
e
 

S
e
a
d
 

d
a
a
 

a
t
t
 

Pa
ne

s 
Na
te
 

oN
th
at
 

al
 

te
t 

gi
na
 

ta
rs

 
a
e
 

ue
he
 

t
e
e
n
 

W
a
a
 

e
e
 

e
e
 

B
R
A
S
 

Pa
te
 

a 
i
P
 

o
e
 

O
M
 

M
e
l
 

a
d
 

P
e
t
g
 

y
e
 

he
he

h 
wh

ey
 

PP
 

Ae
sh
na
 

he
ed
 

at
h 

g
h
 

g
i
 

at
ni
ct
in
g 

Pe
te
 

ah
 

Po
e 

e
e
 

c
a
e
 

e
e
 

b
e
h
o
l
d
 

e
k
 

e
n
d
 

i
n
e
 

S
o
e
 

a
e
 

a
 

" 
o
b
 

t
h
a
 

Mn
 

Or
hn
dn
at
en
ar
at
 

se
e 

-a
gn

gr
em

nn
te

nk
 

na
g 

te
 

c
b
i
e
e
 

an
e 

e
T
 

r
e
 

: 
; 

e
n
e
 

© 
E
E
 

I
 

. 
ya
y 

i
t
h
i
R
e
R
e
 

Mo
te
 

t
e
 

at
ea

y 
« 

. 
w
a
t
s
 

n
e
 

e
r
a
t
e
 

4 
4 

. 
" 

l
e
 

* 
a
o
e
 

¥ 
. 

h
t
 

> 
* 

S
e
 

t
e
e
 

e
t
 

b
e
e
 

e
n
o
n
 

; 
< 

‘ 
‘ 

Te
te

te
he

 
* 

: 
a.
 

. 
: 

: 
S
e
e
:
 

. 
fa

ct
 

ge
 

ca
re
t 

aA
ed

ae
, 

re. 
a 

eel 
a 

No 
Patt 

ait 
r
e
t
i
n
a
 

om 
oo 

a
 

e
e
 

e
e
 We
hn

er
 

t
e
 

e
e
 

Aan te 

t
a
t
e
 

en
g 



S
N
 

ToT 
n
e
 

WK 
‘ 

. 
AW. 

= 
" 

i—_. 

ba h
i
g
h
 
a
e
 wl 

ane 
COREE 

a 
p
i
 

Bm 
| 

‘
w
w
e
 

Sees 
7 

| 
yvll 

P
P
 

et t
t
}
 |
 | | 

ww 
i
t
l
 
<
 

l
e
s
 

bed 
Wi 

a
 
l
e
 
i
h
 

T
o
l
l
e
 

U
h
 ehabab 

a
e
 

a
e
S
 

CoS 
Ue I

 gaeyees: Te 
G
e
e
 
S
e
U
e
N
e
e
 

t
i
t
e
 
t
 rh |

 
17 

iy Fs 
bes 

| 
|
 

-
-
e
N
 

w
i
t
”
 

4 

Ay 
a
e
 

/ 
a
c
 
g
n
a
s
t
t
 
S
h
 o
y
n
,
 W
o
t
 

w
r
:
 P
O
O
)
 

D
I
N
 
d
l
e
 

t
e
e
n
 

HiT), no v0: o
n
s
i
t
e
 
S
h
e
n
 
f
d
 

B
i
t
e
 TZ
 

i apg: 

= 

Ty 

di 

V
a
r
a
 

“
w
i
t
s
 
A
 

M
e
r
e
,
 

wey 
A
u
s
 

777) 
O
S
V
 
i
t
y
 

M
i
d
i
s
 
u
l
 towed we 

Dept 
ssegeucey I

Y
 
eens 

n
n
y
 o
s
 

Ra
l 

“
V
e
a
 

‘
h
y
 
N
y
:
 

h
i
r
e
 

e
e
 U
h
 

A
 

m
a
d
e
 

baehtalt 
_
 

: 
“
 
v
i
e
 bac 

t
e
l
 

e
e
 

|
 

O
L
 
b
e
u
e
 
o
™
 

w
o
e
:
 a
a
d
 

w
e
 
N
 4
0
.
 
v
v
 
m
y
 

~ 
a
 
t
N
 

A
B
I
L
 

A 
l
e
 

Fh) 
A
R
)
 

A
g
 

| 

yy 
h
e
 

y
e
 

C
O
 e
a
t
 
b
e
h
 
a
N
 

f 
o
S
 

S
e
 
e
e
 

ag 
j
a
s
 

ses 
‘VUly A

d
b
r
i
t
e
 

 , 
S
W
C
R
C
U
m
 

PT 
NN 

T
r
e
y
 

| 
U
 

R
e
 
e
e
 e
d
 

V
i
i
 

r
e
b
a
 

M
l
 

n
e
 

Td 
A
C
U
 
G
l
e
a
m
 

pi 
AR 

>
.
°
U
 

oaok oe 
S
e
 

P
r
e
y
 

. 
U
e
 

o
a
 

g
e
e
 

y
 
W
i
s
s
 

Pe 
is 

SE
 

| 
BU

EN
 

er
ey
ee
s 

4
 

19
 

n
e
e
 

p
U
v
S
 

y
 

W
y
 

| 
| 
y
,
 

i
 

; 
; 
a
t
e
 

1
 

c
e
 

e
e
 
M
y
 
a
5
 

f
e
 

P
e
e
 

5 
fe 

h
e
 
P
e
 
e
r
e
 

p
 

© 
s
u
e
t
 

a
 

H
y
 

U
y
 

p
e
e
s
 c
e
 
a
 

e
e
e
 a
 
1
 . 

: 
d
u
v
e
t
 
i
l
 Poy e
n
!
 

A
H
,
 w
y
 
O
S
 

i
)
 

aa 
.
 

a
t
?
 

: 
5 

ae 
s
e
 
1
h
 : 
A
L
 

»
 

T
-
 -
G
o
w
e
y
 

] 
~~ 

4 

h
e
r
e
s
 

2 o
h
 Se 

I 
h
e
d
 
t
h
e
 
A
 

) 
\
 

2 
M
K
 
L
a
n
e
 

A
 
a
e
 
y
 
i
z
 i
d
 

o
y
 
4
 

1
 
|
 

les 
e
e
 P
e
 -
8
 

W
e
y
 
y
r
“
!
 

y
m
 
oe, A
o
u
t
 
A
o
 

c
e
o
 

a
y
 

a
y
 
a
 

1
1
]
 

‘ 
D
A
H
E
R
 

S
A
S
 

vy, 
ee 

ig 
oe 

p
f
 

WA 
c
a
s
 

. 
NS oe ao 

R
e
e
t
 
hy Ty

e
 

A
n
i
:
 
M
y
 w
i
t
 
e
y
 
w
e
e
n
y
 

e
e
 

>
"
 
s
p
e
a
r
 
_
 

H
O
 

L
Y
 

U
i
p
e
r
e
s
z
e
r
c
i
c
e
e
m
n
e
r
r
 
n
e
 
e
r
e
 

L
b
 

N
A
b
 
e
i
d
 

O
M
S
 C
o
a
t
 
e
y
e
 

i 
w
i
n
e
s
 

' 
a 

O
e
:
 
v
e
e
.
 
A
d
 

O
A
K
 

a
n
 
w
w
e
 

= 
PALA 

A
E
 

5 
yO 

g
S
 

ae 
Bl eweweeyh 

A
S
 

i
 
1
7
 

i
e
 

: 
¥
 

*
’
 

y
e
 

m
w
 

B
B
a
n
c
c
s
 
a
t
,
 
3
 
“
S
s
 
w
w
 

A
M
L
,
 
a
d
 

s
h
 
5
 

29 ee 



| 
pR
OG
GO
EF
S 

1
4
)
 

i 
eo tS!
 

tS 
oe 

as 
B
t
 

e
e
 

A
G
 

Rha
 

Be 
me
nt
ee
 

ei
 

E
T
 

I
 

T
y
e
e
 

nc
 

rra
c 

teu 
c
m
H
 

a
 

TN
Ne
C 

AN
SE
 

FOU 
NAM

AY 
go
a 

La
te
 

w
i
g
s
 

x 
2 

a
A
)
 

|
 

| 
o
N
 

¥ 
e
r
s
 

Oh
 

: 
i
e
 

° 
h
a
a
 

ce
 

a
b
l
y
 

| 
L
T
 

|
 

4e
 

m
i
u
n
e
 

w
e
 

A
A
 

L
L
 

i
h
r
 

T
e
e
r
e
m
y
 

w
e
e
e
e
t
 

e
y
 

i
v
e
e
r
p
a
t
i
l
y
 

o
e
 

e
S
 

l
a
 

~
S
 

e
m
s
 

\
 

4 

; 
m
i
 

é 
_
~
 

. 

a
t
l
 

T
e
n
?
 

Y
 

af
t 

S
U
E
 

X
 

i
v
¢
 

F
 

a
e
 

V
e
y
 

S
E
L
 

Ee
SE
 

v
e
h
 

y
a
y
 

Ao
 

|
 

o
O
 

F
U
 

CH
ER
B 

PR
U 

MU
MW
Ue
RE
T 

TT 
re
ce
ed
 

line
 

W
S
 

Eo
s 

Me
st
ad
 

A
A
 

A
 

=:
 

A
y
 

y
A
 

ee
h 

ve
 

N
a
t
 

e
A
 

\w
y 

B
r
e
y
)
 

4
 

r
f
 

8
 

‘“
 

CV
iv
 

y
e
w
s
 

a
4
 

A
A
T
”
 

ah
 

u
y
 

iE
 

w
u
e
e
-
 

cm
 

N
i
t
,
 

9 
T
h
y
 

@
 

wi
s 

N
e
 

e
f
 

“
s
e
r
e
?
 

w
w
¥
 

+e
 

p
r
e
y
e
d
 

ti
r 

} 

a
s
™
 

& 
S
e
 

o
r
 

=
 

t
t
t
 

: 
E
a
:
 

c
e
 

¥ 
e
d
 

o
u
t
’
 

]
 

|
 

P
a
 

‘ 
2
 

w
i
e
 

l
s
 

w
e
 

‘
B
u
t
 

L
g
 

l
a
s
 

u
n
a
b
a
b
a
g
 

l
l
 

We
i 

W
i
s
e
 

err
ape

eip
ecu

uce
e 

l
e
a
 

NY
 

(Lh
 

yan
 

W
P
S
 

Bi 
Ge 

Bs 
J
a
 

e
g
 

8
°
 

t
s
 

we
et
 

- 

W
e
 

d
¥
 

at
 

2 
P
u
t
 

. 
. 

p 
A
N
A
M
 

d
e
e
d
 

d
f
 

t
t
f
 

S
o
n
y
 

4 
4 

WS 
eb
ay
 

e
e
t
 

at
 

| 
. 

("
 

a
)
 

A
n
 

w
e
l
t
 

e
e
s
 

P
A
L
S
 

| 
e
t
e
 

O
R
E
S
 

a
e
 

v 
R
e
 

o
n
 

i
g
 

n
e
l
 

|
 

v
f
 

W
i
e
 

C
a
 

||
 

M
A
T
T
 

s 
w
w
 

; 
M
M
T
 

p
i
s
t
e
s
 

- 

r 
a
n
n
a
t
l
i
l
l
 

b
e
a
d
 

w
e
t
 

L
l
 

b
 

n
e
h
e
r
 

ee
 

en
t 

li
ne
 

h
t
 

| 

SF 

tad 

| 

Wey 

yer, 

pei 

Seavert 

atiypetatl 

ba
l 

A
 

da
e 

B
i
 

‘
W
U
y
y
e
 

e)
 

W
e
a
l
 

|
 

l
h
 

i 
S
e
 

y
e
 

W
a
r
t
 

~
 

S
o
e
e
w
e
e
y
.
 

O
E
R
 

a
 

t
a
e
 

ss
 

. 
‘ 

=
 

i
d
 

ts
 

V
N
 

“
4
 

; 
s 

; 

p
a
d
 

o
e
 

c
e
 

v
e
w
a
t
T
y
 

‘ 
e
l
 

i
d
 

*
"
q
 

w
e
 

i
 

~
~
 

U
 

S
e
l
 

= 
t
h
t
 

S
w
e
 

e
t
y
 

a
h
d
 

a 
h
t
 

a
t
t
 

p
y
 

ba
 

w
i
l
l
y
 

d
i
t
 

i
e
e
e
 

L
a
]
 

W
O
A
H
 

7°
 

S
o
C
 

W
i
n
t
e
r
s
 

e
e
 

ak
e 

iv
e,
 

, 
\)
 

S
r
 

a
 

te
t 

i
 

e
h
 

w
e
t
 

a
 

M 
M
e
d
 

| 
vs
 

d
y
.
 

i
h
e
)
 

|
 

U
v
 

-
a
y
 

H
y
 

e
w
 

a
l
t
 

S
e
e
 

a 
N
e
,
 

e
e
 

T
E
L
E
 

T
P
L
 

e
e
°
o
°
!
 

To
TU
BT
ER
T 

GA
N 

Mr 
Mia 

Va
na
 

dilins 
CO
US
NE
NE
CU
ET
 

UA
 

CC
LO
CU
HU
Ui
gt
 

Oe
 

Lb
 

i
a
d
 

P
b
 

h
w
o
 

‘
@
 

M
g
 

y
e
y
 

m
u
m
u
n
e
e
e
 

s
e
 

-
—
 

ap
 

\
 

t
h
e
e
 

J 
S
y
 

7)
 

..
 

i
y
 

b
i
 

|
 

C
o
 

‘
 

: 
m
i
n
t
 

i
s
 

W
E
Y
 

h
e
 

py 
Ure 

| 
y
e
"
 

a
f
 

l
y
 

y
i
 

M
o
h
 

to
 

| 
oo
 

| 
a
r
g
v
c
i
w
s
e
 

t
h
 

g
e
e
v
a
p
v
e
y
r
e
l
l
l
l
 

wo 
S 

b
b
e
 

+ 
p
e
t
 

p
d
 

a
d
e
 

t
d
 

o
e
)
 

|
.
 

e
w
e
 

w
V
r
e
 

.
 

J
 

o
 

—
 

>
 

é 
a
y
 

s
a
s
 

>
>
+
4
 

ba 
V
E
 

/
 

\ 
1 

we
 

i 
P
e
e
 

t
b
e
 

H
w
i
e
h
h
|
 

T
T
S
 

T
T
T
 

T
T
T
)
 

a 
>
A
 

Bop 
S
l
t
 

a
n
 

8
 

©
 

v
a
 





SEAT ane 
ie 





ORD Het anal 

ae 

| 

| 
| 

| 
. 
| 



ng Ne 
Ae ~ 



THE 

GEOLOGICAL MAGAZINE. 

VOL) Lik OF WHOLE SERIES. 

JANUARY—DECEMBER, 1922, 





pa y THE 

“ GROLOGICAL MAGAZINE 
OR 

Monthly Journal of Geology. 

WITH WHICH IS INCORPORATED 

THE  _GHOLOGIST: 

FOUNDED IN 1864 BY THE LATE Dr. HENRY WOODWARD, F.R.S. 

EDITED BY 

R. BH. RASTALL, Sc.D., M.Insr. M.M., 
UNIVERSITY LECTURER IN ECONOMIC GEOLOGY, CAMBRIDGE, 

ASSISTED BY 

PROFESSOR J. W. GREGORY, D.Sc., F.R.S. 

F. H. HATCH, Pu.D., M.Inst.M.M. 

une) Wls Jel, JSKOMMWAIWIDE I OnSiIag IDUSiehs La slatse 

‘PROFESSOR Vo 1B WON, jsxenIDe, Talagsy 

ouie) AUSUMElexO) diy Ish) Mayol Dy isrenI Dee TUIUEID EA Atal ary 

PROFESSOR W. W. WATTS, Sc.D., LL.D., M.Sc., F.R.S. 

HENRY WOODS, M.A., F.R.S. 

ARTHUR SMITH WOODWARD, LL.D., F.R.S. 

VOL. LIX OF WHOLE SERIES. anion fa 
JANUARY—DECEMBER, 1922. 

LONDON: 

DULAU & CO., LTD., 34-36 MARGARET STREET, 

CAVENDISH SQUARE, W.1. 

1922. 



; HERTFORD 

| STEPHEN AUSTIN AND SONS, LIMITED 
Tiny. 

SS aS 



XII. 

XIV. 

XV. 

XVI. 

XVII. 

XVIII. 

XIX. 

XX. 

XXII. 

XXII. 

Bist OR PLATES: 

FACING PAGE 

Professor Sir 'T. W. Edgeworth David . ‘ : : : 4 

Striated pebbles and rock-surface, N. China . : : : 21 

New Species from D, of Ballycastle, Antrim : ‘ ; 24 

Dolomitized Limestone, Derbyshire. 6 : : , 63 

Raised Beach at Easington - : : : ‘ : 74. 

Limestone and Dolomites, Derbyshire . : : : ge 

Mangrove Swamp and Raised Beach at Pemba Bay : 200 

Typical Inselberg, Nyasaland - : : : ; 0G 

Pseudopygaster Hos gen. et. sp.nov.  .« : : : ez 

Dinocochlea ingens Wealden, Hastings : . : 4 

% A s, Sree iuae aie Voit ant: oat aes 
Lower Devonian Mollusca . C c : < - 2 ao 

Fossils from the Base of the Carboniferous, Horton in 

Ribblesdale, Yorkshire . 5 : : : : 289 

Model Reconstruction of Peloneustes philarchus . : 5 IY 

Coneygarth Hill, Starcarr Gate, and Gravel Pit . : 2 ‘326 

Banded Vivianite in Fireclay: Claybank, Sask. . , . 306 

? Eretmophyllum ; Ullmannia; Voltzia : . 5 A USE 

Barrettia cf. multilirata Whitf. ; var. nov. conica Jamaica : 504 

Barreitia cf. multilirata Whitf.; B. ef. monilifera Woodw. 

Jamaica : : : : 5 < “| ‘ eo, 

Barrettia, Gasteropod and Lamellibranch 3 0 oy Ole 

Orthophragmina Sandstone, Colorado. ‘ : : «= 929 

Tertiary Formations West of Mission La Purisima. : Spar 





Lisieonr TLUUSTRA TIONS IN THE, TEXT. 

PAGI. 

The Sha-yuan-ling from the S.W. : : F ; 15 
Striated slab found in the Sha-ho-hsien Coalfield Z : : : 15 
Geological map of Sha-yuan-ling district . : - : . 17 
Brachial valve of Chonetes elegans sp. nov. ; : ; ‘ : 23 
Distribution of English Kames and Osar . 26 
Map showing Dolomitization in Limestone between Gratton and 

Cromford : 54 
Graphs showing variations in chemical composition, dolomite gradients, 

Cuca - : : 3 : : : 62 
Section of the cliff at Easington - i : : - é ; 65. 
Section along face of cliffat Easington. : : é ; : 68 
Map showing dolomitization in Gratton Dale. ; : : . 104 
Map showing dolomitization in Carboniferous Limestone’. 107 
Graphs showing variations in chemical composition and porosity of 

dolomites a Ets 
Vertical Distribution of Rugose Corals i in W. Cumberland Limestones . 122 
Faunal Comparison of Limestones, W. Cumberland and Alston Moor 

District . c : - : - : . 124 
Correlation of Limestone Zones, Cumberland and Northumberland 127 
Salt crystal with microscopic cavities containing brine and air bubbles 132 
Liquid inclusions in resin. : : ‘ : ~ 133 
Liquid inclusions obtained in glass by heating : é : aa ees 
Igneous Complex of Y Foel Fras. F : : : : . 136 
Map, Portuguese Nyasaland. . : 0 : ; : a 20 
Map, Pemba Bay . : ; 5 ul 
Quartz fragments in matrix of sparagmite, ey ed- gneiss : é . 222 
Folded granite veins in eyed-gneiss . . : F : : i 223 
Section in Hordle Cliffs . : . : oe e26 
Diagrammatic reconstruction of Dinocochlea ingens : : : . 245 
Plan of Reef Outcrops, Kleinfontein Area . : : : : . 250 
Section through Grootvlei-Palmietkuil boreholes : c , :. 264 
Four members of the lineage of Gryphea incurva -. é j 5 ay 
Members 3 Pe Ke é 6 ‘ . 260: 
Diagram of gryphcean spiral : : : : 5 hail! 
Graph based on a collection of Gryphoa aff. incurva . : : op 20 
Graph based on collections of grypheate specimens . c : e205 
Large specimen of Gryphea cf. incurva : 3 2 : . 264 
Prodissoconch of Ostrea liassica Strick. : 5 : . 266 
Section of base of Carboniferous exposed in 1889 : : : 5 AO 
Azygograptus eivionicus. . : : ‘ 5 8X00) 
Soda-rhyolite, Quarry, Goetty Mountain, Rosebush. . 5 ‘ 2 old 
Perlitic Soda-rhyolite, Rosebush : : 3 : . 315 
Soda-trachyte, Rosebush : : : : c : c OLS 
Leptestia musculosa sp.nov. . c : : : : 5 . 362 
Contoured map of Clevedon. : . : : . 366 
Sketch-map of Pleistocene aes Clevedon . : : : Selo 
Holly Lane Section : ‘ : F : : ‘ Se Ouae 
Profile of the Vale of Gordano . : : : : : : Ah) Ue 
Geol. Sketch-map of Tanga District . : : - = 386 
Orographical Sketch-map of Western Yugoslavia : 2 : . 393 
Geol. map of part of the Dalmatian coast . : - : A 5 rele 
Sketch-map of Bwlch yr Hwch : : c : : : . 410 
Section 8.W. of Bwlch yr Htvch a A ‘ : : “ Sl 



vill List of Illustrations im the Text 

PAGE 

Sketch-map of Bwlch y gros. 5 j : ; : : cn AED 
Locality Sketch-map of Jamaica ; : : PRE 2: 
Faulted junction of Rudist and Yellow Limestone 6 : . 427 
Section of Cretaceous and Tertiary Beds, Cambridge, Jamaica . - 428 
Pre-Cambrian Shale, Torteval, Guernsey, . . 468 
Natural Regions of Burma and Geography of Early Tertiary Times . 483 
Diagram showing relationship of Tertiary Rocks of the Burmese Gulf . 488 
Geological Sketch-map of part of Tertiary Region, Burma . i » 492 

2” 2” 2 2 ty) 2 . . 493 

Diagrammatic section across the Arakan Yoma . : : > ah) 
Southern part, Lower Californian Peninsula, Mexico . : : o  =6ay, 
Section along Arroyo de laSalada . 3 : ‘ : ¢ oats 
Section across Purisima Valley : : ° c : : 5) 'O 
Section N.H. of Mission La Purisima : < . : ¢ eee O42 
Salada Formation, Rancho La Salada : : : ; ; RA: 
Younger Tertiary, Rancho San Ramon 9 6 : c OAS 
Section of Miocene, San Isidro p ; ; : A : 5 BAT 



NA 
No. 691. Vol. LIX of Whole Series. Price 2s. 6d. 

Monthly Journal of Geology. 
WITH WHICH 18 INCORPORATED 

tae.) GEFOLOGIS!, 

FOUNDED IN 1864, BY THE LATE DR. HENRY WOODWARD, F.B.S. 

Epitorn — R. H. RASTALL, Sc.D., M.Inst.M.M. 

ASSISTED BY 

Pror. J. W. GREGORY, D.&c., F.R.S. Sir JETHRO J. H. VEALL, Sc.D., F.R.8. 

F. H. HATCH, Pu.D., M.InNst.M.M, Pror. W. W. WATTS, 8c.D., F.R.S. 

| ProF. J. &. MARR, Sc.D., F.R.8. HENRY WOODS, M.A., F.R.S. 
A. 8MITH WOODWARD. LL.D., F.R.8. 

JANUARY, 1922. 

CONTENTS :— 

Page 
HPLUORTAT, NOUS esha eacsteseeess> 1 

Eminent Living Geologists: Prof. 
Sir T..W. Edgeworth David. 
ES 7 ee eee 4 | 

ORIGINAL ARTICLES. 

Recent Ice-action in N. China. By 
J. §. Lek. (With Plate II and 
3 Text-figs.) ....... EP re rere 14 

New Species from the Lower Car- 
boniferous of Antrim. By L. B. 
SmyrH. (With Plate III and J 
Dexter sete aien scr ost oat ves 21 

Page 
The English ‘‘ Eskers’’. By Prof. 

J. W. GREGORY. (With 1 Text- 
LOS ese ears’ ae ab yions seco canet at 25 

REVIEWS. 

Igneous Rocks of Essex County, 
MBAS 753.223 cdesitaadrcesatvesse ged anaes 45 

Petroleum Resources .................. 46 
Silver! OLes 5.3 dressarcoorveiae eee 47 
Phe Bray Series) «00.50 sh-ceneseoyreee ons 48 
Minerals of the Namib Desert, 
SA ehds'88 a eek ae Rp RRA ee 48 

LONDON: DULAU & GO., Lrp., 34-36 Marcarer STREET, 

CAVENDISH SQUARE, W.1. 

Subscriptions (89s. net) for 1922 are now due; please remit as early as por 
avoid delay in the dispatch of the next number. Cloth Cases for Bin?’ 



DULAU & CO., LTD. 
(For over a century at 37 Soho Square) 

34-36 MARGARET ST.. OXFORD CIRCUS, 
LONDON, W.1. 

AMERICAN ENGINEERS.—Institute of Mining. ‘Transactions, 
complete set from the commencement 1871-1908, forming 
Vols. I-XXXIX and General Index to Vols. 1-15 and 21-25. 
39 vols. half morocco cloth sides and Indices in 2 vols., in 
cloth, £28. Philadelphia, 1871-1908. 

ANNALES DES MINES, ou recueil de memoires sur l’exploitation 
des Mines. Fourth series, vols. 5, 6, and 11-20; fifth and 
sixth series complete in 40 vols.; seventh series, vols. 1, 2, 
and 8; also Récueil de lois, décretes, etc.; 5th and 6th series 
complete in 20 vols.; and 7th series, pt. 1, 75 vols., 8vo., 
three-quarter green calf, £15 15s. 1844-72. 

FRITSCH (Dr. Ant.). Fauna der Gaskohle und der Kalksteine 

der Perm formation B6hmens. With 165 coloured plates and 
numerous illustrations in the text. Complete set, 4 vols. 
Royal 4to., half green morocco. £14 14s. 1888-1901. 

GEOLOGICAL MAGAZINE, with which is incorporated “The 
Geologist’. Complete set from the commencement in 1858 to 
1920. (Geologist 7 vols.) With general index 1864-1903. 

7 vols., half calf, 51 vols., cloth, remainder in paris. 
8vo. £50. 

REEVE (Loveuu). Conchologia Iconica; or illustrations of the 
shells of molluscous animals. Continued by Sowerby. Com- 
plete set, with 2,727 coloured plates. 20 vols. 4to. Gilt 
tops. £150. 1843-78. 17 vols. in uniform half calf, and 
3 vols. half vellum. Choice condition. 

SOWERBY (G. B.). Thesaurus Conchyliorun, or Monographs of 
the Genera of Shells. Complete set, with 517 coloured plates. 
5 vols. Royal 8vo. Half calf. Rare, £40. 1847-87. 

Messrs. Dulau are always willing to purchase, for 
cash, libraries of scientific works, especially on 

the subjects of | 

BOTANY, ZOOLOGY, or GEOLOGY. 



THE 

GHEOLOGICAL MAGAZINE 
VOLUME LIX. 

No. IL—JANUARY, 1922. 

EDITORIAL NOTES. 

HE year that has just closed is in one respect a landmark in the 
history of the GkoLocicaL MaGAzIne, in that we have to deplore 

the loss of the founder and Editor-in-chief. A treasured copy of 
the first number, dated July 1, 1864, now lying before us, bears 
the following inscription on its cover: “ Edited by T. Rupert 
Jones, F.G.8., assisted by Henry Woodward, F.G.S., F.Z.8.” 
Dr. Woodward very soon became principal editor, and performed 
the work up to June, 1919, and until within a very few weeks of his 
death he continued to take an interest in the editorship ; thus his 
name appeared on the cover for a total period of over fifty-seven 
years. This surely must be a record for any periodical. It is 
perhaps of interest also to note that the format of the Magazine 
was in the first number to all intents and purposes identical with 
what it is now, and the classification of contents is very similar. 

*k * * * * 

At the beginning of this new volume we wish to inform our readers 
that although the Magazine is still far from being in a sound financial 
position, nevertheless, through the support of certain eminent 
geologists arrangements have been made which we hope and believe 
will secure continuance through the year. Once more at the risk 
of becoming tedious we would impress upon our readers the necessity 
for increasing the subscription list ; a large circulation is the only 
sound basis for a periodical, scientific or otherwise. In the circum- 
stances it will unfortunately be necessary to continue to ask con- 
tributors to pay the expenses entailed in illustrating their papers. 
This necessity is much regretted, as most geologists are not possessed 
of wealth, but it is unfortunately inevitable. While on this subject 
we should like to suggest to contributors one or two ways in whicb 
they can save expense. The first point is to send in all illustrations 
in a state allowing of direct reproduction, without any modification, 
or re-drawing. All line-drawings should be at least twice the size 
that they are intended to appear, and authors are particularly 
requested to bear in mind the subsequent reduction when adding 
letters and numbers to their drawings. In many cases when repro- 
duced the lettering appears so small as to be illegible, or nearly so. 
It should also be borne in mind that shading cannot be reproduced 
in text figures, which must consist entirely of clear lines. The Editor 
is also strongly of opinion that for many classes of illustrations 
drawings are much more effective than photographs, and text-figures 
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cost less than plates. With regard to manuscripts, a good deal 
of editorial time is often wasted over such matters as incon- 
sistencies in the use of capitals, italics, and hyphens, and by 
references not given in the standard form. It is perhaps hardly 
necessary to insist on the expense occasioned by extensive alterations 
in proofs. All this may seem somewhat ungracious, but our kind 
friends the authors of papers are asked to remember that the 
editorship is a purely honorary post, which has to be combined with 
the many other avocations of a somewhat busy life. This must be 
the excuse for this little lecture. After all, we are only asking con- 
tributors to edit their own papers. 

* * ** *k ** 

Some time ago we ventured to comment in these columns on the 
attitude adopted by the Government towards the present deplorable 
position of the non-ferrous metalliferous mining industry of this 
country, a subject which must be of interest to all geologists. It 
was pointed out that the Secretary for Mines rather went out 
of bis way to intimate that in no circumstances could any financial 
help be given. This contrasts strongly with the official attitude 
towards coal-mining. It is true that the country can continue to 
exist withovt metalliferous mines, while without coal any form of 
industry is impossible, nevertheless, the present state of affairs is 
no less than a disaster to the community. The chief factors in the 
situation are the low price of metals and the high price of coal, the 
result being that even with all possible economies working costs 
must exceed any possible value of the output. In justice to the 
miners in this industry it should be made clear that labour troubles 
have little to do with the matter; they are unemployed from no 
fault of their own, and would be only too glad to work for reduced 
wages, or almost any wages. But the general economic conditions 
are too strong for them. Furthermore, owing to the enormous 
price of coal it is found impossible in most cases to continue pumping 
the mines, which are now flooded, and many of them will probably 
never open again. Thus a valuable industry is being permanently 
lost to the country. So much for reconstruction after the war. 
We suggest that public money judiciously expended in subsidies 
towards keeping the mines in a condition to render resumption of 
work possible at some future date would be a wise investment and a 
true economy. 

WE have, however, an ulterior motive in raising this question here ; 
namely, to call the attention of our readers to the terrible conditions 
of distress that prevail in the mining districts of Cornwall. We do 
not for a moment suggest that the miners and their families in other 
areas are less deserving, but we do not happen to be so well 
acquainted with the facts elsewhere. In the chief mining district 
of Western Cornwall, including the parishes of Camborne, Redruth, 



Editorial Notes. 3 

Illogan, Gwennap, Stithian, St. Agnes, Chacewater, Baldhu, 
Wendron, Praze, Crowan, and Gwinear there are at present 
unemployed over 3,000 miners, representing some 16,000 dependents. 
All the mines are closed through no fault of the men, but purely on 
economic grounds, the price of tin now being considerably less than 
before the war. These men never had a high rate of wages, and 
received no inflated war bonus, and when the depression began 
many of them offered to return 20 per cent of their wages in the 
hope that thus it might be possible to keep the mines open. At 
present there is nothing for them except relief work on a very limited 
scale. We are glad to learn that there is a slight possibility 
of improved conditions owing to a projected large-scale amalgamation 
of mines, but it must be long before this can produce any appreciable 
effect. Meanwhile, but for the efforts of the local Ming Unemploy- 
ment Relief Committee, great distress and actual destitution must 
prevail, and we desire most urgently to recommend this good cause 
to the generosity of our readers. Subscriptions or gifts in kind, 
especially clothing, boots, and shoes, may be sent to the Hon. 
Secretary of the Committee, the Rev. W. A. Bryant, Beacon Hill, 
Camborne, Cornwall. 

Tue Syndics of the Cambridge University Press will shortly begin 
the publication of a new series, entitled The Provinces of Ireland. 
The volumes will be under the general editorship of Mr. George 
Fletcher, of the Department of Agriculture and Technical Instruction 
for Ireland; each will contain sections on ancient geography, 
topography, geology, botany, zoology, antiquities, architecture, 
administration, education, industries, and distinguished men ; 
the contributors include Professor R. A. 8. Macalister, Pro- 
fessor G. A. J. Cole, Professor Isaac Swain, Mr. R. Lloyd Praeger, 
Mr. H. C. R. Armstrong, Dr. R. I. Best, and Mr. George Fletcher. 
The volumes will be of convenient size (about 180 crown octavo 
pages each), and will be illustrated by maps, diagrams, and photo- 
graphs. The volumes on Ulster and Munster will be ready 
immediately ; these will be followed in the early spring by Leinster 
and Connaught, and the series will be completed by a somewhat 
larger volume dealing with Ireland as a whole. Finally, it may be 
added, that political controversy is rigidly excluded from all volumes 
of the series, and it is hoped that the plan of the books may be as 
acceptable in Belfast and Londonderry as in Dublin and Cork. 

In November last Mr. James Mann Wordie, M.A., was admitted into 
a Fellowship at St. John’s College, Cambridge. Mr. Wordie has paid 
special attention to glacial problems, and carried out explorations in 
circumpolar regions. He was on the Shackleton Antarctic Expedition 
of 1914-17, and has since visited Spitsbergen and Jan Mayen 
Island. On his return from the Antarctic Expedition he served in 
the war as a Lieutenant in the Royal Field Artillery. 
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ROFESSOR SIR EDGEWORTH DAVID was born in 1858 at 
St. Fagan’s Rectory, near Cardiff, and was educated at 

Magdalen College School, Oxford, becoming head of the schocl and 
captain of the football and boat clubs. In 1876 he was elected to the 
Senior Classical Scholarship at New College, Oxford, and graduated 
in 1880, having won further distinctions in classics and in athletics. 
He had included im his studies a course of geology under Pro- 
fessor Prestwich, and had commenced in South Wales his life-long 
research upon the problems of glaciation. His geological studies 
were continued in London under Professor Judd, at the Royal 
School of Mines, and in 1882 he was appointed to the Geological 
Survey of New South Wales, under the late Mr. C. 8S. Wilkinson. 
On his arrival in Sydney in November of that year he made an 
investigation of the very fossiliferous Silurian beds of Yass, and 
shortly afterwards commenced the study of the rich tim-bearing 
deep-leads and alluvium of New England, completing a large quarto 
memoir thereon in 1887. His duties led him to visit many parts of 
the State, but attention was now devoted chiefly to the Survey of 
the Hunter River Coalfield, which has occupied much of his time 
ever since; indeed, part only of his researches thereon has yet 
appeared. This investiga tion has been of immense value both 
economically and scientifically. The western portion, or Maitland 
coalfield, the extension of which was discovered during his survey, 
has proved the most important coalfield in Australasia. Here, too, 
were investigated the problems of the Permo-Carboniferous period, 
its glacial phenomena and peculiar flora and fauna. The 
distinguishing feature of all his work, the constant comparison of 
the area or problem immediately under investigation with kindred 
phenomena in other regions, has rendered this study of the Hunter 
River Coalfield of classic importance. During its progress he devoted 
also much attention to microscopical petrology, drawing up a 
classification of the rocks of the State and investigating, in particular, 
a series of those rare rocks, leucite-basalts. At the same time the 
broader problems of volcanic action attracted his interest. His 
official connexion with the Geological Survey ceased in 1891 on his 
appointment to the Chair of Geology in the University of Sydney. 

In 1891 the Geological School of that University was quite a small 
department, but under the enthusiastic teaching of its rew head, 
and with the stimulus of the rapidly increasing importance of the 
mining industries, its influence spread widely throughout Australie, 
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and it has become a large institution through which more than 
two hundred students pass each year. Professor David was soon 
recognized as a leading scientist in Australia. He was President of 
the Geological Section of the Australasian Association for the 
Advancement of Science in Hobart in 1892 and at Brisbane in 1895, 
of the Linnean Society of New South Wales in 1894-5, and of the 
Royal Society of New South Wales in 1896. In his addresses to 
these bodies he gave valuable summaries of the knowledge of volcanic 
action, the structural features, and evidence for glaciation throughout 
Australia, and the Mesozoic bistory of Hastern Australia and New 
Zealand. In 1897 he was appoimted to the Committee of the Royal 
Society of England for investigating the structure of coral reefs, 
and was entrusted with the leadership of the second coral-bering 
expedition to Funafuti, where, after overcoming many difficulties, 
he succeeded in obtaining a complete core, from a bore sunk to the 
depth of 1,118 feet. He also carried out a survey of the atoll and 
investigations on the growth of corals... The examination of the 
material thus obtained yielded most important information. Quickly 
following upon this work was the conclusion of his studies of the 
immense development of Devonian radiolarian rocks in New South 
Wales, in which the evidence is clear that these were formed 
in comparatively shallow water, and not in abyssal depths, such as 
many authorities believed to be essential to the deposition of 
tadiolarian sediment. The value of these researches was recognized 
in the award to him of the Bigsby Medal of the Geological Society 
of London (1899) and his election as a Fellow of the Royal Society 
(1900). 

In 1904 Professor David presided over the Australasian 
Association for the Advancement of Science, which met at Dunedin, 
New Zealand, and gave £n inspiring address upon the aims and ideals 
of Australasian Science. He continued to devote special attention 
to the Australian evidence of past glaciation, Pleistocene, Permo- 
Carboniferous and Cambrian (?), and in 1906 visited the glaciated 
districts of Southern India on his way to the meeting of the 
International Geological Congress in Mexico, before which he 
presented a discussion of the evidence and explanatory hypotheses 
for such climatic fluctuations. At this time also appeared the first 
instalment of his researches on the Hunter River Coalfield, a large 
quarto memoir with many maps and sections, devoted especially to 
matters of economic importance. 

His interest in the problem of glaciation led him to accept 
Lieut. Shackleton’s invitation to him to join the British Antarctic 
Expedition of 1907-09, and while in the Far South he investigated 
the meteorological features, general geology, and the former greater 
extent of ice in Antarctica, made the first ascent of Mount Erebus, 
and, in company with his former student, now Sir Douglas Mawson, 

* The adventures of this Expedition are delightfully told in Mrs. David’s _ 
book, Funafuti, an Unscientific Accownt of a Scientific Expedition. 
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made the first journey to the South Magnetic Polar area, a journey 
involving great physical suffermg and hairbreadth escapes from 
death. Indeed, the rescue of the small party seemed to be almost a 
matter of chance. During his absence from Australia the 
Australasian Association for the Advancement of Science awarded 
to him their highest distinction, the Mueller Memorial Medal. 

With the return of the Expedition to Australia there was aroused 
great public interest in Antarctic exploration, due in no small 
measure to the personality of Professor David himself, whose name 
had literally become a household word. The urgent demand of the 
public to see and hear him, together with the need for securing 
funds for the publication of the Scientific Memoirs of the Expedition. 
caused him to travel ona lecturing tour throughout the Commonwealth. 
Meantime, the need arose for organizing and obtaining support 
for the Australasian Antarctic Hxpedition under Dr. Mawson, making 
arrangements also in connexion with Captain Scott’s last Expedition, 
and later securing support for Shackleton’s second Expedition. He 
also arranged for the detailed study of the extensive geological 
collections from the Antarctic by a group of workers, mostly bis 
former students, and distributed other m: terial amongst Australian 
scientists for investigation. He was also for a second time President 
of the Royal Society of New South Wales, and prepared as his address 
an illuminating summary of the tectonics of Australia. During this 
strenuous period his magnificent volume on Antarctic geology was 
written in co-operation with Mr. R. EH. Priestley and published in 
1914. He received the honour of C.M.G. in 1910. 

His position as the doyen of Australasian science was acknowledged 
in his re-election to the Presidency of the Australasian Association 
in 1913, an especially important position in view of the approaching 
visit of the parent British Association in the following year. His 
presidential address dealt with Antarctic meteorology and its 
influence on that of Australasia. Arrangements for the visit of the 
British Association involved much organization, together with the 
preparation of a valuable series of articles on the geology of Australia 
and New Guinea, for the Federai and State Handbooks to be issued 
in connexion therewith. At the Sydney meeting of this Association 
Professor J. T. Wilson and he first exhibited the Talgai skull, an 
anthropological discovery of the highest importance. Shortly after 
this he was awarded the Count Malle Brun Medal of the Geographical 
Society of France and the Wollaston Medal of the Geological Society 
of London. 

On the outbreak of the Great War he assisted the Government in 
many capacities, suggested and took great partin the organization of 
2 battalion of miners, staffed largely by his own former students. This 
he himself joined as Major, and arrived in France in May, 1916, 
and became geological adviser to the Controller of Mining in the 
First, Second, and Third Armies. After a narrow escape from death 

‘at Vimy Ridge in September, 1916, he was appointed to General 
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Headquarters as Geological Adviser to the Inspector of Mines of the 
British Expeditionary Forces, and with Captain W. B. R. King was 
responsible for all the geological work in the British Armies in France. 
This was especially important in guiding tunnelling operations among 
very porous strata below ground-water level. “If it had not been 
for this work of Colonel David, portions of our mining system would 
have been completely flooded out and lost.” ! He was promoted to 
the rank of Lieut.-Colonel, received the D.S.O., and was knighted 
during the past yezr. The Council of the Royal Society of New South 
Wales took advantage of his absence to award him the Clarke 
Memorial Medal. 

Back once more in Sydney, Professor David returned with much 
energy to his old researches, especially the evidence of glaciation 
from Middle to Upper Carboniferous times, first discovered by him 
during the visit of the British Association in 1914. This had been 
further investigated in his absence by his former student, Mr. C. A. 
Siissmilch, with whom he now completed an account of the 
phenomena, including a wonderful series of seasonally-banded rocks 
comparable with the “‘ varve”’ rocks of De Geer, and also added a 
general discussion of the relationship of Carboniferous and Permian 
rocks in various parts of the world. He has arranged during the 
present year to visit many of the critical areas throughout Australia 
in preparation for his long-awaited book on the geology of the 
continent. 

Besides carrying out this great amount of research work, Pro- 
fessor David has always taken an active part. in University 
organization as Dean of the Faculty of Science, Chairman of the 
Professorial Board, and member of the University Senate, and is 
also a trustee of the Australian Museum. His advice is constantly 
sought by his fellow-geologists, official and academic, throughout the 
Commonwealth, in which he has travelled widely. So, also, bis 
services are in frequent demand and always given freely to the 
Government in all matters of scientific organization, and he has been 
a member of several Royal Commissions dealing with coal and 
artesian water supply. As a public speaker he is most successful, 
attracting attention always by his vivid presentation of his subject, 
enthusiasm, and keen sense of humour. No sketch of his career 
could, however, omit to mention the secret of his great influence, 
a winning personality which combines with high scientific attain- 
ment a noble ideal of duty, extraordinary generosity of thought and 
deed, and a courtly charm of manner that has endeared him to all 
who have had the privilege of meeting him. These would echo 
heartily the words of Genera! Liddel (Chief of Staff, Royal Engineers) : 
“In regard to Colonel David I may say on behalf of R.E. officers 
that we regarded him always with the most affectionate admiration ; 
he was one of the finest characters we have ever met.” 

For an account of this work see W. B. R. King, ‘‘ Geological Work on the 
Western Front,’’ Geographical Journal, October, 1919, pp. 201-21. 
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Professor David was married in 1885 to Miss C. M. Mallet, and has 
two daughters and a son, Captain W. HE. David, R.A.M.C., who won the 
Military Cross for bravery and devotion to duty at Loos and Ypres. 

1881. 

1883. 

1884. 
1885. 
1886. 

1887. 

1888. 

1889. 

1890. 
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Proc. Roy. Soc. N.S.W., 1893, 1894, xxvii, pp. 406-407. 

Note on the Occurrence of Barytes at Five Dock and also at the Pennant 
Hills Quarry, near Parramatta, with a suggestion as to the possible 
Origin of Barytes in the Hawkesbury Sandstone: Journ. Proc. 
Roy. Soc. N.S.W., 1893, 1894, xxvii, 407-408. 

Notes on Artesian Water in New South Wales and Queensland, Part II: 
Journ. Proc. Roy. Soc. N.S.W., 1893, 1894, xxvii, pp. 408-443. 

Notes on the Cremorne Bore: Journ. Proc. Roy. Soc. N.S.W., 1893, 
1894, xxvii, pp. 443-465. With E. F. Pittman. 
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1895. 

1896. 

18$7. 

1898. 

1899. 

Hminent Lwing Geologists— 

A Sketch of our present knowledge of the Geological History of 
Australia, Tasmania, and New Zealand from Cretaceous time down 
to the Permo-Carboniferous Period: Proc. Linn. Soc. N.S.W., 
1894, 2 ser. viii, pp. 540-607, plates xxvii-xxviii. 

Note on Stratigraphical distribution of Glossopteris in Australia : Proc. 
Linn. Soc. N.S.W., 1894, 2 ser. ix, pt. 2, pp. 249-257. Forming part of 
a paper on Glossopteris by R. Etheridge, jun. 

Presidential Address: Proc. Linn. Soc. N.S.W., 1895, 2 ser. x, pt. 1, 
pp. 134-161. 

Hunting an Ice Age: The Australian Home Reader IV (July, pp. 65-68. 
Evidences of Glacia! Action in Australia and Tasmania. Presidential 

Address to Section C: Rept. Aus. Assoc. Adv. Sci., Brisbane, 1895, 

1896, vi, pp. 58-98. : 
Evidence of Glaciation at Hallett’s Cove: Rept. Aus. Assoc. Ady. 

Sci., Brisbane, 1895, 1896, vi, pp. 315-330, plates xlix-l. With 
R. Tate and W. Howchin. 

Notes on Antarctic Rocks collected by Mr. C. R. Borchgrevinck : 
Journ. Proc. Roy. Soc. N.S.W., 1895, 1896, xxix, pp. 461-492, 
plates xili-xvy. With W. F. Smeeth and J. A. Schofield. 

Evidences of Glacial Action in Australia in Permo-Carboniferous 
time: Quart. Journ. Geol. Soc., 1896, lii, pp. 289-301. 

On the Occurrence of a Submerged Forest, with remains of the Dugong, 
at Shea’s Creek, near Sydney: Journ. Proc. Roy. Soc. N.S.W., 
1896, 1897, xxx, pp. 158-185. With R. Etheridge, jun., and 
J .W. Grimshaw. 

Note on the Occurrence of Diatomaceous Earth at the Warumbingle 
Mountains, New South Wales: Proc. Linn. Soc. N.S.W., 
1896, 2 ser. xi, pt. 2, pp. 261-268. 

Anniversary Address. Summary of the present state of our knowledge 
as to the structure and origin of the Blue Mountains of N.S.W. : 
Journ. Proc. Roy. Soc. N.S.W., 1896, 1897, xxx, pp. 1-69. 

Sill Structure and Fossils in Eruptive Rocks in New South Wales: 
Journ. Roy. Soc. N.S.W., 1896, 1897, xxx, pp. 285-290. 

The Occurrence of Radiolaria in Palzeozoic Rocks in New South Wales : 
Proc. Linn. Soc. N.S.W., 1897, 2 ser. xi, pt. 4, pp. 553-570. 

Note on the Occurrence of Casts of Radiolaria in pre-Cambrian (?) Rocks, 
South Australia: Proc. Linn. Soc. N.S.W., 1897, 2 ser., xi, pt. 4, 
pp. 571-583. With W. Howchin. 

Notes on the Glacial Features of the Inman Valley Yankaelila and 
Cape Jervis District : Trans. Roy. Soc. South Aust., pp. 61-67. With 
W. Howchin. 

Further evidence as to glacial action in the Bacchus Marsh District, 
Victoria: Rept. Aus. Assoc. Adv. Sci., Sydney, 1898, pp. 361- 
365, plates xvii-xviii. With C. ©. Brittlebank and C. Sweet. 

Report on the Occurrence of Glacial Boulders at Yellow Cliff, Crown 
Point Station, Finke Valley, Central Australia: ibid., pp. 109- 
113; also Evidence of Glacial Action in the Port Victor and Inman 
Valley Districts : ibid., pp. 114-127. With other Members of Glacial 
Research Committee. 

Descriptions of the Palzozoic Fossils of New South Wales: Trans- 
lation from the French of L. G. de Koninck, Pal. Memoir No. 6, 
Geol. Surv., N.S.W. With Mrs. David and W. S. Dun. 

Stratigraphical Note in the above Memoir, pp. 290-293. 
Records of Rock Temperatures at Sydney Harbour Colliery, Birthday 

Shaft, Balmain, Sydney: Journ. Proc. Roy. Soc. N.S.W., 1899, 
1909, xxxiii, pp. 207-224. With J. L. OC. Rae and E. F. Pittman. 

Discovery of Glaciated Boulders at base of Permo-Carboniferous 
system, Lochinvar, N.S.W.: Journ. Proc. Roy. Soc. N.S.W., 1899, 
1900, xxxiii, pp. 154-159. 

On the Ralxozoic Radiolarian Rocks of New South Wales: Quart. 
Journ. Geol. Soc., 1899, lv, pp. 16-37. With E. F. Pittman. 



1900. 

1901. 

1902. 

1903. 

1904. 

1905. 

1906. 

Professor Sir T. W. Edgeworth David. DE 

Note on the Edible Earth from Fiji: Journ. Proc. Roy. Soc. N.S.W., 
1899, 1900, xxxiii, pp. 224-227. With B. G. Corney and F. B. 
Guthrie. 

Notes on the Limestones and general Geology of the Fiji Islands, with 
special reference to the Lau group; based upon surveys made by 
Alexander Agassiz, with a preface by Professor David: Bull. Mus. 
Comp. Zool. Harvard Coll., Geol. Series, 1900, xxxviii. With 
E. C. Andrews. 

Geological notes on Kosciusko, with special reference to Evidences of 
Glacial Action: Proc. Linn. Soc. N.S.W., 1901, 2 ser. xxvi, pt. i 
(No. 101), pp. 26-74. With R. Helms and EH. F. Pittman. 

Note on the Occurrence of Diatoms, Radiolaria and Infusoria in the 
Rolling Downs Formation, Lower Cretaceous, Queensland: Proc. 
Linn. Soc. N.S.W., 1901, 2 ser. xvi, pt. ii (No. 102), pp. 299-309. 
With W. 8S. Dun and W. H. Rands. 

On the Occurrence of a Variety of Tinguaite at Kosciusko, N.S.W. : 
Journ. Proce. Roy. Soc. N.S.W., 1902, 1901, xxxv, pp. 347-382. 
With F. B. Guthrie and W. G. Woolnough. 

The Science Departments (in the University of Sydney): Hermes. 
Jubilee number, 1902, pp. 101-104. 

Occurrence of Gadolinite in West Australia: Journ. Proc. Roy. Soc. 
N.S.W. 1902, 1903, xxxvi, pp. 286-289. With B. F. Davis and W. G. 
Woolnough. 

An important Geological Fault at Kurrajong Heights, New South Wales: 
Journ. Proc. Roy. Soc. N.S.W., 1902, 1903, xxxvi, 359-370. 

Report of the Glacial Committee: Rept. Aus. Assoc. Adv. Sci., Hobart, 
1902, 1903, ix, sec. C, pp. 190-204. 

University Science Teaching; Record of the Jubilee Celebrations of 
the University of Sydney : Sydney, 1903, 8vo, pp. 93-121. 

Irrigation Geologically considered, with special reference to the 
Artesian area of New South Wales: Journ. Proc. Roy. Soc. N.S.W., 
1903, 1904, xxxvii, Engineering Section, pp. ciii-cliii, With E. F. 

Pittman. 
Narrative of the Second and Third Expedition, Funafuti: The Atoli 

of Funafuti: Rept. of the Coral Reef Committee of the Royal 
Society, London, 1904, sec. 4, pp. 40-60. 

The Geology of Funafuti; The Atoll of Funafuti: Report of the 
Coral Reef Committee of the Royal Society, London, 1904, sec. 5, 
pp. 61-124, pl. i-xix. With G. Sweet. 

Report on Dredging at Funafuti; The Atoll of Funafuti: Rept. of 
the Coral Reef Committee of the Royal Society, London, 1904, 
sec. 7, pp. 151-159. With G. H. Halligar and A. E. Finckh. 

The Flood Silt of the Hunter and Hawkesbury rivers, New South Wales : 
Journ. Proc. Roy. Soc. N.S.W., 1904, 1905, xxxviii, pp. 191-202. 
With F. B. Guthrie. 

Occurrence of the Pseudomorph Glendomie in New South ie 
Part I. Records Geol. Surv. N.S.W., December, 1905, viii, pt. i 
p. 161. With T. G. Taylor. 

Inaugural Address; The Aims and Ideals of Australasian Science : 
Rept. Aus. Assoe. Adv. Sci., Dunedin, 1904, 1905, x, pp. 1-43. 

Glaciation in Lower Cambrian, possibly in Pre-Cambrian time: 
Congres Geologique International, Mexico, 1906, pt. i, pp. 271-274. 

Les Conditions du Climat aux Epoques Géologiques: Congres Geologique 
International, Mexico, 1906, pt. i, pp. 275-898. 

Conditions of Climate at different Geological epochs, with special 
reference to Glacial epochs: Congres Géologique International, 
Mexico, 1906, pt. i, pp. 437-482. 

Occurrence of Diamonds in Matrix at Pike and O’Donnell’s claim, 
Oakey Creek, near Inverell: Congrés Géologique International, 
Mexico, 1906, pt. ii, pp. 1201-1210. 
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1907. 

1908. 

1909. 

1911. 

1912. 

1913. 

Eminent Living Geologists— 

The Occurrence of Diamonds in the Matrix at Oakey Creek, near 
Inverell, New South Wales: Rept. Brit. Assoc. Adv. Sci., York,. 
1906, 1907, pp. 562-563. 

Notes on the Permo-Carboniferous Coalfields of Australasia: Rept. 
Brit. Assoc. Adv. Sci. York, 1906, 1907, p. 576. 

Further Note on the Occurrence of Diamonds in the Matrix in New 
South Wales: Rept. Brit. Assoc. Adv. Sci., York, 1906, 1907, p. 562. 
Abstract. 

The Geology of the Hunter River Coal Measures, New South Wales ; 
General Geology ond the Development of the Greta Coal Measure : 
Mem. Geol. Surv. N.S.W., 4, 1997, pt. i, pp. 1-372. 

Introductery Note on the Report of the Glacial Committee: Rept. 
Aus. Assoc. Ady. Sci. Adelaide, 1907, 1908, xi, pp. 263-264. 

Permo-Carboniferous beds at Wynyard, near Table Cape, Tasmania : 
Rept. Aus. Assoc. Ady. Sci. Adelaide, 1907, 1908, xi, pp. 274-279 

Some problems of Australian Glaciation: Rept. Aus. Assoc. Adv. Sci., 
Adelaide, 1907, 1908, xi, pp. 457-465. 

Geological Notes on Kosciusko, with special evidences of Glacial 
Action: Proc. Linn. Soc. N.S.W., 1908, 2 ser., xxxiii, pt. i, 
pp. 657-668, pl. xxii. 

Revision of Chapter 1V, Volume III: Sollas’ translation of the Face of 
the Earth. 

Evidence of recent submergence of coast at Marrabeen: Journ. Proc. 
Roy. Soc. N.S.W., 1908, 1909, xlii, pp. 229-237. With G. H. Halligan. 

Professor David’s narrative of a journey to the South Magnetic Pole: 
The Heart of the Antarctic, by E. H. Shackleton, Lond., 1909, 
vol. ii, pp. 73—222. 

Geological Observations in Antarctica by the British Antarctic 
Expedition, 1907-1909 : The Heart of the Antarctic, 1909, ii, pp. 268- 
310. With R. E. Priestley. 

Meteorology ; A Summary of Results: The Heart of the Antarctic, 
1909, ii, pp 376-383. With Lieut. Adams. 

Presidential Address delivered to the Royal Society of New South 
Wales, 3rd May, 1911: Journ. Proc. Roy. Soc. N.S.W. for 1911, 
xlv, pt. i, pp. 1-60. 

New South Wales, Historical, Physiographical, and Economic: By 
A. W. Jose, T. Griffith Taylor, W. G. Woolnough ; edited by T. W. 
Edgeworth David. Melbourne: Whitcombe & Tombs, Ltd. (1912), 
pp. 12 (ine. 4 blank), 372. 

Geological notes of the British Antarctic Expedition, 1907-09: Extrait 
de Compte Rendu du XIe Congres Géologique International, 1912, 
pp. 767-811. With R. E. Priestley. 

Discovery by the Australasian Antarctic Expedition of important 
Submarine Banks: Geog. Journ., May, 1913, xli, No. 5, pp. 461- 
463, 2 fig. 

Mawson’s Australasian Antarctic Expedition: Nature, 21st August, 
1913, xci, p. 65, 

Antarctic Problems, Paper read before the Royal Geographical 
Society, Nature, 19th February, 1914, xcii, pp. 700-702. 

Note on an Expedition to Dutch New Guinea: Paper delivered by 
A. F. R. Wollaston before the Roy. Geog. Soc., London, Geog. 
Journ. March, 1914, xliii, No. 3, pp. 272-273. 

Antarctica and some of its Problems: Geog. Journ., 1914, xliii, No. 6, 
pp. 605-630, 8 figs. 

Remarks on Physiography and Glacial Geclogy of East Antarctica: 
Paper read before the Roy. Geog. Soc., London; Geog. Journ., 
December, 1914, xliv, No. 6, pp. 566-568. 

Presidential Address to Australasian Association for the Advance- 
ment of Science: Reprinted from Rept. Aust. Assoc. Adv. Sci., 
Melbourne, 1913, xiv, pp. xliii-xcii. Issued December, 1913. 
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1914. British Antarctic Expedition, 1907-09, under the command 
of Sir E. H. Shackleton, C.V.O.: Reports on the Scientific 
Investigations, Geology, vol. i, pp. xxiv, 319, 96 plates, 67 text- 
figures. With R. E. Priestley. 

The Tectonic Geology of New South Wales: B.A.A.S. Handbook 
for New South Wales, pp. 567-577. 

Permo-Carboniferous System: B.A.A.S. Handbook for New South 
Wales, pp. 590-600. 
ee Stratigraphy for New South Wales: B.A.A.S. Handbook for 
New South Wales, pp. 608a—608. 

The Geology of the Commonwealth. The Commonwealth of Australia 
Federal Handbook prepared in connexion with the eighty-fourth 
meeting of the Brit. Assoc. Ady. Sci. Melbourne, pp. 241-290, 
plates i-viii, 6 text-figures. 

Igneous Rocks: The Commonwealth of Australia Federal Handbook, 
pp. 302-314. With E. W. Skeats. 

Metamorphic Rocks: The Commonwealth of Australia Federal Hand- 
book, pp. 314-316. With E. W. Skeats. 

Papua: The Commonwealth of Australia Federal iemadbooks, pp. 316- 
325, plates vii-xi. 

The Talgai Skull: Scientific Australia, September, 1914, xx, No. I, 
pp. 4-5. With J. T. Wilson. 

Sir Norman Maclaurin — An Appreciation : The Review, 
30th September, 1914, xv, No. 9, p. 440. 

A Preliminary Communication on an Australian Cranium of probable 
Pleistocene Age: Med. Journ. of Aust., 26th September, i, No. 13, 
p- 308. With J. T. Wilson. 

1915. On the term Permo-Carboniferous and on the Correlation of that 
System: Rept. Brit. Assoc. Ady. Sci. Aust., 1914, pp. 379-380. 
With W. 8S. Dun. 

Preliminary Communication on an Australian Cranium of a probable 
Pleistocene Age: Rept. Brit. Assoc. Ady. Sci. Aust., 1914, pp. 531. 
With J. T. Wilscn. 

1916. Sections of Australian Fossil Plants: Reports of the Committee 
appointed to cut sections of Australian Fossil Plants: Rept. Brit. 
Assoc. Ady. Sci., Manchester, 1915, p. 231. With others. 

Nomenclature of the Carboniferous, Permo-Carboniferous and Permian 
Rocks of the Southern Hemisphere; Report of the Australian 
Members of the Committee: Rept. Brit. Assoc. Adv. Sci., Manchester, 
1915, p. 263-266. With others. 

Discussion of the above Notes and Table: Rept. Brit. Assoc. Adv. 
Sci., Manchester, 1915, pp. 266-274. 

Preface, British Antarctic Expedition 1907-09: Rept. of Scientific 
Investigations, Geology ii, pp. v, vi. With R. E. Priestley. 

1919. Reports cited by Captain W. B. R. King; Geological work on the 
Western Front : Geog. Journ., October, 1919, pp. 201-221, especially 
pp. 206-208-9. 

1920. Sequence, Glaciation, and Correlation of the Carboniferous Rocks of 
the Hunter River District, New South Wales: Journ. Proc. Roy. 
Soc. N.S.W., liii, pp. 246-338. With C. A. Stissmilch, W. R. Browne, 
and A. B. Walkom. 



ORIGINAL ARTICLES. 

Note on Traces of Recent Ice-action in N. China. 

By J. 8S. Lez, M.S8e., National University, Peking. 

(PLATE II.) 

(HE question whether N. China was under the grip of Polar 
severity towards the close of the Tertiary or the beginning of 

the Pleistocene time, and whether there was sufficient precipitation 
to allow the existence of large glaciers even if the temperature 
had become for a time arctic, has, on account of its important 
bearing on the problem of the cause of glaciation, aroused from 
time to time forcible but conflicting arguments. As cumulative 
evidence tends to show the wide prevalence of desert conditions 
all over N. China throughout recent geological times, geologists 
seem to have generally agreed, and naturally so, to provide a 
negative answer to the second part of the question. But as to the 
first part, it remains so far completely shrouded in doubt. In 
matter of this kind nobody would expect to wrest out truth by 
mere theoretical contention. Any relevant fact, therefore, deserves 
to be placed on record. 

Two cases are now available that seem to afford a strong ground 
to prevent us from admitting the hitherto accepted view. 

(1) In journeying across the coal-basin of Sha-ho-hsien, southern 
Chi-h, I sighted from a distance a singular hill-range of moderate 
height, called the Sha-yuan-ling. The range possesses a round 
contour, and trends H.S.E.-W.N.W. ‘The E.S.E. end of the range 
is separated by a deep valley from another hill-range running 
N.N.E.; and the W.N.W. part of the Sha-yuan-ling gradually 
flattens out towards the loess plain so that the whole hill con- 
stitutes a topographical unit. 

As I approached the Sha-yuan-ling from the south-west strange 
boulders began to appear. Being pre-occupied by the idea that 
desert conditions prevailed throughout recent geological times in 
N. China, I sought all conceivable ways other than glacia- 
tion to account for the presence of these erratics, but in vain, 
for the topographical features of this isolated hill do not admit the 
assumption that they have rolled down from the hills to the south- 
east ; still less likely were they brought down by a pre-existing 
stream. Before, however, I reached the northern foot of the 
Sha-yuan-ling a cliff on the hillside suddenly came in sight 
(Fig. 1). Large and small blocks or boulders are seen in this natural 
profile. They are scattered at random in a clayey or sandy 
material, and are generally polished on one or two, but rarely more 
than two, surfaces. The edges of the blocks are in the majority 
of cases fairly sharp except those between the polished surfaces, 
which are as a rule rounded. Although the finer material that 
forms a part of the deposit bears here and there suggestions of 
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stratification, they disappear in a very short distance. The rock 

is as a whole unstratified and unconsolidated. Were it found in 

N.W. Europe or N. America, I doubt if any one would hesitate for 

a moment to call it Drift or Till. It was this general appearance 

of the rock that inspired the conviction that if a patient search 

be continued striated pebbles or blocks could no doubt be found 

among the fragments. 
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Fic. 1.—The Sha-yuan-ling from the S.W.—1, loess; p, pebble-bed; b, boulder-bed ; 
s, sandstone ; d, dolerite. 

A systematic search was at once started. Keeping always a 
particular object in view, I could perceive now and then suggestions 
of obliterated striation on the polished surfaces. After toiling for 
more than two hours, a large slab half-buried (Fig. 2) was 

Fic. 2.—A striated slab found in the Sha-ho-hsien Coalfield, Chi-li, N. China. 
Max. length and width, 125 x 70 em. 

found ; on its flat surface at least three sets of strix could be clearly 
observed. Following this find two more striated fragments of 
similar character fell under my notice (Pl. II, Fig. 1). Judging 
from the extraordinarily regular parallel grooves and ridges on 
their flat surfaces, the suspicion is not absent that they might be 
merely slickensides. The origin of these fragments, bowever, 
does not seem to affect in a serious way the evidential value of the 
first slab; for evidence is brought forward by Coaz, Heim, 
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Pasquier, and others that an avalanche sometimes slides down hill- 
slopes like a landslip, and heaps up masses of fragmentary rock or 
boulders in the valley. Moreover, it is well within all possibilities 
that some of the fragmentary rocks had already undergone a process 
of rubbing before they were transported by the ice. . 

The boulders largely consist of sandstones of many kinds. Some 
of them are members of the coal-bearing series, others are foreign 
and unknown in origin. A green tufi-like sandstone and a hard 
quartz-sandstone frequently occur in huge blocks with one side well 
polished. The former is entirely unknown in the surrounding 
country ; the latter caps the hills to the south-east of the 
Sha-yuan-ling, and extends discontinuously for more than 60 miles 
southward. Cherts and wind-faceted pebbles are now and then 
found among the more comminuted material. Well-rounded 
quartzitic pebbles of the size of Easter eggs rarely occur, and 
appear to be limited to the upper part of the deposit. The Sinian 
Limestone which forms the high range of the Tai-hang to the west 
is singularly absent ; while the presence of the hard quartz-sand- 
stone, dolerite, etc., indicates that a part of the boulders are of 
local origin or arrived from the south. 

The deposit rests upon a denuded anticline, pitching slightly 
towards the north-east. The exposed part of the anticline con- 
sists of a buff sandstone which lies well above the zone of 
Ptercphyllum carbonarvum Schenk.2 Above the deposit there is 
a mantle of loess. As far as can be judged from the suggestions 
of stratification, both the loess and the rock immediately under- 
lying it are slightly arched in a conformable manner. No signs of 
erosion were detected in the contact plane of the two, though sharply 
defined. Thus it appears that there has never been any violent 
tectonic disturbance, but possibly a pre-loess landslip or avalanche 
that might have given rise to the striation on some of the boulders. 
But landslip alone cannot explain all the observed facts. 
A hummocky hill forms the eastern portion of the Sha-yuan-ling. 

The upper part of it is composed of dolerite, probably in the form 
of a laccolithic intrusion. A few but conspicuous strange boulders 
lie here and there on the hill-top like ruins of great antiquity. 
Polished and scratched or grooved surfaces are seen everywhere. 
These differ in many respects from the curious grooves that have 
been occasionally noticed on the igneous intrusions in the South 
Staffordshire coalfield and elsewhere. The latter, for instance, 
are usually irregular and slightly wavy or curved, while the lines 
or grooves on the loose fragments of the dolerite of the 
Sha-yuan-ling are not only of frequent occurrence on the whole 

1 Coaz, Die Lawinen in den SchweizerAlpen, Berne, 1881. Heim, Die 
Gletscherlawine an der Altels am 11 September, 1895, Zurich, 1895 
(N. N. G. Z., 1896), pp. 11-17. Pasquier, L’ Avalanche de lAltels le 
11 Septembre, 1895, Neuenburg, 1896. 

2 China, vol. iv, p. 214, pl. xliv, figs. 4, 5. 
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surface of the hil, but are quite straight and sharply defined. 
Clearly, then, they are in no way comparable. 

It should, however, be mentioned that some of the fragments 
possess peculiar smooth and striated surfaces. These can be easily 
distinguished in the field from the polished and scratched surfaces 
by the fact that they are either slightly warped, often with a glossy 
brown incrustation, or exhibit rudely parallel wrinkles with a 
projecting rim attached to the edges or the corners. Fragments 
having this kind of surface look as if they had been partially 
moulded in a more’ or less plastic condition, or, what is more 
likely, had been carved out by a neighbouring fragment shifted 
under intense pressure. Such pressure, it is not difficult to imagine, 
might have been set up by differential expansion of the rock-mass 
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Fic. 3.—Geological map of the 
Sha-yuan-ling district. 

due to a sudden rise of temperature, or might well be exerted by 
a great mass of ice that under special circumstances could have 
concentrated its pressure on a number of crumbled rock-fragments. 
When we reflect over the profound contortion of well-laminated 
rocks produced by ice-action, this apparently wild assumption 
seems plausibly to claim some respect. 

Judging from the occurrence of huge blocks of the hard quartz 
sandstone 1:5 miles south-west of the Sha-yuan-ling and from the 
north-easterly axial trend of the anticline already mentioned, it 
seemed probable that the hypothetical glacier might have taken 
advantage of the denuded anticline and directed its course towards 
the north-east. If this be the case, we should expect to find traces 

VOL, LIX.—NO. I. 2 
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of glaciation in the hills further north-east. This is borne out by 
fact. 

About 3°5 miles north-east of Sha-yuan-ling a roundish knoll 
rises above the loess plain with a small temple, the Shan-shien- 
miau, standing on its top as a conspicuous landmark. A small 
valley runs along the northern foot of the hill in a south-easterly 
direction. At Nau-pei-kou, a few hundred yards north-east of the 
Sha-shien-miav, and about 1 mile north of the Pei-tso village, 
the trend of the valley is slightly deviated by a hill-spur pro- 
jecting from the south. Here, bedded green and buff sandstones, 
belonging to the uppermost part of the coal-bearing series, are well 
exposed. In the bottom of the valley parallel grooves are seen 
on the surface of an extremely hard sandstone in situ. The surface 
appears to be on the whole borizontal but locally undulatory, 
showing decisively that it has been planed or abraded by some 
powerful agent. All of the grooves run north-east, except for a 
minor set which cuts the former at a very small angle. 

The sandstones dip regularly soutb-east. No sign whatsoever 
can be detected pointing to the existence of a thrust or a fault. 
One of the abraded beds in the bottom of the valley exhibits a 
partially striated, concave surface witb its striated part inclined 
towards the north-east; while the unstriated part, namely, 
the north-eastern part, tends to curve upward towards its 
north-eastern edge. Such a state of things could not possibly 
have been brought about by a dislocation of the bedded rocks, 
nor could it be attributed to the hypothetical expansion and 
consequent slip of an overlying stratum. 

It may be reasorably questioned that if a glacier did actually 
occupy the valley during a recent geological time, how could it have 
left traces of its movement across the valley instead of along it, 
since the latter would be a far more natural course? To answer 
this question we need to know the nature of the valley and the 
topography of the surrounding country. ‘The valley, or more pro- 
perly the ravine, is only of very small size, being 20 to 30 feet wide 
at the bottom and not much deeper than 200 feet from the bottom 
to the top of the hill on the south. Therefore an ice-sheet of 
moderate thickness could have indiscriminately buried the whole 
area, and made its movement quite independent of the local 
irregularities of the floor. The occurrence of strange blocks and 
fragments of rocks on the top of the hill of the Shan-shien-miau, 
which stands much higher than the hill just referred to, and the 
heavy abrasion that the bedded rocks of Nau-pei-kou must have 
gone through are facts which combine to demonstrate the con- 
siderable thickness of the ice. 

The boulder-bed of the Sha-yuan-ling, as already mentioned, is 
quite loose and in a way conformable with the overlying loess. 
A priori it is a geologically recent deposit. If the quartzite pebbles 
occurring in the upper part of the boulder-bed be genetically 
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connected with the so-called pebble-bed of northern Honan, then the 
age-problem can be at once solved ; for we know definitely that the 
pebble-bed is everywhere else immediately overlain by the loess. 
Meanwhile, let us turn to the fossil evidence. Cases are known that 
the so-called Pterophyllum carbonarium Schenk associates with 
forms closely related to Nilssonia. This would mean that the upper 
part of the coal-bearing series either belongs to the Permo-Mesozoic 
or even entirely to post-Paleozoic. In any case the possibility of 
the boulder-bed belonging to the Permo-Carboniferous can be 
absolutely excluded. It might be, however, urged that the ice- 
marked rock-fragments could have been originally produced in some 
period earlier than the late Tertiary or early Pleistocene, and became 
re-arranged before the dawn of loess time. But if this be the case, 
how could the gigantic blocks of rocks, entirely unknown in the 
neighbourhood, be brought to their present resting place ? How can 
the unstratified state of the deposit be explained if the material was 
wholly transported by water? Why are some of the fine striz and 
most of the sharp edges of the boulders or fragments remarkably 
well preserved? It would be extremely difficult, if not impossible, 
to find a satisfactory explanation save on the basis of recent 
glaciation. 

(2) During a reconnaisance in the Tatung Basin, Northern Shan-si, 
I was struck above the village of Kou-tsuen (about latitude 40° 5’ N., 
longitude 113° 15’ E.) by a U-shaped valley which extends a little 
less than 10 miles in a west-east direction, and shows a wonderfully 
uniform width throughout its entire length. In the valley there 
occur strange boulders consisting of gneiss, schists, basalt, and many 
other kinds of igneous rocks. They are not derived from the hills 
on both sides of the valley, nor from the watershed that separates 
this valley from the broad expanse of lowland which forms the 
western part of the basin ; for all these hills are composed of piled-up 
horizontal or nearly horizontal strata of Jurassic sandstones, which 
on the top of the watershed are covered by the loess and near the 
entrance of the valley are replaced by the Paleozoic coal-bearing 
series and the Sinian Limestone. Thus it is beyond doubt that the 
boulders are not of local origin. As there appears no sign that the 
present valley had once extended across the watershed, the boulders 
could not have been transported by a pre-existing river whose 
source might have extended far back into the mountains on the west 
ot the Tatung Basin. . 

The side of the valley is sometimes so steep, particularly in its 
lower part, that it almost merges into a cliff, assuming the shape of 
a snubbed hill-spur. Near the base of one of such clifis a block 
of dislodged sandstone was found, which exhibits coarse parallel 
furrows on one of its surfaces. The bottom of the valley is filled up 
by stratified but hardly consolidated rock-debris, attaining a thick- 
ness of more than 20 feet in many places where the river erosion 
has gone so far as to permit measurement. Above this deposit 
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there 1s as a rule a mantle of loess. On the bottom of the valley 
several sub-angular, half-polished and scratched boulders, or pebbles, 
were found at different localities (Pl. II, Figs.3, 4). They appear 
to be closely associated with the detritus deposit. As far as 1 am 
able to judge, no distinction can be made between these and any of 
the typical striated boulders found in the Boulder-clay. It is 
inconceivable that they are of different origin. 

If the facts brought forward here amount to positive evidence of 
recent glaciation, as they appear to the writer, we may proceed to 
consider what data are available to show that these are not merely 
local phenomena. In the case of southern Chi-li the mean altitude 
of the glaciated area cannot be much more than 300 feet above the 
vast alluvial plain of N.H. China, and no enormously high mountains 
could have existed in its neighbourhood which might have let down 
boulders from their ice-caps in late Tertiary time, and have since 
been planed away or subsided. Moreover, the quartzite pebbles or 
the ‘ Kgg-stones”’ already referred to, are known to occur in 
multitudes on many a hill-top east of the Tai-hang range; and they 
are everywhere immediately overlain by the Hwangtu or the loess. 
Seeing that these quartz pebbles associate with striated boulders in 
the Sha-yuan-ling, it does not seem improbable that they maintain 
elsewhere a similar relation with the glacial deposit. As regards 
the possibility of local glaciation due to great elevation of land, 
the argument used to dispose of the case of southern Chi-li can 
be likewise appropriately applied to the case of the Tatung Basin, 
though it should be mentioned that the mean altitude here is much 
oreater, being 3,600 feet above the plain of Peking. Nevertheless, 
unless there had been a profound change of climatic conditions, 
including at least a general lowering of temperature, glaciation 
would have been obviously impossible. 

In many parts of N. China, particularly on the eastern side of 
the Tai-hang Range and its north-eastern continuation, the loess is 
underlain by a detritus deposit, fairly uniform in character. From 
its constant association with the loess and from its mixed appearance 
it may be interpreted as the product of torrential rain which might 
have foreshadowed the advent of desert conditions on the one hand, 
but on the other there is no reason why it cannot be a glacio- 
fluviatile deposit. The wide distribution of this deposit is a fact 
which rather tends to show its glacial origin. While there is no 
further confirmation to decide this case, it 1s reassuring to note 
the reported occurrence of woolly rhinoceros in the Yang- tae Valley. 
The latter fact, when established, would imply wide pr evalence of low 
temperatures on the eastern Asiatic continent as the Tertiary period 
drew near its end. 

In the light of these facts one cannot but admire the keen insight 
of James Geikie, who, ests his opinion on scattered observations 
between Si-ngan and Toong-! kwan, Southern Shen-si, the north-east 
corner of Shan-tung, and Mongolia, stated nearly half a century ago, 
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that there once existed ice-masses that left their load and tracks all 
over N. China.t Had this celebrated author been able to collect 
more evidence, and so to present his case in a more forcible way than 
& mere passing remark, it would have drawn, as it fully deserves, 
much more attention from the scientific public; and would have 
given impetus at least to those keen observers that have conducted 
many a fruitful scientific exploration into various parts of the 
country since Richthofen’s time. But when the author remarks 
that the Chinese ice-sheets descended from the Great Himalayan 
Range, his inference seems to have been extended a little too far ; 
for the author himself mentions no fact in support of such 
a hypothesis, nor are we able to gather any evidence pointing to 
that effect if we turn to the reports contributed by many brilliant 
explorers like Bogdanovitch, Rovorovsky, Obrutchov, Loczy, and 
others. It may be safely said that we are as yet thoroughly ignorant 
as to the origin and the movement of the Chinese ice-sheets or ice- 
tivers. Any attempt made with the object of throwing light upon 
this subject must, for the present, be directed towards the field. 

EXPLANATION OF PLATE II. 

Fig. 1.—A striated pebble found in the Sha-ho-hsien Coalfield, Chi-li 
N. China. Max. length and width, 16 x 10 em. 

Fic. 2.—A portion of a partially striated rock-surface at Nau-pei-Kou, Chi-li, 
N. China. Max. length and width, 42x17 cm. 

Tic. 3.—A striated pebble found in the Tatung Basin, N. China. Max. 
leneth and width, 23 x 17 em. 

Fria. 4.—A striated pebble found in the Tatung Basin, N. China. Max. length 
and width, 34x14 cm. 

On some New Species from the Lower Carboniferous 
of Ballycastle, Co. Antrim. 

By Louts B. Suytu, M.A., Sc.B., Lecturer in Paleontology in the 
University of Dublin. 

Published by permission of the Director of the Geological Survey of Ireland. 

(PLATE III.) 

as the course of collecting in the Ballycastle coalfield, the species 
described in this note were obtained. Details of the associated 

fauna will be found in the forthcoming memoir of the Geological 
Survey of Ireland relating to the district. It is only necessary to 
mention here that the beds from which the present material comes 
are, in the memoir, referred to a D, horizon. 

Cypricardella nuculoides, sp. nov. (Plate III, Figs. la-c and 2.) 

The form and dimensions of this shell are sufficiently shown by the 
figures. It will be noticed that there is no oblique ridge from the 
beak to the postero-inferior angle, and the posterior end is not 
truncate. The ornament consists of sharp, raised, concentric ridges. 
A left valve with hinge exposed (Fig. 2) shows two cardinal teeth, 

1 The Great Ice Age, p. 402. 
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with a triangular socket between them, and a long posterior-lateral 
tooth, with a groove above it. 
Holotype—A specimen having the two valves attached, in the 

collection of the Geological Survey of Ireland. 
Locahiy—Common in the shales immediately overlying the 

main limestone at North Star Colliery, 14 miles east of Ballycastle. 
This may possibly be the species figured by W. Hind (Mon. Brit. 

Carb. Lamell., pl. xxxix, fig. 6) as C. parallela Phill.? which he 
suggested might be a sport. 

Protoschizodus brevifrons, sp. nov. (Plate III, Figs. 3a-c.) 

This species agrees with De Koninck’s genus in external features. 
No specimen was found showing internal structure, but by rubbing 
down, from the right side, a left valve embedded in matrix, the two 
teeth characteristic of the genus were proved. 

The following characteristics distinguish the present species :— 
1. Very short anterior end. 
2. Very pointed, and rather produced, posterior end. 
3. Postero-dorsal region, behind the oblique ridge, flattened at 

right angles to the plane of the valve margins. 
4. Postero-dorsal margin scarcely at all compressed, so that only 

a very slightly elevated ridge is formed. This feature is not clear 
from Fig. 3a. Fig. 3c expresses it better. 
Holotype-—A specimen having the two valves attached, in the 

collection of the Geological Survey of Ireland. 
Localities—Common in the shales immediately overlying the 

main limestone at North Star Colliery, 1} miles east of Ballycastle. 
The type came from this locality. Also occurs in red shales of the 
same horizon at Murlough Bay, on the east side of Fair Head. 

Chonetes elegans, sp. nov. (Plate III, Figs. 4a-d.) 

A small Chonetes is abundant at Ballycastle, which is easily 
distinguished from any species hitherto named. In the hope that 
it may prove to be of zonal value it is here given a name 
and described. 

Description —tLenegth of largest specimen 15°5mm., width 
22°>mm. Average ratio of length to width 2. Concavo-convex, 
regularly curved from umbo to anterior margin along median 
plane. Average convexity of pedicle valve in larger specimens 
about 0°36 of length. Widest part a few millimetres below 
hinge-line. About sixty specimens in seventy-four showed a more 
or less distinct, shallow, ventral sulcus. 

Costae fine, sharp, about twenty-five in 5 mm. on the middle of 
the pedicle valve. They increase almost exclusively by intercala- 
tion on the pedicle valve; by forking on the brachial valve. 
Concentric ornament extremely fine. 

Cardinal spines usually eight on each side of umbo. Greatest width 
of ventral area about 1 mm., of dorsal 05 mm. Strongly arched 
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deltidium. Chilidium of two triangular flaps resting against the 
quadrifid cardinal process. 

The interior of the brachial valve shows a rather characteristic 
pair of radial ridges (PI. III, Fig. 4c, and Text-fig. 1, A), beside 
the median ridge (M), which marks presumably the inner margins of 
the enterior adductor scars. The brachial ridges (B) are only, well 
marked at their proximal extremities. 

Tic. 1.—Diagram to show position of ridges in the brachial valve of Chonetes 
elegans, sp. nov. C, cardinal process ; H, hinge plate; B, brachial ridge ; 
A, ridge marking inner margin of adductor scar ; M, median ridge. 

Holotype-—A specimen with only the exterior of the pedicle 
valve free of matrix, in the collection of the Geological Survey 
of Ireland. 

Locality.—Very abundant in the shales associated with the main 
limestone at North Star Colliery, 14 miles east of Ballycastle. 

Comparisons.—This species agrees very well with pl. xlvii, fig. 12, 
of Davidson’s Mon. Brit. Carb. Brach., except in the shape of the 
cardinal extremities, which is more like that of fig. 16 of the 
same plate. 

Specimens recorded as Ch. OS from the Lower Limestone 
of Scotland (Scot. Surv. Coll. 213),! agree with the present form in 
all respects, except the proportion showing a ventral sulcus, which 
was 16 in 32. 

The Ch. cf. hardrensis of the Acre Limestone (Dz), Northumber- 
land, is again practically the same. In twelve specimens ? the only 
differences from the Ballycastle form were that only two had any 
trace of a ventral sulcus, and the number of cardinal spines was 
usually six or seven on each side, only one having eight. 
A somewhat similar, if not identical, form is figured and briefly 

described by Vaughan ? from D,—, of Gower. 

I was enabled to inspect these through the kindness of Dr. G. W. Lee. 
Kindly lent me by Dr. Stanley Smith. 
Dixon and Vaughan, ‘‘The Carboniferous Succession in Gower’ 

Q.J.G.S., vol. Ixvii, 1911, p. 561, and pl. xli, figs. 3a, 3b. 

wo me 
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Ch. laguessiana De Kon." is smaller, has its greatest width at 
the cardinal edge, has only four spines on each side of the umbo, 
and its costae are “ a peine visibles a |’ceil nu ” 

Ch. dalmaniana De Kon.” differs in its greater size, more numerous 
spines, and acute cardinal angles. 

Tabulipora serrata, sp. nov. (Pl. II, Figs. 5a-0.) 
Solid, cylindrical, branching zoarium, 3 to 9mm. thick. Agrees - 

most closely with 7. multitabulata G. W. Lee, but differs from “that 
species as follows :— 

1. Walls of peripheral part seldom as thick as zocecia] diameter. 
2. Moniliform structure frequent. 
3. Stereoplasm banked up against the distal faces of the tabule, 

giving them in longitudinal median section the appearance of thorns, 
or saw-teeth. This suggested the specific name. 

4. Tabule generally convex towards the mouths of the zocecia. 
5. Acanthopores not differentiated into two sets. 
Holotype.—A specimen (wholly used up in making three slices— 

radial, tangential, and transverse) on a micro-slide in the collection 
of the Geological Survey of Ireland. 
Locality.—Common in the main limestone and associated shales 

at North Star Colliery, 14 miles east of Ballycastle. 

2 Carcinophyllum sp. (Plate II, Figs. 6a-6.) 
As only one imperfect specimen of this species was found I have 

not given ita name. It is a very small coral, with “ roots ” arising 
in whorls. After being photographed it was cut into six transverse 
slices. Fig. 6b isa drawing of section 4, which passes through one 
of the “roots”. 

EXPLANATION OF PLATE III. 

NEW SPECIES FROM Dy OF BALLYCASTLE. 
Figs. 4a-d and 6a are from photographs ; the remainder are from camera 

lucida drawings. 
Fie. 1.—Cypricardella nuculoides, sp. nov. Type-specimen. x 15. la, 

right side; 10, anterior view ; 1c, dorsal view. 
», 2.—Cypricardella nuculoides, sp. nov. Hinge of left valve of another 

specimen. x 1°5. 
», 3.—Protoschizodus brevifrons, sp. nov. Type specimen. x15. 34a, 

left side; 3b, outline of posterior view ; 3c, dorsal view. 
,, 4.—Chonetes elegans, sp. nov. x 1-2. 4a, pedicle valve, showing 

suleus; type specimen. 46, pedicle valve of another specimen ; 
suleus scarcely developed. de, interior of brachial valve of a third 
specimen. 4d, interior of ivemvelb tall valve of a fourth specimen. 
Note, the left-hand member of the pair of ridges (M in Text-fig. 1) 
close to median ridge is, in this case, extremely short. 

», 0.—Tabulipora serrata, sp. nov. Type specimen. x 175. 5a, 
portion of radial section, showing two acanthopores. 50, portion of 
tangential section. 

oy (oe —?Carcinophyllum, sp. 6a, general view, showing whorls of ** roots ’ 
x 1-7. 66, tranverse section along plane 4 of previous figure, passing 
through one of the ‘‘roots’”’. x 3°2. 

1 Recherches sur les Animaux Fossiles, 1. De Koninck, Liége, 1847, p. 198. 
2 Loe. cit., p. 198. 
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bo On Professor J. W. Gregory—The Buglish “« Eskers”’. 

The English “ Eskers *—their Structure and 
Distribution. 

By J. W. Grecory, D.Sc., F.R.S. 

HE terms “ kame” and “ esker”’ have been applied in England 
to various mounds and ridges of sand and gravel. For some, 

such as those in South-east Essex! either name is inappropriate, 
since they are not glacial deposits but are tide-formed banks of 
shelly sand. Most of the described English kames and eskers are 
clearly related to glacial formations, and their distribution and 
structure throw light on the later stages of British glaciation. 

The following terms are used in accordance with definitions 
adopted in earlier papers?: (1) Drumlins, mounds of boulder clay ; 
(2) Osar, fluvioglacial ridges deposited as receding river deltas and 
typically with seasonal banding; (3) kames, ridges or mounds of 
sand or gravel deposited by water on the margins of an ice sheet ; 
they include three varieties: (qa) fluvioglacial; (b) glacieluvial ; 
(c) residual kames, those due to the denudation of thick banks of 
glacial sand and gravel. Many residual ridges and mounds have 
been described as kames, and some of them may be entitled to the 
name as being due to an original thickening in a bed of gravel ; 
but as it may be impossible to distinguish primary kames in an 
advanced stage of denudation from the residues of beds of gravel 
the application of the term kame to such cases is undesirable, 
unless there is a strong probability of their formation as marginal 
drift hills. 

The term esker has been applied to all varieties of Irish hills of 
elacial sands and gravels, and has been used for English drifts m 
a similarly comprehensive non-genetic sense. 

The following account of the English “ eskers”’ is intended to 
show which of them are osar and which are kames, and to consider 

their distribution in reference to English glaciation. 

2 

Il. NorRTHUMBERLAND. 

The kames of Northumberland may be divided into three groups. 
The first group is in the N.W. part of the county near Coldstream, 
and includes the kame at Wark Castle beside the Tweed and that 
at Pallinsburn, N. of Flodden. 

1. Wark and Pallinsburn.—The best-marked kame on the English 
bank of the Tweed is that at Wark. It has been described by 
P. Mearns.? 

1 Holmes, Geol. in Field, 1909, p. 57. 
2 Geogr. Journ., vo}. xl, 1912, pp. 169-75: Trans. Geol. Soc. Glasgow, vol. xiv, 

1912, pp. 199-218; Phil. Trans., ser. B, vol. ccx, 1920, pp. 115-51; Scott. 
Geogr. Mag., vol. xxxi, 1915, pp. 465-76. 

3 Hist. Berwick. Field Club, v, 1886, pp. 224-31. Mem. Geol. Surv., 
110 S8.W., 1895, pp. 76, 77; Geol. Assoc., Geol. in Field, 1910, p. 695. 
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Its geological history is best considered in connexion with the 
Scottish kames, so only a brief statement regarding it is here made. 
It isa fairly straight ridge, and of a total length of about 1,400 yards, 
though broken by two considerable gaps; the best preserved part 
is about 400 yards long and extends from 8. of Douglas’ Tomb on 
the W. to the H. end of the village. The W. end is a low bank on 

4 

6omiles, 

ee 2 Le Birmung han 
Kingswinford 

Fic. 1.—Distribution of English Kames and Osar. $~ Osar. — Kames. The 
shaded patches in W. Durham are areas, which, according to Dr. Dwerry- 
house, were not ice-covered. —--- Carvill Lewis’ line of terminal 
moraine; if is shown broken where his own later work showed that it 
required modification. .... The dotted line indicates the probable ice 
margin in those districts. B.W., Bowmont Water. E., Hlsdon. K.Br., 

Kellet Bridye. L., Llanrhystyd. R. Raskelf. 

the S. side of the road ; the base of the kame gravel is seen at each 
end of this bank, while in the middle is exposed the underlying 
sandy boulder clay with many striated stones. The kame material 
is best shown in the gravel-pit W. of the ruined Castle and in the 
gap through the kame known as Gilly’s Neck, 280 yards W. of the 
Castle and just S. of Douglas’ Tomb. The material is a sandy 
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gravel with all the pebbles well water-worn. I saw no striated 
stone in the main mass of the kame, but in the lowest layer, just 
K. of Gilly’s Neck, are some boulders with faint traces of strie. 

The kame rises to the level of about 125 feet O.D. and about 60 feet 
above the level of the Tweed. Mearns, who explains the kame as 
due to “ currents in a former sea”’ (op. cit., p. 231), describes the 
beds as stratified ; but I saw no clear stratification, probably owing 
to the sections being now old and obscure. 

This kame is probably part of the wide sheet of sand and gravel 
which to the 8.H. and KE. of Cornhill overlies the boulder clay and 
occurs at about the same level as this kame. This sheet is mainly 
derived by denudation from the boulder clay. The Wark kame is 
a bank of this gravel deposited on the floor of a valley cut in the 
boulder clay that filled the pre-glacial valley of the Tweed. The 
kame was left by the erosion of the present Tweed valley and of the 
dry branch of that valley between Wark and a high whale-backed 
drumlin to the 8. 

Pallinsburn Knowe (N. of the Cornhill road and W. of the village) 
has been described as a kame.t The hill pointed owt to me at the 
village as the Knowe has the shape of a drumlin, and a section in 
a road cutting just HE. of a lodge, exposes loam with a few boulders, 
and all of those examined were striated. At the time of my visit 
the hill was covered by wheat, so I could not traverse it or examine 
the gravel, which is described by Gunn ? as well-rounded and coarse, 
with’ patches of dirty sand and clay. 

2. The Gravel Ridges of the Bowmont Water—a tributary to the 
Glen River (7 miles 8.W. of Coldstream)—have been described as 
forming conspicuous ridges.* 
A long fish-back-like ridge of drift les in the narrow valley of 

the Bowmont Water between Kilham and Kirknewton. The 
materia! of this drift is exposed beside the road EK. of Kilham in 

a low ridge-like platform, of which the form is clearly due to denuda- 
tion. The gravel is coarse and contains water-worn boulders ; no 

striated stone was seen. This mass of drift appears to be a glacie- 
luvial deposit that was laid down in front of the ice which filled the 
Kilham basin ; the drift blocked up the outlet; a lake was formed, 
and its overflow excavated the gorge of the Bowmont Water and 
cut the gravel into ridges parallel to the valley. The form of these 
ridges is therefore secondary. Amongst the changes of river 
direction in this district was. the temporary separation of the 
Bowmont Water: from the Glen River by the formation of this 
glacieluvial dam. 

3. Coastal Series—The Lucker or Bradford Kame, the best 
developed kame in Northumberland, passes 2 miles W. of Bamburgh 

1 VF, M. Norman, Hist. Berwick. Field Club, x, pt. ili, 1884, pp. 449-2. Mem. 
Geol. Surv., 110 S.W., 1895, p. 74. 

* Mem. Geol. Surv., 110 S.W., p. 74. 
3 Mem. Geol. Surv., 110 S.W., 1895, p. 78. 
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Castle and 1 mile E. of Lucker Station. It has been frequently 
mentioned or described.t Its N. end is at Spimdlestone Hill, whence 
it extends 8. beyond Newham Station; but it is not continuous 
throughout that length, for part of the hills along that line I regard 
as drumlins of sandy boulder clay. The kame is well shown on the 
road from Lucker Station to Bamburgh, and there lies at the W. foot 
of a series of drumlins; from them it is separated by a moss that 
represents an old pool, the overflow from which has cut a channel 
through the kame, showing a section 40 yards wide and 20 feet high ; 
the steeper side faces EH. The kame is slightly simuous. Its 
material is a loamy gravel with angular, faceted pebbles and 
boulders, on some of which glacial striz are distinct, though faint ; 
its clayey nature is shown by the burrows on the kame there being 
those of moles, not of rabbits, which swarm on the sandy patches 
of the neighbouring drumlins. S. of the road the kame trends 
S.S.W. on a sinuous course, to the W. of the drumlin of Camp Hill, 
and a gravel pit in the kame W. of that hill shows faceted pebbles 
im loam. S.W. of Camp Hill, and separated from it by alluvium, 
is Ell Hill, where there are many overgrown shallow gravel pits ; 
in the lower part of the deposits there boulders are scarce, but the 
upper part is much coarser. A fair sample of the pebbles contained 
Carboniferous limestone, 50 per cent; cherty limestone, 10 per 
cent ; Carboniferous sandstone, 18 per cent; red grit, 6 per cent ; 
basalt (the local whin), 10 per cent; dark-grey porphyrite, 2 per 
cent ; red andesite, 4 per cent. The last two rocks have come from 
the W. from the Old Red Sandstone lavas near Wooler. 8. of Ell 
Hill the kame ends against a long drumlin of sandy boulder clay 
that contmues the line S. to Newham; sections of the material— 
a sandy loam free from pebbles and boulders—occur N. of Newham 
on the road to Hen Hill. On the lower ground 8. of Newham the 
kame reappears and bends W. across the railway, 8. of Newham 
Station. The kame lies at a lower level than the adjacent drumlins, 
which rise to the height of 195 feet at Golden Hill ‘and 178 feet at 
Camp Hill. 

This Lucker Kame consists of a loamy and not a sandy gravel. 
The sand used on the roads is brought from the seashore, which 
suggests that none is known along the kame. The pebbles are 

‘faceted. ‘Tate? recorded striated boulders in the kame, and this 
report is quoted in the Mem. Geol. Surv., 110 8.E., p. 109, as if 
unconfirmed. The presence of striated stones is also recorded by 
Lebour and a well-glaciated cobble from Ell Hill (now placed in 
the Hunterian Museum, Glasgow) confirms Tate’s observation. 
This ridge, from its loamy base, faceted and occasionally striated 

1 Ramsay, Phys. Geol. England and Wales, 1894, 6th ed., p. 262; G. Tate, 
Hist. Berwick. Field Club, v, 1866, p. 239; G. A. Lebour, Geol. Northumber- 
land, 1886, p. 21; Geol. Assoc., Geol. in Field, 1910, p. 695; Mem. Geol. Surv., 
110 8.E., 1900, pp. 108 -9. 

2 Hist. Berwick. Field Club, v, p. 239. 
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stones, its irregular bedding and the nature of its longitudinal 
variations may be classed as a glacieluvial kame. Its chief curves 
are concave to the W.; that fact and the frequency of former pools 
between it and the drumlins to the E. indicate its formation along 
the E. margin of ice which flowed from the W. and abutted against 
the drumlins along the coast. According to Lebour (op. cit., p. 21) 
this kame consists of ““ marine deposits ”’. 

Buckland! has referred to the southern end of this kame at 
North Charlton as a tortuous bank of gravel and as supposed to be 
“an inexplicable work of art ”’ 

4. S. Northumberland —H. Miller has remarked 2 the morainic 
character of some kames near Elsdon and Harbottle in the valley 
of the Coquet; they appear to consist of glacieluvial: material. 
Widespread fluvioglacial sands and gravels occur in §.EH. 
Northumberland ; some of them, as at Hachwich and Dissington 

beside the Pont Re K. of Stamfordham, and those of the Newbigain 
and Blanch Burns, appear from the description of Dr. J. A. Smythe 3 
to form original kames; others form residual kames. Professor 
Marr has reminded me of the ridged form of those near Corbridge.’ 

II. Duran. 

Similar in origin to the Lucker Kame appear to be the kames 
near the coast of Durham, including a circular mound of gravel at 
Betterlaw and a group of deposits at Sheraton, 5 miles W. by N. 
from Hartlepool. These deposits have been described by 
Dr. Trechmann ® and by Dr. Woolacott.° The latter author gives 
full references to the literature. He concludes that they are marginal 
deposits along the W. margin of the Cheviot glacier, and are true 
kames. Trechmann has found in one of them a Scandinavian 
boulder—possibly derived from the North Sea boulder clay. 

A kame has been identified at Durham by Carvill Lewis.” It 
has been re-examined by Dr. Trechmann and Dr. Woolacott, and 
the former says * that in their opinion its form is due to post-glacial 
fluvial erosion. 

The formations described by Dwerryhouse’ as esker-like ridges 
in the valleys of W. Durham, especially near Stainmoor and Lunedale 
and in the valley of the Tees above Barnard Castle, probably also 
owe their form to post-glacial denudation. 

Proc. Geol. Soc., 1841, iii, p. 346. 
Mem. Geol. Surv., 108 8.K., 1887, pp. 108-110. 
Trans. Nat. Hist. Soc. Norihumberland, n.s. t11, 1908, p. 83, and iv, 1910, 

Pp 9o: 
4 Cf. Lebour, op. cit., 1886, p. 25. 
> Q.J.G.S., xxi, 1915, pp. 73-7, pl. viii. 
8 Grou. Mag., Vol. LVIIT, 1921, p. 28. 
7 Gllac. Geol. Gt. Brit., 1894, p. 172. 
BQ GaSis lxras 1915, p16. 
*Q:5.G.S., lvaii, 1902, p: 575. 

a 
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lil. YorksuHtre. 

In Yorkshire esker-like formations are well developed at intervals 
near Carvill Lewis’ line showing the moraine which he considered 
to mark the limits of the English Jand ice. In the Bingley-Ilkley— 
Shipley area the eskers belong to two series, a low level series on the 
floor of the Aire valley and a high level series on the moors between 
the Aire and Wharfe valleys. 

1. The Low Level Kames of the Aire Valley—Some of the most 
accessible of the low-level formations occur along the Aire valley, 
and may be seen from the Midland Railway. They have been 
briefly described by Green.t The drift mounds on the floor of the 
valley occur at intervals from between Steeton and Silsden, where 
a few small hummocks occur at the level of about 300 feet, past 
Bingley, where they form a band of gravel mounds across the 
valley, above and below Saltaire, to about half-way between 
Charlestown and Tong Park. The sections that I have seen in these 
gravels are poor. Just W. of the first lock W. of Saltaire, north of 
Wigglesworth’s Engineermg Works, the mounds consist of 
tumultuous gravels with many sandstone boulders 9in. and some 
2feetin diameter. Some of the smaller boulders are of Carboniferous 
limestone. Pebbles of black chert are abundant. ‘The constituents 
of the gravels are well rounded ; a few of the boulders show faceted 
surfaces as if they had been glaciated, but I saw no striz on them, 
nor evidence of transverse banding, The uppermost layer is crowded 
with boulders and large pebbles, probably by the removal of the 
lighter constituents during denudation. 

Further down the Aire Valley a bank of fluvioglacial gravel, but 
with the pebbles more relled and water-worn than those opposite 
Wigglesworth’s, occurs on the N. side of the main road from Charles- 
town to Tong Park and just W. of a by-road going S. across the 
valley to Thackley. The bank projects as if it were the remains 
of a barrier across the valley. The gravel is exposed in a pit on the 
H. side of that by-road; the pebbles are mainly of Carboniferous 
sandstones and limestones. 

Green applied the term esker to the Aire Valley mounds, while 
recognizing that their shapes were due to denudation and that they 
were the remnants of larger masses of gravel. Green suggested 
that they were formed as terminal moraines in which the material 
had been shot into water, therein spread out as bedded gravel, 
and subsequently denuded into mounds.? This explanation seems 
consistent with all the available evidence. As they were water- 
deposited and were not directly dumped from the ice, they are not 
moraines ; they were formed at intervals along the valley as aqueous 

1 Geol. Yorks. Coalfield, 1878, pp. 775, 779, and 782; Mem. Geol. Surv., 
CPSs, USTs jos WA 

2 Carvill Lewis has doubtfully referred to the mounds at Bingley as part 
of his terminal moraine, which he also suggests was passibly at Skipton 
(op. cit., pp. 193, 239.) 
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deposits near the margin of a retreating glacier, and may therefore 
be regarded as fluvioglacial kames. 

2. Reported High Level Eskers—the Lanshaw Delves—Of the 
high-level “eskers” of this part of Yorkshire, the most often 
mentioned has been the Lanshaw Delves, which is situated on the 
N.E. slope of Rombald’s Moor, 14 miles 8.8.E. from Ilkley, at the 
level of about 1,180-1,200 feet on the 8. side of the Wharfe Valley. 
It is a bank about 650 yards long, 25 yards wide at the W. end, 
and 50 yards wide at the E. end; the height is 8 feet at the W., 
and 15 feet at the E. end; the en isa. little Sof Hee the g. 
front is the straighter and higher. The summit of the Delves is 
irregular and hummocky, the depressions sometimes giving it the 
character of a triple ridge. It has been referred to as a high level 
esker by Green.! Carvill Lewis has given the best account of it.” 
He described it as moraine, and regarded it as part of a long lateral 
moraine. It consists of sandy loam, with many angular blocks of 
Millstone Grit similar to those strewn over the adjacent moor. 
Some of the boulders are 4 feet in diameter; many are 2 feet long. 
They are irregular in shape, and none shows glaciated forms or striz. 
The smaller pebbles include vein quartz, and jagged fragments of 
black chert; and all of these may have been derived from the 
Millstone Grit. A few well-rounded cobbles may have been derived 
from a local stream. The occurrence of angular flakes of grit, 
some of them many square inches in area and a quarter of an inch 
thick, show that the material was not transported by rivers or these 
pieces must have been broken. The boulders are sometimes crowded 
m piles, but they show no arrangement in bands across the Delves. 
The bank shows no signs of formation as an ordinary aqueous or 
fluvioglacial deposit. It is a morainic bank formed along the 
margin of a sheet of snow and ice that filled the depression’ in 
which lies Lanshaw Dam. The moor rises to the height of 1,320 
further W., and to 1,250 feet at 800 yards S. of the Delves. The 
depression between the summit and the Delves faced N.E. and was 
probably filled with a sheet of snow and ice. The local blocks of 
Millstone Grit were carried to its edge, but the movement was 
insufficient to give them glaciated forms or striw. The Delves 
are the remains of a moraine on the margin of an embryo corrie 
glacier. 

According to Green the Delves can be traced for three miles 
across the moor. Some coarse gravel occurs further E., a little 
S. of the farm known as Gaping Goose on Hawkshaw Moor; but 
I saw no evidence of its continuity with the Delves. Carvill Lewis 
(op. cit., p. 243) records information from some shepherds about 
structures known as the “‘ Great and Little Skirtfull of Stones ” and 
“ Long Ridging ”’, which he suggested might be similar in origin. 

1 Geol. Yorks. Coalfield, 1878, p. 779 ; Mem. Geol. Surv.,92 8.E., 1879, p. 12. 
2 Loc. cit., 1894, pp. 34, 243. It has been identified as a prehistoric 

earthwork. 
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The high-level eskers 8. of Ilkley are said in the Survey Memoir + 
to rest partly on boulder clay, but I saw nothing to confirm this 
statement regarding the Lanshaw Delves or any erratics, boulder 
clay or other trace on the moor of any general glaciation of the 
district. The surface is littered with blocks of grit formed by 
weathering in situ. Even at the level of about 600 feet in a quarry 
at Eldwick, on the southern side of the moor, the deep decomposition 
of the sandstones indicates that there had been no glaciation at 
that locality. My observations agree with the generally accepted 
view that the hills in this district have not been covered by a general 
ice sheet, and that the only extraneous ice in this part of the Aire 
valley lay on its floor. 

3. Eskers in N. Yorkshire and near York.—The interval between 
the Bingley Kames and those of 8. Durham is partially filled by 
a few recorded esker formations including the “Roman Ridge ” 
near Lendrick Farm, W. of Ripon, which trends N.W.-S.H.?; 
Cowper Reed ® refers to it as “an esker-like ridge ”’. 

The formation in Yorkshire which, judging from the drift maps, 
appears the most osar-like is a band of sand and gravel that extends 
from York S. to Escrick, and has been identified as an esker by 
Professor Kendall.4 Two curved bands of glacial sands and gravels 
occur in this part of Yorkshire. The northern band (Sh. 93, N.H.) 
passes through York N.E. to Helmsley and then N. and N.W. past 
Sheriff Hutton and Whenby. It has been described as the York 
moraine. A second curved band of boulder clay capped in places 
by sand and gravel is marked on the Geol. Survey map (Sh. 93, 8.E.) 
passing 5 miles S. of York through Catton to Escrick and Stillingfleet 
(35 feet). It has been described by Professor P. F. Kendall ° as 
a southern but probably younger moraine. Dr. Cowper Reed ° 
refers to these bands as having been “ considered by some geologists ” 
as moraines. Professor Bonney’ has discussed that view and 
rejected it. 

On the view that the formations at York and Escrick are moraines, 
the position of the connecting band through Fulford to Hscrick is 
suggestively osar-like. The intimate structure of the glacial drifts 
at York is described in the memoirs by J. F. Clark * who favours 
their deposition by floating ice, and Fox Strangways.” H. F. 
Parsons?’ has described sections in the Hscrick drift: Otherwise 
the published information deals rather with the distribution of the 
drifts than with their composition and structure. I have recently 

92 S.E., 1879, p.12. ; 
Mem. Geol. Surv., 96 N.W. and 8.W., 1886, p. 55. 
Geol. Riv. H. Yorkshire, 1901, p. 17. 
Proc. Yorks. Geol. and P. Soc., xii, 1893, p. 311 
Ibid. 
Geol. Rivers, H. Yorks., 1901, p. 17. 
Presid. Addr. Brit. Assoc., Rep. Brit. Assoc., 1910, p. 26. 
Proc. Yorks. Geol. and Poly. Scc., N.S., vii, pp. 421-39, pl. xxiii. 
Mem. Geol. Surv., 93 N.E., 1884, pp. 28-30. 
Proc. Yorks. Geol. and Poly. Soc., vi, 1878, pp. 214-38. 
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revisited the district to reconsider the impressions of previous 
visits. 

The main road from York to Selby traverses the Fulford—Escrick 
band. The pits show gravel with waterworn boulders of 
Carboniferous rocks and pebbles of vein quartz, black chert, purple 
quartzite, and some green felspar-porphyry similar to that of the 
Lake District. Some of the boulders show flattened surfaces, but 
I saw none with glacial striz. The gravel shows no osar-like cross 
banding. The freshest section seen on my last visit exposed six feet 
of horizontally bedded sands, interbedded with four layers of 
gravel. In some of the pits the predominant constituent is sand. 

The material is typical fluvioglacial sand and gravel; it is 
part of a thin sheet and does not form a conspicuous ridge. The 
slopes are very gentle. Thus the road from Deighton Grove 
towards Wheldrake starts at the height of 35 feet O.D.; and the 
variations from that level recorded by the 6 in. map are as follows : 
At 700 feet +3 feet; at 2,800 feet + 6 feet ; at 5,600 feet, at Pool 
Bridge, — 9 feet; the road rises from this stream-to — 2 feet. West 
of the York—Escrick road the land sinks in a gradual slope to the 
Ouse, which there flows at the level of 26 feet O.D., so that tbe 
descent is only from 10 to 20 feet. There seems accordingly no 
evidence either from internal structure or surface relief to refer 
the Fulford—Escrick band to the class of osar. It is one of several 
remnants of a sheet of gravel, the widespread range of which is 
indicated by the patches at Naburn and elsewhere, and by those 
marked on the Geological Survey drift maps by blue dots. 

The band of sand, gravel, and boulder clay between Hscrick 
and Wheldrake, which has been identified as the outer moraine, 
though somewhat more conspicuous than that from Fulford to 
Escrick, is a low, broad rise. Its height is about 30 feet above 
the adjacent plain ; ; its slopes are gentle and it shows neither the 
humpiness characteristic of moraines, nor the steep sides of 
kames. I saw on it no large erratics. It appears to be a rise 
left by denudation. This view agrees with that of Professor Bonney, 
who, in his Presidential Address to the British Association (ep. 
Brit. Assoc., 1910, p. 26), concludes that “ the so-called moraines 
near York . _ do not, in my opinion, show any important difference 
in outline from ordinary hills of sands and gravels, and their 
materials are wholly unlike those of any indubitable moraines 
that I have either seen or studied in photographs ”’. 

The bands of gravel between Fulford and Escrick and between 
Escrick and Wheldrake do not belong to the category of kames or 
osar. 

4. E. and S.E. Yorkshire-——An “ esker-like”’ ridge, resting on the 
Upper Boulder Clay in Stanghow Moor, Eskdale,' occurs on the 
flanks of the Cleveland Hills. Better developed eskers have been 

1 Mem. Geol. Surv., 104 8.W., S.E., 1888, p. 67. 

VoL. LIX.—NO. I. 3 
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described in Holderness.1 The best-known example is at Brandes- 
burton, E. of Beverley, and outside of Carvill Lewis’ line of 
EK. Yorkshire terminal moraine. It contains marine shells. The 
course and form of this ridge is well shown on the 6 in. map, Yorks, 
Kast Riding, 196 N.H. It is about 2 miles long, and includes 
Barff Hill, Coneygarth Hill, and Gildholm Hill. I have not visited 
it ; but its position suggests its origin as a kame marginal to the 
North Sea ice. A more detailed account of this formation is 
desirable. 

IV. LincouNnsHire. 
Kskers have been described by Sir A. Strahan at two localities 

in E. Lincolnshire.2, Near Binbrook Walk House, 6 miles N.W. of 
Louth, are three patches of gravel, which m one pit is cemented to 
conglomerate and breccia, in another it occurs as loose stratified 
gravel, mainly of rolled flints ; the deposit occurs in a Chalk valley. 

The other esker is 8. or Panton Railway Station, 12 miles E.N.E. 
of Lincoln. According to Sir A. Strahan, its oravels are probably 
older than the Chalky Boulder Clay, and it formed a ridge trending 
N. and 8., which has been cut through by the stream that flows 
from Market Stainton to Wragby. 

The part of the ridge 8. of the stream is the largest; it has, 
when seen from the W., a flat-topped sky-lme. The material is 
exposed in a pit 20 feet deep and about 15 acres in area. LHrratics, 
one of coarse grit 3 by 24 by 14 feet, occur on the road which crosses 
the 8. end of the ridge. The section at the N.W. end of the pit 
shows at the top contorted flmt gravel with pockets of sand and 
loam ; below this layer is sand; at the bottom is a flint gravel 
with a loamy base and cobbles of porphyritic basalt and cherty 
grit. At the 8. end of the pit the lowest bed is a white sand. The 
sides of the pit show great variations in the structure of the beds ; 
but the main bedding is horizontal, not inclined, and the succession 
of the layers is not periodic. The succession is from white sands 
at the base, through gravel with a loamy base, and bedded loams, 
to contorted gravel and sand at the top. This represents a marked 
change in the conditions of the deposit, but I saw no indications 
of the seasonal banding or of the regular repetition of sequence 
characteristic of osar. This “esker” is a dissected fluvioglacial 
kame which was probably formed as interglacial gravel by wash 
from ice to the H. © 

V. Norro.k. 

1. Gravel Mounds of S.W. Norfolk—In Norfolk are widespread 
glacial gravels, some of which have been described as eskers, as by 
Mr. T. V. Holmes (Guot. Mac., 1883, p. 441), who, however, uses the 
term also for non-glacial deposits as he applies it to gravels in the 
tropical coasts of Peru. The term “esker” was apparently first 

1 J. Phillips, Rivers, etc., Yorks., 1853, p. 124; Mem. Geol. Surv., 93 S.H.,. 
1886, p. 33; (feol. Holderness, 1885, pp. 51-3. 

2 Mem. Geol. Surv., 83, 1888, pp. 124-5. 
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suggested in Norfolk 1 for a curved series of mounds at Congham 
Common, W. of Great Massingham, 8 miles E.N.K. of King’s Lynn. 
Approaching the Congham mounds from the W., they at first appear 
esker-like. The main gravel pit shows the following section : Soil, 
crowded with angular flints with many frost-flakes, some of which 
have been “ eolithically ” chipped by a soil-cap movement; sand 
with subangular flints, flakes of flint, occasional round sandstone 
boulders, the largest 16 inches in diameter, and pebbles of carstone 
(probably derived from the N.W.). ; 

I saw no striated stone. The most striking feature of this 
material is its angularity. The deposit lies in a typical dry Chalk 
valley, and is the remains of a sheet that once covered the floor 
and was formed by wash from the Chalk downs on both sides. 
Subsequently the valley has been deepened by cutting into this 
gravel, and the sinuous front due to this denudation has produced 
the esker-like aspect. 

In the next valley to the south, about 14 miles 8.8.W. of Great 
Massingham, are two wooded banks of sand and gravel, a little 
above the floor of the valley. They are doubtless the remnant of 
a bed of gravel most of which has been removed in the deepening 
of the valley. 

Mr. Whitaker? has described the Bartholomew Hills, 24 miles 
N. of Swaffham, as esker-like and also other patches of gravels, 
including those W. of Massmgham and on Grimston Heath further 
north. They have been described by Whitaker from notes by 
C. E. Hawkins and H. B. Woodward.? I have visited some of the 
occurrences, which from the map and descriptions seemed most 
esker-like; they appear to be remains of a widespread sheet of 
gravel, and to owe their occasional linear arrangement to the 
accidents of denudation. 

2. Hunstanton.—Mr. Harmer has referred ‘ to the striking absence 
of esker formations from East Anglia. The one exception that he 
admits is the “ Hunstanton Esker ’’, which is locally known as the 
Ringstead sand-hills. It is situated in a tributary to a dry Chalk 
valley, known as Ringstead Downs, about half a mile W. of Ringstead 
St. Peter, and about 1? miles E.S.H. of Hunstanton Railway Station. 
It has been described by Whitaker ® and by Holmes ° as an esker ; 
but it has been interpreted by Carvill Lewis’ as a beach deposit. 
The sands in it contain numerous fragments of marine shells including 
Mytilus. The base of this esker is at the level of about 50 feet O.D. ; 
the best section is in a pit at its southern end. The uppermost 

1 Cf. Proc. Norwich Geol. Soc., i, 1884, p. 272; Mem. Geol. Surv., 65, 1893, 
joe ThE 

* Mem Geol. Surv., 65, p. 75. 
° Mem. Geol. Surv., 65, 1893, pp. 75-9. 
+ Geol. in Field, p. 173. 
5 Proc. Geol. Assoc., 1883, viii, p. 135; Mem. Geol. Surv., 69, 1899, p. 88. 
6 Grou. Maa., 1883, p. 441. 
7 Glac. Geol. Gt. Brit., pp. 340-1. 
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bed is a surface wash of angular broken flints; this rests on shell- 
bearing sands, or on boulder clay, which is sometimes in disturbed 
patches, but at the southern end of the pit occurs as a sheet 2 feet 
thick, resting upon an irregularly denuded surface of the sand. The 
foreign rocks in this boulder clay show that it belongs to the North 
Sea Drift. The bedded shelly sands were therefore deposited in a 
depression earlier than the North Sea Drift; and that the present 
form of the sand hills is due to denudation later than that Drift is 
shown by the angular flint gravel which caps them and which was 
formed as a wash down the sides of the valley. When this gravel 
was formed a continuous slope must have extended from the Chalk 
slopes to the summit of the ridge. Some outliers of the sands to 
the S.W. of the ridge suppert the conclusion that its form is due to 
denudation. 

3. The Blakeney Downs.—The most esker-like formation which 
J have seen in Hast Anglia is that known as the Blakeney Downs, 
a sinuous bank of sand and gravel which lies on the high ground 
(80-150 feet above O.D.) to the W. and 8.W. of Blakeney. Its 
course has been described by Holmes! and H. B. Woodward. 
The structure is clearly shown in a series of extensive sections. 
The redeposition of some of the material has in places given rise to 
a dip parallel to the slopes. The most imstructive sections are on 
the S.E. side of the road going S.W. from Blakeney. The surface 
layer is usually a residual bed, a foot or two thick, composed of 
closely packed flints. Beneath this layer is false-bedded fluvio- 
glacial gravel; this rests on the eroded surface of a lower series © 
of similar gravels and bedded sands. The sides of this pit show 
the longitudinal variations in the deposits; but in spite of the 
clear and numerous sections alorg the ridge I saw no evidence of 
osar-like cross banding. The sections show that the original bedding 
of the fluvioglacial beds has been abruptly cut off on the margin 
by later denudation, and that on this worn surface was deposited 
a sheet of boulder clay, which, at the N.W. corner of the main pit, 
rests upon 12 feet of marl formed of redeposited Chalk and belonging 
to the North Sea Drift. 

Isolated from the main ridge by level tracts of boulder clay are 
mounds of sands and gravel, such as Joe’s Hill. Similar gravels 
are extensively developed on the opposite side of the River Glaven, 
E. of Wiverton, where they are shown in large pits. 

The Blakeney “ esker”’ is either part of a wide sheet of fluvio- 
glacial gravel, or of a kame formed before or during the deposition 
of the North Sea Drift; it contains biotite-gneiss and other rocks 
characteristic of that drift ; but the boulder clay of that drift rests 
on an irregular eroded surface of the kame gravels. It may be 
residual from a widespread sheet of sand and gravel, or a denuded 

1 Grou. Maa., 1883, p. 441. 
2 Mem. Geol. Surv., 68 S.W. and N.W., 1884, pp. 34, 35, 37; Geol. Engl. 

and Wales, 1887, p. 510; Proc. Norw. Geol. Soc., i, pt. 8, 1884, p. 266. 
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kame formed near the margin of the ice which deposited the North 
Sea Drift. 

4. Cromer.—The Lighthouse Hill at Cromer has been mentioned 
by Mr. T. V. Holmes as resembling an esker, but he explains it, and 
the Beeston Hills to the W. of Cromer, as “ hills of circumdenuda- 
tion” 1. The Lighthouse Hills are sand-dunes resting on con- 
torted drift. 

VI. CumMBERLAND—N. LANCASHIRE. 

The N. and W. Margin of the Lakes——Kames and eskers have 
been described from N. Cumberland around Carlisle ; they may be 
conveniently considered in connexion with the extensive series 
on the Scottish side of the Solway. Those near Carlisle have been 
described by T. V. Holmes? and J. G. Goodchild.? On the W. 
side of the Lake District, A. H. Green 4 described as eskers the gravel 
mounds in lower Ennerdale and explained them as tidal deposits ; 

they occur where a kame might be formed along the sea front of 

the Ennerdale glacier. 
2. The Valleys of the Lake District—In the valleys of Cumberland 

and Westmorland numerous mounds have been described as eskers, 
e.g. at the mouth of Garsdale, N. of Fell Yeat,® im Milburn 
Beck, N. of Knock Pike, and Cosca Hill, E. of Knock Gill,° near 
Staveley and Kendal (4 mile S. of Loundes), and at Blea Beck Old 
Bridge, Shap Wells.". Professor J. E. Marr * has mentioned several 
and remarks their origin in various ways. Most of these formations 
seem to be due to the denudation of beds of post-glacial, or, as 
suggested in the Mem. Geol. Surv. for the ridge at Fell Yeat, of 
interglacial gravel. None of those mentioned which I bave seen, 
or others of the same kind, appear to be either osar or kames. 

3. The Carnforth Gravels and Kames.—The Carnforth gravels are 
of historic interest, as they were referred to by Buckland ° as morainic 
in bis classic paper on the British glacial deposits. Subsequently 
they have been referred to by Mackintosh.!° The range of the S. 
part of the sheet of sands and gravels to which they belong is given 
on the Geol. Surv. Map, Drift Ed., 91 N.E.; but little definite 
information has been published regarding them. Professor Marr 
has kindly lent me the 6 in. maps of the area with many of his notes 
thereon, which were of much use in my visit. The gravels are seen 
from the L. & N.W. Railway at Carnforth Station, around which 
the best sections occur. Hawes Hill Pit, 8. of the station and E. of 

1 Grou. Maa., 1883, p. 441. 
2 Gron. Maa., 1883, pp. 439-40; Mem. Geol. Surv., Carlisle, 1899, pp. 45-7. 
3 Q.J.@.S., xxi, 1875, pp. 91, 92. 

Geology, 1876, pp. 470-1. 
Mem. Geol. Surv., 97 N.W., p. 188. 
Mem. Geol. Surv., 102 8.W., p. 98. 
Mem. Geol. Surv., 98 N.E., 1888, pp. 42, 45. 
zeol. Lake District, 1916, pp. 179-80. 
Proc. Geol. Soc., iii, 1841, p. 247. 

10 Q.J.G.S., xxix, 1873, p. 354. 
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the railway, has an esker-like aspect at the S. end of the pit, as it 
has an arch bedding; but this structure is not due to deposition 
but to later movements. The core of this arch consists of a flat- 
topped block of gravel capped by laminated loam; above this 
loam is coarse gravel which sinks at each end of the section below 
a higher layer of the bedded loam. The former continuations of 
the bed capping the core has sunk, as would have happened if they 
had rested on imbedded masses of ice which had melted away ; on 
the E. side the loam is bent down and is thinner, having been pulled 
out by the subsidence; on the W. side the layer of loam has been 
broken and the coarse gravels above rest through the breach directly 
on the core. The N. face of the pit, about 20 feet high, shows the 
typical gravels of Hawes Hill, which consist of an irregular succession 
of bedded sands and oravels : the main bedding is there horizontal 
with a slight general dip to the W.; the lower part of the section 
consists of coarse gravels with a dip to the W.; above are lenticular 
and irregular beds of sand and gravel, which are much false-bedded 
and show repeated contemporaneous erosion. The upper part 
consists of loams and gravels, and the horizontality of their main 
bedding is shown by three layers of loam which extend across the 
section with only a very slight dip to the W. Sections at right 
angles to this face show that the main bedding in the direction 
N. “and S, is also nearly horizontal. 

At the N.W. corner of Hawes Hill the upper layer is crowded 
with large boulders doubtless collected by the washing away of 
the finer constituents. 

At the Locomotive Works W. of the railway, in a projection N. 
of the main shunting yards, the beds dip to the E. In the W. side 
of this section is a fault with a downthrow to the W. of 3$ feet. 
The beds consist of a succession of torrential gravels, and of fine 
gravels, sand, and loam. At the base is a bed of coarse gravel 
dipping K.; above it is a layer composed of three beds dipping 
more steeply to the E.; at the W. end is a wedge-shaped mass 
of fine gravel and sand; this is flanked to the H. by bouldery 
drift, which is in turn succeeded by brown sandy loam. ‘These 
three beds are cut off above by a denuded surface, on which was 
laid a sheet of bedded sand and gravel, that is covered at the S. 
end by a bouldery wash. The dip of these beds to the EH. and that 
at Hawes Hill to the W. indicates that the beds were deposited on 
the banks of a valley through which the Keer once discharged S. 
past Bolton-le-Sands. The drumlin known as Hunting Hill (150 feet 
high), which rises W. of the Locomotive Works, is part of the western 
bank of this old valley. 

The gravel pits at Carnforth Bridge, which were probably those 
seen by Buckland, are now mostly overgrown; but a new section 
on the 8S. bank of the canal, 600 yards E.N.E. of the bridge, shows 
gravel at the base overlain by bedded sands, into which irregular 
channels have been cut and filled by coarse bouldery wash ; at the 
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W. end of the section a vertical cliff had been cut into the lower 
gravel and sands, and coarse gravel dumped against the cliff, the 
bedding being almost vertical at the cliff face. 

The Carnforth gravels are typical fluvioglacial deposits, laid 
down by torrential streams; I saw no striated boulders or con- 
tortions like those in drifts disturbed by ice; but there are faults 
such as have often been attributed to the melting of blocks of ice 
or frozen sand. Most of the boulders are of Carboniferous lime- 
stone, with an assortment of rocks from the N.; and this mixture 
of materials which were brought to the neighbourhood by ice justifies 
Buckland’s description of the gravels as “‘ detritus of moraines ” 

The arrangement of the gravels is not osar-lke ; the irregularity 
of the deposits is due to frequent contemporaneous erosion and to 
deposition by streams varying frequently both in strength and 
direction. There is no sign of regular seasonal banding. 

The surface of the Carnforth gravels forms mounds with a few 
secondary ridge-like forms; but they seem due to erosion. 
According to the Geol. Survey Map (8h. 91 N.E., Drift) the gravels 
extend S. KE. past Thwaites House and end there abruptly on an 
K.W. line ; the hills which rise to 208 feet, from about 160 feet, are 
shown by the map as part of the sands and gravels, but they appear 
to be drumlins of sandy boulder clay ; the Carnforth gravels lay 
at a lower level, not rising above about 70 feet. 

The boulders from the Lake District suggest the derivation of 
the Carnforth gravels from the N. down the valley followed by the 
road from Carnforth to Milnthorpe. Some of the hills near Burton- 
in-Lonsdale (4 miles N. of Carnforth) appeared. from the railway 
to be kame-like ; but those visited are of boulder clay with numerous 
striated boulders, as on the S. side of the wide “ moss” S.W. of 
Burton Station. The furthest N. at which I have seen the Carnforth 
fluvioglacial gravels is on the W. side of the Milnthorpe road, 8. of 
Yealand Conyers, 2 mile N. of its junction with the Burton Road. 
The gravels there are coarse and cemented; they were clearly 
derived from boulder clay and deposited on the valley floor. 
Further 8. the gravels spread out as a wide sheet and are worked 
in a shallow pit, N. of the Keer bridge ; the bed is a typical fluvio- 
glacial false-bedded sandy gravel with pockets of loam, such as 
is laid down on the flood plain of a rapid, shifting river. These 
deposits indicate that one source of the Carnforth gravels was a 
river coming down the valley from Burton and Kendal. Another 
contribution was received through the Keer valley from the N.K., 
past Kellet Bridge. 

4. The Kellet Bridge Kames.—The best-developed ridges of 
glacial drifts near Carnforth are near Kellet Bridge, about 2 miles 
H.N.E. of Carnforth Bridge and at the level of 50 feet O.D. My 
attention was kindly called to them by Professor Marr. They 
consist of a double series of low ridges usually about 15 feet high. 
They are in places so regular and look so artificial that the farmer on 
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whose land some of them occur explained them as “made for 
fighting’. The southernmost of the series is cut through by the 
railway just N. of Kellet Bridge ; it follows the railway as a sinuous 
and in places wooded ridge, 15 feet high ; there is no clear section, 
but the abundance of boulders is proved by the occurrence of thirty 
in one group 8.H. of Alpha House. The nature of the material’ 
exposed on the surface and thrown out from rabbit burrows is 
glacieluvial. 

The close association of these formations with ice is shown by 
an excellent section through one ridge m a gravel pit N. of the 
High Keer Bridge on the road from Kellet to Burton. This section 
is 15 feet high, and it shows three layers ; the lowest, exposed on 
the H. side, is gravel with a base of brown loam ; above this is a bed 
crowded with large well-washed boulders (up to 3 feet in diameter) ; 
this boulder bed is covered by gravel. This section may be explained 
by the deposition first of a low bed of gravel in front of a glacier ; 
a re-advance of the ice led to the deposition of the large boulders, 
which were covered by gravel when the ice again retreated. The 
Kellet Bridge ridges are not osar, as they show neither seasonal 
banding or fluvioglacial action. They are glacieluvial kames 
deposited along the edge of ice which apparently came from the 
N.E., and spread over the low ground of the Keer valley and ended 
on its S. slope. 

VII. Iste or Man. 

Opposite Carnforth at the N. end of the Isle of Man a line of 
high kames known as the Bride Hills, trends H. and W. across 
the island. They have been described by Lamplugh.t 

VIII. S.W. Lancasuire AND CHESHIRE. 
A mound of “ esker drift’ at Pickering Castle, N.K. of Chorley, 

has been mentioned by de Rance.? The sand ridges on the Cheshire 
plain at Beeston and near Delamere, have been regarded as eskers.? 
From the account by G. H. Morton 4 these beds belong to the 
“Middle Glacial ’’, and he describes them as having evidently 
originated as sand-banks. Those which I have seen are residual 
banks left by the denudation of the interglacial sands. 

TX. THe MIpiaAnpns. 

A number of especially interesting “ eskers ” have been described 
from the western Midlands. Professor Boulton’ has published an 
instructive account of an example near Kingswinford which extends © 
for 4 miles on a N.N.W. course, and passes 1 mile N.W. of Stour- 
bridge. Professor Boulton describes the beds as contorted and as 

1 Geol. I. of Man, 1903, pp. 353-8. 
2 Mem. Geol. Surv., S.W. Lancashire, 1877, p. 44. 
3 H. B. Woodward, Geol. England and Wales, p. 490; Strahan, Mem. Geol. 

Surv., 80 S.W., 1882, p. 17. 
4 Geol. Country around Liverpool, 1897, pp. 209-10. 

. ° Proc. Birmingham Nat. Hist. Soc., xiv, 1916, pp. 25-35, pl. v, vi. 
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faulted by the melting of included ice, and as containing “ beautifully 
laminated” mud. He describes it as built up of a series of semi- 
cones deposited by a sub-glacial river, which came from the N. and 
discharged into a sheet of water near the ice margin (ibid., p. 30, 33). 
Transverse to the main ridge are several kames (ibid., p. 32). The 
level of this formation is from 200-75 feet above sea level. The 
valley in which it lies was preglacial (ibid., p. 35). 

Professor Boulton’s account of this formation gives the first 
proof of English osar. Mr. E. EH. L. Dixon has kindly informed 
me of some branching gravel ridges which he is investigating at 
Newport, Shropshire, and of which he will publish a description 
shortly. He describes the series as branching and each branch 
as becoming alternately wider and narrower ; and this moniliform 
character combined with other features indicates that these 
formations are also osar. Professor Boulton tells me that they 
belong to the same series as that of Kingswinford. 

Midland eskers have been recorded from the Longmynd, where 
they are said to occur to the height of 900 feet on the N.E. flank ; 
N.W. of Buildwas and Strethill + ; near Oswestry, as A. C. Nicholson ? 
has called the Gloppa shell beds “‘ a ridge of eskers ” 1,000 yards 
long; and irregularities like esker mounds rise from beneath the 
“unbedded drift’ (interglacial) near Four Oaks, 6 miles 8. of 
Lichfield, and near Hopwas, W.N.W. of Tamworth.2 I have not 
visited these formations except at Gloppa, which on my visit was 
enveloped in so thick a mist that I could see practically nothing 
of the field relations of the shell-bearmg sands. 

The Midland records relate to localities in the area containing 
morainic drift. To the S. and EK. of that area there are no kames ; 
for example, the gravels of the Malvern district, according to 
J. Gray, are preglacial. 

X. WetsH ESKERS. 

1. N. Wales—On the mainland of N. Wales the best-known 
formations referred to as eskers are in Flintshire around Mold. 
Some curvilinear banks of shell-bearing sand and gravel were there 
described by Mackintosh ® as “ sand-eskers”’. He recorded them 
to heights of 800 feet above sea level near Brynford, and of 950 feet 
at Moel-y-Crio. They and other examples have been also described 
by Sir Aubrey Strahan,° who refers to numerous eskers and describes 
(op. cit., p. 139) that at the height of 982 feet on Moel-y-Crio, 8.W. 
of Halkin, as “the most conspicuous in all this part of Wales”. 
It contains shell fragments. Most of these eskers are at low levels 
along the valleys, such as Bailey Hill in Mold; at Hartsheath in 

1 Geol. Assoc., Geol. in Field, pp. 764-5. 
2 Q.I.G.S., xlviii, 1892, p. 86. 
3 Mem. Geol. Surv., 154, 1919, p. 179. 
4 Proc. Birmingham Nat. Hist. Soc., xiii, 1914, p. 17. 
° Proc. Geol. Soc. Liverpool, iv, 1883, p. 361. 
6 Mem. Geol. Surv., 79 S.E., 1890, pp. 180, 131, 135, 137, 139, 142. 
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the Alyn valley, S.E. of Mold, where two eskers rise through the 
alluvium, the most esker-like occurring between two tributaries 
to the Alyn; at Maes-y-groes in the upper Alyn Valley, about 
3 miles W. by N. from Mold; and at Sarn Mill and at Groessffordd, 
in the valley of the Chwyler. The low level eskers appear to be all 
denuded remnants of a sheet of sand and gravel interstratified 
between two boulder clays. They are usually ridge-like because 
they are due to denudation along the valleys. It is worthy of notice 
that these gravels are near the line marked by Sir A. Strahan as 
the margin of the North Welsh ice. 

2. Anglesey.—Mr. Greenly has described a series of “ eskers”’ in 
Anglesey.1_ From his account they appear to be fluvioglacial in 
origin, and to be restricted to low levels on the margins of the island, 
ranging in level from 100-239 feet. 

3. Central Wales—A ridge 120 feet high of stratified false- 
bedded glacial gravel, sand, and clay across the Ystwyth Valley, at 
Llanrhystyd Road Station, S.E. of Aberystwyth, has been described 
as an esker by W. Keeping? He refers to its aspect as like that of 
moraines, but says “ its structure is totally different ”. The pebbles 
are “so little waterworn “that they retain glacial striae and are 
subangular. It appears to be part of a bar deposited on the front 
of the ice sheet that descended the Ystwyth valley ; as seen from the 
railway, which exhibits a good section through it, the formation is 
kame-like in aspect ; Keeping’s excellent account of this formation 
indicates that it is a glacieluvial kame, formed, as he remarks, where 
the Ystwyth valley opens out to a plain near the sea. 

4. S. Wales.—Sir A. Strahan has described some of the gravel hills 
near Abergavenny and Newport as eskers.2 They appear to be 
residual hills due to the denudation of the great sheet of fluvio- 
glacial gravel which was deposited in the Usk Valley along the 
S.E. edge of the 8. Wales glaciers. 

XJ. Tue Distripution anpD CLASSIFICATION OF THE ENGLISH 

Kames, Eskers, AND Ogar. 

From the evidence in the foregoing summary the English “ eskers ” 
may be classified as follows :— 
Osar: Kingswinford and Newport, Salop. 
Kames :— 

Fluyioglacial: Bingley; Panton; Blakeney; Anglesey ; 
S. E. Northumberland. 

Glacieluvial : Lucker; Elsdon ; Kellet Bridge, near Carnforth ; 
Llanrhystyd. 

Residual: Wark; Bowmont Water; W. Durham ; Durham 
City ; Hunstanton ; Usk Valley. 

+ Mem. Geol. Surv., Anglesey, 1919, vol. ii, pp. 706, 725, 730, 741, 749-50, 
759, 762. : 

* Grou. Maa., 1878, p. 541; 1882, p. 256. 
* Mem, Geol, Surv., 8S. W. Coalfield, ii, 1900, pp. 89-90 ; Newport, 249, 1899, 

pp. 81-2. 
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The only known osar are those of Kingswinford and Newport 
(Salop). Kames are numerous, and may be grouped into three 
geographical series. The eastern series includes those formed along 
the margin of the Cheviot ice in Northumberland and Durham, and 
further S. the kames of Brandesburton, KE. Lincolnshire, and 
Blakeney, which were probably deposited along the W. margin of 
the North Sea ice. The second series occurs along the probable 
KE. margin of the ice sheets that flowed from the mountains of 
Wales and N. England; it includes the Roman Ridge near Ripon, 
the kames of the Aire Valley near Bingley, of E. Cheshire, those near 
Lichfield, and the mounds of the Monmouthshire Usk on the E. 
margin of the 8S. Wales ice. The third series hes along the former 
W. edge of the English ice sheet and was deposited at intervals during 
its retreat ; this series includes the kames of the Solway; Ennerdale ; 
near Carnforth (though the Kellet Bridge kames were formed along 
the S.E. margin of a lobe of this ice) ; in the Isle of Man; Anglesey ; 
and near Aberystwyth. The kames are not all of the same age ; 
some, e.g. those at Kellet Bridge and of the coast of Northumberland, 
belong to the last glaciation ; while others, e.g. those in K. Lincoln, 
Hunstanton, and Blakeney, are interglacial, being overlain by boulder 
clays belonging to the North Sea Drift. 

The kames and osar agree in being restricted to comparatively 
low levels ; usually below 200 feet O.D., but those in E. Durham 
rise to 500 feet above sea level. The Lanshaw Delves are excluded 
as a moraine and the shelly sands at Gloppa, Moel-y-Crio, etc., as 
not true kames. This restriction of kames both in height and 
horizontal range may be dve to the deposits having been 
accumulated in ridges instead of spread out in sheets, owing 
to the ice having entered a sheet of water. This view has been 
expressed by Green for the kames of Ennerdale and Airedale, by 
Keeping for that near Aberystwyth, by Professor Boulton for 
that of Kingswinford, and by Dr. Smythe for those of 8.E. 
Northumberland ;1 and it is in accordance with the explanation 
adopted for kame and osar formation in other countries, 

The distribution of the kames and osar is shown on the sketch- 
map, fig. 1,2 upon which is also shown, modified in places, Carvill 
Lewis’ line marking the position of the terminal moraine, which, 
according to him, marked the limit of the English land-ice. The 
line requires modification, for Lewis’ later observations showed that 
the range of the land-ice was in places wider than he had at first 
recognized, as around Birmingham, and was elsewhere less extensive, 
as in N.E. Yorkshire. The kames are naturally not continuous all 
along that line, for they are readily destroyed by denudation ; 
and on the view that they were formed where the ice entered water, 
they would not be found where the ice-front crossed what is now 

1 Trans. N.H.S. Northumberland, iv, 1910, p. 111. 
* For help in this map I am indehted to Mr. M. A. Peacock. 
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higher ground. The frequent occurrence of the kames near Carvill 
Lewis’ terminal moraine line is significant, and the absence of them 
and of osar from 8. Yorkshire and from most of the Midlands and 
East Anglia supports other evidence that nearly all that country was 
free from land-ice. If England had been covered by glaciers as 
far S. as the Thames valley, it is strarge that neither kames nor 
osar have been found in the EH. Midlands or anywhere S. of Mid- 
Yorkshire, with the exception of occasional kames along the 
W. and 8. margins of the North Sea ice. The rarity of osar is 
also significant, since if they were the casts of glacial rivers they 
would be expected on the high ground as well as on the lowlands. 



REVIEWS. 

THE GroLoGy oF THE IaNEous Rocks or Essex County, Mass. 
Bull. 704, U.S. Geol. Surv. By Cuarues H. Ciapp. pp. 132, 
18 plates, 4 figs., and insert. 1921. 

i HE writer differs from other workers in distinguishing two periods 
of batholithic intrusion, the earlier being post-Ordovician and 

subalkaline and the later alkaline and of Devonian or Car- 
boniferous age. 

The calc-alkali series ranges from granodiorite (68°94 per cent 
Si0,) to gabbro-diorite (45°32 per cent Si0,), transitional varieties 
being developed. All these rocks show in places a gneissose or even 
schistose structure with development of secondary minerals of 
dynamic metamorphism ; the comagmatic characteristics are high 
FeO and TiO,, and a predominance of Na,O over K,O. With regard 
to the differentiation of this series, the author states that “it appears 
as if this batholith is an ideal example of the differentiation in place 
of an original basaltic magma through fractional crystallization 
under gravitative control.” A table of specific gravities is given. 
The variation diagram corresponds with the Pacific diagrams of 
Harker, though the curves are more linear. 

The first rocks of the alkaline series to be discussed are the Lynn 
volcanics, which range in composition from quartz-keratophyres to 
andesites. They were erupted through and accumulated on a 
weathered surface of the granodiorite mentioned in the last para- 
graph, and are cut in places by the alkaline plutonic series. 

The most acid member of the plutonic alkaline series is the 
Quincy granite, which consists essentially of quartz, microperthite, 
albite, and kataphorite; hedenbergite being essentialin some varieties. 
The average composition of the microperthite is 52 per cent 
orthoclase, though the extreme limits show 37 and 68 per cent of 
orthoclase. Apophyses of the granite consist of granite dykes with 
aplites and pegmatites, the latter always showing a medial portion 
of ? 8 quartz. Porphyritic varieties of the granite appear at the 
margins. Schlieren of a slightly lower silica percentage are common 
in the granite. 

The writer groups the pulaskites, umptekites, and hedrumites 
under the head of Beverly syenites. The pulaskite contains a green 
alkali-rich amphibole, like the kataphorite of the Quincy granite. 
Microperthite and aegirite are typical of the pulaskites and 
hedrumites, which by decrease of aegirite and increase of green 
hornblende pass into the umptekite, and this the author believes 
to be a hybrid between the pulaskite and gabbro-diorite. The 
nordmarkites (akerites of Washington) are transitional rocks between 
the syenites just dealt with and the granite. 

The author distinguishes as Squam granite the nordmarkite of 
Washington (quartz-diorite of Shaler). No new description is added 
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to the nepheline-syenites described by Washington as foyaites and 
ditroites. . 
A great number of types of dykes have been distinguished showing 

a range from paisanites to camptonites. 
With regard to the structure of the area three main faults have 

been distinguished, and there is a great deal of minor faulting. 
The main folding apparently took place a short time before the 
intrusion of the alkaline batholith. 

Shatter-breccias are well-developed at the margins of the 
intrusions, but there is little evidence of marginal assimilation 
producing variation at the edges of the batholith. There is, however, 
a great deal of assimilation producmg hybrid rocks by the 
commingling of two types, and descriptions are given of hybrids 
developed at the junction of the alkali and calc-alkali series. It 

- is shown that extensive hybridism is not confined to interaction of 
magma and cognate xenoliths, but may take place between magma 
and relatively cold country rock. 

J: ALWe 

IvppriaAL Instirute: MonoGraPHs on IMPERIAL RESOURCES 
WITH SPECIAL REFERENCE TO THE British EMPIRE: 
PETROLEUM. Prepared jomtly with H.M. Petroleum Depart- 
ment, with the co-operation of H. B. Cronsuaw, B.A., Ph.D. 
pp. x +110. London: John Murray, 1921. Price 5s. net. 

jy (eee literature has appeared in the past few years in connection 
with the petroleum resources of the world, both in this country 

and America, but being of a decidedly popular or commercial 
nature, it has usually suffered from the lack of scientific treatment. 
The time is undoubtedly propitious for the publication of an official 
volume (at a reasonable price) giving a concise and straightforward 
account of the known occurrences of oil, and indicating also the 
chief geological, physical, and chemical factors involved in each 
instance. Such a monograph as this should naturally command a 
wide circulation, and having a distiet educational value, we welcome 
its appearance accordingly. 

While essentially a compilation, the book is not simply a mass of 
incoherent facts; those responsible for the text have been careful 
to avoid mere tabulation by prefacmg the descriptive sections 
with an introductory chapter dealing with the characteristics, 
occurrences, mining, refining, and uses of petroleum. The world’s 
resources are then discussed under two main headings, those of the 
British Empire (including Mandatory Territories), and those of 
foreign countries. In the former case, apart from the well-known 
fields, such as Burma, Egypt, and Trinidad, much up-to-date 
information is given concerning prospects in regions of which less 
is known of their oil potentialities; these comprise among others 
Malta, Cyprus, Mesopotamia, Palestine, British Cameroon, Sudan, 
Nigeria, Somaliland, and British Guiana. Such data is of the greatest 
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possible importance, for while extensions are naturally to be sought 
in existing fields, it is just as vital that attention be focussed on the 
location of new and likely areas whose resources are as yet imperfectly 
realized. The small oil map of the world included on page 89 shows 
in a striking manner, however, the unfortunate divorce between 
the geographical situations of our colonies and those of the main 
petroliferous provinces of the world; so much country has 
unfortunately to be “ruled out” as impossible, from tectonic 
considerations. | 

Of the foreign resources one of the most interesting areas is 
undoubtedly that of Sakhalin (Russia) with it8 oil belt stretching 
along the Pacific coast for nearly 200 miles; though geologically 
complex, the indications are good, and an asphalt lake near Oha 
Creek, alleged to contain 25,000 tons of raw material, is not the least 
of these. Parts of Central America and Colombia also hold out 
great possibilities, while exploration in Venezuela, though slow and 
intermittent in the past, is now meeting with deserved success. 

Statistics of production are given in most cases, together with the 
results of refining the various crude oils obtamed. The amount of 
geographical and geological information included is surprising for 
a volume of this size; it is essentially the embodiment of this 
information to the exclusion of irrelevant commercial matter that 
sets a real value on the monograph, and we may express the hope 
that it will be widely read, not only by the scientific worker, but also 
by the general public. 

H. B. Mitner. 

Sirver Ores. By H. B. Cronsnaw. Imperial Institute Mono- 
graphs, pp. ix + 152, with 1 map. London: Murray, 1921. 
Price 6s. net. 

ee of the most striking facts concerning the silver production 
of the world from the mining and geological point of view is 

that about four-fifths of it is obtamed as a by-product from the 
mining and metallurgical treatment of ores exploited mainly or 

' largely for other metals, gold, copper, lead, and zinc. In many cases, 
however, the economic working of these ores would be impossible 
but for the added value derived from the silver. Hence it is some- 
what difficult to define what is really an ore of silver. The ore- 
deposits in which silver is the dominant metal show many interesting 
features, especially with regard to the phenomena of oxidation and 
formation of zones of secondary enrichment, while some of the 
deposits of native silver are very remarkable. 

In this monograph are brought together accounts of all the 
important silver deposits of the world; in a few cases, where the 
silver is essentially a by-product, the author has wisely contented 
himself with giving references to other works, when such are well- 
known or easily accessible; such are, for example, the lead-silver 
ores of England. It is a curious fact that the galena of Yorkshire 
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and Derbyshire should be so poor in silver, unlike North Wales, 
for example, and especially Devon and Cornwall. The most striking 
development of silver-production of late years is undoubtedly the 
Cobalt district of Ontario; Canada now occupies the third place in 
respect to output of all the countries of the world. 

All the usual details and tables are given, as in the other volumes 
of this series, and the work concludes with a very complete 
bibliography. 

THE PROBLEM OF THE Bray Series. By Grenvinte A. J. Coie, 
F.R.S. Proc. Roy. Irish Acad., vol. xxxvi, Section B, No. 1, 
pps LOA gD Ie 

[* this paper the literature of the Bray Series is reviewed and the 
various theories discussed, including the work of Pro- 

fessor Sollas. The author concludes that the present anomalous 
position of the old rocks of Bray Head and Carrickgollogan 
is due to an overthrust, by which they have been carried up over 
the Ordovician and Silurian rocks subsequently to the intrusion of 

- the Lemster granite. This is comparable to the horizontal dis- 
placements recognized by Sollas at Howth, and to certain structures 
described by Matley and by Greenly in Anglesey. The date of the 
overthrust is considered to be probably late Caledonian, although 
an Armorican relation is not definitely excluded. 

On. Some Mryerat OccurRENCES IN THE Namip Desert. By 
P. A. Wacner. Trans. Geol. Soc. South Africa, vol. xxiv, 
1921, pp. 71-97, with 2 plates and 2 text-figures. 

THE Namib Desert region, forming part of the South-West 
Protectorate, is occupied mainly by ancient crystalline rocks 

belonging to the Fundamental Complex of that region. Among 
these rocks are many occurrences of considerable mineralogical and 
petrological interest, some being fine examples of metamorphism, 
while others are of pegmatitic origin. Among the rocks and minerals” 
here described are the itabirite deposits in the hinterland of Walvis 
Bay, which are found to be too siliceous to be of any commercial 
value at present ; two interesting examples of cordierite rock, one of 
which yields fine blue crystals like the “ water sapphires ” of Ceylon 
and some remarkable occurrences of garnet, beryl, rose-quartz, and 
felspar in pegmatites. Some of the beryls are good enough for 
gemstones, as aquamarine and heliodore, greenish-blue and golden, 
respectively ; the last-named contains uranium. A promising 
-deposit of phlogophite in a diopside rock, associated with forsterite 
marble and pegmatite, is being opened up near Réssing Station. ; 
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EDITORIAL NOTES. 

TXHE Council of the Geological Society has this year made the 
following awards :—Wollaston Medal, Alfred Harker, M.A., 

LuL.D., F.R.S.; Murchison Medal, John William Evans, D.Sc., 
LL.B., F.R.S.; Lyell Medal, Charles Davison, Sc.D.; Wollaston 

Fund, Leonard Johnston Wills, M.A., Ph.D.: Murchison 
Fund, Herbert Bolton, M.Se., F.R.S.E.; Lyell Fund, Arthur 
Macconochie and David Tait. 

* * * * * 

Tue Foulerton Award of the Geologists’ Association for the year 
1921 has been given to Messrs. C. Davies Sherborn and Martin A. C. 
Hinton. Mr. Sherborn was for eight years (1890-7) secretary to 
the Association, and his work in connexion with Dr. A. Rowe’s 
classic papers on the zones of the White Chalk of the English Coast 
is well known. Mr. Hinton wrote several important papers for the 
Proceedings of the Geologists’ Association on the Pleistocene deposits, 
fossil Voles and Lemmings, and other subjects. 

* * * * * 

In continuation of our note in the last number on the distress in 

Cornwall we desire to call attention to the fact that geologists and 
mineralogists have now an opportunity of helping a good cause 
and at the same time of acquiring collections of Cornish rocks and 
minerals on very favourable terms. Arrangements have been 
made for the sale on behalf of the Fund of collections of local 
rocks and minerals, mainly collected by the miners themselves. 
Three different sets are on the market, namely, (1) Cornish rocks 
(these are mainly illustrative of the granites, their modifications 

and metamorphism), (2) Lizard rocks, and (3) Cornish minerals. 
The specimens are selected, named, and labelled under the super- 

vision of Mr. EK. H. Davison, which is a sufficient guarantee of 
authenticity and accuracy, and the prices of the collections are 

very moderate. We would urge all private collectors and curators 
of museums who do not already possess complete sets of Cornish 
rocks to avail themselves of this opportunity. All communications 
should be addressed to Mr. EK. H. Davison, B.Sce., F.G.S., School of 
Metalliferous Mining, Camborne, Cornwall. 

VOL. LIX.—NO. II. 4 



50 Editorial Notes. 

THE Thirteenth Session of the International Geological Congress, 
long postponed owing to the war, will be held in Brussels from 
10th to 19th August next. During this period papers will be read 
and discussed and there will be short excursions in the neighbour- — 
hood. Both before and after the formal session long excursions 
will be conducted by eminent Belgian geologists to all points of 
geological interest in the country. Some of these will cover much 
the same ground as visited by the Geologists’ Association last 
summer, but there are many others of great attractiveness. 
Full particulars can be obtained from the General Secretary, 
M. A. Renier, Palais du Cinquantenaire, Bruxelles. 

* kK k ok ok 

Owi1ne to the Christmas holidays the proofs of our January 
number had to be corrected very hastily : a slight error, owing to 
the omission of three words, unfortunately occurred in a review of 
the Bulletin on the Rocks of Essex County, Mass. (p. 45). The 
first sentence of the second paragraph should have read as follows: 
“The calc-alkali series ranges from granodiorite (68°94 per cent 
SiO.) to gabbro-diorite and hornblende-gabbro (45:32 per cent 
SiO.), ete.” The latter figure was obviously too low for a gabbro- 
diorite. 



ORIGINAL ARTICLES. 

Dolomitization in the Carboniferous Limestone of the 
. Midlands.! 

By L. M. Parsons, M-Sc., D.LC., F.G.&. 

(PLATE IV). 

CONTENTS. 
TI. Introduction. 

II. Note on Classification and Evidences. 
III. The Dolomitic Limestones and Dolomites between Gratton Dale and 

Cromford. 
IV. The Dolomitic Limestones of Gratton and Long Dale. 
V. The Dolomites between Parwich Moor and Wirksworth. 

VI. Summary of Conclusions and Comparison with the Leicestershire 
Dolomites. 

I. IntTRopuctTIon. 

ye contents of this paper record the results of a detailed 
examination of certain extensive areas of dolomitization in the 

Carboniferous Limestone of the Midlands. During the period 1912 
to 1914 the faunal succession in the Carboniferous Limestone 
bordering the Leicestershire Coalfield chiefly claimed my attention,? 
but many problems associated with dolomitization arose in connexion 
with that work and have been discussed in a previous paper.’ Being 
thus introduced to a study of metasomatism which yielded interesting 
results in Leicestershire, I turned my attention to the larger 
Carboniferous Limestone outcrop in Central Derbyshire, where a 
considerable thickness of dolomitized beds awaited description. 
The question as to whether the dolomitization in Derbyshire affected 
material on similar horizons or exhibited other features analogous 
to those of the dolomitization of the Leicestershire outcrops afforded 
considerable scope for investigation. Additional incentive to this 
particular study lay in the fact that dolomitization in the 
Carboniferous Limestone of this country had not been treated as a 
principal theme, but had been briefly described m notes occurring 
in papers by various authors, whose main object was the elucidation 
of other problems such as faunal succession. 

The widespread dolomitization which this paper attempts to 
describe occurs in the Gratton, Winster, Matlock, and Brassington 
districts of Derbyshire. At other localities in the same county 
smaller local developments of dolomitic material, obviously of sub- 
sequent origin, occur, but these are not comparable with the massive 
apparently bedded material of the districts mentioned above, and no 
description of them is given. 

1 Part IL of Thesis approved for the Degree of Doctor of Science in the 
University of London. 

* Described in Quart. Journ, Geol. Soc., vol. Ixxiii, 1917, p. 84. 
3“ Dolomitization and the Leicestershire Dolomites”: Gror. Maca., 

1918, pp. 246-58. 
4 e.g. Sibly, Q.J.G.S., vol. 1908, p. 54. 
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Since mapping is indispensable if the nature of metasomatism 
is to be fully appreciated, I have traced the dolomitization on the 
6 in. sheets of the Ordnance Survey. Certain features of the maps, 
particularly lateral transitions and kernels of dolomite or of .lime- 
stone, are obliged to be more or less diagrammatic, since it is 
impossible to show some of them true to scale. In mapping 
metasomatism, all parts of the surface within the boundaries should 
be examined in detail, and it is possible that some remnants of 
limestone or dolomite may have been overlooked. 

The chemical composition may vary in an area of dolomitization, 
consequently the shading on the maps represents the type, dolomite, 
or dolomitic limestone, as the case may be, which predominates 
im any area. 

In tracing changes of horizon I have found the zonal map of 
Mr. C. B. Wedd? to be of the greatest help in connexion with the 
study of the country east of Grange Mill. In the absence of a zonal 
map of the limestone west of Grange Mill, I have studied the fauna 
in the dolomitic material itself, and in the limestone adjacent to the 
dolomitized rocks. The results supply the information necessary 
concerning the horizons of the metasomatism. 

Detailed zonal subdivisions are not shown by any method of 
shading on the maps, since the variable position in the sequence of 
chert in the country west of Grange Mill makes it inadvisable to give 
a map similar to that of the Matlock district by Mr. Wedd. The only 
differentiation possible in the neighbourhood of the dolomite is 
between D, and D,, and the maps are less burdened by detail if 
such simple differentiation is expressed, where necessary, by the 
corresponding symbols. 

Numbers representing altitudes are given, so that the relation 
between dolomitization and topography may be appreciated. 

The Leicestershire Dolomites having been described previously, 
the present paper deals almost entirely with the Derbyshire material, 
but since the two districts exhibit such contrasting types of 
metasomatism, and as a comparison could not be made before the 
material in Derbyshire had been examined, I have given in the last 
section an outline of my conclusions with regard to the Midland 
Carboniferous area as a whole. 

Il. Notre oN CLASSIFICATION AND EVIDENCES. 
A classification of magnesian rocks based upon chemical com- 

position alone is unsatisfactory, and a simple classification based 
upon the time and mode of introduction of magnesia was given in 
my earlier paper. The recognition of the followmg more com- 
plicated types appears to be necessary :— 

Complex dolomites or dolomitic limestones yielding evidences of 
more than one period of secondary addition of magnesia. Such 

1 Mem. Geol. Surv. : “The Geology of the Northern Part of the Derbyshire 
Coalfieid and Bordering Tracts,” 1913, p. 15. 
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rocks result from later alteration of either contemporaneous or 
subsequent dolomites. 
Compound dolomites in which a primary clastic or precipitated 

dolomite has been produced by secondary addition of magnesia. 
It must be noted that types petrologically described under various 
terms such as dolomite-mudstone, pseudo-breccia, etc., will naturally 
fall into their respective groups in the classification arranged 
according to the time and mode of alteration. 

The methods of investigation adopted in connexion with the 
Derbyshire material are essentially the same as those pursued in 
the case of the Leicestershire rocks. The evidences obtained from 
different series of phenomena converge toward definite conclusions. 
The different series of phenomena are those connected with (a) 
field relations, (b) inherent structural and mineralogical features, 
(c) the absence or presence and condition of fossils, (d) chemical 
analyses. 
A general summary of evidences has been given previously, but 

additional criticism of certain evidences and amplification of others 
accompanies the description of the Derbyshire rocks. 

The uniformity or variation in chemical composition of dolomitic 
rocks is a phase of the subject which has scarcely received the 
attention it deserves, and in the present work I have made an attempt 
to develop this side of the question. 

Ill. Tse Dotomitic LIMESTONES AND DOLOMITES BETWEEN 

GRATTON DALE AND CROMFORD. 

The tectonics of the limestone area between Cromford and Gratton 
Dale are relatively simple in the Gratton Dale district, but become 
more complicated eastwards in the neighbourhood of Matlock Bath, 
where there is a series of anticlinal and synclinal folds worked out 
in detail by Mr. C. B. Wedd. With the exception of the lower 
sequence in Gratton Dale and Longdale, described separately, none 
of the D, beds between Gratton and Cromford exhibit dolomitization, 
but in the D, strata north and east of the lower lava dolomitic 
material occurs in two extensive areas situated in the neighbourhood 
of Winster and of Matlock Bath respectively. 

FIetp RELATIONS. 

The dolomitization has attained its greatest vertical and lateral 
development in the vicinity of Winster. Near Bonsall Moor Farm 
occurs a well-marked escarpment of dolomitic limestone, just above 
the lower lava. Northwards the metasomatism extends below and 
above the upper lava to a position beyond the Wensley road and not 
far below the Pendleside Shales. Apparently nearly all the D, 
beds, and possibly part of the D, material here consists of dolomitic 
limestone. A little further to the east, beyond Bonsall Moor Farm, 

1 Mem. Geol. Surv.: “ The Geology of the Northern Part of the Derbyshire 
Coalfield and Bordering Tracts,” 1913. 
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the dolomitic beds are abruptly replaced by normal limestones, but 
the actual lateral transitions of dolomite into limestone are obscured. 
On the maps the symbol L.T. represents such transitions obscured 
by vegetation or by cultivated land. Actual visible passages from 
dolomite into limestone are represented by L.P., and where the 
material which must have contained the transition has been denuded 
the symbol L.T.D. has been employed. At various positions near 
Winster masses and stacks of dolomitic limestone form prominent 
land-marks known locally as tors. .Westwards beyond the Grey Tor 
the width of the outcrop of material affected by dolomitization 
becomes less, though the dip of the beds remains about the same. 
The beds on the horizon of the Winster escarpment have westwards 
passed into normal limestones within a distance of 14 miles. 
Similarly some of the higher strata not far below the Pendleside 
Shales are dolomitic towards Wensley, but have become normal 
limestones a little west of Winster, a distance of about 1 mule. 

Further towards Gratton Dale the area of metasomatism becomes 
greatly attenuated and finally dies out near Dale End Farm. 
Concerning the dolomitic area from Bonsall Moor Farm to Gratton 
Dale as a whole, several important facts should be summarized ; 
nowhere is the vertical! passage of limestone into dolomite 
or dolomite into limestone actually seen. The lateral passages are 
also generally obscured, but exceptions to this occur at Gratton, 
Westhill Farm, and Winster. 

At Winster, opposite the inn called the ‘“‘ Miners’ Standard ”’, 
are small disused quarries containing cherty beds, showing rapid 
transitions of dolomite and limestone, the patches of -the latter 
being usually a yard or two in length. A striking tectonic feature 
is the absence of faulting in all of the beds north of the lower lava. 
The Bonsall fault south of the lava throws some light on the probable 
southward extension of some of the dolomitic limestones of Winster. 
Between the lower lava in the Via Gellia and this fault considerably 
more than 100 feet of OD, strata, all non-dolomitic, have 
been brought down and the upper beds must be the southern 
extension of the lower dolomitic limestones to the north. The 
material containing the southern transition from dolomite into 
limestone must have existed above the lower sequence in the inter- 
vening space, but has since been removed by denudation. 

Eastwards all of the dolomitic beds appear to pass into limestone 
within a short distance. Westwards all of the dolomitic material 
has become limestone at Gratton Dale, 24 miles from the Winster 
escarpment. The more rapid lateral transitions occur on the lower 
and higher horizons, while in the middle of the D, sequence the 
metasomatism has been more persistent. 

From these considerations of field evidences it is obvious that the 
Winster area of dolomitization is a true outcrop in the petrological 

1 i.e. up or down the sequence. 



56 L. M, Parsons— 

sense, but not a normal outcrop stratigraphically. Since we are 
concerned with a problem essentially connected with bedded 
material having definite horizons, it may be convenient to employ 
the term pseudo-strata to denote any area of dolomitization in which 
the metasomatism either changes from one horizon to another or 
fails to persist along a definite horizon. Some distance eastwards 
from Bonsall Moor Farm all the beds between the two lavas consist 
of non-dolomitic limestones extending via Jughole Wood towards 
Masson Hill. For a distance of about 3 miles normal limestones 
have entirely replaced dolomitic material of Winster on the west 
and of Masson Hill on the east. Here is one of the most marked 
lateral transitions in the district. Near Jughole Wood, as every- 
where east of Wensley, none of the limestones above the upper lava 
exhibit any traces of dolomitization, and at Jughole the contact 
of the lava with the normal limestones below is well seen. Further 
south-east, as Masson Hill is approached, patchy dolomitization. 
makes an appearance between the two lavas, while on the heights 
of Masson itself a considerable thickness of dolomite is seen under- 
neath and in contact with the upper lava. In Matlock Dale the beds 
are brought down to the river by folding, and in the quarries near 
the river normal limestones are seen immediately under the upper 
lava. Here is another striking lateral transition of dolomite on 
Masson Hill into limestone in the valley below. It is a curious fact 
that with the exception of the Upperwood Slopes further south, no 
dolomitic material comes down into the valley, though the beds are 
repeatedly brought down and taken up again by folding. Apart 
from small dolomitic patches, the limestones on all horizons on the 
eastern side of the river are devoid of dolomitization. On the 
western side of Masson Hill the metasomatism changes from the 
beds immediately below the upper lava to a lower horizon. South- 
wards from Masson the dolomitic area extends past Ember Farm, 
towards the Upperwood Slopes. 

The metasomatism changes horizon gradually as far as Ember 
Farm, where it has descended to within a short distance of the lower 

lava. South of this farm, however, the dolomitization leaves the 
lower beds and the lower boundary of metasomatism rapidly 
ascends the sequence. Probably nowhere else in the whole area 
does the pseudo-strata exhibit such a steep horizon gradient. At 
Upperwood the beds dip towards the river, and the dolomitization 
extends into the valley, attaining here its greatest vertical extent 
in the immediate neighbourhood of Matlock, all of the beds between 
the two lavas being affected. The ground further south is largely 
overgrown and the metasomatism is traced with difficulty. 

INHERENT STRUCTURAL AND MINERALOGICAL FEATURES. 

MEGASCOPIC CHARACTERS. 

The material of the Tors and of the escarpment near Winster 
consists of massive blocks and stacks of rock often several feet 
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thick, in which bedding planes are often traced with difficulty. 
The material on the same horizons in the main dale at Gratton and 
around Jughole Wood consists of thinly bedded limestones, in which 
the planes of stratification are well marked, hence the process of 
dolomitization has welded material otiginally thinly bedded into 
more massive blocks. In the whole district between Gratton and 
Cromford it is found generally that wherever dolomite passes laterally 
into limestone the latter exhibits thinner bedding and more distinct 
stratification than does the former. 

Streaks and patches of dolomite, which, for convenience, may be 
termed dolomitic epiphyses, and extensive patchiness on a large 
scale, features more or less associated with typical vein 
dolomitization, if present, are obscured. Only at one locality have 
I found anything approaching clearly marked pseudo-brecciation 
or patchiness on a small scale. At Winster occurs a rock con- 
sisting of light yellow patches alternating with dark grey areas, 
both yellow and grey patches usually measuring 1 or 2 inches 
across. Microscopic and chemical examinations show that both 
light and dark portions consist of minutely granular dolomite. The 
grains are mainly allotriomorphic and exceedingly small, the average 
diameter of a grain bemg about 0°02 mm. The patchiness is not due 
to any differential! dolomitization, but to variable limonitization. 
The remarkably small size of the dolomitic grains and their 
allotriomorphism might be considered to indicate that this rock 
may be a dolomitic mudstone of primary clastic origin, but if such 
were the case it would be difficult to explain its lateral non- 
persistence in the area. Certain megascopic features bearing 
relation to porosity must be considered here. The dolomitic material 
of Gratton, Winster, and Matlock (also that in the Harborough 
area described later) weathers with a characteristic vesicular 
structure. These cavites vary from a fraction of an inch to several 
inches across, and appear to be surface phenomena only, since 
recently worked material in quarries at Winster and near Elton 
shows none of the vesicular structures. It seems a legitimate con- 
clusion that the vesicular exterior is produced by the removal of 
free calcite in the usual processes of sub-aerial denudation. This 
differential weathering appears to depend upon there being 
sufficient but not too much free calcite. 

Microscopic CHARACTERS. 

The bulk of the dolomitic material exhibits moderately idiomorphic 
crystals varying in size between a minimum width of 0°08 mm. and 
a maximum width of 0'7 mm? PI. IV, Fig. 1, from a specimen taken 
from the Winster escarpment, illustrates the typical structure 

1 In this paper the term “‘ differential ’’ applies to dolomitization which 
has differentiated between certain portions of rock because of variations in 
texture or mineral constitution. The term “ selective ”’ is restricted to cases 
in which the differentiation is between matrix on the one hand and organic 
structures on the other. 
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composed of some idiomorphie crystals together with a large number 
of rather allotriomorphic grains. Considerable variation in size 1s 
also shown. Since much of the material is rather allotriomorphic, 
the dimensions given here and in the table refer to the largest 
diameter of grains or to the larger diagonals of rhombohedra. 

TABLE ILLUSTRATING VARIATION IN SIZE OF GRAIN OF 
DOLOMITIC MATERIAL BETWEEN GRATTON AND CROMFORD. 

Locality. Minimum. Maximum. Common Size. 
mm. mm. mm. 

Gratton Do . 4 “1 eT 25 
Gratton Dy . 5 09 6 "20 
Grey Tor . : 08 “) “125 
Wyn Tor . g 125 “45 “15 
Winster Scarp : gl25 6 72 
Winster Scarp : 08 “15 le 
Winster Pseudo- 

Breccia . é (remarkably uniform) -02 
Masson Hill . : 09 5) 25 

The question arises as to whether size and allotriomorphism in 
themselves yield reliable evidence of origin. 

Mr. E. E. L. Dixon has found that certain contemporaneous 
dolomites in the Swansea area are composed generally of much 
smaller srains or crystals than those forming subsequent dolomitic 
material occurring in the same district.1 This author gives the 
maximum size of grains in the laminosa dolomites (contemporaneous) 
as 0:01 inch in length of side. This approximately corresponds to 
a maximum diagonal of -375mm. In the case of the Swansea 
subsequent dolomites the average length of side of their rhombohedra 
is given as 0:02 in., corresponding to a larger diagonal of ‘7 mm. 
If these dimensions are compared with those given in the table 
above; it will be seen that the Winster and Matlock material is 
commonly composed of grains smaller than the maximum of the 
Swansea contemporaneous dolomite, and considerably smaller 
than the average size of grains in the Swansea subsequent dolomites. 
If we accept the field evidences indicating that the Winster material 
is of subsequent origin, it is clear that subsequent dolomites in one 
area may be composed of grains as small as those composing con- 
temporaneous dolomites in another area. . 

The nature of the original limestone is a factor of considerable 
importance in the questions of relative idiomorphism and size. 
The transition limestone at Winster (see Pl. IV, Fig. 2) shows 
that the original limestone there probably consisted of a mass of 
minute organisms, sponge spicules, foraminifera, etc., embedded 
in a fine-grained matrix almost completely non-recrystallized. The 
metasomatism at Winster has evidently led to a considerable 
increase in size of grain, and in this respect bears out observations 
of Van Tuyl. 

1 Mem. Geol. Survey: “The Geology cf the South Wales Coalfield: The 
country around Swansea,” 1907, p. 16. é 

2 See also researches of Van Tuvl, Jowa Geol. Survey, vol. xxv, p. 395. 
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With regard to impurities, hematite is relatively uncommon, and 
occurs merely as surface stains associated with recent weathering. 
Limonite is more common, and is typically interstitial, but certain 
specimens, particularly some from Gratton, exhibit zonal inclusions 
of limonite in dolomite crystals. Pl. IV, Fig. 3 shows two distinct 
phases of dolomitization. The wall of the coral (Ltthostrotion 
portlocki), a portion of the interior, and parts of the matrix are 
replaced by fine-grained dolomite free from zonal growths, but the 
matrix mainly consists of dolomite larger in texture and containing 
many central or zonal limonite inclusions. The inference that the 
dolomitization of the coral occurred at a different period from that 
of the limonite-bearing portion of the matrix appears to be legitimate. 

At Gratton and other localities two (or perhaps more) periods 
of metasomatism have produced dolomitic rocks which may be 
described as complex-subsequent. 

Pl. IV, Fig. 3 also illustrates certain features of “ selective ”’ 
dolomitization. A considerable portion of the interior of the coral 
is occupied by coarsely recrystallized calcite. General examination 
of the slide and hand-specimen shows that coral structures are partly 
replaced by fine-grained dolomite and partly obliterated by the 
recrystallized calcite. Most of the matrix consists of the coarser 
limonite-bearing dolomite. These features indicate three distinct 
phases of alteration :— 

(1) The recrystallization of portions of the coral and intervening 
spaces. 

(2) Dolomitization of the coral tissues and perhaps a portion of the 
matrix. (There is nothing to indicate whether or not the coral 
tissues had been previously recrystallized by calcite of a finer 
grain.) 

(3) Simultaneous dolomitization and limonitization of the larger 
part of the matrix. 

It is very probable that (1) preceded (2), but it is difficult to say 
whether the bulk of the matrix was altered before or after the 
dolomitization of coral structures. 

The transition limestones of Winster (Pl. IV, Fig. 2) and of 
Jughole (Pl. IV, Fig. 4) show that a matrix mostly non- 
recrystallized is a striking feature of the unaltered limestone in these 
D, beds. It might be assumed that, in the case described above, the 
matrix was dolomitized before the organic structures. But con- 
clusions from “ selective’ phenomena must be made with care, 

and as a discussion of this matter was given in my earlier paper it 
will be sufficient if it is stated here that featuies observed in Derby- 
shire fully confirm my opinions expressed at that time. At Winster 
and Gratton both corals and matrix are often found equally 
dolomitized. In some of the Gratton specimens I have found that 
the dolomitization has affected the matrix more than coral structures. 
Thus, in the district under consideration, selective phenomena vary 
considerably in material taken from exposures along similar horizons 
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and separated only by short distances. It is, of course, quite 
probable that selective features may be consistent in one area but 
contradictory in another. Such features appear to depend as much 
on some inherent factor in the original limestone as upon the time 
and mode of dolomitization. 

Many of the beds in the Winster district contain chert, and 
sections across the junction of chert and dolomite show that the 
latter is not included in the former. From this it appears that 
silicification occurred before dolomitization. 

One other feature must be mentioned. Where the dolomitic 
material is seen immediately underneath the upper lava, on Masson 
Hill, for instance, metamorphic effects are not present in the 
dolomite. Although the lava might fail to produce alteration in 
a contemporaneous dolomite underneath, it is far more likely that 
the absence of metamorphism is due to the dolomitization having 
taken place at some subsequent period. 

In passing it must be noted that the absence of metamorphism 
in a dolomite resting on a lava yields no evidence of either con- 
temporaneous or subsequent alteration. Metamorphic effects or 
their absence in dolomite in contact with a sill would be more helpful, 

but the limestones in contact with the sills in the Matlock area consist 
of undolomitized beds mainly of D, age. 

