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Abstract. A s e q u e n c e of s u b - s u b z o n a l c o r r e l a t i v e u n i t s a t t h e 

L'vfl of b iohor izon is d e s c r i b e d f o r t h e S u b b o r e a l P r o v i n c e , L o w e r 

loircian of N o r t h Y o r k s h i r e , n o r t h w e s t E n g l a n d . N i n e t e e n s u c h 

jnits are recognised , as f o l l o w s : T e n u i c o s t a t u m C h r o n o z o n e , P a l -

:um Subchronozone (paltum), C l e v c l a n d i c u m S u b c h r o n o z o n e (cros-

trt:. ckveLvidicum), T e n u i c o s t a t u m S u b c h r o n o z o n e (tenuicostatum), 

ymicel.uum S u b c h r o n o z o n e (semicelatum, antiquum), S e r p e n t i n u m 

Chronozone, F .xara tum S u b c h r o n o z o n e (elegantulum, exaratum, el-

I'iur/i), Ia lciferum S u b c h r o n o z o n e (pseudoserpentinum, falciferum), 

[lilrons C h r o n o z o n e , C o m m u n e S u b c h r o n o z o n e (ovatum, commune, 

I'Metiaim), F i b u l a t u m S u b c h r o n o z o n e (turriculum, braunianus, vor-

:n),Crassum S u b c h r o n o z o n e (crassum-bifrons, crassum-semipolitum). 

Hie presence of s h a r e d t a x a p e r m i t s d e t a i l e d c o r r e l a t i o n s t o b e e s t a b 

lished » u h s u b m e d i t e r r a n e a n z o n a l s c h e m e s in m o r e s o u t h e r l y a r e a s 

al Europe and an e q u i l i b r a t i o n of z o n a l b o u n d a r i e s a c r o s s t h e r e g i o n 

is therefore p r o p o s e d , p r o v i d i n g a u n i f o r m i t y of i n t e r p r e t a t i o n f o r t h e 

European Lower T o a r c i a n . 

Riassunto. V i e n e d e s c r i t t a u n a s e q u e n z a di u n i t à c o r r e l a t i v e s o t -

lozonali a livello di b i o o r i z z o n t e p e r la P r o v i n c i a S u b b o r e a l e , T o a r c i a n o 

inferiore del N o r t h Y o r k s h i r e , I n g h i l t e r r a n o r d - o c i d e n t a l e . S o n o s t a 

le riconosciute d i c i a n n o v e di tal i u n i t à , c o m e s e g u e : C r o n o z o n a a T e -

nuicosuium, S u b c r o n o z o n a a P a l t u m (paltum), S u b c r o n o z o n a a C l e -

vtlandicum (crosbeyi, clevelandìcum), S u b c r o n o z o n a a T e n u i c o s c a t u m 

[tmmmuatum), S u b c r o n o z o n a a S e m i c e l a t u m (semicelatum,antiquum), 

Cronozona a S e r p e n t i n u m , S u b c r o n o z o n a a d E x a r a t u m (elegantulum, 

tantum, elegans), S u b c r o n o z o n a a F a l c i f e r u m (pseudoserpentinum, fal

ciferum), C r o n o z o n a a B i f r o n s , S u b c r o n o z o n a a C o m m u n e (ovatum, 

commune, athleticum), S u b c r o n o z o n a a F i b u l a t u m (turriculum, brau-

nùnus, vortex), S u b c r o n o z o n a a C r a s s u m (crassum-bifrons, crassum-

itmipohtum). La p r e s e n z a di t axa in c o m u n e p e r m e t t e di s t a b i l i r e c o r 

relazioni de t tag l ia te c o n gli s c h e m i z o n a l i s u b m e d i t e r r a n e i in a r e e p iù 

meridionali d e l l ' E u r o p a , e p e r t a n t o v i e n e p r o p o s t a u n a e q u i l i b r a z i o n c 

dei limiti zonali a t t r a v e r s o la r e g i o n e , f o r n e n d o u n ' i n t e r p r e t a z i o n e u n i 

forme per il T o a r c i a n o i n f e r i o r e e u r o p e o . 

Introduction 

A detailed analysis of the sequence of ammoni te 

faunas in the Lower Toarcian in N o r t h Yorkshire readily 

facilitates the ref inement of the exist ing Standard Zona

t ion of the Substage, through the recognit ion of a se

quence of intra-subzonal units at the level of b iohor izon 

(or "faunal hor izon" sensu C a l l o m o n 1985; Page 1995). 

A l t h o u g h tabulated by Page (2003) , this sequence is here 

formally defined for the first t ime in order to establish 

full stratigraphical meaning. As m o s t of the characteristic 

e lements of the northern English faunas have been de

scribed by H o w a r t h (1962, 1973, 1978, 1992) , immediate 

use of this b iohorizonal s c h e m e is facilitated. 

As discussed by Page (1996, 2003) the Yorkshire fau

nas characterise a Subboreal Province being dominated, vir

tually throughout, by dactylioceratidae with some hildocera-

tidae, mainly early harpoceratids and late Hildoceras. In ad

dition, the presence and local abundance of certain charac

teristically Boreal Hildoceratidae, such as Elegantuliceras, 

Ovaticeras and Pseudolioceras is typical. In contrast, more 

southerly areas are characterised by ammonite faunas rich 

in hildoceratid genera throughout, with dactylioceratids be

ing dominant only at lower levels (Gabilly 1976; Elmi et al. 

1994, 1997). These latter faunas are typical of a Submedi

terranean Province (sensu Page 1996, 2003) and remark

ably assemblages are also present in the condensed lime

stone-marl sequences of the "Junction Bed" of south-west 

England (Dorset-Somerset; as briefly reviewed by Howarth 

1992, pp. 19-26); a transect across Britain consequently re

vealing a remarkable transition from typical submediterra

nean faunas in the south to the classic subboreal faunas of 

N o r t h Yorkshire in the north (Fig. 1 ). 
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or? 

Fig . 1 - K e y U K L o w e r T o a r c i a n l o c a l i t i e s a n d d i s t r i c t s . G e n e r a l i s e d 

S u b b o r e a l - S u b n i e d i t e r r a n e a n b i o - p r o v i n c i a l b o u n d a r y i n d i 

c a t e d b y c r o s s - h a t c h i n g . 

Very c lose faunal links between the two provinces, 
even at sub-subzonal level, facilitate detailed correlations 
between the Subboreal biohorizons described here and the 
sequence of Submediterranean Province "Hor izons" ( = 
zonules sensu Phelps 1985; Page 1995) to be established. 
Unl ike biohorizons, which are discrete beds yielding a dia
gnost ic fauna, the latter units are true sub- subzones and 
complete ly fill the stratigraphical co lumn. 

