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(i)

Abst  r a c t

The s t r a t i g r a p h y  o f  t h e  B a t h o n i a n  W h i t e  L i m e s t o n e  F o r m a t io n  

(M. J u r a s s i c :  S u b c o n t r a c t u s  -  R e t r o c o s t a t u m  z o n e s )  has been  

r e - e x a m i n e d  and t h e  F o r m a t i o n  i s  d i v i d e d  i n t o  t h r e e  Members i n s t e a d  

o f  t h e  p r e v i o u s  t w o ;  t h e  new E x c a v a t a  Beds a t  t h e  b a s e ,  t h e  A r d l e y  

Beds and t h e  B l a d o n  Beds a t  t h e  t o p .  T h e s e  a r e  ba sed upon g a s t r o p o d  

subzones u s i n g  s p e c i e s  o f  t h e  N e r i n e i d  genus A p h a n o p t y x i s  -

A. e x c a v a t a  sp .  n o v . ,  A.  a r d 1e y e n s i s  and A.  b i a d o n e n s i s . A more  

p r e c i s e  i n t e r n a l  c o r r e l a t i o n  and z o n a t i o n  o f  t h e  W h i t e  L i m e s t o n e ,  

w h ic h  a g r e e s  w i t h  t h e  known am moni te  d i s t r i b u t i o n  b o t h  in t h e  W h i t e  

L i m e s t o n e  and e l s e w h e r e ,  i s  t h e r e b y  a c h i e v e d .

The a b u n d a n t  g a s t r o p o d  E u n e r i n e a  a r d u e n n e n s i s  has p r e v i o u s l y  

been m i s - i d e n t i f i e d  as Eu. e u d e s i 1 and c o n s i d e r a b l e  ta x o n o m i c  changes  

amongst  r e p r e s e n t a t i v e s  o f  t h e  genus B a c t r o p t y x i s  and o t h e r  N e r i n e a c e a n  

g e n e r a  a r e  p r o p o s e d .  A new genus Z e n o p lo c u s  ( t y p e - s p e c i e s  Ze n o p lo c u s  

m i c r o p l i c a t u s  gen .  e t  s p .  n o v . )  i s  d e s c r i b e d  t o g e t h e r  w i t h  t h r e e  

o t h e r  new g a s t r o p o d  s p e c i e s ;  A.  e x c a v a t a , A. compres sa and F i b u l a  

r e t i c u l a t a . R i g a u x i a , E n d i a p l o c u s  and Fi  b u l o p t y x i s , g e n e r a  p r e v i o u s l y  

b e s t  known f r o m  t h e  F r enc h  B a t h o n i a n ,  a r e  shown t o  be a b u n d a n t  i n  t h e  

E n g l i s h  B a t h o n i a n .

B i o m e t r i c  a n a l y s e s  i n d i c a t e  t h a t  g r o w th  i n  B a t h o n i a n  N e r t n e i d s  

was e s s e n t i a l l y  i s o m e t r i c .  A s h o r t  e v o l u t i o n a r y  l i n e a g e  f ro m

A. e x c a v a t a  t h r o u g h  /V. c f .  1 a n q ru nens  1 s t o  / \ .  a r d l e y e n s i s  has been  

documented f r o m  t h e  E x c a v a t a  and A r d l e y  Beds and c o m p u te r  s t u d i e s  

u s i n g  m u l t i v a r i a t e  s t e p w i s e  d i s c r i m i n a n t  a n a l y s i s  have f a c i l i t a t e d  

s p e c i e s  d e s c r i m i n a t i o n .



The h e l i c a l l y  c o l l e d  d u c t  s y s te m  in t h e  d i g e s t i v e  g l a n d / g o n a d  

i n  N e r i n e i d  g a s t r o p o d s  has been d e s c r i b e d .  T h i s  t o g e t h e r  w i t h  a new 

i n t e r p r e t a t i o n  o f  t h e  b i o l o g i c a l  f u n c t i o n  o f  N e r i n e i d  f o l d s  s u g g e s t s  

t h a t  t h e s e  g a s t r o p o d s  o c c u p i e d  s e v e r a l  e c o l o g i c a l  n i c h e s  ( b o t h  

i n f a u n a l  and e p i f a u n a l )  i n  c a r b o n a t e  s u b s t r a t e s  b u t  w e r e  e s s e n t i a l l y  

d e p o s i t  f e e d e r s .  The s t a g e s  o f  e p i b i o n t i c  c o l o n i s a t i o n ,  s h e l l  

d e s t r u c t i o n  and d i a g e n e s i s  hav e  been o u t l i n e d .  L a e v i n e r i n e a  and  

A p t y x ? e l  1 a a r e  shown t o  pos sess c r o s s e d - l a m e l l a r  s h e l l  m i c r o s t r u c t u r e s .

I t  i s  s u g g e s t e d  t h a t  t h e  N e r i n e a c e a  may b e s t  be r e g a r d e d  as 

p r i m i t i v e  C a e n o g a s t r o p o d s  ( P r o s o b r a n c h s )  and p rob lem s  o f  t h e i r  

f u r t h e r  c l a s s i f i c a t i o n  a r e  d i s u c s s e d .



I nt rod uc 11 on

In O c t o b e r  1 9 6 8 ,  a t  t h e  s u g g e s t i o n  o f  Dr .  H. S.  T o r r e n s ,  t h e  

a u t h o r  v i s i t e d  B l i s w o r t h  q u a r r y  ( G . R .  SP 7 1 5 5 3 3 )  and t h e r e  f i r s t  

c o l l e c t e d  s e v e r a l  N e r i n e t d  g a s t r o p o d s  -  spe cimens o f  J .̂ impl i c a t  a .

The f a s c i n a t i o n  o f  t h e s e  u n i q u e  g a s t r o p o d s  has r e s u l t e d  in  t h i s  t h e s i s  

and s t i l l  co n t  i nue s.

H o r i z o n s  c o n t a i n i n g  ab u n d a n t  r e p r e s e n t a t i v e s  o f  t h e  N e r i n e a c e a  

a r e  foun d t h r o u g h o u t  t h e  M i d d l e  J u r a s s i c  ( B a t h o n i a n )  W h i t e  L i m e s t o n e  

F o r m a t i o n  o f  E n g la n d .  The p a u c i t y  o f  ammoni tes  ( t h e  usual  z o n a l  

i n d i c e s  o f  t h e  J u r a s s i c )  i n  t h i s  g e o g r a p h i c a l l y  w i d e s p r e a d  and r a t h e r  

t h i c k  f o r m a t i o n  ( s e e  C h a p t e r  1)  l e d  t h a t  r e v e r e d  f i g u r e  o f  J u r a s s i c  

g e o lo g y  -  A r k e l l  -  t o  use t h e  u b i q u i t o u s  N e r i n e i d  g a s t r o p o d s  fou nd  

i n  t h e  W h i t e  L i m e s t o n e  f o r  i t s  i n t e r n a l  c o r r e l a t i o n  and z o n a t i o n  ' 

( A r k e l l ,  1 9 3 1 ) .  The W h i t e  L i m e s t o n e  re m a ins  t h e  o n l y  f o r m a t i o n  in  

t h e  B r i t i s h  s t r a t i g r a p h i c  s u c c e s s i o n  t o  be zoned u s i n g  g a s t r o p o d s .

I t  was i m m e d i a t e l y  a p p a r e n t  t h a t  two p rob lem s  w e r e  p a r t i c u l a r l y  

o u t s t a n d i n g ;  ■

1) No s a t i s f a c t o r y  e x p l a n a t i o n  had y e t  been o f f e r e d  t o  a c c o u n t  f o r  

t h e  s t r a n g e  i n t e r n a l  m orp h o lo g y  o f  t h e s e  N e r i n e i d  g a s t r o p o d s .

2 )  The s t r a t i g r a p h i c a l  u t i l i t y  o f  N e r i n e i d  g a s t r o p o d s  i n  t h e  W h i t e  

L i m e s t o n e  was u r g e n t l y  in  need o f  r e a p p r a i s a l  b e a r i n g  i n  mind t h e  

r e c e n t  adv ances  i n  Eu ro pea n  B a t h o n i a n  s t r a t i g r a p h y  ( l a r g e l y  t h r o u g h  

t h e  w o r k  o f  T o r r e n s ,  1 96 7a  and b ,  19 6 9 )

The  s o l u t i o n  o f  t h e s e  p r o b le m s  i n v o l v e d  many f a c e t s  o f  

p a l a e o n t o l o g y  and i n e v i t a b l y  w i d e n e d  t h e  sco p e  o f  t h i s  t h e s i s .  A 

t a x o n o m i c  r e v i s i o n  o f  t h e  N e r i n e i d  g a s t r o p o d  f a u n a s  i n  t h e  W h i t e



Civ)

L i m e s t o n e  was a m u c h - n e e d e d ,  n e c e s s a r y  p r e c u r s o r  t o  f u r t h e r  w o r k  and 

t h e  p r o b l e m  o f  s p e c i e s  d i s c r i m i n a t i o n  was p a r t i a l l y  r e s o l v e d  w i t h  t h e  

a i d  o f  b i o m e t r i c a l  and s t a t i s t i c a l  a n a l y s e s .

In p a l a e o n t o l o g y ,  s p e c u l a t i o n s  upon t h e  f o r m e r  l i f e  o f  an 

o r g a n i s m  must a l s o  r e c o g n i s e  and t a k e  i n t o  a c c o u n t  p o s t - m o r t e m  p r o ­

ces se s and d a t a - l o s s  c o n s e q u e n t  upon f o s s i 1 i s a t i o n .  The s t u d y  o f  

t h e  d e s t r u c t i o n ,  c o l o n i s a t i o n  and a l t e r a t i o n  o f  N e r i n e i d  g a s t r o p o d  

s h e l l s  a f t e r  d e a t h  p r o v i d e d  i n f o r m a t i o n  n o t  o n l y  upon t h e i r  mode o f  

l i f e  b u t  a l s o  a b o u t  t h e  d e p o s i t i o n a l  r e g i m e s  o f  t h e  W h i t e  L i m e s t o n e  

and th e  b r o a d  p a l a e o g e o g r a p h y  o f  B a t h o n i a n  t i m e s .  C o n s i d e r a t i o n  was 

a l s o  g i v e n  t o  t h e  v ex ed  p r o b l e m  o f  t h e  ta x o n o m ic  a f f i n i t i e s  o f  t h e  

N e r i n e a c e a  and t h e i r  d i s t r i b u t i o n  i n  t i m e  and s p a c e .  Hence t h e  sc ope  

o f  t h i s  t h e s i s .

N a t u r a l  e x p o s u r e s  i n  t h e  W h i t e  L i m e s t o n e  a r e  e x t r e m e l y  r a r e  and 

t h e  p i t s ,  q u a r r i e s  and c u t t i n g s  f o r m e r l y  a v a i l a b l e  a r e  n o t  now as 

numerous as t h e y  o n c e  w e r e .  The i n c r e a s i n g  e a s e  o f  c o m m u n i c a t i o n  and 

t r a n s p o r t a t i o n  t o g e t h e r  w i t h  t h e  d e c l i n e  i n  t h e  use o f  l i m e  f o r  

a g r i c u l t u r a l  p u r p o s e s ,  t h e  c o n t r a c t i o n  o f  t h e  r a i l w a y  n e t w o r k  and  

e s p e c i a l l y  t h e  i n c r e a s e d  need f o r  r e f u s e  d i s p o s a l  a r e  r a p i d l y  d e p l e t i n g  

i n l a n d  e x p o s u r e s  e v e r y w h e r e .  C o n s e q u e n t l y  many o f  t h e  s h a l l o w  p i t s  

d e s c r i b e d  i n  t h e  l i t e r a t u r e  ( p a r t i c u l a r l y  by R i c h a r d s o n ,  1929 and 1933)  

a r e  no l o n g e r  a c c e s s i b l e .  H o w e v e r ,  most o f  t h e  l a r g e r  p i t s  a r e  s t i l l  

a v a i l a b l e  f o r  s t u d y  and t h e  p o s i t i o n  w i t h  r e s p e c t  t o  e x p o s u r e s  i n  t h e  

W h i t e  L i m e s t o n e  a p p e a r s  t o  be r e l a t i v e l y  s t a b l e  a t  t h e  p r e s e n t  t i m e .  

In deed  t h e  n o r t h - w e s t  f a c e  o f  Foss Cross q u a r r y  has been d e s i g n a t e d  a 

s i t e  o f  S p e c i a l  S c i e n t i f i c  I n t e r e s t .



(v)

A l t h o u g h  t h e  I n t e r p r e t a t i o n s  p r e s e n t e d  i n  t h i s  t h e s i s  a r e  based  

p r i m a r i l y  upon d a t a  and spe cimens c o l l e c t e d  by t h e  a u t h o r ,  t a x o n o m i c  

r e v i s i o n s  and t h e  i n t e r p r e t a t i o n  o f  t h o s e  e x p osures  no l o n g e r  

a v a i l a b l e  c o u l d  o n l y  be f a c i l i t a t e d  by t h e  s t u d y  o f  t y p e - s p e c i m e n s  

and museum c o l l e c t i o n s .  In  t h i s  c o n t e x t  t h e  f o l l o w i n g  museums and  

c o l l e c t i o n s  w e r e  t h e  p r i n c i p a l  ones v i s i t e d .

B r i t i s h  Museum ( N a t u r a l  H i s t o r y ) -  c o l l e c t i o n s  o f : -

B l a k e ,  J . F .  -  d i v i d e d  be tw een  t h e  B.M.  and I . G . S . M .

Channon,  P . J .

Donovan,  D.

M o r r i s ,  J .  -  n o t  c o m p l e t e ,  some sp ec imen s r e p o r t e d  f ro m as f a r  away 

as A u s t r a l i a  ( T o r r e n s ,  1 9 7 5 ) •

S h a r p ,  S.

S l a t t e r ,  T . J .

W i t c h e l l ,  E. -  some o f  W i t c h e l l ' s  t y p e s  ( n o t a b l y  P t y g m a t i s  v e l o x ) 

w e r e  t a k e n  f ro m  t h e  H u d l e s t o n  o o l l e c t i o n  and may 

now be found a t  t h e  Se dgw ick  Museum, Cambr idg e .

I n s t i t u t e  o f  G e o l o g i c a l  S c ie n c e s  Museum -  c o l l e c t i o n s  o f : -

B l a k e ,  J . F .  -  ( p a r t ) .

G e o l o g i c a l  S o c i e t y ' s  c o l l e c t i o n s .

G e o l o g i c a l  S u r v e y  o f f i c i a l  c o l l e c t i o n s .

L y c e t t ,  J .

R i c h a r d s o n ,  L.



( v t )

O x fo r d  U n i v e r s i t y  Museum -  c o l l e c t i o n s  o f : -

A r k e l l ,  W . J . -  

P a r k e r ,  J .

S h a r p e ,  D. -  ( p a r t ) .

W a l f o r d , E .A .

Se dgw ick  Museum, Cambr idge -  c o l l e c t i o n s  o f : -
\

H u d l e s t o n ,  W.H.

L e c k e n b y ,  J .

Museum N a t i o n a l  d ' H i s t o i r e  N a t u r e l l e ,  P a r i s

Specimens s e n t  by D r .  J . - C .  F i s c h e r  f ro m  t h e  f o l l o w i n g  c o l l e c t i o n s :  

d ' O r b i g n y ,  F i s c h e r ,  J . - C . ,  F i s c h e r ,  H . ,  Le M e s l e ,  Peron and P i e t t e .

No s p e c i a l  t e c h n i q u e s  w e r e  used d u r i n g  t h e  c o u r s e  o f  t h i s  s t u d y  

e x c e p t  pe rha ps  f o r  t h e  use o f  X - r a y  r a d i o g r a p h y .  H owev er ,  t h e  problem s  

o f  u s i n g  a f i x e d  f ocus  X - r a y  s o u r c e  ( t h e  o n l y  a p p a r a t u s  t h e n  a v a i l a b l e  

t o  t h e  a u t h o r )  t o g e t h e r  w i t h  t h e  p o o r  d e n s i t y  c o n t r a s t  betw een  t h e  

f o s s i l s  and t h e i r  m a t r i x ,  d i d  no t  p r o d u c e  s u f f i c i e n t l y  e n c o u r a g i n g  

r e s u l t s  t o  w a r r a n t  f u r t h e r  w o r k  a t  t h a t  t i m e .

M ed ian  s e c t i o n s  o f  t h e  g a s t r o p o d s  w e r e  p r e p a r e d  by s l i c i n g  t h e  

sp ec imen s on a d iamond saw w h ic h  in  t h e  ca s e  o f  t h e  more a c i c u l a r  

s p e c i e s  was n o t  w i t h o u t  c o n s i d e r a b l e  d i g i t a l  d a n g e r .  The specimens  

w e r e  s l i c e d  t o  one s i d e  o f  t h e  c o l u m e l l a  and t h e  f i n a l  medi an s e c t i o n  

was a c h i e v e d  by u s i n g  v a r i o u s  g r a d e s  o f  a b r a s i v e  g r i t .



(vif)

Most  o f  t h e  ta p h o n o m ic  and b i o m e t r i c  d a t a  w e r e  t a k e n  f ro m  a c e t a t e  

p e e l s  o r  p h o t o g r a p h i c  e n l a r g e m e n t s  o f  t h e s e  p e e l s  b u t  o n l y  s e c t i o n s  

w h ic h  w e r e  t r u l y  m ed ia n w e r e  used f o r  b i o m e t r i c  a n a l y s i s .  Modal  

a n a l y s e s  w e r e  p r e p a r e d  by p o i n t - c o u n t i n g  r o c k  s l i c e s .



( v i l i )

A c kno w le dg em en ts

T h i s  s t u d y  was u n d e r t a k e n  w h i l s t  t h e  a u t h o r  was a  D e m o n s t r a t o r  

i n  t h e  D e p a r tm e n t  o f  G e o l o g y ,  U n i v e r s i t y  o f  K e e l e  and s u b s e q u e n t l y  

a L e c t u r e r  i n  t h e  D e p a r t m e n t  o f  G e o l o g y ,  P o r t s m o u t h  P o l y t e c h n i c .

The  f i n a n c i a l  and t e c h n i c a l  s u p p o r t  p r o v i d e d  by P r o f e s s o r

F. W. Cope a t  K e e l e  U n i v e r s i t y ,  D r .  J .  R. V a i l  a t  P o r t s m o u t h  

P o l y t e c h n i c  and t h e i r  r e s p e c t i v e  s t a f f s  is  g r a t e f u l l y  a c k n o w le d g e d .

The  s t a f f s  o f  t h e  v a r i o u s  museums v i s i t e d  a l l  r e a d i l y  p r o v i d e d  

acc es s t o  t h e  c o l l e c t i o n s  in  t h e i r  c a r e .  Q u a r r y  m a n a g e r s ,  workmen  

and f a r m e r s  have a l l o w e d  n e c e s s a r y  a c c e s s  t o  t h e  many q u a r r i e s  and  

s e c t i o n s  s t u d i e d  and t h e i r  c o - o p e r a t i o n  i s  a p p r e c i a t e d .

D r .  J . - C .  F i s c h e r  k i n d l y  s e n t  spe cim en s f r o m  v a r i o u s  F r e n c h  

c o l l e c t i o n s  in  t h e  Museum N a t i o n a l  d ' H i s t o i r e  N a t u r e l l e ,  P a r i s ,  w h ic h  

t o g e t h e r  w i t h  h i s  r e s e a r c h e s  on t h e  Fr en ch  B a t h o n i a n  and c o r r e s p o n d e n c e  

w i t h  t h e  p r e s e n t  a u t h o r ,  have p r o v e d  i n v a l u a b l e  d u r i n g  t h e  c o u r s e  o f  

t h i s  s t u d y .

D i s c u s s i o n s  w i t h  Mr .  R. J .  C l e e v e l y ,  P r o f e s s o r  A .  Graham,

Dr .  L .  K a r c z e w s k i ,  D r .  W. S.  M cKer row ,  D r .  N. J .  M o r r i s ,  D r .  T .  P a l m e r ,  

Dr.  i .  P e n n ,  D r .  J .  A. T a y l o r  and J .  W i e c z o r e k  ha v e  h e l p e d  

i m m e a s u r e a b l y . D r s .  T .  G e t t y ,  D. Hughes and G. Power  k i n d l y  read  

s e c t i o n s  o f  t h e  m a n u s c r i p t .  To t h e s e  and many o t h e r  f r i e n d s  and 

c o l l e a g u e s  n o t  m e n t io n e d  s p e c i f i c a l l y ,  1 am most  g r a t e f u l  f o r  t h e i r  

h e l p f u l  i n t e r e s t .

The f i n a l  p r e p a r a t i o n  o f  t h e  t h e s i s  was made e a s i e r  by t h e  h e l p  

o f  Miss  E. Dobson and t h e  c a r t o g r a p h i c  s k i l l  o f  M r .  P .  Fe w ings .



Ox)

Mr.  J .  V i g a y  p r e p a r e d  t h e  p l a t e s  i n  s p i t e  o f  a b r o k e n  s h o u l d e r  and 

Miss J .  C o le  e f f i c i e n t l y  t y p e d  and d e c i p h e r e d  t h e  m a n u s c r i p t .

Above a l l  I t h a n k  D r .  Hugh T o r r e n s  f o r  s u p e r v i s i n g  t h i s  p r o j e c t  

and i n  p a r t i c u l a r  f o r  h i s  b i b l i o g r a p h i c ,  t a x o n o m i c  and s t r a t i g r a p h i c  

e x p e r t i s e .

F i n a l l y  i t h a n k  my w i f e  f o r  h e r  e n d l e s s  p a t i e n c e ,  e nc ouragem en t  

and keen e y e s i g h t .



C h a p t e r  1

THE GASTROPOD FAUNAS AND 

STRATIGRAPHY OF THE BATHONIAN WHITE LIMESTONE 

OF THE NORTH COTSWOLDS AND OXFORDSHIRE

I f  t h e r e  a r e  o b s t a c l e s ,  t h e  s h o r t e s t  l i n e  b e tw een  two p o i n t s  may

be t h e  c r o o k e d  o n e . '

B e r t o l t  B r e c h t ,  19 3 8 .



1:1

G e nera ]  s t r a t i g r a p h i c  f r a m e w o r k

The p i o n e e r  w ork  o f  W i l l i a m  S m i th  on t h e  M i d d l e  J u r a s s i c  o f  

En g la nd  in  t h e  1 7 9 0 ' s  r e s u l t e d  i n  a t r i p a r t i t e ^ d i v i s i o n  o f  w h a t  i s  

now c a l l e d  t h e  B a t h o n i a n  s t a g e ,  i n t o  t h e  F u l l e r s  E a r t h ,  t h e  G r e a t
M

O o l i t e  and t h e  F o r e s t  M a r b l e .  The a r e a  t o  be d e s c r i b e d  l i e s  i n  t h e  

N o r t h  Co ts w o lds  and in  O x f o r d s h i r e  bet w ee n Dagham Downs q u a r r y  

(SP 0 0 2 0 6 1 )  and C r ou ghton  q u a r r y  (SP 562336) ( s e e  F i g .  1 . 1 ) .

S t r a t i g r a p h i c a l l y , t h e  s u c c e s s i o n  s t u d i e d  i s  t h e  l a t e r a l  e q u i v a l e n t  

o f  t h e  Upper  F u l l e r s  E a r t h  o f  W i l l i a m  S m i th  and l i e s  l a r g e l y  w i t h i n  

th e  W h i t e  L i m e s t o n e  s u b d i v i s i o n  o f  H u l l  ( 1 8 5 7 ,  p .  62  and 1 8 5 9 ,  p .  1 9 ) .

The f u l l  B a t h o n i a n  seq u e n c e  in  t h e  a r e a  is  as f o l l o w s  ( T o r r e n s ,  

19 6 8 ;  McKerrow £ K e nn ed y ,  19 7 3 ;  S e l l w o o d  £ M cK er ro w ,  197*0 ’

Lower  C o rn b ra s h  

F o r e s t  M a r b l e  

W h i t e  L i m e s t o n e  

Hampen M a r l y  F o r m a t i o n  

T a y n to n  L i m e s t o n e

Sh ar ps  H i l l  F o r m a t i o n  ( i n c .  S t o n e s f i e l d  S l a t e )

C h i p p i n g  N o r t o n  F o r m a t i o n  

? Hook N o r t o n  F o r m a t i o n  ( p a r s . )

The r a p i d  and c o m p le x  changes i n  l i t h o l o g y  and a s s o c i a t e d  f a u n a  as 

one p asse s f ro m  t h e  f u l l y  m a r i n e  s eq uence  i n  t h e  Co ts w o lds  a c r o s s  t h e  

O x f o r d s h i r e  " s h a l l o w s "  I n t o  t h e  f l u v i a t i l e  c l a s t i c  seq uenc es o f  t h e  

M i d l a n d  p r o v i n c e  i s  s c a r c e l y  r e f l e c t e d  in  t h e  above t a b l e .  W i t h i n  

t h e  a r e a  e x p o s u r e s  a r e  s c a r c e ,  f r e q u e n t l y  t e m p o r a r y ,  n e c e s s i t a t i n g



1. Dagham Downs q u a r r y  (SP 999061)  see F i g .  1 . 6 .

2.  Foss Cross q u a r r y  (SP 0550 92 )  see F i g .  1 . 7 .

3. Stony  F u r lo n g  r a i l w a y  c u t t i n g  (SP 063105)  
see F i g .  1 . 8 .

4.  Composi te  s e c t i o n  a t  S i g n e t  (SP 248100)  see F i g .  1 . 9 .

5.  S t u r t  Farm q u a r r y  (SP 271109)  see F i g .  1 . 1 0 .

6 .  Worsham ( A s t h a l l )  q u a r r y  (SP 300119)  see F i g .  1 . 1 2 .

7 .  M i n s t e r  L o v e l l  q u a r r y  (SP 318109)  see F i g .  1 . 1 3 .

8.  Eton C o l l e g e  q u a r r y  (SP 297102)  see F i g .  1 . 1 1 .

9 .  Nor th  Le igh  ( F is h  H i l l )  q u a r r y  (SP 389141)  
see F i g .  1 . 1 4 .



10.  S l a p e  H i l l  q u a r r y  (SP 425196)  see F i g .  1 . 5 .

11.  S h i p to n  Cement Works (Bunkers H i l l )  (SP 474175)  
see F i g . 1 . 1 5 .

12. Enslow B r i d g e  ( G i b r a l t a r )  q u a r r y  (SP 478186)  
see Fi g . 1 . 1 6 .

13.  K i r t l i n g t o n  o l d  cement works (SP 494199)  
see F i g .  1 . 1 7 .

14. A r d l e y  F i e l d s  q u a r r y  (SP 541265)  see F i g .  1 . 1 8 .

15. S t r a t t o n  Audley  (Elm Farm) q u a r r y  (SP 601255)  
see F i g .  1 . 2 0 .

16. Croughton q u a r r y  (SP 563335)  see F i g .  1 . 1 9 .

17. G r e a t  R o l l r i g h t  q u a r r y  (SP 323302)  see F i g .  1 . 2 1 .

18. B l i s w o r t b  q u a r r y  (SP 715533)  see T o r r e n s ,  1967 ,
p. 68 .



Fig. 1.1. Principal extant sections showing the White Limestone.
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a r e l i a n c e  on p r e v i o u s  r e c o r d s  w h ic h  a r e  o f t e n  i n a d e q u a t e  o r  ambiguous  

i n  t h e  c o n t e x t  o f  r e c e n t  a d v a n c e s .  C o n s e q u e n t l y  t h e  s t r a t i g r a p h i c  

i n t e r p r e t a t i o n s  o f  t h e  c o n s i d e r a b l e  number o f  g e o l o g i s t s  who have  

w o r k e d  on t h e s e  s t r a t a ,  ha v e  a v a r i a n c e  a l m o s t  as g r e a t  as t h e  s t r a t a  

t h e m s e l v e s .

The b r o a d  t e m p o r a l  r e l a t i o n s h i p s  o f  t h e  v a r i o u s  f o r m a t i o n s  w e r e  

e s t a b l i s h e d  by e a r l y  w o r k e r s  such as H u l l  ( 1 8 5 7 *  1 8 5 9 ) ,  H u d l e s t o n  ( 1 8 7 8 ) ,  

W a l f o r d  ( 1 8 8 3 ) ,  Woodward ( 1 8 9 * 0  and R i c h a r d s o n  C1 9 1 1 ) •  L a t e r  w o r k e r s  

hav e  e x t e n d e d  t h e  g e o g r a p h i c a l  a p p l i c a b i l i t y  o f  t h e  e a r l y  w ork  a n d ,  w i t h  

i n c r e a s i n g  k n o w ledge  o f  t h e  m a j o r  f a c i e s  c h a n g e s ,  r e f i n e d  t h e  c l a s s i f i c a ­

t i o n  ( e . g .  W e l c h ,  19 2 6 ;  A r k e l l ,  1 9 3 1 ;  Channon,  19 5 0 ;  Worssam 6 B i s s o n ,  

19 6 1 ;  T o r r e n s ,  19 6 7 ;  Se l  lwood £ M c K e r r o w ,  1972*) -

H o w e v e r ,  many p r o b le m s  s t i l l  e x i s t .  Some o f  t h e  f o r m a t i o n a l  

b o u n d a r i e s  a r e  e x t r e m e l y  d i f f i c u l t  t o  r e c o g n i s e  o t h e r  t h a n  in  t h e  a r e a  

i n  w h i c h  t h e y  w e r e  f i r s t  d e s c r i b e d  and t h e  f o r m a t i o n a l  s t a t u s  o f  some 

members,  p a r t i c u l a r l y  t h e  Hook N o r t o n  F o r m a t i o n  ( W a l f o r d ,  1883> p .  2 3 7 ) ,  

i s  s t i l l  c o n t r o v e r s i a l .  S e l l w o o d  and McKerrow ( o £ .  c i  t .) s u g g e s t  t h a t  

l i t h o l o g i c a l l y  t h e  Hook N o r t o n  F o r m a t i o n  i s  a l o c a l ,  b a s a l  member o f  

t h e  C h i p p i n g  N o r t o n  F o r m a t i o n ;  w h er eas  T o r r e n s  ( 1 9 6 8 ,  p .  2 2 7 " 8 )  p r e s e n t s  

p a l a e o n t o l o g i c a l  e v i d e n c e  (ba se d on am m oni te s )  w h ic h  i n d i c a t e s  t h e  Hook 

N o r t o n  F o r m a t i o n  i s  o f  Upper  B a j o c i a n / L o w e r  B a t h o n i a n  age w i t h  a p o s s i b l e  

n o n - s e q u e n c e  be tw een  i t  and t h e  C h i p p i n g  N o r t o n  F o r m a t i o n  a b o v e .
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The l o w e r  b o u ndary  o f  t h e  W h i t e  L i m e s t o n e  F o r m a t i o n .

The p r e d o m i n a n t l y  c a r b o n a t e  l i t h o l o g i e s  o f  t h e  W h i t e  L i m e s t o n e  

o v e r l i e  an a r g i l l a c e o u s  gr oup  o f  s t r a t a  c a l l e d  t h e  Hampen M a r l y  

F o r m a t i o n .  They w e r e  f i r s t  d e s c r i b e d  as M a r l y  Beds by Woodward  

( 1 8 9 ^ ,  p .  2 9 2 )  f r o m  t h e  Hampen r a i l w a y  c u t t i n g  n e a r  N o t g r o v e  and  

s u b s e q u e n t l y  r e c o g n i s e d  by R i c h a r d s o n  ( 1 9 2 9  and 1933)  in  v a r i o u s  

l o c a l i t i e s  in  t h e  N o r t h  C o ts w o lds  and West  O x f o r d s h i r e .  In  v i e w  o f  

t h e  i m p o r t a n c e  o f  t h e s e  beds and t h e i r  w i d e  d i s t r i b u t i o n  ( s e e  F i g s .

1 . 2  and 1 . 3 )  A r k e l 1 ( 193 1»  P* 6 1 2 )  c o n s i d e r e d  t h a t  t h e y  w a r r a n t e d  a 

s p e c i f i c  name and named them t h e  Hampen M a r l y  Beds w i t h  t h e  t y p e  

s e c t i o n  in  t h e  Hampen r a i l w a y  c u t t i n g .

To t h e  n o r t h - e a s t  t h e y  a r e  assumed t o  e x p a n d  i n t o  t h e  Upper  

E s t u a r i n e  S e r i e s  o f  t h e  M i d l a n d s  ( A r k e l 1,  R i c h a r d s o n  £ P r i n g l e ,  1 9 3 3 ,  

p .  3 ^ 9 ) ,  p r o b a b l y  a t  t h e  e x p e n s e  o f  t h e  l o w e r  d i v i s i o n  o f  t h e  W h i t e  

L i m e s t o n e .

In  a b o r i n g  a t  L a t t o n ,  s o u t h  o f  C i r e n c e s t e r  ( A r k e l l ,  1 9 3 3 ,  p .  

1 8 1 - 3 )  no Hampen M a r l y  Beds w e r e  r e c o g n i s a b l e ,  thus  p r o v i d i n g  a s o u t h ­

w e s t e r n  g e o g r a p h i c a l  l i m i t .  H o w e v e r ,  t h e y  a r e  p r e s e n t  in  t h e  S t o n y  

F u r l o n g  r a i l w a y  c u t t i n g ,  15 k i l o m e t r e s  ( 9 . 5  m i l e s )  n o r t h  o f  L a t t o n ,  b u t  

t h e i r  t h i c k n e s s  is  d i f f i c u l t  t o  a s c e r t a i n .  A c c o r d i n g  t o  R i c h a r d s o n  

( 1 9 3 3 ,  P* 63) ,  a v e r y  d i s t i n c t i v e  bed (bed 33  o f  R i c h a r d s o n ,  1 9 1 1 ,  

p. 111 and t h e  " O r g a n i c  Bed"  o f  H a r k e r ,  18 9 0 )  c o n t a i n i n g  a b u n d a n t  

P r a e e x o q y r a  h e b r i d i c a  " w o u ld  a p p e a r  t o  be  co n te m po ra neous  w i t h  t h e  

Hampen b e d ,  b u t  t h e  u p p e r  and l o w e r  l i m i t s  o f  t h e  M a r l y  beds h e r e  ( i . e .  

a t  S tony  F u r l o n g )  can o n l y  be s u g g e s t e d " .  R i c h a r d s o n  ( 1 9 3 3 ,  p* 6 l )



1. Stony Fu r long  r a i l w a y  c u t t i n g  (SP 063105 )  6

see R ic h a r d s o n ,  1933 ,  p. 6 1 .

2 .  Hampen r a i l w a y  c u t t i n g  ( t y p e - s e c t i o n )  7

(SP 059202 )  see R ic h a r d s o n ,  1 9 2 9 ,  pp. 1 0 4 - 5 .

3. Windrush q u a r r i e s  (SP 188128)  8

see R i c h a r d s o n ,  1933 ,  p. 4 3 ) .

4.  L i t t l e  B a r r i n g t o n  q u a r r i e s  (SP 207123)  9

see R ic h a r d s o n ,  1933 ,  p. 44.

5.  Taynton  q u a r r i e s  (SP 237154 )  10

see R ic h a r d s o n ,  1933 ,  p. 44.

11



Groves q u a r r y *  Mi 1ton-under-Wychwood (SP 256157)  

see R ic h a r d s o n ,  1 9 10 ,  p.  539.

Swinbrook q u a r r y  (SP 278124)  see Woodward,

1894 ,  p. 305.

W h i t e h a l l  Wood r a i l w a y  c u t t i n g  (SP 395156)  see  

A r k e l 1,  1 9 3 1 ,  pp. 6 1 2 - 3 .

Wood Eaton q u a r r y  (SP 535122)  see P a lm er ,

1973 ,  p.  59.

Danes H i l l  (SP 4692 93 )  see Tor rens  in  S y l v e s t e r -  

B ra d le y  and Fo rd ,  1 9 68 ,  p. 254.

A r d le y  r a i l w a y  c u t t i n g  (SP 529278}  see A r k e l l ,  

Richardson and P r i n g l e ,  1933 ,  pp.  344 - 6 .





1 2 5 63 4

Fig. 1.3. Variation in thickness of the Hampen Marly Beds.
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s u g g e s t e d  t h a t  t h e i r  t h i c k n e s s  was 2k f e e t  ( 7 . 3 1  m e t r e s )  a l t h o u g h  

A r k e l l ,  R i c h a r d s o n  and P r i n g l e  ( 1 9 3 3 ,  p .  3 5 0 )  r e g a r d e d  t h e  Hampen 

M a r l y  Beds a s ,  . . . " b a r e l y  d i s c e r n a b l e  in  t h e  r a i l w a y  c u t t i n g s  a t  

C h edw or th "  ( i . e .  i n  t h e  S t o n y  F u r l o n g  c u t t i n g ) .

The l i t h o l o g i e s  o f  t h e  Hampen M a r l y  Beds r e f l e c t  a g r a d u a l  change  

f ro m  t h e  h i g h e r  e n e r g y  c a r b o n a t e  d e p o s i t i o n  o f  t h e  p r e c e d i n g  T a y n t o n  

L i m e s t o n e  i n t o  a q u i e t e r  depos i t i x x i a l  r e g im e  c h a r a c t e r i s e d  by c l a y s  

and m a r l s  w i t h ,  e s p e c i a l l y  i n  t h e  e a s t ,  l i t t l e  c a r b o n a t e  m a t e r i a l .

The s o u r c e  o f  t h i s  f i n e - g r a i n e d  t e r r i g e n o u s  c l a s t i c  i n f l u x  was t h e  

Lo ndon-Ardenn es  landmass t o  t h e  e a s t  ( M a r t i n ,  1 9 6 7 ) .  The p r e v a i l i n g  

p a l a e o g e o g r a p h y  i s  r e f l e c t e d  i n  t h e  c h a n g i n g  l i t h o l o g i e s  f r o m  t h e  

Upper  E s t u a r i n e  S e r i e s  o f  t h e  M i d l a n d s  w e s t w a r d s  a c r o s s  t h e  Hampen M a r l y  

Beds.  In  t h e  e a s t  t h e  Hampen M a r l y  Beds c o n t a i n  more c l a y  b a n d s ,  more  

s i l t  and more c a r b o n a c e o u s  m a t e r i a l ,  b o t h  as l i g n i t e  and r o o t l e t s .

W es tward s t h e r e  is  an i n c r e a s e  i n  t h e  c a r b o n a t e  c o n t e n t ,  w i t h  more m a r ls  

and l i m e s t o n e s ,  and a c o r r e s p o n d i n g  d e c r e a s e  i n  c l a y ,  s i l t  and c a r b o n a ­

ceous m a t e r i a l ,  u n t i l  s o u t h  o f  C i r e n c e s t e r  t h e  Hampen M a r l y  Beds pass  

i n t o  a f u l l y  c a r b o n a t e  seq u e n c e  and c e a s e  t o  be l i t h o l o g i c a l l y  d i s t i n c t .

The r e t u r n  t o  a c a r b o n a t e  d e p o s i t i o n a l  r e g i m e  i n  t h e  s u c c e e d i n g  

W h i t e  L i m e s t o n e  was j u s t  as g r a d u a l  as t h e  de m ise  o f  t h e  T a y n t o n  L i m e s t o n e  

s e q u e n c e .  The c l a s t i c - a r g i l l a c e o u s  d e p o s i t i o n  o f  t h e  Hampen M a r l y  Beds 

c o n t i n u e d  l o n g e r  i n  t h e  n o r t h - e a s t ,  c l o s e s t  t o  t h e  s o u r c e  a r e a  and hence  

t h e  I i t h o - f o r m a t i o n a l  bou n d a r y  b e tw een  t h e  Hampen M a r l y  Beds and t h e  W h i t e  

L i m e s t o n e  m u s t ,  t o  some d e g r e e ,  be d i a c h r o n o u s ,  b e i n g  o l d e r  i n  t h e  w e s t .  

Because o f  t h e  t r a n s i t i o n a l  n a t u r e  o f  t h e  j u n c t i o n ,  no p r e c i s e  l i t h o l o g i c a l  

c r i t e r i a  e x i s t  t o  a d e q u a t e l y  d i s t i n g u i s h  t h e  Hampen M a r l y  Beds f ro m  t h e
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W h i t e  L i m e s t o n e .  G e n e r a l l y ^ t h e  j u n c t i o n  I s  t a k e n  w here  a )  t h e  g r e a t e r  

p r o p o r t i o n  o f  t h e  s eq uence  c o n s i s t s  o f  l i m e s t o n e s  and b)  w h e r e  t h e s e  

l i m e s t o n e s  become d i s t i n c t l y  o o l i t i c  and c o n t a i n  o n l y  s m a l l  amounts o f  

c l a y  and s i l t .  In p r a c t i c e  h o w e v e r ,  e x p o s u r e s  w h i c h  show t h e  j u n c t i o n  

o f  t h e s e  two f o r m a t i o n s  a r e  s c a r c e .  A t  p r e s e n t  t h e  b e s t  s e c t i o n  i s  

p r o b a b l y  a t  Woodeaton (SP 5 3 5 1 2 2 )  ( s e e  P a l m e r ,  1973» p.  5 8 - 5 9  f o r  

s e c t i o n ) .  The o l d e r  s e c t i o n s  such as t h e  Hampen r a i l w a y  c u t t i n g ,  t h e  

A r d l e y - F r l t w e 11 r a i l w a y  c u t t i n g  and Ml 1 t o n - u n d e r - W y c h w o o d  a r e  now p o o r l y  

e x p o s e d .  McKerrow and Kennedy ( 1 9 7 3 )  s u g g e s t  t h a t  g r a d e d  s e d i m e n t a r y  

c y c l e s  a r e  p r e s e n t  in  t h e  Hampen M a r l y  Beds a t  Ml 1 t o n - u n d e r - W y c h w o o d ,  

each c o n s i s t i n g  o f  a b a s a l  o o l i t i c  l i m e s t o n e  p a s s i n g  up i n t o  a m a r l .

P a l a e o n t o l o g i c a l l y  t h e  Hampen M a r l y  Beds a r e  o f  some i n t e r e s t .

The most c h a r a c t e r i s t i c  and commonest s p e c i e s  b e i n g  P r a e e x o g y r a  h e b r l d i c a  

( F o r b e s )  and K a l 1 1 r h y n c h i a  (Burm? r h y c h i a ) cone?nna (Sow erby )  b o t h  o f  

w h ic h  o f t e n  o c c u r  In  l a r g e  numbers .  S a l i n i t y  I s  p r o b a b l y  t h e  mai n  

e n v i r o n m e n t a l  f a c t o r  w h ic h  c o n t r o l s  b o t h  t h e  s p e c i e s  d i v e r s i t y  and  

abu nd an ce as w e l l  as t h e  o v e r a l l  g e o g r a p h i c a l  d i s t r i b u t i o n  o f  t h e  f a u n a  

and t h i s  f i t s  in  w e l l  w i t h  t h e  p a l a e o g e o g r a p h y  o u t l i n e d  a b o v e .  In  t h e  

e a s t ,  a t  W o o d e a to n ,  P a lm e r  ( 1 9 7 3 ,  p .  60 )  r e p o r t e d  t h e  p r e s e n c e  o f  C o r b u l a , 

P r o t o c a r d  l a , L y c e t t i a , 1C u s p i d a r i a 1 , TNeomi odon and 7VI  v i  p a ru s  f r o m  t h e  

Hampen M a r l y  Beds.  The se  g e n e r a  a r e  p r o b a b l y  e u r y h a l l n e  and a b l e  t o  

t o l e r a t e  re duc ed  s a l i n i t i e s .  P a l m e r  ( o £ .  c l t . )  s u g g e s t s  t h a t  t h e  s e d i ­

ment  " r e p r e s e n t s  t h e  d i s c h a r g e  o f  a f a i r l y  l a r g e  r i v e r  i n t o  a b r a c k i s h  

w a t e r  l a g o o n " .
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In t h e  w e s t e r n  p a r t  o f  t h e  o u t c r o p ,  s p e c i e s  have been r e p o r t e d  

w h ic h  a r e  n o r m a l l y  a s s o c i a t e d  w i t h  f u l l y  m a r i n e  c o n d i t i o n s , f o r  ex a m p le  

T .  p u l l u s  J .  de C. S o w e r b y ,  M o d i o l u s  i m b r i c a t u s  J .  S o w e r b y ,  Pholadomya  

1? r a t a  ( J .  So we rb y )  f r o m W i n d r u s h  n e a r  B u r f o r d  (Worssam £ B i s s o n ,  196 1,  

p.  8 8 ) ;  N u c l e o l i  t e s  s p .  f r o m  t h e  Hampen r a i l w a y  c u t t i n g  ( R i c h a r d s o n ,

1 9 2 9 ,  p .  1 0 5 ) ;  C h o m a t o s e r is  p o r p i t e s  a t  N o r t h  Cerney ( R i c h a r d s o n ,  1 9 3 3 ,  

p .  4 6 ) .  N e r i n e i d  g a s t r o p o d s  have been r e p o r t e d  f r o m  t h e  Hampen M a r l y  

Beds a t  Danes H i l l  ( T o r r e n s  in S y l v e s t e r - B r a d  l e y  £ F o r d ,  1 9 6 8 ,  p .  2 5 4 ) .  

They a r e  r e c o r d e d  as Cossmannea e u d e s l i  b u t  in  f a c t  t h e y  a r e  M e i a n i o p t y x i s  

a l t a r a r i s  (Cossmann).  R i c h a r d s o n  C l 9 33» p .  4 4 ,  45)  a l s o  r e c o r d s  1 N e r i n e a 1 

s p .  f ro m  t h e  m a r l y  beds a t  T a y n t o n  and P i n s w e l l ,  n e a r  Ch e d w o r th .  T h e r e  i s  

a l s o  a g a s t r o p o d  bed w i t h  1N a t i c a 1 and P s e u d o m e l a n i a  in  t h e  Hampen 

R a i l w a y  c u t t i n g  ( R i c h a r d s o n ,  1 9 2 9 ,  p .  1 0 5 ) .  The  o c c u r r e n c e  o f  N e r i n e i d  

g a s t r o p o d s  in  seq uenc es in  w h i c h  th e .  s a l i n i t i e s  a t  t h e  t i m e  o f  d e p o s i t i o n  

w e r e  p e r h a p s  n o t  f u l l y  m a r i n e  i s  i n t e r e s t i n g  and w i l l  be d i s c u s s e d  in  

C h a p t e r  5 .

The Hampen M a r l y  Beds ha v e  y i e l d e d  o n l y  one a m m o n i te ,  t h e  s o l e  

sp ec imen b e i n g  t h e  h o l o t y p e  o f  P r o c e r i t e s  i m i t a t o r  ( S .  S.  Buckman) and 

t h i s  i n d i c a t e s  t h e  Hampen M a r l y  B e ds ,  a t  l e a s t  i n  t h e  A r d l e y - F r i t w e l 1 

r a i l w a y  c u t t i n g  w h e r e  t h e  am moni te  was foun d ( A r k e l l ,  R i c h a r d s o n  and  

P r i n g l e ,  19 3 3 )  b e l o n g  t o  t h e  P r o c e r i t e s  p r o g r a c i l i s  z o n e .  The b a s a l  bed  

o f  t h e  W h i t e  L i m e s t o n e  in  t h e  same r a i l w a y  c u t t i n g  has p r o v i d e d  a t  l e a s t  

two spe cim en s o f  T u l i t e s  s p .  ( T o r r e n s  i n  S y l v e s t e r ,  B r a d l e y  £ F o r d ,  1 9 6 8 ,  

p .  2 3 8 ) ;  thus t h e  bas e  o f  t h e  W h i t e  L i m e s t o n e  f a l l s  w i t h i n  t h e  T u 1 1 t e s  

s u b c o n t r a c t u s  zone  in  t h e  e a s t  b u t  p r o b a b l y  passes  down i n t o  t h e  £ .  

p r o g r a c i 1 i s  zone  f u r t h e r  w e s t .  The s t r a t i g r a p h y  and o t h e r  p a l a e o n t o l o g i c a l
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a s p e c t s  o f  t h e  Hampen M a r l y  Beds h a v e  been r e v i e w e d  by A r k e l l ,

R i c h a r d s o n  6 P r i n g l e  ( 1 9 3 3 ) »  T o r r e n s  in  S y l v e s t e r ,  B r a d l e y  & Ford  

( 1 9 6 8 )  and T o r r e n s  ( 1 9 6 9 ) .

The u p p e r  b o u ndary  o f  t h e  W h i t e  L i m e s t o n e  F o r m a t i o n .

The W h i t e  L i m e s t o n e  i s  su c ce ed e d  by t h e  F o r e s t  M a r b l e .  T h i s  

s i m p l e  s t a t e m e n t  h i d e s  a c o m p l i c a t e d  r e l a t i o n s h i p  between  t h e  two  

f o r m a t i o n s  and a l s o  a c o n s i d e r a b l e  c o n t r o v e r s y  w h ic h  has e x i s t e d  s i n c e  

18 5 7 .  The m a j o r i t y  o f  t h e  numerous e x p o s u r e s  in  t h e  W h i t e  L i m e s t o n e  a r e  

o f  th e  m i d d l e  and u p p e r  p a r t s  and f r e q u e n t l y  show t h e  j u n c t i o n  w i t h  t h e  

o v e r l y i n g  F o r e s t  M a r b l e .  In s p i t e  o f  t h i s  g e o l o g i s t s  h a v e  e x p e r i e n c e d  

c o n s i d e r a b l e  d i f f i c u l t y  i n  a c c u r a t e l y  p l a c i n g  t h e  b o u n d a r y ,  p r i n c i p a l l y  

due t o  t h e  l a c k  o f  a p r e c i s e  i n t e r n a l  z o n a t i o n  and s t r a t i g r a p h y  i n  t h e  

W h i t e  L i m e s t o n e  w h ic h  has h i n d e r e d  a c c u r a t e  c o r r e l a t i o n  be tw een  e x p o s u r e s .

The e a r l i e s t  w o r k  was by H u l l  ( 1 8 5 7  & 1 8 5 9 ) ,  i n i t i a l l y  in  t h e  

C h e l t e n h a m  a r e a ,  and s u b s e q u e n t l y  a r o u n d  W o ods to c k .  He foun d no d i f f i ­

c u l t y  in  a d e q u a t e l y  d e f i n i n g  t h e  b ou ndary  be tw een  t h e  W h i t e  L i m e s t o n e  and 

t h e  F o r e s t  M a r b l e :  v i z ;  1 8 5 7 ,  p .  6 5 ;  " T h i s  l i m e s t o n e  ( i . e .  t h e  h i g h e s t  

bed o f  t h e  W h i t e  L i m e s t o n e  -  p r e s e n t  a u t h o r )  i s  f r e q u e n t l y  p i e r c e d  by  

Li thodomi  . . . .  i t  forms a v e r y  marked g e o l o g i c a l  h o r i z o n ,  i n  f a c t ,  t h e  

o n l y  one w h ic h  o f f e r s  a l i n e  o f  d e m a r c a t i o n  bet w ee n t h e  G r e a t  O o l i t e  and 

t h e  F o r e s t  M a r b l e .  I t  i s  suc c e e d e d  by a s e r i e s  o f  v e r y  v a r i a b l e  s t r a t a ,  

w h ic h  a f f o r d  e v i d e n c e  o f  a change o f  p h y s i c a l  c o n d i t i o n s  and w h i c h  must  

a l l  be i n c l u d e d  i n  t h e  F o r e s t  M a r b l e " ;  1 8 5 7 ,  p .  7 1 ;  " F a l s e  b e d d i n g  i s  

one o f  t h e  most c h a r a c t e r i s t i c  f e a t u r e s  o f  t h i s  f o r m a t i o n  and one by w h ic h  

i t  may be c o n t r a s t e d  w i t h  t h e  beds o f  t h e  u p p e r  zone o f  t h e  G r e a t  O o l i t e . "
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and 1 8 5 9 ,  p .  2 3 ;  "T he  l o w e r  beds ( o f  t h e  F o r e s t  M a r b l e  -  p r e s e n t  a u t h o r )  

w h ic h  r e s t  on t h e  W h i t e  L i m e s t o n e  o f  t h e  G r e a t  O o l i t e  c o n s i s t  o f  s h e l l y  

o o l i t e ,  much f a l s e  b e d d e d ,  s p l i t t i n g  i n t o  s l a b s  and f l a g s .  They a r e  com­

posed p r i n c i p a l l y  o f  enormous q u a n t i t i e s  o f  b r o k e n  o y s t e r  s h e l l s  w i t h  a 

s m a l l e r  number  o f  o t h e r  s h e l l s ,  ce m en te d  by o o l i t i c  l i m e s t o n e . "

Thus t h e  c r i t e r i a  used by H u l l  t o  i d e n t i f y  t h e  F o r e s t  M a r b l e  a r e  

as f o l l o w s :

1 .  I t  i s  f a l s e  bed d ed .

2 .  T h e r e  is  a b u n d a n t  ' o y s t e r '  d e b r i s .

3 .  I t  i s  f r e q u e n t l y  s e p a r a t e d  f ro m  t h e  W h i t e  L im e s t o n e  by a 

h a r d  g r o u n d .

4 .  T h e r e  i s  a marked ch a nge  i n  l i t h o l o g i e s .

H u l l ' s  d i v i s i o n  was a c c e p t e d  and e x t e n d e d  by Woodward ( 1 8 9 4 ,  pp.  3 7 2 - 7 )

and a l s o  by Pocock and Woodward in  t h e  1908 G e o l o g i c a l  S u rv e y  Memoir  o f
.

t h e  O x f o r d  S p e c i a l  S h e e t  ( P o c o c k ,  1908 and see  A r k e l l ,  1931» P* 5 6 4 ) .  

O d l i n g  ( 1 9 1 3 )  d e s c r i b e d  t h e  B a t h o n i a n  s u c c e s s i o n  i n  t h e  A r d l e y - F r i t w e l 1 

r a i l w a y  c u t t i n g  t o g e t h e r  w i t h  t h e  main  q u a r r i e s  in  t h e  i m m e d ia t e  n e i g h ­

b o u rh o o d .  As A r k e l l  s t r e s s e d  ( 1931»  p .  5 6 4 )  O d l i n g ' s  i m p o r t a n t  w o r k  was 

more d e t a i l e d  th a n  p r e v i o u s  d e s c r i p t i o n s ,  d i v i d i n g  t h e  G r e a t  O o l i t e  i n t o  

b l o c k s  1,  2 and 3» b u t  i n  g e n e r a l  te rms O d l i n g  a g r e e d  w i t h  t h e  f o r m a -  

t i o n a l  b o u n d a r i e s  o f  H u l l  and l a t e r  w o r k e r s .  O d l i n g  a l s o  used t h e  same 

c r i t e r i a  as H u l l  t o  d i s t i n g u i s h  t h e  G r e a t  O o l i t e  f r o m  t h e  F o r e s t  M a r b l e .

A t  t h i s  t i m e ,  P h i l l i p s  ( i 8 6 0 )  a l o n e  d i s a g r e e d ,  b e l i e v i n g  t h a t  t h e  

bou n d a r y  b e tw een  t h e  G r e a t  O o l i t e  and t h e  F o r e s t  M a r b l e  s h o u ld  be drawn  

a t  a much l o w e r  l e v e l .  In  1 8 5 9 ,  H u l l  ( p .  2 0 )  d e s c r i b e d  a s e c t i o n  in  t h e



r a i l w a y  c u t t i n g  a t  K i r t l i n g t o n  S t a t i o n  and i n c l u d e d  h i s  th an ks  t o  

P r o f e s s o r  P h i l l i p s  f o r  t h i s  s e c t i o n .  He added in  a f o o t n o t e  t h a t  

P h i l l i p s  d i s a g r e e d  w i t h  h im o v e r  t h e  j u n c t i o n  o f  t h e  G r e a t  O o l i t e  and 

F o r e s t  M a r b l e ,  c o n s i d e r i n g  i t  t o  be some 8 f e e t  k i n c h e s  ( 2 .5 * *  m e t r e s )  

l o w e r  than  H u l l  had p l a c e d  i t ,  " o c c u r r i n g  a t  t h e  ba s e  o f  t h e  bed o f  

c l a y  w i t h  p l a n t s  (c  -  h ) " .

S u b s e q u e n t l y  P r i n g l e  ( 1 9 2 6 )  and Byzand ( i n  S o l i a s ,  1926)  r e v e r t e d  

t o  P h i l l i p s  c l a s s i f i c a t i o n  on t h e  b a s i s  o f  t h e  m i s i d e n t i f i c a t i o n  o f  

E p i t h y r i s  o x o n i c a  A r k e l l  f o r  E p i t h y r i s  marmorea ( O p p e l )  -  a F o r e s t  M a r b l e  * 1

s p e c i e s  f ro m  P i c k w i c k  n e a r  Corsham ( s e e  A r k e l l ,  1 9 3 1 ,  p .  5 6 7 ” 8 ) ,  and 

t h e r e b y  i n c l u d e d  t h e  w h o l e  o f  O d l i n g ' s  B l o c k  1 in  t h e  F o r e s t  M a r b l e .

I t  i s  u n f o r t u n a t e  t h a t  f u r t h e r  d e b a t e  was based upon s e c t i o n s  ar oun d

K i r t l i n g t o n  and Enslcw B r i d g e .  The u pp er  p a r t  o f  t h e  W h i t e  L i m e s t o n e  in

t h i s  r e g i o n  i s  a t y p i c a l ,  c o n t a i n i n g  more c l a y s  and m a r l s  than  i s  u s u a l .

In dee d  i t  somet imes  r e s e m b le s  t h e  c l a y e y  f a c i e s  o f  t h e  F o r e s t  M a r b l e  t o

t h e  n o r t h - e a s t  ( O d l i n g ,  1913» p .  * *85 ) .  The l a c k  o f  a d e t a i l e d  s t r a t i g r a p h y

w i t h i n  t h e  W h i t e  L i m e s t o n e ,  t h e  a t y p i c a l  f a c i j s  in  t h e  a r e a  w h e r e  much o f

t h e  r e s e a r c h  was b as ed  and t h e  i n a d e q u a t e  p a l a e o n t o l o g i c a l  k n o w ledge
e

r e s u l t e d  i n  l i t t l e  p r o g r e s s  u n t i l  t h e  p u b l i c a t i o n s  o f  Arl^l  1 ( 1 9 3 1 ,  3 3 ,  

h6 & **7) and R i c h a r d s o n  ( 1 9 3 3 ,  * *6) .

In  t h e  v i c i n i t y  o f  O x f o r d ,  a l o n g  t h e  s o u t h - e a s t  m a r g i n  o f  t h e  W h i t e

L i m e s t o n e  o t i t c r o p ,  A r k e l l  ( 1 9 3 1 )  d i v i d e d  t h e  u p p e r  p a r t  ( *  O d l i n g ' s  B l o c k

1) i n t o  t h e  f o l l o w i n g  b e d s :

-  Cream Cheese Beds »  Kemble Beds
------------------------------------------------------------------- —— —  O d l i n g ' s

G r e a t  O o l i t e  F i m b r i a t a  -  w a l t o n i  Beds *
-- ---------------------------------------------------------------------------  B l o c k  1

( W h i t e  L i m e s t o n e )  M i d d l e  E p i t h y r i s  Bed

-  1:9 -
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The Cream Cheese B e d s ^  w e r e  s u b d i v i d e d  i n t o  " t w o  v e r y  d i s t i n c t  

f a c i e s ;  t h e y  may be e i t h e r  a s o l i d  b l o c k  o f  amorphous p u r e  w h i t e  t o  

g r e y  1 F o s s i 1 i f e r o u s  Cream C h e e s e 1 l i m e s t o n e  ( b e t t e r  c a l l e d  s u b l i t h o -  

g r a p h i c  s t o n e ) ,  somet imes  crowded w i t h  E p i t h y r i d s  and c o r a l s ,  o r  t h e y  

may be r e p r e s e n t e d  by m a s s i v e ,  f a l s e - b e d d e d ,  b l u e - h e a r t e d ,  c o a r s e l y  

o o l i t i c  l i m e s t o n e s ,  a l m o s t  d e v o i d  o f  r e c o g n i s a b l e  f o s s i l s ,  and  

p r e s e n t i n g  t h e  a s p e c t  o f  some o f  t h e  more m a s s i v e  p a r t s  o f  t h e  F o r e s t  

M a r b l e " .  A r k e l l  ( o £ .  c i  t . , p .  5 6 6 ) .

T h u s ,  a c c o r d i n g  t o  A r k e l l  ( o £ .  c i  t . , p .  5 6 9 ) ,  t h e  Kemble Beds a r e  

t h e  top  p a r t  o f  t h e  G r e a t  O o l i t e ;  " on  t h e  e v i d e n c e  o f  t h e  c o r r e s p o n ­

dence o f  t h e  f a u n a  o f  t h e  F o s s i 1 i f e r o u s  Cream Cheese Beds w i t h  t h e  

f a u n a  o f  t h e  Kemble Beds a t  Ke mb le ,  o f  t h e  l a t e r a l  pa s sage  o f  b o t h  

i n t o  r e l a t i v e l y  u n f o s s i 1 i f e r o u s  f a l s e - b e d d e d  ' F o r e s t  M a r b l e 1 , and o f

F o o t n o t e ^

The t e r m  'C rea m  C h e e s e '  was f i r s t  used by Ba rr ow  ( 1 9 0 7 )  f o r  a 
p r o m i n e n t  band o f  s u b l i t h o g r a p h i c  m i c r i t i c  l i m e s t o n e  in  t h e  r a i l w a y  
c u t t i n g  a t  A r d l e y .  O d l i n g  ( 1 9 1 3 ,  p .  *»89) d e s c r i b e d  t h e  same b e d ,  con­
t a i n i n g  ' N e r i n e a  e u d e s i  i ' M o r r i s  & L y c e t t  and M o d i o lu s  i m b r i c a t a  S o w . ,  
as ' F o s s i 1 i f e r o u s  Cream C h e e s e ' .  T h i s  i s  w i t h o u t  d o u b t  the  
A p h a n o p t y x i s  b l a d o n e n s i s  b e d .  Beds a t  t h e  O x f o r d  P o r t l a n d  Cement  
w o r k s ,  K i r t l i n g t o n  Q u a r r y  and G i b r a l t a r  Q u a r r y  (E ns low  B r i d g e )  w e r e  
a l s o  d e s c r i b e d  as ' F o s s i 1 i f e r o u s  Cream C h ee se '  by O d l i n g  ( o p . c i t . , 
p .  *»93, *»97)* The K i r t 1i n g t o n  bed c o n t a i n s  c o r a l s  and t h e  Enslow  
B r i d g e  bed c o n t a i n s  Epi t h y r i s  oxo n i  ca A r k e l l .  T h e s e  a r e  f o s s i l s  w h ic h  
a r e  n o t  a s s o c i a t e d  w i t h  t h e  A. b l a d o n e n s ?s b e d .  R e search  by t h e  p r e s e n t  
a u t h o r  i n  t h e  a r e a  a r o u n d  K i r t l i n g t o n  and Enslo w B r i d g e  has shown t h e  
t y p i c a l  A.  b l a d o n e n s i s  bed t o  be a b s e n t .  The K i r t l i n g t o n  Cream Cheese  
bed o f  O d l i n g  i s  t h e  bed d e s c r i b e d  by P h i l l i p s  ( i 8 6 0 ,  p .  118)  as a 
" s o l i d  s h e l l y  b e d ,  to p  o o l i t i c ,  m i d d l e  c l o s e  g r a i n e d ,  bas e  more s a n d y "  
and t h e  Enslow B r i d g e  Cream Cheese is  t h e  bed d e s c r i b e d  by H u l l  ( 1 8 5 9 ,  
p.  2 1 )  as "Bed b :  h a r d  compac t  g r e y  l i m e s t o n e  w i t h  T e r e b r a t u l a , O s t r e a " .  
N e i t h e r  can be c o r r e l a t e d  w i t h  t h e  'C r ea m  C hee se '  (A.  b l a d o n e n s i s  bed)  
i n  t h e  A r d l e y  c u t t i n g .  E v i d e n t l y  t h e  t e r m  'C rea m  Chee se '  has no s t r a t i -  
g r a p h i c  v a l u e ,  h a v i n g  been a p p l i e d  t o  any o f  a number o f  beds o f  f i n e ­
g r a i n e d ,  w h i t e  t o  g r e y ,  s u b l i t h o g r a p h i c  l i m e s t o n e s  in  t h i s  a r e a .
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t h e  s t r a t i  g r a p h i c a l  p o s i t i o n  o f  b o t h  b e l o w  s t r a t a  w h ic h  l o c a l l y  c o n t a i n  

a t  t h e i r  base t h e  ass e m b la g e  o f  t h e  B r a d f o r d  C l a y " .  A r k e l l  f u r t h e r  

recommends t h e  removal  o f  t h e  te r m  F o r e s t  M a r b l e  f r o m  s t r a t i g r a p h i c a l  

l i t e r a t u r e  on t h e  groun ds  t h a t  i t  i s  a f a c i e s  t e r m  o c c u r r i n g  b o t h  in  

t h e  G r e a t  O o l i t e  (Kem ble  Beds o f  F o r e s t  M a r b l e  f a c i e s )  and in  t h e  t r u e  

F o r e s t  M a r b l e  abo ve  t h e  B r a d f o r d  C l a y .  The t r u e  F o r e s t  M a r b l e  he p r o ­

poses t o  c a l l  Wychwood B e ds .  A l s o ,  t h e  j u n c t i o n  be tw een  t h e  F o r e s t  

M a r b l e  (Wychwood B eds )  and t h e  G r e a t  O o l i t e  must  be above t h a t  p ropo sed  

by H u l l ,  Woodward and O d l i n g ,  and t h e r e f o r e  most  o f  t h e  F o r e s t  M a r b l e  

d e s c r i b e d  by t h e  e a r l i e r  a u t h o r s  s h o u ld  be r e g a r d e d  as Kemble Beds o f  

G r e a t  O o l i t e  ag e .  The v a l i d i t y  o f  A r k e l l ' s  s u b d i v i s i o n s  depends upon 

two a s s u m p t i o n s :

1. T h a t  t h e  B r a d f o r d  C l a y  i s  i s o c h r o n o u s ;  c o n s t i t u t e s  a r e l i a b l e  

h o r i z o n  in  c o r r e l a t i o n ,  and i s  a t  t h e  base o f  t h e  F o r e s t  M a r b l e .

2 .  T h a t  t h e  l a t e r a l  t r a n s i t i o n  f r o m  F o r e s t  M a r b l e  f a c i e s  i n t o  s u b -  

l i t h o g r a p h i c  Cream Cheese l i m e s t o n e s  can be p r o v e n .

The base o f  t h e  B r a d f o r d  Cl ay  a r o u n d  B r a d f o r d - o n - A v o n  is  a w e l l  

d e v e l o p e d  h a r d g r o u n d  ( P a l m e r  S F u r s i c h ,  197*0  and p r e s u m a b ly  a con­

s i d e r a b l e  l e n g t h  o f  t im e  e l a p s e d  be tw een  t h e  d e p o s i t i o n  o f  t h e  u n d e r ­

l y i n g ,  w e l l - s o r t e d ,  c r o s s - b e d d e d  o o b i o s p a r i t e s  and t h e  d e p o s i t i o n  o f  

t h e  B r a d f o r d  C l a y .  I t  i s  l i k e l y  t h a t  d u r i n g  t h i s  p e r i o d  s e d im e n t s  w e r e  

b e i n g  d e p o s i t e d  i n  o t h e r  a r e a s .  A r k e l l  ( o p .  c l t . p .  575 )  c o n s i d e r e d  

t h e  B r a d f o r d  C l a y  f a u n a  t o  be e x t r e m e l y  u s e f u l ,  e s p e c i a l l y  in  t h e  c o r r e ­

l a t i o n  o f  t h e  q u a r r y  a t  I s l i p  w i t h  o t h e r  s e c t i o n s  in  t h e  a r e a ,  and con­

c l u d e d ,  " The  r e s t r i c t e d  v e r t i c a l  ran g e  o f  t h e  B r a d f o r d i a n  f a u n a  o v e r  a
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w i d e  a r e a  f ro m  B u c k l a n d  Denham n e a r  th e  Mendips t o  C i r e n c e s t e r  and  

Swindon r e n d e r s  i t  a v a l u a b l e  datum in  t h e  c o r r e l a t i o n  o f  t h e  B a t h o n i a n  

r o c k s " .  (o|3. c i  t . p .  5 6 7 ) »  O t h e r  a u t h o r s  d i d  n o t  a g r e e ,  f o r  e xa m p le  

H u l l  ( 1 8 5 7 »  p .  6 9 )  s t a t e d ,  " I  may a l s o  a d d ,  t h a t  t h e  supposed B r a d f o r d

C l a y  c a n n o t  be t a k e n  as a t r u e  zone o f  s e p a r a t i o n  be tw een  t h e  G r e a t

O o l i t e  and F o r e s t  M a r b l e ,  H u l l  a l s o  p o i n t e d  o u t  t h a t  t h e  f o s s i l s

w h ic h  w e r e  s u p p o s e d l y  c h a r a c t e r i s t i c  o f  t h e  B r a d f o r d  C la y  had in  f a c t  

been found a t  o t h e r  h o r i z o n s ,  a p o i n t  r e i t e r a t e d  o v e r  100 y e a r s  l a t e r  

by Green and Donovan ( 1 9 6 9 ,  p .  2*0 . . .  " t h e  f a u n a  ( o f  t h e  B r a d f o r d  C l a y )  

i s  n o t  r e s t r i c t e d  t o  t h e  ba s e  o f  t h e  F o r e s t  M a r b l e " .  E lem ents  o f  t h e  

B r a d f o r d  C l a y  f a u n a  w e r e  fou nd  by Green and Donovan a t  l e a s t  **0 f e e t  

above t h e  base o f  t h e  F o r e s t  M a r b l e  a t  F a r l e i g h  House and " a t  a l o w e r

l e v e l  than  t h e  B r a d f o r d  c l a y  o f  t h e  t y p e  a r e a "  a t  Brow n 's  F o l l y  ( p .  2 * 0 .

M o r e o v e r  t h e  B r a d f o r d  C l a y  i s  l a t e r a l l y  d i s c o n t i n u o u s .  I t  wedges o u t  

one nWle w e s t  o f  B r a d f o r d - o n - A v o n  (G r een  S Donovan £ jd. c i  t . p .  2k) and  

R i c h a r d s o n  ( 1 9 3 3 )  c o u l d  n o t  f i n d  i t  o v e r  much o f  t h e  a r e a  c o v e r e d  in  

t h e  C i r e n c e s t e r  M e m o ir .  I n  a r e a s  w h e r e  t h e  B r a d f o r d  Cl ay  i s  a b s e n t ,  

A r k e l l  was f o r c e d  t o  a d m i t  . . . " t h e  l i n e  o f  d e m a r c a t i o n  (b e tw ee n  t h e  

Wychwood Beds and t h e  Kemble Beds o f  F o r e s t  M a r b l e  f a c i e s )  i s  d i f f i c u l t  

o r  even i m p o s s i b l e . "  ( A r k e l l  o £ .  c i  t . p .  5 9 * 0 .

The i m p o r t a n c e  a t t r i b u t e d  by A r k e l l  t o  t h e  B r a d f o r d  C lay  f a u n a  

c a n n o t  be  u p h e l d .  I t  i s  a l m o s t  c e r t a i n l y  n o t  i s o c h r o n o u s  and eve n  i f  i t  

w e r e ,  i t  i s  n o t  u n r e a s o n a b l e  t h a t  t r u e  F o r e s t  M a r b l e  s h o u ld  o c c u r  b e low  

t h e  B r a d f o r d  C l a y ,  p e r h a p s  b e i n g  d e p o s i t e d  d u r i n g  t h e  t i m e  r e p r e s e n t e d  

by t h e  h a r d - g r o u n d  a t  B r a d f o r d - o n - A v o n .



1 :1 3  -

The o c c u r r e n c e  b e low  t h e  B r a d f o r d  f a u n a  o f  Cream Cheese l i m e s t o n e s  

a t  I s l i p  ( A r k e l 1 op.  c i  t . p .  57 6 )  and F o r e s t  M a r b l e  l i m e s t o n e s  a t  

C r a w l e y  Road,  W i t n e y  ( A r k e l l ' 0£ .  c i t . p .  5 9 1 )  was i n t e r p r e t e d  by A r k e l 1 

as a l a t e r a l  f a c i e s  t r a n s i t i o n .

Y e t  a n o t h e r  l a t e r a l  change o f  f a c i e s  was s u g g e s t e d  by R i c h a r d s o n  

( 1 9 3 3 ) *  He a c c e p t e d  t h e  s u b d i v i s i o n s  p r o p o s e d  by A r k e l 1 ( 1 9 3 1 )  and 

r e c o g n i s e d  n o t  o n l y  Kemble Beds o f  F o r e s t  M a r b l e  and Cream Cheese f a c i e s  

b u t  a l s o  Kemble Beds o f  G r e a t  O o l i t e  f a c i e s  i n  t h e  s o u t h - w e s t e r n  p o r t i o n  

o f  t h e  a r e a  c o v e r e d  by t h e  C i r e n c e s t e r  Memoir  ( R i c h a r d s o n  1 9 3 3 ) .  I t  i s  

o f  i n t e r e s t  t o  n o t e  t h a t  w h e n e v e r  t h e  Kemble Beds o f  F o r e s t  M a r b l e  

f a c i e s  o c c u r s  w i t h  e i t h e r  o f  t h e  o t h e r  tw o  f a c i e s ,  i t  i s  i n v a r i a b l y  fou nd  

above them ( R i c h a r d s o n ,  1 9 3 3 ,  p .  5 7 ,  6 0 ,  6 4 ) .  F u r t h e r m o r e  t h e  Kemble Beds 

o f  G r e a t  O o l i t e  f a c i e s  and o f  Cream Cheese f a c i e s  hav e  n e v e r  been d e s c r i b e d  

t o g e t h e r  i n  any s e c t i o n .

The t e r m  Kemble Beds was f i r s t  used by Woodward ( 1 8 9 4 ,  p .  2 5 0 )  t o

d e s c r i b e  a g r o u p  o f  s t r a t a ,  w i t h  a maximum t h i c k n e s s  o f  30 f e e t  ( 9 . 1 4

m e t r e s ) ,  foun d be tw een  t h e  t o p  o f  t h e  W h i t e  L i m e s t o n e  and t h e  ba s e  o f  t h e

B r a d f o r d  C l a y .  H i s  d e s c r i p t i o n  i s  as f o l l o w s  " I n  t h e  n e i g h b o u r h o o d  o f  
h

M in c h i  r ^ mpton and f o r  some d i s t a n c e  n o r t h w a r d s ,  i t  becomes a m a t t e r  o f  

d i f f i c u l t y  t o  s e p a r a t e  t h e  G r e a t  O o l i t e  and F o r e s t  M a r b l e ,  f o r  i n  t h i s  

a r e a  t h e r e  i s  a c o n s i d e r a b l e  d e v e lo p m e n t  o f  f a l s e - b e d d e d  o o l i t e s  above  

t h e  W h i t e  L i m e s t o n e  o f  t h e  G r e a t  O o l i t e .  The se  o o l i t e s  a r e  o v e r l a i d  in  

p l a c e s  by t h e  B r a d f o r d  C l a y ,  b u t  on a c c o u n t  o f  i t s  i n c o n s t a n t  c h a r a c t e r  

i t  is  d i f f i c u l t  t o  f i t  a d e f i n i t e  p l a n e  o f  s e p a r a t i o n .  These u pp er
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o o l i t e s  w i l l  f o r  c o n v e n i e n c e  be r e f e r r e d  t o  as t h e  KEMBLE BEDS, as t h e y  

a r e  w e l l  shown n e a r  Kemble S t a t i o n ,  . . . . " .  The f o s s i l s  q u o t e d  by 

Woodward ( 1 8 9 4 ,  p .  2 7 2 )  as o c c u r r i n g  a b u n d a n t l y  i n  t h e  Kemble Beds 

i n c l u d e  L ima c a r d i  i f o r m i s , L u c i n a  b e l I o n a  and Epi t h y r i s  o x o n i c a  

( r e c o r d e d  as T .  maxi 1 l a t a  by W oodw ard ) ;  s p e c i e s  w h i c h  a r e  t y p i c a l  o f  

t h e  W h i t e  L i m e s t o n e  b e l o w .  In d eed  t h e  w h o l e  f a u n a  has a W h i t e  L i m e s t o n e  

a s p e c t .  Woodward g i v e s  no c r i t e r i a  t o  d i s t i n g u i s h  t h e  W h i t e  L i m e s t o n e  

f r o m  t h e  Kemble Beds.  From h i s  p u b l i s h e d  d e s c r i p t i o n s ,  one may i n f e r  

t h a t  t h e  W h i t e  L i m e s t o n e  i s

a)  wh i t e

b)  f i n e - g r a i n e d

c )  l e s s  f a l s e  bedded t h a n  t h e  Kemble Beds,  and

d) c o n t a i n s  Dagham s t o n e  a t  v a r i o u s  h o r i z o n s .

In  t h e  a r e a  c o v e r e d  by Woodward,  i t  i s  p r o b a b l y  t r u e  t h a t  no p r e c i s e

p a l a e o n t o l o g i c a l  d i v i s i o n  i s  p o s s i b l e .  However  t o  t h e  n o r t h - e a s t ,  i n  t h e .

a r e a  i n  vyhi ch t h e  p r e s e n t  a u t h o r  has w o r k e d ,  t h e  A p h a n o p t y x i s  b l a d o n e n s i s

bed is  t a k e n  as a r e l i a b l e  u p p e r  b o u n d a r y  o f  t h e  W h i t e  L i m e s t o n e .

U n f o r t u n a t e l y  t h i s  bed a t t e n u a t e s  o r  becomes u n r e c o g n i s a b l e  t o  t h e  s o u t h -
h

w e s t  a r o u n d  Minchi .n^mpton and T e t b u r y .

In t h e  a b s en ce  o f  t h e  B r a d f o r d  C lay  f a u n a  Woodward a d m i t t e d  (of) ,  c i t . 

p .  2 7 1 )  t h a t  he foun d i t  " e x c e e d i n g l y  d i f f i c u l t  t o  f i x  a r e c o g n i s a b l e  

p l a n e  o f  d i v i s i o n  b e t w e e n  t h e  two g r o u p s "  and f u r t h e r m o r e  s t a t e d ,  ( p .  283) 

"On t h e  w h o l e  t h e  f l a g g y  beds o f  G r e a t  O o l i t e  (Kem ble  Beds -  p r e s e n t  

a u t h o r )  a r e  n o t  so h a r d  n o r  so t h i n l y  d i v i d e d ,  as a r e  t h o s e  o f  t h e  

F o r e s t  M a r b l e ;  n o r  when o b l i q u e l y  b e d d e d ,  a r e  t h e y  s e p a r a t e d  by t h e  even  

bands o f  b l u e  and s h a l y  c l a y s  t h a t  mark  t h e  F o r e s t  M a r b l e .  A g a i n ,  t h e
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F o r e s t  M a r b l e  l i m e s t o n e s  a r e  u s u a l l y  c h a r a c t e r i s e d  by o c h re o u s  c l a y -  

g a l l s  and t h e y  a r e  more o f t e n  b l u e  in  c o l o u r ,  ow in g  t o  t h e  p r o t e c t i n g  

l a y e r s  o f  c l a y  a s s o c i a t e d  w i t h  t h e m . "  I n  d e s c r i b i n g  t h e  F o r e s t  M a r b l e  

ar o u n d  B l e c h i n g d o n  and K i r t l i n g t o n ,  Woodward ( o|d . c i  t . p .  3 2 2 - 3 )  con­

c l u d e s  " . . .  we have f u r t h e r  e v i d e n c e  o f  t h e  d i s c o r d a n c e  . . . . . .  t h a t  t h e

F o r e s t  M a r b l e  r e s t s  on d i f f e r e n t  members o f  t h e  G r e a t  O o l i t e " .

Worssam £ B i s s o n  ( 1 9 6 1 )  d i v i d e d  t h e  Kemble beds i n t o  a l o w e r  sub­

d i v i s i o n ,  th e  S i g n e t  B e d s ,  i m m e d i a t e l y  abo ve  t h e  W h i t e  L i m e s t o n e  and a 

h i g h e r  Kemble Beds o f  F o r e s t  M a r b l e  f a c i e s .

Thus t h e  bou n d a r y  be tw ee n  t h e  W h i t e  L i m e s t o n e  and t h e  F o r e s t  M a r b l e  

i s  d i s t i n g u i s h e d  a bo ve  a l l  by c o n f u s i o n  and a p l e t h o r a  o f  names v i z ;  t h e  

Kemble Beds o f  Woodward ( 1 8 9 * 0 ;  t h e  Kemble Beds o f  F o r e s t  M a r b l e  f a c i e s  

and Cream Cheese f a c i e s  o f  A r k e l l  ( 1 9 3 1 ) ;  t h e  Kemble Beds o f  G r e a t  

O o l i t e  f a c i e s  o f  R i c h a r d s o n  ( 1 9 3 3 ) ;  and t h e  S i g n e t  Beds o f  Worssam £ 

B isso n  ( 1 9 6 1 ) .  The a u t h o r  b e l i e v e s  t h e  r e l a t i o n s h i p  bet w ee n t h e s e  

f a c i e s  can be e l u c i d a t e d  and w i l l  s u b s e q u e n t l y  a t t e m p t  t o  p r o v e *  t h a t  

t h e  Cream Cheese f a c i e s ,  i n c l u d i n g  t h e  Epi t h y r i s  -  c o r a l  l i m e s t o n e  o f  

A r k e l l  (oj>. c i  t . ) ,  a r e  t h e  l a t e r a l  e q u i v a l e n t  o f  t h e  u p p e r  p a r t  o f  t h e  

W h i t e  L i m e s t o n e  by v i r t u e  o f  t h e i r  o c c u r r e n c e  b e l o w  t h e  A. b l a d o n e n s 1s 

be d ;  t h e  Kemble Beds o f  Woodward pass l a t e r a l l y  i n t o  R i c h a r d s o n s  ( 1 9 3 3 )  

Kemble Beds o f  G r e a t  O o l i t e  f a c i e s  and t h e  S i g n e t  Beds o f  Worssam £

B isso n  ( 1 9 6 1 ) ;  t h e  Kemble Beds o f  F o r e s t  M a r b l e  f a c i e s  a r e  t r u e  F o r e s t  

M a r b l e  and t h e  ba s e  i s  d i a c h r o n o u s  becoming o l d e r  t o  t h e  n o r t h - e a s t .  The  

30 f e e t  o f  Kemble Beds a t  Kemble S t a t i o n  i s  re duc ed  t o  n o t h i n g  in  t h e  

r e g i o n  o f  K i r t l i n g t o n  and in  p l a c e s  t h e  F o r e s t  M a r b l e  even  c u t s  i n t o  

t h e  W h i t e  L i m e s t o n e ,  r em o v in g  t h e  A.  b l a d o n e n s i s  b e d .  T h i s  r e d u c t i o n  i n  

t h i c k n e s s  be tw een  t h e  F o r e s t  M a r b l e  and t h e  W h i t e  L i m e s t o n e  is  p r o b a b l y
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due t o

a )  a t h i n n i n g  o f  t h e  Kemble Beds t o  t h e  n o r t h - e a s t  and

b)  e r o s i o n  and c h a n n e l l i n g  a s s o c i a t e d  w i t h  t h e  h i g h  e n e r g y  F o r e s t  

M a r b l e  e n v i r o n m e n t s .

The e v i d e n c e  f o r  t h e s e  r e l a t i o n s h i p s  w i l l  be d i s c u s s e d  l a t e r .

The i n t e r n a l  c o r r e l a t i o n  o f  t h e  W h i t e  L i m e s t o n e  

P r e v i o u s  w ork

Of  t h e  e a r l y  w o r k e r s  o n l y  Woodward ( .189*0 commented on t h e  

p o s s i b i l i t y  o f  f u r t h e r  s u b d i v i s i o n  o f  t h e  W h i t e  L i m e s t o n e .  Woodward 

( o p . c i  t . ) c l e a r l y  t h o u g h t  t h a t  f u r t h e r  w ork  w o u l d  be d i f f i c u l t ,  

v i z :  "None o f  t h e  s u b d i v i s i o n s  o f  t h e  G r e a t  O o l i t e  can be r e g a r d e d  

as v e r y  c o n s t a n t "  ( p .  2k 3), and " T h e  f o s s i l s  o f  t h e  G r e a t  O o l i t e  do  

n o t  le nd  t h e m s e l v e s  t o  p a r t i c u l a r  z o n a l  g r o u p i n g "  ( p .  2 5 3 ) .  N e v e r t h e ­

l e s s ,  a s u b d i v i s i o n  o f  t h e  G r e a t  O o l i t e  ( i . e .  W h i t e  L i m e s t o n e )  i n  t h e  

A r d l e y - F r i t w e l 1 r a i l w a y  c u t t i n g  was p ropo sed  by Ba rr ow  ( 1 9 0 7 )  and was 

s u b s e q u e n t l y  a d o p te d  w i t h  some r e v i s i o n  by Odl i n g  (1913) ( Fi g .  1 . * * ) .

