-

shire), in the Upper Limestone Series.

Three small shells in my own collection appear to belong to this

species. They are from Grlencart, Balry, also in the Upper Lime-
stone Series.

Aci.TSiXA cosTATULA Donald.

Aclisina costattda Donald, 1898, op. cit. p. od & pi. iii, tigs. 12-14.

Holot^^pe.— Oj). cit. pL iii, rig. 12. Longstaft: Collection.

Localit}^ and horizon.—Penton Linns, Liddel Water (Dum-
friesshire). LoAver Limestone Series.

Aclisina costatula, var. dubia Donald.

Aclisina costattda var. dubia, Donald, 1898, ojj. cit. p. 57 & pi. iii, tig-. 15.

Remarks.—The examination of a large number of specimens

shows that A. cosfatula exhibits a certain amount of variation. I

suggested the name duhia foi* a large variety having somewhat
higher whorls. Unfortunately the original example has perished

by fire with the late Mr. Thomson's collection. There is, however,

a shell in Mr. J. Smith's collection greatly resembling it in every

way. It 'has six whorls intact, Avhich have a length of oo milli-

metres.

Locality and horizon.—AVhereas the original was from
Craigenglen, Campsie (Stirlingshire), in the Lower Limestone
Series, this s^^ecimen is from ]Moss ^Nfullock, in the L^pper Lime-
stone Series.

Aclisina attenuata Donald.

Aclisina attenuata Donald, 1898, op. cit. p. 58 & pi. iv. tigs. 2-3.

Holotype.

—

Oj). cit. pi. iv. tig. 2. Longstaff Collection.

Localit}' and horizon.— Glencart, Dairy, in the Upper
Limestone Series.
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ACLISINA DELICATULA, Sp. nOV. (PL Y, figS. Q Q-Q C.)

Diagnosis.—Shell slender, composed of eleven gradually in-

creasing whorls. Whorls convex, broad and low. Ornamentation

consisting of five moderately strong threads on the lower part of

each whorl, with nmnerous additional finer ones below on the body-

whorl ; higher part of the whorl apparently smooth. Lines of

growth miknown. Apex broad and nearly flat. Protoconch con-

sisting of about one smooth whorl coiled on almost the same plane

as the rest of the spire to which it is attached. Base convex, but

little produced. No umbilicus. Aperture ovoid. Columella nearly

straight, curving round at the bottom to meet the outer lip. Inner

lip reflected on the body-whorl.

Remarks.—This species resembles A. costatula in ornamenta-

tion, but the form is not so slender and the whorls are more
convex. The protoconch of the only known specinien is intact,

but is somewhat worn, and probably is slightly crushed, so that it

may not originally have been so flat.

Holotype.—PL Y, figs. Qa-Qc. In my own collection, given

to me by the late Dr. John Young.
Dimension s.—Length= 4-25 millimetres ; width=1-4 mm.
Localit}^ and horizon.—Grlencart, Dairy, in the Upper Lime-

stone Series.

AcLisiNA MicuLA, sp. nov. (PL Y, figs. 7 a & 7 b.)

Diagnosis.—Shell elongated, composed of about ten slightly

convex whorls. Whorls broad, ornamented on the lower two-thirds

by four threads, the two upper are the strongest and farthest

apart ; two additional fine threads on the bod}- whorl. Sutures of

moderate depth. Base not produced. Aperture rounded. Proto-

conch flat and broad, attached to, or but slightlj^ raised from, the

spire.

Remarks.— Aclisina micula may be distinguished from
A. costatula by its greater spii-al angle, shallower sutures, more
compactl}'- coiled whorls, and in the protoconch being attached to

the spire instead of standing up. It differs also from A. attenuata

in being less slender, and in the lower threads being coarser. The
only two specimens that I have met with show the protoconch
intact ; it adheres closely on one, while on the other (the holotype)

it is ver}^ slightly raised.

Holotype.—PL Y, figs. 7 a &7 h. Smith Collection.

Dimensions.—Length=8"5 millimetres; width= l mm.
Locality and horizo n.—High Smithston, Kilwinning. Upper

Limestone Series.

The other example is from Moss Mullock, Kilwinning, at the

same horizon and in the same collection.

ACLI8INA siMiLis Donald. (PL Y, fig. 8.)

Aclisina similis Donald, 1898, op. cit. p. 57 & pL iii, fig. 16, pL iv, fig. 1,

Aclisina pusilla Donald, 1898, pars, op. cit. p. 63 & pi. iv, fig. 15 [exclude
figs. 14, 14 a, & 14 J.]
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Remarks.—About sixteen specimens of this species have been
examined, but only one lias the protoconch intact (PL Y, tig. 8).

It is in Mr. J. Smith's collection, and was found by him at High
Smitliston, in the Upper Limestone Series.

Holot3'pe.

—

Oj). cif. pi. iv, tig. 1. Bennie Collection, Eoval
Scottish Museum, Edinburgh.

Locality and horizon.—Law, Dairy, in the Lower Lime-
stone Series.

AcLJSiXA pusiLLA Donald. (PI. \, tig. 9.)

AcUshia 2nisiUa\)o\uM, 1898, op. cif. p. 63 & pi. iv, ligs. 14,li«,& Ub
rexclude fis. 15].

? Aclis'ma jparvida I.)oii:ild, 1898, pars, op. cit. p. 64 & ]>!. v, tigs. 2, 2 a, & 2 h.

Remark s.^—This species is distinguished by its slender form,

tlattened whorls, and relatively broad, Hat apex. The examination

of a number of specimens shows that there is a slight variation in

the strength of the ornamenting threads. The example of which
a portion of a whorl is figured {op. cif. pi. iv, fig. 15), from Grlen-

cart, is really A. shiiiUs, a species which A. pusilla greatly

resembles ; but the latter is smaller, the whorls are lower, and the

protoconch is flat. Several examples have the apex intact. It is

probable that figs. 2.2a, & 2h in pi. v. oy;. cit. represent an imma-
ture form of this species.

Holotype.— 0/j. cif. pi. iv, fig. IJ:. A figure (PI. Y, Hg. 9) of

the protoconch of this shell is given, as that previoush' drawn
belonged to another specimen. Smith Collection.

Locality and horizon,— Law, Dairy. Lower Limestone

Series.

Besides the holotyi)e there are six additional specimens in the

Bennie Collection, and one in the Young Collection from Law,
Dairy ; also seven from Dykes, Kilbirnie, in tlie Smith Collection.

They are all from tlie Lower Limestone Series.

Aci.isiXA ELOXGATA (Fleming). (PL Y, Hgs. 10-12.)

AcHsina elongata (Fleming) Donald, 1898, op. cit. \). 54 & pi. iii, figs. 6-6 a.

Remarks.—It is unfortunate that the holotype should be an

exceedingly small specimen w4th the apex broken, consisting of

four and a half whorls in a length of 2 millimetres. All the

gasteropods from the same locality have similar dimensions. Most
of the examples from Penton are of greater size ; that figured in

OJ). cif. pi. iii, fig. 6, is the largest, but it is not w^ell preserved,

being greatly crushed. The enlarged ])ortion of a whorl (fig. 6 a)

is part of a fragment of a shell, showing the ornamentation and
contour distinctly, and on the same slab Avith it are two smaller

specimens fairly preserved, one of which has twelve whorls with a

length of 5-5 millimetres. Many of the examples from Law,
Dairy, exhibit the ornamentation and contour well, as they are

preserved in such a manner as to be easily detached from the matrix.

Mr. R. Dunlo]) possesses an exceedingly fine series of about foi-tv
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spec-inieus fivin Elie (Fife), wliii'h >ho\\ a ocrtain amount of varia-

tion in the ornamentation, tlien* l)(.'in«j: intermeiliate forms meriting

into the variety rariniin. In Mr. .1. Smiths collection tliore is a

ivmarkahly perfect yonn*; example with apex and aj>ertnre intact;

it consists of seven whorls besides the jn'otoconch in a length of
2-25 millimetres (PI. V, Hi;. 12). it is from Dykes, Kilhirnie

(Ayi-shirc), in the Lower Limestone Series. One of the ]>est pre-

served shells was found at Crawtield, Beith, and is figured (PI. V,
Hg. 11).

^ . , .

Holotvpe.— I're Collei-tion, Koval Society, Edinburgh. IM. V,

fig. 10.

Locality and horizon. -Lain*iston ( Brankam Hall). Lanark-
shire, in the Lower Limestone Series.

AcLisiXA KLONGATA, var. VAUiANs Donald. (PI. V, lig. 15.)

Aclisina eloiigata, var. rarians Doiiahl, 1898, op. cit. p. 55 & pi. iii, titr. 9,

Remarks.—This variety is esj)ecially well represented at Craig-

englen. In Mr. J. Smith's collection there are two young
specimens with the jn-otoconch intact ; the back view of one is

given in PI. V, fig. 15. They are from the Lower Limestone
Series at Dykes, Kilhirnie.

Holotyi)e.— Op. cif. \)\. iii, fig. !). Tre Collection, Poyal
Society, Edinburgh.

Locality and horizon.- Liuriston i Brankam Hall), in the

Lower Limestone Series.

Aci.isiNA Ki.oN(iATA, var. ciNtiii-ATA Donald. ( PI. V. liiTs. 1;KV. 1 L )

Arlisiua rhmgnta, var. riugnhitn Donald, IM'S, uy. cif. ]i. 5.5 «.S: jil. iii. tii;». 10-

10 a ; ? fi>?s. 7<i-7 c.

Be marks.—This variety is distinguished from the type by the

whorls being usually higher, as well as by the difl'erence in orna-

mentation. An exam])le larger than that ])reviously liginvd is

given in PI. \'. tigs. V.\ ti ^ i:i/>, as it shows the variati<m in the

ornamenting threads more distinctly. It is from the same locality,

and is in the same collection. The protoconch previously referred

to this variety ())l. iii, figs, la 7r i most jmdwbly l)eIongs to

A. tcnuistrintii. The s))ecimen is contorted, and the ornamenta-
tion is indistinct. Mr. J. Smith has a renjarkably well-jufserved

example of this variety with the protoconch. which is tiLTtufd in

PI. V, fig. 14. Since the i)rotoconi'hs of the typical forn> and
the two varieties resendde one an«>ther, only one figure of each is

given, taken from different aspects. They are all from Dykes.
Tlolotype. O/^ r//. j.l. iii. figs. 10,^ 10,^/. Young Collection,

(ilasgow Aluseum.

Locality and horizon.— (iltueart. Dairy, in tin- I'jjper Limi'-

stone Serii's.

ACI.ISINA IMHVliYHA (McCoy ).

Aclinhhi jtoli/t/vra McCoy, I)<iiial<l. 189H. op. cit. p. 71 A pi. iii, tijf. 11,

(juotcil as Loxnntma poli/i/i/ni McCoy on j». 66, and refiTrwl with doubt
to Aclisinn elonijata (Fltiniii).').
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Holotype.—'Sjn. Char. Carb. Foss. Irel.' pi. iii, fig. 1. Grriffith

Collection, National Museum, Dublin.

Locality and horizon.— Cullion, Draperstown. Lower part
of the Carboniferous Limestone.

ACLISIXA r STJLCATTJLA (McCov).

Loxonema sulcatula McCoy, 18-14, ' Synopsis of the Characters of the Carbon-
iferous Limestone Fossils of Ireland ' p. 30 & pi. v, fig. 6.

Aclisina ? sulcatula Donald, 1898, Q. J. G. S. vol. liv, p. 64 & pi. v, fig. 3.

Holotype.— ' Syn. Char. Carb. Foss. Irel.' pi. y, fig. 6, and
Q. J. G-. S. yol. liy, pi. y, fig. 3. Griffith Collection, National
Museum, Dublin.

Locality and horizon.—Carriekoughter, Kesh. Probably
high in the Lower Carboniferous Series.

AcLisiJS'A SUBELOXGATA, sp. noy. (PL YI, fig. 1.)

Diagnosis.—Shell elongated, turriculated, composed of more
than ten whorls. Whorls angular, flattened aboye, slightly conyex
below. Ornamentation consisting of a strong thread on the angle

^yith one aboye and three belo"\y, space immediately above the angle

rather wdder than those below, four or fiye additional yery fine

threads on the base. Aperture not well preserved. Columella

nearty straight. Sutures deep.

Remarks.—This species greatly resembles A. elongata (Flem-
ing), but the spiral angle is rather wdder, the wdiorls are more
angular, and the threads ornamenting the spire fewer and coarser.

Holotype.—PI. VI, fig. 1. Though small this specimen is

almost entire. Length=4-25 millimetres ; wddth=l-25 mm. In
Mr. John Smith's collection.

Locality and horizon.—Moss Mullock, Kilwinning, in the

Upper Limestone Series.

There is another example from this localit}^ in the same collec-

tion, as w^ell as one from Glencart, Dairy, also in the Upper
Limestone Series. The Young Collection, Kelyingrove Museum,
Grlasgow, contains two specimens from Grlencart, one of which is

bigger, haying nine whorls in a length of 8 mm. ; both apex and
base are bi'oken. A shell in the Museum of Practical Geology,

London, appears to belong to this species ; it is, hoAvever, much
larger and is somewhat crushed. The exact localit}^ is not stated,

onh^ ' Glasgow^ ' being given. It has the appearance of specimens

derived from the Lower Limestone Series, wdiere they frequently

attain a greater size than those from the L^jDper Limestone Series.

Its length = 14 millimetres for seven whorls, the greatest width of

which= 5 '5 mm.

AcLisi>'A ELEGANTULA Donald. (PL YI, fig. 2.)

Aclisina elegantula Donald, 1898, op. cit. p. 62 & pi. iv, figs. 13, 13a-13c.

Remarks.—Besides the specimens previously mentioned from

Law, Dairy, and Cunninghambaidland (A}Tshire), Mr. Smith's
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coUet'tioii contains sonn- tioni Dvkcs, Kilbirnif, one nt" wIiIlIi lias

the i)n)t<H.'oni'li well jn-i'stTvcd. A new drawing ( IM. \'l, lii^. 2) of

the protoeoneli (»f tlie «)riginal example is j<iven, as the tit^un* VMt
does not show that it slightly overhani^s the sj)iiv. With the

excej)tiou of the holotype most of the specimens found are small,

and if it were not for the existence of a shell of intermediate size,

these small examj)les mii^ht he considered to constitute a distinct

s})ecies.

Holotyp.-. Oi>. rif. |.I. iv. fi--. \:\. 0>llecti<»n of Mr. .I..l»n

Smith.

Locality and iiorizou. -j^aw. Dairy, in the Lower Linie-

>tone Series.

The medium-sizetl specimen is from the same loeality, and is in

the siime c<>lleetion.

AcLisiNA rAi{vri,A Donald.

AcliaiiM parruhi Donald, 18S)H, op. cit. p. (U Si. j)!. v. (ig. 1. r tig. •_'.

Kemarks.

—

A. jmrvnla differs from A. piinilht by its more
convex whorls, dee})er sutures, and sj^reater spiral ani,'le. There are
two additional specimens in the collections of Mr. Hennie and
^[r. Smith, which occurred respectively at Law, Dairy, and Dykes.
Kilbirnie, in the Lower Limestone Series. I feel douhtful about
the specimen rej)resented by tii^. 2 being really this species, and I

think that it is most probably an immature example of A. ptisiUa.

Holoty])e.— Op. cif. ])1. V, tig. 1. Longstaff Collection.

Locality and horizon, -(.'rawlield Quarry, Beith (Ayrshire),
in the Lower Limestone Series.

ACLTSINA TEKKHUA Donald.

Aclisina ten-bra Donald, IHUH, (>j>. rif. p. «i.i Si pi. iv, i'vj;. 1(1.

Holotyi)e.

—

OjK ('if. pi. iv, tig. 1(5. Young Collection, Kelvin

-

grove Museum, (ilasgow.

Locality and horizon. -C'rawfield (Quarry, Meith, in the

Lower Limestone Series.

There is another s|)ecimen in my own collection from Liw.
Dairy, al.so in the Lower Limestone Series.

Aclisina stuiatissima DonaM. ( Tl. \1. figs. 3 <\L -1.)

Aclisina ijiia</ra(a var. .ttrinti.ssinia Duiiald, 1898, ov, cif. \>. «»l & pi iv

Hg. 12.

Remarks.— I consider that this form should be rcg:irded as a

distinct sj)ecies rather than as a variety of A. ({tiadrnta. Unfortu-
nately, the shell originally ligured has j)erished with the Himter-
Selkirk (.'oUection, I therefore suggest as holotype the s|)ecimen
mentioned at that time as having been pn-sented to me bv
Dr. .lohn Young, from the same loeality. It is brt»ken, and onlx

six whorls remain, which = Ii'25 millimetres in length, and not

quite 1 mm. in wiilth. The surface is wi'll })reserved, and shows
the ornamenting stri;e distinctlv. I lii:i,ri. now tlie pmtoeojich

Q. J.G. S. -No. 290. 11
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(PL VI, fig. 4) of another small example, also given to me by
Dr. John Young, as it is slightly flatter than that of the shell

originally figured. Besides the specimens formerly mentioned,

Mr. J. Smith has four from the Lower Limestone Series of Dykes,
Kilbii'nie, and one from the Upper Limestone Series of High
Smithston, Kilwinning. In the Liege Museum I observed a shell

from Vise resembling this in shape and ornamentation, but much
larger : the four lower whorls, which alone are preserved, have a

length of 5 '5 millimetres and greatest width of 2-25 mm.
Holotype.—PL VI, fig. 3. Longstaff Collection.

Locality and horizon.—Law, Dahy, in the Lower Limestone
Series.

AcLisiNA TENUisTEiATA Donald. (PL VI, fig. 5.)

Aclisina tenuistriata Donald, 1898, op. cit. p. 60 & pi. iv, fig. 10.

? Aclisina eloncjata, vav. cingulata Donald, 1898, pars, op. cit. p. 55 & pi. iii,

figs. 7 a-7 e [exclude figs. 10 & 10«].

Kemarks.—As this species appears to be rare, it is interesting

to record that Mr. J. Smith has three additional well preserved

specimens, one from Moss Mullock, in the Upper Limestone Series,

one from Craigenglen, and the third from Law, Dairy, in the

Lower Limestone Series. He has also two worn shells, which
probably belong to this species, from the last-named locality. The
example from Moss Mullock has the protoconch intact : it stands

up detaelied from the post-embrj^onic whorl, and is nearly orbicular

in form.

Holotype.

—

Op. cit. pi. iv, fig. 10. LongstafE Collection.

Locality and horizon.—Penton Linns, Liddel Water (Dum-
fries), in the Lower Limestone Series.

Aclisina grantonensis Donald.

Aclisina grantonensis Donald, 1898, op. cit. p. 60 & pi. iv, figs. 7-9.

Holotype.

—

Op. cit. pi. iv, fig. 7. Geological Survey Collection,

Royal Scottish Museum, Edinburgh.

Locality and horizon.—Woodhall, near Edinburgh, in the

Calciferous Sandstone Series. Four specimens in the Kirkby
Collection, Hancock Museum, Newcastle-upon-Tyne, appear to

agree with this species. The}^ are from Randerstone Castle, also in

the Calciferous Sandstone Series.

AclisijS^a quadrata Donald.

Aclisina quadrata Donald, 1898, op. cit. p. 61 & pi. iv, fig. 11.

Remarks.—Since this is one of the rarer s^^ecies, it is worth
noting the existence (in Mr. J. Smith's collection) of a specimen

from the same localit}^ as the holotj^pe, and also of others from
High Smithston and Moss Mullock, Kilwinning, in the Upper
Limestone Series.

Holotype.

—

Op. cit. pi. iv, fig. 11. Bennie Collection, Ro^^al

Scottish Museum, Edinburgh.
Locality and horizon.—Law, Dairy, in the Lower Limestone

Series.
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Aci.isiNA Acn ri.ATA Doiiald. (PI. VI, tiic- ^)
Aclisiiut ariritlata Donald, 1K98, itp. cit. p. 59 & pi. iv, rijj^s. I (5.

Iicmarks. -li^ addition to the .specimens previously I'ecorded,

there aiv twenty in Mr. Jolni Sniitli's eolleetion, six of whieli have
tlie jM-otoeoneli ])reserved : it is like tliat Hi^ured (op. cit. pi. iv,

tii^rs. {\a-(\c). As the shell in the Hunter-Selkirk Colleetic.n, from
whieh these dniwini^'s were made, has heen destroyed hv lire, it is

esjK'eially fortunate that more examples are availahle! Two of
the sj)eeimens not only have the protoeoneh raised, hut the three
hii^her whorls of the spin* are remarkahly drawn out and loosely
eoiled ( 1*1. VJ, til,^ (1). They are all froin Dykes, Kilhirnie: that
in the Hunter-Selkirk Collection was from Law, Dalrv. Both
localities are in the Lower Limestone Series.

Holoty))e. O/). t'if. pi. iv, tig. 4. Young Collection, Kelvin-
grove Museum, (ilasgow.

Locality and horizon.- (iillfoot, Carhd<e f Lanarkshire ), in

the L'^j)))er Limestone Series.

Aci.isiNA r MiF/nvoLVA, sp. nov. { PI. \I, ligs. 7 & S.

)

Diagnosis. Shell elongated, turriculated, com))o.sed of more
than nine gmdually increasing whorls. Whorls angular near the
middle. Hat or slii^ditly concave ahove. Hat or harely convex helow.
Ornamentation consi.sting of a strong thread on

*

the angle with
three helow, the lowest of whieh is oidy .seen on the hodv- whorl
and at the suture of the anterior whorls'of the si)ire ; ahove, there
is a strong thread with a Hner one ch)se to it, and on one of the
whorls there is an indicatidn of a still liner thread ahove. Sutures
deep. Ba.se rather Hat. Ccdumella nearly str.iii,^ht. Apex and
aperture miknown.

H^'inarks. This s])ecies is most iikc A. xiihrintii/otd, hut dilTcrs
in heing more slendei-, and in having fewer and stronger ornament-
ing threads helow tiie angle, while there is an additional liner one
ahove.

it IS imi><»ssil)lf to place the species with certainly, as neither
protoeoneh, ajH-rture, nor lines of growth are preserved": it is there-
fore only referred to Ar/ifsi/Ki j)rovisionallv.

I have met with six specimens, three of which are verv >mall,
and one is also more slender. This last is in the late Dr. .Ldm
Young's collection, and occurred in the Cjiper Limestone Serii's at
<llencai-t. The other two helong to Mr. J. Smith, and were also
fomid in the I'pper Limestone Series. The remaining three are of
irreater si/e, i>therwise they exhihit similar characters in form and
'•rnamentation. They are fmm the Lower Limestone Series, when'
it is not unusual for siu-cimens of nmch larger dimensions to occur.
One has seven whorls in a length of 11 •.') millimetres, and the
UM-eatest width =10 mm. Originally it must have Ix'cn more
elongated, for it is compressed upwanls, causing the lower whorls
to 1m' hroader and slu.rter. This example is fn)m Haidvcnd ( Lanark-
shire). Only the aJiterior portions of tji.- (ith.T t\v.. .-xist. consistiui^

II 2
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of five and four whorls respectivelv. They are from Brockle}\

Lesmahagow.
Ho lo type.—^I would select as holotvpe the smaller of Mr.

Smith's specimens, as it is best preserved (PL YI, fig. 7). It

consists of seven and a half whorls, the length of which= 4*25 milli-

metres and Avidth= l*25 mm.
Local i tv.—Moss Mullock.

AcLTSTXA AsiLTONEXSTS (Bolton). (PL VI, fig. 9.)

Loxuueniu ashtovense Bolton, 1907. t^ J. G. 8. vol. Ixiii, p. 464. & pi. xxx,

tigs. 17a-17 r.

Remarks.—Mr. Bolton kindly lent me the holotvpe and
numerous other specimens of this species from the same locality.

I found that the lines of growth were discernible on three examples,

and that they indicate the form of aperture characteristic of

Aclisina. A figure of one of these is given in this paper (PL A'l,

fig. 9). On the later whorls there is a certain amount of irregu-

larity in the ornamenting strije, three or four near the middle arc

generally stronger than the others, and the spaces between them
are wider, while on the earlier whorls only one of the spaces is

Avider; sometimes very fine striae are intercalated between the

coarser striae. This species greatly resembles A. rohusta Stevens,^

from the Coal Measures of Danville (Illinois), but it is somewhat
smaller, the upper part of the whorl is flatter, and the lines of

growth are more oblique.

Holotype.

—

Op. elf. pi. xxx, fig. 17a, Bolton Collection,

Bristol Museum.
Locality and horizon.—^Ashton Vale Colliery, in the Base-

ment-Beds of the Bristol Coalfield.

Genus MuRCHTSoxiA D'Archiac & T)e Verneuil.

Subgenus Aclisoides Donald.

AcLisoiDES STiuATULA (Dc Kouiuck). (PL VI, figs. 10-15.)

Aclisina sfriatula Dc Koiiiiick, 1P81, ' Fiiaiie <lu Calcaire Carbonifere de
Belgique ' pt. iii. Ann. Mas. Roy. Hist. Xat. Belg. vol. vi, p. 86 & pi. ix,

tigs. 57-58; and 1883, pt. iv, vol. viii. pi, xxxiii, tigs. 41-42, & pi. xxxiv,

figs. 49-51.

3furcJiisonia striatnla De Koninck, 1843, ' Description cles Aniniaux Fossiles

du Terrain Carbonifere de Belgique' p. 415 & pi. xl, tigs. 1 n-7h.

Muvchisonia snbsulcafa De Koninck. 1843, op. cit. p. 416 & pi. xxxviii,.

figs. 4 rt-4 c.

Aclisoides {3£nrcJiisonia) striatula De Koninck, Donald, 1898, Q. J. G. S.

vol. liv, p. 67 & pi. V, tigs. 6-8.

Aclisoides striatnla, var. armstrongiana Donald, 1898, op. cit. p. 68 & pi. v,

fig. 10 [exclude fig. 9J.
Bhahdospira selkirkii Donald, 1898, op. cit. p. 65 & pi. v, fig. 4.

Remarks.—I have already stated the reason {op. cit. pp. 45, 46)
wh}'' this species could not be placed in the genus Aclisina : namely,

the presence of a sinus in the outer lip and a protoconch of different

1 Amer. Journ. Sci. & Arts, vol. ii (1858) p. 259. See also F. B. Meek &
A. H. Worthen, Geol. Surv. 111. vol. v (1873) p. 596 & pL xxix, figs. 6a~6h.
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t'onn. At tliat tiinr 1 did not know ot" the fxistonec of any of the

ty)n.'s of De KoniiK-k's oarlitT work (* Descr. Aiiiiu. Foss. Timt. Carl).

Helg.' lSJr3), and founded niv remarks on tlie type seleeted when
lie wrote his later work ('Fa line Cale. Carh. BelV-" 1881 k lS83j,

which is in the Musee Hoyal d'Histoire Naturelle at Brussels, as

well as on similar specimens from the same locality in that and
other collections. 1 understood him to tell me that all his early

ty])es had gone to America ; subsecjuently, however. 1 had occasion

to visit the Kcole des Mines, Paris, where throui^h the ccnn-tesy «)f

M. Douville 1 was shown some tv))es which had heen j)resented by

l)e Ivoninck in ISKi.^ Amon*:^ them were JJ/n-cJu'sofUff siriaf uhi

(in. VI, rtirs. lU cV: 11 I and .1^. sHhsiilcnfn (PI. VI, ti*,'. Ki). At
first sight they a])peared to he distinct sj^ecies as described, but a

close study of them, as well as of a large series of both Belgian

and Britisli specimens, has convinced me that they are eonspecitic.

Since De Koninck does not refer to J/, sithtitt/cdtd in his later

work, he may have realized this, though he has not published it.

In the Liege Museum 1 saw three individuals from Vise un-

doubtedly' eonspecitic, two of which were marked A. sfriatula and
the other M. sf/fjs///<-iiht. The ty])e specimens are more or less

distorted by pressure. That of M. sHhafilcdtd is rather Hattened.

so that, from one i)oint of view the s])iral angle apj)ears greater

than it nnist originally have been, and this defect is exaggerated

in De Koninck's tij^ures ; the surface is also somewhat worn, there-

fore he describes it as having bands instead of threads and grooves.

The two exam])les of M. sfrinft/Zn Are compressetl in such a manner
as to make tlie whorls a))])ear more angular; in one, consisting of

the body and ])enultimate whorl, this is only slightly so, but in the

other the distortion is greater, so that the sutures are rendered

very oblique and the whorls still more angular : the ornamenting
threads on both are well preserved. The specimen marked as the

type (»f At'llnliKi iitriatnio in the Brussels Museum is almost

normal; but it is smaller, and the surface is much worn.

This s))ecies exhibits a certain amount of variation, both in form

and in th<' number and strength of the ornamenting threads. In

some sliells the whorls are more exsert. as in two |)urchased from

De Koninck by the British Musemn (Natural History) (i liM)Sl,

wliieh are marked M. sfridt iil(( in his own handwriting, in the

s|K'cimen described as Rhnhdoaitira srIkirk'i i, and also in a small

example from Hainnyres. Lanarkshire (PI. VI, Wii:,. lo). In the

gieat«'r number of sjieeimens, however, the earlier whorls are closely

<(>iled and increas*' slowly, in such wise that tliey are lower and
broader than the later whorls: thus these slu'lls are somewhat c(tnvex

in contour, and when immature have a greater spinil angle than

the anterior )M)rtion viewed alone ha.s. The holotype of M. sith-

sitlrnfd antl many specimens from Settle have this compact foi*ni,

( PI. VI. tiir. i:i. \ op. cii. pi. V. liu's. (1 7i. whih- the two tyju's of

' Animaire (f«'ol, Uiiivors. 18S.'). • M»i«..'m'h tS: Collections F'ftrtieidi.Te-, Puri;*,

Kfole <los Mines. C.»ll. .le Piil.'ont." p. 211. .
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31. striatula, which consist of the later whorls of larger shells, give

the impression of having more slender spires (PI. YI, figs. 10
& 11). Other individuals are intermediate, such as the Brussels

tyjDe (PL YI, fig. 12) and some of the specimens from Strathavon,

Lanarkshire.

The type example of 31. suhsiilcafa is remarkable for showing the

sinus in the outer lip, while the other specimens with one excep-

tion only indicate it by the lines of growth. The sinus does not

give rise to so distinct a band as in 3Ivrc]iisonic(, sensu stricfo,

and is sometimes difficult to discern, being formed of from two to

five threads similar to those ornamenting the rest of the surface.

The position of the sinus is most evident on shells with a slightly

worn surface. The majorit}' of the specimens have fine threads

intercalated between coai'ser ones, and two of the latter below the

band are generally stronger than the others on the whorls of the

spire.

I consider that the shell described b}^ me as IlJiahdosj)h'a selkirkii

belongs to this species ; it occurred as an external mould in the

Main Lime at Braidwood, Carluke, and has unfortunately been

destroyed by fire in the Hunter- Selkii'k Collection, so that it is

now only represented by wax impressions. It is the anterior

portion of a large specimen ; the whorls are high., and show numerous
ornamenting threads. From the markings on the surface I was
led to think that the lines of growth were but slighth^ sinuated,

and that there was not a distinct sinus. As there is evidence of a

breakage near the aperture, and these markings are only observed

in that vicinity, they are probabl}' adventitious. The shape of the

shell and disposition of the ornamenting threads greatly resemble

some of the Belgian examples of A. ^triafula, especially the least

crushed one in the Ecole des Mines, Paris.

The specimen designated as the variety" ((nn.'itroiif/iana (o^;. cif.

]). 68 & pi. V, fig. 9) must be regarded as a distinct species, and
that represented by fig. 10 as merely a flattened and worn example
of the typical form.

Holotype.—^De Koninck did not select any one specimen as

holotype. The two early ty2)es in the Ecole des Mines, Paris,

agree very nearly Avith his specific description ; but the fragment

(PI. YI, fig. 11), consisting of two whorls alone, accords with the

enlarged draAvings, fig. 7 h of pi. xl, ' Anim. Foss. Terr. Carb, Belg.,'

and fig. 58 of pi. ix, ' Faun. Calc. Carb. Belg.' It has a length

of 10 millimetres, and its greatest width= 7 mm.
The other shell (PI. VI, fig. 10), consisting of five whorls, does

not accord with either of the figures of a complete shell given in

these Avorks. The length= l(j millimetres, and the greatest width

of the penultimate Avhorl= 8"25 mm.
The small Avorn specimen (PI. YI, fig, 12) in the Poyal Brussels

Museum, marked as the type in the later Avork, does not correspond

with any figure, although it belongs to the species. It consists

of eight whorls in a length of 9*5 millimetres, and has a width of

3"5 mm.
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Till' holotype of M. auhsulcatu has eight wliorls in a length of

18"5 millimetres; its greatest width=G'75 nnn., and the depth

of the sinus= alM)iit 2o mm.
I give new drawings of these shells in Pi. \'I, ligs. 10-13,

whieh should l)e eom|xired with the figures 4, (I, 7, 8, Si 10, of

j)l. V, g. .1. (i. S. vol. liv (ISyS), as well as with rtgs. 1-4 & lo,

IM. VI, of this paper.

Loeality and liori/on.—Vise, Assise vi.

This speeies has -previously been stated to occur at Settle^ in

England ; at Craigenglen in the Lower Limestone Series, and at

Uleneart. Dairy, in the Upper Limestone Series, in Scotland.

SiK'cimens from the P]nglish loeality greatly resend)le in size and
character those from Vise, as do also two from Craigenglen. One
of these hist is in the Royal Scottish Museum. Edinburgh ; the

other Ixdongs to Mr. .1. Smith, and is rather larger and better

preserved: it has eight whorls in a length of 17 millimetres, while

the greatest width = 6 mm. The exam])les from Glencart, like the

other gastero|)oda from that locality, are very small.

^Fr. Kobert J)unlo]) jiossesses the best series that I have seen :

it consists of ten specimens which are for the most ])art large, with

the sui-faee wondei-fuUy well preserved, showing the sinual band,

lines of growth, and ornamenting threads very distinctly. The
latter are especially tine and numerous above the bantl, while thos*'

forming the band itself vary in number and strength. In one of

the ]»igg<'st examj)les ( PI. VI, Hg. 14) an old lip-margin is pre-

served, with a deep sinus : it is evidently not the final outer li]) of

the adult, as there are impressions of lines of growth on the matrix

showing that the sinus had been filled uj), and that jiai't of the

shell-structure had sul)se(piently perished. These specimens were

found a quarter of a mile east of Strathavon. in the Lower Lime-
stone Series.

Hesides the small sjx'cimcn pi-cvioiisly mentioned from tlie Lower
Limestone Series of Ilairmyres, Mr. .lohn Smiths collection

contains two minute examjdes fnun Hrodlie. Dairy, and two others,

also small, from Dernshaw, Stewarton ( Ayi*shiri'). from the I'lijM'r

Limestone Series. He has also two immatiwe shells from l*o)lva>^h

(Ish- of Man).
The late Mr. .L <i. (ioodehild foinid an external moidd in the

Voredale \^v^U on Widdale Fell, Mosedale ( Vorkshire).

In lielirium this species occurs at Tournai, as well as at Vise. I

|M)ssess two -specimens from th«' former locality )»urchase<l from
M. I*iret. and tliere are also two in the Mritish M u.seum (Nattiral

llistorv). I'nif. L. (I. de K'oninck merelv noted its existence at

Vise.

.Mtogetlii r I have examined about sixty specimens of this s|H'cies,

only two (.f which. Itotb from Cniii^enLrlen, have the piotoconch

preserved.

' .NfoKt of tlio siwciiiu'ii."* from this locality ure in the SiHl^fwii-k Mti^»'uni.

an<l won- colK'ctiMl by Mr. Bnrr«»w ; they an- iinTrly liiU»<llf.l • ('lu-l.. L«t.,

Settle." ajul the exact locality is not reconltMl.
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ACLISOIDES ? AEMSTRONGIANA Doiialcl.

Aclisoides striatula, vav. armstrongiana Donald, 1898, Q. J. G. S. vol. liv,

pars, p. 68 & pi. v, fig. 9 [exclude tig. 10].

Diagnosis.—Shell elongated, conical, composed of more than

eight whorls. These are slightty angular a little beloAV the middle,

flat above, and convex below. The ornamentation consists of six

threads on the lower two-thirds of the whorl, the three upper of

which are the strongest and suggest a sinual band. Lines of

growth unknown. Sutures deep. Aperture longer than wide

;

inner lip reflected on the body-whorl. Columella nearly straight.

Base convex, slightly produced.

Remarks.—I formerly considered this a variety of A. striatula

(De Koninck), but I now believe it to be a distinct species, and
therefore give a fresh diagnosis. It is distinguished from A. stria-

tula by its less convex contour, more angular whorls, and deeper

sutures, as well as by the disposition, number, and relative strength

of the ornamenting threads. I can only refer this species to

Aclisoides with a query, as none of the specimens met with have

the protoconch oi' lines of growth preserved. It is quite ])Ossible

that the discovery of better examples may prove it to bek)ng to

Aclisina.

Holotype.

—

Op. cit. pi. v, ^^. 9. Bennie Collection: Ko3^al

Scottish Museum, Edinburgh.

Dimension s.—Length= 10 millimetres ; Avidth = 3 mm.
Locality and horizon.—Law, Dairy, in the Lower Lime-

stone Series. Besides the holotyj)e there are two smaller specimens

from this locality in the same collection, and Mr. J. Smith has

two examples from Dykes, Kilbirnie, also from the Lower Lime-
stone Series.

EXPLANATION OF PLATES V & VI.

Plate V.

Fig. 1. Adisinn pnlchra 'De'Kormn:^. Holotype, X 3. Touriiai. Brussels
Museum. (See p. 68.)

Figs. 2 (/ tt 2 h. Acliaina pulclira De Koninck. Fig. 2 a. Slightlj^ flattened, X 3.

Fig. 2 6 Portion of fifth whorl, X 12. Tournai. Dorlodot
Collection.

3(1 &3b. Aclisina reintsta, sp. nov. Fig. 3a X 5. Fig. 3 b Body-
whorl, X 9. Law, Dairy. Bennie Collection, Eoyal Scottish

Musevim, Edinburgh. (See p. 69.)

Fig. 4. Aclisina faber, sp. nov. Back view, X 7*5. (See p. 70.)

Figs. 5a-5c. Aclisina faber, sp. nov., juv. Fig. 5 a. Front view. X 22*5.

Figs. 5 6 & or. Different views of the protoconch. X 26. High
Smithston, Kilwinning. Collection of Mr. John Smith.

(ja 6c. Aclisina ilelica' ula, sp. nov. Fig. 6a. Back view, x !<>• Fig.

6 b. Aperture, X lo. Fig. 6 c. Protoconch, x 26. Longstaff Col-

lection. (See p. 71.)

7rt & 7 b. Aclisina micnla, sp. nov. Fig. 7 (f. Back view, x 15. Fig.

7 b. Protoconch, X 26. High Smithston. Collection of Mr. John
Smith. (See p. 71.)

Fig. 8. Aclisina siniil is Donald. Protoconch, X 26. High Smithston. Col-

lection of Mr. John Smith. (See pp. 71 72.)
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Fi^r. 9. AdUinti iniKilUi Ddiuild. Protoc-oncli of the holotype. X '-«J. Law,
Dairy. Collection of Mr. John Smith. (See p, 72.)

10. ArUttina eUnujiifa (Fleming:). Holotype. X 14. Lauriston (Brankam
Hall). Ure Collection, Koyal Society. Etlinburgh. (See p. 72.)

11. ArUttina rlongnhi (Fleniinp). Front view of a reinurkalily well-

preserved specimen. X 10. Crawfield Quarry, Beith. Yoiuig Col-

lection, KelvingTove Museum, Glasgow.
12. ArUitind elonijd In (F\emmp;). Side view of protoconch, X 2(). Dykes,

Kilbirnic. Collection of Mr. John Smith.
Figs. 13 « & 13 h. Aclwna ehnitjatti. VkiT. cintjnlata Donald. Fig. 13 <» X 10.

Fig. 13/*. Portion of whorl enlarged, X 15. Glencart. Young
Collecti(m, Kelvingntve Museum, Glasgow. (See \). 73.)

Fig. 14. ArUtsinn elu)njiit(t, var. riinpiUiin DonaM. Front view of protoctnich.

X 2G. Dykes, Kilbirnie. Collection of Mr. J. Smith.

l.'». Arligina elongafa. var, vnvidns Donald. Back view of protoconch,

X 26. Dykes, Kilbirnie. Collection of Mr. J. Smith. (See p. 73.)

Pl.xtk VI.

Kig. 1. AiUkiiki ."iihfloiiiiiita. >i>. nov., X 1". Moss Mullock. Kilwinning.

Collection of Mr. J. Smith. (See p. 74.)

2. Arlitina dffjit lit iil(t Vimiihl. Protoconch. X 27. Law, Dairy, Bennic
Collecti(m. Koyal Scottish Museum, Ediidmrgh. (See p. 71.)

3. Arlinintt stridtititiiniit Donald. Front view, X D). 'Law. Dairy.

LcmgstafF Collection. (See i». 7.j.)

4. Acliidiid striatissinid Donald. Protoconch of another specimen, x 2»).

Law. Dairy. Longstaff Collection.

T). Acliiiiid teimintridfa Donald. Prtjtoconch, X 2(5. High Smithstou.

Collection of Mr. J. Smith. (See j). 76.)

• >. Adisind diiriihitd Donald. Front view, X 26. r>ykc>. Kilbirnic,

Collection of Mr. J. Smith. (See p. 77.)

7. T Ad is inn in nltirol ra. s\). m)\.. X 10. Moss Mullock. Collection of

Mr. J.Smith. (See p. 77.)

5. r Adi)<liid 111 lilt irolni. sp. nov.. X 10. Glencart. l>alry. Young
Collecti<m, Kelvingrove Museum, Glasgow.

9. Adisiitd dshtoueiisix (BolU)n). Penultimate whorl of a s|)ecimen

showing lines of growth, X 12. Ashton Vale Colliery. Bolton
Collecticm, Bristol Museum. (See p. 78.)

10. Adiaoiiles tftridtnld (DeKoninck), X 3. Greatly contorted obliipiely.

Vis.'. One of the type specimens of Miiirhi.>,itii,i ntridfiij<i

De Koninck. in the Kc()le ilcs Mines, Pans. (See pp. 7<S 81.)"

1 1. Ailisoiih'it itfridtiild (De Koninck), Back view of another tyi)c speci-

men. X 3. Viw*'. Kcole <les Mines. Paris.

12. Adimiiileif striiitnld (De Koninck). Holotyi>e of Adiitina gtriatiihi

De Koninck. X 5. Vise. Mus.C dHistoire Naturelle, Brussels.

13. AiUndides sfridfiihi ( De K«»ninck ). HolotyiK' of Mmrhinnnid .'<ubnul-

cdtd l)e Koninck. X 3. Flattened by pressure. Vise. Kcole des

Mines. Paris.

14. Adisniilfn titiidtiild (DeKoninck). X 3. Showing sinus in (»1«1 lip-

margin. Spiral angli' gnater than usual. Strathuvon. Collection

of Mr. K. Dunlop, Dunft-rndine.

15. Aditioidfi^ Htridfnld (DeKoninck). X l'>. Small sin-cimen witli

whorls more exsert than usual. Hairmyres. Collection of

Mr. U. Dunlop.
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5. The Caeboxifeeotjs Limesto^te hordering the Leicestee-

SHiEE Coalfield. By Leonaed Miles Paesons, D.T.C,

M.Sc.(Lond.), F.G.S. '(Eeacl March 14tli, 1917.)

[Plates YII-XI.]

Contents.
Page

I. Introduction 84

II. General Description of the Area 86

III. The Western Inliers 87

IV. The Eastern Inliers 94

V. Comparison with the Main Midland Area 101

VI. The Origin 'of the Dolomites 104

VTI. Summary of Conclusions 106

VIII. Palffiontological Notes 106

IX. Note on the Tonga Boring 108

I. IXTEODUCTIOX.

The area containing eight inhers of Lower Carboniferous rocks

Avith which this paper deals is situated noi-th and east of Ashbv-

de-la-Zouch. These inhers of Avonian rocks he within a mdius

of 6 miles from Ashbv-de-la-Zouch. and the area forms a quadi-ant

with the line Ashbv-Tieknall as the south-to-north radius, and

the line from Ashby passing through Thringstone as the Avest-to-

east radius.

The Avesternmost inliers, Ticknall and Calke. are in Derbyshire,

as is also part of the Dinniiinsdale inher. The Heath End stream

AAdiich flows through the last inlier is there the county boundary.

The eastern side of Dimminsdale and all of the remaining inliers,

from Bi-eedon to Grraoe Dieu inclusive, are situated in Leicestershire.

The Carboniferous Limestone of the area has been mentioned

but briefly in the Memoirs of the Geological Survey, and the

relations of the Lower Carboniferous to the Millstone Grit have

not been definitely stated.

The original surve}" of the district was made by Edward Hull,

and his results were published in 1860.1 His map shows a ninth

Carboniferous Limestone inlier situated north of Breedon-on-the-

Hill. and south-east of Melbourne, but no description of it is

given in tlie Memoir, and it is not shown in maps published more

recently by the Geological Survey.

In the same Memoir (1860) a hst of fossils obtained from

Ereedon and Breedon Cloud is giA'en; but Hull considered the two

Breedons to be alike stratigraphically, and the names of the fossils

from the two ])laces were put together in the same list, Avithout

any indication as to which Breedon yielded any particular specimen.

^ ' The Geology of the Leicestershire Coalfield ' Mem. Geol. Siirv. 1860.
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The Survey Memoir i^'ivcs two <liai(r.iins of iiM{i(>rtnn»f j>|».
1">

& 17] in eoimexioii witli tlif present jjaper:

—

(i) Sketcli of stratii seen in the tiiuirry at (irace Dieu. The place in now
so overgrown that the se<iuenee and rehition of the .strata are oliseured.

(ii) ' Section across Stanton Harold and Heath End,' showing tlie Millstone

Grit conformable with the Shales below.

Tlie (listriet was re-surveyed l>y ('. Fox-Strangways in lS9s,

and his resdlts were ])ublislu'd in the Memoir of LJK)5J In tliis

Memoir is pul)lishe<l a list of tVjssils obtained from three of the

inhers: namely, Tieknall, Breedon-on-the- Hill, and Hreedon (Moud.

The mati-rial from which this list was compiled is for the greati-r

part in the collection at Hepton School. In addition to the list

of fossils, a few notes of a general character arc given concerning

the Carboniferous Limestone.

In a later Memoir- by the same author, the account of the

Lower Carboniferous is much tlie same as that given in the liK)')

Memoir, but at the end of the list of the fossils from Tieknall.

Hreedon, and Breedon Cloud j). 15], occur the words: 'The aboxc

assemblage gives definite indications of the presence of the Dihuno-

j>hi/lliini Zone.' Since 1JK)7 nothing has Ix'en juddished concern-

ing the ])ala'ontology and zoning of the Carboniferous Limestone

of the district.

Two factors have made the study of the Carboniferous Lime-

stone north of Ashby a matter of eonsiderable ditticulty : ( I ) The
oUl lime-works at Tieknall and the exjK)surcs in Calkc Park have

]»resented unusual dilliculty, as permission to examine them has

always been r^*fuse<l. My own examination of this relatively

small area has been delayed considenibly, but 1 am jdcased to say

that all of the exj)osures have now been examined.

(2) The iidiers farther ea.st, which I have been at liberty to

examine, thanks to the eoui-tesy of Mr. .1. (J. Shields, of I slay

Walton, are coni])osed of almost barren dolomites. Hreedon-on-

the-Hill and Osgathorpe are particularly barren. Hree«lon CUuul

is not nnu'h better in this resjiect, but I have received great hel|)

in dealing with the fauna of this inlier from Mr. \{. WcmhI, of

Mellxturne. who has jdaced at my disposjil the tine eidlcction of

sj)ecimcns that he has gradually accunndated in the ((tinse of

observations extending ()vcr many years.

As a result of correspondence with Mr. ii. (l. Carruthers,

Mr. ,\. i;. Horwood,and the late hr. Arthur VauLrhan. I In-gjin an

examination of the area during the summer of llML*. Since then

the work has jtrocecded slowU, on aeco\nd of the ilitHculties

I'UCOUntered.

Although this papi-r di-al.^ ni(»re particularly with the faimal

assend>lages of the Carbouiferous Limestone of the district, certain

([Uestions of pctroloj^ical interest, such as dolomiti/ation, ha\e

i-eceive<l attention.

' ' Tiu' lu'oldjry of thet'ojintrv bftween Derby. Biirton-on-Trent. A>hby-de-
la-Zoiu'h. \ LonjfhboroJijfh ' Mem. <Jeo|. Surv. 11M)."».

' • The < u'cdoffy of the L«'i.-».>;tei>liin' \ South D.-rbyshin' CualHold " Mem
(ieol. Snrv. U»07.
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111 expressing my thanks to those geologists who have rendered

me assistance, I must record my indebtedness to the late Dr. Arthm*
Yaughan, who examined my collection,, identified several sjDecimens,

and encouraged me by helpful criticism and suggestions. Some
months ago he urged me to publish my results at once, but un-

fortunately I was unable to do so, as I had not then examined all

of the ex])osures in Calke Park. I have great pleasure in acknow-
ledging the continual encouragement and valuable advice received

from Prof. W. W. Watts, whose kind help has enabled me to give

more serious attention to the examination of the Melbourne area

than it was possible for me to do during the years 1912 and 1913.

I am grateful for criticism and advice received from Prof. C. Gr.

Culhs and Dr. A. Morley Da vies. To Mr. E. Wood, of Melbourne,

I am indebted, not only for the use of his unique collection, but

also for help and comjmn ionship in the field. Several photographs
illustrating this paper are the work of Mr. G. S. Sweeting, and I

have received considerable help in the peti-ological ^vork from
Mr. E. J. Tallin. To both of these gentlemen I offer my sincere

thanks.

II. General Description op the Area.

The district being small and possessing i-elatively simple struc-

tural features, little need be said under this heading. The general

succession of rocks dealt with is the following :

—

(3) MiUstone Grit.

(2) Shales.

(1) Carboniferous Limestone.

A])art from the outcrop of pre-Cambrian rocks in the neigh-

hourhood of the village of Thringstone, the oldest foi-mation

exposed in the area defined above is the Carboniferous Limestone,

whicli crops out in tAvo well-defined series of inliers—a western

sei-ies and an eastern series. The area is bounded by unconform-

able Permian and Trias on the north, and in other directions mainly

by two pre-Triassic favilts. One of these, known as the Thringstone

Fault, extends from Charnwood in a north-westerly direction to-

Avards Repton and brings the Coal Measures down on the south

;

the other, which we may call the Breedon Fault, passes north- west-

Avards from Charnwood, and then sAviiigs northwards skirting

Barrow Hill, Breedon Cloud, Breedon-on-the-Hill, and King's

Newton towards the Trent at Swarkestone. The throw of the

Breedon Fault is probably considerable, as a boring through the

Trias near Tonge village reaches (Virboniferous Limestone after

jiassing through nearly 300 feet of Keu])er and about 9 feet of

what is probably Millstone Grit. Tlie Millstone Grit inside the

area is variable in thickness, the Geological Survey estimating that

it varies between 200 and 300 feet. Wherever the junction ot

Millstone Grit with the Shales below is seen, there is a conformable

sequence. The lower beds of the former are always conglomeratic,

but the higher portion consists of fine yellowish-white grit, Avhich
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is \V(>rk('«l ill (tiic or two small (juarrics in tlic \ iciiiitv of Mi'lltounir.

Tilt' Sliak's, wliii'li may W looked u|)<)n as lioiiiotaxial with tin-

J'tMulK'sidi- MimIs, ari' always sandy tor a tVw t'l'ct hefoiv they liiially

iifivi* piai'c to th«' true Millstoiu* (Jrit. 'riu'ir tliii-kness in tin* area

is very small compared with that of tlu* l\'ndleside Hvds in other

(listriets, a maximum of ahout ii') feet oecurrinu: in the western

inlier of Tieknall ; while farther east at IJreedon CMoud, thes»*

shales are prohahlv even thinner, and the horin;^^ at Ton^e passed

through no hi-ds that can he referred to this formation. Thus,

Ijotli the Millstone (Irit and the Shales rai)idly heeome attenu-

ated in an easterly direction. 'I'lie ('arl)oniferous Limestone of

the area lias a total thickness of ahout IKK) feet, of which some
SoO feet are seen at lireedon-on-the-HiH, tlie remainiui? small

thickness oecurrini,' at Tieknall, where the l)eds carry ujiWiirds the

Hreedon se<|uence. The hase of the t'arhoniferous Limestone is

not seen anywhere in the area, althoui^'h a horin^j^ at Dt'sford in the

Whitwick district (1> miles south-east of the Thrin«^stone Fault) has

shown that ahout '20 feet of limestone there rests on prc-Cand)rian

rocks, a description of which has hcen ju^iven hy Prof. \V. \V. Watts
in the (ieoloi^ical Survey Meinoii- on the Leicestershire cV; South

Dorhyshire Coalrteld.

The features of the Ka>tcni and Western series of inlicrs may
l)e summarized as follows:—
The Western Series, includiiii; Tieknall, Calkc Park, and

J>imminsdale, consist of earthy, dolomitic, and for the most part

highly fossiliferous limestones, exposed along valleys and hollows

hy stream-erosion which has removed almost horizontal Iwds of

Trias and Millstone (Irit, showing a small thickness of limestone

ami * Peiidleside ' Shales.

The Eastern Scn'ies of inlicrs, including Hrced(»n-on-thc Hill,

ih'ecdon Cloud, Harrow Hill, ()sgatlior))e, and (xniee Dicu. are

expo.sed hy carth-movi'meiit which has tilted the Carhoniferous

Limestone along the Hreedon Fault. The material itself is of a

highly dolomitic nature and iM)orly fossiliferous. * IN'iidleside

'

Shales are onlv onc»' seen, and the Millstone (Irit i> iievei- \i>i1)le.

111. TiiK Wk.stkhn I\r,lKHS.

In addition to their mode of exposure an<l the almost horizontal

\\r of the heds aln-ady notitl, the strata exiMjscd at Tieknall. C'alke,

and Dinuninsdale have certain eharaeteis in cttnimon. In all cases

fossiliferous and dolomitic limestones relatively ]>oor in magnesia,

and sejtarati'd hy thin shaly heds, pass uj)wards into yellow and

Li'rey d(domit«'s having a |u'recntage of magnesia apjiroximatini; to

that of theoretical dolomite. The lower imjuire and less dolomitic

limestones yield an ahundant fauna characteristic of a high horizon

in the l)ihun(>itlij/llit III Zone, 'i'he *lolomites whiidi rest on them
ti-rminate the ('arl)onifcrous Limestone, and the Shales ahov«' are

succcedt'd conformahly hy Millstone (irit.

The strike of the strata is ap]»roximately north and south ; hut
till' dip altera: in am<>nnt :n>d din.-tion, owing to t)«.. ...•.•i|ii-.n< f
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siuall local faults and gentle rolls. Both Permian and Trias are

unconformable ^^ith the Carbonifei'ous at Ticknall, but tlie Tri;as

alone is present at Calke.

Patches of reddish marl seen resting directly upon limestone nt
Ticknall must be considered as Drift. The microscopic structuH-e

of the limestone immediately under this red material shows none
of the zonal lueniatite arrangement characteristic of the dolomitize; d
limestones seen to underlie the Trias at Breedon and Breedon Cloud,
Flints olitained from this red material at Ticknall are used in th e

renovation of patliAvays in Calke Park. Eemnants of Trias cei -

tainl}'' occur on Millstone Grit at Ticknall, and in Calke Park sout' h

of the Abbey. At the extreme north-western edge of the Carbon, -

iferous outcro]) at Ticknall a marl (referred by the Greologica 1

Smwey to the Permian) oversteps the Millstone Grit and Pendlesid e

Shales, and rests directly upon dolomitic limestone. This marl, .,

which is covered by Trias farther westwards, is worked in a smal 1

brickyard. The exposures occurring in the western inliers ar'^
^'

in general much overgrown, but the old lime-works at Ticknah 1

present facilities for a study of the general sequence of strata and

their faunal contents.

The Ticknall Iiilier.

The road from Melbourne to Repton passes through the village

of Ticknall, w^here exposures of Carboniferous rocks are seen on

both sides of the road. Those on the northern side, near the

brickyard mentioned above, are much less extensive and more over-

grown than the more recenth^ worked quan-ies on the southern

>ide, though sufficient material may be examined to show that the

beds on both sides are of the same lithological type and contain a

similar fauna. The presence of water, which has filled up old

workings, hinders examination on both sides of the road. The dijj

generally is towards the west, and its amount varies but is never

very high, an average being about 8°.

Though most of the area on the southern side of the roaxl consists

of a rambling maze of overgrown exposures, disused tunnels, heaps

of waste material, etc., there are two quarries in connexion where

the sequence can be well seen. The larger of these, which we may
call the Main Quarry, shows recently-worked limestones rich in

Producfifs (4) : this is underlain by limestones and shales (2-3),

and overlain by dolomites (5), which are in turn followed by
conformable ' Pendleside ' Shales and Millstone Grit. This is the

quarry that can be seen from the roadway leading into the village

from Melbourne. Slightly fartlier to the south-east is the second

quarry, the workings of which have been prolonged in the form of

caverns : this may be called the Cavern Quarry. This shows a

similar sequence from (2-5), but crinoidal limestones (1) below (2)

are brought up l)y a small fault between the two quarries, and the

upper part of (5) has been removed by denudation. The com])]ete

sequence of Carboniferous rocks seen at Ticknall is given in the

section (fig. 1, p. 89) as follows :

—



Fig. 1.

—

Sequence of Lowr ('iirlxiHiJcroua i<frnt(i exposed

at Tickudll.

Millstone Grit.

Shales beeoniinj^ sandy to

wardw the top and f)assin;L

conformalily into Mill

rttone Grit.

5. Grey «S: yellow ilolo-

mites.

4. Thinly - bedded limc-

stoiies with swarms of

Product i and inter-

bed.led shales.

3. Sandy stiiitum.

D,-I>a ••- E
2. Foraminiferal limestones acpi

and shales.
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&:
1. Crinoidal limestones

with thin shaly part- . ^

ingn (base not seen). —

j

-j-

Feet

30

40

Main
'Exposure

60
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'\ Cavern
/ Exj^ioMire

So -''
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The total thickness of limestone and dolomite seen at this

locality is about 48 feet. As Avill be seen from the section, the
' Cavern ' exposures exhibit beds lower than those at the base of

the * Main ' exposure.

The strata observed at Ticknall are typical of the Western Series

of inliers, and a few comments on the natm^e of the Ticknall beds
may be given here.

The crinoidal limestones at the base of the Cavern exposure are

mostly thin-bedded, contain a considerable amount of argillaceous

matter, and are separated by thin bands of shale ; the bulk of the
rock consists of large unaltered crinoid-stems. Dolomite is absent,

the very small amount of magnesium carbonate present not suffic-

ing for the formation of definite rhombohedra. This point is

discussed in a later section of the paper.

The tine-grained foraminiferal limestones succeeding the crinoid

beds contain hardly any dolomite rhombohedra in their lower part,

but a greater proportion in their upper. The bulk of the rock

consists of impure argillaceous limestone, containing about 8 per

cent, of impurities insoluble in acids. A certain amount of re-

crystallized calcite occm-s in place of some original organic

structures.

About 2 feet of a fine-grained sandy material containing Pro-
(hicftis shells and a little dolomite succeed the foraminiferal lime-

stone just described, indicating an unusually abrupt alteration in

the conditions of sedimentation.

Above the sandy stratum come several feet of thinly-bedded
* Productus ' limestones with thin shal}' partings. The proportion

of magnesium carbonate is below 12 per cent., and rhombohedra of

dolomite are rare.

Grrey and yellow dolomites terminate the Carboniferous Lime-
stone at this locality. So far as I am aAvare^ there is in the

Geological Survey Memoirs no description or even mention of

these dolomites. The beds immediately underneath the shales of
' Pendleside ' type in the Western inliers consist of about 10 feet

of almost pure dolomite devoid of fossils. Partings of shale are

not present, as in the lower beds seen here. In the lower part of

the dolomite the higher proportion of limonite gives the body of

the rock a yellow colour, but in the grey dolomite above the iron

compounds present appear to be in the form of carbonate, which
weathering to limonite on the exterior forms a brown crust, and this

gives to the unbroken rock the appearance of a dark grit. In other

respects the yellow and grey dolomites are very similar. Xo chert

has been found in any of the beds exposed in the Western inliers.

"Palrtiontolouy of the Ticknall Beds.

In compiling the faunal list my own collection has been the

main som'ce of information, but I have received the loan of speci-

mens from Mr. R. Wood, of Melbourne, Dr. Turton, of Heanor,
and Dr. F. L. Kitchin, of the Geological Survey. Mr. Vassall, of
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Ke|)t(^n, kindly arrangeil for me to examine tW ScIum*! collection

of sj)eciniens mostly collected some years ai<o ; l)ut, owiiJiJ^ to illness

at tlie time, 1 was imahle to take advantau^e of his kindness. The
list of si)ecies tahidated in the (Tet»loifical Survey Memoir ' was
basetl U|H)n this collection, and some of the names, juirticularly of

corals, have been brouy^ht up to date.

Faunal List.

coinmon ; ce = very common ; r = rare ; rr = very rtire.

Corals.

Zaphrentii; eiiniAilleiii Edwards & Cyalhopliijlliiin up.

Haime. c.

ZapJirentig aff. oystermotithensis

Vaughan. c.

Syrimjupora cf. geniruhifa PhillipH.

c.

8yrin(jopora cL reticulotn Goldfuss.

c.

Alveoliteif tteptoaa (Fleming), rr.

Campophyllti.m derbienfe Vaughan.
r.

Caninia cf. pa tula Michelin. r.

Lithost ration junrenm (Fleming).

cc.

Litltogtrution irre<j\ilare (Phillips).

rr.

Kniiin'kopltyUiiin aff. magnifinim
(Thomson «fi: Michelin). r.

LoiiHiialid ji'irifonnis jiorifonnis

(Martin), rr.

Dihnnophyllnm muirJieadi. c.

Small indeterminate Clisiophyllids.

c.

Seminuln ambiyua (Sowerby). c.

Athyris planosnlcata (Phillips), c,

Martinuf glabra (Martin), r.

Mnrtiuia lineata (Martin), rr,

Spirifer bisiilcatus Sowerby. c,

Spirifer dupliroatd Pliillips, r.

Spirifer inteiiricDstit Phillips, r.

Spirifer jtlniiirosta (M'Coy). C.

Spirifer striatum (Martin), r.

Orthotetes cf. crenigtria

r.

Brachiopod.«!.

;

Prod net us antiqx(atii8 Sowerby. r.

Pmdurttis atirituit. c.

Prodtictus giga uteris (Martin), cc
\
Prodiictux latinsimns Sowerby. c.

ProduHus longispiniis .Sowerby. c.

Pivductus jniyilig Phillips, c.

Prndu4^tiis nrabrirtdu;< (Martin), r.

I Prodiictus seuiiretirulat IIS ('SlartiiU.

r.

(Phillips). 1 Prodnctiis spinulosns Soworby. r.

I Chonetes cf. hnrdrensis Phillips.

SchizopJtoria

r.

resiipiiutfii (Martin). c.

The following gener.i and s])ecies of conils found in the Lnns-

dalia sub-zone of the Carboniferous Limestone of tin- Derbyshin'

area, have not been found :

Loiisdalin diiplicata (Martin).

CynthopJiylhtm regiitm Phillips.

Dil>unnp}iyUiim itutflm'kenxe Sibly.

Dibunophyllitm derbieiue Sibly.

Lithost ration martini Edwnirds i^

Haime.

Lithostrotion aff. m'royanum
F]dwards it Haime.

Lifhost ration f\emingi M'Coy.
Mirhelinia ghnnerata M'Coy.
Aidaphylluni sp.

The i^ener.il fauiial assemblaj^e leaves no doubt that the fossili-

ferous iM'ds of 'i'icknall an- I'ljuivalent to the hii^her beds of the

Carboniferous Limestone secnience of tlu' Midland i'rovince. It is

im.bable tliat the Ticknall beds are of D^ 1)3 ai?e.

' ' Loicosti'rshire A South Derbyshire Coalfield ' IIXIT

g. .1. c.s. Xo. i>m). 1
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A feature of special interest is the occurrence of a Caninia
related to Caninia patula of the South-Western Province. In
the faunal list I have named this coi*al Caninia cf. 'patula^ and a

brief description of it is given in the palseontological notes ; but,

acting on the late Dr. Vaughan's advice, I am classifying, in a

sepamte paper, the patulid Caninias under a new generic name.
Attention wa:? drawn to the position of the -patida division by
Dr. Vaughan in the pajDcr on the Burrington-Combe sequence.^

The 'cf. Caninia cylindrica ' mentioned in the Geological Smwey
list possibly refers to this patulid form, the true Caninia
cylindrica being absent from all parts of the district.

All of the Ticknall limestone-beds below the barren dolomite

yield Zaplirentis ennishilleui. and it is highly probable that the

crinoidal limestones at the base of the Cavern Quarry are roughly

equivalent to the highest beds on the western side of Breedon-on-

the-Hill, where strata consisting originally of highly encrinital

limestones have been dolomitized.

In the limestones (2), foraminifera are plentiful, including

JEndotliyra, Valvidina, and seA-eral other genera. ~ Zaj^Jirentis

ennisJcilleni and other corals, particularly Litliostrotion junceum,
occur in these beds ; but the brachiopod Productus does not occur

in such numbers as it does in higher strata. The genus Productus
occurs in all of the fossiliferous strata, including the sandy bed

;

but it is in the limestones (4) that the Producti occur in great

numbers. The species massed together in this way are chiefly

variants of the so-called ' Productus giganteus ' including such

forms as P. giganteus proper, P. auritus, and latissimoid Pro-
ductus, all of which are very abundant. Other fairly common
species are P. pugilis, P. concinnus, P. antiquatus, and P. Jongi-

spinus. P. cf. semireticulatus and P. scabriculus are compara-
tively rare. Chonetes cf. Jiardrensis is faii'ly abundant, but
papilionaceous Chonetes are extremely rare.

The Calke Inlier.

A few small exposures of Carboniferous Limestone and ' Pendle-

side ' Shales occur in Calke Park, a short distance south-east

of Ticknall; but the passage of one formation into the other is not

seen. The only exposures of the Limestone sequence are along

the course of a small stream, Avhich flows eastwards to join that

flowing through Dimminsdale. Some small exposures of shale are

seen on the eastern edge of the park, near the junction of the two
streams.

The thickness of limestone seen is very small. At two localities

the exposures display a thickness of several feet. One of these

^ S. H. Reynolds & A. Vaughan, ' Fannal & Lithological Sequence in the

Carboniferous Limestone Series (Avonian) of Burrington Combe (Somerset)

'

Q. J. G. S. vol. Ixvii (1911) p. 374.
2 E. Wilson, ' On the Occurrence of Foraminifera in the Carboniferous

Limestone of Derbyshire ' Midland Naturalist, vol. iii (1880) p. 221.
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places (A in PI. XI ) corresponds to the ix)sition indicated by the

wonls ' hniestone witli product its
' on the ti-ineh Maj) dej)osited

bv the late (\ Fc)x-Strani,'\vays at the otttces of the Geological

Survey; while the other place ( B) is the site of the * old quarry'

shown on the smie niaj). At both places the limestone is ari^il-

laej'ous, but that at A is more dolomitic than that at B. The
general dip oi the beds seen in the park is about (5^ a little south

of east.

The beds of A arc sli«;litly hiL^her than those at B. Tiie

microscopic cliaracters of the limestone of A (see PI. X, tig. 3)
indicate a rock com|K)sed mainly of orL^anic remains—corals, small

brachiopods, and foraminifera. A fair auKJunt of recrystalli/.ed

calcite is present, and occasional rhoml)ohcdra of dolomite. These

rhombohedni are (piite idiomorj)hic and contain limonite, but there

is no zonal arraui^ement of inclusions. The propoi'ti(jn of mag-
nesium carbonate is about 12 per cent. Fossils are not jiarticularly

abundant, variants of Prodiicfua i/if/antri(Sy such as P. auritioi

and P. antlqitafiia, being the characteristic braehiopods.

C'tn-als are rare, and I was unable to tind any s))ccimens except

Lithoxtrotion juncnini. These beds are evidently the e(|uivalent

of the foraminiferal limestones found towanls the bottom of the

])eds ex])0sed in the ^Fain Quarry at Ticknall. The innnediately

tiucceeding strata are obscured by vegetiition, but some feet higher

a yellow dolomite similar in grain to that of Ticknall occurs.

Along the northern side t)f the stream the ground is much over-

grown, and 1 found no evidence concerning the unconformity of

the Millstone Grit shown on the (ireologieal Survey maj). At the

pivsent time the exposures show limestones alone, the Millstone

Grit being visible only on higher ground farther north, and the

intervening land is overgrown. The old (piarries on the south

exhibit grit only. It is to 1k> regretted that the examination of

the Calke exjtosures is a matter of great ditticulty ; and this fact,

together with the overgrown nature of the ground, now makes it

imjiossible to sec tlie exact relation of the Millstone Grit to the

underlvinir l»e<ls.

The Dimmiiisdale Inlicr.

A little to the south-east of Calke Park the Carboniferous

Limestone and s\ieceeding Shales cro|) out in a north-and-south

vaHey traversed by tlfc largest stream in the district. The Lime-
stone is shown in old workings that are now flooded to the level of

the U])per dolomite, the limestones below being inaccessible. Al)Out

IV) feet of shales are seen, confonnalde with the limestone below,

and jmssing up gradually and conformalily into Millstone Grit.

The gi-adual jMissage and conformity are strikingly exhibited at a

place (x on the map. PI. XI) «'ast of the stream, and overh>oking

one »)f the flooded tpuirries. Hen- the i^'romid li:is falh-n in, showing
the rock facing castwanN. iiorth\v;n(]>, wiid uestwanls in turn.

i2
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The lower beds wholly composed of shale become interbedded with
thm sandy layers towards the top, and these Hnally assmne the

pebbly character of the lowest part of the Millstone Grrit. The
dip of the beds is here about 4° to the south-east.

IV. The Eastern Ixliers.

If we deHne the Eastern series of inliers as those occurring

against the Breedon Fault, two small inliers—one at King's Newton
north of Melbourne, where ' Pendleside ' Shales are tilted against

the Breedon Fault, and the other at Grace Dieu near Charnwood

—

must be included with the larger masses of Breedon Cloud, etc.,

although they more nearl}' resemble the rocks of the Western inliers

of Ticknall, etc. The remaining inliers, from Breedon-on-the-Hill

to Osgathorpe, possess many features in common, such as high in-

clination, the dense yellow dolomitic charactei" of the strata, and,

despite their relative barrenness, the presence of a fauna indicating

stratigraphical horizons in the DibunopliyUjiii} Zone.

Breedoii-on-the-Hill.

This hill, which forms a landmark for many miles round, is

made up of moderately thick-bedded dolomites, Avith some thinner

beds in j^laces. No interbedded shaly partings are seen, and the

unconformable cover of the Trias conceals any ' Pendleside ' Shales

that may exist west of the hill. The strike is constant

—

about N.' 20° E. to S. 20^ W., while the angle of dip varies but

slightly, averaging about 46° westwards. Slight flexures occur

in the middle part of the sequence, but no faulting is apj^arent,

the inlier differing remarkably in this respect from Breedon Cloud.

The thickness of Carboniferous Limestone at Breedon-on-the-Hill

is about 850 feet^-a figure considerably greater than the 500 feet

mentioned in the Greological Survev Memoir, Avhich, however,

does not make it clear whether Breedon-on-the-Hill or Breedon
Cloud is meant. 1 The estimate of 850 feet is based upon measure-

ments in the field guided by faunal evidence, and is confirmed by
observations at Breedon Cloud. The great quarry-face at the

southern end of the hill extends at right angles to the strike, and
thus affords an excellent section. The beds exposed along this

face constitute roughly two-thirds of the total thickness of the

strata forming the inlier—the highei' beds being covered with grass,

except those at the very top of the sequence which are to be seen

along the western side of the hill.

The whole of the rock exposed consists of dolomites, variable

both in chemical composition and in mineralogical structure. A
detailed subdivision of the beds, based upon either lithological or

palieontoloo'ical evidence, has not been found possible ; but the

sequence may be considered broadly to consist of four parts the

exact boundaries of which are not very definite. Commencing at

' ' The Geology of the Country between Derby, Burton-on-Trent, Ashby-
de-la-Zouch, & Loughborough' Mem. Geol. Surv. 190.5, p. 18—Sheet No. 141.
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the \vestx*rn side of the hill and working ea>t\var(ls, we see that

the main sululivisioiis are as follows, in descentling order:

—

4. Pink and red cloloniite.

3. Yellow dolomites with some chert.
'2. Thickly-bedded yellow dolomites with no chert, but yielding

Product 11^ }iiimernx}(s.

1. Yellow dolomites and doloraitic limestones yielding Lithostwtion

[^
irre(julare, Cyathophyllid conils of the C. inurchinoni type, etc.

(Base not seen.)

Total thickness= about 850 feet.

Sinee the exact houndaries of these subdivisions are not elearly

seen, I prefer not to assii^n definite thieknesses to them ; hut the

D, ])ortion of the seijuenee ( I and 2) probahly exceeds 500 feet.

The totitl thickness, which is here i^reater than that at any other

inlier north of the Leicestershire Coalfield, is such that, apart from
palieontological evidence, it is justifiable to snpiK)se that the lower

beds on the eastern side of the hill must represent some portion of

the D, limestone of the main ^lidland area.^ A s})ecial ])oint to

be noted in this connexion is the entire absence of igneous material

on the horizon of the ' toadstones ' of Derbyshire. As the lower

]x:>rtion of the Hree«lon-Hill limestone is of I), age, it must be

concluded that the area under considerati(Ui was beyond the south-

eastern limit of the vulcanicity associated with the Carboniferous

Limestone of the Pennine Chain. Dr. H. H. Bemrose in his

paper on 'The Toadstones of Derbyshire,*' refers to the thinning-

out of the igneous material in an easterly direction, and draws
attention to the absence of the 'upper toadstone ' at Crieh. only

a few miles east of Matlock.

-

Paheontology of Breedon-on-thc-llill.

The comparatively V»arren nature of the whole of the beds ex-

posed at Breedon is indicated by the fact that hitherto but two
8])ecies : namely, Product ax luancroaiis and SyriiUfoflnfris (.*)

cu8j}i(fafa, have been quoted from this inlier ; however, after a

prolonged search, in which every available rock-face was examined,

I have ol)tiiined sutHcient specimens of corals and brachio|)ods

to fix the horizon «»f the uppermost beds with certainty, and to

leave little doubt that the lowest beds belong to the D, sub-zone.

Fauxal List.

Subdivisions indicated by numerals corresponding to those in

the succession tabulated above.]

Upper Beds on the western side of the hill.

fZnphrentis»p. (r f»nnVAiZteui Edwards »t Haime). r.

_ , ..
I

Beaumontut e(jertoiii Edwards Jt Hainie. r.

A Dart f
^'^fhotitmtion sj». r.

.gj
' I>i I'fi yphijU lint lift, r (I nr ill II tint Lonsdale, r.

Sfiirifer jilniiii-ontii M'C'oy. r.

[^Product Hit antiiiinitiiti Sowerby. r.

' See Prof. T. F. Siblya paper, Q. J. O. S. vol. Ixiv (1908) p. 38.
' Ihid. vol. Ixiii (1907) p. 266.
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' Humerosus ' Beds.

r Syringopora sp. r.

— f9\ j Pugnax prigmis {MsiTtin). r.

— w-
*| Pi-oductus Inimerosus Sowerby. c.

y_Productus sp. r.

Lower Beds on the eastern side of the hill.

Syringopora cf. reticutafa Goldfuss, r.

Syringopora sp. r.

Michelinia ? r.

= (1). <{ LitJtontrotion irregulare (Phillips), r.
'

I

Cyatliophyllinn att". mv.rcliisoni Edwards & Haime. c.

I

Indeterminate corals, apparently of Cyathophyllid &
1^ KoninckophyUid types.

Beaumonfia egerfoni, Sj)irifer jylanicosfa, and Producfus
antiquatiis obtained from the Avesteni side of the hill, indicate

that these beds (4) are correctly referred to the D.^ sub- zone,

while tlie presence of Zai^hrentis suggests that the horizon is the

same as that of the fossiliferous beds of Ticknall. These stmta
consisted originally of highly encrinital material, and I conclude

that they are the eastern extension of the crinoidal limestones seen

in the Avestern inliers. The dolomites with chert (3) are mostly
hidden, as the quarries do not extend far enough westwards to

break into them. Hence a thorough examination is impossible ; but

there is no reason to doubt that they are the same as the dolomites

with chert seen at Breedon Cloud, where an undoubted D., fauna

is obtained from them.
The yellow dolomites (2) with Prodiictus humerosus yield that

species in fair numbers, and it is supposed that these beds are the

local equivalent of the Caldon-Low facies occurring near Water-
houses in the south-western part of the Midland area.i As at

Caldon Low, ^yringo'pora is the only coral found in these beds
;

but, on the other hand, Piignax pugniis, a brachiopod that is not

mentioned as being found in the Caldon-Low beds, occurs sparingly

at Breedon, and Daviesiella aff. comoides does not appear to be

associated with Productus humerosus. Prof. Sibly refers the

Caldon-Low beds to the D^ sub-zone, and the equivalent beds at

Breedon-on-the-Hill are also referable to the same sub-zone, for

they underlie a considerable thickness of cherty dolomites which

are the local representatives of the cherty limestones of the Ti,

sub-zone in the Midland area. The Caldon-Low facies has been

observed only at the south-western extremity of the Midland area
;

and, if we consider the Carboniferous Limestone outcrops noi-th of

Ashby as a south-eastward extension of that area, it is interesting

to note that the same specialized Productus-hu merosus beds occur

also at the extreme south-eastern corner of the Province.

The dolomites (1) below the ' humerosits^ beds, and forming the

eastern side of the hill, are rather thickly-bedded and almost barren.

AVhere the rock is not being worked it weathers with a grey outer

1 T. F. Sibly, Q. J. G. S. vol. Ixiv (1908) p. 44.
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skin, which sometimes reveals impi-essions of coral. These impres-

sions arc mci'c surface-markings which are mostly indeterminate,

and although coral structures exist in the rock, they too are so in-

distinct that sections are generally of even less value than the

surface-markings. Undoubted sj^ecimens of Cyathophyllum aff.

murchiioni occur in the rock; but the massive bedding and hard-

ness of the dolomite make it almost imix)ssible to extract them.
Other sui-face-impressions indicate the presence of large single

corals having a complex tabulate area, but it is innxissiblc to refer

them definitely to DihunophijUum or any other genus.

Good sj)ccimens of Lithoatration irregulare have been found,

and this suggests that the eastern beds are not lower than 1),, a

point supported by the total thickness of rock in the inlier, and by

other evidence.

Syriiu/opora occurs particularly in certain beds at the extreme
eastern end, where masses of shells resembling papilionaceous

CJiouetea are also found : but a s})ecilic determination of these is

not ])Ossiblc.

Breedon Cloud.

A distance of three-(|uarters of a mile separates the two Breedons.

The quarry-face of the Cloud works extends for a length of about
500 yards, and is very often par.illel to the strike : consequently

the .section is not so useful as that at Breedon-on-the-Hill,

The Carboniferous Limestone sequence at Breedon Cloud is as

follows :
-

r 3. Thinly-be<Me<l re<l dolomites with very thin shaly partings.

P.^-D.,.< 2. Yellow dolomites, apparently of • ccmtemporaneous ' origin, and

[ C(mtaining a variable quantity of chert.

Part of ri. Yellow dolomites yielding Proibirfus /i»/iH<?rojji/«. but containing
D,.

I
no chert.

(Thickness unknown.)

On account of the amount of material removed by quarrying
oj)erations and the })resence of many heaps of refuse, etc., an
accurate statement can hardly be made concerning the actual

thickness of the subdivisions. A few points concerning the
divisions enumerated alH)Ve may be noted here.

The lower, relatively barren, yellow dolomites yielding Producfus
Iiinnfrottiis, Ci/rfina srpfoaa, and Piignax ptignus are best seen at

the extreme northern end of the works, where faulting has pro-

duced a certain amount of lateral displacement. The positions

where Pr. hitincrnsua was obtained are indicated on the plan

(fig. 2, )). OS) by the letter H.
These beds are evidently equivalent to the corresi>onding

hunu'romia dolomites at lireedon-on-the-Hill. At one other ]>oint

towards the southern end of the inlier I obtained the s;ime s|X'cies

of PnuliK'tKx at the top of the hill, a little distance east of the

large amphitheatral cpuirry marked B on the plan. In no part of

these beds was any chert found.

The succeeding' v.-llow dolomites form the bulk ,.f tli.' fXDose.l
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part- of the inlier, and yield a faima chai-acteristic of horizons that

may be conveniently expressed by the formula Dg-Dg. Chei*t

occurs somewhat sparingly, but is seen easily in situ in the various

excavations (marked E^ etc. on the plan) made in the platform

that constitutes the floor of the main quarry.

The beds of this subdivision of the sequence are repeated by
reversed faulting parallel with the strike. The faults responsible

for this repetition are indicated on the plan at C and E.

Fig. 2.

ROUGH PLAN OF
BREEDON CLOUD WORKS

TRIAS

TRIAS

Sidings

The dip of the strata varies in degree from 48° to 60°, while the

dii'ection varies from directly south at the southern end of the hill

to north-west near the position D half-way towards the northern

end of the works. Breedon Cloud appears to be the remnant of a

faulted dome, the eastern portion being thrown down by the

pre-Triassic Breedon Fault.

Jointing is common, and in many places the direction of the dip

is disguised, particularly in that part of the quarry that lies

immediately north of the southern fault. There are many pockets
filled with loose ' dolomitic sand ' derived from the disintegration

of the yellow dolomite, or from the thin overlying red dolomites.

Overlyino' the vellow dolomites are a few feet of thinlv-bedded
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red a..lomites wliicli have vicMtMl Zaphrrnfis tnuishllmi and

Diphynhi/lhun afF. concinnum. Tlieir faunal contents are i<enerallv

similar to that of the red dolomites at the top of the se<iuenee ot

Breedon-on-the-Hill. The origin of their dolomitization is

discussed in a later section of this yxiper. One or two thm hands

of shale interhedded with these red dolomites are also stained a

dark red.

Puht'outoio^y of Breedon Cloud.

The exposed portion of Breedon-cm-the-Hill consists of relatively

barren 1) hetls ; but at Breedon Cloud the exposures consist

almost whollv .)f beds vieldin- a D,-D. fauna. At the atter

locality, however, the thickness of the material capable ot beinj,^

examined is much reduced, on account of the ^
^

genei-ally parallel with the strike.

workings being

r r

Sub-
division

3

of table

(p. 97).

Faunal List.

Corals.

,
Zaphr^ufis aff. ^nnishilUni Ed- Diphnphyllum near cowinnnm

I

wards & Haime. r. Lonsdale. Large f.-rm.

j Diph]H'h>fll>(m rontiiuuDn Lons-

dale, c.

Brachiupods :

^Spirijer i>l,inicoxtti (M'Coy).
[

Producfus sp.

CoralB.

BeavmoHtia egertoni Edwards & Diphyplnjllum lateseptatum

Haime. c. ;

M'Coy. cc.

Syriuijopora of. reticulata Go\d- DiphyphyUnm connnnum Lons-

fuss. c.

Syringopora cf. yenicMlota

Phillips, c.

Alveolitex sp. rr.

Cam poph ylbnn derh ie / J<fe

Vanghan. c.

('y(it)iipphyUum sp. r.

dale. c.

THphyphyllum near cuncinnum

Lonsdale, large form. r.

fAfhi,sfn>tion irreyvlare (Phillips).

r.

Jjifhosfrniion (PfUtlai-ix) port-

hicki E<hvards i<: Haime. r.

Sub-
division

2

of table

(p. 97).

1 Brachiopods.

J
Dielaxina haMtnUt Sowerby. r. Pustula pmictato (Phillips), r.

;
.4//*vr.s fx;m/iHa (Phillips), c. pM^uJa /.M^/Mj..s<r (Phillips), r.

Mn i-ti Ilia ylnhra (yifiTtin). c. Pr(Hlvctu.'< gignnieui* ^Urtm. c.

Martinin'lineata Olartiu). r. Pn,diirtu,> a ntiqiiai\n< Soworhy. C.

3frtrhM«<» orrjhx (Phillips), r. Product us a urit us. c.

SpirijVr hisulcatu^ Sowerhy. c. ProductUi<latist<imus Simerhy. c.

Spinfer du pi ico^ta VhiW'n^fi. r. Productux xemireticnlatuM (Mar-

Spiri fer plauictixta iM'Cny). »•• tin), r.

Spinfer trigonal is CShirtm). r. Prod net ux plicat His {Sov,'eThy). r.

Pugnax acumiiiat us (yiartin). r. Pnxlurtus uudatus Dofmncv. r.

Lept^na a naloga (PhiWiVH). c. Product uri striatus (F\>*cher). r.

Orthotete^f cf.creni^tria (Phillips). Prod uct us scahricul us (yinrUn). r.

y^ Orbiculoulea ef. craigi Davidson.

Schizophoria resupinata (Martin). r.

r.

Pnxlitctus hum*msfts Sowerby,

Cyrtina septosa (Phillips).

Pugnai pugnus (Martin).
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The palseontological material available is yeiy poor, both in

quantity and in state of preservation, compared with that usually

obtained from normal undolomitized Kmestones of the Lonsdalia
sub-zone. The compilation of thefaunal list has only been possible

through the kind co-operation of Mr. R. Wood, whose collection

and help have always been at mx disposal.

Coral structures have been preserved by dolomitic rejDlacement,

but all brachiopods occur as dolomite casts. Large single corals

are usually represented b}" imperfect specimens of which the
internal tabulate area has been removed ; hence definite genera

cannot be identified, though several mav be present. In these

circmnstances it seems better not to make any statement with

reference to genera or species that appear to be absent.

Barrow Hill.

South-south-east of Breedon Cloud, and at a distance of less than

a mile from it, a small exposure of dolomite occurs in a disused

quany. Formerly the rock was worked for lime, but the place is

now rather overgrown. The quany faces all directions in tui'n.

The beds on the northern side dip north-eastwards, but at the

southern end the dip is south-westward on account of a fault.

The rock consists of a dense yellow dolomite very similar to the

denser, poorly idiomorphic, and purer dolomite of Breedon-on-
the-Hill and Breedon Cloud. Xo deep-red haematite inclusions are

present, although particles of insoluble matter or unaltered calcite

give a cloudy appearance to the cr3"stals. A little limonite is

present. So far as I am aware, no fossils have been recorded from
this inlier. Most specimens observed or collected by me were in a

bad state of preservation, but the following may be quoted :

—

Cyathophyllnm f? regium).

Lithostrotioii irregulare (Phillip?)

Spir\tei- hisvlcatus Sowerby.

Athyris sp.

Pngnax pugnus (Martin).

Prodnctvs sp.

Osgathorpe.

Yery small exposures occur on both sides of the stream and road.

Only a few feet of dense yellow dolomite exhibiting slight fiexures

are seen, and I Avas unable to obtain any fossils.

Grace Dieu.

The southernmost inlier of the district is situated quite close to

Charnwood Forest, and about 2^ miles south-east of Breedon Cloud.

The exposures are very small and particularly barren. About
24 feet of dark impure limestones, quite unlike the Breedon

yellow dolomite, somewhat thinl}' bedded and separated by thin

bands of shale, constitute all that is to be seen. Numerous pockets

in the limestone are filled with a brownish marl. The dip is about
10° northwards, and the limestone is faulted against the pre-

Cambrian on the south. The onlv fossil that I obtained was a
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Spirifci' (»f doubtful species. Some time aj^o Prof. E. J. Garwood
found a species of P/U)Jtfrfux, whieh lie informe<l me was

sutficieut to fix the horizon as being fairly high u]) in the iJihujio-

phyUiim Zone, but unfortunately the specimen has been mislaid.

It has been considered that the l>eds at Grace Dieu represent a

higher horizon than that of any part of Breedon Cloud ; but this

cannot l»e the case, since the beds at the latter place range from

the top of the * humerosus'' facies in Dj to the 'Pendleside' Shales.

V. CuMTAinsON OF THE CaIMJOMFERcjUS LiMESTONK OF THE
Area with that of the Main District (Derrvshire
AND North Staffordsuire) of the Midland Province.

A i>erusiil of the lists of fossils tiibulated in this paper, and those

given in Prof. T. F. Sibly's paper on ' The Faunal Succession in

the Carboniferous Limestone of the Midland Area,' ^ will show
tliat, as one might expect, the Carboniferous Limestone north of

the Leicestershire CoalHeld is an eastern extension of the Midland
Province. In other words, the faunal sequence exhibited in the

inliers described above is essentially Midland in type.

A comparison of the Midland faunal succession with that of other

Provinces is given in Prof. Sibly's ])aper and need not be re-

peated here. I pro})ose only to comment on the relation of the

Leicestershire area to that investig-ated by Pmf. Sibly. In

neither area is the base of the limestone seen.

1. L)|, the sub-z )iie of l)ihKnoi)Jnilhim 0.

The ui)per limit of the sub-zone occurs a little above the Upix-r

T()adstone in Derbyshire, but is indistinct in Leicestei-shire. The
development in the south-western part of the main area of an

abnormal facies known as the *Caldon-Low Facies," finds its

parallel at Breedon and Breedon Cloud, and I consider this pctrtion

to bf the highest i)artof D, definitely recognizable in the Leicester-

shire art'a. Its similarity to the corresponding beds at CaMon
Low has alrejidy been noted in the description of the Kasti-rn

inliers. The remaining jxirtion of the sub-zone below the Pro-
ductua-hunieroxioi beds must represent a cori*esjMinding thickness

of the same sub-zone in Derbyshire. The fact that simple Dibuno-
phyllids have not been f»»und at Breedon can hardly be considei-ed

of value, as dolomitization has rendered it very difhcult to identify

such corals as do occur. Kven the Derbyshire normal limest<mes

are ])oorly fossiliferous, and Dihiinoithtflhnn occurs there but rarely

in the lower portions of D,. The typical form of Pr<uhictu»

gif/antrua does not occur in this sub-zone in either distinct, but
Prndurtiix afT. fjiqiinirifs docs occur.

* Q. J. (i. S. vol. Ixiv (ll»os) pp. 42 ei sfqtj.



102 ME. L. M. PARSON'S ON THE CAKBONIFEROUS [vol. Ixxiii,

2. D2; the sub-zone of Lonsdalia jioriformis.

The following characters of the Leicestershire fauna illustrate

general similarities of this sub-zone in the two districts :—The
presence of CampopliijUum derhiense, Cyatliopliyllum regium,

Lithostrotion irregulare, L. portlocki, Zaphrenticls in the upper-

most beds, the great number of variants ^f Froductus giganteus,

Fig. 3.

)MatIock Bat

Wirksworth

. Ashbourne

\^
'r<;

~'-°^

%

Sketch-map

showing the topographical position

of the Leicestershire Area

relative to

the Waterhouses Development

Scale of Miles
o s 10

the occurrence of scabriculate and punctate Prodiicti besides i-epre-

sentatives of the Martinia group (particularly M. glabra), and
the occurrence of Splrifer hisulcatus and Spirifer planicosta.