The sequence of Biohorizons in the Subboreal Lower 
Toarcian of northern Britain 

T h e fo l lowing sequence is based primarily on ref
erence sect ions on the N o r t h Yorkshire coast . Full local
ity details and descript ions of sect ions can be found in 
H o w a r t h (1955, 1962, 1973, 1978, 1992) and further dis
cuss ion of zonal and subzonal nomenclature is provided 
by H o w a r t h (in Dean et al. 1961) , Elmi et al. (1997) and 
Page (2003) . Abbreviat ions as fo l lows: W M F m = Whi t 
by Mudstone Formation, M b = Member, F m = Formation, 
N H M = Natural H i s t o r y M u s e u m , L o n d o n . An asterix 
( : : ) indicates the source of the type spec imen of the list
ed species. 

T e n u i c o s t a t u m C h r o n o z o n e 

I n d e x : Dactylioceras tenuicostatum ( Y o u n g & B i r d ) . A u t h o r : 

B u c k m a n ( 1 9 1 0 ) . C o m m e n t : t h e b a s e of t h e T o a r c i a n S t a g e in E u r o p e 

c o r r e s p o n d s t o t h e b a s e of t h e T e n u i c o s t a t u m C h r o n o z o n e , t h e t y p e 

l o c a l i t y o f w h i c h is o n t h e c o a s t o f n o r t h e r n E n g l a n d . F a u n a s at this 

level a r c , h o w e v e r , v e r y r a re i n N o r t h Y o r k s h i r e a n d e l s e w h e r e in Brit

a in o n l y k n o w n f o r m v e r y c o n d e n s e d a n d i n c o m p l e t e s e q u e n c e s . Fur

t h e r s o u t h in E u r o p e , in s u b m e d i t e r r a n e a n p r o v i n c e r e g i o n s , similar 

Protogrammoceras a n d e a r l y Dactylioceras (Eodactylites s p p . ) are much 

b e t t e r k n o w n (as r e v i e w e d b y E l m i et al. 1 9 9 7 ) , a l t h o u g h detailed 1 cor

r e l a t i o n s w i t h t h e h i s t o r i c a l t y p e - a r e a h a v e y e t t o be e s t ab l i shed and a 

G l o b a l S t r a t o t y p e S e c t i o n a n d P o i n t f o r m a l l y e s t a b l i s h e d . 

1. P a l t u m S u b c h r o n o z o n e . I n d e x : Protogrammoceras paltum 

( B u c k m a n , 1 9 2 2 ) . A u t h o r : H o w a r t h ( 1 9 7 3 ) as a s u b z o n e . Defined 

b a s e ( p r o v i s i o n a l ) : b a s e of B e d 2 6 , K e l l l e n e s s , o r S t a i t h e s - P o i t Mul-

g r a v e a r ea , C l e v e l a n d I r o n s t o n e F m ( C o x 1990, p . 173; H o w a r t h , TW2, 

p . 5 ) . C o m m e n t : T o a r c i a n a m m o n i t e s a r e n o t r e c o r d e d b e l o w Bed 3 on 

t h e N o r t h Y o r k s h i r e c o a s t , a l t h o u g h i n l a n d a n d a r o u n d 10 km to the 

n o r t h - w e s t n e a r S a l t b u r n , a s i n g l e s p e c i m e n of Dactylioceras (see he-

l o w ) m a y s u g g e s t t h a t t h e b a s e of t h e s t a g e lies at a l o w e r level, within 

t h e t o p of t h e C l e v e l a n d I r o n s t o n e F o r m a t i o n ( e q u i v a l e n t t o Beds 26 

t o 28 of t h e c o a s t a l s e q u e n c e ) - H o w a r t h ' s d e f i n i t i o n is the re fore pro

v i s i o n a l l y f o l l o w e d h e r e . 

1. Protogrammoceras paltum B i o h o r i z o n . A u t h o r : Buckman 

( 1 9 2 2 ) as a h e m e r a . R e f e r e n c e s e c t i o n : B e d s 2 6 - 2 8 , C l e v e l a n d Iron 

s t o n e F t n t o B e d 3 , G r e y S h a l e s M b , W M F ' m , K e u l e n e s s , N o r t h York 

s h i r e c o a s t . F a u n a : r a r e Protogrammoceras paltum ( B u c k m a n ) (includ 

i n g H o w a r t h 1 9 9 2 , t e x t . fig. 11 , p l . l , fig. 1) a n d v e r y r a re Dactyliocea 

(Eodactylites) pseudocommune F u c i n i ( i n c l u d i n g H o w a r t h 1973, pl.l 

fig. I ) . C o m m e n t : t h e c h a r a c t e r i s t i c Protogrammoceras f auna is rareii 

N o r t h Y o r k s h i r e , b u t m o r e a b u n d a n t o n t h e D o r s e t c o a s t of southeri 

E n g l a n d , in t h e h i g h l y c o n d e n s e d " J u n c t i o n B e d " ( H o w a r t h 1992. pp 

2 4 - 2 6 , p i s . 1, 2 ) . D e s p i t e b e i n g t h e s o u r c e of t h e h o l o t y p e of the inde: 

s p e c i e s (p i . 2 , fig. 2 ) , t h e s e q u e n c e in t h i s l a t t e r a r ea is t o o th in and in 

c o m p l e t e t o p r o v i d e d a s u i t a b l e r e f e r e n c e s e c t i o n . 

D a c t y l i o c e r a t i d s a r e v e r y r a re at t h i s level a n d H o w a r t h (1973 

p p . 2 4 6 , 2 5 3 - 2 5 4 ) d i s c u s s e s t h e s t r a t i g r a p h i c a l o r i g i n of t h e lowest re 

c o r d e d s p e c i m e n in B r i t a i n f r o m n e a r S a l t b u r n in C l e v e l a n d , and con 

e l u d e s t h a t it r e p r e s e n t s D. pseudocomrnune a n d is m o s t l ikely to hm 

c o m e f r o m a level e q u i v a l e n t t o Bed 2 6 o n t h e c o a s t . Cruc ia l ly , the on 

ly s p e c i m e n r e c o r d e d f r o m t h e l a t t e r a r ea , in t h e s a m e level as Proto 

grammoceras ( B e d 3 ) , is a s i m i l a r s h a r p a n d rad ia l r i b b e d forni (NH\ 

C 7 7 2 9 5 ) , u n l i k e t yp i ca l D. (Orthodactylites) crosbeyi, f r o m higher in ih 

s e q u e n c e ( see b e l o w ) . T h e l a t t e r is t h e r e f o r e c o n s i d e r e d he re to rep 

r e s e n t t h e s a m e s p e c i e s g r o u p as t h e S a l t b u r n s p e c i m e n ; b e d s 26-3 ar 

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

2 . C l e v c l a n d i c u m S u b c h r o n o z o n e . I n d e x : Dactylioceras (Or 

thodactylites) clevclandicum H o w a r t h . A u t h o r : H o w a r t h (1973). De 

f ined b a s e : b a s e of B e d 18, G r e y Sha l e s M b , W M F m . , N o r t h Yorkshir 

c o a s t (e .g . H a w s k e r B o t t o m s / K e t t l e n e s s / P o r t M u l g r a v e ) (Howard 

1 9 9 2 , p . 5 ) . 