The beds in  t h e  r a i l w a y  c u t t i n g  s e c t i o n  w h ic h  O d l i n g  found most  v a l u a b l e  

f o r  c o r r e l a t i o n  w i t h  n e a r b y  q u a r r y  s e c t i o n s  w e r e  t h e  g a s t r o p o d  and 

b r a c h i o p o d  h o r i z o n s .  The r e c o g n i t i o n  by Ba r r o w  and O d l i n g  o f  t h r e e  u n i t s  

( B l o c k s  1,  2 and 3)  w i t h i n  t h e  W h i t e  L i m e s t o n e  was a f u n d a m e n t a l  sub­

d i v i s i o n  w h ic h  can s t i l l  be s u p p o r t e d  t o d a y .  The B lad o n  Beds 

( A r k e l l ,  19*>7) > t h e  A r d l e y  Beds ( p a r s . A r k e l l ,  ojj. c i t ) and t h e  

E x c a v a t a  Beds o f  t h e  p r e s e n t  a u t h o r  ( s e e  l a t e r )  c o r r e s p o n d  t o  B lo c k s  

1,  2 and 3 r e s p e c t i v e l y .  O d l i n g  e n d e a v o u r e d  t o  e s t a b l i s h  a c o r r e l a t i o n
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w i t h  s e c t i o n s  exp os ed  i n  q u a r r i e s  t o  t h e  s o u t h ,  e s p e c i a l l y  a t  

K i r t l i n g t o n ,  and Enslow B r i d g e  ( G i b r a l t a r  and G r e e n - H i l l  Q u a r r i e s ) .

The m i s i d e n t i f i c a t i o n  o f  t h e  Cream Cheese beds in  t h e  v a r i o u s  q u a r r i e s  

r e s u l t e d  in  c o r r e l a t i o n s  w h ic h  w e r e  o n l y  p a r t i a l l y  s u c c e s s f u l  ( s e e  

f o o t n o t e  p r e v i o u s l y )  and i n  c o n c l u s i o n  O d l i n g  commented ( o p .  c i  t . , 

p .  5 1 0 )  " T h e  beds o f  t h e  G r e a t  O o l i t e  c a n n o t  be  c o r r e l a t e d  i n  d e t a i l ;

II

Between 1911 and 19 ^ 6 ,  R i c h a r d s o n  p u b l i s h e d  a number o f  p a p e r s  on 

t h e  G r e a t  O o l i t e / W h i t e  L i m e s t o n e  o f  t h e  C o ts w o lds  ( R i c h a r d s o n ,  1911»

19 1 9 ,  19 2 0 ,  1 9 2 9 ,  1933» 1 9 3 5 ,  19** 6) .  H is  w o r k  p r o v i d e d  no s a t i s f a c t o r y  

b a s i s  f o r  t h e  z o n a t i o n  and s u b d i v i s i o n  o f  t h e  W h i t e  L i m e s t o n e  as he con­

f i r m e d  in  19^6 ( p .  3 7 ) ;  " T h e  w r i t e r  has f o r  many y e a r s  e n d e a v o u r e d  t o  

f i n d  in  t h e  G r e a t  O o l i t e  o f  t h e  C o t s w o l d s ,  f o s s i l s  t h a t  a r e  s u f f i c i e n t l y  

r e s t r i c t e d  in  v e r t i c a l  r an ge  t o  be  o f  use i n  z o n i n g ,  b u t ,  w h i l e  p r o g r e s s  

has been made,  r e s u l t s  hav e  n o t  as y e t  come up t o  t h e  d e s i r e d  r e q u i r e m e n t s " .

The o n l y  r e a l  a d v a n c e  in  t h e  z o n a t i o n  o f  t h e  W h i t e  L i m e s t o n e  was 

t h r o u g h  t h e  w o r k  o f  A r k e l l  ( 193 1»  1933a and b ,  19^*7) .  H i s  i m p o r t a n t  1931 

p a p e r  is  a curTo us m i x t u r e  o f  i n s i g h t  and e r r o r s  b u t  i t  e s t a b l i s h e d  f o r  

t h e  f i r s t  t i m e  a seq uen ce  o f  N e r i n e i d  g a s t r o p o d  h o r i z o n s  w h ic h  w e r e  o f  

z o n a l  v a l u e .  Based i n  O x f o r d ,  i t  i s  p e r h a p s  u n d e r s t a n d a b l e  b u t  n e v e r t h e ­

l e s s  u n f o r t u n a t e  t h a t  A r k e l l  r e g a r d e d  K i r t l i n g t o n  as t h e  t y p e  s e c t i o n  o f  

t h e  W h i t e  L i m e s t o n e .  S e c t i o n s  a t  K i r t l i n g t o n  and o t h e r  q u a r r i e s  i n  t h e  

i m m e d ia t e  v i c i n i t y  o f  O x f o r d  w e r e  used by A r k e l i  ( 1 9 3 1 )  t o  i l l u s t r a t e  h i s  

s o l u t i o n  o f  t h e  F o r e s t  M a r b l e / W h i t e  L i m e s t o n e  b o u ndary  p r o b l e m  and i n  so 

d o i n g  he t r i e d  t o  use t h r e e  h o r i z o n s  o f  a b u n d a n t  T e r e b r a t u l i d s  ( t h e  U p p e r ,
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M i d d l e  and Lower  Epi t h y r i s  bed s )  f o r  l o c a l  c o r r e l a t i o n  o f  t h e  G r e a t  

O o l i t e  ( i . e .  A r k e l l ' s  W h i t e  L i m e s t o n e  +  Kemble B e d s ) .  H o w e v e r ,  t h e  

Epi t h y r i s  beds show e v i d e n c e  o f  l a t e r a l  t r a n s i t i o n  f ro m  n o n - d r i f t e d  

C o r a l  -  Epi  t h y r i s  ass e m b la g e s  i n t o  d r i f t e d  Epi t h y r i  s beds (McK errow  

e t .  a l . ,  1 9 6 9 ) .  In d eed  t h e y  can be seen  p a s s i n g  l a t e r a l l y  i n t o

u n f o s s i 1 i f e r o u s  s t r a t a  w i t h i n  a  s i n g l e  s e c t i o n ,  as a t  K i r t l i n g t o n  and  

Enslow B r i d g e .  M o r e o v e r ,  t h e  t h r e e  Epi t h y r i s  beds a r e  n o t  s t r a t i -  

g r a p h i c a l l y  d i s t i n g u i s h a b l e  and in  t h e  a b s e n c e  o f  o t h e r  e v i d e n c e ,  i t  

i s  i m p o s s i b l e  t o  a s c e r t a i n  w h e t h e r  a g i v e n  Epi t h y r i  s bed i s  t h e  U p p e r ,  

M i d d l e  o r  Lower Ep? t h y r i s  b e d .

D u r i n g  t h e  n i n e t e e n t h  c e n t u r y ,  t h e  c l a y s  o c c u r r i n g  above t h e  M i d d l e  

Epi t h y r i  s bed a t  K i r t l i n g t o n  ( a l s o  G i b r a l t a r  Q u a r r y ,  n e a r  Enslow B r i d g e  

and a t  B l e t c h i n g d o n )  w e r e  t h e  s o u r c e  o f  many f i n e  bones o f  C e t i o s a u r u s  

o x o n i e n s i s  P h i l l i p s  ( P h i l l i p s ,  1 8 7 1 ,  p .  2 4 5 - 2 9 * 0 .  The f a u n a  o f  t h e s e  

1 i g n i t i f e r o u s  c l a y s  and m a r l y  l i m e s t o n e s  was o r i g i n a l l y  r e c o r d e d  by 

O d l i n g  ( 1 9 T3)  and e n l a r g e d  upon by A r k e l l  ( 1 9 3 1 ) »  Because o f  t h e  

abundance  o f  A s t a r t e  f i m b r i a t a  L y c e t t  and G e r v ? 1 1 i a  w a l t o n i  L y c e t t  in  

t h e s e  b e d s ,  A r k e l l  ( o £ .  c i  t . ) p ro p o s e d  t h e  name F i m b r i a t a  -  w a l t o n i  Beds 

f o r  them.  The se  a r e  t h e  f i m b r i a t u s  -  w a l t o n i  c l a y s  o f  McKerrow e t .  a l . 

( 1 9 6 9 ) »  t h e  change in  n o m e n c l a t u r e  b e i n g  n e c e s s i t a t e d  by t h e  f a u n a l  

r e v i s i o n s  o f  Cox £ A r k e l l  ( 1 9 4 8 - 5 0 ) .  The F i m b r i a t a  -  w a l t o n i  Beds w e r e  

c o n s i d e r e d  by A r k e l l  ( o £ .  ci  t . )  t o  be a d i s t i n c t ,  s t r a t i g r a p h i c a l l y  

i m p o r t a n t  s u b d i v i s i o n  b e tw een  t h e  Kemble Beds and t h e  W h i t e  L i m e s t o n e .  

C o n s e q u e n t l y  h o r i z o n s  w h ic h  c o n t a i n e d  a f a u n a  s i m i l a r  t o  t h a t  fo u n d  in  

t h e  F i m b r i a t a  -  w a l t o n i  Beds o f  K i r t l i n g t o n  ( i . e .  Eomiodon f i m b r i a t u s , 

B a k e v i I l i a  w a l t o n i , M o d i o lu s  i m b r i  c a t u s , P r o t o c a r d i  a l y c e t t i  a ,  C o r b u la

' •/; a
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h u l 1 i a n a  e t c . )  w e r e  a l s o  c l a s s i f i e d  by A r k e l l  as F i m b r i a t a  -  w a l t o n i  

Beds.  U n f o r t u n a t e l y ,  t h e  b i v a l v e  f a u n a  o f  t h e s e  beds i s  a f a c i e s  f a u n a  

and can be shown t o  have o c c u r r e d  a t  s e v e r a l  c l a y  and m a r l  h o r i z o n s  

w i t h i n  t h e  W h i t e  L i m e s t o n e  w h e r e  c o n d i t i o n s  w e r e  e c o l o g i c a l l y  s u i t a b l e .

The use by A r k e l l  ( 1 9 3 1 )  o f  t h e  F i m b r i a t a  -  w a l t o n i  f a u n a  and t h e  

s e v e r a l  Epi t h y r i s  h o r i z o n s  i n  t h e  c o r r e l a t i o n  o f  t h e  W h i t e  L i m e s t o n e  

r e s u l t e d  in  s e v e r a l  e r r o r s .  Some w e r e  m i n o r ,  such as t h e  c o n f u s i o n  o v e r  

t h e  s e v e r a l  s e c t i o n s  a t  B lad o n  ( p a r t i a l l y  c o r r e c t e d  by A r k e l l ,  1933 and  

1947» P* 5 6 )  and t h e  d i f f i c u l t i e s  e n c o u n t e r e d  by A r k e l l  i n  t h e  i n t e r ­

p r e t a t i o n  o f  Eton C o l l e g e  Q u a r r y  ( 1 9 3 1 ,  p .  6 0 8  and p a r t i a l l y  c o r r e c t e d  by 

Worssam & B i s s o n ,  1 9 6 1 ,  p .  9 5 )  w h e r e a s  o t h e r s  w e r e  much more s e r i o u s .  

Because A r k e l l  foun d e l e m e n t s  o f  t h e  F i m b r i a t a  -  w a l t o n i  f a u n a  i n  t h e  

A p h a n o p t y x i s  b l a d o n e n s i s  bed ( 1 9 3 1 ,  p .  5 8 4 ) ,  he  presumed t h i s  bed t o  be 

p a r t  o f  t h e  F i m b r i a t a  -  w a l t o n i  Beds.  A t  l o c a l i t i e s  such as O r c h a r d  

Q u a r r y ,  B l a d o n  ( 1 9 3 1 ,  p .  5 8 4 ) ,  Handborou gh S t a t i o n  Q u a r r y  ( 1 9 3 1 ,  P* 5 8 6 )  

and M i n s t e r  L o v e l l  War M e m o r ia l  Q u a r r y  ( 1 9 3 1 ,  p .  60 8 )  A r k e l l  fou nd  c o a r s e ,  

b u f f ,  f a l s e - b e d d e d ,  s h e l l y  and d e t r i t a l  l i m e s t o n e s  ab ove a bed ( t h e  A.  

b lad on ens  i s bed)  w h ic h  he c o n s i d e r e d  t o  be p a r t  o f  t h e  F i m b r i a t a  -  w a l t o n i  

Beds.  The u n a v o i d a b l e  c o n c l u s i o n  r e a c h e d  by A r k e l l  was t h a t  t h e  l i m e s t o n e s  

o f  F o r e s t  M a r b l e  f a c i e s  abo ve  t h e  A. b l a d o n e n s i  s bed a t  M i n s t e r  L o v e l l  e t c .  

w e r e  l a t e r a l l y  e q u i v a l e n t  t o  t h e  Cream Cheese f a c i e s  above t h e  F i m b r i a t a  

-  w a l t o n i  Beds a t  K i r t l i n g t o n .  A r k e l l  ( ojd. c? t . )  - c o u l d  n o t  consi  d e r  t h e  

F o r e s t  M a r b l e  f a c i e s  l i m e s t o n e s  as t r u e  F o r e s t  M a r b l e  b ec au se  o f  t h e  

a b s e n c e  p f  t h e  B r a d f o r d  C l a y  f a u n a  w h ic h  he b e l i e v e d  t o  be a n e c e s s a r y  

p r e c u r s o r  t o  t r u e  F o r e s t  M a r b l e .  A r k e l l  ( o p . c i  t . ) named t h e  Cream Cheese  

f a c i e s , t o g e t h e r  w i t h  t h e  sup po sed  l a t e r a l  e q u i v a l e n t s ,  Kemble Beds assum-
H

i n g  them t o  be c o e v a l  w i t h  t h e  Kemble Beds o f  M i n c h i n ^ m p t o n , T e t b u r y  and 

C i r e n c e s t e r  (Woodward,  1 8 9 4 ) .
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The much neede d r e v i s i o n  o f  t h e  G r e a t  O o l i t e  g a s t r o p o d  f a u n a s ,  

e s p e c i a l l y  t h e  N e r i  n e a c e a ,  was i n i t i a t e d  by A r k e l l  ( 1 9 3 1 ) *  H i s  w o r k  

r e s u l t e d  in  " . . .  s e v e r a l  new g a s t r o p o d s  o f  t h e  f o l d l e s s  genus 

A p h a n o p t y x i s , w h ic h  can be d e m o n s t r a t e d  t o  f o r m  d e f i n i t e  zones o f  a t  

l e a s t  l o c a l  u t i l i t y  in  f i e l d w o r k "  ( A r k e l l  1 9 3 1 ,  p .  6 2 3 ) .  The f o l l o w i n g  

seq uen ce  o f  N e r i n e i d  g a s t r o p o d s  was e s t a b l i s h e d  w i t h i n  t h e  F i m b r i a t a  -  

w a l t o n i  Beds and W h i t e  L i m e s t o n e  o f  A r k e l l  ( 1 9 3 1 ) •

L i t h o s t r a t i g r a p h i c  u n i t  

F i m b r i a t a  -  w a l t o n i  Beds

A p h a n o p t y x i s  a r d l e y e n s i s  A r k e i l  1931 )
) W h i t e  L i m e s t o n e

N e r i  nea e u d e s i  i M o r r i s  & L y c e t t  1850 )

The F i m b r i a t a  -  w a l t o n i  Beds c o n t a i n i n g  A.  b l a d o n e n s i s  w e r e  l a t e r  i n c l u d e d  

i n  t h e  W h i t e  L i m e s t o n e  ( R i c h a r d s o n  e t .  a l . ,  19 ^ 6 ;  A r k e l l ,  1947;  Worssam 

6 B i s s o n ,  19^1;  P a l m e r ,  19 7 3 )  a l t h o u g h  McKerrow e t .  a l . ( 1 9 6 9 )  c o n t i n u e d  

t o  use A r k e l l ' s  e a r l i e r  ( 1 9 3 1 )  c l a s s i f i c a t i o n  and on t h e  b a s i s  o f  o y s t e r  

abu nd an ce a s s i g n e d  a F o r e s t  M a r b l e  age t o  t h e  f i m b r i a t u s  -  wai  t o n i  c l a y  

and o v e r l y i n g  beds a t  K i r t l i n g t o n .

A r k e l l ' s  ( 1 9 3 1 )  g a s t r o p o d  seq uen ce  was e x t e n d e d  t o  o t h e r  W h i t e  

L i m e s t o n e  o u t c r o p s ,  e . g .  Hook N o r t o n  ( A r k e l l ,  1 9 4 6 ) ,  W i t n e y  ( R i c h a r d s o n ,  

1 9 ^ 6 ) ,  S h e r b o u r n e  and B u r f o r d  (Worssam S B i s s o n ,  1 9 6 1 ) ;  a l t h o u g h  no  

a d e q u a t e  a t t e m p t  was made t o  m o d i f y  o r  r e f i n e  t h e  scheme.  A r k e l l  ( 1 9 4 7 )  

s u g g e s t e d  P t y g m a t i s  ( B a c t r o p t y x i s ) b a c ? 11 us ( d ' O r b i g n y ) ,  *  j3. i m p l ? c a t a  

( d ' O r b i g n y ) ,  found a few  f e e t  b e l o w  t h e  A.  a r d l e y e n s i  s bed was a l m o s t  as

G a s t r o p o d  zone

A p h a n o p t y x i s  b l a d o n e n s i s  A r k e l l  1931
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i n f a l l i b l e  a s u b z o n a l  i n d e x  as A.  a r d l e y e n s i s .  The  W h i t e  L i m e s t o n e  was 

t h u s  f o r m a l l y  d i v i d e d  i n t o  t h e  B l a d o n  Beds a t  t h e  t o p  and t h e  A r d l e y  

Beds b e l o w  w i t h  A. b l a d o n e n s i s  and A.  a r d l e y e n s i s  b e i n g  t h e  g a s t r o p o d  

s u b z o n a l  i n d i c e s .  The W h i t e  L i m e s t o n e  was c o n s i d e r e d  t o  f o r m  p a r t  o f  t h e  

T .  s u b c o n t r a c t u s  z one  ( A r k e l l ,  19^7» p .  * * 2 ) . ' ;

Prob lem s o f  c o r r e l a t i o n

C a r b o n a t e  e n v i r o n m e n t s  a r e  e s p e c i a l l y  s u b j e c t  t o  r a p i d  changes i n  

d e t a i l e d  l i t h o l o g y  and f a u n a ,  p o s i n g  f o r m i d a b l e  c o r r e l a t i v e  p r o b lem s  o v e r  

even s h o r t  d i s t a n c e s .  In modern s h a l l o w - w a t e r  c a r b o n a t e  e n v i r o n m e n t s  t h e  

d i s t r i b u t i o n  p a t t e r n s  o f  c a r b o n a t e  g r a i n  t y p e s  ( 1 i t h o f a c i e s )  a r e  c l o s e l y  

r e f l e c t e d  in  t h o s e  o f  b e n t h o n i c  f a u n a l  a ss em b la g es  ( b i o f a c i e s )  ( N e w e l l  

e t .  a l . ,  19 5 9 ;  B a t h u r s t ,  1 9 7 1 ) .  T h i s  i s  l a r g e l y  b e c a u s e  e n v i r o n m e n t a l  

f a c t o r s  such as s a l i n i t y ,  w a t e r  t e m p e r a t u r e  and c i r c u l a t i o n ,  w h ic h  c o n t r o l  

t h e  d e p o s i t i o n  o f  c a r b o n a t e  g r a i n  t y p e s  a l s o  i n f l u e n c e  t h e  abundance  and  

d i s t r i b u t i o n  o f  t h e  a s s o c i a t e d  b e n t h o s .  F u r t h e r m o r e  a c c u m u l a t i n g  c a r b o n a t e  

c l a s t s  f o r m  s u b s t r a t e s  o f  v a r y i n g  t e x t u r e ,  s o r t i n g  and c o m p a c t i o n ,  w h i c h  in  

t u r n  d e t e r m i n e  t h e  o r g a n i c  d e t r i t u s  and w a t e r  c o n t e n t  o f  t h e  s u b s t r a t e ;  

f e a t u r e s  i m p o r t a n t  in  t h e  d i s t r i b u t i o n  o f  e p i f a u n a l  and i n f a u n a l  i n v e r t e -  

b r a t e s . ■

C o a r s e - g r a i n e d  c a r b o n a t e  l i t h o l o g i e s  a r e  u s u a l l y  r e l a t i v e l y  d e v o i d  

o f  p l a n t  and a n i m a l  l i f e ,  l a r g e l y  as a r e s u l t  o f  t h e  m o b i l i t y  o f  t h e  sub ­

s t r a t e .  N e w e l l  e t .  a l . ( 1 9 5 9 ,  p .  2 1 9 )  fo u n d  t h e  T i v e l a  communi ty  i n  t h e  

Bahamas Bank has a low s p e c i e s  d i v e r s i t y  and abu nd an ce and t h i s  c o r r e l a t e s  

w e l l  w i t h  i t s  d e v e lo p m e n t  in  an u n s t a b l e  o o l i t e  sand  l i t h o f a c i e s .  F o s s i l
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a n a l o g u e s  o f  such e n v i r o n m e n t s  a r e  p a r t i c u l a r l y  d i f f i c u l t  t o  c o r r e l a t e  

and u s u a l l y  r e s u l t  i n  1 i t h o s t r a t i g r a p h i c  c l a s s i f i c a t i o n s .  The f a l s e  

b e d d e d ,  s h e l l y  o o l i t e s  in  t h e  Ba th  a r e a ,  w h ic h  a r e  t h e  l a t e r a l  e q u i v a ­

l e n t s  o f  t h e  W h i t e  L i m e s t o n e ,  h a v e  been s t u d i e d  by Green 6 Donovan  

( 1 9 6 9 ) »  L i t t l e  d e t a i l e d  p a l a e o n t o l o g i c a l  s u b d i v i s i o n  was p o s s i b l e  in  

t h e s e  h i g h  e n e r g y  l i t h o l o g i e s  ( e . g .  t h e  Combe Down o o l i t e ,  t h e  F r e s h f o r d  

f a c i e s  o f  t h e  Tw in hoe  Beds and t h e  Ba th  o o l i t e )  and t h e  r e s u l t i n g  c o r r e ­

l a t i o n  i s  l a r g e l y  l i t h o l o g i c a l l y  b a s e d .  S e l l w o o d  and McKerrow ( 1 9 7 ^ )  

used a 1 i t h o s t r a t i g r a p h i c  f r a m e w o r k  in  d i s c u s s i n g  t h e  p a l a e o g e o g r a p h y  o f  

b a s a l  B a t h o n i a n  o f  t h e  E n g l i s h  M i d l a n d s .  H o w e v e r ,  l o w e r  e n e r g y  

c a r b o n a t e  d e p o s i t s  c o n t a i n  an a b u n d a n t  f a u n a  and f l o r a .  T h i s  is  

p r i m a r i l y  due t o  t h e  h i g h e r  c a r b o n a t e  mud c o n t e n t  ( p r o v i d i n g  o r g a n i c  

d e t r i t u s )  and t h e  i n c r e a s e d  s u b s t r a t e  s t a b i l i t y .  S t u d i e s  in  t h e  G u l f  o f  

B a t a b a n o ,  Cuba ( s e e  summary in  B a t h u r s t ,  1971)  i n d i c a t e  a h i g h  m o l l u s c a n  

s p e c i e s  d i v e r s i t y  and abund an ce ( 2 0 0  -  2 , 0 0 0  spe cim en s p e r  300 gms. s e d i ­

m en t )  in  a r e a s  o f  s e d i m e n t  w i t h  a h i g h  c a r b o n a t e  mud c o n t e n t  ( g r a i n  s i z e  

> 6 2 y ) . In t h e  Bahamas b a n k ,  N e w e l l  e t .  a l . ( 1 9 5 9 )  fo u n d  t h e  a r e a s  o f  

s t a b l e  p e l l e t  sand and g r a p e s t o n e  sand c o n t a i n e d  a r i c h  and d i v e r s e  

o r g a n i c  communi ty  b u t  t h e  a r e a s  o f  p e l l e t  mud w e s t  o f  Andros I s l a n d ,  

r e v e a l e d  a s p a r s e  e p i f a u n a  and a low m o l l u s c a  s p e c i e s  d i v e r s i t y  and  

abund ance  ( e x c e p t  f o r  C e r i t h i d e a  c o s t a t a  and P s e u d o c y r e n a  c o l o r a t a ) .

They c o n c l u d e d  t h a t  t h i s  was i n  p a r t  c o n t r o l l e d  by t h e  h y p e r s a l i n e  

w a t e r s  in  t h i s  r e g i o n .

N e k t o n i c  and p l a n k t o n i c  o r g a n is m s  hav e  d o m i n a t e d  t h e  b i o s t r a t i -  

g r a p h i c  z o n a t i o n  o f  most  s y s t e m s ,  e s p e c i a l l y  t h e  J u r a s s i c  w i t h  i t s  

dependance on a m m o n i te s .  U n f o r t u n a t e l y  n e k t o n i c  and p l a n k t o n i c  o rg an ism s
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s u i t a b l e  f o r  z o n a t i o n  and c o r r e l a t i o n  a r e  uncommon, even r a r e ,  in  

c a r b o n a t e  e n v i r o n m e n t s ,  th e  W h i t e  L im e s to n e  b e i n g  no e x c e p t i o n .

N e w e l l  e t .  a l .  ( 1 9 5 9 )  n o t e d  t h a t  f i s h  bones and t e e t h  ( i . e .  n e k t o n i c  

in  o r i g i n )  w e r e  c o m p l e t e l y  l a c k i n g  o r  e x t r a o r d i n a r l y  r a r e  t h r o u g h o u t  

t h e  Bahamas ban k .  The r a r i t y  o f  ammoni tes in  t h e  W h i t e  L im es tone  

n e c e s s i t a t e s  t h e  use o f  b e n t h o n i c  o rg an ism s in  c o r r e l a t i o n  a n d ,  hope­

f u l l y ,  z o n a t i o n .  J u r a s s i c  s t r a t i g r a p h e r s  have in  t h e  p a s t  te nded  t o  

i g n o r e  b e n t h o n i c  i n v e r t e b r a t e s ,  r e l y i n g  h e a v i l y  on a m m o n i te s ,  wher ea s  

P a l a e o z o i c  s t r a t i g r a p h e r s  have used m o b i l e  b e n t h o s ,  such as t r i l o b i t e s  

and c o n o d o n t s ,  and s e s s i l e  b e n t h o s ,  such as b r a c h i o p o d s ,  w i t h  c o n s i d e r ­

a b l e  s u c c e s s .  In g e n e r a l  b e n t h o n i c  or gan is m s  have been i g n o r e d  even  

though t h e y  a r e  p l e n t i f u l  in t h e  f o s s i l  r e c o r d ,  bec au se  o f  the  w i d e l y  

h e l d  v i e w  t h a t  th ey  would  n o t  s p r e a d  r a p i d l y  enough th r o u g h  a d e p o s i -  

t i o n a l  b a s i n  t o  have n e a r - i s o c h r o n o u s  b o u n d a r i e s .

Kauf fman  ( 1 9 7 0 )  a d v o c a t e s  t h e  use o f  t h e  t o t a l  f a u n a l  c o n t e n t  

i n v o l v i n g  p o p u l a t i o n  s t u d i e s  on e v o l v i n g  l i n e a g e s  t o  e s t a b l i s h  a b i o ­

s t r a t i g r a p h y  t h a t  i s  n o t  l i m i t e d  by t h e  maximum e v o l u t i o n a r y  r a t e s  o f  

t h e  d o m in an t  b i o s t r a t i g r a p h i c  i n d i c e s .  He s t a t e s  ( 1 9 7 0 ,  p .  6 2 6 )  " C a r e f u l  

s y s t e m a t i c  s t u d i e s  o f  M e s o z o ic  I n o c e r a m i d s  t h r o u g h o u t  t h e  w o r l d  hav e  

shown c l e a r l y  t h a t  i n  s p i t e  o f  t h e i r  s e s s i l e  b e n t h o n i c  1 i v i n g ~ h a b i t , t h e y  

w e r e  f o r  t h e  most p a r t  c o s m o p o l i t a n  o r  i n t e r c o n t i n e n t a l l y  d i s t r i b u t e d  a t  

t h e  s p e c i e s  and s u b s p e c i e s  l e v e l ,  w i t h  ran g e  b o u n d a r i e s  as n e a r l y  i s o ­

ch ro nou s as t h o s e  o f  ammoni tes o r  p l a n k t o n i c  F o r a m i n i f e r a " .

W i t h i n  t h e  W h i t e  L im es tone  t h e  a u t h o r  c o n s i d e r s  t h a t  t h e  N e r i n e i d  

g a s t r o p o d s  a r e  p o t e n t i a l l y  the  most u s e f u l  or gan is m s  f o r  c o r r e l a t i o n  and 

z o n a t i o n .  Of  i n v e r t e b r a t e s  w h ic h  o c c u r  a b u n d a n t l y  in  t h e  W h i te  L i m e s t o n e ,



t h e y  a p p e a r  t o  be t h e  l e a s t  f a c i e s  d e p e n d a n t .  (O f  t h e  f i v e  s u b t i d a l  

c o m m u n i t i e s  r e c o g n i s e d  by N e w e l l  e t .  a l . ( 1 9 5 9 ) »  t h r e e  w e r e  c h a r a c t e r i s e d  

by g a s t r o p o d s  and t h e  JS. c o s t a t u s  communi ty  o c c u p i e d  such d i f f e r i n g  

l i t h o l o g i e s  as mixed s k e l e t a l  s a n d ,  s t a b l e  o o l i t e ,  g r a p e s t o n e  sand and 

p e l l e t  s a n d ) .  C e r t a i n l y ,  t h e  n o n - d r i f t e d  Epi t h y r i  s a s s e m b la g e s  a r e  much 

more f a c i e s  d e p e n d a n t  th a n  t h e  N e r i n e i d s .

The N e r i n e i d s  a r e  m o s t l y  m o b i l e  i n f a u n a l  b e n th o s  ( s e e  C h a p t e r  5 )  

c o n t r a s t e d  w i t h ' t h e  b r a c h i o p o d  E p i t h y r i s  w h i c h  is  s e s s i l e  and e p i f a u n a l .  

T h i s  means t h e  N e r i n e i d s  h a v e  a g r e a t e r  g e o g r a p h i c a l  d i s t r i b u t i o n  p o t e n t i a l  

in  t h e i r  a d u l t  l i f e  than  f a u n a  w h i c h  a r e  s e s s i l e  and t h e  p o s s i b i l i t y  o f  

p o s t - m o r t e m  t r a n s p o r t a t i o n  i s  m i n i m i s e d .  I t  has long  been known t h a t  

p e l a g i c  l a r v a l  s t a g e s  a r e  t h e  m ai n  means o f  g e o g r a p h i c a l  d i s p e r s a l  i n  

b e n t h o n i c  o r g a n i s m s .  S c h e l t m a  ( 1 9 6 6 b ,  1 9 6 8 ,  1971)  r e c o r d e d  t e l e p a n i c  

l a r v a e  ( l o n g  r a n g i n g  l a r v a e  f r o m  s h a l l o w  w a t e r  b e n t h o n i c  g a s t r o p o d s )  in  

t h e  N o r t h  A t l a n t i c  w i t h  r e p r e s e n t a t i v e s  o f  t h e  f o l l o w i n g  f a m i l i e s :  

N e r i t i d a e ,  N a t i c i d a e ,  T r i p h o r i d a e ,  L a m e l l a r i i d a e ,  A r c h i t e c t o n i c i d a e ,  

C y m a t i i d a e ,  C a s s i d a e ,  T o n n i d a e ,  M u r i c i d a e ,  B u r s i d a e ,  Co ra l  1 i o p h i 1 i d a e ,  

O v u l i d a e  and C y p r a e i d a e .  Some had p e l a g i c  d e v e l o p m e n t  p e r i o d s  o f  o v e r  

t h r e e  m on th s.  I f  t h e  r e s u l t s  o f  S c h e l t m a ' s  w o r k  a r e  in  any way a p p l i c a b l e  

t o  f o s s i l  g a s t r o p o d s ,  i t  w o u l d  mean t h e  s u b s t r a t e  c o n d i t i o n  was t h e  m a j o r  

i n f l u e n c e  i n  t h e  g e o g r a p h i c a l  d i s t r i b u t i o n  o f  t h e  N e r i n e i d a e  and o t h e r  

g a s t r o p o d s .

W i t h o u t  d o u b t  t h e  N e r i n e i d  g a s t r o p o d s  a r e  t h e  most ab u n d a n t  m acr o ­

i n v e r t e b r a t e  g ro u p  w i t h i n  t h e  W h i t e  L i m e s t o n e .  No t  o n l y  a r e  t h e y  n u m e r i ­

c a l l y  a b u n d a n t  b u t  a l s o  t a x o n o m i c a 1 l y  d i v e r s e  i n v o l v i n g  some sev en  g e n e r a
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and e l e v e n  s p e c i e s .  Thus I t  seems r e a s o n a b l e  t o  c o n c l u d e  t h a t  t h e  

N e r i n e l d  g a s t r o p o d s  in  t h e  W h i t e  L i m e s t o n e  hav e  a h i g h  b i o s t r a t i g r a p h i c  

p o t e n t i a l .

O t h e r  a u t h o r s  hav e  h i n t e d  a t  t h i s ,  f o r  e x a m p l e ,  A r k e l l  ( 1 9 3 1 »  

p.  6 2 3 )  s t a t e d  t h a t  " t h e  g a s t r o p o d  zones hav e  been fo u n d  t o  be d i s ­

t r i b u t e d  more c o n s i s t e n t l y  t h a n  t h e  b r a c h i o p o d  c o l o n i e s "  and R i c h a r d s o n  

( i n  R i c h a r d o n ,  A r k e l l  & D i n e s ,  19^*6, p .  37 )  c o n s i d e r e d ,  " The  e p i t h y r i d s ,

........... ... a r e  u n r e l i a b l e  f o r  t h e  p u r p o s e  o f r e x t e n s i v e  c o r r e l a t i o n .  The

g a s t r o p o d s  p r o v e  more s a t i s f a c t o r y ; . . . " .  T h i s  p o t e n t i a l  has n o t  

p r e v i o u s l y  been f u l l y  e x p l o i t e d .

Given  t h a t  t h e  g a s t r o p o d  f a u n a s  can be used i n  c o r r e l a t i o n ,  t h e  

p r o b l e m  o f  t h e i r  i s o c h r o n e i t y  o r  o t h e r w i s e  s t i l l  r e m a i n s .  The p r e s e n t  

a u t h o r  con te n ds  t h a t  t h e  d i s t r i b u t i o n  o f  t h e  g a s t r o p o d  f a u n a s  i n  t h e  

W h i t e  L im e s t o n e  i s  i s o c h r o n o u s  o r  n e a r l y  so and t h e r e f o r e  t h e  f a u n a s  a r e  

o f  z o n a l  v a l u e .  T h e i r  s t r a t i g r a p h i c  d i s t r i b u t i o n  i s  c o n s i s t e n t  w i t h  

t h a t  o f  t h e  r a r e  ammoni tes  w h ic h  h a v e  been f o u n d  i n  t h e  W h i t e  L i m e s t o n e .

The d i s t r i b u t i o n  o f  G a s t ro p o d s  in  t h e  W h i t e  L im e s t o n e

P r o b a b l y  t h e  b e s t  s e c t i o n  f o r  t h e  s t u d y  o f  t h e  t e m p o r a l  s eq uence  o f  

N e r i n e i d  g a s t r o p o d s  in  t h e  W h i t e  L i m e s t o n e  i s  a t  S l a p e  H i l l  Q u a r r y  (owned  

by S o i l  F e r t i l i t y  L t d .  G .R .  -  SP ^ *25196 ) .  The d i s t i n c t i v e  s u c c e s s i o n  o f  

g a s t r o p o d  h o r i z o n s  w h ic h  can be e s t a b l i s h e d  h e r e  i s  f o u n d ,  w i t h  some 

m o d i f i c a t i o n ,  i n  a l l  N e r i n e i d  b e a r i n g  W h i t e  L i m e t o n e  e x p o s u r e s  w i t h i n  t h e  

a r e a  u nd er  c o n s i d e r a t i o n .  The s e q u e n c e  o f  g a s t r o p o d  beds a t  S l a p e  H i l l



i s  as  f o l l o w s ,  in descending o rder :

1.

2 .

3«

A.

5 .

6 .

A p h a n o p t y x i s  b l a d o n e n s i s  A r k e l 1 1931 

Up per  A p h a n o p t y x i s  a r d l e y e n s i s  A r k e l 1 1931 

Lower  A p h a n o p t y x i s  a r d l e y e n s i s  A r k e l l  1931

(bed 18 i n  F i g .  1 . 5 )  

(bed 14 i n  F i g .  1 . 5 )  

(bed 12 i n  F i g .  1 . 5 )

B a c t r o p t y x i s  i m p l i c a t a  ( d 1 O r b . 1851)  ( r a r e ) ( b e d  9 i n  F i g .  1 . 5 )

E u n e r i n e a  a r d u e n n e n s i s  ( B u v i g n i e r  1852)  (bed 7 i n  F i g .  1 . 5 )

Eu. a r d u e n n e n s i s  ( B u v . ) :  N e r i n e l 1 a c f .  a c i c u l a  

( d ' A r c h i a c  1843)  (bed 5 in  F i g .  1 . 5 )

7 .  A p h a n o p t y x i s  e x c a v a t a  Bed c o n t a i n i n g :  (bed 3 i n  F i g .  1 . 5 )

A p h a n o p t y x i s  e x c a v a t a  s p .  n o v . ; A p h a n o p t y x i s  compres sa s p .  n o v . ;  

E n d î a p l o c u s  m u n i e r i  ( R i g a u x  e t  Sauvag e 1868)

Eu. a rduennens i s ( B u v . ) :  R i g a u x i a  v a r i c o s a  ( R i g a u x  e t  Sauvage 1868)

F u r t h e r  d e t a i l s  o f  t h e  f a u n a  and 1 i t h o l o g i e s  a t  t h i s  and o t h e r  e x p o s u r e s  

a r e  g i v e n  in  F i g s .  1 . 5  t o  1 . 2 1 .

F i g u r e  1 . 2 2  shows t h e  p ro p o s e d  c o r r e l a t i o n  o f  t h e  g a s t r o p o d  h o r i z o n s  

i n  t h e  W h i t e  L i m e s t o n e .

E x c e p t  a t  S l a p e  H i l l  and N o r t h  L e i g h  (SP 3 8 8 1 4 2 ) ,  t h e  l o w e s t  

g a s t r o p o d  b e d ,  c o n t a i n i n g  A.  e x c a v a t a  s p .  n o v . ,  i s  fo und  i m m e d i a t e l y  b e low
t*\

a w e l l  d e v e l o p e d  hard g ngund  (Ty pe  l / 3 a  o f  G o l d r i n g  and K a ^ / i e r c z a k ,  1 9 7 4 ) .  

The r e c o g n i t i o n  o f  t h i s  new s p e c i e s  ( s e e  C h a p t e r  2)  and i t s  w i d e s p r e a d  

o c c u r r e n c e  b e l o w  a marked s t r a t i g r a p h i c  h i a t u s , s u g g e s t  t h a t  t h e  beds  

b e l o w  t h e  h a r d g r o u n d  s h o u l d  be r e g a r d e d  as a s e p a r a t e  l o w e r  s u b d i v i s i o n  

o f  t h e  W h i t e  L i m e s t o n e  and i t  i s  p ro p o s e d  t o  c a l l  them t h e  E x c a v a t a  Beds.



Bed 5.  G a s t  r o p o d s

C h a r t r o n i e l l a  i n f  r a s t r i  a t a  Cox a n d  A r k e l 1
N e r i  t o ma  ( N e r i d o m u s ) c f .  c o o k s o n i i ( E u d e s - D e s  1 ong char np s  )
P r o c e r i t h i u m  ( R h a b d o c o 1 p u s ) p u l c r u m  ( L y c e t t )
D i c r o l o m a  l a e v i g a t u m  ( M o r r i s  a n d  L y c e t t )
M e t r i o m p h a 1 us ( M e t r f c a n t h u s ) a l t u s  ( M o r r i s  and L y c e t t )
N u m m o c a l c a r  p o l y g o n  i urn ( d 1 A r c h i  a c T  
Di c r o 1oma c f .  p u p a e f o r m e  ( d ' A r c h i a c )
Gon 1o c y 1 i n d r i t e s  b r e v i s  ( M o r r i s  a n d  L y c e t t )
P s e u d o m e 1 an i a s p .
G l o b u 1a r  ? a s p .
Di s c o h e 1 i x c f .  t u r b i  n i  f o r m i  s ( L y c e t t )
P r o c e r i  t h u m ( C o s m o c e r i  t h u m T  b e t u 1a e  ( d ' O r b . )
C e r i  t e l  l a  s p .
A m b e r l e y a  b a t h o n i c a  Cox  a n d  A r k e l 1 
N a r i c o p s i n a  s u b c a n i cu  1a t a  ( M o r r i s  a n d  L y c e t t )
C y 1 i n d r i  t e s  c a n i  cu 1a t u s

Bed 5 •  B i v a  1v e s

P r o t o c a r d  i a c f .  b u c k ma n n  i ( M o r r i s  and L y c e t t )
T r i g o n i a  ( V a u g o n i a ) c f .  m o r e t o n i  ( M o r r i s  a n d  L y c e t t )
P r a e e x o g y  r a  h e b r  i d  i c a  ( Fo r b e s )
Cav  ? 1u c  ? na  ( M e s o m i 1t h a ) be  11o n a  ( d ' O r b i g n y )
T r i  gon i a  p u l  1 us J .  d e  C.  S o w e r b y
N u c u 1 a T P a 1a e o n u c u l a ) w a 1 t o n i  M o r r i s  and L y c e t t
P t e r o p e r n a  s p .  c f .  c o s t u l a t a  ( E u d e s - P e s l o n g c h a m p s )
P r o t o c a r d i  a c f .  s t  r  i c k 1 a n d  i ( M o r r i s  a nd  L y c e t t )
C u c u 1 1 a e a  c f .  mi n c h i  n h a m p t o n e n s  i s Cox a n d  A r k e 11

O t h e r  f a u n a  C h o m a t o s e r i s  p o r p i t e s  (w. S m i t h )

As t e r a c a n t h u s  s p . ,  P a g u r  i d

Bed 3 •  G a s t  r o p o d s

N e r i  t o m a  ( N e r i  d o m u s ) c f .  c o o k s o n i i  ( E u d e s - P e s 1o n q c h a m p s )
P r o c e r  ? t h i  urn ( R h a b d o c o l p u s ) s p .
N u m m o c a l c a r  p o l y g o n i u m  ( d ~ A r c h i a c )
Cha r t  r o n  i e l l a  i n f r a s  t r i  a t a  Cox a n d  A r k e l 1 
P r o c e r  i t h u m  ( C o s m o c e r i t h u m ) sp .
G l o b u 1a r  i a  c f . f o r m o s a  ( M o r r i  s a n d  L y c e t t )
N a r i c o p s i n a  s u b c a n  ? c u  1a t a  ( M o r r i s  a n d  L y c e t t )
C e r  i t e  11 a  s p .
Me t  r  i o m p h a 1 us s p .
C y 1 i n d r i  t e s  s p .

Bed 3-  B i v a i  v e s

N u c u l a  ( P a l a e o n u c u l a ) w a l t o n i  M o r r i s  a n d  L y c e t t  
P r o t o c a r d i a  s t r i c k l a n d i  ( M o r r i s  a n d  L y c e t t )
P a r a i l e l o d o n  s p .
Mod i o l u s  imb r i  c a t u s  J . Sow.
T r i  g o n i a  p u l l u s  J .  d e  C.  S o w e r b y  
I s o g n o mmo n  i s o g n o m m o n o i d e s  ( S t a h l )
M o d i o l u s  ( i n o p e r n a ) p l i c a t u s  J .  Sow.
C a v i  l u c i  n a  ( M e s o m i l t h a ) b e T T o n a  ( d ' O r b . )
P t e r o p e r n a  s p .
E n t ö l i  um s p .

M a j o r  n o n - N e r i n e a c e a n  f a u n a  a t  S I  ape H i l l

( w i t h i n  each  c l a s s  s p e c i e s  a r e  a r r a n g e d  i n  d e c r e a s i n g  abundance )

O t h e r  f a u n a  C 1y p e u s  s p . ,  A c r o s a l e n i  a s p . ,  P a g u r ?  d .
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bioturbated grey rubbly 1st.

massive coarse'oolitic'lsts. 
bimodal distribution of clasts

massive'oolitic'1st. 
with partings

orange/brown marl 

fine grained grey'oolitic'lst.

ARDLEY
BEDS

massive buff/greyoolitic'lst.

(Basal Ardley bed) blue-hearted 1st.
Eu.arduennensis grades from coarse oolite' 

Nerinella cf. acicula down into sandy 1st. 
A.compressa . through into clay

variagated clays,marls 
and limestones

(A.excavata bed) 
A.excavata 

Eu.arduennensis 
E.munieri 

T R.varicosa

buff shelly'oolitic'lst. 
becoming finer-grained 

lower down

buff oolitic'lst.

EXCAVATA
BEDS

Fi9-1.5. Section at Slape Hill Quarry (SP425196)



Bed 12.  G a s t  r o p o d s

C y l i n d r i t e s  a n g u l a t u s  M o r r i s  a n d  L y c e t t

N e r  i t oma  ( Ne r i d o m u s ) c f .  c o o k s o n  i i ( E u d e s - D e s  1o n g c h a m p s ) 

P s e u d o m e 1 an i a ( Oon i a ) s p .

Di c r o 1oma c f .  p u p a e f o r m e  ( d ' A r c h i a c )

C h a r t  r o n  i e 11 a i n f  r a s  t  r  i a t a  Cox a n d  A r k e I  1 

G 1o b u 1 a r i  a c f .  m o r r i s i  Cox and A r k e l 1 

P r o c e  r i t h  i um ( C o s m o c e r  i t h  i um) c f .  b e t  u 1a e  

M e t  r i o m p h a 1 us s p .

G l o b u l a r i a  f o r m o s a  ( M o r r i s  and L y c e t t )

M a j o r  n o n - N e r i  neacean  fauna  at Dagh_a i11 J)<nyn<,

( w i t h i n  each  c l a s s  s p e c i e s  a r e  a r r a n g e d  in d e c r e a s i n g

Bed 1 2 .  Bi v a  1 ves

N u c u 1 a ( Pa 1a e o n u c u l a ) w a 1 t o n  i M o r r i s  and L y c e t t  

P r o t o c a  rd i a c f .  s t  r i  c k l a n d i  ( M o r r i s  and L y c e t t )

P r o t o c a  rd i a s p .

Me 1e a g r i n e  11 a e c h i n a t a  (W.  S m i t h )

T r i g on  i a ( V a u g o n  i a ) c f .  mo r e t o n  i ( M o r r i s  a nd L y c e t t )  

C u c u l 1 a e a  s p .

P r a e e x o g y  r a  s p .

Bed 7-  Gas t  r o p o d s

R i g a u x i a  v a r i c o s a  ( R i g a u x  e t  S a u v a g e )

T r o c h o t o m a  s p .

D i c r o l o m a  l a e v i g a t u m  ( M o r r i s  a n d  L y c e t t )

Bed 7-  B i va  1 v e s

L i ma ( P l a g i o s  t o m a ) c a  rd i i f o r m i  s J .  S o w e r b y  

Ch 1amys ( R a d u l o p e c t e n ) v a g a n s  ( J .  d e  C.  S o w e r b y )

P r a e e x o q y r a  s p .

O t h e r  f a u n a

Bur mi  r h y neh i a s p .

S o l e n o p o r a  j  u r a s s i  c a  Br o wn

abundance)

T h a mn a s  t e r  ? a s p . , g a n o i d  f i s h  s c a l e s .



banÀs-pu!»X

8

B.implicata 
M.altararis 
Cylindritessp.

BLADON
P beds -,

platy fissile 1st. 
sparsely'oolitic'

rubbly 1st.with brown marl 
platy Dagham stone 
buff oolitic'1st.

:x:ì ì

I
:rzi

ZTJ s

veryplaty, coarse oolitic'lst. 
(mainly intraclasts) 

cross-bedding and ripples 
Saurian remains

ZipL̂ Pr-Y-A

: ix XX

prominant level fissile rubbly marly oolite'

• • I r*•-Tp-V?
1 — * *i n il i*i fii»r ) |i.w i7 r i^ . , , . . —.i

'1^7) F. witchelli hardground (serpulids and oysters)
| I | I 11 Eu arduennensis Dagham stone(up.O 35m cavernous) | 

l . f .Jj r r i i z r - V - X ^

■ ■ 1 • • > • • !
pjy|'.v 4

C.hathonica fine-grained sparselybolitic'buff 1st. / \^ qley  
B.implicata (fossils abundant in Ir.part) BEDS

hardground (Lopha-Praeexogyra)
Dagham stone (up.0-30m cavernous) 
Ir.pink/buffoolite'-orangeboliths'

Poor Dagham stone

4 .
coarse oolite



M a j o r  n o n - N e r i n e a c e a n  f auna  a t  F o s s  C r o s s

( w i t h i n  each  c l a s s  s p e c i e s  a r e  a r r a n g e d  in  d e c r e a s i n g  abundance )

Bed 1 0 .  G a s t r o p o d s

_G. mi n e h  i n h a m p t o n e n s  ? s ( d e  L o r  i o ! )  
jS. f o r m o s a  (TT S L . )
_P. ( R .  ) c f .  pu 1 c h r u m  ( L y c e t t )
_M. (M.  ) h a m p t o n e n s  i s ( M.  & L . )

Bed 1 0 .  B i v a  1v es

_L. ( P .  ) c a r d i  i f o r m i  s J . Sow.
£ .  a n n u l a t u s  ( J . d e  C.  S o w . )
_C. ( M ■ ) b e  1 1 o n a  ( d ' O r b . )

O t h e r  f a u n a

I s a s t r a e a  l i m i t a t a  ( L a m o u r o u x )
L e p i  d o t u s  s p .  St ^ophodus s p .
Bur mi  r h y  ni  ch i a h o o k  i ns i

T r o c h o t o m a  s p .
_D. c f .  a r m a t u m  ( M.  & L . )
IP. ( 0 . )  d e l  i a  ( d ' O r b . )
C.  t u  r r i  s ( C o s s ma n n  e x  P i e t t e )

£_. c f .  c o s t a t u  l a  ( E .  D e s i . )  
P s e u d o t  r â p e z  i urn s p .

M i c r o s o l e n a  e x c e l  l i s a  E d wa r d s  a nd H a i n e  
?S t y 1 i na s p .  S o l e n o p o r a  j  u r a s s  i c a  Br own

Bed 7 -  G a s t r o p o d s

_M. a l  t a r a r i s  ( C o s s m a n n )  -  r a r e  
_P. ( L . ) compos i t a  M. & L .
_M. (_M. ) c f .  h a m p t o n e n s  i s (M.  & L . )  
_F. c f .  p h a s i a n o i d e s  ( M.  & L . )
T r o c h o t o m a  s p .

Bed 7 -  B i v a  1v e s

_L, ( P . ) c a r d i  i f o r m i s J .  Sow.
T .  p u 11 us J .  d e  C.  Sow.
T .  (V.~)  mo r e t o n i  M.  & L.
_M. c f .  i mb r i  c a t u s  ( J .  d e  C.  S o w . )  
_C. (_C. ) r e t i f e r u s  (M.  & L . )
C_. c o n c e n t r i c a  ( J .  d e  C.  S o w . )
_C. ( M.  ) b e l l  o n a  ( d ' O r b . )
L o p h a  s p .

_C. a n n u  1 a t u s  ( J . d e  C.  S o w . )
C h 1amys s p .

O t h e r  f a u n a

Epi  t h y r i s  o x o n i  c a  A r k e l 1
Bu rmi  r h y neh i a h o p k  i ns i
_D. d i  g o n o i  des  ( S . S . Bu c k ma n )
S t  i ph r o t h y  r i  s s p .

Bed A.  Gas t r o p o d s

G l o b u l a r i  a s p .

Bed A.  B i v a  I v e s

M. i mb r i c a t u s  ( J . d e  C.  S o w . )
C.  ( M . )  b e l l o n a  ( d ' O r b . )

_L. (P_. ) c a r d  i i f o r m i  s J .  Sow.

O t h e r  f a u n a

_C. p o r p  i t e s  (W. S m i t h )
C 1a d o p h y I l i a  s p .
_N. w o o d w a r d i  ( W r i g h t )

_G. f o r m o s a  ( M.  6 L . )
G l o b u 1a r  i a s p .
Di c r o l orna c f .  a r m a t u m (M.  & L . )
C_. p a t  r u e  1 i na T C o s s m a n n )
Ĝ . mi c h e l  i ni  ( d ' A r c i a c )
P r o c o n u 1 us sp .

G e r v i 1 1 i a  s p .
T a n c r e d i a  s p .
P.  c f .  1 i r a t a  ( J . S o w . )
P_. h i r s o n e n s  i s  ( d ' A r c . )  
jC. u n d u l a t a  ( m . & L . )
P r a e e x o g y r a  s p .
L i t h o p h a g a  s p .

û  ( P . )  m i n c h i n h a m p t o n e n s i s  C.  & A.  
C . r i  g i d u s  ( J . S o w . )
J_. c f .  g i b b o s a  ( J .  S o w . )
G r a m m a t o d o n  s p .

S t r o p h o d u s  s p .
S .  j u r a s s  i c a  Br own  
C. c f .  mu 1 1 e r i  W r i g h t  
F a v r e i  na

A m p u 1 1 o s p  i r a  s p .

L .  c f .  c o s t a t a  ( J .  d e  C.  S o w . )  
~ P r a e e x o g y r a  s p .
C h l a m y s  s p .
A s t a r t e  s p .

S.  j u r a s s  i ç a  Br o wn  
S t  r o p h o d u s  s p .
F a v r e i  na

Bed 2 .  G a s t r o p o d s

N.  ( N . )  c o o k s o n i j  ( E .  Des 1 . )
G.  f o r m o s a  ( M . & L . )
A.  l a b a d e y i  ( d ' A r c . )

Bed 2 .  Bi  v a l v e s

C.  ( M . )  b e l 1o n a  ( d ' O r b . )
T . p u 11 us J . d e  C . Sow.
An i s o c a r d i  a s p .

O t h e r  f a u n a

M. ( S . )  c f .  t e n u  i r a d  i a t a  ( d e  
C. p o r p i  t e s  ( W . S m i t h )
N.  w o o d w a r d i  ( W r i g h t )

Di  c r o i  orna s p .
P s e u d o m e l a n i  a ( Oon i a ) sp  
Me t  r i o m p h a 1 us s p •

C.  r  i g i dus ( J .  S o w . )
"M, ~ ( | . )  p l i c a t u s  J .  Sow 
p\  p~es - bov  i s ( d ' A r c . )

F r o m e n t e l  e t  F e r r y )
Epi  t h y  r i  s s p .
L e p i  d o t u s  s p .



*
Fig.1.7. Section at FossCrossquarry (SP 055092 ) and

k
adjacent railway-cuttings (after Richardson 1911 & 

present author)
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ig/1. 8 .  S e c t io n  in  S to n y  F urlong  railw ay  
after R ich ardso n , 1911 &  present auttior)

cutting (SP0G 3105 )





Bed 5-  G ast ro po ds

A m b e r le y a  b a t h o n i c a  Cox and A r k e l l

N e r i  toma ( N e r i  domus) c f .  c o o k s o n i i  ( E u de s -D es longc ham ps)

G l o b u l a r i a  fo rmosa ( M o r r i s  and L y c e t t )

P a r a c e r i t h i u r n  c f .  c o s t i g e rum ( P i e t t e )

P s e u d o m e la n ia  ( O o n i a ) c f .  l e y m e r i e i  ( d ' A r c h i a c )

D i c r o 1 orna sp.

Cer i t e 11 a a c t a e o n i f o rmis ( P i e t t e )

M e t r i o m p h a l u s  (Met  r i  om phalus) ham p to n e n s is  ( M o r r i s  and L y c e t t )

A t a p h r u s  b e l u s  ( d ' O r b . )

Nummocalcar p o l y q o n iu m  ( d ' A r c h i a c )

C y l i n d r o b u l 1 i na sp .

C e r i  t e l  l a  c o n i c a  ( M o r r i s  and L y c e t t )

N e r i domus n e r i  t o i  des ( M o r r i s  and L y c e t t )

Major no n -N e r îneacean fauna at  S t u r t  Farm

(w i th in  each c l a s s  spe c ie s  are  arranged  in d ec rea s in g  abundance)

Bed 5- B i v a l v e s

Cavi  1u c î na ( Mesorni 1t h a ) b e l  l o n a  ( d ' O r b . )  

T r i goni  a pul  lus  J .  de C. Sowerby  

P t e r o p e r n a  sp.

Cam pton ect es  sp .

Other fauna

Nucleoli tes woodwardî (Wright) 

Chomatoseris porpîtes (W. Smith) 

Burmi rhynchia sp.





Bed 1k - u pp er  p a r t .  G ast ro po ds  

Am b e r ly a  b a t h o n i c a  Cox and A r k e l 1

Neri toma (Neri domus) cf. cooksonif(Eudes-Desiongchamps)

P s e u d o m e l a n i a  ( O o n i a )  s p .

Bed \k - u p p e r  p a r t .  B?v a 1ves

M o d i o lu s  ( I n o p e r n a ) s p .

S p h a e r i o l a  sp .

An i s o c a r d i  a sp.

F o r  f u r t h e r  d e t a i l s  o f  f a u n a  i n  t h i s  s e c t i o n  s e e  A r k e l 1 ,  1931 and Worssam 

and B i s s o n ,  1961.

Major non-Ner ineacean fauna at  Eton C o l le ge

(w i th in  each c l a s s  specimens are  arranged  in decreas ing  abundance)
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ARDLEY

BEDS
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massive 1st.

sandy 1st. EXCAVATA
BEDS

rubbly 1st.

marly clay

oolitic 1st.

F'g. 1.11, Section at Eton Colleqe quarry (SP 297102)



M a j o r  n o n - Ne r i n e a c o a n  t a n n a  a t  Wm- dur . '  ' / V . t n i l ! '

( w i t h i n  e a c h  c l a s s  s p e c  i es a r< • .1 r r , 1 n < 1 < ■ ■ 1 i > - ■ 1. •. 1 . ■, 1 - i <. : , 11tmci a n c e )

Bed 10.  Gas t  r o p o d s

F i b u l a  c f . ph a s  i a n o  i des  ( M o r r i s  a n d  L y < 1 • t t )

N e r i t o m a  ( N e r i d o m u s )  c o o k s o n i i  ( Eu de s  - Des I d i m ,, h a s p s  )

P r o c e  r i  t h u m ( Cos moc e  r i t h i urn) c f .  d o r _ v n l i  ( (a -■. s e a m  i j 

P r o c e  r  i t h  i um s p .

A t a p h  r u s  s p .

Me t  r i  o m p h a 1 us s p .

? C e r i  t e l  l a  s p .

Bed 10 .  B i v a l v e s

P r o t o c a  r d  i a c f .  b u c k n a n n  i ( M o r r i s  a n d  l y c e t t )

T r i  gon i a ( V a u g o n  i a ) i mp r e s s a B r o d e r ip  

T r i g on  i a pu 11 us J .  de  C. S o w e r b y

T r i g o n i a  ( V a u g o n i a )  m o r e t o n i ( M o r r i s  a n d  1. y < e t t >

E o n a v i c u l a  m i n u t a  ( J . d e  C . Sowe r by

C h l a m y s  ( R a d u l o p e c t e n ]) c f . v a g a n s  ( J .  de C. dove' r t.y

Cos t i g e r v i l l i a  s p .

Bed 6.

A m b e r l e y a  b a t h o n i c a  Cox a n d  A r k e 1 I 

G l o b u l a r i  a f o r m o s a  ( M o r r i s  a nd  L y c e t t )

N e r  i domus ( N e r i  t o m a ) c f .  c o o k s  on i i ( Eud es -  Des I < >nn< lianp--. > 

P s e u d o m e 1 a n i a  ( Oon i a ) c f .  d e l i a  ( d ' O r b . )

O t h e r  f a u n a

Bu rmi  r h y neh i a s p . 

Nue  1e o 1 i t e s  sp .



Bed 10.  Gast  ropods

F i b u l a  c f .  p h a s i a n o i d e s  ( M o r r i s  and L y c e t t )

N e r i  toma ( N e r i  domus) coo ksoni i  ( E u d e s - D e s longchamps)

P r o c e r i thum ( C o s m o c e r i t h i um) c f .  d o r v a 1 i (Cossmann)

P r o c e r i th iurn  sp .

A t a p h r u s  sp.

Met r i  omphalus s p .

? C e r i  t e l  l a  s p .

Bed 10.  B i v a l v e s

P r o t o c a r d i a  c f .  buckmanni  ( M o r r i s  and L y c e t t )

T r i  goni  a ( V a u g o n i a ) i mpr e s s a  B r o d e r i p

T r i  goni  a pul  1 us J .  de C. Sowerby

T r i  goni  a ( V a u g o n i a ) mor e t o n i  ( M o r r i s  and L y c e t t )

E o n a v i c u l a  m i n u t a  ( J .  de  C. Sowerby

Chlamys ( R a d u l o p e c t e n ) c f .  vagans ( J .  de C. Sowerby)

C o s t i g e r v i I l i a  s p .

Major non-Nerineacean fauna a t Worsham ( A s t h a l l )

(w ith in  each c l a s s  sp e c ie s  a re  arranged  in  d e c re a s in g  abundance)

Bed 6.

A m b e r l e y a  b a t h o n i c a  Cox and A r k e l l  

G l o b u l a r i a  f o r m o s a  ( M o r r i s  and L y c e t t )

N e r i domus ( N e r i t o m a ) c f .  cooksoni? ( E u d e s -D es lo n g c h am p s)  

P s e u d o m e l a n i a  ( O o n i a )  c f .  d e l i a  ( d ' O r b . )

O t h e r  f a u n a

Burmi r h y n c h i a  sp.  

N u c l e o i  ? t e s  s p .



Fig.1.12. Section at Worsham (Asthall) quarry(SP300119)



*

Fig.1.13. Section at Minster Lovell (SP 318109)



Bed 17- Gastropods

N e r i t o m a  ( Ner?domus) c f .  coo ks on i i  ( E u d e s -D es longc ham ps)

Bed 17- Bivalves

T r i g o n i a  p u l l  us J .  de C. Sowerby

P r o t o c a r d i a  c f .  S t r i c k l a n d ?  ( M o r r i s  and L y c e t t )

C a v i l u c i n a  ( M e s o m i1t h a ) b e l l o n a  ( d ' 0 r b . )

P t e r o p e r n a  s p .

P i n n a  sp .

Osteomya d i l a t a  ( P h i l l i p s )

M ajor  non-Nerineacean fauna a t  North Leigh

(w ith in  each c l a s s  specimens a re  arranged  in d e c re a s in g  abundance)



Fig. 1.14. Section at N , igh (S P 3 8 9 1 4 1 )
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M a j o r  n o n - H e r i n e a c e a n  f a u n a  a t  

Bunkers  H i l l  ( S h i p t o n - o n - C h e r w e l l  Cement W o r k s )

( w i t h i n  eac h  c l a s s  s p e c i e s  a r e  a r r a n g e d  in  d e c r e a s i n g  ab undanc e )

Bed 2 1 .  Gas tro po ds

Ner idomus ( N e r i  toma) c f .  c o o k s o n i i  ( E u d e s -D es lo n g c h am p s)

Troch oto m a  sp .

Bed 2 1 .  B i v a l v e s

M o d i o lu s  i m b r i c a t u s  J .  Sowerby

Li ma ( P l a q i o s t o m a ) c a r d i  i f o r m i s J .  Sowerby

O t h e r  f a u n a  

I s a s t r a e a  sp.

C y a t h o p o r a  p r a t t i  Edwards and Haime  

E p i t h y r i s  o x o n i c a  A r k e l l

Bed 7-  B i v a l v e s

Lima ( P I a g i o s t o m a ) c a r d i  i f o r m i s  J .  Sowerby  

P r a e e x o g y r a  s p .

O t h e r  f a u n a

E p i t h y r i s  o x o n i c a  A r k e l 1 

Burmi r h y n c h i a  sp.  

I s a s t r a e a  s p .

A c ros a l e n i  a sp.

Bed 6 .

As bed 21 t o g e t h e r  w i t h  Burmi r h y n c h l a  s p .

C a v i l u c i n a  ( M es o m i1t h a ) b e ! I o n a  ( d ' O r b . )  and P r a e e x o g y r a



Fig.1.15. Sectional Bunkers Hill quarry (SP 474175)



Fig.1.16. Section at Enslow Bridge Quarry (SP478186)





M a j o r  n o n - N e r i n e a c e a n  f a u n a  a t  A r d l e y  F i e l d s  Q u a r r y  

( w i t h i n  each c l a s s  s p e c i e s  a r e  a r r a n g e d  i n  d e c r e a s i n g  abu nd an ce)

Bed kk. G ast ro po ds

N a r i c o p s i n a  s u b c a n i c u l a t a  ( M o r r i s  and L y c e t t )
T ro ch o to m a  o b t u s a  M o r r i s  and L y c e t t

Bed kk. B i v a l v e s

M o d i o lu s  i m b r i c a t u s  J .  Sowerby
Lima ( P f a g i o s t o m a ) s u b c a r d i i f o r m i s  ( G r e p p i n )
P r a e e x o g y r a  h e b r i d i c a  ( F o r b e s )

O t h e r  f a u n a

Epi t h y r i  s o x o n i c a  A r k e 11 
I s a s t r a e a  sp.

Bed 4 1 .  G a s t ro pods

Cy1 i n d r o b u 1 1 i n a  l u i d i  i ( M o r r i s )
A m b e r l e y a  b a t h o n i c a  Cox and A r k fe l l
N a r i c o p s i n a  c o t s w o i d e n s i s  Cox and A r k e l 1
N e r i t o m a  ( NeTTdomus) c f .  coo ks on i j  ( E u d e s -D es lo n g c h am p s)
P r o c e r i t h i u m  ( Rh ab d o c o ip u s ) v a r i a b i i e  ( M o r r i s  and L y c e t t )
A t a p h r u s  c f .  o v u i a t u s  (Heb e t  Deslongchamps)

Bed . B i v a l v e s

P r o t o c a r d i a  c f .  s t r i c k l a n d ?  ( M o r r i s  and L y c e t t )
Mactromya v a r i c o s a  ( J .  Sowerby)
C a v i l u c i n a  ( M e s o m i l t h a )  b e l I o n a  ( d ' O r b . )

Bed 32a.

see text (Tables 5-E and 5.F)

Bed 30. Gastropods

Amberleya bathonica Cox and Arkel1
Neri toma (Ner idomus) cf. cookson ii (Eudes-Deslongchamps) 
Globularia cf. formosa (Morris and Lycett)

Bed 30. Bivalves

Protocardia sp.
Nucula (Palaeonucula) waltoni Morris and Lycett
Modiolus imbricatus J . Sowerby
Modiolus ( Inoperna) piicatus
Pteroperna cf. costumata (Eudes-Deslonqchamps)
Anisocardia sp.
Astarte sp.
Lima (PI agi os toma) subcardi i formis (Greppin)
Cavilucina (Mesomiltha) bellona (d'Orb.)
Praeexogyra hebrid ica (Forbes)
Trigonia pul lus J. de C. Sowerby 
Eonavicula minuta J. de C. Sowerby 
Pholadomya sp.
Ceratomya sp.

Other fauna

Clypeus mill Ieri Wright 
Kal1i rhynchia sp.
Indet. Terebratulid - see Arkell, Richardson and Pringle, 1933 
Isastraea sp.



Fig.1.18. Section at Ardley Fields Q u a r r y  (SP541265)



Major non-Nerineacean fauna a t  Crouqhton

(w ith in  each c l a s s  sp e c ie s  a re  arranged  in d e c re a s in g  abundance)

Bed 10.

A n i s o c a r d i a  s p . N u c l e o l i t e s  s p .

S t i o h r o t h y r i s  s p . Ac ros a 1 en i a s p .

Bed 7-  G a s t ro pods

G l o b u l a r i a  s p .

Bed 7-- B i v a l v e s

T r i g o n i a  ( V a u g o n i a ) c f .  mor e t o n i  ( M o r r i s  and L y c e t t )

T r i  g o n i a  p u l l  us J .  Sowerby  

Pholadomya s p .

Grammatodon s p .

Chlamys ( R a d u i o p e c t e n ) vagans ( J .  de C. Sowerby)

P r a e e x o q y r a  s p .

Lopha sp.

Protocardia sp.

O t h e r  f a u n a

Chomatoseris sp. Pagurid, serpulids and echinoid debris.

Bed 3* G a s t ro pods

A m b e r !e y a  b a t h o n i c a  Cox and A r k e l l

G l o b u l a r i a  s p .

Bed 3* B ? v a lv e s  

T r i g o n i a  p u l  1 us J .  Sowerby  

Pholadomya sp .

Homomya sp.

O t h e r  f a u n a

Cl ype us  m u l l e r i  W r i g h t  

N u c l e o l i  t e s  s p .

P a g u r i d  and s e r p u l i d s .  I n d e t .  T e r e b r a t u l i d  as  a t  A r d l e y  F i e l d s  Q u a r r y ,  
bed 30 .



Fig.1.19. Section at Croughton Quarry (SP563335)
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Bed 1.  G as t ro pods

N e r i t o m a  ( N e r i d o m u s ) c f .  c o o k s o n i j  ( E u d e s -D es longc ham ps)

G i o b u l a r i a  sp.

D i c r o l o m a  l a e v i g a t u m  ( M o r r i s  and L y c e t t )

A m b e r le y a  b a t h o n i c a  Cox and A r k e l l  

F i b u l a  s p .

Bed 1.  B i v a l v e s

F i m b r i a  l a j o y e i  ( d ' A r c h i a c )  a bu ndant

T r i q o n i a  ( Vaugoni  a ) m o r e t o n i  ( M o r r i s  and L y c e t t )

P r o t o c a r d i a  s p .

P t e r o p e r n a  c o s t u i a t a  (E u d e s -D e s lo n g c h a m p s )

Ch1amys ( R a d u l o p e c t e n ) sp .

Major non-Ner?neacean fauna a t  Great Ro ll  r i g h t

(w ith in  each c l a s s  sp e c ie s  a re  arranged  in d e c re a s in g  abundance)

M o d i o l u s  i m b r i c a t u s  J .  Sow.
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Fau nal  c h a r a c t e r i s t i c s  o f  t h e  E x c a v a t a  Beds 

A) The A. e x c a v a t a  bed

The f a u n a  o f  t h e  e x c a v a t a  bed has been s t u d i e d  a t  f i v e  

l o c a l i t i e s ,  v i z .  Foss C r o s s ,  S t u r t  Fa rm ,  Worsham,  S 1 ape H i l l  and A r d l e y  

F i e l d s  Q u a r r y  ( s e e  F i g .  1 .1  f o r  l o c a l i t i e s ;  F i g s .  1 . 2 3  -  1 . 2 7  f o r  

d e t a i l s  o f  f a u n a  and F i g s .  1 . 7 »  1 . 1 0 ,  1 . 1 2 ,  1 . 5  and 1 . 1 8 f o r  d e t a i l s  o f  

s e c t i o n s ) .

- 1 : 2 7 “

A. e x c a v a t a  and t h e  pseudo N e r i n e i d  R i g a u x i a  v a r i c o s a  ( R i q a u x  e t  

Sa uvage )  (a  genus n o t  p r e v i o u s l y  r e c o r d e d  f r o m  t h i s  c o u n t r y )  a r e  t h e  

commonest and most  c h a r a c t e r i s t i c  s p e c i e s  o f  t h i s  h o r i z o n .  D e t a i l s  o f  

t h e  mor pho lo gy and taxonomy o f  t h e s e  and o t h e r  s p e c i e s  a r e  g i v e n  in  

C h a p t e r  2 .  R i g a u x i a  v a r i c o s a  i s  a l s o  fou nd  a t  Dagham Downs b u t  a t  

s t r a t i g r a p h i c a l l y  h i g h e r  h o r i z o n s  and in  much s m a l l e r  numbe rs .  T h i s  is  

t h e  o n l y  a d d i t i o n a l  o c c u r r e n c e  o f  R i g , v a r i c o s a  known t o  t h e  a u t h o r  

o t h e r  t h a n  in  t h e  A.  e x c a v a t a  b e d .  Ner idomus ( N e r i t o m a ) c o o k s o n i i  ( D e s l . )  

and G i o b u l a r i a  fo r m o sa  ( M o r r i s  £ L y c e t t )  a r e  a l s o  common and w i d e l y  d i s -  

t r i b u t e d  t h r o u g h o u t  t h e  Ai. e x c a v a t a  bed b u t  t h e i r  w i d e s p r e a d  o c c u r r e n c e  

a t  o t h e r  h o r i z o n s  in  t h e  W h i t e  L i m e s t o n e  s u g g e s t s  t h e y  a r e  o f  l i t t l e  

s t r a t i g r a p h i c  v a l u e .  The d i s t r i b u t i o n  o f  A m b e r l e y a  b a t h o n i c a  Cox &

A r k e l  1 i s  v e r y  s i m i l a r  t o  t h a t  o f  JN. cooks on i and _G. fo r m o sa  b u t  a l t h o u g h  

t h i s  s p e c i e s  i s  e s p e c i a l l y  a b u n d a n t  a t  S t u r t  Farm and A r d l e y  F i e l d s  

Q u a r r y ,  i t  a l s o  i s  s p o r a d i c a l l y  u b i q u i t o u s  t h r o u g h o u t  t h e  W h i t e  L i m e s t o n e .  

Two o t h e r  N e r i n e i d  g a s t r o p o d s  A. compres sa s p .  n o v .  and E n d i a p l o c u s  

m u n i e r i  (a  genus n o t  p r e v i o u s l y  r e c o r d e d  f r o m  t h i s  c o u n t r y )  o c c u r  w i t h i n  

t h e  / \ .  e x c a v a t a  bed i n  s m a l l  numbers and o v e r  a w i d e  a r e a ,  a l t h o u g h



Foss Cross Sturt Farm Worsham SlapeHill Ardley Fields

Fig1.23.The Fauna of the A.excavata bed.
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Fig 1.24.The Fauna of the A.excavata bed.
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Fig1.25.The Fauna of the A . excavata bed.
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Fig 1.26.The Fauna of the A.excavata bed.
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Fig 1.27.The Fauna of the A.excavata bed.



n e i t h e r  a r e  r e s t r i c t e d  t o  t h i s  h o r i z o n .  H o w e v e r ,  A. com pr es sa  i s  much

r a r e r  above t h i s  l e v e l  ( e . g .  S l a p e  H i l l  bed 5)- The u n i q u e  c o m b i n a t i o n

of four Nerineid gastropods (A. excavata, \̂. compressa, Endiaplocus

m u n i e r i  and F i b u l a  r e t i c u l a t a  s p .  n o v .  ( s e e  C h a p t e r  2 )  and t h e  pseudo

Nerineid J*. variosa is faunal ly diagnostic of this horizon and does not

o c c u r  i n  t h e  W h i t e  L i m e s t o n e  o t h e r  th an  a t  t h e  base o f  t h e  f o r m a t i o n .

T h i s  bed forms t h e  l o w e s t  c o r r e c t a b l e  g a s t r o p o d  h o r i z o n  i n  t h e  W h i t e

L i m e s t o n e  and i s  a v a l u a b l e  da tu m t h r o u g h o u t  t h e  a r e a .  E x a m i n a t i o n  o f

F i g s .  1 . 2 1» -  1 . 2 7  r e v e a l  s e v e r a l  f a u n a l  g r a d i e n t s  w i t h i n  t h e  A. e x c a v a t a

bed .  N u c l e o l i t e s  woodwardi  ( W r i g h t ) ,  common i n  t h e  s o u t h - w e s t e r n  p a r t

o f  t h e  o u t c r o p ,  d e c r e a s e s  i n  abund an ce t o  t h e  n o r t h - e a s t  w h i l s t  C l ype us

mulleri becomes more common. S im ilar ly , the corals Choma tose r i s porp i tes

( S m i t h )  and M ont i  i v a l t i a  ( S t e r e o p h y 1 1 i a ) c f .  t e n u i  r a d i  a t a  ( d e  F r o m e n t e l

e t  T e r r y )  w h ic h  a r e  a b u n d a n t  in  t h e  s o u t h - w e s t  a r e  r e p l a c e d  by I s a s t r e a

sp .  a t  S l a p e  H i l l  and A r d l e y  F i e l d s  Q u a r r y  i n  t h e  n o r t h - e a s t .  Amongst

the Bivalves many were either not su ff ic ien t ly  abundant or not su ff ic ien tly

widespread to establish definite density gradients e.g. Camptonectes

r i q i d u s , Isognommon i s o g n o m o n o i d e s , P a r a l l e l o d o n  s p . , Lima s u b c a r d i  i f o r m i s .

However, Pteroperna sp. Modiolus imbricatus (j. Sow.) Modiolus ( Inoperna)

s p . , P r o t o c a r d i  a c f . s t r i  ck l an d ?  and N u c u l a  ( P a i a e o n u c u l a ) w ai  t o n i  w e r e
*

a l l  foun d t o  d e c r e a s e  s o u t h - w e s t w a r d s  f r o m  A r d l e y  F i e l d s  Q u a r r y ,  b o t h  in  

t o t a l  abu nd an ce and as a p e r c e n t a g e  o f  t h e  t o t a l  B i v a l v e  p o p u l a t i o n .

Amongst t h e  B i v a l v e s  o n l y  C a - v i 1u c i n a  (M e s o m i 1t h a ) b e l I o n a  showed a d e c r e a s e

in  abu nd an ce t o w a rd s  t h e  n o r t h - e a s t .



1:29 -

The d i s t r i b u t i o n  p a t t e r n s  among st  t h e  G a s t ro p o d s  a re  somewhat  more  

c o m p lex .  A few  show r e l a t i v e l y  s i m p l e  g r a d i e n t s ,  f o r  e x a m p le  £ .  r e t i c u l a t a  

s p .  n o v .  and A t a p h r u s  sp p .  , b o t h  d e c r e a s i n g  t o  t h e  n o r t h - e a s t .  A. compressa  

and R i g , v a r i  osa  a l s o  show a somewhat  s i m i l a r  t r e n d .  The more com pl ex  

d i s t r i b u t i o n  o f  Jju.  a r d u e n n e n s i s  shows a d i s t i n c t  i n v e r s e  r e l a t i o n s h i p  t o  

t h a t  o f  A. e x c a v a t a . T h i s  i s  f o u n d  t o  be  g e n e r a l l y  t r u e  t h r o u g h o u t  t h e  

W h i t e  L i m e s t o n e ;  e i t h e r  E u n e r i n e a  s p .  g r e a t l y  ou tnum be rs  t h e  A p h a n o p t y x i s  

s p .  o r  v i c e  v e r s a .  The two g e n e r a  a r e  r a r e l y  foun d in  e q u a l  abu nd an ce in  

t h e  same bed.  A l m o s t  c e r t a i n l y  t h i s  r e l a t i o n s h i p  is  e c o l o g i c a l l y  based  

and i s  d i s c u s s e d  i n  C h a p t e r  5 .  Bo th  A.  b a t h o n i c a  and £ .  fo rm o sa  show 

s i m i l a r  d i s t r i b u t i o n  p a t t e r n s  t o  t h a t  o f  A.  e x c a v a t a . The modern  

G l o b u l a r i a  is  a p r e d a c e o u s  c a r n i v o r e  f e e d i n g  m a i n l y  on b i v a l v e s .  P a lm e r  

( 1973»  P* 5 7 )  f o und  a G l o b u l a r i a / P h o l a d o m y a  r a t i o  o f  1 : 10  in  t h e  Pholadomya  

marl  a t  A r d l e y  F i e l d s  Q u a r r y .  In a modern l i v i n g  ass e m b la g e  t h i s  is  

a p p r o x i m a t e l y  t h e  r a t i o  b e t w e e n  c a r n i v o r e  and p r e y  o f  r o u g h l y  t h e  same 

s i z e  ( P a l m e r  0£ .  c i  t . p .  5 7 ) *  The r a t i o  o f  G l o b u l a r i a  t o  A p h a n o p t y x i s  

sp p .  in  t h e  A.  e x c a v a t a  bed i s  shown b e l o w .

Foss Cross Sturt Farm Worsham Slape Hi l l  Ardley , Mean 

1 : 1 6 . 7  1 : 9 - 2  1 : 1* .7  ] : 8 1 : 2 0 . 3  1 : 1 1 . 8

It  is  possible that these ratios may also represent a predator/prey 

relationship between Globularia and Aphanoptyx?s spp.

It  was possible to establish the bathonica/Aphanoptyxis ratios 

in the A. excavata bed in only three lo ca lit ie s .  They are as follows:-

Sturt Farm

1:5.8

Worsham

1 : 4 . 7

Ardley

1 : 3 - 4
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The morphology of A. bathonica suggests an epifaunal browsing mode 

of l i fe  but the significance of large numbers of A. bathonica associated 

with abundant Aphanoptyxis spp. is as yet unknown.

The f a u n a  o f  t h e  / \ .  e x c a v a t a  bed i s  n o t  e v e r y w h e r e  a b u n d a n t .  The 

d i a g n o s t i c  g a s t r o p o d  f a u n a  a p p e a r s  t o  be  a b s e n t  a t  C r o u g h t o n  and i s  o n l y  

p o o r l y  r e p r e s e n t e d  a t  N o r t h  L e i g h  and Worsham.  In  t h e  Chedworth  C u t t i n g s ,  

t h e  abu nd an ce o f  C a v i 1u c i n a  (M e s o m i 1t h a ) b e l 1ona a t ' t h i s  l e v e l  l e d  

Ri c h a rd s o n  ( 1 9 1 1 ,  p .  111 )  t o  name t h i s  b e d ,  and t h o s e  b e l o w ,  t h e  Luci  na 

Beds.  He f u r t h e r  s t a t e d  ( R i c h a r d s o n ,  1933» p .  6 3 ) ,  "T he  L u c i n a  beds  

c o n s t i t u t e  a n o t a b l e  p a l a e o n t o l o g i c a l  h o r i z o n  in  t h i s  c u t t i n g  and i n  th e  

n e i g h b o u r h o o d " .