In the following respects the fauna in Leicestershire differs from
that of Derbyshire :

—

Lithostrotion junceum occurs in Leicester-

shire only in the upper beds as at Ticknall, and other species such

as X. martini, L. aff. m''coganu)n, and L. jtemingi are apparently

absent. DihunophyUa of an advanced type are not commonly
found : D. matlockense^ common in Derbyshire, being unrecorded

from any of the inliers that I have described. Z>. derhiense is

also absent, but D. m airhead i, a species that does not figure in

Prof. Sibly's faunal lists, is of limited occurrence at Ticknall. In
comparing the coral faimas of the two districts due allowance
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must hv iiiadu for the ditHculty t'X|H*rieiifeil in (btainin^ reliable

s[>ec*iinen.s from the dolomites ; Imt, even if this allowance be made,

the eoral fauna of the Loiisda/ia sub-zone cannot In? described as

rich. The bnichioj)od fauna of I).^ in the two districts appears to

be very similar; l)ut some sjx'cies, such as Ortliotctrii cf. crcuiatria^

and jKi})ilionaceous Chonefes^ are rarer in the Leieestershire district

than they are in the «)ther. Prof. Sibly distinguished certain

variations in the faunal facies of the Lonmhilia sub-zone in the

Derbyshire district- a i^eneral typical facies developed on the

eastern side of the rei^ion, and a more or less h)cal south-western

facies with a ])oor coral fauna. The tyjMcal eastern facies includes

Lonsdalid JloriJ'onnis, Lithotitrotion Jtmceum, Alveolites neptosa^

and certain Clisi()i)hyUids, none of which is present in the south-

western facies. In the typical development, moreover, the brachio-

pods do not predominate over the coral fauna. In the south-

western area near Waterhouses. the braehiopod fauna is richer

than the coral fauna, and the species of Lunsdalia, Litli oatrot ion,

and Alveolites mentioned alnjve are absent, as are the Clisio-

]>hyllids Ili.stioj>lii/1li(in, Rhodojthi/llHin, etc.

JJoth corals and brachiopods in the Leicestershire fauna sh(»w

that it is with the Derbyshire south-western facies that corre-

spondence is closest. Thus, in the Leicestershire area, Alveolites

septosa has been found oidy at Tieknall, and there it is extremely

rare; of honsdalio Jlorifonuis only one specimen has been found
at Tieknall, and it is absent from other localities ; Lithostrotion

junceum occurs at Tieknall only, and there in beds that are at

the top of the Leicestershire D.^-D, sequence. Histiophyll inn.

etc., probably do not occur, althou^j^b the im])ei'fect condition of

coral specimens must be borne in mind.

With rejj^ard to the evidence available from brachiopods, the

beds at Hreedon Cloud certainly yield more of these than of

corals. Not only, therefore, does D, (especially the Innnerosiis

beds) of the Leicestershire area resemble in facies that develojH'd

in the south-western ))art of the area examined by Prof. Sibly,

but the resemblance is als<» strikinglv marked in the sub-zone

of D,.

3. 1);,' the sub-zone of Ciiathaxoiiiu rKshiuiia.

in Leicestershin' no typical develo])ment of the J), sub-zone

exists, and Ci/fitlm.ronia itself has not been nvonled from Ithe

area.

In the al)sence of the index fossil, thr ai>undanee of sjM'cies

common to D.^ and D, su«^ij^ests that the beds yielding this fauna

8h<)uld be desiuMiated by the symbol D,-!),.

A Conipansou of Lithological Features.

The chief lithological differences and similarities of the Midland
se(|uence and that of Leicestershire may be shown conveniently in

tiibular form :

—
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Main Midland Area. Leicestershire.

Typical Eastern South-Western
District. District.

D,
Cyathaxonia Limestone and black Limestones and
nishiana. shales. shales. Chert

Thinl^-'bedded dark in the lime -

limestones and stones.

shales AA-ith chert.

Mainlv thinly-bedded Variable Ume-

D,.

Lonsdalia

Jioriformis.

limestones with

chert.

Thickly-bedded
Avhite limestones

in the lower part.

stones, dark
shaly partings,

and some chert,

Xo typical

development.

Thinly-bedded'^

dolomites

succeeding

moderately
thick beds

| ^

of yellow }>^
dolomite

| q
with a

variable

quantity of
j

chert. i

I'pper Toadstone. ^Massive white or Fairly thickh-

Thin dark lime-

stones.

Thickly-bedded
white limestones

Lower Toadstone.

Massive white

limestone.

grey Kmestones
poorly fossiH-

ferous.

bedded yellow

dolomites.

Xo igneous

material.

YI. The Oeigix of the Dolomites.

The dolomites of the Leicestershire area exhibit characters

indicating two distinct sources of origin which are believed to be

referable to (1) the influence of salts in waters of pre-Triassic age,

probably in the Carboniferous Sea itself, upon rocks that were

deposited as normal organic limestones ; and (2) the influence of

waters associated with the Trias upon beds which were seemingly

crinoidal limestones previously undolomitized.

The dense yel'ow dolomites forming the bulk oE the

sequence at Bi'cedon, Breedon Cloud, etc.

The greater portion of the dolomites of the eastern inliers is

composed of yellow material, the chemical composition of which

does not di"ffer greatly from that of a ])ure dolomite. Analyses of

typical sj^ecimens from Breedon yield the following average

percentages :

—

Calcium carbonate .5 8*2

Magnesium carbonate 39*6

Iron compounds I'o

Insoluble residue 0' 7

100-0
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The amount of five ealeite is always small, as shown l>y slides

stained with Lem1)erL!:"s solution. 'Hiese doloiniti's are mostly

of minutely erystalline texture, mieroseo])ie slides showiui^ more or

less idiomor])hie rhoml)ohedra, the (uitlines »)f whieh are seen more

clearly under a hi«^h power (see PI. X, WiX- '->).

Limonite is jnvsent interstitially, hut tlu-re are no zonal inelusions

of luematite eharaeteristie of the red dolomites deserihed helow.

Organic struetures have heen re))laced hy dolomite, or occur

as dolomitie easts; and it is ])rohal>le that many fossil structures

have heen ohliter.ited altoijfetlu'r. The dolomitizution of thrse heds

a)>i)ears to he so eom))h'te, that examination of the fossils and their

matrix shows no 'selective' dolomitization.

The yellow and i^rey dolomites of Ticknall are very similar in

mineral«)i,Meal structure and ehemieal eonqxtsitinn to the massive

dolomites of the eastern iidiers, hut those at Tieknall are coarser in

«,M-ain and «|uite harren of fossils (see PI. X, tii^s. I & 2).

In all of these rocks tliere is a j^eneral ahsence of tlxjse features

which usually indicate that the dolomitization is due to the in-

riuence of waters of a |M)st-Carhoniferous date, and Held evidence

appears to supix)rt the view thut these dolomites are of the

kind descrilx-'d as ' contcm])ora neons ' hy some authors. They
occur in definite l>eds, do not pass laterally into unaltered lime-

stone, and their convei'sion into dolomite does not a]ipear to l)e due

to faultiuir.

The thinly-l)e(l(lcd red dolomites of Brecdou
and Brcc'chni Cloud.

Only in the up})crmost heds of Hreedon-on-the-Hill. and of

Hreedon Cloud is there evidence of dolomitization due to the

influence of the Trias.

The rock is pink or red, and the dolomitization isvariahle in any
particular stratum. Tlie amount of ha'uuitite sometimes exceeds

5 per cent. Mici-oscojiic .sections show relatively larice idio-

morphic crystals, with zonal inchisions of ha-matite, and having' an

almost clear outer zone (see PL X, fii^. 4).

The only or^nmic structures of common <tccurrence are erinoid

stems, which remain mostly in an undolomitized condition. Here we
note 'selective' dolomitiz.iition, in which the matrix is d<domitized

while echinoderm structures remain unaltered. In no ease have

I found selective dolomitization, in wliich the rhomholiedra have
ileveloped in ori^anic structures and not in the matrix, as is the case

in s<nne vein-d(»lomitvs of otljer localities. Ihit the eharai-teristic

zonal hsematite inclusions which are always j»resent, anil the |>;itchy

nature of the (h)lomitiz-ition, leave little douht that these n*d

«l(domit4's may he considered to \>r of ' suhse«juent ' oriirin.
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YII. Summary or CoxcLrsioxs.

In the district immediately north of the Leicestershire Coal-

field :—
1. There is a complete conformable sequence from the Carboni-

ferous Limestone to the Millstone Grit inclusive, although the

thickness of the beds of Pendleside aspect is small compared with
that of the same formation in other districts.

2. The base of the Carboniferous Limestone is not seen, but
borings have proved that it rests on pre-Cambrian rocks at Desford,

in the neighbourhood of Charnwood Forest.

3. The total thickness of Carboniferous Limestone seen is about

900 feet, all of it included in the DihiinopliyUum Zone, the sub-

zones recognizable being D^, D^, and possibly part of Dg.

4. Faunal characters indicate that the Carboniferous Limestone
belongs to the Midland Province, but that it more closely resembles

the non-typical development occurring in the south-western part

of the Main Area of that province. The development is not the

normal facies characteristic of the greater part of Derbyshire, and
the various inliers described in this paper must be regarded as a

south-eastern extension of the Caldon-Low facies so far as D^ is

concerned, and of the Waterhouses facies as regards the portion

above D^.

5. The normal limestones of the Midland Province are repre-

sented by dolomites due, probably, to shallow-water conditions of

deposit.

6. The great mass of dolomite is of contemporaneous origin,

only certain beds of a high horizon, D.^-D^, being dolomitized

subsequently.

YIII. Paljeoxtologtcal Xotes.

It was my intention originally to give a detailed account of

certain new species, chiefly of Caninia, Zaplirentis, and Syriitgo-

20ora, in connexion with the present paper ; but it will be better to

deal with the matter sepai-ately. A fcAv notes, however, are

added to explain one or two items occurring in the faunal lists.

The Ticknall exposures yield a variety of Zaphrentids which
include forms that resemble Zaplirentis oi/sfermo2(fhensis Yauglian,

found associated with Z. cnnisl'iUeni in beds of Dg-D., age in the

Gower district of the South- Western Province.^ In the Ticknall

specimens, the following characters indicate the similarity. The
calyx is deep. The fossula is on the concave side, and extends

more than half-Avay across the diameter of the coral. Great

variation in the length of the major septa is observable, and these

septa are strongly convex towards the fossular break. The tabulje

are strongly depressed in the middle. The above description refers

to adult specimens, which are usually about 4 cm. long. Although
the septa are thickened, this feature does not appear to be quite so

pronounced as in the Gower specimens.

^ E. E. L. Dixon, 'The Carboniferous Succession in Gower' Q. J. G. S.

vol. lxvii(1911) p. 5.53.
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CaNIMA cf. PATULA Miolu'liu. ( Fi- t ct IM. X, tii;. 0.)

Dr. Vauirlian distinguislit'd two forms of this si»t*c'ies in the

Cmunid zoiH' of the Carl)oniferoiis succession in tlie Mendij)

rci^i, ,n.i Tlie two forms (lescrihe<l are resi)ectivelv witlelv se})tate aiul

closely sejttate, the former heinu: the moreeommon. In both case>

minor sei)ta are undeveloi^ed, but the major se])tii extend throui^h

the /one of vesicles to the wall. The specimens obtained from

Tieknall closely resemble C. paiiihi Michelin in most points, but

there is a distinct di-velopment of short minor sej^ta. Dr. Vaui^^haii

considere<l the Tieknall mutation as beiui,' a late derivative of a

Fi},'. l.— ( aninia cf. patida MicJirlin. Xcfin-ftf size.

[8p«M'imi-ii t'ldiii wlii.li tlif transverse section sliown in Tl. X. ti^. 0.

lias been cut.]

widclv-septate jjatidid ('<nii iiin. The main features ot tliis lato

mutation are

:

The coml ra|)i<lly wiiU-ns. fn-inn-ntly attaining: a long^th of '. cn».. antl

the calyx iw very (hu'i). A hitriztmtal section iMit thrun^jh an aihilt

siKJcinien just below the calyx shows :
-

1. Tin* nuijnr septii contintu»us thron^j'h the wide vesicular zone.

2. The thicki'ninjr of the major septa.

' S. H. Reynolds A A. VauRhan. Fauna! .V; Lith<il(»gioal Sequence in th<

Carboniferous Limestone Series (Avonian) of Hurringrton Combe (Somerset)

Q. J. G. S. vol. livii (ll»ll) p. 375.

Q. .1. (i. S. No. 290. K



108 ME. L. M. PAESOXS 02^ THE CAEBOXIFEEOUS [vol. IxXlii,

3. A Avell-marked cardinal septum.
4. The development of short minor septa through the zone of

vesicles.

5. The tendency to form an inner wall consisting of arcs proceeding
from septum to septum.

A comparison of fig. 2 of the Burrington Combe paper with the

cross-section (PI. X. fig. 6 of tliis paper), Avill indicate the

similarit}^ between the fossulse and tabulie of the two types,—that

obtained from the Caiiinia horizon of the Mendip area and that

from the D,-D, beds of Ticknall.

DiPHVPHYLLUM, near coNCixxuM Lonsdale, large form.

A very large form of Dipht/jjhyllum, measuring 18 mm. across

the calyx, occm-s somewhat sparingly at Breedon Cloud. It is

usually obtained in an incomplete form, the central area being

absent ; but Mr. R. Wood has collected one or two specimens in

which the tabulae and discontinuous columella are preserved. It

is compound cylindrical usualh> though sometimes a polygonal

habit is developed. On account of this latter characteristic and
the absence of the central area, tliis species has previously been

assigned to Lonsdalia floriformis ; but, owing to the kindness

of Dr. Stanley Smith who examined the material, I am able to

state that no specimen of Lonsdalia occurs at Breedon Cloud.

The nearest Lithostrofion equivalent to this large form of

Dipliijphi/Jlum appears to be L. ctffine. Specmiens of Dipliy-

phyUum concinniim with polygonal habit also occur in the highest

beds on the western side of Breedon-on-the-Hill.

SXETXGOPOEA GIGAXTEA TllOmsOU.

A large Syrinc/opora^ the corallites of which are about 4 mm. in

diameter, has been found at Breedon Cloud. In its general

characters this species approximates to the large form described by
James Thomson in the Proceedings of the Glasgow Philosophical

Society.^ The species is of very rare occurrence in England,

and it is interesting to note that specimens have been found in

Dovedale in the south-western ])art of the Midland area.

IX. Note ox the Toxge Boeixg.

A boring made at Tonge in Leicestershire yielded results which
appear to indicate that

—

(1) The throAv of the Breedon Fault may be at least SOU feet

;

(2) The Keuper at that locality is about 279 feet thick
;

(3) The Millstone Grit was either poorly developed or much
eroded before the deposition of the Trias

;

(4) The ' Pendleside ' Shales died out somewhere between Tonge
and Breedon, so that the Millstone Grit is locally uncon-

formable upon the Cai'lioniferous Limestone.

> Vol. xiv (1883) p. 329.
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Tlio various strata ))a»(«l tlirouirli in tlie Ixtrin*; may he sum-

marized ]»rietly as follows :

Th icknegs in feet.

Red marlf* with veins i)f f.»-yi».sum = Keupor about 279

Grey sandstones — Millstone Grit about 9

Thin grey liuiewtones. with <lark i

shalen and thicker lime- = Carboniferous Limestone about 82

st<^»nes behjw.
*

Total «leptli of boring . 370

EXPLANATION OF PLATES VII-XL

Plate VIL

Exposures at Ticknall : the Caverns: 5 = dolomites; 4 = thinly-bedded lime-

st<mes with Proditrtns ; 3 = sandy stratum; 2= foraminiferal

dolomitic limest<me9 ; 1 — Encrinital limestones and shalea.

Plate VIIL

The main exi)osure at Ticknall ; o== yellow and grey dolomites ; 4, 3, 2 as in

PI. VIL

Plate IX.

The southern fault at Breedon Clond, showing thinly-be<ldod red dolomite

above thicker yellow dolomites with chert.

Plate X.

-'. 1. Ticknall dolomitic limestone ; calcite stained with Lembergs soluti(»n.

X 2.5 diameters. (See p. 90.)

2. Ticknall grey dolomite. Compare the degree of idiomorphism with

that of fig. ."). X 2.5 fliametcrs. (See p. 90.)

3. Organi*' limestone, Calke Park. Idiomorphic rhombohedni of dolomite

containing linKmitc. not arranged in any i)articular order. Note
the invasion of organic structures by the rhonibohedra of dtdomite.

X 20 diameters. (See p. 93.)

L Dolomite from the ujiper be<ls at Bree«l(m-on-the-Hill. Hiematite in-

cluf«i(ms arrangtMl zonally. clear outer margins. Dolomite of

Triassic origin, x 2.") iliameters. (See p. 105.)

'». Dense yellow dolomite. Breedcm Cloud. Finer grain than in the

Ticknall d<.lomite. X 2.") <liameters. (See p. 105.)

(i. Transverse section of Caninia rf. patuht Michelin. Natural size.

(See p. 107.)

Plate XL

< Geological map of the Ciirboniferous Limestone bor.lcring the Leicestershire

Cotilfield, on the pcale (»f 1 inch to the mile, .)r 1 : (53,360.

DistlssiON.

Mr. K. K. L. l)i\»»N. after eouLrratulatini; the Author and

remarkiiiix «»n tlie elosi' eonnexion of tlie Iieieestei*sliiiv Carhonife-

rotLs Limestone with tlie Derhyslnre and Wrekin devoli^pments a.s

agjiinst those found in South Wales and ('lee Hill, asked the

A\ith«>r on what t'videnee tlu- shali's hetween the hii^hest limestone

and the Millstone (irit were assi»^ned to the Pendlesi<le Series.

k2
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The latter are characterized by a detinite fauna, and probably occupy

a delinite position in the Carboniferous System. In view of the

fact that, outside the Leicestershire area, the top of the limestone is

of markedly different horizon in different places, even where it is

succeeded conformably by argillaceous strata or by beds of Millstone-

Grit facies, it is necessary that the term ' Pendleside Series ' should

be confined to beds containing its chamcteristic fauna, otherwise it

will become as meaningless as the term ' Millstone Grit.'

As to the origin of certain dolomites described in the paper, he
had found that the corals enclosed in Carboniferous limestones

afforded valuable criteria for judging whether dolomitization was
' contemporaneous ' or of later origin (the latter including that due
to Triassic infiltration). In ' contemporaneous ' dolomites the coral-

tissue resists dolomitization as compared with the matrix, whereas

in Carboniferous limestones dolomitized later the corals are altered

before the matrix. As the corals exhibited from Breedon were

dolomitized, in preference to their matrix, their alteration must be
of later age. Possibly the bulk of the rock was altered ' con-

temporaneously,' and the process extended, by percolating waters,

to the undolomitized organic remains at a later date.

The Chairman (Dr. A. Smith Woodward) referred to the re-

markable state of preservation of the teeth of Elasmobranch fishes

obtained from the shales at Ticknall by the late Edward Wilson,

F.G.S. They added much to our knowledge of these mre fossils.

Sir Henry Hoavorth and Prof. W. W. Watts also spoke.

The ArTHOR thanked the Fellows present for their kind

reception of his paper, and expressed his gratitude to Sir Henry
Howorth and Prof. Watts for their kind remarks. In reply to

Mr. Dixon, he drew attention to evidences of contemjDoraneous

dolomitization aff'orded by the bedded nature of the dolomites, the

non-existence of any lateral transition into normal limestones, and
the absence of any apparent connexion between faulting and dolo-

mitization. Fossils obtained from the greater part of the sequence

were completeh' converted into dolomite.

Although the shales lying between tlie Carbonifei'ous Limestone

and the Millstone Grit had not yielded a typical Pendleside fauna,

these beds had been designated ' Pendleside ' in the paper, in order

to compare their de\'elo])ment with that of the strata which occupy

a corresponding position in the Carboniferous sequence of Derby-
shire.
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I. Inthodlction.

The outcrop ot' C'arhonlFcrous Liincstoiic which is tlic subject of

tliis couununication extends from tlie valley of the Ewenny Kiver

al>out 8 miles east t>f Hrids^end ((xlaniori^an) to the valley of the

Fhiiw River at Kisca (Monmoutli), a distance of about IJ) miles

fi*om west-south-west to east-north-east.^ It lies on the south-

eastern marij^in of the Soutli Wales coal-l)asin, and l)elongs in its

western |M)i-tion to tlic northern limb of tlie CardifP-Cowbridije

inticline (see ma]), Hi^. 1, \i. 112).

Tlie area witliin wliich this outcro]) is eom])ri.sed was ma|>pe<l l>y

tlie otHcers of H..M. (leoloicu.al Survey (Dr. A. Strahan, Mr. H. H.
Tiddemaii, and .Mr. '!'. ('. Cantrill), in the course of the re-survey

of the Soutli Wales Coallield. aiul the results were emlxxlied in

the otlieial ma|)s and memoirs.' Tlie present ])a|)er supplements the

dest-riptioii of the Carboniferous Limestone Series ;jfiven in those

]iul)Heations, in the liijht of reet'iit researches on the Carboniferous

rocks of this country and MelLrium by the late l>r. .\. ^'auLJ:han

and others.

* Ah ropards the tiold-\V(trk upon which this paper Ih based, all that p«»rtion

»f the outcrop whirh lies west uf the river Taff has been investipitod by
Mr. l>ixey. and the i»ortion ea>t of the Taff by Prof. Sibly. In the absence
of Mr. Dixey on military service, the whole paper has been written bv Prof.

Sibly.
^ Newport sheet (N.S. 1-inch map 24J)) and 'The Country around New-

port" ISOO, 2nd ed. ll»o;); Canliff sheet (N.S. 1-inch map '2t;a) and 'The
Country around Cardiff' li»ii2. 2nil ed. 1012; Bridjrend sheet (N.S. 1-inch

map 2<'>1 \- 2(»2) and 'The Country around Bridgend' IJH>4. These Memoirs
will be referred to as the 'Newport Memoir,' the * Canliff Memoir.' and the
• lirid^-eiid Memoir,' respei'tively.
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Till' iiatiirc and siL^niitli-ancc of tin- liroad variations sliowii l)y

tlie ('arl)oniferous Liiin-stont' Scries in tlic extensive South Wales
outcrops liave been admirably defined by Dr. Stnihan in the follow-

iuLT word> :

' Thu Ciirhoiiiferous Limestone Series presented a successton of stages in

tlevelojunent. The fullest ilevelupnieut was exhibited in the southernmost
occurrences, as reyanled both the sequence and the thickness of zones.

A second stajjre, showLnj,'- an incfjmplete secjuence an<l considerable attenuation,

with in'lications of near-shore ori{,'-in. was presented along i>arts of the margin
of the fi»alHeld. Lastly, in the nortiierninnst occurrences, near Abergavenny
and at Pen-cerig-ciilcli. the series dwindled away to 100 feet or less, while in

Pembrokeshire it was wholly overstepped. The inference followed that the

coast-line ran through Pembrokeshire, and not far north of Al^ergavennj'.' ^

Within the comparatively small extent of outeroj> now under

consideration the Carboniferous Limestone Series undergoes a

remarkable chauii^e. Here, as in most parts of Soutli Wales, two
litholo|irical <livisions are reeo«j;ni'/ed : namely, the Lower Limestone
Shales and the Main Limestone. Xot only does the whole series

suffer a notable <liminiition of thickness when traced north-i-ast-

wards aloni; the outcrop, but simultaneously the Main Limestone
ehan*,^'s in character from a formation com])osed chielly of ordinary

crinoidal limestones and oolites into an almost uninterrupted

succession of dolomites,- Tlie elucidation of this i-hanij^e has been

the (d»je«'t of our investiij^ations.

Litth* zonal work had ])rece(b'd om- studies in the district. In

the east of the area Mr. K. E.L. Dixon, ^ who examined the out-

croj) for the ])urpo.se of eolleetini^ information for the second edition

of tlie NewjMtrt Memoir, reco^niized the eijuivalence of the Lowi'r

Limestone Shales to the Ciristnpnrn Zone, and noted the presence

of the Srmiiniltf Zone in the Taff valley. That ij^eoloij^ist further

attributed the ab.scnco of the DihiniophijUiiw Zone in the Taft

valley, and the apparent attenuation of the Sriii inula Zone farther

• •ast, to unconformable overstep by the Millstone (irit, a conclusion

which is conHrme<l by additional evidence adduced in this ])aper.

In tlie west of the district, a visit to the neiiijhbourhood of

Miskin and Llanharry in IDOJ) enal)led Prof. (>. Deh'ijinc t(>

recognize the ZajthreutiH, Cauini/t, Srminuhi, and DihuuophyJhnu
Zones in the Main Limestone of that area.^ Our own <d)servations

accord with those of Prof. l)»dej)ine, exce])t as reupards his identiti-

cation of the Dihinioi>hi/llinn Zone : the exposures near Llanharry

which \\v assii^ns to the subzones D, and D.^ are refern'd by us to

the Srnilimlfi Zone, 'j'ln' subzoiir D, is rej)rescnt«*d in s^round

' Q. J. (J. S. vol. Ixvii (llUl ) p. .'•(»7 (in discussiim of the paper by K. K. L.

l>ixon «fe A. Vaughan on 'The Carboniferous Succession in (tower').
' Newport Memoir, 2nd ed. p. U> ; and Bridgeml Memoir, p. «;.

' Newjxirt Memoir. 'Jnd ed. ji. 20.
* ' Not*' on th<« Faunal Successi«m in the (.'arboniferous Limesti>ne (.\vonian)

near Llantrisant Station in the Hriilgend area. Smith Wales ' iJeol. Mag. dec. .'>,

vol. viii (1010) pp. r>7 70.
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immecliatel}" north of that examined by Prof. Delepine near Llan-

hany, and also in the outcrop farther west ; but D., has not been

recognized anywhere within the district here described.

In our description and interpretation of the Hthological succes-

sion, we are glided very largely b}' Mr. Dixon's luminous researches

on the Carboniferous Limestone of Gower. The joint paper by
him and the late Dr. A. Vaughan, dealing with that arj^a, will be

referred to as the ' G-ower paper.' ^ Several lithological terms
applied by Mr. Dixon to special rock-ty^jes, and defined in the

Gower paper, will be employed.

It would be difficult to exaggerate our indebtedness to the

publications of the Geological Survey : to the maps,=^ for providing

an invaluable basis for our zonal mapping, and to the memoirs
for mueli information and guidance. We wish to express our

thanks to Dr. A. Strahan, Director of II.M. Geological Survey, for

permission to examine specimens in the Survey collection, and for

facilitating access to the original field-maps of the district.

II. Structuee iND Physical Features or the Outcrop.

On the east, the deep gorge through which the Ebbw River

escapes from the coalfield at Pisca marks one extremity of the area

dealt with in th"s paper. At that point the outcrop of the Carbon-

iferous Limestonj, followed from the Avest, has just swung into a

direction a little east of north, to persist in a much attenuated

form along the eastern margin of the coalfield. In the west, near

Puthin, St. Mary Hill, and Penlline,^ the Carboniferous Limestone
disappears beneath a cover of Keuper and Lias, to rea])])ear south

and west of Bridgend, and outside the area now under considera-

tion, in extensive outcro])s around St. Bride's Major and Porthcawl.

Tlie Main Limestone forms an escarpment ridge wliich, although

much more pronounced in the eastern than in the Avestern part of

the outcrop, remains well-developed as far west as Llansannor.

Three rivers flowing from the coalfield breach this ridge. Named
in order from east to west, these are : the PhA^mney, which breaks

through in a deep, narrow valley at Machen, only 2 miles distant

from the Ebbw Piver at Risca ; the Taff, which floAvs in a notably

steep-sided, narrow gorge (PI. XIII, fig. 1) between Taff's Well
and Tongwynlais ; and the Ely, which crosses the limestone in a

much wider, shallower valley at Miskin. Farther west, the river

Da wen rises on the limestone near Llanharry, and Hows south-

wards between Llansannor and Penlline to Cowbridge. These

rivers traverse the country with a complete disregard of geological

^ ' The Carboniferous Succession in Gower (Glamorganshire) " Q. J. G. S.

vol. Ixvii (1911) p. 477.
- Particularly the 6-inch maps with geological lines, published in the case

of all sheets which include outcrops of Coal Measures.
•^ The spelling adopted is that of the latest edition of the 1-inch Ordnance

Survey map.
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>tnu'tiirt',* s;ive f(»r tho proUibly significant fact that both the Taft'

and the Ely oross the Carboniferous Liniestune on lines of dip-

The liniest«»ne ridi^'e attains an altitude of more than DOU feet

between the Ebbw and the Hhynmey, althougli it is there no

more than a feature on the south-eastern slope of Mynydd Maehen
(PI. XII, tig. 8). Strongly developed all the way from the

Hhymney to the Taff, it rises above SOU feet in Cefn-(3n ( PI. XII,

MiTs. I iV: 2) and Cefn Carnau. West of the Taff, it remains

sharply dertned. witli a steej) scarp-face, through Garth Wood
f PI. XIII, tig. 2) as far as Pentyrch; but it dies down at Creigiau,

and in the outcrop west of that place never approaches its eastern

development.
* The striking development of the Main Limestone escarpment in

the eastern i)art of the district here described results from a remark-

able adjustment of minor drainage-lines to geologieal >trueture

in that ])art of the eoaUield margin. Tril)utaries of the Khynmey
and tlie Taff. selecting the outcrops (»f the less resistant binds, such

as the Lower Limestone Shale>, together with the topmost beds of

the Old Red Sandstone, and the shales which form the lower part

of the Millstone Grit, have entrenched themselves in strike-valleys

along those lines (see map. PI. XVI, and i)hotographs, PI. XII,

tigs. 1 Si 2). /Hetween the Ebbw valley and the Taff' valley, the

(piartz-coiii^lomenites which lie at the base of the Tpjier Series t»f

the Old Red Sandstone have determined a bold escarpment which

runs parallel to the limestone ridge. This is magnitieently deve-

lo])ed in Craig Lysfaen, Craig Llanishen, and Coed-y-\Venallt,

between the Khymney and the Taff". The most notable of the

strike-valleys mentioned above is Cwm Draethen ( PI. Xll, fig. 2),

which separates Craig Lysfaen and Craig Ku)>erra from the lime-

stone ri«lge on the north. In this valley the Draethen brook

(Xant-y-Draethen ), rising on the dip-slope of Craig Lysfatn,

f(dlows the b«nmdary of the Old Red Sandstone and the Lower
Limestone Shales for about 8 miles, in its rapid descent to the

Rhymney at Draethen. In the upper part of Cwm Dr.iethen, as

in several other portions of the outci-op, the valley is relii'ved by a

low ridge formed by a group of limesti»nes in the Lower Limest<»ne

Shales. This feature, illustnited in PI. XII, figs. 1 i^ 2, is further

• leseribed on pp. 125 2(5.

Within the Main Limestone itself, variations of lithology ai-e

often clearly exj)ressed in the suH'ace relief. This is }»articularly

the case in the «>utcrop east of the Taff valley, where less ri'sistant

bands in thr Main Limestone are fre<|uently marke<l by dejires-

sions. For »'xampK', a well-detint-d dry valley east of Riulry marks
a group of dolomite-mudstones and shales in the middle ttf the

Main Limestone; and on th(.' eastern side of the Rhymney valley

the lithological differenci' betwi'cn tlu- lower half of the Main

' A. Stmhan. On the Orijrin <>f thf Kivfr-Systt-m nf South WuIch. .v its

Connexion with that of the Severn it the ThameH ' (.^ J. (t. S. vol. Iviii (lJ>i»2)

!.. 207.
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Limestone, consisting of hard crystalline dolomites, and the upper
half, composed mainly of dolomite-mudstone, is clearly reflected in

the form of the gromid (PI. XII, fig. 3).

The prevalent northerly to north-westerh^ dip of the strata is

seldom interrupted. At Machen, however, a sharp roll brings up
an inlier of Old Red Sandstone, and at Tongwynlais anticlinal and
synclinal rolling of the Lower Limestone Shales results from a

similar disturbance. North of Ystradowen, another anticline in-

volves the Lower Limestone Shales and the lower beds of the Main
Limestone : this is one of several minor folds developed in the

westward-pitching ' nose ' of the Cardift'-Cowbridge anticline. On
Mr. T. C. Cantrill's interpretation of the structure,^ the main axis

of the Cardift'-Cowbridge anticline coincides with the faulted anti-

cline of Penlline, and thence passes eastwards a little to the south

of Llansannor, thus traversing the south-western corner of the

area described in this paper.

Faulting of the Carboniferous Limestone is practically confined

to dip-faults, which belong to the well-marked north-north-westerly

fault-system 2 of the coalfleld. These vary from small local frac-

tures to displacements of considerable magnitude, the largest being

the Taff^s-Well Fault, the Creigiau Fault, and the Mislan Fault.

Both the Taff's-Well Fault, which is regarded by Dr. Strahan as a

continuation of the Darenddu Fault of the coalfield,-^ and the

Creigiau Fault, which involves the Keuper, Khietic, and Li;is,^ are

attended by much shattering of the Carboniferous Limestone.

In the area east of the Taff valley, no vestige of Mesozoic

deposits remains on the Carboniferous Limestone, and the outcrop

of the latter is almost wholl}' free from Glacial drift. West of

the Taff the case is A'ery different : a cover of Trias and Lias

conceals a large part of the Carboniferous Limestone Series imme-
diately west of the Creigiau Fault, and the Keuper oversteps the

northern limit of the Main Limestone almost continuously in the

ground west of Brofiscin. Grlacial drift is widespread : it conceals

the Lower Limestone Shales effectually over large tracts, and
covers a great part of the Main Limestone Avest of the Ely valley.

III. Note ox the Dolomitizatiox.

Dolomites bulk very largely in the Carboniferous Limestone of

this district, and in the area east of the Taff valley they com-
pose the Main Limestone almost to the exclusion of non-dolomitic

limestones. Both contemporaneous dolomites and vein-dolomites

(subsequent dolomites) are developed extensively, but the former

in much larger amount than the latter.-^

^ Bridgend Memoir, i^p. 7-8, with sketch-map (fig. 1, p. 8).

- Newport Memoir. 2nd ed. p. 4. ^ Ibid. pp. 25, 71.
* Cardiff Memoir. 2nd ed. pp. 47, 72.
'" Methods of distinguishing contemporaneous and subsequent dolomitization

are discussed hj Mr. E. E. L. Dixon, in ' The Country around Swansea ' Mem.
Geol. Siirv. 1907,[pp. 13 20 & pis. i-ii.
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Mr. K. K. L. Dixoii pointed out the eonteiiiporaneou.^ orij^in of

most of the dolomitizatioii in the outcrop comprised in the Nc\vjx)rt

miip, wliicli inckides tlic eastern part of our area, and we cannot

do better than quote his words :

—

• From the fact that the dolomite is comparable \vitli that of Gower, and
persists as such for upwai'ds of 15 miles, it may be inferred that much of the

dolomitizatioii was '•contemporaneous ' rather than the result of subsequent
alteration along- veins or faults. That the rocks were at first calcitic is shown
by their containiiif,'- crinoidal remains, and the expression *• contemporaneous

""

is intendetl as implying- dolomitizatioii while they were still under the influence

of the Carboniferous Limestone sea. One of the bands, however, in the

argillaceous g-roup was examined under the microscope, and found to have
been a dolomite-mud, such as might have been derived from the detrition of

dolomites.' ^

Vein-doh)niitization, due to a much hiter metasomatism, is

widespread, bein^ particularly well develojjcd, for example, in the

Seiiiiiiula Oolite of Creigiau and the Tafl" valley. Its great

development in the localities mentioned may be attributed to free

circulation of magnesian waters in highly-tissured limestones

adjacent to large faults, but elsewhere it appears to have resulted

chieHy from diffuse })ermeati()n.

Inasnuich as contemjioraneous dolomitization was induced by

conditions which accompanied the deposition of the Carboniferous

Limestone, whereas the distribution of vein-dolomitization l>ears

no relation to those conditions, we have attempted a systematic

di.scriniination ; and the nature of the dolomitization as inferred

by us is expressed by means of conventional signs in the sections

illustrating this j)aper. Discrimination is often uncertiiin, how-
ever, and no uniform accuracy is claimed. ^Moreover, it is pro-

bable that many cases occur in which limestones partly alteretl by

contem))oraneous dolomitization wen- fuHluM- nlTt'cted by vein-

dolonutization at a later date.

IV. (Ik.nkhai, Ac'corNT or ini; Si tckssion and iis

Later A I, N'aiha iion.

The Lower Limestone Shales rest conformably U])on the Tppt r

C)ld lied Sandstone. The Main Limestone is succeeded uncon-

formably by the Millstone (irit, the base of the latter formation

overstepping from higher to lower horizons in the Main Limestone
when traced north-eastwards along tlu* outcrop. In genend, shales

form tlie lower niend)er of the Millstone (Jrit; but locally, in the

east of the district, a (piartz-eonglonierate is develoiu'il at the bast*

of that formation.

The vertical sections i tiu". L'. p. II!)) illustrate the genenil lithology.

' Newport Mi'inoir. 2nd ed. pji. !'.» 'Jo. Spct-imeu V.IVIW in the collection

of the Cteologieal Survey represents the baml mentioned in tiie last sentence

quoted. It is t«) rocks of tliis type, largely developeil in tlie secpience oast of

tile Taff. that the term dolomi te - ni nds t i>ne is iipplied in tliis j>aper.
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as well as tlio zonal convlatioii, of tlic Mu-cfssion at several j»oiiits

alonir the outrrop. The aeeoiiipanyiiiL,^ taMe (p. US), which

Fiir. 2.

1—

r

VERTICAL SECTIONS of the CARBONIFEROUS LIMESTONE SERIES

on the

SULTll HASTERN MARGIN of the SOUTH WALES COALFIELD.

D by

Frank Dixcy A T.Franklin Sibly.

Note.-The numbers used in the Miskin

secticn are those employed in

the description of the beds in the

I
text.

piT.'^m

s,

c,

z

MACHEN

;,' CEFN-ON
I

I
1,11 OoliUc structure

RUTHIN A
LLANSANNOR

TAFFS WELL
A;

TONr.\A'VNM A!S

siuiimari/es the seqiieiiee in tlie western jKirt of the area, where

the development of the Avoniaii is most nearly complete, em-
bodies the essential features of the Hnthin and Miskin sections of
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At till- Wfstcrn »'n<l nf tlic district li.-iv (l«'alt with, annuid

l{utliiii. l\'nlliiu*, ami Llansannor, i\\v total thifUness of the C'ar-

hoiiifi'ious Limestone Serit-s probaldy apin'oxiiuatos to 27'iO fivt,

made uy a> follows :

U (D, and (r) D., in part

S- ""'"
^Miiin Liiin-sione.

c,+s,
c; ..

j^

^

(rj^oO Lower Limestone Shal.

Total .i7r)0

The thickness here assigned to K is conjectural. The otlier

lii,'nres may be regarded us fair approximations. A cover (.f Trias

conceals the junction of the Main Limestone with the Millstone

Orit. I) has n(>t been ree»)gni/ed, and, if rejjresented, it is most

probably incomplete. The Lower Limestone Shales, in so far as

thev are exposed, jnvsent a normal facies of limestones and shales.

The Main Limestone is com])osed essentially of undolomiti/ed

crinoidal limestones and oolites, with a standard fauna. The

upper ijjirt of S,, however, shows the lagoon-phase dejiosits which

are so characteristic of that horizon ^ over most of the South-

western Province; and eontem])or.ineous (lolomitizati«»n of the

limestone is imj)ortant at two levels: (I i in Z, and (2) in ('-the

Lfiminoau Dolomite. A Mfnlio1n i)hase at the base of C..«letected

at Miskin, about 1- miles away to the ea>t, may be )»resent. but has

not bt-en ])roved.

At the north-eastern extremity of the area liere described, that

is, in the Kbbw valley at Hisea, the total thickness is reduced to

about S(X) feet, made u)* as follows :

C.-I-Si]
/•''•''.

C* L C)?.") Main Liniestone.

z' J

j(
\'l't Lower LiniGHtone Shales,

Total ^"'"

There the Main Limestone is almost wholly d<.lomitii-. It- lower

iM)rtion, alwrnt 1(K) feet thick, consists entirely of crystalline <lolo-

mites representing,' contemporane<»usly-alteri'd standard limestones,

in which occasional erinoi<l-ossicles are pnictically the only

stirvivini; fossils. Its upper jjortion. about ^T') feet thick, is

composi'd almost wholly of dolomite-mudstones with intercalated

bands of crvstalline dolomite. b\it includes a very small thickness

of calcitic oolite and calcite-mudst«»ne near the summit. In this

u|)per iM»rtion, the d(domitie beds are barn-n, but the calcitic betls

e<»ntain ostnic«)ds and foniminifeni : this is essentially a thick

Moilinlii phase. eharaeteri/e(l by a i,Mvat develoi>ment of dolomite-

' K. E. L. hiv.n (H.w.T |.a|MT. |.. .M L
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mudstoiie, which ranges from some level in C^ up into S^, The
Lower Limestone Shales of the Ebbw valley, on the other hand,

are miaffeeted by contemporaneous dolomitization, and present a

normal, fossiliferous character.

Between the Ewenu}^ valley and the Ebbw valley, therefore, the

D ibuuop J/i/ 1 1 II iii^ Beds and the Main SeminuJa Zone are cut out by
overstep of the Millstone Grrit; while the surviving members of the

Main Limestone suffer much attenuation, and change from a mainly
non-dolomitic series of standard limestones into an almost un-

broken succession of crystalline dolomites and dolomite-mudstones.

The Lower Limestone Shales, though also suffering attenuation,,

maintain their character substantially unaltered.

In the western part of the district, a well-detined series of zonal

divisions in the Main Limestone can be traced as fai- east as the

neighbourhood of the Creigiau Fault. But contempomneous dolo-

mitization increases rapidly in its vertical extent as we proceed

eastwards, and obliterates part of this zonal succession in the out-

crop between the Creigiau Fault and the river Taft', In the Taff

valley, contem.poraneous dolomitization has affected almost the

whole of the Main Limestone up to, and including, the basal beds-

of S., : but the bulk of S.^ has escaped alteration, except for localized

vein-dolomitization. East of the Taff valley the greater part

of S., is soon cut out by overstep. The surviving members of the

Main Limestone remain almost w^holly dolomitic ; but in C.,,

and again at the base of S.„ the formation of dolomite has been

partly due to vein-dolomitization, Dolomitization and the develop-

ment of J/of//o7r^-phase deposits obliterate the faunal succession so

largely that only two zonal horizons can be traced in the Main
Limestone east of the Taff : these are (1) Z^, Avhich can be recog-

nized at a few localities, and (2) the base of S.,, a well-marked

horizon which can be traced as far as the Rhymney valle}^, where

it is overstepped by the Millstone Grit. The il/o^/Zo/rc-phase

deposits, essentially dolomite-mudstones with subordinate calcite-

mudstones. become conspicuous in the upper part of the Main
Limestone a little east of the Taff. and increase in a north-easterly

direction until, in the ground between the Rhynmey and the Ebbw,
they form nearly half of the Main Limestone as there developed.^.

Attenuation of the strata.—Marked attenuation in a

north-easterly direction from the Taff valley is shown by tlie

Lower Limestone Shales and those divisions of the Main Limestone
which persist. As regards the Lower Limestone Shales, estimates

of thickness west of the Taff are of little value, owing to the

prevalence of drift ; but a great reduction of thickness north-east-

wards from the Taff valley, from about 260 feet at Tongwynlais to

^ These constitute an argillaceous group which, as stated in the Newport
Memoir .(2nd ed. p. 20) ' appears atEisca and runs thence south-westwards . , ,

.'

It is in consequence of unconformable retrogression of the Millstone Grit, as

the Carboniferous Limestone is traced from the north-east, that the beds in

question make their appearance in the Ebbw valley at Risca,
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12') feut at Kisca. is indisjjutaltlc. In tlu* Main Liiuestont', accoiiiil

L-au <tnly be talu-n of the sequence, Z to S^, as a whole, because an

accurate delimitation of (', and C^ is only possible in the nei^h-

lK)urhood ot Miskin : elsewhere west of the Taff, and in the almost

i)anvn dolomitie series east of the Taif, the C, C. b(»undarv can

only be sketched. The thickness of the series. Z to S^, estimateil

at iX'iO feet near Miskin. probably increases south-west of that

|»lace. Eastwards from Miskin it increases to at least 1250 feet in

tlie Taff valley, owinij to expansion of the C,^-|-S, beds. Kast of

the Taff, however, where the outcrop of the strata is tren<linii^ north-

eastwards, it diminishes to S.jO feet on Cefn-On, and to between
(350 and 700 feet near Machen.

Overstep of the M illstone U rit.—Overstep is very gradual

aloni,' most of the tiutcro}>, but it becomes raj)id at those i)oints

where tlie zones of the Carboniferous Limestone swing north-east-

wards,* namely: (I) in the ground west of the Ely, (2j immediately

east of the TafF, and (H) immediately cast of the Khymney.
In the area west of tlie Creigiau Fault, the junction of Carbon-

iferous Limestone and Millstone Grit is everywhere concealed,

either by Keuper or by Glacial deposits. But the rate of overstep

is undoubtedly rapid in the ground west of the Ely, and slow

ca.st of that river. At Ruthin, the JJ/bun(}j>//^//ifm-Ucds have a

thickness of at least GOO feet ; l)ut near lirynsaddler, 4 miles away
to the east, the position of the Millstone-Grit boundary, deduced

from Mr. S. Vivian's section of the Trecastle iron-mine,- indicates

that oidy about 100 feet of the Dibunophi/Uum Zone survives.

( )n the other hand, overstej) does not progress much below the basr

of 1) in the distance of (5 miles between Hrvnsaddler and the

TafF valley.

East of the Taff valley the base of the Millstone (Jrit can. as

a rule, be traced with considerable accuracy. No actual junction

with the Carboniferous Jjimestone is, however, exposed."^ Rapid
overstep cuts o»it at least liOO feet of the S^ beds in a distance of

little more than a mile north-east of the Taff valley, and another

sharp tmnsgression takes place immediately east of thq Khymney.
This latter transgression, which carries the Millstone Grit across

the base of S^ and far down into the underlying beds, pi*obably

into C,, coincides with the development of a thick lenticle of

('luartz-conglomerate at the base of the Millstone Grit. It leads

to the maximum overstej) of the Millstone Grit within

the district here dealt with, ^ta i)oint midway l>etween the Rhymney

' The Hignificant treinl is. of courKo, that of the base and zonen of the

CarbonifiTotis LiinoHtoni,'. Inasunurh as ovurntop is cauHiiiK' nipiil attenu-

ation of the oiiteroj) of the Carboniferous LimeHtone at these very points, the

trend of tliat outcrop as a whole has no siguificanee in this e«)iuiexion.

- Trails. S. Wiilfs Inst. Kng. vol. xiv, No. 3 (1885) pi. xx\\. Roprinluced in

the Hridgrnd Menioir. fig. 11. p. 109.
•* The junction formerly exposed in a railway-cutting on the western side

of the Ebbw valley (Xewi)ort Memoir, 2nd ed. p. 21) iu now concealed.

Q. J.G.S. No. 21 M) L
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and the Ebbw rivers. Noi'thwards from that point, towards Kisca,

the quartz-conglomerate dies out, and simultaneously the base of

the Millstone Grit retrogresses, uncovering the C^+ S^ beds on the

western side of the Ebbw valley, but not recrossing the base of S.^.

The retrogression is, however, merely a local incident. Immediately

north of the Ebbw river, just outside the limit of the area here

described, the Millstone Grrit resumes its overstep on to lower beds

in the Main Limestone.

V. Detailed Descriptiox of the Successiox.

Note in regard to localities. — Important localities

throughout the district have been indicated upon our copies of the

6-inch Ordnance Survey maps by symbols or locality-numbers,

as, for example, A 1, A 2. The complete descriptive symbol for any
locality therefore consists of the number of the appropriate 6-inch

sheet (Grlamorgan or Monmouth), followed by the locality-number
;

for example : Grlam. 36 SWA 4 designates locality 4 in the 6-inch

sheet Glamorgan 36 SW. These descriptive symbols are quoted in

this section of the paper, and a majority of them are marked upon

the maps (Pis. XV & XVI) which illustrate the paper.

(A) Lower Limestone Shales.

As compared with members of the Main Limestone, the beds

constituting the Lower Limestone Shales suffer little change of

character wdien traced through the district here dealt with. The
only notable variation is an increasing development of shale in

proportion to limestone in the lower beds, when followed from east

to west. But the strata undergo a stead}^ expansion in thickness

south-westwards from the Ebbw valle}" to the Taff valley, and the

expansion is apparently maintained along their outcrop west of the

Taff. Between Kisca and Tongwynlais, the thickness of the Lower
Limestone Shales increases from about 125 to 260 feet ; near

Miskin it probably exceeds 300 feet, although a partial masking
of the beds by Glacial gravel renders this estimate uncertain

;

farther west, the drift-cover prevents any determination of

thickness.

No section in the district here described exposes the junction of

the Lower Limestone Shales with the Old Red Sandstone, although*

a band of calcareous grit which is the lowest bed exposed in a

sti'eam-section below Coed-y-Moch^ai, m the Ebbw valley, marks
the approximate, if not the precise, base of the Carboniferous

(fig. 5, p. 127). But there is no reason to doubt the conformable

relation of the two formatiq^is.

East of the Taff, the characters of the Lower Limestone Shales

are well displa3^ed in fairW numerous sections ; west of the Taff,

the beds are extensively covered by drift, and exposures are less

satisfactory. The development east of the Taff is, therefore,

described first.
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Kast of tlie Taff.

A twofold division of tlio Lower Liiiu'stoiie Shales, un lithological

irrounds, was estaMisliod by Dr. A. Stralian in this outcrop, and
represented uj)on tlu' ( i(M(l(io^ifal Survey inaj)J Our own oliscrva-

tions lead us to reeo;4;nizi' three divisions.

Lower Limeetone Shales between the Ebbw and the Taff.

Geological Sikvey. Present Classification-.

hales with thin bands
and nodules of linie-

citone.

in( tidal limestono,

often oolitic.

Lower Limestone.)

'.i. shales witii tliui

limestones.

50 to 100 feet.

K ,. Subzoiie nt >itinj'u-in(i

orfopliratu (J. de C. Sow-
erby) mut. /3 Yaughan.

2. Crinoidal limestone

and oolite,

to to 100 feet

K, or K_.

1. Limestones and
shales.

30 to (r) 60 feet.

Kj.—Snbzone of Productxii>\

bdissiis Vanghan.

Our lower division (1) consists mainly of limestone in the Ebbw
valley, but includes almost as much shale as limestone in the

TafF valley. A })artial establishment of J/o^//V;/r/-phase conditions

is indicated by several features of this lower <^roup, namely,

seams of caleite-mudstone with Srrpiihi. limest^incs of o-ty|)e,- an<l

limestones with a mixed fauna of erinoids, brachiopods, ostracods,

and thin-shelled lamellibrauehs.

The famias of om- lower and u]>per divisions (I v'c ^i) wan-ant

the refen-nee of these two i^roups to K, and K,^, respectively, but

the scanty faima of the middle i,n'(»u|) of limestones (2 ) affords

no i^rounds for correlation with one sub/one rather than the other.

It is interestiuiJ: to nt»te. in this connexion, that both in (Jower

and in I\Mnbrokeshire a band of oolitic limestone att'onls the be.st

Inmndary K'twecn K, and K^.-^

Along much of the outcrop between the Kbbw and the Taff the

miequal resistance to denu<lation of thr limestones forming the

Miiddl*' division of the Lower Limestone Shales, and the shales of

the u]>per division, is strikingly ex]>resscd in the surface relief.

The limestones give rise to a l(»w escarpment-ridgc, sejKirated from

Newport Memoir. 2nd e<l. p. 19. and New|)ort sheet.

• That is. limestones oonsistinjr essentially of erinoid-ossieles and bryoztw,

broken and nmnded by roljinfr. reddened with Inematite. and eemented by
elear gnmular ealeite. On the character and significance of such limestones,

nee E. E. L. Dixon. Gowcr paper, p. 515.
' ?]. E. L. Dixcm. Gower paper, pp. 197-98, an<l 'The Country around

Haverfonlwest ' Mem. <{eol. Surv. 1914. pp. \'.\'t 'M

.

1 o
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the dommating escarpment of the Main Limestone by a narrow,

level or gently sloping, grassy platform which marks the outcrop

of the shales. This characteristic landscape featm-e is well marked
on the eastern side of the Ehymney yalley, where the ruins of

Castell Meredydd stand on the limestone-scarp, and it is con-

spicuously developed almost Avithout interruption from the upper

part of Cwm Draethen westwards to the valley between Craig

Llanishen and Cefn Carnau (see photographs, PI. XII, and section,

tig. 4, p. 120). Xear Rhubina and Tongwynlais it is again well

marked, and at the entrance to the gorge of the Talf the limestone-

scarp affords a commanding site for Castell Coch. In two localities,

south of Cefn-On Farm and north of Craig Llanishen, respectively,

a clean-cut displacement of the features, the result of dip-faulting,

is admirably shown.

1. Limestones and shales.—K^. Lower part of the Lower
Limestone of the Geological Survey.

Greneral lithology.—In the Ebbw valley, thinly-bedded lime-

stones of varied character, usually crinoidal and shelly, often

ostracodal, and sometimes gritty, with subordinate shales. In the

Taff valley, the development of shale is little inferior to that of

limestone. Ha?matitic limestones of u-type, precisely similar to

the Bryozoa-Bed of the Avon section, occur in the lower part of

the group.

Thickness.—About 30 feet in the Ebbw valley, increasing to

oO or 60 feet in the Taff valley.

Fauna:

Corals and brachiopods:

—

Cleistopora cf. geornefrica Edwards & ScliellicieneUa cf. crenistria (PhUhjp^).

Hainie. Orthis michelini L'Eveille.

Camarofcecliia ynitcheldeanensis

Prochictns bassiis Vauglian. Yaughan.
Chonetes cf. hardrensis Phillip?;. Spirifer dathratns M'Coy.
Chonetes stoddarti Vaughan. Syringotliyris cf. ciispidata (Martin).

Leptxna analoga (Phillips). Eiimetria carhonaria (Davidson).

Bryozoa:

—

Rhabdomeson. Fenestella. Lamellibranchs :

—

Modiola (?) sp.

Gasteropods :—Capulids {Ortlionycliia sp.. Platycems sp.) and small turreted

forms. Ostracods. Pishes :

—

Psephodus sp.

Good exposures of the beds of this division are found only at the

extremities of the outcrop now under consideration.

On the Avestern side of the Ebbw A'alley, above Pont-y-Mister,

the stream which descends from Coed-y-Mochyn exposes, at a Uttle

watei-fall and in the cascades and banks below it, the section

illustrated by fig. 5 (p. 127). Some 250 yards north of this sti-eam-

section, a small disused quarry (Mon. 28 SW AS) affords a second

exposure of the same beds, including the calcareous grit at the base,

but the section is much grassed over. No shale-bands appear to

be developed, and no limestone of a-type has been detected. Some
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tliinly-l>tHUU'J liiiiostoiu's in the lower part of tlio sirtion show seams
of smooth calcit<.'-miulstoiu' interbandeil witli hi vers of hi*^lilv

oolitic limestone: the oolitie hands are ostracodal and slii^htly

gritty, and contain Srrpuin and aly^al structures.

Fig. 5.

—

Sf'cftoif of the loircr jKirf of the Loiccr Liuirstonr Shales.

stream helviv Coed-i/- Mochi/ii, irestent side nf the Khhir
rallej/, altore Pont-i/- Mister (Mnn. 'J8 SW \ 1) . (Vertical
scale : 1 inrh = li) feet.)
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Grey, urinoidal limi-stont', slightly oolitic and jjritty

f Ciiiiutrofachiii uiitcheldeaneittis and SchtUwienell i

vi. crcnmtriii altimihinf. Os.tracod-'. Hhabdoineson.

Fin«'-grHiiu'd. gritty liim'>toni'. OstravodH and Moili-

o/a-likf lamellibranehs abundant. A littlr crinoid-

debris.

Crinoidal limestono witli *o:ni' -hale. In part tin.

praincd, gritty inuu-h d« raliill«-d ).

(Tit-y, crinoidal and slu-ily linustont-, with a haaal

layer (np t>i»i inchi-* in thit>kn«'«H) of hipniatitic* linu-

»tonf of «-tv|><'. Till- a-linii-t<tont> (a * hryozoa-bi-d
'

with abnn.lant Kkiihdo»ip^o,\) pagci's laterally into

({fey linn-Hlone : both end')-*!- lu-bblcs of falcitt—

nindstoni- containing Srffniln. Ciuinrolaechut

i,ii(cheldeaiiein>i.s, SchelhrieneUn rf. crrniafria,

Lffitttixi iinalo'jn, abundant. Productun /ni^Mut,

Chointit ef. kurdrensii, Sprt/rr cfulhrutiu.

Lmi»'-.t«ni<'9 and shali-u (poorly fXpoa<Hi]. One band

oflinieHtone tthoWH neams of light-grey csUit -mud-

utom- and dark-gn-y, oolitic, ONtraoodal limestone.

Caleareoufl grit : grey grit, hit'hlv calf,»r«'OUH. miift-

eeotiK, and slightly felHimt hie. ('nf..Msiliferon!*.

At Tongwynlais, iii tlic TafT valley, an excavation on the hill-

Mth- 2()() vards east-north-iast of the church exposes hrds near the

has*' «)f tlie grou]), while a cutting on the (ardiff Hailway, at the

nortlu'rn end of the village, traverses the upper heds and exposes

tlu'ir jinietion witli tlw overlyiiii; ei-inoidal limotones.
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The hillside excavation (Grlam. 37 SW X3), in the southern

limb o£ the Tons^wynlais syncline, yields the foUowino; section :

—

2. Green-grey shales : upper part ^\T.th many thin layers of fine-grained,

highly gritty limestone yielding ostracods and brachiopods. The limestone-

layers extensively decalcified to a fine, ferruginous sand
to top of section 6 feet.

1. Crinoidal limestones : grey limestones ; but at the top, a band of

li^ematitic limestone of a-tj-pe, up to 10 inches in thickness, and at the base,

limestone of the same t^^pe, with partings of green shale, seen for 2 feet.

Abundant brachiopods (Prochictus hassus, Chonetes cf. liardrensis, Leptx)ia

analoga, Camarotoechia mitcheldeanensis, etc.) ... to base of section 12 feet.

The railway-cutting (Glam. 37 SW A.4) lies in the northern

limb of the syncline. It extends southwards from Castell-Coch

Tunnel, and traverses a considerable portion of the Lower Lime-
stone Shales. For the most part it lies in the middle group of

crinoidal limestone and oolite, but at the northern end it exposes

the underlying limestones and shales to a thickness of about

20 feet. These latter beds are highly fossiliferous, _yielding all

the types of our faunal list, above. Chonetes cf. liardrensis teems
in many bands of limestone. Froductiis hassus is abundant,

Chonetes stoddarti rare. Cleistopora cf. geometrica occurs in

the shah" cappings of some limestone-bands. The strata comprise

limestones and shales interbanded in lenticular fashion, and a

considerable development of argillaceous limestone. The shales,

grey to black, calcareous and micaceous, occasionally contain

numerous ostracods or Fenestella. with a few lamellibranchs or

small Chonetes. The limestones are predominantly dark-grev

shelly rocks, with an abundance of brachiopods and ostracods,

though seldom conspicuously crinoidal. But this shellj type of

limestone is intimately interbanded with very fine-grained, poorly

fossiliferous limestone, sometimes smooth and splintery, sometimes
laminated and gritty.

These sections in the Taff valley exhibit a development of shale

equal or nearly equal in amount to limestone, a considerable

change from the character of the group in the Ebbw valley.

Limestone of a-type is also developed in larger amount, but

evidently at the same horizon. In the neighbourhood of Ton-
gwynlais, moreover, the limestones of a-type have undergone some
secondary enrichment in hiematite, and this has led to more than

one trial of the beds for iron-ore. Excellent specimens for the

study of these rocks may be obtained, either from the excavation

at Tongwynlais (Grlam. 37SWX3) described above, or from the

spoil-heap of an old level north of Khubina (Grlam. 37SWX11),
mentioned in the Gleological Surve}" memoir.^ Specimens E 246->

& E 2166 of the Geological Survey collection were obtained from
the latter locality. E 2465, illustrated by a microphotograph
in Plate, hg. 1, of the memoir, possesses a matrix of clear,

gi-anular calcite. comparatively free from hsematite : in E 2166, on

the other hand, the matrix has suffered much ferritieation. In

^ Newport Memoir, 2nd ed. p. 24.
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tlie Uhul)ina sixMl-heap, as in the stream-section in the Ebbw
\allev (Mon. 2s SW\l), tlie ci-liniestone often encloses pebbles of

caleiti'-nimlstone (containini^^ St-rpiila) formed bv the churninjij^-ui)

of c()ntemj)ontnrous ilr])()sits, an iiulication of current-ac-tit)n that is

in keepinir with the rolled (diaracter of the organic remains.

2. Crinoidal limestone and oolite—K, or K,. Up}X'r

and major j>art of the Lower Limestone of the Geological Survev.

General lit ho logy.—Xon-oolitic or slightly-oolitic crinoidal

limestone, and oolite which is, as a rule, crinoidal. In the east

(Ebbw valley), the development of oolite is subordinate and

a])parently s|Hjradic : in the west (Tatt* valley) oolite forms the

upj)er an<l larger part of the group. Dolomitization is frecpifut,

Mud (for the greater pju-t) evidently a subsequent feature.

Thickness.—Between 40 and oU feet on the western side of

i lie Ebbw valley: increasing south-westwards, to UK) feet or more

in the Taff valley at Tongwyidais.

Fauna.— Brachio|M)ds are seMom abundant; the chief forms

will be noted in the description of e.\i)osures. Fcm'sU-Ua and

Uhnlnhnneaon are occasionally connnon. Ostracods occur in oolitic

bands at the base of the grouj) in some localities.

In the Ebbw valley, the stream-st-ction below Coed-y-Mochyn
(Mon. 2S SW \1) ex])oses about 12 feet of limestone at the base

of the u:rou]) (fig. o, ]). 127j. The rock is richly crinoidal and

shelly, and contains Camarotccrhin mitchfltlcanfuxia in abundance:

in thin section, it jiroves to be slightly oolitic, with a few (juartz-

grains and occasional ostracods luuX lihafHlonirson. On the hillside

oO yards to the north, an old (piarry (Mon. 2SSW\2) gives an

almost complete section of the division. The lowest beds expose<l

are those of the stream-section, here yielding Leptcpiut analofjn

and Schclhrirnclht cf. rrrn/sfria in abundance, together with

Si/rimiofhi/rix cf. cuspidatn, Fmrstflla, and the tisli-t^toth Drl-

((hIiik (fihhini. For the rest, the beds are crinoidal, occasionally

oolitic limeston«'s, generally showing conspicuous current-hnni nation,

and extensively vein-dolomiti/ed. About W'M) yards farther north,

a small excavation on the hillside above Dan-y-Gniig Brickworks

MOWS a white oolite which lies near the to]) of the group.

On the eastern side of the Hhynmey valley north cd' Maelien.

i;i>od exposures are afforded by the crags and old workings along

the st-arp wiiieh extends east and west of Castell Meivdytld. Here
the limestones have suffered very extensive dolomitization, but th**

pre<loniinanee of crinoidal rock, ctirivnt-lanniiated in some beds,

and the development of oolite-bands, are clearly .seen.

Westwanls from the Uhymney valley, to the neighbourhood of

Khubina. the l>eds are seldom well exposed, although often con-

sj>icuous in their ettect u|)on the to}M»graphy. Whenever seen,

they are highly <lolomitize<l limestones, often crinoidal. but other-

wise j>oorly fossiliferous. and as a rule tine-grained. The tlolomiti-

zation in this portion (d* the outeroj) may be partly contem|M)raneous.

Tin- ( }roloi,ncal Survey map ( Xewport sheet ) represents the limestone
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group as thinning out immediately south-west o£ Draethen and
reappearing a mile farther up Cwm Draethen. We consider such

a thinning-out to be highly improbable, and prefer to regard

the outcrop of the limestones as continuous along the steep

escarpment slope on the northern side of Cwm Draethen.

The group is well exposed in some old quarries north of Rhubina,

and even better displayed in the railway -cutting south of

Castell-Coch Tunnel, Tongwynlais. In both localities,

dolomitization has affected the beds in slight degree only. The
railwaj^-cutting (Glam. 37 SW \ 4) tmverses the group from
base to summit. The beds dip southwestwards at 35° to 40^

throughout most of the section ; but, at the southern end, their dijD

uicreases to 60° and over in a sharp roll. At the base, red-stained

crinoidal limestones succeed sharply the limestones and shales of

the underh'ing division ; at" the top, grey oolite gives place to

deeply iron-stained argillaceous limestone and crinoidal limestone,

which alternate in thin bands for 8 to 10 feet before the section is

terminated by a bank of Glacial gravel. The total thickness of

approximately 100 feet comprises about 35 feet of crinoidal non-

oolitic limestone below and 65 feet of crinoidal oolite above ; but

a grassy gap in the section of the lower beds, equivalent to about

12 feet, may indicate some development of shale. The brachiopods

in the limestones include Schellwienella cf. creuisfria, Camaro-
toecliia mitcheldeanensis, Spirifer clatliratus, Syringotlii/ris cf.

cuspidata, and a small ^z^7zy/7S : of these, only the two first-named

are abundant.

The Tongwynlais railway-section shows a development of the

limestone group marked by an unusually clear contrast between

non-oolitic limestone below and oolite above, although even there a

few seams of coarse oolite are intercalated in the crinoidal lime-

stones and occasional non-oolitic bands occur within the oolite. In

the old (juarries north of Hhubina, crinoidal limestone and oolite

alternate repeatedly throughout the group.

Two disused quarries, lying respectively east and west of Castell

Coch, expose the upper beds of the limestone group. Each shows

a considerable development of oolite, and each exposes the base

of the overlying shale-division, but the sections are much over-

grown and difficult of access. In the quarry east of Castell Coch
the limestone is much dolomitized.^

3. Shales with thin limestones.—K,,.

General lithology.—Dark-grey to black shales, with sub-

ordinate thinly-bedded limestones. The limestones always richly

crinoidal and shelly.

Thickness.—In the Ebbw valley, 50 feet or less

to about 100 feet at Tongwynlais in the Taft* valley.

^ Fig. 4 of the plate in the Ne^vport Memoir, 2nd ed., illustrates a partly-

dolomitized oolite from the quarry west of Castell Coch. The selective

dolomitization of the ooliths points to vein- dolomitization.
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Fiiuna :

Corals and brachiopods:-

( leistofntra cf. geomeirirn Edwards &
Haiine.

Prodnctus art". ha^siii> Vaiighan.

Piiftuln 8ubpiistril(>s(t ThDinas.

(honetes cf. hardreitsi.f Phillips.

Schellicienella cf. creuistrid (Phillips).

Cainarotnrliui )nilchel(h'i'uriigi;i

Vaughan.
Spirifer rlatliratiis M'Coy.
Syrinyothijriii cf. ruspitJuta (Martin).

S}>ii'iferi7ui octoplicata (J. de C.

Sowerby). mutation ,i^ Vaughan.
AthyrtK i-oit<{<!ji L'Eveill'.

Enmetna atrbonarin (Davidson).

Bryozoa :

—

RJidhdonieson, FenesteJUt. Lamellibranchs : A small .U"</(o/<

like species. Ostracods.

(Jood ex|)usures of the beds are few, ami only two sertioiis, now
Ui hv (leseril)e(l, liave yielded any considerable fauna.

In the strike-valley l)etween Craii:: Llanishen and tlie western

end of Cefn-On, and al)out 0(M) yards west of the ('aerphilly

railway-tunnel, the northern bank and the bed of a stream ex]>ose

Itlaek shales witli a few thin lentieular l)ands of hniestone ((Jlani.

:J7 SW X lU). These beds lie at the base of the i^roup, and sueeeed

sharply the limestone of the underlying: ii^rou]), which is exjiosed

at one jx)int in the southern bank. The thin limestone-bands, of

the usual crinoidal and shelly type, contain irrei^ular patches and
distinct pebbles of xery line-iz^rained limestone: they have yielded

Pusfuht iiubj)/fsftfl(/sa, Prnductua cf. fxissifs, C/ionrfrs cf. har-

(/rrnf(is,Sc/if'/hctrnf'na cf. vreniatria, A//it/ris roisst/i, and >St/i'ifif/(t-

tht/ris cf. cuspi<l(it<ty the Hrst and last-named bcini; notal»ly

common; and they contain ostracods in abundance.

On the eastern side of the Tatt' i?or«^e, Castell-Coch (Quarry

( tilam. 37 SW \i\) affords the second section, at the point wliere a

small bluff of thinly-l)edded limestones and shales protrudes from
the scree of limestone-debris at the southern end of tiie quarry

.

These beds, lyiui^ about the middle of the group, ctinsist more
largely of limestone than of shale. The limestones yield C/r/'ufo-

l>oi'(( and all the other tyi^'s specified in our faunal list, alK)ve.

Prothn'tuH aff. futssifs, SclirllwirufUd vi, crrnixfrln, ('(tiiKimtirrhin

inilchcldriuiciisiH, and N/iahdm/irso/f sp. are particularly alnindant.

One band of limestone, rich in crinoid-del)ris and l>raehioji(tds.

contains ostracods ami a smali Mo<//(t/(i-\\kr shell in abmidancc.

Castell-Coeh <^uarry also ex|M)ses the ujipermost betls of the

gnnip, unfossiliferous niicaccous mudstones innnediatcly umler-

lying. and succeeded sliarply by, the dr)lomites that form the Ixise

of the Main Limestone. The junetion of Lower Limt'st(»ne Shales

and Main Linu'stone is again exposed at the eastern extn-mity of

the district here desiribed, in the lowest beds of I)an-y-(imig

Quarry, liisca. There, however, w<' tind an alternation of hard

sliLrhtlv-dolomitie shale with fiiirh -o-x Ntalbin- doloinltf.
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West of the Taff.

In the district west of the Taff valley the Lower Limestone
Shales are, to a great extent, concealed bv Boulder Clay and
G-lacial s^ravel, but the three divisions established east of the

Taf£ can be recognized. The development of shale in the lowest

division appears to increase considerably as Ave pass westwards.

This phenomenon continues the change already noticed in the

outcrop east of the Taff : it was recognized by the officers of the

Greologieal Surve}" on the evidence of exposures near Bolgoed.^

west of the Ely valley, and expressed on the Survey map (Bridgend

sheet) bv the representation of three divisions in the Lower
Limestone Shales Avest of Grroes-faen, namely, lower and upper

shale-divisions separated by a band of limestone. The thickness

of the Avhole series appears to increase westwards, but the limestones

which form the middle member do not contribute to this increase
;

probably their lowest beds are split up bv shales in a westerly

direction, and so become merged in the underlying group of shales

and limestones.

Between the Taff and the Ely, a distance of about 5 miles,

outcrops of the Lower Limestone Shales are practically confined

to two strips, each about a mile and a quarter long ; one

lying south and south-west of PentATch, the other extending

through G-roes-faen to the neighboui'hood of Croftau. At Creigiau,

a coA^er of Mesozoic rocks conceals the beds, but elsewhere the

maskino- is due to Glacial drift. The beds do not crop out along

the margin of Gartli Wood, on the Avestern side of the Taff A^alley,

as represented on the Geological Survey map (Cardiff" sheet) :

they lie buried under drift immediately to the south, and the scarp-

face of Garth Wood belongs Avholly to the Main Limestone. At
Groes-faen, the middle and upper members of the Lower
Limestone Shales produce landscape features similar to those

Avhieh are so conspicuous in the country east of the Taff,. but

less pronounced. The limestone grouj) giA^es rise to a Ioav, Avooded

ridge, to the north of Avhich lies a shallow strike- A^alley, or a

grassy fiat, marking the outcrop of the shales. The outcrops

and their accompanying features are displaced by dip-faults

immediately Avest of Groes-faen : farther Avest, the features die out

as the beds pass under a coA^ering of drift.

West of the Ely the drift-coA-er is CA'en more extensive. The
beds crop out for a short distance at Caer-gAA'anaf-isaf, immediately

AA'est of the Ely valley and north of Hensol Park, and are seen

again over a small area betAA^een YstradoAven and Llansannor

;

between these two localities, their extent is almost entirely

conjectural."

1. Limestones and shales.—The lower group is noAvhere

exposed between the Taff and the Ely. West of the Ely, and

^ Bridg-end Memoir, p. 9.

- Ibid. pp. 7 & 9. and Bridgend map. drift edition.
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north of IK'iisol I'ark, it i> ivpivsciiti'd l>v slialcs cxposfd in a well

and in an adjacent s^nlly 200 yanls nortli-east of HoIl^occI Farm.

These heds have yieldetl no fossils,

2. Crinoidal limestone and oolite.- The outcrop of the

middle {ifroup is marked by many disused quarries, and the

exj)osures indicate a development elosely similar to thatObserved

at Toni^wynlais : namely, lower beds of richly crinoidal limestone,

stained red as a rule, and u])per beds of oolite, occasionally vein-

dolomiti/.ed and iron-stained but usually fresh. The oolite, in a

fresh eon<lition, is at ))resent worke«l in a (juarry 100 yards north-

east of Ma<'smaur Farm, east of (Jroes-faen. A quarry situated

immciliately west of Caer-i;\vanaf-isaf (Olam. 12 XVV A 4) exposes

the topmost beds of the oolite, with some intercalation of crinoidal

limestone, overlain by shales. In the outcrop .^outh-east of

Llansannor, where the oolite has been (piarried at Pen-cyrn and at

Newton Farm, it is found to be highly crinoidal, and to pass up

into thinly-bedded, argillaceous limestone.

As in the outcroj) east of the Taff, the brachiopod-fauna of these

limestones is ])oor. Srhclhrlriirlla ct. rmtis/r/ff is the only

abundant form, but C'/to//r/rs ef. hdrdroisi.s. Caniaroto'chld

Dtitcliclilcdnriiais, and Spirtf'er chitlira t ns have been recorded

at several localities, including the above-mentioned ipiarry at

C'aer-gwanaf-isat.

3. Shales with thin limestones.- The beds of the upper

group are seldom exposed. Two ex])osures, however, have yieldeil

a rich fauna ]»nictically identical with that of the same division

ea.st of the Taff. The.se area small quarry ( (Ham. 42X\VA2y)
lying midway between (Jroes-faen and HroHsein C^uarry, and a

stream-section ((ilam. 42 NW X22) situated loO yards .south-west

of Fantacpie.sta Farm, north of Hensol Park. Tlu' former ex|H)ses

beds very near the top of the Lower Limestone Shales, while the

latter reveals a lower horizon in the group: in each case the heds

are shales with thin limestones, the shales apparently barren, the

limestones erinoidal and shelly. 'I'he following" bniehiopods have

been recorded at both loealitirs:

I'rotlitrhix lift", biifsns.

Piiiil nrtiiK hitrlingtoiieiisis.

Piisfiild t<iihpii{<fiiliisii.

Cliiiiit^lfs cf. luinlrt'iinis.

Srhi'll iriftteUii rf. rmiint rii

(
'ii iiiiirnfurh ill in ifrhrlih-nm

Sjiirifer clnthrdtn^i,

Siirimiittliiiris cf. cuitpiihifii

.

.llliijrii^ I'oittxtj}.

luniwf rill rnrbniiiiriii.

In addition to the spei-ies enumerated above, the (iroe>-faen e\-

ptisure has yielded Spiril't rliui orhijilimta, and the section near

l*anta<|nesta Farm, i'lrlslnjuird d. t/rn,itr/r/nt. ()stnu*o«ls, small

gasti-ropods (Capnlids). and lilinlnloinrsnii oecur at lM)th localities.

Fast of Llansannor. the (Je<»Iogieal Siu'vey ma)i represents a

-mall outlier of the Main Limestone, unaeeompam'e(l by faulting.

( >ur ma]>]»inLr show«< tiii> area of Main Limestone a» a t«»nsj:u««.
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t'(jntinuous with the outcrop of Limestone on the north, but
faulted against Lower Limestone Shales on the east. The fault,

running south-westwards past Pen-evrn to Pen-v-lan, cuts out

almost the whole of the shales with thin limestones at Pen-cjTu.

This would account for the apparent greatly-reduced thickness of

the shale group (estimated from width of outcrop) at the latter

place, mentioned in the Geological Survey memoir.^

About 650 yards east of Llansannor Church, black shales and
thinly-bedded argillaceous limestones are exposed in a small

excavation and in the lane adjacent to it (Glam. 41 SE A 7).

The limestones, often ostracodal, contain many brachiopods.

including JProihictus aff. hciHsus and Sj)iriferiiia octopJicata. The
shales yield small J/o^Z/o/rz-like lamellibranelis.

(B) Main Limestone.

The sequence of zones is most nearly complete in the Avest of

the district, and there it can be recognized in detail. The area

west of the river Taff will, therefore, be descrilied first.

West of the Taff.

Zapit relitis Zone and Lower Caninia Zone : Z tt C^.

Tlie sequence Z-C. is represented by one colour on our ma])

(PI. XY) because evidence for a satisfactory delimitation of Z and
C\ is not forthcoming.

In the westernmost ])art of tlie outcrop the succession is mainly
one of undolomitized crinoidal limestones and oolites, contempora-

neous dolomitization being practically confined to two horizons,

namely, a lower level, in Z, and an upjjer level (the Lcii/iinosa

Dolomite) in C^. Eastwards, dolomitization affects a steadily-

increasing portion of the sequence until, in the Taff valley, it has

produced an unbroken succession of dolomites.

The folloAA-ing table summarizes the secpience in the outcrop

between Miskin and Grroes-faen. where the l3eds are, on the whole,

best exposed. Xo precise limits can be assigned to the several

subdivisions : and the thicknesses stated, estimated in most cases

from dip and outcrop, are only i-ough a])proximations :

—

Z & C\ between Miskin and Groes-faen.
Feet.

f 8. Caainia Oolite : pale-grej' oolite, thicklj'-bedded to massive. "|

; 7. Laminosa Dolomite: finely-crj-stalline dolomite, crinoidal > 340

^ 1
in part. J

^ *^
6. Ci'inoidal limestones, dolomitic at the base. A little chert,

i -ioa

I

Abmadant corals and brachiopods (}, C,). j

Oolite : crinoidal. cuiTent-bedded 20

I 0. Dolomites and dolomitic limestones, ci'inoidal in part. AK^,.^

I

little chert near the base. J

""

Z-{ 4. Crinoidal limestones. Avith argillaceous layers, chert, and 1

! beekite. Zaphrentis flelanouei and abimdant brachiopods > 35

L (z,).J

^ Brideend Memoir, p. 11.



I)artli^ L'ARIK»MFEIU)US LIMKMO-NK (>l S. WALKS LUAI.FIKLD. !:'»'>

Till' to)) of tlu- Caniuiu Oolito. wliieli is the gfiierally-ivcDi^nizLHl

aiviain^' line l)etween C\ an«l C^.i thus marks the upper limit of

the series Z-C,. This eonstitutes the hounihiry l>etween Lower

Avonian and Upi>er Avonian, as estahlished bv Mr. E. K. L. Dixon

on sti-ati«^rai)hieal wrrounds. It marks the culmination of a shallow-

ing movement in the South-Western Pi-ovinee whieh produced tlu-

widespread development of a Minliohi phase at the l)ase of C,, and^

even led to emer^'enee and conse»iuent unconformity in some areas.-

The signiticant J/^>«//f'/'' l)hase has heen recognized at Miskin in

the area here descrilx-d, where it succeeds the Caninia Oolite

sharply (p. 1 tO).

4. Crinoidal linu-siunes: Z,.—TheM- beds, forming the basi-

of the Main Limestone, are essentially dark-grey or black crinoidal

limestones, thinly bedded and Haggy, with argilhueous bands and

iKitches. A c-ui-rent-bedded roek, consisting of riehly-erinoidal

Kinds sej^arated l>y lenticles and streaks of eompaet argillaceous

limestone, is oftt'n devel(»ped. The development of chert in

iMxlular or ]>anded forms and the l)eekitiziition of fossils are

fretiuent, and silicitication sometimes results in the formation of

small nodules of milk-white banded clialcedony.

The beds aiv ex])osed at many i>oints between Penlline and the

ueighV)Ourhood of Pentyrch : the chief exi>osurcs are six-citicd in

the'^faunallist, below. Eastwards from Creigiau, dolomiti-

/ation develops rapi<lly: but, even in their highly-dolomitized

condition, the l>edsare readily identiticil by their general characters

and their abundant brachi'oixxls. Thin seams crowded with

Chunetes cf. Uffrdrcuais are especially characteristic.

Fauna.

(iuuera an»l species of

corals an<l brachiopods.

Locality,

1.

ZaphrentiM delaiwnei Edwards* Haimo. C'ar-

ruthers

Puetula 8ubptMtulosa Thomas
PnK/»r/Hx fcurhH9N>n<"(*^«H Hall. Vaugliiiu . X
Productug cf. conrinn IIS ii(>w(}Thy ... ) X
Choneten ff. hnrfin'njtU Phillip.s XAjXA
Lei)taetui findlnijti (F\u\\\\}H) |X

i

...

SchellirienelUi cf. rn-nistrin (Phillips) XA
OrthiM mirhelini L'K\ci\U'

Camarottechia mitrheldennensu< Vaughan X

Bpirifer clnthniluf^ MCny XA
Syringothyriif cf. rugpUiata i'Ma.Tiin) X
Uhyrig glabrUtria (Phillips), Vaughan

A A A /

X XA XA
XC
... XA X
X A** X A X A
XCl ... xc
X ! ..

5. 6.1

,\ -. A

,

xA
XA XA
XC X '

X XA.
XA XA
X XC

A= Abundant. C=Common.

' A. \ uii-luin. Q. J. G. S. vol. Ixxi (IPLS 16) folding table faoinj? p. :{2.

- Gower piiiMT. i>. .'»i2. See also "The C\)untry arouml Carnuirthen ' Mem.

(,ool. Surv. l[>Ui>, pp. HI s-J an.l ll... ('..iiiitry urcmm

1914, pp. 127-28.

1 Haverfordwest" ibid.
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1. Quarry (Glam. 41 SW \ 1), on the west side of the road, 400 yards
north of Penlline Church.

2. Exposures (Glam. 41 SE \ 2), a little west of Coed Pen-cyrn. east

of Llansannor.

3. Crags (Glam. 41 SE A 3). 200 to 250 j-ards Avest of Xew Barn, east

of Llansannor.

4. Exj)osure (Glam. 42 XW X 14). 700 yards east of the cross-roads,

Miskin.

5. Old Quarry (Glam. 42 NE X 2), 100 yards east-north-east of Craig

Channel, Pant-y-gored.

6. Old Quarries (Glam. 42 NE X 5), 700 yards south-east of Pentyrch
Chra-ch.

5. Dolomites and doloiuitie limestones: Z. ^— From
^Nliskin eastwards, this is essentially a series of grey finely crystal-

line dolomites, Avitli numerous small nests of ealcite and dolomite.

Chert is developed sporadically near*the base. Crinoid-ossicles are

often abundant, but brachiopods are rare. Spirifer clathratus

and SclieUirienella of. crenistria are the only species of the latter

group recorded, unless the fossiUferous band of Ty-nant Quarry

(p. 138) is included in this division.

The beds are poorly exposed. Two sections near Miskin, and
one east of Creigiau, expose the base of the group and the passage

into the underlying crinoidal limestones: these are (1) crags

(Grlam. -42 XW \l-±), representing old workings, 700 yards east of

the cross-roads at Miskin, (2) a small quarry midway between
these crags and the cross-roads, and (3) old quarries (Grlam. 42
XE/\5) 700 yards south-east of Pentyrch Church. Ty-nant
(Quarry, in the Taif valley, affords the only good exposure of the

upper beds of the group. A fossiliferous band in this quarry

should perhaps be included in this group, that is, in Z, rather than

in the Caninia Zone (see p. 138).

In the drift-covered area west of Miskin, exposures are few, and
little is known about the group. The lower part retains its

dolomitic character as far west as the ground north of Ystradowen
;

but, farther west, dolomitization at this level seems to diminish.

The lower portion of a thick oolite whicli is developed north of

Llansannor and Penlline appears to represent the upper beds of

this group in the extreme west. This oolite is well seen in a

quarry (Glam. 41 SE X-l) at Xew Barn, 800 yards east of Llan-

sannor Church : it is there a dark-grey rock containing Spirifer

clafhratus and a few other brachiopods.

6. Crinoidal limestones, etc. : yC,.—This division is a

series of thinly-bedded, richly-crinoidal, grey or black limestones,

with a considemble development of poorly-crinoidal argillaceous

bands, usually buft'-coloured. An iiTegular development of black

argillaceous streaks, accompanied by contemporaneous brecciation

and evidently due to current-action, is not uncommon. Many of

the crinoidal beds are very rich in brachiopods and corals, together

with gastero])ods and bryozoa. Xodular chert is developed

occasionallv, in small amount.
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riic LTrou)) is wi'll-oxposed ill tluvc (juanics between (inn's-t'aeii

and Miskiii, and farthiT west in two «|uarrics, near Ystradowen

and Llansannor ivs])eeti\ely (see t'aunal list, U-hnv). In Hrotisein

QiuiiTV I (Jlani. 12 N\V A UJ), nortli of (iroes-faen, linely-crvstalline

ldue-jj;rev dolomites form a hand, ahont 12 f<'et thiek, at the base

of the erinoidal limestones, and are underlain bv a thiekly-bedded

gi-ey oolite, seen to a thiekness of aljout 20 feet. In an old (|iiarrv

(Glam. 42N\V\l.")) 400 yards east of Miskin, the base of the

erinoidal limestones is hiii^hly dolomitie. lioth in an old (juarry

((tlam. 12 XW Al7 1 north of Croftau and in a (juarry (dlam.

41 SE A 1 ) east of Ash Hall, Ystradowen, the erinoidal limestones

aiv seen to pass uj) into the Laminosd iJolomite.

Fauna. Local! ty.

Genera and species of
corals anil brachiopods.

1. 2. 3. 4. 5.

.l»«/)l<'j'H» ronj??o»V7fK Sowerby X
Zaphretitiii onwlinsi p]d\vards & Haime, Car-

mthors, including Z. tlensa Carruthers X X X -^

Zaphrentix np. HOY. X X X X
Caninia aff. cornucopiae Michelin, Carruthers ... X X

Y X-

Putttula aff. unhpnsttilosa Thomas X X X
Proilucf IIS vi. conrinints ^owerhy X
Product iiM aff. mm D'OrbifrJiv X
Choiieten cf. }t(inhfin<in Pliillips X X /\ ^,

Chonffen cf . biich in na De Koninck .

.

... X X X X ;

Papilionaceous Chonctfs X X X X
Leptienn iinnlof/a (Phi]\i\Mi) X X ,

SchellmenflUt cf. rrenistria (Phillips) X X X X
Orthi^ michelini L'Eveillr X X X X
Orfhig rexHpiuntd (Martin) X X X X X
Spiriftr rhith ml iix yVCoy X X X X X
Sijrimjnf}! ifris cf. riinpidnta (Martin) X X X X X
Spiriffriini cf. lowiiinsii yi-Cny X y X
firficiilaria aff. liwahi (Martin). Vau^rhan X X <
Athijris ylabristrid (Phillips), Vaughan X X <

1. Old Quarry (Glam. 41 SE X 5), near the western side of King Coed,
north-rast of Llansann<»r.

2. Quarry ((Mam. 41 SE X 1 ). .5.50 yards east of Ash Hall, Ystradowen.
3. Old Quarry (Glam. 42 NW X 15). a (ixiarterof a mile east of Miskin.

4. CM (Quarry (Glani. 42 NW X 17), 1.50 yards north of Croftau.
.'). Hrofiscin (Quarry (Glani. 42 NW X 1(5), 300 yards north of Groes-faon.

(la>ten»]K>ds are usually abundant : thf forms inelude Etnmiphah).^

(
]»artieularly abundant at YstradowiMi i. Ih lit rnftln)!!, and a Capulid.

Hrvo/oa, ineludiufj^ Fr/ifsff^lhi, MontitMdij)«)rids, and Stenoj>()rids.

are stuut'tinirs abundant.
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While the fauna admits of no doubt in assigning the beds to

yC^, a separate recognition of Horizon y is not possible. Specially

characteristic featui'es are the occurrence of Can inice a:ff. cornv-
copice and the abundance of Zaphrentis densa, Ortliis micheliniy

and Spiriferina cf. laminosa.

Large vesicular Caninids {^Ccniinia paiulu, C. cijlindrica) area
conspicuous feature of the fauna at this level in the Avonian
generally. Xo specificalty determinable corals of this t^'pe have
been found in our district ; but the upper beds of the crinoidal

limestones contain man}' patches of coarsety-crystalline calcite,

the form and size of which suggest large Caninids, and in some of

these patches remnants of thickened septa have been observed.

Eastwards from (xroes-faen, the crinoidal limestones of

this group pass rapidly into dolomites, and dolomitization has

usually obliterated the fossils, with the exception of the highly-

resistant crinoid-ossicles. Immediately east of Creigiau, however,

a small quarry (Glam. 42NEX3), situated 170 yards north-north-

west of Craig Channel, exposes crinoidal dolomites, together mth
some beds of black crinoidal limestone that ha^T suifered only

a patchy dolomitization. Corals and brachiopods are numerous
throughout the beds of this section : the}^ include Zaphrentis
omalhisi, Zuplirentis sp. nov., Orthisresupinafa, and Spiriferina

cf. laminosa. a fauna which seems to warrant the reference of

the beds to yC\.

In the dolomite-series of the Taff valley, the crinoidal

dolomites that form the upper beds of Ty-nant Quarry (Grlam.

87SW/\1) include a richly-fossiliferous band which represents

either the base of our yC^ group, or a slightly-lower horizon, in Z.,.

This band consists of red completely-crystalline dolomite, in which

all the brachiopods and corals, and many of the crinoid-ossicles,

are repi'esented by casts or moulds. The following corals and
brachiopods occur :

—

Zaphrentis lonincTci; common,
SchelUi-ienella cf. crenistHa ; abim-

dant.

Orthis michelini.

Ortliis resupinata ; very abundant.

Camarotoechia mitcheldeanensis; rare.

Spirifer clathratus ; common.
Syringothyris cf. cuspidata.

Spiriferina cf . laminosa ; abundant.

7 & 8. Laminosa Dolomite and Caninia Oolite: C,

(upper part).—These two divisions have been traced from the

western side of the Dawen valle3^ north of Penlline, as far east

as the neighbourhood of Groes-faen, but it is only between the

latter place and Miskin that they are well displayed.

Between Misl^in and Groes-faen, the collective thickness of the

Laminosa Dolomite and the Caninia Oolite probably remains

fairly constant at about 340 feet. Each division has been proved

to a thickness of over 100 feet, but it has been impossible to

determine even approximately a boundary between the two.
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La in'nionu Dolomite.—Dark-ji^rev or hhu'-^n-.y tinely-ervstal-

liiK' (loloimtos, slii^'litly crinoidal towards tlie base, Imt otlierwise

apiKireiitly unfossilitVrous. In the lowest beds, however, rounded

I«tches of eoai*sely-ervstalline ealeite j>ossibly represent tlie re-

ervstallized intillinii^s of eavities in fossils.^

Tlie face of an old qiuirrv (Glani. 42 NW A 17) situate<l !oO
yards north of Croftau shows the l)ase of the Lamiiiosn Dolomite
in eontact with the nnderlyinii^ erinoidal limestones ; and a cutting

which runs northwards fr(>m the quarry exposes fidly 100 feet of

dolomite.

The followiui^ are the chief exposures of the Laniinnsa

Dolomite, enumerated in oi\ler from west to east:

—

Old <^tmrry (Glam. 41 SW X 4), be.sitlo the road at Tyn-y-^auig. on the

western side of the Dawen valley, north of Craig Penlline.

Old (c^iiarry. 150 yards south of St. Ann's Chapel, south of Brynsaddler.

Old Quarry (Glam. 42 NW X 17), 150 yards north of Croftau ; and cutting

extending northwards from the quarry.

Exposure on the northern side of Brofiscin Quarry, north of Groes-faen.

Ca n in ia O o 1 i t e.—Essentially, i)ale-grey thickly-bedded oolite,

<»ften with imperfect stratification. The o(ditie structure is

variably eoarse or tine. The rock is typieally foraminiferal.