I I . Dactylioceras crosbeyi B i o h o r i z o n . A u t h o r : Page (2C02; 

e q u i v a l e n t t o t h e l o w e r p a r t o f t h e Dactylioceras s p . nov. horizon o 

S y l v e s t e r - B r a d l e y in H o w a r t h ( 1 9 6 1 ) . R e f e r e n c e s e c t i o n : Bed 18. Gre 

S h a l e s M b , W M F m , P o r t M u l g r a v e , ( B r a c k e n b u r y W y k e t o Rosedal 

W y k e a r e a ) , N o r t h Y o r k s h i r e c o a s t . F a u n a : c o m m o n :'D. (O.) croée) 

( S i m p s o n ) ( i n c l u d i n g H o w a r t h 1 9 7 3 , p l . l , figs 2 - 4 , p l . 2 , figs 1-4). 

I I I . Dactylioceras clevelandicum B i o h o r i z o n . A u t h o r : Pag 

( 2 0 0 2 ) , e q u i v a l e n t t o t h e u p p e r p a r t o l t h e Dactylioceras s p . nov. Fiori 

z o n of S y l v e s t e r - B r a d l e y a n d H o w a r t h (in D e a n et al. 1961 ) . Referent 

s e c t i o n : B e d 19b , G r e y Sha l e s M b , W M F m , P o r t M u l g r a v e , N o r t h York 

s h i r e c o a s t . F a u n a : c o m m o n D. (O.) clevelandicum H o w a r t h (includili 

H o w a r t h 1973 , p i . 3 , figs P , 2 , 3 , p i . 4 , figs 1 ,2 , p i . 5, fig. 3 ) . 

3 . T e n u i c o s t a t u m S u b c h r o n o z o n e . I n d e x : as Tenuicostami 

C h r o n o z o n e ( see a b o v e ) . A u t h o r : H o w a r t h ( 1 9 7 3 ) . D e f i n e d basi 

b a s e of B e d 2 0 , G r e y Sha l e s M b , W M F ' m , N o r t h Y o r k s h i r e coasi (e.| 

K e t t l e n e s s / P o r t M u l g r a v e ) , E n g l a n d ( H o w a r t h 1992 , p . 5 ) . 

IV. Dactylioceras tenuicostatum B i o h o r i z o n . A u t h o r : Buckrai 

( 1 9 3 0 ) as a h e m e r a , S y l v e s t e r - B r a d l e y in H o w a r t h (in D e a n et al. 196] 
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isi"horizon". R e f e r e n c e s e c t i o n : B e d s 2 0 - 2 7 , G r e y S h a l e s M b , W M 

Fm, Pori Mulgrave, N o r t h Y o r k s h i r e c o a s t . F a u n a : c o m m o n :'D. ( O . ) 

mtkmuium (Young St B i r d ) ( i n c l u d i n g H o w a r t h 1 9 7 3 , p i . 5, f igs. 1*, 

:.pl. 6, ligs. 2, 3 ) . 

4. S e m i c e l a t u m ( I ) S u b c h r o n o z o n e . Tndex: Dactylioceras scmi-

iiLlum (Simpson). A u t h o r : H o w a r t h ( 1 9 7 3 ) as a r e s t r i c t e d s u b z o n e . 

Defined base: base of B e d 2 8 , G r e y S h a l e s M b . , W M F ' m . , N o r t h Y o r k -

«hirecoast (e.g. K e t i l e n e s s / P o r t M u l g r a v e ) ( H o w a r t h 1992, p . 5 ) . C o r n 

ants: the Semice la tum S u b c h r o n o z o n e of t h e S u b b o r e a l P r o v i n c e as 

restricted by H o w a r t h ( 1 9 7 3 ) is n o t t h e s a m e as t h a t o f t h e S u b m e d i 

terranean and M e d i t e r r a n e a n p r o v i n c e s in E l m i e t al. ( 1 9 9 7 ) , w h i c h 

broadly equates t o t he C l e v c l a n d i c u m , T e n u i c o s t a t u m a n d S e m i c e l a t u m 

•ubchronozones c o m b i n e d . F o l l o w i n g P a g e ( 2 0 0 2 ) t h e s e t w o u n i t s a r e 

Jislingimhccl as S e m i c e l a t u m ( I ) a n d S e m i c e l a t u m ( I I ) , r e s p e c t i v e l y . 

V. Dactylioceras semicelatum B i o h o r i z o n . A u t h o r : S y l v e s t e r -

Bradley and H o w a r t h (in D e a n et al. 1961) as a " h o r i z o n " . R e f e r e n c e 

section: Beds 2 8 - 3 1 , G r e y S h a l e s M b , W M F m , P o r t M u l g r a v e , N o r t h 

Yorkshire coast. F a u n a : c o m m o n 'D. (O.) semicelatum ( i n c l u d i n g 

Howarth 1973, pi. 6, fig. I, p l . 7 , figs 1, 2 , p i . 8, figs 1-4, p i . 9, figs 1, 

)) and very rare Meneghiniceras lariense ( M e n e g h i n i ) ( H o w a r t h 1976 , 

'.773, figs I, 2) . 

VI. liltoniceras antiquum B i o h o r i z o n . A u t h o r : B u c k m a n ( 1 8 9 8 ) 

ii an Milium H e m e r a (/.' acutum ( T a t e ) , a j u n i o r s y n o n y m of T. antiq-

tum (Wright)). R e f e r e n c e s e c t i o n : B e d s 3 2 , G r e y S h a l e s M b , W M F m , 

'on Mulgrave, N o r t h Y o r k s h i r e c o a s t . F a u n a : c o m m o n "Tiltoniceras 

mlujuimi (Wright) ( i n c l u d i n g H o w a r t h 1992 , t e x t f i g . : : 1 3 , p i . 6, fig. 7, 

J. 7, figs 2. 3) and Dactylioceras (Orthodactylites) semicelatum ( i n c l u d 

ila Howarth 1973, pi . 9, fig. 3 ) . 

S c r p e n t i n u m C h r o n o z o n e 

Index: Harpoceras serpentinum ( S c h l o t h e i m ) . A u t h o r : O p p e l 

IS56), as an a l t e rna t ive n a m e for his Posidonia bronni Z o n e . T h e u s e 

|W.serpentinum as an i n d e x h a s p r i o r i t y o v e r H.falcifer (J. S o w e r b y ) , 

s first used by H a u g (1885) a n d s u b s e q u e n t l y by m o s t B r i t i s h a u t h o r s 

i-.f. Howarth in D e a n et al. 1 9 6 1 , a l s o 1 9 9 2 ) . 