B) The horizons below the A. excavata bed ---------------------------  —————

The l o w e r  h o r i z o n s  o f  t h e  E x c a v a t a  Beds a r e  o n l y  s p o r a d i c a l l y  

f o s s i 1 i f e r o u s .  G as t ro p o d s  a r e  r a r e  and i r r e g u l a r l y  d i s t r i b u t e d .  B i v a l v e s  

and E c h i n o i d s  a r e  more common b u t  n e v e r  a b u n d a n t .  I n f a u n a l  b i v a l v e s  

( T .  p u l l u s , C. ( M . )  b e l l o n a , G e r v i I l i a  and M yacea ns ) a r e  more f r e q u e n t  

than  e p i f a u n a l  forms ( C a m p t o n e c t e s , P l a q i o s t o m a , M o d i o lu s  and P r a e e x o q y r a ) 

and amongst  t h e  E c h i n o i d s ,  £ .  m u l i e r i  i s  commonly found in  t h e  n o r t h - e a s t  

w h i l s t  N u c l e o l i t e s  i s  r a t h e r  more  w i d e s p r e a d .  Some R h y n c h o n e l 1 i d s , 

T e r e b r a t u l I d s  (? S t i p h r o t h y r i s ; s e e  A r k e l l ,  R i c h a r d s o n  S P r i n g l e ,  1 9 3 3 ,  

p.  3 * * 7 ) , c o r a l  d e b r i s  and l i g n i t e / w o o d  a l s o  o c c u r ,  m a i n l y  i n  t h e  n o r t h ­

e a s t .  See F i g s .  1 . 5  -  1 - 2 0  f o r  d e t a i I s .
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The l i t h o l o g i e s  o f  t h e  E x c a v a t a  Beds

A) The / \ .  e x c a v a t a  bed

The s e d i m e n t  was o r i g i n a l l y  a b i o p e l / i n t r a  m i c r i t e  w h ic h  has  

s u b s e q u e n t l y  u n d ergone  c o n s i d e r a b l e  d i a g e n e t i c  a l t e r a t i o n .  A t  A r d l e y  

F i e l d s  Q u a r r y  and S t u r t  Farm t h e  s e d i m e n t  has been v e r y  h e a v i l y  m i c r i t i s e d  

and t h e  m a r g i n s  o f  t h e  o r i g i n a l  p e l l e t s / i n t r a c l a s t s , w h ic h  a r e  d i s t i n c t l y  

s m a l l e r  a t  t h e s e  two l o c a l i t i e s ,  a r e  o b s c u r e .  The m a t r i x  a t  A r d l e y  

F i e l d s  Q u a r r y  c o n t a i n s  a b u n d a n t  o s t r a c o d  v a l v e s  and N o d o s a r i i d  f o r a m i n i -  

f e r a  w h ic h  a p p e a r  t o  h a v e  been r e p l a c e d  by n e o m o r p h ic  s p a r ,  b u t  no s i l t  

s i z e d  q u a r t z  g r a i n s  w e r e  f o und  i n  t h e  m a t r i x .  A t  S l a p e  H i l l  t h e  p e l l e t s /  

¡ n t r a c l a s t s  a r e  s l i g h t l y  l a r g e r  and o c c a s i o n a l  s i l t - s i z e d  q u a r t z  g r a i n s  

a r e  e n c o u n t e r e d  in  t h e  mi c r i t i c  m a t r i x .  M o l l  uscan s h e l l  d e b r i s  i s  common 

h e r e  and r e p l a c e d  by s p a r r y  c a l c i t e  cement v i a  a c a v i t y  s t a g e  ( s e e  

C h a p t e r  6 ) .  S m a l l  p a t c h e s  o f  n e o m o r p h ic  s p a r  r e p l a c i n g  t h e  o r i g i n a l  

m i c r i t i c  m a t r i x  can a l s o  be s e e n .

The l a r g e s t  c l a s t s  in  t h e  e x c a v a t a  b e d ,  w h i c h  r e p r e s e n t  t h e  

c o a r s e s t  o r i g i n a l  s e d i m e n t ,  w e r e  f o u n d  a t  Worsham and N o r t h  L e i g h  and  

a r e  a s s o c i a t e d  w i t h  a b u n d a n t  s i l t - s i z e d  q u a r t z  g r a i n s  I n  t h e  m a t r i x .  

O c c a s i o n a l  o r i g i n a l  c a v i t i e s  i n  t h e  i n t e r s t i c e s  b e tw een  c l a s t s  a r e  now 

f i l l e d  w i t h  s p a r r y  cement  b u t  most  o f  t h e  m a t r i x  i s  m i c r i t i c  o r  ne o m o rp h ic  

s p a r  r e p l a c e m e n t  o f  t h e  o r i g i n a l  m i c r i t i c  m a t r i x .  The n e o m o r p h ic  s p a r  

o f t e n  seems t o  s p r e a d  i n t o  t h e  m i c r i t i c  m a t r i x  f r o m  a r e a s  o f  c a v i t y  f i l l e d  

s p a r r y  c a l c i t e  ( s e e  p l a t e  1 : A ) .  In  a r e a s  o f  m i c r i t e  t h e  c l a s t s  a r e  

o b s c u r e  b u t  i n  t h e  r e g i o n s  o f  n e o m o r p h i c  s p a r  t h e y  a r e  d i s t i n c t .  The
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f o l l o w i n g  c r i t e r i a  w e r e  used t o  d i s t i n g u i s h  o r i g i n a l l y  m i c r i t i c  m a t r i x  

now a l t e r e d  t o  s p a r  by a g g r a d i n g  ne omorp hism:

a)  i n t e r c r y s t a l 1 i n e  b o u n d a r i e s  non p l a n a r ;

b)  e n f a c i a l  j u n c t i o n s  r a r e ;

c)  c l a s t s  ' f l o a t i n g '  in  s p a r ;

d)  q u a r t z  g r a i n s  ' t r a p p e d '  in  s p a r  ( s e e  B a t h u r s t ,  1 9 7 1 ,  p .  4 7 6 - 5 1 6 ) .

The a p p e a r a n c e  i n  t h i n  s e c t i o n  a p p ro a c h e s  t h a t  o f  ' s t r u c t u r e  g r u m e l e u x '  

( C a y e u x ,  1935;  B a t h u r s t ,  ojd. ci  t . , p .  5 1 1 ) .  F u r t h e r  t o  t h e  s o u t h - w e s t  

a t  S t u r t  Farm t h e  s e d i m e n t  becomes f i n e r - g r a i n e d ,  w i t h  l e s s  q u a r t z  and  

f i n a l l y  a t  Foss Cross no q u a r t z  was fou nd  i n  t h e  m a t r i x .

The h a r d g r o u n d  a t  t h e  to p  o f  t h e  / \ .  e x c a v a t a  bed i s  n o t  a p p a r e n t  

a t  S l a p e  H i l l  and N o r t h  L e i g h  ( a l t h o u g h  a p o o r l y  d e v e l o p e d  one i s  found

0 . 1 3  m above t h e  t o p  o f  t h e  e x c a v a t a  bed a t  N o r t h  L e i g h  and t h i s  may 

i n d i c a t e  t h e  to p  o f  t h e  E x c a v a t a  B e d s ) .  The a b s en ce  o f  t h e  h a r d g r o u n d  

i s  p r o b a b l y  due t o  t h e  more c o n t i n u o u s  s e d i m e n t a t i o n  i n  t h i s  r e g i o n .  The 

s e d im e n t  a t  Worsham,  N o r t h  L e i g h  and S l a p e  H i l l  i s  c o a r s e r  and c o n t a i n s  

more s i l t - s i z e d  q u a r t z  t h a n  e l s e w h e r e  and was p r e s u m a b l y  d e p o s i t e d  un der  

h i g h e r  h y d r o d y n a m i c  r e g i m e s .  S i g n s  o f  l o c a l  p o s t - m o r t a l  t r a n s p o r t ,  f o r  

e x a m p l e ,  damage t o  t h e  w h o r l  s i d e s  o f  G a s t r o p o d s ,  d i s a r t i c u l a t i o n  o f  

B i v a l v e s ,  and a b r a s i o n  and s l i g h t  o r i e n t a t i o n  o f  t h e  t u r r e t t e d  G a s t ro pods  

E u n e r i n e a  and A p h a n o p t y x i s , a r e  foun d i n  t h e  f a u n a s  a t  S t u r t  Farm and  

S l a p e  H i l l .  H o w e v e r ,  t h e  c o a r s e s t  s e d i m e n t ,  a t  Worsham and N o r t h  L e i g h ,  

c o n t a i n s  o n l y  a v e r y  s p a r s e  f a u n a .  T h i s  i s  sum m ar is ed  in  F i g u r e  1 . 2 8 .
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The d istr ibution  patterns of Aphanoptyxis excavata and Eunerinea 

arduennesis can probably be related to the depositional environments. 

Aphanoptyxis apparently preferred the quieter regimes and finer sediments 

This is confirmed by. the distribution of other species of Aphanoptyxis 

at higher levels in the White Limestone.

B) The h o r i z o n s  b e lo w  t h e  A. e x c a v a t a  bed

The r e m a i n i n g  E x c a v a t a  Beds b e low  t h e  A.  e x c a v a t a  bed a r e  m o s t l y  

f i n e - g r a i n e d  b i o p e l / i n t r a m i c r i t e s  and m a r l s .  The beds become v e r y  r i c h  

in c l a y  ( p r e s u m a b l y  d e t r i t a l  t e r r i g e n o u s  c l a y  d e r i v e d  f r o m  t h e  London-  

Ardennes la nd  mass) t o  t h e  n o r t h - e a s t .  I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  

a l l  t h e  E x c a v a t a  Beds a t  N o r t h  L e i g h  a r e  c o n s p i c u o u s l y  s a n d y ,  s u g g e s t i n g  

t h i s  had been an a r e a  o f  h i g h e r  e n e r g y  d e p o s i t i o n a l  r e g im e s  f o r  some 

t i m e  b e f o r e  t h e  d e p o s i t i o n  o f  t h e  / \ .  e x c a v a t a  b e d .  M i n o r  h a r d - g r o u n d s  

a p p e a r  more f r e q u e n t l y  and a r e  b e t t e r  d e v e l o p e d  i n  t h e  Lower E x c a v a t a  

Beds t o  t h e  s o u t h - w e s t .

The Ardley Beds

A t  S l a p e  H i l l  t h e  f i v e  g a s t r o p o d  h o r i z o n s  f ro m  2 t o  6 c o n s t i t u t e  

t h e  most  c o m p l e t e  and most  f o s s i 1 i f e r o u s  s e c t i o n  o f  A r d l e y  Beds known 

t o  t h e  a u t h o r .  The A r d l e y  Beds w e r e  d e s c r i b e d  by A r k e l l  ( 1 9 ^ 7 ,  p .  1*2) 

as c o m p r i s i n g  " t h e  l o w e r  t w o - t h i r d s  o f  t h e  W h i t e  L i m e s t o n e  and a r e  

d e f i n e d  upward by a l i m e s t o n e  n e a r  t h e  t o p  crowded w i t h  t h e  g a s t r o p o d  

A p h a n o p t y x i s  a r d l e y e n s i s . . . . " .  The base o f  t h e  A r d l e y  Beds was n o t  

d e f i n e d .  A r k e l l ' s  d i v i s i o n  o f  t h e  W h i t e  L i m e s t o n e  i n t o  t h e  B lad o n  Beds 

and A r d l e y  Beds i s  r e p l a c e d  i n  t h e  p r e s e n t  w o r k  by t h e  Bl ad on Beds,  

A r d l e y  Beds and E x c a v a t a  Beds.  Thus t h e  l o w e r  l i m i t  o f  t h e  r e d e f i n e d



A rd le y  Beds i s  taken as the m a r l / c la y  on top o f  the Aphanoptyx is  excavata

bed.

In t h e  a r e a  t o  t h e  n o r t h - e a s t  o f  S t u r t  Fa rm ,  t h e  A r d l e y  Beds a r e  

w e l l  d e f i n e d  and a s a t i s f a c t o r y  c o r r e l a t i o n  o f  t h e  g a s t r o p o d  h o r i z o n s  can  

be a c h i e v e d .  S o u t h - w e s t  o f  S t u r t i F a r m  t h e  c o r r e l a t i o n  o f  t h e  A r d l e y  Beds 

w i t h  t h e  s e c t i o n s  a t  Dagham Downs, Foss Cross and t h e  n e a r b y  r a i l w a y  

c u t t i n g s  i s  d i f f i c u l t  and w i l l  be d i s c u s s e d  l a t e r .

The A r d i e y  Beds n o r t h  e a s t  o f  S t u r t  Farm

1. The base o f  t h e  A r d i e y  Beds

The base o f  t h e  A r d l e y  Beds c o n s i s t s  o f  a h i g h l y  c h a r a c t e r i s t i c  and  

u n i f o r m  s e d i m e n t a r y  seq u e n c e  ( t h e  b a s a l  A r d l e y  be d )  w h ic h  e v e r y w h e r e  

commences w i t h  a t h i c k  c l a y  l a y e r  c o n t a ? n i n q  P r a e e x o q y r a  ( e s p e c i a l  iy  

a t  C r o u g h t o n  and A r d l e y )  and l i g n i t e .  B a k e v e l 1 i a w a l t o n i  ( L y c e t t )  and  

7 T a n c r e d i a  have been f o und  a t  Eton  C o l l e g e  Q u a r r y  ( A r k e l 1 ,  1 9 3 1 ,  p .  6 0 7 )  

and r o o t l e t s  o c c u r  a t  C r o u g h t o n .  V e r t e b r a t e  r em a in s  a r e  commonly fo u n d  

a t  Worsham and N o r t h  L e i g h  and i n c l u d e  A s t e r a c a n t h u s  maqnus ( A g a s s i z ) ,  

p a l a t a l  t e e t h  o f  Eomesodon, g a n o i d  f i s h  s c a l e s  ( T H o l o s t e a n )  and t e e t h  o f  

PI i e s i o s a u r u s  s p .  The c l a y  l a y e r  g r a d u a l l y  becomes s i l t y ,  pas se s up i n t o  

a d e c a l c i f i e d  sa ndy l i m e s t o n e  and f i n a l l y  merges i n t o  a m a s s i v e  l i m e s t o n e  

s t r a t u m .  The  t r a n s i t i o n  i s  so g r a d u a l  t h a t  i t  i s  i m p o s s i b l e  t o  s a t i s ­

f a c t o r i l y  s u b d i v i d e  t h i s  l i t h o l o g i c a l  u n i t .

The d e c a l c i f i e d  sandy base o f  t h e  l i m e s t o n e  c o n t a i n s  p o o r l y  p r e s e r v e d  

b i v a l v e s  such as P r o t o c a r d i a  c f .  s t r i c k i a n d i , P i n n a , T r i q o n i a , C a v i l u c i n a , 

B a k e v e I l i a  and P r a e e x o q y r a . Above t h e  c l a y  b a s e ,  t h e  l i m e s t o n e  a t  N o r t h  

L e i g h ,  Bu nkers  H i l l  and C r o u g h t o n  i s  u n f o s s i 1 i f e r o u s .
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A t  E ton  C o l l e g e  and Worsham t h e  l i m e s t o n e  p o r t i o n  o f  t h e  b a s a l  

A r d l e y  bed i s  much c o a r s e r  c o n t a i n i n g  l a r g e  c l a s t s  o f  l i m e s t o n e  (up t o  

0 . 0 3  m d i a m e t e r )  and l e n s e s  o f  g a s t r o p o d  d e b r i s  w i t h  o c c a s i o n a l  l a r g e  

F i b u l a  c f .  v a r i a n s . A t  S l a p e  H i l l  and A r d l e y  F i e l d s  Q u a r r y ,  t h i s  bed i s  

e x t r e m e l y  f o s s i 1i f e r o u s  a t  t h e  base p a s s i n g  i n t o  b a r r e n  ' o o l i t e '  h i g h e r  

up a n d ,  a l t h o u g h  t h e  f a u n a  i s  somewhat  r e d u c e d ,  t h e  bed can be t r a c e d  t o  

S t r a t t o n  A u d le y  (s e e  F i g s .  1 . 2 0  and 1 . 2 2 )  i n  s p i t e  o f  r e p o r t s  t o  t h e  

c o n t r a r y  ( P a l m e r ,  1973» p .  5 8 ) .  The e x t r e m e l y  u n i f o r m  l i t h o l o g y  o v e r  

such a w i d e  a r e a  ( e x c e p t  f o r  t h e  h i g h e r  e n e r g y  d e p o s i t i o n a l  c o n d i t i o n s  

a t  E ton  C o l l e g e  and Worsham, a s s o c i a t e d  w i t h  t h e  l i m e s t o n e  p e b b l e s )  and  

t h e  p r e s e n c e  o f  an a b u n d a n t  f a u n a  o n l y  a t  t h e  ba s e  o f  t h e  l i m e s t o n e  a t  

S l a p e  H i l l  and A r d l e y  s u g g e s t s  t h a t

a )  d e p o s i t i o n a l  c o n d i t i o n s  w e r e  b o t h  q u i e t  and w i d e s p r e a d  and

b )  t h a t  a c l o s e  r e l a t i o n s h i p  e x i s t e d  b e t w e e n  t h e  f a u n a  and t h e  s e d i m e n t .  

The d é c a l c i f i c a t i o n  o f  t h e  base o f  t h e  l i m e s t o n e  has e v i d e n t l y  p r o g r e s s e d  

much f u r t h e r  a t  A r d l e y  F i e l d s  Q u a r r y  and t h e  f o s s i l s  a r e  fo u n d  as moulds  

and c a s t s  i n  a w e l l  d e v e l o p e d  ro ach  s t o n e .  T h i s  i s  t h e  Roach Bed o f  

A r k e l l ,  R i c h a r d s o n  and P r i n g l e  ( 1 9 3 3 ,  p .  3^ 3 )  w h i c h  A r k e l l  d e s c r i b e d  as 

" S i l i c e o u s  brown l i m e s t o n e ,  i n  t h e  l o w e r  p a r t  o f  w h i c h  f o s s i l s  ha v e  

abounded b u t  h a v e  been d i s s o l v e d  o u t  p r o b a b l y  by w a t e r  h e l d  up by t h e  

s u b j a c e n t  c l a y . "  Only  t h e  a r a g o n i t i c  s h e l l s  h a v e  been d i s s o l v e d ,  t h e  

c a l c i t e  ones ( e . g .  P r a e e x o q y r a ) n o t  b e i n g  a f f e c t e d .  As n o t e d  by P a l m e r  

( 1 9 7 3 ,  P- 5 8 )  t h e  r e s u l t i n g  c a v i t y  i s  u s u a l l y  i n f i l l e d  by s p a r r y  c a l c i t e  

cem en t  b u t  he c o n c l u d e d  t h a t  t h i s  p r o c e s s  had n o t  t a k e n  p l a c e  i n  t h e  

Roach Bed a t  A r d l e y .  The p r e s e n t  a u t h o r  i s  o f  t h e  o p i n i o n  t h a t  t h e  

f o s s i l s  o f  t h e  Roach Bed w e r e  s e c o n d a r i l y  i n f i l l e d  by c a v i t y  s p a r  and t h a t
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t h e  s u b s e q u e n t  d é c a l c i f i c a t i o n  was a l a t e r  d i a g e n e t i c  p r o c e s s .  The  

o c c a s i o n a l  o c c u r r e n c e  w i t h i n  t h e  Roach Bed o f  s m a l l  a r e a s  o f  f o s s i l s  

w i t h  a s p a r i t e  cement  and t h e  i n v a r i a b l e  o c c u r r e n c e  o f  them a bo ve  t h e  

Roach Bed t e n d s  t o  s u p p o r t  t h i s  h y p o t h e s i s .

The Roach Bed is  fo u n d  as s c a t t e r e d  b l o c k s  in  A r d l e y  F i e l d s  Q u a r r y  

and t h e  n e a r b y  A r d l e y  s t a t i o n  Q u a r r y  (SP 5 3 9 2 6 9 ) .  W i t h  a l i t t l e  

e x c a v a t i o n  i t  can a l s o  be e x a m i n e d  i n  s i t u  i n  A r d l e y  F i e l d s  Q u a r r y  and  

in  t h e  n e a rb y  R a i l w a y  c u t t i n g .  A t  S l a p e  H i l l  t h e  e q u i v a l e n t  bed i s  w e l l  

expos ed  in  t h e  w o r k i n g  q u a r r y  and b e a u t i f u l l y  w e a t h e r e d  o u t  spe cimen s  

w i t h  an e x t e n s iv e  f a u n a  can be o b t a i n e d  f ro m  j o i n t  f a c e s .  A d e t a i l e d  s t u d y  

o f  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  s e d i m e n t  and t h e  f a u n a  i n  t h e  b a s a l  

A r d l e y  bed a t  t h e s e  two l o c a l i t i e s  i s  g i v e n  i n  C h a p t e r  5*

2 . S t r a t a  b e tw een  t h e  b a s a l  A r d l e y  bed ( i . e .  A r d l e y  Roach Bed and  

l a t e r a l  e q u i v a l e n t s )  and t h e  Apha n o p t y x i s  a r d l e y e n s l s  beds

a )  Eton C o l l e g e ,  Worsham & N o r t h  L e i g h .

A n o t h e r  g a s t r o p o d  h o r i z o n  o c c u r s  a t  t h e  t o p  o f  t h e  b a s a l  A r d l e y  

bed a t  t h e s e  t h r e e  l o c a l i t i e s  ( s e e  F i g s .  1 . 1 1 ,  1 . 1 2  and 1 . 1 4 ) .  The  

g a s t r o p o d s  in  t h i s  h o r i z o n  a r e  d i s t r i b u t e d  as f o l l o w s ;
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Worsham

N o r t h  L e igh

O t h e r  f a u n a  i s  g i v e n  i n  F i g s .  1 . 1 1 ,  1 . 1 2  and 1.11».

The changes in t h e  g a s t r o p o d  f a u n a s  i s  once a g a i n  a s s o c i a t e d  w i t h  

changes in t h e  l i t h o l o g y .  A t  N o r t h  L e i g h  t h e  E u n e r i n e a  i s  fo u n d  in  a 

f i n e - g r a i n e d  b u t  v e r y  w e l l  s o r t e d  i n t r a b i o s p a r i t e  w h i c h  c o n t a i n s  

a p p r o x i m a t e l y  15% d e t r i t a l  q u a r t z .  A p h a n o p t y x i s  c f .  l a n q r u n e n s i s  o c c u r s  

a b u n d a n t l y  a t  Worsham i n  a s e d i m e n t  v e r y  s i m i l a r  t o  t h e  A. e x c a v a t a  bed  

a t  S t u r t  Farm.  The s e d i m e n t  a t  Worsham i s  c o a r s e r  t h a n  a t  N o r t h  L e i g h ,  

o f  t h e  same g e n e r a l  p e t r o g r a p h i c  t y p e  b u t  w i t h  o n l y  1 o r  2% d e t r i t a l  

q u a r t z .  A t  Eton C o l l e g e  b o t h  / \ .  c f . 1 a n g r u n e n s i s  and N e r i n e l l a  c f .  

p s e u d o c y l i n d r i c a  a r e  f o u n d  i n  e q u a l  abu nd an ce i n  a s u b - 1i t h o g r a p h i c

N e r i  n e l  l a  c f .  p s e u d o c y l i  n d r i  ca ( d ' O r b . )  ) Equal  numbers

A p h a n o p t y x i s  c f .  l a n q r u n e n s i s  ( d ' O r b . )
) and v e r y  
) a b u n d a n t

G. for mosa

A. b a t h o n i c a

No N e r i n e l l a  o r  E u n e r i n e a

A. c f .  l a n q r u n e n s i s V .  a b u n d a n t

G. fo r m o sa

A. b a t h o n i c a

N. ( N . )  c o o k s o n t i

E u n e r i n e a  a r d u e n n e n s i s V.  a b u n d a n t

A. c f .  l a n q r u n e n s i s Ra re
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l i m e s t o n e .  The s e d i m e n t  has been i n t e n s e l y  m i c r i t i s e d  and t h e  c l a s t s  

a r e  i n d i s t i n g u i s h a b l e  in  hand s p e c im e n .  In s p i t e  o f  changes in  t h e  

g a s t r o p o d  f a u n a  and l i t h o l o g y ,  t h e r e  can be l i t t l e  d ou bt  t h a t  a t  t h e s e  

t h r e e  l o c a l i t i e s ,  t h e s e  beds a r e  l a t e r a l l y  e q u i v a l e n t  and c o r r e l a t a b l e .

b)  S l a p e  H i l l ,  Bu nkers  H i l l ,  K i r t l i n g t o n ,  A r d l e y  F i e l d s  and C r o u g h t o n .

A t  t h e s e  l o c a l i t i e s  a c o r r e l a t a b l e  g a s t r o p o d  bed o c c u r s  bet w ee n  

0 . 3 6  m e t r e s  and 0 . 9 0  m e t r e s  ab o ve  t h e  to p  o f  t h e  b a s a l  A r d l e y  bed ( F i g .  

1 . 2 2 ) .  E u n e r i n e a  a r d u e n n e n s i s  i s  common t h r o u g h o u t .  M e l a n i o p t y x i s  

a l t a r a r i s  i s  fo u n d  a t  A r d l e y  F i e l d s  Q u a r r y  i n  a s s o c i a t i o n  w i t h  B a c t r o p t y x i s  

i m p l i c a t a  ( d ' O r b . ) ,  w h i c h  i s  a l s o  f o u n d  a t  C r o u g h t o n .  E. m u n i e r i  i s  common 

a t  b o t h  t h e s e  l o c a l i t i e s  and a t  Bu nkers  H i l l .  The l i t h o l o g y  is  a r a t h e r  

c o a r s e  i n t r a b i o s p a r i t e  w i t h  c o n s i d e r a b l e  amounts o f  comminuted s h e l l  

d e b r i s  in  some p l a c e s  ( C r o u g h t o n )  and d e t r i t a l  q u a r t z  in o t h e r s  ( 1 0 - 1 5 ?  

a t  A r d l e y ) .

T h i s  bed i s ,  i n  p a r t ,  t h e  N e r i n e a  e u d e s i i  bed o f  A r k e l l  and o t h e r s  

( A r k e l l ,  1931;  A r k e l l ,  R i c h a r d s o n  s P r i n g l e ,  19 3 3 ;  R i c h a r d s o n ,  1 9 ^ 6 ) .

I t  i s  t e n t a t i v e l y  c o r r e l a t e d  w i t h  t h e  g a s t r o p o d  bed o c c u r r i n g  a t  t h e  to p  

o f  t h e  b a s a l  A r d l e y  bed a t  Eton C o l l e g e ,  Worsham and N o r t h  L e i g h  ( s e e  

p r e v i o u s l y ) .  A t  Bunkers  H i l l  t h e  JEu. a r d u e n n e n s i s  bed i s  d i v i d e d  i n t o  

two by a t h i n  m ar l  p a r t i n g .  The l o w e r  p a r t  o f  t h e  bed c o n t a i n s  N e r i  n e l I  a 

c f .  p s e u d o c y 1 i n d r i c a  and A. c f .  l a n q r u n e n s i s  i n  a l i t h o l o g y  a l m o s t  

i d e n t i c a l  t o  t h a t  a t  Eton  C o l l e g e .  S i n c e  t h e  o n l y  o t h e r  o c c u r r e n c e  o f  

Jl. c f .  p s e u d o c y l i  n d r i  ca i n  t h e  W h i t e  L i m e s t o n e  i s  a t  Eton C o l l e g e  and  

. c f .  l a n q r u n e n s i s  o c c u r s  o n l y  a t  Et on  C o l l e g e ,  Worsham and N o r t h  L e i g h ,



t h e r e  i s  some e v i d e n c e  t o  s u g g e s t  a c o r r e l a t i o n  o f  t h e s e  two g a s t r o p o d  

h o r i z o n s .

c)  B a c t r o p t y x i s  i m p l i c a t a  bed.

A r k e l l  ( 1 9 ^ 7 ,  p .  **3) s t a t e d  "A few  f e e t  b e lo w  t h e  A r d l e y e n s i s  bed  

a n o t h e r  g a s t r o p o d ,  P t y g m a t i s  ( B a c t r o p t y x i s ) b a c i 1 l u s , ( = B. i m p l i c a t a ) , 

p r o v i d e s  a l m o s t  as i n f a l l i b l e  a s u b z o n a l  i n d e x  as t h e  n a m e - f o s s i l "  

w h e r e a s  R i c h a r d s o n  ( 1 9 ^ 6 ,  p .  37 )  c o n s i d e r e d  " P t y g m a t i s  b a c i 1 lus

(■ J5.  i m p l i c a t a ) marks a h o r i z o n  in  e i t h e r  t h e  b o t t o m  p a r t  o f  t h e  N e r i n e a  

e u d e s i  i Beds o r  j u s t  b e l o w " .

The a u t h o r  has f o und  t h a t  n e i t h e r  s t a t e m e n t  s a t i s f a c t o r i l y  a c c o u n t s  

f o r  t h e  d i s t r i b u t i o n  o f  B a c t r o p t y x i s  i m p i i c a t a . The g a s t r o p o d  o c c u r s  a t  

M i n s t e r  L o v e l l  War  M e m o r ia l  Q u a r r y  b e l o w  t h e  A.  b l a d o n e n s i s  bed and a t  

t h e  base o f  c o a r s e  w h i t e  o o l i t e s  w h ic h  a r e  c r o s s - b e d d e d  i n  p l a c e s .  T h i s  

o c c u r r e n c e  was d e s c r i b e d  by A r k e l l  ( 1 9 3 1 ,  p .  6 0 8 )  who a l s o  n o t e d  t h e  

o c c u r r e n c e  o f  _N. e u d e s ? i a t  a l o w e r  h o r i z o n ,  e x p o s e d  in  a n e a r b y  roa d  

e x c a v a t i o n .  T h i s  JNU e u d e s i  i h o r i z o n  i s  t h e  N e r i n e l  l a / A p h a n o p t y x i s /  

E u n e r i n e a  bed o f  Eton C o l l e g e ,  Worsham and N o r t h  L e i g h  ( s e e  F i g .  1 . 2 2 ) .  

T h e r e ,  J3. impl  i c a t a  s h o u l d  o c c u r  a bo ve  t h e  j j .  eudes i? bed o f  A r k e l l  

( o p . c i t . )  and i n d e e d  does so  a t  N o r t h  L e i g h ,  S l a p e  H i l l  and Worsham.

B. i m p l i c a t a  o c c u r s  o n l y  r a r e l y  a t  N o r t h  L e i g h  and S l a p e  H i l l  a t  t h e  base  

o f  t h i c k  c r o s s - b e d d e d  l i m e s t o n e  u n i t s  and t h e  g a s t r o p o d s  show damage and  

a b r a s i o n  a s s o c i a t e d  w i t h  t r a n s p o r t .

The o c c u r r e n c e  o f  J3. i m p l i c a t a  a t  Worsham is  a g a i n  a s s o c i a t e d  w i t h  

h i g h  e n e r g y  d e p o s i t i o n a l  r e g i m e s .  The g a s t r o p o d s  show o b v i o u s  s i g n s  o f
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e x h u m a t i o n  and e r o s i o n  a f t e r  an e a r l i e r  phase o f  1i t h i f i c a t i o n  ( s e e  

C h a p t e r  6) .  F u r t h e r m o r e ,  most  sp ec imen s show e v i d e n c e  o f  she 1 1 - b o r i n g  

a l g a e ,  o n c o l i t e  e n c r u s t a t i o n  and E c t o p r o c t  c o l o n i s a t i o n .

I t  i s  d i f f i c u l t  t o  i m a g in e  how A r k e l l  ( o p . c i  t . ) c a m e  t o  r e g a r d  t h e  

o c c u r r e n c e  o f  j3.  im p 1i c a t a  b e l o w  t h e  A r d l e y e n s i s  bed as a good s t r a t i ­

g r a p h i c  i n d e x .  He q u o t e s  j u s t  two o c c u r r e n c e s  o f  _B. impl  i c a t a  b e lo w  

t h e  A.  a r d l e y e n s i s  be d :  one a t  G r i n t l e y h i l l  B r i d g e ,  Coombe ( A r k e l l ,

1931» p* 6 1 1 ;  1 9 4 7 ,  p .  5 4 :  s e e  a l s o  R i c h a r d s o n  1 9 4 6 ,  p.  60 )  and the

o t h e r  a t  R o l l r i g h t  H a l t  ( A r k e l l ,  1 9 4 7 ,  p .  6 4 ) .  The G r i n t l e y h i l l  B r i d g e  

s e c t i o n  i s  o n l y  2 . 2 5  km n o r t h - e a s t  o f  N o r t h  L e i g h  and c o r r e l a t e s  w e l l  

w i t h  t h e  s e c t i o n  t h e r e .  A r k e l l  ( o £ .  c? t . ) d i d  n o t  r e c o r d  t h e  p r e s e n c e  

o f  j3. i m p l i c a t a  in  t h e  t y p e  s e c t i o n  o f  t h e  A r d l e y  Beds in  t h e  A r d l e y -  

F r i t w e l l  r a i l w a y  c u t t i n g  ( A r k e l l ,  R i c h a r d s o n  6 P r i n g l e ,  1 9 3 3 ) *  H o w ev er ,  

J3. imp 1 i c a t a  i s  p r e s e n t  a t  n e a r b y  A r d l e y  F i e l d s  Q u a r r y  and C r o u g h t o n ,  

b u t  o n l y  as a m i n o r  c o n s t i t u e n t  o f  t h e  f a u n a  in  t h e  Eu n e r i n e a  bed ( F i g s .

1.18 and 1 . 1 9 ) •

I t  i s  t h e r e f o r e  s u g g e s t e d  t h a t  J3. i m p l i  c a t a  s h o u l d  n o t  be r e g a r d e d  

as a good s t r a t i g r a p h i c  i n d e x  f o s s i l  b e c a u s e :

a )  I t s  d i s t r i b u t i o n  in  t h e  n o r t h - e a s t e r n  p a r t  o f  t h e  W h i t e  L i m e s t o n e  i s  

i m p e r s i  s t e n t .

b )  I t  o c c u r s  a t  t h r e e  s e p a r a t e  s t r a t i g r a p h i c  h o r i z o n s  i n  t h e  s o u t h ­

w e s t e r n  p a r t  o f  t h e  o u t c r o p .

c )  I t  a l s o  o c c u r s  w i d e l y  i n  t h e  B a j o c i a n  s t r a t a  o f  E n g la n d  ( e . g .  C lypeus  

G r i t  a t  A s to n  B l a n k ,  SP 1 4 6 195  and Golden V a l l e y  SO 9 0 2 0 2 2 ) ( s e e  

C h a p t e r  2 ) .
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The d e t a i l e d  c o r r e l a t i o n  o f  S t u r t  F a r m ,  Et on  C o l l e g e ,  Worsham and  

M i n s t e r  L o v e l l  is  o f  i n t e r e s t  in  v i e w  o f  p r e v i o u s  a u t h o r s 1 i n t e r p r e t a t i o n s  

o f  t h e  Eton  C o l l e g e  s e c t i o n  ( A r k e l l ,  1 9 3 1 ,  p .  607- 8 ; R i c h a r d s o n ,  19 4 6 ,  

p.  4 8 - 4 9 ;  Worssam £ B i s s o n ,  1 9 6 1 ,  p .  9 5 )  and t h e  a b s e n c e  o f  g a s t r o p o d  

beds abo ve  t h e  E x c a v a t a  Beds a t  S t u r t  Farm.

Eton C o l l e g e  Q u a r r y  was f i r s t  d e s c r i b e d  by A r k e l l  ( 1 9 3 1 ,  p .  6 0 7 - 8 )  

who b e l i e v e d  t h e  s e c t i o n  showed ,  in  d e s c e n d i n g  o r d e r ,  t h e  A p h a n o p t y x i s  

b l a d o n e n s i s  b e d ,  t h e  f i m b r i a t u s - w a l t o n l  C l a y  and t h e  A. a r d l e y e n s i s  bed .

I t  i s  d i f f i c u l t  t o  i m a g i n e  hew A r k e l l ,  who named t h e  two g a s t r o p o d  

s p e c i e s  i n v o l v e d ,  c o u l d  h a v e  m i s - i d e n t i f i e d  b o t h  o f  them a t  t h i s  

l o c a l i t y .

The p r e s e n t  a u t h o r  b e l i e v e s  t h a t  h a v i n g  m i d - i d e n t i f i e d  A. e x c a v a t a  

as A. a r d l e y e n s i s , A r k e 11 e x a m in e d  t h e  c l a y s  ab o ve  a n d ,  upon f i n d i n g  

Jà. w a 1t o n i , b e l i e v e d  them t o  be t h e  f i m b r î a t u s - w a 1t o n i  c l a y .  He f u r t h e r  

e x p e c t e d  t o  f i n d  t h e  / \ .  b 1 a d o n e n s i 5 bed a b o v e .  The g a s t r o p o d  bed above  

t h e  supposed f i m b r i a t u s - w a l t o n i  c l a y s  i s  i n  f a c t  t h e  b a s a l  A r d l e y  bed 

( s e e  p r e v i o u s l y )  and c o n t a i n s  d r i f t e d  l e n s e s  o f  s h e l l  d e b r i s  ( m a i n l y  A.  

c f .  l a n g r u n e n s i s  w i t h  o c c a s i o n a l  l a r g e  s p e c im en s  o f  F i b u l a  v a r i a n s ) . On 

t o p  o f  t h i s  i s  t h e  A.  c f . 1ang runens  i s / N e r  i ne 11 a c f . p s e u d o c y 1 i n d r i  ca 

s u b l i t h o g r a p h i c  1 i m e s t o n e .  I t  i s  p r o b a b l e  t h a t  A r k e l l  ( o £ .  c i  t . )  saw 

f r a g m e n t s  o f  A. c f .  1ang ru n e n s  ? s and o b l i q u e  s e c t i o n s  o f  F.  v a r i a n s  and  

m i s t o o k  them f o r  / \ .  b 1 adonens i s . He d i d  n o t  r e c o r d  t h e  p r e s e n c e  o f  N.  

c f .  p s e u d o c y 1 i n d r i c a  f r o m  t h e  s e c t i o n .



Howev er ,  A r k e l l  ( o p . ci  t . , p .  6 0 8) was p u z z l e d  by t h e  ab s ence  o f  

" t h e  u b i q u i t o u s  _N. e u d e s i  i b e d s "  b e l o w  h i s  su pposed A.  a r d l e y e n s i s  Bed.  

R i c h a r d s o n  ( 1 9 ^ 6 )  a c c e p t e d  A r k e 1 1 ' s c l a s s i f i c a t i o n  o f  Et on  C o l l e g e  Q u a r r y  

and r e i t e r a t e d  A r k e l l ' s  s t a t e m e n t  a b o u t  t h e  a b s en ce  o f  N_. eudes ? i beds in  

t h e  l o w e r  p a r t  o f  t h e  s e c t i o n .  The s i t u a t i o n  was p a r t i a l l y  c o r r e c t e d  by 

Worssam S B i s s o n  ( 1 9 6 1 ,  p .  9 5 ,  9 6 ) .  They fo u n d  t h e  t r u e  A. b l a d o n e n s i s  

bed a t  t h e  t o p  o f  t h e  Q u a r r y  and c o n s i d e r e d  t h a t  t h e  A. b l a d o n e n s i s  bed  

o f  A r k e l l  ( o £ .  c i  t . ) was p r e d o m i n a n t l y  A. a r d l e y e n s i s  and a N e r i n e l l a  sp.

A r e v i s e d  c l a s s i f i c a t i o n  o f  t h e  s u c c e s s i o n  a t  Et on  C o l l e g e  Q u a r r y  

and t h e  c o r r e l a t i o n  w i t h  n e a r b y  s e c t i o n s  is  shown i n  F i g .  1 . 2 9 .  The  

r e c o g n i t i o n  o f  t h e  A. e x c a v a t a  bed i n  t h e  l o w e r  h o r i z o n s  o f  t h e s e  s e c t i o n s  

removes t h e  p r o b l e m  o f  A r k e l l  ( o p . c i t . )  c o n c e r n i n g  t h e  a b s e n c e  o f  t h e  

" u b i q u i t o u s  N̂ . e u d e s i i  b e d s " .  The p r o p o s e d  c o r r e l a t i o n  a l s o  a g r e e s  w i t h  

t h e  a v a i l a b l e  ammoni te  e v i d e n c e : -  a sp e c im e n  o f  JT. s u b c o n t r a c t u s  f ro m  

t h e  base o f  t h e  Eton C o l l e g e  s e c t i o n  ( A r k e l l ,  1931» p .  6 0 8 )  and a s p e c i -

ment  o f  M o r r i s i c e r a s  m o r r i s i  ; f r o m  j u s t  b e l o w  t h e  A. 

S t u r t  Farm.

e x c a v a t a  bed a t

A r k e l l  ( 1931»  p .  6 0 7 )  n o t e d  t h a t  t h e  f a l s e - b e d d e d  " o o l i t e s "  ( h i s  

Kemble Beds)  a t  Eton C o l l e g e  Q u a r r y  o c c u r r e d  ab ove a marked p l a n e  o f  

e r o s i o n  and t h e y  c h a n n e l l e d  down o n t o  h i s  A.  b l a d o n e n s i s  bed .  E x a m i n a t i o n  

o f  F i g .  1 . 2 9  s u g g e s t s  t h a t  t h i s  i s  p a r t  o f  a l a r g e r  f e a t u r e  i n  t h i s  a r e a .  

The seq u e n c e  o f  g a s t r o p o d  beds b e lo w  t h e  t r u e  A. b l a d o n e n s i s  bed i s  

t e r m i n a t e d  by f a l s e - b e d d e d ,  c o a r s e - g r a i n e d ,  i n t r a s p a r i t e s  a t  i n c r e a s i n g l y  

l o w e r  l e v e l s  as one pas se s f r o m  Worsham t o  S t u r t  Fa rm ,  w h e r e  t h e y  f i n a l l y
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channel down onto  the A. excava ta  bed.

I t  i s  t h e s e  f a l s e - b e d d e d  u n i t s  a t  S t u r t  Farm and n e a r b y  S h i l t o n  

w h ic h  P a lm e r  and Jenkyn s ( 1 9 7 5 ,  p .  1 2 8 - 9 )  c o r r e l a t e  ( e r r o n e o u s l y  in  

t h e  o p i n i o n  o f  t h e  p r e s e n t  a u t h o r )  w i t h  t h e  s t r a t i  g r a p h i c a l l y  much 

h i g h e r  Cream Cheese L i m e s t o n e s  o f  S t r a t t o n  A u d l e y  and o t h e r  l o c a l i t i e s  

t o  t h e  n o r t h - w e s t .  T h i s  h o r i z o n ,  a s s o c i a t e d  w i t h  c h a n n e l l i n g ,  f a l s e -  

b e d d i n g  and c o a r s e - g r a i n e d  s e d i m e n t s ,  i s  a p p r o x i m a t e l y  in  t h e  m i d d l e  o f  

t h e  W h i t e  L i m e s t o n e  and p r o b a b l y  r e p r e s e n t s  t h e  h i g h e s t  e n e r g y  d e p o s i -  

t i o n a l  r eg im es  w i t h i n  t h e  W h i t e  L i m e s t o n e  s e q u e n c e  n o r t h - w e s t  o f  S t u r t  

Farm.  I t  can a l s o  be  t r a c e d  t o  N o r t h  L e i g h  and S l a p e  H i l l  w h e r e  t r a n s ­

p o r t e d  and a b r a d e d  sp ec im en s  o f  IB. imp!  i c a t a  can be  f o und  a t  i t s  ba s e  

( s e e  p r e v i o u s l y ) .

3 . The A. a r d l e y e n s  i s beds

T h e  u pp er  l i m i t  o f  t h e  A r d l e y  Beds was d e f i n e d  by A r k e l l  ( 1 9 ^ 7 ,  

p.  kZ) as " a  l i m e s t o n e  n e a r  t h e  t o p  crow de d w i t h  t h e  g a s t r o p o d  A.  

a r d l e y e n s i s 11. In  f a c t  t h e r e  a r e  two beds c o n t a i n i n g  A. a r d  l e y e n s  is  b u t  

o n l y  t h e  l o w e r  one c o n t a i n s  t h e  g a s t r o p o d  i n  a b u n d a n c e .  In p l a c e s  ( f o r  

e x a m p le  N o r t h  L e i g h  and K i r t l i n g t o n )  t h e  two beds a r e  s e p a r a t e d  by a 

t h i n  m a r l  p a r t i n g  b u t  a t  C r o u g h t o n  a we 11- d e v e l o p e d  l a m i n a t e d  a l g a l  

m i c r i t e  c o n t a i n i n g  b i r d s - e y e  s t r u c t u r e s  s e p a r a t e s  t h e  u p p e r  and l o w e r  

A. a r d l e y e n s i s  b e d s .  The u p p e r  bed c o n t a i n s  o n l y  a s p a r c e  f a u n a  and i s  

e a s i l y  o v e r l o o k e d .  A h a r d g r o u n d  o c c u r s  a t  t h e  t o p  o f  t h e  Upper  A. 

a r d l e y e n s i  s bed i n  A r d l e y  F i e l d s  Q u a r r y .
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The p r e s e n t  a u t h o r  is  o f  t h e  o p i n i o n  t h a t  t h e  Upper  A.  a r d i e y e n s i s  

bed s h o u l d  be t a k e n  as t h e  u p p e r  b o u n d a r y  o f  t h e  A r d l e y  Beds.

In t h e  Lower  A. a r d i e y e n s i s  b e d ,  t h e  name s p e c i e s  i s  by f a r  t h e  

most a b u n d a n t  f o s s i l .  A s s o c i a t e d  f a u n a  i n c l u d e s  C y 1 i n d r o b u l 1 in a  l u i d i i ,  

Amber1eya  b a t h o n i c a , N a r i c o p s i n a  c o t s w o i d e n s i s . N. ( N . )  cookson i f  and  

P r o t o c a r d i a  c f .  s t r i  c k l a n d i .

The most s o u t h - w e s t e r l y  o c c u r r e n c e  o f  A.  a r d i e y e n s i s  seen by t h e  

p r e s e n t  a u t h o r  i s  a t  N o r t h  L e i g h  ( s e e  F i g s .  1 . 1 4  and 1 . 3 0 ) .  The abs en ce  

o f  t h i s  g a s t r o p o d  a t  M i n s t e r  L o v e l l ,  Worsham and Eton C o l l e g e  Q u a r r y  t o  

t h e  s o u t h - w e s t  o f  N o r t h  L e i g h  i s  n o t  s u r p r i s i n g .  The u p p e r  p a r t  o f  t h e  

A r d l e y  Beds a t  t h e s e  l o c a l i t i e s  i s  p a r t  o f  t h e  f a l s e - b e d d e d ,  h i g h  e n e r g y  

l i t h o l o g i e s  d i s c u s s e d  p r e v i o u s l y .  T h e s e  s e d i m e n t s  c o n t r a s t  m a r k e d l y  w i t h  

t h e  f i n e - g r a i n e d  b i o i n t r a / p e l  m i c r i t e s  o f  t h e  A. a r d i e y e n s i s  beds t o  the  

n o r t h - e a s t .  T h e r e f o r e ,  i t  i s  i m p o s s i b l e  t o  sa y  w h e t h e r  t h e  A.  a r d i e y e n s i s  

beds a t  t h e s e  l o c a l i t i e s  w e r e  d e p o s i t e d  and s u b s e q u e n t l y  e r o d e d ,  o r  w e r e  

n o t  d e p o s i t e d  a t  a l l  b e c a u s e  o f  l o c a l  h i g h e r  e n e r g y  r e g i m e s .  Worssam and 

B is s o n  ( 1 9 6 1 ,  p .  9 0 )  r e l i a b l y  r e c o r d  t h e  p r e s e n c e  o f  A. a r d i e y e n s i s , a t  

' S i g n e t  and Leyes F a r m , s o u t h  o f  L i t t l e  B a r r i n g t o n ( s o u t h - w e s t  o f  M i n s t e r  

L o v e l l  and n e a r b y  l o c a l i t i e s :  f o r  S i g n e t  s e c t i o n ,  se e  F i g .  1. 9 ) .  T h e i r  

l o w e rm o s t  A. a r d i e y e n s i s  bed in  a Dagham s t o n e  i s  u n d o u b t e d l y  t h e  A.  

e x c a v a t a  bed a n d ,  on t h i s  b a s i s ,  t h e i r  s e c t i o n  f i t s  in  w e l l  w i t h  t h e  

p r e s e n t  a u t h o r ' s  c o r r e l a t i o n s .  No r e l i a b l e  r e c o r d s  o f  A. a r d i e y e n s i s  

f u r t h e r  s o u t h - w e s t  t h a n  t h o s e  o f  Worssam 6 B i s s o n  ( o £ .  c i t . )  a r e  known 

t o  t h e  p r e s e n t  a u t h o r .





The c o r r e l a t i o n  o f  t h e  A r d l e y  Beds w i t h  s e c t i o n s  t o  t h e  s o u t h - w e s t  o f  

S t u r t  F a r m .

So uth -w es l t  o f  S t u r t  Farm t h e  o n l y  r e a s o n a b l y  c o m p l e t e  s e c t i o n s  o f  

t h e  W h i t e  L i m e s t o n e  w i t h i n  t h e  a r e a  s t u d i e d  a r e  a r o u n d  C i r e n c e s t e r .

Dagham ( o r  D a g l i n g w o r t h )  Downs Q u a r r y  i s  s t i l l  i n  a c t i v e  u s e  (o wn er  

W. H.  l i e s  £ Sons ;  SP 9 9 9 0 6 1 )  and has been d e s c r i b e d  by R i c h a r d s o n  

( 1 9 3 3 ,  P- 68) and more r e c e n t l y  by  Channon ( 1 9 5 0 ,  p .  2 5 8 )  and T o r r e n s  

( 1 9 6 7 ,  p* 8 7 ) .  A r e v i s e d  s e c t i o n  i s  g i v e n  i n  F i g .  1 . 6 .  The o t h e r  

s e c t i o n s  a r e  Foss Cross Q u a r r y ,  Calmsden (SP 0 5 6 0 9 2 ) ,  w h ic h  i s  d i s u s e d  

b u t  now u nd er  t h e  a u s p i c e s  o f  t h e  N a t u r e  C o n s e r v a n c y ,  and t h e  n e a r b y  

r a i l w a y  c u t t i n g s  (now ab a ndone d)  w h i c h  w e r e  d e s c r i b e d  by R i c h a r d s o n  

( 1 9 1 1 ,  1930 and 1 9 3 3 ) .  E x posures  b e t w e e n  t h e  most  n o r t h - e a s t e r l y  r a i l w a y  

c u t t i n g  ( a t  Ch edw or th )  and S t u r t  Farm a r e  i n f r e q u e n t ,  u s u a l l y  s h a l l o w  and  

t e m p o r a r y .

R i c h a r d s o n  ( 1 9 3 3 )  i n  t h e  C i r e n c e s t e r  Mem oir  d e s c r i b e d  a number  o f  

s h a l l o w  q u a r r i e s ,  c a .  2 m e t r e s  i n  d e p t h ,  f r o m  t h i s  i n t e r v e n i n g  a r e a  b u t  

an e x t e n s i v e  s e a r c h  by t h e  a u t h o r  showed t h a t  t h e  v a s t  m a j o r i t y  hav e  

s u b s e q u e n t l y  been i n f i l l e d .  The r e s e a r c h  f o r  R i c h a r d s o n ' s  C i r e n c e s t e r  

Mem oir  ( o £ .  _cTt . )  p r e d a t e d  A r k e l l ' s  ( 1 9 3 1 )  t a x o n o m i c  r e v i s i o n s  and t h e  

g a s t r o p o d s  a r e  u s u a l l y  i n a d e q u a t e l y  i d e n t i f i e d  as N e r i n e a e  o r ,  a t  b e s t ,  

N e r i n e a  e u d e s i  i . C o n s e q u e n t l y  few  o f  t h e  s e c t i o n s  o f  R i c h a r d s o n  ( o £ .  c i t . )  

c a n ,  w i t h  c e r t a i n t y ,  be p l a c e d  in t h e  p r o p o s e d  c o r r e l a t i o n .

Worssam & B i s s o n  ( 1 9 6 1 )  f i g u r e  a s e c t i o n  a t  Leys Farm ( s o u t h  o f  

L i t t l e  B a r r i n g t o n  and 7 - 5  km. w e s t  o f  S t u r t  Farm)  and d e s c r i b e  a c o m p o s i t e  

s e c t i o n  a t  S i g n e t  ( 4  km. w e s t  o f  S t u r t  Farm)  w h i c h  i s  shown i n  F i g u r e  1 . 9 .



These s e c t i o n s  agree w i th  the authors  c o r r e l a t i o n s .

The to p  o f  t h e  E x c a v a t a  Beds i s  e a s i l y  r e c o g n i s e d  i n  Dagham Downs,  

Foss Cross and the  R a i l w a y  c u t t i n g s  and p r o v i d e s  a b a s a l  da tu m f o r  t h e  

A r d l e y  Beds.  U n f o r t u n a t e l y  A p h a n o p t y x i s  a r d l e y e n s i s  has n o t  been foun d  

in  t h i s  r e g i o n  ( s e e  F i g .  I . 30) and i t  is  i m p o s s i b l e  t o  a c c u r a t e l y  p l a c e  

t h e  to p  o f  t h e  A r d l e y  Beds and h en ce  t h e  A r d l e y / B I a d o n  Beds j u n c t i o n .

The top o f  t h e  B lad o n  Beds (and  t h e r e f o r e  t h e  to p  o f  t h e  W h i t e  L i m e s t o n e )  

can be  e s t a b l i s h e d  f r o m  t h e  s p o r a d i c  o c c u r r e n c e  o f  t h e  A p h a n o p t y x i s  

b l a d o n e n s i s  bed (s e e  l a t e r ) .

The c o r r e l a t i o n  o f  t h e  a bo ve  l o c a l i t i e s  and t h e  n o r t h - e a s t  r e g i o n  

i s  shown i n  F i g .  1 . 2 2 .  I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  B a c t r o p t y x i s  

j m ^ H c a t a ,  j j e j a n f p p t y x i  s a l t a r a r i s  and C. b a t h o n i c a  a r e  much more  

a b u n d a n t  in  t h e  s o u t h - e a s t .  F i b u l o p t v x i s  w i t c h e l l i  i s  o n l y  foun d in  

t h i s  r e g i o n  and a t  M in c h in h a m p t o n  ( s e e  l a t e r ) .

The Bl ad on Beds

The B la do n  Beds w e r e  d e f i n e d  by A r k e l l  ( 192, 7 , p . 2,3) as b e i n g  

" c h a r a c t e r i s e d  by beds o f  w h i t e  s u b l i t h o g r a p h i c  l i m e s t o n e  ( ' c r e a m  c h e e s e ' )  

pa c ked  w i t h  t h e  s u b z o n a l  g a s t r o p o d . . . . " .  S i g n i f i c a n t l y ,  no u p p e r  datum  

was g i v e n  t o  e i t h e r  t h e  Blado n Beds o r  t h e  W h i t e  L i m e s t o n e  ( s e e  p r e v i o u s l y ) .

The p r e s e n t  a u t h o r  has fo u n d  t h a t  t h e  i n d e x  g a s t r o p o d  A.  b l a d o n e n s i s  

is  c o n f i n e d  t o  a s i n g l e  b e d ,  t h e  A. b l a d o n e n s i s  b e d ,  and b e l i e v e s  t h a t  

t h i s  bed s h o u l d  be r e g a r d e d  as t h e  to p  o f  t h e  W h i t e  L i m e s t o n e .  O n ly  a l o n g  

th e  s o u t h - e a s t  m a r g i n  o f  t h e  W h i t e  L i m e s t o n e  o u t c r o p  i s  d i f f i c u l t y  

e n c o u n t e r e d  i n  d e f i n i n g  t h e  u p p e r  l i m i t  o f  t h e  B l a d o n  Beds and W h i t e



L i m e s t o n e  upon t h i s  b a s i s .  I t  i s  o n l y  i n  t h i s  r e g i o n  t h a t  A r k e l l  (o p . 

ci  t . ) ,  R i c h a r d s o n  (o p . c i  t . ) ,  MeKerrow ejt a1_. ( o £ . c i  t . )  and o t h e r  

a u t h o r s  r e c o r d  t h e  p r e s e n c e  o f  Epi  t h y r ? s  and C o r a l / E p i  t h y r i s  beds ( s e e  

F i g .  1 . 3 1 ) .

In t h e  p r e s e n t  a u t h o r ' s  o p i n i o n ,  a l l  o f  t h e s e  E p i t h y r i s  and  

C o r a l / E p i  t h y r i s  beds b e l o n g  t o  t h e  Blcidon Be ds ,  o c c u r r i n g  above t h e  

A. a r d l e y e n s i s  beds and b e l o w  t h e  A. b l a d o n e n s i s  b e d ,  and hence a r e  o f  

W h i t e  L i m e s t o n e  a g e .  The p r e s e n c e  o f  A.  b l a d o n e n s i s  abo ve  t h e s e  

b r a c h i o p o d  h o r i z o n s  has been c o n f i r m e d  by t h e  p r e s e n t  a u t h o r  a t  Bu nkers  

H i l l ,  Enslow B r i d g e  and A r d l e y  F i e l d s  Q u a r r y  ( s e e  F i g .  1 . 2 2  and s e c t i o n s  

i n  F i g s .  1 . 1 5 ,  1 . 1 6  and 1 . 1 8 ) .  A r k e l l  ( 1 9 3 3 .  p-  180)  r e p o r t e d  a s i m i l a r  

s i t u a t i o n  i n  t h e  o l d  W h i t e  House Q u a r r y  a t  B l a d o n ,  c l o s e  t o  t h e  t y p e  

l o c a l i t y  o f  A p h a n o p t y x i s  b l a d o n e n s i s .

A p p a r e n t l y  t h e r e  i s  a t h i c k  wedge o f  s e d i m e n t  a l o n g  t h e  s o u t h - e a s t  

m a r g i n  o f  t h e  W h i t e  L i m e s t o n e  o u t c r o p .  S t r a t i  g r a p h i c a l l y , i t  o c c u r s  

b e tw een  t h e  A.  a r d l e y e n s i  s beds and t h e  A. b l a d o n e n s i s  bed and t h i n s  

r a p i d l y  n o r t h - w e s t w a r d s .  T h i s  wedge o f  s e d i m e n t  c o n s i s t s  o f  much f i n e r  

l i t h o l o g i e s  t h a n  t h e  r e s t  o f  t h e  W h i t e  L i m e s t o n e .  The l i m e s t o n e s  a r e  

f i n e - g r a i n e d  ( v a r i o u s l y  d e s c r i b e d  as m i c r i t i c ,  s u b l i t h o g r a p h i c  and ' c r e a m  

c h e e s e '  l i m e s t o n e s )  f r e q u e n t l y  c o n t a i n i n g  E p i t h y r i s  o x o n i c a , M o d i o lu s  

i m b r i c a t u s , o y s t e r s  and c o r a l s .  F u r t h e r m o r e ,  m a r l s  and c l a y s  c o n s t i t u t e  

a much g r e a t e r  p r o p o r t i o n  o f  t h e  l i t h o l o g i e s  t h a n  i n  t h e  t y p i c a l  W h i t e  

L i m e s t o n e .  The c l a y s  f r e q u e n t l y  c o n t a i n  Eomiodon (A s t a r t e ) f i m b r i a t u s  

and B a k e v e l l i a  ( G erv i  I l i a ) w al  t o n i . M cker r o w  et^ al_. ( o £ .  c i  t . )  i n t e r p r e t  

t h e  Epi t h y r i s  and c o r a l / E p i  t h y r i  s l i m e s t o n e s  a t  K i r t l i n g t o n  and a d j a c e n t





1:48 -

a r e a s  as c h a n n e l  d e p o s i t s  c u t  i n t o  t i d a l  f l a t s .

As t h i s  wedge o f  s e d i m e n t  t h i n s  n o r t h - w e s t w a r d s ,  i t  pas ses  i n t o  

s o f t  f i n e - g r a i n e d  m a r l s  and l i m e s t o n e s  (as  a t  S l a p e  Hi 11) and w h i t e  

u n f o s s i 1 i f e r o u s  ' o o l i t e s '  (as  a t  N o r t h  L e i g h ) .  To t h e  e a s t  e x p o s u r e s  

a r e  s c a r c e  b u t  a t  Elm Farm Q u a r r y  ( S t r a t t o n  A u d l e y )  t h e  l a t e r a l  

e q u i v a l e n t  w o u ld  a p p e a r  t o  be a t h i c k  w h i t e  s u b l i t h o g r a p h i c  l i m e s t o n e ,  

t h e  u p p e r  p a r t  o f  w h ic h  c o n t a i n s  a l g a l  l a m i n a e ,  d e s s i c a t i o n  c r a c k s  and  

b i r d s - e y e  s t r u c t u r e s .  T he se  s u g g e s t  a s u p r a t i d a l  o r i g i n .  P a l m e r  ( 1 9 7 3 )  

and P a l m e r  and Jen ky ns  ( 1 9 7 5 )  r e g a r d  t h i s  bed as t h e  t o p  o f  t h e  W h i t e  

L i m e s t o n e .  H o w e v e r ,  t h e  p r e s e n t  a u t h o r  has i d e n t i f i e d  t h e  h i g h - s p i r e d  

g a s t r o p o d s  In  bed 10 o f  t h e  S t r a t t o n  A u d l e y  s e c t i o n  g i v e n  by P a l m e r  

(o p . c i  t . , p.  5 4 )  as A. b l a d o n e n s i s  b u t  was u n a b l e  t o  c o n f i r m  t h e  p r e ­

sen ce  o f  A.  b l a d o n e n s i s  l o w e r  down in  bed 2 o f  t h e  W h i t e  L i m e s t o n e  o f  

P a l m e r  ( o £ .  c l t . ) .  The p r e s e n t  a u t h o r  t h e r e f o r e  s u g g e s t s  t h a t  t h e  W h i t e  

L i m e t o n e / F o r e s t  M a r b l e  b o u n d a r y  i s  a t  t h e  t o p  o f  bed 1 0 ,  a p p r o x i m a t e l y  

2 m e t r e s  ab ove t h a t  g i v e n  by P a l m e r  (ojd. c i  t . ) .  A r e v i s e d  s e c t i o n  is  

g [ ven in Fi  g. 1. 20.

The A p h a n o p t y x i s  b l a d o n e n s i s  bed

T h i s  r e m a r k a b l e  bed i s  u n m i s t a k a b l e  i n  most  s e c t i o n s  i n  w h ic h  i t  

o c c u r s .  W i t h  t h e  e x c e p t i o n s  o f  Bunk er s  H i l l ,  G i b r a l t a r  Q u a r r y  (E ns low  

B r i d g e )  and S t r a t t o n  A u d l e y ,  t h e  ^A. b l a d o n e n s i s  bed i n v a r i a b l y  shows a 

prono unced  v e r t i c a l  g r a d i n g  f r o m  a v e r y  c o a r s e  i n t r a s p a r i t e  a t  t h e  ba s e  

t o  a v e r y  f i n e  m i c r i t i c - s u b l i t h o g r a p h i c  l i m e s t o n e  a t  t h e  t o p ;  t h e  

o r i g i n a l  Cream Cheese l i m e s t o n e  o f  Ba r r o w  ( 1 9 0 7 )  a n d ,  i n  p a r t ,  O d l i n g  

( 1 9 1 3 ) *  The g r a d i n g  a p p e a r s  t o  ha v e  a d u a l  o r i g i n .  In p a r t  i t  i s  due



t o  p r o g r e s s i v e ,  i n c r e a s i n g  m i c r i t i s a t i o n  f ro m  t h e  b a s e  t o  t h e  t o p  o f  t h e  

b e d .  In s p i t e  o f  e x t e n s i v e  m i c r i t i s a t i o n  t h e  c l a s t  s t r u c t u r e  can s t i l l  

be d i s c e r n e d  u n d e r  t h e  m i c r o s c o p e ,  a l b e i t  f a i n t l y ,  a l t h o u g h  t h e i r  i d e n t i ­

f i c a t i o n  i s  d i f f i c u l t .  T h e r e  i s  a l s o  a p r o g r e s s i v e  v e r t i c a l  d e c r e a s e  in  

t h e  g r a i n - s i z e  and v a r i a t i o n  in  c l a s t  c o m p o s i t i o n  w i t h i n  t h e  bed s u g g e s t ­

ing  t h a t  t h e  g r a d i n g  i s ,  i n  p a r t ,  p r i m a r y  i n  o r i g i n .  A t  Worsham and 

M i n s t e r  L o v e l l  ( 2  km. a p a r t )  t h e  A. b l a d o n e n s i  s bed i s  p a r t i c u l a r l y  w e l l  

exp os ed  and r o c k  spe cim en s w e r e  t a k e n  f r o m  t h e  bed a t  0.05 m e t r e  i n t e r v a l s  

and t h i n  s e c t i o n s  p r e p a r e d  f o r  modal  a n a l y s i s .  The r e s u l t s ,  based upon 

800 p o i n t s  p e r  s e c t i o n ,  a r e  shown i n  F i g u r e s  1 . 3 2  -  1 . 3 7 *  The v e r t i c a l  

v a r i a t i o n  in  c l a s t  c o m p o s i t i o n  i s  v e r y  s i m i l a r  a t  b o t h  l o c a l i t i e s ,  

r e f l e c t i n g  a p r o g r e s s i v e  d e c r e a s e  in  d e p o s i t i o n a l  e n e r g y  as t h e  bed was 

d e p o s i t e d .  T h e r e  i s  a marked  v e r t i c a l  d e c r e a s e  in  t r u e  o o l i t h s ,  s u p e r ­

f i c i a l  o o l i t h s ,  a c c r e t i o n s ,  i n t r a c l a s t s  and s p a r r y  c a l c i t e  cement w i t h  

a c o r r e s p o n d i n g  i n c r e a s e  i n  t h e  amount  o f  m i c r i t i s e d  s k e l e t a l  d e b r i s  and 

m i c r i t i c  m a t r i x .  The s t r u c t u r a l  ' o o i d s 1/ lu m p s  a r e  d i f f i c u l t  t o  c l a s s i f y .  

They may be i n  p a r t  p e l l e t a i  and i n  p a r t  i n t r a c l a s t i c  i n  o r i g i n .  Only  

c l a s t s  w i t h  a d e f i n i t e  i n t r a c l a s t  s t r u c t u r e  hav e  been c l a s s i f i e d  as suc h .

A t  C r o u g h t o n ,  A r d l e y  F i e l d s  Q u a r r y ,  S t r a t t o n  A u d le y  and S l a p e  H i l l  

t h e  t o p  o f  t h e  A. b l a d o n e n s i s  bed shows s i g n s  o f  a l g a l  l a m i n a e ,  d e s s i c a ­

t i o n  c r a c k s  and b i r d s - e y e  s t r u c t u r e s ;  f e a t u r e s  t y p i c a l l y  a s s o c i a t e d  

w i t h  s u p r a t i d a l  c o n d i t i o n s  and p e r i o d s  o f  e m ergen ce  in  modern e n v i r o n m e n t s  

( S h i n n ,  19 6 8 ;  P a lm e r  and J e n k y n s , 1 9 7 5 ) .  P a l m e r  and Jen ky ns  ( o p . d  t . ) 

s u g g e s t  t h a t  t h e  to p  o f  t h i s  bed f o r m e d  a s u p r a t i d a l  i s l a n d  in  t h i s  r e g i o n  

and t h e  p r e s e n t  a u t h o r  s u b s t a n t i a l l y  a g r e e s  w i t h  t h e i r  c o n c l u s i o n s .
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Fig 1.32 .Vertical variation in clast composition :
A .bladonensis bed,at Minster Lovell and W orsham .
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Figl.33.Vertical variation in clast composition :
A.bladonensis bed,at Minster Lovell and Worsham.



Minster Lovell

Fig1.34.Vertical variation in clast composition: 
A.bladonensis bed,at Minster Lovell and Worsham.
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Fig1.35 .Vertical variation in clast composition :
A.bladonensis bed,at Minster Lovell and W orsham .
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Fig 1.36.Vertical variation in clast composition :
A.bladonensis bed.at Minster Lovell and Worsham.



Fig 1.37 .Vertical variation in clast composition :
A. bladonensis bed,at Minster Lovell and Worsham .



H o w e v e r ,  t h e  p r e s e n t  a u t h o r  does n o t  a g r e e  w i t h  t h e  s t r a t i g r a p h i c  

i n t e r p r e t a t i o n  o f  t h e  S t r a t t o n  A u d le y  s e c t i o n  by P a l m e r  ( £ £ .  c i  t . , 

see  p r e v i o u s  d i s c u s s i o n )  b u t  as t h e  A. b i a d o n e n s i s  h o r i z o n  o f  t h e  

p r e s e n t  a u t h o r  (bed T.0 o f  P a l m e r  1973)  a l s o  c o n t a i n s  f e a t u r e s  s u g g e s t i v e  

o f  e m e r g e n c e ,  t h e  c o n c l u s i o n s  r e a c h e d  by P a l m e r  and Je n kyns  ( o p .  c i  t . )  

s t i l l  a p p e a r  v a l i d .  The c o r r e l a t i o n  by P a l m e r  and Je n kyns  ( o £ .  c i t . )  

o f  t h e  A.  b l a d o n e n s  i s bed w i t h  t h e  C o r a l - E p i  t h y r i s  beds t o  t h e  s o u t h  a t  

K i r t l i n g t o n ,  Bunkers  H i l l  ( t h e  S h i p t o n  Cement w o r k s  o f  P a lm e r  and J e n k y n s ,  

1975)  and G i b r a l t a r  Q u a r r y  ( E n s lo w  B r i d g e )  i s  a l s o  c o n s i d e r e d  t o  be  

e r r o n e o u s .  As d i s c u s s e d  p r e v i o u s l y ,  t h e  o c c u r r e n c e  o f  t h e  A.  b i a d o n e n s i s  

bed above t h e  C o r a l / E p i  t h y r i  s beds a t  Bunk er s  H i l l ,  G i b r a l t a r  Q u a r r y  

(E ns lo w  B r i d g e )  and A r d l e y  F i e l d s  Q u a r r y  as w e l l  as a t  t h e  O ld  W h i t e  

House Q u a r r y ,  B l a d o n  ( A r k e l l ,  1 9 3 3 ,  p .  180)  s u g g e s t s  t h a t  t h i s  c o r r e l a t i o n  

i s  u n l i k e l y .  To t h e  s o u t h - w e s t ,  P a l m e r  and Jenkyn s ( o £ .  c i  t . , p .  1 2 8 - 9 )  

c o r r e l a t e  t h e  A. b i a d o n e n s i s  bed w i t h  c r o s s - b e d d e d  o o p e l s p a r i t e s  a t  

S h i l t o n  and S t u r t  Farm Q u a r r y .  T h e s e  c r o s s - b e d d e d  u n i t s  l i e  i m m e d i a t e l y  

on to p  o f  t h e  A. e x c a v a t a  b e d .  As m e n t i o n e d  p r e v i o u s l y ,  t h e  p r e s e n t  

a u t h o r  has t r a c e d  them f r o m  b e l o w  t h e  A. b i a d o n e n s i s  bed a t  Eton C o l l e g e ,  

Worsham and M i n s t e r  L o v e l l  ( s e e  F i g .  1 . 2 9 ) .

The A.  b i a d o n e n s i s  bed m a i n t a i n s  i t s  l i t h o l o g i c a l  and f a u n a l  d i s ­

t i n c t i v e n e s s  f o r  a c o n s i d e r a b l e  d i s t a n c e  t o  t h e  w e s t  and s o u t h - w e s t  o f  

t h e  s u p r a t i d a l  r e g i o n .  E v e n t u a l l y  i t  becomes a h a r d g r o u n d ;  p o o r l y  

d e v e l o p e d  a t  M i n s t e r  L o v e l l  b u t  e x t r e m e l y  w e l l  d e v e l o p e d  ( w i t h  a d h e r e n t  

e p i f a u n a )  f u r t h e r  w e s t  a t  T em p le  M i l l s  ( s e e  A r k e l l ,  19 3 3 )  and f u r t h e r  

s o u t h - w e s t  i n  t h e  W i g g o l d  r a i l w a y  c u t t i n g  ( s e e  R i c h a r d s o n ,  1933» P* 6 2 ) .
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The f a u n a  o f  t h e  bed i s  d o m i n a t e d  by t h e  N e r i n e i d  A p h a n o p t y x i s  

b la d o n e n s  is A r k e l 1 ,  1931*  A s s o c i a t e d  s p e c i e s  commonly i n c l u d e :

M o d i o lu s  i m b r i c a t u s  J .  Sow; Eomiodon ( A s t a r t e ) f i m b r i a t u s  ( L y c e t t ) ; 

B a k e v e l 1 i a ( G e r v i  i l i a ) w a l t o n ?  ( L y c e t t ) ;  C o r b u l a  h u l l ! a n a  M o r r i s ;  

P r o t o c a r d i a  l y c e t t i  ( R o l l i e r )  and P. s t r ? c k l a n d ? ( M o r r i s  and L y c e t t ) .  

O c c a s i o n a l l y ,  t h e  f a u n a  I s  s p a r s e ,  as a t  S l a p e  H i l l .  In t h e  W i g g o l d  

r a i l w a y  c u t t i n g ,  A. b l a d o n e n s i s  i s  a p p a r e n t l y  a b s e n t  b u t  t h e  u n i q u e  

l i t h o l o g i c a l  n a t u r e  o f  t h i s  bed and t h e  a s s o c i a t e d  f a u n a  l e a v e s  no d ou bt  

as t o  i t s  i d e n t i t y  ( R i c h a r d s o n ,  1 9 3 3 ,  p .  6 2 ) .

An e x t r e m e ,  i s o l a t e d  o c c u r r e n c e  o f  t h e  A.  b l a d o n e n s i s  bed was 

r e c o r d e d  by A r k e l 1 ( 1 9 3 1 ,  p .  6 0 3 )  f r o m  F a i r l e l g h ,  S o m e r s e t .  The r e l i ­

a b l e  o c c u r r e n c e s  o f  A.  b l a d o n e n s i s  known t o  t h e  p r e s e n t  a u t h o r  a r e  

shown in  F i g .  1 . 3 8 .

As w i t h  t h e  Roach Bed a t  A r d l e y ,  t h e  f a u n a  o f  t h e  A.  b l a d o n e n s  i s 

bed is  n o t  e v e n l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  b e d .  I t  i s  i n v a r i a b l y  

foun d i n  t h e  u p p e r  one  t h i r d  o f  t h e  bed a l t h o u g h  i t  is  u s u a l l y  a b s e n t  

a t  t h e  v e r y  t o p .  The c o n c l u s i o n  r e a c h e d  by t h e  p r e s e n t  a u t h o r  is  t h a t  

a" c l o s e  r e l a t i o n s h i p  e x i s t e d  b e t w e e n  t h e  f a u n a  and t h e  s e d i m e n t .  U n l i k e  

t h e  Roach Bed ( s e e  C h a p t e r  6 ) ,  t h e  d e p o s i t i o n a l  e n e r g y  d e c r e a s e s  

v e r t i c a l l y  up t h e  A. b l a d o n e n s i s  bed and o n l y  when t h e  h y d r o d y n a m i c  

r eg im e  was s u f f i c i e n t l y  r e d u c e d  and t h e  s u b s t r a t e  r e l a t i v e l y  s t a b l e  

c o u l d  an a b u n d a n t  f a u n a  be s u p p o r t e d .

A t  Bunkers  H i l l  and S t r a t t o n  A u d l e y  t h e  A. b l a d o n e n s I s  bed i s  n o t  

f u l l y  d e v e l o p e d .  The  f a u n a  o c c u r s  in  a m i c r i t i c  l i m e s t o n e ,  as a t  o t h e r  

l o c a l i t i e s ,  b u t  t h e  c o a r s e - g r a i n e d  l o w e r  p o r t i o n  and t h e  g r a d i n g  a r e
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a b s e n t .  The l i t h o l o g y  and p r e s e r v a t i o n  s u g g e s t  t h a t  t r a n s p o r t a t i o n  

was m i n i m a l .  H o w e v e r ,  t h i s  i s  n o t  t h e  case a t  En slow B r i d g e  w h e r e  i t  

w o u ld  a p p e a r  t h a t  t h e  to p  o f  t h e  A. b l a d o n e n s i  s bed has been r e w o r k e d ,  

t h e  g a s t r o p o d s  a r e  e x t e n s i v e l y  damaged and t h e  s e d i m e n t  i s  v e r y  c o a r s e .  

P o s s i b l y ,  t h e  un u sua l  n a t u r e  o f  t h e  A.  b l a d o n e n s i s  bed a t  t h e s e  

l o c a l i t i e s  i s  due t o  a c o n t i n u a t i o n  o f  t h e  e a r l i e r  i n t e r t i d a l  r e g im e  

w i t h  a s s o c i a t e d  c h a n n e l l i n g ,  w h ic h  d e p o s i t e d  t h e  Epi t h y r i s  and C o r a l /

Epi t h y r i  s l i m e s t o n e s  b e l o w  ( s e e  Mck’e r r o w  e t  a l .  1 9 6 9 ) .  T h i s  r e g i o n  

w o u ld  pass l a t e r a l l y  i n t o  t h e  a d j a c e n t  s u p r a - t i d a l  i s l a n d  o f  P a l m e r  and  

Jenkyn s ( o p . ci  t . ) .

The s t r a t a  above t h e  B l a d o n  Beds

The e s s e n t i a l  l i t h o l o g i c a l  r e l a t i o n s h i p s  b e t w e e n  t h e  W h i t e  

L i m e s t o n e  and t h e  s u c c e e d i n g  s t r a t a  have been d e s c r i b e d  by Worssam and 

B is s o n  ( o £ .  c? t . ) .  The W h i t e  L i m e s t o n e  i s  s u c c e e d e d  by m a r l s  f r e q u e n t l y  

c o n t a i n i n g  f i m b r i a t u s  and Ei. wa 1 t o n i  o r  l i m e s t o n e s  c o n t a i n i n g  d r i f t e d  

E. oxon ? ca  v a l v e s  a t  t h e  bas e  w i t h  L ima ( P , )  s u b c a r d  ? i f o r m i  s and P r a e e x o q y r a  

h e b r i d i  ca h i g h e r  up.  The  l i m e s t o n e s  a r e  f i n e - g r a i n e d  o o l i t e s ,  w h i t e -  

y e l l o w  in  c o l o u r  and r a t h e r  f l a g g y .  They h a v e  a d i s c o n t i n u o u s  o u t c r o p  

and a c c o r d i n g  t o  Worssam and B i s s o n  (o j) .  c i  t . ) ,  t h e y  a r e  s l i g h t l y  

u n c o n f o r m a b l e  upon t h e  W h i t e  L i m e s t o n e  b e l o w .  A l t h o u g h  t h e  p r e s e n t  

a u t h o r  was u n a b l e  t o  c o n f i r m  t h i s  r e l a t i o n s h i p ,  a w e l l  d e v e l o p e d  h a r d -  

gr ou nd does s e p a r a t e  t h e  W h i t e  L i m e s t o n e  f ro m  t h e  s u c c e e d i n g  s t r a t a  

e s p e c i a l l y  i n  t h e  s o u t h - w e s t .  T h e s e  beds w e r e  c a l  l ed  t h e  S i g n e t  Beds by 

Worssam & B is s o n  ( o £ .  c ? t . ) and t h e y  c o n s i d e r e d  them t o  be a l o w e r  sub ­

d i v i s i o n  o f  t h e  Kemble Beds.
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S u b s e q u e n t l y  t h e  S i g n e t  Beds w e r e  e r o d e d  and c h a n n e l l e d  w i t h  l a t e r  

d e p o s i t i o n  o f  c o a r s e l y - s h e l l y ,  f a l s e - b e d d e d ,  f l a g g y  l i m e s t o n e s  ( t h e  

u p p e r  s u b d i v i s i o n  o f  t h e  Kemble Beds o f  Worssam and B is s o n  (o p .  c i  t . ) .

These c h a n n e l s  have been mapped by Worssam £ B isso n  ( o jd . c i t . ,  p .  9 8 * 9 9 ) .  

The p r e s e n t  a u t h o r  c o n s i d e r s  t h e  u p p e r  s u b d i v i s i o n  o f  t h e  Kemble Beds 

(Worssam £ B i s s o n  oj>. c i t . )  t o  be  t h e  t r u e  F o r e s t  M a r b l e ,  The un c on-  

f o r m a b l e  and c h a n n e l l e d  r e l a t i o n s h i p  b e tw een  t h e  F o r e s t  M a r b l e  and th e  

u n d e r l y i n g  s t r a t a  can a l s o  be seen  in  t h e  W i g g o l d  r a i l w a y  c u t t i n g  and  

a t  Bunkers  H i l l  w h e r e  t h e  F o r e s t  M a r b l e  c u t s  t h r o u g h  t h e  A.  b l a d o n e n s i s  

bed .  The d i s c o r d a n c e  b e t w e e n  t h e  F o r e s t  M a r b l e  and t h e  u n d e r l y i n g  

s t r a t a  has been r e p o r t e d  by s e v e r a l  a u t h o r s :  Woodward ( 1 8 9 4 ,  p .  2 6 9 ,

2 8 9 ,  2 9 9 ) ;  O d l i n g  ( 1 9 1 3 ,  p .  4 8 5 ,  4 8 9 ) ;  R i c h a r d s o n  ( 1 9 3 3 ,  p .  4 8 ,  73)  

and Worssam £ B i s s o n  ( 1 9 6 1 ,  p .  1 0 2 ) .

The S i g n e t  Beds o f  Worssam £ B i s s o n  ( o £ .  c i  t . ) a r e  t h e  l a t e r a l  

e q u i v a l e n t  o f  t h e  Kemble Beds o f  G r e a t  O o l i t e  f a c i e s  ( R i c h a r d s o n ,  1933)  

and t o g e t h e r  t h e s e  pass s o u t h - w e s t w a r d s  i n t o  t h e  t r u e  Kemble Beds o f  

Woodward ( 1 8 9 4 ,  p .  2 7 2 - 5 ;  s e e  d i s c u s s i o n  p r e v i o u s l y ) .  Woodward ( o p .  c i t . ,  

p.  2 8 5 )  s t a t e d  t h a t ;  " The  Kemble Beds e v i d e n t l y  t h i n  when t r a c e d  f r o m  

Kemble t o  C i r e n c e s t e r " .  The t h i c k n e s s e s  g i v e n  a r e  9 - 1 4  m e t r e s  (30  f e e t )  

a t  Kemble and 3 . 0 4  m e t r e s  (1 0  f e e t )  a t  C i r e n c e s t e r .  The maximum t h i c k n e s s  

o f  Kemble Beds o b s e r v e d  by t h e  p r e s e n t  a u t h o r  i s  2 . 4 2  m e t r e s  a t  N o r t h  

L e i g h  ( s e e  F i g .  1 . 1 4 ) .  I t  i s  i m p o s s i b l e  t o  a s c e r t a i n  t o  w h a t  e x t e n t  t h e  

n o r t h - e a s t e r l y  t h i n n i n g  o f  t h e  Kemble Beds r e p r e s e n t s  a t r u e  d e p o s i t i o n a l  

t h i n n i n g  o r  how much i s  due t o  e r o s i o n  a s s o c i a t e d  w i t h  t h e  o v e r l y i n g  h i g h -  

e n e r g y  F o r e s t  M a r b l e  d e p o s i t s .



Both the Kemble Beds and the Forest Marble become finer-grained  

and contain more clay bands towards the north-east, presumably due to 

a greater influx of terrigenous c la s t ic  material on approaching the 

London-Ardennes land-mass. Eventually the Forest Marble (and probably 

the Kemble Beds) pass north-eastwards into the Blisworth Clay.

Correlations to the south and west of the White Limestone Outcrop

The Minchinhampton Gastropod faunas

Much of our early knowledge of B r it ish  Bathonian Mollusca was 

based upon the work of Dr. John Lycett in the neighbourhood of 

Minchinhampton. With Professor John Morris as geological collaborator, 

the results of his work were f in a l ly  published as Palaeontographical 

Society Monographs (Morris and Lycett, 1851“ 55  and Lycett 1863) • Almost 

one hundred years later a long overdue taxonomic revision of the Br it ish  

Great Oolite Molluscan faunas through a synoptic supplement for these 

works by Cox and Arkell ( 1 9 A 8 - 5 0 )  became available. The history of 

Lycett's work has been b r ie f ly  documented by Cox and Arkell (o£. ci t . , 

1 9 A 8 - 5 0 ) •

The interpretation of the Minchinhampton faunas and stratigraphy  

has caused considerable d i f f ic u lty  for a number of years (Woodward,

189A ; Cox and Arkell, 1 9 4 8 - 5 0 ; Arkell and Donovan, 1 9 5 2 ) .  Apart from 

Simmonds quarry at Burleigh (Channon, 1 9 5 0 ) ,  no sections are now access­

ible on Minchinhampton common. The orig ina l account of the stratigraphy  

is obscure and confusing (Morris and Lycett, 18 5 1 ” 5 5 ) • However, Lycett 

did publish a clearer description of the largest quarry at Minchinhampton 

(Lycett, 1857)  and although no bed by bed correlation is possible,
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Woodward 's  s e c t i o n  C1 8 9 4 ,  p .  2 7 8 - 9 )  s u b s t a n t i a l l y  a g r e e s  w i t h  L y c e t t ' s  

s e c t i o n .  U n f o r t u n a t e l y  t h e  e x a c t  h o r i z o n s  f r o m  w h i c h  L y c e t t  o b t a i n e d  

h i s  f o s s i l s  a r e ,  a t  b e s t ,  o n l y  v a g u e l y  r e c o r d e d  b u t  more o f t e n  com­

p l e t e l y  unknown.  The beds e v i d e n t l y  e x h i b i t e d  c o n s i d e r a b l e  l a t e r a l  

v a r i a t i o n .  M o r r i s  and L y c e t t  (o p . c i t . ,  18 5 1~ 55> p .  2)  when d e s c r i b i n g  

t h e  W e a t h e r s t o n e s  s t a t e ;  " T h e  v a r i e t y  o f  m i n e r a l  c h a r a c t e r  i s  so  g r e a t ,  

t h a t  no two q u a r r i e s ,  o r  beds o f  t h e  same q u a r r y ,  o r  even  d i s t a n t  p a r t s  

o f  t h e  same b e d ,  a r e  a l i k e  in  s t r u c t u r e ,  a s p e c t ,  h a r d n e s s ,  d u r a b i l i t y ,  

o r  in  abundance  o f  t h e i r  i n c l u d e d  o r g a n i c  r e l i c s ;  . . . . " .  L y c e t t  ( o p .  c i  t . , 

p.  9 3 )  d e s c r i b e s  how " t h e  u p p e r m o s t  o r  p l a n k i n g  bed changes i t s  c o n d i t i o n  

v e r y  m a t e r i a l l y  be tw een  t h e  two e x t r e m e  ends o f  t h e  s e c t i o n ,  l o s i n g  a l l  

t e s t a c e a  to wa rd s  i t s  s o u t h e r n  e x t e n s i o n " .  N o r m a l l y  d e t a i l e d  mapping  

w o u ld  p r o v i d e  a c o n s i d e r a b l e  amount  o f  i n f o r m a t i o n  a b o u t  t h e  s t r a t i g r a p h i c  

r e l a t i o n s h i p s  b e tw een  t h e  M in c h in h a m p t o n  a r e a  and t h e  s u r r o u n d i n g  d i s t r i c t s  

b u t  A r k e l l  and Donovan ( o p .  ci  t . , p .  2^ 3)  s t a t e ;  "Round t h e  M in c h in h a m p t o n  

p l a t e a u ,  w h e r e  t h e  v a l l e y s  a r e  600  f e e t  deep  and e x t r e m e l y  s t e e p ,  t h e r e  has  

been so much s l i p p i n g  and c a m b e r i n g  t h a t  d e t a i l e d  mapping i s  i m p r a c t i c a b l e "  

Camb er ing  i s  a l s o  w e l l  d e v e l o p e d  i n  Simmonds q u a r r y  a t  B u r l e i g h  (Ch an no n,  

1 9 5 0 ) .