Tbe majority of, the structural features described above indicate 
subsequent dolomitization, and thus support the evidences afforded 
by field relations. 

CONDITION OF FossILs. 

Very little need be said under this heading. The presence of a 
rich fauna containing numerous corals negatives the probability 
of primary precipitation, but the condition of coral and other fossils 
is so varied in different parts of the dolomitic material that no 
satisfactory conclusion with regard to either contemporaneous or 
subsequent dolomitization can be drawn from the condition of 
organic remains. Contradictory selective phenomena on a large 
scale occur very similar to those on a microscopic scale described 
above. 

CHEMICAL ANALYSES AND Porosity. 

Numerous analyses of the material between Gratton and Cromford 
show that in composition the dolomitic limestones of Winster differ 
in many respects from the dolomite of Matlock. At Winster the 
bullx of the material consists of dolomitic limestones in which the 
proportion of magnesium carbonate is variable and usually small, 
though material occurs in the escarpment and the Wyn Tor having 
a much higher proportion of MgCO,. Near Matlock the bulk of the 
material of Masson and Upperwood consists of dolomite having 
40 per cent or more of MgCO,, and although some of the portions 
analysed have yielded a smaller proportion than this, the composition 
is generally much more uniform than that of the Gratton and 
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Winster material. Differences in composition, specific gravity, 
and porosity are indicated in the following table, compiled from 
analyses of typical specimens. 

TABLE SHOWING VARIATION IN CHEMICAL COMPOSITION, SPECIFIC GRAVITY, 
AND POROSITY OF DOLOMITIC MATERIAL BETWEEN GRATTON AND CROMFORD. 

| Per cent 
| | S.G. of of Mg — 

Locality. | CaCO, | MgCO, | Fe Comp. Residue.| S.G. | Powder. | Porosity. | Poros. 
} Ee | | | f = wal 

Gratton. ; 786 15°3 3°7 DAW 2rap Ze 64 2°4 
Gratton. 2 Wes 79e4 13-9 4:8 TOhw2s6b ||, 2776 3:9 36 
Grey Tor . oe Gael» 920 7} 4-4 | 2°72 2°81 on 3°09 
Srey Tor . een |) Or 7 it a er | | 2-71 |" 2-82 3°9 2-46 
Wyn Tor . .| 585 | 38-0 2:0 15 | 2°38 2°61 8°8 4°32 
Wyn Tor . é 84:5 | 10-7 11 Bu 269 2°75 2:2 4°86 
Searp. Winster. . 61-5) |) 34:3 1°4 2°38 | 2°39 2°78 13°9 2746 

Masson Hill Sl, AOOn Wh 4ae7 "| 19 54 | 2°45 2°70 58 7°52 
Masson Hill : Ace eae 08 379 | 2°52 2°67 56 7:32 

Jpperwood. 55 | 40:2 1:25 [ls 573 2°69 59 6°81 
Jpperwood. a O24 43°6 2a 1-9 | 2°43 2°59 6:2 7:03 
Black Hor 84°3 9°3 IZ 52 | 2°58 2°64 23 4°05 

fran. lst Winster. 97°6 | Minute | Small 2°4 | negligible 
{ | trace traces 5 | 

ae Jughole 97°3 None o ai 
s Matlock | 98:1 as vs 1-93-| 
(Whittaker’s) | 

As far as one can say from the specimens analysed, the greatest 
variation appears to be in the vicinity of the Wyn Tor. The con- 
siderable variation in the proportion of magnesium in the material 
between Gratton and Winster certainly suggests subsequent 
metasomatism, and although the chemical evidence of the Matlock 
material might support the theory of contemporaneous alteration, 
the field and inherent structural evidences are quite against such an 
explanation. It appears that three distinct modes of metasomatism 
may produce material having fairly constant chemical composition. 
The same conditions which favour the formation of extensive bedded 
dolomites would in all probability result in the material having a 
reasonably uniform composition over considerable areas. This would 
particularly be the case with primarily precipitated dolomites, and 
might generally be the case, though perhaps not so pronounced, 
in the contemporaneous alteration of bedded material. Thirdly, 
nearly complete subsequent dolomitization affecting a relatively 
small area could produce a constant composition, and I regard the 
Matlock dolomitization as an example of this type. 

If results of analyses are plotted graphically, the relative proportion 
of magnesium and calcium at any locality can be seen at a glance, 
and the dolomitic gradient or rate of increase in magnesian contents 
per unit distance can be appreciated. Near the Grey Tor, Winster, 
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there is a steep gradient, whereas there is hardly any gradient in 
the Masson and Upperwood material. 

Porosity has been determimed in the following manner—a 
moderately large specimen from each locality was thoroughly 
dried and weighed. Then it was completely coated with a thin layer 
of paraffin wax to prevent water entering the pores and again 
weighed. The difference in the two weights gave the weight of the 
wax. The specific gravity of the specimen was then found in 
the usual way, the necessary corrections being made to allow for the 
wax. Next the wax was removed by immersion in hot water. The 
specimen was again dried, finely powdered, and the specific gravity 
of the powder determined by means of a specific gravity bottle. 
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Fic. 2.—Graphs illustrating variation in chemical composition, dolomitic gradients, and 
porosity in the material between Gratton and Cromford. 

From the data thus obtained the porosity was calculated as a 
percentage by using the formula :— 

100 (D — a) 
D 

Porosity = 

where D = specific gravity of powder 
and d= specific gravity of original lump inclusive of pores. 

Experiments on porosity appear to be helpful m connexion with 
the question of leaching by surface waters.1 The porous nature of 
the dolomitic material compared with that of the transition 
limestones indicates that extensive leaching has occurred in the 
dolomitic parts only, and the inference is that the process of 
dolomitization has so reconstituted the rock that the removal 
of residual calcite has been thereby facilitated. 

1 The porosity is only partly explained by molecular contraction due to 
dolomitization. 
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If considerable leaching has occurred in dolomitic material of 
uniform composition, then 

ik —a constant (approximately). 
porosity (@PP y 

This holds true whether later infiltration has introduced calcite, 
iron oxide, ete., or not, since the introduction of such materials 
decreases both the proportion of MgCO, and the porosity. In the 
.case of the dolomite of Masson and Upperwood, 

percentage of MgCO, 

porosity 
gives a fairly constant figure, and the inference is that the 
dolomitization was fairly uniform prior to leaching. But in the case 
of the Gratton to Winster dolomitic limestones having a variable 
proportion of MgCO,, a similar constant is not obtained though the 
various specimens are obviously porous and give considerable. 
porosity results, hence leaching in originally variable dolomitic 
material is indicated. 

The field relations and inherent structures of both the Winster 
and Matlock materials prove conclusively the subsequent nature 
of the dolomitization. Paleontological features yield no satisfactory 
evidence. The results of chemical analyses support the theory of 
subsequent alteration in the case of the Wimster area, but not so 
definitely with regard to the Matlock material. That magnesian 
ground waters of different dates have produced the metasomatism 
is, | think, the most satisfactory solution, since marine influences 
or those of pneumatolysis are not indicated by the evidence. While 
such appears to be the mode of magnesiation, the actual source of the 
magnesian factor remains problematical. The Permian Magnesian 
Limestone, which probably extended much further westwards than 
its present outcrop, may have supplied the magnesium, but 
suggestions of this kind can be only of a speculative nature. 

EXPLANATION OF PLATE IV. 
FIG. 
1.—Dolomitic limestone, escarpment east cf Winster. 23. Generally 

rather allotriomorphic. Coral structures (left) show larger dolomite 
erystals than those in the matrix. Other parts of this slide exhibit this 
feature reversed, larger crystals in the matrix. 

2.—Transition limestone, quarry opposite the Miners’ Standard, Winster. 
x 21. Sponge spicules form a considerable part of the rock. 

3.—Dolomitic limestone, D, beds, Gratton Dale. x 23. The matrix (left) 
consists largely of dolomite having zonal inclusions of limonite, while the 
coral structures (right) are in dolomite free from such limonite inclusions. 
Recrystallized calcite occurs in the spaces within the coral. 

4.—Transition limestone Jughole Wood, West of Matlock. 23. Matrix 
mainly non-recrystallized. 

(To be continued.) 
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‘On the 60-ft. Raised Beach at Easington, Co. Durham. 

By Davip Wootacott, D.Sc., F.G.S. 

(PLATE V.) 

AN excellent exposure of a Raised Beach has lately been discovered 
at Easington.t This deposit, in my opinion, forms a part of 

the beds of sand, gravel, conglomerate, and breccia which are 
exposed along this part of the Durham coast for at least 5 or 6 
miles, and which were described by me as Raised Beaches in 1905.2 
I also consider that the upraised littoral formations were produced 
in late Pleistocene times. 

All geologists who have examined the exposure—including 
G. W. Lamplugh, F.R.S.,3 Dr. Trechmann,* EH. Merrick, M.Sc., 
L. Hawkes, M.Sc.—are agreed that it is undoubtedly a littoral 
formation, and although there may not yet be complete agreement 
as to the exact age or extent of this deposit, yet there can be no 
question that it must be taken into account in any discussion of the 
Glacial and Post-Glacial formations of the East of England. There 
is nothing very remarkable in Raised Beaches at such a level, nor in 
the amount or nature of the movements that produced them ; their 
importance lies more in connexion with the origi and method of 
deposition of a large portion of the sands, gravels, and clays that 
occur above the true boulder clay (or moraine profonde of the ice- 
sheets) along the coastal region or up the buried Pre-glacial valleys 
of the east of England than in the deposits or uplifts themselves. 

The section has the chief characters we expect to find in such 
exposures typically preserved, and these can be easily examined. 
Tt occurs on the south-east flank of Beacon Hill, about half a mile 
north of Easington station, and can be clearly seen in a steep foot- 
path (the top of which is marked by a stile) leading down to the 
shore at this point. The photographs published with this paper 
give a clear idea of the nature of the deposit, as far as it can be 
conveyed by photographs; the features proving its direct marie 

1 A short description of this deposit was given in the GEOLOGICAL MaGazinB, 
vol. lvii, 1920, p. 307. 

2 “The Superficial Deposits and Preglacial Valleys of the Northumberland 
and Durham Coalfield’: Quart. Journ. Geol. Soc., vol. \xi, 1905, pt. 1, and 
map, pl. ix, p. 94. ! 
37 consider that this geologist. who evidently thoroughly appreciated 

the importance of the occurrence of high-level Raised Beaches in Durham, 

was quite justified when he asked me to be cautious in accepting the evidence 
for their existence (see discussion, Geographical Journal, July, 1907, p. 56). 

4 Talso think that until the Easington depesit was discovered, Dr. Trechmann, 
in speaking of the beds along the coast of South Durham, had complete justifica- 

tion for stating ‘‘ that he did not see the necessity for assuming these gravel 

deposits of marine origin ”’ (Q.J.G.S8., vol. Ixxi, pt. i, 1915, p. 75). Thad, how- 

ever, definite evidence in 1900-6 of a Raised Beach at a higher level in north- 

east Durham, and had made in 1903-4 a detailed examination of the course 

of conglomerate to the north and south of Easington, which had convinced 

me of its origin. (I do not think that the path that cuts through the Kasington 

deposit existed at that time.) 
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origin are, however, much more striking in the field. It is 
undoubtedly a bed laid down on the margin of the sea, and is in 
situ. It has not been carried by ice into the position in which it 
occurs, nor has it been reassorted since its deposition on the ancient 
shore. 

E 

Scale -of feet 
Fic, 1.—Section of the cliff at Easington showing the position of the Raised 

Beach. M.L. Middle Magnesian limestones and breccias—the eastern 
equivalents of the fossiliferous Reef which forms Beacon Hill. R.B. The 
60 ft. Raised Beach resting on the rock-platform, which probably rises 
slightly as it passes beneath the deposit. S. In a cutting made in the face 
the calcreted gravels were proved to be 15 feet in thickness, covered by 
a thin deposit of soft sand with shell fragments, above which was reassorted 
boulder clay (Common Clay), the whole being covered by washed soil. 
X. Calcreted gravels in the railway cutting which have a regular upper 
limit and are probably marine. G. Present-day shingle. 

The more interesting features of the deposit are (1) it rests on a 
horizontal platform of Middle Magnesian Limestone at about 60 feet 
above sea-level (Figs. 1 and 2). At one part on the south side of the 
path the shelf has been bored by a small boring organism, and there 
can be no doubt that it is a real wave-cut terrace. This platform can 
be distinctly followed both ways (Plate V, Fig. 2), and can be 
seen to pass in the latter direction from rock on to true boulder 
clay (Fig. 2), when it becomes less uniform and distinct.t (2) The 

1 Tt is important to notice that the platform must have been cut on boulder 
clay. This clay is the Main or British Drift of this coast containing Lake 
District and Cheviot erratics. Even if the Raised Beach is restricted to the 
narrowest limits, yet the platform must have been cut on boulder clay. 

VOL. LIX.—NO. II. 5 
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deposit, which is at least 15 feet thick,! consists of two parts, which 
are best seen on the north side of the path, a lower one of loose 
sand and large pebbles, and an upper of horizontally-bedded and 
firmly-calereted conglomerate. In the lower layers numerous bored 
stones occur. It contains, along with other rocks, numerous 
large and small fragments of Magnesian Limestone, which are bored 
by Saxzcava (the shells of which sometimes occur in the holes), and 
by Cliona and Polydora. Quite a considerable proportion of this. 
division of the deposit is formed of these bored pebbles. (8) Also 
in the lower part numerous specimens of small and large, whole and 
broken, shells occur, sometimes with their colour and markings. 
beautifully preserved. They include many of the common shells. 
of the present seashore—the periwinkle and the limpet, etc.—and 
as far as the fauna has been examined there is nothing to show that 
the climate was different from that of the present day.?, Foraminifera 
also occur in the sand. The species of Mollusca occurring in the 
deposit include :—3 

Inttorina littorea Buccinum undatum. 
Lnttorina rudis Cyprina islandica 
Inttorina obtusata Mytilus edulis. 
Patella vulqata Ostrea sp. 
Purpura lapillus Rhynchonella psittacea. 

Saxicava sp. 

The commonest species are Littorina obtusata, Patella vulgata, 
and Littorina liltorea. It is a typical littoral fauna with the 
exception of the Rhynchonella, of which one specimen of a dorsal 
valve has been collected. 

In the upper cemented part the shells are scarcer, but some, 
including one or two whole Petellas, can be seen in the face of the 
conglomerate. A portion of the shell of a Pecten was collected from 
the upper beds. This part of the deposit is more difficult to properly 
examine. The shelis are not so clearly seen nor so well preserved nor 
so easily extracted.*. The strongly calcreted nature of this con- 
glomerate, and the fact that 1t contains fewer bored rocks and shells, 
are of interest, because it is the more usual type of the deposit to the 
north and south of Hasington. The beds at this point appear to 
have been laid down in a sheltered bay under fairly tranquil 

1 About 10 feet can be clearly seen in the section, but its thickness (allowing 
that the platform runs back horizontally) has been proved by a cutting made 
in the face above it to be 15 feet. The bedded gravels are this thickness, 
being overlaid by a few inches of soft sand containing shell fragments, above 
which is a reassorted boulder clay. Calcreted gravels with a level upper 
limit can be seen in the railway cutting above at about 90 feet. The writer 
is of the opinion they are marine, although it is difficult to prove this; it is 
also uncertain whether they are continuous with the gravels and sands below. 

2 A collection of shells from this deposit has been placed in the Sunderland 
and Newcastle museums. 

3 My determination of the forms has in most cases been verified by 
Dr. Trechmann or Mr. Iredale, of the British Museum. 

4 At one part two or three shells of Helix are cemented in. 
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conditions, hence the greater accumulation of bored rocks, shells, 
and shell-fragments, and their more distinctly bedded nature than is 
usually the case in other exposures of them along the coast. All 
the features of a typical raised beach appear to be combined here. 
It is obvious that a great quantity of the Glacial deposits must have 
been denuded to form these beds, and it thus seems probable that 
one of the reasons for the unequal distribution of the shells in them 
is that where the boulder clay was being most eroded the water 
would be muddy and the life of the shore scarcer, and another is 
that the beds-that are exposed were not always deposited on a rock 
platform, but on boulder clay, and the accumulations of material 
in these areas must have been very loose and coarse. In such 
conditions and in such material whole shells are not likely to be 
preserved. It is, however, probable that the rock platform is 
buried beneath and behind the deposits exposed along the coast, 
and that the raised beach characters would always be more definite 
on this ledge. (4) The pebbles, of which the conglomerate at the 
particular point discussed is formed, are generally distinctly water- 
worn, but some are more or less angular. In it there are fragments of 
Magnesian Limestone, quartz, quartzite, flint, sandstone, granite, 
olivine-basalt, Volcanic Series of Borrowdale from the Lake District, 
and porphyritic lava from the Cheviots. It is perhaps worthy 
of note that the Cheviot and Lake District rocks occur in the loose, 
sandy base of the deposit as well as in the calcreted part above. 
About fifty per cent of the rocks are foreign to the district, and 
have, in my opinion, been derived from the denudation of the 
Glacial deposits of the area. There is no evidence that any have 
been brought to the point by floating ice, but even if it is allowed 
that some have, yet it is evident that the Firth of Forth, Lake 
District, and Tweed-Cheviot ice must have been occupying part of 
the east coast at the time. The writer is of the opinion that the 
deposit is definitely later than the formation of the Main or British 
boulder clay. The conglomerate can be followed to the south in an 
unbroken course along the rock platform on to boulder clay, from the 
erosion of which it appears to have been in part derived. On the 
clay the wave-cut shelf becomes less distinct, and the cemented 
gravels thicken downwards (Fig. 2). The assemblage of stones at 
Easington, and in the conglomerate to the north and south, is similar 
to that which is accumulating along the Durham coast at the present 
day, in places where the cliff is composed of Permian Limestone 
and boulder clay. (5) The calcreted gravels can be followed in an 
unbroken course for a considerable distance, and can be traced for 
some miles. This layer is much more persistent than the platform 
on which it rests. At several points below the 60-ft. level 
accumulations of fragmental material occur. These were, in my 
opinion, formed at the same time as the Raised Beach at Kasington. 
They consist of a series of deposits, varying much in character and 
coarseness, and are composed of sand, gravel, hard calcreted 



68 Dr. Woolacott—A Raised Beach in Durham. 

conglomerate, and coarse breccia. The gravels are not usually so 
distinctly bedded, nor do they appear anywhere to contain so many 
bored rocks and shells as the typical part of the Hasington deposit, 
but that they were formed under the same conditions, and are raised 
littoral formations, appears clear when the coast between Seaham 
Harbour and Castle Hden Dene is critically examined. It is 
important to notice that the top of the level course can be traced 
along the cliff for a few miles; this layer marks a period of repose 
in the movements that raised the beaches. It is a most distinct 
feature and could only have been se uniformly laid down by marginal 
deposition. The beds vary considerably, but they always contain 
the same assemblage of local and foreign rocks, and shell fragments 
can generally be seen in most exposures when they are examined 
carefully. The series of sections along this coast is, in my opinion, 

9 80 feet 

Fie. 2.—Section along the face of the cliff at Easington. M.L. Middle 
Magnesian Limestone, the eastern equivalents of the Reef. B.C. Main 
boulder clay with Tweed-Cheviot and Lake District boulders. R.B. 
Raised Beach resting on rock platform. P. The bedding is most distinct 
at (but not confined to) the north end, and the platform is less clearly 
defined when the deposit passes on to clay. SS. Deposits of soft shelly ~ 
sand, brown reassorted boulder clay (Common Clay) rainwash and soil. 
E. Position of Kasington section (Fig. 3). The photographs, Figs. 1 and 
2, are also of the cliff at this point. 

that which might be expected under the conditions in which a late 
Pleistocene beach would be formed, and afterwards upraised. 
It has been suggested that, although the deposit at Hasington is 
undoubtedly a beach, yet the course of cemented gravels on the same 
level may be of Fluvio-glacial origin; but the mode of occurrence 
of these beds is unlike that of material of this type of deposition, 
which has a tendency to occur in mounds, swellings, and irregular 
beds, and not in extensive regular courses, except where it has been 
washed into a lake or the sea. It is also impossible to draw any 
line between what is undoubtedly a beach and that which is con- 
jectured to be Fluvio-glacial. Another point of interest is that in 
deciding that a deposit is an uplifted littoral formation, we insist 
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that it shall possess certain well-defined characters, such as the 
Easington deposit so clearly displays; but it is certain that all 
these features cannot always be found at every point in such 
formations. If, for example, the present coast of Durham was 
uplifted, there are few places at which such a tout ensemble of 
characters as we find at Easington could be seen in the elevated 
deposits. There are not many stretches of the shore where there 
are accumulating such a distinctly bedded series of deposits with 
such an assemblage of shells and bored rocks; in many parts very 
few bored pebbles and few whole shells occur in the gravels; the 
shingle is sometimes not distinctly bedded, and often in front of a 
limestone cliff a coarse, angular deposit is accumulating (which, if 
uplifted and cemented, would form a breccia similar to that just 
referred to). Another feature of marginal deposits, which is often 
not taken into account, is that for a certain distance below high-water 
mark there is a zone of erosion and most of the shells are either 
washed up on shore above it or washed out beyond it, so that parts 
of uplifted strand deposits may contain few or no shells, because 
they were formed within this zone. 

The peculiar mode of occurrence and other features of the sands, 
gravels, conglomerates, and breccias along the coast of Mid-Durham 
(together with the definite evidence of Raised Beaches on Fulwell 
and Cleadon Hills to the north), impressed me when I first studied 
this coast many years ago, and convinced me that these deposits 
were marginal sea-deposits. I have collected shell fragments from 
many parts of these beds, but do not remember collecting any perfect 
shells! (except at Easington), although I was always expecting 
to find a typical littoral exposure like that at this place. 1 have no 
doubt that other similar exposures will be discovered, especially 
now it is known where to expect them in these deposits. In my 
opinion the section described in this paper finally settles that these 
conglomerates are a true Raised Beach, and also proves that they 
were formed in late Pleistocene times. I further consider that a 
wave-cut terrace runs along the Durham coast, on which part of 
these deposits rest. This level platform, with its bed of cemented 
gravels, forms a noticeable feature of the coast for some miles. It is 
specially distinct near Easington and Nose’s Point, and to the north 
of Hawthorn Dene. Mr. Lamplugh has asked me to consider the 
possibility that the beach at Hasington may be local (the rest of 
the course being Fluvio-glacial), and that it is a remnant of a 
Pre-glacial or early Glacial strand deposit preserved from removal 
by the ice that swept southwards along this coast,? while the rest of 
the deposit was removed ; * while, on the other hand, Dr. Trechmann 

1 T have obtained numerous perfect Littorinas from the higher beach on 
Fulwell, and some have been found in the Cleadon Sand Pit, ete. 

2 “The Interglacial Problem and the Glacial and Post-Glacial sequence in 
Northumberland and Durham”: Grout. Maa., Vol. LVIII, 1921, p. 27. 

3 e.g. the Horsebridge Head deposit near Newbiggen, and ‘the Sewerby 
Raised Beach near Flamborough Head were so preserved. 
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has suggested the possibility that it may be the remnant of an 
Interglacial (or Glaciation-Interval) beach, preserved in a similar 
way. I am unable to accept either of these hypotheses. The points 
definitely against them are (1) the fauna is a recent temperate one— 
there are apparently no species characteristic of Arctic conditions, 
(2) pebbles of Lake District, Cheviot, and Firth of Forth rocks 
occur in the deposit, (3) it is not overlaid by true boulder clay but 
by reassorted boulder clay, (4) it is impossible to isolate the part of 
of the beds that is allowed by everyone to be a littoral deposit, from 
that which is conjectured to be Fluvio-glacial, (5) since the top 
of the course of calcreted gravels is regular and persistent (even 
if we assume the rest of the beach has been removed by ice) we should 
have to admit that the Fluvio-glacial beds are forming a kind of 
pseudomorph of the beach for some miles, and maintaining a uniform 
level, whether the platform is Magnesian Limestone or boulder clay. 
It would appear impossible, if the whole of the beach were removed, 
that the platform of boulder clay would not have been destroyed by 
the conjectured ice-movement, and highly improbable that the top 
of the Fluvio-glacial gravels that replaced the beach could always 
maintain a uniform level for such a long distance. 

One of the objections raised some years ago against the occurrence 
of late-Glacial or Post-glacial Raised Beaches on the Durham coast, 
was that it had been found impossible to trace them in Yorkshire, 
and another that there was a considerable stretch of country to the 
north from which marine deposits of this age are apparently absent. 
One of the causes of this may be that they are in reality late-glacial 
and that although the Durham littoral was free from ice when they 
were forming, yet it was still occupyimg part of the coast of north- 
east England, while another is that the uplift was not a uniform one. 
I further think that the great amount of coastal denudation and 
reassortment of glacial material along the main rivers that has taken 
place since the end of the Ice Age is not appreciated by all geologists. 
From parts of the coast (e.g. north-east Yorkshire) the beaches may 
have been removed by denudation of the superficial deposits that 
once covered this coast as with a mantle. It is of interest in connexion 
with this subject that late Pleistocene raised marine shore-lines 
passing into river terraces do occur up to about 125 feet in the 
Firths of Forth, Clyde, Tay, and elsewhere in Scotland,* and that an 

1 The estuarine leafy clays and well-worn shingle which occur at Kirmington 
(Lincolnshire) obviously lessens the force of this argument (see footnote p. 71). 

2 Low level beaches (30 feet (?) and 10 feet) do occur in North Northumber- 
land, and high level beaches (125 feet) occur in Scotland. 

3 Tn these deposits fossils are scarce, but the shells found in connexion with 
the higher beds indicate a colder climate than those of the Durham beaches. 
The fauna includes Pecten greenlandicus, Leda arctica, Tellina myopsis (all 
Arctic forms) and remains of the small Arctic seal. The lower terrace is 
associated with clays containing Scrobicularia piperata (which also occurs in 
the Kirmineton deposit), and indicates the incoming of warmer conditions. 
J. Geikie, Great Ice Age, p. 273, and Geol. Surv. Mem.: ““ The Neighbourhood 
of Edinburgh,” 1910, p. 335. 
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estuarine deposit, also of somewhat similar age, has been described 
from Kirmington, in Lincolnshire, at an elevation of 60-80 feet,1 
and that,there are evidences of late Glacial and Post-glacial uplifts 
in the Wash ? and West Norfolk # and other parts of England. 

While the Raised Beach at Kasington is in itself of much interest, 
yet it is, as stated in the beginning of this paper, in connexion with 
the formation of a considerable part of the upper sands, leafy, 
stony, stoneless, and prismatic clays that the uplift proved by it 
(and the higher beach in North Durham) becomes of importance in 
general Glacial geology. It is clear that much of the material along 
the east coast of England and up the buried Pre-glacial valleys of 
the “Tyne” and “ Tees’’,* ete——which has been considered to 
be true boulder clay is in reality reassorted clay (both stony and 
stoneless clays), or which has been conjectured to have been 
deposited in Glacier-lakes (leafy clays), or which has been thought 
to be of Fluvio-glacial origin (sand and gravel)—is of estuarine 
and marine origin, and was formed when the coastal region was 
embayed near the end of the Glacial period. The scarcity of the 
fossil remains in the clays and sands of estuarine origin may be partly 
owing to the turbid nature of the waters brought about by the rapid 
denudation of the Glacial and Fluvio-glacial deposits, and also to 
the comparatively short period and to the rather rapid nature of the 
movements during which they were deposited. It seems obvious 
that after the retreat of the ice-sheet and the incoming of the sea 
a marine fauna would be able to establish itself much more quickly 
than an estuarine or freshwater one in the north of England. Tracks 
of some form of locomotive life are common on some of the layers of 
the leafy clays, but no shells have been observed by any geologist. 
Shells and bored pebbles are reported to have been found in some 
clays in a brickfield near Harton, but Mr. E. Merrick, who has made 
a detailed study in the field of the clays of the Tyne and Wear 
districts, has never found any shells in them, although he has 
verified the occurrence of the bored pebbles. A molluscan 
estuarine fauna has not yet been proved to have inhabited the Tyne 

1 B.A. Report, Cambridge, 1904, p. 272. In this section there is a deposit 
of laminated clay with estuarine shells, etc., at about 70-80 feet above sea- 
level. It is underlaid by Purple Drift (= Main or British Drift of Durham 
Coast) and above it is a well-worn beach-shingle, principally of battered flints 
and a clay with foreign stones. Is this clay a true boulder clay? Is it Hessle 
clay? If so, it is the equivalent of the Durham Prismatic Clay and other | 
reassorted clays which are not of direct Glacial origin. The Kirmington 
deposit is, in my opinion, late Pleistocene, and may be similar in age to the 
raised marine deposits of the Durham littoral and contemporaneous with some 
of the leafy and other clays of the Tyne Valley, etc. The evidence does not 
appear to be sufficient to prove the Kirmington deposit to be an Interglacial 
(or even an Interval) deposit, see Lamplugh, “ The Interglacial Problem in 
the British Isles’: International Geological Congress, Canada, 1913, p. 3. 

2 Geology in the Field, p. 175. 
3 Woodward’s Geol. of England and Wales, p. 555. 
4 e.g. the Brown clay, Common clay, ete., of the Tyne valley. 
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Valley during the formation of these deposits, but there is clear 
proof that a fauna of this type existed while the leafy clays (already 
noticed, p. 70) of a somewhat similar age were being deposited at 
Kirmington (Lincs.). The mollusca there include Scrobicularia 
piperata, Cardium edule, Mytilus edulis, Tellina balthica (B. A. 
Report, 1904, p. 273). I do not, however, propose to discuss the 
extent, thickness, and character of these estuarine deposits in the 
Tyne-Wear region until the higher Raised Beach has been as definitely 
proved as the Easington one, and tle results of Merrick’s study 
of these deposits published. 

There is much evidence which, in my opinion, is quite definite and 
sufficient, but which might be more fully investigated for the 
occurrence of late Pleistocene marine and estuarine deposits up to 
140-50 feet in north-east Durham, of a slightly later age than the 
Easington Raised Beach.! It includes (1) a cave at Marsden, (2) a cliff 
with bedded deposits, containing shells and shell fragments resting 
against it on Fulwell and Cleadon Hills, (3) apparently wave-worn 
rock surfaces on which the deposits rest, (4) shell-bearing gravels and 
sands which are distinct from the Kames and Fluvio-glacial gravels 
and sands, (5) horizontally and current-bedded gravels and sands, 
(6) ripple-marked sands, and (7) extensive deposits of leafy and other 
clays. There are several sections in which portions of these deposits 
are exposed, but it is difficult to get one similar to that at Easington, 
which would indisputably prove their marine origin. Such sections 
have been described (as e.g. the exposure in Fulwell Quarries, 
which [ examined during 1900-6), and it is hoped that one will soon 
be again. A critical examination of the series of exposures which 
can be seen at the present time would, however, be quite sufficient 
to settle conclusively that raised marine and estuarine deposits do 
occur up to 150 feet above sea-level along the Durham coastal region. 
ADDENDUM I.—The Permian in the immediate neighbourhood 

of the Hasington deposit is also very interesting. In the railway 
cutting above there is one of the best fossiliferous exposures of the 
Bryozoa Reef, which is replaced in the cliff by unfossiliferous bedded 
rocks and breccias, i.e. by its eastern equivalents (Fig. 1). 
AppENDuM II.—The general sequence of the Pleistocene and 

Recent deposits along the Durham coastal region is 

? The higher part of the Hasington gravels (90 feet) may be contemporaneous 
with this 150 beach in north-east Durham. I stated in my paper on “The 
Superficial Deposits of the Northumberland and Durham Coalfield ” (op. jam. 
cit., p. 75) that the course of cemented gravels of which the Easington deposit 
forms a part appears to rise very gradually from south to north. This observa- 
tion, which now that these deposits are proved to be of littoral formation, 
is one worthy of investigation and surveying, as if it is correct, and due to the 
uplift only, it should not only be of value in considering the Pleistocene deposits 
of the Mast of England, but also in connexion with an important subject in 
theoretical geology, viz. that such changes of level as the Easington and similar 
formations prove were due to movements of the terrestrial crust and not, to 
oscillations of the surface of the ocean (Sir A. Geikie, Q.J.G.S., vol. lx, 1904, 
p. cix). 
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EXPLANATION OF PLATE V. 

Fic. 1.—60-ft, Raised Beach at Easington. The section shown is about 
6 feet in thickness and consists of bedded sands and gravels resting on a 
wave-cut platform of Magnesian Limestone. In a cutting which was 
made above the deposit the bedded cemented gravels and sands were 
proved to be 15 feet in thickness (on the face), overlaid by a few 
inches of loose shell-bearing sand, above. which was reassorted boulder 
clay. The whole being covered by washed soil. 

Fic. 2.—Photographs of cliffs at Easington, showing 60-ft. Raised Beach 
resting on rock shelf. The cliff is about 75 feet high. Along the part 
shown the beach rests on limestone, but the course of cemented gravels 
can be distinctly followed to the south, when it passes on to boulder 
clay. The platform becomes less uniform and distinct and the gravels 
thicken downwards. The top of the course, however, keeps on the 
same level. R. Raised Beach. M. Middle Magnesian Limestone— 
eastern equivalents of the Reef which forms. Beacon Hill immediately 
behind the coast at this point. (Fig. 3.) 

The Carboniferous Limestone Series of 
West Cumberland. 

By Cuartes Epmonps. 

INTRODUCTION. 

(ee area under consideration extends from the mining town ot 
Egremont to Scalesmoor Farm in the parish of Lamplugh in 

West Cumberland, and comprises a tract of country 9 miles in 
length and rather less than 3 miles in width, running from §.8.W. 
to N.N.E. It forms the south-eastern margin of the Whitehaven 
Coalfield, and is the western portion of the “collar” of Lower 
Carboniferous rocks almost surrounding the older Paleozoic rocks 
of which the Lake District proper is composed. The area consists 

Notes to p. 73. 

1 Mr. KE. Merrick informs me this depression can be definitely proved to have 
occurred. 

2 Some of the clay with boulders (unstriated or occasionally striated) which 
is often called boulder-clay is not of direct Glacial origin, but is reassorted 
material. Another term should be used to distinguish it, perhaps “ Stony 
clay’ would do. 

3 This statement is true whether we accept the higher beach as proved or 
not, although in my opinion the extent and mode of occurrence of the leafy 
clays necessitate the existence of the higher beach. The formation of the 
beaches was contemporaneous with the deposition of stony and stoneless 
reassorted non-laminated clays and with leafy clays; and the uplift with 
extensive erosion of these and earlier Glacial and Fluvio-glacial beds. The 
Kirmington estuarine deposit was probably laid down at the same time as 
the leafy clays of the Tyne valley. 

« I am of the opinion that the sea invaded the area as the ice was melting. 
‘The rafted boulders which have been dropped into the deposits were carried 
by floating ice (no remains of trees are found in the clays), and the contorted 
sands that sometimes occur (e.g. Ryhope) were probably produced by stranding 
ice-blocks. 

®> Same as the Purple Clay of Yorkshire. 
® The Yorkshire Basement Clay is probably slightly later than the Durham. 

The evidence appears to prove that there was a Glaciation-Interval 
(Interglacial Period ?) between. 
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Photo D.W. 
Fic. 1.—60ft. Raised Beach at Easington. 
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Photo D.W. 

Fic. 2.—Photograph of cliff at Easington showing 60 ft. Raised Beach resting 
on rock shelf. 

[L'o face p. 74. 
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in the main of fairly continuous outcrops, but is much disturbed 
by faulting. In the unravelling of the tectonics of the district, 
however, the difficulty caused by excessive faulting is counter- 
balanced by the multiplicity of the borings that have been made 
during the exploration and development of the valuable hematite 
deposits associated with the limestones. In no single instance is 
there an exposure giving a complete section of the sequence, yet 
with the help of the journals of the “ bores” every one of the 
exposures mentioned in this paper can be placed at its exact horizon 
with great accuracy. 

The area has been mapped by the officers of the Geological Survey.1 
The only memoir dealing with the limestone is that on the hematite 
by B. Smith ? recently published, in which the names and thicknesses 
of the various limestones are detailed. 

In 1869 W. Brockbank ° gave some notes on the Aldby Limestone. 
The horizon is not mentioned, nor are the fossil contents enumerated, 
which is to be regretted, as this exposure has been covered over with 
slag heaps. The most important work on the area under considera- 
tion is that of Mr. J. D. Kendall.*. Mr. Kendall describes the 
succession very minutely, records the general lithological 
characteristics, gives numerous sections, makes comparisons with 
sections outside our area, and defines the double system or two 
systems of faulting. No attempt is made toe supply any exhaustive 
account of lithological details, nor are the fossil contents catalogued 
with any completeness. Mr. J. G. Goodchild,’ in a paper on the 
Limestones of Cumberland and Westmorland, makes mention of our 
area in pointing out the attenuation of the detrital rocks interbedded 
with the limestones as our district is approached from the north 
and north-east. Since then nothing worthy of note has been done, 
and no attempt at anything like a thorough investigation of the 
fossil fauna has been made. With the exception of some specimens 
of Productus cf. giganteus Mart., one or two other brachiopods, and 
some very fine specimens of Lonsdaleia (all without localities) in the 
museum of the Whitehaven Scientific Association, there are no 
public collections of Carboniferous Limestone fossils in the district. 

The author began collecting in 1910 with a view to correlating 
the different beds of the various outcrops; more especially was he 
anxious to establish definite paleontological horizons in the Egremont 
portion of the area, where the upper beds with the easily identified 
Orebank Sandstone are usually denuded, and the interbedded 
sandstones and shales of the lower portion of the series are not well 

1 Sheet 101 S.W. (New Series, Sheet 28) 
2 Special Reports, vol. viii,—Iron Ores: Hematites of West Cumberland, 

etc., 1919. 
3 Proc. Manch. Lit. and Phil. Soc. ; Grou. Maa., Vol. VI, p. 141 (Abstract). 
4 “ The Carboniferous Rocks of Cumb. and N. Lanes or Furness”: Trans. 

NV. of Eng. Inst. Min. and Mech. Eng., vol. xxxiv, 1885, p. 185. 
> “ Notes on some of the Limestones of Cumb. and Westm.”: Trans. 

Cumb. and Westm. Assoc., No. xvi, 1890-1, p. 134. 
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defined. It was thought that if such horizons could be definitely 
established and readily recognized they might be of economic 
-advantage in the location and exploitation of the ore-bodies in that. 
part of the district. The results obtamed then and since afford 
a basis for a comparison with the faunal divisions established else- 
where by the classic work of Vaughan 1 and Garwood ?; whilst the 
lithological examination reveals certain interesting rock-types. 
which are also prevalent in other areas, especially many of those 
described by Mr. H. E. L. Dixon ? in his work on Gower. 

The followmg pages are intended to be a preliminary account of 
the full work. 

GENERAL STRUCTURAL AND PHYSICAL FEATURES OF THE OvurTcRops. 

At Egremont, the southern extremity of the outcrop of the 
Carbgniferous Limestone of West Cumberland, the various members. 
of the series emerge from beneath a covering of New Red rocks, 
viz. the St. Bees Sandstone, red marls, and breccia. The Fourth 
or Clints Limestone (Table II), the thickest member of the series, 
appears at the surface on the north-west side of the town in Gillfoot. 
Park and forms the high ground on the west side of the Egremont- 
Whitehaven road, and then as a marked ridge passes through 
Clints to Woodend Station. West of this ridge the First or Bigrigg 
Limestone crops out near Langhorn Farm; it is then shifted to 
the east behind Bigrige Moor houses, where it is thrown down by 
various faults and does not re-emerge until Birks Farm, north-east. 
of Cleator Moor, isreached. The bottom beds, the Sixth and Seventh 
Limestones, form the bed of the Ehen River for a short distance 
north-east of Briscoe Mount. The Seventh or Bottom Limestone 
reappearing at Todholes, is the outcrop limestone as far as Frizmgton. 
Parks, where the series is shifted to the east by the great Yeathouse 
fault, which brings the St. Bees Sandstone down to the same level 
as the Bottom Limestone. The Fourth Limestone can again be 
traced by a marked ridge east of Frizmgton, and again at Eskett, 
Salter, and Rowrah. From Kelton Head Quarries it passes through 
Lamplugh to Scalesmoor Farm. 

The Orebank Sandstone, a more or less shaly sandstone lying 
between the Second and Third Limestones, can usually be traced. 
as a level tract between the higher ridge caused by the thick Third 
end Fourth Limestones and the lesser ridge formed by the First 
end Second Limestones, in spite of the fact that the contour of the 
district has been considerably modified by glacial agencies and 
recent denudation. On the whole, the outcrop of the series presents. 
an alternation of terrace scarps and more level tracts, the gentle 

1“ The Paleontological Sequence in the Carboniferous Limestone of the 
Bristol Area ”: Q.J.G.S., vol. Ixi, 1905, p. 181. 

2 “ On the Lower Carboniferous Succession in the North-West of England ” : 
Q.J.G.S., vol. Ixviti, 1912, p. 449. 

3“ The Carboniferous Succession in Gower”: Q.J.G.S., vol. Ixvii, 1911. 
p. 477. chad 
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slopes coinciding with the dip of the strata, which is usually to 
the west or south-west. 

The drainage of the area is for the most part post-glacial, the 
Rivers Keekle and Khen crossing or running along the sides of faults 
indiscriminately. Two outcrops appear outside the tract of country 
mentioned. One is at Overend, 1} miles south-east of Whitehaven, 
where the First, Second, and Third Limestones have been pushed 
up through the Millstone Grit and Coal Measures; and the other 
is at Wilton, a mile east of Kgremont, where the Seventh Limestone, 
isolated amid Lower Paleozoics, has been saved from denudation 
by slight synctinnal folding. The Whitchaven Millstone Grit and 
Coal Measures border the limestone tract on its western side for 
the greater portion of its length. 

LIMESTONE SERIES AND MILLSTONE GRIT 

oF W. CUMBERLAND. 

Taste J.—LITHOLOGY. 

THE CARBONIFEROUS 

Thickness. S.W. N.E. 
ft. ft. 

Millstone Grit Coarse grits with quartz-pebbles and 
felspar-fragments. Sandy, mottled, 
and finely laminated black shales, 
fossiliferous. Thin coal, 4in.-O . 60 120 

Dark blue-grey limestone: towards 
top thinly bedded with sinuous but 
persistent bedding-planes; lower 
portion massive. Occasionai small 
veins of barytes . 40 60 

Thinly laminated shale <a thin cal 
and sandstone. 12 14 

Dark  blue-grey limestone, ‘thick. 
bedded é é : : : 14 24 

Fine-grained micaceous sandstones 
with one or two coarser bands ; 
becomes largely dark shales in N.E. 40 70 

First Limestone. 

First Shale 

Second Limestone 

Orebank Sandstone 

Third Limestone 
Third Shale 
Fourth Limestone 

Fourth Shale 

Fifth Limestone 

Sandstone and Shale . 

Sixth Limestone 

Thin Beds. 

Reddish-grey crinoidal limestone 
Mottled shale, sandy and micaceous 
(For sub-divisions and characters see 

Table Til). ~ 
Green shales, sandy mudstones, and 

micaceous sandstone 
Upper portion (A) white or reddish- 

vrey limestone usually much 
jointed ; separated from dark blue- 
grey lower portion (B) by thin 
mudstone. Pseudo-breccias in (B) 

Upper portion thinly bedded sandstone, 
with finely laminated black 
fossiliferous shale in lower portion 

Blue-grey limestone, thick - bedded, 
with pseudo- breccias, much divided 
in places by black shales of variable 
thicknesses 

Nodular limestone with thinly bedded 
limestones, shales, mudstones, and 
calcite-mudstones < . 

50 

14 

10 



Seventh Limestone 

Basement Bed . 

Millstone Grit . 

First Limestone. 

First Shale 

Second Limestone 

Orebank Sandstone 
Third Limestone 

Third Shale 
Fourth Limestone 

Fourth Shale 
Fifth Limestone 

Sandstone and Shale . 

Sixth Limestone 

Thin Beds. a 

C. Edmonds— 

Thickness. §.W. N.E. 
Evenly-bedded grey limestones with ft. ft. 

diagonally-bedded sandstones near 
base and summit; chinastone- 
limestone and  pseudo-pisolite ; 
chert nodules at one or two levels. 
Dolomite-mudstones and calcite- 
mudstones with black shales at 
base . 9 : 5 3 : 60 160 

Dark-grey shale, sandy, and con- 
glomeratic in parts, with small 
comminuted quartz - pebbles 
throughout. 0 0 : 0 oo (o>) 

TasLE IJ.—PaL®ONTOLOGY. 

Coarse grits and sandstones contain plant-impressions. 
Black shales contain Goniatites in abundance, 
Pierinopecten sp., Lingula sp., and many 
gastropods. 

Producius giganteus Mart., P. latissimus J. Sow., 
Schellwienella crenistria (Phill.), Athyris plano- 
sulcata (Phill.), and Orbiculoidea nitida Phill. are 
the chief brachiopods. Corals abundant : 
Dibunophyllum muirheadi Thom., Aulophyllum 
fungites pachyendothecum Thom. em. S. Smith, 
Koninckophyllum magnificum Thom., Caninia cf. 
sub-ibicina McCoy, and Lonsdaleia floriformis 
(Mart.) mut. laticlavia S. Smith are chief forms. 

Plant-impressions and indeterminable casts of 
lamellibranchs. 

Productus latissimus J. Sow., P. semireticulatus Mart. , 
Dibunophyllum sp., Zaphrentis cf. disjuncta Thom. 

Plant-impressions in many bands. 
Fauna sparse, Zaphrentis enniskillent Edw. & H. 

and Diphyphyllum lateseptatum McCoy are chief 
corals. 

No fossils. 
(For paleontology of Fourth Limestone see 

Table IV.) 
No fossils. 
Productus cf. maximus McCoy, P. semireticulatus 

Mart., P. cora d Orb. mut. D,, Chonetes 
papilionacea (Phill.) are characteristic and 
abundant brachiopods. Coral fauna contains a 
maximum of Cyathophyllum murchisoni Edw. & 
H., Koninckophyllum sp., Carcinophyllum sp., 
Dibunophyllum 6 Vaughan, with Lonsdaleia 
duplicata (Mart.) mut. melmerbiensis S. Smith 
highly characteristic. 

Sandstone contains worm-tracks, rain-prints, etc. 
Black shale is crowded with Chonetes hardrensis 
(Phill.), Leptena analoga Phill, Productus 
longispinus Dav., and many lamellibranchs. 

Productus maximus McCoy, Chonetes aff. paptlonacea. 
(Phill.), Dibunophyllum @ Vaughan (rare), 
Carcinophyllum @ Vaughan, Lithostrotion martint 
Edw. & H. characteristic and abundant. 

Nodular bed probably algal. Spiriferina cf. laminosa 
McCoy abundant. Pugnax pugnus Mart. and 
Seminula ficoidea Vaughan. Fish teeth fairly 
common. Calcite-mudstones contain Spirorbis- 
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like annelids, small gastropods, Calcisphera. 
Shales contain lamellibranchs, Aviculopecten cf. 
plano-clathratus McCoy and Modiola sp. 

Seventh Limestone . Productus maximus McCoy, P. cora d’Orb. mut. So, 
P. corrugato-hemisphericus Vaughan abundant 
and characteristic. P. scabriculus Mart., Dielasma 
cf. sacculus (Mart.), Seminula cf. ficoidea Vaughan, 
Cyrtina sp., Cyathophyllum cf. @ Vaughan, 
Nematophyllum minus McCoy, Carcinophyllum 
sp. near @ Vaughan, Caninia cf. patula Mich. 
Syringopora sp. [a distinct form]. 

Basement Beds . . Plant impressions and casts of Productus. 

GENERAL LITHOLOGICAL DESCRIPTION OF THE SERIES. 

The series consists of a number of massive to thinly bedded lime- 
stones interspersed with beds of sandstone, shale, or mudstone (see 
Tables I and IIT). 

The limestones are most commonly of standard type, viz. with 
a standard marine fauna. Their texture ranges from coarse granular 
crinoidal rocks to very fine-grained or porcellanous “ calcite- 
mudstones ’’,4 which include “ chinastone-limestones”’. In colour 
they vary from white through reddish-grey and blue to almost black, 
beds on the same horizon differing according to the presence or 
absence of hematite in the vicinity. 

The shales and mudstones range in colour from pale green or grey 
through reddish-grey to purple and black; in thickness from 
paper-thin partings to beds 12 to 14 feet in thickness. The mud- 
stones associated with the Fourth Limestones are mottled (white, 
red, and purple), and are either purely argillaceous (weathering to 
a crumbly clay) or sandy-argillaceous : they are known in the district 
and are recorded on the Vertical Sections published by the Geological 
Survey as mottled shales. The shales in the upper limestones are 
carbonaceous. Mica is usually present in the sandy shales, but is 
absent from the mudstones. The sandstones intercalated between 
the limestones are generally stained red and purple, and, with the 
exception of one or two coarser bands in the Orebank Sandstone, 
are mainly fine-grained. Mica is usually present. No limestone 
exactly like the Bryozoa Bed (Hor. a) of Bristol is present, but 
rocks somewhat resembling it occur near the base and summit of 
the Seventh or Bottom Limestone and again near the top of the 
Fourth Limestone. A rock suggesting the “ Seminula Pisolite ” of 
the Avon Section occurs near the summit of the Seventh Limestone. 

Subsequent dolomitization occurs locally in many of the lime- 
stones; it is frequently associated with hematite. Dolomite- 
mudstones are common at the base of the series, but no con- 
temporaneous dolomitization has been observed. A fine-grained 
calcite-mudstone, about 2 feet thick, weathering white and fracturing 
conchoidally, like the ‘‘ chinastones’”’ of the 8.W. Province, occurs 
midway in the Seventh Limestone, whilst other calcite-mudstones, 

1 The terms “‘ calcite-mudstones ”’ and ‘‘ dolomite-mudstones ”’ are used for 
rock-types similar to those described by Mr. Dixon (op. cit., pp. 516-17). 
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with ostracods, small gastropods, and Sjnrorbis-like annelids, 
occur at two or three horizons. Purely crinoid limestone, suggestive 
of ‘ petit-granite ’, occurs rarely (one or two bands), but crinoia- 
ossicles are abundant in most of the limestones. Foraminiferal 
limestones are almost universal, but foraminifera are specially 
abundant and attain considerable dimensions in the “ Spotted 
Beds” near the middle of the Fourth Limestone. Saccammina 
characterizes a particular horizon of this limestone throughout 
the are2. Limestones that are more or less definitely algal + occur 
at three or four separate levels. Girvaneila sp. is abundant in a 
particular band of the Fourth Limestone throughout the district, 
and the white limestones immediately below are particularly rich 
in what appear to be algal remains. 

Tron pyrites occurs in the Second Limestone at Overend, and is 
often abundant in the shales, being remarkably ubiquitous in the 
shaly Basement Conglomerate. Small veins of barytes occur in the 
First Limestone at Langhoin, and in many of the beds at Kelton 
Head; it is often associated with hematite. Hzmatite is found 
in variously formed masses and irrespective of any particular 
horizon, but whilst it has been found in all the limestones an analysis 
of the occurrences proves that there are three horizons where 
hematite deposits are more general than at other levels. The first 
is at the base of the First Limestone, the second rests on what is 
known locally as the Fourth Shale (the shale at the base of the 
Fourth Limestone), and the third hes on the Basement Shale. 
Crystals of calcite are abundant throughout, West Cumberland 
having supplied many specimens to museums all over Europe. 
Fluorspar is found more sparingly. “‘ Pseudobreccias,” similar to 
those described by Dixon and Garwood from the D Zone of the 
South-West and North-West Provinces, are present at many levels, 
and are well developed in the Fourth Limestone ; “ spotted beds ” 
are confined to that level. Chert occurs in nodules near the base 
and towards the top of the Seventh Limestone, and sparingly along 
the bedding at the top of the Fourth Limestone. Some of the 
nodules show concentric zoning. Beekite and other forms of 
silica. replace corals and brachiopods in some beds. 

Diagonally Bedded Sands.—A feature to be noticed occurs in the 
Seventh Limestone at two distinct horizons, one about 20 feet above 
the Basement Conglomerate and the other at the top of the lime- 
stone. Grains of red and brown quartz enter the limestone in 
“diagonal ”’ (cross) bedding, forming diamond-shaped “ frames ” 
that enclose masses of almost purely crinoidal limestone. Spuzrzfer, 
Dielasma, Seminula cf. ambigua, and other brachiopods persist 
upwards through the sands, and ere preserved as casts in the sand- 
stone itself. The lower of the sandy episodes consists of bands 
of a few inches thickness, whilst the one at the top of the Seventh 

1 Attention has been drawn by Garwood and Reynolds to the importance 
-of alge as rock builders of Carboniferous and other limestones. 
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Limestone developes in places into a sandstone, 6 to 10 feet thick, 
with numerous plant-impressions. On a weathered surface the 
sand-grains stand out as brown lines, and give the rock a striking 
appearance. The walls on either side of the Rowrah to Kirkland 
road are built of this limestone and show up the diagonal bedding 
to perfection. This feature, when present, distinguishes the Seventh 
or Bottom Limestone, being absent from all the otber limestones. 

The Fourth Limestone—The Fourth Limestone (Tab. IIT) can be 
subdivided into several distinct beds, and the intercalated mud- 
stones, shales, and sandstones are persistent over an area extending 
beyond the limits of the district under consideration. This 
limestone, which is highly fossiliferous throughout its thickness, 
affords the best exposures throughout the district, and is the one 
most frequently quarried ; indeed, at present (1921) no quarry is 
being worked in any other limestone. The thicknesses usually given 
in vertical sections are 256 feet in the vicinity of Clints and 312 feet at 
Yeathouse, but by direct measurement the thicknessesare slightly less. 
The best exposures are at Kelton Head and Rowrah Head, where 
the full sequence can be seen and studied. Other good exposures, 
but lacking some of the top beds and their connexion with the 
Third Limestone, are at Rowrah Hall, Salter Hall, Postlethwaite’s 
Eskett. Yeathouse, and Clints Quarries. The junction of the 
D,- with the D,-subzone occurs about 50 feet above the base of this 
limestone ; it is distinguished by a thin calcite-mudstone lying 
between shales with plant-impressions. The calcite-mudstone 
contains Spirorbis-like annelids, small gastropods, beside Girvanella 
sp. and similar alge. Guirvanella sp. also occurs encrusting ‘small 
fossils and crinoid-fragments in the limestone immediately above 
the ealcite-mudstone. 

Tur FourtH LIMESTONE. 

TasLe I]J.—Lirnonocy. 
Thickness. S.W. N.E. 

ft. ft. 
Black Chert Beds . Dark blue-grey limestone with chert 

nodules along bedding ; middle bed 
calcite-mudstone - : - 10 15 

Shale ; A . Mottled mudstone, with concretions . 1 2 
Junceum Beds . .  Thick-bedded blue-grey limestone with 

platy crinoidal band towards top. 
Chert (Kelton Head). Little shale 
along bedding planes which are 
usually concretionary towards top 
but absent in massive lower 
portion ¢ E x 5 55 65 

Saccammina Beds . Grcenish-grey limestone separated from 
above by 1-2 feet of mottled shale 
or mudstone : 3 : ¢ 18 25 

Upper Alga!(?) Band. Micaceous sandstone (Clints) ; 
nodular and porcellanous limestone 2 5 

Pot-holes Bed . . Thick post of light-grey limestone 
without shale partings. Pot-holes 
abundant and persistent. 

VOL. LIX.—NO. II. 6 
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Shale, mudstone, or 
sandstone. 

Spotted Beds 

Thin Mudstone . 
Rough Beds 

Shale 

White Beds 

Black Chert Beds 

Junceum Beds 

Thin Mudstone . 
Saccammina Beds 

Thickness. S.W. N.E. 
ft. ft. 

“Spotted,” the “spots” being 
large patches of pink staining on 
light-grey matrix. : é 3 20 30 

Shale and mudstone (Clints); sand- 
stone (Frizington) 5 2 3 

Thickly-bedded light-grey limestone 
with two or three thin shales or 
mudstones ; “ spots ’’ mainly dark- 
grey (“ matrix’ light-grey), more 
or less circular in one or two bands, 
about lin. in diam. in lower 
portion, increasing upwards . 5 30 35 

Dark-grey limestone with pseudo- 
breccia structure and “ wavy ” 
bedding planes ; highly bituminous 
towards base. . : 0 50 60 

Shale, mudstone, and calcite-mud- 
iS) stone il 

White lmectontes in ‘S or 6 hails sain 
3 or 4 mottled mudstones 1-10 feet 
thick. Middle beds much worn by 
contemporaneous channelling ; true 
limestone - breccias in. the mud- . 
stones ; lower beds faintly spotted. 
Persistent evenly-bedded limestone- 
breccia at base . i 0 55 65: 

Tue Fourta LimEsrone. 

Taste 1V.—PALAONTOLOGY. 

Productus semireticulatus Mart., P. latissimus J. Sow. 
Athyris planosulcata (Phill.), chief brachiopods. 
Corals not abundant; Aulophyllum pachyendo- 
thecum Thom., Syringopora reticulata Goldf., with 
Chwtetes depressus in wide-spreading flat sheets. 

Fauna particularly abundant; some of the chief 
forms: Productus giganteus Mart. in a distinct 
band near top of this bed, P. concinnus J. Sow., 
P. scabriculus Mart., P. fimbriatus J. de C. Sow. 
Martinia glabra (Mart.), M. ovalis (Phill.), 
Spirifer grandicostatus McCoy are common. 
Inthostrotion junceum (Flem.) in many distinct 
bands with JL. wportlocki (Bronn) and L. 
maccoyanum Hdw. & H., Lonsdaleia duplicata 
(Mart.) mut. alstonensis S. Smith, Cyathophyllum 
regium Phill., Michelinia tenuisepla (Phill.), 
Dibunophyllum splendens Thom., Clisiophyllum 
ef. keyserlings McCoy, Aulophyllum  fungites 
(Flem.) mut. cumbriense S. Smith, Hetero- 
phyllum Lyelli Duncan, and a large form of 
Diphyphyllum sp. are not found in any of the 
other beds. Saccammina cartert Brady occurs at 
base. 

Is crowded with Saccammina at Clints. 
Standard D,-fauna but macroscopic fossils non 

abundant. Saccammina carterr Brady [through- 
out], but most plentiful in a band midway in 
the beds. Orionastreea ensifer S. Smith only from 
here. 



A. Heard The Petrology of the Pennant Series. 88 

Upper Algal(?) Band.  Algz (?) (Frizington); plants in the sandstone. 
Pot-holes Bed . . Standard fauna, Dz corals abundant; Saccammina 

in upper beds. 
Mudstone . 3 - Mudstone unfossiliferous ; plants in sandstone. 
Spotted Beds. -  Brachiopods particularly abundant in top beds; 

foraminifera abundant, large Textularia sp. 
characteristic. Lonsdaleia sp. [var. in which 
many septa reach theca]. Lithostrotion irregulare 
Phill. abundant. 

Thin Mudstone . - No fossils. 
Rough Beds. - Typical Do-fauna abundant,with many lamellibranchs 

in lower portion. Chonetes cf. comoides occurs in 
band near base, and Gutrvanella sp. occurs 
enctusting crinoid stems and coral fragments in 
a band at the base and is found in the calcite- 
mudstone immediately below. Chief associated 
forms are: Productus edelburgensis Phill., 
P. maximus McCoy, Chonetes compressa Sibly, 
Pugnax pleurodon (Phill.), Spirifer bisulcatus J. de 
C. Sow., Dibunophyllum @ Vaughan, Caninia 
denticulata Thom., Lonsdaleia floriformis (Mart.) 
mut. crassiconus 8. Smith, Carcinophyllum sp., 
Zaphrentis sp., Cyathophyllum murchisoni Edw. & 
H., and Lithostrotion irregulare Phill. 

Calcite Mudstone -  Spirorbis-like annelids, Girvanella sp., and many 
small gastropods. 

White Beds : .  Brachiopods abundant in upper beds; Productus 
cora d’Orb. mut. D,, P. hemisphericus J. Sow., 
Schizophoria resupinata (Mart.),Cyrtina septosa (7) 
Phill. A gastropod, Straparollus acutus (Sby.), 
is common. Cora!s abundant, especially in lower 
beds, and typical of D,:  Cyathophyllum 
murchisoni Edw. & H., Carcinophyllum @Vaughan, 
Dibunophyllum @ Vaughan, Caninia cf. derbiensis 
Vaughan, Lonsdaleia duplicata (Mart.), and a 
Clisiopnylloid Lithostrotion. 
(To be continued.) 

The Petrology of the Pennant Series, East of the 

River Taff. 

By A. Hearn, M.Sc., F.G.S., University College of South Wales 
and Monmouthshire. 

ee LBOUGH much geological research has been done on the Coal 
Measures of South Wales, little detailed work on the petrology 

of the series, east of the River Taff, has been published. This work 
has been undertaken in the hope that the petrology of the district 
may give a foundation for a reliable correlation or may give a clearer 
conception of the conditions of deposition and the source of the 
sediments than is obtained from a study of the coal-seams alone. 

The Coal Measures of South Wales are divided into three main 
groups: the Lower Coal Series, the Pennant Sandstone, and the 
Upper Coal Series. The upper boundary of the massive sandstone 
series known as the Pennant Grit, is defined by the Mynyddislwyn 
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coal seam of Monmouthshire, and the lower boundary by the No. 2 
Rhondda coal seam. 

This petrological investigation is chiefly concerned with the 
Pennants, east of the River Taff, but has been extended to certain 
areas, such as Garth Hill, west of the Taff. The rock-specimens 
examined have been selected from various horizons at different 
localities along the south crop of the coalfield, and from districts 
as far north as Ferndale, in the Rhondda Valley. 

Immediately below the No. 2 Rhondda is a mass of sandstone 
which so closely resembles the Pennants that it is impossible to 
distinguish between the two in hand-specimens. These sandstones 
from the upper part of the Lower Coal Series have been included in 
the work for the purpose of establishing a relation between them and 
the Pennants. 

Macroscopically, the Pennants may be described as compact 
micaceous sandstones and flags. The colour in unweathered 
specimens varies from grey to green, and is sometimes almost black 
where there is a local concentration of carbonaceous material. 
Frequently the rock is highly false-bedded, and small lenticular 
coal-seams appear at many horizons, consisting of material which 
is clearly detrital matter. Often the sandstones are massive, without 
any concentration of coal, but in this massive rock silicified plant 
remains have been found, including numerous large Calamites. 
Bands of conglomerate and shales are exposed at certain horizons 
and near the Taff thin sulphury coal-seams appear. 

APPEARANCE IN THIN SECTION. 

A large number of specimens of Pennant Sandstone, from many 
different localities, have been sliced and examined. There is little 
variation shown in the different thin sections. Under the micro- 
scope the rock is seen to be a fairly even-gramed sandstone, con- 
sisting mainly of quartz grains set in a matrix, which is difficult to 
determine microscopically. Generally an aggregate polarization 
is shown. Secondly, white mica and quartz are the only minerals 
which can be identified in the matrix. The secondary quartz is 
occasionally found enveloping the original quartz grains. 

On the whole there is considerable uniformity in the size of the 
quartz grains, the average diameter being about ‘3mm. in the 
normal sandstone. ‘These grains are subangular, but tend to 
become angular with a diminution in size. Much of this angularity 
is probably due to a secondary deposition of silica. The quartz is 
clear and remarkably free from inclusions. Undulose extinction 
is rare in the smaller grains, although in the larger graims it is 
occasionally visible. Chert is common throughout the series, its 
brown or yellow colour and its cryptocrystalline structure affording 
a ready means of recognition. Detrital colourless mica is very 

1 A. Strahan in “ The Country around Newport’: Mem. Geol. Surv.; 
1909, p. 28. 
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abundant, in frayed and twisted laths. The felspars are so altered 
that their exact species cannot be determined with certainty. Dark 
mica is present in the form of a few frayed laths, which show but 
little trace of alteration. Chlorite is abundant at every horizon. 
Black opaque material is common and appears to be mostly 
carbonaceous matter. Subangular fragments of shale are found 
scattered throughout the series. Corundum has been detected in a 
few slides. 

THe Heavy MINERALS. 

Specimens of the Pennant Sandstone from numerous localities 
were crushed but not ground in a mortar, and were subsequently 
placed upon a series of sieves of mesh 30, 60, 90 to the inch, and well 
shaken. Most of the heavy minerals passed the 90 mesh, especially 
the zircon and rutile grains. 

The fine dust was removed by careful washing. The pounded 
rock was not treated with hydrochloric acid before the heavy liquid 
separation, as this destroyed many of the mmerals. The crushed 
rock was treated with heavy solutions in order to isolate groups of 
minerals of known density. 

The following heavy solutions were used :— 

Sonstadt Solution, Specific Gravity = 2°6 
Bromoform, - he SRS) 
Sonstadt Solution, Hi PRE fae al 6) 
Mercurous Nitrate » RES AS 

The bar-magnet and an electro-magnet with adjustable pole- 
pieces were also utilized, and, after a little experience, it was seldom 
found necessary to employ a heavy liquid with a 8.G. greater than 
2-9, except for the purpose of confirmatory tests. The use of simple 
micro-chemical tests proved valuable in confirming the presence of 
certain minerals. 

The grains, which were isolated by means of hand-picking under 
a lens, were mounted either in clove oil (Refractive Index = 1°53) 
or Canada Balsam for microscopic investigation. 

The following minerals were separated :— 
Siderite—Moderately magnetic grains with 8.G. greater than 

3:16. These appeared yellowish in reflected light, and had a high 
refractive index. Many of the grains were granular and contained 
particles of carbonaceous matter. In warm hydrochloric acid these 
fragments gave off an evolution of gas (CO,), and generally a minute 
particle of angular silica was left behind after all action had ceased. 
Much iron was found in the solution on testing. These grains 
appeared to be free from calcite when the alum test was applied.’ 
Spherosiderite—Numerous almost perfectly rounded grains have 

been placed in this group, distinct from that of siderite, on account 
of their characteristic form. These bodies were drawn from 
separation of density greater than 3°18 and less than 4°3 by means 

1 Weinschenk (Clark), Petrog. Methods, 1912, p. 151. 
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of an electro-magnet; they had an average diameter of about 
0-1 mm., and were soluble in hydrochloric acid. No nucleus of 
quartz was observed after all action had ceased. When viewed 
under the microscope in convergent light and between crossed 
nicols, beautiful concentric and spherulitic structures were presented ; 
these bodies show the black cross characteristic of radiate aggregates. 
Other carbonates may have been present in isomorphous intergrowth 
with the iron carbonate, but neither calcium nor magnesium was 
detected by chemical tests. 
Cordierite.—Fairly fresh grains of this mineral were not abundant, 

although some samples were found in practically every horizon 
examined. The grains were irregular, but a few showed traces of a 
short prismatic habit. The colourless crystals were easily 
distinguished from quartz by means of their characteristic inclusions 
of zircon and magnetite. Even the freshest grains showed the 
beginning of an alteration to a greenish chloritic substance at the 
edges or near the inclusions. The crystals were drawn out of a crop 
of density greater than 2°9 by the electro-magnet. This slightly 
magnetic character was probably due to the inclusions of magnetite, 
which with those of zircon probably caused the density to be greater 
than that of normal cordierite. 

Zircon was abundant in all horizons of the Pennants, occurring 
in well-developed prismatic grains of an average size 0:15 by 0:05 mm. 
Some of the crystals presented an almost perfect form, giving an 
angle of approximately 48 degrees between prism and pyramid. 
Many grains were slightly clouded, and showed a zonal structure, 
a few of these were reddish and slightly magnetic, and may have 
been xenotime. 

Rutile.—This mineral was present throughout the series in sub- 
ordinate quantities. It generally occurs in the form of rounded 
yellow or brownish-red grains, although colourless rutile has been 
detected. Occasionally heart-shaped and geniculate twins were 
observed. Rutile needles were found in the clays and shales, but 
not in the sandstones. Its extremely high refractive index, its 
density, and its sub-metallic lustre, enabled this mineral to be 
easily detected. A few of the red grains were slightly magnetic, 
and were probably ferriferous. 

Muscovite was separated with difficulty by means of heavy 
solutions, on account of the large surface area of the cleavage flakes, 
which caused it to be distributed in all the crops. It was easily 
separated by rolling the flakes down a rough paper tube, when the 
mica cleavage flakes remained on the rough paper. Most of the 
fragments showed some trace of hexagonal structure, .and were 
either dark or gave low interference colours between crossed nicols. 
Inclusions were frequently present. The secondary mica was in the 
form of dense scaly aggregates. 

Pyrrhotite was found in relatively large quantities at almost 
every horizon. The grains were irregular, and varied in colour from 
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a tarnished brown to black. The mineral was picked out by means 
of a hand magnet, and was decomposed in hydrochloric acid with 
an evolution of gas. 

Chlorite occurred as green scaly aggregates, and also as well- 
defined green pleochroic cleavage- flakes. This was one of the 
most abundant of the heavy minerals. 

Fluorite has only been observed in one separation from the middle 
of the Pennants in the South Crop, south of Caerphilly, in the form 
of triangular cleavage flakes, resulting from the octahedral cleavage. 
These flakes were colourless and isotropic, and had a refractive 
index less than that of Canada Balsam. 
Corundum was detected occasionally in the crops of the minerals 

from the sandstones, but a much larger proportion exists in the 
shales. It occurs as beautiful patchy royal-blue crystals with a very 
high refractive index and low polarization colours. These crystals 
appear to have a prismatic form, with cross striations. 

Pyrites occurred in irregular nodules, with a bronze-yellow colour 
in reflected light; these nodules were insoluble in hydrochloric 
acid, but soluble in nitric acid. 

Biotite——A few thin plates of this mineral have been observed, 
varying in colour from a dark brown to black. These flakes were 
drawn from a crop of density greater than 2°9 and less than 3°16 
by means of the electro-magnet. 

Glauconite——A few slightly magnetic grains of density less than 
2°€ have been referred to this mineral. 

Tourmaline in yellowish-brown grams is fairly common. 
There is a marked pleochroism in these brown grains. Frequently 
these grains appear as worn, elongated prisms with a high 
birefringence. 
A few grains of a blue mineral occurring in rounded fragments 

with a very slight pleochroism have been identified as blue 
tourmaline. These grains appear to be distinct from those described 
above as corundum. 

THe CEMENT. 
From the beginning of the work considerable difficulty was 

experienced in determining the nature of the cement, which in thin 
section appeared merely as a blotchy aggregate. White mica and 
silica were the only minerals which could be identified with certainty. 
The remarkable clearness of the grains of quartz and the absence 
of a reddish colouring precluded the presence of iron oxide; and 
although both siliceous and carbonaceous materials were present, 
these formed only a small proportion of the cement. 
When the powdered Pennant Sandstone was treated with hydro- 

chloric acid a brisk effervescence immediately began, and increased 
on warming. The lime-water test proved this gas to be carbon 
dioxide. The solution on testing revealed the presence of both lime 
and iron, and the difficulty arose of proving that the iron, as well as 
the calcium, was originally in the form of a carbonate. After 
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a number of fruitless experiments, advantage was taken of the fact 
that a potash-alum solution dissolves calcite. Control experiments 
were carried out with calcite and siderite. Calcite proved to be 
soluble in a cold alum solution ; siderite was insoluble, even after 
boilmg and standing for forty hours. Hence it was concluded that 
an alum solution would dissolve the calcium carbonate from the 
original rock, and leave the iron carbonate—if present—behind. 

Asmall quantity of the powdered sandstone was heated in an alum 
solution ; an evolution of carbon dioxide began, thus demonstrating 
the presence of calcite. The solution, after being left for a day, was 
filtered and tested for iron, but none had been taken up from the 
rock. The residue was treated with dilute hydrochloric acid ; an 
evolution of gas commenced, and the solution on testing revealed 
a relatively large proportion of iron. Attempts were made 
to estimate quantitatively the amount of calcium carbonate by this 
method ; the average percentage was 2-2°3. Quantitative chemical 
analyses gave about 0-9 per cent calcium = 2°2 per cent calcium 
carbonate, thus demonstrating the fact that practically all the 
calcium carbonate had been removed by the alum solution. 

EFFECTS ON IGNITION. 

The air-dried, powdered Pennant Sandstone was a greyish white 
before ignition. After ignition in an open crucible the powder 
changed to a pale salmon colour, forming a vivid contrast when 
placed side by side with the original powder. This change in colour 
was attributed to the calciation of the iron carbonate in the cement. 
The effects of ignition were still more strikingly demonstrated when 
the quartz grains from the original rock were mounted with grains 
from a sample which had been ignited and viewed under the micro- 
scope in reflected light. The former were clear, while the ignited 
grains were coated with a pellicle of iron oxide. Hence it was con- 
cluded that iron carbonate was present in the cement in relatively 
large quantity, in addition to calcite, secondary quartz, and 
carbonaceous material. 

THE CARBONACEOUS MATERIAL. 

Carbonaceous matter was scattered throughout the rock in varying 
proportions, and generally in angular form. To eliminate any 
possibility of this black material being graphite, numerous fragments 
were placed on zinc and immersed in a copper sulphate solution. 
When placed under the microscope no coating of copper on the zinc 
was observed, and it was concluded that no graphite was present. 
Grains were treated with nitric acid and potassium chlorate, and then 
with ammonia. When mounted a few of these fragments yielded 
clear indications of plant structure. Portions of cuticle enveloping 
nodular masses were found. These may have been spore-cases ; 
but were not so well defined as to be determined with certainty. 
Excellently well preserved specimens of woody tissue were present ; 
the walls were relatively thick, and showed no signs of pitting, etc. 
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These fragments became more interesting when viewed between 
crossed nicols. The spaces between the walls were filled with 
a colourless mineral, which compensated with the quartz wedge, 
was insoluble in nitric acid, and gave the quartz polarization 
colours. It was concluded that this was quartz. This mineral did 
not exist as a mosaic, but a complete crystal of quartz filled each 
cavity. 

THE CONGLOMERATES. 

The bands of conglomerates appear mainly in the vicinity of the 
No. 2 Rhondda, although they occur locally at almost every horizon. 
In the Rhondda Valley near Ferndale there is a conglomerate con- 
sisting of ironstone and coal pebbles, quartzite pebbles, and plant 
remains replaced mainly by iron carbonate. Sometimes the con- 
glomerates were overlaid by sandstones or lenticular coal-seams, 

and in places were immediately covered by sandy shales. Numerous 
pebbles from the conglomerates were sliced, but all were very similar, 
the most striking feature being the great proportion of large quartz 
pebbles, all of which were very strained, showing strong undulose 
extinction. These pebbles appear to have been derived from rocks 
which had been subjected to great earth movement, and at one 
time probably formed part of some pre-Cambrian ridge. Pebbles 
of shale, chert, sandstone, and quartzite have been found in these 

conglomerates. 
The occurrence of coal pebbles is significant, and suggests that 

coal-seams were already undergoing denudation at this period. The 
cement of these conglomerates varies from almost purely 
recrystallized quartz to a sandy and carbonaceous matrix. 

THE SHALES. 

The shales, which occur at many horizons, may be described as 
sandy shales. They contain a large proportion of subangular quartz 
grains, and abundant white mica. They appear to contain a larger 
proportion of calcium and iron carbonates than the sandstones, 
and also more pyrrhotite, pyrites, spherosiderite, corundum (¢), 
zircon, and rutile. In addition to the forms deseribed above, 
rutile needles have been found in the shales. Green pleochroic 
cleavage flakes of chlorite are abundant in every specimen examined. 
These shales are petrologically remarkably similar to the sandstones 
of the Pennants, except that the shales appear to contain a higher 
heavier mineral content. The heavy minerals are found concentrated 
in layers, different parts of the same specimen containing practically 
none, or abundant, heavy minerals. 

THE CLAYS. 
Lenticular patches of clay have been found amongst the sand- 

stones, particularly in a quarry due south of Caerphilly in the south 
crop. These reddish clays contain iron in the form of oxide, which 
can be observed under the microscope as a pellicle on the minute 
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quartz grains. The clay was thoroughly washed and decanted. 
Abundant chlorite similar to that of the sandstones was found, 
white mica in basal cleavage flakes, some rounded grains of zircon, 
and needles of rutile were relatively abundant. Neither pyrrhotite 
nor pyrites was found. Carbonaceous matter formed a large pro- 
portion of the material in the clay. 

THE SANDSTONES BELOW THE No. 2 RuonppaA. 

The sandstone below the No. 2 Rhondda coal-seam is exactly 
similar to that above, with the exception that fluorite, biotite, 
and spherosiderite have not yet been found. 

The presence of iron carbonate in the cement, a relatively large 
proportion of chlorite and pyrrhotite, together with chert as an 
original constituent, and large quantities of secondary silica, prove 
that lithologically these sandstones are identical with those above 
the No. 2 Rhondda. 

SUMMARY. 

The occurrence of iron carbonate as a part of the cement in the 
Pennant Sandstone is not extraordinary, when the large amount of 
entombed organic matter is taken into consideration. The presence of 
organic material and the products of decay, the so-called humus 
acids, acting as reducing agents, would aid in the formation of 
iron carbonate and prevent its oxidation. Much of this carbonate 
probably owes its presence to a metasomatic replacement of calcium 
carbonate. The granules of siderite may have been derived from 
rocks similar to those of the Lower Coal Series of South Wales. The 
alkaline carbonates which hold the humic substances in solution would 
readily dissolve silica, thus becoming effective agents in the solution 
and redeposition of silica in the rock. A solvent of this kind would 
be formed by the impregnation of alkaline salts by carbonic acid.t 
The occurrence of so much secondary silica in the rock is probably 
the result of a redeposition of silica from such a solution. No oxides 
of iron have been found in any of the numerous separations, either 
by means of heavy liquids or the electro-magnet ; their absence is 
easily explained when we consider the strongly reducing environment 
of the deposition and consolidation of the Pennant Sandstone. The 
perfectly rounded globules of spherosiderite may have been pre- 
cipitated whilst the sandstones were being deposited, but more 
probably derived from the denudation of fireclays similar to those of 
the Lower Coal Series of South Wales.2 The dominant mineral 
chlorite, existing as perfect cleavage flakes, is entirely distinct from 
the secondary aggregates of chlorite in the rock, and was probably 
deposited in its present form. I have examined a powdered specimen 
of the Delabole Slates of Cornwall (Upper Devonian), and have found 

1 Clark, “‘ Data of Geochemistry’: U.S. Geol. Surv., Bull. 616, 1916, 
p. 483. 

2 Gregory, Proc. Royal Soc. Edin., vol. xxx, 1910, p. 359. 
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in it a large proportion of chlorite flakes, exactly like the detrital 
chlorite of the Pennant Sandstone. The very few flakes of biotite 
found show little trace of alteration. The paucity of heavy minerals 
indicates that the Pennant sediments had not a granitic source ; 
they were mainly derived from pre-existing sediments which were 
rich in chert, had abundant chloritic material present, and yet were 
capable of furnishing fairly fresh biotite. Metamorphosed shales 
would account for the presence of cordierite and corundum. 

The false-bedding of the sandstones, the occasional rapid 
alternation from conglomerate to sandy shale, and the entombment 
of large amounts of vegetable material in the strata suggest that the 
Pennant Sandstones were deposited under estuarme or lagoon 
conditions. The adjoining shores were probably covered with a rich 
vegetation which contributed material such as spore-cases, twigs, and 

branches to the waters of the lagoon. 
The lenticular patches of detrital coal, and the conglomerates 

with ironstone and coal pebbles, points to the fact that areas of 
Lower Coal Measure age were undergoing denudation. 

The Welsh Coal Series thickens considerably in a south-west 
direction, and reaches a maximum in south-west Glamorgansbire. 
This increase in thickness is due, not only to a thickening of 
individual sandstone and shale bands, but also to a south-west 
incoming of fresh strata and more coal-seams.!_ This suggests that 
the source of the Pennant Series must be sought 1 in that direction, 
1.e. south-west (approximately). 

The lenticles of coal and shale, etc., which are formed through 
current bedding, have, in the majority of cases, a long axis in a north-_ 
east—south-west direction. Moreover, the steep side of each portion 
of false-bedding generally faces the north-east; apparently the 
currents which carried these sediments came from the south-west. 

THe PROBABLE SOURCE. 

The great development of schalstein and spilites in Cornwall, 
beginning in the Middle Devonian and attaining a maximum in 
Lower Carboniferous times, was only a westward prolongation of a 
great mass of pillow lavas, extending from Moravia across the 
Rhine into England! There is no reason to suppose that these 
spilites did not occur further westward than the Cornish shores, 
and as the spilitic suite of rocks are characteristic of geosynclinal 
action, it is probable that a land-mass extended parallel to this 
line of ‘spilites, which were formed in a trough running approximately 
east and west. 

Spilites are characteristic of continued subsidence, and do not 
accompany important uplift, yet those of Devon and Cornwall 
do not extend into a horizon higher than the Lower Carboniferous.* 

1 Strahan, in “‘ The Country around Swansea”: Mem. Geol. Surv., 1907, 
p. 33. 

2 Jukes-Browne, Sératigraphical Geology, 1912, p. 309. 
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This probably indicates that the long subsidence from Ordovician 
times had finished, and that a crumpling of the geosyncline had 
begun before Middle Coal Measure times. 

There is nothing in the Culm Measures to indicate the presence 
of Transition or Upper Coal Measures,! and it is possible that regions 
similar to these were undergoing denudation during Middle, 
Transition, and Upper Coal Measure times, contributing the quartz, 
chert, chlorite, mica, badly weathered felspars, etc., to form the 
Pennant Series. 

The strike of both the bedding and cleavage of the Delabole 
Slates is north-west to south-east.2_ An anticlmal movement with an 
axis running approximately north-west—south-east would account 
for the similar direction of cleavage strike, and at the same time 
provide a shore line during early Coal Measure times, which would 
supply the material for the sediments of the Pennant Series. 

The fact that the lowest horizon of the Pembrokeshire Coalfield 
as indicated by the fossil flora is one of Middle Coal Measure times 
(i.e. Lower Coal Measures are not represented by the Coal Series) 
suggests that the whole of the Coal Series of South Wales was formed 
subsequent to the crumpling of the geosyncline, which was initiated 
towards the end of the Lower Carboniferous period. 

CONCLUSIONS. 

(1) The sandstones below the No. 2 Rhondda coal-seam, east of the 
River Taff, are petrologically identical with the Pennant Sandstones. 
The lower boundary of the Pennant Series, east of the Taff, in my 
opinion, ought to be fixed, not at the No. 2 Rhondda, but at the 
base of these sandstones. 

(2) The Pennants were deposited in a strongly reducing environ- 
ment caused by decaying vegetable matter, probably under lagoon 
conditions. 

(3) Their source was in a south-west (approximately) direction, 
‘and probably originated during uplift m early Coal Measure times, 
causing Carboniferous and Devonian rocks, and possibly some 
Pre-Cambrian ridge to be denuded. 

(4) Up to the present I have been unable to obtain any satisfactory 
means of zoning these rocks by lithological characteristics, although 
when first mapping the area such a zoning appeared highly probable. 

I have to express my indebtedness to Professor A. H. Cox, Ph.D., 
D.Se., and to Professor O. T. Jones, M.A., D.Sc., for their valuable 
advice and criticism. 

1 Dewey & Flett, “ British Pillow Lavas”?: Guou. Maa., 1911, p. 205. 
2 Howe, Geol. of Building Stones (Arnold), 1910, p. 299. 
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THE GEOLOGY OF THE BritisH Empire. By F. R. C. Reep, M.A., 
Sc.D. 8vo., pp. vii + 480, with 12 folding maps and 13 maps 
and sections in the text. London: Edward Arnold. 1921. 
Price 40s. 

HE title of this volume reminds one of the curious but un- 
profitable discussions as to the meaning of the word “ empire ’’. 

Can there be an empire without an emperor? There is an Emperor 
of India, but not an Emperor of England: is India then a part—or 
the whole—of the British Empire, and England not? But if the 
intention of the title is clear, such verbal subtleties do not concern 
us, and in this case there is only one respect in which any mis- 
apprehension can arise. No account of the geology of the British 
Isles is included. But we are not a logical race, and it is unlikely 
that any British geologist would think of referring to a Geology of the 
British Empire for a description of the geology of the British Isles. He 
would recognize that convenience is more important than logic. 
There are manuals of all sizes dealing with British geology, but 
information with regard to the geology of the outlying dominions is 
often difficult of access. It is for. such information that he would 
look to a “Geology of the British Empire”, and in the volume 
under review he would find it. 

For purposes of reference the value of Dr. Reed’s book is un- 
questionable. It has been carefully compiled and brought up to 
date. It is reasonably full and complete in all its parts, and its 
lists of references are ample. If a geologist wishes to find out 
what is known about a distant part of the British dominions he will 
discover it here more easily than anywhere else. 

There is no pretence to originality. The author is not developing 
his own views : he is expounding those that are currently accepted. 
It might, perhaps, have been an advantage if he had been a little 
more critical, and had given some indication of the strength or 
weakness of the evidence; for in many cases the current opinion 
rests on a very slender foundation. This is exemplified even in 
India, where there has been a Geological Survey for considerably 
more than half a century. According to the official view the whole 
of the pre-Gondwana rocks of the Peninsula are of earlier date than 
the Cambrian. There is no real evidence in favour of this opinion, 
and the best that can be said for it is that there is no evidence 
against it. Dr. Reed hardly emphasizes sufficiently the extreme 
uncertainty of the correlation. 

The amount of information that Dr. Reed has contrived to 
pack into his pages is enormous. It seems that everything is 
noticed. Occasionally, indeed, the notice is so slight that it becomes 
unintelligible to those who are not already acquainted with its 
subject. Thus the “ cock-pits ” of Jamaica are mentioned, but the 
term is not explained, and the very remarkable features of the cock- 
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pit country are scarcely even suggested. In general, however, the 
notices are as full as can reasonably be expected. 

The chief defect of the work, if it can be considered a defect, is 
inseparable from its subject. The British Empire is not a geological 
unit. It consists of a number of fragments which belong, 
geologically, not to the British Empire, but each to its own 
surroundings. In the case of the larger areas this is no serious 
drawback, but in the case of the smaller ones the descriptions lose 
their point and interest because their connexions are not brought out. 
Dr. Reed has done his best to neutralize the defect. In describing 
the British West Indies, for instance, he gives a short account of the 
West Indies as a whole; but it is very brief, and is practically 
confined to an exposition of Suess’s views on the subject. In 

several other regions it has not been possible to do even so much as 
this. Such a criticism, however, is directed not against the book 
itself but against its limits. Considered from a iiterary point of 
view the book lacks unity; considered as a work of reference it 
is like a single volume of an encyclopedia. 
A work of praise is due to the maps. As might be expected at 

the present time they are not coloured, but nevertheless they 
are remarkably clear. The signs have been judiciously selected, 
and there is no attempt to show more detail than the method will 
bear. They will certainly save the reader a great deal of trouble, 
even if he is fortunate enough to have access to the originals on which 
they are based. 

Ley by, 

CoaL IN GREAT Britain. By Waucot Gipson, D.Sc. pp. vu+ 311, 
with. vin plates and text-figures. London: Edward Arnold. 
1920. . 2s. 

(es book is an outgrowth from the author's work on The 
Geology of Coal and Coal Mining, and is to a very considerable’ 

extent a new book. The earlier chapters are taken from the older 
book, with many additions, but the chapters dealing with the 
geology of foreign coalfields have been omitted, while the descrip- 
tions of the British Coalfields have been extended and illustrated by 
a new series of clearly prmted and well-designed maps showing their 
main structural features. The descriptions of the coalfields are 
admirable: they are very masterly examples of condensation, 
which, though devoid of superfluous or unessential matter, yet 
contain all the points necessary to render the descriptions clear and 
lucid. Criticism, however, may be passed on the methods of 
describing the positions of places, collieries, faults, etc. The maps, 
though clearly drawn and admitting of no doubt as to their meaning, 
are yet often of little immediate use in following the descriptions in 
the text. Place-names, often of obscure hamlets, bridges, and the 
like, are introduced freely with little or no indication of their 
approximate position, an omission which necessitates much prolonged 
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searching over any maps that may be to hand. The same applies 
to faults, which are quoted by the names by which they are known 
in their respective coalfields, names often taken from places not 
marked on any map of less scale than 6 inches to a mile, making 
their identification often a matter of some considerable length ; and 
this is especially the case in the regions where no recent geological 
map has been published, since in these districts the fault lines and 
boundary lines on the published maps are frequently quite incorrect, 
and do not serve as any guide to the modern reading of the structure. 

With this criticism, however, we may say that the book is one of 
great use both to students and to practical mining men, and one 
which fills a deeply felt want. 

W. H. Witcockson. 

IveertaL Instirure MonocrapHs on Minera Resources: 
Coat. By J. H. Ronatpson, M.I.M.E., etc. pp. 166, with 
maps and diagrams. London: John Murray. 1920. 6s. net. 

HIS monograph deals with the distribution of coal and the coal 
resources within the British Empire. The subject is a very 

large one, but the author has succeeded very well with his task, 
which has entailed an enormous amount of compression. The 
description of the coalfields is necessarily very brief, but the extent 
of the fields, so far as proved, the age, quality, and average thickness 
of the coals are stated, also the proved and probable resources of 
each area are tabulated. Lach section is illustrated by a map, 
on which each coalfield mentioned in the text is clearly indicated 
by numbers, so that reference from the text to the map and back 
again can be readily made. These maps give a very good idea of 
the extent and distribution of the coalfields in the Dominions and 
the British Isles. Two graphs are given showing the coal outputs 
of the various countries of the world between 1865 and 1916. It 
is unfortunate that these are placed on opposite pages, for the 
scale of the first, dealing with the three largest producing covntries, 
is only one-tenth of that ef the second dealing with the countries of 
smaller output, and the result is that any one picking the book up 
casually might imagine that the output of Austria-Hungary was 
equal to that of the United States until he began to look more care- 
fully at the scales. The real value of a graph is that it shows 
relationships of figures immediately to the eye, and it should not 
be necessary to look carefully for scales. However, the book should 
prove very useful for reference, particularly on account of its 
handy size and the clearness of its maps. 

W. H. Witcocxkson. 



CORRESPONDENCE. 

THE ENGLISH ‘“ ESKERS”. 

Srr,—Mr. Harmer has kindly called my attention to the fact that 
the statement as to the conspicuous absence of esker formations, 
quoted in the last number of the Magazine (p. 35), is by 
Dr. Rastall, and not by himself. The mistake arose through my 
having noted the page quoted from “Geology m the Field” as 
part of the preceding section by Mr. Harmer on the Pleistocene 
Period in the Hastern Counties; whereas it is in the section by 
Dr. Rastall on Cambridgeshire, Bedfordshire, and West Norfolk. 
I must apologize to Mr. Harmer for having attributed the remark 
to him. 

Yours faithfully, 
J. W. GREGORY. 

THE UNIVERSITY, GLASGOW. 
13th January, 1922. 

THE LATE DR. HENRY WOODWARD. 

Str,—Apropos of your leading Editorial Note in the number for 
January, it may be of interest tc state that although Professor Rupert 
Jones’ name appears on the early numbers of the Magazine 
as “‘ Editor ’’, he was in no way responsible for its conduct. 

In a letter to me, dated 9th February, 1915, my uncle explained 
in reference to the entry in the “ Catalogue of the Books . . . in the 
British Museum (Natural History)” that he not only originated 
but edited the Magazine from the very first. Professor Rupert 
Jones’ name was originally placed first because the publishers 
(Longman & Co.), acting on the opinion of their advisers, did not 
consider that at the time my uncle’s name carried sufficient weight. 
The Professor, however, left the whole work to Dr. Woodward. 
The only time when the services of a deputy were requisitioned was 
from the end of December, 1901, to the begining of March, 1902, 
when my uncle was absent at Alassio, and his nephew, the late 
Horace B. Woodward, acted for him.—Yours faithfully, 

B. B. Woopwarp. 
4 LONGFIELD ROAD, 

HEALING, LONDON, W. 5. 
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THE 

GEOLOGICAL MAGAZINE 
VOLUME LIX. 

No. III.—MARCH, 1922. 

EDITORIAL NOTES. 
TuE officers of the Geological Society of London for the current 
year have been elected as follows: President, Professor A. C. 
Seward; Vice-Presidents, Professor E. J. Garwood, Mr. R. D. 
Oldham, Dr. G. T. Prior, and Dr. H. H. Thomas; Secretaries, 
Mr. W. Campbell Smith and Mr. J. A. Douglas; Foreign Secretary, 
Sir A. Geikie ; and Treasurer, Mr. R.S. Herries. The new members 
of the Council are: Mr. F. N. Ashcroft, Professor P. G. H. Boswell, 
Dr. F. H. Hatch, and Mr. H. Woods. 

* * * * * 

In the Report of the Council for 1921 the item of greatest interest 
to most geologists is the question of the List of Geological Literature. 
It is stated that the publication of the Subject-Index must be dis- 
continued, and this will be a matter of universal regret. We would 
urge the Council to reconsider this decision, and to endeavour to 
devise some method for its continuance, even if in an abbreviated 
form. For our own part we would rather scrap the Abstracts than 
the Subject-Index, since the latter is of permanent value, while 
nearly everything in the Abstracts appears eventually in the 
Quarterly Journal. 

WE regret to learn that, owing to the greatly increased cost of 
production, the Zoological Record is in danger of being discontinued, 
unless a larger number of subscribers can be obtained. Fifty-five 
volumes (up to 1918) have been issued, and the volume for 1919 is 
in the Press. We call attention to this since the Record includes 
Paleontology, and now that the Geological Literature published 
by the Geological Society no longer includes an index of subjects, 
the Zoological Record should be of even greater importance than 
hitherto to Palzontologists. Those who do not require complete 
volumes can obtain separately the parts dealing with the groups in 
which they are interested. Further particulars may be obtained from 
the Secretary, Zoological Society, Regent’s Park, London, N.W. 8. 

* * * 

Mr. G. V. CotcHEsTER has been appointed to the post of Geologist 
on the Geological Survey of the Anglo-Egyptian Sudan in succession 
to Mr. C. T. Madigan, who now holds a lectureship in geology at 
Adelaide University. 
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ORIGINAL ARTICLES. 

The English Eskers. 

By Professor P. F. Kenpat, M.Sc., F.G.S8. 

HE discussion by Professor Gregory in the February GEOLOGICAL 
MaGazIneE of ce:tain ridges of glacial deposits in various 

widely separated areas seems to call for some comment. I am 
not familiar with all the examples classified by Professor Gregory 
any more than he is, but a couple of examples visited by him, and 
that I have examined many times, may serve as tests of his 
trustworthiness as a field observer in Glacial Geology and his 
competence as a commentator upon the observations of others. 

The first case is that of a remarkable drift ridge extending with 
little interruption for a distance of about 3 miles along the high 
Millstone Grit moorland overlooking the Wharfe Valley, from the 
vicinity of Ilkley down nearly to Guiseley. Professor Gregory 
selects for discussion an isolated segment known as Lanshaw, or 
Laneshaw, Delves, a name, as I shall show, of extraordinary 
significance to the geological investigator. Attention was drawn to 
these ridges by Russell,! who describes it as “‘ composed of limestone- 
gravel’, which he amplified in the Geol. Surv. Mem. 92, 8.E., to 
‘* limestone-boulders mixed with pebbles and sand ”’. 

In the great memoir of the Yorkshire Coalfield the same author, 
apparently, on p. 780, remarks: ‘‘ These mounds have been dug 
over for limestone, which they contain, so that their original form 
is partly lost; the limestone has been burnt on the spot, the ruins 
of old limekilns occurring at intervals, and stones and chert which 
have undergone the action of fire being scattered around.” 

Carvill Lewis, whose account is commended by Professor Gregory 
as the best (a judgment in which I do not concur), begins his descrip- 
tion: ‘‘ The eskers or sandbanks on top of the moor are known as 
Laneshaw Delves, and limekilns have been built upon them.” 

These descriptions are brief and give little detail, but a full 
and detailed description of the ridges is given in a very important 
paper unaccountably ignored by Professor Gregory. The authors, 
Messrs. Jowett and Muff (now Maufe),? devote two pages of their 
finely illustrated memoir to the description and interpretation of 
the ridges, which they follow Carvill Lewis im recognizing as the 
lateral moraine of a great Wharfedale Glacier. They remark that 
‘“ Along much of its course it has been dug into and turned over 
for the limestone boulders which it contained ”’. 

It will be observed that every author cited mentions the occurrence 
of limestone boulders in the ridge. And the two selected for citation 
by Professor Gregory mention the lime-kilns. 

1 B.A. Report, 1873, Trans., p. 91. 
2 “The Glaciation of the Bradford and Keighley District’: Prec. Yorks 

Geol. and Polyt. Soc., vol. xv, 1904, pp. 193-247. 
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Now let us have his version: After exact details of the position 
of Lanshaw Delves, “a bank about 650 yards long, 25 yards wide 
at the west end, and 50 yards wide at the east end; the height is 
8 feet at the west and 15 feet at the east end; the trend is a little 
south of east; the south front is the straighter and higher. The 
summit of the Delves is irregular and hummocky, the depression 
sometimes giving it the character of a triple ridge.” 

Then follow very detailed observations of the constituents, 
boulders, exclusively of Millstone Grit, their arrangement, and a 
careful description of the shape of the stones. ‘‘ The boulders are 
sometimes arranged in piles, but they show no arrangement in bands 
across the Delves.” I suspect that the lime-burners had little 
Incentive to arrange them in a systematic manner. 

“The smaller pebbles include vein quartz, and jagged fragments 
of black chert; and all of these may have been derived from the 
Millstone Grit.” (The jagged fragments of black chert, often 
crinoidal, could not have come from the Millstone Grit, but must 
have come from some euierop of Lower Carboniferous in Upper 
Wharfedale.) 
Now for Professor Gregory’s judgment, iecred with a pontifical 

assurance in ludicrous contrast with the enormous lacunae in his 
data. “It is a moraine bank formed along the margin of a sheet of 
snow and ice that filled the depression in which lies Lanshaw Dam.” 

“The Delves are the remains of a moraine on the margin of an 
embryo corrie-glacier.”” His tone is catching, and provokes me to 
retort in the same tone of confidence, with this difference, 
that I am fortified by an intimate knowledge of the whole district, 
and of the whole length of the ridge or ridges, with many photo- 
graphs and maps, and the concurrence of every geologist in Yorkshire 
—and they are many—who has examined the ground. 

Lanshaw Delves is a portion of the lateral moraine of a great 
glacier that descended Wharfedale, brmging with it multitudes of 
boulders, large and small, of Carboniferous Limestone and many 
fragments of black crinoidal and other chert. 

In the Middle Ages, when the only road from Skipton to Lower 
Airedale was a pack-horse track that left the valley at Uttley, near 
Keighley, and went over the hills towards Bradford, the Lanshaw 
Delves were the principal sources of lime for a large area about 
Bingley, Shipley, etc. The lime-burners rummaged and turned 
over the moraine in search of the limestone boulders, so that it 
is doubtful if any part of the Lanshaw Delves segment has escaped 
being ransacked, and it is hardly to be wondered at that Professor 
Gregory found the summit “irregular and hummocky, sometimes 
giving it the character of a triple ridge”. But where was his 
geological eye ? Thedepressions are in part the “ Delves ” (plural of 
Delf, a place where people “ dig and delve ’’), whence the limestone- 
boulders were extracted, and, in part, the dismantled lime-kilns 
themselves, of which three still remain intact. The fire-reddened 
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stones as Russell pointed out are scattered around, and line many 
of the hollows. The “triple ridge” is where the Delves form a 
double row. Small limestone boulders beneath the notice of the 
lime-burners can readily be found, though not by Professor Gregory, 
in spite of the clear guidance of all his precursors. Even lacking 
these, however, the black chert, wholly dissimilar in form, size, and 
structure to the little pellets of chert im the Millstone Grit, should 
have warned him off so extravagant a blunder as to put the ice on the 
wrong side of the moraine—an error of which he was guilty in his 
memoir on the Irish Eskers, and perpetrates again in regard to 
the Roman Ridge at Lindrick (not Lendrick), near Ripon. 

Such a series of blunders, errors of observation, errors of interpreta- 
tion, should, I think, make every geologist hesitate to accept 
Professor Gregory’s judgment upon any question in Glacial Geology 
at least. . 

I have on a previous occasion had to call attention to Professor 
Gregory's mis-use of quotation—here we have his imaccuracy 
illustrated in another form: he pronounces his preference for the 
description by Carvill Lewis over that by Green (meaning Russell), 
yet he shows himself ignorant of the most vital and significant facts 
in the record. When did Professor Gregory read these documents, 
and why has he made no use of their contents ? Are the references 
to them mere embellishments ? These are questions that naturally 
arise. I make no comment upon the discussion upon the “ Low- 
level Kames of the Aire Valley’, merely remarking that anyone 
who desires to obtain a clear and comprehensive account of the 
Glacial phenomena of the district with maps of the moraines, and 
evidence of the moraine-like phenomena, will find it in the paper by 
Jowett and Muff already quoted, but they will not find it in Professor 
Gregory’s paper. 

I turn to another section, namely, that on “ Eskers in North 
Yorkshire and near York”’, with some reluctance, as my object is 
not to vindicate my own work but to criticize Professor Gregory’s, 
and to enforce the warning that his peculiar methods in the field 
and in the study do not conduce to a correct apprehension of the 
problems. The phenomena to be explained are the two great 
crescentic ridges of drift, about 4 or 5 miles apart, which span the 
Vale of York in fairly close parallelism, the City of York standing 
about the middle of the northern are. 

The first suggestion that these were the terminal moraines of 
a great glacier appears to have been made by Dakyns,! though his 
meaning is not clearly expressed, but Carvill Lewis gave un- 
ambiguous expression to this view at the Manchester meeting of the 
British Association in 1887, from which occasion I date my interest 
in Glacial Geology. 

Already in 1881 Mr. J. EH. Clark (the J. F. Clark of Professor 
Gregory) had given a most valuable and careful account of the 

1 Q.J.G.S., xxviii, p. 387. 
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sections exposed in the construction of the great railway station 
at York: he has very generously placed all his notebooks in my 
hands. 

The Memoir of the Geological Survey, published in 1884, described 
the ridges, and gave excellent diagrams exhibiting their structure 
but significantly refrained from speculation on the subject of their 
mode of origin, which was said to be part of a very large subject 
and not to be discussed in a local memoir. My own contribution 
appeared in 1894 (not 1893 as stated by Professor Gregory). Fox 
Strangways + in 1895 added many details and supported the morainic 
theory, which he applied also to other areas of Yorkshire. 

Except brief summaries by myself in the Victoria History of 
Yorkshire and the Handbuch der Regionalen Geologie, the only 
addition to the knowledge of these ridges prior to Professor Gregory’s 
is the brief allusion to them by Professor Bonney in his Presidential 
Address to the British Association, a few isolated observations upon 
a borehole at Escrick, and references to the laminated mud overlying 
the mounds near York. 

Let us now see what Professor Gregory has to say. ‘“ Two 
curved bands of glacial sands and gravels occur in this part of 
Yorkshire. . . . A second curved band of boulder clay capped by 
sand and gravel is marked on the Geol. Surv. Map (Sh. 93 8.E.), 
passing 5 miles south of York through Catton to Escrick and 
Stillmegfleet (35 feet).” It is difficult to attach any other meaning 
to the figures “35 feet’ than that this is the height of the ridge 
above Ordnance Datum. In fact, the village does not stand on the 
ridge, which here ranges from 85°9 down to 50 feet, where it is 
truncated by the valley of the River Ouse, but at one intermediate 
point it falls to 48 feet. Professor Gregory’s figures are grossly 
misleading. 

Of the southern ridge Professor Gregory remarks “ Its height is 
about 30 feet above the adjacent plain ; its slopes are gentle, and 
it shows neither the humpiness characteristic of moraines, nor the 
steep sides of kames. I saw on it no large erratics. It appears 
to be a rise left by denudation. This view agrees with that of 
Professor Bonney .. . ‘the so-called moraines near York... 
do not, in my opinion, show any important difference from ordinary 
hills of sands and gravels, and their materials are wholly unlike 
those of indubitable moraines that I have either seen or studied 
in photographs.’ ” 

Before coming to any decision regarding these remarkable ridges 
one would have expected a geologist to make himself familiar with 
their form, constitution, and relation to the adjacent deposits, 
especially as he comments on the fact that the published information 
deals ‘‘ rather with the distribution of the drifts than with their 
composition and structure”. To supply the omission Professor 

1 Proc. Y. G. and P. Soc., vol. xiii, p. 18 et seq. 
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Gregory has recently revisited the district. What has he new to 
say of the crescents? The one passing through York is included in 
the general description as “Glacial sands and gravels” without 
qualification, yet Dakyns, Clark, Fox Strangways, and Carvill Lewis 
describe it as consisting principally of boulder-clay ranging up to 
a thickness of 70 feet ; and there has been for many years in the 
railway cutting that completely intersects the ridge near Holtby 
an exposure showing nothing but boulder-clay, with a few wisps 
of sand. 

The description of the southern ridge Professor Gregory, apparently 
on second thoughts, qualifies by the sentence quoted above, though 
without any confirmation from his own observation. In fact, this 
ridge, where traversed by a light railway near Wheldrake, showed an 
extraordinary tangle of boulder-clay with loops and pockets of sand 
and gravel, and a bore-hole at a farm-house on the summit of the 
ridge proved exactly 100 feet of boulder-clay. A similar appearance 
near Escrick Station is described by Dr. Parsons. 

The description of the contours of the southern ridge are very 
misleadingly described by the omission of any reference to the fact 
that, like its northern fellow, it protrudes through a great mantle 
of so-called “‘ Warp ” clay, and thus both its height and the contour 
of its flanks are concealed. 

The agency which, according to Professor Gregory, produced 
this pair of parallel crescents is discoverable only by the implication 
of his remark that the southern one “ appears to be a rise left by 
denudation ’’, leaving it to be assumed that the northern one of 
similar structure is also residual. 
How this denudation was effected and by what agency, no 

suggestion is vouchsafed. Professor Bonney’s naive comparison 
with “ordinary hills of sand and gravel” is no more helpful. One 
might as well dismiss the geology of the Matterhorn with the remark 
that it was “ an ordinary mountain of schists ”’. 

Professor Gregory derives some comfort, apparently, from the 
fact that Mr. J. EH. Clark “ favours their [the drifts] deposition by 
floating ice”, but that solitary piece of consolation should have 
been put in the past tense, for Mr. Clark’s candid and alert mind 
promptly recognized the applicability of the morainic hypothesis, 
and he frankly admitted twenty-five years ago that this 
explanation was preferable, so Professor Gregory is left with but a 
single supporter. 

I am well aware that scientific questions are not settled by a 
count of votes, but the competency and experience of the voters 
should carry some weight, and I can cite among upholders of 
Dakyns’ morainic hypothesis, apart from British observers not a 
a few, five American geologists, four of whom could each be credited 
with the mapping of hundreds of miles of moraine in the North 
American continent; they are Lewis, Wright, Upham, Leverett, 
and W. M. Davis. ; 
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The long ridge of gravel which runs from moraine to moraine is 
the ostensible object of Professor Gregory’s research, and whether 
it should be styled ‘‘ kame ”’, “‘ esker ’’, or be fobbed off with a mere 
** olacieluvial ”’, matters much less than that we should have a clear 
and unsophisticated account of its structure, form, and relations. 
As to structure, I have little to say, beyond the remark that my 
observations of gravel-pits upon the crown and flanks of the ridge 
do not confirm Professor Gregory’s description of it as “ part of a 
thin sheet”. But when we come to the form the case is altered. 
Professor Gregory declares that “‘it does not form a conspicuous 
ridge; the slopes are very gentle”. In proof of this assertion, he 
chooses one of the lowest pomts along the ridge, and recites the 
Ordnance levels along a road going out into the marshy plain. He 
was, perhaps, unaware that like the moraines, the greater part of 
this ridge is buried beneath the great sheet of Warp-clay, and that 
probably not more than 5 feet of the ridge protrudes at the point 
chosen. I could select profiles showing an emergent ridge of 25 feet 
ormore. Even if it were true, which I deny, that the gravels and 
sands of the ridge are horizontally bedded, the onus would still 
rest upon Professor Gregory to make good his assertion that they 
are part of a thin sheet, and to show by what agency the very 
eclectic erosion could have been effected. 

I have criticized three out of the many examples discussed by 
Professor Gregory, and I find in the first a perfectly amazing lack 
of observation, even when the work of others clearly indicated the 
objects to be observed. Coupled with this a confidence in 
generalization only equalled by its flagrant conflict with the facts. 

Tn the second case of the York and Escrick moraines, the 
descriptions of their constituent materials ignores the detailed work 
of the very authors cited, which perhaps is a venial offence, as 
Professor Gregory contradicts himself, first describing the two 
ridges as consisting of sand and gravel, and later making one of them 
to consist of boulder-clay, capped by sand and gravel. 

In every reference to the form of these ridges there are grave mis- 
statements, and the suggested origin of the southern ridge as “ a rise 
left by denudation” is perfectly futile im the absence of any 
explanation of the agency by which the crescent was produced ; 
moreover, the reader is left wholly uninformed as to the York ridge, 
unless it, too, is a rise left by denudation, in which case the question 
of the agent becomes still more urgent. 

After this demonstration of Professor Gregory’s inability to inter- 
pret even the most patent and obvious phenomena in the field, and 
his, I hope, unparalleled carelessness in quotation, I for one, gratéful 
as I am to him for many ingenious and fruitful suggestions, must 
refuse to accept without corroboration of more deliberate workers 
either his facts or his inferences. 
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. Dolomitization in the Carboniferous Limestone of the 
| Midlands. 

By L. M. Parsons, M.S8c., D.I.C., F.G.S. 

(WITH PLATE VI.) 

(Concluded from p. 63.) 

IV. Tue D, Dotomitic Limestones oF GRATTON AND Lone DALE. 

The middle portion of the D, beds seen in the Gratton Dale section 
consists of about 630 feet of dark dolomitic limestones, which 
appear to be confined to a definite horizon in the sequence. The 
impression one at first receives is that here are definitely bedded 
dolomites probably of contemporaneous origin, and this material 
has already been referred to as a thick bed of dolomite." Working 
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Fig. 3.—Map illustrating dolomitization in Gratton Dale and Long Dale. 

northwards down the dale, i.e. ascending the sequence, one finds 
that the vertical passage from normal limestone into dolomitic 
material above is everywhere obscured. Similarly the upper limit 
of the dolomitized beds is covered, so that it is impossible to say 
whether the metasomatism abruptly ceases with a certain bed or 
dies out gradually in the higher strata. In the affected part of the 
sequence the dolomitization appears persistent in Gratton Dale, 
and at afew places only have I found lateral transitions, one or two 
examples on either side of the dale. The most marked transition is 
on the western side, towards the upper part of the altered material. 
Here light-coloured limestones are seen to pass laterally within 
a few yards into darker dolomitic material, with which it contrasts. 
Careful examination shows that these limestones on both sides 

1 Dr. H. H. Bemrose, Proc. Geol. Assoc., vol. xxvi, 1915. 
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of the Dale are really transitions, and are not interbedded with 
dolomite, a matter of considerable significance. North-westwards 
the dolomitization extends for some distance up Long Dale which 
joins Gratton Dale at right angles. 

Throughout Long Dale, which extends parallel with the strike, 
I have been unable to see any vertical junction between the lime- 
stones below and the dolomite above. The vertical change, however, 
must be fairly abrupt, since for some distance the beds on the 
northern side are dolomitic while those on the southern side are 
normal limestones. The actual lower boundary of the metasomatism 
here lies under the grass-grown bed of the valley. About a mile 
up Long Dale the valley swerves a little northwards, and the 
dolomitization is then seen on both sides, indicating that the 
metasomatism definitely persists along certain beds since the dip 
of the strata remains the same. Westwards, as Friden is approached, 
lumps of limestone and dolomite are found mixed in scree material ; 
while still further the dolomitization rapidly becomes less persistent, 
and good examples of transitions into limestone occur on both sides 
of the valley. The actual passages from dolomite into limestone are 
seen to be abrupt. Kernels of limestone, often several feet in width, 
occur surrounded by dolomitic material. Before the Bakewell road 
is reached the lower beds have all become normal limestones, and 
beyond this road the upper dolomitized beds become patchy, and 
eventually kernels of dolomite in limestone and larger isolated 
masses, as at Parsley Hay, are all that appears to represent the 
massive dolomites of Gratton, less than 3 miles distant. West- 
wards, the field evidences are quite definitely in favour of subsequent 
dolomitization. Eastwards the matter is less satisfactory. The 
hilltops above Gratton Dale, a little east of Mouldridge Grange, are 
overgrown, and I have been unable to trace the dolomitization 
further. This part of the sequence could, of course, be faulted out, 
but there is no evidence of this. 

The whole of the dolomitized beds pass more or less abruptly 
into limestone in an easterly direction, and this abrupt passage has 
its parallel in the sudden transition of Harborough dolomite into 
the limestone of Middleton Moor, described in the next section. 
An important feature that must not be overlooked is the fact that 
in these D, beds the dolomitization is extensive and persistent only 
in the valleys. Eastwards and westwards where the dales give 
place to higher ground the metasomatism dies out. This is the 
converse of the dolomitization on the heights near Matlock. 

In their structural and mineralogical features the D, dolomitic 
limestones of Gratton resemble, in many ways, the material of 
Winster. Thus considerable obliteration of bedding planes has 
occurred ; vesicular weathering is a pronounced feature, and 
pseudo-brecciation is absent. On the other hand, there are well- 
marked differences between the materials of the two horizons. 
That at Long Dale is frequently exceptionally coarse in texture ; 
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cavities and vesicular structures are often on a more pronounced 
scale, and the material being of D, age is comparatively 
unfossiliferous. 

Microscopic sections typically exhibit grains and crystals generally 
rather allotriomorphic and of varying size, mixed with residual 
calcite. Generally the grain is much coarser than that of the 
Winster or Matlock material, typical dimensions being a minimum 
diameter of ‘09 mm. and a maximum diameter of ‘9 mm, a common 
size being ‘4mm. A certain amount of limonite is interstitial, but 
I have not found any zonal growths of iron oxide. Chert is absent 
from this part of the sequence. There are no selective phenomena. 

Thin sections of the transition limestones show that the original 
material, if similar, consisted of fine-grained foraminiferal limestone 
(see Pl. VI, Fig. 1), containing a moderate amount of recrystallized 
calcite, though the recrystallization might have occurred at a later 
date. I have not found alternating zonal growths of calcite and 
dolomite suggesting that calcification and dolomitization may have 
occurred simultaneously. Analyses show that the bulk of the altered 
material consists of dolomitic limestone having on an average about 
15 per cent of magnesium carbonate, though sometimes the pro- 
portion is as low as 8 or 9 per cent. Specific gravity and porosity 
also vary a good deal, many of the vesicular varieties having a 
porosity as high as 12 or 13 per cent. Considerable leaching must 
have occurred, though it must be remembered that shrinkage due 
to molecular change during metasomatism helps in the production 
of vesicular structures. 

The evidences outlined above amply justify the conclusion that 
the metasomatism is of subsequent origin and. produced by 
magnesian ground waters, but it is difficult to say at what period 
or periods the alteration took place and in precisely what manner 
it was brought about. The dolomitization being persistent only in 
the valleys might suggest that magnesian waters formerly occupying 
the dales may have reacted only with certain beds on account of 
some inherent quality rendering those particular beds susceptible 
to alteration. This is merely a suggestion, and more definite evidence 
is necessary before it can be accepted as a proved explanation of 
the dolomitization. The D, beds of Gratton prove quite con- 
clusively that subsequent dolomitization can affect certain beds 
and leave others below and above unaltered. Such differential 
subsequent dolomitization being possible, caution is necessary with 
regard to conclusions drawn from apparent interbedding of lime- 
stone and dolomite seen in small exposures or restricted areas. 

VY. THE DoLomiItEs BETWEEN ParwicH Moor anp WIRKSWORTH. 

South of Grange Mill highly dolomitic material is extensively 
developed in two areas, which appear to have formed originally 
one large outcrop. The Brassington strike fault has let down the 
western part of the dolomitized mass, the two portions being 
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separated by a narrow belt composed of unaltered limestones of a 
lower horizon in D,. 

The metasomatism reaches its culmination in the terraced mass. 
known as Harborough Rocks. In this region the dolomitization. 
appears to be characteristic of a definite part of the sequence and 
has been described as such in one of the earlier Survey Memoirs.t 

In a later Survey Memoir the opinion is expressed that the 
dolomitization is not confined to beds of a particular horizon.? 

Although the dolomitic material of this district exhibits many 
inherent features similar to those of the rocks of Winster and 
Matlock, description in a separate section of the paper is justified 
mainly by differences in horizon and relations between tectonics and 
field relations. 

FIELD RELATIONS. 

Boundaries up and down the sequence.—West of Ballidon Moor, 
and, again, in the country east of Brassington, where the apparent 
base of the dolomitic material is brought to the surface by the 
general dip, there appears to be a sharp line of division between 
the limestone below and dolomite above. The dolomitization 
at any particular part of the area so obviously follows the 
bedding and dip, and is so consistently modified by faulting, that 
conclusions formed from these prevalent features alone would be 
decidedly in favour of either primary precipitation or con- 
temporaneous alteration. Whatever may be the origin of the 
metasomatism, there is no doubt that any part of the field showing 
limestone. below and dolomite above exhibits a definite lowest 
“bed ” of dolomite which may be conveniently termed the “ basal 
dolomite ’’. Whether the basal dolomite of one locality is on the same 
horizon as the basal dolomite of any other locality or occurs at a 
different horizon, is a question that must be settled by reference to 
the faunal characters of the lowest dolomite itself and of the lime- 
stone immediately below. 

At Hopton, Carsington, and south-east of Brassington, the basal 
dolomite is in the D, part of the sequence and a similar horizon is 
found in the lowest dolomite near Manystones Quarry, west of 
Harborough. 

In the vicinity of the Griffe Walk, further north, however, the 
basal dolomite appears to be in D, beds. Consequently there is, 
here, a change in horizon and a fairly steep horizon gradient. In the 
dolomitic mass faulted down west of Longcliffe, the basal dolomite 
appears to be mainly in D,. 

Horizon changes are generally so gradual that they are 
imperceptible at any restricted portion of the field. It is clear that 
the D, portion of the Harborough dolomite has passed laterally into 

1 North Derbyshire, 1887. p. 24. 
2 The Geology of the Northern Part of the Derbyshire Coalfield and 

Bordering Tracts, 1913. 
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limestone between Manystones and the region around the Rainster 
Rocks, less than 1 mile distant. 

Faunal evidences prove that the bottom of the basal dolomite in the 

district as a whole is not a true stratigraphical plane of separation. 
Evidences obtained from exposed vertical transitions also tell 

against the theory of contemporaneous origin. In a field west of 

Manystones, several yards of the “ basal dolomite ” are seen resting 

on unaltered limestone. The junction, though sharply marked, does 

not conform accurately to the bedding. At certain places irregular 

metasomatic patches invade the limestone below. Thin sections of 

the limestone in contact with dolomite do not show any dolomite 
thombohedra, hence the metasomatism, though irregular, ceases 

abruptly. 
The small exposure near the roadway north of the Rainster Rocks 

shows a few feet of dolomite sharply separated from limestone 
below. Thin sections of the limestone in contact with dolomite 
show that here dolomitization, imperceptible megascopically, has 
affected the limestone on a minute scale. Well-marked dolomite 
thombohedra occur in both organisms and matrix, the latter being 
partly recrystallized (Pl. 2, Fig. 2). The degree of magnesiation in the 
limestone immediately below the basal dolomite is thus varied in 
the area, and ranges from megascopically apparent epiphyses to the 
entire absence of magnesium carbonate as shown by microscopical 
sections and chemical analyses. In the workings of the Golconda 
Mine! the basal dolomite is persistently separated from the lime- 
stone below by a sharp boundary which conforms to the bedding. 
A striking feature which lessens the value of evidence from the 

vertical passage seen in these workings is the occurrence of a “* way- 
’ board ” of clay separating the dolomite and limestone. The inference 

that the limestone below may have been protected by this clay 
from metasomatism appears legitimate. In a cutting at Longcliffe 
station and in quarries near Longcliffe pseudo-interbedding effects 
similar to those of the exposure near Manystones are seen. 

The higher vertical transition of the upper dolomites into lime- 
stone is not seen anywhere in the whole district between Roystone 
and Wirksworth. It is to be regretted that the passage material 
has either been removed by denudation as at Harborough and 
Rainster, or has been let down by faulting as at Griffe Wood and 
north-west of Longciiffe. Towards Wirksworth, where the sequence 
ascends into higher D,, lateral transition has occurred. 

Lateral Boundaries—The eastern boundary of the Harborough 
and Carsington dolomitic mass is partly faulted and partly of the 
nature of abrupt lateral transition into limestone. In the region 
of the Griffe Wood a sharp straight line with dolomite on one side 
and limestone on the other marks the position of the Griffe Fault. 
I have not found any traces of magnesiation in the limestone thus 

1 For facilities to examine these workings L am indebted to the courtesy 
of the manager, Mr. E. Weightman. 
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brought abruptly against dolomite. Thin sections show organic 
structures in a matrix mostly non-recrystallized, and no rhom- 
bohedra are present. It is quite clear from field and petrological 
evidences that this fault has no relation to the origin of the 
metasomatism. Apart from all other evidences, the moderate 
throw of this fault as shown by the presence of a D, fauna in the 
higher Harborough beds is fatal to any conception that the massive 
dolomites of Harborough and Rainster might be a continuation of 
the thick middle D, dolomitic series of Gratton Dale, described in 
Section IV. East of the Hopton roadway, the Hoptonwood Quarries 
exhibit a considerable vertical section embracing a large portion of 
the D, sequence below the lava while lower D, beds above the lava 
are seen on Middleton Moor. The shaft of the old Snake Mine 
pierces other beds lower in D,, and a table of the strata seen there is 
given in one of the Survey Memoirs.!' No dolomitization whatever 
is found in any of the material seen in the Snake Mine, in the 
Hoptonwood Quarries, or on Middleton Moor. It is evident that the 
dolomitized beds around Harborough have all passed more or less 
abruptly into normal limestones somewhere between the position 
of the Griffe Fault and the Hoptonwood Quarries, a distance less 
than three-quarters of a mile. Near the High Peak Railway, and 
further southwards visible exposures indicate that the dolomitized 
D, beds here pass rapidly into limestone though the actual lateral 
contacts are obscured. Along the southern boundary from Hopton 
to the Great Rake Mine, the dolomite and the underlying limestones 
have been faulted down to the south. In the absence of borings it is 
impossible to say how far southwards the dolomitization extends. 
The faults near the Great Rake Mine have produced lateral shifting 
of the dolomite pseudo-strata. The junction of dolomite and lime- 
stone is again quite distinct and along straight lines. The western 
boundary of the dolomite from Griffe Walk to the southern extremity _ 
near the Great Rake is a weathered termination along the strike, 
the pseudo-strata being modified at one or two places by dip faulting. 

In the mass west of the Brassington Fault, certain dolomitized 
D,, beds extend westwards for about 2 miles. In the vicinity of the 
Rainster Rocks another strike fault is indicated by a straight line of 
demarkation between dolomite on the west and limestone on the east, 
while the Harborough Rake produces a well-marked lateral shift in the 
dolomitic material. Behind Brassington Church are several remnants 
of limestone in dolomite. Other large remnants of limestone occur 
west of the Rainster Rocks, and indicate transition in some of the 
lower dolomites. Owing to these transitions and the White Edge 
fault, the dolomitization in the Roystone Valley is restricted to the 
hill-tops along the eastern side, until an extensive dip fault lets 
the material down, the dolomite then occurring on both sides of the 
valley. The Roystone fault is one of the most clearly marked im the 

1 North Derbyshire, 1887. 



Dolomitization in the Carboniferous Limestone. 111 

district, and shows apparently thick-bedded dolomite against thin- 
bedded white limestones. 

It is evident that the transition material formerly on the western 
hill-tops has been denuded. South of the fault dolomitic stacks 
surrounded by limestone occur on the eastern side of the valley. 
A little north of the fault lateral transition of some of the dolomitized 
beds gives the appearance of interbedding of dolomite and lime- 
stone. Still higher up the valley more lateral transitions occur on 
the eastern side, and extensive dolomitization finally dies out just 
beyond the Roystone Rocks near the roadway from Parwich to 
Pike Hall. 

The northern boundary of the Rainster mass is certainly faulted ; 
- limestones with chert are brought against dolomite without chert, 
and the direction of the dip is different. 

In the whole district from Hopton to Roystone the persistent 
modification of the dolomitic pseudo-strata by the faults is a 
feature of considerable significance. If the dolomitization were of 
the type in which faulting had been a factor, it is inconceivable that 
such a large majority of the faults in the district would show lime- 
stones one side of each fault plane and dolomite on the other. It is 
quite definite that the dolomitization must have occurred prior to 
the dislocations and is independent of them. The metasomatism 
is of a subsequent type, but of great antiquity, and probably occurred 
soon after the Carboniferous Limestone was formed. 

With regard to evidences connected with the relation between 
faultimg and dolomitization, certain features may be summarized 
briefly :— 

In the case of primary, or contemporaneous, or subsequent 
dolomitization which occurred prior to faulting :— 

(1) If the throw of a fault is sufficient a “ bed” of dolomite is 
usually against a bed of limestone, and the faulted junction is a 
sharp line of demarkation. 

(2) With thick dolomites a fault of small throw may produce 
dolomite against dolomite. 

(3) The outcrops or pseudo-strata are affected by faulting in 
the usual ways. 

(4) Megascopic crystals of dolomite : are not usually found in fault 
planes and cavities. Should such crystals occur, complex or 
compound dolomitization may be indicated. 

In cases of subsequent dolomitization occurring after faulting, 
particularly alteration of the “‘ vein ” type :— 

(1) The beds on both sides of the fault are usually affected though 
those on one side may be more affected than those on the other owing 
to differences of texture, etc. The line of fault is typically not a 
sharp line of demarkation. 

(2) Dolomitization is more marked in the immediate vicinity 
of the fault. 
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(3) The outcrop does not resemble the outcrop of a bedded 
deposit. 

(4) Crystals of dolomite frequently occur in the fault plane and 
in adjacent cavities. 

INHERENT STRUCTURAL AND MINERALOGICAL FEATURES. 

Many of the structural characters of the material between Hopton 
and Roystone are very similar to those of the dolomitic limestones 
around Winster, hence it will suffice if features common to the 
material of both districts are enumerated and a few notes added. 

The common features include :— 
Megascopic_—Welding of beds and consequent obliteration of 

bedding, enlargement of joints, shrinkage, dolomitic stacks and ~ 
vesicular (differential) weathering. 

Microscopic.—The general tendency to allotriomorphism and 
considerable variation in size of grain (see Pl. VI, Fig. 3), dusky 
inclusions, interstitial limonite frequently, zonal inclusions of 
limonite occasionally, and inconclusive “ selective ”’ features. (See 
Pl. VI, Fig. 4.) 

On the other hand, the Harborough and Rainster material differs 
from that of Winster in containing no chert, there is no pseudo- 
brecciation at all, and-in the absence of the lava which dies out near 
the Griffe Fault, there is no question of metamorphic effects. 
Obliteration of bedding is prevalent throughout the whole area, and 
is nowhere better marked than at the Roystone fault. Stacks and 
pinnacles of dolomite are more extensively developed than in the 
Winster area, the Roystone Rocks and Rainster Rocks exhibiting 
this feature in a striking manner. Vesicular weathering is almost 
universal. 

Variation in size of grain is indicated by the following figures 
obtained from typical sections :— 

SIZE OF GRAIN IN DOLOMITES BETWEEN PARWICK AND 
WIRKSWORTH. 

Lecality. Minimum. Maximum. Common Size. 
mm. mm. mm. 

Harborough i 01 0°44 0-2 
Harborough 0:07 0:3 0-15 
Manystones 0-14 1-0 0-6 
Manystones 9 0-12 03 0-4 
Carsington Pastures 0-1 05 03 
Longeliffe Stacks . 0-09 0-4 0:25 
Rainster Rocks 0-09 0-45 0-25 
Limestone below 

Rainster Recks Fairly uniform size. 0-6 

The large idiomorphic crystals in the limestone immediately 
below the “ basal ”’ dolomite of the Raimster Rocks contrast strongly 
with the allotriomorphic grains in typical material of Harborough, 
Carsington Pastures, etc. The same mode of magnesiation appears 
to have produced contrasting results which must have been 
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determined by other inherent factors as suggested above (cf. 
Figs. 2 and 3, Pl. VI). 

Zonal inclusions of limonite are uncommon, but some of the 
Harborough dolomite exhibits features very similar to those of the 
Complex-subsequent D, dolomitic material of Gratton Dale. Fig. 4 
Pl. VI shows coral structures (Lithostrotion) replaced by dolomite 
free from zonal limonite inclusions, but the matrix et 
contains dense zonal growths of limonite. (Compare with Fig. 3 
Pl. IV.) Recrystallized calcite occurs within the spaces between 
the coral septa. Dolomitization at two different periods is indicated. 
“Selective ’ features are varied and contradictory. In examples 
like that just mentioned, both coral and matrix are almost com- 
pletely dolomitized, but with dolomite of different types, presumably 
of different period. In other cases corals are partly in calcite and 
partly in dolomite, while the matrix is mostly dolomitized. The 
limestone below the Rainster Rocks shows rhombohedra scattered 
indiscriminately through both matrix and organic structures. 
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Fic. 5.—Graphs illustrating variation in chemical composition and porosity of the 
dolomites between Parwich Moor and Wirksworth. 

THE PRESENCE AND CONDITION OF FOSSILS. 

The general condition of organic remains, and the varied nature 
of “‘ selective ’’ phenomena so closely agrees with the corresponding 
features found in the material of Winster and Matlock that the 
remarks made in Section III equally apply to the material of the 
Harborough and Rainster dolomites. 

CHEMICAL COMPOSITION AND PoROSITY. 

Chemically, the bulk of the material between Parwich and Wirks- 
worth resembles a true dolomite in having a high proportion of 
magnesium. Numerous analyses of typical specimens from various 
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parts of the district show that the dolomitization has been most 
intense in the immediate neighbourhood of the Harborough Rocks, 
and that outwards from this centre there is a general fall m the 
proportion of magnesium southwards towards Carsington and 
Hopton and westwards towards Roystone. 

The dolomitic gradient is, on the whole, moderate, and only at one 
part of the area, near Longcliffe, have I found a sudden drop in the 
proportion of magnesium similar to that which occurs in the material 
near the Wyn Tor, described previously. 

Tn the district as a whole, the chemical variation is not marked in 
a vertical direction, the lower beds having much the same com- 
position as higher strata at the same locality. The metasomatism 
ends abruptly at the junction of the “ basal dolomite ” and the 
underlying limestones, analyses of the latter showing no magnesium 
except in the case of the material under the basal dolomite of the 
Rainster Rocks, which yielded less than 8 per cent of magnesium. 

The figures obtained by dividing the percentage of magnesium 
carbonate by the porosity do not give a constant, and indicate 
that prior to leaching the dolomitization was not uniform. 

TABLE ILLUSTRATING VARIATION IN CHEMICAL COMPOSITION, SPECIFIC. 
GRAVITY, AND POROSITY OF DOLOMITES BETWEEN PARWICH MOOR AND > 

WIRKSWORTH.! | 

Per cent 

8.G. of of McCOx 
Locality. CaCOs3. | MgCO3.| Fe Comp.| Residue.| S.G. | Powder. | Porosity.|Porosity. 

Hopton 62°2 34:3 ey 2-4 2°46 | 2°59 50 6°8 
Hopton 56°8 40-5 0-9 18 Dipl || Bez 59 7:0 
Harborough . . 46-4 43°6 3-4 66 2°22, | 261 14-9 30 
Harborough d 6 ~ 701 36°'8 13 4:8 2°48 2 64 6-1 6-0 
Manystones 60°5 35°7 iheil i7 2°53 | 2°63 38 9°6 
Manystones SE OOks 27° 0-9 DE 2°51 2°58 2 10:2 
Carsington Pastures Sail 38-4 1:0 1-9 2-55 2-69 5-2 74 
Carsington Pastures . 62°3 35°9 0-7 ie} 2-49 2°63 5°3 6°7 
Longcliffe Stacks - 64-9 32°6 0-7 1°8 2°53 | 2°64 4°] ao 
Longclifle Stacks 0 DOS 20°7 06 2-2 2-52 2-61 3-4 6:0 
Rainster Rocks . - 63:1 33°8 2 19 4254) 2-69 6-0 55 
Roystone Valley . 85-4 31:9 isi 16 mas) ||. Beg 55 56 

Field relations, certain inherent structures, and chemical com- 
position supply a large balance of evidence indicating that the 
dolomitization between Parwich and Wirksworth is of a subsequent 
kind produced by the influence of ground waters. The fact that in 
the whole of Central Derbyshire the maximum magnesiation is 
towards the east gives considerable support to the theory of Permian 
influence. While the magnesian material of the Winster, Matlock, 
and Harborough districts may have had a common source of origin, 
there is no proof that the metasomatism in any one of these districts 
was simultaneous with that in any other. 

1 For considerable help in the chemical part of the work I am indebted 
to Messrs. A. G. Brighton, C. Jenkins, and H. D. Thomas. 
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VI.—SumMaRY OF CONCLUSIONS AND COMPARISON WITH THE 
LEICESTERSHIRE DOLOMITES. 

The Carboniferous Limestone of the Midlands exhibits two con- 
trasting types of dolomitization :— 

(1) Wholly subsequent in the main limestone mass in Central 
Derbyshire, and 

(2) Almost wholly contemporaneous in the marginal deposits 
north of the Leicestershire Coalfield. 

In neither case is there any extensive development of typical 
“ vein,’ dolomitization. 

In Central Derbyshire :— 
(1) Magnesian ground waters appear to have been the agent of 

metasomatism, but the source of the magnesium is not definitely 
indicated. 

(2) The dolomitization is of more than one period, as shown by 
certain complex-subsequent types, and as suggested by the relation 
between the metasomatism and the topography. There is little to 
indicate the period at which dolomitization took place in the 
Winster, Gratton Dale, and Matlock districts, but in the case of the 
widespread alteration in the Harborough area further south, the 
dolomitization must have occurred prior to the extensive faulting 
there seen. 

(8) It is shown that subsequent dolomitization is capable of 
affecting certain beds, while others above and below may be left 
unaffected, hence apparent interbedding is not necessarily a proof 
of contemporaneous alteration. Different horizons are affected in 
different parts of the area, the affected horizons in the district as a 
whole being Middle D,, top of D,, lower D,, and locally near Winster, 
Upper D, ; Upper D, beds are affected only around Harborough. 
Within these portions of the sequence the metasomatism varies 
horizon, and the surface areas of dolomitization are pseudo-strata. 

(4) Extensive dolomitization in Middle D, beds is generally 
restricted to the valleys of Gratton Dale and Long Dale, but that on 
higher horizons is mostly confined to hul-tops and moors. 

5) On all horizons, lateral transitions into limestone are abrupt, 
and the transition limestones exhibit feeble or only moderate calcitic 
recrystallization. 

(6) On all horizons the dolomitic material exhibits a general 
tendency to allotriomorphism, and thus contrasts strongly with 
some subsequent dolomites of other districts. 

(7) Dolomitization has generally produced an increase in size of 
grain, but in spite of this increase the size of grains and crystals 
are frequently smaller than those of some contemporaneous 
dolomites of other areas. Neither allotriomorphism nor size of 
grain can be accepted as unimpeachable evidence of the mode of 
magnesiation. Such features appear to be closely related to the 
original texture and mineralogical constitution of the rock, and to 
the intensity of the magnesian factor in the agent of metasomatism. 
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(8) In this area “ selective” features are varied and cannot be: 
accepted as a source of evidence of the mode of magnesiation. In 
the production of such features, the original constitution of the rock 
is probably the chief factor. 

(9) Chemical composition is varied even within small portions of 
the affected areas, the dolomitic gradients being in some cases steep, 
in others more gentle. The intevsity of magnesiation is greater in 
the regions around Harborough and Matlock Bath, the magnesian 
contents generally decreasmg southwards and westwards towards 
Parwich, and north-westwards towards Gratton. 

(10) Porosity is intimately related to dolomitization, the general 
connexion being that the greater the degree of magnesiation the 
higher the porosity. Porosity is due to dolomitic reconstitution of 
the rock and to post-metasomatic leaching. Pronounced vesicular 
weathering is a feature associated with subsequent dolomitization. 

Bordering the Leicestershire Coalfield :— 
(1) The bulk of the sequence consists of some 800 feet of well- 

bedded contemporaneous dolomites without alternation with lime- 
stones. The surface areas of dolomitization are not pseudo-strata. 
These rocks constitute a shallow-water facies formed during long- 
continued subsidence. 

(2) The horizons affected by this contemporaneous alteration 
include all of the visible D, beds and nearly all of the D,—. part of 
the sequence. These dolomites, therefore, are in Central Derbyshire 
represented by deposits originally normal limestones, some of which 
have been subsequently dolomitized. How far northwards from 
Leicestershire the contemporaneous metasomatism extends is not 
known, the Carboniferous limestone being obscured by Trias. 

(3) Lateral transitions into limestone and many other features 
found in Central Derbyshire are absent. 

(4) The dolomitic material on all horizons affected by con- 
temporaneous alteration is generally allotriomorphic and fine 
grained. 

(5) “ Selective” features are absent, matrix and organisms 
including corals being completely dolomitized. : 

(6) Chemical composition is comparatively uniform, there being 
slight variation in magnesian contents, but no marked dolomitic 
gradients similar to those of the Winster or Longcliffe districts. 

(7) Porosity is small, evidences of extensive leaching are absent, 
and there is no vesicular or differential weathering. 

(8) A small portion of the sequence towards the top of D,-, 
exhibits a variety of types. Some of these beds exhibit con- 
temporaneous alteration, but have been subsequently dolomitized 
by waters associated with the Trias. Still higher beds showing very 
incomplete metasomatism and inconclusive “ selective’? features 
cannot definitely be assigned to any particular mode of magnesiation. 
The highest beds, at Ticknall, are composed of completely 
dolomitized material apparently of contemporaneous origin. 
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EXPLANATION OF PLATE VI. 
FIG. 
1.—Transition limestone, D, beds, Gratton Dale. x 23. Recrystallized 

calcite is not common, but occurs occasionally in patches as shown. 
2.—-Limestone immediately below the ‘“ basal” dolomite, Rainster Rocks. 

x 25. Dolomite rhombohedra with included limonite (not zonal) scattered 
indiscriminately through matrix and organisms. 

3.—Typical dolomite of the Harborough district. x 23. Specimen obtained 
near Manystones Quarry. Rather allotriomorphic and coarse grained. 

4.—Coral in dolomite, Harborough Rocks. x 23. Matrix of dolomite having 
some zonal inclusions of limonite, coral (right) in dolomite free from such 
inclusions. Recrystallized calcite in internal spaces. (Cf. No. 3, 
Plate IV.) 

The Carboniferous Limestone Series of 
West Cumberland. 

By Cuarites Epmonps. 

(Concluded from p. 83.) 

SHALLOW WATER AND LAGOON PHASES. 

In a series which in no part can be described as other than shallow 
water there are certain passage-beds, speaking of special and varying 
conditions of deposition, which must be noted. At the very base 
of the series dolomite-mudstones with ostracods and calcite- 
mudstones with Spirorbis-like annelids, with thin interbedded 
shales and limestone-bands with a standard marine fauna, denote 
quiet lagoon conditions with occasional access to open sea, The 
whole of the Seventh Limestone with its calcite-mudstones, china- 
stone-limestones and gasteropod-beds, totalling upwards of 150 feet 
in places, represents generally shallow-water conditions, but there is 
a remarkable absence of contemporaneous dolomitization in the 
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beds. Beside this general lagoon-phase of the Seventh Limestone 
there are other deposits in the series, which tell of still greater 
restriction of the sea, or even of its temporary exclusion; these 
occur between the Seventh and Sixth Limestones, between the 
Sixth and Fifth, between the Fifth and the Fourth, in the middle of 
the Fourth, between the Third and Second, and between the Second 
and First. The followimg are details of (1) the succession at the 
base, (2) between the Seventh and Sixth Limestones, and (3) at 
the top of the Sixth Limestone. 

SHALLOW WATER PHASE AT THE BASE OF THE SEVENTH LIMESTONE, 
YEATHOUSE STATION, FRIZINGTON. 

Limestone with a standard marine fauna, rests wpon :— 
Thickness. ft, in. 

16. Calcareous mudstone? with ostracods and smali gasteropods: 
Nematophyllum minus McCoy appears. : : 1 6 

15. Black shale : 4 
14. Calcareous mudstone with ostracods and small gasteropods 5 ae) 
13. Calcareous shale with sandy layers : : 6 
12. Calcareous mudstone with ostracods and fish- teeth fragments 1 0 
11. Black shale or mudstone : : ¢ . 6 
10. Calcite-mudstone with conchoidal ‘fracture : g 0 : 1 3 
9. Dark dolomitic shale or mudstone 1 0 
8. Dolomite-mudstone, hematite-stained, with Rallerophon Sp. and 

large gasteropods . 3 1 0 
7. Sandstones and shale (with dolomitic bands) : 3 6 
6. Thin beds of dolomite-mudstone and calcite-mudstone with thin 

interlayers of shale (Spirerbis sp. and small gasteropods) . 6 0 
5. Dolomitized limestone with casts of Productus and stray 

corallites of Lithostrotion martini Edw. & H 3 6 
4. Dark shale or mudstone 6 
3. Calcite-mudstone (chinastone- limestone) an Spirorbis- like 

annelids and small gasteropods 1) 6 
2. Black shales and thin dolomite- mudstones, Il ae 9 aglhoe ane 

with pyritic nodules, in hollows in the bed below 2 0 
il. Basement conglomerate of small crushed quartz- -pebbles : 

rests unconformably upon Skiddaw Slates c : 0 2 0 

SHALLOW Water PHASE AT THE ToP OF THE SEVENTH LIMESTONE, 
TODHOLES OPENCAST, CLEATOR. 

Thickness. ft. in. 
Blue-grey limestone with Spiriferina cf. laminosa McCoy (Puncio- 

spirifer) in abundance, with Pugnax Dugas (Mart. ) and 
Seminula cf. ficoidea Vaughan : 6 . ° 2 0 

Black Shale 4 1 
Calcite-mudstone weathering sabi aie i flaking a longitudinally, 

with Spirorbis sp. : : 5 c ; ° d : 6 
Black calcareous shale CN : ‘ 4 : : 13 
Dark blue-grey limestone . : : : ; : : : 3 
Black shale finely laminated : : ! : 24 
Dark blue-grey limestone ees magnus MeCoy) : ¢ 0 7 
Black limestone 5 é . c 8 

1 The calcareous mudstones (12, 14, and 16) are differentiated from the 
“* calcite-mudstones ”’ of EH. EK. L. Dixon in that they do not weather white and 
have no conchoidal fracture; they have a peculiar texture that can only be 
described as wood-like. The beds marked “ calcite-mudstones ” are like those 
described in the ““ Gower Paper’, pp. 516-17. 
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Thickness. ft. in 
Thin beds of calcite-mudstone containing Spirorbis-like annelids 

alternating with unfossiliferous black shales and dark limestones 
containing fish-teeth remains and ostracods  . : 3 : 

Dark blue-grey limestone : é : : é : 3 
Black shales finely laminated containing  lamellibranchs: 

Aviculopecten cf. ieee clathratus neve Modiola =P. - 
Limestone breccia : 
Dark sandy s shale : 
Sandy “ rolls” in shale ‘ 
Top of thick dolornitized limestone, with standard marine fauna. 

_—— 

Re bop Seooe 

Total thickness of shallow-water? phase . 5 ee Meet 

THE BEDS BETWEEN THE FirrH AND SrxtmH Limestonrs, STockHOW 
Hatt Quarry, KIRKLAND. 

The Fifth Limestone, a massive blue-grey limestone, rests upon :— 
Thickness. ft. 

Mottled sandy shale, passing upwards into a fissile micaceous sandstone 
with plant impressions, “‘ fucoii ”? markings, and worm-tracks, etc. ; 
ironstone nodules : 5 : 2epHtG 

Argillaceous limestone with few macroscopic “fossils ; ; some small 
gasteropods and ostracods . : GL B18 

Black shale or mudstone with ironstone and calcareous nodules : 1 
Impure limestone, domolitic, with few fossils (coral fragments and 

Productus) . 1 
Black finely laminated shale, very fossiliferous ; ; " Chonetes of hardrensis 

(Phill.) and Ch. cf. laquessiana de Kon. in great abundance. Some 
layers contain many Pterinopecten cf. dumontianus McCoy, whilst 
others are packed with Leptwna analoga (Phill.) and Productus 
longispinus Phill., Fenestella sp., and many other fossils . a Was) 

Impure limestone with Lithostrotion junceum and Syringopora sp. . 4 
Argillaceous limestone with Psephodus magnus McCoy and other fish- 

remains ; rests upon the thicker beds of the Sixth Limestone . saver 

ALGAL Banps. 

Limestones composed partly of material which may be referred 
with more or less certainty to calcareous alge occur at several 
levels in the West Cumberland series, but there aré four principal 
horizons that may be noticed. 

The uppermost occurs about midway in the Fourth Limestone, 
immediately below the limestone with Saccammina Carteri Brady. 
At Postlethwaite’s Eskett Quarry, Frizington, where it is best 
developed, the greater part is a band of porcellanous limestone 
about 2 to 3 feet thick, with conchoidal fracture and containing 
hematite-stained spots about 1 inch in diameter. Separating 
this from the massive standard limestone above is about 3 inches 
of dark shale with plant impressions, whilst below it is another 
shale or mudstone, 6 inches thick, underlain by a nodular bed, 
about 2 feet thick, the nodules of which when broken show red 
spots like those in the band above. Under the microscope the band 
consists of masses of dense cloudy calcite with interstitial calcite- 
mosaic, but in the absence of concentric or tubular structures these 

masses cannot be referred definitely to alge. 
About 100 feet below this band and still in the Fourth Limestone 
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is the “‘ Girvanella ” Band, which occurs at the base of the Rough 
Beds, dark-grey limestones in which ‘ “ pseudo-breccia ”’ structure is 
excessively developed. At Yeathouse Girvanella sp. is found 
encrusting small fragments of corals, crinoid-stems, etc., and shell- 
debris in a band of limestone, 2 to 3 feet thick, forming the base of 
the Rough Beds. The underside of this band has long stick-like 
concretions attached to it and rests on a 3 inch band of coal-like 
shale with plant-impressions. Below this is a band, 5 to 8 inches, 
of dark calcite-mudstone containing Spirorbis-like annelids, ostracods 
and small gasteropods. In this band Girvanella sp. appears as 
unstained, oval, or nearly spherical bodies, 1 inch or more in diameter, 
whilst in the higher band it is stamed with hematite, and is usually 
smaller and more ellipsoidal. 

The higher band is recognizable wherever the horizon is exposed, 
but the “ calcite-mudstone’”’, which is very well developed in the 
north-eastern portion of the area from Yeathouse onward, is absent 
from the south-western portion, and is represented at Clints by a 
shale or mudstone. About 20 feet above the base of the Fourth 
Limestone is a bed, 3 to 6 feet thick, of mottled shale or mudstone 
which fills up channels in the limestone below (see p. 82). Where 
the shale is thinnest, and presumably, where the top of the limestone 
has not been removed, broad sheets of what appears to be algal 
limestone occur. On an unweathered surface the band has a land- 
scape-marble-like appearance, dark-grey “tones” of colouring 
matter alternating with lighter ones in wave-like undulations. 
It has also the porcellanous appearance of algal limestone. On 
a weathered surface sections of some of the patches remind one of 
the thalli of wall-lichens; they have reddish centres, with light 
blue-grey intermediate zones, and darker zones towards the incurved 
edges. In other specimens the organisms stand out from the 
weathered surface, and the “undulations” pevsist in scimitar- 
shaped “waves”, smoothly rounded crest alternating with 
sharply angular dip, in some cases for many feet, the average 
distance from “crest” to “crest” bemg half an inch. The 
organism may be referred with some certainty to the calcareous 
alge, but has not as yet been identified ; the band is well exposed 
at intervals throughout the district. The fourth band, which is 
badly exposed, occurs as a nodular bed between the Sixth and 
the Seventh Limestone. The nodules appear to be similar to the 
masses in the highest band. 

CONTEMPORANEOUS POT-HOLES. 

At two or three horizons “ pot-holes” or “ pitted” limestones 
occur. The “pot-holes” are of two kinds, the one regular and 
quasi-cylindrical and the other V-shaped in section. The regular 
and quasi-cylindrical type occurs at the top of a thick post of 
limestone (20 feet at Clints and 26 feet at Salter Hall), lying 
immediately below the limestone with abundance of Saccammina 
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(p. 81). Here the “ pot-holes ” are roughly cylindrical cavities in 
the limestone, ranging in depth from 4 to 6 feet with an average 
diameter of 2 feet throughout the greater part of their depth; the 
bottom is basin-shaped, whilst the top widens out rapidly to a 
diameter of 6 to 8 feet. At Clints the cavity is filled with siliceous 
shale or sandstone, and cavity and surrounding limestone alike are 
overlain by an even-topped bed of sandy shale, a foot thick, above 
which is an even bed of micaceous sandstone of about the same 
thickness. Plant-impressions are abundant in the sandstone. 
The cavities at other horizons are of various widths and depths. 
The most notable occur in the white limestones at the base of the 
Fourth Limestone, which form the passage beds from D, to D). 
The cavities are here found occasionally cutting clean through 
one or two of the limestone beds, and forming a V-shaped “ gutter ” 
or channel for some distance, which is filled with mottled shale or 
mudstone. 

The cavities and “ pot-holes”’ are invariably filled with shale, 
sandstone, or rubbly limestone, and the next bed of limestone above 
presents as its base a horizontal plane. In many instances pot- 
holes are less than 6 feet apart. 

It is noteworthy that the “ pot-holes”’ and cavities are overlain 
by sandstones, in which the only organisms found are plants, or 
by what appear to be alga] limestones. For the only theory of 
their origin that is adequate to explain their size and form is that they 
are hollows eroded subaerially. They point, in fact, to repeated 
incidents of emergence of the Carboniferous sea-bottom hereabouts 
during upper D, and lower D, times. The existence of true lime- 
stone-breccia, lying at intervals in lenticular masses in the mudstone 
which infils the channels, supports this conclusion. 

On the whole, the period was one of depression, that allowed 
the accumulation of much lime-rock material ; but this depression 
was interrupted by incidents of elevation of the Carboniferous 
sea-floor, sufficient to bring it to the surface. The “ pitted” 
Limestones described by Mr. E. EH. L. Dixon in his Gower paper 
(p. 490) occur also in our area, and their origin may be similar to 
the features described above. 

FAUNA. 

The fossils listed in the tables and figures will be deposited in the 
British Museum of Natural History at Soutb Kensington, as will 
also the larger collection at present in the possession of the author 
and solely collected by him, when the listing is completed. 

Fossils are fairly abundant in the limestones, but recrystallization 
has taken place to such an extent, especially in the massive beds 
of the Fourth Limestone, that the brachiopods, lamellibranchs, 
and gasteropods are difficult to extract, consequently good specimens 
are rare. The corals taken from the carbonaceous shales in the 
First Limestone are in a fine state of preservation, and afford good 



Fic. 1.—VERTICAL DISTRIBUTION OF RUGOSE CORALS IN THE WEST CUMBERLAND LIMESTONES, 

122 C. Kdmonds— 

“IAPIYL] 
gid} 40} } 

“SQNUODISSQAD 
Oi 

“RIRD1} 2} 
Sfe01 ap ; 

sSeidap 
lay epsuo 7) 

aoa (Goce ee eal 
aaeindadal 

| ryoojysodl : 
isdiyiiyd ea RSNA ety 

\ snuiw "'N pobccoocade 506500 * 

UO1Ou SOUT 

“ejclasinu2| 

el aides 

an 

Zot 

“iprad euunt 

suapue|| S 

“wnigad 
“uoslyoan 

| win kydoyped>) 

‘Wwua||i4siuu2 
Senne 
‘sluadud ey. 

Note.—Thin continuous lines indicate rarity. Thick continuous lines indicate common oc¢urrence. 



The Carboniferous Limestone of West Cumberland. 128 

material for the study of the structure of many of the members of 
that ubiquitous class. Almost all genera of rugose corals found in 
the Lower Carboniferous of other areas in the British Isles are 
represented, and good specimens are obtainable from practically 
the whole of the limestones. 

Fig. 1 gives the vertical distribution of the principal genera. 
The abundance of material and mode of vertical distribution greatly 
facilitate a study of the ontogeny, phylogeny, and the various 
mutational characteristics of the several members of the order. 

CORRELATION WITH THE ALSTON Moor LIMESTONES. 

Mr. J. D. Kendall in his paper + correlates the limestones of our 
area with the rocks of Alston Moor and Furness as under :— 

Whitehaven (= West 
Alston Moor. Cumb.). Furness, 

Fell Top First Limestone 
Little Third Limestone 
Great 

Yoredale | Four Fathom 
Rocks. ) Three Yard 

| 
J 

Five Yard | 

J 

Fourth Limestone UV GHHHniG Rocke 

Sear Fifth Limestone 
Tyne Bottom 

Mountain Sixth \ thick Limestone 
Li t Seventh J 
meshone Red Shales Red Shales and Limestone 

Such a correlation, however, does not suggest itself after an 
examination of the fossil fauna. Fig. 2 gives the correlation? which 
appears to be most in consonance with the fossils of the two areas. 
The Fell Top Limestone which Mr. Kendall correlates with the 
First Limestone has a distinctive fauna that does not find its 
counterpart in any of our limestones. This fauna is marked by 
the occurrence of a coral, Aulina rotiformis 8S. Smith, by an 
abundance of Dibunophyllum w Vaughan and by certain brachiopods 
that are characteristic of the highest beds of the Dibunophyllum 
Zone in the North-West Province and in Derbyshire, such as Productus 
aculeatus Mart. and Schellwienella radialis (Phill.). Neither Aulina 
rotiformis nor the brachiopods mentioned have been found in our 
area. On the other hand, there is a striking similarity between the 
fauna of the limestone known as the Great Limestone of Alston Moor 
and Northumberland and that of our First Limestone, as the 
following list of corals and brachiopods which are common to both 
shows :— 

Dibunophyllum muirheadi Zaphrentis constricta R. G. Carr. 
Nich. & Thomson. Cheetetes septosa Flem. 

*Koninckophyllum magnificum [in wide spreading flat sheets] 
Thomson. 

*Caninia cf. sub-ibicina McCoy. = Aulophyllum fungites Flem. 

1 Op. cit. 
* The approximate scale of this section is 220 feet to 1 inch. 
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*Lonsdaleia floriformis latuclavia mut. pachyendothecum 
S. Smith. S. Smith. 

Productus giganteus Mart., var. 
Productus latissimus J. Sow. 
P. pugilis Phill. 

* Not known at other horizons. 
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Fic. 2.—Faunal Comparison of the Limestones of West Cumberland with those of the 
Alston Moor District. 

Besides the similarity of their fauna both limestones have a lower 
massive portion and an upper more thinly-bedded one, in which 
bedding planes and partings of thin shales are very sinuous but 
remarkably persistent, individual beds being recognizable at places 
as far as 10 miles apart. An examination of the beds of the Great 
Limestone of a district so far removed from our area as Fourstones 
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Quarry in Northumberland revealed such striking resemblances of 

bedding, fauna, and general appearance to the First Limestone of 

West Cumberland as to force the conclusion that they are one and 

the same bed. The fauna of the smaller limestones below the 

Great to the Scar Limestone is not distinctive enough to be readily 

correlated, but black chert is common in beds of both areas and 

zaphrentids are noticeable corals. The Scar Limestone, which is 
one of the thicker limestones of the Alston Moor area, and lies 

about 250 feet below the Great Limestone, has a rich fauna + that is 
comparable with that of a massive bed near the top of the Fourth 
Limestone, Lonsdaleia duplicata alstonensis 8. Smith being typical 
in both Alston Moor and West Cumberland. 
Saccammina cartert Brady occurs in three of the beds of the 

Fourth Limestone ; the lowest of these beds is here correlated with 
the Tyne Bottom Limestone, wherein is the lowest known occurrence 
of Saccammina in the Alston area. Similar faunas obtain. 

The Algal Band with Girvanella sp. occurring at the base of the 
“Rough Beds” of the Fourth Limestone marks the next common 
horizon, it being correlated with the Girvanella Band of Garwood, 
which has been found by him in the lowest Yoredale limestone of the 
Roman Fell area.” 

The limestones below present no striking similarities until the 
lower portion of the Fifth Limestone and the upper portion of the 
Melmerby Scar limestone are reached, where identical faunas present 
themselves.? These beds are marked by an abundance of the D, 
corals, Dibunophyllum @ and D. ¢ Vaughan, Koninckophyllum @ 
Vaughan, Carcinophyllum @ Vaughan, with a maximum of 
Cyathophyllum murchison. Edw. & Haime, Lonsdaleia duplicata 
melmerbiensis 8. Smith is typical in both areas and found at no other 
level. The lower portion of the Melmerby Scar limestone can be 
correlated with the Sixth and Seventh Limestones of our area.* 

The foregoing correlation suggests :— 
(1) That the Carboniferous sea already in possession of the South- 

West and North-West Provinces converted our district into a lagoon 
area during Upper Seminula times and slightly before submersion 
of the Alston area. 

(2) That with the beginning of D, times the rate of depression in 
the Alston district was quicker than in West Cumberland, which was 
farther removed from the source of detrital matter or else partially 
cut off from it by a land barrier. The detrital deposits kept pace 
with the rate of submersion and were much thicker towards the 
north-east, and when for some reason the deposition of detrital 
matter temporarily ceased it allowed a deposit of limestone to be 

1 Dr. Stanley Smith has given (Q.J.G.S., vol. Ixxi, 1916, p. 242) the 
characteristic fauna of the Scar Limestone. 

2 Garwood’s North-West Province paper, p. 482. 
3 Dr. 8. Smith, op. cit., pp. 242-3. 
4 Cf. Garwood’s North-West Province paper, pp. 481, 539. 
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laid down almost equal in thickness to the corresponding beds of 
our area. 

(3) That the Fell Top Limestone of the Alston area was deposited 
in a depression running from* Alston Moor to Alnwick long after 
“Millstone Grit”’ conditions bad succeeded to our First Limestone. 

(4) And finally, that during the deposition of the limestones of the 
upper portion of the series the conditions were so uniform as to 
allow the accumulation of beds which are recognizable over an 
area stretching from West Cumberland to the North-Hast of 
Northumberland. 

CORRELATION WITH OTHER AREAS AND ZONAL CLASSIFICATION. 

Fig. 3 gives the correlation of our series with those in several 
areas in various parts of Britain. Ihave adopted the table published 
by Garwood in his North-Western Province paper (p. 547). only 
substituting more recent names for one or two of the index-corals 
mentioned by him. As will be seen from Fig. 3 he groups the 
Great Limestone with D,. On the other hand, in Figs. 1 and 2, 
following Dr. Stanley Smith,! I have indicated that it may possibly 
be part of D,, his correlation being supported by the occurrence in 
this limestone of a highly specialized sub-species of Lonsdaleia 
floriformis Mart., which he has named Lonsdaleza floriformis laticlava, 
and which is not known from any lower horizon. The sub-species 
characteristic of the ‘“‘ Lonsdaleia Beds’? of Garwood is evidently 
from the figure? Lonsdaleia floriformis (Mart.) mut. crassiconus 
S. Smith. 

SUMMARY. 
The examination of the fossil fauna, the chief forms of which are 

shown in Tables I and II and Fig. 1, shows that the beds commence 
at a high horizon of the Seminula Zone and extend to the top of 
the Dibunophyllum Zone. Also, the “life-zones”’ established by 
Professor Garwood in his North-Western Province Paper can be 
readily recognized in our area and the series includes the sequence 
from the Nematophyllum minus sub-zone of the Productus corrugato- 
hemisphericus Zone to the Dibunophyllum muirheadi sub-zone ot 
the Dibunophyllum Zone. It can further be established that the 
limestones of our area do not persist up the horizon of the Botany ~ 
Beds with Aulina rotiformis 8S. Smith. The Saccammina Band 
occurs in our area, but Saccammina occurs also in the limestones 
immediately above and below. The Girvanella Band of the 
North-West Province has been recognized and forms a constant 
horizon throughout the area. It occurs associated with a calcite- 
mudstone and never as a nodular bed. Other bands also appear to 
be algal. The Spireferina cf. laminosa Band of Garwood forms a 
constant horizon between the Seventh and Sixth Limestones. 

1 ‘The Faunal Succession of the Upper Bermician”: Trans. Nat. Hist. 
Soc. Northumberland, etc., n.s., vol. ili, 1910, p. 591. 

2 B. J. Garwood, Proc. Geol. Assoc., vol. xxvii, 1916, pl. xvii, fig. 1. 
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Earth Movements will be discussed in detail in a forthcoming 
paper, and are barely mentioned here except that it is perhaps 
desirable to record that the sequence begins with a shallow-water 
phase, and that the “ Pot-holes ” and “ Channels” indicate incidents 
of emergence of the Carboniferous sea-floor. 
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APPENDIX I. 

Notes ON THE RANGE OF CORALS IN THE WEST CUMBERLAND AREA. 
ZAPHRENTIS. 

Z. enniskillen, Edw. and Haime, makes its appearance in the Rough Beds 
of the Fourth Limestone. 

Z. constricta, Carruthers, is characteristic of the Third and First Lime- 
stones. 

CYATHOPHYLLUM. 
C. o, Vaughan, enters well up in the Seventh Limestone, reaching its 
maximum at the top. 

C. Murchisoni, Edw. and Haime, enters near the top of the Sixth Lime- 
stone, reaching its maximum in the Fifth Limestone, and appearing, 
more or less abundantly, in all the beds to the top of the Fourth Lime- 
stone, where it disappears from the area. 

C. regium, Phillips, enters with the last appearance of C. Murchisont, has 
a short range, but is fairly abundant. 

‘CARCINOPHYLLUM. 
C. », Vaughan, enters fairly low down in the Seventh Limestone. 
C. @, Vaughan, succeeds C. in the Sixth Limestone, reaching its maximum 

in the Fifth Limestone, and persisting well up into the Fourth Limestone. 
C. sp. is a characteristic form near Carcinophyllum kirsopianum, Thom., 

which is abundant in the Junceum Beds. 
DiBUNOPHYLLUM. 

D. 9, and D. ¢, Vaughan, enter in the Sixth Limestone, reaching their 
maxima at the base of the Fourth Limestone. 
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D. @ is abundant in the Rough Beds and persists upwards to the top of 
the Fourth Limestone. 

The highly specialized form D. splendens, Nicholson and Thomson, occurs 
in the Junceum Beds. 

D. muirheadi, Nicholson and Thomson, is highly characteristic of the 
Second and First Limestones. 

CLISIOPHYLLUM. 
Occurs only in the Junceum Beds and is represented by forms similar to 

CO. subimbricatum, Thomson, and C. keyserlingi, McCoy. 
KoNINCKOPHYLLUM. 

K. 6, Vaughan, enters in the Sixth Limestone and is abundant in the Fifth 
Limestone. 

The form K. magnificum, Thomson and Nicholson, occurs in the Fourth 
Limestone. 

A particular specialized form, K. sp.,is characteristic of the First Limestone. 
MIcHELINIA. 

This genus is represented only by a small form, M. tenuisepta, McCoy, 
occurring at one horizon, the Junceum Beds. 

LITHOSTROTION. 
L. (hematophyllum) minus, McCoy, occurs in great abundance in the Seventh 

Limestone. 
L. Phillipsi, Edwards and Haime, is abundant near the top of the Seventh 

Limestone. 
A large prismatic form, cf. LZ. aranea Phill., is abundant in the Fifth Lime- 

stone. 
L. junceum (Flem.) and L. Portlecki, Edwards and Haime, range from 

the Fifth Limestone to the top of the Third Limestone. These species, 
together with L. McCoyanum, Edwards and Haime, are especially 
abundant in the Junceum Beds. 

The Lithostrotions take on a diphyphylloid habit towards the top of 
the Fourth Limestone, Diphyphyllum lateseptatum, McCoy, D. concinnum, 
Lonsdale, and D. interruptum, Thomson, being present. There is a 
remarkable rarity of Lithostrotion in the First Limestone, this genus 
being only represented by a small, straggling, diphyphylloid variety. 

Orionastrea ensifer, S. Smith, is particular to one horizon, viz. at the base 
of the Saccammina Beds. 

LONSDALEIA. 
The various species and forms of this highly specialized coral have been 

described by Dr. Stanley Smith,! and the forms described by him can 
be recognized with ease. The vertical distribution in the West 
Cumberland Limestones agrees with his account of the ontogeny and 
phylogeny of this genus. 

Lons. duplicata melmerbiensis, 8. Smith, is abundant in the Fifth Lime- 
stone. 

Lons. duplicata duplicata, Martin, occurs in the White Beds. 
Lons. floriformis (Martin), mutation crassiconus, S. Smith, enters in the 
Rough beds, where it rapidly reaches its maximum and persists to the 
top of the Fourth Limestone. 

Lons. duplicata alstonensis, S. Smith, occurs at the top of the Fourth 
Limestone. f 

Lons. floriformis laticlavia, S. Smith, is special to and highly characteristic 
of the First Limestone. 

AULOPHYLLUM. 
Aulophyllum makes its first appearance in an immature form in the Rough 

Beds of the Fourth Limestone. 
A. fungites (Fleming), mutation Cumbriensis, S. Smith, occurs at the top 

of the Fourth Limestone. 
A. fungites (Flem.), mutation pachyendothecum, 8. Smith, is characteristic 

of the First Limestone. 
1 Op. cit, 

VOL, LIX.—NO. III. 9 
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CH2ETETES. 
Chetetes septosa, Edwards and Haime, enters in the Seventh Limestone 

and is fairly abundant throughout the series. 
Ch. depressa, Edwards and Haime, occurs in the Fifth Limestone and in 

wide-spreading sheets in the higher beds of the Fourth Limestone. 
It is also abundant in the First Limestone. 

APPENDIX II. 

List or EXPosuURES OF WEST CUMBERLAND LIMESTONES. 

First LIMESTONE. 
(a) At Langhorn, Bigrigg, immediately south of Langhorn Farm, is. 

a fairly large disused quarry in this limestone. About 20 yards 
west of quarry the limestone can be seen in railway cutting where it. 
is overlain unconformably by Permian breccia. 

(b) Small quarry behind Orebank House, Bigrigg, overlain by breccia. 
(c) Small opencast behind Bigrigg Moor houses. Old hematite workings. 
(d) Large disused quarry at Overend about a quarter of a mile south- 

east of Hensingham village. The limestone is here overlain by the 
Millstone Grit. 

(e) Small disused quarry near Birks Farm, Cleator Moor. 
(f) Small exposure in railway cutting leading into Kelton Head Quarry, 

north-east of Rowrah Station. 
SANDSTONES AND SHALES. 

The sandstones and shales separating the First from the Second Lime- 
stones are exposed— 
(a) At Langhorn in disused hematite opencast. 
(6) At Overend quarry. 
(c) In railway cutting at Kelton Head Quarry. 

Sreconp LIMESTONE. 
The Second Limestone is exposed underlying the sandstones and shales 

at the three places mentioned above. 
THE ORERANK SANDSTONE. 

(a) The best exposure of these beds, which consist of a series of sand- 
stones and shales upwards of 70 feet in thickness, occurs in the old 
hematite opencast between Langhorn Farm and Orepit Cottages. 

(6) It is badly exposed in railway cutting at Kelton Head. 
THIRD LIMESTONE. ; 

(a) Small remnant left on the top of Clints Quarry near limekiln on the 
Egremont—Whitehaven Road. 

(6) At Eskett in railway cutting behind Ennerdale Hall. 
(c) At entrance to Rowrah Hall Quarry. , 
(d) At entrance to Kelton Head Quarry. 

FourtH LIMESTONE. 
The great extent to which this limestone is used in connexion with the 

smelting of the hematite ores of the district, accounts for the many large 
quarries at present being worked in it. 

The full sequence of the beds from the ““ White Beds’ at the base to 
the top of the ““ Junceum Beds” are exposed in one large and two small 
quarries at Clints, whilst the ““ Rough Beds” and some of the beds above 
are exposed in a series of small knolls in Gillfoot Wood and on the 
western side of the Egremont—Whitehaven Road. 

At Yeathouse Quarry, near Yeathouse Station, Frizington, the beds 
from the “‘ White Beds” to the base of the “‘ Saccammina Beds’”’ are 
exposed. 

At Eskett Quarry, + mile east of Winder Station, and behind Ennerdale 
Hall at Rowrah Head, and Rowrah Quarries near Rowrah Station, and at 
Kelton Head Quarries, the full sequence is exposed, all of the beds being 
accessible for examination. 

A small exposure of the ““ Rough Beds” occurs near Scalesmoor Farm, 
Lamplugh. 
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Firta LIMESTONE. 
This limestone is fairly well exposed in the district. 
A small exposure occurs in the railway cutting leading to Longland’s 

mine, a quarter of a mile south-east of Woodend Station. The upper 
light-coloured portion of this limestone is shown in the rai! cutting leading 
into Clints Quarry. 

It can be seen i Ainsworth’s Opencast near Cleator. 
A large but inaccessible quarry occurs at Yeathouse. 
The best exposure is at Stockhow Hall, half a mile south-west of Kirkland 

village, where there is a large disused quarry in both portions of this 
limestone. 
A series of small quarries west of Scalesmoor Farm. 

SrtxtH Limestone. 
Badly exposed, there being only two exposures, one a small quarry at 

Stockhow Hall, the other a small exposure in railway cutting at Yeathouse 
Quarry. 

SEVENTH LIMESTONE. 
The base of this limestone and its connexion with the Basement 

Conglomerate can only be seen at one place in the district, viz. in the railway 
cutting about 100 yards south-east of Yeathouse Station. There are two 
good exposures of this limestone proper, one at Frizington Park quarry 
on the east side of the railway midway between Frizington and Yeat- 
house Stations, the other at Moosegill Quarry, Wilton, about 2 miles east 
of Egremont. 

Other exposures are at Thistlegill Quarry, 200 yards west of Kirkland 
village ; Todholes Opencast, 100 yards north of St. Mary’s R.C. Church, 
Cleator ; a small quarry south of the Co-operative Society’s old flour mill, 
Cleator Moor; and one or two small surface exposures near Scalesmoor 
Farm, Lamplugh. 

Liquid Inclusions in Glass. 
By Cuar.es EH. Benuam. 

1 is well known that the liquid inclusions commonly found in 
quartz, fluor-spar, and other minerals resemble in some degree 

those that occur in crystals of sodium chloride, alum, and many 
salts. Chloride of sodium in particular shows innumerable cavities 
of varying size, cubical in form (negative crystals), and generally 
containing an enclosed bubble, especially if heated gently after the 
crystals are formed. The smaller cavities show Brownian move- 
ment of the enclosed bubble in a very striking manner. (See 
Fig. 1, which gives a diagrammatic view of a salt crystal as seen 
through the microscope.) 

Yet these cavities are evidently so different in origin from those 
in such a material as quartz that they can hardly be classed as a 
parallel phenomenon and they throw little light on the actual 
problem of quartz inclusions, which are highly suggestive of an 
origin connected with the enclosure within the mineral when molten 
of aqueous vapour heated under pressure to a degree above the 
“ critical temperature ”’. 

Artificial inclusions which approximate perhaps rather more 
closely to the cavities in minerals may also be obtained in resins 
by boiling the resin in water, preferably tinted with a dye of some 
sort or containing an infusion of gamboge particles. The melted 
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resin envelops thousands of aqueous globules and permanently shuts 
in these inclusions so that a fragment of such impregnated resin, 
if afterwards softened by heat and gently pressed between a glass 
slip and cover-glass, makes a beautiful microscopic object, showing 
myriads of liquid spherules each containing (when the gamboge is 
used) a glittermg galaxy of ever-moving particles as seen with 
dark-ground illumination. 

Fic. 1.—Salt crystal with microscopic cavities containing brine and an 
air bubble, the smallest of which show Brownian movement. 

Many of these spherical inclusions, moreover, are not entirely 
filled with liquid, but show a central air bubble with a diameter about 
one-third of that of the sphere. Around this is seen a ring of the 
suspended gamboge particles in rapid movement. The bubbles 
themselves are generally much too large to show Brownian move- 
ment. To ensure their presence the impregnated resin mass should 
be left a few weeks after the boiling. 

The general effect is shown in Fig. 2, which exhibits the various 
sizes of the spherules, some filled completely with liquid and gamboge 
particles, others having a central air globule. _ 

An experiment made with a view to imitate much more closely 
in glass, by artificial means, the liquid inclusions of certain minerals 
may be worth describing. 
» A small glass tube, contaming water and hermetically sealed, 
was enclosed in the interior of an unbaked brick, and then submitted 
(by the kindness of Messrs. H. Everett & Son, of Colchester) to the 
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usual process of firing in the brick kiln. To avoid any risk of a violent 
explosion the tube used was only about 3 inches long and 1} in. 
outside bore. This was nearly filled with water and hermetically 
sealed in a gas flame at each end. The tube was embedded in the 
middle of the soft brick so as to ensure a complete sealing in of the 
liquid contents. The brick, duly marked for identification, was 
placed amongst the others in the kiln and exposed to the usual 
period of firmg. The idea was to ensure that the glass when molten 
should come into contact with water vapour above the critical 
temperature, and that in this way inclusions should be formed in 
the substance of the glass. 

Fic. 2.—Liquid inclusions in resin which had been immersed in boiling water 
containing suspended gamboge particles. Some of the spherules show 

_ a central air bubble, while others are completely filled with the liquid. 

The experiment was successful, the glass showing microscopic 
inclusions, with a bubble of vapour comparable with those found 
in quartz, affording a possible clue to the formation of inclusions in 
that mineral. 

As will be seen from the drawing (Fig. 3), the glass inclusions were 
spherical in form. The sketch was made with camera lucida attach- 
ment. There were also a good many impurities imprisoned showing 
as specks and smudgy masses which are not rendered in the drawing 
as having no special bearing on the experiment, but the fibrous 
state of much of the glass has been diagrammatically reproduced. 
This fibrous condition is due to the fact that the heat was 
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undoubtedly much greater and more prolonged than was actually 
required for the purposes of the experiment, the temperature of the 
kiln being not less than 1,200 degrees Cent. The bubbles are too 
large to show Brownian movement. 
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Fic. 3.—Liquid inclusions obtained in glass by heating a sealed tube 
containing water beyond the critical temperature. 

P.S.—Since writing the above I have repeated the experiment 
with similar success, and on this occasion some of the numerous 
inclusions show Brownian movement of the enclosed bubble. 
—C. E. B. 

The Igneous Complex of Y Foel Fras, Caernarvonshire. 

By Norman L. Sitvester, B.Sc., F.R.Met.Soc. 