Current-bedding is frequent, and many current-bedded jXJi-tions

give evidence of contemj>oraneous erosion in an abundance of

angular or rounded fragments of oolite. Apart from crinoids

and foraminifera, fossils are almost confined to an abundance of

the brachiojx)d SchrllicicurUa cf. crenisfrio, or the gasterojxKis

lipllerophon and EuomplKthts, in rare bands. Si/riiufopnra cf.

(liKtans^ S. cf. reticulata, Sr/zt/iuila ci.Jicoiifes, and papilionaceous

Choiif'tps, occur rarely. In the main mass of the Caninia Oolite

crinoidiil bands are few, but near the top the rock may become
highly crinoidal, as seen in a (juarry north of Croftau (Glam.
42N\VaIS). The crinoidal l>eds at'this locality contain papili<.-

naceous C/ionrtrs, and have yielded a single corallite of Litho-

Xtrot ION martini (/).

In an old <juarrv at the Castell-y-Mynach Arms (Glam. 12 N\V
A 20), near Ci-oftiiu, the Modiohf pha.se of C^ is .seen resting u|)on

an eroded surface of the Caninia Oolite (see p. 141).

The following are the chief exposures of the Caninia Oolite,

named in onler from west to east : -

Old Quarry (Glam. 41 SW X 5), at the south-eastern end of Coed Mansel,
on the western side of the Dawen valley, north of Craig Penlline.

Exposures in woods (Graig), 750 yards north-north-east of Llansannor
Church.
Old Quarry (Glam. 41 NE \ H). a quarter of a mile south of Brjiisaddler.

Quarry (Glam. 42 NW X 8), 200 yards west of Caer-gwanaf-uohaf, on the

western side of the Ely vallc}' near Miskin.

' C{»mpare K. K. L. I>ixon. (Jower paper, p. 4H:

Q. .I.G.S. No. 2JK).
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Old Quarry (Glam. 42 NW X 21), beside the road 400 yards north -north-east

of the cross-roads at Miskin.

Old Quarry (Glam. 42 NW X 20), at the Castell-y-Mynach Arms, west-north-

west of Croftau.

Quarry (Glam. 42 NW A 18), 350 yards north of Croftau.

Old Quarry, 300 yards north-east of Brofisein Quarry, near Groes-faen.

In the last-named exposure, the Caninia Oolite has been traced

a little to the east of Groes-faen. Neither the Laminosa Dolomite
nor the Caninia Oolite has been recognized farther east. Both
become merged in the series of dolomites which constitutes the

whole of C, in the Taff valley.^

Upper Caninia Zone : 02+ 8,.^

The series, C, -|-S^, includes all the beds between the Caninia
Oolite below and the Main Seminula Zone (S.,) above. Its upper

limit, the base of S.,, is defined b}'' the appearance of Cyrtina

carhonaria. Essentialh^, this is a series of standard limestones in

which C^ and S^ are faunally continuous ; but a Mocliola phase is

found to form the base at the only locality Avhere that horizon is

exposed.

Exj)osures east and Avest of the Ely River, in the neighbourhood

of Miskin, enable us to establish the following general succes

sion :

—

C-f-S^] in the neighbourhood of Miskin.

Feet.

( = Horizon ^).

^1 2. Thinly-bedded limestones of very varied char-"]

acter, including crinoidal-shelly limestones,

oolites, and black calcite-mudstones. Litho-

strotion martini abundant.
\

< 11. Thickly-bedded, grey, crinoidal oolite, in part [> 150
current-bedded and contemporaneously brec-

ciated. Occasional bands of dark, thinly-

bedded, gasteropod - limestone. Cyatlio -

1^ phylhnn (p abundant.

flO. Thinly-bedded, dark, crinoidal limestones.^^,

Beds of dolomitic limestone or finely-crys-

I

talline dolomite, and partings of shale or

J
shaly limestone occur, but are subordinate.

] 9. Modiola pha-e : a varied group, comprising

calcite-mudstone, dolomite, oolite, breccia,

I

etc. Over 16 feet thick (dii-ect measure-

[_ ment).

0. Modiola phase.-—This is exposed in an old quarry behind

the Castell-y-Mynach Arms, between Croftau and Miskin, wliere

it forms the top of the quarry-face and is seen to rest upon an

uneven surface of the Caninia Oolite. The top of the phase is not

seen. The details of the section are as follows :

—

Lower C.,. 200

' But see footnote on p. 143.
- Equivalent to the Upper Syringothyris Zone(C.^) and the Lower Semi)iida

Zone (S,).
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Minliola phase at the l>aso of L\.' OM (.Quarry at the CaHtt-ll-
y-Mynach Arm«. near Croftau (Glam. 42 NW X20).

Feet tnr)n-s.

7. ('aleite-nnjdston,' : lunch like that of (5) seen for 2 <•

<>. Oolitic limestone: dark ^'ivy to black. Athyrids of

Seniinuloifl form fairly numerous f.

-'». Calcite-mudstones : dark jrroy to black, weathering to
a white skin. Tliiekly-bedded. with partings of black
sliale and jdaty calcite-njudstone 8 <

'

Holomite: thinly-bedded, and very fine-jrrained (in thin
section under the microscope, irregular i)atches of ex-
ceedingly fine-grained dolomite enclosed by dolomite of
less line grain) 2 o

' Limestone- V) r e c c i a : fragments of ck )lite and of calcite-

mudstone, similar in character to the noilules of (1);
nnitrix of tine-gniined grey limestone. The fragments
more numerous in the lower than in the upper part 1 *>

-. Hed marl 2
' Hubbly limestone and red marl, loosely coherent,

'^he limest(me-no<lule8 are rounded fragments of (n) dark
oolite, such as occurs in the underlying Cauinia Oolite,
and (b) dark calcite-mudstone, such as forms (5) and (7).

sometimes structureless, scmietimes exhibiting wavy or
contorted lamination. The re«l marly matrix is formed
largely «jf ooliths. which were probably derived from
fragments of oolite by gentle attrition. (Resting sharply
upon, and filling up ine.iUiiHties in tin' -iiitnc- i.t the
CVr/M/n'rt Oolite) 2

Total thickness of.\/oWH-/a phase seen .16 2

riiis iU'Volo|jiiu'nt ot" the ('. Modiohr j)]iase resembles very clo.sely

tiiat in tlie eastern distriet of (rower, «leseri))e(l bv Mr. E. E. L.

I)ixon.'

10, 11. A: 12. Stjindard I iniest ones.- The «,'eneral lithol.i^'V

liHs been de.seribed in the table on p. M(). The fainial eharacter-
isties may be delinetl by means of a tabnlar list of fossils, sn))i)le-

inented by notes on salient featnres.

A hnxe element of fannal eontinnity thronL,d»out the .series is

evident from the table ( p. I 12). On the one hand, however, several
features of (ironp 10 serve to difl'erentiate this Lrronp fnim the
rest of the series, and to eharaeterize it as Lower V : sueh are
the abundance of Si'ininiila ef. amhlifim, the eom|):ir.itive seareitv
of Prothirtim cornff//ffn-/tri/u'sjfhrr/rtfs and Cifoflinphiflhim 0, and
the absence or nirity of ('arrinoithifUmii and IJthnsfrntinii.- On
the other hand. Lrroui)s 1 1 an<l 12 rej>resent r]»|Mr (' and S , and
totrether constitute Hori/.on r as .inende»l by Vauijhan,"^ well

' (tower paper, pji. 4H.5 Si\.

' Compare the Hurrington-Cond>e section. Mendips ; A. Vanghan. K^. .1. (i. S.
vol. Ixvii (H»ll) pp. :U5S m.

^ In the Soiith-West^'ni Province. Horizon T includes Upper C . and S,,that is,

from the maximum of (^V(f//i'»/)/i7//i/»i ip to the incoming of ('//Wr'H<K-or/»o;Mina.'

A. Vanghan. Q. J. (J. S. vol. Ixxi (191.'> I CO p. IS. The base of Horizon T,

and. therefore, the boundary between our groups 1(» and 11. is the division-
line between Toumaisian and Vis.an adopted by Del. pine and Vanghan:
i/mV/., f«)lding tjible facing |». '.VI.

m2
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Lower C.^. i C.>— S, (Horizon d).

A= Abundant.
R=Eare. iA ,-> • -Jill n 12. \ariable

10. Crinoidal 11. (jrrey.i. i > jj -,

T , i-j. thmly-bedded
limestones,

i
oolite. , ,

• limestones.

Corals:—
Miclielinia gra ndis M'Coy
Syringopora cf. dista )i.s Fischer

Syringopora cf. retlcvlota Goldfuss .

Caninia cylindrica (Scouler), Salee. .,

Cyathoph ylhnn (p Vaug-han
Lithostrotion martini Edwards &
Haime

Carcinopliyllnm mendipense Sibly ...'

Brachiopods :

—

Small pustulose and punctate Pro-

ducti

Prodiictiis cf. concinniis Sowerby ...

Productns corrvgato - hemispheHcus
Vaug-han (including Pr. aff. cora

D'Orbigny and Fr. 9 Yaughan) ...

Chonetes cf. hardrensis Phillips

Papilionaceous Chonetes

Chonetes carinata Gurwood (
— Ch.

destinezi Vaughan)
Schellirienella cf. crenistria (Phillips)

Caniarophoria isorh yncha (M'Coy) . .

.

Small Rhynchonellids, including

Rhynchonella cf. angnlata (Lin-

naeus)

Small Spirifers, including Spirifer cf.

furcatus M'Coy
Synngothyris cf. cnsindata (Martin).

Spiriferina cf. laminosa M'Coy
Seminula cf. amhigiia (Sowerby) ...

Seminvla ficoides Yaughan
Athyris cf. expansa Davidson, non

(Phillips)

Athyris ingens De Koninck
Reticidaria aff. lineata (Martin),

Yaughan

Gasteropods :

—

Bellerophon

Euomphalns

X X
X X
X XE
X XA

XR
X

X
X

X xA
X
X XA

X
XA XA

XA
X

XE
X

xA
X

XA

XA

X
XE

X X X
X X

X ...

XA X
X X X

XA X X
xR

characterized in the district here described by the abundance of

I*7'0(h!ctus corrugato-licmisphericus and the common occm-rence

o£ Carcinojy^ii/Uum throughout, the maximum of Cyathophyl-

lum (p, and the appearance of abundant LitJiosfrofion in the upper
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j»art. In st» far as ri)|K'r C aii<l S^ can Ue si'parately distin-

guislu'il, Gnuip 11, with Syriii;/othi/rl,s cf. cKxpidata and altundant

Cifufhophyllum tf,, ivpivsents V]}\m' C,; wliiK' Gronj) 12, with

abundant LifhoxtrotioH, repi-esonts S,.

Westwards from the Ely valley, the se^uenee in the

standard limestones of C, and S,, so far as it ean ]>e determined,

appears t<» ])ersist t») the extremity of our distriet without sub-

stantial modilieation : hut, owini^ to the ahsenee of ex])osures, the

S limestones of (ii*(»u]) 12 liave not been tnieed nnieli more than

half-a-mile west of Miskin.

Eastwards from the Ely valley, the crinoidal limestones of

Group 10 have not been reeoij^ni/.ed east of Croftau, but higher

beds, still jn-eserving the eharaeter of limestones with an abundant

>tandard fauna, are exposed a mile and a half farther east, in

Creigiau Quarry. In the distance of 2i mdes from Creigiau

< Quarry to the Taff. exj)osures are jHMtr, and throw little light on

tlie lateral change which converts almost the whole of C^ and S,

into a nearly-barren series of dolomites in the Taff
valley.' The characters of the series t)n the eastern side of the

Taff gor»,'e are descril)e<l on ]). LIO.

It nMuains to specify the chief cx])osures of the standard

limestones of G, and S^ \\\ the outero}) west of the Taff. The

exjK)sures will l>e taken in order from west to east, and descriptions

conlined to a statement of horizon (cxce])t where special features of

lithology or fauna call for notice ).

Old Quarry (Glain. H S\V X 2). on tho north side of tho road 3iMi yar-ls

sonth-west of Pont-y-Khy<l, on the western side of the Dawen valley : Hi>i)a-

rently the base of the yrey oolite 11. with the topmost beds of the underlyinir

(•rinoidal limestones 10.

Cni^'s extending eastwards from the luunlet of City, north of Llansannor,

and t^Tuiinatin^' on tlie west in a (juarry behind the <-'ity Inn: the {rrey

«H»lite 11. highly crinoidal.

tiuarry Kilani. 11 NK X 7), in Coed-y-Fforost. south of LlanhaiTy Staticm :

a ^roo<l exposure of the crinoidal limestones of (Jroup 10. seen to a thickness

of nearly 100 feet. Some shaly partinicrs and dohmiitie beds, and some

bn-eciation due to eontemporancons i-rosion. Cnninin rijlimlf'ira is eonimon.

Mirht'linid <jmmU« occurs. Hud i'lnnicfptt cf. Iiordrfintin is aV>undant.

Old (.^"'irry at thf roa<lside 450 yards west of the last-named cjuarry : tho

prey oolite of proup 1 1.

6l<l Quarry ((Jhun. V2 NW X 10). at the s(»uthern end of t'oed Gellihir-pinol.

between ]ir>nisad<ller and ]\Iiskin : th*- juncti«)n of crinoidal limestone an<l

iM.lite. at tlie top <.f 10 aii.l ba^r <»f 11.

' A reci'iit I'xamiiiatKiii uf the old wnrkiiip's uf tli<' (.sirtli iroii-mijii- ha>*

• vealeil two bands of oolite within the «'ont4'mj»onineous dolomit«'s that

underlie tlie Sfiniitnhi Oolite in (iarth W««m1. Ii«.tli these o«ilit«-ban<ls have

suffered very ext^Misive subsiMpu'nt dolomitization. The lower ban<l may
represent either the i'lniinia Oolite or souje part of C .. The upp«'r band can

be assigned without d«»uV»t to C, -»-S, : it is probably identical with the band,

sliown in our diapnim of the TafTs Well and Tonpwynlais se«|uen«*e (vertical

sections, tip. 2. p. llJM.of which evi«len«'e is furnished in C. + S, on the eastern

side of the Taff p<»rpe by surviving patches «»f unaltered <M>lite (p. ITiO).

T. F. S..J»l>, Ith. lUIs. '
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Old Quarry (Glam. 42 NW A 9), north of Ty-isaf, and 500 yards east of the
last-named exposure: mainlj^ in the crinoidal limestones of Group 10, but
the base of the overlying oolite just appears. The crinoidal limestones
contain many dolomitic bands, in one of which casts of Prodndus corrugato-

hemisphericus are numerous. The great abundance of Seminula cf. amhigua
in one bed recalls a level in Lower C, of Burrington Combe. Mendips.

Old Quarry (Glam. 42 NW Ml), in Coed Gellihir-uchaf. north of \ 10 : the

westernmost exposure of the S^ beds of Group 12. Very variable crinoidal

and oolitic limestones in frequent alternation, with lateral change from one

type of rock to the other. The uppermost beds are extraordinarily fossili-

ferous, and formed largely by masses of Lithostrotion martini -. they yield

Carcinophyllvin mendipense, Camaroplxoria isorhyncha, and Atlnjris ingens,

an assemblage which recalls the ' Milton-Eoad level ' in S^ of Weston-super-
Mare and the Mendij^s.^

Quarry (Glam. 42 KW X 2), a quarter of a mile north of Miskin : this quarry
illustrates the sequence of the three groups recognized in the
standard limestones of C._, and S^ (see photograph, PI. XIV). Extending
for more than 200 yards along the strike, it affords an admirable exposui-e of

the beds. The section includes the uppermost beds of the crinoidal lime-

stones of Group 10. seen to a thickness of 20 to 30 feet : the whole of the

grey oolite of Group 11, 40 to 50 feet thick; and about 25 feet of beds
belonging to Group 12. The beds assigned to the top of Group 10 are dark-

grey crinoidal limestones, with shale-partings, j'ielding Cyathoplxyllum

among other fossils. The grey oolite 11. and the thinly-bedded limestones of

Group 12. exhibit their typical lithology and fauna (described on pp. 140 -

43). More than half-way up in the oolite is a band of thinly-bedded, black,

gasteropod-limestone. with abundant BeUeroplion -. this is conspicuous in the

photograph (PI. XIY) as a projecting rib. Current-bedding and contemporaneous
brecciation are particularly conspiciaous in the uppermost part of the oolite.

A thin smut -band.- of carbonaceous shaly matter, up to 8 inches in thick-

ness, rests upon an apparently-eroded surface of the oolite, and separates

this from the thinly-bedded limestones of Group 12. These latter beds include

a band of pink marl with distorted lamination, and a thick bed of marl}'

limestone.

Quarry (Glam. 42 NW A 1), lying immediately west of the last-named : the
grey oolite and the base of Group 12.

Old Quarrj' 100 yards north of the Castell-y-Mynach Arms, near Croftau

:

a section in the crinoidal limestones of Grouj) 10.

Small excavation (Glam. 42 NW A 19). 300 yards north-east of the Castell-

y-Mynach Arms, near Croftau : crinoidal limestones of Group 10. vein-

dolomitized in part, and including a 12-incli band of dolomite-mudstone.

Chonetes carinata occurs, in associati(m with Syi-ingofhijrif< cf. cjtspidata.

Creigiau Quarrj- (Glam. 42 KE A 4) : the great thickness of oolites and
oolitic limestones here exposed probably belongs mainly to C^ — Sj, repre-

senting Group 12 of the Miskin sequence. Tlie lower beds yield Lithostrotion

martini (abundant) and a large Caninid (rare) among many other fossils.

Complex faulting and extensiA'e vein-dolomitization have affected the highest

beds of the quarry, which probably reju'esent the base of S.,.

]Main Seininnhi Zone : S^.

The appearance of Ci/rfinc carbonaria marks the hase, and the

occurrence of the DihmwpJn/lhnn fauna dcHnes tlie to]), of S.,. It

^ T. F. Sibly. Q. J. G. S. vol. Ixi (1905) p. 500. and A. Yaughan. ihid.

vol. Ixvii (1911) p. 370.
'^ Compare the smut-beds in the Lower DihnnoplnjUum Zone of Gower :

E. H. Tiddeman. "Tlie Country around Swansea' Mem. Geol. Surv. 1907.

pp. 10. 11 ; also E. E. L. Dixon. Gower paper, p. 490.
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is only in tlu- (tiitcroi) wvst of the Ely, however, that the overlyini^

iteds of the iJilninophyllinn Zone occur. Kast of the Ely, the top

of S. is overstepped l)V the Millstone Grit.

The main Scmiinila Zone maintains a constant chai-act^-r from

the western end of the district here deserihed as far as the river

TafF, except for the fact that its hasal beds have become dolomites

in the Taff valley.

Litholo;j:y.—Two divisions can be recoju^nized, but tiiey pro-

bably pass insensibly one into the other ^ :

—

14. Mod lohi phase with much stiindard limestone. Extni-

ordinarily varied in details of litholoi^y. iir«<//oA/-phase deiK)sits,-

namely, caleite-mudstones includini^ white- weathering 'chinastone-

limestones' with conchoidal fracture, and limestones with pisolitic

and ])seud()-concretionary structures, alternate repeatedly with, and

)»ass into, standard limestones which are essentially oolitic, shelly,

and crinoidal. Bands of fairly-})ure oolite are not infrequent.

Pisolitic structures are abundantly (leveloi)ed : they are often, but

not invanably, accomi)anied l)y brecciation due to contemporaneous

erosion.

13. Seiiiliti(l(( Oolite: essentially, ^rcy oolites and oolitic

limestones of standard ty])e, but includiui^ some very subordinate

Modio/(i-])hiiSL' deposits resend)linu^ those of the overlying grouj).

Current-bedding and the develo])ment of contemporaneous breccia-

tion are occasional.

Thickness.—Between 5(K) and (lOO feet, of which the Modlnhi

phase forms less than 200 feet.

Fauna. -Fossils of the standard groups, brachio}x)ds, comls,

and crinoids, are quite as abundant and varied in the Mntilohi

j)has(' as in the Scmiinihi Oolite. They are, however, notibly less

connnon in the calcite-nuidstones and certain other less fme-grained

limestones <levelope<l in the Motlinia pha.se ; in these beds.

Smiiinda Jiroidfx is almost the only abundant form. In the

J[ni//n/(i phase, the rock-types just mentioned, and al.so the ])is(>-

litic l)e«ls with their numerous stan<lard fossils, often contain

Sf'rpifhi.

(iasteropod>. includin;jj liillfi'diifnni. Kiioinphnlns, and l^n.vo-

iifmii, are sometimes eomiiioii.

C(»rali* :

—

i4i reoh7f<«i»*'j*/<»K»/w (Fleming). K«lwiir«ls

& Haime.
SiirinfjniuHUt «;f. tlistnuM FIhcIkt.

^•irinijoihtnt cf. ijeninihitii (Pliillip)*).

FiiUvunln A- Haime.

LilliDstriitiim marfini Kdwards A
Haiiue.

L iDtnut ration (SeuM toph yl I r« m )

tninii.i. M'Coy.
('inriiiniiliiiUuni vnnfihniii Sali'e ((.'.

9

Vinig'him).

' C<>mpiir«' Mr. Dixon's (U-soription of S, in the caHtorn tlistrii't of (Jower;

< .uwer paper, p. iSS.
• For tlie general characteristics of the S^ Modioln phaHO, «oo E. K. L.

l)ixon. Gower paper, p. .'>1 t.
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Brachiopods :

—

Papilionaceous Chonetes.

Productus comigato-hemisphericus
Vaughan.

Productus ?iemispliericus J. de C.

Sowerby.

Schellirienella cf. a-enisiria (Phillips).

Cyrtina carbonaria M'Coy.
Seminula ficoides Vaughan.
Athyi'is cf. expansa Davidson, non

(Phillips).

On the whole, corals and brachiopods are not abundant, much of

the Seminula Oolite being poor in macroscopic organisms. But
beds crowded with Seminula, Productus^ or Chonetes are fairh'

frequent. LitJiostrotion martini is seldom abundant. Carcino-

phyllum vaughani may occur commonly at any level in the zone.

JS^ematopliyllum minus is only found near the base, while Alveo-
lites septosits and a large form of Productus liemispliericus become
abundant near the top.

Following are notes on the best exposures of the S., beds,

taken in order from west to east :

—

Many exposures of beds in the upper part of S.^ occur in the outcrop from
E-uthin to Llanharry : among them are the foUo'wing :

—

Old Quarries (Glam. 41 NW \ 2), immediately east of the Roman Camp,
south of Eutbin.

Old Quarries near Gelligarn Castle, in Coed Breigam. about a mile east

of Ruthin.

Exposures immediately south and east of Llanharry village :

—

Quarry (Glam. 41 NE \ 5), 300 yards south, a little west, of St. Illtyd's

Church.

Old Quarry (Glar.^ 41 NE \ 4), 300 yards east of St. Illtyds Church.
Quarry (Glam. 41 NE A2), at the roadside east of the village, and 500 yards

west of Llanharry Station.

Old Quarry (Glam. 41 NE A 3), 230 yards south-south-east of St. lUtyd's

Church.
All the exposures specified above, except the last-named, exhibit the highly

-

variable beds of the Modiola phase. The last-named exposure shows a
crinoidal oolite with abundant brachiojDods, which may lie either within, or

just below, the Modiola phase.

In the same district, the following are the chief exposiu-es of the Semimda
Oolite :—
At Craig-yr-Eos, on the southern side of Mynydd Ruthin : a level near the

top of the Semitiula Oolite,

Old Quarries lying south and east of Argoed-isaf, a mile and a quarter

south-west of Lianharrj- : horizons rather low in the Semimda Oolite.

The Llanharrj' Limestone Companj^'s Quarry (Glam. 41 NE A 1), east of

Llanharry. and 500 yards south-west of Llanharry Station. This gives an
extensive section. The rocks are oolites and oolitic limestones, poorly fossili-

ferous on the whole. Some bands of calcite-mudstone are developed.

Old Quarry (Glam. 41 NE A 6), on the west side of the road. 300 yards south-

west of the last-named quarry : thickly-bedded, grey, crinoidal oolite which
must lie very near the base of S ,. Fossils are abimdant. Some bands are

crowded Avith ProdHct}i.'< corrjif/ato-hemisphericKS or Semiiuda jicoides, and
both Cyrtina carbonaria and Carcinophylhim vaiiciltani (?J occui* commonly.
Nematophyllum minus has been found at this locality only.

Between the exposures near Llanharry, just described, and the ground
north of Creigiau, a distance of 4 miles, the only good exposure of beds in

the Main Semimda Zone is that afforded by the Bute Quarries (Glam. 42NW
A 3). half a mile north-east of Miskin. These quarries lie in the Semimda
Oolite. They expose thickly-bedded grey oolite, with a small development of
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Itsendo-concretioiuiry strueturos. ami sumo Vtamls of rliiniistone-limt'stone. the

latter containing' seams erowdeil with Seinintihi Jioiules.

In the disturbed ground adjacent to the Creigiau Fault, the Seniiniiln Oolite

is fotuid to be much ironstained and almost wholly vein-dolomitized. as shown
a little west of the fault by a railway-rutting a third of a mile north of

C'reig'iau Station, and on the easteni side of the fault bj- cmgs on the steep

hillside lielow Coed-y-Creigiau. The highest beds of Creigiau C^tiarry, much
fault-shattere<l and dolomitized, probably l>elong to the bas(f of the St^niiindn

Oolite,

Half a mile north-east of Creigiau an old (juan-y ((Uam. '.U\ SE \ 7) lying

loo yards north-north-west of Pen-Llw\ni exposes highly f(tssiliferous beds (jf

grey oolite and oolitic limestone, overlain by dark limestones with liciiutifully

ileveloped pseudo-concretioiuiry stnictiuvs. This section appear- to lie

within the Settnniila Oolite.

The Modinia phase of S., is evidencetl by numy small exposures along the

outcnip extending from the Creigiau Fault to Pen-y-garn and farther east. The
most easterly exposures occur at the roadside 500 to 90(> yar<ls east-north-east

of Capel-Horeb. Pen-y-garn: they show (politic and compact noilular lime-

sttmes. with aV»undant Semiiinhi.

In the Taff valley. Cwane (ilas (Cilam. 30 SE X 3), on the steep north-

eastern slope of Garth Wood (PI, XIII. tig. 1). is a long-disused, pictiu'esijue

tjuarry in the Seininidii Oolite: vein-dolomitization is very extensive here.

An old quarry in the woods 450 yards south-west of Cwarre (tIjis shows
dark-grey tinely -oolitic limestones overlying coarse oolite. This probably
represents the toj) of the Semintiht Oolite.

Below the Setttiinilii Oolite of Cwarre Glas lies the monotonous series of

crystalline «lolomites which form the bulk of the Main Limestone in the

Taff valley. On the e^^<lence of fossils fountl on the opposite side of the

gorge (p. 150) the topmost portion of this dohjmite .series is of S_. age.

Losvcr l)ihuii()j)hiilliiin Zone : D,.

Tlu' 1k'(Is assigned U) this siil)/.oiii' contain a clianiotcristic

asseinhhii^c of corals witli Dihitintphi/llifin 6, Carcliioitlnfllinn

V(fi((/Ji(itu\ and ('i/dfliophj/lliini iiiiiri'hisnni as es.st'ntial nicnilHTs.

The I)ihuin>i,lii/llinii iH'ds are aj))»arently conlined to tliat part

of tlie district whii-li lies west of the Klv river. They have not

been traced farther east than the u'l'oond innnediately nortli of

Brynsa<ldl«'r. in the Kly valley, and in all probability thrir base is

overstej)]ied by the Millstone (Jrit in tin- drift-covered area north
of Hrynsiddler.

Aronnd lintbin. in tlw extreme west oF the district here described,

j)ersistent northi-rly dips over a wide outcrop indicat*' a thit-kni'ss of

about (KM) feet of linu'stone above the Sriniunln Zone, before the

Carl»)niferous Limestone finally dis^ippears beneath the Keu)>er on
the north. Of this thickness, about l'>0 feet can be assit>:ned to 1)^

on conclusive faunal evidence : hii^her be<is in the Kuthin ouU"ro|>

may bclouLT either to D^ or to 1),, but the fossils which have been
yii'ldcd by the nn-agre exposiires of these l>ed.>N are of no zonal value.

Lithol«»i;y. Chit'tly ijfrey crinoidal and shelly limestones,

often highly crystallini". and occasionally «)olitic. A characteristic

feature in this district, as in (iowtr and elsewhere, is the extoiisUe

development of pseudo-brecciate<l structures ^ in ti»e linu'stones.

' First describefl by Mr. K. H. i'iddeman, • The Country around Swansea'
Mem. G<>ol. Siirv. I!»n7. p. lo.



14S MR. F. dixp:y and prof. t. f. stblt oy the [vol. Ixxiii^

The pseudobreccias, like those of Gower, are highly foraminiferal.

The peculiar structure of these rocks, which has been attributed

b}" Mr. E. E. L. Dixon ^ to the patchy and early recrystallization of

a calcareous mud, results in a characteristic honeycomb-weathering.
Beds of red-stained, rubbly limestone are associated with the

pseudobreccias. At a high level in the subzone are developed

some dark-grey fine-grained limestones, approximating to calcite-

mudstones ; they contain Calcisplicera (I) and many foraminifera.

Fauna:

Corals and brachiopods :

—

Syi'iiujopoia !ipp.—X 4. Prodnctus hemispliericus J. de C.

Alveolites septosns (Fleming), 'Edw&jvdii Sowerby.—X 4, X 5.

& Haime.—X4. Prodvctvs cf. giyanteus (Martin).

—

CyatJiophylbim murchisoni EdAvards X 3, X 4.

& Haime.—X 3, X 4, \ 5. ' Papilionaceous Chonetes.— 3, X4. N.~.

Lifhostrotiou irregulare (Phillips).

—

Spirifer cf. striatus (Martin).— ^ 4

\ 3, A 5.
;

(rare).

Lit!tostrot ion martini Edwards & Martinia c/labraiMsivthi).—X 4 (rare).

Haime.— \ 3.
I
Cyrtina septosa (Phillips.).—X 4.

Carcinophylhim vaxighani Salee.

—

\
Semi/nda Jicoi(7(^.^ Yaughan. —X 3, X 4,

\ 3, X 4.'
1 X 5.

Dibnnoiyiii/lhini 9 YaAighkji.—X 3, X 4. Athyris cf. expansa Davidson, non
A 5. '

J

(Phillips).—X 4, X 5.

X 3. X 4, and X 5 are localities near Ruthin, in the 6-inch sheet Glamorgan
41 NW, to be described immediately.

The following are the best exposures of the D^ beds in the

outcro]) around Kuthm :

—

Quarry (Glam. 41 NW X 3), immediately north of the Roman Camp. Ruthin.

This expo-<es a level at or very near the base of the Dihii iiophyllum Zone.

The rocks are highly-crystalline grey limestones, in several beds of which
DihniiopIiyUiiniO is extremely abundant.

Old Quarry (Glam. 41 NW X 4), 100 yards north of Tyle-gwyn, west of

Ruthin. This secticm, Ijang much higher in the subzone, shows pseudo-

breccias and rubbly limestones.

Exposures (Glam. 41 NW X 5). on the northern edge of Coed Garwa, east

of Rutliin. • These show highly-fossiliferous beds of pseudobreccia, rubbly

limestone, and finely-saccharoidal gTey limestone. One band has yielded

P3'gidia and a cranidium of Griffitl/ideti sp.

East of a point about midway between Kuthin and Llanharrv,

the D, beds, in so far as they have not been overstepped by
the Millstone Grit, are almost wholly concealed by Keuper and
Glacial drift. But a small, disused quarry, at Llechau Farm, half-

way ])et\veen Llanharrv and Brvnsaddler, has yielded Dihiniophyl-

hon d and Lithoiitrotlon irrecjulare ; and the spoil-heap of an

abandoned iron-mine situated north-west of Brvnsaddler, and about

100 yards south-east of Ty-du Beservoir, contains blocks of grey

crinoidal limestone which have yielded Dihniw^jhi/lhtm 6. These
are the most easterly indications of the D/bffHophi///iff)i Zone.

Gower paper, pp. .507-11.
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Kast of tlic Taff.

riu- Main Linu'stoni' is lu-ttcr cxixtst'd than in tlit- aiva west of

iiu- Taff. Hut the ovcrstt'}) of tlu' Millstone- (Jrit, wliioh has

alivady proi^ivssed lu-low tlu- top of S , i-uts out tlu* whole of that

/one lu'fore tlu' Ehhw valK'V is n-ac-liLMl, while doloniitizjition and

the develojunent of Modioht phases ohliterate so much of the

fauna] succession that onlv two zonal hori/ons (Z and the hast- ot

S.) can be traced.

No trace of the C, fauna has been found, and only vestiges of the C. + S,

fauna. It has not V)een j>o.-*sil)k', therefore, to define a b«iundary between
C, and C . The line drawn on our niap (PI. XVI) does not, however,

represent a conjectured zonal boumlary. From Cefn-eaniau-fawr. about 2

miles east of the TafF, to Pen-how. 1 mile west of the lihymney. it is a definite"

lithological division-line. It marks the base u{ a band of crystalline dolomites,

of O.-f S, a<,'e, which becomes defined, as we i>roceed north-eastwards, by the

apjHjarance of luiderlyinjr and overlyinp arjfillaceous Mmliula jduises. This

dolomite-band must be assif,nied to C 4-.S, from its po- ition in the se<iuence.

which i-an be determine<l accurately at Thornhill and on L'efn-Un (p. 1.">1).

But consi.lerations of thickness indicate also that some part of the underlyinj,'

Mtnliol<i i)hase belongs to C ,, and lead to the conclusion that this Mudiolo

phase is of C, C. age. In "the central portion of the outcrop V)etween the

Taff and the Rhyinney. therefore, the line drawn on our map seiiarates an

argillaceous Modioln phase of C, C, age from a band of crystalline <lolomit«'

belonging to C.jH-S,. West of Cefn-camau-fawr. an<l east of Pen-how, it

represents merely the conjectured position of the same level. The argil-

laceous ;rroup ceases to be recognizable a little west of Cefn-carnau-fawr,

while the dolomite-band appears to die out and give place t(» argillaceous

IxmIs east of Pen-how.

The Main Limt stone on tiic uastcrn side ottlie TalY uor-c.

Almost the whole thickness of the Main Limestone is expu.sed

in tjuarries and railway-cuttiui^s on the eastern side of the Tatf

i^oiX'.' The cuttings on the Cardiff Railway, toi^ether with

(';jstt'll-('och Quarry and I'ortohelht (Quarry, afford a section which

is practically continuous from the hasc of the Main Limestone

almost up to the top of the .SV-////y//'AM )olit«- ; while the Harry

l»ailway, whicli has crossed the gori^e on the Walnut-Tree viaduct,

cutsinto the C,-hS| heds and ))rovides a duj»licate section from this

latter horizon upwards (see phototjniph, IM. XIII. liii:. 1 ).

The succession may he tahvdated as folhiws :

hWt.

J Oolite and <.<.litir linu-stone :l8l»

^' "^ Dolomite^ i:{"

C,

z
C, [.Doh.mit.- l-'.-.H

ITr.o

'I'he Z, fauna is poorly represented, anil tiacsof the C.^-f-S^ fauna

are found. The S fauna is well repre.sented. and the ha.se of S^

' The sticcessioii ir. briefiy descrilfcd in the Newport .Mi-moir. 2nd»Ml. pp. 20.

24 •_».-..
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liAS been drawn at a level marked by the appearance of Cijrtlna

cdrhonaria}

The estimates of thickness should be regarded as rough approxi-

mations, except in the case of the S., dolomites, the thickness of

which can be determined with fair accuracy. Allowance has been
made for some probable repetition, by thrusts, of beds Avithin the S.,

oolites. Both the dolomites of Z-C\ and the oolitic beds of S.^ are

much broken and sheared, doubtless ow^ng to the close proximity
of the sections to the great dip-fault which runs along the gorge.

The dip varies from about 60°, slightly west of noi-th, in the lower
beds, to about 20°, north-westwards, in the upper part of S.,.

Calcite-veining on both a large and a small scale is greatly developed
throughout, and nests of calcite and dolomite are abundant in the

dolomites generally. Although the dolomites are mainly contem-
poraneous, portions of the sequence, in C., + S^ and in S.,, owe their

dolomitic character to vein-dolomitization. The problem of the

dolomitization is not discussed here, however.

Castell-C>)cli Quarry (Glani. 37 SW \ 5), a great quarry whicli extends
almost as far north as tlie Walnut-Tree yiaduct, exposes the grey finely-

crystalline dolomites which form the lower half of the Main Limestone.
These beds cover Z and probably the whole of Ci- As mentioned on p. 131,
the section includes the junction of the Main Limestone with the Lower
Limestone Shales, and this junction is sharp. The basal beds of the Main
Limestone are grey or buft"-coloured argillaceous dolomites, with some very
thin- shale-partings. They include some richly-crinoidal seams, and show a
small development of crinoidal chert. Their horizon (Zj) is indicated by an
abundance of Produchis bniiingtonenais, associated with Sch.eUirie)ieUa cf.

crenistrin and Syringotliyris cf. cnspidata, observed on a shaly bedding-
plane.

Beds assignable to C.,-)-S, are exposed (a) in the low-level cutting of the

Cardiff Railway, under and immediately north of the Walnut-Tree viaduct,

and {b) in the high-level cutting of the Barry Railway-. In the main, these

are grey or yellow, fine-grained to medium-grained dolomites, barren of fossils.

They include occasional bands of dolomite-mudstone and lenticles of clay,

features which foreshadow the strong development of JforfJo?a-phase deposits

farther east. They have jielded a few fossils. On the Cardiff Railway,
Sijriiigopora cf. i-eticidata (?J and Prodnctus corrugato-liemisphericus have
been recorded. On the Barry Railway (Glam. 37 SW A 6), about 110 yards
from the viaduct wall, a band of yellow dolomite contains cohmies of

LitliOfftwtion ma7-tini Avith the tissue completeh' dolomitized. This band lies

about 3.5 feet below the base of S^. Patches of slightly-dolomitized. pale-

grey oolite survive in a massive dolomite exposed on the Cardiff' Railway
65 yards north of the viaduct. This is the easternmost trace of the normal
oolites of C_,-|-Sj discovered in our district.

The dolomites which form the lowest part of S., are best exposed on the

Barry Railway (Glam. 37 SW \ 6). They are grey slightly-crinoidal rocks,

fine-grained t(j medium-grained, and tliinly bedded, with occasional clay-

partings. At their base, Cyrfiiia cnrhnnaria and Seminida jicoides are

represented hy numerous casts in a band of dark-grey dolomite, red-stained

in patches. This band, defining the base of S^, lies 140 yards from the wall

of the Walnut-Tree viaduct, (m the eastern side of the cutting. Except in

this basal band, fossils other than crinoid-ossicles are rare in these dolomites.

Prodnctus sp., Seminida fico iden. smd Carcinophglhim sp. have been identified.

^ Here, as elsewhere east of the Taft', the dolomites with Cijrtina car-

ho liar ia which form the lowest part of S^ represent the basal portion of the

Seminida Oolite as developed farther west.
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Tjie passafe'e int«. the uverlying <»<»lit<'^ i^ well exposed in the name euttiiiK.

No definite division-line can be drawn, because dolcmiitization has affected

the basal portion of the <K)lite very extensively, spreading not only ni veins

along joints, but also in nuisses which involve the body of the rock.

The Bjvrrv Kailwav also affords a good section «.f the <.olites :
but these

beds are ovt-n better displaved in Portobello (-iuiirry. which lies between the

two milwavs. and in the cuttings on the Cardiff Railway. They exhibit the

typical litholog^' and fauna of the S^niinnh, Oolite, although everywhere

veine.1 bv dolomite and calcite. In the northern portion of each railway-

secti.m tlie beds are much shatter-jointed and traversal by occasional

faults, iirobably thrusts. The following crals and bmchiopods have been

reconletl

:

Sijriityopora .sp. Ctmiiiia sp. ;
rare.

Utho^imiion martini. Pmdurtiig mrnigntu -ht^mtsjiherir,,^ ;

Lithonf ration (yematnphylhnn) common.

minns (lower beds only) ; rare. Papilionaceous Chrmetex ;
common.

Cn,Tim>i>hijUum sp. St-minnla ficoulcs; abundant.

Northwards, the section (»f Carboniferous Limesttmc terminates in the

Snuinula Oolite on both railways. On the Cardiff Railway, limestone

extends to the end of the cutting, where the ground falls abruptly to an

alluvial terrace. On the Barry Railway, the limestone-section terminates

within the cutting, at the point where a bridge crosses, and the rest of the

cutting lies in Glacial gravel. Glacial «lrift probably covers about lOO feet of

S. beds at the top of the Main Limestone in this locality. The northernmost

exposure of limestcme is a small outcrop in a lane immediately east of the Barry

Railway, 65 yards south of Ty-rhiw.' The rock is an oolitic limestone containing

commiuuted shell.

The Main Limestone cast of tlie Tiitl' -oi-e.

As explained in the t^eneral aeeount of the sueees.sion (§ H ,

pp. 122 2:i I and iUusti-iited hy tlie vertieal seetiniis (in^. 2, ]). 1 19).

the Main Limestone, when tnieed nortli-eastwards from the Tuff

vallev, underjrous three important elianu^es, namely {I) the loss

of H] in conse(iuenee of overstej) by tlie Millstone (irit, (2) the

attenuation of the surviving zones, and (3) the i^'reat develo])nn'nt

of Mo(f/oht-\)h'diio deiK)sits in C-S,.

Ahundanee of exi)osures enables us to establish the suceessiim of

l:>eds in eonsiderable detail at Thornhill, and again in the vicinity

of Cefn-On Farm, 1 \ miles east-north-east of Thornhill. There is

little ehani^e between thesr jMjints. The Cefn-On secjuenee, which

is illustrated bv a horizontal .section (hg. L p. 120) and by a vertical

section in tig. 2 (
j). 11!) ), may be tiibulated to ].rovide a basis for the

descrijition of the Mam LimWone between thoTaff and the Kbbw.

The Main Limestone of Cefn-On.
bWt.

(iii) S .
(basal beds of ). Dohmiites with a Imnd of oolite 70

r * rM(M/i«»^f phase (S,) ^^

Crvstalline dolomite and dolomitio limestone

(")i^^+«.- i avs.) 100

I^C, (part of) iModiola phase (C,-<J«) '^^^

(i) I
^' (P^^ *" ) \ Dolomites, with some ehert near the bas«' 45(>

- Total i>20

' There is no exposure at the |M)int, 25 yards south-west of Ty-rhiw.

marked by a dip-arrow on the tJ-inch Geological Survey map (Glamorgan,

'M SW).
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In this sequence the divisions (i), (ii), and (iii), and the sub-

divisions of (ii),are well-detined Uthologicalh\ The zonal correla-

tion of the S., beds is placed beyond question by the occuri-ence of

Cijrtina carbouaria and other fossils, but that of the underlying
beds is inferred from considerations of thickness, in comparison
with the faunal succession established west of the Taff.

These three divisions of the Cefn-On sequence may be con-

veniently adopted for the remaining descri])tic)n of the Main
Limestone.

(i) The crvstalline dolomites of Z-C .

In the Taf£ valley, these dolomites probably cover the whole of

Z and C^ (p. 150). Eastwards, the up])er beds pass laterally into

J/or/Zo/r^-phase deposits. As a result of this circumstance, com-
bined with actual thinning of the strata, the thickness diminishes

from about SCO feet in the Taif valley to 400 feet in the Kbbw
valley.

In general, the rocks are gre}^ finely-crystalline dolomites.

Nests of calcite and dolomite are sometimes abundant. Chert is

usually developed at or near the base. Oolite, completely dulomi-

tized, is developed in considerable thickness, less than 100 feet

above the base, in Cefn-garw Quarry and in an adjacent disvised

quarry, and has been observed at the same horizon in the scarp-

face of Cefn-On. 1 Fossils, other than crinoid-debris, which is

generally distributed and sometimes abundant, are usually rare.

At two localities to be described, however, they occur abundantly

at and near the base ; and at various levels and localities SclidJ-

wienella cf. cremsfria and Spirifcr clafhrafus \\^\e been observed.

Excellent exposures are afforded by Cefn-i>"arw Quarry, north of

Tongwynlais ; (lelli Quarry, north of Hhubina
;
quarries at Thorn

-

hill ; crags and cuttings on Cefn-On ; Machen Quarry : and I)an-

y-draig Quarry, Kisca.

Cefn-garw Quarry (Glana. 37 SW X 2), situated 750 yards east-nortL-east

of Castell Coch, gives an admirable section of about 60 feet of beds lying

very near the base of the Main Limestone. The loAver beds of the quarry
are bhie-black, buff-Aveathering, crinoidal dolomites of very fine grain. The
middle beds are ijale to dark-grey richly- crinoidal dolomites. These
latter are characterized by a highly-irregular development of black argil-

laceous streaks, by extensive silicification resulting in patches of crinoidal

chert and occasional nodules of chalcedony, and by an irregular patchj^ iron-

staining. Thej^ resemble closely the crinoidal liihestones which form the

base of the Main Limestone west of tlie Taft' (p. 135). Their correlation

Math Z, (Horizon /3) is determined by the following fossils found in them :

—

Zaphrentis delanouei ('?).

Chonetes cf. hardrensis ; common.
Leptseiia analoga ; common.
Schellivienella cf.crenistria : common.

Ca ma rotopch in onitch eldea ne7ii>is

common.
Spirifer clathratns.

Siji'ingothijns cf. cuspidata.

Sjni'lferina octoplkata^ mutation /}.

' Specimen E 7423 in the collection of the Geological Survey, obtained

from the lower part of the Main Limestone east of the Ebbw river at Risca,

is a dolomitized oolite of identical character. See Newport Memoir, 2nd ed.

Plate, fig. 5 (microphotograph).
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Tlic upper beds of the (luurry are grey frinoidal (lolomitf^. lii{;lily

<»<)litic in Homo beds, and contiiining Srlifllu'ienelln cf. rrenixtrin and Siiirijcr

doihratux.

In the Rhymney valley, a cutting'- on the Brecon &. Merthyr liailway

(Mon. 27 S?i .\ 1 ). iinniedialely below Machen (.iuarrj*. exposes the base of

the Mam Limestone. The section shows 8 or 10 feet of thijdy-b»'dde<l. dolo-

ujitic limestones, with some highly argillaceous ban<lH and an abundant
development of crinoidal chert, underlying' yrey dolomites without chert.

The change from the argillaceous, cherty beds to the normal grey (hdoiuitc

is sharj). The lowest bed exposed is a V>ajid of dark-grey crinoidal limestone,

islightly cherty but ncm-dolomitic, and containing Choneteis cf. fninlrfiiKin and
ChoneteK crnnttistria Vaughan (non M"Coy)in profusirm, together with Spirift-r

cUithrafitg and Srliflhrieitella cf. m'nii<iriii.

The grey d(»lomites of this railway-cutting and Machen Quarry !<how none
of the special feattires of the beds in L'efn-garw Quarry, described above.

In Dan-y-Graig C2"!irry. Kisca, the base of the Main Limotone, again

exi)08ed. shows tine-grained dolomites alternating with hard dolomitic shales,

and the beds contain only some scanty crinoid-d«'bris. There is evi<lently

mnch variation in the character of the lowest beds of the Main Limestone
between the TafF and the Kbl)w.

(iij The JIo(h'()/(f phases, etc., of C,-S,.

The sequence clearly detined on Cet'n-On, coniprisinjjf two
MinUola phases with an intervening band of crystalline dolomites,

can be traced for about 2 miles along the outcrop in each

direction, west-south-westwards to the neighbourhood of C'efn-

carnau-fawr, .md east-north-eastwards to the vicinity of IVn-how.
Along this ])ortion of the outcroj) a colour-boundary on our ma)»

( 1*1. XVI ) re))r».'sents the base of the dolomite-band, as e\])lained

on }). 141). Farther west, the Modiola phases cease to be traceable.

Farther east, the dolomite-band has not been recognized : and,

by the time the Jibynjney valley is reached, the wlmle division

has probably assmned the essential character of a ^ladlnhi jihasc.

which it i)resents in the Kl)bw valley.

On the eastern side of the Hhynmey valley, in the ravine below
Ffwrwm, the Millstone ( J rit oversteps the base of S,, and comes t<»

rest directly u}>on the C-S^ beds. This sharj) transgression, which
is as.Hociated with the development of a band of (juartz-conglo-

memte at the base of the Millstone (Jrit, continues as far as tin*

€i-est of the ridge l)etween the Khymney and the Kbbw, and so

cuts out a considerable thickness of (' S^ beds. On the desct-nt to

the Kbbw Uiver, however, the <juarty.-conglomerate dies (Uit, the

base of the Millstone (Jrit retrogresses, an<l the u]>per beds of C-S*
emerge almost comj»letely.

The lower Moditthi phase ((', ^'j i« l>y far the thickest

group, and attains a thickness of some 2o() feet on (V-fn-On. It

is con»i)osed largely of dolomite-mudstones, very varied in colour,

with thin partings and lentieles of shale an<l clay, ami a consider-

able intercalation of very line-grained, crystalline dolomites. in

the mi«ldle and u])|K'r portions, compact grey linu'stones, nmstly
ealcite-mudstones with conchoidal fracture, may be developed in

large or small amount. Xo fossils havi' been o])servcd.
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On the dip-slope of Cefn-On, about 200 yards west of the line of the

Caerphilly Tunnel, the soixthern quarry in some old workings (Glam. 37 NW
A 1) affords a good exposure of the uppermost beds. These are dolomite-

mudstones, with some dolomitic shale in the lower part and a regular inter-

calation of finely-crystalline dolomites in the upper part. Some bands of

nodular dolomite-raudstone in the lower beds contain calcitic patches. The
overlying crystalline dolomite comes on in the northern part of these workings
(see below).

In the Cefn-On Farm traverse (horizontal section, fig. 4, p. 120). the lower

beds of the group are exposed in a cutting on the cart-road, 120 yards north-

north-west of the farm. These are dolomite-mudstones with a little purple-

and-green shale and a few bands of crystalline dolomite. Another cutting,

70 to 80 yards farther north on the cart-road, exposes dark-grey calcite-

mudstones, with platy bedding and shale-partings, which lie about the middle

of the group.

Many small exposures occur in the neighbourhood of Maenllwyd, east of

Rudry. A well-developed dry valley marks the outcrop of the group north

and north-east of the Maenllwyd Inn. An old quarry on the northern side of

this valley, situated 130 yards north-north-west of Tir-Sion-Philip-Morgan,

exposes beds near the top of the group, compact limestones and fine-grained

dolomites with some shale and marl.

The band of cr^^stalliiie dolomite and dolomitic
limestone (C.-SJ, \Yhich can be traced from Cefn-carnan-fawr

to Pen-how, gives rise to a well-marked feature along much of this

distance. Its thickness amounts to 120 feet or more at Thornhill,

and to about 100 feet on Cefn-On. It includes rocks which vsny

much, as regards both size of grain and degree of dolomitization

.

Fairly-pure dolomites predominate, but a considerable amount of

partl^^-dolomitized limestone is also found. Dolomitized oolite

occurs in small amount on Cefn-On. Fossils, other than crinoid-

ossicles, have been found at one locality only, on Cefn-On.

On Cefn-On. in the old workings (Glam. 37 NW A 1) which lie 200 yards

west of the line of the Caerphilly Tunnel, the northern quarry, much over-

grown, exposes the lower beds of this group. The rocks are grey saccharoidal

dolomites, coarse-grained for the most part, but including some fine-grained

bands. On the cart-track which skirts this quarry, some bands of fiiie-

grained dolomite have yielded Bellerophon, Scliellicienella cf. crenistria,

tit^minnla sp., and crinoid-ossicles. all preserved as casts or moulds.

The upper Modiola phase (S^) is a very variable group

averaging roughly 50 feet in thickness. The rocks are mainly

calcite-mudstones and dolomite - mudstones, or closely - similar

compact limestones and dolomites i; but they also comprise some
medium-grained oolites and some persistent beds of crj^stalline

dolomite. In all these, ver}^ fine quai-tz-sand, in small or moderate

amount, is ubiquitous. Thin shale-bands are frequent.

Unmistakable vein-dolomitization has everywhere affected the

limestones to some extent, and in places it has produced an

extensive conversion of limestone, amorphous-looking in its original

state, into coarsely-crystalline dolomite. This is well seen in

stream-sections on both sides of the Khymney valley : on the

' Types covered by Mr. E. E. L. Dixon's description of ' Calcite-mudstones

and similar rock-types,' Gower paper, pp. 516-17.
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Nvestoni side, in the woods wvst of Khyil-y-i; wen., and on tlie

eastern side, in tliu mvine vvest-soiitli-west of Ffwrwni.

In tlie limestones, ostr.icods and Calvispha'ra (/j are sometimes

al.undant, erinoid-dt'l)ris and toniminifera oeeiir more siaringly,

and serpulids oeeur rarely. The fauna is, therefore, decidedly that

of a Mod Iold jihiseJ

This Modiola j)hase is inunediately overlain by the dolomites

with Ci/rfina carhnnaria which represent the base of S^. Its

zonal liorizon (S, ) is, therefore, quite definite. As far east as

Pen-how its base is defined by the underlyin.ii; band of crysbilline

dolomites; but farther east, where that band dies out, it forms

merely the u])])ermost part of the very thick Modiola phase of

C -S,*age in the Khynmi-y and Ebbw valleys.

The best Rcctions are afPonled by (1) an old quarry (Glam. 37 NE X 1)

sitimted about midway between Pen-y-wann and Pen-how, north-east of

Rudry, and (2) the stream-bed an<l l)ank8 in the ravine (Mon. 27 SE X 2)

inunediately west-south-weHt of Ffwrwm, on the eastern side of the Khymney

valley. At the first-named locality, dolomite-nuidstones and crystalline

dolomites predominate over caleite-mudstonea. In the Ffwrwm ravine,

dolomites are subordinate to a variety of ralcite-mudstones and other fine-

ffraine<l limestones, while a thick band of dark-f,'rey oolite forms a conspicuouB

feature.

In the Ebbw valley, the C-S, Modiola phase, apparently

unbroken, attains a thickness of about !i75 feet. It is succeeded

directlv by the shales of the Millstone (irit,- but the junction is

not nciw exposed. The strata. ])oorly ex])osed in the cuttin*,' (in

the railway east of Waun Fawr Brickworks, arc chietly dolomitc-

mudstones, with nuich v»'ry fine-i^rained crystalline dolomite and

some coarsely-crystalline dolomite. Very near the Millstone-CJnt

boimdury, near Buck Farm on the hillside south of the railway,

some sniall outcrops of smooth-textured oolitic limestone, contain-

in*; ostracods, siv^i^est the S, hori/.on of the ravine below Ffwrwm

in the Khymney valley.

(iii) The S. beds.

It has bci'U seen (p. Ml)) that the S^ ])eds on the eastern side of

the 'i'aff ^ori^c comi)rise some VM) feet of dolomites succeeded by

nearly -RK) feet of oolites antl ooliti(! limestones. At I*en-y-bryn,

a mile away to the north-east, dolomites about IT)!) feet thick

alone rejiresent S,. This ra])i<l apparent thinning can only be

exjdained by overstej. of the Millstone (Irit. Kast-north-east wards

from IVn-y-bryn to the Khymney valley, the dolomites of S^

diminish but liradually in thickness, for they amount to UK) feet

at Thornhill, 00 feet or more (»n the dip-slop' of Cefn-On. and

j.robablv .")() feet in the Khymney valley. On the eastern side of

th:it valley, however, they are cut out by a shar|> tninsL,'ressi<ui of

the (|uart/.-eoni;lomerate at the base of the Millstone (irit.

' See E. E. L. Dixon. Oowor iMV|>er, pp. 518-lt>.

- Ne>v])ort Memoir. 2nd ed. p. 21,

Q. .1.(5.8. No. 21)0. N
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These basal beds of S, are grey ciystalline dolomites, fine-grained

or medium-grained. Being much more resistant to denuding
agents than either the underlying 2Todiola phase or the overlying

shales of the Millstone Grit, the}' give rise to a conspicuous

feature along much of their outcrop. The}'^ can readily be mapiDed,

and at many points the}^ have j^elded the characteristic brachiopod

Cyrtina carhonaria and other fossils.

In Fforest Fawr and the woods adjacent to it on the north, are a few
exposures of the S.^ dolomites and many of the overlying oolites. The latter

beds are extensively vein-dolomitized in mass, and often rendered highly

ferruginous by the development of hasmatite. An old quarry beside the road,

immediately south of Pen-y-bryn Cottage, gives a small exposure of ferruginous

crinoidal dolomites containing Cyrtina cai-honaria.

The following tabular list of fossils records most of the fossiliferous

exposures of the So beds in their outcrop from Pen-y-bryn to the Rhymney
valley.

Locality.

Genera and species.

3. 4.

Syringopora sp , ...
j x

Lithostrotionmartini^dwa,rds&Jlsiim.e. X X
Carcinophylhtm sp X X
Productus corrugato - hemispTiericus

Vaughan ... x
Cyrtina carhonaria M.^Coy x X
Seminnla fieoides YaAxghsbX). x X

1. Old Quarry (Glam. 37 SW \ 7), 350 yards north-west of Cefn-
carnau-fawr.

2. Old Quarries (Glam. 37 SW A 8), immediately south-east of

Ty'n-y-ton, north of Thornhill.

3. Old Quarries (Glam. 37 SW \ 9), immediately west of Cefn-

carnau-uchaf, north-north-east of Thornhill.

4. Bed of lane (Glam. 37 NW \ 2), on the northern side of Cefn-On,
a quarter of a mile west of the Caerphilly railway-tunnel.

5. Old Quarry (Glam. 37 NE \ 3), in woods north of Cefn-On Farm,
200 yards east-north-east of Ty'n-y-parc.

6. Footpath (Glam. 37 NE X 2), 100 to 150 yards north-east of

Pen-y-waun, north-east of E-udry.

7. Stream-bed (Mon. 27 SE A 2), about 100 yards west of Ffwrwm,
eastern side of the Rhymney valley.

In all cases except one, the fossiliferous beds are grey dolomites. The
exception is afforded by the old quarry (Glam. 37 NE X 3) near Ty'n-y-parc,

where a band of coarse-grained white oolite yields the fossils. This oolite

is probably succeeded immediately by the Millstone Grit.

Below Ffwrwm in the Rhymney valley, Avhere the S^ beds are last seen,

they crop out in the stream-bed and in the very steep northern side of the
ravine, and they are seen to overlie the Modiola phase of Sj. About 30 yards
upstream from their last outcrop, a band of quartz-grit crosses the stream-
bed ; and the quartz-c(mglomerate, of which this grit probably forms the
basal bed, undoubtedly cuts out the S_, dolomites in this locality.
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\l. SUMMAUi AM) CuNLIA SIO.NS.

Suuiiiiaii/iiig the ivsults of our investigation of the eliange>

which afti'ct tlie Carboniferous Limestone Series wlien traee<l

nortli-east wards along its outcrop between Bridgend and Kisca, we
lind that

:

(1) The tliniinution in tliiekness is due oidy in part to actual

attenuation of tlie strata, a factor of greater impoi-tance l)eing the

overstep of the Millstone (Jrit across successively lower horizons in

the Carboniferous Limestone.

(n) Unconformable overstep by the Millstone Grit cut.s out the iJibuno-

phifllinn beds and the Main Seniiitula Zone (S,), the collective thickness of

which in the extreme west of the outcri»p amounts to some r2U0 feet.

(b) Actual attenuation diminishes the collective thickness of the surviving

zones K (Lower Limestone Shales), and Z to S, (Main Limesttme; by some
700 feet, from about 1500 feet in the west to 800 feet in the east.

(2) The Lower Limestone Shaloi maintain their lithological and

faunal facies substantially unaltered.

i'S) The zones of the Main Limestone which ]>ersist throughout

(Z to S,, inclusive) undergo great changes in lithological and faunal

character.

(a) In the Taff valley, the secjuence of undolomitized limestones with

subordinate dolomites which obtains in the west has given place to an
almost unbroken succession of dolomites. This is due to a progressive

increase in the vertical extent of contemporaneous dolomitization. The
faunas, although largely obliterated, maintain a standard facies.

(6) East of the Taff valley, the lower beds (Z-C) maintain the character

of crystalline dolomites with remnants of the standard fauna. The upper

part of the sequence (C-S,), however, becomes a Modiola phase of great

thickness, composed essentially of dolomite-mudstones with subordinate

calcitic beds.

Our investigations contirm, therefore, the opinion previously

expressed by Mr. E. E. L. Dixon ^ that unconformable overstep by

the Millstone Grit takes place in this part of the coalfield margin.

The discordance of stratification between the Carboniferous Lime-

stone and the Millstone (irit is probably so slight that it would

be inap})reciable in sections of the junction of the two formations.

None the less, the indisputable overstep of the Millstone Grit

across a large part of the Carboniferous Limestone Series admits

onlv of the conclusion that the junction is a true plane of uncon-

formity, det4.'rmined by a period of uplift and denudaticm dm-ing

which the beds of the Carboniferous Limestone were shaved oft"

oblirpiely from the north-east or north. Outside the district

here descril)ed. several facts suggest that the area of maximiun
uj)lift at the time of this earth-movement lay to the north-east,

rather than to the north. The attemiation of the Carboniferous

Limestone Scries continues northwards along the eastern margin

of the coalfield, as far as a |M)int near the north-eastern corner of

the basin : west of that point, however, the Series thickens rather

' Newport Memoir, 2nd ed. p. 20.
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rapidly along the ' north crop ' of the coalfield.^ Further, ' Mill-

stone Grit ' overlies Carboniferous Limestone uneonformably in the

Chepstow 2 district, east of the area here described ; and Coal

Measures succeed the Lower Carboniferous strata with pronounced
unconforinity in the Forest-of-Dean Coalfield,^ lyii^g to the north-

east. It is very probable that the unconformity now shown to

exist on the eastern fringe of the South Wales coal-basin was
due to the earth-movement which produced a great break in the

Carboniferous succession of the Forest of Dean.

No detailed comparison of the variable succession in the district

that has been described in this paper M'ith the Avonian of other

areas need be made, but attention may be dii-ected to a few points

of interest.

The sequence in the westernmost part of our district, although

probably lacking the highest portion of the Avonian, parallels the

succession in Gower very closely in other respects.'^ But the

remarkable dolomitic sequence in the extreme east of the district

here dealt with cannot be matched elsewhere in the South- Western
Province : its nearest analogue, to be found in the Forest-of-Dean

succession,^ presents considerable differences.

The interval of Avonian time, K to S^ inclusive, is represented

by deposits which survived the inter- Carboniferous denudation

everywhere in the district here described.

K. The slight variation of the deposits of this zone throughout
the district accords with the general constancy of facies shown
by. the K beds throughout the South-Western Province. But the

attenuation of the beds in a north-easterly direction indicates

that subsidence was more rapid in the south-Avest than in the

north-east.

Z to Sj. The changes of facies and the attenuation of the strata

from south-west to north-east indicate (1) that the area of deposit

shallowed, as a rule, in a northerly or north-easterty direction, and

(2) that subsidence was more rajoid in the south-west than in the

north-east. The form of the outcrop—a single band trending

north-north-eastwards—precludes any discrimination, on local

evidence, between the significance of northerly or north-easterly

directions in this connexion.

In the interval represented by Z. yC,, and the Laminosa Dolo-

mite the north-eastward shallowing Avas probabh" slight, the change

of facies amounting to no more than an increase of dolomitization.

In the interval represented b}' the Oaninia OoHte and C,4- S,, how-
ever, standard conditions prevailed almost or quite ^ continuously

' • The Country around Abergavenny' Mem, Geol. Surv. 1900, p. 19.

- At Ifton (Monmouthshire) : E. E. L. Dixon, Geol. Mag. dec. 5, vol. vi

(1909) p. 515.
=* T. F. Sibly, Geol. Mag. dec. 5, vol. ix (1912) pp. 417, 420-21.
* E. E. L. Dixon & A. Vaughan, Gower paj^er. See especially p. 505 and

pp. 532-37 ; and compare table (p. 505) with our table on p. 118.
•^ T. F. Sibly, Geol. Mag. dec. 5, vol. ix (1912) pp. 418-20.
^ The thin Modiola phase developed at the base of Co at Miskin has not

been detected farther west.
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in tlie south-west of the district here described, while lagoon

conditions prevailed without sensible interruption in the north-east.

Tlie thick, dolomitic Modlola phase of C\-S^ which is developed

in the easternmost part of the district agrees, in all its essential

features, with the Modlola phase of C,^-S, which succeeds the

(Jcuiinia Oolite in the Avon, Sodbury, and Tytherington sections

of the Bristol area ^ to the south-east and east. In the district

here described, however, the phase, commencing in C,, probably

covers the period of the Can in la Oolite.

EXPLANATION OF PLATES XII-XVI.

Plate XII.

Fig. 1. Craig Llanishen, Cefn-On, and the intervening strike-
valley: view looking westwards. The featxu"es of the middle

distance, etc., reading from left to right, that is, from south to

north, are as follows :
— ((f) the wooded crest and dip-slope of

Craig Llanishen—the quartz-conglomerate and sandstones of the

Upper Old Eed Sandstone
;

(b) a grassy belt- the highest beds

of the Old Red Sandstone and the limestones and shales (1) of

the Lower Limestone Shales ; (c) a wooded ridge—the limestones

(2) of the Lower Limestone Shales
;

(cZ) a grassy belt—the shales

(3) of the Lower Limestone Shales ; and (e) the wooded scarp and
crest of the western end of Cefn-On—the Main Limestone. See

map (PL XVI).—T. F. Sibly, photo.

2. The scarp-face of Cefn-On at the head of Cwm Draethen:
view looking eastwards. The features of the middle distance and
foreground, reading from left to right, that is, from north to south,

are as follows :

—

{a) the steep, wooded scarp of the Main Limestone

;

(6) a grassy flat, made by the shales (3) of the Lower Limestone
Shales

;
(c) a low, wooded escarpment, made by limestones in the

Lower Limestone Shales
; {d) the ravine of the Draethen brook,

cut in the topmost beds of the Old Red Sandstone ; and (e) the

dip-sloj)e of Craig Lysfaen—Upper Old Red Sandstone. The
features (a), (6), and (c) are displaced in this locality by a dip-

fault, the track of which enters the picture at the lower right-hand

corner and runs up a ravine in the scarp-face of the Main
Limestone. In the distance, the Main Limestone escarpment and
the high ridge of Craig Ruperra (Old Red Sandstone) appear
faintly. See map (PL XVI), and section (fig. 4, p. 120).

—

T. F. Sibly, photo.

3. Machen Quarry, etc. : view looking north-eastwards across the

Rhymney valley. The crystalline dolomites forming the lower

part of the Main Limestone, in which the quarry is opened,

determine a bold wooded ridge. The scarp -face of this ridge

falls southwards to (1) a grassy flat, succeeded by (2) a low,

wooded ridge, the two features so often caused by the shales and
limestones respectively, of the Lower Limestone Shales (compare
flgs. 1 & 2). The dip-slope of the ridge falls northwards to a
cultivated tract which is made by the C^-S^ Modiola phase of

the Main Limestone. The Pennant-Grit scarp of Mynydd Machen
enters the left-hand side of the picture. See map (PI. XVI).

—

T. F. Sibly, photo.

1 A. Vaughan, Q. J. G. S. voL Ixi (1905) pp. 193-95 (Avon), pp. 207-209
(Sodbury), pp. 221-22 (Tytherington).
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Plate XIII.

Fig. 1. The gorge of the Taff below Taff's Well: view looking
south-eastwards from the eastern end of Garth Hill. The gorge
separates the Carboniferous-Limestone ridge of Fforest Fawr on
the east from that of Garth Wood on the west (map. PI. XVI).
The wooded dip-slopes of these two ridges appear in the picture.

Beyond Fforest Fa^\'r is seen the ridge of Greenmeadow Wood,
determined by a quartz-conglomerate at the base of the Upper
Series of the Old Red Sandstone. In the foreground, the Taff

valley widens in the strata of the Millstone Grit and the Lower
Coal Series, and receives a tributary strike-valley, cut in these

strata, from the west. In the distance, the limestone-gorge opens
out into the lowlands of Old Red Sandstone which extend south-

wards to Cardiff. Cwarre Glas lies in the Seminida Oolite (p. 147).

The quarries and cuttings on the eastern side of the gorge expose

almost the whole of the Carboniferous Limestone Series (pp. 128,

130. 131, & 149-51).—F. Dixey, photo.

2. The escarpment of the Main Limestone, Garth Wood:
view looking Avestwards, across the southern end of the Taff gorge,

from the hill above Tongwynlais (map, PI. XVI). Ty-nant Quarry

(pp. 136 & 138) is seen at the foot of the escarpment. The
Lower Limestone Shales lie buried under drift at the foot of the

escarpment.—F. Dixey, photo.

Plate XIV.

General view of a quarry in C.,-Sj beds, a quarter of a mile
north of Miskin. This quarry (Glam. 42 NW A 2) illustrates

the sequence of the three groups, 10, 11, & 12. recognized in the

standard limestones of C, and S^ near Miskin. (See p. 144.)

T. F. Sibly. photo.

Plate XV.

Geological map illustrating the Carboniferous Limestone Series between the

Ewenny valley and the Taff valley, on the scale of 2 inches to the

mile, or 1 : 31,680.

Plate XVI.

Geological map illustrating the Carboniferous Limestone Series between the

Taff valley and the Ebbw valley, on the scale of 2 inches to the

mile, or 1 : 31.680.

Discussion.

Dr. A. Stkahax expressed the pleasure with which he saw the

details being tilled into the outlines which he and his colleagues

had drawn many years ago. . Part of the outcrop described by the

Authors presented exceptional difficulties, for the lithologieal types

Avere abnormal and fossils were scarce. It would be interesting to

see how zones had been mapped under such conditions. It had

been known from the first that the limestone series became greatly

diminished in thickness from south to north or noi-th-east ; and it

had long been a jnatter of discussion how far this was due to an

originally meagre development, and how far to overlap by the

Millstone Grit. There are, in places, indications of erosion of the

limestone-surface below the basal conglomerate of the Millstone
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Fig. 1.

—

Craig Llanishen, Cefn-On, and the intervening

strike-valley : looking westwards.

Fig. 2.

—

The scarp-face of Cefn-On at the head of
Cwm Draethen : looking eastwards.

Fig. S.—Machen Qitarrg, etc., looking north-eastwards

across the Rhgmneg Valleg.

T. F. Sibly, photo.
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Fig. 1.— Gorge of the Taff, looking south-eastwards

from Garth Hill.

Castell CGch
&

Castell Coch Quariy.

Cwarre Glas.

TOXGWYNLAIS.
I

Faa^k

Fig. 2.

—

Escarpment of the Main Limestone, Garth Wood ;

looking ivestivards.

F, Dixey, photo.
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G-rit. as in the example figured in the Abergavenny Memoir ; and,

indeed, it was difficult to see how such an area could be invaded by
currents strong enough to distribute coarse gravel without some
washing-up of the sea-bottom. The matter was complicated by
the piping of the limestone, which had taken place on so great a

scale as to eventuate in wholesale subsidence of the Millstone Grit

and to cause difficult}^ in mapping its base. He was not satisfied

that there was evidence of an unconformity^ of a pronounced order,

such as would involve the supposition of upheaval and prolonged

denudation.

All the Carboniferous subdivisions shared in the attenuation,

clearly indicating the existence of Carboniferous land at no great

distance to the north. The shore-line appeared to have run in a

direction genemlly parallel to the existing margin of the Coalfield.

Part of the margin of the Carboniferous Limestone could be

recognized in Pembrokeshire, and eastwards near the Welsh Border.

The different aspects under which the limestone presents itself at

various distances from the sho]*e-line afford an unrivalled oi^portunity

of studying the types developed under littoral conditions, such as

dolomites, oolites, pisolites, interbedded conglomerates and others.

He looked forward to the prosecution of researches on which so

promising a commencement had been made.

Mr. E. E. L. Dixox said that he would refer to two points only.

The more important was the overstep of the Millstone G-rit across

successively lower horizons of the Carboniferous Limestone. This

overstep continues along the outcrop that bounds the eastern end
of the coalfield, north-east of the area described in the paper. For
some miles, however: that is, to beyond Pontypool, it results in little

further thinning of the Lower Avonian dolomites ; but, from Cwm
Afon north-eastwards, it rapidly increases and cuts out almost, if not

quite, the whole of the remaining dolomites. Xevei-theless the

underlying Lower Limestone Shales maintain their thickness un-

changed, and present the same rock-types and the same fauna,

indicative of the Cleistopora Zone, as elsewliere along the outcrop.

There can be no doubt that they do not represent tlie Main Lime-
stone+ Lower Limestone Shales of other localities.

This is the extreme amount of the overstep. The outcroj) here-

abouts swings westwards, and, in that direction, successivelv-higher

subzones of the Main Limestone emerge from beneath the Millstone

Grit—so i-apidly that in less than 6 miles appear several hundred
feet of limestone, in which all the zones, \\\) to the Upper Seiuinula

Subzone, S,, are recognizable.

In this area, also, important confirmatory evidence of the uncon-
formable nature of the Main Limestone-Millstone Grit junction

has been obtained, of which details will be pubhshed later.

Although no discordance of dip is to be observed in actual exposures

of the junction (which fortunately are to be seen at several places

in this area), the latter is sharp and irregnlar, and in the largest

exposure, in the Llammarch dingle near Bryn-mawr, is sufficiently

transgressive to cut out 6 feet of limestone in a distance of 35 vards.
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The Carboniferous Limestone also, immediately below the junction,

is penetrated to a distance of several feet below its upper surface,

by pipes and veins of hard grit, pebbly in places, continuous with

the overlying, evenl3^-dipping beds of grit but firmly welded to the

enclosing limestone and, on some unweathered surfaces, difficult to

distinguish from it at first sight. It is evident that the limestone

has been eroded subaerially, and the cavities filled with Millstone

Grit. But the even lie of the beds of grit above, the consolidated

state (due to siliceous cementation) of the grit-infilling, and the

close union of limestone and infilling make it equally evident that

the grit, both that infilling the limestone and the bedded grit, has

been deposited from the first in the position in wdiich it is now
found. That is, the subaerial erosion of the limestone preceded

the deposition of the grit. The junction is, therefore, truly

unconformable.

The other point mentioned by the speaker was the possibility

that knoll-reefs would be found in the Barry area, where, he under-

stood from the Authors, highly-fossiliferous well-bedded limestones

attained a great development. For, in a similarly-placed outcrop

in Pembrokeshire, small knoll-reefs had been discovered at about

the junction of the Lower with the Upper Avonian, the adjacent

beds—in fact, the gi'eater part of the Main Limestone—-being

highly-fossiliferous well-bedded limestones with the fauna distinc-

tive of Zaphrentid phases. Similar phasal deposits appear to be

the invariable concomitants of knoll-reefs.

Dr. T. T. GrROOM said that the Fellows of the Society would see

.

with gratification that the valuable zonal work initiated in the

British Carboniferous Limestone by the late Dr. Yaughan was
being continued by the Authors, As to their application of the

results to the structure of the Forest-of-Bean Coalfield, the speaker,

accepting Mr. Kidston's view that the Middle and Lower Coal

Measures were absent from this area (a view confirmed by Dr. Arber),

had, like the latter, infeiTed the existence of an unconformity

beneath the Coal Measures of the basin. But, when Prof. Sibly

later maintained that this was accompanied by extensive overstep

within the area, the speaker was unable to agree with him. He asked

for evidence in support of the statement that such overstep occurred

in the northern part of the basin, and said that, with reference to
'

the south-eastern side, much of which he had mapped on a large

scale, he hR d stated that the supposed overstep of the Coal Measures

on to the Old Red Sandstone was due to faulting. He was quite

unable to accept Prof. Sibly's interpretation of the section in the

Blackpool Valley, where the Carboniferous Limestone dipping at

about 70° was supposed to be directly overlain by gently-inclined

Coal Measures. The theory of overstep in this district was beset

with difficulties, one of which was that, at the time of the deposition

of the Coal Measures, the Limestone and associated beds must have

shown over the area of overstep a dip nearly equal to that seen at

the present time ; while the corresponding beds bej^ond the area were

still undisturbed : also that the limestone of the patch underwent
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little further tilting ; while at a later date that along the north-east

side of the basin received a tilt agreeing in amount with the first.

Thus the same continuous limestone-band between Mitcheldean and
the Blackpool Valley, dipping almost uniformly at from 60° to 70°,

must be supposed to have been tilted to the same extent at two
different periods : one part before, and another after, the deposition

of the Coal Measures. The speaker maintained that the field

evidence, part of which was indicated, was decisively in favour of

the view that dip-faults and strike-faults together had produced
the appearances attributed to overstep, and thought that the un-

conformity' at the base of the Coal Measures was probably so gentle

that the dip of these, as seen in single exposures, might not be

visibl}' different from that of the underlying stratum. He de-

murred, therefore, to the term ' flagrant unconformity ' employed
in the abstract of the paper.

Mr. F. DiXEY, in referring to the very irregular surface of the

Carboniferous Limestone upon which the Millstone Grrit rests near

Abergavenny, and to pipes and caverns of Millstone G-rit in the

Carboniferous Limestone, mentioned that all the above features,

described by Dr. Strahan and Mr. Dixon as occurring on the

eastern margin of the South Wales Coalfield, are reproduced in

detail near Hav^erfordwest, on the southern margin of the Pem-
brokeshire Coalfield, where the Millstone Grit rests unconformably
upon the Dihunophyllum beds of the Carboniferous Limestone.

Prof. E. J. GrARWOOD congratulated the Authors on the com-
pletion of an important piece of work showing the value of

detailed zoning in the Lower Carboniferous rocks. He commented
on the numerous facts of interest which the paper contained. He
would have liked to ask for further information about some of

the points brought forward ; but, owing to the lateness of the

hour, he would confine his observations to the question of the two
periods of dolomitization described by the Authors. In West-
morland the dolomitization of the Lower Limestones in the Shap
district could be proved to have taken place contemporaneously
with the deposition of the beds ; but the rocks also contained
cavities lined with crystals of dolomite, which must have been
deposited subsequently to the consolidation of the deposit. In
this case the material for the crystals must have been leached out
of the upper portion of the dolomite and redeposited from solution :

the speaker would like to ask the Authors whether the secondary
dolomitization described by them might not be due to a similar

process, or whether they had evidence that the material which
produced the second dolomitization had been introduced at a

subsequent geological period.

Prof. T. F. SiBLT thanked Dr. Strahan, Mr. Dixon, and
Prof. G-arwood for their appreciative remarks. Mr. Dixon's inter-

esting description of the phenomena on the eastern and northern
margins of the coalfield afforded a gratifying confirmation of the
Authors' conclusions. As to the problem of dolomitization dis-

cussed by Prof. Garwood, the vein-dolomites were developed on too

Q. J. G. S. No. 290. o
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large a scale to be atti'ibuted mainly to material leached out of the

contemporaneous dolomites, although some such redistribution of

dolomite had doubtless taken place.

He had not anticipated that this would be made the occasion of

an attack by Dr. Grroom upon the interpretation of the succession

in the Forest-of-Dean Coalfield which he (the speaker) had published

more than four years ago. He adhered in every particular to the

conclusions then published. The unconformity was quite unmis-

takable. It was evidenced by continuous transgression of the

Coal Measures across the Lower Carboniferous strata (Carboni-

ferous Limestone and Drybrook Sandstone) on the northern and
eastern borders of the coalfield; by a great difference in the

inclination of the two series of strata all along the eastern margin
from Mitcheldean to Howbeach ; and incidentally by marked
angular discordance at the junction exposed in an old quarry

near Howbeach Colliery. Dr. Groom, by admitting the existence

of 'a gentle unconformity at the base of the Coal Measures,'

invalidated his own objections to the speaker's interpretation of

the structure. As a fact, the attitude of the Lower Carboniferous

strata determined a change from slight discordance with the

Coal Measures on the northern edge of the coalfield to pronounced

discordance on the eastern edge. The featm'es in the Blackpool

Valley were due, not to faulting as maintained by Dr. Grroom,

but to rapid, unconformable overstep by the Coal Measures. A
mass of further evidence, collected by the speaker since 1912,

could be adduced to confirm his reading of the succession in the

Forest of Dean ; but, on account of the lateness of the hour,

he would not pursue the subject further.

[August 20th, 1918.]
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I. IXTEODrCTIOiN".

New Zealand occupies the raost isolated and, so far as the

palseontology is concerned, one of the lesser-known links in the

great chain of folded marine Triassic sedimentary rocks which,

surrounds the Pacific Ocean.

The presence of Triassic rocks of the Alpine tj^pe in Ncav Zealand-

was first made known as a result of the visit of the Austrian frigate
' Novara ' in 1858 & 1859 and the researches of F. von Hoch-
stetter. Four species of Triassic fossils found on that occasion were
described and figured b}'- Zittel in 1864.1 These were Monotis
salinaria var. richmondiana Zittel, Spirigera icreyi Suess, 3fytilus

lorohlematicus Zittel, and Halohia lommeli Wissmann.
The Nelson province was the only district where Hochstetter

obtained Trias fossils. He collected several Jurassic forms at

Kawhia Harbour on the western coast of the North Island, but
the Triassic deposits south of the harbour were discovered at a

later date.

Since Hochstetter's visit the detailed geological survey of New

1 Bibliography, 51, i p. 26-29.

Q. J. a. S. No. 291. p
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Zealand has revealed the wide extension of the Triassic rocks, and
their stratigraphical and tectonic features have in many areas been
more or less satisfactorily worked out.

Sir James Hector ^ published from time to time lists of the

fossils which the officers of the Survey had collected. His lists

were not accompanied by figures or descriptions, and those from
the beds with which the present paper deals were mostly names of

well-known European Permian and Triassic forms. He paid, how-
ever, a closer attention to belemnites and brachiopods, and established

three subgenera of the latter : namely, Bastelligera, Fsioidea, and
Clavigera, based upon descriptions unaccompanied by figures.^ He
caused plates illustrative of these groups to be i^rinted, apparently

intending them to accompan}^ a longer paper which seems never

to have been written. These plates have recently been issued with
the First Palseontological Bulletin of the New Zealand Geological

Survey,^ and several of the fossils represented have been identified

in the Survey collections. Hector's three brachiopod subgenera

figure largely in the reports of his colleagues on the Survey ; but

their validity is not generally recognized outside New Zealand, nor

hj all geologists in that country.

Little has been done since then towards an accurate determination

or description of the Triassic and Jurassic fossils, largely, no doubt,

owing to the lack in New Zealand of literature dealing with the

marine Trias of other regions. Prof. P. Marshall'^ in 1908 published

a, description with illustrations . of six species of cephalopods, three

from the Trias of the Hokonui Hills, and three from the Jura of

Kawhia. The paper attracted the attention of Gr. Boehm, the

specimens were sent to him, and the result of his examination

of them appeared in 1910.^ A selection of fossils from the old

Survey collections was sent to Boehm, but was returned unexamined,

owing to his death in 1910.

My interest in the Trias of New Zealand commenced during the

British Association visit to Australasia in 1914, when I spent about

nine weeks in the country. I was there again in 1915 and 1916,

when I stayed three months, and again visited the chief Triassic

and other fossiliferous localities and made extensive collections. I

also had free access to the old Survey collections preserved in the

Wellington Museum, some boxes of which had never been opened
since they were collected over forty 3^ears ago. For this privilege

I am indebted to Dr. P. Gr. Morgan, the Director of the Survey,

and to Dr. J. Allan Thomson, the Curator of the Dominion
Museum. A number of selected specimens were sent to England
for me to examine. Prof. Marshall also kindly lent to me several

fossils which he had collected in the Triassic and other rocks.

S2:)ecial attention was paid to the collection of casts and impressions

froin which gutta-percha squeezes could be made, and I have largely

1 Bibliography, 15, Introduction, p. x.

" Bibliograpli}^, 16. -^ Bibliography, 47, pis. i-v.

.

^ Bibliography, 25. ^ Bibliography, 7.
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used this substance during my work on the Triassic fossils, which
are often unsatisfactorily preserved.

In the present paper forty-six genera of mollusca and brachiopoda
are described, of which three seem to be hitherto unde^cribed and
are regarded as new, and seventy-eight species, of which forty-one

seem to be new, together with five or six new or local varieties of

species already known. This certainly falls considerabh'^ short

of the- total which must exist in the New Zealand Trias. There
are several conspicuous fossils which are too badl}^ preserved, or

otherwise unsuitable, for adequate illustration or description ; but I

hope that in the future better-preserved specimens of these and
other forms may be found.

For the zonal divisions I have relied primarily on my own
collecting; but, where better specimens than those that I found
existed in the Survey collections, I have made use of these for

description, though in most cases only where the recorded localities

are confirmed by my own collecting.

II. NOMEXCLATUEE A]N^D COEEELATIOX.

Great divergence of opinion has existed among New Zealand
geologists concerning the classification of the rock series inter-

mediate between the Keef ton and Baton-River Series, which contain

a marine Silurian or Devonian fauna, and the beds commencing
with the Bastion Series which ^deld a lower Jurassic marine fauna.

Hector classified them as follows in 18S6in his 'Handbook of New
Zealand Geology.' In the right-hand column I add the equivalents

which I suppose these divisions to represent, after my examination
of the faunas.

Jurassic.

Lias.

Trias.

Permian.

Carboni-
ferous.

Devonian.

- Upper
Silurian.

8 a. Matauia Series.

8 h. Putataka Series,

8 c. Flag-Hill Series.

9 a. Catlin's-River Series,

9 b. Bastion Series.

10 a. Otapiri Series.

10 6. Wairoa Series.

11 a. Orefci Series,

11 b, Kaihiku Series,

'12 a, Maitai Series,

12 b, Maitai Limestones,

13 a. Te Anau Series.

13 b, Kakanui Series.

14 a, Baton-River Series.

14i) & c. Limestones and
serpentine.

I Higher Jurassic series, with marine faunas
C as high as the Tithonian.

[Lower Jurassic beds, with marine faunas of

J Liassic, and probably also of Bajocian age.

^Rhsetic and Upper Noric beds.

= Lower Noric and Higher Carnic beds.

= Lower Carnic beds.

= Beds with a Ladino-Carnic marine fossil

horizon near the top, and a great thickness

of unfossiliferous beds below, representing

Middle and possibly Lower Trias.

= Maitai Argillites, with Aphanaia
De Koninck.

= Maitai Limestone, with brachio-

poda, etc.

1 Probably in part metamorphosed Maitai

J Beds,

I Silurian or Devonian, horizon not yet deter-

f mined. Limestones with marine fauna.

F. W. Huttoni in 1885 included the Te Anau and the Maitai

1 Q, J, G, S. vol, xli (1885) pp, 191-220.

p2
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in his Maitai Series as Carboniferous and the Kaihiku, Oreti,

Wairoa, and Otapiri in the lower part of his Hokonui System as

Triassic.

Prof. James Park^ in 1903 classed Hntton's Maitai Series as

Jm-assic. However, in 1910 ^ he changed his opinion, and said that

the evidence of the separation of the Te Anau from the Maitai

was far from satisfactory, classing the Maitai limestone as Car-

boniferous. He also identified the Kaihiku as Permian and the

Wairoa and Otapiri as Triassic, and included all the rocks from the

upjDer part of the Maitai to the top of the Jurassic in his Hokonui
Svstem.

"Prof. Patrick Marshall 3 in 1911 included all the beds, from
Button's Maitai Series inclusive to the top of the Jurassic, in his-

Maitai System, and called them Trias-Jura, regarding them as a

conformable series. The inclusion in recent years of the Maitai

Series in the Trias-Jura or Juj-assic is due to the fact that, since the

survey of the Nelson area in 1878, no one had succeeded in finding

either the Palaeozoic fossils which occur in the Maitai Limestone of

the Wairoa Gorge, or the large prismatic Iiiocera/nus-like bivalves

which exist in the Maitai Argillites at Wooded Peak, 5 miles east

of Nelson and elsewhere. Fragments of this prismatic shell occur

also in the Maitai Limestone, and led to the assumption that the

rocks containing it were Jurassic. In the Nelson area the Trias-

is evidently separated from the Maitai Series which bounds it on

the east and south-east by a strike-fault or series of faults, and
the Maitai Series is undoubtedly of late Palaeozoic age, as the early

surveyors concluded."^

Hector's identification of many of the New Zealand Triassic

fossils with English Permian Zechstein forms led hmi to place the

Kaihiku and Oreti Series in the Permian, a conclusion which was
naturalh^ followed by his field-workers on the Surv^ey. He identified

three English Permian si^ecies out of a total of seventeen in the

Kaihiku, three out of seven in the Oreti, one out of fourteen in the

Wairoa, and four out of nineteen in the Otapiri. However, in

the Wairoa and Otapiri Series he records, in addition to his sup-

posed Permian forms, a number of Alpine Triassic fossils. The
following reasons seem to have caused Hector to class the Kaihiku
beds as Permian :

—

1 Bibliog-raphy, 40, p. 431. 2 Bibliography, 37, p. 51.
^ Bibliograpliy, 22, p. 22.
-* C. T. Trechmann, Geol. Mag. dec. 6, vol. iv (1917) pp. 53-64. Dr. J. A.

Thomson and I were so fortunate as to rediscover in 1915 the fossils in the

Maitai Limestone, and to obtain a few additional unrecorded forms from it :

thej^ are undonbtedlj^ of Permo-Carboniierous age. I also found the large pris-

matic bivalves in the Maitai Argillites at Wooded Peak, and have shown from
examination of the hinges that they are not Inoceramns, but are apparently

identical with Aphanain De Koninck of the Australian Permo-Carboniferous.

The Permo-Carboniferous of New Zealand differs from that of Australia

in being apparently entirely maiine, and in lacking a Glossopteris flora and
glacial beds.
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A. A Dielasma closely resembling- the Permian D. elongata occurs in them.

B. He identified the Rhynchonellids of the Halorella group with the

Permian genus Camarophoria.

C. He compared the alate Spiriferinse with the Permian Spirifer alatus,

which is not a Spiriferina, but a true Spirifer devoid of punctate shell

or median dorsal septum. Even Prof. C. Diener was not certain on
this point, and speaks of Spiriferina alata} The error is due to King,

but was corrected by Davidson.

D. The Spiriferinse of the group of Sp. fragilis bear a certain resemblance to

the Permian Spiriferina cristata.

E. The flat dorsal valve of a spiny Mentzelia, to which I have given the

generic name Mentzeliopsis, seems to have suggested to Hector the

genus Streptorhynchus, which appears in his list of Kaihiku fossils. I

myself thought when I collected it that it was some Paleozoic survival,

until, after I had ground down a specimen with both valves conjoined,

the spiralia in it became apparent.

Hector and others sometimes speak of the whole or part of the

Otapiri Series as Rhsetic. As there is apparent!}^ a perfectly

conformahle passage from the Wairoa to the Bastion Series, the

intermediate heds may by analogy be called Khsetic. But, on an

examination of the fossils, the correlation seems to be valid also

on palseontological gromids. The large specialized Spirigerid to

Avhich I have given the new generic name Hecforia shows decided

affinities with the Alpine Khsetic form Sjjirigera oxycolpos Emm-
rich, the largest and latest of the Alpine Spirigerids,

Briefly stated, the following are the points in which the results

•of my work contrast with the previous views on these beds :—

a. The great tmfossiliferous series beneath the lowest fossiliferous horizon

in the Kaihiku represents the Middle and possibly part of the Lower
Trias. It is possible, though very unlikely, that some fossils will in

future be found in the Kaihiku Series below the above-mentioned
horizon.

h. The Kaihiku fauna, the lowest fossiliferous Mesozoic horizon in New
Zealand, is either Upper Ladinic or Lower Carnic—that is, late Middle
or early Upper Trias, and not Permian, as was hitherto supposed.

c. The higher fossiliferous horizons, which are always separated in clear

sections by several hundred feet from that of the Kaihiku, are all

Upper Trias. The Oreti and lower part of the Wairoa are Carnic, and
yield a prolific fauna. The upper part of the Wairoa and lower part of

the Otapiri are Noric, and contain Psendomoiwtis in great abundance.
The remainder of the Otapiri is Rhaetic.

d. The only forms that seem to survive the Trias, and may be identical

with Triassic species, are a form of the Spirigerid genus Hectoria and
some of the belemnites of the Atractites group, the large phragmocones
of which occur in the Jurassic beds.

e. I found no fossil in the New Zealand Trias that could be identified

with any English Permian species, so many of which occur in Hector's
lists.