The g a s t r o p o d  f a u n a  o f  M in c h in h a m p t o n  c o n s t i t u t e s  p a r t  o f  a  f a c i e s  

f a u n a  w h ic h  i s  u n i q u e  in  t h e  B r i t i s h  B a t h o n i a n .  The G r e a t  Ponto n Beds 

o f  t h e  Upper  L i n c o l n s h i r e  L i m e s t o n e  ( B a j o c i a n )  a r e  v e r y  s i m i l a r  i n  

l i t h o l o g y  and f a u n a ,  t h e  g a s t r o p o d s  h a v i n g  been d e s c r i b e d  by H u d l e s t o n  

( 1 8 8 7 - 9 6 ) .  E x a m i n a t i o n  o f  t h e  B r i t i s h  Museum ( N a t u r a l  H i s t o r y )  and t h e  

I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  c o l l e c t i o n s ,  combined w i t h  t h e  l i m i t e d  

i n f o r m a t i o n  on s p e c i e s  ab undan c e  g i v e n  by M o r r i s  and L y c e t t  (of>. c i  t . ) 

r e v e a l s  t h e  u n i q u e  c h a r a c t e r  o f  t h e  M i n c h ?nhampton g a s t r o p o d  f a u n a .
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O f  t h e  N e r i n e i d  g a s t r o p o d s ,  F i b u l o p t y x f s  w i t c h e l 1 i  (C ox  and A r k e l t )  

and M e i a n i o p t y x i s  a l t a r a r i s  (Cossmann)  a r e  by f a r  t h e  most  a b u n d a n t  in  

t h e  Museum c o l l e c t i o n s .  Bo th  s p e c i e s  w e r e  r e c o r d e d  by M o r r i s  and L y c e t t  

( o p . c i  t . ) as J .̂ v o l t z ?  i Eudes -  Deslongchamps ( s e e  C h a p t e r  2 f o r  

t a x o n o m i c  details and g e o g r a p h i c  d i s t r i b u t i o n ) .  The h i g h l y  d i s t i n c t i v e  

E p a r c i e l  1 a d u f r e n o y i  ( d ' A r c h i a c )  was a l s o  a b u n d a n t  and a p a r t  f r o m  one  

r e c o r d e d  o c c u r r e n c e  in  t h e  Sevenhampton R h y n c h o n e l l a  Bed ( R i c h a r d s o n ,  

1 9 2 9 ,  p-  1 0 6 ) ,  t h i s  g a s t r o p o d  was a p p a r e n t l y  r e s t r i c t e d  t o  t h e  

M in c h in h a m p t o n  f a c i e s .  The t y p e  spe cim en s o f  E u n e r i n e a  e u d e s l i  ( M o r r i s  

and L y c e t t )  come f r o m  M in c h in h a m p t o n  ( L e c t o t y p e  GSM 8 2 8 8 ;  Pa ratypes and  

T o p o t y p e s  GSM 4 9 4 2 8 - 9 :  I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  Museum R e g i s t r a ­

t i o n  n u m b e r s ) .  The p r e s e n t  a u t h o r  has n o t  r e c o r d e d  Eu. e u d e s i  i i n  t h e  

f i e l d  and is  o f  t h e  o p i n i o n  t h a t  t h i s  s p e c i e s ,  l i k e £ .  w i t c h e l  I I  was one  

t h a t  was l a r g e l y  c o n f i n e d  t o  t h e  M in c h in h a m p t o n  f a c i e s  ( s e e  C h a p t e r  2 ) .  

The most  common s p e c i e s  o f  N e r i n e l l a  a t  M in c h in h a m p t o n  was s c a l a r i s  

( d ' O r b i g n y )  n o t  IN. c f .  a c i c u l a  ( d ' A r c h i a c )  o r  N.  c f .  p s e u d o c y i  i n d r  1 ca 

( d ' O r b . )  as i n  t h e  W h i t e  L i m e s t o n e  t o  t h e  e a s t .  H o w e v e r ,  B a c t r o p t y x l s  

impi  i c a t a  ( d ' O r b i g n y )  and Cossmannea b a t h o n i c a  (Cossmann)  w e r e  

a p p a r e n t l y  r e a s o n a b l y  common b u t ,  as f a r  as i t  i s  p o s s i b l e  t o  a s c e r t a i n ,  

R i q a u x i a  v a r l c o s a  ( R i g a u x  e t  S a u v a g e )  and En d?a p l o c us m u n i e r i  ( R i g a u x  e t  

S auv ag e )  d i d  n o t  o c c u r  a t  M in c h i n h a m p t o n .  S i m i l a r l y , n o  r e c o r d s  o f  

A p h a n o p t y x i s  ardleyensis  A r k e l l  o r  A. e x c a v a t a  s p .  n o v .  f r o m  t h i s  a r e a  

a r e  known t o  t h e  p r e s e n t  a u t h o r .  Cox and A r k e l l  ( o £ .  c h t . )  d o u b t f u l l y  

r e c o r d  sp ecim en s o f  A. e u l i m o i d e s ( L y c e t t )  i n  t h e  B r i t i s h  Museum 

( N a t u r a l  H i s t o r y )  c o l l e c t i o n  f r o m  M i n c h i n h a m p t o n .  T h e se  a r e  p r o b a b l y
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sp ecim en s G. 6 6 7 2 6 - 7 ;  6 6 7 3 0 - 1  and G. 82 4 3  w h i c h  t h e  p r e s e n t  a u t h o r  w o u ld

o n l y  i d e n t i f y  as 7 A p h a n o p t y x i s  s p .  due t o  t h e i r  p o o r  p r e s e r v a t i o n .

The s p e c i e s  i d e n t i f i e d  as C e r i  t h i u m  R o i s s i  i ( d ' A r c h i a c )  by 

M o r r i s  and L y c e t t  ( o £ .  c i  t . ) was l a t e r  r e - a s s i g n e d  as E n d i a p l o c u s  r o i s s y i  

by Cox and A r k e l i  (o p .  c i t . ) .  H o w e v e r ,  b e c a u s e  o f  t h e  a b s e n c e  o f  an  

u m b i l i c u s ,  t h i s  s p e c i e s  c a n n o t  be an E n d i a p l o c u s  ( s e e  M o r r i s  and L y c e t t  

o p . c i t . p i . 7» F i g .  14a and C h a p t e r  2 f o r  f u r t h e r  d i s c u s s i o n  o f  t h e  genus  

E n d i a p i o c u s ) . The o n l y  B a t h o n i a n  s p e c i e s  known t o  t h e  p r e s e n t  a u t h o r  

w h i c h  i t  r e s e m b l e s  i s  A p h a n o p t y x i s  b l a d o n e n s i s . The known spe c im e n s  o f

C. R o i s s i i  f r o m  M in c h in h a m p t o n  (GSM. 8 2 1 3 ;  8 4 3 5 0 ;  8 4 3 5 4  and 4 5 4 1 :

I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  R e g i s t r a t i o n  num be rs )  a r e  p o o r l y  p r e ­

s e r v e d .  The a p i c a l  a n g l e  o f  s p e c im e n  GSM. 8 2 1 3  ( t h e  o n l y  one m e a s u r a b l e )  

is  30°»  w h ic h  i s  somewhat  l a r g e  f o r  / \ .  b 1 a d o n e n s i s . H o w e v e r ,  amongst  

A r k e l l ' s  t o p o t y p e  m a t e r i a l  i n  t h e  O x f o r d  U n i v e r s i t y  Museum, one spe c im en  

( J .  1 3 0 3 5 ,  an un d oubted  A.  b l a d o n e n s i s ) has an a p i c a l  a n g l e  o f  3 2 °  ( s e e  

C h a p t e r  2 ) .  F u r t h e r m o r e ,  t h e  B r i t i s h  Museum ( N a t u r a l  H i s t o r y )  c o l l e c t i o n s  

c o n t a i n  t h r e e  spe cim en s ( c o l l e c t i v e l y  numbered G 1 0 5 9 2 ) ,  I d e n t i f i e d  as  

Ce r  i th  i urn R o i s s i i , f r o m  G r e a t  R o l l  r i g h t ,  w h i c h  on c o m p a r i s o n  w i t h  t h e  

t o p o t y p e s  o f  b 1a d o n e n s i s  ( b o t h  A r k e l l ' s  o r i g i n a l  t o p o t y p e s  and t h o s e  

c o l l e c t e d  by t h e  p r e s e n t  a u t h o r )  can be shown t o  be m i s i d e n t i f i e d  

spe cimens o f  A. b l a d o n e n s i s . The  H u d l e s t o n  c o l l e c t i o n  ( S e d g e w i c k  Museum,  

Ca mbrid ge )  a l s o  c o n t a i n s  spe c im en s  i d e n t i f i e d  as E. r o i s s y t  ( J .  3 1 6 4 3 - 6 )  

f ro m  G i b r a l  t a r  Q u a r r y  and a g a i n  t h e s e  p r o b a b l y  r e p r e s e n t  g e r o n t i c  

A.  b l a d o n e n s i s  w i t h  r a t h e r  l a r g e  a p i c a l  a n g l e s .  I f ,  as the p r e s e n t  

a u t h o r  b e l i e v e s ,  t h e  spe c im e n s  v a r i o u s l y  i d e n t i f i e d  as C. r o i s s y i  and  

JE. r o i s s y i  r e p r e s e n t  g e r o n t i c  A. b l a d o n e n s i  s , th e n  t h e  o c c u r r e n c e  o f  

A.  b l a d o n e n s i s  in  t h e  M in c h in h a m p t o n  f a u n a s  w o u l d  p r o v i d e  a v a l u a b l e  

s t r a t i g r a p h i c  da tu m i n  t h e  c o r r e l a t i o n  w i t h  s u r r o u n d i n g  a r e a s .



- 1:58 -

The B r i t i s h  Museum ( N a t u r a l  H i s t o r y )  B a t h o n i a n  g a s t r o p o d  c o l l e c t i o n

c o n t a i n s  two N e r i n e i d  g a s t r o p o d s ,  BM 1507*» and BM 5 1 0 8 6 ,  r e c o r d e d  f r o m

M in c h in h a m p t o n  b u t  o f  d o u b t f u l  a u t h e n t i c i t y .  The c o m p le x  f o l d i n g  o f  t h e

i n t e r n a l  body chamber  and t h e  p r e s e n c e  o f  an u m b i l i c u s  i n d i c a t e  a

P y g m at i s  s p .  I t  p r o b a b l y  b e l o n g s  t o  t h e  P .  p s e u d o b r u n t r u t a n a  " g r o u p " .

The d e s c r i b e d  s p e c i e s  o f  t h i s  g r o u p  £ .  p s e u d o b r u n t r u t a n a  ( G e m m e I l a r o ) ;

£ •  t o r n a t a  (Ge mm.) ;  £ .  m en eq h in i  (Gemm.) ;  £ .  c a r p a t h i c a  ( Z e u s c h n e r ) ;

P. m a n d e l s o l h i  ( B r o n n ) ;  P_. c u r m e n t e n s i s  (de  L o r i o l )  and P.  s a l o m o n i a n a

( C o t t e a u )  p r o b a b l y  r e p r e s e n t  a s i n g l e  g e o g r a p h i c a l l y  w i d e s p r e a d  and

m o r p h o l o g i c a l l y  v a r i a b l e  s p e c i e s  ( w i t h  a v a r i a t i o n  s i m i l a r  t o  t h a t  o f

J3. i m p l i c a t a  -  see  C h a p t e r  2)  and w i l l  r e q u i r e  f u r t h e r  w ork  in  o r d e r  t o

e l u c i d a t e  t h e i r  i n t e r - r e l a t i o n s h i p s .  Th ese s p e c i e s  a r e  a l l  o f  Uppe r

O x f o r d i a n  -  T i t h o n i a n  a g e .  I f  sp ec im en s  BM 150 7^  and BM 5 1 0 8 6  a r e

d e f i n i t e l y  f r o m  t h e  M in c h in h a m p t o n  G r e a t  O o l i t e  t h e n  a )  t h e y  w o u l d  be

t h e  f i r s t  r e c o r d e d  o c c u r r e n c e  o f  P t y q m a t i s  i n  t h i s  c o u n t r y  and  b )  t h e

s t r a t i g r a p h i c a l  r an ge  o f  t h e  genus P t y q m a t i s  w o u l d  be  c o n s i d e r a b l y
( 2 )

e x t e n d e d  d o w n w a r d s ' / .  Spec imens  BM 1 5 0 7A and 5 1 0 8 6  a r e  p a r t  o f  t h e  

F o o t n o t e ^

D e lp y  ( 19^ 8) d e s c r i b e d  t h e  M e s o z o i c  ( r a n g i n g  f ro m  Upper  L i a s  t o  Campanian]  
g a s t r o p o d  f a u n a s  o f  M a d a g a s c a r . ^  Amongst  t h e  " B a t h o n i a n "  g a s t r o p o d s  she  
r e c o r d e d  w e r e  N e r i n e l l a  c f . b a c i 11 u s , N e r i n e a  b a t h o n i c a  and a new s p e c i e s  
N e r i n e l l a  a m p a n d r a b e n s is  ( D e l p y ,  19 l<8) .  The f i g u r e  o f  N e r i n e l  la  
a m p a n d r a b e n s is  shows a  c o m p l e x ,  m u l t i - f o l d e d  body chamber  and a d i s t i n c t  
umb i 1 i cus ( D e l p y , 1 9 ^ 8 ,  p l . i l ,  F i g .  8) .  A l t h o u g h  p o o r l y  d r a w n ,  n e v e r "  
t h e l e s s  i t  a p p e a r s  t o  b e l o n g  t o  t h e  P_. p s e u d o b r u n t r u t a n a  g r o u p .  T h i s  is  
t h e  o n l y  o t h e r  r e c o r d e d  o c c u r r e n c e  o f  a B a t h o n i a n  P t y q m a t i s  known t o  t h e  
p r e s e n t  a u t h o r .  H o w e v e r ,  D e l p y ' s  i d e n t i f i c a t i o n  o f  N e r i n e a  b a t h o n i c a  
( i . e .  Cossmannea b a t h o n i c a ) ,  w h i c h  she d e s c r i b e s  as h a v i n g  t h r e e  f o l d s  
and an u m b i l i c u s  ( s e e  C h a p t e r  2 ) ,  m us t  be e r r o n e o u s .  O f  N e r i n e l l a  c f .  
bac? H u s  ( i . e .  B a c t r o p t y x i s  c f .  im p l  ? c a t a )  sh e  w r i t e s  ( p .  1 2 ) ,  " 1 1 e s t  
i m p o s s i b l e  d ' o b s e r v e r  l a  s e c t i o n  de 1' e n c h a n t i 11on m a l g a c h e  t r o p  mal  
c o n s e r v e " .  T h e r e f o r e ,  t h e  p r e s e n t  a u t h o r  i s  o f  t h e  o p i n i o n  t h a t  t h e  Batho  
n i a n  age o f  t h i s  g a s t r o p o d  f a u n a ,  in  t h e  a b s e n c e  o f  c o n f i r m a t o r y  e v i d e n c e ,  
must  be  r e g a r d e d  w i t h  c a u t i o n  and t h e  o c c u r r e n c e  o f  P t y g m a t i s  in  known 
B a t h o n i a n  s t r a t a  as y e t  u n p r o v e n .
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J .  M o r r i s  c o l l e c t i o n  o f  E n g l i s h  i n v e r t e b r a t e s  w h i c h  was s u b s e q u e n t l y  

a c q u i r e d  and d i s p e r s e d  by a c o n t i n e n t a l  d e a l e r ,  D r .  K r a n z .  I n  1863  

t h e  B r i t i s h  Museum p u r c h a s e d  some of the M o r r i s  c o l l e c t i o n  f ro m  K r a n z ,  

i n c l u d i n g  t h e  ab o ve  s p e c im e n s .  I t  seems p r o b a b l e  t h a t  t h e s e  sp ecim en s  

may have been e r r o n e o u s l y  i n c l u d e d  i n  t h e  M o r r i s  c o l  l e c t i o n .  They a r e  

p r o b a b l y  f ro m  a s t r a t i  g r a p h i c a l l y  h i g h e r  h o r i z o n  o f  Upper  O x f o r d i a n  -  

T i t h o n i a n  age w i t h  a f a c i e s  s i m i l a r  t o  t h a t  o f  M i n c h i n h a m p t o n .  P o s s i b l e  

exa m p le s  c o u l d  be t h e  S t r a m b e r g e r  l i m e s t o n e  ( U p p e r  T i t h o n i a n  o f  t h e  

n o r t h - w e s t  C a r p a t h i a n s  -  s e e  Z i t t e l ,  1873)  o r  t h e  A s t a r t i a n  -  

K i m m e r i d g i a n  l i m e s t o n e s ,  s o u t h  o f  W ar sa w ,  P o la n d  ( K a r c z e w s k i , I 9 6 0 ) .

The n o n - N e r i n e i d  g a s t r o p o d s  f r o m  M in c h in h a m p t o n  a r e  a l s o  d i s t i n c t i v e  

and a r e  b r i e f l y  docu mented b e l o w .

P u r p u r o j d e a  s p p . A c c o r d i n g  t o  M o r r i s  and L y c e t t  ( o p . c i  t . ) t h i s  genus  

i s  f o u n d  o n l y  i n  and a bo ve  t h e  P l a n k i n g  a t  M in c h in h a m p t o n  w he re  i t  was 

common In  s m a l l  a r e a s  ( s e e  M o r r i s  and L y c e t t ,  o p .  c i  t . , p .  2 5 - 6 ) .  The  

o n l y  r e c o r d e d  o c c u r r e n c e  o f  t h i s  genus i n  B a t h o n i a n  s t r a t a  o t h e r  t h a n  

i n  t h e  M in c h in h am p to n  f a c i e s  I s  a t  S t u r t  Farm i n  s t r o n g l y  c u r r e n t - b e d d e d  

s h e l l y  o o l i t e s , a b o v e  t h e  E x c a v a t a  bed (Worssam & B i s s o n  o £ .  c h t . ,  p .  9^) • 

Specimens f ro m  M in c h in h a m p t o n  a r e  f r e q u e n t l y  h e a v i l y  e n c r u s t e d  w i t h  e p i -  

f a u n a  and a p p a r e n t l y  p r e f e r r e d  h i g h - e n e r g y  e n v i r o n m e n t s .

D i c r o l o m a  s p p . The B r i t i s h  Museum ( N a t u r a l  H i s t o r y )  and I n s t i t u t e  o f  

G e o l o g i c a l  S c i e n c e s  Museum c o n t a i n  nu m erou s ,  w e l l - d e v e l o p e d  sp ecim en s  

f r o m  M in c h in h a m p t o n .  A c c o r d i n g  t o  M o r r i s  and L y c e t t  (oj3 . c i t . )  t h e  

genus i s  n o t  p a r t i c u l a r l y  common b u t  a p p a r e n t l y  i t  is  c o n s i d e r a b l y  more  

a b u n d a n t  a t  M in c h in h a m p t o n  th a n  i n  t h e  W h i t e  L i m e s t o n e  w h e r e  i t s  o c c u r ­

r e n c e  i s  s p o r a d i c .
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C e r i  t e l  l a  a c u t a  and C. a c t a e o n i f o r m i s : "Numerous in  a l  1 t h e  s h e l l y  be ds"  

( M o r r i s  and L y c e t t ,  o £ .  c i  t . , p .  37 )  b u t  uncommon e l s e w h e r e  i n  t h e  W h i t e  

L i m e s t o n e .

Naticidae: Globularia, Ampullospira and Naricopsina. As in the White 

Limestone species belonging to these genera occur only in small numbers 

at Minchinhampton but the spec if ic  d iversity  appears to be higher, 

although this may be due to differences in sampling.

A c t a e o n i d a e . Ten s p e c i e s  o f  t h e  genus Cy1 i n d r i  t e s  a r e  r e c o r d e d  f r o m  

M in c h in h am p to n  o f  w h ic h  a c u t u s  was d e s c r i b e d  as " o n e  o f  t h e  most  

common u n i v a l v e s  in  t h e  G r e a t  O o l i t e  a t  M i n c h i n h a m p t o n "  ( M o r r i s  and  

L y c e t t ,  0£ .  c i  t . ,  p .  9 8 ) .  A p a r t  f r o m  t h e  common o c c u r r e n c e  o f  

J3. a n q u l a t u s  in  t h e  B a c t r o p t y x i s  bed a t  Dagham Downs (s e e  F i g .  1 . 6 )  

few spe cim en s ha v e  been  fo u n d  e l s e w h e r e  i n  t h e  W h i t e  L i m e s t o n e .

P s e u d o m e l a n i a  s p p .  F i v e  s p e c i e s ;  J®. communis,  l o n s d a l e i ,  s u b g 1o b o s a , 

l e y m e r i e i  and c o n i c a  a r e  r e c o r d e d  f r o m  M in c h in h a m p t o n  and a c c o r d i n g  t o  

M o r r i s  and L y c e t t  ( 6p . c i  t . , p .  4 8 ) ,  communis i s  " d e c i d e d l y  t h e  most  

common u n i v a l v e  i n  t h e  G r e a t  O o l i t e " .  S p e c i e s  o f  t h i s  genus a r e  n o t  

uncommon in  t h e  W h i t e  L i m e s t o n e  a l t h o u g h  t h e i r  ab u ndanc e  a p p a r e n t l y  

d e c r e a s e s  t o  t h e  n o r t h - e a s t .

ProcerU^Mae. A d i f f ic u l t  family to deal with unless the specimens are 

well preserved. Sixteen species belonging to this family are recorded 

from the Minchinhampton facies of which Procerithium minchinhamptonense;

£. (Cosmocer? thi urn) betuiae and P_. (Rhabdocolpus) variable are abundant. 

Members of this family are sporadically distributed in the White Limestone 

in other areas.



A m b e r le y a  b a t h o n i c a . O n ly  f i v e  sp ec im en s  a r e  r e c o r d e d  f r o m  

M in c h in h a m p t o n  w he rea s t h i s  s p e c i e s  o c c u r s  v e r y  commonly in  t h e  

W h i t e  L i m e s t o n e  ( s e e  F i g s .  1 . 5  -  1 . 2 1 ) .

N e r i  t i d a e . F u r t h e r  r e s e a r c h  i s  n e c e s s a r y  i n  o r d e r  t o  a d e q u a t e l y  d i s ­

t i n g u i s h  ( o r  o t h e r w i s e )  t h e  numerous r e c o r d e d  s p e c i e s  o f  N e r i  toma 

( N e r i d o m u s ) ( s e e  F i s c h e r ,  1 9 6 9 ,  p p .  1 3 5 - 8 ) .  A l l  spe cim en s o f  t h i s  sub ­

genus f o u n d  by t h e  p r e s e n t  a u t h o r  h a v e  h e r e  been r e c o r d e d  as N . ( N . )  c f .  

c o o k s o n i i  ( D e s long cham ps)  p e n d i n g  f u r t h e r  r e s e a r c h .  Specimens f r e q u e n t l y  

e x h i b i t  e x c e l l e n t  c o l o u r  b a n d i n g  and o c c u r  commonly b o t h  a t  M in ch in ham pton  

and t h r o u g h o u t  t h e  W h i t e  L i m e s t o n e ,  M o r r i s  and L y c e t t  ( ojj. c i t . )  r e c o r d  

t h e  n e r i t i d  g e n e r a  L i s s o c h i l u s  and  Pi  i e o l u s  f r o m  M in c h in h a m p t o n  b u t  t h e s e  

have n o t  been r e c o r d e d  f r o m  t h e  W h i t e  L i m e s t o n e  e l s e w h e r e  as f a r  as t h e  

p r e s e n t  author is aware.

The most  n o t i c a b l e  f e a t u r e  o f  t h e  M in c h ¡n h a m p t o n  g a s t r o p o d  fau n as  

i s  t h e  o c c u r r e n c e  o f  n i n e  s p e c i e s  o f  P a t e l l a c e a n  g a s t r o p o d s ,  o f  w h ic h  

Sy mm et rocap u lu s  t e s s o n i  and S c u r r i a  b a t h i e n s i s  a r e  a b u n d a n t .  T h e i r  

d i s t r i b u t i o n  a p p e a r s  t o  be r e l a t e d  t o  t h e  h i g h - e n e r g y  f a c i e s  a t  

M i n c h i n h a m p t o n . The  h i g h l y  s p e c i a l i s e d ,  d i s t i n c t i v e  mor pho lo gy o f  t h e s e

c a p - s h a p e d  l i m p e t  g a s t r o p o d s  s u g g e s t s  t h a t  t h e i r  e c o l o g i c a l  r e q u i r e m e n t s  

w e r e  a l s o  s p e c i a l i s e d .

R e cen t  r e p r e s e n t a t i v e s  o f  t h e  c l a s s  G a s t r o p o d a  w h ic h  possess t h i s  

ran g e  o f  s h e l l  m o r p h o l o g i e s  do I n d e e d  occup y a s p e c i a l i s e d  e n v i r o n m e n t ,  

nam el y  t h e  r o c k y  i n t e r t i d a l  zone and t h e r e  can be l i t t l e  d ou bt  t h a t  the  

f o s s i l  a n a l o g u e s  a t  M in c h in h a m p t o n  o c c u p i e d  a s i m i l a r  n i c h e  in  

B a t h o n i a n  t i m e s .



-  1 :62  -

G e n e r a l  o b s e r v a t i o n  o f  modern r o c k y  i n t e r t i d a l  e n v i r o n m e n t s  

s u g g e s t s  t h a t  l i m p e t s  a r e  n o t  s u b j e c t  t o  l a r g e - s c a l e  p o s t - m o r t e m  

t r a n s p o r t .  A l s o  t r a n s p o r t a t i o n  i s  v e r y  q u i c k l y  r e f l e c t e d  i n  a b r a s i o n  

and damage t o  t h e  s h e l l .  The f o s s i l  l i m p e t  f a u n a s  a t  M in c h in h a m p t o n  

a r e  u s u a l l y  e x t r e m e l y  a b u n d a n t  and w e l l - p r e s e r v e d ,  o f t e n  w i t h  no 

e v i d e n t  s i g n s  o f  a b r a s i o n  o r  damage.

Thus t h e  o c c u r r e n c e ,  a b u ndanc e  and s t a t e  o f  p r e s e r v a t i o n  o f  t h e  

p a t e l l i f o r m  g a s t r o p o d  g e n e r a  a t  M in c h in h a m p t o n  c l e a r l y  s u g g e s t  t h a t  

t h e  M in c h in h a m p t o n  f a c i e s  was d e p o s i t e d  i n  c l o s e  p r o x i m i t y  t o  a r ocky  

s h o r e l i n e ,  p r o b a b l y  to  t h e  n o r t h  o r  n o r t h - w e s t .

To t h e  kn o w le d g e  o f  t h e  p r e s e n t  a u t h o r ,  no p a t e l 11 f o r m  g a s t r o p o d  

has been fo u n d  o r  r e c o r d e d  f ro m  t h e  W h i t e  L i m e s t o n e  e l s e w h e r e .

E v i d e n t l y  t h e  g a s t r o p o d s  o f  M in c h in h a m p t o n  r e p r e s e n t  a r e l a t i v e l y  

l o c a l  f a u n a  w h ic h  was a d a p t e d  t o  t h e  h i g h - e n e r g y  d e p o s i t i o n a l  e n v i r o n ­

ments w h ic h  e x i s t e d  i n  t h i s  r e g i o n .

The s t r a t i g r a p h y  o f  t h e  M i n c h in h a m p t o n  s t r a t a

The s t r a t i g r a p h i c  r a n g e  o f  t h e  M in c h in h a m p t o n  beds i s  d i f f i c u l t  t o  

a s c e r t a i n  w i t h . a n y  c e r t a i n t y .  The o n l y  e x i s t i n g  e x p o s u r e ,  Simmonds 

q u a r r y  a t  B u r l e i g h ,  has n o t  y i e l d e d  any ammoni te s  and t h o s e  ammoni tes  

r e c o r d e d  by M o r r i s  and L y c e t t  ( o £ .  c i _ t . )  a r e  un l o c a t e d .  A l t h o u g h  not  

common, s e v e r a l  y e a r s  o f  c o l l e c t i n g  by L y c e t t  a c c u m u l a t e d  a l a r g e  

B a t h o n i a n  am mon i te  f a u n a .  T h e se  l a r g e l y  c o n s i s t  o f  s e v e r a l  M o r r l s l c e r a s  s p p . . 

L y c e t t  ic e , r  as. SPP* anc* Tu 11 t e s  s p p .  T he se  i n c l u d e d  t h e  h o l o t y p e s  o f



M o r r i s  i c e r a s  m o r r i s i  ( O p p e 1) and L y c e t t i  c e r a s  i y c e t t ?  A r k e 11 as w e l l  as  

t h e  l e c t o t y p e  o f  T u l i t e s  s u b c o n t r a c t s  ( S . S .  Buckman) ( s e e  A r k e l l ,  1 9 5 1 - 9 ;  

A r k e l l  and Donovan,  1952 and T o r r e n s ,  1969 f o r  d e t a i l s ) .  A r k e l l  ( 1 9 5 1 —5 9 )  

p l a c e d  t h e  w h o l e  o f  t h e  M in c h in h a m p t o n  beds in  one z o n e ,  t h e  S u b c o n t r a c t u s  

z o n e .  H o w e v e r ,  t h e  more d e t a i l e d  r e v i s e d  B a t h o n i a n  z o n a l  s t r a t i g r a p h y  o f  

T o r r e n s  ( 1 9 6 7 a ;  1969)  c l e a r l y  d e m o n s t r a t e s  t h e  e x i s t e n c e  o f  a t  l e a s t  two

zones a t  M i n c h i n h a m p t o n ,  t h e  S u b c o n t r a c t u s  zone  and t h e  o v e r l y i n g  M o r r i s !  

z o n e .  A number  o f  o t h e r  am m on i te  g e n e r a  hav e  been r e c o r d e d  f ro m  

M in c h in h a m p t o n .  The se  ha v e  been r e v i e w e d  by T o r r e n s  ( 1 9 6 9 ,  p p ,  68-9 and  

p .  71) who s t a t e d  ( p .  7 1 ) ;  " T h e  o t h e r  a m m o n i te s ,  c h i e f l y  t h e  P e r i s p h i n c t i d s , 

s u g g e s t  t h a t  o t h e r  zones may be r e p r e s e n t e d  amongst  t h e s e  f a u n a s " .  The  

P e r i s p h i n c t i d s  a r e  W a g n e r ! c e r a s  p s e u d o s u b t i 1 e  ( L i s s a j o u s ) ,  W. suspensum  

( S . S .  Buckman) and a P r o c e r i t e s  s p .  f r o m  t h e  ' S c r o f f '  bed fou nd  j_n s i t u  

by P.  Channon and r e c o r d e d  by Cox and A r k e l l  (o £ .  c i _ t . ,  p .  X V I I ) .  As 

n o t e d  by T o r r e n s  ( 1 9 6 7 a )  t h e  b a s a l  p a r t  o f  t h e  Re t  r o c o s t a t u m  zone  ( ¡ . e .  

t h e  zone  above t h e  M o r r i s !  z one )  in  t h e  s o u t h  o f  En gland  i s  o v e r w h e l m i n g l y  

c h a r a c t e r i s e d  by P e r i s p h l n e t i d s  e s p e c i a l l y  s p e c i e s  o f  P r o c e r i t e s . H o w ev er ,  

T o r r e n s  ( 1967a )  s t r e s s e s  t h e  u n c e r t a i n  n a t u r e  o f  t h e s e  ammoni te  f a u n a s  and  

c o n c lu d e s  ( p .  7 1 ) ,  " u n l e s s  new e x p o s u r e s  become a v a i l a b l e  n o t h i n g  can be 

s a i d " .

E x a m i n a t i o n  o f  t h e  Mi n e h inhamp ton g a s t r o p o d  f a u n a s  s u g g e s t s  i t  may 

be p o s s i b l e  t o  c o n f i r m  t h e  p r e s e n c e  o f  t h e  R e t r o c o s t a t u m  zone  a t  

M i n c h i n h a m p t o n .  T h e  h o l o t y p e  o f  F i b u l o p t y x i s  w i t c h e l l i  (Cox and A r k e 11)  

came f r o m  T i l  tups End o n l y  k k i l o m e t r e s  ( 2 . 5  m i l e s )  s o u t h  o f  

M in c h in h a m p t o n  Common. The a b u n d a n t  N e r i n e i d  f a u n a ,  w h ic h  i n c l u d e d  

B a c t r o p t y x i s  i m p l i c a t a  ( d ' O r b i g n y ) ,  was r e c o r d e d  by W i t c h e l l  ( 1886) .  The



q u a r r y  a l s o  y i e l d e d  B u i l a t i m o r p h i t e s  b u l l a t i m o r p h u s  S . S .  Buckman,  a 

r e l i a b l e  i n d e x  o f  t h e  R e t r o c o s t a t u m  z o n e .  A 1 1 o c c u r r e n c e s  o f  F_. 

w i t c h e l l i  and a l l  B a t h o n i a n  o c c u r r e n c e s  o f  B. i m p l i c a t a  w h ic h  t h e  p r e s e n t  

a u t h o r  has been a b l e  t o  p l a c e  i n  t h e  r e v i s e d  z o n a l  s t r a t i g r a p h y  o f  t h e  

W h i t e  L i m e s t o n e  a r e  o f  R e t r o c o s t a t u m  age  and i n v a r i a b l y  i n  t h e  u p p e r  p a r t  

o f  t h e  zo ne .  The common o c c u r r e n c e  o f  £ .  wi  t c h e l 1? and j^. i m p ! i  c a t a  i n  

t h e  M in c h in h a m p t o n  f a u n a s  i s  c o n s i s t e n t  w i t h  t h e  m eagre  am m oni te  e v i d e n c e  

in  i n d i c a t i n g  t h e  p r e s e n c e  o f  t h e  R e t r o c o s t a t u m  z o n e .  In t h i s  c o n t e x t  

t h e  p o s s i b l e  o c c u r r e n c e  a t  M in c h in h a m p t o n  o f  A p h a n o p t y x i s  b i a d o n e n s i s  

A r k e l l  ( a  s u b z o n a l  g a s t r o p o d  i n d e x ,  t h e  o c c u r r e n c e  o f  w h ic h  marks t h e  

u p p e r  b o u n d a r y  o f  t h e  R e t r o c o s t a t u m  zone  and t h e  W h i t e  L i m e s t o n e )  w ou ld  

le nd  a d d i t i o n a l  s u p p o r t  t o  t h i s  h y p o t h e s i s  i f  t h e  i d e n t i f i c a t i o n  o f  

r o l s s y j  as A. b l a d o n e n s i  s c o u l d  be c o n f i r m e d .
9

As n o t e d  by T o r r e n s  ( 1 9 6 9 ,  p .  6 8 )  a h i g h e r  z o n e ,  t h e  A s p i d o i d e s  

z o n e ,  may be r e p r e s e n t e d  in  t h e  M in c h in h a m p t o n  beds by O p p e l i a  ( O x y c e r i t e s ) 

a s p i d o i d e s  ( O p p e l ) ( S e d g w ic k  Museum r e g i s t r a t i o n  number SMB. 37 8 5 )  and 

Wagne r i  c e r a s  (Suspens i t e s ) a r b u s t i q e r u m  ( d ' O r b i g n y )  ( B r i t i s h  Museum 

( N a t u r a l  H i s t o r y )  r e g i s t r a t i o n  number  BM C. 1001*7: s e e  a l s o  A r k e l l ,  

1 9 5 1 - 5 9 »  P* 61* and p .  2 0 8 ) .  T h i s  w o u l d  c o n s i d e r a b l y  e x t e n d  t h e  zo na l  

r a n g e  o f  t h e  M in c h in h a m p t o n  b e d s .  M o r e o v e r ,  s i n c e  t h e  R e t r o c o s t a t u m  zone  

i s  o b v i o u s l y  w e l l  d e v e l o p e d  a t  T i l t u p s  End i m m e d i a t e l y  a d j a c e n t  t o  t h e  

M in c h in h a m p t o n  s e c t i o n s ,  t h e  p r e s e n t  a u t h o r  b e l i e v e s  t h i s  l a t t e r  z o n a l  

r ange  o v e r  p o r t i o n s  o f  f o u r  zones i s  n o t  u n r e a s o n a b l e .

Arkell and Donovan (op. ci t . ) considered that the ammonites collected 

at Minchinhampton came from the 'S c ro ff '  and 'P lanking1 and not the 

'Shelly  Beds' and 'Weatherstones' as previous authors had assumed. As



n o t e d  by A r k e l l  and Donovan ( o £ .  ci  t . ) i t  i s  p r o b a b l e  t h a t  t h e  h o l o t y p e  

o f  M o r r i s i c e r a s  m o r r i s i  ( O p p e l )  as w e l l  as a spe c im e n  o f  _M. f o r n i c a t u m  

( S . S .  Buckman) came f r o m  t h e  c o m p a c t ,  f i n e - g r a i n e d  W h i t e  L i m e s t o n e  f a c i e s  

exp osed  in  a ro ad  c u t t i n g  a t  P i n f a r t h i n g  on t h e  w e s t e r n  edge o f  M i n c h i n -  

hampton Common. T h i s  h o r i z o n  c o r r e s p o n d s  t o  t h e  l i m e s t o n e s  c o n t a i n i n g  

Mor r i s i c e r a s  a t  W o o d c h e s t e r  P a r k  Farm q u a r r y  {k k i l o m e t r e s  ( 2 . 5  m i l e s )  

w e s t  o f  M in c h in h am p to n  Common: se e  T o r r e n s ,  1 9 6 9 ) .  Becaus e t h e  

Mo r r i s i c e r a s  l i m e s t o n e s  a t  W o o d c h e s t e r  P a r k  Farm o v e r l i e  f l a g g y  o o l i t e s  

s i m i l a r  t o  t h e  u p p e r  p a r t  o f  t h e  M in c h in h a m p t o n  beds and b ec au se  f i n e ­

g r a i n e d  W h i t e  L i m e s t o n e  f a c i e s  l i m e s t o n e s  ha v e  n o t  been r e c o r d e d  in  t h e  

M in c h in h a m p t o n  b e d s ,  A r k e l l  and Donovan ( ojd. c i  t . ) i n f e r r e d  t h e  M o r r i s i c e r a s  

l i m e s t o n e s  l a y  a b o v e  t h e  M in c h in h a m p t o n  bed s .  T h i s  i n t e r p r e t a t i o n  w o u ld  

mean t h a t  no zones h i g h e r  t h a n  t h e  M o r r i s i  z one  c o u l d  be p r e s e n t  on t h e  

M in c h in h a m p t o n  p l a t e a u .  Beca us e t h e  P i n f a r t h i n g  beds l i e  a t  a l e v e l  

c o r r e s p o n d i n g  t o  t h e  l o w e r  beds on M in c h in h a m p t o n  Common, A r k e l l  and  

Donovan ( o £ .  c i  t . ) b e l i e v e d  them f a u l t e d  down o r  o t h e r w i s e  l o w e re d  t o  

t h e i r  p r e s e n t  p o s i t i o n .  The r e c o r d  o f  P r o c e r i  t e s  f r o m  t h e  ' S c r o f f '  

( a p p r o x i m a t e l y  h a l f w a y  up t h e  M in c h in h a m p t o n  s t r a t a )  i s  n o t  c o n s i s t e n t  

w i t h  t h e i r  i n t e r p r e t a t i o n .  F u r t h e r m o r e  t h i s  i n t e r p r e t a t i o n  w o u l d  make 

t h e  M o r r i s i  and S u b c o n t r a c t u s  zones v e r y  much t h i c k e r  t h a n  i n  any o t h e r  

r e c o r d e d  E n g l i s h  s e c t i o n .

The p r e s e n t  a u t h o r  b e l i e v e s  t h a t  t h e  a p p a r e n t  abs en ce  o f  a w e l l  

d e v e lo p e d  W h i t e  L i m e s t o n e  f a c i e s  a t  M in c h in h a m p t o n  i s  p r o b a b l y  due t o  

t h e  p e r s i s t e n c e  o f  a s m a l l  a r e a  o f  s h a l l o w - w a t e r  h i g h - e n e r g y  c o n d i t i o n s  

f o r  a c o n s i d e r a b l e  l e n g t h  o f  t i m e  (M. -  U. B a t h o n i a n )  i n  t h e  M i n c h i n ­

hampton r e g i o n .  The f i n e - g r a i n e d  W h i t e  L i m e s t o n e s  a t  t h e  m a r g i n s  a t t e n u a t e



and pass i n t o  c o a r s e r  f a l s e - b e d d e d  s h e l l y  o o l i t e s .

In  terms o f  t h e  p r e v a i l i n g  B a t h o n l a n  p a l a e o g e o g r a p h y , t h e  

M in c h in h a m p t o n  a r e a  may be e n v i s a g e d  as a h i g h - e n e r g y  s h e l l y  o o l i t e  

s h o a l  w i t h  some p r o x i m i t y  t o  a r o c k y  s h o r e - l i n e .  I n  t h i s  r e g i o n ,  i t  

e f f e c t i v e l y  s e p a r a t e d  t h e  f i n e r - g r a i n e d ,  d e e p e r  w a t e r  d e p o s i t s  t o  t h e  

s o u t h - w e s t  ( r e p r e s e n t e d  by t h e  Upper  F u l l e r s  E a r t h  C l a y  and Hawksbury  

C l a y )  f r o m  t h e  more r e s t r i c t e d  ? l a g o o n a l  s u b t i d a l  c a r b o n a t e  s u b s t r a t e s  

t o  t h e  n o r t h - e a s t  ( r e p r e s e n t e d  by i n t r a p e l m i c r i  t e s  and s p a r i t e s  o f  t h e  

W h i t e  L i m e s t o n e ) .  The W h i t e  L i m e s t o n e  shows marked f a u n a l  and s e d i ­

m e n t a r y  g r a d i e n t s  as one pas se s n o r t h - e a s t w a r d s  f r o m  t h e  M in c h in h a m p t o n  

f a c i e s .  G r a d u a l l y  t h e  s e d i m e n t s  become f i n e r - g r a i n e d  and pass i n t o  

i n t e r - t i d a l  ( i n  p l a c e s  s u p r a - t i d a l )  m i c r i t e s  and c l a y s  in  c l o s e  p r o x i m i t y  

t o  t h e  l o w - l y i n g  London -  A rde nnes  l an d m ass .  The changes i n  t h e  m o l l u s c a n  

f a u n a  c o r r e s p o n d  c l o s e l y  w i t h  changes i n  t h e  s u b s t r a t e  c o m p o s i t i o n / t e x t u r e  

and a l s o  p r o b a b l e  changes i n  s a l i n i t y .  The g e o g r a p h i c a l  l i m i t s o f  t h e  

W h i t e  L i m e s t o n e  F o r m a t i o n  as used i n  t h e  p r e s e n t  w o r k  e x t e n d s  f r o m  B i s l e y  

(SO 9 0 5 0 6 0 )  in  t h e  s o u t h - w e s t  t o  S t r a t t o n  A u d le y  (SP 6 0 1 2 5 5 )  i n  t h e  n o r t h ­

e a s t .

E v i d e n t l y  a s m a l l  a r e a  o f  W h i t e  L i m e s t o n e  f a c i e s  e x i s t e d  t o  t h e  

s o u t h - w e s t  o f  t h e  M i n c h in h a m p t o n  f a c i e s  d u r i n g  t h e  Upper  R e t r o c o s t a t u m  

zone  ( i . e .  t h e  ' W h i t e  L i m e s t o n e '  and a s s o c i a t e d  N e r i n e i d  f a u n a  o f  

T i 1 tu ps  E n d ) .  H o w e v e r ,  t h i s  q u i c k l y  p as sed  l a t e r a l l y  i n t o  t h e  f i n e r -  

g r a i n e d ,  d e e p e r  w a t e r  c a r b o n a t e  d e p o s i t s  now r e p r e s e n t e d  by t h e  T res ham  

Rock t o  t h e  s o u t h - w e s t .



- 1:67 “

Green and Donovan ( 1 9 6 9 ,  p .  2 4 )  s u g g e s t  t h a t  t h e  c a r b o n a t e  f a c i e s  

o f  Ba th  and t h e  South C o ts w o lds  d e p o s i t e d  d u r i n g  t h e  A s p i d o i d e s  zone  

( t h e  Coombe Down O o l i t e ,  Tw in hoe  Beds and B a t h  O o l i t e )  a c c u m u l a t e d  i n  a 

n o r t h - w e s t  t o  s o u t h - e a s t  b e l t  a t  t h e  j u n c t i o n  b e tw een  t h e  C o ts w o ld  S h e l f  

( s e e  M a r t i n ,  1967)  and a b a s i n a l  a r e a  t o  t h e  s o u t h - w e s t .  The p r e s e n t  

a u t h o r  c o n s i d e r s  t h a t  a t  an e a r l i e r  age  ( S u b c o n t r a c t u s  t o  R e t r o c o s t a t u m  

z o n e s )  t h e  h i g h - e n e r g y  f a c i e s  o f  M in c h in h a m p t o n  may have r e p r e s e n t e d  t h i s  

j u n c t i o n .  I t  i s  n o t  y e t  p o s s i b l e  t o  a s c e r t a i n  w h e t h e r  t h i s  h i g h - e n e r g y

m a r g i n a l  f a c i e s  i s  c o n t i n u o u s  b e n e a t h  t h e  m a r g i n a l  y o u n g e r  r ocks  t o  t h e  

s o u t h - e a s t .

A p r o p o s e d  c o r r e l a t i o n  o f  t h e  M i n c h in h a m p t o n  a r e a  w i t h  t h e  s t r a t a  

t o  t h e  s o u t h  and w i t h  t h e  W h i t e  L i m e s t o n e  o f  t h e  C i r e n c e s t e r  a r e a  t o  t h e  

n o r t h - e a s t  i s  shown in  F i g .  1 . 3 9 *  The s e c t i o n s  used a r e  based upon t h e  

p u b l i s h e d  d a t a  o f  Green and Do novan ,  19 6 9 ;  T o r r e n s ,  1968; A r k e l l  and

D o no va n ,  1952 and W i t c h e l l ,  1 8 8 6 .  The  l o c a t i o n s o f  t h e  s e c t i o n s a r e  shown 

in  F i g .  1 . 4 0 .

C o r r e l a t i o n s  t o  t h e  n o r t h - e a s t  o f  t h e  W h i t e  L i m e s t o n e  o u t c r o p

The W h i t e  L i m e s t o n e  p a s s e s ,  in  p a r t ,  i n t o  t h e  B l i s w o r t h  ( *  G r e a t  

O o l i t e )  L i m e s t o n e  o f  t h e  M i d l a n d s .  The s t r a t i g r a p h y  and p a l a e o n t o l o g y  

o f  t h e  B l i s w o r t h  L i m e s t o n e  has been  w e l l  doc um en te d by T o r r e n s  ( 1 9 6 7 b ) .

As n o t e d  by T o r r e n s  ( i n  S y 1v e s t e r - B r a d l e y  and F o r d ,  1 9 6 8 ,  p .  2 3 9 )  t h e  

c r i t i c a l  a r e a  i n  w h ic h  t o  e s t a b l i s h  an e x a c t  c o r r e l a t i o n  b e tw een  t h e  

W h i t e  L i m e s t o n e  o f  O x f o r d s h i r e  and t h e  B l i s w o r t h  L i m e s t o n e  o f  t h e  

M i d l a n d s ,  is  one in  w h ic h  c o m p l e t e  s e c t i o n s  a r e  r a r e .  H o w e v e r ,  t h e
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o c c u r r e n c e  o f  P r o c e r i  t e s  c f .  q u e r c i n u s  (T er quem  e t  J o u r d y )  and C h o f f a t i a  

s p p . n e a r  t h e  base o f  t h e  B l i s w o r t h  L i m e s t o n e  s u g g e s t s  t h e  w h o l e  o f  t h i s  

f o r m a t i o n  f a l l s  w i t h i n  t h e  R e t r o c o s t a t u m  zon e and i s  t h e r e f o r e  t o  be  

c o r r e l a t e d  w i t h  t h e  u p p e r  p a r t  o f  t h e  W h i t e  L i m e s t o n e  t o  t h e  s o u t h - w e s t .

A s e c o n d  p o s s i b i l i t y  has been s u g g e s t e d :  t h a t  t h e  d i s t r i b u t i o n  o f  t h e s e  

B a t h o n i a n  ammoni te  f a u n a s  may be f a c i e s  c o n t r o l l e d  w i t h  T u l i t e s  s p p .  and  

M o r r i s i c e r a s  sp p .  o c c u r r i n g  in  t h e  f i n e - g r a i n e d  W h i t e  L i m e s t o n e  f a c i e s  

and P r o c e r i t e s  s p p .  o c c u r r i n g  c o e v a l l y  b u t  in  a d i f f e r e n t ,  B l i s w o r t h  

L i m e s t o n e  f a c i e s  t o  t h e  n o r t h - e a s t  ( T o r r e n s ,  1967b ,  p .  85) .

However, support for the empirical hypothesis of a later,

R e t r o c o s t a t u m  age f o r  t h e  B l i s w o r t h  L i m e s t o n e  i s  p r o v i d e d  by t h e  d i s ­

t r i b u t i o n  o f  t h e  b r a c h i o p o d  D i g o n e l 1 a d i g o n o i d e s ; (S.S. Buck m an ) .  T h i s  

b r a c h i o p o d  o c c u r s  s p o r a d i c a l l y  in  t h e  s o u t h - w e s t e r n  p a r t  o f  t h e  W h i t e  

L i m e s t o n e  o u t c r o p  and a l w a y s  w i t h i n  s t r a t a  n e a r  t h e  t o p  o f  t h e  

R e t r o c o s t a t u m  zone  e . g .  Dagham Downs q u a r r y ,  Foss Cross q u a r r y  and t h e  

A l d g r o v e  -  Ch edw or th  r a i l w a y  c u t t i n g s  (s e e  T o r r e n s ,  1 9 6 7 b ,  p .  85-6 f o r  

l o c a l i t i e s  and d i s c u s s i o n ;  a l s o  R i c h a r d s o n ,  1 9 1 1 ,  1933 and P i t t h a m ,

1 9 7 0 ) .  D i g o n e l l a  d i g o n o i d e s i s  f o u n d  as a c o r r e l a t a b l e  m a r k e r  h o r i z o n  

i n  t h e  m i d d l e  o f  t h e  B l i s w o r t h  L i m e s t o n e  o f  N o r t h a n t s  ( T o r r e n s ,  1 9 6 7 b ) .

The Nerineid gastropod faunas lend additional support to the 

Retrocostatum age of the Blfsworth Limestone. The 'Nerinea' bed at 

Blisworth quarry and in the Roade railway cutting (Torrens, 196 7b ;  

Thompson, 1927)  has yielded Eunerinea arduennensis (Buvignier), Nerinella 

cf. acicula (d'Archiac) and Bactroptyxis Implicata (d'Orblgny).
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E u n e r i n e a  a r d u e n n e n s i s  i s  uncommon b e l c w  t h e  A r d l e y  Beds and t h e  l a t t e r  

two g a s t r o p o d s  h a v e  been fo u n d  by t h e  p r e s e n t  a u t h o r  o n l y  i n  t h e  A r d l e y  

and B l a d o n  Beds ( i . e .  t h e  R e t r o c o s t a t u m  z o n e ) .  The p r e s e n t  a u t h o r  a l s o  

p o s sesse s  a number  o f  i n t e r n a l  moulds o f  A p h a n o p t y x i s  b l a d o n e n s i s  

c o l l e c t e d  by P.  P i t t h a m  f r o m  t h e  B l i s w o r t h  L i m e s t o n e  a t  W e l l i n g b o r o u g h  

No. 6 p i t  (SP 9 1 5 7 9 5 ) .  U n f o r t u n a t e l y ,  t h i s  q u a r r y  i s  now c o m p l e t e l y  

i n f i l l e d  and i t  i s  n o t  y e t  p o s s i b l e  t o  a s c e r t a i n  f r o m  w h i c h  bed i n  t h e  

s e c t i o n  r e c o r d e d  by P i t t h a m  (  pp.  5 2 - 5 3 )  t h e  sp ec imen s w e r e

c o l l e c t e d .

No sp ec imen s o f  a r d l e y e n s  i s f r o m  t h e  B l i s w o r t h  L i m e s t o n e  a r e  

known t o  t h e  p r e s e n t  a u t h o r .

A l t h o u g h  no bed by bed c o r r e l a t i o n  w i t h  t h e  W h i t e  L i m e s t o n e  

a p p e a r s  p o s s i b l e ,  t h e  p a l a e o n t o l o g i c a l  e v i d e n c e  i s  o v e r w h e l m i n g l y  in  

f a v o u r  o f  a  R e t r o c o s t a t u m  z o n e  a g e  f o r  t h e  B l i s w o r t h  L i m e s t o n e  and i t  

i s  t o  be  c o r r e l a t e d  w i t h  t h e  A r d l e y  and B l a d o n  Beds t o  t h e  s o u t h - w e s t .

A r e v i s e d  c o r r e l a t i o n  d i a g r a m  b as ed  on T o r r e n s  ( 1967b)  i s  shown 

i n  F i g u r e  1.  1*1.
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The  l i t h o l o g y  o f  t h e  A. e x c a v a t a  B e d .  

Wor sh am,  bed 6 ,  0 . 0 5  m f r o m  t o p

T h i n  s e c t i o n ,  c r o s s e d  p o l a r s ,  x 5 0 .  

S l i d e  W 6 / 5  “ M . J . B .  c o l l e c t i o n .

P 1 a t e  1. A.





C h a p t e r  2

A TAXONOMIC REVISION OF ENGLISH BATHONIAN 

NERINEACEAN GASTROPODS ( INCLUDING A 

NON-NERINEACEAN HOMEOMORPH)

Don't take action because o f  a name! A name Is an uncertain 

th ing, you can't count on i t ! '

B e r t o l t  B r e c h t ,  A M a n 's  a Man,  19 2 7 .
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I n t r o d u c t I o n

The N e r i n e a c e a  c o m p r i s e  a l a r g e 7 s u p e r f a m i l y  o f  g a s t r o p o d s  w h i c h  

a r e  e x c l u s i v e l y  M e s o z o i c  i n  a g e .  A l l  members h a v e  two d i s t i n c t i v e  

f e a t u r e s :

1) t h e y  posse ss  a s l i t  in  t h e  a p e r t u r e  n e x t  t o  t h e  s u t u r e .  T h i s  i s  

s e c o n d a r i l y  i n f i l l e d  t o  p r o d u c e  a s e l e n i z o n e  o r  s l i t b a n d ,  as in  

P l e u r o t o m a r i a , b u t  i n  t h e  N e r i n e a c e a  t h e  s e l e n i z o n e  i s  a d j a c e n t  t o  t h e  

s u t u r e  and n o t  in  t h e  m i d d l e  o f  t h e  o u t e r  l i p  ( s e e  p l a t e  2 . I . ) .

2 )  t h e  a p e r t u r e  i s  t e r m i n a t e d  by a d i s t i n c t  a p e r t u r a l  c a n a l  o r  n o t c h  

( s e e  p l a t e  2 . J . ) .

The e x t e r n a l  m orpho logy  o f  t h e s e  g a s t r o p o d s  i s  r a t h e r  v a r i a b l e .  

B r i t i s h  J u r a s s i c  r e p r e s e n t a t i v e s  a r e ,  in  g e n e r a l ,  h i g h - s p i r e d  w i t h  f l a t  

o r  s l i g h t l y  c o n cave  w h o r l s  and l i t t l e  o r n a m e n t a t i o n .  E l s e w h e r e ,  g e n e r a  

a r e  foun d w h ic h  a r e  s q u a t ,  o v a t e  o r  g l o b o s e  a l t h o u g h  t h e y  s t i l l  r e t a i n  

t h e  two c h a r a c t e r i s t i c  N e r i n e a c e a n  f e a t u r e s  o u t l i n e d  p r e v i o u s l y .

H o w e v e r ,  t h e  b e s t  known f e a t u r e  o f  t h e s e  r e m a r k a b l e  g a s t r o p o d s  i s  

t h e  r e s t r i c t i o n  o f  t h e  i n t e r n a l  w h o r l  c a v i t y  in  many g e n e r a  by a number  

o f  s e c o n d a r i l y  em p la c e d  c a l c a r e o u s  l a m e l l a e  c a l l e d  ' f o l d s '  ( s e e  C h a p t e r s  

h and 5 ) *  A few g e n e r a  do not  possess  t h e s e  f o l d s ,  e . g .  t h e  w e l l  known 

A p t y x i e l l a  p o r t l a n d i c a  ( t h e  ' P o r t l a n d  S c r e w ' ) .  T h i s  s p e c i e s  i s  t h e  

o n l y  r e p r e s e n t a t i v e  o f  t h i s  s u p e r f a m i l y  r e c o r d e d  f r o m  t h e  T i t h o n i a n -  

V o l g i a n  s t r a t a  o f  B r i t a i n .  A p a r t  f ro m  / \ .  p o r t  1 and i ca , N e r i n e a c e a n  

g a s t r o p o d s  a r e  b o t h  a b u n d a n t  and d i v e r s e  i n  o t h e r  B r i t i s h  J u r a s s i c  

c a r b o n a t e  f a c i e s  namely  i n  t h e  U. O x f o r d i a n  ( C o r a l l i a n ) ,  t h e  B a j o c i a n  

( p a r t i c u l a r l y  t h e  Upper  and Lower L i n c o l n s h i r e  L i m e s t o n e ) a n d  e s p e c i a l l y  

i n  t h e  B a t h o n ia n  W h i t e  L i m e s t o n e  -  t h e  s u b j e c t  o f  t h i s  s t u d y .
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W e s t e r n  European w o r k e r s  r e c o g n i s e  t h r e e  f a m i l i e s  w i t h i n  t h e  

N e r i n e a c e a ;  t h e  N e r i n e i d a e ,  t h e  I t i e r i i d a e  and t h e  C e r i t e l  1 i d a e ,  

a l t h o u g h  r e p r e s e n t a t i v e s  o f  t h e  I t i e r i i d a e  ha v e  n o t  been r e p o r t e d  f ro m  

B r i t i s h  J u r a s s i c  s t r a t a .  The c h a r a c t e r i s t i c s  o f  t h e s e  f a m i l i e s  t o g e t h e r  

w i t h  p rob lem s  o f  f u r t h e r  s u b d i v i s i o n  and t h e  a f f i n i t i e s  o f  t h e s e  g a s t r o ­

pods a r e  more f u l l y  d e a l t  w i t h  in  C h a p t e r  7.

The o b j e c t  o f  t h i s  C h a p t e r  i s  t o  e v a l u a t e  t h e  v a r i o u s  m o r p h o l o g i c a l  

c h a r a c t e r i s t i c s  o f  t h e  N e r i n e a c e a n  s h e l l  and a p p l y  c o n s i s t e n t  t a x o b a s e s  

t o  t h o s e  g e n e r a  and s p e c i e s  foun d in  t h e  B a t h o n i a n  W h i t e  L i m e s t o n e .

The e v a l u a t i o n  o f  t h e  s h e l l  m o r pho logy  i s  bas ed  upon t h e  d a t a  p r e s e n t e d  

in  C h a p t e r s  3, ** and 5-  C o n s i d e r a b l e  a t t e n t i o n  has been p a i d  t o  r e l e ­

v a n t  Fre nc h 1 t t e r a t u r e  s i n c e  many o f  t h e  s p e c i e s  fo u n d  a r e  common to  

t h e  B a t h o n i a n  o f  b o t h  F r a n c e  and E n g l a n d .  H o w e v e r ,  u n t i l  t h e  I m p o r t a n t  

c o l l e c t i o n s  o f  d ' O r b i g n y  and Cossmann can be s t u d i e d  and can be combined  

w i t h  e x t e n s i v e  f i e l d w o r k  in  F r a n c e ,  some o f  t h e  p r o b l e m s  c o n c e r n i n g  t h e  

t o t a l  s t r a t i g r a p h i c  r a n g e ,  w i d e r  g e o g r a p h i c a l  d i s t r i b u t i o n  (and  even  

I d e n t i t y )  o f  some s p e c i e s  must r e m a i n ,  a t  t h i s  s t a g e ,  o n l y  p a r t i a l l y  

r e s o l v e d .  . I n  o t h e r  c a s e s ,  such  as t h e  genus B a c t r o p t y x i s . B a j o c i a n  , 

r e p r e s e n t a t i v e s  w e r e  a l s o  s t u d i e d  and f o r  B a c t r o p t y x i s  in  p a r t i c u l a r ,  

t h e  more e x t e n s i v e  d a t a  a v a i l a b l e  e n a b l e d  a  c o m p r e h e n s i v e  ta x o n o m i c  

r e v i s i o n  o f  t h e  d e s c r i b e d  s p e c i e s  t o  be p r e s e n t e d .  W here  n e c e s s a r y ,  

p r o b le m s  c o n c e r n i n g  t h e  sc o pe o f  a genus o r  i t s  i n t e r p r e t a t i o n  have  

been r e v i e w e d  and h o p e f u l l y  r e s o l v e d .  I n  t h e  d i s c u s s i o n s  o f  i n d i v i d u a l  

s p e c i e s ,  p r e v i o u s  a u t h o r s '  syn on ym ie s hav e  been r e f e r r e d  t o  w h e r e  no 

a d d i t i o n a l  i n f o r m a t i o n  was n e c e s s a r y  o r  no r e - i n t e r p r e t a t i o n  o f  t h e  

s p e c i e s  was p r o p o s e d .  F o r  each o f  t h e  s p e c i e s  f o u n d ,  t h e  m o r p h o l o g i c  

and d i a g n o s t i c  f e a t u r e s  a r e  summar ised and d a t a  a r e  p r e s e n t e d  on t h e i r  

known s t r a t i g r a p h i c  and g e o g r a p h i c  d i s t r i b u t i o n  i n  t h e  B a t h o n i a n  W h i t e  

L i m e s t o n e  F o r m a t i o n  o f  E n g la n d .



C o n t e n t s
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A The s p e c i e s  c o n c e p t  and i t s  a p p l i c a t i o n  t o  N e r i n e i d

g a s t r o p o d s .  2 . 1

B Family Nerineidae

B1 genus Z e n op locus  g e n .  nov. 2 . 8

B 1 / 1 , Z.  m i c r o p l i c a t u s  s p .  nov. 2 . 8

B2 genus A p h a n o p t y x i s 2 . 1 6

B2/1 A. e u l i m o l d e s 2 . 1 8

B 2 / 2 A.  b l a d o n e n s i s 2 . 2 1

B 2 / 3 A.  a r d l e y e n s i s 2.2k

B2/k A.  l a n g r u n e n s i s 2 . 2 8

B 2 /5 A.  e x c a v a t a  s p .  nov. 2 . 3 1

B 2 / 6 A.  com pressa s p .  no v . 2 . 3 5

Cossmannea,  E u n e r i n e a  and N e r i n e l l a  -  g e n e r a l  d i s c u s s i o n 2 . 3 7

B3 genus N e r i n e l l a 2. i *Q

B 3 /1 N. c f .  p s e u d o c y 1 i n d r i c a 2.kS

B 3 / 2 N. c f .  a c i c u l a 2 . 5 1 a

BA genus E u n e r i n e a 2 . 5 3

B V l Eu. e u d e s i i 2 . 5 3

Bk/2 Eu. a r d u e n n e n s i s 2 . 5 6

B5 genus Cossmannea 2 . 6 1

B5/1 C. b a t h o n i c a 2 . 6 1



B6 genus B a c t r o p t y x i s 2 . 6 k

B6/1 i - c o t t e s w o l d ! a e 2.68

B 6 / 2 B . xenos 2 . 6 9

B 6 / 3 i * gu 1s e i 2 . 6 9

B6/1* B . campana 2 . 6 9

B 6 /5 B . l e b r u n l 2 . 7 0

B6/6 B . b a r r a n d e a n a 2 . 7 0

Bô / 7 1 * cossmanni 2 . 7 1

b 6/8 B . s u b b r u n t r u t a n a 2.71

B 6 / 9 B . 1m p l i c a t a 2 . 7 1

B 6 /1 0 B . pi  s o l i  t  î ca 2.82

B7 genus F î b u l o p t y x l s 2.81*

B7 /1 F. wî  t c h e l 1i 2.86

B8 genus M e l a n i o p t y x l  s 2 . 9 1

B8 /1 H. a l  t a r a r i s 2 . 9 1

B9 genus E n d i a p l o c u s 2 . 9 3

B9/1 _E. muni e r î 2 . 9 3

F a m î l y  C e r i t e l  1 i d a e

Cl genus F i b u l a  2 . 9 5

C1 /1  F,  r e t ! cu l  a t a  s p .  nov. 2 , 9 5
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D F a m i l y  Z y g o p l e u r i d a e  ( M e s o g a s t r o p o d a : L o x o n e m a t a c e a )  

D1 genus R i g a u x i a  (an I s o c h r o n o u s  homeomorph o f  t h e  

N e r i n e a c e a  

D l / 1  R. v a r i c o s a

2 . 9 8

2 . 9 9
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^  The s p e c i e s  c o n c e p t  and i t s  a p p l i c a t i o n  t o  N e r i n e i d  g a s t r o p o d s .

The d i f f e r e n c e s  be tw een  t h e  n e o n t o l o g i c a l  and p a l a e o n t o l o g i c a l  

s p e c i e s  c o n c e p t s  have been c o n c l u s i v e l y  d i s c u s s e d  in  r e c e n t  

y e a r s  and o n l y  a v e r y  b r i e f  summary i s  p r e s e n t e d  b e l o w .  Most  p a l a e o n ­

t o l o g i s t s  now a c c e p t  t h e  f a c t  t h a t  t e rm s  such as g e n e - f l o w ,  r e p r o d u c t i v e  

i s o l a t i o n ,  a l l o p a t r i c  s p é c i a t i o n ,  s i b l i n g  s p e c i e s  and o t h e r  a s p e c t s  o f  

p o p u l a t i o n  g e n e t i c s ,  w h i c h  a r e  p e r t i n e n t  t o  t h e  modern b i o l o g i c a l  s p e c i e s  

c o n c e p t ,  w e r e  a l s o  p e r t i n e n t ,  and i n d e e d  can be  r e c o g n i s e d ,  though  

r a r e l y ,  in  f o s s i l  s p e c i e s .  C o n v e r s e l y ,  most  b i o l o g i s t s  a r e  a w a r e  o f  

t h e  d a t a  lo ss  a s s o c i a t e d  w i t h  f o s s i l i s a t i o n  t o g e t h e r  w i t h  t h e  p r o b lem s  

i n t r o d u c e d  by t h a t  u n i q u e  p e r s p e c t i v e  o f  p a l a e o n t o l o g y :  t i m e .

In  p r a c t i s e ,  t h e  two s p e c i e s  c o n c e p t s  a r e  n o t  so  v e r y  d i f f e r e n t .

The b i o l o g i c a l  s p e c i e s  d e f i n i t i o n :  " s p e c i e s  a r e  gr oup s  o f  i n t e r b r e e d i n g  

n a t u r a l  p o p u l a t i o n s  t h a t  a r e  r e p r o d u c t i v e l y i s o l a t e d  f r o m  o t h e r  such  

g r o u p s " ,  so e l o q u e n t l y  a d v o c a t e d  by Mayr  ( 1 9 6 3 ,  1 9 7 0 ) ,  i s  a g e n e t i c  con­

c e p t  w h ic h  i s  n o t  n o r m a l l y  r i g o r o u s l y  a p p l i e d  even  i n  n e o n t o l o g i c a l  

s p e c i e s  r e c o g n i t i o n .  In  p r a c t i s e ,  b e c a u s e  t h e  g e n e t i c  v a r i a t i o n  o f  a 

s p e c i e s  i s  e x p r e s s e d  in  p h e n o t y p i c  v a r i a t i o n ,  most s p e c i e s  i n  b i o l o g y  

a r e  a l s o  r e c o g n i s e d  on m o r p h o l o g i c a l  c r i t e r i a .  As n o t e d  by M c A l e s t e r  

( 1962, p .  Î 378) " c o n s i s t e n t  m o r p h o l o g i c a l  d i f f e r e n c e s  can be d e m o n s t r a t e d  

t o  e x i s t  in  t h e  v a s t  m a j o r i t y  o f  l i v i n g  g e n e t i c a l l y  d i f f e r e n t i a t e d  

s p e c i e s  and t h i s  c r i t e r i o n  w i l l  p r o b a b l y  a l w a y s  p r o v i d e  t h e  most  u s e f u l  

means o f  r e c o g n i s i n g  s p e c i e s . "  E f f e c t i v e l y  t h e r e f o r e  t h e r e  i s  l i t t l e  

d i f f e r e n c e  in  t h e  p r a c t i c a l  t a x o n o m i c  p r o c e d u r e s  o f  t h e  b i o l o g i s t  and  

p a l a e o n t o l o g i s t .  The p o s i t i o n  was summar ised by Thomas ( i n  S y l v e s t e r -  

B r a d l e y ,  19 5 6 ,  p .  2 0 )  who s t a t e d ,  " P a l a e o n t o l o g i s t s  depend on t h e
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a s s u m p t io n  t h a t  m o r p h o l o g i c a l  d i f f e r e n c e s  o r  d i s c o n t i n u i t i e s  c o u p l e d  

w i t h  a d e g r e e  o f  i s o l a t i o n  i n  s p a c e  o r  t i m e  o f  p o p u l a t i o n s  s t a t i s t i c a l l y  

d e m o n s t r a t e d  t o  be homog eneous,  u s u a l l y  e x p r e s s  g e n e t i c  d i f f e r e n c e s  and  

d i s c o n t i n u i t i e s " .

The p h e n o t y p i c  v a r i a b i l i t y  o f  modern s p e c i e s  is  d i s t r i b u t e d  i n  

d i s c r e t e  i n t e r b r e e d i n g  l o c a l  p o p u l a t i o n s  each o f  w h ic h  may be c h a r a c t e ­

r i s e d  by s l i g h t  d i f f e r e n c e s  i n  m o r p h o l o g y  when compared w i t h  a d j a c e n t  

p o p u l a t i o n s  o f  t h e  same s p e c i e s .  T h e s e  d i f f e r e n c e s  r e f l e c t  t h e  i n t e r ­

a c t i o n  o f  t h e  s m a l l e r  g e n e t i c  v a r i a b i l i t y  i n  a l o c a l  p o p u l a t i o n  w i t h  

l o c a l  e n v i r o n m e n t a l  m o d i f i c a t i o n s .  S a m p l i n g  and s u b s e q u e n t  s t a t i s t i c a l  

a n a l y s i s  o f  t h e s e  p o p u l a t i o n s  c a n  e x t r a p o l a t e  t h e  v a r i a t i o n  i n  t h e  

m orpho logy  o f  a r e l a t i v e l y  f e w  spe c im en s  i n t o  a more g e n e r a l i s e d  

m o r p h o l o g i c a l  v a r i a t i o n  f o r  t h e  w h o l e  s p e c i e s .  D e s p i t e  t h e  d a t a  l o s s  

i n  f o s s i l s  t h i s  p r o c e d u r e  c a n  b e  a p p l i e d  t o  f o s s i l  s p e c i e s  and t h e  use  

o f  b i o m e t r i c s  and b i o s t a t i s t i c s  has been d i s c u s s e d  by s e v e r a l  a u t h o r s ,  

p a r t i c u l a r l y  N e w e l l  ( i n  S y I v e s t e r - B r a d  l e y , 1 9 5 6 ,  p p .  6 3 - 8 2 )  and I m b r i e  

( 1 9 5 6 ) .  H o w e v e r ,  p a l a e o n t o l o g i s t s  must  a l s o  a p p r e c i a t e  t h a t  a morpho­

l o g i c a l l y  d i s t i n c t i v e  f o s s i l  s p e c i e s  must  i n e v i t a b l y  r e p r e s e n t  an o v e r ­

s i m p l i f i c a t i o n ,  i n  t h a t  much o f  t h e  a n a t o m i c a l ,  b e h a v i o u r a l  and 

e n v i r o n m e n t a l  i n f o r m a t i o n  used by b i o l o g i s t s  i s  n o t  p r e s e r v e d  i n  t h e  

f o s s i 1 record.

T h i s  a p p r o a c h  t o  t h e  s p e c i e s  p r o b l e m  must  a l s o  t a k e  c o g n i z a n c e  o f  

two i m p o r t a n t  f a c t o r s :  a )  t h e  s t r a t i g r a p h i c  u t i l i t y  o f  f o s s i l s  and ,

b )  t h e  e x i s t e n c e  o f  p h y l e t i c  l i n e a g e s .  The f i e r c e l y  p r a g m a t i c  a p p r o a c h  

o f  A r k e l l  ( i n  S y l v e s t e r - B r a d l e y ,  1 9 5 6 ,  p p .  9 7 “ 9 9 )  em p h a s is e d  t h e  

a r t i f i c i a l  n a t u r e  o f  a f o s s i l  s p e c i e s  and s u g g e s t e d  t h a t  ( p .  9 7 )  " t h e  

o n l y  l o g i c a l  c r i t e r i o n  f o r  t h e  s i z e  and d e f i n i t i o n  o f  a t a x o n  in  

p a l a e o n t o l o g y  I s  i t s  u s e f u l n e s s . "  T h i s  u t i l i a t a r i a n  p o s i t i o n  w a s ,  a t
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t h a t  t i m e ,  a j u s t i f i a b l e  r e a c t i o n  a g a i n s t  t h e  u n n e c e s s a r y ,  t h e o r e t i ­

c a l l y  m o t i v a t e d ,  s p l i t t i n g  o f  s p e c i e s  by some e a r l ¡ e r  w o r k e r s , n o t a b l y  

Buckmann ( 1 8 8 6 - 1 9 0 7 )  and S p a th  ( 1 9 2 4 ) .  To f o l l o w  t h e  e x a m p le  o f  

A r k e l 1 ( o p » c i  t . )  w ou ld  be t o  s u b d i v i d e  f o s s i l s  i n t o  as many morpho­

l o g i c a l l y  d i s t i n c t ,  spe cimen s o r  gr ou ps o f  sp ec im en s  p r o v i d e d  t h a t
I

t h e y  w e r e  o f  s t r a t i g r a p h i c  v a l u e  and e v e n t u a l l y  t h e  s p e c i e s  c o n c e p t  i n  

p a l a e o n t o l o g y  w o u l d  h a v e  no  b i o l o g i c a l  b a s i s .  H o w e v e r ,  t h i s  s u b d i v i s i o n  

i n t o  d i s c r e t e  m o r p h o l o g i c a l  gr oup s is  p r e c i s e l y  t h e  p r o b l e m  e n c o u n t e r e d  

i n  a p h y l e t i c  l i n e a g e  such as t h e  M i c r a s t e r  p o p u l a t i o n s  i n  t h e  C h a l k  o f  

s o u t h e r n  E n g l a n d .

Both o f  t h e s e  p a l a e o n t o l o g i c a l  p r o b lem s  can be  a d e q u a t e l y  encom­

passe d i n  a b i o l o g i c a l  s p e c i e s  c o n c e p t .  O f  c o u r s e  i t  i s  d e s i r a b l e  t h a t  

s t r a t i g r a p h i c a l l y  u s e f u l  forms s h o u ld  hav e  t h e i r  p o t e n t i a l  f u l l y  

e x p l o i t e d  and t h e  p r e s e n t  a u t h o r  c o n s i d e r s  t h a t  t h e  te rm s  ' v a r i e t y '  and  

' f o r m '  as d e f i n e d  by t h e  I n t e r n a t i o n a l  Code o f  Z o o l o g i c a l  N o m e n c l a t u r e  

( 1 9 6 4 ,  a r t i c l e  4 5 e )  c o u l d  be  used f o r  t h i s  p u r p o s e .  F u r t h e r m o r e ,  

e v o l u t i o n a r y  l i n e a g e s  c o u l d  be  s u b d i v i d e d  u s i n g  t h e  a r b i t a r y  ’ s p e c i e s  

i n t e r v a l '  o f  McAles t e r  ( o p .  c i j t . ,  p .  1 3 8 0 ) .  The  a p p l i c a t i o n  o f  b o t h  

t h e s e  s o l u t i o n s  t o  t h e  d i f f i c u l t  t a x o n o m i c  p r o b l e m s  o f  am m o n i te  f a u n a s  

has been c l e a r l y  d i s c u s s e d  by H o w a r t h  ( 1 9 5 8 ,  pp.  x x i i - x x i v  and 19 7 3 ,  

pp.  2 4 6 - 2 4 9 ) ,  b u t  t h e s e  t e c h n i q u e s  hav e  n o t  as  y e t  been  w i d e l y  a d o p t e d .

In  b o t h  l i v i n g  and f o s s i l  o r g a n is m s  t h e  b a s i c  f a c t o r s  w h i c h  

s e p a r a t e  s p e c i e s  a r e  g e n e t i c .  The p r o b lem s  o f  s p e c i e s  r e c o g n i t i o n  In  

p a l a e o n t o l o g y  a r e  b e s t  r e s o l v e d  n o t  by d i v o r c i n g  p a l a e o n t o l o g y  f r o m  

r e c e n t  s y s t e m a t i c  s t u d i e s  b u t  by  m o d i f y i n g  and a s s i m i l a t i n g  modern  

b i o l o g i c a l  c o n c e p t s .



- 2:4 -

The a p p l i c a t i o n  o f  t h e  ab ove p r i n c i p l e s  t o  t h e  N e r i n e a c e a  i s  n o t  

w i t h o u t  p rob lem s  f o r  as n o t e d  by A r k e l l  ( i n  S y l v e s t e r - B r a d  l e y ,  195 6,  

p .  9 8 )  " T h e  more f e a t u r e l e s s  a g e n u s ,  t h e  f e w e r  w i l l  be  t h e  r e c o g n i s e d  

s p e c i e s ,  and t h e  l o n g e r  t h e  s t r a t i g r a p h i c  r a n g e . "  In  t h e  case o f  

s e v e r a l  c l o s e l y  r e l a t e d  N e r i n e i d  s p e c i e s ,  d i f f e r e n t i a t i o n  must be bas ed  

upon a d e q u a t e  sam pl es  and be s t a t i s t i c a l l y  e v a l u a t e d ,  e s p e c i a l l y  when 

d e a l i n g  w i t h  m o r p h o l o g i c a l l y  r a t h e r  s i m p l e  f o s s i l s  such as g a s t r o p o d s  

w h e r e  d i f f e r e n c e s  in  s k e l e t a l  m orp h o lo g y  a r e  s u b t l e  and need q u a n t i f i c a ­

t i o n  in  o r d e r  t o  a c h i e v e  some o b j e c t i v i t y  and c o n s i s t e n c y  in  s p e c i e s  

d i s c r i m i n a t i o n .  Ho w ev er ,  as n o t e d  by Thomas ( i n  S y I v e s t e r - B r a d l e y , 1 9 5 6 ,  

p .  2 2 ) ,  " I t  must  be  a p p r e c i a t e d  t h a t  w h i l e  f o s s i l  p o p u l a t i o n s  may d i f f e r  

s t a t i s t i c a l l y ,  t h e  t a x o n o m i c  s i g n i f i c a n c e  o f  such d i f f e r e n c e s  must be  a 

s e p a r a t e  e v a l u a t i o n ,  p r e f e r a b l y  g u i d e d  by n e o n t o l o g i c a l  a n a l o g i e s . "  In  

t h e  t a x o n o m ic  r e v i s i o n s  b e l o w ,  t h e  p r e s e n t  a u t h o r  i n i t i a l l y  a t t e m p t e d  t o  

a s c e r t a i n  t h e  m o r p h o l o g i c a l  v a r i a t i o n  w i t h i n  a g a s t r o p o d  p o p u l a t i o n  f ro m  

a s am p le  o b t a i n e d  a t  a s i n g l e  l o c a l i t y  and h o r i z o n .  T h i s  v a r i a t i o n  was 

t h e n  compared w i t h  o t h e r  s i m i l a r  g a s t r o p o d  p o p u l a t i o n s  in  t h e  W h i t e  

L i m e s t o n e .  I f  a  c o n s i d e r a b l e  amount  o f  m o r p h o l o g i c a l  o v e r l a p  e x i s t e d  

b e t w e e n  t h e  N e r i n e i d  p o p u l a t i o n s  and t h e r e  was no s t r a t i g r a p h i c  v a l u e  in  

t h e i r  s e p a r a t i o n ,  t h e y  w e r e  g r o u p ed  i n t o  a s i n g l e  v a r i a b l e  s p e c i e s .

Where a p o p u l a t i o n  was c l e a r l y  o u t s i d e  t h e  ran g e  o f  c o n t i n u o u s l y  v a r i a b l e  

m o r p h o l o g i e s  e x h i b i t e d  by s p e c i e s  A ,  i t  was c o n s i d e r e d  t o  be  an i n t e r ­

b r e e d i n g  p o p u l a t i o n  o f  i n d i v i d u a l s  b e l o n g i n g  t o  a n o t h e r  s e p a r a t e  s p e c i e s  

B.

C l e a r l y  t h i s  s p e c i e s  c o n c e p t  assumes t h a t  members o f  an u n b i a s e d  

sam p le  f ro m  a  s i n g l e  l o c a l i t y  and h o r i z o n s  w e r e  g e n e t i c a l l y  r e l a t e d  and  

a r e  f o s s i l  r e p r e s e n t a t i v e s  o f  a homogeneous p o p u l a t i o n .  T h i s  a s s u m p t i o n
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c a n n o t  be made u n l e s s  two c o n d i t i o n s  a r e  f u l f i l l e d ;  f i r s t l y ,  t h a t  

p o s t - m o r t e m  g e o l o g i c a l  p r o c e s s e s  i . e .  t r a n s p o r t a t i o n  o f  s h e l l s ,  m i x i n g  

o f  s e v e r a l  p o p u l a t i o n s ,  e t c . ,  h a v e  n o t  s i g n i f i c a n t l y  b i a s e d  t h e  s a m p l e  

and s e c o n d l y ,  t h a t  spe c im en s  w i t h i n  a r e l a t i v e l y  t h i n  s t r a t u m  a r e  l i k e l y  

t o  be  g e n e t i c a l l y  r e l a t e d  b o t h  h o r i z o n t a l l y  and v e r t i c a l l y .

A number o f  l i n e s  o f  e v i d e n c e  s u g g e s t  t h a t  t h e  f a u n a s  o f  most  

g a s t r o p o d - b e a r i n g  h o r i z o n s  w i t h i n  t h e  W h i t e  L i m e s t o n e  a r e  e s s e n t i a l l y

] )  I n  many c a s e s ,  a l a r g e  p r o p o r t i o n  o f  t h e  g a s t r o p o d  f a u n a  is  

r e p r e s e n t e d  by an i n f a u n a l  s p e c i e s  and  a n a l y s e s  o f  t h e  r e l a t i o n s h i p s  

be tw een  t h e  v a r i o u s  s p e c i e s  p r e s e n t  and t h e i r  modes o f  l i f e  s u g g e s t  t h a t

( s e e  C h a p t e r  5 ) .