HE area under consideration is a portion of the mountain massif 

bounded on the east by the Conway River, on the north by the 

narrow coastal plain between Conway and Bangor, and on the west 

and south by the popular tourist route. through Nant.-Francon 

pass by Llyn Ogwen and down the Afon Llugwy to Bettws y coed. 
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The investigation includes the horseshoe-shaped ring of mountains, 
of which the highest is Y Foel Fras (3,091 feet), surrounding the 
upper course of the Aber River (Cwm yr Afon Goch). To the 
north-west this igneous complex is hounded by the precipitatious 
crags over which the above stream descends by leaps and bounds, 
forming the well-known Aber Falls. Upon Sheet 78, south-east of the 
old Geological Survey map the area is coloured as “ Massive 
intrusive felspathic rocks ’’, surrounding two oval patches indicated 
as “‘ Greenstones”’, whilst a further elongated patch of the latter 
forms the south-west boundary. The north-east boundary is 
limited by the Aber-Llanbedr fault. Besides the hog-backed 
summit of Y Foel Fras, the area includes the similarly outlined 
summits of Y Drosgl West! (2,483 feet), Yr Arryg (2,875 feet), 
Llwydmor Bach (2,256 feet), and the more rugged summits of 
Bera Mawr (2,587 feet), Bera Bach and Llwydmor (2,749 feet). 
A study of this area commenced early in the summer of last 

year shows that the map will require considerable modification. 
The north-west boundary consists of a lenticular outcrop of augitic 
granophyre, nearly 3 miles in length, from north-east to south-west, 
and reaching a maximum width of about 1,200 yards at Y Drosgl 
West. The microstructure of the rock has been described by 
Dr. Harker 2 and an analysis published. The mass is undoubtedly 
intrusive as Ramsay remarks,’ as for distances varying between about 
30 and 100 feet from the contact the slates are baked to porcellanite. 
It is evident, however, that Ramsay mistook the baked slate which 
weathers yellow for the chilled edge of the intrusion. He mentions 
that the intrusion edge “ rises like a wall, is fine grained and weathers 
yellow”. A careful examination of the junction at the falls of the 
Afon Bach shows that it is not at all regular, but that the granophyre 
sends veins into the baked sedimentaries. Also it is noticed that it 
is the indurated baked slate that forms the walls of the precipice 
in most places, and it is seen that this metamorphosed rock weathers 
better than the intrusion. This is well shown on the summit of 
Gyrn Wigau, where the only exposure is a well-defined ridge running 
from north to south, composed of this dark-grey porcellanite, 
weathering pale yellow, while the outcrop of the granophyre to the 
east of the ridge can be deduced only from scattered blocks. 

The thermo-metamorphism of the contact rock is less pronounced 
than would be anticipated from the dimensions of the intrusion. 
A micro-slice cut from a specimen from the exposure at the lesser 
Aber Falls‘ shows no distinct recrystallization except for minute 
grains of magnetite which increase in number towards the junction. 

1 It is necessary to add the suffix ‘‘ West” to distinguish this mountain 
from the other of the same name 3 miles north-east, i.e. between Foel Fras 
and Tal-y-fan. 

2 A. Harker, Bala Volcanic Series of Rocks, pp. 41-8. 
3 Ramsey, Geological Survey Memoir N. Wales, pp. 138-9. 
4 Lent by Dr. E. Greenly. 
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By reflected light there seems to be a faint indication of the develop- 
ment of two minerals producing a vague spotted appearance. 

At the base of the Aber Falls the slate shows distinct spotting in 
the hand specimens. This rock when sliced will probably reveal 
a greater development of contact minerals. 

The granophyre, when followed up either the Afon Bach or the 
Cwm yr Afon Goch, becomes first much coarser in texture, then at 
a distance of 200 feet from the falls junction develops patches of 
darker hue, in which the dark minerals are segregated. Further 
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Fig. 1.—The Igneous Complex of Y Foel Fras. 

upstream the rock becomes more fine-grained and darker and more 
homogeneous in the hand specimen, but still with occasional patches 
of coarser grain. Near the south-eastern margin of the intrusion 
the rock becomes sheared. This is of interest, as it appears to be 
evidence in favour of the theory put forward by Dr. A. Harker that 
the direction of the thrust which produced the great earth-movements 
in Bala times was from the south-east. There are no signs of shearing 
on the north-west margin. This phenomenon is best seen on the 
summit of Llwydmor Bach. 
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No good exposure of the junction between the granophyre and the 
sheared andesitic ashes which succeed in outcrop in a south-east 
direction has as yet been found. This is owing to the comparative 
ease with which the latter beds have weathered—the weathering 
being assisted by the vertical cleavage. In neither of the above- 
mentioned streams is there any exposure—the solid geology of this 
area being obscured by drift. This band of ashes outcrops parallel 
to the general trend of the granophyre over a width of about 
600 feet. It can be followed from the saddle between Llwydmor and 
Llwydmor Bach across the Cwm yr Afon Goch and up the northern 
slopes of Bera Mawr. The rock is hopelessly weathered, with 
abundant felspars showing occasionally a kernel of unweathered 
plagioclase. 

Continuing the traverse up the Cwm yr Afon Goch, the 
sheared ashes are succeeded by massive lava flows composed of 
andesite intercalated with sheared ashes of similar composition. 
Over these the stream rushes in a series of cascades, whilst in 
two places the stream has cut. back its bed so that it now runs 
through a miniature cafion 30 feet deep and only 5 to 10 feet wide 
at the top. The andesite is usually of a dark-grey colour 
with conspicuous and numerous plagioclase phenocrysts. It 
weathers in the first stage to a greenish rock in which the felspars 
appear white. At a further stage—well seen in the exposed 
summits of Bera Mawr and Bera Bach—the weathering agency has 
selected the felspar phenocrysts for destruction, so that the 
surface presents a rough vesicular appearance and is quite pale- 
grey with a lilac tinge. Owing to their proneness to weathering, 
the vesicular selvages of the individual flows are rarely exposed. 
The edge of the first flow is exposed in the crags on the left bank of 
the Afon Géch just above the sheared ashes. Evidence from 
the orientation of the felspar phenocrysts and from measurements 
of the vesicular selvages of the flows, points to the fact that the 
strike of these lavas is 8.8.W.-N.N.E., and the dip about 90°. 
These flows, with few intercalations of ashes, outcrop for about 
1 mile in the direction of dip before they are succeeded by another 
andesitic series in which ashes predominate over flows. Many of 
these ashes are as massive and resistant to weathering as the massive 
flows which form the rugged summits of Bera Mawr, Bera Bach, 
and Llwydmor. They are coarser than the sheared ashes, described 
above, the fragments of scoria occasionally measure 3 inches in 
diameter. They form the upper north-west slopes and summit 
of Foel Fras. Near the summit the effects of pressure again become 
evident, as these beds when traced down the opposite south-east 
flank become gradually more sheared. 

The massive andesites can be traced in the direction of their 
strike, a distance of over 2 miles from the western shore of Lake 
Anafon over Llwydmor and Bera Mawr to Bera Bach. It has not 
been found possible up to the present to distinguish the individual 
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flows in the field by means of petrographic differences. The summit 
of Lwydmor as viewed from the valley of the Anafon below the lake 
consists of a succession of five flows whose basset edges stand out 
boldly against the skyline like the castellations on a castle wall, 
whilst on Bera Mawr they number six. 

The proximity of the vent from which this andesitic series was 
extruded seems clearly evident from the occurrence immediately ~ 
to the west of Bera Bach of a small outcrop of coarse agglomerate 
or breccia consisting of large fragments of fine-grained vesicular 
andesite measuring as much as 2 ft. 6 in. in length. The interstices 
are filled with smaller fragments of ash, and the cementing material 
is a soft, dark slate in which no fossils could be found. Exposed as 
they are at a height of over 2,000 feet to the full force of the prevalent 
winds, these agglomerates are deeply weathered to a uniform 
pale grey, looking remarkably like weathered rhyolites in the 
distance. As the cementing material has weathered faster than the 
lava blocks, the latter stand out from the surface so as to resemble 
the loose débris of a recent eruption. The dip of the longer axes 
of most of the blocks is south-east at 70° to 80°. 

According to Dr. Harker! the whole of the area consists of the 
plug of a vast volcano built on the site of and partly out of the 
fragments of an older vent. This hypothesis readily removes 
the difficulty of explaming the sudden disappearance of the series 
when traced in the direction of the strike to the north-east. It 
will also explain the vertical position of the lava flows if it is assumed 
that the plug successfully resisted the later earth-movements 
without being thrown out of the vertical. It is, however, not easy 
to account for the persistence of the strike of the lava flows. If 
they are merely the feeders which supplied the material for the ashes 
and for flows since removed by denudation, it is to be expected that 
their outcrop in cross section would be approximately circular 
unless the eruption were of the fissure type. If, on the other hand, 
this series represents the remains of a normal succession of flows 
and intercalated ashes originally laid down horizontally but since 
thrown on edge by crust movements, we have a succession nearly 
2 miles thick comparable in magnitude to the Borrowdale series in 
the Lake District. At the eastern extremity of the area, as in the 

succession exposed in Pant y Mynach to the south of L. Anafon, 
rhyolitic flows and ashes become intercalated with the andesitic 
series. This rhyolitic series thickens north-eastward, but dies out 
in the opposite direction between Foel Fras and Llwydmor. It 
therefore appears that the vicinity of Llyn Anafon is an area inter- 
mediate between two vents, one near Bera Bach pouring out andesitic 
material simultaneously with another to the north-east ejecting 
more acid material: Ashes formed of fragments of both kinds are 
found on the west shore of Llyn Anafon. 

1 Harker, Bala Volcanic Series of Rocks, p. 127. 
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Evidence for the Aber-Llanbedr fault has been found near the 
source of a small tributary which enters the right bank of the 
Afon Anafon 500 yards below the lake, where rhyolites are found 
faulted against contorted slates. Fault breccias provide further 
evidence 500 yards lower down the Anafon, and also near the north- 
eastern extremity of the granophyre laccolith in the groove cut 
by a small stream which enters the left bank of the Anafon after 
draining the north slopes of Llwydmor Bach. 

The area to the north-east and north-west of Llyn Anafon is 
much disturbed by faulting and needs further investigation. The 
work is being continued, and it is hoped that a map of the area on 
the 6 inch scale will be published at a later date together with a more 
detailed account. 



REVIEWS. 
Epinpurcu’s Piace in Screntiric Progress. Prepared for 

the Edinburgh Meeting of the British Association by the Local 
Editorial Committee. pp. 263. W. & R. Chambers, Ltd., 
‘Edinburgh and London, 1921. Price 6s. net. 

{| HELIS record of Edinburgh’s contributions to science is something 
very much more than the usual type of British Association 

Handbook. Written by twenty-five different authors, each of whom. 
is a specialist i his own branch of knowledge, this work should be 
of paramount value as a history of the influence of the Scottish 
capital upon scientific advancement. The article on geology is by 
Messrs. EH. B. Bailey and D. Tait, of H.M. Geological Survey of 
Scotland, and it contains an admirable record of the continuity of 
geological thought as shown especially in the important part played. 
by Edinburgh men in the developmental progress of the subject: 
from the seventeenth century down to our own time. Beginning 
with a reference to Sinclar and his Short History of Coal, published. 
in 1672, the authors proceed to the consideration of the life and 
work of James Hutton, the writer of The Theory of the Earth, about. 
which so much controversy centred. This brings them to Playfair and 
Hall, Hutton’s distinguished supporters, and to Jameson, the local 
representative of the opposing Wernerian school, all three of whom. 
were Edimburgh men. Among the other famous geologists whose 
work is alluded to are Williams, Fleming, Paterson, Hugh Miller, 
and Edward Forbes. The authors have made no attempt to bring 
their history uniformly up-to-date, but we are glad to see that they 
have not altogether omitted the work of the later geologists,, 
including some who are happily still living. We have no space for 
a review of the other articles, but reference must be made to. 
Mr. Stewart’s account of the oil-shale industry, and Sir William 
Herdman’s article on modern oceanography, of which subject 
he justly remarks that Edinburgh is its birthplace and its home. 

Heal AC Ve 

Lire In A Sussex WINDMILL, WITH SOME AMENITIES OF THE SOUTH 
Downs. By Epwarp A. Martin, F.G.S. pp. 118, with 
illustrations. Allen & Donaldson, Ltd., London, 1921. Price 
6s. net. 

is book contains a pleasantly written account of life in a 
disused windmill, where the author took up his abode for a 

season in order that he might write and think in peaceful retirement. 
A good deal of the matter, without being original, is of interest to 
the geologist, and there are chapters on the “ Hight Downland 
Quadrilaterals’’, the “ Dry Coombes and Bournes of the Downs ’”’, 
“Ancient Man on the Downs”, and “Sussex Coal, Iron, and 
Wood”. Perhaps, however, the most interesting chapter is one 
“ About Dewponds”’, on which the author has made a number of 
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careful and original observations. The illustrations, which consist 
of local sketches and photographs and figures of fossils, are of no 
especial value. 

KB. a2 .A, M. 

Die Fosstten KonLeN BosNtIENS UND DER HERCEGOVINA. By 
Dr. F. Karzer. Vols. I and II. pp. 403 and 271, with 145 text- 
figures and two folding geological maps. Sarajevo : 1921. 

» ae provinces of Bosnia and Herzegovina, formerly included 
within the Austrian Empire, and now constituting part of the 

new Serb-Croat-Slovene State (or Yugoslavia), have extensive coal 
deposits, which appear likely to prove of great potential importance 
to the new State. Under the egis of the former Austrian Govern- 
ment, these provinces were originally surveyed and described by 
Bittner, Tietze, and Mojsisovics; and for the past thirty years 
their work has been continued by Dr. F. Katzer, at one time 
Professor of Geology at the University of Prague. 

In the present work the author gives a detailed account of the 
geology of the several coalfields, many of which were opened up by 
the Central Powers under the stress of urgent war demands. 

All the coals likely to be of any economic importance in these 
provinces belong to the Tertiary Formation. The occurrence of coal 
at several localities in the Carboniferous, Permian, Lower Trias, 
and Cretaceous Formations is recorded, but none appear to be of 
any extent. The workable coals occur at two principal horizons ; 
one of Lower Miocene or Upper Oligocene age, and the other of 
Lower Pliocene age. 

The most important Bosnian coalfield lies to the north and west 
of Sarajevo, and has an area of about 350 square miles. Zenitsa, 
Kakanj, and Breza are the principal collieries. The coals occur in 
a varying series of freshwater limestones, marls, and shales; the 
fauna and flora of which show the closest resemblances to those of 
the Sotzka Series, described from the Upper Drave valley in Carniola 
by the Austrian Survey ; and which have close affinities with both 
the Upper Oligocene and Léwer Miocene Formations of Western 
Europe. In describing these beds Dr. Katzer employs the non- 
committal term Oligo-Miocene. The second coal-field of importance 
is in the neighbourhood of Tuzla, the chief industrial centre in 
Northern Bosnia, where lower grade Pliocene coals are being mined. 
These coals are considered to be of Pontian or Lower Pliocene 
age, and with them are associated ‘‘ Congeria ’’ marls and clays, 
a facies generally believed to have a wide development in the 
Balkans. There are several seams of very pure lignitic coal, some of 
which attain a thickness of over 60 feet. 
Among the remaining Bosnian coalfields, the principal in order 

of importance are: Banjaluka and Koto Varos, in North-Western 
Bosnia; Uglyevik and Priboj, in. North-Eastern Bosnia; and 
Livno, close to the Dalmatian provincial boundary. 
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The coal resources of Herzegovina are relatively insignificant. 
A small Oligo-Miocene coal basin occurs in the immediate vicinity 
of Mostar, and is beg worked, while smaller detached areas are 
described as floormg many of the poljes which form so distinctive 
a feature of the otherwise barren Herzegovinian limestone plateau. 

From his exhaustive study of the several areas, Dr. Katzer 
estimates that the total quantity of coal available in the coalfields. 
of Bosnia and Herzegovina may safely be computed at 758 million 
metric tons, of which 20 per cent consist of Oligo-Miocene brown 
coal, while the remaining 80 per cent consist of the lower grade 
Pliocene lignitic coals. Adding to this the possible coal resources 
in areas not completely surveyed, which amount to no less than 
4,941 million metric tons, it will be seen that Bosnia has, probably 
of all Balkan lands, by far the richest fuel resources; a valuable 
asset to a State like Yugoslavia, whose industrial developments. 
have only reached an embryonic stage. 

Each volume is accompanied by a useful folding geological map, 
the first by a coloured map of the Sarajevo-Zenitsa coalfield on a. 
scale of 1 : 75,000, and the second by a coloured map of the coal- 
fields of Bosnia and Herzegovina or a scale of 1 : 750,000. 

D. A. Wray. 

SCHWEIZERISCHE - MINERALOGISCHE UND  PETROGRAPHISCHE 
MirreitunceN. Band I, Heft 1/2. pp. 1-214, 1921. Huber 
and Co., Frauenfeld. 

re those geologists who have found access to the petrographical 
literature of Switzerland, a matter of some difficulty, the 

appearance of a new journal devoted to Swiss mineralogy and 
petrology will be especially welcome. Hitherto much Swiss petrology 
has appeared in “ dissertation ” form, or as papers in local journals: 
of very limited circulation; few libraries indeed, in this country, 
would, for instance, possess volumes of the Jahresbericht der 
Naturforsch. Gesellschaft Graubiindens. It is to the interest of 
geological science that its publications be segregated as far as possible 
in specialized journals, and not diffuséd through organs embracing 
the whole gamut of science, and in this connexion, to refer to imperial 
geology, the example of the Geological Society of South Africa 
might well be followed with advantage in other dominions of the 
Empire. The new Swiss journal now appearing will doubtless make. 
available, in a readily accessible form, work otherwise almost lost. 
to other countries. In the present number five articles are con- 
tributed — all in German — and include studies on the serpentine and. 
tale of Disentis Surrhem, the wolfram deposits of the Argentine, 
the radioactivity of some Swiss rocks, a petrographic study of the 
region of Piz Languard (Oberengadin), and on the fluorspar of 
Sembrancher (Wallis). 
The journal is published under the editorship of Pro- 

fessor Grubenmann, with an annual subscription rate of 25 franes. 
Ci els 
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REPORT ON THE CRocopILE River Iron Deposits. By P. A. 
Waaener. Geological Survey of the Union of South Africa, 
Memoir No. 17. pp. 65, with 12 plates and 5 figures. 1921. 

(ede? deposits of banded hematite ore are situated in the 
northern part of the Rustenburg district of the Transvaal, in 

a rather inaccessible district, 68 miles from the nearest railway. 
They lie immediately above the dolomite of the Transvaal System, 
and belong to the usual type of banded ironstone that is so common 
in many localities. They include red and black, black and grey, 
and dull-brown. varieties, as well as calico-rock, and may be 
described as essentially banded ferruginous cherts with a varying 
proportion of iron oxide ; the iron-content ranges from 16 to 44 per 
cent, but the silica is usually very high. It seems highly probable 
that when a railway is constructed these deposits will become 
of economic importance. 

CORRESPONDENCE. 
PALAIONTOLOGICAL ABSTRACTS, 

Str,—You allowed me in April, 1920, to draw attention to the 
alliance of the Revue Critique de Paléozoologie with the Review of 
Geology. May I remind your readers that the work of preparing 
or editing abstracts of all papers on fossil animals and plants is still 
earried on by M. Cossmann, and that he is particularly anxious to 
receive either author’s abstracts or separate copies of all papers 
by British paleontologists. 

Will those who respond to his request kindly note the new 
address: from November to May, 21 Rue Montpensier, Pau (B.-P.), 
France ; from June to October, 2 Boulevard Sadi-Carnot, Enghien 
(S. & O.), France. 

F. A. BATHER. 

THE RAISED BEACH AT EASINGTON. 

Sir,—Having had the privilege of examining the Durham coast- 
sections last summer under the guidance of Dr. Trechmann and 
Dr. Woolacott, I can thoroughly appreciate the importance of their 
discoveries among the Pleistocene deposits, which have introduced 
new factors into the complicated problems of the East British 
drifts. 

On seeing the Raised Beach at Easington, discovered by 
Dr. Woolacott and discussed by him in your current (February) 
issue, | was immediately satisfied that it was an actual marine shore- 
deposit resting upon its original rock-shelf, and a later visit confirmed 
me in this opinion. But I saw in the same neighbourhood, and 
elsewhere in the county, other sandy and gravelly deposits, to which 
a marine origin has been assigned, that appeared to me to be all of 
the usual fluvio-glacial type, carrying no positive evidence of marine 
conditions and differing essentially from the Easington Beach. 
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Thus, while agreeing with Dr. Woolacott on the main point, I was 
unable to convince myself that any of the gravelly bands intercalated 
with the thicker drift to the northward and southward of the Raised 
Beach section were continuous with the beach, as he believes. 
Dr. Woolacott’s section, Fig. 2 (p. 68), is, of course, diagrammatic, 
and expresses an interpretation of the evidence which may or may 
not be correct. As will be gathered from his photographs (Plate V), 
the investigation of the upper part of the cliff, except at the pathway, 
is dangerous, because of the rock-precipices below, and could not be 
safely accomplished without a rope; but at a few spots a little way 
northward, which we managed to reach while together, the gravels 
among the drift proved to be of the ordinary type, and lacked the 
distinctive characters of the beach-gravel. 
Remembering that at both Sewerby and Speeton (Yorkshire) the 

marine beds at the base of the drifts are at the same level as stratified 
Glacial deposits of the immediate neighbourhood, but are separated 
from them by mtervening bands of boulder-clay banked upon old 
slopes, I was perhaps predisposed to consider that this was the case 
also at Easington; and I saw nothing to contradict the idea. 
The comparatively thin drift overlying the Raised Beach was poorly 
exposed ; and, so far as I could judge, it might be regarded as the 
feather-edge of the thicker masses to the north and south, which 
must obviously wedge out here upon the bare rock-slope of Beacon 
Hill (as shown in Fig. 1 of Dr. Woolacott’s communication). The 
position of the patch of Raised Beach, close under the lee of the big 
ridge of Permian limestone forming Beacon Hill, was strongly 
reminiscent of the position of the Sewerby Beach, similarly sheltered 
from the impact of south-flowing ice by the Chalk ridge of Flam- 
borough Head. 

Far- “transported pebbles are certainly more abundant in the 
Easington Beach than at Sewerby and Speeton ; and it was pointed 
out to me that they include some of Cheviot origin, which are 
believed to denote a comparatively late-Glacial date for the deposit. 
Also the altitude of the beach raises another difficulty in its 
correlation with that of Sewerby. Yet there are many considerations 
which incline me to the opinion that this old sea- margin may have 
been in existence before the actual glaciation of the district; and 
I think that the suggested correlation of the beach-gravel with the 
wide-spread gravel among the boulder-clays has not yet been proven. 

We may anticipate that Dr. Woolacott, with the stimulus of his 
present success, will sooner or later discover other indubitable traces 
of the beach in similar positions on this difficult coast. Meanwhile 
it may be well to suspend judgment as to the position of the deposit 
in the Glacial succession. 

G. W. LamMpuues. 
Sr. ALBANS. 

~~ 10th February, 1922. 
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EDITORIAL NOTES. 
N the list of those recommended by the Council for election 

to the Royal Society is included the name of Mr. A. Hutchinson, 
President of the Mineralogical Society. Mr. Hutchinson is well 
known for his researches on the chemical, physical, and optical 
characters of minerals. He has designed many ingenious pieces of 
apparatus in connexion with his special studies on these lines, and 
has effected many improvements in the methods of teaching 
mineralogy and crystallography at Cambridge. Professor D. M. 8. 
Watson, whose name also appears in the list, was recently appointed 
to the chair of Zoology at University College, London. He has done 
much work in Vertebrate Paleontology and has been a contributor 
to the GEOLOGICAL MAGAZINE. 

* *k * * * 

WE are glad to heai that the sale of collections of rocks and minerals 
in aid of the Cornish Miners’ Relief Fund has proved very successful, 
and that over £50 has already been raised by this means, while 
orders are coming in steadily. One result of this large demand is 
that there may be some slight delay in the delivery of the collections, 
since the time at Mr. Davison’ s disposal for this work is somewhat 
limited, and such a large demand was scarcely anticipated ; however, 
all orders will eventually be filled in strict rotation as received. 

Some time ago we received from a correspondent and contributor 
a suggestion that is worthy of consideration. At present there are 
many geologists in this country who have already taken up or 
desire to take up some particular subject of research; in fact, 
so many that there is danger of overlap and duplication. Our 
correspondent therefore suggests that the GroLogicaL MAGAZINE 
should start a kind of bureau for the registration of subjects of 
research. There is no doubt that any clashing of interests 
of this sort is most undesirable, and may possibly give rise to un- 
necessary friction between workers in geology. If any general 
desire should be expressed for a record of this kind we should be 
most happy to afford space in the Magazine for brief statements 
of the work which our readers are engaged in or propose to take up. 
Then in case of any overlap the parties concerned could settle 
their differences between themselves. We should, however, 
in any case, decline emphatically to act in any way as arbitrators 
in such matters, and would disclaim all responsibility except that 
of making known the facts. We invite correspondence on this 
subject, for publication or otherwise, as desired by the writers. 
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ORIGINAL ARTICLES. 

The Geology of Ascension and St. Helena Islands. 

By Reernatp A. Dany, Harvard University, Cambridge, 
Massachusetts, U.S.A. 

HE writings of Charles Darwin, Renard, Mellis, Reinisch, and 
others have already made the salient features of lonely 

Ascension and St. Helena accessible, if not familiar, to geologists— 
St. Helena has won the surprised interest of biologists, who have 
long speculated on the origin of its unique species of plants and 
animals. From each island collections of rocks have been made. 
Following Renard’s well-known contribution to the petrography of 
Ascension (“* Challenger” Reports, Physics and Chemistry, vol. ii, 
1889), Reinisch’s paper in the Report of the Deutsche Siidpolar 
Expedition (1901-3) gives a large number of petrographical 
descriptions, includmg a goodly number of chemical analyses. No 
adequate geological map of either island has, however, been 
published, nor, indeed, was this really possible before the British 
Admiralty had issued the greatly improved chart (No. 1691) of 
Ascension, in 1910, with corrections added to the year 1921, and the 
British War Office had issued its excellent contour-map of St. Helena, 
dated 1904. Hach map is on a large scale. Even, though lacking 
contour lines, the Ascension chart was obviously to be of service to 
anyone attempting a reconnaisance survey of that island. 

As a member of the Shaler Memorial Expedition, sent by Harvard 
University to carry out geological investigations in the South 
Atlantic and in South Africa during 1921-2, the writer has been 
privileged to complete a reconnaissance map of each island, and 
thus make more definite the available information. Smee it will 
be long before maps and full reports can be published, a summary is 
herewith presented. This account will be best followed if read 
alongside of the topographic maps mentioned. 

It is a pleasure to record the many courtesies extended by the 
Admiralty officials, who alone could give permission to land on 
“His Majesty’s Island, Ascension”, and those extended by the 
officials of the Colonial Office, both in London and St. Helena. 
Special acknowledgment must be made of the efficient, generous 
help of Major C. A. Tennyson, Naval Commandant of Ascension, and 
of his staff, as well as similar aid given by Governor R. F. Peel, of 
St. Helena, and his staff. Othei valued privileges were extended by 
officers of the Eastern Telegraph Company, and of the comfortable 
steamships of the Union-Castle line. 

ASCENSION. 
The 38 square miles of Ascension are almost treeless. Except 

on a few young lava-fields and over some rugged ground in the 
eastern part of the island, travel is easy. The summer climate, 
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like that of St. Helena, is highly satisfactory to a field-worker. 
Hence it proved possible to make a fairly comprehensive study of 
Ascension, notwithstanding the shortness of the available time—- 
twenty-seven days, chiefly in the month of November, 1921. 

Ascension presents an ideal case of a complex volcanic island 
in its constructional stage. A half-dozen extensive lava-flows and 
a third or more of the sixty vents mapped look as if they had been 
formed not many centuries ago. So young are they, that one cannot 
but be surprised when one learns that no fumarole or hot spring 
isto be found. Apparently, too, no emanation of the kind is recorded 
in the early sixteenth century accounts of the island by the 
Portuguese. With marvellous directness most of the surface flows, 
cones, and craters tell their story. This is specially true of structures 
composed of basaltic or closely allied rocks. In all they cover 
about seven-eighths of Ascension. 

Most of the cones shown on the chart are red, or red-brown, 
steep piles of scoriaceous agglomerates, tuffs, with steep-angled, 
stubby flows of basaltic type interbedded. Examples are: Kast 
Crater, Holland’s Crater, the Three Sisters, Perfect Crater, Traveller’s 
Hill, Lady Hill, South-East Red Hill, Dark Slope Crater, Horseshoe 
Crater, Round Hill, Saddle Crater, Gannet Hill, Spoon Crater, 
South Red Crater, and Mountain Red Hill. Some of the crater 
rims, such as those of the first two mentioned, have been breached 
by outrunning basaltic streams, the breach being cbaracteristically 
on the windward side. Mountain Red Hill, 1,786 feet in elevation, 
is the highest of these purely basaltic cones. The smallest are true 
driblet cones, illustrated in one series of three which are aligned on 
a fissure running north from the main crater of Sisters Peak, and in 
another line of a half dozen, strung out east of the breached basaltic 
crater of Booby Hill. Bear’s Back, a craterless, basaltic plateau, 
with gently inclined surface, has no parallel in the island. 

The many basaltic flows are rugged, often recalling the typical 
aa or blocky lava of Hawaii: Tumuli and hornitos of diagrammatic 
perfection are features of some of the flows. Ropy or pahoehoe 
lava and lava tunnels are rare. Pressure ridges and tensional 
gapings in the flows many times suggested the query whether those 
common features of low-angled flows are not analogies to the 
cordilleras and ocean-basin of the Atlantic type respectively, 
explained on the Taylor-Wegener theory of continental creep. As 
usual, the greater flows have issued from the flanks of the cones, 
rather than from the craters. Where they reach the sea they have 
been nipped by the waves, but the cliffs are generally low, witnessing 
to the recency of the eruptiors. An exception to the rule is found in 
a 200-foot cliff at South-West Bay, probably an old sea-cliff, which 
has been largely covered by younger, thin, cascading flows. A new 
shore-line has there been formed, a few hundred yards to the west. 

Darwin, Renard, and Reinisch have shown that alkaline trachytes 
are important in Ascension, and a leading purpose of the writer has 
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been to make clear the structural and age relations of the trachytes 
to the basaltic types. The trechytes cover the remaining one- 
eighth of the island, being most developed in the higher, south- 
eastern part. In apparently every imstance the trachyte has risen 
at central vents, drilled or melted up through older, basaltic flows 
and pyroclastic beds. This relation is illustrated at the Devil’s 
Riding School, where the old crater of a basaltic cone was filled 
with highly viscous trachytic magma, which flowed over the rim 
on the eastern side. Followimg the outflow, the surface of the 
trachytic crater-fillmg sank, giving a basin probably more than 
100 feet deep at the centre. The area of the basin is nearly equal to 
that indicated within the crater-rim sketched in the chart. For a 
considerable time the basin contained a freshwater pond, in which 
were deposited the fossiliferous beds described by Darwin and 
Ehrenberg. A similar basining has affected a trachytic crater-fillmg, 
one quarter of a mile north-west of the Thistle Mill. 

In most cases, however, the viscous trachyte assumed the form of 
great domes projecting high above the old crater rims. Ideal 
examples are found in Ragged Hill, Little White Hill, and Weather 
Post. Cross Hill is of greater complexity. Its core is a broad dome 
of trachyte reaching a height of 600 feet above sea-level. The dome 
rose about 400 feet abave the rim of ar older basaltic crater and 

later became veneered with basaltic agglomerate, tuff, and driblet 
flows to a depth of 200 feet or more. Green Mountain (elevation, 
9,817 feet), the highest cone in Ascension, is another composite. 
Its visible base is a large basaltic cone truncated by a major 
explosion. Into the resulting caldera a trachyte dome rose, to a 
height of nearly 2,400 feet above sea, and sent short, thick flows 
toward the Ridmg School and the Bear’s Back. The eastern part 
of the dome and the trachyte flows alongside were blown away by 
a second explosion, forming another caldera, nearly a mile long and 
1,000 yards wide. This caldera in its turn was completely filled with 
basaltic tuff, which from a central vent was built up to a height some- 
what greater than 2,817 feet, the present elevation of “ The Peak ‘g 
of Green Mountain. 

The most voluminous effusion of trachyte was that of the Weather 
Post dome, rather more than 2,000 feet high and the source of a 
northbound flow ; this flow is more than a mile wide, nearly two 
miles long, and several hundred feet in maximum thickness. Three 
major explosions followed the solidification of the Weather Post 
dome. The resulting calderas are the Devil’s Cauldron, Cricket 
Valley, and the even grander, more irregular basin above Spire 
Beach. Most impressive is the heavy burden of coarse débris spread 
over basalts and trachyte alike, and as yet almost unaffected by 
erosion or by a concealing cover of vegetation. 

_ Another trachyte dome composes nearly all of South-East Head. 
A‘ smaller dome, of the same type of pale-grey trachyte, capped 
with black basalt, which seems to have been pushed up-by the 
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rising dome, is represented in Wig Hill. Boatswain Bird Island, 
a spectacular monolith of trachyte, is probably an independent 
dome. Crags of still another crop up through a veneer of younger, 
basaltic cinders, a short mile north-north-west of Sisters Peak. An 
extensive mass of trachyte, exposed in the cliffs of Coco-nut Bay, 
may represent a tenth dome, which bas been largely cut away by 
the heavy surf of this windward side of the island. Finally, White 
Hill may be the remnant of a dome erupted independently of the 
adjacent Weather Post body. 

As crater-fillings or domes, the trachytic masses are in wonder- 
fully clear relations to the basalts. All are younger than the bulk 
of the basalts. On the other hand, in each of several instances the 
trachytic effusion is but an interruption in a series of basaltic 
eruptions. That basalts have followed, as well as preceded, the 
trachytes is shown at Cross Hill, Green Mountain, and, again, with 
extraordinary vividness at South-East Head. Quite across the Head 
an east-west fissure opened, not many centuries ago, and from it 
streams of black basalt flowed out on both sides, over the bare 
pale-grey dome of trachyte. The intensity of colour contrast between 
the two kinds of rock, the gaping crack a mile or more in length, and 
a row of small craters blown open along the fissure show in perfect 
fashion elementary principles of volcanism and, as well, the 
syngenesis of basalt and trachyte. 

Considering Ascension as a whole, one may fairly question that 
any other equal area displays more eloquent and at the same time 
more varied examples of volcanic activity. 

Like the similar trachytes of crater-fillings and domes in Saito, 
those of Ascension are singularly prone to alteration, rapidly 
becoming friable to a depth of several feet. These bodies, monolithic 
as they are, yield to weather and wave, and are ravined and cliffed 
at a rate much faster than is the case with the basaltic flows. Large- 
scale, carious weathering of the trachyte produces characteristic 
hoodoos, bizarre turrets, and other fantastic shapes. 

The writer was able to add some details to Darwin’s description 
of the granitic fragments brought to the surface by the volcanic 
eruptions at Ascension (see Renard for references and discussion). 
Many fragments of hornblende-granite and probably other plutonic 
rocks were found in both the basaltic and trachytic agglomerates 
of Green Mountain, the source of Darwin’s collection. Two new 
localities were found. The basaltic flows issumg from Dark Slope 
Crater are charged with numerous angular to subangular inclusions 
of granite, the largest seen measuring 2 feet in length. The other 
locality is three miles to the northward, where the massive trachyte 
of the monolithic dome north-north-west of Sisters Peak was found to 
enclose at least one angular fragment of granitic rock. Since the 
parent body, whence the inclusion was torn, is likely to have been 
at least 9,000 feet below sea-level, this discovery seems to show that 
trachytic magma is generated at considerable depth. The existence 
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of these granitic rocks in Ascension has manifest bearing on the 
origin: of the Atlantic basin. 

Another observation, perhaps of importance to the genetic theory 
of trachyte is, that, while there are numerous thin beds of trachytic 
pumice, tuff, and breccia (enclosmg small masses of obsidian) in 
the island, the great domes and flows of trachyte, at both floor and 
original surface, are practically free from gas-vesicles of the ordmary 
bubble form. The same is true of the visible parts of the trachytic 
bodies in Hawaii and Samoa. The contrast with the dominant, 
highly vesicular basalts, thus repeatedly shown, is a problem 
deserving attention. Do the magmatic gases escape upwards, while 
femic crystals or their non-consolute equivalents sink during the 
prolonged differentiation of basaltic magma, leaving a gas-poor, 
alkali-rich, siliceous melt—a derived, trachytic magma ? 

Pending laboratory study, it is impossible to state the range 
of composition represented in what have been above described as 
* basaltic > rocks. Flows of true olivine basalt are not uncommon, 
and a beach-sand, very iich in olive, is found at Crystal Bay. 
Olivmme-poor and olivine-free basalts of various textures are more 
abundant. Both andesitic and trachydoleritic types may be 
demonstrable. 

‘Five narrow dykes represent the only intrusive bodies discovered. 
Tn view of the island’s extreme youth and the absence of important 
faulting, the rarity of visible intrusives is not surprising. 

St. HELENA. 

Seven hundred miles south-eastward of Ascension is St. Helena, 
covering nearly 50 square miles, and thus a little the larger. The 
last month of 1921 was spent on this Gibraltar of the South Atlantic. 
It is essentially an older Ascension, submaturely dissected by 
streams, ancient and modern. On the steep valley walls, reaching 
1,000 to 2,000 feet in depth, as on the magnificent sea-cliffs of similar 
maximum heights, one can see well down, and with unusual clearness, 
into the sub-surface mechanism of volcanic vents. The one 
exemplifying constructional forms so brilliantly, the other 
exemplifying the correlated structures underground, the two islands 
are, therefore, complementary to each other. From them alone 
most of the essentials of a textbook of volcanic geology could be 
well illustrated. In St. Helena also the advantage given the geologist 
by the absence of a forest cover was specially appreciated by one 
who had recently tried to make out the history and volcanic 
mechanism of the Samoan Island of Tutuila, most of which is covered 
with a smother of jungle. Accessible by regular steamers, covered 
with good paths and roads, its rocks exposed with a completeness 
seldom matched, and, above all, intrinsically important, St. Helena 
should be visited, if possible, by every specialist in igneous geology. 
The publication cf the reconnaissance map should at least help to 
advertise the worth of this choice place of the earth to the student of 
volcanoes and of erosion. 
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But another fact stimulated the wish to explore St. Helena. 
Reinisch, in the paper above noted, states that a graywacke, con- 
sisting of many pieces of quartzitic schist, quartzite, sandstone, 
granite, gneiss, and other “continental rock types’, had been 
found in the “ Laing-Berge ” of St. Helena. This announcement is so 
weighty in the theory of Gondwanaland that further data of the kind 
seemed desirable. So far as that object is concerned, the writer has 
had negative results. In spite of constant search, neither the gray- 
wacke nor any other quartz-bearing or “ continental’ rock was 
found. “‘ Laing-Berge” is a locality unknown to St. Helenians. 
Is it possible that Reinisch’s specimen was brought from, near 
Laingsburg, South Africa, by the same Boer prisoner, interned at 
St. Helena, who collected the specimens of St. Helena lavas described 
by Reinisch 4 

St. Helena is largely composed of basaltic rocks, olivine-bearing 
and olivine-free. They will probably be found to duplicate some of 
the Ascension types. These rocks form superposed, generally thin, 
flows, which with thin interbeds of tuff and rarer agglomerates 
constitute the greater part of the island; trappean, vesicular, 
and porphyritic dykes cutting the flows are exposed in hundreds ; 
several large areas of remarkable complexes, made up of thick masses 
of tuff which are cut by multitudes of simple dikes, many multiple 
dikes, and many dike networks; a number of volcanic necks, 
and monolithic crater-fillings ; and at least one sill. 

The tufis and associated agglomerates of the complexes are the 
oldest rocks. In some respects the most notable complex is that 
covering about 1°5 square miles at the north-east corner of the island, 
stretching from the middle of the shore of Flagstaff Bay, between the 
line of heights from Flagstaff Hill, through Woody Point to the Turk’s 
Cap on the one side, and The Barn on the other. This may be called 
the Knotty Ridge Complex, from the name of a prominent feature in 
the broad belt. Darwin (in his Volcanic Islands) and Mellis (in 
St. Helena, London, 1875) give good descriptions of it, but even 
the previous reading of their books did not prevent astonishment at 
the actual profusion of dikes. These trend in all azimuths. The 
more conspicuous dikes are grouped in two systems. The one com- 
prises dikes, generally vertical or nearly so, whose outcrops run in| 
a north-east—south-west sense, the strike varying from north 
20°-30° east (common readings) to north 80° east. The average 
trend of this system, specially well seen from the ridges south-west 
of The Barn, agrees fairly well with the more regular north 40°-45° 
east trend of the main dike system in a similar basal complex of the 
Sandy Bay district. The second system of the Knotty Ridge dikes 
varies in strike from north 10°-15° west (common readings) to about 
north 10° east. Many dip 70° or even at 60° to the westward, 
indicating unusual conditions of tension in the older rocks. The 
dikes range in width from an inch or less to a score or more of feet 
in width ; the average is perhaps four feet. 
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This area is dangerous for climbers. Its slopes tend to become 
veneered with a coat of creeping, tuff-like mud, which greatly 
obscures details. Hence a complete study of the dikes is a very 
slow, if not impossible task. At several points, however, it was seen 
that the intrusions form most unusual examples of multiple dikes. 
As many as twenty contact directly with each other in succession, 
without any intervening tuff or other material. So crowded are they 
in the middle of the ridge joining Flagstaff Hill and The Barn that 
some 200 of the sheets of rock seem to constitute one gigantic 
multiple dike. In the writer’s experience this part of the complex 
is quite peerless for the number of distinct, basaltic imtrusions. 
outcropping in so small a space. The nearest parallels to such 
persistence of igneous injection are perhaps the belts of “ inclined 

. Sheets ” in the Scottish islands of Mull and Skye, though the causes 
of tension and injection may be essentially different. 

Other dikes of the Knotty Ridge complex, having trends unlike 
those of the two principal systems, and combined with the latter, 
constitute dike networks of unmappable complication. 

From the lips of many of the Knotty Ridge fissures, and presumably - 
from others not yet exposed by erosion, lava-flows were poured out. 
The result was a high, exogenous, basaltic dome, which centred 
nearly under Deadwood Plain. From that general centre the thin 
flows ran on slopes that decreased from 25° to 10°, as far as James- 
town on the north-west and Sane Valley on the south-west. Flagstaff 
Hill and The Barn are erosion-remnants of this thick capping of many 
flows, which formerly covered the whole of the visible Knotty Ridge 
complex as well as its continuation in Flagstaff Bay. . 

No volcanic neck is exposed, and, as throughout the island in 
general, the growth of the north-eastern end of St. Helena was due 
to fissue-eruption rather than to eruption from local, persistent 
vents of the central type. Scores of dikes cut the capping flows of 
Flagstaff Hill and The Barn. The flows are massive and strong ; 

the complex is remarkably weak and friable. Hence have been 
conditioned some of the finest canyon-like scarps and sea-cliffs in 
the island. 

A very similar complex covers nearly 3 square miles in the 
' lower part of the basin comprising the Sandy Bay district. In the 
writer’s opinion, this huge cirque is neither a crater nor a caldera, 
but owes its imitative shape to erosion, working on aspecial structure. 
Erosion was bound to begin the widening-out of just such an 
amphitheatre as soon as the weak rocks of the underlying complex 
in their actual distribution were uncovered. 

Hundreds of dikes of the Sandy Bay Complex, including many 
dikes, generally run parallel, in a north-east — south-west 
direction, on which some of them keep for nearly 3 miles. Dikes 
of similar trend were found far to the north-eastward of the Sandy 
Bay district. As near Deadwood, the dike fissures here were vents 
through which many lava-floods were emitted. The lavas ran in all 
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directions, but the total result was an elongation of the island in 
the sense of the dominant system of fissures. Nevertheless, the flows 
visible in nearly two-thirds of the island emanated from the fissures 
concentrated in the Sandy Bay district. This region, before erosion 
hed far advanced, was a low-angled, exogenous, basaltic dome, the 
flows of which dipped seaward on all radii, at an average angle of 
eight or ten degrees. At the headwaters of Jamestown and Rupert’s 
valleys the Sandy Bay flows are seen to cover and wrap around the 
steeper flows from the older Knotty Ridge—Deadwood centre. 
A third concentration of fissures feeding lava-flows was located 

under the sea, just off the shore of Manatee Bay. Flows and dikes 
originating in that area are to be seen in the majestic Man-and- 
Horse cliffs. 

Only one sill was demonstrated in the island. This is exposed in the 
valley-wall near Wild Cattle Pound and close to High Hill. It is a 
columnar lens nearly 40 feet thick in the middle and about 500 yards 
long on the outcrop. It transgresses a few of the invaded flows of 
basalt. 

Some of the St. Helena fissures have been locally enlarged into 
“necks ’’ by explosion or by the melting action of blowpiping 
gases. Monolithic bodies of rock, resisting erosion better than the 
lavas and tuffs surrounding them, represent these exceptional, 
truly “central”? vents. In some instances remnants of the corre- 
sponding steep cones of tuff and centrifugal flows were mapped. This 
is true even at High Knoll and High Hill, where the necks are, in 
ground-plan, elongated in the directions of the locally dominant 
dikes, so that the hypothesis of local widening of the fissures is 
rendered very probable. The largest neck is at Sliding Stones Hill 
in the Sandy Bay district. There the widening seems to have 
affected at their intersection two master dikes running nearly at 
right angles to each other. The High Hill neck is similarly shaped 
and similarly interpreted. In each case, enlargement of the fissures 
through the melting of the country-rock is specially suggested by the 
ground-plan of the neck. More nearly cylindrical necks were mapped: 
at the hill crowned by the Baptist Chapel, Sandy Bay ; at the superb, 
well-known pyramid called “‘ Lot’’; at Castle Rock (Man-of-War 
Roost) ; Hooper’s Rock; Sheep Knoll; and at two bold crags in 
Powell valley, respectively east and south-east of White Hill. 

Some of these “ necks ’’ may be the monolithic fillings of craters, 
such as would be formed if the Kilauea lava-lake of Hawaii were to 
solidify during a high stand of the lake-level. Such a body would 
be a “ head ” rather than a “ neck ”’, the “ neck” being below and 
invisible. 

Scenically imposing as the “necks” or crater-fillings are, the 
output of the flows from these centres was probably very small, 
when compared with the eruptions from the normal, narrow fissures. 
Though the “ necks” are most numerous in the Sandy Bay amphi- 
theatre, none of them appears to have long functioned as a centre 
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of extrusion. The building of the great, composite, exogenous 
Sandy Bay dome was rather due essentially to eruptions from many 
fissures, which were opened in special abundance over an area 
measuring at least 3 miles by 2 miles. In that sense Sandy Bay 
was the chief “ centre ” of eruption in St. Helena. 

In relation to that area of concentrated fissuring, the vents at 
High Hill and High Knoll have the positions of “ subsidiary ” or 
“parasitic ” cones, but both of these local vents are likely to have 
been occasioned by fissurmg which was independent of that 
registered in the remarkable dike-system of the Sandy Bay district. 
Another outlymg vent formed an unusually high cone of tuff, with 
some basaltic flows, on the ridge north of Swanley Valley, around 
“The Saddle”. Several local tuff-cones, which had been deeply 
buried under lava-floods, are exposed in sea-cliffs and canyon walls. 

Two local vents, at Little Stone Top and Great Stone Top, are 
of special importance, since their effluent lavas are alkaline rocks, 
very like the Ascension trachytes. For preliminary descriptions 
these rocks may be called trachyte, though laboratory study may 
show the need of a different designation. At Little Stone Top the 
trachytic magma seems to have risen in the form of a dome, greatly 
broadened at the orifice and finally overflowing. One flow, 300 feet 
thick, is now represented in remnant by Ben Coolen ridge ; another 
outflow constitutes Boxwood Ridge; a third crept down toward 
the base of Great Stone Top. 

The vent by which the trachyte of Great Stone Top came up is 
exposed on the shore near Elephant Rock. It is a dike-like pipe, 
apparently about 300 feet long and between 30 and 60 feet in width. 
One of its chilled contacts with the older flows of basalts is admirably 
exposed. The contact with the gently dipping basalts is here nearly 
vertical. Thence the trachytic magma rose along a dike fissure 
obliquely, so that the upper part of the injection dips 60 degrees 
to the eastward. Near the 800-foot contour the magma reached the 
surface and spread out as a dome. The cap of this mushroom- 
shaped eruptive is now 900 feet thick, after losing some of the 
original thickness by prolonged erosion. 

In the cliffs due south of Little Stone Top, the older basaltic 
flows, dipping about 10 degrees to the eastward, have been bent 
up anticlinally by a thick wedge (or chonolith ?) of trachyte, which 
is purely intrusive. The apex of the wedge is visible in the sea- 
cliff at the 500-foot contour. The force of the injection sufficed to 
steepen the dip of the invaded flows on the eastern side of the wedge 
to 20 or 25 degrees, and on the west to change the dip to 45 degrees 
to the westward. Alongside is a 60-foot, inclined dike of trachyte, 
conspicuous in the sea-cliff. A long, 15-foot dike of trachyte cuts 
the basalts a little to the south-east of Ben Coolen ridge, and ranging 
with it, towards Little Stone Top. This completes the list of known 
occurrences of highly alkaline bodies in St. Helena, but possibly 
some of the necks of the Sandy Bay district will prove to be allied 
types of rock. 
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Thus, St. Helena, like Ascension, once more shows the closest 
genetic connexion of alkali-rich rocks with common basalt. Here, 
too, the solution of the problem of origin may be affected by the fact 
that nowhere was the effusive trachyte of St. Helena found to be 
vesicular in the ordinary sense of the word when referring to lavas. 

The writer was able to confirm Melliss’s discovery of the casts of 
sizable tree-trunks in the lava flows exposed on the slopes of the 
arid Jamestown Valley and 800—1,000 feet below the surface of the 
uppermost flow in the valley walls. The casts occur in two different 
flows, stratigraphically about 100 feet apart. These facts show 
that the upbuilding of St. Helena may have been as leisurely as the 
growth of Hawaii to similar height, and that St. Helen along possessed 
a climate which was considerably moister than that now ruling. 
It proved impossible to procure evidence as to the specific nature of 
the trees represented by the casts. 

No other fossils tending to fix the age of the island were discovered. 
As at Ascension, no paleontological discoveries of moment were 
made. In Ascension, except lithified, calcareous beach-sand, a few 
feet above high-tide level, and the crater-lake deposit at the Riding 
School, and, in St. Helena, some poorly cemented, calcareous 
dune-sands at various elevations up to about 700 feet above sea, 
no sedimentary rocks were found. From the youth of its topography, 
little, if any, of the visible Ascension is likely to antedate the Recent 
period. St. Helena has suffered denudation and sea-cliffing to such 
degrees that a late Tertiary origin seems preferable to one even in 
the early Pleistocene. 

Except for some possible indications near Georgetown, at English 
Bay, and at South-west Bay, Ascension shows no evidence of 
emergence. The obscure features at the three localities named 
could mean emergence no greater than 20 feet. A eustatic, world- 
wide fall of ocean level seems to be deducible from a statistical 
study of “elevated” strand-marks around the different oceans. 
St. Helena confirms that deduction in a striking way. On its 
leeward side were found numerous sea-caves and rock-benches at 
heights above high tide of exactly the same order as among the 
Samoan Islands, where the hypothesis of this particular eustatic 
shift first took definite shape.t This correspondence between 
islands on opposite sides of the world is manifestly difficult to 
understand on any other hypothesis. As in Samoa, no evidence of 
emergence to an amount greater than 20 feet was found at either 
of the Atlantic islands. 

If the eustatic shift of about 20 feet is to be correlated with the 
“* elevated ” Neolithic beach of north-western Europe, which appears 
to be nearly 5,000 years old, then we may have a possible means of 
assigning a minimum age to the oldest lavas of Ascension. More 
certain would be the possibility of gauging the speed of the erosion 

1 Grou, Mace., Vol. LVIL, 1920, p. 247. 
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of hard lavas of St. Helena by the untiring waves. On the windward 
side of that island, the 20-foot strand marks have apparently been 
already destroyed. The more moderate, though absolutely powerful 
surf on the leeward side has damaged the 20-foot benches, but has 
left many remnants. From these, when compared with the initial 
shapes and volumes of the benches, it is clear that the sea-erosion 
is exceedingly slow. The stupendous cliffs of St. Helena seem to 
represent a duration of wave-attack which may be reasonably 
guessed as more than 2,000,000 years. 

Barrmg a fault, visible mm the north-eastern sea-cliffs of 
St. Helena—a displacement of about 30 feet—a few insignificant 
slips seen in tufi-beds, and the local deformations incidental to 
igneous injection, the island seems free from the effects of diastrophic 
processes. The field evidence points to the conclusion that St. Helena 
has neither sunk nor risen for a very long period of time, if, indeed, 
it has moved at all since the distant epoch of its last eruption. 
Ascension, too, shows no indication of having either risen or sunk 
since its beginning as an island. 

In 1923 the writer hopes to publish the geological maps and the 
details of his studies on these instructive islands. The results are, 
of course, but supplementary to Darwin’s classic descriptions in his. 
Voyage of the Beagle and Geological Observations on Volcanic Islands. 
Anyone honoured with the opportunity to follow the very paths he 
trod in out-of-the-way places cannot merely admire his famous 
accuracy and thoroughness of observation. Hven more impressive 
is the evidence of Darwin’s intellectual initiative in the field of 
geology. He created much of the technique of the science; most 
literally he was one of its founders. In the main Darwin’s 
descriptions of these islands are amazingly full and true to the 
objective facts, because he had the genius to discover the vital 
problems and to invent the technique for handling them, as, alone 
and single-handed, he attempted the mysteries of the volcanic 
islands. A few changes in his theoretical conclusions are necessary, 
chiefly because he lacked the methods of study which three 
generations of geologists have since developed. The principal 
changes refer to the relations between the basalts and trachytes of 
Ascension (where he failed to discern the superposition of the 
trachytic bodies on the older series of basalts) and to the nature, 
location, and physiographic development of the volcanic vents and 
magmatic types on St. Helena. 

On the Overlap of the Upper Gault in England and 
on the “Red Chalk” of the Eastern Counties. 
By F. L. Kircatn, M.A., Ph.D., and J. Prinewz, F.G.S. 

I. Inrropuction. 

pe G the years 1918-19 we investigated the relations of the 
beds exposed in a remarkable section at Shenley Hill, north of 

Leighton Buzzard. Our conclusion that lenticles of limestone of 
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basal varians-age are there overlain by a mass of Upper Gault 
showing an inverted order of zones provided an interesting glacial 
problem. This seemed to us of less importance, however, than the 
discovery that these transported masses had been deposited upon 
a floor formed by a basement-bed of transgressive Upper Gault, 
which there rests immediately upon the local top of the Lower 
Greensand.! The chief interest attaching to this example of glacial 
disturbance lay in the resulting disposition of particular beds in 
anomalous zonal relationships. Other striking instances of the 
glacial transportation of large masses of rock were known to occur 
in the tract of country to the north-east of this locality. The 
difference was chiefly one of degree, not of kind. We realized that 
the detection here of an overlap of the Upper Gault might prove — 
to be a matter of greater moment, possessing, perhaps, a far-reaching 
stratigraphical significance. A study of the literature dealing with 
this formation, coupled with the examination of the Gault at a few 
localities in other counties where an overlap takes place, con- 
vinced us that a fuller investigation of the subject would prove 
fruitful in results. 

It was evident that the occurrence of an Upper Gault transgression 
accompanied by erosion, in localities where it was previously 
unsuspected to occur, might explain much that was obscure con- 
cerning the relationship of the Gault to the underlying rocks. We 
therefore planned out a programme of work which included some 
examination of the strata with which the Gault at various localities 
was known or suspected by us to have non-sequential relations. 
We also proposed to make a general study of the strata between the 
Aptian beds (below the mammillatus-bed) and the base of the 
varians-Chalk in different parts of the country, in order to ascertain 
with some degree of exactitude the chief evidences for movements 
of depression. To carry out the study on these comprehensive 
lines would have necessitated journeys to a large number of sections 
exposed in many counties; and since the whole investigation was 
unconnected with our current official work for the Geological Survey, 

we sought financial aid from the Royal Society. Our application 
to that Society for a grant for the furtherance of this projected 
research was unsuccessful. It therefore became necessary to curtail 
the scheme of work. Nevertheless, the results of visits we have 
made during the past twelve months to localities ranging from 
Dorset to Yorkshire seem of such interest that we now offer this short 
preliminary account of them in the belief that it may be of use to 
many geologists in this country. We hope to continue the study 
as opportunity occurs, and to furnish a more comprehensive account, 
with some description of local details, at a later date. 

1 F. L. Kitchin & J. Pringle, ‘‘On an Inverted Mass of Upper Cretaceous 
Strata near Leighton Buzzard, Bedfordshire ; and on an Overlap of the Upper 
Gault in that Neighbourhood’’: Grou. MAG., Vol. LVII, 1920, pp. 1-15, 
52-62, 100-13. 
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_ It must be understood, in the first place, that to obtain sound 
results in an investigation of this character the fullest reliance must 
be placed on the value of paleontological evidence. Indeed, it must 
be insisted that in the study of the Cretaceous, as of other stratified 
rocks, fossils, when obtainable, provide the most important part of 
the whole evidence upon which sound stratigraphical conclusions 
can be based. In any attempt to determine the zonal relationships 
when studying deposits of clay such as the Gault, subject to lateral 
change to other types of sedimentation, we must be prepared to pin 
our faith entirely to the fossils. There remains, of course, the 
recognition of the species appropriate for such an important use and 
the power to apply this evidence legitimately, in the scientific sense. 
These are obviously matters depending entirely on the uniformity 
of previous experience and the competence of the individual 
investigator. We would not lay emphasis on preliminaries so trite 
were it not that im this country we still witness the publication of 
fallacious stratigraphical correlations that have resulted from 
failure to utilize the means at hand for arriving at a true 
interpretation. 

The Gault Clay is usually poorly exposed, so that the investigation 
of its characters and relations, except at isolated localities, often 
distantly separated, is frequently a matter of much difficulty. In 
some districts, as in the Isle of Wight, there is a further obstacle 
in the masking and confusion caused by the slipping of the clay on an 
extensive scale. It follows, then, since exhaustive fossil-collecting 
can seldom be carried out, that it is necessary to use to the best 
stratigraphical advantage such fragmentary evidence as may be 
provided by the few fossils obtamable in obscure surface-exposures 
or in wells and bormgs. The chief requirement in the present 
connexion is to be able to determine with certainty whether the 
lowest member of the Gault seen at any given locality represents 
the true basal part of the Gault or the lower part of the Upper Gault. 
Only by ability to do this is it possible to avoid being misled by 
delusive stratigraphical appearances. 

The true basal part of the Gault Clay, the so-called interruptus- 
zone, is highly fossiliferous, and always contains numerous well- 
ribbed hoplitid ammonites showing pronounced peripheral sulcation. 
These are frequently preserved in smooth phosphatic nodules with 
pale surfaces. The keeled ammonites are absent. We have found 
that the interrwptus-Gault, wherever it has been seen in this country, 

rests always upon the mammillatus-bed. An unconformable junction 
with older strata may occur locally below that bed, as in North Dorset, 
but never at the base of the interrwptus-zone. So invariable is this 
unity of the interrwptus-Gault and its substratum that the direct 
superposition of Gault Clay or its equivalent upon any rock older 
than the mammullatus-bed suffices to negative the presence of the 
interruptus-zone.+ 

1 Cf. C. Barrois, Recherches sur le Terrain Crétacé Supérieur de 
2’ Angleterre et de lV Irlande, 1876, p. 7. 
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The lower part of the Upper Gault, the rostratus-zone (or “* inflatus- 
zone’) of stratigraphical classifications, yields numerous fossils 
that are not found in the Lower Gault. Species of ammonites that 
have been referred to alike under the name A. varicosus here make 
their appearance, and these, as well as a number of peripherally 
keeled shells, are readily distinguishable from any of the forms 
occurring at lower horizons. Species of well-ribbed hoplitid 
ammonites also occur. ‘These bear considerable resemblance to 
the hoplitids of the interruptus-Gault, and have proved a stumbling- 
block for the unwary. When ill-preserved and crushed, they may 
be difficult to distinguish from the comparable forms of earlier date ; 
when well-preserved, the character of their peripheral area, as 
pointed out to us by Dr. L. F. Spath, provides a good distinguishing 
feature. Some descendants of these species show in their individual 
development a rapid loss of the costate ornaments, so that the later 
growth-stages are devoid of ribs and only retain remnants of the 
sculpture at the umbilical and peripheral margins. Such forms occur 
in Price’s Bed XI at Folkestone and in the sandstones below the 
Chert Beds of the Upper Greensand in the Isle of Wight, as well as in 
corresponding strata near Devizes. Specimens of them exhibited 
in museum-collections have been variously and erroneously labelled 
“ Ammonites auritus’’, “A. splendens”’, ‘“‘ A. catillus”’, and “ A. 
auritus, var. catillus”. Certain well- -sculptured hoplitids found 
rarely in the “ Red Chalk ” of Norfolk and Lincolnshire have been 
ascribed to ‘“‘ Ammonites interruptus’. These are in reality species 
of the Upper Gault and cannot be used in support of the contention 
that the so-called Red Chalk represents the Lower Gault as well as 
the Upper Gault. 

Other fossils which are of great stratigraphical value are 
Inoceramus anglicus Woods and I. sulcatus Parkinson. The first 
of these makes its earliest appearance at the base of the Upper 
Gault and is abundant at some localities, as at Speeton. Inoceramus 
sulcatus, recognizable even in a fragmentary state, is first met with 
in Price’s thin Bed VIII at Folkestone. It occurs also in Bed IX, 
becoming large and abundant at the top of that bed, where it 
suddenly dies out. Its vertical range is similarly limited in other 
parts of the country. The reliance that can be placed on the evidence 
of the above-named Jnocerami when applied to stratigraphical 
purposes rests upon abundant experience of their restricted range, 
and is strengthened by evolutionary considerations. 

Although overlapping Gault has been described and mapped over 
extensive areas in this country, no attempt has apparently been 
made to ascertain whether this evidence of depression of the sea- 
floor points to one general movement or to several subsidences, 

leaving separate local effects. It seems to have been accepted that 
the Lower Gault is present at the unconformable junction in North 
Dorset, Wiltshire, Oxfordshire, Buckinghamshire, and Bedfordshire, 
where the mapping has established the general occurrence of a 
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Gault transgression. While Professor C. Barrois ascribed most of 
the transgressive Selbornian strata of South Dorset and Devon to 
the Upper Gault (his zone of A. inflatus), the late A. J. Jukes-Browne 
thought it probable that the Lower Gault is represented there in 
the lower beds.1_ In the case of the “‘ Red Chalk ” (or Red Rock) 
of Norfolk and Lincolnshire, conflicting opinions as to its age have 
given rise to such confusion and doubt that the close bearing of this 
deposit on the subject now under discussion appears to have been 
generally overlooked. Professor Barrois, we must mention, 
considered the Red Chalk of those counties to represent the Upper 
Gault ; and so far as its lower three-quarters are concerned, we are 
satisfied that his correlation was the correct one. We shall state 
reasons for regarding the uppermost portion of the Red Rock at 
Hunstanton as part of the overlying Chalk. 

The result of our investigation, so far as it has proceeded, has been 
to unify the facts and to convince us that one general movement 
was responsible for a transgression round the border-regions of the 
main basin of Gault Clay deposition in England. A consideration 
of all the paleontological evidence leads us to place the date of this 
movement at about the close of Lower Gault time.. We think it 
probable that the character of Price’s nodular “‘ Junction Bed” at 
Folkestone (Bed VIII), which contains nodules and fossils in remanié 
condition, may be connected with the disturbance that gave rise 
to the transgressive extensions of the Gault in the marginal regions 
of the English area of deposition. The magnitude of this and 
subsequent movements and the widespread nature of their effects 
are shown by the occurrence of transgressions of the Upper Gault 
(Upper Albian) and lowest Cenomanian deposits in France and 
Belgium, in Africa, and in other distant regions. 

I]. CHARACTERS OF THE GAULT IN CERTAIN LOCALITIES. 

Kent and Surrey—tIn these counties, where the Lower Gault is 
present in normal development, always resting on the mammullatus- 
bed, there has not been observed any indication of the movement 
which produced the Upper Gault overlap, except perhaps at Folke-» 
‘stone, as mentioned above. In West Kent and in Surrey the Gault 
Clay is thickly developed and the detection of any effects of the 
movement at a particular level in the series is scarcely to be 
expected there. At the same time, there are indicationsof subsequent 
results in the introduction of an arenaceous facies in the rostratus- 
zone at the western limit of Kent and m Surrey. This change was 
doubtless connected with the process of shallowing which so affected 
the character of the sediments deposited subsequently to the Gade 
of the overlap in more westerly counties. 

The Isle of Wrght—Inland exposures of the Gault are rare and 
unsatisfactory. In the hollow between Redcliff and Culver Chiff, 

1 The Cretaceous Rocks of Britain, vol. i, ‘‘ The Gault and Upper Green- 
‘sand of Hngland’’: Mem. Geol. Surv., 1900, p. 145. 
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near Sandown, the cliff-exposure of the Gault is for the most part 
rendered unfavourable for fossil-collecting by slipping of the clay 
and by a thick mantle of turf. A few feet of the lowest. beds, 
immediately overlying the so-called *‘ Carstone”’ of the Lower 
Greensand, were found to be exposed on the occasion of our 
visit last year; but the clay was much weathered and numerous 
crushed casts of ammonites were the only fossils obtamable. These 
are ribbed hoplitids, all in & state unfavourable for identification. 
Their abundance suggests strongly that the interrwptus-zone is here 
present, and this is the accepted view of others who have studied 
this section! It must be noted, however, that the mode of 
preservation of these fossils differs from that so generally found to 
hold good in the interruptus-Gault of most other localities in this 
country. 

Between Luccomb and Bonchurch the Gault is obscured by the 
extensive débris of the great landslip, but phosphatic nodules con- 
taining ammonites referred to the interrwptus-Gault. have not 
infrequently been found on the beach below. At Blackgang we have 
failed to obtain access to any exposure of the Gault undoubtedly 
in place; but we have seen hoplitid ammonites of the interruptus- 
zone found at this locality. 

At Compton Bay, near Freshwater, the characters of the lowest 
part of the Gault are well contrasted with those of the lower beds 
at Redcliff. The rock is of a more silty nature, and ammonites are 
extremely rare. The few lamellibranchs found by us included Lima 
(Mantellum) gaultina Woods, a species always common in the lowest 
part of the transgressive Upper Gault of the Dorset coast. 
Inoceramus sulcatus Parkinson has also been found in the lowest beds 
of the Gault here, as recorded by M. W. Norman. Ifthe identification 
of this easily recognized species was correctly made, which there is 
no reason to doubt, the record of ‘‘ Ammonites dentatus ”’ from this 
locality must have referred to one of the Upper Gault hoplitids, so 
easily confounded with the earlier forms. In the lght of our 
examination of the Gault along the coast of Dorset, we can only 
conclude that at Compton Bay the Upper Gault has overlapped on 
to the Lower Greensand. There is, indeed, doubt whether the so- 
called ‘‘ Carstone ” of this locality represents the true top of the 
Lower Greensand. 

Dorset and Devon.—In South Dorset the Gault can be studied at 
Worbarrow Bay and at intervals westward as far as Holworth 
House, near White Nothe. From the published accounts of the 
section at Worbarrow Bay there is nothing to indicate the presence 
of any Lower Gault there. At that locality there is a marked line 
of erosion at the base and the Gault is in the condition of sandy 
and silty clays, as is also the case at Mupe Bay, where much of the 
section is obscured by talus. 

1H. J. Osborne White, ‘‘ A Short Account of the Geology of the Isle of 
Wight ’’: Mem. Geol. Surv., 1921, p. 51. 
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~ At Lulworth Cove, where the Gault rests with a marked surface 
of érosion on the Wealden, Beds, we found only the common lamelli- 
branchs which characterize the lower beds in the neighbouring 
sections to the west and at Holworth House. At both sides of the 
cove the exposures were poor and overgrown. A better section was > 
seen further west at the east end of the bay at Dungy Head, east 
ef Durdle Door. Here, again, we noticed the great rarity of 
ammonites and the general paucity of distinctive fossils in the lowest 
beds. - The dark silty clay about 10 feet above the base yielded a few 
lamellibranchs, such as Nucula wpectinata J. Sow., Pecten 
(Syncyclonema) orbicularis J. Sow., and Lama (Mantellum) gaultina 
Woods, as well as Serpula concava (J. Sow.), which is common in the 
rostratus-beds of Upper Greensand facies. Only one poor fragment 
of an ammonite was obtaimed, one of the species commonly 
designated Hoplites splendens, and apparently a form identical with 
one occurring in Bed IX at Folkestone and with the equivalent fauna 
at Heath,in Bedfordshire. At about 25feet above the base,in a dark 
glauconitic clayey sand, we found numetous casts of lamellibranchs, 
including Inoceramus sulcatus Parkinson. So far as we were able 
to examine the beds above this point, there was agreement with 
the section as given by Professor Barrois. Lithologically and. 
paleontologically, the silty and sandy Gault here forms a unit with 
the “Upper Greensand” above, into which it merges almost 
imperceptibly ; and we see no reason to believe that the Lower Gault 
has any representation along this coast. 

Near White Nothe, the overlap of the Gault on to Portland and 
Kimmeridge beds is displayed in a remarkable section.t We found 
the lowest bed of the transgressive strata to be a dark brownish 
green, gritty and clayey sand, containing pebbles of Portland 
limestone and quartzite at the base and showing ochreous weathering. 
The few feet of this bed yielded no fossils. The succeeding stratum, 
a soft, bluish silty micaceous clay, about 6 feet in thickness, seemed 
also to be almost barren of organic remains. Above this we were 
able:to examine the beds at intervals upwards through a thickness 
of about 30 feet or rather more. In the lower part there occurred 
Inoceramus concentricus Parkinson. At higher levels there were 
numerous lamellibranchs, such as Exogyra conica J. de C. Sow. and 
species of Panopea, Pinna, Pecten, and the Mantellwm mentioned 
above. This last species was conspicuously abundant, the valves 
attaining a large size in the upper part of these beds. There were 
also numerous crushed examples of a Turritella-like gastropod. 
The whole aspect of this fauna shows an approach to the facies of 
the Blackdown Greensand, of more markedly littoral character. 
Above this the section is obscured for some distance by talus. The 
succeeding beds of ‘“‘ Upper Greensand” type, yielding casts of 
ammonites of the rostratus-fauna, together with many lamellibranchs, 

1+ A. Strahan, ‘‘The Geology of the Isle of Purbeck and Weymouth”’: 
Men. Geol. Surv., 1898, pp. 155-8. . 
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have been accurately described by Sir A. Strahan (op. cit., p. 157). 
While visiting these coast-sections in Dorset we received much 
kind assistance from Capt. HE. Gray. 

Although the great rarity of ammonites and the development of 
a sandy facies in the Gault of this neighbourhood deprive us of the 
best criteria for correlation, we are of opinion that the interruptus- 
zone is unrepresented. The total absence of any of its distinctive 
faunal elements is alone a significant fact. This view is greatly 
strengthened by the occurrence of an isolated patch of interrwptus- 
Gault bound up intimately, as usual, with the mammillatus-bed at 
its base, at Okeford Fitzpaine, in North Dorset. At that spot there 
is displayed in some 8 feet of fossiliferous strata the familiar normal 
faunal type of the true lowest Gault Clay of other parts of 
this country, which is absent, however, at the base of the Gault 
where it rests unconformably upon the Kimmeridge Clay at neigh- 
bouring localities and throughout the northern part of the county. 
Light is thrown upon the matter by Mr. Newton’s description of the 
section at one time well exposed at Okeford Fitzpaine, in which the 
upper part of the 19 feet of beds referred by him to the interruptus- 
zone is described as dark-grey, micaceous and sandy clay; and 
particularly by the fact that some of the fossils figured by him are 
Upper Gault and not Lower Gault shells (species of Inoceramus 
and Trigonia ; large form of Lima (Mantellum) gaultina Woods). It 
seems Clear that the ¢nterruptus-zone is there only represented by a 
thin local patch which has escaped denudation and is overlain by 
the transgressive Upper Gault, which alone is present in the neigh- 
bouring country to the north, just as in the coast-sections. 
We have not yet been able to examine the Gault of Black Ven or 

its equivalents to the west. At Black Ven the Gault rests upon the 
Lias, and the assignment of its lowest beds to the Lower Gault by 
those who have described it is not supported by any evidence.? On 
the South Devon coast, near Seaton and Sidmouth, C. J. A. Meyer 
obtained Inoceramus sulcatus in his Bed 2, associated with a 
lamellibranch-fauna closely akin to that of the Blackdown Green- 
sand.? Neither in this bed nor in the thin basal Bed 1 has there been 
found anything to suggest a Lower Gault age. At Blackdown and 
Haldon there is a closer approach to shore-conditions, with a sandy, 
shelly facies. No distinctive Lower Gault fossils have been found 
at these localities. The well-known fauna which comes in above the. 
barren basal sands at Blackdown includes species of zonal value such 
as Schloenbachia varicosa, another Schloenbachia, well keeled, and 

1 R. B. Newton, ‘‘An Account of the Albian Fossils lately discovered at 
Okeford Fitzpaine, Dorset’’: Proc. Dorset Nat. Hist. and Ant. Field Club, 
vol. xviii, 1897, p. 66. 
~?2 A, J. Jukes-Browne, op. cit., p. 188. W. D. Lang, ‘‘The Zone of 
Hoplites interrwptus (Bruguiére) at Black Ven, Charmouth’’: GEOL. MAG., 
1904, p. 124. 

°C. J. A. Meyer, ‘‘ On the Cretaceous Rocks of Beer Head and the adjacent 
Cliff-sections’’: Quart. Journ. Geol. Soc., vol. xxx, 1874, p. 372. 
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Inoceramus sulcatus, which at Folkestone occur in Bed IX. 
Inoceramus anglicus Woods has been obtained at Haldon. 

The silty and sandy beds constituting the lowest part of these 
westerly developments of the English Gault were probably 
accumulated with much greater rapidity than the more fossiliferous 
basal part of the Upper Gault clay im regions of deeper-water 
sedimentation. It is evident that the conditions under which they 
were laid down were unfavourable for cephalopod-life; and the 
general scarcity of fossils in the lowest beds may perhaps be taken to 
show that the extension of the sea-floor proceeded so rapidly that 
some time elapsed before faunal adiustments to the new conditions 
could be brought about. We have noticed elsewhere that when the 
character of the lowest beds of the transgressive Upper Gault is such 
as to point to their deposition in water rendered turbid by currents, 
fossils are scarce. 

Oxfordshire, Buckinghamshire, and Bedfordshiwe——We have not 
yet been able to visit sections showing the transgression of the Gault 
on to the Jurassic rocks which occurs im places in Wiltshire and 
Berkshire, and at Culham, in Oxfordshire. In Oxfordshire and 
Buckinghamshire an area of deeper water deposition is reached, 
where the formation attams a great thickness and the upper sub- 
division is largely developed in clayey facies. In this region the 
existence of an overlap of the Upper Gault is readily discernible. 
A nodule-bed which, at some localities in these counties and in 
Bedfordshire, occupies a position about 10 to 20 feet above the 
base of the Gault was formerly worked for “coprolites”. The 
fossils obtained included typical species of the Upper Gault (Bed 1X 
of Folkestone), showing clearly that the transgressive base of 
the Upper Gault occurred at those places at least as low in the series 
as at that level, if, indeed, Lower Gault was always present beneath. 
Failure to recognize the discordant relation of the Upper to the Lower 
Gault in this area gave rise to the appearance of an anomaly in the 
distribution of some of the fossils known elsewhere to be confined 
to the Upper Gault ; they were here supposed to occur in the Lower 
Gault 1 because of their proximity to the base of the clay. The Lower 
Gault through a considerable part of this district is overstepped by 
the Upper Gault, which extends forward upon Wealden, Purbeck, 
Portland, or Kimmeridge beds, as the case may be. 

An opening made by the Geological Survey in 1920 in a disused 
pit at Long Crendon, near Thame, on the margin of an outlier of 
Gault, showed 9 feet of Upper Gault with a well-defined basement- 
bed, 1 ft. 6in. thick, of ochreous sandy clay with ironstone and other 
pebbles.? This rested upon a 2 ft. clay-band (Purbeck ?), underlain 
in turn by a Purbeck limestone. In the Gault Clay immediately 

1 A..J. Jukes-Browne, The Cretaceous Rocks of Britain, vol. i, ‘‘ The 
Gault and Upper Greensand of England’’: Mem. Geol. Surv., 1900, pp. 275 
et seq. 

2 «* Summary of Progress for 1920’: Mem. Geol. Surv., 1921, p. 62. 
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above its basement-bed we found Inoceramus anglicus Woods. 
Mr. S. S. Buckman has submitted to us a well-preserved fragment of 
Schloenbachia varicosa from the clay in an adjacent plot of ground. 
Ata locality to the east of Thame station a well-sinking has recently 
shown us that there, too, the Gault rests on a Purbeck limestone. 
The overlap is also well seen in the neighbourhood of Aylesbury. 

Just south of Leighton Buzzard the true Lower Gault crops out, 
the interruptus-clay here resting conformably, as usual, upon the 
mammillatus-bed, as first reported by Mr. G. W. Lamplugh. We 
have shown elsewhere that a special interest attaches to the series 
as here displayed. Owing to favourable conditions of preservation, 
the fauna of the tardefurcaia-zone, situated immediately below the 
mammillatus-bed and characterized by species of Leymeriella,* 
is well represented within the 4 feet of sandy clay immediately 
underlying the ¢nterrwptus-Gault and resting directly on the 
Lower Greensand. We have described in the paper just cited how, 
in the neighbourhood of Shenley Hill and Heath, north of Leighton 
Buzzard, the Upper Gault overlaps on to the Lower Greensand.? 
Since that description was published we have made further visits 
to those sections, as well as to others in the vicinity, and have fully 
confirmed our previous observations as to the inverted order of 
zones in the transported masses of Cenomanian limestone and Upper 
Gault clay at Shenley Hil). As regards the overlapping Upper Gault, 
further information has been obtained in two exposures near Heath 
and in a small opening south-east of Shenley House. The basement- 
bed of ochreous sandy clay, with grit grains, pebbles, and fragments 
of ironstone, is here succeeded, as before described, by sparsely 
fossiliferous, poorly bedded clay-breccia composed of small 
fragments and pellets of clay of varying colour and texture. This 
passes upwards into more evenly bedded and slightly silty clay 
containing Terebratule, Inoceramus concentricus Park., and fish- 
scales, overlain in turn by paler Gault with Jnoceramus sulcatus 
(common) and ammonites of the rostratus-fauna, chiefly im a 
phosphatic hed. 

At Clophill, near Ampthill, the wterrwptus-Gault is again seen at 
the outcrop, with the mammillatus-zone below it. At Biggleswade 
the same beds were found in a well-sinking below Boulder Clay, on 
which rests the remarkable transported mass of Ampthill Clay 
described in 1903 by Mr. H. Home.® 

Norfolk.—North-east of Cambridge the Gault, which is poorly 
exposed, disappears beneath the alluvium of the Fenland east of 
Ely and does not reappear until the neighbourhood of West Dereham 
is reached. Nothing was known of the characters of the formation 
where it is concealed beneath the Fens until 1ecently, when several 

1 F.L. Kitchin & J. Pringle, GEou. Maa., Vol. LVII, 1920, pp. 52, 53. 
2 See also F. L. Kitchin & J. Pringle, ‘*‘ Excursion to Leighton Buzzard ’’: 

Proc. Geol. Assoc., vol. xxxii, 1921, p. 173. 
3 Quart. Journ. Geol. Soc., vol. lix, p. 375. 
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borings proved the Upper Gault to rest on the basal bed of the 
Sandringham Sands. This points to considerable erosion of the 
Lower Greensand prior to the deposition of the transgressive clays,. 
At West Dereham and Mouse Hall (“‘ Muzzle”), only a few miles 
to the north, a thin 1epresentative of the interruptus-zone, not more 
than 3 feet thick at Mouse Hall, rests directly upon the sandy 
mammullatus-bed. At both localities we have obtained the typical 
fossils of these two horizons. At Mouse Hall this remnant of the 
imterruptus-zone is overlain by very pale Upper Gault Clay, which 
was at one time mistaken for Chalk Marl. This clay yields 
Inoceramus sulcatus Park. and other fossils of the Upper Gault in 
its lowest part. It is evident that the base of the overlapping Upper 
Gault here rests upon a thin remnant of the Lower Gault which has 
locally not been wholly removed by the erosion accompanying the 
overlap. These appear to be the most northerly exposures of the 
Lower Gault known in this country. 

North of West Dereham the Upper Gault thins rapidly and becomes 
highly calcareous. Few good exposures are to be seen urtil the 
neighbourhood of Grimston is reached, some 14 miles to the north. 
Here the characteristic fauna of Bed IX of Folkestone is found a few 
feet above the base of the overlapping strata, which rest on 
unfossiliferous Lower Greensand! At Dersingham the Upper Gault 
is reduced to 7 feet in thickness and there shows increasing hardness 
and the introduction of the red coloration which becomes so 
characteristic at Snettisham and Hunstanton to the north. It 
becomes evident now that we are dealing with a thin calcareous 
equivalent of the overlapping argillaceous Upper Gault. The remark- 
able reduction in the thickness of the Upper Gault may be seen 
by a comparison of a series of well-sinkings and borings between 
Stoke Ferry and Snettisham. Within this distance there is a 
reduction in thickness from 56 feet at Stoke Ferry to 3 ft. 6 in. at 
Snettisham. 

(To be continued.) 

The Northward and Eastward Extension of the 
Karroo Lavas. 

By F, P. Menwett, F.G.S., M.I.M.M. 

| Mele lavas which cap the Karroo beds of Southern Africa have 
general interest as indicating the eruptive activity prevailing 

at a time of complete quiescence in the European area. The 
sedimentaries immediately beneath them (Stormberg series) are of 
Rhetic or even Liassic age, so that the lavas themselves, which are 
many thousands of feet thick in the Drakensberg range, may con- 
fidently be ascribed to the Jurassic period. 

- 4° W. Hill & A. J. Jukes-Browne, ‘‘On the Lower Part of the Upper 
Cretaceous Series in West Suffolk and Norfolk’’: Quart. Journ. Geol. Soc., 
vol. xliii, 1887, p. 551. Y 
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During the last two years the writer has made a number of journeys 
through Northern Rhodesia and Portuguese Hast Africa, one of the 
results of which has been to show that the lavas of this period have 
an extension considerably further northward and eastward than hais 
been generally recognized. This is not to say that the volcanic 
rocks themselves have escaped notice—though even this appears to 
be the case with the first area to be dealt with—but their age has 
not been determined. Hence a few notes on the occurrences may not 
be out of place, though these are necessarily brief, as constant 
travelling has prevented any detailed petrographical investigation 
of the features the rocks present. 

NORTHERN AREA. 

From the railway bridge crossing the Kafue River in Northern 
Rhodesia, some 250 miles north of the Zambesi bridge at the Victoria 
Falls, there can be seen almost due east some hills m which ‘the 
discerning eye will detect distinct indications of a synclinal structure. 
The only doubts arising as to the reality of this arrangement are due 
to the fact that the whole area round about is one of Archean rocks. 
However, a journey of about 10 miles across the Kafue Flats enables 
this point to be settled, and the stratified arrangement of the rocks 
becomes clearer as the hills are approached. It is probable, indeed, 
that a strip of sediments really underlies the alluvium of the flats 
almost up the bridge itself, but it is not till in the immediate 
neighbourhood of the ‘hills that any unmistakeable signs of them are 
seen, in the shape of a few feet of soft reddish sandstone in the bank 
of a small stream. It may at once be said, however, that the hills 
themselves, which are 600 or 700 feet high, are entirely voleanie, 
and the well-marked step-like appearance they present when seen 
from the south indicates that they consist of six or seven distinet 
flows, the number adopted depending on whether the faintly marked 
ridge stretching out from beneath the last of the much steeper scarps 
above is basalt or the top of the sandstone, a point which. had to 
be left undecided. Water-level in the Kafue is about 3,200 ‘feet 
above the sea, so that the tops of the hills must reach to nearly 
4,000 feet, the western edge already referred to not being quite the 
highest point. 
‘An examination of the area showed that the lavas, etc., extend for 

10 miles or more east of their first conspicuous outcrops, and probably 
form a complete basin elongated in that direction. Both north and 
south they are flanked by much more irregular slopes of the ancient 
gneisses and schists which emerge from beneath them. Whether 
there is any faulting round the margins of the younger rocks canndt 
be definitely decided in the absence of any clear sections’ of! ithe 
junction, but though suspicions were entertamed that such might pre 
the case, the conclusion was eventually reached, after’ close 
investigation, that the base of the sediments rested directly upon'the 
ancient schists and gneisses. These sediments consist of sandstones 
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having a total thickness of about 150 feet, of which the uppermost 
50. feet are fine and rather crumbly, while the lower 100 feet 
are harder, more uniform and coarser in grain, and are characterized 
by the presence of small scattered pebbles. They are, im fact, 
identical in. every respect with the “ Escarpment Grits” of the 
Wankie coalfield further south, and of the intervening areas of 
Coal Measures, of which the nearest is within about 20 miles. The 
fact. that no more than 50 feet of strata are lithologically similar 
to the fine-grained Forest Sandstones, which are many hundreds of 
feet thick elsewhere, is surprising, especially as they rest with apparent 
conformity on the Escarpment Grits, but itis in line with the remark- 
able divergences seen among the Karroo strata as they are 
followed eastward towards the coast. 

The lavas, of which the flows, as already noted, average about 
100 feet in thickness, are uniformly basalts of the same type as seen 
at the Victoria Falls. They are highly amygdaloidal at the base and 
summit of each flow, and the amygdales as usual contam many 
zeolites. Towards the eastern end of the basm the Kesha River cuts 
through these rocks at a point where only two flows survive, and its 
bed is in the Escarpment Grit until it gets on to the gneisses, across 
which it makes its way into the Kafue, some miles to the north. 
From the position of the block of basalts, etc., it seems clear that the 
Kafue has just finished the removal by erosion of a great area of 
basaltic lavas like those of the Victoria Falls, after first cutting a 
gorge through them like that of the Zambesi, at the head of which 
similar falls must at one time have existed. It is also evident that the 
Kafue, like the Zambesi, had its course largely determined by 
synclinal structures im the Karroo rocks. Although the Karroo 
rocks are often much faulted, the faulting has had no direct bearing 
on, the position of these rivers ; indeed, not far away, at the Kariba 
Gorge, the Zambesi is in the ancient gneisses and schists, on the 
upthrow side of a series of seven step faults which successively 
bring up the Archean rocks against the Karroo strata. It is hoped 
to describe the structure of this interesting area at a subsequent date. 

EASTERN AREAS. 

I. Tete—The presence of Coal Measures (i.e. Lower Karroo beds) 
at. Tete, on the Zambesi, in Portuguese Hast Africa, has long been 
known, and igneous rocks have been recorded from the same area. 
It is quite possible that the occurrence of the lavas has also been 
recorded, though I have not seen any distinct reference to them 
myself, the volcanics to which reference is generally made being the 
dolerite intrusions which are extremely numerous in the Tete district. 
This latter fact is remarkable, as in Northern and Southern Rhodesia 
mo dyke traversing the Karroo strata has yet been definitely 
adentified. The lavas to which I refer are situated a few miles above 

_ the Lupata Gorge, and must be clearly distinguished from the 
volcanic rocks of the gorge itself. The Karroo lavas are, as usual, 
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basalts and are probably anything from 500 to 1,000 feet in thickness. 
They have a gentle easterly dip, and the directly underlying rocks are 
very badly exposed ; in fact, the sandstones seen to the west are on 
a horizon which is probably at least 500 or 600 feet below the base 
of the flows. They are nearly white felspathic grits, extremely 
similar to the Upper Sandstones of the Wankie Coalfield in Southern 
Rhodesia, but they clearly belong to a higher stratigraphical horizon, 
as they are certainly 1,000 feet ‘above the Coal Shales. Above the 
basalts are sandstones of an entirely different character, very like 
some of the New Red rocks in England. They are no doubt of 
Jurassic age, and are about 1,200 feet thick, bemg succeeded by 
the Lupata Volcanics, which must be of Lower Cretaceous age, if, 
indeed, they do not reach down into the Jurassic period. It should 
be noted that the isolated sheet of columnar rhyolite which caps 
the magnificent scarp at the entrance to the gorge divides the sand- 
stones almost equally into two divisions. These may be termed the 
Upper and Lower Lupata Sandstones for convenient reference. 
They are very varied in character, ranging from coarse con- 
glomeratic varieties to what may be termed “ marls”’, but are chiefly 
coarse to medium sandstones red, purple, brown, yellow, ov even 
occasionally white in colour. The Lupata Volcanics are entirely 
different from any of the Karroo lavas. As a field term “ felspar- 
porphyry ” may be applied to most of the varieties, but some of, 
the rocks are rhyolitic, while others contain large porphyritic 
nepheline crystals (often represented on weathered surfaces by 
cavities), and at two localities specimens were secured which contain 
numerous porphyritic crystals which must be leucite or pseudo- 
morphs after that mineral. Tuffs and agglomerates occur at intervals 
and also seams of tufaceous sandstone. The volcanics are overlain 
by the Cretaceous sandstones, which often show pebbles of the 
characteristic Lupata Volcanics, and are themselves succeeded on 
the Sheringoma plateau by limestones containing numerous fossils 
which range from Late Tertiary to Upper Cretaceous age. The. 
thickness of all these strata is very great, and it is hoped to describe 
them in more detail when the petrographical and paleontological 
collections are worked up. They are referred to chiefly to emphasize 
the fact that to attribute all the nepheline-bearing rocks of East 
Africa to the Tertiary period is clearly erroneous, as the Lupata 
Voleanics cannot by any possibility be higher up in the strati- 
graphical scale than Lower Cretaceous. No faulting can be invoked 
to invalidate the stratigraphical evidence, owing to the fortunate 
fact that, as already mentioned, the overlying Cretaceous rocks 
contain pebbles derived from the volcanics adjacent to them. 

Il. Maringwe Area—lI{ the inland district of Maringwe be 
approached from the north side, i.e. from the Zambesi, or from the 
east, as, for instance, from Inyaminga, the gently inclined Cretaceous 
sandstones of Sena in the one case, or the Tertiary limestones in the 
other, are gradually found to give way to older and older sediments 
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until near the Barue border a series of basaltic lavas are met with 
emerging from beneath them. Messrs. Teale and Wilson long ago 
referred to these, but though they do not definitely correlate them 
with the Lupata Volcanics, they were evidently disposed to do so. 
As a matter of fact, the Lupata Volcanics die out in a most remark- 
-able way only about 20 miles south of the Zambesi, as indicated by 
the disappearance of the marked feature they make when looking 
across country. Their position is, however, clearly indicated in the 
course of the traverses referred to by the sudden disappearance of 
the pebbles derived from them, which are very conspicuous in the 
Cretaceous beds, but are, of course, absent from the Lupata sand- 
stones. An extensive area of these is crossed before reaching the 
basalts, which emerge from beneath them with a gentle easterly 
dip, a fact which places their age beyond question and is entirely 
confirmed by their lithological character, even though they are of 
more varied types than usual. They form a belt about 7 or 8 miles 
across, partly flat country, but their western edge rises into a scarp 
several hundred feet in height, breached by several rivers, of which 
the Hata affords a particularly good section. The number of flows. 
is evidently considerable and the thickness of the series greater than 
at Tete, while much more variety is seen in the colour, texture, etc., 
of the lavas. There are masses and beds of agglomerate at several 
points ; some of the former no doubt indicate vents. The volcanics 
must stretch a hundred miles from north to south; their southern 
termination appears to be near the great mountain mass of 
Gorongoza, and northward they may even connect with those of the 
Tete area. Inside the Barue boundary the underlying sandstones. 
are well seen, an interesting point, as they are completely obscured 
by alluvium near the Lupata Gorge. They are very varied in 
character, a common type being arkose-like, with pink felspars. 
A single narrow band is fine-grained, and pale-buff in colour; this. 
is the only stratum seen at all reminiscent of the Forest Sandstones 
of Rhodesia. A feature of the locality is the large number of dolerite 
dykes by which the sandstones are’ intersected and the remarkable 
metamorphism of the latter in their vicinity. These are frequently 
converted into rocks indistinguishable in the field from a pinkish 
granite, for which they were indeed mistaken until clearly seen 
mn situ. 

On Lower Lias Ammonites from Skye. 

By Dr. L. F. Spars. 

[ee writer has thought it desirable, in the following observations, 
to embody the results of his examination, last September, 

of the Arnioceras-bearing beds of Ardnish, near Broadford in Skye. 
The strata yielded a number of Ammonites of the Upper Coromceras, 
‘gmuendensis, and Attomoceras subzones, and belong chiefly to the 
'“Shaly Beds” of division iv of the Broadford Beds of the Survey 



Dr. L. F. Spath—Lower Lius Ammonites from Skye. 171 

Memoir on “ The Geology of Glenelg, Lochalsh, and the South-East 
Part of Skye” (1910). They are therein referred, as_ by 
Professor Judd in his well-known paper on ‘‘ The Secondary Rocks of 
Scotland’, to the bucklandi and semicostatus zones. Judd, the 
founder of the zone of A. semicostatus, certainly, however, mis- 
identified some of his Ammonites, besides confusing his Lincolnshire © 
A. geometricus with Young and Bird’s A. semicostatus of a much 
higher horizon. Similarly, the Rev. J. E. Cross, in his paper on the 
“ Geology of North-West Lincolnshire ” (Q.J.G.S., vol. xxxi, 1875), 
recorded A. semicostatus from both the lower Gryphaa incurva 
beds and the higher Scunthorpe Ironstone, which presents close 
analogy with the gmuendensis-Altomoceras-Agassiceras beds of the 
Harzburg Ironstone. In reality this Ammonite (Arnioceras 
semicostatum) occurs in a much higher zone than either of these 
Lincolnshire beds. 

Tbe well-known extended range of “* Arnioceras ”’ and the difficulty 
of distinguishing the various species of this genus have generally 
frustrated attempts at a correlation of Arnioceras-bearing beds in 
different areas. It may be mentioned here, for example, that 
Quenstedt, in his ““ Ammoniten des schwibischen Jura”’, figures 
only one and a very obscure “ species’ of Arnioceras (A. falcaries 
olifex) from beds that, in Dorset, can be subdivided into about 
six subzones. Through the kindness of Dr. W. D. Lang, the writer 
has been able to study the Ammonite fauna of these 53 feet 
of Arnioceras-bearing strata (Nos. 53-74) at Charmouth, and it is 
important to note that these beds (Agassiceras and higher zones) are 
later than any of the Skye strata here dealt with. Apparently, 
however, even the Dorset forms of Arnioceras, collected by Dr. Lang, 
do not include examples from the true semicostatus bed. This the 
writer believes to be in the birchi subzone, though, as yet, not found 
in place. The Survey, it may be noted, had placed the whole of these 
beds 53-74 above the semicostatus zone. It should be added that 
specimens of Xipheroceras cf. capricornoides {Quenstedt), in the 
British Museum, have been found attached to two slabs of this 
Dorset semicostatus bed, and that Professor Blake already noted the 
occurrence of his A. mgrum, which, like A. flavum and A; 
anageneticum, S. Buckman, is a constant companion of A. 
semacostatum, with Am. birch. Thedescription of the Dorset material 
(Part ii, “ Notes on the Ammonites” in Lang, Spath and Richardson: 
“ Shales-with- Beef, a Sequence in the Lower Lias of the Dorset 
Coast,’ Proc. Geol. Soc. , No. 1,079, January 13, 1922, p. 30) contains 
the major details of these higher beds, but it will be seen that 
Judd’s ‘*‘ Zone of A. Senrcoliais ” must be abandoned, for, like 
Wright’s ‘‘ Zone of Arietites turnert”’, it was based on a mis- 
identification. 

_ The Broadford Beds here dealt with include the Htomoceras and 
gmuendensis subzones, with possibly the Upper Coroniceras subzone 
below, but neither the three lower subzones (bucklandi, rotiforme, 
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and conybeart) nor the uppermost (Agassiceras) subzone of 
Oppel’s original “ Bucklandi-Bett’”’ seem to be represented by 
ammonitiferous deposits. In Raasay, however, Arnioceras occurs 
above beds with Agassiceras sauzeanum, and at Mingary Castle in 
Ardnamurchan, Argyllshire, the higher beds with Agassiceras and 
probably also the Pararnioceras zone are developed, the latter 
being equivalent to Oppel’s tuberculatus zone (with P. compressaries 
and P. nodosaries, Quenstedt sp., as characteristic Ammonites), and 
to Wright’s wrongly named twrneri zone, also originally proposed 
for the “ Pentacrinite Bed”. Still higher beds at Mingary Castle 
include Arvetites, and though it might be inferred from certain 
passages in Oppel and Quenstedt that the Pentacrinus bed 
{= tuberculatus zone) should include the birchi subzone, yet these 
higher Arvetites and birchi beds are rather to be considered as 
belonging to the obtusus zone, which thus is divisible into at least 
ten subzones. Beds with Asteroceras smithi and Xipheroceras ziphus, 
planicosta, and dudressiert on the western side of Broadford Bay, 

notth of Corry, could not be connected with the highest beds of 
Ardnish to the east. They consist of the same metamorphic 
micaceous rock with the Ammonites coated with blue vivianite. 
But among a few of these Ammonites of the Asteroceras and 
Xipheroceras types from the western side of Broadford Bay, 
collected by Mr. J. Phemister and submitted to the writer through 
the kindness of Professor Gregory, there was an example of a late 
Armoceras (“ Eparnioceras’”’) comparable to A. semicostatum (Young 
and Bird) Fucini, indicating the probable presence of the birche 
zone below the beds with Xipheroceras. 

It might be mentioned that the Survey Memoir records a form 
“near to Asteroceras brook(e)i’’, apparently from between Sgiabain 
and Achadh a’ Chuirn; but this may, perhaps, be e form similar 
to the Paracoroniceras sp. of the gmuendense-group recorded below 
from 15 inches above the isis bed at R 21 The writer has found 
no evidence for any post-scipionianus beds on the eastern side of 
the bay, and there is thus a, considerable stratigraphical gap between 
them and the beds on the western side, north of Corry. 

The thicknesses given in the following pages are approximate. 
The Survey consider division iv to be exposed to at least 125 feet. 
The writer has not been able to make out anywhere a continuous 
succession of more than perhaps 40 feet. The repetition of, e.g., 
the acuticarinatus bed, with the cutting up of the beds by numerous 
dykes and the occasional occurrence of more highly metamorphosed. 
beds with unrecognizable Ammonites, make the tracing of the true 
succession very difficult. Moreover, the strike coincides practically 
with the trend of the coast-line. 

The succession is as follows, Beds R 4 to R 1 being to the south- 

* Inthe Alpsa development with somewhat similar outer whorl (PSEUDASTERO- 
CERAS, gen. nov., type A. stelleformis, Giimbel in Waehner, v, 1888, pl. xlv, 
fig. 2) occurs already in Lias a 3-4, just above the marmorea zone. 
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west of, but near to, the point Rudh’ Achadh a’ Chuirn (R), beds 
A to A 8 to the north-east of the point, on the Ardnish shore. 

R4. Beds below Gryphea reefs, roadway from Sgiabain (Waterloo) 
to point R, near last houses :— 

Epammonites cf. latisulcatus (Quenstedt) Schmidt. 

The new genus EPAMMONITES is proposed for Arvetites latisulcatus 
(Quenstedt) Schmidt (‘‘ Die Arieten des Unt. Lias v. Harzburg,”’ 
Palaeontogr., vol. lxi, 1914, p. 22, pl. iv, fig. 1), and includes e.g. 
E. parthenope, E. isis, Reynes sp., and EL. compressaries (Reynés non 
Quenstedt). It is interpreted as a development parallel with the 
contemporaneous true large Arnioceras of the ceratitoides group, 
belonging to the Upper Coroniceras and gmuendensis zones. E.? 
paoline, Reynes sp., connects the new genus both with Arnioceras 
and the ancestral Ammonites, Bruguiére (here restricted to the group 
of A. bisulcatus, Bruguiere in d’Orbigny, Pal. Frang., Ter. Jurass., 
pl. xlui). Hpammonites retains evolute whorls, but does not acquire 

the stiff costation of Arnioceras. PARACORONICERAS, gen. nov., 
established for the group of A. gmuendensis, Oppel (Reyneés, Monogr. 
d. Ammon., 1879, pl. xvi, figs. 1, 2), though belonging to a closely 
allied stock, tends to trigonal whorl-shape and involution. 
R38. Gryphea beds, 12-20 feet (estimated vertical distance) below 

R, yielded no Ammonites. 
R2. Ammonitiferous shales, 6-10 feet below R and to the south- 

west of the dyke at the point. Arnioceras spp. are recorded from 
here by the Survey; the less well-preserved examples of the 
forms quoted below greatly resemble Arnioceras. 

Epammonites aff. isis (Reynes). 
im sp. n. aff. asis (Reynes). 
af aff. schloenbachi (Reynes). 

At about the same horizon were found :— 
Paracoroniceras cf. crossi (Wright). 
Aitomoceras scipionianum (Orbigny). 

Ms aff. personatum (Simpson). 
> PSEUDOSTRIARIES sp. nov. 

The last is a flattened personatus-like form, with obscurely 
sulcicarinate periphery and faint but close costation. The exact 
bed containing these forms was not noted. 
Ri. A fragment of Paracoronceras sp., apparently of the 

gmuendense group, was found 15 inches above the iszs bed, i.e. 
about 5 to 9 feet below R. It is thus impossible to state whether 
these higher beds belong to the scipronianus or the gmuendensis 
zone. This is the brooki-like fragment referred to before. 

R. Dyke at the point, highest level. 
Ax 2. Reefs of micaceous shales, 10-12 feet below level R, on the 

north-east side, beyond the last house :— 
Aitomoceras scipionianum (Orbigny). 
Armoceras cf. acuticarinatum (Simpson). 
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Ax1. Dykes at M on map, 3 feet above Ax. 
Mtomoceras scipionianum (Orbigny). 

Axl’. One foot above Ax, same species. 
Ax. . Acuticarinatus bed, with numerous examples of Arnioceras 

acuticarinatum (Simpson) and allied species, and :— 
Aitomoceras ef. resupinatum (Simpson). 

a sp. nov. @ 
Bs aff. personatum (Simpson). 
Rs scypomanum (Orb.) inel. several var. 
‘ sp. nov. ? (a flatter form). 
~ sp. nov. ? (densely costate, thick). 
. cf. nodulatum, S. Buckman. 
5 scipronianum, var. spinaries (Quenst. non 

Hyatt). 
Paracoroniceras ® sp. (like ‘brooki’ fragment aforementioned): 
Arnvoceras ? cf. angusticostatum, Tilmann. 
Epammonites cf. isis (Reynés). 

AS cf. parthenope (Reynés). 
a 2 cf. arnouldi (Dumortier V non V1). 

The last was found in a weathered-out condition, but probably 
also came from these elevated reefs. The beds Ax are shown in the 
1 in. geological map (sheet 71) just south of the letter M denoting 
numerous dolerite and basalt dykes and sills. 

AxO. Ledges 1 foot and 1 ft. 6 in. below Ax :— 
_  Aitomoceras scxpionianum (Orbigny). 

Ao. Gryphea bed I, 4 to 6 feet below the acuticarinatus bed ; 
large impressions of the same Ammonite still occurred. 

Ao’. Six feet of ledges with Ammonites scarcer, badly preserved, 
and doubtfully identified as 

Epammonites cf. isis (Reynés). 
i cf. schloenbachi (Reynés). 

Arnioceras cf. geometricum (Oppel) Schmidt. 
Ao". Gryphea bed II, 6 feet below first one, containing one large, 

crushed fragment of 
Paracoroniceras gmuendense ? (Oppel). 

Al. “ Coroniceras”’ bed, 6 feet below last, without recognizable 
Ammonites in between. 

Paracoroniceras 5 ind.? 
_ Epammonites ape! ? (cf. paoline, Reynés, and deffneri, Oppel) 
MEGARIETITES ' sp. ind. ? (last not “in place ”’). 

The Survey recorded Coroniceras lyra from east-north-east of 
Rudh’ Achadh a’ Chuirn, and the forms found in A 1 were thought, 
when first seen, to belong to Hyatt’s species-group ; but it is to be 
noted that similar Hpammonites occur in the highest beds. 

1 Gen. nov., genotype A. meridionalis, Reynés, loc. cit., 1879, pl. xxii, 
figs. 1-3. 
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A2. Cardinia beds, several feet. The strata become brown and 
sandy, less metamorphosed, and continue in flat ledges to 
another dyke. The Ammonites of the Cardinia beds, namely, 

Armoceras cf. geometricum (Oppel), 
uf cf. ceratitordes (Quenstedt), 

are poorly preserved. 
A2’. Just beyond the dyke 

Paracoroniceras sp.? 
was found, then the lowest beds are exposed. These are 
apparently above the Cardinia beds on the other side of the 
dyke, and it is thus probable that the dyke intruded along a 
fault plane. On the island of Pabay (Pabba), the Liassic 
succession of which the writer studied and hopes to describe 
shortly, faulted dykes are also apparently numerous. In an 
ascending sequence, fairly high beds follow again soon. 

A3. Bed full of Arnioceras, namely :— 
Armoceras aff. falcaries (Quenstedt). 

oe cf. spirale, Fucini. 
is cf. repens, Fucini. 
o cf. kridvoides, Fucini non Hyatt ? 
a sp. nov. aff. acuticarinatum (Simpson). 

sp. (aff. ? A. bucklandi, Reynés xxi/4, non Scow.). 
A3’. Six feet above A3 the acuticarinatus bed first seen at Ax 

was again recognized, containing also :— 
Aitomoceras scipronianum (Orbigny). 

cf. personatum (Simpson). 
A4. Near the high point on the shore, north of the letter » im 

Ardnish on the 1 in. map, a dyke again interrupts the 
succession, but beyond, i.e. to the north-east, apparently 
similar beds occur, containing :— 

Nautilus striatus (Sowerby), 
Aitomoceras scupronianum (Orbigny), 

ms spp. ind., 
in addition to Arnioceras, like those of the acuticarinatus 
beds and impressions of large examples probably of Atomoceras 
2 feet and more in diameter. 

A5. A Gryphea bed follows, perhaps 8-10 feet below horizon 
A 4, and a second one :— 

A 5’, probably about the same distance below A 5, succeeds the 
first, whereas 5 feet lower still, or perhaps some 20-25 feet 
below A 4, at 

A 6, Epammomnites cf. latisulcatus (Quenstedt) Schmidt 
was found, closely similar to the example from south-west of 
the pomt R. This probably is the same horizon as at A 1, 
about 20 feet below the acuticarinatus-scipionianus bed, 1.e. 
the horizon of the so-called “ Coroniceras bed”. Judging 
by the presence of large Ammonites of the gymuendense zone 
(group of Paracoroniceras crossi, Wright sp.), it seems probable 
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that the succession at this point is still above the true bucklandi 
hemera. 

Further to the north-east, nearer the point Rudha Ardnish, 
the same Arnioceras-bearing beds occur, the high acuticarinatus 
bed with Aitomoceras scipionianum coming up again at least 
once more at 

A7, with the Ammonite species found at Ax and at A 4. 
Finally, greenish-white fucoid shales and sandstones come in 

near Ardnish Point, containing 
A 8, ARNIOCERATOIDES (gen. nov.) kridion (Heh]) Zieten sp. 

These beds probably belong to division ili of the Survey, and seem 
to be the lowest beds in the succession, perhaps ranging as 
low as the true bucklandi beds; but it is significant that no 
Coroniceras (coronarives group), Ammonites s.s. (bisulcatus group), 
HUCORONICERAS, gen. nov. (type A. sinemuriensis, Orbigny, 
Le., pl. xev, figs. 1-3), or Megarietites were discovered anywhere along 
the shores of Ardnish. 

The true bucklandi beds, however, seem to be developed in Morvern 
(Loch Aline) and Mull (Craignure), though at the latter locality. 
only a fragment of a large Schlothemia cf. thalassica (Quenstedt) 
was discovered. The higher Arnioceras beds, farther east, towards 
Duart Bay, again wrongly referred to the semicostatus beds by 
Judd, apparently agiee with those m the gmuendense and 
scupromanum zones of Ardnish, but they are strongly metamor- 
phosed and the Ammonites are scarcely recognizable. 

The writer tenders his hearty thanks to all those who with material 
or otherwise have helped him in the preparation of this paper. 
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THE CrinomipEA FLEexipryia. By Frank Springer. 4to, vi+ 
486 pp., 79 plates. Smithsonian Institution, Publication 2,501. 
Washington, 1920. 

GINCE the publication of the monograph on the Crinoidea 
Camerata and the death of its senior author, Charles Wachsmuth, 

in 1896, Mr. Springer has devoted the leisure of a busy life to the 
study of another Order of the Crinoidea—the Flexibiha. The 
result is presented in these handsome volumes, for which gratitude 
on our part is more becoming than praise. This monograph 
differs from its predecessor in that it treats of all the known 
species from whatever part of the world they come. To attain 
this comprehensiveness Mr. Springer has drawn upon an unusually 
large number of public and private collections, and by employing 
collectors in the field has added mach new and interesting material 
to his own collection, housed in the United States National Museum. 
Those individuals and institutions who have confided their treasures, 

and in some cases their notes, to Mr. Springer for publication must 
feel proud that they have contributed to so magnificent an edifice, 
and must realize how far more they have advanced science than they 
could have done by impatiently forestalling his labours. Doubtless 
they knew that they were in safe hands. Mr. Springer has, in fact, 
given them the fullest credit, and, as type-specimens of species 
newly described from other countries, he has selected, where possible, 
specimens in the respective national museums. 

All this exploration was necessary because the Flexibilia are the 
rarest of crinoids. Specimens were almost unknown to the early 
writers, even down to Johannes Miiller, and when they became 
known their nature was at first little understood. The reason, 
apart from rarity, is that the Order is a peculiar one. While some 
genera, such as Sagenocrinus, superficially resemble the Camerata, 
others, such as Lecanocrinus, can be distinguished only with difficulty 
from the Inadunata. The former resemblance, such as it is, is due 
to convergence; the latter proves, as suggested in 1900, to be 
the expression of relationship, for Lecanocrinus is connected, 
through Protaxocrinus and Cupulocrinus of the Lower Trenton, 
with the Dendrocrinide. Moreover, the diagnostic characters of 
the Order are obscure; the finely plated skin, by which the arms 
in some genera were loosely joined, has generally disappeared 
from the fossils; the open mouth is invisible in all but the rarest 
specimens; the loose union of the skeletal elements is a feature 
more readily appreciated by the experienced eye than described 
in good set terms. 

Here, however, we cannot pause to discuss those questions of 
anatomy and affinity so admirably dealt with by Mr. Springer. 
The most useful employment of allotted space will be to give a 
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List of the British Species of Flexibilia as they result from his 
profound researches :—- 
Lecanocrinus bacchus (Salter sub Ichthyocrinus) Wenlock. 
Homalocrinus parabasalis Angelin . 

Synn. Taxocrinus nanus Salter MS. 
Homalocrinus dudleyensis Springer. 

29 

Calpiocrinus intermedius Springer . 5 : u 
Hormocrinus anglicus Springer fe 
Pycnosaccus bucephalus (Bather sub Oncocr inus) ie 
Temnocrinus tuberculatus (Miller sub Cyatho- 

crumtes) (usually known as Taxocrinus) Mh 
Merrstocrinus orbignys (M’Coy sub Taxocrinus). Upper Ludlow. 
Meristocrinus minor Springer : Wenlock. 
Sagenocrinus expansus (Phillips sub Actino- 

crunites) Ma 
Ichthyocrinus pyri iformis (Phillips sub 0 ‘yao 

crinites) : “5 
Ichthyocrinus intermedius Angelin . 4 A 3 
Ichthyocrinus phillipsianus Springer A 
Euryocrinus concavus Phillips. , Lr. Carboniferous. 
Euryocrinus rofer Bather & Gregory in Springer uy 
? Huryocrinus granulosus Phillips — (sub 

Potervocrinus) , : j B 
Wachsmuthicrinus ponderosus Springer ; : i 
Synerocrinus incurvus (Trautschold) , , o 
Amphicrinus scoticus Springer : ‘ 4 33 
Laxocrinus macrodactylus Phillips . : . Upper Devonian. 
Taxocrinus stultus Whidborne ; i 
Taxocrinus nobilis (Phillips sub Peteriocr ins) Lr. Carboniferous. 
Onychocrinus wright Springer s ss 
2 Onychocrinus —_polydactylus (M’Coy sub 

Taxocrinus) : : : , ; 
He AY Ramo, 

THE GEOLOGY OF THE COUNTRY SURROUNDING JOHANNESBURG. 
By HE. T. Mettor. Explanation of Sheet 52, Geological Survey 
of the Union of South Africa. pp. 46, with colour-printed 
map, 1921. Price, cluding map, 5s. 

HE well-printed map on the scale of 2°347 miles to the inch 
covers an area of about 2,100 square miles, with Johannesburg 

approximately at its centre. A comparison of this map with that on 
a slightly smaller scale published by Dr. Hatch in 1903, serves chiefly 
to emphasize the remarkable accuracy of Dr. Hatch’s pioneer work. 
The chief difference to be discerned in the new map is a considerable. 
extension of the Coal Measures in the eastern district between 
Benoni, Springs, and Heidelberg, and the introduction of some con- 
siderable patches of Karroo dolerites overlying the Dolomite north- 
west of Heidelberg. Another new feature of minor importance is a 
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curious basin of dolomite on Vogelstruisfontein, south of Roodepoort. 
It is considered that the Elsburg beds are perfectly conformable to 
the Upper Witwatersrand series, but indicate a gradual overlap 
of the last-named over the Lower Witwatersrand. The name of 
Transvaal System for the Black Reef-Dolomite-Pretoria series must 

_ now be regarded as standardized, in place of Potchefstroom System 
formerly used by Hatch and Corstorphine, but there appears to 
be no particular reason for its adoption. 

The memoir gives an admirably clear account of the physiography 
and geology of this interesting and important area, bringing out all 
the salient features. Only one page is devoted to the gold-reefs, and 
the general geological reader unacquainted with the district would 
not acquire a very clear idea of their features and extent. There is 
singularly little reference to the highly important East Rand area, 
which lies just on the eastern margin of the map. 

The memoir concludes with an excellent chapter by Dr. du Toit 
on the underground sources of water-supply in the Dolomite. 

R, HR. 

ImpeRIAL Institute: MonoGrapHs on MINERAL RESOURCES 
WITH SPECIAL REFERENCE TO THE British Empire: OIL— 
SHaLes. By H. B. Cronspaw, B.A., Ph.D. pp. x + 80. 
London: John Murray. 1921. Price 5s. net. 

ee volume is a companion to the recent memoir on petroleum by 
the same author, and it combines that lucidity of exposition 

with summary treatment characteristic of the earlier work. Latterly 
public interest has been directed to the problems facing an increased 
demand for and decreased supply of natural petroleum, and while the 
ultimate location and opening up of new oilfields must necessarily 
form one of the chief solutions, mitigating circumstances will also 
be found in the development of the world’s oil shale resources, which 
may, without exaggeration, be regarded as prodigious. In America 
the possibilities of the oil shale industry have long been recognized 
though little progress seems to have been made, while in this country, 
although in the Midlothian occurrences we recognize the pioneer 
field, comparatively little heed had been paid to its development 
until the war caused a focus of attention on national resources. 
In 1920 the American industry received an impetus from the 
researches and publications emanating from the Colorado School 
of Mines, and Alderson’s well-known “‘ Oil Shale Industry ” created 
a favourable atmosphere for a wider consideration of the possibilities 
of oil production from shales and torbanites. A statement of the 
world’s resources of such raw material was the natural sequel to 
this, and the publication of the present memoir is therefore a further 
step in the right direction. 

The sources of supply of oil shale are dealt with under the headings 
of British Empire and Foreign countries; the former comprises 
the occurrences in the British Isles, South Africa, Canada, and 
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Australasia, the latter those of Hurope, certain countries in Asia, 
Moroceo, the United States, Brazil, Chile, and Uruguay. In 
Scotland the shale industry has had a somewhat chequered career, 
being influenced in the past by the extent of importation of crude 
oil and sodium nitrate from the New World; the war failed to 
stabilize the industry as anticipated, and latterly decline has been* 
rapid, largely due to abnormal economic conditions, and not, as 
frequently stated, to the exhaustion of raw material. The recent 
amalgamation of the companies concerned and their union with ~ 
one of the premier oil companies have preserved the industry from 
extinetion, the intention being to satisfy the capacity of the refineries 
by supplementing with crude oil from extraneous sources. The 
Norfolk shale field is in process of development, and a concise 
account of the occurrence and of the products obtainable from the 
shale is given here. Other prospects in the British Isles are not very 
hopeful. In South Africa, the Wakkerstroom district is being 
actively exploited at the moment, a test yield of 31 gallons of oil 
per ton of shale from one locality bemg an encouraging feature. 
Mennell has frequently reported on the Rhodesian resources of oil 
shale, while in Canada the Mackenzie River region offers possibilities 
in this connexion in addition to its crude oil potentialities. New 
South Wales is the largest producer of oil shale in Australia, the other 
interesting occurrences being those of Tasmania and Queensland. 
In Europe, the Esthonian shales are of both paleontological and 
technical importance; dry distillation of the material resulted in 
the production of 61 gallons of oil per ton, containing 20 per cent 
light fraction. The deposits of Yugo-Slavia (at Alexmatz) are 
valuable for their burning oil yielded on refining, while those of 
France, Spain, and Germany are sufficiently known to preclude 
further comment here. The resources of the United States are 
immense, some fascinating figures being given by Alderson in the 
work previously cited ; the present author confines himself to mere 
statement of fact, though he omits reference to the difficulties met 
with in refining much of the shale hitherto tested. Finally, the 
discovery of shale deposits in Uruguay is important, and may lead 
to the opening up of a wide area in South America. 

A map showing the oil shale-bearing districts referred to in the 
text is included, while a useful, though brief, bibliography is 
appended. 

H. B. Miner. 

Tue Neenecine Rocks or SEKUKUNILAND. By S. J. SHAND. 
Trans. Geol. Soc. S. Africa, vol. xxiv, 1921. pp. 111-49, with 
3 plates and 6 text-figures. 

fete nepheline-syenite body of Sekukuniland forms a plug or 
stock intruded into the red granite of the Bushveld laccolith, 

and has an outerop of from six to nine square miles, occupying a 
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shallow depression surrounded by granite ridges. The junction 
between the syenite and granite can be fixed to within 100 yards or 
so except to the north, where it is covered by quartz-laterite, whose 
appearance is taken as approximating to the hidden; junction. 
The intrusion is remarkable for the occurrence of a great limestone 
inclusion, the actual contact between the nepheline-syenite and the 
limestone being, unfortunately, hidden. 

The rocks comprising the stock are all nepheline-syenites, ranging 
from extremely leucocratic to rather melanocratic, from almost 
saturated. to highly undersaturated varieties. The amount of 
nepheline varies from being quite subordinate to being the principal 
light-coloured mineral, and the same applies to orthoclase and 
albite. The predominant dark mineral is a soda-bearing pyroxene, 
ranging from diopside to egirine. Pale yellow sphene occurs, and 
apatite is abundant in some varieties. A titaniferous lime-iron 
garnet and primary calcite are also found. Cancrinite often. replaces 
nepheline. Iron oxides and pyrites are extremely rare. 

The author draws up a table showing the “ subdivision of the 
syenoids’’, and takes three “ranges’’, the foyaite, ijolite, and 
canadite, characterized by the type of felspar (if any) with the 
nepheline. These “ ranges ”’ are further subdivided according to the 
percentage of dark minerals present. 

A detailed petrographic description of the varieties of nepheline- 
syenite found in the area follows, special attention being paid! to the 
contact facies of the foyaite. 

The limestone xenolith occupies an area of at least ‘57 square mile, 
and is a white crystalline marble, showing little sign of contact 
metamorphism, except recrystallization. In places, however, opal, 
crocidolite, and apatite, with some granular magnetite, are developed. 

Speculation on the form and nature of the intrusion, and the 
source and mineralization of the limestone, and its: bearing on 
Daly’s hypothesis of the alkaline rocks, followed: by- a short 
description of the economic geology of the area, bring the paper to 
a conclusion. 

B., 5. 

ELEMENTS or ENGINEERING GEoLoGy. By Ries and: Watson. 
Published by Chapman & Hall. Price 22s. 

HIS is an excellent book, and one that should be included in the 
library of every engineer. Besides being a good general} text- 

book on economic geology, the engineer’s point of view, prevails 
throughout. 

The volume is a condensation of Engineering Geology, by; the same 
authors, parts having been re-written and amplified, and: contains 
over 250 diagrams and illustrations; the greater part of: these are 
from actual cases where the geological formations have been the 
outstanding considerations to the engineer. 
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Although the text deals largely with engineering problems 
encountered in the United States, they are identical with those to 
be met with in any part of the world. 

Some interesting tables and other information for the drainage 
engineer are given in the chapter devoted to rivers, relating to the 
percentage of suspended matter carried by various rivers, which 
should impress the engineer and student with the desirability of 
investigating on similar lines the rivers in this country. The same 
chapter also deals with the ratio of run-off to rainfall, and here again 
the published information relating to streams in this country is 
comparatively scarce. 

Excellent chapters are provided on underground water-supplies, 
road materials, and ore deposits. 

At the end of each chapter is a comprehensive list of references 
consulted, the majority of which are the official bulletins of the 
United States Government, and to these the reader is recommended 
to refer ; ey are published free by the re ee at Washington. 

. E. Witson. 

REPORTS AND PROCEEDINGS: 
MINERALOGICAL SOCIETY. 

10th January.—Dr. A. Hurcuinson, O.B.E., President, in the chair. 

C. HK. Tirntey: Density, refractivity, and composition-relations 
of some natural glasses. 

The glasses investigated fall into two groups, (a) tektite glasses, 
(6) volcanic glasses. The characteristics of the former confirm 
their divergence from volcanic glasses and support the theory of 
their meteoritic origin. The specific refractivity of five analysed 
glasses are compared with the values calculated from the specific 
refractivities of their component oxides and a notable correspondence 
is revealed. The influence of contained water on the specific 
refractivity is discussed and some figures are given bearing on the 
volume-change accompanying the passage from the vitreous to the 
crystalline state. 

Dr. H. .H. THomas and EH. G. Rapiry: On the so-called 
“ Avanturine ” from India, with an analysis of the contained mica. 

The stone is a quartz- schist and owes its colour to plates of green 
fuchsite arranged parallel to the planes of foliation. The mica 
contains 1:77 per cent Cr,O, and a little vanadium; its optical 
characters are described. The probable source’ of. the stone is 
discussed and its deterioration by heat and other causes is explained. 

A. Russewt and A. HUTCHINSON : On laurionite and paralaurionite 
from Cornwall. 

Laurionite associated with phosgenite and anglesite in a cavity 
in limonite is described in a specimen obtained from the collection 
of John Hawkins, of Trewithin, Cornwall. The locality is probably 
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Wheal Rose, Sithney. Paralaurionite occurs with phosgenite in 
a very similar specimen in the collection of the late H. J. Brooke, 
said to come from Wheal Confidence, Newquay. 

A. RussetL: On a discovery of pitchblende at Kingswood mine, 
Buckfastleigh, North Devon. 

Pitchblende occurring in a north and south lode associated with 
chloanthite and native bismuth is described. The discovery 
shows promise of being of some economic importance. 

W. A. Ricnarpson: The distribution of oxides in Washington’s 
collected analyses of igneous rocks. 

Frequency curves are given for all the oxides and show considerable 
differences from those previously published. The silica curve is 
the most interesting and shows two maxima, one at 52 per cent 
and the other at 72 per cent Si0,. The frequency curve for SiO, 
can be matched by a combination of two normal curves of error with 
origins on the 52 and 72 per cent lines. 

W. A. Ricnarpson: A simplification of the Rosiwal method of 
micro-analysis. 
A method is described by which, using a drawing apparatus, 

the lengths of component minerals of a rock can be projected on 
to separate strips of paper and directly summed. 

Dr. A. ScHorr: On the absence of cobalt in cornetite from 
Katanga, Belgian Congo. 

Microchemical tests made on carefully selected crystals from the 
original locality (Star of the Congo mine) prove that cobalt is present 
only in associated black spots of heterogenite. The mineral is thus 
a hydrated phosphate of copper, agreeing completely with that 
recently described from Northern Rhodesia. 

EDINBURGH GEOLOGICAL SOCIETY. 

16th November, 1921. 

1. “Note on the Dry Valley of Windy Gowl, Carlops.” By 
the President, T. Cuthbert Day, F.C.S., F.R.S.E. 

Mr. Day called the attention of students of Glacial Geology to this 
remarkably fine example of a glacial ‘‘ Dry Valley ”, as one worthy of 
further study. He pointed out that Windy Gow! was probably 
a feature in the landscape before the time of the Ice Age, being 
partially carved out by the usual agents of erosion working along 
a narrow belt of land, where the underlying rocks have been 
shattered through faulting. 

2. “The Glacial Strand-lmes of Loch Tulla.” By J. 
Mathieson, F.R.S.E., and E. B. Bailey, M.C., B.A., F.R.S.E. 

High-level strand-lines occur above the head of Loch Tulla at 
altitudes of 1,041, 1,030, 1,020, and 816 feet above O.D. Of these 
levels the first and last have been determined by trigonometrical 
observation, the others by estimation. 
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During the whole period when the strand-lmes were forming in 
succession, Loch Tulla was dammed by a glacier reaching down to 
Glen Orchy from the Auch Gleann behind Beinn Dorain. At an 
early stage Loch Tulla was also confined by a glacier blocking the 
alternative pass which leads by way of Loch Dochard imto Glen 
Kinglass; and it was under those circumstances that its waters 
rose until they could escape northwards into the hollow of Loch Ba 
by cols which became available, one after another, at heights of 
1,041, 1,030, and 1,020 feet respectively. Later, the pass to Glen 
Kinglass was barred and the waters of the Loch sank to 816 feet. 
Nowadays with Glen Orchy freed of ice, the surface level of Loch 
Tulla only reaches 542 feet. 

3. “‘ Note on the Occurrence of Norwegian Boulders near Ellon , 
Aberdeenshire.” By Dr. Campbell and Dr. Gibb. 

Dr. Campbell exhibited a boulder of typical Rhomb-Porphyry 
which he found in situ in a thin deposit of boulder-clay, three-eighths 
of a mile north-west of Arnage House, and four and a half miles north- 
north-west of Hllon. Dr. Gibb showed two specimens of typical 
Laurvikite—one collected by himself was found built im the walls 
of an old house 2 miles north of Ellon, the other was found many 
years ago in the Ellon district by the late Professor James Nicol. 
Two earlier records of the occurrence of boulders of Rhomb-Porphyry 
in Scotland may be recalled: (a) from a recent beach near Portsoy 
(Mr. H. H. Read, 1919); and (6) from a coarse boulder bed under- 
lyig the Lower Grey Boulder Clay at Bay of Nigg, Aberdeen 
(Dr. Bremner, 1920). 

Evidence is not yet available to demonstrate whether or not the 
boulders in the Ellon district were transported directly by the 
Scandinavian Ice Sheet, but some significance perhaps may be 
attached to the fact that from the same district the late T. F. 
Jamieson described an “Indigo Boulder Clay” underlying the 
Lower Grey Boulder Clay. 

21st December, 1921. 

1. “ The Source of the Purple Zircons in the Sedimentary Rocks 
of Scotland.” By William Mackie, M.A., M.D., D.Ph. 

In a former communication Dr. Mackie drew attention to the 
occurrence of purple Zircons in many of the sedimentary rocks of 
Scotland. These Zircons range in colour from faint purplish to 
a purple so intense as to render the crystal nearly opaque. As a 
tule they are distinctly rounded, varying from almost spherical 
through long regular ovoids to shorter, sometimes asymmetrical 
ovoids. The chief object of the present paper was to trace the 
source of these Zircons. Dr. Mackie has found that they are of 
frequent occurrence in the Moine Schists, in the Aberdeen Schists, 
in the Torridonian, and in all the younger sediments examined. . 
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He states, as a broad generalization, that there has been a gradual 

decrease in the relative numbers of purple Zircons present in the 
sedimentary rocks of Scotland in the order of their age from earlier 
to later times. The purple Zircons rarely occur in Scottish granites, 
and, when they do occur, they are to be regarded as derived from 
the rocks through which the granite has been intruded. Dr. Mackie 
finds that in certain Archean gneisses of the North of Scotland, 
the purple Zircons are unaccompanied by the normal Zircons of 
igneous rocks, and he has arrived at the conclusion that these 
Archean gneisses are the original sources of all the purple Zircons 
found in later sediments. He described also similar Zircons 
from the “‘ Banket”’ of South Africa, and from various Canadian 
rocks, and raises the question as to whether purple Zircons may not 
be characteristic of Archean rocks in regions other than the North 
of Scotland. 

. 2. “Note on the Exposure of St. Leonard’s Crag, at No. 39 
St. Leonard’s Hill.” By the President, Mr. T. Cuthbert Day, 
F.C.S., F.R.S.E. , 

There are several points of interest in connexion with this well- 
known but seldom visited exposure of the basaltic sill of St. Leonard’s 
Crag. The chief among them is a peculiar line of fracture extending 
for some yards in a nearly east and west direction. Much material 
which would have furnished useful evidence has been quarried 
away. Mr. Day supposed the fracture to be contemporaneous 
with the intrusion, and that some of the sedimentary sandstones 
above the sill were drawn in, crushed, and mingled with fragments 
of some of the already partially consolidated basalt, the whole 
being subsequently bound together by a final phase of the intrusion, 
in which all the broken fragments were bound together by the 
injection of porphyritic basalt, largely in the form of a peculiar 
tachylyte. 

During the discussion which followed, Mr. E. B. Bailey supple- 
mented this explanation, and suggested as a cause of the fracture, 
that during the intrusion, there was an outburst of gas sufficiently 
strong to fracture the partially solidified sill, and to lift the 
presumably light cover, whereby a quantity of overlying loose 
desert sand fell into the fissure, fillimg many vacant spaces; a con- 
tinuance of intrusion helped further to close the breccia as explained 
above, while subsequent infiltration of calcite completed the task. 
He also argued that the sill consists, broadly speaking, of a non- 
porphyritic portion earlier than the explosion, and a porphyritic 
portion subsequent to it; the non-porphyritic was cooled very 
markedly in the vicinity of the breccia by the time the porphyritic 
portion was injected. 

3. Exhibits of (a) “ Stones showing Sand-blasting and Insolation 
from the Culbin Sands.” By Allan Grant Ogilvie, M.A., B.Sc. 
(b) “ Garnetiferous Sand from above the Blackness (Limestone) 
Coal.” By H. M. Cadell, B.Sc., F.R.S.E. 
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18th January, 1922—Mr. T. Cuthbert Day, F.C.S., F.R.S.E., 
President, in the chair. 

1. “A Basalt Laccolite at Bo’ness.”’ 
2. “ The Edge of a Carboniferous Volcano.”’ 
3. Exhibit of Specimens showing Contact Alteration of Coal, etc. 

By H. M. Cadell, B.Sc., F.R.S.E. 
Mr. Cadell described a basalt laccolite in the Bo’ness Coalfield that 

had recently been proved in numerous borings to the Smithy Coal 
seam. Under a large part of the Bo’ness Coalfield there had long 
been known to exist a harmless bed of whinstone between the Main 
and the Smithy Seams, which differed from the inter-bedded basalt 
lavas of the district in being intrusive. At Bridgeness this rock, 
which was usually about 20 foet thick, suddenly changed its position 
and swelled into a lenticular mass that reached a thickness of 106 
feet at one place, and formed a small laccolite such as had been 
found on a much larger scale in other countries. The effect of the. 
intrusion was to destroy the coal within 10 feet of it, but the coal 
was not rendered anthracitic as it was converted into a hard 
carbonaceous mass full of calcite and chalybite veins of no economic 
value, 

One interesting fact had been proved, viz. that the whinstone 
had been forced like a wedge between the strata without melting 
or absorbing any part of the surrounding rock. In one bore the 
whinstone had split the Smithy coal into two parts, and the upper 
half of the seam was separated from the lower part by a solid sheet 
of basalt 97 feet thick. A quarter of a mile away the unwelcome 
invader had shrunk to a sill only 44 feet thick, and the coal was 
quite good only a few feet from it. The course of the sill was very 
erratic, and there were places where it did not occur at all, and much 
boring was required to ascertain exactly the amount of coal that was 
destroyed. 

Specimens of the burnt coal and the basalt were exhibited. 
Mr. Cadell next dealt with other volcanic phenomena of the 

Carboniferous Limestone period in West Lothian. The first 
eruptions at the close of the Oil Shale period were of ash, and later 
a great volcano situated to the west of Linlithgowshire poured out 
floods of lava which overwhelmed the forests and became inter- 
bedded among the coal-bearig strata as they were being deposited. 
Some deep bores had been made in search of coal to the west and 
south of Bo’ness, and, instead of finding useful minerals, had pierced 
nothing but lavas and ash beds more than 1,400 feet thick without 
getting through the volcanic pile. The Bo’ness Coalfield was on the 
edge of a large volcanic island that existed to the west, and on this 
great heap of lavas and ash beds the coal forests did not exist, or 
at least produce coal seams until the voleano became extinct after 
the Index Limestone was formed. A section was shown of the 
edge of this volcano as disclosed by bores and Bt sunk through 
the voleanic rocks i in that quarter. 
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LIVERPOOL GEOLOGICAL SOCIETY. 

13th December, 1921.—Professor P. G. H. Boswell, O.B.E., D.Sc., 
F.G.S., President, in the chair. 

The following communications were read :— 
1. “Note on the Natural Panning of Minerals in Littoral 

Deposits,’ by Nigel W. Kennedy. 
The separation of the various mineral constituents of littoral 

sands by a purely natural aqueous agency has not hitherto been 
definitely recorded, and the author has therefore described his own 
observations during the past few months on the sands of the Mersey 
shore, where the process may be seen in operation. 

Black sand, contaiming a great variety of rare heavy minerals, 
occurs in irregular patches of several square yards in area on the 
flat parts of the shore near the tidal limits, and also on the sides of 
ripple marks facing the sea. In the latter case the separation is 
held to be due to wave action alone, but in the former the sun’s 
heat and prevalent strong sea breezes have also played a part, and 
the details of the process as observed were fully described. The results 
of observations on the mechanical separation of the constituents of 
dry sand on the slopes of dunes are also given. 

2. “The Igneous Rocks of the Capel Curig District,” by Howel 
Williams, B.A. 

The district studied covers an area of some 10 to 12 square miles 
in the south-east corner of Snowdonia, with the village of Capel 
Curig as its centre. The dominant rocks are all igneous, either 
lavas, ashes, or dolerites, and the associated sediments are also 
largely the result of the breakdown of the volcanic rocks, so that the 
geology of the area is necessarily and primarily a study of vulcanicity. 
A general account of the vulcanicity of Snowdonia as a whole was 
first given, including a discussion of the related crustal movements, 
and a detailed description of the rock types in the localized area 
followed, together with a consideration of their position in the 
Ordovician series. The Capel Curig rhyolites according to the 
author’s researches differ from those of the Snowdonian group 
proper in that they (1) are more porphyritic, (2) show banded and 
nodular structures, (3) are seldom associated with thick tufts, 
(4) are garnetiferous and pyritiferous, (5) are freer from impurities 
(absorbed muds, etc.), (6) are generally less devitrified, (7) are richer 
in iron ores and viridite (also prochlorite and cordierite), while the 
Snowdon lavas (1) contain mispickel, (2) are usually highly mixed 
with tuffs, and (3) have not the thickness of the Capel Curig flows. 
Evidences of solfataric action are seen in the occurrence of garnets 
and in the associated tourmaline grits. 

The tuffs can be classified as (1) purely vitric, (2) detrital vitric, 
(3) crystal and lithic, (4) agglomeratic tuff or breccia. The dolerites 
occur usually as sills and dykes, and with few exceptions are augite- 
dolerites of spilitic character. They include a peculiar differentiation- 
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product, a type of rock hitherto undescribed, and provisionally 
termed a biotite-porphyrite. The paper concluded with a discussion 
of the metamorphism induced by the dolerites, which has resulted 
in the production of spilosites and adinoles among the contact 
rocks. 

10th January, 1922.—Professor P. G. H. Boswell, O.B.E., D.Sc., 
F.G.8., President, in the chair. 

The following communications were read :— 
(1) “On Peaty Bands in the Wallasey Sandhills.” By W. G- 

Travis. 
The principal band described is exposed on the seaward face of 

the dunes which fringe the Wallasey shore, and with the exception 
of one considerable gap where the dunes are broken down is visible 
for a distance of 1 mile 700 yards. The thickness on the whole is 
from 6 to 9 inches. A detailed study of the plant remains of the 
bands has been made, which has revealed an abundant moss flora, 
including nine species of Hypnum, several of which have never 
been found in a living state in the Wirral peninsula. From the 
evidence of these plant remains, and more especially the 
characteristic assemblage of mosses, in conjunction with the 
circumstances in which the remains are preserved, it is clear that 
these bands of peaty sand and silt are deposits which were 
accumulated in wet dune “slacks” such as occur in the flats or 
hollows among the sandhills on the Lancashire coast. They 
indicate the former existence of physical conditions in the Wirral 
dunes which do not now obtain. The correlation of the bands with 
similar superficial deposits recorded by previous observers was 
discussed. 

(2) “‘ Note on some fractured pebbles from Point Cranstal, 
J.O.M.” By W. A. Whitehead, B.Sc. 
A brief description was given of the glacial deposits ir the neigh- 

bourhood of Point Cranstal, also known as Shellag Point, about 
4 miles north of Ramsey town. The gravels and sands are often 
cemented into hardpan known locally as “scrablag”’, and the 
fractured and subsequently cemented pebbles occur in association 
with this. Several specimens were described, and their significance 
and mode of origin considered. 

YORKSHIRE GEOLOGICAL SOCIETY. 

17th November, 1921. 

Mr. W. S. Bisat: Some Goniatite Zones in the Millstone Grit 
Series. ; 

In the Millstone Grit Series of Yorkshire are a number of thin 
bands containing marine fossils, and layers of shale crammed with 
goniatites are frequently met with in these marine bands. The full 
succession has not been wholly worked out, but six zones are 
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recognized. The sequence of fossils consists of (in ascending order) 
Glyphioceras Beyrichianum, Glyphioceras  reticulatum (type), 
Glyphioceras reticulatum (certain mutations, including G. bilingue 
(Salter)). Specimens of Glyphioceras approaching the characteristics 
of Gastrioceras in their mode of coiling and in ornament appear in 
abundance at horizons fairly well down in the G. reticulatum 
mutations beds; and near the summit of the Grit series they are 
very much in evidence. These specimens of early Gastrioceras differ 
considerably in their ornament from one another and form a 
complex group. 
A study of the sutures of the above goniatites suggests that all 

the species belong to one group of closely allied forms. The 
crenistria-sphericum-striatum group, which underlies the above 
zones and in Yorkshire characterizes the Upper Limestone Shales, 

’ 1s apparently (as was observed by Haug) a group distinct from the 
above. Very young sutures of crenistria closely resemble the adult 
sutures of the reticulatum group. A specimen of sphericum has a 
spindle-shaped initial whorl. G. Phillipsi (F. & C.) appears to be a 
synonym of G. striolatum (Phill.). 

CORRESPONDENCE. 
PROFESSOR KENDALL ON ENGLISH ESKERS. 

Str,—Professor Kendall’s article (Grou. Mac., March, pp. 98-103) 
is based on a series of misquotations and misrepresentations and 
complaints’ as to the omission of irrelevant evidence. His 
irresponsibility as a critic lessens my satisfaction at his agreement, 
in the two cases with which he deals, with the essential conclusions 
of my paper, viz. that the Lanshaw Delves is a moraine and not an 
esker, and that the group of drifts near York are not concentric 
kames connected by osar. 

The Lanshaw Delves belong to a double series of glacial formations 
which Professor Kendall fails to distinguish. One is the Lanshaw 
Delves itself, a continuous bank of sandy loam and angular 
unglaciated blocks of Millstone Grit. The other is a series of denuded 
mounds of ordinary glacial drift which extend for three or four 
miles eastward of the Lanshaw Delves and contain an abundance 
of Carboniferous Limestone. Professor Kendall misapplies the 
latter part of a paragraph from the Geological Survey Memoir on 
the Yorkshire Coalfield to the Lanshaw Delves. If he had included 
the first three lines of that paragraph it would have been clear that 
the part he quotes refers not to the Lanshaw Delves, but to some 
drift mounds miles eastward from it. The quotation is from the end 
of a section headed “ High-level Eskers”. Its first paragraph 
describes the Lanshaw Delves (p. 779), and the gravel mounds 
near Hawksworth. The second paragraph (p. 780) refers to the 
length and slope of the drift ridges. The third paragraph begins: 
“ Besides the above there are several isolated mounds and banks 
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of this same gravel at Swartha Wood, Stocks Gate, and Askwith ; 
at this last place, which is on the opposite side of the Wharfe, the 
gravel is only 425 feet above the sea. These mounds have been dug 
over,’ etc. The “ these mounds ”’, old lime-kilns and burnt stones, 
of the quotation by Professor Kendall are those at Swartha Wood, 
Stocks Gate, and at Askwith, which is four miles north-east of 
Lanshaw Delves. 

The interest of the Lanshaw Delves in connexion with the esker 
question is that it was claimed as a high level esker; if sc it is 
exceptional, and its explanation appeared difficult. I attached 
importance to this identification as it had been accepted by A. H. 
Green, whose work on eskers elsewhere gave weight to his opinion. 
Professor Kendall says that when I mentioned Green I meant Russell. 
That is not so. I referred to Green as the preface to the Memoir on 
the Yorkshire Coalfield states that he edited the whole of it, and 
internal evidence (e.g. the modification of the views expressed by 
Russell in 1873) suggests that Green wrote these paragraphs in the 
Memoir. Russell in 1873 said that the ridges including the Lanshaw 
Delves seem “ to be undoubted eskers”’; the text of the Memoir 
reduces this statement to “ esker-like”’. According to the Preface 
to the Geological Survey Memoir, 92 8.E., 1879, the field-work for 
the Survey on the area including Lanshaw was done, not by Russell, 
but by Fox-Strangways! My impression from Russell’s statements 
was that he had probably never seen the Lanshaw Delves. I did not 
quote the literature before 1878, as Green doubtless considered it all 
when preparing the paragraphs in the Yorkshire Coalfield Memoir. 

The interpretation of the Lanshaw Delves as a moraine instead of 
an esker had three preliminary difficulties. First, the angular, 
unglaciated nature of the grit boulders. Second, the great difference 
in form of this bank from the neighbouring drift formations. It 1s so 
conspicuous that it is marked on half-inch-to-the-mile topographic 
maps, and is so regular that it has been often claimed as an artificial 
prehistoric earthwork. The name “Delves” appeared to support that 

- view ; accordingly before my visit I looked up the word m Wright’s 
English Dialect Dictionary, where, among other meanings, is its use In 
West Yorkshire for to “ split or rive the flag-rock””’. In that sense it 
seemed possible that the name had been suggested by the condition 
of many flagstone boulders in the Delves. The term is also used, as 
quoted by the New English Dictionary, for a sudden dip or slope of 
a hill, or for the descent of a path. Etymology, therefore, gave no 
definite help. I saw evidence of digging in the Delves, but nothing 
to decide whether it was to obtam limestone boulders from under- 
lying boulder clay or was connected with the possible use of the bank 
as a prehistoric earthwork. Third, the absence or rarity of 
Carboniferous Limestone was a further ditference from the adjacent 
glacial drifts. I did not say or conclude, as Professor Kendall seems 
to have inferred, that there was no Carboniferous Limestone in the 
Delves, for—as quoted in my paper—the Survey Memoir states 
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that the banks south of Ilkley sometimes rest on boulder clay ; 
if that be the case with the Delves it would be strange if some 
Carboniferous Limestone material had not been included in that 
bank. In a much shorter examination of the mounds further east 
I saw plenty. 

These objections to the morainic origin do not apply to the 
explanation of the Lanshaw Delves, which seems to me probable. 
The bank strikingly reminded me of some Scottish corrie moraines. 
In suggesting this explanation I did not deny either the former or 
contemporary existence of ice to the north of it, by which the drift 
mounds may have been formed as the lateral moraine of a Wharfe- 
dale glacier. On that question I have expressed no opinion. What- 
ever the origin of the mounds I regard the Lanshaw Delves as a later 
and more local formation. 

I am obliged to Professor Kendall for calling my attention to the 
account of the Lanshaw Delves in the valuable paper by Jowett 
and Maufe; he remarks that my omission to quote it 1s 
unaccountable. I may therefore explain that in looking up the 
literature I trusted till the year 1914 to Shepherd’s valuable 
bibliography ; not finding any reference in its index to Lanshaw 
Delves, I examined the papers dealing with Ilkley and the valley 
of the Wharfe; but as Messrs. Jowett and Maufe’s paper was 
entitled “The Glaciation of the Bradford and Keighley District”, 
I did not expect to find any account of the Delves in it. I am glad 
to find that according to Messrs. Jowett and Maufe the top of the 
moor near the Lanshaw Delves was never covered by ice, and that 
they had already identified the Lanshaw Delves as a moraine. 

The one formation in England for which there was high authority 
for identification as a “high level esker ”’ (Moel-y-Crio, which is in 
North Wales, is so fragmentary that the case for it was less definite) 
is shown by Professor Kendall’s article to be now unanimously 
accepted as a moraine, and the problem of the English eskers is. 
thereby much simplified. 

In regard to the drifts on the Aire Valley I agree with Pro- 
fessor Kendall that my paper gives no full account of them. It 
merely records facts which led me to agree with the Geological 
Survey Memoirs that these “‘ gravel mounds” (e.g. Geol. Surv. 
Mem., 92, 8.E., p. 12) were deposited in water. 

In the case of the York and Kscrick drifts it is unnecessary 
to follow Professor Kendall’s summary of the history of the morainic 
theory. He misquotes me as describing “the two ridges as con- 
sisting of sand and gravel”. [ made no such statement. The remark 
which Professor Kendall has misquoted is that ‘‘ Two curved bands 
of glacial sands and gravels occur...” ; they occur upon the ridges 
which, as is clearly ‘shown in the Geological Survey maps, consist 
mainly of boulder clay. Boulder clay does not form kames and 
osar; the possibility of those formations occurring near York is 
restricted to the bands of sand and gravel. 



192 Correspondence—A. Heard. 

Professor Kendall’s map, though it purports to be copied 
from those of the Geological Survey, exaggerates the moraine-like 
character of the two bands of sand and gravel by omission of the 
significant outcrop east of Naburn. 

He complams of my having stated the height of the village of 
Stillingfleet, which was mserted to show that the sands and gravels 
there occur only 10 feet above the level of the Ouse and at the 
same height as the sands at Deighton Grove. Why should 
Professor Kendall transfer the height of Stillingfleet to the ridge near 
that village ? 

Professor Kendall does not reassert his view that the band from 
Fulford to Escrick is an esker. It is, of course, true that the lower 
part is covered by the Warp Clay so thet it is mvisible; but the 
osar structure should be recognizable in the exposed part in which 
there are good sections in a series of gravel pits. There is nothing 
in Professor Kendall’s restatement of his views either to show that 
the Fulford-Escrick band of gravel is an osar or to overcome 
Professor Bonney’s weighty objections to the view that the two 
crescentic ridges of drifts should be regarded as moraines, although 
Professor Kendall may regard acceptance of that identification as his 
shibboleth in glacial geology. 
My paper was written in the hope that by summarizing the 

distribution of English esker formations (in accordance mainly with 
visits made to them during the past twenty-five years), and by calling 
attention to their apparent absence from many parts of the country, 
other examples would be recognized and recorded. In the 
classification on p. 42 of my paper I have included, with one 
exception, only kames which I have personally examined ; the two 
osars are accepted on the evidence of Professor Boulton’s paper and 
on information kindly supplied me by Mr. Dixon, which seemed 
conclusive. I hope that investigations similar to theirs will fill in 
some of the gaps on what appears te be the remains of a long series 
of kames with occasional osar along the line where the glaciers 
ended on the English lowlands. 

J. W. GREGORY. 

THE PETROLOGY OF THE PENNANT SERIES. 

Srr,—Mr. E. Dixon, of H.M. Geological Survey, has kindly 
called my attention to an error in my paper in the Rebruamy number 
of the Magazine. On p. 91, the statement ‘‘ areas of Lower Coal 
Measure age were undergoing denudation ” should, of course, read 
“areas similar to those of the Lower Coal Series, were undergoing 
denudation ’’, as there is no evidence of the presence of Lower Coal 
Measures in South Wales. ; 

A. Hrarp. 
DEPARTMENT OF GEOLOGY, UNIVERSITY COLLEGE, 

NEWPORT ROAD, CARDIFF. 
20th March, 1922. 
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EDITORIAL NOTES. 

R. AtrreD Bett has presented to the Sedgwick Museum, 
Cambridge, a manuscript catalogue compiled by himself of the 

Newer Tertiary Flowering Plants of Great Britam; in each case 
localities and geological horizons are recorded. The catalogue will 
be available for reference by those desiring to consult it, but since 
only one copy exists this cannot be allowed to leave the Museum. 
Mr. Bell hopes to compile a similar catalogue of the flowerless plants. 

* * x x *k 

At the risk of becoming tedious and to avoid misunderstanding, 
we find it necessary to refer once again to the subject of illustrations 
in the GEoLocicaL Macazine. We wish to emphasize the fact that 
under present economic conditions plates must be considered a 
luxury, and with much regret we are compelled to insist on a strict 
rule that all such must be paid for by the author, the approximate 
cost of a plate being about £4. With regard to text-figures the 
situation is that the cost of a line-block is about the same as that of 
an equivalent amount of type; therefore, we wish to urge on 
contributors the desirability of illustrating their papers by means of 
line drawings instead of photographs. For such we shall henceforth 
make no extra charge, and in our opinion as a rule drawings are much 
more effective than photographs for nearly all geological purposes : 
they enable the artist to emphasize the essential points and to omit 
extraneous details which only serve to distract attention from the 
real object of the illustration. 

OnE of the most notable signs of the times with regard to the recent 
progress of geology in this country is the extent to which discussions 
of theoretical questions of petrogenesis are now being transferred to 
meetings of technical societies and to the periodicals specially 
devoted to economic geology. We wish to refer specially to the 
animated debates that have recently enlivened the proceedings of the 
Institution of Mining and Metallurgy and to some excellent papers 
on petrological subiects in the pages of the Mining Magazine. 
Although some of the ideas put forward in these quarters are doubt- 
less heretical, they do at any rate show originality and thought. It 
is by way of heresy that progress is made. It is greatly to be feared, 
however, that many geologists never see these publications, and for 
that reason attention is called to them here. <A theory is not 
necessarily negligible because it is based on economic data, and the 
future of petrology is likely to be underground. 
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ORIGINAL ARTICLES. 

On the Overlap of the Upper Gault in England and 
on the “Red Chalk” of the Eastern Counties. 

By F. L. Krrcentn, M.A., Ph.D., and J. Prineze, F.G.S. 

(Concluded from p. 166.) ; 

te ae SRE CHanke. 

Norfolk.—The so-called Red Chalk is visible in two quarries at 
Snettisham, but the exposures there are less favourable for 
investigation than the well-known scction to be seen in the cliff 
north of Hunstanton. The thin rock-bands there comprised under 
this title have given rise to much discussion amongst geologists, 
whose views have been summarized by Mr. W. Whitaker and by the 
late A. J. Jukes-Browne.! The Red Rock, not more than 4 feet thick 
at this locality, has been variously referred by different authors to 
the whole Gault formation, to the Upper Gault, to the Upper Green- 
sand, and to the Lower Chalk. So long ago as 1869, the Rev. T. 
Wiltshire published an illuminating paper in which he described the 
characters of the three beds that can be recognized as composing 
the red band.” Chiefly on the basis of the fossils found in the two 
lower beds he made a correlation with the Upper Gault of Folkestone. 
The late Professor Judd and Professor C. Barrois emphasized the 
fact that the Red Rock is unconformable with the underlying 
Greensand, but conformable with the overlying Chalk. 
Professor Barrois was so impressed by this fact and by the 
unequivocal character of the fauna that he correlated the red beds 
with his zone of Ammonites inflatus (Upper Gault). 

Our examination of the Red Rock at Snettisham and Hunstanton, 
amplified by a study of the collections of fossils at Cambridge and 
elsewhere and by specimens of zonal value collected by ourselves, 
convinces us that no horizon below the Upper Gault is represented. 
All the ammonites we have seen are Upper Gault forms. The records 
of “ Ammonites interruptus” from these beds, based upon the 
erroneous identification of hoplitids of the Upper Gault with those of 
the dinterruptus-zone, have proved misleading. We have found 
Inoceramus sulcatus 11 the lowest bed, only some 10 inches above 
the base. 
We are of opinion that the top bed, 1 foot thick, which has not 

yielded any Gault ammonites, should be regarded as forming the 
base of the Lower Chalk. It isa reddened lower part of the overlying 
“Sponge Bed”, which is not similarly staed. Except for the 

1 W. Whitaker, “On Things in General and the Red Chalk of Norfolk in 
Particular’?: Proc. Norwich Geol. Soc., vol. i, pt. vii, 1883, pp. 213-22. 
A. J. Jukes-Browne, The Cretaceous Rocks of Britain, vol. i (Mem. Geol. Surv.), 
1900, pp. 294, 296. 

2 T. Wiltshire, ““ On the Red Chalk of Hunstanton”: Quart. Journ. Geol. 
Sec., vol. xxv, 1869, p. 185. 
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adventitious coloration of the uppermost red bed and the presence 
in it of minute polished black grains, there is close lithological 
resemblance between these two strata. Both have the same nodular 
aspect, and are characterized by the same peculiar ramifying con- 
cretionary structures (absent in the two beds below) and by the 
presence of numerous Jnocerami. One of these shells seen by us in 
the uppermost red bed belongs, we consider, to Inoceramus crippst 
Mantell, which also occurs in the “Sponge Bed”. We saw also 
in both these beds Inoceramus tenuis Mantell and a small Terehratula, 
distinct from those occurring so commonly in the lower red beds, 
as well as a bryozoon (common) and Spondylus latus (J. Sow.), 
neither of which was found lower down. It must not be forgotten 
that S. Woodward! reported the rare occurrence of “ Ammonites 
varians”’ in the Red Chalk, a record which unfortunately cannot 
now be tested, since the whereabouts of the specimen or specimens 
is unknown. 

The occurrence of Chalk fossils in the topmost red bed probably 
gave rise to the view held by Gunn ? and by Mr. W. Whitaker that 
the Red Chalk should be regarded as the basal part of the true 
Chalk series. The claim made by Gunn that the latest fossil types, 
not the earlier ones, must be used in identifying the age of a deposit, 
sound in itself, was nullified in this case by his regarding the whole of 
the red strata «s of one age. Had he known that the fauna of the 
uppermost red bed has a different character from that of the two 
lower beds, he would probably have realized that the base of the 
Chalk series includes only the uppermost foot of the Red Rock. 
We have been able to detect no sign of a break between the base 

of the Red Rock at Hunstanton and the overlying unstained 
Chalk ; and we feel bound to regard this as an exceedingly condensed 
series laid down under conditions of slow accumulation, representing 
a facies of sedimentation for the most part different from that 
exemplified in the corresponding rocks farther south. Pro- 
fessor Barrois stated that the zone of Pecten asper is absent in 
Norfolk. The familiar development of this zone elsewhere, always 
as a glauconitic sandy deposit carrying a special faunal facies 
depending on sub-littoral conditions, precludes its recognition in an 
area where the facies is so strongly contrasted. Its attenuated 
equivalent may well be there. Similarly, the lowest bed of the 
varians-zone of Wiltshire and Dorset, with the fauna that includes 
Catopygus columbarius Lam., Terebrirostra lyra (J. Sow.), and other 
characteristic species, in all probability has very condensed repze- 
sentation in some part of the uppermost red bed at Hunstanton. 

The well-known lenticles of fossiliferous limestone found at Harris’s 
sand-pit at Shenley Hill, near Leighton Buzzard, have been correlated 
by us with the basal bed of the varians-zone. Some of the gritty 

1 §. Woodward, An Outline of the Geology of Norfolk, p. 54, Norwich, 1833. 
2 J. Gunn, ‘ Notes on the Red Chalk of Hunstanton”: Proc. Norwich 

Geol. Soc., pt. i, Session 1877-8, p. 23, Norwich, 1878. 
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lenticles have the character of a limestone-breccia, a composite 
rock containimg many fragments of pinkish limestone, often showing 
minute, polished black grains. The closely similar rock occurring 
at the base of the varzans-zone at Matringhem, in Northern France, 
has yielded ammonites of the varians-fauna, as communicated to one 
of us in conversation by Dr. P. Pruvest. For many years we have 
been struck by the lithological resemblance between the pink 
limestone-constituents in the lenticles at Shenley Hill and the paler 
parts of the uppermost red bed at Hunstanton, which is striking. 
It must be noted that the specimens of Terebratula capillata 
d’Archiac found in the uppermost red bed are identical with these 
occurring iv the pmk hmestone at Shenley Hill. This species is 
found in the varians-zone in this country and in France. The record 
of its occurrence in the lower red beds at Hunstanton requires to 
be tested, while there are ample reasons for believing that the 
similar Terebratula occurring in the Lower Greensand of Upware 
belongs to a separate stock. It suffices for our present purpose to 
point out that limestone closely akin to that found im the upper- 
most red bed at Hunstanton entered inte the composition of the basal 
bed of the varians-Chalk of more southerly districts. A further 
discussion of the facts and their implications would involve a some- 
what lengthy digression and must be omitted here. 

Lincolnshire and Yorkshire—We have as yet been unable to visit 
more than two sections in Lincolnshire, in which county the Red 
Rock passes transgressively across the Lower Greensand. In places 
a sandy basement-bed has been observed, and the red colour persists 
up threugh an increasing thickness of the Chalk above. Inoceramus 
sulcatus has been found at South Willngham. Hill recorded 
Ammonites interruptus at Withcall, but we have already pointed 
out that fossils so named from the Red Rock have been wrongly 
identified. 

In Yorkshire the extension of the overlap of the “ Red Chalk ” 
on to older rocks is well known. At North Ferriby we have examined 
the relation of the transgressive beds to the substrata and find that 
they there rest upon a clay belonging either to a basal Kimmeridge 
or Upper Corallian zone. At Scuth Cave the “ Red Chalk ” probably 
lies on Corallian clay. At that locality Inoceramus sulcatus and. 
Ammonites rostratus were recorded by Hill,? who also noted the 
occurrence of Inoceramus sulcatus at Wharram Grange. At Market 
Weighton, where the base of the Red Rock is markedly con- 
glomeratic, it can be seen resting on the clays and ironstones of the 
Lower Lias. Mr. T. Sheppard kindly drew our attention to a newly 
made opening at the Rifle Butts in the Goodmanham Valley, and 
accompanied one of us on a visit to this locality. It was observed 
here that the basa! transgressive bed contained constituents of 
variable character, 1acluding much oolitic material. 

1 “Summary of Progress for 19207": Mem. Geol. Surv., 1921, p. 63. 
2 W. Hill, “‘ On the Lower Beds of the Upper Cretaceous Series in Lincoln- 

shire and Yorkshire”: Quart. Journ. Geol. Soc., vol. xliv, 1888, p. 347. 
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Along the northern border of the Wolds the formation is seen 
to change, and at Speeton there is a thin basal series of variegated 
marls only some 3 ft. 6 in. in thickness, overlain by about 
30 feet of red and mottled nodular marly Chalk. These red strata 
were for long considered to be an expansion of the Hunstanton 
Red Rock. Jukes-Browne, who formerly adhered to this view, 
afterwards placed 28 feet of these heds in the Lower Chalk (varians- 
zone). On the eccasion of our visit to this locality we were 
fortunate in seeing an exposure of the marls below this red 
Lower Chalk. We were able to confirm in the main the 
details given by Mr. Lamplugh in 1889.1 We saw the glauconitic 
seam with eroded nodules resting directly on the black Aptian 
clay. Within the lowest foot we noticed the presence of 
Inoceramus sulcatus Park. and a few other lamellibranchs, 
all poorly preserved. The streak of dull reddish clay above 
this was readily recognized. In the uppermost 2 feet of marly 
shale were found numerous specimens of Inoceramus anglicus Woods 
and impressions of hoplitid ammonites. These marls belong to the 
Upper Gault, a fact proving that there is a non-sequence between 
them and the Aptian clays below, representing a considerable gap 
in time. 

This is contrary to the view put forward by Mr. Lamplugh, who 
considered that the Speeton Clays most prebably form an unbroken 
series from the Kimmeridge Clay up to the Chalk.2 The hase of 
the Spilsby Sandstone lies discordantly upon the Kimmeridge Clay 
in Lincolnshire, where the whole of the Portland Beds are absent.® 
A continuation of the same unconformity, between the Upper 
Kimmeridge Clay and the base of the Lower Cretaceous clays, is 
evidently marked by Bed FE at Speeton, where the Portland zones are 
likewise unrepresented. The Lower Cretaceous clays of Speeton 
are thus limited below and above by non-sequences of some 
magnitude. It must be recognized that the transgressive Upper 
Gault, represented to the west of the Wolds and in Lincolnshire 
in the form of Red Rock, has here assumed a different aspect. In 
this connexion it may be remembered that at Holkham Hall, about 
12 miles eastward from Hunstanton, a comparable change has been 
recorded. A well-section showed the presence of clay, described 
as Gault, beneath a ‘“‘ Red Marl ’’.‘ 

The thin bed of smooth, red marly Chalk overlying the Upper Gault 
marls at Speeton, and forming a passage to the Lower Chalk, seems 

1G. W. Lamplugh, “ On the Sub-divisions of the Speeton Clay’? : Quart. 
Journ. Geol. Soc., vol. xlv, 1889, p. 608, fig. 8. 

2 Loe. cit. Also “ On the Speeton Series in Yorkshire and Lincolnshire ” : 
Quart. Journ. Geol. Soc., vol. lii, 1896, p. 197. 

3 W. A. E. Ussher, A. J. Jukes-Browne, and A. Strahan, ‘‘ The Geology 
of the Country around Lincoln”’?: Mem. Geol. Surv., 1888, p. 82. J. Pringle, 
“ Paleontological Notes on the Donington Borehole of 1917.” ‘‘ Summary of 
rogress for 1918”?: Mem. Geol. Surv., 1919, p. 51. 
4 W. Whitaker, ‘The Well-Section at Holkham Hall, Norfolk’’: Proc. 

Norwich Geol. Soc., pt. i, Session 1877-8, p. 16, Norwich, 1878. 
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to have yielded no distinctive fossils. Our examination of the 
reddened and mottled Chalk above satisfied us that the allocation 
of those beds to the Lower Chalk by Mill and Jukes-Browne was 
correct. 

IV. Conc~uping REMARKS. 

In the foregomg notes we have endeavoured to bring into proper 
relationship some of the main facts concerning the overlap of the 
Upper Gault in England. The abundant evidence for this extension 
of the sea-floor in the marginal regions of the area of deposition can 
only be rightly understood if due attention be paid to the age- 
determination of the basal part of the Gault exposed in the different 
localities. When the available geological accounts of these rocks 
published during recent years are examined, it is surprising to find 
how often the true meaning of the facts has been overlooked. This 
has too frequently been due to the neglect of fossils or to an imperfect 
understanding of their significance. In fact, the broad methods of 
geological cartography, divorced from accurate paleontological 
work, have been too much in evidence. In many cases it can only 
be inferred from their writings that Jukes-Browne and other well- 
known geologists believed the Lower Gault to pass transgressively 
over older beds, whereas, by closer examination of the strata, we 

have found that it is in reality the Upper Gault. Professor Barrois 
had clearer conceptions on this point ; and it is much to he regretted 
that subsequent work was not more carefully built upon the 
foundation of astute observation and deduction so well laid by him 
in 1876 
We have followed this overlap m a direction where, to the west, 

the facies of the deposits is traceable through the region of silty 
and sandy clays to a more purely sandy and shelly littoral develop- 
ment. Again, in the south central counties we have found at times, 
in the area of clay deposition, evidence of tranquil sedimentation 
where molluscan life soon found a bearable habitat on the newly 
invaded ground: or, again, abundant signs in the scarcity of fossils 
and the brecciated character of the lowest clays that rapid 
accumulation and turbid-water conditions had delayed these 
adjustments. And, finally, in the eastern counties, we have seen 
the approach to a region of much scantier, clearer-water calcareous 
deposition, where there is a great condensation of the strata. Our 
observations at Grimston and Roydon are particularly significant 
in this connexion. 

In tracing these developments, certain faunal constituents of the 
lower part of the Upper Gault have been of great value, particularly 
those that characterize Bed IX at Folkestone. These indicators 
have led us to conclude that one general movement of depression 
was responsible for the transeressive extension of the Gault strata 
in this country. The interrupius-Gault is found always to rest 
upon the mammiullatus-zone, and these beds have a much more 
restricted lateral distribution than the Upper Gault. These 



England and the “ Red Chalk” of the Eastern Cownties. 199 

lower strata are not seen westward of mid-Dorset; towards the 
north they do not extend beyond West Dereham. Indeed, these 
most westerly and northerly occurrences may only be isolated 
patches. Both at Okeford Fitzpaine and at West Dereham the Lower 
Gault has been denuded down almost to its base. At Okeford 
Fitzpaine these beds are far removed from their nearest outerop ; 
to the south of West Dereham they are absent in places and the 
surface of post-interruptus denudation is situated almost at the base 
of the Lower Greensand. Whilst there is evidence that a certain 
degree of tilting and general planation of the Lower Gault and 
older strata took place before Upper Gault deposition began, the 
facts just mentioned seem to suggest that some shallow folding of 
the beds may have taken place before the transgression and that, 
here and there, remnants of the Lower Gault in the synclinals have 
escaped total removal. 

While these considerations arising out of the present study may 
throw light on the irregular occurrence of the mammillatus-zone 
in this country, which has frequeutly been the subject of comment, 
the extensive erosion accompanying this transgression at the close 
of Middle Albian time introduces a factor to be reckoned with 
in any comprehensive study of the Lower Greensand. The 
uncertainty in correlating the sandy strata which, in different 
localities, appear to form the top of the’Aptian Series has always been 
great, owing to the sparsely fossiliferous nature of these deposits. 
The difficulty is increased by the knowledge that erosion of these 
beds had taken place here and there with great local inequality 
before the deposition of the Upper Gault. To mention one example, 
the true position of the Carstone of the Hunstanton district has 
never been ascertained ; possibly the best clue is to be sought in a 
study and correlation of the fauna of the Snettisham Clay, a 
desirable subiect for investigation. The so-called “‘ Carstone”’ of 
Sandown Bay, Isle of Wight, is probably on a much higher horizon. 
A transgression of the mammiullatus-zone must also have 
produced its local effects on the underlying sands. At Okeford 
Fitzpaine that zone rests almost directly upon Kimmeridge Clay, 
while we have recently obtained evidence of a corresponding un- 
conformity of pre-mammillatus date in Bedfordshire and in Norfolk. 

Of the movements that gave rise to transgressions during 
Cretaceous time in this country, that which produced the Upper 
Gault overlap has left the most conspicuous effects. It was one of 
the several widespread movements which brought about the 
remarkable extensions of Upper Albian and Lower Cenomanian 
deposits in many parts of the world. 

Our examination of the “ Red Chalk” of Norfolk has led us to 
correlate its lower three-quarters with the Upper Gault, its upper- 
most quarter with the Lower Chalk, perhaps including the Pecten 
apser zone. We regard these beds as a much condensed continuous 
series. At Speeton we have found the Upper Gault to be repre- 
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sented by the few feet of variegated marls which there rest non- 
sequentially upon Aptian clay and are overlain by red and mottled 
Lower Chalk. 

In view of recent detailed work on the Albian zones, we should 
perhaps remark that in the foregoing pages we have used the terms 
“interruptus-zone” and “rostratus-zone”’ in the general sense of 
existing stratigraphical classifications. As regards the lowest beds 
of the Gault at Black Ven (previously assigned by some authors to 
the interruptus-zone), Dr. W. D. Lang has informed us, since the 
first part of this paper appeared, that he has obtained ammonites 
from those beds (his beds 1, 2, and 8) and that Dr. L. F. Spath 
has pronounced them to be Upper Gault forms. 

The Geology of Portuguese Nyasaland. 

By Rosert R. Watts, M.A., B.Sc. 

(WITH PLATES VII AND YVIII.) 

ORTUGUESE NYASALAND is the name given to the most 
northern part of Portuguese Hast Africa, lying between Lake 

Nyasa and the Indian Ocean. It is separated from the Tanganyika 
territory in the north by the River Rovuma and from the Portuguese 
province of Mozambique in the south by the River Lurio. 
The territory measures about 400 miles from east to west and 
200 miles from north to south and has an area of nearly 90,000 square 
miles. This territory is now perhaps the least known part of the 
once Dark Continent, but while the writer was actually engaged in 
the exploration of this country in 1920-1, the Naval Intelligence 
Division of the British Admiralty published two handbooks, the 
Manual of Portuguese Hast Africa and the Handbock of Portuguese 
Nyasaland, which with their extensive bibhographies contained 
practically everything that was known of that country up to that 
date (1920). These handbooks make it unnecessary in this paper to 
give detailed accounts of the work of previous explorers. 

The geological information is meagre, and is obtamed chiefly from 
the reports of Livimgstone (1862-6), Thomson (1881), and Huddart 
(1906). Practically all the more important expeditions mto this 
territory have been made via the River Rovuma and its tributary, 
the Lujenda in the north, or from Lake Nyasa im the west, and the 
south-eastern parts have been entirely neglected. It wasin the south- 
eastern part that the writer did most of his explorations, so that the 
whole territory has now been at least roughly surveyed. Generally 
speaking, the country rises from the level plains along the coast to 
high mountainous land near Lake Nyasa. Several large rivers are 
shown on the map rising in the mountaimous interior and draining 
into the Indian ocean, but only two of these rivers, the Rovuma, 
with its tributary the Lujenda, in the north, and the Lurio in the 
south, contain running water all the year round. The outstanding 
feature of the country is its dryness, large stretches being practically 
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Fra. 1.—Mangrove Swamp being covered again by sand within the uplifted area of Pemba Bay. 

Fic. 2.—Raised beach at Pemba Bay. ‘The cliff is the fault-line marked B on the Sketch-map, 

and is composed chiefly of mud with a thin sandstone cap. 

[To face p. 200. 
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uninhabited for the greater part of the year on account of the 
drought. The whole of the interior is covered by a dense dry bush 
with elephant-grass and bamboo growing to an average height of 
12 or 15 feet, and many larger trees yielding good and valuable 
timber. It is seldom possible to see 200 yards ahead. Geological 
surveying in such a country is naturally very difficult. Rock out- 
crops are comparatively few, often hidden away in the bush, and 
owing to the lack of accurate maps only the most: general survey 
work can be attempted. 

The coast-line of Portuguese Nyasaland is low, sandy, and shelving, 
and good harbours are few, with the outstanding exception of 
Pemba Bay, which will be discussed more fully later on. Behind and 
among these great sandy stretches, sedimentary rocks of Tertiary 
or perhaps Cretaceous age appear. These sedimentaries are 
invariably calcareous sandstones or shelly and coralliferous lime- 
stones. Hverywhere they have the appearance of consolidated 
shallow sea deposits, and in many places they are thrown up to form 
raised beaches between 200 and 300 feet high. An oolitic structure is 
very common among these calcareous sandstones, evidently due to 
percolating water which dissolves the lime and recrystallizes it 
round the sand-grains. These latter, although not of great extent, 
are ot considerable economic importance, furnishing the only 
suitable building stone in the country. Coral abounds on the coast, 
and is burned by the natives for lime. Coral rock forms a number of 
islands lying off the Montepuesi River, of which the largest is Ibo, 
containing the town of that name, one of the earliest settlements of 
the Portuguese in Hast Africa and still practically the only town 
worthy of the name in the whole territory. 

Conspicuous features on the coast are the mangrove swamps, 
which are particularly extensive at or near the mouths of the 
numerous rivers, even though, as a general rule, these rivers do not 
contain runniug water for more than two months in the year. 
Thus all the islands off the mouth of the Montepuesi River are joined 
together and to the mainland by mangrove swamps, and the western 
shore of Pemba Bay is bordered by mangrove swamps, which are 
rapidly encroaching on the bay. The study of these mangrove 
swamps is exceedingly instructive to the geologist. On the seaward 
edge of such swanips the trees grow directly from shelly sand in clear 
water. But the traveller does not penetrate far into the swamp until 
a fine, green, slimy mud is encountered, which makes progress slow 
and even dangerous. If this is uncovered at low water it is oily 
and evil-smelling, and a heavy, oppressive air fills the whole swamp. 
Stagnant pools of rotting vegetation occur here and there, and 
over these the will-o’-the-wisp lights play at night. Sometimes the 
mud is so black with carbonaceous matter that it seems as if the 
traveller were walking through a quagmire of coal-dust. Crabs of — 
all colours and sizes abound everywhere, crawling over the mud — 
and running up and down the trees. There are millions of crabs, and 
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the traveller can scarcely put his foot down without crushing 
several at every step. The result of such a huge population of 
crustacea must naturally be to add a big percentage of lime to the 
mud, and when a sample of this mud is dried and then treated with 
dilute acid it usually gives considerable effervescence. The mud of 
the mangrove swamps is very fine and plastic to the touch, and 
‘quite characteristic. 

But there have been considerable changes of level along this coast, 
and very often this mud is covered again by the sandy deposits 
of the shore and the mangrove swamp may disappear locally. 
A mangrove swamp disappearing in this fashion is shown in Pl. VI, 
Fig. 1. In fact, itis pretty safe to state that in earlier Tertiary times 
the mangrove swamps were much more extensive than they are to- 
day. Where the whole region has been raised subsequently as in the 
section shown in PI. VII, Fig. 2, calcareous sandstones of raised 
beaches are found lying on impervious clay, which is identical with 
the mud of present day mangrove swamps. This is of immense 
economic importance to a country which suffers so much from 
drought. The impervious clay holds up the water in the porous 
sandstone, and it is to this that the small villages on the coast 
area owe their very existence. Water is thus found in the neighbour- 
hood of Pemba Bay at from 30 to 40 feet below the surface all the 
year round, and at Ibo at about the same depth. More extensive 
boring for water in the raised beaches along the coast is absolutely 
necessary if the country is ever to support even a black population. 

