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P R E F A C E TO F I R S T E D I T I O N 

The character is t ic whi te l imes tones that form the Cha lk were depos i ted 
across much of nor thern Europe dur ing the Upper Cretaceous , 100 to 65 
mill ion years ago . Al though the Cha lk is not normal ly rich in fossils, the 
preservat ion is often exquisi te and spec imens are relatively easy to prepare 
out from the mat r ix us ing need le s and b rushes o r an air abras ive . Th i s 
explains w h y the Chalk has been, and cont inues to be , a favourite form­
a t ion of m a n y fossil co l l ec to r s . T h e ex t ens ive co l l ec t ions h o u s e d in 
m u s e u m s are the result of persistent collect ing over more than 150 years , 
t h o u g h few w e r e co l l ec t ed wi th the neces sa ry de ta i l ed s t ra t ig raphica l 
hor izoning that is so essential to t oday ' s s tudy of the Chalk fauna. 

Th i s b o o k is a i m e d at the a m a t e u r fossil co l l ec to r and sets out to 
p r o v i d e a p o c k e t field g u i d e to the r a n g e o f macro foss i l s found in the 
Chalk of Britain. It covers most of the important groups that are likely to 
be encountered in field collect ing, wi th the except ion of serpulid w o r m s 
and cora l s wh ich unfor tuna te ly cou ld no t be cove red (ne i ther g roup is 
either diverse or important in the Chalk) . It must be emphas ized that the 
fossils i l lustrated here are only a small select ion of the total fauna likely to 
be found in the Cha lk , t h o u g h au tho r s h a v e t r ied to inc lude all of the 
c o m m o n species and genera . In s o m e cases more detai led and comprehen­
sive monographs on part icular groups have been publ ished and the more 
important works are general ly listed at the start of each chapter. In other 
cases the p r i m a r y sys t ema t i c w o r k has yet to b e d o n e and no such 
publ icat ions exist. 

A lmos t 400 Chalk fossils are i l lustrated, mos t of which are housed in 
the Br i t i sh M u s e u m (Na tu ra l H i s t o r y ) . For each en t ry the re is a b r ie f 
descript ion to aid identification, together wi th the strat igraphical range o f 
the species . In addi t ion , whe re s imi lar species exist that migh t be con­
fused, but which have not been illustrated, these are somet imes compared 
and con t ras ted in the text . It is b e y o n d the scope of th is b o o k to deal 
comprehens ive ly with the te rminology applied to the fossilized hard parts 
of so m a n y different g roups and a reasonable background knowledge has 
h a d to be a s s u m e d of the reader . N o r is it pos s ib l e to d i scuss the 
t a x o n o m i c f r a m e w o r k that e a c h a u t h o r has a d o p t e d . A n y s t anda rd 
pa laeontologica l text-book, or the Treatise on invertebrate paleontology 
ought to be consul ted on these mat ters . 

P robab ly more than for any other s t rat igraphical formation, amateurs 
have p layed a major role in fur ther ing our unde r s t and ing of the Cha lk 
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viii Preface to First Edition 

faunas and the i r d i s t r ibu t ion . N o t a b l e a m a t e u r s inc lude the R e v e r e n d 
Thomas Wil tshire , J. Starkie Gardner , Henry Willett , A. W. R o w e , R. M. 
B r y d o n e , C. T. A. G a s t e r a n d E. V . a n d C. W . W r i g h t . W i t h o u t the i r 
d i l igence our k n o w l e d g e o f the C h a l k fauna w o u l d b e ve ry m u c h the 
poorer . I s incerely hope that future genera t ions o f amateurs will cont inue 
th is t r ad i t ion a n d that this b o o k wi l l p r o v i d e e n c o u r a g e m e n t to the i r 
pursuit . 

A n d r e w B . Smith 
17th February, 1987 
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P R E F A C E TO S E C O N D E D I T I O N 

Since the first edit ion of Fossi ls of the Chalk appeared 14 years ago a great 
deal of n e w information on the t axonomy of the fauna and the nature of 
the C h a l k e n v i r o n m e n t h a s b e e n pub l i shed , and re f inements to the 
b ios t ra t ig raph ica l and l i thos t ra t ig raph ica l f r a m e w o r k h a v e b e e n m a d e . 
This n e w edi t ion is consequen t ly revised and enlarged to br ing it up to 
date with current th inking. There is an expanded Introduct ion that outlines 
the depos i t iona l e n v i r o n m e n t of C h a l k s e d i m e n t and a m o r e de ta i l ed 
stratigraphical f ramework. Three n e w chapters have been added, cover ing 
corals, serpulid w o r m s and naut i loid mol luscs , groups that were omit ted 
from the first edit ion. Other chapters from the original edit ion have been 
updated, some with n e w text-figures or plates , to take into account work 
publ ished since 1987. There are n o w descript ions and il lustrations of 434 
species in 67 plates , p rovid ing even better coverage of the Chalk fauna. 

A n d r e w B. Smith 
Dav id J. Bat ten 
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1. I N T R O D U C T I O N 

by A . s. G A L E and w. J . K E N N E D Y 

T h e C h a l k is o n e o f the m o s t w i d e s p r e a d and d i s t inc t ive geo log ica l 
fo rmat ions of the Br i t i sh success ion (Text-f ig. 1.1). Vi r tua l ly ident ical 
C r e t a c e o u s depos i t s , e v e n c o n t a i n i n g the s a m e foss i ls , e x t e n d ac ross 
northern Europe and into central Asia , as far east as the Aral Sea, and are 
found as far afield as T e x a s and Wes t e rn Aust ra l ia . In m o d e r n oceans , 
cha lk fo rms m o s t l y in the d e e p - s e a f rom a c c u m u l a t i o n of ca l ca reous 
p lankton rain, the calcite skeletons of myr iad single-celled organisms. But 
as sea levels rose dur ing the Late Cre taceous , pe lag ic cha lks spread far 
on to the con t inen ta l she l f a n d ep icon t inen ta l seas of no r the rn E u r o p e . 
Widespread chalk deposi t ion cont inued for about 40 mil l ion years , until 
the end of the Ear ly Palaeocene , and hundreds of met res of chalk formed a 
blanket- l ike cover over vast areas . Exact ly h o w deep the Chalk Sea was in 
the Brit ish area is hard to ascertain, but m a x i m u m values of 300 m above 
present-day sea level are likely. Salinities were normal , and the sea floor 
was wel l -oxygenated for vir tually all Chalk deposi t ion in the British area 
(the poss ib le excep t ion is a th in l amina ted b l ack sha ly uni t , the B lack 
Band , at the base of the T u r o n i a n W e l t o n Fo rma t ion in Yorksh i r e and 
Lincolnshire) . The sea floor was also be low the limit of light penetrat ion, 
and the re is a s t r ik ing a b s e n c e of those o r g a n i s m s that d o m i n a t e in 
shal low-water l imestones that formed in the phot ic zone. At its m a x i m u m 
extent, the Chalk Sea probably covered all of the Brit ish Isles except the 
Scottish h ighlands . The Cre taceous wor ld also differed in that there is no 
ev idence of polar ice-caps , and w a r m tempera te vege ta t ion ex tended to 
85° Nor th . Oxygen isotope ratios from the Engl ish Chalk give sea-surface 
t e m p e r a t u r e s in the r a n g e of 2 0 - 3 0 ° C , subs tan t ia l ly w a r m e r than at 
present. 

T H E S E D I M E N T A R Y E N V I R O N M E N T 

Composition and deposition of Chalk 

Chalk is c o m p o s e d largely of the r e m a i n s of minu te p lank ton ic pho to -
synthes iz ing o rgan i sms cal led coccol i fhophores . The bui ld ing b locks of 
the skeleton of these o rgan isms are calcite tablets or platelets 0-5-1 jum 
across. These are ar ranged in r ings and roset tes , general ly 3 -5 /urn across 
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2 Fossils of the Chalk 

T E X T - F I G . 1.1. Map of the British Isles, showing the principal surface outcrops of 
Upper Cretaceous Chalks and correlative deposits. 

and known as coccol i ths , wh ich are in turn ar ranged into a ho l low cocco-
sphere that encloses the soft par ts o f the o rgan ism. Platelets and coccol i ths 
are abundant in Chalks , but comple te coccospheres are rare. 

Each ind iv idua l p r o d u c e s cocco l i th s t h r o u g h o u t its l ife, and these 
overlap to form the coccosphere , and m a y even be shed periodical ly. O n 
death, the coccospheres usual ly decay, and coccol i ths are l iberated to the 
sediment . 

A typical coccoli th is composed of a lower and upper disc, each disc 
be ing m a d e up of radial ly or iented p la te le ts . A central cy l inder usual ly 
connects the discs. Platelets in the upper and lower discs are often, but by 
no means a lways , jo ined by a platelet that is part of the central cylinder. In 
such cases, electron diffraction has shown that the whole three-piece uni t 
is, in fact, a s ingle crysta l o f l ow m a g n e s i a n calc i te . T h e c-axis o f the 
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Introduction 3 

crystal runs a long the l eng th of the p la te le t s , the a (or b ) axis at r ight 
angles to it. Sur faces o f p la te le t s are therefore p r e s u m e d to be (010) 
planes . 

There is great variety in coccol i th form, a l though mos t are composed of 
discs of radial pla te le ts . The mos t obv ious difference be tween the main 
coccolith groups is the shape of the platelet and the w a y they are bound 
together. Species with s trongly bound platelets resist mechanica l break-up 
and chemical at tack m u c h better than those that are weak ly bound . Thus , 
in condi t ions of high mechanica l abras ion or solution only certain species 
will survive, g iving a false impress ion of the original floral diversity. On 
the other hand, a single species of coccol i thophore can produce coccoli ths 
of different morpho logy as it progresses th rough its l ife-cycle. 

Other locally abundant const i tuents of chalk are tests of foraminiferans, 
globular calc ispheres , t iny pr ismatic f ragments of the outer calcitic shell 
layer o f the b iva lve Inoceramus a n d ca lc i t ic debr i s o f ech ino ids and 
cr inoids . A l t h o u g h whi t e chalk is c o m m o n l y 98 per cent pu re ca lc ium 
carbonate, the grey-coloured lower part of the succession contains up to 40 
per cent of clay minera ls , together with a little sand and silt grade quartz, 
and the g reen au th igen ic mine ra l g laucon i te . The C h a l k w a s or ig ina l ly 
depos i t ed as p l a n k t o n ra in , and p r o b a b l y s e d i m e n t e d in the form of 
copepod faecal pel lets . Pr imary product ion was uniform over a very wide 
area, and m e a n rates of sedimentat ion (derived from division of thickness 
by t ime) are low everywhere in the Anglo-Par i s Basin; a m e a n deposit ion 
rate of 25 m m per thousand years (kyr) is typical for the area. 

Large areas of the Chalk sea floor h a d an uneven topography , com­
pr i s ing a ser ies of d o m e s and r idges sepa ra t ed b y bas ins and t roughs ; 
extensive flat pla t forms also developed. Pa laeo topography was control led 
by relative subsidence over downfaul ted b locks which p roduced consider­
able lateral t h i ckness va r i a t ions . A s p r i m a r y p roduc t iv i ty w a s un i fo rm 
over a very wide area, resedimenta t ion of the p lankton rain blanket was 
evidently a widespread deposi t ional process . 

Large-scale mass m o v e m e n t (e.g. s lumps , slides) on the chalk sea floor 
was not a c o m m o n p h e n o m e n o n in the Anglo-Par i s Basin a l though it has 
been descr ibed from the Cha lk of southern England . This type of mass 
movemen t is rendered conspicuous b y s lump folding of beds , p icked out 
by h a r d g r o u n d s and layers o f flint n o d u l e s , a n d m o r e ra re ly by debr i s 
flows. M a s s m o v e m e n t p robab ly on ly occur red w h e n a re la t ively s teep 
slope created great instability, as over an active fault l ine. 

Resuspens ion of chalk over topographic h ighs by currents was probably 
the commones t process by which sediment transfer took place . M u c h of 
Whi te Chalk deposi t ion would have taken place benea th s torm wave base, 
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4 Fossils of the Chalk 

a l though w a v e - s c o u r i n g w a s p r o b a b l y r e spons ib l e for flat, r eg iona l ly 
ex tens ive h a r d g r o u n d s fo rmed du r ing M i d T u r a n i a n t i m e in sou the rn 
England. Bo t tom currents , augmen ted by the p resence o f h ighs , were thus 
responsible for much of the resuspension and subsequent redistr ibution of 
s ed imen t s on the C h a l k sea floor. T h e cont inual na tu re o f th is p rocess , 
pe rhaps seasonal ly modera ted , mean t that there was little difference in age 
be tween sed iment e roded and sed iment deposi ted, so that cl imatic cycles 
(see be low) were faithfully preserved even in redeposi ted basinal chalks . 

Rhythmicity in the Chalk: a record of climatic change 

One o f the m o s t c o n s p i c u o u s features o f any cha lk cliff is the regu la r 
repet i t ion o f beds on the scale of 1 m or less. In the L o w e r Chalk , the 
al ternations are of more and less mar ly chalk, the harder , more ca lcareous 
beds weather ing p roud of the outcrop. In the lower part of the Whi te Chalk 
a b o v e , the a l t e rna t ions a re o f n o d u l a r c h a l k a n d r e c e s s i n g th in , w i s p y 
mar l s . In the over ly ing flinty cha lks , beds of flint nodu les or sheets of 
b lack flint occur wi th s tr iking regular i ty about every metre . T h e average 
periodici ty of these rhy thms can be calculated s imply by taking an interval 
o f k n o w n dura t ion and d iv id ing b y the n u m b e r o f b e d s present ; resul ts 
are in the o rde r o f 2 0 - 4 0 kyr . T h e s e va lues fall in the pe r iod ic i ty o f 
Mi l ankov i t ch c l ima t i c cyc les , c a u s e d b y va r ia t ions in t he shape of the 
Ear th ' s orbit, which alter the amoun t of solar radiation reaching a given 
point on the surface of the Earth. T h e major Mi lankovi tch frequencies are 
at 2 1 , 40 and 100 kyr, and have been identified and used as a t ime-scale in 
Pleis tocene sediments , where they acted as a pacemaker for the develop­
m e n t o f i ce -ages . T h e cha lk r h y t h m s are thus a r eco rd of C r e t a c e o u s 
Milankovi tch cycles , but the exact means by which cl imate change led to 
the formation of more and less mar ly beds or de termined exact ly where 
flints formed, remains unresolved. 

Trace fossils and bioturbation 

Virtually all of the Chalk succession shows evidence of intense burrowing, 
often to the extent that all trace of other pr imary deposi t ional features has 
been des t royed. T h e c o m m o n e r t races present are s u m m a r i s e d in Tex t -
figure 1.2; Chondrites, Planolites, Taenidium and Thalassinoides occur 
throughout the succession, wi th rare Zoophycos at a few levels only. 

Bur rows are an important aid to the interpretation of the deposi t ional 
and diagenet ic his tory of chalks . T h e y provide a key to the differentiation 
of depos i t iona l or s y n s e d i m e n t a r y p r i m a r y fea tures (e .g . h a r d g r o u n d s , 
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Introduction 5 

PI Th Zo Ch Ch 

T E X T - F I G . 1.2. The Chalk trace fossils association, modified after Bromley and 
Ekdale (1986). Trace fossils represented are: 

Ch, Chondrites: plant-like, ramifying burrow systems, with a few vertical, but 
many horizontal or inclined tubes, rarely more than a few millimetres in 
diameter. Burrows are circular in cross-section, and of a constant diameter, with 
smooth walls. Branching is common, lateral, never equal, with a faint radial 
symmetry visible in some bedding-parallel sections. The producer of this 
system is unknown, but was presumably vermiform. The structures are a 
feeding trace, and occur throughout the Chalk, commonly appearing as groups 
of small black or white dots in section. 

PI, Planolites: larger (up to 10 mm diameter) irregular, predominantly horizontal 
or gently inclined burrows that may branch. They appear to have been 
produced by some vermiform animal, the burrow filling having passed through 
the gut before being packed into the tube behind. 

Zo, Zoophycos: spreiten burrows produced by reworking of sediment to give 
a sheet of material with characteristic lunate structure in section, the sheet 
forming a tabulate or complex helicoid form, rather like a spiral staircase, and 
sometimes with a marginal tube. The overall structure appears most commonly 
as a series of parallel ribbons, the ribbons being sections through helical 
systems that were originally some tens of centimetres high and perhaps half a 
metre across. Even when short lengths only are visible, the alternating light and 
dark lunae are quite distinctive. 

Th, Thalassinoides: burrow systems consisting of a three-dimensional network of 
vertical shafts and horizontal galleries that may extend downwards to a depth of 
more than a metre. When well-preserved, Thalassinoides show a very charac­
teristic Y-shaped branching pattern, and by analogy with Recent examples, 
structures of this type were produced by decapod or other crustaceans. 
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6 Fossils of the Chalk 

b e d d i n g , l amina t ion ) and later, d i agene t i c ones . B r o a d l y speak ing if 
bu r rows have p iped one sed iment type into another , then this difference 
must have been a pr imary one. Equally, if bur rows cut lamination, then this 
too is pr imary . If bur rowers avoided areas of hardened chalk, then they are 
either r eworked intraclasts or the result of early diagenesis nodule and/or 
ha rdg round format ion. Equal ly , if s t ructures cut or offset bu r rows (e.g. 
solution seams , diagenet ic laminat ion) , these are of a relatively late-stage 
origin. 