/. I can see no reason why any of the New Zealand Triassic forms should be
regarded as local isolated survivals from Palaeozoic times, as has some-
times been suggested.- The fauna is a normal Upper Triassic one,

^ Bibliography, 11, p. 2. ^ Bibliography, 37, p. 69.
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comparable in every way with faunas of similar age in the great

circum-Pacific region. It is now well established that Trigonia and
belemnites of the Atractites Sind Aulacoceras group are normal associates

in the marine Triassic beds with such Palgeozoic survivors as Orthoceraa

and Dielasma. It is the association of Palseozoic survivals with the

Mesozoic forerunners which gives a special interest to the Trias.

Such archaic survivors at the present day as exist in New Zealand are

chiefly fcund in the terrestrial fauna and flora owing to its long isola-

tion as a land-mass.

g. There is no premature appearance of truly Jurassic forms in the New
Zealand Trias, The supposed Gnjiolisea - which has been mentioned
in this connexion is a shell allied to that called Mytilus 'prohleinaticxis..

III. LiTHOLOGT, Thickness, and Tectonics.

The Trias consists of a great series of coarse or fine felspathic

sandstones, grey or dark shales, and argillites—some very hard,

others, when weathered, of a splintery or crumhling nature, fre-

quently enclosing concretions. Thick beds of coarse conglomerate,,

more or less discontinuou.s and lenticular, appear at various horizons.

Thin bands of pebbles also occur in the felspathic sandstones and
greywackes. Prof. Marshall ^ has examined the pebbles composing-

some of the conglomerates, and notes the absence of schistose

rocks. They are made up of granitic or porphyritic fragments

with felspar- and quartz-pebbles.

The Ilhaetic beds become more pebbly and glauconitic and less-

felspathic, approaching in character the overlying Jm-assic series.

In some beds the quantity of felspar is so great that the rock

weathers along the joint-planes in large spheroidal masses, and has

given rise to the term •' cannon-ball sandstone.' Iron-stained beds

containing plant-remains occur interbedded with the marine series

at several places.

No definite assertion can yet be made as to the source whence the

material of the Trias was derived, but there was evidently some large

land-mass not far away. The series seems to agree closely with

the littoral facies of the Trias on the south-western coast of New
Caledonia. The littoral nature of the sediments explains the

absence or rarity of certain fossils, such as ammonites and corals.

Except in the Okuku district, where diabasic ash-beds are reported

to occur (but these, if re-examined, would probably turn out to

be felspathic sediments), no contemporaneous igneous rocks are

known in the Trias. A dyke occurs at Nugget Point,^ and a

hypabyssal intrusion at Kawhia '^ ; lut these are probabl}^ of

post-Jurassic age.

No natural base of the Trias is seen in any of the localities

.described, although in the Takitimii Mountains, west of the

Hokonuis, the Kaihiku is said to rest unconformably upon the

Maitai Series.-^

1 Bibliography, 22, p. 22, ^ Bibliography, 23.
^ Bibliography, 45. * Bibliography, 30,
^ Bibliography, 15, Introduction, p. -sii.
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Prof. Marshall estimates the thickness of the rocks from the

top of the Baton-Eiver Series to the top of the Jurassic, his

Maitai S3^stem, at 53,200 feet. This includes the Upper Palseo-

zoic, Triassic, and Jurassic strata. Prof. Park reckons the thickness

of the Trias and Jura at 18,000 feet. When I was at Nugget
Point I stepped out the series of the fossiliferous Trias exposed

there, from the Phsetic beds northwards to the road leading to

the lighthouse where the Kaihiku fauna is said to occur. The
beds are tilted on end, and the section is clear ; but the Noric
Pseiidomonofis Beds are missing. I estimated the thickness at

well over 3000 feet. Prof. Park's diagram of the Nugget-Point
section includes a part of the unfossiliferous Kaihiku and all the

fossiliferous Trias, and the thickness is about a mile. At Kawhia
the Phastic alone is over 3000 feet thick.

All rocks in New Zealand older than the Cretaceous are affected

by the great orogenic pressure which occurred between the upper-

most Jurassic and the Middle Cretaceous.^ The Trias, except on

tlie west side of the Hokonui Hills and immediately south of

Kawhia, stands everywhere nearly or quite vertical. The Jurassic

beds, as a rule, dip much less steeply. The schistosity of much
of the metamorphic rock of the Southern Alps appears to have been

produced during this period. Some of these metamorphic and semi-

metamorphic rocks are undoubtedly Mesozoic, others are Maitai or

pre-Maitai. Greywackes associated with the Trias pass gradually

into phyllites and schists. The change has been described by
Prof. Marshall,^ who states further that the schists pass gradual^
into the gneisses of Westland. The semi-metamorphic slaty

argillites at Mount St. Mary, which are full of crushed and dis-

torted Triassic fossils of Kaihiku or Ladino-Carnic age, contain

secondar}^ macroscopic flakes of white mica parallel to the

foliation.

^ The history of New Zealand as a land-surface dates from about the time
of the final break-up of Gondwanaland, and its iiphft may be connected with
that event. In connexion -with the age of the Maitai Series, I have shown
that the New Zealand area was under water during- the Permo-Carboniferous
Period. The Jura-Cretaceous uplift is not connected Avith the present con-
figuration of New Zealand, except that the rocks then hardened and meta-
morphosed resist weathering better, and now form the Alpine Ranges. It was
probably reduced to a low elevation before late Cretaceous times. No part of

the present New Zealand can be said with certainty to have remained land
during Tertiary times. The present uplift dates from the Middle or late

Tertiary, and was more of an epeirogenic nature accompanied by block-fracture.

Tertiary strata are deeply involved in faults, overthrusts, and downthrows in

the Alpine and other areas, but in no case are they much crushed or meta-
morphosed.

2 Bibliography, 21, p. 21.
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Fig^. I.— Locality

sketch-map of

New Zealand.

At Kawhia, on the western coast of the North Island, folded Triassic and
Jurassic rocks are exposed beneath horizontal Tertiary covering deposits. At
Waikato Jurassic of undetermined age occurs. Only the Rhsetic and Noric
beds of the Trias are known as yet in the North Island.

In the South Island, in the Nelson district, the Trias is much faulted and
folded, and strikes more or less north-north-eastwards and south-south-west-
wards—parallel to the main structural axis. In the far south it is much
less faulted and disturbed, and the strike of the Trias and Jura from the

Hokonui Hills past Kaihiku Gorge to the coast at Nugget Point is approxi-

mately west and east to west and south-east, at right angles to the strike in
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IV. Typical Aeeas op Teiassic Eocks.

Fossiliferous Triassic beds are exposed at intervals, from Kawhia
on the western coast of the North Island to Nugget Point on the

south-eastern coast of the South Island, a distance of 620 miles

or nearly 9° along the meridian. The most important localities

are briefly described in the following order :

—

District. Chief fossiliferous localities and the horizons represented.

North Island.
„ , . f Coast- section south and south-west of Kawhia Har-
iiawJiia.

-j^ ^^^^,^ towards Albatross Point (Noric and Rhaetic).

South Island,
r Richmond (Noric) ; Wairoa Gorge (Carnic) ; Garden

^ , J Gully (Carnic and Noric) ; Mount Heslington (Car-
kelson area. < ^.^^ . Eighty-Eight Valley (Kaihiku or Ladino- Carnic

[ and Carnic).

Okuku. Carnic, Noric (?).

Mount Potts. Kaihiku or Ladino-Carnic, and Lower Carnic.

Mount St. Mary. Kaihiku or Ladino- Carnic, and possibly Lower Carnic.

Hokonui Hills : J Gore (Carnic, Noric) ; Otamita (Carnic, Noric) ; East
North side. \ Peak (Kaihiku or Ladino-Carnic).

c, ,1 i -J r Caroline railway-cutting (Kaihiku or Ladino-Carnic)
;South-west side, i -o n A- /-dtT V- \

I Benmore Cutting (Rhaetic).

Kaihiku Gorge. Kaihiku or Ladino-Carnic, Carnic, Noric.

Nugget Point. Kaihiku or Ladino-Carnic, Carnic, Rhaetic.

Moonlight Range. Carnic, Noric.

The localities in the South Island are probably connected along

the structural axis by others where the fossils are still undiscovered,

or have been more or less obliterated through metamorphism.

North Island.

Kawhia.

The Jurassic strata are well exposed round the shores of Kawhia
Harbour, where they lie uneonformably beneath a horizontal cover

of Tertiary limestones, and Kawhia is the most important locality

in the North Island for Jurassic fossils. Outside the harbour in

the Nelson district. At Mount Potts and Mount St. Mary the Triassic beds
form part of the eastern fringe of the complex of the Alpine Range, and are
crushed and partly metamorphosed. Except immediately south-west of

Kawhia Harbour, and on the southern and western side of the Hokonui
Hills, the Triassic beds stand everywhere practically vertical.

At Kawhia, and in the far south, the Trias is succeeded conformably by
Jurassic rocks. At Nelson and in the Alpine Region no Jurassic is known.
In the Nelson district fossiliferous Trias, from the Ladino-Carnic to the Noric
inclusive, occurs. The Triassic limestones at Okuku are of uncertain
age, but probably Carnic. At Mount Potts and Mount St. Mary the
Ladino-Carnic (Kaihiku) and possibly Lower Carnic occur. In the ranges
extending from the Hokonui Hills to Nugget Point all divisions, from the
Kaihiku to the Rhfetic inclusive, are fossiliferous, and the overlying Jurassic
is also highly fossiliferous.
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the coast- section extending southwards and south-westwards the

Jurassic deposits pass conformably down into a thick series of grev

felspathic sandstones with bands of pebbles and conglomerate-beds.

These beds gradually become increasingly inclined until Tarawa!
Point, north of Albatross Point, is reached. Fossils are scarce, but

quite high up in these beds Prof. Marshall and I found a specimen

of Arcestes cf. rliceticus, and a little lower down another similar

but indeterminable Arcestes. Brachiopods occui* sparingh^ gener-

ally in little clusters throughout a great thickness of these rocks-

The commonest form is Hectoria hlsulcata, and rather high up
(but below the Arcestes^ I found two specimens of Mentzelia.

These beds are presumably Phsetic.

At Tarawai Point, some miles south of Kawhia Harbour, there

is a large intrusion of a hypabyssal porphyry of the sj'enite group,

and the sedimentary rocks are here nearly or quite vertical. A
black argillite full of PseudoDwnotis oclwtica and its varieties

occurs in very close association w^ith this intrusion, and seems in

places to underlie and become involved in it. Great masses of

this dark shale are found mixed up with blocks of porphyr}^ b'^^^o

on the shore. These beds are Xoric, and are the lowest Trias

that I saw in this localit3\ McKay,i in a sketch-map appended

to his report of the district, shows a repetition of the Wairoa,

Otapiri, and Bastion Series south of the igneous intrusion, but says-

that the rocks were not examined. Prof. Marshall, who on a pre-

vious occasion visited that very rugged portion of the coast in a

boat, tells me that he saw no fossils there.

South Island.

Nelson Area.

The strip of fossiliferous Trias in this district extends in a north-

easterly and south-westerly direction from near Richmond to

Eighty-Eight Yalley, a distance of about 12 miles. Its greatest

width is about three-quarters of a mile, near the Wairoa Gorge.

The beds are steeply inclined. Various sections have been drawn
to show the arrangement of the beds, but the structure is com-
plicated and involved. Great divergence of opinion exists regarding

the presence or absence of faults, and the relation of the Trias of

the foothills to the Maitai Limestones and Argillites which form
the higher peaks that bound it on the south-east. In the Wairoa
Gorge the Maitai Limestone contains an L^pper Palaeozoic fauna,

and closely adjoins the dark greywackes full of JSLytilus proh-
lematicus. At Richmond the felspathic sandstones containing

Pseudomonotis riclimondiana are sharply cut off on the east b}'

unfossiliferous red and green slaty argillites of the Maitai Series.

The Kaihiku Beds appear only in Eighty-Eight Yalley at the

south-western end of the Triassic outcrop. Here they are wedged
in between Maitai Limestone on the south-east and the Upper

^ Bibliography, 30.
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Ti-ias on the north-west. The strip of Kaihikn Beds is half a mile

long and a quarter of a mile wide, and the strata dip south-south-

eastwards at 55° to 65°.

In the Wairoa Gorge the Mytilus-'prohlematicus Bed occurs

near the entrance, and again on the east close to the Maitai Lime-
stone. The intervening space is occupied by the higher beds of

the Carnic.

In the hills south of the gorge the Pseiidomonotis-riclimoncUana

Beds occur in full thickness, but are not seen in the gorge itself.

At Grarden Gully, about a mile south-west of the Wairoa Gorge, I

found a bed of fine-grained greywacke containing many varieties

of the Asiatic Noric fossil Fseudomonotis ocliotica. It seems to

occupy the limb of a syncline, possibly a faulted syncline, and
I believe the Noric Pseiidomonotis-ocliotica Beds to be the highest

that occur in the Nelson area.

No Jurassic fossils have been found in this part of the South
Island. All the evidence that I saw led me to conclude, in opposition

to recent Survey results,^ that there is a series of strike-faults

parallel to the structural axis and that the Trias is partly overthrust

to the north-west by the Maitai Series. The Tertiary deposits of

the Waimea Plains, which bound the Trias on the north-west^

are tilted up along their junction, and are probably overthrust to

some extent in their turn by the Trias.

Okuku (Ashley County).

The geology of this very mountainous district is little known.
McKay studied and described it in 1879, ^ and states that the

whole of the northern end of the Mount-Torlesse range is occupied

by Trias and younger formations, which form the higher peaks of

Mount Torlesse. The rocks consist of a great thickness of con-

glomerates, sandstones, red and green so-called ' diabasic ash ' (by
which one may probably understand coarse greywacke), and lime-

stones. JMijtilus prohlemaficits and Monotis salinaria are said to

occur in the limestones and in the ' diabasic ash.' These fossils

are found in immense numbers in the UjDper Okuku Valley, in a

limestone associated with cherts. I had no opportunity of visiting

this locality, and McKay's report is not quite clear as to whether
the Monotis and 3Lffilus occur together or in separate strata. I

examined a series of the 3Ionofis-Y\k<d shells in the limestone from
this district belonging to the New Zealand Geological Survey, and
selected several examples to be sent to England. These pieces of

limestone contain Monotis, but no Mytilus. I could find no trace

of the anterior byssal notch characteristic of JPseudomonotis in

any of these shells, and therefore am compelled to regard them
as really the Alpine Monotis salinaria. If this be the case, their

reported association with Mi/tilus prohlematicus may be explicable,

as Monotis salinaria is recorded from Carnic horizons in Europe.
Perhaps future research in the district may clear up these points.

1 Bibliography, 22, pp. 20-22. - Bibliography, 29.
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Mount Potts.

The chief interest of this locality centres in the plant-beds

discovered by McKay in 1877. Great uncertainty has arisen over

the age of these beds and the associated marine fossils, owing
to Hector's determination of Glossojytej-is among the flora. The
district, which is extremely mountainous, was described by McKay,^
who states that the plant-beds of Tank GruUy underlie the marine
* Sjyirifer ' Beds. Later, how^ever, he says that plant-remains

overlie the Kaihiku in the district between the Eangitata and
Ashburton Rivers.- The fossils in the marine beds have been

variously determined as Permian, Lower Carboniferous, or Upper
Devonian ; but my examination of the Geological Survey Collection

and of a series collected by Prof. Marshall convinced me that they

"are all Triassic. They occur in black, compressed and fractured,

slaty argillites. The following forms are present:

—

A Nautilid.

Small g-asteropods with angular
wliorls.

Baonella indica Bittner.

Pinna sp.

Aiiodontophora sp.

Spirigera liailiikuana, sp. nov.

Spiriferina (Cyrtina ?) carolinas,

sp. nov.

Spiriferina sp.

Halorella sp.

Dielasma sp.

Mentzeliopsis sp.

CrinOld-stems.

Mr. McKay told me that 3fi/tilus prohlemaficus occurs there,

but there is no trace of Monotis or Fseiidomonotis.

The great majorit}^ of the fossils are those of the Kaihiku and
are of early Upper or late Middle Trias. The only forms that

indicate a Carnic horizon are Nautilus and Pinna. Reptilian

remains occur in some of the beds, the large narrow amphicoelous

vertebra? of which suggest some form of Ichthyosaurus.

The late Dr. E. A. N. Arber ^ examined a series of the plants

which Mr. D, G. Lillie collected here in 1911, with the result that

the supposed Glosso2yteris turned out to be a new^ form, to which
he gave the generic name Lingiiifolium, and the whole flora proved

to be either late Triassic, Rhaetic, or early Jurassic. Dr. Arber,

however, informed me that, at present, it is impossible to distinguish

between late Triassic and earl}^ Jurassic floras. From the evidence,

both of the flora and of the associated marine fauna, it seems per-

fectly justifiable to attribute an Upper Triassic age to the plant-

beds of Mount Potts ; but the question as to the position of the

plant-beds relatively to the marine horizon is one on which further

evidence is needed.

Mount St. Mary.

The fossiliferous outcrop at Mount St. Mary occurs at an

altitude of 5160 feet. Fossils occur in three zones in a thickness

of 50 feet: the two low^r zones are slaty shales and the upper a

' Bibliography, 28, p. 92.
^ Bibliography, 2.

Bibliography, 28, p. 95.



part 3] THE TllIAS or NEW ZEALAND. 177

Spirigera resembling- 8p. IcaihiJcu-

ana, sp. nov.

Mentzeliopsis sp. of unusually large

size.

Large alate Spiriferinse and a small
form resembling- Spiriferina fra-
gilis Schlotheim.

Large Dielasma.

conglomerate. The fossiliferous rocks are associated with altered

sandstones, and follow the jDhyllites, quartzites, etc. (known as the

Kurow Schists) in direct stratigraphical succession. At the foot of

the mountain the dip is very high, and at the fossiliferous out-

crop it is about 60°. Prof. Park ^ imys that the thickness of the

strata exposed in the section is not less than 10,000 feet, and he

gives a careful enumeration of these metamorphic and semi-meta-

morphic rocks. His attribution, however, of a Permo-Carboniferous

age to the fossils is erroneous, as they are all Triassic, and the

majority belong (as do those at Mount Potts) to the Kaihiku
Series. I examined the series in the Geological Surve}^ Collec-

tion, and also a collection which Prof. Marshall made. Many of

the forms attain an unusually large size, but are much crushed

and distorted : they occur in a fissile slaty argillite or greywacke.

I identified the following forms :

—

A crushed Nautilid.

Patella (?), crushed.

Pleurotomaria sp. and another small

gasteropod.

Lima sp.

Part of a large indeterminate bi-

valve.

Many small specimens of Megalodon
cf. glohularis, sp. nov. in a coarse,

gritty felspathic sandstone.

There is no trace in this fauna of Hectoria, Halohia, Mytilus,

or JPseudomonotis.

It is quite certain that the slaty shales contain the Kaihiku
fauna, and are of late Middle or early Upper Triassic age, while the

Megalodon-\\k.Q bivalves in the higher conglomerate-bed suggest

the presence of part of the Carnic horizon below the Mytilus-
prohlematicus Bed.

Hokonui Hills.

The Hokonui Kanges consist of a series of conformable Triassic

and Jurassic rocks. On the north-east the}^ are bounded by the

Waimea Plains and the Waimea Biver, a tributary of the Mataura,

and on the south-west and south-east by the Makerewa Flats and
the Oreti Kiver. Their structure was investigated b}^ S. H. Cox ^

and A. McKay ^ in 1878. The hills rise to a height of about
2500 feet, and are part of a range extending from the Takitimu
Mountains to Nugget Point on the south-eastern coast of Otago.

The Government surveyors estimated the thickness of the strata

at 21,000 feet or more. The structure is roughly that of a trough,

of which only the northern and western edges are exposed. The
axis follows roughly a south-easterly trend at its western end and
a nearly easterly trend at the eastern end. The beds along the

northern and north-eastern fringe of the hills stand nearly vertical,

while on the southern and western side the dip rapidly decreases-

^ Bibliography, 38. - Bibliograpby, 9. •^ Bibliography, 27.
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till they form a flat svncline with an axis oriented north-west and
.south-east. The result is that the outcrop of the beds bends
round, and becomes much wider on the south-western side. In
consequence, the Triassic rocks occupy the northern and western

fringes of the hills ; while the inner and less accessible part of the

range, together with the southern and south-western portion, is

oi^cupied by the much less strongly inclined Jurassic deposits.

The great mass of greywackes and conglomerates, called the

Kaihiku Series, estimated as 6600 feet thick, occupies the nortliern

fringe. The thin fossiliferous band, which occurs 4000 feet

above the lowest beds seen in the district, crops out at various

points as a continuous bed. It is seen in a railwa3^-cutting a mile

south of Caroline Station, and at East Peak, whence it extends

eastwards in the direction of the Kaihiku Grorge, from which it

takes its name, and finally reaches the coast at Nugget Point.

I visited various localities in the Hokonuis in compan}^ with
Prof. Marshall, but most of our collecting was done at a spot,

previously known to Prof. Marshall, in the vallc}^ of the Otamita
Stream some distance west of East Peak. This stream, according

to the map published by Cox & McKay, flows eastwards in the flrst

part of its course approximately down the junction of the Otapiii

and Upper Wairoa Series. It then turns northwards and cuts across

the strike of the Lower Wairoa and Kaihiku Series, ultimately

joining the Mataura. The section that we observed on both banks
of the Otamiti Stream is as follows :

—

Beds.

Approximate
thickness in

feet.

Fossils. Age.

\

a. Massive felspathic grits

and sandstones.
20

Fragment of Pinacoce-

ras, alate Spiriferinse.

1 p

J NORIC.

b. Felspathic sandstones

interbedded with shaly

bands.

c. A massive bed of dark,

hard, but fissile crumb-
ling shale, with concre-

tionary nodules in its

lower part.

d. Felspathic sandstones

and argillites.

e. Dark -grey rusty shales

with small rounded py-
rite nodules, and bands
of felspathic sandstone

weathering in spheroidal

masses.

/. Dark slaty shales.

I

20

25

p

100

?

Na^itili. Arcestes, Dis-\

cophyllites, Halohia]

hoclistetten, etc.

Halohia hochstetteri

and many other well-

preserved fossils,

Nautili. Discophyl-\

lites.

1

Pleurop'horus, Spiri-

ferina, etc., badly
preserved.

Halohia zitteli var.

zealandica, Spirigera^

manzavinioides, Spi-'l

rifevinse, Conularia,\

and many other fos-

sils.

Full of Mytilus pro-^

blematicus. 1

^

i

1

1

1

y Carnic.

.
i
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Fossils are unusually well preserved in beds c and e. The
Geological Survey reports make no mention of the occurrence of

Mytilus lyrohlematicus in the Hokonui Hills, and so it would
appear that this section was overlooked by the Government surveyors

in 1878.

Kaihiku Gorge.

This gorge cuts across the strike of the Triassic range between

'the Hokonui Hills and Nugget Point. At the entrance of the

gorge several blocks fallen from the rock that crops out on the

grassy hillside, but is not well exposed, contain the fauna which
takes its name from the locality. The fauna, a very constant one,

corresponds exactly to that found at various points in the Hoko-
nuis and at Eighty-Eight Valley, near Nelson. Some distance

above this a thick coarse conglomerate occurs, overlain by a hard

greywacke full of indeterminable plant-remains. A thick series

of spheroidal felspathic sandstones represent the Wairoa and
Otapiri Beds, but fossils are very scanty. In the stream I found
a piece of a Pinacoceras, evidently washed down from the higher

Triassic beds.

Nugget Point.

This is one of the clearest sections of the Trias in New Zealand.

In Boaring Bay or Shaw Bay, south of Nugget Point Lighthouse,

the beds are ranged almost vertically for a distance of nearly a

mile. It is possible to obtain a good idea of the thickness and
succession of the fossiliferous Trias. Here, however, although
the Carnic with the Mytiliis-]jrohlematiciis Bed is well developed,

the Pseudomonotis Beds of the Noric are missing. The series

€ommences with hard unfossiliferous greywackes and felspathic

sandstones, upon wdiich the lighthouse stands. Slightly south of

this. Prof. Park tells me that fossiliferous bands in the Kaihiku
Series occur, although I did not succeed in finding them. The
Carnic Series is excellently developed, and yields many fossils,

showing several recognizable zones. About 195 feet above the

Mytilus-]_orohlematicus Bed is a band of ferruginous sandstone with
fragmentary plant-remains, where I collected a fragment of a frond
which I identified as Thinnfeldia cf. odontopteroides Morris.^

The late Dr. E. A. N. Arber kindly confirmed this identification,

and informed me that this species is commonest in the Upper
Trias, although not confined to that horizon. The Noric is not
recognizable here ; but Prof. Marshall has recently traced it at

Glenomaru, about 10 miles inland from Nugget Point. A frag-

ment of the rock that he sent me is full apparentl}^ of the small

rounded and arched variety of Pseudomonotis riclimondiana. The
Triassic System comes to an end, about a mile south of the light-

house, with a hard, resistant, pebbly and glauconitic or chloritic

felspathic conglomerate, full of ILectoria {Clavigera) hisulccda

^ Now in the Sedgwick Mtiseum, Cambridge.
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and the veiy alate Spiriferina diomedea. The section was de-

scribed by McKay, and later b}^ Park. I confirmed the litho-

logical sequence as Prof. Park ^ re^^resents it, and have added in

JBg. 2 (p. 180) my interpretation of the zones represented after

examining the fossils collected there.

Moor light Range.

This • lies more or less on the westward continuation of the

Hokonui Hills, but the geology of the district is very little known.
A considerable series of Triassic rocks is probably present there.

In the Greological Surve}^ Collection from this locality I identified the

following forms: Pseudomonotis riclimondiana Zittel, and a large

flat form like Ps. ocliotica Teller, var. densistriata, HaloreUa sp.,

and a small bivalve.

y. Pal^eon^tology.

CEPHALOPODA.
The Cephalopods of the New Zealand Trias belong to the genera

Orthoceras, Clydonautilus, and Grypoceras among the Nautilids

;

Aulacoceras, among the Belemnoids ; and among the Ammonites,
Arcestes^ Cladiscites, Plnacoceras, and Discopliylliies. The last

is the only ammonite sufficient^ well preserved to afford any
Teal zonal information. No cephalopods have been found in the

Kaihiku Beds, and the Trias of New Zealand shares with that

of New Caledonia and the Malay Archipelago the absence of

.ammonites of the Ceratitic type, or of the profuse Upper Triassic

iimmonite fauna which occurs in Western America and in the
Himalayas.

Orthoceras sp. (PL XYII, fig. 6.)

Surface of the shell smooth
;
growth-lines straight, not sinuous.

The septa are rather strongly convex towards the apex, and the

«iphuncle is slightly excentric. Length originally i= about 40 mm.

;

•diameter of aperture=:6 mm. ; and length of living chambers about
11 mm. The aperture of the latter is preserved, and is circular in

outline, quite horizontal ; the rim is slightly thickened. In the

angle of emergence and other features it resembles O. friodicum
Mojsisovics.

Locality and horizon.—The only locality that I know where
this dwarfed Orthoceras occurs is Bed c, Otamita, Hokonui Hills,

Oarnic. Previous records of Orflwceras seem to have been based
on parts of the phragmocones of large Atractitid belemnites.

Grtpoceras of. MESODTSCUM Hauer.

1902 E. von Mojsisovics, ' Cephalopoden dev Hallstatter Kalke ' vol. i, Supplein.

p. 229.

1910. G, B(i3hm, Ceiitralblatt f. Min. &c. p. 635.

The name of Nautilus mesodiscus appears in Hector's list of

1 Bibliography, 39, p. 382 & pi. xxix.

<^. J. a. S. No. 291. Q
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fossils of the Otapiri Series, and this attribution is confiimed by
Diener on the strength of a specimen which Prof. Marshall sent

to Boehm. Several specimens of this shell that I collected contirm

Diener's observations on the external ornamentation, which consists-

of longitudinal lines crossed b}'' fine transverse lines. The sutures

show a ver}" shallow ventral lobe and similar, but rather deeper,

lateral lobes, and a small, well-marked, annular lobe. The siphuncle

in a specimen of three whorls occurs about midway between the

centre and the ventral margin.

Locality and horizon.—Bed c, Otomita, Hokonui Hills;

Nugget Point, and other localities. Carnic.

CLTDONArTiLrs (Peoclydoxal'tilus) cf. SPIEOLOBUS Dittmar.

(PI. XVII, fig. 3.)

1902. E. von Mojsisovics, ' Ceplialopodeii der Hallstiitter Kallce ' vol. i, Suppltm^
p. 211 & pi. X, tiff. 3, pi. xi, tiff. 1.

1910. G. Jiuehm, Centralblatt f. Min. &c. p. 634.

A Nautilid with angular sutures was sent b}^ Prof. Marshall to

Boehm, and handed on to Diener, who identified it as near the

above species. In specimens that I collected the lobes are angular

and the saddles rounded, strongly recalling those of a nearlv-allied

species Pr. goniatifes Hauer. The siphuncle of a specimen of

three whorls is dorsad of the centre. The surface of the shell

slopes more towards the venter, and is less rounded than in either

Fr. spirolohiis or Pr. goniatites ; while the venter itself is narrow
and gently rounded.

Locality and horizon.—It is common in Bed c, Otamita
(Hokonui Hills), and occurs also at Nugget Point and other

localities.

Aecestes sp.

1909. Arcestes Jiolomii P. Marshall, Trans. N.Z. Inst. vol. xli, p. 144.

1910. G. BtjL'lun, Centialblatt f. I\lin. &c. p. 634.

Arcestids are fairly common in the Carnic beds, especially in.

Bed c at Otamita. Prof. Marshall sent a specimen from this

locality to Boehm, who submitted it to Diener. As the living

chamber was missing, he could not say whether it was Arcestes or

Proarcestes, and considered it better not to give any specific name.
No specimen that I saw or found had the living chamber, and so I

cannot add an^^thing to Diener's observations. If more complete

specimens could be obtained, it would probably be found that several

species of Arcestes are present in the New Zealand Trias.

Arcestes cf. rh.t^ticus W. B. Clark. (PL XYII, fig. 1.)

1883. Am. Journ. Sci. ser. 3, vol. xxxv, p. 119.

1895. J. K. Ponipeckj, ' Ammoniten des Rhat ' Neues Jalirb. vol. ii, pt. 1, p. 3.

Shell smooth, sides and venter rounded, umbilicus wide and
deep ; the umbilical shoulders are rounded, and slope towards the-
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umbilicus. The living chamber is wanting ; but on the last whorl

two slightl}^-sinuous channels cross the venter and sides nearly

opposite one another, and represent former contractions of the

aperture.

This specimen agrees in outer shape with Arcesfes r]i(Eficus,

a form for which Hyatt has proposed the new generic name-

RlicetLtes, but seems to differ in the sutures. Five saddles are seen

between the siphuncular saddle and the umbilical shoulders, the

fourth being higher up though not larger than the rest. The saddles

are deeply cut on each side into four auxiliary saddles, and the

siphonal lobe is divided by a saddle into two points which are not

deeper than the lateral lobes. In Arcesfes rhceticiis the sutures-

are said to form a series of lobes and saddles which gradually

decrease in size from the siphuncle, and the two siphuncular lobes-

are deeper than the lateral lobes.

Mojsisovics says that Pompeckj considered Arcesfes rliceficiis

to be merely part of the inner whorl of an Arcesfes of the Graleati

group.

Locality and horizon.—The specimen illustrated in PL XYII
was collected by Prof. Marshall and myself high up in the Phsetic

between Kawhia Harbour and Albatross Point, 3000 feet or more
above the Noric Pseudomonofis Beds. It is probabl}'" the highest

Triassic fossil that we obtained in New Zealand : it is entirely

distinct from the Arcestids in the Carnic, which are much smaller,

more involute, and lack the deep funnel-shaped umbilicus.

Cladiscites sp. (PI. XYII, fig. 2.)

Sides flat, sloping gentl}^ towards the small shallow umbilicus ,-.

venter gently rounded. The living chamber is missing and the

shell destroyed, and consequently it is impossible to see whether
there was any surface decoration. No specific name can, therefore,

be given.

Locality and horizon.—The only specimen of this genus-

known to me comes from the JSfaufilus Bed at Mount Heslington,
Nelson. Carnic.

PiXACOCEKAS sp.

All the specimens of Pinacoceras that I saw are fragments of
air-chambers, and no satisfactorilj^-preserved example has come to

light. One cannot, therefore, say more than that this genus, or
some similar large and flat phylogerontic form with very compli-

cated sutures, occurs in the higher Triassic deposits.

Locality and horizon.—I found a fragment in a bed at
Otamita, in the Hokonui Hills, which is probably Lower Noric

;

and in the Greological Surve}^ Collection is a piece of a very large

flat Pinacoceras, but with greatly eroded sutures, from beds on
the eastern side of Mount Heslington, near Nelson, which may also

be Lower Noric.

q2
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DiSCOPHTLLITES cf. EBNEEI MojsiSOvicS. (PL XVII, fig. 7.)

1896. Fhylloceras {Ilojsva rites) ehneri ' Obertriadische Ceplialopodenfauna des

Himalaj^a' Deuksclir. k. Akad. Wissenscli. Wien, vol. Ixiii, p. 668 (96) &
pi. xix, fig. 6.

1306. C. Diener, ' Fauna of the Tropites Limestone of Byans ' Pal. Ind. ser. 15,

vol. V, Alem. 1, p. 173 & pi. v, fig. 5.

Shell smooth or exhibiting faint growth-lines ; whorls gently

rounded, increasing rather rapidl}^ ; the umbilicus wide and open,

each whorl embracing about half the previous one. Umbilical

shoulders in the more adult shell are rounded and rather over-

hanging. The earlier whorls are much flatter than the later, which
in very large specimens become much rounded.

Locality and horizon.—Bed c, Otamita (Hokonui .Hills).

The fragment illustrated occm-red near the JSIytilus-'problematicus

Bed, south of the Wairoa Gorge, Nelson. In the Geological

Survey Collection is a magnificent specimen from Nugget Point,

measuring 18 inches in diameter. Carnic. Large Discopliyllites

are recorded from New Caledonia.

Remarks.

—

DiscopliyUiteB is a sub-generic name proposed

by Hyatt for a group of forms connecting MonophyUites and
Rliacophyllites. The peculiarities of the suture are said to be

that the siphonal lobe is deep and narrow, and divided by a high

median prominence, and the siphonal saddle is diphyllic. Three

species have been described: D. patens Mojsisovics, from Europe;

I), ehneri Mojsisovics, from the Himalayas; and D. insignis Gem-
mellaro, from Sicily. Prof. Diener remarks that all three form a

well-defined and closely-allied group ranging from Middle Carnic

into Lower Noric strata. The New Zealand form seems to agree

closely with the Himalayan D. ehneri.

AULACOCERAS sp. (PL XVII, figs. 4 & 5.)

1878. Belemnites otapiriensis Hector, Trans. N.Z. Inst. vol. x, p. 485.

In one example the end of the guard and the anterior part of the

phragmocone are both missing. The guard is soft and friable, and

there are one or more longitudinal grooves on it. The phragmocone

is nearly twice as long as the guard, and has eleven or twelve air-

chambers remaining. The septa are irregularly spaced, and the

siphuncle is marginal. A label attached to this specimen (which is

figured in PL XVII, fig. 4) states that it is the holotype of Hector's

Belemnites otapiriensis. A highh^-idealized illustration of this

specimen, which Hector caused to be printed, has recently been

issued.! It is 150 mm. long.

Another specimen consists of a fragment of a guard in very hard

greywacke, which, Avhen dissolved out with acid, yielded a gutta-

percha squeeze (illustrated in PL XVII, fig. 5). About half the

surface is seen, and has th/ee longitudinal ribs separated by two,

sharp and deep furrows. The surface of the ribs is gently rounded,

^ Bibliography, 47, pi. v, fig. 1.



part 3] THE TRIAS OF J^EW ZEALAND. 185

and one of them bears five longitudinal parallel cuts. A very sharp

and faint rib passes down the bottom of each of the furrows.

Locality and horizon.—Hector's specimen comes from Oreti

railway-cutting (Hokonui Hills), and is probably Noric ; the frag-

ment of guard is from the 8piriferina Beds at Eighty-Eight Valley,

Nelson, and is probably Carnic. Both specimens belong to the

New Zealand Greological Survey Collection.

Remarks.—The first specimen is contained in a large piece

of decomposed felspathic sandstone, and seems to be specifically

indeterminable. The fragment of guard agrees well with a

similar fragment of Aidacoceras sulcatum Hauer, illustrated by
Mojsisovics.i

The New Zealand Greological Smwe}^ possesses fragments of

phragmocones of belemnites of the Atractites grouj) which are of

large size ; but most of them seem to be from Jurassic deposits.

OASTEROPODA.

Patella (?) jS'Elsoxexsis, sp. nov. (PI. XVIII, figs. 8« & 8 I.)

Shell patelliform, the apex directed forwards and situated about

the anterior third portion of the shell. The shape is not always

symmetrical : in one example the apex is slightly inclined to the left,

and in another the left anterior position of the shell slopes more
steeply than the rest of the surface. The decoration consists of

fine rounded ribs, which radiate from just below the apex to the

margin. Between the primary ribs three or four smaller ones com-
mence at various distances below the apex, but do not attain the

strength of the primary ribs. The ribs are crossed by a regular

series of faint, close-set, concentric growth-lines, giving the surface

a latticed appearance. The shell is fairl}^ thick, and the muscle-

scar in the interior is broad, but not very distinct, and in one

specimen seems to continue round the inside of the shell, while

in another it appears to be interrupted on the left anterior side.

The largest specimen that I examined was 71 mm. long, 65 mm.
wide, and 36 inm. high.

Locality and horizo n .—It has only been found in the Kaihiku
Beds at Eighty-Eight Valley (Nelson district). Ladino-Carnic.

The New Zealand Geological Survey possesses several large

examples, of which, except in one instance, the interior casts

alone have been preserved. Erom this one I made a gutta-percha

impression showing the outer surface, which I have taken as the

holotype. It has a small mass (apparentl}^ of stromatoporoid coral)

attached to its outer side.

Remarks.—It is possible that this shell may be a Capulid or

perhaps a Siphonaria, in which case the apex would be posteriorly

directed. The apparent interruption of the muscle-scar on one

side rather suggests the latter genus as being the correct one.

^ Bibliograpliy, 32, pi. xiii, fig, 4.
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Pleltiiotomaeia (Sisenna) hectoei, sp. nov. (PL XYIII,
figs. 5 a-5 c.)

Shell consisting of about seven whorls ; the spire is depressed

;

i^he upper surface of the first three whorls is nearly flat, but in the

later whorls it is rather concave and slopes towards the line of nodes.

'The slit-band occurs about two-thirds of the distance above the base

of the bodj^-whorl and nearly half the distance above the suture of

the penultimate whorl. The earliest whorls seem to be smooth,

A row of heavy rounded nodes occurs both above and below the

slit-band ; those below it project beyond the slit-band, and form the

keel of the shell. The nodes above and below the slit-band are of

.about equal size, are rather irregula rly spaced, and occasionally tend

to coalesce one with the other. The slit-band has a faint furrow

Above and below it, and between it and the nodes. Below the keel

the surface of the shell is slightly concave ; it then becomes convex,

and then again concave towards the umbilicus, which is partly

covered and obscured by a thin callosity of the inner lip. Below
the keel the growth-lines bend sharply backwards, and then curve

forwards again and pass to the umbilicus. This forward curving

produces a tongue-like j^rojection of the lip below the notch. The
notch of the lip is about 10 mm. deep, the diameter of the shell is

34 mm., its height 20 mm., and the height of the spire 15 mm.
Locality and horizon.—Bed c, Otamita (Hokonui Hills).

Carnic. I collected two or three very fine specimens here. I also

found casts of it in the Carnic beds in the river-section of the

Wairoa Gorge, and a cast of this (or of a ver}^ similar shell) in

the Noric beds, with JPseudomonotis ocliofica, at Grarden Gulh', in

the Nelson district.

Remarks.—This shell may be placed in Koken's Pleurotomarid

group Siseiina, which includes several Upper Triassic forms having

a depressed spire, step-like whorls, and the slit-band situated be-

tween two ridges on the upper and outer side of the whorl. The
tongue-like projection of the lip below the notch is also charac-

teristic of this group. Koken says, however, that in Slsenna the

umbilicus is open, whereas in the form here described it is partly or

completely covered. It bears a rather remote resemblance to a shell

from the Upper Trias of Bear Island in the Arctic Ocean, called

by J. Boehm Sisenna conwentzi} in which the umbilicus is also, as

in the present shell, covered by a thin labial callosity.

Pleueotomaeia hokoxtjieis'Sis, sp. nov. (PI. XVI] I, figs.

6«-6 c.)

Shell small, consisting of seven whorls increasing rather rapidty.

The apex is pointed, and the earliest whorls are angular. About the

fourth whorl a row of verticall}^-elongate nodes appears below the

suture, together with five or six spiral thread-like lines, one of

"which crosses the centre of the line of nodes. The ornamentation

1 Bibliography, 8, p. 51 & pi. vi, figs. 1, 9, 10, 16
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almost disappears on the last whorl of some specimens, which in

-consequence become nearly smooth above the slit-band. The latter

is rather broad, and occurs above the keel in the last whorl. The
keel is decorated with a line of blunt nodes, and there are a number
of parallel threads between it and tlie slit-band. Beneath the

keel are about eight concentric spiral lines, which are crossed b}'

the growth-lines. The umbilicus is covered by a callosity of the

inner lip. The slit-band seems to correspond to a rather deep

notch in the lip. Diameter=:18 mm. ; height=:10mm.
Locality and horizon.—Bed c, Otamita (Hokonui Hills),

where it is common. Also on Mount Heslington, Nelson. Carnic.

Trochus (Tectus) maeshalli, sp. nov. (PI. XVIII, iig. 7.)

Shell trochiform, consisting of eight whorls, which are sharply

keeled, and each one slightly overhangs the suture below it. The
whorls are slightly concave above the keel. Below the keel the

base is hollowed out and concave. The keel is decorated with a

line of forward-pointing nodes, which rather resemble the teeth of

a saw. The lower part of each whorl above the keel is decorated

with five or six parallel thread-lines, and beneath it are several still

fainter lines.

The columella is strong and twisted, and folded near the inner

lip. The aperture was not preserved. Diameter==15 mm. ; height

= 18 mm.
Locality and liorizon.—Bed c, Otamita (Hokonui Hills),

where Prof. Marshall collected it during one of our visits. Carnic.

Pemarks.—Several species of Trochoid shells with a twisted

inner lip occur in the Alpine Hallstatt Limestone, and are figured

hy Koken under the generic name Tectus ; but none of them
resemble the form here described. It ma}'' seriously be questioned

whether these Mesozoic Trochoids are congeneric with the Tertiary

.and recent genus Tectus.

COEONARIA SPECTAEILIS, sp. nOV. (PI. XYIII, fig. 4.)

The shell consists of fifteen or more whorls which increase slowly

in size ; the test is fairly thick, the nodes being but faintly visible

on the internal cast. The decoration consists of a series of pro-

minent rounded nodes of elongate outline, arranged with their

longer axes upright. The nodes occupy most of the surface of each

whorl, but above them, and just below the suture, is a flat band
which bears three or four raised spiral lines with shallow grooves

between them. A series of fainter raised spiral lines passes round
that part of the whorl which is occupied by the nodes, and across

the depressions between them. The umbilicus seems to have been

shallow ; but the shape of the aperture or lip could not be

ascertained. The earliest whorls appear to have been devoid of

ornamentation. The liolot^'-pe is 96 mm. long, and has an apical

angle of 14"^.

Locality and horizon.—Western slopes of Mount Heslington,
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south of the Wau'oa Gorge (ISTelson), ^vhere fragments, often of

large specimens, are not rare. It is also found at Nugget Point.

Carnic.

The holot3'-pe is a mould belonging to the Geological Survey

Collection, and comes from Mount Heslington. After preparing it,

I was able to make a gutta-percha squeeze (fig. 4). The Survey

also possesses a poorly-preserved fragment, consisting of several

whorls, of a specimen from Nugget Point, which must have

measured nearly a foot in length. I have several fragments from
Mount Heslington.

Remarks.—This handsome shell seems to agree genericaUy with

Koken's genus Corojiaricf, of which several species occur in the-

Hallstatt Limestone. The genus resembles in some wa3"s the

Zygo'pleiira group of the Loxonematidse.

BorEarETiA(?) aeata, sp. nov. (PL XVIII, fig. 3.)

This shell consists of six or seven whorls, which increase rather

rapidly in size ; the body-whorl is large and rounded, and occupies

rather more than half the length of the shell. The sutures are

rather deep, and the whorls form a narrow ]Dlatform below them.

The decoration consists of spiral, rounded, parallel, raised, equidistant

ridges, between which are furrows of about the same width as the

ridges. There are about fifteen ridges on the body-whorl. A
shallow umbilicus seems to be present, but the shape of the aperture

could not be seen. Height= 32 mm. ; width of body-whorl= 24 mm.
Localit}^ and horizon.—Mount Heslmgton (Nelson). The

holotype from which I made a gutta-percha impression belongs,

together with several fragments from the same locality, to the

Geological Survey Collection. . I found a cast of a smaller spe-

cimen, 20 mm. high, in hard greywacke at Nugget Point. Carnic.

Eemarks.—Owing to the poor state of preservation of the

material, the generic position of this shell cannot be determined

with certainty, and its attribution to JBourguetia is somewhat
conjectural.

DENTALirM sp. (PI. XVIII, fig. 2.)

Length =originally about 37 mm. Greatest breadth=7 mm. at

the anterior end ; the posterior end is missing. The shell is gentl}^

curved : it is oval in section at the anterior, and nearly circular

towards the posterior, end. The shell is rather thick, smooth, and
ivory-like, with fine concentric growth-lines. The edge of the

aperture is sharp and oblique, the margin being high and convex on
the concave side, and concave on the ventral or convex side of the

shell. The surface towards the aperture is rounded on the concave,

flatter on the convex side. The growth-lines correspond to the

obliquity of the aperture.

Locality and horizon.—Bed c, Otamita (Hokonui Hills)..

Carnic.
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COIS-ULAEIA Sp. (PL XVIII, fig. 1.)

Length =: originally about 27 mm. ; "width at the aperture= 9 mm.
The section seems to be more or less square or rectangular. In

most of its features this Convlaria resembles C. Jaevigafa Morris-

from the Pernio- Carboniferous of Australia, which also occurs in

beds of similar age in the Salt Range. In the fineness of its strise

it recalls also C. temiistriata McCoy.
Locality and horizon.—Bed e, Otamita (Hokonui Hills) ;:

also in the Mytilus-prohlematicus Bed at Eighty-Eight A'alley,

near Nelson, and in the JPseudomonotis-riclnnondiana Bed on the

south side of the Hokonui Hills. Carnic and Noric. It seems to-

be widely distributed, but is scarce and, as a rule, poorly preserved.

LAMELLIBRANCHIATA.

The New Zealand Triassic Lamellibranchs are of considerable-

interest. An edentulous shell with a general resemblance to Cardio-

morplia I place, for want of contrar}^ evidence, among the Paheo-

conchs. Taxodonts are represented by Palceoneilo, Leda, and
Macrodon. Forms of great zonal value occur among the Aniso-

myarians, of which Daonella indica fixes the Ladino-Carnic horizon^

several forms of Halohia the Carnic, while great masses of Pseudo-
monotis indicate the Noric horizon. The Alpine form, 3fonotis

scdinaria, also seems to occur ; but the exact horizon which it

occupies in New Zealand is not yet determined. Mytilus {?)
probJematiciis is an important fossil in the Carnic beds, hitherta

found only in the South Island, but it recurs in New Caledonia.

Forms of CassianeUa, Pinna^ Pecten, Limatula., etc., also occur.

A series of curious and very variable more or less Lima-Vik^

Myalinidae is common in the Carnic. These forms show afiinities

with JPergamidia, JMysidia, and Mysidiopiera of the L'^pper Trias

of Asia Minor and the Alps, and I have applied to them the new
generic name Holtonuia.

The Schizodonts include MegaJodon and several species of

JSLyoplioria, one of which has hitherto been mistaken by New
Zealand geologists for a Trigonia. The genus Anodontopliora, of

which at least three species occur, seems to be a Schizodont, the

dentition of which has become obscure or obsolete. The Eulamelli-

branchiata are represented b}^ PalcBocardifa, Pleuroplioriis, and
possibly Anisocardia.

Caediomoepha (?) xucfGETE^'SIS, S23. nov. (PL XXI, fig. 7.)

Shell thin and platy in structure. Valves apparently equal in

size, edentulous ; beaks ver}^ anterior, pointed, close together, and
incurved. Hinge-area long and slightly arched. Beneath the

beaks there is a sunken false lunular depression. The valves are

closed all round, except in the depression below the beak, where they
gape to a slight extent for a short distance, apparentl}^ in order to

allow the ^^assage of a byssus. The surface is decorated with broad
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irregular growth-ripples, especially toAvards the beaks, but is other-

wise smooth. Anterior margin nearly straight, lower margin gentl}^

rounded, and hinder margin below the hinge-line rounded.

An adult shell is 49 mm. long, 36 mm. high, and the two valves

are 24 mm. thick.

A young specimen is shorter relatively to the height than the

-adult, measuring 18 mm. in length and 15 mm. in height.

Locality and horizon.—Nugget Point, in a loose block

washed out of Carnic beds in the cliif-section. I collected four or

live specimens.

Remarks.—It is with considerable reserve that I refer this

edentulous shell to the Palseoconch genus Cardiomorplia. The
shape of the young shell, however, suggests this genus. The gape

below the beak apparently precludes it from belonging to the group

of Anodontopliora ; while the laminar structure of the shell and

the byssal gape suggest that it may be a Myalinid.

Paljeoxeilo otamitexsis, sp. nov. (PL XXI, fig. 21.)

The shell is rather thick ; anteriorly the valves are somewhat
strongly inflated, but they tend to flatten out posteriorly. The
beaks are rather prominent, anteriorh^ situated, and directed

forwards. The margin is well rounded in front, gently curved

below, and is produced, narrowing gradually behind. There is

Tio trace of a posterior ridge on the shell, the surface of which is

genth" rounded and smooth. The concentric growth-lines are fine,

evenly spaced, and ver}^ regular. When the hinge-line is scraped

away, a row of many teeth is seen behind the beak, with about

six much larger teeth in front of it. Length= 17 mm. ; height=
9 mm. ; depth of right valve= 3 mm.
Locality and horizon.—Bed c, Otamita. Carnic. I col-

lected several specimens with the shell on them.

Remarks.—The comparatively-smooth surface of this shell

suggests that of P. elliptica Goldfuss, from St. Cassian ; but the

beaks are more anterior, and the shell more inflated beneath them.

Pal^ois'eilo cf. PR.EACUTA Klipstciu. (PI. XXI, fig. 22.)

1895. A. Bittner, ' Lamellibrancliiaten der Alpineu Trias ' p. 143 & pi. xvi, figs.

32-35.

The shell is fairly thick, the beaks situated well forward. The
anterior margin is well rounded, the lower margin gently curved

;

the posterior portion of the shell is produced, and tapers rather

rapidly. The anterior portion of the valves is considerably inflated,

but they flatten out posteriorly. An appreciable blunt ridge passes

from behind the beaks to the lower posterior margin. The con-

centric growth-ridges are well marked and fairly regular ; a few of

the furrows between them are wider than the rest. Length

=

18 mm. ; height=10 mm.
Locality and horizon.—Bed c, Otamita (Hokonui Hills).

Carnic. I collected two or three fine specimens with the shell on

them.
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Remarks.—This fonn agrees fairly well Avitli P. ^^rwacuta from
St. Cassian, but differs in having the beaks rather more anterior.

It comes nearest to Bittner's fig. 84, yet the differences hardly

seem to warrant a new specific name for it.

Leda semicrenulata, sp. nov. (PL XXI, fig. 20.)

Shell rather thick ; beaks broad and low, situated about the

middle of the shell, and directed slightly backwards. The anterior

margin is well rounded, the outline forming almost a semicircle

;

the lower posterior margin of the shell is produced upwards, and the

hinder part is rostrate. The decoration consists of about forty-five

rather sharp concentric ridges which are fairly regular on the

.anterior portion ; but near the beaks and on the posterior half,

though remaining constant in width, they become curiously wavy
and broken, producing a crenulated appearance. A blunt ridge

passes from the beaks to the lower end of the rostrate hinder

margin. Length := 18 mm. ; heights: 13 mm.
Locality and horizon.—Bedc, Otamita (Hokonui Hills). I

collected two or three specimens with the shell on, but all rather

•crushed.

Maceodon cf. cuEiONii Bittner. (PI. XXI, figs. 12 & 13.)

1895. ' Lamellibranchiaten der Alpinen Trias ' p. 121 & pi. xv, fig. 16.

Shell fairly thick. The hinge-margin is straight, and is pro-

duced in front of the beak, terminating rather sharply where it

joins the gently-curved and retreating anterior margin. About the

middle of the lower margin, which is nearlj^ straight, the shell

is contracted by a shallow sulcation extending almost to the

beak. The concentric growth-lines are well marked, but irregular.

Behind the beaks there is a faint trace of radial ribs inteirupted

by the growth-lines. Length=about 33 mm. ; height=:13 mm.
Locality and horizon.—Bed c, Otamita (Hokonui Hills). I

collected a left valve there with the shell preserved, but damaged
itt both ends. The New Zealand Geological Survey possesses the

internal casts of two specimens from Mount Heslington (Nelson),

showing the characteristic dentition ; but they are not specifically

determinable, though probably belonging to the same species.

Carnic.

Remarks.—At least one species of Macrodon occurs in the

New Zealand Trias, but the shells are scarce. My specimen

resembles rather closely the above-named species from the Raibl
Beds of Lake Iseo (Lombardy). It recalls also a closely-related

form, M. esinensis Stoppani, from the Esino Limestone, which
Bittner figures on the same plate, figs. 17 & 18.

PSEUD0:\I0N0TIS AND MONOTIS.

The Monotis-\\k^ shells, which Hochstetter brought from Rich-
mond, near Nelson, were identified by Zittel as a variety of

Jlouotis salinaria and called var. ricltinondiana. The fact that
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they possess an anterior byssal notch in the right A^alve, which is

wanting in the true 31. salinaria^ was pointed out by Tener,^ who
consequently placed them in the genus Pseudomonotis.

I haye found this bj'-ssal ear and notch in all the New Zealand

specimens that I examined, except in those that occur in lime-

stone at Okuku. In some cases the I'ock must be carefully cut
away to show it ; but it is always present, except in the case just

mentioned. In the large flat A'arieties of Pseudomonotis ochotica

the ear and notch are reduced to the smallest possible size.

F. Freeh 2 thinks that the three circum-Pacitic species of Fseitdo-

monotis: namely. IPs. ocliotica, JPs. richmondiana, Siud I^s. siih-

circiilaris, are yarieties of one and the same shell. He believes that

JPs. richmondiana occurs in two forms, and figures and describes

a new form as yar. iruncata, pointing out its resemblance to

-Ps. ocliotica yar. sparsicostata. He also considers Ps. suhcir-

cidaris identical wnth Ps. ocliotica yar. spai^sicostata.

Ps. riclimondiana has been recorded only from New Zealand

and New Caledonia. Ps. stihcircularis is a British Columbian,

Californian, and South American Cordilleran form, and characterizes

the Noric Beds. Ps. ocliotica was first discoyered at Verkhoj^ansk

in Arctic Siberia, in beds of Noric age. It was found later in

Japan, 3 where it occurs in beds yery near the top of the Trias

and a yery short distance below the oyerlying Jurassic. It is also

recorded from Central Timor, where a specimen of Ps. ocliotica yar.

densistriata was found in a pebble in the Talau Riyer.'*

I now record Ps. ocliotica, as defined by Teller, for the first time

in New Zealand. It is a yery yariable species, but an eyen greater

range of yarieties is present among my specimens than among
those from Arctic Siberia figured by Teller and Mojsisoyics.

Near the head of Garden Gully, on its western slope a mile

south-west of the Wairoa Gorge, in the Nelson area, I was for-

tunate in finding a bed of fine-grained dark greywacke-mudstone,

containing a large series of forms which undoubtedly belong to the

Asiatic fossil Ps. ocliotica. The beds seem to occupy the middle

limb of a syncline, or possibly a faulted syncline of the Trias, and
are, I think, the highest Triassic rocks exposed in the Nelson

district. In this district the yarieties of Ps. ocliotica occur in the

bed in Garden Gully to the exclusion of Ps. riclimondiana. The
typical Ps. riclimondiana occurs in yast numbers in a bed exposed

some distance away on the opposite slope of the yalley to the east;

but the two forms are clearly separated, and I haye little doubt

that Ps. riclimondiana occurs at a lower horizon than Ps. ocliotica.

The felspathic sandstone at Richmond, 5 miles north-easfc of

^ Bibliograpliy, 35, p. 104. It is clear that the genus Pseiidomonotis does

not represent a natural group. The Psendomonotis forms of the Upper Trias

are much more closely related, to Monotis salinaria than they are to shells

called Pseiidomonotis in the Permian or Jurassic, such as Ps. speUincaria or

Ps. echinata.
- Bibliography, 13, pi. Ixvii:.

^ Bibliography, 33, p. 175. ^ Bibliography, 49, p. 189.
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Garden Gully, contains only JPseudomonotis richmondiana. Near
Albatross Point, in the Kawhia district, the dark shales underlying

the llhsetic Series, close to an igneous intrusion, contain the large

fiat Ps. ochotica var. densisfrictta and a form approaching var.

pacliypleura, while Ps. riclimondiana seems to be absent, a fact

which further goes to indicate the higher position of the Ps.-ochotica

horizon. I have seen no Ps. ochotica from the Hokonui Hills,

but Ps. richmondiana occurs at various places in that district.

Okuku is the only locality in New Zealand where the ]\Ionotis-Vike

shells form a limestone. Though it seemed unlikely to me that

the Alpine Monotis salinaria should occur in New Zealand, yet

it is not an impossible contingency. Wanner,^ who paid great

attention to the differences between this shell and the large flat

forms of Ps. ochotica, records its occurrence in the island of

Serang.

I have already stated, in discussing the Okuku locality, that 1

am compelled to regard the shell which occurs there as belonging

to the Alpine form 3Ionotis salinaria.

PsEUDOMOJ^^OTis OCHOTICA Teller. (PI. XIX, figs. 1-8.)

1886. E. von Mojsisovics, 'Avktisclie Tiiasfaunen ' p. 116 & pi. xvii, figs. 1-15,

pi. xviii, figs. 1-il.

1907. J. Wanner, ' Triaspetretakten der Molukken ' p. 189 & pi. viii, fig. 9.

This is a very variable species, and Mojsisovics and Teller have

carefully described and illustrated from the original locality at

Yerkhoyansk in Arctic Siberia five varieties, in addition to the

form which they regard as the normal type. These they have

called vars. densistriata, eiirhachis, amhigua, i?acliypleura, and
sparsicostata.

In the one bed at Garden Gully, near the Wairoa Gorge, I

collected specimens more or less closely comparable with all these

varieties, and, in addition, a form still more strongly arched and
ribbed than any that are recorded from the original localit}^,

which I have ventured to institute as a new variety under the name
acutecostata. All the varieties occur indiscriminately mingled
together in one and the same rock.

It is not necessary here to recapitulate the description of the

different varieties as given b}" Teller; but I may say that the large

flat Salinaria -like variety densistriata (fig. 1) occurs in very

characteristic form, and that some of the specimens approach the

North American form Pseudonwnotis snhcircularis in the expan-

sion and rounded outline of the anterior margin.

The posteriorly elongate and expanded, coarsely-ribbed variety

'pachypleura (fig. 3) occurs together with a form presenting a

more or less quadrilateral margin, which Teller calls var. eurliacliis

(fig. 5). The variety sparsicostata, approaching in character the

large and nodosely- ribbed form of Ps. richmondiana, which

1 Bibliography, 49, p. 190.
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Freeh ealls var. innicata, ean also be identified among the New
Zealand shells (fig. 4).

A small, dwarfed, and strongly-ribbed form, in which the right

valve is often strongly arched and bent downwards towards the
margin, very similar to the variety that Teller calls amhigua
(fig. 2), also occurs in association with all the other varieties.

It ma}^ here be emphasized that I regard these different forms
as representing individual variants in one very variable species,

since some confusion or misuse of terms may arise in calling them
varieties. However, in describing the following form as var.

acutecostata nov., I am merely following the plan adopted by
Mojsisovics and Teller, who describe the specimens of different

shape from Verkhoyansk and Japan as varieties.

Var. ACUTECOSTATA, nov. (PI. XIX, fig. 7.)

The left valve is strongly arched, the beak is pointed, tapers

rapidly, and is acutely bent over the hinge-area. The outline of

the shell is angular, and there are about fourteen primarj^ ribs,

some of them very acute and prominent, others lower and more
rounded. Other very much sinaller secondary ribs appear about
halfway between the beak and the mai-gin.

Locality and horizon.—Grarden Grully, south of the Wairoa
Gorge (Nelson), on the western slope of the valley, where all the

varieties occur. On the coast, south of Kawhia, towards Albati'oss

Point, where the varieties densistriafa and pacliyioleura occur.

Upper Noric.

I collected a large series of examples at Garden Gully and
several at Kawhia. The Geological Survey possesses several

specimens of the different varieties from the Nelson district,

but the exact bed whence they came is not identified.

Kemarks.—The geographical distribution of this form has

already been discussed. It has not yet been recorded from New
Caledonia.

PSEUDOMOJs'OTIS EieHMONDiA:N-A Zittel. (PL XIX, figs. 9« & 95.)

1864. ' Palaontologie von Neu-Seeland ' p. 26 & pi. vi, figs. 1 a-1 e.

This species has an oval and gently rounded outline, and the

margin is never angular as it is in some of the forms of Ps.

ocliofica, nor does the shell show the extremes of variation

exhibited by the individuals of that species. The byssal notch and
ear in the right valve are .small, but well developed ; the left valve

is gentl}^ arched and rounded, the right nearly flat. The ribs are

regular on both valves, being straight or slightly curved. Fainter

secondary ribs occur between the primary ribs, and commence a

short distance from the beak. There are about twenty-eight ribs

on the left valve.

Freeh ^ describes a form under the name var. triincata, and

^ Bibliograpliy, 13, p. 506 & pi. Ixviii, figs. 4c-4d.
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remarks that it approaches very closely to Fseudomonotis ocliotica

var. sparsicostata. I have a mass of felspathic sandstone from
Kichmond, with a specimen on it which seems to agree with Freeh's

variety. It certainly resembles the variety of Ps. ochotica, but it

seems to me to be merely a more full^^-groAvn example of Ps.

riclimondimia, in which the ribs have become nodose tow^ards the

margins, where they are interrupted by coarse growth-lines. It

retains, however, the characteristic rounded outline of this species

:

it measures 81 mm. in length and 65 mm. in height.

The more common form, however, is smaller. The Geological

Survey possesses a very fine specimen with the two valves together,

which is illustrated (tigs. 9« & 9&). It is 45 mm. long, 87 mm.
high, and 11 mm. thick, and comes from the eastern slopes of

Mount Heslington, near Garden Gully.

Localit}^ and horizon.—Richmond, and the eastern slope of

Garden Gully in the Nelson district ; also in the Hokonui Hills.

It is wanting in the coast-section at Nugget Point. It occurs in

enormous quantities in more or less decomposed felspathic sand-

stone, and marks a Noric horizon apparently below that of

Ps. ocliotica. In onh^ one case did I see any other fossil associated

with it, Avhereas I found several gasteropods and brachiopods in

the Pseudomonotis-ochotica Bed in Garden Gully. It is recorded

from New Caledonia.

MoxoTTS SALi^s'AEiA Broun. (PI. XIX, fig. 10, & PL XX, figs. l-3.>

1830. Leonliard & Broun, .Jahrb. f. Min. &c5p. 284 & pi. iv, fig. 1.

1907. J. Wanner, ' Triaspetrefakten der Molukken ' p. 190 & pi. ix, figs. £-4.

Among the Monotis-YiVe shells that occur at Okuku the right

valves are nearly as convex as the left, whereas in most specimens

of Pseudomonofis in New Zealand the right valve is nearly fiat or
even slightly concave. Also, as alread}^ stated, no trace can be
seen of the anterior byssal notch and ear which occur in the right

valve of Pseudomonotis.
For some unapparent reason the shells in this limestone-bed tend

to vary in a manner analogous, though to a less extreme degree,

to the variation in those of Pseudoinoiiotis ocliotica. The word
' varietv,' therefore, is to be understood in the same sense as that

in which I have used it in discussing the last-named species.

The variation tends to produce a reduction in size from the large

flat form which ma^^ be regarded as the normal form, accompanied
by a progressively strong arching of the valves, especially of the-

left valve, without, however, any increase in the size of the ribs.

MONOTIS SALTNARIA. (PI. XIX, fig. 10.)

The largest specimen that I examined is a left valve 70 mm.
long and 57 mm. high. It has twenty very regular, equidistant,

straight, or slightly-curved primary ribs, which radiate from the

beak ; between these occasional fainter secondary ribs n])pear at
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various distances from the beak, and near the margin they attain

ahnost the strength of the primary ribs. This form seems to re-

semble in every way the typical Alpine Jlonotis salinaria.

Tar. IXTEEMEDIA, noy. (PL XX, llg. 1.)

This seems to be a fairly-constant A'ariety : the left yalve is

rather strongly arched, and has sixteen nan•o^y and very regular

primary" ribs, between each of which in one specimen that I examined
fainter secondary ribs occur at various distances fi*om the beak.

In another left valve the primary'- ribs are rather broader, and
become nodose towards the lower margin, owing to interruption by
the growth-lines; and very faint, in some cases scarcely perceptible,

secondary ribs occur between the primary ribs, commencing about
halfway between the beak and the lower margin. Length=46 mm.

;

height=37 mm. ; depth of left valve= l-i mm.

Tar. HEMISPHEEICA, nov. (PI. XX, figs. 2 & 3.)

Shell small, the left valve very strongly arched and rounded; the

beak is inflated, and projects beyond the hinge-line, which is very

•short. The margin is rounded and contracted in front, but rather

produced behind. There are about seventeen regular, low, rounded
primary ribs, more or less equal in size, between which an occasional

very faint secondary rib occurs towards the lower margin. A right

valve is rather strongly arched, but much less so than the left; the

beak is pointed and not inflated; and the hinge-line is short, with a

faint posterior wing. There are about fifteen primary ribs, more or

less equal in size, but rather irregularly spaced ; and in the two
widest spaces about the middle of the shell a \qyy faint secondary

rib occurs. A left valve is 22 mm. long, 22 mm. high, and 12 mm.
deep. A right valve is 23 mm. long, 19 mm. high, and 9 mm. deep.

Localit}^ and horizon.—Okuku (Ashley County), in the

Canterbmy Alps, in limestone. Horizon uncertain, Carnic or Xoric.

All the specimens that I examined belong to the New Zealand
Geological Survey, and were collected by Mr. McKay in 1879.

Pemarks.

—

Jlonotis salinaria is generally a Noric fossil, but
occurs in Europe also in Carnic beds. It ranges from the Alps and
Sicily through Afghanistan, Baluchistan, the Pamirs, Himalayas,
and Borneo to the Moluccan Islands, and is now recorded for

the first time from Xew Zealand as distinct from the genus
Pseudomonotis.

Daoxella ixdica Bittner. (PL XX, fig. 7, & PL XXI, fig. 5.)

1899. 'Trias Brachiopoda & Larnellibraiicliiata ' Pal. Ind. ser. 15, vol. iii, pt. 2,

p. 39 & pi. vii. fiss. 4-11.

1907. J. Wamier, 'Triaspetiefak-ten d.T Molukken ' p. 202 & pi. ix, figs. 8-9,

pi. X, iigs. 2-3.

The outline is rounded so far as one can ascertain, since most of

the specimens are broken jn-ior to fossilization. The hinge-margin

is straight: the beak projects slightly above it, and is situated about
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the middle of the hinge-marghi. There is no anterior ear as in

Hnlohia, and consequently there can be no doubt that this shell

belongs to the genus Daonella. The ribs coininence near tlie beak,

onlj a small arja of which is free from them, and sweep regularly

down to the margins. Secondary furrows commence some distance

from the beak, bat do not reach the depth of the primary furrows,

and it is only occasionally that a rib is divided by two furrows.

Concentric ripples are confined to the umbonal regions, and
growth-lines are scarcely seen. There is a very narrow triangular

space extending along the posterior hinge-margin, Avhich is free of

ribs. It attains a considerable size : a fragment of a large

specimen in my collection (PI. XX, fig. 7) shows that it must
have been about 70 mm. long and 60 mm, high.

Locality and horizon.—In New Zealand th's form is con-

fined to the Kaihiku Beds, and affords verj^ strong evidence that

these are of Ladinic or Lo\ver Carnic age. It seems to occur in

all the localities where the Kaihiku Beds are found. I collected

:several specimens in the Caroline Cutting on the south side of the

Hokonui Hills, and on looking over the Geological Surve}" Collec-

t^ion I identified many specimens from the Nelson district, Mount
Potts, and other localities.

Remarks.—This is the only member of the Daonella^ and
HaJohia group tliat occurs in the Kaihiku Beds, and seems to be

in every way identical with the Himalaj^an form. It belongs to

ths group of D. fj/rolensis of the classification of Mojsisovics, from
which it differs in details well defined by Bittner. It resembles

also in som3 ways IK snkawann Mojsisovics, a Japanese fossil. It

is widely clistribated in the Himalayan Trias, and in the Shal-

Shal section and other localities, occurs in a bed which Diener took

to be the top of the Muschelkalk complex, but later attributed to

the Aonoidns Beds. Wanner ^ records it, figuring specimens from
tlie southern coast of Timor, and regards it as marking the base

of the Uppei' Trias. This form has not been recorded from New
•Caledonia. In the Spiti district of the Himalayas-^ it is associated

with D. lommeli^ a well-known Alpine Ladinic fossil.

Halobia zittelt Lindstrom, var. zealandica, nov. (PI. XX,
fig. 6, & PL XXI, figs. 1-2.)

Beak rather prominent, somewhat inflated, directed forwards, and
isituated rather in front of the middle of the straight hinge-line.

The anterior ear is broad and well marked, triangular in outline
;

it widens out rapidl}^ and is strongly arched and rounded. This
ear is marked otf from the rest of the shell by a broad shallow sulcus.

The radial ribs begin just below the beak as a series of closely-set,

" The fossils which Zittel identified asHnlobia ?o/H)neii were later described
by Mojsisovics as Halohia liochstetteri. H. lommeliis really a Dn one? fa. The
true D. lommeli, a Ladinic fossil, does not seem to occur in New Zealand, the
Kaihiku horizon being apparently too high for it.

'- Bibliography, 49, p. 202. ^ Bibliography, 10, p. 11 & pp. 143-45.

«Q. J. G. S. No. 291. R
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very faint, raised, loundecl liius, Avhieli are produced i-egularly

downwards and backwards with a slight anteriorly-eoncav(} beiui.

Some distance below the beak they widen out, become wavy, and
bend suddenly forwards, continue thus for a short distance and then
bend downwards again less abruptly, passing towards the lower
and anterior margins. In some specimens the hinder portion of

the shell is almost smooth, in others the ribs continue in fairly-

straight though wavy lines, between which a series of shallow

furrows of very irregular width are produced. On the anterior ear

the faint radial ribs are sometimes seen on the portion bordering

the hinge-line. Concentric growth-ripples are well marked in the

region of the beak, but are broad, shallow, and irregular in width.

They are also developed on the anterior ear, but to a less extent.

Secjondar}'' ribs appear intercalated between the primary ribs on
the posterior portion of fully-grown shells. The marginal outline

is difficult to construct, as the shells are nearly always im-
perfect ; but the anterior ear projects beyond the lower anterior

margin and is well rounded, and the margin retreats below it, at

least in the right valve. Under the ear the margin is well rounded,^

the lower margin seems fairh^ straight or gently rounded, and the

posterior margin broadly rounded.

This species attains a large size ; the biggest example that I col-

lected, when perfect, must have measured about G5 mm. in length

and 42 mm. in height.

Locality and horizon.—Large specimens are rather common
in brown, decomposed, fine-grained greywackes on the crest and
saddle of Mount Heslington, south of the Wairoa Gorge, Nelson.

It occurs also in Bed e in the Otamita section, Hokonui Hills, and.

I found some small examples in hard greywackes at Xugget Point,,

above the H/ftil/is-jn-ohlejuaficifs Bed. I collected specimens in

various stages of growth in all these localities. Carnic.

Eemarks.—This large and variable JIaJohia falls into the

group of li. faJJax of 1he classification of Mojsisovics. The New-
Zealand form seems to partake of the characters, both of H. zitfeli

Lindstrom and of H. superha Mojsisovics. The sudden forward

bending of the ribs occurs nearer the beak than in H. siiperha, but
somewhat farther away than in H. zitfeli. The ribs are less-

numerous than in H. superhct, but the}^ become wavy in the

anterior portion of the shell, which seems not to be the case in

H. zitfeli. However, the form here described seems to be nearer-

to H. zitfeli than to H. superha^ and I am inclined to regard it

as a local variety of the former species.

H. zitfeli comes from the Trias of Spitsbergen, where it occurs-

in rather high Camic beds with Pinacoceras cf. JJoriJum. It

also occurs in the Upper Trias of Bear Island, and some forms-

figured as young examples from both these localities closely

resemble some of the Halobias from New Zealand. H. mperha
occurs in the Carnic of the Austrian Alps.
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Halobia hochstetteei Mojsisovics. (PL XXI, fig. 3.)

1874. ' Ueber die Triadischen Pelecypodengattungen Daonella & Ualohia ' p. 32.

& pi. iii, ligs. 7-9.

Hinge-line straight, the heak directed forwards, not very pro-

minent, and situated rather in front of the median line. The
anterior ear is triangular in shape and Avidens rapidh'-, is not inflated

or rounded, and is marked off from the rest of the shell by a narrow

and somewhat angular sulcus. The primary radial ribs begin

below the beak, and consist of a series of rather broad flattened

ribs of irregular width, separated by well-marked and rather deepl}^

cut grooves. On these ribs two or three very much fainter secondary

grooves occur some distance from the beak. At some distance

below the beak (the distance seems to vary in different specimens),,

the ribs become Avavy and bend very strongly forwards, continue

thus for a short space, and then curve gently downwards again

towards the lower and anterior margin. The hinder portion of

the shell below the hinge-margin is devoid of ribs and almost

smooth, and the ribs become very feeble towards the lower posterior

margin in fully-grown shells. The anterior ear bears a shallow

radial furrow not far below the hinge-margin.

Broad concentric growth-ripples occur on the young shell, but
they are faint and rather irregular, and they tend to occur also on
the anterior ear. Since specimens of any size are almost invariably

broken, I cannot describe the marginal outline with any certainty,

but it seems to have been similar to that of H. ziUeli var.

zealandica. This shell also attains a large size : for instance,

a fragmentary specimen in my collection must have been 65 mm.
long and 40 mm. high.

Locality and horizon.—Crest and saddle of Mount Hesling-
ton. Nelson. Bed e, Otamita, Hokonui Hills. It occurs in the

same bed as the last-described form, and I collected several

specimens of it.

Remarks.—Mojsisovics figures three specimens of H. liocli-

sfetferi, all of small size, which were apparently brought to Europe
by Hochstetter and had been identified by Zittel as Ualohia
lommeliy Mojsisovics gives a long and clear description of this

form, of which the following are the main points :

—

It is a rather high form, iinstriated towards the hinder hinge-margin, with
a -wide anterior ear, on which beneath the margin a rather strongly-arched fold

occurs, split at some distance from the beak by a sunken groove. Primary
radial grooves are not numerous, and the ribs that they form are divided at
varying distances, by further single or double g-rooves, into secondary ribs of
dissimilar width. Near the forward and hinder part smaller ribs occur.

Anteriorly the ribs reach to the ear. The ribs do not run straight, but imdergo
several bendings to and fro similarly, as is generally the case in the group of

m. fallax. The wavy breaking of the ribs does not take place in all examples
at the same age, and he remarks that it would be interesting to know
whether this corresponds to any difference in geological age. Concentric
ripples are very apparent on the upper half of the shell. Length= 13 mm.;
height=10 mm.

^ Bibliography, 51. p. 27 & pi. vi, figs. 2 a-2c.

It 2
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From the description it is clear that Mojsisovics only had shells

in the young stage. Some of those that I obtained, and apparently

identified correctly with Halohia liochstetteri, reach a much more
adult stage, and show the sudden forwai'd bending of the ribs.

He goes on to sa}" that Lindstrom rightly considered this form
to be distinct from Daonella lomnieli, but erred in identifying it

(though under reserve) wdth the Spitsbergen form H. zitfeli, from
which it is easily distinguished by its less numerous, wider, and
more often w^a^y ribs. He compares it with S. "riigosa, a form
Avhich attains a wide horizontal range in the E aropean Alps, Bittner^

regards H. lioclistetteri as more closely related to S. zitteli

than to H. rugoaa, an opinion with which I thoroughly agree.

Tlie specimens illustrated by Mojsisovics were said to come from
the 2Ionotis-ric]iniondic(na Beds at Kichmond, near Nelson. By
analogy with the Alpine and Spitsbergen Halobias he places this

form high in the Carnic, in which case it should not occur with

-Pseudomonotis richinondiana, a Noric fossil. I never saw any
Halobias in the Pseudomonotis Beds in New Zealand, and
-Ps. richmondiana generally . occurs entirely by itself. I think,

therefore, that the specimens that Hochstetter obtained must be

from some other locality, possibly the Wairoa Gorge. Arthaber ^

attributes Halohia hochsfetteri to a Noric horizon, probably

because of its supposed occurrence in the same bed as Pseudo-
monotis richmondiana.

Halobia cf. AUSTEiACA Mojsisovics. (PL XXI, fig. 4.)

1874. ' Uebev die Triadischen Pelecvpodeiigattungen Daonella & Halohia '
p. 26

& pi. iv, figs. 12-13, pi. V, tig. 14.

The shell is about as long as it is high ; the beak is slightly

•directed forwards ; the ribs are not ver}'^ numerous, flattened,

irregular in width, and separated by rather sharply-cut furrows,

some of which are deeper than others. The ribs are finer and
more closely set on the posterior portion of the shell. Near the

liinder hinge-margin a considerable portion of the shell is smooth.

The primary ribs are split at various distances below the beak
into two or four secondary ribs. The anterior ear is rather wide

;

it bears one or two faint radial ribs, and is not sharply differ-

-entiated from the rest of the shell. Concentric ripples are most
prominent on the umbonal region, and pass across the anterior ear

iis well as over the I'est of the shell. A specimen in my collection,

which has the margins somewhat broken, measures about 2G mm.
in length and 24 mm. in height.

Locality and horizon.—Bed e, Otamita, Hokonui Hills,

where I collected three or four specimens, none of them very well

preserved. Carnic.

Be marks.—This shell apparently belongs to the group of

Halobia rarestriata of the classification of Mojsisovics ; it comes

^ Eibliography, 6, xlv, p. 254.
- Bibliography, 13, p. 241.
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nearest to H. ciusfriacn, which is a Carnic fossil and, in the

Austrian Alps, builds up banks in the limestones with BucepltaJus

suhbullafiis. The flattened ribs of irregular width and the sharph^-

cut furi-ows of the present form recall those of the 3^oung shell of

H. Iwchsfefferi ; but the beak in II. austriaca is less strongly

inclined forwards, also the ribs show no waviness and do not bend
forwards.

Halobia spp.

In addition to the three forms of Halobia already described, the

Carnic beds of the New Zealand Trias contain at least two other

smaller and less conspicuous formS; which appear to be distinctive-

and probably new species, although from the rather scanty nature

of the material obtained by me I hardly feel inclined at present to

record them as such. As they occur in the same bed at Otamita
and Mount Heslington as the forms just described, and as they

appear to be undescribed species, a description of them cannot add
any further information regarding the hoiizon of these beds than
that yielded by the forms which closeh^ resemble H. zitteli and
H. austriaca. I may remark, however, that a small Halobia, very

common in Bed c at Otamita, strongly resembles a shell which
Bittner illustrates under the appellation ' Halobia, n. sp., aft'.

neumayri Bittner,' from the Upper Trias of Balia in Asia Minor.

I do not recollect finding the forms allied to H. zitteli or

H. hochstetteri in Bed c at Otamita, and so the small Halobias
mentioned above may characterize a rather higher horizon. Halobia
neumayri, which occurs at Balia, is a species of the group to

which H. zitteli and H. Jioclistetteri belong. A careful and
prolonged zonal collecting of the Carnic Halobias of the New
Zealand Trias would probably yield further interesting results.

MyTILTJS (?) PEOBLEMATTCUS Zittcl. (PL XX, fig. 8.)

1834. ' Palaontologie von Neu-Seeknd ' p. 28 & pi. viii, figs. a-h.

Shell thin, mytiliform, the beaks anteriorly situated, terminal^

the upper posterior margin bluntly alate.

Area straight or slightly curved ; behind the beak is a concave
ligament-groove bearing faint parallel striae. I saw no trace o£

hinge-teeth nor of muscle-scars. Some specimens seem to have

a small, narrow, b^^ssal sinus below the beak. There is a small

plate or septum inside the beak. A typical specimen measures-

109 mm. in length. The specimen illustrated is a small left valve.

Locality and horizon.— The Mytilus-problematicus Bed
forms a very constant horizon about the middle of the Carnic in

all the principal sections in the South Island. It has not been
traced in the North Island, but reappears in New Caledonia. The
bed is made up of incredible quantities of separated valves, among
which an occasional valve of Holtonuia, or of the form next to be



"202 DE. C. T. TEECHMANjSr Olf [vol. Ixxiii,

described, occurs. The bed is specially well seen at Nugget Point,

where it is about 10 feet thick.

Ee marks.—The specific name that Zittel gave to this shell

seems to imply some doubt as to its real affinities. I never found
the two valves together, but the New Zealand Geological Surve}^

Collection includes one or two examples in this condition, though
not well enough preserved to show whether it is an exactl}' equivalve

shell or not. This, as also the absence of muscle-scar impres-

;sions, makes a certain attribution impossible at present, but I

:strongly sus]Dect that the form here described may be related to

tihe Myalinidse rather than to Ifi/tilus.

Mytilus (P) mieabilis, sp. nov. (PI. XX, figs. 9« & 9 5.)

Shell inflated, very strongly arched ; the valves are nearly twice

.as deep as they are long, very much compressed antero-posteriorly.

Beak small, anteriorly situated or terminal ; area very short Avith

a ligament-groove behind it, bearing faint parallel striae. There is

a small apical septum in the interior of the beak. In one specimen

I detected a posterior muscle-scar of fair size, but saw no trace of

.an anterior scar. The hinge is edentulous.

Length=o2 mm. ; height= 108 mm. ; depth of valve= 100 mm.
Locality and horizon.—It occurs rather commonly in the

3Iyfilus-prohlemaficus Bed at Eighty-Eight Valley, south of the

Wairoa (xorge. Nelson. Carnic.

Remarks.—This shell has been called GnjplicEa in New Zealand

Greological Survey reports. The valves are always separated, but

I have no doubt that it is an approximately or completely equivalve

shell, as I collected both left and right valves. I feel sure also,

after examining the shell-structure, which is of a laminar nature,

that it is related to Mijtilus prohlematicus, with which it occurs in

intimate association and with which it seems to be connected by a

series of intermediate forms that may be young specimens. It

suggests, in fact, an enormously overgrown specimen of J\Tyfihis

jprohlematicus in which the A'alves have become strongly arched.

Fully-grown examples with the two valves together must have

presented an extraordinary a])pearance, quite unlike that generally

associated with Mijtilus. a fact Avhich causes me to question the

generic attribution both of this and of Mytilus prohlemaficus.

The holotvpe is a right valve in my collection. The New Zealand

Geological Survey possesses several specimens from Eio'hty-Eight

Valley. This form generally occurs in a poor state of preserva-

tion, with the shell more or less completely dissolved away.

HoKO^'UIA, gen. nov. (PI. XX, figs. 4-5 h ; PI. XXII, figs. 1-5.)

The shells belonging to this genus show verj^ considerable

diversity in size, shape, degree of inflation, thickness of shell, and
situation of the beak. Some recall Lima in general shape, others

JSLjalina or Avicula.

The shell-structure is more or less platy and foliaceous, recalling
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in this respect that of the Australian Permo- Carboniferous genus

Eurydesina. The hinge seems to be quite edentulous, and the

articulation was so feeble that the two valves are alwaj's discon-

nected; but I have a few specimens in which the valves are only

displaced slightly, and they obviously belonged together. From
these it is evident that the valves were approximately equal in

size and degi'ee of inflation, although whether the valves were

exactly equal or not is not clear. I am inclined to think that the

left valve may have been slightly smaller than the right.

The hinge-line is straight or very slightly curved, and is less

than the greatest width of the shell. Behind the beak in both
valves is a longitudinal, concave, areal furrow, which extends for

^bout two-thirds the length of the hinge-margin, and seems to

Jiave accommodated a partl}"^ sunken ligament. There is a small,

blunt, thickened septum in the interior of the apex of each A''alve,

recalling that in JShjalina or Dreissensia. Behind the beaks

is a flattened, obtusely-angular, posterior wing, which in some
examples is but siightlv differentiated from the hinder margin of

the shell.

The anterior portion of the shell in front of, or below, the beak
differs markedly in the right and left valves, and shows features

which are common to all the species of the genus whatever may
be their shaj^e or degree of inflation.

The right valve immediately below the beak bears a strong curved

•or semicircular truncation, which is bounded on the posterior

^ide by a rounded, raised or thickened ridge of shell. In front of

this truncation, and just below the apex, is a rather long tongue-

shaped projection (Pi. XXII, figs. 1, 2 a, & 2 b), and immediately
below this is a conspicuous retreat of the shell-margin forming
a deep and marked sinus. The upper edge of the anterior tongue-

like shelly process carries a raised or thickened ridge.

In the left valve no concave truncation is seen in front of the

beak as in the right valve ; but below the beak the shell-margin

is arched and thickened, and retreats so as to produce a narrow
byssal opening similar to that of Mt/tilus or 2LjaVina (PI. XX,
iig. 5 5).

The tongue-like process of the right valve projects beyond the

plane of junction of the valves, and must have covered the upper

part of the opening produced by the retreat of the margin of the

-opposing left valve. The opening which remained beneath the

process Avhen the two valves were together seems to have allowed

i;he passage of a byssus.

In one example (PI. XXII, fig. 2 «) a fairly-large posterior

muscle-scar is observed rather more than halfway down the shell

between the median line and the posterior margin ; but I could see

no trace of an anterior scar, and in nearly all the specimens the

muscle-impressions are quite obscure. One cannot therefore say

with certainty whether the genus is monomyarian or diniyarian.

Dimensions.—The specimens are extremely variable in size,

and this feature, together with the shape, will be noticed in the

specific descriptions.
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Material.—I collected some twenty-five specimens, several of

Avliich bear a portion of the shell. The I^ew Zealand Geological

Survey has many specimens, mostly in the form of casts. They
generally occm* in a very unsatisfactory state of preservation, with
most or all of the shell dissolved a\va3\

Locality and horizon.—The genus seems to be confined to-

the Carnic beds and occurs in all localities, such as the Nelson
district, the Hokonui Hills, Xugget Point, etc. Separated valves-

are found in the 3Iyfihis-prohlemaficus Bed.

Affinities.—I found considerable difficulty in attempting to

determine the relationship^ of these curious bivalves. The anterior

tongue-like projection of the right valve appears to be homologous
Avith the anterior auricle of the Myalinidse, to which group the

genus seems to belong. The anterior retreat or thickening of the-

margin of the left valve below the beak resembles that of Per-
c/amidia Bittner,! a genus which occurs in the Upper Trias of

Balia in Asia Minor ; but in Holtonuia it extends over a less

distance of the anterior margin than it does in J^ergamidia.

The genus Mysidia Bittner ^ occurs also in the Upper Trias of

Balia : but only right valves were known to Bittner, and they have
a prominent tooth beneath the beak.

Hokonuia also recalls the genus jSIijddiojyiera Salomon, a group-

of bivalves described as Mytiloid Limidse, which occur in the

Upper Trias of the Alps and other regions. In these, however,

according to Bittner's illustrations, the bj'ssal opening is similar in

both \'alves. As a result of later research, however, Bittner shows-

that in Mysidioptera the area of the right valve is highei' than
that of the left.

The anterior ear of the right valve in ILol:onuia recalls in some
ways that which characterizes the left valve of Eiirydesma, a form
occurring in the Pernio- Carboniferous marine beds of Australia

and other regions of Gondwanaland.
As I can find no genus closely comparable with these New

Zealand shells, I am compelled to institute a new generic name for

them, and to regard them as having affinities with l^ergawidia^

JMysidia, and Mysidioptera, three Z/;;iff-like Myalinidae of the

Upper Trias of the Alps and Asia Minor.

It seems that a considei'able number of species occur in New
Zealand: but, owing to the poor state of preservation of the material,,

it is very difficult to separate these, or accurately to diagnose them.

I offer descriptions of two species which seem to be the commonest
and most distinctive.

HoKOXuiA LiM^FOEMis, sp. nov. (PI. XXII. figs. 2 <7, 2 5, & 5 ;:

PL XX, fig. 4.)

Shell rather higher than long, hinge-line straight, measuring

about two-thirds of the length of the shell. Beak lather pointed,.

1 Bibliography, 6. xli, p. 103 & pi. iii, figs. 1-4.
- Ihid. p. 113 & pi. ii, fig. 10.
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anteriorly situated and directed forwards, not projecting above the

hinge-line. There is a curved truncation in front of and below

the beak of the right valve, which extends for about a third of the

length of the anterior margin and is bounded posteriorly by a raised

ridge, on and behind which three or four faint radial ridges occur.

The tongue-like projection of the right valve is directed towards

the opposite valve at about a right angle from the plane of the right

valve. The posterior wing is angular and flattened. The hinder

marghi is gentl}^ curved, the anterior margin more rounded, and
the lower margin is well rounded. The growth-lines are prominent

and irregular, and the surface of the shell towards the lower margin
tends to become wavy and irregular.

Height=75 mm. ; length = 58 mm. ; length of the hinge-area =:

27 mm. ; depth of right valve = 18 mm.
Locality and horizon.—Bed c, Otamita, Hokonui Hills,

Carnic.

Kemarks.—This is the most Lima-Yike of these shells, and
recalls in general outline the recent Lima excavata. I have three

right valves, all with portions of the shell; one of them with

the left valve attached but lacking the beak ; and a separated

left valve.

Hoko:n'UIA EOTUis^DATA, sp. nov. (PI. XX, figs. 5 « & 5 5;

PI. XXII, figs. 1, 3, & (?) 4 a, 4 h.)

Shell fairly thick, valves rather inflated and gently rounded,

about as high as wide. Hinge-line considerably less than the width
of the shell. The beak projects somewhat above the hinge-line,

and is situated about the median line or rather in front of it. The
posterior wing is rounded in outline, and is scarcely differentiated

from the hinder margin of the shell, which is gently rounded.

The anterior margin is rounded and rather produced, and the lower

margin is gently rounded. There is a short, anterior, semicircular

truncation below the beak of the right valve.