5. E x a r a t u m S u b c h r o n o z o n e . I n d e x : Cleviceras exaratum 

Young & Bird). A u t h o r : B u c k m a n ( 1 9 1 0 ) as a z o n e . D e f i n e d b a s e : 

ase of Bed 33, M u l g r a v e S h a l e M b , W M F ' m , N o r t h Y o r k s h i r e c o a s t 

:.g. Hawsker B o t t o m s / P o r t M u l g r a v e ) ( C o x 1990 , p . 173 ; H o w a r t h 

»92, p. 6). 

VII. Elegantuliceras elegantulum B i o h o r i z o n . A u t h o r : B u c k m a n 

930) as a hemera . R e f e r e n c e s e c t i o n : B e d s 3 3 - 3 4 , J e t R o c k B e d s , J e t 

ockMb, W M F m , H a w s k e r B o t t o m s , N o r t h Y o r k s h i r e c o a s t . F a u n a : 

jnimon '•Elegantuliceras elegantulum ( Y o u n g & B i r d ) ( i n c l u d i n g p i . 7, 

gs 4,8, pi. 8, figs 2 - 2 1 , pi . 9, fig. 1 ) . 

VIII. Cleviceras exaratum B i o h o r i z o n . A u t h o r : B u c k m a n ( 1 9 3 0 ) 

i hemera. Refe rence s e c t i o n : B e d s 3 5 - 3 6 , J e t R o c k B e d s , J e t R o c k 

lb, WMF'm, H a w s k e r B o t t o m s , N o r t h Y o r k s h i r e c o a s t . F a u n a : c o n i -

aa'Cleviceras exaratum ( i n c l u d i n g H o w a r t h 1992 , t e x t fig. 10, p i . 9, 

>s 2-6, pi. 10, figs 3, 4, pi . 11 , figs 9 - 1 7 , p i . 12, figs 1-5, p i . 13, figs 1, 

with less frequent Harpoceras serpentinum, Hildaites forte ( B u c k m a n ) 

lduding Flowar th 1992, p i . 3 2 , fig. 2 ) , Hildaites murleyi ( M o x o n ) ( in -

ading Howar th 1992, p i . 3 1 , figs 1-4, 6, 7) , Pfrylloceras heteropbyllum 

, Sowerby), Lytoceras crenatum ( B u c k m a n ) , L. nitidum ( Y o u n g a n d 

rd) and probably a l so Dactylioceras s p . . 

IX. Cleviceras elegans B i o h o r i z o n . A u t h o r : P a g e ( 2 0 0 2 ) . R e f e r 

ee section: Beds 3 7 - 4 0 , J e t R o c k B e d s , M u l g r a v e S h a l e M b , W M F m , 

in Mulgrave, N o r t h Y o r k s h i r e c o a s t . F a u n a : Cleviceras elegans (J. 

werby) ( inc luding H o w a r t h 1992 , p i . 12, figs 6 - 8 , p i . 14, fig. 2 , p i . 

, fig- 1) f requent , w i t h Harpoceras serpentinum ( i n c l u d i n g H o w a r t h 

92, pi. 16, fig. 2) , Hildaites murleyi, Dactylioceras (Orthodactylites) 

nimnulatum H o w a r t h ( i n c l u d i n g H o w a r t h 1978 , p l . 1, figs 4, 5 , 7 ) , 

idicoeloceras crassoides ( S i m p s o n ) a n d Phylloceras heleroplryllum. 

immeni: the t r i p a r t i t e s e q u e n c e of a m m o n i t e f a u n a s ol t h e E x a r a -

n S u b c h r o n o z o n e is c o m m e n t e d o n b y H o w a r t h ( 1 9 9 2 , p . 6 ) b u t n o 

trial subdivisions w e r e c r e a t e d . C o m m e n t : t h e n e o t y p e of C . elegans 

b e l o n g s t o t h e s a m e a s s e m b l a g e in t h e I l m i n s t e r d i s t r i c t of S o m e r s e t , 

s o u t h - w e s t E n g l a n d ( H o w a r t h 1 9 9 2 , p p . 1 0 0 - 1 0 1 ) . 

6. F a l c i f e r u m S u b c h r o n o z o n e . I n d e x : Harpoceras falciferum (J . 

S o w e r b y ) . A u t h o r : A r k e l l ( 1933) as a r e s t r i c t e d s u b z o n e . D e f i n e d b a s e : 

B a s e of B e d 4 1 , M u l g r a v e S h a l e M b , W M F m , N o r t h Y o r k s h i r e c o a s t 

(e .g . S a l t w i c k B a y / P o r t M u l g r a v e ) ( H o w a r t h 1992 , p . 6 ) . 

X . Harpoceras pseudoserpentinum B i o h o r i z o n . A u t h o r : Page 

( 2 0 0 2 ) as mulgravium B i o h o r i z o n . R e f e r e n c e s e c t i o n ( p r o v i s i o n a l ) : B e d s 

1 7 - 1 8 , " J u n c t i o n B e d " , B a r r i n g t o n - S h e p t o n B e a u c h a m p a r ea , S o m e r s e t 

( p r o b a b l y e q u i v a l e n t t o B e d 41 ( ? p a r t ) , M u l g r a v e S h a l e M b , W M F m , 

P o r t M u l g r a v e , N o r t h Y o r k s h i r e c o a s t . F a u n a : e v o l u t e , f ine r i b b e d H. 

e x gr. falciferum ( = H. pseudoserpentinum G a b i l l y ) , w i t h Dactyliocer

as ( i n c l u d i n g D. cf. anguiforme ( B u c k m a n ) a n d D. verme ( S i m p s o n ) ) , 

p r o b a b l e Nodicoeloceras crassoides ( S i m p s o n ) a n d e a r l y Hildoceras s p . 

( S o m e r s e t ) ; H. ex gr. falciferum, Hildaites murleyi, Dactylioceras s p . 

( N o r t h Y o r k s h i r e ) . C o m m e n t : t h e h a r p o c e r a t i d f auna of t h e F a l c i f e r u m 

S u b c h r o n o z o n e o n t h e N o r t h Y o r k s h i r e c o a s t is i n c o m p l e t e l y c h a r a c 

t e r i s e d as m u c h of t h e m a t e r i a l is c r u s h e d . N e v e r t h e l e s s , e v i d e n c e f r o m 

S o m e r s e t (per . o b s . ) i n d i c a t e s t h a t t y p i c a l H. pseudoserpentinum G a b i l 

ly) o c c u r s b e l o w t r u e H. falciferum ( s p e c i m e n s of t h e f o r m e r i n c l u d e 

N H M C 7 7 4 8 1 - 2 f r o m B e d 5 at B a r r i n g t o n , p r e v i o u s l y i d e n t i f i e d as H. 

falciferum b y H o w a r t h (e .g . 1992 , p p . 2 2 - 2 3 ) . 