Bur rows also provide a m e a n s of gauging relative compact ion . This is 
graphical ly demons t ra ted in the L o w e r Cha lk where there is differential 
compact ion o f the more and less argi l laceous parts of small-scale cycles. 

W h e r e p resen t , b u r r o w e r s ind ica te o x y g e n a t e d bo t tom wa te r s at the 
level of the interface from which they arise. Thei r depth of penetrat ion is 
usual ly only a few cent imetres or decimetres , but the ar thropods respons­
ible for Thalassinoides e x c a v a t e d d o w n to m o r e t h a n 1 m b e l o w d i s ­
cont inui ty surfaces. W h e r e bur row dis turbance of bedd ing is absent and 
lamination survives, this m a y indicate low oxygen levels in bo t tom water , 
as has been suggested in other ancient pelagic sediments . 

Intense b io turba t ion had an impor tan t effect on subst ra te condi t ions . 
Mos t b u r r o w e r s o f the type r ep resen ted in cha lks fed on the sed iment , 
t u rn ing it in to fecal pe l l e t s . T h e s e h a d qu i t e different h y d r o d y n a m i c 
propert ies w h e n compared to their parent ooze , and were somet imes the 
focus of early cementa t ion and diagenesis (relevant as a possible origin of 
glauconi te , phospha te and micri te pel lets in w i n n o w e d beds) . 

Intense bur rowing also fluidised sediment , which m a y account for the 
rarity of larger benthonic organisms at some levels , and has been c la imed 
as the reason for the special ised adaptat ions of some e lements of the Chalk 
benthos . The sea bed dur ing m u c h of the deposi t ion of the chalk m a y be 
envisaged as consis t ing of: (1) a granular , th ixotropic , readily suspended, 
fecal pellet-r ich layer 5 - 1 0 m m thick, wi th up to 60 per cent water ; (2) 
below, a zone of high water content (50 per cent +) and also thixotropic; and 
(3) p rogress ive ly firmer sed iment , de -wa te red by b u r r o w i n g o rgan i sms , 
and behaving plastically. 

The consequence for chalk sedimentation was considerable. The granular 
surface layer would have been easily resuspended as c louds of sediment-
charged water , and could easily have flowed down-s lope , exposing wide 
areas of firm sea floor. W h e r e dewatered , wel l be low the surface, it could 
h a v e suppo r t ed o p e n b u r r o w s y s t e m s , and b e i n g p las t i c , w o u l d have 
recorded deformat ion and s lumping . 

The differences be tween surface, thixotropic m u d s and deeper , plast ic 
m u d s can be detected in ancient sediments . When thixotropic m u d s were 
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Introduction 1 

burrowed, the m o v e m e n t s of the an imals p roduced a zone of deformation 
ad jacent to the b u r r o w m a r g i n as g ra ins s l ipped pas t each o the r to 
accommoda te the an ima l s ' body, and the bu r row outl ine became diffuse. 
In contrast , in firmer, compac ted plast ic m u d s , sharp bur row outl ines were 
the result. 

S o m e o u t c r o p s s h o w tha t d e e p e r b u r r o w s , such as Zoophycos, 
Chondrites and Thalassinoides, have sharp outl ines and were excavated in 
p las t ic s e d i m e n t s o m e tens of cen t ime t r e s or m o r e b e l o w the sea bed . 
These are super imposed upon a blurred background bioturbat ion produced 
by bur rowers excavat ing the top few cent imetres of thixotropic sediment: 
bu r row sys tems are t iered ( B r o m l e y and Ekda le , 1986) . D e e p bur rows , 
especial ly those of ar thropods (Thalassinoides) p rovided condui ts through 
w h i c h s ea -wa te r f lushed (in R e c e n t s h a l l o w - w a t e r e n v i r o n m e n t s they 
m a y r e m a i n o p e n for m a n y h u n d r e d s o f yea r s ) d o w n severa l m e t r e s 
into the sed imen t . It is , there fore , scarce ly surpr i s ing that they were a 
focus of early diagenesis , nodule and hardground formation, as discussed 
below. 

Early carbonate diagenesis 

Ear ly l i thification o f cha lks is n o w a w i d e l y accep ted and d o c u m e n t e d 
phenomenon . Hardgrounds and nodular chalks are successive products of 
a sequence of events summar i sed in Text-figure 1.3. The succession began 
very s imply wi th a s lowing or pause in sedimentat ion. The sea floor was 
stabil ised, and a bu r rowing infauna developed, super impos ing relat ively 
deep, pe rmanen t bu r rows on more diffuse, backg round t races . R e n e w e d 
sedimentat ion bur ied this surface, wh ich m a y be preserved as an 'omiss ion 
surface ' . A s an alternative, a pause in sedimentat ion could be marked by 
erosion of the soft sea bed, and concentrat ion of coarse grains and fossils 
on top of an ' e ros ion surface ' . 

If the phase associated with an omiss ion surface was prolonged, pure 
chalks general ly underwent cementa t ion in a zone up to 1 m thick extend­
ing from jus t be low the sediment-water interface. Cementa t ion started at 
scat tered foci t h roughou t the sed iment , and a nodu la r chalk deve loped . 
The s e d i m e n t b e t w e e n n o d u l e s r e m a i n e d soft, and w a s r e w o r k e d by 
bu r rowing an imals wh ich avo ided the nodu le s , their bu r rows b e c o m i n g 
increasingly distorted and restr icted as nodule growth progressed. If such a 
deve lopment w a s fol lowed by a phase of intraformational erosion which 
w i n n o w e d a w a y soft, uncemen ted matr ix , then a cong lomera te resulted, 
itself ev idence of penecon temporaneous cementa t ion , and an indicator of 
hard, pebbly , sea-floor condi t ions . 
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Introduction 9 

If the process of nodule g rowth cont inued, nodules eventual ly jo ined up 
to produce a three-dimensional f ramework of lithified chalk, in which the 
only soft mater ial survived in the infills of bur rows that remained open as 
the chalk cemented around them. These ' incipient ha rdg rounds ' generally 
possess diffuse upper surfaces, and grade d o w n into nodular chalk. 

If such an incipient ha rdground was subjected to scour, soft sediment 
was stripped from the top of the lithified layer, wh ich having been exposed 
as a rocky sea floor, qualifies as a t rue hardground. Indicat ions of lithific-
ation and exposure include the presence of bor ings and encrust ing organ­
isms on the hardground surface, phospha te and glauconi te mineral isat ion, 
and the d e v e l o p m e n t of r e w o r k e d pebb le beds . Lithification appears to 
have p r o c e e d e d rap id ly in m a n y h a r d g r o u n d s , and b u r r o w sys t ems 
(generally Thalassinoides) survived as open tunnels , the chalk lithifying 
a round t h e m w h i l e still i nhab i t ed by c ru s t aceans . T h e s e b u r r o w s then 
functioned as condui ts of soft sediment , c o m m o n l y re-excavated by later 
gene ra t ions of b u r r o w e r s , and u s e d as p a t h w a y s to exp lo re the soft 
sediment be low the lithified layer. 

Hardground surfaces vary from highly convolu ted to planar, and m a y 
represent palaeontologically undetectable pauses in sedimentation, or breaks 
of tens to hundreds of thousands (rarely millions) of years. They provided a 
lithified sea floor that represented the other extreme substrate from the semi­
fluid, thixotropic ooze produced by the activities of burrowing infauna. 

T h e ear ly c e m e n t a t i o n o f cha lk o o z e in to n o d u l a r cha lks a n d hard-
grounds somet imes led to the preservat ion of originally aragonit ic fossils, 

T E X T - F I G . 1.3. Flow diagram showing relationship between diagenesis, erosion, and 
burial of nodular chalks and hardgrounds. 1, a pause in sedimentation leads to the 
development of an omission suite of trace fossils (Thalassinoides). 2, if buried, this 
is preserved as an omission surface. 3, with scour, an erosion surface is formed; 
burrows are infilled with calcarenitic chalk and the surface is overlain by a shelly 
lag. 4, early diagenesis associated with a longer pause in deposition leads to the 
growth of calcareous nodules in soft sediment; burrow systems are extended, the 
animals avoiding the nodules. 5, burial at this stage leads to a nodular chalk. 6, if 
eroded, nodules are reworked and burrows truncated; the nodular chalk is overlain 
by a terminal intraformational conglomerate, often with mineralized and bored 
pebbles; burrows are infilled by, and pebbles embedded in, winnowed calcarenitic 
chalk. 7, prolonged diagenesis leads to a link up of nodules to form a continuous 
lithified subsurface layer; later burrows are entirely restricted to sites of pre-
lithification burrows. 8, if buried, this rock band, with no signs of superficial 
mineralization, becomes an incipient hardground. 9, with erosion, the rock band is 
exposed on the sea floor, and a true hardground develops; it may become bored 
(borings shown in black), encrusted by epizoans, or mineralized; all of these 

processes also affect the walls of burrows. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



10 Fossils of the Chalk 

the aragoni te having long since vanished. They can then be preserved as 
undeformed mou lds showing fine surface detail , as in the Uppe r Turonian 
Cha lk Rock ha rdground-complex , or the C a m p a n i a n ha rdgrounds in the 
Nor fo lk C h a l k and Irish W h i t e L i m e s t o n e . Wi th repe t i t ion o f the 
s ed imen ta t i on / cem en ta t i on / e ro s ion cyc le , c o m p o s i t e h a r d g r o u n d s , w i th 
m a n y generat ions of early lithification, developed. The classic example of 
th is is the Eng l i sh C h a l k R o c k h a r d g r o u n d c o m p l e x , d o c u m e n t e d b y 
Bromley (1965) , Bromley and Gale (1982) and others . 

Rework in g into pebb le beds and exposure as rocky bo t toms , lack of 
c o m p a c t i o n a l fabrics in th in sec t ion , bo r ing , enc rus t a t ion , superf icial 
mine ra l i s a t ion , a n d a v o i d a n c e b y b u r r o w e r s i ncapab l e of pene t r a t i ng 
hardened l imestone, all show the above phenomena to have been syn- or 
immediate ly post-deposi t ional . The abundance of hardgrounds and nodular 
cha lks at s o m e levels sugges t s that these even t s m a y represen t a short 
per iod of t ime only (i.e. hundreds to thousands of years) . This is supported 
by carbon- and oxygen- iso tope data, wh ich indicate formation of cement 
from pore fluids wi th the composi t ion of normal seawater . 

Flints and their origin 

N o d u l e s and tabula r shee ts of b lack chert , c o m m o n l y su r rounded by a 
whi te patina, are abundan t and consp icuous th rough m u c h of the Whi te 
Chalk . N o d u l a r flints are concen t ra t ed in d iscre te , la teral ly con t inuous 
beds , which occur rhythmical ly every metre or so through the succession; 
tabular flints, usual ly laterally d iscont inuous , m a y be parallel to bedd ing or 
occupy fractures at l ow or h igh ang le s to b e d d i n g . Fl ints h a v e p o s e d 
numerous quest ions to even the casual observer; for example , w h y do they 
assume such odd and complex shapes? H o w do they form? W h y do they 
occur in evenly spaced beds? 

Fl in ts are o f c o m p l e x s h a p e b e c a u s e t h e y c o m m o n l y rep lace , a n d 
overgrow, the bur rows that are ubiqui tously present in the Chalk. One of 
the c o m m o n e s t bu r rows is the a r thropod trace Thalassinoides, wh ich is 
m a d e up of hor izonta l , po lygona l ne tworks j o i n e d by vert ical tubes , all 
1-10 c m in d iameter (Text-fig. 1.2). Flints have c o m m o n l y replaced part 
of this ne twork and consequent ly have elongated or b ranching forms. The 
surface of flints m a y show clearly the bur rowed fabric of the chalk they 
have rep laced , inc lud ing the roo t - l ike mi l l ime t re - sca le Chondrites and 
spiral sheets of Zoophycos. 

Flints are conc re t ions ; that is , they have g r o w n wi th in the s ed imen t 
after its depos i t i on b y the p rec ip i t a t ion of s i l ica, r e p l a c i n g cha lk , at 
specific sites. Silica for flint formation was certainly provided by si l iceous 
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Introduction 11 

sponges, and probably by si l iceous p lanktonic micro-organisms (diatoms, 
radiolar ians) . Fossi l sponges , n o w replaced by iron sulphides or oxides , 
are c o m m o n in the chalk . Sil ica secre ted by o rgan i sms (Opa l -CT) , was 
readily soluble in the pore fluids of sediments on and be low the chalk sea 
floor and re -p rec ip i t a ted s o m e cen t ime t r e s benea th the sea floor at the 
lower l imit of occur rence of aerobic bacter ia , in b u r r o w s wh ich w o u l d 
have con ta ined small concen t ra t ions of decay ing organic mat ter . W h e n 
first formed, flints were loose aggrega t ions of t iny spheres of the silica 
minera l cr is tobal i te , wh ich recrys ta l l i sed at dep ths of tens of me t res to 
form finely c rys ta l l ine quar tz n o d u l e s a n d shee t s w i t h a charac te r i s t i c 
conchoida l fracture. F l in ts are c o m m o n l y absen t in the c lay-r ich lower 
levels of the Chalk, where silica is present as abundant lepispheres , having 
never undergone secondary migra t ion to form concret ionary masses . 

Fossil preservation 

The majori ty of Chalk invertebrate fossils were originally si l iceous ( some 
sponges) , aragonit ic (ammoni tes , naut i loids , part or all of some gas t ropods 
and bivalve shells) or calcitic (e.g. par ts of some gas t ropods and bivalves, 
b rach iopods , e c h i n o d e r m s , be l emn i t e s , s o m e sponges , b ryozoans ) . The 
original opal ine silica of sponges is lost, and m a y have been replaced by 
a s table quar tz p o l y m o r p h or i ron su lph ide (pyr i t e s ; ma rca s i t e is 
u n c o m m o n ) , the lat ter genera l ly ox id i sed to i ron ox ide /hydrox ide com­
plexes ( l imoni te , goethi te) . Aragon i t e , we l l -p rese rved in the under ly ing 
Albian Gaul t Clay, is never preserved in the Chalk. It m a y be replaced by 
calcite, silica or phospha te (f luorcarbonate-apati te, w h e n original nacreous 
sheen m a y su rv ive ) , bu t h a s gene ra l ly d i s appea red . T h e n in terna l and 
external mou lds are usual ly combined into a composi te mould , so that in, 
for example , ammoni t e s , o rnament of the shell exterior is super imposed on 
features of the internal mou ld such as the sutures, leading to the apparent 
p re sence o f o r g a n i s m s that ac tua l ly enc rus t ed the n o w - v a n i s h e d shell 
a t tached to the ' i n t e r n a l ' ( ac tua l ly c o m p o s i t e ) m o u l d . Such compos i t e 
moulds c o m m o n l y bear a film of iron sulphide or green glauconi te (often 
oxidised to b rown l imonite) , and m a y show signs of plastic deformation 
wi thout indica t ions of c racking , sugges t ing that d issolut ion of the shell 
took place early in the diagenet ic his tory of the Chalk. 

Original ly aragoni t ic fossils are c o m m o n only in the lower , clay-rich 
L o w e r C h a l k and its co r re la t ives in sou the rn E n g l a n d . T h e y occur at 
several l eve ls in the P l e n u s Mar l s a n d M i d d l e Cha lk , and are we l l -
preserved in the hardgrounds of the Chalk Rock and nodular correlatives 
of the Uppe r Turonian . In the Whi te Cha lk above , the only evidence for 
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12 Fossils of the Chalk 

originally aragonit ic organisms is as impress ions on the a t tachment scars 
of originally calcitic o rgan isms such as oysters , or as the calcitic parts of 
the organism only, as wi th the calcitic j a w s (aptychi) of ammoni tes . This 
raises the probabil i ty that originally aragonit ic shells dissolved on the sea 
floor or ju s t be low it, and that typical Whi te Chalk faunas, domina ted by 
originally calcit ic o rgan isms are 'preservat ion faunas ' in wh ich the arago­
nitic componen t has been lost. 

C o n d e n s e d h o r i z o n s at the b a s e of, and wi th in , the cha lk s e q u e n c e 
(Glauconit ic Marl , Chalk Basemen t Beds , Tot ternhoe Stone, Chalk Rock) 
yield moulds of originally aragonit ic and calcitic fossils as variably worn 
phospha t i c and g laucon i t i sed r e m a n i e fossils that m a y be subs tan t ia l ly 
older than their enclosing matr ix . In the Chalk Basement Beds of Dorset , 
D e v o n and Somerset , originally aragoni te and calcite shell mater ial m a y 
be phosphat ized. In the Whi te Limes tone of Nor thern Ireland, originally 
aragonit ic fossils occur at restr icted, condensed levels as wel l -preserved 
uncrushed mou lds with glauconit ic coat ings, somet imes laminated and of 
mic rob i a l o r ig in . Or ig ina l ly ch i t inous fossi ls , such as a r t h r o p o d s , are 
genera l ly rare in the Chalk , a l though their p resence is indicated by the 
u b i q u i t o u s t race-foss i l Thalassinoides. T h e i r e x o s k e l e t o n s h a v e b e e n 
des t royed by ch i t in-consuming (chit inoclast ic) bacteria . 