The Tertiary deposits of the coast area measure less than 20 
miles across in the south, though they are rather more extensive 
farther north. Immediately to the west of this coastal strip an 
area of extreme metamorphism is found which extends right across 
to Lake Nyasa. The rocks of this area appear to belong to the very 
oldest Paleozoic formations with very small areas which might 

be of Carboniferous age. These will be discussed again. The 
Tertiary rocks of the coast area lie unconformably on these 
metamorphic rocks, and though a complete section can nowhere be 
seen so far as the writer knows, yet the Tertiary deposits would 
appear to be of no great depth, possibly about 400 or 500 feet at most. 

About 40 miles west of Pemba Bay there is a marked north- 
south ridge, running more ot less parallel with the coast, The ridge 
is really a steeply folded anticline of hard metamorphic rock— 
generally speaking, gneiss. The ridge is made more conspicuous by 
a series of ‘‘ humps” at intervals along itslength. About half-way 
between this ridge and the coast is a second, but less conspicuous 
ridge, roughly parallel to the first and very similar in its construction. 
In the region west of Pemba Bay, however, this minor ridge is pierced 
and broken by a later intrusion of granite, and the folded anti- 
clinal structure of the whole is not so clearly marked. These two 
anticlinal ridges run north across the Montepuesi River, but are not 
so conspicuous in the north, where the calcareous sandstones of the 
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coast extend much further inland, forming what has been called the: 
Mavia or Makonde Plateau. The exact area of the Tertiary rocks 
on this Makonde Plateau has never been mapped out, but the 
deposits are known to be of no great depth and to rest uncon- 
formably on metamorphic rocks of much greater age. The two north- 
south ridges first mentioned are conspicuous features to anyone 
crossing the country in the south from the Indian Ocean, and the 
folding—except where it has been complicated by intrusive granite— 
into two anticlines with a syncline between is very Gieamen 

To the west of these two north-south ridges gneiss and associated 
foliated rocks cover almost the whole country. Careful plotting of 
these metamorphic rocks is almost impossible for lack of accurate 
maps on a sufficiently large scale, but some general observations. 
may be made. The most important feature to be noticed is that the 
country rock now shows folding in a direction at right angles to 
that already mentioned. Over the centre and south of the country 
the ridges and lines of foliation run in an east-west direction, 
and the compression thrust which produced these ridges has been 
just as intense as that which produced the north- south ridges over 
the rest of the country. The folding of the rocks in this country will 
be treated more fully later on. The gneiss 1s predominant every- 
where, but varies greatly in its texture. Sometimes it is extremely 
coarse with conspicuous felspar crystals. More usually it is crushed 
considerably until in hand specimens it scarcely appears like gneiss. 
at all, and it is only im a large scale on the field that the real nature 
of the rock can be ascertained, but all gradations between the two 
types can be seen in traversing a few miles of country. Often 
felspars are conspicuous by their absence, and the rocks appear as. 
banded quartzites with considerable quantities of mica. Yet, taking 
the whole outcrop together, it would not be wrong to state that the 
rock was gneiss. Iron ores occur very frequently in bands in the 
gneisses, and is the only mineral of economic importance found 
in the country. 

Bands of schist are not uncommon interfoliated with the gneisses, 
but they are, generally speaking, remarkable for their thinness and 
variety of form. Garnet schist and mica schist are most often met, 
but there are also considerable seams of graphite schist. Attempts 
have been made in the past to work this graphite, especially at 
Mualia, but owing to the fact that it is so interlaminated with gneiss. 
and grit it has proved of no commercial value. Associated with 
these graphite schists are peculiar black bands often found in the 
gneiss. These bands are likewise very thm—l or 2 inches at 
most—and usually dull, though sometimes showing an adamantine 
lustre. The dull variety is really black flint, but the lustre shown 
on other varieties sometimes suggests anthracite, and a bigger 
proportion of carbon. It cannot be made to burn by itself, however, 
and if burned in the blowpipe flame it leaves a huge quantity of ash. 
There is evidently some carbon about it, but yuartz predominates.. 
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The material, strange to say, is never found of a slaty structure, 
although occurring in highly foliated rock. These black bands 
in the gneiss were often found in the neighbourhood of graphite 
schist, and suggested some connexion in origin which could not 
now be recognized in the metamorphic state. 

Bitumen and coal are occasionally found in the valleys of the 
Rovuma and Lujenda, and were first commented on by Livingstone. 
Both are of a very shaly nature, and the carbon percentage is small. 
The discovery, however, gave rise to fantastic tales of rich coal- 
fields, and several expeditions were sent oat at various times to 
search for coalfields, with no success whatever. The most important 
expedition was Thomson’s in 1881, when he went out to investigate 
for the Sultan of Zanzibar, who then exercised jurisdiction over 
this area. The most noted outcrop of this so-called coal is at Itule, 
on the Lujenda River, but only a few seams of a few inches thickness 
are known altogether. Owing to the folding the beds are lenticular 
and not extensive and therefore of no commercial importance. 
Their occurrence, however, is interesting from the geological point 
of view, and may indicate that the rocks in that neighbourhood are 
of true Carboniferous age. Thomson assumed that these rocks were 
of Carboniferous age, and let down into the gneisses by trough 
faulting, but he made no attempt to map the foliation of the rocks 
carefully in the districts over which he travelled. It is worthy of 
note that these carbonaceous bands occur themselves in highly 
metamorphic rock, and seem to have themselves suffered im the 
metamorphism, e.g. the transformation of coal mto bitumen. The 
thin black bands of anthracite-looking material in the gneisses were 
also noted by Thomson. In the present state of our knowledge it 
would not be wise to correlate the thin black bands in the gneisses 
throughout the country generally with the one or two seams of shaly 
coal or bitumen found at Itule on the Lujenda. 

The valley of the Lurio in the extreme south of Portuguese 
Nyasaland is remarkable as being made up of banded quartzites, 
with little or no gneiss and inconspicuous mica. These quartzites 
are particularly hard and strongly marked off in colours of black, 
red, yellow, white, brown, purple, etc. In fact, they should be 
more properly termed banded jaspers. For 150 miles up the 
river, and possibly much more, these quartzites all dip to the 
north, generally at angles of about 50 degrees. The Lurio valley 
is many miles wide, and it.is practically all composed of quartzites ; 
yet the exact width of these quartzites is difficult to determine as 
they seem to grade into the gneisses in some places. More often, 
however, intrusive granite is found along what appears to be the 
line of junction. Across the valley in the territory of Mozambique 
in the south the gneisses could be seen again as huge corrugated 
mountains along the sky-lme. Very occasionally the quartzites 
show sedimentary origin and beds of rounded flints appear. These 
are not common however. The quartzites of the Lurio have many 
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similarities in the field with the rocks of the Swaziland system in 
the Transvaal, and as they are absolutely devoid of fossils and appear 
to lie on a crystalline complex of granite and gneisses it is probable 
that they belong to the very oldest Paleozoic rocks. As in the 
Swaziland system, bedded iron ores are very common. At one 
point, nearly 150 miles from the mouth of the Lurio, the quartzites 
form steep escarpments, and the iron ores are well exposed. As 
the rock weathers the heavier iron ores accumulate below, while the 
lighter materials are washed away in the rainy season. The natives 
gather the ore by hand and smelt it with wood charcoal. They 
show remarkable mgenuity in fashioning spear-heads and axes in 
this crude manner, though the iron is naturally very soft and not 
of much value. 

Throughout the gneisses of the interior and the quartzites of the 
Lurio valley intrusive granite is very prolific. The granite always 
appears of much later date than the intruded rock, and yet often 
ramifies through the gneisses and quartzites in such a fashion as to 
suggest that the granite itself has been subjected to subsequent 
folding with the country rock. A good instance is seen in the granite 
itrusion immediately to the west of the Tertiary deposits in the 
immediate neighbourhood of Pemba Bay. Seams of white quartz 
are prolific over all the metamorphic rocks of the interior, and are 
rather a conspicuous feature. Seams less than 2 inches: thick 
can often be traced for many hundreds of yards, piercing gneiss, 
schist, and quartzites alike in wavy lines, quite independent of the 
bedding or folding. 

The rock outcrops of this country deserve particular note. The 
Tertiary deposits of the coast have been thrown up to form raised 
beaches generally marked off sharply by fault-lies. These Tertiary 
deposits retain their horizontal bedding to a marked extent, and 
are free from foldmg and contortion although faulted. The out- 
crops of the older rock of the interior are very distinct however. 
They are typical Inselberge or isolated mountains, though of 
different architecture. They may rise to a height of 500 feet or more 
above the general level or they may appear a few inches only above 
the soil in the bush. (See Pl. VIII.) They may be differentiated 
into: (a) Bosses of granite evidently intrusive and irregular in plan ; 
(b) steep anticlines of folded metamorphic rock and gneiss oval in 
plan ; (c) escarpments of metamorphic rocks and quartzites generally 
more elongated than the latter type. These three types have 
remarkably smooth surfaces, so smooth, in fact, that it is very 
unusual to find any soil or plants other than the most minute species 
growing upon them. The other type (d) of Inselberg is sharply dis- 
tinct from the three foregoing types, and is composed of huge broken 
and contorted boulders lymg promiscuously one on the top of the 
other. This latter mountain is typical of regions where intense 
contortion and crushing of the rocks have taken place by folding 
in two or more different directions. For example, it is found in 
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Fic. 1.—Typical Inselberg at Ankuahi seen from the west. The axis of the fold is north-south. 

1G. 2.— Typical Inselberg or Whaleback Formation in the bush of Central Portuguese Nyasaland. 
It is composed of gneiss with east-west foliation. 

[To face p. 206 
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the south-east of the country at Jogula and Pomune, where the 
east-west folds of the Lurio valley meet the north-south folds of the 
two anticlinal ridges which run parallel with the coast. It is found, 
also, in the Medo region of the interior, where the east-west folds of 
gneiss again meet folds at right angles more or less. These 
latter Inselberge represent areas of extreme compression, and the 
rocks have been broken and thrown up. All the boulders are 
severely contorted, and show signs of the intense strain to which they 
have been subjected. This type of mountain is naturally not smooth 
in outline like the former three types, but broken and rent in all 
directions. Huge cavities are found in them, generally the retreat. 
of wild animals. There are extensive footholds for soils, and spiny 
prickly plants grow all over them with such natural entanglement 
that it is well-nigh impossible to force a passage to the summit. 

But many of the folded whaleback formations of the interior 
have also snapped and broken by extreme compression, and when 
this has happened the smooth contour is naturally destroyed. These 
faults from their appearance are all of very recent date, and are 
marked by sharp edges. Plants grow and spread rapidly in the debris 
along these cracks and the action of weathering then tends to split 
them into folia which run parallel with the long axis of the formation. 
Although rapidly splitting up, however, they still show their original 
whaleback character. 

The weathering of the rocks in this country also deserves notice. 
Owing to the shortness of the wet season, water plays a very small 
part in the denudation of the country. The chief weathering agent 
is insolation, the expansion and contraction of the rock due to 
alternate heat and cold, and in tropical countries this is no incon- 
siderable factor.. Numerous travellers have commented on the 
sharp crackling sounds given off by the rocks in disintegrating 
by this agency. Insolation causes the rocks to weather in a scaly 
fashion, breaking off layer by layer as it were, and leaving the smooth 
rounded surface already commented oa in the description of the first 
three types of Inselberge. On many of these Iaselberge the contour 
was so smooth that it was impossible to break off a specimen with 
a geological hammer, and the exact nature of the gneiss could scarcely 
be ascertained by a cursory examination of the weathered surface. 
The products of disintegration give rise to a coarse, sandy soil, 
which accumulates in the valleys at such a rate that the rivers in 
their short season cannot remove it. All the river valleys are choked 
with sand and after a season of perhaps two months the rivers 
sink down and disappear in the sand in their own courses. So the 
corrugated mountainous nature of the country is being obliterated 
by the products of its own disintegration. Coarse sand is filling 
up the synclines and valleys and smoothing out the contours, and 
only the tops of isolated mountains now appear above the general 
level. These Inselberge may now be submerged in the sandy soil 
all but a few inches, in which case they are noticeable only by ths 
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lack of vegetation and the natural “clearme”’ in the bush. (See 
Pl. VIII, Fig, 2.) But the vast majority of these outvrops all have 
the same appearance and smooth, rounded contours, like petrified 
whales in a sea ofsand. This “ whaleback ”’ formation refers to the 
first three types of Inselberge menticned shove; the last type is 
only found in isolated districts, and is by no means common over the 
country as a whole. The sandy soil is the nursery of the dry bush 
vegetation, a vegetation which grows with remarkable activity durmg 
the short wet season, and covers the whole country. 

With regard to the age of the rocks of Portuguese Nyasaland, it is 
practically certain that the bulk of the gneiss is Archean. Yet folded 
and faulted into this gneiss are possibly rocks of later Palaeozoic 
age. The quartzites of the Lurio vallev and their similarity with the 
quartzites of the Swaziland system of the Transvaal have already 
been commented upon. It is probable that they lie upon the gneisses, 
although their line of contact is now more or less obliterated. Again, 
there are the carhonaceous beds found at Itule on the Lujenda. 
As coal they have no commercial value, but thev are interesting 
as suggesting that there may be rocks of Carboniferous age in the 
metamorphic complex. Unfortunately none of the numerous 
prospectors have considered it worth while to map out the rocks of 
this region and so nothing has been added to our knowledge of this 
area since the time of Thomson. The lines of foliation of the rocks 
over the north and west of this territory have still to be plotted, and 
until this is done any statements regarding trough faulting and the 
possible age of these metamorphic rocks can only be in the nature of 
vague hazards. The coastal strip of more recent rocks still requires 
some careful geological scrutiny. Many writers have vaguely 
mentioned Cretaceous deposits, yet proofs that any of these rocks 
are of undoubted Cretaceous age have never heen produced. The 
bulk of the deposits are Tertiary and many of them appear of very 
recent date. Fossils are fairly common in these deposits of the coastal 
area, though somewhat obliterated in many places by the action of 
percolating water. Much interesting work might be done in this 
area by a paleontologist. 

The minerals of commercial value m this country require very 
little comment. The beds of impure shale coal and bitumen have 
already been discussed at length. The graphite in the schist might 
be worked in a small way in some localities and the mineral after- 
wards washed in settling tanks to separate out the grit. Iron ores, 
hematite, magnetite, and ilmenite occur in great quantity foliated 
in the gneisses and quartzites over the whole country, but the 
absence of coal and the natural difficulties of extraction render these 
deposits valueless at present. As with many other countries, before 
they have been thoroughly explored, wild and fantastic tales of 
great mineral wealth have spread, gold, silver, precious stones, 
copper, nickel, zinc, and tin being reported in great abundance. 
Subsequent investigations have never justified these reports, 
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however, and it is very doubtful whether any of these minerals 
occur at all in commercial quantities. 

The chief geological feature in Portuguese Nyasaland is the intense 
compression and folding to which the whole country has been 
subjected, resulting for the most part in the formation of ridges and 
valleys running in a north-south direction. Lake Nyasa itself is 
supposed to occupy a huge fault-line in this direction. But there 
have been thrusts from the opposite direction as well, resulting in 
folds at right angles to the above, as, for example, in the valley of 
the Lurio and across the centre of the country. These two thrusts 
are quite distinct from each other, and have each affected many 
thousands of square miles of country. No traveller has yet mentioned, 
so far as the writer is aware, the occurrence of these two great 
earth thrusts in this country, yet these factors will be of vital 
importance when the geology of this te1ritory comes to be studied in 
detail. The lines of foliation over the whole country must be 
plotted and the respective areas affected by these two great earth- 
thrusts mapped out. Much can then be learned with regard to the 
physical features of the country and the geological sequence of the 
rocks. Where the writer marked the boundary lines between the 
two areas in the south-east portion of the territory, much local 
contortion was evident and mountainous heaps of broken boulders 
had been thrown up as already described. To this phenomenon 
are also due the humps or whaleback formations along the line of 
the main ridges already discussed. It is not suggested that these 
two thrusts were contemporaneous. Oa the contrary, the bulk of 
the evidence seems to indicate that the thrust which produced the 
north-south ridges was subsequent to that which produced the east- 
west ridges of the central and southern areas. Indeed, there are 
maay evidences that the former thrust is of recent geological date, 
and may, in fact, be still going on at the present day. These 
evidences are: (1) The raised beaches of the coast which, though 
they may now be 300 feet above sea-level, are all of recent age ; 
(2) The fault-lmes of the raised beaches, e.g. round Pemba Bay, - 
which are still sharp and distinct, although the escarpment is com- 
posed of soft unconsolidated mud which is washed out by thousands 
of tons each rainy season; (3) the anomaly of the deep water of | 
Pemba Bay in a shelving and silting-up coast; (4) the numerous 
rivers which come down from the interior and cut through the two 
north-south ridges parallel to the coast, and which are therefore 
older than these ridges ; (5) the cracks occasionally seen where the 
folded rocks have snapped and which are invariably new and angular 
in appearance ; (6) the folding of the more recent granites along with 
the older rocks into which they are intrusive. 

It is only after all the evidences of a great earth-thrust from the 
east have been studied carefully that the geological formation of 
Pemba Bay becomes comprehensible, and the anomaly of this deep 
harbour on a low and shelving coast explained. Pemba Bay has an 
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area of just over 20 square miles, of which, perhaps, one-third is 
sufficiently deep for ocean-going vessels to anchor in. (See Sketch- 
map.) The eastern arm of the bay is a raised beach, nearly 300 feet 
high, thrown up on the hump of an anticlinal fold parallel to the two 
north-south folds farther land. The “core” of the hump is no- 
where exposed, so it is impossible to say whether it is folded gneiss 
or a granite intrusion. The bulk of the two first-mentioned north- 
south ridges is folded gneiss, but in the nearer ridge due west of 
Pemba Bay there is much intrusive granite. The “ core’, however, 
whatever its substance may be, appears to be of the humped whale- 
back formation which is so common over the entire country. The 
superimposed Tertiary rocks have not folded into the metamorphic 
complex, but have cracked into fault-lines, which are shown in the 
sketch-map. The main fault-lme is north-south, but there are 
several minor faults veering round to the west, and so giving rise 
to the tongue of land which projects into the bay. The deep part 
of the bay apparently occupies, therefore, an original syncline 
in the metamorphic complex. It is deepest close to the fault-line on 
the eastern margin and shallows gradually to the west, where 
mangrove swamps are rapidly encroaching. Rivers flowmg into 
the south and west brmg down vast quantities of sand in their short 
seasons, which also help to silt up the bay on these sides. The 
raised portion is composed for the most part of soft unconsolidated 
mud, identical with the mud of mangrove swamps. This is protected 
by a thin cap of calcareous sandstone, which has been recrystallized 
by percolating water and is very hard. The mud, however, is rapidly 
fallmg away, and the sandstone cap breaks up into boulders forming 
screes down the steep face of the cliff. One of the minor fault-lmes 
(marked B on sketch) is shown in Plate VII, Fig.2. The figure im the 
foreground is standing on the same geological horizon—the calcareous. 
sandstone cap—which appears again on the summit of the cliff in 
the background. The cliff face is the fault-line, composed almost. 
entirely of soft mud, the sandstone cap being only between 30 and 
40 feet thick. A well has been bored through the sandstone cap 
on the top of the hill to the underlying mud for water, and two wells 
have also been bored on the foreshore, net shown in the photograph, 
and water is again found held by the underlyiag mud. Water 
escapes along the junction line of the sandstone cap and inud on 
the cliff face shown in the photograph, and attempts have been 
made to secure this for a water supply. The storage tanks and pipe. 
line, however, being set in the loose mud of the cliff face, fell away as. 
the cliff crumbled. Except for the thin sandstone cap and occasional 
coral rock the boundary walls of Pemba Bay are composed of very 
loose unconsolidated material, which show a decided lack of 
structural stability and clearly indicate formation in very recent 
geological times. 

Another most important natural feature must be considered, viz. 
the drying-up of the whole country within recent times. The rivers. 
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which formerly carved out huge valleys for themselves across the 
country do not exist now except for perhaps two months in the 
year. The Rovuma and the Lurio, though they do persist throughout 
the year, shrink up to narrow and absolutely imsignificant streams. 
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Fic. 2.—Sketch-map of Pemba Bay. 

The mangrove swamps are isolated and in process of being buried 
up in sand. They are poor remnants of the great swamps which 
formerly stretched up and down the coast and left their traces in 
the soft greenish-grey mud which now underlies the sand of the 
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raised beaches in so many places. In the extreme west of the country 
the water-level of Lake Nyasa has been observed to fall considerably 
during the short time it has been known to Europeans. The want 
of water is terrible now, and is reflected in the annual famines and 
rapidly dwindling native population. The absence of water has 
been the most serious drawback to the development of this country, 
and demands immediate and careful study. Water can always be 
obtained by digging in the sand in the synclines and valleys and a 
few native wells exist in these situations, but no serious attempt 
has been made by Europeans to exploit these sources for water. 
It is not a difficult matter for a field geologist to map out likely 
sources of water, or to suggest suitable situations for bormg; for 
example, the syncline between the two north-south ridges and the 
narrow strips immediately to the east and west of these ridges are 
good regions for a constant water supply, and are, in fact, the most 
fertile parts of the country. The River Montepuesi, where it crosses 
the syncline between these two ridges, broadens out into the great 
Lake Biribizi, which remains a swamp for months after the river 
has disappeared. This suggests that engieering attempts might 
be made to deflect the rivers in their short season mto natural 
synclines to form lakes and so conserve the water supply. Water 
is also retained in the porous Tertiary rocks along the shores of the 
Indian ocean, whence it is already obtained by boring wells, as 
described above. 

From the economic point of view, Portuguese Nyasaland is a 
decidedly poor country. Its mineral wealth, in spite of numerous 
reports to the contrary, appears to be nil. Its chief asset is the rich 
loose soil which results from the disintegration of the gneiss and 
granite, and which is exceedingly fertile when water can be obtained. 
The country will probably develop into a rich agricultural state once 
water supply has been assured. The rainfall is considerable, although 
the wet season is short, but exact figures are lacking. A large 
proportion of this rainfall is already conserved in the deep loose 
deposits which fill up the synclines and river valleys. Once the 
sub-arenaceous contours of the hard metamorphic rocks are plotted 
and new wells made in the larger synclines and valleys, the conditions 
in this impoverished country will be greatly ameliorated. 
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Morphological Studies on the Echinoidea Holectypoida 
and their Allies. 

By Hersert L. Hawkins, D.Sc., F.G.8., Professor of Geology, 
University College, Reading. 

XII. PSEUDOPYGASTER, A NEW TYPE OF THE 

ECHINOIDEA EXOCYCLICA FROM THE MIDDLE LIAS 

OF PERSIA. 

PLATE IX. 

(i) LyrropuctTIon. 

TASSIC Irregular Echinoids are rare. The interest attaching 
to them is exceptionally great, and is enhanced by this rarity. 

Separation of Exocyclic from Endocyclic types can hardly have 
preceded the Rhaetic period ; hence each Irregular form found in 
the Lias might be expected to display evidence as to the origin of 
its sub-class. It cannot be claimed that the few such genera known 
fulfil expectation. Plesiechinus (represented by P. reynesi) occurs 
in the “‘ Charmouthian” ; itis but little removed from “ Regularity”, 
but the Bajocian species P. ornatus (which is locally abundant) 
seems “just as good” in that respect. Holectypus appears in the 
Toarcian with H. conquensis ; its occurrence at this horizon gives 
a striking illustration of morphogenetic acceleration, and thereby 
a negation to hopes of “ genealogical” evidence. Species of 
Galeropygus are recorded from the Upper Lias; orthodoxy would 
probably repeat the preceding sentence here, but vide infra. The 
case of Collyrites, recorded from deposits of Liassic age, must surely 
be compared with that of Holectypus; for every feature of the 
Collyritidae is in violent contrast with “‘ Regular” structures. 

Loriolella should have accompanied these four genera in the 
foregoing paragraph, according to its founder, Fucini; but for 
reasons set forth below it deserves separate consideration, Not 
the least of these reasons is the discovery (by Lambert) that the 
periproct was enclosed by the apical system, so that Loriolella is 
not an Irregular Echinoid. Lambert places it near Mesodiadema and 
Orthopsis. Fucini’s figures of LZ. ludovicit are somewhat obscure ; 
while comparison of his diagnosis of the genus with that given by 
Lambert & Thiéry (1911, ‘‘ Essai de Nomenclature,” fasc. iii, p. 195) 
arouses a passing suspicion that wholly different types are con- 
sidered by the two writers. However, after careful study of 
Fucini’s account, I feel convinced that his specimen was described 
upside-down. Only on such an assumption is it possible to reconcile 
the two generic diagnoses: without it Loriolella would be more 
extraordinary than its author realized. Then the “ slightly con- 
cave upper surface”? becomes the adoral surface ; the ambulacra, 
“ widest at the apex and gradually tapering towards the peristome,” 
are inverted to conform with those of all other Echinoids; the 
interradial tubercles, “‘ fairly large on the upper surface, becoming 
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indistinct on the lower surface,” agree with Lambert’s phrase “ ces 
tubercules s’atrophient a la face supérieure’ ; the “ compact apical 
system with five apparently equal genital plates” is transformed 
into the “ péristome extrémement étroit, a scissures interambulac- 
raires en fentes assez profondes”’ (Lambert); and the “ central, 
exceedingly large peristome ”’ is the “‘ apex trés large, occupant une 
grande partie de la face supérieure’. The only discrepancy in the 
two diagnoses unsolved by this inversion is in the description of 
the ambulacral pores, which, to Fucini, appeared diverse (“ pori 
della serie interna sono spiccati e rotundi, quelli della serie esterna 
molto allungati obliquamente ’’), and to Lambert, “ pores simples ”’. 
Possibly imperfect preservation misled Fucini; anyhow, Lambert’s 
account seems to me the more credible. 

The foregoing lengthy comment on an obscure and confusing 
genus is necessary in view of the two specimens on which this 
paper is based. Some months ago my friend Professor D. M. 8. 
Watson told me that he had seen, im the British Museum, two 
“ Pygasters ”’ in a collection of Persian Liassic Ammonites entrusted 
for study to Dr. F. L. Spath. At the earliest opportunity I sought 
out Dr. Spath, and the collection was promptly and courteously 
displayed. After the sensation of disappoimtment at the state of 
preservation (if such it can be called) of the specimens had somewhat 
abated, desperate examimation of the less imperfect example was 
undertaken. Soon it appeared that most features of importance 
were more or less accessible, and that the labels attached to each 
specimen (““ Pygaster, Kelat ’”’) were not so grotesquely maccurate as 
had seemed probable. It was obvious that the name Pygaster, even 
in its widest sense, could not be applied to the form; but the 
periproct was typically Pygasterid, in form and position. 

At the time of this preliminary view of the material, I had 
not seen Lambert’s revised account of Loriclella, and several years 
had elapsed since I had read Fucini’s paper. However, Lorzolella 
was the only type that commended itself to my memory as com- 
parable with the specimens before me. Mention of its name gave 
a pleasant surprise to Dr. Spath and myself. He explained that the 
Ammonite fauna from Kelat showed striking affinity with that from 
the Italian Lias, and that Fucini’s monographs were in constant 
use for purposes of comparison. So that both of us were confirmed 
in our views by this unexpected coincidence. 

Almost persuaded that the Persian Echinoids would prove con- 
generic with ZL. ludovici, I renewed acquaintance with Fucini’s 
paper (1904, Ann. Univ. Tosc., xxiv). Pomt by point the new 
specimens were compared with the description of the Italian type, 
and in many respects the agreement was extraordinarily close. But 
the “peristoma grandissimo” of Fucini’s diagnosis seemed to 
counterbalance all the approximations, for the small size of that 
aperture is one of the most striking features of the Persian form. At 
that stage of study, the Kelat Echinoids seemed to represent a new 
genus closely akin to the “ Exocyclic ” Loriolella. 
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The next stage was spent in comparison of the new type with 
Mesodiadema. At first the nature of the surface-ornament afforded 
the best basis for this comparison ; but gradually all of the visible 
features (except the periproct) came into line, until the Persian 
form proved nearer to Mesodiadema than to Loriolella, with the 
reservation just made. 

The last stage in growth of my opinion on the problem opened 
in bewilderment. Lambert & Thiéry’s “ Essai de Nomenclature ”’, 
fasc. iii, 1911, came into my possession. Mesodiadema and Loriolella 
occur there on the same page in direct sequence, thus confirming 
my use of both genera for comparison ; but Loriolella seemed trans- 
formed! Ina previous paragraph I have shown the apparent reason 
for this transformation ; but there remained the greatest stumbling 
block of all. Loriolella had become a Regular Echinoid! The 
revised diagnosis, apart from its context, had almost succeeded in 
restoring my first opinion—the Kelat forms represented a new 
species of Loriolella! But the last sentence in Lambert’s account 
—‘ Jun de nous a constaté que le périprocte ne s’ouvrait pas hors 
de l’apex ”—sent me back to the better of the specimens to find 
if I had been deceived. The region of the periproct was developed 
further, even to the point of etching with acid, and examined wet 
and dry, with naked eye, lens, and microscope, directly and in 
photographs, and (most important of all) with half-conscious 
expectation of finding a narrow genital, or its scar, enclosing the 
aperture. But I am absolutely convinced that no such plate 
exists, and that no such plate existed (unless in earlier ontogenetic 
stages) in the new type. The periproct extends backward farther 
than in any species of Pygaster; the apical system, though 
practically invisible, must have been quite large, and its site is 
clearly indicated ; the coronal plates curve towards the periproct 
exactly as in Pygaster or the Nucleolitide ; and I have no hesitation 
in placing the Persian forms among the Echinoidea Exocycloida. 

In spite of their great resemblance to Mesodiadema and Lorvoleila, 
they cannot find a home in either of those Endocyclic genera— 
they are not Pygasters (nor, indeed, Holectypoids), and there is 
certainly no other Irregular genus into which they could be forced. 
Their affinities will be discussed later; but their difference from 
all known types is of such a nature that a new genus, and even a 
new family, are needed to give it expression. 

(ii) Diagnoses AND DESCRIPTION. 

PsSEUDOPYGASTERID& Fam. nov. 

Euechinoidea, Irregularia, ? Nucleolitoida, of subglobose form 
and subpentagonal ambital outline. Apical system almost unknown ; 
apparently large and eccentric posteriorly. Peristome pro- 
portionately minute, practically central, with ? feeble branchial 
incisions, but no perignathic girdle (hence edentulous ?). Periproct 
very large, posteriorly exocyclic, on the adapical surface, probably 
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related to apical system as in Plesiechinus. Ambulacra exceedingly 
narrow, homogeneous, built (? exclusively) of small, low primaries 
bearing small, “approximately similar granules. Pore- -pairs minute, 
homogeneous and uniserial ? throughout. Interambulacra pro- 
portionately very broad ; built of low, bent plates each bearing a 
single scrobiculate, ? perforate, primary tubercle near the adradial 
margin, and sundry scrobiculate granules scattered irregularly among. 
the abundant fine granulation. Primary tubercles never large, but 
notably reduced on the adapical surface, Radioles, etc., unknown. 

PSEUDOPYGASTER Gen. nov. 

(Genotype: P. eos, Middle Lias.) 

Pseudopygasteride with the characters of the family. 
PSEUROPYGASTER EOS sp. nov. (PI. IX, figs. 1-6.) 

(Holotype: Brit. Mus., No. EK, 16505, Lower part of Middle Lias, 
Kelat Valley, Persia. Paratype: Brit. Mus., No. E, 16506, same 

horizon and locality.) 

Measurements in millimetres. 

Ant. post. diameter . { : : 5 HORS == 
Max. Transv. diameter : : : . 42:5 = 1-04 
Height . : ; : 4 , ¢. 22-5 == 0:55 
Apical system (axis 2 — §D : : fe 250) == Ol 
Peristome. 5 : Cy) Fo — 10208 
Periproct (greatest width visi ble) : 5 2 

Interambulacrum (width on ambitus) . 4 ZO Sel 
Ambulacrum (width on ambitus) : OO 

Plates in interambulacral column on adoral 
surface : : : ! . Gaal 

No. of amb. plates to one iamb. (on 
ambitus) . ‘ d ; ; Gh) 

The ambital outline (Figs. 1, 2) is subpentagonal, with the 
angles equally truncated. The angles of the resulting decagon 
coincide with the main interradial tubercle-series. The posterior 
interambulacral margin is strongly concave. The ambitus is very 
tumid (Hig. 3); the adapical surface is roughly hemispherical, the 
adoral surface almost flat. The apical system is invisible, save 
possibly for the distal angle of the madreporic genital and the site 
of ocular V as determined by the tapering of the ambulacrum 
(see Fig. 1); it must have been proportionately large, and will 
have been centred on a point well behind the adapical pole. The 
peristome (Fig. 2) is almost exactly midway between the anterior 
and posterior 1 margins ; but, making allowance for the concavity of 
interradius 5, is very slightly in front of the centre. Its margin 
is apparently circular, with doubtful traces (in negative) of very 
feeble branchial incisions, but no indication whatever of perignathic 
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structures, whether radial or interradial. Only the posterior part 
of the periproct (Fig. 1, 3) is exposed; this is almost vertical in 
situation (owing to the inflation of the test), and extends with sub- 
parallel sides to about the ambital level, there closing rapidly (with 
slight asymmetry) to an obtuse angle. The exposed portion is 
definitely exocyclic. 

The ambulacra (Fig. 5) are extremely narrow, straight, faintly 
convex transversely, and less prominent than the interradial 
carinae. The plating is entirely primary in visible parts, but may 
have been more complex towards the peristome, where a slight 
increase in width suggests development of a small hypophyllode (see 
Fig. 2). The small plates are perforated by very minute pore-pairs 
near to their adradial margins; each bears a granule perradially, 
and many support two, when the inner (perradiad) granule is very 
insignificant im size. The outer (main) granules are subequal, but 
those on every third plate are perhaps a little larger than those 
intervening. There are about ten ambulacrals to each inter- 
ambulacral plate on the ambitus. 

The interambulacra are very broad (Figs. 4, 6), and obtusely 
carinate at a distance (on the ambitus) of 3-5 mm. from the adradial 
sutures; they are slightly tumid along the interradial lines, 
except in the case of 5, which is markedly concave in that region. 
The plates are low and broad, especially on the adapical surface ; 
their transverse margins are deflected adorally in crossing the 
carinae; those of area 5 are sharply bent adorally near the 
periproct (see Fig. 3). The ornament is profuse; a single series 
of primary, scrobiculate, ? perforate tubercules is placed on each 
carina; these tubercules are fairly large (diam. of scrobicule 
1 mm.) on the adoral surface, hut become suddenly reduced on the 
ambitus (and above) to a diameter of only -5mm., perhaps in- 
creasing again near the apex. The rest of the plate-surface is covered 
with a granulation approximately homogeneous, but including 
occasional scrobiculate granules larger than the rest. No 
determinable order appears in the arrangement of the minor 
ornament. 

Note——Both specimens are preserved in a pale grey limestone 
of great hardness and almost lithographic texture. In the holotype 
the greater part of the test is wanting; the remaining fragments 
are of a yellowish colour, and display the ornament in a much 
weathered condition. Part of amb. I, round about the ambitus, 
shows the sutures very clearly. Much of the adapical surface is 
obscure, partly by fracture, and partly by incrustation. The region 
of the “‘ posterior surface ’’ around the periproct seems to have been 
scraped with a knife, but very little thickness of test has been 
removed. The peristome is blocked by a shell, and, since the test 
is missing there, there is some difficulty in determining its true 
outline. The paratype has been carved out of its matrix, and 
also broken into three pieces. It is slightly more acutely 
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pentagonal than the holotype, but shows nothing distinctive save 
the peristome, which agrees absolutely with that of the more complete 
specimen. 

(iii) Comparisons AnD Discusston. 
There can be no question as to the approximation of Pseudo- 

pugaster to Loriolella. Save for its absolute “ Irregularity ” it 
shows few features of difference worthy of more than specific 
separation. The apparent feebleness of the branchial incisions in 
Pseudopygaster might be considered an important contrast; but in 
view of the unsatisfactory preservation of the two specimens, it 
seems unsafe to lay much stress on this point. The relationship 
between the two genera can be expressed in the following way : 
if fresh material of Pseudopygaster should prove that I am mis- 
taken in my belief in the absence of the fifth genital plate, or if 
new specimens of Loriolella should show that Lambert has wrongly 
ascribed such a plate to that form, then the question of including 
the new genus in Loriolella would be open to discussion, although 
the species certainly cannot be merged in L. ludovici. I have no 
anticipation of the former contingency, and should be surprised if 
Lambert’s statement proved incorrect, although I know of no 
evidence in its support. Tt is an interesting commentary on current 
classification that, in the light of present knowledge, these two genera 
stand together so closely as to suggest unity, but between them 
there is a “ great gulf fixed’, by which they are destined to 
remain in two different subclasses! The anomaly is rendered more 
startling by the conception that Psewdopygaster must surely have 
been virtually a Loriolella in earlier ontogeny ! 

Although the general form and aspect (and, of course, the 
periproct) of Pseudopygaster are in strong contrast with those of the 
various species referred to Mesodiadema, many of the details of 
the one are extremely like those of the others. The diagnoses of 
Mesodiadema given by Bather (1909, “ Triassic Ech. of Bakony ’’) 
or Lambert (1911, loc. cit.), taken separately or combined, could be 
applied almost verbatim to Pseudopygaster, omitting the word 
** Diadematoid ” from the former and the phrase “‘ Test de petite 
taille’ from the latter. Indeed, the inconspicuous character of 
the branchial incisions 1a the Orthopsid genus brings it nearer to 
Pseudopygaster than Loriolella, with its “ scissures—assez pro- 
fondes”’. Perhaps the large size of the apical system in the last- 
named types may counterbalance this feature; since the apex of 
Mesodiadema, though anknown in detail, seems not to have been very 
extensive. Nevertheless, on the evidence available, its exocyclic 
periproct is the only satisfactory peculiarity of Pseudopygaster, 
when compared with Mesodiadema, although size and form provide a 
superficial distinction. In this connexion it is interesting to 
notice that the tubercles in Triassic species of Mesodiadema had 
confluent scrobicules, and that the proportionate size of the 
tubercles is much reduced in Liassic form (see Figs. 7, 8). 
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The contrast between Pseudopygaster and the Cidaridae is great, 
but there are three counts on which comparison is_ profitable. 
The unituberculate nature of the interambulacral plates is one 
of these resemblances, but this is somewhat discounted by the 
exceedingly non-Cidarid proportions of the tubercles. However, it 
suggests a lack of progress in this feature of Pseudopygaster. A 
more striking comparison is found in the narrowness of the ambulacra 
and the relatively great number of ambulacral plates. Ten 
ambulacrals to each interambulacral (the condition at the ambitus) 
represents a proportion about twice that normal to “ Diadematoid ” 

*or “ Exocyclic” types (excluding ferms with elaborate plate- 
combination), while the extreme narrowness of the areas enhances 
their resemblance to Cidarid ambulacra. Again, the large size of 
the apical system might indicate Cidarid affinities. 

Lastly, the assumed magnitude of the apical system is certainly 
suggestive of “ Calycine ” relations, but in the absence of evidence 
as to the composition of the region nothing further can be said 
in this connexion. 

Plesiechinus, in respect of its small departure from “‘ Regularity ” 
and its chronological position, would seem to be the most 
appropriate of known Exocycloida for comparison. Further, it is 
regarded almost universally as the probable ancestor of all 
Irregular Echinoids. But size and periproct position are the only 
features where comparison with Pseudopygaster is possible, and 
even the latter of these shows many important differences. Con- 
trast is the dominant impression when the two genera are considered 
together. Plesiechinus las a large, gnathostomatous peristome 
deeply embayed by branchial incisions; in Pseudopygaster the 
corresponding qualities are small, almost certainly edentulous, and 
practically negligible notches for branchiae. The ambulacra of 
Plesiechinus are almost one-third the width of the interambulacra, 

and consist of plates (mainly primaries) with well-defined perforate 
tubercles set in ternary arrangement; Pseudopygaster shows 
ambulacra hardly one-tenth of the ambital width of the intervening 
areas, built of primaries (perhaps not entirely so near the peristome) 
with inconspicuous granules fairly evenly distributed, and no 
tubercles. Plesiechinus has several columns of tubercles in the 
interambulacra in addition to a practically median “ Cidaroid ” 
column; Pseudopygaster has but the single column of interradial 
tubercles, eccentric in position. To summarize, Plesieckinus is 
a typical Holectypoid, and Pseudopygaster is just as definitely not 
a member of that order. 

Excluding an imperfectly known member of the Collyritidae, 
Galeropygus remains the sole Liassic genus of Irregular Echinoids 
with which comparison is feasible. And it must be admitted that, 
at first sight, there appears little promise of such a comparison 
proving fruitful. However, the hemispherical outline of 
Pseudopygaster proves, on closer analysis, the only striking contrast 
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between the two genera; while the correspondence in detail seems. 
too close and too comprehensive to be merely fortuitous. Remove 
the interambulacral tubercles from the adoral surface of 
Pseudopygaster, and the resulting aspect is almost exactly that of 
Galeropygus. Even the ambital outline, with the more prominent 
angles on the interambulacra, is in agreement; the straight, narrow 
ambulacra, with suggestion of slight orad expansion into incomplete 
hypophyllodes surrounding a faintly eccentric, proportionately 
minute peristome could hardly be more alike. The very slight. 
degree of asymmetry in the peristomial aperture, and the lack of 
dental armature are additional resemblances; but, in view of the’ 
preservation of Pseudopygaster, must not be unduly emphasized. 
Further, I am of opmion that complete obliteration of the inter- 
radial tubercle-series of Pseudopygaster would weaken the com- 
parison. On the adoral surface of Galeropygus two blunt carinae, 
reinforced by knobs situated on or near the transverse sutures, 
pass up the interambulacral columns to disappear at the ambitus (see- 
Fig. 9). The transverse sutures sway adorally in crossing these 
carinae, which may well be considered as relics of the abandoned 
tubercle rows. Pseudopygaster shows approximate atrophy of the 
tubercles above the ambitus ; and, while it is possible to ascribe some 
adaptive purpose to this phenomenon, the “ law of localized stages 
in development’ would suggest that subsequent derivations from 
Pseudopygaster would show progressive decrease in major tubercula- 
tion. Again, the sporadic occurrence of scrohiculate granules on 
the adapical surface of Pseudopygaster would produce, by an increase 
in their number relative to the normal granules, an ornamentation 
precisely like that of Galeropygus. 

In the matter of the periproct an element of contrast appears. 
That aperture in Pseudopygaster is broad and extends to the 
ambitus ; in Galeropygus it is narrow and rarely covers half the 
distance between the apex and posterior margin. The deep posterior 
sulcus of Galeropygus seems foreshadowed by the shallow invagina- 
tion around the exposed parts in Pseudopygaster ; and its depth in 
the former genus is probably connected with the depressed shape of 
the test. The apical system shows marked differences, assuming 
that its dimensions in Pseudopygaster are correctly determined ; 
for that structure in Galeropygus is exceptionally small in area. 
However, a morphogenetic sequence back from Galeropygus would 
almost certainly imply a tendency towards Cidaroid qualities, and 
would thus involve increase in the relative dimensions of the apical 
system. 

It thus appears that Pseudopygaster shows closer correspondence 
with Galeropygus than with any other Irregular Echinoid, although 
its affinities, Irregularity apart, are much more with the primitive 
Orthopsidae such as Mesodiadema and Loriolella. At least, it 
has only the remotest connection with the Pygasteridae. It 
is, of course, possible to dismiss this new type as a blind 
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offshoot from the Orthopsid stock, bridgmg the gap between 
Endocyclica and Exocyclica, but leading nowhere. But in view of 
the evidence at present available, the possibility of a direct sequence 
to Galeropygus seems equally likely. If further material, more 
satisfactorily preserved, should be forthcoming, the latter alternative 
may well appear preferable. And, in such an event, a radical 
change in classification oi Irregular Echinoids would result. The 
whole “ Exocyclic ” series would prove diphyletic, the Holectypoida 
and Nucleolitoida being divergent stocks, practically synchronous 
in appearance, but quite distinct in origin. Such is the interpreta- 
tion that I incline to give of the new type here described; but 
without better material the following scheme must be regarded as 
purely tentative and in some measure hypothetical. 

DraGRaM OF PROBABLE LINES oF DeEsceNT AMONG JRREGULAR 
EcCHINOIDS. 

HOLECTYPOIDA NUCLEOLITOIDA 

CLYPEASTROIDA CENTRECHINOIDA SPATANGOIDA 
Recent and 
Tertiary. CASSIDULOIDA 

CLYPEIDE 
Cretaceous. 

Oolitic. 

| COLLYRITIDE 
Liassic. pip ees GalLEROPYGUS 

DIADEMOPSIS PSUDOPYGASTER 

Triassic. MESODIADEMA 

EXPLANATION OF PLATE 1X. 
rid. 
1.—Pseudopygaster eos (Holotype), adapical view. 
2.—P. eos, adoral view. 
3.—P. eos, posterior view. 
4.—P. eos, two interradial plates below the ambitus. 
5.—P. eos, part of Amb. I almost on ambitus. 
6.—P. eos, an interradial plate above the ambitus. 
7.—Mesodiadema marconissae (after de Lorial). 
8.—WM. latum (after Bather). 
9.—Galeropygus agariciformis. Adoral surface. (The ‘“ knobs” on the inter- 

radial carinae are slightly over-emphasized.) 

POSTSCRIPT. 

With this note the series of papers under the title “‘ Morphological 
Studies on the Echinoidea Holectypoida and their Allies ” is brought 
to conclusion. This does not imply that I have written all I hope 
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to write on the subject, but that the series would obviously 
continue as long as I live unless arbitrarily checked. An endless 
serial tends to become a nuisance, especially when the com- 
plexity of the plot produces a succession of virtually distinct 
“short stories’. Distractions from research crowd upon me (as 
witness the spasmodic appearances of the later parts of the series), 
and distractions among the Echinoidea themselves render incon- 
venient the restriction imposed by a specialized title. I can only 
hope that future workers will find some useful information (or 
even provocation) in the twelve notes here completed, and can 
confidently claim that the series concludes with a suitable climax. 
Those who care to read, in chronological order, the twelve papers 
and the laiger work (Phil. Trans., 1920), which is really a member of 
this series, will detect a gradual growth of suspicion that the 
Holectypoida may not, after all, be the ancestors of the whole 
group of Irreeular Echinoids. Slowly that conception has grown as 
a result of comparative studies, and here I am able unexpectedly 
to submit a tangible, though far from satisfying, fragment of 
evidence in its support. Encouragement of such a nature may 
permit the closing of a series of papers, but cannot fail to open 
new, and wider, prospects of research. 

A Quartz-Eyed-Gneiss from Mesopotamia. 

By Dr. Hans Reuscu, late Director of the Geological Survey 
of Norway. 

(ieee great winged man-lions from Mesopotamia are some of the 
most conspicuous and most wonderful objects in the British 

Museum. When visiting that museum last September I was greatly 
interested as a geologist in examining the kind of rock of which they 

Fic. 1.—Irregular quartz fragments embedded in matrix of sparagmite, eyed- 
gneiss, Mesopotamia : natural size. 
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are composed. This rock is, I suppose, usually taken to be a granite, 
but it is not an igneous rock. On the contrary, it is of sedimentary 
origin, a felspathic sandstone (arkose or sparagmite) of very coarse 
grain, almost bordermg on a conglomerate. In the most 
characteristic variety, from the palace of Sargon, the chief con- 
stituent is white quartz in lumps varying in size between that of a 
hazel-nut and an apple (see Fig. 1). These are embedded in a 
cement of coarse-grained sparagmite. A notable peculiarity is that 
the fragments of quartz have very irregular contours, giving the 
appearance of an invasion of the larger fragments by the ground- 
mass. In other varieties (Palace of Assurbanipal) the fragments of 
quartz are smaller and may in some cases show no distinction from 
the quartz-grains of the groundmass. 

This type of rock is an old acquaintance of mie, being a quartzose- 
eyed-gneiss such as I have described from the neighbourhood of 
Bergen, in Norway,! but the oriental variety, with larger quartz- 
fragments, is a more glorious rock ; indeed, to a petrologist it is a 
wonderful sight, a rock which has been preserved without weathering 
in a remarkable way for many centuries. 

Fic. 2.—Folded granite veins in eyed-gneiss, Mesopotamia: one half natural 
size. 

There are only very indistinct traces of stratification or none at 
all, but a study of the Norwegian locality has convinced me of the 
sedimentary nature of the rock. The Bergen occurrence belongs 
to the Ordovician system, which by regional metamorphism has 
been converted into crystalline schists: the oriental rock is also 
obviously metamorphic. The variety from the palace of Sargon is 
seen to contain small granitic veins, closely folded as in Fig. 2. 

I do not know whether the place is known whence the ancients 
got the material for these remarkable monuments. The rock is 
so characteristic that there should be no difficulty in fixing the 
locality. 

1 Reusch, Silurfossiler og pressede Konglomerater i Bergensskifrene, 
Kristiania, 1883, and (German translation) Die  fossilienfiihrenden 
krystallinischen Schiefer von Bergen in Norwegen, ausg. von R. Baldauf, 
Leipzig, 1883. 
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A Recent Exposure of the “Marine bed”, Hordle, 
Hants. 

By M. E. J. CHANDLER. 

(Numbers in brackets refer to the Bibliography at the end.) 

QURING part of the year 1920-1 the much-discussed “‘ Middle 
Headon Marne” bed was again exposed in the clifis near 

Milford, in such a position that there could be no doubt of its being 
truly in situ. No records on this subject have appeared for nearly 
forty years, and the recent exposure has given an opportunity of 
verifying the observations of earlier writers, and of explaining the 
discrepancies which occur in their several accounts. 

The exposure, which was only 20 feet long, was seen some 14 yards 
to the west of the cliff steps opposite the Victoria Hotel, Milford ; 
it must, therefore, coincide approximately in position with the 
exposures noted. by Searles Wood (1) and Wright (2), and with 
the deposit reached by Keeping and Elwes in their trial-pit in 
1883 (8). 

The succession is described below, while for purposes of comparisen 
sections of the same beds as developed to the east and west are also 
given in order to show the changes in facies which occur. 

Western development ; cliff- 
section a little to the east of 

Hordle House. 

ft. in. 
Gravel. 

3 O 4 Greenish marl. 

,Dark streak 2 in., 
with teeth, bones. 

Green mar], weather- 
ing white, thick 
with Limnaea and 
Paludina, about 
1ft. (= Limnaea 
Marl or Rodent 
Bed). 

Pale greenish-brown 
clay passing into 
white sands, 

passing into 
Laminated clays, 

2 0 | purple - grey with 
Paludina and Unio 

Limnocarpus Band 
thick with seeds of 
Limnocarpus, and 
with Paludina, Unio, 
and Melania. 

Section in the cliff below 
Victoria Hotel. 

Easterly development ; cliff- 
section near Paddy’s Gap. 

ft. in. 

Gravel. 

4 0 + White sand. 

Marine pocket, 10 in. 
White sand, few 

1 9 
Marine pocket, 5 in. 

3 0) White sands 
occasional 
clayey streaks, 

passing into 
Laminated clays as 

in columa 1. 

with 
thin 

bo 0 

| 
| 
| 
| 
| 

marine shells, 6 in. 

ft. in. 

Gravel. 

| 
White sand with 

occasional green 
clayey streaks. 

; Laminated clays as 
0 in column 1. 

Limnocarpus Band 
as in column 1. 

Limnocarpus ioe 
as in column I. 
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The marine bed occurs as pockets, composed almost entirely of 
whole shells or of shell fragments, in the white sands (Fig. 1). The 

highest pocket was lenticular, about 10 inches deep at the thickest 

point. There was a similar pocket 6 inches below it, whose western 
extremity was obscured by much vegetation-clad debris. In the 
6 inches of sand between the pockets a few scattered marine shells 

were found. 
The fossils agreed closely with those from the Marine bed in the 

Keeping Collection, Sedgwick Museum. There could be no doubt 
as to the identity of the deposits. The following were obtained :— 

Anzilla buccinoides, Lam. 
[= pyrgota, Edws.] 

Balanus unguiformis, Sow. 
Bayania fasciata, Sow. 
Bulla estuarina, Edws. 
Cancellaria (Bonellites) muricata, 

Wocd. 
Cardium ? 
Corbula cuspidata, Sow. 
Cyrena obovata, Sow. 

»,  pulchra, Sow. 
Cytherea suborbicularis ? 
Lepton nitidulum Wood. 
Lucina albella, liam. 
Melania acuta, Sow. [= muricata, 
Wood. | 

Melanopsis subfusiformis, Morris. 
Murex sexdentatus, Sow. 
Miya anqustata, Sow. 
Natica labellata, Lam. 

, Studeri, Bronn. 
Neritina aperta, Sow. 

5» eoncava, Sow. 
Nucula deltoidea, Lam. 
Odontaspis elegans, Ag. 
Ostrea velata, Wood. 
Paludina lenta. 
Pisania (Tritonides) labiata, Sow. 
Planerbis sp. 
Potamides funatus, Sow. 

- pseudo-cinctus, D’ Orb. 
Scalaria laevis, Morris. 

These fossils were identified by comparison with the Keeping 
collection, where they were almost all represented. The only new 
record of impertance was the occurrence of Odontaspis elegans. 
Marine, brackish, and freshwater fossils occurred side by side, 
and the shells were mostly so crushed and worn that the larger ones 
were hard to obtain entire. 

A glance at the table on p. 224 shows that eastwards the white 
sands attain a greater development, but to the west, on the contrary, 
they diminish in importance and quickly pass above into greenish 
marls, which include the Limnaea Marl and extend to the base of 

the gravel. 
The controversies relating to the Marine bed are really concerned 

with its position in the Hordle cliff-section relative to the Lower 
Headon Freshwater beds. 

The earlier writers, Searles Wood and Wright (1, 2), believed it to 
be intercalated between a Lower and an Upper Freshwater Series, 
a statement disputed later by Tawney and Keeping (4), as it was 
clear from the descriptious that the Upper Freshwater series con- 
sisted of the Unio clays and white sands which constitute the highest 
beds of the Lower Headon Freshwater Deposit. The clue to the 
situation is, however, furnished by Searles Wood himself, for in his 
paper he stated that he considered the portion of cliff to the east 
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of the marine bed as the Upper Freshwater, “ more from position 
than from its organic contents. Indeed,” he adds, “‘ I am not 
acquainted with any species peculiar to this stratum; for I have 
found all... in the Lower Freshwater at Hordle.” 

If the gentle south-easterly dip of the Headon series prevailed 
throughout the cliff-section, then the easterly position of the fresh- 
water beds under discussion would necessitate their being higher in 
the sequence than freshwater beds to the west. But towards 
Milford the dip decreases, and the beds are all but horizontal ; con- 
sequently successively higher strata are nol brought into the section, 
and the clays and sands seen are still a part of the Lower Fresh- 
water series, and, as such, can be traced more or less continuously 
far to the west. 

The next published observations are those of Barbara, Marchioness 
of Hastings (3). She said that the highest bed of the Lower Headon 
was 6-8 feet of greyish sand without fossils in the upper part, but 
about half a mile from the point where the bed rises, a narrow dark 
clay band containing crushed rodent-jaws and bone fragments was 
seen at its base. Below the dark band there was an incompletely 
consolidated limestone, 5-10 inches thick, consisting of an 
agglomeration of Limnaea and Paludina. These beds constituted 
her division 1 of the series. Her dark band and associated shell 
marl clearly correspond to the Limnaea Limestone and overlying 
dark layer with teeth, given in the table on p. 224, column 1, the 
creyish sands to the thickness of barren sands near Paddy’s Gap 
further east, “‘ where the bed rises.’ In common with Searles 
Wood and Wright she evidently regarded the beds (sands) in the 
east as higher than those (marls) found in the west, but otherwise 
the facts that she states are quite in keepmg with what is now seen. 

Her second bed is the Marine bed which she states clearly is the 
lateral (easterly) equivalent of the Limnaea marl and dark clay 
(part of her bed 1). Her third bed is the purple-grey laminated 
clay, so that her observations are strictly m accordance with the 
facts recently noted, though she does not emphasize them and would 
appear to have missed their probable significance. 

The attitude of Tawney and Keeping in 1883 (4) was in large 
measure responsible for the subsequent disagreements. They began 
by assuming that the Marine bed was the Muidle Marine Headon 
of the Isle of Wight, and must, therefore, lie above the whole series 
of Lower Headon Freshwater beds. Hence the section for which 
they contended was as follows :— 

Gravel. 
Middle Marine Headon. 

Bed 33:..:) ,Green.clay . P ; . = sat Leet; 
Brownish carbonaceous clay . sie cl MD 

passing into 
Bed 32... Limnaea marl, bones, Limnaea, Daludeca ' 

y é 1 ft. 10 in 
Pale greenish brown clay 
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Bed 31. Pale greenish clay with sands, sands pre- 
dominating. Few fossils near the top. 
Alternating lammated purplish-grey 
clay and sands with Umno, Melania, 
Paludina : Beatie any IMO) roa. 

I have read and re-read their paper Garchily. ana certain passages 
in it can only be regarded as a confession that the Marine bed had 
never been seen in the position here indicated, though for the 
reason given above thev placed it there. For the same reason they 
also contradicted the Marchioness of Hastings’ statements, asserting 
that she had inverted the order of her beds so that her number 2 
(marine) should come above her number 1 (Limnaea marl in the 
west, white sand in the east), and they considered it impossible that 
6-8 feet of grey sand could occur above the marine bed as she had 
observed. 

Shortly afterwards Elwes drew attention to work undertaken by 
himself and Keeping, in the hope of settling the disputed points (8). 
A pit was dug to the west of Paddy’s Gap, and the successien seen 
therein was as follows :— 

Soil, 1 foot. 
Gravel, 253 feet. 
Whitish sand, 1-14 feet. 
Marine bed, 1-14 feet. 
Light bluish-green clayey sand with Paludina and Unio. 
This would give the Marine bed the same sort of position in the 

sequence as shown on p. 224, column 2, i.e. above the Unio bed, and 
within the sandy bed, which is the topmost horizon of the easterly 
development of the Freshwater series. 

The great stumbling-block has evidently been the failure to 
appreciate the variability of these freshwater strata when traced 
laterally ; making due allowance for this, the apparently discordant 
records can easily be explained. The changes that occur may be 
merely a question of thickness, or, according to the position in the 
cliff, they may concern the general character of the beds. In proof 
of this one has only to look at the three distinct vertical sections on 
p. 224, which were taken at intervals through the same beds within 
a space of less than half-a mile. Of these sections that in the middle 
column agrees essentially with Elwes’ and Keeping’s trial hole 
section, and with the easterly section with white sands implied hy 
the Marchioness; that in the first column agrees with the 
Marchioness’s westerly section, and with the one given by Tawney 
and Keeping, omitting the Marine bed which had never actually 
been seen in that position. 

With regard to the stratigraphical significance of the Marine bed, 
the field evidence strongly supports the view advocated by Judd 
when the subject was under discussion in 1883 (7). The character cf 
the deposits is all in favour of their being formed as pockets in — 
brackish water, due to temporary incursions of the sea. The massed, 
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broken shell-fragments and the admixture of freshwater and 
brackish water shells suggests that in exceptional storms large tidal 
waves rushed further westward up the estuary than usual, or broke 
across some barrier, by which they were ordinarily excluded. Each 
such incursion might be marked by the formation of a “ marine” 
pocket in the midst of the white sands, which were being deposited 
at this time under more tranquil, normal conditions. Further west, 
beyond the immediate influence of such incursicns, calcareous 
marls with a thriving freshwater molluscan fauna were being 
deposited approximately contemporaneously. 

The whole matter was, indeed, tightly estimated by Judd when 
he stated that “ the importance of this so-called ‘ marine-band’... 
has been much overrated. It is not a distinct formation ... but only 
one of numerous local intercalations of brackish-water bands, 
among the Oligocene strata of this area.” 
My thanks are due to Professor Marr, F.R.S., for allowing me 

access to the Marine bed material in the Sedgwick Museum. 
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REVIEWS. 

THe GroLtocy AND Minerat Resources or THE SERB-CROAT- 
SLovENE State. By D. A. Wray. pp. 107, with 4 plates and 
10 figures. Published by the Department of Overseas Trade. 
H.M. Stationery Office, 1921. Price 3s. 6d. 

HIS publication was originally a confidential report by the 
Geologist attached to the British Economic Mission to Serbia in 

1919; it has now been made available for general circulation. It 
is obvious that Mr. Wray undertook no light task, which he has 
carried out in an admirable manner, and the Report should be of 
the greatest use to those interested in the mineral resources of this 
new state. Part i1 contains a summary of the physiography and 
geology of this highly complicated and very variable area, where a 
large number of formations are represented and the structures are 
most complex, the dominant tectonic feature being the Dinaric series 
of folded chains. Jugoslavia now includes most of the well-known 
Karst country, where limestone scenery reaches perhaps its highest 
development and its most unfavovrable economic possibilities, but 
the state has also got possession of much fertile country in Croatia, 
Slavonia, and the Banat. In reading this report some of the new 
forms of place-names are rather puzzling and it was some time before 
the reviewer was able to recognize Laibach in its modern disguise of 
Ljubljana. 
A very full account is given of the coal resources, which are almost 

entirely Mesozoic brown coals or Tertiary lignites. Of these the total 
reserves available are very large and coal-mining should have an 
important future. There are also promising deposits of iron ore, 
especially in Bosnia, as well as most other metals in some quantity ; 
on the whole, Jugoslavia must be described as a well-mineralized 
region, though development is much hindered at present by poor 
transport facilities in the mountainous regions, where most of the 
ore-deposits naturally lie. Bauxite and magnesite also exist and 
there are possibilities of oil in Croatia, where some has already in 
fact been proved. It is important to note that the famous mercury 
mines of Idria have been taken over by Italy since this report was 
written. Under improved economic conditions the mining industry 
of Jugoslavia should be a source of prosperity to the state. 

Tue Karroo Doterires or Sourn Arrica: A Srupy IN 
Hyrasyssau Inyection. By A. L. pu Torr. Trans. Geol. 
Soc. 8. Africa, vol. xxiii, 1920, pp. 1-42. 

Ts this important paper Dr. du Toit discusses with much 
originality and insight some of the phenomena presented 

by the intrusion of the Karroo dolerites. It is to be feared, as 
Temarked by the author, that few Turopean _petrologists 
recognize the extraordinary character of this tremendous phase 
of igneous activity, undoubtedly one of the most wonderful 
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events in the world’s history, whether we consider the vast mass 
of material concerned or the complexity of its relations. 
Even now the area of injection covers at least 220,000 square 
miles, and a considerable part of its original extent is doubtless 
beneath the Indian Ocean; vast numbers of the sills and sheets 
are from 100 to 300 feet thick, while individual laccolithic swellings, 
such as those of Ingeli and Insizwa, run up to 3,000 feet, and the 
Andriesbergen sheet in the Queenstown district is 1,500 feet thick 
over an area of 40 square miles. The intrusions show every possible 
variety of form between flat sills and vertical dykes, as well as 
laccoliths, bosses, and plugs, and often a sheet gradually turns down 
and passes into a dyke-like body. In the Eastern Province of Cape 
Colony and in Natal it is estimated that dolerites constitute about 
20 per cent of the whole Karroo system, and in places the ratio 
rises to 30 per cent. It is therefore obvious that such a phenomenon 
is worthy of thorough investigation. 
A very striking feature is the uniformity of the rocks: apart 

from the thick laccoliths, where there has been marked differentiation 
into ultrabasic and intermediate types, they are all essentially 
dolerites, either with or without olivine. In this paper only sufficient 
petrographic details are given to elucidate the special points under 
discussion. The author mainly deals with the tectonics of intrusion. 

It is shown that there was a close connexion with the eruption 
of the Stormberg volcanics and probably with those of the Lebombo, 
and all the phenomena are correlated with the diastrophic relations 
of the great geo-synclinal depression that bounded Africa to the 
south at the beginning of Jurassic time, and led immediately to the 
folding and thrusting of the coast ranges bounding the Karroo area 
to the south and west, and presumably once also to the east ; the 
Karroo is regarded as the “ foredeep” of these chains. Within 
this area the dolerites were intruded, the relative order of injection 
of the sheets being from above downwards. It is suggested that 
this process may be concisely described as ‘ descensional lit-par-lit 
stoping ’’. 

The paper concludes with a comprehensive discussion of the 
relation of the South African geological events of this period with 
those of the other continents of the southern hemisphere. This is 
too long to summarize here, but should be read by all petrologists, 
since it gives a connected and correlated view of a series of events 
of fundamental importance in terrestrial evolution. 

BiH Ri 

As rocHas DA ILHA DES. Tomé. By A. Ferraz DE CARVALHO. 
Publicagdes do Museu Mineraldgico e Geologico da Universidade 
de Coimbra, No. 1. pp. 9-24, with 5 plates. 1921. 

js Portuguese island of S. Tomé, still only imperfectly 
explored from the geological point of view, lies in the Gulf 

of Guinea, almost exactly on the equator and about 100 miles 



232 Reviews—Memoirs of the Geological Survey. 

from the coast of the French colony of Gabun. The specimens 
here described are all volcanic, belonging to eruptions of different 
ages, but showing distinct features of consanguinity. In general 
terms it may be said that all belong to the alkalic and peralkalic 
volcanic groups. They include types described as phonolites, 
containing nepheline and hauyne, and in one case plagioclase ; 
phonolitic andesites with hornblende or pyroxene, hornblende- 
trachyandesites and camptonites; trachydolerites and alkali- 
basalts passing into limburgites; nepheline-basalts, tephrites, 
limburgites, and augitites. Descriptions of all these varieties are 
given in detail, illustrated by good microphotographs. The most 
common type is basalt, especially in the north-east of the island. 

The most interesting feature of the island is a “‘spine”’ of the 
Pelean type, called the Cao Grande, of which an excellent photo- 
graph is given. Not far from it is found a smaller example, the Cao 
Pequeno, and on the slopes of the I6 Grande, there are said to be 
other examples. 

The petrographical character of the island approximates to 
that of the other volcanic islands of the Atlantic, from the Canaries 
to Ascension, and shows close relations with the neighbouring 
volcanic regions of the African continent. 

Wie dels Ith, 

MEmoIRS OF THE GroLocicaL SuRVEY oF ENGLAND AND WALES. 
By Henry Dewey and C. E. N. Bromenrap, B.A. Sheet 270, 
South London. pp.vi-+ 92, 3 plates,and 1 text-figure. 1921. 3s. 
Map. Sheet 270, South London. Drift. Colour printed. 2s. 

(| fea map covers substantially the same ground as the south- 
eastern sheet of the special London district map published 

in 1903. The area was, however, resurveyed just before the war on 
the 6in. scale, and the new map is based on this survey. New 
features in the map are the separation of the Claygate Beds from 
the London Clay and an alteration in the subdivisions of the super- 
ficial deposits. Considering the denseness of buildings in the area 
and the somewhat complex symbols used to denote the older 
superficial deposits, the map is extraordinarily well printed and clear, 
and a welcome change from the illegibility of the new map of 
Anglesey. 

With regard to the memoir, a considerably more detailed account 
of the area is given than that in H. B. Woodward’s Geology of the 
London District (1909), of which a revised edition is soon to be 
published. The first alteration of importance is the introduction of 
the term Claygate Beds, proposed by Dewey in 1912. These beds 
are the uppermost 50 feet of the London Clay, and are practically 
unfossiliferous. They differ lithologically both from the London 
Clay and from the Bagshot Beds. They are conspicuously even- 
bedded, with beds of clay and sand, the latter increasing in thickness 
upwards. The sand is of much finer gram than is usual in the 
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Bagshot series. A plate is given of the type-section in Sim’s Clay- 
pit at Claygate. 

Considerable space is devoted to a description of the river terraces 
and flood plain gravels, end a tentative correlation is given between 
these deposits and the implement classification. 
A special chapter at the end deals with economic deposits, the 

nature of the soils being described under each stratigraphical division. 
An excellent bibliography is provided. 

The plates are very interesting, being reproductions of old prints 
of London with notes on the geological points they illustrate. 

Taken all round, the memoir is a great boon to geologists living 
in the area, both as a reference book and as a most lucid guide. 

J: DP AOW. 

THe Om Encyctopmp1a. By Marcet Mirzaxis. pp. 551. 
London: Chapman & Hall, Ltd. 1922. Price 21s. 

HIS book is not only what its title indicates, a dictionary of 
all practical matters concerned with the oil industry, but it is 

also something more, for it includes under the appropriate headings 
short summaries of the information available on many points of 
scientific mterest, such as theories of oil-formation, the geology 
of oil-bearing regions, the chemistry of oil and its products, and many 
cognate matters. While in the compass of the short articles in this 
volume it is impossible to go deeply into such subjects, nevertheless, 
these summaries should prove extremely useful, while as a book of 
reference for locating little-known and out-of-the-way oil occurrences 
it will have great value. Short biographical notes are also given of 
the principal workers in this branch of industry, both scientific and 
economic. Where desirable references are also given to original 
publications. 

CORRESPONDENCE. 
THE MAGNESIAN GROUP OF IGNEOUS ROCKS. 

Sir,—I would be glad if you would kindly afford me the 
opportunity of replymg to the points raised by Mr. Tilley in 
the letter which appears in your issue of this Magazine of 
December last. 

While Mr. Tilley acknowledges the existence of the group of rocks 
I endeavoured to describe, he objects to the use of the term 
“magnesian ”’ on the assumption that the rocks under discussion 
contain notable amounts of magnesium only in the ultrabasic 
members ; moreover, he states that it is iron and not magnesium 
that calls for attention in the less basic types. I have myself already 
mentioned the importance of the iron in my paper. As regards the 
magnesium, it is sufficiently clear, from the works of Holland, 
Lacroix, and other writers I referred to, that the high content of 
this mineral is far from being confined only to the ultrabasic members. 



234 Correspondence—F. Diney. 

Further, I have referred to other cases in which the name of a 
characteristic constituent has been applied to a whole group of 
rocks ; in these cases the name has been allowed to stand even when 
the special constituent is inappreciably developed in the extreme 
acid or basic members, or in unusual types. For instance, the 
alkaline and calc-alkaline suites are well-known to coincide at their 
acid and basic ends, and, moreover, intermediate members of the 
one suite can sometimes be distinguished from those of the other 
only by their close association with a characteristic type. 

As regards the suggested list of magnesian provinces, I have 
admitted the possibility that further work may demand some 
modification, and it is certainly not to be expected that the areas 
named would be analogous in every respect. Nevertheless, at the 
time I drew up the list there appeared ample justification for the 
inclusion of all the areas named, but I thought it unnecessary, in 
a short general paper, to do more than refer to original papers. 
In my present circumstances, having no opportunity of consulting 
the necessary works again, I am unable, even if it were desirable, 
to put forward a detailed comparison of the various areas. 

It is well known that the presence of hypersthene does not 
necessarily indicate a high proportion of magnesium in a rock; 
this also has been mentioned m my paper. 

In conclusion, I may perhaps be permitted to suggest that it is 
still rather early to base arguments concerning the crystallization of 
deep-seated magmas upon chemical equations. Moreover, as regards 
the contact metamorphism of norites, the chemical reactions 
suggested by Mr. Tilley do not appear, in the case of various 
occurrences that have been examined in detail, to be in accord with 
the results of petrological examination. I believe I am correct in 
stating that recent additional work upon the Huntly intrusions,* 
referred to by Mr. Tilley, has indicated that the cordierite of these 
rocks is due entirely to absorption of sedimentary material, and not, 
even in part, to invasion of one intrusion of norite by another. 
Again, in the case of the norite complex of the Sierra Leone 
Peninsula, where several phases of metamorphism have been 
developed as a result of the invasion of earlier members of the 
complex by later, the actual changes observed are also very different 
from those suggested, especially in that no trace of cordierite has 
been found. 

F. Dixey. 
NYASALAND. 

January, 1922. 

[The foregoing letter was unavoidably crowded out of the April 
number ; however, a proof was submitted to Mr. Tilley, whose reply 
is printed below.—Ep1ror. | 

1 Cf. H. H. Read on ‘‘ Some Contaminated Rock Magmas’’, paper read 
befcre Section C (Geology) at the Edinburgh meeting of the British Association 
for the Advancement of Science, September, 1921. 
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Str,—Mr. Dixey’s special pleading for the use of the term 
““magnesian’’, and for the setting up of a third great group of igneous 
rocks co-ordinate with the alkaline and cale-alkaline suites, carries 
little conviction in its train. 

The impropriety of the term “ magnesian ”’ is sufficiently evident 
on inspection of a series of first-class analyses of rocks of the 
charnockite series, from any of the well-defined provinces such as 
those of Southern India or Western Norway. 

The ground of Mr. Dixey’s paper was largely covered by H. 8. 
Washington in 1916 in his paper on “ The Charnockite Series of 
Toneous Rocks” (Amer, Journ. Sci., vol. xii, pp. 323-38), but with 
somewhat different conclusions. In summing up the chemical 
characters of charnockite provinces, he was led to state that “ they 
are characterized by the dominance of iron oxides over magnesia 
and lime, the two latter being present in about equal amount ”’. 

One word with regard to the concluding paragraph of Mr. Dixey’s 
letter. Mr. Dixey has missed the point of my remarks if he has not 
perceived that the reaction discussed was in no way dependent on 
any intrusion of norite by a later member of the series. 

The cordierite-norites of Minnesota described by Winchell (Amer. 
Geol., vol. xxvi, 1900, p. 151) afford an even more instructive 
illustration of the development of hypersthene than those of the 
Huntly area cited. The normal gabbro from which the cordierite- 
norites are developed by assimilation of aluminous sedimentary 
material, is free from rhombic pyroxene, while the cordierite- 
norites are free from the monoclinic type. 

The inaccuracy of the reaction I have stated for the disappearance 
of diopside, when cordierite appears, can be admitted when Mr. Dixey 
van produce cordierite-norites, which, apart from armoured relics, 
contain monoclinic pyroxene, as in the gabbros or norites with 
which they are associated. 

C. HE. TInuey. 

THE ENGLISH ESKERS. 

Sir,—Professor Gregory scores, The passage quoted by me from 
the Geological Survey Memoir on the Yorkshire Coalfield does 
refer, I agree, to mounds which only in part belong to the Lanshaw 
Delves series, and not at all to the Delves themselves. Touché / 
The fact remains, however, that Carvill Lewis specifically 
mentions “ Laneshaw Delves, and limekilns have been built upon 
them”. So Professor Gregory is honourably acquitted of ignoring 
two statements of the fact; he ignored only one. I will not labour 
the point of whether Russell’s “ four-tenths ” of the great Memoir 
on the Yorkshire Coalfield includes the passage under discussion, 
but content myself with remarking that the quaint “ harbour-bar” 
hypothesis for the Bingley Mounds is found also in his early paper 
in the B.A. report for 1873. 
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One more confession I must make. The lithographer who twenty- 
eight years ago transferred the Drift details from the map of the 
Geological Survey to illustrate my paper on the York Moraines 
did, to gain some private end, omit a pink spot one millimetre in 
breadth and I failed to detect the omission and so incur the awful 
penalty. Why Professor Gregory attaches any importance to it 
I fail to see. ‘The rest of his criticisms of my remarks on the 
phenomena about York so ingeniously evade the real issue that 
rather than weary the readers of the GEoLogicaAL MaGazinE with 
their discussion I will ask those who are interested to compare 
Professor Gregory's original statement with my comments and his 
rejoinder. 

I may remark that though I adhere to my early opinion that the 
Fulford-Escrick ridge is an esker (using the word in a generic 
sense), its precise mode of formation demands careful investigation, 
especially in view of the occurrence of Mammalian remains in or 
beneath the gravel. 

I must now revert to the Lanshaw Delves and their interpretation, 
for here are exemplified those characteristics of Professor Gregory’s 
glacial work that, nm my judgment, outweigh all the good that 
might conceivably be found in parts of it. 

It will conduce to an understanding of the case if we suppose that 
Professor Gregory ascended the steep moorland path from Ilkley 
Station (300°6 O.D.), keeping in mind Carvill Lewis’s description of 
the Lanshaw Delves and the signs of old lime-kilns, and the 
description in the Geol. Surv. Memoir of the ridges “‘ composed of 
limestone-boulders mixed with pebbles and sand,” ,, , “ They lie 
partly on Boulder Clay and partly on ground free from this 
deposit.” 

He finds it to consist of “sandy loam with many angular blocks 
of Millstone Grit similar to those strewn over the adjacent moors. . . 
The smaller pebbles include vein quartz and jagged fragments of 
black chert ; and all these may have been derived from the, Mill- 
stone Grit’. His inference follows that this was the remains of 
a moraine of “ an embryo corrie glacier’. “ The depression between 
the summit and the Delves faced N.H. and was probably filled with a 
sheet of snow and ice.” The reason for coming to this conclusion in 
preference to Carvill Lewis’s view that it was the lateral moraine 
of a great glacier filling the valley of the Wharfe to this altitude 
(about 1,180 feet) is given by implication in a passage that I must. 
quote at length. 

“ Thehigh-level eskers south of Ilkley are said inthe Survey Memoir 
to rest partly on boulder clay, but I saw nothing to confirm this 
statement regarding Lanshaw Delves or any erratics, boulder clay, 
or other trace on the moor of any genera! glaciation of the district. 
The surface is littered with blocks of grit formed by weathering in 
situ. Even at the level of 600 feet in a quarry at Eldwick, on the 
southern side of the moor, the deep decomposition of the sandstones. 
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indicates that there had been no glaciation at that locality. My 
observations agree with the generally accepted view that the hills 
of this district have not been covered by a general ice-sheet, and that 
the only extraneous ice in this part of the Aire Valley lay on its floor.” 

This is surely explicit—no boulder clay, no erratics (limestone here 
would be erratic), aone but rock weathered in situ. 

The allusion to the quarry at Eldwick is one of the author’s most 
unfortunate touches. Messrs. Jowett and Maufe, two geologists 
who have achieved distinction by glacial work in other areas, show 
in their paper previously quoted by me that between this spot aud 
the narrow crest of the moor there are six noteworthy lake-charnels, 
two striated surfaces, one being at 1,080 feet O.D. While their 
map shows the ice-margin at a ‘little above 1,200 feet O.D. This 
quarry, therefore, was covered by more than 600 feet of ice! 

True, Professor Gregory was familiar only with the title of the 
paper until my criticism brought it to his notice, but as it “‘ was 
entitled ‘The Glaciation of the Bradford and Keighley District’, I 
did not expect to find any account of the Delves init”. Seeing that 
Professor Gregory dealt also with the Drift mounds at Bingley 
which is midwa ay between the two towns named, it is surprising, that 
he did not refer to it for that purpose; indeed, there is something 
humorous in the thought of Professor Gregory’s profound 
research into the meaning of the word “ Delves” with the 
aid of Wright’s English Dialect Dictionary and the New English 
Dictionary, while neglecting this important paper. 

As to this word Delf, every map of the district on the 6 in. or 
1 in. scale would furnish examples of its common colloquial use, not 
in those rare and recondite senses disinterred by Professor Gregory. 
We have the following : ‘‘ Coopers Cross Delf (Disused),”’ “ Dry Beck 

Delph (Disused),” “Derry Hill Delph,” ‘“ Odda Delph (disused),”’ 
in. each case with hachuring to indicate a quarry, the common meaning 
of the word. 
Now as to the occurrence of limestone erratics, Professor Gregory 

never mentioned them in his paper, and the whole context ascribes 
the Delves and their contents to the Millstone Grit, including the 
black chert ; moreover, he says specifically that he saw no 
“ erratics ”’, and the whole case for his corrie glacier depends upon the 
Delves being beyond and above the general glaciation. Now he 
informs us that he did not say or conclude that there was no lime- 
stone in the Delves. Neither did he say there was no Shap granite 
there. In fact, he told us what he did find, and not what he did not. 
He now suggests that any digging in the Delves may have been 
to obtain limestone from underlying boulder clay--a material he 
was unable to find and clearly considered to be absent. This is not 
the scientific method, but the methods of the special pleader in the 
leading case of the borrowed bucket. 

As it is many years since I went over the Delves, I walked the 
length of them yesterday. I found the lime-kilus much less com- 
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plete than formerly, but along the southern side alone there were 
at least ten quite recognizable by the craters and by the fire-reddened, 
stones with which they had been lined, though only rarely was a 
part of the lining standimg. As to stones, Millstone Grit was the 
chief constituent, black chert, often crinoidal, was quite common, 
but Carboniferous limestone was very rare except about the tops of 
the kilns, where pebbles were freely scattered. Bits of good coal 
could also be found near the pits. The general appearance of the 
Delves is very striking and—pace Professor Gregory—unmis- 
takable; for the whole length of the ridge the form is quite 
obviously artificial—dimples, craters, and trenches everywhere 
modify the surface, one great trench runs for scores of yards parallel 
with the northern margin. On the south side spurs project, often 
with the crater of a lime-kiln. I confirmed my earlier impression 
that not a yard of the original form was preserved. 

There is a small isolated knoll, “ Little Skirtfull of Stones,” con- 
sisting wholly of cobble-stones without infillmg ; this I regard as a 
cairn—probably prehistoric—and not a moraine mound. 

P. F. KENDALL. 

CARBONIFEROUS NOMENCLATURE. 

Sir,—All geologists, and particularly those connected with 
Carboniferous geology, are grateful to Dr. R. Kidston for replacing 
the old and provincia! subdivisions of the Coal Measures by terms of 
correlative value, dependent on their floras as worked out by 
himself, Arber, and other paleobotanists. The words Lanarkian 
and Staffordian are both precise and euphonious, Radstockian at 
least precise and indicative. The fourth term, Westphalian, how- 
ever, 1s not only “ unconformable ” to the others in having no “ local 
habitation’ in this country, but differs in spirit from the rest 
in that it seems to suggest that these, our richest measures, are 
not typically represented in Britain. Worse than this, the term has 
been preoccupied since 1893, when Munier-Chalmas and de Lapparent 
used the word in a wider sense, equivalent to the whole of Kidston’s 
three lowest divisions. If, as seems advisable, the use of the term 
Westphalian in the restricted sense is abandoned, it would be 
difficult to select one more representative than “ Yorkian”’, 
particularly as its only likely rival “* Lancastrian ’’ may conceivably 
be wanted in the end for another Carboniferous subdivision. 
; W. W. Warts. 

IMPERIAL CoLLEGnE, S.W. 7. 
8th March, 1922. 

THE STRATIGRAPHICAL VALUE OF FORAMINIFERA. 

Srr,—-In view of the interest now displayed in the possibility of 
utilising the foraminifera associated with oil deposits as zonal fossils, 
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a recent paper by Dr. Rufus M. Bagg? is rather a shock. Dr. Bagg 
has examined thin slices of chert from the Bonaventure conglomerate 
and gives a list of forty-four species and one variety of foraminifera 
which he has determined ; and he concludes that the cherts are of 
either Cambrian or early Ordovician age and probably the latter. 
Yet, of the forty-five kinds, no less than ‘thirty- seven are recorded by 
Brady? as still living! One other is reported as recent by 
d’Orbigny. Of the thirty- eight one only, according to Brady, 
may go back to the Silurian and that is doubtfully the same, for it is 
the simplest type of hyaline foraminifer known (Lagena globosa), 
a simple spheroid. Of the thirty-eight living forms two go back 
to the Permian and Carboniferous, and these are also simple and 
doubtful species (Nodosaria commums and N. radicula); eighteen 
are known first in the Trias; three others are known first in the 
Jurassic ; and four others first from the Cretaceous. The whole 
thirty-eight living forms are also recorded from Tertiary strata. 
Why, then, is this collection of foramimifera described as early 

Paleozoic ? There are no fossils other than foraminifera recognisable 
specifically. The author apparently relies mainly on some 
foraminifera found in Cambrian rocks of New Brunswick, and 
described by G. F. Matthew.* Of these Dr. Bagg finds at Gaspé, 
Globigerina cambrica Matthew, G. didyma Matthew, and Orbulina 
ovalis Matthew. The author’s figure of G. cambrica does not agree 
with Matthew’s, while that of G. didyma might belong to many 
kinds of foraminifera. Dr. Bagg himself throws doubt on the 
separate existence of such subspecies as Globigerina cretacea or 
Orbulina ovalia (p. 38, reprint), and none of the determinations is 
free from doubt. His figure of Orbulina ovalis would do for a simple 
Lagena. Of the other foar forms not now living, two are Tertiary 
and one of these has also been recorded by Brady as Permian and 
Carboniferous ; the other two are Cretaceous species, but one has 
been described by Khrenberg as early Paleeozoic also. 

It is interesting to note that, although Dr. Bagg gives a list of 
forty-four species and one variety, without any name being queried 
(three have wrong authors assigned), yet in no less than thirty-five 
cases, more or less doubt is expressed in the paper as to the correct 
determination. Thus, Bolivina reticulata Hantker, listed on p. 47 
(reprint) as definitely identified, is described on p. 22 as follows :— 

“ Boliwina sp. perhaps B. reticulata Hantken 
Plate 3, figures 5-7. 

On slide 6 (see figure 5), near “the northeast corner, 18 a cross 
section of Bolivina which has five widely inflated segments in each 

1“ The Foraminifera of the Bonaventure Cherts of Gaspé”: N.Y. State 
Museum Bull.. No. 219, 220. Fifteenth Report of the Director, 1918, 1921. 

2 Reports of the Scientific Results uf the Voyage of H.M.S. Challenger, vol. ix 
(Zoology), 4to, London, 1884. 

3 Foraminifércs fossiles du Bassin tertiaire de Vienne, 4to., Paris, 1846. 
4 “The Protolenus Fauna”: J'rans. N.Y. Acad. Sciences, vol. xiv, 1895, 

pp. 101-53. 
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series, strongly overlapping and highly arched on their extremity, 
so that the outline closely resembles Bolivina reticulata Hantken, but 
also Boliwina dilatata Reuss, though both of these species have more 
chambers in each series than does the present type. We are inclined 
to think that this 1s a new species of Bolivina, though it may be 
a variety of either of the above. We shall consider it, however, 
a variety of B. reticulata as the reticulate surface might not show 
im cross section. In length the specimen measures 0:26 mm.” 

Here we see a very considerable uncertainty as to the determina- 
tion of the species. 
We may safely say that the evidence from the foraminifera is in 

favour of the chert in which they occur being, at earliest, Mesozoic. 
Dr. Bagg himself remarks that, taken as a whole, the fauna is more 
like that of the Trias than of the older Paleozoic (p. 8). He has 
apparently started with the assumption that the chert must be 
Older Paleozoic, thus (p. 8) he writes: ‘“‘ We do not know of any 
such discovery in formations so primitive as these must be, and did 
not suppose that Virgulina occurred in Paleozoic horizons.” One 
does not know the strength of the evidence for this assumption. 
It is, however, curious that, according to the description of 
Dr. John M. Clarke in the Guide Book to the Congrés Geéologique 
International (Guide Book No. 1, pt. i, 1913, p. 91, and map opposite 
p- 88, 1913), the Bonaventure conglomerate lies almost horizontally 
and is unconformable to all other rocks in Gaspé. One wonders 
if the conglomerate is really as old as is supposed. There are but 
three possibilities—(1) that many of the foraminifera have been 
wrongly determined, (2) that the Bonaventure conglomerate is not 
older than Mesozoic, (3) that foraminifera are quite useless for 
stratigraphical purposes. Which of these possibilities are true 
perhaps time will show. 

R. L. SHERLOCK. 
April, 1922. 

ANNOUNCEMENTS AND INQUIRIES. 
Mr. W. Whitaker, F.R.S., would be glad to have information 

concerning the Water Supply of Dorset, for use in a Memoir of the 
Geological Survey, now in preparation. Accounts of wells, springs, 
mineral waters, water analyses, etc., will be acceptable. The con- 
tents of journals of wide circulation, and of well-established local 
periodicals, such as the Proceedings of the Dorset Field Club, are 
already available to him, but he believes that there exist many 
little-known provincially published works, as well as a large mass of 
unpublished information, that would be very useful. 

New address: Wellesley Court, Wellesley Road, Croydon. 
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THE 

GEKEOLOGICAL MAGAZINE 
VOLUME LIX. 

No. VI.—JUNE, 1922. 

EDITORIAL NOTES. 
HOSE of our readers who have decided to attend the Congres 

Géologique International in Brussels this August may be 
interested to leara that the Geologists’ Association published last 
summer in connexion with their Excursion to Belgium a separate 
pamphlet on the “Geology of Belgium”. Copies may still be 
obtained through Messrs. Edward Stanford, Ltd., 12-14 Long Acre, 
W.C., at the price of 3s. 6d. The pamphlet contains a copy of the 
coloured geological map issued by the Belgian Government, and 
ficures illustrating a diagrammatic section across Belgium, the great 
Devonian transgression, the mode of occurrence of Coral Reefs in 
the Devonian of the Ardennes, and several other features. The 
following is a list of the contents :— 

Outline Sketch of the Geology in the light of recent research. 
Dr. L. Dudley Stamp. 

The Paleozoic Formations of the southern part of the Dinant 
Basin. M. Eug. Maillieux. 

The Carboniferous Limestone. Professor G. Delépine. 
The Coal Measures. Dr. P. Pruvost. 
The Cretaceous and Tertiary Formations of the Mons district. 

Professor J. Cornet. 
The Tertiary. Dr. L. Dudley Stamp. 

ok *% Bo * * 

_At the School of Metalliferous Mining, Camborne, Cornwall, 
a Holiday Course in Economic Geology will be held from 17th July 
to 26th August, 1922. The course will include lectures, laboratory 
work, field work, and excursions, two days in each week being 
spent in the lecture rooms and laboratories, the rest out of doors or 
underground. The lectures will deal with the principles of Economic 
Geology, special stress being laid on applications to Cornwall. The 
fee for the course is six guineas, and excursions by motor will cost 
about two pounds more. Applications to jom should be made 
before Ist June to the Sceretary, School of Mines, Camborne, from 
whom further particulars and addresses of lodgings can be obtained. 

* a * os * 

THE Council of the Royal Astronomical Society has decided to 
issue special supplements to the Monthly Notices containing papers 
of geophysical interest. Non-members of the Society who wish to 
receive these supplements are invited to apply as soon as possible 
to the Assistant Secretary, Royal Astronomical Society, Burlington 
House, London, W.1, stating whether they desire a regular supply. 
The price will depend on the number and length of the papers 
printed, but will not for the present exceed 10s. per annum. 

VOL. LIX.—NO. VI. 16 



ORIGINAL ARTICLES. 

On Dinocochlea ingens, n.gen.et sp., a gigantic 
Gastropod from the Wealden Beds near Hastings. 

By B. B. Woopwarp, F.L.S., F.G.8. 
(PLATES X AND XI.) 

URING the construction by the Hastings Corporation of a new 
arterial road to the north of St. Leonards, near Silver Hill, 

not far from the Old Roar Waterfall, and close to the quarry dubbed 
by Mantell the “ Iguanodon Necropolis ”’, the cutting passed through 
some sandy beds of the Wadhurst Clay Series. In these there was 
one partivular stratum that had been a pale blue concretionary 
calciferous sandstone, but which had been altered for the most part. 
by the percolation of water into a rusty-brown ferruginous sand- 
rock. Numerous large, typical concretions occurred in it, but 
besides these Mr. H. L. Tucker, who was then acting as engineer 
to the contractors for the work, noticed the presence of certain 
huge spiral bodies that seemed to differ from the ordinary concretions. 
These bodies generally lay in cavities, or “moulds” in the 
surrounding sandstone, but unfortunately no part of these moulds. 
was preserved. 

Mr. Tucker called the attention of Mr. A. Belt (Chairman of the: 
Hastings Museum Committee), Mr. W. Ruskin Butterfield (Curator 
of the Hastings Museum), and others, to these bodies, but no definite 
conclusion being reached locally concerning their nature, specimens. 
were forwarded to the Natural History Museum, where Dr. A. Smith 
Woodward, the Keeper of the Geological Department, at once 
recognized the possibility of their molluscan origin and consequent 
interest and value. Dr. Woodward very kindly invited me to undet- 
take their description, and has aided in every way in the matter, 
including the grant of the assistance of his Preparator, Mr. L. E. 
Parsons, who has been most willig and helpful. 

Unfortunately, by the time that the importance of the discovery 
had been recognized, the destruction of the best specimen, begun 
by the “ shot ” that revealed it, had proceeded apace, and niuch of 
the material had been dispersed in various ways. Fragments. 
were received from the Hastings Museum, whilst Mr. W. J. Lewis 
Abbott sent up such portions as were in his possession, with an 
interesting series of other fossils, etc., from the same horizon, as. 
well as notes on the deposit. Further, we are indebted to Mr. H. T. 
Pottinger, of Oxford Street, Stepney, for the use of a photograph he- 
took showing the greater part of the principal specimen as it lay 
where found (Plate X). 

That these spiral bodies, some with dextral, others with smistral. 
twist, are not ordinary, or even abnormal concretions, is shown by 
the similarity of the specimens and the regularity cf their coils.. 
Mineralcgica! colleagues to whom they have been shown unanimously 
discard them as concretions. Their horizontal position in the deposit. 
further precludes the possibility of their representing excentric,, 

1 See Note by Mr. W. Campbell Smith appended to this article. y Pp pp 
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water-worn cavities subsequently filled up. A minor difference 
between them and the true concretions in the same deposit, but a 
noteworthy one, is that while the latter either exfoliate, or split 
in any direction, the spirals rarely exhibit exfoliation and usually 
fracture in a plane at night angles to their axis, generally directly 
through the whorl, but often in a plane more or less coincident with 
the line of suture between the whorls. The two systems sometimes 
occur in close proximity, wedge-shaped pieces resulting. Fimally, 
the twist of these bodies, as will be seen later, conforms to the law 
of the logarithmic spiral, which Canon Moseley and others have 
shown to be characteristic of the molluscan shell,’ whilst no known 
concretion does so. 

The conclusion seems, therefore, inevitable that these spiral 
bodies represent the internal casts of examples of a huge univalve, 
molluscan shell, some 6 feet and more in length, whose existence 
has hitherto been unsuspected. 
Now the only molluscan shell comparable to this as 2 coucrete 

whole im size is that of the Carboniferous Actinoceras giganteum 
(Sby.), the length of which was computed by its author to have 
sometimes exceeded 8 feet, an estimate, however, which possibly 
did not err on the side of moderation. Recollection of this, and the 
large size of the protoconch in the new find, naturally raised 
the question whether it also represented a Cephalopod shell of the 
Turrilite or Cochloceras description. The general facies and the 
total absence of any trace of septal sutures preclude this idea, quite 
apart from the difficulty of reconciling the presence of a marine 
animal in a deposit which only contains fresh- or brackish-water 
forms. Nor, for similar reasons, as well as on account of bulk, 
should affinity be sought with some terrestrial form, althevgh the 
elongate cylindrical shape and many whorls vividly recall Megaspira. 
The recent fresh- or brackish-water mollusca that seem to come 
nearest to the form in question belong to the Tiaridz (olim Melantide), 
or such exceptional Cerithiide as are known to penetrate into 
brackish water, notably the Potamudine, of which a possible repre- 
sentative has already been recorded from the Wealden.’ 

1 Moseley (Rev. H.), “ On the Geometrical Forms of Turbinated and Discoidal 
Shells”: Phil. Trans., 1838, pp. 351-370. For an able summary of the con- 
clusions by Moseley and others, see Professor D’Arcy W. Thompson’s Growth 
and Form, chap. xi, pp. 493-586. 

* The fossil in question is a cerithoid-like shell about 14 in. in length, that has 
been successively referred to :— 
Muricites strombiformis, Schlotheim, Petref., i, 1820, p. 144. 
Melanopsis ? tricarinata, J. Sowerby (Ann. Phil., n.s. vill, 1824, p. 376, as 

Melania tricarinata [n. nud.] and) Trans. Geol. 
Soc., Ser. 11, vol. iv, 1836, p. 346, pl. xxii, f. 4. 

Potamides carbonarius, A. Roemer, Nordd. Oolith., 1836, p. 141, pl. xi, f. 17. 
Pleuroceras strombiforme, Schloth.: Sandberger, Land- u. Sitissw. Conch. 

Vorwelt, p. 55, 1870, pl. ii, f. 11 a-g. 
The genus Muricites, founded by J. Gesner in 1752 (Tract. Petr., p. 34), is 

pre-Linnean, and though the name appears again in the second edition of his 
book in 1758 (p. 56), that does not by present ruling render the name valid. 
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To put the whole matter to the test, careful measurements were 
taken of the portions known to belong to the dextral specimen 
photographed by Mr. Pottinger. The result went to show that they 
were in accord with a logarithmic spiral having the ratio of 1-02. 
A diagram (Fig. 1) was then constructed on this basis. the theoretical 
widths of the successive whorls being calculated by slide rule, the 
correspondiag actual specimens were then allocated to their places 
and the diameters of the whorls necessarily taken from them. 
The figures opposite the left of each whorl in the diagram 
are the calculated measurements, the measurements and the 
diameters of actual specimens being shown on the right. As was to 
be expected, tnese last do not always exhibit mathematical regularity, 
as, for instance, in the case of the fifteenth to twentieth whorls, 
but when the totals are cast up of the theoretical and actual 
measurements they amount to 56-5 em. and 56-2 cm. respectively, 
a difference of only 3mm., showing that in nature what is lost in 
one whor! is geined in the next, thus restoring the balance of the 
whole. 

The sinistral spiral, although a complete apex of six whorls was 
present, was less easy to determie owing to the lack of satisfactory 
additional material. Taking the width of the sixth whorl, however, 
at 6-5 cm. and calculating both ways from that, what material there 
was pretty closely corresponded to a ratio of 1-055, and on these 
lines a correspondizg diagram was constructed. There is 
nothing to show in this case what may have been the total length, 
but we believe that the eleventh (with parts of the tenth and twelfth) 
and the thirteenth to fifteenth whorls are represented. The portion 
of another specimen, the last found, exhibits some five or six whorls, 
of which the last two are imbedded in the concretionary mass to 
which it was attached. Three of these, much distorted in 
fossilization, were measurable and the results yielded were rather 
remarkable, for taking the widths of each whorl at diametrically 
opposite points (A and 8B) in centimetres the following table 
originated :— 

Average Calculated undth of 
A B width. whorls 14-16. 

8-5 Tek 7h : oO al : 998 
10-4 10-9 4 Se LOsG : . 10-06 
9-4 Le : 5 Oem p ~ 11-38 

Weal 5 BlleD ; Sle?) 

What the strombiformis of Schlotheim may have been cannot be guessed by 
the description given. 

The later ascriptions to recent genera, which the fossil in no wise resembles, 
are to say the least unfortunate. specially the last, for Plewrocera of 
Rafinesque is a North American genus, whilst Sandberger’s miscorrection of the 
name to Plewroceras makes confusion with Hyatt’s genus of Ammonites. 

Sowerby’s trivial name may possibly prove valid for the British examples, 
but a new generic name is desirable. 
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This, to say the least, is suggestive that here is another case of 
irregularity compensated for m the total. . 

The outcome of this plotting went to show that whereas at first 
sight the body-whorl appeared to be proportionately much larger 
than the preceding ones present, and consequently to indicate 
Cerithoid affinities, the actual fact when the missing portion was 
restored showed no such great discordance and consequently 
suggested that relationship lay rather with the Tiaride. No member 
of this family exhibits anything approaching the column-like form 
of the Wealden giant, but some species of the type genus are 
proportionately extremely elongate and many-whorled and often 
carinate above the periphery. There are faint indications that the 
fossil here described was similarly carinate just above the periphery. 
Both the Potamidine and the Tiaride have comparatively thin 
shells, while their mner structure is often thinner than their exterior 
would lead one to suspect. 

If the foregoing conclusions be correct, as we believe, many 
interesting questions naturally arise. How could this colossus of 
its class huve thus suddenly appeared and again disappeared, 
unforecast, and without descendants ? What did it feed on, and 
what preyed on it ? Such questions cannot at present be answered, 
but anyhow a fossil of such importance as this merits a name and 
such description as the material to hand renders possible. Hence 
we would propose to designate it :— 

DINOCOCHLEA INGENS, n.gen.et sp.? 
Shell (at present represented only by its cast) dextral or sinistral, 

elongate cylindrical; whorls, about twenty-three in number, 
increasing very slowly in size from the apex to the penultimate, 
and slightly more rapidly in the last and the body whorl; faintly 
cariuate just above the periphery. External characters, aperture 
and operculum unknown. 

Formation and locality — Wadhurst Clay (Wealden), near Hastings, 
Sussex. 

Dimensions (approximate, taken from the dextral specemen).— 
Alt. 222 cm. (= circa T ft. 3im.); diam., first whorl 10-3, second 
whorl 13:3, twentieth whorl 28, body-whorl 32cm. On a rough 
calculation, the shell tube if uncoiled must have been over 60 ft. in 
length. 

The shell was evidently proportionately very thin, as in some of the 
recent Tiaride, so that on its dissolution the ponderous cast, while 
yet in a plastic state, shrank on itself, obiterating for the most part 
the interval which should have been left between the successive 
whorls and by the columella, a phenomenon also observable in some 
of the seams of casts of Viviparus shells belonging to the same 
horizon. 

1 As usual in these cases, the generic includes, and should be taken as, the 
specific description as well. 
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Specimens present.—Of the dextral form the principal individual 
is represented by the apex, consisting of the nuclear and first and 
second whorls ; a portion of the fourth (?) ; part of the seventh with 
the eighth and part of the ninth; the eleventh, twelfth, and 
thirteenth, with a part of the fourteenth ; part of the fifteenth, most 
of the sixteenth, and the whole of the seventeenth to twentieth, with 
part of the twenty-first; the penultimate (? twenty-second) and 
body-whorl. There are four sets of two or three whorls each that 
do not accord with the foregoing, or each other, and may be taken 
to represent portions of other individuals, especially since in some 
of them the whorls are distinctly less convex. Several whorls (one 
more convex), or fragments of whorls, are also present. 

Of the sinistral form there is an apex, consisting of the nuclear, 
the first six whorls and part of the seventh, with portions of what 
probably are the tenth to the twelfth and the thirteenth to fifteenth 
whorls of the same specimen ; there is also a surface portion of a 
further group of three whorls of very irregular widths, which might 
correspond to the thirteenth to fifteenth whorls of another individual ; 
and finally a big example of three or four whorls (already alluded to) 
attached to a concretionary mass of rock, in which the presence of 
yet two other whorls is traceable, and probably coming somewhere 
about the twelfth to sixteenth whorls of a distinct individual. 

Notes on the Nature of the Containing Rocks. 
By W. CampsBeE.Lu Situ, M.C., Sec.G.8., of the British Museum 

(Natural History). 

Published by permission of the Trustees of the British Museum. 
The “ bluestone ” which is found in the central parts of some of 

the concretions associated with the large spiral bodies described by 
Mr. B. B. Woodward is found, on microscopical examination, to be 
a calcareous sandstone. Subangular grains of quartz, averaging 
0-04 mm. in diameter, constitute over 50 per cent of the rock, and 
are set in a cement of carbonates which have crystallized in plates 

* very much asin the Fontainebleau sandstone. These plates are 
sometimes 3 cm. across, and give a characteristic lustre to the stone. 
The quartz-grains are evenly distributed through the plates of 
crystalline carbonate, and are so closely packed as to be almost 
in contact. It is easy to imagine that with the complete removal 
of the carbonates by solution there would remain a friable sandstone, 
very porous, but still occupying almost the same volume as the 
bluestone. 

In the bluestone 35-6 per cent of the rock is soluble in dilute 
hydrochloric acid, and contains 17-82 per cent CaO, corresponding to 
31-82 per cent calcium carbonate, and 2-58 per cent Fe,O,, probably 
present as 3-74 per cent of FeCO,. Insoluble material consists of 
about 6] per cent quartz and 3 per cent insoluble silicates. The 
density of the rock is 2-62, very slightly less than the density 
calculated from its components (2°72), showing that the pore-spa ce 
in the bluestone is very small indeed. 
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In the sandstone within an inch or two of the blue core there was 
found only 0-73 per cent CaO corresponding to 1-30 per cent CaCO,, 
so that this part of the concretion is almost free from calcite cement. 

To test the question of whether any change in bulk accompanied 
the change of bluestone to sandstone the volume of a weighed mass 
of the dry sandstone was determined by coating the sandstone 
with a thin waterproofing coat of varnish, and determining its 
effective density in that condition. Two determinations gave a 
value for this effective density of 1-9. This approximates very closely 
to the value one would expect if the whole of the calcite of the blue- 
stone were removed without any change in the volume occupied by 
the resultant sandstone as is shown by the following calculation :— 

The density of the bluestone containing 32 per cent of CaCO, 
was determined as 2:62. One hundred grams of bluestone will, 

10 
therefore, occupy a volume of BGT 38°16 ¢.c. 

The removal of the whole of the 32 per cent CaCO, will reduce the 
weight of the rock from 100 to 68 grams. 

If this removal is unaccompanied by any change in velume, it 

= 1-8. The value found for the 
38:16 

will have an effective density of 

sandstone is 1-9. 
Admittedly this is only a very approximate calculation, but the 

agreement seems close enough to show that a bluestone of the type 
forming the imner part of the concretions can lose the whole of its 
30 per cent of calcite and give rise to the sandstone of the outer 
shells without any suffermeg change in volume and therefore without 
the disturbance of the outer form of the concretion, or the destruction 
of any structures within it. 

EXPLANATION OF PLATES X AND XI. 

Plate X. 
Photograph taken by Mr. H. T. Pottinger of the greater part of the principal 

dextral specimen as it lay where found. The remains of the shattered apex 
were scattered towards the right ; the body-whorl to the left did nct come into 
the picture. 

Plate XI. 
A.—Sinistral form :— 

FIG. 
1, 2, 3.—Associated fragments of one individual, representing whorls 1-7, 

10-12, and 13-15. 
4.—Portion of another individual representing whorls 12-16 (?). 
5.—Portion of three whorls (13-15 ?) of a third individual. 
6.—Apical view of the nucleus of the dextral specimen (= Fig. 1 of B). 

B.—Dextral form :— 
FIG. 
7—6.— Associated parts of the individual shown in PI. X, and representing whorls 

1-2, 4, 7-9, 11-14, 15-21, and 22-23 respectively. 
7, 8.—Portions of other individuals with flatter whorls, showing the twofold 

fracturing resulting in the formation of wedge-shaped pieces. 
9.—Portion of another example with more tumid whorls. 
10.—Apical view of the nucleus of the sinistral specimen (= Fig. 1 of A). 
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The Geology of the Far East Rand and the Heidelberg 
District, Southern Transvaal.—A Retrospect. 

By. We H. Bares, 

(Gee ace a town of insignificant proportions, lies 30 miles 
due south-east of Johannesburg at the foot of the Zuiker- 

boschrand, a range of hills running south-west towards the Vaal 
River and made up of the volcanic beds of the Ventersdorp System 
and of the Elsburg series at the top of the Witwatersrand System. 
Travelling south-east from the Zuikerboschrand, the whole of the 
Witwatersrand formation is traversed in descending order. The 
district, which extends south-west of Heidelberg to Goedverwachting, 
a distance of 20 miles, and south-east to Greylingstad, another 
30 miles, has a complicated geological structure, the succession 
being disturbed by faulting, broken by numerous igneous intrusions 
and obscured by frequent outliers of the Karroo formation. It is 
wel] known to the mining community on account of the fact that 
a gold-bearing conglomerate bed has been worked profitably at 
the Nigel Mine since the earliest days of the gold-fields, while 
numerous other reef outcrops in different parts of the district have 
induced much active prospecting, which has continued to the 
present day. 

On coming to the Rand in 1892, one of the first tasks allotted 
to me by my employers (the South African Trust & Finance 
Company, then under the able direction of the late W. Y. Campbell) 
was to attempt to unravel the intricacies of this district and to see 
what relation its auriferous conglomerates bore to those of the 
Rand. In those days the Main Reef had only been traced, as such, 

from Johannesburg eastward to Boksburg, where it disappears 
under an outlier of the Karroo formation. The workings of the 
Kleinfontein, Van Ryn, Modderfontein, and Nigel companies were 
considered to be on independent series of conglomerate beds. 

Starting at Johannesburg and going eastward, I mapped the 
country immediately north of the mines, and was thus able to prove 
the geological identity of the Kleinfontein conglomerates with those 
of the Main Reef series. I then showed that the reefs worked by 
the Kleinfontein, the Van Ryn, and the Modderfontein companies, 
although apparently independent, were in reality faulted portions 
of the same bed, although a higher horizon lying between the Mam 
and the Bird Reefs was also worked in places by the Van Ryn, 
Chimes, and Medderfontein mines. (See Fig. 1.) 

In 1893 I reported to my employers as follows :— 

“My recent visit to Heidelberg has made it appear probable 
to me that the ‘ reefs’ worked at the Nigel and at the Heidelberg- 
Roodepoort, as well as those exposed at Malans Kraal, Twee- 
foutein and Rietfontein, and on Botha’s Kraal and Poortje are 
portions of the same series.” 
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I added :— 

“Tt must be remembered that what are termed ‘ reefs’ are 
simply the marginal outcrops of large sheets of conglomerate 
covering many square miles and extending down to the Vaal 
River and into the Free State. In tracing the extension of the 
‘reefs’, therefore, we are simply determining the boundaries 
of these sheets. The problem is evidently one which admits 
of solution and should present no great difficulties to a traimed 
geologist who has the time to devote to it. The main points that 
should guide the intending investigator are :— 

(1) The slate footwall of the Main Reef series. 
(2) The presence of a series of big Reefs higher up in the order 

of stratification (Bird series). 
(3) The presence of another group of Reefs still higher up in 

the succession (Kimberley series). 
(4) A large series of coarse conglomerates at the top (Hlsburg 

series). 
(5) The presence of an alternating series of quartzites and slates 

below the Main Reef series (Hospital Hill formation). 

I have already communicated the results of my investiga- 
tions on Vlakfontein (i.e. the Van Ryn property) and Modder- 
fontein, showing that the conditions enumerated above are in 
most parts fulfilled in this district, namely: the Main Reef with 
its slate footwall, the slates and quartzites (Hospital Hill forma- 
tion), underlying the banket formation, and the presence of the 
Bird Series above. Through Modderfontein I have traced the 
outcrop of the reefs to Klipfontein. I now find that the Nigel 
fulfils the same conditions: the reef rests on slate, and, at the 
proper distance above, are found the Bird and the Kimberley 
series.” 

In 1897 I published these results in the first edition of my 
Geological Map of the Southern Transvaal, which was reproduced in 
a paper read before the Geological Society of London in February, 
1898.1 In this paper I said : 

“ Hast of Johannesburg the Hospital Hill series can be traced 
to Klipfontein, about 12 miles north-east of Boksburg, where it 
disappears under the Dolomite. It isnext found at Boschmanskop 
and Vlakfontein, some 10 miles north-west of the Nigel, and is 
there striking nearly due south and dipping west. It is apparent, 
therefore, that, while hidden by the Dolomite and the Karroo 
formations, the strata have swerved round to the south-—an 
important point in connexion with following up the auriferous 
conglomerates of the Main Reef series. The outcrops of this 
formation on Uitkyk, Frischgewaagd and Kuilfontem closely 

1 Hatch, “‘ A Geological Survey of the Witwatersrand and other districts 
in the Southern Transvaal”: Quart. Journ. Geol. Soc., vol. liv, 1898, p. 73. 
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resemble those of Hospital Hill, and, like the latter, are faulted 
up against granitic rocks.” 

When at the close of the Boer War in 1902 I returned to 
Johannesburg, I had, as consulting engineer to Messrs. Lewis & 
Marks, a good opportunity of renewiag my researches in this district. 
Messrs. Lewis & Marks held the controlling interest in Grootvlei 
No. 45 and Palmietkuil No. 61, and, being anxious to prove the 
value of these farms, were willing to spend a large sum of money 
im boring. Lying mid-way hetween the points where the Witwaters- 
rand beds disappear under the Dolomite at Klipfontein and where 
they re-emerge with dip reversed from below that formation on 
Marievale m the Heidelberg district, the ground could not, on my 
theory, be far from the centre of the syncline formed by these beds. 
and was, therefore, admirably situated for testing its validity. 

Having been given a free hand, I set to work by Jaying out an 
east-and-west lme of boreholes, which, together with one previously 
put down on Geduld, extended over 10 miles of country. By means 
of these borimgs I felt certaim I should be able to locate below the 
Dolomite the sub-outcrop of what I termed the ““ Van Ryn-Nigel ” 
reef. 

The first two boreholes were too far to the east, and, after passing 
through 700 feet of Dolomite capped by Karroo beds, entered the 
Lower Witwatersrand. The third borehole was abandoned by the 
contractors while still in the Dolomite. The fourth entered a dyke 
at the critical moment and was given up. All these holes were on 
Palmietkuil. 

I then went to the western boundary of the farm Grootvlei, and 
was successful there in strikmg the Van Ryn-Nigel, or Main, Reef 
at a depth of 3,414 feet. The next borehole was on the boundary 
between the two farms Grootvlei and Palmietkuil and struck the 
reef at 2,376 feet. Two more holes were put down: one on 
Grootvlei, which struck the reef at 4,299 feet, and one jointly with 
the Daggafontem Company, immediately south of the Grootvlei 
boundary, which intersected the reef at 5,540 feet. This last-named 
hole was found by survey to have been deflected considerably from 
the vertical—in fact, the horizontal distance between the mouth ot 
the borehole and the point where the reef was intersected in it was 
2,225 feet. After making the correction necessitated by this. 
deflection, the vertical depth of the intersection of the reef was. 
found to be 4,880 feet.t 

Five boreholes, therefore, gave sections of the Upper Witwaters- 
rand beds, which in all of them are characterized by certain un- 

mistakeahle features. These are :— 
1 The particulars of this borehole were published in my report to the 

Directors of the East Rand Mining Estates, Ltd., and issued in the Annual 
Report to the shareholders for the year ending 30th June, 1905. The 
particulars of the other boreholes and a general summing-up of the results 
are given in my paper on “ The extension of the Witwatersrand Beds eastward 
under the Dolomite of the Southern Transvaal”: Trans. of the Geol. Soc. of 
S.A4., vol. vii, 1904, p. 57. 
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(1) Numerous conglomerate beds belonging to the Kimberley 
series. Over 100 were cut in Grootvlei borehole No. 2, 
and there were even more in tke Grootvlei-Dagga- 
fontein joint borehole. 

(2) A band of slates, varying from 200 to 400 feet in thickness, 
at the base of the Kimberley series. 

(3) A bed of amygdaloidal basic lava, from 130 to 360 feet thick, 
immediately above the Bird conglomerate. I called this 
a the amygdaloidal diabase’”’; it has since been called 
the ‘‘ Bird amygdaloid ”’, and this is a better name. 

(4) A bed of slate immediately under the Van Ryn- “Nigel, or 
Main, Reef. 

The most complete section of these Upper Witwatersrand beds 
was afforded by the Grootvlei-Daggafontein joint borehole. It is 
as follows :— 

Depth of base 
Thickness. below surface.+ 

Feet. Feet. 
Karroo Beds . lll 111 
Dolomite with Black Reet at base 1,029 1,140 
Kimberley-Elsburg Series. — 

Quartzites and numerous 
conglomerate beds. Z 2,000 3,140 

Kimberley Slates. < == #408 3,548 
Quartzites d 4 ; 4 189 3,737 
Bird Amygdaloid . : 365 4,102 
Main-Bird Series. —_Quartzites 

with few strings of con- 
glomerate . - 778 4,880 

Both the Kimberley Slates aa the Bird Amygdaloid formed 
most useful “ markers”’ for calculating the depth at which the Main 
Reef would be cut. A preliminary estimate could always be made 
as soon as the base of the Kimberley Slates had been reached, and 
a still closer estimate was possible as soon as the Bird Amy edaloid 
had been intersected. 
By means of the data furnished by these borings, together with 

the results of previous borings on the farms Geduld, Daggafontein 
94, Rietfontein 182, Vlakfontein 21, and Brrotienien 152, I was 
able to trace the course under the Dolomite of the sub- -outcrop of 
the Van Ryn or Main Reef as far as the Nigel mine, and, by drawing 
contour lines at intervals of 1,000 feet depth, to indicate on a plan ? 
the nature of the syncline in which it occurs. (See the section in 
Fig. 2.) 

The completion of the work of the Geological Survey in the 
Witwatersrand District and_ its publication m “Sheet 52, 

Johannesburg”, fully confirms the correlation of the Nigel with 
the Van Ryn reef; and the recent publication by Dr. Rogers, 

1 Corrected for deflection from the vertical. 
See the plan accompanying my paper on “‘ The Extension of the Witwaters- 

rand Beds eastward, ete.’’, loc. cit. 
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Director of the Survey,! of the results of his work in the Heidelberg 
District, shows the general correctness of the lmes drawn by me for 
the outcrops of the Witwatersrand Beds in that area. But his 
detailed work, which is reproduced in the beautiful little map 
accompanying the paper, marks a great advance in the knowledge 
of the tectonic structure of the district and throws a flood of light 
on complexities that had completely baffled previous observers. 

His most illuminating discovery is the existence, in the southern 
part of the district, of a great east-and-west fault. This disturbance, 
named by Dr. Rogers the ‘‘ Sugarbush Fault”, has been traced for 
30 miles, from Rietbult 322 in the east, where it emerges from beneath 
the Karroo rocks, westward to Goedverwachting 306, where it is 
again covered by Karroo beds. It has a throw which increases from 
4,000 feet in the west, where it is first seen in the valley of the 
Zuikerboschrand River to 14,000 feet on Rietfontem 72 in the east, 
where it lets down the Ventersdorp lavas to the level of the lowest 
beds of the Witwatersrand System. 

The outcrop of the Ventersdorp beds on the south, or down- 
throw side of the fault, is from 4 to 5 miles wide, and the volcanic 
beds are followed in downward succession by Upper and Lower 
Witwatersrand with the gold-bearing conglomerates of Malanskraal 
and Tweefontein at their junction. A section drawn in a south- 
easterly direction through the town of Heidelberg shows a complete 
duplication of the Witwatersrand succession. Dr. Rogers’ map does 
not extend far enough to the south-east to take in the exposures of 
Witwatersrand beds at Hexriver and at the Heidelberg-Roodepoort 
mine, which have been the scene of much prospecting and some 
mining, but it seems likely that fault lines of a similar nature, and 
probably parallel to that described by him, will have to be drawn 
in order to explain the present position of the beds. The extension 
of his work in this direction will be awaited with considerable interest. 

Another important observation of Dr. Rogers is that showing 
the existence of passage beds between the Kimberley-Elsburg beds 
at the top of the Witwatersrand System and the volcanic series at 
the base of the Ventersdorp System, thus demonstrating that there 
are no grounds for the assumption of an unconformity at this horizon. 
“The observed facts,’ he says, “indicate that volcanic activity 
began whilst the small pebble conglomerate and grit taken as the 
the top of the Kimberley-Elsburg series of Heidelberg, was being 
formed and that for some time afterwards quartz grit was furnished 
to areas where volcanic tuff formed the bulk of the sediment 
deposited. The arenaceous deposits were outweighed by the 
volcanic ; there is no evidence of a sudden and complete cessation 
of the supply of sand, but it came in at too slow a rate to maintain 

1 Rogers, “‘ The Geology of the neighbourhood of Heidelberg”: Trans. 
Geol. Soc. S.A., vol. xxiv, 1921, p. 17. It is to be noted that Dr. Rogers will 
have none of Mr. Bleloch’s correlation of the conglomerate overlying the 
Kimberley Slates with the Van Ryn reef. See p. 47, et seq. 
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the predominantly sandy character of the deposit. It would be 
difficult to find better evidence of the conformable succession of 
volcanic rocks on sedimentary than that offered by the Elsburg- 
Ventersdorp passage beds in that pen of Heidelberg so far surveyed 
in detail.” 

In this connexion I would point out that coarse boulder beds 
forming the upper part of the Ventersdorp System and containing 
large pieces of auriferous conglomerate and quartzite evidently 
derived from the destruction of Witwatersrand beds have been 
recorded as resting on Lower Witwatersrand beds at Ratzekaiskraal 
and Makokskraal to the north-west of Ventersdorp.1 Molengraaf 
also, in describing similar boulder beds at Zendelingsfontein to the 
west of Klerksdorp and at Kroomdraai to the north of Krugersderp, 
refers to their unconformable position on Witwatersrand beds.2» 

This evidence of the existence of a break somewhere in the 
succession of the Ventersdorp system, taken in conjunction with 
Dr. Rogers’ conclusions as to the conformable relation of the volcanic 
beds, forming the base of the Ventersdorp system, to the Upper 
Witwatersrand makes it appear probable that further work may 
show the necessity of placing the division between the two systems 
at a different horizon. 

The Use of Gryphaea in the Correlation of the 
Lower Luias. 

By A. H. Trueman, D.Sc., F.G.S., University College of Swansea. 

N the course of recent investigations in the littoral Lias of South 
Wales and parts of Somerset the writer has frequently found 

that almost the only fossils in some of these deposits are species 
of Ostrea and Gryphea, which occur in regular sequence and are 
of considerable value in correlation. On consulting the literature 
describing these genera it became apparent that the specific names 
have been frequently misapplied. From correspondence with other 
students of Liassic rocks it also appeared that there is some 
difference of opinion concerning the precise horizons at which such 
species are to be found. 

It was therefore necessary to investigate the various forms of 
Osirea and Gryphea found in the lowest zones of the Lower Lias, 
and also to examine sections cf the zones where they are normally 
developed in order to correlate the ammonite sequence with the 
Ostrea-Gryphea sequence. This paper contains a brief account 
of the results of these inquiries. 

1 Hatch, “The Boulder Beds of Ventersdorp, Transvaal”: Trans. Geol. 
Soc. S.A., vol. vi, 1903, p. 95. 

2 Molengraaf, ‘ “A hitherto unrecognized Formation underlying the Black 
Reef series”?: rans. Geol. Sac. &. ne vol. vi, 1903, p. 68. 
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The relation of Gryphea to Ostrea has been noticed by many 
workers, and it is generally accepted by paleontologists that species 
of Gryphea have evolved from Ostrwa by the shortening of the 
period of attachment and the arching of the left valve.t 

Numerous workers have published accounts of these fossils, 
and some have attempted a systematic study”; one of the most 
interesting papers, published by Jones in 1855, is illustrated by 
plates showing the relation of species to Gryphea incurva.? Never- 
theless, much research is needed before the relations of the Liassic 
Ostreide can be properly determined and before the various species 
can be usefully employed in detailed stratigraphical work. Dr. F. L. 
Kitchin has been for some years collecting material with a view 
to publishing an account of Gryphea; his work, however, has been 
delayed, and he has generously encouraged me to prepare this 
account of some of the species from the Lower Lias. Such an 
account is a necessary preliminary to the publication of the results 
of the work on the Lower Lias of South Wales. 

The writer desires to thank numerous friends for help in the 
field, particularly Mr. E. Drew and Mr. W. E. Howarth, who have 
made extensive collections at various localities. Dr. W. D. Lang, 
Mr. L. Richardson, and Mr. J. W. Tutcher have also assisted by 
the lean of specimens. The writer also acknowledges a grant from 
the Royal Society Committee which has enabled him to work in 
Somerset. 

THE Lowest ZonES OF THE LOWER LIAS. 

The lineage of Gryphea incurva is represented only in the lowest 
zones of the Lower Lias, which are commonly known as the 
planorbe, angulata, and bucklandi zones. Recently these zones 
have been subdivided by Mr. 8.8. Buckman ‘and Mr. J. W. Tutcher,” 
and, although some of the divisions are not found in all areas, the 
present work has shown the necessity of subdividing the original 
zones, particularly in Glamorgan, where these zones are unusually 
thick. For convenience, the subdivisions will be called sub-zones 
in this paper. 

Reference will be made to the following :— 

1 See R. T. Jackson, ‘‘ Phylogeny of the Pelecypoda: The Aviculide and 
their Allies’: Mem. Bost. Soc. Nat. Hist., vol. iv, 1890, p. 317. F. L. Kitchin, 
“Summary of Progress”: Geol. Survey, 1911. A. Morley Davies, An Intro- 
duction to Paleontology, 1920, p. 89. 

2 See, for example, M. Hébert, ‘‘ Observations sur les Gryphées du Lias, 
etc.”?: Bull. Soc. Geol. France, ser. 11, vol. xiii, 1855, p. 213; and O. Terquem, 
** Paléontologie de ’Etage Inférieur de la Formation Liasique, etc.” : Bull. 
Soc. V hist. nat. de la Moselle, ser. 11, vol. v, 1855. 

3 John Jones, ‘‘ On Grypheea Incurva and its Varieties ” : Proc. Cottes. Nat. 
Club, vol. iii, 1865, pp. 81-95. 

48. S. Buckman, “ Jurassic Chronology: I. Lias”’: 
Soc., vol. Ixxiii, 1918, p. 274. 

5 J. W. Tutcher, ibid., pp. 278-81. 
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Zone. Sub-zone. 
semacostatum 

Agassiceras (sauzeanum). 
scipronianum. 
gmuendense. 

bucklandi . ? . 4 vercingetorix. 
bucklandn. 
rotator (rotiforme). 
Vermaceras. 
angulata. 

angulata . 4 . 4 hasicus. 
| Weehneroceras (megastoma). 
f Johnstoni (Caloceras). 

planorbe . 4 . \ planorbe. 
Ostrea. 

It has been found in general that flat oysters of the Ostrea liassica 
pattern are commonest in the lowest part of the planorbe zone, and 
that arched or semi-grypheate imdividuals resembling Ostrea 
wvegularis are common in the liasicus sub-zone. In the angulata 
sub-zone the most typical forms are more gryphzate in appearance, 
but have generally a fairly large area of attachment and resemble 
G. dumortiert Joly. In the lowest part of the bucklandy zone wide 
open Grypheas (Figs. le and 2a) are found in Somerset and in. 
Glamorgan, while in the upper Vermiceras and lower rotator sub- 
zones are very abundant forms resembling G. obliquata Sow. The 
very arched G. wncurva Sow. is found in the higher sub-zones of the 
bucklandi zone. 

EVOLUTION OF GRYPHA INOCURVA. 

Besides the above-named species of Ostraea and Gryphwxa these 
lower zones of the Lower Lias are characterized by great numbers 
of grypheate and semi-gryphxate forms. These exhibit remarkable 
variation, but on the whole the individuals may be considered to 
be members of a series that includes the flat oysters of O. liassica 
pattern and the closely coiled G. incurva. 

In the opinion of the writer, this represents a true genetic series 
or lineage, and G. oncurva has probably evolved through innumerable 
intermediate stages (including G. obliquata, G. dumortierr, and 

_O. irregularis) from oysters of the type of O. liassicu. Indeed, it is 
doubtful whether any better example of a lineage of fossil forms 
could be found for demonstration purposes, since Gryphea is so 
abundant that sufficient specimens can be obtained to illustrate 
the most minute changes. 

In such a series various progressive characters may he observed, 
of which the following appear to be most important :— 

1. The arching of the left valve increases until it is coiled through 
more than one and a half whorls. 

2. The area of attachment is progressively reduced. 



RA \ 

Gryphcea aff. incurva 

Fic. 1.—Four members of the lineage of Gryphea incurva, showing the left valve, 

the shell as viewed from the posterior side, and the left valve in section. 

The area of attachment is shaded. (a) Ostrea cf. irregularis Munst., 

Lavernock Shales, Lavernock, Glam. (b) Gryphea ct. dumortiers Joly, 

angulata sub-zone, Dunraven, Glam. (c¢) G. aff. obliquaia Sow., Vermiceras 

sub-zone, Workhouse Quarry, Keynsham, Somerset. (d) G@. aff. incurva 

Sow., ? gmuendense sub-zone, near Bridgend, Glam. (slightly reduced). 



260 Dr. A. FE. Trueman— 

3. The left (attached) valve is thickened. 
4. A sulcus appears on the posterior portion of the left valve ; 

this is developed at a late stage in forms like G. obliquata, but at 
an earlier stage in more advanced forms such as G. ineurva. 

5. The more advanced shells are generally larger. 
6. The twist of the left valve seen in 0. irregularis becomes con- 

fined to the apical portion of later species, se 
The features characteristic of several species are summarized 

below, and some of the characters named above are illustrated 
diagrammatically in Fig. 1. The twist of the apical portion of the 
left valve is shown also in Fig. 2, a, b; in G. incurva, shown in ¢ otf 
the same figure, the twist is confined to the apical portion, and is 
therefore concealed in an adult specimen. 

Fic. 2.—Members of the lineage of Gryphea incurva, viewed from the right, 
to show the twist of the apical portion cf the left valve. {a) Gryuphoa 
aff. obliquata Sow., specimen shown in Fig. 1 (ec). (8) G. obliquata Sow., 
a topotype, St. Donats, Glam. (c) G. incurva Sow., a teputype, Fretherme, 
Glos. 

It 1s possible that the lineage as here defined includes more than 
one series, differing only in such characters as the size or breadth 
of the shell, but there does not appear to be any reason for attempting 
to separate them now. 

THE CURVE OF THE GRYPH#ZAN SHELL. 

Tt has already been noticed that the curve of the left valve of 
Gryphza approximates to a logarithmic spiral! In such spirals, 
it will be recalled, the constant angle for the spiral is the angle 
between a tangent to the spiral at any point and a line passing 
through that point and the origin (0) of the spiral. Thus in Fig. 3 
a is the angle of the spiral. 

1 D’Arey Wentworth Thompson, On Growth and Form, 1917, p. 534. 
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Measurement of the spirals of the Grypheas studied has shown 
that the spiral angle a is the lowest in the most primitive members, 
and increases to about 80° in G. incurva. 

In general it also appears that in the development of a gryphzate 
shell the angle a increases in a corresponding manner. In the early 
stages of G. ancurva the angle may be only 60°, as it is in the adult 
stages of G. obliquaia. 

Fia. 3.—Diagram of a gryphean spiral. Spiral angle, a; origin, o. 

THe Use or GrYPH#A IN CORRELATION. 

As we have noted, the lineage of G. incurva ranges from the 
Oyster Beds at the base of the Lias, where it is represented by flat, 
oyster-like forms, to the bucklandi zone, where it is typically 
represented by very incurved forms. Consequently the various 
horizons of the Lower Lias can be identified from a study of the 
Grypheas, even when no ammonites are present. For instance, 
the Grypheas have proved of considerable value in correlating the 
littoral Lias of Glamorgan, in which ammonites are very uncommon. 
In those cases where ammonites have subsequently been found, 

they have invariably confirmed the conclusions that had been based 
on Gruphea. It is possible to identify both the zones and the sub- 
zones in this way. 

Some caution is necessary in deciding the precise horizon of 
beds with Gryphea on account of the variation within the group. 
Even in the same block of stone they often exhibit marked differences. 
In a large collection from one horizon it will generally be found 
that about half the specimens are of similar aspect, with left valves 
coiled to almost the same extent. Of the remainder, some are less 
coiled and some are more coiled than the average.! 

1 Among Liassic Gastropoda, and some families of Ammonites, it is not 
uncommon to find adult specimens at the same horizon at somewhat different 
stages of evolution; some are more “ highly accelerated’ than others. The 
differences between the Grypheas, however, are much more apparent. 
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The number of whorls forms a measure of the coiling, and also, 
in a general way, is an indication of the position in the lineage. 
A curve may be constructed like that in Fig. 4 showing graphically 
the proportions of specimens from a particular horizon with the 
various degrees of coiling. It will be noticed from Fig. 4 that the 
majority of specimens of G. cf. incurva from the gmuendense sub-zone 
of Bridgend are coiled through more than a whole whorl; a few 
are coiled for considerably more than a whorl, while others are coiled 
for only three-quarters of a whorl. The difference in aspect between 
these two extreme forms is considerable, and itis obviously impossible 
to determine the horizon represented if only a few specimens are 
available. 
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Fie. 4.—Graph based on a collection of Gryphmwa aft. incurva from a horizon 
in the gmuendense sub-zone, Bridgend, Giam., to show the proportions 
of specimens in various stages of eciling. 

When these facts are remembered it is easy to understand the 
confusion that has arisen concerning the horizons at which various 
species are found. For example, G. incwrva has been recorded by 
various writers from the planorbe zone, the angulata zone, and the 
bucklandt zone, and although many of the records probably refer 
to specimens that are really less advanced than the true G. incurva, 
it should be noted that quite curved forms of Gryphea occur some- 
what rarely in the angulata zone, and not uncommonly in the lower 
part of the bucklandi zone.} 

In Fig. 5 are shown graphs representing the proportions of 
specimens in the various coiling stages from several horizons of the 
Lower Lias. In the lower portion of the angulata zone (liasicus 
sub-zone) Ostrea irreguluris represents the G. incurva lineage, and 
rarely shows a curve of more than a quarter of a whorl. The 
Grypheas of the Vermiceras sub-zone are typically curved through 

1 The very curved forms from the wngulata zone generally differ from 
@. incurva in having a feeble sulcus (if any) and a larger area of attachment. 
They are, therefore, accelerated in some characters only. 
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more than half a whorl and occasionally more than three-quarters, 
while the Grypheas of higher zones may rarely be less curved than 
three-quarters of « whorl, but are generally a whole whorl or more. 
In other words, some specimens, perhaps five per cent, in the lower 
Vermiceras sub-zone are as advanced as those in the gmuendense 
sub-zone, but the majority of specimens at each horizon illustrate 
the trend in the evolution of the group. 

Gryphea incurva 
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Gryphaa sp. yy 
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Fic. 5.—Graphs based on collections of gryphrate specimens from several 
horizons to show the proportions of specimens at each horizon in the 
various stages of coiling. 

[For ‘‘ zone’’ read ‘‘ sub-zone.’’] 

When using Gryphea in the field for determining the zone it is 
advisable whenever possible to record the coiling of not less than 
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fifty, and preferably more than a hundred, adult specimens, from 
a particular horizon. It will generally be sufficient to note the 
ecilmg and any other prominent characters, and it is not usually 
necessary to preserve large numbers of specimens. There is 
freyuently some difficulty in judging exactly the number of whorls 
present in uncleaned specimens, particularly m the more advanced 
members of the series. If all the records are made by the same 
observer, however, any small accuracies do not appear to be of 
very great practical importance. From these data a graph may be 
coustructed and the zone may be determined by comparison with 
graphs made from known horizons. 

RELATION OF G. INCURVA TO OTHER GRYPHZATE SERIES. 

It is not necessary in this paper to describe other gryphzate 
forms, but it may perhaps be usefully noted that other Grypheas, 
such as G. cymbium and G. maccullochi, have probably been evolved 
from oysters. Indeed, it is extremely likely that these grypheiform 
shells have been evolved repeatedly durimg the Jurassic and 

Fic. 6.—A large specimen of Gryphea cf. incurva trom the Agassiceras sub- 
zone, Kilmersdon Colliery Quarry, Radstock. 

Cretaceous from species of Ostrwa that are similar and are presumably 
closely related. In other words, “Gryphea”’ is a polyphyletic 
group, contaiming species evolved along many different lines.t 
Therefore, the name Giryphewa can only be applied strictly to one 
of these series, and each such series should receive a separate generic 
name; but until more of their characteristics are known, at least, 
it appears undesirable to add to the existing confusion by creating 
new names for each group. Indeed, as homceomorphs in some of the 
series are almost or quite identical, it would probably ke impossible 
to distinguish many of the genera even though names were available. 

Some of these grypheate series may be distinguished by the 
measurement of the angle of the spiral (see Fig. 3) and by the form 
of the beak. 

1 The parallel evolution of these numerous series, each passing almost 
inevitably through comparable stages, and following what may be regarded 
as a pre-determined “‘ programme ”’, affords an example of what Dr. F. L. 
Kitchin has called “ programme-evolution”. (See W. D. Lang, Catalogue 
Cret. Bryozoa, vol. iii, 1921, p. xviii.) 
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Many of these offshoots from the oyster family continued to 
progress in the characters named, particularly in the curving of 
the left valve, until a stage was reached when the coiled apical 
portion pressed against the opercular right valve.t Thus in such 
advanced Crypheeas the shel! would be kept closed, and corsequently 
this stage marks the limit of evolution in that direction. 
Occasionally large adult specimens show a tendency to avoid this 
calamity by reducing the coiling in the later stages (Fig. 6). 

+ is only necessary here to refer briefly to the interesting 
biological aspects of the evolution of gryphezan lineages. Although 
it may be conceded that the earliest stages in such a lmeage may have 
been cf some advantage to the animal, it is obviously difficult to 
account for evolution in a direction that inevitably leads to the 
extinction of the lineage, if evolution is the result of the operation 
of natural selection. Dr. W. D. Lang has taken a different view of 
the relative importance of natural selection, and has suggested that 
these limeages became extinct through the secretion of a superfluity 
of calcium carbonate.” 

Notes on SPECIES. 

Ostrea liassica Strickland. 
This name conveniently covers the typical oysters of the base of 

the Lias. A flat form, usually attached by the whole surface, or 
nearly the whole surface, of the left valve. Commonly about 1 inch 
to 14 inches in length. 

These shells are most abundant in the Ostrea Beds at the base 
of the Lias, and are also found in the overlying planorbe and 
Caloceras sub-zones. In the latter, the oysters are not infrequently 
moulded on the shells of ammonites. Oysters somewhat similar 
to this species, frequently of larger size and less regular form, are 
also found in several higher zones of the Lower Lias. 

Some small specimens of O. liassica, collected at Lavernock, 
near Cardiff, aud at Owthorpe and Barnstone, near Nottingham, 
show the mitial shell or prodissoconch (Fig. 7). In these young 
shells the umbo is prominent in the free valve and is directed 
posteriorly, as in Ostrea edulis.8 

Ostrea wrregularis Miinst. 

O. irreqularis Quenstedt. Der Jura, 1853, +t. i, 15a, b. 
Cf. O. sublamellosa Dunker, Dumortier. Dépéts jurassiques du 

Bassin du Rhone, pt. u, pl. 1, 10, 11, 12. 
This name is applied to oysters of the Lower Lias that are in 

a semi-grypheate condition. The size of the area of attachment 
varies, but is typically about half the total length of the shell. The 
left (attached) valve is thickened (Fig. la). 

O. irregularis is characteristic of the liasicus sub-zone, and is 

1 As in the type of G. incurva. 
2 W. D. Lang, Catalogue of Cretaceous Bryozoa, vol. ili, 1921, p. x. 
3 R. T. Jackson, loc. cit., p. 312. 
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extremely common in the Lavernock Shales in the Cardiff district 1 
and in the lower angulata zone near Keyasham, Somerset.” 

Gryphea ct. dumortiert Joly. (Fig. 10.) 

G. dumortiert Joly. Les Fossiles du Jurassique de la Belgique, 
1908, pl. 1, figs. 4-7. 

G. sp. Dumortier. Dép. jur. Bass. Rhone, pt. i, p. 83, pl. xv, 
Is 

This species is distimguished from O. zrreqularis by its smaller 
area of attachment, which is not usually more than one-sixth the 
length of the shell. The curve of the left valve amounts to about 
one-half of a whorl. This species was described by Joly from the 
Hettangian of Belgium; specimens which appear to be identical 
are found not uncommonly in the angulata sub-zone of Glamorgan 
and around Radstock, Somerset. 

Fic. 7.—Prodissoconch of Ostrea liassica Strick. x 8 approx. Frcm the 
Ostrea Beds, Owthorpe, Notts. 

Gryphea obliquata Sow. 
Cf. G. arcuata var. rugosa Munst. Goldfuss, Petref. Germ., 

. pl. ixxxiv, fig. 2c only. 
This specific name has been applied to many grypheate forms 

from various horizons in the Lias. It is necessary therefore to 
emphasize the characters by which it is distinguished. 

Sowerby pointed out that in his species 
1. The attached valve does not form a complete whorl. 
2. The beak is twisted to the posterior side (Fig. 26). 
3. The area of attachment is small. 
4. The shell is broader in proportion than in G@. incurva. 
It may he added that the holotype of Sowerby’s species (in the 

British Museum of Natural History) shows a faint sulcus appearing 
on the later part of the shell. The shell is not free from matrix, 
but the apex of the shell appears to be broad and not detached 

1 A. BE. Trueman, ‘‘ The Liassic Rocks of the Cardiff District ??: Proc. Geol. 
Assoc., vol. xxxi, 1920, p. 102. 

2 A. Vaughan & J. W. Tutcher, ‘‘ The Tias of the Neighbourhocd of 
Keynsham’: Proc. Brist. Nat. Soc., N.S., vol. x, 1903. 
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or beak-like. The shell is broken, but at the length of 42 mm. has 
a breadth of 32 mm. 

The holotype is beekitised and was collected in the Blue Lias near 
St. Donats Castle. Beekitised Grypheas, agreeing with Sowerby’s 
specimen in size and character, are exceedingly abundant in the 
limestone reefs forming the shore just west of St. Donats Bay, 
Glamorgan. 

It is likely that these are topotypes of Sowerby’s species ; 
ammonites are not commonly found in those beds, but the horizon 
is the lower part of the bucklandi zone (the Vermiceras or rotator 
sub-zone). Comparable forms are found on the Dorset coast at 
approximately the same horizon (W. D. Lang Coll. 4143-6). 

Gryphea incurva Sow. 
Cf. G. arcuata Lamarck. 

The chief characters of this species are the following :-— 
1. The arched valve makes much more than one complete turn ; 

it frequently represents one and a half whorls. 
2. The area of attachment is very small and is concealed in adult 

shells by the curving of the valve. 
3. The shell increases very slowly in breadth, and the breadth 

is little more than a half the total length (measured across the whorl). 
In the holotype, the breadth of the arched valve at its widest point 
is 41 mm.; the diameter or greatest length is 73 mm. 

4, The beak does not appear to be oblique at the apex in a com- 
plete specimen. 

5. A prominent sulcus is present en the shell from an early stage 
in development. 

It must be pointed out again that this name has been frequently 
misapplied, and emphasis must be laid on the extreme curvature of 
the left valve of this species. 

The holotype (British Musenm of Natural History, No. 43543) is 
a specimen from Fretherne, Glos. The horizon is the bucklandi 
zone (probably the Agassiceras sub-zone). Identical forms are 
known from Purton Passage, Glos. (J. W. Tutcher Coll.) ; from 
Bengeworth, near Evesham, Glos. (L. Richardson Coll., L.L. 16 
and L.L. 11); and from the railway cutting near Bridgend, and 
other parts of Glamorgan. 

It is, perhaps, desirable to explain why Sowerby’s specific name is 
used here in place of G. arcuata Lam., which is supposed to be 
synonymous. Notwithstanding the similarity between the two, 
there is no proof of identity. Even if the two species can scarcely 
be distinguished it does not necessarily follow that they are members 
of the same lineage, and it is therefore preferable to use Sowerby’s 
name for the specimens from the English Lias. 

Note ON THE Curr SECTION AT FRETHERNE, GLOS. 

The low river cliffs at Hock Crib, Fretherne, about 8 miles south 
of Gloucester, were examined primarily in order to determine the 
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precise horizon of G. incurva Sow., of which this is the type locality. 
An account of this section was published by Mr. L. Richardson in 
1908.1 It is unnecessary to repeat the details given by him. 

That writer discovered several ammonites and concluded that the 
zones irom megastoma to semicostatus were present. Ammonites are 
not now abundant at Fretherne, but it appears from recent observa- 
tions that no beds lewer than the bucklandi zone are present. Large 
Arietid ammonites are found in the lowest reef on the foreshore 
(No. 24 on Mr. Richardson’s section). In the same bed the Grypheas 
are only slightly arched, with feeble sulcus and with fairly large 
area of attachment. Grypheeas in the succeeding beds (Nos. 20 
and 18) show a more incurved left valve and are gererally small. 
Specimens that are scarcely distinguishable from G. incurva are 
found occasionally in beds 15 and 13, but in the same bands are less. 
coiled specimens. Large specimens resembling the holotype are 
most abundant in bed 11. 

The precise horizon of this cannot easily be determined, but in 
bed 9, some 5 feet higher, Arnioceras bodleyi is present, and 
presumably the typical G. incurva occurs near the top of the bucklandi 
zone at Fretherne. Fragments resembling Coroniceras gmuendense. 
were found just below bed 11, and it is certain that the type of 
G. incurva is from the upper part of the gmuendense sub-zone or 
a little higher. 

Notes on the Fauna of the Lower Devonian Beds of 
Torquay. 

By F. R. Cowrer ReExEp, Sc.D., F.G.S8. 

(PLATE XII.) 

Part II: Motiusca. 

Plerinea (Cornellites) costata Goldfuss. 

iB spite of Frech’s detailed work on the Devonian Aviculida, 
the application of the specific name costata to certain members 

of the genus Pierinea is even now a matter of some dispute, and 
Drevermann? considers that Frech? included under this name 
some shells which properly belong to Pt. Puilletex De Vern. Walther # 
and Fuchs > have more recently described the internal characters. 
Wilhams ° has chosen the species as the type of his new subgenus 
Cornellites. 

The one fairly good example from the Torquay district with which 

1 |. Richardson, ‘‘ The Section of Lower Lias at Hock Crib, Fretherne, 
Glos.”’ ; Proc. Cuties. Nat. F.C., vol. xvi, 2, 1908, pp. 135-42. 

2 Drevermann, Paleentographica, Ba. L, 1904, p. 237. 
3 Frech, “ Devon. Aviculidae”’: Abh. qgeol. spec. Kart. Preuss., Bd. ix, iii, 

p- 71, t. vill, fe. 2; t. ix, figs. 4-8. 
4 Walther, Newes Jahrb. f. min. Geol., Beil., Bd. xvii, 1903, p. 36. 
> Fuchs, Ash. kon. preuss. geol. Landesanst., N.F., Heft 79, 1915, p. 31, 

t. vill, figs. 12-18. ; 
6 Williams, Proc. U.S. Nat. Mus., vol. xxxiv, 1908, p. 89. 
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I am acquainted agrees with Frech’s figure of a specimen from the 
Lower Coblenzian of Mormont, Belgium (Frech, op. cit., t. 1x, fig. 5), 
and shows the characteristic broad shallow concave interspaces 
between the 6-7 sharp narrow radial ribs, all crossed by fine con- 
centric strie. This left valve has the posterior ear fairly perfect, 
as well as the whole body, but the anterior ear is not preserved. 

Dimensions.—Length (oblique), c. 40mm. Height, c. 30 mm. 
Horizon.—Lower Devonian (Staddon Grits). 
Locality Smugglers’ Cove, Torquay (S. 63). 

Pterinea (Cornellites) spinosa Phillips. 

The internal cast of a left valve from Kilmorie and the external 
impression of the same specimen in a good state of preservation 
allow us to determine the presence of Phillips’ species Pt. spinosa,1 
which is closely allied to, though not identical with, Pt. costata. 
The external impression shows 8 strong radiating ribs subquadrate 
in section, decreasing successively in size anteriorly, and becoming 
more curved forwards; they are separated by deep interspaces, 
two or three times as wide, with a more or less flattened floor. Both 
ribs and interspaces are crossed by equidistant concentric lamellose 
lines which rise into projecting imbricating scales on the ribs, and there 
are also regular radial strize, 8-10 in number, set at equal distances 
apart, which ornament each interspace, but they seem absent 
from the crests of the ribs. The flattened triangular pomted posterior 
ear bears about 6 or 7 strong raised lines parallel to the hinge-line, 
with 2-3 finer lines between them, and it is also crossed by closely 
set fine concentric lines. The somewhat swollen anterior ear bears 
2-3 coarse radial ribs precisely similar to those on the anterior part 
of the body, but separated from them by a particularly wide inter- 
space ; the ear and its ribs are also crossed by closely set minutely 
concentric and radial lines, producing a minute cancellation. In 
the interior cast of the left valve the smal] anterior muscle-scar 
on the anterior ear is situated just below the pair of very stout 
short anterior cardinal teeth, which lie immediately in front of the 
beak, but the posterior teeth are not preserved. The posterior 
muscle-scar cannot be clearly made out. 

Dimensions—Height at beak, c. 25mm. Length of body, ec. 
38mm. Length of hinge-line, c. 60 mm. 

The difference between Pt. spinosa and Pt. costata has been clearly 
demonstrated by Béclard,? aad it lies not only in the shape and 
ornamentation of the ribs, but in the presence of ribs in the anterior 
ear, similar to those on the body. Pt. Pailleter De Vern.’ is an allied 
species which Frech united with Pt. costata Goldf. 

1 Phillips, Palaoz. Foss. Devon and Cornw., 1841, p. 48, pl. xxii, figs. Sla-f. 
2 Beclard, Bull. Soc. belge Géol., i, 1887, pp. 68-73%, pi. v, figs. 7-11. 
3 De Verneuil, Bull. Soc. géol. France, Ser. u, vol. xii, 1855, p. 1003, pl. xxix, 

fig. 3; Oehlert, ibid., Ser. m1, vol. xvi, 1888, p. 639, pl. xiv, figs. 6, 6a--c ; 
Drevermann, Palwontographica, 1, 1904, p. 237, pl. xxviii, figs. 8-11; Kegel, 
Abh. k. prenss. geol. Landesanst., N.F., Heft. 76, 1913, p. 54, t. iii, fig. 6. 
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Horizon.—Meadfoot Beds. 
Locality Kilmorie, Meadfoot (S. 62). 

Leiopteria (Actinopteria ?) anisota (Phillips). 

The description of this shell given by; Phillips? is as: “follows : 
“Lower [= left] valve—Convex, with a*prominent beak, trans- 
versely extended to a width [= length] greater than the length 
[= height], with very dissimilar wings; the anterior small, round, 
deeply separated from the body of the shell; the posterior larger, 
concavely arched and pointed and gradually united to the body 
of the shell-surface radiatingly striated and concentrically marked 
by lines of growth. The strize are conspicuous chiefly near the beak, 
the lines of growth most prominent on the posterior wing. Locality : 
Meadfoot, in sandy ochraceous shale.” 

There is a specimen (22) in the Jermyn Street Museum from this 
locality which closely resembles Phillips’ figure of the type, but the 
beak is more broken and the radial strize on the surface are not 
visible, though the concentric growth-lines are well preserved in 
the posterior wing. It is prohable that it is the original specimen. 
We may add to the foregoing description the remarks that the body 
is convex, rather swollen and oblique, and that the posterior ear is 
depressed and rather concave, though not sharply marked off, and 
that judging from the course of the concentric lmes it was not 
produced inte an acute point, aud did uct project much or at all 
behind the body. No teeth are visible. The species seems to belong 
to the group of Avicula lamellosa Goldf. in Frech’s? classification 
of the Aviculide, and this group includes members of Hall’s genera 
Actinopterva and Leptodesma. The species Avicula bodana A. Roemer® 
is apparently closely allied to our English form, and Levopteria 
Drevermannt Spriesterbach + from the Siegen Graywacke (which 
its author remarks might be placed in Hall’s genus Actinoxteria) 
is probably a near relation. 

Horizon.—Meadfoot Beds. 
Locality—Meadfoot (M.P.G. 29). 

Actinodesma cbsoletum (Goldfuss) var. 

There is a goed internal cast of this shell from Kilmorie in the 
Sedgwick Museum (8S. 65), consisting of a perfect left valve with the 
greater part of the right valve attached and in position, and the 
external impression of the umbonal! region, ligamental area, hinge- 
line and anterior margin of the latter valve. The left valve shows 
the characters described by Geldfuss’ and other authors, except 
that there are 12-14 low concentric ridges on the body which is a 
larger number than that mentioned for the species. The right valve, 

1 Phillips, Paleoz. Foss. Dev. Cornw., 1841, p. 49, pl. xxii, fig. 83. 
2 Frech, Abh. geol. spec. Kart. Preuss., Bd. ix, Heft iii, 1891, p. 49. 
* Frech, ibid., pl 54, t. iv, figs. 10-108. 
4 Spriesterbach, Abh. k. preuss. geol. Landesanst., N.F., Heft Ixxx, 1915, 

TO SBS 1 ibs NGS, HO (BY uh se, lies, I) 

>See n.d, p. 271). 
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on the other hand, appears to have a smooth surface, and the beak 
is smaller and less prominent than that of the other valve. The 
longitudinally striated external ligamental area is well seen, and the 
hinge-line shows a row of small transverse denticulations on its 
edge between the beaks which is characteristic of Actinodesma. The 
base of the anterior ear of the left valve shows traces of the anterior 
muscle-scar. An impression of part of the exterior of another left 
valve (S. 66) shows on the body very strong high upstanding thick 
concentric lamella, which are closely placed and slightly crenulated 
by weak discontinuous small radial folds. The large flattened 
posterior ear of this specimen has the characteristic shape and 
ornamentation of the species, but the concentric lamelle on the body 
are more numerous and more closely placed than in typical 
examples, so that this Torquay form seems to be a variety of 
Goldfuss’ type.! 

There is another (S. 67) nearly complete, thongh distorted, 
internal cast of an entire shell from Kilmorie in the Sedgwick 
Museum, which also probably belongs to the same species. The right 
valve is perfect, but the concentric. rugae on the surface of the left 
valve are less apparent than in the above described specimen. 
There is a well-marked pallial line situated at about one-fourth the 
height cf the shell and the whole pallial area is pitted ; the posterior 
muscle-scar is large and well marked and in the usual position. 
Drevermann 2 has figured a shell under the name Actinodesma 
erectum Hall, var. eifeliensis, from the Lower Coblenzian of 
Oberstadtfeld, which has the same peculiarly marked pallial line, 
but our shell has a more subquadrate form and subcentral beak, 
and in these respects is like A. obsoletum. The large concave 
ligamental area is well preserved in our specimen, and the short 
rounded prominent anterior ear is complete in both valves, but the 
posterior wing is broken oti and the cardinal denticulations are 
barely discernible. 

Dimensions.—Height of shell: (8.65) 55 mm.; (8. 67) ¢. 35 mm. 
Length of bedy (maximum): (S. 65) 50 mm. Length of binge- 
line: (8. 65) 70mm.; (S. 67) 87 mm. 

Horizon.-—Meadfoot Beds. 
Locality.—Kilmorie (S. 65, 66, 67). 

Actinodesma (Glyptodesma) suberectum sp. noy. Plate XII, Figs. la—b. 
Definition.—Shell large, high; body narrow, nearly erect, sub- 

triangular, with its sides making an acute angle (about 30 degrees) 
at the beak; height about one-third greater than length ; interior 
margin sirongly rounded; anterior margin nearly straight above, 

1 Goldfuss, Petref. Germ. IT, p. 117, t. exvi, fig. la (non 14); Follmann, 
Verh. Nat. Hist. Verein. Rheinl., Jahrg. xlii, 1885, p. 197, t. v, fig. 3; Frech, 
“Devon. Aviculidie”: Abh. geol. spec. kart. Preuss., ix, iii, p. 107, t. viii, 
figs. 5--7a; Drevermann, Paleontographica, |, p. 240; Kegel, Abh. kon. preuss. 
geol. Landesanst., N.F., Ixxvi, 1913, p. 55. 

2 Drevermann, Palicontographi ii, Veit xdibe, Voy GBH ty psy LiFe Mo 
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broadly arched belew; posterior margin nearly vertical, slightly 
concave. Hinge-line straight, equal in length to about two-thirds 
the height of the shell. Hars well marked off from body. Valves 
unequal in size and unequally convex; left valve moderately 
convex, more so than right valve and larger, with higher and more 
prominent acute beak, having the body shirply marked off from 
anterior and posterior ears. Anterior ear small, subtriangular, 
convex, rounded, depressed, extending only a short distance along 
anterior edge of shell, with strongly concave inferior margin and 
byssal gape. Posterior ear large, triangular, flattened, depressed, 
longer than wide, extending fully three-fourths the length of the 
bedy ; posterior edge nearly vertical, broadly excavated, with 
tip pointed at about 60 degrees. Surface of body of left valve 
{in cast) marked with a few broad, low, concentric rugae, most 
conspicuous towards the inferior margin. Right valve showing 
large posterior muscle-scar situated on edge of body towards base 
of posterior ear. Ligamental area present on both valves, external, 
elongated-triangular, longitudinally grooved with fine lines. Hinge- 
line with traces of coarse crenulations in front of beaks. 

Dimensions (S. 64).—Height of shell, c. 65mm. Length of hinge- 
line, c. 42 mm. 

Horizon.—Meadfoot Beds. 
Locality —Kalmorie (8. 64). 
Remarks.—There is only one specimen of this shell known to me, 

and it consists of an internal cast, but it appears to possess such 
distinctive characters as to merit a specific designation. It can 
scarcely be regarded as a crushed and elongated example of Actinod. 
obsoletum, though the surface ornament (so far as it 1s preserved) 
rather suggests it. In shape and general characters it much 
resembles the figures and descriptions of the species described by 
Hall? as Glyptodesma erectwm (Conr.) from the Hamilton group of 
New York, and the briefly described Actinodesma Annae Frech ? 
from the Coblenzian, which would have been placed in Glyptodesma 
if Frech had admitted its generic or subgenetic separation from 
Actinodesma ; but our shell is less oblique than A. Annae and has 
a less pointed posterior ear. The previously mentioned A. erectwm 
Hall, var. nov. eifeliensis Drevermann * from the Lower Coblenzian 
of Oberstadtfeld seems to be almost identical with our new species, 
but itis broader and shorter. Kegel 4 is inclined to unite A. Annae 
with A. obsoletum, thus adopting Drevermann’s opinion. But it 
seems advisable to keep our shell separate from all these species. 

Kochia capuliformis (Koch). 

This species, which is a characteristic one in the Lower Devonian 
of the Continent,’ is subject to some variation in shape, and the one 

1 Hall, Palewont. New York, vol. v, pt. i, 1884, p. 153, pl. xi, figs. 1-10. 
2 Frech, op. cit., p. 106, t. vii, fig. 11; +t. viii, figs. 6-60. 
3’ Drevermann, Palwontographica, xlix, 1902, p. 83, t. x, fig. 3. 
4 Kegel, Abh. k. preuss. geol. Landesanst., N.F., Heft Ixxiv, 1913, p. 59. 
5 Frech, op. cit., p. 74, t. vi, figs. 6-6f; Kegel, op. cit., p. 55, t. ili, fig. 7. 



The Lower Devonian Fauna of Torquay. 273 

well-preserved cast of a left valve from Kilmorie which is in the 
Sedgwick Museum appears to be identical in every respect with the 
shell figured by Frech1 as a young “ Avicula-like’ example from 
the Taunus quartzite. The ligamental surface and posterior wing, 
the typical high narrow swollen body, and the high incurved slightly 
twisted beak are well seen in our specimen, and there are 2-3 low 
rounded concentric growth-ridges near the margin. The species 
does not appear to have been previously recorded in the Meadfoot 
Beds. 

Dimensions —Height (oblique), 22mm. Ditto, to hinge-line, 
19mm. Length of hinge-line, 10 mm. 
Horizon.—Mead foot Beds. 
Locality —Kilmorie (S. 72). 

Modiomorpha cf. mytiloides (Conrad). 

There is an internal cast of a complete shell from Kilmorie in the 
Sedgewick Museum which may be compared with the American 
species Modiomorpha mytiloides (Conr.)? rather than with any 
European form which has been described, though it resembles 
M. elevata Krantz,? M. precursor Frech,* and M. submissa Barr. 
(as figured by Buarreis °) in many respects. The obliquely suboval 
or rather spatulate shape of the shell widening gradually to the end 
of the hmge-lme, the narrow projecting anterior pre-umbonal 
portion, the situation of the umbo, the oblique course of the hinge- 
line, the weak sinuation in the inferior margin, the faintness or 
practical obsolescence of the umbonal ridge and the position of the 
anterior muscle-scar are features which agree closely with the 
above-mentioned American species. The internal cardinal thickening 
of the valve, the position of the posterior muscle-scar, and the course 
of the pallial line are of the usual type found in allied members of 
the genus, as figured by Hall, but the teeth are not preserved in our 
specimen, and the exterior of the shell is unknown. It has been 
suggested by Williams and Preger® that the lanceolate cardinal 
escutcheon on the internal cast represents the convex base of an 
internal ligament in spite of Halls’ statement that the ligament 
is external. 

Dimensions.—Length, c. 63mm. Height (maximum), c. 34 mm. 
Height at back, c. 20 mm. 

Horizon.—Meadfoot Beds. 
Locality.—Kilmorie (8. 73). 

1 Frech, op. cit., 6. vi, figs. 6b, 6c. 
2 Hall, Paicont. New York, vol. v, pt. ii, 1885, p. 277, pl. xxxvil, fig. 3; 

pl. xxxviii, figs. 1-16. 
3 Beushausen, Abh. i. preuss. geol. Landesanst., N.¥., Heft xvii, 1895, p. 23, 

t. li, figs. 9-11. 
4 Drevermann, Palawontograph., xlix, 1902, p. 86, t. x, figs. 11-14. 
> Barrois, Faune Calc. d’ Erbray, Mem. Soc. Geol. Nord, iii, 1889, p. 176, 

pl. xu, fig, 2: 
6 Williams & Breger, Prof. Paper 89, U.S. Geol. Surv., 1916, p. 218. 

VOL. LIX,—NO. VI. 18 
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Paleonelc ci. Maurert Beushausen, var. dunensis Beushausen. 

One imperfect specimen of a left valve from the New Cut, Torquay, 
seems to show the characters of the shell described by Beushausen 
as Ctenodonta (Paleoneilo) Maureri var. dunensis! from the 
Coblenzian of the Rhine. The complete outline of our example is 
not preserved, but the special ornamentation is well seen. The latter 
consists of a few widely separated sharp raised concentric growth- 
ridges or lamelle, with a few (4-5) very fine concentric striz in the 
broad concave interspaces, and their slight obliquity and increasing 
distance apart towards the posterior end of the valve distinguish its 
ornamentation from that of Tellinites lavisulcus Etheridge (q.v.), 
Williams and Breger* would place in the genus Tellinites McCoy * 
the species Ct. unioniformis Sandb., which Beushausen associated 
with the group contaming Ct. maurert, but their view is not here 
adopted. 

Dimensions.—Length, c. 32mm. Height, c. 16 mm. 
Horizon.—Red Beds (Staddon Grits). 
Locality New Cut, Torquay (8. 24). 

Nuculites (Clecdophorus) subovatus sp. nov. 

Definition —Shell suboval, smoothly rounded, gently convex ; 
anterior end broader and more obtuse than posterior end ; inferior 
margin slightly arched; postumbonal cardinal margin nearly 
straight. Beak subanterior, inconspicuous, low, situated at about. 
one-fourth the length of the shell. Internal clavicular ridge stout, 
slightly curved forwards, thickening below but becoming less elevated, 
extending downwards rather less than half the height of the valve. 
Cardinal teeth 8-9 in number, long, narrow, transverse, divergent, 
forming a slightly fan-like group at the origin of the clavicular ridge ;. 
anterior and posterior denticulations very small and numerous. 
Dimensions—Length, 31mm. Height (at beak), 19 mm. Length 

of clavicle, c. 8mm. 
Horizon.—Meadfoot Beds. 
Locality.—Meadfoot (Mus. Pract. Geol. 39). 
Remarks.—The specimen on which the above description is based 

is the internal cast of a right valve figured by Phillips * as Nucula. 
ovata (Sowerby) in the belief that it was identical with the imperfectly 
known Silurian species from the Upper Ludlow of Horeb Chapel, 
etc., described by Sowerby as Cucullea ovata.’ Phillips gave the 
following definition of the species: “‘ Transversely extended to an 
ovate form, most obtuse towards the anterior end, and having a 
width greater than the length in the ratio of 3 to 2. Interior lamina. 

1 Beushausen, Abh. k. preuss. geol. Landesanst., N.¥., Heft xvii, p. 87, t. vii, 
gs. 19, 25-7. 
“2 Williams & Breger, Prof. Paper 89, U.S. Geol. Surv., 1916, p. 165. 
3 McCoy, Ann. Mag. Nat. Hist., ser. 1, vol. vii, 1851, p. 51; id., Syn. Pal. 

Foss. Woodw. Mus., 1852, p. 286, pl. ix, fig. 31. 
4 Phillips, Paleoz. Foss. Dev. Cornw., Pp. 39, pl. xvii, fig. 65. 
5 Sowerby, in Murchison’s Silur. Syst., p. 602, pl. iii, fig. 12. 
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directly longitudinal (not oblique) on the anterior side of the beak.” 
No mention was made of the teeth, and the identification of this 
shell with Sowerby’s species is extremely doubtful, while its 
reference to Cucull@a or Nucula sens. str. is certainly incorrect. 
The genus Nuculites Conrad (= Cucullella auctt.)' might well 
receive it, but it seems desirable to use the name Cleidophorus Hall 
in a subgeneric sense, in the manner suggested by Williams and 
Breger2 for those species of Nuculites of the type of Nuculites 
planulata Conr. in which the surface is smoothly oval without any 
trace of a definite postumbonal ridge ;_ and to this group our Mead- 
foot shell undoubtedly belongs. Cl. perovalis Williams and Breger * 
from the Chapman Sandstone of Maine bears a considerable 
resemblance to it in shape and outline, and WN. (Cl.) elliptecus (Maurer) 
of the Coblenzian (as described by Beushausen * under the generic 
name Cucullella) is another allied species. 

EXPLANATION OF PLATE XII. 
FIG. 
1. Actinodesma (Glyptodesma) suberectum sp. nov. Left valve of complete 

internal cast. Nat. size. Meadfoot Beds, Kilmorie (Sedgwick 
Museum, Cambridge, S. 64). 

la. Ditto. Right valve of same specimen. Nat. size. 
1b. Ditto. Anterior view of conjoint valves of same specimen. Nat. size. 
2. Goniophora kilmoriensis sp. nov. Right valve of complete internal cast. 

Nat. size. Meadfoot Beds, Kilmorie (Sedgwick Museum, Cambridge, 
S. 68). 

2a. Ditto. Cardinal view of conjoint valves of same specimen. Nat. size. 
2b. Ditto. Anterior end (broken) of same specimen, showing triangular cross- 

section. Nat. size. 
2c, Ditto. Impression of external surface of left valve (imperfect) of same 

specimen, showing ornamentation. Nat. size. 

1 Kegel, Abh. k. preuss. geol. Landesanst., N.F., Heft Ixxvi, 1913, p. 73. 
2 Williams and Breger, Prof. Paper 89, U.S. Geol. Surv., 1916, pp. 159, 160. 
3 Thid., p. 151, pl. xxv, figs. 2, 10. 
4 Beushausen, Abh. k. preuss, geol. Landesanst., N.F., Heft xvii, p. 104, 

pl. v, figs. 9-15. 

(To be continued.) 



REVIEWS. 
CORRELATIONS OF THE Post-CreTacEous FoRMATIONS IN ‘THE 

Pacrric Recion. By T. WayLanp VauGHAN and others. 
Reprinted from specia! publication of Bernice P. Bishop 
Museum, No. 7, 1921. pp. 713-873. 

(els publication, consisting of papers communicated to the 
Pan-Pacific Scientific Conference in 1921, gives a summary of 

the present state of knowledge of the stratigraphy and correlation 
of the Tertiary deposits in and around the Pacific. The papers deal 
with (1) New Zealand, (2) Australia, (3) Java, (4) Sumatra, Nias, 
Borneo, Celebes, Timor, and Oceania, (5) the Philippines, (6) Japanese 
Territory, (7) Alaska, (8) West coast of North America, (9) Central 
America and the West Indies, (10) Western South America, (11) the 
Basis of the correlation of Post-Cretaceous Formations of the Pacific 
Region. 

In the more remote and isolated regions, such as Java, Australia, 
and New Zealand, the difficulties of correlation are very great. In 
the case of Java Dr. K. Martin says the faunas of the Tertiary 
deposits are entirely different from those of Europe, and the Tertiary 
paleontology of India is still too incompletely known to afford any 
basis for comparison. The percentage of living species in Java 1s 
stated to be greater than in deposits of similar age in Hurope; this 
is accounted for by the fact that in Tertiary times important climatic 
changes occurred in extra-tropical regions ; while no such changes 
took place in the Tropics; accordingly there were fewer factors 
which would modify the species, so that the transformation of faunas 
was less rapid than in Europe, and conseyuently more species have 
persisted to the present time. Similar remarks are made by W. D. 
Warren on the Tertiary fossils of the Philippines. 

Along the west coast of North America a difficulty im correlation 
is due to the existence of zoological provinces from south to north. 
At the present day the marine molluscan faunas of Panama, Southern 
California, and Alaska have practically nothing in common, and if 
they had belonged to a Middle Tertiary instead of the Recent epoch 
it would have been very difficult to have established con- 
temporaneity. In the Tertiary faunas of the west coast there is 
similar evidence of temperature zoues, which are perhaps indicated 
even as far back as the Eocene, and m the Upper Oligocene a fairly 
definite zonal arrangement is seen ; this becomes even more evident 
in the Middle Miocene, as is shown by a comparison of the faunas 
of this horizon in Southern California, Middle California, and Oregon 
and Washington. The faunas obtained from the marme Pliocene 
show still more clearly the effects of temperature differentiation 
from south to north. Another difficulty in the correlation of the 
Tertiary deposits of the west coast is due to the existence of numerous 
partially isolated basins of deposition, with local environments and 
corresponding loval changes in the faunas. 
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The study of the fossil faunas of the Caribbean region is of 
fundamental importance for the correlation of the Tertiary deposits 
of both the Atlantic and Pacific basins, because of the inter-oceanic 
connexion across Central America which existed during a con- 
siderable part of the Tertiary period. It has long been noticed 
that the fossils in the Tertiary deposits of the West Indies and 
Central America are more nearly allied to species livmg in the 
Indo-Pacific region than to those in the Atlantic. In recent years 
the work of numerous American writers has considerably extended 
our knowledge of these resemblances, especially in the Calcareous 
Alge, Foraminifera, Corals, Echinoids, Mollusca, and Crustacea. 
It has been shown that many species or genera which are abundant 
in the Eocene and Oligocene deposits of the Caribbean region are 
now extinct in the Atlantic, but have representatives im the Pacific. 
At the present day the Atlantic fauna is in many respects strikingly 
different from that of the Indo-Pacific region, but the two faunas 
were uot differentiated from one another in Oligocene times and 
were only slightly differentiated in the Miocene period. 

Except in Trinidad no Lower Eocene is kaown in Central America 
and the West Indies, and Middle Eocene is known only in Panama, 
but Upper Eocene deposits are widely distributed and rest on folded 
and eroded Upper Cretaceous. The Upper Eocene, of which the 
type formation is the St. Bartholomew Limestone, shows close 
relationship with the Priabona formation of Northern Italy. 
Similarly, the coral fauna of the Middle Oligocene deposits bears 
close resemblance to that of the Rupelian of Northern Italy. 

Tae Water Supety oF CAMBRIDGESHIRE, ETC., FROM UNDER- 
cROUND Sources. By W. Wuiraker, B.A., F.R.S. Mem. 
Geol. Survey, (His Majesty’s Stationery Office). 157 pp. Price 
7s. net. 

JS publication of this interesting and authentic record of the 
underground water supplies of Cambridgeshire, Hunts, and 

Rutland, has been looked forward to by those interested in providing 
an adequate water supply to mcet the conditions accertuated by 
the abnormal drought of last year. 

The area covered by the work embraces that part of England 
where the least rainfall is recorded in normal years. 

The recent drought, particularly in the Fens, where the domestic 
water supply is most difficult to obtain, has compelled the local 
authorities to look seriously into the question of permanent water 
supplies. 

In publishing the work at this time the author may he assured of 
its appreciation by those who desire to be informed of the best means 
of improving and enlarging their existing supplies. 

The first part of the book deals with the general Geological 
Formations, Water Bearing Beds, Springs, aad Contamination ; 
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and in relation to the latter, interesting details are given of the 
various tests made on the flow of underground water at Fulbourn 
in connexion with the Cambridge water supply. 

The latter part is devoted to a detailed list of well-sections and 
analyses of the various well waters. 

In conuexion with the well-sections there is a lot of information 
which will be extremely useful to geologists as to thickness of strata 
and depth to the Greensand, etc. 
A complete bibliography and index add to the usefulness of an 

excellent work. _ 
L. EH. Wizson. 

OsminipIumM IN Tasmanta. By A. M. Rep. Bulletin 32, 
Geological Survey of Tasmania. pp. vii+126, with 10 plates 
(maps) and 12 full-page photographs. 1921. 

OF late years there has been a considerable demand foz the natural 
alloy osmiridium or iridosmine for the points of gold nibs for 

fountain pens, and prices until lately ruled very high. Tasmania 
is to-day the largest producer of this valuable metal. A remarkable 
feature is the comparative scarcity of associated platinum in the 
deposits, which nevertheless are derived from ultrabasic, usually 
serpentinized intrusions, as in the case of the normal platinum 
occurrences. Hitherto the output has been chiefly obtained from 
superficial and alluvial deposits, but the metal has been definitely 
located in its mother rock, which has also been worked commercially 
to some extent. In their unaltered condition the metalliferous 
tocks are mainly bronzite-peridotites, while pyroxenites and their 
derived serpentines are harren. The chief deposits are found in the’ 
Tiver-gravels of the Western Division, while the best-known rock- 
deposits are those of Bald Hill, Mt. Stewart, and Wilson River. 
Much of this country is very wild and inaccessible, and there 
are possibilities of much future development of the imdustry, 
though at present owing to a slump in prices it 1s not very profitz ble. 

NEMORHAEDUS PHILISI, NOV. SPEC. EIN FOSSILER GORAL AUS DEM 
OBERPLIOCAN DER AUVERGNE. By 8S. Scnaus (Basel). Ecloge 
Geol. Helvetie, vol. xvi, No. 5, January, 1922, p. 558. 

i this paper the author describes the remains of at least two 
individuals of a new species of Nemorhaedus (the Goral), a genus 

of antelopes related to Capricornis (the Serow) and to Budorcas (the 
Takin), all confined at the present day to the eastern half of Asia. 
The material, which includes skulls and most of the skeleton, 1s so 
good that there seems to be no reason to doubt the accuracy of the 
determination. The discovery of this Asiatic form in western 
Kurope is particularly interesting because it probably represents the 
ancestral form of the peculiarly modified antelope Myotragus 
discovered by Miss Bate in Pleistocene cavern-deposits of the 
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Balearic Isles. This antelope is especially remarkable for possessing 
a pair of permanently growing rodent-like lower incisors and very 
broad stout metapodial bones; a detailed account of its osteology 
was given by the present writer in the Philosophical Transactions 
(Ser. B, vol. 206, 1915, p. 281, pls. 19-22). There numerous 
resemblances between Mvyotragus, Nemorhaedus, and Budorcas 
were pointed ont, the likeness of the feet in Myotragus and Budorcas 
being especially striking. Myotragus, in fact, as suggested in the 
above-mentioned paper, seems to be a peculiarly modified insular 
form of the Nemorhaedine antelopes, formerly much more widely 
distributed than at present. 

} CoM e 

JAMES HAL or ALBANY, GEOLOGIST AND PALZONTOLOGIST, 1811- 
1898. By Joun M. Crarke. 8vo, 865 pages, and many 
illustrations. Albany, 1921. Price $3.50. 

ROFESSOR CLARKE, Director of the New York State Museum, 
was obviously the person fitted to write the life of his predecessor 

and former chief. 
The author is not blind to his subject’s faults, and the reader is 

left with a feeling of sadness that a life which might have been 
tranquil was made turbulent owing to Hall’s temperament. 