2 )  The r e l a t i o n s h i p  b e tw een  t h e  s u r r o u n d i n g  m a t r i x  and t h e  s e d i ­

m e n t a r y  i n f i l l  o f  t h e  g a s t r o p o d  b o d y - c h a m b e r  p r o v i d e s  e v i d e n c e  f o r  

e x h u m a t i o n  w h e r e  t h i s  has o c c u r r e d .  A b r a s i o n  a s s o c i a t e d  w i t h  s h e l l  

movement,  t o g e t h e r  w i t h  e p i b i o n t i c  c o l o n i s a t i o n  o f  t h e  s h e l l  a r e  

r e a d i l y  a p p a r e n t  i n  t h o s e  sp ecim en s w h i c h  h a v e  l a i n  a t  t h e  s e d i m e n t  -  

w a t e r  interface for  l o n g  p e r i o d s  o f  t i m e  ( s e e  C h a p t e r  6 ) .  I n  most  

N e r i n e a c e a n - b e a r i n g  s t r a t a  i n  t h e  W h i t e  L i m e s t o n e ,  t a p h o n o m ic  s t u d i e s  

i n d i c a t e  t h a t  e x h u m a t i o n  and t r a n s p o r t â t  i o n  o f  i n f a u n a l  s p e c i e s  h a v e  

been m i n i m a l .

3 )  The p r e s e r v a t i o n  o f  t h e  g a s t r o p o d s  i n  w e l l - i n d u r a t e d  l i m e s t o n e s  

p r e c l u d e s  t h e  p o s s i b i l i t y  o f  c o n t a c t i n g  d e t a i l e d  s i z e - f r e q u e n c y  a n a l y s e s  

H o w ev er ,  t h e  use o f  X r a y - r a d i o g r a p h y  a l l o w s  a q u a l i t a t i v e  a s s e s s m e n t  o f

t h e s e  g a s t r o p o d - b e a r i n g  h o r i z o n s  w e r e  e c o l o g i c a l l y  b a l a n c e d  and v i a b l e



s i z e - v a r i a t i o n  t o  be  made and p r e l i m i n a r y  r e s u l t s  show t h a t  i n  most  

h o r i z o n s  j u v e n i l e  g a s t r o p o d s  a r e  p r e s e n t  and a l l  g r o w t h - s t a g e s  a p p e a r  

t o  be r e p r e s e n t e d .

k) The b i o m e t r i c  d a t a  do n o t  c o n t a i n  i n c o n s i s t e n c i e s  o r  

i n h o m o g e n e i t i e s  w h ic h  m ig h t  r e s u l t  f ro m  t h e  m i x i n g  o f  s e v e r a l  p o p u l a t i o n s .

5)  T h e r e  is  no s e d i m e n t o l o g i c a l  e v i d e n c e  t o  s u g g e s t  t h a t  t h e  W h i t e  

L im es tone  g a s t r o p o d  f a u n a s  a r e  i n  any way ' c o n d e n s e d '  in  t h e  s en se  o f  

t h e  B a j o c i a n  s t r a t a  and f a u n a s  o f  D o r s e t .  The s e d im e n t s  o f  t h e  g a s t r o p o d  

beds a r e  f o r  t h e  most p a r t  f i n e - g r a i n e d  b i o i n t r a m i c r i t e s  and b i o i n t r a -  

s p a r i t e s  and l i t h o l o g i c a l  d i s c o n t i n u i t i e s  ( i n c l u d i n g  c r o s s - b e d d i n g )  

w i t h i n  a bed a r e  uncommon. F u r t h e r m o r e  t h e  u s u a l  s e d i m e n t a r y  i n d i c a t o r s  

o f  condensed  and t r a n s p o r t e d  h o r i z o n s ,  such as i r o n  and manganese con­

c e n t r a t i o n s ,  l i m o n i t i c  a l g a l  p i s o l i t e s  and ' s n u f f - b o x e s ' ,  c o n g l o m e r a t e s  

e t c .  (as a r e  found f o r  ex a m p le  in  t h e  Red C o n g l o m e r a t e  -  B a j o c i a n ,

Romani -  P o l y g y r a l i s  Su bz ones ,  B u r t o n  B r a d s t o c k ,  D o r s e t )  a r e  a b s e n t  in  

t h e  g a s t r o p o d  h o r i z o n s  f r o m  t h e  W h i t e  L i m e s t o n e .

When c o n s i d e r e d  f r o m  t h e  above p o i n t s  o f  v i e w ,  t h o s e  g a s t r o p o d  b e a r ­

ing s t r a t a  i n  w h ic h  t h e  f a u n a  has been s u b j e c t  t o  t r a n s p o r t a t i o n ,  a b r a s i o n

and c o l o n i s a t i o n  a r e  r e a d i l y  a p p a r e n t  ( e . g .  bed 10 ,  Worsham q u a r r y ,  see
r

f i g .  1 . 1 2  and C h a p t e r  6 ) .  H owev er ,  in  t h e  ab s ence  o f  contrary e v i d e n c e ,  

t h e  p r e s e n t  a u t h o r  c o n c lu d es  t h a t  p o s t - m o r t e m  p ro c e s s e s  have n o t  

s i g n i f i c a n t l y  m o d i f i e d  t h e  o r i g i n a l  p o p u l a t i o n  s t r u c t u r e  i n  most o f  t h e  

N e r i n e i d  h o r i z o n s  s t u d i e d .

None o f  t h e  g a s t r o p o d  samples w e r e  c o l l e c t e d  f r o m  h o r i z o n s  more  

than  0.50 m e t re s  i n  t h i c k n e s s  and i t  i s  n o t  u n r e a s o n a b l e  t o  assume t h a t  

amongst r e p r e s e n t a t i v e s  o f  t h e  p o p u l a t i o n  s a m p le d ,  g e n e t i c  c o n t i n u i t y

-  2 : 6  -



- 2:7 -

and c o n t a c t  was m a i n t a i n e d  b o t h  in  t i m e  and s p a c e .  In  a h o r i z o n t a l  

s e n s e ,  a l l  members o f  t h e  p o p u l a t i o n  w o u l d  be t h e o r e t i c a l l y  c a p a b l e  o f  

i n t e r b r e e d i n g  and c o n t r i b u t i n g  t o  t h e  ' g e n e - p o o l '  w h er eas  g e n e t i c  con­

t a c t  i n  a v e r t i c a l  s e n s e  ( i . e .  t h r o u g h  t i m e )  w o u l d  be o p e r a t i v e  v i a  

a n c e s t o r - d e s c e n d a n t  i n t e r - r e l a t i o n s h i p s .

The ta x o n o m i c  s i g n i f i c a n c e  o f  s l i g h t  v a r i a t i o n s  i n  N e r i n e i d  f o l d  

m o r p h o lo g y  was a l s o  c o n s i d e r e d  i n  t h e  l i g h t  o f  new p a l a e o b i o l o g i c a l  

i n t e r p r e t a t i o n s  p r e s e n t e d  h e r e  ( s e e  C h a p t e r  5 ) .  C l e a r l y  s u b t l e  d i f f e ­

r e n c e s  i n  f o l d  s t r e n g t h  and d e v e lo p m e n t  a r e  more  e v i d e n t  i n  N e r i n e i d s  

p o s s e s s i n g  a c o m p le x  f o l d  p a t t e r n  (such  as B a c t r o p t y x i s  s p p . )  t h a n  I n  

t h e  s i m p l e r  N e r i n e i d s  w i t h  f e w  f o l d s  (su ch  as N e r i n e l l a  s p p . )  and t h e  

i m p o r t a n c e  o f  t h e s e  v a r i a t i o n s  s h o u l d  n o t  be o v e r - e m p h a s i s e d .

B i o m e t r i c a l  t e c h n i q u e s  and t h e i r  a p p l i c a t  i o n  t o  W h i t e  L i m e s t o n e  

N e r i n e i d  p o p u l a t i o n s  a r e  d i s c u s s e d  i n  C h a p t e r  3« I n  t h o s e  sy nonym ies  

p r e s e n t e d  i n  t h i s  C h a p t e r ,  t h e  s i g n s  i n  f r o n t  o f  t h e  y e a r  a r e  t n t e n d e d  

t o  s u p p l y  a d d i t i o n a l  i n f o r m a t i o n  r e l e v a n t  t o  t h e  p r e s e n t  a u t h o r ' s  i n t e r ­

p r e t a t i o n  o f  t h e  p a r t i c u l a r  s p e c i e s .  The symbo ls  used a r e  m o d i f i e d  f ro m  

t h o s e  p ro p o s e d  by R i c h t e r  ( 1 9 4 8 )  and a r e  r e v i e w e d  by M a t t hew s  ( 1 9 7 3 ) .



-  2 : 8  -

Genus Z e n op locus  g e n .  n o v .

Name f r o m  Z e n o , a G re ek  p h i l o s o p h e r  and p l o c u s . G r e e k ,  m ean ing  c u r l .

Ty pe (and  o n l y )  s p e c i e s  Ze n o p lo c u s  m i c r o p l i c a t u s  s p .  n o v . ;  f r o m  t h e  

M i d d l e  J u r a s s i c  ( B a t h o n i a n  -  a t  l e a s t  t h e  M o r r i s i >z o n e )  bet w ee n  

W o o d c h e s t e r  P a r k  Farm Q u a r r y  (SO 8 1 1 0 1 1 )  and G r i c k s t o n e  Farm (ST  7 7 5 8 3 3 ) .

Descript ion

H i g h l y  a c i c u l a r ,  t u r r e t t e d  N e r i n e i d  g a s t r o p o d  w i t h  a s m a l l  s p i r a l  

a n g l e  ( 4 °  i n  t h e  t y p e - s p e c i e s ) .  E a r l y  w h o r l s  s l i g h t l y  c o n c a v e  be com ing  

v e r y  s l i g h t l y  co n vex  i n  t h e  m i d d l e  o f  l a t e r  w h o r l s .  O r n a m e n t a t i o n  con­

s i s t s  o f  f i n e  s p i r a l  l i r a e .  W h o r l s  n o t i c e a b l y  r a t h e r  h i g h  I n  r e l a t i o n  

t o  t h e  w h o r l  w i d t h .  S u t u r e  s l i g h t l y  e l e v a t e d  w i t h  no o v e r l a p  o f  t h e  

w h o r l s  and t h e  s e l e n i z o n e  n a r r o w .  The a d a p e r t u r a l  p e r i p h e r y  o f  t h e  

w h o r l s  i s  a n g u l a r ;  c l e a r l y  d e f i n e d  w i t h  t h e  w h o r l  bases n o t i c e a b l y  

c o n c a v e .  The d e t a i l s  o f  t h e  a p e r t u r e  a r e  no t  known.

A s i n g l e  m ed ia n , 1a b r a l  f o l d  i s  p r e s e n t  ( f o l d  d i a g n o s i s  -  0 0 1 0 )  

b u t  i s  n o t  d e v e l o p e d  u n t i l  some f o u r  o r  f i v e  w h o r l s  f r o m  t h e  a p e r t u r e .  

T h i s  f o l d  d e v e lo p m e n t  i s  u n u s u a l ,  i f  n o t  u n i q u e ,  i n  N e r i n e i d  g a s t r o p o d s  

and is  t h e  most  d i s t i n c t i v e  f e a t u r e  o f  t h i s  g e n u s .

Z e n o p i o c u s  m i c r o p i i c a t u s  s p .  n o v .  P l a t e s  2 . A and 2 . B 

Name m i c r o  p i  i c a t u s  -  s m a l l  f o l d .

Descript ion

S l e n d e r ,  e l o n g a t e  N e r i n e i d  g a s t r o p o d  w i t h  a s p i r a l  a n g l e  o f  3 -  4 

d e g r e e s .  No c o m p l e t e  spe cim en s a r e  known and t h e r e f o r e  d e t a i l s  o f  

a p e r t u r e  and apex a r e  n o t  a t  p r e s e n t  a v a i l a b l e .  Maximum o b s e r v e d  l e n g t h
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7 . 5  cms. Whor ls  h i g h  i n  r e l a t i o n  t o  t h e i r  w i d t h  (mean w h o r l  w i d t h / h e i g h t  

r a t i o  -  1 . 3 2»; r an ge  1 . 0 0  -  1 . 5 9 ;  N =  1 6 ) .  The u s u a l  o n t o g e n e t i c  change  

i n  w h o r l  sh ape found in  N e r i n e i d s  is  a l s o  f o u n d  in  t h i s  s p e c i e s ,  t h e  

e a r l y  w h o r l s  (up t o  20) b e i n g  s l i g h t l y  c o n c a v e ,  g r a d u a l l y  bec om ing  

s l i g h t l y  c o n v e x  i n  more m a t u r e  s p e c i m e n s .  The  w h o r l  s i d e s  a r e  o r n a m e n te d  

w i t h  f i n e  s u b e q u a l  s p i r a l  H r a e  ( u s u a l l y  e i g h t ) .  The s u t u r e  i s  s l i g h t l y  

e l e v a t e d  on a c a r i n a  f o r m e d  by t h e  a n g u l a r  a d a p e r t u r a l  p e r i p h e r y  o f  t h e  

u p p e r  w h o r l  and t h e  n a r r o w  a d a p i c a l  j u x t a s u t u r a l  ramp ( t h e  s e l e n i z o n e )  

o f  t h e  l o w e r  w h o r l .  The f l a t  j u x t a s u t u r a l  ramp f o r m i n g  t h e  s e l e n i z o n e  

i s  c l e a r l y  v i s i b l e  i n  l o n g i t u d i n a l  s e c t i o n s  ( P l a t e  2 . B ) .  The w h o r l s  do 

n o t  o v e r l a p .  The b a s a l  w a l l  o f  t h e  w h o r l s  ( and  t h e r e f o r e  t h e  base o f  

t h e  s h e l l )  is  m a r k e d l y  c o n c a v e  and i s  c l e a r l y  s e p a r a t e d  f r o m  t h e  l a b r a l  

w a l l  by  an a n g u l a r  p e r i p h e r y .

L o n g i t u d i n a l  sections  r e v e a l  t h e  p r e s e n c e  o f  a  s i n g l e ,  s m a l l ,  r a t h e r  

a n g u l a r ,  m ed ian  l a b r a l  f o l d .  A d i s t i n c t i v e  f e a t u r e  o f  t h i s  s p e c i e s , i s  

t h e  ab s ence  o f  t h i s  f o l d  i n  t h e  l o w e r  f o u r  o r  f i v e  w h o r l s  ( P l a t e  2 . B ) .

I n  o t h e r  f o l d - b e a r i n g  N e r i n e i d  s p e c i e s ,  o n l y  t h e  l a s t  1 - 1 *  w h o r l s  l a c k  

f o l d s .  The c r o s s - s e c t i o n a l  sh a p e  o f  t h e  b o d y -c h a m b e r  is  a l s o  d i s t i n c t i v e  

The c o l u m e l l a r  and l a b r a l  w a l l s  a r e  a l m o s t  p a r a l l e l .  The l a b r a l  w a l l  

i s  s h a r p l y  d i f f e r e n t i a t e d  f r o m  b o t h  t h e  p a r i e t a l  and b a s a l  w a l l s .  The  

p a r i e t a l  w a l l  i s  conve x and t h e  b a s a l  w a l l  i s  c o n c a v e  and b o t h  merge  

a s y m p t o t i c a l l y  w i t h  t h e  c o l u m e l l a r  wa l  1.

Pi scu ss  ion

The m ed ian  f o l d  and j u x t a s u t u r a l  s e l e n i z o n e  c l e a r l y  s u g g e s t  t h a t  

t h i s  s p e c i e s  b e l o n g s  t o  t h e  N e r i n e a c e a .

I n  t h e  p a s t ,  i t  has been v a r i o u s l y  named:  A p h a n o p t y x i s  c f .

1 a n g r u n e n s i s  ( H I C  **566 , I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  Museum,
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I v i m e y - C o o k  -  B u t l e r  C o l l e c t i o n ) ;  A p h a n o p t y x i s  a r d l e y e n s i s  (CV 3 9 8 ,  

I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  Museum, Cave C o l l e c t i o n ) ;  N e r i n e l l a  

s t r i a t a  (Zn 3 8 3 7 - 9 ,  I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  Museum, M e l l v i l l e  

C o l l e c t i o n )  and N e r i n e a  tGG 5 5 3 8 ,  I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  

Museum, Donovan C o l l e c t i o n ) .  I t  was a l m o s t  c e r t a i n l y  r e c o r d e d  as 

N e r i n e a  f ro m  Bed 5 i n  W o o d c h e s t e r  P a r k  Farm Q u a r r y  by Channon ( 1 9 5 0 ,  

p .  259) and as ? B a c t r o p t y x i s  f r o m  t h e  same l o c a l i t y  I n  Cox and A r k e l l  

( 1 9 4 8 - 5 0 ,  P* 5 ) .  D r .  H .  S .  T o r r e n s  ( K e e l e  U n i v e r s i t y )  k i n d l y  d o n a t e d  

spe c im en s  c o l l e c t e d  i n  s i t u  f r o m  Bed 5 o f  C h an no n 's  d e s c r i p t i o n  h e r e  

a t  W o o d c h e s t e r  P a r k  Farm Q u a r r y  w h e r e  e l o n g a t e  N e r i n e i d s  o c c u r  I n  some­

w h a t  s p a r s e l y  d i s t r i b u t e d  ' s h e l l y '  l e n s e s .  Upon s e c t i o n i n g  t h e y  p r o v e d  

t o  be t h e  p r e s e n t  s p e c i e s  and a r e  a t  p r e s e n t  t e m p o r a r i l y  housed I n  t h e  

p e r s o n a l  c o l l e c t i o n  o f  t h e  a u t h o r  ( R e g i s t r a t i o n  Number  WPF5/1 -  W P F 5 / 1 4 ) .

The p r e s e n c e  o f  a s i n g l e  l a b r a l  f o l d  In  t h i s  s p e c i e s  c l e a r l y  

i r i d i c a t e s  t h a t  i t  c a n n o t  be a  s p e c i e s  o f  A p h a n o p t y x i s  (n o  f o l d s ) ,

N e r i n e a  ( t h r e e  f o l d s ) , N e r i n e l l a  ( t h r e e  f o l d s )  o r  B a c t r o p t y x i s  ( m u l t i p l e  

f o l d s ) ,  I n d e e d ,  as f a r  as t h e  p r e s e n t  a u t h o r  i s  a w a r e ,  t h e  o n l y  s u p r a -  

s p e c i f i c  N e r i n e i d  t a x o n o m i c  c a t e g o r y  p o s s e s s i n g  t h i s  e x t r e m e l y  un u su a l  

f o l d  c o n f i g u r a t i o n  ( 0 0 1 0 ) ,  i s  t h e  m o n o t y p i c  B a j o c i a n  ( M u r c h i s o n a e  Z o n e ,  

B r a d f o r d e n s i s  s u b z o n e )  subgenus N e r l n e l l a  ( N a i 1s w o r t h i a ) f r o m  t h e  

C o t s w o l d s  o f  E n g l a n d .  The t y p e ,  and o n l y ,  s p e c i e s  i s  j f .  ( f j . )  l y c e t t l  

(Cossmann,  1 90 1 )* =  C h e m n i t z i a  g r a c i l i s  L y c e t t  1853 non Z e k e i i  1852  

( t h e  H o l o t y p e ,  G .S .M .  8 0 8 3 ,  i s  f r o m  t h e  O o l i t e  M ar l  h o r i z o n  a t  N a i l s w o r t h  

H i l l  -  s e e  a l s o  Cox,  1951*,  p .  9 4 ) .  Ho w ev er ,  t h e  b r o a d l y  c o n v e x ,  rounded  

p e r i p h e r y ;  r o b u s t  f o l d ;  n orm a l  (a s  d i s t i n c t  f r o m  d e l a y e d )  f o l d  

d e v e l o p m e n t ,  co m bi ne d w i t h  an e x t e r n a l  a p p e a r a n c e  r e s e m b l i n g  P s e u d o m e l a n ? a , 

c l e a r l y  i n d i c a t e s  t h a t  t h e  B a t h o n i a n  s p e c i e s  now u n d e r  d i s c u s s i o n  c a n n o t
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be p l a c e d  i n  t h i s  sub genus .

The m or pho lo gy o f  Z en o p lo c u s  g e n ,  n o v .  c l e a r l y  s u g g e s t s  t h a t  i t  i s  

r e l a t e d  t o  t h e  genus A p t y x i e l l a  F i s c h e r  1 8 8 5 ,  f r o m  w h i c h  i t  i s  s e p a r a t e d  

by t h e  p r e s e n c e  o f  a s i n g l e  l a b r a i  f o l d .

Occurrences

A l l  sp ec imen s u n l e s s  o t h e r w i s e  s t a t e d  a r e  t h o s e  o f  t h e  I n s t i t u t e  

o f  G e o l o g i c a l  S c i e n c e s  Museum.

The known m a t e r i a l  o f  Z e n o p lo c u s  m l c r o p l 1c a t u s  g e n .  n o v .  e t  s p .  n o v .  

e x a m i n e d  by t h e  p r e s e n t  a u t h o r  i s  as  f o l l o w s :

a )  H IC  45 6 6  (2 s p e c im e n s )  f r o m  a q u a r r y  500  y a r d s  S 8 0 °  W o f

S t .  M a r g a r e t s  C h u r c h ,  Y a t t o n  K e y n e l l  and 1 m i l e  3 0 0  y a r d s  N 5 0 °  W o f  

S p a r r o w  Farm, Chippenham W i t h o u t ,  W i l t s h i r e  ( G . R .  -  ST 8 6 2 7 6 3 ) .  See  

pi  a t e  2 . A.

b)  GG 5 5 3 8  f r o m  an o l d  q u a r r y  i n  a n g l e  o f  H a l l  La ne and A4 6 ,  1 m i l e  

s o u t h - e a s t  o f  H o r t o n ,  G l o u c e s t e r s h i r e .  See p l a t e  2 . B .

c)  CV 1 0 0 ,  400 y a r d s  n o r t h - w e s t  o f  G r i c k s t o n e  Farm ( G . R .  -  ST 7 7 5 8 3 3 ) .  

Spec imens  have a l s o  been r e p o r t e d  f r o m  s e v e r a l  o t h e r  l o c a l i t i e s  i n  t h e  

i m m e d i a t e  v i c i n i t y  ( p e r s .  comm. -  H .  S .  T o r r e n s ) .  Se e p l a t e  2 . B .

d)  CV 3 9 7  and CV 3 9 8 ,  B r a s h ,  3 3 0  y a r d s  n o r t h - w e s t  o f  G r i c k s t o n e  Farm 

and 1470 y a r d s  s o u t h - e a s t  o f  H o r t o n  R e c t o r y  Farm,  H o r t o n ,  G l o u c e s t e r s h i r e  

( G . R .  -  ST 7 7 5 8 3 3 ) .

e) Borehole material .

i )  Ba 3183 and Ba 8 l 88a .  D r .  I .  E .  Penn ( p e r s .  comm., A p r i l ,  19 7 1 )  

s t a t e s  t h a t  t h e s e  spe cim en s came o u t  o f  t h e  S h i p t o n  Moyne b o r e h o l e  f r o m
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t h e  ' P a s s a g e  Beds'  a t  151 f e e t  (Ba 3 1 8 3 )  and 152 f e e t  6 i n c h e s ; ( B a  3 1 8 8 a )  

f r o m  t h e  s u r f a c e .  I t  was i m p l i e d  t h a t  t h e  b o r e h o l e  was t h e  S h i p t o n  

Moyne No. 3 ,  d e s c r i b e d  by R i c h a r d s o n  ( 1 9 1 9 ) ,  a l t h o u g h  t h e  s e q u e n c e  in  

t h i s  b o r e h o l e  was a p p a r e n t l y  v e r y  s i m i l a r  t o  t h a t  e n c o u n t e r e d  i n  t h e  

e a r l i e r  S h i p t o n  Moyne b o r e h o l e s  d e s c r i b e d  by R i c h a r d s o n  ( 1 9 1 5 )  -  s e e  

a l s o  R i c h a r d s o n  ( 1 9 1 9 ,  p .  151 and p .  1 5 5 ) .

i i )  Ba 45 1 a  is  a specim en  o f  1. mi c r o p l  1 c a t u s  f r o m  t h e  T e t b u r y  

b o r e h o l e  a t  a  d e p t h  o f  168 f e e t  b e l o w  t h e  s u r f a c e .  From t h e  same b o r e ­

h o l e  a specim en  o f  £ .  w i t c h e l 1 i (Ba 4 0 5 )  was o b t a i n e d  f r o m  a d e p t h  o f  

80 f e e t  b e lo w  t h e  s u r f a c e .  I t  i s  n o t  a t  t h e  p r e s e n t  t i m e  c e r t a i n  as 

t o  w h e t h e r  t h i s  T e t b u r y  b o r e h o l e  i s  t h e  one d e s c r i b e d  by P r i n g l e  ( 1 9 2 9 ) ,  

known as t h e  T e t b u r y  No.  4 b o r e h o l e  f r o m  w h i c h  N e r i n e l l a  g r a c i l i s  

( L y c e t t )  7 «  Z .  mi crop) ¡catus was r e c o r d e d  ( P r i n g l e ,  o £ .  c i t . ,  p .  187) , '  

o r  t h e  T e t b u r y  W a t e r w o r k s  b o r e h o l e  d e s c r i b e d  e a r l i e r  by  R i c h a r d s o n  ( 1 9 1 5 )  

The s t r a t i g r a p h i c  i m p l i c a t i o n s  o f  t h e s e  o c c u r r e n c e s  a r e  d i s c u s s e d  l a t e r .

f )  Zn 3 8 3 7 - 9  f r o m  a  n a t u r a l  s c a r ,  2 / 3 r d s  m i l e  n o r t h  n o r t h - w e s t  o f  

K i n g s c o t e  Church and a p p r o x i m a t e l y  300 y a r d s  w e s t  o f  B i n l e y  Fa rm ,  

G l o u c e s t e r s h i r e .

g ) WPF5/1 -  W PF5 /14  ( p e r s o n a l  c o l l e c t i o n  o f  t h e  a u t h o r )  f ro m  W o o d c h e s t e r  

P a r k  Farm Q u a r r y  ( G . R .  -  SO 8 1 1 0 1 1 ) ,  Bed 5 o f  Channon ( 1 9 5 0 ) .  Channon  

( o p . c i  t . )  r e c o r d e d  N e r i n e a  s p .  f r o m  t h i s  bed b u t  t h e  m a t e r i a l  has n o t  

y e t  been l o c a t e d .

Probable records o f t h i s  new genus and species Include the fol lowing

1) N e r i n e a  ( N e r i n e l l a ) c f .  p s e u d o c y l i n d r i c a  f r o m  T o 1 ldown by 

R i c h a r d s o n  ( 1 9 3 5 ,  p p .  2 8 1 - 2 )  b u t  t h e  l o c a t i o n  o f  t h i s  m a t e r i a l  i s  

c u r r e n t l y  unknown.
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2 )  P t y g m a t i s  s p .  n o v .  f r o m  a s h a l l o w  e x c a v a t i o n  f o r  a  p y l o n  

(No. W .66) ,  n o r t h  o f  n o r t h - e a s t  c o r n e r  o f  M i d d l e  H i l l  Wood a n d  n o r t h  

o f  f o o t p a t h  f r o m  H a r t l e y  C o t t a g e s  t o  H a r t  l e y  B o t t o m .  The h o r i z o n  was  

g i v e n  as t h e  Sevenhampton R h y n c h o n e l l a  Bed by Channon ( 1 9 4 6 ,  p p .  119-  

120).

S t ra t ig raph ic  d i s t r ib u t io n

The  o c c u r r e n c e  o f  Z e n o p l o c u s  m i c r o p l i c a t u s  g e n .  n o v .  e t  s p .  n o v .  

a t  W o o d c h e s t e r  P a r k  Farm Q u a r r y  i s  o f  some i m p o r t a n c e .  I t  i s  t h e  most  

n o r t h e r l y  l o c a l i t y  w h e r e  t h i s  genus i s  s o  f a r  known t o  o c c u r .  F u r t h e r ­

m o r e ,  t h e  bed i n  w h i c h  i t  was f o u n d  (Bed 5  o f  Channon,  19 5 0 )  can be 

d a t e d  ( M o r r i s i  zone  -  M i d d l e  B a t h o n i a n )  and has y i e l d e d  s e v e r a l  f i n e  

spe cim en s o f  M o r r i s i c e r a s  m o r r i s i  ( s e e  T o r r e n s ,  19 6 9 ,  p .  70 and T o r r e n s ,  

1970 f o r  s y n o n y m y ) .  T h i s  i s  t h e  o n l y  l o c a l i t y  w h e r e  t h e  o c c u r r e n c e  o f  

Z. m i c r o p l i c a t u s  can be u n e q u i v o c a l l y  and a c c u r a t e l y  d a t e d .  Some 

spe c im e n s  c o n t a i n  r em n an ts  o f  t h e  o r i g i n a l  d u c t  sys tem s in  w h a t  was t h e  

d i g e s t i v e  g l a n d / g o n a d  o f  t h e  g a s t r o p o d  ( s e e  C h a p t e r  5 ) .

The p r e c i s e  z o n a l  age  o f  a l l  o t h e r  o c c u r r e n c e s  n o t e d  ab o ve  must  a t  

t h i s  s t a g e  be r e g a r d e d  as  i n d e t e r m i n a t e .  Some s p e c i m e n s ,  e . g .  Zn 3837-  

3829 ( f  a b o v e )  a r e  r e c o r d e d  as  coming f ro m  t h e  Cross Hands Rock w h e r e a s  

o t h e r s ,  e . g .  CV 100 ,  CV 3 9 7 - 9 8  (c  and d a bo ve )  a r e  r e c o r d e d  f r o m  t h e  

Tresh am  Rock,  These l a t t e r  spe cim en s f r o m  a r o u n d  G r i c k s t o n e  Farm a r e  

f r o m  an a r e a  c o n t a i n i n g  p r e - T r i a s s i c  f a u l t i n g  a l t h o u g h  some o f  t h e  f a u l t s  

may be much y o u n g e r .  T h i s  t o g e t h e r  w i t h  t h e  p o o r  e x p o s u r e  s u g g e s t s  t h a t  

a n y  f o r m a t i o n a l  b o u n d a r i e s  p r o p o s e d  i n  t h i s  r e g i o n  a r e  c o n j e c t u r a l .  

F u r t h e r m o r e ,  whi  1st  t h e  l i t h o l o g i e s  o f  t h e  spe c im en s  a r e  c o r r p a r a b l e  w i t h  

t h o s e  o f  t h e  Tresham Rock ( U .  R e t r o c o s t a t u m  z o n e ) ,  t h e y  a r e  a l s o  com­

p a r a b l e  w i t h  t h e  s t r a t i g r a p h i c a l l y  l o w e r  D o d d i n g t o n  Ash Rock ( U .  M o r r i s i  

z o n e ) .
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The b o r e h o l e  sp ecim en s a l s o  p r e s e n t  d i f f i c u l t i e s .  Speci me ns  

Ba 3 1 8 3  and Ba 3 l 8 8 a rw o u l d  be  f r o m  t h e  G r e a t  Ool i t e / ' P a s s a g e  B e d s '  

j u n c t i o n  i n  t h e  b o r e h o l e  s e c t i o n  g i v e n  by R i c h a r d s o n  ( 1 9 1 9 ,  p .  1 5 8 )  and  

w i t h  t h e  A c u m in a t a  Beds o c c u r r i n g  a p p r o x i m a t e l y  J 20  f e e t  l o w e r  down t h e  

b o r e h o l e ,  t h i s  s u g g e s t s  a  R e t r o c o s t a t u m  zon e a g e .  Sp ec im en  Ba 4 l 5 a  

i n d i c a t e s  a  s i m i l a r  h o r i z o n  n e a r  t h e  t o p  o f  t h e  ' P a s s a g e  B e d s '  i f  i t  

came f r o m  t h e  T e t b u r y  No.  If b o r e h o l e .  H o w e v e r ,  i f  t h i s  s p e c i m e n :  came  

f r o m  t h e  T e t b u r y  W a t e r w o r k s  b o r e h o l e  d e s c r i b e d  by R i c h a r d s o n  ( 1 9 1 5 ) ,  

t h i s  d e p t h  b e lo w  t h e  s u r f a c e  w o u l d  be  a t  t h e  bas e  o f  t h e  ' P a s s a g e  B eds '  

a n d  a p p r o x i m a t e l y  e q u i v a l e n t  t o  t h e  M o r r i s !  z o n e  b e c a u s e  t h i s  b o r e h o l e  

s t a r t e d  some 50  f e e t  l o w e r  i n  t h e  F o r e s t  M a r b l e  s u c c e s s i o n .  The o c c u r ­

r e n c e  o f  F .  wi  t c h e l 1 i (Ba 4 0 5 )  80 f e e t  b e l o w  t h e  s u r f a c e  i s  more c o n ­

s i s t e n t  w i t h  t h e  l a t t e r  i n t e r p r e t a t i o n ,  ba sed upon known d i s t r i b u t i o n  

o f  F .  w i t c h e l 11 i n  t h e  W h i t e  L i m e s t o n e .

In  t h e  s e c t i o n  a t  T o l l d o w n ,  t h e  a b s en ce  o f  L .  a c u m i n a t a  and 

M. e c h i n a t a  s u g g e s t s  t h a t  R i c h a r d s o n  ( 1 9 3 6 )  m i s i d e n t i f i e d  t h e  I n f e r i o r  

o o l i t e  h o r i z o n .  The p r e s e n c e  o f  T e r e b r a t u l a  and R h y n c h o n e l l a  i n  t h i s  

s e c t i o n  ( R i c h a r d s o n ,  0£ .  c j j t . ,  p .  2 8 2 )  i s  s u g g e s t i v e  o f  t h e  O r n l t h e l l a  

Beds and t h e  r e c o r d  o f  N e r i n e a  ( N e r i n e l l a ) c f .  p s e u d o c y l i n d r i c h  wou ld  

be o f  b a s a l  R e t r o c o s t a t u m  z one  a g e .  I t  is  n o t i c e a b l e ' t h a t  t h e  l i t h o ­

l o g i c a l  d e s c r i p t i o n  o f  t h e  l o w e s t  bed i n  t h e  T o l l d o w n  s e c t i o n  r e c a l l s  

t h a t  o f  t h e  D o d d in g to n  Ash Rock ( U .  M o r r i s !  z o n e  -  s e e  T o r r e n s ,  1 9 6 8 ) .

C l e a r l y  more r e s e a r c h  w i l l  be  n e c e s s a r y  i n  o r d e r  t o  e s t a b l i s h  t h e  

a g e  r a n g e  o f  t h i s  s p e c i e s  more  a c c u r a t e l y .  A t  p r e s e n t  t h e  l i t t l e  

e v i d e n c e  a v a i l a b l e  s u g g e s t s  t h a t  Z .  m i c r o p i i c a t u s  o c c u r s  w i t h i n  and  

j u s t  a b o v e  t h e  M. m o r r i s !  z o n e .
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The  b e s t  p r e s e r v e d  m a t e r i a l  o f  jZ, mtc r o p l i c a t u s  a t  p r e s e n t  known 

t o  t h e  a u t h o r  i s  f i g u r e d  i n  p l a t e s  2 . A and 2 . B .  I t  i s  u n f o r t u n a t e  t h a t  

t h e  e x a c t  s t r a t i g r a p h i c  h o r i z o n s  f r o m  w h i c h  t h e s e  spe cim en s came a r e  

as y e t  unknown.  C o n s e q u e n t l y  s i n c e

a )  t a x o n o m i c  d e s c r i p t i o n s  i n  u n p u b l i s h e d  t h e s e s  hav e  no o f f i c i a l  

v a l i d i t y  and

b )  Recommendation 73C ( 1 0 )  of  t h e  International Code of 

Z o o l o g i c a l  N o m e n c l a t u r e  s t a t e s  t h a t  t h e  h o l o t y p e  o f  a new s p e c i e s  

s h o u l d  h a v e  i t s  g e o l o g i c a l  a g e  and s t r a t l g r a p h i c a l  p o s i t i o n  s t a t e d ,  

i f  p o s s i b l e ,  i n  m e t r e s  a b o v e  o r  b e lo w  a w e l l - e s t a b l i s h e d  p l a n e ,

no h o l o t y p e  o f  Ze n o p lo c u s  m i c r o p l i c a t u s  has y e t  been d e s i g n a t e d ,  

When b e t t e r  p r e s e r v e d  m a t e r i a l  o f  Z .  mi c rop  M e a t u s  f r o m  known s t r a t i ­

g r a p h i c  h o r i z o n s  become a v a i l a b l e  o r  when t h e  s t r a t i g r a p h y  o f  t h e  

l o c a l i t i e s  n o t e d  above i s  more  c l e a r l y  and u n e q u i v o c a l l y  e s t a b l i s h e d  

t h e n  a h o l o t y p e  w i l l  be d e s i g n a t e d .



Z e n o p l o c u s  mi c r o p  1 i c a t u s  gen.  e t  s p .  nov.

H I C  J+566 I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  Museum

The s c a l e s  u s e d  i n  a l l  p l a t e s  a r e  i n  mm.

P l a t e  2 . A.





Z e n o p 1o cu s  mi c r o p  1 i c a t u s  gen.  e t  s p .  nov .

GG 5 5 3 8 CV 100

I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  Museum

same s c a l e  f o r  b o t h  p h o t o g r a p h s

CV 100 is  a m e d i a n  a x i a l  s e c t i o n  c o a t e d  w i t h  a g l y c e r i n e  f i l m  t o  e n h a n c e

c o n t  r a s t .

PI  a t e  2 . B .
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6 2 .  Genus  APHANOPTYXIS  C o s s m a n n ,  1 8 9 6 .

T y p e - s p e c i e s  A p h a n o p ty x i s  l a n g r u n e n s i s  ( d ' O r b i g n y )

B a t h o n i a n  -  F r a n c e .

D i s c u s s  i o n

A l t h o u g h  t h i s  g e n u s  is  s t r a t i g r a p h i c a l l y  w i d e l y  d i s t r i b u t e d ,  i t s  

k n o w n  g e o g r a p h i c a l  d i s t r i b u t i o n  i s  r a t h e r  r e s t r i c t e d  ( m a i n l y  t o  E n g l a n d ,  

F r a n c e  and  G e r m a n y ) .  I t  r a n g e s  w i t h  c e r t a i n t y  f r o m  t h e  L o w e r  B a t h o n i a n  

t o  t h e  U p p e r  V o l g i a n .

H o w e v e r ,  a c c o r d i n g  t o  P c h e l i n t s e v  ( 1 9 6 5 ,  p .  5 2 ) ,  A p t y x i e l l a  

s u b c o n i c a  H u d l e s t o n  ( H u d l e s t o n ,  18 8 7 - 1 8 9 6 , p .  1 9 1 - 2 ,  p i .  X I I ,  f i g s .

10 a nd  11)  s h o u l d  be  p l a c e d  i n  t h e  genus  A p h a n o p t y x i s  a n d  H u d l e s t o n  

when d e s c r i b i n g  t h e  s p e c i e s  r e m a r k e d  ( o p .  c i t . , p .  1 9 2 ) ,  " o n e  w o u l d  

s u s p e c t  i t s  r e l a t i o n s h i p  t o  C e r i t h i u m  d e f r a n c i i  D e s l o n g c h a m p s " .

1a n q r u n e n s  i s ) . T h i s  w o u l d  t h e r e f o r e  i n c r e a s e  t h e  s t r a t i g r a p h i c  

r a n g e  o f  t h e  ge nus  A p h a n o p t y x i  s and i t s  f i r s t  o c c u r r e n c e  w o u l d  t h e n  be  

i n  t h e  P a r k i n s o n i  z o n e  ( U p p e r  B a j o c i a n )  o f  t h e  C o t s w o l d s .  When 

Cossmann r e f e r r e d  t o  A .  s u b c o n i  c a , he s t a t e d  ( 1 8 9 8 , p .  1 7 4 )  " c e  n ' e s t  

p as un A p t y x i e l l a "  and q u e s t i o n a b l y  a s s i g n e d  t h e  s p e c i e s  t o  A p h a n o p t y x i s  

a s i t u a t i o n  r e i t e r a t e d  by D i e t r i c h  ( 1 9 2 5 ,  p .  2 7 ) .  Cox ( M . S .  n o t e s ,  

c a .  196 0 )  p l a c e d  s u b c o n i c a  i n  A p t y x i  e l  l a  and g i v e s  t h e  s t r a t i g r a p h i c  

r a n g e  o f  A p h a n o p t y x i s  as B a t h o n i a n  t o  P o r t l a n d i a n .  One s h o u l d  n o t e  t h a t  

H u d l e s t o n  i n  h i s  d e s c r i p t i o n  o f  A .  s u b c o n i c a  s t a t e s  ( o p .  c i t . ,  p .  1 91 )  

" t h e  a v a i l a b l e  s p e c i m e n s  a r e  much w o r n "  b u t  n e v e r t h e l e s s ,  t h e  v e r y  f l a t  

b a s e  and a c i c u l a r  f o r m  o f  t h e  s p e c i m e n s  f i g u r e d  by H u d l e s t o n  s u g g e s t  t o  

t h e  p r e s e n t  a u t h o r  t h a t  t h i s  s p e c i e s  i s  m or e  l i k e l y  t o  b e l o n g  t o

A p t y x i e l l a ;  a l t h o u g h  c o n f i r m a t i o n  i s  n e e d e d .
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R e c e n t l y ,  F i s c h e r  ( 1 9 6 9 ,  p .  18 1) has p l a c e d  t h e  genus  E n d i a p l o c u s  

(C o s s m a n n ,  18 9 6 , p .  4 5 - ^ 6 )  i n A p h a n o p t y x i  s , c o n s i d e r i n g  t h a t  b o t h  

g e n e r a  p o s s e s s e d  an u m b i l i c u s .  In  t h e  o r i g i n a l  d i a g n o s i s  o f  

A p h a n o p t y x i  s , Cossmann ( 18 9 6 , p .  3 5 ) c l e a r l y  s t a t e s  " d o n t  l a  p e r f o r a t i o n  

o m b i l i c a l e  e s t  e n t i è r e m e n t  r e c o u v e r t e  p a r  l e  b o r d  c o l u m e l 1 a i r e . 11 T h i s  

s t a t e m e n t  i m p l i e s  t h a t  t h e  u m b i l i c u s  i s  s e c o n d a r i l y  c l o s e d  by t h e  c o i l i n g  

o f  t h e  c o 1u m e l i a r  e d g e  o f  t h e  a p e r t u r a l  c a n a l .  H o w e v e r ,  t h e  e x a m i n a t i o n  

o f  many m e d i a n  s e c t i o n s  o f  v a r i o u s  A p h a n o p t y x i  s s p p .  by t h e  p r e s e n t  

a u t h o r  has f a i l e d  t o  r e v e a l  an u m b i l i c u s  w h i c h  was open a t  an y  s t a g e  in  

t h e  a n i m a l s  g r o w t h .  C l e a r l y  t h e  g r o w t h  o f  s i p h o n o s t o m a t o u s  g e n e r a  

w i t h  s m a l l  w h o r l  e x p a n s i o n  r a t e s ,  s uc h  as A p h a n o p t y x i s , r e s u l t s  in  a 

s o l i d  c o l u m e l l a .  C e r t a i n  R e c e n t  N a t i c i d  g e n e r a  s u c h  as P o l i n i c e s  an d  

L u n a t i a  e x h i b i t  a s e c o n d a r i l y  c l o s e d  u m b i l i c u s .  S i n c e  Cossmann ( o p . 

c i t . ) no s u b s e q u e n t  a u t h o r  ( a p a r t  f r o m  F i s c h e r ,  o £ .  c l t . ) has s u g g e s t e d  

t h a t  A p h a n o p t y x i s  was  p h a n e r o m p h a l o u s  and t h e  p r e s e n t  a u t h o r  t h e r e f o r e  

s e e s  no v a l i d  r e a s o n  f o r  u n i t i n g  t h e  n o n - u m b i 1 i c a t e  A p h a n o p t y x i s  w i t h  

t h e  u m b i l i c a t e  E n d i a p l o c u s .

T h e  f o l l o w i n g  n o n - B a t h o n i a n  f o r m s  a r e  c o n s i d e r e d  by  t h e  p r e s e n t  

a u t h o r  t o  b e  v a l i d  s p e c i e s  o f  A p h a n o p t y x i s  ( s e e  D i e t r i c h ,  1 9 2 5 ,  p .  6 7 ) .

a )  A .  v a r i ab i l i s  F a v r e

H o r i z o n  V o l g i a n  ( U p p e r  P u r b e c k  -  M a r i n e  f a c i e s )

L o c a l i t y  P e t i t  S a l è v e  a n d  G r a n d  S a l è v e .

b )  A.  a t a l  a n t a  ( d ' O r b i g n y )

H o r i z o n  K i m m e r i d g i a n

L o c a l i t y  Ah 1em ( H a n n o v e r ) .



c )  A. p o l y s p i  r a  ( Q u e n s t e d t )

H o r i z o n  R a uracean  -  U p p er  O x f o r d i a n  

Region W ü r t t e m b e r g  (G erm any).

d)  s u b s t r l a t a  ( d ' O r b l g n y )

H o r i z o n  A s t a r t i a n  -  R a uracean  -  U p per  O x f o r d i a n  

L o c a l i t y  S t .  M i h i e l  (Meuse)  a l s o  S u l e j o w  ( P o l a n d )  ( s e e  B a r c z y k  

1961).

The acme o f  A p h a n o p t y x i s  seems t o  hav e  been i n  t h e  B a t h o n ¡ a n  s t a g e  o f  

E n g la n d  and F r a n c e  w h e r e  f o u r  v a l i d  s p e c i e s  hav e  a l r e a d y  been d e s c r i b e d  

( A .  e u l I m o i d e s , b i a d o n e n s i s , a r d l e y e n s i s  and l a n g r u n e n s i s  and  a f u r t h e r  

tw o  new s p e c i e s  a r e  d e s c r i b e d  b e lo w  (A .  e x c a v a t a  and c o m p r e s s a ) .

A p h a n o p t y x i s  e u l i m o i d e s  ( L y c e t t  1 8 6 3 ) .  P l a t e  2 . C.

Synonymy se e  Cox and A rke  1 1,  1 9 4 8 - 5 0 ,  p .  79. . ,

H o l o t y p e  A r k e l l ,  1 9 3 1 ,  p i .  5 0 ,  f i g .  16;  O x f o r d  U n i v e r s i t y  Museum,  

Specimen Number J .  8 4 5 .

Discuss i on

As n o t e d  by A r k e l l  ( o £ .  c r t . ,  p .  6 19)  t h i s  s p e c i e s  I s  e a s t l y  

d i s t i n g u i s h e d  f r o m  A.  b i a d o n e n s i s  and o t h e r  A p h a n o p t y x i s  s p d . by i t s  

more s w o l l e n ,  rounded base and t h e  l a c k  o f  any s p i r a l  o r n a m e n t .  The  

round ed  w h o r l  base p r od uce s a m a r k e d l y  c o n c a v e  p a r i e t a l  r e g i o n  i n  t h e  

s u c c e e d i n g  w h o r l  ( s e e  p l a t e  2 . C ) ,  t h u s  g i v i n g  a  d i s t i n c t i v e  c r o s s -  

s e c t i o n a l  shape t o  t h e  body cha mber .
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The s p e c i e s  is  somewhat  v a r i a b l e  i n  i t s  m o r p h o lo g y  and a l t h o u g h  

A r k e l l  ( o p .  c i  t . , p .  61 9 )  d e s c r i b e s  t h e  w h o r l s  as b e i n g  f l a t ;  i n  many 

spe c im en s  t h e  w h o r l s  a r e  i n  f a c t  n o t i c e a b l y  c o n c a v e .  The r e l a t i v e  

d e v e lo p m e n t  o f  t h e  two c a r i n a s  b o r d e r i n g  t h e  s u t u r e  a l s o  v a r i e s  con ­

s i d e r a b l y .  More f r e q u e n t l y  t h e  l o w e r ,  a d a p e r t u r a l  c a r i n a  ( w h i c h  in  

N e r i n e i d s  c a r r i e s  t h e  s e l e n i z o n e )  p r o j e c t s  beyond t h e  u p p e r  c a r i n a  b u t  

o c c a s i o n a l l y  t h e  r e v e r s e  i s  t r u e ;  l e s s  commonly t h e  s u t u r e s  a r e  

i m p r e s s e d .

A l a r g e  c o l l e c t i o n  o f  A. e u l i m o i d e s  f r o m  t h e  Sh ar ps H i l l  Beds  

(Bed **a) o f  S n o w s h i l l  H i l l ,  G l o s .  was made by t h e  p r e s e n t  a u t h o r  ( f o r  

d e t a i l s  o f  s e c t i o n ,  s e e  B a r k e r  and T o r r e n s ,  i n  T o r r e n s ,  1969)  b u t  a p a r t  

f r o m  t h e  measurement  o f  t h e  a p i c a l  a n g l e ,  t h e y  p r o v e d  u n s u i t a b l e  f o r  

b i o m e t r i c  a n a l y s i s ,  b e c a u s e  o f  a b r a s i o n .  H o w e v e r ,  a number  o f  sp ecim en s  

f r o m  t h e  C h a r l b u r y  r a i l w a y  c u t t i n g  i n  t h e  J .  P a r k e r  c o l l e c t i o n  a t  t h e  

O x f o r d  U n i v e r s i t y  Museum ( R e g i s t r a t i o n  Numbers J 23536, J 2 3 5 3 8 - ^ 0 ,

J 2 5 5 ^ 2 - 3 )  t o g e t h e r  w i t h  t h e  h o l o t y p e  (J 8^ 5 )  and t h e  p a r a t y p e s  (J  8kk 

and J 8^6 ) w e r e  r e a s o n a b l y  w e l l  p r e s e r v e d  and w e r e  i n s t e a d  mea su re d f o r  

w h o r l  w i d t h - h e i g h t  v a l u e s .  The r e s u l t s  a r e  shown b e l o w .

A p i c a l  a n g l e  O x f o r d  U n i v e r s i t y  Museum spe cim en s +  S n o w s h i l l  H i l l

s p e c im e n s .

Mean

S t a n d a r d  D e v i a t i o n  

O b s e r v e d  Range  

N

1 8 . 5 °

2 . 1»°

l l t . 0 ° - 2 5 . 0 °

5 8
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wh °.r  l.'.w. Ld *.h, ~i3e i g h t  r a t i o s  O x fo r d  Uni v e r s  I t y  Museum s p e c im e n s '  o n l y .

Mean -  2 . 0 9

S t a n d a r d  D e v i a t i o n  -  0 . 2 0 ;

O bserved  Range -  i . 7 5 - 2 . 6 2  

N - 4 3

Reduced M a j o r  A x i s  Y =  MX +  C

H e i g h t  -  0 . 4 2 4  W i d t h  +  1 . 2 0 7

C o r r e l a t i o n  C o e f f i c i e n t  -  0 . 9 7 9

The r e s u l t s  a r e  g r a p h i c a l l y  su m m ar is ed  in  F i g .  2 . 1 .

D i s t r i b u t  ion

A p a r t  f ro m  t h o s e  l o c a l i t i e s  g i v e n  by A r k e l l  ( o £ .  c ± t . ,  p .  6 1 9 )  

and Cox and A r k e l l  ( o p .  c i t . ,  P . 79) ,  t h i s  s p e c i e s  has a l s o  been fou nd  

by  t h e  p r e s e n t  a u t h o r  i n  t h e  Sharps H i l l  F o r m a t i o n  ab o ve  t h e  C h i p p i n g  

N o r t o n  F o r m a t i o n  in  t h e  D i t c h l e y  Road Q u a r r y ,  C h a r l b u r y  ( G . R .  -  SP 365198 

-  s e e  McKerrow and Kennedy ,  1973, p .  1 2 - 1 3 ) .  The a s s o c i a t e d  s u i t e  o f  

f o s s i l s  a t  t h i s  l o c a l i t y  was i d e n t i c a l  t o  t h a t  g i v e n  by

B a r k e r  and T o r r e n s  ( o g .  £ f t j  f o r  t h e  S n o w s h i l l  H M 1  s e c t i o n .

I t  t h e r e f o r e  seems t h a t  e u l i m o i d e s  was r e s t r i c t e d  in  I t s  d i s ­

t r i b u t i o n  t o  t h e  Sharps H i l l  Beds and t h e  Sevenhampton R h y n c h o n e l l a  b e d ,  

no sp ecim en s h a v i n g  been r e p o r t e d  f r o m  o t h e r  h o r i 20ns (a s  a l r e a d y  n o t e d  

by  Cox and A r k e l l ,  o g .  c U . ,  p .  7 9 .  Mi nch inham pton spe cim en s in  t h e  

B r i t i s h  Museum a r e  o f  u n r e c o r d e d  h i s t o r y  and d o u b t f u l  a u t h e n t i c i t y ) .

The r a n g e  o f  t h i s  s p e c i e s  ( U p p e r  Z i g z a g  zon e t o  Lower  P r o g r a c l l i s  zon e )  

was s u f f i c i e n t l y  r e s t r i c t e d  f o r  A r k e l 1 ( 1 9 4 7 ,  p .  34 )  t o  s u g g e s t  i t s  use  

as a l o c a l  s u b - z o n a l  i n d e x  s p e c i e s  i n  O x f o r d s h i r e .
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0 ^ / 2  A- b l a d o n e n s i s  A r k e l l , 1 9 3 1 .  P l a t e s  2 . D  and 2 . E .

Synonymy See Cox and A r k e l l ,  1 9 4 8 - 5 0 ,  p .  7 9 .

C e r i t h i u m  r o i s s i  i M o r r i s  and L y c e t t ,  1 8 5 1 ,  p .  3 2 ,  p i .  V I I ,  f i g s .  11»,

14a (non d ' A r c h i a c ) .

N e r t n a e a  e u d e s l  1 O d i i n g ,  1 9 1 3 ,  pp.  **83, *»97 (non M o r r i s  and L y c e t t ) . 

N e r i n e a  e u d e s i  i P r i n g l e ,  1 9 2 6 ,  pp.  ] 8 , 23 (non M o r r i s  and L y c e t t ) .  

A p h a n o p t y x i s  b l a d o n e n s i s  A r k e l l ,  1 9 3 1 ,  p .  6 18 , p i .  5 0 ,  f i g s .  8-11».  

A p h a n o p t y x i s  b l a d o n e n s i s  A r k e l l ,  1 9 4 7 ,  p .  4 3 ,  f i g .  5 , n o .  3 .  

A p h a n o p t y x i s  b l a d o n e n s i s  Cox and A r k e l l ,  1 9 4 8 - 5 0 ,  p .  79.

E n d i a p l o c u s  r o i s s y i  Cox and A r k e l l ,  1 9 4 8 - 5 0 ,  p .  80 (non d ' A r c h i a c ) .

H o i o t y p e  A r k e l l ,  19 3 1 ,  p i .  5 0 ,  f i g .  11; O x f o r d  U n i v e r s i t y  Museum,  

Specime n Number J .  840 . '

D is c u s s  ion

The m a t e r i a l  used by A r k e l l  ( 1 9 3 1 )  t o  d e s c r i b e  t h i s  s p e c i e s  came 

f r o m  t h e  O r c h a r d  Q u a r r y  in  B l a d o n ,  n e a r  W o o d s t o c k ,  O x f o r d s h i r e  ( G . R .  -  

SP 4 4 9 1 5 1 ) .  A r k e l l  ( 1 9 3 3 ,  p .  177 )  n o t e d  t h a t  t h e  O r c h a r d  Q u a r r y  was 

-  " a  v e r y  s m a l l  o p e n i n g ,  l o n g  a b a ndone d"  b u t ,  w i t h  a l i t t l e  e x c a v a t i o n  

t h e  p r e s e n t  a u t h o r  has o b t a i n e d  t o p o t y p e  m a t e r i a l  ( a l b e i t  i n d i f f e r e n t l y  

p r e s e r v e d )  f r o m  t h i s  much o v e r g r o w n  s e c t i o n .

T h i s  s p e c i e s  shows a c o n s i d e r a b l e  amount  o f  m o r p h o l o g i c a l  v a r i a t i o n ,  

p a r t i c u l a r l y  in  t h e  amount  o f  w h o r l  c o n c a v i t y  and t h e  d e v e l o p m e n t  o f  t h e  

s u t u r a l  c a r i n a .  A r k e l l  ( 1 9 3 1 ,  p .  618) was e v i d e n t l y  a w a r e  o f  t h i s  

v a r i a t i o n  ( c o m p a r i n g  t h e  v a r i a b i 1 i t y  o f  A .  b l a d o n e n s i s  w i t h  t h a t  

d e s c r i b e d  f o r  _C. b a t h o n i c a  by Cossmann,  1 8 8 5 ,  p .  1 8 4 - 5 )  and P l a t e s  2D 

and 2E i l l u s t r a t e  some o f  t h e  v a r i a t i o n  amongst  A r k e l l ' s  t y p e  m a t e r i a l  

now housed i n  t h e  O x f o r d  U n i v e r s i t y  Museum. I n  g e n e r a l ,  t h e  p r e s e r v a t i o n  

o f  / \ .  b 1a d o n e n s i s  i s  i n a d e q u a t e  f o r  d e t a i l e d  b i o m e t r i c a l  s t u d y  as a l m o s t
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i n v a r i a b l y  t h e  o c c u r r e n c e  o f  t h i s  s p e c i e s  i s  ac c o m p an ied  by e x t r e m e  

m i c r i t i s a t i o n  w h ic h  a f f e c t s  b o t h  spe cim en s and m a t r i x .  F u r t h e r m o r e  

t h e  t r a n s f o r m a t i o n  o f  t h e  o r i g i n a l  a r a g o n i t e  s h e i i  i n t o  c a i c i t e  

f r e q u e n t l y  e n t a i l s  t h e  l o s s  o f  f i n e r  m o r p h o l o g i c a l  d e t a i l s .  H o w e v e r ,  

t h e  l a r g e  numbers o f  A.  b l a d o n e n s i s  w h ic h  A r k e l l  c o l l e c t e d  f r o m  t h e  

O r c h a r d  Q u a r r y  a t  B l ado n  a r e  somewhat  b e t t e r  p r e s e r v e d  t h a n  i s  u s u a l  

and w e r e  t h e r e f o r e  m easu re d .  The r e s u l t s  a r e  shown b e l o w .

A p i c a l  a n g l e  O x f o r d  U n i v e r s i t y  Museum.

Type sp ecim en s o f  A r k e l l  C l 9 3 1 ) .

Mean -  2 ^ . 0 °

S t a n d a r d  D e v i a t i o n  —  2 . 9 °

O b s e r v e d  Range -  ] 8 . 0 °  -  3 2 . 0 °

N -  65

W hor l  w i d t h - h e i g h t  r a t i o s  

Mean -  2 . 0 6

S t a n d a r d  D e v i a t i o n  -  0 . 2 6

O b s e r v e d  Range -  1 . 3 3  ~ 2 . 8 0

N - ' -  2 7 6  -

Reduced M a j o r  A x i s , Y -  MX +  C

H e i g h t  - 0 . 4 8 1  W i d t h  +  0 . ^ 9 2

C o r r e l a t i o n  C o e f f i c i e n t  -  0 . 9 6 9

These r e s u l t s  a r e  g r a p h i c a l l y  su m m ar is ed  i n  F i g .  2 . 1 .

In  t h e  o p i n i o n  o f  t h e  p r e s e n t  a u t h o r  a number o f  spe cim en s f ro m  

M in c h in h a m p t o n  ( L y c e t t  c o l  l e c t i o n )  i d e n t i f i e d  as E n d i a p l o c u s  r o i s s y i  

a r e  i n c o r r e c t l y  named.  The b e s t  p r e s e r v e d  specim en  is  t h a t  f i g u r e d  by
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M o r r i s  and L y c e t t  ( 1 8 5 1 ,  p l .  V U ,  f i g s .  1 A,  14a)  and i s  now ho u sed  i n

t h e  G e o l o g i c a l  S u rv e y  Museum ( R e g i s t r a t i o n  number  G . S . M .  8 2 1 3 ) .  The
)

a b s e n c e  o f  an u m b i l i c u s  in  t h e s e  spe c im en s  ( a p a r t  f r o m  G . S . M .  8 4 3 5 6  w h ic h  

i s  p r o b a b l y  a worn specim en  o f  £ .  w l t c h e l 1i ) c l e a r l y  i n d i c a t e s  t h a t  t h e y  

do n o t  b e l o n g  t o  t h e  genus E n d i a p l o c u s . Cossmann ( 1 8 9 8 ,  p .  164 )  e v i d e n t l y  

a g r e e d  and s t a t e d  -  " J e  ne s u i s  pas t r è s  s î i r  que l a  c o q u i l l e  de 

M în c h in h a m p t o n  s o i t  b i e n  j î .  R o i s s y i : l a  f i g u r e  de l ' o u v r a g e  de M o r r i s  

and L y c e t t  n ' i n d i q u e  pas d ' o m b i l i c ,  l a  f o r m e  e t  l ' o r n a m e n t a t i o n  des t o u r s  

p a r a s s e n t  d i f f e r e n t s " ,  w h i l s t  H u d l e s t o n  and W i l s o n  ( 1 8 9 2 ,  p .  7 2 )  a l s o  had  

d o u b ts  a b o u t  a s s i g n i n g  t h e  name r o i s s y i  t o  t h e s e  s p e c i m e n s .  As m e n t i o n e d  

a b o v e ,  amongst  t h e  sp ecim en s f r o m  M în c h in h a m p t o n  i d e n t i f i e d  as E.. r o i s s y i ,

G . S . M .  843 56  i s  p r o b a b l y  £ .  w l t c h e l 1 i and a n o t h e r  s p e c i m e n ,  G .S .M .  8 4 3 5 5  

can p r o b a b l y  be a s s i g n e d  t o  M. a l t a r a r i s , a l t h o u g h  e x a c t  c o n f i r m a t i o n  

c a n n o t  be  made w i t h o u t  s e c t i o n i n g .  When compared w i t h  t h e  t y p e  sp ecim en s  

o f  A.  b i a d o n e n s i s  and T o p o t y p e  m a t e r i a l  c o l l e c t e d  by t h e  p r e s e n t  a u t h o r ,  

t h e  r e m a i n i n g  s p e c i m e n s ,  G . S . M .  82 1 3  ( f i g u r e d  by M o r r i s  and L y c e t t ,  o p . 

c i t . ,  p i»  V I I ,  f i g .  14 ,  1 4 a ) , G .S .M .  843 54  and GSa 4 5 4 1 ,  a p p e a r  t o  be  

r a t h e r  l a r g e ,  v e r y  worn A .  b i a d o n e n s i s . G . S . M .  82 1 3  i s  shown i n  P l a t e  

2 . E  and can  be compared w i t h  t h e  t y p e  s p e c im e n s  o f  A.  b i a d o n e n s i s  shown  

i n  P l a t e  2 . D .

F u r t h e r m o r e ,  t h r e e  u n d o u b t e d  spe cim en s o f  A.  b i a d o n e n s i s  ( B r i t i s h  

Museum, N a t u r a l  H i s t o r y ,  C o l l e c t i v e  R e g i s t r a t i o n ' N u m b e r  G 105 92 )  f r o m  

G r e a t  Roi 1 r i g h t  ( s e e  F i g . . 1 . 2 1 ) - a . l o c a l i t y  w h e r e  A. b l a d o n e n s t s i a  

a b u n d a n t  ( A r k e l l ,  1947» pp.  6 2 - 6 4 )  w e r e  a l s o  m i s - 1 d e n t  1 f i e d  as C e r i t h i u m  

r o i s s y i .
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Distribution

The s t r a t i g r a p h i c  and g e o g r a p h i c  d i s t r i b u t i o n  o f  A.  b l a d o n e n s i s  

i s  d i s c u s s e d  i n  C h a p t e r  1 ( s e e  e s p e c i a l l y  F i g s .  1 . 2 2  and 1 . 3 8 ) .  As 

f a r  as t h e  p r e s e n t  a u t h o r  i s  a w a r e ,  A .  b l a d o n e n s i s  is  c o n f i n e d  t o  t h e  

B l a d o n e n s i s  Bed and as such for ms a v a l u a b l e  m a r k e r  h o r i z o n  a t  t h e  top  

o f  t h e  W h i t e  L i m e s t o n e  (M. J u r a s s i c ,  U. B a t h o n i a n ) .  The i d e n t i f i c a t  io n  

o f  t h i s  s p e c i e s  f r o m  t h e  M in c h in h a m p t o n  l o c a l i t y  i s  i n t e r e s t i n g  i n  t h a t  

t h e i r  o c c u r r e n c e  p r o b a b l y  r e p r e s e n t s  a few d r i f t e d  exa m p le s  f r o m  t h e  

q u i e t e r  s u b t i d a l  c a r b o n a t e  s u b s t r a t e s  t o  t h e  e a s t .  An e x t r e m e  i s o l a t e d  

o c c u r r e n c e  o f  A. b l a d o n e n s i s ,  t o g e t h e r  w i t h  a B i v a l v e  f a u n a  t y p i c a l  o f  

t h e  B l a d o n e n s i s  Bed,  has been  r e p o r t e d  f r o m  F a r l e i g h ,  S o m e rs e t  by 

A r k e l l  ( 1 9 3 1 ,  p p .  6 0 3 * 4 ) .

The p r e s e n t  a u t h o r  c o n s i d e r s  t h a t  t h e  A.  b l a d o n e n s i s  bed p r o b a b l y  

r e p r e s e n t s  t h e  t o p  o f  t h e  R e t r o c o s t a t u m  z one  (M.  J u r a s s i c ,  U .  B a t h o n i a n  

-  s e e  T o r r e n s ,  1 9 6 9 ,  p .  66 and C h a p t e r  1 ) .

Aphanoptyxls ardleyensis Arkell 1 9 3 1 ,  Plates 2 . F and 2 . G 

Synonymy * see Cox and Arkell, 1 9 4 8 - 5 0 ,  pp. 7 8 - 8 0 .

Type-material

The f o l l o w i n g  t y p e - m a t e r i a l  was d e s i g n a t e d  by A r k e l l  ( 1 9 3 1 ,  p .  6 2 6 ) .

a )  Two s y n t y p e s  ( O . U . M .  -  J 8 2 8  and J 82 9 )

A r d l e y e n s i s  Bed,  A r d l e y - F r i t w e l I  r a i l w a y  c u t t i n g ,  M. O d l i n g  c o l l e c t i o n

b)  P a r a t y p e ,  T o p o t y p e  ( O . U . M .  -  J 83 0 )

A r d l e y e n s i s  Be d,  A r d l e y - F r i t w e l 1 r a i l w a y  c u t t i n g ,  M. O d l i n g  c o l l e c t i o n

c)  P a r a t y p e  ( O . U . M .  *  J 88 5 )

Ardleyensis Bed, K irtlington Cement Works, Arkell collection.
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The r u l e s  o f  t h e  I n t e r n a t i o n a l  Code o f  Z o o l o g i c a l  N o m e n c l a t u r e  

c l e a r l y  i n d i c a t e  t h a t  t h e  t y p e - s e r i e s  o f  a s p e c i e s  s h o u l d  c o n s i s t  o f  

e i  t h e r  a s e r i e s  o f  s y n t y p e s  ( A r t i c l e  73c )  o r ,  more p r e f e r a b l y ,  a h o l o -  

t y p e  and s e v e r a l  p a r a t y p e s  ( A r t i c l e  7 3 a ,  Recommendat ion 73a  and 7 3 d ) .  

C l e a r l y  A r k e l l  has  f a i l e d  t o  s a t i s f y  t h e s e  r e q u i r e m e n t s  w i t h  r e s p e c t  

t o  t h e  t y p e  s e r i e s  o f  A .  a r d l e y e n s i s ; H o w e v e r ,  s i n c e  A r k e l l  c l e a r l y  

d e s i g n a t e d  two p a r a t y p e s ,  i t  i s  r e a s o n a b l e  t o  suppose t h a t  he  r e g a r d e d  

one o f  t h e  two s y n t y p e s  (J 828  and J 82 9 )  as a h o l o t y p e .  T h e r e f o r e ,  

u n d e r  t h e  p r o v i s i o n  o f  A r t i c l e  7 4 a ,  t h e  p r e s e n t  a u t h o r  p r o p o ses  t h a t  

one o f  A r k e l l ' s  s y n t y p e s  o f  A.  a r d l e y e n s i s  J 829 s h o u l d  be  d e s i g n a t e d  

t h e  l e c t o t y p e  and t h a t  a l l  r e m a i n i n g  spe cim en s i n  t h e  t y p e - s e r i e s  

(J  8 2 8 ,  J 83O and J 885) s h o u ld  be  r e g a r d e d  as p a r a t y p e s .

Dl scuss ion

T h i s  s m a l l ,  r a t h e r  e l e g a n t  N e r i n e i d  g a s t r o p o d  i s  n o t i c e a b l y  more  

' a n g u l a r ' ‘ t h a n  A.  e u l i m o i d e s  o r  A. b l a d o n e n s i s ; t h e  s u t u r a l  c a r i n a e  

b e i n g  s h a r p e r  and w e l l  d e f i n e d .  The f i g u r e d  s y n t y p e s  o f  A r k e l l  ( 1 9 3 1 )  

posse ss  f l a t  w h o r l s  ( s e e  p l a t e  2 . F )  b u t  as  n o t e d  by A r k e l l  ( o £ .  c i  t . , 

p .  619) ,  " The  c a r i n a e . . . .  v a r y  g r e a t l y  amongst  a s s o c i a t e d  i n d i v i d u a l s " .  

T h i s  u s u a l l y  r e s u l t s  in  c o n c a v e  w h o r l s  w h e r e  t h e  s u t u r a l  c a r i n a e  a r e  

p r o m i n e n t  and co n vex  w h o r l s  w h e r e  t h e  s u t u r e s  a r e  im p r e s s e d  ( s e e  p l a t e  

2 . G ) .  The bas e  o f  t h e  s h e l l  I s  sm o o th ,  w i t h o u t  o r n a m e n t a t i o n  o t h e r  

than  g r o w th  s t r i a e  and n o t i c e a b l y  f l a t t e r  th a n  t h e  bases o f  A.  e u l I m o i d e s  

o r  A.  b l a d o n e n s i  s .

The t y p e - s p e c i m e n s  o f  A . ’ a r d l e y e n s i s  ( s e e  p r e v i o u s l y )  c l e a r l y  

r e p r e s e n t  a v e r y  s m a l l  s a m p l e  o f  t h e  s p e c i e s .  T h e r e f o r e ,  a s a m p l e  o f  

A. a r d l e y e n s i s  was t a k e n  f r o m  A r d l e y  F i e l d s  Q u a r r y  ( G . R .  -  SP 5 4 3 2 6 3 ) ,
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bed M  in  F i g .  1 . 1 8 ,  Up per  A r d l e y  Be ds ,  R e t r o c o s t a t u m  zone b e tw een  1 

and 2 . 5  km. f ro m  t h e  t y p e  l o c a l i t y  o f  A.  a r d l e y e n s i s  w h ic h  i s  t h e  

a d j a c e n t ,  now ov e rg ro w n  A r d l e y - F r i t w e l 1 r a i l w a y  c u t t i n g  ( O d l i n g ,  19 1 3 ,  

p p .  5 8 5 - 5 8 9 ;  A r k e l l ,  R i c h a r d s o n  and P r i n g l e ,  19 3 3 ,  pp.  3 4 0 - 3 4 3 ) .

D e t a i l s  o f  t h e  A r d l e y  F i e l d s  s e c t i o n  a r e  g i v e n  i n  C h a p t e r  1. M e a s u r e ­

ments  o f  t h e  t y p e  spe cim en s o f  A. a r d l e y e n s i s  and t h o s e  c o l l e c t e d  f ro m  

A r d l e y  F i e l d s  Q u a r r y  w e r e  a n a l y s e d  and t h e  r e s u l t s  shown b e l o w .

A p i c a l  A n g le

O x f o r d  U n i v e r s i t y  Museum A r d l e y  F i e l d s  Q u a r r y  
Type Spec imens  A.  a r d l e y e n s i s  bed No. 41

Mean 12.8 16.3
S t a n d a r d  D e v i a t i o n 2 . 4 1 . 5
O bserved  Range 11.0 -  15.5 1 4 . 0  -

N 3 14

Whor l  w i d t h - h e i g h t  r a t i o

Mean 1 . 6 5 1. 91
S t a n d a r d  D e v i a t i o n 0.18 0.11
O b s e r v e d  Range 1 . 3 8  -  2 . 0 9 1.69 -  :

N 2] 58

Reduced M a j o r  A x i s  -  I s o m e t r y  Y ■ MX +  C 

H e i g h t  *  M W i d t h  +  C

Mt -  0 .61W  -  0 . 0 5 6  Mt -  0 .5 2 W  +  0 . 1 3 3

C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 7 6  0 . 9 8 4

The se  r e s u l t s  a r e  g r a p h i o a l l y  sum m ar is ed  i n  F i g s .  3 . 5  and 3 . 1 0
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The d i f f e r e n c e s  bet w ee n t h e  two groups o f  A.  a r d l e y e n s l s  a r e  

s t a t i s t i c a l l y  s i g n i f i c a n t  and t h e i r  i n t e r p r e t a t i o n  I s  d i s c u s s e d  in  

C h a p t e r  3 .

C l e a r l y  more r e s e a r c h  and l a r g e r  sam pl es  a r e  ne e ded  f r o m  b o t h  

t h e  Upper  and Lower  A r d l e y e n s i s  bed i n  o r d e r  t o  e s t a b l i s h  w h e t h e r  

b i o l o g i c a l l y  as w e l l  as s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  

b e t w e e n  t h e  sp ecim en s f r o m  t h e s e  two  h o r i z o n s .  The p r e s e n t  a u t h o r  

c o n s i d e r s  t h a t  t h e  Upper  A r d l e y e n s i s  bed and a d j a c e n t  Lower  A r d l e y ­

e n s i s  bed c o n t a i n  a s i n g l e  s p e c i e s  A p h a n o p t y x i s  a r d l e y e n s i s . The  

t a x o n o m i c  i m p l i c a t i o n s  a r e  t h a t  A.  a r d l e y e n s i s  must  h a v e  been s u f f i c i e n t l y  

v a r i a b l e  i n  i t s  mor pho lo gy t o  i n c l u d e  spe c im e n s  w i t h  a p i c a l  a n g l e s ,  as 

l a r g e  as  18. 5°  and w h o r l  w i d t h - h e i g h t  r a t i o s  as  l a r g e  as 2 . 15.

O t h e r  p o p u l a t i o n s  o f  A p h a n o p t y x i s  s p .  o c c u r  w i t h i n  t h e  W h i t e  

L i m e s t o n e  and show some m o r p h o l o g i c a l  o v e r l a p  w i t h  A. a r d l e y e n s i s  

( s e e  F i g .  3 - 1 0 ) .  However  b e s i d e s  b e i n g  s t a t i s t i c a l l y  s e p a r a b l e  f ro m  

A.  a r d l e y e n s i s , t h e s e  p o p u l a t i o n s  w e r e  s t r a t i g r a p h i c a l l y  s e p a r a t e d  f ro m  

A. a r d l e y e n s i s . B e a r i n g  I n  min d t h a t  t h e s e  o t h e r  A p h a n o p t y x i s  p o p u l a t i o n s  

( p a r t i c u l a r l y  E ton  C o l l e g e ,  bed l A ,  Worsham,  bed 8 and N o r t h  L e i g h ,  bed  

17;  se e  C h a p t e r  1 ) . a l s o  fo r m  a s t r a t i g r a p h i c a l l y  u s e f u l  m a r k e r  h o r i z o n  

i n  t h e  W h i t e  L i m e s t o n e ,  t h e  p r e s e n t  a u t h o r  c o n s i d e r s  t h a t  t h e y  s h o u l d  be  

r e g a r d e d  as a s e p a r a t e  s p e c i e s .

D i s t r i b u t i o n

A.  a r d l e y e n s i s  has been used as a s u b - z o n a l  i n d e x  s p e c i e s  

( B a t h o n i a n ,  W h i t e  L i m e s t o n e ^ -  R e t r o c o s t a t u m  z o n e )  by v a r i o u s  a u t h o r s ,  

p a r t i c u l a r l y  A r k e l l  ( 1 9 3 1  and 1 9 ^ 7 ) .  The g e o g r a p h i c  d i s t r i b u t i o n  o f  

t h i s  s p e c i e s  i s  shown I n  F i g .  1 . 3 0  and t h e  s t r a t i g r a p h i c  d i s t r i b u t i o n  i s



shown i n  F i g .  1 . 2 2 .  The r e s t r i c t e d  s t r a t i g r a p h i c  r an ge  l e d  A r k e l l  

( 1 9 4 7 ,  p .  4 2 )  t o  d e f i n e  t h e  t o p  o f  t h e  A r d l e y  Beds by means o f  t h e  

A . a r d l e y e n s i s  b e d .  in  t h e  p r e s e n t  w o r k ,  t h e  t o p  o f  t h e  A r d l e y  Beds 

i s  t a k e n  as t h e  t o p  o f  t h e  Upper  A. a r d l e y e n s i s  bed as A r k e l l  ( o p .  c l t . ) 

d i d  n o t  d i s t i n g u i s h  a Lower  and Up per  A.  a r d l e y e n s i s  b e d .

A p h a n o p t y x i s  l a n g r u n e n s i s  ( d ' O r b i g n y  1850)  P l a t e  2 . H  

Synonymy -  s e e  F i s c h e r ,  1 9 6 9 ,  p .  181 .

Discussion

A p a r t  f ro m  t h o s e  s p e c i e s  g i v e n  a b o v e ,  t h e  o n l y  o t h e r  r e c o r d e d

s p e c i e s  o f  A p h a n o p t y x i s  f r o m  B r i t i s h  B a t h o n i a n  s t r a t a  I s  t h e  common

French species A. l a n q r u n e n s i s .. In France i t  is found in the Middle 
• >

Bathonian of Eparcy, Bucilly  and Martigny and lower Upper Bathonian of 

Rumigny and Langrune (Cossmann, 1 8 8 5 ,  p .  2 1 7 ;  18 9 8 ,  p .  8 7 ;  Fischer,

op. ci t . , p .  l 8 l ) .

The o c c u r r e n c e  o f  t h i s  s p e c i e s  i n  B r i t a i n  i s  bas ed  upon f i v e  

spe cim en s I n  t h e  H u d l e s t o n  c o l l e c t i o n ,  one o f  w h ic h  was f i g u r e d  by B l a k e  

( 19 05 » p i *  X V I I ,  f i g .  19 ,  p .  7 4 ) .  These  spe c im en s  w e r e  a l s o  c o n s i d e r e d  

t o  be  d i s t i n c t  f r o m  o t h e r  W h i t e  L i m e s t o n e  s p e c i e s  o f  A p h a n o p t y x i s  by 

Cox and A r k e l l  ( 1 9 4 8 - 5 0 ,  p .  80 )  who,  bas ed  on p u b l i s h e d  d e s c r i p t i o n s  and  

f i g u r e s  o f  v a r i o u s  F r enc h  s p e c i m e n s ,  named tham A.  l a n g r u n e n s i s . Ac co rd  

i n g  t o  B l a k e  ( o p . c i  t . ,  p .  74 )  t h e  B r i t i s h  spe c im en s  came f r o m  t h e  

C o rn b ra s h  o r  u n d e r l y i n g  beds in  t h e  Woods tock r a i l w a y  c u t t i n g  n e a r  

S h i p t o n - o n - C h e r w e l 1 .  The W o ods to c k  s e c t i o n  f o r m e r l y  ex p osed  a l m o s t  t h e  

w h o l e  t h i c k n e s s  o f  t h e  W h i t e  L i m e s t o n e  and was f i r s t  d e s c r i b e d  by  

Woodward ( 1 8 9 4 ,  p .  3 2 0 )  w i t h  s u b s e q u e n t  m in o r  r e v i s i o n  by  A r k e l 1 ( 1 9 4 7 ,  

p .  5 5 ) .  O n ly  t h e  A.  b l a d o n e n s l s  bed a t  t h e  t o p  o f  t h e  W h i t e  L i m e s t o n e

-  2 :28  -
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can be positive ly  Identified from the published descriptions of the now 

overgrown cutting. The nearest section at present v is ib le  is the Oxford 

Portland Cement Company's quarry at Bunkers H il l  (see Fig. 1 . 1 5 )  1 . 5  km. 

(1 mile) east north-east of the Woodstock cutting. The Bunkers H il l  

section shows the lowest o f  the Aphanoptyxis horizons in the Ardiey Beds 

but not the highest (the A. ardleyensls bed). The A. ardleyensis may be 

obscured by quarry talus but the present author is of the opinion that 

I t  is not present in this section. It  is therefore possible that the 

Hudleston specimens identified by Cox and Arkell (o£. c i t .) as 

A. langrunensis may have come from the same horizon as the Aphanoptyxis 

sp. at the base of the Ardiey Beds in the nearby Bunkers H i l l  section.

Dr. J. C. Fischer (Museum National d 'H isto ire  Naturelle, Paris) 

kindly made available four specimens of A. ianqrunensis from the Georges 

Le Mesle collection from the Bathonlan of Hydrequent (Pas de Ca la is).  

These were photographed (see plate 2 . H ) ,  measured and the results plotted 

on Fig. 3 - 1 0 . In general, the Le Mesle specimens and the published 

descriptions and figures o f A. Ianqrunensis compare well with the 

morphology of Aphanoptyxis sp. at the base of the Ardiey Beds. All 

possess fine spiral ornament on the shell base (see crennulate junction 

of the whorls In Plate 2 . H )  , a feature not found in A. ardleyensls. The 

higher whorl width/height ratios of the Le Mesle specimens is not 

s t a t i s t i c a l ly  s ign if ican t (P > 0 . 0 5 )  and is probably only a reflection  

of the very small sample size (four specimens).

H o w e v e r ,  d i f f e r e n c e s  a p p e a r  t o  e x i s t  i n  t h e  f o r m  o f  t h e  b a s e  o f  t h e  

s h e l l .  The f i g u r e s  o f  A.  l a n g r u n e n s i s  i n  Eu des -Des lo n gch am ps ( 18A2,  p i .  

VI 1 1 , f i g s . 35 and 3 6 ) ,  d ' O r b l g n y  ( 1 8 5 1 ,  p i .  238, f i g .  8) and Cossmann 

( 1 8 8 5 ,  p i *  1* f i g s .  1 - 6  and p i .  X I ,  f i g .  7) t o g e t h e r  w i t h  t h e  Le M e s l e
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sp ec im en s  a l l  possess  an a n g u l a r ,  more a c u t e  w h o r l  p e r i p h e r y  p a s s i n g  I n t o  a 

ba s e  w h ic h  i s  l e s s  con ve x a d j a c e n t  t o  t h e  p e r i p h e r y  i . e .  t h e  bas e  i s  

f l a t t e r ,  t h a n  in  t h e  B r i t i s h  spe cim en s o f  A p h a n o p t y x i s  f r o m  t h e  b a s e  o f  

t h e  A r d l e y  Beds.  E v i d e n t l y  some v a r i a t i o n  e x i s t s  i n  t h e  F r enc h  s p e c i e s  

i n  t h a t  t h e  p h o t o g r a p h  o f  A.  l a n g r u n e n s i s  i n  Cossmann ( 1 8 9 6 ,  p i .  1 1 ,  f i g .

6 and a l s o  1 8 9 8 ,  p i .  V I l ,  f i g .  17)  shows a b a s e  w i t h  t h e  s l i g h t l y  more  

round ed f o r m  t y p i c a l  o f  t h e  B r i t i s h  A p h a n o p t y x i s  s p .