P re se rva t ion o f the cha lk ben th i c fauna p r o v i d e s s o m e in fo rma t ion 
about the nature o f deposi t ional processes . T h e fact that comple te , unbored 
b iva lves , b r ach iopods , epi faunal ech ino ids and even fish wi th scales in 
p lace are found is itself ev idence that periodic rapid deposi t ion took place. 
If the real rate of deposi t ion was a few cm/kyr disart iculat ion would have 
occurred and fossils wou ld have been des t royed by the bor ing organisms 
(no tab ly the s p o n g e Cliona), w h i c h are w i d e s p r e a d in ca lc i te fossi ls 
( B r o m l e y 1972) . Rare ly , en t i re s p e c i m e n s o f ep i fauna l a s te ro ids and 
echinoids are found in whi te chalks . Such spec imens retain all the spines 
and small plates that wou ld normal ly fall away after a few days or weeks 
o f d e c o m p o s i t i o n , a n d mus t , the re fore , have been bo th k i l led and 
preserved by burial in a substantial layer of sediment that was deposi ted 
very rapidly. It is h ighly likely that turbidity currents were responsible for 
this type of preservat ion, but turbidites have not been descr ibed from the 
Engl i sh Chalk , a l though they are c o m m o n in the Central Graben of the 
Nor th Sea . T h e a b s e n c e o f ident i f iable tu rb id i t e s co u ld h a v e seve ra l 
poss ib le c a u s e s . F i rs t ly , the C h a l k is t h o r o u g h l y and p e r v a s i v e l y 
bioturbated by deeper tier bur rowers , such as Thalassinoides, which have 
ob l i t e ra ted sha l low t races ( B r o m l e y 1992) a n d cou ld h a v e c o m p l e t e l y 
des t royed p r imary sed imenta ry s t ructures . Secondly , the fine sed iments 
contain few larger par t ic les and, therefore, show very little ev idence of 
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Introduction 13 

grading . In the M a d e i r a abyssa l p la in , m u d turb id i tes fo rmed by h igh-
density, non-turbulent currents show nei ther grading nor laminat ion. 

The nature of the floor of the Chalk sea 

Several early pa laeoecologica l studies on Chalk fossils were based on the 
p r e m i s e that the C h a l k sea floor w a s a un i fo rm o o z e . C o n s e q u e n t l y , 
m o r p h o l o g i c a l fea tures in v a r i o u s g r o u p s h a v e b e e n in te rp re ted as 
adaptat ions to such substrates. In particular, ment ion mus t be m a d e of the 
work of Carter (1968 , 1972) on Cha lk bivalves . He interpreted the spines 
deve loped on the m a r g i n s of the l o w e r va lves in Arctostrea colubrina 
(Lamarck) , Spondylus spinosus (J. Sowerby) and Plicatula inflata J. de C. 
Sowerby as structures that p revented these species from sinking into the 
soft ooze-l ike sea floor. However , o ther g roups of chalk benthos do not 
d isp lay any s t ruc tu res that are u n e q u i v o c a l l y adap t a t i ons to ve ry soft 
substrates. Chalk Terebratulina m a y have possessed root-l ike pedicles , but 
today these are present in forms inhabit ing bo th m u d and sand bot toms (G. 
Curry, pers . c o m m . 1999). 

A n u m b e r of lines of ev idence sugges t that relat ively firm substrates 
existed, with a sharp sediment-water interface. The presence of cutt ing and 
compact ing spines on certain bu r rowing irregular echinoids implies that 
the sed iment was sufficiently cohes ive to require this adapta t ion. These 
infaunal echinoids l ived with apices near the sediment-water interface, so 
even the h ighes t few c e n t i m e t r e s o f s e d i m e n t m u s t h a v e been able to 
support mucus- l ined bur rows (Gale and Smith 1982). The abundance of 
minute suspension-feeding brach iopods and bivalves throughout the Whi te 
Chalk , a n d the f requency of enc rus t i ng ep i fauna on e v e n ve ry smal l 
subs t ra tes , sugges t s that the b o t t o m w a s s tab le , a lbei t c o v e r e d by a 
mil l imetre or so of easily resuspendable mater ial . 

Large , vagi le ben thonic an imals w e r e able to m o v e about on the sea 
bed, for example , cidarid echinoids , as teroids and lobsters . F r o m this it 
can be reasonably inferred that the substrate was capable both of holding 
their w e i g h t and p r o v i d i n g sufficient res i s tance to sp ines and l imbs to 
allow movemen t . 

Rocky sea floors (the exposed surfaces of exhumed nodules in the form 
of conglomera tes) , or cont inuous lithified surfaces (hardgrounds) were the 
end m e m b e r of subs t ra te cond i t i ons . T h a t they rea l ly w e r e exposed is 
shown by the ubiquitous occurrence of borings of endolithic organisms such 
as clionid sponges and bivalves , and the presence more rarely of encrust­
ing b iva lves , cora ls , b r y o z o a n s and serpul id po lychae t e s . Surpr is ingly , 
such surfaces are not genera l ly associa ted wi th concent ra t ions of vagi le 
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14 Fossils of the Chalk 

b e n t h o s adap t ed for ha rd subs t ra tes such as ep i fauna l e ch ino id s a n d 
byssate b iva lves . 

C H A L K S T R A T I G R A P H Y 

Text - f igure 1.4 s h o w s the s t anda rd d iv i s ions o f the C h a l k in t e r m s of 
s tage , and c lass ic zona l a n d l i thos t ra t ig raph ic d iv i s ion as u s e d in the 
following chapters . This greatly simplified nomenc la tu re conceals a mass 
o f often conflicting detail o f bo th l i tho- and biostrat igraphy, and numerous 
local te rms. 

Lithostratigraphy 

Ear ly l i tho log ica l subd iv i s ions of the C h a l k w e r e p r o v i d e d by John 
Phi l l ips ( K e n t ) , G i d e o n M a n t e l l ( S u s s e x ) and S a m u e l W o o d w a r d 
(Norfo lk) . Al l w e r e b a s e d p r imar i l y on c lay con ten t and the p r e sence , 
absence and relat ive abundance of flints. These early classifications had 
considerable general agreement , a l though the actual boundar ies chosen by 
var ious authors differed considerably. All au thors had a mar ly lowest uni t 
ca l led va r ious ly ' G r e y C h a l k ' , ' G r e y C h a l k M a r l ' or ' C h a l k M a r l ' 
overlain by a ' L o w e r Cha lk ' , d is t inguished by its hardness and absence of 
flints. The ' U p p e r Cha lk ' w a s character ised by its numerous flints. Phil l ips 
and W o o d w a r d s epa ra t ed off a uni t w i th few flints at the b a s e of the 
'Uppe r Cha lk ' as 'Media l Cha lk ' or 'Cha lk wi th few flints ' . It is interest­
ing to no te that the L o w e r W h i t e / M i d d l e C h a l k b o u n d a r y , n o w a d a y s 
d e e m e d to be so d is t inc t ive , did no t figure impor tan t ly in any o f these 
schemes . The use of a ' L o w e r Cha lk ' (general ly incorporat ing the Chalk 
M a r l / G r e y Cha lk ) w i thou t flints a n d an ' U p p e r C h a l k ' wi th flints 
cont inued through m u c h of the nineteenth century. 

In 1853 Sharpe revised this status quo by p lac ing the Ch lo r ide Marl 
and the Cha lk Mar l wi th in the Lower Chalk , and es tabl ishing a Midd le 
Cha lk , cha rac t e r i s ed by a spars i ty o f foss i ls . In 1880 J u k e s - B r o w n e 
descr ibed the Melbourn Rock in Cambr idgesh i re , and subsequent ly used 
this unit to suppor t the in t roduc t ion o f a ' M i d d l e C h a l k ' , conven ien t ly 
separated from the Lower Chalk by the thin but feature-forming Melbourn 
Rock. A higher hard band, the Cha lk Rock formed an equivalent feature 
wi th w h i c h to sepa ra t e the M i d d l e and U p p e r Cha lk . Th i s t r ipar t i te 
d iv i s ion w a s accep t ed by the Br i t i sh G e o l o g i c a l Su rvey ( B G S ) a n d 
mapped widely through the twent ie th century. 

T E X T - F I G . 1.4. Stage, zonal, and lithostratigraphic divisions of the Chalk used in 
this book. Time scale from Gradstein et al. (1994). 
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Introduction 15 

AGE (Ma STAGE BIOSTRATIGRAPHY 

Inoceramid 
Zone 

Cephalopod 
Zone 

Assemblage 
Zone 

Southern 
England 

Northern 
England 

MAASTRICHTIAN B. sumensis Nomenclature 

B. obtusa Ostrea 
uncertain 

70 — B. pseudobtusa lunata 

B. lanceoata 

B. minor II 

B. minor \ 
Belemnitella 

75 — 
B. woodi 

mucronata 

- CAM PAN IAN B. mucronala 
Portsdown 
Formation 

80 — Gonioteuthis 
quadrata 

U
P

P
E

R
 C

H
A

LK
 

H
A

LK
 G

R
O

U
P

 
Culver 

Formation 

? 
Off aster pilula 

IT
E

C
 

New haven 
Flam borough 

Formation 
M. tesludmarius X Formation 

- U. sociahs 

85 — 
SANTONIAN Sphenoceramus spp 

85 — 
C. undulatoplicatus Micraster Seaford 

coranguinutn Formation 
V. invoiutus 

Formation 

— v. koeneni 
CONIACIAN C. schloenbachi ? 

Micraster 

C. erectus Forresteria 
petrocoriense 

cortestudinarium 
Lewes Burnham 

Formation 
C. waltersdortensis Formation 

Burnham 
Formation 

90 — M. fiegei Subprionocyclus 
neptuni 

Sternotaxis 

1. securiformis 

Subprionocyclus 
neptuni plana 1. securiformis 

New Pit 
Formation TURONIAN 1. lamarcki 

Coilignoniceras 
woollgari 

Terebratulina •XL New Pit 
Formation TURONIAN 

I. cuvieri Coilignoniceras 
woollgari lata A

L 

New Pit 
Formation 

M. subhercynicus 

Coilignoniceras 
woollgari 

IID
. 

C
H

 

Welton 
Formation _ Mytiloides spp. M. nodosoides Mytiloides 

iabiatus IID
. 

C
H

 

Holywell 
Formation 

Welton 
Formation 

F cattnus 

-
Inoceramus 

pictus 

—V N. iuddti /— 
M. geslinianum A. plenus 4 

95 — 
Inoceramus 

pictus C. guerangeri 
H. 

subglobosus 3 LK
 

R
O

U
P

 

Zig Zag 
Chalk 

Formation A. jukesbrownei 

H. 
subglobosus 

< C3 

Zig Zag 
Chalk 

Formation A. jukesbrownei 

Zig Zag 
Chalk 

Formation Ferriby 
Formation CENOMANIAN 1. allanlicus A. rhotomagense 

o 
r HA

LH
 Ferriby 

Formation A. rhotomagense 
o 
r HA

LH
 

1. schoendorfi —C. inerme— O 1. schoendorfi —C. inerme— O 

1. virgatus M. dixoni S. varians 2 LU
 

> 
ill 

West 
Melbury 

Formation 1. crippsi crippsi 
—/. anqlicus 

M. mantelH ~r 
West 

Melbury 
Formation 
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16 Fossils of the Chalk 

Arthur R o w e did not recognise the separate Middle and Upper Chalk 
divisions because they were based on what he regarded as an ephemera l 
and d iachronous li thological feature (the Chalk Rock) and instead used the 
term 'Whi t e Cha lk ' to include both. In 1986 Mor t imore formally n a m e d 
the 'Sussex Cha lk Format ion ' , wh ich overl ies a Lower Chalk Format ion. 
In the s a m e yea r R o b i n s o n , w o r k i n g in t he N o r t h D o w n s , d iv ided the 
C h a l k into five fo rma t ions , based on d ive r se cr i ter ia , i nc lud ing the 
presence/absence of rhythmici ty , flint, and clay content . 

In 1997 Br i s tow et al. re in t roduced the threefold Lower , Middle and 
U p p e r C h a l k fo rma t ions , w h i c h they jus t i f ied b e c a u s e the base of the 
L e w e s C h a l k M e m b e r of M o r t i m o r e (1983) can be w i d e l y m a p p e d in 
southern England and corresponds roughly to the old Midd le /Upper Chalk 
b o u n d a r y . G a l e and H a n c o c k ( 1 9 9 9 ) a r g u e d that th is r ep re sen t ed an 
arbitrary division and, thus defined, the Middle and Upper Chalk lacked 
any li thological integrity. 

The first a t tempt this century to separate the litho- and biostrat igraphy 
of the Cha lk was m a d e in 1978 b y W o o d and Smith, w h e n they erected an 
ent i re ly sepa ra t e l i thos t ra t ig raph ica l s c h e m e for Y o r k s h i r e and 
Lincolnshire . T h e y establ ished the Ferr iby Format ion for the dominant ly 
whi te chalk wi th mar ly part ings that overl ies the Red Chalk and underl ies 
the thin but dis t inct ive Black Band at the base of the over ly ing Wel ton 
Chalk Format ion . This paper is part icularly important in that it establ ished 
the dist inctive and separate l i thological success ion of the Chalk in north­
east England for the first t ime. 

A c o m p r o m i s e l i thos t ra t ig raph ica l s c h e m e w a s r ecen t ly ag reed (at 
Keywor th in November , 1999) by the B G S , the Strat igraphy Commiss ion 
of the Geological Society of London and other interested part ies. This is 
summar i sed in Text-figure 1.4. A separate l i thostrat igraphy for the Cha lk 
Group was recognised in the Nor thern Province (Yorkshire , Lincolnshire , 
no r t h N o r f o l k ) , c o m p r i s i n g th ree f o r m a t i o n s ( W e l t o n , B u r n h a m , 
F l a m b o r o u g h ) . In the Sou thern P rov ince ( sou the rn Eng land ) the Cha lk 
w a s split into a Grey Cha lk G r o u p ( = L o w e r Cha lk ; d iv ided into W e s t 
Melbury and Zigzag formations) and a Whi te Chalk Group ( = M i d d l e and 
Upper Chalk; d ivided into Holywel l , N e w Pit, Lewes , Seaford, N e w h a v e n , 
Culver , and Por t sdown format ions) . T h e ' t ransi t ional z o n e ' be tween the 
Southern and Nor thern Provinces in East Angl ia was deemed to require 
further study. This nomencla ture is n o w used by B G S in all n e w m a p s and 
m e m o i r s , bu t subs tan t ia l p r o b l e m s still exis t . In pa r t i cu la r , the n e w 
subdivision of the former ' L o w e r Cha lk ' appears to have little, if any, real 
li thological significance. 
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Introduction 17 

U P P E R C R E T A C E O U S S T A G E B O U N D A R I E S 

The boundaries of the Upper Cretaceous stages used here follow, wherever 
poss ib le , t hose p r o p o s e d at the S e c o n d In te rna t iona l S y m p o s i u m on 
Cretaceous Stage boundaries held in Brussels during 8 -16 September 1995 
(Rawson et al., 1996) or ratified subsequent ly . These are as follows: 

Cenomanian: the first occurrence of the planktonic foraminiferan Rotalipora 
globotruncanoides, for w h i c h the first a p p e a r a n c e of the a m m o n i t e s 
Mantelliceras and Schloenbachia are useful proxies in the Chalk sequence. 

Turonian: the first occur rence of the a m m o n i t e Watinoceras devonense, 
for which the b ivalve Mytiloides puebloensis is a good p roxy in the Chalk 
sequence. 

Coniacian: the first occur rence of the bivalve Cremnoceramus deformis 
erectus [this is the pr ior n a m e of Cremnoceras rotundatus (sensu Troger 
non Fiege) , the species referred to at the Brussels mee t ing] . This is very 
rare in the Brit ish Cha lk sequence . 

Santonian: first appearance of the b ivalve Cladoceramus undulatoplicatus. 

Campanian: last occurrence of the crinoid Marsupites testudinarius. 

Maastrichtian: first occurrence of the ammoni t e P achy discus neubergicus, 
for which the first occurrence of the be lemni te Belemnella lanceolata is a 
good p roxy in the Chalk succession. 

Biostratigraphy 

For mos t of this century, the Cha lk has been subdivided into assemblage 
zones b a s e d mos t ly upon ca lc i te macro foss i l s , pa r t i cu la r ly be l emn i t e s , 
echinoids, b rach iopods and bivalves . This s cheme was deve loped in the 
Paris Basin in nor thern France by E d m o n d Hebert , and was almost entirely 
empir ica l in its a p p r o a c h . It w a s e x t e n d e d and a u g m e n t e d b y Cha r l e s 
Bar ro i s , w h o in 1876 p u b l i s h e d a de ta i l ed zona l a c c o u n t o f the ent i re 
Chalk of E n g l a n d and I re land , b a s e d on six m o n t h s o f field w o r k on 
horseback. Bar ro i s ' scheme w a s rev iewed b y Jukes -Browne in 1880, and 
later applied to the cliffs at Dover by Wi l l i am Hill . However , zonat ion of 
the Chalk was really championed by Ar thur R o w e , a Marga te doctor w h o 
was a keen a m a t e u r pa l aeon to log i s t , we l l k n o w n for his w o r k on the 
evolution of the echinoid Micraster. In a series of papers ( 1 9 0 0 - 0 8 ) on the 
'Zones of the Whi te Chalk of the Engl ish coas t ' , he elaborated his strongly 
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18 Fossils of the Chalk 

opinionated v iews about Chalk zonat ion, which were to stand as the status 
quo wi th very little change for 60 years . The ma in subsequent changes 
were the addit ion of an Offaster pilula Zone (for the lower par t of the G. 
quadrata Zone) , and separat ion of the upper part of his B. mucronata Zone 
into the Maast r icht ian be lemni te zones of B. lanceolata, B. pseudobtusa, 
B. obtusa and B. sumensis. Text - f igure 1.5 s h o w s the p r o g r e s s i v e 
d e v e l o p m e n t t o w a r d s the zona l s c h e m e that is cu r ren t ly used . T h e 
Cenomanian and Turonian have been zoned with ammoni tes . 