His geological work is admirably treated, as one would expect 
from one whose labours have been largely along the same lines as 
those followed by Hall himself. His great achievements—the 
establishment of the Paleozoic succession in New York State, the 
magnificent paleontological researches chiefly embodied in the 
thirteen volumes on the Palewontology of New York, and his acute 
discernment of the relationship between geosynclines and mountain- 
building—are adequately treated, and give an excellent idea of: 
Hall’s indomitable energy, his industry, and his genius. 
We learn much also of his contemporaries, and as his scientific 

career extended over a period of nearly sixty-three years, the book 
practically contains a history of the progress of the study of the 
Palxozoic rocks of the States during the nineteenth century. 

The author of the “ life ” is evidently concerned about questions 
of nomenclature. The acquisitive Briton has, it seems, established 
and named so many stratigraphical systems (as he has occupied so 
many colonies) that little was left for others. This will, no doubt, 
be set right when a more satisfactory classification is ultimately 
adopted, based upon fossil-sequence. In the meantime, apart from 
priority in naming, the work of Hall must be generally recognized as 
contributing in a high degree to the definite establishment of the 
Devonian system. 

British geologists will be interested in much new matter concerning 
Lyell’s visits to the States. We recommend the book to our readers : 
it is a worthy record of a great man. 

jai ME 
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Memories or A Lone Lire. By T. G. Bonney, Sc.D., LL.D., 
F.R.S. pp. viit112. Cambridge: Metcalfe & Co., Ltd., 1921. 

R. BONNEY has composed a delightful book of reminiscences ; 
we wish it could have been lonver. It traverses the whole of 

the Victorian period, for the author’s first recorded experience is 
the hooming of the guns of the Black Rock Fort when William IV 
died. The first chapter deals with incidents of boyhood, and 
contains a pleasmg account of life m a small provincial town in 
early Victorian times, and of Uppingham Svhool, where the author 
received ““a more liberal education than schools of that day 
generally provided ’’, and where he began to acquire an early taste 
for geology by collecting fossils from the Upper Lias Clay and Lower 
Oolite. Perhaps the most mteresting chapters are those relating to 
Cambridge, and it is instructive to compare the University life 
at the time when Dr. Bonney was an undergraduate or a junior 
fellow with that of the present day. Dr. Bonney is not one of 
those who think things have changed generally for the worse, for 
he holds the balance very evenly. As a Liberal, though not a Radical, 
he was usually on the side of the reformers, but while holding that 
on the whole the old order has changed for a better, he is emphatically 
of opinion that some of the practices and customs of modern Cam- 
bridge are regrettable mnovations, and we gather the impression 
that life at the University, while gaining in many ways, has suffered 
in dignity and charm. In a chapter on “ The Work and Play of 
a Long Life ’’, the author describes certain of his travels and Alpine 
experiences, and this is followed by records of some remarkable 
meteorological phenomena. The last chapter is upon “ Men 
I have known”, and contains interesting reminiscences of Isaac 
Todhunter, Adam Sedgwick, Charles Kingsley, and other famous 
men. We take leave to correct one small mistake, and that in a 
footnote. In referring to the tearing down of palings, etc., to supply 
fuel for bonfires at undergraduates’ “rags”, Dr. Bonney says: 
““T have heard that the first of these outrages on law and good 
manners was perpetrated in 1898, when the late Lord Kitchener 
received an honorary degree.” The writer of this notice has not 
forgotten the “rag ’”’ im the spring of the previous year, when the 
Senate threw out the proposal to confer titular degrees upon women, 
on which occasion there was also a deplorable destruction of property. 

Msi Tels ve.y JUL 

REPORTS AND PROCEEDINGS. 
GEOLOGISTS’ ASSOCIATION, 

3rd March, 1922. 

“ The Geological Structure of North Devon.” By Dr. J. W. Evans, 
LL.B., F.R.S., F.G.8. 

Description of the geological succession of beds and correlation 
with other areas. Dip, cleavage, folding, faulting, and other 
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structures. Historical survey of the distiict from the Devonian 
Period to the present time. 

7th April, 1922. 

“Some British Fossil Pigs aad their bearing upon the Pleistocene 
problem.” By Martin A. C. Hinton. 

The paper describes fossil pigs from the Red Crag, Forest Bed 
Series, High Terrace and Middle Terrace drifts of the Thames. 
Certain of the species recognized are new and some seem to have 
an important bearing upon the Pleistocene problem in Britain. 

LivERPOOL GEOLOGICAL SOCIETY, 

14th February, 1922.—Professor P. G. H. Boswell, O.B.E., D.Sc., 
F.G.S., President, in the chair. 

The following paper was read: “ Bacteria from the Geological 
Aspect.” By R.G. Wills, M.A., M.B. (Cautab). 
A general description of bacteria was first given, followed by an account 

of their physiology in its bearing on geology. Reference was made 
to sulphur bacteria, the formation of hydrated silicates of aluminium 
by bacterial agency, as well as the precipitation of calcium carbonate. 
The iron bacteria were then considered in detail, and various deposits 
due to their agency described, some local examples being cited. 
They belong to a group of organisms known as the higher bacteria 
or Trichomycetes, which perhaps stand in an intermediate position 
between true bacteria and the higher fungi. The remains of iron 
bacteria have been found in bog iron ores of recent date, but up to 
the present no structures recognizable as their fossil remams have 
been found in earlier rocks. Concerning records of fossil bacteria 
generally, a fair case for their existence has been made out by workers 
in this field. The late Bernard Renault in 1896 and 1900 described 
bacteria in Permo-Carboniferous coprolites and coals, m 1915 
Charles D. Walcott described a “ micrococcus ” from the Algonkian 
Limestone of Montana, and Dr. David Ellis a bacillus and micro- 
coccus from Cretaceous rocks. 

Rovat GEOLOGICAL SOCIETY OF CORNWALL. 

Annual Meeting. 28th March, 1922. 

The following papers were read :— 
Presidential Address. By R. A. Thomas, M.1.M.M. 
In which he advocated a thorough investigation of the granite 

as being most likely to lead to the successful determination of tin 
and copper-bearing areas. 

“The Microscopic Characters of Cassiterite.’” By J. M. 
Coon. 

In which he gave a detailed account of the optical characters 
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of cassiterite illustrated by a series of drawings of microscopic 
sections; he noted that all sections he had examined showed the 
cassiterite to possess cleavage. 

“Ancient Documents relating to Cornish Mining.” By F. J. 
Stephens, F.G.S. 

In which he advocated the possibility of profitable lead deposits 
‘still existing in Cornwall. 

“Note on a Pegmatite from Carn Marth.” By KE. H. Davison, 
B.Sc. 
Who described a pegmatite which had recently been exposed and 

which showed crystals of orthoclase showing Baveno twinning, and 
crusted with secondary micaon which occurred crystals of tourmaline, 
purple fluor, blue apatite, ete. The field relations of the pegmatite 
were described and the genesis of the minerals indicated. 

“The Geology of Godrevy.” By C. Frazier (student of the 
School of Mines, Camborne). 

In which the writer described the geology of the Godrevy area and 
gave assay results of the manganese and gold value of the manganese 
layer in the raised beach of Pleistocene age. 
A prize of £5 was awarded for this paper fzom the proceeds of the 

Bolitho Fund. 
“The Geology of Worras Hill, St. Ives.” By A. H. E. Turner 

(student of the School of Mines, Camborne). 
The writer described the geology of Worras Hill and some types 

of altered granite occurring there. He also dealt with the micro- 
scopic characters of the igneous rocks and their altered forms. 

“ Fossils near Bude.” By F. M. H. Stephens (age 14). 
In which fish and plant fossils were described as well as some 

concretions of clay ironstone which occur in the Culm Measures 
near Bude. 

YORKSHIRE GEOLOGICAL Soctrery. 

29th March, 1922, 

“Some new Observations on the Glacial Geology of Furness.” 
By Geo. Grace, B.Sc., and F. H. Smith, B.Sc. 

To a great extent the topography of High Furness is the result of 
abnormal erosion during and immediately after the Glacial Period. 
The series of events that produced the basin-like depression in part 
of which Coniston Lake lies were deseribed in detail, and it was 
shown that it originally consisted of two distinct valleys at over 
300 feet O.D., and that its present condition is due to the erosion of 
ice coming down Church Beck and Yewdale, assisted by that from 
several smaller valleys to the north-east. 

This origin is confirmed by the profiles of the various becks which 
run into it, all of which occupy hanging valleys. Many areas in the 
valleys and much of Low Furness were eroded below sea-level, and 
the greatest depth seems to be somewhere about 200 feet below O.D. 
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As in other areas in the Lake District, the usual evidences of 
glaciation cease about the 2,000 ft. contour, probably on account of 
frost action during the latter part of the Glacial Period and since the 
disappearance of the ice. During the period after maximum 
glaciation, but before the ice was definitely confined to the present 
valleys, its motion appears to have ignored the present drainage 
system completely and evidences of cross-channels cut by these 
high-level glaciers are very common on the mountain-tops. 

One episode in the later Glacial Period was the formation of a 
lake in the Duddon Estuary, which, for some time, discharged its 
water across South Furness into Morecambe Bay. Low Furness 
is an area of deposition and is largely covered with Drift. This is 
of two kinds :— 

1. The Irish Sea Drift, divisible into three horizons: (a) The 
Upper Boulder Clay; (b) the Middle Sands and Gravels; (c) the 
Lower Boulder Clay. These contain erratics from many places on 
the west coast of Cumberland and probably still further north. 
It has been fully described by Mackintosh. 

2. The Local Drift, a heterogeneous series of deposits, mostly of 
limited extent, and probably with no simple relation to one another ; 
certainly not divisible into three series, as has been claimed by 
previous writers. The line of demarcation between these two drifts 
Tuns across Low Furness from Dunnerholme to Newbiggin. North 
of this line no erratics have been found which can be ascribed to 
the Irish Sea Drift. 

CORRESPONDENCE. 
GAULT AND LOWER GREENSAND NEAR LEIGHTON BUZZARD. 

Str,_We have read Mr. G. W. Lamplugh’s paper, “On the 
Junction of Gault and Lower Greensand near Leighton Buzzard 
(Bedfordshire),’’ which has recently appeared in the Geological 
Society’s Quarterly Journal (vol. xxviii, part 1). Mr. Lamplugh’s 
main interpretation, violating, as it does, the most elementary 
principles of zonal paleontology and entailing the correlation with 
one another of four distinct deposits of widely separate ages, 
appears to us to be so fantastic as to be unworthy of serious con- 
sideration. The fallacy of this attempted correlation must be 
patent to all who are acquainted with the faunal characterization 
of the zones in question. Rock-specimens and fossils from these 
beds may be seen at the office of the Geological Survey by any 
geologists who are interested. The specimens provide clear evidence 
that Lower Gault and Upper Gault have been confused by 
Mr. Lamplugh, and no amount of special pleading will lessen the 
force of their testimony. As regards the limestone-lenticles found 
at Shenley Hill, amply shown by their fauna to be of Cenomanian 
age, the matter is equally simple to those who are competent to 
make a proper use of the evidence. 
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The publication of work so fundamentally unsound is the affair 
of the author and of the Geological Society. Of more concern to 
us is the misleading character of many of Mr. Lamplugh’s numerous 
references to us and to our published views. Misrepresentation is so 
frequent throughout the paper that we feel bound to protest. A 
full analysis would occupy many pages of print ; but we may mention 
briefly a few examples by way of illastration. On p. 13 of his paper, 
referring to a particular mass of “ greensand”’ below the Gault 
seen by him in 1904, Mr. Lamplugh suggests that we expressed our 
opinion that this bed is of Upper Greensand age without having 
seen the rock. He omits to say that our view was based on a set of 
specimens obtained by himself and deposited in the collection of the 
Geological Survey. These specimens are always available for 
examination, and anybody who understands the subject will find that 
they speak for themselves. Mr. Lamplugh curtly dismisses the con- 
sidered opinion of Mr. T. H. Withers, on some cirripede-remains 
from tbis bed. Mr. Withers is a leading authority on fossil cirripedes 
and their evolutionary characters, concerning which Mr. Lamplugh 
is not qualified to speak. We have complete faith in the opinion 
of Mr. Withers on this subject. 

Again, on p. 15, when referring to a certain mass of clay ascribed 
by us to the Upper Gault, Mr. Lamplugh’s words, “ and therefore 
including this section in the area supposed to be inverted ’’, wrongly 
introduce an implication that we have never adopted. Once again 
(p. 8): “ Dr. Kitchin and Mr. Pringle record an ammonite of the 
auritus-group, supposed to be Hoplites catillus (J. de C. Sowerby) 
... (See also p. 78.) We neither ascribed any ammonite seen 
by us to that species nor referred the species to the auritus-group. 
And, as a further example, on p. 18 Mr. Lamplugh states that we have 
described and figured “the tailing out southwards” of the Silty 
beds at the entrance to the Miletree Farm pit. What we actually 
described and figured was a striking unconformity between Upper 
Gault and Lower Greensand at the opposite (northward) end of the 
pit. Although this is the most important feature of the section, it is. 
left unmentioned by Mr. Lamplugh. 

Such a mode of representing our views must tend to discredit 
us unfairly in the eyes of uninformed readers. The same misleading: 
method is too noticeable also in Mr. Lamplugh’s presentation of 
geological facts. For example, on p. 41 he refers to fossils of the 
Shenley Hill limestone found many years ago by the Geological 
Survey at Long Crendon, and leads the reader to believe that these- 
came from “ calcareous stone’ found there below the Gault. In 
reality there is no particle of evidence for that belief. In the original 
manuscript record of the section from which the specimens were 
obtaimed the presence of Gault is not mentioned. The Gault of that 
locality is underlain by a Purbeck limestone; but the fossils were 
stated to have been found just above Portland limestone, which was. 
then worked at its outcrop in openings immediately adjacent to a 



Correspondence—F. L. Kitchin & J. Pringle. 285 

Gault clay-pit. It seems clear that Jukes-Browne regarded these 
specimens with suspicion. Although he was provided with a list of 
these fossils, which were collected for him, he did not mention them 
in connexion with his section published in 1900 (reproduced by 
Mr. Lamplugh). He probably suppressed mention of them, for he 
certainly knew better than to assign them to a horizon below the 
Gault Clay. In any case, the lowest Gault of Long Crendon has been 
shown to be Upper Gault, with an unconformable base, and the 
mammillatus-horizon, to which Mr. Lamplugh wrongly ascribes 
the limestone, is unrepresented there. We have no doubt that the 
fossils, all of which may have occurred in a single piece of limestone 
of small dimensions, came from the surface. Fragments of “red 
chalk ” and other extraneous material have been recorded from the 
Drift of Oxfordshire. There is Drift on Long Crendon hill: the 
matrix of these fossils is not unlike “ red chalk’’. 

On p. 28 of his paper, when comparing the section in the old pit 
near Heath House with that in Harris’s pit at Shenley Hill, 
Mr. Lamplugh says that the Gault in these two exposures agrees 
in all essential particulars, a statement quite contrary to fact. The 
lowest 15 feet of Gault in these two sections is so well contrasted, 
both lithologically and palseontologically, as to preclude any idea 
of correlation. This contrast is fatal to Mr. Lamplugh’s view. 
He also states as a fact that Lower Gault fossils were formerly 
obtained from the Heath House section (p. 79), though there is no 
evidence of this. Jukes-Browne recorded Ammonites interruptus 
from a nodule-bed there which contains a rich Upper Gault fauna ; 
but certain hoplitids of the Upper Gault were at that time usually 
determined as “ A. interruptus”, and the record is without any 
value. To accept it as evidence of the presence of Lower Gault 
is merely absurd, in view of the fossils (“‘ Ammonites rostratus,” 
“A. varicosus,” “ Inoceramus sulcatus’ and others) with which the 
species was stated to be associated. 

On p. 20, Mr. Lamplugh’s diagram illustrating the section at the 
northern end of Miletree Farm pit is so drawa as not to show the 
important unconformity that occurs there. The reader must 
inevitably obtain a false impression as to the relation between the 
Gault and the Lower Greensand at that locality. The case is poor 
indeed that depends on such methods of advocacy as are illustrated 
by this and the other examples mentioned above. 

In his discussions of the paleontology Mr. Lamplugh shows little 
understanding of essentials. Names seem to appeal to him more than 
the facts and principles of evolution, about which he appears to know 
nothing. His method is to labour the points that he believes (not 
always correctly) to be favourable to his view and to pass adroitly 
over those that are unfavourable. Speaking of the Inocerami 
found in the lower part of the Gault at Harris’s pit (p. 78), believed 
by him to be Lower Gault, Mr. Lamplugh states that one of these is 
a form common in the “lower part of the Gault’ elsewhere, 
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specifying Muzzle (West Norfolk) and Speeten (p. 51). He is 
evidently unaware that he is here referring to Upper Gault deposits. 
The Inocerami in question are found at those localities in overlapping 
Upper Gault, and are not known to occur at any place near the 
true base of the Gault. 

The age of the Gault in Harris’s pit can only be determmed by 
means of its fossils; yet the example just cited shows that. 
Mr. Lamplugh is incapable of interpreting the evidence by which 
alone a true correlation can be made. This statement applies also 
to his disvussion of the ammonites from the lower part of the clay 
in that pit (pp. 78-9). His remarks show such superficiality and 
confusion of ideas that they are ridiculous as well as valueless. 
No informed paleontologist having any regard either for his own 
reputation or for sound stratigraphy could be persuaded to assign 
the lower part of the clay at Harris’s pit to the Lower Gault, or even 
to a horizon as low as the basal part of the Upper Gault. A strati- 
erapher, however, ascribes it without scruple to the Lower Gault, 
with the benison of the Geological Society of London to support 
him (1903, 1922). 

Mr. Lamplugh’s method of dealing with the fauna of the 
Cenomanian limestone is equally futile. Why trouble to say so 
much about Terebrirostra neocomiensis and T. arduennensis when 
the forms found in the limestone at Shenley Fill are identical with 
the later, extreme evolutionary types characteristic of a low 
Cenomanian horizon in France and in this country ? Why pass so 
lightly over Catopygus columbarius, Nucleolites lacunosus, Cidaris 
bowerbanki, Rhynchonella grasiana, Pecten curvatus, Isoarca obesa, 

Cyphonotus incertus, and other telling species ? If, as Mr. Lamplugh 

believes, Leymeriella regularis occurs indigenously in the same 
bed as these, then the whole basis of zonal paleeontology, as practised 
daily by professionals like ourselves and by innumerable amateurs 
the world over, is false. But practical results prove that the con- 
trary is the case. The firm foundation upon which accurate strati- 
graphy has been built is not yet shaken ; the method of William Smith 
is not to be discredited by the assumptions of Mr. Lamplugh. 

Mr. Lamplugh also speaks of Inoceramus concentricus as coming 
from the limestone. Whether the limestone be ascribed to the 
“ mammillatus-zone’? or to a Cenomanian horizon, it is in either 

case safe to assert that this species does not occur in the bed ; it may 

probably have been collected from the basal bed of the Upper Gault, 

with which the limestone-lenticles are found accidentally associated. 

Mr. Lamplugh states that the absence of certain species speaks 

against our view concerning the age of the limestone, apparently 

unaware that some of these (for instance, Pecten asper) are not found 

at the horizon in Wiltshire with which we correlate that rock. 

Mr. Laimplugh’s failure to determine correctly the age of the 

limestone and the clay that overlies it invalidates the whole of his 

paper. Judging by the above examples of paleontological ineptitude 
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and the many other errors and fallacies in the paper (we can furnish 
a long list, if desired), it can only be assumed that before undertaking 
publication the Council of the Geological Society failed to submit 
the manuscript to any capable paleontologist familiar with the zones 
in question. 

In the course of the paper we are mentioned by name more than 
forty times, not always without derogatory implication in the con- 
text. It is most unusual to find the Quarterly Journal utilized as the 
medium of publication for a paper of this character, in which the 
collective effect of the repeated personal references and the mis- 
representations is sometimes that of a not well-veiled argumentuwm 
ad hominem. We have always understood that one of the chief 
functions of the Publication Committee of the Geological Society is 
to prevent the publication of matter which may give just cause of 
offence, and to provide some guarantee to the Fellows that the 
substance of communications issued by the Society shall be sound 
in essentials. Apart from any personal considerations, we, as 
Fellows, regret that the Council has created so questionable a 
precedent by the publication of Mr. Lamplugh’s elaborate and 
costly paper in the form in which it has appeared. 

F. L. Kirentn. 
J. PRINGLE. 

THE AGE OF THE SHENLEY LIMESTONE. 

Sir.—In February of last year I published a short report on the 
Kchinoids of the now notorious Shenley Limestone lenticles ; and 
in the following month Mr. Lamplugh asked that “judgment in 
respect of [my] deductions ” should be suspended. His ‘‘ judgment ”’ 
has now been pronounced and published (@..J.G.S., xxviii, pp. 76-7), 
and I heg leave to exercise the prerogative of comment before 
sentence is passed. 

I wish to say at the outset that I have neither desire nor intention 
to be drawn into a controversy on matters beyond my own observa- 
tion—-the stratigraphical relations of the Shenley limestone are 
none of my business—and that I am concerned solely with the facies 
presented by the Kchinoid fauna. It is true that most of the 
specimens are too poorly preserved for rigorous determination ; but 
it is equally true that a few of them are as satisfactory as could be 
desired. Is it a coincidence that every one of such specimens 
indicates an ho1izon at or above the top of the “ Upper Greensand ?” 

Cidaris bowerbanki was recognized on three (probably six) 
radioles, and Mr. Lamplugh suggests that “ the determination can 
hardly be reckoned conclusive’. With all deference I would submit 
that in this case the radioles are vastly more distinctive than the 
test. At least, they belong to a Tylocidaris (type C. clavigera), 
and that genus is not known before the Cenomanian. Arguments 
based on its generic range (after the style adopted by Mr. Lamplugh 
in his criticism) would make it reasonable to assume that the Shenley 
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Limestone is of Upper Senonian age! Again, Nucleolites lacunosus 
(an equally confident identification) is airily disposed of with the 
remark that the genus has “ many representatives in the Lower 
Cretaceous’. Nucleolites (in the sense understood by both of us in 
this case) ranges from the Bajocian upwards, and I fail to see why 
the Corallian age of the Shenley Limestone should be disputed if 
such an argument is to hold! I assume that here, as elsewhere, my 
critic intends to suggest that I have made a mistake im identification. 
I should have little cause for complaint if he had stated that opinion 
outright; but hints and msinuations are unpleasant. Anyhow, 
the specimens exist, and the truth is in them. 

But it is useless to haggle over names—especially when their 
application by our forefathers is regarded as evidence in modern 
paleontological stratigraphy. It is difficult to express in antiquated 
terms the views of paleontologists of to-day ; and still more difficult 
to convince those who consider that a “‘ new genus and species has 
no present value for correlation” that they are mistaken. 
Paleeontologists will understand me when I say that the whole 
facies of the Echinoid fauna under discussion suggests a “Warminster 

Top-Beds” horizon; and that failure to attach a single specific 

name throughout the list would in no way have detracted from my 

confidence. 
I should like to close on a less controversial note. As a professed 

palzontologist, I am deeply grateful to Mr. Lanyplugh for an innova- 

tion in his paper. The idea of printing “ field-determinations”” of 

fossils in roman type, reserving italics for those based on special study, 

seems extremely well-inspired. If generally adopted, the practice 

will halve the difficulties of those who try to trace ranges as recorded 

in literature ; had i4 been carried out since 1875, Mr. Lamplugh’s 

criticisms of my list might have been less voluminous and more 

convincing. 
Hersert L. HAWKINS. 

UNIVERSITY COLLEGE, READING. 
12th May, 1922. 

ANNOUNCEMENTS AND INQUIRIES. 

Professor H. L. Hawkins, Geological Department, University 

College, Reading, would be very grateful to any collectors or curators 

of local museums who have specimens of Pygaster from authentic 

British localities if they would communicate with him. He is 

preparing a monograph for the Paleontographical Society, and 

desires to make it as complete as possible. At the present time he is 

particularly anxious to see Pygasters from the lower Oolites of the 

Midlands and North of England. While fully prepared to accept 

specimens as gifts or in exchange, he undertakes to cherish and 

return all specimens lent on other terms. All such help will be duly 

acknowledged in the monograph. 
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ORIGINAL ARTICLES. 

On a Freshwater Shale with Viviparus and Associated 
Beds from the Base of the Carboniferous Rocks in 
Ribblesdale, Yorkshire. 

By Professor EK. J. Garwoop, 8c.D., F.R.S. 

(PLATE XIII.) 

HE specimens here described were obtained by the writer from 
a pocket in the surface of the Silurian Slates about 200 yards 

to the north of Gillet Brae, exposed during the preliminary 
excavation for Mr. Delany’s quarry (the Horton Lime Works) in 
1889. The quarry is situated on the right bank of the Ribble, 
opposite Horton village. The site of the exposure is now buried 
under tip heaps and there is little chance of further sections being 
exposed. 

As a detailed survey of the district recently undertaken by the 
writer has revealed no beds of a similar character in West Yorkshire, 
it may be of interest to put on record the details of the section at 
the time it was exposed. 

DESCRIPTION OF THE SECTION. 

The deposits in question, which are of considerable interest owing 
to the unique faunas they contain, consisted when they were exposed 
in 1889, of two beds, each a few inches in thickness, occupying a 
slight depression in the surface of the upturned Silurian Slates. 

These two beds are overlain by a thin layer of black calcareous 
shale, containmg crushed specimens of Cyrtina carbonaria, which 
can still be seen at the base of the quarry. 

This shale forms a thin layer at the base of the massive limestone 
of the Nematophyllum minus subzone, which, as a rule, forms the 
lowest horizon in the Carboniferous deposits on either side of the 
Ribble valley to the north of the Craven Faults. It will be convenient 
to refer to the two lower beds of the section, as 

the Viviparus Shale and 
the Lamellibranch Limestone respectively. 

The diagram (Fig. 1) gives the general succession as seen in 1889. 
The two beds, V and L of Fig. 1 did not form one continuous 
deposit, but were sharply separated from one another both by their 
lithological characters and by their fossil contents, the general 
relation between the two being evidently that of a non-sequence. 
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The Viriparus Shale—This bed, which rested on the surface of the 
Silurian rocks, consists of a friable sandy mudstone, devoid of any 
appreciable calcareous constituents ; it averaged about 2 inches 
in thickness, and was traversed by numerous irregular cracks. 
The fossils occur exclusively in the highest layer of the deposit. 
The majority of the forms are gastropods, evidently belongmg to 
a species of Viviparus, but associated with these, occur numerous 
examples of a thin-shelled lamellibranch. The bed itself is totally 
different, not only from the Lamellibranch Limestone which overlies 
it, but from any other deposit hitherto met with in the lower 
Carboniferous rocks in the north of England. It has all the 
appearance of a sandy mud laid down in a freshwater pond 
on land. Under the microscope the deposit is seen to be composed of 
closely set alternating layers of coarse and fine material consisting 
of abundant sub-angular fragments of quartz embedded in a brown. 
impalpable mud ; a notable quantity of iron pyrites is also present, 
which frequently occurs in thin layers lying parallel to the bedding 
planes. 

Fic. 1.—Diagram section of the base of the Carboniferous exposed in 1889, 
200 yards N. of Gillet Brae. Si, Silurian; V, Vwviparus shale; 
L, Lamellibranch limestone; CC, Cyrtina carbonaria shale; NM, 
Nematophyllum minus limestone. 

The character of the jomting resembles shrinkage cracks due to 
desiccation rather than to movements like those to which the dip 
and strike jomts which traverse the overlying massive limestone: 
are probably due. The pond cannot have been of any great 
dimensions as the deposit does not extend back into the present 
floor of the quarry, where the crushed Cyrtina Shale lies directly 
on the Silurian floor. It is also absent from the face of the escarp- 
ment to the north and south where the main’ mass of the lime- 
stone with Nematophyllum minus overlaps on to the Silurian. 
Again, the shaly limestone which overlies the conglomerate in 
Gillet Brae, 200 yards to the south, contains no trace of this deposit. 
The pond may, however, have extended to the east, but again no. 
trace of it has been found on the east side of the Ribble valley, 
where the base of the Carboniferous is exposed near Douk Gill and. 
to the north of Dub Cote. 
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DESCRIPTION OF Fauna. 

Viviparus carbonarius sp.nov. Pl. XIII, Figs. 1 and 2 

Description.—Height of largest specimen : » 14mm. 
Height of hody whorl . : - 65mm. 
Body whorl to total height E wells, SE Sy LOO 
Spiral angle. : ay 
Sutural angle . : : . about 100° 

Shell thin, smooth, turbinate, umbilical nee obscure. Number 
of whorls 4-5 ; whorls tumid, separated by a deep suture; sutural 
angle only moderately oblique. Apex blunt. Ornament consisting 
only of fine growth-lines becoming rugose on the body whorl. Mouth 
apparently sub- circular, but obscured by crushing. 

The oldest British example of Viviparus (Paludina) so far recorded 
is P. langtonensis Hudleston, from the Paludina bed in the Chipping 
Norton limestone of Inferior Oolite age at Langton Bridge, where it 
is associated with other freshwater species and occasionally seeds of 
Chara, etc. Viviparus carbonarius differs from P. langtonensis m 
its relative proportions as will be seen by a comparison with the 
measurements and description of the Inferior Oolite species,! 
V. carbonarius being a distinctly blunter and more tumid form. 

Carbonicola angulata, de Ryckholt. Pl. XIII, Fig. 3, 

Numerous specimens of a thin-shelled lamellibranch, evidently 
a Carbonicola, and apparently referable to de Ryckholt’s species 
C. angulata, occur with Viviparus carbonarvus.* 

Huomphalus sp. 

A few crushed specimens of gastropod shells, most nearly 
resembling Euomphalus, also occur. 

The only other organism met with in this bed was a crushed and 
fragmentary specimen of a Plewrotomaria, which occurred on the 
upper surface of the deposit and was probably introduced at the 
beginning of the marine submergence which followed. 

The specimens of V. carbonarius occurred in considerabie numbers 
and include aumerous young forms, and the same was the case with 
the specimens of C. angiulata. In comparing this occurrence of 
Viwiparus with the oldest previously known species in the Inferior 
Oolite, it is interesting to note that the Horton bed is also overlain 
by a bazid containing fish remains and plants, marking in both cases 
the incursion of the sea to form an estuarine deposit. Outside of 
Britain the oldest recorded species of Viviparus also occurs in the 
Lower Oolite (Bathonian) of France. Hitherto the accepted opimion 
appears to have been that freshwater gastropods made their earliest 
appearance in Mesozoic times. Thus Professor Sollas, in his chapter 

1 Inferior Oolite Gastropoda, Mem. Pal. Soc., 1896, Pl. xliv, figs. la 
and 10, p. 488. 

* See Hind, Monogr. Carbonicola, ete., 1894-6, pl. xi, figs. 3-5, p. 75. 
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on “ The Origin of Freshwater Fauna” in The Age of the Harth, 
remarks “‘ Paludina traces its descent from the ancient stem of the 
Trochids and Turbonids which, as already mentioned, are found in 
Cambrian sediments. It may possibly have originated in Devonian 
lakes, but its absence from Carboniferous and Permian rocks would 
suggest a later date.’ The precise age of the Viviparus Shale at 
Horton is not easy to determine. It was evidently deposited in a 
depression on the land surface which was being eroded during 
Devonian times, and before that surface was submerged under the 
Carboniferous sea. From this point of view it might be claimed as 
being of Devonian age. The question is in reality a far-reaching one. 
During the submergence which ushers in a new geological period, 
certain areas may remain for a very long time above the level of the 
sea in which the marme deposits belonging to the new period are 
beimg laid down in the neighbourhood. The conditions on the 
surviving land surfaces will, however, represent a continuation of 
those which prevailed during the preceding continental period, and 
the question arises—at what moment does the land surface cease to 
belong to the earlier period and form part of the new period ? In 
the case before us a considerable area of country im the north of 
England remained above the sea while lower tracts of land were 
bemg submerged in the south-west province and elsewhere under 
the Tournaisian sea. In the Horton district, the old Devonian land 
surface does not appear to have been inundated until the time when 
the Cyrtina carbonaria and N. minus beds were being laid down. It 
is therefore impossible to determine the exact period when the 

Viviparus Shale was deposited on the continental surface, and there 
is no means of deciding whether this freshwater deposit should be 
classed as Devonian or Carboniferous. 

The Lamellibranch Limestone-—The Lamellibranch Limestone, 
ovetlying the Viviparus Shale, is also a thin bed, an inch or two in 
thickness, but differs essentially from the bed below as regards its 
petrographical character and its fossil contents. The two beds 
appear to have been formed under very different physical conditions. 
The Viviparus Shale, as stated above, represents apparently a 
freshwater deposit formed on the surface of the old Devonian 
continent, while the overlymg lLamellibranch Limestone was 
evidently a shallow-water deposit laid down in a strait or estuary 
connected with the advancing Carboniferous sea. 

The rock consists of a black crystalline limestone, which in thin 
sections is seen to be made up of shell fragments, together with a 
few tests of Endothyra and occasional remains of bryozoa. The 
matrix is composed of fine-grained granular calcite in which are 
embedded a few small angular grains of quartz. The character of the 
deposit is therefore very different from that of the underlying 
Viviparus Shale, which is devoid of calcite and organic remains. 
The fossils are well preserved and consist chiefly of large well-grown 
lamellibranchs which include the followmg forms :— 
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Aviculopecten dissemilis Flem. Myalina peralata de Kon. 
Lithodomus carbonarius Hind. Pseudamusium ellapticum (Phill.). 
Myalina verneuillt M’Coy. 

In addition to these a few examples of other forms occur :— 

A large crushed cup coral, cf. Zaphrentis enniskillent Ed. and H. 
Lingula squamiformis Phill. 
Orbiculoidea nitida Phill. 
Fenestella sp. 
Conularia quadricarinata Sby. 
Euomphalus sp. 
Psephodus cf. magnus Ag., and also a few plant remains referable 

to Pteridorachis. 
This assemblage of forms, though undoubtedly of Lower 

Carboniferous age, cannot be assigned to any definite horizon in the 
north of England succession, but as the bed underlies the Cyrtina 
carbonara sub-zone which forms the floor of the quarry, it cannot 
well be newer than the horizon of the gastropod beds of Westmorland 
or §, of the Bristol district, and may be of even earlier date. It 
will be noted that none of these species occurs in the Michelinia 
zone, which represents the lowest horizon met with in the district. 

The only locality in the North-West Province where the writer 
has noted lamellibranchs at a low horizon is at Pinksey Gill, Raven- 
stonedale? below the Shap conglomerate. Here we find casts of 
Aviculopecten, Inthodomus lingualia and Myalina, associated with 
species of Lingula, Orbiculoidea, Psephodus and Pteridorachis. 
The species of the lamellibranchs here, however, are different and 
on account of their occurrence below the Shap Conglomerate and 
for other reasons, it is probable that the Pinksey beds are of older 
date than the Lamellibranch bed at Horton. 

From this description it is evident that the section formerly 
exposed at Horton is of considerable interest, as it carries back the 
earliest knowa occurrence of Viviparus to Lower Carboniferous 
times at least and possibly even to the Devonian period. 

EXPLANATION OF PLATE XIII. 

Fossils from the base of the Carboniferous Limestone, Horton-in-Ribblesdale, 
Yorkshire. 

Figs. 1-3 from the Viviparus Shale. 
Figs. 4-7 from the Lamellibranch Limestone. 

b=! P] 

Viviparus carbonarius sp. nov. 
Viviparus carbonarius. Group of crushed specimens, slightly enlarged. 
Carbonicola angulata (de Ryckholt). 
Myalina peralata de Kon. 
Myalina verneuilli (M’Coy.). 
Aviculopecten dissimilis Fleming. 
Pseudamusium ellipticum (Phill.). SDAP Fy 

1 Q.J.G.S8., vol. Ixviii, 1912, p. 496. 
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On the Pliocene Flora of Transcaucasia. 

By J. W. Patisin (Batoum). 

T is well known that the existing flora of Western Caucasia is of 
ereat interest from the pomt of view of the origin of the floras 

of Europe and Asia, as in it have survived to this day numerous 
types of plants which were widely spread over the Northern 
Hemisphere during Tertiary times. The Paleontological history 
of the Tertiary Flora of the Caucasus is very meagre! The Pliocene 
Flora of the Caucasus is discussed by me in my work ? on the presence 
of the leaves of the recent Caucasus beech-tree (Fagus orientalis 
Lipsky) and some other species of deciduous trees and shrubs in 
the Pliocene beds, the so-called “ Aktschagyl Series”, of the 
Elisapethpol province. It is worthy of remark that the wood was 
found im seams interstratified with beds rich in well-preserved 
Pliocene shells, which could be determined with certainty. It was 
proved that in the southern Caucasus there existed in Phocene times 
the same species of beech as at present. 

Some little time ago I learned that petrified wood occurred on 
the boundary of the Caucasian Provinces Batoum and Tiflis, near 
the Godersky summit. This place, known as the “ Fossil Wood ”’, 
contains impressions of ferns, palms and various other flowering 
plants. It is situated on the eastern side of the watershed between 
the Caspian and the Black Sea, on the line between Borjom and 
Batoum. The river bed of Koblian-Tchai, i which the deposit 
occurs, is situated 50 kilometres from the Black Sea coast. The 
Godersky summit, where the fossil wood has been found, is situated 
near the source of the Adjara River, on the western slopes of the great 
Armenian plateau, where streams run on one side to the Black 
Sea, on the other to the Caspian. The way to the Godersky summit 
leads from Ahalzich down to the Benary Station, where the Ahalzich- 
Batoum road begs. The road to the summit lies in the broad 
valley of the Koblian-Tchai, through the large village of Adigun : 
some 8 kilometres further the River Dzundza falls into the Koblian, 
and the Ahalzich-Batoum road, following the bed of the little river, 

1 Professor N. Kuznetzoff mentions the following sources in his work on 
the “ Principles of the Division of the Caucasus into Phytogeographical 
Provinces’ (chapter on Fossil Floras of the Caucasus): Mém. Acad. Imp. 
Sci. St. Pétersburg, Sér. 111, Phys. Math., cl., vol. xxiv, 20, 1, 1919 (Russian) :— 

1. J. Felix, Zeitsch. deutsch. Geol. Ges., 1894, p. 79. 
2. J. W. Palibin, Bull. Com. Géol. St. Pétersb., 1902, No. 55, p. 205. 
3. J. W. Palibin, Verhandl. Russ. Min. Ges., Bd. xliii, Lief. 1, 1996. 
4, V.H. Engelhardt, Beitr. Paleaont. Geol. Oester.-Ungarns und des Orients, 

Bd. xv, Heft ii and iii, 1903. 
5. FH. Unger, Sitzb. Akad. Wiss. Wien., bd. xi, 1853. 

In addition to these sources reference may be made to H. Abich’s paper on 
Miocene plants from Russian Armenia: Mém. Acad. Imp. St. Pétersb., 
vol. vili (Sér. Iv), 1859 ; also to W. Bogacev, Ann. Géol. et Miner. de la Russie, 
vol. xv, livr. 8-9, 1913, and Mém. du Mus. du Caucase, Sér A, No. 2, 1915, p. 69. 

2 Bull. Musée du Caucase, t. viii, livr. 3-4, 1915, p. 267 (Russian). 
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runs parallel to the left ridge of this valley. In the middle of its 

course the valley broadens somewhat, but further on it becomes 

narrower and cuts through the western slope of the Godersky summit, 

by a rather narrow canyon. The upper part of the valley is formed 

by two ravines where the River Dzundza has its source. The 

Godersky summit has an altitude of 6,500 feet ; on the eastern side 

the slope is very gentle, but its western slopes descend steeply into 

the valley of the Adjariszhali. The valley of the River Dzundza 

throughout its whole length cuts through a region of volcanic 

strata, the lowest of which are andesite lavas. Higher up above the 
village of Uthisuban the valley becomes much narrower and the 
bed of the river cuts into volcanic deposits, for the most part Andesite 
tuffis mixed with lava of a light grey colour. The artificial cornice 
of the road afforded an opportunity of ascertaining not only the 
stratigraphical features of these volcanic beds, but it also led to the 
discovery of rich collections of fossil plants. On examining the 
tuffs lying above the line of the road one realizes that the strata are 

not uniform in their formation. The tuffs are almost horizontal, 

dipping slightly to the west, with an inclination of some of the 
strata towards the south; they are intersected by many cuttings. 
The rock is far from being homogeneous; it consists of rather 
irregular strata made up of light grey and light violet-grey tufts 
cemented together with light yellow clay. 

The engineer, A. P. Guerassimoff, who kindly investigated the 
rocks, found they were fine-grained, rather soft, and comparatively 
loosely cemented, containing small black carbonized remains of 
plants with volcanic glass of irregular form and of light yellow colour. 
The clay cementing the tuffs is sometimes covered with oxide of iron. 
Small fragments of minerals are common; the mineral most 
frequently met with is a colourless, quite fresh labradorite ; felspar 
is also not uncommon ; prismatic crystals and small fragments of 
colourless or light green augite are more rarely met with. Pyroxene 
not infrequently contains incrustations of magnetite. Another 
characteristic mineral is the brown hornblende. Lastly, one some- 
times finds occasional sections of pleochroic hypersthene. There 
are many small crystals of magnetite and, in some places, little heaps 
of discoloured voleanic glass and fragments of andesite lava. The 
distribution of coloured remains in the rock is irregular; in one 
sample hornblende is predominant, in another pyroxene. These 
tuffs are cemented with clay where they have fallen, and there are 
no traces of any disintegration of the rock. It is to be presumed, 
therefore, that their fall was the cause of the burning of the forest. 

Trunks are abundant, also fragments of trees and branches of 
different kinds. In some places, for instance, one may see immense 
stumps, one of them standing in situ with wide spreading roots and 
with a diameter of 1 meter 30 centimetres. Higher up in the tuffs 
one can distinguish the remains of the upper part of this trunk. 
The tree is a dicotyledon. Wood is common throughout the tufts, 
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lying in all directions and in different stages of preservation, some 
pieces looking like opal, while others form soft carbonized masses. 
All the trunks which occur here, both solitary and in groups, are 
embedded in the rock. 
A superficial study ef the material collected has led to the 

recognition of ten to twelve species of different trees. The dominant 
forest species were broad-leaved dicotyledons ; the largest trunks are 
certainly of this type. Conifers also occur, some with their structure 
very well preserved; among these are represented Prtyoxylon, 
Cupressinoxylon, and Araucarioxylon. 

It is clear, judging by the impressions of plants, that the flora 
was different from that which exists to-day.. The impressions are 
mostly those of evergreen plants, bushes, gramimeous plants and 
ferns, which represent the remaims of a tropical and sub-tropical 
flora buried in lava cmders. Among this material are immense 
cordiform leaves, no doubt allied to Paulownia, the modern repre- 
sentatives of which occur in Japan and China. Similar Paulownia 
leaves have been recorded by Laurent from the lower Pliocene 
volcanic deposits of central France; our fossils differ from the 
western Kuropean forms chiefly in the truncated (not rounded) 
lamina of the leaves; the younger specimens exhibit marked denta- 
tions. In view of this difference it is appropriate to regard the 
Caucasus form as distinct from the European type and to name it 
Paulownia caucasica. Several species of laurel are common, and 
leaves of similar type are widely distributed in rocks of this age in 
southern Hurope. These forms have disappeared from Europe, 
except Lawrus nobilis, which occurs in Mediterranean countries and 
im the Pontish province of Caucasia. The laurels are represented 
by Laurus promgaria Ung., a type characteristic of the lower and 
middle Miocene of Kurope, and related to the existing Laurus 
canariensis Sm., also Laurus Lalagas Ung. Camphor-trees are also 
represented by many specimens of Cinnamomum Scheuchzeri Heer, 
a species which was spread over Europe in the Miocene period and 
occurs in the Sarmat beds of northern Caucasus.t Lastly, Oreodaphne 
Heert Gaudin occupies an important place in this flora; it is very 
characteristic of Huropean Pliocene floras and is abundant in the 
Upper Miocene. 

The fig-tree family is represented by two forms, Ficus populina 
Heer, very characteristic of the Miocene of Europe, Western 
Siberia, and the region of the Aral Sea, and Ficus multinervis Heer, 
characteristic of the middle Miocene of Hurope. The beech has 
not been found here. Oaks are represented by Quercus furcinervis 
(Rosm.) Ung., a characteristic form in the Pliocene and Miocene of 
Europe and South Russia. The Anonaceae are represented by 
Anona elluptica Ung., a form recorded from the Miocene of southern 
Europe. The Heath family is represented by Andromeda protogaea 
Ung., widely spread in Miocene and Oligocene Kurope. The 

1 J. Palibin, Verhandl. K. Russ. Min. Ges., Bd. xliii, Lief. i, 1906. 
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Eleagnaceae have also been found here; e.g. Hleagnus acuminata 
Web., a common form in upper Miocene formations of Europe. 
Among species with deciduous leaves occurs Rhamnus rectinervis 

Heer, a type known only in the lower Miocene of Switzerland and 
Germany. There is also a new form of the genus Berchemia, very 
like the upper Miocene form Berchemia multinervis A.Br., found in 
Switzerland. This species I propose to name B. Winogradowi sp. nov. 
Among the willows found in this locality may be mentioned Salix 
media Heer, a willow recorded from the upper Miocene of Switzer- 
land and some other places in Europe. It is possible that this willow 
with Andromeda protogaea Ung. composed the underwood of the 
original forest. 

The rush Phragmites oeningensis A.Br., grew among grass plants 
in damp forest situations; this is a kind of rush widely spread in 
the Miocene of Kurope and north Asiatic countries. Some Gramineae, 
sedges, and various ferns are also met with. There was also found 
a fragment of the fan palm of the Chamaerops type not yet definitely 
determinated.1 Among ferns it has been possible to recognize the 
following: Aspidium Meyeri Heer, a species found in the upper 
Miocene of Switzerland and in other European localities, Lastraea 
(Goniopteris) polypodioides Ett., a form obtained from lower Miocene 
beds in Europe, in some Slavonic Provinces (Dalmatia), Pieris 
urophylloides sp. nov. A species very like Pteris Urophylla Ung., 
from the lower and middle Miocene of Europe. Pteris oeningensis 
Ung., a characteristic species of the upper Miocene of Germany 
and Kurope. 

The composition of the “ Fossil Wood’? was very varied. As 
far as we could judge from the collection of leaves the flora of the 
“ Fossil Wood ”’ had the character and position of a tropical forest 
on the slopes of a voleano. The volcanic eruption of cinders and 
lava gradually buried the neighbouring forests and torrents of mud 
carried the results of the eruption to the forest. This again over- 
spread and cemented the layers of fallen cinders. Plants living near 
the voleano were burnt and the leaves converted into fine charcoal, 
which is very common in tuffs, and into pieces of half-burnt wood, 
not uncommon in these beds. The greater part of the plant debris 
is buried in the tuffs. Large trunks which occur here in situ do 
not show any traces of fire or of carbonization before petrifaction, 
but the smaller branches appear to have been charred before they 
were petrified. There is no substantial difference in the floras of 
the upper and lower beds of andesite tufts. 

The torrents of lava covering the tuffs containing remains of 
plants produced the impression that the accumulation of volcanic 
material, which is now cut through by the River Dzundza, occurred 

1 Marion states that Chamaerops humilis existed in middle Pliccene 
times near Marseilles: Saporta, L’ Origine paléontologique des arbres, Paris, 
1888, p. 120. 
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many times, but this material was sometimes replaced by a deposit 
of porous volcanic substance cemented with clay. 

To what period can we assign these eruptions which were the 
cause of the preservation of so rich and heterogeneous a vegetation ? 
Where can we find either in the Caucasus or in other parts of the old 
world an analogous formation ? 

The list we have given of the plant impressions from the “ Fossil 
Wood ”’ suggests a comparison of the vegetation with the Tertiary 
flora of Western Europe. In that flora we meet with species 
characteristic of North America, the Canary Islands, also some 
Asiatic and Huropean forms. A similar combination of elements 
is also met with, to some extent, in the upper Tertiary beds of 
Switzerland (the Oeningen Series), but it is especially characteristic 
of the Pontish beds of France, Germany, Austria, and Italy, also 
the lower Pliocene flora (namely Plaisancien supérieur) of the central 
Massif of France. The Pliocene flora preserved in lava cinders 
(gisements cinéritiques) in beds associated with andesite lavas of 
Pas de Mougudo and St. Vincent la Sabie in the Cantal? is the most 
nearly allied to ours, and it also represents a falling off in the number 
of known Kuropean forms in comparison with the Miocene flora. 
According to Laurent in the flora he describes there is a strikiag 
predominance of Lauraceae, Urticaceae, and Amentaceae.2 The 
climate of the Cantal according to Laurent was almost that of an 
island, soft, tropical, or sub-tropical and rather damp. 

If we compare these beds with our existing flora we are struck 
by certain differences in facies; the flora of the Godersky summit 
is characterized by the absence of Northern Palaearctic elements 
such as chestnut, beech, alder, ash, and other trees. On the other 
hand, it should be pointed out that Paulownia and Oreodaphne, 
which are very characteristic Pliocene genera, do occur in our 
flora. If we compare our flora with those of the same Lower Pliocene 
age in Kurope we find similar forms in Pliocene beds of France and 
the adjacent part of Spain (the ravine of Esplugas near Barcelona) 
which contain a high percentage of similar types. The species 
common to our flora and the Franco-Spanish flora are: Aspidvum 
Meyert Heer, Ficus multinervis Heer, Cinnamomum Scheuchzeri 
Heer, Hleagnus acuminata Web., Andromeda protogaea Ung., 
Berchemia multinervis Heer, which is very close to our B. Wino- 
gradowt sp. nov. Probably further analysis will reveal additional 
types common to both floras. In France some palms have beer found 
in beds equivalent to ours. The average temperature of these places 
was 17° to 18° C., as, for example, m Madeira and the Canary 
Islands at the present day. The predominance in our flora of 
mesophyll plants as well as ferns points not only to a warmer, but 

1 Laurent, Ann. Mus. d’ Hist. Nat. Marseilles Géologie, t. ix, 1904-5. 
* Laurent, zbid., t. xii, 1908, p. 12. 
3 Laurent, Catalog de la Flora Plioscena de los Alrededores de Barcelona 

(J. Almeda), Madrid, 1897. 
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also to a damper climate than we have at present. The Pliocene 
physical features of Transcaucasia were very different from those otf 
modern times, and the sea had not entirely left the plains which 
are now dry land. Probably there were large expanses of sea near 
the Godersky forests. 

In a word we have here a stage of evolution of a contemporary 
type of the Pont and probably a Talysh flora, but a very early one 
compared with that of the present mesophyll forests of the Caucasus. 
The existing forests have been formed, as we can now see, mostly 
during upper and middle Pliocene periods, the floras of which in all 
parts of Kurope indicate a very sharp transition from Miocene floras 
to those of modern times. The flora of the Godersky summit 
witnessed considerable volcanic activity in the Caucasus and the 
accumulation of masses of erupted material that formed the high 
ground of the country. The curtain of the past has been lifted and 
we are able to see one of the phases of the decline of the older tropical 
flora, the advent of new forms which took part in the development 
of the present-day vegetation. 

I am much obliged to Professor Seward for the revision of my 
MS. and for seeing it through the press. 

Sedgwick Museum Notes. 

A New Azygoégraptus from North Wales. 

By Gertrupe L. Etues, D.Sc., Newnham College, Cambridge. 

THE $graptolite here described was discovered first in the 
St. Tudwal’s peninsula by Mr. T. C. Nicholas in 1912 in the 

Llanengan Mudstones, but it was not then regarded as distinct 
from Azygoq. lapworthi, though it seemed to possess certain features 
not recognizable in the Lake District specimens, the only area 
from which that species had been previously recorded. The discovery 
of numerous other specimens by Dr. Matley in the Lleyn peninsula 
and by Dr. Greenly in the Bangor area has served to show that the 
characters wherein this species differed from Azygog. lapworthi are 
permanent and of specific value, and since, moreover, it occurs at 
a distinctly higher horizon than Azygog. lapworthi, being 
characteristic of about the middle of the zone of Didymog. extensus, 
a description of it seems advisable. In general it has been noted 
that it is in many respects intermediate in character between Azygog. 
lapwortht on the one hand and Azygog. suecicus on the other, and it 
is perhaps significant that it occurs upon an horizon between the two. 

Azygograptus evvionicus.} 

Stipe slightly deflexed, 2-4 cm. or more in length; of a uniform 
breadth of about 0°8 mm., originating from the centre of a slender 
sicula but not curving away till the level of the aperture is almost 
reached. 

1 Hivion is a well-known name for the Lleyn region. 
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Thecae 7-5 in 10 mm., four times as long as wide, simple tubes. 
of approximately even breadth overlapping 4-4 their length ; outer 
walls straight ; apertural margin even, perpendicular. 

Description.—The stipe is always definitely flexed, though less 
conspicuously than in Azygog. lapworthi ; the growth of the earliest 
thecae resembles somewhat that of Azygog. suecicus, but the 
aperture of the sicula is, as a rule, freer than in that species, though 
there is some variation in this respect due to the method of preserva- 
tion and the effects of compression. The thecae measure 2°5 mm. 
in length when fully developed, but are shorter than this in 
the region of the sicula; their inclination is invaiiably low, not 
exceeding 10°. 

et 

3 
Azygograptus eivionicus. 1. Specimen showing “‘spring’’ of stipe; type, 

2. Proximalend. 3. Distal fragment. All x 5. 

A finities—This species approaches Azygog. lanwortht in the 
curvature of the stipe, but the stipe never springs away directly 
from the sicula as in that species, and the thecae are of a more uniform 
breadth throughout their length; they are also less numerous in a 
given unit of length and inclined at a lower angle. From Azygog. 
suecicus this species may be separated by the greater degree of 
curvature of the stipe and the more distant thecae; as a rule also 
the aperture of the sicula is free, which is not the case in Azygog. 
suecicus. 

Horizon and Localities —Azygog. eivionicus occurs often in dense 
“mats ” in the Arenig rocks of North Wales in the zone of Didymog. 
extensus. It has been found at various localities in the Lleyn 
peninsula, including Nant, south of Llanengan, and in the Bangor 
area, at Garth Point, north of Bangor, and at University College Cliff. 

The type specimens are in the Sedgwick Museum, and others are 
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in the collections of Dr. Matley and Dr. Greenly, now in the possession 
of the Geological Survey of England and Wales. 
My best thanks are due to Mr. T. C. Nicholas, Dr. Matley, and 

Dr. Greenly for the loan of specimens and to Dr. Flett for permission 
to study those in the Collection of the Geological Survey. 

The Structure of the South-West Highlands. 

Two Rerorts on AN Excursion, 27TH AUGUST TO 2ND SEPTEMBER, 
1921. 

Report A. 

By W. B. Wricut, B.A., E. M. AnpErson, M.A., B.Sc., J. E. 
Rirepry, M.C., B;A., and H. H.. Reap, M.8c., A.R.¢.S. 

eet summer we spent seven days with Mr. E. B. Bailey 
investigating some of the evidence upon which he bases his 

interpretation of the structure of the South-West Highlands, and 
we feel that our experience should be at the disposal of others 
interested in the subject. Mr. Bailey’s full account of his theory 
will shortly appear in the Quarterly Journal of the Geological Society 
of London, and an abstract has already been printed in the 
Proceedings of that Society, dated April, 1921. In this abstract, 
the South-West Highlands are allotted to three great structural 
divisions in descending order as follows :— 

Loch Awe Nappe. 
Iltay Nappe. 
Ballappel Foundation. ) 

The two lower of these divisions are claimed as structural com- 
plexes; for instance, the Iltay Nappe is stated to include two 
major recumbent folds of which the lower may be seen closing 
north-westwards in Ben Lui. In addition, it is pointed out that the 
three great structural divisions are themselves involved in later, 
or secondary, folds, among which the Loch Awe Syncline is a 
prominent example. 

It is hoped that this outline of Mr. Bailey’s position, supple- 
mented by data presented in his already published papers, will 
enable the reader to follow the main poits of our statement as 
given below. 

1. Inspection of the northern termination of the Tayvallich Lava 
outcrop, south of Tayvallich, and of the Loch Avich Slate outcrop, 
east of Loch Awe, has satisfied us of the reality of Mr. Bailey’s 
stratigraphical subdivision of the Loch Awe Group.t 

2. In spite of small-scale isoclinal folding it is easy to establish 
a descending structural succession within the Loch Awe Group 
downwards from the Loch Avich Slates.? 

1 Q.J.G.S., vol. lix, 1913, pp. 291, 303. 
2 Ibid., pp. 292, 293. 
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3. The coast-section of the Tayvallich Lavas supplies almost: 
conclusive evidence that the structural sequence noted above is not. 
an inversion.? 

4. Hxamination of the district between Loch Awe and Beinn 
Udlaidh shows sufficiently clearly that the Ardrishaig-Loch Awe 
Assemblage (Mr. Bailey’s Loch Awe Nappe) structurally overlies. 
the remainder of the South-West Highlands. 

5. Most of us were already familiar with the Ballachulish 
recumbent fold and slide.2 We saw further evidence, and we regard 
these structures as demonstrated. We also found the recumbent 
folds of Beinn Udlaidh ? and Ben Lui so well exposed that we do. 
not think either of them open to question. We were impressed with 
the fact that, at Ben Lui, Mr. Bailey has interpreted, but not altered, 
the original Survey mapping. 

6. The recumbent fold of Ben Lui furnishes a complete explanation, 
of the failure of the Cowal Schists to reappear north-west of the Loch 
Awe Syncline. 

7. As regards the erin which Mr. Bailey invokes at the base 
of his Loch Awe Nappe, we do not think an alternative interpretation 
has been advanced which meets the observable facts, in particular, 
the three-sided nature of the Ardrishaig-Ben Lawers complex. 

8. We accept the connexion which Mr. Bailey has traced between 
Perthshire and Islay round the north end of the Loch Awe Syncline 
in what he calls the Iltay Nappe, though one of us (K. M. A.) thinks 
that the possibility of a remterpretation of the supposed Iltay out- 
crop on Loch Ktive should not be lost sight of. 

9. Some of us were strongly impressed by the evidence of marked 
disruption adduced by Mr. Bailey near the base of his Iltay Nappe 
in the lowly metamorphosed region of Ardmucknish. 

10. Where constructive metamorphism is marked, obvious 
crushing is characteristically absent from Mr. Bailey’s slides. Clough 
has compared Bailey’s non-mylonitic slide-zones with some of pre- 
Torridonian age in the North-West Highlands.* In contrasting these 
particular mylonitic movement-zones of the North-West High- 
lands with the mylonitic type well represented among the post- 
Cambrian thrusts of the same district, Teall and Horne say : “‘ These 
two types no doubt correspond to differences of pressure and 
pat at the time of deformation.”® 

We were unable to test Mr. Bailey’s tentative inter-nappe 
ena or his Islay chronological evidence, upon which, in 
conjunction with the Ben Lui Fold, he bases much of his case for 
the nappe-movement having proceeded from the north-west. In 
these and other matters we should like to suspend judgment. 

1B. N. Peach & E. B. Bailey, ‘‘ Geology of Knapdale, ete.’’: Mem. Geol. 
Surv., 1911, pp. 60, 69. 

2 Q.J.G.S., vol. lvi, 1910, p. 593. 
3 H. B. Bailey & W. Macgregor, Q.J.G.S., vol. lviii, 1912, p. 168. 
4 Q.J.G.S., vol. lviii, 1912, p. 177. 
° N.W. Highland Memoir, 1907, p. 598. 
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12. Our general impression is that a very welcome element of 
simplicity has been at last introduced into the tangle of Highland 
geology, and that the conclusions reached must in the main hold 
good. 

Report B. 

By Professor L. W. Cotuet, of Geneva. 

I was already impressed by the tectonic features of Mr. Bailey’s 
maps before I saw the field evidence. When I visited the ground it 
was with companions (see above) who were able to control the 
stratigraphical points, and I feel that there can be no doubt of the 
reality of the Beinn Udlaidh, Ballachulish, and Ben Lui recumbent 
folds, and of their resemblance — as pointed out by my colleague, 
Professor Argand, on reading Mr. Bailey’s papers—with those of 
the Alps. 

It seems to me a capital point for the future that a connexion 
has been obtained between the Ben Lui and Ben Doirean districts 
on the basis of a culmination of pitch in the neighbourhood of Ben 
Udlaidh. A similar change of pitch allowed Dr. Staub to follow 
the recumbent folds of the Pennine Alps far beyond tlie region where 
they had been discovered by Professor Argand. It is not impossible 
that the Loch Awe Nappe will reappear in the Eastern Highlands. 

Mr. Bailey’s paper seems to me to be a great forward step, not only 
for Scotch geology, but also for geological science. 

Notes on the Fauna of the Lower Devonian Beds of 
Torquay. 

By F. R. Coweer Reep, Sc.D., F.G.S8. 
(Concluded from p. 275.) 

Tellinopsis devonica sp. nov. (Text-figure.) 

Definition—Shell large, elliptical, subquadrate; valves 
moderately convex; inferior margin very slightly curved, almost 
straight; posterior end well rounded above, truncated below 
and straight, meeting inferior margin at rather more than a right- 
angle; cardinal margin very slightly arched, nearly straight, but 
passing gradually into posterior margin; anterior end rounded. 
Beak large, rounded, prominent, subcentrai, elevated above hinge- 
line, incurved, not directed forwards. Umbonal ridge nar.ow, 
straight, running obliquely backwards to posterior lower angle of 
valve and causing a slight angulation of the surface. Shell 
ornamented with regular equidistant sharp concentric lamellose 
strie about 30-40 in number, rather suddenly bent at an obtuse 
angle on crossing the umbonal ridge. 

Dimensions.—Length, c.65 mm. Height, ¢. 42 mm. 
Horizon.—Meadfoot Beds (bluish slate). 
Locality —Kilmorie (S. 76). 

’ Remarks.—A single right valve, of which the anterior margin is 
somewhat broken, is the sole material in which the above diagnosis 
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is based. The ornamentation is preserved only on the lower half 
of the surface, the concentric lines there numbermg 14, from which 
the total number on this shell is estimated to be about 30-40. 
The general shape of the shell, the large prominent subcentral beak 
and the course of the umbonal ridge much resemble the species 
Tellinopsis subemarginata (Conr.) * of the Hamilton group of New 
York, though the ornamentation is more like that of Otenodonta 
gibbosa (Goldf.).2 It should be remarked that the variety Kayseri 
Beush. of the latter species (which seems to resemble our shell) is put 
by Williams and Breger® in the genus Tellinites of which they 

Fic. 1.—Tellinopsis devonica sp. nov. Nat. size. Meadfoot Beds, 
Kilmorie. (Sedgwick Museum, Cambridge, &. 76.) 

regard Tellinopsis as merely a subgroup. The large subcentral 
non-prosogyrous beak of Tellinopsis seems an important external 
difference from Ctenodonta and from its subgenus Kanenia 
Beushausen, which the above-mentioned American authors consider 
to be a synonym for Tellinites McCoy. 

Tellintes ? lavisulcus (Ktheridge). 
No precise diagnosis of the specific characters of this shell was 

given by Etheridge,* but he made some general remarks on the 
specimens and on the probable affinities of the species, stating that 
the posterior side of the shell “seemed to show the ridge which 
characterizes Cypricardia ” and that the species somewhat zesembled 
Orthonota (Cypricardia) semisulcata Sowerby, as figured by Phillips 
{(Paleoz. Foss. Cornw. Dev., pl. 17, fig. 57). But the beaks are 
apparently subcentral, the umbonal sidge is practically obsolete, 

1 Hall, Paleont. New York, vol. vy, pt. ii, 1879, p. 464, pl. Ixxvi, figs. 21-31. 
2 Beushausen, op. cit., t. vi, fig. 16. 
3 Williams and Breger, op. cit., pp. 163, 165, pl. xix, figs. 3, 9,11, 13, 15, 16. 

(2p ltpxocvenn commer 04 ego. eli). 
4 Btheridge, Grot. Maa., 1882, p. 154, pl. iv, fig. 4 (?5) (Cypricardia 

levisulcus). 
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and there seems to be no marginal smuation at the lower posterior 
‘angle. The surface ornamentation consists of rather widely separated 
sharply raised concentric lines, or rather ridges, with smooth deep 
concave interspaces between them. The shape of the shell suggests 
the genus T'ellinites as redefined by Williams and Breger,! rather 
than Cypricardia, and T. Chapmani Will. and Br.,? which its authors 
considered closely similar to the European Ctenodonta (Palceoneilo) 
elegans Mauter,? appears to resemble the British specimens, while 
the ornament recalls that of Ctenodonta unioniformis Sandb.4 and 
its allies. 

Horizon.—Red Beds (Staddon Grits). 
Locality. Smugglers’ Cove, Torquay. 

Goniophora bipartita (F. Roemer). 
One internal cast of a left valve, though imperfect, in the Sedgwick 

Museum collection from Kilmorie, shows the characteristic features 
of this species as described by Beushausen.® Our specimen 
particularly resembles the broader shorter form which he repre- 
sented in his fig. 15 (op. cit.), the general shape and the curvature 
of the umbonal ridge being specially noteworthy. 

Dimensions.—Length, c.48mm. Height, c. 30 mm. 
Horizon.—Meadtoot Beds. 
Locahity.—Kalmorie (8. 69). 

Goniophora rhenana Beushausen. 

The considerable differences which occur in the appearance of 
opposite valves of the same individual as the result of unequal 
crushing and deformation are exhibited in the internal cast of a com- 
plete shell from Kilmorie belonging to the genus Goniophora. The 
right valve resembles that in one of Beushausen’s figures of G. 
nassoviensis Kayser ° in its general shape, the nearly straight course 
of the low obtuse umbonal ridge, the length of the hinge-line, the size 
and inclination of the upper portion of the valve, the acutely pointed 
posterior end and the angle made by the posterior margin with the 
hinge-line. The left valve, on the other hand, is more like one of his 
figures ‘ of G. bipartita, being deeper, with the umbonal ridge more 
prominent and strongly arched upwards and the portions of the valve 
above and below it inclined nearly at a right angle. According to 
Beushausen G. rhenana * lies between these two species. The muscle- 
scars and pallial line which are well seen in our specimen agree with 
those showa in a figure (fig. 9) of the interior of @. nassoviensis 

1 Williams and Breger, op. cit., p. 163. 
2 Ibid., p. 163, pl. xix, fig. 8. 
3 Beushausen, op. cit., p. 81, pl. vii, figs. 6, 7. 
4 Thid., p. 84, pl. vi, figs. 10-15. 
E Beushausen, op. cit., p. 200, t. xvii, Bes. 14-16, 35; Maurer, Ber. Senck. 

Naturf. Gesell., 1902, p. 60, t. vi, figs. 1,2; Kegel, op. cit., p. 91. 
Beushausen, op. cib., p. 203, 6. xvii, figs. 4-9. 

7 Thid., $. xvii, fig. 14. 
§ Thid., p. 201. t. xvii, figs: 10, 11. 

VOL. LIX.—NO. VI. 20 
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given by Beushausen, but no internal view of G. rhenana is repre- 
sented by this author. 

G. nassomensis is stated to be distinguishable from G. rhenana 
by its more obliquely elongated form and its higher and sharper 
keel, and on the whole it seems that our shell is more probably 
a member of the latter species. 
Dimensions—lLength of shell (oblique), 40mm. Height at 

anterior end 14mm. Height at posterior end of hinge-line, 
18mm. Thickness, 14mm. Length of hinge-line, 25 mm. 
Horizon.—Meadfoot Beds. 
Locality —Kilmorie (S. 70). 

Goniophora kilmoriensis sp. nov. Plate XII, Figs. 2, 2a, b. 

Diagnosis.—Sheli narrow, much elongated, acutely pointed 
behind, more than four times as long as high, slightly oblique, 
subtriangular in cross-section, thickest towards middle narrowing 
posteriorly and towards beak; each valve divided into unequal 
portions bya sharply angular gently arched longitudinal ridge running 
obliquely across the surface from the beak to the posterior end and 
having the areas above and helow the ridge more or less flattened 
and inclined to each other at 60-90 degrees. Beaks small, sub- 
anterior, acute, pointed. Hinge-line nearly two-thirds the length 
of the shell, making an angle of 15-20 degrees with the umbonal 
ridge. Ligamental area well-defined, sunken, long, very narrow, 
lanceolate. Left valve with strong rounded triangular anterior 
tooth below the beak fitting into a corresponding socket in right 
valve. Large anterior elongated oval muscle-scar, situated at front 
end close to inferior margin, with a length equal to about one- 
sixth that of the shell, deeply sunken, and marked off above by a 
strong curved ridge ; pedal muscle-scar small, situated on its superior 
anterior edge. Surface of valves ornamented with strong coarse 
cencentric striz, the portion below the umbonal ridge being crossed 
anteriorly by sublamellose somewhat irregular but mostly equi- 
distant thick lmes making an angle of 45-60 degrees with the 
umbonal ridge, the angle becoming smaller posteriorly till they are 
parallel to inferior margin of shell; the portion above the umbonal 
ridge is crossed by similar but more regular and equal lines meeting 
the ridge at a more acute angle (30-20 degrees) throughout the 
length of the valve. 
Dimensions—Length, c. 90mm. Height (maximum), c. 22 mm. 

Thickness (maximum), c. 20 mm. 
Horizon.—Meadfoot Beds. 
Locality—Kulmorie (8. 68). 
Remarks.—The material from which the above description has 

been drawn up consists of one internal cast of a complete shell, 
which is perfect with the exception of the beaks and posterior end, 
and the external impression of the surface of the same individual. 
It was collected by Professor Hughes’ party at Kilmorie, Torquay, 
in 1893. 3 
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With regard to its affinities,the examples of @. Stiirtzi Beushausen 1 
figured by Drevermann? from the Coblenzian of the Hifel seem 
somewhat similar, but Beushausen’s figure of this species was only 
an unsatisfactory one in the text. G. acuta Sandberger ? is an allied 
form and (. secans Fuchs 4 bears a considerable resemblance. But 
with none of these can ours be safely considered identical, and it 
seems desirable to separate it specifically. 

Gonophora sp. 

Another species of Goniophora seems to be present at Kilmorie, 
and is represented by a somewhat imperfect right valve in the 
Sedgwick Museum in which the lower part of the anterior end and 
the upper and lower angles of the posterior end are rather broken. 
The shell is relatively longer and narrower than G. bipartita and 
scarcely widens at all posteriorly, the upper and lower margins being 
subparallel ; the hinge-line is very long and straight, being nearly 
three-fourths the length of the shell; the umbonal ridge is strong, 
causing a sharp angulation of the surface, and appears to be nearly 
straight, the curvature from the beak to the posterior angle bemg 
very slight. The posterior margin is very oblique, gently arched, 
and makes an angle of about 140 degrees with the hinge-line. The 
external ornamentation is not preserved. The affinities of this shell 
seem to be with G. nassoviensis Kayser’ and G. trapezoidalis Kayser,° 
but it is impossible to identify the species. 
Dimensions—Length, ¢. 55-60 mm. Height (maximum), 

c. 23 mm. 
Horizon.—Meadfoot Beds. 
Locality.—Kilmorie, Meadfoot (S. 69). 

Diaphorostoma cf. naticopsis (Oeblert) 2 

One somewhat distorted internal cast of a low naticoid gastropod 
from Kilmorie may be referred without much hesitation to the genus 
Diaphorostoma which Fischer proposed in 1885 in place of the 
pre-occupied name Platyostoma. We may apparently compare our 
specimen with Oehlert’s Platystoma? naticopsis’ of the Lower 
Devonicn of Mayenne, and with D. ventricosum (Conr.)* of the 
American Lower Devonian. 

Dimensions.—Diameter, c. 25 mm. Height, c. 17 mm. 
Horizon.—Meadfoot Beds. 
Locality —Kilmorie, Torquay (8. 75). 

1 Beushausen, op. cit., p. 210, text fig. 17a-c. 
2 Drevermann, Paleontographica, xlix, 1902, p. 91, t. xi, figs. 4-6. 
3 Beushausen, op. cit., p. 211, t. xvii, figs. 1-3. 
4 Fuchs, Abh. k. preuss. geol. Landesanst., N.F., Heft Ixxix, 1915, p. 56, 

t. x, figs. 20-1. 
> Beushausen, op. cit., p. 203, t. xvii, figs. 4-9. 
§ Thid., p. 205, t. xvii, fig. 34. 
> Oehlert, Bull. Soc. Geol. France, ser. 11, vol. v, 1877, p. 588, pl. ix, fig. 10. 
8 Hall, Paleont. New York, vol. iii, pt. ii, 1859, p. 300 ; pl. ly, figs. 9a-d ; 

p. 469, pl. xcii, figs. 1-10 ; pl. exiii, figs. 7,8; pl. exv, fig. 8. Williams and Breger, 
op. cit., p. 262, pl. xiii, figs. 18. 
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Platyceras dorsicarina Fuchs. 

The internal cast of a large species of Platyceras from Kilmorie 
which seems identical with Pl. dorsicarina Fuchs, of the Rhenish 
Lower Devonian shows the typical tall narrow compressed shape, 
the sharp carmation of the dorsum and the large high slightly 
twisted pointed apex, as Fuchs illustrates. It is allied to 
Pl. Zinken (A. Roem.)? of the Harz. 

Dimensions.—Height, c. 43 mm. Diameter (anterior-posterior), 
c. 22mm:; ditto (transverse), c. 10 mm. 
Horizon.—Mead foot Beds. 
Locality —Kalmorie (8. 74). 

Bellerophon (Pedasiola) aff. tumidus (Sandberger) ? 

Descrvption.—-Shell small, coiled in flat spiral, somewhat com- 
pressed, composed of four whorls rather rapidly increasing in size 
and especially in height towards the mouth. Dorsum narrowly 
rounded, strongly convex, trilobed faintly by a pair of rather 
weak revolving grooves, the median dorsal portion being strongly 
elevated and about twice the width of the lower lateral portions. 
Umbilical edge angulated ; umbilical slope steep, abrupt; umbilicus 
rather large, open, exposing all the whorls. Slit-band absent ? 

Horizon.—Meadfoot Beds. 
Locality.—Meadfoot, Torquay (M.P.G. 2°). 
Remarks.—The above described single specimen of a Lower 

Devonian Bellerophontid in the form of an internal cast which is in 
the Jermyn Street Museum, seems to be Phillips’ figured but 
undescribed specimen, named by him B. trilobatus Sow. var. 8.3 
It is undoubtedly distinct from this Silurian species, but possibly 
is referable to one of the varieties of B. twmidus Sandb.,‘ which is 
usually placed now in the genus or subgenus Plectonctus Clarke,’ 
which owing to the possession of a slit-band is separable from 
the true Bucaniella. Fuchs,® however, still includes this species 
in the subgenus Bucaniella, which he spells Bucanella. Spriesterbach™ 
has suggested a new generic name, Pedasiola, for very similar 
trilobed Devonian species with an expanded mouth, includiag | 
Salpingostoma tripleura Fuchs.2 Dahmer? has recently described 

* Fuchs, Abh. k. preuss. geol. Landesansi., N.F., Heft Ixxix, 1915, p. 64, 
t. Xili, figs. 14-17. 

* A. Roemer, Verstein. Harzgeb., 1843, p. 27, t. vii, fiz. 4; Kayser, Abh. 
geol. spec. Kart. Preuss., ii, Heft iv, 1878, p. 93, t. xv, figs. 5-7. 

3 Phillips, Paleoz. Foss. Dev. Cornw., p. 107, pl. xl, fig. 2000. 
* Kegel, op. cit., p. 42. 

; > Clarke, Moss. Dev. Parana, Mon. Serv. Geol. Miner. Brasil, vol. i, 1913, 
pp. 167-70. 

5 Fuchs, op. cit., p. 61, t. xiii, fies. 3, 5, and references. 
’ Spriesterbach and Fuchs, Abh. preuss. geol. Landesanst., N.F¥., 

Heft Iviii, 1909, p. 75. 
Son. Tos TS, te. hie aieeh, 

_ °* Dahmer, Jahrb. preuss. geol. Landesanst., £. 1919, Bd. xl, 2, Heft 2, 
{1921), p. 227, t. vii, figs. 10-12. 
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Two VIEWS OF A PuastER Cast oF A MoprnL RECONSTRUCTION 

OF PrLonEUSTES PHILARCHUS. 

To face p. 309.) 
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an allied Lower Devonian species under the name P. hercynica. 
Our Meadfoot shell may belong to this genus. 
P.S.—The recent paper by Dr. Asselberghs (Grou. Maa., 

Vol. LVIII, 1921, pp. 165-9) on the correlation of the Lower 
Devonian beds of South Devon with those of the Ardennes and 
Rhine is of special interest in connexion with the revision of part 
of the fauna in my three articles —F.R.C.R. 

A Model of Peloneustes philarchus. 
By the Rev. H. Nevitte Hurcuinson, M.A., F.G.S., F.Z.S. 

(PLATE XIV.) 
LATE XIV shows two photographs of a model I have recently 

made in order to show the outward aspect of Peloneusies 
philarchus, a pliosaur from the Oxford Clay. It is based on the 
complete mounted skeleton now in the British Museum (Natural 
History), Cromwell Road, a part of the well-known Leeds collection." 
This skeleton has a length of 10 ft. 6 in., and my model is 23 in. long, 
so the scale is roughly about 1:5. No other museum possesses a 
mounted skeleton of this genus, the nearest thing to which is the 
Trinacromerum, described as a Cretaceous plesiosaur by Dr. 8. W. 
Williston in his work on Water Reptiles of the Past and Present, 
Chicago, 1915, where a restoration is shown on p. 89, fig. 42. The 
specimen is in the Museum of the University of Kansas. This same 
Leeds collection has given us two fine mounted skeletons of the 
genus Cryptoclidus, of the family Elasmosauridee, and now we have 
also this fine mounted skeleton of Peloneustes, which belongs to the 
Pliosauride. Hence it is now possible for geologists to see at a 
glance the chief characteristics of these two families, and my hope 
is that this model may be of some use to students of Paleontology. 
In making the model I have had the advantage of much valuable 
assistance from my friend, Mr. E. Godwin, an accomplished 
sculptor, without whose assistance I doubt if it could ever have 
been completed ; for when I attempted to model the head I found 
a task that was beyond my power to accomplish properly, not having 
had any training in the art of sculpture. We have made many 
measurements and calculations in our endeavour to restore this 
most interesting marine reptile, the leading features of which can 
be summed up in a few words. Instead of the familiar long neck 
and small head of the plesiosaur we have here a short thick neck 
supporting a large and long head. Notice the powerful jaws armed 
with big teeth which get larger towards the end or middle of the 
snout. There is evidence to show that Peloneustes fed largely on 
cephalopods, but doubtless pursued larger prey at times—probably 
fishes. The hind paddle is larger than the fore paddle, and 

1 For a full description see Catalogue of Marine Reptiles from the Oxford 
Clay, part ii, by Dr. C. W. Andrews, F.R.S., published by the Trustees of the 
British Museum, 1913. 
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Dr. Andrews concludes that this reptile swam in deep water instead 
of merely paddling along on the surface like the plesiosaurs. In 
conclusion, I will only add that we have tried to follow out the idea 
of “stream-lmes’’, so important to those who design ships, sub- 
marines, and air-ships, ete. The teeth are rather too conspicuous, 
but this was done with a purpose, because otherwise they would 
hardly be visible, for in life they would be largely hidden by the 
flesh surrounding the bone of the jaws. 

Similar casts have been presented to the British Museum 
(Natural History), to the New Museum, Oxford, and to the 
Geological Society. 

Notes on the Ordovician Lavas of the Mynydd 
Prescelly, N. Pembrokeshire. 

By Geratp M. Part, M.A., F.G.S. 

EMBROKESHIRE is, on the whole—for Wales—a com- 
paratively low-lymg county, a somewhat dissected peneplain 

not usually rising much above four or five hundred feet above sea- 
level. Apart from the ragged stacks which rise up above the level 
of this peneplain in the northern part of the county—Carn Midi 
and Pen-berry near St. Davids and the Strumble Head masses near 
Fishguard, for example—there is only one really prominent feature 
in the whole Pembrokeshire landscape, the Mynydd Prescelly, which 
rise near the western end of their ridge above Rosebush to a height 
of 1,760 feet. 

It is therefore somewhat surprising to find a great scarcity of 
geological literature dealing with this part of the county, and the 
only work of note which I have been able to discover is a paper by 
J. Parkinson! The bulk of this is concerned with the spherulitic 
rhyolites which occur on Carn Alw and Foel Trigarn at the north- 
east end of the hills, though Parkmson briefly mentions “ certain 
more basic rocks’ which he describes as beg “of somewhat 
uniform and monotonous appearance’”’, and also the gabbroid 
dolerites which form many of the prominent “Carns” along the 
summit of the ridge. 

These have recently added interest to the problems of Stonehenge, 
Dr. H. H. Thomas having identified the “blue stones’’ of this 
monument with the peculiar spotted dolerite which forms Carn 
Meini and other “ Carns ” at the eastern end of the Prescellys.? 

It is to be regretted that even the glamour of Stonehenge 
can hardly make up for all the epidote, chlorite, and other decom- 
position products with which these rocks are affected. Hitherto 
there has been some doubt as to their exact age, though it is probable 
that, like the other dolerites of North Pembrokeshire, these 
intrusions are older than the main folding which is of Valentian or 

1 Q.J.G.S., vol. liii, 1897, p. 465. 
2 Geol. Survey—Summary of Progress, 1920, p. 56. 
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post-Valentian but pre-Old Red Sandstone age. It is hoped that the 
detailed examination of the area, now in hand, will provide further 
evidence bearing on this question. 
A preliminary visit to the district during the past summer served 

to dispel much of the monotony from the rocks briefly noticed by 
Parkinson, and as most of them differ somewhat from the other 
occurrences in that part of Wales, it seems desirable to publish 
a fuller description than appears in his paper. The district 1s con- 
tained in Sheet 210 (New Series) 1 in. Ordnance Survey, and Sheet 40 
Old Series (geologically coloured), though the boundaries shown on 
the latter are, in many Cases, erroneous. 

Soda-trachytes, keratophyres, and allied types have - been 
described from various parts of Pembrokeshire and Carmarthen- 
shire—notably from the Abercastle district, Treffgarne,? Skomer 
and the mainland adjacent,? and Coomb.4 These are of Arenig 
age, but in addition soda-rhyolites are known from several horizons 
ranging from pre-Cambrian to Llanvirn. 

Unlike the Arenig occurrences mentioned above, the lavas from 
the Prescellys apparently occur in the Llanvirn series, but the 
evidence is not complete. Owing to the strong cleavage by which 
all the sedimentary rocks have been converted into slates in this 
northern half of the county, fossils are both scarce and very ill- 
preserved. The whole district abounds in slate quarries (many— 
like the large ones at’ Rosebush—disused), and there are trial-holes 
all over the hills round that village. Lately there has been a revival 
in this local industry, and several quarries are at work near 
Maenclochog and Liandilo. 

In addition to the cleavage the area has been subjected to a con- 
siderable amount of faulting of the usual North Pembrokeshire 
type, i.e. east-west strike-faults accompanied by numerous, but 
not usually individually important, dip-faults. 

(A) THE SopA-RHYOLITES AND FELSITES. 

(2) There is little to add to the description given by Parkinson 
of the spherulitic and othervarieties from Carn Alwand Foel Trigarn. 
Dr. Elsden has already drawn attention to the similarity of many 
of these rocks to the rhyolites of Llanrian near Abereiddy Bay.? 

One interesting feature which has hitherto escaped notice is the 
presence of the Foel Trigarn rocks of numerous relatively large 
crystals of zircon—ranging up to -01 in. in length. 

East of Rosebush, near the farm Mithbed-fach, there are exposures 
of silicified rhyolites and rhyolitic ashes. Other ashes—usually 
porcellanous and quite featureless under the microscope—occur 

1 J. V. Elsden, Q.J.G.S., vol. Ixi, 1905, p. 594; A. H. Cox, ibid., vol. lxxi, 
1915, p. 307. 

2 Mem. Geol. Surv., Sheet 228 (Haverfordwest), p. 21. 
3H. A. Thomas, O/-GsS., vol. Txvii, VOIY, p: bib: 
* Cantrill & Thomas, Q.J.G.S., vol. lxii, 1906, p. 248. 
5 Op. cit., p. 581; see also Cox, op. cit., p. 316. 
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in the Llanvirn slates. These are useful in the field as a means of 
determining the true dip of the highly-cleaved sediments. In their 
general character they are very similar to the “ china-stone ashes ”’ 
found in the Bifidus Shales in many other parts of Wales, and are 
probably of similar age. 

(0) Greenway type: West of Rosebush there is an extensive peat 
and drift-filled depression through which the railway and River 
Syfynwy run. This is formed in a thick band of “ felsite ” or soda- 
thyolite, which is well exposed at numerous points round the western 
rim of the depression at Cnwe-y-felin, New Inn (Greenway), and in 
the Syfynwy valley. Similar rocks are exposed im quarries on 
Goetty Mountain, at the Syfvnwy Falls, and on Bernard’s Well 
Mountain (between Tufton and Rosebush). 

In the field these rocks are pale in colour, weathering with a grey 
or whitish crust and break down into a yellow gravelly soil. The 
weathered blocks frequently show lines of flow. There is an 
approximately rectangular joimtig—very well shown in the section 
at the Syfynwy Falls. 

Fresh specimens are pale bluish- or greenish-grey, fine-graimed or 
even flinty in texture and containing many small phenocrysts of 
felspar. The rock sometimes has a “ pepper and salt ” appearance, 
due to patches of chlorite dissemimated through it. 

The upper surface of this band is exposed in the crags on the east 
side of the Bane-du, the prominent hill west of the maim Haverford- 
west-——Cardigan road, a few hundred yards north of New Inn. The 
rock is here finer-grained, ochreous, and rather soft. The actual 
junction can be seen in the crags, and shows the irregular upper 
surface of the flow upon which the slates have been deposited. On 
the south side of the hill the slates from the immediate neighbourhood 
of the junction give the impression of being slightly hardened and. 
silicified, but im general there in no evidence of imtrusion, nor have 
I observed anything comparable to the slate-keratophyre breccias 
of Longhouse and other localities in the neighbourhood of Aber- 
castle! The margin of the rock at Banc-du is, however, undoubtedly 
slightly brecciated, as can be seen in most of the slices of specimens 
from this locality. 

Under the microscope specimens collected from Syfynwy Falls, 
Goetty Mountain, Cnwe-y-felin, and several pomts north and west 
of Greenway, all proved to belong to the same general type. The 
rocks are conspicuously porphyritic with abundant small 
phenocrysts of felspar lying in a fine somewhat “ felsitic ” ground- 
mass (Fig. 1). In size the phenocrysts range up to -25in., but in 

- general are smaller than this, about -04--08 in. in length. Some 
which are untwinned, or simple Carlsbad twins, are a soda-orthoclase. 
The remainder are a plagioclase of similarly low refractive index 
giving extinction angles on the twin lamellae up to 16°. These 

1 Elsden, op. cit., p. 574; Cox, op. cit., p. 307. 
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Fic. 1.—Soda-rhyolite, Quarry, Goetty Mountain, Rosebush. x 18. 
Fic. 2.—Soda-rhyolite, 500 yards W.N.W. of New Inn, Greenway, W. of 

Rosebush. x 22 



314 Gerald M. Part— 

must be almost pure albite—a conclusion borne out by an ex- 
amination of cleavage fragments. 

The ground mass is rather variable in character. It consists of 
granular quartz, small laths of felspar, mainly albites about -O1 in. 
in length, with interstitial chlorite. There are a few needles 
of apatite, granules of secondary sphene, and occasional grains of 
an iron-ore mineral. In one or two specimens there is a little 
pyzites or limonite pseudomorphs after it. Vesicles are uncommon, 
but when they occur are filled with quartz. In structure the ground- 
mass usually approaches the “‘ micro-poecilitic ” type so frequently 
described in felsites, and their general appearance suggests that most 
of these rocks have suffered more or less devitrification and some of 
the quartz may be secondary. The granularity of the structure is, 
however, modified by the small laths of felspar which frequently 
exhibit a marked fluxional arrangement. In those cases where 
the flow is not very pronounced in the ground-mass, there is usually 
a distinct parallelism of the smaller phenocrysts. 

The chlorite occurs in grains, scaly or fibrous aggregates and 
irregular patches lying between the other constituents. Only rarely 
has anything in the nature of well-formed pseudomorphs been noted, 
and in the majority of cases there is no evidence as to what was the 
original ferro-magnesian constituent of these rocks. In the rock 
south-west of Banc-du there are numerous pseudomorphs of a pale 
yellowish chloritic substance after some monoclinic mineral, and 
usually having an irregular border of granular green chlorite (Fig. 2). 
Some of these pseudomorphs have an external form which may 
represent hornbiende, as in the rocks of Coomb, Carmarthenshire.t 
In other cases it is possible that some of the mineral was a pyroxene, 
and in a rock from Goetty Mountain there are a few small pseudo- 
morphs in which the pyroxene form is rather more definitely 
developed. In one or two cases small pleochroic haloes have been 
observed in some of the more irregular patches of chlorite. It is 
possible that mica occurred originally, but this does not seem to 
have been more than a very minor constituent. In one specimen a 
few relatively large zircons were observed, as in the rhyolites of 
Foel Trigarn. 

The rock exposed on the eastern side of Banc-du, forming the 
upper surface of the mass, is now very different in character to the 
rest, though it would appear to have been identical originally. 
It is now a very fine-grained aggregate of quartz, white mica, and 
a little limonite, with interstitial chlorite in the ground-mass serving 
to distinguish this portion from the phenocrysts. There are a few 
rare pseudomorphs in chlorite, similar to those found in the Coomb 
rocks. Sections of the actual junction with the overlying slates 
show the shght chilling at the surface, which has also been some- 
what brecciated. This surface, however, is very irregular and the 

1 Cantrill & Thomas, op. cit., p. 243. 
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chilled crust has not always been preserved. Slatey material has: 
been washed ito all the irregularities in the igneous rock, and in, 
some cases there is a certain amount of debris of the latter m the 
slate in immediate contact with it. 

The actual junction is not exposed along the southern side of the: 
hill, but a specimen of the igneous rock taken from within a few 
yards of it shows signs of brecciation and contains patches of calcite, 
particularly in the felspar phenocrysts. This might be taken to 
indicate the albitization of a previously more calcic felspar, but: 
I have only observed the presence of calcite in this area in those 
rocks, both rhyolites and trachytes, which have been brecciated or 
weathered, and on the whole I am inclined to regard its introduction. 
as due to these causes, and not connected with any secondary | 
albitization. 

Two hundred yards north-west of the farm Mynydd-du (? mile 
north of Rosebush)a grey cleaved rock, very like a tuff in appearance, 
crops out above the path a few feet below blue-black slates similar 
lithologically to those of Bane-du and the Rosebush quarries. It 
contains abundant phenocrysts of soda-orthoclase and albite, 
together with a few irregular patches of chlorite set in a ground- 
mass which varies in texture from micro- to erypto-crystalline. 
This, however, was originally glassy and shows beautiful perlitic 
structure picked out in chlorite (Fig. 3). The patches of varying 
texture sometimes show a certam angularity and there are parts 
which are distinctly “‘ ashy ” in appearance, but on the whole this 
rock appears to be a fluxion-breccia rather than a tuff. 

(c) Craig-y-ewm type: Interstratified with the slates in Craig-y- 
ewm (north-east side of “ Prescelly Top ”’—marked Foel-cwm- 
cerwyn on the Ordnance Map), a few yards south-east of the old 
slate quarries, is a flow of quite a different character. This is a 
pale grey rock with white mottling, and of rough, almost gritty, 
texture. There are numerous elongated vesicles filled with quartz 
and limonite, and small patches of finer grain and of somewhat 
darker colour. These resemble the marginal portion of the rock, 
which is, in addition, more vesicular. The whole rock weathers 
a rusty brown. 

Under the microscope (Fig. 4) there are scattered phenocrysts of 
soda-orthoclase and albite about -04in. in length. The ground- 
mass has a poecilitic structure, consisting of grains of quartz usually 
about -02in. in diameter, with interstitial chlorite and granular 

sphene and enclosing large numbers of felspar microlites. These, 

which lie at all angles in the matrix, are often rather ragged and 
tend to occur in radiating sheaves. Their refractive index is 
distinctly lower than that of quartz, and the extinction angles (up 
to about 16°) indicate that the majority are a plagioclase of 
approximately the composition of albite. Some which are untwinned 
or simple twins, and give almost straight extinction, are a soda- 
orthoclase. Needles of apatite are very abundant, and there is 
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a certain amount of ferruginous matter—cubes of limonite after 
pyrites. Flow-banding is apparent in slight differences in the relative 
proportions of the different constituents, and to a lesser degree in 
the texture of the rock. 

The darker patches in the rock prove to be fine-grained agegre- 
gates of felspar microlites in a matrix of chlorite, and this material, 
which is often somewhat “ variolitic’’ in structure, occurs both 
as filling im vesicles and as irregular patches. One such patch is 
shown in Fig.5, and contains, in addition to its normal constituents, 
several cubes of limonite after pyrites and a very large apatite. It 
is possible that the chloritic matrix represents originally glassy 
matter, as has been suggested in the case of the similar green material 
occurring in the rhyolites of Carn Alw.t 

On the same line of strike a dark grey rock is exposed by a spring 
high up on the hillside, 500 yards east by south of Pant-maenog. 
Though very similar.in composition to the rock in Craig-y-ewm, 
this is rather different in structure, the ground-mass being more 
granular, while the felspar microlites are more ragged and flow- 
banding is not developed. 

(B) Tur Sopa-TRACHYTES. 

In the boulder-strewn valley between Cnwe and the lower slopes 
of “ Prescelly Top ” the lavas are of a distinctly “ trachytic ” type. 
As a rule, they are not so fresh as the more massive and rhyolitic 
varieties developed round Greenway. In the hand-specimen these 
rocks are usually greenish in colour, from their contained epidote 
and chlorite, fine-grained to flinty in texture, and often showing 
fluxion-banding and vesicular structures. 

One of the freshest—a pale green fine-grained rock from a point 
500 vards south-east of Pant-maenog—shows uader the microscope 
(Fig. 5) phenocrysts of soda-orthoclase and albite usually about 
0-7 in. in length and commonly associated together in groups, 
recalling “‘ glomero-porphyritic ”’ structure. With these is often a 
certain amount of epidote occasionally in pseudomorphs after 
pyroxene and some interstitial quartz. The ground-mass consists 
of little laths of felspar with mterstitial chlorite and a variable 
quantity of epidote and granular sphene; there is also a little 
interstitial quartz. There are a number of round vesicles from 
‘05—-25 in. in diameter, which are filled with quartz. 

The felspar microlites are in general about -O1 in. in length, and 
from five to ten times as long as broad. Some are either untwinned, 
or simple twins giving almost straight extinction, and are a soda- 
orthoclase. The majority, however, are a plagioclase, and their 
extinction angles, which range up to about 15°, and low index 
of refraction indicate a composition near to albite. 

The structure of the ground-mass is “trachytic”’, the felspar 
microlites showimg marked fluxional arrangement. In my own 

1 Parkinson, op. cit., p. 468. 
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specimens the direction of flow is not at all constant even in the area 
comprised in the field of view of a low-power objective, but a specimen 
of almost identical rock, slightly coarser m texture, in the Geological 
Survey Collection (No. E5706, labelled “ Prescelly Mountains, 
Pembrokeshire ’’) shows a beautiful and much more regular flow- 
structure. A second specimen (H 5705, similarly labelled) is com- 
pletely brecciated. 

A rock from further up the hillside—south-east of Pant-maenog— 
is poorer in orthoclase. The phenocrysts, nearly all albite, make 
up a large proportion of the rock and grade down ito the ground- 
mass which approaches the “‘orthophyric” type in structure, owing 
to the shorter and stouter habit of many of the felspais, some of 
which show the “‘ chequer”’ type of twinning. Quartz occurs, but 
is not conspicuous except in the occasional vesicles, and the usual 
interstitial chlorite and granular sphene are present scattered through 
the ground-mass. In addition there are a number of irregular 
patches of calcite connected, I believe, with the evident brecciation 
which this particular rock has suffered, and which is well shown by 
the bent and broken phenocrysts—sometimes recemented by 
chlorite. 

The rocks of Carn Afr—the prominent cliff south of the path 
leading from Rosebush to Craig-y-cwm, mentioned by Parkinson— 
are mostly far from fresh, and contain much epidote, chlorite, and 
secondary silica. As a rule they are highly vesicular, the vesicles 
being filled with chlorite often with an outer layer of small imperfect 
spherulites of silica. The phenocrysts are numerous, and, as usual, 
include both soda-orthoclase and a plagioclase near to albite ; 
where it is not obscured by secondary products the ground-mass is 
trachytic and fine in grain. There is a good deal of granular sphene 
scattered through the body of the rock. 

(c) THe “ KeratopHyre” oF For TRIGARN. 

A trachytic rock of rather different type occurs on Foel Trigarn, 
where it forms the lower and thicker part of the prominent crags on 
the south and south-west sides of the hill. Most of the hill is made 
up of soda-rhyolites, ashes, and breccias, which dip about 40° 
north (almost the same as the northern slope of the hill). The low 
crags below the stone cairns at the summit on the south side are 
formed of a sheared dolerite, another band of which is exposed 
lower down the hill. Immediately below the upper dolerite comes. 
the ‘‘ keratophyre ’. The actual junctions are obscured by heather 
and scree, but this appears to be a flow intercalated amongst the 
rhyolites and rhyolitic ashes, which latter are exposed lower down 
the hill, above the lower dolerite. 

The rock when fresh is grey-green in colour, fine-grained, intensely 
hard, and breaks with a splintery fracture. It is typically non- 
porphyritic and non-vesicular, but weathers full of holes, brown and 
ferrugmous, the blocks resembling lumps of slag—a form of 
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weathering which also affects the rhyolites as noted by Parkinson.! 
One variety found on the scree-slopes is full of small white spots, 
which give it the appearance of a felspathic tuff. This, however, 
is a form of decomposition similar to that noted by Dr. Elsden in 
the “ porphyrite * of Cwm-y-Graig near Mathry.? 

In thin section (Fig. 6) these rocks are seen to consist mainly 
of small microlites of felspar about -01 in. im length together wit! 
much interstitial chlorite, some granular sphene and epidote, and a 
little interstitial quartz. The sphene in this case has obviously 
arisen from the decomposition of a titaniferous iron-ore mineral, 
probably ilmenite, of which some irregular remnants remain. One of 
the peculiar features of this rock is the abundance of apatite. In 
many of the slices the whole rock is riddled with needles of this 
mineral, which must make up at least six per cent of the total bulk. 

The phenocrysts are rare, and include both soda-orthoclase and 
albite ; vesicles when they occur are filled with quartz and some- 
times a little limonite. 

The felspar of the microlites includes both soda-orthoclase and 
plagioclase. There is a considerable quantity of the former, which 
occurs both untwinned and in simple Carlsbad twins, and often has 
a Tather undulose extinction under crossed nicols. The plagioclase 
approximates to albite in composition, having a lower refractive 
index than quartz, and giving extinction angles up to 15°. 
The structure of the rock is “trachytic” to “pilotaxitic”’. 
Superficially it resembles very closely the “lime-bostonite” or 
“ keratophyre.” of Abercastle, but is richer in orthoclase, chlorite, 
and iron-ores, and, in addition, is peculiar for its high content 
of apatite. 

Specimens from the upper part of the crags show considerable 
brecciation, and usually contam more or less calcite. 

There are two specimens (E5717, 5719) of this type m the 
Geological Survey Collection, but the rock does not seem to have 
been previously described. 

(D) AGE. 

The evidence for the age of all these lavas is at present very 
unsatisfactory, owing to the cleavage and general absence of 
recognizable fossils. Parkinson has noted fossils indicating a 
Bifidus age for the slates in the neighbourhood of Crymmych Arms,* 
and on this evidence has suggested a “‘ Lower Llandeilo”, or even 
Arenig age for the rhyolites of Carn Alw, which, according to that 
author, are slightly later than the more basic lavas found on the 
southern slopes of the mountains (i.e. the rocks which form the main 
subject of these notes). Owing to the possibilities of strike-fauliing, 
this is by no means a certainty. Parkinson also mentions that 
fossils are occasionally found im the Rosebush quarries, though he 
adds that his own search was not successful. I have bke- 

1 Op. cit., p. 465. 2 Op. cit., p. 598. 3 Tbid., p. 474. 
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wise been unfortunate at Rosebush, but a quarry in similar 
slates on Banc-du yielded one specimen of a small “ tuning- 
fork ’’ Didymograptus, which I am indebted to Dr. Gertrude 
Elles for examining. The specimen is unfortunately rather 
smeared by the cleavage, but Dr. Elles is inclined to regard it 
as being of D. Murchisoni type rather than D. bifidus. These slates 
immediately overlie the rhyolites of Greenway, and it is therefore 
suggested that these occur either high up in the Bifidus (it must be 
remembered that D. Murchisont var. geminus extends well down 
into this zone in South Wales) or low in the Murchisoni slates, i.e. 
about the horizon of the Llanrian rhyolites as originally suggested 
oy Dr. Elsden. Until further evidence is available it would not 
be wise to attempt any closer correlation of these rocks. 

(E) CHEMmIcAL CoMPOSITION. 

Unfortunately there are not many analyses of the soda-rich rocks 
of South Wales published, and most authors have been content to 
quote Dr. Elsden’s original analysis of the Abercastle 
“ Keratophyre”’. A few analyses were made in the Survey 
laboratory in connexion with the Skomer series, and are given in 
Dr. Thomas’s paper and in the Memoir on Sheet 227 (Milford). Only 
two of these are applicable to the present case, and are given in 
columns II and III below, together with Dr. Elsden’s analysis 
as quoted by Professor Cox (IV). 

Mr. Radley, who was responsible for the Skomer analyses, has 
very kindly made a partial determination for me of the rock from 
Cnwe-y-felin, west of Rosebush, and his figures are shown in column I. 

if Dy. Lhe Inve 

Sid, 3 : ‘ 72-11 79-64 58-57 55°38 
TiO, E : ve 0-50 2-17 0-90 
AlOx : Ay at Bie) 11-44 18-60 18-34 
Fe,0, By 0-11 1-92 1-13 
FeO 0-30 4:77 5-86 
MgO 0-15 0-94 3-47 
CaO A 5 eH 0-63 0-71 0-99 3-25 
K,O A 3 - 2-42 0-38 3:30 0-22 
Na. Ola): 8 ad 6-36 6-40 5-52 7-12 
H,0 below 110 : 0-16 0-50 0-48 
H,O above 110° Sul 0-30 2-19 2-39 
co, é : I 0-02 0-04 2-20 
Cay CEN aeP 0-08 0-45 tr 
Other constituents . ~~ n.d. 0-08 0:25 — 

| [95-41] 100-29 100-11 100-54 

I. Soda-rhyolite, Cnwe-y-felin, west of Rosebush. 
II. Soda-rhyolite, near the Table, Skomer, Pembrokeshire. (Anal. 345) 

Mem. Geol. Survey, Sheet 227 (Milford), p. 31. 
III. Soda-trachyte, north cliff, Skomer, Pembrokeshire. (Anal. 347) Mem. 

Geol. Survey, Sheet 227 (Milford), p. 33. 
IV. “ Lime-bostonite ’, Longhouse, Abercastle, Pembrokeshire. Elsden, 

Q.J.G.S., vol. Ixi, 1906, p. 596. 

VOL. LIX.—NO. VII. 21 
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Anal. K. G. Radley | E. G. Radley | E. G. Radley |J.V. Hisden 

Quartz . : é [21-6] 39°8 6-0 4-3 
Orthoclase . 14-3 D2 19-5 1:3 
Albite . : : 53-8 54-1 46:7 60-2 
Anorthite . i [1-0] 1:3 2:2 3:5 
Pyroxene . : 1-0 7:3 23:6 
Other constituents [9:3] n.d. 1:7 18:3 7:8 

[100-0] 100-2 100-0 100-7 

Composition of\ Ab. 98-0 97-6 95-5 94-5 
Plagioclase An. 2-0 2-4 4:5 5-5 

In the column below each analysis I have shown the mineral 
composition of the rock calculated from it. That in column IV has 
been quoted from Professor Cox’s paper. The remainder I have 
calculated from the analyses, and in the case of II and III will be 
found to differ somewhat from the figures given in the original 
descriptions, particularly im regard to the contents of anorthite. 
I believe that in these sufficient account was not taken of the 
accessories containing lime, such as sphene, apatite, and calcite, 
which collectively reduce considerably the amount of this con- 
stituent available for felspar. In the case of the rock from Cnwe-y- 
felin, this adjustment is not possible, except in a very general way, 
in the absence of figures for titanium, carbon dioxide, and phosphorus 
pentoxide, but the appearance of the rock under the microscope 
suggests that apatite is present, but certainly not in excess of one- 
half per cent, and sphene in greater amount, probably over one 
per cent. If the figures for titanium and phosphorus pentoxide 
are as low as those shown in column II, there is only sufficient lime 
left over for 1 per cent of anorthite, making a felspar of the com- 
position Ab. 98 An. 2, which is not an unreasonable composition in 
view of the optical characters of the plagioclase seen in the rock. 
In any case, there is only sufficient alumina for the formation of 
2 per cent anorthite, and this leaves out of account any chlorite 
present in the rock. 

As regards the value given for quartz in column I, no accurate 
figure can, of course, be determined in the absence of a full analysis, 
but an approximate indication can be arrived at in the following 
manner. <A consideration of the other analyses shows that the 
proportion of silica taken up by constituents other than alumina, 
lime, and alkalies, lies between 60 and 70 per cent of the total of 
such constituents. If we take the higher figure of 70 per cent, the 
4-6 per cent of constituents “not determined” will account for 
3:2 per cent of silica. The felspars (using the “ corrected ”’ figure 
for anorthite) account for a further 47-3 per cent of silica, making 
50-5 per cent in all, and leaving 21-6 per cent present as free quartz. 

The foregomg descriptions and analyses show clearly that the 
affinities of these rocks lie with the soda-rhyolites and trachytes 
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on the one hand, and the “ keratophyres ” on the other—using the 
term “keratophyre”’ in the same sense in which it has_ been 
employed in connexion with the Skomer Series. 

In conclusion, I desire to thank all those who have assisted 
me in the course of the work, in particular Dr. H. H. Thomas, 
to whom I am indebted for a vast amount of kindness and 
encouragement, and Mr. J. R. P. Penn, of Poyston, Haverfordwest, 
for his company in the field. 

Notes on the Brandesburton Kame, Yorkshire. 
By James Puemister, M.A., B.Sc. 

(PLATE XV.) 

N the Grontocican Macazine for December, 1921, Professor J. W. 
Gregory has referred to the Brandesburton Kame in a paper 

dealing with English Kames and Eskers. He points out that further 
information is required to determine its true nature. The following 
paper is the result of observations which were made on a visit to 
Brandesburton in August, 1921. The ridge appears to be a true 
kame of fluvioglacial character. 

The ridge in question has a length of between 3 and 4 miles, 
and can be traced in Sheets 196 N.E. and 179 S.E. Ordnance Survey 
6in. map. It begins at Gildholm Hill, fully half a mile south of 
Brandesburton Church, passes 10 degrees north of west through 
Coneygarth Hill, crosses the Leven—Brandesburton road at Starcarr 
Gate, takes a north-west direction along Starcarr Hill, turns north 
at Burshill, and ends just south-east of Hempholme. On the 1 in. 
map its course is easily traced, as it coincides with the road from 
Starcarr Gate to Hempholme, the road having probably been made 
along it owing to the wet nature of the “carr” country throagh which 
it passes. “Carr” indicates boggy ground. Trees or tree-stumps 
mark a considerable part of its course in the field. The trees have 
been felled, and the kame greatly lowered by former excavations 
immediately west of Starcarr Gate. The kame is leased out to con- 
tractors, and work is in full progress at this part. 

The notes in this paper refer only to Coneygarth Hill and the pit 
immediately west of Starcarr Gate. 

Coneygarth Hill is a flat-topped, parallel-sided mound, about 
6 feet high and 60 yards broad. It contains several depressions 
which are probably former pits, and at one point rises to a conical 
hillock about 30 feet above the rest of the ridge. South of the main 
ridge two small mounds, the larger 100 yards long, run parallel to 
it. “‘ George’ pennies, 232 years old, have been found by workmen 
in the excavations, indicating that the hill was probably dug for 
gravel in the eighteenth century. 

MATERIAL oF CONEYGARTH HILL. 

Small gravel is seen at the mouths of rabbit-burrows on the flat 
top; towards the eastern end the ejected material is sandier. A 
pit on the west side of the hillock shows the following section :— 
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Small grave] . 
Sand with shell fragments ; é : : é . 15 ft. 
Gravel 
Coarse sand with shell fragments and coaly layers o =) Duets 
Coarse gravel, mostly subangular : : 0 : . 24 ft. 
Small gravel . 3 : ; 6 : : : 4 ft. 
Loam, hidden by talus. : : : . possibly 3 ft. 
Red clay : : : : ‘ : 5 : 5 Bile, 
Brown clay . 3 : . Ain. 
False bedded sand with shelly and coaly layers é of eAaaiitg 
Coarse gravel with worn facetted stones of large size (8 i in.). 4 ft. 
Fine gravel. c : : : : ; : . 24 ft. 
Small gravel . : i é : . . : : 4 ft. 
Very fine gravel 5 . : : 2 : 6 5 tte 

The thicknesses are approximate. 

The section does not persist across the ridge, for the 4 feet of coarse 
gravel gives place on the right to sand of a uniformly fine character 
without shell fragments. Also the seam of clay dies out on the right. 
But the section towards the right edge is obscured by debris. 

Analysis of the gravel (pebbles of 2 in. diameter being selected) 
shows that the great majority are subangular, about 20 per cent 
rounded and 10 per cent angular. No pebbles bearing strie were 
found. The small pebbles (1 in. and under) are generally rounded and 
pebbles of stratified rock are worn to discs. The pebbles include :— 

Limestones, crinoidal, magnesian, cementstone. 
Sandstone, white, purple, yellow, and compact white Jurassic. 
Flint, black, white, and waxy-looking. 
Basalts, compact to porphyritic, fresh to rotten. 
Andesites, chocolate coloured. 
Quartzites, schists, fine green grit. 
Chalk in very small quantity. 
Coal and coaly shale. 
Fossils including Gryphea, ammonite, belemnite. 
IT am indebted to Mr. G. W. Tyrrell, F.G.8., of Glasgow 

University, for identifying the following among the igneous rocks: 
Quartz-porphyries, felstone, felspar-porphyry, all probably from 
Cheviot Old Red Sandstone igneous region, pink granites probably 
not Scottish, hornblende-schist, hornblendite, augite- porphyry, 
lamprophyre, aplite, a syenitic rock, and several red and dark-green 
rhomb-porphyries. There is also a basalt which strongly resembles 
an essexite-basalt from Grorud, Norway, but may be an 
uncommon variety of Scottish Carboniferous basalt. According to 
the workmen coal is found all through the gravel, and as the section 
shows also forms layers. Judgimg from its poor quality it has 
probably been derived from Jurassic coal seams. Similar layers of 
coaly material are common in the kames of Carstairs. 

STRATIFICATION AND BEDDING. 

The section shown by the Coneygarth Hill pit is transverse to 
the ridge and the looseness of the material causes angles to crumble 
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away, so that there is little opportunity of observing the dip of the 
beds. The section, however, gives clear evidence of deposition by 
water. The coarse gravel has a suggestion of stratification, but all 
the fine gravels show distinct bedding planes which are horizontal. 
The sands lie horizontally between the gravels and some show 
current bedding, particularly the sand immediately beneath the 
clay. The clay and coaly layers are both horizontal. Tracing the 
stratification towards the margin, the clay is seen to thin out and 
droop. Also the beds did not persist, e.g. the 4 feet of coarse gravel 
passed into a very fine sand without shell fragments and with no 
false bedding, but it was not possible to observe the junction nor to 
trace any bed far, as the pit is in the centre of the hillock and the 
edges are smothered in debris. 

Though this pit gives no indication of dip, a trench cut 
longitudinally in the ridge between Coneygarth Hill and Starcarr 
Gate shows a very small dip to the west along the ridge and a very 
gentle inclination towards the margin. This trench shows no sand, 
but only thin alternations of coarse and fine gravel whose composition 
is the same as that in Coneygarth Hill. 

There is no seasonal banding in the Coneygarth Hill pit, and that 
it does not occur in the ridge is shown by the absence of alternations 
of broad and narrow patches along its course, for it remains parallel- 
sided throughout. The existence of Coneygarth Hill is not due to the 
presence of any particularly resistant band of gravel, since it is com- 
posed of alternations of hard and soft horizontal beds which are 
scarcely cemented at all. 

SECTION IN Prt west oF STARCARR GATE. 

This pit gives both transverse and longitudinal sections. The 
longitudinal section shows a small dip to the west along the ridge. 
The sequence is :— 

Small | 
Sand 
Gravel é 5 ft. 
Fine gravel | 
Gravel 
Fine gravel and coarse sand interbedded . 4 ft. 
Sand 5 : : : : - . 2 ft. 
Gravel below. 

False bedding is present, but is not very pronounced. The trans- 
verse section shows a fault whose downthrow is towards the margin 
of the ridge, and gives the above section. The section on the up- 
throw side is :— 

Gravel 
Coaly layer 
Orange-coloured sand 
Clay 
Sand 
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The clay dips towards and is streaked out against the fault. 
There is no distortion of the beds, but a gentle waviness has been 
introduced such as might be produced by a slip of material whilst 
still wet and plastic. Possibly the thinning out and droop of the 
clay and the replacement of one bed by another in the Coneygarth 
Hill pit is due to a similar cause, the fault itself bemg hidden in the 
debris. 

The gravel in this pit has the same composition as that of Coney- 
garth Hill and a rhomb-porphyvy was found hete also. 
Mammoth bones have been recorded from the Brandesburton 

gravels, but the writer found no bones, and no shells except the 
waterworn fragments in the shell sand. Among the pebbles were 
found an ammonite, a Gryphea, and a belemnite, all well waterworn. 

SUMMARY. 

1. The direction of the ridge is roughly parallel to the line of the 
moraine in Holderness as sketched by Carvill Lewis. 

2. The material of the gravels is ice-collected, but is well water- 
worn though not rounded. The bulk of the pebbles are of north- 
eastern Hngland and Yorkshire origin, and a small proportion of 
Scandinavian rocks is present. 

3. The stratification is horizontal and current bedding is frequent. 
4. There is no seasonal banding nor any alternations of broad and 

narrow parts along the length of the ridge. 

CoNCLUSION. 

From the evidence which I have been able to collect, the ridge 
is therefore probably a kame of fluvioglacial character. That it is 
surrounded by “ carr” land on both sides pomts to its having been 
formed in a sheet of water. The parallel sides are probably due to | 
slipping along planes parallel to the length, and this would also 
explain the ‘existence of the small parallel mounds previously 
mentioned. The talus produced by the slipping would soon be 
spread evenly over the floor. 

The composition of the gravels indicates that the streams which 
deposited the kame were fed by Cheviot ice which had probably 
overridden deposits previously formed by the Scandinavian ice. 

In conciusion J must es my great indebtedness to 
Professor J. W. Gregory, F.R.S., who poiated cut the work and was 
always ready with he!pful suggestions. . 

EXPLANATION OF PLATE XY. 

Fie. 1.—The low ridge of the kame is dimly seen in the foreground, runs 
through Coneygarth Hill, and sweeps round to the right, causing the rise 
on which the Starearr Gite houses stand. 

Fig. 2.—The section is across the kame. Note the horizontal bedding, and 
the gravel at the base and top. The sand is seen on the right centre, 
and the thin clay band lies at the foot of the talus above the centre line 
of the photograph. 

1 John Phillips, Illustrations of Yorkshire Geology, pt. i, p. 22, 1835. 
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REVIEWS. 

Nouveau Traire DES Eaux SouTerRAINES. By EH. A. Marter. 
Large octavo, 840 pp., with 384 figures. Published by Octave 
Doin, Paris. Price 50 francs. 

LTHOUGH boring to effect the release of subterranean water 
under pressure was accomplished in Egypt and elsewhere in 

early times, even before the Carthusian monks of Lillers opened the 
first well in the province of Artois in 1126, the people of France, 
wherever they settle, seem to be as much impelled by an inevitable 
tendency to put down an artesian well as the British soldier is to 
lay out a football ground wherever his army halts for more than a 
week. The application of science to the search for underground 
water seems to be with the French a distinctive national trait, an 
irresistible instinct. One cannot read M. Martel’s fascinating work 
without becoming infected with the spirit which runs through every 
page of the text and is reinforced by numerous well-reproduced 
illustrations. Throughout there is the personal touch of the dévoue, 
who is—-if one may be permitted the metaphor—simply saturated 
with his subject, and wishes his reader to share with him the joy that 
he has had during the thirty-eight years which he has devoted to the 
varied aspects of water underground. M. Martel speaks of his 
Nouveau Traité as a mere appendix to Daubrée’s classical Laux 
Souterraines. It is, in effect, the product of restating in systematic 
form the results embodied in fifteen special works and some 500 
shorter papers on various branches of the question which have arisen 
from the author’s researches in many parts of Europe and America 
since 1883. Although abundant references to previous literature are 
methodically arranged and systematically summarized with a due 
sense of relativity, the mechanical effort of the laborious compiler 
is everywhere dominated and enlivened by the spirit of the 
enthusiast. 

The author passes lightly over those aspects of the subject that 
are widely known and generally accepted, such as the meteoric 
cycle, the general geological activity of water, the theory of artesian 
springs, the chemical and bacteriological qualities of potable water, 
the processes of search:for and captage (“* exploitation” is perhaps 
the most convenient English word) of water, and the processes for 
its purification for domestic and industrial uses. On the other hand, 
he plunges more deeply into those subjects that have given rise to 
theoretical controversy, in which new ideas have been developed 
and old prejudices have been shaken by recent researches. A full 
discussion is accordingly given of the importance of rock-joints, 
fissures, and faults in determining the direction of underground 
channels, the common laxity of ideas expressed by the term “ water 
table’, the distinction between porosity and permeability, the 
relations of infiltration to evaporation and run-off, the circulation of 
subterranean water and its influence on the production of mineral 
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veins, the origin of thermal springs, the mechanism of geysers, the 
hygiene of potable water, the values of different colourmg matters 
in tracing currents below ground, and the claims of the water 
diviner. To summarize the author’s observations is as difficult 
as abridging a dictionary, and in the short space allotted to this 
notice one can exhibit a few stray specimens but hardly repre- 
sentative samples. 

The earlier chapters are dominated by a desire to correct the 
“errors” of German, Austrian, and Swiss “ professors ’’— 
Rutimeyer, Heim, Tietze, Penck, Grund—“ who, without having 
gone sufficiently to study personally the actual phenomena under- 
ground . . . have denied the influence of fractures in the formation 
of valleys.” M. Martel “ holds very strongly, not from the teaching 
of professors, but after having undertaken in complete independence 
of judgment, thirty-eight years’ observations on subterranean and 
torrential waters, that below ground, as on the surface, fractures 
play a capital role in the formation of caverns as well as in 
the formation of a great number of valleys.” He backs his con- 
clusions by a wealth of illustrations drawa from widely separated 
areas, but he does not make them more convincing by ascribing 
other views to the influence of ‘‘ German pedagogy which explains 
the facts by the ideas, not the ideas by the facts ” (pp. 66 and 67), or 
by asserting that any conflicting theory can be held only through 
ignorance or prejudice (p. 147). It is, of course, possible that a 
dominant political system, artificially raised to the level of a national 
religion, may influence the tone of a country’s scientific thought, 
but in every community there still remain individuals who desire to 
arrive at the truth and are not wholly inhibited by nationalism. 
To quote a number of Allied writers on other quite different subjects 
to show that our late enemies have been dominated by “ puff, 
bluff, and pedantry ” does not suggest to the neutral reader that the 
author trusts sufficiently to the significance of the facts which he 
quotes with laborious care and meticulous precision. 

In other matters, too, even the natural vanity of the reader might 
be relied on to respond if the author only allowed him to discover 
for himself, from the abundance of dated quotations, the marked 
change which has come over the science of speleology during the 
past thirty-eight years ; the specific references to the significance of 
the year 1883 (e.g. on pp. 5, 147, 236, and 756) seem to be an 
unnecessary simplification of a simple inference. Nor do the dicta 
of a recognized master acquire additional weight by adventitious 
forms of reinforcement, such as the use of italics and one, two, or 
even three marks of exclamation. The author could have rested 
more placidly on the circumstance that the penetration of truth, 
like many other natural phenomena, is governed by the law of 
uniformity. These by-products of enthusiasm, however, add on 
the whole more to the human interest of the book than they detract 
from its value as a judicial pronouncement. 
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M. Martel attempts to lay down definitions that will help to 
introduce uniformity in the common usage of several terms which, 
in referrmg especially to those associated with porosity, he 
characterizes as a veritable confusion of tongues descended straight 
from the tower of Babel. He thinks that one ought to regard as 
porous those rocks which are penetrable by water but which, unlike 
those that are permeable, are not entirely traversed by it; they 
retain in their interstices (or pores) a proportion more or less great 
of the water which succeeds in percolating only under pressure. 
Porosity is thus a state imtermediate between permeability and 
impermeability, in consequence of a conflict between capillarity 
and gravity. M. Martel classifies rocks according to their behaviour 
to water, as (1) impermeable, (2) porous and impermeable, (3) porous 
and permeable, (4) permeable without porosity. This restriction 
of the term porosity is at variance with the common usage of oil 
geologists, but, without discussing at this stage the merits of 
alternative terms, everyone will agree that an advantageous 
uniformity will be gained by adopting M. Martel’s definitions. 

Similarly, the author attempts to correct popular usage by 
defining the terms attached to springs. He uses as a general term 
emergence to cover (a) a spring of naturally filtered water which issues 
from permeable detrital rocks, and (b) a resurgence, or the 
reappearance of an underground river, such as one meets in a lime- 
stone country. The term fowntain is limited to an artificially 
developed emergence. 

Although the subjects are well classified, with numerous sub- 
divisions distinctly indicated by expressive headings, the book 
loses seriously in value as a work of reference by the absence of 
alphabetical indices of authors, localities, technical terms (especially 
those of local application) and subjects. This shortcoming could be 
repaired by an English translation, which would serve to arouse 
interest in a subject that has received far too little attention by 
English naturalists, chemists, medical men, and engineers. 

T. H. Houuanp. 

A TexTsook or Mineratocy. By E. 8. Dana. Third edition, 
revised and enlarged, by W. E. Forp. pp. ix + 720, with 
1,050 figures. New York: Wiley. London: Chapman and 
Hall, 1922. Price 25s. net. 

fia present writer learnt his descriptive mineralogy almost 
entirely from the “little Dana”’, with occasional excursions 

in the direction of the ‘‘ big Dana ” for minute detail in special cases. 
Being a person of conservative tendencies he has continued to use 
Dana, in spite of the great number of admirable modern Ametican 
and German books of reference now on the market. With mach 
pleasure, therefore, he welcomes the appearance of a third and 
up-to-date edition of the Textbook, combining all the old familiar 
features with modernization of those parts of the subject that 
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have undergone important changes and developments since the 
appearance of the second edition in 1898. No doubt it would be 
possible to pick out individual examples of omissions of recent work, 
but this is not the real object of this review, which is to give a general 
impression of the book as a whole, and in this case the general 
impression is excellent. The sections on physical properties in 
general have been revised, and the part dealing with optics has been 
largely rewritten and greatly improved. Concerning crystallography, 
the most important addition is the introduction of the methods 
employed in the use of the stereographic and gnonomic projections, 
and Appendix A, on crystal-drawing, has been largely rewritten. 
Appendix B has been greatly enlarged by the addition of an elaborate 
table of minerals arranged according to chemical composition, 
which will be useful to those desiring to ascertain all possible sources 
of some given element. For these days the book is decidedly cheap. 

SpectIAL Reports ON THE Minrrat Resources or GREAT BRITAIN. 
Vol. XX, Leap anp Zinc. Tue Minine District or NortH 
CARDIGANSHIRE AND West Montcomerysuire. By O. T. 
Jones, M.A., D.Sc., Mem. Geol. Survey. pp. vi + 205, with 
xxvu plates, 4 text-figures, and a coloured map. 1922. Price 
7s. net. 

‘Vee publication of this report has been anticipated with much 
interest by mining geologists. Professor Jones was admirably 

qualified for the task of writing it by his intimate knowledge of the 
structure and stratigraphy of this region, which he has made 
peculiarly his own, and the Geological Survey is to be congratulated 
on having secured his services for the purpose. He brings out with 
the utmost clearness the close connexion between the folding and 
faultmg of the area and the distribution of the ore-deposits, which 
have been in the past of great importance and still contain 
possibilities of extensive development under more favourable 
economic conditions. The mineralized veins are entirely confined 
to the Bala and Llandovery strata, but these alone are estimated to 
be 10,000 feet thick, and practically all the payable lodes are faults 
or shatter-belts striking approximately east and west. The relation- 
ship between folding, faulting, and ore-deposition is close, and 
Professor Jones is inclined to attribute the mineralization to the later 
phases of the Caledonian earth-movements, although there is no 
positive proof. Some of the later faults which displace the lodes may 
be of Hercynian origin. , 

This report is an excellent addition to this most valuable series. 
Without wishing in any way to be ungracious, we venture to raise 
a protest against the intolerable and cumbersome length of the 
official titles of many of these reports, which are a perfect nightmare 
to bibliographers and to authors wishing to quote them in footnotes. 
It will eventually be necessary to devise some shorter form of 
reference than the strictly orthodox designation, as set out at the 
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head of this review, and this is by no means an isolated example : 
some are even worse than this. 

TRANSACTIONS OF THE HuLuL GroLocicaL Society. Vol. VI, 
Part IV, for the years 1910-1921. Edited by T. Suepparp, 
M.Sc., F.G.S. 

TRANSACTIONS OF THE LEEDS GEOLOGICAL ASSOCIATION. Part 
XVIII, 1913-1920. 

a* TER an inevitable temporary eclipse due to war conditions, 
our local geological societies are now making praiseworthy 

efforts to publish the results of much useful work done during the 
last few years. The two parts of Transactions quoted above contain 
numerous interesting notes on a wide range of subjects. The first- 
named contains papers by Mr. T. Sheppard, on Early Humber 
Geography, a subject to which he has contributed much valuable 
knowledge by his investigations ; by Mr. W. H. Crofts and Mr. F. L. 
Pawley on the geology of a new dock at Hull; by Mr. Bisat on aew 
sections, well-sinkings and borings in Cretaceous and Jurassic strata 
near North Ferriby; by Mr. J. W. Stather on a new section in 
Glacial deposits and Oolites near South Cave ; by Mr. Sheppard on 
the water supply of Hull, and notes on excursions, illustrated by 
numerous plates and text-figures, all apparently un-numbered. 

The publication from Leeds also contains much of interest, maialy 
in the form of very short notes and abstracts, including Creep, by 
Mr. H. Preston, an account of rock movements caused by engineering 
work ; A Borehole at Meanwood, by Mr. A. Gilligan ; Peat Problems, 
by Miss E. D. Whitaker, dealing mainly with composition and ash- 
content of different peats ; Notes on some sections in Elland Road, 
Leeds, by Messrs. J. H. Everett and G. F. Pickering. These are 
well illustrated by plates and figures. There are also extracts from 
annual reports and notes of excursions. 

Both societies are to be congratulated on the resumption of their 
publishing activities. 

THe Mutvue Fipes-Stavoren TINFIELDS. By PERcy A. WAGNER, 
Ing.D., B.Sc., etc. Union of South Africa Geological Survey 
Memoir No. 16. pp. 192, 31 plates, 27 text-figures. 1920. 
Ts. 6d. 

ee discussing the general conditions and physical features of 
the district, the writer deals at some length with the petrology 

of the acid members of the Bushveld complex as developed in‘ these 
tinfields. These consist of granite, granophyric granite, and 
granopbyre in a stratiform laccolith with a xenolithic zone where 
the laccolith came imto contact with the Waterberg quartzites. 
No evidence of magmatic assimilation of these quartzites has been 
obtained. The pegmatites associated with these intrusions are 
divided into intrusive and segregation pegmatites, the former 
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showing all variations from pure quartz to pure felspar. The quartz- 
rich pegmatites predominate in the granite and the felspar-rich 
in the granophyre. The minerals of the rare earths are entirely 
absent from the pegmatites of this portion of the Bushveld complex. 

There is a short note on the Jocal occurrences of norite and 
pyroxenite, and the lithology of the various sediments of the Water- 
berg system in the area is dealt with in detail. A short account is 
given of the volcanic series@which appears originally to have con- 
sisted chiefly of hyalopilitic andesites : these have suffered intense 
secondary silicification, a phenomenon not exhibited by the tuffs 
and sedimentary rocks with which the lavas are interbedded. 
Quartzites and shales of the Pretoria series are overthrust on to 
the Waterberg system in the southern part of the district. Quartz 
veins, traversing the central portion of the area, show many 
structures and variations—one, 150 yards wide, has induced intense 
sericitization in the adjoining granite and granophyre up to 200 yards 
on each side. 

Turning to economic geology, the chief mineral deposits of the 
area are cassiterite, scheelite, copper ore, and white arsenic. The 
ore deposits are very erratic and consequently difficult and expensive 
to work. An account of the fifty mmerals identified is given, and 
an analysis is shown of the “ raven-mica ” which, as at St. Just and ~ 
Altenberg, accompanies the cassiterite (in the granophyre). 
Cassiterite is the only recoverable mineral in the granite, and was 
apparently formed before the main period of sericitization. The 
normal granophyre never forms the country rock for mineral deposits, 
all deposits being in syenitic modifications of, or pegmatitic bodies in, 
the granophyre. ‘The individual deposits in these rocks are 
described in detail, as are those in the Waterberg quartzite. All the 
deposits are evidently genetically connected with the Bushveld 
granite, and the author distinguishes five phases of deposition. 
With regard to the vehicle of deposition, no satisfactory conclusion 
is reached, though it is of interest that no tourmaline has been found 
except in one pipe. 

The memoir finishes with chapters on the Mining and Ore Treat- 
ment, and the Future of the Fields. 

J. EH. AoW. 

GEOLOGY AND ORE Deposits or Ainsworth Minine Camp, BriTisH 
Cotumpia. By S. J. Scuorterp. Memoir 117, Geological 
Survey of Canada. pp. iv+ 73, 12 maps aad diagrams, 
3 plates, 6 figures. 1920. 

HE Ainsworth mining district lies in the Selkirk Mountains, 
some 400 miles east of Vancouver, just north of the Inter- 

national Boundary. 
The sediments of the area are divided into two main groups—the 

unfossiliferous Ainsworth series, which is pre-Carboniferous, and the 
Slocan series, which is probably Pennsylvanian. The former consists 
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mainly of limestones and schists, invaded at various horizons by 
narrow dykes of gneissic granite. The Slocan series is formed of 
limestones and argillites. The next deposits are Quaternary. 

The mineralization was induced by the great Nelson (West 
Kootenay) granite batholith—a quartz-monzonite of Jurassic 
age, associated with it being camptonite dykes, later than the con- 
solidation of the granite, but previous to the mineral deposition. 
The important economic deposits are silver-lead ores, which appear 
as true fissure veins and metasomatic replacements in limestones. 
The ores consist of argentiferous galena (20 oz. silver to the ton) 
and zinc-blende in a gangue of calcite, siderite, quartz, and fluorite. 
The replacements and veins are evidently contemporaneous. 
Detailed descriptions of the mines are given, the general prospects 
of the area being good, the value of the production in 1918 being 
$662,388. 

In an interesting final chapter the author ascribes the Purcell 
trench, in which Ainsworth is situated, to river-carving in Tertiary 
and Quaternary times in a peneplain, and not to faulting, as 
suggested by Daly. 

J. E. A. W. 

CONTRIBUTIONS TO THE GEOLOGY AND PALZONTOLOGY OF THE 
West Inpres: Fossm Ecutnt or THE West InpiEs. By 
Ropert Tracy JACKSON. STRATIGRAPHIC SIGNIFICANCE OF 
THE Species oF West Inp1An Fosstt Ecuini. By THomas 
WayLanp VauGHAN. iv+122 pp., 18 plates, 6 text-figures. 
Carnegie Institution of Washington. Publication No. 306, 
15th February, 1922. 

OF the eighty-nine species of fossil Echinoids known from the 
West Indies only eight are found in the Cretaceous, and they 

belong to the genera Codiopsis, Salenia, Phymosoma, Conulus, 
Lanieria, Discoidea, Cardiaster, and Hemiaster. Examples of 
fifty-seven of the species (of which sixteen are new) have been 
studied by Dr. Jackson, and of these figures and careful descriptions 
are given. In order to give completeness to the work references and 
localities of the species of which specimens were not examined are 
included. 

With regard to the geographical relationship of the Tertiary 
species Dr. Jackson says that the genera Anomalacanthus, Laganum, 
Peronella, Brissus, Eupatagus, and Breynia found fossil in the West 
Indies are at the present day essentially Indo-Pacific types; and 
three species of Cidaris find their nearest living allies in Australian 
or Japanese seas. COlypeuster oxybaphon n.sp. is related to an Indo- 
Pacific form. The species of Echinolampas, of which seven are known 
from the Eocene and Oligocene, are more like the Recent Indo- 
Pacific forms than like the living West Indian species. 

Dr. Jackson’s memoir is followed by a paper on the stratigraphical 
significance of the species by Dr. T. W. Vaughan. 
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Post-GLacIAL WARPING IN NEWFOUNDLAND AND Nova Scorta. 
By R. A. Daty. Amer. Journ. Sci., 5th Series, vol. i, 1921, 
pp. 381-391. 

- continuation of his studies on crust-warping as a result of the 
removal of ice-load, Professor Daly in 1920 revisited Newfound- 

land and Nova Scotia with a view to correcting and amplifying 
previous observations. He concluded that the amount of uplift 
at St. John’s had been overestimated. It was found that a zero 
isobase runs through the south of Newfoundland, while at the 
northern extremity the upliit amounts to 450 feet, while in 
Labrador on the north shore of the Strait of Belle Isle there is a 
maximum of 500 feet ; further north the uplift appears to diminish 
again, as at Cape St. Charles it is only about 360 feet. The average 
gradient is about 2°5 feet to the mile. De Geer formerly placed the 
zero isobase too far south, but his general conclusions were justified. 
Nova Scotia has not been uplifted since the Glacial period ; on the 
contrary, everywhere, except in the extreme north-west, there is 
evidence of drowning. Hast of the Gulf of St. Lawrence the isobases 
tend to run concentrically around the Labrador centre of glaciation, 
but it is possible that a secondary influence of the independent 
Newfoundland ice-cap may eventually be established. The later 
part of the paper contains a general discussion of the evidence as to 
the date of the movement. The rise of the coast is obviously very 
recent, judging from the absence of wide wave-cut benches in soft 
drift, and possibly occurred durimg the last three or four 
thousand years. 

THe Minerat Inpustry or THE British Empire aND Forricn 
Countries. Imperial Mineral Resources Bureau. Gotp, 
pp. 366, 6s. Puatinum ann ALtirp Merats, pp. 84, 2s. 
Coprer, pp. 203, 4s. Trin, pp. 98, 3s. LEAD, pp. 95, 3s.’ 
Mica, pp. 32, 9d. SutrHur AND IRon-Pyritss, pp. 67, 1s. 6d. 
All published 1922. 

WE have here another hatch of these extremely useful bulletins, 
giving in each case a synopsis of output and markets of 

economic products during the period 1913-19. Besides the necessary 
statistics, however, each also contains a good deal of useful informa- 
tion as to the geology and mineralogy of the principal deposits, 
such as cannot fail to be of great value on the scientific side, and 
a very valuable feature is the extensive bibliography of each product. 
In the case of copper this runs to no less than 30 pages, and in gold 
to 20 pages. These bulletins can be obtained from H.M. Stationery 
Office, Imperial House, Kingsway, W.C. 2, cr 28 Abingdon Street, 
S.W. 1, or from the local offices in Manchester, Cardiff, Edinburgh, 
and Dublin. 
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EXPLANATORY GUIDE TO THE RetieF MAP oF THE GEOLOGY OF THE 
Bristot District. By Professor 8. H. Reynotps, M.A., 
Se.D. Bristol Museum and Art Gallery, Publication 19. pp. 19, 
1921. Price 3d. 

WE are glad to learn that the Bristol Museum has now acquired 
a model, on the scale of 3 inches to one mile, showing the 

topography and geology of the district. The Bristol area has long 
been known as one of exceptional interest, and this model, together 
with the lucid account of the physical and geological history of the 
region contained in this pamphlet, cannot fail to be of great value 
to geologists, whether possessing local knowledge or not. The 
Curator of the Museum, Mr. H. Bolton, is to be congratulated on 
the enterprise that led to this happy undertaking. May this example 
encourage all other local museums to do likewise. 

CORRESPONDENCE. 

DAVIESIELLA LLANGOLLENSIS (DAV.) IN DERBYSHIRE. 

Sir,—I have recently had the good fortune to find typical 
examples of Daviesiella llangollensis, near Topley Pike, between 
Millers Dale and Buxton, almost in the middle of the typical east 
and west section described by Dr. Sibly in 1908 (Q.J.G.S., vol. Lxiv). 
This occurrence and the associated fauna, together with the lithology 
of the beds, suggest that the upper part of Horizon 8 (C,-8,) 1s 
present here, and in a forthcoming paper I am dealing with this 
important fact. In the same paper I am also adducing evidence in 
favour of a much earlier age for the famous “ Brachiopod Beds ”’ of 
the Midland area, and suggesting the possibility of a marked hiatus. 
between the massive limestone including the “ Brachiopod Beds ” 
and the overlying shale-series, in certain parts. 

J. WILFRID JACKSON. 
MANCHESTER MUSEUM. 

20th May, 1922. 

DINOCOCHLEA. 

Str,—It seeras almost ungracious to point out an omission in 
Mr. B. B. Woodward’s admirable paper on the molluscan monster 
from Hastings ; but would he be kind enough to give the derivation 
of his new generic name? There are two alternatives consistent 
with correct etymology and the nature of the fossil, and experience 
has taught me how unsafe it is to assume that one of them is more 
likely than the other to have been in an author’s mind. 

To pass from the particular to the general: A museum curator 
soon learns how curious the public is to know the meaning of names, 
a meaning often far from clear even (or, sometimes, especially) to 
the classical scholar. The systematist also recognizes that much 
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trouble over the spelling of names would have been avoided had the 
first proposer of any name published its derivation. 

F. A. BaTuer. 

A GEOLOGICAL REGISTRATION BUREAU. 

Sir,—The excellent suggestion in the Editorial Notes of the 
April number of the Grotocicat Magazine that the latter should 
start a bureau for the registration of subjects of research is one which 
will be welcomed, I think, by all workers. One learns to take almost 
for granted the delightful and almost world-wide spirit of camaraderie 
amongst geologists and the avoidance of “ unnecessary friction ” 
is perhaps a minor advantage compared with others. In the course 
of one’s travels one is almost certaim to accumulate a miscellaneous 
assortment of material and information which one would be only 
too willing to pass on to others to whom it is of value—were their 
identity known. I can cite two or three examples from my own 
personal experience simply within the brief space of the last two 
years which may serve to illustrate—without comment—the useful 
possibilities of such a registration scheme. In one case a chance 
meeting at the Annual Conversazione of the Geologists’ Association 
placed much valuable information and material in the hands of 
myself and my collaborator in connexion with some work on the 
Ordovician of Central Wales; in a second case unpublished and 
highly relevant data were forwarded to me as a sequel to the reading 
of a paper—which had to be extended accordingly before publication ; 
in, yet a third case some research on the Devonian was well advanced 
before I became aware of other work proceeding along similar lines. 
One might even be spared the intense mental anxiety caused by the 
appearance of someone else’s hammer-marks in one’s most treasured 
spots ! 

L. Dupiey Stamp. 
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EDITORIAL NOTES. 

pee reasons of economy and for the convenience of the printers, 
each contribution to the GroLoGicAL MAGAZINE is set up in type 

only a short time before actual publication. It is therefore most 
desirable that proofs should be returned by authors as speedily as 
possible. Each number is supposed to appear on the first of the 
month, but lengthened retention of proofs by authors has of late 
often led to serious delay. For example, one proot for the July 
number was not.received by the Editor till 5rd July ; hence the very 
late appearance of that particular number. The Editor also desires 
to ask contributors to return to him in every case the order-form for 
separate copies enclosed with proofs of original papers, blank or 
cancelled if none are required. If this form is not returned at all, 
or sent direct to the printers, some unnecessary correspondence 
is bound to ensue. Unless there is any special reason to the contrary, 
manuscripts or originals of plates and figures need not be 
returned with proofs; much money is wasted in this way, 
especially as postage is often insufficiently prepaid. The addressed 
envelopes sent out with proofs should always be used for return, 
as it is possible to ensure that a particular type of envelope 
shall be forwarded when the Editor is away from Cambridge, as 
freyuently happens. 

W. Herrer & Sons, Lrp., Publishers, Cambridge, have in the press 
a volume entitled Cements and Artificial Stones: A Descriptive 
Catalogue of the Specimens in the Sedgwick Museum, Cambridge, 
by the late John Watson, Hon. M.A. (Cantab.), F.G.S.; edited by 
R. H. Rastall, Sc.D. This book, like the works of the same author 
on Building Stones and Marbles, is much more than a mere catalogue 
of specimens. The student will find in it a brief history of the origin 
and development of the cement imdustry, as well as instructive 
notes on the manufacture and uses of the various kinds of cement, 
concrete, and artificial stone, which are exhibited in the Economic 
Department of the Sedgwick Museum of Geology, at Cambridge. 
Professor J. H. Marr, Sc.D., F.R.S., contributes a preface, in which he 
states that the book should be found useful by all who are interested 
in the subject. 

* * xk *k *k 

THE National Academy of Sciences in Washington has awarded the 
gold B. G. Elhot Medal to Dr. Othenio Abel, Professor of Palzo- 
biology in the University of Vienna, for his memoir entitled 
““Methoden der paleobiologischen Forschung” published in 
Abderhalden’s Handbuch der biologischen Arbeitsmethoden. 
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ORIGINAL ARTICLES. 

Weégener’s Displacement Theory. 

By Puiuie Lake, M.A., F.G.S. 

N examining ideas so novel as those of Wegener 1 it is not easy 
to avoid bias. A moving continent is as strange to us as 

@ moving earth was to our ancestors, and we may be as prejudiced 
as they were. On the other hand, if continents have moved many 
former difficulties disappear, and we may be tempted to forget the 
difficulties of the theory itself and the imperfection of the evidence. 
Those who study the distribution of animals and plants must be 
especially subject to this temptation, and it will be instructive to note 
how far they agree in their demands upon the moving continents. 

Wegener himself does not assist his reader to form an impartial 
judgment. Whatever his own attitude may have been originally, 
in his book he is not seeking truth ; he is advocating a cause, and is 
blind to every fact and argument that tells against it. Nevertheless, 
he is a skilful advocate and presents an interesting case. Perhaps 
he may claim that if his readers cannot approach the subject 
without prejudice, he can hardly be expected to perform the 
functions of a judge. He does not make the attempt. 

It might be useful to trace the gradual change in outlook that has 
made the motion of a continent conceivable, but it would take too 
long. Wegener mentions Wettsteim, Pickering, F. B. Taylor, and 
Schwarz as having actually suggested movement, though their 
ideas are different from his.” 

In the last part of Das Antlitz der Erde Suess imagines the earth 
to consist of an outer envelope composed chiefly of the lighter and 
more acid rocks, an inner envelope of basic rock, and an interior core 
of still heavier material. He calls the first the Sal, the second the 
Sima, and the third the Nife. 

Wegener accepts the terminology of Suess, except that he follows 
Pfeffer in writing Sial mstead of Sal. But he thinks that the Sal 
does not cover the globe completely. It now exists in independent 
patches, which float in the heavier Sima. Because of their smaller 
density they rise above the surface of the Sima and constitute the 
land-masses of the globe, while the Sima itself forms the floor of the 
oceans. 

In this there is nothing essentially new. It has long been known 
that plumb-line and pendulum observations point to a deficiency 
of density beneath the major elevations of the globe and an excess 

1 A. Wegener, Die Hntstehung der Kontinente und Ozeane, 2nd ed., 
Braunschweig, 1920. 

2 Wettstein’s notions seem to have been developed in a book published at 
Zurich in 1880. The other references are as follows: W. H. Pickering, Journ. 
of Geol., vol. xv, 1907, p. 23; F. B. Taylor, Bull. Geol. Soc. Amer., vol. xxi, 
1910, p. 179; E. H. L. Schwarz, Geog. Journ., vol. xl, 1912, p. 294. 
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beneath the oceans. Some sixty years ago Archdeacon Pratt 
concluded that the “density of the crust beneath the mountains 
must be less than that below the plains, and still less than that below 
the ocean-bed”’, and subsequent work has tended to confirm his 
conclusion. Lord Kelvin suggested that the differences in density 
may be due to differences in the composition of the original crust 
formed when the molten globe consolidated. But Airy’s explanation ? 
comes nearer to Wegener’s conception. He assumes a lighter crust 
resting upon a heavier substratum. The latter is supposed to have 
some fluidity, but the fluidity may be very imperfect—he thinks 
“it may even be little more than that degree of yielding which (as 
is well-known to miners) shows itself by changes in the floors of 
subterraneous chambers at a great depth where their width exceeds 
20 or 30 feet”. He proves that the crust, even if it be a hundred 
miles in thickness, cannot of itself support a plateau a hundred 
miles broad and two miles high. But since such plateaux exist 
there must be a corresponding downward protuberance of the lighter 
material into the heavy stratum beneath. They are, in fact, 
supported by flotation. 

Airy’s explanation was not universally accepted. The observed 
phenomena of tides and of precession require an earth that is as 
rigid as a ball of steel or glass of the same size, and it was thought 
that such rigidity excludes even the small degree of plasticity 
assumed by Airy. But many experiments, now well-known, have 
shown, that under sufficient pressure substances as rigid as steel may 
flow, without becoming liquid in the ordinary sense. Rigidity and 
elasticity are not qualities belonging solely to the substances con- 
cerned. They depend also upon the forces acting and the length of 
time for which they act. Perhaps the oldest illustration of the point 
is embodied in the proverb, “ A bow long bent at last waxeth weak.” 
A small, but long-continued stress may produce a permanent 
change of shape, while a greater stress acting for a shorter period 
may leave no lasting effect. The rigidity and elasticity required 
by the phenomena of tides, earthquake-waves, etc., may be com- 
patible with the plasticity demanded by modern theories of isostasy, 
or even by the theory of Wegener. The forces concerned are 
different. 
Up to this point the views of Wegener were foreshadowed long 

ago. That the floor of the oceans may consist of rock more basic 
than the land-masses is believed by some, and that the lighter 
land-masses dip into a heavier substratum is very generally 
conceded. But Wegener imagines that these lighter masses have 
moved laterally, and are still moving, and this is a very different 
matter. There is the force of gravity to press them downwards 
into the Sima, but there is no known force comparable in magnitude 
with this to move them sideways. It is possible, however, that a 

1 Figure of the Earth, 3rd ed., 1865, p. 134. 
2 Phil. Trans., vol. exlv, 1855, p. 101. 
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much smaller force may be sufficient, for the movements imagined 
are imperceptibly slow and the time allowed indefinitely long. 
Wegener believes that the predominant movements have been 
towards the Equator and towards the west, and he offers some 
suggestions to account for this, but he does not profess that the 
problem has been solved. His contention is that whether the cause 
is known or not the movements have actually taken place. 
‘Much of his evidence is superficial. He supposes, as others have 

supposed, that South America was connected with the Antarctic 
continent through Graham Land. As the whole mass was pushed 
westward through the resistant Sima, the narrow isthmus bent and 
broke, and the fragments trailing behind formed the island are of 
South Georgia, the Sandwich Group, and the South Orkneys. 

Similarly, he attributes the elbow of the Malay Peninsula and 
the eastward curve of the Malay Islands to the resistance of the Sima. 
In connexion with this example it is interesting to notice a suggestion 
made by Osmond Fisher. He is considering Sir George Darwin’s 
idea that the Pacific depression may be the scar left where the moon 
separated from the earth, and he frankly admits that he is indulging 
in a far-fetched speculation. He thinks it possible, however, that the 
islands of this part of the world may be fragments of the broken 
erust which have floated slowly towards the cavity left when the 
moon was thrown off.” But this belongs to an early period of the 
earth’s existence. He never supposed that such movements were 
taking place now, and he did not consider the geological history of 
the islands in question, a matter which Wegener also entirely ignores. 

But Wegener has evidence more impressive than this. According 
to him, if we take the masses of Sal as they exist to-day and allow 
movement, they may be fitted together like the pieces of a puzzle, 
and when this is done correctly the tectonic structures of each piece 
are continued into the piece which has been fitted to it. If this can 
be proved, few geologists will doubt the truth of bis conclusions. 

It is necessary, first, to determine the present shapes of the existing . 
masses, and it should be remembered that he is not concerned with 
the division between land and water, but with the division between 
Sal and Sima. Here he is inconsistent. According to his own idea 
the masses of Sal float in the Sima and the surface of the Sima forms 
the floor of the ocean. The boundary of the Sal should therefore 
be drawn at the foot of the continental slope, where the continental 
masses begin to rise from the ocean-floor. Instead, he takes the edge 
of the continental shelf as the margin of the Sal, though, as he says, 
he allows himself a certain freedom. This can only he correct if the 
surface of the Sima rises several thousands of feet as it approaches 
the masses of Sal, and he gives no reason for such a rise. 

1 Physics of the Harth’s Crust, 2nd ed., 1889, p. 339. 
2 Pickering’s idea (Journ. of Geol., vol. xv, p. 23) is similar to this, but he 

imagines much more extensive effects. He supposes the separation of Africa 
from South America to be due to the same cause. 
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Having obtained the outlines of the masses of Sal he now 
endeavours to fit them together. Maps, owing to their inevitable 
distortion, cannot be employed. He uses a globe and transfers the 
outlines to tracing paper cut and slashed to fit it. The method is 
unsatisfactory, as anyone who has tried it will admit; and it is 
easier to obtain an accurate representation of the mass of Sal by 
applying a sheet of plasticine to the globe and cutting it into the 
shape required. 

With the liberty that he has allowed himself Wegener finds that 
some of the masses fit together sufficiently well; but he is not 
satisfied. He considers what the shapes must have been before the 
great movements of the Tertiary era, and he proceeds to flatten out 
the folds of the Alps, the Himalayas, and other modern mountain 
ranges. A little more freedom is now unavoidable, for even in the 
best-known cases estimates of the effect vary widely, and in most 
no estimate of any value can be made. He does not think that the 
flattening out of the Alpine folds would obliterate the Mediterranean, 
but he imagines that the unfolding of the Himalayas would produce 
an elongated Indian Peninsula extending through nearly sixty 
degrees of the earth’s surface. He does not enter into details. 

He now fits Africa to South America and brings them both into 
contact with Antarctica. Australia also is joined to the Antarctic 
Continent, and Madagascar and the extremity of his elongated India 
are wedged between Australia and Africa. In the north, Greenland, 
eastern Canada, and north-western Europe come together, but a 
wide space is left between the rest of North America on the west 
and southern Europe and northern Africa on the east. 

These are the principal features in his reconstruction of the Sal 
as it existed at the close of the Carboniferous period, after the 
Hercynian folding. It brings the fragments of Gondwana Land into 
the neighbourhood of the South Pole, and thus he accounts for the 
Permo-Carboniferous glacial deposits of those fragments; but he 
has made it more difficult than ever to explain the existence of the 
Gondwana flora in nerthern Russia. 

Undoubtedly it is the fitting of Africa to South America that makes 
the most general appeal. The correspondence in their coast-lmes 
has often been noticed, and vague suggestions have been made that 
they may have come apart from one another. The correspondence 
is not so precise as casual observation indicates, for the angles of 
the corners are not the same. If South America be fitted into the 
Gulf of Guinea, either its eastern or its northern coast must separate 
rather widely from the coast of Africa. It is the eastern coast that 
fits most closely, and the fit is as good as could reasonably be 
expected. But other coincidences, presumably accidental, may be 
found upon the globe. If we take the Australian mass—excluding 
the greater part of New Guinea, which is geologically distinct— 
and place it in the Arabian Sea, the fit is nearly as good, and in some 
respects more remarkable. The north-western concavity of the 
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mass fits the convexity of Somali-land, its north-eastern border 
comes very near the Western Ghats, while its northern portion, 
where ignorance of the geology compels “a certain freedom”, 
may fill the northern part of the Sea. Wegener, it is true, includes 
New Guinea as part of the Australian mass in Carboniferous times, 
but he has not considered its geology. 

Such coincidences have little value without other evidence to 
support them, and in the case of the Atlantic Wegener produces 
further evidence, which deserves examination in some detail. 

There are coal-bearing beds in Spitsbergen and similar beds of 
the same age in north-eastern Greenland. Therefore he brings 
Spitsbergen up to Greenland. There are Precambrian intrusives 
‘at Cape Farewell and Precambrian intrusives in Labrador, so he 
closes up the space betweer. It should be remembered that he 
closes gaps by bringing the two edges together and not by bridging. 

In the Hebrides and northern Scotland, he says, the strike of the 
ancient gneiss is from north-east to south-west; in Labrador it 
is from east to west. When the two masses are brought together 
the two directions fall into line and become contiuous.. Farther 
south, the Caledonian folds of Scotland and North Ireland joim the 
supposed Caledonian folds of Newfoundland, and the Armorican 
folds of South Ireland and Brittany unite with the folds of corre- 
sponding age in Nova Scotia and are thus connected with the 
Appalachians. 

Then comes the space to which reference has already been made. 
What happens to the folds of the Spanish Peninsula, where they 
now run out to sea, he does not say; but it is against his principles 
to imagine that they can be continued in a block which has sunk 
beneath the ocean. He suggests, rather vaguely, that the northern 
border of Spain may have been joined to the western border 
of France—continental shelf to continental shelf, not coast to coast— 
and that the Peninsula has since turned as on a hinge situated in 
the neighbourhood of Biarritz. But this does not greatly help. 

Farther south, according to him, the entire African continent 
consists of a very old folded mass of gneiss in which two different 
strikes prevail. In the Sudan, and as far as the Cameroons, a north- 
east strike predominates ; south of the Cameroons the direction is 
from north to south. In South America, he says, there is a similar 
change of strike. In eastern Guiana and as far as Cape St. Roque 
the strike is from east to west ; south of Cape St. Roque it is parallel 
to the eastern coast. As he represents them, when Africa and South 
America are joined, these directions fall into line at the junction, 
as if produced when the two masses were united. 

Finally, m South Africa the Zwartebergen is a Carboniferous 
folded range running from east to west. It is true that near the 
western coast an arm, the Cederbergen, turns up towards the north ;° 
but this is clearly, he says, a local branch. In South America, south 
of Buenos Aires, there is a folded range of similar age and structure. 
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When Africa and South America are joined, again the folds fall 
into line. 

All this is striking ; but, to say the least, some of the statements 
are rash. The existence of similar deposits in Spitsbergen and north- 
east Greenland is not surprising, even on the old hypothesis. The 
presence of Precambrian intrusives at two localities is not strong 
evidence for bringing those localities together. Wegener asserts 
that in the gneiss of the Hebrides and northern Scotland the strike 
is north-east—south-west. The Survey Memoir on the North-west 
Highlands gives the prevalent trend as west-north-west—east-south- 
east or east—west. If the asserted direction is evidence in favour of 
the union suggested, the actual direction must be evidence against it. 

Whether the Caledonian system of folding has any real repre- 
sentative in North America is still a matter of opimion ; but if west 
and east were in contact when the folding and thrusting took place, 
the intensity of the movement must have diminished with great 
abruptness in the west. It is probable that there is some connexion 
between the Appalachian and the Armorican folds, but the fact that 
the two ends when brought together should coincide is not 
remarkable. It is a more significant coincidence that a great circle 
drawn along the Appalachian folds leads into and along the 
Armorican folds, a fact which suggests, though it does not prove, 
that they formed a continuous system, and that the visible portions 
are in their original relative positions. 

Wegener’s statement that the strike of the crystalline rocks in the 
Sudan is from north-east to south-west is an instance of the manner 
in which he ignores any observations that do not agree with his views. 
It is not borne out even in the map by Lemoine,! which he repro- 
duces. He admits that the map does not show his point very well, 
but says that it was drawn for other purposes. No doubt he is 
right. Lemoine was collecting facts and not supporting hypotheses. 
If we refer, by way of example, to Falconer’s account of Northern 
Nigeria,? in which the strikes observed at many localities are 
recorded, we find that the direction varies, but, in the majority of 
cases, it lies within a few degrees of the meridian. Hither the strike 
is too variable to support Wegener’s generalization, or the change 
takes place several hundreds of miles from the position he assigns 
to it. 

On the other hand, the assertion that south of the Cameroons the 
strike is north to south is an example of the way in which Wegener 
draws wide conclusions from the most slender evidence, if the 
evidence is what he wants. Lemoine is more cautious. He says 
that the records hitherto published are very scanty, but they suggest 
that the zones of folding are sensibly parallel to the coast and hence 
approximately north—south. 

1 P. Lemoine, Afrique occidentale. Handbuch d. Reg. Geol., p. 57. 
2 J. D. Falconer, The Geology and Geography of Northern Nigeria, London, 

1911. 
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It would take too long to discuss the remainder of Wegener’s 
assertions, but these examples are sufficient to show their value. 
South African geologists! have not considered it so obvious-as he 
does that the Cederbergen Mountains are merely a local branch of 
the Zwarteberg ranges, or that the east to west folds of the latter 
were ever continued beyond their junction with the former. If 
they were it would be curious that upon the western coast, directly 
in the path that these folds would take, the Table Mountain Sand- 
stone lies nearly flat. 

Even on the assumption that all Wegener’s tectonic statements can 
be justified, we should still have to consider whether the structures 
on the two sides of the Atlantic can be joined to one another. In 
his reconstruction they fit very well, but he acknowledges that he 
has pressed Newfoundland and Labrador strongly towards the 
north-west and has turned the former through an angle of about 
30 degrees. The motion of Newfoundland may be admitted as 
consistent with the hypothesis; but if, in addition to moving the 
masses of Sal, we are also allowed to mould them as we will, the 
coincidences that we deduce become evidence of imaginative powers, 
not of former realities. 

To test the amount of distortion which is involved in Wegener’s 
reconstructions the most accurate method is to use some form of 
triangular compasses,” the three points. of which may be set upon 
three points of the globe and then transferred, without altering their 
relative positions, to any other part. But itis easy to obtain a good 
idea of the distortion by simpler means. Upon a globe stretch a 
thread from Valentia, in Ireland, to Cape Town. It will cut off a 
little corner of the Gulf of Guinea. It will be convenient to use white 
thread and to mark upon it the positions of the three places referred 
to. Now place the Valentia mark upon St. John’s, in Newfoundland, 
and stretch the thread so that it cuts Cape St. Roque. The mark for 
the Gulf of Guinea will lie north of Cape St. Roque and the Cape 
Town mark will be in the middle of the Atlantic, well over 1,200 
geographical miles from the province of Buenos Aires, where the 
continuation of the Zwartebergen is supposed to be. To be exact, 
we should first push Newfoundland against the American coast, 
which will make matters a little worse, and should take points at 
the edge of the continental shelf instead of Valentia and St. John’s, 
which will improve them. But it is clear that if the masses are kept 
rigid and are made to touch in the north, the Zwartebergen cannot 
be brought within 1,200 miles of the range in Buenos Aires. 

* Du Toit (S. African Journ. of Sci., vol. xviii, 1921, p. 120) accepts 
Wegener’s views, but does not discuss this point. Schwarz’s theory (Geog. 
Journ., vol. xl, 1912, p. 294) does not require any direct connexion between 
the South African ranges and those of Buenos Aires. 

* The ordinary triangular compasses of the draughtsman are of very limited 
use uponaglobe. Inarecent letter to Nature, vol. cx, p. 77, I have suggested 
an easily constructed form which is fairly convenient in use. More convenient 
forms may be devised, but their construction is a little more difficult. 
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It is evident, then, that Wegener’s reconstruction implies much 
more than fracturing of the masses of Sal. They must have 
altered their shapes. No one knows how much they have altered, 
or which of them have altered ; and to deduce tbeir original forms 
would require a much greater knowledge of their geological structure 
than we possess, and a much more critical examination than Wegener 
has bestowed upon the question. 

It will be useful now to summarize the evidence with regard to the 
Atlantic. If east and west are to be brought together both in the 
north and in the south, there must be great distortion. One side 
or the other, or both, must be plastic. If they are moulded so as 
to fit, as Wegener fits them, the following points may be noticed. 
If we accept Wegener’s statement about the gneiss of Labrador, 

then we know, from the Memoir on the North-west Highlands, that 
there must be a sudden change of strike at the junction. At the 
Junction, too, the violent Caledonian movements of the British 
Isles must suddenly die down into the less conspicuous movements 
of the same age in Newfoundland. The Armorican folds fit very well. 

Again, if we accept Wegener’s statements about South America, 
and assume that both in Africa and South America there is a definite 
line where a change of strike occurs, then the position of that line 
on one side of the junction lies hundreds of miles away from its 
position on the other. Lastly, in South Africa the folds bend north- 
ward near the western coast, and there is no evidence that they were 
ever continued farther west. It may be noted in passing that the 
ranges in Buenos Aires have not yet been closely examined. 
We may now turn to a few general considerations. Apart 

altogether from mountain-building movements, due to crumpling, 
it is certain that large areas of the Sal have sunk beneath the sea 
and have risen again, not only once but many times. If we admit 
the presence of deep-sea deposits, their surfaces must have reached 
the level of the Sima. We know, at least, that they sank below the 
-hundred-fathom line, which Wegener takes as the general boundary 
between Sal and Sima. Some of these movements have been 
oscillations, one portion of the mass rising while another fell. Others, 
such as the Cenomanian transgression, have been almost world-wide 
in their effects. The former, perhaps, may be ascribed to tilting of the 
blocks. The sunken areas would then be subjected to an upward 
hydrostatic pressure, and if the Sal is as plastic as Wegener’s recon- 
struction requires, it is not easy to understand why it did not bend 
instead of sinking so deeply into the Sima as it must have done. 
The widespread movements are still more difficult to explain. Some 
cause is required which would press all the masses more deeply into 
the Sima; and it must have been a temporary cause, for they rose 
again, 
A problem which Wegener scarcely touches is the formation of 

the separate masses of Sal. He imagines that at one time the Sal 
formed a thin skin completely covering the globe. The sea was then 
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continuous, and there was no land. Thus he explains the supposed 
uniformity of the Cambrian and other early faunas; but he forgets 
that beneath the Torridonian deposits of Scotland a Precambrian 
landscape is preserved which shows clear evidence of strong sub- 
aerial erosion. 

At a later date the covering of Sal was broken and the fragments 
piled upon one another like ice-floes in a thawing river. But he 
offers no suggestion as to the cause of the breaking or the cause of 
the piling. In effect his theory really begins with the masses of Sal 
already constituted, and arranged as in his reconstruction. It begins 
in fact at the close of the Carboniferous period. 

It would be interesting to discuss the evidence brought forward 
by Wegener and his coadjutor Koch to show that Greenland has 
moved perceptibly during the last hundred years, but this paper is 
already too long. They assume an accuracy of observation which is 
unexampled in exploratory survey. It is indeed a curious circum- 
stance that for many of his most remarkable points Wegener 
depends upon exploratory survey of one sort or another. Where 
our knowledge is more precise the evidence is much less striking, 

Tn conclusion, it may be said that Wegener has performed a 
valuable service by drawing attention to the fact that land-masses 
may have moved relatively to one another. He has not proved 
that they actually have moved, and still less has he shown that they 
have moved in the way that he imagines. He has suggested much, 
he has proved nothing. 

The Nomenclature of the Spilitic Suite. 

Part I; The Keratophyric Rocks. 

By Autrrep KinestEy WELLS, M.Sc., F.G.S. 

I. Intropuction. 

HE petrologist who attempts the systematic investigation of 
igneous rocks is unfortunately too familiar with the difficulty 

of naming the rocks examined. The discovery of a border-line type 
necessitates a choice of two alternatives: either the introduction of 
a new name to a scienve already overburdened with such, or the 
widening of the definition of the nearest established type to include 
the newly described rock. The decision is no easy one to make, 
especially if the petrographer is young and eager for the transient 
fame won by the discovery of something uew. In such a case the 
temptation to create a new name is very strong. As a result, both 
student and teacher spend tedious hours in trying to discover 
differences between rocks bearing different names, differences which, 
however, have been magnified out of all proportion to their import- 
ance as diagnostic characters. 

The second alternative is but little more desirable, the obvious 
drawback being that the undue widening of a definition destroys the 
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signification of the original name, and the individuality of the type 
rock. It must be conceded that this is the ultimate fate of the 
majority of rock names as at present constituted: almost every 
investigation results in the discovery of rocks differig by little or 
by much from established types, it adds one or more links 
to the chains connecting the latter, until finally a gradation from one 
to the other is found to exist. 

It is thus useful and nevessary occasionally to look back in order 
to see how the significance of particular rock names may have 
changed, and to what extent original definitions must be modified 
to conform to imereased knowledge arising from more recent 
discoveries. 

Within recent years the Spilitic Suite of rocks has received almost 
general recognition as a suite distinct from others in respect of 
peculiarities of chemical and mineral composition, and in the mode 
of formation of its members. This distinct mdividuality is most 
marked in the case of the spilites, the basic members of the suite, 
but is apparent also in the intermediate and acid members, the 
keratophyres and quartz-keratophyres respectively. In spite of 
interesting problems concerning the petrogenesis of these rocks, 
they receive but scanty attention in our standard textbooks. Thus 
Hatch, when describing hypabyssal felsites is content to insert 
“ keratophyre’”’ in brackets after the name soda-felsite. Harker ? 
is hardly more explicit, though mention is made of the fact that 
“ceratophyres”’ are sometimes intrusive, sometimes extrusive, 
and consist mainly of soda felspars, with little or no quartz—a 
definition which can scarcely be described as explicit. So the inquirer 
has to search through contemporary geological literature to discover 
the exact meaning of this name. The most useful account of these 
rocks is that of Cox,? in a short paper read before the British 
Association in 1913, an account which has not yet been amplified, 
however, although it contains many interesting suggestions. Apart 
from this, much useful information can be gleaned from the published 
accounts of the igneous rocks of various parts of Wales, Devon 
and Cornwall, and Scotland. Among other British writers Cox, 
Dewey and Flett, Hatch, Jevons, Teall, and Thomas have used 
the word, but by no means always with the same meaning. 
The marked difference of opinion concerning the application of the 
names “ keratophyre ’’ and “ spilite ” has led the writer to attempt 
this review. 

II. HustToRIcat. 

As long ago as 1874 Giimbel * introduced the name keratophyre, 
which he applied to rocks sometimes undoubtedly intrusive in the 

1 Hatch, Text Book of Petrology, part i, Igneous Rocks, 1913, p. 223. 
* Harker, Petrology for Students, 5th ed., p. 117. 
3 Cox, Rep. Brit. Assoc. Birmingham, 1913, p. 496. 
4 Gimbel, Die paldolithischen Eruptivgesteine der Fichtelgebirge, 1884, p. 45. 
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Cambrian strata of the Fichtelgebirge. Later, Lossen 1 showed that 
similar rocks occur in the Middle Devonian strata of the Harz. 
In commenting upon the chemical analyses of these, the original 
keratophyres, Teall * emphasizes the wide range of silica percentage, 
varying from 50 to 70%, and the large proportion of alkali felspar, 
calculation showing the presence of from 74 to 929%. Considerable 
variation in the soda: potash ratio is another noteworthy feature 
of these rocks, sometimes the former, sometimes the latter being 
in excess. It is evident, therefore, that the name keratophyre was 
given to an ill-defined group of rocks varying widely in chemical 
and mineral composition as well as in mode of occurrence. 

It is interesting to note that Teall, after stating that keratophyres 
had not then (in 1888) been disvovered in this country, suggested 
their probable occurrence in the West of England. This prediction 
has proved true, as keratophyric rocks have been found to be 
abundant in the Newton Abbot district and to “ characterize every 
horizon at which volcanic activity is evident ’”’,? although they are 
rare in other parts of Devon and Cornwall. 

The first discovery of keratophyric rocks was recorded by Hatch, 
who found them among the Ordovician soda-felsites (lavas), of 
Wicklow. His paper contains the statement that Rosenbusch 
had foretold their discovery among the Welsh rocks. Within recent 
years this prediction also has proved true. Thomas on Skomer 
Island, Cox at Abereiddy Bay, and Part in the Prescelly Mountains 
have described keratophyres from these several different parts of 
South Wales, while Cox and the writer have claimed as keratophyres 
lavas occurring on two horizons in Merioneth. 

In classifying the Skomer Island Volcanic Series, Thomas divides 
certain of the intermediate sodic lavas into two groups, (a) soda 
trachytes, and (b) keratophyres. I+ is stated that a family connexion 
exists between the two,° which grade one into the other. What, 
then, is the basis on which the division is made? The following 
pomts of difference are emphasized : the less perfect development of 
flow structure, the greater amount of chlorite and granular sphene, 
and the better developed vesicular structure in keratophyres. 
These differences are comparative only, and it 1s doubtfulif any of 
them is of sufficient importance to justify the use of two names for 
rocks which seem so much alike. That one name would serve for 
both is evidently the opmion of some, as the suggestion has been 
made that both should be termed keratophyres, following the 
Continental usage of the word. Here, then, are two conflicting 
opinions; the first that “ keratophyre ” is far too comprehensive 

1 Lossen, Jahrb. k. preuss. Geol. Landesanst. fur 1884 (1885), p. 21. 
2 Teall, British Petrography, 1888, p. 369. 
% Flett, “Geol. of the Country around Newton Abbot”: Mem. Geol. 

Surv., 1913, p. 57. 
4 Hatch, Grou. MaG., 1889, p. 70. 
°> Thomas, Quart. Journ. Geol. Soc., vol. Ixvii, 1911, p. 193. 
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a term, and one needing restriction,! the second that the definition 
should be widened to include all intermediate albite-rich rocks, 
irrespective of their mode of occurrence.” 

Ill. InrrustveE Keratorpnyric Rocks. 

With regard to the latter point, the utilization of one name for 
both lava and hypabyssal equivalent is not without precedent. 
Indeed, the tendency is growing to place micro-structure before mode 
of occurrence as the diagnostic feature determining the nomen- 
clature of the rock. Thus “ dolerite” and “ basalt ” are frequently 
used in a sense which ignores the mode of occurrence of the rock. 
When such is the case is it not desirable to prefix the rock name with 
“ extrusive ”’ or “intrusive ”’, as the case may be ? It seems to the 
writer that a greater degree of accuracy is to be attained by using the 
lava name for extrusive rocks only, and introducing compound 
terms where necessary for specimens having textures other than 
normal. Thus “ doleritic basalt’ would signify an extrusive rock 
with the mimeral composition and field characters of basalt, but the 
texture of dolerite. With the rocks under consideration the case is 
not so simple, as no distinctive name exists for intrusive keratophyric 
rocks, other than the lava name. 

Those workers who prefer to restrict “ keratophyre ” to lavas only, 
have made use of various names for the corresponding intrusive 
rocks, among them being “ albite-porphyry ’’, introduced in 1884 
by Heddle for a porphyritic rock of unique composition composed 
only of albite, and occurring on Bein Braghaid, in Sutherlandshire.* 

Again, “ soda-granite-porphyry ” has been utilized by the officers 
of the Survey on at least two occasions; for a porphyritic rock 
intrusive into pillow lavas (spilites) at Porthallow Cove in the 
Lizard District,4 and for a more acid, but closely similar rock, 
also intrusive into pillow lavas at Tayvallich.2 Synonymous with 
the above name is “ quartz-albite porphyry ’’, used for the columnar 
intrusive felsite of Ynys Bery near the Pembrokeshire coast.° In 
addition to these self-explanatory terms, place-names have 
occasionally been coined for the designation of intrusive keratophyric 
rocks; thus, hirnantite,’ the even less euphonious beschtauite, 
is briefly dismissed by Holmes in his recent work, the Nomenclature 
of Petrology, as a “ soda rich variety of quartz porphyry (= quartz- 
keratophyre) ”’. 

Before considering an alternative suggestion, the possibility of 
using the name “ lime-bostonite ” (maenzite) for these rocks claims 

1 Thomas, Quart. Journ. Geol. Soc., vol. xvii, 1911, p. 214. 
2 Cox, Rep. Brit. Assoc. Birmingham, 1913, p. 496; also Quart. Journ. 

Geol. Soc., vol. xii, 1915, p. 316. 
3 Heddle, Min. Mag., 1884, p. 141. 
4 “ Geology of the Lizard and Meneage”’: Mem. Geol. Surv., 1912, p. 186. 
> “ Geology of Knapdale, etc.” : Mem. Geol. Surv., 1911, pp. 93 and 94. 
8 Geology of the South Wales Coalfield, part ii, Milford, p. 41 
7 Proc. Liverpool Geel. Soc., 1915, p. 79. 
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our attention. Lime-hostonite (maenaite) was applied by Brogger to 
certain leucocratic intrusives im the Gran district of South Norway.1 
The same name was chosen by Elsden for the chemically similar, 
but genetically dissimilar felsite at Abercastle, i. Pembrokeshire, 
then regarded as a normal intrusive rock.? Ata later date this name 
was applied to a similar, definitely intrusive rock in the Kilbride 
Peninsula.? Reynolds and Gardiner, in referring to their choice of 
this name, remarked upon the striking similarity of the Kilbride 
rock to the keratophyres of Skomer Island, but explain that they 
preferred to use “lime-bostonite”’, as “ British avtkors seem to 
confine the name keratophyvre to lavas’. During the re-examination 
of the Abercastle rock, 1t became evident that the percentage of 
normative anorthite had becn considerably over-estimated, and 
that the felspar of the rock was almost pure albite.4 Thus, “ lime- 
bostonite ” as applied to these rocks appears to be a misnomer. 