The t a x o n o m i c  i m p l i c a t i o n s  o f  t h e s e  d i f f e r e n c e s  c a n n o t  be  f u l l y  

a s s e s s e d  u n t i l  i t  i s  e s t a b l i s h e d  w h e t h e r  t h e  f l a t t e r  b a s e  i s  a w i d e s p r e a d  

f e a t u r e  in  t h e  Fren ch s p e c i e s  o r  n o t .  F u r t h e r m o r e ,  t h e  s t r a t i g r a p h i c  

d i s t r i b u t i o n  o f  A.  l a n q r u n e n s i s  in  t h e  F r e n c h  B a t h o n i a n  I s  v e r y  p o o r l y  

u n d e r s t o o d .  F i s c h e r  0 9 6 9 )  has r e c e n t l y  r e v i s e d  t h e  f a u n a  o f  t h e  

B a t h o n i a n  s t r a t a  s o u t h - w e s t  o f  t h e  Ardennes  p l a t f o r m .  The g e o l o g i c a l  

s i t u a t i o n  i n  t h i s  r e g i o n  i s  c o m p a r a b l e  t o  t h a t  o f  t h e  W h i t e  L i m e s t o n e  

a d j a c e n t  t o  t h e  London p l a t f o r m .  A r k e l 1 ( 1 9 5 6 ,  p .  6 1 )  d e s c r i b e d  t h e  

F r e n c h  s t r a t a  i n  t h i s  r e g i o n  as b e i n g  t y p i c a l  W h i t e  L i m e s t o n e  and t h e y  

w e r e  a l s o  named ' C a l c a i r e  b l a n c s '  by d * A r c h  l a c  ( 1 8 ^ 3 ) ,  P i e t t e  ( 1 8 5 5 )  and  

B o n t e  { 1 9 ^ 1 ) -  U n f o r t u n a t e l y ,  a l t h o u g h  many o f  t h e  f o s s i l  s p e c i e s  a r e  

common t o  b o t h  c o u n t r i e s ,  t h e  s t r a t i g r a p h y  o f  t h e  F r e n c h  ' W h i t e  L i m e s t o n e '  

and d i s t r i b u t i o n  o f  t h e  f o s s i I s  w i t h i n  i t  h a v e  n o t  been as e x t e n s i v e l y  

s t u d i e d  as t h e i r  B r i t i s h  c o u n t e r p a r t s .  The p r e s e n t  a u t h o r  hopes t o  

r e c t i f y  t h i s  s i t u a t i o n  in  t h e  f u t u r e .  U n t i l  t h e n ,  t h e  A p h a n o p t y x i s  a t  

t h e  bas e  o f  t h e  A r d l e y  Beds i s  p r o v i s i o n a l l y  i d e n t i f i e d  as A p h a n o p t y x i s

c f .  l a n q r u n e n s i s .

The  m o r p h o l o g i c a l  v a r i a b i l i t y  o f  t h r e e  sam pl es  o f  A p h a n o p t y x i s  c f .  

l a n q r u n e n s i  s f r o m  t h e  bas e  o f  t h e  A r d l e y  Beds ( W h i t e  L i m e s t o n e )  a r e  shown 

i n  F i g . 3 J 0 a n d  d i s c u s s e d  i n  C h a p t e r  3«
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B a t h o n i a n ,  W h i t e  L i m e s t o n e ,  n e a r  t h e  ba s e  o f  t h e  A r d l e y  Beds 

( i . e .  t h e  b a s a l  R e t r o c o s t a t u m  z o n e )  a t  Eton  C o l l e g e ,  bed Ik; Worsham,  

bed 8 ;  N o r t h  L e i g h ,  bed 17 and Bu nkers  H i l l ,  bed 11 ( s e e  C h a p t e r  1 

f o r  d e t a i l s  o f  s e c t i o n s  and l o c a t i o n s ) .  The s t r a t i g r a p h i c  d i s t r i b u t i o n  

o f  t h i s  s p e c i e s  i s  s u f f i c i e n t l y  r e s t r i c t e d  f o r  i t  t o  be  used as a 

r e l i a b l e  s u b - z o n a l  g a s t r o p o d  i n d e x  s p e c i e s  c o m p a r a b l e  w i t h  A.  a r d l e y e n s i s  

and A.  b l a d o n e n s i s  a l t h o u g h  t h e  g e o g r a p h i c  d i s t r i b u t i o n  i n  B r i t a i n  i s  n o t  

as e x t e n s i v e  when compared w i t h  t h e  l a t t e r  tw o  s p e c i e s .

Aphanoptyxis excavata sp. nov. Plates 2 . I and 2.J.

H o l o t y p e  O x f o r d  U n i v e r s i t y  Museum R e g i s t r a t i o n  Number J 29500 P l a t e  2 . 1 .  

P a r a  typ es  O x f o r d  U n i v e r s i t y  Museum R e g i s t r a t i o n  Numbers J 2 9 5 0 1 - J  2 9 5 2 3  

P l a t e s  2 . I and 2 . J .

T y p e - L o c a l i t y  S t u r t  Farm Q u a r r y  ( G . R .  SP 2 7 1 1 0 9 ) ,  Bed 5 ( t h e  A.  e x c a v a t a  

be d )  a t  t h e  t o p  o f  t h e  E x c a v a t a  Beds ;  U p per  p a r t  o f  t h e  M o r r i s !  z o n e ,  

W h i t e  L i m e s t o n e  ( B a t h o n i a n )  E n g l a n d .  ( s e e  C h a p t e r  1; f i g .  1 . 1 0  f o r  

d e t a i l s  o f  s e c t i o n ) .  E x t r e m e l y  a b u n d a n t .

Description

N e r i n e i d  g a s t r o p o d  w i t h  a  m o d e r a t e l y  l a r g e  s p i r a l  a n g l e .  W h o r l s  

r e l a t i v e l y  w i d e  and c o n c a v e ; ■< maximum c o n c a v i t y  b e i n g  s l i g h t l y  a d a p e r t u r a l  

r e l a t i v e  t o  t h e  c e n t r e  o f  t h e  w h o r ) .  S u t u r e  on p r o m i n e n t  r a i s e d  c a r i n a e ,  

o f  w h i c h  t h e  a d a p i c a l  c a r i n a  ( i . e .  t h e  j u x t a s u t u r a l  s e l e n i z o n e )  i s  u s u a l l y  

more p r o m i n e n t ,  w i d e r  and b e a r s  c r e s c e n t i c  l u n u l a e . '  O c c a s i o n a l l y  t h e  

w h o r l s  a r e  o r n a m e n te d  w i t h  t h r e e  o r  f o u r  s p i r a l  l i r a e  b u t  more u s u a l l y  

t h e  w h o r l s  a r e  n o t  o r n a m e n t e d .  Growth l i r a e  a r e  f r e q u e n t l y  v i s i b l e .  

P e r i p h e r y  a n g u l a r  and c a r i n a t e ,  f r e q u e n t l y  be ade d when t h e  g r o w th  l i r a e
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a r e  w e l l  d e v e l o p e d .  Base c o n v e x  and o r n a m e n t e d  w i t h  be tw een  s i x  and 

e i g h t  p r o m i n e n t  s p i r a l  c o r d s ,  a l s o  be ade d when t r a v e r s e d  by p r o m i n e n t  

g r o w t h - l i n e s .  A p e r t u r e  q u a d r a t e  w i t h  c o l u m e l l a r - p a r i e t a l  j u n c t i o n  

r o u n d e d .  The s l p h o n a l  ca n a l  i s  s h o r t  and t h e  j u x t a s u t u r a l  s l i t  i s  

dee p  ( a p p r o x i m a t e l y  one s i x t h  o f  a w h o r l ) .  S m a l l  amounts o f  i n d u c t u r a  

a r e  p r e s e n t  on t h e  c o l u m e l l a r  l i p  o f  t h e  a p e r t u r e .

D is c u s s  ion

A p h a n o p t y x i s  e x c a v a t a  s p .  n o v .  has t h e  l a r g e s t  mean a p i c a l  a n g l e  

( 2 4 . 8 ° )  o f  a l l  known s p e c i e s  o f  A p h a n o p t y x i s . I t  i s  a  m o d e r a t e l y  s i z e d  

g a s t r o p o d ,  maximum o b s e r v e d  a x i a l  l e n g t h  3 8  mm and has a  r a t h e r  s q u a t ,  

w i d e - b a s e d  a p p e a r a n c e .  The w h o r l s  a r e  n o t i c e a b l y  r a t h e r  low and w i d e  

and t h e  mean w h o r l  w i d t h - h e i g h t  ( 2 . 2 9 )  i s  g r e a t e r  t h a n  i n  any  o t h e r  

B r i t i s h  A p h a n o p t y x i s  s p e c i e s .  F u r t h e r m o r e  t h e  p r e s e n c e  o f  s p i r a l  c o r d s  

on t h e  b a s e ,  much s m a l l e r  s i z e  and a n g u l a t e d  p e r i p h e r y  r e a d i l y  s e r v e  t o  

d i s t i n g u i s h  t h i s  s p e c i e s  f r o m  A.  b l a d o n e n s i s  w i t h  w h i c h  t h e r e  i s  some 

m o r p h o l o g i c a l  o v e r l a p  w i t h  r e s p e c t  t o  t h e  a p i c a l  a n g l e  and w h o r l  w i d t h /  

h e i g h t  r a t i o  ( s e e  C h a p t e r  3 ) .  The s p e c i e s  i s  r a t h e r  v a r i a b l e  i n  

m o r p h o lo g y  d e p e n d i n g  l a r g e l y  upon t h e  d e v e l o p m e n t  o f  t h e  s u t u r a l  c a r i n a e .  

When t h e  s u t u r e s ,  a r e  p r o m i n e n t ,  t h e  w h o r l s  a r e  m a r k e d l y  c o n cave  ( s e e  

p l a t e  2 . J .  f o r  e x t r e m e  e x a m p l e ) ;  more  r a r e l y ,  t h e  s u t u r e s ,  and hen ce  t h e  

w h o r l s ,  a r e  f l a t  ( s e e  p l a t e  2 . J ) .

The w h o r l  s i d e s  a r e  u s u a l l y  un o rn am en ted  a p a r t  f r o m  g r o w th  l i r a e .

A few  sp ec imen s show t h r e e  o r  f o u r  f a i n t  s p i r a l  l i r a e ,  u s u a l l y  b e a d e d ,  

w i t h  t h e  second a d a p e r t u r a l  l i r a  ( a p p r o x i m a t e l y  o n e  t h i r d  o f  t h e  w h o r l  

h e i g h t  f r o m  t h e  a d a p e r t u r a l  c a r i n a )  b e i n g  s l i g h t l y  more  p r o m i n e n t .
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V a r i a t i o n  i n  t h e  s t r e n g t h  o f  t h e  g r o w t h  l i r a e  a l s o  a f f e c t s  o t h e r  

a s p e c t s  o f  t h e  s h e l l  m o r p h o l o g y .  The s u t u r a l  c a r i n a e ,  c a r i n a t e  p e r i p h e r y  

and s p i r a l  c o r d s  on t h e  ¡ b a s e  may a l l  become beaded when t h e  g r o w t h  l i r a e  

a r e  p r o n o u n c e d .

A s am p le  o f  A.  e x c a v a t a  s p .  n o v .  was c o l l e c t e d  f r o m  t h e  t y p e  

l o c a l i t y  and m easu re d .  The r e s u l t s  a r e  shown b e l o w .

A p l c a l  a n g l e

Mean -  2 k .8°

S t a n d a r d  D e v i a t i o n  -  3 . 3 °

O bse r v e d  Range -  1 9 . 0 °  -  31 . 0°

N -  2 7

W h o r l  width/height ratios *

Mean -  2 . 2 9

S t a n d a r d  D e v i a t i o n  -  0 . 2 2 .

O b s e r v e d  Range -  1 . 6 8  -  2 . 8 l

N -  80

Reduced Major Axis Y » Mx + C 

H e i g h t  *  0 .1*56 width -  0 . 0 1  

Correlation Coefficient -  0 . 8 8 1

The  r e s u l t s  a r e  g r a p h i c a l l y  su m m ar is ed  i n  F i g .  3 . 1 0 .
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Distribution

Foss C r o s s ,  bed 2;  S t u r t  Farm ,  bed 5 ;  E t o n  C o l i e g e ,  bed 10;

Worsham,  bed 6 ;  S l a p e  H i l l ,  bed 3 ;  Bunk er s  H i l l ,  bed 7 and A r d l e y  

F i e l d s ,  bed 30 ( s e e  C h a p t e r  1 f o r  d e t a i l s  o f  t h e  s e c t i o n s ) .  T h i s  

g a s t r o p o d  s p e c i e s  i s  t h e  most  w i d e l y  d i s t r i b u t e d  o f  t h e  A p h a n o p t y x i s  

s p e c i e s  i n  t h e  W h i t e  L i m e s t o n e .  No t  o n l y  d6es t h e  A p h a n o p t y x i s  

e x c a v a t a  bed f o r m  a v a l u a b l e  m a r k e r  h o r i z o n  i n  t h e  W h i t e  L i m e s t o n e ,  

t h e  a s s o c i a t e d  f a u n a  o f  t h i s ,  and t h e  l o w e r  b e d s ,  i s  s i g n i f i c a n t l y  d i s ­

t i n c t  f r o m  t h e  r e s t  o f  t h e  W h i t e  L i m e s t o n e  above t o  w a r r a n t  t h e  c r e a t i o n  

o f  a new s t r a t i g r a p h i c  u n i t ,  t h e  E x c a v a t a  Beds .  I n  most p l a c e s  t h e  

E x c a v a t a  Beds ( w i t h  t h e  A.  e x c a v a t a  bed a t  t h e  t o p )  a r e  t e r m i n a t e d  by a 

marked h a r d g r o u n d .  The s p o r a d i c  ammoni tes  fo u n d  i n  t h e  E x c a v a t a  Beds 

( M o r r i s i c e r a s  s p p . , ; s e e  T o r r e n s  1970. Bui  1.  So c .  P a l . l t a l . )  s u g g e s t  t h a t  

A.  e x c a v a t a  s p .  n o v .  can be used as a r e l i a b l e  s u b - z o n a l  s p e c i e s  o c c u r r i n g  

a t  t h e  top  o f  t h e  M o r r i s !  zone  ( s e e  C h a p t e r  1 f o r  f u l l e r  d i s c u s s i o n ) .

Remarks

The s y s t e m a t i c  chang e in  t h e  m o r p h o lo g y  o f  t h r e e  p r o g r e s s i v e l y  

y o u n g e r  s p e c i e s  o f  A p h a n o p t y x i s  (A.  e x c a v a t a , A.  c f .  i a n g r u n e n s i s  and  

A. a r d l e y e n s i s ) and t h e i r  r e l a t i o n s h i p  t o  t h e  s t r a t i g r a p h y  o f  t h e  W h i t e  

L i m e s t o n e  ha v e  been d i s c u s s e d  i n  C h a p t e r  3 and a r e  sum m ar is ed  in  F i g .  3 * 1 0 .  

O t h e r  f e a t u r e s  show s i m i l a r  s y s t e m a t i c  t r e n d s .  T h e  s p i r a l  c o r d s  on t h e  

b a s e  o f  A.  e x c a v a t a  a r e  l e s s  p ro n o u n ced  i n  A .  c f .  l a n g r u n e n s i s  ( s e e  p l a t e  

2 . H )  and a r e  a b s e n t  i n  A.  a r d l e y e n s i s . S p i r a l  o r n a m e n t  on t h e  s i d e s  o f  t h e  

w h o r l  a r e  n o r m a l l y  a b s e n t  i n  A. e x c a v a t a , v a r i a b l y  d e v e l o p e d  I n  A. c f .  

l a n q r u n e n s l s  and r e a d i l y  a p p a r e n t  in  A.  a r d l e y e n s i s . I n  t h e  p r e s e n t  

a u t h o r ' s  o p i n i o n ,  t h e s e  r e l a t e d  cha ng es  i n d i c a t e  a s h o r t  e v o l u t i o n a r y  

l i n e a g e .  As one m ig h t  e x p e c t ,  A.  a r d l e y e n s i s  a n d \ A .  c f . i a n g r u n e n s i s
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show some m o r p h o l o g i c a l  o v e r l a p .  The c o m p l e t e  m o r p h o l o g i c a l  s e p a r a t i o n  

o f  A.  e x c a v a t a  f r o m  A.  c f .  l a n g r u n e n s  is  i s  p e r h a p s  due t o  a p e r i o d  o f  non­

d e p o s i t i o n  r e p r e s e n t e d  by t h e  h a r d g r o u n d  a t  t h e  t o p  o f  t h e  E x c a v a t a  Beds 

and c o n s e q u e n t l y  no i n t e r m e d i a t e  for ms a r e  p r e s e r v e d .  T h i s  e v o l u t i o n a r y  

l i n e a g e  is  a p p a r e n t l y  t h e  f i r s t  t o  be  d e s c r i b e d  i n  N e r i n e i d  g a s t r o p o d s .  

McKerrow £ t .  ( 3 9 6 9 ,  p .  5 7 ” 8)  c l a i m e d  an e v o l u t i o n a r y  r e l a t i o n s h i p

b e t w e e n  A.  a r d l e y e n s i s  and A.  b l a d o n e n s i s . H o w e v e r ,  no s u p p o r t i n g  e v i ­

de nce was o f f e r e d  and t h e  p r e s e n t  a u t h o r  i s  o f  t h e  o p i n i o n  t h a t  no such  

r e l a t i o n s h i p  e x i s t s .

A p h a n o p t y x i s  compres sa s p .  nov .  P l a t e  2 . K.

H o l o t y p e - O x f o r d  U n i v e r s i t y  Museum, R e g i s t r a t i o n  Number J 295214 P l a t e  2 . K .  

P a r a t y p e s  O x f o r d  U n i v e r s i t y  Museum, R e g i s t r a t i o n  Numbers J 2 9 5 2 5 - J 2 9 5 3 2  

P l a t e  2 . K .

L o c a l i  t i e s  The H o l o t y p e  (J 2 9 5 2 4 )  and P a r a t y p e s  ( j  2 9 5 2 5 - J 2 9 5 2 9 )  came 

f r o m  S t u r t .  Farm Q u a r r y  ( G . R .  -  SP 2 7 1 1 0 9 ) ,  Bed 5  ( t h e  A.  e x c a v a t a  b e d )  

a t  t h e  to p  o f  t h e  E x c a v a t a  Be ds;  Up per  p a r t  o f  t h e  M o r r i s !  z o n e ,  W h i t e  

L i m e s t o n e .  P a r a t y p e s  (J  2 9 5 3 0 - J  2 9 5 3 2 )  came f r o m  S l a p e  H i l l  Q u a r r y  

( G . R .  -  SP 4 2 5 1 9 6 ) ,  Bed 3 ( t h e  A.  e x c a v a t a  b e d :  See C h a p t e r  1 ,  F i g s .

1 . 1 0  and 1 . 5  f o r  d e t a i l s  o f  s e c t i o n s ) .  T h i s  s p e c i e s  I s  n o t  uncommon a t  

t h e s e  1 oca 1 i t i e s .

Descr? p t I o n

A s m a l l  N e r i n e i d  g a s t r o p o d  (maximum l e n g t h  a p p r o x i m a t e l y  20  mm).

A p i c a l  a n g l e  be tw een  2 0 . 5 ° - 2 5 . 5 ° .  W h o r l s  e x t r e m e l y  low r e l a t i v e  t o  t h e i r  

w i d t h  and m a r k e d l y  c o n cave  (maximum c o n c a v i t y  i n  t h e  c e n t r e  o f  t h e  w h o r l  

s i d e s ) .  S u t u r e s  r a i s e d  on p a r t i c u l a r l y  p r o m i n e n t  c a r i n a e  o f  e q u a l  d e v e l o p ­

m e n t .  O r n a m e n t a t i o n  c o n s i s t s  o f  v e r y  f a i n t  s p i r a l  r i b l e t s  and g r o w t h - l l r a e



X.

X
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In s e c t i o n  t h e  b o d y - c a v i t y  I s  a l m o s t  s q u a r e  w i t h  t h e  c o l u m e l l a r -  

p a r i e t a l  a n g l e  rounded and t h e  l a b r a i  w a l l  c o n c a v e .  The c o l u m e l l a  

i s  s o l i d ,  w i t h o u t  an u m b i l i c u s  and f o l d s  a r e  n o t  p r e s e n t .  The d e t a i l s  

o f  t h e  a p e r t u r e  a r e  unknown.

D l s c u s s 1 on ;

The p r o n o unced  s u t u r a l  c a r i n a e ,  c o n cave  w h o r l s  and ' c o m p r e s s e d '  

a p p e a r a n c e  (hen ce  t h e  s p e c i f i c  name) r e a d i l y  d i s t i n g u i s h  t h i s  s p e c i e s  

f ro m  a l l  o t h e r  A p h a n o p t y x l s  s p p .  Examples o f  t h i s  s p e c i e s  a r e  n e v e r  

common and hen ce  some d i f f i c u l t y  has been  e n c o u n t e r e d  i n  o b t a i n i n g  

spe cim en s s u i t a b l e  f o r  m ea su re ment  ( e s p e c i a l l y  t h e  a p i c a l  a n g l e ) .

The mean w h o r l  w i d t h / h e l g h t  r a t i o  I s  2 . 5 1  ( r a n g e  2 . 1 8 - 2 . 8 5 ;

N “  1 2 ) .

D is t r ib u t io n
■" .. . i

com pr es sa  has been f o und  In  t h e  A.  e x c a v a t a  bed a t  t h e  t o p  o f  

t h e  E x c a v a t a  Beds i n  Foss Cross Q u a r r y  bed 2;  S t u r t  Farm ,  bed 5 ( t h e  

t y p e  l o c a l i t y ) ;  Et on  C o l l e g e ,  bed 10;  Worsham,  bed 6 and S l a p e  H i l l ,  

bed 5» ( s e e  C h a p t e r  1 f o r  d e t a i l s  o f  s e c t i o n s ) .

T h i s  s p e c i e s  was used as one o f  t h e  f a u n a l  e l e m e n t s  whose r e s t r i c t e d  

d i s t r i b u t i o n  l e d  t o  t h e  d e s i g n a t i o n  o f  t h e  E x c a v a t a  Beds ( s e e  C h a p t e r  1 ) .  

H o w ev er ,  I t  has been fou nd  i n  t h e  b a s a l  h o r i z o n  o f  t h e  o v e r l y i n g  A r d i e y  

Beds a t  S l a p e  H i l l  (bed  5 ) w h e r e  two spe cim en s (numbers  S l . H . O x .  2 8  and  

33 -  p e r s o n a l  c o l l e c t i o n  o f  a u t h o r )  w e r e  fo u n d  by t h e  p r e s e n t  a u t h o r .  

O t h e r w i s e ,  t h e  s p e c i e s  i s  unknown o u t s i d e  t h e  E x c a v a t a  Beds.



Aphanoptyx is  eu 1 imoides (Lyce t t )

J 8A6 -  P a r a t y p e  J 8*+5 -  H o l o t y p e

O x f o r d  U n i v e r s i t y  Museum.

P 1 a t e  2 . C .



fÆ
i



Aphanoptyxis  b l a d o n e n s i s  A r k e l l

H o io t y p e

J 8A0

P a r a t y p e  P a r a t y p e

J 8 A l  j  8 3 7

O x f o r d  U n i v e r s i t y  Museum.

A l l  s p e c i m e n s  c o a t e d  w i t h  N H ^ C l .

P 1 a t e  2 . D.





1End iap locus  r o i s s y t 1 Aphanoptyx is  b l a d o n e n s i s  A r k e l l

GSM 8 2 1 3 P a r a t y p e

J 13 0 3 5

G e o l o g i c a l  S u r v e y  Museum O x f o r d  U n i v e r s i t y  Museum

A l l  s p e c i m e n s  c o a t e d  w i t h  N H C 1 .

P a r a t y p e  

J 13021

P 1 a t e  2 . E.





Aphanoptyxi  s a rd le yen s  i s A r k e l 1

Paratype

J 830

L e c t o t y p e  P a r a t y p e  

J 8 29  J 8 28

L e c t o t y p e  P a r a t y p e  

J 8 29  J 8 2 8

E n l a  r g e m e n t :

n o t e  w e l l  p r e s e r v e d  g r o w t h  
s t r i a e

L e f t  h a n d  R i g h t  hand  
s p e c i m e n  s p e c i m e n

O x f o r d  U n i v e r s i t y  Museum: S p e c i m e n s  J 8 2 8  and J 829  c o a t e d  w i t h  N H ^ C l .

P l a t e  2 . F .





V a r i a t i o n  in  whorl co ncav i ty  in Aphanoptyx is  a r d l e y e n s i s  A rk e l l

AF A1 / 2 2 AF 4 1 / 1 6 AF 4 1 / 3 3

A r d l e y  F i e l d s  Q u a r r y ,  Bed A1 -  t h e  L r .  A r d l e y e n s i s  Bed  

A l l  a c e t a t e  p e e l s .  M . J . B .  c o l l n .

P l a t e  2 . G .





Aphanoptyx is  ì a n g r u n e n s ì s  (d'Orfcu)

G. l e  M e s l e  c o l  1n .

B a t h o n i a n ,  H y d r e q u e n t  (P as  d e  C a l a i s ) .

S p e c i m e n  c o a t e d  w i t h  MgO.



A p h a n o p t y x î s  c f .  1a n q r u n e n s i s

S p e c i m e n  EC *+5.

E t o n  C o l l e g e  Q u a r r y ,  Bed 1*4.

A c e t a t e  p e e l .  M . J . B .  c o l i n .

e 2 . H .





Aphanoptyx is  excavata  sp.  nov.

H o l o t y p e  P a r a t y p e

J 2 9 5 0 0 .  J 2 9 5 0 1 .

O x f o r d  U n i v e r s i t y  Museum.

S p e c i m e n  c o a t e d  w i t h  MgO. M e d i a n  a x i a l  s e c t i o n .

P I  a t e  2 . I .





V a r i a t i o n  in  A p h a n o p t y x i s e x c a v a t a  s p .

P a r a t y p e  

J 2 9 5 0 2 .

Pa r a t y p e  

J 2 9 5 0 3 .

( n o t e  g r o w t h  s t r i a e ) ( n o t e  o r n a m e n t a t i o n )

P a r a t y p e  P a r a t y p e

J 2 9 5 0 5 . J 2 9 5 O6 .

( t h e  l a r g e r  s p e c i m e n )

( n o t e  s i p h o n a l

A l l  s p e c i m e n s  u n c o a t e d .

n o v .

P a r a t y p e  

J 2 9 5 0 ^ .

c a n a l )

P l a t e  2 . J .





Aphanoptyxi  s compressa sp. nov.

P a r a t y p e  H o l o t y p e

J 2 9 5 3 0 .  J 2 9 5 2 A .

A c e t a t e  p e e l .

L e f t  hand p h o t o g r a p h  R i g h t  hand p h o t o g r a p h  

e x t e r n a l  m o r p h o l o g y  m ed i a n  a x i a l  s e c t i o n  

s p e c i m e n  u n c o a t e d .

S l a p e  H i l l ,  Bed 3 ( t h e  A.  e x c a v a t a  b e d ) S t u r t  F a r m ,  Bed 5 ( t h e  A. e x c a v a t a  b e d)

O x f o r d  U n i v e r s i t y  Museum.

P l a t e  2 . K .
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Cossmannea,  E u n e r i n e a  and N e r i n e l l a  

G e n e r a l  d i s c u s s i o n

R e p r e s e n t a t i v e s  o f  t h e s e  g e n e r a  a r e  w i d e l y  d i s t r i b u t e d  t h r o u g h o u t  

J u r a s s i c  and C r e t a c e o u s  s t r a t a ,  t h e  B a t h o n i a n  W h i t e  L i m e s t o n e  o f  En g la nd  

b e i n g  no e x c e p t i o n .

The d i f f i c u l t i e s  e n c o u n t e r e d  in  d i s t i n g u i s h i n g  b e tw een  v a r i o u s  

N e r i n e i d  g a s t r o p o d s  a t  t h e  s p e c i f i c  l e v e l  b e c a u s e  o f  t h e  s u b j e c t i v e  

n a t u r e  o f  many s p e c i e s  a r e  a l s o  p r e s e n t ,  a l t h o u g h  l e s s  s o ,  a t  t h e  

g e n e r i c  l e v e l .  As r em ar ke d by Cox ( T r e a t i s e  m a n u s c r i p t  n o t e s ,  c a .  

1 9 6 0 - 1 9 6 5 ,  housed i n  t h e  B r i t i s h  Museum, N a t u r a l  H i s t o r y )  i n  t h e  

c a s e  o f  s p e c i e s  w i t h  co n cave  w h o r l s  and a b u l g i n g  s u t u r a l  r e g i o n ,  i t  

i s  n o t  a l w a y s  ea s y  t o  d e c i d e  w h e r e  t o  draw t h e  1 i m i t  b e t w e e n  N e r i n e l l a  

and Cossmannea11.

The t a x o n o m ic  h i s t o r y  o f  N e r i  n e l  l a  i s  r a t h e r  c o m p l i c a t e d .  The  

g a s t r o p o d  genus N e r l n e l l a  was o r i g i n a l l y  d e s i g n a t e d  and d e s c r i b e d  as a 

sub ge nu s o f  N e r i n e a  by S h a r p e  ( 1 8 5 0 ,  p .  103 )  / i n  w h a t  was t h e  f i  r s t  

a t t e m p t  t o  s u b d i v i d e  t h e  N e r i n e a c e a .  S u b s e q u e n t  d i s c u s s i o n  by Cossmann 

( 1896, p .  35 ” 39 )  e l e v a t e d  N e r i n e l l a  t o  f u l l  g e n e r i c  s t a t u s ;  s e l e c t e d  a 

v a l i d  t y p e  s p e c i e s  f o r  t h e  f i r s t  t i m e  and p r o v i d e d  a  much b e t t e r  d i a g n o s i s  

t o  r e p l a c e  t h e  r a t h e r  i m p r e c i s e  one o f  S h a r p e  ( o £ .  c i  t . ) .  F u r t h e r m o r e ,  

Cossmann ( o £ .  c i t . )  ap pended B a c t r o p t y x i s  Cossmann 18 9 6 ;  A p t y x i e l l a  

F i s c h e r  1885 and E n d i a t r a c h e l u s  Cossmann 1896 as  s u b g e n e r a  o f  N e r i n e l l a . 

M os t  s u b s e q u e n t  a u t h o r s  h a v e  a c c e p t e d  t h e  amended d i a g n o s i s  o f  N e r i n e l l a  

g i v e n  by Cossmann ( o £ .  c i t . )  b u t  t h e  r e l a t i o n s h i p  o f  N e r i  n e l l a  t o  o t h e r  

N e r i n e i d  g e n e r « i / s u b g e n e r a  c l a i m e d  by Cossmann ( o £ .  c i t . )  has n o t  been  

so  r e a d i l y  a c c e p t e d .
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P c h e l i n t s e v  ( 1 9 2 7 ,  p p .  3 - 2 0 )  removed E n d i a t r a c h e l u s  f r o m  N e r i n e l l a  

and p l a c e d  i t  as  a subgenus o f  ' N e r i n e a ' ( s e n s u  Cossmann) and added  

P o l y p t y x i s  P c h e l i n t s e v  19 2 4 ;  T r i p t y x i s  P c h e l i n t s e v  1924 and A p t y x i s  

Z i t t e l  1873 -  a l l  as s u b g e n e r a  o f  N e r i n e l l a . H o w e v e r ,  Wenz ( 1 9 3 8 - 4 4 ,  

p .  8 2 4 )  d i d  n o t  a p p a r e n t l y  a p p r o v e  o f  t h i s  a r r a n g e m e n t  and p r o p o s e d  t h a t  

A p t y x i e l l a  F i s c h e r  3885 be  g i v e n  f u l l  g e n e r i c  s t a t u s .  Wenz ( o £ .  e f t . )  

f u r t h e r  c l a i m e d  t h a t  N e r i n e l l a  S h a r p e  1850 was an i n v a l i d  j u n i o r  homonym 

o f  N e r i n e l l a  Na rd o  1847 (V erm es )  and p r o p o s e d  a new r e p l a c e m e n t  name 

N e r i n o i d e s  f o r  N e r i n e l l a  S h a r p e  w h ic h  he r e g a r d e d  as a subgenus o f  

A p t y x i e l l a . The v a l i d i t y  o f  N e r i n e l l a  S h a r p e ,  1850 was u p h e l d  a f t e r  Cox 

( 1 9 5 1 ,  PP. 2 9 9 - 3 0 0 )  had a p p l i e d  t o  t h e  I n t e r n a t i o n a l  Commission on 

Z o o l o g i c a l  N o m e n c l a t u r e  f o r  a r u l i n g  t h a t  t h e  ' P r o d r o m o '  o f  S.  A .  R e n i e r  

and t h e  " P r o s p e t t o  d e l l a  c l a s s e  d e i  V e r m i "  ( d a t e d  1804)  w e r e  n o t  

p u b l i s h e d  w i t h i n  t h e  m ean ing  o f  A r t i c l e  2 5  o f  t h e  I . C . Z . N .

The genus N e r i n e l  1 a Na rd o  was b as ed  by monotypy upon t h e  ' s p e c i e s '  

Amphfone c h e r m e s i n a ' R e n ie r ^  O p i n i o n  3 1 6  ( O p i n i o n s  and  D e c l a r a t i o n s  

r e n d e r e d  by t h e  I . C . Z . N . ,  v o l . 9 ,  p t .  5 ,  9 1 - 1 0 6 ,  December  1954)  s t a t e s :

OPINION 316

REJECTION FOR NOMENCLATORIAL PURPOSES OF THE "TAVOLA ALFABETICA DELLE 

CONCH IGLEI ADRIATICHE" AND "PROSPETTO DELLA CLASSE DEI VERMI"  OF S . A .

RENIER COMMONLY ATTRIBUTED TO THE YEAR 1804

RULING:  -  0 )  I t  i s  h e r e b y  r u l e d  t h a t  n e i t h e r  ( a )  t h e  T a v o l a  a l f a b e t i c a  

d e l  1e  C o n c h i g l e i  A d r i a t i c h e  o f  R e n i e r  ( S . A . )  n o r  ( b )  t h a t  a u t h o r ' s  

P r o s p e t t o  d e l l a  C l a s s e  d e i  V e r m i , each o f  w h i c h  i s  commonly a t t r i b u t e d  t o  

t h e  y e a r  1 8 0 4 ,  was d u l y  p u b l i s h e d  w i t h i n  t h e  m e a n in g  o f  A r t i c l e  25 o f  t h e  

R e g ie s  and t h e r e f o r e  t h a t  no name a c q u i r e d  t h e  s t a t u s  o f  a v a i l a b i l i t y  by



r e a s o n  o f  a p p e a r i n g  i n  e i t h e r  o f  t h e  f o r e g o i n g  w o r k s .

( 2 )  The tw o  w o rks  r e j e c t e d  f o r  n o m e n c l a t o r i a l  p u r p o s e s  u n d e r  ( l )  above  

a r e  h e r e b y  p l a c e d  i n  t h e  O f f i c i a l  I n d e x  o f  R e j e c t e d  and I n v a l i d  Works i n 

Z o o l o g i c a l  N o m e n c l a t u r e  as  Works No s.  2 4  and 2 5  r e s p e c t i v e l y .

( 3 )  The u n d e r - m e n t i o n e d  g e n e r i c  name I s  h e r e b y  p l a c e d  on t h e  O f f i c i a l  

L i s t  o f  G e n e r i c  Names i n  Z o o lo g y  as  Name No.  7 6 1 :  N e r i n e l l a  S h a r p e ,

1850 ( g e n d e r :  f e m i n i n e ) ( t y p e  s p e c i e s ,  by s e l e c t i o n  by Cossmann ( 1 8 9 6 ) :  

N e r i n e a  d u p i n i a n a  d ' O r b i g n y ,  1 8 4 3 ) .

( 4 )  The u n d e r - m e n t i o n e d  g e n e r i c  names a r e  h e r e b y  p l a c e d  on t h e  O f f i c i a l  

I n d e x  o f  R e j e c t e d  and I n v a l i d  G e n e r i c  Names in  Z o o lo g y  as Name Nos.  170 

and 171 :  *  ( a )  N e r i n e l l a  N a r d o ,  18^7 (a  name p u b l i s h e d  w i t h o u t  an  

" i n d i c a t i o n " ) ;  ( b )  N e r i n o i d e s  Wenz.  1940 (a  j u n i o r  o b j e c t i v e  synonym  

o f  N e r i n e i l a  S h a r p e ,  1 8 5 0 ) .

( 5 )  The  u n d e r - m e n t i o n e d  name i s  h e r e b y  p l a c e d  on t h e  O f f i c i a l  L i s t  o f  

S p e c i f i c  Names i n  Z o o lo g y  as Name No.  1 9 4 :  -  d u p i n i a n a  d ' O r b i g n y ,  1 8 4 3 ,  

as p u b l i s h e d  i n  t h e  c o m b i n a t i o n  N e r i n e a  d u p i n i a n a  ( s p e c i f i c  name o f  t y p e  

s p e c i e s  o f  N e r i n a l l a  S h a r p e ,  1 8 5 0 ) .

( 6 )  The u n d e r - m e n t i o n e d  s p e c i f i c  names o r  r e p u t e d  s p e c i f i c  names a r e  

h e r e b y  p l a c e d  on t h e  O f f i c i . !  I n d e x  o f  - a  , n v a „ H w !„ ...............

lO JSSlSX C  as  Names No s.  8 8  end 89  r e s p e c t i v e l y :  -  ( a )  c h e r m e s l n a  p . „ , „  

( e r r o n e o u s l y  a l l e g e d  t o  hav e  a p p e a r e d  I n  1804 I n  t h e  c o n d o n a t i o n  . /  

t o p h i  nome cher m e s I na I n  a  w o r k  r e j e c t e d ,  u n d e r  ( I )  a b o v e ,  f o r ' n o m e n c l a t o r i . !

p u r p o s e s )  (a c h e l r o n y m ), <b) c o c c l n e a  R e n i e r  ( I n c l u d e d  In the combination

Amphinome c o c c i n e a  in  a wor k  r#»r>ut-ari u____ L- - •P— — -------- — —  r e p u t e d  t o  hav e  been p r e p a r e d  i n  1 8 0 4 ,

r e j e c t e d ,  u n d e r  (1) a b o v e ,  f o r  n o m e n c l a t o r i a l  p u r p o s e s ) .



The w ork  ' T a v o l a  a l f a b e t l c a  d e l l e  C o n c h i g l e i  A d r i a t i c h e »  by 

R e n l e r  I s  r e f e r r e d  t o  by Cox ( 1 9 5 1 )  as t h e  ‘ P r o d r o m e '  -  a, much l a r g e r  

p r o j e c t e d  w o r k  by R e n l e r  o f  w h ic h  t h e ' T a v o l a  a l f a b e t i c a  d e l l e  

C o n c h i g l e i  A d r i a t i c h e '  was o n l y  a f r a g m e n t .  F u r t h e r  r e f e r e n c e s  t o  t h e  

n o m e n c l a t o r i a l  s t a t u s  o f  w o rks  by S.  A.  R e n i e r  may be  foun d i n  O p i n i o n s  

and D e c l a r a t i o n s  r e n d e r e d  by t h e  I . C . Z . N .  -  O p i n i o n  4 2 7 ,  v o l .  14 ,  p t . n  

2 8 1 - 3 1 0 ,  O c t .  1956 and O p i n i o n  436, v o l .  15,  p t . 1, 1 - 2 4 ,  J a n .  19 5 7 .

A l o n g  w i t h  _ N e r i n e 1 i a  «  o b j .  s y n .  N e r i n o i d e s  and B a c t r o p t v x i s  

Cossmann 18 9 6 ,  Wenz ( o £ .  c i t . )  o nc e  a g a i n  r e i n s t a t e d  E n d i a t r a c h e l u s  

Cossmann 1896 t o  a g r oup  o f  h i g h - s p i r e d  s u b g e n e r a  b e l o n g i n g  n o t  t o  

N e r i n e n a  b u t  t o  t h e  Senus A p t y x i e l l a  F i s c h e r  1885. T r i p t y x i s  

P c h e l i n t s e v ;  1924 and P o l f f > t y x i s  P c h e l i n t s e v  1924 ( s u b g e n e r a  o f  N e r i -  

n e H a  a c c o r d i n g  t o  P c h e l i n t s e v ,  1927)  w e r e  now i n c l u d e d  by Wenz I n  t h e  

subgenus P t y g m a t l s  S h a r p e  1850 w h i c h  Wenz ( o £ .  c i t . )  p l a c e d  i n  t h e  

genus ' N e r l n e a '  ( se nsu  Cossmann) .  A p t y x i s  Z i t t e l  1R77 ( a l s o  a subgenus  

o f  N e H n e H a 1 S h a r p e  1850 a c c o r d i n g  t o  P c h e l i n t s e v ,  1927) was now 

e s t a b l i s h e d  as an o b j e c t i v e  synonym o f  A p t y x f e i l a  F i s c h e r ,  1885 by 

Wenz ( o p . c i t . ) .  ,

P c h e l i n t s e v  i n  a  s e r i e s  o f  p u b l i c a t i o n s  ( 1927, 1931, 1954, i 960 -

i n  O r l o v  and 1965)  c l e a r l y  d i d  n o t  a c c e p t  any  o f  t h e  r e v i s i o n s  p r o p o s e d  

by Wenz ( o £ .  c j _ t . ) .  S e v e r a l  new g e n e r a  w e r e  c r e a t e d  by  P c h e l i n t s e v  I n  

19 5 4  f o l l o w e d  by t h e  c r e a t i o n  o f  a new f a m i l y  t h e  N e r i n e l l i d a e  i n  I 9 6 0  

( t o  c o n t a i n  t h e  1954 g e n e r a  t o g e t h e r  w i t h  t h e  1927 s u b g e n e r a  w h i c h  had  

s u b s e q u e n t l y  been g i v e n  g e n e r i c  s t a t u s  in  1 9 3 1 ) .  H i s  l a t e r  p u b l i c a t i o n  

( P c h e l i n t s e v ,  1965)  c o n t i n u e d  t h e  e a r l i e r  t r e n d  o f  t a x o n o m i c  e l e v a t i o n  

and p r o p o s e d  a new g a s t r o p o d  o r d e r ,  t h e  M u r c b i s o n i a t a  ( l a r g e l y  composed
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o f  t h e  N e r i n e a c e a ) .  A new s u p e r f a m i l y  t h e  N e r i n e l l a c e a  c o n t a i n i n g  t h e  

f a m i l i e s  N e r i n e l 1 i d a e ,  E l a t i o r e l 1 i d a e ,  B a c t r o p t y x i s l d a e ,  E l e g a n t e l 1 I d a e ,  

A u r o r a e l l i d a e ,  U p e l l i d a e ,  P o l y p t y x i s i d a e  and T r i p t y x i s i d a e  was e s t a b l i s h e d  

T h i s  u n n e c e s s a r y  ta x o n o m i c  s p l i t t i n g  o f  P c h e l i n t s e v  ( 1 9 6 5 ) ,  o n , t h e  b a s i s  

o f  r e a s o n s  w h i c h  can o n l y  b e  d e s c r i b e d  as i n a d e q u a t e ,  r e s u l t e d  i n  t h e  

c r e a t i o n  o f  15 new f a m i l i e s ,  19 new g e n e r a ,  1 new subgenus and 18 new 

s p e c i e s  amongst  t h e  N e r i n e i d  g a s t r o p o d s ,  i n  t h e  s h o r t  s p a c e  o f  t w e n t y -  

f i v e  y e a r s ,  N e r l n e l 1 a has been i n f l a t e d  f r o m  a subgenus o f  A p t y x i e l l a  

t o  become t h e  t y p e - g e n u s  o f  a  s u p e r f a m i l y  w i t h  a l a r g e  number  o f  i n c l u d e d  

g e n e r a .

In  p r e p a r a t i o n  f o r  t h e  p r o j e c t e d  T r e a t i s e  on  I n v e r t e b r a t e  

P a l a e o n t o l o g y  ( G a s t r o p o d a  e x c .  A r c h a e o g a s t r o p o d a )  Cox ( M . S . ,  c a .  1 9 6 0 -  

1965) d i d  n o t  a t t e m p t  a s u p r a - g e n e r i c  c l a s s i f i c a t i o n  o f  t h o s e  N e r i n e i d  

g e n e r a  and s u b g e n e r a  t h a t  he c o n s i d e r e d  v a l i d .  The genus N e r i n e l l a w a s  

p l a c e d  by Cox ( o £ .  c? t . )  i n  an I n f o r m a l  g ro u p  o f  " N e r i n e i d s  w i t h  1-3 

i n t e r n a l  f o l d s ,  w i t h  t h e  u m b i1ic us  a b s e n t  o r  n a r r o w " .  T h r e e  s u b g e n e r a  

w e r e  r e c o g n i s e d  by Cox ( o p .  c i t . ) ;  N e r i n e l i a  ( N e r i n e l  l a ) , N e r i n e l  l a  

( E n d i a t r a c h e l u s ) and N e r i n e l l a  ( N a i l s w o r t h i a ) . A l t h o u g h  t h e  h i g h e r  

t a x o n o m i c  a f f i n i t i e s  r e m a in  u n c e r t a i n ,  t h e  genus N e r i n e l l a  S h a r p e  1850?  

w i t h  s u b s e q u e n t  t y p e - s p e c i e s  d e s i g n a t i o n  by Cossmann,  1 8 9 6 ,  seems t o  

c o n s t i t u t e  a d i s t i n c t  m o r p h o l o g i c a l  gr oup  o f  s p e c i e s .  The p r o b l e m s  o f  

a c h i e v i n g  a s a t i s f a c t o r y  p h y l o g e n e t i c  c l a s s i f i c a t  I o n  o f  N e r i n e i d  g a s t r o ­

pods i s  d i s c u s s e d  i n  C h a p t e r  7 .

The ta x o n o m i c  p o s i t i o n s  o f  Cossmannea P c h e l i n t s e v  1927 and  

E u n e r i n e a  Cox 1949 a r e  e q u a l l y  c o m p lex  and a r e  c l o s e l y  c o n n e c t e d  w i t h  

t h e  p r o b l e m  o f  t h e  t y p e - s p e c i e s  o f  N e r i n e a . The g a s t r o p o d  genus N e r i n e a
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was f i r s t  m e n t io n e d  by D e f r a n c e ' ( 1 8 2 4 )  who used o n l y  t h e  v e r n a c u l a r  

name ' N e r i n e ' . ( N . B .  At  an e a r l i e r  d a t e ,  C. S .  R a f i n e s q u e  -  A n a l y s e ,

1 8 1 5 ,  p .  3 1 6 ,  used a  nomen .nudum. N e r i n e a  f o r  a p o l y c h a e t e  w o r m ) .  The  

i n t e r n a l  c a s t  o f  a s p e c i e s  c a l l e d  ' N S r i n S  t u b e r c u l e u s e '  was i l l u s t r a t e d  

by D e f r a n c e  ( 1 8 2 5 )  and s u b s e q u e n t l y  a d o p t e d  by most  a u t h o r s ,  i n  t h e  

i n v a l i d l y  m o d i f i e d  f o r m  o f  N e r i n e a  t u b e r c u l o s a , as  t h e  t y p e - s p e c i e s  o f  

j J e j M n e a .  The L a t i n  b i n o m i a l  N. t u b e r c u l o s a  was f i r s t  used by Roemer  

( 1 8 3 9 )  t o  d e s c r i b e  a  s p e c i e s  f r o m  H a n o v e r  w h i c h  a c c o r d i n g  t o  Cossmann 

(1896,  p p .  2 6 - 2 7 )  w a s ,  by a r e m a r k a b l e  c o i n c i d e n c e ,  i d e n t i c a l  w i t h  t h e  

s p e c i e s  p r e v i o u s l y  d e s c r i b e d  by D e f r a n c e  (o£. c i t . )  as ' N g r i n S  t u b e r c u l e u s e

Cox ( 1 9 4 9 ,  p .  2 4 9 )  c l e a r l y  d e m o n s t r a t e d  t h a t  ' N e r i n e  t u b e r c u l e u s e '  I s  

an i n v a l i d  name,  b ec au se  F r enc h  v e r n a c u l a r  names c a n n o t  be  a c c e p t e d  as  

e q u i v a l e n t  t o  t h e  L a t i n  names u n d e r  t h e  I n t e r n a t i o n a l  R u le s  on Z o o l o g i c a l  

N o m e n c l a t u r e  and f u r t h e r m o r e  ( C o x ,  0£ .  ç i _ t . ,  p .  24 9 )  " . . .  t h e r e  i s  an 

e l e m e n t  o f  dou bt  i n  t h e  i d e n t i f i c a t i o n  o f  D e f e n c e ' s  ' N l r i n e  t u b e r c u l e u s e ' "  

The f a c t o r s  w h ic h  c o n s t i t u t e  t h a t  ' e l e m e n t  o f  d o u b t '  I n c l u d e ;

a )  t h e  f a c t  t h a t  t h e  i l l u s t r a t i o n  o f  - N e r i n l  t u b e r c u l e u s e '  by D e f r a n c e  

( 1 8 2 5 )  c l e a r l y  shows t h e  p r e s e n c e  o f  two c o l u m e l l a r  f o l d s ,  one p a r i e t a l  

f o l d  and one l a b r a l  f o l d  ( f o l d  d i a g n o s i s ;  2 . 1 . 1 . 0 ) :  w h e r e a s  Cossmann 

s t a t e s  ( 1 8 9 6 ,  p .  2 6 )  " s u r  t o u s  l e s  examp l a  i r e  de  N. t u b e r c u l o s a  on ne  

c o n s t a l e ,  en r é a l i t é ,  que l ' e x i s t a n c e  d ' u n  p l i  1 i a c o l u m e l l e  e t  d ' u n  

p l i  p a r i e t a l "  w h ic h  t o g e t h e r  w i t h  t h e  l a b r a l  f o l d  g i v e s  a f o l d  d i a g n o s i s  

o f  1 . 1 . 1 . 0 .  Cossmann d i s m i s s e d  t h i s  d i f f e r e n c e  by r e m a r k i n g  ( 1 8 9 6 ,  p .  26 )

" i l  e s t  p r o b a b l e  que D e f r a n c e ,  ab u sé  p a r  l ' é t a t  d é f e c t e u x  de  c o n s e r v a t i o n  

de  son é c h a n t e l I o n " .
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b)  t h e  f a c t  t h a t  t h e  t y p e - s p e c i m e n  o f  ' N ê r i n é  t u b e r c u l e u s e '  was 

pr esu me d l o s t  in  a f i r e  w h i c h  d e s t r o y e d  t h e  D e s longchamps c o l l e c t i o n  

a t  Caen i n  19****.

c )  t h e  f a c t  t h a t  t h e  p ro p o s e d  n e o t y p e  o f  _N. t u b e r c u l o s a ^which Cossmann 

( I 898, p p .  3 3 - 3 5 ,  p i «  I I I ,  f i g «  5 )  s e l e c t e d  f r o m  t h e  C o t t e a u  c o l l e c t i o n  

( U .  O x f o r d i a n  a t  Yonne)  was p r o b a b l y  m i s i d e n t i f i e d  and a c c o r d i n g  t o  

L e v a s s e u r  ( 1 9 3 ^ ,  p .  2 8 2 )  b e l o n g s  t o  Cossmannea d e s v o i d y i  ( d 1 O r b . ) .

The f i r s t  v a l i d  p u b l i c a t i o n  o f  t h e  g e n e r i c  name N e r i n e a  was by  

Deshayes  ( 1 8 2 7 )  who d e s c r i b e d  o n l y  one s p e c i e s ,  N e r i n e a  mosae, wi  t h  a 

s u b s e q u e n t  i l l u s t r a t i o n  in  1831. T h i s  s p e c i e s ,  as n o t e d  by Cox ( o £ .  c i t . ) ,  

i s  t h e r e f o r e  t h e  t y p e - s p e c i e s  o f  t h e  genus N e r i n e a . A l t h o u g h  t h e  

v a l i d i t y  o f  JN. mosae as t h e  f i r s t  d e s c r i b e d  N e r i n e i d  s p e c i e s  was a c c e p t e d  

by  P c h e l i n t s e v  ( 1 9 6 5 )  and W i e c z o r e k  ( 1 9 7 5 ) ,  n e i t h e r  a u t h o r  was p r e p a r e d  

t o  a c c e p t  t h e  c o n s e q u e n t  changes i n  N e r i n e i d  taxono m y .  P c h e l i n t s e v  ( 1 9 6 5 )  

c o n t i n u e d  t o  use t u b e r c u l o s a  D e f r a n e e  as t h e  t y p e - s p e c i e s  o f  N e r i n e a  

and W i e c z o r e k  ( 1 9 7 5 ,  p .  158)  s t a t e d  " . . .  t h e  s y s t e m a t i c s  p r o p o s e d  by 

P c h e l i n t s e v  ( 1 9 6 5 )  w o u l d  seem more s o u n d l y  g ro u n d e d  w h e r e a s  t h e  s u g g e s t i o n s  

o f  Cox . . . .  a r e  h a r d l y  a c c e p t a b l e " .

_N. mosae i s  a r a t h e r  l a r g e ,  c o n i c a l  g a s t r o p o d  w i t h  a b r o a d l y  rounded  

b a s e .  I t  I s  h e a v i l y  o r n a m e n te d  w i t h  s u t u r a l  n o d e s ,  t r a n s v e r s e  r i b s  and 

s p i r a l  l i r a e .  The a p e r t u r e  i s  r o u n d l y  q u a d r a t e  and a n a r r o w  u m b i l i c u s  i s  

p r e s e n t .  T h e r e  a r e  two c o l u m e l i a r  f o l d s ,  one p a r i e t a l  f o l d ,  one i a b r a l  

f o l d  and a  v e r y  s m a l l  b a s a l  f o l d  n e a r  t h e  b a s a l - l a b r a l  j u n c t i o n  ( f o l d  

d i a g n o s i s  2 : 1 ; 1 : 1 ) .  T h i s  i s  a r a t h e r  un u su a l  m o r p h o l o g y  and c o n s e q u e n t l y  

a u t h o r s  ha v e  e x p e r i e n c e d  c o n s i d e r a b l e  d i f f i c u l t y  i n  t h e  i n t e r p r e t a t i o n  o f  

t h is  s p e c i e s .
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N.  mosae was p l a c e d  in  t h e  genus I t e r i a  by Z i t t e l  ( 1 8 7 3 )  and de  

L o r l o l  ( 1 8 8 6 - 1 8 8 8 ,  1 8 8 9 - 1 8 9 2 ) ,  a p o s i t i o n  w h i c h  c a n n o t  be  a c c e p t e d  

b e c a u s e  o f  t h e  a b s en ce  o f  w h o r l  o v e r l a p  and t h e  more  complex  f o l d  

d e v e l o p m e n t  I n  N. .  mo sa e. Cossmann ( 1 898) a s s i g n e d  N.  mosae t o  t h e  

genus P t y q m a t i s  and s u b s e q u e n t  a u t h o r s  ( D i e t r i c h ,  19 2 5 ;  P c h e l l n t s e v ,  

1 9 3 1 ;  L e v a s s e u r ,  193** and K a r c z e w s k i ,  1960)  c o n c u r r e d ,  a l t h o u g h  some 

o f  them ( e . g .  K a r c z w e s k i ,  I 9 6 0 ,  p .  37 )  e x p r e s s e d  r e s e r v a t i o n s  a b o u t  

t h i s .  Cox (19**9)  a c c e p t e d  Cossmann's  ( 1 898)  i n t e r p r e t a t i o n  t h a t  N. mosae  

b e l o n g e d  t o  P t y g m a t i s  S h a r p e  1850 and c o n s e q u e n t l y  d e c l a r e d  t h a t  

P t y q m a t i s  S h a r p e  1850 and N e r l n e a  Deshayes 1827 w e r e  s u b j e c t i v e l y  

synonymous w i t h  N e r i n e a  t a k i n g  p r i o r i t y .

H o w e v e r ,  t h e  d o u b ts  o f  a u t h o r s  such as K a r c z w e s k i  (ogi.  c i t . )  w ou ld  

seem t o  be w e l l - f o u n d e d .  P c h e l i n t s e v  X 1965)  d e c i d e d  t h a t  t h e  d i f f e r e n c e s  

i n  b o t h  e x t e r n a l  s h e l l  m o r p h o l o g y  and i n t e r n a l  f o l d  d e v e l o p m e n t  be tw een  

i l *  £ £ s a e  and t y p i c a l  r e p r e s e n t a t i v e s  o f  P t y g m a t i s  ( e . g .  t h e  t y p e - s p e c i e s  

£ .  b r u n t r u t a n a  (Thur mann)  and £ .  meneghin? G e m m e l l a r o ,  U. O x f o r d i a n )  

w e r e  so  g r e a t  t h a t  J^. mosae c o u l d  n o t  s a t i s f a c t o r i l y  b e  p l a c e d  I n  t h e  

gen us  P t y g m a t i s . The h ea vy  rounded b a s e ,  s t r o n g  o r n a m e n t a t i o n  and  

g r e a t e r  a p i c a l  a n g l e  o f  _N. mosae t o g e t h e r  w i t h  t h e  more p rono unced  f o l d  

d e v e l o p m e n t  o f  P t y g m a t i s  s p p .  s u p p o r t  t h e  v i e w  ( a l b e i t  e r r o n e o u s )  o f  

P c h e l i n t s e v  ( o £ .  c i t . ) .  I n  h i s  f i n a l  r e v i s i o n  o f  t h e  N e r i n e a c e a ,  

P c h e l i n t s e v  ( o p . c i t . )  c r e a t e d  a  new genus F i b u l o p t y q m a t i s  f o r  N.  mosae 

( t h e  t y p e - s p e c i e s )  and a r e l a t e d  s p e c i e s  _N. c o s t u l a t a  E t a l l o n ,  t o  be  

i n c l u d e d  i n  t h e  f a m i l y  P t y g m a t i s i d a e  P c h e l i n t s e v ,  1 9 6 5 .  W i e c z o r e k  ( 1975) 

and  a l s o  t h e  p r e s e n t  a u t h o r  c o n s i d e r ? t h a t  F i b u l o p t y g m a t i s  shows much 

g r e a t e r  a f f i n i t y  w i t h  P h a n e r o p t y x f s  Cossmann,  1 8 9 6 ,  b e i n g  d i s t i n g u i s h e d  

f r o m  t h e  l a t t e r  genus by t h e  p r e s e n c e  o f  more  f o l d s  ( a t  l e a s t  one  

c o l u m e l l a r  f o l d  and i n  some cas es  o n e  b a s a l  f o l d  more  t h a n  in



P h a n e r o p t y x i s ) .  E x t e r n a l l y  t h e  m o r p h o l o g i e s  o f  t h e  tw o  g e n e r a  a r e  v e r y  

s i m i l a r  b u t  F i b u l o p t y g m a t i s  shows l e s s  w h o r l  o v e r l a p .

I t  f o l l o w s  t h a t  as _N. mosae i s  t h e  t y p e - s p e c i e s  o f  b o t h  

F i b u i o p t y g m a t i s  P c h e l i n t s e v  and N e r i n e a  D e s h a y e s ,  1827 then  

F i b u l o p t y g m a t i s  P s c h e l i n t s e v ,  1965 i s  an o b j e c t i v e  j u n i o r  synonym o f  

N e r i n e a . The known s p e c i e s  h e r e  a s s i g n e d  t o  N e r i  nea a r e ;  N. mosae 

De shayes and N.  c o s t u l a t a  E t a l l o n  ( b o t h  M. O x f o r d i a n  -  L .  K i m m e r i d g i a n )  

t o g e t h e r  w i t h  _N. d i o z o p t y g m a t i s  D e l p y ,  _N. s c h i o s e n s i s  P i r o n a ,  N.  

n o b i 1 is  M u n s t e r  and _N. r e q u i e n e i  d ‘ 0 r b .  ( a l l  Cenomanian -  T u r o n i a n ) .

The r e m a i n i n g  p r o b l e m  c o n c e r n s  t h o s e  N e r i n e i d  s p e c i e s  w h ic h  Cossmann 

( 1 8 9 6 ,  pp.  2 5 - 2 9 )  i n c l u d e d  i n  h i s  subgenus N e r i n e a  ( N e r i n e a ) s e n s u -  

s t r i c t o  f o u n d e d  w i t h  t h e  ■ ■ ■ ■ ■ ■ ■  t y p e - s p e c i e s  JN. t u b e r c u l o s a  D e f r a n e e .  

T h e  s u b -g e n u s  was l a t e r  r e g a r d e d  as a d i s t i n c t  genus N e r i n e a  by Cossmann 

( 1898) ,  D i e t r i c h  ( 1 9 2 5 )  and P c h e l i n t s e v  ( 1 9 6 5 )  -  s e e  p r e v i o u s l y .  The  

g e n e r i c  name N e r i n e a  i s  no l o n g e r  a v a i l a b l e  f o r  t h i s  g r o u p  w h ic h  a c c o r d ­

i n g  t o  Cossmann ( 1 8 9 6 )  c o n t a i n s  amongst  o t h e r  s p e c i e s ,  _N. d e s v o i d y ?  d ' ^ r b  

_N. b a t h o n i  ca R ig a u x  e t  S a u vag e ;  jjl. c a s t o r  d ' O r b . ;  _N. e s p a r y e n s i s  

P i e t t e  and N.- e u d e s i  M o r r i s  and L y c e t t .  Cossmann ( 1 8 9 8 ,  p .  2 5 )  i n  h i s  

d i a g n o s i s  o f  t h i s  g r o u p  n o t e d  t h a t  " I I  n ' y  a j a m a i s  p l u s  de  t r o i s  p l l " .  

H o w e v e r ,  P c h e l i n t s e v  ( 1 9 2 7 )  n o t e d  t h a t  tw o  d i s t i n c t  m o r p h o l o g i c a l  g ro u p s  

o f  s p e c i e s  w e r e  u n i t e d  i n  N e r i n e a  by Cossmann ( o £ .  c i t . ) . One g r o u p  o f  

• N e r i n e a s *  ( sen su  Cossmann) p o s sesse d  t h r e e  f o l d s  ( 1 . 1 . 1 . 0 )  w h e r e a s  t h e  

o t h e r  g r o u p  p os sesse d  two  f o l d s  (o n e  c o l u m e l l a r  and one  l a b r a l :  1 . 0 . 1 . 0 ) .  

P c h e l i n t s e v  ( o p .  ci  t . )  named t h e  l a t t e r  g r o u p  Cossmannea ( t y p e - s p e c i e s  

N.  d e s v o i d y i  d ' O r b . ) .  The d i a g n o s i s  o f  Cossmannea g i v e n  by P c h e l i n t s e v  

( 1965, p .  29)  i s  as f o l l o w s : -  ,
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" L a r g e ,  t u r r e t e d  s h e l l s ,  o f t e n  s e m i c y l i n d r i c a l  i n  t h e  t e r m i n a l  p a r t ,  

c o n s i s t i n g  o f  c o n c a v e ,  smooth o r  s l i g h t l y  s c u l p t u r e d  w h o r l s .  U m b i l i c u s  

a b s e n t  o r  n a r r o w ,  c l o s e d .  A p e r t u r e  h i g h ,  r h o m b i c ,  w i t h  two f o l d s ,  one  

on t h e  c o l u m e l l a  and t h e  o t h e r  on t h e  o u t e r  l i p " .

The r e m a i n i n g  ' N e r i n e a s '  ( sen su  Cossmann) w e r e  g i v e n  t h e  s u b g e n e r i c  

name E u n e r i n e a  ( w i t h  t y p e - s p e c i e s  _N. c a s t o r  d ' O r b . )  by Cox ( 1 9 4 9 ,  p .  2 5 0 )  

w i t h  t h e  f o l l o w i n g  d i a g n o s i s : -

" S h e l l  o f  medium a c u t e n e s s ,  w i t h  s t r o n g l y  c o n c a v e  w h o r l s  and a con ­

v e x ,  p r o j e c t i n g  s u t u r a l  r e g i o n .  A p e r t u r e  r h o m b o i d a l ,  n o t  g r e a t l y  e x t e n d e d  

a n t e r i o r i t y ,  w h e r e  i t  ends i n  a s h o r t  c a n a l ;  w i t h  t h r e e  i n t e r n a l  f o l d s  -  

o n e  on t h e  l a b r u m ,  one on t h e  c o l u m e l l a  and one on t h e  p a r i e t a l  w a l l " .

Becaus e P c h e l i n t s e v  ( 1 9 6 5 )  d i d  n o t  c o n s i d e r  N. t u b e r c u l o s a  D e f r a n c e  

an i n v a l i d  name,  be c o n t i n u e d  t o  use N e r i n e a  i n  t h e  s e n s e  o f  Cossmann 

( 1 8 9 6  and 18 9 8 )  and t h e r e f o r e  r e g a r d e d  E u n e r i n e a  Cox,  1949 as a j u n i o r  

aitfmmtmm synonym o f  Ner  ? n e a .

In  h i s  T r e a t i s e  m a n u s c r i p t  ( c a .  1 9 6 0 - 1 9 6 5 )  Cox s u g g e s t e d  t h a t  

E u n e r i n e a  was " p r o b a b l y  n o t  w o r t h  s e p a r a t i n g  as a d i s t i n c t  s u b g e n u s "  and  

t h a t  Cossmannea P c h e l i n t s e v  1931 s h o u l d  be  used f o r  a l l  s p e c i e s  o f  t h e  

genus Ner in ea  (s ensu  Cossmann) .

The p r e s e n t  a u t h o r  does n o t  a g r e e  t h a t  Cossmannea and E u n e r i n e a  

s h o u l d  be com bined .  No t  o n l y  a r e  t h e  f o l d  d e v e l o p m e n t s  c o m p l e t e l y  

d i f f e r e n t ,  t h e  w h o r l s  i n  Cossmannea s p p .  a r e  a l w a y s  much h i g h e r  r e l a t i v e  

t o  t h e  w h o r l  w i d t h  th an  in  E u n e r i n e a  s p p .  and c o n s t i t u t e  a v e r y  d i s ­

t i n c t i v e  and d i a g n o s t i c  f e a t u r e  ( s e e  F i g .  3 . 6 ) .  C o n s e q u e n t l y ,  t h e  p r e s e n t  

a u t h o r  c o n s i d e r s  t h a t  Cossmannea and E u n e r i n e a  a r e  m o r p h o l o g i c a l l y
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d i s t i n c t ,  e a s i l y  s e p a r a b l e  ahd s h o u l d  be r e g a r d e d  as s e p a r a t e  v a l I d  

g e n e r a .

The f o l l o w i n g  s p e c i e s  o f  Cossmannea a r e  known t o  t h e  p r e s e n t  

a u t h o r :  C .  d e s v o i d y i  ( d ' O r b . )  -  t h e  t y p e - s p e c i e s ,  C. b a t h o n i c a  

( R i g a u x  e t  S a u v a g e ) , C. im p re s s a  ( Q u e n s t e d t ) ,  C. n a u t u a c e n s i s  ( d ' O r b . ) ,

C. i m l a y i  S o h l ,  _C. k a n a b e n s l s  S o h l ,  C. t u r b a t r i x  ( d e  L o r i o l ) ,  C. 

s u b d e s v o i d y i  P c h e l i n t s e v  and C. k o k k o z e n s i s  P c h e l i n t s e v .

Rabbi  ( I 9 6 0 ,  pp.  1 8 5 - 1 9 4 )  d e s c r i b e d  a  subgenus o f  N e r i n e a  ( s e n s u  

C o ss m a n n ) w i t h  two f o l d s  and h i g h  w h o r l s ;  c a l l e d  G o r t a n f a .  w i t h  t h e  

t y p e - s p e c i e s  N e r i n e a  b a t h o n i c a  R ig a u x  e t  S a u v a g e .  He was e v i d e n t l y  

u n a w a r e  o f  t h e  w ork  o f  P c h e l i n t s e v  ( o £ .  c i t . )  and G o r t a n i a  R a b b i ,  I 9 6 0  

must  be  r e g a r d e d  as a j u n i o r  S u b j e c t i  ve synonym o f  Cossmannea P c h e l  i n t s e v ,  

1 9 3 1 .

S p e c i e s  o f  E u n e r i  nea a r e  much more  numerous t h a n  s p e c i e s  o f  

Cdssman ne a. The t y p e - s p e c i e s  o f  E u n e r i n e a  i s  N. c a s t o r  d ' O r b .  and 

B a t h o n i a n  r e p r e s e n t a t i v e s  i n c l u d e  Eu.  e u d e s i  ( M o r r i s  and L y c e t t ) ,  Eu.  

e s p a r c y e n s i s  (Cossmann e x .  P i e t t e ) ,  _Eu. m u l t i s t r i a t a  (Cossmann e x .  

P i e t t e )  and  Eu.  a r d u e n n e n s i s  ( B u v i g n i e r ) .
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3 3  Genus N e r t n e l l a  S h a r p e ,  18 5 0 ;  S u bsequ ent  D e s c r i p t i o n  Cossmann,  18 9 6 .

Cox ( T r e a t i s e  m a n u s c r i p t ,  c a .  1 9 6 0 - 6 5 )  rem ar ke d t h a t  i t  i s  n o t  a l w a y s  

e a s y  t o  d e c i d e  w h e r e  t o  draw t h e  l i m i t  be tw een  N e r i n e l l a  and Cossmannea  

( i n c .  E u n e r i n e a ) . The e s s e n t i a l  d i f f e r e n c e s  w e r e  o u t l i n e d  by Cossmann 

( 1 8 9 6 ,  p .  37 )  who s t a t e d ,  "L es  N e r i n e l 1 a se  d i s t i n q u e n t  des N e r i  nea  

p r i n c i p a l e m e n t  p a r  l e u r  a s p e c t  b a c u l i f o r m e  ou a c i c u l é ,  p a r  l e u r s  t o u r s  

p l u s  nombreux e t  s u r t o u t  p l u s  é l è v e s ,  On t h i s  b a s i s ,  t h e  two

s p e c i e s  o f  N e r i n e l l a  r e c o g n i s e d  by t h e  p r e s e n t  a u t h o r  in  t h e  W h i t e  

L i m e s t o n e  can e a s i l y  be d i s t i n g u i s h e d  f r o m  c o e v a l  Cossmannea and E u n e r i n e a  

s p e c i e s  by means o f  t h e i r  s m a l l  a p i c a l  a n g l e  and r e l a t i v e l y  h i g h  w h o r l s  

( s e e  F i g .  3 . 9 ) *  F u r t h e r m o r e ,  a l t h o u g h  t h e  e a r l y  w h o r l s  o f  N e r i n e l l a  s p p .  

may be  n o t i c e a b l y  con ca ve ,  t h e  l a t e r  w h o r l s  a r e  a l w a y s  f l a t t e r  t h a n  in  

rn ^ s m a n n e a / E u n e r i n e a  s p p .  w h e r e  t h e  w h o r l s  r e m a in  m a r k e d l y  c o n c a v e  

t h r o u g h o u t  t h e i r  o n t o g e n y .  In  a d d i t i o n  t o  t h e  p o i n t s  m e n t i o n e d  a b o v e ,  

Cossmann ( 1 8 9 8 ,  p .  88) c o n s i d e r e d  t h a t  N e r i n e l l a  was " . . .  s u r t o u t  s ' e n  

d i s t i n q u e  p a r  l a  p o s i t i o n  de l a  s u t u r e  s u r  une a r ê t e  s a i l l a n t e  c h e z  

N e r i n e l l a ,  au l i e u  q u ' e l l e  e s t  r a i n u r é e  sous un b o u r r e l e t  ou e n t r e  des 

b o u r r e l e t s  c h e z  N e r i n e a "  and " . . .  au l i e u  de t u b e r c l e s  s u t u r a u x  e t  de 

f i l e t s  s p i r a u x ,  l ' o r n a m e n t a t i o n  de N e r i n e l l a  co m p o r te  d e  cor do ns  

g r a n u l e u x  q u i  do n n en t  â  l a  c o q u i l l e  un a s p e c t  t o u t  d i f f e r e n t  de  c e l u i  

de N e r î n e a " .  N . B .  N e r î n e a  ( s e n s u  Cossmann) c o m p r i s e s  Cossmannea and 

Eu n e r i n e a  as used by t h e  p r e s e n t  a u t h o r .

The l a t t e r  two p o i n t s  o f  d i f f e r e n c e ,  namely  t h e  s u t u r e  and o r n a - ~  

m e n t a t i o n  w e r e  a l s o  c o n s i d e r e d  by G e i g e r  ( 1 9 0 1 ,  p .  3 0 6 )  who s t a t e d ,  " V o r  

d î e s e n  5 U n te r s c h i e d u n g s m e r k m a l e n  s i n d  n u r  2 ( t h e  s u t u r e )  and 5 ( t h e  

o r n a m e n t )  von g r o s s e r e r  B e d e u t u n g . "  H o w e v e r ,  s u b s e q u e n t l y  G e i g e r  a d m i t t e d
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t h a t  ( o £ .  c i t . ,  p .  3 0 7 ) ,  " D i e  Z a h l  d e r j e n i g e n  N e r i n e l l e n  , d i e  in 

H i n s i c h t  d e r  S u t u r l a g e  g a n z  a n d e r e r  V e r h ä l t n i s s e  a u f w e i s t ,  ab s i e  

Cossmann a l s  e i n  f ü r  d i e  N e r i n e l l e n  w e s e n t l i c h e s  Merkmal  a u f s t e l l t ,  

ü b e r s t e i g t  d i e  m i t  t y p i s c h e r  N a c h t l a g e " . , and t h a t ,  "Auch d i e  V e r z i e r u n g  

des  N a h t r a n d e s  i s  b e i  N e r i n e a  se n su  s t r i c t o  n i c h t  w e s e n t l i c h  von d e r  

b e i  N e r i n e l 1 a v e r s c h i e d e n " .

The  p r e s e n t  a u t h o r  has a l s o  e x p e r i e n c e d  c o n s i d e r a b l e  d i f f i c u l t y  in  

t h e  use  o f  s h e l l  o rnam en t  and s u t u r a l  d e v e lo p m e n t  i n  t h e  d i s c r i m i n a t i o n  

o f  N e r i n e i d s .  The d e v e lo p m e n t  o f  t h e  s u t u r a l  c a r i n a e  i s  e x t r e m e l y  

v a r i a b l e  in  a l m o s t  a l l  N e r i n e i d  s p e c i e s  ( s e e ,  f o r  e x a m p l e ,  A.  e x c a v a t a  

s p .  n o v ,  p l a t e  2 . J )  and c a n n o t  be  r e l i a b l y  used a t  t h e  g e n e r f c  l e v e l .

I n  N e r i n e l l a  ̂ Cossmannea and E u n e r i n e a  t h e  o r n a m e n t  i s  n e v e r  p ro n o u n c e d  

and w h e t h e r  a s p i r a l  l i r a  i s  be a ded  o r  n o t  depends upon t h e  r e l a t i v e  

s t r e n g t h  o f  t h e  g ro w th  l i n e s  as does t h e  d e v e l o p m e n t  o f  t u b e r c l e s  on  

t h e  s u t u r a l  c a r i n a e .  F u r t h e r m o r e ,  i t  i s  u s u a l l y  i m p o s s i b l e  t o  o b t a i n  

en ough spe c im en s  w i t h  t h e  o r n a m e n t a t i o n  w e l l  p r e s e r v e d  f o r  d e t a i l e d  

a n a l y s i s .

H o w e v e r ,  w i t h i n  t h e  W h i t e  L i m e s t o n e ,  t h e  p r e s e n t  a u t h o r  has fo und  

t h a t  t h e  use  o f  t h e  a p i c a l  a n g l e  and w h o r l  w i d t h / h e i g h t  r a t i o s  s a t i s ­

f a c t o r i l y  d i s t i n g u i s h e s  N e r h i e n a  f r o m  o t h e r  N e r i n e i d  g e n e r a  and b e l i e v e s  

t h a t  t h e s e  p a r a m e t e r s  s h o u l d  be used as t h e  p r i m a r y  t a x o b a s e s  t o  d i s ­

t i n g u i s h  t h i s  g e n u s .

I N e rine lla  c f .  pseudocyl indrtca (d^rb iqny  18 5 1 )  P la te  2 . L .

Synonymy

N e r i n e a  c v l i n d r l c a , D eslo ngch am p s,  1 8 4 2 ,  p .  1 87, p i .  V I I I ,  f i g .  33 

(non  V o l t z ) .
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N e r i n e a  p s e u d o c y l i n d r i c a , d ' O r b i q n y ,  1 8 4 9 .  p .  2 9 8 ,  n o .  3 9 .

N e r i n e a  p s e u d o c y 1 i n d r i c a , d ' O r b i g n y ,  1 8 5 1 ,  p .  86 , p i .  C C L I I ,  f i g s .  11- 13. 

N e r f n e a  c l a v i s , Terquem e t  J o u r d y ,  1871 , p .  4 8  ( non D e s lo ngcha m p s) .  

N e r i n e a  p s e u d o c y l  i n d r l c a , Cossmann,  1 8 8 5 ,  p.  2 0 4 ,  n o .  2 6 4 .

N e r i n e l l a  p s e u d o c y 1i n d r i c a , Cossmann, ] 8 9 8 , p .  $8,  p i .  V i  11 ,  f i g .  14 .  

N e r i n e l l a  p s e u d o c y 11n d r i c a ,  D i e t r i c h ,  1 9 2 5 ,  p .  3 4 .

D i s c u s s  ion

O f  th e  n i n e  s p e c i e s  o f  N e r i n e l l a  l i s t e d  by  Cox and A r k e l 1 ( 1 9 4 8 - 5 0 ,  

pp.  7 8 - 7 9 )  i n  t h e i r  r e v i s i o n  o f  t h e  B r i t i s h  G r e a t  O o l i t e  M o l l u s c a ,  tw o  

a r e  c o n s i d e r e d  by t h o s e  a u t h o r s  as b e i n g  1n d e t e r m l n a t e  and two (N.  

q r a n u l a t a  and N̂ . s t r i c k l a n d i ) a r e  ba sed on v e r y  few  spe cim en s w i t h  t h e  

h o l o t y p e s  h a v i n g  been l o s t .  T h r e e  o f  t h e  r e m a i n i n g  s p e c i e s  ( N .  s c a l a r l s ,  

NL d u f r e n o y  1 and _N. c a l c a r e a ) a r e  fou nd  o n l y  a t  o r  v e r y  c l o s e  t o  

Minchlnhampton, w h i l s t  jN. s t r i a t a  i s  f o u n d  i n  t h e  Se venhamp ton  

R h y n c h o n e l l a  Bed and J^. d i m i d a t a  foun d i n  t h e  Lower  C o r n b r a s h .  Where  

p o s s i b l e ,  specimens o f  a l 1 t h e s e  s p e c i e s  f r o m  t h e  B r i t i s h  Museum ( N a t u r a l  

H i s t o r y ) ,  I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  Museum and t h e  O x f o r d  

U n i v e r s i t y  Museum hav e  been  compared w i t h  t h e  two s p e c i e s  o f  N e r i n e l l a  

f o u n d  by  t h e  p r e s e n t  author in t h e  W h i t e  L i m e s t o n e  b u t  n e i t h e r  spe cim en s  

n o r  p u b l i s h e d  f i g u r e s  and d e s c r i p t i o n s  a g r e e  w i t h  t h e  m o r p h o l o g i e s  o f  

t h e  W h i t e  L i m e s t o n e  s p e c i e s  w h ic h  h a v e  e v i d e n t l y  n o t  p r e v i o u s l y  be en  

d e s c r i b e d  f r o m  B r i t i s h  B a t h o n i a n  s t r a t a .

The N e r i n e i l a  s p .  f r o m  E ton  C o l l e g e  ( F i g .  1.11, bed 14)  and Bunkers  

H i l l  ( F i g -  1 . 1 5 ,  bed 1 l )  has a v e r y  d i s t i n c t i v e  m o r p h o l o g y .  Sp ec im ens  

are  p a r t i c u l a r l y  a c u t e ,  w i t h  a  v e r y  s m a l l  a p i c a l  a n g l e  ( s e e  C h a p t e r  3) 

and a p p e a r  a l m o s t  c y l i n d r i c a l .  The a d a p e r t u r a l  s u t u r a l  c a r i n a  i s  p r o ­

nounced whi  1s t  t h e  a d a p i c a l  s u t u r a l  c a r i n a  ( i . e .  t h e  s e l e n i z o n e )  i s
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r a t h e r  r o u n d e r ;  t h e  r e s u l t  b e i n g  a  c o n c a v o - c o n v e x  w h o r l  sh ape w i t h  

t h e  a d a p l c a l  h a l f  o f  t h e  w h o r l  conve x and t h e  a d a p e r t u r a l  h a l f  b e i n g  

c o n c a v e  -  t h e  maximum c o n c a v i t y  j u s t  a b o v e  t h e  a d a p e r t u r a l  c a r i n a  

( s e e  p i .  2 . L ) .  The base o f  t h e  s h e l l  I s  n o t i c e a b l y  c o n c a v e .  Growth  

l i n e s  a r e  f r e q u e n t l y  v i s i b l e  b u t  s p i r a l  o r n a m e n t  is  v i r t u a l l y  a b s e n t .

An e x t e n s i v e  s e a r c h  o f  r e l e v a n t  l i t e r a t u r e  r e v e a l e d  o n l y  one  

p r e v i o u s l y  d e s c r i b e d  N e r j n e l l a  s p e c i e s  w i t h  t h i s  d i s t i n c t i v e  w h o r l  

s h a p e  -  t h e  F r enc h  Upper  B a t h o n i a n  N e r i n e l j a  p s e u d o c v l i n d r i r »  ( d ' O r b . ) .  

T h i s  s p e c i e s  was d e s c r i b e d  by Cossmann ( 1 8 9 8 .  p p .  9 8 - 9 9 )  who r e m a r k e d  

■ ' s u r f a c e  l i s s e ,  un peu e x c a v é e  v e r s  le s  d e u x  t i e r s  de  l a  h a u t e u x  du c ô t é  

a n t é r i e u r ,  avec un r e n f l e m e n t  peu s a i l l a n t  e t  émoussé sous l a  s u t u r e ,  

e t  une  p a r t i e  l é g è r e m e n t  c o n v e x e  du c ô t é  p o s t é r i e u r .  D e r n i e r  t o u r  é l e v é ,  

c a r é n é  a l a  p é r i p h é r i e  de l a  bas e  q u i  e s t  ê v i d é e " .  A l s o  t h e  f i g u r e s  o f  

d ' O r b i g n y  ( 1 8 5 ? ,  p i .  CCLII,  f i g s .  1 1 - 1 3 )  a g r e e  v e r y  w e l l  w i t h  t h e  

s p e c im e n s  c o l l e c t e d  by t h e  p r e s e n t  a u t h o r .

U n t i l  i t  i s  p o s s i b l e  t o  e x a m i n e  t h e  c o l l e c t i o n s  o f  d ' O r b i g n y  and  

Cossmann i n  t h e  Muséum N a t i o n a l  d ' H i s t o î r e  N a t u r e l l e  and L a b o r a t o l r e  de  

G é o l o g i e  de  l a  S o rb onne  I n  P a r i s  and a l s o  c o l l e c t  some F r e n c h  spe cim en s  

f o r  s e c t i o n i n g ,  t h i s  W h i t e  L i m e s t o n e  s p e c i e s  I s  p r o v i s i o n a l l y  I d e n t i f i e d  

as  N e r i n e l l a - c f . p s e u d o c y 1i n d r i c a .

P i  s t  r i  b u t  ion

E n g l i s h  N e r i n e H a  c f .  pA eudocy 1 Î n d r i c a  a r e  fo u n d  I n  t h e  l o w e r  p a r t  

o f  t h e  A r d l e y  Beds ( b a s a l  R e t r o c o s t a t u m  z o n e ,  U p p e r  B a t h o n i a n ,  W h i t e  

L i m e s t o n e )  a t  E ton  C o l l e g e  and Bu nkers  H i l l  ( s e e  p r e v i o u s l y ) .  | t  i s  

v e r y  a b u n d a n t  a t  t h e s e  two l o c a l i t i e s .  F r e n c h  l o c a l i t i e s  a c c o r d i n g  t o
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Cossmann ( 1 8 9 8 ,  p .  9 9 )  I n c l u d e  L u c ,  L a n g r u n e .  B u i » , « ,  and M e u r t h e  e t  

M o s e l l e  ( a l l  Upper  B a t h o n i a n ) .

2  N e r i n e l l a  c f .  a c i c u l a  ( d ' A r c h i a c  18 4 3 )  P l a t e  2 . M .

Synonymy s e e  F i s c h e r ,  1 9 6 9 ,  p ,  172.

D i s c u s s  ion

T h i s  common Fr en c h  s p e c i e s  i s  e v i d e n t l y  r a t h e r  v a r i a b l e  i n  m o r p h o l o g y  

f o r  as n o t e d  by Cossmann ( 1898, p .  104} " . . . ,  ¡1 n ' y  a aucun m o t i f  p o u r  

s é p a r e r  N.  t _ u m e n t is u tu r a  de l ' e s p è c e  d e  d ' A r c h i a c ,  q u i  e s t  d ' a i l l e u r s  

v a r i a b l e . . . " .  A I  though N e H j T e l J a  J J I n e l f e r a  P î e t t e  was r e g a r d e d  by  

Cossmann ( o £ .  cjjt.) as a s e p a r a t e  s p e c i e s ,  he  added ( o £ .  c j _ t . , p .  105) ,  

" . . .  q u e  N. a c i c u l a  e s t  une e s p è c e  t r è s  v a r i a b l e ,  i l  e s t  p r o b a b l e  que  

H -  H ü S i Î Ê i a n ' e n  e s t  q u ' u n e  v a r i é t é ; . . . " .  T h i s  was l a t e r  c o n f i r m e d  by  

F i s c h e r  ( 1969, p .  17 2 )  who w r o t e ,  " . . .  i l  ne p e u t  ê t r e  d é c e l é  au c une  

d i f f é r e n c e  s p é c i f i q u e  c o n s t a n t  e n t r e  N. i i n e i f e r a  e t  N .  a c i c u l a  . . . "  

and " o n  r e c o n n a î t  l ' e s p è c e  (N.  a c c u l a )  § son a n g l e  a p i c a l  t r è s  a i g u  e t  

à son  o r n a m e n t a t i o n  composée de 4 ou 5 f i l e t s  s p i r a u x  e n t i è r e m e n t  l i s s e s  

s u r  ch a que  t o u r  a i n s i  que  s u r  l a  b a s e " .