At the p r e s e n t , t he t r ad i t i ona l m a c r o f o s s i l a s s e m b l a g e z o n e s a re 
n e i t h e r h i g h l y r e g a r d e d n o r w i d e l y u s e d b y r e s e a r c h w o r k e r s o n t h e 
Engl ish Chalk . This is because they are ra ther arbi t rary, poor ly defined 
uni t s w h i c h a re c o a r s e by m o d e r n b i o s t r a t i g r a p h i c a l s t a n d a r d s a n d 
m a n y do not h a v e ve ry w i d e s p r e a d app l icab i l i ty . Fo r e x a m p l e , the B. 
mucronata Z o n e of R o w e and o thers is over 150 m thick and represen ts 

Hebert1863 Barrois 1876 Rowe 1900 Brydone1912 Rawson etal. 1978 
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T E X T - F I G . 1.5. Evolution of Chalk zonation. 
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Introduction 19 

approx imate ly 5 - 6 m y r of La te Cre t aceous t ime , a l though Chr i s tensen 
(1994) h a s s u b d i v i d e d th i s in to a n u m b e r o f z o n e s o n the bas i s of 
b e l e m n i t e s . R e s e a r c h on C h a l k f aunas is n o w a d a y s b a s e d on h i g h ly 
accura t e c o l l e c t i o n o f s p e c i m e n s a g a i n s t de t a i l ed l i t ho log ica l l ogs . 
Assemblage zones con t inue to be used in this b o o k because they p rov ide 
a w i d e l y u s e d a n d c o n v e n i e n t r e f e r ence for the b r o a d d i s t r i bu t i on of 
Chalk fossils. Howeve r , it is very impor tan t to note that the zonal usage 
has e v o l v e d ove r t ime , and t hus the m e a n i n g o f ind iv idua l z o n e s has 
changed significantly (see Text-fig. 1.5). 

L o n g - d i s t a n c e , h igh - r e so lu t i on b ios t r a t ig raph ica l cor re la t ion for the 
Late Cretaceous (in the absence of ammoni t e s , and the scarcity or absence 
of cri t ical p l ank t i c fo ramin i fe rans for m u c h of the p o s t - C e n o m a n i a n 
succession) relies part icularly on inoceramid bivalves . Their applicat ion in 
the U K is cu r ren t ly u n d e r g o i n g re f inement ; a p rov i s iona l s c h e m e is 
provided in Text-figure 1.4. 

R E G I O N A L V A R I A T I O N S I N U P P E R C R E T A C E O U S 
C H A L K A N D C O R R E L A T I V E F A C I E S A N D F A U N A S 

Cenomanian (Text-fig. 1 . 6A) . 

In south-east England (Kent , Surrey, Sussex, Hampsh i re , Isle of Wight ) 
the Cenomanian Stage is represented by more or less rhythmical ly bedded 
marly chalks, over lying a basal condensed calcareous glauconit ic sand, the 
Glauconit ic Marl ( 1 - 5 m) . These basal sands locally contain phosphat i sed 
fossils a n d res t w i t h s t rong d i s con fo rmi ty u p o n the A l b i a n U p p e r 
Greensand (west) or Gaul t Clay (east) . The Glauconi t ic Marl is overlain 
by the c lay- r i ch C h a l k Mar l ( 2 0 - 4 0 m ) , a b o v e w h i c h l ies the m o r e 
carbonate-rich Grey Cha lk ( 2 0 - 3 5 m) . A thin ( 2 - 5 m ) more clay-rich unit, 
the P l enus M a r l , s u r m o u n t s the L o w e r Cha lk . T h e basa l par t of the 
over lying W h i t e C h a l k Fo rma t ion is of C e n o m a n i a n age (the so-cal led 
'Melbourn R o c k ' ) , and compr ises nodular calcisphere chalks wi th wispy 
mar l s . In B e r k s h i r e , Oxfo rdsh i r e and t h r o u g h the Ch i l t e rns into Eas t 
Angl ia , a m a r k e d eros ional d i sconformi ty deve lops be tween the L o w e r 
and Middle Cenoman ian , on which rests the Tot te rnhoe Stone, a met re-
thick ca lcareni te con ta in ing abundan t phospha t i sed and unphospha t i sed 
fossils. In Nor th Norfolk, Lincolnshire and Yorkshi re , the Cenoman ian is 
represented by a success ion (<30 m) of c lay-poor , th in ly -bedded whi te 
chalks cal led the Ferr iby Cha lk Format ion , wh ich is over la in by a thin 
(dec ime t r e ) , l amina t ed , o rgan i c - r i ch level , the B l a c k B a n d , of latest 
Cenoman ian age . In Dorse t , the L o w e r Cha lk th ins , and the success ion 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



20 Fossils of the Chalk 

T E X T - F I G . 1.6A. Facies distributions during Chalk deposition in the UK: 
Cenomanian. 

progressively onlaps the under ly ing Albian, such that the age of the base 
of the Chalk becomes younger wes twards . The thin 'Basemen t B e d s ' are 
quartzose sandy chalks that contain abundant phosphat i sed fossils at some 
localit ies. In South Devon , the Cenoman ian is represented by the r ichly 
fossiliferous, quar tzose , bioclast ic , and locally conglomera t ic Beer Head 
Limestone. 

Turonian (Text-fig. 1 .6B) . 

The Turonian Chalk succession is consis tent across the Southern Province. 
At the b a s e c o m e s the H o l y w e l l F o r m a t i o n , c o m p r i s i n g nodu l a r , 
intraclast ic-calcisphere and inoceramid-pr i sm chalks yielding a rather low-
divers i ty fauna o f smal l b r a c h i o p o d s and e c h i n o i d s , and a b u n d a n t 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



Introduction 21 

T E X T - F I G . 1 . 6B . Facies distributions during Chalk deposition in the UK: Turonian. 

Mytiloides. T h e ove r ly ing N e w Pit F o r m a t i o n inc ludes finer cocco l i th 
chalks, with thin marl beds and a few flints. The L e w e s Format ion is m a d e 
up o f ca lca ren i t e , nodu la r , and flinty foss i l i ferous ch a l k s that y ie ld 
abundan t e c h i n o i d s , b r a c h i o p o d s and b i v a l v e s . T h e h i g h ly c o n d e n s e d 
Chalk Rock is deve loped in the N e w Pit and L e w e s chalks and is a group 
of m a t u r e , m i n e r a l i s e d h a r d g r o u n d s tha t e x t e n d ac ross E n g l a n d from 
Hertfordshire to Dorset . Loca l ly the Cha lk Rock yie lds beautiful ly p re ­
served m o u l d s o f o r ig ina l ly a ragon i t i c foss i ls , i nc lud ing d ive r se 
ammoni tes . In the Nor thern Province , the Turonian is represented by whi te 
cha lks of the B u r n h a m F o r m a t i o n , w h i c h con t a in th in m a r l s and flint 
layers; they are sparsely fossiliferous. The Turonian is absent in Northern 
I re land excep t for p h o s p h a t i s e d U p p e r T u r o n i a n fossi ls in the U p p e r 
Glauconit ic Sandstone . 
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22 Fossils of the Chalk 

Coniacian-Santonian (Text-fig. 1.6c) 

In the Southern Province, the Lower Coniacian is represented by fossiliferous 
nodular and flinty cha lks of the upper L e w e s Format ion , wh ich local ly 
contain numerous hardgrounds. In some areas (e.g. Chilterns, East Anglia), 
these amalgamate into a single, highly condensed group of closely spaced 
mineral ised hardgrounds called the Top Rock. The Upper Coniacian and 
Santonian in southern Eng land compr i se soft, coccol i th cha lks of the 
Seaford Format ion conta ining n u m e r o u s beds of nodular flints (approxi­
mately equivalent to the M. coranguinum Zone) , which are generally rather 
sparsely fossiliferous, with the exception of fragments of large inoceramid 
bivalves. Rarely, beautifully preserved echinoids and asteroids are found, 
and air-weathered surfaces yield numerous small calcite fossils. The Upper 
Santonian is a lso m a d e up of soft, fine cha lks of the lower N e w h a v e n 

T E X T - F I G . 1.6c. Facies distributions during Chalk deposition in the UK: 
Late Santonian. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



Introduction 23 

Formation that locally contain marl seams. Abundant plates of the stemless 
benthic crinoids Uintacrinus socialis and Marsupites testudinarius charac­
terise the Upper Santonian everywhere in southern England. 

In the N o r t h e r n P r o v i n c e ( Y o r k s h i r e ) , the C o n i a c i a n and L o w e r 
Santonian are represented by the hard flinty chalks of the upper Burnham 
Formation, and the Uppe r Santonian by the lower F lanborough Format ion 
of flintless cha lks c o n t a i n i n g th in m a r l s . O n the C a u s e w a y Coas t o f 
Ant r im, N o r t h e r n I re land, the U p p e r San ton ian is r ep resen ted by flinty 
chalks of the lowest part of the Whi te L imes tone Format ion. 

Campanian (Text-fig. 1.6D). 

In the Sou the rn P r o v i n c e (Sus sex , H a m p s h i r e , Is le of W i g h t , Dorse t , 
Wi l t sh i re ) , the C a m p a n i a n is r e p r e s e n t e d b y w h i t e nannofoss i l cha lks 

T E X T - F I G . 1 .6D. Facies distributions during Chalk deposition in the UK: 
Campanian-Early Maastrichtian. 
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24 Fossils of the Chalk 

compr is ing the upper N e w h a v e n , Culver and Por t sdown formations. These 
contain numerous layers of flint nodules , and a n u m b e r of dist inctive thin 
mar l beds , bo th of w h i c h m a y be used in correlat ion. Impor tan t marke r 
levels are na r row intervals w i th the e c h i n o d e r m s Uintacrinus anglicus 
Rasmussen , Offaster pilula (Lamarck) , Hagenowia blackmorei Wright and 
Wright , and dist inctive shape varieties of Echinocorys. Local ly condensed 
hor izons with hardgrounds and s lumps occur in the Campan ian , and these 
m a y contain an abundant fauna including ammoni te s . 

T h e C a m p a n i a n C h a l k o f s o u t h e r n E n g l a n d w a s t r u n c a t e d or c o m ­
p le te ly r e m o v e d b y ea r ly C e n o z o i c e ro s ion . It is o n l y in Nor fo lk tha t 
u p p e r m o s t C a m p a n i a n and M a a s t r i c h t i a n cha lk s are p r e s e r v e d . T h e 
Maast r icht ian is found only as glacial ly emplaced , tectonised masses on 
the coast to the east o f Cromer , and to the east o f Norwich . In the Nor the rn 
P r o v i n c e ( Y o r k s h i r e ) , the L o w e r C a m p a n i a n F l a m b o r o u g h F o r m a t i o n 
compr ises flint-free chalks wi th thin mar ls and, locally, finely preserved 
sponges . In Nor the rn Ireland, the Campan ian and lowermos t Maas t r ich t ian 
m a k e up all bu t the lowes t par t o f the W h i t e L i m e s t o n e F o r m a t i o n , a 
hardened chalk wi th flints and rare hardgrounds . 
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2. S P O N G E S 

by R A C H E L W O O D 

Al though sponges are c o m m o n fossils in the Cha lk they have rece ived 
little at tention and remain poor ly k n o w n . The ma in systemat ic accounts 
are the w o r k s o f T o u l m i n Smi th ( 1 8 4 7 - 4 8 ) , in w h i c h he r ega rded the 
hexac t ine l l id s p o n g e s as B r y o z o a , H i n d e ' s ' C a t a l o g u e o f the Foss i l 
Sponges ' (1883) and var ious papers and an unfinished monograph by Reid 
( 1 9 5 4 - 6 4 , 1958, 1961 , 1962a, b). 

Sponges be long to the p h y l u m Porifera and are the mos t pr imi t ive ly 
o rgan i sed of mu l t i ce l lu l a r a n i m a l s . T h e y suspens ion - f eed by p u m p i n g 
wa te r t h r o u g h a sy s t em of cana l s and f lagel la ted c h a m b e r s . In m o s t 
sponges, special ised cells secrete a minera l skeleton, general ly in the form 
of spicules. It is this skeleton, as a whole or as isolated spicules , which 
becomes fossilised and provides the basis for the classification of Recent 
and fossil sponges . Spicules m a y be isolated in soft t issue or fused to form 
c o m p o u n d ske l e tons , and m a y be e m b e d d e d in a m a s s i v e ca l ca r eous 
skeleton. The latter are the mos t frequently preserved sponges in the fossil 
record. S p o n g e s are found t h roughou t the Cha lk , bu t spec ies are long-
ranging and therefore of little stratigraphical value. 

M O R P H O L O G Y 

The Porifera have one basic cell type cal led a choanocyte . Choanocy tes 
r e semble ind iv idua l f lagel la ted p r o t o z o a (Text-f ig . 2 . 1A) . S p o n g e s are 
aquatic and typical ly sessile, and feed via currents set up by the flagella in 
the choanocyte chambers . Sponge ana tomy is ex t remely variable, but all 
are modifications of a single organisat ional type. This is an erect sac-like 
form, a t tached at the base , open at the top, and l ined wi th choanocyte cells 
(Text-fig. 2 .1c) . Wate r enters the system through a series of small pores 
known as ostia, passes through the sponge wall into a central cavity, and is 
expelled through a c o m m o n terminal opening k n o w n as an oscu lum (Text-
fig. 2 .1c) . The flagella collect food part icles , wh ich are digested. There is 
no d iges t ive cav i ty . M o s t s p o n g e s s h o w c o m p l i c a t i o n s of th is bas ic 
structure by folding of the wal ls . The choanocyte cells protrude to form 
flagellated chambers (Text-fig. 2 .1B) . Canals develop for the separation of 
inhalant and exhalant c i rculat ion and these modify the flow of wate r to 
produce an aquiferous canal system. 
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28 Fossils of the Chalk 

T E X T - F I G . 2.1. General features of the Porifera. A , choanocyte cell. B , choanocyte 
chamber, c, longitudinal section showing basic sponge organisation; arrows 

indicate direction of water circulation. 

S Y S T E M A T I C S O F T H E P O R I F E R A 

The classification of fossil sponges is based upon the chemical compos i ­
tion, geometr ic configuration, and pos i t ion ing o f the spicules wi th in the 
sponge . O f the three c lasses of sponges descr ibed from the Chalk , t w o 
have sil iceous spicules and one is character ised b y calcareous spicules. 

Class Demospongia (Text-fig. 2.2). Sponges wi th a skeleton composed of 
one- to four- rayed s i l iceous sp icu les , a c c o m p a n i e d b y o rgan ic spong in 
and /o r co l l agen fibres. Sp icu le s fall in to t w o d is t inc t s ize ca t ego r i e s ; 
megascleres and microscleres . 

Class Calcarea (Text-fig. 2 .2) . Sponges wi th a skeleton of fused calcite 
spicules. The spicules can be one- to four-rayed and do not occur in the 
pronounced size categories of the demosponges and hexact inel l ids . 

The t issues of the D e m o s p o n g i a and the Calcarea are histological ly similar 
and s o m e w o r k e r s uni te these t w o c lasses to form the Gela t inosa . The 
Gelat inosan wall consists of three layers: (1) an external dermal layer of 
flattened cel ls ; (2) a ge la t inous m e d i a n s t rand; and (3) an inner gastral 
surface layer of choanocytes . In more advanced forms the choanocytes are 
restricted to flagellated chambers . 

The cana l s y s t e m of the G e l a t i n o s a cons i s t s o f t w o sets o f in terna l 
passages wh ich open on oppos i t e s ides of the body wal l . T h e exha lan t 
passages m a y be l ined wi th choanocy te chambers , or the chambers m a y 
discharge into the exha lan t cana l s . T h e cana l sys t em of the Ge la t inosa 

osculum 
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Sponges 29 
consis t s of o r ig ina l ly ex te rna l spaces , s econda r i l y enc lo sed wi th in the 
body wall . 

Class Hexactinellida (Text-fig. 2.2). The hexact inel l ids , or Nuda , tend to 
be radial in symmet ry and are usual ly vase-shaped. Mos t of the numerous 
spicule types are der ived from the t r iaxon ( three-rayed) or hexact ine (six-
rayed) in wh ich three axes mee t at r ight angles . Spicules are classified 
according to their posi t ion within the body . Microscleres and megascleres 
are present. The axial canal of hexact inel l id sponge spicules is square in 
cross-section, as opposed to circular in the Gelat inosa. 

The bas i c s t ruc ture of the hexac t ine l l i d s p o n g e wal l cons i s t s o f a 
choanocyte layer bounded on bo th s ides by a ne twork o f filaments cal led 
t rabeculae. These are modif ied at bo th external surfaces to form porous 
membranes , the dermal (external) and gastral ( internal) bound ing m e m ­
branes. The area be tween the two membranes is k n o w n as the parenchyme. 
The dermal m e m b r a n e is perforated by ostia and the gastral m e m b r a n e by 
exhalant pores k n o w n as post ica . Spicules are a r ranged into three ca te­
gories, those lying benea th the dermal m e m b r a n e , those near the gastral 
membrane and those in the pa renchyme . The pa renchymal skeleton m a y 
be fused to form an intricate f ramework. 