IV. Genetic CoNSIDERATIONS. 

The descriptive terms mentioned above are undoubtedly useful ; 
they indicate not only the mineral contents, but also the texture 
of the rocks. But they fail to take account of the petro- 
genesis. They do not suggest the genetic relationship of 
these with other members of the Spilitic Suite. But genetic 
considerations must not be ignored. There is little doubt that upon 
the latter will be built wp the classifications of the future. Thus 
Harker quite definitely states that...“ a natural classification must 
have regard to the mutual associations of rocks as well as to their 
descriptive characters.”® He evidently regards as the ideal a scheme 
of classification based on the genetic relationships of different 
rocks. Various authors, since the writing of the Natural History of 
Igneous Rocks, have duly emphasized the same fact, none more 
emphatically than Crook,° whose most significant phrases are quoted 
and amplified by Holmes in the opening chapter of Petrographic 
Methods. This ideal scheme is admittedly unattamable in the present 
state of our knowledge, but a groupiny together of rocks genetically 
related must be regarded as a step in the right direction, while 
the inclusion under one name of rocks of different parentage is a 
retrograde movement, and one likely to cause confusion. 
Dewey and Flett tentatively suggested the fact, afterwards 

definitely stated by Cox, that keratophyric rocks, mtrusive as well 
as extrusive, belong to the Spilitic Suite.’ The constant association 

1 Brégger, Quart. Journ. Geol. Soc., vol. 1, 1894, p. 23. 
2 Hisden, Quart. Journ. Geol. Soc., vol. lxi, 1905, p. 594. 
3 Reynolds & Gardiner, Quart. Journ. Geol. Soc., vol. Ixviii, 1912, p. 92. 
# Cox, Quart. Journ. Geol. Soc., vol. Ixxi, 1915, pp. 312-14. 
5 Harker, Nat. Hist. Igneous Rocks, 1909, p. 369. 
§ Crook, Min. Mag., vol. xvii, 1914, p. 72. 
7 Cox, Rep. Brit. Assoc. Birmingham, 1913, p. 496; and Dewey & Flett, 

Gro. Mae., 1911, p. 207. 
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of keratophyres with typical spilites is a proven fact, and that the 
two are consanguineous can no longer be questioned. If, then, the 
individuality of the Spilitic Suite be admitted, it becomes necessary 
to distinguish between Atlantic and Spilitic rocks of like chemical 
and mineral composition, if such exist. For this reason “soda 
granite-porphyry ” is too wide a term to apply to the intrusive rocks 
under discussion, as it includes not only these alkaline derivatives of 
a magma of spilitic affinities, but also similarly constituted members 
of what the writer may he forgiven for calling the ordinary Alkali 
Suite—the Atlantic Suite of Harker. 

It appears, therefore, that there is no name in current petro- 
graphical nomenclature which has a special claim or, indeed, is 
specially applicable to these rocks, other than the lava name, which 
has the further justification of usage in this sense on the Continent 
for a long period of years. Taking this into consideration, together 
with the practical identity of mineral composition and micro- 
structure of both intrusive and extrusive keratophyric rocks, there 
seems no reasonable objection to using the one name for both, there 
being several precedents for this procedure. The only alternative 
is to com a new name for the imtrusive equivalents, restricting 
“keratophyre ” to lavas. This seems quite unnecessary, and there 
is much to be said for uniting all these rocks under one name, 
distinguishing between lavas and intrusions by using the qualifiers 
“intrusive ”’ and “ extrusive ’’, if this should be thought necessary. 

V. FurtrHer CLASSIFICATION OF KERATOPHYRES. 
> Assuming that ‘‘ keratophyre ”’ can be so used, it remains to see 

whether any further classification can be effected. Obviously such 
further subdivision cannot be made on the basis of the dark mineral 
content, as in the great majority of cases no original coloured mineral 
remains. Some of the Tayvallich keratophyres contain small 
irregular flakes of either brown or green biotite, but it is doubtful 
how much of this is primary, some part being certainly secondary, 
derived from the introduction of basic material from the adjacent 
pulow lavas+ Only rarely have recognizable pseudomorphs 
been reported from British keratophyres ; those from Skomer Island 
appear to have contained both rhombic pyroxene and olivine, the 
albite-trachytes of the Benton Volcanic Series,? the extrusive kerato- 
phyres of the Trefgarn Volcanics,? and those of Abercastle all contain 
pseudomorphs after rhombic pyroxene. The _ keratophyric 
“andesite ’ of the Eastern Mendips is yet another example 
containing beautiful chloritic pseudomorphs after the same mineral. 
These are exceptions, however, and most keratophyres contain only 
scales and fibres of chlorite, even these being far from abundant. 
There is evidently no basis of subdivision here. ‘The only qualitative 

1 “ Geology of Knapdale, etc.” : Mem. Geol. Surv., 1911, pp. 92-3. 
2 Geology of the South Wales Coalfield, part xi, Haverfordwest, p. 6. 
* Tbid., p. 22. 
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factor which can be so used is micro-structure, which will be con- 
sidered later. 

The occurrence of free quartz in notable amounts in the most 
acid keratophyres has created the need for distinguishing 
“ keratophyres ”’ (intermediate) from “ quartz-keratophyres ”’ (acid). 
The only synonym by which the latter name has been seriously 
challenged is “‘ soda rhyolite’. But it should be noted that this is 
a wider, more embracing term than “ quartz-keratophyre”’, as it 
covers not only the latter, but also the acid sodiv lavas of the Atlantic 
Suite. The argument formulated against the use of “ soda granite- 
porphyry ” is equally applicable to “‘ soda rhyolite”? (and “ soda 
trachyte ” also). The two primary groups into which the acid lavas 
should be divided are (a) potash rhyolites, and (b) soda rhyolites. 
The latter comprises two sub-groups: (i) soda rhyolites of the 
Atlantic Suite, and (11) soda rhyolites of the Spilitic Suite. Sub- 
eroup (i) icludes comendites and the more acid pantellerites, 
while (il) is equivalent to quartz-keratophyres. 

It has been suggested by some and believed by many others that 
the keratophyres are merely the ancient and altered representatives 
of the comparatively modern and fresh pantellerites and comendites. 
Tf such were the case there would be no more justification for the 
retention of “ keratophyre ” than there is for the use of “ diabase ” 
for altered dolerites, or “propylite”’ for altered andesite. But 
such does not appear to be the case. Mineralogically and chemically 
the two groups are distinct. The relatively low percentage of 
alumina, high iron oxides and soda have resulted in the formation 
of sodic amphiboles aud pyroxenes im pantellerites, while in 
keratophyres for the same silica percentage the proportion of alumina 
is higher and iron oxides much lower, so that non-sodice coloured 
minerals were formed. These most acid members of the Spilitic 
Suite are distinct uot only mineralogivally and chemically, but 
also genetically, from the acid Atlantic lavas, and their nomenvlature 
should imdicate the fact. It is suggested, therefore, that 
“ keratophyre ” should be restricted to the intermediate members of 
the Spilitic Suite, both intrusive and extrusive, the rocks being 
characterized by a high percentage of sodic felspar, usually an acid 
plagioclase near albite in composition, accompanied by a small 
proportion of dark minerals, now represented by chloritic or 
serpentinous pseudomorphs. Quartz-keratophyres are the corre- 
spouding acid rocks, carrying in addition notable amounts of free 
quartz. Both are apparently free from felspathoid minerals. Any 
further subdivision can be carried out on the basis of textural 
differences. There is little doubt that all the textural variations 
exhibited by the fresh avid and intermediate lavas of other suites 
will in time be discovered in keratophyric rocks. The following 
textures have already been noted: vryptocrystalline, micro- 
crystalline, variolitic, felsitic, trachytic, almost pilotaxitic, and 
orthophyric. There is no need to disguise these differences under a 
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series of rock names new to the science, but they should be used 
rather as textural qualifiers im conjunction with “ keratophyre ” 
and “ quartz-keratophyre”’. Thus, to speak of an intrusive, 
orthophyric keratophyre, in the writer’s opinion tells the whole 
story—genetic relations, mimeral contents, mode of occurrence, and 

microstructure all being indicated. The three words could con- 
ceivably he replaced by one, but the latter could never be self- 
explanatory as the former statement is. 

VI. CoMPARISON OF KERATOPHYRE WITH Bostrontre. 

The resemblance of some keratophyres to some bostonites in 
mineral composition and texture has led to a certain amount of 
overlapping in the use of the two names, and to unvertainty con- 
cerning the restriction of the usage of the terms. In illustration it 
may be stated that Washington + labels the bostonite of Marblehead 
Neck ‘“ keratophyre (bostonite) ” . The relative scarcity of dark 
minerals, the predominance of alkali felspar, often strongly sodic, 
the absence of felspathoids and sodic “ pyriboles” are features 
shared by both rocks. In this country there is general agreement 
in restricting “ bostonite”’ to intrusive rocks, although this is not 
the case in the United States, and some doubt exists as to the actual 
mode of occurrence of the type reck.* Recently an attempt has been 
made to widen the definition so as to include, in addition to 
hypabyssal bostonites, those lavas possessing the same chemical 
and mineralogical features. The suggestion was not accepted, 
however, by the committee who recently reported on the Nomen- 
clature of British Petrography.? 

Considering, now, recent definitions of bostonite, the latest is 
that of Holmes, who defines the rock in the Nomenclature of 
Petrology as a leucocratic alkali syenite-aplite with trachytic texture 
formed almost wholly of alkali felspars. In Hatch’s description 
of the same rocks, the kinds of alkali felspar are enumerated, com- 
prising microcline, anorthoclase, perthite, and albite. . The last is 
included in the latest edition only.* In this connexion it may be 
noted that until recently the felspar of bostonites was regarded as 
being sodi-potassic. Each of the ayes recorded in Washington’s 
Chemical Analyses of Igneous Rocks shows almost equal amounts 
of soda and baer the average of six analyses yielding Na,05°43 per 
cent, and K,O 5°38 per cent. “Tt may be w ondered, therefore, whether 
the recent sadn of albite to the above list may be due to the 
confusion mentioned above of “ keratophyre” with “* bostonite ”’. 
The felspar characteristic of, aud commouly found in (intermediate), 
keratophyres is albite. That characteristic of (intermediate) 

Washington, Chemical Analyses of Igneous Rocks, p. 146. 
Iddings, Igneous Rocks, vol. ii, p. 160. 
Report on British Petrographic Nomenclature, 1921, p. 144 (see “ trachyte ”’). 
Hatch, Zext Book of Petrology, part i, Igneous Rocks, 1913, p. 239. 
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hostouites is soda-orthoclase. With the imcoming of lime, as in 
maenaites, the latter is replaced chiefly by oligoclase. 

Although a perfect flow-structire was a striking feature of tke 
original bostonites, it is doubtful whether this name can with 
advantage be restricted to rocks showime this texture. Rocks 
undoubtedly exist which chemically, mineralogically, and 
genetically are like the type bostouites, but which differ from them 
m texture. Are these to be given new names, or are they not 
sufficiently described by using “ bostonite”’, with an appropriate 
textural qualifier? It must be admitted that the presence or 
absence of flow structure is of no petrogenetic significance, and 
therefore of no classificatory value. The writer would much prefer 
to use the name for a rock containing a certam assemblage of 
minerals, and derived always from the same parent magma. 
Bostonite is known to be one of the ultimate products of 
differentiation of a soda-syeuitic magma, those derived from nord- 
markite carrying free quartz, those derived from laurvikite being 
free from this mineral. Now a true bostonite can be born of no other 
parents, neither calc-alkaline nor spilitic. For example, it is a 
mistaken policy to designate as “ bostonite ” acid veins in an albite- 
diabase from East Devonshire.t The latter rock is a spilitie rock, 
probably the imtrusive representative of the spilites. The strainmg 
of this magma towards the alkali pole would result im the production 
of a keratophyric not of a bostonitic rock. 

The essential difference between keratophyre and bostouite hes 
not so much in mineral composition and texture, as in descent. 
By takimg descent duly imto account all danger of overlapping 
disappezrs, even with rocks which muy he so nearly homeomorphie 
as these two sometimes are. 

A Boring at Caleutt, near Cricklade, Wiltshire. 

: By L. Ricwarpson. 

i the early half of 1922 a boring (“jumped”) was made by 
Mr. H. G. Godwin, of Quenington, Fairford, Gloucestershire, for 

Mr. Oswald Collier, of Calcutt, in search of water. The site of the 
borehole is at Calcutt—4in. above the “C” in Calcutt on 6 im. 
map, 58.W., Wilts. 

Calcutt is on the Oxford Clay, 34 miles south-east of the outcrop 
of the basement-beds of the formation near The Fosse (by the side of 
the Ermin Street, about half-way between Cricklade and Cirencester), 
and 24 miles north-west of the outcrop of the top-beds of the 
formation near Broad Blunsdon, where the Oxford Clay is succeeded 
by the Corallian. 

1 Abstracts from Proc. Geol. Soc. London, No. 1,076, 1921, p. ii. 
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BoREHOLE AT CarncuTtT. 

Surfuce-level.—260 ft. above ordnance-datum. Thickness. Depth. 
fi. Clay, with an occasional layer of ft. in. ft. in. 

Oxo. septaria Wa 5 198 Ne, 199° 6 
2. Rock : : : . : 0 6 194 0 
3. Sand, grey, very fine-grained. 

(Yielded about 30 gallons of 
water per hour, but the fine 

Kellaways sand hampered the as a 2 25 RO 219 0 
Beds 4. Clay, very hard : 13 0 232 0 

5. Sandstone, grey, calcareous, ex- 
tremely hard . 18 0 250 0 

6. Clay, apparently finer textured 
than 1 and 4. 18. 0 268 0 

( 7. Limestone, — bluish- -grey, shelly, 
Cornbrash + “mixed with clay ” (see below) : 

| penetrated . : - 3 5 0 273 0 

As the hole was “jumped” it was a difficult matter to obtain 
proper samples of the rocks passed through, but satisfactory 
specimens of beds 3, 5, and 7 were brought up. Those of the sand- 
stone, bed 5, were of Kellaways Rock. Those of bed 7 were bluish- 
grey, shelly (chiefly fragments of oysters) limestone, similar to the 
well-known Forest Marble limestones. Mr. T. Rylands imformed 
me (in litt., 29th May, 1922) that he understood that this rock was. 
“mixed with clay’. This remark, together with the appearance of 
the limestone, is very suggestive of Forest Marble Series ; but if such. 
were the case the Cornbrash would be absent, because bed 5 is. 
definitely Kellaways Rock. Bat, as the Cornbrash is well de- 
veloped along its outcrop near The Fosse; as similar difficulty was 
experienced in identifying it in the cores drawn at the Pumping 
Station, Lewis Lane, Cirencester; as when unweathered, deep 
down, it would be ofa bluish-grey colour ; and, as along its outcrop it 
is often rubbly and mixed with some marly clay, I am disposed to 
regard bed 7 as its subterranean continuation. 

The water obtained from bed 3 “ proved to contain a large amount 
of salt’ (Mr. T. Rylands, in liit., 2nd May, 1922). Itis a well-known 
fact that water from the Oxfordian (Oxford Clay and Kellaways 
Beds) is usually highly mineralized, and unfortunately it has been . 
established that waters in the Oolites, perfectly fresh when uncovered 
by the Oxfordian, are as a rule mineralized when tapped beneath such 
a covering. Thus Mr. G. J. Churchward, the Engineer to the Great 
Western Railway, informed the late W. W. Fisher that a year or 
two previous to 1904 he tested by borings the waters beneath the 
Oxford Clay from Swindon to Kemble (where the clay ends), and 
found that the chlorine diminished all the way to a point about 
a mile and a half on the Swindon side of Kemble station. 

The Cornbrash did not yield any water worth speaking of, and as 
that from the sand of the Kellaways Beds was inadequate, salty, and 
the fine sand would have proved troublesome for the pumps, the 
borehole was abandoned. 

1 The Analyst, vol. xxix, No. 35, February, 1904, p. 37. 
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Banded Precipitates of Vivianite in a 
Saskatchewan Fireclay. 

By J. Svransrietp, M.A., F.G.S. 

(By permission of the Director of the Geological Survey of Canada.) 

(PLATE XVI.) 

We visiting the fireclay quarry of the Dominion Fire Brick 
and Clay Products Company at Claybank, Sask., during the 

summer of 1918, the writer noticed an occurrence of banded pre- 
cipitates in the fireclay of one part of the quarry. Through the kind- 
ness and courtesy of Mr. H. G. Love, Managing Director of the 
Company, a collection of some examples of the occurrence was made 
and forwarded to the writer for further examination. 

. The fireclay worked by the Dominion Fire Brick and Clay Products 
Company is exposed on the slope of the escarpment of the Missouri 
coteau, which, at Claybank, is facing north, though generally the 
coteau faces north-east. Usually, the coteau is covered with drift 
deposits, and Claybank is one of the few points along it at which 
the Tertiary strata to which the fireclay belongs are exposed. The 
fireclay has been described in the reports of the Geological Survey 
of Canada, and also of the Mines Branch, Department of Mines.? 

In the quarry the fireclay has a hight grey colour. At the northern 
part of the floor of the quarry, as exposed during the summer of 
1918, some bluish-black spots of circular or elliptical outline. were 
noticed, which are the subject of this paper. 

The stained parts of the clay are sometimes spherical in outline, 
sometimes ellipsoidal, and often elongated so as to approach the 
cylindrical, with rounded ends. The stains vary in diameter from 

Lin. to 14 in,, less than } in. in diameter being usual. The greatest 
length of axis noticed in a cylindrical case is one inch, but only part 
of the whole specimen was available. 

The bluish-black stain is deepest in colour at the centre of the 
sphere, or along the axis of the cylinder. Around the central stain 
there may be a non-banded stain of less intense colour, or there may 
be one, two, or three separate concentric stains of similar kind, but 
not quite so dark in colour as the central stain. In true cross-sections 
these stains have an approximately circular outline (see Fig. 1 centre), 
theugh in some cases the circle may not be complete (see Fig. 1 
upper left). Inclmed sections of the cylindrical examples show 
elliptical shapes (Fig. 1, top, middle; Fig. 2, bottom, left and right), 
and longitudinal sections of the latter show parallel lines on each 
side of the axis. 

The clay between the bands may have the same colour as ne 
normal clay, or it may have a slightly darker colour, owing to the 
presence of a small amount of the pigmenting material (Fig. I, 

1 Ries & Keele, Mem. 24H Geol. Surv. Can., 1912, pp. 84-92. Davis, N. B 
Report on the Clay Resources of Southern Saskatchewan, 1918, pp. 66-71. 



GEOL. Maa. 1922. PLATE XVI. 

BANDED VIVIANITE IN FIRECLAY: CLAYBANK, Sask. 
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top, middle and right; Fig. 2, top, middle). In some cases one of 
the bands, or one part of it, may be seen to consist of two or aie 
very closely contiguous bands (see Fig. 1, lower left; Fig. 2 
centre, and lower left). 
Some examples show bands which are excentric (especially Fig. 2, 

upper left and bottom, middle). 
The bluish-black pigmenting material of these stains loses colour 

on heating, gives an iron borax head, dissolves readily in hydro- 
chloric or nitric acid, and gives a definite phosphate reaction. It 
is presumed that it is the earthy amorphous variety of vivianite. 
Under the microscope it is opaque, though a few flakes can be found 
which show a pleochroism and birefringence which agree with those 
of vivianite. 

An examination into the possible mode of formation of these 
stains brings out several points of great interest. It is supposed 
that the vivianite has been formed by precipitation as a result of 
reaction of solutions carrying iron and phosphate, the iron solution 
being dilute and deriving its iron from the general mass of the fireclay, 
which contains only a trace of iron, and the phosphate solution being 
more concentrated and derived from some phosphatic body in the 
clay. The phosphatic body may have been bone, fish scale or 
coprolite, if of animal origin, or plant root or stem, if of vegetable 
origin (phosphates being essential constituents of plants). From 
the information available at present no definite conclusion can be 
reached with regard to the original character of the central phosphatic 
bodies. 

From their general characters, as described above, there can be 
little doubt that the stains under discussion have been formed as a 
result of diffusion of solutions in opposing directions, as the some- 
what similar “* rhythmic precipitates ” are formed in gelatine, agar, 
etc. In the opinion of the writer the colloidal material of the fire- 
clay itself formed the medium through which the diffusion took 
place. The vivianite bands are unlike Liesegang rings, which become 
wider apart away from the centre of diffusion, and they are also 
unlike the modifications produced by the writer, which are evenly 
spaced under certain conditions, or becoming closer together away 
from the centre of diffusion under certain other conditions (op. cit., 
pp. 19-21 and 24). 

Examination of the accompanying photographs will show how the 
spacing of the bands of vivianite varies and appears to follow no 
law which has yet been worked out in connexion with banded 
precipitates. In discussions of banded precipitates which have 
appeared up to the present time the effect of the medium through 
which diffusion takes place, upon the reaction, has either been 
supposed to be very slight, or has been neglected. When dealing 
with certain reactions in gelatine the effect of the medium appears 

1 Amer. Jour. Sci., Ser. tv, vol. xliii, 1917, pp. 1-26 
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to be very slight. In the case of the reaction of potassium iodide 
and lead nitrate in gelatine, the medium appears to have some 
distinctly disturbing effect upon the reaction (op. cit., p. 25). The 
precipitates formed in the experiments cited appeared to be 
continuous, even to microscopical examination. When the plate 
on which the reaction had been carried out was placed in a bath of 
sodium hydroxide solution, a set of bands appeared suddenly in the 
lead iodide precipitate, and they resembled the vivianite bands under 
discussion in their apparently irregular spacing and also in the 
presence of precipitate throughout the spaces between the bands, 
which also occurs in some cases of the vivianite precipitate im fireclay. 

It is to be expected that investigation of the effects of the media 
upon the reactions of solutions diffusing through them will add 
very considerably to our knowledge of banded precipitates. 

Note on the Llwydmor Bach Granophyre. 

By Aupert Hearp, M.S8c., F.G.8., University College of South 
Wales and Monmouthshire. 

[This paper was submitted to the Editor of the Magazine three 
weeks before the publication of Mr. N. L. Silvester’s paper.t I 
commenced work on the area early in the summer of last year, and 
apparently Mr. Silvester began at about the same time, but as he 
has secured priority of publication I have decided to postpone 
further work and publication on the district.—A. H.] 

[Mr, Silvester’s paper was in the Editor’s hands for some months 
before publication. Jt was sent to the printers before the existence 
of Mr. Heard’s MS. was known to the Editor, | 

I. IntTRODUCTION. 

ff [ede rock which is described in this communication, occurs along 
the western flank of Llwydmor Bach, about 6 miles east- 

south-east of Bangor, and about 8 miles south-west of Conway. 
On the 1 in. map of the Geological Survey,” this rock, together with 
entirely different types on its eastern margin, are all marked as 
intrusive felspathic rocks. On the in. map, it is described as 
granite, and its eastern boundary is mapped. 

The outcrop of the rock is in the form of an elongated lenticular 
mass, about 3 miles long by 4 mile wide, with the long axis having 
a direction north-north-east—south-south-west (approximately). 

In the field the typical rock weathers generally into relatively 
thin flaggy slabs, which occupy the lower crests of Llwydmor Bach, 
and form small screes on the slopes. 

Two distinct rock types are present ; the interior of the laccolith 
consists of a granophyre, whilst near the margin practically all 

1 Grou. Mac., Vol. LIX, 1922, p. 134. 
2 Sheet 78 S.E. Geol. Surv. of England and Wales, Old Series, 1852. 
2 Sheets 9 and 10, tin. Geol. Surv. of England and Wales. 
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trace of granophyric intergrowth is lost, and the rock becomes 
normally granitoid. 

TI. Toe GRANOPHYRE. 

Fairly fresh specimens are easily obtained. Hand specimens 
from the centre of the laccolith present a patchy appearance, with 
dark aggregates in a pink matrix. The dark coloured basic patches, 
which are almost invariably rounded, appear to constitute about a 
quarter of the rock, and vary considerably in size; ovoid masses, 
more than 2 inches across, have been observed. In the leucocratic 
portion, idiomorphic felspars, surrounded by pink micropegmatite, 
are abundant. 

Under the microscope the rock is seen to consist essentially of 
various felspars, quartz, pyroxene, secondary amphibole, and 
chlorite. The dominant felspar is an idiomorphic plagioclase, 
often badly weathered, but containing many fairly fresh portions, 
which, by their well-developed albite twinning, enable the felspars 
to be determined as oligoclase. The refractive indices of these 
felspars show that in many cases albite-oligoclase is present in the 
outer parts of the crystals. Laths of secondary mica occupy a 
large portion of the weathered phenocrysts : these sericite laths are 
arranged in lines parallel to the felspar cleavage. 

The boundaries of these idiomorphic felspars are well marked, 
often by a “dirt” band, and practically all are surrounded by a 
growth of a microperthitic felspar, which is presumably near to 
anorthoclase in composition. 

The anorthoclase zone is itself surrounded by micropegmatite. 
The graphic intergrowth shows the usual variations in arrangement, 
due to differences in grain. !t is frequently in optical continuity 
with the outer, or anorthoclase, zone of the larger felspars. 

Quartz is fairly abundant, occurring both interstitially and in 
granophyric intergrowth with the felspars. It is frequently present 
in the form of a mosaic, along with microperthite and an untwinned 
water-clear felspar, which has a refractive index less than quartz. 
The mosaic appears to have some relation to the clots of basic 
material, since it generally occurs, partially but not completely, 
surrounding the patches of ferro-magnesian minerals. This type of 
quartz contains characteristic lines of gas and solid inclusions, 
including needles of amphibole and small albite crystals, and 
apparently is not of secondary origin. Most of the inclusions are 
confined to the inner areas of each mosaic. The micropegmatitic 
quartz exhibits every gradation from that of a relatively large 
crystal of quartz containing thin bands of felspar, to the finest 
intergrowth. Micropegmatite is not limited to areas surrounding 
the felspar phenocrysts, but occurs also as a interstitial constituent, 
in, the body of the rock. 

The majority of the ferro-magnesian minerals are segregated 
throughout the rock in groups, which in certain respects may be 
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compared with the glomero-porphyritic aggregates in a lava. A 
colourless non-pleochroic augite is abundant, and is frequently repre- 
sented by secondary products; the freshest augite occurs near the 
centre of the ferro-magnesian aggregates. The commonest alteration 
is to a fibrous uralitic amphibole with pleochroism, bluish parallel 
to c, strong green parallel to b, pale yellowish-green parallel to a. 
The fibres of this uralite frequently penetrate the surrounding 
crystals. In many cases a core of augite is present in 
crystals of amphibole. Hydrated iron oxide is present in the cracks 
in the augite, and a slightly pleochroic chlorite with an extremely 
low birefringence is a common alteration product of the pyroxene. 
Occasionally a sahlitic striation is observed in the centre of the 
augite crystals. 

An interesting feature is the presence of elongated idiomorphic 
prisms, consisting mainly of uralite and bastite; these are often 
intergrown with the augite, and apparently are pseudomorphs 
after rhombic pyroxenes, although no fresh rhombic pyroxenes 
have been observed. 

Apatite, in elongated prisms, is unusually abundant in the basic 
patches. Some of the prisms show long central cavities. Magnetite 
and titaniferous magnetite are abundant in the “ clots’, though 
the granules are seldom found outside the basic patches. Many of 
these iron ores are enveloped by a pellicle of chlorite. Epidote occurs, 
generally in association with the ferro-magnesian minerals. Biotite 
and hornblende of a primary nature have not been observed. 

Til. Tae Granite. 

Near the edge of the laccolith, the micropegmatite disappears 
almost entirely, and the rock becomes a normal granitic rock. In 
hand specimens, it appears greyish, with the ferro-magnesian 
constituents more evenly distributed than in the granophyre 
described above, although small basic patches do occur. The pinkish 
colour of the micropegmatite is, of course, absent from the hand 
specimen of this marginal type. Fresh specimens are rather difficult 
to obtaim, though under the microscope most of the constituents 
may easily be identified. 
A characteristic feature of this marginal rock is the presence of 

relatively large amounts of interstitial quartz, undoubtedly primary, 
containing numerous inclusions of earlier formed minerals, amongst 
which needles of amphibole are particularly abundant. 

The felspars are mainly of idiomorphic habit, similar to those 
described as occurring in the granophyric type; the polysynthetic 
twinning may be observed. The outer zones are very much 
weathered, but probably consist of the microperthite described 
above. Granophyric structure is almost entirely absent from this 
marginal type of the laccolith. 

In contrast to the granophyric type, augite is wanting, and the 
crude glomero-porphyritic structure of the ferro-magnesian minerals 
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has disappeared ; the few ferro-magnesian constituents are more 
evenly distributed, and have a tendency to form irregular broken 
bands. They consist mainly of uralite and chlorite, apparently 
after a rhombic pyroxene. The outer edges of many of these 
pseudomorphs consist of a strongly pleochroic dark mica. The 
absence of primary mica and amphibole is conspicuous. The small 
basic patches consist of badly weathered felspars, quartz, fibrous 
amphibole and chlorite, much finer in grain than the surrounding 
groundmass. Surrounding these basic patches is an envelope of 
interstitial quartz. This envelope is more pronounced than that 
which surrounds the basic aggregates in the granophyric rock. 

IV. ConcLusiIons. 

Both the grenitic and the granophyric types described above 
apparently belong to the same rock mass, as an examination of the 
laccolith in the field affords no evidence which suggests that it was 
not formed from a single intrusion. R. H. Rastall1 describes and 
discusses ia detail the occurrence of a micropegmatite withm an 
intrusive mass, and an outward transition to a normal granitic 
rock; and as far as the leucocratic constituents are concerned, the 
Llwydmor Bach Granophyre forms a parallel to the Buttermere 
and Ennerdale Granophyre. 

Chemical analyses are not yet available, but a microscopic 
examination reveals the fact that the micropegmatite is more 
basic than the granite. This higher basicity of the interior of the 
laccolith is due to the presence of the “‘ clots”’ of pyroxenes and 
amphiboles. These basic patches are presumably cognate xenoliths 
which are relatively undisturbed in the well-developed micro- 
pegmatite. There is a tendency for these basic aggregates to be 
distorted with a diminution of the monoclinic pyroxene as the rock 
approaches the margins of the laccolith. 

The Llwydmor Bach Granophyre is apparently an intratelluric 
hybrid, an acid rock, which had become impregnated with a solidified 
basic magma, or had the dregs of a partially solidified local magma 
reservoir injected with the still liquid acid portion. 

A New Brachiopod (Leptestia) from the Kuckers Stage 
in Estonia, 

By Henprix Bexxer, Ph.D. (London). 

MONG the Brachiopoda described in my recent memoir on the 
Kuckers stage of north-east Estonia, there was an undetermined 

member of the Strophomenacea, of which the interior of the dorsal 
valve was unknown. I have since found a dorsal valve with its 
exterior (concave) outwards, embedded in kuckersite. By filling the 
concavity with plaster of Paris the shell could be easily removed 

1R. H. Rastall, Quart. Journ. Geol. Soc., vol. lxii, 1906, p. 253. 
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from the kuckersite. A complete description can now, therefore, be 
given. Since my return to Hstonia I have found additional examples 
of the same species* and of another species of the same genus among 
the collections of the Tartu (Dorpat) Museum, which were removed 
into Russia during the war, and have now been returned. 

I am indebted to Dr. A. M. Davies for reading the manuscript 
and proois. J wish to express my thanks to the officers of the British 
Museum for the use of the Gray collection from the Girvan district. 

Fies. 1-4.—Leptestia musculosa, sp. nov. 1.” Dorsal valve, x 2. a, posterior 
adductors; a’, anterior adductors; d, diductor marks; pl, hinge-plates. 
2. Area with cardinal process, X 2. 3. Ventralvalve, x 2. a, adductors ; 
d, diductor marks; d’, accessory diductors. 4. Shell surface, anterior 
region, X 20. a,surface ; b, section. Fic. 5.—Lleptestia sp., ventral valve, 
~ ® 

LEPTESTIA,? gen. nov. 

Diagnosis.—Valves dorso-ventrally concavo-convex, rounded- 
quadrangular in outline, widest anteriorly. As distinctive features 
may be named :— 

(1) The elliptical visceral fields of both valves internally. 

1 Labelled in the collections Leptaena transversalis Wahlenb. 
2 The name is composed of Lept- from leptés; and estia from Hesti 

(Estonia). 
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(2) The muscular platform of the dorsal valve, with an elevated 
septum and a trifid cardinal process. 

(3) The more or less sub-parallel shell-callosities of the visceral 
fields in the ventral valve, surrounded by shell-thickenings, which 
proceed as dividing branches from the septal process. 

(4) The strong dental lamelle of the ventral valve, with attached 
curved ridges, enclosing the muscle-area and the septal process. 

(5) The surface structure. 
Genotype: Leptestia musculosa, sp. nov. 

LEPTESTIA MUSCULOSA, sp. nov. (Text-fig. 1-4.) 

Undetermined Brachiopod of the Strophomenacea, 1921, 
H. Bekker, “‘ The Kuckers Stage of the Ordovician Rocks of North- 
East Estonia,” Acta et Commendationes Universitatis Dorpatensis, 
A ii, 1, p. 77, pl. i, figs. 13-14 ; pl. iv, fig. 13. 

Diagnosis.—Outlines of valves, which are normally concavo- 
convex, rounded-quadrangular, widest anteriorly. Area nearly 
straight, that of the ventral valve more elevated and the umbo 
of this valve slightly produced above the area. Visceral fields 
broad, clearly marked, elliptical. The muscular region of the 
ventral valve in the umbonal cavity, surrounded by elevated dental 
lamellae. In the dorsal valve a platform for the adductors, the 

cardinal process trifid. 
Material.—Author’s collection in Tartu, Estonia: two ventral 

valves, one dorsal valve. Three ventral valves and three complete 
specimens in the Geological Museum, University of Tartu. 

Locality and Horizon Kohtla-Jarve, Kuckersite quarry. 
Kuckers stage, C2, Ordovician, Tallinn (Estonia); Pavlovsk 
(Russia), C 16. 

Dors. V. Ventr. V. 
Measurements—Width at hinge-line . 19°5 mm. 23°5 mm. 

Greatest width . 2H) 2D 23°5 
Length : ; 16 20°5 

Description : Ventral Valve-—The area is slightly triangular, 
delthyrium moderately broad. Shape of the teeth not seen, as the 
valve unfortunately is slightly weathered, but they are supported 
by rather strong dental lamelle (Fig. 3); two curved ridges touch 
the dental lamellae anteriorly, enclosing the muscular area and a 
slightly elevated septal process, which proceeds anteriorly from 
the muscular area, dividing nearly in the middle of the length of the 
shell, and encircling two large elliptical visceral fields ; these show 
shell-callosities, a number of more or less parallel wrinkles (? ovarial 
markings). The muscular area shows marks of the diductors as 
well as accessory diductors ; the diductors enclose adductor marks. 

Dorsal Valve——Has an almost straight area, slightly inclined 
towards anterior end (Fig. 2). The trifid cardinal process is elevated 
above the hinge-line, and shows anteriorly two well-developed 
grooves ; on its back it shows mark of the diductor scar (Fig. 1). 
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Well-developed hinge-plates enclose deep sockets for the teeth of the 
ventral valve, and these plates proceed anteriorly, formimg elevated 
platforms for the adductors, well-defined for the anterior pairs, 
the first slightly folded. The muscular area is divided by an elevated 
septum which is highest in the middle of the length of the shell and 
ends at the beginning of the elliptical visceral areas, which are 
slightly concave, and show fine striations, strongest in their middle. 
From the visceral fields the valve bends more or less abruptly towards 
the anterior and lateral margins. 

External Ornament.—The stronger striz or ribs appear to be hollow 
and when slightly weatkered on the surface give the appearance 
of double strie. Between any two of these there are four to six 
rows of longitudinal elongated pits or punctures. Anteriorly the 
shells have several irregular longitudinal undulations. 

LEPTESTIA sp. 
Material—One ventral valve (interior), Geol. Mus. Univ. Tartu. 
Locality and Horizon —Rakvere (Vesenberg), Rakvere stage, H. 
Measurements —Greatest width . . 20 mm. 

Width at hinge-line . 18 mm. 
Length . : is) mome 

Description —The ventral valve is less convex than that of L. 
musculosa. The area moderately high, slightly concave ; the narrow 
delthyrium covered by a deltidial plate. Teeth rather strong, 
supported by lamelle, which are less strong than those of L. 
musculosa. The septal process is only slightly marked. The shape 
of the clearly bounded visceral fields with parallel ribs is rounded- 
angular, and recalls the shape of those fields in Davidsoma 
vernewliana. Exteriorly the ribbing is essentially the same as that 
of L. musculosa, but there are only two to four rows of pits between 
any two of the stronger ribs. 

Generic relations.—It is of interest to note the relation of Leptestia 
in some characters to different members of the Strophomenide. 
Rafinesquina alternata+ (Conrad) shows a very similar platform of 
the adductor muscles, but the new form differs from it considerably 
i its cardinal process, visceral fields, and ventral valves. The 
visceral field of Leptella ? shows resemblance to that of L. musculosa, 
but it differs considerably near the hinge-line. Undoubtedly related 
to Leptestia is Plectambonites leptelloides Bekker, with a very similar 
visceral field of the dorsal valve, only the latter has no highly 
developed marks of the adductors and its cardinal process shows 

Hall & Clarke, Palwontology of New York, vol. viii, 1892, pl. viii, fig. 9. 

Hal! & Clarke, op. cit., p. 293, pl. xva, fig. 15. 
3 IT am indebted to Professor O. T. Jones for calling my attention to the 

fact that P. schmidti var. leptelloides Bekker, described in my memoir 
(H. Bekker, ‘‘ The Kuckers Stage of the Ordovician Rocks of N.E. Estonia” : 
Acta et Comm. Univ. Dorpatensis, A ii, 1, p. 68, pl. iii, fig. 16; pl. iv, fig. 12 ; 
pl. v, figs. 9-13), is a distinct species and I replace the latter name by that of 
Plectambonites leptelloides Bekker. ; 

FU 
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anteriorly only two very faint grooves, which by stronger develop- 
ment produced the trilobation of the cardinal process of Leptestia ; 
the differences of the ventral valves are still more pronounced, as: 
(1) the shell-callosities of Leptestia in the visceral fields ; (2) its shell 
thickenings or ridges around the visceral fields; (3) its surface 
structure. 

Plectambonites llandeiloensis (Davidson)* is related to Leptestia, as 
well as to P. leptelloides, especially by its slightly similar visceral 
fields of the dorsal valve. Davidsonia verneuiliana Bouchard 2 
has muscular impressions in the umbonal cavity with almost the same 
arrangement. The conical shell callosities and spiral markings of 
Davidsonia are absent in Leptestia. Davidsonia does not possess 
dental lamelle and a septal process. The dorsal valves differ more 
considerably ; the exterior adductors of Leptestia enclose only a 
portion of the interiors, while the interior pair is enclosed by the 
exterior in Davidsonia. The cardinal process differs also. It might 
be suggested that Leptestia is an ancestral form of the middle 
Devonian Davidsonia, and the differences are naturally due to the 
mode of life (Leptestia is a free form, while Davidsonic is fixed by its 
ventral valve), as well as to the great lapse of time. 

An Aeolian Pleistocene Deposit at Clevedon. 

By Epwarp GREENLY, D.Sc., F.G.8. 

[This paper was read before the Geological Society of London, 
and discussed, on lst December, 1920. Subsequently, however, 
I asked and obtained leave from the Council to withdraw it from 
publication, in order to relieve the pressure on the Quarterly Journal, 
as has been announced in Proc. Geol. Soc., 1920-1, p. iv, footnote. ] 
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INTRODUCTORY. 

joe deposits which are the subject of this paper have already 
attracted some attention, because of their connexion with the 

contents of a small, though highly fossiliferous bone-cave at a place 

1¥F. R. C. Reed, “ Ord. and Sil. Brach. Girvan district”: Zvrans. Roy. 
Soc. Edinburgh, vol. li, 1917, pt. iv, p. 376, pl. xiii, figs. 32-4; pl. xiv, fig. 1. 

2 'T. Davidson, Brit. Dev. Brachicpoda, 1865, p. 74, pl. xi, figs. 13-16 ; pl. xv, 
fig. 18. Hall, J., & Clarke, J. M., Pal. New York, vol. viii, p. 301, pl. xva, 
figs. 31-3. 
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called Holly Lane (Figs. 1, 2), discovered by Mr. G. E. Male, of 
Clevedon, towards the close of the year 1905. Mr. Male worked at it 
for many weeks, and with his brother, Dr. H. C. Male, of Croydon, 
collected hundreds of bones, though uafortunately considerable 
numbers had been already thrown away. In the followmg year 
Professor Sidney Reynolds also began to collect, and obtaimed about 
500 more. Probably not less than 2,000 have been preserved. They 
are now in the museums at Jermyn Street (London), Bristol, and 
Taunton, and in Dr. Male’s collection. The vertebrates were named 
by Mr. E. T. Newton, Professor Reynolds, and Mr. Martin Hinton 
(with notes by Mr. 8. G. Shattock, of the Royal College of Surgeons, 
and by Professor Sir W. Boyd Dawkins), and the gasteropods by 
Mr. HE. T. Newton, the shells having lately been re-examined and 
the list revised by Mr. A. 8. Kennard. 
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Fic. 1.—Contoured map of Clevedon. Scale1°12 inch =1mile. HLQ = Holly 
Lane Quarry. ECG = Hast Clevedon Gap. DH= Dial Hill. Cas = 
Walton Castle. CQ = Conygar Quarry. ——~ =Alluvium. Heights 
in feet. 

Tn the present paper we are concerned with the cave only in so far 
as its contents form a part of the accumulations which are found 
outside, and which buried it altogether. My own acquaimtance with 
the Holly Lane section began in the late autumn of 1916, when I was 
taken to see it by Mr. G. E. Male, and we discussed the curious 
questions presented by it. To account for the phenomena by the 
action of water seemed tome impossible. It occurred to me, however, 
that the deposits had certain characters which recalled the 
descriptions which have been given of the Loess by Richthofen and. 
others, and I suggested to him that a solution of the problem might 
perhaps be found in eolian action. During the succeeding three 
years I made further investigations, which brought out more eolian 
and loess-like features than might have been expected. 
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GENERAL ASPECT. 

The deposits consist of sandy breccia, loamy sand with stones, 
loamy sand, and sandy loam, and attain a visible depth of 60 feet, 
the base, moreover, not being reached at that spot. But they are by 
no means confined to the Holly Lane section, though that is still the 
best exposure. They have now been traced across the whole width 
of the valley (known as the Vale of Gordano), and also for 2 miles 
westward. Though sometimes very thin and sometimes absent 
altogether, they seem to be scattered over 2 square miles of country. 
Where thickest they are banked up against the flanks of the hills, 
a feature which is extremely pronounced at Holly Lane, as may be 
seen in Fig. 3. 

Gigi hun oo pe 
aetna Alluvium Headlard ~— —_~—_ 

Fic. 2.—Sketch-map of the Pleistocene deposits shown by the stipple. Scale: 
1°13 inch=1 mile. HLQ = Holly Lane Quarry, but letters a trifle to N. of 
exact spot. DH = Dial Hill. Cas—=Walton Castle. For other localities 
see Fig. 1. 

PETROLOGICAL CHARACTERS. 

The Breccias are crowded aggregates of angular fragments, 
usually 3-6 inches, but sometimes a foot or more in diameter, while 
blocks 5 feet in length are occasionally found. Their angularity is 
very marked, and rudely tetrahedral forms are very common. 
The tendency to this form is locally accentuated at Holly Lane by 
a particular system of jointing in the parent rock (the Caninia 
oolite); but the triangular faces cannot fail to recall the much- 
discussed “ Dreikanter”’ of modern deserts. Equally pronounced 
is their local origin. The breccias are not known to extend more than 
60 yards from the hillside crags. At Holly Lane every block 
examined is from the Caninia oolite of the Carboniferous Limestone! ; 
while at East Clevedon Gap nothing but limestones of the Z zone 
(with one or two blocks of the adjacent Coal Measures), and at 

1 With one solitary but interesting exception, conside@Ml on p. 372. 
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Conygar nothing but the Coal Measure sandstone, have been observed. 
In every case the blocks are derived exclusively from the formation 
against whose crags they rest. The breccias have, m fact, so far, 
the characters of a talus or scree. 

They differ, however, from a pure talus in that the blocks are 
embedded in a matrix of ruddy brown, loamy sand, sufficiently 
compacted to leave a good hollow cast when they are taken out, 
and occasionally even cemented by secondary calcite into a tolerably 
hard rock. Now, this sand is not of local origin. It consists for 
the most part of quartz, but is decidedly poor in white mica. When 
washed it always yields a tail of heavy minerals (which are 
enumerated below) and sometimes a front of light ones. The light 
front consists of thin flakes of land-shells and black carbonaceous 
débris. The matrix of the Conygar breccias, however, in spite of the 
fact that the Coal Measure sandstone upon which they rest is rich 
both in white mica and in coaly débris, contains no carbonaceous 
matter, and no more white mica than we find at Holly Lane, where 
the breccia rests against the Caninia oolite. The heavy minerals 
are the same at Holly Lane as at Conygar, and could not possibly 
have been derived from the Caninia oolite. Thus it is clear that the 
breccias are local screes, with a matrix of sand which is of alien 

origin. 
The Stony Sands.——By simple waning of the blocks the breccias 

graduate into stony sands, the blocks being still angular but of 
smaller size. In the simpler sands they nearly disappear, but no 
sand is completely free from blocks. Close to any crag they are as 
local as in the breccias, but in the broad valley bottoms blocks from 
the opposite slopes begin to appear, and in places equidistant from 
crags of different rocks, they are derived in approximately equal 
numbers from the two sources. 

The Loamy Sands.—The composition of all the sands is essentially 
the same, save that the light shell and carbonaceous débris may be 
absent, being much greater at Holly Lane than anywhere else. 
Some flocculent clayey matter is always present. There is the usual 
overwhelming quantity of quartz and the same poverty m 
white mica. Nor is there much felspar. Some fragments of a very 
fine siliceous mosaic, often containing black dust (apparently 
carbon), may he regarded with confidence as Carboniferous chert. 
The heavy residues are mainly composed of zircon, tourmaline, 
garnet, magnetite, and rutile. Staurolite is not rare, and there are 
small quantities of andalusite, biotite, green hornblende, epidote, and 
ilmenite, with (I think) a very little monazite. 

Some of the quartz is clear, but much of it is dusky with melusions, 
and inclusions are abundant also in the garnets and in some of the 
tourmalinesand zircons. The larger grains of quartz are well rounded, 
with dull, dry-rubbed surfaces, but nearly all the smaller grams 
are angular. A few, however, show facets of secondary outgrowth, 
as if derived from Triassic sandstones. The zircons, tourmalines, 
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magnetites, and many of the garnets are idiomorphic. Most of the 
rutile is hypidiomorphic, and geniculate or kite-shaped twins are 
rare. 

Contribution by Mr. VY. A. Eyles, B.Sc.—Unfortunately, the 
analyser of my microscope was at that time suffering from a shock 
received on the railway, besides which I was then obliged to obtain 
the heavy residues by mere washing with water. These 
disadvantages, however, have since been made up, for Mr. Hyles, 
not long before leaving the University of Bristol for the Geological 
Survey of Scotland, made an examination of the sands with 
proper appliances, and has kindly communicated his results. 

He identified all the above-named minerals, except ilmenite, 
epidote, hornblende, and monazite. His confirmation of the 
presence of andalusite (whereof, with my crippled microscope, 
I. had been doubtful) is very important. He found, in addition, 
kyanite, magnetite, hematite, orthoclase, and a little triclinic 
felspar, some of which is microcline, some apparently albite, some 
apparently more basic. Dr. H. H. Thomas also identified in 
his slides a little anatase and brookite. The ruddy colouring matter 
he regards as limonite, and found also a little cementing calcite. 

Most of the tourmaline is ereenish-brown, but a little is blue, 
while a pink variety seems to be present. He notes that there are 
two varieties of rose-coloured garnet, one worn and of moderate 
size, the other small and idiomorphic. 
He also made (from one sample) the following quantitative 

estimation of the proportions of the constituent minerals :— 

Heavy Minerals, Sp.G. > 2:8 3 £ 3 0-64 
In-sol.in HCl. } Minerals, Sp.G. < 2°8 ; - 3 ‘ 80-26 

Fine Mud. ; é 2 ; a 3:00 
Calcite (chiefly) : : 8-50 

Sol. in HCl. ~ Oxide of Iron (coating grains) and other un- 
determined soluble matter . : - 7-60 

100-00 

Percentage of Heavy Minerals in the grains freed from calcite 
and iron oxide : é : 3 : : : 0-79 

The minerals present, besides quartz, calcite, and limonite, are 
therefore— 

Plentiful. Zircon, Tourmaline, Garnet, Magnetite, Rutile. 
Moderate Quantity. Staurolite, Orthoclase. 
Small Quantity. Andalusite, Biotite, White Mica, Hornblende, 

Epidote, Kyanite, Hematite, Imenite. 
Very Rare. Anatase, Brookite, Monazite(?), Albite (7), 

Basic Felspar (?), Microcline. 

The Loams, which are but feebly plastic, are mainly composed of 
minute angular quartz and a flocculent matter which appears to be 
lmonite. They are calcareous, effervescing slightly with hydro- 
chloric acid, and shell-flakes are common. The loamy component 
of the sands appears to be of the same general character. 

VOL. LIX.—NO. VIII. 24 
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STRUCTURES. 

Bands of breccia, sand, and loam alternate with each other, 
especially at Holly Lane (Fig. 3), and lenticular, impersistent 
beds of sand or loam, about a foot im thickness, are ocvasionally 
disclosed within the breccias. But within each band stratification 
is absent or very feebly developed. Sometimes, in favourable 
states of. weather, very faint signs of it may be detected. in the 
loams.. In the sands, bedding may be seen here and there for 
a foot or two, but it soon dies out. The breccias are tumultuous, 
the major axes of their great 5 ft. blocks even being often vertical ; 
while the isolated blocks in the stony sands are at all kinds of angles. 
_The purer sands, where furthest from the hills, are quite unstratified. 
One or two settlement-faults, with displacements of a few inches, 
have been revealed in the course of the quarrying. 

But the most curious character of the fine deposits is the develop- 
ment of a vertical system of divisional planes. It is most 
pronounced in the loams, and is present even in the impersistent 
lenticles. The structure vannot be termed a jointing; it is too 
close; and is better described as a sort of cleavage. For it is so 
well developed that lamine no thicker than }in. can be flaked 
off with the hand, and still thinner ones with a knife. No steady 
strike is perceptible, and, indeed. it shows a tendency to 
curve with the curvature of the temporary cliffs, as if potential 
on all vertical planes within the mass, and developed by the weather, 
particularly frosty weather. The svanty micas are quite insufficient 
to account for this remarkable cleavage, but we may ascribe it with 
confidence to the thin shell-flakes, for they stand at all angles, and 
where they are most abundant it 1s most pronounced. 

The loams are sometimes traversed by minute capillary tubes, 
often containing black specks and streaks of carbonaceous matter, 
evidently the remains of vegetation, particularly rootlets. Mr. G. EK. 
Male states that calcareous concretions, with diameters ranging from 
i to £in., were not uncommon in the matrix of the ossiferous 
breccia, and small aggregations of calvite are still frequently to be 
found in the loams. 

PuysicaAL FEATURES OF THE DISTRICT. 

Clevedon is situated at the convergence of two ridges (Fig. 1), each 
about 270 feet in height, one running westward from Bristol, the 
other south-westward from Portishead. Both are maimly com- 
posed of Carboniferous Limestone, dippmg rather steeply in 
southerly directions ; but Old Red Sandstone dips under that of the 
Portishead ridge, while Coal Measure (“ Pennant’) Sandstone is 
brought by a powerful rupture against the north side of that of the 
Bristol ridge. Outliers of Triassic (Dolomitic) conglomerate cling. 
to the Paleozoic rocks, and the lowlands are underlain by Keuper 
marl and sandstone, which, however, are seldom visible. The 
Portishead ridge is washed by the Bristol Channel, but the southern. 
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side of the Bristol ridge looks down upon that great tract of alluvial 
fen-land which, with a level of about 20 feet O.D., sweeps without 
interruption to the foot-hills of the Mendips, and through their 
gaps to Bridgwater and Glastonbury, no less than 24 miles away, 

The two ridges enclose a secluded hollow, 5 miles long, already 
alluded to as the Vale of Gordano, whose romantically wooded sides 
break here and there into crag. Save for half-a-mile at its south- 
western end, it is floored by a tongue of the Severn-side alluvium, 
whose surface is also at the 20 ft. level. But the upper end of this 
Gordano Valley is altogether anomalous. The Bristol-to-Clevedon 
ridge is abruptly breached by a huge craggy gap, which we may 
call “ East Clevedon Gap ” (Fig. 1), whose visible floor is at hardly 
more than 5 or 10 feet above the level of the great alluvia, while its 
rock-floor, buried under the superficial deposits which are our present 
subject, may be at or even below sea-level. Thus the Vale of 
Gordano, just where a cirque of heights appears about to close it in, 
is suddenly laid almost as open to the south-west as it is to the 
north-eust. 

DISTRIBUTION AND RELATIONS OF THE DEposITS. 

The distribution and behaviour of these deposits is everywhere 
conditioned strictly by the physiography (Figs. 1, 2). They cling 
to the southern flanks of both ridges, climbing up to 120 feet above 
the sea. But in the Vale of Gordano and in Kast Clevedon Gap they 
extend completely across the hollows, and climb up the opposite: 
sides as well. Against the crags they are (Fig. 3) banked 
up thickly—more thickly on southward-facing than on northward- 
facing crags. They are interrupted at gaps in the ridges. The little 
cave (Fig. 3) was filled with breccia to within 18 inches of the roof, 
the breccia resting on some 8-10 inches of dull red stony loam or 
cave-earth, which lay upon the rocky floor. The breccias and stony 
sands are confined to the steep flanks of the hills ; but the sands and 
loams are not in converse manner confined to the valley-floors, for 
they rise up on to the hill-sides, interdigitating with the breccias. 
At 50 or 60 yards from the crags the bands begin to rise at angles of 
about 15°, the angle increasing till at the crag-side it is as high as. 
32° (Fig. 3). The surface in such places is also steep, though not 
quite so steep owig to the upward thinning of the bands, and the 
slope falls off rapidly. Its profile across the Vale of Gordano is 
shown in Fig. 4, and is a highly characteristic curve. On the gentler 
slopes and the valley-floors their base has not been seen, so that the 
true thickness is unknown. The lowest level to which they have been 
traced with certainty is about 30 feet O.D., but there is little doubt 
that they pass under the great alluvia. 

PALZONTOLOGY. 

Determinable fossils have been obtained only at Holly Lane and 
Highdale Road. The vertebrate forms (see Reynolds, op. cit.) 
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are horse, bear, wolf, fox, Arctic fox (2), rabbit (2), four species of 
vole, Norway lemming (?), with twenty-four species of birds 
(including eagle, buzzard, heron, gull, and cormorant). Four fish 
vertebrae were also found. Mr. Newton’s reserve as to the Norway 
lemming is on account of the lack of jaws and teeth, but he finds 
that “a goodly number” of limb-bones agree with those of that 
species. Of the larger vertebrates, the most numerous are horse, 
beaz, and wolf, but more abundant than either are the voles. None 
of the birds are individually numerous. A curious and interesting 
circumstance is that the bears were frequently afflicted with osteo- 
arthritis. 

The molluscan forms are— 

Hygromia hispida (Linn.). 
Helicella virgata (Da Costa). 
Helix aspersa Mill. 
Pupilla muscorum (Linn.). 
Succinea putris (Linn.). 

Of these the most abundant forms are Hygromia hispida (very 
plentiful) and Pupilla muscorum, which are so characteristic of all 
late Pleistocene deposits. Helix aspersa is known from the Pleistocene 
of Chudleigh, South Devon, and Helicella virgata from the Pleistocene 
of Santon, North Devon, and Chudleigh, South Devon. All are from 
Holly Lane except H. aspersa, which was only found at Highdale 
Road, where I think it was 2m situ. A single specinien of Litorina 
obtusata (named by Mr. Newton) is also reported from a former 
collection. There are no determinable plant-remains. 

Reviewing the character of the fauna, we see that the presence 
of the few sea-birds is easily understood at a position so near to the 
sea ; while the four fish-bones and the doubtful Letorina could easily 
have been brought by the large carnivorous birds. All the rest are 
land-forms, and it is evident that the fauna, both molluscan and 
vertebrate, is thoroughly terrestrial. 

With regard to mode of occurrence, the mollusca have been found 
in the loamy sand outside the cave. The greater number of the 
vertebrates were obtained inside the cave, but they were also 
plentiful outside, though always immediately against the crag, the 
vole-jaws often in small crannies thereof. Close to the cave’s mouth 
one vole-jaw was found by Mr. Male within the neural canal of a 
horse’s vertebra. With one or two exceptions the bones were all 
detached and jumbled up tumultuously together, much as are the 
blocks in the breccias in whivh they were contained. 

No certain signs of the presence of man have been detected, 
though carefully sought for during the excavations; but some bones 
are doubtfully regarded as human by Professor Boyd Dawkins. In 
1917, however, I obtained at Holly Lane a slab of Coal Measure sand- 
stone an inch thick and weighing 1 lb. 14 0z. It was undoubtedly 
embedded in the upper band of breccia, for it left a clean smooth 
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cast when taken out. It was, indeed, the only alien block found 
in the deposits anywhere, and is the solitary exception to the 
Holly Lane oolite blocks mentioned above, from which it also differs 
in being sub-angular. On that side of the valley (Fig. 2), 
at the 55-60 ft. level, it could not possibly have been carried from 
Conygar by the agent which brought about the accumulation of 
the breccia. We may also reject the possibility of its having fallen 
from some patch of Trias conglomerate concealed among the woods, 
for no Triassic blocks have been found, and the Triassic outher at 
Walton Castle has yielded no fragments of Coal Measure sandstone. 
It is, in short, almost impossible to imagine how it could have been 
brought by any “natural” agencies. Further, its corners show 
some signs of battering, as if used as a hammer, for which its size 
and shape would be well adapted. Provisionally, therefore, human 
agency may be suggested as the most likely explanation of its 
presence. 

Loca DETAIL. 

This may be difficult to realize from perusal alone. But, as several 
of the exposures have disappeared altogether, as all of them are 
liable to rapid change, and as such change now tends not to improve- 

- ment but to deterioration, the evidence ought to be placed on record. 
The descriptions will also be a guide to those who may visit the 
ground. 

Holly Lane (Figs. 1, 2, 3).—As this is by far the best section, 
its leading features have already been described by implication. 
Its western cliff is the only place where more than two members 
are to be seen together. There are five bands. The lowest is a 
sandy breccia with blocks about three inches in diameter. This 
passes rapidly up into a very coarse breccia with blocks as much 
as 5 feet long. Then follows, rather abruptly, a sandy loam (the 
best to be seen anywhere) with capillary tubes and a few small 
stones. It graduates upward (though so rapidly that the junction 
is quite distinct in good states of weathering) into loamy sand with 
about one stone to a square foot of section. The latter is full of little 
flakes of thin land-shells (which stand at all angles), and well-pre- 
served specimens, especially of Helix hispida and Pupilla muscorum, 
have been obtainable at any time during the last three years (1916— 
20). They are not equally distributed. Most of them occur along 
a sort of horizon rather below the middle of the band, and in that, 
too, are apt to occur in little groups or crowds. Both bands 
display the vertical cleavage well, especially after frost. Upon 
the sand rests an upper sandy brevcia, with blocks usually about 
3 inches, but occasionally 2 feet, in diameter. All the bands thin 
uphill. The most striking feature of the section is the remarkable 
deposition-dip, which rises to as much as 32 degrees. Since 1905 
the whole mass of deposits has been slowly cut back westwards, and 

Mr. Male states that the section was not so good in 1916-17 as when 
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he first saw it. Since then it has deteriorated still more. On the 
other hand, the cleavage was better developed than I had ever 
seen it. 

The deposits are banked up against an old Pleistocene cliff of the 
Caninia oolite (here exceedingly veined with calcite), which is part 
of the long valley-side feature. Here and there it is vertical, or even 
slightly undercut. The main floor of the quarry is at about 
60 feet O.D., the top of the whole suite of drifts at about 
120 feet O.D., so that the depth seen is 60 feet. But in the outer 
parts of the quarry, 54 yards away from the cliff, where the floor is 
cut down to about 50 feet, the sand appears again, and above it the 
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Fic. 3.—The Holly Lane Section. Scale: 1 inch = 27 feet. The base-line 

is at 60 feet above sea-level. The highest point of the Pleistocene deposit 
is at 120 feet above sea-level. The deposits shown are in ascending 
order: Lower breccia, coarse breccia, sandy loam, loamy sand, upper 
breccia. The cave is shown as when filled with the lower breccia. 

upper breccia, which has come down on the dip. The deposits have 
also been cut back eastwards about 51 yards from the cave, and 
there we find another good section, but the cliff-brow, and with it | 
the summit of the drifts, has declined, so that the depth seen 
is only about 20 feet. All is sandy breccia with blocks about 
3-4inches in diameter, save for four lenticular, 1 ft. bands, dipping at 

about 30 degrees, of loamy sand with cleavage. So far as can now 
be made out, the fine deposits have here almost wedged out, allowing 
the upper and lower brevcias to coalesce. The crag here overhangs 
40 degrees, with sand adhering to the undercut face. The whole 
mass of drifts dies out rapidly westwards, and has disappeared at 
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the lane, for, in the large quarry beyond, it does not seem to have 
existed. 

The cave is really about 45 yards north-east of Fig. 3, but is brought 
artificially into that plane in order to show its relations. Its floor 
is at about 60 feet O.D., and as no rock is to be seen outside, its 
door would appear to have been some way up the old steep feature. 
Its domed roof rises a little above its entrance-arch, aud the interior 
is about 8 feet high and 18 feet wide, penetrating the hill to about 
10 feet. It was filled with the lower breccia to within about 1 ft. 6 in. 
of the roof, and on the floor, below the breccia, were 8-12 inches of 
a dull red stony loam, described as “‘ cave-earth”’. Although it 
has deteriorated, the great western section may improve again, 
and should be examined from time to time, as the drifts will doubt- 
less, by degrees, be worked away altogether. 

Fic. 4.—Profile of the Vale of Gordano between Holly Lane and Conygar. 
Scale: 9 inches = 1 mile. 

Conygar (Fig. 1).—On the quarry-brows, up to about 180 feet O.D., 
there is a local breccia of Coal Measure sandstone, with a sandy 
matrix, above which are 3-4 feet of ruddy, loamy sand. That this is 
not a mere weathering-product of the sandstone has been shown on 
p- 368. The sand and breccia can also be seen along the steep quarry 
eart-road, but the thickness (from rock-outcrops in the woods) 
does not appear to be great. Stony sand is proved in the gentle 
slopes below the high road in two shallow sections, and by many 
molehills, as far as the railway. 

East Clevedon Quarry.—This is on the western side of the great 
gap (Figs. 1, 2), not far up the lane which leads into the woods. 
A Pleistocene crag of crmoidal Z limestones has been revealed, resting 
against which is a mass of angular local breccia, with 4 to 5 in. blocks 
in a matrix of ruddy loamy sand. This drift is about 50 feet deep, 
and climbs up to about 120 feet O.D., the features plainly indicating 
that the breccia sweeps down the slopes to join the stony sand of the 
railway cuttmg. Though the section just reaches the outcrop of the 
Coal Measiires, only one or two blocks of their sandstone has been 
found in this drift. 

East Clevedon Railway Cutting.—This is at about 30-40 feet O.D., 
just where (west of the church) the gap is opening out into the Vale 
of Gordano, and is within the outcrop of the Coal Measures. It 
shows about 6 feet of loamy ruddy sand of typical composition and 
quite unstratified. The blocks are all of Coal Measure sandstone, 
save one or two of decayed Caninia limestone from the higher 
crags. 

Gordano Vale Railway Cutting is in the middle of the valley, close 
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to the 50 ft. contour (Fig. 1), 370-500 yards south by west from the 
Holly Lane quarry. It is about 170 yards long, and is the best section 
in the drifts of the valley-floors. About 6 feet of ruddy loamy sand 
are seen, with a few stones, which are partly Coal Measure sand- 
stone, partly Caninia oolite, the latter being more numerous on the 
northern side. Not the faintest sign of stratification has been 
detected even after frost, though the section is still vertical and clear. 
Heavy minerals are more plentiful than on the hill-flanks, and more 
facetted quartz was found here than anywhere else. 

Highdale.—Karly in 1918 the roadwall at the 70 ft. level, between 
the Fir Wood and the allotments, 3 mile north-east of the station 
(Fig. 1), collapsed, and clearing for its rebuilding exposed for a while 
a good section in more than 8 feet of loamy sand. There were some 
angular blocks of the dolomitic Trias conglomerate which occurs 
at that spot, and the sand was unstratified. It yielded Hel 
aspersa Miill., the shells, though retainmg traces of colour-banding, 
being decayed and evidently old, and I think an situ. No base was 
visible, and the drifts evidently form the gentle sandy slopes which 
tun dowr to the alluvium. About 200 yards to the W.S.W., 
at 80-90 feet O.D., similar sand can be seen clinging to the 
back of the steep little combe above Highdale Farm ; and a little of 
it is also to be seen 180 yards further south-west, at the west end of 
Highdale Avenue. 

Lower Clevedon.—Major A. B. Trestrail informs me that several 
feet of loam were cut into when making the bowling-green in Princes 
Road. Stony sand is visible above sandy slopes near St. John’s 
Church, and several feet of it are said to have been cut into when 
building a vestry. It is also reported at the foundations of the houses 
in St. John’s Road, and as being banked up to several feet against 
the east end of Hangstone crag (shown in Fig. 1 by the sharp south- 
ward projection in the 50 ft. contour—though the crag just reaches 
100 feet in height). That crag, and the quarry in Jesmond Road, 
are bare; but stony sand reappears between them and Clevedon 
Hall, passing over the low part of the ridge to the “ Green Beach ”, 
where, just to the west of the 50 ft. contour, a little sandy loam that 
seems alien rests on limestone rubble at the clifi’s brow. Sandy 
breccias appear also at the roadside quarry on the southern side of 
the Old Church Headland. 

(To be continued.) 
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(5) P. QuENSEL. DE KRISTALLINE SEVEBERGARTERNAS GEO- 
LOGISKA OCH PETROGRAFISKA STALLNING INOM KEBNEKAISEOM- 
RADET. Geol. Foren. Stockh. Forh., vol. xli, 1919, p. 19. 

(6) V. M. Goxtpscumipr. Dire INJEKTIONSMETAMORPHOSE IM 

STAVANGER GEBIETE. Vid. Selsk. Skrifter, M.N.K1., No. 10, 
15 col eg 6 il 

iG is now almost thirty years smce Mr. Barrow first unfolded the 
evidence for progressive metamorphism on a regional scale in 

the Pre-Cambrian sediments of the South-east Highlands of 
Scotland. This early publication has been supplemented by a more 
detailed map in 1912 in the Proceedings of the Geologists’ Association. 
Within the last few years comprehensive studies on progressive 
metamorphism have been made in Scandinavia, with results in many 
ways identical with those of Barrow. It is unfortunate, however, 
that the work of Barrow, preceding as it does by more than twenty 
years the zonal mapping of Scandinavian areas, has remained 
unknown to Scandinavian petrologists, and, indeed, as the writer has 
experienced, to German and Swiss petrologists generally. 

It is to Goldschmidt, Quensel, and Gavelin that we owe important 
studies in the Scandinavian region. 

The argillaceous sediment has been throughout the principal 
rock type used in the study of progressive metamorphism. 

In the Trondhjem district, Norway, dynamo-thermal zones have 
been mapped in the Paleozoic sediments, and the succession, as 
denoted by the first appearance of indicator minerals, is chlorite, 
biotite, garnet, the chlorite zone corresponding to Barrow’s zone of 
digested clastic mica. Higher zones undoubtedly exist in this area, 
but no further subdivision of the garnet zone has yet been published. 
In the Stavanger district the zones in the Cambro-Ordovician 
phyllites are chlorite, garnet, biotite, the normal biotite garnet 
order being here inverted. The reason for this inversion is clearly 
the composition of the garnet, not a true almandine as analyses 
show, but one rich in the spessartine molecule. [The same inversion 
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appears in the metamorphosed rocks of the Start, South Devon 
(Proc. Geol. Soc., 1922, pp. 88-9).] 

Rocks containing the typical minerals ot Barrow’s higher zones 
are not absent from the Stavanger region, but their occurrence is 
sporadic. Superposed on this progressive metamorphism is an. 
intensive soda metasomatism in the neighbourhood of the sodic 
Caledonian intrusives (trondhjemites, etc.), the garnet zone thus 
passing into a zone of albite-porphyroblast-schists, and these in 
turn to injection gneisses. There is evidence to believe that the soda 
has been here introduced not as albite, but as sodium silicate (water 
glass), which, reacting with the aluminous constituents, has given 
rise to abundant albite. 

To the writer it appears that herein lies the reason for the 
irregular occurrence of Barrow’s higher zones, the formation of 
staurolite, kyanite, and sillimanite being largely inhibited by 
reaction of the excess alumina with the mcoming soda from the 
intrusives. The first published report of intensive metasomatism 
in the contact zones of intrusives comes, however, from the 
Kvikkjokk and Kebnekaise regions of northern Sweden, as studied 
by Gavelin and Quensel. A preliminary report appeared in 1915, 
but the detailed work of Quensel has still to be published. 

Thisfurther work of Quensel, and the continuation of Goldschmidt’s 
work in the Stavanger region, particularly in regard to the evidence 
of progressive metamorphism in the green schists of this area, will 
be awaited with much interest. 

The results already obtained point clearly to the need for a careful 
study of those Highland sediments in contact with the older and 
newer granites, particularly any of sodic character, for evidence 
of metasomatic processes of a like order. 

Whatever be the case, it is clear that in Barrow’s zonal map of the 
south-east Highlands we have the most complete and detailed of 
any yet published. 

C. E. Tiniey. 

GroLogicaAL WoRK ON THE WESTERN Front. The Work of the 
Royal Engineers in the European War, 1914-1919. pp. vill +- 
71, with vii plates and 19 figures, photographs, maps, and 
sections. Chatham: W. J. Mackay & Co., Ltd., 1922. 

paths book, of which, we believe, a very limited issue was printed, 
is published by the Secretary of the Institution of Royal 

Engineers, Chatham. Jt contains a record of the geological work. 
carried out in France and Belgium by the geologists attached to 
the military forces. In April, 1915, Captain W. B. R. King, of 
H.M. Geological Survey, was chosen for this work, and in June he 
joined the staff of the Chief Engineer in France, under whom he 
continued to work till the end of the war. In May, 1916, Lieut.- 
Col. Sir T. W. Edgeworth David arrived in France with the 
Australian Mining Corps, and acted at first as geological adviser on 
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mines to the First, Second, and Third Armies. In September, 1916, 
he became general geological adviser on mining matters at G.H.Q. 
These two officers, with Lieut. Loftus Hills, of the Tasmanian 
Survey, and two other Australian tunnelling officers, formed the 
whole geological staff up to the Armistice. It is to be noted that 
from April, 1915, to May, 1916, Captain King was the only official 
geologist on the whole Western Front. 

The book before us contains an excellent and interesting account 
of different kinds of work carried out by these officers, under the 
general headings of Water Supply, Mining, Field Positions, Road 
Metal, Concrete, Coal Mines, Dug-outs, and others. The importance 
of water supply to an army is obvious, and this subject is well dealt 
with here. This should be read in connexion with Captain King’s 
paper in the Geographical Journal for October, 1919. Both in mining 
and in the construction of dug-outs one of the most important 
points is the avoidance of water-bearing strata and a knowledge of 
the position of the water-table at different times of the year. Much 
information is also given as to boring plants adapted for test-bores 
for these special purposes. Another interesting and unusual subject 
here dealt with is the effect of shell-holes on the superficial deposits 
of areas where it was desired to put down a barrage in order to 
ascertain whether the barrage would stop our own advance by 
rendering the surface impossibly wet and full of water-holes. For 
this and innumerable other purposes geological maps were needed, 
and much valuable help was received from French and Belgian 
geologists. 

In conclusion some particulars are given of the geological establish- 
ments of the German and American armies, and a suggestion is 
drawn up for an adequate British geological staff, R.E., in any 
future war. The total personnel suggested for G.H.Q. and five 
armies numbers twenty-seven. Although it is not considered 
necessary to maintain a regular geological staff in peace time, yet 
facilities should exist, by keeping touch with H.M. Geological Survey, 
to bring such an organization into existence at the shortest notice 
in any emergency, since the existence of an adequate geological 
staff from the beginning of any war would be the means of saving 
much life, labour, and expense. 
We rejoice that this book bas been published as a permanent 

record of the brilliant work performed by the British geologists on 
the Western Front. 

Eocene Mo.uusca From Nigeria. By R. B. Newton. Bull. 3, 
Geol. Survey of Nigeria. pp. 148, with a Map and 11 Plates. 
Published by the Nigerian Government, 1922. Price 17s. 6d. net. 

i[\HIs forms a general account of several collections made during 
1914 to 1917 from Ameki, about 60 miles north-west of Calabar. 

A Zeuglodont, leathery turtle, and carinate bird from this deposit 
have already been described by Dr. Andrews, some fish remains by 
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Dr. Smith Woodward, and some foraminifera are included in this 
paper as an appendix by Heron-Allen and Earland. 

Mr. Newton, while formerly laying stress on the similarity of the 
fauna to the Claiborne, Mokattam, and European Middle-Eocene, 
has now, after further study, come to regard this as an Upper 
Lutetian stage, recognizing at the same time the Bartonian facies 
of the material. The Mollusca are extremely well preserved, and 
have been reproduced from the excellent photographs of Mr. P. 
Doliman. Mr. A. EH. Kitson and Dr. J. D. Falconer must be con- 
gratulated on securing the publication of so interesting a collection, 
which forms a valuable addition to our knowledge of the geology 
of this part of West Africa. 

On THE HasTERN Part or THE Arctic, Basatt PuatTEau. By 
H. G. Backtunp. Meddelanden fran Abo Akademis Geologisk- 
Mineralogiska Institut, No. 1. pp. 53, with 2 text-figures. 
Abo, 1920. 

OUR knowledge of the great basalt plateaus of Siberia is very 
slight in comparison with the great amount of detail available 

as to the western and extreme northern parts of the Arctic Province. 
The paper now under review is a most tantalizing production, since 
the author states that he had in his possession material from regions 
covering the whole of the eastern area, hinting darkly at a mysterious 
accident which deprived him of almost all his specimens and notes. 
After this catastrophe he decided to publish a detailed account of the 
small amount that remained. Full descriptions are given of three 
specimens, one from Bennett Island in the extreme north of the 
New Siberian Islands, and one from Wilkitski Island, to the east of 
the same group; the third specimen examined in detail came from 
the Adzra river, in the Petchora region, west of the Urals. The first- 
named proves to be an olivine-trachydolerite, the second a basaltoid 
nephelinite, and the third a basalt very like a type described from 
Spitsbergen, and of the normal Brito-Arctic facies. From these 
results, and from the author’s general knowledge of the eastern 
plateau, it is concluded that the rock-types found are very similar 
to those of the western and northern areas from Spitsbergen to 
Britain, namely, for the most part normal basalts and olivine-basalts, 

with an occasional local lapse into alkaline types. 
The physiographic relations of the Siberian basalts are peculiar ; 

the lava-flows only occur in deeply eroded valleys, which they partly 
fill. Apparently the fissures never opened as high as the general 
plateau surface, which consists of sedimentary rocks. The extrusion 
of the lavas is correlated with isostatic continental uplift on a large 
scale. Unfortunately, in the concluding and most interesting sections 
of the paper, the author’s English becomes somewhat obscure, and 
some of his points are difficult to follow; he seems to consider, 
however, that in addition to isostatic adjustment some form of 
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magmatic pressure is necessary to account for the phenomena 
observed, and that molten magma may exert even more force than 
admitted by Gilbert im his laccolithic theory, though not so much 
as formerly supposed by von Buch and his followers. 

Ri eR: 

REPORTS AND PROCEEDINGS. 

GEOLOGISTS’ ASSOCIATION. 

9th June, 1922. 
“The Liassic Rocks of Glamorgan.” By A. E. Trueman, D-Sc., 

F.G.8., University College of Swansea. 
The Liassic rocks of Glamorgan occur in several small outliers 

near Cardiff and in a broad tract stretching between Bridgend and 
Cowbridge, and southwards to the sea. This area is known as the 
Vale of Glamorgan. In a previous communication the Liassic 
outliers near Cardiff were described (Proc. Geol. Assoc., xxxi, 1920, 
p- 93). In the present paper an account is given of the zonal 
succession in the larger area; only the lowest zones of the Lower 
Lias are represented (planorbis-semicostatus), but these are unusually 
thick (350 feet) and several subdivisions are recognized. Particular 
attention is drawn to the grypheate lamellibranchs of these zones 
and to their use in correlation. 

In the west of the area the Lias is often of littoral character; the 
littoral deposits accumulated near the shores of several small islands, 
mainly of Carboniferous Limestone. These deposits are best exposed 
in the cliffs near Southerndown and Dunraven. The relations of 
the littoral deposits to the normal Lias limestones and shales are 
discussed and consideration is given to the physical conditions under 
which the rocks were laid down. 

The paper includes petrological notes on the limestones and 
conglomerates, and notes on some of the ammonites. 

“The Recession of the Chalk Escarpment and the development 
of Valleys in the Chalk between the Mole and the Darenth.” By 
C. C. Fagg, ¥.G.S. 

Contrast in altitude and features of Chalk area east and west of 
the Brighton Road. Gaps and passes in the North Downs. Some 
significant sections. The water-table in the Chalk. Springs and 
Bourneflows. The Gault outcrop as the decisive factor. Its former 
extension southward and upward. -Mole Gap and Kenley Valley 
becoming dry. Recent landmarks in recession of escarpment— 
Limpsfield Gravel—(500 feet, Acheulian). Passes at Merstham, 
Godstone, and Pebble-Combe. Relation of these to fluviatile 
erosion of “ Dry” valleys. Valleys not all of same age. Variety 
of stones on the Chalk Plateau and their significance. Position of 
Tertiary escarpment at Worms Heath and Woodmansterne at close 
of Pliocene. Possible evidence of present flora of the district. 

Critical review of other hypotheses for formation of Chalk Valleys. 
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MINERALOGICAL SOCIETY. 

27th June.—Dr. A. Hutcutnson, President, in the chair. 

A. BramMatt and H. F. Harwoop: The Dartmoor Granite ; its 
Accessory Minerals and Petrology. 

Minerals of general occurrence—tourmaline, ilmenite, magnetite, 
apatite, monazite, garnet, zircon—(1) in water clear, small crystals, 
(2) in tawny, zoned, larger, and more abundant crystals, pyrites 
and pyrrhotite. More restricted: fluor (colourless, blue, and 
purple), topaz, cassiterite, andalusite, sphene, anatase, barytes. 
Biotite is abundant ; muscovite is scanty. Streams have yielded, 
in addition, rutile, brockite, and blue-green anatase. Analyses are 
given of granite types (bulk), biotite, porphyritic felspars (baryta- 
bearing), and some accessory minerals. The Tor area (Haytor— 
Widecombe) is mapped, to show that the granite occurs as 
successive shoots or flows, differmg appreciably in chemical 
composition. Texture becomes coarser, porphyritic felspars become 
more abundant and richer in plagioclase content, percentage of 
biotite and accessoiles Increases with vertical descent in a flow. 
The relationship of topography to pseudo-bedding, jointing, 
veining, and probable faulting is discussed. 

W. F. P. McLinrock and F. R. Ennos: On the structure and 
composition of the Strathmore meteorite. 

A description is given of the microscopical characters as seen in 
thin sections of this meteorite, stones of which fell in Perthshire 
and Forfarshire on 3rd December, 1917. The structure is that of 
the intermediate chondrite group (Ci). An apatite-like mineral is 
present. Detailed chemical analyses of the magnetic and non- 
magnetic portions agree closely with the Baroti group. 
Henry F. Conrins: On some crystallized sulphates from oa 

province of Huelva, Spain. 
Analyses are given of pisanite, chalcanthite, coquimbite, conan 

voltaite, roemerite, etc., from various pyrites mines. Hxperiments 
were made to determine the range of miscibility of iron sulphate 
and copper sulphate in mixed crystals of pisanite (R’SO,.7H,O) 
and chalcanthite (R’SO,.5H,0). 

Harotp Hitton: The graphical construction of the constants 
of a shear. 

A graphical construction, based on the gnomonic projection, is 
given for obtaining the two circular planes of a shear, when the 
initial and final positions of two crystal-poles or edges are known. 

Haroup Hitton: A note on crystallographic notation. 
A notation is suggested for the thirty-two crystal-classes and the 

230 groups of movements, which is easy to write and print, and is 
based on the fundamental principles of structure-theory. 

A. F. Hattimonp (with chemical analysis by EH. G. Radley) : 
On glauconite from the Greensand near Lewes, Sussex: the 
constitution of glauconite. 
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A boring through 325 feet of Gault at Iford Manor yielded 
glauconite sand. A discussion of the analysis of this material and 
of some previously published analyses leads to the formula R,O. 
(4R,0,.RO).10Si0,.nH,0. 

L. J. Spencer: Ninth list of new mineral names. 

CORRESPONDENCE. 

GAULT AND LOWER GREENSAND NEAR LEIGHTON BUZZARD. 

Sir,—I have just had the pleasure of reading Mr. G. W. Lamplugh’s 
paper on the Junction of the Gault and Lower Greensand near 
Leighton Buzzard (Quart. Journ. Geol. Soc., vol. Ixxvii, 1922). 
Side by side with it I have Dr. Kitchin and Mr. Pringle’s paper on 
the same area (GEOL. MaG., vol. lvii, 1920). Both papers are con- 
vincingly written, but obviously the data relied upon by one or 
other authority must be misleading. May I be permitted to call 
attention to one or two points which forcibly strike an unbiassed 
reader ? It seems obvious that one has to face in the case of the 
Shenley Hill Limestone the problems of a “ facies fauna”. Both 
sides admit the anomalous character of the deposit whether it is 
regarded as infra-Gault Clay or as Cenomanian. Moreover, both 
sides make repeated references to the “ continental Tourtias ”’, 
especially of “ Flanders”. Mr. Lamplugh likens the Ironstone- 
breccia of the Chamberlain Barn section to a Tourtia (p. 61). 
Personally, I cannot recall a Tourtia which answers to the description 
given of the Breccia. Mr. Lamplugh also remarks: “Correlation with 
the Tourtias is useless for any narrow and critical demarcation of 
age, since the Tourtias are known to occur at different horizons where 
actually intercalated in the Cretaceous sequence ; and, where they 
form the base of that sequence and rest directly on the much older 
rocks, they are ‘condensed’ deposits, probably covering a long 
period, and they then generally contain many fossils not known to 
occur in beds which lie above the Gault where it is actually present ” 
(p. 75). Sir, in the interests of the sanity of British geology I ask, 
are these “‘ Tourtias’ to be dismissed in this scanty fashion? But 
a few hours’ journey from our own shores one may study a whole 
succession of “ Tourtias”’, ranging in age from Albian to highest 
Cenomanian, and even to Turonian and Senonian, the age of which 
can be relatively and, in most cases, precisely fixed. 

In their recent paper on “‘ The Overlap of the Upper Gault in 
Engiand ” (Gro. Maa., vol. lix, April-May, 1922), Messrs. Kitchin 
and Pringle remark : “In any attempt to determine the zonal 
relationships when studying deposits of clay such as the Gault, 
subject to lateral change to other types of sedimentation, we must 
be prepared to pin our faith entirely to the fossils. There remains, 
of course, the recognition of the species appropriate for such an 
important use and the power to apply this evidence legitimately, 
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im the scientific sense. These are obviously matters depending 
entirely on the uniformity of previous experience, and the competence 
of the individual investigator” (p. 185). Is one to take this as a 
confession that the zonal work of our paleontologists is, after all, - 
founded purely or mainly on their personal opinions and on their 
judgments in the selection of facts to be considered and facts to be 
ignored ? Surely a more precise method of working is possible. 
Taking the case of the Shenley Hill Limestone many of its species 
occur in the Tourtias. By careful study of the wonderful succession 
of Tourtias—for example, in the Mons district, where their ages 
can be relatively and in most cases exactly determined (see 
Professor Cornet’s brief summary in Proc. Geol. Assoc., vol. Xxxiii, 
1922)—one can naturally eliminate facies fossils and ‘incidentally 
a great part of the personal factor in the selection of suitable fossils 
for zonal purposes. To quote but one example. One may see our 
Albian “zonal”? form Pecten asper becoming the characteristic 
fossil of the zone of Holaster subglobosus, and, if my memory serves 
“me rightly, a common fossil even in the Senonian further east. 

Are we so insular in Britam that we must practically ignore the 
life-work of our Belgian colleagues but a few miles across the 
Channel? Publication cannot always keep pace with research, 
but must our references to the faunas of the Tourtias be restricted 
to work of more than half a century ago, when we have at hand 
such magnificent collections as that contained in the Hcole des 
Mines at Mons, or such an unrivalled store of information con- 
cerning them as Professor Cornet of that institution would, I am 
sure, be only too willing to impart ? 

L. DupLey Srame. 
BURMA. 

Ist June, 1922. 

ANNOUNCEMENTS AND INQUIRIES. 
Mr. Alfred Bell, c/o F. W. Harmer, Hsq., M.A., F.G.S., Cringleford, 

Norwich, being at work upon the British Pliocene and Pleistocene 
Oysters, would be greatly obliged for any information bearing upon 
their distribution. It is especially wanted in regard to the forms 
present in the West of England, im Scotland, and West Ireland ; 
information of localities, accompanied by specimens, if possible, 
from shell heaps and raised beaches being of the utmost importance 
in determining the earlier forms of oyster life in our islands in 
Pleistocene times. 
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ORIGINAL ARTICLES. 

On a Small Collection of Fossil Plants from the 
Tanganyika Territory. 

By A. C. Sewarp, F.R.S8., Pres.G.8. 

WITH NOTES ON THE TANGA BEDS BY DR. E. O. TEALE. 

PLATE XVII. 

ete specimens submitted to me were obtained by Dr. E. O. 
Teale in the Tanga Hinterland in the Tanganyika Territory 

from beds assigned by Bornhardt to the Stormberg series of the 
Karroo system. Tanga is situated approximately on Lat. 5° S. 
Owing to the imperfect state of preservation and the fragmentary 
nature of the specimens, which occur as impressions on a hard 
laminated arenaceous shale, it is impossible to express with con- 
fidence an opinion on the precise geological horizon of the beds or 
to assign all the fossils to a definite position in the vegetable kingdom. 
My opinion is that the plants indicate either a Triassic or a Rheetic 

horizon. 
Dr. Teale has kindly contributed a map of the district and the 

following notes :— 
“The beds in which the identifiable plant fossils were found form 

the middle or dark shale division of a sedimentary series which 
comprises a considerable portion of the coastal zone of the Tanga 
district. (See map, fig. 1.) 

“The region was described in 1900 by Bornhardt,! who regarded the 
beds as representing the upper portion of the Karroo system ; he 
suggested their correlation with the Stormberg beds of South Africa. 
The present paleontological examination ponits to a greater affinity 
of the plants with Kuropean than with South African forms, and there 
is a strong probability that the Tanga rocks represent a distinct and 
later basin than those with typical Lower Karroo characters further 
south and south-west in the territory and elsewhere in South Africa. 

‘“* The area which these rocks embrace is included between the coast 
on the east and the margin of the crystalline rocks to the west at 
about 20 miles inland. The southern boundary of the exposures 
lies a little to the north of the Tanga-Moshi railway line, along which 

1 W. Bornhardt, Zur Oberfliichengestaltung und Geologie Deutsch-Ost- 
Afrikas, Deutsch-Ost-Afrika, vii, 1900. 

VOL. LIX.—NO. Ix. 235) 
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Fic. 1.—Geological Sketch-map of Tanga District, Tanganyika Territory. 

the later marine Jurassic beds and young superficial sands and sandy 
clays mask the older sediments. In the north the beds pass into 
Kenya Colony, largely covered with a capping of sands. 
‘Good sections of the rocks are to be seen along the relatively deeply 

cut valleys of the Kombe, the Msimbazi and the Sigi. Much of the 
intervening country is covered with a thin capping of sands and. 
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sandy clays, probably never exceeding 100 feet in thickness, and _ 
generally much less. 

‘Tn general this area may be described as a slightly uplifted pene- 
plain witb a gentle slope eastwards from about 800 feet above sea- 
level along its western margin to about 200-150 feet at a distance of 
two to five miles from the sea, where it drops fairly steeply to the 
relatively narrow coastal platform of coral rock and tidal mangrove 
swamps and estuaries. 
“The sediments under consideration fall roughly into three divisions, 

a lower, middle, and upper group. In the lower division 
conglomerates, arkose and felspathic sandstones predominate, but 
numerous bands of dark carbonaceous shale are interbedded. These 
beds probably correspond with the Tarn Grits! of Kenya Colony. 
No identifiable fossils have been obtained from them in this territory, 
but comminuted plant remains are abundant in the: interbedded 
dark shales. 

“The middle division appears to follow conformably and is 
distinguished by a considerable thickness of strata in which dark 
carbonaceous shales and flagstones prevail. They contam abundant 
plant remains, unfortunately poorly preserved, but nevertheless 
yielding the best fossils of the region. These beds may correspond 
with the Maji-ya-Chumvi beds? of Kenya, though the shales have 
not yet provided any very satisfactory fossils comparable, with those 
of Tanganyika territory. , 

“The upper division follows without any break and consists of 
irregularly bedded sandstones alternating with lighter coloured 
somewhat sandy shales. Sandstones tend to predominate in this 
section and show considerable range in texture and appearance. 
One characteristic type occurs near Vijinga, just above the junction 
of the Ndoyo and the Kombe: it is fine-grained and minutely false- 
bedded and weathers to a peculiar almost woody structure. Another 
type, that of Kirimba and Kilulu hills is very coarse grained and 
poorly cemented. The shales contain occasional though frag- 
mentary plant remains. This group probably includes representa- 
tives of the remaining upper portion of the Duruma Sandstone 
of Kenya,* such as the Mariakani and Mazeras Sandstones and the 
Shimba Grit. . 

‘The whole series has a uniform dip seawards at a low angle ranging 
from 5 to 10 degrees. Local small undulations occur but do not 
disturb the general structure and succession. A pronounced and 
persistent zone of minute puckering in certain of the shale bands of 
the middle division was traced at intervals along the strike through- 
out the region. The only evidence of faulting noted was along the 

1H. B. Maufe, Report relating to the Geology of the East African Pro- 
tectorate, Col. Rep., Misc. No. 45 (Cd. 3228), London. 

2 H. B. Maufe, op. cit.; and J. W. Gregory, The Rift Valleys and Geology 
of East Africa, 1921, p. 52. 

* H. B. Maufe, op. cit. 
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western base of Kilulu and Kirimba hills. The direction of the 
fault is about N.N.E., that is parallel with the coast, and the sandstone 
here dips at a high angle to the east in contrast to the prevailing 
dip elsewhere. 

‘‘A moderate estimate indicates a thickness of at least 10,000 feet 
of sediments in this region.” 

DESCRIPTION OF THE SPECIMENS. 

Two of the specimens, though not in my opinion of vegetable 
origin, are sufficiently interesting to be briefly described. 

A slightly raised portion of the rock, approximately circular in 
outline and differmg from the rest of the matrix, shows a smooth 
border and, in the central region, a very indistinct division into a 
few cuneate radially disposed areas. In one specimen the circular 
body is 9 cm. in diameter ; it is bounded by a well-marked line or 
low ridge, which forms the edge of a very slightly depressed smooth 
border, rather less than 1 cm. broad. This smooth border surrounds 
a central area, exhibitmg vaguely a radial disposition of segments 
similar to those in the smaller specimen. 

Except in their smaller size, the specimens resemble a supposed 
fossil alga described by Walcott, from Algonkian rocks in Montana 
as Gallatina pertera, which, I venture to think, is a fractured 
septarian nodule. Comparison may be made also with impressions 
of Medusex, e.g. Rhizostomites admiranda Haeck,*? from the litho- 
graphic slate. While favourmg an inorganic origin, I suggest that 
the specimens are worthy of examination by a paleozoologist. 

PLANTA INCERTA SEDIS. ? HRETMOPHYLLUMSp. Plate XVII, Fig. 1. 

This specimen shows the impression of what appears to be a thick 
leaf with a linear sessile lamina 7 cm. long, not quite complete at 
the distal end: the apex was probably obtuse ; it is longitudinally 
striated and in addition to the striz, the expression probably of some 
fibrous tissue, there are a few prominent longitudinal ridges about 
1mm. apart, which diverge and fork from the base, and probably 
mark the position of veins. It is difficult to assign this specimen to 
a precise systematic position ; while superficially resembling some 
leaves of Schizoneura figured by Feistmantel® from Gondwana 
beds in India, the agreement is by no means sufficiently close to 
justify inclusion in that genus. It resembles also detached leaves 
figured by the same author from Jurassic (Upper Gondwana) rocks 
in India,‘ and referred on insufficient evidence to the Jurassic 
European species Podozamites lanceolatus Lind. and Hutt. The 
Tanga specimen is, I am convinced, not a leaf of Podozamites. It 

1 ©. D. Walcott, “The Precambrian Algonkian Algal Flora”: Smithsonian 
Miscell. Coll., vol. xiv, No. 2, 1914, pl. xxiii. 

2 K. A. von Zittel, Grundziige der Paleontologie, 1895, p. 111, fig. 216. 
3 Feistmantel, Foss. Flor. Gondwana system, vol. iii, pt. ii, 1880, pls. ia, etc. 

4 Thid., vol. iv, pt. i, 1882, pl. ii, fig. 6. 
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may, however, be closely allied to some leaves of similar form 
described by Mr. Hamshaw Thomas! from Jurassic rocks of York- 
shire, and assigned by him to a new genus, Eretmophyllym. A species 
of the same genus has also been recorded from Jurassic beds in 
Afghanistan. In habit and in venation the African specimen agrees 
with Lretmophyllum, but in the absence of further mformation, 
such as could be afforded by the characters of the cuticle were the 
preservation better, precise identification is hardly possible. 

ULLMANNIA sp. Figs. 2-5. 

Some of the specimens represent shoots bearing overlapping, 
spirally disposed, linear-ovate leaves, reaching a length of about 
lem., and 3mm. in breadth. On some detached leaves there is 

a faint indication of an oval scar (Figs. 4, 5) at the base, where the 
lamina was attached to the stem. The venation is not preserved. 
The leaf impressions often show traces of ridges (Fig. 4), suggesting 
that the lamina was comparatively thick and possibly quadrangular 
In section. 

Other specimens, though of the same general type, show a more 
compact habit; the leaves are rather shorter and more appressed 
to the axis. All the shoots referred to Ullmannia closely resemble 
in habit Ullmannia frumentaria (Schl.) and U. selaginoides (Brongn.), 
which are common plants in the Zechstein copper slate of Thurmgia.” 
It is difficult to draw any satisfactory line between vegetative shoots 
included by authors in the two genera Ullmannia and Voltzia, and 
our knowledge of the affinities of fossils referred to them is com- 
paratively meagre. 

?Uttmannia sp. Figs. 6, 7. 

Two of the specimens are characterized by shorter leaves, 
4mm. long, inclined at a wider angle to the axis; they resemble 
the European species Ullmannia Bronni Goepp., and may be com- 
pared also with fossils from Thuringia figured by Geinitz and others 
as Voltzia Liebeana Gein. It should, however, be pointed out that 
pieces of vegetative shoots such as these may be generically identical 
with Jurassic species included in the comprehensive genus 

Pagiophyllum. 
Vottzia sp. Figs. 8, 9. 

Lobed, fan-shaped scales, from 5 to 8mm. broad at the distal 

margin, which are in all probability scales from strobili of a species 
of Voltzia. They are apparently sterile, though seeds may have 
been originally attached to them as in similar scales recorded from 
Thuringia. The specimens are of the same type as those figured by 
Potonié? from the Tanganyika territory in association with, 

1 H. H. Thomas, Proc. Cambridge Phil. Soc., vol. xvii, pt. iii, 1913. 
2 H. B. Geinitz, ‘‘ Nachtrage zur Dyas I.” : Mitt. K. Mineralog. Geol. und 

Praehist. Mus. Dresden, Heft 111. 1880. 
2H. Potonié, Fossile Pflanzen aus Deutsch- und Portugiesisch-Ost-Afrika, 

1900. 
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vegetative shoots resembling some of those collected by Dr. Teale. 
Potonié instituted a new generic name Voltziopsis for the fragments 
submitted to him, but in a recent edition of his textbook, edited 
by Dr. Gothan,* he wisely abandoned a designation which was 
unnecessary and simply described the fossils as agreeing generally 
with Jurassic species named by Heer Leptostrobus. There is, however, 
no proof that the African specimens conform to the characters of 
Heer’s genus. Scales similar to the Tanganyika impressions have 
been described by Nathorst from Rhetic strata in Scania as 
Swedenborgia cryptomerides.2 It is with scales usually included in 
Volizia that the specimens agree most closely, at least in form, 
though they are smaller than most of the Kuropean examples from 
Bunter and Zechstein beds. 

CONCLUSION. 

The fossil plants described by the late Dr. Potonié from the 
Tanganyika territory in 1900? consist of small pieces of vegetative 
shoots and lobed scales generically identical with Dr. Teale’s 
specimens referred to Ullmannia and Voltzia. The more recently 
acquired material includes coniferous branches which exhibit a 
greater range in habit than those figured by Potonié, and the scales . 
are rather smaller than those he recorded ; the differences are un- 
important. The single leaf (specimen 175) and the specimens 
which I am inclined to regard as inorganic are unrepresented in the 
German collection. The evidence furnished by the Ullmannia-like 
fragments and the Voltzia scales would seem to favour comparison 
of the plant beds with Permian and Triassic strata in Hurope. It 
is probable that both shoots and scales belong to the same genus; 
but though it may seem illogical to employ distinct generic names 
for fossils which may be parts of the same plant, I adopt the 
designations Ullmannia and Voltzia on the ground that they best 
describe the features of the two kinds of specimens. 

Coniferous branches agreeing closely in habit with some of those 
from the Tanga Hinterland occur also in Rhetic and Jurassic 
rocks, but the association of the Voltzia-like scales is a point in favour 
of asomewhat lower horizon. The leaf compared with Hretmophyllum, 
though too imperfect to be identified with precision, accords more 
with a Rheetic or Jurassic age. 

It is noteworthy that the Tanga collection does not include any 
examples of the genus Glossopteris, and while it is often unsafe to 
attach much importance to negative evidence, especially when the 
data are few, the presumption is that the flora is distinct in facies 
from Upper Paleozoic and Lower Mesozoic floras obtained from other 
parts of Africa. The Tanga flora is rather European than African 
in type. Glossopteris is recorded from several regions in the 

1 H. Potonié, Lehrbuch der Palaeobotanik, 2nd ed., 1921, p. 322. 
2 A. C, Seward, Fossil Plants, vol. iv, 1919, pp. 296 et sej. 
3 H. Potonié, loc. cit. 
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Tanganyika territory : from near Kissakki,' about 180 miles south 
of the Tanga Hinterland; from the Uchunga Mountains,” rather 
more than 100 miles south-west of Kissakki; from Ituli,? 500 miles 
south of Tanga, and from the southern extremity of Lake Nyasa,* 
slightly over 400 miles south-west of Ituli. 

The description by Zeiller in 1883 of certain European species of 
Upper Carboniferous plants from the Tete basin (Zambesi) seemed to 
prove the existence during the period of the Coal Measures of a 
northern flora in close association with the southern or Glossopteris 
flora, and it was assumed that Glossopteris and its associates were 
absent from the Zambesi basin. A few years ago Dr. Potonié showed 
that the plants described by Zeiller could not have been collected 
in situ, but were of European origin; he also demonstrated the 
occurrence of (lossopteris, and so proved the extension of the 
Glossopteris flora into the region of the Tete basin. 

The genus Voltzia was recorded by Feistmantel ° from Lower 
Gondwana rocks in India in 1881 ; the vegetative shoots assigned by 
him to the European Bunter species Volizia heterophylla Brongn. 
may or may not be correctly determined. A recent examination of 
a lobed scale of the Voltzia type, figured by Feistmantel, led me to 
regard it as affording evidence in favour of Feistmantel’s 
determination.’ As already stated, authors have not been consistent 
in the use of the generic names Ullmannia and Voltzia, and, indeed, 
no clear distinction can be drawn in the absence of reproductive 
organs. Specimens of vegetative shoots of the Ullmannia or Voltzia 
habit occur in the Permian of Europe as well as in the three series 
of the Triassic system.’ Shoots of this general type are on the whole 
more characteristic of northern than of southern floras. 

Taking into account the whole of the paleobotanical evidence, 
my opinion is that while some of the specimens agree more closely 
with Kuropean Zechstein forms than with any later species, the 
balance of evidence points to a higher horizon, whether Triassic or 
Rhetic cannot be definitely determined. If it is assumed that the 
absence of Glossopteris means its non-existence in the Tanga flora, 
this would furnish an argument in favour of a geological position at 
least as high as Uppermost Triassic or Rheetic. Glossopteris lingered 
on into tbe Upper Triassic period in Natal and Indo-China,” and while 

1 H. Potonié, loc. cit. 
2 W. V. Brehmer, Bot. Jahrb. (A. Engler), Bd. li, Heft 3 and 4, 1914, p. 399. 
3K. A. N. Arber, Quart. Journ. Geol. Soc., vol. Ixvi, 1910, p. 237. 
4 H. Potonié, Palaeobotanische Zeitsch., Bd. i, Heft i, 1912, p. 36. See also 

Potonié, ‘‘ Die fossile Flora des Tete-Beckens am Sambesi”’: reprint from the 
Branca Festschrift, 1914 (Berlin). 

> QO. Feistmantel, Poss. Flor. Gondwana System, vol. iii, pt. ii, 1881. 
6 A. C. Seward and B. Sahni, ‘“‘ Indian Gondwana Plants: a Revision”: 

Mem. Geol. Surv. India, vol. vii, 1920, p. 1. 
7 E. Schiitze, “‘ Beitrige zur Kenntniss der Triassischen Koniferen-Gattungen 

Pagiophyllum, Voltzia und Widdringtonites”’: Jahresheft Ver. Vaterl. Natur- 
kunde in Wiirttemberg, 1901, p. 256. 

8 A. L. du Toit, South African Journ. Sci., vol. xviii, 1921, p. 120. 
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we cannot be certain that it did not grow in association with the 
Tanga plants, its absence may well be significant. It must be 
admitted that some of the coniferous shoots irom Tanga bear a 
close resemblance to fossils from Jurassic rocks, but the scales which 
T have referred to Voltzia appear to be nearly allied to Lower Triassic 
forms. Moreover, the specimens with the longer type of leaf 
included in Ullmanni« agree most closely with Upper Permian and 
Triassic species. 
A few imperfectly preserved plant fragments are recorded by 

Mercenier ? from localities in the Belgian Congo, a few miles west 
of Lake Tanganyika. So far as it is possible to base an opmion on 
the sketchy published drawings. the fossils would seem to support 
Mercenier’s view that the rocks may correspond in age to the Heca 
series of South Africa. No examples of Glossopteris are mentioned ; 
a piece of a Noeggerathiopsis-like leaf is figured and portions of some 
Lepidodendroid stems. The specimen referred by Mercenier to 
Stenopteris elongata Carr, is not determinable. 

EXPLANATION OF PLATE XVII. 
FIG. 
1.—? Hretmophyllum sp. Nat. size. 
2.—Ullmanma sp. Nat. size. 
3.—Ullmannia sp. 1+ nat. size. 

4, 5.—Detached leaves of Ullmannia. 2¢# nat. size. 
6.—Ullmannia sp. 1# nat. size. 
7.—? Ullmannia sp. Nat. size. 

8, 9.—Voltzia sp. Twice nat. size. 

The Karstlands of Western Yugoslavia. 

By D. A. Wray, MSe., F.G.S. 

INTRODUCTORY. 

\ ESTERN YUGOSLAVIA, which broadly corresponds to the 
ancient Roman province of Illyricum, includes Dalmatia, 

Herzegovina, and Montenegro, together with the western portions 
of Slovenia, Croatia, and Bosnia. It is a region of high geological 
interest, for within it and the adjoining portions of Italy the ““Carso”’ 
or ‘‘ Karst”? lands are developed on a scale perhaps unequalled 
elsewhere. Considerable attention has been devoted from time to 
time to their leading features by Austrian, Italian, and Serbian 
geologists, though the study of these land forms has hitherto received 
but little attention in England. No excuse therefore seems necessary 
for drawing attention to some of the more salient features of this 
interesting district. 
Karstland is a term which has been applied by physiographers 

to a barren and stony limestone district, largely devoid of surface 
waters. As little sediment results from the denudation of limestone 

1 Mercenier, Ann. Soc. géol. Belg. Publications relatives au Congo Belge, 
etc. Ann. 1912-13, Annexe au Tome xl, 1913. 
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9 Erermopuyitum (1); Urrwanyra (8-7); Vorrzra (8, 9). 
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districts, there is practically no soil-covering in such regions, while 
such as is formed is rapidly carried away by the wind or occasional 
rainfall, with the result that the limestone surface is irregularly 
fretted, and cut up by innumerable clefts or hollows known through- 
out the Western Balkans as griés (cf. English grikes); while its 

lower portions are honeycombed with caverns and an intricate 

subterranean drainage system. The very uncertain water-supply 

OROGRAPHICAL SKETCH-MAP OF WESTERN YUGOSLAVIA. 
HEIGHTS. 

: OVER 1500 METRES 
joomues fF ion ooo 

Fic. 1.—Orographical sketch-map of Western Yugoslavia, illustrating the 
occurrence of poljes and other depressions following the Dinaric trend. 

and scanty soil-covering of such regions have a preponderating 
effect on the distribution of the population ; and the majority of 
the settlements are clustered together on the floors of the scattered 
inland drainage basins, while the thin veneer of red earth (or terra- 
rossa) which floors such areas is carefully enclosed by loose stone 
walls and terraces. 
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Karst PHENOMENA IN OTHER DISTRICTS. 

In Britain such features find perhaps their closest parallel in the 
Craven district of Yorkshire, where the floor of the Carboniferous 
Limestone to the north of Settle is cut up by irregular widened joints 
known as “grikes”’, the fretted limestone surface being locally 
described as “clints”. ‘‘ Kelds”’ or springs where streams emerge 
from an underground course are a distinctive feature of the landscape; 
while the numerous vertical chasms locally known as “gills” or 
“pots” form an exact counterpart to the Illyrian ponors. The 
intricate underground drainage of this region has been closely 
studied by the Yorkshire Geological Society, whose general results 
appear to be in close accord with those obtaining on the more 
extensive Illyrian karstlands. On the Continent similar features have 
been observed in the Devonian limestones around Rochefort and 
Han-sur-Lesse in Belgium, though it is in the south of France where 
the karst attains its greatest development in Western Europe. 
Here, to the north-west of Montpellier, in the wind-swept uplands 
known as the Causses, very pure and thick Jurassic limestones have 
a wide development. The only fertile and habitable regions on these 
barren plateaus are the “ sotches”’ or hollows, where the red earth 
formed by the denudation of the limestone is preserved in large 
funnel-shaped hollows, which correspond in every way to the dolinas 
of Western Yugoslavia. The physiography of the Causses has been 
exhaustively studied and described by the eminent French 
speleologist, Martel (4).2 

Karst phenomena are not infrequent in the Alpine limestone 
districts; here the irregular limestone surfaces are termed lapiés, 
while the weathering process is described as lapiésation. In Switzer- 
land, notably in the canton Glarus, these bare surfaces known as 
Karrenfelder have been the subject of detailed studies by Heim (1). 
Karst features are also specially notable at high altitudes in the 
Jura mountains, where the deep, irregular grooves and trenches which 
intersect the bare limestone pavements are called lézinnes. 
Many limestone districts in the Iberian peninsula form typical 

karst landscapes; they are especially noticeable in Andalusia, 
and also on the Mesozoic limestone plateau to the north of the 
river Tagus in Portugal; the latter area has been described in 
much detail by Fleury (12), who records the occurrence of all the 
distinctive features of a typical karstland. Karst phenomena are 
also admirably displayed in many places in the Central and Southern 
Apennines, notably in the Abruzzi; while in the Southern Balkans 
the barren limestone wastes of the Peloponnesus exhibit similar 
features. 

Finally, on the American continent, these features appear to have 
a very widespread development on the limestone areas in the basin 

1 Proc. Yorks. Geol. Soc., vol. xv, 1905, p- 248. 
* Numbers in brackets refer to the Bibliography given at the end. 
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of the Ohio in Kentucky and Southern Indiana, where the 
labyrinthine Mammoth Cave, containing a system of lakes and 
streams at varying levels, constitutes the most remarkable instance 
of underground drainage that has yet been discovered. 

EXTENT OF THE ILLYRIAN KARSTLANDS. 

The actual limits of the Illyrian karstlands can be drawn with 
considerable precision. From the eastern end of the plains of 
Lombardy, they extend as a broad band through most of Western 
Slovenia, and from the coast at Trieste they reach nearly as far 
inland as Ljubljana (or Laibach). The Julian Alps limit the true 
karst to the north, the valleys of the Idria and the Sora forming a 
fairly precise boundary between two distinctive types of landscape. 
In Western Croatia the karst extends from the coast to the edge 
of the Save plain, while it also includes practically the whole of 
Istria, Dalmatia, Herzegovina, and much of Western Bosnia. In 
Montenegro two diverse types of land forms are met with. Thus 
the country to the west of the Zeta valley constitutes a barren 
karstland, while to the east in the region known as the Brda a typical 
upland landscape occurs, thickly wooded and with perennial streams 
of considerable volume. 

The southern limit of the Illyrian karstlands is formed by the 
Northern Albanian Alps, which consist in the main of massive 
Cretaceous dolomites, and rise abruptly to over 10,000 feet above 
sea-level. To the Southern Slavs they are appropriately known as 
the Prokletije Planina (or Accursed Mountains), a very apt reference 
to their barren karst-like nature. 

GEOLOGICAL STRUCTURE. 

The karstlands consist predominantly of Triassic, Cretaceous, and 

older Tertiary limestones. The oldest rocks met with in the area are 
the Upper Carboniferous limestones, sandstones, and breccias, which 
form small inliers around Delnice (or Petrova Gora) in the Kapela 
Mountains, and also around Budua and Castel Lastua to the 
immediate south of the Gulf of Cattaro. Broadly speaking, the karst 
may be subdivided geologically into two main parallel belts; a 
coastal strip in which Cretaceous and Tertiary limestones pre- 
dominate, while to the east of a line drawn from Tolmino in the 
upper Isonzo valley, through Adelsberg, along the foot of the 
Velebit range and continued southwards past Knin and Mostar to 
the base of the Durmitor range in Montenegro, the massive Triassic 
limestones underlie most of the region. These Triassic rocks consist 
principally of fossiliferous limestones and dolomites belonging to the 
“open sea’ Alpine type, while the Cretaceous formation includes 
massive dolomites, and limestones characterized by the abundance 
of Hippurites and Rudistes. The considerable alteration these beds 
have undergone renders their precise correlation with other areas 
a matter of considerable difficulty. 
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GEOLOGICAL MAPor PART or DALMATIA. ¥% 
| BASED on tne MAPS or me FORMER AUSTRIAN SURVEY. 

SCALE 
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RECENT : Atcuviat Friars 

Fic. 2.—Geological map of part of the Dalmatian coast in the neighbourhood of 
Obrovazzo and Zaravecchia, illustrating the predominating effect of geological 
structure on the development of the drainage. 
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It is the above-mentioned Triassic and Cretaceous dolomites 
and limestones, remarkable for their extreme purity, that con- 
stitute by far the greater portion of the terrain on which the karst 
features are so admirably developed. 

The base of the Tertiary formation in this region is indicated by 
freshwater limestones and marls, characterized by the shell Cosinia. 
Above these succeeds a series of Nummulitic and Foraminiferal 
limestones and marls; replaced, however, in Central Dalmatia by 
an extensive development of “ Flysch”’, a thick arenaceous 
formation. The Promina Shale Series, which constitute the upper- 
most Eocene in Dalmatia, forms also essentially a sandy facies 
with thin alternations of marine limestones and marls. Marine 
limestones of Neogene age are only met with in Southern 
Montenegro; throughout the Illyrian karstlands the lacustrine 
Levantine deposits rest discordantly on the older Secondary and 
Lower Tertiary formations. 

According to Penck, Schubert (11), and the former Austrian 
Geological Survey, the folding of the beds in this region took place 
in early Miocene times; since which period also this district has 
formed part of a land area. The rocks have been strongly folded 
and faulted by a series of overthrusts from the north-east and east, 
and the Kocene limestones which have participated in the move- 
ments form long strips trending south-east overridden in many places 
by Cretaceous limestones. Further inland, where the movement 
appears to have been more intense, masses of Triassic limestone have 
been thrust over Jurassic limestones, as in the notable case of the 
Idria quicksilver mines (where the complicated structure has been 
unravelled by Kossmatt), and also around Sarajevo, Vares, and 
other localities in Central Bosnia. Many areas also formerly regarded 
as having a simple, basin-like structure in Northern Dalmatia have 
been shown by Schubert within recent years to have been strongly 
folded and inverted in many places, while in the Siverich coalfield, 
to the north of Sebenico, there is abundant evidence of powerful 
earth-movements both in the presence of overthrusting and the 
occurrence of shatter-belts (Verrussungszonen), along which the coals 
show an impure and earthy character. 

The main axes of folding of the rocks in Western Yugoslavia 
follow a N.W.-S.E. (Dinaric) trend, but to this broad generalization 
there are several notable exceptions. Thus, in the neighbourhood 
of Sebenico the Dinaric N.W.-S.E. direction changes eventually to 
east and west. This strike is maintained in the islands of Brazza, 
Lesina, and Curzola, and also on the adjoining mainland around 
Spljet. In Southern Montenegro the Dinaric N.W.-S.E. system 
again curves inland, following the eastern and eventually E.N.E. 
trend of the Prokletije mountains or Northern Albanian Alps. 

1 F. Kossmatt, ‘ Ueber die geol. Verhiltnisse des Bergbaugebietes von 
Idria”’: Jahrb. k. k. geol. Reichsanstalt, Vienna, vol. xlix, 1899, pp. 262-81. 
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According to Cvijict this range marks thesouthern limit of the Dinaric 
folded system, for the Albanian (or Pindaric) system, distinguished 
by its great development of “ Flysch”’ with intrusive serpentines 
and other basic igneous rocks peculiar to the Albanian system, 
follows a north and south direction, eventually trending south-east 
and east in Southern Greece and Crete. 

The area adjoming the Albanian gulf, corresponding broadly 
with the Lower Drin valley, and which occurs between the Dinaric 
and Albanian folded systems, has been shown to have been an area 
of intense earth-movement; and the former Austrian Survey 2 
record that from Spizza to beyond Budua the Dinaric range is cut 
up by powerful thrusts into flakes which include the whole of the 
stratified series from the Lower Trias to the Lower Tertiary inclusive, 
thrust over one another in a south-westerly direction. The southern 
wall of the North Albanian Alps appears to be a line of fracture,® 
the limestone wall (at the base of which occur thermal springs at 
Drsnik and Banja) forming an abrupt northern face to the Drin 
marshes. The prominent Scutari and Cattaro depressions occur in 
this region of intense earth-movement, and here tectonic agencies 
have been supreme in determining their outlines. The original 
folds have been cut across by powerful fractures, so that m this 
district the geological and orographic lines rarely correspond. 

Broadly speaking, the Western Balkans consist of a system of 
broad arcs, with their concave sides facing eastwards. This arrange- 
ment is well exemplified in the numerous Dalmatian islands and 
straits which run parallel with the coast like a festoon. The effect 
of these folds and their accompanying parallel fractures on the 
physiography of the karstlands is everywhere strongly marked. 

THE ORIGIN OF THE PRESENT DRAINAGE SYSTEM. 

It has already been pointed out that the main period of folding 
and uplift of this region took place m early Miocene times; con- 
sequently the present drainage system originated in the late Miocene 
or early Pliocene. The broad uplift along a main axial line parallel 
to and close by the Dalmatian coast resulted in the drainage beng 
mainly diverted to the east into the Save and Danube basins. Thus 
along the whole Illyrian coast there are practically no rivers of any 
importance with the notable exception of the Narenta. The smaller 
streams, the Zrmanja, Cikola, and Cetina, follow closely the strike 
of the rocks ; and in marked contrast to the rivers of Albania (which 
have large deltaic flats in their lower reaches), they enter the sea at 
one end of long fjord-like deep-water channels, avoiding the broad 
arms of the sea as estuaries. 

1 J. Cvijic, “ Die dinarisch-albanische Scharung”: Sitzwngsber. Akad. 
Wissensch., Vienna, vol. cx, 1901, p. 31. 

* G. Von Bukowski, in Verh. k. k. geol. Reichsanstalt, Vienna, 1896, 
pp. 95-191. 

3 J. Cvijic, op. cit., pp. 37 et seqq. 
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With the continued uplift of this region, the main streams 
endeavoured to keep pace by cutting for themselves deep gorges 
in the limestones. Thus the river Una, after following the strike of 
the Triassic limestones as far north as Bihats, abruptly swings east, 
cutting steep-sided gorges in the Cretaceous, Jurassic, and Triassic 
limestones, before eventually draining into the Save. Similarly, 
the river Narenta in its course from the Jablonitsa mountains to the 
Mostar plain cuts through a series of impressive defiles, mainly 
in Triassic dolomites, whose abrupt slopes in places attain a height 
of over 2,000 feet above the level of the valley ; while the river 
Zrmanja, in cutting its way across the strike of the Mesozoic lime- 
stones around Obrovazzo, forms a vertical-walled canyon, over 
600 feet deep. 

The majority of the streams seem, however, to have been unable 
to keep pace with the continued uplift, and consequently the whole of 
the Illyrian karstlands are studded with a series of inland drainage 
basins aligned in the direction of the Dinaric folds. The pre- 
dominating effect of this structure on the development of the 
drainage is admirably illustrated along the Dalmatian littoral in 
the neighbourhood of Zaravecchia (see Fig. 2), where the Cretaceous 
and Tertiary limestones show the Dinaric trend, and the close 
correspondence between the synclinal hollows and the alluvial 
flats is very remarkable. While many of these closed basins occur 
between two minor anticlinal axes, the outlines of others have been 
determined in the main by longitudinal fractures. The latter type 
is a very distinctive land form throughout Western Yugoslavia, 
where it is universally termed a pole. 

Probably the largest enclosed basin is that of Gospits, in Western 
Croatia, situate between the Velebit and Kapela ranges, where no 
less than seven streams of considerable size (severally known as the 
Lika) drain towards the centre of the basin, and for many months 
of the year convert much of it into a seasonal lake or marsh. Much 
of this inland basin is floored with Lower Pliocene freshwater lime- 
stones and marls with thick beds of lignite. 

UNDERGROUND DRAINAGE SYSTEMS. 

Another consequence of the later Tertiary uplift has been that 
erosive action in the soluble limestones and dolomites has tended to 
work in a vertical direction, and many streams following the major 
joints in the limestone have cut intricate subterranean channels 
along their course. Thus the river Ljubljanitsa of Western Slovenia, 
where it rises near St. Peter, 50 miles west of Ljubljana, is first 
known as the river Poik. After flowing at the surface for 
some distance over Lower Tertiary limestones, breccias, and shales, 
it subsequently passes underground through the famous Adelsberg 
caves, and eventually reappears at the surface as the river Unz at 
Planina, where its volume is considerably augmented by the under- 
ground drainage of the Zirknitz inland depression. The Adelsberg 
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caves are cut in the massive Upper Cretaceous limestones, and the 
river Poik flows underground, where it passes from the more 
arenaceous Lower Tertiary rocks on to the highly jomted and 
massive Cretaceous dolomites and limestones. Where it emerges 
at Planina as the Unz it is brought to the surface by the discordant 
junction of these limestones with the underlying Triassic rocks. 
The river Unz, after a very brief career at the surface, is again lost 
to view to the south of Longatico (Loitsch) and ultimately reappears 
at the surface at Verhnika (Oberlaibach), where it assumes its final 
name. 

The river Reka, in the hinterland of Trieste, furnishes another 
striking instance of subterranean drainage. For 50 miles it flows 
in a north-westerly direction towards Trieste, following a shallow 
synclinal fold of Flysch sandstones, but as soon as it flows over the 
Cretaceous limestones it forms a series of deep simuous gorges. 
At St. Kanzian it suddenly disappears under the surface of the 
plateau, passing under a massive wall of limestone over 500 feet high, 
above which the village is situate. From thence it passes through 
three immense grottos, connected by ponors (or funnel-shaped 
channels), and eventually emerges as the river Timava, after a 
subterranean course of over 18 miles. The Timava river (the source 
of which has been immortalized by Virgil) is 14 miles long, and comes 
to the surface as a powerful stream at the foot of a prominent lime- 
stone scarp at San Giovanni, 15 miles north of Trieste. 

One of the most strikmg instances of underground dramage in 
Herzegovina is furnished by the Ombla river, which emerges from 
an underground channel, 3 miles north-east of Ragusa, after draining 
the Popovo polje, and following an underground course of over 
8 miles. 

In Montenegro, where subterranean drainage is a very common 
feature, two of the most striking instances are furnished by 
the Zeta and Crnojevitsa rivers. The former flows along the floor 
of two or more poljes, and on its uneven floor between Nitchitchi 
and Danilovgrad a mass of Cretaceous limestone occurs, through 
which the river Zeta, after draining the Nitchitchi polje, has cut 
an underground channel 6 miles long. It eventually reappears at 
the surface at Povija, close to Ostrog, and to the immediate north 
of Danilovgrad. The Crnojevitsa river, on the other hand, makes 
a sudden mysterious appearance from a huge unexplored cavern 
at Rijeka, and after a swampy course of 3 miles enters Lake Scutari. 
It isnot improbable that this river may be the outlet of the dramage 
of the Cettinje polje or basin. 

CAVERNS. 

Owing to its extensive system of underground drainage, the 
Illyrian karst is celebrated for its caverns, the most famous of which 
are those of Adelsberg, 50 miles east of Trieste, which are over 6 miles 
in length. The major portions of the large grottoes at Adelsberg 
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represent the former subterranean course of the Poik river, which at 
the present time follows a lower hidden course, which can be followed 
in a boat for more than a mile, mainly along major jointsin the massive 
Cretaceous limestones. The overlying limestone at the surface is 
studded with innumerable circular pits, known as “ ponors,”’ which 
in wet seasons considerably augment the river Poik where it emerges 
as the river Unz at Planina. There are five main caverns at Adels- 
berg which of late years have attracted a great deal of attention 
from visitors, and for whose benefit they are now illuminated with 
electric light in the summer months. One of the most spacious, the 
* Franz-Joseph-Elizabeth ” grotto, measures over 200 yards in 
length and breadth, and has a height of more than 100 yards. Its 
unusually large stalactites and stalagmites are of considerable 
interest. 

The caverns, which are so common a feature of the Dalmatian 
islands, have long been famed for their extreme beauty. Many occur 
about sea-level, and owe their charm to the deep-blue iridescent 
colour of the water, doubtless the result of their bemg wholly in 
massive dolomite or limestone. Among the more important 
maritime grottoes, those of the island of Lissa stand pre-eminent ; 
while the limestone grotto of Busi, a rocky islet off Lissa, has long 
been noted. On the mainland to the east of Ragusa-Vecchia, 

and south of Ragusa, is the famous grotto of Esculapius. 

PoLJEs. 

Reference has already been made to the distinctive land forms of 
this region known as poljes. The polje (in Serbian: a field or 
cultivated area) consists of an elongated valley with a flat floor and 
steep sides ; usually with an internal system of drainage, so that in 
wet seasons it is not infrequently flooded and becomes an inland 
sea or marsh. Poljes are usually bounded by scarp faces of 
Cretaceous or Triassic limestones and on their floors lie newer 
Tertiary sediments, which being arenaceous constitute the only 
fertile areas on the karstlands. While their outlines are invariably 
governed by the predominant Dinaric structure of the country, 
some appear to be the direct result of longitudinal fractures, con- 
stituting, in fact, true rift-valleys or Graben, while others are 
essentially the result of denudation under karst conditions, deter- 
mined only in part by diastrophic processes. Several of the smaller 
so-called poljes of Southern Herzegovina, on the other hand, show 
no clear evidence of such an origin, and appear to result from the 
collapse of underground watercourses. ‘To such depressions it 
would perhaps be better to restrict the use of the local Bosnian 
term “‘uvalas”’, such minor depressions being also known in 
Montenegro as “ valas”’. The more important Balkan poljes are 
those of Livno, Glamoc, Kupres, and Duvno, in Western Bosnia ; 
and in Herzegovina those of Nevesinje, Popovo, and Gacko. The 
Montenegrin poljes belong to two parallel systems following the 

VOL, LIX.—NO. IX. 26 
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Dinaric (N.W.-S.E.) trend. The more easterly group includes those 
of Grahovo, Njegus, Cettinje, and Lijubotin. West of these occur 
the poljes of Nitchitchi, Danilovgrad, and Podgoritsa. 

All the Bosnian poljes are considered by Katzer (10) to have 
originated with the Miocene orogenic movements, and to be bordered 
by longitudinal fractures. Cvijic (3), on the other hand, maintains 
that every gradation exists between the minor erosion hollows of the. 
karst and the poljes; the remarkably rectilinear form of the latter 
being due to the prevailing strike of the limestones. 

All the Bosnian poljes agree in possessing remarkably straight and. 
almost precipitous walls surrounding a flat featureless depression, 
and are largely basins of internal drainage. The largest polje of the 
Western Balkans is that of Livno, which extends in a N.W.-S.E. 
direction for over 40 miles and is from 3 to 7 miles in width. Its 
walls consist mainly of Cretaceous limestones, and to the north-west 
include Triassic and Jurassic limestones, while it is floored with 
Upper Oligocene or Lower Miocene freshwater limestones and marls, 
with beds of lignite up to 10 feet in thickness. The drainage of the 
polje is towards the centre, streams flowing from the north-west, 
eventually disappearing in deep swallow holes, termed “ ponors ’ 
while those draining in from the south-eastern end around Livno 
also eventually disappear in, ponors below the surface. The Livno 
polje has two subterranean outlets, which each pass by means of east 
and west courses under the Dinaric range to the west into the Cetina 
valley and eventually enter the sea opposite the island of Brazza. 
Each of these underground channels following the line of the major 
joints in the Cretaceous limestones is upwards of 8 miles long. The 
more northern disappears in the ground to the immediate north of 
Bujani, and emerges close to the village of Hrvace, im the Cetina 
valley, while the more southern one enters the Sinjsko polje at the 
village of Otok. In wet seasons these channels are unable to take 
the whole of the drainage of the basin and for upwards of seven 
months of the year the Livansko polje forms an inland sea or marsh. 
The floor of the pole forms, however, the only fertile region in the. 
district ; consequently within the past few years efforts have been 
made to drain it by means of irrigation. The Glamoc, Kupres, and 
Duvno poljes are similar in almost every respect to that of Livno. 

The Nevesinje polje, which is 15 miles long and has an 
average width of 5 miles, is in Central Herzegovina, to the east of 
Mostar. That of Gacko, which has an area of 30 square miles, lies. 
to the east of Nevesinje, and close to the Montenegrin borders. The 
floor of the polje, consisting of lignite-bearmg Miocene con- 
glomerates, marls, and freshwater limestones, is just over 3,000 feet. 
above sea-level, and is abruptly hemmed in by the Bjelasitsa and 
Lebrsnik ranges of massive limestone, which each attain over 6,000 feet. 
above the level of the sea. In the Gacko polje the mountain streams, 
which formerly converted it into a marsh for the major portion of the 
year, have been dammed, collected in large storage reservoirs, and. 
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employed for the irrigation of the Gacko plain during the hot and 
dry Herzegovinian summer, with the result that upwards of 2,000 acres 
of highly fertile marsh land has been brought under intensive 
cultivation. 

The Popovo polje, on the northern edge of which is situated the 
ancient walled town, of Trebinje, is in Southern Herzegovina. Its 
fertile surface covered with vineyards, orchards, and plantations 
of maize and tobacco, which in the wet season consists of half-river, 
half-lake, stands out m striking contrast to the wind-swept surfaces 
of the adjoining inhospitable and rugged karstlands. The polje 
extends in the direction of the main Dinaric N.W.-S.E. folds for 
a distance of over 40 miles, and the remarkable parallelism of the 
sides, together with its steep spurless walls, so well seen around 
Turkovitsi, are strongly suggestive of its tectonic origin. From the 
north it is dramed by the river Trebinjstitsa, flowimg m a south- 
easterly direction along its floor, while streams bearing the same 
name enter its southern end around Lastva and drain northwards. 
The overflow of the Popovo polje takes place westward, under the 
ridge of massive Cretaceous limestones behind Ragusa, by means of 
an underground channel, 8 miles in length. Where the waters 
eventually emerge near Rosgiatto, they constitute the river Ombla, 
a stream of considerable volume. The confirmation of its being the 
main outlet of the polje has been clearly proved by observing the 
sympathy of the ebb and flow of the river Ombla with that of the inland 
stream, the Trebinjstitsa. Where the Ombla emerges at the surface, 
under a precipitous limestone wall, nearly 1,500 feet high, it is a 
stream fully 40 yards broad, and of sufficient volume to work several 
small mills near its source, besides also providing a copious supply 
of fresh water for the town of Ragusa, whither it is carried by means 
of an aqueduct. From its source to the sea at Gravosa, the river 
Ombla follows a broad, winding, limestone canyon, 24 miles long, 
the precipitous sides of which, covered with cypresses and olives, 
and dotted with villas, present a charming scene, standing out in 
vivid contrast with the barren, waterless karstlands which hem it 
in on either side. 

In Montenegro the more easterly system of poljes already referred 
to, viz. Grahovo, Njegus, Cettinje, and Ljubotin, follow the Dinaric 
trend, and were probably produced by the same system of fractures 
that gave rise to the Popovo polje of Southern Herzegovina. Hach 
of these depressions is floored with quaternary sands and clays, while | 
they are surrounded by steep hills consisting of Triassic dolomites 
and limestones. The Grahovo polje, which has an area of about 
6 square miles, is the largest, that of Cettinje (also known as the 
Cetinjsko polje), in which the chief town of Montenegro is situated, 
being about half that size. The more easterly group, including those 
of Nitchitchi, Danilovgrad, and Podgoritsa, are drained by the Zeta 
river. Of these, that of Nitchitchi is the largest, having a total area 
of about 20 square miles. 
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CANALI. 

Closely related to the poljes, and of similar origin, are the long 
fjord-like arms of the sea, along the Dalmatian coast, known as 
“canali”’, which, judging by their outline and analogy, appear to con- 
stitute karst poljes drowned by the sea. The most prominent of 
these is the Canale della Morlacca, which can be traced from Porto Re, 
near Fiume, for upwards of 100 miles as a deep channel in a south- 
easterly direction. Its southern hmits appear to be marked by the 
Mare di Novigrad, and the Mare di Karin near Obrovazzo. This 
channel, which has an average width of 3 miles, lies throughout its 
course close to the boundary between the Cretaceous limestones and 
‘the older (Carboniferous and Triassic) rocks, the latter forming the 
abrupt western scarp of the Velebit mountains, rising to heights of 
over 1,000 feet within a very short distance of the coast. Another 
striking fjord-like depression is that known as Canale dell’ Arsa, 
which is 10 miles long and $ mile wide, extending north-westwards 
from the Quarnero into the Istrian peninsula. It has abrupt parallel 
sides with several well-marked rectangular bends, and on its floor on 
the mamland occurs Lake Arsa (or Cepi¢), which is known to be 
rapidly increasing in size, probably owing to the blocking up of its 
subterranean outlets. Further south, where the Dinaric strike 
sweeps east and west, are several canali following a similar direction. 
The more important are those of Lesina, Curzola, and the Canale 
della Narenta. 

THe CATTARO AND ScuTARI DEPRESSIONS. 

It is in the Cattaro and Scutari districts where the most intense 
earth-movements have taken place that is found by far the grandest 
scenery in, all the Illyrian karstlands. Here the profound effect of 
earth-movement is clearly revealed in the remarkably abrupt 
features met with. The steep and imposing nature of the mountains 
that encircle the several bays constituting the Bocche di Cattaro, 
and also enclosing the plain on which Lake Scutari is situated, 
strongly suggest that both of these fjord-lke hollows are primarily 
the result of extensive block-faulting, and as such they have been 
generally described. The Bocche di Cattaro consists of three separate 
basins and soundings have shown that all three of them attain a 
considerable depth below their outlets. In the outer bay the great 
southern wall of the Kumbur channel trending north-west from 

_below Radovits is sheer and spurless, and has every appearance of a 
large fault-scarp running towards Castelnuovo. Similarly, between 
the bay of Teodo and the inner Gulf of Cattaro, is the Teodo 
peninsula, which rises sharply to over 2,500 feet above sea-level. 
Both the western and eastern walls of this massif rise with sheer. 
sides from the floor of the gulf and along the sides of the Cattaro- 
Cettinje coach-road around Fort Trinita there is clear evidence of 
faulting in continuity with these scarps. The eastern wall of the 
inner bay of Cattaro has also an almost sheer face. Numerous 
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hanging valleys notching this limestone scarp to the north and east 
of the town of Cattaro significantly suggest that these movements 
took place in comparatively recent geological times. The remarkable 
straightness of the valleys, together with the truncation and facetting 
of the spurs, so admirably displayed on both sides of the Teodo 
massif, would appear to lend additional support to such a view. 

In a general manner, the Scutari basin is analogous to that of 
Cattaro, and both its eastern and western walls are remarkably 
abrupt. The latter, separating it from the sea, is known as the 
Sutorman range, and consists of massive Cretaceous dolomites, 
which exhibit a remarkably unbroken rectilinear scarp-face when 
viewed either from Virpazar to the north or Scutari on the south. 
Through the southern end of this ridge the river Boyana has cut a 
narrow defile, which forming the only outlet of the basin results in 
the whole of the floor of the Scutari depression, being not infrequently 
flooded. The eastern wall (which also forms the eastern boundary of 
the Nitchitchi and Podgoritsa poljes) consists of massive Cretaceous 
limestones and dolomites, capped in places by older Tertiary lime- 
stones. Banked against the eastern face, highly fossiliferous and 
marine Lower Pliocene beds have been met with at Kopliku,+ 
strongly suggesting that in early Pliocene times it already formed a 
fjord of the sea; and that, like the Cattaro depression, its 
main outlines were probably determined in Miocene times. Cvijic,” 
on the other hand, holds that the maximum intensity of fracture 
and subsidence took place in the Quaternary period. While the 
remarkably abrupt nature of the features tend to support such a 
view, it is a very significant characteristic of all the structural 
depressions of the karstlands, including the poljes, that they 
invariably contain Upper Miocene or Pliocene freshwater beds on 
their floors. 

LIMESTONE SURFACES AND OUTLINES. 

One of the most distinctive features of the Dalmatian islands and 
littoral, especially when viewed from the sea, is their generally smooth 
and rounded outlines and contours. Except where the limestone 
surface is quite bare, or where recently formed river-gorges cut 
actoss the plateau, the worn surface is remarkably free from crags 
and pinnacles. These have been described in some detail by 
Professor Gregory,’ who refers to them as “ pseudo-glacial ” features, 
but points out the complete absence of any evidences of glaciation 
in this area. They would appear to be “ down ”’-like surfaces, due 
to the weathering of the limestone, such as are so familiar on the 
Chalk uplands of Southern Britam and North-Hastern France. 

1 H. Vetters, ‘“ Geologie des nérdlichen Albaniens”’: Denksch. Math. Kl. k. 
Akad. Wiss., Vienna, vol. lxxx, 1906, p. 4. 

2 J. Cvijic, “‘ Die dinarisch-albanische Scharung”’: Sitzungsber. d. Akad. 
d. Wissensch., Vienna, vol xc, 1901, pp. 31 et seqq. 

° J. W. Gregory, “ Pseudo-Glacial features in Dalmatia”: Geogr. Journal, 
London, vol. xlvii, 1915, pp. 105-17. 
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But while the general outline is a down-like form, where the lime- 
stone surfaces are quite devoid of any protective covering of 
vegetation or red earth, very slight variations in rock-texture or 
composition such as dolomitization, result in the production of a 
highly fretted surface, known as griés or lapiés. It is on the purest 
limestones and where running water can operate on a great scale, 
such as the bare regions of Herzegovina, to the north-east of the 
Narenta, that the more typical griés are to be found. More usually 
there are scattered patches of red earth covered with sage-bush, 
alternating with bare patches, where a stunted vegetation flourishes 
in clefts. Such regions have been described as esserts. 

Ponors AND DOLINAS. 

The funnel-shaped hollows which are so frequently met with on 
the surface of the karst are termed ponors. Many of these are largely 
filled with red earth, formed by the decomposition of the limestone, 
and are then known as dolinas. The former Austrian maps of the 
country to the east of Trieste indicate upwards of two hundred 
ponors in an area of some 30 square miles, not including innumerable 
minor hollows and dolinas. One of the largest is known as Katchna- 
Jama, and is close to the village of Divatcha. It is over 1,500 feet 
deep ; around it are no signs of faulting or movement, and it appears 
to have originated along a major joint in the massive Cretaceous 
limestone, and to have been enlarged solely by the action of running 
water. ; 

The mode of origin of the Illyrian dolinas has given rise to con- 
siderable discussion. Cvijic (2) many years ago pointed out that it 
is only in exceptional cases where they originate through the collapse 
of vaults of underground watercourses and grottoes. There is now 
general agreement that in the first place they are due to the simple 
penetration of meteoric waters localized by small fissures. An 
important feature is the marked abundance of dolinas in such areas 
as Southern Istria and the neighbourhood of Adelsberg, where there 
is a fairly continuous covering of red earth, and a dense growth of low 
vegetation, while they are comparatively infrequent on the bare 
limestone surfaces. In the former cases the enlargement of the clefts 
takes place more rapidly, presumably because of the greater erosive 
power of water when charged with suspended matter, and also 
(accordmg to Chaix-Du-Bois (9), who has studied the Adelsberg 
district) probably because chemical erosion is powerfully augmented 
where the vegetation is more intense. 

According to Grund (7), the greatest erosion probably takes place 
immediately above a uniform plane of saturation or water-table 
at the base of the karst limestones. The continued uplift since 
Miocene times has lowered this plane, with the result that with each 
successive uplift vertical erosion has ensued, while with each 
stationary period lateral erosion took place, resultmg in the com- 
plicated system of hollows that now stud the karstlands. Martel (4), 



The Karstlunds of Western Yugoslavia. 407 

on the other hand, who has exhaustively explored many of the 
Illyrian caverns, maintains that the existence of such a water-table 
is at variance with many facts ascertained by speleological research, 
and holds that the present forms are the result of true subterranean 
rivers flowing beneath the surface of the karst. It seems clear from 
his researches that much greater importance must be attached to the 
mechanical action of water containing solid matter in suspension, 
flowing along fissures and cavities in the limestone, and conversely 
less importance to the effects of interstitial percolation than has 
hitherto been attributed to it hy Grund and others. 

One of the most extensive and remarkable dolinas in Western 
Yugoslavia is that of Kocevlje (or Gottschee), 40 miles south of 
Ljubljana. Here on the limestone plateau occurs a funnel-shaped 
depression, whose superficial area is about half a square mile, and 
whose upper portion is filled with Upper Tertiary freshwater lime- 
stones and marls, in which are interbedded six seams of lignitic 
coal ; the latter totalling in all a thickness of over 100 feet. Two of 

the principal seams, which consist of almost pure woody coal up to 
40 feet in thickness, have been extensively worked, both by open- 
cast and subterranean mining. These Upper Tertiary lignitiferous 
beds dip slightly towards the centre of the dolina, and through the 
centre of them passes an irregular circular plug of tufaceous lme- 
stone. This has heen met with in the deepest workings, which have 

so far been carried to a depth of 210 feet. In this remarkable stance 
we have preserved intact the later geological history of this area ; 
the beds, if, indeed, ever occurring continuously there, having been 
completely removed from the neighbouring karstlands. 

PRESENT-DAY CONDITIONS. 

In the preceding pages it has been shown that karst conditions 
have been developing ever since the Miocene uplift of this region ; 
it is clear, however, that present-day climatic conditions have a 
powerful effect on the landscape, while other factors have contributed 
towards its accentuation within historic times. Judging from 
historical records, much of Illyria, which constituted the flourishing 
province of Liburnia in the Roman era, was comparatively thickly 
wooded with beech and conifers, and this condition would assist in 
the gradual accumulation of a thin veneer of “‘ terra-rossa’’. Since 
that period the wood has been gradually removed, both by the 
Venetians to supply the innumerable piles on which their city is 
built, and also by them and the Ragusans to build their extensive 
fleets. This, coupled with the indiscrimmate cutting of timber for 
every conceivable purpose, and the destruction of young shoots 
by the countless herds of goats reared in this region, have left much 
of it unprotected, so that in the hot, dry summer, the “ terra-rossa ”’ 

covering is carried away to produce the extensive sand-dunes seen 
to the north-east of Gospits, to the south of Koprivnitsa and else- 
where. In Montenegro the wood has been indiscriminately removed, 
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both by the Montenegrins themselves and also by the Turks, partly 
to prevent ambush along their former northern frontier. Rainfall 
and wind have completed the work of destruction by removing the 
loose humus, producing a region of unrivalled barrenness. Districts 
like the Smjavina Planina, which were known to be well-wooded and 
to contain numerous settlements less than 200 years ago, are to-day 
dreary stony wastes. 

The most powerful factor at the present day in the production 
of the bare surfaces is the dry and cold wind, known as the “‘ bora ”’, 
which blows with extreme severity from the high uplands to the north 
of the Illyrian wastes throughout the winter months. Bosnia, 
which is little affected by the “‘ bora ”’, is consequently not so bare 
as regions nearer the coast and the majority of its uplands are thickly 
covered with deciduous forests. Herzegovina, on the other hand, 
the barren nature of which is proverbial, suffers considerably from 
its effects. The necessity for a close study of the karst and its geology 
was recognized many years ago by the former Austrian authorities. 
The shortage of water in many summers is acute, for in some cases 
a whole group of Herzegovinian or Dalmatian villages are dependent 
on a single well. Springs and wells are also so infrequent on the 
Montenegrin karst that the few that exist have become famed in 
national poetry, and have been the cause of endless dispute and 
bloodshed in the past. By the construction of storage reservoirs, 
and the irrigation of the floors of many of the poljes, the shortage 
of water has been met in part, and what were formerly inland 
‘marshes, unbealthy in summer time, have been converted into rich 
agricultural districts. Afforestation has also been systematically 
carried out along the Dalmatian coast for the last forty years, with 
the result that much of the country between Ragusa and Spljet is 
now covered with a luxuriant growth of beech and pine. 

BIBLIOGRAPHY. 

(1) A. Heim, “ Ueber die Karrenfelder”: Jahrb. d. Schweiz. Alpenclubs, 
Bd. xiii, 1878, p. 421. 

(2) J. Cvijic, “ Das Karstphanomen”: Geogr. Abhandl. v. A. Penck, 
Vienna, Bd. v, 1893. i 

(3) J. Cvijic, ‘“ Morphologische und Glaciale Studien aus Bosnien, etc. . . 
Die Karstpoljen”: Abhandl. d. Geogr. Gesellsch., Vienna, Bd. iii, 
1901. 

(4) E. A. Martel, ‘“‘ Les Abimes, ete. Explorations Souterraines effectuées 
de 1888 41893 en France, Belgique, Autriche et Gréce ”: Paris, 4to, 
1894. 

(5) H. A. Martel, ““ Nouveau Traité des Eaux Souterraines”’: Paris, Svo, 
1921. 

(6) i. Hassert, “ Beitrage zur physischen Geographie von Montenegro”. 
Petermann’s Mitteilungen, Erg. H. 115, Gotha, 1895, pp. 1-174. 

(7) A. Grund, “ Die Karsthydrographie”’: Geogr. Abhandl. v. A. Penck, 
Vienna, Bd. vii, 1903. 

(8) A. Grund, “‘ Beitrage zur Morphologie des dinarischen Gebirges”’: ibid., 
Bd. ix, 1910. 

(9) A. Chaix-Du-Bois, and A. Chaix, “‘ Contributions 4 l’étude des lapiés en 
Carniole”’: Le Globe, Geneva, vol. xlvi, 1906, pp. 17-56. 



The Age of the Hirnant Beds. 409: 

(10) F. Katzer, “ Karst und Karsthydrographie ’’: Sarajevo, 1908, pp. 1-95. 
(11) R. Schubert, ‘‘ Die Kiistenlinder Osterreich-Ungarns ”: Handb. d. Reg. 

Geologie, Heidelberg, 1914, Bd. v, pp. 1-51. 
(12) E. Fleury, ‘“‘ Les Lapiés des Calcaires au Nord du Tage (Portugal) 

Comm. Serv. Geol. d. Portugal, Lisbon, vol. xii, 1917, pp. 127-274. 

”. 
: 

The Age of the Hirnant Beds. 

By GertrupE L. Exizs, D.8c., Fellow of Newnham College, 
Cambridge. 

| eee age of the Hirnant Beds has for a long time been a matter of 
uncertainty, occurring as they do at the junction of the 

Ordovician with the Silurian. They were originally included by 
Sedgwick in his ‘‘ Upper Bala ’’,' and in the Memoir of the Geological 
Survey on North Wales ? they are grouped with the Bala, and there- 
fore in a modern classification would be relegated to the Ordovician. 
In 1879,3 however, Ruddy stated that the grits representing the 
gritty facies of these beds in the northern part of the area were the 
same as those coloured Lower Llandovery on the Geological Survey 
map, and he then held this view of their age, though later, in 1885,4 
he placed them at the top of the ““ Caradoc or Bala Series”. Hughes ® 
also regarded the Hirnant Beds as representing the base of the 
Silurian, though he regarded the Ashgill Shales of Fairy Guill and 
elsewhere as Ordovician. Marr ° has also always regarded the Ashgill 
Shales of Fairy Gill as ““ Upper Bala ”’, and has included them in his 
Ashgillian division at the top of the Ordovician. It is perhaps 
significant that Salter in his Catalogue ‘ includes the fossils from both 
sets of beds in the “‘ Upper Bala ”’, but divides this into two :— 

(a) The Hirnant Limestone and Llanfyllin Beds. 
(b) The Llandovery (Lower Llandovery of the Survey). 
Thus, whilst opinion regarding the age of the Hirnant Beds has 

clearly been divided, there has been a general consensus that the 
equivalent beds in the Lake District area were of Ordovician age. 

The fauna that these beds contain appears to be a very definite 
one, though some forms are difficult of identification, in fact, much 
of the difficulty has centred round the identity of the two species, 
Orthis hirnantensis M’Coy and Strophomena siluriana Dav.; some 
geologists have considered these synonymous, whilst others have 
regarded them as distinct fossils characteristic of different horizons. 

I have recently been able to show ° that the two fossils, whilst 
possessing certain undoubted resemblances, are nevertheless quite 

1 Quart. Journ. Geol. Soc., vol. i, 1845, p. 6. 
2 Mem. Geol. Surv., vol. iii, 1866 and 1881 (2nd edition). 
3 Quart. Journ. Geol. Soc., vol. xxxv, 1879, p. 200. 
4 Proc. Chester Soc. Nat. Hist., No. 3, 1885, p. 118. 
> Proc. Chester Soc. Nat. Hist., pt. iv, 1898, p. 141. 
§ Quart. Journ. Geol. Soc., vol. 1xix, 1913, p. 1; and Quart. Journ. Geol. Soc., 

vol. Ixxi, 1916, p. 189. 
7 Cat. of Cambrian and Silurian Fossils, 1873, p. 72. 
8 Quart. Journ. Geol. Soc., vol. Ixxviii, 1922, p. 132. 



410 IDC. hy THe 

distinct, though both occur in the same beds. I have also given reasons 
for the suggestion that on the evidence available, admittedly not 
entirely satisfactory, the beds in question were more likely to be of 
Silurian than of Ordovician age. This summer I have obtained 
additional evidence which goes considerably further towards the 
solution of the problem. 
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Fic. 1.—Sketch-map of Bwlch yr Hwch. Scale 6 inches = 1 mile. 

Close to Bwlch yr Hwch (Fig. 1), in the Hirnant Valley, where 
these Hirnant Beds are typically developed, they consist of a series 
of soft blue-grey mudstones, some of which are calcareous, containing 
the well-known pisolitic Hirnant Limestone in large concretionary 
masses ; these beds have yielded :— 
Orthis hirnantensis M’Coy. C. Strophomena siluriana Dav. C. 
Orthis saguttifera Dav. C. Platystrophia biforata var. 

fissicostata (Schloth.). 
Dalmanella elegantula (Dalm.) Monticulipora fibrosa (M’Coy.). 

_ This is the characteristic ““ Hirnant ” fauna. 
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The relation of these beds to those above and below is shown in 
the accompanying section (Fig. 2); the pale grey Moelfryn Sand- 
stones occupy the greater part of the Pass, which owes its steep-sided 
character to them ; at its south-east end are seen the Foel y Ddinas 
or Phacops Mudstones, a sandy mudstone group clearly related 
lithologically to the Moelfryn Beds ; the development of the Hirnant 
Beds which succeed, ushers in an important lithological change, 
for these are soft dark-blue mudstones, in which slaty shale bands are 
intercalated with increasing frequency until the whole is a purely 
slate group with more and more definite banding the higher we go 
in the series. The higher beds have yielded graptolites characteristic 
of two definite horizons, those of the Upper Birkhill and Lower 
Gala respectively. So that so far as this section is concerned, the 
Himant beds are either referable to the highest portion of the 
Ordovician and the whole Valentian, extremely thin, or else they 

represent beds of Lower Valentian age. 

IN ZW S.E. 

tood Fe. 
level 

Fie. 2.—Section 8.W. side of Bwleh yr Hweh. Hor. scale 6 inches = 1 mile. aie Moelfryn 
Sandstones. 2. Foel-y-Ddinas Mudstones with Phacops. 3. Hirnant Beds. 4. 
Valentian. 

Traced northwards along their strike these beds gradually lose all 
their calcareous and argillaceous matter and become sandstones and 
then grits of fairly coarse texture, but they still contain a “ Hirnant 
Fauna ”’; traced southwards, on the other hand, they seem to pass 
definitely into sediments of a deeper-water nature, whose age can 
be determined without any difficulty. Unfortunately, owing to the 
nature of the ground, the outcrop cannot be followed continuously, 
as it disappears for the most part under a wide stretch of boggy, 
peat-covered moor; the Moelfryn Sandstones can, however, be 
traced easily, as they form a more or less definite feature, and out- 
crops are fairly numerous, and the trend of the higher Banded Slates 
is also fairly obvious, the intervening softer beds being concealed. 
When, however, all the beds are once more seen about 2} miles south 
of the original outcrop, their relationships seem perfectly clear. 
Here at Bwilch y groes, the Pass over from Llanuwchllyn to 
Dinasmawddwy, they are very well exposed, and can be traced for 
some distance on either side; the light grey Moelfryn Sandstones 
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are easily recognizable, though somewhat finer in grain and with 
more numerous mudstone bands. Overlying them come, as before, 
the Phacops Mudstones, here slightly more shaly in character, 
and containing one narrow, but definite, calcareous band, whilst 
immediately above these in the place of the Hirnant Beds come 
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Fic. 3.—Sketch-map of Bwlch y groes. Scale 6 inches = 1 mile. 

Graptolitic Shales with a well-defined Lower Birkhill fauna, com- 
prising :— 
Monograptus atavus Jones (small Climacograptus rectangularis 

fragments). (His.). 
Dimorphograptus extenuatus Mesograptus modestus var. 

H. & W. dinunutus H. & W. 
Climacograptus normalis. Lapw. 

This assemblage clearly indicates the subzone of Monograptus 
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atavus, the lowest of the three subzones into which the Orthograptus 
vesiculosus zone can now be divided. All these beds are well seen 
at the top of the Pass; they are then succeeded on the southern 
slope by definitely banded Graptolitic Shales, which are not very 
fossiliferous at first, but contain more graptolites to the south, in 
the neighbourhood of Blaen y Pennant, where all the main Birkhill 
horizons can be recognized; these pass up in turn into the still 
more conspicuously banded shales containing the Gala-Tarannon 
(Upper Valentian) fauna Monograptus discus Tqt., M. crispus 
(Barr.), and M. marri Perner. 

There would therefore seem to be little room for doubt that 
the Hirnant Beds must be regarded as being of Lower Valentian 
age, their peculiar character in the typical locality and the com- 
parative rarity of this fauna in general being possibly accounted for 
by the fact that the beds are essentially of a transitional nature 
between the typical shallow-water sediments of the north and the 
deeper-water deposits of the south. 

These facts also agree well with those noted at Conway, where the 
Conway Castle Grit, which seems to contain this Hirnant fauna, 
rests upon beds with Phacops mucronatus, and is itself overlain by 
Graptolite Shales, with a Lower Birkhill fauna. 

If, as seems to be the case, the Ashgill Shales of the Lake District 
also contain this “ Hirnant ” fauna, it would appear as if the upper 
limit of the Ashgillian should be drawn beneath them, and in this 
connexion it is worthy of notice that the “ Dimorphograptus”’ 
beds, referred to as constituting part of the basal series of the Silurian 
in the areas where the Ashgill Shales are described contained a fauna 
characteristic of an horizon still higher within the Valentian thaa that 
of the beds seen at Bwlch y groes. 

If the zone of Orthograptus vesiculosus be subdivided into three, 
as has been done by Jones,” viz. :— 

Sub-zone, Monog. cyphus = 
 Dimorphograptus Zone’, of 
Lake District. 

Sub-zone, Monogq. acinaces. 
Sub-zone, Monog. atavus = 

Hirnant Beds. 
the difference in horizon is clear. The assemblage of graptolites 
in the Dimorphograptus zone of the Lake District is that characteristic 
of the sub-zone of Monog. cyphus, so that in a shallow-water facies 
there must be a considerable thickness of beds below to be included 
in the Valentian as at present understood. If the base of the 
Silurian be taken as suggested above, at the base of the Hirnant 
Beds or their equivalents, the horizon is easily recognizable from a 
paleontological standpoint either by the advent of the ‘* Himant” 

1 Elles, Quart. Journ. Geol. Soc., vol. xv, 1909, p. 169. 
2 Jones, ‘‘Gothlandian or Silurian (Great Britain)’?: Handbuch der 

Regionalen Geologie, Bd. iii, i, 1917, p. 85. 

Zone 9. Orthograptus vesiculosus 
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fauna, in the shallow-water facies, or by the coming in of Mono- 
graptus and Dimorphograptus, in the beds deposited in deeper water. 

I gladly take this opportunity of acknowledging the assistance 
I have received this summer in the field from my friend and old 
pupil, Miss E. W. Gardner. 

An Aeolian Pleistocene Deposit at Clevedon. 

By Epwarp GREENLY, D.Sc., F.G.S. 

(Concluded from p. 876.) 

Other Localities —EHight feet of loamy sand have been found in 
Walton Park Hotel garden, and are banked against the cliffs about 
330 yards south-west of Ladye Bay. Mr. G. E. Male has lately 
found what he considers to be the same sands on the southern slopes 
of Worle Hill at Weston-super-Mare. Beyond Yatton there is some 
obscure stony sand in a gap of Cadbury Hill, near Cleve, and a trace 
of sand on the summit which cannot have been derived from waste 
of the limestones. No other signs of these deposits have yet been 
detected in Somerset, so far as I am aware, away from the 
Clevedon ridges, though traces of them may be looked for on the 
southern slopes of the Mendip and other adjacent hills. 

In Geology im the Field (published by the Geologists’ 
Association), however, a short summary is given of certain 
accumulations that are known in the Cotteswolds. At various levels 
on the sides of those hills there are yellow quartzose sands, more or 
less mixed with rock debris, and the sands, with which there are 
occasional bands of clay, spread out on to the lower lands. Mammoth 
and other vertebrates are found in these sands near Cheltenham, 
and freshwater skells of living species near Stroud. Some of the 
rock-fragments are slightly rolled, and when the formation is traced 
northwards erratics begin to appear. I have not seen these deposits, 
but they seem to resemble those of Clevedon in several particulars, 
though with differences that might be expected some 35 to 45 miles 
away to the north-east. Perhaps even the sands, loams, and rubble- 
drifts of southern England may yield interesting parallels. 

THe AGE orf THE DEPosITs. 

Professor Reynolds remarks that the probable presence of the 
Arctic fox and the Norway lemming, with the character of the 
voles, all point to a “ very considerable antiquity”; and Mr. Martin 
Hinton regards the fauna as not later than the Middle Pleistocene. 
All the vertebrates, however, were found in the lowest of the 
deposits, so that the loam, sand, and upper breccia must be some- 
what later. The formation shows no sign whatever of marine 
reassortment or marine erosion, but as it is not seen below 30 feet 

1 With regard to all the sections mentioned in this paper, I desire to point 
out that I have not re-visited Clevedon since my return to North Wales in 
April, 1920. 
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O.D., its relation to the 25 ft. raised-beach of Woodspring and 
Weston is unknown. Sands as old as the Middle Pleistocene might 
be expected to have undergone some subaerial erosion (such as 
sheets of boulder-clay invariably show here and there), but the 
curving surfaces of these are wonderfully smooth and free from 
channelling. Yet not only the general character of the fauna,’ but 
the abundant angular detritus, are suggestive, if not of a sub-arctic 
climate, at any rate of severe winters. When the Welsh ice-sheets 
were gradually receding, North Somerset, though habitable, would 
have been extremely bleak in winter. Perhaps we may refer these 
accumulations to some stage of the waning of the Glacial period. 

THE ORIGIN OF THE DEPOSITS. 

To what agency are we to ascribe these accumulations ? It must, 
m the first place, be one that operates upon a Jand-surface, for the 
fauna leaves no doubt that they are wholly terrestrial. Running 
water may be suggested by the generally stratiform arrangement 
at Holly Lane, and the jumble of bones inside the cave may seem, 
at first sight, to demand some such an agent to carry them in. But 
the terrestrial fauna, the exclusively local derivation and remarkable 
angularity of the blocks, with the absence of internal stratification 
in each of the bands of deposit, are not aqueous phenomena. More- 
over, whence could such a river have come, and whither did it flow ? 
Consider the physiography (Fig. 1). The Vale of Gordano is as 
open at East Clevedon Gap as it is at Portishead. At one end is the 
Channel, just outside the Severn’s mouth; at the other are 
150 square miles of alluvial plam. There is no _ possible 
course for such a river. Further, these beds climb up to at least 
120 feet (perhaps 180 feet) O.D., so that, if we invoke this agency, 
we must drown the greater part of Somerset under more than 
100 feet of water; water, too, which cannot be admitted to be 
marine! Plainly some other agency has been at work. 

Now the breccias are manifestly of the nature of local talus. 
The fauna points, if not to sub-Arctic, at any rate to cold conditions. 
We may therefore look upon these breceias as ancient scree, such as 
is detached from crags by frost. But how could scree find its way 
into, and nearly fill up, the cave ?. A fortunate circumstance points 
out the way. At the door, the crag is vertical. Rubble from a 
surviving patch of breccia near the cliff’s brow is now falling just 
at that spot, piling itself up, and slipping back into the cave, which 
it kas already partly refilled, and will easily refill up to the level of 
the crown of the arch, thus plainly indicating for us the manner 
in which the same result was achieved in Pleistocene times. But 
special facilities existed then. In a severe climate, frost would 
furnish abundant scree-material which, falling over the cliff, would 
pile itself up in a bank, which, elsewhere sloping only outwards, 

1 Mr. Hinton urges that Microtus nivalis does not, in itself, imply any great 
degree of cold. 
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would, at the cave’s door, slope inward also. Snow, gathering in 
drifts, would mix with it, begin to slide, and when thaw came would 
make the gliding of the scree-bank to the cave quite an easy matter. 
With the sliding of the talus, any skeletons of animals who had 
sheltered and died at the crag’s foot would be disintegrated, and the 
bones jumbled about, not to speak of being trampled by their 
SUCCeSSOTS. 
What agency, however, transported the dusty sand of alien 

derivation, which not only occurs in massive banks, but also functions 
as the matrix of the breccias ? There is one agent which could do 
all these things. That agency is Wind. Wind could bring the dust 
from far away, gather it in drifts, drive it into every chink of the 
scree, pile it along the steep scree-slopes and thence down the gentler 
slopes below, leaving it for the most part unstratified, though here 
and there with such impersistent bedding as 1s often to be seen in 
dunes. If mixed with snow, melting would bring settlement, and 
give us an explanation of the little local faults. Blocks of rock still 
falling from the crags would mingle with the sand, whose action 
would accentuate the tetrahedral or “ dreikanter”’ forms. With 
the drifting and shifting of the sand, they would frequently be under- 
ymined, and in the course of years this process (aided by the well- 
known gliding tendency of snow) could move them far down the 
gentler slopes, thus enabling us to account for the scattered blocks 
-which we find in the middle of the valley, and for their derivation from 
both the northern and the southern crags. Wind would drive the 
light land-shells before it, breaking most of them into tiny flakes, 
and allowing them to stand at all angles in the drifting sand. Wind 
would leave minute quartz-grains angular, while imparting to larger 
and heavier ones the dull and pitted surface that is characteristic 
of dry friction. A few yards of the crag’s foot at the eastern end, 
recently disinterred, are curiously rounded, in a way that is quite 
unlike the result of water-action upon limestone. They are pitted 
and dimpled, with many short grooves, narrow hollows being rubbed 
smooth, and there is a low polish in places. The phenomena closely 
resembles the work of natural sand-blast. In the summers of better 
seasons, a scanty vegetation could grow upon the banks, and its 
rootlets would leave the capillary tubes of the Holly Lane loam. 

Further, if we suppose the prevalent storms to have been irom 
a northerly direction, we can account for the absence of these dusts 
from the high plateaux, for their feeble development upon the sea- 
cliffs, for their great thickness along southern slopes, and for their 
maximum accumulation at the foot of a crag of more than 60 feet 
in depth, under whose lee they would tend to gather in drifts. We 
can also understand why the deposits are interrupted at the lane, 
for that lane is carried down a gap in the ridge, the blasts 
driving through which would prevent accumulation. 

Finally, the same hypothesis will enable us to account for the 
concentration of the bones along the cliff’s foot, and especially within 
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the cave. This hardly seems to be accounted for by its having been 
a den of occupation. But if it, and also the cliff’s foot, were a 
place to which both carnivores and_ herbivores crowded for 
shelter from furious northerly storms of dust and snow, all becomes 
intelligible. Cowed by the tempest, pursuer and pursued would 
scarcely (as is well-known under such circumstances) be aware of 
each other’s presence, and all would be overwhelmed in a common 
destruction by the drifts. They would crowd about the cave’s door, 
where the best shelter would be obtained. No vertebrate remains 
have been found in the unsheltered places. Their bones would be 
jumbled up as we have seen, and wind could easily whil a little 
vole-jaw into the neural canal of a horse’s vertebra. Man may 
never have visited the spot at this time, but have come there during 
the accumulation of the upper talus, by which time both the cave 
and the remains of the larger vertebrates would have been completely 
buried. 

In short, we may look upon the breccias as frost-shattered local 
talus, and the alien loams and loamy sands as dusts transported by 
northerly storms, while the same snow-storms and the accompanying 
climatic conditions generally can account for the filling up of the 
cave and for the peculiar distribution of the vertebrate and molluscan 
remains. 

THE Lorss: A CoMPARISON. 

Let us now turn to a consideration of the Loess. That remarkable 
accumulation is described as a sandy loam, with occasional beds of 
sand; and the Clevedon drifts are loams and loamy sands. The 
principal differences in composition seem to be that at Clevedon there 
is too much sand and too little white mica for complete corre- 
spondence. But here the petrological contrasts end. 

The loams, in both cases, are feebly plastic, siliceous, calcareous, 
and ferruginous, and there is the same angularity in their minute 
quartz. As in the foreign deposit, the finer quartz of the sands is 
angular, while its larger grains are often rounded, with the 
characteristic dull surface of aeolian transport.2 Loess, as the hill- 
sides are approached, begins to contain angular blocks of rock, 
and passes gradually into coarse talus with a matrix of loamy sand, 
to which we have a precise parallel at Clevedon. In both cases, the 
angular blocks are of exclusively local derivation, whereas the fine 
materials are alien, and of constant composition, quite independent 
of locality. The structural parallels are interesting. There is the 
same plentiful lack of stratification, the same singular vertical 
cleavage, the same calcareous concretions, and even the same 
capillary tubes with remnants of carbonaceous matter. 

1 T have not yet seen any account of the heavy minerals of the Loess. 
? I do not remember any reference to this last feature in Richthofen’s and 

Tietze’s descriptions. But it may not have been recognized on the Continent 
at that time as a product of aeolian action. 

VOL. LIX.—NO. IX. 27 «= 
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Above all, the form of the accumulations, and especially the mode 
of distribution with reference to physiographical features, are - 
identical ; the Clevedon drifts clinging to the hills in the manner 
of a true “Flankenlehm” (Fig. 3). Richthofen describes the 
characteristic profile of loess in hilly countries as that of a rope 
stretched loosely across from hill to hill, and it will be ‘seen from 
Fig. 4 (whose vertical and horizontal scales are equal) that this is 
precisely the profile of the drifts in the Vale of Gordano. There is 
also the same asymmetry, the Clevedon “ Flankenlehm”’ being 
banked up more thickly on southern than on northern slopes ; with 
reason, in each case, to ascribe this to the direction of the prevailing 
winds. 

Turning to the fauna, we find that of both formations to be 
thoroughly terrestrial, the only exception being that at Clevedon, 
which is close to the sea, there are two species of sea-birds, with 
five fragments of'marine organisms that could have been brought by 
them or the other large carnivorous birds. Land-shells are locally 
abundant in the Loess, though very sporadically, being often absent 
altogether; and this is precisely their mode of distribution at 
Clevedon. Four genera and sub-genera (Helix, Hygromia, Succinea, 
Pupa), and two species are common to both formations, Helix 
(ugronia) hispida Linn. and Pupa muscorum Linn., which 
are the most characteristic shells of the Loess, being found in 
great numbers at Clevedon. Vertebrates, locally abundant in the 
Loess, are locally abundant at Clevedon. More than eight mammalian 
genera (horse, bear, wolf, fox, Arctic fox, rabbit, voles, and lemming) 
and six species (with one or two birds) are common to the two. The 
voles, remarkably numerous in the Loess, were found in hundreds. 
at Holly Lane, with a goodly number of bones referred to the Norway 
Lemming, a characteristic Loess form. The mode of occurrence of 
the vertebrates was the same in each case, for they are crowded 
together in rock-shelters, caves, and crannies. 

Altogether, out of twenty-three characteristics,there may be said 
to be twenty correspondences, and two partial differences. There is 
only one complete contrast, that of the marine organisms, which is, 
of course, readily explicable by the proximity of the sea. The tabular 
presentation given will perhaps bring these out more clearly. In 
this table the symbols are :— 

Decided Development . : — 
Imperfect Development. c x 
No Development . : . 0 

Characteristics. Loess. Clevedon. 
Loam abundant, siliceous, feebly plastic Die hea = 
Loamy Sand abundant 5 : : ohne = 

1 Mr. Kennard remarks that the variety of H. hispida which he has from 
several localities in the Loess of Germany has not yet been found in Britain. 
It is small, and resembles the living Lake District variety of the present day. 
Also that H. aspieca and H. virgata have not been found in the European. 
Loess, being recent introductions into Central Europe. 
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The Loams calcareous . 
Bk »  ferruginous 

The Deposits micaceous 
The Fine Quartz angular : 
Angular Talus of local derivation . 
Fine Matter independent of piiees 
Lack of Stratification . : 
Vertical Cleavage 
Calcareous Concretions. 
Capillary Tubes . : 
Distribution dependent on physiography 
Outline as of Loose Rope, yet asymmetrical! 
Land-shells locally abundant 

2 genera in common 
2species .,, 

Vertebrates locally abundant 

el ea ral heal 

- concentrated about shelters. 
35 8 genera incommon . 
es 6 species re 

Voles very abundant 
Sea-birds and marine debris 

There seems now to be general agreement that the Loess is a 
product of aeolian action in a cold climate; and the Clevedon 
drifts, there can be little doubt, were accumulated under similar 
conditions. The Loess-lands lie along the southern margin of the 
region of maximum glaciation. The Clevedon drifts are 12 miles 
from Cardiff, where we find the maximum southern extension, of the 
land-ice of Wales. 

I do not suggest any correlation, especially as Loess is well known 
to be of more than one age, and to be overlain, locally, by certain 
glacial accumulations. All that the Clevedon deposits appear to 
tell us at present is that, at some time during the latter part of the 
Pleistocene period, Loess conditions extended from the Continent 
into south-western Britain. 

[alt= I thle Telesis Pipe abeas | ea ge eee 

THE CONTEMPORARY LEVELS. 

The drifts run down to the edge of the great Somerset alluvia 
(Fig. 2) with a slope of 7 degrees, and without any sign of thinning- 
out, so that, as they are certainly by far the older, they must pass 
under those alluvia, and must descend considerably below sea-level. 
Thus, as they are exclusively terrestrial, the land must, at the time 
of their formation, have stood considerably higher than it does 
to-day. Now, the submarine contours show that, with an elevation 
of 50 feet, open sea would not approach to within 8 miles ; and that, 
instead of the 12 mile sea-channel of to-day between Clevedon and 
South Wales, we should have a mere one mile river-channel. That 
conditions of this kind prevailed at that time finds some confirmation 
in the nature of the bird-fauna, for, with the sea as near as it is now, 
we should expect more than two sea-birds out of twenty-four. On 

1 Unless they were washed away by the sea during the period of the 
Raised Beach. 
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the other hand, the same fauna suggests a limit ; for although it is 
true that gulls fly many miles mland in winter, they would hardly 
carry fish-vertebree with them all that distance. The old level may, 
accordingly, be estimated as exceeding the present level by a good 
deal more than 20 feet, probably by nearly 50 feet ; but not probably 
by much more than that. 

THE SOURCES OF THE ALIEN SANDS. 

This question is closely bound up with that of level. The Coal 
Measures (Pennant) of Conygar have already (p. 363) been excluded. 
Moreover, Mr. A. Heard has lately published (Grou. Mae., 
February, 1922) a study of the petrology of the Pennant 
Series. His list of its minerals, in approximate order of abun- 
dance, is as follows: quartz,* muscovite,* coaly carbon, 
chlorite, zizcon,* pyrrhotite, siderite, spheerosiderite, pyrite, 
trutile,* tourmaline,* cordierite, corundum, biotite,* felspar,* 
glauconite, fluorite. Comparing this with the list given on 
page 369, we find that, out of a total of some thirty minerals, only 
seven (which are marked with an asterisk) are common to the two 
formations. Moreover, muscovite, large and abundant in the 
Pennant, is rare and small in these Pleistocene sands; _ biotite, 
rare in the Pennant, is not rare in the Pleistocene; felspars, 
indeterminable in the Pennant, are determinable in the Pleistocene ; 
while certain cherts are of different characters in the two cases. 
Zircon, rutile, and tourmaline are now known to occur m sand- 
stones of many different ages. In fact, not a single mineral of 
diagnostic significance is a common constituent of the two 
formations, and it is evident that the Pennant sandstones cannot 
have been the source of these Pleistocene sands. The narrow 
outcrop of Old Red Sandstone is manifestly an inadequate source, 
especially for the loams; while, on the other hand, it would have 
provided much more white mica; besides which, at only a quarter 
of a mile away, grains therefrom derived would hardly have lost 
their characteristic hematite pellicle. 

But there is a far more probable source. While the Welsh ice- 
sheet shrank back into the recesses of the mountaims, we may be 
sure that its melting waters distributed wide fluvio-glacial 
accumulations. Most of these must have been levelled off and 
redeposited by the sea since it was readmitted to the Channel by 
the subsidence which let down the Forest-bed.* During the retreat 
of the ice, however, with the land standing at the level suggested, 
the newly re-born Severn must have meandered along a 12 mile wide 
plain of reassorted boulder-clay, fluvio-glacial gravel, sand, and 
mud. From such a surface, under conditions of dry cold, storms 
could easily sweep up vast quantities of dust and sand. 

1 Very likely the vast banks of mud and sand which embrown the waters 
of the Channel for some 30 miles are part of the wreckage of them, incessantly 
redistributed by the scour of the tides. For the Severn, Wye, and Avon are 
not muddy rivers above tide-levels. 
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Now we have seen that the distribution of the sands decidedly 
indicates that the winds were from northerly directions. But, 
further, the whole assemblage of heavy minerals is (except for the 
absence of augite) that which is persistently found in the Glacial 
sands of South Wales.‘ The two most characteristic minerals of 
these deposits, andalusite and idiomorphic rose garnet, are present 
at Clevedon.” 

The evidence, accordingly, leaves little doubt that for the source 
of the alien sands we must look to the fluvio-glacial deposits of the 
Channel hollow, swept up in great clouds by northern winds, to be 
dropped by them under the lee of the nearest hills of Northern 
Somerset. 

RECAPITULATION. 

The Pleistocene deposits of Clevedon consist of sandy breccias 
and loamy sands, banked up mainly under southern crags. From 
their faunal and physical relations they may be assigned to a 
relatively late portion of Pleistocene times, probably that of 
the retreat of the ice-sheet from South Wales. The land appears 
to have stood some 25 to 50 feet above its present level, so that the 
inner reaches of the Bristol Channel were laid bare. All the 
characters of the deposits indicate that they are essentially products 
of aeolian action, supplemented locally by the work of frost. Their 
distribution and their contents show that the winds were from 
northerly directions, and suggest that the sands were derived from 
the fluvio-glacial accumulations of South Wales and the Channel 
hollow. Their characters correspond in a remarkable manner with 
those of the Eur-Asian Loess, indicating a similar mode of origin ; 
though explicit correlation is not made in this paper. In any case, 
however, the Clevedon drifts tell us of steppe conditions, of a dry 
cold climate, with a steppe fauna living on the land and of severe 
winters, with violent northerly storms of dust and snow. 
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The Cretaceous and Tertiary Question in Jamaica. 
By C. T. Trecumann, D.Sc., F.G.S. 

pee geology of Jamaica compared with that of some areas of the 
earth’s crust is neither very involved nor very difficult of 

interpretation. Considering the length of time that has elapsed 
since it was first studied and the easy accessibility of many parts 
of the island, it should be fairly well known and should form a 
key for the interpretation of the structure of the larger and less 
well-known islands of Haiti and Cuba, and also of Porto Rico and 
the smaller islands forming the group of the Greater Antilles. 

Unfortunately, confusion has arisen on more than one occasion 
concerning the correct attribution of one or other of the sedimentary 
formations of the island. I desire briefly in the present paper to 
call attention to some of the errors that have arisen and, as I hope, 
to correct what I consider to be the latest and one of the most 
serious of these errors, namely that referring to the reputed com- 
mingling of Cretaceous and Tertiary faunas in certain of the beds. 
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Fic. 1.—Locality Sketch-map of Jamaica. 

Roughly speaking, the island of Jamaica may be said to be made 
up of three great constructive units; beginning with the lowest, 
these are :— 

1. The Blue Mountain series, consisting of more or less highly 
folded and locally more or less metamorphosed and intruded series 
of fragmental and calcareous sedimentary ‘deposits of Cretaceous 
and early Tertiary age. ts 

2. The covering mass of Tertiary limestones, comprising the 
Yellow Limestone overlain by and generally merging up into the 
great White or Cockpit! Limestone. 