X I . Harpoceras falciferum B i o h o r i z o n . A u t h o r : B u c k m a n ( 1 9 3 0 ) 

as a h e m e r a . R e f e r e n c e s e c t i o n ( p r o v i s i o n a l ) : B e d s 4 2 - 4 5 , M u l g r a v e 

S h a l e M b , W M F m , S a l t w i c k Bay, W h i t b y , N o r t h Y o r k s h i r e c o a s t . F a u 

na: H. falciferum s e n s u s t r i c t o ( i n c l u d i n g H o w a r t h 1992 , p i . 2 0 , figs 1,7 

a n d p o s s i b l y p i . 18, l ig . 3 , p i . 2 0 , fig. 5 a n d t e x t fig. 3 3 ) , Dactylioceras 

consimile ( B u c k m a n ) , D. gracile ( S i m p s o n ) , Nodicoeloceras incrassat-

um ( S i m p s o n ) a n d Phylloceras heteropbyllum. C o m m e n t : t h e r e f e r e n c e 

h o r i z o n is p r o v i s i o n a l , p e n d i n g f u r t h e r a n a l y s i s of ava i l ab le s p e c i m e n s 

f r o m N o r t h Y o r k s h i r e . 

B i f r o n s C h r o n o z o n e 

I n d e x : Hildoceras bifrons ( B r u g u i è r e ) . A u t h o r : R e y n è s ( 1 8 6 8 ) . 

7. C o m m u n e S u b c h r o n o z o n e . I n d e x : Dactylioceras commune (J. 

S o w e r b y ) . A u t h o r : H o w a r t h (in D e a n et al. 1961) as a r e s t r i c t e d s u b -

z o n e , e q u i v a l e n t t o t h e S u b c a r i n a t a Z o n e of T h o m p s o n ( 1 9 1 0 ) . D e f i n e d 

b a s e : 0 .75 m b e l o w t h e t o p of B e d 4 7 , B i t u m i n o u s Sha l e s B e d s , M u l g r a v e 

S h a l e M b , W M F m , S a l t w i c k Bay, W h i t b y , N o r t h Y o r k s h i r e c o a s t . T h i s 

d e f i n i t i o n is m o d i f i e d f r o m t h a t o f H o w a r t h ( 1 9 9 2 , p . 6) a n d C o x ( 1 9 9 0 , 

p . 173) t o i n c l u d e t h e ovatum B i o h o r i z o n , f o l l o w i n g P a g e ( 2 0 0 2 ) . T h i s 

m o d i f i c a t i o n is n e c e s s a r y t o e q u a t e t h e b a s e of t h e B i f r o n s C h r o n o 

z o n e in t h e S u b b o r e a l P r o v i n c e w i t h t h a t in t h e S u b m e d i t e r r a n e a n a n d 

M e d i t e r r a n e a n P r o v i n c e s w h e r e f a u n a s w i t h Hildoceras ex gr. sublevisoni 

F u c i n i a r e t a k e n t o i n d i c a t e t h e l o w e r p a r t of t h e c h r o n o z o n e ( E l m i et 

al. 1997 , p . 2 8 ) ; t h e a s s o c i a t i o n of H. ex gr. sublevisoni (= H. laticosta 

Bel l i n i , p a r t , in H o w a r t h 1992) a n d Ovaticeras ovatum ( H o w a r t h 1992 , 

p p . 2 2 , 1 4 1 , 1 4 3 , p i . 2 3 , fig. 4.) h a s b e e n p r o v e n n e a r I l m i n s t e r in s o u t h 

e r n E n g l a n d ( p e r s . o b s . , as r e c o r d e d b y H o w a r t h 1992 , p . 2 2 ) . R e l a t i v e l y 

i n v o l u t e H. ex gr. falciferum p e r s i s t s a t t h i s level . 

X I I . Ovaticeras ovatum B i o h o r i z o n . A u t h o r : B u c k m a n ( 1 9 1 0 ) 

as a h e m e r a . R e f e r e n c e s e c t i o n : t o p m o s t 0 .75 m of B e d 46 a n d B e d 4 7 , 

B i t u m i n o u s S h a l e s B e d s , M u l g r a v e S h a l e M b , W M F m , S a l t w i c k Bay, 

W h i t b y , N o r t h Y o r k s h i r e c o a s t . F a u n a : Ovaticeras ovatum ( Y o u n g & 

B i r d ) ( H o w a r t h 1992 , p i . 2 4 , figs 3 - 5 , p i . 2 5 , fig. 1), Dactylioceras cf. 

toxophorum ( B u c k m a n ) , D. cf. consimile, Plrylloceras heteropbyllum. 

X I I I . Dactylioceras commune B i o h o r i z o n . A u t h o r : P a g e ( 2 0 0 2 ) , 

i n c l u d e s t h e subcarinata H e m e r a of B u c k m a n ( 1 9 3 0 ) . R e f e r e n c e s e c t i o n : 

B e d s 49 ( H a r d S h a l e s B e d s ) - B e d 54 ( M a i n A l u m S h a l e s B e d s ) , A l u m 

S h a l e M b , W M F ' m , W h i t b y , N o r t h Y o r k s h i r e c o a s t . F a u n a : c o m m o n D. 

commune (J . S o w e r b y ) w i t h D. praepositum B u c k m a n , D. lemperatum 

( B u c k m a n ) , D. crassiusculum ( S i m p s o n ) a n d u n c o m m o n H. s p . cf. tethy-

si G e c z y ( in B e d 5 1 ) , H. lusitanicum M e i s t e r ( in b e d s 5 2 - 5 4 , i n c l u d i n g 

H o w a r t h 1992 , p i . 3 5 , fig. I f r o m B e d 5 4 ) , Phylloceras heteropbyllum 

a n d r a r e Frechiella subcarinata ( Y o u n g a n d B i r d ) ( p r o b a b l y i n c l u d i n g 

H o w a r t h 1992 , p i . 2 9 , figs 6, 7 ) . 
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X I V . Dactylioceras athleticum B i o h o r i z o n . A u t h o r : B u c k m a n 

( 1 9 3 0 ) as a h e m e r a . R e f e r e n c e s e c t i o n : B e d s 5 5 - 5 9 M a i n A l u m S h a l e s 

B e d s , A l u m S h a l e M b , W M F m , W h i t b y , N o r t h Y o r k s h i r e c o a s t . F a u n a : 

c o m m o n D. athleticum ( S i m p s o n ) , D. praepositum, D. temperatimi, D. 

crassescens ( S i m p s o n ) , w i t h r a r e r H. lusitanicum M e i s t e r ( i n c l u d i n g in 

b e d s 55 a n d xxv i i i ) , Pseudolioceras lythense ( Y o u n g & B i r d ) , Phyllocer

as heterophyllum a n d Lytoceras cornucopia ( Y o u n g & B i r d ) ( H o w a r t h 

1992 , p p . 9 - 1 1 ) . C o m m e n t : e q u i v a l e n t t o B e d s xxv i i -xxv i i i a t R a v e n -

s c a r ( H o w a r t h 1 9 6 2 b ) , w h i c h a l t h o u g h h a v i n g y i e l d e d a less d i v e r s e 

f auna , a r e r e a d i l y r e c o g n i s a b l e a n d s u i t a b l e for u s e as a p a r a s t r a t o t y p e . 