The canal sys tem is composed o f flagellated chamber s on ly and mos t 
hexac t ine l l ids d e v e l o p convo lu t i ons of this s imple c h a m b e r layer . T h e 
in te r spaces of the t r abecu la r a n d c h o a n o c y t a l n e t w o r k s are filled wi th 
water . T h e cana l s are s imp ly e n l a r g e d t r abecu l a r spaces , w h i c h form 
tubular passages . 

These soft-tissue differences are not immedia te ly recognisable in fossil 
material , but need to be cons idered w h e n interpret ing skeletal structures. 

D I S T R I B U T I O N 

Chalk sponge faunas are p redominan t ly s i l iceous, c o m p o s e d of l i thistid 
demosponges , hexact inel l ids plus a few characteris t ic Calcarea. Al though 
occur r ing in the sou th of E n g l a n d and L i n c o l n s h i r e , t h e y are m o r e 
c o m m o n on the Yorksh i r e coast . The appea rance of the Hexac t ine l l ida 
seems to be associated wi th the onset of Chalk deposi t ion. Immigrat ion of 
hexac t ine l l i d s o c c u r r e d in m o s t pa r t s o f E u r o p e at the t i m e of the 
Cenomanian t ransgress ion (Oakley 1937). In England, this is reflected by 
the sudden abundance of forms such as Stauronema carteri in the Lower 
Cenoman ia n (M. mantelli Z o n e ) o f the southern count ies , in contras t to 
their pauci ty in the Alb ian Greensand . Hexact inel l ida are rare throughout 
the Cenoman ian and basal L o w e r Turonian; above this they b e c o m e more 
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30 Fossils of the Chalk 

GELATINOSA 
rlHk (DEMOSPONGIA AND CALCAREA) 

Gross morphology 

If T A 
Demosponge Cslcarean Lithistid 

Spicules 

choanocytes 

mesenchyme 

Modification 
Soft tissue 

megasclerites 
4=J 

> desmas 
Body wall arrangement (Lithistid) 

Exhalent canal 

Aquiferous system 
NUDA 

(HEXACTINELLA) 

Arrangement of spicules 
Spicule 

T E X T - F I G . 2.2. Morphology of the Gelatinosa and Nuda (after Reid 1954-54 and 
Hartman e? a/. 1979). 

abundant and a n e w fauna develops . Hexact inel l ids domina te throughout 
the Middle and Uppe r Cha lk together wi th some lithistids and the bor ing 
sponge Cliona cretacea. 
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Sponges 31 

D E S C R I P T I O N S 

Spicule type and ar rangement form the bas is of fossil sponge classification 
at all t a x o n o m i c leve ls . E x a m i n a t i o n r equ i r e s ac id -d i s so lu t ion o f the 
spicules, thin sect ioning of the spec imens as wel l as specialist knowledge . 
There is no t the space , no r is it a p p r o p r i a t e in a 'f ield g u i d e b o o k ' to 
descr ibe the de ta i l s a n d r a t iona l e of sp icu le t a x o n o m y . T h e fo l lowing 
descriptions are work ing , ra ther than formal, d iagnoses that will enable the 
reader to recognize forms in the field from their gross m o r p h o l o g y and 
surface features. Genera l characterist ics of orders , including spicule form, 
are given where appropria te . 

Phylum PORIFERA 

Class HEXACTINELLIDA 

Order LYCHNISCOSA 

R e m a r k s . H e x a c t i n e l l i d s in w h i c h the p a r e n c h y m a l m i c r o s c l e r e s are 
hexas te r s ( smal l , s ix - rayed and often wi th b r a n c h e d ends ) . T h e 
pa renchymal megasc l e re s uni te to form a r igid f ramework . Each of the 
nodes is suppor ted by 12 struts and is k n o w n as a lychnisc (Text-fig. 2.2). 
Only two families occur in Recent seas, but the group was c o m m o n in the 
Mesozoic . T h e y at tached to a hard subs t ra tum or anchored to a soft bot tom 
by basal tufts of spicules. 

Fami ly CALLODICTYIDAE 

Genus POROCHONIA 

Porochonia simplex (T. Smith) 
Plate 1, figure 3 

Descr ip t ion . B o d y funne l - shaped wi th or w i thou t a shor t ini t ial stalk, 
suppor ted by b r a n c h i n g r o o t - p r o c e s s e s . D e r m a l ske le ta l surface wi th 
n u m e r o u s smal l os t ia , fine concen t r i c r i bb ing a n d c i rcu la r or oval 
apertures. Gastral skeletal surface wi th no distinct post ica. 
Occurrence . T u r o n i a n - C a m p a n i a n ; southern England. 

Fami ly VENTRICULITIDAE 

Genus STAURONEMA 

Stauronema carteri Sollas 
Plate 3, figures 3 - 4 

Descript ion. B o d y saddle- , ear- or tongue-shaped or discoidal ; no basal 
a t tachment . Dermal skeletal surface wi th m a n y small ost ia or none ; the 
ost ia are a r r anged w i t h o u t o rder . T h e sur face is often p r o m i n e n t l y 
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32 Fossils of the Chalk 

corrugated t ransversely or concentr ical ly. The gastral skeletal surface has 
pos t ica . Cana l i sa t ion o f the in ter ior , i f any , is in the form of i r regular 
anas tomosing passages . 
O c c u r r e n c e . L o w e r C e n o m a n i a n , M. mantelli Z o n e ; sou thern E n g l a n d 
including the Isle of Wight . 

G e n u s RHIZOPOTERION 

Rhizopoterion cribosum (Phil l ips) 
Plate 2, figure 4 

D e s c r i p t i o n . B o d y subcy l ind r i ca l or cup- , funnel - , va se - , t r umpe t - or 
mushroom-shaped ; somet imes wi th an initial s tem, which is usual ly solid 
and supported by root processes . Dermal side of pa renchymal f ramework 
is somet imes longi tudinal ly r ibbed, but never tuberculate . Ost ia typical ly 
ovate, with their greater length ar ranged longitudinal ly, often separated in 
longi tudinal ser ies or dep res sed in fur rows. Gas t ra l side wi th rounded , 
ovate or irregular post ica. 
Remarks . Rhizopoterion can be dis t inguished from Ventriculites by the 
absence of external tuberculat ion on the skeletal surface. 
Occurrence . Con i ac i an -Campan ian ; southern England. 

Genus VENTRICULITES 

Ventriculites chonoides (Mantel l ) 
Plate 1, figures 4 - 5 

Descript ion. B o d y subcyl indrical , funnel- or t rumpet-shaped, or discoidal 
with a small initial funnel supported by branch ing root processes , typical ly 
s lender and emi t t ed from a smal l basa l s talk. D e r m a l ske le ta l surface 
reticulate, and longi tudinal ly or radial ly r ibbed, tuberculate or showing an 
intermediate condit ion. Ost ia usual ly depressed. Gastral side wi th round or 
ova te pos t i ca w h i c h a l te rna te or are in long i tud ina l ser ies . R o o t fibres 
formed from anas tomos ing filaments. Solid or showing a few longitudinal 
canals . 

E X P L A N A T I O N O F P L A T E 1 

Fig. 1. Paraplocia labyrinthica (Mantell). Turonian, T. lata Zone, Dover, Kent; 
X0-5. 

Fig. 2. Guettardiscyphia stellata Michelin. 'Upper Chalk' , horizon unknown, 
southern England; xO-3. 

Fig. 3. Porochonia simplex (T. Smith). Turonian, locality unspecified; xO-4. 
Figs 4 - 5 . Ventriculites chonoides (Mantell). 'Upper Chalk', horizon unknown, 

southern England. 4, xO-5; 5, xO-3. 
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34 Fossils of the Chalk 

Remarks . V. chonoides is characterist ical ly very var iable in form. 
O c c u r r e n c e . T u r o n i a n - C a m p a n i a n ; especia l ly c o m m o n in the S. plana 
Zone; southern England. 

Family DACTYLOCALYCIDAE 

Genus PARAPLOCIA 

Paraplocia labyrinthica (Mantel l ) 
Plate 1, figure 1 

Descript ion. B o d y c lub- or cup-shaped, consist ing of ei ther dividing and 
anas tomosing tubes or of an axial tube or funnel and open lateral tubes or 
solid lateral ou tgrowths , or of a central cluster of anas tomos ing tubes with 
sol id pe r iphera l o u t g r o w t h s p r o d u c i n g a re t icu la te surface . C i rcu la to ry 
canals in the form of a single sys tem of dividing and anas tomos ing tubular 
p a s s a g e s w h i c h open t h r o u g h smal l r o u n d e d ape r tu res in the ske le ta l 
surface, or e longate b ranch ing grooves . N o apparent basal skeleton. 
Remarks . The lack of a basal skeleton suggests that the basal mass of P. 
labyrinthica was embedded in the subst ra tum and anchored by its weight . 
O c c u r r e n c e . T u r o n i a n - C a m p a n i a n ; e spec ia l ly in the S. plana Z o n e ; 
southern England. 

Order HEXACTINOSA 

Fami ly CRIBOSPONGIIDAE 

G e n u s GUETTARDISCYPHIA 

Guettardiscyphia stellata Michel in 
Plate 1, figure 2 

Descr ipt ion . B o d y stel late in plan, wi th ax ia l ly -con t inuous compres sed 
radial flanges, wh ich or ig inate as radial p l ica t ions of a tubular stalk, or 
b i l a te ra l ly c o m p r e s s e d b r a n c h e s a r i s ing f rom an axial s talk. W i t h or 
wi thout a ma in oscu lum and wi th accessory oscula a long the marg ins of 
the flanges. Dermal skeleton wi th al ternat ing ostia. Gastral side wi th twice 
as m a n y aper tures , enlarged in longi tudinal series. 
Occurrence . Midd le and Upper Cenoman ian , Turonian (especial ly in the 
S. plana Zone) and C o n i a c i a n - C a m p a n i a n ; southern England. 

Class CALCAREA 

Subclass PHARETRONIDA 

R e m a r k s . A h e t e r o g e n e o u s a s s e m b l a g e o f c a l c a r e o u s s p o n g e s w h i c h 
possess ' tun ing- fork ' - shaped spicules. 
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Sponges 35 

Family PHARETROSPONGIIDAE 

Genus PHARETROSPONGIA 

Pharetrospongia strahani Sollas 
Plate 3, figures 1-2 

Descr ip t ion . B o d y formed of c o n v o l u t e d p l a t e s , s o m e t i m e s b e c o m i n g 
funne l - shaped o r subcy l ind r i ca l . W a l l s a r e 7 - 1 3 m m th ick . N o basa l 
at tachment . Outer skeletal surface is uneven , composed of fine reticulate 
t issues wi th small interspaces. The inner skeletal surface is smoother wi th 
coarse r fibres and la rger i n t e r spaces . N o definite cana l s can be 
dist inguished. 
Occurrence. Con iac ian-Campanian ; Kent, Norwich (Norfolk), Warminster 
(Wiltshire) and Yorkshi re . 

Order MINCHINELLIDA 

G e n u s POROSPHAERA 

Porosphaera globularis (Phil l ips) 
Plate 4 , figure 3 

D e s c r i p t i o n . R o u g h l y sphe r i ca l , p e a - o r m a r b l e - s h a p e d , r ang ing from 
1-34 m m in diameter . Somet imes oval- , loaf- or cushion-shaped. For the 
mos t par t free, wi th some g rowth layers par t ia l ly cove r ing the surface. 
Outer surface covered wi th small aper tures and often wi th a large, open-
ended canal th rough the cent re . Sha l low open g rooves are occas ional ly 
seen on the surface. 
Occurrence . Turonian (/. labiatus Zone) - Campan ian ; southern England 
to Yorkshi re . 

Porosphaera patelliformis H inde 
Plate 4 , figure 6 

D e s c r i p t i o n . L i m p e t - s h a p e d w i t h p e a k e d or r o u n d e d s u m m i t s , base 
rounded or oval in out l ine. Usual ly deeply concave . Thin-wal led . Slight 
deve lopment o f radial canals . 
Occurrence . T u r o n i a n - C a m p a n i a n ; southern England to Yorkshire . 

Porosphaera arreta H inde 
Plate 4 , figure 4 

D e s c r i p t i o n . S i m p l e , con ica l p i l l a r - shaped . C o n c a v e base wi th thin 
margins . Faint canal t races. 
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Sponges 37 

Occurrence . T u r o n i a n - C a m p a n i a n ; rare in the Turonian of Devon , Lower 
San ton ian o f Y o r k s h i r e a n d U p p e r S a n t o n i a n - C a m p a n i a n o f Ken t and 
Sussex. 

ClaSS DEMOSPONGIA 

Subclass TETRACTINOMORPHA 

Order LITHISTIDA 

R e m a r k s . A po lyphy le t i c a s semblage of d e m o s p o n g e s wh ich share the 
presence of mul t i -branched si l iceous spicules called desmas . The internal 
ske le ton is c o m p o s e d of fused d e s m a s w h i c h form a r ig id , re t icu la te 
skeleton. 

Suborder RHIZOMORINA 

Family LEIODORELLIDAE 

Genus STICHOPHYMA 

Stichophyma tumidum (Hinde) 
Plate 2 , figure 3 

Descript ion. S imple e longate , c lub-shaped or cylindrical , usual ly wides t 
near the summit and diminishing towards the basal end. The s tem bears a 
series o f hor i zon ta l swe l l i ngs and cons t r i c t ions . V e r y va r i ab le in s ize. 
Openings of vertical canals often project above the summi t of the sponge. 
Lateral surfaces are covered wi th numerous circular ostia. 
Occurrence . C o n i a c i a n - C a m p a n i a n ; southern England to Yorkshire . 

Fami ly KALIAPSIDAE 

Genus LAOSCIADIA 

Laosciadia plana (Phil l ips) 
Plate 3 , figure 6 

D e s c r i p t i o n . E x p a n d e d , m u s h r o o m - s h a p e d . U p p e r sur faces p la te - l ike , 
circular in outl ine often wi th a central depress ion immedia te ly above the 

E X P L A N A T I O N O F P L A T E 2 

Figs 1-2. Pachinion scriptum (Roemer). Santonian, Danes Dyke, Sewerby, 
Yorkshire; xO-3. 

Fig. 3. Stichophyma tumidum (Hinde). Coniacian or Santonian, Flamborough 
Head, Yorkshire; xO-4. 

Fig. 4. Rhizopoterion cribosum (Phillips). Campanian, B. mucronata Zone, 
Norwich, Norfolk; X0-5. 
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Sponges 39 

stalk. Surface m a y b e flat or s l igh t ly c o n v e x . Inner surface is flat or 
c o n c a v e . S t e m is i nve r se ly con ica l and t ape r s to a b lun t po in t . U p p e r 
surface is covered as far as the margina l edge wi th circular apertures. 
Occurrence . San ton i an -Campan ian ; Yorkshi re . 

Suborder MEGAMORINA 

Fami ly DORYDERMATIDAE 

Genus D O R Y D E R M A 

Doryderma roemeri (Hinde) 
Plate 3, figure 5 

D e s c r i p t i o n . B r a n c h i n g , w i t h a th ick s tem a n d shor t la teral b r a n c h e s . 
S t ems and b r a n c h e s t r ansve r sed b y n u m e r o u s ver t ica l cana l s 2 m m in 
diameter. 
Remarks . Frequent ly found in flint nodules . 
Occurrence . C o n i a c i a n - C a m p a n i a n ; Buck inghamshi re , Wil tshire . 

Suborder EUTAXICLADINA 

Family GIGNOUXIIDAE 

Genus PACHINION 

Pachinion scriptum (Roemer ) 
Plate 2, figures 1-2 

Descript ion. S imple , cyl indrical or inversely conical wi th the lower part 
g radua l ly t ape r i n g to a cy l indr i ca l s t em. T h e sur face is s m o o t h . T h e 
summit is rounded or depressed conical . The oscu lum is cylindrical and 
extends near ly the entire length of the sponge. N o dist inctive canals . 
Occurrence . C o n i a c i a n - C a m p a n i a n ; southern England to Yorkshire . 

Suborder TETRACLADINA 

Family HALLIRHOIDAE 

Genus SIPHONIA 

E X P L A N A T I O N O F P L A T E 3 

Figs 1-2. Pharetrospongia slrahani Sollas. Turonian, Pertwood, near Warminster, 
Wiltshire. 1, xO-7; 2, xO-1. 

Figs 3-4. Stauronema carteri Sollas. Lower Cenomanian, M. mantelli Zone, 
Folkestone, Kent; xO-5. 

Fig. 5. Doryderma roemeri (Hinde). Lower Coniacian, Widnall Wood, Little 
Hampden, Buckinghamshire; xO-7. 

Fig. 6. Laosciadia plana (Phillips). Coniacian or Santonian, Flamborough Head, 
Yorkshire; xO-4. 
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Sponges 41 

Siphonia koenigi (Mantel l ) 
Plate 4 , figures 1-2 

Descript ion. Pear -shaped or subspher ical wi th a s lender cyl indrical stem. 
Cylindrical or funnel-shaped oscu lum with a very wide aperture. Margins 
are rounded. Strongly marked branch ing canals radiate from the marg in of 
the oscu lum d o w n the sides of the sponge. 
R e m a r k s . M o s t spec imens are p rese rved in the inter ior of flint nodules 
which preserves the canal sys tem but obli terates the spicular structure. 
O c c u r r e n c e . C o n i a c i a n - C a m p a n i a n ; m o s t c o m m o n as flint pebb le s on 
Br ighton beach; rare e l sewhere bu t occurs th roughout southern England 
and Yorkshire . 