3. The locally developed marginal deposits, comprising the 
gravel beds and white foraminiferal marls, and the beds con- 
taining the well-known Bowden fossils, together with various Post- 
Pliocene accumulations. 

1 Cockpit Country is the name given to an area in the north-western central 
part of Jamaica, but sinks of more or less cockpit-like shape are developed 
wherever the White Limestone forms plateaux or elevated tracts. 
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The accompanying table is intended to show at a glance the names 
that have been given to the different formations in Jamaica since the 
time of De la Beche m 1827, together witb, in the last column, the 
terminology that I suggest might be most conveniently applied to 
them. 

The first column of De la Beche ! was drawn up before any of the 
Cretaceous Rudiste were discovered in Jamaica. The map accom- 
panying the report comprises only the eastern portion of the island, 
including the Blue Mountain district. His Coal Measures refer 
apparently to an exposure of Carbonaceous Shales (Richmond beds) 
to the south of Port Antonio. His Trap Rocks are associated with 
those mentioned just below, namely, the Submedial or Transition, 
which is the term he uses to designate the Blue Mountain series. 
Sawkins’s term, Trappean, appears to have been borrowed from 
De la Beche’s earlier designation. — 

Sawkins’s column is the one generally employed by English 
geologists, though it must be remembered that his term Yellow 
Limestone includes also the Bowden beds, which, as will presently 
be mentioned, are later than the White Limestone. 

Hill’s column is the one in general use in American literature, 
and he has employed the custom of giving more or less non-committal 
place-names to the various beds, a procedure which seems hardly 
necessary In a locality such as Jamaica, whose formations had been 
so well worked out by Sawkins more than thirty years previously. 

His terms Cambridge and Catadupa formations, founded, as I shall 
presently show, on a mixed collection of Cretaceous and Kocene 
fossils, must be abandoned. The term Chapelton may be retained 
if it be used to designate the Yellow Limestone of Eocene age, since 
this bed only forms the hill on which the village of Chapelton is 
built. 

The Cretaceous portion of his Cambridge and Catadupa beds is 
equivalent in age with parts of his Jerusalem, Logie Green, Ballard, 
and Minho beds. Curiously, however, the rock that occurs actually 
at Cambridge and Catadupa railway stations is the Yellow Lime- 
stone, while the succession of the Rudist and Yellow Limestones 
is seen along the line between these two points. 

The statement of the mingling of faunas in the Richmond, 
Cambridge, and Catadupa beds has crept imto general literature, 
though the occurrence of Rudiste and Hocene fossils together is 
reasonably questioned by some authors.” 

PosITION OF THE BowpDEN BEDs. 

An error arose during the time of J. G. Sawkins, G. P. Wall, and 
the other geologists who surveyed the island between the years 
1861 and 1865. This had to do with the position of some of the late 

1 “ Remarks on the Geology of Jamaica”: Trans. Geol. Soc. London, 1827, 
vol. ii, No. 36. 

2 E. Haug, Traité de Géologie. II. Periodes Géologiques, p. 1525. 
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i. Coral Islands. 

h. Diluvium and Alluyium. 

g. Extinet Voleano (near 
Hope Bay). 

f. White Limestone Forma- 
tion. 

e. Porphyritic Conglomerate 
and Trap. 

d. Conl Measures. 

c. Red Sandstones and Con- 
glomerates. 

b, Trap Rocks. 

a. Submedial or Transition 
Rocks. 

To face p. 423.) 

SYNOPSIS OF 

SAWKINS AND ETHERIDGE, 1865. 

Alluvium 
(300 ft.) 

Coast Limestone 
(50 ft.) oats 

Gravel Beds Tertiary. 

White Marl 
(250 ft.) 

White Limestone | Post- 
(2,000 ft.) J Pliocene. 

Yellow Limestone 
(500 ft.) } Miocene. 

Trappean Series 
(1,500 ft. ) 

THocene. 
Carbonaceous Shale 

(1,000 ft.) 

Cretaceous Limestone 
(500 ft.) 

Marble 

Serpentine 
\ 

Conglomerate 

Metamorphosed Series 
(2,000 ft.) 

Porphyry 

Granite and Syenite 

|. Secondary. 

THE 

R. T. Hit, 1897. 

Bogue Island , 

Montego 

Falmouth 
| Recent and Late 

Pleistocene 
Coast Soboruco 

Barbican 

Hopewell 

| Manchioneal 

- Pliocene. 

Kingston 

| Maysben | Miocene or Late 

| Bowden (Break) i] Oligocene. 

Cobre 

| 
|Moneague 

| Montpelier aes Be 

Chaptton Early Gligouane: 
| 

Catadupa 

Cambridge 

Richmond 

Minho 

Ballard 

lene Green ee Cretaceous. 

doracalens 

Mrankenfield 

Yallahs 

NOMENCLATURE 

MARGINAL BEDS. 

COVERING BEDS. 

BLUE MOUNTAIN SERIES. 

OF JAMAICAN GEOLOGY. 

C. T. TRECHMANN, 1922. 

Suggested Nomenclature. . Thickness. Description. 

{ Coral reefs often enclosing fallen 
Coastal raised reefs | ) masses of White Limestone or 
( | other rocks. 

ees ] River gravels 50-300 ft 
i 

Flood plain gravels | 

( Marls and Limestones | J White or buff-coloured marls with 
Pliocene or | \ ? \ flint, often foraminiferal. 
Miocene |} | 50 ft. { Gravels and shell beds at Bowden and 

Bowden Beds | Port Morant on the south-east 
coast. 

(Unconformity) 

White Limestone Hard massive ‘‘ Cockpit’? Limestone. 
9 { Moneague Beds | Over | Foraminiferal chalky bedded lime- 

Oligocene 2,000 ft. stones and flint bands. Locally 
\| si Montpellier Beds t missing. 

Massive yellow limestones, yellow 
| Yellow Limestone 400 ft. marly limestones, shale and lignite 

bands. 
(Local unconformity) Fossils: Carolia in higher part, 

Hocene Velates in lower. 
Carbonaceous Shale or \ Over { Elysch-like shales and Brockram-like 
Richmond Beds J 1,000 ft. J conglomerates, with derived Cro- 

\  taceous and fresh or slightly rolled 
(Local unconformity) ( contemporaneous Bocene fossils. 

Locally missing. 
Shales 

Alectryonaria Limestones 

Fossiliferous limestone reefs, with 
te A aaarts Rudists and other fossils inter- 
(Chadha angst ealated among shales and conglo- 

7 merates. fe. 
lacie 8 i pod Cina lemcennticn Red shales, with Trigonia, Roudairia, 

Trappean ”” Series 9 Baculites, Hamites, etc. 

Chetneeane Barrettia Limestone F 5,000 ft. 

Shales and Conglomerates 

Marble 

Serpentinous Limestone 

Metamorphosed Series 

{ Metamorphosed or semi-metamor- 

phosed equivalents of the Blue 
| Mountain Series. 
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Tertiary deposits, including those which contain the well-known 
and familiar fossiliferous bed at Bowden, in the south-east corner 
of the island. Anyone who examines a collection of these fossils 
is struck by their excellent state of preservation, and by the com- 
paratively recent appearance of the fauna. Nevertheless, Sawkins 
placed the series below the White Limestone, and referred to them 
as the Yellow Limestone or Bowden beds. In the appendix?! this 
series of fossils is referred to by R. Etheridge, who regards them as 
belonging to the Miocene or Middle Tertiary. On another page of 
the report ? a list of the Bowden mollusca, mixed with such Eocene 
forms as Cerithiwm giganteum, and recent living shells, such as 
Lucina pennsylvanica and Bulla striata, is given under the heading 
of “ Miocene Fossils ”’. 

It is almost certain that had it not been for the unfortunate death 
in 1862 of Lucas Barrett, the paleontologist of the Jamaica Survey, 
who was accidentally drowned in a diving bell, both the Bowden 
beds, the White Marls and the Yellow Limestone, would have been 
ultimately referred to their proper positions. 

Sawkins was uncertain from the field evidence whether the position 
of the White Marls in the parish of St. Elizabeth, in the south-west 
of Jamaica, was above or below the White Limestone, but he con- 
cluded that it was more probable that they lay above. The old 
fossil and rock collection made by Sawkins and his fellow surveyors 
is still preserved in glass wall-cases in the Jamaica Institute in 
Kingston, but the specimens are very dusty and a good deal mixed 
up. Apparently the great earthquake in 1907 did not improve 
matters in this respect, though in the collection the Bowden fossils 
are still labelled under the heading of Yellow Limestone. 

The position of the Bowden beds is discussed at full length by 
R. T. Hill? who places them and other deposits in what is without 
doubt their rightful position among the marginal formations later 
than the great White Limestone. 

THE CRETACEOUS AND TERTIARY QUESTION. 

A more serious and less excusable error has, in my opinion, been 
perpetuated by Hill in his assertion that Cretaceous and Tertiary 
fossils occur associated together in certain formations in Jamaica. 
To these he has applied the names Richmond, Cambridge, and 
Catadupa formations. Hill refers to this matter repeatedly in his 
book, and reiterates his positive conclusion that this mingling of the 
faunas actually exists. 

Hill, after referring to the Jamaican Cretaceous, says: 4 ‘‘ Several 
Rudistes and two species of corals from these supposedly Cretaceous 

1 Reports on the Geology of Jamaica: J. G. Sawkins, F.G.S., and others. 
Appendix by R. Etheridge, F.G.S8., ete., 1869, p. 307. 

2 Tbid., p. 152. 

*“ The Geology and Physical Geography of Jamaica”: Bulletin of the 
Museum of Comparative Zoology, Harvard, vol. xxxiv, 1899, p. 82. 

4 Thid., p. 123. 
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formations continue upward inte the beds which are here placed in 
the Eocene, indicating a graduation of the faunas of these two 
epochs.” And, further on, “In view of the facts presented, the 
writer finds it utterly impossible to accept the ‘ rolled’ hypothesis, 
and he can see no way of avoiding the positive conclusion that the 
Rudistean forms in the Cambridge beds represent a survival of 
Cretacedus types into the Lower Kocene”’; and referring to the 
fossils, he remarks: ‘‘ As a fauna nothing exactly analogous to it 
is known elsewhere.” 

These observations lead Hill to the conclusion that “ the discovery 
of the Cambridge formation gives a certainty to the existence of an 
EKocene system in Jamaica, aggregating at least 1,500 feet in thick- 
ness”; and, further, that “ the paleontologic peculiarities of the 
Richmond and Cambridge formations, analogous to those of the 
preceding Cretaceous beds, are such as can only be accounted for 
by geographic environment, and point to early imsularity of the 
island through Eocene time.” 

Referring to the Richmond beds, Hill says: ‘‘ The presence of 
supposedly Cretaceous Rudistean genera would ordinarily invalidate 
the data upon which the Eocene age of the Richmond beds hitherto 
depended for establishment, were it not for our positive evidence 
to be presented that these forms are found in situ in overlying beds, 
associated with undoubted Eocene fossils.” 

The conclusions that Hill arrived at led him to publish a map, 
compiled from the map of Sawkins and Brown with additional 
data, which contains several alterations, and in which great 
prominence is given to the “ Cambridge ” formation. With all due 
respect to Hill and the work he accomplished in Jamaica, I cannot 
regard this map as at all an improvement on the old English survey 
map of Sawkins. 

The matter is thus one of far-reaching importance in connexion 
with Antillean geology, and so, perhaps, I may be excused if I give 
the results of my examination of the sections in question. 

As regards the Richmond beds of Hill, which correspond with 
the beds mapped by Sawkins as Carbonaceous shale or Black 
shale, the examination of several sections of these beds near Port 
Antonio, at and near Port Maria, and elsewhere in Jamaica, led me 
to conclude that the pieces of Cretaceous limestone and the rolled 
Rudiste that occur among the conglomerates in these beds are 
all derived from the denudation of older formations. They are 
exactly analogous to the pieces of Carboniferous limestone in the 
Permian Brockrams of England, and, in fact, some of the Cretaceous 
limestones of Jamaica had already been semi-marmorized before 
they and several varieties of gneisses and other rocks not now seen 
in situ in Jamaica were incorporated in the Richmond beds. The 
Eocene fossils that occur among the Richmond conglomerates at 
Port Maria and elsewhere are all either fresh or only slightly rolled 
and broken, and were clearly living at the time the beds were 
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deposited. They include several forms of Cerithium and Natica, 
among others, whose paleontological horizon I hope to fix in due 
time. There appeared absolutely no evidence that: Rudiste had 
lived during the deposition of the Richmond beds, and all of them 
were in the form of rolled and fossilized limestone pebbles. 

Turning now to Hill’s Cambridge and Catadupa formations, the 
critical section is that exposed along the railway cutting of the 
Kingston to Montego Bay railroad between Cambridge and Catadupa 
stations. Other Cretaceous sections in Jamaica, such as, for instance, 
that at Jerusalem Mountain, in the extreme west, Logie Green 
and the Rio Minho, in the centre of the island, or Mooretown and 

' Planta Garden River, in the extreme east, do not suffer the 
interesting imputation of harbouring a Cretaceo-Eocene fauna. 

Hill publishes? illustrations of drawings of a discontinuous series 
of sections exposed in the railway cutting to the north and south 
of Catadupa station under the heading of ‘“‘ Exposure of Cambridge 
formation near Catadupa and Cambridge ’’. The drawings apparently 
represent only those sections that are actually cut through by the 
railway line, and seem to ignore the beds which are exposed in 
numerous stream and road cuttings, both above and below the rail- 
way line. Hill indicates no faults in his section, which extends over 
more than two miles, and I find the sequence of beds difficult to 
make out in his sketches, except that the Cockpit or White Lime- 
stone overlies the “Cambridge ” beds at one place unconformably. 
Hill’s section stops about 4 miles south of Cambridge, but another 
section, labelled “‘ Cambridge Station”, shows two very regular 
anticlines and an intervening syncline. 

I made several traverses, on some days in company of Dr. C. A. 
Matley, of the line between Catadupa and Cambridge, and also for 
some 3 or 4 miles south of Catadupa and north of Cambridge, 
both on foot and by means of a trolley which was kindly provided 
by the Director of the Jamaica railways. Several of the numerous 
stream and road sections below and around Catadupa were also 
mvestigated. Evidence of faulting and other dislocations is very 
strong in this district, especially in the neighbourhood of Catadupa. 
Faults in more than one instance bring the Yellow Limestone with 
its characteristic Hocene fauna mto almost immediate contact 
with the Rudist Limestone (Fig. 2), and also in at least one case they 
bring red shales apparently of Eocene age underlying the Yellow 
Limestone into contact with Cretaceous shales of a similar colour 
and appearance which occur below the Rudist Limestones. 

The fossils, unless collected with considerable care along this 
stretch of line, would tend to become mixed together, especially 
as in this district the Rudist Limestone often assumes a yellow colour, 
very like that of the true Yellow Limestone. This seems to-me to be 
what has happened with the collections that Hill made. He says 

* Loe. cit., p. 59. 
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that he made two traverses of the line for the purpose of collecting 
the fossils on which his conclusions were based, and his lists of the 
fossils! from near Catadupa and Cambridge, based on the 
determinations of T. W. Stanton, certainly indicate a mixture of 
forms of the Yellow and Rudist Limestones. 

I feel sure that only a prolonged and detailed mapping by some 
geologist residing on the spot would clear up the tectonic structure 
of this district of Jamaica. 

R.L, B Sh. Yo 

Fic. 2.—Faulted junction of Rudist and Yellow Limestone with a crushed 
shale intervening ; on side of a stream under the railway about a mile 
south of Catadupa station. R.L. Rudist Limestone full of fossils, much 
brecciated at B. Sh. Slickensided Shale. Y.L. Yellow Limestone with 
casts of gigantic Cerithia near.the top. Height of section about 
20 feet. 

For a distance of about 3 miles sonth of Cambridge station, where 
the actual railway cuttings are deeper and more continuous than 
they are to the south of Catadupa, I made a sketch of the section of 
the rocks exposed along the line for about a mile and a half, which 
show very clearly the relation one to another of the different beds 
(Fig. 3). These include the shaly Yellow Limestones full of the 
Anomia-like bivalve Carolia; the Yellow Limestone, with large 
specimens of Cerithium and Lucina ; red shales with badly preserved 
fossils ; Rudist Limestones, with ‘‘ Caprinula”’ gigantea and many 
other forms; and shales with Trigonia, Roudairia, and other 
Cretaceous fossils that underlie them and form the higher part of 
the so-called Trappean Series of Sawkins. Overlying one or other of 
these beds one finds masses of the great White or Cockpit Limestone, 
of supposed Oligocene age. 

In this section of one and a half to two miles the beds are not 
seriously affected by faulting, and the Yellow Limestone follows the 
Cretaceous Limestone with approximately the same dip and with 
only a few feet of red shales with indeterminable fossils separating 
them. This gives an appearance of the conformity of the Yellow 
and Rudist Limestones in this area, which is liable to lead to a false 
inference, since in other areas a great thickness of Carbonaceous shale 

LOC. Git., ps 120. 
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or Richmond beds! or beds mapped as Trappean intervenes 
between the Yellow and the Rudist Limestones, and which are absent 
from this section. 

The White or Cockpit Limestone rests in one place along the line 
on rotten yellow Carolia marls, and in another place, about a mile 
further to the south, on weathered Cretaceous shales. I was con- 
vinced that these masses of White Limestone are partly or in some 
cases completely detached from the main escarpment which 
surrounds the outcrop of the older and softer beds in an amphitheatre- 
like manner, and have to a greater or less extent travelled by slipping 
down the slope of the valley of the Great River. The older beds in 
this section are much rotted and decomposed where they are seen 
immediately under the White Limestone. The position of the White 
Limestone also in this section is anomalous, since in some other 
undisturbed sections in Jamaica the Yellow Limestone seems to 
grade up with perfect conformity into the White Limestone. 

THE NATURE OF THE WHITE LIMESTONES. 

As regards the great White or Cockpit Limestone of Jamaica, 
the Montpellier, Moneague, and Cobre formation of Hill, which 
attains a thickness of over 2,000 feet, and covers about three-quarters 
of the island, it does not appear to me to be advisable to apply the 
term oceanic to this formation. Its character does not seem to be of 
nearly such an oceanic nature as, for instance, does that of the 
English Chalk. Massive compound corals, together with pisolite- 
like bodies, casts of Cerithiwm, Cypraea and other molluscs, are 
common in it, forms which are by no means of oceanic but rather of 
shallow-water character. Unfortunately, fossils are very poorly 
preserved and are nearly all merely casts. It may be remarked that 
the supposed Oligocene age of this formation is not as yet founded 
on any very definite paleontological evidence. There seems to me 
to be absolutely no evidence to connect it in any way with the 
oceanic marls of Barbados. Parts of it may be of late Eocene, 
Oligocene, or early Miocene age. The deepest-water portion of it 
seems to be that which lies at the base, namely, the foraminiferal 
flmty chalks called the Montpellier beds, which are locally developed 
but very well seen near Montpellier, but in these beds also casts of 
bivalves and other mollusca are abundant in places. American 
geologists seem generally agreed in correlating the Montpellier Lime- 
stone with the Vicksburg beds. 

I am strongly inclined to think that the White Limestone originally 
covered the whole area of what is now Jamaica, as there is no trace 

1 Dr. Matley suggested to me, what I had once or twice vaguely suspected, 
his opinion that the Richmond beds may possibly replace the Yellow Lime- 
stone in some parts, though in some areas, such as Glasgow in the extreme 
north-west, both the Richmond beds and the Yellow Limestone occur. It 
is to be hoped that further research both in the field and also on the fossils may 
assist in determining this question. 
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of any debris of the Blue Mountain series in it, and consequently 
there is no reason to suppose that any portion of the present 
Jamaica protruded as a land surface during its formation. 

OBSERVATIONS ON SAWKINS’S Map. 

Some caution is necessary in reading Sawkins’s map. The original 
manuscript map, on a large scale, is still preserved in sections in the 
Jamaica Institute at Kingston, but the colours are largely faded, 
_and the map is much eaten by white ants. The map in the survey 
memoir, however, seems to be a faithful reproduction of it. 

The grey colour of the Carbonaceous Shale (Richmond beds) is 
almost exactly similar to that of the White Marls lying above the 
White Limestone. 

Some areas of Cretaceous Limestone mentioned in the text are 
not indicated on the map, notably one in the far west of the island 
between Grange and Bosleys. Some limestones mapped as 
Cretaceous belong to the Carbonaceous Shale series. The Barrettia 
Limestone at Haughton Hall, near Green Island, in the north-west, 
is not indicated, but then it appears to have been unknown to the 
surveyors in 1862. 

Tn the centre of the island, in the Rio Minho watershed, the beds 
below the Cretaceous Limestone are indicated as “ metamorphosed 
series’. They are not in reality metamorphosed, as some parts of 
the same formation in the Blue Mountains are. Dr. D. Woolacott 
traversed this area two years ago and agrees with me on this point. 
In the far south-west and west there are considerable areas coloured 
green to indicate the Yellow Limestone. The beds, apparently 
Hill’s Manchioneal formation, are certainly limestones of a very 
yellow colour, and owing to the confusion of the position of the 
Bowden beds they are correlated by Sawkins with the true Yellow 
Limestone of the centre and east of the island, whereas most of them 
seem to belong to the series lying above the White Limestone 
associated with the Bowden beds. There are other mstances one 
might mention, but the map, everyone will agree, is a marvel of 
industry and elucidation when one has regard to the physical 
difficulty and discomfort and the period at which it was made. 

PaLZONTOLOGICAL NOTES. 

The fossils collected along the section between Cambridge and 
Catadupa, illustrated by Fig. 3, are not yet worked out, and so 
I cannot at present indicate more than a few of the genera that are 
present among some hundreds of species neL Ie from this and 
numerous other localities in Jamaica. 

The Calcareous shales below the Rudist Lames ones in the section 
illustrated contain Trigonia, Roudairia, Janira, Pholadomya, and 
echinoderms, and corals of Cretaceous aspect. 

These shales agree with part of the beds mapped by Sawkins as 
Trappean, and a similar looking and apparently similarly situated 



The Cretaceous and Tertiary Question in Jamaica. 431 

bed at Providence, near Port Antonio, containing a similar series of 
lamellibranchs, yields also Hamites and Baculites. The Rudist 
Limestones are characterized by “‘ Caprinula”’ gigantea Whitfield. 
This is the ‘“ Hippurite”’ which Sawkins mentions as occurring 
7 feet long. At Jerusalem Mountain I collected one 5 feet long, but 
the generic affinities of this and several other Jamaican Rudiste 
await a critical investigation. Among other Rudiste at this locality 
are Radiolites adhaerens Whitfield, Radiolites macroplicatus Whitfield, 
Radiolites cancellatus Whitfield, Caprina jamaicensis Whitfield, and 
others. Among the gasteropods are species of Actaeonella and 
Pterocera. There are also numerous corals and some echinoderms. 
These limestones close the Cretaceous sequence in this locality. 

The Richmond beds are not present in this section, but at Port 
Maria the rather scanty and fragmentary Tertiary fossils that occur 
in the conglomerates of the Richmond beds yield several species 
of Cerithium and Ampullina and fragments of Carolia and other 
lamellibranchs. I saw no trace, however, of Velates, nor of the 
gigantic Cerithia of the Yellow Limestone, so the Richmond may be 
older than the Yellow Limestone fauna. The Yellow Limestone 
everywhere I examined it in the central and western portions of 
Jamaica contains a definite and very rich and in some parts well- 
preserved Eocene fauna. The mollusca are sufficient to show this, 
apart from the evidence of any foraminifera. They include Velates 
Schnudeliana Chemnitz in some variety and in all sizes up to that of 
a man’s fist, Gisortia, Campanile, Clavella, Seraphs, and numerous 
forms of Ampullina among the gasteropoda, and Carolia, large 
Lucinae, and other forms among the lamellibranchs. The fauna 
strongly recalls that of the lower and middle Eocene of various 
localities in Kurope, North Africa, and Asia. 

Very few, if any, species of the Yellow Limestone mollusca seem 
to pass up into the White Limestone, although the stratigraphical 
passage is a gradual one. When one collects Cretaceous and Hocene 
fossils in Jamaica one is collecting European forms, and the general 
resemblance of the Jamaican fossil favna to that of the Old World 
Tethys fauna persists in the Cretaceous and Eocene up to the top of 
the Yellow Limestone. Above that, that is to say, from the base of 
the Montpellier formation upwards the fauna and conditions of 
deposition seem to conform to the American type. 
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CORRESPONDENCE. 

NEWQUAY: FIFTEEN YEARS AFTER. 

Str,—Revisiting Newquay this summer after an interval of 
fifteen years, I found the sections which were described in the 
GroLoGcicaL MaGaziIne (1907, p. 10 et seqqg.) so much changed that a 
note to that effect seems called for. No one now visiting the place 
could see or recognize the features then visible. To begin with sand 
has accumulated to such an extent in Fistral Bay that the 10 feet 
of killas formerly visible all round the little bay, is, save at the 
southern end, all concealed and instead of low cliffs only sand slopes 
exist. The miniature arched rock of indurated sand m Nun Cove 
is broken through, only the two side pillars remaming, while the 
seaward one has been slightly displaced. 

The fallen material at the base of the little cliffs under the 
Headland Hotel bemg no longer removed by the sea the upper 
portions have simply crumbled down, obscuring the sections, and 
only in two small places was the Helix nemoralis zone properly 
recognizable. The two cooking sites and the hut platform have 
quite disappeared, and other sections not immediately next the 
sea are overgrown. Only on the west side of the Headland itself 
where the heavy surf beats in rough weather, was erosion obvious. 

Perhaps this may be a fitting opportunity to put on record a 
pregnant suggestion which I received from Col. Godwin- Austen, 
namely, that the layers of mussel shells in the dunes might be 
accounted for otherwise than I suggested. The theory propounded 
in my paper was that in times of dearth of other food the mussels 
had been carried up by gulls and crows to devour their contents at 
leisure. The Colonel’s hypothesis was that when very severe frost 
coincided with low tide, the molluscs would be killed off wholesale, 
and the empty shells thus released in quantities would be borne 
landwards periodically in subsequent gales. 

B. B. Woopwarp. 
17th August, 1922. 
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ORIGINAL ARTICLES. 

Pliocene (Tertiary) and Early Pleistocene (Quaternary) 

Mammalia of East Anglia, Great Britain, in Relation 

to the Appearance of Man. 

By Henry Fatrrren.p Osporn. 

i studying the evolution and distribution of the Proboscidea 

and the arrival of man in Great Britam (Osborn, 1922, 1922a, 
19224), the writer has recently had occasion to review the faunal 
researches of Lydekker and Newton, and the collection of Mr. A. C. 
Savin, in connexion with the very interesting question of the geologic 
correlation of Great Britain with the U pper Pliocene fauna of Europe 
to the south-east, and of the Scandinavian Glaciation I on the 
north, with the advent of the northern forest, the boreal, and the 
Arctic mammal fauna of Great Britain. 

A résumé of the geologic conditions cited by Geikie (1882) and 
Prestwich (1871), more recently reviewed by Clement Reid (1890), 
is as follows :— 

The south-eastern counties of England fear to subside toward 
the close of the Pliocene and some Aluviomarine sandbanks and 
shelly deposits were laid down, termed “ Crag ’’, and subdivided, 
according to their proportion of living species, mto the following 
descending series :— 

Feet. 
Forrst Brp group. 2 LOston0 

Exposed for many miles at the base of glacial 
deposits of cliffs on north-east coast of 
Norfollk. 

CHILLESFORD beds—Chillesford Clay [= Weybourn Crag]. ly LS 
Chillesford Sand with shells Ser suwtss 

A thin local deposit in Suffolk. Two-thirds of 
the Mollusca still live in Arctic waters. 

NorwWIcH Craq . , : ; 5 5», LO 
Fluviomarine or " Mammaliferous’ Crag: of 

Mollusca, 93 per cent still living ; northern 
species of molluscs, e.g. Astarte borealis, 
forerunners of Arctic invasion. 

bo Or Rep Crac . : : 
Of Mollusca, 92 per cent still living 3 of corals, 

14 out of 25 species still native. 
WHITE CRAG : ; i ‘ ; E 5 o 4005;5'60 

(Suffolk, Coralline, or Bryozoan Crag.) 

According to Prestwich (fide Geikie, 1882, p. 872), the evidence of 
change of climate derivable from the English Pliocene Mollusca 
may be grouped as follows :— 

VOL. LIX.—NO. X. 28 



43.4 Henry Fairfield Osborn-— 

Molluscan species now restricted to 
Northern Seas. Southern Seas. 
SS i 

Norwich Crag 6 : 19 11 
Red Crag : 6 5 23 32 
White Crag . ; 14 65 

According to Clement Reid (1890, p. 6), “The “Nodule Bed’ 
seems to be nearly co-extensive with the Red Crag, and probably also 
with the Coralline Crag, though often too thin to be of any economic 
importance. ... A large proportion of the [mammalian] fossils appears 
to belong to a period somewhat earlier than the Crag, though still 
truly Phocene, .. .” 

According to the same author (op. cit., p. 139), “The most probable 
view seems to be that the two deposits [Chillesford, Weybourn} 
are synchronous, and that the Chillesford Clay passes laterally into 
the Weybourn Crag, or, at any rate, that the Weybourn Crag is 
equivalent to the upper part of the Chillesford Clay.” 

During the writer’s visit to Cromer, accompanied by Mr. J. Reid 
Moir, he had the good fortune to examine the remarkable 
collection made by Mr. A. C. Savin. The writer is indebted to Mr. 
Savin for a letter, dated 21st November, 1921, together with notes, 
from which the following quotations are taken. 

Notes AND OBSERVATIONS BY Mr. A. C. Savin: QUOTED WITH 
SticgHt MopIrIcATIONS AND OMISSIONS. 

“ T enclose a list of the Forest Bed vertebrates up to date, but there 
are still several forms to add later on. Mr. M. A. C. Hinton has a 
lot of my smaller thmgs which he is now at work on. These include 
new voles, hare, hedgehog, etc. He hopes to publish the xesult 
shortly. One interesting addition is Felis spelea, which is new to 
the Forest Bed. 

“IT have made a few notes relative to the horizon of the various 
species, from which you will gather that I do not think it possible 
to assign any particular level to any one species. I record in my 
catalogue the exact locality of each specimen, but cannot find a 
hard and fast horizon for any one species. 

“ Proboscidea.—At Mundesley some of the large bones of Elephas 
meridionalis in the ‘ Gunn Collection ’ were gotten out of the ‘ Pan’ 
at a high level, i.e. 4 feet above the beach ; on the other hand, others 
were obtained from a deep low or scour half-way down the beach, 
quite 15 feet lower down, and so on with most of the other animals. 
Hlephas meridionalis is found generally all along the coast, but mainly 
at Mundesley and Bacton in the * Pan’ (gravel with oxide of iron) at 
the base of the cliff, also in the ‘lows’ or places scoured out halt- 
way down the beach, in a greenish sandy clay. I do not think any 
definite horizon can be given; this applies also to antiquus and 
promagenius. 
“No Mastodon remains have ever been found on the Norfolk 

coast ; they only occur in the Red Crag of Suffolk and the Norwich 
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Crag near that city. There is no Crag on the coast (except the 
Weybourn Crag) and the Mastodon has been found on this coast only 
near Norwich, in the Norwich Crag, which is quite distinct from the 
Weybourn Crag. The mammals and shells in the Norwich Crag are 
of a different period altogether. The Red Crag does not occur upon 
the coast of Cromer. It is found chiefly in Suffolk, where it rests 
upon the London Clay. Between the Red and the Weybourn Crags 
the Norwich Crag occurs. 
“The lowest division of the Forest Bed series, i.e. the Lower 

Freshwater Bed, is only known from cakes of peat thrown up on the 
beach after storms. I believe there was a fragment of it showing 
years ago at low-water between East Runton and Cromer, a tough 
greenish clay resting on the Chalk, with a few fish-bones init. It is 
either washed away or out to sea and not uncovered by the tide, as 
I have not seen it for many years. The Forest Bed on the foreshore 
at East Runton is often so mixed up with the shelly Weybourn Crag 
that it is very difficult to say which bed the bones are in. The vole, 
shrew, myogale, and other small forms are rarely found. The 
Weybourn Crag rests on a layer of large flints which are embedded 
in the Chalk. j 
“The Upper Freshwater Bed, West Runton, contains nearly all 

the Forest Bed land mammals, but only fragments of elephants’ 
teeth, and up to the present no hippopotamus. 

“The divisions of the Forest Bed do not occur in the cliffs at 
Cromer. Clement Reid shows only the Contorted Drift above the 
Phocene beds at Cromer. 

“* The Chalky Boulder-clay, which in point of time comes after the 
Boulder gravels, does not occur in the cliffs of the Norfolk coast. 

“ The Arctic Freshwater Bed (Leda myalis) is on the approximate 
level of ordinary high tide.” 

Past AND Present Faunaut Lists or Crag AND Forest BEpD 

VERTEBRATES. 

The accompanying faunal lists are those derived from the valuable 
papers of Lydekker (1886,°1887, 1891), Newton (1880, 1887, 1890), 
Reid (1890), Leney (1902), Hinton (1902-1914), a bibliography of the 
latter being given at the close of this paper. Most complete and most 
recent is the list prepared at the writer’s request by Mr. A. C. Savin, 
largely based on his own collections and observations and carefally 
classified. To this list have been prefixed certain notes on synonymy 
according to American usage. This list is also amplified by a number 
of faunistic insertions kindly entered by Mr. Hinton, which are 
placed in square brackets []. 

The writer is greatly indebted to the authorities of the British 
Museum, and especially to Mr. Martin A. C. Hinton, for the valuable 
notes, comments, and additions which he has imserted throughout 
the text, each of these notes being accompanied in the present 
printing by his initials (M. A. C. H.). 
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Mammals, Hxtinct—Prokably not one of the species occurring 
in the Forest Bed series, or in the older deposits mentioned in this 
paper, is identical with any form now existing. The references to 
recent species made by earlier writers on the subject were based 
either upon imperfect material or misconceptions. Hach form as it 
becomes known by proper material proves to be extinct ; but in the 
case of several of the species the material is still only sufficient to 
permit of a generic determination. This was the opinion of 
Dr. Forsyth Major, expressed about 1908 in the GroLogican 
Magazine, and, after many years’ work on Forest Bed remains, it 
has become my opinion also. (M. A. C. H.) 

Reference should be made to Kennard, “The Pleistocene 
Succession in England,” Proc. Prehist. Soc. Hast Anglia, vol. u, 
part n, 1916, and to the papers of Hinton and Forsyth Major cited 
therein. 

Derived Specomens—The faunal lists are complicated by the 
presence of derived specimens washed into these fluviatile formations 
from underlying beds, especially from such ancient beds as the 
Eocene London Clay, e.g. Hyracotherium, Coryphodon ; also possibly 
from Pliocene heds, e.g. Mastodon longirostris, Rhinoceros 
schlevermachert. These certainly derived specimens and species are 
also placed in square brackets [] to indicate that they are of older 
age or are species wrongly referred. There is, for example, no 
possibility that the Lower Phocene species Mastodon longirostris 
Kaup occurs m the Red Crag. 

These faunal lists are, therefore, of a preliminary character, but 
it is hoped that they will serve a useful purpose in the advance of 
our knowledge of Phocene and Pleistocene correlation, on which 
the author has been engaged for many years. 

Mamma Fauna or THE RED Crag Mamman Fauna ofr THE NoRWICH 
AND UnpDEriyine Nopue-Brp. CRAG. 

Newton, E. T., ““ On Some New Mammals from the Red and 
Norwich Crags”: Quart. Journ. Geol. Soc., London, vo!. xlvi, 

1890, pp. 444-53. 
Lutra dubia. Similar to Sansan JLuwira Reever Newt. Similar to JL. 

species. (Nodule-bed.) (Enhydriodon) sivalensis. 
Phoca Moori Newt. Similar to Belgian [Referred to Latax by Pohle, Archiv. 

form. (Nodule-bed.) f. Naturg., 1919 (1920), Abt. A, 
Phocanella minor Van _ Beneden. Heft 9, p. 167. M. A.C. H.j 

Similar to Belgian Pliocene speci- ; 
mens. (Nodule-bed.) 

. Trogontherium minus Newt. Similar 
to 7. Cuviert. (Nodule-bed.) 

Mesoplodon floris Newt. Similar to 
M. Floweri of Red Crag of Suffolk. 

IM. scaphoides Newt. Similar to 
Belemnoziphius Huxley. (Nodule- 
bed.) 

Ailurus anglicus Dawk. Similar to 
specimens Red Crag of Suffolk 
(racoon ?); also to A. fulgens. 
(Nodule-bed.) 
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Lydekker, R., “‘ Note on Some Vertebrata from the Red 
Crag’? : Quart. Journ. Geol. Soc., London, vol. xlii, 1886, 
pp. 364-8 ; Catalogue of the Fossil Mammalia in the British 

Museum, Part IV, 1886, pp. 26, 55, 113. 

Leney, Frank, ‘A List of the Type, Figured, and Described 
Fossils in the Nerwich Castle Museum’’: Grou. Maa., 1902, 

pp. 166-71, 220-31. 

Hyena antiqua Lank. = H. striata 
(fide Lyd.). Similar to H. arver- 
NENSis. 

Mastodon arvernensis. Frequent (cf. 
Lyd. Brit. Mus. Cat., 1886, pt. iv, 
p- 55). 

[M. 2? longirostris (fide Lyd.)] (Pro- 
bably a “derived” specimen. 
Tals RSMO) 

M. Borson. Three specimens in 
Brit. Mus. (fide Lyd., Brit. Mus. 
Cat., 1886, p. 26). 

Sus paleocherus. Similar to 8S. 
erymanthius, Pikermi. [Probably 
four species of “ Sus’, two derived 
and two possibly contemporaneous. 
MEAs C.F. 

Tapirus ? sp. arvernensis. Similar to 
T. clegans, Up. Plioc., S. France. 

Hipparion ? sp. gracile. Similar to H. 
crassum Gety., Plioc. of France. 
(Possibly a “ derived’ specimen. 
Ese OS) 

Rhinoceros ? Schleiermachert. (Possibly 
a “ derived”? specimen or wrongly 
referred. H. F. O.) 

R. etruscus ? - 
R. 2? incisivus. 

rived” oF 
HS HO!) 

Diomedea ? sp. (albatross). 
Ocean. 

Elephas meridionalis. Two specimens 
in Brit. Mus. (fide Lyd., Brit. Mus. 
Cat., 1886, p. 113). (Is this similar 
to the typical EH. meridionalis of 
Nesti? H. F. 0.) 

Suffolk Crag Cetacea. 

Lydekker, R., ““ The Cetacea of the 
Suffolk Crag”: Quart. Journ. Geol. 
Soc., London, vol. xhii, Feb., 1887, 

pp. 7-18. 
Belemnoziphius Huxley. 
Balana  primigenia. 

Belgian form. 
Balenoptera. 
Herpetocetus. 
HLucetus. 
Balenodon. 
Hyperoodon. 
Squalodon. 
Orca. 

(Certainly “ de- 
wrongly identified. 

Southern 

Similar to 

Uria troile (guillemot). Lyd., bis, 
vol. iii (6), 1891, p. 395. 

Mastodon arvernensis. Fide Lyd. 
Brit. Mus. Cat., 1886, pt. iv, 
pp. 54-5. 

Elephas meridionalis. Fide Lyd. 
Brit. Mus. Cat., pt. iv, 1886, p. 113; 
Depéret, Mém. Soc. Geol. France 
Paléon., Mem. No. 3, 1890, 
pp. 190-1; two specimens in 
Norwich Castle Mus., Leney, GEOL. 
Maa., 1902, p. 171. 

Cervus sp. Three specimens Gunn 
Coll., Norwich Castle Mus., Leney, 
Geot. Maa., 1902, p. 168. 

C. Sedgwickit. Norwich Castle Mus., 
Leney, Guo. Mac., 1902, p. 167. 

Delphinus delphis. Norwich Castile 
Mus., Leney, Grout. Mac., 1902, 

p- 168. 
Arvicola (Evotomys) intermedius. Nor- 

wich Castle Mus., Leney, Grou. 
Mae., 1902, p. 166. 
[Arvicola does not occur ; all these 

remains are referable to Mimomys 
and most of them to M. plio- 
cenicus Forsyth Major, Proc. 
Zool Soc, 19025015, Pea lOz: 
M. A. C. H.] 
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Reid, Clement, “The Pliocene Deposits of Britain” 
Mem. Geol. Surv. United Kingdom, 1890, Appendix I, 

Table I (by E. T. Newton). 

(Nodule-Bed.) 

*Felis pardoides Owen. Macherodus ? 
*Canis lupus Linn. *Lutra vulgaris ? - 
C. ? primigentus Lank. L. Reever Newt. 
[Pterodon ?sp. (Eoc.).] (Derived. Gazella anglica Newt. 

H.F.O.) Cervus ardeus Cr. & Job. 
*Hyena striata Zimm. C. carnutcrum Lang. 
Hycenarctos. CO. Falconert Dawk. 
Ailurus anglicus Dawk. C. suttonensis Dawk. 
Ursus arvernensis ? Cr. & Job. Equus Stenonis Cocchi. 
Lutra dubia Blainv. Mastodon arvernensis Cr. & Job. 
Antilope ? Hlephas [?] antiquus Fale. 

* Important Nore.—No recent species really occur ; specimens referred to 
recent species are either misdetermined or else too fragmentary to geen ot 
exact determination.—M. A. C. H. 

Mammat, Bird, AND FisH Fauna 
or THE Norwich Crac. 

Cervus dicranoceros Nesti. Elephas meridionalis ? 
C. Falconert Dawk. Arvicola intermedius Newt. 
C. suttonensis Dawk. Trogontherium Cuviert Owen. 
C. verticornis Dawk. T. minus Newt. 
Xiphodon platyceps Flower (Eoc.]. Uria troile Linn. 
Sus antiquus ? Kaup. Mergulus. 
S. paleocherus Kaup. Acipenser. 
*Hquus caballus Linn. ? 
Hipparion gracile Kaup. 
[Rhinoceros ? incisivus Kaup.] (Ref- 

erence erroneous. H. F. O.) 
[R. Schleiermacheri Kaup.] (Reference 

erroneous. H. F. O.) 
Tapirus arvernensis Dev. & Bou. 
[Hyracotherium leporinum Owen.] (De- 

rived from London Clay. H. F. 0.) 
[Coryphodon.| (Derived from London 

Clay. H. F. O.) 
Mastodon arvernensis Cr. & Job. 
M. Borsoni Hays. 
[M.? longirostris ee |] (Derived, 

or erroneous. H. F. QO.) 
Hlephas meridionalis Nesti. 
*Castor fiber Linn. 
C. veterior Lank. 
Trogontherium minus Newt. 
Acipenser. 

Adams, A. Leith, Monograph on the British Fossil Elephants, 
1877-81, London. 

Hlephas antiquus. Hlephas antiquus. 
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ParTIAL SUMMARY OF THE ABOVE LISTS. 

Types of Animals which 
make their Last Appear- 
ance in the Upper 
Pliocene Red Crag and 
the Norwich Crag and 
do not Survive into the 

Forest Bed. 
Ailurus anglicus. 
Mastodon arvernensis. 
M. Borsoni. 
Hipparion ? gracile. 
Rhinoceros ? Schleier- 

macher?. 
Rhinoceros ? 
Halitherium ? sp. 
Felis ? pardoides. 
Hycenarct-s ? sp. 
Ursus ? arvernensis. 
Antilope ? sp. 
Gazella anglica. 
Trogontherivum minus. 
Sus paleocherus. 
Tapirus arvernensis. 

Upper Pliocene Red and 
Norwich Crag ‘Types 
which Survive in the 

Forest Bed. 

Elephas meridionalis. 
£. antiquus.+ 
Hyena striata. 
HZ. antiqua. 
Rhinoceros etruscus. 
Equus stenonis. 
Cervus carnutorum. 
Macherodus ? sp. 
Trogcntherium Cuviert. 

aE) INU MEUE NY 10 Sel), CCNY 

Pleistocene Types which 
First Appear in the 

Forest Bed. 

Elephas primigenius. 
Hyuwus candllus fossilis. 
Rhinoceros megarhinus. 
Hippopotamus amphibius 
Sus scrofa. 
Bison bonasus. 
Caprovis Savinit. 
Ovibos moschatus. 
Alces iatifrons. 
Capreolus capreolus. 
Cervus elaphus. 
Ursus speleus. 
Felis spelea 
Macacus. 
Varied forest 

fauna. 
Northern forest small 

carnivora. 

rodent 

Mammal fauna of East Anglia in Upper Pliocene 
time closely similar both in generic and specific 
types to the mammal fauna of northern Italy, 
Val d’Arno, also of the Upper Pliocene of 

southern France. 

CONCLUSIONS. 
The Norwich Crag presents a distinct advance over the Red Crag 

in its mammalian, as well as in its molluscan fauna; it is more 
modern. The correlation of the Red Crag and, in a less degree, of the 
Norwich Crag with the Val d’ Arno supérieur of northern Italy, is 
very close indeed, as long ago observed by Hugh Falconer, and marks 
the close of Pliocene time in Great Britain. 

(1) The two Crags contain the prevailing forest-loving fauna of 
a warm north temperate climate with certain African, south 
Eurasiatic, and a very few north Eurasiatic elements such as 
Trogontherium. 

(2) The post-Crag extinction of at least fourteen types of mammals, 
notably Mastodon arvernensis, M. Borsoni, Gazella, Tapirus, marks 
the advent of a cold period in Great Britain as it does in northern 
Italy. 

(3) The Forest Bed arrival of tundra and northern forest types, 
such as Hlephas primigenius, Ovibos moschatus, Alces latifrons, is a 
feature of the northern latitude of East Anglia during the period of 

1 Fide A. Leith Adams, British Fossil Hlephants, 1877-81, pp. 13, 14, pl. xxvi; 
Richard Lydekker, Catalogue of Fossil Mammalia, 1886, pt. iv, pp. 123, 124; 
Guy E. Pilgrim, “‘ On the Occurrence of Hlenhas Antiquus (Namadicus) in the 
Godavari Alluvium, with Remarks on the Species, its Distribution, and the 
Age of the Associated Indian Deposits’: Rec. Geol. Surv., India, xxxii, pt. ui, 
1905, p. 217. 



4.4.0 Henry Fairfield Osborn— 

the first Scandinavian glaciation, which has no parallel in southern 
France or in northern Italy. 

(4) The survival from the Red and Norwich Crags in the Forest 
Bed of warm temperate types, such as Elephas meridionalis, E. 
antiquus, Hyena striata, Rhinoceros etruscus, Equus  stenonis, 
Macherodus, is exactly paralleled by the same genera and species 
occurring in southern France and northern Italy during the long, 
warm First Interglacial period. During this period there appear 
for the first time in Great Britaim certaim African types, like 
the Hippopotamus, and there become more abundant in Great Britam 
the African elephant type, Hlephas (Loxodonta) antiquus, as well as 
the Hyena. 

(5) Both in northern Italy and m Hast Anglia the forests become 
filled with a highly varied cervine fauna, including a great variety 
of species of deer. There is also a rich rodent fauna, and forest 
types of carnivores like the bear. 

The Red and Norwich Crags and the successive faunal divisions 
of the Weybourn and Forest Bed wholly justify the conclusion of 
James Geikie that we have abundant proofs in East Anglia of the 
close of Phocene and of the beginning of Pleistocene conditions. 
Man appears in Britam under true Tertiary conditions of the climate, 
of the fauna, of the flora. Two points are clearly established :— 

First : The discovery of remains of human (Foxhallian) industry 
within and beneath the Red Crag adds the highest Primate to this 
fauna, namely, a species of man probably referable either to Homo 
or to Hoanthropus, as made known through the researches of J. Reid 
Moir and EH. Ray Lankester. Second: The next appearance of man 
is in the Cromerian industry of the base of the Forest Bed, 
immediately overlying the Weybourn, also made known through the 
researches of Moir and of Lankester. This is no longer Tertiary man, 
but Quaternary man, found with a true Lower Quaternary fauna 
and flora closely comparable to that of southern France and of the 
40th parallel in the United States. 

BIBLIOGRAPHY. 
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1877-81. ‘‘ Monograph on the British Fossil Elephants,’ pp. 1-265, 
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LIST OF VERTEBRATA FOUND IN THE “FOREST BED" SER 
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by Mr. Martin A. C. Hinton. List by Mr. A. C. Savin, jes a) 2 ea Bes Notes by Mr. A. C. Savin. 
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Pisors. G | 
Perca fluviatilis. Perca fluviatilis. | | x x C. Fairly common at W. Runton, Up. Freshwater Bed. 

Acerina acerina. Acerina vulgaris. | | | x 1__ | One otolith at W. Runton, Up. Freshwater Bed. 
Esox lucius. Eso lucius. x | V.C. | Very common at W. Runton, Up. Freshwater Bed. 
Barbus barbus. Barbus vulgaris. x 2 Found at W. Runton, Up. reshiatent Bed: 
Leuciacus cephalus. Leuciscus cephalus. | x l Jaw with two teeth from Ostend, Up. Freshwater Bed (near Bacton). 
Rutilus rutilus. Leuciscus rutilus. | | x V.C. | Very common at W. Runton, Up. Freshwater Bed. 
Scardinius erythrophthalmus. Teuciscus erythrophthalmus. | x | V.R. | Very rare at W. Runton, Up. Freshwater Bed. 
Abramia brama, Abramis brama, \ x 2 ‘Two teeth at W. Runton, Up. Freshwater Bed. 

Tinca tinca. Tinca vulgaris. x C. | Common at W. Runton, Up. Freshwater Bed. 
Platax woodwardi. Platax woodwardi. | x C. Common in both deposits. 
Gadus morrhua. 5 Gadus morrhua, | x R. | Rare, E. Runton, Overstrand, Trimingham, in both deposits. 
Pollachius pollachius. Gadus pollachiue. | 2 | Two otoliths, F. Runton. = zs 
Thunnus thynnus. Thynnus thynnus. 1 | Vertebra, E. Runton. 
Pleuronectes sp. Platessa sp. x 1 | Left maxilla, Overstrand. 
Acipenser sp. Acipenser sp. x x V.R. | A few dermal plates, E. Ruston, Sidestrand, Mundesley. 
Muastelus canis. Galeus canis, x | | | 3 | Teeth, E. Runton. 
Squalus acanthias. Acanthias vulgaris. | x | | | 2 | Teeth, E. Runton. 
Raja batia. Raja batis. x R. | Teeth. 
Raja clavata. Raja clavata. x R. | Teeth and dermal defenses, E. Runton. 
Gadus pseudaglefinus. Gadus pseudeglefinus. x | 1 One otolith, E. Runton. 

AVES. | | 
Goose. Anser sp. <a] 1 | One metacarpal, E. Runton. 
Mallard. Anas boschas. | | |x | R._ | Several bones. W. Runton. Up. Freshwater Bed. 
Shoveller Duck. Spatula clypeata. | | | x 1 | Coracoid, W. Runton, Up. Freshy =e 
Eagle Owl. Bubo marimus. x | 1 | Tarso-metatarsus, E, Runton. —_ 
Common Cormorant. Phalacrocorax carbo. x 1 Coracoid, W. Runton, Up. Freshwater Bed. 
Bank Swallow—Riparia riparia. Hirundo riparia. x | 1 Wing bone, W. Runton, Up. Freshwater Bed. 
European Teal. Querquedula crecca, x 1 Left humerus, W. Runton, Up. Freshwater Bed. 
European Wigeon. Mareca penelope. x | 1 | Wing bone, W. Runton, Up. Freshwater Bed. 
Diomedea (albatross). | | 
Uria troile (guillemot), 

Repriuta, | 
Ringed Snake—Natrix natriz. Tropidonotus natrix. | x V.R. | Vertebre, W. Runton, Up. Freshwater Bed. 
Adder—Vipera berus, Pelias berus. x 2 Vertebre, W. Runton, Up. Freshwater Bed. 
Slow Worm. Anguis fragilis. x 2 Vertebre, W. Runton, Up. Freshwater Bed. 

Amprrata. | 
Common Frog. Rana temporaria, x R. | Various bones, W. Runton, Up. Freshwater Bed. 
Edible Frog. Rana esculenta. x V.R. | Various bones, W. Runton, Up. Freshwater Bed. 
Bufo sp. Bufo sp. x V.R. | Various bones, W. Runton, Up. Freshwater Bed, 
Great Warted Newt—Z'riturus Triton cristatus, x 1 Femur, W. Runton, Up. Freshwater Bed. 

cristatus, 

INSECTIVORA. 
European Mole. Talpa Europea. x | C. | W. Runton and Bacton, Up, Freshwater Bed. 
Sorex Savini. Sorex Savini. x Cc. W. Runton. 
Sorex Runtonensis. Sorex Runtonensis. x Cc. W. Runton. 
Newton’s Water Shrow. Neomys Newtoni. x C. W. Runton. 
English Myogalo = Galemys. 
Continental Myogale = Desman, Myogale moschata. x R. | W. Runton, one jaw at Bacton, Up. Freshwater Bed. 
Erinaceus new sp. Erinaceus new sp. x 1 One tooth, W. Runton, 

Ceracea, 
Balenoptera sp. Balcenoptera sp. x | V.R. | A few large vortebrw, Overstrand, Mundesley, Bacton, Forest Bed. 
Monodon monoceros. Monodon monoceros. x 4 Part of snout with aborted tusk and three pieces tusk, Overstrand. 
Delphinus delphis. Delphinus delphis. x 2 Vertebre, Overstrand and Sidestrand, Iorest Bed 
Delphinus sp. Delphinus sp. x 2 | Vertebre, Overstrand and Sidestrand, Forest Bed. 
Balena biscayensis. Balena biscayensis. x 2 Tooth, Sidestrand, Porest Bed. 
Physeter macrocephalus. Physeter macrocephalus. x x 1 | Cervical vertebra and tympanic bono, BE. Runton. 
Orca gladiator. Orca gladiator. x x 2 Dorsal vertebra R 

dorea-crassidens, Paendtorea = x 1} Atlas vertobr 
Ropentia. = - q 1 

Trogontherium Cuvieri, Trogontherium Cuvieri. x x x | V.R. long the coast in Up. Hreshwater Bed and Forest Bed. 
European Beaver. Castor Europwus [Castor velerior x x x V.R. | W. Runton, Overstrand, atid Pakefield, Forest Bed and Up. Freshwater 

Lankester.—M. A. C. H.] Bed 
Castor plicidens. Castor plicidens. x x V.R. | W. Runton, Up. Freshwater Bed, and E. Runton, Forest Bed. 

i Oricetus vulgaris runtonensis.» Cricetus vulgaris runtonensis. x 1 W. Runton, Up. Freshwater Bed, one upper jaw. ? 
Common Squirrel ; Eng. subsp. Sciurus vulgaris. x 1 | Humerus, Ostend, Up. Freshwater Bed, and gnawed fir-cones in Forest Bed. 

leucourus.* 
Sciurus Whitei, Sciurus Whitei. xX 1 One tooth, W. Runton, Up. Freshwater Bed. 
Wood Mouse—A podemus sylvaticus. Mus sylvaticus, x | V.R, | Jaws, teeth, and a few bones, Up. Freshwater Bed, and gnawed fir-concs 

in Porest Bed. 
Hare. Lepus sp. Hare, x 4 Two teeth and two bones, Up. Freshwater Bed, and gnawed fir-cones in 

. . Forest Bed. — 
Mimomys intermedius, Mimomys intermedius, x x Cc. W. Runton, E. Runton, and Bacton. 
Mimomys Newtoni? Mimomys Newtoni. x x R. | At EF. Runton. 
Mimomys Reidi. Mimomys Rei x R. ‘| At E. Runton. 
Mimomys Savini. Mimomys Savin x W. Runton, Up. Freshwater Bed. 
Mimomys majori. BEimomys majori. x W. Runton, Up. Freshwater Bed. 
Mimomys pliocenicus. Mimonys pliocernicus. x R. | E. Runton, Weybourn Crag. 

There are also about four species of Iicrotus at West Runton and x 
two species of Pitymys all extinct. 
Bvotomys sp. Evotomys sp. x 
(Castor fiber = Castor ? sp.] x 

Pronoscrpra. 
1 Straight-tusked Elephant. Blephas antiquus. x x x Cc. | One ects Ws Runton, Up. Freshwater Bed and Forest Bed, all along 

Southern Mammoth, Blephas meridionatis. x x C. Mundesley and Bacton principally, but along the const 
Hairy Mammoth. Elephas primigenius. x V.R. | Overstrand, Sidestrand, Mundesley, and Bacton, Forest Bed. 

Unautara (Perissodactyla, Artiodactyla). 
Rquus fossili. x) x x . | Common all along the coast. 

Steno’s Horse. Equus stenonis. x x x Common all along the coast. 
Etruscan Rhinoceros, Rhinoceros etruscus. x x x Common all along the coast. 
Rhinoceros megarhinus. Rhinoceros megarhinus. x Premolar, Cromer. 
Hippopotamus, jean amphibins. x All along the coast. ae 
il oar, Sus antijuus. ‘us scrofa ® ? pal horus. x x 9 four tecth Sidestrand, Morest LN 2 

feeeeese 5 ucogoan(3IsGnssie Bison bonasua. S| se [ely pAtsatongitheiconstamemeemet ee eethcand bones E.eRunton® 
Caprovis Savini. Caprovis Savinii. x 1 Horn core, Overstrand. 
Musk-ox. Ovibos moschatus. x 1 Part of skull and horn cores st Trimingham, Forest Bed. 
Alces latifrons. Alces latifrons. x R. | Allalong the coast. 
Roe Door—Capreolus capreolus ? Capreolus caprea, x 2 Two horns, Overstrand, Forest Bed. 
Cervus carnutorum t Cervus carnutorum ? x x A dredged specimen which may be Forest Bed. 
Cervus Davokinsi. Cervus Dawkinsi. x V.R. | ©. Runton, Overstrand, Mundesley, Forest Bed. 
Red Deer. Cervus elaphus, x R. | ©. Runton, Overstrand, Mundesloy, Forest Bed. 
Cervus elueriarum. Cervus elueriarum. x V.R. | Only E. Runton, Forest Bed. 
Cervus Polignacus. Cervus Polignacus. x R. | E. Runton, Overstrand, Trimingham, Mundesley. 
Cervus Sedgwick Cervus Sedgwick x x R. | EB. Runton, Overstrand, Trimingham, Mundesley. 
Cervus verticornis. Cervus verticornis. x x x Q. | Allalong the coast. Skull and antlers, W. Runton, Up. Freshwater Bed. 
Cervus Fitchis. Cervus Fitchii. x V.R. | Mundesley. 
Cervus letraceros. Cervus tetraceros. x V.R. | E. Runton, Forest Bed. 
Cervus rectus. Cervus rectus. x 1 | Sidestrand, Forest Bed. 
Cervus Savini. Cervus Sai x C. |} All along the coast. 

G@azella ang! x 

Carnryora. 
Cave Boar. 
Fossil Grizzly Bear. 
Wolverine. 
Wolf t sp. 5 
Red Fox—Vulpes vulpes crucigera. 
Canis sp. 

oa aU ie OTA 
‘Sabro-toot 
P farten—Marles martes martes. 

Gazella daviesii. 

Ursus savini.® 
Ursus ferox fossilis, 
Gulo lusens. 
Canis lupus. 
Canis vulpes. 
Canis sp. 

Hyena ® striata, 
Macherodus sp. 
Mustela martes. 

xX K XK 

KRKXKX KK XX 

Found all along the coast. 
W. Runton and Mundesley. 
Jaw, Mundesley. 
W. Runton, Up. Freshwater 
W. Runton, Up. Freshwater 
Jaw, tibia, pelvis, a premolar. 

day will prove to be another species. 

and a few places along the coast. 
end a few places along the coast. 
T. Newton says dog or wolf, but some 

W. Runton, E, Runton, Ov nd. Mundesley and Certon, Suffolk. 
W. Runton, E. Runton, Overstrand, and a jaw a t W. Ruston, Up. Oe at and a jaw at Pakefield, Lowestoft. 

— W. Runton, Up. Freshwa: 
: 

BUR Soe, W. Kunton, Up. Freshwater Bed, 
—" 

esley. 
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Notes on the Doleritic Intrusions of East Fife. 

By D. Batsituie, F.G:S8. 

HE following brief notes compiled mainly some years ago will, 
it is hoped, convey information supplementary to that provided 

in the Memoir on the Geology of Eastern Fife (Appendix. pt. 1), 
and are to be regarded as useful only where they furnish particulars 
not already available from that source. 

The majority of the subsequently introduced igneous masses in 
East Fife belong to one or other of the two great series of doleritic 
intrusions that are now known to have such a wide distribution 
in Central Scotland, viz. (a) Quartz-dolerites and (6b) Olivine- 
dolerites, including teschenites. The characters of these as developed 
in this area may be set forth as follows :— 

(a) Quartz-dolerites—Rocks of this type occur abundantly im 
East Fife, and an admirable description of one, though by no 
means the freshest member of the series, has been given by 
Dr. Flett (vide loc. supra cit.). But the petrographic details of 
the quartz-dolerites have now in other areas! been so thoroughly 
ascertained that it would be merely a repetition of familiar fact 
to elaborate these at length here. In the field there is a singular 
lack of uniformity in the character of these masses. Some are 
dark, fine-textured, and thoroughly basic looking, whereas others 
are coarse-grained and carry an abundance of pink felspar. 
Segregation veins and patches are characteristic of the quartz- 
dolerites, and another feature, one indeed almost of diagnostic 
value, so far at all events as the intrusive igneous rocks of Hast Fife 
are concerned, is the remarkably constant presence of a considerable 
content of iron sulphide either in the form of pyrite or marcasite. 

Microscopically, the quartz-dolerites consist essentially of lime- 
soda felspar ranging up to a fairly basic labradorite or bytownite, 
orthoclase, generally in comparatively small amount, monoclinic 
pyroxene, sometimes two monoclinic pyroxenes—clino-enstatite and 
augite, and hypersthene. These minerals are enclosed in a highly 
felspathic or quartzo-felspathic groundmass that often shows 
micropegmatite. The latter varies greatly in amount, sometimes 
being present in such quantity as to confer upon the rock a distinctly 
porphyritic character. In addition to the foregoing constituents, 
the quartz-dolerites contain as accessory ingredients hornblende, 
biotite, iron ores, and apatite. An ophitic structure is occasionally to 
be observed, but is in general not characteristic of rocks of this type. 

The segregation veins are of two kinds, “ blue bands” and “ red 
bands ”’, the latter often coarser in texture, but apart from colour 

' See Sir J. J. H. Teall, British Petrography, 1888, p. 190; also J. D. Falconer, 
Trans. Roy. Soc. Hdin., vol. xlv, 1906, p. 133; P. Macnair, Trans. Geol. Soc. 
Glas., vol. xiii, 1907, p. 56; G. W. Tyrrell, Guo. Mac., 1909, pp. 299 and 359 ; 
Dr. J. 8. Flett, Mem. Geol. Surv. Scotland, ‘‘ The Geology of the Neighbourhood 
of Edinburgh,” 1901, p. 801; and E. B. Bailey, Mem. Geol. Surv. Scotland, 
“ The Geology of the Glasgow District,”’ 1911, p. 146. 



Notes on the Doleritic Intrusions of Kast Fife. 443 

there does not appear to be any principle that could serve to 
discriminate them. Sometimes, either may consist of isolated 
crystals of acid plagioclase enclosed in a groundmass entirely of 
micropegmatite, ferromagnesian constituents being notably absent, 
or they again may be discerned simply as a mosaic of quartz and 
felspar, in part orthoclase, that encloses porphyritic crystals of 
oligoclase and oligoclase-andesine, micropegmatite occurring only 
as a frame round the latter and dying away into the surrounding 
granular aggregate. On the other hand, the characteristic inter- 
growth of quartz and felspar may be, and very often is, entirely 
absent. Long needles of augite often occur in these vein rocks, 
likewise shreds and larger fragments of hornblende and _ biotite. 
Chemically, the veins are distinguished by their higher content 
of silica and alkalies, showing at the same time a corresponding 
diminution in lime, magnesia, and iron. Petrographically, as 
poited out by Dr. Flett, they are always cognate to the igneous 
rock-bodies in which they occur. 

As regards the distribution of the quartz-dolerites in Hast Fife, 
it may be said that they lie west of a line drawn south from near 
Guard Bridge on the estuary of the River Eden to Leven on the 
Firth of Forth. - East of this line the intrusions belong in general 
to the olivine-dolerites, but it must be clearly understood that this 
march is only intended to be approximate in its nature and applic- 
able only to the area dealt with in the memoir. 

Some of the quartz-dolerites attain a great size in Hast Fife. 
Thus the large sheet or sill that stretches south-west from near 
Wemyss Hall covers an area of approximately 3 square miles, 
and appears to be connected with another mass of no less extent 
farther to the south-west. It is this mtrusion that has mvolved 
the outcrop of the Teuchats and Teasses limestone, and Sir Archibald 
Geikie has given a section showing how the latter and associated 
igneous rock have here probably been displaced by faulting. What 
relationship, if any, exists between the quartz-dolerite sills and the 
similarly occurring masses of olivine-dolerite is not clear from any 
field evidence in Fife known to the writer. 

(b) Olivine-dolerites—These rocks. as developed in the area 
under review consist of felspar, monoclinic pyroxene, and olivine, 
along with subsidiary and varying quantities of magnetite, ilmenite, 
apatite, analcite, and zeolites. They appear as a rule to be in 
a fresher condition than the corresponding masses south of the 
Firth of Forth (e.g. the Gosford Bay dolerite), although rarely in 
East Fife can it be said indeed that the felspars are quite unaltered 
or the olivine without at least a film or sheath of serpentine. 

In East Fife the best road-metals appear always to be obtainable 
from the olivine-dolerites. But in this connexion it may be stated 
that the freshest and most compact rocks do not always provide 
the most expedient sources of supply ; for often the closest-grained 
and apparently most resistant masses are those specifically rot 
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endowed with the qualities that experience has testified as best 
suited to the requirements of the engineer. Thus the rock of 
Kilbrackmont Craig, than which there is no fresher or more compact 

dolerite in Hast Fife, is not esteemed a first-class road-stone, and 
this is due to its smoothness of fracture. That appears to be 
a serious objection to its use, for it has been found that a road 
constructed with this metal suffers especially from the plucking 
action or suction of motor tyres. The units composing the surface 
rapidly become dislodged, and this can be attributed to a lack of 
frictional binding. Texture, therefore, must be regarded as 
a lithologic character of particular significance to the road surveyor. 
But in assessing the value of any rock as a medium for the repair 
and maintenance of roads, there are other factors bearing upon the 
matter to which also serious consideration must be given. One 
of these is the quality of brittleness, for it has frequently been 
observed that the same stone may endure differently, depending 
on the nature of the sole or foundation upon which it is superposed, 
and that what under certain conditions would furnish excellent 
setts or macadam, might be less suitable for the like purpose if 
departure be made therefrom. 

Petrographically, the olivine-bearing dolerites of East Fife may 
be allocated to three principal types, viz. :— 

(1) The Gathercauld type—an ophitic type. 
(2) The Kilbrackmont and Baldutho type—a porphyritic type. 
(3) The Kingask-Spalefield type—a picrite-teschenite type. 
(1) The Gathercauld type—The dolerite that furnishes material 

for a description of this type forms the large intrusion stretching 
south from Baldinnie to Gathercauld and terminating westwards 
in a finely columnar escarpment that has been noted by Sir Archibald 
Geikie. In hand specimen, the rock is dark coloured, basic looking, 
fairly coarse-textured, and showing sometimes large crystals of 
pale yellow olivine. Microscopically, the mass consists of a frame- 
work or plexus of plagioclase laths, held together by ophitically 
related clumps of monoclinic pyroxene. In the interstices occurs 
another and later felspar, while throughout the whole and generally 
antecedent to the other minerals in an assumption of the solid 
phase are distributed olivine and accessory constituents. Along 
with the later felspar residual glass and analcite occur in small 
amount. 

The felspar of the Gathercauld dolerite does not appear to be 
possessed of high refractive indices in any part of the rock. By 
optical means it can be determined that there is a range of plagio- 
clase from labradorite, with from 60-65% of anorthite, through 
andesine to oligoclase and oligoclase-albite. (Note.—Very basic 
felspar does not seem to occur in any of the rocks under 
discussion; thus there is a quartz-dolerite exposed in a disused 
quarry at Lade Braes, St. Andrew’s, the felspar of which is more 
anorthitic than in the case of any of ‘the olivine-dolerites.) A brief 
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digression may here be permissible in reference to the determina- 
tion of these acid plagioclases, and a method of examination 
indicated which the writer has found to yield valuable information. 
The optical dispersion of Canada balsam is greater than felspar, 
and by passing from the red to the blue end of the spectrum a fair 
range in refractive index can be obtamed from the same medium. 
That is to say, supposing the field of the microscope to be illumined 
by red light the index of the balsam will be relatively low, but by 
a change in the character of the light the index can be readily 
increased. If therefore while one of these felspars is under observa- 
tion the wave-length of the illuminant be progressively shortened, 
it is not difficult to see for what colour there is an agreement in the 
matter of refractive index.’ The dispersion of the balsam and of 
the felspars being fairly well known, it is possible by such means 
to get a rapid and accurate indication of the nature of the latter. 
One of the first results obtained from an application of the above 
principle was a discernment of the fact that a lime-soda felspar 
may have adjacent lamelle of very different composition, 1.e. 
one lamella may perhaps be labradorite, those contiguous oligoclase. 
Such assemblages do not yield symmetrical extinctions in the zone 
normal to (010), and ordinarily would probably be neglected by 
the petrographer. 

Reverting to the Gathercauld dolerite, it may be noted that the 
felspars enclosed by the pyroxene are labradorite, whereas the 
later-formed and interstitial felspar is acid plagioclase. It 1s 
interesting to observe the manner in which tbe latter frequently 
wraps round the terminations of the earlier product, and it is not 
uncommon to find a series of laths of more highly refracting 
labradorite enclosed in a felspatbic medium of distinctly iower 
index. 

The pyroxene is reddish or brownish in sections that show the 
characteristic prismatic cleavage, but in sections parallel to the 
crystal axis ¢ is faintly purple and visibly pleochroic. The axis 
emerging upon the base, or more accurately between the bisectrix Z 
and c, is markedly dispersed (r > v) in the symmetry plane, but this 
dispersion cannot be observed so favourably in the case of the other 
axis owing to an increment in the angle Z—c with diminishing wave- 
length. It thus happens that in the same rock section axes may 
be found that are nearly “achromatic,” others being strongly 
dispersed. A noteworthy poimt with reference to the pyroxene 
is that whereas it is ophitic towards the earlier felspar, it is sharply 
idiomorphic towards the later interstitial felspar. 

Olivine is abundant in the rock of Gathercauld, frequently 
enclosed by pyroxene, or lying simply in a meshwork of felspar 
laths, but preserving its contour and rarely penetrated by the 

1 It is difficult with a spectroscopic illuminator to get a sufficient intensity 
of light: isolation of the lines of the mercury arc has been found to give usetul 
results. 
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felspar. The accessory minerals include chestnut brown biotite, 
in ragged scales and plates, iron ores, analcite, apatite, and magnetite: 
there are also clumps of strongly birefringent zeolites. 
Many sections of the rock are remarkably fresh, with the olivine 

traversed by only a few serpentinous cracks or enclosed in a film 
or sheath of serpentine. The best specimens are to be obtained 
from the escarpment or crag in the fields to the south of the quarry 
that has been opened in the north-western portion of the sill. As 
mapped, the intrusion extends east towards the Peat Inn—Baldinnie 
road, but the rock there exposed is a pyritiferous quartz-dolerite, 
and probably does not belong to the same mass. 

The above rock may be regarded as a typical ophitic olivine- 
dolerite, and is of a kind that is not common in Kast Fife; indeed, 
the only other mass showing similar characters is that which occurs 
at Wilkieston, 5 miles to the south-west of St. Andrew’s, which has 
been described in the Memoir. But here the rock is much less fresh, 
and shows a curious hypersthene-lke weathering of its olivine. 
Also there is a large quantity of transfused chloritic matter. 

(2) Kilbrackmont and Baldutho type—Olivine-dolerites, of which 
the masses exposed at these localities may be taken as the 
type, are abundant in Hast Fife. The structure is not opbitic, as 
in, the rock of Gathercauld, but im respect of their olivine content 
inclined to be porphyritic: that is to say, larger crystals of olivine 
lie in an environment of felspar laths and pyroxenes; the latter 
tending to occur as small idiomorphic prisms rather than as large 
plates. The rocks of Kilbrackmont and Baldutho are often 
beautifully fresh im section, and show large olivines, frequently 
with a marshalling of little idiomorphic pyroxenes round their 
margins; the avenues between adjacent crystals being somewhat 
more highly felspathic. Buiotite, iron ores, apatite, and interstitial 
analcite occur as accessories. 

The intrusions of the Denhead, Mount Melville, Gilston, Balcarres, 
and Kinaldy districts all belong generally to the above type of 
dolerite, though there are, of course, great variations in detail, and 
especially is that remark applicable to the matter of texture. Some- 
times a flow or pseudo-flow structure may be observed, as in the 
small intrusion at Blindwells, near Largo. An especially fresh 
and interesting rock is that of Dunicher Law, east from the Backmuir 
of New Gilston. Here there is a high content of olive and a 
tendency for the pyoxenes to segregate. The felspar is finely twinned 
on the albite and Carlsbad laws, and it is easy to make out that 
there is a range of plagioclase extending from labradorite through 
andesine to oligoclase, the first mentioned, of course, greatly pre- 
dominating. Biotite occurs im small amount, and there is a little 
interstitial analcite. The Dunicher Law rock is imteresting as 
affording a passage to the Kingask intrusion, mentioned below. 

The masses of Mount Melville, Denork, and Drumcarrow may 
be described as coarser varieties of porphyritic olivine-dolerite. 
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These intrusions form marked topographic features to the south- 
west of St. Andrew’s, especially the last mentioned, which rises 
into a tract of high ground over 600 feet above sea-level 
and that ranges westwards for over a mile to near Ladeddie. In 
the eastern part of this extent the mass is a non-ophitic olivine- 
dolerite, which, traced towards the west, greatly increases its 
content of iron-ores, interstitial glass also making its appearance. 
Followed still farther west the glass continues to increase in quantity 
until above Ladeddie the rock becomes a porphyritic olivine-basalt 
(this rock must not be confounded in the field with the basalt of 
the ash neck alongside). Some sections of this latter rock are 
remarkably fresh, and show a pale structureless glass, or one 
that is full of skeletal growths of iron ore, enclosing unaltered 
idiomorphic crystals of labradorite, also strongly dispersing purplish 
pyroxenes with green centres that often show hour glass structure 
and which are appreciably pleochroic. Larger crystals of olivine 
and pyroxene lie in the rock, conferring upon it a porphyritic habit. 

The only other rock masses known to the writer in Kast Fife 
to contain such beautifully fresh glass as the above are those at the 
roadside at Giullingshill, and at Longside, to the north-west of 
Kennoway. But both these basalts, which mineralogically closely 
resemble the western Drumecarrow rock, occur as intrusions in 
voleanic necks, and this brings us immediately to the consideration 
of a matter of special interest, viz. the probable monomagmatic 
origin of the olivine-dolerites and vent basalts of the district. For if 
the apparent mineralogic relationship between these masses be a real 
relationship, and it appears real, then there is the probability that it 
has an important bearing on the question of the geological age of 
the voleanic vents of Kast Fife. The nature of this bearing may be 
indicated as follows: There is considerable ground for believing 
that the olivine-dolerites of East Fife represent merely the root 
system of the volcanic manifestations that were knowa to have 
occurred in this area in Upper Limestone times. If, as seems not 
unlikely, that opinion be correct, then the great sheeting and 
expansion of liquid igneous material that has taken place on or about 
the horizon of the Lower Limestones would find ready explanation 
as being connected with the depth of cover existing at that time. 
For any igneous protrusion ascending from depths must ultimately 
reach a height when by fluid pressure it will lift, or tend to lift, its 
roof. Should the strata be horizontal, then the conditions become 
eminently favourable for the production of great sheets. In the 
above instance it appears possible that the zone of partition and 
consequent insertion of igneous matter may have lain somewhere 
about the stratigraphic level of the Lower Limestones. But the 
introduction of any large volume of fluid igneous substance in the 
manner indicated, has serious implication, namely, that the rocks in 
the deeper part of the sequence would experience displacement and 
rupture, sedimentation meanwhile being in progress uninterruptedly 



448 D. Balsillie-— 

above. The effect at the surface of these phenomena wouid 
probably be warping of the sedimentation floor. Now a chief 
objection to any intra-Carboniferous allocation of the vents of Hast 
Fife has always been their apparent posteriority to the faulting 
or some of the faulting of the district. It will be clear that such 
considerations as the foregoing, if esteemed rational, sanction an 
extension of the time period within which the vents may fall, and 
the possibility ought not to be lost sight of that many of the necks 
of Kast Fife, as bearing some genetic relation to the sills,’ really 
belong to the volcanic episode that was known to have formed 
part of the geological history of the Upper Limestones. 

Special reference must now be made to the rocks of Crossgates, 
Radernie, and Lathones, as the masses to be seen at these localities 
afford types of igneous product not known to the writer elsewhere 
in Fife. The rock of Crossgates can be seen in a quarry on the east 
side of the main road that runs south from near Guard Bridge 
towards Colinsburgh. Reference to the published 1 inch geological 
map of the district will show that this road about 6 miles to the 
south-west of St. Andrew’s passes the Peat Inn, but before actually 
reaching that locality as followed from the north, makes junction 
with another highway running north-west towards Ceres and Cupar. 
It is just a few yards north of this junction that the quarry referred 
to is situated. The Radernie mass is exposed in the fields to the 
north of the above quarry and again near the roadside. There 
appears a little uncertamty im the mapping at this part, and the 
probability is that the Radernie mass extends farther north than 
indicated. The Lathones mass is exposed some distance south 
of the main road that connects Peat Inn with Higham. 

These three intrusive masses have been intruded into the Lower 
Limestones and coals of the Carboniferous Limestone Series, and 
they le im an area that has been greatly folded and fractured. The 
Crossgates intrusion is a sheet or sill beneath which some of the 
lower coals of the district have been wrought, but the nature of the 
Radernie and Lathones masses is not clear from any field evidence 
at present available. 

In the fields the rocks of Crossgates and Radernie are generally 
compact dark gray, often with a pinkish tinge, and having abundant 
and uniformly distributed dark spots. Along the north side of the 
Crossgates quarry a coarse-grained exceptionally tough pink rock 
occurs sporadically in ves and patches: this appears to be of the 
nature of segregation from the main mass of the rock. The 
Lathones rock in a hand specimen is not unlike some quartz- 
dolerite or dark-coloured diorite. It is more coarsely textured than 
the Crossgates material, and contains a considerable amount of 
some pink mineral. 

1 Daly, “ Nature of Volcanic Action,” Proc. Amer. Acad. Arts. and Scz., 
vol. xlvii, 1911, remarks on the steady association of tuff neck and sill in the 
Scottish shires, and thinks that the former may perhaps be ascribed to gas 
emanations from the margins of the masses forming the intrusions. 
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Microscopically, the rocks of Crossgates and Radernie have 
clearly been porphyritic olivine-dolerites, and it is not very difficult 
to get a picture of the bulk of the original masses as having 
characters in many respects similar to the rocks of Kilbrackmont 
and Baldutho. That is to say, they consisted originally of an 
interwoven mass of elongated plagioclase crystals; this meshwork 
enclosing larger and idiomorphic olivines, numerous little idio- 
morphic prisms of monoclinic pyroxene, ilmenite, uniformly 
distributed in grotesque skeletal plates, abundant apatite needles, 
and dark-brown biotite. But the most profound change has 
dispersed this original mineral assemblage; the felspars have 
been dissipated and analcite in large measure taken their place. 
Every stage in the digestion and replacement of the original plagio- 
clase can be followed under the microscope. Examined by the 
method of dark ground illumination, the amount of turbid pinkish 
analcite can be observed to great advantage. But not only does 
the analcite permeate all the fabric of the rock, it is also collected 
into ocelli that are often turbid in the centre and have a pellucid 
rim that is not uncommonly polygonal in outline. It is interesting 
to note that the introduction of the analcite has in no way disturbed 
the original disposition of the unaffected minerals such as the 
pyroxene. The best method of examining this curious rock is to 
turn the vibration traces of the nicols slightly aside from 
rectangularity of intersection so that a dark gray light fills the field 
of the microscope. The felspar ghosts in respect of the images 
they afford in the ocular then become easy to discriminate. 

The veins and segregation patches of the Crossgates rock? 
consist of an open meshwork of plagioclase crystals with ophitically 
related purplish pyroxene, and there is an abundant interstitial 
highly felspathic (alkaline) residue. The felspars range from 
labradorite to andesine and oligoclase: generally they are much 
altered and replaced by analcite, (?) albite, and calcite. The 
pyroxene is more decidedly purple than in any rock noted so far 
in this paper; in this character indicating a relationship with the 
teschenites. Towards its margins the mineral becomes green 
tinted, or is sometimes bordered by an emerald green substance 
haying different optical properties. As noted, the pyroxene is 
in part ophitic, but has sharp outlines where it abuts against 
the residuum. The latter is a turbid brown or reddish-brown 
aggregate, full of feathery growths of soda-rich felspar, patches 
of clear or cloudy analcite, shreds of intensely absorbing biotite, 
granules of iron ore, chlorite, abundant apatite, and a green mineral 
in flakes and hastate fragments which in respect of its strong 
birefringence, the negative character of its principal zone, and other 
optical properties is taken to be aegirine; also there are occasional 

1 Comparison of this material should be made with some of the rocks described 
by Mr. Tyrrell in his valuable paper, “‘ The late Paleozoic Alkaline Igneous 
Rocks of the West of Scotland,” Grou. Mac., 1912, pp. 69 and 120. 
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smaller idiomorphic pyroxenes. Ilmenite in skeletal plates is an 
ingredient of early separation. 

The Lathones rock microscopically is a reticulum of plagioclase 
felspars ranging as in the coarse variety of the Crossgates rock from 
oligoclase to labradorite. Some of the latter are earlier than the 
olivine, which the mass evidently contained, as pseudomorphs of 
this mineral are often to be seen penetrated by square-ended laths 
of labradorite. Pyroxene of a distinctly purplish hue with curious 
pale green borders, or sometimes entirely green, is an essential 
constituent, the mineral being ophitic towards much of the felspar 
and showing in favourable sections the dispersion usual in the 
olivine dolerites. Ilmenite, biotite, a little aegirime, and not 
inconspicuous interstitial orthoclase also occur: there is, too, 
another felspar of low refractive index, which being optically 
positive is probably albite. : 

The consolidation history of the Lathones rock has not been one 
continuous process, but there has been a period of resorption, for 
many of the felspars and pyroxenes show signs of corrosion and 
subsequent accretion. Secondary (?) albite, analcite, occurrmg 
primarily but also replacing orthoclase, and chlorite are distributed 
throughout. Many portions of the mass are full of little cavities 
bordered by orthoclase and filled with analcite and zeolites. Clearly 
the rock has been the subject of much alteration and change, but 
how much of this should be regarded as belonging to its initial 
thermal history and how much entirely secondary the writer is not 
prepared to say. The diabases of Crossgates, Radernie, and 
Lathones, it may be repeated, are not like any of the other olivine- 
bearing rocks of the district, and probably im respect of their more 
distinctly alkaline character should be relegated to the essexites. 
A more careful analysis of their characters is reserved to another 
time. 

(8) Spalefield and Kingask type—The rock of Spalefield has 
long been known to geologists from the careful description of it 
given by Dr. Flett. Since that time the teschenites have been 
found to have a wide distribution in Central Scotland and to be 
remarkably uniform in their general mineralogical attributes. The 
distinguishing characters of these rocks are their abundance of 
analcite, their strongly dispersing purple pyroxene, and their 
intensely coloured hornblende. In addition to these constituents 
occur lime-soda felspar and accessory minerals, among which 
apatite 1s conspicuous. No example of a teschenite that has been 
observed by the writer could be described with confidence as being 
anything but a highly altered rock. Analcitic replacement of 
felspar has taken place on a great scale in these masses and, without 
derogation of the doctrine of the primary nature of some of the 

1 Dr. Peach recently informed me that many years ago in a traverse of this 
eround with Sir Archibald Geikie, they noticed these curious rocks ; there is, 
however, no reference to them in the East Fife Memoir. 
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analcite, there is little doubt that the greater part of this mineral 
is entirely secondary. The teschenites of the Edinburgh district, 
of East Lothian, and of the Glasgow district, all bear abundant 
testimony to the accuracy of that opinion. Large tracts of usually 
turbid analcite in these rocks are simply the replacement products 
of plagioclase felspar, though perhaps only a parallel orientation 
of decomposition products along what formerly were cleavage 
cracks may remain to mark the one-time presence of that mineral. 
The teschenites are in some respects noteworthy for the capricious 
disposition, of their constituents, for the same mass will often show 
highly analcitic areas or, again, parts that are richer in hornblende, 
pyroxene, or biotite, and this without any large scale differentiation 
of the mass in situ. 

The Spalefield teschenite is interesting on account of its beautifully 
fresh olivine. In the southern portion of the quarry in which the 
rock is exposed, a more highly felspathie variety can be collected. 
Occasionally large areas of turbid analcite enclose partially replaced 
felspar, that is albite-oligoclase: it is probably this mineral that 
Dr. Flett commented upon as having a deceptive resemblance 
to nepheline. 

The rock of Kingask may be referred to here, though it is neither 
a typical teschenite nor a typical picrite. But it has affinities with 
both. The quarry where the mass is exposed is situated about 
3 miles to the east of St. Andrew’s on the north side of the main 
road that runs to Crail. The rock weathers spheroidally, and is in 
places highly decomposed. On the south-east side of the exposure 
the igneous mass is seen to make junction with sandy sediments 
that have been highly altered and in places partly recrystallized. 
The intrusion appears to have been initially at a high temperature, 
and in one place a number of small spheroids of sediment were noted 
in the igneous reck apparently in process of digestion. The rock 
is extremely hard and has a first-class reputation as a road-stone, 
being durable and an excellent “ binder ”’. 

Microscopically, the rock can be seen to have a high content 
of olivine, sometimes completely in the condition of serpentine, 
frequently remarkably fresh and unchanged. Analcite is abundant 
in pellucid patches, but often turbid and replacing plagioclase 
felspar ; the latter showing the usual range present in the olivine- 
dolerites. Purplish and brownish pyroxene is an essential ingredient 
of the rock, the crystals having a good development of the front and 
back pimakoids, being elongated parallel to the crystal axis ¢ and 
generally idiomorphic except where abutting against olivine. The 
subordinate constituents include apatite, magnetite, biotite, and 
zeolites. Where the rock makes contact with the sediments, a more 
teschenitic facies is taken on, much, richer in biotite and resembling 
in striking fashion some portions of the rock of Spalefield. 

These fragmentary notes may be concluded with an expression 
of the hope that some systematic investigation may at no distant 
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date be undertaken among the dolerites of Fifeshire. For the 
relationship of these masses—both quartz- and olivine-bearing 
types—to the plication and fracturing of the associated sedimentary 
rocks, and the discovery, if possible, of their connexion with the 
ash necks of the district ; also a consideration of whatever evidence 
they may afford bearmg upon the general problems of igneous 
intrusion, are all matters deserving of careful study. It is therefore 
satisfactory to record that in the midst of the actual field providimg 
these interesting and promising subjects of research, the teaching of 
geology has been resumed in the old University of St. Andrew’s. 

A Cambro-Ordovician Section in the Beaverfoot 

Range, near Golden, British Columbia. 

By Lancastar D. Burne. 

§1. The Beaverfoot Range lies immediately to the east of the 
Rocky Mountain Trench, and is the westernmost of the ranges 
included in the Rocky Mountain system. 

The first geologist to study this section was McConnell, who 
published in 18871 a Teport on the geology along the newly com- 
pleted mountain section of the Canadian Pacific Railway. The 
broader features of the striking overturn which affects the entire 
Beaverfoot Range were described, fossils were found in both the 
stratigraphically underlying ‘‘Graptolite Shales” and the strati- 
graphically overlymg “ Halysites Beds”, and a cross-section 
was given showing the overturned nature of the rocks composing 
the Beaverfoot Range. 

§2. The present paper offers new data regarding the stratigraphy 
of the upper part of the Cambrian and the Ordovician section in the 
Beaverfoct Range. Two new formation names are proposed : 
Glenogle Shales for the “‘ Graptolite Shales’ (see §§ 5, 8, and 12), 
and Beaverfoot Formation for the “ Halysites Beds ” (see §§ 4 and 7). 
There are also presented detailed sections of the Glenogle shales 
(§§ 5 and 14) and the overlymg Beaverfoot Formation (§ 4), with 
reference to the fossil horizons secured. There is a short discussion 
of the Goodsir Formation, which is shown to be partly of Cambrian 
age (see § 16), and there is a generalized table correlating the rocks 
exposed in the Beaverfoot Range with those exposed in Mount 
Bosworth on the continental divide, 25 miles to the east (see § 17). 

§ 3. The section was measured in the summit of the range (where 
it is crossed by the Whiskey Trail), overlooking the Columbia 
Valley at Mons on the Kootenay Central Railway, about 15 miles 
south-east of Golden, British Columbia, and is as follows :— 

1 Ann.. Rep. Geol. and Nat. Hist. Surv. Canadc, 1887, Part D, pp. 1-41. 
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Section of Ordovician Strata in the Beaverfoot Range. 

§ 4. Braverroot Formation (Ordovician: Richmond). ft. 
1. Blue limestone alternating with 1 inch bands of black chert 150 
2. Blue-grey massive limestones . : : - : . + 500 
3. Massive grey-blue cherty limestone . c : ‘ «) tao 
4. Massive dirty-grey-weathering blue limestone . - LOU 
5. Lighter-grey- -weathering (than 4) grey-blue limestone  . 20 

10 feet below top, Locality 15 : 109. 
20 4s 15: 110. 

6. Little more thin-bedded but same as5 . 25 
7 Little more massive and with many chert nodules, rounded 

and banana shaped, etc. . : c 2 ‘ 22 
Near base, Locality 15 : 11. 

8. Light-dirty-grey more or less thin-bedded limestone alter- 
nating with zones 2 to 12 feet thick of very thin-bedded 
almost shaly limestone 75 

25-40 feet below top, Locality ck 112. 
50 99 > 2? aol 13. 

65 ep 45 5: 15 afl: 
9. Black shale . : : - : : 7 

10. White quartzite (not measured). 
1l. Dirty brown to reddish-brown sandy shales in layers 

} to 1 inch in thickness, weathers reddish near base . 75 

12. These (11) pass imperceptibly into an arenaceous bandy 
weathering shale, poorly exposed but slope so marked 
would appear to accommodate about 700 feet of beds. 
One-fourth mile to the south the lower half of 12 is 
sandy to reddish-weathering, the upper half a dark- 
brown . a : ; ; A ; > ae FAO) 

13. Fairly massive, white, grey, and pinkish quartzite . a Lista 

§5. GLENOGLE SHALES (Ordovician : Chazyan at the top, Canadian 
at the bottom). 

14. Shales, arenaceous, light-brown, cover slope from here 
to top of ridge. Room for about . < < 21) 500 

Near base, Locality 15 : 107. 
15. Series of one-foot-thick blue limestone beds with several 

feet of black shale between; the lower 10 feet com- 
posed of a cherty black shaly limestone. 100 

16. Black shale, forming a prominent scarp in the slope due to 
being backed by the lower part of 15 . : : 20 

17. Brown shale ; 10 
18. Thin-bedded blue limestone "(alternating blue and grey 

striped on cross surfaces) with pao faces weathering 
grey and each separated by 1 to } inch slabs of oe 
limestone : ‘ , 35 

19. Blue-black shale with eraptolite fragments : : : 25 
20. More or Jess thin-bedded blue limestone . . at LOO 

About half-way up in this and just below a 3 to 5 foot bed 
of black shale found. Locality 15: 108 (of Canadian 
age), which is to be compared with Glenogle Brook 
fossils and with Locality 19: 53. 

§ 6. Goopsir Formation (Upper Cambrian at the base, passing 
up into Ordovician). 

21. Pearl-grey to bluish micaceous shale series, forming 
centre of range. 

Base of measured section. 
A few hundred yards along the strike to the west the section 

has the following fossil horizons :— 
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BEAVERFOOT FORMATION (quartzite portion). 
GLENOGLE SHALES— 

With graptolites, Locality 19 : 50 = Chazyan. 
Fossils at base, Locality 19 : 53 (compare with 
15: 108) = Canadian. 

Goopsir FormatTion— 
At top, Locality 19:51. 
25 feet below, Locality 19 : 52. 

§7. Beaverfoot Formation (“ Halysites Beds ”’). 

McConnell } refers the ““ Halysites Beds ” to the Silurian, recording 
the presence of Halysites catenulatus, Favosites, Zaphrentis ?, and 
some badly preserved gastropods, and this reference has been 
accepted by subsequent writers. In 1915 Allan 2 records the close 
resemblance of the “ Halysites Beds ” to the Intermediate limestones 
(Devonian), near Banff, but he leaves them in the Silurian. 

At the meeting of the Geological Society of America in the winter 
of 1915-16, the writer exhibited fossils from these “ Halysites 
Beds’, and presented a short communication ? announcing their 
correlation with the Richmond, a reference which was confirmed 
by those who examined the fossils. This was the first recorded 
identification of Richmond fossils im the Canadian Cordillera, and, 
curiously enough, the fossils secured included one specimen of 
Beatricea almost identical with one of the Beatriceas from the 
nearest previously known Canadian Richmond—Stony Mountain, 
near Winnipeg, Manitoba. 

The beds to which the term “ Halysites Beds ” have been applied 
are in this paper called the Beaverfoot Formation from their typical 
exposure in the crest of the Beaverfoot Range above Mons, which is 
on the Kootenay Central Railroad, 15 miles south of Golden, British 
Columbia. Reference to the section (§ 4) will show that the formation 
is separable lithologically into two portions ; (1) the cherty limestone 
series forming the exposed top (Beds 1-9 of the section), and (2) 
the quartzitic series forming the base (Beds 10-13 of the section). 
Only the upper portion, which becomes increasingly thin-bedded 
and shaly as one goes down in the section, has so far proven 
fossiliferous, and is referred to the Richmond. The lower portion, 

arenaceous shales and quartzites, may prove separable from the 
formation. 

§ 8. Glenogle (“* Graptolite’’) Shales. 

The first mention of the graptolite shales is by McConnell in 
1887,* who says: “ Kasily accessible sections of the graptolite shales 
close to the railway may be found in the bed of a small stream which 
joms the Wapta from the north about half-way between Palliser 

1 Ann. Rep. Geol. and Nat. Hist. Surv. Canada, 1887, Part D, p. 22D. 
2 Summary Rep. Geol. Survey, Canada, for 1912, p. 172, 1913. 
3 Burling, Bull. Geol. Soc. America, vol. xxvii, 1916, p. 158. 
4 Ann. Rep. Geol. and Nat. Hist. Surv. Canada, 1887, Part D, p. 23p. 
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and Golden City.” The exact locality is in the bed of the creek, 
just west of Glenogle, a way-station about 7 miles east of Golden. 

The Graptolite Shales at this point were discovered by McConnell * 
in his study of the section along the 51st parallel. The graptolites 
were turned over to Lapworth, who contributed a note regarding 
their identification and correlation, which was embodied in 
McConnell’s report. The locality was correctly described by 
McConnell, but Lapworth’s note made the mistake of listing the 
fauna as occurring at ‘“ Kicking Horse (Wapta) Pass”, and this 
error has been perpetuated in all subsequent references to the fauna. 
There are no rocks younger than the lower part of the Upper 
Cambrian at Kicking Horse Pass, and the latter locality is about 
25 miles in a direct line north-east of the locality from which the 
graptolites were secured. Along the right-of-way the distance is 
even greater, rising to 45 miles. 

§ 9. Lapworth 2 identified the following species :— 

Didymograptus n.sp. (ef. D. ewodus Lapworth). 
Glossograptus ciliatus Kmmons. 
G. spinulosus (Hall) [ =Glossograptus ciliatus Kmmons].* 
Cryptograptus tricornis (Carruthers). 
Diplograptus angustifolius Hall [= Diplograptus (Glyptograptus) 

angustifolius (Hall) ]. 
D. rugosus Emmons [= Diplograptus foliaceus (Murchison)]. 
Climacograptus caelatus Lapworth [= Climacograptus antiquus 

Lapworth ]. 
Phyllograptus or Lasiograptus sp. 

‘ Lapworth # referred the fossils from Glenogle’ to the “age of 
the Utica slate, or, at any rate, to the Trenton-Utica fauna of the 
United States and Canada’, and suggested that they might be a little 
older than the Normanskill fauna. In 1889 Lapworth ° describes a 
graptolite fauna collected by Dawson on Dease River as identical 
with the one previously described from Glenogle and confirms his 
previous determination as to their being a little older than the 
Normanskill, but places them in the Black River-Trenton mstead 
of the Utica or the Trenton-Utica. 

§ 10. Gurley” places both faunas in the Chazy in the following 
words: “ Somewhere between the Dichograpsus fauna, characteristic 
of the Calciferous, and the Dicellograpsus fauna, characteristic of 
the (certainly pre-Utican and probably) Trenton, are to be placed 
the faunas” occurring at Glenogle and on the Dease River. 

1 Ann. Rep. Geol. and Nat. Hist. Surv. Canada, 1887, pp. 22D-24D. 
2 Id., p. 23d; and Science, vol. ix, 1887, p. 230. 
3 Corrections after Bassler, Bull. U.S. Nat. Mus., No. 92, 1915. 
4 Ann. Rep. Geol. and Nat. Hist. Surv. Canada, 1887, pp. 22D—24D. 
5 In the literature as Kicking Horse Pass, which is a locality 25 miles to 

the north-east. 
5 Can. Rec. Sci., vol. iii, 1889, pp. 141-2. 
7 Journ. Geol., vol. iv, 1896, p. 304. 
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“ Approximately at least, these beds are of the same age, and in a 
general way, and as a diagnosis by exclusion, may be said to be 
Chazy.” 
§ 11. Ruedemann + believes that this reference places too much 

emphasis on differences in faunal composition, and states that both 
faunas “ cannot be far removed from early Trenton age”. Later on 
in the same report,” he says: “In all of these places Didymograptus 
saguticaulis occurs in the same horizon (Dicellograptus zone) as at the 
Normanskill, with the exception perhaps of the Dease River locality.” 

Allan * describes the graptolite shales as occurring in two infolded 
bands in the Beaverfoot Range. He says: “ The thickness of these 
beds varies, and the lower contact is ill-defined, but there are at 
least 1,700 feet of black fissile shales, many beds of which contain 
graptolites.”’ 

The latest reference to the age of these shales is by Bassler,* 
who refers to them as Chazyan (Normanskill). 

§ 12. The fact that we have now secured data as to the relations 
of the “ graptolite shales ” to the overlying formation, together with 
palzontological evidence as to the age of the beds immediately 
below, leads me to the conclusion that they should be named ;* 
and since they were first found at Glenogle, and are there represented 
by the most fossiliferous beds yet discovered, it would seem 
appropriate that they be called the Glenogle shales. Such a name 
will also call attention to their geographic. position, a feature of 
importance, since they are nowhere listed as occurring at Glenogle 
but at a locality (Kicking Horse Pass) 25 miles away. The formation 
is stated by Allan * to be at least 1,700 feet thick. Though he does 
not say so, this figure is probably based upon measurements at 
Glenogle. It appears to have a thickness of 700 feet in the summit 
of the range 10 miles south of Glenogle. The type locality is at 
Glenogle, in the first creek west of the station, and in the adjacent 
rock-cut in particular. The lower (Canadian) portion of the 
formation can be studied in the bed of the first creek east of Glenogle, 

and the overlying beds can be studied in the high summits to the 
south. Near Glenogle the relations are destroyed by the presence, 
between the two formations, of the Kicking Horse River. 

The railroad track here follows the north bank of the Kicking 
Horse (Wapta) River, which has cut its canyon between a series of 
very steeply inclined shales and a series of massive white weathering 
quartzite beds whose dip-slope forms the southern side of the valley. 

The geological structure is that of a large overturn, and the shales 
north of the river really underlie the massive beds across the river to 

1 Mem. New York State Musuem, No. 11, pt. ii, 1908, footnote p. 25. 
2 Id., p. 251. ; 
* Summ. Rep. Geol. Surv. Canada for 1912, 1913, p. 172. 
4 Bull. U.S. Nat. Mus., No. 92, 1915, p- 550, ete. 
° See Burling, Abstract, Bull. Geol. Soc. America, vol. xxxii, 1921, p. 128. 
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the south, which they appear to rest upon. Locally, however, the 
attitude of the beds is so variable that it is quite possible for 
particular minor sections to occupy their normal relations. 

§ 13. The general locality was visited by Charles D. Walcott and 
the writer in 1909, when we secured specimens of the Obolus listed 
in §14. Ina second visit to the locality the writer spent some time 
in collecting from the graptolite horizons exposed in the stream bed 
just west of the station (probably the one referred to by McConnell) 
and in the railway cut between that stream and the station, and in 
measuring and collecting from the section of Obolus-bearing shales 
and limestones exposed in the bed of a stream which is spanned 
by a masonry bridge a few hundred yards east of the station at 
Glenogle. We shall use the term Glenogle Creek for this stream. 

The beds outcropping in Glenogle Creek strike north-west-south- 
east, and dip almost vertically (thus differing by 60 to 70 degrees 
from the dip of the massive beds which overlie them), and they 
occur stratigraphically below an exposure of the graptolite-bearing 
shale in the small cutting just east of the masonry bridge. 

The Glenogle Creek section is exposed in the bed of the creek, and 
outcrops on the east side of the creek between the masonry bridge 
and the mouth of the canyon. It may be described as follows :— 

§14. Glenogle Creek Section. 
Top ees —- 

Covered by railroad grade,in which there is a cutting 
exposing graptolite shales, and the Kicking Horse 
River. 

2. Fairly massive light-blue limestone, slightly mottled and 
weathering toa dirty grey : 2 it. 

3. Thick-bedded dark-blue limestone, considerably sheared, 
with some layers of blue shale . : 3 ft. 

4. Blue limestone in bands 1-3 inches thick with ‘intercalated 
blue shale bands an inch or more in thickness . : 4 ft. 

5. Massive band of dark-blue limestone 16 in. 
Fossils in upper 4 inches which weathers slightly yellowish. 

ya No. 1. 
6. Blue shale . : é c : 3 3in 

Blue limestone. 6 in. 
Fossils in upper 4 inches which weathers slightly yellowish. 

Locality No. 5 (Obolus, etc.) 
8. Thin-bedded blue limestone and shale similar to4 . : 12. ft. 

Fossils 8 feet above base, Locality No. 2. 
Fossils 6 feet above base, Locality No. 3. 

9. Fairly massive-bedded blue limestone. : : 1 ft. 
Fossils in Ne 4 cee: Loc ae No. 4. 

LO. Cleaved shales - : - 1 ft. 
ll. Covered ; Er Psy sites 
12. Grey, blue, and black shales, sheared, exposed in " gorge 

above the bridge. 

This section should be compared with that portion of the section 
measured in the summit of the Beaverfoot Range (§ 5), which under- 
lies the graptolites of bed No. 19. 
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§ 15. Allan? speaks of the conformable relations of the Goodsir 
to the overlving graptolite shales, and so far as the writer has been 
able to determine in the field there is no evidence of unconformity 
at either the upper or the lower boundaries of the Glenogle shale. 
In fact, where the graptolite-carrying portion of the Glenogle shales 
is exposed in observable relations to the overlying and underlying 
rocks (see the Beaverfoot Range section between §§ 6 and 7) there 
appears to be only one reason for making a separation between the 
graptolite shales (19: 50)and the lower beds which carry the Glenogle 
Creek fauna (15: 108 and 19:53). Thisis the fact that the graptolite 
shales are of Chazyan age and the Glenogle Creek fauna appears to be 
Bretonian and therefore to be assigned to the Canadian. But Allan’s 
definition of the Goodsir (6,000 feet) as underlying the graptolite 
shales hardly justifies us in referring to it the paleontologically 
identifiable series of Canadian beds which underlie the Chazyan 
graptolite shales. We have, therefore, included bed No. 20 of the 
section with beds Nos. 14 to 19, as forming part of the Glenogle 
shales (see § 5). 

§ 16. Goodsir Formation. 

The Goodsir formation was described 2 from the Ottertail Range, 

a few miles to the north, but it is exposed in its typical manner in 
the Beaverfoot Range. Here, as in the Ottertail Range, it carries 
abundant fossils, and these range upward in age from the so-called 
“ Ceratopyge fauna” of Walcott? at the base. As announced in 
1916,* these fossils are to be compared, not with Ceratopyge, but with 
forms from the Orr formation of the Upper Cambrian im the House 
Range of Utah. The line between the Cambrian and the Ozarkian 
is, at least, tentatively drawn by Ulrich ® at the top of the Orr 
formation ; and the base of the Goodsir thus lies well down in the 

Upper Cambrian, as that term was used by Walcott. 
The middle and upper portions of the Goodsir formation have 

yielded a number of fossil horizons, which will fill in that portion 
of the geological column between the Upper Cambrian and the 
Canadian, but the writer was unable in the field to locate strati- 
graphic evidence for the true position within the formation of the 
Cambro-Ordovician boundary. 

§ 17. Correlation Table. 

There is presented herewith a generalized table correlating the 
succession in the Beaverfoot Range and in Mount Bosworth :— 

1 Mem. Geol. Surv. Canada, No. 55, 1914, p. 101. 
2 Allan, Summ. Rep. Geol. Surv. Canada for 1912, 1913, p. 172. 
3 Smithsonian Misc. Coll., vol. lvii, No. 7, 1912, pp. 233-4, pl. xxxv. 
4 Burling, Summ. Rep. Geol. Surv. Canada for 1915, 1916, pp. 98-9. 
° Bull. Soc. Geol. America, vol. xxii, 1911, p. 612. 



Cambro-Ordovician Section in the Beaverfoot Range. 459 

Beaverfoot Range. Mount Bosworth. 
Exposed top. Beaverfoot formation 

(‘ Halysites limestone’) of Richmond 
age (1).4 

Glenogle shales (‘‘ Graptolite shales”’) of 
Chazyan (Normanskill) age, with shales 
of Canadian age (2) ! immediately below 
and almost inseparable from them. 

Goodsir shales ranging in age from 
Canadian or pre-Canadian at the top to 
true Upper Cambrian (that is, lower 
than Ozarkian) at the base (3) 1 + 6,040 
feet (Allan). 

Ottertail limestone of Upper Cambrian 
age + 1,725 feet (Allan). 

Chancellor formation of Upper Cambrian 
age + 4,500 feet (Allan). 

Exposed, top (4).1 
Sherbrooke formation of Upper 

Cambrian age (5). 
Paget formation of Upper Cam- 

brian age. 
Bosworth formation of Upper 

Cambrian age (6).+ 
Eldon formation of Middle Cam- 

brian age. 
Stephen formation of Middle 

Cambrian age (7).1 ' 
Cathedral formation of Middl 

Cambrian age. 
Mount Whyte formation of 

Middle Cambrian age (8). 
Lower Cambrian. 

Notes on the Correlation Table. 

(1) The change in the reference of these beds from Silurian to 
Richmond is discussed in this paper, § 7. 

(2) The inclusion of both the Normanskill and the Canadian 
horizons within the limits of the Glenogle shales is discussed in this 
paper, § 15. 

(3) The Upper Cambrian horizon at the base is the one carrying 
the fossils described by Walcott as “ Ceratopyge ’. The change in 
the systemic reference of this fauna is discussed in this paper, § 16. 

(4) The relations of the Chancellor formation at the base of the 
section in the Beaverfoot and Ottertail Ranges to the Sherbrooke 
formation in Mount Bosworth and Mount Dennis are difficult of 
determination. The base of the Chancellor formation itself is 
described by Allan ? as consisting of “ highly sheared grey shales, 
slates, argillites, and phyllites”. These outcrop in the valleys 
where erosion has exposed them and are estimated to be 4,500 feet 
thick, but while several of the mountains expose the Sherbrooke 
formation in their summits, the relations to the overlying Chancellor 
shale series has not been observed. 

1 These numbers refer to the notes which follow. 
2 Summ. Rep. Geol. Surv. Canada for 1912, 1913, p. 168. 
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(5) The Mount Bosworth section was first described ! as overlain 
by the Ordovician, but a later visit” proved the presence in the upper- 
most beds of Cambrian fossils and true Ordovician was placed 
several thousand feet higher in the section.® 

(6) The Bosworth formation is of special interest as the locus of 
the earliest discovered evidence of profound disconformity between 
the Middle Cambrian and the Upper Cambrian. The contact between 
the Middle Cambrian Eldon and the overlying Bosworth with its 
ripple marks, mud cracks, and casts of salt crystals has been 
described.* Since these papers were written the Bosworth has been 
identified in the Sawback Range, west of Banff, and in the vicinity 
of White Man’s Pass, south of Mount Assiniboine, in each of which 
localities it preserves its peculiarities of sedimentation and character. 

(7) The Stephen formation is the horizon which has yielded the 
remarkable Ogygopsis shale and Burgess shale faunas, assemblages 
which occupy very fine-grained lenses within its boundaries in Mounts 
Stephen and Field respectively. As has already been described,°® 
the formation loses this fine-grained character as it is followed 
eastward, and in Castle Mountain, just west of the Sawback Range, 
it is coarsely ripple-marked and mud-cracked. It may very well 
be absent as a formation in the Sawback Range. 

(8) This is the formation carrying the Albertella fauna, whose 
stratigraphic position has finally become established,° and whose 
fauna has been figured.” It will be of interest to record here that 
as the Albertella shale is followed southward past Mount Temple 
into the Mount Assiniboine region, and northward into the Mount 
Robson region, it becomes progressively more calcareous, and that 
at Mount Robson and Mount Assiniboine the horizon is represented 
by a calcareous Albertella horizon in the general limestone shale 
section of the Middle Cambrian. 

Dr. Walcott believes® that the “stratigraphic position of the 
Mount Whyte justifies its classification with the Lower Cambrian ”, 
and, I believe, that the stratigraphic relations® near the base of the 
formation justify the transfer of its major and upper portion to the 
Middle Cambrian. Wherever the line is drawn we both seem to be 

1 Walcott, Smithsonian Misc. Coll., vol. liii, No. 5, 1908, p. 204. 
2 Allan and Burling, Walcott, id., vol. lvii, No. 7, 1912, p. 229. 
3 Allan, Summ. Rep. Geol. Surv. Canada for 1911, 1912, pp. 171-81; 

Burling, Journ. Washington Acad. Sci., vol. ii, 1912, p. 357. 
* Burling, ‘‘ Shallow Water Deposition in the Cambrian of the Canadian 

Cordillera’: Ottawa Naturalist, vol. xxix, 1915, pp. 87-8; ‘‘ Down-warping 
along Joint Planes at the Close of the Niagaran and Acadian”: Journ. Geol., 
vol. xxv, 1917, pp. 145-9. 

° Burling, Ottawa Naturalist, vol. xxix, 1915, pp. 87-8. 
6 Burling, “The Albertella Fauna Located in the Middle Cambrian of 

British Columbia and Alberta ’’: Amer. Journ. Sci., vol. xlii, 1916, pp. 469-72. 
*. Walcott, “‘ Fauna of the Mount Whyte Formation”: Smithsonian Misc. 

Coll., vol. Ixvii, No. 3, 1917, pp. 61-114. 
8 Science, vol. xlv, 1907, p. 355. 
° Summ. Rep. Geol. Surv. Canada for 1915, 1916, p. 100. 



Daviesiella llangollensis in Derbyshire. 461 

agreed that the Lower-Middle Cambrian boundary can be determined 
by a study of the stratigraphy. Since the broader stratigraphy of 
a given bed is not so much a matter of opinion as of observation, 
the only inference that can be drawn is that there are breaks of 
more or less magnitude at both the top and bottom of the 
formation. In interpreting these Dr. Walcott refuses to admit 
the possibility of the recurrence in Middle Cambrian time of 
surviving remnants of the Mesonacidae; the writer sees in the 
sudden introduction of new forms evidence far more dependable 
than the ultimate extinction of the old. 

On the Occurrence of Daviesiella llangollensis (Dav.) 
in Derbyshire. 

By J. Wiirrip Jackson, M.S8c., F.G.S., Assistant Keeper, 
Manchester Museum. 

HE object of this paper is to deal more fully with the occurrence 
of Daviesiella langollensis (Dav.) in the Carboniferous Lime- 

stone of Derbyshire,t and further to make some observations on 
the sequence in the Midland area. In a later paper I hope to deal 
with the horizon of the “ Brachiopod Beds”’. 

D. llangollensis was first noticed by me when making a traverse 
of the type-section between Miller’s Dale and Buxton some 
years ago, but at the time fragmentary specimens only were 
obtained. These were tentatively referred to the species and placed 
on one side awaiting more perfect material. On subsequent visits 
I obtained numerous specimens, which proved to be quite typical 
of the species in question. 

The locality where D. llangollensis occurs is situated in Wye 
Dale, immediately at the foot of Topley Pike, about 3 miles 
east of Buxton. The beds containing it are exposed in a small 
roadside quarry at the entrance to Deep Dale, and consist mainly 
of well-bedded, dark-coloured limestones, dolomitized in part. 
Some hard, black, calcareous shale is also present. 

The species is most abundant in the bed forming the floor of the 
quarry, and in the dolomitic bed immediately above, but it continues 
sporadically through some of the overlying limestones. Up to 
the present its vertical extent has not been ascertained. 

Several other fossils are present in these beds, but their imperfect 
nature renders identification somewhat difficult. The following, 
however, have been recognized: Syringopora sp., Lithostrotion 
martini (broken corallites), Seminula cf. ambigua (or globularis), and 
Bellerophon sp. (imperfect cast). 

The Daviesiella beds form part of the lowest limestones visible 
in the typical east-west section of Dr. T. F. Sibly.2. They are 

1 See record in Grou. Maa., Vol. LIX, 1922, p. 335. 
* Sibly, “ Faunal Succession in the Carboniferous Limestone (Upper 

Avonian) of the Midland Area”: Q.J.G.S., vol. lxiv, 1908, pp. 34-82. 
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strikingly distinct from the massive white limestone—the Chee 
Tor Rock—forming the summit of Topley Pike, and are probably 
part of the limestones marked 8 in the Geological Survey Memoir.! 
A fault, with a small downthrow to the south, is present immediately 
to the south of the section. The beds are also seen in the large 
(upper) quarry to the west, but I have not examined these in detail. 

The presence in the Manchester Museum of Davidson’s type- 
specimens of this species has enabled me to compare critically the 
Topley Pike examples. Davidson’s types were presented to the 
Museum many years ago by G. W. Ormerod, and were figured first 
in the Quarterly Journal of the Geological Society, vol. x, 1854, and 
later in the Monograph of British Fossil Brachiopoda (Paleonto- 
graphical Society), vol. u, 1860. In the first publication three 
specimens [L9834, L9836, and L9837]? are figured on pl. 8 (figs. 7, 8, 
and 2-3) from Treflach Wood, at Trefonen, south-west of Oswestry ; 
one specimen [1.9835] from the beach at Beaumaris, collected 
by Henry Ormerod (pl. 8, fig. 6); and one specimen [L9838] from 
Tidenham Chase (pl. 8, fig. 5), the figures in all cases being reversed. 
In the second publication all the specimens, except L9834, are 
re-figured the right way on pl. xlv, but with a somewhat different 
legend in two cases, as follows: L9836 (= fig. 4), Llanymynech ; 
L9837 (= figs. 1-2), Trefonen; L9835 (= fig. 3), Llanymynech ; 
L9838 (= fig. 6), Tidenham Chase. 

The Topley Pike specimens agree in every way with the above 
specimens, both externally and internally. The fine, thread-like, 
costation is very distinctive of the species, as well as the rows of 
close-set pits along the furrows, when the outer layer of shell is 
removed. But the most characteristic features are the narrow 
area, and teeth in the ventral valve, and the remarkable convexity 
and prominent bulging umbo. In most of the specimens the 
ventral vaive is of extraordimary thickness. When seen in situ 
the species might be mistaken, at first glance, for a finely ribbed 
Productus giganteus, but a close examination, especially if the 
hinge is visible, will at once reveal the difference. 

D. comoides (Sow.) differs from the present species by the 
possession of a much deeper area, and, in consequence, a more 
visible delthyrium. The umbonal region is also more depressed.? 

D. llangollensis is probably the species referred to in some lists 
as Chonetes cf. comoides, at least in part. 

The occurrence of D. Ilangollensis in the Midland area is of 
considerable interest on account of the presence of the species 
in the limestones overlying the basement-conglomerate of the 
Carboniferous Limestone in parts of the North Wales area, the 

1 The Carboniferous Limestone, etc., of North Derbyshire, 2nd ed. (1887), p. 18. 
* Numbers in square brackets are the registered numbers in the Manchester 

Museum. 
3 Cf. Davidson, Monog. Brit. Foss. Brach., ii, 1860, pl. 45, fig. 7, with pl. 45, 

figs. 1-6; and pl. 55, figs. 6-8 ( = types of comoides), with pl. 55, fig. 9. 
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horizon of these limestones being regarded by the late Dr. Wheelton 
Hind and Mr. J. T. Stobbs as the upper portion of the Seminula 
Zoae (= s,):* 

It will be recalled that Dr. Sibly, im his paper on the Faunal 
Succession of the Midland Area,? remarks that the North Wales 
limestones containing D. llangollensis must be regarded as of 
lower horizon than any beds seen in the typical section of the 
Midland area. It is probable that when Dr. Sibly was studying 
this section some 15 or 16 years ago, the little roadside quarry 
containing D. Iangollensis may not have been opened. 

The question of the horizon of the D. llangollensis Beds calls for 
some discussion, in which it will be necessary to review the records 
of the occurrence of the species in different areas. 

The Topley Pike limestones were included by Dr. Sibly in the 
lower portion of the series correlated with the Dibunophyllum @ 
sub-zone (= D,) of the South-Western Province. The presence 
of D. langollensis, however, suggests that the limestones con- 
taining it should now be transferred to a lower horizon, viz. the 
Seminula Zone. 

It is important to note that one of Davidson’s types of this species 
(Dav. Monog., pl. xlv, fig. 6) comes from Tidenham Chase, 13 miles 
north-east of Chepstow, Gloucestershire. The original specimen 
is in the Manchester Museum (Registered No. L9838). It agrees 
in every way with the other examples from the Oswestry district 
figured by Davidson (pl. xiv, figs. 1-4), and was used by him to 
illustrate the enormous thickening of the ventral valve. The 
small amount of matrix between the two valves consists of dolomitic 
limestone. 

This occurrence of the species in the South-Western Province 
has apparently been overlooked, as I can find no reference to it 
in any of the numerous papers on the correlation of the Carbon- 
iferous Limestone. 

With regard to the horizons represented in the Carboniferous 
Limestone around Chepstow, the late Dr. A. Vaughan gives an 
outline of the sequence in this area, and a correlation, of this sequence 
with the Avonian of Bristol.’ From this outline it appears that 
the following zones are represented: K,, Z,, Z,; above the latter 
level there is a lack of exposures and the next higher beds 
met with belong to the Seminula Zone. For some distance above 
the Z, level the beds are extensively dolomitized. As in the Bristol 
area, the Seminula Zone is thick, and contains the typical assemblage 
of fossils. Dr. Vaughan found no trace of the Dibunophyllum 
Zone. Unfortunately he gives no list of the Chepstow fossils. 

1 Hind & Stobbs, ‘‘ The Carboniferous Succession below the Coal-Measures 
in North Shropshire, Denbighshire, and Flintshire”: Grou. Maa., 1906, pp. 385- 
400, 445-59, and 496-507. 

2 Sibly, op. cit., 1908, p. 76. 
3 Q.J.G.S., vol. lxi, 1905, p. 251. 
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In the Mitcheldean district, further to the north-east, extensive 
dolomitization occurs at the same level and continues upwards 
through the Syringothyris Zone (= C.). 

No further information concerning the Chepstow area seems to 
be available, and the only suggestion that can be made is that the 
Daviesiella in question came from some portion of the dolomitic 
series.1 

In North Wales, according to Davidson (fide D. C. Davies), 
D. llangollensis exists in great plenty in the lower beds of the 
Carboniferous series at the base of the cliffs near Llangollen, and is 
also found, though not so abundantly, at about the same level at 
Llanymynech and Porthywaen ; in the Helwyseg cliffs it lies in a shale 
bed, from which beautiful specimens of the interior of the ventral 
valve may be obtained. It is, however, important to notice that the 
generality of the specimens are so imperfect round the margin as to 
lead one to imagine that they had been drifted from some distance to 
the spot where they are at present found. At Llandulas, according 
to Hind and ‘Stobbs,? it is found some little distance above the 
base, and associated with Seminula aff. ficoidea. It is thought 
that these limestones cannot be any lower than the junction of the 
Seminula and Dibunophyllum Zones of Bristol, and the horizon 
of the Daviesiella is, therefore, regarded as uppermost S,. 

D. Wangollensis is not listed for the Oswestry district by 
Hind and Stobbs, but it is highly probable that the horizon is 
the same as in North Wales. Further field-work, however, is 
necessary in this area, as one would like to know the exact beds 
from which Ormerod obtained his specimens. The fauna cited 
by Hind and Stobbs 4 from the Treflach Wood quarries is suggestive 
of a high horizon in the Dibunophyllum Zone, in tact D,; but no 
fossils are recorded from the well-bedded, dark limestones at the 
base of the section studied by them. 

The species is recorded for Anglesey by Dr. E. Greenly,’ who lists 
it among the fossils referred to the D, sub-zone, to which he 
attributes the lowest beds of the island. In his description of the 
Penmon area he points out that the escarpment at the Careg-onen 
clifis is composed of rather dark limestones with shale, and 
has yielded: Alveolites septosus, Syringopora sp., Daviesiella 
liangollensis, Sprriferina  octoplicata?, and Murchisonia 
kendalensis.° There appears, however, to be some question as to 
whether the Seminula Zone exists in the island, and it is suggested 

* In reply to a request from Professor O. T. Jones, Dr. Sibly writes (22.v.22) : 
“I do not know Tidenham Chase, but it is extremely probable that the 
highest Limestone there is of S, age; the D, beds are probably Sandstones.”’ 

* Davidson, op. cit. (Appendix, 1861), p. 278. 
* Hind & Stobbs, op. cit., pp. 390 and 498. 
* Hind & Stobbs, op. cit., p. 450. 
° Greenly, ‘The Geology of Anglesey’? (Mem. Geol. Surv.), vol. ii, 1919, 

p. 609. 
6 Greenly, ibid., p. 652. 
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that the lower parts of the Lligwy Sandstone may belong to that 
zone. This lies at the base of the series and contains blocks of 
derived limestone, which, however, do not contain any zonal fossils. 

In addition to Greenly’s records, there is the specimen originally 
figured by Davidson as found on the beach at Beaumaris by Henry 
Ormerod.” 

In the North-Western Province, D. Ilangollensis has been met 
with by Professor Garwood in the neighbourhood of Kirkby 
Stephen. In his paper on “ The Lower Carboniferous Succession 
in the North-West of England ’’,? he gives a description of the 
D. Uangollensis Band (h 9), and says: ‘‘ This interesting band is 
confined to the southern end of theShap and Ravenstonedale districts, 
where it appears to lie a little above the base of the Lower 
Dibunophyllum Sub-zone, as shown by its position relative to the 
Bryozoa Band and by its association with Productus cf. maximus. 
No specimens of Dibunophyllum have, however, been found 
associated with it. D. llangollensis would seem, therefore, to have 
entered the North-Western Province slightly later than it appeared 
in North Wales, as its horizon in the latter region is usually 
assigned to 8, of the South-Western Province.” On a later page 
(p. 504) Professor Garwood points out that the D. llangollensis 
Band occurs only at one place in the North-West Province. It is 
found in impure shaly limestone, east of Kirkby Stephen railway 
station (Midland), between the station and Wharton Hall, associated 
with Productus cf. maximus. Above the band are cherty limestones, 
somewhat barren of fossils, and neither Cyathophyllum murchisoni 
nor Dibunophyllum occur. It may be pointed out that in this neigh- 
bourhood the beds differ both lithologically and paleontologically 
from the normal development of the Lower Dibunophyllum Sub- 
zone elsewhere, beg more argillaceous than in the Shap area. 

On the Continent D. llangollensis is now known from several 
places. 

In the Avesnes region of North-East France, the species enters 
in the upper part of the Horizon 6 (of Vaughan), which includes the 
sublaevis Oolite with Cyathophylium ¢ and the overlying Daviesiella 
Beds (“‘ Productus giganteus”’ Beds).4 Details of its occurrence 
here are given by Dr. A. Carpentier’ and by Professor G. Delépine,° 
who give the level as between the Productus sublaevis limestones 
and the Productus cora oolite. 

1 Greenly, ibid., p. 616. 
* Davidson, op. cit., 1854, pl. 8, fig. 6 [L9835, Manchester Museum]. 
3 Q.J.G.8., vol. Ixviii, 1912, p. 478. 
+ Vaughan, “ Correlation of Dinantian and Avonian,” Q.J.G.S., vol. Ixxi, 

1915, p. 18. 
° Carpentier, ‘‘ Contribution 4 l’ Etude du Carbonifére du Nord de la France,”’ 

Mem. Soc. Géol. du Nord, vol. vii, 1913, pp. 85, ete. 
6 Delépine, ‘‘ Description du gisement & Daviesiella Ilangollensis de 

Florennes,’’ Annales de la Soc. Scient. de Bruxelles, Session 27th November, 
1919, third section (p. 4 reprint). 

VOLE nike ——NOw X. 30 
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Professor Delépine, in an interesting paper recording the presence 
of the Tournaisian in the Boulonnais region, cites the occurrence of 
D, llangollensis in, the massive dolomite of Huré. Here the species 
was met with mm abundance, along with gasteropods of large size, 
and certam brachiopods and corals, sufficient to determine the 
stratigraphical position of the upper part of the Huré dolomite. 
The horizon compares favourably with the Horizon 6 of the South- 
Western Province. 

In Belgium Professor Delépine has recently recorded its occurrence — 
at Florennes, and cites it from three other places: the Gomezée 

section, west of Florennes (Dr. A. Carpentier), immediately under 
the massive white Productus cora limestones ; Landelies, at the base 
of the Productus cora zone; Sovet, m the Bocq valley, at the top 
of §,.2. The position of the limestone contaiing D. langollensis 
at Florennes 1s thought by Professor Delépine to be equivalent to 
S,, or the summit of C,, of the South-Western Province. From 
these observations it is concluded that in Belgium and in the North 
of France this fossil oceupies a very definite position, ranging from 
the Productus sublaevis limestones (= upper part of the C, sub- 
zone of Vaughan) up to the Productus cora oolite (= base of the 
S, sub-zone): it attains its maximum of development and of 
frequency in the beds between these two horizons, that is to say, in 
the 8, sub-zone.? 

It is important to add that an example identified as D. llangollensis 
has recently been met with in the Visé limestones in a new railway 
cutting to the north of Visé, along the route from Aix-la-Chapelle 
to Tongres. This is reported to have occurred with a fauna typical 
of the D, sub-zone. 

Returning to the Derbyshire occurrence of D. llangollensis, 
attention might be called to the similarity between the limestones 
containing this fossil at Topley Pike and the variable basal beds of 
S, in the South-Western Province (as in the Avon Section, 
Burrington Section, etc.). It is of some interest also to note that 
Professor O. T. Jones, on being shown the section recently, was 
particularly struck with the peculiar character of the limestones, 
and remarked upon, their close identity with certain beds of Middle 
Visean age elsewhere. 

In my previous note in this Magazine (ante, p. 335) I referred 
the beds, perhaps rather hastily, to the upper part of Hozizon 6 
(i.e. S,), but Professor Jones is inclined to the view tbat this is 
much too low, and has expressed the opinion that the beds should 

1 Delépine, “‘ Note sur la position stratigraphique de la Dolomie de Huré 
(Boulonnais),” Annales de la Soc. Géol. du Nord, vo) xlv, 1920, pp. 142-5; also 
Pruvost & Delépine, ‘‘ Observations sur la faille d’ Hydrequen et sur les couches 
de base du Carbonifére dans le Bas-Boulonnais,” Bull. Soc. Géol. de France, 

Ser. Iv, vol. xxi, 1921, pp. 189-206. 
2 Delépine, op. cit., 1919 (pp. 3-5 reprint). 
3 Delépine, op. cit., 1919 (p. 5 reprint). 
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be regarded as §,, probably about the middle of that sub-zone. 
Pending a detailed study of the overlymg Chee Tor Rock I am 
prepared to accept this view. 

In Wye Dale, between the Daviesiella exposure and Pig Tor, 
on the way to Buxton, lower beds are seen, but these have not yet 
been examined in detail. On close study these may assist in arriving 
at more definite conclusions. 

Where to place the upper limit of D. Iangollensis also remains 
for future investigation. It is probable that it may extend up to 
the base of the massive white limestones of the Chee Tor series. 

The latter series is some 500 feet in thickness, and is surmounted 
by a lava-flow—the Lower Lava of the Miller’s Dale area—and this 
is again overlain by about 150 feet of limestones, mostly thickly 
bedded, and including some interesting types. One of the most 
important of these is a mottled bed, observed many years ago by 
Messrs. J. Barnes and W. F. Holroyd! in a small quarry near the 
Glory Mine at Priestcliffe Ditch, not far from Miller’s Dale. The rock 
consists of a light-coloured and fine-grained “‘ matrix ’’, with dark- 
coloured irregularly shaped patches of a fine-grained limestone. 
On microscopical examination the dark patches are seen to contain 
an abundance of foraminifera, while the lighter ‘“ matrix” is 
practically barren of such organisms. The rock agrees exactly with 
the well-known “ pseudobreccia ”, which is so characteristic of D, 
in the typical Avon Section,? and at Gower, etc.? A similar “ pseudo- 
breccia ”’ also occurs in the higher portions of the D, sub-zone in the 
North-Western Province.* 

Attention might also be called to the occurrence of caicite- 
mudstone in Sandy Dale, near Miller’s Dale, in the same series of 
limestones lying between the Upper and Lower Lavas. This bed 
was pointed out to me by Professor O. T. Jones on the occasion of a 
recent class excursion from the Manchester University. Some little 
distance above the calcite-mudstone in the same dale, dark lime- 
stones with chert-nodules are seen. These contaim Luthostrotion 
junceum in abundance, and are very little below the Upper Lava. 

In the massive white limestones, about 12 feet above the Lower 
Lava, in Miller’s Dale itself, Lithostrotion junceum, L. irregulare, 
and L. martini occur, together with Cyrtina septosa (quite typical) 
and Chonetes aff. comoides. 

These limestones, which are part of the Miller’s Dale Rock of the 
Geological Survey,’ are included by Dr. Sibly in D,, and this is in 
agreement with the fauna. 

The Cyrtina septosa from, these beds is quite typical of Phillips’ 

1 Barnes & Holroyd, Trans. Manch. Geol. Soc., vol. xxvi, 1900, pp. 561-8, 
Is. 1-11. 

See S. H. Reynolds, in Q.J.G.S., vol. Ixxvii, 1921, p. 234. 
3 See E. E. L. Dixon, in Q.J.G.S., vol. Ixvii, 1911, pp. 560 et seq. 
4 See E. J. Garwood, in Q.J.G.S., vol. Ixviii, 1912, p. 477; also J. W. 

Jackson, Grou. Maa., 1908, pp. 266-8. 
> The Carboniferous Limestone, etc., of North Derbyshire, 2nd ed. (1887), p. 18. 
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figure,t and differs from the somewhat more transverse form met 
with in the “ Brachiopod Beds” of the Midland area. Good 
figures of this last variety (which might be called var. transversa) 
are given by Davidson, based upon specimens from Park Hill.? 
I possess examples of the same variety from Middle Hill, near 
Castleton (associated with Streptorhynchus senilis Phil.),? and from 
Narrowdale Hill, near Wetton. 

On the Occurrence of Pre-Cambrian Shale in 
Guernsey. 

By Grorce Horace Prymen, M.Sc., Ph.D., F.G.S. 

i was noted by the Rev. C. Noury ‘4 in 1886 that sedimentary 
rocks were found in a small coastal area to the south of Fort 

Pezerie, on the south-western extremity of Guernsey.  Pro- 
fessor T. G. Bonney’ observed the same area independently in 
September, 1910, after describing it in field notes in 1888 as a close- 
jointed and rather schistose diabase. The Rev. E. Hill® in 1884 
had also regarded the rock in this area as constituting a dyke-formed 
diabase. 

Fie. 1.—Pre-Cambrian Shale, Torteval, Guernsey. 

Professor Bonney, on submitting slices of the rock to micro- 
scopical examination, defined it as a grit. He recognized sub-angular 
and fairly rounded quartz, felspar with (in cases) signs of plagioclase, 
and dark brown, barely translucent, iron oxide in grains. The 
matrix was observed to be a mozaic of quartz and reconstituted 
felspar, with films of mica, varying in colour from green to colourless. 

Although regarded as pre-Cambrian, this patch of sedimentary 
rock has not a close similarity to the pre-Cambrian shales of Jersey ; 
but its occurrence In an area of intense crushing and faulting, 
probably with accompanying metamorphism, gives reason for 
apparent dissimilarity. It may well represent the quartzose “ grey- 
wacke ” beds, which alternate with more typical mudstones, familiar 

1 J. Phillips, Geology of Yorkshire, vol. ii, ““The Mountain Limestone,” 
1836, p. xi, fig. 7. 

2 Davidson, op. cit., ii, pl. xiv, figs. 1-4. 
3 Thid., ii, pl. xxvii, fig. 2. 
4 Géologie de Jersey, par. R. P. Ch. Noury, 8.J. 1886. 
> Quart. Journ. Geol. Soc., vol. Ixviii, 1912, p. 47. 
6 Quart. Journ. Geol. Soc., vol. xl, 1884, p. 417. 
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to observers of the Jersey sedimentar:es and of the “ Phyllades de 
St. Lo ” in Normandy. 

While examining this small area in the spring of 1920, with a view 
to correlation with the Jersey sedimentary beds, the present writer 
discovered another outcrop near by, which had hitherto escaped 
the notice of earlier investigators. It was re-examined in April 
of this year. 

The section is a roadside exposure on the Torteval Road, 75 yards 
‘to the eastward of Westend Cottage (21m. Ordnance Survey Sheet 
of Guernsey). 

Westend Cottage is about 2,500 yards 8.8.E. of Fort Pezerie, and 
1,500 yards due east of Plemmont Point. 

The exposure is 37 yards in extent along the road, showing a height 
above road level of at most 3 feet. A turf wall, 4 feet in height, has 
been constructed above it. Outcrop occurs only on the south side 
of the road. 

The rock is a fine mudstone, showing the distinctive appearance, 
colouring, bedding, and fracture, of the Jersey shales. A green 
satin-like surface is developed on the bedding-planes, as at St. Lo. 
Eastward, the beds cease by intrusion of a gneissic rock, which may 
be tentatively described as of dioritic origin. 

At tbe point of igneous intrusion the beds dip to the north at an 
angle of 10 degrees. This condition persists for 5 feet westward. 
For 7 yards, still to west, the shales are broken and crushed, having 
no recognizable or reliable dip. A further 4 yards westward shows 
a high.dip to the east. The remaining 24 yards exhibit a dip of 
10 degrees to the north. There is suggestion of shear through the 
middle of the section. The exposure occurs along an east-west 
direction, at an altitude of 210 feet. To the south is nothing but 
dioritic gneiss, with inadequate evidence of relationship. If the 
beds continued according to their northward dip, they would reach 
sea-level about 1,400 yards to the north, thus providing a strike 
running through the Fort Pezerie area. 

Faulting in an east-west direction, rather common. in this part of 
Guernsey, has apparently preserved these small areas by down- 
throw; a north-south faulting, a very noticeable feature in the 
south of Guernsey, has restricted the outcrop. 

The fact noted by Professor Bonney that “ diabase”’ invades 
both sedimentary beds and the gneiss, and that all three are invaded 
by a “red ” dyke (the pre-Cambrian aplite, common in all of the 
Channel Islands), appears to establish the pre-Cambrian age of these 
beds. 



REVIEWS. 
TopoGRAPHY AND Gkrotogy or NortTHeRN Sinat. Petroleum 

Research Bulletin, No. 10. By F. W. Moon, B.F., F.GS., etc., 
and H. Sapuk, B.Sc., F.G.8. Cairo: Government Press, 1921. 
TRE XO), 

WE owe this important scientific publication to the interest which 
the Government of Egypt has taken and is taking in the 

development of the oil resources of the country. It records the 
observations of two officers of the Geological Survey of Heypt; 
an, institution which geologists of all countries will rejoice to see 
continued and even expanded under the new regime; for vast 
tracts of the country still remain unexplored. The main objects 
of the expedition were, therefore, to look out for evidences of oil, 
to note the localities where, and the geological formations in which 
they occur, and to determine the positions of anticlinals, domes, 
faults, and other structures which must be located before the most 
promising sites for borings can be selected ; in short, to make a 
geological survey of the area with special reference to oil-problems. 
The party entered the field in November, 1919, at Suez, arrived at 
Hl Arish at the end of February, 1920, having walked well over 
1,000 miles, and then returned to Heypt by way of the now celebrated 
Gebel Maghara massif, reaching Ismailia towards the end of May. 
How little was previously known of the area is shown by the fact 

that when the Geological map of Egypt (1:1,000,000) was 
published in 1910, that portion of the Sinai peninsula which lies 
north of lat. 29° 30’ was left blank. Now, owing to the work of the 
authors, we have, in this memoir, a map on a scale of 1 : 250,000 in 
which 8,000 square kilometres of that blank area are covered with 
colour, representing nine distinct formations: Alluvium and 
Recent ; Miocene in two divisions (Miocene and Gypsum) ; Eocene ; 
Cretaceous in three divisions (Campanian and Maestrichtian or 
Chalk), Santonian-Turonian-Cenomanian ; “ Nubian”? and Lower 
Cretaceous; Jurassic; and igneous intrusions. The authors 
correctly describe their work as a reconnaissance survey ; but owing 
to the excellent exposures, the persistence of easily recognizable 
lithological divisions, the generally favourable climatic conditions— 
heavy rains, hail-storms, blizzards, and intense cold are not wholly 
unknown as the authors have reason to remember—the close relation 
between topography and geological structure, and the possession 
of admirable field maps ! (1 : 125,000), issued by the War Office in 
1915, much more has been accomplished than would have been 
possible in a country where these conditions do not exist. 

In addition to the map, the volume contains nine plates of sections, 

1 These maps, with the geological information, are published separately 
(seven sheets, price P.T. 20 per sheet). 
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orographical maps, etc., and sixty-nine photographs, which are 
really plates though not numbered as such. Two photographs are 
usually printed on a page, but there are also several folded panoramic 
views representing features of special interest. A straight line 
drawn from El Arish to a point on the gulf about 40 kilometres south 
of Suez passes through the centre of the area, which is over 60 kilo- 
metres across at its widest part, closing in to about 15 kilometres 
on Wadi el Arish and 30 at the Gulf of Suez.? 

The authors begin by giving a succinct account of the route 
followed. Anyone who reads this account, referring constantly to 
the maps and photographs, will obtain a vivid impression of the 
physical features and geological structure of the area, especially 
if he has previously made himself familiar with the general succession 
as described in Chapter IT. 

The region contains two large plateaux of Eocene limestone, 
Raha and Muksheib; three massifs of Upper Cretaceous, Giddi, 
Fallig, Yellig; and one of Jurassic and Lower Cretaceous partially 
encircled by Upper Cretaceous. The Raha, Giddi, and Muksheib 
highlands follow each other from south to north at elevations of 
1,800 feet and over. Though separated by low passes, they may be 
regarded as one orographical group. This group and the other high- 
lands are surrounded by vast stretches of sand and gravel at lower 
levels. The western edge of the Raha plateau is sharply defined by 
a north-south fault, running approximately parallel with the eastern 
shore of the Gulf of Suez, at a distance of about 25 kilometres, and 
known to extend far tothe south. Between this fault and the shore is 
a belt of Miocene rocks traversed by numerous faults parallel to the 
main one. East of this fault-zone the whole of the area surveyed 
is dominated by structural features of an entirely different kind. 
Broadly speaking, the rocks are gently folded so as to form anti- 
clinal and demal structures along slightly curved lines, bulging 
towards the south and extending from the zone of north-south- 
faulting right across the area to Wadi el Arish. In the west these 
lines run nearly east and west, but as they are traced eastward 
they become E.N.E.-—W.S.W. Three such lines or axes are 
recognized; the Giddi-Yellig-Hellal axis in the south, the 
Maghara axis in the middle, and the Hamaiyir-Reisan axis which 
is only slightly north of the last. Although gentle folding is 
characteristic of the district as a whole, there are “* steep dip zones ” 
and local disturbances of great intensity, as well as many faults. 
In Chapter III the authors give detailed descriptions of the 
topography, stratigraphy, structure, and paleontology of nine 
separate districts, carefully recording any evidences of oil- 
impregnation and the occurrence of domal structures. 

1 Readers should refer to the paper by Dr. Hume and others on “‘ The 
Jurassic and Lower Cretaceous Rocks of Northern Sinai”’, and especially to 
the maps which illustrate that paper. Grou. Mac., Vol. LVIII, 1921, 
pp. 339-47. 
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To note the many other interesting features of this memoir is 
impossible ; only one or two will be referred to: The history of the 
discovery of Jurassic and Lower Cretaceous rocks in Northern 
Sinai in which Barthoux, Fourtau, and Douvillé have each played 
important parts, together with some account of the later researches 
recorded in this memoir, have been given by Dr. Hume in the paper 
already cited and need not be summarized here. The Jurassics 
resting on sandstones of “ Nubian ”’ type range from Bajocian to 
Callovian and the Lower Cretaceous from Barremian (according 
to Douvillé) to Albian. All the subdivisions established by Douvillé 
have been recognized by Sadek and Moon, with the possible exception 
of Barremian. The scale of the map and the time at their disposal 
did not allow them to trace out these various subdivisions, but they 
describe their lithological characters and give lists of the fossils 
which they collected from each horizon. 

The Nubian sandstone question is discussed at some length and 
Douvillé’s view (1916) that the term should be restricted to pre- 
Bajocian sandstone is repeated. The authors point out that the so- 
called Nubian sandstones of Egypt and Sinai are now known to be 
of different ages in different places—and suggest that the use of the 
term should be dropped whenever the age of the sandstone can be 
determined. No traces of marine Jurassic or Lower Cretaceous 
rocks have as yet been recognized in Egypt or Sinai south of the 
latitude of the Maghara area. In this connexion it is interesting ta 
note’ that in Central Sinai, about 100 miles south of Maghara, the 
long period of time which elapsed between the deposition of the 
Carboniferous limestone and the Cenomanian is represented by 
650 metres of sandstones of Nubian type, conformable to the rocks 
below and the rocks above, im which no break can be detected. 
What will be found in that 100 miles of unexplored territory ? It is 
to be hoped that before long the Geological Survey of Egypt will be 
able to answer this question. 

Igneous intrusions play a very subordinate part in the geological 
history of the district. They are represented only by two or three 
basalt dykes and sills, presumably of Miocene age. 

In discussing the oil prospects of the area the authors speak very 
guardedly. No actual seepage of free oil has been observed either in 
the Miocene rocks near the coast or in the Kocene, Cretaceous and 
Jurassic rocks which lie east of the north-south fault, but oil-stained, 
oil-impregnated, and oil-smellmg rocks are noted as occurring 
in many localities, and “‘the structure (consisting of long anti- 
clines on whose crests domes of considerable size are situated) is 
m several instances very favourable’. Oil impregnation was noted 
at several places in the Chalk (Campanian) and in the Cenomanian, 
which is referred to as a possible oil horizon. The authors point out 

1 See Ball on the Geography and Geoiogy of West Central Sinai. Cairo: 
Government Press, 1916. Reviewed in Gnou. Maa., 1917, p. 80. 
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that some geologists are inclined to regard evidence of oil 
impregnation in a desert country as equivalent to genuine seepages 
in moister regions. The whole question is discussed in a scientific 
manner with reference to transport, presence of reservoir- and cap- 
rocks, domal structures (of which a list is given), and faults. The 
authors conclude by specifying, as requested, two localities which 
they regard as slightly more favourable for test-wells than any of 
the others. 

dy.d «Ee, Tran. 

SumMMARY OF PROGRESS OF THE GEOLOGICAL SURVEY FoR 1920. 

Mem. Geol. Survey. pp. v+112, 3 figs. 1921. Price 3s. 6d. 

(THE Summary of Progress of the Geological Survey for the year 
1920 records the work of the Survey for the first year under the 

Directorship of Dr. J. S. Flett, under whom its high standard of 
efficiency will no doubt be maintained. 

In order to accelerate the revision of the maps in the coalfield areas, 
reorganization of the field units has been made and the staff expanded 
accordingly. The plan of decentralization will no doubt allow the 
work and experience of the officers of the Survey to be utilized more 
completely by the public as a whole, since they will be more 
accessible for consultation on the spot at the local offices. 

Field work has been carried out in all the districts where work 
was in hand before the war. Perhaps the most interesting results 
achieved are those in the English Midlands and the West Highland 
District of Scotland. In the Midland area the Silurian rocks afford 
fresh evidence of Jones’ contention that the so-called Upper 
Llandovery represents the sandy facies of the Tarannon, in which 
case it is not surprising that the Tarannon Shales have been looked 
for in vain. The close agreement of the higher beds with those of the 
typical Ludlow area is also of interest. With regard to the latest 
glacial deposits, significant features are the occurrence of sands and 
gravels deposited as a series of fans which mark the successive 
stages of the ice front instead of terminal moraines. 

In the West Highlands the completion of the mapping of Mull 
foreshadows the publication of the eagerly awaited memoir on that 
area. Detailed work in Iona has revealed the existence of a platform 
of Lewisian Gneiss overlain by Torridonian sediments. The Archean 
complex is very varied, and appears to include both the ortho- 
and paragneisses and a group of schists composed in part of highly 
altered sediments, of which the well-known Iona marble is one. 
Of special interest are the pegmatites, which are quite unfoliated, 
and therefore later than the metamorphism and the shearing 
movements. 

On the paleontological side by far the most significant feature of 
the year’s work is the discovery of an undoubted Rhaetic fauna 
in beds at Grubin, Mull, where for the first time Rhaetic beds in situ 
are recognized in Scotland. 
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Attention must also be called to the rocks in the Northern High- 
lands, which are believed to be hybrids between a scyelite and a 
granite. In a very different field Dr. H. H. Thomas has brought the 
wide range of his petrological knowledge to bear on the vexed 
question of the origin of the famous ‘“‘ Blue Stones ”, forming the 
inner circle and inner horseshoe of Stonehenge; twenty-nine out 
of the thirty-four “ foreign ”’ stones there are identified as a spotted 
diabase practically identical with that of the Prescelly Mountains 
in Pembrokeshire, and three of the remainder appear to be a finely 
banded rhyolite from the same locality. There can be little doubt 
that they were transported to their present site by human agency. 

Valuable appendices as usual conclude the Summary. In one the 
succession of Highland Schists displayed along the Banffshire coast 
is described by Mr. Read, who puts forward a tentative but highly 
suggestive correlation of these with the schists of other Scottish 
areas. Another by Mr. MacAlister deals with the production of tin ore 
and other minerals in various parishes in Devonshire, and gives the 
results in tabular form so as to bring out the economic value of 
different tracts in the county. 

Cras dL, de, 

BrITRACE ZUR KENNTNIS DER KrermpEFLoRA. 1: UBER EINIGE 
KREIDEPFLANZEN VON SWALMEN (NIEDERLANDE). R. KRAUSEL. 
Mededeelingen van ’S Rijks Geologischen Dienst. Ser. A, No. 2, 
1922. 

[s this paper Dr. Krausel gives a very clear and careful account of 
a small collection of fossil plants obtained at a depth of 653- 

659 metres, from a boring at Swalmen, in Holland. Some of the 
specimens were fortunately carbonized and amenable to treatment 
by well-known chemical methods for demonstrating the structure 
of epidermal cells and stomata. The descriptions and photo- 
micrographs are good and most of the photographs of the actual 
specimens are satisfactory. The author shows an admirable restraint 
im the identification of the plants, and does not employ names 
implying affinities to recent genera without adequate evidence. 
He errs, if he errs at all, on the side of caution; the fern fragments 
described as Didymosaurus coniptonicefolius Deb. and Ett., are almost 
certainly Gleicheniaceous, and might well be included in Gleichenites. 
The beds are believed to correspond to the middle portion of the 
Aachen sands, the flora of which was described many years ago by 
Debey and Ettingshausen, and they are referred to the Senonian. 
One species of fern is identified, the following conifers: Araucaria 
crassifolia, Hlatocladus elegans, Myriconia cyclotoxon, Sequoia 
Reichenbachu, Sequoia sp.; also three species of Dicotyledons, 
referred to Myrica, and a few other Dicotyledonous leaves not 
determinable with certainty. Associated with some of the cuticular 
preparations are fungal hyphe, and in this connexion it is pertinent 
to suggest that the dark spherical bodies shown in plate v on the 
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cuticle of a Myrica may possibly be small fructifications of an 
Ascomycetous fungus; they bear a superficial resemblance to 
undoubted fructifications recently found by the reviewer on similar 
preparations of cuticles of Cretaceous leaves from Greenland. A 
very useful bibliography accompanies the paper. Dr. Krausel’s 
contribution is a welcome addition to paleobotanical literature and 
the work reaches a high standard. 

A. ©. 8. 

TEKTONICKA GEOLOGIE, SE ZVLASTNiM ZRETELEM K POTREBAM 
BANSKYCH TECHNIKU. (Tectonic Geology, with Special Regard 
to the Needs of Mining Engineers.) By B. Sroces. Four 
plates and 256 illustrations in the text. Moravskdé Ostrava, 
1921. 

TTENTION should be called to a first-rate textbook of tectonic 
geology for mining engineers and students of mining, recently 

issued by Professor Stoces of the University for Students of Mining 
in Pribram, Czechoslovakia. The object of the book is to instil 
practical knowledge. Merely theoretical reflections are reduced 
to a minimum size. It gives exceedingly clear notions of all tectonic 
terms and facts by defining them in a few precise words. It sets 
forth the methods of ascertaining the geological structure, how 
faults and the like show themselves in the landscape, in profiles and 
maps, on the influence exercised by tectonics in the broadest sense 
of this term on mining and quarrying, insisting on the favourable 
and unfavourable influences they may exercise on the management 
and profitableness, and dwelling on often committed mistakes 
arising from not sufficiently taking into account the structure of a 
district. 
Up till now the book has only appeared in Czech, and while we 

should recommend an English translation to make it more generally 
available, we advise everybody who has to deal with Czech geological 
literature to use the Czech text as a kind of technical cyclopedia. 
The many carefully selected illustrations, diagrams, maps, profiles, 
and photographs help in the understanding of the text, as scarcely 
a single word is left unexplained by some sketch or other. 

The examples are mostly chosen from the district around Pribram, 
the regions of the “ Barrandeum” and of the Central Bohemian 
granite mass, famous for the problems they offer to the geologist. 
As Professor Stoces and his friend, Professor Kettner, to whom the 
book is dedicated, have devoted themselves to the study of these 
problems—in fact, we are indebted to them for all our modern 
knowledge of this region—the book will at the same time prove an 
excellent, though naturally - unsystematic, guide to the regional 
geclogy of central Bohemia. 

Dr. T. MoscHELEs. 
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THE Biotogy oF THE SEa-sHoRE. By F. W. Fuatrreny and 
C. L. Watton, with an introduction by Professor J. ARTHUR 
THOMSON. pp. 336, with 16 plates and 23 text-drawings. 
London: Sidgwick & Jackson, Ltd., 1922. Price 16s. net. 

HIS is a work upon a hitherto neglected branch of bionomics, 
and as such we can cordially recommend it. It aims at showing 

how the animals and plants inhabiting the sea-shore interact, and 
how the environment influences their structure, functions, and 
habits. It is well illustrated by a number of excellently chosen 
photographs and drawings. The chapters that will be of most 
interest to the geologist are those upon the physiography of the 
sea-coast, and its plant and animal associations. The account of 
the zoning on the rocky shore of Cardigan Bay is particularly 
instructive, and the authors record the succession of nine species 
of Trochide and Littorinide, and show how these are correlated 
with different conditions of shore drainage and the type of rock 
or soil from which it flows, as well as probably with the lime content 
of the water. Among many other matters of interest investigated 
by the authors and here described is the colonization of the Kiel 
Canal by marine forms in a definite ecological succession. 

BoE Ae 

STRATIGRAPHY, STRUCTURE, AND PossrBLE O1L RESOURCES OF THE 
MiocENE Rocks oF THE CENTRAL Pian, REPUBLIC OF Hartt. 
By W. P. Wooprine. pp. 19, with amap. Washington, 1922. 

HE United States Geological Survey has been lately engaged on 
behalf of the government of Haiti in carrying out a recon- 

naissance survey of the territory of the Republic: the results of 
this work are soon to appear,’ but the present section has been 
published in advance on account of the oil possibilities of the region 
described, which consists of folded Miocene strata, overlain by nearly 
horizontal Pliocene. Descriptions are given of the. lithological 
characters of the Miocene strata, which have a maximum thickness 
of about 1,400 metres and are folded into a synclinorium striking 
north-west-south-east. This series is called the Artibonite group, 
and contains numerous shallow-water marine fossils, many still 
undescribed. The map shows structures very favourable to oil 
accumulation, and it is considered that exhaustive tests should be 
carried out by drilling on the crests of the numerous minor anticlines. 

Tue Iron- Ore Resources of Europe. By Max Roestmr. 
Bulletin 706, U.S. Geol. Survey. pp. 152, with xix plates 
(maps) and 35 text-figures. Washington, 1921. 

pene Bulletin is avowedly a compilation, having been drawn up 
as part of the work of determining the extent and position of 

foreign mineral deposits for the guidance of the American Peace 
Commission. It is thus liable to the common defect of such com- 
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pilations, in that the sources of available information are of unequal 
value and reliability. To take a concrete example, it must be frankly 
said that the account of the iron ore resources of the British Isles 
is inadequate and misleading: unfortunately the recent admirable 
publications of H.M. Geological Survey on this subject are not 
mentioned and have evidently not been consulted, and the map of the 
Cleveland district is entirely unintelligible to the reviewer, although 
it is said to be reproduced from ‘‘ The Iron-Ore Resources of the 
World ” (International Geological Congress, 1910). Good summaries 
are given of the minette ores of Lorraine, of the Spanish deposits, 
and of the very interesting magnetite and other ores of Sweden. 

The author has ransacked very fully the available literature on 
the less-known localities, and has compiled an extremely useful 
bibliography, arranged by countries. 

Tue GEOLOGY OF THE PLatTeau Trin Fietps. By J. D. FALconer. 
Bulletin I, Geological Survey of Nigeria. pp. 55, with 10 plates 
and a coloured geological map. Published by the Nigerian 
Government, 1921. Price 10s. net. 

a Geological Survey of Nigeria was established in 1919, under 
the direction of Dr. J. D. Falconer: it has lost no time in 

giving tangible proofs of its activities in the form of this and other 
memoirs that have recently come to hand. The economic importance 
of the tin deposits of Northern Nigeria is well known and the geology 
presents some points of interest. The area here described consists 
of a fundamental complex of ancient schists and gneissose granites, 
the last named apparently of more than one age. At a later, but 
unknown date, this complex was invaded by a great granite batholith 
with a very irregular upper surface, now forming seven main out- 
crops or groups of outcrops: with this intrusion are associated 
numerous dykes and an extensive and well-marked mineralization 
of the cassiterite-wolfram-topaz type, tourmaline being rare. The 
Plateau granite carries mainly biotite, but locally there are highly 
alkaline facies with riebeckite. Some of these types have been 
described in more detail by Major Williams, to whose paper in the 
GroLocicaL MaGazinE no reference appears to be made: through- 
out this memoir very few references are given to previous literature. 

As in most tin-mining districts, nearly all the production has 
hitherto come from alluvials, but in many localities there are 
promising indications of the presence of stanniferous veins and lodes, 
though none yet appear to have been worked with success. It is 
possible that much of the most highly mineralized granite has 
already been removed by denudation and distributed into ancient 
or modern alluvial deposits. 
A considerable part of the district here described is covered by 

what is called the Fluvio-Volcanie Series, consisting of much-decom- 
posed lavas and redistributed volcanic material, partly burying, as 
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before mentioned, the older tin-bearing alluvium: this must not 
be confused with the Tertiary volcanic series, comprising many ash 
cones and necks and flows of olivine-basalt. This formation also 
gives rise to deep leads by burying old valleys. 

The Bullet is excellently illustrated by photographs of local 
scenery and microphotographs of rocks, and is accompanied by 
a well-printed coloured geological map on the scale of half an inch 
to the mile. 

THe Jouns Hopkins University StTupIESs IN GEOLOGY. 

No. 1.—THE GeEoLocy oF THE Corocoro CoppER DisTRICT oF 
Bourivia. By J. T. Sincewatp, jun., and EH. W. Berry. 
pp. 115, with 7 plates. Baltimore, 1922. Price $1:25. 

No. 2.—THE GEOLOGY AND PALHONTOLOGY OF THE HUANCAVELICA 
Mercury District. By E. W. Berry and J. T. SINGEWALD. 
pp. 101, with 10 plates. Baltimore, 1922. Price $1:25. 

PRB publications are the first of a series of monographs to be 
issued by Johns Hopkins University devoted to the presentation 

of the results of geological investigation in its broadest sense. The 
first few numbers will give the results of the Williams Memorial 
Expedition to South America, while later monographs will be of more 
general character. 

The Corocoro copper deposits have yielded a very large amount 
of copper and some silver from deposits of a peculiar character : 
namely, from native copper occurring in beds of red sandstone of 
Tertiary age. Of late years, however, at greater depths it is found 
that the native metal gives place to sulphides, which have been 
successfully worked by flotation. The red rocks, including sand- 
stones, shales, and conglomerates, are divided into two series, the 
Vetas and the Ramos, whose relationship is still uncertain; the 
meagre paleontological evidence suggests that the Vetas are Pliocene 
and the Ramos a little younger. The Vetas have yielded 
representatives of twenty-three species of plants, mainly Dicoty- 
ledons, including thirteen species of Leguminose. Full descriptions 
of the plant remains are given in the memoir. 

Although mercury is widely distributed in Peru, ‘the only district 
with a large output is Huancavelica, which is known to have produced 
altogether about 56,000 tons of the metal. The region consists of a 
highly inclined series of fossiliferous Cretaceous sediments, with 
volcanic rocks of later, probably Tertiary age. The mercury ore, 
cinnabar, chiefly occurs as disseminations and veims in the Grand 
Farallon sandstone member of the Cretaceous and in limestones. 
The limestones have yielded a fairly abundant Upper Cretaceous 
fauna showing considerable resemblance to the so-called Comanchean 
faunas of Texas and Mexico, and still more like the Upper Cretaceous 
fossils of North-West Africa and the Iberian peninsula: about 
forty forms are described in detail. 
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Hanpspook TO Hunt AND THE East Ripinc or YORKSHIRE. 
Edited by T. Suepparp, M.Sc., F.G.S. (British Association, 
Hull Meeting). pp. 532, with plates and figures (not numbered). 
London and Hull: A. Brown & Sons, Ltd., 1922. 

a handsome volume, prepared as the local guide for the Hull 
meeting of the British Association, contains a large number 

of special articles on the East Riding of Yorkshire. The section on 
geology, presumably written by Mr. Sheppard, though short, is 
much to the point, and gives an excellent summary of our present 
knowledge of this interesting area, which presents many remarkable 
features and has been described in so many classical memoirs. The 
sections on coast-erosion and geographical changes, as well as 
a short chapter on the North Sea by Mr. A. N. Somerscales, also 
present matter worthy of the attention of geologists. Mr. Sheppard 
is to be congratulated on the results of his editorial labours, which, 
as may be gathered from the preface, appear to have been unusually 
arduous. 

REPORTS AND PROCEEDINGS. 

British AssocraTion, Hutt Mretine, 1922. 

Papers read in Section C.—Geology. 

Presidential Address: The Physiography of the Coal Swamps ; 
Professor P. F. Kendall. 

1. Discussion on the Geological History of the North Sea Basin ; 
opened by Professor P. F. Kendall. 

2. Lecture on the Geology of the Hull District ; Mr. T. Sheppard. 
3. The Erosion of the Holderness Coast ; Mr. C. Thompson. 
4, Pleistocene and Recent Ice Conditions in North-Eastern 

Labrador; Professor A. P. Coleman. 
5. A new section in the Oolites and Glacial Deposits at South 

Cave; Mr. J. W. Stather. 
6. Sandstone Dykes or Rock-Riders in the Cumberland Coalfield ; 

Professor A. Gilligan. 
7. Discussion on Wegener’s Hypothesis of Continental Drift ; 

opened by Dr. J. W. Evans; with contributions by Professor H. H. 
Turner and Mr. W. B. Wright. 

8. The Relation of the River Thames to the London Basin ; 
Professor H. L. Hawkins. 

9. Joint Discussion with Sections E and H on the Relation of 
Early Man to the Phases of the Ice Age in Britain. 

10. Goniatite Zones in the Middle Carboniferous; Mr. W. 8S. 
Bisat. 

11. A Type Section of the Yoredalian ; Mr. R. G. Hudson. 
12. A New Section in the Oolites at North Ferriby ; Mr. W. S. 

Bisat. 
13. Reports of Research Committees. 
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CORRESPONDENCE. 
HPIASTHR AND MICRASTER IN THE WEYBOURN CHALK. 

Sir,—The proportion of Hpiaster to Micraster in the Weybourn 
Chalk has generally been substantial, and has lately been very 
marked. Last year I found seven specimens of Epiaster to one 
Micraster, and their range seems quite limited. It would be very © 
interesting to know if Hpiaster is abundant at any other points in 
the Bel. mucronata Chalk of Norfolk, as a limited horizon 
characterized by Hpaster and identifiable with the Belgian Crave 
de Nouvelles might be very useful in correlating isolated exposures. 

Erratics of Weybourn Chalk may account for the Hpiaster and 
Micraster recorded in the Survey Memoir, The Cretaceous Rocks of 
Britain, vol. ii, pp. 499, 500, and by me in Further Notes on the 
Stratigraphy and Fauna of the Trimingham Chalk, p. 19, as from 
Trimingham, where I can still say that I have never seen any trace 
ofan EHpiaster or Micraster in situ. The Survey records were probably 
based, like mine, on Mr. Savin’s collection, and my recollection of 
his specimens is that they were distinctly flat. So are those from 
Weybourn. In 1913 I heard of Micraster being found at Trimingham, 
and the one I saw was distinctly flat. They seemed to be all traceable 
to an erratic of Chalk, just above beach-level at a point where it had 
probably foundered from the top of the cliff, and where an erratic 
has recently become visible at the top of the cliff. 

R. M. Brypone. 
10th August, 1922. 

ANNOUNCEMENTS AND INQUIRIES. 
In connexion with his work on the Pliocene deposits of Western 

Cornwall, Mr. H. B. Milner was led to investigate the Aptian sands 
of Wiltshire as a possible source of material, especially kyanite. 
He now proposes to extend his study of this formation towards the 
N.E., as far as Woburn. Mr. Milner is also engaged jomtly with 
Mr. G. M. Part on the petrography of the Corallian rocks of South 
Dorset. 
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I. InrRopvuction. 

poe more than a quarter of a century the Tertiary geology of 
Burma has been the subject of investigation from the point 

of view of the petroleum resources of the country. A vast amount 
of detailed information must be stored up in the private files of 
the various oil companies operating in Burma, and it is a source 
of continual regret to the geologist that at least some of this 
information—much of which has great scientific but little com- 
mercial value—cannot be made public. Although there exists 
Dr. Noetling’s important but misleadmg monograph on the supposed 
“Miocene Fauna of Burma’’, published in the Palwontographia 
Indica, 1901, it is only within the last decade that the Tertiary 
stratigraphy has been seriously considered from a paleontological 
standpoint, and for this progress the officers of the Geological 
Survey of India are almost entirely responsible. In this direction 
immensely valuable results have already been obtained, though the 
study is scarcely more than in its infancy. 

The object of the present paper is to bring together in the form 
of a brief summary the results of previously published investigation, 
to fill in at least a few of the gaps by including the results of the 
writer’s observations in certain extensive areas in the Chindwin 
Districts and elsewhere in Burma, but more especially to apply 
certain important principles which have been deduced as a result 
of the study of the Tertiary deposits of North-Western Europe. 
A summary of these principles and their application to the classifica- 
tion of the Eocene beds of the Anglo-Franco-Belgian Basin has 
been published in the GEoLocicaL Macazine.! 

1 Stamp, Geo. Mac., Vol. LVIII, 1921, pp. 108-12. 

VOL. LIX.—NO. XI. , 31 
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II. Puysicat GrograPHy oF Burma. 

Burma falls very simply into well-marked natural regions, the 
physiography of which is controlled mainly by the geology, whilst 
minor subdivisions can be made on a climatological basis. The 
main divisions are as follows (see Fig. 1) :— 

(1) The Shan Plateau,’ occupyime the whole of the east of the 
country. It is a region of highly folded Pre-Paleozoic, Paleozoic, 
and early Mesozoic rocks, the folds running mainly north and south. 
Bounding this region on the west is a great line of dislocation which 
has for many hundreds of miles a roughly north and south direction. 
This may be termed the Shan Boundary Fault, and the change from 
the central lowlands to the plateau is at once abrupt and sharply 
defined. Immediately to the east of the fault there is usually a 
strip of crystalline rocks. The Shan Plateau is on an average 
between 3,000 and 4,000 feet above sea-level, and is continuous 
with the plateau of Yun-nan. As a contrast to the fine highland 
scenery of the Paleozoic rocks, well known to the frequenters of 
Burma’s favourite hill-stations—Maymyo and Kalaw—there are 
broad, level tracts marking the sites of lake basins filled with late 
Tertiary or Pleistocene deposits. These basins are of some 
importance as yielding brown coal ? (as in the coalfields of Lashio, 
Namma, etc.), and in one case oil-shale. Some of the basins are 
still occupied by lakes (as Lake Inlé). It may be noted, en passant, 
that the coals of the Shan States belong to two distinct groups ; 
firstly, the Late Tertiary or Pleistocene ° lignites occurring as almost 
horizontal beds in the basins already mentioned; secondly, the 
humic coals of early Jurassic age occurring in strata which have 
been subjected to the same intense folding as the Paleozoic sediments. 
The coals of Kalaw (Loi-an) belong to the latter group.* It is not 
the purpose of this note to discuss the Shan Plateau or even its 
Tertiary basins; the important points to notice are :— 

(a) the main folding is post-early Jurassic and pre-late Tertiary, 
(6) the absence of early Tertiary deposits which are of such enormous 

thickness in the central Tertiary region make it almost certain that the 
main folding and the initiation of the Shan Boundary Fault are pre- 
Tertiary, 

(c) from the but slightly tilted late Tertiary deposits in the lake basins, 
the Shan Plateau must have played the part of a “ stable block”? during 
the late Pliocene folding of the main Tertiary region of Burma. 

(2) The Central Tertiary Belt, a strip of country 500 or 600 miles 
from north to south and averaging 130 miles wide, bounded by the 

1 La Touche, “‘ Geology of the Northern Shan States’?: Mem. Geol. Surv. 
India, vol. xxxix, pt. ii, 1913; Middlemiss (part of Southern Shan States), 
Gen. Rep. Geol. Surv. India for 1899-1900. 

2 La Touche and Simpson, Rec. Geol. Surv. India, vol. xxxiii, pt. ii, 1906, 
pp. 117 et seq. 

3 Annandale, Rec, G.S.J., vol. 1, pt. iii, 1919, pp. 50-64. 
« Unpublished information. The writer has collected Jurassic plants and 

the same conclusions as to age have been reached independently by other 
observers recently. : 
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Shan Plateau on the east and by the great fold-range of the Arakan 
Yoma on the west. Whilst the boundary is sharply defined on 
the east, on the west the Tertiary region rises somewhat gradually 
from the Irrawaddy Valley to the foot-hills of the Arakans. It is by 
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Fic. 1.—The Natural Regions of Burma.— Fic. 2.—The Geography of Karly Tertiary 
Times.—L. D. 8. 

no means a monotonous tract. Its southern half is occupied by 
the valleys of the Irrawaddy and Sittang rivers on the west, and 
east respectively, separated by the low, but somewhat imaccessible 
range of the Pegu Yoma. In the south one may distinguish as a 
separate region the great flat delta of the Irrawaddy, dropping very 
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eradually to the shallow waters of the Gulf of Martaban. The 
northern half of the Tertiary region is occupied by the valleys of the 
Chindwin and the Irrawaddy on the west and east respectively. 
Climatologically the Tertiary belt, beg on the lee of the Arakan 
Yoma and protected from the rain-bearmg South-West Monsoon, 
enjoys a dry and healthy climate. The rainfall is lowest—about 
20 inches—in the latitude of Yenangyaung, giving rise to a tract of 
semi-desert. The rainfall increases to the north and to the south, 
as well as to the west as one approaches the Arakan Yoma, and the 
semi-desert with its thorny shrubs, Euphorbias, Cacti, and stifi- 
looking Toddy Palms passes gradually into shrubland and then 
into Monsoon Forest of teak-trees. Hlevation and soil play an 
important part in the ecology of the country. 

(3) The Fold Range of the Arakan Yoma forms an important 
barrier bounding the Tertiary ‘region on the west. It stretches 
from the Naga Hills of Assam in the north to the extreme south- 
western point of Burma in Cape Negrais, being continued by the 
rugged islands of the Andaman and Nicobar groups into Sumatra 
(Barissan Range) and Java. Topographically the range is still 
largely unknown, large areas being unmapped in detail, whilst 
geological knowledge depends on a few incomplete traverses. 
Throughout the length of the range there is really no line of transverse 
communication—not even a well-known forest track, and large areas 
are uninhabited. As knowledge of their geology slowly accumulates 
it becomes more and more certain that the structure of the Arakan 
Yomas is that of a complex anticlinorium. The core consists of 
pre-Tertiary rocks (including at least Trias? and Cretaceous— 
Cenomanian® and possibly Danian 4). The core is flanked on 
either side by Tertiary rocks. Certain facts of considerable 
importance disengage themselves from the scattered scraps of avail- 
able information :— 

(a) at or near the base of the Tertiary deposits on the eastern side 
there is a very thick basal conglomerate (Paung-gyi Conglomerate) which 
is. Lower Hocene in age, 

(6) despite the fact that the Eocene deposits take part in the folding 
and have been ridged into steep-limbed anticlines or overfolds (see Fig. 6), 
there is always a marked change from the comparatively unaltered 
Tertiary to the cleaved and puckered Cretaceous and earlier rocks, 

(c) there is a notable difference between the Tertiary deposits on the 
two sides of the Arakan Yoma. 

One is forced to the conclusion that the great fold of the Arakan 
Yoma was initiated in late Cretaceous times, and even as early as 
the Eocene constituted a barrier between the areas of deposition on 

1 Axial Group, Maii Group, and part of the Negrais Group of Theobald, 
Mem. G.S.I., vol. x, pt. ii, 1874. This paper of Theobald on the “‘ Geology of 
Pegu’”’,,or Lower Burma, laid the real foundation of the study of the geology 
of Burma, and is still largely followed. 

2 Rec. G.S.I., vol. xxxiv, 1906, p. 134. 
3 Mem.'G.S.I., vol. x, 1874, p. 123 (311). 
* Rec. G.S.E., vol. xxxv, pt. ii, 1907, p. 119. 
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the east and west respectively. In several cases where it has been 
examined the junction between the Tertiary and pre-Tertiary rocks 
on the eastern side of the Arakan Yoma is faulted. It is quite 
possible that a great line of dislocation exists between the two 
—hbetween the Arakan Yoma and its foot-hills—and if this were 

the case the Tertiary region of Burma would in reality be a typical 

rift valley. 
(4) Bordering the Arakan Yoma on the west is a strip of wild, 

rugged Aountry, deeply intersected by bays and gulfs, and fringed 

by islands forming the Arakan coast. It consists of Tertiary rocks, 
which belong to the Assam Gulf of deposition as distinct from the 
Burma or Pegu Gulf on the other side of the Arakan Yoma.? 

Ill. Tue GrograpHy orf THE TERTIARY PERIOD IN BURMA. 

No apology is tendered for attempting to consider the Tertiary 
geology of Burma from the point of view afforded by a reconstruc- 
tion of the geography of the period. The reconstruction is based, 
of course, on detailed study in field and laboratory, a great part of 
the information being now available in published form. Despite 
the lack of knowledge concerning many parts of Burma, this paleo- 
geographical picture may be considered as reasonably correct and 
it helps to explain many facts otherwise difficult of interpretation. 
More important, perhaps, it supplies a simple means of visualizing 
and memorizing a mass of facts—an advantage not to be ignored in 
attempting a comprehensive view of the world’s stratigraphy. 

As already pointed out, the main folding of the Shan Plateau as 
well as the earlier stages of the uprise of the Arakan Yoma took 
place in pre-Tertiary, probably in late Cretaceous, times. There 
is every reason to helieve that the former was a land mass from 
earliest Tertiary times and that the latter formed a narrow ridge 
separating two arms of the sea—the Gulfs of Assam and Burma. 

The line of the Arakan Yoma is continued through the Andaman 
and Nicobar Islands to Sumatra and Java, but most probably this 
Jine was breached by the sea throughout the Tertiary period, just as 
it is at the present day. The history of the Tertiary period in 
Burma is largely that of the infilling of the Burmese Gulf—a great 
geosyncline—by sediments both continental and marine. Flowing 
into the gulf from the north there were one or more rivers which 
poured in huge masses of sediment. The Irrawaddy of the present 
day may be looked upon as the remnant of this great Tertiary 
river-system (see Fig. 2). 

There has been, generally speaking, a gradual movement south- 

1 Cotter, ‘‘ The Geotectonics of the Tertiary Irrawaddy Basin”: Journ. and 
Proc. Asiatic Soc. Bengal, N.S., vol. xiv, 1918, pp. 409-20, especially p. 412 ; 
Vredenburg, Rec. G.S.I., vol. li, pt. iii, 1921, p. 302. 

2 Pascoe, ‘‘ The Oil Fields of Burma”: Mem. G.S.I., vol. xli, pt. i, 1912, 
pp. 179-99 ; Pascoe, ‘‘ Oil Occurrences in Assam and Bengal”: Mem. G.S.1., 
vol. xli, pt. ii, 1914. 
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wards of deltaic conditions from the Eocene to the present and 
a consequent retreat of the sea towards the south. It follows that : 

(a) the Tertiary succession is predominantly marine in the south and 
mainly continental in the north, 

(6) each horizon can be traced laterally from marine through deltaic 
into fluviatile or eolian deposits as one goes northwards, 

(c) there is, on the whole, a tendency for continental conditions to move 
southwards as one ascends in the succession. The continental type of 
Pliocene (Irrawadian) is the most widely spread of all the continental 
deposits. 