Growth-lines are well marked, and irregular ripples of growth
occur especially towards the mai-gin.

The anterior tongue-like process of the right valve is directed

forwards, rather than directly downwards, away from the I'ight

valve.

A specimen with both valves measures 89 mm. in height and
84 mm. in length ; the right valve is 21 mm. deep, and the hinge-

line is 35 min. long.

Locality and horizon.—Hokonui Hills. I have casts of

two left valves, and another cast in which both valves are slightly

displaced. I collected a left valve with the shell on it in the

Mijt ilas-prohlematicus Bed at Nugget Point. The New Zealand
Geological Survey possesses a cast of the anterior part of a right

valve, from which I made. a gutta-percha squeeze. Carnic.

Remarks.—This species is more rounded in outline than the

last ; the anterior truncation of the right valve is less extensive

and more curved ; and the tongue-like process is directed more
forwards from the plane of the valve.
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PIX2S-A sp. (PL XXII, fig. 11.)

Shell thin, hinge-line straight, marginal outline broadh' rounded
behind. A bluntly-angular median ridge passes from the beak to

the lower posterior margin. The concentric growth-ripples are

well marked and closely set. Length = 80 mm. ; height near

posterior margin = 47 mm.
Locality and horizon.— Eight3^-Eight Valley, Nelson.

Carnic. The New Zealand Geological Survey Collection possesses

tiwo or three specimens.

Remarks.—This Pinna rather resembles P. lieeri, J. Boehm,i
from the Upper Trias of Bear Island.

Pectex sp. (PL XXI, fig. 18.)

Shell thin, with comparatively large ears. A great number of

fine, sharp, radial, slighth^-wavy ribs start some distance below
the beak, and pass to the margins ; between these a number of

exactly similar secondary ribs are developed lower down. Towards
the lateral margins the ribs are somewhat more closely set. About
five rather coarse ribs are present on the ear. The concentric

growth-lines are numerous and closely set, but are fainter than
the ribs. Length= 30 mm. ; height =: 28 mm.

Locality and horizon.

—

FaJcrocardita Bed, Xugget Point.

Carnic. A single cast, from which I made a gutta-percha squeeze.

Remarks.—I am uncertain whether this is a left or a right

valve ; only one ear is well shoAvn, and it seems different from the

other one. The shell may possibly be an Aviculopecfen. The
absence of ribs on the umbonal portion may be due to erosion

during life, or to conditions of fossilization. It recalls in some
respects a Pecfen from the Pseudomonotis Beds of Japan figured

by Mojsisovics.-

Li:\iA (Limatula) cf. pichleri Bittner. (PL XXI, fig. 16.)

1895. ' Lamellibrancliiaten dev Alpiiien Trias' p. 192 & pi. xxii, fig. 21.

Outline oval and rather narrow, hinge-line wide, posterior and
anterior ears about equally developed. Area not visible. It is

decorated with fine, somewhat sharp, and wav}'- ribs, which pass

from the beak to the margins. This shell agrees with the above-

named species, but is less oblique in outline and the ribs are rather

m.ore wavy.

Locality and horizon.—Western slope of Mount Heslington,

south of the Wairoa Grorge, Nelson. Carnic.

Cassiaxella sp. (PL XXI, fig. 19.)

Shell fairly thick, the beak arched and rolled, projecting above

and rather over the hinge-line. The posterior wing is somewhat

1 Bibliography, 8. p. 38 & pi. v, figs. 4-6.

- Bibliography, 33, p. 176 & pi. ii, fig. 9.
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produced and pointed. The lower posterior margin is rounded and
slightly produced; the upper anterior margin is apparentl}^ well

rounded. The surface-decoration consists of fine, closely-set,

rather foliaceous, concentric growth-lines.

Locality and horizon.—Bed c, Otamita, Hokonui Hills.

Carnic. I collected a single left valve ; unfortunately^ the margins
are somewhat damaged.

Rema-rks.—This specimen is too imperfect for a specific deter-

mination, but is undoubtedly a CassianeUa.

Aj^odoxtopiioka. (PL XXI, figs. 8-10.)

The three bivalves which will now be described appear to belong

to the genus Anoplopliora of Sandberger : this is a preoccupied

name, which Cossmann has replaced by that of Anodontopliora

.

although, owing to the somewhat uncertain characters of the genus,

the identification is not entirely beyond doubt.

Zittel^ says <di. Anoplojjliora that the hinge-teeth are wanting,

and that the hinge-margin is somewhat thickened in front of and
behind the beak; the anterior muscular depression is heart-shaped

and wide, the posterior one slightly sunken, and the pallial line is

marginal and linear.

Dr. W, H. Dall " includes Anoplopliora in the Cardiniidse, and
says that in the right valve there is a blunt, thick, cardinal tooth

fitting into a socket in the opposite valve, and beside the socket a

long posterior lateral tooth.

Bittner^ saj^s of the Himalayan form Anodontopliora grieshaclii

that the test is thin near the umbones, and a slight filing was
sufficient to prove that a strong hinge-plate with tooth-structure

did not exist. He goes on to say that muscular impressions are

tolerably distinct for the thin shell, and that a pallial sinus is not

perceptible.

In my New Zealand examples, which I am able to group into

three species, the shell is completely closed all round ; in two of

them it is very thin, but in the third rather thicker. I could

detect no impressions, either of the muscle-scars or of the pallial

line. As regards the dentition, a close examination of all the casts

in my possession showed no trace of hinge-teeth ; but there Avas

evidence of a thickening of the hinge-margin below and behind
the beak.

Locality and horizon.—They seem to be confined to the
Carnic beds in New Zealand. I succeeded in collecting several

specimens with the shell ; but the}' generally occur as casts, and
are often more or less distorted and crushed. Sir James Hector's
identification of JEdmondia in these beds seems to have been based
on shells of this group.

^ ' Handbuch der Palaontologie ' vol. i, pt. 2, p. 62.

^ Zittel's 'Textbook of Palaeontology' [transl. Eastman] vol. i (1913)
p. 452.

2 Bibliography, 5, p. 60.
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AXODOXTOPHOEA AXGULATA, Sp. nOV. (PI. XXI, fig. 10.)

Shell thin, elongated ; the beaks anterior or terminal, projecting

considerably above the hinge-area, strongly directed forwards,

tapering and rolled, enclosing a deep false kmular depression

beneath them, divided by the sharp margin of the valves. The
anterior margin below the beak is well romided, the lower margin
very gently romided, and the posterior lower margin rather angu-

lated. The upper posterior margin is bluntly angular. A rather

prominent angular ridge merging gradually into the surface of the

shell passes from behind the beak to the lower posterior margin,

causing the valves to be somewhat inflated. G-rowth-lines are

fine and closely set, but rather irregular ; otherwise the surface is-

smooth. Length= 31 mm. ; height = 20 mm. ; thickness of both
valves= 17 mm.

Locality and horizon.—Bed c, Otamita, Hokonui Hills,

where I collected several specimens, both as casts and with tlie

shell preserved. Carnic.

Remarks.—This form is easily recognized by its elongate shape,

nearly terminal beaks, and the strong ridge on the posterior

portion of the valves.

AXODOXTOPHOEA OVALIS, Sp. UOV. (PL XXI, fig. 9.)

Shell very thin ; beaks rather anteriorly situated, rounded, broad,

low, anteriorly directed and rolled, enclosing beneath them a deep^

false, lunular depression. The anterior margin below the beaks is

well rounded and rather produced ; tlie posterior margin is broadh'

rounded. The valves are not inflated; the surface is gently rounded,.

and shows no ridge in the posterior portion.

The surface of the shell is fairly smooth with fine, but rather

iiTegular, raised growth-lines, which become more strongly developed

towards the margin. Length = 3-5 mm. : height = 2-5 mm. : thick-

ness= 15 mm.
Locality and horizon.—Bed c, Otamita, Hokonui Hills.

Carnic. I collected three specimens with the shell wholly or

partly preserved.

Remarks.—This species resembles rather closely Anodonto-
fliora grieshachi Bittner,^ which occurs in the Tropites Beds of

the Bambanag and Shal-Shal sections of the Himalayan Upper
Trias ; but in the Xew Zealand shell the beak seems wider,

blunter, and more anteriorly situated, and the growth-lines are-

coarser and less regular.

AxoDOXTOPHOEA ed:\ioxdiifoemis, sp. nov. (PI. XXI, fig. 8.)

The shell is fairly thick, but seems to have been thinner in the

umbonal region. The beak is rather anteriorly situated, broad

and blunt, anteriorly directed and inrolled, enclosing a small

lunular depression. The margin is well rounded in front, slightly

^ Bibliography, 5, p. GO & pi. viii. figs. 14-16.
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curved below, and broadly rounded behind. The surface of the

«hell is gently rounded, with fine, closely-set growth-lines, inter-

rupted in places, especially towards tlie margin, by a larger growth-

furrow. There is no radial sculpture or ridge. Length= 42 inm.

;

height = 29 mm. ; depth of the left valve — 11 mm.
Locality and horizon.—Bed c, Otamita, Hokonui Hills.

I collected a fine left valve and a smaller double- valved specimen,

both with the shell jDreserved. Carnic.

Ke marks.—This form differs from A. ovalis in its much thicker

shell, more elongated shape, and larger size. The fine concentric

growth-lines recall those on a specimen of A. grieshachi illustrated

by Bittner; but the beaks are more anteriorly situated, and the

shell is apparently thicker. I could not ascertain the characters

of the hinge-area in my specimens.

Megalodo?^ globulaeis, sp. nov. (PI. XXI, fig. 17.)

Shell thick, rounded, tumid, and inflated, especially towards the

hinder margin ; the two valves together form a rather globular

shell. The beaks are anteriorly situated, strongly directed for-

wards, produced to a point, and nearly touch one another. Below
them is a deep, false, lunular depression. The shell-margin

is gently rounded behind and below, but is slightly produced
anteriorly below the lunule. The growth-lines are closely set and
€oarsely marked, and the growth of the shell is somewhat inter-

rupted and irregular. The anterior muscle-scar is fairly strongly

marked.

One specimen is 23 mm. long, 27 mm. high, and each valve is

15 mm. deep. A rather smaller right valve is 20 mm. long,

18 mm. high, and 8 mm. deep.

Locality and horizon.—I collected the casts and impressions

of two specimens (one with both valves together and part of the

shell remaining) on the north side of the entrance of the Wairoa
Gorge in greywackes below the 3I}jtilus-prohlemaficiis Bed. The
other, a right valve, occurred a little way up the Gorge in the

Mi/tilus-prohlematicus Bed. Lower Carnic. From both of these

gutta-percha squeezes were made.

Remarks.—There seems to be no doubt that this shell is a

Megalodon, the hinge-plate is thick and heavy ; but I could not

see the disposition of the teeth, neither could I ascertain whether

the valves were quite equal or not.

Pseudoplactjin'Opsis placextoides, sp. nov. (PI. XXI, figs. 14
&15.)

Bittner uses this generic or subgeneric name for shells outwardly

resembling Placuuopsis, but wherein the hinge-apparatus par-

takes of the character of that of Spo)ulijlus or Plicatula, and is

formed by two ridges or auricular crura which diverge below the

beak.

The shell here described comes under this generic definition.
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It occurs fixed to the surface of other shells, but seems to have a

partiality for attaching itself to the large Nautilids. The free

or upper valve reproduces the sculpture of the shell to which it is

attached. The lower sessile valve is verj thin, and is closely

attached by the whole of its surface. The crura diverge at about
a right angle, and the margin of the valve is marked by a row of

fine radiating furrows. The free or left valve is convex, and the

growth-lines are irregularly spaced and well marked. The hinge-

line is straight, and occupies almost the greatest wddth of the

shell ; but the area is obscure or absent.

Locality and horizon.—Bed c, Otamita, Hokonui Hills,

Carnic. Prof. P. Marshall collected a large crushed Gri/poceras,

which had a great part of its surface covered Avith these shells.

Myopiioria nuggetexsis, sp. nov. (PI. XXII, fig. 10.)

The shell is sub-triangular in outline. The beaks are situated

slightl}^ forward of the median line, are pointed, close together, and
turned very slightly but perceptibly backwards.

The anterior margin is rounded, the posterior lower margin some-

what prolonged and angular. The keel, which passes from the

beaks to the lower posterior margin, is prominent, and the two parts

of the shell separated by it make a i-ather sharp angle one with

the other. The groove in front of and adjoining the keel is very

slightly wider, but no deeper, than the other radial grooves, and
a line of very small nodes passes down the middle of it. About
eight ridges, broken by the growth-lines into nodes, pass from the

beaks to the lower and anterior margin. Behind the keel the

shell is almost flat, and is covered with fine growth-lines and
small irregular pimples, which vary in size. A shallow furrow

passes down the middle of the flat posterior portion. The posterior

muscle-scar is suboval and deep on the side nearest the beak, but

shallower towards its lower margin. The pallial impression is well

marked.

The left valve has one very strong central triangular tooth, not

perceptibly divided, but strongly grooved on both sides, eight

grooves on the posterior and six on the anterior side ; there is a very

feeble anterior tooth, strongly grooved on its inner side, and a very

thin posterior tooth scarcely differentiated from the shell-margin,

not grooved. Length= 08 mm. ; height= 47 mm.
Locality and horizon.—About ten specimens, from which

the above diagnosis was drawn up, were obtained from a bed at

Nugget Point, known to New Zealand geologists as the ^ Trigonia''

Bed. It comprises about 15 feet of a very hard fine-grained

greywacke rather low in the Carnic, about 700 feet below the

Mytilus-iwohlemniicus Bed, and immediately above a thick bed of

granitic conglomerate. The shells occur somewhat plentifully as

single valves, or often with the two valves open or slightly dis-

placed. They are difficult to collect, owing to the hardness of the

rock ; but, by preparation of the material and dissolution of the

shell, satisfactory gutta-percha impressions were obtained.
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Kemarks.—I was undecided at times whether to regard this

shell as a Trigonia or a 3£yophoria, but have finally come to the

conclusion that it is a 3Iyophoria. The striation of the hinge-

teeth alone does not apparently make it a Trigonia, although thfr

very slight but definite posterior inclination of the beaks in some,

if not all, of the specimens is suggestive of Trigonia.

Two Triassic Trigonim have been recorded. Bittner in 1895
described Tr. gaytani (Klipsteinj from the St. Cassian Beds,

and placed it in the group of Costatse ; and J. Boehm in 1903
described a very small form (Tr. margaritifera) from the Upper
Trias of Bear Island in the Arctic Circle.

Myophoeia otamitensis, sp. nov. (PI. XXII, fig. 8.)

Shell rather small, beaks situated slightly behind the median

line, medially directed. Margin rounded in front and below,

slightl}^ angulated behind, but not j^roduced. A raised keel, bearing-

seven or eight coarse nodes, passes from behind the beak to the

lower posterior margin. Behind this keel a shallow sulcus passes-

down the flank of the shell, rather more than halfway towards its

posterior margin. The flank is decorated with raised tubercles of

irregular size. In front of the keel, and almost adjoining it, is a

fine raised ridge ; in front of this are six very much more prominent
ridges, which are cut by the concentric growth-furrows into a

series of prominent rounded nodes. The young shell bears a series-

of concentric wavy ridges. Length = 18 mm. ; height = 15 mm.
Locality and horizon.—The holotj'pe is an excellently pre-

served specimen (with both valves and the test preserved) that I

collected in Bed c at Otamita, Hokonui Hills. Carnic.

Fragments of casts, apparentl}^ of this shell, are common in the

decomposed felspathic sandstones of the Carnic, near Grore, in the

Hokonui Hills, and other localities. A form which may be

identical occurs also in Noric beds, but is generally very badly^

preserved.

Myophoeia heslijS^gtonei^sis, sp. nov. (PI. XXII, fig. 9.)

Shell small and finely sculptured, rounded in front, gently

rounded below, but angulated at the lower posterior portion wherfr

the ridge joins the margin. An acute raised ridge passes from
behind the beak to the lower posterior margin, in front of which
there is a wide sulcus. The middle part of the shell bears six or

seven faint radial ridges, which become progressively fainter as they
approach the anterior margin. These are crossed by a series of
very regular concentric ridges and furrows forming a series of raised

points. Behind the ridge the flank is decorated with fine raised

points. Length := 7 mm. ; height zz 6 mm.
Locality and horizon.—Mount Heslington, south of the

Wairoa Gorge. Carnic. The holotype consists of a piece of hard

felspathic sandstone belonging to the New Zealand Geological

Survey, having three or four casts on its surface, from which I made-

a gutta-percha squeeze.
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Paljeocaedita quadeata, sp. nov. (PL XXI, fig. 11.)

Shell thick, stronoiv arched, with a hio-h rounded ride-e iDassiiio-

from the beaks to the lower or hinder margin and merging into the

rounded surface of the shell. Beaks prominent, rather anteriorly

situated, tapering, and rolled. Shell-margin rounded in front,

bluntly angulate behind, and rather less sharply angulate below
where the ridge joins the lower margin. The marginal outline and
the position of the beaks vary somewhat in different examples.

'The upper posterior margin is not alate.

Sixteen or seventeen sharp, raised, radial ribs pass from the beak

to the margins, the shallow sunken furrow between them in Avell-

preserved specimens is marked with very fine, sharp, regular, closely-

set, concentric growth-lines which also cross the ribs. -The anterior

muscle-scar is deep and well marked, and is situated closely

iidjoining the upper anterior margin.

A left valve from Nugget Point is 20 mm. long, 18 mm. high.

A right valve from Otamitais 18 mm. long, 16 mm. high, and 8 mm.
•deep.

Locality and horizon.—I collected many specimens with
badly-preserved test in a loose block of very hard, coarse, felspathic

sandstone on the shore at Nugget Point ; but I traced the bed in

the cliff where it occurs above the 2Iyfilus-])rohlematiciis Bed.

Yalves of Solcomda sp., gasteropods, etc., occur also in the same
deposit. I found a right valve in Bed c at Otamita with part of

the shell very well preserved. Carnic.

Remarks.

—

PalcBocardita is now regarded as connected with
the Pleuro]Dhorid3e rather than with the Tertiary and recent

Cardiioe. The form now described is related to the Alpine forms of

which Bittner records four species in the St. Cassian Beds. It is

as strongly arched as P. hniecJii Bittner, but is much shorter and
more quadrate in outline. It is more strongl}^ arched than the

common P. crenata Groldfuss, and the upper posterior portion of

the shell is less expanded than in the Alpine species. In the Alps

the Falcsocardita Beds mark a horizon in the Carnic, and in New
Zealand the genus seems to occupy an analogous position.

PLEUEOPHOErs zEALAXDicus, sp. nov. (PL XXI, fig. 6.)

Shell thick and solid, oblong and produced behind ; the hinge-

line is arched, and the surface of the shell is rounded. The beaks

are very small and anterior, in some specimens terminal, and
scarcely project from the regularij'-rounded anterior outline of the

shell. A broadly-rounded ridge passes from the beaks to the

lower posterior margin, and between this and the hinge-margin

occur two or three faintly-marked ridges. The lunule is obscure,

but there is a long concave escutcheon behind the beaks. The
concentric growth-lines are prominent, closely set, and regular.

The anterior muscle-scar is deep and rounded, and the pallial im-

l^ression is well marked. Length = 63 mm. ; height= 25 mm.
Locality and horizon.—Bed c, Otomita, Hokonui Hills,
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where it is common and very well preserved. It also occurs at

Nugget Point and in the Nelson district. Carnic.

lie marks.—This large form recalls somewhat the Permian
Pleurophorus costatns, but is larger, more rounded, and the

hinge-line is more arched.

Anisocardta PAiiTULA, sp. nov. (PI. XXII, figs. 6 & 7.)

Shell thick, sub-circular, with rounded margins. Beak slightly

in front of the median line, not very prominent, but there is a

well-marked lunule in front of it. Five or six irregularl}^ spaced

growth-furrows occur, and about seventeen faint, slightly-arched

ribs pass from the beak to the margin. The ribs are wanting on

the hinder part, and become very faint on the front part, of the

shell. A squeeze of the interior of a right valve shows a strong

•cardinal tooth and apparently another tooth in front of this one,

and sockets about equally distant from the beak for an anterior

.and a posterior tooth. These sockets occur just above the muscle-

«cars ; the anteiior scar is deep and bounded by a ridge, the posterior

,scar is less strongly marked. The lower interior mai'gin of the

valve is crenulated. Leno-th ^:i5'o mm. ; heio-ht= 5 mm.
This little shell seems to belong to the Cypricardiacea^, and, with

PalcGocardita and PleurojjJwrus, forms the third representative of

that group in the New Zealand Trias.

Localit}^ and horizon.—Bed c, Otamita, Hokonui Hills.

I also saw traces of it in the Kalohia-zitteli Beds at Mount
Heslington, near Nelson. It is a scarce form.

BRACHIOPODA.

The Brachiopoda of the New Zealand Trias a-ffiord an interesting

and suggestive study. The Hh^mchonellids seem all to belong to

the essentially Upper Triassic group Halorella of Bittner, Avhich

Jiave a more or less pronounced median sulcus in both valves.

One s^Decies, apparently new, is very common in the Kaihiku Beds,

but becomes much scarcer in the Lower Carnic. I have de-

scribed onl}^ two forms of Halorella, but probabl}^ more of them
occur. Among the Terebratulids the Paleozoic genus Bielasma
•occurs, apparently to the exclusion of all others, in the Kaihiku
Beds, and seems to be represented by two species. It persists

into the Carnic, but becomes much less conspicuous there. In
the Carnic beds the Terebratulids of Mesozoic aspect, devoid of

hinge-plate and median dorsal septum, become consj^icuous.^ There
.are several species, one ol: which is much thickened in the umbonal
region and bears very thick hinge-teeth. Others seem to belong
to more normal Mesozoic types ; but, as the nature of the brachidia

could not easily be seen, it is impossible to make an}^ certain

generic determination of them.

1 W. Waagen mentions that, in the Upper Triassic Koessen Beds of India,

Dielasma is replaced by the genera Rlixtina and Zugmayeria.

Q. J. G. S. No. 291. s
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Xo true Spirifers occur in the Xew Zealand Trias : the spire-

bearing forms are all referable to the genera Spiriferina, Cyrtina,

JMenfzeUa, llentzeJ/ojJsis, gen. nov., Heizia, Sjjirigera, and
Sectoria, gen. nov. iipiriferina begins in the Kaihikn Beds with

a small form belonging to the group of >S^^. fragHis Schlotheim,

which occurs in the German, Alpine, and Himalayan Muschelkalk.

Both Sp.frac/dis and a large and rather alate form are confined to

these beds. In the Carnic a series of conspicuous sharply-alate

forms occur, but in the Bhsetic beds an extremely long-winged form,

Sp. diomedea, sp. nov., occurs in association with the Spirigerid

genus Hectoria. Bittner expressed his surprise on finding in the

Himala^^an Trias a ^piriferina so alate as ^p. sfraclieyi Salter,

which he compares in thi.< respect with the Permian Spirifer

alafus. The Xew Zealand Trias is characterized by some very

much more sharplv-alate forms, which rejn-esent a morphic equi-

valent of the long-winged Spirifers of the Palaeozoic. Some,
however, are more acutely winged than even the most alate of the

true Spirifers.

Various ^piriferince occur, in wdiicii the ventral septum and the

dental plate assume the Cvrtiniforin arrangement. These include

the Fsioidea group of Hector, and some of them resemble certain

forms of the Alpine Ehsetic.

A Sefzia of the group of -B. scliwageri Bittner, a rather wide-

spread form in the Alps and Himalayas, occurs in the Carnic.

Other jRefzicB also seem to be present, but my specimens are not

well enough preserved for description. Mentzelia is intermediate

in some ways between JSlartinia and Spiriferina. The shell is

silky and fibrous, and at the same time faintly punctate ; a sharp

median septum and dental plates are found in the ventral valve.

I collected two species of Jilenfzelia high up in the Phsetic at

Kawhia : one with a smooth J\Ia7^finia-\\\ve shell, and the other'

faintly ribbed. They should be searched for at lower horizons and
in other localities in New Zealand.

One of the commonest brachiopods in the Kaihiku Beds is a

MentzeJia-Y\\e form having both valves covered Avith tubular

spines. It seems to be quite new, and so I have instituted a new
genus for it, and have called it Menfzeliopsis. It apparently

occurs only in the Kaihiku Beds.

The representatives of the Athyrid or Spirigerid group are

especially interesting. Spirigera kailiiJtiiana, sp. nov., is confined

to the Kaihiku Beds, and belongs to the group of Sp. ivreyi already

described by Zittel, but occurring on a Carnic horizon. In the

Carnic a form occurs, which is related, as regards the thickening

of the hinge-region and cardinal process, to Sjnrigera oxycolpos

Emmrich, the largest and latest of the Alpine Athyrids confined to

the Phietic Koessen Beds.

A still more specialized group, to which I have given the name
Hectoria (subgenus Clavigera of Hector), begins in the Carnic, and
becomes exceedingly common in the Phsetic. They are related to

Spirigera oxycolpos; but they are bisulcate, and have a still more^



part 3] THE teias of kew Zealand. 215'

exaggerated development of shelly matter in the hinge-area and
cardinal process. The group persists into Jurassic times, the first

instance known to me of a Spirigerid in the Jm-assic.

The appearance in New Zealand, on so low a horizon as the

Carnic, of brachiopods presenting a decidedly Ehsetic aspect, such

as the group of Spirigera oxijcoliios (including the new genus

Hectoria), and Sjoiriferince of the group of Sp. suessi and.

Sjp. austriaca and others with the Cyrtiniform septal structure,

impresses the Upper Triassic Brachiopod fauna of i^ew Zealand

with Rhsetic affinities. It suggests that some of the European
Rhsetic forms may have originated in the Southern Hemisphere
or round the shores of Gondwanaland. On the other hand, a

JSLentzelia very like the European Muschelkalk form JSL menizeli

occurs high in the Ehsetic in New Zealand. The value of the

Brachiopoda for zonal purposes in the New Zealand Trias seems to

be limited.

It is significant to find in the New Zealand Trias certain phyla
of the Brachiopoda towards the last stages of their existence-

developing an excess of shelly matter in the following respects :

—

(a) In the Spirifei-inx, in the form of extremely-alate shells and corre-

spondingly lengthened spiralia.

(&) In the Mentzelise, as a covering of tubular spines.

{c} In the Spirigerse, as an enormously-enlarged cardinal process and a.

greatly-thickened hinge-area.

Rastelligeea, Psioidea, a:s'd Clavigeea.

A few remarks dealing with these subgenera of Hector^ are

necessary in discussing the Brachiopoda of the New Zealand Trias.

Rastelligera embraced a group of alate Spiriferince, having a

row of vertical rake-like teeth arranged along the hinge-area. The
comb-tooth structui-e is certainly very apparent in many of the-

New Zealand BpiriferincB, but especially so in the very alate form
that I have called Sinriferina diomeclea. Since, however, it is-

visible also in many true SpirifercG of the Palaeozoic, as well as in.

^piriferina^ it cannot be regarded as of generic significance. In
some at least of the specimens that I examined I concluded that

the shell-surface had been parth'- decomposed and the outer layer

destroyed previous to fossilization. This surface-erosion seems to

have taken place readily in the coarser sediments. In one specimen
the central part of the area showed the comb-like structure ; while

towards the wings the outer surface remained, and was longitudinally

striate as in an ordinary Spirifer. The structure certainly does
not appear on the alate Spiriferina Jtaihikuana of the Kaihiku
Series, and in consequence Hector concluded that JRasteJUf/era

was absent from those beds ; but I am inclined to think that the
greater fineness, or more rapid deposition, of sediment in those

beds prevented the surface-decomposition of the shell.

Psioidea designates, according to Hector, Spiriferince, var34ng

' Bibliography, 16.

s2
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greatly in width of the hinge-hne, in which the dental plates join

the median septum. Zugmayer^ describes several such ^pirifevince
from the Alpine Rhsetic, and includes them in his group of

Dimidiata?, separating them from the genus Cyrtina^ in which
this septal and dental peculiarity also occurs, apparently on account
of their concave and uncovered delthvrium. The Cyrtiniform
septal arrangement is apparently a phylogerontic feature, and
seems to have arisen independently in several phyla of Spiriferincd

Hector's subgenus includes forms which closely resemble the Alpine

Rhaetic iipiriferina suessi and Sjj. austriaca, and new forms
which I have named Sp. neJsonensis and ^p. otamitensis. The
early appearance of these forms in the Xew Zealand Trias is a

remarkable feature.

Clai'igera represents a group of specialized bisulcate Spirigerids

the affinities of which are discussed later on. I have considered it

advisable to rename this group, and have called it Hectoria.
Hector's description was published A\'ithout any illustrations, and
his subgeneric name closely resembles that of Claviger given to

2i group of the Melanias.

Haloeella zeala^'dica, sp. nov. (PI. XXIII, figs, lr^-3.)

Beak prominent, the hinge-line sloping rapidly away fi-om it on

each side, giving the shell a subti-iangular outline. The delthy-

rium is triangular and insunken. In the ventral valve is a broad

median sulcus with a flattened Hoor, on Avhich two (or, in some spe-

cimens, four) small rounded folds occur, and continue from about

a third to half of the distance to the beak. The sulcus is bounded
on each side by a broad rounded fold, which continues about half-

Avay to the beak, and two similarly rounded, but much shorter,

lateral folds on each side. The dorsal valve has a broad median
depression, but it is rather flattened than sunken, and bears two (or,

in some specimens, three) narrow rounded folds on it, which continue

for only about a third, or rather more, of the length of the shell

from the anterior margin. The median depression is bounded
by two broad, rounded, lateral folds which reach about halfway to

the beak, and there are two more rounded but shorter lateral folds.

Dental plates are well developed in the ventral valve, and in the

dorsal valve there is a sharp median septum Avhich extends from
the beak about halfway to the anterior margin. Growth-ridges

are well marked, but widely spaced.

This species varies somewhat in shape and dimensions, and in the

number of secondary ribs on the median sulcus ; some specimens

are wider, and have a less prominent beak than others. One
example is 16 mm. long and 15 mm. wide ; another is 13 mm. long

and 13 mm. wide; a third is 13 mm. long and 15 mm. wide.

Locality and horizon.— It is common in the Kaihiku
Beds at all localities. I collected many casts and impressions at

^ Bibliography, 52,
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Caroline Cutting in the Hokonui Hills. It persists into the

Carnic beds, but becomes much scarcer.

Kemarks.—I think that this shell should be placed in Bittner's-

group Halorella, although the dorsal median sulcus is rather flat-

tened than sunken. In outline it recalls H. fedata var. coarcfata

Bittner of the Alpine Trias, but in that form the ribs continue

from the anterior margin to the beak.

Haloeella sp. (PI. XXIII, fig. 4.)

A single fragmentary dorsal valve has a very faint median sulcus-

and about twent}^ ver}" regular ribs, all of about equal height. The
sulci between the ribs are of equal depth. The lateral ribs become
curved as they approach the anterior lateral margins, and all ribs

extend to the beak region. There is a short median dorsal septum.

Locality and horizon.—Eighty-Eight Valley, Xelson. Ap-
parently from the Mytiliis-^^rohlematiciis Bed. New Zealand

G-eological Survey Collection. Carnic.

Be marks.—This Halorella belongs to the group of H. pedafa
Bi'onn and H. ampltitoma Bronn. It seems to agree best with

H. pedata var. multicostata, ^\hic\\ has twenty Or twent^^-four ribs.

These forms occur in the Alps in the Hallstatt andDachstein Beds.

J. Wanner 1 records a very similar variety of H. ampliifoma, with

about eighteen ribs, from North-Eastern Serang in the Malay
Archipelago.

Dielasma cf. himalata:^a Bittner.

1899. ' Trias Bracb. & Lamellibrancli.' Pal. lud. ser. 15, vo\ ii', pt. 2, p. 25 &•

pi. V, figs. 1-8, 10, 11.

Small forms of rounded or oval outline occur plentifull}" as

casts in the lower strata of the New Zealand fossiliferous Trias.

The shell bears none or only a very faint plication, and gutta-percha

squeezes show that the growth-lines are closely set and well

marked. The dental plates of the ventral valve and the median
septum of the dorsal valve are well developed.

They are generally of small size, and are not strongly inflated

:

one specimen is 11 mm. long and 10 mm. wide.

Locality and h o r i z o n .—This form is plentiful in the Kaihiku
Beds at Caroline Cuttuig and other localities ; and I found casts of

this or a ver}'^ similar small Dielasma in the Halohia Beds at

Mount Heslington, but they become very scarce in the Carnic.

Remarks.—This form recalls the Permian D. elonc/afa Schlot-

heim, but I think that it is identical with D. lihnalai/ana

Bittner, which occurs in the main complex of the Muschelkalk and
in the beds with Spiriferina sfracheiji Salter in the Himalayas.

Dielasma zealajS'dica, sp. nov. (PL XXIII, fig. 5.)

Shell elongated, the outline tapering gradually towards the beak,,

but expanding towards the anterior margin, which is well rounded.

1 Bibliography, 49, p. 187 & pi. vii, fig. 8.
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Valves somewhat flattened. The beak is prominent, but receding

;

the foramen is large and rather diagonally situated, having en-

croached on the beak through absorption or wear. The delthyrium

seems to have been partly covered by the dorsal beak. The dorsal

valve bears near its anterior margin a very faint, broad, mesial

fold and lateral sulci. Owing to. the extremely-slight plication,

the junction of the valves is nearly straight. The growth-lines are

well marked on the cast.

Dental plates are well developed in the ventral beak. In the

dorsal valve a strong median septum extends for more than a

third of the length of the shell, and supports a prominent shield-

like hinge-plate.

Length 1=46 mm.; width = 33 mm. ; thickness= 16 mm.
Locality and horizon,—Kaihiku Beds, Caroline Cutting,

Hokonui Hills. Two casts were collected, one of them crushed.

Remarks.—This form differs from the numerous small Die-

lasmas in the Kaihiku Beds, in its very much larger size and more
prominent beak. I could not ascertain either the structure of the

crura, or the nature of the shell. Although it is only a cast, its

distinctive characters justify the attribution to it of a specific

CCENOTHYEIS sp. (PI. XXIII, fig. 7.)

Shell subpentagonal in outline, rather inflated ; the beak tapering

slowly, fairly prominent, and bent over so that the area and part

of the foramen are hidden by the dorsal beak. The dorsal valve

has a broad and high median fold, bounded on each side by a

broad and shallow sulcus, which merges into the rounded surface of

the shell. Near the anterior margin the median fold has a faint

sulcus on it.

The internal cast shows that dental plates are well developed, but
apparently in part calloused. There is a slight median septum in

the dorsal valve, but nothing of the loops could be seen.

Length =30 mm. ; width = 28 mm. ; thickness= 17 mm.
Locality and horizon.—A single specimen in my collection

occurred in the JPseudomonofis-riclimondiana Beds at Kichmond,
near Nelson. Noric. A gutta-percha squeeze of the beak and
dorsal valve was obtained from the mould.

Remarks.—This large plicated Terebratulid is the only fossil

that I ever saw^ associated with Psendomonotis ricJimondiana, and
is the only deeply-23licated Terebratulid that I obtained in the New
Zealand Trias.

' TeREBRATULA ' PACHTDENTATA, Sp. nOV. (PL XXIII, fig. 6.)

Shell oval and gently rounded in oufcline ; the valves are some-

Avhat flattened and not inflated, and show no plication. The beak

projects but very slightly above the hinge-area, and the foramen
is very small. The growth-lines are fairly well marked. The shell

is remarkably thickened in the umbonal region of the ventral valve.
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the dental plates being massive and calloused. The hinge-teeth

are large and broad, and become ver}^ conspicuous in the crushed

specimens. The doi'sal valve appears to have had a large cardinal

process and wide dental sockets. The loops seem fairly long, but

nothing definite of their structure could be seen.

Locality and horizon.—Bed c, at Otamita, Hokonui Hills,

where I collected three or four well-preserved specimens with the

shell on. One specimen is 27 mm. long and 23 mm. wide

;

another is 21 mm. long and 18 mm. wide.

Ke marks.—The shell}^ thickening of the hinge-region of this

shell points to its being some pliA^ogerontic form, but of which
generic stock I could not determine. The shell has a fibrous

structure, and bears dark closely-set punctations.

Terebeatfla cf. HUis-GARiCA Bittucr. (PL XXIII, fig. 8.)

1890. ' Brachiopoclen der Alpiiieu Trias ' p. 278 & pi. xxvi, figs. 2-3.

A single specimen is oval in outline, rather inflated, but not

plicate. The area and beak are rather prominent, and the foramen
is small. The surface is smooth, with occasional regular growth-

furrows. Length=12 mm. ; width=:ll mm. ; thickness =: 6 mm.
Locality and horizon.—Bed c, Otamita. Hokonui Hills.

Carnic. One specimen in my collection.

Remarks.—This specimen could not be sacrificed in order to

investigate the internal structure ; but in outward appearance it

resembles the above-named species, which occurs at high Triassic

horizons in the Eastern Alps.

Spirieeei^s-a eragilis Schlotheim. (PL XXIV, figs. 10-12.)

1890. A. Bittner, ' Bracliiopoden der Alpiiien Trias ' p. 29 & pi. xxxv, figs. 2-4.

The hinge-line in most examples represents the greatest width
of the shell. In the ventral valve the area is high, wide, and
triangular, flat or slightly concave, and the beak is but slightly

bent over the area. The median sulcus is deep and angular, and is

bounded by more or less anguhir folds, on each side of which are

three lateral folds, the last one often very small. The area of

the dorsal valve is obscure ; the beak is small, and projects but
.slightly above the area. The median fold is appreciably higher

and wider than the lateral folds, of which there are three or four on
each side of it, the last one being very small. Concentric growth-
lamella? are prominent, and become foliaceous towards the anterior

margin. Length = 16 mm. ; width= 19 mm.
In another dorsal valve of a slightly-different variety (fig. 12)

the outline contracts very slightly beloAV the hinge-line and then
widens out again, becoming somewhat wider than at the hinge-

line. At the hinge-line the shell is 17 mm. wide, but widens out
to 18 mm. below tliat, and is 15 mm. long.

Locality and horizon.—^This form is confined to the Kaihiku
Beds, in which it occurs commonly in most localities. I collected
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a series of casts at Caroline Cutting, from which I made gutta-

percha squeezes.

Remarks.^—It closely resembles Spiriferina fragiJis, except

that the beak seems rather less bent over the area than in the

typical European form. Bittner describes a form called Sjyiri-

ferina lilangensis Stol. from the Muschelkalk of the Spiti district

of the Himalayas, and remarks on its similarity to Sp.fragiJis ; but
the Xew Zealand specimens seem to resemble the European rather

than the Himalayan form. Sp. fragiJis was first described from
the German Muschelkalk. In the Alps it occurs at Wengen in

Upper Ladinic beds, according to Bittner. Piroutet records it

from Xew Caledonia.

Spieifeetxa kaihikuaxa, sp. noy. (PL XXIY, fig. 15.)

The area is broad, and extends the whole length of the wings.

Some specimens are more sharply alate than others ; but in all of

them the hinge-line represents the greatest width of the shell, and

the margin contracts rapidly in front of the wings. The ventral

valve has a broad, concave, median, rapidly-widening, dorsal furrow

with about six low rounded folds on each side of it. The dorsal

valve has a broad, rounded, median fold Avith five (in another

specimen seven) low rounded folds on each side, which gradually

diminish in size. The folds occupy the surface of the shell nearly

to the hinge-area. The oTowth-lines are rather coarse. Casts show

that the posterior part of the inside of the ventral valve was much
filled in witli shelly matter, and that there was a sharp median-

septum.

One specimen measures 72 mm. across the wings and 41 mm.
in length ; another less alate example is 46 mm. across the wings

and 30 mm. long.

Locality and horizon.—This is the only large and alatfr

Spiriferina that occurs in the Kaihiku Beds, to which it seems to

be confined. The Greological Survey possesses some very fine speci-

mens, of Avhich, unfortunately, only the internal casts have been

preserved. Hector illustrates one of these casts as Trigonoireta

alafa} the English Permian form. It comes from the Crinoid

Beds at Cowan's Railway Station, Oreti A'alley.^ From another

specimen found at Eighty-Eight Valley, Xelson, I was able to make
a gutta-percha impression of the exterior of the dorsal valve. I

collected some smaller examples at Caroline Cutting.

Remarks.—This shell occurs in a rather fragmentary condition

in the Kaihiku Beds ; but, so far as I can ascertain from the

material, the fragments all represent one species, despite varia-

tion in the length of the wings and in the number of the lateral

folds. It shows some affinity with the small Spiriferina fragilis

Avhich accompanies it, in the width of the area and in the continua-

tion of the ribs up to the area-margin. The onl}^ described form

1 Catal. Ind. & Col. Exhibition (1886) p. 76, fig. 3.

- Prof. P. Marshall and I think that this is the same locality as Caroline

Cutting, the name of the station having apparently been changed since the

early survey was made.
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Avith which I can compare it is Spiriferina stracliei/ i Salter from
the Himalayan Muschelkalk, which Eittner says is rather closely

related to the Em-opean Sp.fragiUs ; but the form here described

is ]nnch larger, and is more strongly ribbed.

Spteiferixa gypaetus, sp. nov. (PI. XXIY, fig. 4.)

Shell extremely alate, the wings towards their apices tapering

rapidly to sharp points. The ventral area is very long, concave,

and narrow, and is faintly striate. The beak of the ventral valve

is very small, and projects but slightly above the hinge-area ; it

practically touches that of the dorsal valv^e, which is broad and
projects slightly above the dorsal area.

The dorsal valve has a broad, median, triangular, rapidh^-widen-

ing fold, with a fairly-deep angular sinus on each side of it. The
first lateral folds on each side are lower and rather narrower than

the median one, and on either side of these are three much smaller

and fainter lateral folds which gradualh" decrease in size. All the

folds continue to the beak. The wings towards the apices are free

from folds. The anterior outlin'e of the shell is gently rounded,

and narrows rapidlj'^ towards the wings, Avhich continue ver}'" narrow
for some distance, ending in sharp points. The growth-lines are

prominent, irregularly spaced, and rather foliaceous.

Length =22 mm. ; width = 75 mm.
Localit}^ and horizon.—A very fine cast of the ventral beak

and dorsal valve, from which I made a gutta-percha squeeze, comes
from the slopes of South Peak (Benmore), in the Hokonui Hills,

and belongs to the New Zealand Geological Survey. The horizon

is probably Noric.

Spieieerixa acutissima, sp. nov. (PI. XXIY, fig. 3.)

Shell extremely alate ; the wings are produced into very acute

points. The hinge-area extends the whole length of the wings, is

very narrow, concave, and faintly striate parallel to the margin.
The ventral beak is very small, and projects but slightly above the

hinge-area ; that of the dorsal valve is also small, and scarcely pro-

jects above the dorsal area, and the two almost touch one another.

In the dorsal valve the median fold is high, narrow, and trian-

gular, and has a ver}*" faint m.edian sulcus on its anterior portion.

On each side of it are six similar folds gradualh^ decreasing in

size and height, the last being very faint. The folds continue
to the dorsal beak, and are divided by rather deep and angular sulci.

The anterior margin is very narrow in proportion to the width of
the shell, the lateral margins narrowing gradually to the wings,

which are considerablj^ produced and end in very fine points. The
growth-lines are not very prominent.

Length = 21 mm. ; width = 83 mm.
Locality and horizon.—The New Zealand Geological Survey

possesses a very fine mould of the ventral beak and dorsal valve in

hard dark greywacke, from which I took a gutta-percha squeeze.
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It comes from the east side of Mount Heslington, south of the

Wairoa Grorge, but there is no other fossil on the piece of rock

to indicate its horizon, which is probably Upper Carnic or Xoric.

I collected a rather weathered cast of a smaller dorsal valve in

felspathic sandstone in Bed a^ Otamita, Hokonui Hills, which is

probably Lower Xoric.

Remarks.—Both this and the last species are remarkable for

the very naiTOw ventral area, the slight prominence of the venb-al

beak, and the fact that the apices of the wings end in acute points.

Spirifeeixa dtomedea, sp. nov. (PI. XXIV, figs. 1 & 2.)

Shell extremely alate, about live times as wide as it is long, the

wings narrowing gradually to the apices. The area extends the

Fig. '^.— Gutta-perclia squeeze of tlie

interior apex of the ventral valve

of Spiriferina diomedea, sp. nov.

Bhcetic. South Hillencl, Otago.

whole length of the wmgs :

it is broad and high, and
shows the comb-tooth struc-

ture along its whole length;

but Avhether the serrated

structure was exposed in

the living shell, or whether
during life it Avas covered

with an easily decomposable

layer of shell, I am not

able to say with certainty.

The ventral beak is blnnt,

wide, and rather prominent;

that of the dorsal valve is

broad, and projects very

faintly above the hinge-

line. The ventral valve

has a rather broad, shallow,

median sulcus, and on each

side three or four lateral sulci, only slightly smaller and no deeper

than the median one. The dorsal valve has a wide and low,

ti-iangular, rapidly-widening fold, Avhich extends to the beak, and

bears a slight median depression towards the anterior margin. On
each side are four narrower rounded folds of equal height, which

gradually decrease in size. The wings are free from folds towards

the apices. The delthyrium is wide, open, and triangular. The

median septum of the ventral valve is sharp but low, and extends

for about three-quarters of the distance to the anterior margin ;
it

lies in a well-marked hollowed-out depression which accommodates

the muscle-scars, but these are not strongly marked.

Length = 26 mm. ; width= 127 mm.
Locality and horizon.—The Xew Zealand Greological Survey

possesses a cast of a ventral valve in coarse felspathic grit, from

the north-western branch of Taylor's Creek, in the Hokonui Hills.

This form occurs plentifully in* the highest Trias with Hectoria

hisulcata at the southern end of Roaring Bay, Xugget Point, in

"This shows the simken pit occupied by the

pedicle and muscle-scars and median
septum, also the area bearing- the

'comb-tooth' structure upon which the

subg-enus Eastelligeva was foimded.]
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a hard pebbly sandstone, which stands out as a stack in the coast-

section ; but specimens are very difficult to collect, the rock being

so hard. The Survey, however, possesses a fairlv-good specimen

from this locality (PL XXIV, fig. 2). Prof. P. Marshall has

recently sent me a piece of felspathic sandstone from South Hillend,

12 miles south of Benmore railway-cutting, on the south side of

the Hokonui Hills, Avith several casts of this shell, from which I

was able to make gutta-percha squeezes (fig. 1). It seems to be

the same bed as that in the Benmore cutting, and contains casts of

a large Hectoria. Khtetic.

Kemarks.—This is the largest and latest, as well as by far the

most alate, of the jN'ew Zealand Triassic Spirifevince. It differs

from the two previously-described species in its larger size and in

the wings narrowing very graduallv to the points. The folds are

lower and more rounded, and decrease gradualh' in size, the area

also is broader, the ventral beak higher, and it occurs on a higher

horizon than tlie two previously-described forms, which are of

Carnic and Noric age.

Spiriferixa ?^ELSO]S'ENsis,.sp. nov. (PL XXIY, figs. 6-8.)

Shell alate, valves rather inflated, the anterior margin is gently

rounded in outline. The ventral valve has a broad median sulcus,

which extends to the beak, and is bounded on each side by four

rounded slightly-raised ribs, which decrease gradually in size. The
dorsal valve has a triangular median fold, which increases rapidly

in Avidth, and on each side of it four fainter rounded ribs Avhich

are continued nearly to the beak.

The area of the ventral valve is Avide, high, and concave ; it is

longitudinally striate, and represents the greatest Avidth of the shell,

the margin of the valves converging rapidly in front of the area.

The delthyrium is triangular, Avide, and open, bounded on each

side hj dental plates, AA^hich conA'erge together iuAvards and meet
the median septum : this latter is visible at the bottom of the

open delthyrium as a thin plate projecting slightly above the line

of junction of the dental plates. The surface of the dental plates

is faintly furroAved. On both sides of the delthA^'ium another

slightly-sunken triangular area is separated off, and is ornamented
Avith faintly-impressed A^rtical furroAvs. The dorsal area is narroAv,

and a ' comb-tooth ' structure is seen for a short distance on each
side of the dorsal beak. The groAvth-lines are fairly Avell marked.

Length= 23 mm. ; Avidth=:45 mm.
Locality and horizon.—I collected three or four specimens

in the Hcdohia Beds on the Avestern slope and crest of Mount
Ileslington in the Nelson district. The Ncav Zealand Geological

Survey possesses a specimen from the same locality. Carnic.

Remarks.—Zugmayer divides his group of Eha^tic ' Dimidiatse
'

into two 'form groups' (Formenkreise) : namely, the group of

^piriferina uncinaia and that of 8p. stiessi, the latter including

only the single species. The species here described apparently
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belongs to the first group, which comprises forms with vertical striae

on the dental plates and on the adjacent areal portion on each side

of them : these, Zugma3-er thinks, may have assisted in attaching
a ligament or external muscle. He illustrates three species that
show this peculiarity: namely, Sp. uncinota, Sj). koessenensis, ?indi

Sp. austriaca
; but they are all non-alate forms with a very high

ventral area.

SpIKIFERIXA Cf. AUSTKIACA Sucss. (PI. XXIY, fig. 5.)

1882. H. Zuj^maj^er, ' Unter.sucliungcn iiber Ehatisclie Bracliiopoden ' p. 28 &
pi. iii, iigs. 6a-6 c.

Shell about as long as it is wide. Ventral area high and trian-

gular, slightly concave, and coarsely striate parallel to the hinge-
margin, whicli represents very nearly the greatest width of the

shell. The delthyrium is triangular and deeply sunken, the septal

arrangement is cj^rtiniform, and the thin median septum is seen

towards the apex projecting above the floor of the delthyrium.

The ventral beak is bent slightly over the areal region ; the dorsal

beak is rounded, rather inflated, and projects slightly above the

hinge-area.

The dorsal valve is semicircular in outline, and has a raised,

rather narrow, median fold, and three or four much fainter lateral

folds, which cover the shell nearly to the hinge-margin. The ventral

valve has a broad and shallow triangular median sulcus, which
extends to the a])ex and is bounded by two raised narrow folds,,

on each side of which are two or three much fainter lateral folds.

Length = 38 mm. ; width = 38 mm.
Locality and horizon.—The New Zealand Geological Survey

possesses a specimen from Mount Potts, from which the above

description was made. The shell is Avell preserved ; but the del-

th3''rium is nearl}^ filled up with rock, and part of the dorsal valve

is concealed. 1 am not sure whether it comes from the Kaihiku
Series or from the Lower Carnic, but it is probably from the latter.

I have three or four smaller, separated, single dorsal valves

apparently belonging to this species, some of which have a faint

fourth lateral fold. I collected them in low Carnic beds on the

north side of the entrance of the Wairoa Gorge.

Kemarks.—The atti-ibution of this brachiopod to the above

Alpine species is conjectural, but it evidently belongs to the grouj)

of Sp). uncinafa and Sj). austriaca ; the former, however, has a

series of vertical striie on the area next to the delthyrium, which is

wanting in the j^i'^sent form and in Sp. austriaca, but is found

in the form last described, Sp. nehonensis. In general shape it

resembles Spiriprina austriaca, which' occurs in the Starheiraberg

Beds of the Alpine Khietic.

Hector"^ illustrated a drawing of the specimen from Mount
Potts under the title of ' Spiriferina (cristata ?),'' the small

English Permian fossil, a very different sj^ecies : this gave rise to-

^ Catal. Ind. & Col. Exhibition (1886) p. 76, fig. 6.



part 3] THE TEIAS OF IS'EW ZEALAND. 225

the idea that the Mount-Potts Beds were of Permian age, an

idea further supported by the supposed occurrence of Glossopteris

in these beds.

Spieifeeina otamitensis, sp. nov. (PL XXIV, figs. 9« & 9 J.)

Both valves are about equally convex and slightly inflated. The
hinge-line represents in some examples the greatest, in others

nearly the greatest, width of the shell. The ventral beak projects

but slightly above the hinge-area. The ventral area extends the

whole length of the hinge-line, is moderately high, concave, and
faintly striate parallel to the margin. The delth^aium is open and

sunken, and the arrangement of dental plates and median septum

is cyrtiniform. In one specimen the apex of the ventral valve is

considerably thickened by a deposit of shelly matter.

The anterior and lateral margins are gently rounded, the outline

forming more or less a semicircle. The dorsal valve has a rounded,

gradually-widening, median fold, with four lateral folds on each

side decreasing gradually in size. The median and the first two
lateral folds extend to the beak, but the last two lateral folds

die away before reaching it. The ventral valve has a rounded,

fairly-deep median sulcus, bounded on each side by five rounded

narrow folds graduall}^ decreasing in size, the last two of which

are very faint and do not reach the beak. The growth-lines are

well marked.

Length =: 20 mm. ; width = 27 mm.
Locality and horizon.—Bed <?, Otamita, Hokonui Hills,

with HalohicB of the group of H. zitfeli. I collected several

specimens bearing the shell, but they are more or less crushed or

flattened in the shale.

Remarks.—This species belongs to the Sp.-iincinata group

of the DimidiatfE, but differs from Sp. nelsonensis and Sj:).

cf. austriaca in having a much narrower hinge-area and a less

prominent ventral beak, and also from the former in the absence

of a vertically-sulcate areal portion on each side of the delth^a-ium.

Spieifeeina suessi var. austealis, nov. (PL XXIV, figs.

18«-14.)

1882. H. Zugraayer, ' Untersuchuugeu iibev Rliatische Bracliiopoden ' p. 29 &
pi. iii, iigs. 14-19.

The ventral valve is semip3a-amidal in shape, and more or less

semicircular in outline. The ventral area is almost vertical,

triangular, wider than it is high, tlat or ver}^ slightly concave,

and faintly striate parallel to the hinge-area. The ventral beak
scarcely projects above the area ; the delthyrium is triangular and
deeply sunken ; on each side of it a very narrow triangular area

is marked of£ and slightly sunken, and is faintly furrow^ed longi-

tudinally. In casts of the ventral beak the single incision of the

median septum is seen extending forwards for about a third of

the length of the valve.

The surface of the ventral valve bears a deep, angular, rapidly-
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widening sulcus, which extends to the apex and is bounded on
each side hj a shght, rounded, raised fold. The dorsal valve has a
strong, raised, roof-like, rapidly-\videning, triangular fold, which
extends to the beak and is bounded on both sides by a narrow
sulcus. The growth-lines are faint, but well marked.

Length=18 mm. ; Avidth=20 mm.
Locality and horizon.—The crest of Mount Heslington,

south of the Wairoa Grorge, in tine, brown, decomposed greywackes,
Avith Halohidd of the group of Halohia zitelJi. I collected

several specimens, both casts and moulds ; but it is not a common
form. Carnic.

Kemarks.—This species forms the second group of Zugmayer's
Dimidiatse, in which the dental plates do not reach the back of

the ventral beak, but join the edge of the median septum where
it passes towards the area, forming a triangular sunken trough in

the areal region. This arrangement obtains also in the Palaeozoic

genus Cijrtina. from which Zugmayer separates his Dimidiata?,

apparently on account of differences in the delthyrium. He gives

a detailed description of Spiriferina suessi, which in the Alps
seems to be confined to the Koessen facies of the Rhsetic. The
New Zealand form appears to be slightly different in shape,

the sides meeting the hinge-area at almost a right angle ; but
the differences do not seem to warrant a new specific name for

it. A slight difference, however, is the presence on each side of

the delthja-ium of a very narrow, triangular, vertically-sulcate area,

Avhich Zugmayer says is absent in the Alpine Sp. stiessi, but occurs

in Sj). uncinata. I regard the present form as a local variety of

Sj)iriferina suessi.

A drawing which Hector ^ published under the name of
' Psioidea sp.' appears to represent this species.

Spieifeeixa (?) CAEOLTX.E, sp. nov. (PI. XXIII, figs. 19«-20.)

Yentral valve semi-pyramidal in shape, dorsal valve almost flat.

The hinge-line is straight, and represents the greatest width of the

shell ; the hinge-area is flat and vertical. The ventral beak is

conical and blunt, and does not project above the hinge-area.

The delthyrium is conical and apjDarently open. The hinge-area of

the dorsal valve is narroAv ; the dorsal beak is broad and blunt,

and projects but very slightly above the area.

The ventral valve has a faint, shallow^ rapidly- widening, median
sulcus, which extends from the anterior margin to near the apex,

and on each side two very faint, shallow and broad, lateral sulci.

Otherwise the surface is gently rounded, and the outline of the

anterior margin is nearly semici]-cular. The dorsal valve, which is

nearly flat, bears a very faint, broad, low, median fold bounded by
scarcely perceptible lateral sulci.

The interior of the ventral valve (tig. 19 a) shows two thick and
strong dental plates, which converge rapidly together and partl}^

1 Catal. Incl. & Col. Eslnbition (1886) p. 73, fig. 1.
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fuse; they then become thinner and diverge again, the space between

and in front of them bearing the adductor-scars. Immediately

in front of their point of divergence a strong median septum is

developed, which extends beyond the dental plates. The dorsal

valve has a faint cardinal process with dental sockets on each side,

and small, but well-marked, adductor and diductor scars. Ovarian

pittings are well marked in both valves. The shell-structure is

punctate, and the growth-lines become rather foliaceous towards

the anterior margin.

Length= 23 mm. ; width=40 mm. ; height of area of ventral

valves 10 mm.
Locality and horizon.—It occurs in the Kailiiku Beds at

Caroline Cutting, but seems to be scarce. I collected specimens,

from which gutta-percha squeezes of the interior and exterior of

both valves were made. Prof. Marshall possesses a specimen from
the splintery argillites of Mount Pott'J (where it occurs in associa-

tion with the Kaihiku fauna), Avhich I recognized as the interior

of a ventral valve of this species.

Ke marks.—This brachiopod is peculiar as to shape, and as to

form oF the dental plates and septum, and I am unable to refer it

definitely either to ^inriferina or to Cyrtina. The smoothness

of its valves and the height of the hinge-area recall in some ways
the Ycry abnormal form Cifrfina zittell Bittner from St. Cassian,

but in that species the area of the ventral valve is enormously

extended. The appearance of the dental plates in the casts at the

back of the ventral beak, however, prevents its union with the

genus Cijrtina as usually defined.

Eetzia schwageri Bittner. (PL XXIII, fig. 21.)

18P0. ' Brachiopoden der Alpineu Trias ' p. 21 & pi. xxxvi, fips. 1-4.

1899. 'Himalayan Trias Bracli. & Lamellibranclis ' p. 42 & pi. viii, figs. 1-3;

p. 54 & pi. X, figs. 16-20.

Shell considerably longer than it is wide, beak prominent and
pointed, lateral margins gently rounded, anterior margin rounded.

The dorsal valve has a median rib, Avhich is rather less proininent

than the ribs on each side of it. There are seven rounded lateral

ribs on each side of the median one ; the last five of these are

distinctly curved outwards, and all of them extend to the beak.

The ventral valve has a median furrow no deeper than the next

lateral furrows and seven lateral ribs.

Length =: 14 mm. ; width=ll mm.
Locality and horizon.—Western slope of Mount Heslington,

I^elson, ill the Halohia Beds, where it is rither scarce. I have
two or three casts and impressions, from one of which a gutta-

percha squeeze of the outsi le of the shell was made. Carnic.

Bemarks.—This shell resembles the Himalayan JR. sclnraqeri

var. asiatica Bittner, but bears rather more numerous lateral ribs.

B. schicar/eri is a species of wide vertical distribution, ranging
from the Muschelkalk to the Dachsteinkalk in the Alps. In the

Himalayas it occurs with HcdohicB of tiie group of H. rugosa.
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Piroutet records three Alpine species of Betzia from the Trias of

New Caledonia, of which R. aff. auperhescens is the onh^ one that
resembles the present form.

Mextzelia cf. AMPLA Bittner. (PL XXIII, fig. 9.)

1890. ' Bracliiopoden der Alpiiieii Trias ' p. 165 & pi. xH, figs. 10-11.

Yentral valve inflated, the dorsal rather less so, area triangular,

rather high, less than the width of the shell, the ventral beak
somewhat bent over it. The ventral valve has a broad and
shallow romided sulcus, which does not continue to the apex.

The dorsal valve bears a rather broad, rounded, triangular fold,

which does not reach the beak and is bordered on both sides by
steep slopes. In the ventral beak there is a sharp median septum
with sharp dental plates on each side of it. The shell-structure

is* fibrous, and at the same time faintly punctate.

Length =81 mm. ; width zz 42 mm. ; thickness = 20 mm.
Locality and horizon.—I collected a single specimen in

pebbl}^ sandstones, with Arcestes cf. rhcdticus and Hectoria
bisulcata, several hundred feet above the Pseicdomonotis-ocJiotica

Beds, north of Albatross Point, Kawhia. The wings of this speci-

men are damaged, and the ventral beak is slighth^ eroded. Bhsetic.

Be marks.—This smooth JSlentzelia seems to agree closely with
the above-named species, which Bittner thinks may be a variant

of the Muschelkalk form JLT. mentzeli. In the Alps M. ampla
occurs at a horizon corresponding to that of the St. Cassian Beds

;

while the typical JSL mentzeli is predominantly a Muschelkalk form,

but has been found also in the Carnic of Spiti in the Himalaj^as.

Mextzelia kaw^hiaxa, sp. nov. (PI. XXIII, figs. 10 « & 10 i.)

Shell rather wider than long, the anterior margin gently rounded.

The ventral valve is somewhat swollen and arched, the beak tapering

gradually, the dorsal valve is almost flat, and the margin of the

valves lies nearly in one plane. The area is less than the width of

the shell, and seems to have been rather high. The ventral valve

has a shallow, rounded, rather broad, median sulcus, with about
seven very faint and narrow, lateral, I'ounded ribs on each side of

it : these do not continue to the beak, and are absent from the

lateral jDortions of the shell. The dorsal valve bears a very faint,

flattened, triangular, median fold and about seven verj^ faint, narrow
ribs on each side of it which do not reach the beak. The lateral

portions of the shell towards the hinge-area are smooth.

Length==:25 mm. ; width= 31 mm.
Localit}" and horizon.—I collected a single specimen not far

from the last-described form in the Arcesfes and Hectoria Beds,

in the cliff- section south of Kawliia Harbour. Ehaetic.

Be marks.—The shell-structure is fibrous and faintl}^ punctate.

This form i-ather closel}^ resembles M. jyaJcEoti/pus Loretz, from
the Alpine Muschelkalk, but has fewer radial ribs, a weaker dorsal

fold and ventral sulcus, a more prominent beak, and a less inflated

Ahell.
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Mextzeliopsis, gen. no v. (PI. XXIII, figs. 11-18.)

Shell thin, the growth-Unes being visible on the inner surface.

Beak of the ventral valve prominent, arched, and tapering rapidly.

Hinge-line straight and rather shorter than the greatest width of

the shell. Area triangular, concave, striated parallel to the margin,

with an open triangular delthyrium. The hinge-teeth situated on

each side of the delthyrium are somewhat prominent, and are sup-

ported by two sharp plates. A sharp and prominent median septum
extends for nearly half the length of the ventral valve. The dorsal

valve is flatter than the ventral. Dental sockets are present, and
between them is a short, blunt, cardinal process. An obscure

cardinal area is present in the dorsal valve, and there is a faint

miedian dorsal septum. Muscular and vascular impressions are

•obscure. The outer surface of both valves bears prominent, fairly-

equidistant, more or less foliaceous growth-lamellse, and is covered

with tubular spines measuring up to 3 or 4 mm. in length. The
spines generally occur on the surface between the growth-lamellse,

but occasionally the latter are prolonged into spines. There is a

more or less prominent dorsal median fold and ventral sinus, -and

fainter lateral ridges. Owing to the feeble articulation the valves

are generally found separated.

A specimen which I ground down showed the spiralia directly

•connected wdth the crui-al processes, and two discrete jugal processes,

a, condition which obtains in the true Spirifers and in Meiitzelia.

The following points show that the brachiopod is reallj^ a thin-

:shelled spiny Mentzelia :
—

(a) The outline, area, and sulcation are that of Mentzelia.

(b) There is a strong ventral median septum with sharp dental plates on
each side of it, well seen in every cast of the ventral beak.

(c) The only specimen that I had available to grind down showed that the

junction of spirals and crura was simple, and the jug-a apparently
discrete.

(d) The shell-structure is fibrous and silky, but on the only specimen that

I have which shows any of the test no pimctation could be seen

;

if present, it is very faint.

The founding of a new genus or subgenus for this shell requires

some explanation. Mentzelia is generally a perfectly-smooth

shell, but Bittner mentions the fact that von Schauroth found a

-specimen of Mentzelia mentzeli in the German Muschelkalk with

a covering of hair-like spines. The New Zealand form, at least

two species of wdiich seem to occur, has the surface of both valves

•covered w^th comparatively long tubular spines. It bears a similar

relation to Mentzelia as Acantliotliyris does to Bliynclionella.

I adopt the commoner species M. sjrinosa as the genotype.

Locality and horizon.—It seems to be confined to the

Kaihiku Beds, Ladino-Carnic. ^I'he only true Mentzelice that I

found in New Zealand were in the Rhaetic. On looking over the

material that I collected at Mount Heslington, in the Nelson
district, I find some dorsal valves of ,a small spiny brachiopod,

Q. J. G. S. No. 291.
^

T
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which, though scarcely adequate for a specific description, appear-

to represent a dwarfed species of Mentzeliopsis. These occur in

the Carnic with Halobia zitteli var, zealandica.

Me?«^tzeliopsis spixosa, sp. nov. (PL XXIII, figs. 11-16.)

The shell is slightly wider than it is long; the area is rather-

concave, less than the greatest width of the shell, and striated

parallel to the hinge-margin. The ventral valve is inflated and
arched ; the beak is prominent, tapers rapidly, and is rather bent'

over the area. The delthyrium is triangular and deepl}'^ sunken.

The ventral valve has a feeble, wide, median sulcus and very feeble

lateral dorsal folds.

The dorsal valve is much flatter than the ventral, and has a

broad, rapidly-widening, triangular, slightly-raised fold, on each

side of which are about five very feeble, narrow, lateral folds. The-

growth-lines are rather widely spaced and foliaceous, and are some-
times produced into tubular spines. The latter also occupy the-

spaces between the growth-lines, but are not very closel}^ set. The}^

attain a length of 3 or 4 millimetres.

A ventral valve measures 19 mm. in length and 32 mm. in width ;;

another 25 mm. and 30 mm. ; two dorsal valves are respectively

20 mm. long and 31 mm. wide, and 20 mm. long and 26 mm. wide.

Locality and horizon.—Kaihiku Beds at Caroline Cutting;

Kaihiku Gorge ; Eighty-Eight Valley, in the Nelson district ; and
other localities, where it is common. Ladino-Carnic.

Remarks.—I collected most of my specimens at Caroline-

Cutting, and made several gutta-percha squeezes of the exterior-

and interior surfaces of both valves.

Mentzeliopsis iioeeida, sp. nov. (PL XXIII, figs. 17 & 18.)

Yalves rather inflated, both about equally so. Shell slightly

wider than it is long ; the ventral beak is broad, and tapers slowly..

The ventral valve has a broad, shallow, median sulcus which reaches i

to £lie beak, and on each side of it about six rather faint, but

well-marked, rounded, narrow lateral folds, which also reach nearly

to the beak.

The dorsal valve bears a rounded, triangular, rapidly-widening,,

median fold, Avith a smaller fold passing down the middle of it, and
four or five rather faint, lateral, rounded folds, all of which reach

to the beak. The spines are short, and small and closely set.

Growth-ridges are widely set and well marked, but not foliaceous.

Length= 22 mm. ; Avidth = 26 mm.
Locality and horizon.—-Kaihiku Beds at Caroline Cutting

and elsewhere, Avhere it seems to be scarce ; but I collected casts

from which gutta-percha squeezes of both valves Avere made.

Ladino-Carnic.

Bemarks.—This form differs from J/, spinosa in having a

broader beak and a more inflated dorsal valve. The ribs are better-

marked and reach to the beak, and the spines are more numerous,,

smaller, and more closely set.
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Spieigeea weeti Zittel. (PI. XXY, figs. 6 « & 6 h.)

1864. ' Palaoutologie von Xeu-Seeland ' p. 23 & pi. viii, figs. 3 a-3 d.

Zittel, when lie described it, had only casts of this species, which
Hochstetter collected in the Xelson district. I therefore take the

opportunity of describing and illustrating a fine uncrushed testi-

ferous example, which I found in a pebbly felsi^athic grit on the

western slope of Mount Heslington. It is rather wider than long,

the ventral valve is rather inflated, the dorsal less so. The ventral

beak is comparatively small ; the area is narrow and faintly striate

parallel to the hinge-margin ; the delthyrium is triangular and deeply

sunken, and only slightl}^ hidden by the dorsal beak. The apex
is perforated by a pedicular foramen of moderate size. The ventral

valve has a broad, shallow, median sulcus which dies away about
halfway to the beak, and two faint lateral sulci which only appear

near the anterior lateral margins. The dorsal valve bears near its

anterior margin a broad median fold, which is bordered by steep

slopes. It measures 28 mm. in length, 31 mm. in width, and
16 mm. in thickness. The gro^^i:h-lines are well marked.

L oca lit 3^ and horizon.—This is a common Carnic fossil in

New Zealand : it occm-s at Mount Heslington and in the Wairoa
Gorge ; in the Hokonui Hills ; at Nugget Point and other places

in the South Island. It is also reported to occur in New Caledonia.

Remarks.—Zittel mentions the large cardinal process, and
Bittner remarks upon the resemblance of this shell to the Alpine

lihtetic Spirigera oxycoJpos.

I have employed the generic name Spirigera (A. d'Orbigny,

1817) in preference to Atliyris (McCoy, 1811) for the Triassic

forms of this group, in conformity with the writings of Zittel,

Bittner, Diener, and others, by Avhom it is used so largely.

The name Spirigera seems to be coming into use to designate the

Mesozoic Athyrids.

Spieigeea kaihikuaxa, sp. nov. (PI. XXY, fig. 5.)

Shell rather inflated, the ventral valve slightly more than the

dorsal. Outline elongate-oval or subtriangular, often Avidening

out towards the anterior margin, which is genth^ rounded. The
ventral beak is prominent, and tapers graduall}'. The delthyrial

cavity is more or less entirely concealed by the dorsal beak. The
foramen was wide and remained open during life, as the casts are

always attached to the interior of the cavity by rock which filled

up the foraminal passage : this, in some examples, is extended

forward, and encroaches on the delthyrium.

There is a faint broad fold on the anterior part of the dorsal

valve, and a very faint corresponding median depression on the

ventral valve : consequently, the junction of the valves lies almost

in one plane. The ventral apical region is much thickened at the

sides with shelly material, but a passage for the pedicle-muscle

alwavs remains.

t2



"232 DE. c. T. TEECH]yLA-yx OX [vol. Ixxiii,

One specimen measiu-es 41 mm. in length and 31mm. in width;
another, of more triangular outline, is 16 mm. long and 52 mm.
wide.

Locality and horizon.—It is confined to the Kaihiku Beds,

.and casts are veiy common at Caroline Cutting, Kaihiku Grorge,

and other localities. I have a few specimens with the shell

jDreserved, as also a large number of casts. Ladino-Carnic.

Remarks.—This species belongs to the group of ^pirigera icreyi,

but is larger, has a more oval or elongate outline, the delthyrial

Tegion is more hidden by the dorsal beak, the pedicle-passage

remained wide and open, the fold and sinus are much feebler,

and the shell-structm-e is more coarsely^ fibrous. It occurs on a

lower horizon than ^S^;. wreyi, which is a Carnic fossil.

'Spieigeea MAis^zAViis'ioiDEs, sp. nov. (PI. XXY, figs. 7 a & 7 5.)

Shell wider than long; valves only slight^ convex near the

beaks, the ventral rather more so than the dorsal, becoming flat-

tened towards the margins. Near the anterior margin there is a

broad but feeble ventral sulcus, and a low and broad rounded
•dorsal ridge bounded by wide, feebly-marked, lateral sulci. The
area is small, and less than the width of the shell ; the beak is very

small and j^ointed, and projects but very slightly over the hinge-

line. The pedicle-passage is minute. The growth-interruptions

are prominent, foliaceous, irregular, and widely spaced, and the

interspaces are marked with very faint, regular, parallel, concentric

striae. The shell-structure is coarsel}^ fibrous, the fibres directed

towards the median line. A typical, somewhat flattened, specimen
is 30 mm. long and 40 mm. wide.

The internal structure is as follows : it has a thickened ventral

hinge-region and a large cardinal process, beneath which a cavity

projects backwards into the beak region, and is divided by a short,

blunt, median septum. The end of the cardinal process carries a

i:riangular depression, and there are prominent ventral hinge-teeth

supported by plates.

Locality and horizon.—I collected six or seven specimens

in dark shales along with Halohia zitteli var. zealandica in Bed e,

Otamita, Hokonui Hills. They have the shell preserved, but are

somewhat flattened or laterally distorted. Carnic.

Remarks.—This shell belongs to the group of Sjjirigera

oxycolpos Emmrich, of the Ehaetic Koessen Beds, the latest and
largest of the European Spirigerids ; but it differs in being much
Hatter, whereas the full-grown 8p. oxycolpos is a swollen and
rounded shell. It comes very near in shape and outline to

Sp. manzavinii Bittner^ of the Upper Trias of Balia in Asia

Minor, a form which (as Bittner remarks) bears comparison with

the New Zealand sj^ecies Sp. lureyi. In Sp. manzavinii, however,

the foramen is large, whereas in the present form it is quite minute.

1 Bibliograpliy, 6, sli, p. 107 & pi. i, figs. 9-11.
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Sipirigera eurycolpos Bittner,^ of the Alpine Dachsteinkalk, also

belongs to this group, but differs from the present form in shell-

outline and other details. The internal structure is essentially

similar to that of Sp. oxycolpos, which Zugmayer has described ini

detail, a structure which exists in a more exaggerated form in

the group next to be described.

I have very strong reasons to think that the New Zealand Trias,

if thoroughly searched, would 3deld more and different forms of
the group of Spiriqerce, to which 8p. lureyi, Sp. kaihi/tuana, and
Sp. manzavinioides belong. The New Zealand Geological Survey
possesses another such form, and I. have fragments of others ; but
the rather doubtful localitj^-record of the former, as also the poor
condition of my material, makes it unadvisable to found further
new species at present.

Hectoeia, gen. nov. (PI. XXV, figs, la-4ih.)

The hinge-line slopes very slightly awa}^ from the beaks, and
represents the greatest, or nearly the greatest, width of the shell.

The ventral area extends for

Fig. 4.

—

Specimen o/Hectoria sp. nearly the whole length of

from Carnic shales at Ota- the hinge-line : it is narrow,

mita, partly ground down. but consjDicuous, and has faint

parallel striations ; the area

______--"^ of the dorsal valve is nearly

obsolete. The ventral beak
projects but very slightly

above the hinge-line
; the

dorsal beak is rather less pro-

minent. The valves are almost
equally convex ; the ventral

sometimes slightly more sa
than the dorsal. Both valves-

have a more or less pronoun-
ced, median, rapidly-widening^

sinus, bounded on each side

by rounded lateral folds which
diverge from the beak and
pass to the anterior margin,

where they meet similar folds of the opposite valve. The junc-
tion of the valves lies almost in one plane, or is very slightly
sinuous. The shell-structure is silky and fibrous, the fibres being
mostly directed towards the median line. In a cast that I collected
in Carnic beds near Gore, in the Hokonui district, the beak has
been pierced by a narrow and long arched tubular foramen, but
in others, and especially in the larger and more fully grown
specimens, the foramen is filled up and obliterated by the shelly
thickening of the beak. The delthyrium is triangular'^and sunken,
and in the larger specimens at least is closed.

1 Bibliography, 4, p. 273 & pi. xxix, %s. 7-13.

a=Dental sockets.

6 = Cardinal process of the dorsal valve,

c = The recvirving- of the primary lamellae.

cZ= The medio-laterally directed spiralia.
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The following account of the internal structure is based chiefl}''

on large specimens of Hectoria tumida, from the Rhaetic of

Benmore Cutting, where fine moulds and casts occur, from which I

obtained gutta-percha impressions. The interior of the ventral

valve is considerably thickened posteriorly by deposition of

shelly matter; the hinge-teeth are prominent, are supported by
short dental plates, and there is a short median septum.

In the dorsal valve the hinge-region is still more thickened;

the cardinal process is very large and prominent, and consists of a

blunt tongue-shaped mass of shell, which projects backwards
beneath the delthyrial region of the ventral valve. The cardinal

process has a shallow depression on its surface. In front of the

cardinal process a deepened cavity projects backwards beneath it,

IFig. 5.— Gutta-percha squeezes of interior of apices of valves of
Hectoria tumida, gen. et sj). no v. (JSfatural size.) Rlicetic.

Benmore Cutting.

<i^»!|%fc

^r^

a= Dorsal valve, showing the large tongiie-like cardinal process with the
hollowed-out space in front of and beloAv it divided by a median septum.
Slight dental sockets occur on each side of the cardinal process.

b=yentral valve, showing the concave slightly-striated area, the small
hinge-teeth and plates supporting them, and the small median septum.

and is divided hj a rather high, blunt, median septum which
separates the two adductor-scars. On each side of the cardinal

process is a fairly-deep dental socket. The ovarian pittings,

vascular impressions, and muscle-scars are well marked in both
valves, the diductor-scars of the ventral valve being flabellate.

The spiral cones are lateral^ directed. The arrangement of the
juga and junction of the spiralia with the crura could not easily be
seen ; but, on grinding down a specimen from the Carnic shales

at Otamita, I concluded that it was similar to that which obtains

in other Spirigerids.
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This genus comprises a well-defined group of specialized bi-

:sulcate Spirigerids, which shows close relationship) to /S'^j>. oxycolpos

of the Alpine Khsetic in the structure of the cardinal process and
the deepened pit beneath it. They differ, however, in features

.sufficiently marked to justify their attribution to a new genus or

subgenus, such as the equal convexity and equal median sulcation

in both valves, the greater internal posterior thickening of the

valves,- and the relatively-larger size of the cardinal process.

Locality and horizon.—Two species appear to occur in the

Trias, and one in the Jurassic, of New Zealand. They are rather

scarce in the Carnic of the Hokonui district ; but they occur in

great abundance in some beds of E-haetic age, and a single rather

dwarfed form survives into the Jurassic.

Remarks.—Hector proposed the generic name Clavigera for

this group, in a paper read before the Wellington . Philosophical

Society in 1878. An abstract of this paper was published the

following year, but it never appeared in full. Some plates which
he caused to be printed about that time have recently been issued

with a palseontological bulletin already mentionecl.^ PI. i is

occupied by illustrations of the genus Clavigera. Some years ago

Mr. McKay collated these plates, and labelled the species so far

as he could from memory: he gave the species on pi. i as follows:

Clavigera hisulcata., CI. cuneiformis., CI. gracilis, CI. tumicla,

and Gl. 'sp. innom.' I have adopted the specific names hisiilcata,

tumida, and cuneiformis for the forms for which Hector appa-

rently intended them—the last name referring to the Jurassic

shell. Clavigera gracilis is a cast from Benmore Cutting,

apparently identical with CI. tumida. Hector gave drawings of

CI. cuneijormis and of a cast of CI. tumida, but without any
specific names, in a work issued in 1886. ^ For reasons already

stated, I considered it advisable to discard Hector's name Clavigera

and to institute that of liectoria instead.

Hectoeia bisulcata, sp. nov. (PI. XXV, figs. 1 « & 1 i.)

Shell rather wider than long, moderately inflated, the valves

almost equally convex. The hinge-line is nearly straight, and
represents the greatest ^vidth of the shell. The area is narrow and
faintly striate parallel to the margin, and the ventral beak projects

slightly above the area. The delthyrium is triangular and in-

sunken. The growth-lines show that the outline of the young
shell was rather strongly alate ; but towards maturity it becomes
less so, and is more or less produced anteriorly. The outline main-
tains the same width at the sides for some distance from the

hinge-line, and then narrows to the anterior margin, which is gently

rounded. In both valves two raised rounded ridges diverge from
the beaks, and proceed towards the anterior margin meeting the

similar ridges of the opposite valve. They enclose a shallow,

^ Bibliography, 47.

2 Catal. Ind. & Col. Exhib. (1886) p. 72, figs. 2 & 3.
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rapicUv-widening, triangular sulcus ; but towards the anterio]

margin both ridges and sulcus become Aveaker, and merge into the

rounded surface of the shell. The junction of the shell is but

slightly sinuous.

The type-specimen is 51 mm. long, 63 mm. wide, and the two
valves are 23 mm. deep.

Locality and horizon.—Casts apparently of this species

occur in Carnic and Xoric strata at Otamita, Hokonui Hills. At
Nugget Point it is extremely abundant, together with Bpiriferina

(liomedea, at the southern end of Eoaring Bay, in a bed of very

hard pebbly sandstone of Khaitic age, which here closes the

Triassic sequence. It is less common at Kawhia, where it occurs

sporadically through a very thick series of grey sandy Eha^tic

deposits overlying the Xoric Pseiidomonotis shales. I obtained

one very fine example there and several less perfect ones, also

several specimens at Xugget Point. The ]S[ew Zealand Greological

Survey possesses a specimen from blue sandstones and chert at

the main branch of Taylor's Creek, on the south side of the

Hokonui Hills, in beds apparently of Ehsetic age.

Hectoeia TrMiDA, sp. nov. (PI. XXY, fig. 2.)

Shell very slightly wider than long ; valves inflated, the ventral

often rather more so than the dorsal. The hinge-line slopes gently

from the beaks, and represents rather less than the greatest width
of the shell ; the area is concave, and striated parallel to the margin.

The ventral beak is broad, and projects slightlj' above the hinge-

area. The delthyrium is triangular and insunken, and closed

internally by shelly matter ; it is partly concealed by the dorsal

beak. The outline is gently rounded at the sides, but is some-

what prolonged and rounded anteriorly. Eounded ridges diverge

in both valves from the beak, and extend to the anterior lateral

margins ; but in this species they become somewhat indistinct, and
tend to merge into the swollen and rounded outline of the shell,,

and on the dorsal valve they form a more or less flattened or gently

rounded, raised, median, triangular fold rather than a sulcus. The
growth'lines are well marked towards the anterior margin.

A typical specimen is 60 mm. long and 63 mm. Avide.

Locality and horizon.—Benmore Cutting, on the south

side of the Hokonui Hills, in a coarse, decomposed, pebbly,,

felspathic sandstone. Many casts of this large shell occur here,

I collected and brought home several internal casts, and a mould
from which I was able to obtain a gutta-percha impression of the

A'entral beak and ai-ea and dorsal valve; but the surface of the shell

is damaged and pitted by the quartz-grains in the rock. The
description of the internal structure of the hinge-region given in

the diagnosis of the genus is based on moulds of the separated

ventral and dorsal valves, which I obtained in this locality and
brought home with me. Rh?etic.

He marks.—This is a distinctive form, and seems to occur in

hiffh Rhsetic beds. It differs from H. hisulcata, in its lars^er size
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and more inflated shell, its relatively narrower hinge-line, and
much less clearh'-marked folds and sulcus. In its general rounded

outline and swollen surface it somewhat recalls full-grown speci-

mens of the Alpine Spirigera oxycolpos.

Hectoeia cu2s'eifoemis, sp. nov. (PL XXY, figs. 4« & 4&.)

Yalves about equally convex, compressed, and but slightly

inflated. The junction of the valves is nearl}'- straight. The
hinge-margin slopes very gently away from the beak, and represents

the greatest w4dth of the shell. The ventral beak is very small,

and projects but slightly above the hinge-margin ; the ventral area

is extremely narrow. In front of the hinge-line the lateral margins

converge together rather rapidly, and the anterior margin is strongly

hollowed out between the ridges. The median sulcus and the

rounded ridges on each side of it are well marked in both valves ;

they continue in full strength from the beak to the anterior

margin. Kidges of growth are rounded and fairh-^ prominent, and
the structure of the shell is coarsely fibrous.

The type-specimen, from Taylor s Creek, is 25 mm. long, 37 mm.
wide, and 11 mm. thick.

Locality and horizon.—A fine specimen in the New Zealand

Geological Survey Collection was obtained in the lowest part of

the lower Ammonite Bed at Taylor's Creek, in the Hokonui Hills.

Prof. P. Marshall lent me a fragment of a valve that he collected

at Totara Point, in the harbour of Kawhia. I am at present un-
certain about the exact horizon of the Jurassic at Totara Point

;

but I think, from an examination of the associated fossils, that it

is Bajocian.

Remarks.—This form is smaller than S. hisulcata, the sulcus

and ridges are better marked, and the beaks relatively smaller.

It is a dwarfed Jurassic survival of an essentially Upper Triassic

group.

TIL IvELATIOX OF THE NeW ZeALAXD TeTAS TO THAT OF

jSTew Caledonia axd the Malay Aechipelago.

New Caledonia lies on the north-westerly continuation of the-

Australian festoon or submarine ridge which connects the Auckland
Peninsula with Norfolk Island and the Malay region.

On the south-western side of New Caledonia the Trias shows a

close agreement with that -of New Zealand. The points of simi-

larity and difference seem to be as follows :

—

(«) At the base occurs a thick detrital series devoid of

fossils. Piroutet supposes this to represent probably the-

Permian and the lower divisions of the Trias, and it evi-

dently corresponds with the Kaihiku Series below the lowest

fossiliferous horizon in New Zealand.

(&) Above this comes a series of shales, greywackes, tuffs,

andesitic breccias, and conglomerates, Avhich represent the^
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Laclinic, Carnic, and I^oric horizons, and pass conformably
upAvards into the Lias.

(c) Piroutet regards the lowest fossiliferous beds, which contain

Salohia zitteli, as of Upper Ladinic age. I can find no
mention of the occurrence of any equivalent in I^ew
Caledonia of the Kaihiku fossiliferous beds with Daonella
indica, which form a lower horizon than the Halohia-
zitteli Bed in New Zealand. Spiriferinafragilis, however,

figures in Piroutet' s list of fossils, and so some members
or survivals of the Muschelkalk fauna seem to be present.

I prefer to regard Salohia zitteli as a Carnic fossil and
the bed below it as Ladino-Carnic.

(f?) The Carnic Series in New Caledonia has the beds with
Mytilus prohlematicus as its base, and includes among
its fossils Halohia siiperba, H. austriaca, several indeter-

minate species of Arcestes, DiscophyUites, Spirigera,

Spiriferina, etc.

{e) The Noric attains a thickness of at least 4920 feet, and
contains Pseiidoinonotis richmondiana in great abundance.

There is no record yet of Ps. ochotica or Monotis salinaria

in New Caledonia.

(y) No mention is made of any definite E-hsetic fauna, nor can

any reference to the bisulcate Spirigerids of the Hectoria
group be found, Piroutet, however, records fossils which
present affinities with those of the Alpine Dachstein in his

lists.

(^g) The JSlytilus-problemaiicus Beds are said to be transgres-

sive, and to begin in the coastal region with a conspicuous

conglomerate, which rests upon the trachj^tic tuffs of the

middle portion of the underlying series. The Fseudo-
monotis Beds are again transgressive, and rest upon beds

increasingly older as they extend Avestwards.

The presence in Ncaa^ Zealand of thick and coarse conglomerates

at various horizons, together Avith the local absence of the Noric

Fseudomonotis Beds, points to local transgression and retrogression.

This is notabl}^ the case at Nugget Point, Avhere a thick coarse

conglomerate aj^pears rather Ioav in the Carnic, and Avhere the

JPseudomonotis Beds are entirely Avanting. The Trias in Ncav
Zealand, hoAvever, is too much disturbed, and the outcrops are too

discontinuous to enable one to make definite assertions as to the

extent or du-ection of such transgressions.

The Triassic deposits in the eastern part of the Mala}" Archi-

pelago belong, AA^th one exception, to the Upper Trias. The ex-

ception is that of a piece of rock containing a Ceratitic ammonite
of the genus Dinarites, Avhich was' ejected by a mud-volcano on the

southern coast of Timor. Upper Trias has been found on seven

distinct islands spread over the Avhole East Indian Archipelago.

The beds discovered by Volz in Sumatra, and those in Borneo
•described by Vogel, are also of Upper Triassic age.
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The faunal transgression which, began over a wide
area of the Malay Archipelago at the end of the
Middle Trias, or the beginning of the Upper Trias,

extended also to the regions now occupied by New Cale-
donia and New Zealand.
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EXPLANATION OF PLATES X^^I-XXV.

Plate XYII.

Fig. 1. Arcestes of. rhsetiais W. B. Clark. Rhaetic : north-east of Albatross
Point, Kawbia. Two-thirds of the natural size. Marshall Coll,

(P. 182.)

2. Cladiscites sp, Carnic ; Mount Heslington, Nelson. Natural size.

N.Z. Geol. Surv. Collection. (P, 183.)

3. Clydonautihis (Prodydonantihis) cf. sinrolobus Dittmar. Carnic
;

Nugget Point, One-third of the natural size. N.Z. Geol, SurT.

ColL (P. 182.)

4. Axilacoceras QT^. Noric(?); Oreti Cutting, Hokonui Hills, Two-thirds
of the natural size. N.Z. Geol. Surv. Coll. (P. 184.)

5. Aulacoceras Q.i. sulcatum 'Kq.uqv. Natural size, Carnic (?); Eighty-
Eight Tallev, Nelson, N.Z, Geol, SurT. Coll, Gutta-percha squeeze.

(P, 184.)

6. Orthoceras cf, triadicum Mojsisovics, Carnic ; Otamita, Hokonui
Hills. Natural size. Trechmann CoU. (P. 181.)

7. DiscophijUites cf. ehneri Mojsisovics. Carnic; Mount Heslington,

Nelson. One-third of the natural size, Trechmann Coll. (P, 184.)
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Plate XVIII.

Fig. 1. Conidaria cf. lasvigata Morris. Carnic ; Otamita, Hokonui Hills.

Natural size. Trechmann Coll. (P. 189.)

2. Dentaliuni sp. Carnic ; Otamita, Hokonui Hills. Natural size.

Trechmann Coll. (P. 188.)

3. Bourguetia {?J arata, sp. nov. Carnic ; Mount Heslington, Nelson.

Natural size. Gutta-percha squeeze. N.Z. Geol. Surv. Coll.

(P. 188.)

4. Coronaria sjyectahilis, s-p. uoy. Carnic; Mount Heslington, Nelson.

Natural size. Gutta-percha squeeze. N.Z. Geol. Surv. Coll.

(P. 187.)

Figs. 5a-5c. Pleurotomaria (Sisenna) hectori, sp. nov. Carnic; Otamita,
Hokonui Hills. Natural size. Trechmann Coll. (P. 186.)

6 a-6 c. Pleurotomaria (Sisenna) iioTionuiensis, sp. noY. Carnic; Ota-

mita, Hokonui Hills. Natural size. Trechmann Coll. (P. 186.)

Fig. 7. Trochus (Tectus) marshalli, sp. nov. Natural size. Carnic ; Otamita,

Hokonui Hills. Marshall Coll. (P. 187.)

Figs. 8a & 8?). Patella fCapnlus ?J nelsonensis, sp. nov. Ladino-Carnic
;

Eighty-Eight Valley, Nelson. Natural size. Gutta-percha squeeze.

N.Z. Geol. Surv. Coll. (P. 185.)

Plate XIX.

Fig. 1. Pseudomonotis ochotica Y&v. densistriata TeRev. Upper Noric ; Gar-
den Gully, near Wairoa Gorge, Nelson. Right valve. Seven-
eighths of the natural size. Trechmann Coll. (P. 193.)

2. Ditto, var. amhigua Teller. Same locality. Right valve. Natural
*'

size. Gutta-percha squeeze. Trechmann Coll. (P. 193.)

3. Ditto, cf. var. pachypleura Teller. Same locality. Left valve.

Seven-eighths of the natural size. Trechmann Coll. (P. 193.)

4. Ditto, cf. var. sparsicostata Teller. Same locality. Left valve.

Seven-eighths of the natural size. Trechmann Coll. (P. 193.)