Order HADROMERIDA 

R e m a r k s . D e m o s p o n g e s w i t h m e g a s c l e r e s in the form o f ty los ty les 
(single, one-axis spicules wi th a basal boss) ar ranged in a radial pattern. 

SPONGE ICHNOGENERA (TRACE FOSSILS) 

G e n u s ENTOBIA 

Entobia sp. 
Plate 4 , figure 5 

D e s c r i p t i o n . So l id sphe ro ida l , ova te or d e p r e s s e d e longa te s i l i ceous 
b o d i e s from 1-8—5-5 m m in d i a m e t e r tha t a r e c o n n e c t e d t o g e t h e r by 
n u m e r o u s s to lons in to smal l g r o u p s . U s u a l l y found in flints, pa r t i a l ly 
filling the cavit ies formally occupied by be lemni tes , the tests of ech ino-
derms or the shells of Inoceramus. 
R e m a r k s . T h e s e are cas ts in si l ica o f the h o l l o w e d - o u t b o r i n g s o f the 
sponge Cliona cretacea (Port lock) . 
O c c u r r e n c e . U p p e r T u r o n i a n - M a a s t r i c h t i a n ; w i d e s p r e a d t h r o u g h o u t 
southern England. 

E X P L A N A T I O N O F P L A T E 4 

Figs 1-2. Siphonia koenigi (Mantell). Coniacian or Santonian, Flamborough Head, 
Yorkshire. 1, xO-5; 2, x l . 

Fig. 3. Porosphaera globularis (Phillips). Santonian, Thanet coast, Kent; x 1. 
Fig. 4. Porosphaera arreta Hinde. Santonian, Ringwould, near Dover, Kent; x 1-3. 
Fig. 5. Entobia sp. (Portlock). Santonian, Margate, Kent; x 1-3. 
Fig. 6. Porosphaera patelliformis Hinde. 'Upper Chalk' , horizon unknown, 

Sussex; x 1-3. 
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3 . C O R A L S 

by A N D R E W . S. G A L E 

Small , solitary, scleractinian corals and octocorals are relatively c o m m o n 
fossils in U p p e r T u r o n i a n - M a a s t r i c h t i a n cha lks . Al l were or ig ina l ly 
at tached to a hard substrate in life, and m a n y smaller corals, including most 
octocorals, are found as epizoans on larger calcitic fossils. Larger solitary 
scleractinian corals are, however , found loose in the Chalk, either because 
they outgrew their substrate or because it later disintegrated or dissolved. 

The founda t ion for C h a l k cora l t a x o n o m y w a s e s t ab l i shed w i t h the 
monograph by Edwards and H a i m e ( 1 8 5 0 - 5 4 ) and Duncan (1869) . Since 
then there has been very little publ i shed research on this group , with the 
excep t ion o f the oc toco ra l s w h i c h w e r e r ev i sed by V o i g t ( 1 9 5 8 ) . In 
part icular , the caryophyl l ids , for which D u n c a n (1869) c rea ted so m a n y 
n e w names , are badly in need of t axonomic revision. 

Cha lk sc le rac t in ian cora ls occu r in t w o p rese rva t iona l s ty les , w h i c h 
reflect differences in original compos i t ion and probably also in t axonomy. 
The first is m o u l d i c p r e se rva t i on , ref lect ing an o r ig ina l ly a ragon i t i c 
compos i t ion that has been lost dur ing ear ly d iagenes i s . Cora ls occur as 
h o l l o w ex te rna l a n d in ternal m o u l d s in h a r d g r o u n d s , and as c ru shed 
composi te mou lds in mar ly chalks of Cenoman ian age. This mater ial has , 
in gene ra l , b e e n on ly p o o r l y s tud ied bu t is p r o b a b l y t a x o n o m i c a l l y 
separate from fossils in the next g roup . 

The second preservat ional style is as three-dimensional calcite fossils, 
either loose wi th in the chalk matr ix or a t tached to hard substrates , mos t 
c o m m o n l y on ech ino id tes t s . T h i s g r o u p is t a x o n o m i c a l l y d ive r se a n d 
includes the Caryophyl l idae . 

The fact that extant scleractinians are all composed of aragonite raises 
some interesting quest ions. W e r e some chalk scleractinian corals originally 
composed of calcite, and others of aragonite , or were they all composed 
originally of aragonite, but some converted to calcite on the sea floor? 

D E S C R I P T I O N S 

Subclass SCLERACTINIA 

Fami ly MICRABACIIDAE 

Genus MICRABACIA 
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Corals 43 

Micrabacia coronula (Goldfuss) 
Plate 5, figures 7 - 8 

Descript ion. Smal l , but ton- l ike forms, circular in outl ine and 10 m m or 
less in diameter . The base is flat wi th concentr ic r ings. N u m e r o u s finely 
denticulate septa extend d o w n the vertical margin . 
Remarks . Preserved as calcite. 
Occurrence. Cenomanian-Turonian; c o m m o n at some levels in Cenomanian 
chalks in southern and eastern England. 

Fami ly GUYNIIDAE 

Genus ONCHOTROCHUS 

Onchotrochus serpentinus D u n c a n 
Plate 5, figure 4 

Descr ipt ion . E longa t e , sol i tary coral l i te , 2 - 4 m m in d iamete r ; s inuous 
with angled bends . Surface smooth or wi th 4 - 6 longitudinal r idges. Septa 
few; no columel la . 
Remarks . Preserved as calcite. 
Occurrence . Cenoman ian -Maas t r i ch t i an ; frequent to c o m m o n throughout 
the Engl ish Chalk. 

Fami ly CARYOPHYLLIDAE 

Genus PARASMILIA 

Parasmilia centralis (Mantel l ) 
Plate 5, figure 1 

Descr ip t ion . E l o n g a t e d , cy l i nd r i ca l - con ica l form, c o m m o n l y s inuous , 
with flanged a t tachment area. Septal r idges weak and inconspicuous but 
more strongly developed on the outside of curves of the corallite. Columella 
spongy, compr i s ing irregular b lebs of calcite; septa ornate . 
Occurrence . Tu ron ian -San ton ian ; c o m m o n and widespread in the Engl ish 
Chalk. 

Parasmilia granulata Duncan 
Plate 5, figures 11 -12 

Descr ip t ion . C o n i c a l , c u r v e d form. T h e ou t s ide o f the cora l l i te bea r s 
numerous low septal r idges which are finely granular . Septa bear granular 
ornament . Columel la spongy 
Occurrence. Coniacian-Santonian; uncommon in Kent, Sussex, Hampshire, 
Wiltshire and the Isle of Wight . 
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44 Fossils of the Chalk 

Genus TROCHOSMILIA 

Trochosmilia wiltshiri D u n c a n 
Plate 5, figures 5 - 6 

Descr ip t ion . C o r a l l u m s y m m e t r i c a l l y con ica l in form w i t h p r o m i n e n t 
septal r idges on all but the earliest part . These , together wi th the irregular 
t ransverse r idges , form a raised ret iculate sculpture on the surface of the 
corallite. The septa are smooth , and a columel la is absent . 
Occurrence . Uppe r Campan ian ; Norfolk , both a round Norwich and on the 
coast wes t of Cromer . 

Fami ly OCULINIDAE 

Genus DIBLASUS 

Diblasus gravensis Lonsda le 
Plate 5, figure 10 

D e s c r i p t i o n . F o r m i r regular , r o u g h l y e q u i d i m e n s i o n a l , c o m p r i s i n g a 
relatively small n u m b e r of corall i tes wh ich form low cylindrical projec­
t ions from the s m o o t h or w e a k l y s t r ia ted surface o f the co lony . M o s t 
coralli tes are nearly hol low, wi th only the mural bases of septa preserved. 
Remarks . This is the only c o m p o u n d scleractinian coral to occur wi th any 
frequency in the Chalk. 
Occurrence . Con iac ian -San ton ian ; u n c o m m o n bu t widespread in south­
east England. 

EXPLANATION OF PLATE 5 

Fig. 1 . Parasmilia centralis (Mantell). Santonian, Canterbury, Kent; lateral view of 
corallite; X 2 - 2 . 

Figs 2 - 3 . Moltkia sp. 2 . Lower Campanian, Salisbury, Wiltshire; attachment base 
of root-like form; 3, Lower Santonian, Kent; sheet-like form attached to 
echinoid; both x 1 -6. 

Fig. 4. Onchotrochus serpentinus Duncan. Cenomanian, Eastbourne, Sussex; 
lateral view of corallite; X 2 - 5 . 

Figs 5-6. Trochosmilia wiltshiri Duncan. Upper Campanian, Norwich, Norfolk. 5, 
lateral view; x l - 5 ; 6, calical view; X 2 - 3 . 

Figs 7-8. Micrabacia coronula (Goldfuss). Cenomanian, Eastbourne, Sussex. 7, 
calical view; 8, lateral view; both X 2 - 3 . 

Fig. 9. Epiphaxum auloporoides Duncan. Lower Santonian, Northfleet, Kent; 
colony; calcified stolon attached to the echinoid Conulus albogalerus; X3-5. 

Fig. 1 0 . Diblasus gravensis Lonsdale. Upper Coniacian or Lower Santonian, 
Gravesend, Kent; colony; X l - 5 . 

Figs 1 1 - 1 2 . Parasmilia granulata Duncan. Lower Santonian, Ramsgate, Kent. 1 1 , 

calical view; 1 2 , lateral view; both X 2 - 5 . 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



P L A T E 5 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



46 Fossils of the Chalk 

Subclass OCTOCORALLIA 

Fami ly CLAVULARIIDAE 

G e n u s EPIPHAXUM 

Epiphaxum auloporoides Duncan 
Plate 5, figure 9 

Descript ion. Calcified s to lon which a t taches to hard substra tes and has 
i r regular ly m e a n d e r i n g a n d b r a n c h i n g habi t . S to lon ( 1 - 2 m m across ) 
composed of 5 - 8 fused rods . At irregular intervals and at branching points 
smooth, concave- l ipped cavit ies are present from which uncalcified po lyps 
would have arisen. 
Occurrence . U p p e r T u r o n i a n - C a m p a n i a n ; wide ly dis t r ibuted and fairly 
c o m m o n in the English Chalk. 

Fami ly rsiDiDAE 

Genus MOLTKIA 

Moltkia sp. 
Plate 5, figures 2 - 3 

Descr ipt ion . Calcified a t tached base , compr i s i ng e i ther (1) a root - l ike , 
mul t i -branching structure wi th central i rregular cavity, or (2) an irregularly 
lobate structure with fine, s inuous, radially ar ranged striae. 
Remarks . Usual ly preserved at tached to hard substrates, mos t c o m m o n l y 
echinoid tests. Found free in chalk where original substrate has been lost 
by decomposi t ion or early diagenesis . 

Occurrence . Cenoman ian -Maas t r i ch t i an ; widespread but not c o m m o n in 
the Engl ish Chalk. 
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4. S E R P U L I D S 

by A N D R E W S. G A L E 

Calcite tubes constructed by serpulid polychae te w o r m s are c o m m o n but 
ra ther i n c o n s p i c u o u s fossi ls in the C h a l k . T h e y are m o s t often found 
at tached to hard substrates ( including fossils, intraclasts and more rarely 
ha rdg round sur faces) but a lso o c c u r loose w i th in the s ed imen t , e i ther 
because they were originally free-living or because the original a t tachment 
site has been lost th rough sea-floor or early diagenet ic dissolut ion. 

M a n y n e w species of serpulid from the Engl ish Cha lk were described 
by J. Sowerby ( 1 8 1 5 - 1 8 ) and J. de C. Sowerby (1826^15) , and the zonal 
fossil co l l ec to r s of the late n ine t een th a n d ea r ly twen t i e th cen tu r i e s 
col lec ted ex t ens ive ma te r i a l o f the g r o u p . In pa r t i cu la r , A r t h u r R o w e 
provided notes on the t a x o n o m y and distr ibution of species in the 'Zones 
of the Whi te Cha lk ' series ( 1 9 0 0 - 0 8 ) , and left extensive annota t ions on 
labelled spec imens in his col lect ion. However , the Engl i sh material still 
lacks any publ ished t axonomic study since the original Sowerby descr ip­
tions. In contrast , Ge rman , Danish, Polish and Russian workers have taken 
cons ide rab le in teres t in the se rpu l ids o f the C h a l k , and impor t an t 
t axonomic w o r k s by Regenha rd t (1961) , Jaeger (1983) and others have 
done m u c h to s t anda rd i ze the t a x o n o m y o f th is g r o u p . S o m e of these 
works involved partial revision of S o w e r b y ' s original Engl ish material , so 
it is at least possible to apply updated n a m e s to Chalk serpulids. 

Fossi l se rpu l ids are classified on the s t ruc ture , co i l ing , a n d externa l 
sculpture o f the tube , and less c o m m o n l y the opercu la present in some 
forms. 

D E S C R I P T I O N S 

ClaSS POLYCHAETA 

Order SEDENTARIA 

Fami ly SERPULIDAE 

Subfamily FILOGRANINAE 

Genus CYCLOSERPULA 

Remarks . Tubes circular to oval in cross-sect ion, external ly smooth, with 
simple aperture. 
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48 Fossils of the Chalk 

Cycloserpula gordialis (Schlo the im) 
Plate 6, figure 14 

Descr ip t ion . Sol i ta ry or g r ega r ious s m o o t h tubes wi th h igh ly var iab le 
growth pattern; planispiral , meander ing , or t ightly recurved in consecut ive 
layers, or irregular, or combinat ion of these. Cross-sect ion oval or circular, 
up to 1 m m in diameter . 
R e m a r k s . Usua l ly a t t ached to ha rd subs t ra tes (e .g. she l l s , b e l e m n i t e s , 
intraclasts) but somet imes found free. 
Occurrence . L o w e r Ju ras s i c -?Eocene ; c o m m o n throughout the Chalk . 

Cycloserpula plexus (J. de C. Sowerby) 
Plate 6, figure 1 

Descript ion. Gregar ious , forming a complex tangle of smooth , uni form 
tubes 1-2 m m in d i a m e t e r ; fo rms i r r egu la r m a s s e s wi th b u l b o u s or 
elongated shape, 1-5 c m in m a x i m u m dimens ion . 
Occurrence . C e n o m a n i a n - C a m p a n i a n ; u n c o m m o n but widespread. 

Subfamily SERPULINAE 

G e n u s ROTULARIA 

Rotularia (Praerotularia) umbonata (J. Sowerby) 
Plate 6, figure 13 

D e s c r i p t i o n . Pos t e r io r t ube fo rms l ow t rochosp i ra l coi l , an te r io r par t 
forms gently curved projection. Umbi l i cus deep and open ; tube c i rcular in 
cross-section and thick-walled. Surface bears fine comargina l growth lines 
and irregular flanges. 
Occurrence . Cenoman ian ; widespread in mar ly chalk facies of England. 

G e n u s PROLISERPULA 

R e m a r k s . T u b e gent ly taper ing, curved or meander ing ; at tached. Periodic 
annular swel l ings mark success ive posi t ions of per i s tomes . Longi tudinal 
r idges somet imes present . 

Proliserpula ampullacea (J. de C. Sowerby) 
Plate 6, figures 11 -12 

Descript ion. Tubes a t tached at least in early stages. Poster ior par t o f tube 
coi led p lan i sp i ra l ly or l ooped , an te r io r par t fo rms s t ra ight or w e a k l y 
curved pro jec t ion . O u t e r surface wi th fine co r ruga t ions and i r regular ly 
spaced annular swell ings. Solitary. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



Serpulids 49 

Occurrence. Cenoman ian -Maas t r i ch t i an ; c o m m o n in the Engl ish Chalk 
facies. 

Proliserpula avita (J. de C. Sowerby) 
Plate 6, figure 8 

Description. Tubes attached, meander ing and looped, 1-3 m m in diameter. 
Upper surface wi th s ingle l ow cent ra l r idge . I r regular pe r iod ic annu la r 
swellings. 
Remarks . Gregar ious ; found densely encrust ing the b ivalve Mytiloides. 
Occurrence. Lower Turonian; abundant at a single level across southern 
England. 

Proliserpula obtusa (J. de C. Sowerby) 
Plate 6, figure 15 

Description. Tubes at tached, 3 - 5 m m in diameter , meander ing or in loose 
spirals, w i th s t rong c o c k s c o m b - l i k e m e d i a n r idge , and t w o less we l l -
deve loped lateral r i dges . T e r m i n a t i o n o f m e d i a n r idge p ro jec t s ove r 
peristome. 
Remarks . Grega r ious , often found dense ly encrus t ing exter ior of large 
inoceramid bivalves . 
Occurrence. Con iac ian -San ton ian ; Norfolk, Kent , Sussex. 

G e n u s ORTHOCONORCA 

Orthoconorca turbinella (J. Sowerby) 
Plate 6, figure 3 

Descr ipt ion . Smal l ( 5 - 1 0 m m h igh ) , t igh t ly co i led , h i g h t rochosp i ra l 
form, variably elongated. Surface smooth; s imple circular per is tome. 
Occurrence. Con iac ian-Maas t r i ch t i an ; c o m m o n in southern England. 