The v e r y  ab u n d a n t  N e r i n e l l a  s p .  f r o m  t h e  b a s a l  h o r i z o n  o f  t h e  A r d l e y  

Beds ( W h i t e  L i m e s t o n e )  a t  S I  ap e  H i l l  ( F i g .  J . 5 ,  bed  5 )  and A r d l e y  F i e l d s  

( F i g .  1 . 1 8 ,  bed 3 2 a )  c o r r e s p o n d s  r e m a r k a b l y  w e l l  w i t h  t h e  p u b l i s h e d  

f i g u r e s  and d e s c r i p t i o n s  o f  N.  a c i c u l a  ( s e e  p a r t i c u l a r l y  Cossmann,  I 898 , 

p i .  V I I I ,  f i g s .  2 2 - 2 5 ;  3 2 - 3 4 ) .  The d e t a i l e d  o r n a m e n t a t I o n  o f  four or

f i v e  s p i r a l  s t r i a e  on t h e  w h o r l  s i d e s  w i t h  s t r i a t i o n s  a l s o  p r e s e n t  on 

t h e  b a s e  o f  t h e  s h e l l  s u p p o r t  t h e  I d e n t i f i c a t i o n .  T h e r e f o r e ,  t h e  s p e c i e s  

i s  p r o v i s i o n a l l y  named N e r i n e l l a  c f .  a c i c u l a  u n t i l  such t i m e  as t h e

i d e n t i f i c a t i o n  can be s u b s t a n t i a t e d .
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D i s t r i b u t i o n

.N. ej - i y J  f a  c f .  ac t  eu l a  t s  f o u n d  I n  t h e  b a s a l  R e t r o c o s t a t u m  z one  

( L o w e r  A r d l e y  Beds)  o f  t h e  W h i t e  L i m e s t o n e  a t  S t a p e  H i l l  ( f | g . , . 5 , bed  

5 )  and A r d l e y  F i e l d s  ( f i g .  I . 1 8 .  bed 3 2 a ,  t h e  R o a c h - s t o n e  o f  A r k e l l  

e t . a l . , 1 9 3 3 ) .

F r e n c h  l o c a l i t i e s  a r e  g i v e n  by Cossmann ( 1 8 9 8 ,  p .  105 )  and F i s c h e r  

( 1 9 6 9 ,  p .  1 7 2 ) .  A c c o r d i n g  t o  F i s c h e r  ( o £ .  c i _ t . ) ,  N.  a c i c u l a  I s  f o und  

i n  t h e  C a l c a i r e  p s e u d o - o o l i t h i q u e s  s u p é r i e u r  (M.  B a t h o n i a n )  and t h e  

C a l c a i r e  m a r n o - c r a y e u x  i n f é r i e u r s  ( t r a n s i t i o n  z one  be tw een  t h e  M. and  

U.  B a t h o n i a n ) .  He f u r t h e r  s t a t e s  ( o £ .  c i t . , p .  18)  t h a t  t h e  C a l c a i r e  

p s e u d o - o o l l t h i q u e  ( i n f é r i e u r  e t  s u p é r i e u r )  " r e p r é s e n t e n t  l e s  S t o n e s f i e l d  

S l a t e s  e t  l a  G r e a t  O o l i t e  d ' A n g l e t e r r e  ( z o n e s  à  P r o g r a c i l i s  e t  à  

S u b c o n t r a c t s ) " .  P re s u m a b l y  t h e  s t r a t i g r a p h i c a l  l y  h i g h e r  C a l c a i r e  

m a r n e u x - c r a y e u x  i n f é r i e u r  c o u l d  ran g e  i n t o  t h e  s u c c e e d i n g  M o r r i s !  and  

R e t r o c o s t a t u m  zones b u t  no f u r t h e r  d e t a i l s  a r e  g i v e n .  S i n c e  t h e  d e t a i l e d  

z o n a l  s t r a t i g r a p h y  o f  t h e  F r e n c h  W h i t e  L i m e s t o n e  i s  a t  p r e s e n t  so p o o r l y  

k n o w n ,  o n e  c a n  o n l y  c o n c l u d e  t h a t  t h e  o c c u r r e n c e  o f  N. a c i c u l a  i n  F r e n c h  

s t r a t a  r a n g e  f r o m  t h e  S u b c o n t r a c t s  z one  p o s s i b l y  i n t o  t h e  R e t r o c o s t a t u m  

z o n e  and t h e r e f o r e  may be  i n  p a r t  e q u i v a l e n t  i n  a g e  t o  t h e  B r i t i s h  

o c c u r r e n c e s  o f  c f .  a c i c u i a  ( s e e  a b o v e ) .



Neri n e l l a  c f .  p s e u d o c y l in d r i c a  (d 'O rb . )

Specimen EC 53 

External morphology

S p e c i m e n  EC 9 

M e d i a n  a x i a l  s e c t i o n

Specimen c o a t e d  w i t h  MgO. A c e t a t e  p e e l .

E t o n  C o l l e g e  Q u a r r y ,  Bed l A .  

Both  s p e c i m e n s  M . J . B .  c o l l n .

P l a t e  2 . L.





N e r i n e l l a  c f .  a c i c u l a

S p e c i m e n  S I . H . O x .  5 / 2 9 a  

E x t e r n a l  m o r p h o l o g y

S p e c i m e n  c o a t e d  w i t h  MgO.

S p e c i m e n  S I . H . O x .  5 / 1 5  

M e d i a n  a x i a l  s e c t i o n

A c e t a t e  p e e l .

S l a p e  H i l l  Q u a r r y ,  Bed 5-  

B o th  s p e c i m e n s  M . J . B .  c o l l n .

P l a t e  2 . M .



L . v*



“  2 : 5 3  -

1 E u n e r i n e a  . e u d e s i l  ( M o r r i s  and L y c e t t )  P l a t e s  2 . N  and 2 . 0 ,

(■ s u b j e c t i v e  synonym Bu. a s h f o r d e n s i s  A r k e l l ) .

Synonymy se e  Cox and A r k e l l  ( . 1 9 4 8 - 5 0 ,  p .  76) .

l y p e - m a t e r i a l  The a v a i l a b l e  t y p e - s e r i e s  f o r  Eu.  e u d e s i i_  cons i s t s  o f  

t h r e e  spe c im en s  housed i n  t h e  I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  Museum 

( G . S . M .  8 2 8 8 ,  G .S .M .  4 9 4 2 8  and G . S . M .  4 9 4 2 9 ) .  O f  t h e s e ,  o n l y  o n e ,

G . S . M .  8 2 8 8 ,  was f i g u r e d  by M o r r i s  and L y c e t t  ( 1 8 5 1 ,  p l a t e  7 ,  f i g .  6 6 a )

in  t h e i r  o r i g i n a l  d e s c r i p t i o n  o f  t h i s  s p e c i e s  b u t  no t y p e s  w e r e  c i t e d .  

S u b s e q u e n t l y  A r k e l l  0 9 3 1 )  f i g u r e d  a l l  t h r e e  spe cim en s ( G . S . M .  8 2 8 8  i n  

p l a t e  L ,  f i g .  5 :  G .S .M .  4 9 42 8  i n  p l a t e  L ,  f i g .  1 and G . S . M .  49429 i n  

p l a t e  L ,  f i g .  6 )  and d e s i g n a t e d  G .S .M .  82 8 8  ( t h e  f i g u r e d  s p e c im e n  o f  

M o r r i s  and L y c e t t )  t h e  h o l o t y p e  w i t h  t h e  r e m a i n i n g  two  spe c im en s  p a r a t y p e s  

I t  i s  e v i d e n t  f r o m  A r t i c l e s  73 and 74 o f  t h e  I n t e r n a t i o n a l  Code o f  

Z o o l o g i c a l  N o m e n c l a t u r e ,  t h a t  a  h o l o t y p e  can o n l y  be  d e s i g n a t e d  by t h e  

o r i g i n a l  a u t h o r .  C o n s e q u e n t l y  spe c im en  G .S .M .  8 2 8 8  must  be  r e g a r d e d  as 

t h e  l e c t o t y p e  o f  E u n e r i n e a  e u d e s H  ( M o r r i s  and L y c e t t )  d e s i g n a t e d  in  

e r r o r  as a  h o l o t y p e  by  A r k e l l  C1 9 3 1 ) .

ies

Pi  scuss i o n

The  d i s t r i b u t i o n  o f  Eu. e u d e s l i  o u t s i d e  t h e  H I n c M n h a m p t o n  ^  

was f i r s t  d i s c u s s e d  by A r t e . ,  p p . 6 , 5 - 6 , 7 > .  ^  d p u b t s

b y  M o r r i s  and L y c e t ,  1 . 8 5 1 ,  p.Jt) a b o u t  t h e  I n t e r n a ,  c o n f i g u r a t i o n  o f  

N .  e u d e s i l  w e r e  r e s o i v e d  by A r k e l l  (3 , .  c l t . )  by  t h e  s e c t l o n I n g  p f  p

paratype from the Lycett collection (Institute of Geological Sciences

Museum,  G .S .M .  4 9 4 2 9 ,  s e e  A r k e l l  o p .  c i t  n l a t *  i *• c”-£•  £ L L - » P l a t e  L ,  f i g .  6 and p l a t e  2 . N .

A l t h o u g h  A r t e l l  ( a s .  t i t . ,  p .  6 1 6 )  s t a t e s  t h a t  t h e  • ' t r i p l i c a t e  s e c t l ,i on
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( o f  t h e  L y c e t t  p a r a t y p e  G .S .M .  4 9 4 2 9 )  has been c l e a r l y  r e v e a l e d  

i d e n t i c a l  w i t h  t h a t  o f  t h e  spe c im en s  f r o m  t h e  O x f o r d  d i s t r i c t " ,  t h e  

o n l y  c r o s s - s e c t i o n  o f  t h i s  s p e c i e s  he f i g u r e d  ( o t h e r  t h a n  t h e  p a r a t y p e )  

i s  t h a t  o f  a spe c im en  f r o m  t h e  N_. e u d e s i  ? bed i n  t h e  A s h f o r d  M i l l  r a i l ­

way c u t t i n g  shown i n  p l a t e  L ,  f i g .  4 .  T h i s  specimen (Oxford U n i v e r s i t y  

Museum Number J 83 5 )  t o g e t h e r  w i t h  a n o t h e r  s e c t i o n e d  g a s t r o p o d  (J 13 077)  

f r o m  t h e  same h o r i z o n  and l o c a l i t y  b u t  n o t  p r e v i o u s l y  p u b l i s h e d  a r e  

shown i n  p l a t e  2 . 0 .  T h e r e  can be no d o u b t  t h a t  t h e  A s h f o r d  M i l l  sp ecim en s  

c o l l e c t e d  by A r k e l l  ( c £ .  c l t . ) a r e  t h e  same s p e c i e s  as t h e  spe cim en s  

r e c o r d e d  as _N. e u d e s i  i by M o r r i s  and L y c e t t  ( o £ .  c i  t . ) .

H o w e v e r ,  t h e  s h e l l  p a r a m e t e r s  o f  t h e  t y p e - s p e c i m e n s  o f  Eu.  e u d e s i I  

t o g e t h e r  w i t h  t h o s e  o f  t h e  O x f o r d  U n i v e r s i t y  Museum spe c im en s  f r o m  t h e  

A s h f o r d  M i l l  r a i l w a y  c u t t i n g  a r e  s t a t i s t i c a l l y  v e r y  s i g n i f i c a n t l y  d i f ­

f e r e n t  f r o m  t h e  E u n e r i n e a  s p .  p o p u l a t i o n s  p r e s e n t  in  t h e  W h i t e  L i m e s t o n e  

( s e e  C h a p t e r  3 and F i g .  3 * 9 ) .  The l a r g e  number  o f  spe c im e n s  o f  E u n e r i n e a  

s p .  f r o m  t h e  W h i t e  L i m e s t o n e  c o l l e c t e d  by t h e  p r e s e n t  a u t h o r  a r e  t a k e n  

t o  r e p r e s e n t  a s i n g l e  m o r p h o l o g i c a l l y  r a t h e r  v a r i a b l e  s p e c i e s  ( s e e  l a t e r )  

b u t  t h e i r  r a n g e  o f  m o r p h o l o g i e s  does n o t  encompass t h o s e  e x h i b i t e d  by  

Eu. eudes? i . The v e r y  c o n s i d e r a b l e  d i f f e r e n c e s  i n  m o r p h o lo g y  ba c ked  up 

by t h e i r  s t a t i s t i c a l  s i g n i f i c a n c e  must mean t h a t ,  two  s e p a r a t e  b i o l o g i c a l  

s p e c i e s  e x i s t e d ;  Eiu. e u d e s t  i and t h e  W h i t e  L i m e s t o n e  E u n e r i n e a  s p .

I n d e e d ,  t h e  p r e s e n t  a u t h o r  has n o t  c o l l e c t e d  o r  i d e n t i f i e d  any s p e c im e n  o f  

Eu. e u d e s ? i f ro m  t h e  W h i t e  L i m e s t o n e .

E x t e r n a l l y ,  JEu. e u d e s i  i d i f f e r s  f r o m  t h e  W h i t e  L i m e s t o n e  E u n e r i n e a  s p .  

i n  t h a t  t h e  a p i c a l  a n g l e  i s  l a r g e r  and t h e  w h o r l s  a r e  g e n e r a l l y  l e s s  h i g h  

r e l a t i v e  t o  t h e  w h o r l  w i d t h  ( s e e  F i g .  3 - 9 ) -  The  i n t e r n a l  c r o s s - s e c t i o n  

o f  t h e  body c a v i t y  o f  ^ u .  eudes i i I s  v e r y  d i s t i n c t i v e  i n  t h a t  t h e .  

columell a r  and l a b r a l  f o l d s  a r e  a l m o s t  o p p o s i t e  each o t h e r  p r o d u c i n g  a
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c r o s s - s e c t i o n  w h i c h  a p p e a r s  ' p i n c h e d '  i n  t h e  m i d d l e .  The l a b r a l  f o l d  

i s  a l s o  n a r r o w e r  and l e s s  d e e p l y  i n c i s e d  i n  _Eu. e u d e s i  i t h a n  i n  t h e  

W h i t e  L i m e s t o n e  E u n e r i n e a  s p .  ( s e e  F i g .  2 . 2 . ) .

I n  s p i t e  o f  t h e s e  d i f f e r e n c e s ,  n o t  o n l y  d i d  A r k e l l  ( o £ .  c i t . )  and  

s u b s e q u e n t  a u t h o r s  ( e . g .  R i c h a r d s o n ,  i n  R i c h a r d s o n ,  A r k e l l  and D i n e s ,  

19^6 and McKerrow e j t .  j a k  , 1969)  u n i t e  _Eu. e u d e s i  i and t h e  W h i t e  

L i m e s t o n e  E u n e r i n e a  s p . , o t h e r  n e r i n e i d  g a s t r o p o d s  w i t h  t h r e e  i n t e r n a l  

f o l d s  - ( p a r t i c u l a r l y  M e l a n i o p t y x i s  a l t a r a r i s ) w e r e  mi s i d e n t i f i e d  as 

Eu . e u d e s i  i ( e . g .  J .  13080 i n  t h e  A r k e l l  c o l l e c t i o n ,  O x f o r d  U n i v e r s i t y  

Museum).

The s i n g l e  sp e c im e n  and h o l o t y p e  o f  E u n e r i n e a  a s h f o r d e n s i s  ( A r k e l l ,  

19 3 1 )  f r o m  t h e  A s h f o r d  M i l l  r a i l w a y - c u t t i n g  was c o n s i d e r e d  by A r k e l l  

( o p . c i t . ,  p .  6 1 2 ,  p i .  L ,  f i g .  7)  t o  be  a s e p a r a t e  s p e c i e s  ¿ H i e d  t o  

E u . e u d e s i  i and f r o m  t h e  same b e d .  An i n t e r a l  s e c t i o n  t a k e n  f r o m  t h e  

h o l o t y p e  i s  shown in  F i g .  2 . 2 .  A l t h o u g h  A r k e l l  ( o p .  c i t . ) c c o n s i d e r e d  

t h a t  t h e  w h o r l s  o f  Ejj. a s h f o r d e n s i s  w e r e  s h o r t e r  and more c o n c a v e  t h a n  

Eu. e u d e s i i  and t h a t  t h e  a p i c a l  a n g l e  was l a r g e r ,  t h e  p r e s e n t  a u t h o r  

b e l i e v e s  t h a t  t h e  c o m p a r i s o n  t h a t  A r k e l l  made was n o t  w i t h  Eu.  e u d e s i  i 

b u t  w i t h  t h e  W h i t e  L i m e s t o n e  E u n e r i n e a  s p .  and t h a t  t h e  d i f f e r e n c e s  

b e tw een  _Eu. e ud es t  i and j l u .  a s h f o r d e n s i s  a r e  i n s u f f i c i e n t  t o  w a r r a n t  

t h e  c r e a t i o n  o f  a s e p a r a t e  s p e c i e s  ( s e e  F i g .  2 . 2 ) .

Distr ibut ion

A p a r t  f ro m  t h e  t y p e - s p e c i m e n s  f r o m  M in c h i n h a m p t o n ,  t h e  o c c u r r e n c e s  

o f _ E u .  eudes i i known t o  t h e  p r e s e n t  a u t h o r  a r e  a l l  f r o m  t h e  Sh ar ps H i l l  

F o r m a t i o n ;  na m e ly  t h e  A s h f o r d  M i l l  r a i l w a y  c u t t i n g  ( A r k e l l ,  0£ .  c i t . ,  

p.  6 1 5 ,  bed 2 )  and S h a r p s  Hi 11 q u a r r y  ( A r k e l l ,  1 9 ^ 7 ,  p .  63 , bed 12 and



F i g .  2 . 2 .  The f o l d  m o rp h o lo g ie s  o f  Eu. e u d e s i i  ( =  Eu. a s h f o r d e n s i s ) 
and Eu. c f .  a r d u e n n e n s i s .
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p e r s o n a l  c o l l e c t i o n  o f  t h e  p r e s e n t  a u t h o r ) .  The a v a i l a b l e  r e l i a b l e  

e v i d e n c e  s u g g e s t s  t h a t  JEu. e ud es i  i is  r e s t r i c t e d  t o  t h e  s t r a t i g r a p h i  c a l  

h o r i z o n  o f  t h e  Sh ar ps  H i l l  F o r m a t i o n  i . e .  t h e  Up per  Z i g z a g  -  Lower  

P r o g r a c i l i s  z o n e s .  H o w e v e r ,  t h e  M i n c h in h a m p t o n  s t r a t a  f r o m  w h i c h  t h e  

t y p e  spe cim en s o f  £ u .  eudes i i came a r e  y o u n g e r  i n  age ( S u b c o n t r a c t u s  -  

? A s p i d o i d e s  z o n e s ,  s e e  F i g .  1 . 3 9 )  t h a n  o t h e r  known o c c u r r e n c e s  o f  Eu.  

e u d e s i  i g i v e n  a b o v e .  Thus e a s t  o f  M i n c h i n h a m p t o n ,  o c c u r r e n c e s  o f  

Eu. e u d e s i  i a r e  o f  p r o v e n  Upper  Z i g z a g  t o  Lower  P r o g r a c i l i s  age w h e r e a s  

a t  M i n c h i n h a m p t o n ,  t h i s  s p e c i e s  i s  f o und  in  y o u n g e r  s t r a t a  o f  a t  l e a s t  

S u b c o n t r a c t u s  a g e .  The d i f f e r e n c e s  in  ages may be  r e l a t e d  t o  t h e  d i s ­

t r i b u t i o n  o f  s i m i l a r  f a c i e s  s u i t a b l e  f o r  c o l o n i s a t i o n  by Eu.  e u d e s i i .

The o c c u r r e n c e  o f  Eu.  eudes i i i n  t h e  U p p er  L i n c o l n s h i r e  L i m e s t o n e  

( B a j o c i a n :  -  L a e v i u s c u l a  -  ?Humphresianum -  ? ? B a t h o n i a n )  a t  W eldon  i s , ’ 

a c c o r d i n g  t o  H u d l e s t o n  ( 1 8 8 7 ~ 9 6 ,  p .  2 0 5 ) ,  b as ed  upon i n d i f f e r e n t l y  p r e ­

s e r v e d  m a t e r i a l .  H u d l e s t o n ' s  f i g u r e  ( o £ .  c j _ t . ,  p i .  X I V ,  f i g .  2 a )  shows  

a d i s t i n c t l y  g r a d a t e  o u t l i n e  u n l i k e  t h a t  o f  Eu.  e u d e s i  i and H u d l e s t o n  

(oR-  c i t - » P- 2 0 5 )  a d m i t s  t h a t  " t h e  c h i e f  d i f f e r e n c e s  a r e  in  t h e  i n t e r n a l  

s e c t i o n " .  The f a u n a  o f  t h e  U p per  L i n c o l n s h i r e  L i m e s t o n e  u r g e n t  l y ^ n e e d s  

r e v i s i o n ,  p a r t i c u l a r l y  i n  v i e w  o f  t h e  u n c e r t a i n  s t r a t i g r a p h i c  r a n g e  o f  

t h e s e  s t r a t a  and t h e  p r e s e n t  a u t h o r  i s  c u r r e n t l y  p u r s u i n g  t h i s  t o p i c .  

C e r t a i n l y  none o f  t h e  N e r i n e i d s  c o l l e c t e d  b y  t h e  p r e s e n t  a u t h o r  f r o m  t h e  

Up per  L i n c o l n s h i r e  L i m e s t o n e  r e s e m b l e  Eu.  e u d e s i i .

7 E u n e r i n e a  a r d u e n n e n s i s  ( B u v i g n i e r  1852)  p l a t e s  2 . P  a n d  2 . Q .

Synonymy

N e r i n e a  a r d u e n n e n s j s , B u v i g n i e r ,  1 8 5 2 ,  p .  3 4 ,  p i .  X X X I I ,  f i g s .  1 7 ,  18.  

N e r i n e a  b u v i g n i e r ? ,  P i e t t e ,  1 8 5 5 ,  p .  1105 ( i n s u f f .  c h a r a c t e r i s e ) .
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N e r i n e a  b u ì s o n i , P i e t t e ,  1 8 5 5 ,  p.  1105 ( i n s u f f .  c h a r a c t e r i s e ) .

N e r i n e a  b u v i g n i e r i , Cossmann ( e x .  P i e t t e ) ,  1 8 8 5 ,  p .  2 0 9 ,  p i .  X V I I I ,  

f i g s .  11- 1*».

N e r i n e a  b u l s o n e n s i s , Cossmann ( e x .  P i e t t e ) ,  18 8 5 ,  p .  2 0 8 ,  p i .  X V I I I ,  

f i g s .  1 5 - 1 7 *

N e r i n e l l a  b u v i g n i e r i , Cossmann,  1898, p .  9 5 ,  p i .  V i l i ,  f ì g s .  6- 9 .

N e r i  ne l  l a  b u l s o n e n s i s , Cossmann,  1 8 9 8 ,  p .  9*», p i .  V i l i ,  f i g s .  * * -5 . 

N e r i  n e l l a  e l e g a n t u l a , Cossmann,  1 9 0 5 ,  p .  8 3 2 ,  p i .  X L V I , f i g .  10-1*»,  

( non d ' O r b l g n y ) .

N e r i n e l  l a  ar d u e n n en s  ? s , F i s c h e r ,  1969, p .  17*», p i .  X V I I ,  f i g s .  *»6-*»9. 

N e r i n e l  l a  a r d u e n n e n s i s  v a r .  b u l s o n e n s i s , F i s c h e r ,  1969, p .  17*t.

D i s c u s s i o n

The l o c a t i o n  and b i o m e t r i c  p a r a m e t e r s  o f  t h e  v a r i o u s  sa m ples  o f  

E u n e r i  nea s p .  f ro m  t h e  W h i t e  L i m e s t o n e  a r e  g i v e n  in  C h a p t e r  3.

E x a m i n a t i o n  o f  F i g .  3.9  shows t h a t  t h e r e  i s  a c o n s i d e r a b l e  amount  o f  

m o r p h o l o g i c a l  o v e r l a p  b e tw een  t h e  s a m p l e s .  W i t h i n  t h i s  o v e r l a p ,  no  

e v i d e n t  g e o g r a p h i c  d i s t r i b u t i o n  o r  s t r a t i g r a p h i c  t r e n d  i s  d i s c e r n a b l e  

and t h e  p r e s e n t  a u t h o r  c o n c lu d e s  t h a t  t h e  sa m ples  w e r e  drawn f r o m  s e v e r a l  

p o p u l a t i o n s  s e p a r a t e d  in  t i m e  and s p a c e  b u t  b e l o n g i n g  t o  a s i n g l e ,  r a t h e r  

v a r i a b l e  s p e c i e s .

The w h o r l  s i d e s  o f  t h e  W h i t e  L i m e s t o n e  E u n e r i  nea s p . . a r e  e v e n l y ,  

s l i g h t l y  t o  m o d e r a t e l y ,  c o n c a v e  and t h e  s u t u r e  i s  b o r d e r e d  by s m a l l ,  

r a t h e r  b u l g i n g ,  s u b e q u a l  c a r i n a e .  The o r n a m e n t a t i o n  o f  t h e  w h o r l s  i s  

most  p r o n o u n c e d  i n  t h e  j u v e n i l e  fo r m s  and c o n s i s t s  o f  t h r e e  e v e n l y - s p a c e d  

s p i r a l ,  bea ded  l i r a e  i n t e r s p a c e d  w i t h  much f i n e r  smooth s p i r a l  s t r i a e .
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T h i s  o r n a m e n t a t i o n  g r a d u a l l y  f a d e s  a n d ,  i n  t h e  more m a t u r e  p a r t s  o f  t h e  

s h e l l ,  t h e  w h o r l  s i d e s  a p p e a r  un o rn a m e n t e d  e x c e p t  o c c a s i o n a l l y  i n  t h o s e  

s p e c im en s  w h e r e  t h e  g r o w t h - l i n e s  a r e  w e l l  d e v e l o p e d .  S t r o n g  d e v e lo p m e n t  

o f  g r o w t h - l i n e s  can p r o d u c e  t u b e r c u l a t e  c a r i n a e ,  a f e a t u r e  w h i c h  i s  o f t e n  

a c c e n t u a t e d  by w e a t h e r i n g .  The s p i r a l  o r n a m e n t a t i o n  a l s o  c o n t i n u e s  o n t o  

t h e  b a s e  o f  t h e  s h e l l .

The d e s c r i p t i o n s  o f  N e r i  n e l  l a  b u v i g n i e r i  ( -  Eju. a r d u e n n e n s i s ) by 

Cossmann ( 1898, p .  9 5 )  and N e r i n e l l a  a r d u e n n e n s i s  by F i s c h e r  ( 1 9 6 9 ,  p .

174)  a g r e e  v e r y  w e l l  w i t h  t h e  E u n e r i n e a  s p .  f r o m  t h e  E n g l i s h  W h i t e  

L i m e s t o n e  -  e s p e c i a l l y  i n  t h e  d e t a i l e d  o n t o g e n e t i c  d e v e lo p m e n t  o f  t h e  

o r n a m e n t a t i o n .  Cossmann ( c £ ,  c f  t . , p .  9 5 )  r e m a r k e d  a b o u t  jJ. b u v i  g n i e r i  

t h a t  ' ’s u r f a c e  d ' a b o r d  o r n é e  de  t r o i s  f i l e t s  s u b g r a n u l e u x ,  -  c e l u i  du 

m i l i e u  un peu p l u s  p r o é m i n e n t ,  - q u i  s ' e f f a i e n t  s u r  l e s  d e r n i e r s  t o u r s ; "  

and  t h a t  "m a is  l e s  d e r n i e r  t o u r s  des i n d i v i d u s  a d u l t e s  s o n t  t o t a l e m e n t  

l i s s e s " .  F i s c h e r  ( o £ .  _ c h t . ;  p .  174 )  c o n s i d e r s  t h a t  _N. a r d u e n n e n s i s  

" p r é s e n t e  un i m p o r t a n t  p o l y m o r p h i s o m e  q u ' i  1 e s t  n é c e s s a i r e  de  p r é c i s e r :  

l ' a n g l e  a p i c a l ,  c o m p r i s  e n t r e  15°  e t  27°  s e l o n  l e s  i n d i v i d u s . . . . " .

No t  o n l y  i s  Eu.  a r d u e n n e n s i s  a r a t h e r  v a r i a b l e  s p e c i e s  b u t  a c c o r d i n g  t o  

F i s c h e r  ( o £ .  c l t . , p .  174)  t h e  spe cim en s f r o m  t h e  F r enc h  ' W h i t e  L i m e s t o n e '  

a t  A n y - M a r t i n - R i e u x  i d e n t i f i e d  by B o n te  ( 1 9 4 1 ,  p .  100)  as N e r i n e a  e u d e s i 1 

a r e  r e a l l y  Eu. a r d u e n n e n s i s !

D r .  J . - C .  F i s c h e r  (Muséum N a t i o n a l  d ' H i s t o i r e  N a t u r e l l e )  k i n d l y  made 

s e v e n  spe cimen s o f  E u n e r i n e a  a r d u e n n e n s i s  f r o m  t h e  P i e t t e  c o l l e c t i o n  

( l o c a l i t y :  Bu ls o n  -  A r d e n n e s ,  ?M. B a t h o n i a n )  a v a i l a b l e  t o  t h e  p r e s e n t  

a u t h o r .  Of  t h e s e ,  f i v e  w e r e  s u i t a b l e  f o r  m ea su re ment  and t h e  r e s u l t s  

a r e  shown in  F i g .  3 * 9  ( s e e  a l s o  p l a t e  2 . Q ) .
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C o n s i d e r i n g  t h a t

a )  t h e  s a m p les  o f  E u n e r i n e a  s p .  f r o m  t h e  W h i t e  L i m e s t o n e  a r e  t a k e n  t o  

r e p r e s e n t  a s i n g l e  v a r i a b l e  s p e c i e s ,

b)  t h e  F r en c h  s p e c i e s  Ei k  a r d u e n n e n s i s  i s  a l s o  v a r i a b l e  in  i t s  m orpho logy  

( t e s t e  F i s c h e r ,  0£ .  c i  t . ) ,

c )  t h e  m o r p h o l o g i e s  o f  t h e  E u n e r i n e a  s p .  sa m ples  and t h e  s m a l l  F r e n c h  

s a m p l e  o f  _Eu. a r d u e n n e n s i s  o v e r l a p  c o n s i d e r a b l y  ( s e e  F i g .  3 . 9 ) ,  and

d )  t h e  o n t o g e n e t i c  d e v e lo p m e n t  o f  t h e  o r n a m e n t a t i o n  i s  t h e  same,

t h e  p r e s e n t  a u t h o r  c o n s i d e r s  t h a t  t h e  W h i t e  L i m e s t o n e  E u n e r i n e a  s p .  

i s  t h e  same as t h e  F r e n c h  E u n e r i n e a  a r d u e n n e n s i s .

The r e g u l a r l y  con ca ve  w h o r l s ;  t h e  h i g h  v a l u e s  o f  t h e  w h o r l  w i d t h /  

h e i g h t  r a t i o s  and m o d e r a t e l y  l a r g e  a p i c a l  a n g l e  o f  j [ u .  a r d u e n n e n s i s  

c l e a r l y  s u g g e s t  t o  t h e  p r e s e n t  a u t h o r  t h a t  t h e  a u t h o r s  who h a v e  a s s i g n e d  

a r d u e n n e n s i s  t o  t h e  genus N e r i n e i l a  a r e  m i s t a k e n .  As m e n t i o n e d  p r e ­

v i o u s l y ,  N e r i n e l l a  sp p .  can e a s i l y  be  d i s t i n g u i s h e d  f r o m  E u n e r i n e a /  

Cossmannea s p p .  on t h e  b a s i s  o f  t h e  s m a l l e r  a p i c a l  a n g l e  and s m a l l e r  

w h o r l  w i d t h / h e i g h t  r a t i o s .  E x a m i n a t i o n  o f  F i g .  3 . 9  and t h e  c o m p a r i s o n  

o f  p l a t e s  2 . L and 2 . M w i t h  p l a t e s  2 . N and 2 . Q  i n d i c a t e  t h a t  t h e  g e n e r i c  

a f f i n i t y  o f  a r d u e n n e n s i s  l i e s  w i t h  E u n e r i n e a  r a t h e r  t h a n  N e r i n e i l a .

D i s t r i b u t i o n

E u . a r d u e n n e n s i s  i s  p a r t i c u l a r l y  a b u n d a n t  i n  t h e  W h i t e  L i m e s t o n e  o f  

E n g la n d  w h e r e  i t  o c c u r s  i n  s e v e r a l  c o r r e c t a b l e  h o r i z o n s .  I t  i s  fo u n d  

s p o r a d i c a l l y  t h r o u g h o u t  t h e  E x c a v a t a  Beds ( M o r r i s !  z o n e )  b u t  i s  p a r t i ­

c u l a r l y  a s s o c i a t e d  w i t h  A r d l e y  Beds ( L o w e r  R e t r o c o s t a t u m  z o n e ) ,  n o r t h ­

e a s t  o f  Worsham,  w h e r e  i t  i s  f o u n d  as  p a r t  o f  t h e  N e r i n e a  e ud es t  i bed
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( s e n s u  A r k e l l ,  1931)  and in  t h e  b a s a l  h o r i z o n  o f  t h e  A r d l e y  Beds 

( t h e  r o a c h - s t o n e  o f  A r k e l l  e t .  a k , 1933 and l a t e r a l  e q u i v a l e n t s ) .  

S o u t h - w e s t  o f  Worsham,  Eu. a r d u e n n e n s i s  i s  s t i l l  v e r y  a b u n d a n t  b u t  as 

t h e  A.  a r d l e y e n s i s  beds a r e  a b s e n t  i n  t h i s  r e g i o n  i t  i s  p o s s i b l e  t h a t  

Eu . a r d u e n n e n s i s  may a l s o  be p r e s e n t  in  t h e  b a s a l  B lad o n  Beds ( U p p e r  

R e t r o c o s t a t u m  z o n e ) .  F o r  d e t a i l s  o f  t h e  d i s t r i b u t i o n  in  t h e  W h i t e  

L i m e s t o n e ,  s e e  C h a p t e r  1.

No sp ec imen s o f  £u .  a r d u e n n e n s i s  ha v e  been p o s i t i v e l y  i d e n t i f i e d  

f r o m  t h e  M in c h in h a m p t o n  f a c i e s  i n s p i t e  o f  t h e  l a r g e  c o l l e c t i o n s  o f  

f o s s i l s  f r o m  t h a t  a r e a  housed in  t h e  B r i t i s h  Museum ( N a t u r a l  H i s t o r y ) ,  

I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  Museum and  O x f o r d  U n i v e r s i t y  Museum.

The o c c u r r e n c e s  o f  Eu.  a r d u e n n e n s i s  in  t h e  F r e n c h  ' W h i t e  L i m e s t o n e 1 

a r e  g i v e n  by Cossmann ( 1 8 9 8 ,  p .  9 5 )  and F i s c h e r  ( 1 9 6 9 .  p .  1 7 4 ) .  Once  

a g a i n  t h e  p r e c i s e  age o f  t h e  F r enc h  o c c u r r e n c e s  o f  t h i s  s p e c i e s  is  

d i f f i c u l t  t o  a s c e r t a i n .  JEu. a r d u e n n e n s i s  i s  known t o  o c c u r  i n  t h e  

C a l c a i r e  p s e u d o - o o l î t h i q u e  ( i n f é r i e u r  e t  s u p é r i e u r )  o f  F i s c h e r  ( o £ .  c i t . )  

w h i c h  he c o n s i d e r s  t o  be M i d d l e  B a t h o n i a n  ( P r o g r a c i l i s  -  S u b c o n t r a c t u s )  

i n  a g e .  H o w e v e r ,  B o n te  ( 1 9 4 1 )  has c o r r e l a t e d  t h e s e  s t r a t a  w i t h  t h e  

Hampen M a r l y  Beds and W h i t e  L i m e s t o n e  o f  E n g la n d .



Euner inea e u d e s i i  (M o r r i s  and Lycett )

L e c t o t y p e  P a r a t y p e

GSM 8 2 8 8  GSM ¿+9^29

S p e c i m e n  c o a t e d  w i t h  NH4 C I .

I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  Museum

PI  a t e  2 . N .
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E u n e r i nea e u de s  i i f ro m  t h e  A s h f o r d  M i l l  r a i l w a y - c u t t i n g

J 835 J 13077

median a x i a l  s e c t i o n m e d i a n  a x i a l  s e c t i o n  e x t e r n a l  m o r p h o l o g y

O x f o r d  U n i v e r s i t y  Museum.

P l a t e  2 . 0 .





S p e c i m e n  

S l a p e  H i  1

E u n e r i n e a  a r d u e n n e n s i s  ( B u v . )  -  I n t e r n a l  m o r p h o l o g y

S I . H . O x .  5 / 2 3  S p e c i m e n  CR 10/11

Q u a r r y ,  Bed 5 .  C r o u g h t o n  Q u a r r y ,  Bed 10.

M e d i a n  a x i a l  s e c t i o n s ;  A c e t a t e  p e e l s .

B o t h  s p e c i m e n s  M . J . B .  c o l  I n .

P l a t e  2 . P .





E u n e r i n e a  a r d u e n n e n s i s  ( B u v . ) -  E x t e r n a l  m o r p h o l o g y

S p e c i m e n  k P S p e c i m e n  S l . H . O x .  5 / 2 9 6

P i e t t e  c o l  1e c t  i on ( l e f t  h a n d  s p e c i m e n )

?M.  B a t h o n i a n ;  B u l s o n ,  A r d e n n e s .  n o t e  s p e c i m e n  o f  c f .  a c i  c u 1 a i n

c e n t r e  o f  p h o t o g r a p h .

S l a p e  H i l l  Q u a r r y ,  Bed 5 -  

M . J . B . c o 11 n .

B o t h  s p e c i m e n s  c o a t e d  w i t h  MgO.

P l a t e  2.Q.
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I Cossmannea b a t h o n i c a  ( R i g a u x  e t  S auv ag e 1 8 6 8 ) .

Synonymy s e e  F i s c h e r ,  1 9 6 9 ,  p ,  7 0 ,  P l a t e  2 . R .

Pi scuss i on

A c c o r d i n g  t o  A r k e l l  ( 1 9 3 1 ,  p .  6 1 6 )  t h i s  s p e c i e s ,  w h i c h  i s  common 

i n  t h e  F r en c h  B a t h o n i a n ,  i s  known i n  England  o n l y  r a r e l y  -  a few  

spe c im en s  f ro m  M in c h in h a m p t o n  in  t h e  S e d g w ic k  Museum, C ambr idg e and  

t h e  sp ec imen s r e c o r d e d  f ro m  t h e  Lower C o rn b ra s h  by B l a k e  ( 1 9 0 5 ,  p .  7 2 ,  

p i .  V I I ,  f i g -  17) and Doug la s  and A r k e l l  ( 1 9 2 8 ,  p .  1 3 9 ) .

The e s s e n t i a l  d i f f e r e n c e s  b e tw een  £ .  b a t h o n i c a  and Ej j . eudes i ? 

w e r e  a l s o  n o t e d  by A r k e l l  ( o £ .  c? t . , p .  6 l 6 ) . . .  “ The w h o r l s  o f

N. b a t h o n i c a , h o w e v e r ,  a r e  d i s t i n c t l y  h i g h e r ..............w h i l e  i n  s e c t i o n

e u d e s i  i i s  t r i p l i c a t e ,  hL b a t h o n i c a  b e i n g  o n l y  b i p l i c a t e ,  . . . " .

U s in g  t h e s e  c r i t e r i a  t h e  s e p a r a t i o n  o f  t h e  two s p e c i e s  i s  a s i m p l e  

m a t t e r  ( s e e  F i g .  3 * 6  and compare  p l a t e  2 . R  w i t h  2 . N  and 2 . 0 ) .  I n  

s p i t e  o f  t h i s ,  spe c im e n s  a r e  f r e q u e n t l y  m i s i d e n t i f i e d .  A f i n e  s p e c i ­

men o f  £ .  b a t h o n i c a  i n  t h e  O x f o r d  U n i v e r s i t y  Museum ( O . U . M .  J 23521  

s e e  p l a t e  2 . R )  f r o m  N o r t h  L e i g h  ( u n l o c a t e d )  was m i s i d e n t i  f l e d  by  

A r k e l l  as JC. eudes i i . S e v e r a l  spe cim en s o f  C.  b a t h o n i c a  i n  t h e  B r i t i s h  

Musum ( N a t u r a l  H i s t o r y )  w e r e  s i m i l a r l y  m i s i d e n t i f i e d  ( e . g .  G 16^04  

f r o m  T i 1 tups End -  W i t c h e l l  c o l l e c t i o n  -  i d e n t i f i e d  as £ .  c f .  eudes i i 

and  G 800 82  f r o m  e a s t  o f  H i l l s o m e  Farm ,  T e t b u r y  -  Channon c o l l e c t i o n  

-  i d e n t i f i e d  as N e r i n e a  s p . ) .  The  spe c im en s  r e c o r d e d  f r o m  t h e  C o r n -  

b r a s h  ( s e e  p r e v i o u s l y )  a r e  a l s o  mis i d e n t i f i e d ;  t h e  f i g u r e  o f  t h e  

i n t e r n a l  w h o r l  s e c t i o n  by B l a k e  ( ojd. c i t . , p i . V I I , f i g .  17b)  sh o w in g  

t h r e e  f o l d s  i n s t e a d  o f  t h e  two i n  C:. b a t h o n i c a . I n d e e d ,  t h e  m o r p h o lo g y  

o f  b a t h o n i c a  i s  s o  d i s t i n c t i v e  t h a t  s p e c im en s  can be I d e n t i f i e d  u s i n g  

X - r a d i o g r a p h y .  I n  a  p r e l i m i n a r y  s t u d y  t o  e v a l u a t e  t h e  use o f  X - r a d i o -
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g r a p h y  in  t h e  i d e n t i f i c a t i o n  o f  N e r i n e i d s ,  p a r t i c u l a r l y  t y p e -  

sp ecim en s w h e r e  s e c t i o n i n g  w o u ld  be i m p o s s i b l e ,  Cossmannea b a t h o n l c a  

was i d e n t i f i e d  i n  s l a b s  o f  l i m e s t o n e  ( f r o m  Foss C r o s s ,  bed 7)  i n  

w h ic h  i t s  p r e s e n c e  was p r e v i o u s l y  unknown.  P l a t e  2 . R  shows a p h o t o ­

g r a p h i c  p r i n t  o f  t h e  X - r a d i o g r a p h  and a l s o  t h e  spe c im en  o f  C.  

b a t h o n i  c a  whi  ch was l a t e r  o b t a i n e d  by s e c t i o n i n g .  F u r t h e r  d e t a i l s  on  

r a d i o g r a p h i c  t e c h n i q u e s  may be fo u n d  in  Kummel and Raup ( 1 9 6 5 ,  pp.  303  

- 326) .

jC. b a t h o n i c a  has a much w i d e r  d i s t r i b u t i o n  in t h e  W h i t e  L i m e s t o n e  

t h a n  has p r e v i o u s l y  been  s u s p e c t e d .  B e s i d e s  o c c u r r i n g  a t  M i n c h i n -  

h a m p t o n ,  i t  has p r e v i o u s l y  been r e c o r d e d  f r o m  o n l y  t h r e e  W h i t e  

L i m e s t o n e  l o c a l i t i e s  nam el y  T i l t u p s  End,  n r .  N a i l s w o r t h ;  Rodmarton  

and T a n g l e y ,  G l o u c e s t e r s h i r e  ( s e e  Cox and A r k e l l ,  0£ .  jcl_t . ,  p .  7 7 ) .

T h e  p r e s e n t  a u t h o r  has fo u n d  jC. b a t h o n i c a  a t  Dagham Downs ( F i g .  1 . 6 ,  

bed 7 ) ,  Foss Cross ( F i g .  1. 7 , beds 7 and 1 0 ) ,  A r d l e y  F i e l d s  ( F i g .

1 . 1 8 ,  bed 3 * 0 »  C r o u g h t o n  ( F i g .  1 . 1 9 ,  bed 7 ) »  S t r a t t o n  A u d le y  ( F i g .  1 . 2 0 ,  

bed 4)  and Woodeaton ( s e e  P a l m e r ,  1 9 7 3 ,  p p .  5 8 - 5 9  f o r  s e c t i o n ) .  Museum 

spe c im e n s  r e l i a b l y  c o n f i r m  t h e  p r e s e n c e  o f  £ .  b a t h o n i c a  a t  New Barn  

Q u a r r y ,  N o r t h  Le ach (Channon c o l l e c t i o n ,  B r i t i s h  Museum ( N a t u r a l  H i s t o r y )  

-  G 8 0 1 2 6 )  and N o r t h  L e i g h  ( s e e  p r e v i o u s l y ) .

The s p e c i e s  is  a l s o  w i d e l y  d i s t r i b u t e d  i n  t h e  F r e n c h  B a t h o n i a n  

( s e e  Cossmann,  1898, p p .  2 6 - 2 7  and F i s c h e r ,  1 9 6 9 ,  p .  70 f o r  d e t a i l s ) .  

jC. b a t h o n i c a  has a l s o  been r e p o r t e d  f r o m  t h e  B a t h o n i a n  o f  S a r d i n i a  

( D e n i n g e r ,  1 9 0 7 ) ,  N o r t h  M ada g a s c a r  ( L e m o i n e ,  1906 and D o u v i l l e ,  1 9 0 A ) ,  

So uth  Peru ( J a w o r s k i , 1914)  and N o r t h  C h i l e  ( B a y l e  e t  Coquand,  ! 1851)  

b u t  some o f  t h e s e  r e c o r d s  may be s u s p e c t  i n  v i e w  o f  t h e  m l s i d e n t i f i c a -  

t i o n s  n o t e d  a b o v e .
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A l l  spe cim en s o f  £ .  b a t h o n i c a  c o l l e c t e d  by t h e  p r e s e n t  a u t h o r  have  

been fou nd  i n  t h e  A r d l e y  Beds o f  t h e  W h i t e  L i m e s t o n e  and r e c o r d s  o f  

t h i s  g a s t r o p o d  in  o t h e r  B r i t i s h  l o c a l i t i e s  such as T i l t u p s  End,  N o r t h  

L e i g h ,  e t c .  a r e  c o n s i s t e n t  w i t h  t h i s  s t r a t i g r a p h i c  r a n g e .  A l t h o u g h  

n e v e r  a b u n d a n t ,  i t  i s  n e v e r t h e l e s s  a f a i r l y  common s p e c i e s  in  t h o s e  

h o r i z o n s  w h e r e  i t  o c c u r s .



C o s s m a n n e a  b a t h o n i c a  ( R i q a u x  e t  S a u v a q e )

J 23521 FXFB 35

O x f o r d  U n i v e r s i t y  Museum m e d i a n  a x i a l  s e c t i o n
p r i n t  f r o m

s p e c i m e n  c o a t e d  w i t h  q l y c e r i n e  w r  3 '  X - r a d i o g r a p h
t o  e n h a n c e  c o n t r a s t

S p e c i m e n  c o a t e d  w i t h  N H ^ C l .

Fo s s  C r o s s  Q u a r r y ,  F i b u l o p t y x i s  b e d ,  b e d  7

M . J . B . c o 1 1 n

P l a t e  2 . R.
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6 b  Genus BACTROPTYXIS Cossmann 189 6.

T y p e - s p e c i e s  B a c t r o p t y x i s  i m p l i c a t a  ( d ' O r b i g n y  . 185*0  .

Age Bathonian o f  France.

Discussion

R e p r e s e n t a t i v e s  o f  t h i s  genus a r e  w i d e l y  d i s t r i b u t e d  b o t h  

s t r a t i g r a p h i c a l l y  ( B a j o c i a n  -  K i m m e r i d g i a n )  and g e o g r a p h i c a l l y  ( m a i n l y  

W e s t e r n  Europe b u t  a l s o  r e p o r t e d  f r o m  Kuban ,  U . S . S . R .  -  n o r t h  o f  t h e  

B l a c k  S e a ,  Pc he l  i n t s e v , '  192 7, and N o r t h  P e r u ,  J a w o r s k i , 1 9 1 4 ) .  H o w e v e r ,  

B a c t r o p t y x i s  i s  p a r t i c u l a r l y  w e l l  r e p r e s e n t e d  i n  t h e  M i d d l e  J u r a s s i c  

s t r a t a  ( B a j o c i a n ,  i n c .  A a l e n i a n  -  B a t h o n i a n )  o f  En g la nd  and F r a n c e .

Bactroptyxis i s  a very d i s t in c t iv e  genus which i s  characterised 

above a l l  by possessing the most complicated internal fo lding o f  the 

whorl cavity to be found in Nerineid gastropods. Th i s  feature ,  combined 

with the acicular sp i re  and s o l id  columella, enables representat ives of  

th i s  genus to be readily dis t inguished.

Only  one s p e c i e s  (J3. b a c i  1 lus  ( d ' O r b . )  ■ s u b j e c t i v e  synonym  

N. c o m p l i c a t a  W i t c h e l l )  has been d e s c r i b e d  f r o m  B r i t i s h  B a t h o n i a n  s t r a t a  

( W i t c h e l l ,  1 8 8 6 ,  p .  2 7 2 ;  A r k e l l ,  19 3 1 ,  p .  6 2 0 ;  Cox and A r k e l l ,  1 9 4 8 -  

5 0 ,  p .  7 9 ) -  T h i s  c o n t r a s t s  m a r k e d l y  w i t h  t h e  l a r g e  number o f  B a c t r o ­

p t y x i s  " s p p " .  d e s c r i b e d  f r o m  c o e v a l  s t r a t a  i n  F r a n c e  (Cossmann,  1 8 8 5 ,  

1896;  F i s c h e r ,  1969)  and B a j o c i a n  s t r a t a  i n  E n g la n d  ( W i t c h e l l ,  18 8 7 ;  

H u d l e s t o n ,  1 8 9 0 - 9 6 ) .  Those  d e s c r i b e d  s p e c i e s  known t o  t h e  p r e s e n t  

a u t h o r  a r e  l i s t e d  b e l o w .
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B a j o c i a n  ( i n c l u d ì n q  A a l e n i a n )

J3. bac ì l i u s  ( d 1 Orb i g n y ) .

J3. b a c i  11 us v a r .  c e r v i c u l a  ( H u d l e s t o n ) .

B_. b a c i  11 us v a r .  c a r r i i c o t e n s i s  ( H u d l e s t o n ) .  

J3. b a c i  11 us v a r .  c r a s s t e i n c t a  ( H u d l e s t o n ) .

J3. b r e v i v o i u t a  ( H u d l e s t o n ) .

J3. campana ( H u d l e s t o n ) .

B_. con ? ca ( W i t c h e l l ) .

IB. c o n s o b r i n a  ( W i t c h e l l ) .

J3. c o t t e s w o l d i a e  ( L y c e t t ) .

J3. g u i s e !  ( W i t c h e l l ) .  

j3.  j o n e s i  i ( L y c e t t ) .

J3. l e b r u n i  ( d ' O r b i g n y ) .  

j } .  o p p e l e n s i s  ( L y c e t t ) .

J3. p i s o l i t i c a  ( W i t c h e l l ) .

_B. p r o d u c t a  ( W i t c h e l l ) .

B_. s a n t o n i s  ( H u d l e s t o n ) .

_B. s t r o u d i e n s i s  ( W i t c h e l l ) .

B. s u b b r e v i  v o l u t a  ( H u d l e s t o n ) .

13. v e l o x  (Wi t c h e l  1 ) .

B_. xenos ( H u d l e s t o n ) .

B a t h o n i  an

£ .  a x o n e n s i s  ( d ' O r b i g n y ) .

J3. b a c i  11 us ( d ' O r b i g n y ) .

J3. b a c i  11us v a r .  s i m o n i s  Di e t r i  eh e x .  Pi  e t t e .  

J3. b a c i  i l us  v a r ,  mi c h a l e t  i Cossmann.

J3. b a r r a n d e a n a  (Cossmann e x .  Pi  e t t e ) .
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j L  compl i c a t a  ( W i t c h e l l ) .

B. cossmanni  F i s c h e r .  

j L  i m p l i c a t a  ( d ' O r b i g n y ) .  

j L  r a y a n a  ( d ' O r b i g n y ) .

B. s u b b r u n t r u t a n a  C d ' O r b i g n y ) .

B. s u l c i f e r a  (C os smann ) .

EL t r a c h a e a  ( D e s l o n g c h a m p s ) .

D u r i n g  t h i s  s t u d y ,  many o f  t h e s e  s p e c i e s  p r o v e d  d i f f i c u l t  t o  

r e c o g n i s e  o r  w e r e  u n r e c o g n i s a b l e .  B e a r i n g  in  mind t h a t  many o f  t h e  

o r i g i n a l  d e s c r i p t i o n s  and i d e n t i f i c a t i o n s  o f  t h e  above s p e c i e s  a r e  

o f  c o n s i d e r a b l e  a n t i q u i t y ,  t h e  p r e s e n t  a u t h o r  c o n s i d e r e d  t h a t  a 

t a x o n o m i c  r e v i s i o n  o f  t h e s e  s p e c i e s  was lo ng  o v e r d u e  and t h a t  a 

s a t i s f a c t o r y  b a s i s  f o r  t h i s  r e v i s i o n  wou ld  b e s t  be a c h i e v e d  by v a r i a  

t i o n  s t u d i e s  on s e l e c t e d  B a c t r o p t y x i s  p o p u l a t i o n s .

The i n t r a - s p e c i f i c  v a r i a t i o n  i n  f o l d  m orp h o lo g y  i n  s e v e r a l  

B a c t r o p t y x i s  sam pl es  i s  shown i n  t h e  f o l l o w i n g  f i g u r e s ;

F i g .  2 . 3 a  and b Foss C r o s s ,  F i b u l o p t y x i s  Be d,  bed 7 i n  F i g .  1 . 7 *

F i g .  2 . V  Foss Cross,  S o l e n o p o r a  Be d ,  bed 10 in  F i g .  1 . 7 .

F i g .  2 . 5 *  Dagham Downs, B a c t r o p t y x i s  Be d,  bed 12 I n  F i g .  1 . 6 .

F i g .  2 . 6  S t o n y  F u r l o n g  r a i l w a y  c u t t i n g ,  B a c t r o p t y x i s  Bed,  bed 13c o f  

R i c h a r d s o n ,  1 9 1 1 ,  p .  110 and F i g .  1 . 8 .

F i g .  2 . 7 Cl ype us  G r i t ,  Go ld en  V a l l e y  ro ad  c u t t i n g  (SO 9 0 2 9 2 2 )  0. * f0m.

b e lo w  t h e  p r o m i n e n t  S t i p h r o t h y r i s m a r l  (b ed  2 o f  Channon,  1 9 5 1 ,  p .  17*0

In a l l  t h e s e  d i a g r a m s ,  o n l y  t h e  c o m p l e t e ,  m a t u r e  f o l d  d e v e lo p m e n t  

i s  shown and none o f  t h e  s e c t i o n s  a r e  t a k e n  f r o m  t h e  e a r l y  o n t o g e n e t i c  

g r o w th  s t a g e s  o r  t h e  a p e r t u r a l  r e g i o n  ( t h e  o n t o g e n e t i c  f o l d  v a r i a t i o n  

and d e v e l o p m e n t  I s  d e s c r i b e d  i n  C h a p t e r  * t ) .



Specimen numbers refer to personal collection of the author.

Fig. 3a. Variation in folci morphology. B. implicata Foss Cross Fibuloptyxis bed (7).



Fig.3b. Variation  in fold m orpho logy.

B. implicata ; F o ss  C ro s s  F ibu loptvxis bed(7)



Specimen numbers refer to personal collection of the author.

Fig. 2.4. Variation in fold morphology. B_. implicata Foss Cross Solenopora bed (10).



Specimen numbers refer to personal collection of the author.

Fig. 2.5. Variation in fold morphology. B. implicata Dagham Downs, bed 12.



Specimen numbers refer to personal collection of the author.

Fig. 2.6. Variation in fold morphology. B. implicata Stony Furlong, bed 13c.
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The v a r i a t i o n  i n  e x t e r n a l  s h e l l  m o r p h o lo g y  i s  more d i f f i c u l t  t o  

i l l u s t r a t e .  Med ia n s e c t i o n s  o f  t h e  g a s t r o p o d s  e n a b l e  a q u a l i t a t i v e  

ass e s s m e n t  o f  t h e  w h o r l  c o n c a v i t y  t o  be  made.  In  g e n e r a l ,  t h e  w h o r l s  

o f  most  B a c t r o p t y x i s  s p p .  a r e  s l i g h t l y  c o n c a v e  t o  s t r a i g h t - s i d e d  and  

t h e  v a r i a t i o n  i s  such t h a t  t h i s  amount  o f  w h o r l  c o n c a v i t y  does n o t  

seem t o  c o n s t i t u t e  a  r e l i a b l e  b a s i s  f o r  f u r t h e r  t a x o n o m i c  s u b d i v i s i o n .  

The  s i g n i f i c a n c e  o f  t h o s e  r e p r e s e n t a t i v e s  o f  B a c t r o p t y x i s  w i t h  

e x t r e m e l y  c o n c a v e  w h o r l s  w i l l  be d i s c u s s e d  l a t e r .
4

The v e r y  f a i n t  s p i r a l  o r n a m e n t  fou nd  in  t h e s e  g a s t r o p o d s  is  

n o r m a l l y  v e r y  d i f f i c u l t  t o  o b s e r v e .  The v a g a r i e s  o f  p r e s e r v a t i o n  and  

d a t a  l o s s  c o n s e q u e n t  upon p o s t - m o r t e m  a b r a s i o n  w h e r e  p r e s e n t ,  combine  

t o  e f f e c t i v e l y  n e g a t e  any p r a c t i c a l  t a x o n o m i c  s i g n i f i c a n c e  o f  s h e l l  

o r n a m e n t a t i o n  i n  t h e s e  f o r m s .

From t h e  e x a m i n a t i o n  o f  F i g s .  2 . 3  "  2 . 7  and many o t h e r  s p e c i m e n s ,  

t h e  p r e s e n t  a u t h o r . c o n s i d e r s  t h a t  t h e  v a r i a t i o n  in  b o t h  f o l d  m orp h o lo g y  

and w h o r l  c o n c a v i t y  w i t h i n  a s i n g l e  B a c t r o p t y x i s  p o p u l a t i o n  i s  as  

g r e a t  as t h a t  b e t w e e n  p o p u l a t i o n s .  T h e r e  a p p e a r s  t o  be  no s a t i s f a c t o r y  

b a s i s  w i t h i n  t h e  s p e c i e s  c o n c e p t  o u t l i n e d  e a r l i e r  upon w h i c h  t o  s u b ­

d i v i d e  any o f  t h e  B a c t r o p t y x i s  s p .  p o p u l a t i o n s  f o und  in  t h e  c o u r s e  o f  

t h i s  s t u d y .

Such t y p e - m a t e r i a l s  as a r e  known t o  t h e  p r e s e n t  a u t h o r  o f  t h e  

v a r i o u s  B a c t r o p t y x i s  s p p .  d e s c r i b e d  f r o m  B r i t i s h  s t r a t a  h a v e  been  

e x a m i n e d  and Dr .  J . - C .  F i s c h e r  ( i n s t l t u t  de P a l e o n t o l o g i e ,  Museum 

N a t i o n a l  d ' H i s t o i r e  N a t u r e l l e ,  P a r i s )  k i n d l y  made a v a i l a b l e  some 

m a t e r i a l  o f  t h e  f o l l o w i n g  F r enc h  s p e c i e s ;
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1.  B a c t r o p t y x î s  t r a c h a e a  ( D e s l . )  H y d r e q u e n t ,  B a t h o n î a n  i n f e r i e u r ,  c o i l ,  

l e  Mes l e .

2 .  B a c t r o p t y x i s  t r a c h a e a  ( D e s l . )  Les P i c h o t t e s ,  B a t h o n i a n  s u p é r i e u r ,  

c o i l ,  l e  Mes l e .

3 .  B a c t r o p t y x i s  t r a c h a e a  ( D e s l . )  Ru mig ny ,  B a t h o n i a n  s u p é r i e u r ,  c o l l .

Fi  s c h e r .

k. B a c t r o p t y x i s  t r a c h a e a  ( D e s l . )  P o i x ,  B a t h o n i a n  s u p é r i e u r ,  c o l l .  P e r o n .

5 . B a c t r o p t y x î s  a x o n e n s i s  ( d ' O r b . )  Rumigny,  B a t h o n î a n  s u p é r i e u r ,  c o l l .  

F i s c h e r .

6 . N e r i n e a  b a c i l l u s  d ' O r b . ,  M a r q u i s e ,  B a t h o n î a n ,  c o l  1 .  d ' O r b î g n y , c o l l e c -  

t î v e  number 2622.

7. N e r i n e a  i m p l i c a t a  d ' O r b . ,  M a r q u i s e ,  B a t h o n i a n ,  c o l l . d ' O r b î g n y ,  c o l l e c -  

t i v e  number  26 l 8 .

C o n s i d e r i n g  t h e  d e g r e e  o f  o v e r l a p p i n g  m o r p h o l o g i c a l  v a r i a t i o n  shown 

t o  b e  p r e s e n t  in  t h e  W h i t e  L i m e s t o n e  (M.  B a t h o n i a n )  p o p u l a t i o n s  and 1 

C l y p e u s  G r i t  (U .  B a j o c i a n )  p o p u l a t i o n ,  t h e  p r e s e n t  a u t h o r  b e l i e v e s  t h a t  

t h e  genus B a c t r o p t y x i s  has been e x t e n s i v e l y  and e r r o n e o u s l y  ' o v e r s p l i t 1 . 

N e v e r t h e l e s s ,  u s i n g  t h e  c r i t e r i a  o f  d i s t i n c t i v e  i n t e r n a l  f o l d i n g  a n d / o r  

d i s t i n c t i v e  e x t e r n a l  m o r p h o l o g y ,  s e v e r a l  ' s p e c i e s '  c a t e g o r i e s  can be 

r e a d i l y  i d e n t i f i e d  w h i c h  a r e  r e t a i n e d  h e r e  and t h e s e  a r e  b r i e f l y  summa­

r i s e d  b e l o w .

l . B a c t r o p t y x i s  c o t t e s w o l d i a e  ( L y c e t t  18 5 7 )  =  s u b j e c t i v e  synonym 

N e r i n e a  c o n i c a  W i t c h e l l  18 8 7 .

I n t e r n a l  c r o s s - s e c t i o n  o f  w h o r l  c a v i t y  i s  u n m i s t a k e a b l e  i n  h a v i n g  

t h r e e  c o l u m e l l a r  f o l d s .  F o l d  d i a g n o s i s  3 « 1 » 2 . 0 .  See F i g u r e  2 . 8 .  Age;  

B a j o c i a n ,  m a i n l y  M u r c h i s o n a e  Z o n e ;  a b u n d a n t  i n  t h e  Pea G r i t  and O o l i t e  

M ar l  o f  t h e  C o ts w o lds  and e s p e c i a l l y  t h r o u g h o u t  t h e  Lower  L i n c o l n s h i r e

Limestone.
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2.  B a c t r o p t y x i s  xenos ( H u d l e s t o n  3 8 9 0 ) .

W h o r l s  v e r y  h i g h  in  r e l a t i o n  t o  w i d t h ;  s p i r e  e x t r e m e l y  a c i c u l a r .  

I n t e r n a l  s e c t i o n  v e r y  e l o n g a t e  w i t h  f o l d s  s i m p l e .  F o l d  d i a g n o s i s  

2 . 1 . 2 . 0 .  See F i g u r e  2 . 8 .  Age; B a j o c i a n ,  b a s e  o f  M u r c h i s o n a e  Z on e ;

-  Haugl  Su bzo ne;  uncommon, f r o m  t h e  s h e l l  bed b e l o w  t h e  Lower  L im e s t o n e  

a t  C l e e v e  H i l l  ( H u d l e s t o n ,  o p . c l t . , p .  2 1 6 ) .

8 k ^ 3 .  B a c t r o p t y x i s  g u i s e i  ( W l t c h e l l  1 8 8 0 ) .

A v e r y  d i s t i n c t i v e  s p e c i e s  in  w h ic h  t h e  w h o r l s  a r e  e x t r e m e l y  co n cave  

w i t h  b u l g i n g ,  rounded s u t u r e s .  W h o r l s  v e r y  h i g h  in  r e l a t i o n  t o  w i d t h .  

The f i g u r e s  o f  H u d l e s t o n  ( o £ .  c i t . , p i .  XV ,  f i g .  l a  -  c)  a r e  r e a s o n a b l y  

a c c u r a t e .  The i n t e r n a l  s e c t i o n  has t h e  f o l d  d i a g n o s i s  2 . 1 . 2 . 0 .  b u t  t h e  

f o l d s ,  e s p e c i a l l y  t h e  c o l u m e l l a r  ones a r e  v e r y  p o o r l y  d e v e l o p e d .  See  

F i g u r e  2 . 8 .  Age;  r e c o r d e d  f r o m  t h e  Upper  B a j o c i a n  -  m a i n l y  c o n f i n e d  t o  

t h e  C lypeus G r i t  ( s e e  H u d l e s t o n ,  o p .  c 1 1 , ,  f o r  l o c a l i t i e s )  a l t h o u g h  t h e  

p r e s e n t  a u t h o r  has c o l l e c t e d  t h i s  s p e c i e s  f r o m  t h e  Lower  L i n c o l n s h i r e  

L i m e s t o n e  ( D i s c i t e s  Zone)  a t  C a s t l e  Bytham (SK 9 9 1 8 )  -  bed 3 o f  K e n t ,  i n  

S y l v e s t e r - B r a d l e y  and F o r d ,  1 9 8 8 ,  p .  2 2 3 .

T h i s  s p e c i e s  has t h e  a p p e a r a n c e  o f  a compressed g u t s e i , t h e  w h o r l s  

b e i n g  much s h o r t e r  w i t h  r e s p e c t  t o  t h e i r  w i d t h .  The i n t e r n a l  s e c t i o n  

g i v e n  by H u d i e s t o n  ( 1 8 9 0 - 9 6 ,  p i .  XV ,  f i g .  2 b )  i s  c e r t a i n l y  i n a c c u r a t e .

The t y p e - s p e c i m e n s  (J 7 8 2 9 - 3 2 :  S e d g w ic k  Museum, C a m b r i dge )  show no c l e a r  

I n t e r n a l  s e c t i o n .  H o w e v e r ,  t h e  v e r y  d i s t i n c t i v e  e x t e r n a l  m orpho logy  

s e r v e s  t o  d i s t i n g u i s h  t h i s  s p e c i e s .  Age;  B a j o c i a n  -  Lower  L i n c o l n s h i r e  

L i m e s t o n e  a t  B l e m i s t h o r p e  ? D i s c i t e s  Zone.

B a c t r o p t y x i s  campana ( H u d l e s t o n  1 8 9 0 ) .
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g ^ 5 »  B a c t r o p t y x i s  l e b r u n i  ( d ' O r b i g n y ,  1 8 5 * 0 .

The h o l o t y p e  o f  t h i s  F r en c h  Up per  B a j o c i a n  s p e c i e s  came f r o m  

C rép ey  S.W.  o f  Nancyt Mosel  1e a n d ,  a c c o r d i n g  t o  b o th  Cossmann ( 1 898, p .  

lAO) and D i e t r i c h  ( 1 9 2 5 ,  p .  3 8 ) ,  t h e  t y p e  has been l o s t .  C o n s e q u e n t l y ,  

Cossmann ( o £ .  c i  t . , p .  lAO)  d e s i g n a t e d  a v e r y  p o o r l y  p r e s e r v e d  n e o t y p e  

( ° p .  c i t . , p i .  X ,  f i g .  16)  f r o m  F r o u a r d  ( G a i f f e  c o l l e c t i o n ) .  E x t e r n a l l y  

t h e  n e o t y p e  o f  B a c t r o p t y x i s  l e b r u n i  i s  a p p a r e n t l y  i n d i s t i n g u i s h a b l e  

f r o m  many o t h e r  B a c t r o p t y x i s  s p p .  i n  t h a t  t h e  s p i r e  i s  a c i c u l a r  wi t h  ; 

numerous sm o o th ,  a l m o s t  f l a t  w h o r l s .  The o n l y  f i g u r e d  i n t e r n a l  s e c t i o n  

known t o  t h e  p r e s e n t  a u t h o r  i s  t h a t  o f  d ' O r b i g n y  ( 1 8 5 1 - 6 0 ,  p i .  2 5 1 ,  f i g s .  

2 - 3 )  w h ic h  a p p e a r s  v e r y  d i s t i n c t  and on t h i s  b a s i s  B. l e b r u n i  i s  p r o ­

v i s i o n a l l y  r e g a r d e d  as a v a l i d  s p e c i e s  ( s e e  F i g u r e  2 . 8 ) .

5^ 6 . B a c t r o p t y x i s  b a r r a n d e a n a  (Cossmann e x .  P i e t t e ,  1885) .

1885 N e r i n e a  b a r r a n d e a n a , P i e t t e ,  p .  1113 ( i n s u f f i s a m e n t  c a r a c t é r i s é ) .

1885 N e r i n a e a  b a r r a n d e a n a , Cossmann e x .  P i e t t e ,  p .  2 0 5 ,  p i .  X V I I ,

f i g .  k S.
1898 N e r i n e l l a  b a r r a n d e i ,  Cossmann,  p .  96 , p i .  V I I I ,  f i g .  1*1.

1969 Bactroptyx is  barrandeana F i scher,  p .  1 7 8 ,  f i g .  3 7 ,  p i . X V I I I ,  

f i g s .  6 - 8 .

The t r u e  g e n e r i c  a f f i n i t i e s  o f  t h i s  s p e c i e s  r e m a i n e d  unknown u n t i l  

F i s c h e r  ( o £ .  c i  t . ) s e c t i o n e d  a number o f  spe c im e n s  w h ic h  showed a t y p i c a l  

B a c t r o p t y x i s  i n t e r n a l  s t r u c t u r e .  T h e  f o l d  d i a g n o s i s  i s  2 . 1 . 2 . 0 ;  t h e !  

f o l d s  b e i n g  e i t h e r  s i m p l e  o r  b i - a n g u l a r  p r o d u c i n g  an i n t e r n a l  s t r u c t u r e  

uni  i k e  t h a t  o f  any o t h e r  d e s c r i b e d  B a c t r o p t y x i s  s p .  ( s e e  F i g u r e  2 . 8 ) .



Fig. 2.8. Fold morphology of 'valid* Bajocian and Bathonian species of Bactroptyxis.
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E x t e r n a l l y ,  t h e  a p i c a l  a n g l e  i s  r a t h e r  l a r g e  ( a p p r o x i m a t e l y  10° )  

and t h e  co n cave  w h o r l s  a r e  v e r y  low .  A c c o r d i n g  t o  Cossmann (oj>. c i  t . )  

and F i s c h e r  ( o £ .  c i  t . ) ,  t h i s  s p e c i e s  has a w e l l  d e v e l o p e d  o r n am en t  o f  

f o u r  s p i r a l  1 1 r a e .  Ag e;  Upper  B a t h o n l a n  o f  t h e  A r d e n n e s ,  F r a n c e .

Qbj7 . B a c t r o p t y x i s  cossmannl  F i s c h e r ,  1 9 6 2 .

6 k / 8 .  B a c t r o p t y x i s  s u b b r u n t r u t a n a  ( d ' O r b i g n y ,  1 8 5 * 0 .

The d i s t i n c t i o n  be tw een  t h e s e  two s p e c i e s  has been f u l l y  d e a l t  w i t h  

e l s e w h e r e  ( F i s c h e r ,  19 6 4 ,  p p .  5 5 - 6 ,  f i g s .  3 3 - 3 4 ,  p i .  I I ,  f i g s .  2 3 - 2 9 ) .  

Both s p e c i e s  have l a r g e  a p i c a l  a n g l e s  ( 1 2 ° - 1 5 ° )  and a c c o r d i n g  t o  F i s c h e r  

( o p . c i  t . , p .  5 5 ) ,  t h e y  a r e  d i s t i n g u i s h e d  by  t h e i r  e x t e r n a l  m o r p h o l o g i e s  

B. cossmanni has c o n v e x  w h o r l s ,  a rounded p e r i p h e r y  and i s  " e x t é r i e u r e ­

ment  t r è s  d i f f i c i l e  à  d i s t i n g u e r  de  F i b u l o p t y x î s  b u c i l l y e n s i s "  ( =  s u b ­

j e c t i v e  synonym o f  _F. wi  t c h e l  1 î ) ( F i  s c h e r .  o p . c i  t . ,  p .  55 )  • _B. s u b b r u n -  

t r u t a n a  has co n cave  w h o r l s  and an a n g u l a r  p e r i p h e r y .  Both s p e c i e s  ha v e  

s i m i l a r  i n t e r n a l  s e c t i o n s  in  w h i c h  t h e  v e r y  p r o n o unced  b i - a n g u l a r  

p a r i e t a l  f o l d  i s  p a r t i c u l a r l y  d i s t i n c t i v e  ( s e e  F i g .  2 . 8 ) .

$b[S .  Bactroptyxis implicata ( d ' O r b i g n y ,  1 8 5 4 ) .

tf)  1842 N e r i n e a  t r a c h a e a , D e s l o ngch am ps , p .  18 8 ,  p i .  11 ,  f i g s .  3 - 4 ,  

( nomen dubiurn) .

1843 N e r l n e a  v o l t z i 1 , d ' A r c h i a c ,  p .  3 8 1 ,  p i .  3 0 ,  f i g .  5 ,

(non De sl o n g c h a m p s ) .

1 8 4 9 / 5 0  N e r i n e a  i m p l i c a t a , d ' O r b i g n y ,  p .  2 9 8 ,  n o .  3 5 .

1 8 4 9 - 5 0  N e r i n e a  b a c i 1 l u s , d ' O r b i g n y ,  p .  2 9 8 ,  no.  3 6 .

1 8 4 9 / 5 0 N e r i n e a  t r a c h a e a , d ' O r b i g n y ,  p .  2 9 8 ,  n o .  4 0 .

. 1 8 4 9 / 5 0  N e r i n e a  a x o n e n s l s , d ' O r b i g n y ,  p .  2 9 9 ,  no.  4 5 .

( 7 )  1 8 5 1 - 1 8 5 6  N e r i n e a  t r a c h a e a , Woodward,  p .  12 9 ,  f i g .  7 9 .
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vV . 1854 N e r l n e a  I m p l i c a t a ,  d ' O r b i g n y ,  p .  8 2 ,  p i .  2 5 1 ,  f i q s .  4 - 7 .

V.  1854 N e r l n e a  b a c i l l u s ,  d ' O r b i g n y ,  p .  8 4 ,  p i .  2 5 2 ,  f i q s .  3 - 6 .

1854 N e r i n e a  t r a c h a e a ,  d ' O r b i g n y ,  p .  8 9 ,  p i .  2 5 3 .  f i q s .  7 - 8 .

. 1854 N e r i n e a  a x o n e n s i s ,  d ' O r b i g n y ,  p .  9 2 ,  p i .  2 5 3 ,  f i q s .  1 2 - 1 5 .

1854 N e r i n e a  r a y a n a ,  C o t t e a u ,  p .  2 0 .

. 1855 N e r i n e a  a x o n e n s i s ,  P i e t t e ,  p .  1 0 9 8 ,  and p .  11 1 8 .

1855 N e r i n e a  S i m o n i s , P i e t t e ,  p .  11 1 4 .

V * .  1857 N e r i n e a  J o n e s i i , L y c e t t ,  p .  1 2 4 ,  p i . .  2 ,  f i q .  4 .

V * .  1857 N e r i n e a  O p p e l e n s i s ,  L y c e t t ,  p .  1 2 3 .  p i .  2 ,  f i q .  6 .

1867 N e r i n e a  b a c i l l u s ,  L a u b e ,  p .  2 1 ]

1885 N e r i n e a  ( P t y g m a t i s )  i m p l i c a t a ,  Cossmann,  p .  1 9 6 ,  p i .  1 ,  f i q  

2 3 - 2 4 .

1885 N e r i n e a  ( P t y g m a t i s )  b a c i l l u s ,  Cossmann,  p .  1 9 6 ,  p i .  1 ,  f i q s  

2 5 - 2 6  and p i . X I , f i g .  18.

. 1885 N e r i n e a  ( P t y q m a t i s )  a x o n e n s i s ,  Cossmann, p .  19 8 ,  p i .  9 .  

f i g s .  1 - 2 .  7

1885 N e r i n e a  ( P t y q m a t i s )  t r a c h a e a ,  Cossmann,  p .  199 .

V * .  1886 N e r i n a a a  c o m p l i c a t a ,  W i t c h e l l ,  p .  2 7 2 - 3 .  p i . - 4 ,  f i q .  2 .

1886 N e r i n e l l a  ( B a c t r o p t y x i s )  i m p l i c a t a ,  Cossmann, p .  3 9 - 4 0 ,  p i .  

f i g s .  1 3 - 1 4 .

. 1886 N e r i n e l l a  ( B a c t r o p t y x i s )  J o n e s i i , Cossmann,  p .  4 0 .

. 1886 N e r i n e l l a  ( B a c t r o p t y x i s )  p r o d u c t a ,  Cossmann,  p .  4 0 .

. 1886 N e r i n e l l a  ( B a c t r o p t y x i s )  O p p e l e n s i s ,  Cossmann,  p .  4 0 .

1886 N e r i n e l l a  ( B a c t r o p t y x i s )  b a c i  1 l u s , Cossmann,  p .  4 0 .

1886 N e r i n e l l a  ( B a c t r o p t y x i s )  t r a c h a e a ,  Cossmann,  p .  4 0 .

. 1886 N e r i n e l l a  ( B a c t r o p t y x i s )  a x o n e n s i s ,  Cossmann,  p .  4 0 .

. 1886 N e r i n e l l a  ( B a c t r o p t y x i s )  c o m p l i c a t a ,  Cossmann,  p .  4 0 .

V .  1887 N e r i n a e a  O p p e l e n s i s ,  W i t c h e l l ,  p .  3 1 ,  p i .  1» f * 9 .  5 .
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V .  1887 N e r i n a e a  s t r o u d i e n s i s , W i t c h e l l ,  p .  3 3 ,  p i .  I ,  f i g .  9 *

V . 1887 N e r i n a e a  c o n s o b r i n a , W i t c h e l l ,  p .  3 3 ,  p i .  I ,  f i g .  10 .

V . 1887 N e r i n a e a  p r o d u c t a , W i t c h e l l ,  p .  3 ^ ,  p i .  I ,  f i g .  13*
dtV . 1887 N e r i n a e a  v e l o x , W i t c h e l l ,  p .  3**» p i .  I I ,  f i g .  3«

. 1887 N e r i n a e a  J o n e s i  i , W i t c h e l l ,  p .  2 5 .

1888 P t y q m a t i s  a x o n e n s i s , S c h l i p p e ,  p .  19 0 .

V .  1890 N e r i n a e a  (P t y g m a t  i s ) b a c i  1 l u s , H u d l e s t o n ,  pp.  2 17” 8 ,  p i .  XV,  

f i g s .  5 - 7 ,  p i .  X V I ,  f i g .  12.

V .  1890 N e r i n a e a  (P t y g m a t  i s ) b a c i  11us v a r .  c a r n i c o t e n s i  s , p i .  XV,  

f i g .  5 a  and b .

V .  1890 N e r i  naea ( P t y g m a t i s ) ba c i  1 lus  v a r .  c e r v i c u l a  ( p a r s . ) , p i . XV,  

f i g .  6a  -  c .

V .  1890 -N e r i naea ( P t y g m a t i s ) b a c i  1 lus  v a r .  c r a s s i c i n c t a , p i .  XV,  f i g .  7a

V .  1890 N e r i n a e a  ( P t y q m a t i s ) J o n e s t  i , H u d l e s t o n ,  pp.  2 1 8 - 9 ,  p i .  XV,

f i g .  9 .

V .  1890 N e r i n a e a  ( P t y g m a t i s ) O p p e l e n s i s , H u d l e s t o n ,  p p .  2 1 9 - 2 0 ,  p i .  XV,  

f i g .  11.

V .  1890 N e r i n a e a  ( P t y q m a t i s ) p r o d u c t a , H u d l e s t o n ,  pp.  2 2 0 - 2 1 ,  p i .  XV,  

f i g .  10.

. 1890 N e r i n a e a  ( P t y q m a t i s ) c o n s o b r i n a , H u d l e s t o n ,  p .  2 2 1 .

V.  1890 N e r i n a e a  ( P t y q m a t i s ) v e l o x , H u d l e s t o n ,  p .  2 2 1 ,  p i .  X V I ,  f i g .  1.

V .  1890 N e r i n a e a  ( P t y g m a t i s ) s t r o u d i e n s i s , H u d l e s t o n ,  p .  2 2 2 ,  p i .  X V I ,  

f i g .  2 .

V * .  1890 N e r i n a e a  ( P t y g m a t i s ) b r e v i v o l u t a , H u d l e s t o n ,  pp.  2 2 5 - 6 ,  p i .  X V I ,  

f i g s .  9 - 1 0 .
dtV . 1890 N e r i  naea ( P t y g m a t i s ) s u b b r e v i v o l u t a , H u d l e s t o n ,  p .  2 2 6 ,

p i .  X V I ,  f i g .  11.
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1898 B a c t r o p t y x i s  j o n e s i i , Cossmann,  p .  1 4 1 ,  p i . X ,  f i g s .  23 -2 *» .

1898 B a c t r o p t y x i s  b a c i l l u s , Cossmann,  p p .  1*»1-2,  p i .  X ,  f i g s .  1 9 - 2 1 .  

1898 B a c t r o p t y x i s  b a c i l l u s  v a r .  mi c h a l e t ! , Cossmann, p p .  1 4 1 - 2 ,  

p i .  X,  f i g .  2 2 .

1898 B a c t r o p t y x i s  i m p l i c a t a , Cossmann,  p p .  1*»2-3,  p i .  X ,  f i g s .  2 5 - 2 8 .  

1898 B a c t r o p t y x i s  a x o n e n s i s , Cossmann,  pp.  1*»3-*», p i . X I , f i g s . 1 - 2 .  

1898 B a c t r o p t y x i s  t r a c h a e a , Cossmann,  p .  1*»5.

1898 B a c t r o p t y x i s  b r e v i v o l u t a , Cossmann,  p .  16 8 .

1898 B a c t r o p t y x i s  c o m p l i c a t a , Cossmann, p .  1 6 8 .

1898 B a c t r o p t y x i s  c o n s o b r i n a , Cossmann,  p .  168 .

18 9 8  B a c t r o p t y x i s  o p p e l e n s i s , Cossmann,  p .  172 .

1898 B a c t r o p t y x i s  p r o d u c t a , Cossmann,  p .  17*i .

1898 B a c t r o p t y x i s  s u b b r e v i  v o l u t a , Cossmann,  p .  17*».

1898 B a c t r o p t y x i s  s t r o u d i e n s i s , Cossmann,  p .  17*».

1898 B a c t r o p t y x i s  v e l o x , Cossmann,  p .  175 .

1925 B a c t r o p t y x i s  a x o n e n s i s , D i e t r i c h ,  p .  36 .

1925 B a c t r o p t y x i s  b a c i l l u s , D i e t r i c h ,  p .  36 .

1925 B a c t r o p t y x i s  b r e v i v o i u t a , D i e t r i c h ,  p .  36.

1925 B a c t r o p t y x i s  c o m p l i c a t a , D i e t r i c h ,  p .  3 7 .

1925 B a c t r o p t y x i s  c o n s o b r i n a , D i e t r i c h ,  p .  37 .

1925 B a c t r o p t y x i s  i m p l i c a t a , D i e t r i c h ,  p .  37 -  

1925 B a c t r o p t y x i s  j o n e s i i , D i e t r i c h ,  p .  38 .

1925 B a c t r o p t y x i s  o p p e l e n s i s , D i e t r i c h ,  p .  38.

1925 B a c t r o p t y x i s  p r o d u c t a , D i e t r i c h ,  p .  38.

1925 B a c t r o p t y x i s  s i m o n i s , D i e t r i c h ,  p .  3 9 .

1925 B a c t r o p t y x i s  s t r o u d i e n s i s , D i e t r i c h ,  p .  3 9 .
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. 1925 B a c t r o p t y x i s  s u b b r e v i v o l u t a , D i e t r i c h ,  p .  3 9 .