5. Ditto, var. eurhachis Teller. Same locality. Right valve. Slightly

reduced. Trechmann Coll. (P. 193.)

6. Ditto, var. acutecostata nov. Same locality. Right valve. Seven-
eighths of the natural size. Gutta-percha squeeze. Trechmann
CoU. (P. 194.)

7. Ditto, var. acutecostata nov. Same locality. Left valve. Seven-
eighths of the natural size. Trechmann Coll. (P. 194.)

8. Ditto, very small, cf. var. pachypleura Teller. Same locality. Left
valve. Seven-eighths of the natural size. Trechmann Coll.

(P. 193.)

Figs. 9 a & 9 b. Pseudomonotis richmondiana Zittel. Noric ; eastern slopes

of Mount Heslington, Nelson, a = right valve ; h -- left valve.

Seven-eighths of the natural size. N.Z. Geol. Surv. Coll. (P. 194.)

Fig. 10. Monotis salinaria Bronn. Noric (?); Okuku, Canterbury. Seven-
eighths of the natural size. Left valve. N.Z. Geol. Surv. Coll.

(P. 195.)

Plate XX.

Fig. 1. Monotis salinaria Bronn, var. intermedia nov. Noric (?); Okuku,
Canterbury. Left valve. Natural size, N.Z. Geol. Surv. Coll.

(P. 196.)

2. Monotis salinaria Bronn, var. hemispherica nov. Noric (r) ; Okuku,
Canterbury. Left valve. Natural size. N.Z. Geol. Surv. Coll.

(P. 196.)

3. Ditto, same locality. Right valve. Natural size. N.Z. Geol. Surv.
Coll. (P. 196.)
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Pig. 4. HoJcomiia limseformis, gen. et sp. noY. Carnic ; Otamita, Hokonui
Hills. Eight valve. Natural size. Trechmann Coll. (P. 204.)

Figs, h a &u oh. HoJcomda cf. rotundata, sp. nov. Carnic ; Mytilus-prohlema-
ticus Bed, ISTngget Point, Otago. a = left valve ; h = anterior

portion of beak-region of the same specimen. Natural size.

Trechmann Coll. (P. 205.)

Fig. 6. Halohia zitteli Lindstrom, var. zealandica nov. Carnic ; Mount
Heslington, Nelson. Eight valve. Two-thirds of the natural size.

Trechmann Coll. (P. 197.)

7. Daonella indica Bittner. Ladino-Carnic ; Caroline Cutting, Hoko-
nui Hills. Portion of a large right valve. Natural size.

Trechmann Coll. (P. 196.)

8. Mrjtilus (?) prohlem.aticiis Zittel. Carnic; Eighty-Eight Valley, near

Nelson. Left valve of a small specimen. Natural size. Trech-
mann Coll. (P. 201.)

Figs. 9 a & 9 b. Mytilus f?J mirahilis, sp. nov. Carnic ; Mytilus-prohlematicus

Bed, Eighty-Eight Valley, near Nelson. Eight valve : a= an-

terior ; 6= posterior view. Half of the natural size. Trechmann
Coll. (P. 202.)

Plate XXI.

Fig. 1. Halohia zitteli Lindstrom, var. zealandica nov. Carnic ; Otamita
Hokonui Hills. Seven-eighths of the natural size. Eight valve

Trechmann Coll. (P. 197.)

2. Ditto. Same locality. Seven-eighths of the natural size. Left valve,

Trechmann Coll. (P. 197.)

3. Halohia liochstetteri Mojsisovics. Carnic ; Mount Heslington, Nel
son. Natural size. Eight valve. Trechmann Coll. (P. 199.)

4. Halohia cf. anstriaca Mojsisovics. Carnic ; Otamita, Hokonui
Hills. Seven-eighths of the natural size. Eight valve. Trech
mann Coll. (P. 200.)

5. Daonella indica Bittner. Ladino-Carnic ; Caroline Cutting, Hokonui
Hills. Seven-eighths of the natural size. Trechmann Coll. (P. 196.)

6. PleuropJwrns zealandicus,sp.iioY. Carnic; Otamita, Hokonui Hills

Somewhat reduced. Left valve. Marshall Coll. (P. 212.)

7. Cardioniorpha f?) nuggetensis, sp. nov. Carnic ; Nugget Point

Otago. Somewhat reduced. Trechmann Coll. (P. 189.)

8. Anodonto^ohora edmondiiformis, sp. nov. Carnic ; Otamita, Hokonui
Hills. Somewhat reduced. Left valve. Trechmann Coll. (P. 208.)

9. Anodontopliora ovalis, sp. nov. Carnic ; Otamita, Hokoniii Hills

Somewhat rediiced. Trechmann Coll. (P. 208.)

10. Anodontopliora angulata, sp. nov. Carnic ; Otamita, Hokonui Hills

Somewhat reduced. Trechmann Coll. (P. 208.)

11. Palceocardita qiiadrata, sp. nov. Carnic ; Nugget Point, Otago
Natural size. Left valve. Trechmann Coll. (P. 212.)

12. Macrodon cf. cvrionii Bittner. Carnic; Otamita, Hokonui Hills

Natural size. Left valve. Trechmann Coll. (P. 191.)

13. Macrodon sp. Carnic ; Mount Heslington, Nelson. Natiu-al size

Gutta-percha squeeze. Interior of right valve. N.Z. Geol. Surv
Coll. (P. 191.)

14. Pseudoplacunopsis placentoides, s];). nor. Carnic; Otamita, Hokonui
Hills. Natui-al size. Attached valve. Trechmann Coll. (P. 209.)

15. Ditto. Carnic ; Otamita, Hokomii Hills. Natural size. Upper valve.-

Trechmann Coll. (P. 209.)

16. Lima (LimatulaJ cf. pticlileri Bittner. Carnic; Mount Heslington,

Nelson. Natural size. Gutta-percha squeeze. Left valve. Trech-

mann Coll. (P. 206.)

17. Megalodon glohularis, sp. nov. Carnic; north side of entrance of

Wairoa Gorge, Nelson. Natural size. Gutta-percha squeeze.-

Trechmann CoU. (P. 209.)
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Fig. 18. Pecten sp. Carnic ; Nugget Point, Otago. Natural size. Gutta-

percha squeeze. Left valve (?). Trechmann Coll. (P. 206.)

19. Cassianella sp. Carnic ; Otamita, Hokonui Hills. Natural size.

Left valve. Trechmann Coll. (P. 206.)

20. Leda semicrenulata, sp. nov. Carnic ; Otamita, Hokonui HiUs.

Natural size. Trechmann Coll. (P. 191.)

21. Palaeoneilo otamitensis, sp. nov. Carnic ; Otamita, Hokonui Hills-

Natural size. Eight valve. Trechmann Coll, (P. 190.) p

22. Palaeoneilo cf. i^rseacuta Klipstein. Carnic ; Otamita, Hokonui
Hills. Natural size. Trechmann Coll. (P. 190.)

Plate XXH.

Fig. 1. Holcomiia rotnndata, gen. et sp. nov. Carnic. Mount Heslington^

Nelson. Natural size. Gutta-percha squeeze. Right valve. N.Z.

Geol. Surv. CoU. (P. 205.)

2 a. Hokonuia limaeformis, sp. nov. Carnic; Otamita, Hokonui Hills..

Two-thirds of the natural size. Eight valve. Trechmann Coll.

(P. 204.)

2 h. Same specimen. Anterior portion of hinge showing tongue-like

shelly process. Natural size. (P. 204.)

3. Hokonuia cf. rotundata, sp. nov. Carnic ; Eighty-Eight Valley,

Nelson. Natural size. Gutta-percha squeeze. Interior of left-

valve. Trechmann Coll. (P. 205.)

Figs. 4a & 4&. Hokonuia cf. rotundata, sp. nov. Carnic; Wairoa Gorge,.

Nelson. Three-quarters of the natural size. Left valve ; 6=
anterior view. N.Z. Geol. Surv. Coll. (P. 205.)

Fig. 5. Hokonuia limaeformis, sp. nov. Carnic ; Otamita, Hokonui Hills-

Eight valve. Natural size. Trechmann Coll. (P. 204.)

6. Anisorardia parvida, sp. nov. Carnic ; Otamita, Hokonui Hills..

Thrice the natural size. Gutta-percha squeeze. Eight valve.

Trechmann Coll. (P. 213.)

7. Ditto. Same locahty. Thrice the natural size. Gutta-percha
squeeze. Left valve. Trechmann Coll. (P. 213.)

8. Myophoria otamitensis, sp. nov. Carnic ; Otamita, Hokonui Hills.

Natural size. Trechmann Coll. (P. 211.)

9. Myophoria heslingtoneusis, sp. nov. Carnic ; Mount Heslington,

Nelson. Thrice the natural size. Gutta-percha squeeze. Eight-

valve. N.Z. Geol. Surv. Coll. (P. 211.)

10. Myophoria nuggetensis, sp. nov. Carnic; Nugget Point, Otago.

Natural size. Gutta-percha squeeze. Trechmann Coll. (P. 210.)

11. Pinna sp. Carnic ; Eighty-Eight Vallev, Nelson. Natural size-

Left valve. N.Z. Geol. Surv. CoU. (P. 206.)

Plate XXIIL

Figs. 1 a & Ih. Halorella zealandica, sp. nov. Ladino-Carnic ; Caroline^

Cutting, Hokonui Hills. Natiu-al size. Cast of ventral and dorsal

valves. Trechmann Coll. (P. 216.)

Fig. 2. Ditto. Same locality. Natural size. Gutta-percha squeeze of ven-

tral valve. Trechmann Coll.

3. Ditto. Same locality. Natui-al size. Gutta-percha squeeze of ven-
tral beak and dorsal valve. Trechrhann Coll.

4. Halorella sp. cf. pedata var. muUicostata Bittner. Carnic ; Eighty-
Eight Valley, Nelson. Natural size. Dorsal valve. N.Z. Geol.

Surv. Coll. (P. 217.)

5. Dielasma zealandica, sp. nov. Ladino-Carnic ; Caroline Cutting,

Hokonui Hills. Three-quarters of the natural size. Cast,

dorsal aspect. Trechmann Coll. (P. 217.)

6. ' Terehratnla ' pachydentata, sp. nov. Carnic ; Otamita, Hokonui
Hills. Natural size. Dorsal aspect. Trechmann Coll. (P. 218.)
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Fig. 7. Terehratula (Ccenothyris ?J sp. Xoric. Pseudomonotis Bed; Eicli-

mond, Nelson. Natural size. Gutta-percha squeeze. Dorsal
aspect. Trechmann Coll. (P. Iil8.)

8. Terehratula ci.lnuigarlca 'Bittnev. Carnic ; Otamita, Hokonui Hills.

Natural size. Dorsal aspect. Trechmann Coll. (P. 219.)

9. Mentzelia cf. amiila Bittner. Eheetic ; Kawhia. Natural size.

Dorsal aspect. Trechmann Coll. (P. 228.)

Pigs. 10 a & 10 b. Mentzelia Jcau-hiana, sp. nov. E-hastic ; Kawhia. Natural
size. o=ventral; b= dorsal aspect. Trechmann Coll. (P. 228.)

Pig. 11. Mentzeliopsis spinosa, gen. et sp. nov. Kaihiku Beds, Ladino-Carnic
;

Caroline Cutting, Hokonui Hills. Natural size. Gutta-percha
squeeze of dorsal valve. Trechmann Coll. (P. 230.)

12. Ditto. Same locality. Natiu-al size. Gutta-percha squeeze of

another dorsal valve. Trechmann Coll.

13. Ditto. Same locality. Natiu*al size. Gutta-percha squeeze of a
ventral valve. Trechmann Coll.

14. Ditto. Same locality. Natural size. Gutta-percha squeeze of

another ventral valve. Trechmann Coll.

15. Ditto. Same locality. Natiu-al size. Gutta-percha squeeze of the

interior of a ventral valve showing the median septum and the

external spines. Trechmann Coll.

16. Ditto. Kaihiku Beds ; North Peak, Hokonui Hills. Cast, the spines

destroyed, showing the ventral median septum and dental plates.

Natural size. N.Z. Geol. Surv. Coll.

17. Mentzeliopsis horrida, sp. nov. Kaihiku Beds, Ladino-Carnic;

Caroline Cutting, Hokonui Hills. Gutta-percha squeeze of dorsal

valve. Natural size. Trechmann Coll. (P. 230.)

— 18. Ditto. Same locality. Gutta-percha squeeze of the ventral valve

of another specimen. Natural size. Trechmann Coll.

Tigs.,19 a & 19 fc. Spiriferina (?) caroiinse, sp. nov. Kaihiku Beds, Ladino-
Carnic ; Caroline Cutting, Hokonui Hills. Natural size. Gutta-

percha squeeze: a= the interior ; 6= the exterior of a ventral valve.

Trechmann Coll. (P. 226.)

Pig. 20. Ditto. Same locality. Natural size. Gutta-percha squeeze of the

exterior of a dorsal valve. Trechmann Coll.

21. Retziaschicageri'Bittji.eT. Carnic ; Mount Heslington, Nelson. Gutta-

percha squeeze. Dorsal aspect. Natural size. Trechmann Coll.

(P. 227.)

Plate XXIV.

Pig. 1. Spiriferina diomedea, sp. nov. Phsetic. South Hillend, near the

Hokonui Hills. Gutta-percha squeeze of a dorsal valve and part of

the ventral area. Natural size. Marshall Coll. (P. 222.)

2. Ditto. Ehaetic : Nugget Point, Otago. Natural size. Dorsal aspect,

the wings broken. N.Z. Geol. Surv. Coll. (P. 222.)

3. Spiriferina acutissima, sp. nov. Noric(?): east side of Mount
Heslington. Nelson. Gutta-percha squeeze, dorsal aspect. Natural
size. N.Z.' Geol. Sui-v. Coll. (P. 221.)

4. Spiriferina gypaetus, sp. nov. Noric (?) ; South Peak, Benmore,
Hokonui Hills. Gutta-percha squeeze, dorsal aspect. Natural size.

N.Z. Geol. Siu-v. Coll. (P. 221.)

5. Spiriferiyia cf. austriaca Suess. Lower Carnic (?) ; Mount Potts.

Dorsal aspect. Natural size. N.Z. Geol. Surv. CoU. (P. 224.)

Pigs. 6-8. Spiriferina nelsonensis, sp. nov. Carnic : western slopes of Mount
Heslington, Nelson. Natural size. Gutta-percha squeezes : 6—
a dorsal valve and ventral area : 7= exterior of a ventral valve

;

8— ventral area: of three diiferent examples. Trechmann Coll.

(P. 223.)
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Figs. 9 a & 9h. Spiriferiaa otamitensis, sp. nov. Carnic ; Otamita, Hokonui
Hills, a= dorsal ; 6= ventral valve of a rather crushed example.

Natural size. Trechmann Coll. (P. 225.)

10-12. Spiriferina fragilis Schlotheim. Kaihiku Beds, Ladino-Carnic
;

Caroline Cutting, Hokonui Hills. Natural size. Gutta-percha

squeezes: 10=ventral; 11 & 12= dorsal valves. Natural size.

Trechmann Coll. (P. 219.)

13ft&13&. Spiriferina suessi Winkler, var. australis nov. Carnic,

ifaZobia Beds ; Mount Heslington, Nelson. Natural size, a= dorsal;

6= ventral aspects of the same example, a cast. Trechmann Coll.

(P. 225.)

Fig. 14. Ditto. Same locality. Gutta-percha squeeze of the exterior of a

ventral valve. Natural size. Trechmann Coll.

15. Spiriferina kaihikuana, sp. nov. Kaihiku Beds, Ladino-Carnic
;

Eighty-Eight Valley, Nelson. Gutta-percha squeeze of the exterior

of a dorsal valve. Natural size. N.Z. Geol. Surv. Coll. (P. 220.)

Plate XXV.

Figs. 1 a & 1 b, Hectoria hisiilcata, gen. et sp. nov. (Hector). Ehaetic ; Ka-
whia. Natural size, a= dorsal; b== ventral aspect. Trechmann
Coll. (P. 225.)

Fig. 2. Hectoria tumida, sp. nov. Rhaetic ; Benmore, Hokonui Hills.

Natural size. Gutta-percha squeeze of a ventral beak and a dorsal

valve. Trechmann Coll. (P. 236.)

3. Hectoria sp. Taylor's Creek, Hokonui Hills. Natural size. Wea-
thered cast showing the spiralia. Ventral aspect. N.Z. Geol. Surv.

Coll. (P. 233.)

Figs. 4 a & 4 b. Hectoria cnneiformis, sp. nov. Jurassic, Taylor's Creek,

Hokonui Hills. Natural size. a=ventral aspect; b= section.

N.Z. Geol. Surv. Coll. (P. 237.)

Fig. 5. Spirlgera kailiilcuana, sp. nov. Ladino-Carnic ; Cowan's Railway-
station, Hokonui Hills. Natural size. Dorsal aspect. N.Z. Geol.

Surv. Coll. (P. 231.)

Figs. 6a & 6h. Spirigera u-reyi Zittel. Carnic ; western slope of Mount Hes-
lington. Nelson. Natural size. a = dorsal aspect; b= section.

Trechmann Coll. (P. 231.)

Figs. 7a & 7 b. Spirigera manzavinioicJes,sp. noY. Carnic; Otamita, Hokonu.i
Hills. Natural size, a= dorsal; b= ventral aspect. Trechmann
Coll. (P. 232.)

DiscrssiON.

Dr. F. A. Bather was glad to find a British geologist and
paleontologist tackling these complicated problems of New Zealand
geology with such success. Ever since he himself had described

Torlessia, he had wished to know the age of the supposed Maitai

Beds near Mount Torlesse, where this presumed annelid was found.

Did the Author include them in those which he now referred to

the Pernio-Carboniferous, or would he parallel them with the

Yakutat Slates of Liassic age, or would he leave them in the

Trias ?

The Author, in reply, stated that the true relationship of the

Mount-Torlesse Annelid Beds was still one of the unsolved problems
of New Zealand geology. The question of their stratigraph}^ is

discussed by McKay and others, and the evidence seems to show

Q. J. G. S. No. 291. TJ
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that they form the upper part of the Maitai Series. The Annehcl
Beds have not been traced in the Nelson district, the classical area

of the Maitai Series ; but he had himself found a piece of annelid-

like tube in the Maitai Limestone of the Wairoa Grorge, accom-
panied by Za])}irentis and Pernio- Carboniferous brachiopods.

He did not think the Mount-Torlesse Annelid Beds in any
way equivalent to the Yakutat Slates of Alaska, as he had shown
that the large bivalve in the Maitai Argillites overlying the Lime-
stone near Nelson, formerl}^ supposed to be Inoceramus, is ap-

parently identical with Aplianaia L. Gr. de Koninck, of the

Permo-Carboniferous of New South Wales.

Inoceramya TJlrich, of the Yakutat Slates, is a shell of the

Inoceramus group, and bears a row of areal ligament-pits. The
Lias, or at least the Lower Jurassic, is a well-defined formation

in New Zealand, where it overlies the Trias, and in no way
resembles the Annelid Beds.

He felt much interest in the fact that Dr. Bather had determined

the scanty crinoid remains that he collected in the Kaihiku Beds
as rather of Upper than of Middle Triassic age. All evidence that

these deposits were Permian or Lower Trias seemed now entirely,

removed.

ij
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8. The Triassic Ceiis^oids from New Zealand, collected hy

Dr. C. T. Teechmanjs'. By JFeaxcis Aethue Bathee,

M.A., D.Sc, F.R.S., F.G.S. (Read February 7th, 1917.)

De. Teechmain^n has kmdly presented to the British Museum
(Natural History) a stem-fragment and a piece of calcareous sand-

stone containing imprints of various columnals, and has asked me
to furnish some notes on them. Since these are the first Triassic

crinoids to be described from New Zealand, their adequate descrip-

tion seems warranted, despite their fragmentary condition. All are

believed to represent new species.

In 1909 most of the Triassic crinoids known up to date were

discussed by me in ' Triassic Echinoderms of Bakony,' i and the

terminolog}^ here employed is explained in that memoir. Since

then the only professedly new forms made known are those con-

tained in Clark & Twitchell, 1915, -'The Mesozoic & Cenozoic

Echinodermata of the United States ' (U.S. Greol. Surv. Monogr.

liv). These, therefore, are discussed here at greater length than

the better-known European species, and for one of them a new
specific name is proposed.

[Mr. Gr. C. Martin, in a paper on ' Triassic Rocks of Alaska,'

published December 1916 (Bull. Geol. Soc. Amer. vol. xxvii,

pp. 685-718), but not received here until June 1917, records

specimens of ' Pentacriims.'' These, which belong to two new
species of Isocrinus, are also described and compared.]

EXTEOCHUS UXDATUS, sp. uov. (Figs. 1 & 2, p. 218.)

Diagnosis.—Trochitie with smooth, faintly convex side-faces;

ratio of height to diameter circa 0*18
;

joint-face with about

25 coarse ill-developed ridges, radiating from the centre about

halfway to the periphery, where they merge into a few broad,

irregular waves.

Locality.—Eighty-Eight Valley, Nelson, (N.Z.).

Horizon.—Kaihiku Beds, Ladino-Carnic.

Material.—A stem-fragment consisting of 21 columnals or

portions of columnals, broken cleanly across at the joint-face,

between the 5th and 6th, and worn all down one side, especially

towards the other end of the fragment. British Museum, Geological

Department, E 22185.

Description.— Cylindrical.

Length of fragment= 38 mm.
Average height of columnal, as calculated=1*58 mm.
Greatest height of a columnal, as measured— 1 "8 mm.
Least height of a columnal, as measured=l'5 mm.
Diameter =8'2 mm. at the more imperfect end; =10 mm. at the other.

Ratio of height to diameter= 0' 18.

Diameter of lumen= about 0'8 mm.

^ ' Result. Wissensch. Erforsch. des Balatonsees ' vol. i, Pal. Anhang.



Entroclii and Pentacriuifrom New Zealand and J!^orth America.

[Figs. 1 and 3 are of the natural size. All tlie rest are enlarged 4 diameters.
Drawn by Miss Margaret Tempest.]

JEntrocJms undatus. (Pp. 247-49.)

1. Holotype. Side view; the thicker sutnre-lino, filtli from the top, represents

the division between the two fragments. [E 22185.]
2. Holotype. Joint-face at the top of the larger fragment.

(P. 249-52.)Entrochus ternio.

Fig. 3. Holotype. Side view. [E 22186.]
4. Holotype. Joint-face.

5. Group B. Joint-face with the characters of the holotype.
6. Group B. Joint-face with ridges p6ntamerousl3' fasciculated.

7. Group C. Joint-face of young.

JEncrimis hyatti W. B. Clark. (P. 251.)

Fig. 8. Joint-face. [E 6481.]

Isocriniis trechmanni. (Pp. 252-53.)

Fig. 9. Normal joint-face. In this example there is a marked peripheral rim, and the
radial ridge-groups are gable-shaped. [E 22186.

J

10. Joint-face of a small cpizygal with no ridges. [^E 22187.]
11. Syzygial joint-face with traces of ridges. [E 22187.]
12. A wide asymmetrical brachial. [E 22187]
13. A pinuular, or a symmetrical brachial from the distal region. [E 22187.]

Isocrinus ctipreiis. (Pp. 255-56.)

Fig. 14. Normal joint-face. In this the secondary or accidental radial depressions are

less marked than in most. [E 22178.]

Isocrinus graviiice.

Fig. 15. Normal joint-face. [E 22181.]

(P. 256.)
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Sides smooth, faintly convex, rising about O'l mm. above tlie

suture-line.

Suture-lines broadly and irregularly waved, not crenelate in the

ordinary sense.

The joint-face shows faint traces of radiating ridges in the

central area, but at about halfway to the periphery these die away
with varjdng rapidity. The number of these ridges is estimated

at 25-; it is not possible to see whether they are grouped by fives

to any extent. The ridges and grooves are of equal size. The
peripheral half of the joint-face is almost smooth; but in places

there can be detected the traces of the radiate ridges, also faint

concentric grooves. The whole surface is thrown into very slight

broad waves, 5 or 6 in all, which bear no obvious relation to the

ridges.

The lumen is obscurely pentagonal, and is indicated in the fossil

by a calcite infilly;ig of darker colour. Within this, at all four

places where it is exposed there is visible a structure with a light

border, which may be interpreted as probably an axial vessel,

2)0ssibly wdth five chambers (compare Bather, 1909, pp. 41, 42).

Relations of the species.—The circular section, smooth
exterior, apparent absence of cirri, small lumen, and radiating

ridges on the joint-face : all these are characters of the Encrinus
stem, and to that genus the present specimen probably belongs.

None the less, in the absence of evidence from the crown, and in

view of the distinctive characters of the joint-face, it is safer

to give the specimen foi- the present the non-committal name
Entroclius.

From all known species of JEncriniis, and from all Entrochi as

yet described from Triassic rocks, the Entroclius here described

differs in the substitution of broad irregular waves for the radi-

ating ridges in the ])eripheral area of the joint-face, resulting in a

waved non-crenelate suture-line. Hence the trivial nam.e, tcndatiis,

waved.

E:sTE0CHUS TERXio, sp. nov. (Figs. 3-7, p. 248.)

Diagnosis.—Trochitie Avith smooth, faintly convex side-faces;

ratio of height to diameter=0"35 (more in young) ; suture de-

pressed, crenelate; joint-face with a raised central area, and from
20 to 30 well-marked ridges, of which two-thirds tend to constitute

forked pairs starting from the centre, and one-third to be shorter

ridges intercalated between the pairs.

Locality.—Caroline Cutting, Hokonui Hills. Southland (N.Z.).

Horizon.—Kaihiku Beds, Ladino-Carnic.

Material.—Various imprints of columnals on a fragment
of calcareous sandy matrix with iron-stained imprints and in-

ternal casts of Sjyiriferina fragiUs, Dlelasma cf. liunalayana.

Men fzeliopsis, and Isocrinus. British Museum, Greological Depai-t-

ment, E 2218G. The imprints of columnals may be gi-ouped under
three headings. (A) A stem-fragment consisting of 3 columnals,
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and showing the clear impression of one joint-face. This, which
is beheved to represent the adult stage, is fixed on as the holotype.

(B) Three smaller separated columnals, visible in rather imperfect

imprints, not far from the holotjpe. (C) Two small united

columnals, and, at 16 mm. distance from them, the imprint of a

small joint-face. These three sets will now be described in order.

Description of A, the holotype (figs. 3 & 4, p. 248).

—

C^dindi'ical.

Length of fragment= 5'8 mm.
Diameter— 5" 7 mm.
Height of a columnal, as measiired= 2 mm. Ratio to diameter =0'35.
Diameter of lumen= circa 0*4 mm. (not more).

Sides smooth, faintly convex ; suture depressed.

Suture-lines with large, rounded, w^ell-marked crenellae.

The joint-face shows a raised area round the*lumen, and outside

this about 28 radiating ridges, which tend to be arranged so that

about a third start from the central area and fork, while the

remaining 9 are intercalated between these pairs. It is this arrange-

ment by threes that has suggested the trivial name teniio, a

number containing threes.

Description of Group B (figs, o & Q, p. 248).—The three

columnals are all of about equal size, with the following ap-

proximate measurements :

—

Diameter=3" 7 mm.
Height=1 "8 mm. Ratio to diameter=0 "48.

Diameter of lumens 0*25 mm.

In the best-preserved joint-face (fig. 5) there are about 22
ridges, arranged in pairs with a shorter one intercalated, as in the

holotjpe.

The joint-face of the adjacent imprint (fig. 6) has a smooth and
flat central area, at a level slightly below the ridges. This area is

larger than in the other cases, so that the ridges are shorter.

Their number is estimated at not less than 22, and they appear to

lie in five fascicles of 4 or 5, those in each fascicle being parallel

to the median line of that fascicle.

These smaller columnals are ranked with the holot^^pe, as pro-

babl}^ belonging to the same species. The characters in which
they differ from the holotype are, on the whole, those of youth.

With this the relatively greater lieight of the columnals is con-

sistent, though perhaps rather more than might have been expected

on that interpretation. I have previously suggested (1909, ]). 9)

that the pentamerous fasciculation of the ridges is a frequent,

possibly universal, characteristic of youth in the genus Encrimis.

It may, however, be manifested in certain regions of the stem and
absent from others. In some species the character passes into the

adult stage, and in genera of later origin becomes a normal feature

(1909, p.' 249). See p. 2-51, under ' llclations.'
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Description o£ Group C (fig. 7, p. 248).— The stem-

fragment composed of two columnals is cj^lindrical.

Diameter of coliimnal=2-3 mm.
Height of columnal= l"25 mm. Ratio to diameter= 0'54.

Diameter of lumen= 0*25 mm.

Sides smooth, very faintly convex, ahnost straight.

Sutm'e-lines with large, rounded, well-marked crenellse.

The joint-face shows a raised area round the lumen, with a

diameter of about 0*6 mm., and outside this are 10 radiating ridges,

rapidly broadening.

The other imprint also has 10 ridges. Its diameter is 1*6 mm.
These specimens may represent a still younger stage. If from

the holotype's total of 28 we were to eliminate the shorter inter-

calated ridges, there would be left about 10 pairs of bifurcating

ridges, and each of those pairs would in its early stage appear as a

single rapidly broadening ridge.

Relations of the species.—At first sight the characters of

these imprints seem of so indifferent or uncritical a nature as not

to warrant the establishment of a new species. I have, however,

worked through the descriptions of published species without

finding any that agree with the diagnosis here presented. Perhaps

one would not expect to find the same species in the European or

even in the American province ; but neither is there anything

of the kind in the Triassic material from Timor that Prof. J.

Wanner has kindly entrusted to me for description. Among
European species similar joint-faces are found in the Carnic rocks

rather than in the Ladinic, where the sharjDly-cut cog-wheel type,

familiar in Encrinus liliiformis, is dominant.

A tendency to bifurcation and intercalation of ridges on the

same plan as in JEntrochus ternio is observable in Entrochiis insignis

Toula. Specimens of this from the type-locality in Bulgaria Avere

most kindly sent to me by Dr. P. Bakalow (Brit. Mus., Greol. Dept.,

E 14076), who has proved their Triassic age [probably Raiblian].

This species shows a far more marked pentamerous fasciculation of

the ridges than anything hinted at in E. ternio, together with a

beginning of petals and radial ridge-groups.

An earlier stage of that development is found in Encrinus
hyatfi W. B. Clark (1915), from the Upper Trias of California.

Clark lays stress on the bifurcating striations (which, by the way,

are scarcely shown in his figure) ; but he has not observed other im-

jDortant characters. In a specimen (fig. 8, p. 248) which Prof. Clark

was so good as to give me many years ago (now Brit. Mus., Geol.

Dept., E 6481) there are shorter intercalated ridges as in E. in-

signis, not so regular as in E. ternio. Further, the ridges are

clearly gathered in 5 fascicles surrounding a relatively large,

raised, central area, which thrusts out 5 wedges between the

fascicles, each wedge splitting (as it were) one of the ridges and
compressing the other ridges into a fan as it forces the limbs of
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the split one asunder. These split ridges may be the beginning
of either the radial ridge-groups or the petals ; their relations to

the lumen are obscure, but they coincide with the angles of the

peripher}^ which is irregularly and faintly pentagonal. The ridges

of JSncrinus liyatti are coarser than those of Entrocliiis in,signis,

finer than those of E. ternio. The characters observed are con-

firmed b}- squeezes (Brit. Mus., Greol. Dept., E 21819) yerj kindh^

made by Prof. Bassler from specimens studied hj Prof. Clark and
now in the U.S. National Museum.

IsocEiNrs TEECHMAyxi, sp. noy. (Pigs. 9-.13, p. 248.)

Diagnosis.—Transverse section normally a rounded pentagon,

at the syz3^gy a rounded star. Height less than one-third of the

diameter. Side-faces smooth, straight. Suture-line Hush, faintly

or not at all crenelate. Normal joint-face with lumen minute
;

central area raised, smooth, narrow, continuous with the radial

crenellse; petal-Hoors raised generally to the level of the crenellse,

smooth, narrow, long; radial ridge-groups about 3, inosculating

more often than gable-shaped, the distal pair meeting at an angle

of about 90°; peripheral crenellse 6 to 8, passing from the inter-

radius towards the periphery at an angle which gradually increases

to a right angle in the more acentral ridges ; all confluent on the

periphery.

Localit}^—Caroline Cutting, Hokonui Hills, Southland (N.Z.).

Horizon.—Kaihiku Beds, Ladino-Carnic.

Material.—A^arious imprints of columnals on the same rock-

fragment as JEntrocJius ternio. British Museum, Greol. Dept.,

E 22186, E 22187. The holotj^pe is the imprint of a normal
joint-face on the latter piece, not the example drawn in fig. 9.

Description.—The transverse section of a normal internodal

is a pentagon, usually rounded, with sides sometimes slightfy convex.

A few that show signs of excavation of the sides probably la}" just

above the nodes, and received the cirri in their hollowed sides. One
such is almost a pentapetalon. Measurements of normal internodals

are :

—

Diaineter=.2 mm., 2'3 mm., 2'8 mm.
Height=0-75 mm. ; ratio to diameter=0*2 7.

Side-faces straight and unornamented.

Suture-lines Hush, noncrenelate in normal internodals
;
perhaps

obscurel}'' crenelate at or near syzj'gies.

J in t - f a c e s.—Normal internodal (fig. 9, p. 248) : lumen minute,

say 0"1 mm., its section not distinct ; central area raised, smooth,

narrow, continuous with the radial crenellse
;

petal- floors raised

generall}" to the level of the crenelhe, smooth, narrow, long ; radial

ridge-groups about 3, inosculating more often than gable-shaped,

the adcentral pair tending to fuse with the central area, the

acentral meeting at an angle of about 90°
;

periphei-al crenellae

3 or 5 in small ossicles, from 6 to 8 in full-sized ones (9 in the
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pentapetalon), passing from the intermdius towards the peripheiy

at an angle which gradually increases to a right angle in the more-

acentral ridges : all continent on the periphery.

Syzygial face (seen in one imprint, tig. 11, whether epi- or hypo-

zygal uncertain): sides of rounded pentagon faintly excavate ; lumen,

and central area larger than in the normal face, the area slightly

raised ; petal-floors wide, and flush or slightly depressed
;
perradial

ridge-groups 2, the adcentral one a mere granule, the acentral one

lambdoid with the stem hroadening to form part of the peripheral

rim
;
peripheral crenellse restricted to one on each side of the lamb-

doid stem, but the rim is continuous, though faint, and a couple of
slight swellings on it represent the interradial crenellse.

There is one small imprint (tig. 10) that appears to be of an
epizygal, but it is not very clear. It is a rounded star, with,

diameter= 1*8 mm. ; IR= 1 mm. ; r = 0*5 mm. ; lumen minute, but

distinct, relatively large, apparently pentagonal ; lidges invisible
;

petal-floors slightly depressed; rim indistinct. The side-faces of

this columnal were vertically concave, and apparently bore a

depressed, elliptical cirrus-facet.

Cirrals appear to be represented by imprints of a few small

canaliculate ossicles.

Brachials.—There are a few scattered imprints of articular

faces, which probably represent brachials, of this species. There
are w^ide brachials from the proximal region (tig. 12), narrower
and more elevated ones from the distal region (tig. 13) ; one wide
brachial shows a syzygial face. All have the axial canal well

' developed, and in this respect resemble the brachial from the

Raiblian Cardifa-Oolite of Rammelsbach, tigured in ' Triassic

Echinoderms of Bakony ' (1909, pi. v, tig. 122) rather than the

brachial from the Cassian Beds of Cserhat (oj). cit. pi. v, tig. 127).
Relations of the species.—The joint-faces of three EuroiDean

Triassic species (/. j^^^opinquiis^ I. hercunice, I. havaricus) are

distinguished from I. trechmanni by the presence of a radial

triangle. The absence of a rim and the consequent crenelation of
the suture-line distinguish /. fyrolensis, I. scipio, and I. sceptrum.

I. amoenus is further characterized by the marked ornament of its-

side-faces, and I. candelahrum by the long curved ridges of its

joint-face. In I. duhius (Goldfuss) the crenellse are confluent

with the peripher}^, but that species, to judge from the original

figures, has wider petal-floors than I. trechmanni, with a greater

distinction between the radial ridge-groups and the peripheral

ridges. I. duhius needs careful redescription on the basis of the

original material ; meanwhile, it is with it and similar forms that

I. treclimanni should be associated.

Turning to the Triassic species of North America, the characters

of which have latel}^ been sketched by Prof. VV. B. Clark (1915),
we find three species, which may be discussed briefly.

Isocrinus smithi, from the Lower Trias, is represented b}^

weathered columnals. The section in the specimen as tigured is a

Q. J. G. S. No. 291. X
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rounded star, with diameter= 2"85 inin. (the text says 5 to 2 inm.)

and height =0*8 mm. (the text ssijs 0'33 to 1 mm.), llatio of

height to diameter= 0-28 (the text would make it OQ to 0*5 ).

The lumen is said to be ' small,' but as drawn has ai diameter of

0"35 mm. No other characters of the joint-face are either figured

or described, although the drawing suggests that the side-faces

Avere transversely ridged. This feature and the general outline

distinguish I. smitlii from I. treclimanni.

Isocriniis californiciis, from the Upper Trias, is represented b}^

well-preserved columnals. The section as drawn is a rounded star,

Avith a diameter-= 8-75 mm. (the text says 2 to 5 mm.) ; height=
nearly 0*8 mm. (the text says 0*5 to 1 mm.). Ratio of height

"to diameter = from about U"25 to 0*2. The lumen is said to be

'large and well-marked.' but as drawn has a diameter of 0'14mm.,
which (as compared with I. smithi) Avould be even minute. The
petals are ' narrow ' and ' sharply terminated

'
; from the drawing

it appears that the ridges are short and not confluent at the peri-

phery, but the side-view shows no trace of crenellae, which is

curious. The side-faces appear from both drawing and photograph

to be gently convex at the IR angles and sharply so at the

reentrant r angles, so that in the angle the sides are transversety

ridged. The photograph shows rather clearly a cirral, with section

circular, joint-face rimmed, central area raised, lumen minute.

The scalariform sides of I. californicus are enough to distinguish

it from I. treclimanni, whatever its other characters may really

be.

Tiie third species is a form recorded in 1877 by Hall &• Whit-
field ^ from limestone of Middle Triassic age in Nevada. They
referred it with doubt to the Jurassic Fenfacrimis asferiscus

Meek & Hayden. That, however, appears to be a Pentacrimis

sensu stricto, Avhereas the Triassic species is rightly referred by
Prof. Clark to Isocrinus. Unfortunately, he neither describes nor

names it. The specimen is said by him, as formerly by Whitfield

in his ' List of Types,' to be in the U.S. National Museum ; but

Dr. Bassler, who has kindly searched, tells me that it cannot now
be found. The original figure, howcA^er, is quite clear enough to

serve as the basis of a diagnosis and a name. The following are

therefore submitted :

—

Isocrinus argenteus, sp. nov. Transverse section a slightly

rounded star. Joint-face Avith radial triangle; lumen relatively

large and quinquelobate Avith radial lobes
;
petals lanceolate, but

not narrow ; radial ridge-groups about 3, remainder of ridges about

15, but of these only 2 or 3 at the distal end of the petal reach

the peripheiy. Diameter, may 'exceed one-fourth of an inch'

(say 7 mm.).
Holotvpe.—The specimen figured as Penfacrinites asferiscus?

by Hair& Whitfield, 1877.

1 U.S. Geol. Explor. 40th Parall., Final Eep. vol. iv, p. 280 & pi. vi, fig-. 16.
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[I am indebted to the Director of the United States G-eological

Survey for several sets of squeezes taken from the best specimens

found in Alaska (Gr. C. Martin, 1916). It is inferred from these

squeezes that the original specimens are in their natural relief.

Plaster casts have therefore been taken from the squeezes in the

Geological Department of the British Museum, and form the basis

of the following descriptions :

—

IsocRiNUS cuPEEUS, sp. nov. (Fig. 14, p. 248.)

Tmnsverse section a rounded star, with the sides of the inter-

radial angles slightly convex. Normal joint-face with lumen
minute (under 0*25 mm.) and central area raised in a rim round it

;

petals broadly lanceolate, floors flush with the ridges or but slightly

lower ; radial ridge-groups about 4, their crenellse inosculating,

and apparently fragile, merging into peripheral crenellse, which
are 8 or 9, non-contluent. Suture crenelate all round.

Approximate measurements :—IK = 2*5 mm. ; r = 1-5 mm.

;

reentrant angle= 0*5 mm. ; making diameter =4'5 mm.
Locality.—Jumbo Creek, near Bonanza Mine, Copper River

region, Alaska. U.S. Geol. Surv. Loc. 4809.

Horizon.—Upper Trias, Chitistone Limestone, supposed to be
Middle or Upper Carnic, therefore comparable with Raiblian (see

G. C. Martin, 1916, p. 692).

Material.—Squeezes in various substances from specimens in

the collection of the U.S. Geological Survey, and plaster casts

taken therefrom in the British Museum, Geological Department.
Registered E 21915-21918, E 22178-22180.
Holotype. — Plaster cast E 22178 and its original at

Washington.
Relations.—The most striking feature in the fossils (as inter-

preted from the squeezes) is the hollow that in nearly ever}" radius

of every specimen occupies the position of the radial ridge-groups.

At first, this suggests a radial triangle ; but closer inspection shows
that crenella^ exist all round the periphery, and in rare cases, as m
the right upper radius of fig. 14, the radial ridge-groups still

remain. It appears as though these structures were of looser

texture than usual, and so were easily worn or broken away, leaving

as a rule obscure traces or even a mere hollow, as in the left upper
radius of fig. 14. This last appearance seems (on the evidence of

the squeezes) to be the most chai-acteristic, and though it is not
in the strict zoological sense a diagnostic character, it may be
regarded as distinguishing what Prof. H. S. Williams (October
1917) has called a 'metamorphic species.' ^ The visible character
of such a s])ecies is directly due to certain physical, mechanical, or
chemical conditions of fossilization or metamorphism

; but for it to
have any systematic value, it must be indirectly due to some
feature in the gross or minute anatomy. That feature may have
been invisible until made visible by the exti-aneous forces, which
act as do the differentiating reagents of the laboratory.

^ • Xucixlites from the Silurian, &c.' Proc. U.S. Nat. Mus. vol. liv, pp. 27-58.
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Apart from this peculiar character, the species differs from other

known Triassic species. Those which resemble it in the crenelation

of the sutm-e and in the absence of a radial triangle have petal-

floors depressed, and not flush as here. In I. trechmanni, which
has flush petal-floors, the peripheral crenellse are fewer and are

generally confluent.

ISOCEl^^IJS GEATI?y^.^, sp. nov. (Fig. 15, p. 248.)
Transverse section a slightly excavate star with rounded angles.

Normal joint-face with lumen small (obscure, saj^ 0*5 mm.)

;

central area merging into adradial crenellse; petals narrow (4*4 mm.
long, 1-6 mm. at greatest width, giving ratio of 0*36), their floors

depressed, with a greatest width approximately one-third of the

width of the petal (actually 0*6 mm.) ; adradial crenellse, after the-

obscurely formed adcentral crenellse, are about 10 on each side,

regularl}^ corresponding, 0"5 mm. long; peripheral crenellse estimated

at 5 (the ends of petals are broken) ; a well-marked radial triangle

with surface rising gently towards the radius in its outer (acentral)

region.

Approximate measurements :—IE = 4'9 mm. ; r = 3'1 mm. ;.

reentrant angle = 0"7 mm. ; making diameter = 8*7 mm.
Localit3^—Cove 3 miles north of Dall Head, Gravina Island

(S.E. Alaska).

Horizon.—Upper Trias, supposed to be Lower Noric (see-

a. C. Martin, 1916, p. 700).

Material.—Squeezes in various substances from sjDecimens in

the collection of the U.S. Geological Survey, and plaster casts-

taken therefrom in the British Museum, Geological Department.
Eegistered E 21913, E 22181-22182. An obscure squeeze,

E 21914, indicates that a more broadh^ petaloid Isocrinus occurs

in the southern arm of this cove.

Holotype. — Plaster cast, E 22181 and its original at

Washington.
Relations.—A very distinct form. In the large radial triangle

and narrow petals it approaches a true Pentacrimis much more
closely than does Isocrinus argenfeiis, and, unlike that species, it

has no radial ridge-groups.]

A radial triangle is slightly developed in Isocrinus 'projnnqiius

and is well marked in an undescribed Isocrinus in Dr. Wanner's
matei'ial from the Upper Trias of Timor. All these species are

thereby distinguished from I. treclimanni.

There seems no doubt, then, as to the specific independence of

these New Zealand fragments, and I can find no name more fitting

to be associated with them than that of their collector, who has

thrown so much light on the real and alleged Triassic deposits of

New Zealand.

[November 30th, 1918.
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I. I^yTEODUCTIOJf.

DuEiXG the last few years ^ I have been engaged to examine a
series of ammonites and brachiopods—some thousands of speci-

mens—collected by the officers of the Greological Survey of Scotland

in the islands of the Inner Hebrides off the west coast of Scotland

—

Mull, Skye, Raasay. As the thickness of these Oolite-Lias deposits

is very considerable and s|)ecimens are in many places numerous,
the faunal sequence is often obsej'vable to great advantage ; and, as

new faunal elements have been disclosed in some cases, the Oolite-

Lias chronology requires a certain amount of elaboration and
revision. By the kind permission of the Director of the Greological

Survey I am allowed to give an abstract of certain results. These
data, when compared with those which have been gradual^ accu-

mulating about other districts, throw an interesting light on the

faunal sequence in certain strata, and, though admitting that all

suppositions are not yet proved, I venture to offer to the Society

an epitome of evidence and surmise with the idea of drawing the

attention of other Avorkers to the particular points about whicii

further investigation is desirable.

"' This paper was commenced in the winter of 1914-15.

Q. J. G. S. No. 292. T
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The classical paper on the Scottish area is that hy J. W. Judd.^

He proposed the terms ' Scalpa Sandstone ' and ' Pabba Shales,'

and, though working under great difficult}^ showed considerable

acumen in his zonal classification: he recognized the presence of

the zones of humphriesicDium, miirchisonce, sjnnaius, margari-
tatus, ibex, jamesoni, armatus, oxynotus, sonicostatus, and
hucMandi.
A more elaborate faunal sequence is put forward at the present

day, as shown by various chronological lists which have been
published by the present writer, for instance :

—

1898. ' Jurassic Time ' Q. J. G. S. vol. liv, p. 442.

1901. ' Horn. Brach.' Proc. Cotteswold F. C. vol. xiii (4), App. II, p. 265.

1910. ' Jurassic Strata ' Q. J. G. S. vol. Ixvi, p. 86.

1910-13. ' Yorkshire Type Ammonites ' i, p. xvi; ii, p. x.

1915. 'Pal. Class. Jur. Rocks
'

; 'Geol. Whitby' 2nd ed. Mem. Geol. Surv.

1915, chap. V, p. 60.

The tables in the two last-named publications may be taken

as a basis of reference. But the excellent results obtained by
Mr. W. D. Lang. 2 b}^ most painstaking work on the Dorset Coast,

show that still further elaboration is required. The same is the

lesson taught by the Scottish deposits. I propose to illustrate

and compare these results Avith each other, and with details from
intermediate areas.

The present paper is entitled ' I—Lias ' to indicate that it is the

first of a proposed series, to be followed, I hope, by further papers

on the Oolites so as to complete the Jurassic Chronology on the

same lines. The present paper gives the information about the

Lias by working downwards from younger to older deposits, because

that presents the different sections of the strata in continuous orderly

sequence. Strictly speaking, then, this series of papers should

have commenced with the latest rocks of the Jurassic ; but, as I

am not prepared mth their details, the sequence in the pajDers and
that in the series must remain at A^ariance—a technical blemish.

One could Avish that, for geological and other records, printing

and reading were from the bottom of the page to the top, because

then results could be placed in their due order of developmental

sequence.

For stratigraphicai information, pala?ontological material, and
generous assistance, I am Axry greatly indebted to several kind

friends : for Scotland, to Dr. G-. W. Lee and other officers of the

Greological Survey, Scotland; for Yorkshire, to Dr. F. L. Kitchin,

Mr. G. W. Lamplugh, Mr. Gr. BarroAv, and other officers of the

G-eological Survey, England ; for the Midlands, to Mr. B. Thomp-
son ; for Somerset and Grloucestershire, to Mr. J. W. Tutcher ; for

the Dorset Coast, to Mr. W. D. Lang ; for varied information, to

^ ' The Secondary Eocks of Scotland ' (West Coast), Q. J. G. S. vol. xxxiv

(1878) p. 660.
2 Proc. Geol. Assoc, vol. xxv (1914) p. Ii93.
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Dr. A. Morley Davies. To all I tender most grateful thanks.

^

For the Yorkshire area and for the South-Western Counties I have

also had my own field experience—chiefly in the last-mentioned

Part of the following pages may be regarded as an extension of

the principle applied with success to sundry brickyard exposures

along a line of countrj^—the principle of unlike faunas. Different

contiguous exposures show faunas of partly or wholty unlike facies

:

therefore their deposits are partly or wholly heterochronous—find

the sequence. In wider extension three are obviously other factors

for consideration—agency of deposition, difference of basin, con-

stituents of the fauna—like must be compared with like. But the

following pages show, it is hoped, that the method of work may be

extended and justified ; and that it may answer both wa^'-s—for, as

a proved sequence shows the meaning of dissimilar faunas, so dis-

similar faunas give reason for expecting heterochronous deposition.

It is fairly evident that geologists have been using the principle

of dissimilar faunas in separating strata, without recognizing it

—

much as M. Jourdain had Avritten prose wiihout knowing the fact.

But it is not proposed to pursue the matter further now—it

deserves a stud}^ to itself—and perhaps a terminology

!

II. Yeoyiliax and Whitbia?s.

- The whole of the Yeovilian and a considerable part of the Whit-
bian are unrepresented b}^ strata in the Scottish isles : a deposit,

about 75 feet thick in Baasay, which I term the Dun Caan Shales,

corresponding in date to the 'poat-i^ioorei part of the Bridport

Sands of South Dorset ^ (early Aalenian), rests non-sequentially on

the Raasay Ironstone, which is of the date of the lower part of the

Whitby Alum Shale

—

'post-fa Icij'erum hemera. This non-sequence

represents a break of about 700 feet of strata on the evidence of

various English localities ^
; and may prove to be very much more

when Continental dejDOsits come to be analysed with the same
detail.

The chronology of the Yeovilian and Whitbian has been already''

rather fully particularized in the last two communications men-
tioned in the list of works on p. 258 ; but there is reason to suppose

a fuller faunal sequence in the former, and (as regards the latter)

it seems desirable, on the ground of palafontological uniformity,

to class as early Whitbian the bed or beds hitherto regarded as

latest Domerian, see Summary, pp. 275, 276.

The attention of investigators should be particularly directed

to the sequence of strata on the Whitbian-Domerian border-line

—

^ To Mr. Tutcher my thanks are due for his careful photographic ilhistra-

tions to the Pala8ontoh)gical Appendix.
- Q. J. G. S. voL Ixvi (1910) pp. 60, 61, 64.
^ Ibid. vol. lix (1903) p. 456 ;

' Geol. AVhitby ' 2nd ed. Mem. Geol. Surv.

1915, chap. V, p. 75.

t2
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the ^ost-sjyinahtm jyre-falciferum deposits. This was a time of
earth-movement and local non-sequences : the full succession

—

perhaps more elaborate than that to be recorded in the Summary

—

may possibly be made out b}^ taking note of dissimilar faunas.

The strata of the Yeovilian, and, locally, even certain beds of

the Whitbian, have until comparatively recent times been classed

with the Inferior Oolite Series or as Passage Beds between Lias
and Oolite—the dividing-line between Lias and Oolites (or Lias and
Passage Beds) being roughly taken along the line of change from
clay to sand ; but this has been found to vary pala^ontologically b}^

several hemerse.^ Such former association, however, suggests that

there may be a more suitable opportunity to discuss these strata in

a proposed later communication dealing Avith the faunal sequence-

of the Lower Oolites.

III. DOMERIAX.

The Scalpa Sandstone, about 240 feet thick, is in the main of
Dome^ian date ; some of the base is earlier. There is no direct

evidence for the stratigTaphical sequence, but the faunas of the

spinatum and margar itatus dates are present, with that of alqovi-

aiium indicated. There is, however, another remarkable fauna in

a* distinctive matrix: it yields Amaltheus Icevis (Quenstedt), in

some abundance, some massive Rhj^nchonellids and other brachi-

opods. The Amaltheus, a Wiirtemberg species, a ver}' distinct

dwarf form, has not hitherto been found in English strata, if my
memory serves me truly; the massive Rhynchonellids- are quite

new to this country ; the other brachiopods agree in the main
with Domerian species of Yorkshire.

It is suggested, on the principle of dissimilar faunas, that the

Scalpa Sandstone shows a new faunal horizon—one ^ost-margari-
tatus Y^^t-spinatum—a deposit made during a hemera of Amaltheus
Icevis, well-developed and preserved in Raasay, possibly in part,

preserved in Yorkshire—it is to be looked for at the junction

of the above-mentioned zones—partly, if not entirely, absent froiu

the South of England ; but to be found locally on the Continent,

possibly in some thickness.

However, with this addition the sequence of Domerian faunas,

is certainly not complete. This is well sliown in a paper by M. J.

Monestier.-^ The strata between the Charmouthian and the

spiuatum horizon hitherto placed in the zones margaritatits-

algovianum (Oppel's upper and lower margaritatus zones) are

separated out by him into three subzones, with, in some cases,,

further division into uj^per and lower horizons.

1 'Monogr. Inf. Ool. Amm." (Pal. Soc.) 1890, p. 167.
2 GrandirhyncMa, S. Buckman, 'Gen. Jur. Brach.' 1914. Two species,

figaired in 'Brach. Namyau Beds, Burma' Pal. Ind. n. s. iii (2) 1917 (1918)
pi. xiii, figs. 5 & 6, and described on p. 228.

^ ' Zone k Amaltheus margaritatus ' Bull. Soc. Geol. France, sei*. 4, vol. siii

(1913) p. 5.
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From his excellent paper I extract the following as a summary
of the sequence :

—

Table I.

—

Faunal Horizons op Lower Domerian.

(After J. Monestier.)

Q 1 J"
Upper horizon. ^ Amaltheus gihhosa Quenstedt.'

' \ Lower horizon. ' Seguenziceras algovianuin Oppel.'

Subzone h. ' Cceloceras acantlioides Eeynes '

c, 1 r Upper horizon. • Hildoceras hoscense Reynes.'
Subzone «."i t i. • ^ /-< ji i t -a > '

[^ Lower horizon. Grammoceras jieldingi Keynes.

Monestier (p. 11) gives Amaltheus Icevis as a constituent of his

subzone c. Perhaps this is due to local paucity of deposition, for the

evidence of Raasay, so far as it goes, is to the contrary ; A. IcBvis

is from near the top of the Scalpa Sandstone, Avhile the indication

of an alcjovianum fauna is near the base—some 200 feet lower.

Over a considerable part of England it is possible that all, or

nearly all, of Monestier's horizons are not represented, the

Domerian beginning with the alc/ovianum horizon, or even later

than that locally. On the Dorset Coast, however, these lower

strata may, perhaps, be found.

The thickness of the Domerian on the Dorset Coast exceeds,

according to Day's evidence,^ that of the Scottish deposits, and
very considerably. From the Three Tiers to the Marlstone of the

Junction Bed, inclusive, there are 364 feet.^ It is possible that

180 feet of this—the lower part—represents sti-ata missing from thff

Scottish deposits and from other English localities ; for it is per-

missible to interpret Day's record of Am. thouarsensis in the Shell

Bed (p. 291) as Seguenziceras aff. algovianum : this would givp

about 180 feet from algovianum to spinatum inclusive, which
compares Avell with about 200 feet of Scalpa Sandstone within the

same limits, leaving 180 feet below in which Monestier's pre

algovianum horizons may be sought—-I have seen something of a

hoscense style with the matrix of the Dorset Coast.

Monestier quotes an Amalfheus fauna through all his horizons,

and Day gives A. margaritatus through about 330 feet of strata

on the Dorset Coast. It is to be regretted that investigators have
too often placed all the species of Amaltheus under one name ; fo-

Avith careful discrimination much information might have been

gained as to their horizons, with great advantage to correlation

work.3 But this range of Amaltlieus, followed by its allied genus
JPaltopleuroceras, induces the reflection that the strata yielding

these Amaltheidas ought alone to be classed as Domerian—the age
of Amaltheids.

In certain cases, then, the division between Whitbian and

1 ' Middle & Upper Lias of the Dorset Coast ' Q. J. G. S. vol. xix (1863)

pp. 283-85.
' Amaltheus has been found some 2 feet below the lowest tier, W. D. Lang-,

Prec. Geol. Assoc, vol. xxv (1914) p. 329.
•' Species of Amaltheus are enumerated in 'Yorkshire Type Ammonites'

1911, p. 25 d ; but this by no means exhausts the series.
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Domerian would fall in the upper part of the Marlstone. The
highest layer of Marlstone on the Dorset Coast—the serrata bed ^

with Harpoceratoid ammonites, ^ may, on the principle of dissimilar

faunas, be expected to be of different date from the Transition Bed
of the Midlands with Tilfoniceras and peculiar Dactjloids—a bed
of lithic condition similar to decomposed Marlstone. Removal of

these two horizons to Whitbian would certainly make for greater

zoological uniformity, see p. 276.

The following comparative table of Scottish and English

Domerian may be given.

Table II.

—

Domerian Sequence.

Dates. Strata.

f ^

Hemerse. Raasay.i Yorkshiee.- Cheltenham I>f. Somerset.-* Dorset
DiSTRicT.3 Coast. '^

1. spinatum X 3-11? C. S. Base of

Junction Bed.
6. Icevis X (12-21)?

5. gibbosa X 22-26 C. Margaritatus
Bed +

4. a.Igovianum ... X 27-31 Shell Bed +

3. : canthoides ...

2. Icscense (Strata about
the 3 Tiers) ?

1. Jieldingi

1 The Scalpa Sandstone.
- The numerals refer to beds in ' Geol. Whitby ' op. cit. pp. 73, 74.
3 The cdgovianum fauna is not known from the Cheltenham district ; but is

recorded by Wright from Oxfordshire—Chipping Norton.
1 Even the spinatum deposit is often missing.
5 See Day, loc. cit. and S. S. Buckman, op. cit. p. 66. Intermediate beds cannot

be placed on present evidence. A much fuller faunal sequence than is here recorded

between spinatum and algovianuvi seems quite likel3'.

[X Fauna present, position surmised. C, S., Beds in known sequence.]

For a further illustration, see fig. A, p. 265, and for further details

the remarks on that page.

IV. Chaemouthiax.

Some small portion of the lower. part of the ScaljDa Sandstone

belongs to the Charmouthian ; but its main mass is made up of the

Pabba Shales, 600 feet thick in Raasay, 700 feet in Skye.^ They
are richly ammonitiferous, especially in the lower 400 feet or so

1 '• Jurassic Strata ' Q. J. G. S. vol. Ixvi (1910) p. 65, bed i.

^ The species figured by Wright, ' Monogr. Lias Amm.' (1884) pi. Ixxxi,

figs. 4-6 as ' Harpoceras radians. Upper Lias Shale, East Brent Knoll, Somer-

set ' bears a label in Dr. Wright's handwriting ' Down Cliffs, Charmouth,'

and is from the top bed of the Marlstone of the Dorset Coast. It well re-

presents the forms here alluded to : they require to be worked out and named.

There is perhaps some connexion with J.m. psexidoradians Reynes, ' Geol. PaL
Aveyron.' 1868, pi. i [his'], fig. 4. Wright's specimen is in the British

Museum (Natural History) No. C. 2200.
^ These thicknesses were communicated to me by Dr. Lee.
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rej)resentin_o- the so-called zones of armatum-raricostatiim, where

they disclose a quite unexpected sequence of events. Concerning-

the upper part of the Charinouthian they do not give much infor-

mation ; but here Mr. Lang's detailed researches on the Dorset

Coast come in.

Owing to the number of faunal horizons disclosed by the English

and Scottish strata, it becomes necessary to divide the Char-

mouthian ; and it is at once noticeable that in the upper part the

Ammonite families Liparoceratidae and Polymorphidse are domi-

nant, in the lower part the families Deroceratida^ and Echiocera-

tidye. But such division into two parts would leave the upper

portion unduly large, while division into three parts gives better

balance. In the upper third the Liparoceratidfe are the dominant
feature with the Polymorphid^je subservient ; in the middle third

the position is precisely the reverse ; while in the 'lower third the

Deroceratidip and Echioceratida^ keep alternating in their domina-
tion. Therefore it is proposed to divide the Charmouthian into

three ages, named respective^ Hwiccian, Wessexian, and Raasayan.

These terms are governed as to their limits, not by stratigraphy,

but by faunal constituents ; and there should be no necessity to

change them if future discoveries show the advisability of small

additions to, or subtractions from, the stratigraphical units now
respectively assigned to them.

Perhaps no author has proposed, and, in the light of present

knowledge, perhaps no author can propose stratigraphical or chrono-

logical terms with fixed limits : non-sequences and the progress of

palseontological discovery are against such results. Detailed in-

vestigation has often revealed that the upper and lower limits of a

^iven stratigraphical term used by the same author really vary

from area to area to the extent of the deposits made during several

hemerse in each case. Then the limits require corresponding

adjustments ; but to alter the names whenever small adjustments

are made would produce a confusing multiplicity of terms for

what is substantially the same thing. It is too much to expect

that limits can be exactly fixed, even on the basis of dominance of

certain Ammonite families : future discoveries may spring surprises

on us. It is unlikely that the remarkable sequence disclosed at

Raasay (Eaasayan, p. 2o7) with the large adjustment which it

involves will be the only discovery of its kind.

(1) Hwiccian.

The lower scarp of the Cotteswolds and the outliers which stand
as sentinels along the valle3's of ScA-ern and Avon in the counties

of Grloucester and Worcester show some fine developments of
strata earlier than the Domerian. The Hwiccas,! whose country

^ ' The Hmccas . . . the people of Gloucester, Worcester, and part of Warwick
the old Diocese of Worcester before Henry the Eighth formed the sees of

Gloucester and Bristol. The Bishops' Dioceses are g-enerally the best guide*
to the boundaries of old principalities.'— (E. A. Freeman, ' Old Enghsh His-
tory ' 3rd ed. 1873, p. 82.)



264 JUflASSIC CHEO^'OLOGT : LIAS. [vol. Ixxiii.

exhibits these deposits, may well give their name to the age

—

Hwiccian : it is the age Avhen the Liparoceratida^ were dominant
and the Polrmorphidse subservient. The follo^ving Table III
gives an interpretation of the evidence in Scottish and English
areas.

Table III.

—

Hwicciax : Scotland and En&land

Dates. Strata.

Eemerse. Eaasat. Yorkshire .' Gloucestee- X. Somerset .^ Dorset
sniEE.- Coast.-*

9. Oistoceras 3 130. \ Oistoceras
129. 3 +hecJiei.

8. ' henJeyi ' 126. Involute
Androgyn.

Jienleyi-ty^e ;

davoei.

7. davoci 125. davoei.

6. (3vd Capricorn). Capricorns, 5

base of

Scalpa Sandst.

6. (2iid Capricorn). 6 Capricorns,

Pilley,

Leckhampton.

4. latcecosta X7 Dndbridge. Radstock

;

12^.^ Androg.
(1st Capricorn). {Androg. [Androg. Bath. 123. [• lat(BC':sta

maculafum, lafcecosta) (Evolute 122.3 group.
Androg. Androg.)

lieterogenes

3, Beaniceras ... X7 Hewlett's lload Slopes of 121. [Beani-
{Beaniceras (Yellow Lias)

; Dundry. ceras :]

Stow-on-Wold. {Beaniceras) Liparoceras.
{Beaniceras)

2. carinafiini J.eckbampton ?

Hucclecote ?

(Stout Acantli.)

1205. iBeanic.:[
Acanth.
carina turn ;

Ac. spp. ;

Liparnc.

1. cheltiense X7 Cbarlton Kings; Radstock

:

120 rt. Liparoc.
{Lip. hepf- Dumbleton, etc. Dundry.
augnlare) {L. cheltiense) {Lip. zieteni

1 The numbers refer to beds in 'Geol. Whitby' 2nd ed. Mem. Geol. Surv. 1915,

p. 69 ; the strata are about 155 feet thick, Bed 7 being 35 feet.

- Specimens collected by my father, and personal observations.

'^ Mr. J. W. Tutcher's information.

'i W. D. Lang, Proc. Geol. Assoc, vol. xxv (1914) p. 293 ; the numbers are those

of his beds. In regard to this and the following tables, my best thanks are due
to Mr. Lang for the great pains that be has taken to supply me with information,

sending MS. notes of later researches and sul)mitting specimens—my identifications

.are in square brackets. Since this paper was read he has published some of these

MS. notes
—"The i6ea--Zone' Proc. Geol. Assoc, vol. xxviii (1917) p. 31.

[X Fauna present, position surmised.]
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The accompanying
diagram (fig. A) shows
the famial sequences,

and non-sequences, in

the Domerian and
Hwiccian of the areas

under consideration.

ISTo account is taken

of the thicknesses of

strata ; it is only a

fauna! record; but it

becomes a stratigra-

phical illustration of

the position of affairs

when the concluding

strata of the Domerian
w^ere deposited.

The datum-line is

7 Domerian {spina-

tuni) proved in all

areas.

The movement of

the Mendip axis of

North Somerset is

quite obvious. Its

influence apparently

extended to Grlouces-

•tershire. On the Dor-
set Coast, though the

Domerian strata are

especially thick, there

are two more non-

sequences, due possibly

to movement of the

^"Ve^anouth anticline.

The last of these, the

pre - sp inci fum one,

which presumably co-

incides mth the lack

of the IcBvU zone of

Raasay, is particularly

interesting. The base

of spinafum has Blue
Lias pebbles, the date

of which it would be

interesting to deter-

mine. If, as lias been

supposed, the pebbles

are from early Dome-
rian beds,^ which
happen to be about

1 Q. J. G. S. vol. Ixvi

(1910) p. 82.
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160 or 200 feet below, this indicates a movement of the Weymouth
antichne to about that extent in order to expose the bed to

denudation. But the pebbles ma}^ be very much earlier, and the

movement may have been considerably greater.

(2) Wessexian.

The name for this age is taken from the Old English kingdom
of Wessex, which embraced the South-West of England, though
its boundaries diminished and enlarged from time to time, varying

more than the boundaries of a stratigraphical term—3^et, like a

generic title, it kept the same name. The Dorset Coast, Somerset,

and Gloucestershire, were all part of it at one time, and all this

area shows strata of the age. The Eadstock district in Somerset

has the strata thinly developed, and therefore not lending themselves

Table IV.

—

Wessexiax : Scotland axd England.

Dates.

Hemerse.

Strata.

Raasat. ^ YOEKSHIEE.- Cheltenham.'* Eadstock.-* Doeset
Coast.'

10. valdani ....
3 X E. 119 b. Ac. valdani

group.

9. ibex X
{Tragopliyl-

loceras fauna
oaly)

X
(T. ibex

fauna only)

E.
119 a. 7 A. maugen-
118 c. ) esti group.

T. ibex &
wechsleri.

8. ellipticum . 118b. Ac. ellipti-

cum group.

Y X U. bronni
+ tine-ribbed

U.jamesoni
form

fll8a. 17. bronni

1 forms fand fine-

^ ribbed TIptonia.l

1
115 6. U. bronni

6. PJati/pUu)'0-

ceras.

5. trivialis

4. jamesoni .....

3. pettos

2. peregrinns ...

1. Fhricodoceras.

(Wrigbt).

E.

E.

11 E.

J. Bucki Coll.

1^ forms.

115 a. [Plati/pleur.']

113. {Plati/pleur. r]

111. iPolym. tri-

vialis group.]

110? IC. pettos, C.

grenouilloux i .]

108. [Polym.
pereqrinus ?

Haugl.6
Deroceratid.

105. Fhricodo-
ceras.

1 E. beds in position ; about 30 feet separates tbem.
- See former Table. About 120 feet involved.
•^ As in Table III (p. 264) and in Wright's records.

" -1 As in former Table. E.=beds in known sequence : X =fauna present, position

surmised.
'' See former Table.
•' ^goceras polymorpTius Wright, pi. xl, figs. 1-3, cited by Haug as near to his

snecies.





ITable Y.—Raasatax SCOTLAXD AXD

Strata.

YOEKSHIRE,-
about 85 feet.

Beds 13-16 with
Derocerates.

about 10 feet.

lavffe

Bed 18. 'The Upper Coney-
hearei bed ' with IE. apla-
natum.

Bed 20. Shale with Echio-
ceras maedonnellii.

Absent.

The tvpe of Am. miles
caine froni Whitby.]

The type of Am. armatus
came from Whitb^'.]

jed 23. Amm. of suh-

pianicosta ty^e. Dero-
ceras ohsoletum (Blake)

=^Am. densinodus anctt.

Deroceras nodohlongum.

3ed 23. 1

^ A. densinodtts

1

[ohsoletus] is plentiful

jiu a band about 2 feet

labove [J. raricostatns]
'

Tate & Blake, p. 77-

'Ai'mattts zone. A. den,

nodns (several spp.), .

muticus, A . subplm
casta, common.'

Maricostatus zone.

densinodus, A. ra}

costatus.'

; to be published by the Geological Survey. The

Scottish Survey in ascending the Allt Fearns Val

Yorkshire Type Ammonites ' ii (1914) p. 96 d.

urv. 1915, p. 70.

a. S. vol. Iv (1899) p. 71.

and personal observations.

'V (1914) p. 321, and see remarks, Table III, footn

5outh Wales Line ' Q. J. G. S. vol. Iviii (1902) p
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very rapidh^ to tlie detailed sequence now asked for ; but the

deposits are very fossiliferous and especially ammonitiferous.

This is the age when the Polymorphida? held chief position,

while the Liparoceratidie were inferior in importance.

Table lY (p. 266) gives the evidence in various areas. A pre-

sumed faunal repetition of JJptonia {jamesoni and hronni) seems
to be the only method of reconciling this evidence. Such faunal

repetition is, however, so much in accord with what Kaasay shows
in lower beds (see Table V) that the solution seems quite possible.

Mr. Lang has also recorded faunal repetition in the case of series

of Acanfliopleiiroceras in the Hwiecian and Wessexian of the

Dorset Coast, as this and the preceding table show.

(3) Raasayan.

The Scottish evidence in this case is excellent and most im-
jDortant. The result is to show that in the strata hitherto assigned

to the a r,natum-raricostatum zones the sequence is much more
complicated. There are :

—

7. Upper Deroceras horizon.

6.

5. y Upper Echioceras horizons—three stag(

3. Lower Deroceras horizon.

1, 2. Suhplanicosta and Lower Echioceras horizon—possibly two stages,,

possibly more, see p. 268.

The Scottish deposits show faunal repetition and faunal alterna-

tion of Echioceras and Deroceras, thus giving the clue to the

correlation of the strata in other areas. The available evidence is

brought together in the accompanying Table Y ; more precise

details about the lower horizons would be desirable, and further

investigation in Raasaj^ may be expected to furnish them.
The great thickness of the Scottish strata—five, ten, and eighty

times as thick as the English deposits—is the chief factor in dis-

playing the sequence. Thus it will be seen that, between the

armattem zone of the Midlands and that of Radstock, hitherto

thought to be isochronous, the Scottish deposits exhibit a thickness

of some 800 feet of strata.

When the English strata are compared with the Scottish, it will

be noted that, although no one locality shows the full sequence, yet
all put together prove the Scottish sequence. It is evidently the
same on the Continent—the Rhone Basin, Freiburg Alps, Bavaria,

Wiirtemberg, Hierlatz, contain to some extent heterochronous
deposits with dissimilar faunas. Each area lacks something ; but,

when all are placed together, they are seen to supply one another's

deficiencies, and to make up the sequence of Table Y. Bavaria
lacks what Wiirtemberg has, and supplies in part Avhat Wiirtem-
berg lacks ; and so with the other Continental areas.

There is reason to suppose that at the beginning of the Raasayan
considerable earth-movement took place producing various local

non-sequences—a legacy from Deiran times (see p. 273 and
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fig. B, p. 272). As a consequence it may be expected that the

faunal sequence in early Raasayan was more compKcated than

that shown in Table V. The Sodbury evidence
. gives the asso-

ciation of ' Am. aff. armatus ' and ' A. raricostatus ' [an armatoid
and an Ecliiocei^as'] below the densiiiodus \ob8oletum?'\ horizon.

The Midlands, according to Mr. Thompson's evidence, show the

second at a lower horizon than various armatoids which he asso-

ciates with Am. suhplanicosta. Cheltenham has a very definite

sithplanicosta horizon, and it is below this that various armatoids

occur. \ consideration of these points suggests that, instead of

the two horizons of the Table, there may be three if not four in

the following descending order :

—

(d) suhplanicosta.

(c) ohsoletmn (densinodvm).

(b) armatoids.

(a) Echiocerates.

Attention to this point would be desirable. Ammonites are

abundant, but small. The}^ Have not yet been examined in a

sufficiently critical manner—a very long task ; in many cases their

identification with alread}" named species is open to much doubt.

The faunal repetition in the Raasayan begins to make many
things clearer. For instance, it is now ]30ssible to understand the

absence of large armati from the Midlands ; and the very remark-

able number of species of Ecliioceras. The list in 'Yorkshire Type
Ammonites ' (p. 96 c, 1914) enumerates 44 species, and is by no
means exhaustive. As the product of development at intervals

during a very long period of time, the}^ are much more under-

standable than as the product of one date ; and, as the outcome of

repetitive series evolving on parallel lines, the frequent similarity

but not identity in the Echiocerata is explicable.

V. SiXEMUEIAX.

The Scottish deposits are not rich in Ammonites ; but there is

evidence for the sequence of certain faunas, while loose blocks

on the Hallaig shore of Raasay indicate the presence of others.

The evidence is instructive when compared with that of English

localities, especially with the detailed work done by Mr. Lang on
the Dorset Coast.

The great increase which the Scottish deposits have proved in

the faunal phases of the Raasayan might have been anticipated

from other localities, if strict attention had been paid to dissimilar

faunas. Now, in the Sinemurian, the case may, perhaps, be

reversed : by parang attention to faunal dissimilarities it is hoped
to anticipate that full faunal sequence which may some day be

proved in a thick deposit.

With increase of horizons the need for division of the Sine-

murian seems to be great. It has been felt already. Choffat has

divided it into Upper, Middle, and Lower Sinemurian,^ and this

^ ' L'Infralias & le Sinemurien du Portugul ' Comm. Serv. Geol. Port, v
(1903) pp. 54-106.
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seems to fit the Ammonite development more satisfactorily than a

division into two parts. Here it is proposed to adopt something

of the same divisions, styling them Deiran, Mercian, and Lj^mian.

(1) Deiran.

This is the age when the gerontic phase of the Arietidse Avas in

full development : it is the period of the oxycone Arietids. Its

stmta ar^ perhaps more developed in Yorkshire than in other

English areas ; and it takes its name from Deira, the ancient

kingdom of which Yorkshire formed a considerable part.

The sequence of faunal horizons is suggested in the following

table.

Table YI.—Deiean.

Dates. Strata.

r
^

X

Hemerae. Kaasay. Ioekshiee.! Cheltenham Somerset. Dorset
District. Coast.

8. (?w;«e«se)? .. (X)

7. BadstocTciceras - g Eadstock, iiortli

% of Mendips.
Q. Gleviceras^ ... ^ Folly Lane, (X)

tr Chelteuliam

c3 (lower part).

b. polyophylhim . ^ 1? X Yale of (jilou-

S cester. X
4. oxi/notum 3 Lansdowu,

" Cheltenham.
3. bifeftuii r= Aston Cross, Canards

5 • Tewkesbury. Grave, south
's X of Mendips.

2. simpsoni ^ 2

1. Gagaticeras ... 3

1 'Geol. Whitbv ' 2nd ed. Mem. Geol. Surv. ]915, p. 67.
• 2 See Appendix III, Faheontology, pp. 287, 289.

[X Fauna present, position surmised. (X) Fauna present, supposed to be derived

and redeposited in Kaasayan (Table V, Bed 92): Mr. Lang, however, suggests

paucity of sediment.

j

The Deiran seems to have been a time of much earth-movement
and consequent non -sequences, with the result that there is little

correspondence of fauna in different English areas. This m.eans

that the sequence given is based mainh" on supposition.

i

The certain evidence is the sequence Gaf/aficeras-sinqysoni

m, Yorkshire with 'polyopliylhiin presumably later ; the sequence

oxynotum-Gleviceras in Gloucestershire with hiferum, it is

reasonably certain, earlier than oxynotum. There is no definite

correspondence here to work upon, and other areas give no help as

they show other dissimilar faunas.

It is here suggested that the Yorkshire Gagnticeras-simpsoni
strata are earlier than the Gloucestershire deposits.

The position in the faunal sequence of th.Q polyoj^liyllum horizon

' See further remarks in Appendix III, Palaeontology, p. 310.
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{^Oxpioticeras polyopliyHum Simpson sp., 'Yorkshire TjqDe Am-
monites ' 1909, No. 8) may be worked out on theoretical grounds.

If it were placed immediatelj" above siinjjsoui, then the Yorkshire

strata would be in sequence ; but the biological features of

O. 2yol//02)ht/llum seem certain!}^ to suggest that it is a derivative

of O. oxijnotum with a suture-line of the same pattern, but
details somewhat more elaborated, and with ribbing greatly in-

tensified (renewed costation). In that case it should occur later

than O. oxjinotum, and, as there is no stratigraphical evidence to

go upon, it seems advisable to work upon the basis of the bio-

logical interpretation. This, however, involves a theor}^ of a non-

sequence in the Yorkshire Deiran deposits, and the multiplication

of non-sequences is inadvisable unless there be some evidence.

The sequence thus suggested for the noticeably dissimilar oxycone

faunas of the different areas makes Yorkshire to show early Deiran

deposits with a middle Deiran fauna separated by a break

;

Gloucestershire, to which the Midlands may be joined, to show
middle Deiran faunas with, perhaps, a break in some localities due

to removal in places of deposits of polyopliyllum date : this would
account for local appearances and absences of the species in this.

area ; Somerset north of the Mendips to show late Deiran fauna,

with little deposit and certainly a good deal of redeposition.

Dorset shares with G-loucestershire an oxj^cone fauna of Glevicercn::

date ; but its special form, 0. lymense, is not found m the other

British areas, so far as I am aware. Both these forms are pre-

sumably derived and redeposited in Raasayan strata; for, if

O. lyniense were indigenous in Bed 92, it ought to have been found
in the Raasayan deposits of other areas. The supposition, then, is

that a Jymense horizon is the latest phase of Deiran.

Much support for the general conclusions here advanced about

the dissimilar faunas of the Deiran horizons ma}" be found in

Continental works : the Rhone Basin (Dumortier) sliows only

ammonites of the horizons Gagaticeras^ Gleviceras, and IRad-

stockiceras—those of the other horizons are lacking, for the

examples figured as A. oxynofus by Dumortier are species of about

the Gragaticeras horizon ; Wiirtemberg (Swabia, Quenstedt) shows

the oxynotum and biferum faunas certainly, doubtfully the Glevi-

ceras fauna, but no fauna of the others.

Thus Gloucestershire and the Midlands are to be bracketed with

Wiirtemberg so far as the oxynotum fauna is concerned, and
are separable from other English areas ; Radstock, with its varied

and remarkable oxynotes. agrees with the Rhone Basin ; it shows

special forms not yet found in other British areas—the ^ad-
stoclticeras fauna. Yorkshire shows many oxycones which seem

to be peculiar to itself : it has little agreement with other English

.areas or with Wiirtemberg, but rather more with the Rhone
Basin—not, however, on the same basis as Radstock.

Lastly, Dorset shares with Gloucestershire a little, but has

O. lymense to itself. (For further remarks see fig. B, p. 272, and .

also p. 273.)
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(2) Mercian.

The strata of this date are Avell developed in Grioucestershire

and the Midlands—mainl}^ the ancient kingdom of Mercia. The
Mercian corresponds to the catagenetic phases of the Arietidie

(post-tuberculate Asteroceras and incoiling phases of Arietites).

In middle Mercian is a phase of degenerate Arietids which have

lost keel and furrows—usually called degenerate Asterocerates.

The fauna is very prominent in Yorkshire, and is found in Ireland

and in Wilrtemberg. It is not, however, known from other British

localities, with the exception of Pershore (Worcestershire) ; but the

special Pershore degenerate is a species not known from tlie other

localities. On the principle of dissimilar faunas it is reasonable to

expect one, if not two, horizons in middle Mercian somewhat later

than ohtusum. -

In early Mercian the Barrow-Grurney fauna has its own pecu-

liarities, possibly indicating another horizon. But this cannot be

discussed without a consideration of the Ammonites ; so it must
be relegated to the Palseontological Appendix, see p. 311.

In regard to Arietites furneri, Mr. Tutcher is of opinion that

it precedes hirchi} and this would seem to be the position assigned

to it by Tate & Blake. It is true that the name A. turneri has

been ver}^ much misused, and that in a ^Ye-hirchi position there

are, as I have reason to think, forms allied to Arniocerns Avith

somewhat of an Arietites aspect which possibly require separation

as a new genus from both. But an explanation on these lines

does not satisf}'' me, where Mr. Tutcher is eoncei-ned ; fauna!

repetition on the lines of Echioceras of the Kaasayan may be

more likely. It is evident that a prolonged stratigraphical and
palaeontological investigation is required to solve the problem.

The following table gives the evidence of faunal distj-ibution

and sequence in the Mercian.

Table VII.

—

Meeciax : Scotland asd Exglaxh.

Dates. Strata.

Heraerse. RaasAT. YOEKSKIRE. I Cheltenham:
DlSTRICT.-

Bristol
Dj STRICT.

-

Dorset
COAST.-

7. denotattis .. I XCi!elteiiham.

6. stellare XCheltenliain. Radstoek. 88

5. planicosta .. 9 Radstock. 85-87

4. sagittarmm 10 X Pershore.

3. ohtusum 10 X Bredou. Radstock. 83,84

2. brooJci E. 7«-«9,

1. turneri

1 'Geol. Wl

R.

litby
'

op. Jam cif. p. 67.

X Bredon.

- Asi

X Barrow 76, 77
Gurney.

n previous Tables.

See Appendix I, p. 280.
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The accompanjdng diagram (fig. B, p. 272) sliows the various

earth-movements and denudations which took place during

Raasayan and Deiran times, jDroducing many non-sequences. It

is constructed on the same principle as the previous diagram
(fig. A, p. 265).

The datum-line is 1 Wessexian {Phricocloceras), proved in all

areas except the Scottish one. Again the continuous movement of

the Mendip axis is very noticeable ; for, although there are several

Raasayan faunas present in North Somerset, yet they are derived

almost entireh'', shown in the table by bracketing them with

7 E-aasayan.

During Deiran times the movements were of several dates

not always isochronous in the difcerent areas—hence the frag-

mentary nature of the deposits and their lack of corre-

spondence. One movement produced obliteration of the early

Deiran deposits in Gloucestershire and the TMidlands, another the

obliteration of the latest deposits. Yorkshire would seem not to

have suffered from the first movement, but it did from the last

;

and, if the position of ijolyophyllum in the sequence be correct^

another movement of about middle Deiran time must be postu-

lated : there are traces presumably of a slightly later movement

—

local obliteration of jpolyopliyllum—in G-loucestershire. In North.

Somerset the first and second movements seem to have had full

sway and to have effected complete obliteration, but there was a

pause to allow the deposition of 7 Deiran, though the strata then

laid down suffered considerably by the latest Deiran movement
which continued, with perhaps occasional slight pauses, well into

Raasayan times. On the Dorset Coast there would seem to have
been continuous movement and penecontemporaneous erosion

;

at least the result, as I judge it, is that no Deiran deposits were
left : there was denudation down to 6 Mercian, but the fossils of

some of the later Deiran strata—laid down during short pauses

—

were swept together and redeposited in early Raasayan.

(3) Lyraian.

The strata of this age are well-known and well-developed at

Lyme Regis, from which the name may be suitablj^ taken ; but, so

far as present records allow of interpretation, it seems that they
are not complete there. The Lymian is the time of anagenetic

and ttiberculate Arietids.

The difficulty of ascertaining the number and sequence of

horizons in the Lymian is due to the wholly uncritical use of names
like Ammonites hucklandi. Instead of being a common and
universally distributed species as records make out, A. hucklandi
is a special massive form which I can only be certain of from
Keynsham.^ I suspect the occurrence of another horizon with a

fauna of smaller Coronicerates, but whether pre- or -posi-hucklandi

has yet to be determined : the placing of it as ])Ost-bucklandi is a

surmise.
^ See Palaeontological Appendix, p. 302. «

Q. J. O. S. No. 292. z
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Mr. Tutcher takes strong exception to the use of Arnioceras
to indicate a horizon, because it has too wide an extension,

ranging, he sa^^s, through most of the strata here placed as

Lymian. But the Dorset evidence shows Atviioceras dominant in

a particular set of beds ; and, although this may be striking because

of the absence of certain preceding strata, yet it is sufficient for

the present : there is a ^o^i-Agassiceras horizon with Arnioceras
shown at Raasay, and a ipre-birchi horizon with Arnioceras in

Dorset. A more suitable name for this faunal horizon must wait

until the many species of the genus are better known. It is quite

possible that here again may be faunal repetition.

The following table gives the evidence of the various areas :

—

Dates.

Hemerse.

Table VIII.

—

Ltmiain^ : Scotland and England.

Strata.

Raasat. Yorkshire. Gloucestee-
shire ,2 etc.

Bristol
DlSTRICT.3

Dorset
COAST.-l

hircM

7. Arnioceras ..

6. Agassiceras ..

4. vercingetorix .

-3. bucMandi ..

2. rotator

X X Bredon, W. X Horfield.

R. Up. BticJc- X Kadstock.
landi [&].

R. C Vp.BucJcUa]. X Bredon, W. Keynsham.

I Mid. BucH.

X X Berkeley, W. Keynsliam.
Mon. pi. iv.

Low. BiicJcL X Fretlierne, W.
[c]. Mon. pi. iii.

Keynsham.

Keynsham.

1. Vermiceras ... Low. BucH.
[a]. Top
angulatus.

C Keynsliam.

\ Sodbury.

75

50-72

49?

(40-47)

?

C (26-29)

?

J X Wright,
CMon. pi. V, f.

21

1 See R, Tate & J. F. Blake, ' Yorkshire Lias ' 1876, pp. 58-62, suggested inter-

pretation.
2 W., Wright's records in his ' Monograph of the Lias Ammonites ' (Pal. Soc).
3 Mr. Tutcher's information, and a summary' of MS. sections which he has most

kindly allowed me to use.
* My interpretation of Mr. Lang's records, Proc. Geol. Assoc, vol. xxv (1914)

pp. 310 et seqq., and one of Wright's records.

[R. Strata in relative position. X In all cases, fauna present, position surmised.]

The faunal sequence below the Sinemurian (Lymian) I leave in

the most capable hands of Mr. Tutcher, who has kindly contributed

what is placed as Appendix I, p. 278. He has also given his

reading of the lower part of the Sinemm-ian sequence, as he has

observed it in the Bristol district : this, too, I am pleased to record.

There are differences in our two accounts ; but, as they are records

of original observation and research, not statements for a text-

book, there is no need to strive for uniformity. Several differences

are merely details : he uses trivial names where I employ generic.
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'There are two main differences : one, his placing of turneri, upon
which I have abeady commented (p. 271) ; the other, his placing,

on the evidence of local deposits, a scipionianum zone between
Agassiceras {saiizeanuiii) and gmuendense ; this I am quite pre-

pared to accept. The omission of the verciiigetorix horizon was
expected : the area under Mr. Tutcher's observation lacks the

fauna, so far as my knowledge goes.

With regard to our use of the term turneri zone, it has been

objected that this term should be employed in the sense and for

the strata to which it was originally applied by Wright. This

dictum I traverse. I would argue that the zone of turneri is

determined not b}^ the author, but by the fossil. The zone of

turneri is the deposit made while A. turneri was in existence :

it is the deposit of the hemera turneri. If a writer misidentifies

A. turneri, he misnames its deposit turneri zone. If a future

historian identified Queen Elizabeth as Queen Victoria, and called

the Elizabethan Period the Victorian Age, he would not thereby

make it so and shackle future writers. The Victorian Age was
determined by the time when Queen Victoria lived ; and the turneri

hemera, and the deposit made then—the zone—must likewise be

determined by the time when A. turneri lived.

As to wlao is right or ^wong in the determination of

Ammonites turneri I am not yet prepared to argue.

VI. Summary.

The various horizons of the Ages dealt with in this paper may
now be brought together in sequence ; and a table (Table IX,

pp. 276-77) may be given of certain notable areas of Grreat Britain

and the Continent, recording the presence of the faunal horizons

in Scotland, the North and South of England, the Rhone Basin

(Dumortier), and Wiirtemberg (Swabia, Quenstedt). The results

are interesting, and they suggest that a more extended analysis on
these lines might yield some rather striking information. Such
^analysis may, perhaps, be attempted at some later date.

VII. Conclusio:n-.

This is a sketch, much of it theoretical. Its main purpose is to

be a basis for further work, indicating the details and evidence

which investigators should look for. Much research is yet neces-

sary to obtain perhaps even an accurate sequence ; for it is not
claimed that all the sequences are proved : they are offered as

interpretations of the present available evidence.

One lesson which may, perhaps, be learnt from this study is that

great indeed as is the advantage of collecting specimens in situ,

yet it is not absolutely essential : in some cases, owing to paucity

of sediment and to derivation of specimens, it may even lead to

erroneous conclusions. As collecting in situ is very often quite

impracticable, it may be well to remember that much can be done
without it, provided specimens are properly localized. For the

z2
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Table IX.

—

Geo&eaphical DisTEiBTJTioif.

Faunal Horizons. Areas.

itl

Yeovilian.
Age of

Dumortieriaiis

aud
Grammoceratids.

WniTBIAN.^
Age of

Dactyloids
and

Havpoceratids.

DOMEETAX.
Age of

Anialtlieids.

See p. 260.

HwicciA^-.
Age ot

Liparoceratidye.

See p. 263.

Wessexian.
Age of

Polymorphidse.
See p. 266.

Raasatax.
Age of

Derocevatidse

and
Ecliiocevatidae.

See p. 267.

r9.

4.

3.

2.

1.

fll.

I
10.

<

o.

4.

3.

2.

L 1.

^7.

4.

3.

2

rio.
9.

8.

7.

< 4.

I

3.

I

2.

I 1.

moorei
CaUdloceras ^

Dv,mortieria
Sammatoceras ^

dispansum
struckmanni
pedicuni
eseri ^

st7'iatuluin

variabilis

lilli

bratmianum
Jibulatum

C mid. bifrons fauiir

subcarinata <. FrerhieLla subcari-

(, nata^
pseudovatum
fa Iciferum
exaratum^
te>iuicostatum

acutum
Harpoceratoid
spinatum
l(svis

gihbosa
algocianum
acanthoides^
boscense ^

fieldingi ^

Oistoceras
' henleyi '

'

davoei

(3rd Capricorn)

(2nd Capricorn)

latcecosta (1st Capricorn)

Beaniceras
carinatiun
cheltiense

valdani
ibex

ellipticitm

bronni
Flatijplenroceras
trivialis

jamesoni
pettos

peregrinuvi
Ph ricodoceras
lecTcenbyi

aplaiiatum
macdonnellii
raricostatoides

hispinigerum
subplanicosta fdensinodtimj
Ist JEchioceras

X
X I

X
X X
X X
X
X
X X
X X

X
X
X

ptiy
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Table IX (contimced).

277

Faunal Horizons. Areas.

Deieix.
Age of

Ox3'cone
Avietids.

See p. 269.