G e n u s GLANDIFERA 

Glandifera rustica (J. Sowerby) 
Plate 6, figures 6 - 7 

Description. Tube initially rather s t rongly curved and quadrangular , then 
straight or weak ly curved, gent ly taper ing and subquadrate . Outer surface 
smooth, wi th irregular, incomple te , t ransverse constr ic t ions and dimples . 
Peristome smoothly rounded and circular. 
Occurrence. Cenomanian ; apparent ly restr icted to a single marl bed in the 
C. inerme Zone ; widespread in Kent , Sussex and the Isle of Wight . 
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Serpulids 51 

Genus VERMILIOPSIS 

Vermiliopsis fluctuata (J. Sowerby) 
Plate 6, figure 9 

Descript ion. At tached, open spiral or curved form with 4 - 5 longitudinal 
cockscomb- l ike r idges a long length of tube. Per i s tome circular to oval in 
outline. 
Occurrence. Upper C a m p a n i a n - L o w e r Maastrichtian; uncommon , Norfolk. 

G e n u s SCLEROSTYLA 

Sclerostyla macropus (J. de C. Sowerby) 
Plate 6, figures 2 , 10 

Descript ion. At tached, s inuous tube taper ing quite rapidly; t r iangular in 
cross-section wi th high, sharp, median r idge. Tube wal l septate, per i s tome 

E X P L A N A T I O N O F P L A T E 6 

Fig. 1. Cycloserpula plexus (J. de C. Sowerby). Upper Santonian, Thanet, Kent; 
mass of interwoven tubes; X 1. 

Figs 2, 10. Sclerostyla macropus (J. de C. Sowerby). Lower Santonian, Northfleet, 
Kent. 2, two specimens attached to the sea urchin Conulus albogalerus; xO-9. 
10, apertural view of the larger of the two specimens; X 7 . 

Fig. 3. Orthoconorca turbinella (J. Sowerby). Upper Campanian, Studland, 
Dorset; lateral view of tube; X 3 . 

Figs 4 -5 . Hepteris difformis (Lamarck). Upper Cenomanian, Eastbourne, Sussex. 
4, lateral view; 5, apertural view; both X 2 - 2 . 

Figs 6-7. Glandifera rustica (J. Sowerby). Middle Cenomanian, between Dover 
and Folkestone, Kent. 6, lateral view; 7, apertural view; both X 1-5. 

Fig. 8. Proliserpula avita (J. de C. Sowerby). Lower Turonian, Dover, Kent; mass 
of tubes growing on the outer shell surface of the bivalve; x2-5. 

Fig. 9. Vermiliopsis fluctuata (J. Sowerby). Upper Campanian, Norwich, Norfolk; 
tube attached to oyster; X 2 - 5 . 

Figs 11-12. Proliserpula ampullacea (J. de C. Sowerby). Upper Campanian, 
Norwich, Norfolk; X 1 -2. 

Fig. 13. Rotularia (Praerotularia) umbonata (J. Sowerby). Cenomanian, 
Folkestone, Kent; lateral view of tube; x 1. 

Fig. 14. Cycloserpula gordialis (Schlotheim). Upper Santonian, Brighton, Sussex; 
tube attached to belemnite; x 1. 

Fig. 15. Proliserpula obtusa (J. de C. Sowerby). ?Coniacian, Dover, Kent; tubes 
growing on surface of inoceramid shell fragment; X 1. 

Figs 16-18. Neomicrorbis granulatus (J. Sowerby). 16, group of tubes attached to 
the sea urchin Micraster from the Upper Coniacian-Lower Santonian, Kent; 
X l - 5 . 17, detail of one of these; X 5 . 18, finely granulated variety from the 
Upper Campanian, Norwich, Norfolk; X 5 . 
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52 Fossils of the Chalk 

circular . S w o l l e n area o f p o r o u s ves i cu l a r t i s sue d e v e l o p e d b e t w e e n 
per is tome and substrate. 
Occurrence . Uppe r Turon ian-Maas t r i ch t i an ; widespread but u n c o m m o n 
in the Engl ish Chalk. 

Genus HEPTERIS 

Hepteris difformis (Lamarck) 
Plate 6, figures 4 - 5 

D e s c r i p t i o n . T u b e even ly c u r v e d a n d t ape r i ng rap id ly . Surface bea r s 
seven longitudinal r idges and intervening grooves which m a y twist a round 
the length of the tube. Per i s tome circular. 
Occurrence . U p p e r Cenoman ian , M. geslinianum Z o n e ; widespread but 
u n c o m m o n . 

Subfamily SPIRORBINAE 

Genus NEOMICRORBIS 

Neomicrorbis granulatus (J. Sowerby) 
Plate 6, figures 1 6 - 1 8 

Descript ion. Small ( 3 - 7 m m in diameter) , a t tached, low trochospiral form 
wi th open u m b i l i c u s . Sur face wi th c lose ly s p a c e d g r o w t h l ines and 
variably developed fine granular sculpture. Conica l ope rcu lum k n o w n but 
never found in life posi t ion. 
Occurrence . Cenomanian-Maas t r i ch t ian : widespread throughout England. 
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5. B R Y O Z O A N S 

by PAUL D. T A Y L O R 

The b ryozoan fauna of the Br i t i sh Cha lk has cons iderab le evolu t ionary 
importance and is very rich in te rms of species diversi ty and abundance of 
specimens. Never the less , the great majori ty of species are in acute need of 
revision. F e w species have been studied us ing modern methods , such as 
scanning e l ec t ron m i c r o s c o p y , and ear ly desc r ip t ions of b r y o z o a n s by 
Reuss ( 1 8 4 6 ) , L o n s d a l e (in D i x o n 1850) , d ' O r b i g n y ( 1 8 5 0 , 1 8 5 1 - 5 4 ; 
partly revised by Pe rgens 1890 and Canu 1900), Grego ry (1899 , 1907, 
1909), Brydone (1906 , 1909, 1910, 1911, 1912, 1913, 1914, 1916, 1917, 
1918, 1929, 1930, 1936) and Lang (1914a , b, 1915, 1916, 1919a, b, 1921, 
1922) have yet to b e superseded . On ly a smal l n u m b e r o f publ ica t ions 
connected wi th British Chalk b ryozoans have appeared dur ing the last fifty 
years ( T h o m a s and L a r w o o d 1960; L a r w o o d 1962, 1973 , 1985 ; M e d d 
1965, 1966a , b, 1972, 1979; W h i t t l e s e a 1983 , 1985 , 1 9 9 1 , 1 9 9 6 a - c ; 
Taylor 1988, 1994; M c K i n n e y and Taylor 1997), a l though Voigt and co­
workers h a v e p u b l i s h e d add i t iona l p a p e r s on con t inen ta l E u r o p e a n 
bryozoans which are of significance (see Voigt 1979, 1981, 1983, 1991; 
Hakansson and Voigt 1996). Specific and even generic determinat ion of 
Chalk b r y o z o a n s is h a m p e r e d by i n a d e q u a t e o r ig ina l desc r ip t ions and 
uncertain genus concepts . Fur the rmore , sys temat ic p rob l ems inherent in 
the ear ly desc r ip t i ons b y d ' O r b i g n y and o the r s h a v e too often b e e n 
compounded by subsequent mis interpreta t ions of species . Therefore, the 
names app l ied to the smal l se lec t ion of c o m m o n or d is t inct ive species 
selected for descr ip t ion here m u s t be regarded as tentat ive pend ing full 
revision. Just as species identities remain uncertain, so establishing species 
stratigraphical ranges is a chal lenge yet to be me t for the great majori ty of 
British Chalk bryozoans . 

M O R P H O L O G Y 

Bryozoans are co lon ia l m e t a z o a n s in w h i c h the c o l o n y cons i s t s of 
numerous small zooids budded asexually. Pr imit ively each zooid is cap­
able of suspension feeding and all other life functions. However , in mos t 
species specia l izat ion of funct ion results in zooidal p o l y m o r p h i s m . The 
majority of bryozoans have minera l ized skele tons o f calci te; species with 
skeletons of aragonite or m ixed minera logy are of negl igible impor tance in 
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54 Fossils of the Chalk 

the Cretaceous . This fossilizable calcareous componen t of each bryozoan 
zooid is t e rmed the zooec ium, and that of the colony the zoar ium. 

T w o o rde r s o f b r y o z o a n s wi th m i n e r a l i z e d ske le tons occu r in the 
Cha lk : c y c l o s t o m e s and c h e i l o s t o m e s (Text- f ig . 5.1) . F e e d i n g zoo ids 
( au tozoo ids ) a re typ ica l ly b o x - s h a p e d in c h e i l o s t o m e s bu t t ubu la r in 
cyclos tomes . They have a distal opening (orifice in chei los tomes, aperture 
in c y c l o s t o m e s ) t h r o u g h w h i c h a c r o w n of t en t ac l e s is p r o t r u d e d and 
re t rac ted dur ing life. In c h e i l o s t o m e s the orifice is c losed by a h i n g e d 
operculum, typical ly uncalcified, and is set wi th in a m e m b r a n o u s region 
(opesia; pi. opesiae) on the frontal surface of the zooid. Opes iae tend to 
form extensive elliptical to semicircular openings in anascan chei los tomes, 
but in ascophoran chei los tomes they are less extensive, a lmost coextensive 
with the orifice, and vary in shape from semicircular to sinusuate to circular 
w i th a subs id i a ry p r o x i m a l o p e n i n g ( s p i r a m e n ) . C y c l o s t o m e aper tu res 
have a circular, elliptical or po lygonal shape in mos t species. T h e y lack an 
opercu lum in all cases except for one aberrant family (Eleidae) wh ich is 
character ised by semiel l ipt ical aper tures c losed by calcified opercula . A 
tubular per i s tome c o m m o n l y develops a round the aperture in cyc los tomes , 
and a s imi lar s t ructure is occas iona l ly found su r round ing the orifice of 
a s c o p h o r a n c h e i l o s t o m e s . O ld zoo ids that h a v e ceased to feed m a y be 
sea led by c losu re p l a t e s ( c h e i l o s t o m e s ) or t e rmina l d i a p h r a g m s 
(cyclostomes) . 

M o s t spec ies o f C r e t a c e o u s c y c l o s t o m e s h a v e frontal ex te r io r wal l s 
p i e rced by m i n u t e ho les t e r m e d p s e u d o p o r e s . T h e frontal surface of 
chei lostome zooids m a y have a calcified frontal wal l (or shield) composed 
of a combina t ion of the fol lowing skeletal e lements : (1) costae: hol low, 
overarching spines (characterist ic of c r ibr imorph ascophorans) ; (2) gym-
nocyst: a smooth, exterior wal l covered by cuticle dur ing life; (3) crypto-
cyst: smooth or pustulose interior wall , usual ly depressed, and developing 
beneath a secretory epi thel ium dur ing life. G y m n o c y s t c o m m o n l y forms 
the p rox ima l and ou te r m a r g i n s of the frontal wa l l , w i th c ryp tocys t or 
costae situated on its inner side. Erect , art iculated spines m a y also occur in 
chei los tomes. especial ly around the orifice, leaving slightly raised circular 
holes (spine bases) after the spines b e c o m e disart iculated. 

Non-feed ing po lymorphs , k n o w n as he terozooids , can be important in 
b r y o z o a n t a x o n o m y . C h a l k c y c l o s t o m e s m a y d e v e l o p the fo l lowing 
variet ies of he t e rozoo ids : (1) kenozoo ids : space-fi l l ing zoo ids typica l ly 
smaller than autozooids and often wi thout an aperture (Text-fig. 5.1); (2) 
gonozooids : enlarged brooding zooids equipped wi th an opening (ooeci-
opore) for the release of the larvae (Text-fig. 5.1); (3) e leozooids : these 
p resumed defensive zooids , found only in meliceri t i t ids, have an aperture 
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Bryozoans 55 

and operculum that is enlarged relative to the size of the zooid (PI. 8, fig. 
7). Chei los tomes in the Chalk m a y have the fol lowing heterozooids : (1) 
kenozooids; and (2) avicularia (Text-fig. 5.1), probable defensive zooids , 
often smal l bu t wi th a re la t ive ly en la rged o p e r c u l u m c los ing aga ins t a 
pointed or rounded ros t rum, and either budded wi thin the normal sequence 
of zooids ( interzooidal and vicar ious avicularia) or on the frontal surface 
of the co lony (adven t i t ious av icu la r i a ) . L a r v a e are b r o o d e d in ovice l l s 
before their re lease in mos t che i los tomes . These g lobular s t ructures are 
located immedia te ly distal of the orifice of a maternal zooid which , unlike 
the brooding gonozooid of a cyc los tome, usual ly retains the ability to feed. 

Zooids of the same type of po lymorph m a y vary within a colony as a 
function of the deve lopmenta l stage of the zooid (ontogeny) , that of the 
colony (as togeny) , and local condi t ions (microenvi ronment ) . Zooids often 

terminal 
d iaphragm 
aperture 

ooeciopore 

gonozooid 

kenozooid 

CYCLOSTOME 

ovicell 

avicularium 

spine base 
operculum 

opesia 

cryptocyst 
gymnocyst 

CHEILOSTOME 

T E X T - F I G . 5.1. Morphological features in idealised cyclostome and cheilostome 
bryozoans from the Chalk. 
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accumula te calcification and b e c o m e more complex dur ing their ontogeny. 
Astogenet ic variat ion of zooid morpho logy is mos t apparent close to the 
origin of the co lony in a ' p r i m a r y zone of as togenet ic c h a n g e ' t h rough 
which zooids typical ly b e c o m e larger and m o r e complex . The founding 
zooid of the colony, t e rmed the ancestrula, tends to be especial ly small and 
s imple . C h e i l o s t o m e ances t ru l ae are ovo ida l in ou t l ine and often h a v e 
opesiae encircled by spine bases , whereas the ancestrulae of cyc los tomes 
have a h e m i s p h e r i c a l p r o t o e c i u m loca ted at the p r o x i m a l end . M i c r o -
env i ronmenta l va r i a t ions occur , for e x a m p l e , w h e n co lon ies encoun t e r 
obstacles impeding their g rowth . 

The enormous variety of colony-forms found in the Bryozoa is largely a 
result of va r i a t i ons in b u d d i n g pa t t e rn and re la t ive ra te o f b u d d i n g . 
A l though c o l o n y - f o r m is of ten a g o o d c lue to t a x o n o m i c ident i ty , 
plasticity in growth ensures that colonies of the same species are se ldom 
identical in size and shape. M a n y Cha lk species have entirely encrust ing 
colonies. These vary from runner- l ike (e.g. Voigtopora, PI. 7, fig. 1) to 
ribbon-like (e.g. Proboscinopora, PI. 7, fig. 2) wi th bifurcating branches 
one or a few zooids wide , to sheet-l ike (e.g. Castanopora, PI. 7, fig. 3), 
often roughly circular in plan v iew and somet imes becoming mul t i lamel lar 
by self o v e r g r o w t h . G r o w t h u p w a r d s f rom the enc rus t i ng b a s e of the 
colony g ives an erec t c o l o n y - f o r m c o m p r i s i n g cy l indr i ca l b r a n c h e s 
( ' v incu l a r i i fo rm ' ) or f la t tened b r a n c h e s or f ronds ( ' a d e o n i f o r m ' and 
' e scha r i fo rm ' r e spec t ive ly ) . C o l o n i e s h a v i n g cy l indr ica l b r a n c h e s (e .g. 
iBifiustra\ PI. 9, fig. 7) can b e sol id or ho l l ow and m a y bifurcate in a 
single p l ane or t h r e e - d i m e n s i o n a l l y to g ive r e spec t ive ly p l a n a r (e .g . 
Homoeosolen, PI. 7. fig. 6) and bushy shapes . Frondose species from the 
Chalk general ly have strap-like bifoliate fronds consis t ing of two layers of 
zooids back - to -back (e .g. Porina, PI. 7, fig. 5) . S o m e bifol ia te spec ies 
construct ret iculate colonies by a regular pat tern of frond bifurcation and 
anastomosis . A few erect species in the Cha lk have fungiform colonies 
with a na r row stalk support ing an expanded head (e.g. Bicavea, PI. 8, figs 
8-9). All of the colony-forms ment ioned above are sessile and live firmly 
anchored to an immobi le substratum. However , free-living bryozoans (see 
be low) can a lso b e found in the Cha lk . T h e s e i nc lude c a p - s h a p e d 
i u n u l i t i f o r m ' co lon ies of Lunulites (PI. 9, fig. 10), and sp ind le - shaped 
colonies of Volviflustrellaria (PI. 9, fig. 6) . 

P A L A E O E C O L O G Y 

Bryozoan pa laeoecology has been rev iewed by Smith (1995) and aspects 
of functional morpho logy by M c K i n n e y and Jackson (1989) and Taylor 
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Bryozoans 57 

(1999) . L ike m o s t p resen t -day b r y o z o a n s , species from the Cha lk were 
evidently s tenohal ine suspension-feeders which required wel l -oxygenated 
waters wi th adequa te c i rcula t ion and r ep l en i shmen t of phy top lank ton ic 
food supp l i e s . L a r v a e o f m o s t b r y o z o a n spec ie s h a v e a shor t free-
swimming stage before they locate a suitable firm substra tum, settle and 
m e t a m o r p h o s e into an ances t ru l a , w h i c h wi l l found a n e w co lony . 
Except ions are the Chalk che i los tomes Herpetopora and Pyripora, wh ich 
can be infer red to h a v e p o s s e s s e d long- l ived , p l a n k t o t r o p h i c la rvae 
enabling more widespread dispersal . 