1925 B a c t r o p t y x i s  t r a c h a e a , D i e t r i c h ,  p .  4 0 .

. 1925 B a c t r o p t y x i s  v e i o x , D i e t r i c h ,  p .  4 0 .

V .  1931 P ty qm at  i s ( B a c t r o p t y x i s ) b a c i  1 i u s , A r k e l l ,  p .  6 2 0 ,  p i .  X U X ,  

f i g .  13*

V. 19^7 Pt yqm at  i s  ( B a c t r o p t y x i s ) b a c i  1 l u s , A r k e l l ,  p .  1*3, f i g .  5 ,  n o .  2 .  

V. 1950 B a c t r o p t y x i s  b a c i l l u s , Cox and A r k e l l ,  p .  7 9 .

V .  1969 B a c t r o p t y x i s  a x o n e n s i s , F i s c h e r ,  pp.  177” 8 , f i g .  38.

V .  1969 B a c t r o p t y x i s  t r a c h a e a , F i s c h e r ,  pp.  1 7 8 - 9 ,  f i g .  3 9 .

Pi scuss ion

In  v i e w  o f  t h e  r a t h e r  d r a s t i c  changes i n  taxonomy p r o p o s e d  by  

r e - d e f i n i n g  B̂ . impl  i c a t a , a more o r  l e s s  c o m p l e t e  synonymy has been  

g i v e n  f o r  t h i s  s p e c i e s .

French  examp les

The e a r l  l e s t  a v a i l a b l e  name f o r  t h i s  s p e c i e s  as d e f i n e d  by t h e  

p r e s e n t  a u t h o r ,  is a p p a r e n t l y  j i .  t r a c h a e a , Des l o ngch am ps , 18 4 2 .

H o w ev er ,  t h e  o r i g i n a l  d e s c r i p t i o n  o f  De s longchamps ( 1 8 4 2 ,  p .  185) was 

t o o  g e n e r a l i s e d  f o r  s u b s e q u e n t  use  and t h e  f i g u r e s  o f t r a c h a e a  

( D e s lo ng ch am ps ,  1 8 4 2 ,  p ï .  X I ,  f i g s .  3“ 4 :  n o t  p i .  I X ,  f i g s .  2 - 3  as g i v e n  

in  t h e  t e x t ,  p . 188)  a r e  p o o r l y  drawn f r a g m e n t s  o f  an i n t e r n a l  m ou ld .  

F u r t h e r m o r e ,  t h e  c r o s s - s e c t i o n  i s  n o t  c o m p a r a b l e  w i t h  t h a t  o f  any o t h e r  

f i g u r e d  B a c t r o p t y x i s  s p .  E v i d e n t l y  Cossmann ( 1 898) a g r e e d  t h a t  

N. t r a c h a e a  D eslongchamps was i n a d e q u a t e l y  d i a g n o s e d  and rem arks ( p .  145)  

" S i  r é e l l e m e n t  i l  s ' a g i t  b i e n  de l a  même e s p è c e ,  -  e t  j e  s u i s  t e u t ê  de 

-  i l  e s t  i m p o s s i b l e  de s u b s t i t u e r  t  r a c h a e a  à  i m p l i  c a t a ,l a  c r o i  r e ,
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q u o i q u e  ce  s o i t  une d é n o m i n a t i o n  a n t e r i e u r e ,  a t t e n d u  q u ' e l l e  e s t  

t r o p  i m p a r f a i t e m e n t  c a r a c t é r i s é e  p o u r  r e m p l a c e r  une d i a g n o s e  a u s s i  

p r é c i s e  que c e l l e  de _N. i m p ! î c a t a  d ' O r b . "  F u r t h e r m o r e ,  as n o t e d  by 

Cossmann ( o p .  c i  t . , p .  1 4 5 )  t h e  o n l y  o t h e r  f i g u r e  o f  N_. t r a c h a e a  is  

t h a t  g i v e n  by Woodward 0 8 5 1 - 1 8 5 6 ,  p .  1 2 9 ,  f i g .  79}  w h i c h  i s  a l s o  

p o o r l y  drawn and q u i t e  u n s a t i s f a c t o r y .

The h o l o t y p e ,  and o n l y  spe c im en  a c c o r d i n g  t o  Delongchamps  

( o p .  c l t . ) ,  i s  now presumed t o  be  l o s t  a l o n g  w i t h  most o f  t h e  

Deslongchamps c o l l e c t i o n  (Cossmann,  1 8 9 6 ,  p .  2 6 )  and no o t h e r  s p e c i -  

ment i s  a v a i l a b l e  f r o m  t h e  same l o c a l i t y  t o  a c t  as a n e o t y p e  ( s e e  

Cossmann, 1 8 9 8 ,  p .  1 4 5 ) .  C o n s e q u e n t l y  t h e  p r e s e n t  a u t h o r  c o n s i d e r s  

t h a t  as

a )  t h e  h o l o t y p e  o f  _N* t r a c h a e a  i s  u n a v a i l a b l e  f o r  s t u d y '

b)  no  n e o t y p e  has been d e s i g n a t e d

c )  t h e  o r i g i n a l  d e s c r i p t i o n s  and f i g u r e s  o f  Deslongchamps (o j ) .  c i t . ) 

a r e  I n a d e q u a t e ,  N. t r a c h a e a  s h o u l d  be r e g a r d e d  as a nomen dubiurn.

The mext  a v a i l a b l e  and i n t e r p r e t a b l e  name (N.  i m p l i c a t a  d ' O r b . )  s h o u l d  

t h e r e f o r e  be used f o r  t h i s , t a x o n .  P r e s u m a b l y ,  Cossmann's  do u b ts  a b o u t  

t h e  i d e n t i t y  o f  _N. t r a c h a e a  w e r e  a t  l e a s t  p a r t i a l l y  r e s p o n s i b l e  f o r  

h i s  d e s i g n a t i o n  o f  _N. i m p l i c a t a  as t h e  t y p e - s p e c i e s  o f  B a c t r o p t y x l s  

(Cossmann,  1896, p.  3 9 ) .  H o w e v e r ,  s u b s e q u e n t l y  t h e  s p e c i e s  name t r a c h a e a  

has been r e t a i n e d  by F i s c h e r , ( 1 9 6 9 ,  p.  1 7 8 ) .

In  h i s  r e v i s i o n  o f  t h e  f a u n a  f r o m  t h e  B a t h o n i a n  s t r a t a  s o u t h - w e s t  o f  t h e  

A r d e n n e s ,  F i s c h e r  ( o p .  c i  t . )  p r o p o s e d  t h a t  B. i mpl i c a t a  ( d 1 Pr ia . )  and B.  b a ç i  I l us  

( d ' O r b . )  a r e  s u b j e c t i v e  synonyms on t h e  b a s i s  t h a f  ( p . 178)  " . .  . l 'exame n de  

nombreux l o t s  m o n t r e  que l ' é v i d e m e n t  des t o u r s  p e u t  s u b i r  des v a r i a t i o n s
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g r a d u e l l e s  chez une même p o p u l a t i o n  e t  p a r  f o i s  s u r  un même I n d i v i d u , . . . "  

and t h a t  " . . .  l a  v a l e u r  de l ' a n g l e  s u t u r a i  p e u t  v a r i e r  1n d i f f é r e m e n t  

de 13°  a 1 8 ° ,  sans aucune r e l a t i o n  c o n s t a n t e  a v e c  l ' é v i d e m e n t  des t o u r s . "  

F i s c h e r  c o n c lu d e d  t h a t  ( ojd. c l t . , p .  1 7 8 ) ,  " I l  n ' y  a donc pas l i e u  de  

d i s t i n g u e r  deux e s p èces  e t  i l  s e r a i t  même a b u s i f  de l e s  c o n s i d é r e r  au  

rang de  v a r i é t é s . "  These  c o n c l u s i o n s  w e r e  ba sed upon e x t e r n a l  s h e l l  

m o r p h o l o g y .  E v i d e n t l y  F i s c h e r  ( o £ .  ci  t . ) d i d  n o t  e x a m i n e  t h e  v a r i a t i o n  

in  f o l d  m o r p h o l o g i e s ,  a l t h o u g h  he d i d  c o n s i d e r  t h a t  ( p .  178 )  " c h a c u n  de 

ces p l i s  p e u t ê n t r e b i -  ou t r i - a n g u l e u x ; " .  On t h e  b a s i s  o f  t h e  d ' O r b i g n y  

m a t e r i a l  made a v a i l a b l e  t o  t h e  p r e s e n t  a u t h o r  ( s e e  p r e v i o u s l y )  and t h e  

v a r i a t i o n  s t u d i e s  o u t l i n e d  e a r l i e r ,  t h e  u n i f i c a t i o n  o f  J3. i m p l i c a t a  and  

B. b a c i 11 us seems t o  be j u s t i f i e d .

The p r e s e n t  a u t h o r  b e l i e v e s  t h a t  t h e  r an ge  o f  v a r i a t i o n  f o u n d  in  

B. i m p l i  c a t a  is s u f f i c i e n t l y  l a r g e  t o  a l s o  encompass t h o s e  spe cim en s  

d e s c r i b e d  by d ' O r b i g n y  and s u b s e q u e n t  a u t h o r s  as B. a x o n e n s i s . Cossmann 

( 1 8 9 8 ,  pp.  1^3"^» p i .  X I ,  f i g s .  1 - 2 )  and F i s c h e r  ( 1 9 8 9 ,  p p .  177” 8,  

f i g .  38)  have b o t h  d e s c r i b e d  v a r i o u s  a s p e c t s  o f  B. a x o n e n s i s . Cossmann 

( o p .  c l t . ) o n l y  c o n s i d e r e d  t h e  e x t e r n a l  s h e l l  m orp h o lo g y  and c o n c lu d e d  

t h a t  B. axonens i s c o u l d  be d i s t i n g u i s h e d  f r o m _B. b a c i 1 lus  o n l y  on t h e  

b a s i s  o f  t h e  s l i g h t l y  l a r g e r  a p i c a l  a n g l e  o f  t h e  f o r m e r .  A n e o t y p e  was  

d é s i g n a t e d  by Cossmann ( o £ .  c i  t . ,  p i . X I ,  f i g .  2 )  p r e s u m a b l y  be c ause  

t h e  h o l o t y p e  was u n a v a i l a b l e ,  b u t  n e i t h e r  t h e  n e o t y p e  n o r  t h e  a s s o c i a t e d  

specim en  o f  a x o n e n s i s f i g u r e d  by Cossmann ( p i .  X I ,  f i g .  1) have  

a p i c a l  a n g l e s  o u t s i d e  t h e  r a n g e  o b s e r v e d  in  t h e  j3. i m p l i c a t a  sampl es  

exa m ined  by t h e  p r e s e n t  a u t h o r  ( s e e  p r e v i o u s l y ) .  ; I n d e e d ,  t h e  v a r i a t i o n  

i n  e x t e r n a l  s h e l l  mor pho lo gy o f  t h o s e  sp ecim en s i d e n t i f i e d  and c o l l e c t e d  

by F i s c h e r  as J3. a x o n e n s i s f r o m  t h e  B a t h o n i a n  o f  Rumigny,  F r a n c e ,  can be
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mat ched amongst  spe cim en s i d e n t i f i e d  (and  i n  p a r t  c o l l e c t e d )  by 

F i s c h e r  as B. i m p i i c a t a  ( l e  M e s l e  c o l l e c t i o n ,  Pas de  C a l a i s  and 

F i s c h e r  c o l l e c t i o n ,  Rumigny)  (Se e P l a t e s  2 . S  and 2 . T ) .

As n o t e d  by F i s c h e r  ( o £ .  c î  t . , p .  177)  " I l  e s t  n e c e s s a i r e  de  

f î g u e r  à nouveau l i n e  coupe l o n g i t u d i n a l e ,  l a  s e u l e  p u b l i é e  j u s q u ' ­

a l o r s ,  p a r  d ' A r c h t a c ,  é t a u t  t r o p  s c h é m a t i q u e , "  and t h e  s e c t i o n  g i v e n  

( f i g .  38) shows t h a t  t h e  i n t e r n a l  f o l d  m o r p h o lo g y  o f  a x o n e n s 1s is  

encompassed w i t h i n  t h e  r an ge  o f  t h e  B r i t i s h  samples  shown i n  F i g s .

2 . 3  to 2 . 7 *  T h i s  was confirmed by the examination of  specimens of  

B. axonensis sent to the present author by Fischer (see previously) .

The i n t e r n a l  f o l d  m orpho logy  o f  t h e  s e v e r a l  Frenc h B a c t r o p t y x i s  sp p .  

exa m in ed  by t h e  p r e s e n t  a u t h o r  and c o n s i d e r e d  s u b j e c t i v e  synonyms o f  

B. i m p l i c a t a  a r e  shown i n  F i g u r e  2 . 9 .

B r i  t i s h  examples

The numerous B a j o c i a n  s p e c i e s  o f  B a c t r o p t y x i s  w e r e  o r i g i n a l l y  

d e s c r i b e d  by L y c e t t  ( 1 8 5 7 ) ,  W i t c h e l l  ( 1 8 8 6  and 1887) and H u d l e s t o n  

( l 8 9 0 ) .  H a v in g  ex a m in e d  as much t y p e - m a t e r i a l  o f  t h e s e  s p e c i e s  as c o u l d  

be  l o c a t e d ,  t h e  p r e s e n t  a u t h o r  c o n s i d e r s  t h a t  t h e y  w e r e  d i a g n o s e d  on 

t h e  b a s i s  o f  i n a d e q u a t e  sam pl es  ans t h a t  no p r a c t i c a l  t a x o n o m i c  sub ­

d i v i s i o n  o f  t h e s e  s p e c i e s  i s  p o s s i b l e  o r  n e e d e d .  They a r e  a l l  t h e r e ­

f o r e  h e r e  r e g a r d e d  as s u b j e c t i v e  synonyms o f  B.  i m p l I c a t a .

The v a r i o u s  i n t e r n a l  c o n f i g u r a t i o n s  o f  t h e  f o l d s  in  t h e s e  B r i t i s h  

B a i o c i a n  B a c t r o p t y x i s  ' s p e c i e s '  a r e  shown in  F i g u r e  2 . 1 0 .  Where  p o s s i b l e ,  

t h e  i n t e r n a l  s e c t i o n s  have been  drawn f r o m  t h e  o r i g i n a l  t y p e - m a t e r i a l ,  

as d e s c r i b e d  b e l o w .
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o p p e l e n s i  s L y c e t t  1857«

O f  t h e  two L y c e t t  s y n t y p e s  f r o m  S e l s e y  H i l l ,  one ( G . S . M .  1 12 690 )  

is  n o t  s e c t i o n e d  and i n  t h e  o t h e r  ( G . S . M .  1 12 691 )  t h e  s e c t i o n  i s  n o t  

a x i a l .  T h e r e f o r e  a c r o s s - s e c t i o n  o f  t h e  w h o r l  c a v i t y  f r o m  spe c im en  

G 16304 ( T o p o t y p e  f r o m  S e l s e y ,  W i t c h e l l  c o l l e c t i o n ;  B r i t i s h  Museum,  

N a t u r a l  H i s t o r y )  w h ic h  was f i g u r e d  by W i t c h e l l  ( l 887, p i .  1 ,  f i g .  3a )  

i s  shown i n  F i g u r e  2 . 1 0 .

jones  i i L y c e t t  1 8 5 7 .

N e i t h e r  t h e  h o l o t y p e ,  G . S . M .  8 0 8 9 ,  n o r  t h e  p a r a t y p e ,  G . S . M .  4 1 4 4 7 ,  

o f  t h i s  L y c e t t  s p e c i e s  hav e  been s e c t i o n e d .  A t  p r e s e n t ,  no s e c t i o n e d  

specim en  a p p e a r s  a v a i l a b l e  f o r  c o m p a r i s o n .  The t y p e - m a t e r i a l  was 

o b t a i n e d  f r o m  t h e  L r .  F r e e s t o n e  ( M u r c h i s o n a e  Su bz on e)  a t  N a i l s w o r t h .

c o n s o b r i n a  W i t c h e l l  1 8 8 7 .

A s e c t i o n  o f  t h e  w h o r l  c a v i t y  f r o m  t h e  f i g u r e d  s y n t y p e  o f  W i t c h e l l  

( B . M . N . H .  -  G. 163 01 ;  1 8 8 7 ,  p i .  1 ,  f i g .  10a)  i s  shown in  F i g u r e  2 . 1 0

t o g e t h e r  w i t h  a n o t h e r  e x a m p l e . f r o m  t h e  W i t c h e l l  c o l l e c t i o n ,  B . M . N . H .  -  

G. 8 2 2 2 9 .  The t y p e - s p e c i m e n s  w e r e  c o l l e c t e d  f r o m  t h e  P i s o l i t e  (? -  Pea  

G r i t )  a t  L o n g fo r d s  n r .  N a i l s w o r t h .

comp 1 i c a t a  W i t c h e l l  18 8 6 .

W i t c h e l l ' s  s y n t y p e  ( B . M . N . H .  -  G. 1 6 2 5 0 ;  1 8 8 6 ,  p i .  I V ,  f i g .  2a )

was c o l l e c t e d  a t  T i l  tups  End ( R e t r o c o s t a t u m  Zone -  B a t h o n i a n )  and is  

shown i n  F i g u r e  2 . 1 0 .

v e l o x  Wi t c h e l 1 18 8 7 .

The t y p e - s p e c i m e n s  on w h ic h  W i t c h e l l  bas ed  t h i s  s p e c i e s  w e r e  

b o r r o w e d  f r o m  H u d l e s t o n  who c o l l e c t e d  them  f r o m  t h e  O o l i t e  M ar l  

( B r a d f o r d e n s i s  Su bzo ne)  a t  S w i f t s  H i l l  and L o n g r i d g e .  F i g u r e  2 . 1 0  shows
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an i n t e r n a l  s e c t i o n  o f  t h e  w h o r l  c a v i t y  f r o m  t h e  spe c im e n  f i g u r e d  by  

H u d l e s t o n  ( 1 8 9 0 ,  p i .  X V I ,  f i g .  1) as P t y g m a t i s  v e l o x . ( S . M .  -  J 6 8 2 6 ) .

s t r o u d i e n s i s  W i t c h e l l  18 8 7 .

W i t c h e l l  ( 1 8 8 7 ,  p .  3 3 ,  p i .  1 ,  f i g .  9 )  d i d  n o t  f i g u r e  a s e c t i o n  o f  

t h i s  s p e c i e s .  H o w e v e r ,  t h e  W i t c h e l l  c o l l e c t i o n  c o n t a i n s  a s e c t i o n e d  

specim en  (? a p a r a  t y p e ;  B . M . N . H .  -  G 8 2 2 4 A ) . w h i c h  i s  shown in  F i g u r e  

2 . 1 0 .  T h i s  s p e c i e s  i s  r e c o r d e d  by W i t c h e l l  (o j ) .  c i t . ) f r o m  t h e  ' m a r l y  

l i m e s t o n e '  (? =  O o l i t e  M a r l )  o f  S w i f t s  H i l l .

p r o d u c t a  W i t c h e l l  1887•

The i n t e r n a l  s e c t i o n  shown i n  F i g u r e  2 . 1 0  I s  t h a t  o f  W i t c h e l l ' s  

s y n t y p e ,  B . M . N . H .  -  G 8 2 2 1 1 3  (Wi t c h e l  1 , 18 8 7 ,  p .  3*», f i g .  1 3 a ) .

A n o t h e r  e x a m p le  f ro m  t h e  H u d l e s t o n  c o l l e c t i o n  ( f i g u r e d  i n  H u d l e s t o n ,  o p . 

c i t . , p i .  XV,  f i g .  10a)  i s  a l s o  shown ( S . M .  -  J 6 8 2 4 ) .  The known 

spe cimen s a r e  f r o m  t h e  Pea G r i t  ( M u r c h i s o n a e  Su bzone)  a t  L o n g f o r d s ,  n r .  

N a i l s w o r t h .

b r e v i v o l u t a  H u d l e s t o n  1890.

T h r e e  i n t e r n a l  s e c t i o n s  a r e  shown in  F i g u r e  2 . 1 0 ;  t h e  f i g u r e d  

specim en  o f  H u d l e s t o n  ( 1 8 9 0 ,  p i .  X V I ,  f i g .  9 b ;  S . M ,  J 6 8 3 9 )  t o g e t h e r  

w i t h  sp ecim en s S . M .  J 79 2 4  and J 7 9 2 1 )  H u d l e s t o n  c o l l e c t i o n ,  S e d g w ic k  

Museum, C a m b r i d g e ) .

Compar iso n o f  F i g u r e  2 . 1 0  w i t h  F i g u r e s  2 . 4  -  2 . 8  and 2 . 9  s u g g e s t s  

t h a t  n o - p r a c t i c a l ; s u b d i v i s i o n  bas ed  upon i n t e r n a l  f o l d  m orp h o lo g y  is  

p o s s i b l e .  E v i d e n t l y  H u d l e s t o n  ( o £ .  c i t . )  a t  l e a s t  p a r t i a l l y  a g r e e d  f o r  

i n  s e v e r a l  s t a t e m e n t s  he c o n c l u d e s ;
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(p. 222) " In terna l ly  a l l  three (1.e. oppelens1s , velox and 

stroudiensis are closely related and some might be disposed to regard 

them as varieties of one species".

(p. 221) "He (Witchell) says that i t  ( i .e . consobrina) differs  

very l i t t l e  in its  internal structure from ^  oppelens 1 sy.1.

and (p. 220) "The section of Ptyg. oppelensis differs in no 

material respect from the sections of Ptyg. baci1lu s " .

In those museum specimens which are both well-preserved and 

complete, i t  is noticeable that the shells  of specimens identified as 

oppelensis, jonesi i , consobrina,veiox and stroudiensis are dimorphic. 

The whorls of the apical part of the shell have concave walls, but the 

concavity disappears aperturally and the lower whorls of these shells; 

are f la t  or only s l i gh t ly  concave, thus being tota l ly  ind is t1nquisable 

from implicata, b a c i l lu s , producta, etc. which do not exhibit this 

dimorphism. The taxonomic s ignif icance of this feature is d i f f i c u l t  

to assess. Since the vast majority of Bactroptyxis specimens are 

incomplete and lack the apical part of the shel l,  this feature is 

unlikely to be of any practical value. In the light of the studies 

undertaken so far, i t  would probably be best to regard those specimens 

of B. implicata with markedly concave apical whorls as a subspecies - 

oppelens i s .

Until further specimens are available it  is also suggested that 

the larger apical angles (12°-14°) of brevlvoluta Hudleston (inc. 

subbrevlvoluta) su ff ic ient ly  dist inguish these specimens to warrant a 

subspecific name -  brevivoluta. They are otherwise indistinguishable



Fig. 2.10. The fold morphologies of B ritish  subjective synonyms of B. implicata.



f ro m  o t h e r  members o f  t h e  _B. i m p l l c a t a  g r o u p .

The B_. b a c i  11 us v a r i e t i e s  c a r n i c o t e n s  i s  ( H u d l e s t o n )  and  

c r a s s i c i n c t a  ( H u d i e s t o n )  u n d o u b t e d l y  f a l l  w i t h i n  t h e  r a n g e  o f  

m o r p h o l o g i c a l  v a r i a t i o n  o f  i m p l i c a t a . The o t h e r  v a r i e t y  pr opo se d  

by H u d l e s t o n  ( o p .  c i t . )  B. b a c i 1 lus  v a r .  c e r v i c u l a  i s ,  i n  p a r t ,  r a t h e r  

u n u s u a l .  S e v e r a l  o f  t h e  sp e c im en s  a r e  u n d o u b t e d l y  J3. i m p l i c a t a  ( e . g .

J 6 8 1 6 ,  J 7 8 4 8 ;  C r i c k l e y  H i l l  and J 7 8 4 9 ;  B i r d l i p  -  a l l  Se dgw ic k  

Museum, C a m b r i d g e ) .  H o w e v e r ,  spe c im en s  J 6 8 1 4  and J 6 8 1 5  f r o m  t h e  

Upper  L i n c o l n s h i r e  L i m e s t o n e  ( f i g u r e d  by H u d l e s t o n ,  o £ .  c i  t . , p i .  XV,  

f i g .  6a  and b r e s p e c t i v e l y )  show an i n t e r n a l  f o l d  m orpho logy  i n t e r ­

m e d i a t e  be tw een  i m p l i c a t a  and g u i s e i  and an e x t e r n a l  m orp h o lo g y  

c h a r a c t e r i s e d  by e x t r e m e l y  con ca ve  w h o r l s  and v e r y  a c i c u l a r  s p i r e s .

The i n t e r n a l  f o l d  m o r pho logy  o f  t h e s e  spe cim en s i s  shown i n  F i g u r e  2 . 1 1 .  

T h e i r  t a x o n o m i c  p o s i t i o n  i s  a t  p r e s e n t  r e g a r d e d  as u n c e r t a i n  and must  

a w a i t  f u r t h e r  s t u d y  o f  B a j o c i a n  f o r m s .

The d i s t r i b u t i o n  o f  j3. i m p l i c a t a  in  t h e  B r i t i s h  B a t h o n i a n  W h i t e  

L i m e s t o n e  i s  d i s c u s s e d  i n  C h a p t e r  1.

( 3b^ 10 .  Bactroptyxis p i so l i t i c a  (Witchell 1 8 8 7 ) .

( =  s u b j e c t i v e  synonym P t y q m a t i s  s a n t o n i s  H u d l e s t o n  1 8 9 0 ,  p .  22k).  

Two f e a t u r e s  s e r v e  t o  d i s t i n g u i s h  t h i s  s p e c i e s .  The s h e l l  i s  r e m a r k a b l y  

a c i c u l a r  and t h e  i n t e r n a l  f o l d  m o r p h o l o g y ,  w h i l s t  o f  t h e  same p l a n  as 

B. i m p l i c a t a , n e v e r  shows c o m p l e x  a n c i l l i a r y  f o l d s ,  t h e  main  f o l d s  

a lw a y s  r em a in  r e l a t i v e l y  s i m p l e .  The i n t e r n a l  s e c t i o n s  shown i n  F i g . 2 . 8  

a r e  f ro m  t h e  s y n t y p e ,  B . M . N . H .  -  G 8 2 2 3 6 ,  o f  p i  s o l i  t i  ca  ( W i t c h e l l ,  1 8 8 7 ,  

p i .  1,  f i g .  6 a ) ,  f r o m  t h e  s pe c im en  f i g u r e d  as p i s o i  i t i  ca by H u d l e s t o n ,  

S.M. -  J 6 8 0 8  ( s e e  H u d l e s t o n ,  18 9 0 ,  p i .  X V I ,  f i g .  7 )  and f r o m  t h e
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f i g u r e d  s y n t y p e  o f  s a n t o n i s  S . M .  -  J 6 8 3 7  ( H u d l e s t o n ,  1 8 9 0 ,  p i .  X V I , 

f i g .  8 a ) .

Age: Lower Bajocian, Murchisonae Zone (Oolite Marl and Pea Grit)

The s t r a t i g r a p h i c  d i s t r i b u t i o n  o f  j ì .  i m p l i c a t a  in  t h e  W h i t e  

L i m e s t o n e  has been d i s c u s s e d  i n  C h a p t e r  1 .  W i t h i n  t h e  a r e a  s t u d i e d ,  

t h i s  s p e c i e s  i s  c o n f i n e d  t o  t h e  R e t r o c o s t a t u m  Zon e .  However  t o  t h e  

s o u t h - w e s t  o f  t h e  W h i t e  L i m e s t o n e ,  J3. i m p l i c a t a  e v i d e n t l y  ranges i n t o  

t h e  s t r a t i g r a p h i c a l l y  h i g h e r  A s p i d o i d e s  Zone s i n c e  G re en  and Donovan 

( 1 9 6 9 ,  p p .  3 2 - 3 3 )  r e l i a b l y  r e c o r d  t h i s  s p e c i e s  f r o m  t h e  Up per  Rags o f  

t h e  G r e a t  O o l i t e  in  t h e  Corsham r a i l w a y  c u t t i n g .



V a r i a t i o n

Specimen I f

J . - C .

i n  e x t e r n a l  m o r p h o lo g y  o f  specimens  i d e n t i f i e d  

as J3. a x o n e n s i s  by J . - C .  F i s c h e r

Specimen 1c Specimen In

F i s c h e r  c o l i n . ,  B a t h o n i a n ,  Rumigny,  F r a n c e .

A l l  sp e c im e n s  c o a t e d  w i t h  NHi+Cl.

P l a t e  2 . S .





V a r i a t i o n i n  e x t e r n a l  m or ph ol og y o f  specimens  i d e n t i f i e d  as B. i m p l i c a t a

Speci men 3a Speci men Ab Specimen 3b

B a t h .  sup . B a t h .  sup.  B a t h .  sup.

T a l u s  de  l a  G i m p e t t e Les P i c h o t t e s ,  Pas de C a l a i s  T a l u s  de l a  G i m p e t t e

Rumigny,  Ardennes Rumigny,  Ardennes

J . - C .  Fi  s c h e r  col  1n. G. l e  M e s l e  c o l i n .  J . - C .  F i s c h e r  c o l i n .

A l l  spe cim en s c o a t e d  w i t h  NHi+Cl.

P l a t e  2 . T .
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(57 Genus F i  bu l o p t y x i  s Cossmann 1 8 9 8

T y p e - s p e c i e s  F i b u l o p t y x i s  u m b i c i l i f e r a  ( P i e t t e  1 8 5 5 )

D i s c u s s  io n

A p a r t  f r o m  a b r i e f  m e n t i o n  by t h e  p r e s e n t  a u t h o r  i n  t h e  I n t e r ­

n a t i o n a l  F i e 1d Symposiurn on  t h e  B r i t i s h  J u r a s s i c  , 1969  -  E x c u r s i o n  G u i d e s ,  

E x c u r s i o n s  f r o m  London ( e d .  T o r r e n s ,  1 9 6 9 ) ,  t h i s  i s  t h e  f i r s t  d i s c u s s i o n  

o f  t h e  ge nu s  F i b u l o p t y x i  s i n  E n g l a n d .

Th e  t y p e - s p e c i e s  1 N 1 . u m b i c i 1 i f e r a  P i e t t e  ( 1 8 5 5 )  t o g e t h e r  w i t h  

N. v o 1 t z i i D e s lo ngc ham ps  ( 1 8 4 2 )  w e r e  p l a c e d  by Cossmann ( 1 8 9 8 , p p .  6 6 - 6 7 ) 

i n  h i s  ' s e c t i o n *  Me 1 an i o p t y x  i s , a l t h o u g h  t h e  p r e s e n c e  o f  an u m b i l i c u s  in  

t h e s e  two s p e c i e s  l e d  h i m  t o  o b s e r v e  ( q a .  c i  t . ,  p .  6 6 ) ,  " C e t t e  e s p è c e ,  

a i n s i  q u e  l a  s u i v a n l e  f o r m e n t  é v i d e m m e n t  un g r o u p e  a p a r t ;  m a is  l ' é t a t  

de c o n s e r v a t i o n  des i n d i v i d u e s  q u e  j ' e n  c o n n a i s  n ' e s t  pas a s s e z  s a t i s ­

f a i s a n t  p o u r  q u ' o n  p i u s s e  l e s  p r e n d r e  comme t y p e s  d ' u n e  s e c t i o n  n o u v e l l e ,

à  l a q u e l l e  on p o u r r a i t  p e u t - è n t r e  u l t é r i e u r e m e n t  a t t r i b e u r  l e  nom -
K

Fi b u l o p t y x i s  C o s s m . , 18 9 8 .

B o th  Mel a n i j o p t y x i  s and F i b u l o p t y x i s  w e r e  d e s i g n a t e d  ' s e c t i o n s '  by 

Cossmann ( o £ .  c i  t . ) and w e r e  c o n s i d e r e d  i n f r a - s u b g e n e r i c  i n  t h e i r  

t a x o n o m i c  s t a t u s ,  b o t h  b e i n g  p l a c e d  i n  t h e  s u b g e n u s  N e r  i nea  ( N e r i  n e a ) . 

Wenz ( 1 9 4 0 )  r a n k e d  Fi  b u l o p t y x i  s ( a l o n g  w i t h  M e l a n i o p t y x i s , D i o z o p t y x i s , 

P t y g m a t i s , e t c . )  as a s u b g e n u s  o f  N e r i  n e a  and g a v e  t h e  f i r s t  f o r m a l  

d i a g n o s i s  (W e n z ,  o p .  c i t . , p .  8 2 1 ) .  L a t e r ,  F i s c h e r  ( 1 9 6 0 ,  1 9 6 4 ,  1 9 6 9 )  

d e s c r i b e d  t h r e e  new s p e c i e s  o f  Fi  b u l o p t y x i  s ( w h i c h  he  t h e n  g a v e  f u l l  

g e n e r i c  s t a t u s )  and g a v e  t h e i r  d i s t r i b u t i o n  i n  t h e  B a t h o n i a n  o f  F r a n c e .  

P c h e l i n t s e v  ( 1 9 6 5 )  i n  d i s c u s s i n g  h i s  new o r d e r ,  t h e  M u r c h i s o n i a t a ,  had  

a l s o  c r e a t e d  a new f a m i l y ,  t h e  F i b u l o p t y x i s i d a e , b e l o n g i n g  t o  t h e  s u p e r -
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f a m i l y  N e r i n e a c e a .  P c h e l i n t s e v  ( o p .  c i  t . ) i n c l u d e d  a f a m i l i a l  d i a g n o s i s  

and p l a c e d  o n l y  t w o  g e n e r a ,  F i b u l o p t y x i s  and M e l a n i - o p t y x i s  i n  t h e  f a m i l y ,  

r e g a r d i n g  th e m  b o t h  as h i g h l y  p r i m i t i v e ;  r e t a i n i n g  mo st  o f  t h e  a n c e s t r a l  

c h a r a c t e r s  and h a v i n g  an e x t e r n a l  m o r p h o l o g y  c h a r a c t e r i s t i c  o f  t h e  s u p e r ­

f a m i l y  T u b i f e r a c e a  b u t  w i t h  a N e r i n e a c e a n  i n t e r n a l  m o r p h o l o g y . '

H o w e v e r  i n  t h e  p r o g r e s s i v e  t a x o n o m i c  e l e v a t i o n  o f  F i b u l o p t y x i s , 

n e i t h e r  F i s c h e r  ( o p .  c i  t . ) n o r  P c h e l i n t s e v  ( o £ .  c i  t . )  g a v e  a g e n e r i c  

d i a g n o s i s  f o r  F i b u l o p t y x i s . The  l a c k  o f  any  d i a g n o s i s  was p r e v i o u s l y  

r e c o g n i s e d  by Cox ( T r e a t i s e  M . S .  c a .  1 9 6 0 - 6 5 )  and i n  p r e p a r a t i o n  f o r  

t h e  p r o j e c t e d  T r e a t i s e  on I n v e r t e b r a t e  P a l a e o n t o l o g y  ( v o l .  G a s t r o p o d a  

e x c .  A r c h a e o g a s t r o p o d a )  he g a v e  a d i a g n o s i s  f o r  t h e  ge nus  F i b u l o p t y x i s  

in  o r d e r  t o  r e c t i f y  t h e  o m i s s i o n .

P r i o r  t o  t h e  p r e p a r a t i o n  o f  h i s  T r e a t i s e  m a n u s c r i p t ,  Cox ( 1 9 5 * 0  

ha d c r e a t e d  a new ge nus  P s e u d o t  r o c h a l  i a ( w i t h  Jl .  p a t e l  l a  P i e t t e  1 8 5 5 ,  

f r o m  t h e  B a t h o n i a n  o f  F r a n c e  as t h e  t y p e - s p e c i e s )  and  t h e n  b e l i e v i n g  

F i b u l o p t y x i s  and P s e u d o t r o c h a l i  a t o  be  s e p a r a t e  g e n e r a ,  i n c l u d e d  b o t h  i n  

h i s  T r e a t i s e  m a n u s c r i p t .

The  c l o s e  s i m i l a r i t y  e x i s t i n g  b e t w e e n  F i b u l o p t y x i s  and P s e u d o t r o c h a 1 i a  

was f i r s t  n o t i c e d  by F i s c h e r  ( 1 9 6 0 ,  p .  2 0 9 )  who s t a t e d  " A  l ' e x a m e n  

s i m u l t a n e  de P s e u d o t r o c h a l i a  e t  d e  F i b u l o p t y x i s , ¡1 e s t  p e r m i s  de p e n s e r  

que  ces d e u x  g e n r e s  s o n t  a s s e z  v o i s i n s : " .  F i s c h e r  l a t e r  c o n c l u d e d  ( 1 9 6 9 ,  

p .  1 7 9 :  -  a f t e r  t h e  p r e p a r a t i o n  o f  C o x ' s  T r e a t i s e  m a n u s c r i p t )  t h a t  t h e  

tw o g e n e r a  a r e  s u b j e c t i v e l y  s y n o n y m o u s ,  a d e c i s i o n  w i t h  w h i c h  t h e  p r e s e n t  

a u t h o r  a g r e e s .  T h e r e f o r e  an emended g e n e r i c  d i a g n o s i s  f o r  F i b u l o p t y x i s  

a nd a l i s t  o f  t h e  known s p e c i e s  i s  g i v e n  b e l o w .
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Genus F i b u l o p t y x i  s Cossmann 189 8 ( =  s u b j e c t i v e  synonym

P s e u d o t  r o c h a 1 i a Cox 1 9 5 ^ )

T y p e - s p e c i e s  N e r i n e a  u m b i c i l i f e r a  P i e t t e  1 8 5 5 .

Emended d i a g n o s i s  h e r e i n

R a t h e r  s t o u t l y  c o n i c a l  t o  t r o c h i f o r m .  S l i g h t l y  c y r t o c o n o i d  i n  

c o n i c a l  s p e c i e s  t o  s l i g h t l y  c o e l o c o n o i d  i n  t r o c h i f o r m  r e p r e s e n t a t i v e s .  

W h o r l s  l o w ,  a l m o s t  f l a t  o r  f e e b l y  c o n v e x ,  s m o o t h ,  t h e  l a s t  e v e n l y  c o n ­

v e x  a t  p e r i p h e r y .  A p e r t u r e  r o u n d e d  w i t h  i n d i s t i n c t  s i p h o n a l  o u t l e t .  

C o n s p i c u o u s  u m b i l i c u s ,  o f t e n  v a r i a b l y  d e v e l o p e d  b u t  a l w a y s  p r e s e n t .  

F o l d s  1,  0 - 1 ,  1,  0 ;  t h e  c o l u m e l l a r  and p a r i e t a l  f o l d s  f r e q u e n t l y  v e r y  

w e a k .

Pi s t  r i  b u t  i on P r o b a b l y  U p p e r  B a t h o n i a n  o n l y  i n  F r a n c e  an d E n g l a n d .  

Known s p e c i e s  _F. umbi c i 1 i f e r a  ( P i e t t e  185 5)

_F. q u a d r a t a  ( F i s c h e r  I 9 6 0 )

_F. e l e g a n s  F i s c h e r  I 9 6 0  

F.  a r c h i a c i a n a  ( d ' O r b i q n y  1 8 5 0 )

_F. p a t e l  l a  ( P i e t t e  1 85 5 )

_F. e x c a v a t a  F i s c h e r  196^4

JF. wi  t c h e l  1 i (C o x  a n d  A r k e l  1 1 9 5 0 )

| F i  b u l o p t y x i  s wi  t c h e 1 1 i ( C o x  and A r k e l I  1 9 5 0 )

Synonymy

Vp N e r i n e a  v o l t z i  i , M o r r i s  and L y c e t t ,  1 8 5 1 ,  p .  3 2  ( p a r t i m ) , p i .  V I I ,  

F i g s .  11 ,  11a ( n o n , f i g s .  7> 7 a )  ( hon  D e s 1o n g c h a m p s ) .

V .  N e r i n e a  v o l t z i  i , W i t c h e l 1 ,  1 8 8 6 ,  p .  2 7 5 ,  p i .  V ,  f i g .  3 ,  ( non

D e s 1o n g c h a m p s ) .



-  2 : 8 7  "

Me 1 an i o p t y x i  s a l t a r a r i s , Cossmann,  1 9 0 0 a ,  p .  5 ^ 6 ,  p i .  XV ,  f i g s .  6 - 8 ,  

( non Cossmann,  1 8 8 5 ) .

? N e r i  n e l l a  f i b u l a , Co ssm an n,  1 9 0 0 a ,  p .  5 ^ 7 ,  p i .  X I V ,  f i g s .  2 - 3 ,  ( non  

D e s l o n g c h a m p s ) .

? N e r i  n e l 1 a c f .  s e a l a r i  s , Cossmann,  1 9 0 0 a ,  p .  5 ^ 8 ,  p i .  X I V ,  f i g .  9 ,

( non d ' 0  rb i g n y ) .
-l.

V Mel a n i o p t y x i s  w i t c h e l l i , Cox and A r k e l l ,  1 9 5 0 ,  p .  7 7 .

V.  F i b u l o p t y x i s  b u c i 11 y e n s i s , J . - C .  F i s c h e r ,  I 9 6 0 ,  p .  2 0 6 ,  f i g s .  2 1 - 2 5 .

. F i b u l o p t y x i s  b u c i 1 l y e n s i s , J . - C .  F i s c h e r ,  1 9 6 4 ,  p .  7 0 ,  f i g s .  2 7 - 2 8 .

. F i b u l o p t y x i s  b u c i 1 l y e n s i s , J . - C .  F i s c h e r ,  1 9 6 9 ,  p .  1 8 0 .

. Fi  b u l o p t y x i s  s p . ,  T o r r e n s  ( e d . ) ,  1 9 6 9 ,  p .  1 2 .

Of  t h e  s e v e n  r e c o r d e d  s p e c i e s  o f  F i b u l o p t y x i s , o n l y  _F. wi  t c h .e l  1 i 

ha s  been  f o u n d  i n  E n g l a n d .  Upon f i r s t  f i n d i n g  t h i s  s p e c i e s  t h e  a u t h o r  

s e n t  a s e c t i o n e d  s p e c i m e n  t o  D r .  J . - C .  F i s c h e r  ( I n s t i t u t  de  P a l e o n t o l o g i e ,  

Museum N a t i o n a l  d ' H i s t o i r e  N a t u r e l l e ,  P a r i s )  who r e p l i e d  ( p e r s . comm.

N o v .  1 9 7 0 ) ,  " J ' a i  c o m p a r e  v o t r e  s p e c i m e n  de  Fi b u l o p t y x i  s a c e u x  de  ma 

c o l  l e c t i o n ,  e t  j e  vous c o n f i  rme q u '  i 1 s ' a g i  t  b i e n  d ' u n  _F. b u c i 1 l y e n s i s  

p a r f a i t e m e n t  t y p i q u e " .  S u b s e q u e n t l y  e x a m i n a t i o n  o f  t y p e  m a t e r i a l  i n  t h e  

B r i t i s h  Museum ( N a t u r a l  H i s t o r y )  showed M e l a n o p t y x i s  w i t c h e l l i  Cox and  

A r k e l l  t o  be s u b j e c t i v e l y  syn onym ous w i t h  _F. b u c i 1 l y e n s i s  F i s c h e r .  T h e  

m i s t a k e  o f  Cox and A r k e l l  ( o p .  c i  t . )  in  p l a c i n g  t h i s  s p e c i e s  i n  

Mel an i o p t y x i s  i n s t e a d  o f  F i b u l o p t y x i s  i s  u n d e r s t a n d a b l e .  T h e i r  w o r k  

was b a s e d  s o l e l y  upon Museum c o l l e c t i o n s  a n d ,  f o r  t h i s  s p e c i e s ,  m a i n l y  

upon t h e  W i t c h e l l  c o l l e c t i o n .  T h e  s p e c i m e n s  i n  t h e  W i t c h e l l  c o l l e c t i o n  

a r e  f r e q u e n t l y  b a d l y  d e v e l o p e d ,  o f t e n  a p p e a r i n g  ' h a n d - c a r v e d '  and t h e  

r e p r e s e n t a t i v e s  o f  t h i s  s p e c i e s  a r e  no  e x c e p t i o n .  T h e  o n l y  u n e q u i v o c a l  

c r i t e r i o n  t o  d i s t i n g u i s h  M e l a n i o p t y x i s  f r o m  F i b u l o p t y x i s  i s  t h e  p r e s e n c e
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o r  a b s e n c e  o f  an u m b i l i c u s  as s e e n  i n  a m e d i a n  l o n g i t u d i n a l  a x i a l  s e c t i o n .  

W i t h i n  t h e  W i t c h e l l  c o l l e c t i o n ,  o n l y  on e  s p e c i m e n  (G 1 6 ;* 0 3 ,  l a b e l l e d  N.  

v o l t z i i D e s l o n g c h a m p s , G t .  O o l i t e ,  N e a r  C i r e n c e s t e r )  has b e e n  s e c t i o n e d .

T h i s  s p e c i m e n  h a s ,  u n f o r t u n a t e l y ,  be en  o v e r g r o u n d  and t h e  s e c t i o n  i s  n o t  

t h e r e f o r e  a m e d i a n  a x i a l  s e c t i o n .  No u m b i l i c u s  i s  v i s i b l e  a n d  t h i s  le d  

Cox and A r k e l l  ( o p .  c i t . )  t o  c o n s i d e r  t h e  s p e c i e s  i m p e r f o r a t e  and h e n c e  

name i t  H e l a n i o p t y x i s  w i t c h e l l i . A f t e r  t h e  e x a m i n a t i o n  and p r e p a r a t i o n  

o f  many s p e c i m e n s  o f  t h i s  s p e c i e s  i n  t h e  p r e s e n t  a u t h o r ' s  c o l l e c t i o n  

( c o l l e c t e d  f r o m  l o c a l i t i e s  n e a r  t o  t h a t  f r o m  w h i c h  t h e  t y p e - s p e c i m e n s  

c a m e ) ,  t h e r e  can  be  no  d o u b t  t h a t  t h e  s p e c i m e n  (G 1 6 4 0 3 )  o r i g i n a l l y  

p o s s e s s e d  an u m b i l i c u s  and t h a t  t h e  s p e c i e s  _M. wi  t c h e l 1 i i s  e x a c t l y  t h e  

same as t h a t  d e s c r i b e d  by F i s c h e r  ( £ p .  c i  t . ) as _F. b u c i 1 l y e n s i s . The  

e a r l i e r  name w i t c h e 1 1 i mu st  t h e r e f o r e  t a k e  p r e c e d e n c e .

F i s c h e r  ( 1 9 6 A )  n o t e d  t h e  v a r i a b i l i t y  i n  d e v e l o p m e n t  o f  t h e  u m b i l i c u s  

i n  h i s  s p e c i m e n s  o f  _F. w i  t c h e 1 1 i f r o m  t h e  B a t h o n i a n  o f  t h e  V a l  l e e  de  l a  

C r e u s e  ( I n d r e ) .  A s i m i l a r  v a r i a b i l i t y  f r o m  a v e r y  c o n s p i c u o u s  u m b i l i c u s  

t o  o n e  h a r d l y  v i s i b l e  is  f o u n d  i n  t h e  s p e c i m e n s  f r o m  t h e  Fi b u l o p t y x i  s 

b e d ,  Foss C ro s s  Q u a r r y  ( F i g .  1 . 7 ,  be d  7)  "  s e e  p l a t e  2 .1 ) .  H o w e v e r ,  t h e  

u m b i l i c u s  i s  a l w a y s  p r e s e n t  a nd  t h e  d i f f e r e n c e s  b e t w e e n  s p e c i m e n s  a r e  

c a u s e d  by v a r i a t i o n  i n  t h e  amount  o f  i n d u c t u r a  ( c a l l u s )  d e p o s i t e d  i n  t h e  

r e g i o n  o f  t h e  i n n e r - l i p  d u r i n g  g r o w t h .  I f  t h i s  i s  s l i g h t ,  t h e  u m b i l i c u s  

i s  c o n s p i c u o u s  b u t  e x c e s s i v e  p r o d u c t i o n  o f  c a l c a r e o u s  m a t e r i a l  can  

p a r t i a l l y  o c c l u d e  t h e  u m b i l i c u s  and make i t  seem v a r i a b l e  i n  s i z e .  A 

s i m i l a r  v a r i a t i o n  can be  f o u n d  in  t h e  modern g a s t r o p o d s  G i b b u 1 a umbi 1 i c a l i s , 

G. c i n e r a r i a ,  and M o n o d o n t a  l i n e a t a  ( P r o f .  A .  G r a h a m ,  p e r s . comm. , S e p t . ,

1971) .
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The B r i t i s h  Museum ( N a t u r a l  H i s t o r y )  and  t h e  I n s t i t u t e  o f  G e o l o g i c a l  

S c i e n c e s  Museum c o n t a i n  l a r g e  numbe rs  o f  b o t h  _F. wi  t c h e l 1 i and  M. a l t a r a r i  s , 

p r e d o m i n a n t l y  f r o m  t h e  M i n c h i n h a m p t o n  q u a r r i e s .  P r i o r  t o  t h e  p r e s e n t  

a u t h o r ' s  e x a m i n a t i o n ,  t h e s e  s p e c i m e n s  w e r e  e i t h e r  u n c u r a t e d  o r  a l l  c o n f u s e d  

as M. a l t a r a r i s . The  f o l l o w i n g  c r i t e r i a  s e r v e  t o  d i s t i n g u i s h  t h e  tw o  

d i s t i n c t  s p e c i e s ;

1. I n t e r n a l  f e a t u r e s  s e e n  i n  m e d i a n  a x i a l  s e c t i o n s ,

a )  F.  w i  t c h e 1 1 i i s  a l w a y s  u m b i l i c a t e .

M. a l t a r a r i s  n e v e r  shows an u m b i l i c u s .

b)  T h e  c o l u m e l l a r  a n d  p a r i e t a l  f o l d s  a r e  much f a i n t e r  i n  F .  wi  t c h e l 1 i 

t h a n  i n  _M* a l t a r a r i  s .

c )  The  c o l u m e l l a r  f o l d  is  much l o w e r  ( i n  an a d a p e r t u r a l  d i r e c t i o n )  

on t h e  w h o r l  c a v i t y  s e c t i o n  i n  M. a l  t a r a r i  s t h a n  i n  JF. w? t c h e  1 1 i .

2 .  E x t e r n a l  f e a t r e s ,

a )  T h e  b a s e  o f  F_. wi t c h e l  1 i a p p e a r s  s w o l l e n  and h e a v i e r  t h a n  i n  

M. a l t a r a r i s .

b )  Th e  l a s t  w h o r l  i n  £ .  w i  t c h e l 1 i i s  b r o a d l y  a n d  e v e n l y  c o n v e x  w i t h

no d e m a r c a t i o n  b e t w e e n  t h e  w h o r l  s i d e s  and b a s e ,  w h e r e a s  J4. a l t a r a r i s  

ha s  a m ar ke d  a n g u l a t i o n  b e t w e e n  t h e  w h o r l  s i d e s  a n d  t h e  b a s e  o f  t h e  

s h e l l .  C o n s e q u e n t l y  _M. a l t a r a r i s  has  a mo re  r h o m b o i d a l  a p e r t u r e  t h a n  

F.  wi t c h e l 1 i .

M o r r i s  and L y c e t t  ( .1 8 5 1 ,  pp .  3 2 - 3 3 )  c l e a r l y  f a i l e d  t o  d i s t i n g u i s h  t w o  

s p e c i e s ,  na m i n g  b o t h  v o l t z i  i D e s l o n g c h a m p s . Of  t h e i r  t w o  f i g u r e s  ( p i .  

V I I ,  f i g s .  11 and  1 1 a ) ,  f i g u r e  11 i s  p r o b a b l y  an e x t e r n a l  v i e w  o f  

M. a l  t a r a r i s  an d  F i g u r e  11a i s  a  s e c t i o n  o f  JF. wi  t c h e l  1 i b u t ,  s t r a n g e l y ,  

w i t h o u t  t h e  u m b i l i c u s  w h i c h  i s  r e a d i l y  a p p a r e n t  i n  t h e  a c t u a l  s p e c i m e n  

( I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  Museum,  No.  -  G . S . M .  8 2 8 9 ) .
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Pi s t  r i  b u t  io n

_F. wi  t c h e l  1 i i s  a b u n d a n t  i n  t h e  s o u t h - w e s t e r n  p a r t  o f  t h e  W h i t e  

L i m e s t o n e  o u t c r o p  a n d ,  t o  j u d g e  f r o m  Museum c o l l e c t i o n s ,  i t  was  f o r m e r l y  

v e r y  a b u n d a n t  in t h e  new l a r g e l y  i n a c c e s s i b l e  M i n c h i n h a m p t o n  f a c i e s .

B e s i d e s  o c c u r r i n g  a t  M i n c h i n h a m p t o n , _F. wi  t c h e l 1 i has a l s o  been  

f o u n d  a t  T i l  t u p s  End n e a r  N a i l s w o r t h  ( W i t c h e l l ,  1 8 8 6 ,  p .  2 7 5 ,  p i .  5 ,  

f i g .  3 -  s p e c i m e n  G 1 6 2 9 5 ;  t h e  h o l o t y p e ,  and a l s o  G 16*403; a t o p o t y p e  

- b o t h  in  t h e  B r i t i s h  M us eum ) .  T h e  p r e s e n t  a u t h o r  has  a l s o  r e c o r d e d  t h e  

p r e s e n c e  o f  t h i s  s p e c i e s  a t  Foss  C r o s s  ( F i g .  1 . 7 ,  beds  7 and 1 0 ) ,  Dagham 

Downs ( F i g .  1 . 6 ,  bed 7)  and i n  t h e  r o a d - c u t t i n g  a t  J a c k a m e n t s  B o t t o m ,  

a l o n g  t h e  A 4 3 3 ,  n e a r  R o d m a r to n  ( G . R .  -  ST 9 6 5 9 7 5 ) .  £ .  w i t c h e l 1 i ha s

a l s o  been  f o u n d  i n  t h e  No.  4 b o r e h o l e  a t  T e t b u r y  w a t e r m a r k s ,  80 f e e t  b e l o w  

t h e  s u r f a c e  ( I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  Museum, s p e c i m e n  Ba 4 0 5  -  

s e e  a l s o  R i c h a r d s o n ,  1919  a nd P r i n g l e ,  1 9 2 9 ) .

F r e n c h  l o c a l i t i e s  a r e  g i v e n  by  F i s c h e r  ( 1 9 6 4 ,  p .  5 2 ;  1 9 6 9 ,  p .  1 8 0 ) .

The  o c c u r r e n c e  o f  _F. w i  t c h e l 1 i a t  T i l  t u p s  End can b e  d a t e d  w i t h  

some c e r t a i n t y  (U .  B a t h o n i a n ,  R e t r o c o s t a t u m  Zone)  s i n c e  t h e  h o l o t y p e  

( G . S . M .  2 5 6 2 0 )  o f  B u i l a t i m o r p h i t e s  b u l 1 a t i m o r p h u s  S .  Buckmann came f r o m  

t h i s  s m a l l  q u a r r y  s e c t i o n  ( A r k e l l  a n d  D o n o v a n ,  1952 , p .  2 4 1 ;  A r k e l l ,  

1 9 5 1 - 5 8 ,  p .  110 and T o r r e n s ,  1 9 6 9 ,  p .  64  and p .  6 7 ) .  A s i m i l a r  a g e  c a n  

a l s o  be e s t a b l i s h e d  f o r  _F. wi  t c h e l 1 i a t  Dagham Downs a nd Foss C r o s s  w h e r e  

i t  o c c u r s  i n  t h e  U p p e r  A r d l e y  Beds -  L ow er  B l a d o n  Beds ( s e e  C h a p t e r  1 ) .

A s p e c i m e n  o f  P r o c e r t i e s  s u b c o n q e n o r  ( L i s s a j o u s )  was  o b t a i n e d  f r o m  t h e  

T e t b u r y  b o r e h o l e  a t  a d e p t h  o f  2 5 5  f e e t  f r o m  t h e  s u r f a c e  ( A r k e l l ,  1 9 5 1 - 5 8 ,  

p .  1 9 7 ) .  T h i s  p o s s i b l y  r e p r e s e n t s  t h e  P r o g r a c i l i s  z o n e  s i n c e  t h e  t o p  o f
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t h e  B a j o c i a n  was r e c o r d e d  a t  2 6 1 1 ( A r k e l l ,  £ £ .  c i  t . ,  p .  19 7 )  and t h e  

o c c u r r e n c e  o f  _F. w i  t c h e l 1 i 175 f e e t  h i g h e r  i n  t h e  s u c c e s s i o n  c o u l d  e a s i l y  

be i n  t h e  R e t r o c o s t a t u m  z o n e .

Thus a l l  a v a i l a b l e  e v i d e n c e  i n d i c a t e s  t h a t  i n  t h e  W h i t e  L i m e s t o n e ,

F .  w i t c h e l 1 i i s  f o u n d  o n l y  i n  t h e  R e t r o c o s t a t u m  Zone and a p p a r e n t l y  

c o n s t i t u t e s  a r e l i a b l e  s t r a t i g r a p h i c  i n d e x  s p e c i e s .  H o w e v e r ,  i t  i s  o f  

o n l y  l i m i t e d  a p p l i c a t i o n  i n  E n g l a n d  du e  t o  i t s  r e s t r i c t e d  g e o g r a p h i c a l  

d i s t r i b u t i o n ,  b e i n g  c o n f i n e d  t o  t h e  H i n c h i n h a m p t o n  f a c i e s  and p e r i p h e r a l  

W h i t e  L i m e s t o n e  t o  t h e  s o u t h  and e a s t  o f  t h i s .

As w i t h  most  o t h e r  g a s t r o p o d s ,  t h e  s t r a t i g r a p h i c  v a l u e  o f  t h i s  

s p e c i e s  i n  t h e  F r e n c h  B a t h o n i a n  has n o t  y e t  be en  a s c e r t a i n e d .

J He l a n i o p t y x i s  a l t a r a r i s  (Cossmann 1 8 8 5 )  P l a t e  2 . V .

Synonymy s e e  Cox and A r k e l l  ( 1 9 5 0 ,  p .  7 7 ) .

Pi s c u s s i o n

T h e  w i d e s p r e a d  p r e v i o u s  c o n f u s i o n  o f  F .  w i t c h e 1 1 i w i t h  jM. a l t a r a r i  s 

has b e e n  d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n  d e a l i n g  w i t h  _F. wi  t c h e l 1 i .

D i s t r i b u t  io n

T h i s  s p e c i e s  was  a b u n d a n t  i n  t h e  f o r m e r  H i n c h i n h a m p t o n  Q u a r r i e s  b u t  

has; n o t  o t h e r w i s e  b e e n  r e c o r d e d  f r o m  t h e  W h i t e  L i m e s t o n e  o r  a ny  o t h e r  

h o r i z o n .  O u t s i d e  o f  H i n c h i n h a m p t o n , i t s  o c c u r r e n c e  i s  s p o r a d i c ,  s e e m i n g l y  

n o t  c o n f o r m i n g  t o  t h e  f a u n a l  g r a d i e n t s  and  f a c i e s  c o n t r o l  s e e n  i n  t h e  

g e o g r a p h i c a l  d i s t r i b u t i o n  o f  _F. wi  t c h e l 1 i , B.  i m p l i c a t a , A p h a n o p t y x i s  s p p .  

a nd o t h e r  o r g a n i s m s .

H. a l t a r a r i s  has b e en  f o u n d  i n  t h e  Hampen H a r l y  Beds a t  Danes H i l l  

( w r o n g l y  r e c o r d e d  as _C. e u d e s  i i -  by T o r r e n s ,  i n  S y l v e s t e r - B r a d  l e y  and
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F o r d ,  1 9 6 8 ,  p .  2 5 ^ ,  bed 1 0 ) .  The  p r e s e n t  a u t h o r  has  a l s o  f o u n d  t h i s  

s p e c i e s  a t  Dagham Downs ( F i g .  1 . 6 ,  bed  1 2 ) ,  Foss C r o s s  ( F i g .  1 . 7 ,  beds  

7 a nd 10)  a n d  A r d l e y  F i e l d s  ( F i g .  1 . 1 8 ,  bed  3*0 . The s t r a t i g r a p h i c  

r a n g e  i s  P r o g r a c i l i s  Zone (Hampen M a r l y  B e d s )  t o  R e t r o c o s t a t u m  z o n e  

( U p p e r  A r d l e y  Beds and Lo w er  B l a d o n  B e d s ,  o f  t h e  W h i t e  L i m e s t o n e ) .  F o r  

f u r t h e r  d e t a i l s  s e e  C h a p e r  1.



V a r i a t i o n  i n  u m b i l i c a l  d i a m e t e r  i n  F.  w i t c h e l l i

S p e c i m e n  F X F B / 3 7 d S p e c i m e n  F X F B / 5 3 a

A c e t a t e  p e e l M e d i a n  s e c t i o n  c o a t e d  w i t h  

g l y c e r i n e  t o  e n h a n c e  c o n t r a s t

n o t e  e c t o p r o c t  c o l o n i s a t i o n

Foss Cr o s s  Q u a r r y ,  Bed 7 .  

B o th  s p e c i m e n s  M . J . B .  c o l  I n .

P l a t e  2 . U.



tr e n ib x ir Jbnndtrend



Mel an i o p t y x i  s a 1 ta  r a r  i s

S p e c i m e n  AR 3*4/11 S p e c i m e n  AR 3 V 15

B o th  s p e c i m e n s  f r o m  A r d l e y  F i e l d s  Q u a r r y ,  Bed 3*+- 

A c e t a t e  p e e l s .  M . J . B .  c o l l n .

n o t e  e p i . f a u n a  i n  b o t h  s p e c i m e n s .

P l a t e  2 . V .
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0)°) / ]  E n d i a p l o c u s  m u n i e r i  ( R i g a u x  e t  S a u v a g e )  P l a t e  2 . W .

Synonymy s e e  F i s c h e r  ( 1 9 6 9  , p p .  181 — 2 ) .

Pi s c u s s  ion

Th e  p r e s e n t  a u t h o r  has  p r e v i o u s l y  d i s c u s s e d  t h e  r e a s o n s  f o r  d i s ­

a g r e e i n g  w i t h  F i s c h e r  ( o p .  c i  t . )  who r e g a r d s  Endi  a p l o c u s  as a s u b j e c t i v e  

syno ny m o f  A p h a n o p t y x i s .

Th e  d i s t i n c t i v e  N e r i n e i d  s p e c i e s  _E. m u n i e r i  i s  w i d e l y  d i s t r i b u t e d  

i n  t h e  W h i t e  L i m e s t o n e  b u t  h a s  n o t  y e t  been  d e s c r i b e d  f r o m  t h i s  c o u n t r y .  

T h e  l a r g e  a p i c a l  a n g l e ,  s t r a i g h t  o r  s l i g h t l y  c o e l o c o n o i d  s h a p e ,  s q u a r e  

w h o r l  s e c t i o n ,  a b s e n c e  o f  f o l d s  and l a r g e  u m b i l i c u s  makes t h i s  s p e c i e s  

u n m i s t a k a b l e .  The  o r n a m e n t a t i o n  c o n s i t s  o f  num erous  f i n e  s p i r a l  1 i r a e  

on t h e  w h o r l  s i d e s  and b a s e .

D i s t r i  b u t i  on

T h i s  s p e c i e s  f o r m s  a s m a l l  b u t  n e v e r t h e l e s s  d i s t i n c t i v e  c o m p o n e n t  

o f  t h e  f a u n a  i n  t h e  A .  e x c a v a t a  bed ( E x c a v a t a  B e d s ,  W h i t e  L i m e s t o n e ,  

M o r r i s i  Zone:  s e e  F i g .  1 . 2 5 ) .  T h e  s p e c i m e n s  a r e  u s u a l l y  s m a l l  i n  s i z e  

(max imum h e i g h t  up t o  2 . 0  c m s . )  and h a v e  be en  f o u n d  a t  Foss C r o s s  ( F i g .

1 . 7 ,  bed 2 ) ,  S t u r t  Farm ( F i g .  1 . 1 0 ,  b e d  5 ) ,  S l a p e  H i l l  ( F i g .  1 . 5 ,  be d  3 )  

and A r d l e y  F i e l d s  ( F i g .  1 . 1 8 , bed  3 0 ) .  E n d i a p l o c u s  m u n i e r i  i s  a l s o  f o u n d  

n e a r  t h e  b a s e  o f  t h e  o v e r l y i n g  A r d l e y  Beds ( W h i t e  L i m e s t o n e ,  Lo w er  

R e t r o c o s t a t u m  Z o n e ) .  H e r e ,  _E. muni e r i  i s  c om m onl y  f o u n d  as p a r t  o f  t h e  

f a u n a  i n  a cor r e l a t a b  1 e h o r i z o n  d o m i n a t e d  by _Eu. a r d u e n n e n s  i s a t  B u n k e r s  

H i l l  ( F i g .  1 . 1 5 ,  b e d  1 1 ) ,  A r d l e y  F i e l d s  ( F i g .  1 . 1 8 ,  b e d  3 * 0 ,  C r o u g h t o n  

( F i g .  1 . 1 9 ,  be d  7 )  a n d  S t r a t t o n  A u d l e y  ( F i g .  1 . 2 0 ,  b e d s  4 a n d  5 ) .  

S p e c i m e n s  i n  t h i s  h o r i z o n  a r e  much l a r g e r  ( u p  t o  6 . 0  cms.  i n  h e i g h t )  t h a n  

s p e c i m e n s  i n  t h e  u n d e r l y i n g  / \ .  e x c a v a t a  b e d .  F u r t h e r  d e t a i l s  a r e  g i v e n

i n  C h a p t e r  1.



-  2 : 9*4 -

( 1 8 9 8

F r e n c h  o c c u r r e n c e s  o f  t h i s  s p e c i e s  may be  f o u n d  i 

, p .  1 65 )  and  F i s c h e r  ( 1 9 6 9 ,  p .  1 8 2 ) .

n Cossmann



E n d i a p l o c u s  m u n i e r i

S p e c i m e n  S F 5 / 3 8 S p e c i m e n  CR 1 0 / 3 0  S p e c i m e n  CR 1 0 / 2 4

S t u r t  F a r m ,  Be d. 5 C r o u g h t o n ,  Bed 10

s p e c i m e n  u n c o a t e d A c e t a t e  p e e l s

A l l  s p e c i m e n s  M . J . B .  c o l i n .

P 1 a t e  2 . W .
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I F i b u l a  r e t i c u l a t a  s p .  n o v .  P l a t e  2 . Y .

Name r e f e r r i n g  t o  r e t i c u l a t e  o r n a m e n t .

H o l o t y p e  O x f o r d  U n i v e r s i t y  Museum No.  J 2 9 5 3 3  (p 1 a t e  2 . x )

Para t y p e s  O x f o r d  U n i v e r s i t y  Museum No.  J 2 9 5 3 ^  ( P l a t e  2 . X  ) ,  No.  J 2 9 5 3 5  

( P l a t e  2 . X  ) and Nos.  J 2 9 5 3 6  -  J 2 9 5 ^ 5 .

Lo c a lity  o f type-specimens

S t u r t  Farm ( G . R .  SP 2 7 1 1 0 9 )  bed 5 ( s e e  F i g .  1 . 1 0 ) ,  t h e  A. e x c a v a t a  

b e d ,  Up per  E x c a v a t a  B e d s ,  W h i t e  L i m e s t o n e ,  M o r r i s i  Z o n e .

Description

A s m a l l ,  t u r r e t e d  N e r i n e a c e a n  g a s t r o p o d .  The maximum o b s e r v e d  

h e i g h t  o f  t h e  s h e l l  i s  2 . 1  cms. and t h e  p r o j e c t e d  h e i g h t ,  b as ed  upon  

f r a g m e n t e d  s p e c i m e n s ,  i s  up t o  3.0 cms. A p i c a l  a n g l e  v a r i e s  b e t w e e n  18°  

and 23°. w i t h  t h e  s i d e s  o f  t h e  s h e l l  s t r a i g h t .  W h o r ls  r e l a t i v e l y  l o w ,  

eititer f l a t ' o r .  s l i g h t l y  co n vex  s i d e s .  S u t u r e  u s u a 1l y  s 1 i g h t l y  im p r e s s e d  

and g r o o v e d  w i t h  no s u t u r a l  c a r i n a e .  J u x t a s u t u r a l  s e l e n i z o n e  w i d e  and  

c o n s p i c u o u s .  G r o w t h - l i n e s  numerous and w e l l  d e v e l o p e d ,  o r t h o c l i n e  becom­

in g  m a r k e d l y  o p i s t h o c l i n e  n e a r  t h e  s e l e n i z o n e .  Whor l  s i d e s  and base  

o r n a m e n te d  w i t h  s p i r a l  1 i r a e  w h ic h  t o g e t h e r  w i t h  t h e  g r o w t h - l i n e s  p r o d u c e  

a marked r e t i c u l a t e  o r n a m e n t .  T h e r e  a r e  u s u a l l y  sev en  s p i r a l  11 r a e  on  

t h e  w h o r l  s i d e s ;  t h e  two n e a r  t h e  s e l e n i z o n e  b e i n g  f a i n t ,  t h e  n e x t  t h r e e  

i n  t h e  m i d d l e  o f  t h e  w h o r l  a r e  more p r o m i n e n t ,  t h e  s i x t h  one i s  f a i n t  and 

t h e  s e v e n t h  one  a d j a c e n t  t o  t h e  a d a p e r t u r a l  s u t u r e  i s  p r o m i n e n t .  The  

l a t t e r  l i r a  marks t h e  j u n c t i o n  b e t w e e n  t h e  w h o r l  s i d e s  and b a s e  w h ic h  

a l t h o u g h  n o t  a n g u l a t e d  and s h a r p l y  d e f i n e d  i s  n e v e r t h e l e s s  d i s t i n g u i s h e d  

by t h i s  r a t h e r  p r o m i n e n t  l i r a .  The base o f  t h e  s h e l l  I s  r o u n d l y  c o n v e x  

w i t h  a p p r o x i m a t e l y  7“ 9 f i n e ,  s u b e q u a l  s p i r a l  l i r a e .  Le n g th  o f  s l i t  a t  

l e a s t  i t h a t  o f  l a s t  w h o r l .  D e t a i l s  o f  a p e x ,  a p e r t u r e  and s l p h o n a l  o u t l e t
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unknown.  I n t e r n a l  s e c t i o n  o f  w h o r l  c a v i t y  i s  o v o i d  w i t h o u t  f o l d s .

The o r n a m e n t a t i o n  o f  t h e  w h o r l s  b e a r s  a r e m a r k a b l e  r e s e m b l a n c e  t o  

T u r r i t e l l a  communis R i s s o  b u t  t h i s  r e c e n t  g a s t r o p o d  does n o t  pos sess  

t h e  N e r i n e a c e a n  s e l e n i z o n e  and s l i t .

D iscu ss  i on

R e p r e s e n t a t i v e s  o f  t h e  genus F i b u l a  a r e  n e v e r  v e r y  a b u n d a n t  i n  t h e  

W h i t e  L i m e s t o n e .  _F. p h a s i a n o i d e s  ( M o r r i s  and L y c e t t )  and £ .  undans  

( P i e t t e ) ( s e e  p l a t e  2 . Z )  hav e  been r e c o r d e d  by Cox and A r k e l l  ( 1 9 5 0 ,  p .

76) and two a d d i t i o n a l  s p e c i e s ,  £ .  u n d u l o s a  ( P i e t t e )  and _F. l a v i 1 l e i  

Cossmann have been d e s c r i b e d  by Cossmann ( 1 8 9 5 ,  p p .  1 1 2 - 1 1 6 )  f ro m  t h e  

B a t h o n i a n  ' W h i t e  L i m e s t o n e '  o f  F r a n c e .

I t  i s  n o t  uncommon t o  f i n d  o c c a s i o n a l  ( u s u a l l y  i n d e t e r m i n a t e )  

spe c im en s  o f  e i t h e r  _F. p h a s i a n o i d e s  o r  _F. undans t h r o u g h o u t  t h e  W h i t e  

L i m e s t o n e ,  e s p e c i a l l y  a t  E ton  C o l l e g e  ( F i g .  1 . 1 1 ,  bed 14) w h e r e  t h e y  

w e r e  m i s t a k e n  f o r  A.  b l a d o n e n s i s  by A r k e l l  ( 1 9 3 1 ) ;  K i r t l i n g t o n  (Mc Ker ro w  

e t ,  a l . ,  19 6 9 ,  P r o f i l e  3 ,  bed j ,  p .  63) and t h r o u g h o u t  t h e  h i g h e r  l e v e l s  

o f  Enslo w B r i d g e  Q u a r r y  ( F i g .  1 . 1 6 ) .

I t  i s  n o t i c e a b l e  t h a t  t h e s e  r a t h e r  l a r g e  F i b u l a  s p p .  a r e  more  

a s s o c i a t e d  w i t h  h i g h e r - e n e r g y  c a r b o n a t e  s e d i m e n t s  t h a n  o t h e r  c o e v a l  

N e r i n e a c e a .

The new s p e c i e s  d e s c r i b e d  ab o ve  has t h e  g e n e r a l  sh ape and f o r m  o f  a 

s m a l l  F i b u l a  a l t h o u g h  t h e  o r n a m e n t a t i o n  i s  somewhat  unu su al  i n  p o s s e s s i n g  

a s t r o n g  s p i r a l  e l e m e n t .  The o r n a m e n t a t i o n  i s  so  d i s t i n c t i v e  t h a t  t h e  

p r e s e n t  a u t h o r  c o n s i d e r s  t h i s  g a s t r o p o d  t o  be  a new s p e c i e s .  P l a t e  2 . Z  

shows a spec imen o f  _F. undans and T .  communis f o r  c o m p a r i s o n .
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D i s t r i  bution

F. r e t i c u l a t a  s p .  n o v .  o c c u r s  in  s m a l l  numbers in  t h e  s o u t h - w e s t e r n  

p a r t  o f  t h e  A.  e x c a v a t a  bed ( U p p e r  E x c a v a t a  Be ds ,  W h i t e  L i m e s t o n e ,  M o r r i s ?  

Z o n e )  a t  Foss C r o s s ,  S t u r t  Farm and Worsham w h e r e  i t  fo rms p a r t  o f  t h e  

d i a g n o s t i c  f a u n a  o f  t h i s  h o r i z o n  ( s e e  C h a p t e r  1 and F i g .  1 . 2 5 ) .



Fi bula  ret i cu la ta  sp. nov.

H o l o t y p e  P a r a t y p e  P a r a t y p e s

J 2 9 5 3 3 -  J 2 9 5 3 * * .  J 2 9 5 3 5 -

n o t e  j u x t a s u t u r a l  s l i t
J 2 9 5 3 6 .

B o t h  s p e c i m e n s  c o a t e d  w i t h  MgO
M e d i a n  a x i a l  s e c t i o n s  

w i t h  g l y c e r i n e  t o  e n h a n c e

S t u r t  F a r m ,  Bed 5 ,  (A .  e x c a v a t a  Bed)  

O x f o r d  U n i v e r s i t y  Museum.

c o a t e d  

c o n t  r a s t

P l a t e  2 . Y .





F ib u l a  undans and T u r r i t e l l a  communis

F. u nd an s  (2  v i e w s )

Foss C r o s s  Q u a r r y  

( u n l o c a t e d )

n o t e  g r o w t h - l i n e s  and  

se  l e n i  z o n e

J_. commun i s 

R e c e n t

M i l l p o r t ,  I s l e  o f  Cu m b r a e ,  S c o t l a n d

M . J . B .  c o l  I n .

P l a t e  2 . Z .
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D I  Genus Riqauxia Cossmann 1885.

Type-species R i q a u x i a  c a n i c u l a t a  ( R i q a u x  et Sauvag e 1 8 6 8 ) .

This is another example of a genus widely distributed in both the French 

and English Bathonian but not previously recorded from B r it ish  strata.

Externally Rigauxia has a certain resemblance to Nerfnella in that 

i t  is elongate, with high whorls and a small apical angle. However, in 

some species the suture is impressed (e.g. R.  caniculata) . in others the 

whorls are markedly gradate (e.g. JR. gradata^and some possess strong 

longitudinal ornamentation (e.g. R. varicosa). Internally Riqauxia is  

one of the few non-Nerineid genera to possess sp ira l folds. Only a labral 

fold is present and, as in the Nerineacea, the fold disappears in the 

terminal whorl of the shell.

The ta x o n o m i c  p o s i t i o n  o f  R i g a u x i a  was c o n s i d e r e d  by Cossmann ( 1 8 8 5 ,  

p .  166) when he  c r e a t e d  t h e  genus and I n i t i a l l y  r e g a r d e d  i t s  p o s i t i o n  as  

i n c e r t a e  s e d i s .  Ho w ev er ,  s u b s e q u e n t l y  Cossmann ( 1 9 1 3 ,  p .  2 0 7 )  p l a c e d  

R i q a u x i a  i n  t h e  f a m i l y  Z y g o p l e u r i d a e  ( o r d e r  M e s o g a s t r o p o d a ,  s u p e r f a m i l y  

L o x o n e m a t a c e a ) .

The original exclusion of Rigauxia from the Nerineacea by Cossmann 

(1885, p- 166) is certainly well-founded and based upon the total absence 

of a juxtasutural s l i t  and selenizone in this genus.

The adoption of an otherwise essentia lly  Nerineid morphology by a 

non-Nerineid gastropod genus as Rigauxia is almost certainly a case of 

adaptive homeomorphy In order that Riqauxia could a lso  u t i l i s e  the resources 

that were being exploited by the Nerineacea. The basic adaptive strategy
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t o  cop e  w i t h  t h e  i n g e s t i o n  o f  c a r b o n a t e  s e d i m e n t  and an i n f a u n a l  mode o f  

l i f e  ( n a m e ly  t h e  d e v e lo p m e n t  o f  i n t e r n a l  f o l d s )  was a p p a r e n t l y  a r r i v e d  

a t  i n d e p e n d e n t l y  i n  b o t h .  To j u d g e  by t h e i r  abu nd an ce and s p e c i f i c  

d i v e r s i t y ,  t h e  s o l u t i o n  t h a t  was d e v e l o p e d  by t h e  N e r l n e a c e a  was f a r  

more e f f i c i e n t  t h a n  t h a t  o f  R i g a u x i a  w h ic h  shows l e s s  d i v e r s i t y .

D e t a i l s  o f  t h e  sev en  known s p e c i e s  o f  R l g a u x i a  and t h e i r  d i s t r i b u t i o n  

a r e  g i v e n  by Cossmann ( 1 8 8 5 ,  p p .  J6 7 “ 16 9 ;  1 9 1 3 ,  p p .  2 0 7 - 2 1 0 )  and F i s c h e r

(19 &9 » PP* 1 5 1 - 1 5 2 ) .  O n ly  j l .  v a r i c o s a , t h e  s o l e  s p e c i e s  p r e s e n t l y  known 

f r o m  B ' r l t i s h  s t r a t a , i s  d e s c r i b e d  h e r e .

01j u  R i q a u x l a  v a r i c o s a  ( R i g a u x  e t  S a u v a g e ) . P l a t e  2 . X .

Synonymy s e e  F i s c h e r  ( 1 9 6 9 ,  p* 1 5 2 ) .

Discussion

A p a r t  f r o m  t h e  s m a l l  a p i c a l  a n g l e  ( c a .  5 ° - I 0 ° )  and r e l a t i v e l y  h i g h  

w h o r l s ,  t h e  p r e s e n c e  o f  s t r a i g h t ,  r a t h e r  round ed  l o n g i t u d i n a l  c o s t a e  and  

t h e  c o n c a v o - c o n v e x  w h o r l  s ha pe  a r e  p a r t i c u l a r l y  d i s t i n c t i v e  e x t e r n a l  

f e a t u r e s  o f  t h i s  s p e c i e s .  The maximum c o n v e x i t y  o f  t h e  w h o r l s  o c c u r s  

j u s t  b e l o w  t h e  a d a p i c a l  s u t u r e  and i n  m a t u r e  spe cim en s t h i s  p r o d u c e s  a  

r o u n d l y  g r a d a t e  a s p e c t .  The g r o w t h - l i n e s  a r e  s t r a i g h t  and s l i g h t l y  p r o -  

s o c l i n e .  F a i n t  s p i r a l  l i r a e  a r e  som et im es v i s i b l e  on t h e  w h o r l  s i d e s .

T h e  i n t e r n a l  c r o s s - s e c t i o n  o f  J*. v a r i c o s a  i s  a l s o  u n m i s t a k a b l e .

The o v o i d  w h o r l  s e c t i o n  ( c f .  t h e  rhomboid  w h o r l  s e c t i o n  o f  most N e r i n e l d s )  

i s  m o d i f i e d  by a s h a r p  median l a b r a l  f o l d  and t h e  c o n c a v e  p a r i e t a l  r e g i o n  

i s  s h a r p l y  d i f f e r e n t i a t e d  f r o m  t h e  c o l u m e l l a r  and l a b r a l  w a l l s .  The  

maximum o b s e r v e d  l e n g t h  i s  c a .  6 . 0  cms.
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D i s t r i b u t l o n

R. v a r i c o s a  i s  w i d e l y  d i s t r i b u t e d  in  t h e  A.  e x c a v a t a  bed ( E x c a v a t a  

B e d s ,  W h i t e  L i m e s t o n e ,  M o r r i s i  Z on e )  w h e r e ,  1 i k e  _E. m u n i e r i , t h i s  s p e c i e s  

fo rms a d i s t i n c t i v e  component  o f  t h e  f a u n a .  I t  i s  a b u n d a n t  a t  t h i s  

h o r i z o n  a t  Foss Cross Q u a r r y  ( F i g .  1 . 7 ,  bed 2)  and i n  t h e  S t o n y  F u r l o n g  

r a i l w a y  c u t t i n g  ( R i c h a r d s o n ,  1 9 1 1 ,  p .  1 1 1 ,  beds 18 and 1 9 ) .  E l s e w h e r e  

R. v a r i c o s a  o c c u r s  l e s s  commonly in  t h e  A.  e x c a v a t a  bed a t  Worsham  

( F i g .  1 . 1 2 ,  bed 6 ) ,  S t u r t  Farm ( F i g .  1 . 1 0 ,  bed 5 ) ,  S l a p e  H i l l  ( F i g .  1 . 5 ,  

bed 3)  and A r d l e y  F i e l d s  ( F i g .  1 . 1 8 ,  bed 1 8 ) .  I t  i s  a l s o  fo u n d  (uncom­

m o n l y )  i n  t h e  l o w e r  h o r i z o n s  o f  t h e  E x c a v a t a  Beds a t  N o r t h  L e i g h  ( F i g .

J . 1 U ,  bed  1 1 ) .  The o n l y  d e f i n i t e  o c c u r r e n c e  o f  R. v a r i c o s a  ab o ve  t h e  

Excavata Beds i s  a t  Dagham Downs w h e r e  i t  o c c u r s  uncommonly i n  bed 7 

( F i g .  1 . 6 ) ,  w h i c h  is  p r o b a b l y  n e a r  t h e  t o p  o f  t h e  A r d l e y  Beds o r  b a s e  o f  

t h e  B lad o n  Beds ( s e e  C h a p t e r  1 ) .

As f a r  as t h e  p r e s e n t  a u t h o r  i s  a w a r e ,  _R. v a r ? c o s a  d i d  n o t  o c c u r  in  

t h e  M in c h in h am p to n  f a c i e s .

The d i s t r i b u t i o n  o f  t h i s  s p e c i e s  in  t h e  F r e n c h  B a t h o n l a n  i s  g i v e n  by  

Cossmann ( 18 85 » pp.  1 6 6 - 1 6 9  and 1 9 1 3 ,  p p .  2 0 7” 2 10)  and F i s c h e r  ( 1 9 6 9 ,  

p p .  151“ 1 5 2 ) .



R i q a u x i a  v a r i c o s a

FXEB 1*4 FXEB 22

E x t e r n a l  m o r p h o l o g y I n t e r n a l  m o r p h o l o g y

s p e c i m e n  u n c o a t e d m e d i a n  s e c t i o n  c o a t e d  w i t h  

g l y c e r i n e  t o  e n h a n c e  c o n t r a s t

Foss Cro ss  Q u a r r y ,  Bed 2 ,  ( A .  e x c a v a t a  B e d ) .  

Bo th  s p e c i m e n s  M . J . B .  c o l l n .

Pi a t e  2 . X .
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