Mercian.
Age of

Catageiietic

Arietids.

See p. 271.

Ltmian.
Age of

Anagenetic
Arietids.

See p. 273.

f 8. (li/mense)

I

7. RadstocJcice^'as

I

6. G-leviceras

J
b. poli/ophylium
4. oxi/notum
3. biferum
2. simpsoni

;^ 1. Gagaticeras ! ...

f 7. denotatus
| ...

I

Q. stellare I ...

I

5. planicosta i ...

-<j 4. sagittarium ...

I

3. obtnsum ' ...

I

2. hroolci ' X
1^ 1. turneri X
f 8. birchi X

7. Arnioceras X
I

6. Agassiceras X
J o. gmuendense

; X
I

4. verciagetorix > ...

I

3. bucJclandi
j ...

I

2. rotator

1^1. Vermiceras
{
X

xl

X
X

...

X
X
X ...

X
X X
X
X X

X
X
X

X X
X ?

?

?

X
^ X

[For the Hettangian sequence, see Appendix by Mr. Tutcher, p. 278.]

1 Suggested on the evidence of a fauna in the Yeovil & Bridport Sands.

a See S. S. Buckman & E. Wilson, Q. J. G.S. vol. lii (1896) p. 688, footnote 2.

3 In Wiirtemberg Quenstedt's Lias e (= middle and lower parts of Whitbian)

seems to be fragmentarj'; but, on tlie other hand, it would appear to possess certain

horizons of its own not j'et separated out in other areas.

* FrecJiiella subcarinata is a notable and ea'^il}' recognized species; but, perhaps,

souiewhat too rare to be quite suitable for this scheme. It is in use for the horizon

where Hildoceras-bifrons forms are abundant. To prevent misconception it is

advisable to analyse further. F. subcarinata without H. bifrons forms is not yet

known to me ; but the latter are found where the former is lacking. 2^. subcarmata

occurs in Yorkshire, the Midlands, in Somerset, but not in Dorset nor Gloucester-

shire. It occurs in the Rhone Basin, the Austrian Alps, and Italy, but not in

Wiirtemberg. Its rarity may account for its absence, say, from Gloucestershire,

but can hardly be pleaded for the well-searched Dorset Coast, and certainly not for

so well-worked an area as Wiirtemberg. Absence of a special deposit seems to be

the explanation required there.

^ The fauna of horizons 1-3 are illustrated in Reynes, ' Geol. Pal. Aveyron.' 1868

Monestier's paper, _;fl»i cit., refers to the same district.
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best results the label should give not onh" the name of the place,

but the exact exposure—the more detailed the better. Then the

sequence of dissimilar faunas can be ascertained, especially when
the exposures stretch across the line of strike.

But, even with localities alone, much can be done by analysis

and comparison.

Another lesson may be learnt—it has been taught that the

absence of the zone-species did not invalidate the placing of the

strata in such a zone, provided that the stratigraphical position was-

accordant : it was onl}^ a local peculiarity. Such an assumption

is now seen to be very unsafe : such cases must be looked ujDon with

considerable suspicion. Dissimilar faunas, of locomotive organisms

like Ammonites, in contiguous areas are products, not of zoological,

but of stratigraphical differences. There are zoological provinces ;.

but the absence of a southern fauna from a northern area may
raean less for difference of date than the absence of a northern

fauna from a southern area. Yet in the case of two areas in

approximately the same latitude, the absence from one of a fauna
well-developed at the other, both said to be on the same horizon,

may well cause doubt as to their contemporaneity. This is a true

case of dissimilar faunas.

The need for a much more systematic and continuous palseon-

tological output and for fuller illustration of species is obvious

from this investigation, where much difficulty of interpretation is-

due to the uncertainty of unillusti-ated records. Such an investi-

gation as this is both hindered and hampered by the present con-

dition of palaeontology, which cannot keep pace with,—in fact, is-

continually falling behind, the discovery of new material. Such
palaiontological study requires very considerable time ; and the

facilities for its prosecution and publication seem to be inadequate.

Finally, I take the whole responsibility for the interpretation s-

that I have placed on the information and evidence laid before me

;

it must not be thought that my informants necessarily concur in my
views. For any mistakes—and it is too much to expect freedom

from error—I shall be to blame ; but I will be grateful for any
facts which expose them.

Appej^'dix I. The Zoxal Sequence ik^ the Lower Lias

(Lower Part). By J. W. Tutcher.

(1) Introduction.

The district of North Somerset and South Grioucestershire

—

approximately that occupied by the Bristol Coalfields—has chiefly

come under my observation. In this district the Lias has been
thrown into a sei-ies of folds having, in the main, an east-to-west'

trend. These folds increase in intensitj^ from north to south,

becoming more marked as the Mendip Hills are approached.

Partial and rej^eated denudation of the Jurassic rocks has followed
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folding, thus causing numerous local non-sequences. In the neigh-

bourhood of Radstock the sauzeanum zone, in which occurs the

large numbei" of ^jpiriferina lualcotU for which that place is noted,

may be found resting indifferently on any earlier zone down to

langportensis (White Lias, see Table X below).

In the Kejmsham area, which lies in the middle of the district

under consideration, the Lias occupies a shallow syncline, and the

beds have not been denuded to the same extent as those on the

south and north. Chiefly in this area the faunal sequence of

the Sinemurian deposits has been determined.

The Hettangian deposits, as a whole, are best displayed in an

area of which Bristol is the centre.

In the following table it Avill be observed that the White Lias

is included with the Hettangian. In common with the late

Dr. A. Vaughan and the late Edward Wilson, I have always held

the view that, for palseontological reasons, the line dividing Lias

from Rhsetic (Hettangian from Rhsetian) should be drawn at the

base of the White Lias. Mr. Buckman, it may be remarked, has

exj^ressed the Yiew that the Hettangian should be regarded as the

final phase of the Trias—on the grounds of the biological characters

of Ammonites, the decadent characters of Psiloceras and allies,

and the new departure (anagenetic characters) of the Arietidse of

the Sinemurian.

1

Table X.

—

Zones of the Lower Lias (Lower Part).

Ages Zonal terms. Name of Index fossil.

. f
turneri. Arietites turneri (J. de C. Sowerby).

< sauzeanum. Agassiceras sauzeanum (D'Orbigny).

S scipionianum. Mtomoceras scipionianum (D'Orbigny).
gmuendense. Coroniceras gmuendense (Oppel).

hucklandi. Coroniceras hucMandi (J. Sowerby).
^ rotiforme. Coroniceras rotiforme (J. Sowerby).
m

I conyheari. Vermiceras conyheari (J. Sowerby).

angulata. Schlotheimia angulata (Schlotheim).

liasicus. Alsatites liasicus (D'Orbigny).
t, [megastoma. Wxhneroceras megastoma (Waehner)].^
M

5 .

johnstoni. Caloceras johnstoni (J. de C. Sowerby).
planorhis. Psiloceras planorhis (J. de C. Sowerby).

t Ostrea. Ostrea liassica Strickland, and its

mutations.

w tatei. Pleuromya faiet Richardson & Tutcher.^
langportensis (White Lias). Volsella langportensis, Richardson &

I Tutcher.3

^ Not found in the district, but a Waehneroceras fauna occupies this posi-

tion elsewhere. See p. 280.
2 Proc. Yorkshire Geol. Soc. vol. xix (1916) p. 52 & pi. viii, &g. 3.
'^ Ibid. p. 54 & pi. ix, fig. 11.

Jurassic Time ' Q. J. G. S. vol. liv (1898) pp. 444-4
'3
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(2) Remarks on the Zones.

The turne7n=semicostatum Zone (pars) auctt.—More than one

species of Arietites passes under this trivial name ; it is, therefore,

desirable to indicate the form intended. This is an evolute shell,

with compressed sides, and rectangular whorl-section, agreeing

with the upper figure in pi. cccclii of the ' Mineral Conchology,'

but not with Wright's figs. 1-3 in pi. xii of his 'Monograph of

the British Lias Ammonites.'
Numerous specimens of Arnioceras are associated with A, tur-

neri in this district, but since Arnioceras spp. also occur abun-
dantly in the sauzeanum-gmuendense zones, while A. turneri

is not found at these levels, the last-mentioned makes the better

zonal fossil.

The sauzeanum to conyheari Zones.—These zones are well

exhibited in the quarries about Keynsham. The beds are of no
great thickness, but they are very fossiliferous, and the faunal

succession is quite clear. North and south of Keynsham some of

these zones are missing, notably conyheari and rotiforme, while

paucity of deposit and penecontemporaneous erosion have resulted

in considerable compression of those remaining.

The aiigulata, liasicus, and megastoma Zones.—The beds con-

taining numerous species of Sclilotheimia are well developed over

much of this district, although rarely complete at any one place.

Careful study of these beds has suggested division into two, well-

marked zones which have more than local application. The
angulata zone is thus restricted to the beds in the upper part of

the series. These beds contain, in addition to the index-ammonite
and numerous allied species, an abundance of SliyncJionella calci-

costa Davidson (non Quenstedt). In the lower division {liasicus

zone) Alsatites liasiciis (D'Orbigny), Sclilotlieimia gallica S.

Buekman, and Ornitliella sarthacensis (D'Orbign}^) are common
fossils, and they do not pass into the upper division.

No species of Wcehneroceras have been obtained in this district,

and a non-sequence between jolinstoni and liasicus deposits is

therefore assumed. Ammonites of this genus have, however, been

recorded from Hock Cliif, near Fretherne (Grloucestershire),! and
from Evesham (Worcestershire).

^

An important JVcBhneroceras fauna occurs at Kayes Cement-
works, Long Itchington, near Southam (Warwickshire). The
extensive quarry at this place shows the following sequence :

—

conyheari. Vermiceras spp., Coroniceras spp.

J
, J Schlothehnia angulata, Schl. striata (Quenstedt).

^
|_ Rhynchonella calcicosta Davidson.

/ Alsatitea liasicus (D'Orbigny), Schlotheimia spp.

Ornithella sarthacensis (D'Orbigny).

megastoma.

{
J Wsehneroceras extracostatum (Waehner),

\ with many other examples of the genus.

1 L. Richardson, Proc. Cotteswold Nat. F. C. vol. xvi (1908) p. 141.

2 S. S. Buckman, ibid. vol. xv (1906) p. 246 & pi. x, figs. 5-6.
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The specimens of WcBhnerocej^as were obtained by Dr. Eobson,

of Birmingham. He was informed by the quarrymen that these

specimens came from a temporary excavation at the base of the

section. On the occasion of m}^ visit this excavation was water-

logged, and could not be examined. There is, however, every

reason to believe that the statement of the quarrymen is correct.

The state of j)reservation of the specimens is distinctive ; they are

cleanly-cut casts in a bluish-gre}^ matrix with some pyrites, and no

fossils have been found in a similar condition and matrix in any
part of the quarry usually worked.

The johnstorii Zone.—The ammonite of most frequent occur-

rence in this zone in the Bristol district is Caloceras intermedium
(Por block), but fragments attributed to C. johnstoni have been
obtained.

The ijlanorhis Zone.—The true Psiloceras planorhis is rare in

the Bristol district ; a more evolute form, Ps. sampsoni (Port-

lock), and a cosfcate form, Ps. plicatum (Quenstedt), are the

dominant species.

The Ostrea, tatei, and langportensis Zones.—The term Ostrea

Zone has generally been used to distinguish all the Lias deposits

below those in which ammonites occur. It is now proposed to

restrict this term to the beds immediately preceding the 2^lanorhis

zone : in these beds Ostrea liassica and its mutations attain their

maximum.
Ostrece of the liassica type also occur in decreasing numbers in

the lower beds ; but, in these deposits, other fossils acquire greater

importance.

The White Lias is characterized by Volsella (Modiola) lanc/-

j)ortensis, which appears to be confined to these beds.

Between the White Lias and the maximum of Ostrea liassica

and its allies, there is a series of beds, more or less continuous

from Dorset to Yorkshire, containing in abundance JPleuromya
tatei. The application of this fossil to zonal purposes has, under
an older name {Pleiiromya croivcombeia), and in a somewhat
less restricted sense, already been suggested by Dr. A. Vaughan
in collaboration with the present writer,^ and by Dr. Rendle Short.^

R. Tate & J. F. Blake designate the beds in which this fossil

occurs in Yorkshire ' The Pleuromija Limestones.'

^

1 Proc. Bristol Nat. Soc. n. s. vol. x, 1903 (issued for 1901), pp. 52, 53

see also A. Vaughan, Q. J. G. S. vol. lix (1903) p. 400.
2 Q. J. G. S. vol. Ix (1904) pp. 187, 188. .

3 ' The Yorkshire Lias ' 1876, p. 38.



282 MK. s. s. bijckma:n' on [vol. Ixxiii,

Appendix II.

Matee-Etmae's Steatiqeaphical Teems.

Since this communication was read Dr. A. Morle}^ Davies has-

kindly brought to my notice a paper by Mayer-Eymar contain-

ing a scheme of stratigraphical terms. This paper seems to have
been overlooked generally, perhaps on account of its rarity. As
there is no copy in the G-eological Society's Library it seems-

desirable to transcribe the necessary poi-tion. I am much indebted

to the com'tesy of Prof. Watts for the opportunity to do so. The
paper is entitled 'Die Filation der Belemnites acuti ' (Vierteljahr-

schrift der Ziircher Natvirforschenden Gresellschaft, April 1884),
and the stratigraphical scheme is to explain the sequence of strata

containing these belemnites. The author speaks of a previous-

scheme published three years earlier : substantially the same, one
may presume, but I have not been able to see it. I am, however,

indebted to our Librarian, Mr. C. P. Chat\dn, for bringing to my
notice in answer to my enquiries about this prior paper, another

communication by the author in the same year (1884)—a paper

of eight lithographed folios giving a classification of all strata.

The following Table XI (p. 283) is the table in the pamphlet
first cited, with certain correlations.

By the side of Mayer-Eymar's table are placed the divisions

adopted in the present communication, and, alongside those,

Quenstedt's divisions of the Lias ; but it cannot be claimed that

the Swiss author's divisions are rightly interpreted. For instance,

it is doubtful whether the Hwiccian is correcth^ correlated with his-

Mendin : that may be intended for the lower part of the Domerian
;

and perhaps it is incorrect to leave the Raasayan without equi-

valent: some of the basal strata of the Rottorfin and upper horizons

of the Balingin may fall within its limits. But Continental

authors have apparently only had the opportunity of seeing isolated

fragments of strata of Raasayan date, and may perhaps have
correlated these fragments criss-cross, placing earlier strata of one
locality above later strata of another. We had certainly done that

in this country before the Raasay deposits gave the clue.

Had I known about Mayer-Eymar's scheme I should have
hesitated to propose some of the new terms ; but my terms were
in print before his paper came to my notice. ^ So I must leave

selection in the hands of my fellow-workers.

1 Abs. Proc. Geol. Soc. 1916-17, No. 1009, p. 84.
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Mater-Etmae's Scheme, with Correlation.

Terms of Qtienstedt\

present Lias
paper. Divisions.'

Mittleres Jura - S^-stem.^

Table XI

Mayer-Eymar s Terms

.1. Bedfordin. — Niveau der

Terehratula lagenalis.

I. Bradf ordiu.— Niveau des

Apiocrinus JParkinsoiii.'

I. Fata is in.—Niveau der Neri-
nea Voltzi.

.1. Stonesfieldin.—Niveau des

Clypeus Ploti.

I. C ado mill.—Haupt-Niveauder
Ostrea acuminata.'

I. E h u i n g i n.— Haupt - Niveau
des Ammoyiites Pai-Tcinsoni.

1. S c a r b r u gh i n.—Ni veiiu des

Ammonites Utimphriesi.

I. Macon in.—Haupt-Niveaudes
Ammonites Soiverhyi.'

[I. Cli el ten ham in.—Niveau des

Ammonites Murchisona:.
[I. Gundershot'in.—Niveau der

Trigonia navis.

I. Boll in.—Niveau d^Q?, Ammon-
ites torulosits.'

[I. Alfeldin.—Haupt-Niveaudes
Ammonites Jurensis.

[r. Altortin.—Niveau des Be-
lemnites acuarius.

I. Pliensbacliin.— Niveau des

JBelemnites papiUatus.'

Unteres Jura - Sj-^stem.

fill, a, b. Banzin. — Niveau des ")

I

Pecten cequivalvis. \

CharmouthianJ 11a, h. Men din.— Haupt-Niveau >

(Mayer-Eymar).
I

des Arnmonites Jimhriatus. )

I

l,a,b. Rottorfin.—Niveau des 7

I Ammonites Jamesoni.' )

' Bathian
(Maj'er-Eymar)

.

' Vesulliak
(Mayer-Eymar),

' Bajocian
(D'Orbiguy).

' Aalenian
(Mayer-Eymar).

* TOAECIAN
(D'Orbigny).

Yeovilian.

Whitbian.

Domerian.

Hwiccian. ^

Wessexian.

Raasaj'an.

' SiNEMURIAN
(D'Orbigny).

' Rh^tian
([Giimbel] m-^.)

II, a, b, c. Balingin.—Niveau des

Ammonites oxynotUs.
l,a,b. Filderin.— Haupt-Niveau

der Gryphcea arcuata!

11, a, b. Hettangin.—Niveau des

Ammonites anqulatus.

I. Koessenin —Niveau der Avi-
cula contortaJ

Deiran.

Mercian.

Lymian.

Hettangian.

^ The lithographed paper differs in not giving definite divisional terms such as

' Banzin ' and so on, but speaks only of * Couches de Banz ' and so on.

2 Quenstedt's Lias Z, includes beds higher and lower than Yeovilian, and his Lias e

is of less extent than Whitbian.
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Appendix III. Pal^eoxtology.

(a) Introduction.

In the following pages are given descriptions of certain Lias

species which are of importance, either because they are additions

to the British fauna, and therefore their recognition may be useful

in future work, or because they are of stratigraphical significance.

Some few of them happen also to be interesting morphologically

and biologically ; but only casual notice of such features is

aj)propriate now.

A few words of explanation may be given here in reference to

the descriptions. The proportions are stated alwa^^s in the order

proposed in ' Yorkshire Type Ammonites' ii, p. viii (1913).—Dia-

meter in mm., breadth of whorl, thickness, size of umbilicus in

percentage of diameter ; S., measurements from actual specimens,

¥., from figures,! ^p^^ from text-statements of author. Other

details about descriptive terms will be found in the same place.

At the close of the descriptions I append a few remarks as to the

bearing of the described species on the geological-chronological

problem (p. 307).

[b) Descriptions of Species.

Family HILDOCERATIDJE.

G-enus Leptaleoceeas,2 nov.

Type, X. leptum, sp. nov.

Definition.—An umbilicate, plate-like, obscurely costate,

gammiradiate, stoutl}'' carinate, non-sulcate Hildoceratid. Carina

apparently degenerately septicarinate, that is, the cast may not be

carinate or so carinate, thus indicating a one-time septate con-

dition ; but there is apparently no distinct hollow in the keel

:

details, however, are obscure. The radial line is of the gamma
pattern of Grammocejris, very slightly fiexed lateralh^, produced

ventrally, but not excessively.

Distinction.—The stout carina recalls Tiltoniceras S. Buck-
man, ^ but shape, ornament, and radial line are wholl}^ diiferent.

There is some suggestion of Grammoceras Hyatt, but this plate-

like thin form could not give rise to the stout costates of that

lineage. There is a nearer approach to Protogo^ammoceras Spath,'^

^ Measurements (especially of small forms) are difficult to obtain accurately.

In the case of figures it seems best to lay tracing--paper, and then by a ruler

mark diameter and proportions with a sharp pencil. This ensures a true

diameter being followed, and saves the plate from the compass-points: the

only error may be from the shadow of the umbilical wall.
'^ AeirraXeos thin, fine, delicate.
^ ' Yorkshire Type Ammonites ' ii (1913) p. viii.
•* Q. J. G. S. vol. Ixix (1913) p. 547.
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particularly in the plate-like shape ; and the penultimate whorl-

section of Spath's type agrees with the ultimate whorl-section o£

this genus, suggestive perhaps of common ancestry ; but the pre-

sent genus shows no ^^eripheral sulcation, and has a decidedly

different radial line.

Remarks.—Spath says that his genus is ' probably .... far too

comprehensive.' ^ It is, therefore, inadvisable to enlarge it for the

reception of this form.

Leptaleoceras leptum, sp. nov. (PL XXVI, figs. 1 a-S b.)

Description.—Serpenticone ; substeno-leptogyral ; subextre-

inilatambilicate
;

peripher}^ subtabulate, joining a stout fastigate

carina with only a slight angle
;
gammiradiate ; lateral area smooth

to costulate to smooth.

General details.—The flat, little-overlapping whorls give to

the species a disc-like appearance. The inner whorls are somewhat
elliptical in section, the outer whorl is suboblong, thickest about

the middle, sloping slightly to the periphery, more to the umbilical

edge, which is tabulate, narrow and defined in the last whorl, but
indistinct previously. The inner whorls are smooth until about

14 mm. diameter ; then furnished with subobscure, undulate costulse

which die away nearlj'' to smoothness at about 53 mm. diameter

—

there remain only occasional traces of the previous costulf© w^ith

fine growth-lines, and ultimately only the latter.

Remarks.—Three specimens are before me, all very similar;

but the medium-sized one seems to differ in thickness and slightly

in other proportions from the holotype at the same diameter.

The likeness of the smooth anagenetic stage to the similar stage

in Arnioceras is noticeable (see p. 268).

Distinction.—-The considerable Italian literature on Domerian
Hildoceratidse has revealed neither to Mr. Lang nor to myself

anything really like this species. I am much indebted to Mr. Lang
for kind assistance in bibliographic matters in connexion with tliis

Ap|)endix—an important aid at the present time when facilities

are so much curtailed.

Below I give proportions of the examples of this species and of

others which have some approximation. Of these Ammonites
iioldinqi seems to be the only one possibly of this genus ; but its

radial line is perhaps too curved : it would represent the smooth
or almost smooth anagenetic stage in this or a parallel line ; A.
pseudoradians has the right st\de of radial line, but a different

style of ribbing, and shows no sign of the smooth anagenetic stage
;

A. normanianus has the style of ribbing, but much too curved

a radial line ; and the others differ b}'- being carinatisulcates, with

also a too-much flexed radial line.

1 Q. J. G. S. vol. Ixix (1913) p. 580.
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History of figured specimens.—The holotype is from the

collection of Mr. D. S. Darell, F.L.S., F.Gr.S., and was obtained

from South Petherton (Somerset), evidently by its matrix from
Marlstone or associated beds. The other two specimens were pur-

chased b}^ Mr. J. G. Hamling, F.Gr.S., at the sale of the effects

of the late E,ev. Ingle Dredge : they were in a drawer labelled
' Middle Lias, Grretton.' The piece of matrix which yielded the

larger specimen was preserved too—a very good practice : it is a

bluish calcareous stone of Marlstone character, and Grretton near

Winchcomb (Gloucestershire) was a well-known Marlstone locality.

See later, p. 308. I desire to express my thanks to Mr. Hamling
for kind presentation of these specimens.

Table XII.

—

Proportions : Leptaleocjesas and like Forms.

L. Upturn, yo^xllg shea S. 25, 34, #19, 40.

r24, 33, 18, 41.

L. Upturn, holoty-pe'^ S.^ 35-5, 30, 17, 43.

[66, 24, 16, 52.

L.Si&.Uptum S.35-5, 34, 20, 39.

Ammonites normanianus'D''Ovhignj" T. 90, 31, 17, 45.

Protogrammoceras cornacaldense,

Y&r. zeugita7ium, Spsith.,lii, la^. . T. 60, 30, 18, 46.

Am.pseudoradians^ejJ).es,i[bis'],4<'^ F.46, 37, 21, 37.

Am.fieldinginejnes,iY,la,b*... F. 24, 33, 24, 47.

Harpoceras domeriense Meneghini,
App. i,|55 F.31-5 30, 26, 48.

Family POLYMORPHID.E.

AcAiN^THOPLEUEOCEEAS EUESicosTA, nom. nov. (PI. XXVI,
figs. 4 a-4c.)

1884. Ammonites valdani Quenstedt (no)i D"Orbigny), ' Ammoiiiten d, Schwab-
isclien Jura" pi. xx.w, Hg. 4 oul}'.

Proportions.—S. 1260, 28, 20. 48.

\190, 32, 22, —

.

Description.—The featm-es of the type are its large size and
the i'eclination of the ribbing. The general features are well shown
in Quenstedt' s cited figure—the reclination is less ; but increase of

reclination may be due to age, to which also is to be attributed loss

of inner roAv of tubercles, rounding of periphery, and decay of keel.

The proportions of Quenstedt's fragment I estimate at F. 112, 30,

20, 48.

Distinction.—Reclination of ribs, presence of many marked
subsidiary costulse on periphery, less size of tubercles, convexity

instead of concavity of intertuberculate lateral area distinguish

^ The specimen being broken, approximate measures of inner whorls can be
given.

2 ' Pal. fran^. : Terr. Jur. Ceph.' 1844, pi. Ixxxviii & p. 291.
^ Op. jam cit. "^ ' Geol. Pal. Aveyron.' 1868.
^ ' Lias sup.' in Stoppani's Pal. Lomb. (4) 1881.
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this species from Ammonites valdani D'Orbigny.^ Its whorls are

also somewhat broader and thicker. The proportions that he gives

are T. 95, 27, 17-19, 48.

History of figured specimeoi^—Griven to me many ^^ears

a.go by the late Eev. F. Smithe, F.G\S., with other large species,

as having been found in the Middle Lias clays of Leckhampton
(Gloucestershii-e), when the Banbury & Cheltenham Kailway was

constructed.

Family AEIETIDiE.

Genus Eadstockiceeas,^ nov.

Tj^pe, R. compUcatum, nov.

Definition.—Oxycone, highly involute, septicarinate
;

peri-

phery concavifastigate. Radial line indistinct, laterally slightly

flexed ? slight curving forwards on outer third. Suture-line very

highly complicated—one line touching the preceding at so many
points as to make the separation of the chambers a ver}^ difficult

process. The peripheral lobe has two long branches, and five well-

developed branches penetrate the external saddle, four of them off

the side of the peripheral lobe ; the superior lateral lobe narrow-

stemmed, strongly trilobate, unequal; inferior lateral lobe broad-

stemmed, w^ith short lobules ; a considerable array of auxiliary

lobes.

Distinction.—The high degree of specialization of suture-line

distinguishes this genus from Oxynoticeras. Involution is rather

more developed
;

peripher}^ is on rather a lower grade, but is

beginning to show the knife-edge of that genus, while suture-line

is well beyond it : the array of lobes external to the superior

lateral lobe is greater in number and more developed, that lobe is

specialized into a long narrow-stemmed lobe of cruciform pattern
;

while it is the inferior lateral lobe which is in the same stage as

the superior lateral of Oxynoticeras—broadly U-shaped with short

lobules.

Kadstockicebas complicattjm, sp. nov. (PL XXVII, figs. la&
1 h ; text-figs. 6, p. 294 & 12, 21, p. 295.)

Description.— Oxycone ; subextremiplaty-leptogyral ; an-

gustumbilicate
;

periphery concavifastigate, septicarinate ; sub-

distanti-obscuricostate, gammiradiate ; complicati-septate.

G-eneral details.—The type is wholly septate : there are

indications of its having lost more than another half-whorl, so that

it was a giant of about 380 mm. or nearly 16 inches in diameter.

The periphery is not true knife-edge—the side falls into the keel

with a concave depression ; ribs are rather distant and obscure
;

greatest breadth is abc^t one-third from the umbilical border which

^ ' Pal. fran?. : Terr. Jiir. Ceph.' 1844, pi. Ixxi & p. 255
^ Radstock (Somerset).
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falls somewhat steeply to the umbilicus ; excentrumbilication is

apparent in the last half-whorl (beyond the part preserved)—the

OA^erlap decreasing from about four-fifths to tAVO-thirds.

Remarks.—In ornament, peripher}^ and general appearance
the species here described conforms with Ammonites huvigneri

Dumortier ; but it differs in having a larger umbilicus with a much
steeper border and a thinner whorl the greatest thickness of which
is not on the edge of the umbilical border but well removed from it.

Ammonites huvigneri D'Orbigny is a much thinner species than
Dumortier's, and has passed beyond the costate stage. Its um-
bilicus is much smaller than the Radstock species ; its suture-line

shows the general pattern thereof, but is not truly conformable m
many respects : it does not seem so highly developed : the lobules

which penetrate the external saddle are much less developed and
different—the first lobule is long and bipartite in the Radstock
species, short and simple in D'Orbigny's ; the superior lateral lobe

has its outer lobule bipartite in the Radstock example, its inner

one is so in D'Orbigny's : in the former the terminal lobule has its

shortest side internal (endobrachysceles), in the latter external

(ectobrachysceles).i The specimens figured by Dumortier and
D'Orbigny are both separable from the Radstock species by greater

occlusion—they are perangustumbilicate. Pompeckj says that

these two ought to be considered as the same species :
^ I differ.

Phylloceras huvigneri Wright is also a perangustumbilicate

oxycone. comparable as regards sculpture with D'Orbigny's species,

but wholly different in whorl-shape and in suture-line. It looks

as if all these oxynotes are homoeomorphous terminals of different

lineages—their polygenetic origin shown by the different character

which each selects for acceleration—in one case suture-line, in

another, ornament, in another, inclusion, in another, whorl-shape.

Considerable inequality of characters is thus produced.

For references and proportions see Table XIII, below.

History of figured specimen.— From Radstock Grove
(Kilmersdon Colliery), Radstock, Somerset, [from beds yielding

Oxynotoids immediately below the so-called ^ raricostatus beds '].

Purchased. See p. 310.

Table XIII.

—

Proportions : Badsiockicjeras and like Forms.

Radstockiceras compUcatum nov. S. 186,

S. 262,

54,

55,

25,

25,

11.

11.

Ammonites huvigneri D'Orbigny^. F.200
T.200,

(93), 56,

58,

21,

21,

4.

4.

Ammonites huvigneri Dumortier"'. T.126, 58, 28, 4.

Phylloceras huvigneri (Wright),

Ixxvi, 1, 25 F.150,
T.145,

54,

56,

30,

32,

7.

4.

^ ' Monogr. Inf. Oolite Ammonites ' p. 381.
- 'Oxynot. Sinem.' Comm. Serv. Geol. Port, vi (1906) p. 270.
' ' Pal. franc;. : Terr. Jnr. Ceph.' 1844, pi. Ixsiv & p. 261.
^ ' Bassin Ehone ' ii (1867) pi. xxxiv, p. 147.
'°

'Monogr. Lias Ammonites ' (Pal. Soc).
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Genus GrLEYiCEEAS,^ nov.

Type, G. glevense, nov. (paratype).

Definition.—-Involute, septicarinate suboxycone, passing to

less involute, non- septicarinate platycone—the periphery broaden-

ing, carina declining (passing to rounded, uncarinate ?), whorls

inflating. Ribs subregular, simple. Radial line laterally nearly

straight with distinct forward projection, less in stage of 'rib-

decline. Suture-line somewhat complex—no long branches from
the external lobe, one accessory lobule in the external saddle,

superior lateral lobe rather long, narrow-stemmed, but declining to

broad-stemmed later.

Distinction.—From Oxyiioficeras, the suture-line is more
developed, but the oxyconic character is much less developed,

—

return towards platycone commencing before anything like the

knife-edge periphery of OxijuoticerciB is attained. From ^ad-
stockiceras, with a lower stage of involution and a rather less

developed periphery this genus combines a less complicated suture-

line. From Agassizoceras, of which at one time I thought it

might be an involute development, a suture-line too much deve-

loped. See also another character below, p. 292.

Remarks.—The A''arious species which a]3pear to belong to this

genus are those cited in the Comparative Table. Ammonites
guibnlianus D'Orbigny and A. victoris Dumortier must be ex-

cluded for various reasons. See below, p. 293.

GrLEVICERAS G-LEVEXSE, nom. nov. (PI. XXVII, figs. 2 & 3
;

PI. XXVIII, figs. 1 & 2 ; PL XXIX, fig. 3 ; PI. XXX, fig. J.

;

text-figs. 4 & 5, p. 294; 11, 20, p. 295.)

184i. Ammonites greenlioughii J. Huckmaii, 'Geol. Chelt.' new ed. p. 89.

1881. Amalthetvs giiibcdianus Wright, ' Mon. Lias Amm.' pi. xlv, figs. 6& 7 only.

1904. Agassizoceras greennughi S. Uuckman [nan Sowerby) in L. Ricliardson,
' Handbook of the Geology of Cheltenham ' p. 212.

Cf. 1879. Ammonites gtiihali Keynes {nan guibaliaiiics D'Ovhigny), ' Mon. Amm.'
pi. xlvi, fig. 13 oiih'.

General details. ^—Whorls broad (inner margin rounded),

inclusion nearly to the inner edge of the preceding whorl up to

128 mm. diameter, in another ^ whorl (not preserved) umbilical

expansion rapid, inclusion only about ^. Periphery sloping ogival,

with raised hollow keel up to about 86 mm. diameter, in another

half-whorl keel small, hollow character obsolescent, periphery

flattening but narrower than dorsum, in another half-whorl peri-

j^her}^ flatly ogival, almost as broad as dorsum, carina almost

obsolete. Ribs indistinct, undulate, occasionally bifurcate on the

outer margin : they tend to become irregularly obsolete at or after

145 mm. diameter, when irregular swellings (old-age rugosities)

appear.

[Final stage (not preserved), smooth (or irregularly^ swollen)

with rounded uncarinate periphery and excentrumbilication ?]

^ Glevum, the Roman name for GloiTcester.

q. J. G. S. No. 292. 2 a .
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Remarks.—These details are drawn up from the holotype. The
paratype, Ammonites greenhoitghii of the ' Geol. Chelt.,' agrees so

closely with Wright's cited figures of Amaltlietis guihalianus and
his description of that form (p. 386), that there need be added
only these remarks :—The periphery in Wright's figure is sharper,

possibl}^ due to presence of test, the ribs are stronger—over-

accentuation of such a character is quite usual in drawings,—and
the inner edge of the penultimate whorl is more exposed : the

paratype, and the holotype too, show a particular!3^ concentric

coiling of the umbilicus, which may be called thimble-shaped,

indicating that in the young the species must be rather thin and
somewhat widely umbilicate.

The paratype shows (PI. XXVIII, fig. 2) a rather narrow-

stemmed superior lateral lobe, with a fairly even arrangement of

fine lobules towards the end : the broader-stemmed lobe of the

holotype is presumed to be due to old age.

Below are given the proportions of certain comparable species

with those of the species now described. The first three differ in

proportions, especially in the greater umbilication ; Reynes's

Ammonites guibali is difficult to place in the series, as no informa-

tion is given of thickness nor whether it is a large shell reduced.

The very longstanding and Yurj general confusion of Oxynotoids

of the Gleviceras pattern with Ammonites greenouglii J. Sowerby
has now been exposed and corrected in a \qyj careful paper by
Mr. Spath.^ But the likeness when, in large sj^ecimens of the

present species, ribs are lost and the keel is obsolescent or obsolete

is certainh^ remarkable.

History of specimens.—The holotype is from Lias clays

above the oxynotum horizon, from the lower part of Folly Lane
Brickyard, Cheltenham (Grloucestershire). The paratj^pe was re-

corded as Ammonites greenhoitghii from Lias shales, Lansdown,
Cheltenham, Coll. J. Buckman (' Greol. Chelt.' p. 89).

Table XIV.

—

Proportions : Gleviceras and like Forms.

^m. cZoHsEeynes,xli, 13-152 ... F. 109, 48, 32, 22.

Am. aballoensis Dvim. 11, xxxviii." F. 117, 48, 35, 20.

^m. ^reenon^/ii Hauer, xii, 2, 3, 4.^^ F. 112, 48, 29, 20.

^m. ^wi&aU Eeynes, xlvi, 13 2 ... F. 203, 47, —

,

20.

r 86, 47, 25, 19.

Gleviceras glevense, h.olotj-gQ S.^ 128, 51, 26, 14.

[184, 51, 27, 14.

Cr. i/leren-se, paratype S. 148, 52, 26, 14-5.

{Atyi. greenJioughii J. Buckman.)
G. glevense.

{Amaltheus guihalianus Wright, (F. 157, 54, 26, 14.

xlv, 67, p. 386)= ^T.133, 56, 26, 15.

^ ' ScMotheimia GreenougJii ' Geol. Mag. dec. 6, vol. ii (1915) p. 97.

- ' Mon. Amm.' 1879. ^ ' Bassin Rhone.'
* ' Ceph. N.O.-Alpen ' Denkschr. k. Akad. Wissensch.. Wien, vol. xi, 1856.
^ ' MonogT. Lias Ammonites' (Pal. Soc.) 1881.



part 4] JUEASSic cheonologt : lias. 291

[Since this paper was read various other items of Gleviceras

belonging or akin to the present species have come to hght, and
are of particular interest.

A large septate specimen from the same place as the holotype,

and like it only a half, has, however, stouter proportions : it is^

perhaps, more phylogerontic. It shows about a quarter-whorl

more ; but, what is chiefly interesting is, that the mark of the

inner margin indicates that another complete whorl at least must
have been present.^ As the specimen now measures 204 mm. it

must, judging by the proportion of radius to diameter as well as bj^

curvature, have been a giant of some 450 mm. diameter. But this

inner margin line shows excentrumbilication ; for, whereas about

80 per cent, of the whorl was enveloped at one time, in a whorl this

has decreased to about i3i^ per cent., and in less than another half-

whorl to about 50 per cent. From this specimen the following

proportions may be ascertained :

—

ri40, 52, 35, (16?).

S.^ 204, 51, 33, 19.

1.450, 45, —

,

25.

The umbilicus in old age returns to the somewhat open condition

of youth, which is possessed by the young form described in the

following paragraph.

The next specimen, quite a young example, is also from the same
place ; envelopment is about half the whorl ; ribs are regular, with
occasional bifurcation ; there are no signs of auriculoids on the

exposed part of the whorl, but there is evidence that they existed

in the young stage : the line of the inner margin does not follow

a regular curve, but is angular (hexagonal in a turn), displaced at

intervals, thrown out of its course, by the presence of the auriculoid

excrescences—something similar may be noted in the umbilical

margin of spinous species.

This example, which is depicted in PI. XXVII, fig. 3 ; PI. XXIX,
fig. f3 ; and PI. XXX, fig. 4, gives the following proportions :

—

Q r29, 49, 29, 24, -K.2
^•131, 48, 27, 22, +K.2 »

The next specimen is from Charmouth, a 'pyritised Oxyno-

^ In the course of these investigations I have made a discovery which may
be of importance for the identification of types. In my father's descriptions

of ammonites, 'Geology of Cheltenham' new ed. 1844 (1845), the diameter
given is not that of the specimen as preserved, but is the assumed diameter of

the perfect shell. Thus, in his description of Aininonites gracilis (p. 104), the
diameter is given as ' about 9 in.' The specimen actually measures 145 mm.
(5|, inches) in diameter, but is fully septate and carries indications of another
half-whorl at least, shown by remains of inner edge. The diameter of 9 inches
is obviously reckoned to include this extra half-whorl or so, but is, perhaps,
rather an overestimate. This method of giving diameters, now that it is

discovered, clears up many discrepancies in these descriptions. It may be
that other authors have adopted this plan, which might easily raise doubts as
to the identity of types. There is no possible question about the identity of

A. gracilis.

^ Without keel, with keel.

2a2
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ticeras,' presumably from Bed 92,^ and is in the cabinet of

Mr. James Francis, F.Gr.S., who has kindly consented to its use in

illustration. It was communicated to me by Dr. A. Morley Da'V'ies,

who had noticed its interest in regard to auriculoids.

This is not the same species as the last, but it is near, and it

illustrates that which there is reason to suppose is the hidden stage

of that one. It is earlier—that is 'pve-glevense—biologically, and
maJ, for the present, be inscribed as Grleviceras auritulum!glevense.
It is earlier because, though exposing three-quarters of the whorl
shown by the 3^oung G. glevense, it retains auriculoids all the time,

which feature the other had lost about a whorl before. Its ribs

are also of a different j^attern, somewhat irregular, connate on the

inner area, joined in button-and-loop style on the outer area by the

reflected U-shaped auriculoid : a plain rib parts each connected

pair. The umbilicus is angulate. Proportions are not much
different; but the perijohery is rather blunter. The specimen

depicted in PI. XXX, figs. 5 a-oh & PL XXXI, figs. 1 a-1 h, gives

:

S. 22, 44, 29, 26, -K.

The last of these specimens is much separated by its shape, but

becomes of interest now as possessing auriculoids combined with a

stout Avhorl and flattened broad periphery. ^ It is Ammonites
riparius Oppel,^ from a well at Aston Cross, near Tewkesbmy,
presumably from the hiferum horizon. It is thus additionally

interesting, as another link between the Gloucestershire and
Wiirtemberg faunas.'^'

Xeither Oppel's figure nor description lead one to expect auri-

culoids ; but this example shows them well developed : the}^ are

connected too by a longitudinal ridge or pseudo-carina—this is

shown by Oppel. The inner margin in the umbilicus is angulate,

as noticed for the two preceding specimens : not shown by Oppel.

This species may presumably be inscribed as Grleviceras ripa-

rium (Oppel), for it shows a suture-line (Oppel)—not well

exposed in my example (but see PI. XXX, fig. Qd),—which appears

to be somewhat more developed than one would expect for this stage

of Oxynoticeras\ but there are obviously several steps yet to be

distinctively named connecting this species with the last specimen

(^G. auritulum I glevense) : they are su23i)lied to a certain extent

by Q.uenstedt's figures, pi. xxiv, figs. 15 & 16 in ' Ammoniten d.

Schwabischen Jura.' At any rate something ver}^ near to this

species may be looked for as common ancestor of Oxynoticeras

and Gleviceras, which are thus presumably traceable to a form of

Agassiceras pattern but possessing auriculoids, and thus dilfering

from that genus.

For further remarks on auriculoids. Ammonites auritulus, etc.,

see 'Yorkshire Type Ammonites' A. dennyi 1909, No. 7.]

^ See Chronological paper. Table V facing p. 267.
- Its approximate proportions are : S. 32, 48, 50, 29 4-.

=* Pal. Mitth. 1862. pi. x], fig. 2.

"* See Chronological paper, p. 270.
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Genus Gtuibaliceeas, nov. (Figs. 14 & 18, p. 295.)

Type, Am. guilalianus D'Orbigny.^

Distinct from Gleviceras by the intermittent character of its

ribbing and also by its sntm-e-line. Am. aballoensis Dumortier

j9«rs,2and AmaWieus guihalianus Wright pars^ {non D'Orbigny),

have the intermittent style of ribbing, and presmnabl}^ belong to

this genus.

Genus YiCTOEiCEEAS, nov. (Figs. 13 & 19, p. 295.)

Type, Ammonites victoris Dumortier.*

Distinct from Gleviceras by different suture-line, peculiar

character of test—striate and punctate,^—dichotomous stjde of

ribbing and other characters. The dichotomy begins at the um-
bilicus, where there is a sort of bunching on the umbilical wall, and
is repeated at several stages across the whorl, with short costulse,

dichotomous or intercalated, on the periphery.

Fine examples of Ammonites victoris occur With. RadstocJciceras

at Radstock, with many other remarkable Oxynotoids which must
be left for another opportunit3^

The suture-lines of some of these Oxynotoid genera are presented

in figs. 1-6, p. 294 :—

Fig. 1. Oxyyioticeras oxynotum (Quenstedt), after his figure, Ceph, v, 11.

Figs. 2a & 2 6. 0. oxynotum (Quenstedt), from a paratype of Am. cultelhis

J. Buckman in my collection, to show increase of complexity due to

age. The specimen, wholly septate, measures 123 mm. (nearly

5 inches) in diameter ; and suture-line 2 a is taken at a diameter of

about 31 mm., 2 6 at about 90 mm.
Fig. 3. Oxynoticeras polyophylluin (Simpson), after the figure in ' Yorkshire

Type Ammonites ' 1909, No. 8.

Fig. 4. Gleviceras glevense, genotj-pe, from the specimen figured in PI. XXVIII,
fig. 2.

Fig. 5. Gleviceras glevense, holotype, from the large specimen illustrated in

PL XXVIII, fig. 1.

Fig. 6. RadstocTciceras complicatum, from the specimen depicted in PL XXVII,
fig. 1, the suture-line X 0"67 : from a photograph.

To facilitate comparison of the various Oxynotoid genera, out-

lines of the external lobe and saddle and the superior lateral lobe

are given in figs. 8-14, p. 295 :

—

Fig. 8. Oxynoticeras oxynotvm, after Quenstedt, X 2-5.

Fig. 9. 0. oxynotum {Am^monites cultelhis), see above, fig. 2 h.

Fig. 10. 0. polyophyllum, see above, fig. 3.

Fig. 11. Glevicei-as glevense, see above, fig. 4.

Fig. 12. RadstocTciceras complicatum, see above, fig. 5.

Fig. 13. Victoriceras victoris (Dumortier), after his fig. op. cit. pi. xxxi, fig. 1.

Fig. 14. Guihaliceras gioihaliayium (D'Orbigny), after his fig. loc. cit.

^ ' Pal. franc,-. : Terr. Jur. Ct^ph.' pi. Ixxiii.
^ ' Bassin Rhone ' ii, pi. xxvii only.
•^ ' Monogr. Lias Ammonites' 1881, pi. xlv, figs. 3,. 4 only.
•* Op. cit. ii, pi. xlv, figs. 1 & 2.

' See Dumortier, pi. xxxi, figs. 1 et 2.



Figs. 1-7.

—

Suture-lines of Oxynotoids and a Deroceras.

Ox. oxynotum.

"W^

26 Ox.oxynotum (Am.cultellus)

2 a Ox.oxynotum
(Am.cultellus)

7. Deroceras bispinigerum x 3.5

'^^/^

3. Ox.polyophyllum 4. Gleviceras' glevense (genotype]

6. Radstocklceras complicatum x 0.67

5. Gleviceras glevense (Holotype)

[For fig. 7, see p. 302.]



Figs. 8-21.— Suture-lines (skeleton) and radial lines of Oxynotoids

14 Guibaliceras guibalianum
20 Gleviceras glevense

rin figs. 9 & 113, for Am. (cultellus) read (Am. cultellus).]
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For the same purpose of comparison, outline rib-schemes are

given in figs. 15-21, p. 295 :

—

Fig. 15. Oxynoticeras oxynotum, after Quenstedt.

rig. 16. 0. oxynotum {Ammonites mltellus), see note to fig. 2 above.

Fig. 17. 0. polyophyllum. after fig. in Y. T. A., see note to fig. 3 above.

Fig. 18. Gnihaiiceras guihaliamim, after D'Orbigny.

Fig. 19. Victoriceras victoris, after Dnmortier.

Fig. 20. Gleviceras glevense, from the specimen figured in PI. XXVIII, fig. 2.

Fig. 21. Radstockiceras complicatiim, from the specimen depicted in PL XXVII.
fig. 1 : this outline is of the natural size.

The genotypes of these Oxynotoid genera are all in about the

same stage of morphic equivalence, but all differ in degree of

development of various characters. Thus, in regard to suture-line,

some make more elaboration in the lobules of the external saddle,

some in the superior lateral lobe; in regard to periphery, Oxijno-

ticeras is the only one that has attained to the knife-edge stage,

^adstocMceras approaches, Gleviceras is far from it. An analysis

of the genera on these and other features gives the following-

results in descending: order :

—

Saddle. Sup. lat. lobe. Periphery.

5.

4.

3.

2.

1.

Radstockiceras.

Oxynoticeras.

Guihaliceras.

Victoriceras.

Gleviceras.

5.

4.

3.

2.

1.

Radstockiceras.

Gleviceras.

Victoriceras.

Guihaliceras.

Oxynoticeras.

5. Oxynoticeras.

4. Radstockiceras.

3. Guihaliceras.

2. Victoriceras.

1. Gleviceras.

Ribbing. Umbilicus. Result : Nat. Ord(

5.

4.

3.

2.

1.

Victoriceras.

Oxynoticeras.

Radstockiceras.

Gleviceras.

Guibaliceras.

5.

4.

3.

2.

1.

Radstockiceras.

Victoriceras.

Oxynoticeras.

Guibaliceras.

Glevicera?.

5. Radstockiceras (22)

4. Oxynoticeras (17).

3. Victoriceras (16).

2. Guibaliceras (11).

1. Gleviceras (9).

The natural order is arrived at by adding the position-marks

attained under the five different bases of analysis.

Amaltheus Jymensis Wright (pi. xlvi, figs. 1-3 & pi. xlvii,

figs. 1-3) cited as Oxynoticeras lymense in my Chronological paper,

p. 270, would seem not to belong to any of these genera. To be
Oxynoticeras it should have a suture-line more comj^licated than
that of O. ijolyophyllum, but its skeleton outline is more that of

Guihaliceras.

Genus Aeietites Waagen.

Aeietites tuegescexs, sp. nov. (PI. XXIX, figs. 2 a & 2h\
PL XXXI, fig. 5.)

Cf. 1864c Ammonites turneri Wright (nan J. de C. Sowerby sp.), ' Amm. of Lias

'

Proc. Cotteswold Club, iii, pi. ii, fig. 4.

Cf. 1879. Arietites Uirneri Wright {nan J. de C. Sowerby sp.), 'Lias Ammonites '

pi. xii, figs. 1-3 ; 1881, p. 292.

Cf. 1879. Ammonites hrooTci Kevnes {nan J. Sowerby sp.), 'Men. Amm.' pi. xliii,

figs. 6 & 7.'

^ These three references happen to be all figures of one specimen ; see p. 322.
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D e s c r
i
2) t i n .—Serpenticone

;
platysubpachygyral, latumbili-

cate to j^erlatumbilicate, carinati-sulcate, costate, gammiradiate.

Eemarks.—This inflated Arietites is sufficiently well repre-

sented in Wright's figure and description, although Wright's form
attained to soiiie\Yhat greater stoutness at an earlier age. Keynes's

shell has similar proportions to Wright's 1S79 figure, but is some-

what .different in ribbing.^ The shell now described is neither

A. turneri nor A. hroohi, as the proportions stated on p. 298 will

show ; it is an inflated development of A. turneri, and is not

intermediate between A. turneri and A. hroohi, as the latter

belongs to the compressed stock.

Apart from its geological interest, which will be discussed pre-

sently (p. 311), and its biological interest as an inflated Arietites^

the shell now described is noticeable for a pathological development.

On the periphery of the last quarter of the outer whorl the strong-

keel and furrows suddenly cease, and a rounded venter is produced

:

the Inuch ventrallj^-projected radii which accompanied keel and
furrows—one of the generic characters of Arietites—also suddenly

give place to radii crossing the venter with a slight linguiform bend
(PI. XXXI, fig. 5). This change is presumably due to injury, and
the injmy has brought on highly-accelerated catagenesis of the

periphery, but has not affected the strength of the lateral ribs

We know that catagenesis is the reversal of anagenesis, and we
know from allied stocks that keel and furrows ultimately die away
leaving a rounded venter ; also that highly-projected ventral radii

will return to a less projected state. But such catagenesis is

usually gradual, and comes on with general decay of ornament all

over, usually after a period of compression with umbilical contrac-

tion. Here the catagenesis is local, and is produced in a sudden
jump 2; the specimen was in a flourishing state, and apparenth'- was
on its way (see Wright's example) to produce thicker forms.

I have had by me for many 3''ears a considerable series of these

pathological specimens, having had hopes of illustrating and dis-

cussing them. They should be of more than ordinary interest,

because in connexion ,with the law of tachygenesis, and with the

law of catagenesis being the reversal of anagenesis, they might
contribute important items of knowledge to the science of

pathology.

History of the figured specimen.—From a hard bluish,

decomposing to a soft white (chalk}') matrix of Lower Lias, out

of the excavation for the reservoir of the Bristol Waterworks at

Barrow Grurney (North Somerset)—purchased. In the aperture is

a ^m.2i\\ XiiDheroceras of the planicosta style.

1 But see p. 322.
2 It is noteworthy that, as yet, there are no kno%\ai descendants of Arietites

reproducing the rounded venter of this sudden iump. The nearest analogues

are the degenerate Asterocerates of the sagittarium pattern (see Chronological

paper, p. 271), and so far as is known they are evolved by gradual change and
normal earlier inheritance of characters (tachygenesis) as is the case with
other ammonites.
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Table XV.

—

Proportions : Ahieiites
[brooki and tvugescexs Series).

rii (D

rF.ii4,
LT.llO,

22,

22-5,

20,

20,

57.

F. 97, 26, 25-5, 53.

F. 79,

F. 65,

32,

31,

[26],

26,

46.

46.

S. 53, 34, 26?, 40?

F. 92,

rF.142,
T.140,
F.147,
F.148,

37,

37,

39,

36,

40?

27,

28'

27,

34.

34.

35!

35.

S. 171, 33, 32, 45.

"F. 53,

- F.118,
T.115,

35,

37,

35,

35,

34,

33,

42.

37.

fArietites aff. plotti (Eeynes).

{Ar. honnardii Wright, xi, p. 287).'^

Arietites plotti (Eeynes).

(Ain. plotti^ejnes, xxxvi, 15, 16).-

Arietites turneri (J. de C. Sowerby).

(Ammonites turneri Sowerby,

_ cccclii, top fig.)."*

§ "g ^ {Am. turneri Eeynes, xl, 18, 19).^

Arietites sp.

{Arietites sp. Laug, from. Bed 77)."*

Arietites hroolci (J. Sowerby).

{Ammonites hroolci Wright, ii, 5) ^.

{Aw.. hrooM Wright, ri, 4, p. 280)'^

{Ain. hrooki Reynes, xxxYii, 5, 6).^

(^ {Am. hroolti Sowerby, cxc)"*

Arietites turgescens, nov.^

Arietites aff. turgescens.

gijg
|_

{Ar. turneri Wright, xii, 1-3)'^ ...

Genus Aexioceeas Hyatt.

Aexioceeas flatum, nom. nov. (PI. XXXI, figs. 2a & 2 h.)

1878. Arietites semicostatus Wright (noii Young & J^ird sp.), 'Lias Ammonites
pi. i, fig. 7 only.

Description.— Subplaty-subleptogyral ; subextremilatumbili-

cate; periphery fastigate, distincti-carinate ; whorls smooth ; suture-

line simple, external lobe about as long as superior lateral.

Remarks.—A smooth, keeled Arnioceras, possibly adult.

Arnioeerates in the smooth stage have been made types of five

species, and names of other species have been applied to them. For
consideration now are

—

1. 1858, Ammonites miserahilis Quenstedt.

2. 1867, Psiloceras acutidorsale Hyatt.
3. 1867, Arnioceras cuneiforme Hyatt.

4. 1876, Mgoceras nigrum, Blake.

5. 1878, Arietites semicostatus Wright {non Yoimg & Bird sp.).

6. 1883, A')nm,onites falcaries Ixvissimus Quenstedt.

The species now described, however, agrees only with Wright's,

judging his figure as depicting a keel, for Hyatt's and Blake's species

are both ruled out by their peripheries. Psiloceras acutidorsale

has 'abdomen prominent, acute,"—no mention of a distinct keel

;

Blake's ^y<9C(?r«s nigrum has an 'angular front'; and Hyatt's

Arnioceras cuneiforme is figured with merely a sharply angulate

periphery ; Ammonites falcaries Icevissimus is different in pro-

portions, so there remains only A. miserahilis, which Quenstedt

^ ' Monogr. Lias Ammonites.' '-^ ' Mon. Amm.' 1879.
^ ' Mineral Conchology.' * See Chronological paper, p. 271.
^ Proc. Cotteswold F. C. vol. iii, 1864. ^ Where the keel ends.
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described as having a keel like a piece of string rolled round. ^ This

fits the present species well ; there is a distinct angle at jbhe junc-

tion of periphery and keel ; but Quenstedt's is a more slowly coiled

form. The present species has the side-view of Blake's ^cjoceras

nigrum, but the periphery of Quenstedt's Ammonites miserahilis.

Before proceeding further it is necessary to mention Hyatt's

and Quenstedt's later interpretations of their species. In 1889
Hyatt recognized his Fsilocei'cis acutidorsale as an Arnioceras,

and identified it as one variety of Ammonites miserahilis, his

Arnioceras cuneiforme being another. He then gave figures of

these forms, and these figures must be regarded as at least the

lectotypes of his original species. But his original description of

A. cuneiforme speaks of ' pilae ' on the side, and ' a keel indicated

by a ridge ; channels obsolete '—characters which do not seem to

appear in his later figures. In this case, if not in the former, he

possibly combined various forms in his two species.

Quenstedt has also combined various forms in his later work

—

' Ammoniten d. Schwabischen Jura ' pi. xiii, figs. 27-30. His
figs. 27 & 28 are without distinct keel, his fig. 29 has a distinct

keel ; and his fig. 30 from Tewkesbury has, in my opinion, nothing

to do with Arnioceras : it is a young stage of Bifericeras.'^

A table of the proportions of the various forms discussed may
now be given.

Table XVI.

—

Peoportions : Arxioceras, Smooth Species.

Periphery angulate.

1. Arnioceras cf. acutidorsale (Hyatt).

{Ammonites miserahilis Quenstedt, siii,

27)3 j^_26, 22, 20, 60.

(Am. miserahilis Qwensteclt xiii, 28)^ ..

.

F. 17-5, 22, 21, 59.

2. Arnioceras acutidorsale (H.jsitt), a, 4!^ ... F. 32, 26, —

,

54.

3. Arnioceras cuneiforme Hysitt, ii. 5 '^ F. 20'5, 25, 24?, 55.

4. Arnioceras nigrum (Blake).

{Mgoceras nigrum Blake, vi, 6) ^ C F. 20-5, 28, — , 49.

iT.19, 27, 26, —

.

Periphery with distinct keel.

1. Arnioceras aff. miserahile (Quenstedt).

(Ammonites miserahilis Quenstedt, pi.

xiii, fig. 29)3 Y.17, 22, 19, 59.

2. Arnioceras miserahile (Quenstedt).

{Amtnonites miserahilis, Quenstedt, pi.

viii, fig. 7)*^ F.16-5, 25, — , 56.

3. Ai'nioceras flavum, nov.

{Arietites semicostatns Wright, i, '7)'' ... F. 28, 26, —

,

52.

(holotype, PL XXXI, fig. 2) S. 25, 27, 20, 51.

4. Arnioceras Isevissimum (Quenstedt).

{Ammonites falcaries Isevissimus Quen-
stedt, pi. xiii, fig. 18) 3 F.30, 33, 21, 44.

^ 'Ammoniten d. Schwabischen Jura' p. 71.
^ 'Yorkshire Type Ammonites' ii (1913) p. Hi. 3 Op. jam cit.

-^ ' Gen. Arietidge.' ^ R. Tate & J. F. Blake, ' Yorkshire Lias ' 1876.
^ Op. jam cit. 1856. '' ' Monogr. Lias Ammonites ' 1878.
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If these forms were to be combined under one name as Arnioeeras
miserahiJe without taking account of the differences of periphery

and proportions, it is possible that certain facts of geographical

and stratigraphical distribution might be overlooked for want of

distinctive appellations. It is not yet known that the different

forms are of strictly identical dates ; and on the geographical

distribution something will be said later (p. 314).

Facts of evolution might also be lost without distinctive names.

For there seem to be realty two lines developing side b}^ side—one

in which the periphery proceeds no further than the angulate stage

but the whorl increases laterally—in thickness ; the other in which
the periphery i^roceeds past the angulate stage to a carina with

indications of channels, but the lateral development lags behind

—

the increase in whorl-thickness is slower. Of the first series 1-3

are morphic equivalents of 1, 2 of the second ; -1 of the first is in

the same relation to 3 of the second, while 4 of the second stands

isolated.

To Hyatt's idea that the smooth forms of Arnioeeras are

derivates of T'siloceras ])lcnior})is I cannot assent. Ps. i^lanorhis

and like smooth forms of that genus are catagenetic—post-costate

—developments wTbh a degenerating phylloid suture-line. The
smooth forms of Arnioeeras are anagenetic developments—pre-

costate—with a ceratitic suture-line, simple because undeveloped.

The likeness is deceptive : it is a case of transversal homoeomorphy.^
The next species well illustrates the precostate character of

smooth Arnioeeras.

History of figured specimen.—From the Lias of L3^me

Regis (Dorset)—purchased there. It is yellowish-brown—hence

the trivial name—the colour which Sowerby illustrates for his

Ammonites hroolci!^ This character may perhaps be a means of

fixing its exact stratigraphical position. See later, p. 314.

Ae:n^ioceeas ain-a&exeticum, sp. nov. (PI. XXXI, figs. 3 «-3 i.)

Cf. 1889. Arnioeeras semicostaUim Hyatt {non Young L Bird sp.), 'Gen. Ariet.''

pi. ii, tig. lU only.—Proportions : F. 34, 26, 26, 5].

Proportions.
J

S. 24, 33, 25, 44.

I
S. 42, 27, 20(24), ol.

Description.—Serpenticone ; subplat^^-subleptogyral ; subex-

tremilatumbilicate ; carinati-subsulcate; mainly smooth, finishing

costate, parvinodate.

General details.—The distinctive feature of this species is a

prolonged smooth or nearly smooth stage, for over most of this

stage capillation and occasional very obscure costulae may be

detected. On the last quarter-whorl are developed what must
be regarded as adult or even old-age characters—costse plain at

first, but later on bearing incipient tuberculation—small nodes.

^ ' Yorkshire Type Ammonites ' ii (1913) p. vi.
'^

' Mineral Conchology ' 1818, pi. cxc.
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The periphery at the beginning of the last whorl is carinate and
tabulate ; at the end of it, carinate-subsulcate. Body-chamber just

under half a Avhorl, specimen being presmnabl}^ complete.

Remarks.—The smooth stage of this species being distinctly

keeled connects it with the keeled series of smooth Arniocerates,

and it is presmnably a development of the miserahile-Jlavum line.

The ribs being only slightly reelinate it may reasonably pass into the

Arnioceras-hodley i series of costate Arniocerates ; less likel}^ into

the next species. In the species now described the ribs are an adult

or old-age feature, in the costate Arniocerates a juvenile character

—an illustration of the law of tachygenesis. In the species now
described small nodes make their aj^pearance almost as soon as

ribs ; but in some lines of costate Arniocerates nodes are long in

appearing—may not appear at all. The dift^erence in the time of

developing nodes may be a means of distinguishing lineages in

costate- Arniocerates, as the time of carination seems to be among
the smooth forms.

History of figured specimen.—From blue Lias Limestone

of Lyme Regis (Dorset)—purchased there. The test has the same
colour as ArniocerasJlavicm. In the matrix is a small example of

what is perhaps Cymhites.

[Since this paper was read I have obtained tbe presumed holotype

of AnDnonltes semicostatiis Young & Bird. It is illustrated in

' Yorkshire Type Ammonites ' 1918, ])\. cxii.]

Arxioceeas fortunatum, sp. nov. (PL XXVIII, hg. 4 ; PI.

XXXI, figs. 4«&4J.)

Cf. 1883. Ammonites ceratitoides Quenstedt, 'Aminoniten d. Sclivvabisclieii Jura'
pi. xiii, lig. 8 (not of ' Cephalopodeii ' 1849, pi. xix, fig. 13).

Description.—Serpenticone ; subplatygyral to substenogyral

;

leptogyral ; subextremilatumbilicate ; carinate-sulcate ; rursisub-

recticostate, parvinodate. Smooth stage to about 10 mm. diameter,

costulate to about 18 mm., then an injury, costate from about

20 mm. onwards. The costse are decidedly reelinate and nearly

straight on lateral area, sharply projected beyond small nodi, which
are situated on the periphero-lateral border. Suture-line simple.

Remarks.—This species is much larger than any Arnioceras
known to me in literature ; but Mr. Tutcher has a fragment of an
Arnioceras from Radstock which would measure about 5\ inches

(140 mm.) in diameter. The species is distinct from A. hodleyi

(J. Buckraan) by its more reelinate, wider-spaced ribs and b}^ a

somewhat smaller umbilicus at the same diameter. It might be

suggested that the reelinate ribs were due to the injury in the

young stage, but it is evident that the specimen entirely recovered

from this, and was so little affected that it grew to an unusual size.

Mr. Tutcher has Radstock specimens of Arnioceras with much
reelinate ribs. Also Quenstedt figures a form which has the same
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26,

23,
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16(18), 57.
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r.68,
r.74,
F.76,
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17(21), 57.

302 ME. s. s. BrcKiiA>' ox [vol. Ixxiii,

style of reclinate and well-spaced ribbing, Quenstedt's specimen
is not, however, quite the same : it is the next step onward ; its

smooth stage is evidently shorter, its Avhorl somewhat broader, and
its umbilicus rather naiTower.

For dimensions of this and comparable species, see below.

History of figured specimen.—Out of a dark (phosphatic?)

limestone of the Lower Lias from Paidton, neai' Kadstock (Somerset)

—pai'chased from a workman.

Table XVII.

—

Peopoetioxs : Ajrxiocefus FomrxAirji and like Foems.

Arnioceras fortunahim, nor S.-{

Arnioceras aff. fortunatum.
{Ammonites ceratitoides Quenstedt, xiii, 8) ^.

Arnioceras todleyi (J. Buckman).
(Ammonites hodleyi J. Biicknian, xi, 7) -...

{Arietites semicostatvs Wright, i. 4, 5)^ ...

(Aminonites ceratitoides Quenstedt, siii. 10)^

{Arnioceras hodleyi S. Bxickinan) "*

CoEO^'iCEEAS BrcxLAXDi (J. Sowcrby).

1816. Ammonites bncl-Jandi J. Sowerby, ' Mineral Concliologv ' vol. ii, pi. cxxx
& p. 69.

Mr. Tutcher has a large specimen from Keynsham, near Bath
(Somerset)—a topotype, for Sowerby's "Bath and the neigh-

bourhood ' doubtless meant Keynsham. He gives the following

proportions, S. -1:93, 26, 32, 55 ; and Sowerby"s figure, allowing for

foreshoi-tening, I estimate to give much the same : his figure is

presumably reduced to about a Cjuarter of the natui-al size.

Mos:t interpretations of this species fail to allow for the great

thickness of whorl maintained to 20 or more inches in diameter.

See Chronological paper, p. 273.

Family DEROCEEATIDJE.

Genus Deeoceeas Hyatt.

Deeoceeas BisPixiGEErM, nom. nov. (P. 294, fig. 7.)

1903. Deroceras sp., S. S. Buckman, Q. J. G. S. vol. lix, pi. xxvii, figs. 5 & 6
(holotype).

1914. Bituberculate Deroceratid, Lang, Proc. Gaol. Assoc, vol. xxv, p. 321. .

Ee marks.—This name is for a species already figm-ed in the

Society's Jom-nal but without trivial appellation. As Mr. Lang
has now found another example 37 mm. in diameter, with the same

1 ' Ammoniten d. Schwabisclien Jura.'

' ' Geology of Cheltenliam ' new ed. 1844.
3 ' MonogT. Lias Ammonites ' 1878.
"* Figured in ' Palseontologia Universalis ' 1904. Xo, 36. T^ The end of the

whorl, it should be noted with regard to figs. T^''', T^*, is somewhat swollen

with pyrites.
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•mineral condition, as he has obtained it in situ (Avhich fixes the

horizon for the first specimen), and, as it marks a definite horizon

in the Kaasayan, a full name is desirable.

This species is comparable .with two of G-eyer's, but differs from

his jEgoceras 'pr<jecursoi\ with which it shares the radial linear

ornament, by whorl-shape—whorl widest at the periphery—the

retention of the inner row of spines, and yet having less whorl-

inflation. His jEgoceras hispinaticmi^ separable by having a more

rounded peripher}^, a different whorl-shape, more approximate

spinicostse, and less differentiation^ in spines of the two rows. For
references and proportions, see table below.

History of the types.—Holotype, from a bed of Lias yielding

pyritized fossils in the neighbourhood of L^^ne Eegis (Dorset)

—

purchased there. Paratype, ' in place, bed 94, about 4 feet above

Oxynotus bed. About 800 yards west of Westhay Water, east of

Chkrmouth,' Dorset ; Coll. W. D. Lang, No. 2578. See Table V,

facing p. 267.

Table XVIII.

—

Proportions : Deroceras, etc.

Beroceras hispinigerum, holotype S. 5.5, 28, 35, 50.

Do. do. paratype S. 37, 28, 34, 49.

^ r. ».^ rF.48, 32, 38, 45,
jEgoceras praecursor (jrejev '

i T 50 26 30 49

^goceras hispinatum Gejer^ F. 55, 30, 35, 46.

Genus Microderoceras Hyatt.

MiCRODEROCERAS DEPRESSUM, nom.nov. (PI. XXX,figs. la & lb.)

1867. Ammonites hirclii Damovtier {non J. Sovvevby), depressed variety, ' Bassin
du Rhone ' vol. ii, pi. xli, figs. 1, 2, p. 130.

Remarks.—This name applies to the shell figured by Dumortier,

which he notes as different from that figured by Sowerby and
A. d'Orbigny. He calls it a depressed variety, and that appellation

is retained in the present trivial name. The holotype, however, is

an English specimen Avhich agrees with Dumortier's shell, except

in one respect—Dumortier's shows peripheral radii (costulae) nearly

straight and parallel ; in the English shell the radii connecting

tubercles are nearly straight, but the intermediaries have rather

more forward bending.

The stouter whorls with a more pronounced umbilical wall, a

slightly shorter smooth stage, and a small increase in the number
of tubercles to a whorl in middle age, are features of distinction

from Ammonites hirclii.

Proportions are given below (p. 306).

History of the specimens.—Figured specimen (No. 1280)
from blue Lias, excavation for reservoir of Bristol Waterworks,
Barrow Grurney (Somerset), presented by Mr. J. W. D. Marshall.

^ ' Ceph. Hierlatz ' Abhandl. k. k. Geol. Reichsanst. vol. xii (1886) pi. iii,

fig. 27. 2 j5^^_ pi^ i^^ flg.^ 4^
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Another example, about same size and matrix, and a smaller

specimen with matrix decomposed to light Yellow, presented by the

late E. Wilson, F.Gr.S. Another example, matrix soft, decomposed
to light blue (purchased) : all from the same place. And see note

to next species.

MiCEODEROCEEAS SEPTI&EEEM, nom. nOY. (PI. XXX, figS. 2«

1844. Ammonites lircliii J. Bucknian pars {non J. Sowerby), ' Geologj' of

Cheltenham' new ed. p. 88.

Description.—Serpenticone
;

plat^'-perpachygyral, perlatum-

bilicate to pachygyral latumbilicate ; bituberculate ; septitubercu-

late
;
periphery tiatly rounded, subarci-costulate.

Remarks.—This is an inflated deYelopment of Ammoiufes hirclii

by way of the last species {21. depressuni), but it has not attained

to the inflated proportions of the next species (J£ injiatuni).

though it has passed that species in the differentiation of the outer

tubercles compared to the inner—the character seen at a later date

in Deroceras {D. bispinic/erKin, p. 302) and later still carried to

unituberculation

.

This species is best understood by comparison with M. injlatum.

Its thickness is some 7 per cent, less at 64 mm. diameter, and the

periphery is somewhat flatter. The ornament is similar, but the

spinicostse are about 50 per cent, wider apart, and the outer row
of spines is shown by the septate areas to be more dcYcloped and
more differentiated from the inner. The conspicuous septate areas

which are somewhat B-shaped suggest the trivial name : the outer

(top) loop is broadly, and the inner narrowh-^, elongate with a thin

connecting area—thus the partition extended not only under the

spines, but also under the connecting rib.

Proportions are tabulated beloAv (p. 306).

History of the figured specimen.—The original label,

skeleton printed, on the specimen reads :
' X'ame A. Birchii,

Loc. Lias, Cheltenliam, Col. by J. JBiicliinan,'—the words in italics

flUed in in his handwriting. The matrix is light blue with crinoid-

stems, small gastropods, small lamellibranchs, and broken organisms.

See below% p. 312.

[Note.—Since this paper was written I find that I have over-

looked another of my father's specimens of Ammonites hirchii

( S. B. coll. No. 2115). It has a quite different matrix—blue and
pyritic ; but bears the same label, which thus may mean ' close to

Cheltenham' rather than ' Cheltenham district' : see belovr, p. 312.

Its proportions are S. 72, 28, 29 (31), 49 ; S. 114, 26, 28 (29), 51.

Spines are approximate and somewhat small—38 on last roAV of

outer whorl. It is an example of Microderoceras depressum, see

above. On one side is an impression of a portion of another

21icroderoceras, of about the same size, showing obsolescence of

spines, of interest in connexion with remarks below, p. 307.]
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MiCEODEROCERAS I^^FLATUM, Sp. nov. (PL XXVIII, fig. 3
;

PL XXIX, fig. 1.)

Description .—Serpenticone
;

platy-perpaehygyral, perlatum-

bilicate to subpLaty-pachygyl'al, perlatumbilicate ; bituberculate,

septituberculate
;
jDeripher}^ rounded, subarciHneate.

Greneral details.—A much infiated development of Ammonites
hirchi, beginning with a similar smooth stage, rapidl}'^ develoj)ing

bituberculate, whereof presently the outer row becomes rather

stronger than the inner. Beneath spines and connecting rib there

is a septum of subspatulate shape. Close-set hair-like lines occupy
the interspaces and the arching periphery, which latter they cross

with a slight forward bend.

Distinction.—The proportions (see below, p. 306) distinguish

this from preceding species : it attains at one time an infiation of

50 per cent, of the diameter, but afterwards declines as if com-
mencing to return to the hirchi style.

Remarks.—According to indications of test on the periphery

the specimen had another complete whorl at least. Its diameter

may be roughly estimated, from the fact that from the centre to

the farthest periphery is 55 per cent, of the diameter of the last

whorl present : therefore the maximum radius becomes 45 per cent,

of the diameter of the next half-whorl, which being thus ascertained,

its maximum radius becomes "the basis, roughly 45 per cent, of the

second half-whorl. The indications of test on the periphery give

umbilical width of 54 and 62 per cent, of the respective diameters

(164 mm. and 198 mm.) so ascertained : these umbilical widths are

perhaps too great, because possibl}^ the 55 per cent, basis was not

maintained; and so the diameters are perhaps understated—the

whorl becoming thinner and broader. The umbilicus is expanding,

as the inner line is leaving the outer spine-line.

As this specimen may be reckoned to have attained a diameter

of 200 mm. or more, it was, considering its inflated proportions, alto-

gether a much larger growth, had a greater bulk, than Ammonites
hirchi, though A. d'Orbigny does record a diameter of 240 mm. for

his specimen. The species now described possibly represented the

acme of development in Microderoceras ; but some of the later

Derocerates far exceeded these dimensions—some of the Radstock
giants collected by Mr. Tutcher and myself from the leckenhyi

bed attaining to 360-380 mm. (14-15 inches) in diameter.

History of the figured specimen.—From hard light-blue

Lias weathered to light yellow and soft [white in places ?], from
excavations for reservoir of Bristol Waterworks, Barrow Grurney

(Somerset)—purchased.

Microderoceras rhodanicum, nom. nov.

Amnionites heherti Dumovtier {non Oppel), ' liassiu du Rhone ' vol. iii (1869)
pi. viii, tigs. 5-6 & p. 66.

Remarks.—This name is for Dumortier's species quoted above,

Q- J. G.S. No. 292. 2 jj
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which is not Oppel's species, for that was founded on Ammonites
Irevispina D'Orbigny (^non Sowerby). Its proportions are dif-

ferent. Dumortier's is a thicker form ; D'Orbignj^'s is a further

stage on in compression and degeneration : it gets back to the

smooth stage.

Table XIX.

—

Proportions : Microderocerates.

1. Microderoceras hircJii (Sowerby).

(Ammoniteshirchi SowerhJ, -pi. CGh.Yiiy F. 204, 25, [26?], 57.

i^goceras UrcU Wright, -pi. xx.ni)-... F. 160, 22, 23, 58.

fMicroderoceras depressum, nov.

(Holotype, Barrow specimen) S. 75, 29, 32, 47.

{Ammonites hirclii Dumortier, xli, J F. 197(94), 28, 29, 51.

p. 130)^ It. 197, 28, 31, 50.

2. <{ Microderoceras septigerum, nov.

{Ammonites hirchi J . Bnckm.a,n) / S. 42, 33, 43, 45.

ts. 89, 35, 40, 42.

Ti/T- 7 • ^ ^ [ S. 64, 34, 50, 45.
Microderoceras inflatum^noY

<^ ^ ,0-1 on qo a a

fMicroderoceras hisinnatum (Geyer).

{2Egoceras hispinatum Gejer) F. 55, 30, 35, 46.

Microderocercts rhodanicwn, noY TF. 35, 32, —

,

44.

{Ammonites heherti Dumortier).
J T. 35, 31, 42, 37.

1
F. 77, 34, —

,

45.

Lt. 74, 32, 29, 45.
3.^ Microderoceras heherti (Oppel).

{Ammonites hrevis^nna D'Orbigny, fF. 74(47), 32, 24

32, 24

31, 25

45.

Ixxix)-^ ^ F. 140(90), 32, 24, 47.

(t.140, 31, 25, 47.

Microderoceras roherti ' (Hauer)

.

1^
{Ammonites rohertilLdiUQv, Hi) '" T. 97, 36, 23, 40.

jSLicroderoceras septigerum and J\I. inflatum are species suffi-

cientl}^ ahke to make it probable that they indicate beds of the

same date. More will be said on this point present^ (p. 311).

Curiously enough, I have not found in literature anj'-thing really

like these inflated forms. The most comparable species are

Ailgoceras prcecursor and .^. l)is2oinatum Geyer, possibly of

basal Eaasayah, Deroceras hispinigerum (p. 302), low in Raasayan,
3ficroderoceras rJiodanicum (p. 305), presumably top of Raasayan
ileclteiibyi). All differ in proportions from the inflated forms,

as Tables XVIII & XIX show.

The placing of certain bituberculate species to jSLicroderoceras

and others to Deroceras must be regarded as conventional. I am
not prepared at present to state the difference between them : the

study necessary for that might delay this Appendix for several

years ; and it is a biological matter.

This, however, may perhaps be said : various branches of Micro-
deroceras may be noted :

—

1. The hirclii set—the A. hirchi oi Sowerby, Wright, D'Orbigny,

^ ' Mineral Concholog-y.' - ' Monogr. Lias Ammonites.'
^ ' Bass. Ehone,' vol. ii. ^ ' Pal. fran9. : Terr. Jur. Ceph.'
'° ' Capric' Sitzungsber. k. Akad. Wissensch. Wien, vol. xiii (1854) p. 94.
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and others with the forms to which Quensteclt has given names

—

M. nodosissinnim,^ 21. enode,^ 21. gicjas.^ In this set catagenesis

to smooth occm's without an inflated stage and without much
umbilical contraction.

2. The iiiJJafum set:—This starts from 21. dejyressum, an

offshoot of the hirclii set while in its prime, and it continues

anagenesis until a maximum whorl-inflation of about 50 per cent, is

reached, after which decline sets in. Between 2L. depressuui with

32 per cent, of inflation and 21. inflafum with 50 there is evidently

room for another species : 21. sepiixjerum comes here, but does not

quite satisfy as a link, because of its more distant ornament.

3. The heherti series :—This branches off from 21. depreisum,

perhaps, or some morphic equivalent ; but it is a series much later

in date. It goes through an inflated, period similar to the last,

running up to 42 per cent. Then it rapidl}'- declines, broadens and
compresses the whorl, becomes smooth, and presumably ends off in

a smooth subplatycone series—such as Ammonites roherti Hauer,^

Reynes,^ A. lorioJi Hug,^ A. steinmanni HugJ A. phimariiis

Dumortier.'^ Specimens Avith the catagenetic characters of those

just named are in Mr. Tutcher's cabinet from about leckenhiji of

Radstock : they have a bituberculate Microderoceratan stage in

inner whorls and a Microderoceratan suture-line.

4. The Deroceras stock :—This would branch like the last from
sume morphic equivalent of 21. depressum, an early stage being-

represented by JDeroceras hispinigeriim. This line does not go

through an inflated stage while bituberculate, but it loses this

character early, dropping the inner row of spines, compensating by
enlarging the outer row and broadening the periphery, producing

in some cases in the luiituberculate stage not true inflation but

forms broad in the venter with much divergent sides—a method
of producing cadicones ultimately. But there must be several

lineages now combined in Deroceras—and in some of them the

morphogeny must be complicated, with apparently, alternations of

anagenetic and catagenetic stages of ornament.

(c) Geo]o<>ical Inferences from the Described Species.

D om e r i an.

—

Lepfaleoceras is interesting for its rarity. Among
the hundreds of British Domerian (Marlstone Series) ammonites
that have passed through my hands, T reuiember only the three

specimens now dealt with ; and I can recall but few cases of similar

Hildoceratids.^ Mr. Spath says that ' even in the British Museum
collections Mesoliassic Hildoceratids are almost unrepresented." ^^

^ 'Ammoniten d. Schwabischen Jura' x\-iii, 7, Am. hirchi nodosissimus.
- Ibid, xviii, 9, Am. InrcJii enodis.
^ Ibid, xviii. 13, Am. hirchi gigas. ^ Loc. jam cit.

•' ' Mon. Amm.' pi. xxx, figs. 13 & 14 (copj- of Hauer).
'• Abh. Schweiz. Pal. xxvi (1899) pi. viii, fig. 1 & pi. ix, fig. 2.

' Ibid. pi. ix. figs. 1 & 2.

^'^ 'Bassin du Rhone ' vol. iii (1869) pi. xvii, figs. 1-3.
' Excluding Seguenziceras. ^'^ Op. jam cit. p. 547.

2b2
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Such Hildoceratids find their home in the Mediterranean area

:

whether their rarit}^ here is due to stratal failure or inequality

of zoological distribution is for future work to determine.

An attempt to ascertain the position of Leptaleoceras in the

Domerian may be made by comparison of its matrix with that of

other Ammon ites. Taking the Gloucestershire area first—the matrix
of A. nautiliformis J. Buckman,! from a neighbouring Marlstone
eminence, Alderton-Dumbleton, a few miles north of Gretton, is

light blue, compact, arenaceo-calcareous (micaceous?) non-ooHtic

—

ver}^ suggestive of the ' bluish gray calcareous grit ' mentioned
for a bed of ' Marlstone ' ^ (lower Domerian, below the Kock-Bed).
The matrix of Leptaleoceras is blue, less compact, calcareous and
shelly. That of specimens of Amaltheiis armiger'^ {Am. amaltheus
spinosus Quenstedt, 2K(rs\ from Gretton and Alderton is feebly

blue, oolitic, very shelly ; while that of Paltopleurocerates from
the latter place varies from somewhat similar, not so shelly, to

yellow, not shelfy, not oolitic.

On the 2)rinciple that the blue colour and the arenaceous

character are indices of lower beds, the following Gloucestershire

sequence may be surmised :—
5. Paltopleiiwceras.

4. Amalthei (spinous forms).

3. Leptaleoceras.

2. A. nautiliformis.

1. ?

In regard to South Petherton, colour fails to make distinction

between the matrices of such ammonites : all are a yellowish,

more or less ironshot oolite, with only the distinction of larger

browner limonitic grains in the cases of the Amaltheids. The
absence of blue colour and of micaceous grains with presence of

ironshot oolite seems to show that all come not lower—and it may
be in, the Bock-Bed—equivalent to Bed 4. 8 to 12 feet thick, of

Woodward's section from the neighbourhood^—this Bock-Bed
being some loO feet from the base of the Marlstone Series of

which the lower 100 feet is described as ' blue and gre}^ micaceous

marls.' In this Bock-Bed it may be assmned that the Amaltheids

occupy the higher part, and the other ammonites the lower ; and
now that the Gloucestershire district has suggested somewhat of a

clue, perhaps the differentiation of the Somerset Bock-Bed into

zones can be made : there is room enough for several, and the need

is obvious.

This interpretation with regard to nautiliformis audits matrices

would mean, if correct, that in the Ilminster district of Somerset

the Marlstone Bock-Bed began earlier than in Gloucestershire

;

^ 'Yorkshire Type Ammmonites ' 1911, No. 37.

2 'Geology of Clieltenham ' new ed. 1844, p. 38, Bed 2.

^ 'Yorkshire Type Ammonites' 1911, p. 25 d. As one finds this and like

spinous Amalthei labelled Am. spinatus on occasion, a clue may be afforded

to some old records.
* • Lias of Engl.: Jur. Eocks' vol. iii, Mem. Geol. Surv. 1893, p. 202.
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but much variation in this respect ma}' be expected as well as, the

more minutel}'' subdivision is carried on, a great increase in local

non-sequences.

The position of the Le2)tcilfioceras and^. nautiJiformis horizons

in regard to the faunal sequence discussed in the stratigraphical

portion of this paper (p. 26(3). may be surmised to this extent

—

they are ^ve-gihhosa —a spinous species near to, perhaps as used

by Monestier including, Amcdtlieus armiger. Whether they are

pre- or ^ost-algovicoium as now restricted is uncertain ; but it

may be surmised that they do not correspond to this algovianum
horizon, because the localities yielding the respective faunas seem
to be geographically separate.

Evidence for other -^ve-gibhosa horizons in this country and
their relation to the Mediterranean sequence will chie% depend on
certain Amalthei. Lytocerata, and an occasional Hildoceratid. On
the Dorset Coast very low down in the Domerian—in the strata just

above the Three Tiers—are Amalthei of the clevelandicus pattern,

and the same occur low down in marls at Lightpill, near Stroud

(Gloucestershire). Large Amalthei of the stokesi pattern occur in

sandy strata at South Petherton—perhaps the A. margaritatus of

Woodward's Bed 2^ ; but whether this is pre- or ])Ost-aIgoviauicm

in its restricted sense is uncertain. The origiiial Ammonites stolcesi

came from the Dorset Coast ; but there is the same doubt about
its position : one can only judge from the colouring of Sowerby 's

plate that it is from blue marls. Fine Lytocerates occur in the

Marlstone Series at Dudbridge, near Stroud, and at two horizons

on the Dorset Coast : there are various species, recorded incorrectly

as A. Jimhriafiis. Day cites the good specimens from his JS'Largari-

fafus stone- where I have found them, and he places others lower.^

Whether the Dudbridge species are on the same horizon as either

of the Dorset species cannot yet be said : there may be three

horizons.

All this evidence, faulty though it may be, seems to suggest

that there are the following ^re-gibbosa horizons in the English

Domerian to deal with :
—

Leptaleoceras.

Sphffirocones (A. naiitiliformis).

Amalthei (of stol-esi pattern).

Seguenziceras (and small Amalthei).

Lytocerata.

Amalthei of clevelandicus pattern.

Lytocerata.

These divisions may not all be separable, and it is not claimed

that they are in correct descending order ; but a table of some sort

is required as a preliminar}^ to making out our home sequence.

Only when that is understood will it be possible to correlate with

the Mediterranean sequence, and bring all into one hemeral time-

scale.

^ Loc. cit.

2 Q. J. G. S. vol. xix (1863) p. 292. » Ihid. p. 291.



310 ME. s. s. BVCKMAX OX [vol. Ixxiiiy

Hwiccian-Wessexia n.—-The importance of the giant Acantho-
pleuroceras is that during considerable collection in the brickyards

of the Cheltenham district nothing at all approaching the size of

this specimen and of another fragment, Acantlwpleuroceras gigas

(Quenstedt j,i nearly as large, rewarded my efforts. These specimens

were found by the late Eev. Dr. F. Smithe, F.Gr.S., during the

making of the Banbury & Cheltenham Railway at Leckhampton
;

and the inference is that a stratum different from any of the brick-

yard exposm-es must have been cut through. Whether the stratum

belongs to any of the Acanthopleuroceras horizons discovered by
Mr. Lang on the Dorset Coast, or whether it is distinct from them
is a point towards which the attention of future workers should be

directed.

The local distribution of AcantliopJeirroceras in the Cheltenham,

district seems to indicate two separate horizons, apart from the

horizon of the giant forms. Battledown near Cheltenham yields

mainly thin species ; Leckhampton Station near Cheltenham and
Hucclecote near Grloucester yield chiefly stout-whorled species.

Further -afield Northamptonshire and Radstock yield the thin

species—solely, I think, more commonly at any rate. Hitherto

these Acanthojyleuroceras-jieldmg strata have been reckoned as

all in the same zone, but it is now evident that more investigation

is rec^uired.

In the Cheltenham district a great variety of Acantliopleu-

rocerata are found, but rarely otherwise than as body-whorl

fragments, which makes their specific identification difficult.

I cannot call to mind anything in literature of the size of

the large Acanthopleuroceras (260 mm.). Quenstedt's A. gigas

(pi. XXXV, fig. 14) I esthnate at about 170 mm. ; his ' largest

fragment ' (fig. 15) may go up to 200 mm. : the Leckhampton
fragment—a body-whorl—reaches 214 mm. in diameter, however.

Dumortier's Ammoniies jlandrini- measures 202 mm.; but this

is a species of quite a distinct t^'pe, special perhaps to the South of

France. Wiirtemberg, then, is the only area at all congi-uous with

Grloucestershire in regard to these large forms ; and it would seem,

if these large forms occupy a distinct horizon, that this horizon

has been preserved in areas limited and isolated geographicalh'-.

Raasayan.

—

Deroceras hispinigerum marks a Deroceras hori-

zon below the main outbreak of Echiocerata. It is interesting as a

representative of the bituberciilate ancestor of the unituberculate

armaii, and shoAvs the obsolescence ot the inner row of tubercles.

Deiran.—The species of JRadstockiceras and GJeviceras are

chosen as representatives of the faunas of the Radstock and
Gloucestershire Oxynotoid horizons, now separated from the oxyno-

fum horizon; but there are several other species in the latter area

^ ' Ammoniten d. Schwabischen Jiira ' pi. xxxr, figs. 14 & 15.

- ' Bassin dii Rhone ' vol. iii (1869) pi. xiv.
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and quite a considerable number in the former which require investi-

gation : they do not necessarily belong to the present genera. In

fact, the Oxynotoids appear to represent the catagenetic terminals

of man}^ different lineages, of which the majority came into view

suddenly in the European Deiran without an};^ ancestry. Only
Ammonites oxynotus Quenstedt, and A. oxynotus Dumortier, two
quite different species, seem to have traceable ancestors—the former
beino- connected with a tuberculate ^ and the latter with Arietites

of t\\ii fowleri-colleiiottii pattern.

^

The placing of the Radstock Ox3aiotoid fauna later than the

Grloucestershire one {Gleviceras) is a surmise not yet proved; but
their difference in species shows that they are distinct in date.

To place the Eadstock fauna before the Grloucestershire one would
involve the supposition of another non-sequence in Grloucester-

shire.*'^ Gleviceras belongs to a distinctl}^ higher horizon than the

oxynotum beds in Glloucestershire ; but, if that were not known,
the absence of Gleviceras from Wiirtemberg, where A. oxynotus is

conspicuous, would be presumptive evidence of a difference of date.

It is notable that no specimens of the Radstock Oxynotoid fauna

are figured by Quenstedt, and only two examples wdiich have the

aspect of constituents of the Gleviceras fauna

—

Ammonites gui-

halianus Quenstedt, 'Ammoniten d. Schwabischen Jura' pi. xxviii,

figs. 3 & 4—not from an}^ oxynotus locality, and from a higher

horizon (Lias y). Pompeckj has named them Oxynoticeras

joaradoxum, and places them m jamesoni \leckenhyi?~\ zone. They
have neither suture-line nor ribbing of Gleviceras ; and not the

ribbing of Guihaliceras. Present experience would suggest that

their position may be due to derivation.

Mercian-Lymian.—The Barrow Gurney fauna {Arietites

turyescens, p. 296, and Microderoceras injlatum, p. 305) is con-

gruous with that of Bredon (Worcestershire), certainly as regards

the Arietites and presumably with regard to the Microderoceras
(see below, p. 312). But this special fauna is not known from
intermediate areas, is absent from Dorset and also from Yorkshire

so far as my experience goes. Dumortier shows a partly com-
parable Microderoceras fauna, but not Arietites ; Re3mes shows
Arietites, but not any Microderoceras of the style required.*

Quenstedt shows nothing comparable.-^ A first inference ma}^

^ See ' Yorkshire Type Ammonites ' i (1909) p. 7 b.