Certain other important factors must, however, be considered. 
Throughout the Tertiary period there seem to have been movements 
of folding and uplift along the line of the Arakan Yomas, culminating 
in the great folding movements which affect all the Tertiary deposits 
of Burma and which took place towards the end of the Pliocene. 
The Burma Gulf commenced as a geosyncline, and, like all 
geosynclines, has undergone “ buckling ” and deepening at intervals. 
The principal effects of this intermittent deepening have been to 
allow the accumulation of a vast thickness of sediment and to 
cause the return of marine conditions northwards. Consequently, 
although there has been a general retreat of the sea to the south, 
there is evidence of periodic marine invasions northwards. These 
marine invasions are marked by wedge-shaped masses of marine 
strata in the midst of the beds of continental type. This is well 
seen in the case of the marine Yaw Series of Upper Burma. In 
other words, there is a series of cycles of sedimentation. An effect 
of the “ buckling” is seen in the overlap of certain beds when 
traced from the margins towards the centre of the basm. That is 
to say that normally two beds are in direct and conformable super- 
position ; locally the lower bed may be absent and the higher bed 
may be seen resting on some older strata owing to the effect of slight 
folding and consequent denudation just prior to the deposition of the 
higher bed. It is not possible to point to any great unconformities 
amongst the Tertiary strata of Burma, though much has been 
written on their occurrence or otherwise. The observed cases fall 
into two groups :— 

(a) “‘ravinements”’ such as occur almost invariably at the base of 
Cycles of Sedimentation.2 Examples: the base of the Yaw Stage in the 
Lower Chindwin District,? and probably also the base of the Irrawadian 
in the Oilfields of Minbu, Yenangyaung, etc. The intra-formational 
penegutoraiiies » frequently observed in the Pegu System belong to this 
class, . : 

(6) local unconformities due to the denudation of minor folds produced 
as a result of the “‘ buckling ”’ of the floor of the geosyncline during the 
Tertiary period. A good example is seen in the Myaing region, where the 
Irrawadian rests directly on the Pondaung Sandstone.? 

1 Cotter, Journ. and Proc. Asiatic Soc. Bengal, N.S., vol. xiv, 1918, p. 414. 
2 Stamp, Grou. Mac., Vol. LVIII, 1921, p. 109. 
3 For details see Stamp, ‘‘ The Geology of Part of the Pondaung Range, 

Burma”’, Trans. Mining and Geol. Inst. India, vol. xvii, 1922. 
4 Geol. Surv. India, lin. map, Sheet 84K./14, geologically coloured. 
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An extreme case, and one of great interest, of the effect of the minor 
folding in the floor of the geosyncline is seen around Shinmadaung 
near Pakokku.! Here, in the very midst of the Tertiary Belt, a ridge 
of the pre-Cambrian gneisses, which must evidently form the floor 
of the old gulf, appears at the surface as a result of folding and 
faultmg: The exact relationship with the surrounding Pegu rocks 
is uncertain, but the lowest Pegu (Shwezetaw Sandstones) appear to 
rest directly on the gneiss. It may be noted that this locality is 
along the line of Tertiary volcanoes which passes through the midst 
of the Tertiary Belt. Around Shinmadaung igneous rocks are found 
interbedded with Pegu and probably with Ivrawadian sediments. 

IV. Tue Tertiary SUCCESSION AND ITS CLASSIFICATION. 

From what has already been said it follows that the Tertiary 
succession in Lower Burma is very different from that in Upper 
Burma. A failure to recognize the importance of lateral variation 
and the wedging out of marine beds when followed northwards has 
caused considerable confusion and invalidates much that has been 
written on the Tertiary geology of Burma. The progress which has 
been made in this respect within the last few years is largely due to 
the work of Dr. G. de P. Cotter. 

It may be said at once— 
(a) that very little is known of the succession in the Sittang Valley, 

that is to say, on the eastern side of the Pegu Yoma, 
(b) that the Eocene strata are very imperfectly known, 
(c) that many points in the correlation of the succession in Upper and 

Lower Burma are still uncertain. 

It is found, however, that most of the principles of the cycle of 
sedimentation can be applied on a large scale to the interpretation 
of the Burmese sequence. An attempt has been made to express 
the classification and correlation in the form of a diagram (Fig. 3). 
The diagram also indicates roughly the lithology of the beds. Under 
*“ continental”? are included eolian, lacustrine, fluviatile, and some 
brackish water deposits.” 

Eocene. 

1. Southern Region (Nicobar and Andaman Islands and Lower 
Burma). 

In the Andaman Islands * the Eocene is represented by a series 
of conglomerates and sandstones resting unconformably on, and 
containing pebbles derived from, the underlying rocks, which are 
probably Cretaceous and comparable with the Axial Group of the 
Arakan Yoma. In passing it may be noted that the deepest water 
in Kocene times lay to the south and the deposits of this age are 
represented by limestones in parts of Sumatra and Java. 

1 Vredenburg, Rec. G.S.I., vol. liii, 1921 (1922), p. 365. 
2 Most of the places mentioned in the following account will be found on the 

maps, figs. 4 and 5. 
% Tipper, ‘‘ The Geology of the Andaman Islands with references to the 

Nicobars”: Mem. G.S.I., vol. xxxv, pt. iv, 1911. 
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Little is known of the Eocene rocks! of Lower Burma (Henzada 
and Prome Districts). They consist mainly of unfossiliferous shales 
and sandstones much disturbed by faulting. The junction with 
the pre-Tertiary rocks appears to be invariably faulted.? 

2. Northern Region (Upper Burma). 

Here the Eocene rocks are of greater interest and have been 
studied in some detail, especially with regard to the higher beds. 
The succession is :— 

5. Yaw Stage (marine shales). 
4, Pondaung Sandstones. 
3. Tabyin Clays. 
2. Tilin Sandstone. 
1, Laungshe Shales with Paung-gyi Conglomerate at or near the base. 

Paung-gyi or Swelegyin Conglomerate—A typical basal con- 
glomerate from 2,000 to 4,000 feet thick. The contrast between the 
folded but comparatively unaltered conglomerate and the under- 
lying cleaved and folded shales or phyllites (Kanpetlet Schists, etc.) 
has already been noted. The pebbles in the conglomerate seem to 
consist very largely of fragments of these rocks together with a few 
gneisses of more distant origin. 

Laungshe Shales—Possibly from 9,000 to 12,000 feet in thickness. 
The fauna of these beds has not yet been studied, but seems to include 
several forms of late Cretaceous aspect, possibly survivals in the 
early Eocene gulf. The most abundant fossi] is a large Operculina. 

Tilin Sandstone—It is probable that this arenaceous group, 

marine in the south, becomes brackish or freshwater northwards. 
It is certainly much thinner in the south, and cannot be traced as a 
separate division to the south of latitude 20° 15’. This attenuation 
from an, estimated thickness of up to 5,000 feet in the north to nothing 
in the south probably accounts for the huge thickness claimed for the 
Laungshe Shales in the south. 

Tabyin Clays.—A group of greenish, somewhat rubbly shales, up 
to 5,000 feet in thickness. The most interesting fossil is Nummudites 
vredenburgi Prever. In, the south other nummulites, some of large 
size, are found, apparently at this horizon or slightly higher (Minbu 
district). North of latitude 21° 45’ the writer did not succeed in 
finding any nummulites or other marine fossils, but numerous 
thin seams of coal occur in the higher part. The coals of the Upper 
Chindwin appear to belong to this and to the succeeding division. 

1 Roughly the ‘“‘ Nummulitics”? of Theobald (op. cit.), but he mistook 
certain limestone bands with Lepidocyclina which occur in the lower part of 
the Pegu for Nummulitic Limestones, and so has drawn the upper limit of the 
““Nummulitics’’ too high in several cases. Noetling (Pal. Ind., N.S., vol. i, 
p- 6) intended to have substituted his own terms “‘ Bassein”’ and “ Chin” 
Divisions for Theobald’s ‘‘ Nummulitics ”’ and “ Axials”’ respectively, but he 
made serious errors in definition which invalidates his classification (see Pascoe, 
Mem. G.S.I., vol. xl, pt. i, 1912, p. 14). 

2 Theobald, op. cit., p. 102 (290); Stuart, Rec. G.S.J., vol. xli, pt. 4, 1912, 
pp. 240-65, and pls. 22-4. 
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Pondaung Sandstone.—A very interesting series of deposits. The 
lower part comprises beds of greenish sandstone (weathering yellow), 
with bands of conglomerate and greenish shale and passes down 
quite gradually into the Tabyin Clays below (lin. map, sheet 
84 K./5). Fossils here (latitude 21° 50’ to 22° 45’) are scarce, but 
include Arca, Cardita, and other marine forms. Going upwards in 
the series the Pondaung Sandstones exhibit a gradual change from 
marine to brackish and finally to freshwater and land conditions. 
Plant remains (wood) occur throughout ; in the lower part the wood 
is carbonized, higher up partly carbonized and partly silicified, whilst 
in the highest part it is always silicified. It should be mentioned 
that silicified wood is highly characteristic of continental deposits 
in Burma. As one passes northwards (as from latitude 21° 45’ to 
23° 30’) the upper continental beds thicken at the expense of the 
lower marine. The most striking members of the continental facies 
are beds of clay—purplish, pale greenish, or mottled—-with abundant 
vertebrate remains indicating their formation in freshwater lagoons.t 
The remains include mammals (Anthracothervum, Anthracohyus, 

Metamynodon ? ete.), crocodiles (Crocodlus), and huge turtles. From 
about latitude 22° 0’ to 22° 30’ the highest bed is a “ Red Bed ” or 
layer of laterite denoting terrestial conditions. To the south the 
whole of the Pondaung Sandstones become more marine, the mottled 
or purplish clays are not found much to the south of latitude 20° 30’, 
and oysters? (Alectryonia noetlingi) are here abundant. Large 
nummulites are common from 20° 5’ southwards. The group is as 
thick as 6,500 feet in latitude 22° 5’. 

Yaw Stage—-A series of shaley clays with an interesting fauna 
which has been described in part.* The series is essentially a marine 
one, and fossils include Nummulites yawensis Cotter,* Velates 
orientalis Vred. (near V. schmideliana Chemn.)—the latter especially 
in the upper part—large Ampulline (A. cf. grossa Desh.), etc. The 
stage is typicaliy developed about latitude 21° 30’ longitude 94° 
20’ K.; northwards marine fossils gradually become scarcer and 
stunted, and the deposits wedge out, being absent in latitude 22° 45’. 
Owing probably to the proximity of the western shore-line, the 
deposits are very sandy about latitude 21° 5’, but again become ~ 
of deeper-water type in the Ngapé-Yenanma area (latitude 
19° 50’ to 20° 5’). Eastwards in the Myaing district (latitude 
21° 37’, longitude 94° 52’) the series is again of shallow-water type, 
possibly due to the nearness of the ridge of ancient rocks of 
Shinmadaung mentioned above. In the north the base of the Yaw 

1 For details on all these points see Stamp, “ Geology of Part of the Pondaung 
Range.” 

2 Pilgrim and Cotter, Rec. G.S.I., vol. xlvii, pt. i, pp. 42-77, pls. 1-6. 
3 Cotter, ‘“ The Lamellibranchiata of the Eocene of Burma’”’: Paleontologia 

Indica, 1922 (in the press). 
* Cotter, “‘ On the Value of Nummulites as Zone-fossils, with a Description 

of some Burmese Species”’: Rec. G.S.J., vol. xliv, pt. i, 1914. 
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Stage is marked by interesting bone-beds, whilst conglomeratic 
bands with fish remains occur throughout. With regard to the upper 
limit, northwards from 21° 45’ the series passes up gradually into 
the overlying “‘ Freshwater Pegu’’; whilst in the south it would 
appear to be well defined by a bed which the writer prefers to regard 
as the base of the Pegu. The latter bed, described below, has been 
traced at intervals for 100 miles, though it should be mentioned in 
fairness that general agreement as to the identity of the bed through- 
out has not yet been reached. 

Post-Eocene (Pequ-Irrawadian). 

As being the main petroliferous horizon the Pegu has been studied 
in great detail, but it is only very recently that anything like a clear 
conception of the deposits as a whole has been obtained, and much 
remains to be done. In this respect Mr. E. Vredenburg’s recent 
work is extremely important in removing misconceptions caused by 
previous writers.t 

The Post-Hocene beds may be treated as a whole ; they are entirely 
continental in the extreme north, and except for the very highest 
beds, completely marine in the south. For the present the term 
“ Pegu System may be taken to correspond essentially with the 
marine facies of the post-Hocene Tertiary. It ranges in age from 
lowest Oligocene to Pontian or the lower part of the Pliovene”’. 
The corresponding continental facies may be termed the Irrawadian. 
However, until recently the Pegu and Ivrawadian were believed to 

1 The following are the more important works dealing with the Pegu- 
Trrawadian :-— 

Paleontological.—Noetling, ‘“‘ Fauna of the Miocene Beds of Burma”: 
Pal. Ind., N.S., vol. i, Mem. 3, 1901. Noetling’s stratigraphical classification 
and his “‘ zones’ should be entirely ignored and no attempt should be made to 
use this memoir without reference to Vredenburg’s “‘ Results of a Revision of 
some portions of Dr. Noetling’s Second Monograph of the Tertiary Fauna of 
Burma”: Rec. G.S.I., vol. li, pt. iii, 1920, pp. 224-302. Other fossils have 
been described by Dalton (some Eocene), Q.J.G.S., vol. lxiv, 1908, pp. 604-44, 
but the stratigraphy of this paper is very unsound. Modern descriptions of 
certain groups of Pegu fossils by Vredenburg have appeared and are appearing 
in Rec. G.S.L., vol. li, pt. iv (Lerebride) ; vol. liii, pt. ii (Pleurotomide, Conide, 
etc.) (in progress). 

Stratigraphical—The foundation of stratigraphical knowledge in Lower 
Burma was well laid by Theobald, Mem. G.S.J., vol. x, 1874. A useful summary 
of work done prior to 1911 is given by Pascoe, ‘‘ The Oil Fields of Burma” : 
Mem. G.S.I., vol. xli, pt. i, 1912. Foundation for later detailed work is found 
in Cotter, ‘‘ The Pegu-Eocene Succession in the Minbu District’: Rec. G.S.I., 
vol. xli, pt. i, 1912, partly revised by Cotter and Porro in Rec. G.S.I., vol. xlv, 
pt. iv, 1915. The following papers are in need of revision as a result of later 
work: Stuart, Rec. G.S.I., vol xli, pt. iv, 1912, pp. 240-65 (Henzada) ; Stuart, 
Rec. G.S.I., vol. xxxviii, pt. iv, 1909-10, pp. 259-91 (Prome, etc.). Later 
work of importance includes Vredenburg, op. jam. cit., Rec. G.S.J., vol. li, 
pt. ii, 1920, pp. 224-302, also pp. 321-37 (some rather serious errors occur in 
the correlation tables in the latter paper) ; Sethu Rama Rau and Vredenburg, 
Rec. G.S.I., vol. liii, pt. iv, 1921-2, pp. 321-42 (Singu); also pp. 359-69 
(‘‘ Correlation of lower beds of Pegu’’), and Cotter, Rec. G.S.l., vol. liv, pt. 1, 
1922 (in the press). 



Fic. 4.—Geological sketch-map of part of the Tertiary Region of Burma, 
northern half. The upper half of this map is based entirely on personal’ 
field work, the remainder is reduced from the published maps of the 
Geological Survey of India.—L. D. 8. 
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be superimposed systems of different ages, and when it was found 
that the Pegu beds passed northwards into freshwater deposits, the 
latter were termed “ Freshwater Pegus”’. For the present this term 
may conveniently be retained for those freshwater beds which are 
shown by their vertebrate remains to be earlier than the well-known 
Irrawadian of the Oilfield region of Yenangyaung, Minbu, ete. 

1. The Marine Post-Eocene or Pegu System (sensu lato). 

A number of horizons can now be distinguished on a paleonto- 
logical basis (““ Standard Faunas ”’), and at least some of the stages 
based. on a study of these faunas can be traced through the changes 
of facies from Lower to Upper Burma. The relationship of the 
lithological divisions to the stages is far more easily expressed in 
diagrammatic form and a mass of detail has been incorporated in 
Fig. 3, which is not repeated in the text below. 
Lithological Divisions Stages.+ Inthological Divisions 

(Lower Burma). (Upper Burma). 
Akauktaung Series.” Akauktaung and Pyalo Represented by Fresh- 
Pyalo Sandstones. Stages. water beds (? base of 

Irrawadian). 
Kama Clays. Kama Stage. Brackish upper part of 

Pegu. 
Prome Beds (“‘ A”’). Singu Stage. { Exposed Pegu Beds of 

the Oil Fields of 
Minbu, etc. 

Sitsayan shales with { Sitsayan Stage. 
Lepidocyclina Lime- Shwezetaw Sandstones, 
stones. Shwezetaw Stage. etc. 

Kyet-u-bok Bed. Kyet-u-b6ok Horizon. Velates Bed (Dudaw 
Taung, etc.). 

The total thickness of the Pegu System in Lower Burma may be 
taken to be roughly 10,000 feet. 

Basal or Kyet-u-bék Bed.® 

This bed, which the writer regards as the base of the Pegu System, 
is a well-marked calcareous band, conglomeratic in places with 
small quartz pebbles. It is characterized by four species of 
foraminifera, always present, but in very variable proportions. 
They are Nummulites yawensis Cotter (formerly described as N. 
cf. beaumonti* and N. beawmonti),? Orthophragmina omphalus Fritsch, 
Operculina ef. canalifera D’Arch., and Gypsina globulus Reuss. 
The associated mollusca include species common to the underlying 
Yaw Stage, notably Velates orientalis. Whilst the species of 
foraminifera mentioned occur in enormous numbers in the bed itself, 

1 Slightly modified from Vredenburg, Rec. G.S.I., vol. lii, pt. iv, 1921-2, 
1, XXV. 
2 “ Marine Irrawadian ”’ of Stuart, 1909-10 ; Mogaung Sands of Theobald, 

1874. 
3 Named after a now non-existing village from whence it was first noted by 

Dalton, Q.J.G.S., vol. lxiv, 1908, p. 612. 
4 Dalton, op. jam. cit., p. 612. 
5 Cotter, Rec. G.S.I., vol. xli, pt. iv, 1911-12, p. 226. 
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they do not appear to range higher. It will be noticed that at least 
two of the foraminifera are Eocene forms. Taking a narrow 
paleontological view, one would be tempted to regard the Kyet-u- 
bok Bed as Eocene. It is, however, distinctly a basal bed strati- 
graphically and its characteristics agree very closely with other 
typical basal beds. As a general rule, one may say that the fauna of 
a basal bed of a formation comprises :— 

(a) Survivors from the preceding stage which occur in enormous 
numbers before their final extinction. Their number is frequently 
increased by the presence of numerous rolled specimens. 

(6) Forerunners of the succeeding faunas. It is the presence of these 
new elements in the fauna which should really decide its age. 

Amongst comparable examples may be noted the basal Ledian 1 
with its but slightly rolled Nummulites levigatus (the zone fossil of 
the preceding stage, the Lutetian) and the basal Ypresian, with its 
numerous Landenian species ;? both examples bemg from the Anglo- 
Franco-Belgian Basin. Amongst older rocks the basal bed of the 
Devonian of the Welsh Borderland may be noted.? The Kyet-u- 
bok Bed has been traced by the writer for a distance of about 35 miles 
from near Ngapé to the south of Yenanma.* It appears to correspond 
exactly to a bed found at the top of the Yaw Stage from latitude 
20° 15’ to 21° 15’, characterized by the presence of Orthophragmina, 
Nummulites, Velates orientalis, Volutoconus birmanicus, etc. 

Shwezetaw Stage. 

In Lower Burma the lowest Pegu Beds are shales—forming the 
lower part of the Sitsayan Shales of the Henzada and Prome districts. 
Passing northwards to the neighbourhood of Yenanma and Ngape, 
one finds the Basal Bed is succeeded by a series of shales and then 
by a group of sandstones—the Shwezetaw Sandstones. The shales 
are usually unfossiliferous, but the writer found an interesting fauna, 
a few hundred feet above the base in Magyisan Chaung (latitude 
19° 57’). The fossils have not yet been examined in detail, but they 
include forms closely allied to, but specifically distinct from, species 
described from higher horizons of the Pegu. Further north the sand- 
stone facies invades the whole of the Shwezetaw Stage, and becomes 
of shallower-water type. About latitude 21° the sandstones resting 
on, the fossiliferous Basal Bed contain coal seams, and the principal 
fossil is the brackish-water Batissa (Cyrena). The more marine 
type of Shwezetaw Sandstone (about latitude 20° 5’), seems to be 
characterized by Ampullina birmanca Vred., and this fossil is also 
found in the lowest Pegu (Shinmadaung Sandstones) where they rest 
on pre-Cambrian in the Shinmadaung area. Interbedded igneous 
rocks also occur in this district.’ 

1 Stamp, Grou. Mac., Vol. LVIII, 1921, p. 198. 
2 Stamp, Proc. Geol. Assoc., vol. xxxii, 1921, pp. 97-8. 
3 Stamp, Abs. Proc. Geol. Soc., No. 1,075, 1921-2, p. 6. 
4 It is almost certainly continuous with Cotter’s G, bed (op. cit., 1911—-12,. 

. 226). 
De ati tals Rec. G.S.I., vol. liii, pt. iv, 1921-2, pp. 359-69. 
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Padaung or Stisayan Stage. 

This stage seems to mark the period of greatest extension of marine 
conditions during Pegu times, being still definitely marine as far 
north as latitude 21° 6 6’ (Dudaw Taung) or even to 21° 40’ (West of 
Myaing). The stage is characterized by Tritonidea martiniana, 
and, towards the higher part, calcareous bands with Lepidocyclina 
theobaldi. In the south this division is represented by the upper 
part of the Sitsayan Shales with thick bands of Lepidocyclina 
Limestone. The latter were sometimes mistaken by Theobald 
(1874) for Nummulitic Limestones—as in Henzada and at “ Lime 
Hill”, near Thayetmyo.* Vredenburg believes that the lower part 
of the ‘exposed Pegu in the oilfields of Minbu and Yenang eyat belongs 
to this stage.” 

Singu Stage. 

Vredenburg has adduced evidence to show that the exposed 
Pegu rocks in the Oilfields of Yenangyaung and Smegu and the 
higher beds in the fields of Minbu and Yenangyat are the equivalent 
of the Prome Beds (Division A of Theobald) of Lower Burma.? 
The latter are a sandy group about 1,500 feet thick. The faunas 
of all the Pegu stages discussed up to the present are of distinctly 
Oligocene character. 

| Kama Stage. 
A predominantly shaley group found in Lower Burma which has 

recently yielded a magnificent series of fossils. The most fossiliferous 
beds occur about 700 to 1,000 feet above the top of the Prome Beds 
“A”. The fauna is distinctly Miocene, and corresponds to the 
Gaj of Western India. This stage 1S probably represented by the 
highest Pegu Beds with brackish- water fossils (Batissa) in the oilfields 
of. Upper. Burma. The presence of the Miocene mammal 
Docatherium im the higher part of the Pegu of Yenangyaung supports 
this correlation. The “ Freshwater Pegu” above the beds with 
Tritonidea martiniana in the Myaing region have yielded the lower 
Miocene mammal Cadurcotherium.* 

Pyalo Stage. 

A sandy group restricted to Lower Burma, which has yielded 
numerous examples of Ostrea latimarginata, a fossil characteristic 
of the Upper Gaj of India. 

Akauktaung Stage. 
Formerly called “Marine Irrawadian” by Stuart, and corre- 

sponding to Theobald’s Mogaung Sands. Yields Ostrea virleti, 

1 Cotter, Rec. G.S.I., vol. liv, pt. i, 1922 (in the press). 
2 Vredenburg, Rec. G.S.I., vol. li, pt. iii, 1921, pp. 224-302; Rec. G.S.I., 

vol. liii, pt. iv, 1921-2, pp. 321-42. 
3 Pilgrim, Rec. G.S.I., vol. xl, pt. iii, 1910, p. 197. 
4 The existance of an unconformity below his stage as claimed by Stuart 

is very doubtful. 
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O. digitata, and O. gingensis. It is doubtful whether this stage is 
really separable from the Pyalo Stage. 

Summarizing, it may be said that, independently of their exact 
age, the higher beds of the Pegu (as at Minbu, Yenangyaung, and 
Yenangyat) are characterized by the presence of large Cyrene— 
C. (Batissa) crawfurdi, C. (B.) noetlingi, C. (B.) petrolei, etc.t These 
fossils occur also in the basal Irrawadian, probably derived. 
Throughout the Pegu there is a marked increase in shallow-water 
characters northwards.2. The more homogeneous clays and shales 
of the south give place to the alternating shales and sandstones of 
the great oilfields. At Singu conglomeratic bands and “ Bone 
Beds ” are frequent, whilst further north remains of crocodiles and 
land vertebrates are found and lateritic ‘‘ Red Beds” appear. 

2. The Continental Post-Eocene or Irrawadian System and “ Fresh- 
water Pegu’’. 

The “ Freshwater Pegu”’ is naturally restricted to the more 
northerly parts of Upper Burma. North of latitude 21° 30’ the 
Eocene Yaw Stage passes up gradually into a mass of somewhat 
coarse sandstone. At the base, logs of wood bored by molluses and 
afterwards silicified are frequent, whilst in the higher part, and 
especially further north, silicified wood is abundant. North of 
latitude 22° 45’ the Freshwater Pegu rests directly on the Pondaung 
Sandstone, and bands of quartz-pebble conglomerate and lateritic 
‘Red Beds” become frequent. Vertebrate remains—especially 
crocodilian—are occasionally found, and the occurrence of Cadur- 
cotherium in the higher beds near Myaing has already been mentioned 
(in the relative position marked “‘f”’ on Fig. 3). 

The Irrawadian of Upper Burma comprises a thick series— 
certainly more than 5,000 feet in the neighbourhood of Yenangyaung 
—consisting mainly of coarse, current-bedded sands. At the base 
there is usually a well-marked “ Red Bed” or old lateritic land 
surface. Associated with this band either above it or below, there is 
freyuently a bed of white sand rich in kaolin. Interbedded bands 
or even beds of some thickness of a clay, which approaches pipe- 
clay in general characters, are frequent in the lower beds and again 
in the higher part of the Irrawadian. The Irrawadian is famous 
for the enormous quantity of silicified fossil wood which it contains— 
hence the old name “ Fossil Wood Group ”’ (Theobald). The series 
has also yielded a number of interesting vertebrate remains, 
notably near Yenangyaung. Specimens from this locality come 
from two distinct horizons :— 

(a) Lowest beds containing Hipparion punjabiense Lyd. (Hippotherium 
antilopinum of Noetling and earlier writers), Aceratherium lydekkerv Pilg. . 

1 Pascoe, Rec. G.S.I., vol. xxxvii, pt. iii, 1908, pp. 143-6, but see Vredenburg, 
ibid., vol. li, pt. iii, 1921, pp. 262-6. 

2 Cotter, Rec. G.S.I., vol. xxxvii, pt. iii, 1908, pp. 149-55 (Taungtha Hills) ; 
Cotter, ibid., vol. xxxviii, pt. iv, 1909-10, pp. 302-7 (Yenangyat). 

VOL. LIX.—NO. xI. 32 
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(A. perimense of Noetling), crocodilian and chelonian remains. At this 
lower horizon Mastodon and Hippopotamus seem to be rare or absent, no 
undoubted occurrence being known to the writer. 

(6) A conglomeratic band some 4,500 feet higher in the series and exposed 
along the banks of the Irrawaddy between Yenangyaung and Nyaunghla 
yielding numerous Mastodon latidens, Stegodon chifti, and Hippopotamus 
arravaticus.+ 

- The lower horizon, that is the base of the Irrawadian at 
Yenangyaung, may be correlated with the Dhok Pathan horizon 2 
(Upper Pontian), or, since Mastodon and Hippopotamus both seem 
to be absent, possibly with the Nagri horizon (Lower Pontian) of 
North-Western India. In any case, Aceratherium indicates a pre- 
Pliocene age. The higher horizon agrees faunally with the Tantrot 
horizon (Lower Pliocene) of North-Western India. The presence of 
later Pliocene deposits amongst the Irrawadian is indicated by 
the presence of Boselaphus and Bos further north in latitude 22° 3’ 
CED Ss): 

The Irrawadian probably extended much further south than it 
does at present. It may occur under the alluvial deposits of the 
Irrawadi delta; indeed, a fossil bed containmg Irrawadian 
vertebrates mingled with fish remains (Lamna), and probably in 
situ, has been recorded from below the alluvium near Rangoon.* 

V. Some Tectonic CONSIDERATIONS. 

Whilst the buckling of the Tertiary geosyncline was going on 
throughout the Tertiary period, the main folding has affected even 
the highest Irrawadian, and is thus probably late Phocene. It may 
be noted that, as with the folding in Burma, the end of the 
Cretaceous and the end of the Pliocene were two of the most 

1 Dr. G. E. Pilgrim, in his revision of the vertebrate fossils of the Irrawadian 
of Burma (Rec. G.S.J., vol. xl, pt. ii, 1910, p. 196), has confused the specimens 
from these two horizons. He gives them in one list and says “It seems 
certain, however, that from the lowest beds [sic] of the Irrawadi series 
both Noetling and Grimes collected a distinctive vertebrate fauna which 
I have examined....” If, however, one consults Noetling’s account 
(Mem. G.S.I., vol. xxvii, pt. ii, 1897, especially pp. 57, 58, and 59) one finds 
he says ‘‘ specimens are particularly common along the river bank between 
Yenangyoung and Nyounghla....”; again, “I am absolutely sure that 
certain species are restricted in the neighbourhood of Yenangyaung to the 
lower parts of the division. .. .”; then, after separating a lower “ zone”’ 
of Hippotherium antelopinum and Aceratherium perimense from a higher “‘ zone ”” 
of Mastodon latidens and Hippopotamus irravaticus he says that the two latter 
almost certainly do not occur lower. Grimes (Mem. G.S.J., vol. xxviii, pt. i, 
1900, pp. 30-79) separates the Irrawadian into four “ zones’ ; from the lowest 
he only mentions Cervus sp., then after describing his highest “‘ zone” as 
being exposed along the banks of the Irrawaddy says “‘ It was from conglomerate 
beds of this zone that Mr. Crawfurd, Dr. Oldham, and in late years Dr. Noetling 
have obtained numerous fossil vertebrate bones. . . .” (p. 64). The writer’s 
personal experience confirms these statements. 

2 Pilgrim, Rec. G.S.I., vol. xliii, pt. iv, 1913, pp. 264-326. 
8 Or by direct comparison with France, an even earlier age is indicated. 
4 Pilgrim, Rec. G.S.I., vol. xxxiii, pt. i, 1906, pp. 157-8. 

’ 
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important periods in the folding of the Himalayas. The resulting 
structure of the anticlinorium of the Arakan Yoma and part of the 
Tertiary synclinorium are shown in Fig. 6. The manifestation of 
volcanic activity which has left its traces in the noble pile of Mount 
Popa and in the interesting Crater Lakes of the Chindwin was closely 
connected with the late Pliocene folding. It has been noted above 
that a ridge of pre-Cambrian rocks occurs in the centre of the 
Tertiary Belt at Shinmmadaung. It may well be that this ridge 
extended much further southwards, and even separated an eastern 
from a western basin of deposition. This would explain the different 
characteristics exhibited by the Pegu rocks along the eastern side 
of the Tertiary Belt, but about which very little is yet known. 

VI. CoRRELATION WITH HUROPE. 

Before attempting any general correlation with European deposits, 
it is absolutely essential to consider the geographical conditions of 
the period. Many of the Tertiary deposits of Europe were laid down 
in land-iocked basins only in connexion with the main ocean (Tethys) 
at intervals. Thus, while the sedimentation in each basin may have 
been continuous and uninterrupted, there may be marked faunal 
breaks due to cessation of free communication with the ocean at 
certain periods. This is especially true of the Anglo-Franco-Belgian 
Basin where each stage is characterized by a particular species of 
Nummulites, but the intermediate species of Nummulites—com- 
pleting the phylogenetic series—are only found in the main ocean. 
It is, however, absurd to suppose—as some writers have done — 
that because a certain fauna (for example, that of the “ Libyan ” 
of Egypt) is not found in the Paris region, there exists a gap between 
the Ypresian and the Lutetian, which it should occupy. One may 
picture the geography of early Tertiary times as comprising a long 
ocean stretching from the south of France to India, and fringed, 
probably on either side, by partly enclosed guifs or basins. In some 
parts of the main ocean we may expect to find a complete series of 
marine deposits, which should be used as a standard when comparing 
the development of the strata in any particular basin. Amongst 
the “fringing gulfs”” may be mentioned those of the Punjab, of 
Assam, and of Burma. Still more separated from the ocean was the 
Anglo-Franco-Belgian Basin. Two further points must be borne 
in mind—firstly, the probable separation of the Huropean and Asiatic 
portions of the Tethys in Miocene times, and secondly, that the 
Burmese Gulf was probably far more intimately connected with the 
Circum-Pacific Tertiary Basins than with the Tethys.2 A rough 
correlation of the Burmese and North-Western Kuropean Tertiaries 
is appended in tabular form. 

1 Rec. G.S.I., vol. li, pt. iii, 1921, pp. 325-6. 
2 Vaughan and others, “‘ Correlations of the Post-Cretaceous Formations in 

the Pacific Region.” Reprinted irom special publication of Bernice P. Bishop 
Museum, No. 7, 1921, pp. 713-873. 
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The Barrettia Beds of Jamaica. 
By C. T. Trecumann, D.Sc., F.GS. 

(PLATES XVIII-XX). 
INTRODUCTION. 

ARRETTIA, the most abnormal of the Rudiste, and among the 
strangest of all the mollusca, was first found in Jamaica by 

Lucas Barrett, F.G.S., in the year 1861. The specimens were ably 
The original 

1 «Some account of Barrettia,a new and remarkable shell from the Hippurite 
Limestone of Jamaica’’: The Geologist, London, 1862, pp. 372-7. 
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specimens, now in the British Museum of Natural History, consist 
of polished transverse and longitudinal sections of the upper part of 
the shell, the latter showing the junction of the upper and lower 
valves, and a cross section of the young shell near the apex of the 
lower valve. They were called Barrettia monilifera in honour of 
the discoverer. The locality where they were found was on the 
banks of the Back River, a tributary of the Rio Grande, about 
15 miles from the coast in Portland Parish in the north-east of the 
island. The rock is described as a hard, grey limestone which occurs 
in bands of a few inches to a yard in thickness, subordinate to many 
hundreds of feet of shale which graduate up into other grey shales 
of the Kocene, followed by white limestones of Miocene age. 

The original specimens, therefore, come from the far easterly part 
of Jamaica, namely the Blue Mountain district, where the limestones 
are as a rule hard and splintery, and the fossils indifferently preserved 
and difficult to disengage from the rock. The stratigraphy im this 
portion of the island is also much involved, though Barrett’s 
description is clear enough. I did not succeed in finding the locality, 
which is in a wild and inaccessible area. 

J. G. Sawkins! records a derived specimen of Barrettia as occurring, 
together with other rolled fragments of Cretaceous limestone and 
other Cretaceous fossils, in the conglomerates and sandstones of the 
Carbonaceous or Black Shale series, later called by Hill the Richmond 
Formation, near Port Maria. These beds comprise an accumulation 
of material derived from the Cretaceous and older land, and the 
conglomerates at Port Maria contain also fresh and slightly rolled 
EKocene mollusea. The only specimen of Barrettia | saw in the 
collection of the Jamaica Institute in Kingston is an apparently 
rolled example, and may be the identical example found by Sawkins 
in the Carbonaceous Shale. 

I have not been able to trace definite records of its occurrence in 
Cuba, but Matthew * states that limestones at Constancia Landing 
and Conception Estate are of pale buff tint, and are Hippurite 
limestones, and contain several species of Caprinella and Caprotina. 

T. W. Vaughan ° states that it has been collected in the province 
of Santa Clara in Cuba. A similar fauna which may contain 
Barrettia is also reported from Haiti. 

Its occurrence in Guatemala seems to be more definite. C. Sapper * 
says that the greater part of northern Guatemala is made of thick 
limestones, which often alternate with dolomite and limestone 
breccias, and that these are for the most part certainly Cretaceous. 
He goes on to say that the remarkable genus Barrettia, which 

1 « Reports on the Geology of Jamaica’: Memoirs of the Geological Survey, 
London, 1869, p. 130. 

2 Canadian Naturalist, vol. vii, 1872, p. 19. 
3 Bailey Willis, “‘ Index to the Stratigraphy of N. America”’: U.S. Geological 

Survey, Professional Paper 71, 1912, p. 643. 
4 Sapper, “‘ Grundzuge der Physikalischen Geographie von Guatemala” : 

Petermanns Mitteilungen, Erginzungsheft 113, 1894, p. 9. 
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hitherto is recorded only from Jamaica, is found near Samac and 
Campur, and that in the north-west of the Department of 
Huehuetenango Rudists, mostly Spherulites, were found. 

There can be no doubt that further research will extend the range 
of this and numerous other Rudists in Central America and the 
Greater Antilles. 

Several specimens were collected in Jamaica in 1895 and 1896 
by Mr. F. C. Nicholas, of New York. Most of these came from 
Orange Cove, Hanover Parish, in the far west, but two of them are 
recorded from Logie Green, in Clarendon Parish, near the centre 
of the island. 

The specimens were sent to New York and described by R. P. 
Whitfield + under the names of Barrettia monilifera, B. multilirata, 
and B. sparcilirata, the last two being new species. No description 
of the locality nor indication of the horizon of the beds occurs in 
Whitfield’s paper, and none of the specimens was well enough 
preserved to allow of the upper valve being seen. Moreover, 
Whitfield throws grave doubts on the molluscan nature of these 
fossils, and feels much more inclined to consider them as pertaining 
to the Ceelenterates rather than to any form of the mollusca. He 
cites several features in his specimens which he regards as entirely 
incompatible with the growth of a molluscan body, but allied to 
that of the cup corals. 

R. T. Hill, in his work on the geology of Jamaica,” does not 
mention having seen, Barrettia during his sojourn in the island 
at any of the three localities from which it is reported. The locality 
at Haughton Hall, near Green Island, where it oceurs is coloured on 
his map apparently as “ Cambridge ” formation, which he regards 
as Eocene, though containing Cretaceous and Tertiary fossils. The 
exact spot on his map is difficult to locate, but it is apparently very 
near his junction of Richmond, Cambridge, and Cobre, Moneague, 
and Montpelier formations. 

H. Douvillé® has submitted the original specimens collected by 
Barrett to a critical re-examination, and has no doubt that the genus 
is a Rudist molluse, an opinion which I fully share. 

Barrettia is an important fossil for the following reasons :—- 
(a) It is one of the few representatives of the great group of the 

Hippuritids on the American side of the Atlantic Ocean. The genus 
Hippurites does occur there, however, and Professor Douvillé 
kindly showed me a small form of it from Mexico, preserved in the 
museum of the School of Mies in Paris. 

1 “* Observations on the Genus Barrettia of Woodward, with descriptions of 
two new species’’: Bulletin American Museum of Nat. History, New York, 
vol. ix, 1897, pp. 233-46, pls. xxvii-xxxviii. 

2 “ The Geology and Physical Geography of Jamaica”’’: Bull. Mus. Comp. 
Zoology, Harvard, vol. xxxiv, 1899. 

3“ Beudes sur les Rudistes”’: Mem. Soc. Geol. de France, tome iv, fase. i, 

1894, p. 110, pl. xvii. 
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(b) Its relation to the Rudist mollusca has been denied by 
Whitfield, though the intermediate stages between Barrettia and 
Hippuriies are sufficiently apparent in the genera Batolites, of 
Montfort, and Pironewa, of Meneghini. Douvillé has pointed out 
that the young of Barrettia monilifera passes through a Pironea- 
like stage! Pronewa occurs derived in Hocene conglomerates in 
North Italy and also in Spain and Asiatic Turkey. 

(c) Owing to Hill’s reported occurrence of the commingling of 
Cretaceous and Tertiary fossils in beds which he calls the Cambridge 
and Catadupa formations in Jamaica, the actual Cretaceous age of 
Barrettia and other Rudists was thrown into doubt. 

For these reasons I was particularly desirous during a recent 
stay in Jamaica to acquire some information on these points, and 
consequently to find the locality near Green Island where Barretiia 
was reported to occur in quantity and presumably in good 
preservation. In this search I was greatly assisted by two friends 
of the Public Works Department of Jamaica, Mr. P. Martin Cooper, 
A.M.L.C.E., and Mr. F. D. Jenoure, who kindly made exhaustive 
inquiries for me. Mr. Jenoure found a negro who happened to have 
watched Nicholas when he was collecting twenty-seven years ago, 
and consequently was able to take me near the spot, as a result of 
which I was soon able to trace the outcrop of the Barrettia lime- 
stone. This was some days after Dr. Matley and I had spent several 
hours of a very hot afternoon in a fruitless search for the Barrettie. 
My activities were devoted to securing a series of Burrettia in 

various stages of growth and states of preservation, and also of the 
large crateriform Radiolite R. nicholasi Whitfield, which was 
reported to be the only other fossil accompanying the Barrettra 
in this locality, and is, in fact, the only other large and con- 
spicuous fossil. The search for other smaller accompanying fossils, 
however, was not unsuccessful, though these, except in the case of 
certain foraminifera, are very scarce. 

It also seemed desirable, as far as possible, to determine the 
relation of the Barrettia limestone to the other limestones, con- 
glomerates, shales, etc., that occur above and below it, as well as its 
relation to the Tertiary beds, and to see if any trace of Barretiva 
was to be found in other localities in Jamaica. 

Hitherto, except for two incomplete specimens of a species which 
Whitfield calls Barrettia sparcilirata, recorded from Logie Green 
on the Rio Minho, the only localities for this genus are that on the 
Back River in Portland Parish in the extreme east, and near Green 
Island, in Hanover Parish, in the extreme west of the island. 

I saw no trace of Barrettia in any of the other Rudist limestones in 
Jamaica, such as that at Jerusalem Mountain in the far west; 
Logie Green and the Minho Valley ; the Great River Valley, including 
the Cambridge and Catadupa railway sections; nor in the semi- 

1 “ ftudes sur les Rudistes,” p. lll. 
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metamorphosed Cretaceous limestone outcrops near Moore Town 
and up the Plantain Garden River in the far east of the island. 
‘This, however, by no means precludes the possibility of their 
occurrence at one or other of these localities. 
A large and extremely interesting series of Cretaceous fossils is 

obtainable at all of the above-mentioned localities, both in the 
limestones and in shales and mudstones which underlie certain of 
the limestones and are mapped by Sawkins as part of his Trappean 
Series. The study and investigation of these faunas will require a 
very considerable ainount of time and trouble, and as this paper is 
intended to deal only with the Barrettia beds, their description 
must be reserved till some future occasion. 

Since none of the other typical Cretaceous limestones is to be 
seen above or below it at Green Island, it is impossible to ascertain 
by direct observation in this locality where in the sequence the 
Barrettia limestone should occur. 

The Rudist limestones of Jamaica appear to consist of discon- 
tinuous lenticular reef-like intercalations among the great thickness 
of fragmental sediments known as the Blue Mountain Series. The 
general association of fossils seems to me to be rather different in each 
of the typical Cretaceous limestone sections already referred to, some 
fossils occurring in one locality and not in another. This makes the 
attempt at any system of correlation or zonal sequence applicable 
to the Cretaceous of the island as a whole seem a rather fruitless task. 
Nevertheless, I feel convinced that in certain sections, such as that 
at Jerusalem Mountain and that about Logie Green, a faunal 
sequence of the Rudists and other mollusca can be traced. In this 
connexion J may mention that the large Radiolites (Lapeirousia) 
nicholasi Whitfield that accompanies Barrettia at Green Island is 
common in the lowest Rudist limestones that are exposed in the 
bed of the Rio Minho below Logie Green, where it occurs beneath 
a fairly thick bed of ‘ Trappean”’ conglomerate. It occurs also in 
a road-cutting for some distance above the conglomerate bed, but 
I saw no trace of it in the higher Rudist beds exposed at Logie Green, 
and its position is at least two hundred feet below the top of the 
Cretaceous beds exposed there. 

This fact goes to indicate the somewhat low horizon of the 
Barrettia bed in the Jamaican Cretaceous limestone sequence. I am 
inclined to suspect, however, that all the Cretaceous limestones in 
Jamaica are of very late date, probably Maestrichtian. 

DESCRIPTION OF THE Brps. 

The Barrettia limestone from which my collections were made 
occurs on the Haughton Hall estate, near Green Island Harbour, in 
Hanover Parish in Western Jamaica. The locality is apparently 
the same as that referred to by Whitfield as Orange Cove. The name 
Orange Bay is given on some maps to part of the coast which lies 
some two miles south-west of the ridge of Barrettia limestone at 
Haughton Hall. 
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The outcrop is included in the most westerly of the several inliers 
of older rocks that protrude from below the Tertiary White Lime- 
stone covering of the island. No Cretaceous limestone is mapped by . 
Sawkins in this locality, the spot where the outcrop occurs being 
indicated as Trappean, bounded on the north and west by White 
and Yellow Limestones. No mention of Barrettia occurs in the text 
of Sawkins, and so the limestone outcrop seems to have been over- 
looked. The Barrettia limestone occupies approximately the 
northern and north-eastern portion of the outcrop, which Sawkins 
maps as Trappean, and the Tertiary White Limestone of presumed 
Oligocene age is clearly faulted down against it along some distance 
on the north, as I have indicated in a diagrammatic section (Fig. 1). 

It consists of a grey nodular rather massive limestone, which shows 
stratification and bedding fairly well in places. The first outerop 
one encounters on approaching from the sea on the north forms a 
picturesque wooded and flower-covered ridge, about 200 feet above 
sea-level. The Barrettia limestone forms an escarpment facing south 
and strikes about H.N.E. and W.S.W., and is rather lower than the 

Zz 
¢.R, 2 F 

Fic. 1.—Diagrammatic sketch showing position of the Barrettia Limestone near Green Island 
Western Jamaica. Length of section about a mile. Height about 300 feet above sea-ley 
F. fault; C.R. coral rock; W.L. White Limestone (Tertiary); B. Barrettia Limestone; 
C. ‘‘ Trappean ’’ conglomerate; S. grey and red calcareous shales; Y.S. yellow sandstone 
The shales and sandstones appeared to be unfossiliferous. 

ridge of White Limestone on the north. It dips about 20 degrees 
to the north and north-east, and has a thickness of 16 or 20 feet. 
On the opposite side of a small valley to the south, down which a 
stream runs, the Barrettia limestone crops out again round the 
edges of a rather higher hill, and forms an escarpment and a small 
cliff facing north and west. The surface of the limestone here 
weathers to clay, and is occupied by yam-fields, and the enclosures 
and stone heaps are largely made up of Barretiia, some of them 
excellently preserved. Further to the south the limestone seems to 
be cut off by faults, as the hill opposite the escarpment consists of 
red Trappean beds. 

Some negro labourers were kindly provided by Mr. Jenoure, 
and so I had a cutting made down the wooded slope of the valley 
to ascertain definitely what rock underlay the Barrettia limestone, 
and found it to consist ofa grey, friable, nodular limestone overlying 
a sandstone. In the bed of the stream grey calcareous shales, locally 
called “ Bruggadoo”’, are exposed. This is a negro term given to 
the rich soil formed from the weathering of shales and marly lime- 
stones specially suitable for banana growing. 
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On the slopes and summit of the hill above the yam-fields just 
mentioned the ground is strewn with pebbles, which indicate that 
the Barrettia limestone is overlain by Trappean conglomerate, 
though i did not find any actual outcrop of it. This conglomerate 
must form a capping of 30 or 40 feet on the hill-top, and there are 
indications of one or two bands of unfossiliferous or sparsely 
fossiliferous light-coloured limestone in it. . 

The pebbles in the Trappean conglomerate consist of— 
Gneiss with pink felspar and dark mica. 
Pink quartzite. 
Indurated jaspery much contorted clay slates. 
Lava of andesite aspect. 
Dioritic rock. 

The series is very similar to that which one encounters in several 
conglomerate beds in the Blue Mountain Series in Jamaica. 

The section of the beds at Haughton Hall, therefore, appears as 

Feet. 
“ Trappean ” conglomerate (including limestone bands) 30-40 
Barrettia limestone : : . 16-20 
White and grey friable nodular marly limestone . ve) 
Yellowish grey sandstone : 3 fall 60 
Grey sphroidally weathering calcareous shale 

Barrettia is very plentiful in the limestone, and rolled down the 
slopes below it, and it often occurs in clusters of twos or threes joined 
together for some distance above the apices. In places in the rock 
they occur lying on their sides and crushed. Barvettia is a large and 
solid though comparatively stumpy Rudist, and I did not trace any 
for a greater length than about 3 feet. The greatest diameter of the 
large specimens is about a foot. The large crateriform Radiolite 
R. nicholasi Whitfield also occurs, but is much less plentiful than 
Barrettia. 

To the westwards the bed of Barrettia limestone seems to have a 
lenticular shape and to thin out towards the hill slope. Both 
Barrettia and the large Radiolites seem to be restricted in areal 
distribution, and the bed in places passes into a hard grey limestone, 
rather like other Cretaceous limestones of the island. Here and there 
it shows sections of small Radiolites and other fossi!s, which, however, 
are almost impossible to recognize specifically owing to the hardness 
of the rock. There is a noticeable absence at Haughton Hall of 
several of the species of corals and other fossils that occur plentifully 
in other Cretaceous sections in the island. 

The association of fossils and the fact that the Barrettia limestone 
is overlain by a “ Trappean”’ conglomerate very similar to those 
commonly associated with the Blue Mountain rocks, and is under- 
lain by a calcareous shale, proves that it belongs to the Cretaceous 
series, and is not in any way associated with the Tertiary formations 
of the island. 
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PALHONTOLOGY OF THE BarrRettia Ben. 
The following is the list of fossils found up to the present 

in this bed :— 

Barrettia cf. monilifera Woodward. 
- ef. multilirata Whitfield. 
Fe a var. cylindrica nov. 
a RS var. conica nov. 

Radiolites (Lapeirousia) nicholasi Whitfield. 
Caprina jamaicensis Whitfield. Upper valve of a small specimen, 

25 mm. wide. 
Caprinella (2) sp. Curved upper valve badly preserved. 
Radiolites sp. Sections in the hard limestone. 
Ostrea sp. Small species adhering to the Barrettias. 
Chama sp. A right valve rather like Ch. haweri Zittel of the 

Gosau beds. 
Lima sp. 
Cardita (Venericardia) ef. subcomplanata d’ Archiac. 
Avellana (Eriptycha %) cf. decuriata Zekeli. 
Echinoid, probably a new genus allied to Lanieria. 
Foraminifer. A lenticular form in shape like Orbitoides, measuring 

up to 6 mm. in diameter. Professor Douvillé assures me that 
the internal structure is not that of Orbitoides.t 

Sponge? A large irregularly cylindrical object about a foot long, 
possibly a calcareous sponge, but the structure obscured by 
recrystallization. 

NoTES ON THE FOSSILS. 

The intention of this paper is rather to record the conditions of 
occurrence of Barretiia in Jamaica than to enter into questions of the 
morphology or evolution of the organism, a matter which would 
require much slicing and polishing of specimens for which I have 
no time at present. There are one or two features, however, to which 
I should like to draw attention. One of these is the upper valve or 
lid, which has hitherto never been seen in a satisfactory state of 

preservation. Barrett's original specimen in the British Museum 
has the lid in place, but the decoration of its surface is all but 
obliterated. Among the yam-fields at Haughton Hall several 
examples of Barretiia occurred, showing the surface of the upper 
valve in more or less perfect preservation. J am illustrating some 
of these, hoping they will prove of use in fixing further the affinities 
of this peculiar fossil. 

The top valve of Barrettia is, in comparison with the size and 

massiveness of the lower valve, a remarkably thin and fragile 
structure, and instead of being definitely flat, concave, or convex, 
as in the case of most Hippurites, it is in many specimens curiously 

? Tawait with interest Professor Douvillé’s report on this and other Jamaican: 
foraminifera. 
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undulating in form, following the irregular surface of the lower 
valve. It is generally only in young individuals, especially of the 
species B. monilifera, that the decoration of the surface of the top 
valve can be seen. In older specimens the decoration both of the 
lid and of the sides of the lower valve is ‘generally obliterated by 
erosion or overgrown by oysters and other adherent organisms. 
The top valve, in fact, is so thin that in the majority of specimens it 
has been partly or completely crushed into the visceral cavity during 
the process of fossilization. 

The question arises in one’s mind why did Barrettia develop the 
exaggerated system of infoldings of the outer layers of the shell, 
the moniliform rays or pallial duplicatures, as they have been termed, 
which forms the most conspicuous feature of the genus, and which 
in polished cross-section resemble a string of beads. The answer 
seems to be that the animal was one of a relatively small size; the 
diameter of the living chamber in my specimens is generally about 
one-third the diameter of the top part of the lower valve. In fact, 
several of these large shelly structures seem to have been built up 
by an animal not much larger than a good-sized modern oyster. 
The hinge teeth of the upper valve are consequently comparatively 
small and weak, and the lid would require some additional method 
of fixation to the lower valve when closed. This was accomplished 
by numerous projections from the lower surface of the lid fitting 
into cavities on the surface of the lower valve round the edges of the 
living chamber. These cavities or depressions occupy the spaces 
between the radial infoldings and a system of vertical shelly walls 
arranged concentrically and more or less parallel with the outer 
wall. A large number of projections serving the purpose of hinge 
teeth are therefore developed on the under surface of the lid, and fit 
closely into the cavities below, whose walls are formed by the rays, 
as I have already described. 

The reason which impelled Barrettia to build up such an 
enormously greater amount of shell in comparison with the size 
of the animal than does Hippurites, is not so easy to see, but 
presumably it had to withstand greater battermg from waves, or 
to adopt protection against some special enemy. 

Whitfield describes the moniliform rays, or lines of beads as they 
were called by Woodward, as vertically septate tubes.! He also 
describes the first pillar as a longitudinal septate tube extending 
the entire length of the body. The second pillar he describes as a 
fosset-like body, and compares it with the fosset of a paleozoic 
cup-coral. In fact, he can find no evidence of a molluscan nature 
except the presence of the upper valve in Barrett’s original specimen. 
He also attempts to deseribe the visceral cavity, but a glance at his 
specimen figured on pl. xxxv shows an example with the living 
chamber badly weathered. If one obtains specimens which allow 

1 « Observations on the genus Barrettia,”’ loc. cit., p. 239. 
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the living chamber to be cleaned out and developed, it is seen to 
agree very well in detail with the living chamber of the genus 
Hippurites (see Pl. XX, Fig. 1). Though contending all through his 
paper for the similarity of Barrettia to the palzozoic corals rather 
than to the mollusca, Whitfield, nevertheless, is content to retain 
the generic name Barrettia, which was distinctly defined by 
Woodward as belonging to a molluscan structure. 

Whitfield recognizes three species among the Jamaican material 
which was sent to New York by Mr. F. C. Nicholas ; these are— 

Barrettia monilifera Woodward. 
if multihirata Whitfield. 
»  sparcilirata Whitfield. 

The two first species were collected at Orange Cove or Haughton 
Hall, near Green Island, the last only at Logie Green, in Clarendon 
Parish, near the centre of Jamaica. 

Barrettia cf. monilifera 8. P. Woodward. Pl. XIX, Figs. 2a, Db. 
IPL XX Migs: 2: 

1862. “Some Account of Barrettia.” : The Geologist, p. 372. 

Description Several examples in my collection are apparently 
referable to the type species as regards the number of the septa and 
other features. The top valve is remarkably thin, and follows the 
uneven contour of the surface of the lower or attached valve, which 
is frequently curiously irregular and undulating. In large individuals 
the surface of the upper valve is much eroded and battered or over- 
grown with oysters or other shells, and the ornamentation thereby 
obscured, but in younger specimens the decoration is often 
preserved. It consists of a series of irregular saucer-like depressions 
which are frequently elongated in a direction parallel to the margin 
of the shell, and form a very irregular reticulate ornamentation (see 
Pl. XIX, Fig. 2a). The depressions correspond on the under side 
of the top valve with peg-like projections, which fit into pits on the 
surface of the lower valve. These pits are remarkably irregular in 
size and distribution, some being 10 mm. deep, others quite shallow 
(Pl. XX, Fig. 1). In young examples of this species the decoration 
of the sides of the lower valve is well shown, and consists of fairly 
regular, sharply incised, but shallow sulci, which radiate from the 
apex of attachment and pass up to the margin of the valve. Other 
similar sulci are interposed between these some distance above the 
apex, the sulci corresponding with the moniliform rays (Pl. XIX, 
Fig. 2b). In young specimens there is an embayment of the margin 
of the lower valve corresponding apparently with the original position 
of the hinge-line, but this feature is lost in older examples where the 

valve attains a circular outline. I could not detect any trace of 
external grooves on the lower valve to correspond with the position 
of the pillars, as is the case with most species of Hippurites. 

The spacing of the moniliform rays is very irregular and in places 
they are much more crowded together than in others, and the shell 
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in aged specimens seems to have been frequently broken, presumably 
by battering of the waves, and very irregularly repaired by the 
animal. This species seems to have generally grown singly and alone, 
as I have only seen few with any trace of attachment of others to 
their sides. 

Dimensions.—The largest example I saw measured about 2} feet 
in Jength and 1 foot in diameter at the top. In such aged examples 
as this the ornamentation of sides and top is nearly worn away, and 
the shell much eroded. The smallest is quite an infantine specimen, 
2 inches high, the top valve irregularly convex and oval in outline, 
measuring 4 inches in longer and 3 inches in smaller diameter, the 
living chamber rather over | inch in longer diameter. 

Woodward’s original specimen has sixty-five moniliform rays, 
but the number increases with age, and a specimen of mine 
a foot in diameter has about ninety. Another small specimen has 
sixty-nine or seventy rays. 

Locality —Barrettia bed, Green Island, Jamaica. The type 
specimen came from back River, Portland Parish, Hast Jamaica. 
Maestrichtian (7). Several examples were collected at Green Island 
in various stages of growth. 

Barrettia cf. multilirata. Whitfield. Pl. XVIII, Figs. la, 6; 
Pl. XIX, Fig.1; and Pl. XX, Fig. 3 

1897. Bull. American Mus. Nat. History, vol. ix, p. 244, pls. xxxiii-xxxv. 

Since the top valve of this and other Barrettias was unknown to 
Whitfield, it follows that his diagnosis of the species is incomplete. 
Those in my collection which are identifiable with the above species 
as regards their smaller size and the fact that in proportion to their 
size they bear a much greater number of moniliform rays, fall into 
three or more fairly distinct varieties as regards shape characters. 
The species is a much smaller one than is B. monilifera, being more 
slender and never attaining the clumsy irregularity of growth that 
B. monilifera does. The varieties may be described as follows :— 

(a) Large examples with a long, often bent, very gradually 
tapering lower valve and a rather convex upper valve. Height 
12-14 inches, diameter at top 7 inches. Typical form (?%). See 
Plate XIX, Fig. 1. Several examples were collected. 

(b) Slender, tapering rather gradually to the apex, the top valve 
nearly or quite flat. Height of lower valve 11 inches, diameter 
at top 5 inches. Several individuals seem to have grown together ; 
the sides are often flattened, indicating where another individual 
grew against it. Var. cyclindrica nov. See Plate XX, Fig.3. Two 
specimens, one figured and another sent to Professor Douvillé 
in Paris. 

(c) Stumpy, conical, or almost mushroom-shaped, the top valve 
convex and irregular, with a central raised apex. Height 4 inches, 
diameter of top valve 6} inches. This form seems to have grown 
singly and alone. Var. conica, nov. See Plate I, Figs. la, b. 
Two specimens collected, one figured. 
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The decoration of the sides of the lower valve and surface of the 
lid is alike in all these shape variants. That of the sides consists of 
longitudinal incised sulci, between which are raised ridges, which 

are often striated longitudinally by smaller paraliel sulci, and cut 
transversely by small growth interruptions. The decoration of 
the top valve is of a much more complicated nature than that of 
B. monilifera, and consists of irregular rounded ribs radiating from 
a central apex, often breaking up into two or three divergent ribs, 
and between them cross ribs arranged parallel with the margin of 
the valve. Between these, again, more smaller ribs diverge, forming 
a reticulate or honeycomb-like design. The lid in this species is 
stronger and thicker and Jess irregular in surface than it is in 
B. moniifera, and the two apertures ot foramina of the lid, 
corresponding to the position of the first and second pillars in the 
living chamber, are more or less well shown (Pl. XIX, Fig.1). The 
depressions or pits of the surface of the lower valve round the living 
chamber are very regular, numerous, and sharply defined, and consist 
of rectangular cavities generally elongate in a direction parallel to 
the margin of the shell. The shelly walls bounding these cavities 
parallel to the margin are sharp-edged, and pass generally from one 
node to another of the moniliform rays. 

Locality. Barrettia bed, Green Island, Jamaica. Maestrichtian (?). 

Barrettia sparcilivata Whitfield. 
1897. Bull. American Mus. Nat. History, vol. ix, p. 245, pls. xxxvi, xxXvil. 

This species, which is recorded only from Logie Green, is described 
as having twenty-three rays and a diameter of 5 or 6 inches, and to be 
of a cylindrical or turbinate shape. Whitfield records that a portion 
of the external surface of the lower valve is visible on this species, 
the only example among his collection which exhibited this feature. 

The fewness of its rays rather seems to suggest some connexion 
with the genus Prrones, but in that genus the radial infoldings 
are not cut up into * strings of beads ” as they are in Barrettza. 

Cardita (Venericardia) cf. subcomplanata d’Archiac. Pl. XX, Fig. 4. 

1853. Description des Anim. fossiles du groupe nummulitique de ? Inde, p. 253, 
pl. xxi, figs. 10, 11. 

1897. Noetling, “‘ Fauna of the Upper Cretaceous (Maestrichtian) Beds of 
the Mee Hills”: Pal. Ind., ser. Xvi, vol. i, pt. iii, p. 46, pl. xii, 
g. ov. 

The right valve of a rather flattened and compressed Cardita 
seems to be approximately identifiable with the above Indian species. 
Its outline is nearly semicircular, but compared with the figure of 
d’Archiac, the Jamaica shell seems rather more rounded, the beaks 
rather more pointed and more anteriorly situated, and the ribs 
rather broader than the interspaces between them, and the lunule 
slightly more excavated. There are eighteen or twenty gently 
curved radiating ribs. 

Dimensions.—Length and height 20 mm. 
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Locality.—-Barrettia bed, Green Island, Jamaica. One specimen. 
Noetling records his species from the Dés Valley, in Baluchistan, 
and he thinks that d’Archiae’s specimen from Sind is also from Upper 
Cretaceous beds. 

Avellana (Eriptycha ?) ef. decurtata Zekeli. Pl. XX, Fig. 5. 
1852. “‘ Gastropoden der Gosaugebilde”: Abhandl. der Kais. Koen. Geol. 

Reichsanstalt., Bd. i, Abt. ii, No. 2, p. 45, pl. viii, figs. 1, 3. 

An Avellanoid gastropod occurs on the same piece of rock as the 
Cardita just described. The aperture is embedded in the matrix, 
so one cannot be sure to which of the Cinulid genera it should be 
referred. The spire is low and rounded, though it seems to project 
rather more than is the case with the Gosau form, and the 
Jamaica shell is altogether larger. The Gosau species is ornamented 
on the last whorl with twenty to twenty-five fine spiral lines, while 
the Jamaica form has only about twenty. 

Dimensions.—Length 12 mm., diameter of body whorl 12 mm. 
Locality —Barrettia bed, Green Island. One specimen. 

Lima (Limatula ?) sp. 

A small Zima, having the general elongate outline of L. gibbosa 
Sow., occurs also on the same rock fragment as the two foregoing 
fossils. It is a left valve, 20 mm. high and 17 mm. wide, with about 
eighteen smooth rounded ribs radiating from the beak. 

Echinoidea. 

I collected at least four genera of echinoids both in and just below 
the Rudist limestones in Jamaica. These are at present in the hands 
of two skilful experts on these organisms, Dr. F. A. Bather, F.R.S., 
and Professor H. L. Hawkins, F.G.S., whose considered opinion 
on these fossils will be of great value in the estimation of the horizon 
of the Jamaican Rudist beds. The preliminary examination of 
these seems to lend support to the view that the limestones are of 
exceptionally late Cretaceous age. 

The single echinoid from the Barrettia bed of Green Island is 
said to have all the features of Lanieria, without any of the essential 
structure of that genus. It cannot at present be placed in any known 
genus. 

EXPLANATION OF PLATES. 

Puate XVIII. 

Fie. 1.—Barrettia cf. multilirata; Whitfield; -var. conica nov. Upper 
Cretaceous. Haughton Hall, near Green Island, Western Jamaica. 
Specimen with upper valve in place. One-half natural size. la. View 
of top valve. 1b. Side view of both valves conjoined. Author’s collec- 
tion. 

Puate XIX. 
Fic. 1.—Barrettia cf. multilirata; Whitfield; typical form(?). Upper 

Cretaceous. Haughton Hall, near Green Island, Western Jamaica. 
Specimen with upper valve in place, the upper valve partly crushed into 
the visceral cavity. Above the centre of the top valve are seen the two 

VOL, LIX.—NO. XI. 33 
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oval foramina corresponding to the first and second pillars of the living 
chamber. Near the right-hand top corner part of the lid is broken away, 
showing the pits produced by the monoliform rays and the concentric 
shelly walls. Rather under one-half natural size. Author’s collection. 

Fic. 2.—Barrettia ci. monilifera; Woodward. Same locality. A young 
specimen with the upper valve in place, partly crushed into the visceral 
cavity. Rather over one-third natural size. 2a. Top view; at the bottom 
of the figure is seen the embayment of the margin of the shell. 2b. Side 
view of both valves conjoined. The decoration of lid and sides is well 
seen on young examples such as this one. Same collection. 

Pratt XX. 

Fic. 1.—Barrettia ef. monilifera ; Woodward. Upper Cretaceous. Haughton 
Hall, near Green Island, Western Jamaica. Specimen of the lower or 
conical attached valve viewed from above. ‘The lid is missing and the 
living chamber has been. cleaned out. Around the living chamber are 

_ seen the pits of varying.size and depth into which shelly processes from 
the under side of the top valve fitted. Near the left-hand side a portion 
of the top valve remains. Slightly over one-third natural size. Author’s 
collection. 

Fic. 2.—Same species. Same locality. Specimen with both valves conjoined, 
the central part of the lid almost completely crushed into the living 
chamber, viewed partly from above and partly from the side. The top 
lid is very thin and is weathered away in places, especially near the right- 
hand top edge of the figure, where the moniliform rays like strings of beads 
can be seen. In other parts the saucer-like depressions on the surface of 
the top valve are visible. Towards the lower part of the figure the top 
lid is partly grown over by oysters. Slightly under one-third natural 
size. Same collection. 

Fie. 3.—Barrettia cf. multilirata; Whitfield; var. cylindrica nov. Same 
locality. Specimen with both valves conjoined, part of the lid broken 
away at the top right-hand edge. Rather over one-third natural size. 
Same collection. 

Fic. 4.—Cardita (Venericardia) cf. subcomplanata ; d’Archiac.. Same locality. 
Right valve. Natural size. Same collection. 

Fic. 5.—Avellana (Hriptycha ?) cf. decurtata; Zekeli. Same locality. Natural 
size. Same collection. 

The Traprain Law Phonolite. 

Part I: Nepheline, Analcite, Sodalite, and Olivine ve 
the Traprain Law Phonolite. 

By A. G. MacGrecor, M.C., B.Sc. 

Part If: Analysis of the Traprain Law Phonolite. 

By F. R.- Enos, 'B.A.; B.Sc., A.UC. 

Part I. 
A RE-EXAMINATION of the trachytoid phonolite of Traprain 

Law was undertaken on the suggestion of Mr. H. B. Bailey, 
in order to determine the characteristics and mode of occurrence of 
the nepheline contained in it. The slides examined were those of 
the Geological Survey collection and nine new ones specially cut 
from material recently obtained. During the course of the 
examination sodalite and olivine were detected in the rock. 
These minerals have not been mentioned in previous accounts of 
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the petrography of Traprain Law, and sodalite seems to have been 
described in only one other rock from the British Isles (14).4 

In Traprain Law all the isotropic mineral content was previously 
taken for analcite. Now that some of it proves to be sodalite, the 
question must be faced, how far the analcite of other Scottish rocks 
will survive chemical investigation. 

After Part 1 of this paper had been written Dr. Flett very kindly 
arranged for a re-analysis of the Traprain Law phonolite in the 
Geological Survey laboratory. Mr. Ennos undertook the work and 
his results furnish the material of Part IT. 

OpticaL EXAMINATION. 
Nepheline—During the examination of the slides under the 

microscope a mineral was noticed to occur fairly abundantly, and 
with the following characteristics : 

1. Very low polarization colours.—Between crossed, nicols the mineral had 
a pale indigo-blue-grey colour. This polarization colour was decidedly lower 
than that of the felspars, and by means of it the larger patches of the mineral 
could be picked out fairly readily, after somé practice, with the 1 inch objective. 
The smaller patches were located by a careful examination with the } in. 
objective. 

2. Refractive Index, as shown by the Becke test, decidedly higher than 
that of the surrounding alkali-felspar laths of the groundmass in contact with 
it, and approximately the same as that of the balsam of the slide. 

3. Cleavage.—Indications of cleavage were generally present, one fairly 
well defined, and another much less clear and approximately at right angles 
to the first. With reference to the better defined cleavage the mineral showed 
straight extinction and negative character. 

4. Decomposition.—The felspars of the groundmass were in general made 
cloudy by brown powdery decomposition products, but this was not the case 
as regards the mineral in question, which stood out, in ordinary light, clear, 
colourless, and transparent among the cloudy felspar laths. Very occasionally 
isotropic material occurred in such a way that it might be interpreted as 
replacing this mineral (nepheline). Tiny very sporadic fibres (a zeolite ?) 
could often be seen in the mineral. 

5. Habit.—In nearly every case the mineral showed ophitic relations to the 
felspar laths of the groundmass, and good idiomorphic outlines were never 
seen. Very occasionally the mineral was included as small irregular patches 
within the felspar phenocrysts. Occasionally approximation to squarish 
rectangular outlines was seen, but idiomorphism was never complete. 
Exceptionally there was a doubtful suggestion of a felspar lath moulded on the 
mineral. 

6. The size of the patches ranged from those hardly determinable with a 
din. objective, to irregular patches about the order of 06mm. The size 
varied greatly even in the same slide. 

7. Interference figure-—Many attempts were made to get an interference 
figure from the mineral, but the best were very ill-defined, and it was even 
difficult to decide whether a biaxial or a uniaxial figure was being dealt with, 
In some cases the figure could be doubtfully interpreted as a very broad, ill- 
defined uniaxial black cross giving negative character with the gypsum plate. 
The mere failure to give a distinct figure, when combined with the very low 
double refraction, suggested a distinction between the mineral and a felspar. 

From the above characteristics it was suspected that the mineral 
was nepheline. 

1 Figures in parentheses refer to the Bibliography at the end. 
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Sodalite and Analcite——There was also noticed under the micro- 
scope the abundant isotropic material previously referred to as 
analcite in descriptions of the rock. Its characteristics were :— 

1. Isotropic. 
2. Refractive Index much lower than that of the surrounding alkali felspar 

laths of the groundmass, and very much lower than that of the balsam of the 
slide. 

3. Cleavage, when present, very ill-defined. 
4. Decomposition.—Among the groundmass felspar laths, with their brown 

powder of decomposition products, the mineral stood out clear and colourless. 
5. Habit.—Crystal outlines entirely absent. The isotropic material occurred, 

typically wedged in between the felspar laths of the groundmass as abundant 
small patches, often of roughly triangular shape, owing to the straight bounding 
edges of the felspars: sometimes in larger roundish patches with ophitic 
relations to the felspars : exceptionally as a small vein cutting across the rock, 
moulded on the idiomorphic terminations of felspar laths. The general mode 
of occurrence did not suggest derivation from nepheline. 

6. Size of patches.—The smaller were about 0:18 mm. by0-08mm. The 
larger roundish patches ranged up to about 0°5mm. by 04mm. The veins 
were about 0:-4mm. broad. 

From the above characteristics the isotropic material might be 
analcite or sodalite, or it might be made up of both. 

Olivine.—Besides the green pleochroic augite described by 
Dr. Hatch in his account of the rock (5), a mineral was noticed with 
the following characteristics :— 

1. High polarization colours.—Blues, greens, and reds of the second order 
and. higher. 

2. Refractive Index.—High. 
3. Cleavage.—One very pronounced somewhat irregular cleavage or parting, 

and, sometimes another much less well defined but more regular and at right 
angles to the general direction of the first. Also irregular cracks. Extinction 
almost always parallel to the cleavages. The optical character of the more 
regular cleavage zone was positive. 

4. Decomposition.—Often clear and undecomposed, colourless to very pale 
yellow in parallel polarized light, and not pleochroic. In other cases wholly 
or partly altered to a pale or olive-green serpentinous substance with 
very low polarization colours. Olivine-shaped pseudomorphs common, 
occasionally in a more decomposed part of the rock replaced by a red-brown 
or yellowish transparent mineral. Serpentinization started along the cracks 
and cleavages with some formation of iron ores. (The pleochroic green augite 
of the rock was almost invariably fresh and undecomposed.) 

5. Habit.—The mineral occurred in two ways—(a) As small crystals and 
granules in the groundmass, always with slightly ophitic relations to the felspar 
laths, the majority with quite irregular outlines, but many showing the 
characteristic shape of olivine. (6) As larger scattered patches with ophitic 
relations to the felspars. The components of each large scattered patch were 
shown to be in optical continuity by the cleavages and extinction. The 
ophitic relations were as striking as those commonly shown by augite in 
dolerites. 

6. Size of crystals.—Irregular grains up to about 1 mm. in length. Shaped 
olivines up to about 0°33 mm. by 018mm. Ophitic patches extending through 
an area as large as 1-1 mm. by 0°9 mm. 

7. Interference figures were biaxial and showed a very large optic axial 
angle, but in some cases it seemed possible to determine the optical character 
as definitely negative. 

8. In the crystals with the characteristic shape of olivine there was a very 
well-defined but irregular parting more or less parallel to (001), and sometimes 
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a faint but irregular cleavage parallel to (010). Nearly all such crystals 
extinguished parallel to the cleavages. 

From the above characteristics the mineral was suspected to be 
olivine in spite of the unusual ophitic mode of occurrence. The 
mineral occurred abundantly in the rock, but not so frequently as 
the pleochroic avgite. In a few slides it was absent. 

MiIcRocHEMICAL AND CHEMICAL EXAMINATION.} 

Nepheline.—In, order to test the supposed nepheline, three slides 
were subjected to the same microchemical staining process employed 
by Dr. Hatch (4 and 5). Over twenty patches of the supposed 
nepheline were noted and their positions recorded both by sketches 
and by co-ordinates on the grid engraved on the fixed stage of a 
Dick microscope. Each slide was then cleaned with benzol and 
covered with a few drops of concentrated hydrochloric acid. Five 
minutes acid treatment was found to be quite sufficient. The slide 
was then carefully washed for about twenty minutes in a very gentle 
stream of running water in a flat dish, treated with a solution of 
fuchsine, and again carefully washed. Hvery marked patch of 
supposed nepheline was stained and stood out distinctly from the 
unaffected felspars. It was found that stammg was unnecessary, 
as the gelatinized patches could be clearly seen after the acid treat- 
ment and washing. An even cleaner test was made in the case of 
two slides by more prolonged treatment with acid, when the nepheline 
was entirely removed and a hole left with the shape of the original 
nepheline patch. 

This test confirmed the presence of nepheline. 
Analcite and Sodalite—Isotropic patches were observed to 

stain in the slides primarily used to test for nepheline, and 
some of the isotropic material was seen to be attacked by the 
acid much less readily than the nepheline. In order to test 
further the nature of the isotropic material, patches were marked 
as in the case of the nepheline, and the slide was covered with 
a few drops of pure dilute nitric acid and silver nitrate for about 
twenty minutes, and then carefully washed and exposed to sunlight. 
Under the microscope different patches of the marked isotropic 
material were now seen to present quite distinct characters. Some 
had been highly corroded and were crowded with small black 
grains, especially at the edges, and in consequence at once stood out 
and caught the eye. Others were much less corroded, but had 
acquired a very striking system of small reticulated cracks, quite 
independent of cleavage (when the latter could be made out). These 
cracks were just visible with the lin. objective. The cracked 
patches had no deposit of black grains. Further, with the naked 
eye the surface of the slide could be seen to be covered in parts with 

1 As explained above, the chemical analysis of the rock by Mr. Ennos is 
reserved for Part II, where it is accompanied by a discussion of mineral 
proportions. 
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a very finely granular purplish deposit, which became dark brown 
on exposure to bright sunlight. This fine powdery deposit was 
traceable to the highly corroded patches as a source. By treatment 
of the slide with aqueous ammonia, all the dark particles were 
removed. Hence it was concluded that silver chloride had been 
formed at the expense of some of the isotropic patches, which were 
thus shown, to contain chlorine. 

Two slides of ditroite were then cut from a hand-specimen with 
blue sodalite apparent to the naked eye, and were similarly treated. 
The sodalite patches were corroded and became crowded with dark 
grains, and there was seen on the slides a purple deposit, precisely 
the same as that already described, which darkened in sunlight. 
The spreading of this purple deposit from the large sodalite patches 
was actually observed with a hand lens during the action of the 
nitric acid and silver nitrate, and it was found impossible to prevent 
this taking place to some extent. 
I contrast to the phenomena shown by the ditroite, slides of 

teschenite from the island of Inchcolm and from Crossall Hill, 
Dalmeny, when similarly treated with nitric acid and silver nitrate, 
gave no sign of a silver chloride precipitate. Instead, the large 
analcite patches of these rocks acquired the same reticulated pattern 
as was observed in some of the isotropic material of Traprain Law. 
Very dilute nitric acid and silver nitrate gave the best result. 
A further test for chlorine in the Traprain Law rock was made as 

follows. A small fragment of the rock was crushed and repeatedly 
shaken up with cold distilled water. The filtrate did not react for 
chloride, thus proving water-soluble chlorine was not present in 
appreciable quantity. Another chip when powdered and treated 
with cold dilute nitric acid gave a dense precipitate of silver chloride 
on adding silver nitrate to the filtrate. This proved acid-soluble 
chlorine was present.t 

The only sources of acid-soluble chlorine in an igneous rock are 
the sodalite group of minerals and sometimes apatite. Only very 
minute apatite needles were present in the five slides cut from the 
hand-specimen used for crushing, and could not account for the 
dense silver chloride precipitate, even on the supposition that all 
the apatite was chlorine-bearing. (Occasionally larger very sporadic 
apatites are met with in the Traprain Law rock.) Hence part of the 
isotropic material was referred to a mineral of the sodalite group. 

Because Hillebrand (6, p. 26) states that chlorine is an essential . 
component.of noselite (nosean), another rock chip was powdered 
and boiled with dilute hydrochloric acid. The filtrate when tested 
did not react for sulphate. This proved that part of the isotropic 
material was sodaiite. 

The Inchecolm teschenite, when crushed and tested for chloride, 
gave no appreciable precipitate of silver chloride. This test, when 

1 See also analysis, Part II. 
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coupled with the evidence of the peculiar reticulated cracks already 
mentioned, showed that part of the isotropic material of Traprain 
Law was analcite. 

An especially good example of the joint occurrence of analcite and 
sodalite was afforded by a vein of isotropic material 0-4 mm. wide, 
which traversed one of the slides. The differential action of the 
nitric acid and silver nitrate here showed clearly that the vem con- 
sisted chiefly of analcite, but partly of sodalite. Before the micro- 
chemical test the presence of only one isotropic mineral was 
suspected. 

It is hoped that the simple qualitative test for chlorine on the rock 
powder will prove a useful means of detecting the presence of sodalite 
im any rock, and that further work wil! show that the reticulated 
system of cracks is characteristic of analcite among isotropic minerals 
under the conditions specified above. 

Olivine.—The optical characters of the supposed olivine left some 
slight doubt that the mineral might be an augite. This doubt was 
removed by marking and drawing as before about fifteen pieces of 
supposed olivine (crystals with olivine shape, irregular grams, and 
ophitic patches) in different slides and treating with concentrated 
hydrochloric acid for about ten, to fifteen minutes. In every case the 
mineral was at first attacked and then entirely removed by the acid. 
This is characteristic of an olivine not rich in forsterite. The 
irregular cracks and cleavages were often left running across the 
space where the mineral had been, owing to the magnetite deposited 
in them on the commencement of serpentinization. The green 

- augites were unaffected by the acid. The former mineral was thus 
proved to be an olivine fairly rich in iron. 

Note.—For success in all the microchemical work it was found essential to 
locate carefully and to draw a sketch of each patch of the mineral under 
investigation, and the other minerals in its neighbourhood, after the cover- 
glass, but not the balsam, had been removed. Without these precautions 
it was found extremely difficult definitely to locate portions of the slide seen 
before the microchemical treatment, owing to movement during removal of 
the cover-glass, and the changes due to the action of the acid and the absence 
of the balsam. The stain of fuchsine is not stable in presence of hot balsam, 
so it is not convenient to replace cover-glasses on slides so stained. 

APPENDIX I. 
Notes on Previous Work. 

Nepheline-—Dr. Hatch, who discovered that Trapram Law was 
a phonolite, states in his description of the rock (4 and 5) that he had 
great trouble in determining the nepheline, but that Rosenbusch, 
who examined some of the slides, detected small four- and six-sided 
sections of that mineral. 

Analcite—Dr. Hatch (5) states that analcite and natrolite are 
present in Traprain Law as alteration products of the nepheline. 

In Mr. Bailey’s description of the Traprain Law rock (7) evidence 
is given that the isotropic material (described as analcite) is primary 
in origin. 
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Sodalite—Mr. Player’s analysis of Traprain Law, given in 
Dr. Hatch’s Edinburgh Royal Society paper (5), does not record 
chlorine. 

Rosenbusch states (13, p. 963) that in the phonolitic rocks the 
minerals of the hatiyne group (which includes sodalite) are always 
idiomorphic. The mode of occurrence of sodalite in Traprain Law 
constitutes an exception to this rule. 

The only other known occurrence of sodalite in a rock from the 
British Isles is—as far as I am aware—that noted by Dr. Shand 
in his paper on borolanite and its associates in Assynt (14). Here, in 
a rock which he calls assyntite, he found idiomorphic sodalite, 
showing sections of the rhombic dodecahedron, and enclosed by all 
later minerals. He identified the mineral by its low refractive 
index and isotropism, and by the chlorine reaction of the rock. 
He says there is no evidence to justify calling the mineral haiiyne 
or nosean in preference to sodalite. The rock reacts strongly for 
chlorine and only very faintly for sulphuric acid. An analysis of 
assyntite has been published by Mr. A. Gemmell (3). 

Olivine.—References to the occurrences of olivine in phonolites 
will be found in Rosenbusch’s classical work (13, pages 968, 969, 
974) and in the bibliography on pages 952 et seq. of the same 
volume. I have consulted the papers by A. von Lasaulx (7), by 
H. Méhl (10), and by P. Marshall (9) therein mentioned, but in no 
case could I find a record of ophitic olivine. 
Lady McRobert (8) describes an augite-olivine-trachyte from the 

Mid Hill, Hildon Hills, where the olivine is represented by occasional 
yellow and red-brown pseudomorphs. She says the rock closely 
resembles that of Traprain Law, but although expecting to find 
nepheline in the Mid Hill rock, she could not detect it by optical 
or microchemical methods. 

AppEenp1x II. 

THe Historica INTEREST oF THE TRAPRAIN LAw PHONOLITE. 
Traprain Law has considerable interest in petrological history, 

as it was, I believe, the second instance in which nepheline was found 
in a “ Paleozoic volcanic rock ’’,1 and it therefore formed one of the 
important links which strengthened the chain of evidence, proving 
that there is no essential difference between the so-called paleo- 
volcanic and neovolcanic rocks of the continental geologists. 
O. A. Derby (2) discovered in Brazil the first known occurrence of 
nepheline and leucite in paleozoic volcanic rocks. 

Rosenbusch’s examination of Derby’s and Hatch’s Paleozoic 
phonolites must have convinced him that he had been right in saying | 
in the 1887 edition of bis textbook (11), that to geological age 
there had previously been attributed a more important influence on 
the structural and mineralogical forms of eruptive rocks than was 

1 “ Palaeovulkanisches Gestein.” The fact that the Traprain Law phonolite 
is actually an intrusion does not affect the argument. 
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its due. He had come to this conclusion although at that time 
palzovolcanic equivalents of the eleolite-syenites were unknown. 
Subsequent editions of his great work mention the Paleozoic 
phonolites of Brazil and Traprain Law, and he gradually discards 
the age factor in his classification, stating definitely in his 1896 
edition (12) that he recognized that it had no real significance in 
classification. In the 1908 edition (13) he concludes that this fact 
is widely recognized because “ it has occurred to no geologist to give 
a separate name to the paleozoic phonolites, leucitophyres, etc.” 

AppEenpIx III. 
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Part II. 

The chemical analysis (I) of the Traprain Law phonolite was 
made in the laboratory of the Geological Survey. For purposes of 
comparison, the former analyses by J. H. Player (II),1 and the 
partial analysis by W. Pollard (III),? are also given. 

1 Trans. Roy. Soc. Edin., vol. xxxvii, 1892, p. 125. 
2 “ The Geology of East Lothian’: Mem. Geol. Surv., 1910, p. 130. 
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It will be seen that, with the exception of the alkalies, the new 
analysis agrees very closely with that of Player. The new figures 
for potash and soda, which confirm the partial analysis of Dr. Pollard, 
differ from those of Player, both in the total and in the relative 
proportions of the two oxides. The only other constituent in which 
any serious divergence occurs between the two analyses is the 
alumina, but, after making allowance for the phosphoric anhydride 
not determined by Player, the discrepancy amounts to only 0-4 per 
cent Phosphoric anhydride and chlorine, of which no mention is 
made by Player, have been found in quite appreciable quantity. 
Special interest attaches to the determination of these constituents, 
owing to their importance in the calculation of the amount of 
sodalite. If the phosphoric anhydride is assumed to be present as 
chlorapatite, the 0-15 per cent of P,O, found will require 0-02 per 
cent of chlorine to form 3Ca,P,0, « CaCl. The remaining 0-20 per 
cent of chlorine calculated to 3(Na,0,A1,0;,28i0,) 2NaCl gives 2-7 
as the percentage of sodalite in the rock. 

The mineral composition of the rock has been calculated from the 
chemical analysis in the following way and the results are appended 
below. After determining the amounts of ilmenite from the titania 
and chlorapatite from the phosphoric anhydride, the residual chlorine 
is allotted to sodalite. Total potash is calculated as orthoclase, 
and water above 105° C. as analcite. The soda remaining after 
allowing for that in sodalite and analcite is divided between albite 
and nepheline, the relative amounts of these being determined by 
the silica available after all other silicates have been satisfied. As 
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some alumina is still unaccounted for, this is given the requisite 
amounts of lime and silica to form anorthite. Ferric oxide is then 
combined with the corresponding amount of ferrous oxide for 
magnetite. The residual lime, together with ferrous and magnesium 
oxides in the proportion in which these two are left, yield the meta- 
silicate diopside, while the rest of the ferrous oxide and magnesia 
enter into combination with silica as the orthosilicate olivine. 
By the above method a somewhat conventional representation 

of the mineral composition of the rock is obtained. It is probable 
that the figure for analcite is too high, owing to the presence of other 
hydrous minerals. Further, there is no soda available for the 
calculation of the amount of alkali-bearmg pyroxene present. 
Diopside, as such, does not occur in the phonolite. 

Orthoclase  . Te KOS PAILOF GsiObr. : a Bats) 
Aibite . c : Na,0, Al,O3, 6SiO, : 5 20-07 
Anorthite “ we C2OSAL OR 2SlOs a 4 : 3:19 
Nepheline . 5 NEYO} Alaa, 28i0, : c 4-23 
Analcite : . Na,O, Al,O;, 48i0,, 2H,0 20-50 
Sodalite. : . 3 (Na,0, Al,O,, 28i0 2): NaCl 271 

CHO SOEs a: 2-74) 
Diopside |nts0, SiOp=- : % 1-D0)2 8 10:69 

(FeO, SiO, : . 2-45) 
nlc f2MgO, SiO, . : on CaON . 

Olivine ili UL ROMEONSIO. LH olen ahusigeatn Pe 
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-The Lower Carboniferous Rocks of Cumberland. 

By K. W. Earze, M.Sc., F.G.S. 

ON glancing over back numbers of the GroLocicaL MAGAZINE 
after eight months’ residence abroad, I have been much 

interested to find a paper by Mr. C. Edmonds on the Carboniferous 
Limestone of West Cumberland.1 

I myself worked in this district in connexion with a more 
ambitious paper on the whole of the limestone series from Penrith 
via Caldbeck to Egremont, which paper formed the subject of a 
communication to the Geological Society last November. It is 
needless to say that at the time of my work I had no idea there was 
an independent observer in the field, or I should not have devoted 
much time to his area. Such duplication of field work, though 
regrettable, is perhaps, however, not entirely wasted if the second 
observer is able—as I am in the present case—-to confirm the con- 
clusions of the first by independent mapping. 

1 GEOL. Maa., Vol. LIX, 1922, pp. 74 and 117. 
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In view of the publication of Mr. Edmonds’ paper and the refusal 
of the Geological Society to publish mine, it is dovbtful if my paper 
will ever be printed in extenso. I may perhaps, therefore, be allowed 
to offer here a few remarks both on the area described by 
Mr. Edmonds, and on the larger area described as a whole by me. 

In the first place I should like to congratulate Mr. Edmonds 
on the thoroughness of his field work and on the completeness of his 
faunal collections in a district where the chief outcrops consist of 
gigantic unscaleable quarries, either abandoned and filled with 
water, or rendered dangerous of approach for 54 days in the week 
by incessant blasting. 

The size of the area covered by my paper, and the rather abrupt 
termination of my work in 1920, did not leave me as much time for 
the Kgremont area as I should have liked, and my faunal collection 
is nothing like as complete as Mr. Edmonds’. I must confess, for 
example, that though I was always on the look out for it, the 
Girvanelia band escaped my notice, which led to my placing the 
junction between D, and D, rather lower than is evidently the 
case. In the area north of Cockermouth, the Girvanella band occurs 
immediately below a thick sandstone, undoubtedly the repre- 
sentative of the Orebank Sandstone of the Egremont district. In 
the latter area, however, the sandstone no longer forms a natural 
base to D,; it has, in fact, transgressed across some 200 feet of the 
limestone, till it rests only 80 feet below the Millstone Grit, just as the 
Orton-Ashfell Sandstone transgresses across the zones in the North- 
West Province. 

In the same way the Millstone Grit episode enters much earlier 
in the Egremont area, probably earlier than anywhere else in 
England. 

Mr. Edmonds notices the absence of a true Bryozoa Bed at the 
base of D, im the Egremont area. I called attention in my paper 
to the marked contrast between this and the Cockermouth- 
Bridekirk-Uldale district, where the band attains a greater thickness 
than probably anywhere else in the country and has a very abundant 
fauna. 

I find no reference in the paper, however, to the well-marked 
Chonetes comoides band of Professor Garwood, which occurs well 
up in D,. This is seen at Pardshaw Crags, Scalesmoor, and in the 
cutting in Yeathouse Quarry. The Chonetes comoides, which occurs 
up to a large size, is associated with Cyathophyllum murchisoni, 
Productus hemisphericus, Dibunophyllum, and a few Cyrtina 
septosa. This band is one of the most constant throughout the 
whole limestone area, and can be traced at intervals all the way 
from Penruddock via Caldbeck, Bothel, and Cockermouth to 
Egremont. It is possible that it forms a band in Mr. Edmonds’ 
“White Beds”, as Lonsdaleia duplicata, mentioned by him as being 
characteristic of the lower part of those beds, does occur in the 
Chonetes comoides band. There also occurs an early form of 
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Lonsdaleia floriformis, and this fossil is still more characteristic 
north of Cockermouth, indicating that this species entered the 
Carboniferous seas from the west, arriving much earlier here than 
in the North-West Province. 

With regard to the lowest beds exposed in the Egremont area, 
I collected from the Longlands (east) spoil-heap an alga closely 
resembling Girvanella externally, but identified by Professor Garwood 
as Spongiostroma round a central nucleus of Mitcheldeania. By 
analogy with the North-West Province, this should indicate the base 
of 8,. Apart from the evidence afforded by this isolated specimen, 
I agree with Mr. Edmonds that the lowest horizon developed in the 
area is the Nematophyllum minus subzone (S2)—a particularly 
fine development of the bed being seen in the spoil-heap at the 
Winscales mine, where the iron ore is won frem the limestone through 
a capping of 950 feet of drift, St. Bees’ Sandstone, and Brockram. 

The Nematophyllum minus subzone is, in fact, the lowest zone 
definitely recognized anywhere between Penrith and Kgremont, 
though there are indications that the Michelinia zone (C,) was once 
exposed at Dacre (Penrith). It is probable, from a consideration of 
the radial dip (which is little more than sufficient to carry beds of 
D, age over the present summit of Carrock Fell) and of the faulting, 
that beds of D, age once enveloped the whole Lake District massif, 
though it is remarkable that, with the single exception of the outlier 
at Wilton Fell (Egremont)--of 8, age—no relic has yet been 
discovered of this former Carboniferous mantle. 

There would appear to be a rapid thinning out of the lower zones 
between the Dalton-in-Furness area, where all the horizons from the 
Athyris glabristria zone upwards are developed, and the Egremont 
area 20 miles to the north, and it would be an interesting study, if 
possible, to trace this thinning out by means of borings through the 
superficial Triassic deposits. 

No true basal conglomerate, nor any Polygenetic Congiomerate 
occur at the base of the limestone in the Egremont area, the lime- 
stone resting directly across the edges of the Skiddaw slates. The 
Polygenetic Conglomerate is, however, well exposed at Woodhall 
(Cockermouth), Uldale (Caldbeck), and Holghyll (Penruddock). 
Its irregularity in distribution, thickness, etc., and its high angle of 
dip, im marked unconformity with the gently dipping limestones 
above, lead to the conclusion that it was no part of the Carboniferous 
submergence proper; considering, however, the vast amount of 
erosion necessary to produce the constituent material since Silurian 
times, and. the imclusion of fragments of Shap igneous rocks, it is 
probable that it was formed as a continental deposit of Upper Old 
Red Sandstone age, a conclusion reached by other writers on the 
subject. 

The other features brought out by mapping the limestones between 
Cockermouth and Penrith are chiefly concerned with local variations 
in the faunal assemblages, though generally speaking the subzones 
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and bands established by Professor Garwood in the Shap area are 
recognizable throughout the district. The various beds are often 
shifted laterally, cut out, or repeated by a complicated system of 
dip, strike, and block faulting. Mr. Edmonds has promised to 
discuss the earth movements in the Egremont area in a subsequent 
paper; as they are somewhat similar to those in the northern 
limestone area, they need not be discussed here. 

REVIEWS. 

AcE anD Argea: A Srupy in GreocRApHIcAL DISTRIBUTION AND 
Origin or Species. By J. C. Wits, with chapters by 
Huco bE Vriss, H. B. Guppy, EH. M. Rei, and James SMALL. 
8vo, x + 260 pp. Cambridge University Press, 1922. Price 
14s. net. 

BY “ Age and Area ” Dr. Willis means that the area occupied by 
a given species is proportionate to its age. Area is calculated 

by taking the greatest distance from the assumed or inferred centre 
of dispersal as the radius of a circle, that circle being regarded as the 
area even though the distribution of the species within it be sporadic. 
Age is the time that has elapsed from the entry of a species into the 
district under consideration. If the district be an island (to take 
a simple case) the species may have entered from a neighbouring 
district where it previously existed, or it may have originated as a 
new species within the island itself; the centre of dispersal then is, 

i the former instance, the point of entry, in the latter instance the 
point of origin, and age is dated from entry or origin respectively. 
The general statement is to be understood as referring to averages 
of not less than ten species, and those species must be allied. Thus 
interpreted, the statement is believed to be similarly applicable to 
genera and to families, and to be equally true whether the district 
under examination be an island, a continent, a geographical region, 
or the whole world. Though based originally on the distribution of 
land-plants, the principle can, Dr. Willis ciaims, be extended to 
animals. The animals mentioned are mostly those of land or fresh 
water, but there seems no reason why marine faunas and floras should 
not be subject to the same rule. 

It would be easy to reel off a long list of exceptions to the 
statement, even if attention were restricted to species now living. 
But remembering the careful qualifications by Dr. Willis, and noting 
the evidence brought forward by him and by others, one can hardly 
deny the main thesis. The idea is indeed familiar to those of us who 
were brought up on Lyell’s “ Principles’ (even the early editions) 
and on Darwin’s “ Origin of Species’, but the merit of Dr. Willis 
is to have made it more precise by a variety of numerical state- 
ments. He goes, however, much further than this, in that from the 
universality of his rule he draws the conclusion that the extent of 



Reviews—Age and Area. 527 

distribution of a species depends, not on any advantage it may be 
supposed to have over its congeners, as by some ingenious method 
of seed-dispersal, but solely on the length of time during which the 
causes of dispersal have operated. Now, since wide dispersal, or 
its correlative longevity, implies success in life, it follows, on 
Dr. Willis’ reasoning, that success has nothing to do with 
advantageous or adaptive characters. In other words, all species 
are equal, and Dr. Willis has no use for Natural Selection. Evolution, 
according to him, must take place solely through a succession of 
‘“‘ mutations’ (= saltations), and the direction of evolution must 
be due to some guiding principle other than the environment. 

Some paleontologists may welcome this conclusion, others will 
incline to oppose it. Mrs. EK. M. Reid, who contributes from the 
paleobotanical standpoint a chapter that in its ease and clarity of 
style contrasts markedly with the rest of the book, deals with one 
obvious objection, namely, the extinction of species. The Age and 
Area hypothesis seems to pass this by too lightly. It assumes that 
a species originating in, say, Tibet, will go on living and spreading 
till it has conquered the whole earth. If it at any time become 
extinct (for even Dr Willis must admit that some species have 
perished) it will be from “‘ exhaustion of its vitality ”. But we know 
that whole floras and faunas have vanished, and that not merely 
species and genera, but great systematic groups of animals and plants 
have been exterminated, some in Paleozoic, some in Mesozoic times. 
We see how at the present day species and genera are exterminated 
by a change in their physical surroundings, or by the introduction 
of some actively or passively hostile form of life. We bave excellent 
reasons for our belief that similar changes in the past (a glacial 
period or the appearance of egg-sucking mammals) have wrought 
similar havoc. When, then, Mrs. Reid shows us a progressive 
extermination of older forms as compared with newer throughout 
Phocene times, what right have we to assume that this was due to 
some inherent defect ? Must we not rather agree with Lyell that 
the fluctuations of the earth’s surface provide an efficient cause ? 
But if this be admitted, the door is again opened to Natural Selection. 
Dr. Willis confesses that a newly formed species “ will have a most 
strenuous struggle for existence, «mmediately”’, but he forgets that 
this struggle may be renewed by a change in the conditions often of 
apparently trivial character. 

Dr. Willis also seems to overlook the distinction, on which 
De Candolle, Lyell, and others insisted, between station and 
habitation. From this point of view it may be said that adaptation 
has little to do with geographical extension, but is of chief importance 
in relation to the precise conditions of life. Diversity of conditions 
may depend but slightly on locality; on a single square foot of 
sea-bottom, of the present or of past ages, we find creatures 
that live or lived under most different conditions; and the more 
we realize those conditions the more we realize the adaptation of 
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the organism thereto. Such adaptation leads to specialization, and 
specialization hinders survival when conditions change. It is the 
simple primitive forms that persist and attain the widest distribution. 
Age and Area, Size and Space, Rank and Range, and the other artful 
alliterations not only are consistent with these facts, but are, as 
Darwin showed (Origin, ed. vi, pp. 358-62), their natural corollary. 

This review has dealt with one of the chief points raised by 
Dr. Willis, one that is of particular interest to geologists and 
paleontologists. There are others that one would like to discuss, 
but it must suffice to say that those who have leisure and 
perseverance to grapple with a complicated style will find ““ Age and 
Area ”’ a stimulating as well as a provocative book. Ifit dono more 
than lead them to re-peruse Lyell and Darwin, it will have served a 
good purpose. 

F. A. BaTHER. 

GEOLOGY oF THE AN-SHAN IRon Mine District, SourH MANCHURIA. 
By H. Muraxamt. pp. 53, with xxvi plates, 6 text-figures, and. 
a coloured geological map. Published by the South Manchuria 
Railway Company, 1921. 

ee important iron-ore deposit of An-Shan, now worked on an 
extensive scale and smelted locally in two blast-furnaces, lies 

about 56 miles south of Mukden. The formations found in the district 
comprise only Pre-Cambrian, Cambrian, and Quaternary sediments, 
with intrusive igneous rocks. The general geology, as well as the 
character of the ores, show analogies to the Lake Superior district. 
The Pre-Cambrian formations are divided by the author into two 
sroups, the Green Schist complex and the Hematite-quartz-schist. 
The latter differs mainly from the taconite series of Michigan in the 
fact that the siliceous layers consist of coarsely crystalline quartz 
instead of chert. The iron ore is locally enriched to a high-grade 
product, but it is now found necessary to concentrate the leaner ores 
in order to supply the furnaces. 

The Cambrian rocks include a basal conglomerate, overlain by 
quartzites, often ferruginous, and siliceous slates; the Hsiao-fang- 
shen series at the top includes limestones, and contains Lingulella, 
Obolus, Acrothele, and the trilobites Agnostus, Ptychoparia, Lisania, 
Crepicephalus, Asaphiscus, and Redlichia. From a comparison with 
more complete faunas in other parts of Manchuria, these appear to. 
indicate a Middle Cambrian age. The igneous rocks, which include 
both foliated and unfoliated granites, appear to be of no particular 
interest. 
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Fic. 1.—ORTHOPHRAGMINA SANDSTONE OF TEPETATE FORMATION, ARROYO COLORADO, 
ABOUT 1 KILOMETRE §8.W. OF RANCHO EL TEPETATE, SEEN FROM S.1. os. 4-7, see text. 

Phot. Arn. Heim. 

Fie. 2.—LA VENTANA, ARROYO CADEGOMO, SEEN FROM N.I. ‘The rock to the left, above 
the unconformity, consists of marine conglomerate (Pliocene); below it is the folded 
Ventana shale (Monterey shale). 

To face p. 529.) 
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Notes on the Tertiary of Southern Lower California 
(Mexico). 

By Arnotp Her, Ziirich. 

(PLATES XXI AND XXII.) 

INTRODUCTION. 

pees spring and summer of 1915, an expedition was sent to 
the peninsula of Lower California (Baja California) by a Swiss 

Colonization Company. ‘The scientific work was under the direction 
of the writer, who enjoyed excellent assistance from his friends 
Prof. Dr. Ad. Hartmann, of Aarau, and Top. Eng. E. Kluth, of 
Ziirich. Although little time was available for stratigraphic 
studies, some of our observations of that almost unknown country 
seem to be worthy of publication. 

In fact, some 10,000 square miles, hitherto regarded as Cretaceous, 
have been found to consist of Tertiary formations, subdivided 
by several unconformities, and covered by volcanoes and lava 
fields. 

Originally, a large volume with maps, sections, and photographs 
was planned, containing Geography, Biology, and Geolog gy. This 
plan was frustrated by several misfortunes. 

The whole collection of rock samples, which was addressed and 
despatched for presentation to the Mineralogical Museum of the 
University of Ziirich, after having been held up at New York, 
was thrown away by the American Express Co., in September, 1918, 
according to an investigation made by the Minister for Switzerland, 
at Washington, D.C. ‘None of these rocks, especially those of the 
crystalline series of Magdalena and Cape Range, have yet been 
described. 

The collection of Tertiary fossils was transmitted in 1915 to 
Dr. Ralph Arnold, of Los Angeles, Cal., who kindly agreed to make 
a close study of them, and to publish his paleontological results 
in a joint paper with the author. Unfortunately, his war work 
prevented him from undertaking this study. He therefore 
transmitted the fossils to Professor Dr. Bruce L. Clark, of California 
University. The first determinations, by Ralph Arnold and B. L. 
Clark, were published in the Bulletin of the Geological Society of 

VOL. LIX.—NO. XII. 34 
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America, in 1917. They seem to correspond closely with the 
stratigraphic divisions of the authors’ preliminary notes. However, 
according to letters from Dr. Arnold and Professor Clark, some 
objections have been made by a United States geologist, who 
recently has visited the region of La Purisima. He considers the 
Purisima Nueva Formation as identical with the Isidro Formation, 
and suggests the elimination of the name of Purisima Nueva 
Formation. This delicate question will be discussed under the 
preliminary classification, which is maintained with reservation. 

Most of the balance of the fossil collection is formed of casts 
only, which do not render possible a specific determination. The 
genera are given according to Professor Clark, to whom the writer 
is much indebted. 

PrREvious INVESTIGATIONS. G 

The previous knowledge of the stratigraphy of Southern Lower 
California was fully cited and discussed in 1912 by Bailey Willis, 
according to the “ Geologic Map of North America” by B. Willis 
and G. W. Stose. The most important question discussed by 
Willis is the determination of the age of the so-called Mesa Sandstone 
(Mesa = table). 

Gabb 2 considered the Mesa Sandstone to be probably of Miocene 
age, while the later authors, Lindgren, Emmons, and Merrill, 
regarded it as Cretaceous. Willis followed these latter authors, 
according to the following quotation from his book: “ The Mesa 
sandstones of Lower California, which were described by Gabb on 
very slight evidence as possibly Miocene, are here assigned to the 
Upper Cretaceous on the evidence of their similarity to the sandstone 
of that age which occurs at Ensenada.” Thus, with the exception 
of some Quaternary along the coast, the entire peninsula from 
Todos Santos and La Paz in the south to Punta Abrojos 
(26° 45’ Lat. N.) was considered to be of Upper Cretaceous age. 

Indeed, after having been ashore at Santa Catarina Landing on 
the west coast (Lat. 29° 314’) the author was able to confirm the 
Upper Cretaceous age of the “‘ Mesa Sandstone” of that northern 
part of the peninsula by finding fragments of big Inoceramus already 
reported by Merrill.2 All the “ Mesa Sandstones”’ of the southern 
part of the peninsula, however, as far as the writer was able to 
determine, are exclusively of Tertiary age. As in California, U.S.A., 
the Tertiary beds of Lower California are divisible into a number 
of different formations or groups separated by well-defined 
unconformities. The name of “ Mesa Sandstone’’, therefore, can 
no longer be applied to these beds. 

1 B. Willis, Index U.S. Geol. Survey, Prof. paper 71, pp. 644-8. 
2 W. M. Gabb, Report of J. Ross Browne on the Mineral Resources of the States 

and Territories west of the Rocky Mountains, 1868, pp. 630-9. 
3 George P. Merrill, ‘“ Notes on the Geol. and Nat. History of the Peninsula. 

of Lower California,”’ Report cf the U.S. National Museum, 1895, p. 976. 
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As a result of the writer’s expedition, several preliminary papers 
have been published. 

GENERAL STRUCTURE. 

Orographically and geologically, the southern part of the Lower 
Californian Peninsula is divided into three distinctly different 
regions (Fig. 1) :— 

(1) The Cape Range or Sierra de la Victoria, which forms the 
mountainous southernmost extremity of the Peninsula, from Cape 
San Lucas to La Paz, with a direction from south to north. It 
is chiefly formed by old acid crystalline rocks: granite, syenite, 
porphyry, quartz-porphyry; also dioritic rocks in places (San 
Antonio), with many metamorphic rocks like ortho- and paragneiss, 
mica-schists, and marbles (Todos Santos), amphibolite (San 
Antonio). They contain rich gold and silver veins at El Triunfo 
and San Antonio. A region of younger Tertiary sandstones has 
been found at the mouth of Santiago Valley on the Gulf coast 
(indicated with points in Fig. 1). 

(2) The Magdalena Range (black in Fig. 1). This mountain 
range, which rises from the Pacific Ocean, has been partly submerged. 
Only the ruins of it are left. Actually, it has again entered a stage 
of emersion. Beginning in the south, it is represented by the 
bare mountainous islands of Santa Margarita, Magdalena, and San 
Lucas Mountain. Farther north it is represented again by the 
Sierra Pintada or Sierra Santa Clara, which forms the Pacific coast 
from Punta Abrojos (Lat. 26° 40’) to Cape San Eugenio, and 
terminates at Cedros Island. The distance from Santa Margarita 
to Cedros Island is 600 kilometres. 

The rocks seem to be chiefly basic: diorite, amphibolite, and 
chloritic schists. No granite was encountered. Mesozoic and 
Tertiary intrusions of basic rocks were found on Santa Margarita 
and Cedros Islands. White marbles and gray, hard sandstone 
of great thickness, intensely folded, occur on Santa Margarita 
Island. No fossils were found. The sandstones are pierced by 
green rocks, which are partly much metamorphosed and contain 
hornblende, biotite, and chlorite. 

(3) The Mesas or Central region extends from one side of the 
Peninsula to the other, gradually rising from the Pacific coast 

1 Arn. Heim, “‘ Sur la géologie de la partie méridionale de la Basse Californie,” 
Comptes rendus Ac. d. Sc. Paris, t. 161, p. 419, 4th October, 1915. H. Douvillé, 
“Les Orbitoides de la presqu’ile de Californie,’ Comptes rendus Ac. d. Sc. 
Paris, t. 161, p. 409, 4th October, 1915. Arn. Heim, “ Reisen im siidlichen 
Teil der Halbinsel Niederkalifornien ”’ (4 pl.), Zeitschrift der Ges. f. Hrkunde, 
Berlin, 1916. Arn. Heim, ‘‘ Charakterpflanzen der Halbinsel Niederkalifornien”’ 
(12 pl.), in Vegetationsbilder v. Karsten & Schenk, Jena, 1916. Ad. Hartmann, 
‘“‘ Wasseruntersuchungen im Gebiete der Magdalena Bay in Niederkalifornien ”’ 
(2 pl.), Vierteljahrsschrift d. Nat. Ges. Ziirich, 1919. Ad. Hartmann, “‘ Hin 
Beitrag zur Kolonisationsfrage des Westens von Nordamerika,” Mitt. Aarg. 
Nat. Ges., Aarau, 1919. Arn. Heim, “‘ Vulkane in der Umgebung der Oase La 
Purisima auf der Halbinsel Niederkalifornien”’ (1 map, 3 pl., 7 fig.), Zevtschr. 
fiir Vulkanologie, herausgeg. v. Imm. Friedldnder, Bd. vi, 1921. 
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Todos Santos* : 
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Fig. 1.—Southern part of Lower Californian Peninsula, Mexico. + Fossils 

of Lower and Middle Tertiary. x Fossils of Salada Formation, Pliocene. 

* Voleanic cones. © Towns and villages. G. La Giganta Mountain, 

1,765 metres. M. Magdalena Bay. S. LaSaladarancho. T. HlTepetate 

rancho. H. San Hilario oasis. L. Loreto. 

and more rapidly descending to the Gulf coast. The characteristic 

form of surface is the table (Mesa) or high plateau. It is formed 

by sedimentary. and volcanic rocks of Tertiary and Quaternary 

age. In this paper, special attention will only be given to the 

Tertiary sediments of this Mesa Region. 
The exact age of some of the Tertiary formations being 
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undetermined, the method of the U.S. Geological Survey is followed 
in giving preliminary formational names according to localities. 
The following seven names are proposed: Tepetate (indicated on 
figures with T), Purisima nueva (P), Monterey (M), Isidro (I), 
Comondu (C), Cuesta (Cu), Salada (8). : 

TEPETATE ForMATION. 
In the region east of Santa Margarita Island the unfolded Salada 

Formation is unconformably underlain by a gently folded formation 
of soft greenish sandstone, hard, well-stratified gray sandstone, 
and greenish to violet clay several thousand feet in thickness 
(Fig. 2). At the ranch El Tepetate (Lat. 24° 23’, Long. 111° 8’, see 
T in Fig. 1) the beds of a soft greenish sandstone cross the bed of 
the Arroyo Colorado with a dip of 4° towards the north-east. They 
contain millions of a small Orbitoides with a central button. 
Professor H. Douvillé, of Paris, kindly determined them as 
Orthophragmina Pratii, Mich.,1 and thus considers the age of the 
Tepetate Formation as Upper Eocene. Besides this species, 
Douvillé mentions from El Tepetate Amphistegina Niasi Verbeek 
(sub Nummulites), a species known from the Tongrian of the 
Philippines, which, however, is not of much value for the determina- 
tion of age. 

Following the dry bed of the Arroyo Colorado from a place three 
kilometres south-west of the Ranch El Tepetate towards the north- 
east, the following section was noted, according to the gentle 
north-easterly dip of the formation, upwards :— 

1. At the north end of Llano del Judillo well-stratified gray 
sandstone weathering into hard plates with tracks of animals 
on the rough surface. 

2. Violet and greenish clay, about 20m. 
3. Greenish shaly sandstone, about 10 m. 
4. Compact soft greenish to white sandstone with black mica 

and many Orthophragmina Pratii, 20 m. (?) 
5. Greenish shaly sandstone without Orthophragmina, about 

10 m. 
6. Well-stratified sandstone filled with Orthophragmina Pratti, 

about 7m. 
7. Greenish, well-stratified, shaly sandstone, about 7 m. 

From El Tepetate the Orthophragmina sandstones were followed 
to the Oasis San Hilario, a distance of sixteen kilometres, where they 
are overlain by Quaternary conglomerates and sandstones. Farther 
toward the interior of the Peninsula, the greenish Tepetate Formation 
is directly overlain with a slight unconformity by the brown sand- 
stone of the central table mountains, which apparently belongs 
to the Comondu Formation. 

On the horse trail from Hl Tepetate, four kilometres west of San - 

1 Cf. Schlumberger, B.S.G. France, 4me série, t. iii, p. 275, fig. A, and 
pl. viii, figs. 2-3. 
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Hilario, the underlying strata of the Tepetate Formation come 
to the surface, at the centre of a very gentle and wide dome-like 
anticline. These strata show the lithological characteristics of 
the typical Monterey Shale of California: a white siliceous shale, 
porous at the surface, containing brown fish scales. 

It is generally known that the Monterey shale of the California 
districts belongs to the Middle or Lower Miocene. But this Shale 
of San Hilario is separated from the overlying Tepetate Formation 
by neither a thrust place nor an unconformity. The succession 
of strata west of San Hilario was noted as follows, from below :— 

1. Siliceous shale, about 20 metres ; base, not visible ; grading 
into 

2. Brown, hard, stratified sandstone with moulds of marine 
bivalves (Chione); thickness 2 to 3 metres. 

3. Greenish, more or less sandy shale; thickness 50 to 100 
metres. 

4. This shale No. 3 seems to be normally overlain by the 
Orthophragmina sandstone as described above. 
The question which arises from the above data so far remains 

unsettled : Is the siliceous shale of San Hilario to be regarded as 
an Hocene precursor of the Monterey shale of California, or did 
Orthophragmina Pratti survive for one or two geological periods 
longer in this country than elsewhere ? 

The Tepetate Formation is widely distributed all around El 
Tepetate, forming the low mountains up to the top. Again, it 
was observed 16 kilometres north-west of El Tepetate at the 
Arroyo del Liebre. 

Farther north-west along the big bend of the Arroyo de la Salada 
in the region of the Rancho El Sauce (Lat. 24° 35’, Long. 111° 28’), 

underlying the Salada Formation with a _ perfectly visible 
unconformity, sediments were found which are identical ltho- 
logically, for the most part, with those south-west of El Tepetate. 
It is true that I did not find Orthophraqmina here, but this may be 
due to insufficient collecting. Gray sandstone with tracks of 
animals, ripple-marks, and concretions is exposed at the Rancho 
Santa Rosa. Not far from this place, at Santa Teresa, a soft, 
somewhat leafy, greenish sandstone with small fragments of coal 
was found. A small hill to the south-west of that place is formed 
of violet, pure clay containing crystals of gypsum and shells of 
small Foraminifera, while still farther south-west follow rusty 
sandstones with ochre layers. It seems that all these strata belong 
to the Tepetate Formation. 

All around the above-named places along the big river bend at 
El Sauce, the dip seems to be more or less uniform, averaging 
20° to 22° toward a little east of north (Fig. 2). With a surface 
of three kilometres in the direction of the dip, the thickness of the 
Tepetate Formation thus must be at least 1,000 metres. 

The facies of the Tepetate Formation seems to be chiefly neritic. 
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*“ Purisima NuEvA ForMATION.” 

The only locality where this formation so far has been encountered 
is situated on the west side of the beautiful oasis La Purisima nueva 
(Lat. 26° 11’, Long. 112° 4’), where the Purisima River or Arroyo 
Cadegomo has cut out three small anticlinal ‘“ windows”. In 
a previous paper on the volcanoes of La Purisima, in 1921, the 
writer has mapped these outcrops under the name of ‘‘ Purisima 
Nueva Formation ”’. 

The rocks are composed chiefly of light-coloured to white sand- 
stones with beds of broken shells (lumachelle). They are intensely 
compressed and folded, and thereby partly marmorized. 
From the eastern outcrop, just at the western end of the date 

palms on the foot of the southern Mesa, fossils were found, among 
which are beautifully preserved Echinids. 

The middle outcrop in places is very fossiliferous. Well preserved 
Pecten, Turritella, Balanus, etc., were collected on the river banks, 
in a straight distance of 38 kilometres west of the old Mission of 
La Purisima Nueva. The dip of the strata here is 70° to the west. 

In an abstract of a paper by Dr. Ralph Arnold and Professor 
Bruce L. Clark, the following statement is made :— 
“Certain of the species are common to the Apalachicola horizon 
at a number of localities around the Caribbean Sea.” 

“ Pecten condylomatus Dall is found in the Chattahoochee and 
Chipola beds of Florida and, according to Dr. R. E. Dickerson, 
is present also in the Tuxpan beds of Mexico. 

“ Pecten oxygonum optimum Brown and Pilsbry is common in 
the Gatun beds at Panama. 

“ Raeta gibbosa Gabb was described from the Peruvian Tertiary, 
and is also found, according to Dr. Dickerson, in the Miocene of 
the U.S. of Colombia, the fauna of which is considered by him to 
be a phase of the Gatun fauna. 

“ Mactra dariensis Dall is found in the Gatun beds. 
“ Turritella tristis Brown was described from the Miocene of 

Costa Rica.” 
“The recognition of this fauna in Lower California is important 

in that it apparently indicates a direct connexion between the 
Pacific and Atlantic oceans somewhere in the region of Central 
America during the Apalachicola period of deposition.” 

In another abstract, by R. E. Dickerson,? the same fossils are 
cited. Dr. Dickerson considers them equivalent to the Bowden 
fauna of the Antilles. The following quotation is taken from his 
paper :— 

“ The rest of this fauna contains casts of forms which represent 
typical Bowden genera. The fauna, beyond doubt, is some phase 

? Ralph Arnold and Bruce L. Clark, “‘ An Apalachicola Fauna from Lower 
California,” Bull. Geol. Soc. America, vol. xxviii, 1917, p. 223. 

2 R. E. Dickerson, ‘‘ Ancient Panama Straits,’ Bull. Geol. Soc. America, 
vol. xxviii, 1917, p. 230. 
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of the Bowden or associated horizon, and straits connecting the 
Atlantic and Pacific at this stage of the Tertiary is thus conclusively 
proven. Dr. Hall has compared the Bowden fauna to that of 
Bordeaux and that of the Aquitanian.” . . . “‘ Dr. Hall holds that 
the age of the Bowden beds is late Oligocene.’ Dickerson himself, 
however, considers the Bowden fauna as Miocene, on account of 
the difference of the mammalia of North and South America during 
Miocene time: “ Thus, diastrophism indicates a Miocene age for 
the Bowden fauna.” 

The fossils mentioned above later were sent by Professor Clark 
to Dr. T. W. Vaughan, of the U.S. Geological Survey, who with 
Dr. C. W. Cooke worked over the fauna. The following statement 
by Dr. Vaughan is taken from a letter to Professor Clark :— 

“ The collection is a very interesting one, and it appears both to 
Cooke and me that it is the equivalent of at least a part of the 
Gatun Formation of Panama. However, I should like to be 
somewhat reserved in expressing this opinion until a larger collection 
is available. 

‘“‘ As there is a promise of being able to tie the Pacific Coast 
Tertiary formations of California to those in Central America and 
the West Indies through the exposures in Lower California, it is 
highly desirable to have more extensive investigations made in the 
area in which the specimens were found.” 

Dr. Vaughan’s and Dr. Cooke’s idea agrees with the correlation 
made by R. Arnold and B. L. Clark in that the typical Apalachicola 
fauna of Florida is believed to belong to the same general horizon 
as that of the Gatun beds. 

The lithological facies of the “‘ Purisima nueva Formation ”’ is 
strictly neritic, partly coastal, as indicated by the frequence of 
Balanus, and totally different from the Vaquero sandstone of the 
uppermost Oligocene (Aquitanian) and the following Miocene beds 
of Upper California. 

Regarding the question of classification, the unnamed U.S. 
geologist is in contradiction to the writer’s preliminary notes: 
“IT found that the formation outcropping in these ‘ windows’ west 
of the Mission of La Purisima is not below the diatomaceous shale, 
but above it, and is the same thing as the Isidro Formation, and 
the fossils and the lithology are the same.” 

The writer fully agrees that in no place the “ Purisima nueva 
Formation ”’ is visible below the Monterey. However, the following 
observations seemed to be against the younger age of the “ Purisima 
nueva’. 

1. The fossil beds at 3°8 kilometres west of the Mission are 
dipping as much as 70°, i.e. steeper than the Isidro in this region, 
which forms but gentle folds (Pl. XXII). 

2. The Isidro Formation at this locality is overlying the marble- 
like beds with a strong unconformity (Pl. XXII).! 

1 See these white fossiliferous banks in the river-bed, and the unconformity 
of the Isidro on photograph Fig. 3 of the author’s paper, loc. cit., 1916. 

bf 
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3. The fossil beds are metamorphosed in a way which was not 
encountered in the true Isidro. 

4, The preservation of the fossils is different. 
5. According to Dall, the fossils would indicate the uppermost 

Oligocene (Aquitanian) rather than the Miocene. 
It seems to be difficult to explain Nos. 1, 3, 4, by an exceptional 

local pression of the Isidro Formation, and to deny No.2. In every 
case it will be very interesting to obtain the demonstration of the 
“ American ” interpretation, not only by words, but with detailed 
sections. Unfortunately, the writer’s trip was too hasty to solve the 
problem definitely. 

Monterrey ForMATION. 

In many places along the Arroyo Cadegomo, hard, clear, siliceous 
diatomaceous shales were found, which resemble strikingly the well- 
known Monterey Shale (Lower Miocene) of California, U.S.A. 
It is the writer’s opinion that one day their equivalence will be 
proven by fossils. 

Coming from the Pacific coast, this shale was first encountered near 
the abandoned rancho San Ramén (Long. 112° 12’).1 The most 
beautiful outcrop is that of the rocks called La Ventana (the window), 
where the shale is exposed all along the river as far up as the old deep 
well of “ Casas Viejas’, a distance of about 5 kilometres east of 
La Ventana. 

At La Ventana (Pl. XX1I), the shale forms a number of graceful 
undulations. About nine minor anticlines, with corresponding 
synclines, were counted, with dips of the strata up to 45° or more. 
The direction of the axes of the folds is north-north-east, and thus 
does not correspond with the general trend of the peninsula. The 
Ventana shales are overlain unconformably by walls of horizontally 
bedded rough conglomerates with marine shells. The following 
section was noted at La Ventana :— 

(1) Yellowish to white siliceous shale, schistose, containing a 
bed of 1 foot of brown sandstone. 

(2) Well stratified siliceous shale of white, yellowish, and violet 
colour, about 5 metres. 

(3) A massive, white, chalk-like bank of 4 metre. 
(4) Bed of brown flint, containing scales of ganoid fish and 

Foraminifera (Globigerina). 
(5) Yellowish massive bed of hard, siliceous shale. 

Unconformaty. 
(6) Marine conglomerate and lumachelle, with rolled fragments 

of Luthothamnium, probably corresponding with the Fernando 
Formation of California (Pliocene). 
At the abandoned locality of Casas Viejas the Monterey shale, 

in places, is intensely folded and crushed, the strike of the axes of 
folds being north to north-east. The old well is located on the 

_ + See geol. sketch map by the writer, loc. cit., 1921, pl. iv. 
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undulated shale, and is said to be drilled to a depth of 1,200 feet. 
At the writer’s visit, in 1915, 114 liters per minute of warm salt 
water were flowing out of a 12in. casing. According to 
Professor Hartmann, the temperature was 34°6° celsius, and the 
content of NaCl 4 per mille. 

From Casas Viejas up the river, the Monterey shale remains 
below the surface unto a place on the south side of the remarkable 
mountain, El] Pilon de la Purisima, | kilometre north-east of the old 
mission, where the river makes a knee towards the north. Here the 
shale seems to reach the surface for the last time. The overhanging 
rock of siliceous shale of this locality will be called “‘ Canal Head ”’. 
One of the peculiarities of this outcrop is that the ordinary white 
or grey shale contains dark layers with traces of coal. Scales of 
fish and foraminifera are frequent again. The general dip is 20-30° 
toward the south or south-south-west. To the north-west of Canal 
Head the shale is somewhat faulted and crushed. 

The base of the shale of Canal Head is formed by a basic intrusion, 
which has been described and figured in an earlier paper,! while at 
the top a gradual passage to the Isidro Formation has been noted 
(Fig. 3). 

The thickness of the Monterey shale, on account of its irregular 
folding, could not be measured, but it certainly exceeds 50 metres, 
and may measure several hundred metres. The lithological facies 
corresponds exactly to that of the Californian Monterey shale, which, 
in the writer’s opinion, is a deposit of cold ocean water. Indeed, the 
work of the Challenger expedition by the late Sir John Murray 
has plainly shown that the diatomaceous oozes of the present time 
are confined to the circumpolar regions. It seems thus, that in 
Miocene time a current of cold water was running down the Pacific 
coast as far as Southern Lower California. The regularity of 
stratification and the scarcity or absence of coarse psammitic 
intercalations seem to indicate a rather deep ocean bottom during 
the sedimentation of the Monterey shale. In every case, the 
Californian facies of this shale is in a great contrast with the facies 
of the younger Miocene formations (Isidro, Comondu), to which 
nothing similar is known in Upper California. 

Istpro Formation (Mi1ocEn®).? 

The normal base of this formation was observed at Canal Head 
of La Purisima (Fig. 3), where the following succession was noted, 
beginning with the base :— 

1. Intrusive basaltic rock. 
2. Monterey shale as described above, about 50 metres, passing 

gradually into 
3. Greenish shale and shaly sandstone, with layers of fine- 

1 See photograph, pl. ii, fig. 2, in the writer’s publication on the volcanoes, 
loc. cit., 1921. 

2 “ Griine Molasse ’’ of the writer’s paper, loc. cit., 1916. 
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grained sandstone, about 20 metres. This is the base of the 
Isidro Formation. 

4, Greenish sandstone of Isidro Formation, about 200 metres 
or more, partly covered by Quaternary conglomerates. 

Unconformity. 
5. Comondu Formation, nearly horizontal, about 120 metres. 
6. Basalt lava flow, about 60 metres thick, the same which 

forms the top of El Pilon. 
A similar kind of passage from the Monterey shale to the Isidro 

Formation is seen in the river-bed above Casas Viejas, where beds 
of white siliceous shale alternate with greenish sandstone. 

The Isidro Formation is thus apparently the normal successor 
of the Monterey shale. 

The name Isidro is taken from the village San Isidro, which is 
situated on the left bank of the Arroyo Cadegomo, at 3°6 kilometres 
north-east of the old mission of La Purisima Nueva. About 3-4 kilo- 
metres farther up the horse trail, which follows the left side of the 
river, numerous fossils were found in an oyster-bed : Chrysodomus, 
Psammobia, Balanus, Arca, Tellina?, Chione, Mytilus. 

Apparently the same prolific fossil beds with Pecten, Balanus,.etc., 
cross the bed of the Arroyo Cadegomo, a distance of two hours’ 
easy ride further up-stream, a little south of Huerta Vieja (which 
means the old fruit-garden), where the Isidro Formation disappears 
below the Comondu Formation in the direction of the interior of 
the Peninsula. At this place, the nearly horizontal fossil beds are 
overlain first by about 10 metres of greenish shale, followed by 
greenish sandstone (10 metres), which in turn is covered by the 
brownish Comondu Sandstone. 

As a whole, the Isidro Formation is formed by well stratified 
greenish, whitish, and yellowish sandstones with interbedded 
greenish shales. Crystals of gypsum are often found in the sand- 
stones. The shales in places are flinty, and contain Foraminifera. 
The total thickness of the Isidro Formation is 250 metres at least. 
It has so far only been found for a certainty in the Cadegomo Valley 
from Casas Viejas to Huerta Vieja. However, looking down to the 
Gulf side from the watershed north of La Giganta Mountain, it 
seemed that the Isidro Formation again comes to the surface along 
the Gulf Coast north of Loreto. Possibly, the Miocene oysters 
found at Santiago in the Cape Region, as mentioned by Gabb, 
came from beds equivalent to the Isidro Formation. 

The lithologic facies of the Isidro Formation is neritic and 
coastal, and thus very different from that of the Monterey shale. 
It seems that the sedimentation occurred in warmer and shallower 
water. The polar current may have gradually changed its course, 
or diminished its force. 

Lithologically, the Isidro Formation much resembles the Tepetate 
Formation, with which it was united by the author before finding the 
fossils. Possibly, they are the same. 
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ComonpU Formation. 

In some places the Isidro Formation is separated from the 
overlying brown sandstones without unconformity, so that the 
Comondu Formation might be regarded as the normal continuation 
of sedimentation. In other localities, however, the Comondu 
Formation is lying with a distinct angular unconformity upon the 
Isidro Formation. 

The name Comondu is taken from the big oasis village, which is 
situated at the bottom of a deep and narrow valley (map, Fig. 1), 
the walls of which are formed of brownish sandstone and 
conglomerate. These strata are nearly horizontal, and apparently 
belong to the same formation as the beds which overlie the Isidro 
Formation of La Purisima. At Comondu these sandstones and con- 
glomerates are capped by basaltic lava of apparently the same 

N.W. 8.E. 

Arroyo Cadegomo. 

Trail. 

Base line about 100 metres above sea-level. 

Fic. 4.—Section about 7 kilometres N.E. of Mission La Purisima. I. Isidro 
Formation. C. Comondu Formation. M. In places quaternary con- 
clomerate below basalt flow. B. Basalt lava flows, the south-eastern on 
high mesa, the north-western on old terrace of Cadegomo Valley. L. Low 
terrace conglomerate (later quaternary). 

character and age as that of La Purisima (Fig. 3,4). The name of 
Comondu Formation as applied for the region of La Purisima is 
given with reserve, it being realized that this correlation has not yet 
been proved with certainty. 

Taken as a whole, the Comonda Formation is composed of 
brownish, sometimes concretionary sandstones, with beds of con- 
glomerate. The pebbles are formed chiefly of basaltic rocks, also 
tuff, sandstone, dioritic and granitic rocks. Toward the interior of 
the Peninsula, in Cadegomo Valley, as well as in the Comondu 
district, the sandstones pass into coarse conglomerates made up 
chiefly of basaltic rocks. The high walls of the mountain 
La Giganta (1,765 metres high) on the water-shed between 

1 “ Braune Molasse,”’ of the writer’s paper, loc. cit., 1916. 
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Comondu and Loreto, are composed of heavy masses of basaltic 
breccia. Unquestionably, the conglomerates and sandstones have 
been brought from east and north-east, where now lies the Gulf of 
California. This idea was first suggested by Gabb. 

The thickness of the Comondu Formation increases rapidly toward 
the interior of the Peninsula. At the Syncline Head of La Purisima 
(Pl. XXII) it was measured 65 metres, at the Pilon of La Purisima 
150 metres (Fig. 3), south of Ojo del Agua (eye of water or spring) of 
the Arroyo Cadegomo it was esteemed to about 300 metres, and in 
the region of La Giganta Mountain it is even more important. The 
total thickness of the unfolded beds of La Giganta Mountain, 
including the basalt breccia, seems to be more than 1,300 metres. 

No fossils have yet been found in the Comondu Formation. It 
seems to be a continental deposit of great extension. Indeed, it 
was observed by the writer along the Cadegomo River from below 
La Purisima (Syncline Head) to Ojo del Agua, and from Comondu 
to La Giganta Mountain for more than 50 kilometres across the 
Peninsula. Also it occurs in San Bisente Canyon, between Purisima 
and Comondu. As seen through the telescope, it seemed that the 
high mesas north-east of the Oasis of San Hilario also are formed 
by unfolded Comondu Formation. Finally, the coarse sandstone 
of Los Martires Hill at the Gulf side of the Cape Range, lat. 23° 36’, 
already mentioned as possibly Miocene by Gabb, and other outcrops 
along that part of the coast, have reminded the author of the 
Comondu Formation. 

Although generally horizontal, the Comondu Formation has been 
gently folded in some places. The most beautiful fold is the syncline 
of Syncline Head (Pl. XXI1), where the Comondu Formation, in 
travelling from the Pacific coast, appears for the first time in the 
Cadegomo Valley. Another locality where the Comondu beds are 
inclined is the rock called El Devisadero, to the north-east of 

San Isidro. 
The age of the Comondu Formation is regarded as probably Upper 

Miocene, possibly even Lower Phocene. 

Cuesta ForMATION. 
At La Cuesta de la Purisima, a distance of 1:7 kilometres south- 

south-west of the mission, the Comondu Formation, at an elevation 
of about 100 metres above the river, is overlain with a shght uncon- 
formity by sandstones for which the name Cuesta Formation is 
proposed. The lower part of the sandstones is grey, while the upper 
looks more brownish and resembles the Comondu Formation. 
They reach the “ Cuesta ”’ (= the rim of the mesa), which is at an 
elevation of about 270 metres above the Cadegomo River. 

A similar observation was made at the Syncline Head (Pl. XXII), 
where the brown Comondt sandstone is overlain with a slight 
unconformity by the horizontally stratified grey beds of the Cuesta 
Formation. The thickness of the latter, at this place, is about 
11 metres only. 
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The Cuesta Formation is known as yet only from the region of 
La Purisima, in a distance of 4 kilometres along the Arroyo 
Cadegomo. Perhaps the immense mass of unfolded beds of 
La Giganta Mountain, in its upper portion, contains the chronological 
equivalents of the Cuesta Formation. 

No fossils have yet been found in the Cuesta Formation. Possibly 
it is a continental facies of the Pliocene. 

N.W.-S.E. Mesa de La Salada. 

meters 
20 

15 

10 

Arroyo de 

La Salada. 

5 

' Saltwater Sea Leve/ 
oa (0) 

Fic. 5.—The Salada Formation (Pliocene) of Rancho La Salada. A. Section 
1,400 metres N.E. of ranch house. B. Section 1,000 metres N.E. of 
ranch house. 1. Greenish soft sandstone, salty, apparently without 
fossils ; rough and sharp contact toward 2. 0-3 m. gravel sand, con- 
taining basalt pebbles and many badly preserved mollusks, Balanus, 
Turritella, Chione, Chrysodomus, Calliostoma, Oliva, Conus, Tellina, 
Bryozoa, and shark teeth. 3. 1 to 2m. bank of rough sandstone with 
shells of gastropodes and bivalves. 4. 0-5 m. greenish gravel sand, 
passing gradually into 5. 4:1 m. soft sandstone, outside grey to violet, 
inside greenish to bluish, containing pebbles of greenish miocene 
shale. 6. 1-9m. yellow gravel sand with plenty of mollusks, also 
Balanus, Bryozoes. 7. 1-8 m. fine greenish shaly sandstone without 
shells. 8. 0 to 0-25 m. rough basalt conglomerate, incrusted with 
white lime. 9. 2-0 m. grey nodular sandstone with plenty of molluse 
fragments, great Pecten at lower part; passing gradually into 10. 1-5 m. 
chalky breccious and porous limestone without shells. 11. Pleistocene 
Mesa Conglomerate, formed chiefly of basaltic pebbles. 

SaLaDA ForMATION (PLIOCENE). 

In the interior region of the Peninsula of Lower California 
(Purisima-Comondu) the youngest known marine fossil beds are of 
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Miocene age. Along the Pacific coast, however, marine formations 
of Pliocene and Pleistocene age have been found in a great extension. 
The most perfect section encountered is that of the cattle ranch 
called La Salada, at the left bank of the Arroyo de la Salada (Fig. 5). 

The Salada Formation of La Salada River forms a low and unfolded 
plateau, which extends from La Salada Ranch as far as 15 to 20 kilo- 
metres inland, while, on the other hand, it was followed along the 
coast as far as Arroyo Colorado, lat. 24° 15’, a distance of 
45 kilometres, wherefrom it extends still farther south-east for an 
unknown distance. 

The lithological facies shows typical shallow-water conditions of 
sedimentation, as indicated by numerous fossils of coastal type, like 
Balanus, and layers of conglomerate. The fossils are abundant. 
However, shark teeth and Balanus excepted, they are badly pre- 
served. Casts were collected of large Polinices, Conus, Chrysodomus, 
Calliostoma, Oliva, Turritella, Chione, Tellina, Mytilus, etc. The 
stratigraphic position, and the fossil evidence seems to indicate 
that the Salada Formation is of Pliocene age. 

The rim of the Mesa de la Salada is formed by an unfossiliferous 
limestone (No. 10 of Fig. 5), which seems not to be of organic origin. 

8 N. 

Arroyo Cadegomo. 

Fic. 6.—The younger Tertiary at Rancho San Ramén, near mouth of Arroyo 
Cadegomo. 1-2. Salada Formation (Pliocene). 1. Greenish and yellowish 
soft sandstone. 2. White limy agglomerate of shells. 3. Mesa con- 
glomerate (Pleistocene). 4. Low terrace conglomerate, Younger 
Quaternary. 5. Alluvial soil of river bed. 

Along the Arroyo de la Salada the Mesa rises gradually toward 
the interior, beginning with a rate of 6 to 7 metres to 1 kilometre. 
The thickness of Salada Formation being some 30 metres only, the 
Salada Formation terminates toward the interior by erosion, its 
substratum (Tepetate Formation) coming to the surface (Fig. 2). 

Farther north, along the Pacific Coast, a very small outcrop at 
the mouth of the Arroyo Soledad (lat. 25° 11’) excepted, the Salada 
Formation is hidden below the large areas of marine Pleistocene and 
alluvial plains, as far as a place called Poza Grande at the Arroyo 
San Benancio (lat. 25° 45’), where the upper calcareous part of the 
Salada Formation reaches the surface again. The beds here are 
formed of sandstone and agglomerate of broken shells. The upper 
strata contain many marine gastropods, the shells of which are 
covered with pecuhar Bryozoa. Pholad borings are found at 
the base. 

VOL. LIX.—NO. XII. 35 
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The Pliocene of Poza Grande is covered by loose sands with marine 
shells of recent type, the “ Medanos” of the Mexicans. 
From this place farther north the Salada Formation is found in 

every river bed near the Pacific coast : at Arroyo Comondu (25° 49’), 
Arroyo Pabellon (25° 57’), at the Ranch San Ramon of Arroyo 
Cadegomo (26° 5’). At this latter place the green sandstone of the 
Salada Formation is capped by a white wall of shell breccia (Fig. 7). 
This calcareous horizon was followed by Mr. E. Kluth some 6 kilo- 
metres farther north-west to the mouth of the Arroyo San Gregorio, 
where numerous fossils were collected (Balanus, Polinices, 
Chione, etc.). 

The question of termination inland of the Salada Formation 
along the Arroyo Cadegomo has not been solved definitely. 
Possibly the marine conglomerate and agglomerate of shells at. 
La Ventana (Pl. XXI, Fig. 2) represents the shore deposit of the 
Salada Formation. In the higher Mesa conglomerates, more inland, 
no more marine shells were found. They seem to be of terrestrial 
origin, and possibly belong to the beginning of the Quaternary 
epoch. It is possible also that they are the terrestrial equivalent of 
the Salada Formation. 

PLEISTOCENE. 
The Phocene strata are covered along the Pacific coast by sand- 

hills called Médanos. They form soft waves, which may rise up 
to about 100 metres above sea-level. Marine shells of recent type 
are found frequently, like Arca tuberculata Sby., Donazx cf. cayennensis 
Lam., Tivela bryoniana (radiata Dall), oysters, etc. (det. B. L. Clark). 
It seems that the Médanos, now quiet and covered with cactus, 
have been wandering dunes during Quaternary time. 

For the terrestrial Quaternary see the author’s publication of 
1916. 

Tectonic Movements. 
We have mentioned the intense folding of the Purisima nueva 

Formation and the Monterey Formation in the region of La Purisima. 
This substructure of the Mesas is in disharmony with the general form. 
of the Pennsula (Pl. XXII). The axes of the folds are directed 
towards the north or north-east—generally north-north-east, 1.e. 
oblique to the direction of the Peninsula. 

The Isidro Formation (Miocene), in places being conformable with 
the Monterey, the folding of the Monterey must coincide with the 
vast unconformity below the Comondt Formation. The age of the 
folding thus is probably the later part of Miocene. 

After the deposition of the Comondu Formation, very gentle 
folding has continued locally, as, for instance, west of La Purisima 
(Pl. XXII). The youngest folded formation found is the con- 
glomerate (Pliocene ?) of Casas Viejas on Arroyo Cadegomo, where 
a little anticline was observed with dips up to 5°. This folding is 
a continuation of a fold of the underlying Monterey shale, the 
anticlinal dip of which reaches 15°. 



The Tertiary of Southern Lower California. 547 

Also faulting has occurred since the deposition of the Comondu 
Formation. Some 6 kilometres upstream from San Isidro, before 
coming to Paso Ancho, a fault cuts off the Isidro Formation against 
the Comondu, while the overlying basalt, of probably older 

Quaternary age, is undisturbed (Fig. 8). 
Simultaneously with the Miocene folding a general uplift 

commenced. Indeed, the peneplain which corresponds with the 
unconformity below the Comondu Formation must have been 
preceded by such a general rising of the land. Since younger Miocene 
times the interior of Southern Lower California seems not to have 
been submerged again. 

8. N. 
E] Devisadero. 

50 Trail. 
Arroyo Cadegomo. 

Base line about 100 metres above sea-level. 

Fic. 7.—Section of Miocene at San Isidro, about 6 kilometres N.E. of Mission 
La Purisima. I. Isidro Formation, with Oyster and Turitella banks + 
C. Comondu Formation. 

The uplift was gradually increasing towards the east, as shown 
by the following observations :— 

1. On the watershed (La Giganta), the conglomerates of younger 
Miocene and Pliocene are still poimting gently upwards in the 
direction of the Gulf. The pebbles came from the Gulf side. This 
shows that the Gulf was caused by a post-Miocene subsidence 
(see writer’s publication of 1916). 

2. Marine Phocene and Pleistocene formations were deposited 
along the Pacific coast. 

This uplift which has caused the immense table lands still continues 
in the present tume. Marine shells are found on the Médanos at least 
up to 100 metres above sea-level. The river banks are cut into the 

alluvial coastal plain (region of Magdalena Bay). The great “ big 
meadow ”’ or Llano de Yrais, on the east side of Magdalena Bay, 
formerly a lagoon of 100 square kilometres, is dried up, and the 
muddy ground of Magdalena Bay in places already reaches the 
surface at low tide. 

The close relation to the folding shows plainly that the general 
uplift and the faulting are not independent phenomena, but 
consequent to the same tangential force which had caused the folding. 
The post-Tertiary uplift of the peninsula seems to balance the 
subsidence of the Gulf. 
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On the Liassic Succession of Pabay, Inner Hebrides. 

By L. F. Spats, DSc., F.G.S. 

(2 is intended to give in the present paper the results of the 
writers collecting in the Lower Liassic (Carixian = Lower 

Pliensbachian) Ammonite Beds of the Island of Pabay (Pabba), 
known to fame since MacCulloch and Hugh Miller drew attention 
to the abundance of its fossils and Murchison and A. Geikie collected 
its ammonites. Some of these were many years ago described by 
Sowerby and Wright, and in the more recent Survey Memoir! a list 
of fourteen ammonite species was given, a number trebled in the 
present account. Unfortunately, the hundred feet or so of micaceous, 
metamorphic shale at Pabay is cut up by “dolerite and basalt 
dykes and sills ” to such an extent that the tracing of the succession 
is not an easy matter. 
A comparison of the Pabay Lias with that of Dorset and other 

areas will be attempted in a second paper. 
The reefs off the north-west coast of the island yielded numerous 

examples of Uptonia jamesom (Sow.) and Platypleuroceras brevispina 
(Sow.) and their allies, but the beds are extensively faulted and, 
like the more barren south-east coast, did not offer a recognizable 
sequence. On the other hand, the reefs between the two northern 
extremities of the island, and those along the north-east coast, 
where marked “‘ Am. jameson” on the geological 1 in. map (sheet 71, 
Glenelg), yielded a succession from the ibex, through the jamesoni, 
down to the Sinemurian raricostatus zone. This may be represented 
as follows :— 
Level X, (Ledges east of faulted dyke at western of the two northern 

extremities) :— 
Acanthopleuroceras maugenesti (d’Orbigny). 

23 aff. 29 29 

A valdami (d’Orbigny). 
3) aff. 29 3) 

2 inflatum (Quenstedt). 
be cf. carinatum (Quenstedt). 

Inparoceras sp. md. 
Lytoceras fumbriatum (Sowerby). 

Ledges farther east, about three feet lower :— 
Acanthopleuroceras aff. maugenesti (d’Orbigny). 
Tropidoceras rotundwn (Futterer). 

Nine feet lower :— 
Tropidoceras sp. aff. rotundum (Futterer). 

Ten to twelve feet lower :— 
Tropidoceras masseanum (d’Orbigny). 

Unfossiliferous ledges follow to the east, but twenty-five feet 
lower were found :— 

1“ The Geology of Glenelg, Lochalsh, and South-East Part of Skye,” 
Sheet 71. Mem. Geol. Surv. Scotland, 1910, pp. 182-3. 
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Uptonia jamesoni (Sowerby). 
» ef. lata (Quenstedt). 

Farther east still, at 
Level X,, about thirty feet below the maugenesti reefs, also between 

the two dykes at the eastern of the two northern extremities 
of the island, Uptonias are very common, notably :— 

Uptonia gamesoni (Sowerby). 
bs lata (Quenstedt),. 
5 angusta ,, 

pi lacunosa ,, 
ae margata ,, 

se costosa? ,, 
i, _ nSD. Ov. 

Just east of the eastern dyke 
Uptonia gamesoni (Sowerby) 

» ef. lacunosa (Queustedt) 
still occurred, but another dyke again interrupts the succession, 
and six feet below this (dyke) 

Level X,« there was found :— 
Platypleuroceras aft. awreum (Simpson). 

Seven feet below :— 
Uptonia cf. obsoleta (Simpson). 

At ten, fourteen, and fifteen feet below X,a :— 

Platypleuroceras brevispina (Sowerby) 
3 molare (Hyatt) 

occurred, and, after another dyke, at 
Level XB :— 

Platypleureceras brevispina (Sowerby) 
af sp. n. aff. tenwilobum (Quenstedt) 

and four feet lower :— 
Platypleuroceras sp. aff. brevispina (Sowerby). 

Another dyke then follows, and perhaps ten feet below X,8 
the reefs of 

Level X,y yielded :— 
Polymorphites quadratus (Quenstedt) 

caprarius (Quenstedt) 
and varieties. 

At two and eight feet below occurred :— 
Platypleuroceras sp. n. aft. tenuilobum (Quenstedt), 

and, at twelve feet below, the same form and 
Platypleuroceras ef. emplinatriz (Quenstedt). 

After another dyke, at about two feet lower, 
Level X,6 the last species was again found. A second and 

faulted dyke follows, then come shaly beds with red nodules, 
similar to those of the south-west coast, to be mentioned later 
and yielding no ammonites. To the south-east the beach is 
then largely hidden by boulders and there are also numerous 

39 
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dykes. Possibly six to twelve feet below the last level, when 
the ledges again appear at 

Level X,, 
Tragophylloceras numismalis (Quenstedt), 
Metoxynoticeras gen. nov.' oppel (Schloenbach), 

% cf. sphenonotum (Monke). 
were collected, and at two and again three to four feet below 
numerous nodules enclosing 

Polymorphites caprarius (Quenstedt) 
and alles. Shales with similar red nodules, but yielding no 
ammonites, follow to eight to ten feet below X,, and at this 

Level X,, were collected :— 
Apoderoceras afi. leckenbyi (Wright), 

aff. tromodum (Dumortier), 
sp. n. aff. bmacula (Quenstedt), and 
quadrarmatum (Dumortier). 

Five feet lower, a gigantic 
“ Oxynoticeras ”’ sp. 

was found, but another barren stretch follows, and at about 
sixteen to eighteen feet below X,, and near the eastern point of 
the island, there occurred :— 

Deroceras malleri (Wright), 
= aff. males (Simpson), 

forms that may already belong to the Sinemurian raricostatus 
zone. It is mteresting to note that no Echioceras has yet been 
found in Pabay, but that species near to H. macdonnelli are 
somewhat abundant in Camas-na-Sgianadin, 2 miles north- 
west of Broadford in Skye, and north of the beds with A steroceras 
smitht recorded by the writer.2 There, however, no Derocerates 
occur. 

The beds may be correlated as follows :— 
F maugenesti beds. ibex zone (Oppel). 

12 ft. below X, masseanus beds 
Unfossilif. ledges 

29 

29 

X,, X,a jamesoni beds 

bien tee poeteked ds jamesoni zone (Oppel). 

X,7, ete. Polymorphites beds 
no Ammon. om Chee” 

XG iaylori (leckenbyi) beds 6 

There may be repetition of the Polymorphites beds by faulting, 
but the relations are not very clear and, moreover, Polymorphites 
caprarvus and its allies seem to have a fairly wide vertical range ; 
for just north of the farm on the south-west coast of the island, the 

* Genotype to be example No. 2,141, identified with Ammon. oppeli, 
Schloenbach : “‘ Beitr. Pal. Jura und Kreideform. N.W. Deutschl.”’ Paleontogr., 
vol. xiii, 1865, p. 161, pl. xxvi, figs. 4a—c. 

2 “ Lower Lias Ammonites from Skye,” Grou. Maa., Vol. LIX, 1922, p. 172. 
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cliff section, starting about twelve feet above the shore-line, yielded 
Polymorphites of the caprarius group at the base, at three, six, nine, 
ten, and eleven feet up, whereas farther north, and also twelve 
feet above high-water mark, the same caprarius group was 
encountered at levels of three, five, six, nine, and thirteen feet up, 
accompanied by Tragophylloceras numismalis at three, five, and 
thirteen feet levels. Similar beds with red nodules on the shore 
below yielded only belemnites and pelecypods, and may correspond 
to the barren shales below X,é and again below X,. The reefs of 
the south and south-east coasts with their numerous dykes could 
not be correlated with the above sequence. It may be added that 
the small exposure of Pabay Shales at Tobermory in Mull yielded 
only Polymorphites of the caprarius group in abundance, and that 
some of the species of ammonites recorded by Professor Judd,1 
notably A. orynotus, may be based on misidentifications. The 
impression of an Hchioceras of the raricostatur zone, however, has 
been found in a pebble, off Tobermory. Conversely, the Raasay 
beds ? with Acanthopleuroceras and Uptonia probably belong to the 
abec and uppermost jamesont zones, and Mr. Buckman’s? 
“* Wessexian ”’ sequence, based partly on the Raasay succession, 
appears to require considerable modification. 

Dr. Lee * estimated the thickness of the Pabay Shales in Raasay 
to be round about 600 ft., of which some 200 ft. at the top would 
include the valdani~jamesoni-annatum zones. In the south of 
Strath, Mr. Barrow® put their thickness at fully 700ft. The 
sequence in the zbex and yamesoni zones represented above, aliowing 
for presumed repetition of certain beds by faulting, shows a net 
thickness of little over a hundred feet. 

1 “ The Secondary Rocks of Scotland,” third paper; “‘ The Strata of the 
West Coast and Islands,” Q.J.G.S., vol. xxxiv, 1878, p. 716. 

2 “ Mesoz. Rocks of Applecross, Raasay and North-East Skye.” Mem. Geol. 
Surv. Scotland, 1920, pp. 70 and 81. 

3 “ Jurassic Chronology,” I. Lias. Q.J.G.S., vol. Ixxiii, 1918, p. 266. 
4 L.c. (Applecross Mem.), p. 17. 
5 L.c. (Glenelg Mem.), p. 106. 
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CAMBRIAN GEOLOGY AND PatmontoLocy, IV, No. 7: Notes on 
STRUCTURE OF NEoLENUS. By C. D. Watcotr. Smithsonian 
Miscellaneous Collections, Vol. LXVII, No. 7. pp. 365- 
456 + Index, pls. xci-ev, text-figures 11-23. 

(2 this paper, the scope of which is wider than is indicated by its 
title, Dr. Walcott returns to the subject dealt with in his 

memoir of 1918, on “‘ Appendages of Trilobites” (reviewed in 
GEoL. Mac., 1919, pp. 359-63). Raymond’s work on the same 
subject, published i in 1920 (reviewed in Guo. Mac., 1921, pp. 521-3), 
placed a different interpretation on the appearances seen in some of 
the fossils, and Walcott has now re-examined his material (not only 
of Neolenus, but also of Calymene, Ceraurus, and Triarthrus) in 
the light of Raymond’s results. His conclusions are illustrated by 
a large number of figures reproduced from photographs, for the 
most part on a larger scale than those given in his earlier paper. 
Since the reproductions, although excellently printed, fail to give 
all the finer details visible in the original photographs, sets of the 
more important of the latter have been distributed by the author 
to some of the principal museums. The present writer is indebted 
to the kindness of Dr. Walcott for a set of these photographs, which 
are of unusual excellence and illustrate with great clearness the 
main points emphasized in this memoir. 

Raymond’s investigations led him to conclude that there was far 
less diversity in the appendages of the various genera of Trilobites 
than Walcott had supposed, and that they were in all cases simply 
biramous with the outer branch or exopodite bearing a marginal 
fringe of filaments. In the case of Neolenus, Walcott had described, 
in addition to the jointed leg or endopodite, an exopodite, two 
epipodites, and a small “ exite’’, the form and position of these 
parts being as shown in his diagram reproduced in Grou. Maa., 1919, 
Pl. VIII. He has now again studied his material, and has also 
submitted it to independent examination by three well-known 
paleontologists, Messrs. Ulrich, Ruedemann, and Bassler, whose 
joint report is printed in this paper. They conclude that the 
evidence for the presence of the exite and of the smaller of the two 
epipodites is insufficient, but they agree in identifying the larger 
eplpodite, which, while resembling the exopodite in outline, differs 
from it in details of its structure. 

Eyen more important are the divergences between Walcott’s 
and Raymond’s interpretations of those Trilobites in which the 
appendages are only revealed by cutting sections. In Calymene 
and Ceraurus Walcott attributed a very complex and remarkable 
structure to the limbs. His restorations of 1918 differed con- 
siderably from those which he had published nearly forty years 
earlier, but they agreed in assigning to each leg a pair of corkscrew- 
shaped appendages regarded as gills. Raymond, while admitting the 
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extreme difficulty of interpreting the sections, held that the 
appearances were not inconsistent with a simply biramous type of 
limb, and that the supposed spirals were due to the cutting through 
of a series of obliquely placed flattened filaments like those on the 
exopodites of Triarthrus. Walcott now gives a new restoration. 
differing in many respects from the former ones. He believes that 
the existence of spiral structures is fully confirmed by fresh sections, 
but only one spiral organ is now assigned to each leg, and it 
is provided with a fringe of long filaments attached one to each 
coil of the spiral. 

The most important evidence for the existence of this remarkable 
structure is given by a section of Calymene, of which a photograph 
is reproduced in plate xc, fig. 1, of this memoir. The fringe of 
filaments is clearly shown, and the bases of the filaments are con- 
nected by a zig-zag line which might be the section of a spiral 
structure, but which seems much more likely to be the result of the 
plane of section grazing the surface of a segmented stem. The 
diagrams which Walcott gives to illustrate the structure of the 
exopodites of Calymene and Triarthrus (figs. 17 and 19) are already 
very much alike, and the differences between them would obviously 
be hard to appreciate in sections. If the fringing filaments were 
attached to the successive coils of an open helical spiral, it seems 
very unlikely that they would remain in one plane, as they are seen 
to do in the sections. The slightest torsion of the support would 
cause them to assume a helicoid arrangement. For these reasons 
it seems desirable to hesitate before concluding that the appendages 
of Calymene and Ceraurus were constructed on a plan differing 
fundamentally not only from those of Triarthrus and Neolenus, 
but also from those of every other Arthropod, living or fossil, of 
which the structure is known. 
Many other points of interest and importance are discussed in 

this memoir, and the further investigations on the same subject, 
which Dr. Walcott promises, will be eagerly looked for by all students 
of Arthropod morphology. 

We Ee Ge 

A BrsiiograpHy or Sourn Arrican GEoLoey. By A. L. Hatt. 
Memoir No. 18, Geol. Survey of the Union of South Africa, 
pp. 371. Pretoria, 1922. Price 10s. 6d. 

ihe geologists are well acquainted with the admirable 
bibliography of the same subject by Miss Wilman, published 

by the Philosophical Society of South Africa in 1905. The present 
work brings the bibliography up to the end of 1920, incorporating 
the whole of Miss Wilman’s references and much new material 
supplied by her, as well as the author’s own collections. The result 
is a list of 5,794 items. The term “ geological literature ”’ has very 
wisely been interpreted in a liberal sense to include many more 
or less casuai references to geology in writings mainly dealing 
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with other matters. The geographical term “South Africa” is 
also used in an extended way, so as to include not only the whole 
of the Union, but also Rhodesia, South-West Africa, Angola, the 
Belgian Congo, the territory formerly known as German East 
Africa (the Tanganyika Territory of the present time), Madagascar, 
and Portuguese Kast Africa. In South Africa in this wide sense, 
more perhaps than in any other country, owing to the special 
economic conditions and the dominant position of the mining 
industry, geology plays a prominent part in the general life and 
thought of the people, and some knowledge of it is almost universal. 
The work cannot fail to be of the greatest use to geologists interested 
im this large section of the continent, as well as to others dealing 
with more general problems, on many of which South African 
studies have thrown so much light. 

Tisy dal, 18. 

Rocks AND THEIR OrIcInsS. By Professor G. A. J. Cone, F.RS. 
pp. vii + 174, with 20 illustrations. Cambridge University 
Press, 1922. Price 4s. 

ie its first appearance in 1912 this book afforded an admirable 
summary of the facts and theories derived from the study of 

rocks up to that date. We have recently received for review a copy 
of the same work bearing on the title-page the date 1922 and the 
impress ‘‘ Second Edition ”’ on the fly-leaf and on the paper jacket. 
A careful collation of this with an original copy of 1912 has revealed, 
besides the alteration of date, a slight modification of the last 
sentence of the preface and the replacement in the bibliography 
of an English work hy an obscure German periodical, dated 1911, 
which will be inaccessible to the vast majority of readers. Otherwise 
the two appear to be absolutely identical. 

In the last ten years the study of rocks has made great advances ; 
in particular the detailed petrography of the sediments may be said 
to have come into being within that period, and the investigation 
of the origins of both igneous and metamorphic rocks has made 
great strides. This book therefore, though excellent as far as it goes, 
is In no way up to date. It is much to be regretted that the 
publishers have not taken the opportunity of bringing out a real 
new edition, setting forth in the same attractive style the recent 
great advances in petrology. 

An InTRopUCTION To SEDIMENTARY PrTRoGRAPHY, by H. B. 
MILNER. pp. 125, with 15 plates (not numbered), 7 text- 
figures, and a table. London: Murby, 1922. Price 8s. 6d. 

iPHIs book has been written mainly as a help in the study of loose 
detrital sediments, a branch of petrography which has greatly 

increased in importance of late years in connexion with numerous 
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economic applications, and shows considerable promise in 
the correlation of sands in oil regions. The first chapter deals 
briefly with methods of sampling, treatment, and microscopical 
examination. One would rather like some further elucidation 
of the statement that “‘ microchemical reactions are inadmissible 
with detrital grains”. The author insists very strongly on the 
necessity for elutriation for the separation of the finer 
fractions, but apparently omits to point out that it is usually 
impossible to determine the mineral character of the finest grades. 
It is unlikely that these will ever be of much use for correlation 
purposes. The mineralogy of the finer-grained sediments is still in 
a very unsatisfactory state in spite of the admirable pioneer work 
of Hutchings. Nearly half of the book is occupied by tables of the 
physical and optical properties of the minerals commonly occurring 
in sands, illustrated by useful drawings, the work of Mr. G. M. Part. 
The last two chapters discuss in a somewhat sketchy manner the 
principles of petrographic correlation of sediments and the bearings 
of sedimentary petrography on paleogeographical problems. There 
is a useful bibliography, which, however, is mainly confined to 
British publications. 

REPORTS AND PROCEEDINGS. 

BritisH ASSoctaTion, Hutu. 

Section C.—Geology. 

Discussion on Wegener’s Hypothesis of Continental Drift. 
(a) Opener, Dr. J. W. Evans, F.R.S. 

The occurrence of allied forms of life on continents separated by 
great oceans has given rise to speculations as to former connexions 
between them. There is in some cases also considerable similarity 
in the geological features on the opposite sides of the oceans, 
especially in the case of the Palsozoic rocks of the two sides of 
the Atlantic, and of the Permo-Carboniferous formations of India, 
Australia, South Africa, the Falklands, and South America. It was, 
however, primarily to solve the distribution of life forms that 
Dr. Wegener formulated his hypothesis of the dispersion of the 
continental masses. He supposes these to have been aggregated 
together as late as the Tertiary period, and North America to have 
been in close proximity to Europe even in the Pleistocene. The 
continents are, he thinks, slowly drifting from the poles, and from 
east to west. The former movement is believed by him to be proved 
by observations at European observatories and at that at Washing- 
ton, showing a decrease in latitude, but recent observations on the 
Pacific coast indicate that latitude is there increasing. He is under 
the impression that America is going west faster than Europe, 
and that the longitude of Cambridge, Mass., is increasing, while 
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Greenland is moving in the same direction at a still more rapid rate. 
The continents are composed largely of rocks rich in silica. and 
alumina, “ Sial,” while those below the sea are less siliceous and 
heavier, and have been referred to as “Sima”. This extends under 
the Sial of the continents at a depth which Wegener estimates at 
57 miles, which is probably far too great. He believes that the Sial 
masses drift through the Sima, like icebergs through the sea. The 
Sima is probably, however, a crystalline solid down to a depth of 
about 15 miles, and is as strong as, if not stronger than, the Sial. 
By overthrusts and erumpling some areas are brought nearer 

together, and by fissuring, igneous intrusions, and normal faulting 
others are moving apart. There is some evidence of a slow drift 
away from Africa and towards the Pacific, but there is nothing to 
show that this has been as rapid as is assumed by Dr. Wegener. 
The Atlantic may have come into existence since Carboniferous ime, 

but this would not mean a separation equal to its whole width, as 
part of the submergence would be caused by faulting down towards 
a region of tension. 

The Astronomer-Royal of Scotland has shown that determinations 
of longitude by telegraphy are subject to serious errors. Light is 
thrown on this by the observations of Hecker and others with 
horizontal pendulums. In addition to the movements caused by the 
variations of direction and amount of gravity due to the sun and 
moon, there are others of greater amplitude, due to diurnal tilting 
as the result of solar radiation. Similar seasonal effects must also 
occur. Variations of the barometer in adjoining areas, and of the 
underground water-level and marine tides, must also affect the 
pendulums. Most of these effects are considerably less at some 
depth below the surface, and it is suggested that the instruments 
employed should be placed in excavations and protected from 
disturbing influences. They should be located in plains with 
uniform geological structure and surface character. 

(6) Professor H. H. Turner, F.R.S.—The Astronomical Evidence 
bearing upon the Hypothesis. 

The. only piece of astronomical evidence supporting Wegener’s 
hypothesis, and worthy of serious consideration, is the apparent drift 
of Greenland. The observations in 1870 and 1907 show a change 
of 1,200 metres, and observations in 1823 lend some support, but 
it cannot be said that the drift is established beyond doubt, though a 
good case is made for repeating the observations to-day ; indeed, 
the matter is so important that thisisa duty. All the other evidence 
is practically against such changes in modern times. 

(c) Mr. W. B. Wright. 
A critical comparison of the geological formations on the two les 

of the North Atlantic shows on the whole a very remarkable corre- 
spondence, both stratigraphical and paleontological, from the 
Pre-Cambrian up to the Cretaceous, and in particular brings to light 
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certain facts even more strikingly indicative of a former rapproche- 
ment between the two continents than any pointed out by Wegener. 

The recurrence in America, on opposite sides of the old Appalachia, 
of the two facies of the European Cambrian and early Ordovician, 
which are here separated by the Caledonian chain, is perhaps the 
most striking, the lithological and faunal distinctions and the 
sequences of transgression and recession, different on either side 

of the chain, being reproduced with remarkable precision. Again, 
the continental and marine facies of the Devonian are separated in 
both countries by boundaries which become conterminous on the 
Wegener reconstruction. 

The equivalent line in the Triassic lies further south both in 
Europe and America, but, as it passes into the areas of generally 
defective correspondence in Spain and Central America, is less 
valuable as a criterion. It should, on the other hand, be noted that 
in America there are in the middle of the Carboniferous and 
Cretaceous formations marked unconformities which have not been 
recorded in Europe. The investigation of these discrepancies, 
perhaps more apparent than real, might well form a test case for 
the theory. 

Discussion on The Geological History of the North Sea Basin. 
(a) Opener, Professor P. F. Kendall, President of the Section. 

The North Sea is situated upon an area of very ancient and 
persistent depression, dating probably from Permian times. Coal- 
measure rocks dip into the Basin in Belgium and Holland, north of 
the anticline of Brabant; probably in Lincolnshire: and certainly 
in Durham and Northumberland ; they re-emerge at Ibbenbiiren. 

The Permian rocks of Yorkshire and Lincolnshire increase steadily 
in thickness from west to east. The Triassic rocks show no significant 
change. Members of the Jurassic and Cretaceous series attain their 
maximum development in Britain in the area bordering the North 
Sea, and the Lower Cretaceous beds exhibit a deep-water phase 
absent elsewhere in Britain. The Chalk thickens north and east of 

London, partly by preservation of higher zones, and partly by general 
expansion. In Yorkshire zone for zone it reaches its maximum 
development, but in a deposit of this type this may not indicate 
contemporaneous Movement. 

The renewal of the Armorican movement in the South of England, 
Northern France, and Belgium appears to have begun after the 
deposition of the London Clay and Woolwich Beds, and after some 
interruptions to have resumed its activity at or about the beginning 
of Plocene (Diestian) time. This may be regarded as the first 
appearance of a North Sea as we know it. 

Harmer has suggested a coast-lme connecting the Lenham and 
other outliers spanning the Straits of Dover, joming up with the 
main Diestian outcrops of Belgium. This view is accepted by the 
Belgian geologists and accords generally with my own judgment, 
though not without some reservations. This may be the stage repre- 
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sented by Barrow’s High Level (Pliocene) Gravel of the London. 
Basin, which seems to belong to a period prior, as he believes, to the 
great denudation. 

This, then, would be the western embayment of the North Sea. 
A movement en bascule seems to have ensued, resulting in a general 

but intermittent uplift on the English side and along the axis of 
Artois, with a complementary slow depression of Northern Belgium 
and Holland. Great denudation of the British Diestian, and probably 
some Miocene, ensued, and the Coralline Crag, probably an offshore 
shoal in 20 or 30 fathoms of maximum depth, was accumulated upon 
an eroded surface of Lower Eocene ; but its gravelly base obtained 
the coarse scourings of London Clay, % Miocene, and fossiliferous 
concretions of a sandstone near to the Diestian in age. 

On the Belgian side depression seems to have been almost 
continuous. 

The Coralline Crag was uplifted and subjected to severe sub- 
aerial and marine erosion, and the Red Crag overlapped it on the 
English and Belgian sides. 

With the earliest Red Crag, that of Walton-on-the-Naze, the record 
becomes practically continuous. Steady uplift was taking place in 
the south, throwing the coast-line farther and farther north. Harmer 
recognizes three stages, but many more could be distinguished by 
the progressive changes in the fauna—the elimination of Southern 
types and the incoming of Northern. 

The Norwich Crag comes in north of a ridge of Coralline Crag at 
Aldeburgh, and appears to represent a very slightly more modern 
phase fan the Red Cragflanking the ridge on the south. 

Chillesford Sand and Clay surmount the Red and Norwich Crag 
from Essex upward. 

Harmer regards them as the deposits of a winding estuary of 
the Rhine. 
A renewal of the “Crag” type of deposition, the Weybourn 

Crag, with Tellina balthica, was succeeded by a definite estuarine 
series, the Cromer Forest Bed. It begins with the Freshwater Bed, 
in which a flora comparable to that of Norfolk to-day is found. This 
is followed by a marine deposit with Arctic shells, and above that 
a second freshwater bed with an Arctic flora. 

This series may rest directly on the Chalk, an effect of the con- 
tinued upward tendency on the English side of the sea. 

In Holland the whole Pliocene series is probably present, and the 
great thickness of comparatively shallow-water deposits prevailing 
down to 1,100 feet at Utrecht bespeaks a continual downward — 
tendency of the Low Countries. 

The evidences of Pliocene conditions further north are extremely 
scanty, in fact, only near Hartlepool, where Trechmann has found 
a pre- Glacial plant- -bed, is there any relic of Pliocene deposits in 
their native position. 

At Sheringham Mr. Stather has found a block, doubtless from the 
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Drift, of Red Crag of about Newbournian date of a type unknown 
elsewhere. 

In Holderness the Drift has yielded remamié fisn remains, evidently 
derived from the Red Crag, and in Aberdeenshire in the Slains 
gravels Jamieson found a large suite of rather fragmentary shells 
of mainly early Red Crag facies, mingled with some undoubted 
Pleistocene forms. 

The Cromer Forest Bed stage is the latest pre-Glacial stage 
recognized in East Anglia, but in Yorkshire a well-defined cliff-line 
bounding a broad plain of marine erosion is traceable, which appears 
to be, in part at least, of later date. 

The cliff begins at Sewerby between Bridlington and Flamboro 
Head, and has been traced by Mr. Crofts and myself round to Hessle, 
near Hull. The corresponding beach has been seen at each end. 
Borings have enabled the old sea-floor in front to be charted and 
contoured. 

The next phase was a retreat of the sea and formation of sand 
dunes along the foot of the cliffs. The geological date is indicated 
by the occurrence of Hlephas antiquus, Rhinoceras leptorhinus, and 
Hippopotamus in the deposits. 

This fauna accompanies implements of Chellean type in the South 
of England. 

The next episode was the arrival of a great ice-sheet having its 
radiant point in the neighbourhood of the Gulf of Bothnia. This 
appears to have displaced the water from the whole of the North 
Sea as far south as the coast of Essex, if no further. 

Several retreats and readvances took place, and the final retreat 
can be traced with great detail and precision by the drainage 
phenomena developed along the margin of the ice up to its last 
contact with the British shores on the Ord of Caithness. Oscillations 
of level accompanied the retreat and raised beaches were left, 
especially north of the Tweed, but on the completion of the with- 
drawal the land stood about 80 feet higher relatively to the sea than 
at present. The southern portion of the North Sea became a marshy 
plain, over which great rivers such as the Rhine, Thames, and Weser 
took a meandering course. Peat bogs occupied much of the area, 
and forests clothed the margins. 
A depression to the present level then ensued, and the great shallow 

bay of the North Sea south of the Dogger Bank was formed. Only 
in a few places does its depth exceed 25 fathoms. The sea ran up 
the estuaries, and thus the Humber itself and its branch the Hull 
came into being. 

A true scale of the breadth and depth of the North Sea in this 
latitude can be obtained by taking a piece of No. 40 sewing cotton 
13 ft. 8in. in length. Knots tied in the cotton would represent 
Heligoland and any of the “ pits”. 

Dr. Herbert L. Hawkins —The Relation of the River Thames 
to the London Basin. 
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(i) The London Basin is an asymmetrical syncline pitching east- 
wards. The southern rim dips sharply, the northern gently, the 
axis lying nearer the south. Drainage of such a district would 
consist normally of a main stream along the axis with tributaries 
on both sides. This condition is realized in the west by the Kennet 
and in the east by the Thames below Chertsey. In the intervening 
portion (Theale to Chertsey) the main stream is north of the “‘ ideal ” 
position, and its southern tributaries cross the axis and flow against 
the dip. At Wargrave the Thames returns into the Chilterns in 
apparent defiance of all rules and reason. There is evidence that the 
southern tributaries have postponed junction with the main stream 
fairly recently, and that the Thames itself has shifted its course 
southwards. 

The original drainage of the basin is believed to have passed 
along the Kennet to Theale, thence to Pangbourne, along the present 
Thames to Windsor, thence by Rickmansworth and Hertford, and 
probably down the Lea. (Possibly it reached the sea past Maldon 
or Colchester.) These broad meanders were reversible with similar 
amplitude. This line was probably the synclinal axis in Miocene 
and Pliocene times, its southward displacement being due to the 
increased plunge of the “ North Downs” dip. Many anomalies 
in the drainage and river deposits are explicable on this hypothesis, 
the rivers being incompletely adapted to the tectonic change. 

(ii) The Upper Thames is a tributary of the London Basin 
drainage. New sections in Goring Gap show that torrent action 
has deepened the gorge by about 50 feet. Excavations on the hills 
above Whitchurch afford presumptive evidence of the marginal 
effects of true glaciation. The nature and arrangement of the drift, 
the numerous lateral channels, and the character of the gorge 
itself, are such that their occurrences further north would be ascribed 
generally to glacial action. 

It is postulated that a Welsh-Midland ice-sheet reached the Chalk- 
scarp, but failed to override save at the lowest parts. One such 
part was in the angle between the Chilterns and Berkshire Downs ; 
the final excavation of Goring Gap was achieved by the outflow from 

\ a retreating ice-tongue that had penetrated into the London Basin. 
\The relatively early date of the glaciation and the softness of the 
bed-rocks account for obscurity of details. 

ANNOUNCEMENTS AND INQUIRIES. 
| Mr. Arthur T. Hopwood, B.Sc., Geological Department, the 

University, Manchester, is engaged on an investigation concerning 
the structure and affinities of Cyclus de Koninck. Mr. Hopwood 
/ would be pleased to receive, on loan, any specimens from British 

' or foreign localities, and will return such specimens to their owners 
as soon as possible. 
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