S i g n i f i c a n t l y t h e s e leve ls h a v e a l s o y i e l d e d a s i n g l e iZugodactylites s p . 

( p e r s . o b s . ) . 

8. F i b u l a t u m S u b c h r o n o z o n e . I n d e x : Peronoceras fibulatum (J. 

de C . S o w e r b y ) . A u t h o r : T h o m p s o n ( 1 9 1 0 ) . D e f i n e d b a s e : b a s e of B e d 

6 0 , A l u m S h a l e M e m b e r , W h i t b y M u d s t o n e F o r m a t i o n . W h i t b y , N o r t h 

Y o r k s h i r e c o a s t ( H o w a r t h 1992 , p . 6 ) . 

XV. Peronoceras turriculatum B i o h o r i z o n . A u t h o r : P a g e ( 2 0 0 2 ) . 

R e f e r e n c e s e c t i o n : B e d xx ix , M a i n A l u m S h a l e s B e d s , A l u m S h a l e M b , 

W M F m , R a v e n s c a r , N o r t h Y o r k s h i r e c o a s t . F a u n a : c o m m o n Peronoceras 

fibulatum (J. d e C . S o w e r b y ) ( m a y i n c l u d e H o w a r t h 1978 , p i . 4, fig. 1 ) , 

P. turriculatum ( S i m p s o n ) , P. perarmatum ( Y o u n g & B i r d ) ( m a y i n c l u d e 

H o w a r t h 1978 , p i . 5, fig. 1 f r o m " B e d s 6 0 - 6 3 " a t W h i t b y ) , P. subarma-

tum ( Y o u n g a n d B i r d ) a n d r a r e r Pseudolioceras lythense ( Y o u n g a n d B i r d ) 

(p i . 2 7 , fig. 2 ) , e a r ly Hildoceras ex gr. bifrons ( p r o b a b l y H. apertum G a -

bi l ly) a n d Phylloceras heterophyllum. C o m m e n t : e q u i v a l e n t , a t least in 

p a r t , t o B e d s 6 0 - 6 3 ( " l o w e r h a l f " ) o f H o w a r t h ( 1 9 9 2 ) at W h i t b y , w h i c h 

m a y a l s o y i e ld Zugodactylites (in B e d 6 2 ) . T h e P. turriculatum f i g u r e d b y 

H o w a r t h ( 1 9 7 8 , p . 2 , fig. 3 , p i . 3 , fig. 3) f r o m a n s p e c i f i e d level in B e d 

63 in W h i t b y m a y h a v e c o m e f r o m e i t h e r t h e turriculatum o r t h e s u c 

c e e d i n g braunianus b i o h o r i z o n . 

X V I . Zugodactylites braunianus B i o h o r i z o n . A u t h o r : B u c k m a n 

(1930) as a h e m e r a . R e f e r e n c e s e c t i o n : Bed xxx i , M a i n A l u m Sha les B e d s , 

A l u m S h a l e M b , W M F m , R a v e n s c a r , N o r t h Y o r k s h i r e . F a u n a : c o m m o n 

Peronoceras s p p . i n c l u d i n g P. fibulatum, P. subarmatum ( Y o u n g & B i r d ) 

a n d P. turriculatum w i t h Zugodactylites braunianus ( d ' O r b i g n y ) ( i n c l u d 

i n g H o w a r t h 1 9 7 8 , p i . 7, figs 2 - 4 , p i . 8, fig. 5 ) , Z. thompsoni H o w a r t h , 

Hildoceras apertum G a b i l l y ( i n c l u d i n g N H M C 6 8 5 0 5 , C 7 8 2 0 3 , 2 0 , e t c . ) 

a n d r a r e r Ps. lythense ( i n c l u d i n g H o w a r t h 1 9 9 2 , p l . 2 7 , f ig .3 ) , Harpoceras 

subplanatum ( O p p e l ) , Phylloceras heterophyllum a n d Lytoceras cornuco

pia. C o m m e n t : p r o b a b l y e q u i v a l e n t t o B e d s 6 3 ( " t o p 0.3 m ) - 6 4 ( l o w 

es t 0.1 m ) at W h i t b y . 

X V I I . Porpoceras vortex B i o h o r i z o n . Author: B u c k m a n ( 1 9 3 0 ) 

as a h e m e r a . R e f e r e n c e s e c t i o n : B e d s xl i i -xl iv, C e m e n t S h a l e s B e d s , 

A l u m Sha le M b , W M F m , R a v e n s c a r , N o r t h Y o r k s h i r e c o a s t . F a u n a : 

Porpoceras ex gr. vortex ( S i m p s o n ) ( i n c l u d i n g P. verticosum B u c k m a n 

a n d P.vorticellum B u c k m a n ) , H. bifrons s e n s u s t r i c t o ( i n c l u d i n g N H M 

C 6 8 2 4 3 - 5 1 , C 6 8 5 1 9 ) a n d o c c a s i o n a l Pseudolioceras lythense a n d Har

poceras subplanatum ( O p p e l ) . C o m m e n t : b r o a d l y e q u i v a l e n t t o l o w e r 

1.5 m of B e d 72 at W h i t b y . 

9 . C r a s s u m S u b c h r o n o z o n e . I n d e x : Catacoeloceras crassum 

( Y o u n g & B i r d ) . A u t h o r : C o r r o y & G é r a r d ( 1 9 3 3 ) . D e f i n e d b a s e : b a s e 

of Bed X I I V , A l u m Sha le M e m b e r , W h i t b y M u d s t o n e F o r m a t i o n , R a v e n 

scar , N o r t h Y o r k s h i r e (cf. H o w a r t h 1 9 9 2 , p . 6 ) . 

X V I I I . Catacoeloceras crassum-Hildoceras bifrons B i o h o r i z o n . 

A u t h o r : P a g e ( 2 0 0 2 ) . R e f e r e n c e s e c t i o n : B e d s x lv -x lv i i , C e m e n t S h a l e s 

B e d s , A l u m Sha le M b , W M F m , R a v e n s c a r , N o r t h Y o r k s h i r e c o a s t . F a u 

na : c o m m o n C. crassum ( i n c l u d i n g "Collina" mucronata ( d ' O r b i g n y ) ) 

in a s s o c i a t i o n w i t h Hildoceras bifrons s e n s u s t r i c t o . C o m m e n t : t h e s a m e 

f a u n a is a p p a r e n t l y p r e s e n t f r o m a r o u n d 1.5 m a b o v e t h e b a s e of B e d 

72 at W h i t b y b e l o w t h e f irs t H. semipolitum, a l t h o u g h e x a c t leve ls a r e 

n o t r e c o r d e d b y H o w a r t h ( 1 9 9 2 , p p . 9 , 1 0 ) . 