^ To these may now be added Gleviceras, see above, p. 292.
3 See p. 272.
^ ButReynes is unsafe: his specimens are from many areas ; and see p. 322.
' One can in the main only go by what is published. I know from my own

and other collections that a great mass of new material is unpublished. I

write with some knowledge of that, although memory necessarily has its limi-

tations in this respect, owing to the difficulty of fixing new forms in one's mind
because of their lack of names. Even photographs help little without names
to serve as tags for the memory. But, if similar conditions obtain on the
Continent, then of course the statements made above might be invalidated.

On the other hand, Continental Ammonitology is far more complete in many
areas than is the British.
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certainly be drawn, that the special 2Iicroderoceras-Arietites fauna

did not occup}'^ the horizon of either turneri or hirchi, other\vise

they should be found in the areas where those species occur ; and a

second inference may more tentatively be made—that the Micro-
deroceras and Arietites did not occupy the same horizon.

If it were possible to proceed on strictly biological lines, then a

solution would be quite easy ; but biological and geological position

are not always in accord : ^iplieroceras aboA'e Jlicroderoceras,

Faltopleuroceras later than Amaltheus, Hildoceras after J2«r-

poceras in geological position, when they should respectiyely preced-e

biologically. But these are distinct genera : in regard to species,

Sarpoceras exarafum below S. falciferum, Hildoceras hifrons

below H. semipolitum, Arietites turneri below A. brool'i^ and
this again much below A. denotatus, show yery well the agreement

of geological position and biological deyelopment.

In the present case the assumption of the agreement of bio-

logical and geological position is all that there is to go upon. No
record of the Barrow exposure seems to haye been made. Speci-

mens were yery few, so I understand, for the great area opened

up; and what haye been saved were only the finds Avhich the

jiavvies took the trouble to bring home with them.

The matrix of the Barrow Gurney exposure is a hard blue Lias,

which weathers or decomposes to a soft white, almost chalky

substance. This matrix is quite unlike any other with Avhich I

am acquainted in the South-West, and it w^ould serve well to

distinguish Barrow specimens. I find, however, that some speci-

mens in my father's Cheltenham collection show a similar matrix,

perha])s rather more cream-coloured ; and \Yright savs of his

Arietites turneri \_A. aff. tur(/escens~\

:

' The specimen fignred was collected from a light-coloured clay and limestone

in the deep cutting of the Bristol & Birmingham Railway, near Bredon
["Worcestershire], associated with A. Bonnardii, d'Orbigny, [Arietites aff.

plotti (Eeynes)], A. semicostatus. Y. & B., [Arnioceras hodleyi (J. Buckman)],
and several other mollusca, with many fragments of the stems and side

arms oi Pentacrinus tuherculatus. Miller, and Cidaris Edivardsii, Wright.' ^

The character of matrix and the remarks about the Pentacrinus
well fit the condition of A. hirchi J. Buckman (Jlicroderoceras

sejJtic/erutn) ; and, though it is labelled Cheltenham, yet Bredon
is quoted as a locality for A. hirchi,^ and I suspect that the

label ' Cheltenham ' possibly denoted in such cases ' Cheltenham
district,' just as 'Yale of Grioucester' was possibly used to include

Bredon. Judging by the light-coloured matrix it may be suggested

that from Bredon came my father's holotype and various paratypes

of Ammonites lialecis, the figured specimen and another with

perhaps a third of ,his A. erugatus (^Agassiceras), the specimen

he called^, costatus {Agassiceras\ two paratypes of his A. hodleyi,

and the present holotype of Jlicroderoceras septigerum.

^ Proc. Cotteswold Nat. F. C. vol. iii (1864) p. 177. repeated in ' Monogr.
Lias Ammonites ' 1881, p. 293 ; see below, (e) p. 318.

' Geology of Cheltenham ' new ed. 1844, p. 88.



part 4] JUEASSIC CHEOXOLOGT : LIAS. 318

Turning now to the biological argument—the biological facts

are: 1, Microderocerata which are developments of M. hirclii;

2, Arietites Avhich are developments of A. turneri : the geo-

logical facts are a special matrix for these developments and the

position of M. hirchi-A. turneri on the Dorset Coast: the geo-

graphical facts are the presence of the special fauna (and a distinc-

tive matrix) only at isolated places in England, the absence of

the fauna from well-known, much-searched localities, and its ver}^

limited range upon the Continent.

On these various grounds it may be suggested that the full

Mercian-Lymian sequence, instead of being

3. Arietites hrooki,

2. Arietites turneri,

1. Microderoceras bircJii,

is rather
^

5. Arietites brooki,

4. Arietites turgescens {-\-A. aff. turgescens),

3. Arietites turneri,

2. Microderoceras injlatum-\-M. septigerum+M. depressum,

1, Microderoceras hircM.

This involves the supposition of non-sequences between hirclii

and turneri and again between turneri and hrooki, on the Dorset
Coast and over other wide areas ; but it may be unnecessary to

suppose a non-sequence at Barrow for, I think, turneri forms
were found there. Then the absence of Arietites hrooki and
Microderoceras hirchi from Barrow might be explained by
supposing that the excavation began below the hrooki bed, and did

not go so deep as hirchi ; but other explanations are possible : the

area just north of the Mendips was in constant movement.

Another suggestion ma}^ be made : that the sequence is

5. Arietites hroolci.

4. Arietites turgescens.

3. Microderoceras inflatxim.

2. Arietites turneri.

1. Microderoceras hirchi.

This would require only one non -sequence at Lyme Eegis, and
would meet the case if the true A. turneri has not been found at
Barrow. This sequence shows faunal repetition such as that found
in the Raasayan and in the Hwiccian-Wessexian. Nos. 3 and 4
might be called the Barrow Beds.

In the first case the division between Mercian and Lymian
would be drawn between 2 and 3. In the second case, however, it

would seem desirable not to draw it between 2 and 1 as pro})osed

earlier in this paper (pp. 271, 274), but to draw it below 1, to

prevent divorce of the Microderocerates.

In the case of Bredon there is evidence that earlier faunas were
uncovered than at Barrow; and there is reason to suppose that
they were found in the peculiar chalky Lias, also that there was
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not a non-sequence due to lack of iurneri beds, for the species

cited by Wright as A. honnardii is possible evidence for them.

The true hirchi beds were presumably present—on the supposi-

tion that Wright was referring to the true hirchi or a very near

form, and not to 2Iicrocleroceras sepiigerum, when he says 'I have
several specimens [of ^goceras birchii~\ which were collected from
the railway-cutting near Bredon.' ^

The evidence for an Arnioceras fauna being there and occurring

in a chalky matrix has alread}^ been given ; the same details refer

to Agassiceras, see above, p. 312, to which may be added that

Wright figures a large Agassiceras from Bredon.-

Lymian.

—

Arnioceras is in the main a genus easy to recognize

from other Arietidse. with its straight sharp ribs and smooth inner

whorls : the onh' difficult}^ i^i^J be with body-chamber fragments.

But the species of Arnioceras are numerous and not easy to

separate
;
yet for the detailed work now required such recognition

will be necessary, in order to see what the succession of species is

in time. Old records, where the various species of Arnioceras are

just cited as Ammonites semicostatus without further distinction,

serve but a limited, and it ma}^ be a somewhat misleading, purpose.

For there is reason now to be sceptical whether the placing as

isochronous of semicostatus beds—that is beds containing Arnio-
cerata—is really correct. Faunal repetition and non-sequences

may have been overlooked.

Of the species now figured the characters ai-e sufficiently obvious

:

Arnioceras jiavum is a carinate smooth form, A. anageneticum
shows the beginning of ribs, A.fortunatumh almost wholly ribbed,,

distinguished by its markedly-reclinate somewhat distant costae.

Thirteen species oi Arnioceras are enumerated from the Whitby
district of Yorkshire, -^ and (speaking from memor}") all of them are

more or less distinct from the species now figured. In Lincoln

-

shii-e there is a rather heavy form with strong ribs usually called

Ammonites geometricus Oppel, if and when distinguished from
A. semicostatus. There may be more than one species involved;

but the shells are of very distinct character. This form (or these

forms) are constant among all series of Lincolnshire Lower Lias

ammonites ; but from other British localities they are lacking, or

only occur exceptionally.

From the Cheltenham district Arnioceras hodleyi seems to be

the special form ; it is not quoted from Yorkshire in the list cited

above ; it occurs in Wiirtemberg, but can hardly be usual there,

for onh^ a poor fragment is figured by Quenstedt, see p. 302.

Arnioceras fortiinatiim is known to me at present only from.

^ Proc. Cottesw'old Nat. F. C. vol. iii (1864) p. 179, repeated in ' Monogr.
Lias Ammonites ' 1882, p. 333 ; and see below, (e) p. 319.

- Proc Cotteswold Nat. F. C. vol. iii (1861) pi. ii, fig. 1, refigured in ' Monogr,
Lias Ammonites' 1878, pi. viii, figs. 1, 2, Arietifes sauzeanus : below,,

(e) p. 321.
3 ' Geol. Whitby' 2nd ed. Mem. Geol. Surv. 1915, p. 98.
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Radstock, but Quenstedt figures an approximate form. A. anage-

neticum is a Dorset shell : something similar is figured by Hyatt
from Semur^; but nothing like either is figured from Wiirtemberg.

The distribution of the smooth forms is interesting. Yorkshire

j'-ields an angulate species and Dorset a earinate one, while no
smooth forms are recorded from the Cheltenham area. Neither

of the English smooth forms is shown for Wiirtemberg nor Semur :

both, yield less advanced angulate and earinate forms, and the

former a more advanced earinate, see p. 299. The Rhone Basin

seems to lack smooth forms altogether.

It is for future work to determine, on the one hand, whether
such differences are due to incompleteness of records and collections

or to want of discrimination ; on the other hand, whether they are

due to chronological (stratigraphical) or geographical causes.

Arnioceras fortunatum is interesting for its size. Now bigness

seems to be a character of the ammonites of the Radstock district

at several dates of the Lias. Roughly speaking, much the largest

British examples of Arnioceras, the Oxynotoids, Echioceras,

Deroceras, JPhricodoceras, and Uptonia are all from the Radstock
district, and yet its remarkable ammonite fauna is almost unknown
in British literature. To these ma.y be added, froin the neigh-

bourhood, Vermiceras 18 m. (Wright, Monogr. p. 273, Arietites

conyhearei)^ the most massive Coroniceras (C. huchlandi), the

most bulky JSIicroderoceras, the largest Arietites. In some cases

this phenomenon of local bigness is due to the presence in the

district of special strata which have presumably been destroj^ed in

other areas; but is this the whole explanation ?

I conclude this palseontological survey with the impression that
the principal need of British Jurassic stratigraphy at present is

palaeontological work—the figuring of the large amount of material

Avhich has accumulated.

[d] Synopsis and Index Details.

Below is a Synopsis of newly-described or named genera and
species—new names being in heavy type. The index details

are given Avith the following contractions :

—

T.d. Type- description, original description (protolog-).

T./. Type (original) figure (protograph).

'Som,. When and where the present trivial name was given.

TX. Locality which furnished the type.

Kor. Geological position—in words of original description, or
label.

Dafe, Age and hemera (r/) as accurately as can be surmised.
Coll. In whose collection when described, or present resting-

place, if kno-wTi.

Form. Proportional formula—that which seems most representa-
tive, if that of more than one size of holotype has been
given.

^ ' Gen. Ariet.' 1889, pi. ii. fig. 10, Arnioceros semicostatum Hyatt.
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The details so given refer to the holotype, or, in default, to the

lectotype only. Plate or page quoted without reference refers to

the present paper.

Acanthopleurocej^as rursicosta.

T.d. P. 286.

T./. PL XXVI, fig. 4.

T.l. Leckhampton, Cheltenham (Gloucestershire).

Hor. Middle Lias clays.

Date, Hwiccian-Wessexian.
Coll. Author.

Form. 360, 28, 20, 48.

Arietites turgescens.

T.d. P. 296.

T.f. PL XXIX, fig. 2 ; PL XXXI, fig. 5.

T.l. Barrow Gurney (Sonierset).

Hor. Barrow Beds of Lower Lias.

Bate, [Mercian, post-htrneri].

Coll. Author. Ko. 833.

Form. 171, 33, 32, 45.

Aniioceras anageneticum.

T.d. P. 300.

T.f. PL XXX, fig. 3.

T.l. Lyme Regis (Dorset).

Hor. Lias Limestones.

Date, [Lymian. Aniioceras ?;].

Coll. Author, No. 728.

Form. 42, 27, 20(24), 51.

Arnioceras flavum.

T.d. P. 298.

T.f. PL XXXI, fig. 2.

T.L Lyme Regis (Dorset).

Hor. Lias Limestones.

Date, [Lymian, Arnioceras rf].

Coll. Author.

Foi-m. 25, 27, 20, 51.

Arnioceras fortunatum.

T.d. P. 301.

T.f. PL XXXI, fig. 4.

T.L Paulton, Eadstock (Somerset).

Hor. Lower Lias [phosphatic bed],

Date, Lymian, Arnioceras n.

Coll. Author. No. 936.

Form. 80, 23, 16(18), 57.

De-roceras bispinigerum.

T.d. S. S. Buckman, Q. J. G. S. vol. lix (1903) p. 460.

T.f. I5ic?. PL xxvii, figs. 5 & 6.

Nam. P. 302.

T.L [Charmouth], Lyme Regis (Dorset).

Hor. Lias with pyrites.

Date, Raasayan, bispinigerum. i].

Coll. Author, No. 591.

Form. 55, 28, 35, 50.
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Gleviceras, genotype, G. glevense j^aratjpe (p. 289, PL
XXVIII, %. 2).

Gleviceras glevense, holotype.

T.d. P. 289.

T.f. PL XXYIII, fig. 1.

T.l. Cheltenham (Gloucestershire).

Hor. Lower Lias Shales [above oxynotuin].

Bate, [Deiran, Gleviceras ?/].

Coll. Author.

Foi-m. 128, 51, 26, 14.

GuibaliceraSy Genotype, Am. cjuihaliamis D'Orbigny

(p. 293).

Leptaleoceras, G-enotj^pe, L. lepium holotype (p. 284).

Leptaleoceras leptum.

T.d. P. 285.

T./. PI. XXVI, fig. 1.

T.l. South Petherton (Somerset).

Kor. Middle Lias Marlstone [Rock-Bed].
Date, [Domerian. pve-gibbosa^.

Coll. Author, No. 1113.

Form. 66, 24, 16, 52.

Microderocei'Gs depressum.

T.d. P. 303.

T.f. PL XXX, fig. 1.

T.l. Barrow Gurney (Somerset).

Hor. Barrow Beds of Lower Lias.

Bate, [Mercian-Ijymian, post-btrcTi-i].

Coll. Author, No. 1280.

Form. 75, 29, 32, 47.

Microderoceras inflatuxn.

T.d. P. 305.

T.f. PL XXVIII, fig. 3 ; PL XXIX, fig. 1.

T.l. Barrow Gurney (Somerset).

Hor. Barrow Beds of Lower Lias.

Bate, [Mercian-Lymian, post- 6 ircTii].

Coll. Author, No. 1281.

Form. 64, 34, 50, 45.

Microderoceras rhodanicuxn. «

T.d. Dumortier, 1869, vol. iii, p. 66, Am. heberti.

T.f. Ibid., PL viii, fig. 5.

Nom. P. 305.

T.l. Saint-Fortunat, South of France.

Hor. Lias moyen, zone a la belemnites clavatus, Couches
a Am. armatus.

Date, [Eaasayan, leckenbyi t]'].

Coll. Dumortier.
Form. T. 74. 32, 29, 45.
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wclei^oceras septigerum.

T.d. P. 304.

T./. PL XXX, %.2._
Loc. Cheltenham [District], Grloucestershire

Worcestershire]

.

Hor. Lower Lias Shales [with Pentacrinites].

Date, [Mercian-Lymian, post-birc/ii].

Coll. Author, No. 688.

[Bredon,

Foryn. 89, 35, 40, 42.

RadstockiceraSj Genotj^pe, B. complicatum holot^qDe

(p. 287).

Radstockiceras complicatum.

T.d. P. 287.

T.f. PL XXVII, fig. 1.

T.l. Eadstock (Somerset).

Hor. Lower Lias with Oxynotoids.

Bate, Deiran, Radstochiceras ?/.

Coll. Author, No. 2768.

Form. 186, 54, 25, 11.

Victoriceras, Genotype, Am. victoris Dumortier

(p. 293).

(e) Concerning- some of Wriglit's figured Ammonites.

To Yol. iii of the ' Proceedings of the Cotteswold Xatnralists'

Field Club,' parts 2 & 3, published in the ^^ears 1864^-1865, Wright
contributed a ]3aper ' On the Ammonites of the Lias Formation

'

(pp. 162-79, 235-45) describing various species illustrated in

four quarto plates, drawn hj J. W. Salter. In his subsequent

iMonograph he makes no reference to this prior work ; and yet the

descriptions therein of the species concerned are almost Avord for

word identical—just a few alterations like millimetres for inches,

changing one technical term for another, and occasionally a few
additional remarks ; while the figures of the species are in very

man}^ cases apparently not redrawn from the specimen, but merely
copies of the illustrations in the prior j)aper.

The search for information as to the localities of certain of

Wright's specimens, in connexion with the discussion on the

Bredon fauna referred to above (p. 312), led to the discovery that

the Cotteswold Club paper was important for the understanding of

Wright's Monograph, for the identification of some of his species,

and for the recognition of some of his figured specimens, several of

which do not seem to have been found. Therefore I append the

following notes, commencing with a list of the species figured in

the Cotteswold Club paper, marking those which are refigured

in the INionograph.
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Table XX.— Comparison of Figures.

Species. Cotteswold Club paper. Monograph.

PI. fig. PI. fig.

A. planorhis i, 1, 1 a, 1 5.

A. buclclandi i, 2,2 a. i, 1-3.

A. hirchii i-, 3. xxxii, 5,6.

Do. do i, 3 a. xxxii, 7.

Do. do i, 3h. xxxii, 8.

A. ang.ulatus i, 4,5.

A. sauzeanus ii, 1 a, b, c. viii, 1-3.

Do. do. ii, 1 cZ. viii, 5.

A. semicostatus ii, 2,3.

A. turneri ii, 4. xii, 1,2.

Do. do ii, 4 a. xii, 5.

Do. do ii, 4 b. xii, 6.

A.hroo]:ii ii, 5 side. vi, 4..

Do. do ii, 5 front.

Do. do. ii, 5 a. vi, 5.

A. rotiformis iii, 1. v, 4.

Do. do. iii, 1 a.

A. conyheari iii, 2,3. ii, 1,2.

Do. do. iii, 3 a. ii, 3.

A. ohtusus iv, 1 a, 1 &, xxi, 1,2.

Do. do iv, 1 c. xxi, 5?
A. multicostatus iv, 2 a, 2 b, 2 c.

(A. hisulcatus in text).

A. hucklaiidi.—Same figures in Mon. as C. C. paper, just under
half of the natural size. Thickness of whorl given by Wright in

text in both cases =33 per cent., but figure shows only 25'5.

A. hircliii.—Mon. figs, appear to be tracings of C. C. figs. :

there is the same omission in both—failure to show inner row of

tubercles in front view. The suture-line is said to be from a

Bredon specimen. The point was whether Hgs. o ki ^ represented

a specimen from this locality, and if it was of the natural size

what it could be. I come to the conclusion that it is from Lyme
Kegis and is a large shell reduced, on these grounds :

—

In the C. C. paper, p. 179, Wright says, 'The finest specimens

of this shell are found near Charmouth and Lyme Regis.' On
p. 178 he gives the 'transverse diameter of a large specimen

8 inches,' and the proportions he gives work out as 203, 19,

21*5, — ; he also mentions that the shell has 7 turns and 32 to 34
lateral costfe. The C. C. example has 7 turns, has 33 spines on

outer row of last whorl, and the ])roportions of the figure are 84,

22, 18 (22), 61. I think that the figure represents the 8-inch

example reduced—the dimensions of aperture transposed by
Wright—and that Avhen he transferred the figures to the Mon.
he called it, in error, a small shell. It will be interesting to see

where this leads.

In the Mon. Wright describes (p. 332) his large specimen as

1(30 mm. diam., and the proportions that he gives work out as

160, 22, 22, 60. The figure, however, is 166, 22, 23, 58. He goes
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on to describe, not this specimen, but his large example of 8 inches

in diameter as in the C. C. paper, though occasionally referring to

the figures of pi, xxiii—the 160 (166) mm. or 64-inch specimen.

In regard to the figs, in pi. xxxii he s&js ' Small specimen
PI. xxxii, figs. 5-8 [5, 6], Diameter 80 mm.,' and so on—the
proportions wliich he gives work out as 80, 19, 19, 62, though
the fig. gives 83, 22, 18, 61. It might be urged from this that

Wright must have measured from the actual specimen, and not

from the C. C. figs. But, in view of what comes out in other

cases, this fact of the measurement hardly carries the weight that

it might. Suppose, however, that this be accepted—-that this

specimen was a small one—it leads to curious difficulties. The
specimen certainly does not show what Wright figured it for in the

Monograph—'that j3Egoceras Bircliii maintained its original form
and structure through the various phases of its life '—Explanation

of pi. xxxii. For the shell shows that if small it could not jDOssibly

be a young hirclii. It has the proportions of an adult. To be a

young hirchi it would have to show no more than 6 turns at this

diameter, only about 23 spines on the outer row of the outer whorl,

and proportions 83, 27, — , 53. Also it should show a smooth
stage up to half an inch in diameter, as Wright says in his C. C.

paper—his figure shows only a smooth stage up to about a fifth

of an inch in diameter, which would be correct for a shell reduced

to less than half.

If, however, this be not a 3''0ung hirclii, but is still figured of

natural size, then it must be regarded as a development of lircln

which has taken on the characters of adult hirchi at a smaller

size—an instance of acceleration or tachygenesis. That it shows
so exactly the number of turns, the width of umbilicus, the

narrow whorl of an adult, that it has kept exactl}^ the number of

tubercles—33—on outer row of last whorl, that it shows no change
in character of tubercles, no further differentiation between outer

and inner rows of tubercles, no sign of degeneration, and no change
except a degree of whorl-compression which might be found to a

great extent in a specimen of 203 mm. as compared with one of

160 mm., strains credulity too greatly. That a small shell, being

a morphic representative of an adult, and necessarily as a develop-

ment of it separated from that adult by a very great number of

generations, should yet be almost a photographic likeness of the

adult, is a degree of similarity in morphic representation which
seems far too exact.

I think, therefore, that Wright's C. C. fig. of Ammonites hircJiii

which he reproduced in his Monograph as a small shell, is really

his large 8-inch example figured less than half natural size, that

it is only understandable on that basis, and that therefore it is

from Lyme Regis and not from Bredon. At any rate the 8-inch

hirclii which Wright described in his C. C. paper ought to be

still in existence, and Curators would be well advised to look out

for it.
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A. saiizeanus.—The large specimen is said to be of the natural

size—Explanation of pi. viii of Mon. ; it is actually x 0'7. It is

figured half of the natural size in C. C. Diameter there given as

8 inches, in Mon. as 205 mm.
The small shell is said to be of the natural size in Mon.

It is figured x 0*73 of this in C. C. paper.

A. turneri.—Shell figured of reduced size, X 0*7, in C. C, but

same -side shows nearly all inner whorls as missing. Same pro-

portions given in C. C. & Mon. In C. C. fig. 4« is described as

'Quenstedt's figure of the septa,' Explan. of Plate. In Mon. fig. 5

is an exact copv but enlarged, apparentlv from Bredon specimen

(p. 292).

A. hroohi.— 'Dimensions.— Transverse diameter 5| inches

[140 mm.] ; height of outer whorl at the aperture, 2y\ inches

[56 mm.]; width 1| inch [38 mm.].' C. C. p. 174. In Mon.
140 mm. 55 mm. 40 mm. Shell figured 0"65 in C. C. paper and
front view given—a detail lacking in Mon. Fig. 5 « in C. C. ' lobes

and saddles from Zieten " (Explan. of Plate). Fig. 5 in- Mon., copy
of C. C, 'foliations . . . from another specimen . . . My Collection.'

A. rotifonnis.—Specimen figured in C. C. paper, peripheral view

onh", 'I nat. size' inscribed on Plate. Diameter (p. 238), 7 inches;

therefore figure is X 0*74. Natural size in Mon.
On p. 279, Mon. the sentence ' Compare, for example, the sutures

in PL iii, fig. 2, with those in PI. iv, fig. 2
' does not refer to Mon.,

but is understandable from C. C. paper.

A. conyheari.—In C. C. ' h nat. size ' inscribed on PI. Figure

175, 19, 20, 64-5. Dimensions (p. 236): 10^ inches, 2 inches,

2 inches=T. 260, 19-5, 19-5, — , figured therefore x 0-67. Same
figs, same size in Mon.; but Wright (p. 273) gives dimensions

340 mm. (13| inches), 60 mm., 68 mm.,— , = T. 340, 17-5, 20, —

.

Wright has roughly doubled the diameter of the C. C. fig. instead

of giving the dimensions of his text. Loc. Weston, C. C. p. 236,

Salford,^Mon. p. 273, Saltford, Expl. PI. ii.

A. ohtusus.—Inscribed on C. C. pi. ' | nat, size,' shows a con-

tracted umbilicus and inner whorls wanting or hidden in matrix.

Dimensions not given in C. C. Same figures, same size given in

Mon.. but with more open umbilicus showing inner whorls. 'Nat-

size' in Explanation of pi. xxi. Dimensions in Mon. (p. 293)
155 mm., 65 mm., 58 mm., 55 mm. This makes figs. xO-70.

Figiu'es in C. C. and Mon. do not agree one with the other, nor

with the text as regards proportions.

A. midticosfatus.—In text C. C, p. 240, 'A. hisulcatus.' The
figure of C. C. not reproduced in Mon. In C. C. ' Dimensions.

—

Transverse diameter 8 inches ; height of aperture 2| inches ; width
of aperture 2.| inches.' In Mon. p. 276 are the same dimensions

turned approximately into millimetres 200, 70, 64, but applied to

Q. J. G. S. No. 292. 2 c
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a specimen ' PL iii, lig. 1,' which figure shows 186, 51, 45 mm. in

these cases, comes from another locality, and has different ribbing.

The proportions of the C. C. shell are F. 148, 34, 32, 44, T. 203,

34-5, 31, —, and of the Mon. shell, F. 186, 28, 24, 49.

The whole of the article in Mon. is practically that of the C. C.

paper. On p. 276 is a reference (footnote) to Vol. iii of the

Proceedings of the Cotteswold Club. In the C. C. paper this

footnote cited a prior page of Wright's own paper; in Mon. it cites

a page to which it has no reference—another paper, alread}^ cited

in footnote of previous page of Mon.

It will thus be seen that the C. C. paper gives much information

necessary to an interpretation of the Monograph ; and that there

are several specimens figured in that paper which should have been

in the Wright collection, and have been lost sight of : Curators

should look out for them.

Now, however, comes another point of interest—Wright's C. C.

paper and his plates of the year 1864 were knoAvn to P-ejaies in

Marseilles within a short time of publication.

The plates of Rejmes's Monograph contain (as Ave know) many
original figures, but also many cojDied from other works. Most of

these are easily recognizable, although there are no statements as to

source. All the text issued Avith the work is the small pamphlet
edited by Dr. P. de Ronville, introduction dated 1879. In this is

the first part of the text of the ' Monographic des Ammonites,'
dated 1867, presumably the year in which the Monograph would
have been issued, but for the Author's premature death.^ The
preface to this part is dated by Reynes July 14th, 1866. The
immediately following Bibliography extends to the year 1864, and
under 1863 is ' JVi^ight, On the Ammonites of the lias formations,

London.'

In his pi. xxxvii, figs. 3 & 4, as A. hrooki, lleynes has slightly

reduced copies of Wright's A. brooki, C. C. pi. ii, fig. 5 ; and in

his pi. xliii, figs. 6 & 7, Resales has again as A. brooJd copies of

Wright's A. turneri from Bredon, C. C. pi. li, fig. 2. On the

other hand, Arietites scipioniantis, Wright, pi. xiii, published in

1879, and Rejmes's Ammonites scipionis, ]A. xxviii, figs. 7-9, illus-

trate the same specimen ; and, looking at the identity of details,

Wright's plate is presumablj^ a cop}^ of Peynes's plate in existence

10 years earlier, though not formall}^ published until 1879.

It follows from the above remarks, about the specimens repro-

duced by Peynes from the C. C. paper, that the suggested possible

presence of the BarroAV-Bredon Arietites fauna in the Rhone
Basin fails (p. 311), that the isolation of this fauna is thus more
remarkable, and that an}" argument for a chronological difference

of these Arietites and the Microderocerates of the inflatum set is

strengthened. It also follows that the difference of ribbing noted

for Reynes's figure of A. hroo'ki is merely due to reduction in size.

^ However, his ' Essai Geol. Aveyron.' bears date 1868.
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deduction when not accompanied by a note to that effect is most
misleading, as it makes ribs appear unduly approximate. Such
reduction may be misleading in other cases in Reynes's figures.

I haye not altered what was preyiously written about these

anatters, but haye appended references to this page.

It is greatl}^ to be desired that some one with access to the

material in the Marseilles Museum should issue an explanatory

text of Keynes's plates, indicating which are figures of original

spechnens and their localities, which are copies and their sources.

It would be a grand monument to one who must haye possessed an
almost unique knowledge of Ammonites, and a fitting accompani-

ment to a wonderful series of plates. It would help to repair the

loss which science undoubtedly sustained in the prematm-e death

-of an author who gaye promise of discriminative ability much in

advance of his time.

[Since this p^,per was read I liave found that Neumayr made
much the same suggestion, in his review of the work (Xeues
Jahrbuch f. Min. etc., 1880, vol. ii, Referate, p. 394.).]

EXPLANATION OF PLATES XXVI-XXXI.

[All figures are of the natural size, unless otherwise stated. All specimens
are in the Author's collection, unless otherwise stated.]

Plate XXVI.

Figs. la-2h. Leptaleoceras ZEPTCjr, sp. nov., p. 285.

JFig. 1 a. Side view ; fig. 1 h, apertural view. Holotype from Marlstone, South
Petherton (Somerset) [Domerian, -pre-gibhosa] ; ex coll. D. S.

Darell. Figs. 2 a & 2 b. Same views of a young shell from
Middle Lias, Gretton, Winchcomb (Gloucestershire)

;
pres. J. G.

Hamling.

Figs. 3 ri & 3 6. Leptaleoceras aff. leptum, p. 285.

Fig. 3 a. Side view ; fig. 3 b, apertural view. From Middle Lias, Gretton,

Winchcomb [Domerian, pre-gibbosa'] ;
pres. J. G. Hamling.

Figs. 4a-4c, Acaxthoplevroceras ri-rsicosta, nom. nov., p. 286.

Fig. 4 «. Side view, body-chamber, X 0-5
; fig. 4 b, Avhorl-section, X 0*66,

taken at the break : left side is somewhat crushed ; fig. 4 c, view

of dorsum of end of last whorl, showing subsidiary costulffi of

penultimate whorl. Natural size. From Middle Lias clays,

Leckhampton (Gloucestershire) [Hwiccian-Wessexian]
;
pres. late

Rev. F. Smithe.

Plate XXVII.

Figs, la & lb. Radstockiceras co:MPLicATrM, sp. nov., p. 287.

Fi"". 1 a. Side view, test and carina only on first half-whorl ; fig. 1 b, peri-

pheral view, first half of outer whorl ; both figs. X O'o. Lower
Lias, (Radstock) Somerset; Deiran, Radstocl-iceras ?/. See also

pp. 294-95, figs. 6, 12, 21.

2c2
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Figs. 2 & 3. GiEViCERAS GLF.VEysE, nom. nov., p. 289.

Fig. 2. Sectional yiew of holotype, X 0*5. See PI. XXVIII, figs. 1 & 2, and
p. 294, fig. 5. Fig. 3. Side view of a jDaratype, a young example,
X 2 ;

' Middle Lias, raricostatum,' lower part of Folly Lane Brick-
yard, Cheltenham (Gloucestershire); Deiran, Gleviceras rj. See
PL XXIX, fig. 3, and PL XXX, fig. 4, for other illustrations of
same example.

Plate XXVIII.

Figs. 1 & 2. Gleviceras glevexse, nom. nov., p. 289.

Fig. 1. Side view of holotype, X 0*5
; Middle Lias, ' raricostatum hemera,'

lower part of Folly Lane Brickyard, Cheltenham (Gloucestershire)

;

Deiran, Gleviceras v. For sectional view see PL XXVII, fig. 2, and
see also fig. 5, p. 294. Fig. 2. Side view (part) of paratype taken
as genotype ; Lower Lias Shales, Cheltenham, ex J. Buckman Coll.

{^ Am. greenhotighii
') [Deiran, leviceras i]]. See also pp. 294-95,

figs. 4, 11, 21.

Fig. 3. MicEODEROcEiiAfi iyELAii'3r, sp. nov., p. 305.

Fig. 3. Apertural view, XO-66. See PL XXIX, fig. 1.

Fig. 4. ARyiocERAS TORirxAirM, sp. nov., p. 301.

Fig. 4. Peripheral view, natural size. See PL XXXI, fig. 4.

Plate XXIX.

Fig. 1. MiCRODEROCERAS IXEEATUJI, Sp. nOV., p. 305.

Fig. 1. Side view, X 0*66
; Lower Lias, Barrow Gurnej (Somerset) [Lymian-

Mercian, ^ost-birchi]. See PL XXVIII, fig. 3.

Figs. 2 a & 2 6. Arietites ti'rgescexs, sp. nov., p. 296.

Fig. 2 a. Side view ; fig. 2 b, peripheral view showing loss of carina, with long
ventral projection and sudden return to a rounded venter with a
much shortened rostrum ; both figures X 0*5. Lower Lias, Barrow
Gurney (Somerset) [Mercian, post-turuei-i^. See PL XXXI, fig. 5.

Figs. 3 a-3 c. Gleviceras glevexse, nom. nov., p. 289.

Fig. 3 a. Side view ; fig. 3 b, peripheral view ; both figs. X 1"25
; fig. 3 c, part

of side view showing suture-lines marked in on photograph, x 2.

See also PL XXVII, fig. 3, PL XXX, fig. 4, for other illustrations

of same specimen ; also PL XXVII, fig. 2 & PL XXVIII, figs. 1-2.

Plate XXX.

Figs. 1 a & 1 b, MiCRODEROCERAS DEPREssZ'.v, uom. nov., p. 303.

Fig. 1 a. Side view ; fig. 1 b, apertural view of holotype ; Lower Lias, Barrow
Gurney (Somerset) [Lymian-Mercian, circa birchil ; pres. J. W.
D. Marshall.

Figs. 2 a & 2b. Microderoceras septigeruji, nom. nov., p. 304.

Fig. 2 a. Side view ; fig. 2 b, apertural view. ' Lower Lias Shales, Cheltenham
[District],' Gloucestershire, [Bredon, Worcestershire], [L;5anian-

Mercian, -po&t-birchi] ; ex J. Buckman Coll. (' Ammonites birchii ').
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Fig-s. 3 a-3 d. Gleviceras mPARivM (Oppel), p. 292.

Fig-. 3 a. Side view, last half of wliorl somewhat crushed ; fig. 3 h, peripheral

view of first half of whorl ; fig. 3 c, peripheral view with ribs,

auriculoids, and their connecting pseudo-carina marked diagram-
matically : fig. 3 d, part of side view with auriculoid marked dia-

grammatically, also sutiu-e-line (approximate) : the incipiently-

trilobulate superior lateral lobe is on the edge of the periphery in

line with auriculoids. All figures X 2. Lower Lias 'oxynotum,'

Aston Cross, Tewkesbury (Gloucestershire) [Deiran, hifenini ?;].

Fig. 4. Gleviceuas glevexse, nom. nov., p. 289.

Fig. 4. Radial line and rib-scheme of example figured in PI. XXYII. fig. 3, and
PL XXIX. figs. 3 a-3 c. marked diagrammaticallv in photograph,

X 2. See also PI. XXVII. fig. 2 & PL XXVIII. figs. 1-2, for

illustrations of other examples.

Figs. 5 a & 5 &. Gleviceras avritulvmIglevexse, p. 291.

Fig. 5 a. Suture-line of specimen figured in PL XXXI, figs. 1 a & 1 6, marked
in diagrammatically on the photograph ; fig. 5 h. rib-scheme with
auriculoids similarly marked in : both figures X 2.

Plate XXXI.

[A white X marks the beginning of the body-chamber.]

Figs. 1 a & 1 b. Gleviceras avmitvlvmIglevexse, p. 291.

iFig. 1 o. Side view ; fig. 1 6, peripheral view ; both figures X 2. From Lias,

Charmouth (Dorset) [Bed 92] ; Coll. James Francis. [Deiran,

Gleviceras ?/.] See PL XXX, figs. 5 a & 5 b.

Figs. 2a & 2 6. Arxioceras flavum, nom. nov., p. 298.

Fig. 2 a. Side view; fig. 2 &, peripheral view; holotype ; Lias Limestones,

Lyme E-egis (Dorset) [Lymian, Arnioceras ?/].

Figs. 3a-3cZ. Aexioceras axagexeticviii, sp. nov., p. 300.

Fig. 3 a. Side view ; fig. 3 b, apertural view ; fig. 3 c, peripheral view, taken
at the end of the whorl, showing ribs, nodes, keel, and incipient

sulci—all these figures are of the natural size ; fig. 3 d, part of

whorl, showing suture-lines, X 2. Lias Limestones. Lyme Regis
(Dorset) [Lymian, Arnioceras ?/].

Figs. 4a & 4 6. Arxioceras eortvxatvm, sp. nov., p. 301.

Fig. 4a. Side view, naturaLsize; fig. 4b. suture-lines, approximate delineation

of last one, not clearly shown, taken at X . Lias, Paulton, near
Radstock (Somerset) [Lymian, Arnioceras t;]. See PL XXVIII,
fig. 4.

Fig. 5. Arietites tvrgescexs, sp. nov., p. 296.

Fig. 5. Part of periphery, with rib-curves marked diagrammatically, showing
change after loss of keel. See PL XXIX, figs. 2 a & 2 b.

Discussion.

Mr. W. D. LA>^a said that, wliile heartily welcoming the paper,

he would wish to criticize it from two points of view.

(1) In applying the principle of famial dissimilarity, the
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Author appeared to disregard the alternative possibility : namely^
that, in certain cases, ammonites may have had very restricted

horizontal ranges. It is not enough to point to ammonites as being

strongl3''-swimming organisms. So are fishes : yet many marine
fishes are strictly limited in their horizontal distribution. The
details of the temperature and currents along the Liassic shore-line

were not known sufficientl}^ for us to decide how far the ammonites
of any one locality would be restricted ; nor did our knowledge of

their bionomics enable us to sa^^ whether these or other factors

might have limited their distribution.

It is extremely improbable that the Oxj^cones in the Oxynotus-
Bed of the Dorset Coast are derived, since, with the pyritized speci-

mens are found others, manifestly un-derived, consisting as they do
of fi.lms on the clay.

(2) Concerning the nomenclature of stages and of zones, two
opposing principles are followed by different authors. According

to the one, the name of a stage or zone is taken, and its boundaries
altered, if desired. According to the other, the original con-
notation of the term is retained, and, if new divisions ' are

needed, the original stages are subdivided. Thus, Bonarelli sub-

divided the Charmouthian into Domerian and a lower, unnamed
division, which was subsecjuently termed ' Carixian

'
; but the Author

had meanwhile restricted the term ' Charmouthian ' to this lower

division, which he now subdivides. Nor was this all, for most of

his Kaasayan is pai't of the' Sinemurian. Therefore, it would be

necessary to saj^ Charmouthian of Mayer-Eymar, Charmouthian of

Buckman, and so on. Similarly, Wright instituted a zone of

A. furneri, but this is by no means the zone of A. turneri of the

paper now under discussion ; and instances might be multiplied.

It would be advantageous if an agreement were to be arrived at

among geologists as to which principle should be adopted. The
speaker strongl}^ advocated the latter principle, and added that its

application should not reach back to old and well-established terms.

Dr. A. M. Daties said that, for nearly thirty j'ears, the Author
had been developing ideas on the Jurassic Period in a series of

papers in the Society's Journal. Starting with the Inferior Oolite,

in which non-sequences could be demonstrated by stratigraphical

as well as palseontological evidence, he was now extending this prin-

ciple in the investigation of strata where only the latter was usually

available. While the conditions of deposition of the West Euro-

pean Jurassic were such as to favour local alternations of erosion

and deposition, it was possible that some inconsistencies of fauna!

sequence might be explained in another way—by alternate contrac-

tion and expansion of the geographical range of a genus. Even if

the Author's explanation should not be confirmed in eveiy case, the

Society ought to be grateful to hhii for bringing so many new facts

and suggestions before them ; and also, incidentall}", for having

induced Mr. Tutcher to present them with some of the results of

his long and careful work in the Bristol area.
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Mr. G. W. LAMPLuaH said that, while recognizing the scientific

value of this intensive study of the Liassic ammonites, he feared

that the Author's continued refinements of the nomenclature and
zonal classification had carried the subject beyond the reach of the

ordinary field-geologist. From the imperfect nature of the evi-

dence, such exactitudes as those shown in the tables could rarely

be applicable in the field. The use of fossils by the stratigrapher

in the past, though crude, had generally been effectiv^e for his

purpose ; but he could not be expected to master the complicated

technicalities of these new methods. The stratigraphical deduc-

tions drawn solely from these pala^ontological studies did not

inspire confidence.

Dr. J. W. EvAXS thought that the questions raised by the paper

were of considerable importance, with reference to the problem of

determining the time occupied in the deposition of sediments. If

the numerous non-sequences believed by the Author to exist were
substantiated, there could be little doubt that there must be many
more of shorter duration for which no pala^ontological evidence

was aA^ailable, and the conclusion would be justified that the

geological record was of a far more fragmentary character than
generally believed, and represented onlj^ a small fraction of the

time that actually elapsed. In this way would be explained the

contrast between the hundreds of millions of years for the age of

the Palaeozoic formations postulated by workers in the field of

radioactivity, and the tens of millions arrived at by those wdio

based their conclusions on the rate of deposition (see Proc. Greol.

Assoc, vol. xxiv, 1913, pp. 243-44).
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10. The MicEoscoPic Material of the Bu>"tee Pebble-Beds
o/'XoTTi^"GHAMSHiEE, and its Peobable Solece o/Oeigix.

By Thomas Haeets Buetox, F.G.S. (Read May 2Dd,

1917.)
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I Introduction 328

II. Physical Characteristics of the Sand 328

III. Description of some of the Simple Minerals 329

lY. Conclusions as to the probable Direction of the Sediment-
bearing Currents, and as to the Sources of the Mineral
Grains 331

I. Ixteoductiox.

Samples of sand were carefully collected from all the principal

exposures on the outcroj) of the Pebble-Beds in Nottinghamshire.

It was cleaned in hydrochloric acid, sifted, and then separated by
means of Thoulet's Solution haying a specific gi-ayity of 2*77.

Enough of each sample (namely. 2 ounces) was taken to give

a heayy residue sufficient to weigh and to mount as permanent
objects for the microscope.

II. Physical Chaeacteeistics oe the Saxd.

The sand in the exposures is more or less coherent, in many cases

taking on the appearance of hard rock. It may, hoAveyer, when
dislodged (the cement being mainly ferric oxide) be easily ci-umbled,

often between the fino-ers.

At depths of 102, 211, and 307 feet, cores at the Farnsfield

borehole, near the Midland Eailway Station, showed the rock to

be compact, hard, and yer}' calcareous Microscopic examination

proved this to be the only real difference when compared with

samples taken from the exposures.

The sand varies in texture and colour, coarse-grained material

largely predominating ; but the following distinct types may be

recognized :

—

1. A coarse sand, whitish yellow to buff and bro-n-n in colour, found
in most exposures.

2. A reddish sand of medium coarseness, found in all the principal

exposui-es.

3. A dark brownish-red sand of fine texture, used for moulding purposes,

found especially at Whisker Hill Quarry near Retford, and at

Bestwood Warren.^

Samples ~ were all taken from Xo. ' 2.' Ordinary bedding may

^ 'The Geology of the Country between Newark <t Nottingham" Mem. Geol.

Surv. 1908, p. 34.
^ See map (p. 332) for localities from which sand was collected for

separation.
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be observed, but false bedding is a marked characteristic of this

formation.

Tiie following simple minerals, aggregates, and compound grains

have been found :

—

Simple Minerals.

Grarnet

Fluorspar...

Magnetite
Quartz.

Tourmaline
Apatite

Ilmenite . .

.

X X
X X
XX

XXX
X
XXX

P^-rrhotite

Zircon

Eutile

Anatase .

.

. X X
XXX

. X X
X

Staurolite XXX
Sillimanite X
Biotite X

Muscovite.

Orthoclase.

Plagioclase.

Microcline.

Kyanite

Heavy minerals marked thus
X
X X

occurrence,

frequency.

XXX abundance.

Mineral aggregates and compound grains include:—
Shimmer-aggregates, . chloritic aggregates — probably; felsite,

cryptoperthite, quartzite, leucoxene, quartz—in addition to decom-
posed iron-ore, vein-quartz, chert, and schist.

Per cent.

TQuartz 72

Estimated general constitution j Felspar 25
^ of Pebble-Bed sand

|
Heavy minerals 0*25

LVarious 2-75

III. Descriptiox of some of the Simple Mineeals.

Garnets, mosth' of a characteristic pink, appear to be fairly

evenly distributed, though they are not very plentiful. Spherical,

irregularly-rounded, and angular grains are present, the last-men-

tioned being the least frequent. Most of the garnets are isotropic,

while a few have been observed to be optically anomalous. The
largest grain noted was 0-40 mm. in greatest diameter. Generally

they are smaller, some considerably so.

Fluorspar is fairl}^ common. The grains are usuall}- angular,

isotropic, and colourless. No grains having a greater length than
0*30 mm. have been noted.

Magnetic minerals ^ are fai];ly frequent, and include mag-
netite. Other magnetic gi-ains of a yellowish-bronze colour are

probably pyrrhotite.

Quartz.—In form these grains are subangular, angular, and
well-rounded : the first constitutes the bulk of the quartz. The
biggest grains, comparatively few^ in number, are often apparently

perfect spheres. The grains are frequently more or less corroded.

Growths of secondar}^ silica on the grains have not been met with.

Undulose extinction and other evidences of strain are frequent.

^ These minerals were removed with an ordijiary magnet from samples of

uncleaned sand.
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The grains are often flattened and smooth. The average maxmium
diameter of the majority of quartz-grains is about 0-51 mm.

Inclusions are:—(1) Regular; as tourmaline, rutile, apatite, sillimanite,

biotite.

(2) Irregular ; as gas and fluidal cavities, glass.

(3) Acicular ; as tourmaline needles, liair-like inclusions,

and fine needles—probably rutile.

Tourmaline, especially the brown kind, occm-s abundantl}^,

mainly in the form of more or less rounded gi*ains (a few appear
perfectly spherical), and in well-worn, mostly stout prisms. Nearly
colourless, blue, green, and mauve grains are present. The blue grains,

are often ver}^ worn and rounded. The average diameter of rounded
grains is about 024i mm. Frequent inclusions of an opaque
mineral without crystal outline occur. Less frequent are fluid,

glass, and occasionally rods and needles, resembling sillimanite.

Ilmenite and leucoxene.—The former mineral is plentiful;

while the latter is very abundant, and may be derived either from
ilmenite or from titaniferous magnetite.^ Some ore of iron, in

most eases decomposed and resembling leucoxene, is attached to

quartz, and is quite common. Iron-sand ^ is the most plentiful

form in which ilmenite is present.

Micaceous ilmenite occurs sparingly. Its colour is light

reddish-brown. The plates enclose rutile-needles, which are inter-

laced in the form of sagenite at an angle of 60°.

Zircon.—This mineral is abundant, generally colourless, and
occm's mostly in well-defined, though more or less worn crj'stals.

Almost spherical grains are not infrequent ; a small proportion is

unworn. The length ranges from about 0'07 mm. up to 30 mm.
Some pale-yellow grains resembling monazite, which I take to be

zircon, are not uncommon. Inclusions are frequent, consisting of

negative crystals, gas-enclosures, and what appears to be apatite.

E, utile is fairly plentiful, and occurs mostly in rounded grains

and rather stout, worn prisms. A few grains are fragmentary, but

show definite signs of wear. The colour varies from yellow to deep

amber-red. Both geniculate and polysynthetic twins are present.

Anatase occurs sparingly. It is found in well-formed plates

parallel to (001), also attached to decomposed ilmenite. It varies

from colourless to pale yellow. The plates- are not worn. The
smallest size noted is O'Oo mm., the largest size 0*10 mm.

Staurolite"^ is very abundant. One might almost call it the

1 J. J. H. Teall, 'British Petrography' 1888, p. 167.
'^ M. F. Heddle, • Mineralogy of Scotland' vol. ii (1901) Supplem. p. 197,
* Excellent figures of some Triassic heavy minerals may be found in

Dr. H. H. Thomas's papers, Q. J. G. S. vol. Iviii (1902) pis. xxxi-xxxii and
ibid. vol. Ixv (1909) pi. xii.
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zone-mineral of this formation. The grains are often rough and

angular with frayed and toothed edges, averaging about 0"35 mm..

in greatest diameter. Nearly spherical grains occur. Its colour

varies from pale j^ellow, through amber, to reddish -brown.

Numerous grains are quite fresh, though some in a more or less-

decomposed state are present. Among frequent inclusions are

opaque black particles, also quartz. Some grains appear to be pure.

The micas.—White mica is plentiful in most places, especially

in the eastern outcrop. The Hakes are mostly parallel to (001),
and exhibit usually a low grey interference-colour between crossed

nicols. Strain-shadows are frequent. The average diameter is

about 0-53 mm.
A pale-green variety is not uncommon which, in contradistinction

to the above white mica, mostfy remains dark between crossed

nicols.

Biotite, so far as I can determine, is rare.

Felspar is usually found in a very decomposed and clouded

state. Orthoclase, which is probably plentif id. may be recognized

:

strain-shadows are frequent. Only one or two grains of plagioclase

have been cleliniteh' distinguished. Microcline is not uncommon.

IV. COXCLUSIOXS AS TO THE PEOBABLE DlEECTIO^ OF THE
SeDIMEXT-BEAEIXG CuEREXTS, AXD as TO THE SOUECES
OF THE MiXEEAL (xEAIlS'S.

From the distribution of the aforementioned heavy minerals,

together with such evidence as the dip of the false bedding and the

variation in thickness of the Pebble-Beds, the direction of the chief

sediment-bearing currents may be deduced.
From the kind of mineral and the character of certain pebbles, we

can reasonably infer the source of origin of much of the material.

The accompanying map and table (p. 332) will help to

demonstrate the distribution of the heav}^ minerals.

Along the western outcrop) the highest percentage of heavy
minerals, with a specific gravity of 2*77 and upwards, is at Gorse-

thorpe. From Grorsethorpe a diminution in the percentage is

continued northwards, hy way of Carburton, to Bawtry. South of

G-orsethorpe the fall in the percentage of heavy minerals is continued,.

by way of Python Hill, to Nottingham.
Along the eastern outcrop we find the, highest percentage at

Ollerton and Farnsfield. North of Ollerton to Retford there is

a considerable decrease ; while from Farnsfield to Calverton, in the

south, there is a marked diminution in the percentage of heavy
minerals.

The current -bedding.—At Retford and Ollerton i the pre-

vailing dip of the cross-bedding is in an easterly direction. On
^ 'The Geology of the Countiy aroiiiid Olleitou ' Mem, Geol. Siirv. 1911,

p. 23.



Map of

Nottinghamshire
showing-

the Pebble-Beds dotted

Minor Current

[The white circles indicate the localities from Avhich sand has been obtained

for separation purposes. The crosses indicate the position of the bore-

holes -where the thickest proved parts of the Pebble-Beds occur.]

Table showing the Localities, the Weight in grams, and the
Percentage of the Heavy Minerals.

Locality. Weight.
Per-

centage.
Locality. Weight.

\ J^ge.
,

Bawtry

Carbtu-ton

Gorsethorpe ...

Python Hill . .

.

Nottingham ...

•1386

-1438

•3541

-1536

•1380

0-244

0-253

0-624

0-270

0-243
!

Retford -0602 0-106

Ollerton -1560
j

0-275

Enfford -0765
|

0-134

Farnsfield -1530
j

0-269

Calverton -0296 i 0-052
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the IMansfield-Southwell biancli of tlie Midland liaihvay. betvN-een

Maiistield and Python Hill, 3 or 4 miles of excellent sections show
marked cross-bedding dipping south-eastwards.

i

In the district about Nottingham the dip of the false bedding
shows a general direction to^^'ayds the south-east.-

There are subordinate currents which come f]-om the south-west

and south-east respectively, as, for example, in the Farnsfield

district.^

The general direction of the current-bedding is towards the east

in the northern part of the county, and veers towards the south-

east from the Grorsethorpe district, where the main easterly current

bifurcates, as we proceed in the direction of Nottingham.

The thickest part of the formation, as shown by bore-
holes.—East of the Pennines, as proved by boreholes and shaft-

sinkings,* the Nottinghamshire Pebble-Beds are thickest at Bever-

cotes and Kelham, being 568 feet thick at the former, and 471
feet thick at the latter place.

^

This thickest part is, in the main, in the line of the prevailing

currents, indicated hj the distribution of the heavy minerals and
the general dip of the false bedding (see map and table, p. 332).

' North of Bevercotes the Bunter Pebble-Bed assumes all the

characters of the Lower Mottled Sandstone
'

;
^ while south of

Thurgarton '' the entire Bunter, as proved, is thinner than the

Pebble-Beds in the localities named above.

The mineral grains and the possible sources of their
supply.—The outstanding mineralogical fact is the abundance of

stam'olite. For this there is no adequate source of supph^ locally.

Kagged patches occur at Sinen Gill—in the Skiddaw Granite

series.^

I have not been able to discover it in the South Pennines, where
I have searched for it in the Cromford neighbourhood of Derby-
shire. It appears, however, to be abundant in Scotland, being-

found in several localities,^ from Unst in the north-east, roughly in

a south-westerly direction to Mull.

' 'The Geology of the Country around OUerton ' Mem. Geol. Surv. 1911,

p. 22.
- 'The Geolo'gy of the Coimtry between Newark & Nottingham' Ibid. 1908,

p. 31. -^ Ibid. 1911, p. 22.
"* These thicknesses are approximate ; but they are the nearest procurable

approximations, and, when used for purposes of comparison with known facts

in the district in question, are certainly of much interest and importance, if

not of exact and accurate evidence in themselves.
^ 'The Geology of the Country around Ollerton ' Mem. Geol. Surv. 1911,

p. 18.

^ W. Gibson, ' The Concealed Coalfield of Yorkshire & Nottinghamshire

'

1913, p. 31. ' Ibid. p. 33.

« F. H. Hatch & U. H. Rastall, ' Petrology ' vol. ii (1913) p. 248.
y M.F. Heddle, ' Mineralogy of Scotland' vol. ii(1901) p. 75 & ibid. Supple-

ment, p. 209 ; G. Barrow, Q. J. G. S. vol. xlix (1893) p. 340 & ibid. pp. 349,

350 ; T. 0. Bosworth, Q. J. G. S. vol. Ixvi (1910) p. 394.



iSynopsis of the Principal Heavy Minerals from the Sand of
AND from the Upper Carbonifero

[Occurrence represented by X • Frequenc}- represented by X L

Rock StanroUte. Ihnenite.

1. TsTottingham- X X X X X X
shire- • /-, •

(

(jrrains

very fresh,

usually.

Zircon. Tourmaline. Entile.

XXX XXX XX

2. Cannock
Chase.

XXX XXX XXX XXX
Grains !

often I

j

more or less

decomposed. '

i

X X

3. Cheshire

4, Cromford
j

neighboLTrhood
' —Derbyshire.

XX |XXx! XXX XXX
Much

I

I

decomposition
|

of grains.
,

X X

XXX
Zircon

larger than
in the above
localities.

XX
Much fewer
nearly rotind

grains than
in the above
localities.

XX
Generally

much largei

and more
fragmental
than in

the above
localities.

Much the most extensive development in Scotland appears to be

that described in the South-East Highlands by Mr. Gr. Barrow.
It thus seems evident that northern areas were capable of

supplying the staurolite.

Shimmer-aggregates, 1 sillimanite, kyanite, ilmenite, and micro-

dine, obviously from metamorphic areas, are most likely, in the

imain, from the same sources.

' In the Highlands, tourmaline is common and widespread.' 2

1 G. Barrow, Q. J. G. S. vol. xlix (1893) p. 340 & pi. xvi, fig. 5.

- T. O, Bosworth, ibid. vol. Ixvi (1910) pp. 394, 395.



TER Pebble-Beds of Nottinghamshire, Cannock Chase, and Cheshire,
I Crompord in Derbyshire.

idance represented by XXX. Great abundance represented by X X X X .]

irnet.
!

Aggregates. Leucoxene. Fluorspar.
\

Muscovite.
Remarks on

lighter material.

X X XXX XXX X X XXX
The majority of the

quartz -grains are
well worn and
smoothed ; more
or less flattened.

X X XXX XXX X X XXX Do.

x XXX XXX XXX Do.

>< X X X X X X X XXX
Generally rougher
than in the

above localities;

also yellowish,

rather than
colourless.

The majority of the
quartz -grains are
irregular, with
rough surfaces.

Microcline is plen-
tiful among the
lighter material.

Dr. Boswortli has informed nie that it is found m the bulk of the
old Highland rocks. As it is jDraeticalh' certain, as shown by the
distribution of the hea\y minerals (see p. 332), that the tourmaline
has not been mainly derived from southern sources, it is to
Scottish areas i that we must look for the supply, in larger part,
of this mineral.

TourmaUne, as well as rutile, garnet, fluorspar, and zircon, are
probably derived, in part, from local sources. As the Carboni-
ferous rocks occurring in the Pebble-Beds (about 4 or 5 per cent.)

1 M. F. Heddle, 'Mineralogy of Scotland' vol. ii (1901) p. 73; see also
' The Geological Structure of the N.W. Highlands of Scotland ' Mem Geol
Surv. 1907, p. 285.
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naineh" : sandstone, limestone, and chert, have probably been derived

from the Pennine ridge, it is reasonable to infer that a small pro-

portion of the heav}'^ minerals are also from the same source.

Subordinate currents i have also evidently contributed their quota
to help to form the Pebble-Eeds.

It appears, therefore, that Scotland has furnished the bulk of

the staurolite, and of the other heavy minerals associated with it.

Tourmaline too, at any rate in greater part, is from northern

sources.

How, then, did the foregoing m^inerals reach Nottinghamshire ?

To answer this question, it is necessary to compare the material of

certain other localities with that under consideration.

The heavy minerals of Cannock Chase, Nottinghamshire, and
Cheshire Pebble-Bed sand that I have examined, are substantially

identical. They exhibit, on the whole, a marked difference from
those of the South Pennine district (see Synopsis, pp. 334-35).

Slices of quartz-felspar grits from the Pebble-Beds of Nottingham-
shu'e and Cannock Chase, also from Loch Torridon, show a striking

resemblance one to the other, both macroscopicalh^ and microsco-

pically. They are mainly composed of quai'tz and felspar, with an
addition of quartzite, pegmatite, and microcline.^ The similarity of

the Nottinghamshire material to that of Cannock Chase suggests

a common source of supph^
To the more numerous and distinctive rocks of the Pebble-Beds

of the Midland Bunter, Prof. Bonney ascribes a noi-thern de-

rivation '^
: a north-western river and its tributaries being the

means of transport. This north-western river has probabl}^ played

an important part in the formation of the Nottinghamshire Pebble-

Beds. At certain flood-periods, when the supposed river Avas much
fuller than usual, and its outlet and the approaches thereto were

probabh^ more or less obstructed by material brought down
previously,* an overflow occurred. This was probably in the

neighbourhood of Macclesfield. The flood-water, with its load

of sediment, forced its w^ay across the high land of Derb3^shire

into Nottinghamshire and the lower-lying lands of the east.^

The main current of the overflow postulated above, when it

reached Nottinghamshire, bifurcated in the Gorsethorpe district,

one brancli flowing mainly eastwards by way of the Ollerton

district, and the other south-eastwards by way of Farnsfield.

^ 'The Geology of the Country around Ollerton' Mem. Geol. Surv. 1911,

p. 22.
2 'The Geological Structure of the N.W. Highlands of Scotland' Mem.

Geol. Surv. 1907. p. 28-5.

'^ Q. J. G. S. vol. Ivi (1900) p. 302.
-* The staurolite of Nottinghamshire is fresher than the staurolite of Can-

nock Chase and that of Cheshire : this lends support to-the above-postulated

theory of obstruction. The material in the first instance (long accumulated

and weathered) was brought down by the flood-water into the western basin,

naturally more or less blocked later, and certain fresher material was similarly

brought from the north—much of the latter being carried by the overflow

into Nottinghamshire and the eastern lowlands.

^ A. J. Jukes-Bro^vne, ' Building of the British Isles ' 3rd ed. (1911) p. 235.
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From the foregoing statements it is evident that the bulk of the

material in question was most likely derived from Scottish sources
;

that the Pennine ridge has certainly suppHed a share ; and that

subordinate currents have probabl}'^ contributed their small part

towards forming the Nottinghamshire Pebble-Beds.

I gratefully acknowledge the obligations that I owe to many
for their kind assistance in connexion with this paper, especialh'

to the Eev. Prof. T. G. Bonney, Prof. H. H. Swinnerton, and
Dr. H. H. Thomas.

Discussion.

Dr. li. L, Sherlock thought that it was not clear what was
meant by the 'Northern Bunter basin.' This might be either west

or east of the Pennines. In either case it would be necessary for

the north-western river to cross the Pennine ridge, admittedly in

existence. Onl}^ in times of flood did the river bring sediment

through the hills into Nottinghamshire, and yet the bulk of the

material was believed by the Author to come from Scotland. The
speaker thought that a more local origin for the bulk of the

material was probable, and that, until the Carboniferous rocks of the

Pennines, and particularly the Millstone Grrit, had been searched,

it w^as unsafe to assume that the heavy minerals could not have
been obtained locally. One objection to the theory that the bulk

of the Bunter material was brought from Scotland had never been

answered—it was, that the number of pebbles fell off as the supposed

source was approached. The speaker believed that the paper by
the late J. Lomas on the Origin of the British Trias explained

satisfactorily most of the features of Triassic rocks. On this

hypothesis, supported by the work done by the Egyptian Survey,

Dr. Wade, and others, the Bunter Pebble-Beds were formed by
torrential waters that occasionall}^ swept out wadis, filled with

debris produced by desert erosion, and spread the materials over

a coastal plain at the foot of the hills. The rock-fragments

were not onh^ rounded by mutual battering, but much line silt

\vas produced which, when dry, was blown into pools and into the

Caspian-like sea to form Triassic marls. The chief difficulty was
the presence of quartzite-pebbles, but it was possible that these

might not have travelled far : say, from the buried pre-Triassic

rocks of Charnwood Forest. The quantity of pebbles in the

Pebble-Beds of Nottinghamshire was apt to be exaggerated, because

they were concentrated in soils and Drift, although in a clean

section there were usually quite few stones. Moreover, only a

moiety of these were quartzite.

It appeared from a lantern-slide that the Author had not

discriminated between the divisions of the Bunter. There are beds

in the Lower Mottled Sandstone which have a structure different

from that of the Pebble-Beds, and the former were laid down in

very shallow water. The sands at Whisker Hill, Retford, one of

Q. J. G. S. No. 292. 2d



338 MICEOSCOPIC MATEEIAL OF [vol. Ixxiii,

the localities collected from, could be described as Upper Mottled
Sandstone.

The speaker was interested to find that a belt, containing a high
proportion of heavy minerals, extended across the strike of the

Eunter opposite Gorsethorpe. This was confirmation of his ex-

planation given some years ago of the origin of the Mansfield
Sandstone in the so-called ' Permian ' below. The explanation

required a river flowing in from the Pennines, in practically the
position described by the Author.

The Author was to be congratulated on the work that he had
done. It had been customary for geologists to collect Eunter
pebbles, and ignore the sands in Avhich they hj. Dr. Thomas had
done pioneering work in Devon on these sands, and the Author had
now accompHshed useful work in another area.

Dr. P. Gr. H. EoSWELL remarked that a paper dealing with the

petrography of the Eunter deposits Avas certain to be of consider-

able interest, and the Author's contribution was clearly no
exception to the rule. While the records of detrital -mineral

assemblages were very valuable, it was obvious that great caution

should be exercised in drawing inferences regarding the source

of the material. A great deal rested on the number of samples

collected, their selection, and their vertical and lateral distribution.

With regard to this, he (the speaker) wished to utter two words of

warning, which might, however, be unnecessary in the case of the

paper under discussion.

The variation in the percentage weight of the heav}^ mineral

residue did not necessarily give any indication of the source of the

material. It was now an established fact that the heavy crop

increased with the decrease in grade-size in sands, and the grade

or mixture of grades in every sample must therefore be determined.

In the next place, the presence of minerals of metamorphic
origin, such as tommaline, staurolite, garnets, micas, etc., in sedi-

ments did not necessarily indicate origin from metamorphic rocks.

Such minerals were frequently the least unstable, and were foimd
in most sedimentary rocks in the British area : some of them
might have passed through several geological cycles, and have been

derived direct!}^ from older sediments.

Mr. Eeenaed Smith was of o23inion that the chief value of

the Author's work consisted in his careful and useful determination

of the mineral residues, but that much more work of a similar

nature must be undertaken before such broad conclusions could be

drawn Avith safety. He emphasized the fact, which he himself had
been the first to put on record, that at Farnsfield the direction of

dip of the cross-bedding was roughh^ from south to north, sAvinging

now to the Avest and noAv to the east. While agreeing in general

with the objections raised b}^ Dr. Sherlock, the speaker Avas not

prepared to folloAv him' in suggesting that the Pebble-Eeds were

accumulated by river-action on an exposed coastal shelf, but con-

sidered that they were deposited in shalloAv water. The pebbles

appear to have entered the district from the south, but probably
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most of the finer material Avas derived from the Millstone Grrit or

Coal-Measure sandstones o^ the neighbom-ing Pennine Range, the

existence of Avhich is indicated by the occurrence—between Dale in

Derbyshire and Lenton near Nottingham—of Bunter sandstone

banked against cliffs of Coal-Measure sandstone that were sub-

jected to atmospheric weathering at that time. An examination of

the heavy minerals of these rocks should throw considerable light

upon the origin of the Bunter.

Mr! W. H. Booth stated that a boring made at Farnsfield, some
twentj-two years ago, entered the Waterstones, and the water-level

was within a few feet of the surface, the rocks being therefore

fully submerged. A little later, a deep borehole was put down at

Newark-on-Trent at Messrs. Hole & Company's brewer}^ It was
taken to about 800 feet by the Diamond Boring Company, and the

water rose to 50 feet above the surface. If still in existence, the

sample-box of the Farnsfield core would be in the hands of the con-

tractors, Messrs. Le Grand & Sutcliff.

Dr. Herbert H. Thomas, in reply, thought that there was
great difficulty in ascribing a local origin to much of the Triassic

material. The presence of staurolite in such great abundance was
difficult to explain on that hypothesis, and he considered it even

more dangerous to speculate on the natui-e of rocks completely

hidden by the Trias, than to point to areas known to be capable of

supplying material similar to that of which the Triassic rocks are

composed. *

He expressed the opinion that certain minerals mentioned by
the Author, more especially the staurolite, had been derived

directly from metamorphic rocks, and had not before entered into

the composition of a detrital rock.

He felt sure that the Author, if he had been present, would have

been pleased with the reception accorded to the paper, and with the

interesting discussion to which it had given rise.

[Deceml)er 31st, 1918.]
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Foreign Members, list of, xxvi ; For.

Correspondents, list of, xxvii.

Fowler, F., obituary of, Ixvi.

Francis, J., 292.

Garnets in Bunter Pebble-Beds, 329,

335.

Garnet-pyroxene rock, diamantiferous,
ix.

Garth Wood (Glamorgan), 115, 143,

160, & pi. xiii.

Garwood, E. J., 68.

Geikie, Sir Archibald [presenta-

tion of bust of], ix; re-elected

For. Secretary, xxv ; [receives

WoUaston Medal for A. F. A.
Lacroix], xlv-xlvi.

Gleviceras, gen. nov., 289, 317.

aiirihtlwnt/glevense, 291-92 &
pis. xxviii-xxx.

glevense, nom. nov., 289-90 &
pis. xxviii-xxx, 294-95 figs., 317.

—— riparimn, 292 & pi. xxx.

GoDMAN, F. DuCane, 10.

Gordon, W. T. [receives MurcMson
Fund for W. Mackie], li-lii.

GossELET, J., obituary of, Iv-lvii.

Grace Dieu (Leicestershire), Lr. Carb.

of, 100-101.

Groes-faen (Glamorgan), Carb. Limest.

Series betw. Miskin and, 134, 137.

Groves, J. (& C. Reid), Characea3
from the Lower Headon Beds [_title

only\, iii.

Grypocevas cf. mesodiscum, 181-82.

Guibaliceras, gen. nov., 293, 295 figs.,

317.

GwiNNELL,W. F., [exhibits Palseozoic

corals], ii
;
[exhibits series of Am-

monites], xcix.

Halohia cf. mistriaca, 200-201 &
pi. xxi.

lioclistetteri, 199-200 & pi. xxi.

zitfeli, var. zealandica nov..

197-98 & pis. xx-xxi.

spp., 201.

Halorella zealandica, sp. nov., 216-
17 & pi. xxiii.

sp. (Carnic), 217 & pi. xxiii.

Hamling, J. G., 286.

Hammer-stone fr. Piltdown Gravel.

2-3 fig.

Harker. a., re-elected President,

xxv
;

[addresses to recipients of

Medals & Funds], xliv et seqq. ;.

[obituaries of deceased Fellows,

&c.], Iv-lxvii ; on some Aspects
of Igneous Action in Britain, Ixvii-

xcvi.

Hawtret, E., decease announced,
Ixvii.

Hectoria, gen. nov., 233-35 figs. &
pi. xxv.

hisulcata, sp. nov., 235-36 &
pi. xxv.

ciineiformis, sp. nov., 237 &
pi. xxv.

tumida, sp. nov., 236-37 &
pi. xxv.

Hercynian crust-movements, Ixxxix

et seqq.

Hettangian, faunal sequence in, 279.

Hind, W., Lyell Medal awarded to,

xlvii xlix.

Hokonui Hills (N.Z.), Trias, &c. of,

177-79.

HoJconnia, gen. nov., 202-204 & pis.

xx-xxii.

limseformis, sp. nov., 204-205
& pis. xx-xxii.

rofundata, sp. nov., 205 & pis.

xx-xxii.

Holmes, A., Daniel-Pidgeon Fund
awarded to, xcviii.

Hoplites (niritiis, 52 et seqq. & pi. iv.

rnidiiiiainis, 53 et seqq. & pi. iv.

splendens, 52 et seqq., & pi. iv.

Hughes, T. McK., 63.

Hwiccian, faunal sequence in, 263-66
w. diagram, 276, 310.

Igneous action in Britain, relat, betw.

crust-movements and, Ixvii-xcvi.

Ilmenite in Bunter Pebble-Beds, 330,.

334.

Ingham, F. T., 51.

Isocrinns argenteus, sp. nov., 254.

CH23re?(s,sp. nov.,248 fig., 255-56.

gravinge, sp. nov., 248 fig., 256.

trechmanni, sp. nov., 248 figs..

252.
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Jackson, J. W., [on Facetted Pebbles
from Pendleton (Lancashire)], i-ii.

JuDD, J. W., obituary of, Ivii-lx.

Jurassic of New Zealand, 167 et seqq.
;

Jur. chronology: Lias, 257-327 figs.

& pis. xxvi-xxxi (foss.).

Kaihiku Gorge (N.Z.), Trias of, 179
;

Kaihiku Series, 167.

Kakanui Series, 167.

Kawhia (N.Z.), Trias, &c. of, 173-74.
Keith, A., [exhibits model of Pilt-

down skull], xcvii.

Kenward, E.., 6.

Keplerites calloviensis, 53 et seqq. &
pi. iv.

KiTCHiN, F. L.„ 68, 90, 258.

Knoll-reefs in Carb. Limest. Series,

162.

Knot Low (Derbyshire), spilitic lava

of, 14-15, & chem. anal, on p. 22.

Koch, W. E., obituary of, Ixv.

Lacroix, a. F. a., Wollaston Medal
awarded to, xliv- xlvi.

Ladino-Carnic, see Carnic.

Laminosa Dolomite, 118, 121 et seqq.,

138-39.

Lamplugh, G. W., 258
;

[obituary

of C. Reid], Ixi-lxiv.

Lang, W. D., 31, 56, 258.

Lapworth, C, Balston Expedition
to Peru : Report on Graptolites

collected by Capt. J. A. Douglas
[_title only^, viii.

Lapworth, H., re-elected Sec-

retary, XXV.

Lavas, Lr. Carb. spilitic, of Derby-
shire, 11-17, 19-25 w. chem.anals.

Leda semicrenulata, sp. nov., 191 &
pi. xxi.

Lee, G. W., 68, 258.

Leicestershire Coalfield, Carb. Limest.
bordering the, 84-110 figs. & pis.

vii-xi.

Leptaleoceras, gen. nov., 284-85, 317.

Upturn, sp. nov., 285-86 &
pi. xxvi, 317.

Leucoxene in Bunter Pebble-Beds,

330, 335.

Lewer, E. R., obituary of, Ixvi-

Ixvii.

Lias, chronology of, 257-327 figs. &
pis. xxvi-xxxi (foss.) ; Lr. Lias,

zonal sequence in, 278-81.

Library, annual report of Committee,
xv-xvii ; lists of donors to, xviii-

Lima (Limatula) cf. pichleri, 206 &
pi. xxi.

Llansannor (Glamorgan), 133, 134,

143 ; vert. sect, at, 119 ; see also

Ruthin.

LoNGSTAPF, J., Supplementary Notes
on Aclisina De Koninck & Acli-

soides Donald, with Descriptions

of New Species, 59-83 & pis. v-vi.

Lonsdalia floriformis, sub-zone bor-

dering Leicestershire Coalfield, 91
et seqq., 102-103.

Lower Limestone Shales (Carb.) on
S.E. margin of S. Wales Coalfield,

124-34 w. vert. sect.

LuTTMAN-Johnson, H. M. [exhibits

diamantiferous garnet - pyroxene
rock], ix.

Ltell Medal awarded to W. Hind,
xlvii-xlix ; L. FiTud awarded to

A. H. Cox & T. C. Nicholas, lii-

liii ; L. Medallists, list of, xxxi
;

recipients of L. Fund, list of, xxxii.

Lymian, faunal sequence in, 273-75,

277, 311-15.

Machen (Monmouth), 115, 116, 153,

159 & pi. xii; vert. sect, on p. 119.

Mackie, W., Mui'chison Fund awar-
ded to, li-lii.

Macnair, p., 63.

McNeill, Bedford, decease an-

nounced, i ; obituary of, Ixiv.

Macrodon cf. curionii, 191 & pi. xxi.

Magmatic diiferentiation & the law
of increasing alkalinity, Ixix et

seqq.

Magnetic minerals in Bunter Pebble

-

Beds, 329.

Main Limestone (Carb.) on S.E. mar-
gin of S. Wales Coalfield, 134-56

;

see also Carboniferous Limestone.

Maitai Series, 167, 168.

Malay Archipelago, relat. of Trias to

that of New Zealand, 237-39.

Malay States, MS. geol. map of, xi.

Maps, British geological, as a record

of the advance of geology, c-ci.

Maps illustrating Carb. Limest.

bordering Leicestershire Coalfield,

98, 102 & pi. xi; geol. map of

neighbourhood of Cardiff, 112 ; of

Carb. Limest. Series betw. Ewenny
& Taff Valleys, pL xv ; of Carb.

Limest. Series betw. Taff & Ebbw
Valleys, pi. xvi ; illustratg. occur-

rence of Trias, &c. in New Zealand,

172 ; illustratg. occurrence of

Bunter Pebble-Beds in Notting-

hamshire, 332.
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Marr, J. E., [receives Murclaison

Medal for G. F. Matthew], xlvi-

xlvii.

Marshall, J. W. D., 303.

Marshall, P., 166.

Masson (Derbysliire), spilitic lava of,

12, 14 & chem. anals. on p. 22.

Mataura Series, 167.

Matthew, G. F., Murcliison Medal
awarded to, xlvi-xlvii.

MATER-ETMAR,C.,liisstratigrapMcal
terms for Jurassic succession, 282-

83.

Meade, T. de C, obituary of, Ixvi.

Megalodon glohularis, sp. nov., 209
& pi. xxi.

Mentzelia cf. ampla, 228 & pi. xxiii,

'kawhiana, sp. nov., 228 & pi.

xxiii.

Mentzeliopsis gen. nov., 229-30 &
pi. xxiii.

liorrida, sp. nov., 230 & pi. xxiii

spinosa, sp. nov., 230 & pi.

xxiii.

Mercian, faunal sequence in, 271-73
w. diagram, 277, 311-14.

Mesozoio ' Cycads,' recent researches

on, vi-viii ; see also Jurassic.

Metcalfe, A. T., 11.

Micas in Eunter Pebble-Beds, 331.

335.

Microderoceras depi'essum, nom. nov.,

303-304 & pi. XXX, 317.'

inflatitm, sp. nov., 305 & pis.

xxviii-xxix, 317.

rhodaniaim, nom. nov., 305-

306, 317.

septigerum, nom. nov., 304 &
pi. XXX, 318.

Millstone Grit bordering Leicester-

shire Coalfield, 86 et seqq. ; over-

step of, on S.E. margin of S. Wales
Coalfield, 123-24, 157, 161.

Miskin (Glamorgan), 114, 116, 134
;

vert. & horizont. sects. 119, 120
;

sect, descr., 140 ;
quarry N. of,

144, 160 & pi. xiv.

Modiola phases in Carb. Limest. on
S.E. margin of S. Wales Coalfield,

118, 121 et seqq., UO-41, 145 et

seqq., 153-55.

Monotis salinaria, 195-96 & pis. xix-

XX ; var. hemispTierica nov., 196 &
pi. XX; var. intermedia nov., 196
& pi. XX.

Moonlight Eange (N.Z.), Trias of.

181.

Morgan, P. G., 166.

Mount Potts (N.Z.), Trias, &c. of,

176.

Mount St. Mary (N.Z.), Trias, &c. of,

176-77.

Mormt Torlesse Annehd Beds, cor-

relation of, 245-46.

Murchison Medal awarded to G.

F. Matthew, xlvi-xlvii ; M. Fund
awarded to W. Mackie, li-lii

;

Medallists, list of, xxx ; recipients

of M. Fund, list of, xxxi.

Muscovite in Bunter Pebble-Beds, 335.

Myoplioria heslingtonensis, sp. nov.,

211 & pi. xxii.

nuggetensis, sp. nov., 210-11 &
pi. xxii.

——
- otamitensis, sp. nov., 211 & pi.

xxii.

Mytilus (?) mirabilis, sp. nov., 202
& pi. XX.

CO proUematicus, 201-202 &
pi. XX.

Names of Fellows read out, i, iii.

Nelson (N.Z.), Trias, &c. of district,

174-75.

New Caledonia, relat. of Trias to that

of New Zealand, 237-39.

New Zealand, Trias of, 165-246 w.

map, sects. & pis. xvii-xxv (foss.);

crinoidea fr. same, 247-56 figs.

Nicholas, T. C, award fr. Lyell

Fund to, liii.

Noric of New Zealand, 167, 169 et

seqq.

Normannites hrailienridgi, 53 et seqq.

& pi. iv.

Nottinghamshire, microscopic mate-
rial of Bunter Pebble-Beds of, 328-

39 w. map.
Nugget Point (N.Z.), Trias of, 179-

81 w. horiz. sect.

Number of Fellows, xiti, xxii.

Officers (& Council) elected, xxiv-xxv.

Okuku (N.Z.), Trias, &c. of, 175.

Oldham, E,. D. [presentation of

books by], xv-xvi.

Olivine-basalts assoc. w. Derbyshire

spilites, 17.

Oohtes in Carb. Limest. Series, 139-

40, 143, 145 et seqq., 149 et seqq.

Oreti Series, 167.

Orthoceras sp. (Carnic), 181 & pi. xvii.

Osgathorpe (Leicestershire), dolomite

of, 100.

Otamita Valley (N.Z.), sect, descr.,

178.

Otapiri Series, 167, 169.

Overstep of Millstone "Grit on S.E.

margin of S. Wales Coalfield, 123-

24, 157, 161.
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Oxynoticeras oxynotum, 293, 294-95

figs.

polyopliylhom, 293, 294-95 figs.

Pabba Shales, 262-63.

Palaeocardita quadrata, sp. nov., 212
& pi. xxi.

Palasolith foimcl in British trenches,

iii
; (?) fr. Piltdown Gravel, 2-3

fig.

Palasoneilo otarnitensis, sp. nov., 190
& pi. xxi.

cf. praeacuta, 190-91 & pi. xxi.

Parsons, L. M., the Carboniferous

Limestone bordering the Leicester-

shire Coalfield, 84-109 figs. & pis.

vii-xi, 110.

Patella (?j nelsonensis, sp. nov., 185

& pi. xviii.

Pecien sp. (Carnic), 206 & pi. xxi.

Pendleside Shales bordering Leicester-

shire Coalfield, 86 et seqq.

Pendleton (Lanes.), facetted pebbles

from, i-ii.

Perisphinctes triplicatus, 51 et seqq.

& pi. iv.

Permo-Carboniferous of New Zea-

land, 167.

Piltdown Gravel, Eoanthropus, &c,

from, 1-10 figs. & pi. i.

Pinacoceras sp. (Lr. Noric), 183.

Pinna sp. (Carnic), 206 & pi. xxii.

Pleurophorus zealandicus, sp. nov.,

212-13 & pi. xxi.

Pleurotomaria (SlsennaJ liectori, sp.

nov., 186 & pi. xviii.

liokonuieiisis, sp. nov., 186-87
& pi. xviii.

Pont-.y-Mister, see Coed-y-Mochyn.
Potash-spilites, 25.

Prestwich Medallists, list of, xxxiv.

Pseudomonotis ochotica, 193-94 & pi.

xix; var. acutecostata nov.^ 194 &
pi. xix.

richmondiana, 194-95 & pi.

xix.

Pseudoplacunopsis placentoides, sp.

nov., 209-10 & pi. xxi.

Psiloceras planorbls, 52 et seqq. &
pi. iv.

PAoidea, 215-16.

Putataka Series, 167.

Ptcraft, W. p., 6
;
[exhibits man-

dibular ramus of Chimpanzee],
xcvii, 9.

•Quartz in Bunter Pebble-Beds, 329-

30.

Eaasayan, faunal sequence in, 267-

68, 272 (diagram), 276, 310.

Badstockiceras, gen. nov., 287, 318.

complicatum, sp. nov., 287-88
& pi. xxvi, 318.

Bastelligera, 215.

Reed, F. E. C, 68.

E.EID, C, obituary of, Ixi-lxiv
; (& J.

Groves), Characese from the Lower
Headon Beds Ititle only'], iii.

Betzia sclvwageri, 227-28 & pi. xxiii.

Reynolds, S. H., 68.

Ehffitic of New Zealand, 167, 169 et

seqq.

E.hymney E. (Monmouth), 114, 123,

129.

Eisca (Monmouth), 111, 114 et seqq,,

121, 124 et seqq.

EiTcniE, — , 63.

Eoaring Bay, see Shaw Bay.

EoBSON, — , 281.

EosALES, H., obituary of, Ixv.

EouTLEDGE, ScORESBT, [Physio-

graphy, &c. of Easter Island],

x-xi.

Euthin (Glamorgan), vert. sect, at,

119 ; succession in Carb, Limest.

Series at, 121, 148.

Entile in Bunter Pebble-Beds, 330.

Salter's Lane (Derbyshire), spilitic

lava of, 14.

Sargent, H. C, on a Spilitic Facies

of Lower Carboniferous Lava-Flows
in Derbyshire, 11-23, 24-25 w.

chem. anals.

Scalpa Sandstone, 260, 262.

ScRivENOR, J. B. [presents MS.
geol. map of Malay States], xi.

Seminvla Zone on S.E. margin of

S. Wales Coalfield, 118, 119, 144-

47, 149 et seqq.

Septum in ammonites, morphology &
development of, 26-58 figs. &
pis. ii iv.

Shaw Bay (N.Z.) sect, to Nugget
Point, 180.

Sheppard, T., [British Geological

Maps as a Eecord of the Advance
of Geology], c-ci.

Sherborn, C. D., [report on pro-

gress of Card-Catalogue], xvii.

Shields, J. G., 85.

SiBLY, T. F. (& F. Dixey), the Car-

boniferous Limestone Series on the

South-Eastern Margin of the South

Wales Coalfield, 111-60 figs. &
pis. xii-xvi, 163-64.

Silurian (Upper), Pin New Zealand,

167.
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Simpson, J. C, decease announced,
Ixvii.

Sinemurian, faunal sequence in, 268-
75 w. diagram.

Smith, B., elected Auditor, viii.

Smith, G. E., on the Form of the

Frontal Pole of an Endocranial
cast of Eoanthropus daivsoni, 7-8.

Smith, J., 68.

Smith, S., Anlina retiformis, gen. et

sp. nov., Phillipsastraea liennahi

(Lonsdale), & the Genus Orion-
astrsea [^published in vol. lxxii'\, i.

Sodic felspars, richness of ancient
igneous rocks in, Isxii-lxxiii et

seqq.

South Head, see Shaw Bay.
South Wales Coalfield, Carb. Limest.

Series on S.E. margin of, 111-64
figs. & pis. xii-xvi.

Special General Meeting, iii.

Spheeroceras hrongniarti, septal sec-

tions of, 47-49 figs. & pi. iii.

Spiiites, Lr. Carb., in Derbyshire,
11-25 w. chem. anals. ; use of

terms ' spilite, spilitic,' 23, 24.

Spiriferina acutissima, sp. nov., 221-
22 & pi. xxiv.

cf . austriaca, 224-25 & pi. xxiv.

C?J carolinae, sp. nov., 226-27 &
pi. xxiii.

diomedea, sp. nov., 222-23 fig.

& pi. xxiv.

fmgilis, 219-20 & pi. xxiv.

gypaetus, sp. nov., 221 & pi. xxiv.

liaihiJtuana, sp. nov., 220-21 &
pi. xxiv.

nelsonensis, sp. nov., 223-24 &
pi. xxiv.

otmnitensis, sp. nov., 225 &
pi. xxiv.

suessi, var. australis nov., 225-
26 & pi. xxiv.

Spirigera Icaihihuana, sp. nov., 231-
82 & pi. XXV.

manzavinioides, sp. nov., 232-
33 & pi. XXV.

• n-reyi, 231 & pi. xxv.

Staurolite in Bunter Pebble-Beds,
330-31, 334.

Stopes, M. C, [Eecent Eesearches
on Mesozoic Cycads (Bennetti-

tales)], vi-viii.

Strahan, a., 114
;
[presentation of

bust of Sir A. Geikie], ix
;

[dele-

gate to Conjoint Board of Sci. Soc],
xiv; [receives Bigsby Medal for

E. G. Carruthers], xlix-1.

Strong-room (for Geol. Soc. archives),

xiv.

Sweeting, G. S.. 86.

Swinneeton, H. H., 337 ; (& A. E.
Trueman), the Morphology & De-
velopment of the Ammonite Sep-
tum, 26-58 figs. & pis. ii-iv.

Syringojyora gigantea, 108.

Taff Valley (Glamorgan), Carb.
Limest. Series betw. Ewenny R. &
Ebbw E. and, 111, 114 et seqq. &
pis. xv-xvi(maps).

Taff's Well Fault (Glamorgan), 116 ;

vert. sect, at T. W., 119
;
gorge of

the Tafe below T. W., 160 &
pi. xiii.

Tallin, E. J., 86.

Te Anau Series, 167.

Terebratula cf. Jiungarica, 219 &
pi. xxiii.

pachydentata, sp. nov., 218-19
& pi. xxiii.

Thomas, Herbert H., 337 ; re-

elected Secretary, xxv.

Thompson, B., 258.

Thomson, J. A., 166.

Ticknall (Derbyshire) Lr. Carb. inlier,

88-92 w. vert. sect. & pis. vii-

viii.

Tideswell Dale (Derbyshire), spilitic

lavas of, 11 et seqq., 15 & chem.
anal, on p. 22.

Tonge Boring (Leicestershire), 108-
109.

Tongwynlais (Glamorgan), 116, 124
et seqq., 130 ; vert, sect., 119.

Torlesse, see Mount Torlesse.

Tourmaline in Bunter Pebble-Beds,

330, 334.

Tragophylloceras loscomhi, septal sec-

tions of, 45-47 figs. & pi. iii.

Trechmann, C. T., the Trias of New
Zealand, 165-245, 246 w. map,
sects., & pis. xvii-xxv (fossils)

;

[Triassic crinoids fr. N.Z. col-

lected by], 247-56 figs.

Trias of New Zealand, 165-246 w.
map, sects., & pis. xvii-xxv (foss.)

;

crinoidea fr. do., 247-56 figs. ; see

also Bunter.

Troclins (Tectus) onarshalli, sp. nov.,

187 & pi. xviii.

Trueman, A. E. (& H. H. Swinner-

ton), the Morphology & Develop-
ment of the Ammonite Septum,
26-57 figs. & pis. ii-iv.

Trust Funds, statements of, xl-xlii.

Tuffs assoc. w. Derbyshire spiiites, 22.

Turner, C. G., 6.

TURTON, — , 90.

TuTCHER, J. W., 258 ; the Zonal

Sequence in the Lower Lias, 278-

81.
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Uptonia jamesoni, 57 & pi. iv.

Yaughan, a., 85, 86.

Via Gellia, see Ball Eye.

Victoriceras, gen. nov., 293, 295 figs.,

318.

WaeJineroceras fauna, 280-81.

Wairoa Series, 167, 168, 169.

Warren, S. H., elected Auditor, viii.

Watts, W. W., 86.

Wessexian, faunal sequence in, 266-

67, 276, 310.

Whitaker, W. [exhibits pal^eolith

found in British trenches], iii.

Whitbian, chronology of, 259-60,

276.

White Lias included in Hettangian,

279, 281.

Wilson, G. M. Mabyon, 6.

Wollaston Medal awarded to A.

F. A. Lacroix, xliv-xlvi ; W. Fund
awarded to P. G. H. Boswell, 1-li

;

W. Medallists, list of, xxviii ; re-

cipients of W. Fund, list of, xxix.
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Wood, R., 85, 86, 90.

Woods, H., [receives Lyell Medal for

T. C. Nicholas], liii.

Woodward, A. S., 68
;

[receives

Lyell Medal for W. Hind], xlvii-

xlix ; Fourth Note on the Piltdown
Gravel, with Evidence of a Second
Skull of Eoantliropus daicsoni, 1-7

& pi. i.

Worm Wood (Derbyshire), lava of,

15-16.

Wright, J., 68.

Wright, T., discussion of ammonites
figured by, 318-23.

Yeovilian, chronology of, 259-60,
276.

Zaphrentids in Carb. Limest. border-

ing Leicestershire Coalfield, 106.

Zaphrentis Zone (&Lr. Caninia Zone),

on S.E. margin of S. Wales Coal-
field, 118, 119, 134-40, 149 et seqq.

Zircon in Bunter Pebble-Beds, 330,
334.

END OE YOL. LXXIII.
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