X I X . Catacoeloceras crassum-Hildoceras semipolitum B i o h o r i z o n . 

A u t h o r : P a g e ( 2 0 0 2 ) . R e f e r e n c e s e c t i o n : B e d s xlvi i i - l i i i , C e m e n t S h a l e s 

B e d s , A l u m Sha le M b , W M F m , R a v e n s c a r , N o r t h Y o r k s h i r e c o a s t . F a u 

na : C . crassum ( i n c l u d i n g "Collina" [= "Mucrodactylites"] mucronata 

( d ' O r b i g n y ) ) , Hildoceras semipolitum ( B u c k m a n ) ( i n c l u d i n g H o w a r t h 

1 9 9 2 , p i . 3 8 , fig. 2 f r o m b e d x l i x ) . C o m m e n t : p r o b a b l y includes the 

u p p e r p a r t of B e d 72 at W h i t b y , w i t h H. semipolitum ( H o w a r t h (1992, 

p p . 9 , 1 0 ) . T h e b a s e of t h e Var iab i l i s C h r o n o z o n e a n d h e n c e the Upper 

T o a r c i a n is d r a w n at t h e f i r s t o c c u r r e n c e of Catacoeloceras dumortieri 

( M a u b e r g e ) f o l l o w i n g t h e i n t e r p r e t a t i o n of E l m i et al. (1997, p. 30). 

A t W h i t b y t h i s level is m i s s i n g in a n o n - s e q u e n c e b e l o w the Aalenian, 

b u t at R a v e n s c a r , C . dumortieri f irst o c c u r s in B e d liv. H. semipolitum 

p e r s i s t s a n d in s o u t h e r n E n g l a n d ( S o m e r s e t ) c a n be abundan t in as

s o c i a t i o n w i t h Haugia variabilis ( d ' O r b i g n y ) in t h e l o w e r part of the 

Var iab i l i s C h r o n o z o n e ( i n c l u d i n g Var iab i l i s S u b c h r o n o z o n e ; per. obs.). 

A t R a v e n s c a r , Haugia s p . is f i rs t r e c o r d e d b y H o w a r t h in Bed Iviii, also: 

in a s s o c i a t i o n w i t h Catacoeloceras dumortieri ( M a u b e r g e ) , around 2 m; 

a b o v e t h e l a t t e r ' s f i rs t o c c u r r e n c e . I n t e r m e d i a t e levels (Bed Iv) also yield; 

Phylloceras heterophyllum, "C. crassum" a n d Pseudolioceras boulbtemi) 

( Y o u n g & B i r d ) ( H o w a r t h 1 9 9 2 , p i . 2 7 , fig. 6) ( p p . 9, 13) . 

Correlat ion with Submediterranean Province areas 

As Submediterranean faunas are frequently richer 

in Hildocerataceae, s o m e t i m e s to the virtual exclusion 

of Dactyl iocerat idae, separate zonal schemes have his

torically evolved. Significantly, however, the transition 

be tween submediterranean style faunas and subboreal 

occurs be tween southern England (Dorset and Somer-

set) and northern England ( N o r t h Yorkshire), thereby 

enabling detailed inter-provincial correlations to be es

tablished within a relatively small geographical area. The 

correlation of the Submediterranean scheme reviewed bj 

Elmi et al. (1997) with the Subboreal sequence here de

scribed is discussed b e l o w and illustrated by Fig. 2: 

T e n u i c o s t a t u m C h r o n o z o n e , P a l t u m S u b c h r o n o z o n e : Paltudi 

H o r i z o n - t h e p r e s e n c e of Eodactylites a n d Protogrammoceras ex gt 

paltum i n d i c a t e s a g e n e r a l c o r r e l a t i o n w i t h t h e s u b b o r e a l Protopam 

moceras paltum B i o h o r i z o n . 

S e m i c e l a t u m ( I I ) S u b c h r o n o z o n e : C r o s b e y i H o r i z o n -explió 

i t ly i n c l u d e s t h e Dactylioceras crosbeyi a n d Dactylioceras clevelaniicm 

b i o h o r i z o n s as is s t a t e d t o be e q u i v a l e n t t o t h e s u b b o r e a l Clevelandicuu 

S u b c h r o n o z o n e b y E l m i et al. ( 1 9 9 7 , p . 2 6 ) . T e n u i c o s t a t u m Horizon 

e q u i v a l e n t t o t h e T e n u i c o s t a t u m S u b c h r o n o z o n e as s t a t ed by Elmi (1991 

p . 2 6 ) a n d h e n c e i n c l u d i n g t h e Dactylioceras tenuicostatum Biohorizoi 

S e m i c e l a t u m H o r i z o n - e q u i v a l e n t t o t h e T e n u i c o s t a t u m Subchronozon 

(as s t a t e d b y E l m i 1997 , p . 26) a n d h e n c e i n c l u d e s t h e subboreal Da 

tylioceras semicelatum a n d Tiltoniceras antiquum b i o h o r i z o n s . 

S e r p e n t i n u m C h r o n o z o n e , E x a r a t u m [Elegantulum 

S u b c h r o n o z o n e : as t h e E l e g a n t u l u m " S u b z o n e " of E l m i et al. (199! 

is i d e n t i c a l in s t r a t i g r a p h i c a l r a n g e t o t h e e a r l i e r n a m e d ExaraM 

S u b c h r o n o z o n e as u s e d h e r e , t h e f o r m e r n a m e is c o n s i d e r e d t o h » 

p r i o r i t y . E l e g a n t u l u m H o r i z o n - e x p l i c i t l y i n c l u d e s t h e subboreal£ 

egantuliceras elegantulum B i o h o r i z o n . S t r a n g e w a y s i H o r i z o n - ti 

p r e s e n c e o f Cleviceras exaratum a n d C . elegans ( E l m i et al. 1997,j 

2 6 ) i n d i c a t e s a c o r r e l a t i o n w i t h t h e S u b b o r e a l Cleviceras examm 

a n d Cleviceras elegans b i o h o r i z o n s . 

F a l c i f e r u m S u b c h r o n o z o n e : P s e u d o s e r p e n t i n u m H o r i z o n - e 

p l i c i t l y i n c l u d e s t h e s u b b o r e a l . Harpoceras pseudosepentinum Biohof 

z o n . D o u v i l l e i H o r i z o n - Orthildaites douvillei ( H a u g ) is recordedi 

s o u t h e r n B r i t a i n in a s s o c i a t i o n w i t h t y p i c a l Harpoceras ex p.falajim 

(e .g . in H o w a r t h 1 9 9 2 ) , t h e r e b y c o n f i r m i n g a c o r r e l a t i o n with the Hi 

poceras falciferum B i o h o r i z o n . 

B i f r o n s C h r o n o z o n e , S u b l e v i s o n i S u b c h r o n o z o n e : the si 

m e d i t e r r a n e a n s u b c h r o n o z o n a l i n d e x is a b u n d a n t a n d characteristic, h 

re la t ive ly r a re in s u b b o r e a l a reas - it is t h e r e f o r e a p p r o p r i a t e to retail 

d i f f e r e n t i a t e d s u b c h r o n o z o n a l n o m e n c l a t u r e . S u b l e v i s o n i Horizon-TI 

p r e s e n c e of Hildoceras ex gr. sublevisoni (= H. laticosta Bellini, pan, 



Biostratigrapby of the Basque-Cantabrian area 

Subboreal Province S u b m e d i t e r r a n e a n Province 

Zone Subzone B iohor i zon Z o n u l e Subzone Z o n e 

Bifrons 

C r a s s u m 
cross um-semip oli turn Semipol r tum 

Bifrons 

Bifrons Bifrons 

C r a s s u m 
crassum-bifrons 

Bifrons 
Bifrons 

Bifrons Bifrons Rbu la tum 

vortex 
Bifrons 

Bifrons 

Bifrons Bifrons Rbu la tum braunianus 
A p e r t u m 

Bifrons 

Bifrons Bifrons Rbu la tum 

turriculatum 
A p e r t u m 

Bifrons 

Bifrons Bifrons 

C o m m u n e 

athleticum Lusitanicum 

Sublevisoni 

Bifrons Bifrons 

C o m m u n e commune Tethysi Sublevisoni 

Bifrons Bifrons 

C o m m u n e 

ovatum Sublevisoni 

Sublevisoni 

Bifrons 

Serpentinum 

Falciferum 
falciferum Douvi l le i 

Falciferum 

S e r p e n t i n u m Serpentinum 

Falciferum 
pseudoserpentinum Pseudoserpen t inum 

Falciferum 

S e r p e n t i n u m Serpentinum 

Exaratum 

elegans 
Strangewaysi 

Elegantulum 

S e r p e n t i n u m Serpentinum 

Exaratum exaratum 
Strangewaysi 

Elegantulum 

S e r p e n t i n u m Serpentinum 

Exaratum 

elegantulum Elegantulum 

Elegantulum 

S e r p e n t i n u m 

Tenuicostatum 

Semicelatum (1) 
antiquum 

Semice la tum 

'Semice la tum' (II) 
Tenu icos ta tum Tenuicostatum 

Semicelatum (1) 
semicelatum 

Semice la tum 

'Semice la tum' (II) 
Tenu icos ta tum Tenuicostatum 

Tenuicostatum tenuicostatum Tenu icos ta tum 'Semice la tum' (II) 
Tenu icos ta tum Tenuicostatum 

Clevelandicum 
clevelandicum 

Crosbey i 

'Semice la tum' (II) 
Tenu icos ta tum Tenuicostatum 

Clevelandicum 
crosbeyi 

Crosbey i 

'Semice la tum' (II) 
Tenu icos ta tum Tenuicostatum 

Paltum paltum Pa l tum P a l t u m 

Tenu icosta tum 

F i g . 2 - C o r r e l a t i o n o f S u b b o r e a l 

P r o v i n c e b i o h o r i z o n s (as d e 

s c r i b e d h e r e ) a n d S u b m e d i 

t e r r a n e a n P r o v i n c e h o r i z o n s 

( a f t e r E l m i e t a l . 1 9 9 7 ) . 

Howarth 1992) i n a s soc ia t ion w i t h Ovaticeras ovatum in s o u t h e r n Br i t a in 

indicates a correlat ion wi th t h e s u b b o r e a l Ovaticeras ovatum B i o h o r i z o n . 

Tethysi H o r i z o n - the p r e s e n c e of H. cl. tetlrysi G e c z y in t h e l o w e r p a r t 

ol the subboreal Dactylioceras commune B i o h o r i z o n i n d i c a t e s a c o r r e l a -

uon. Lusitanicum H o r i z o n - as H. lusitanicum s e n s u E l m i et al. ( 1997) 

non Howarth (1992) is n o w k n o w n t o r a n g e f r o m t h e u p p e r p a r t of t h e 

subboreal Dactylioceras commune B i o h o r i z o n t o n e a r t h e t o p of t h e Dac-

'•ihceras athleticum B i o h o r i z o n , a c o r r e l a t i o n is e s t a b l i s h e d . 

Bifrons S u b c h r o n o z o n e : A p e r t u m H o r i z o n - t h e p r e s e n c e of 

Hildoceras apertum in t h e Zugodactylites braunianus B i o h o r i z o n a n d i ts 

probable occur rence in t h e Peronoceras turriculatum B i o h o r i z o n b e l o w , 

establishes a co r re l a t ion . B i f r o n s H o r i z o n —H. bifrons s e n s u s t r i c t o first 

occurs in levels i n t e r m e d i a t e b e t w e e n t h e Lugodactylite braunianus a n d 

Porpoceras vortex b i o h o r i z o n s , as d e f i n e d h e r e ( i n c l u d i n g B e d xxxi i a t 

Ravenscar ( N H M C 7 8 2 4 8 ) a n d B e d 6 5 n e a r W h i t b y ( N H M C 7 8 2 2 1 ) . 

The boundary b e t w e e n t h e A p e r t u m a n d B i f r o n s h o r i z o n s is t h e r e f o r e 

placed at this level in t h e s u b b o r e a l s e q u e n c e . T h e B i f r o n s H o r i z o n 

would therefore i n c l u d e b o t h t h e Porpoceras vortex a n d Catacoeloceras 

\hissum-Hildoceras bifrons b i o h o r i z o n s . S e m i p o l i t u m H o r i z o n - e x 

plicitly includes the s u b b o r e a l Catacoeloceras crassum-Hildocera semi

politum B iohor izon . 

nite faunas of the Protogrammoceras paltum B iohor izon , 
at higher levels the presence of a considerable number 
of shared taxa permits detailed links to be established 
between subboreal and submediterranean correlations 
schemes for Europe. The equilibration of zonal bounda
ries, as discussed above, can provide a uniformity of inter
pretation of the Lower Toarcian in this region, although 
faunal differentiation indicates that the maintenance of 
different subzonal and sub-subzonal nomenclature is ap
propriate to facilitate the application of each scheme in 
local stratigraphical studies . 

Concluding remarks 

Although the base of the stage is poorly character
ised in North Yorkshire due to the rarity of the a m m o -
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