Substrata colonized by b ryozoans in the Cha lk sea inc luded echinoid 
tests, b iva lves , b rach iopods , sponges , be lemni t e guards , cr inoid ossicles 
and sedimentary hardgrounds . Bryozoans are especial ly abundant on the 
tests of irregular echinoids , notably Echinocorys. Several b ryozoan species 
may encrust a single echinoid test, but individual colonies tend to be less 
than a few cent imetres in d iameter and total coverage by bryozoans and 
other enc rus t e r s r a re ly e x c e e d s ha l f the sur face a rea o f the test . 
Never theless , there is often clear ev idence of compet i t ion for l iving space 
in the occur rence of overgrowths be tween colonies , including reciprocal 
ove rg rowths that furnish ind i spu tab le e v i d e n c e o f in te rac t ions b e t w e e n 
l iving compe t i to r s . C h e i l o s t o m e s usua l ly d o m i n a t e d in compe t i t i on for 
space with cyc los tomes ( M c K i n n e y 1995). Bryozoan colonies also com­
peted for subst ra tum space wi th sponges , serpulid w o r m s , and cemented 
b iva lves and b r a c h i o p o d s . Shel l s of the ep i fauna l b iva lve Inoceramus, 
seemingly plentiful as potent ia l substra ta for b ryozoan encrusta t ion, are 
less often encrusted than echinoid tests . Cemen ted bases of erect species 
c o m m o n l y occu r on the s a m e subs t r a t a as en t i re ly enc rus t i ng spec ies . 
Fragments of erect colonies wi th nar row cylindrical b ranches (vinculari-
iform) are a dominan t e lement of m a n y Cha lk faunas and can be abundant 
in the coarse r fract ions of s ed imen t w a s h i n g s , inc lud ing the soft cha lk 
filling cavit ies in flints ('flint m e a l s ' ) . Vincular i i form colonies live today 
main ly in wa te r too deep for significant w a v e act ion and wi th min ima l 
current act ivi ty , a l though this w a s not necessa r i ly so in the Cre taceous 
(e.g. Pi t t and T a y l o r 1990) . S o m e erec t co lon ie s f rom the C h a l k h a v e 
hol low tubular bases and were evident ly at tached dur ing life to the s tems 
of sof t -bodied o rgan i sms ( ?hydrozoans , go rgon ians , p lan ts ) wh ich he ld 
t h e m aloft a b o v e the sea -bed . F r ee - l i v ing lunu l i t i fo rm b r y o z o a n s can 
be c o m m o n in pa r t s of the Cha lk , e spec ia l ly the Maas t r i ch t i an (e .g. 
Hakansson and Voigt 1996). Judging by Recent ana logues , colonies had 
marginal avicular ia wi th hair- l ike setae that acted to support them a little 
above the sed iment surface. M o d e r n lunul i t i form b ryozoans are able to 
live on mob i l e sed iments , and some species can r ight themse lves when 
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58 Fossils of the Chalk 

turned u p s i d e - d o w n and resurface w h e n bur ied . Spindle-shaped or bal l-
shaped colonies o f Cha lk Volviflustrellaria represent a second free-living 
morpho logy . In Volviflustrellaria the co lony seems to h a v e been rol led 
pe r i od i ca l l y ( K v a t c h k o 1997) , p e r h a p s as a resu l t o f cu r r en t s o r t he 
activities of vagi le infauna or epifauna. 

D I S T R I B U T I O N 

The great majori ty of Brit ish Cha lk b ryozoans in m u s e u m collect ions are 
from southern Eng land . B r y o z o a n s can b e par t i cu la r ly a b u n d a n t in the 
Coniacian and Santonian Chalk of the North D o w n s in the Cha tham and 
Dove r r e g i o n s , and Sou th D o w n s a l o n g the Sussex coas t , and in the 
Campan ian Cha lk of Hampsh i r e and Norfolk . Relat ively few have been 
recorded from the C h a l k o f Y o r k s h i r e and N o r t h e r n I re land , w h i c h is 
probably expla ined, at least part ly , by the difficulty of extract ing speci­
mens from these typical ly hard l i thologies. They are less c o m m o n in the 
Turon ian of sou the rn E n g l a n d and re l a t ive ly ra re in the C e n o m a n i a n , 
a l though marg ina l facies of the C e n o m a n i a n (e .g . W i l m i n g t o n S a n d s , 
Glauconitic Marl ) m a y contain dist inctive and diverse b ryozoan faunas. 

D E S C R I P T I O N S 

Order CYCLOSTOMATA 

Suborder TUBULOPORINA 

Fami ly STOMATOPORIDAE 

G e n u s VOIGTOPORA 

Voigtopora dixoni (Vine) 
Plate 7, figure 1; Plate 8, figure 3 

Description. Co lony encrust ing, compr i s ing branching chains of pseudo-
uniserially ar ranged zooids often extending across large areas of substrate. 
Branch ramification is lateral, with n e w branches arising from the sides of 
existing branches at more-or- less 90 degrees . Zooids large, their apparent 
width exaggera ted because each b ranch section compr i ses the distal par t of 
one zoo id flanked on e i ther s ide by n a r r o w p rox ima l par ts o f the next 
zooid in series. Zooidal apertures 0 1 5 m m in diameter , small relat ive to 
branch width (0 -45 -0 -60 m m ) , a n d w i t h a s l ight pe r i s tome . Ances t ru l a 
short and wide wi th a na r row pro toec ium, budd ing two daughter zooids 
g rowing in oppos i t e d i r ec t ions . G o n o z o o i d s u n k n o w n , p r e s u m e d to b e 
either absent or budded atop autozooidal per i s tomes and not fossilized. 
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Bryozoans 59 

Remarks. Uniser ia l or pseudo-uniser ia l cyc los tomes are c o m m o n in the 
Chalk and have been tradit ionally ass igned to Stomatopora. Very frequent 
as an encruster o f Echinocorys tests. 
Occurrence . Con iac i an , M. cortestudinarium Z o n e , to C a m p a n i a n , G. 
quadrata Zone ; widespread in southern England. 

Genus PROBOSCINOPORA 

Proboscinopora toucasiana ( d 'Orb igny) 
Plate 7, figure 2; Plate 8, figure 4 

Description. Co lony encrust ing, compr i s ing mult iserial branches , gener­
ally 3 - 7 zoo ids w i d e (0 -35-1 -00 m m ) , d iv id ing i r regular ly and anas to ­
mosing occasional ly. Branches low and smooth-surfaced except for slight 
furrows at lateral zooida l bounda r i e s . A u t o z o o i d s s lender (0-6-0-9 m m 
long by 0-15 m m w i d e ) , ape r tu res smal l ( 0 - 0 7 - 0 - 0 9 m m ) , c i rcu lar or 
transverse, wi th a slight pe r i s tome . Ances t ru la wi th a large p ro toec ium 
(0-20 m m w i d e ) . K e n o z o o i d s occu r a long s lop ing b r a n c h m a r g i n s . 
Gonozoo ids u n k n o w n , p r e s u m e d to b e e i ther absen t or b u d d e d a top 
autozooidal per i s tomes and broken off. 
Remarks. M a n y species with proboscini form colonies occur in the Chalk. 
They vary in zooidal d imens ions , b ranch ing pa t te rns , b ranch convexi ty , 
and presence/absence of gonozooids . 
Occurrence . C o n i a c i a n , M. cortestudinarium Z o n e , to San ton ian , M. 
coranguinum Z o n e ; ? C a m p a n i a n , O. pilula Z o n e ; sou the rn E n g l a n d ; 
abundant in the Cha tham area. 

Family PLAGIOECIIDAE 

G e n u s PLAGIOECIA 

Plagioecia sp. 
Plate 8, figure 2 

Description. Co lony encrust ing, a thin mult iserial sheet of zooids , usually 
about 1 cm in diameter , more or less circular in out l ine, and bounded by a 
per iphera l g r o w i n g e d g e w i t h a w i d e dis ta l fr inge of basa l l amina . 
Au tozoo ids smal l and s lender , the i r frontal wa l l s flat p r o x i m a l l y bu t 
slightly convex distally, about 0-60 m m long by 0 1 5 m m wide . Aper tures 
small, longitudinal ly e longate (diameter 0-10 by 0 0 7 m m ) , arranged in a 
quincunx, and with per i s tomes incl ined at 45 degrees . Gonozoo ids large, 
with a b u l b o u s distal por t ion e longa ted t r ansve r se ly (c. 0 -55-0-70 m m 
long by 1-6-2-2 m m w i d e ) a n d p e n e t r a t e d by au tozoo ida l p e r i s t o m e s . 
Ooeciopore subcircular, about 0 0 6 m m in diameter , located in the centre 
of the bulbous gonozooida l frontal wal l . 
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Bryozoans 61 

Remarks . This and similar species have tradit ionally been referred to the 
genus Berenicea but should proper ly be ass igned to one of a number of 
other genera (e.g. Plagioecia, Hyporosopora, Microeciella, Mesonopora) 
dist inguished main ly on the bas is of gonozooida l morpho logy (Taylor and 
Sequieros 1982; see also M c K i n n e y and Taylor 1997). Unfortunately, not 
every colony possesses gonozooids . W h e n gonozooids are not available, 
the informal n a m e 'Berenicea' is best used. 
Occurrence . Strat igraphical range u n k n o w n ; the figured spec imen is from 
the Con iac ian , M. cortestudinarium Z o n e ; the genus Plagioecia r anges 
from Jurassic to Recent ; Kent , and probably other southern counties . 

Fami ly incertae sedis 

G e n u s ' E N T A L O P H O R A ' 

'Entalophora' sp. 
Plate 8, figure 1 

Descript ion. C o l o n y erect wi th bifurcat ing cyl indr ical b ranches , h ighly 
variable in d iamete r (0-2-2-8 m m , c o m m o n l y c. 0-5 m m in whi te chalk 
facies) . Z o o i d s wi th s l ender frontal wa l l s (0 -6 -4 -3 m m long) , zoo ida l 
b o u n d a r i e s poor ly -de f ined , a p e r t u r e s a b o u t 0 1 5 m m in d i ame te r , 
long i tud ina l ly e l l ip t ica l w h e n w o r n , subc i r cu l a r w h e n p e r i s t o m e s are 
preserved. Gonozoo ids unknown . 
R e m a r k s . Th is and s imilar species of v incular i i form tubulopor in ids are 
c o m m o n l y re fer red to Entalophora, a l t h o u g h the t ype spec ies o f 
Entalophora (E. cellarioides L a m o u r o u x ) differs in hav ing a nar row axial 
canal wi th in the branches . The figured spec imen resembles 'Entalophora' 

E X P L A N A T I O N O F P L A T E 7 

Colony-form in Chalk cyclostomes and cheilostomes. 
Fig. 1. Voigtopora dixoni (Vine). Campanian, West Harnham, Salisbury, 

Wiltshire; runner-like encrusting colony; X3-6. 
Fig. 2. Proboscinopora toucasiana (d 'Orbigny). Coniacian, Chatham, Kent; 

ribbon-like encrusting colony; x2-9. 
Fig. 3. Castanopora magnified (d'Orbigny). Campanian, Norwich, Norfolk; sheet­

like encrusting colony; X 2 - 3 . 
Fig. 4. Herpetopora anglica Lang. Turonian, Lewes, Sussex; runner-like 

encrusting colony; x 7 . 
Fig. 5. Porina sp. Campanian, Norwich; bifoliate erect branches arising from 

encrusting base; x2-7. 
Fig. 6. Homoeosolen ramulosus Lonsdale. Coniacian or Santonian, Gravesend, 

Kent; planar branching colony; x 1. 
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62 Fossils of the Chalk 

raripora descr ibed by d ' O r b i g n y (1850) from the Coniac ian of F e c a m p 
which, however , has larger zooids . 
Occurrence . Strat igraphical range unknown; the figured spec imen is from 
the Coniacian; Kent ; p robably distr ibuted throughout southern England. 

Fami ly ELEIDAE 

G e n u s MELICERITITES 

Meliceritites dollfusi Pergens 
Plate 8, figures 6 - 7 

Descript ion. Co lony erect wi th bifurcat ing cyl indr ical b ranches 1-5-3-0 
m m in diameter , somet imes developing lamellar overgrowths . Autozoo ids 
large wi th s u b h e x a g o n a l frontal wa l l s (c. 0-6 by 0-4 m m ) , large s emi -
elliptical apertures (0-2 m m long) borne on short but distinct per is tomes , 
and opercula wi th sparse , i r regular ly-arranged pores . E leozooids moder ­
ately a b u n d a n t , w i th l ong (up to 0-75 m m ) pa ra l l e l - s ided or s l igh t ly 
spatula te ros t ra . G o n o z o o i d s ra re , the i r d is ta l frontal wa l l s o v o i d in 
out l ine , s l ight ly l onge r t h a n w i d e (c . 1-8 b y 1-6 m m ) ; o o e c i o p o r e 
transversely elliptical, 0-15 m m wide . 
Remarks . This and the fol lowing two species be long to an aberrant family 
of cyclos tomes, usual ly referred to as meliceri t i t ids . T h e y are remarkably 
convergen t wi th c h e i l o s t o m e s wi th w h i c h they sha re feed ing z o o i d s 
equipped wi th opercula and mandibula te po lymorphs . 
Occurrence . C o n i a c i a n - C a m p a n i a n ; c o m m o n in the M. cortestudinarium, 
M. coranguinum and G. quadrata zones ; southern England. 

Meliceritites durobrivensis (Gregory) 
Plate 8, figure 5 

Description. Co lony erect wi th bifurcating cylindrical b ranches , 0-75-1-5 
m m in d i ame te r . A u t o z o o i d s gene ra l ly wi th r h o m b o i d a l frontal wa l l s , 
rounded distal ly, and about 0-45 m m long by 0-30 m m wide ; aper tures 
semi-ell iptical , 0 1 8 m m long, large relative to the frontal wall and wi th a 
p rominen t r im; opercu la convex , a c rescent of sl i t - l ike po res vis ible in 
worn examples . E l eozoo ids smal le r than au tozoo ids , the i r aper tu res J_-
shaped and closed by a small semi-ell iptical opercu lum which is se ldom 
preserved. Secondary e leozooids , formed by reparat ive budd ing wi thin old 
au tozoo ids , are c o m m o n and h a v e a _L-shaped ape r tu re set w i th in a 
p s e u d o p o r o u s t e rmina l d i a p h r a g m . G o n o z o o i d s ve ry ra re , e x t r e m e l y 
b u l b o u s , l ong i tud ina l ly e l l ip t ica l in ou t l ine shape , wi th a t r ansve r se ly 
elongate ooeciopore (c. 0-09 by 0-16 m m ) . 
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Bryozoans 63 

Remarks. A very characterist ic species of Uppe r Cre taceous whi te chalk 
facies, e.g., in the M. cortestudinarium Zone of Cha tham. 
O c c u r r e n c e . T u r o n i a n , S. plana Z o n e , to C a m p a n i a n ; w i d e s p r e a d in 
southern England. 

Genus REPTOMULTELEA 

Reptomultelea sarissata Gregory 
Text-figure 5.2A 

Descript ion. Co lony encrust ing, uni lamellar or mult i lamel lar , somet imes 
g r o w i n g freely f rom an ini t ia l s u b s t r a t u m . A u t o z o o i d s gene ra l ly wi th 
rhomboidal frontal wal ls , poin ted distally, large, averaging 0-92 m m long 
by 0 3 8 m m wide ; aper tures shaped like an ' o g e e ' arch drawn out distally 
almost to a point , very large, averaging 0-40 m m long by 0-24 m m wide; 
opercula convex , often preserved in situ. E leozooids c o m m o n , larger than 
autozooids, about 1-4 m m long by 0 5 m m wide , their apertures longitudin­
ally e longa te , para l le l - s ided or s l ight ly spa tu la te . Seconda ry e leozooids 
formed by reparative budding within old eleozooids m a y occur. Gonozooids 
rare, inverted pear-shaped, with an ooeciopore about 0-15 m m in diameter . 
R e m a r k s . A l t h o u g h the re are n u m e r o u s spec ie s o f the enc rus t ing 
meliceri t i t id genus Reptomultelea in marg ina l facies o f La te Cre taceous 
age, only three have been recorded from the British Chalk (Taylor 1994). 
R. filiozati is dis t inguished from R. dixoni (Lang) and R. auris Taylor by 
the p e c u l i a r s h a p e of the ape r tu re s , w h e r e a s R. auris can be eas i ly 
r e cogn i zed b y the p r e s e n c e o f smal l k e n o z o o i d s on e i ther s ide of the 
autozooidal aper tures . 
Occurrence . Coniac ian , ?basal Santonian; southern England. 

Suborder CANCELLATA 

Fami ly PETALOPORIDAE 

Genus PETALOPORA 

Petalopora pulchella (Roemer) 
Plate 8, figure 10 

Descr ip t ion . C o l o n y erec t w i t h b i furca t ing cy l indr ica l b r a n c h e s about 
1 0 - 2 - 5 m m in d iamete r . B r a n c h surfaces h a v e low longi tud ina l r idges 
defining series of autozooids wi th small (d iameter 0 0 6 - 0 0 8 m m ) circular 
apertures, somet imes slightly raised, wide ly-spaced and ar ranged in zones . 
A polygonal re t icu lum of small , cra ter-shaped cancell i , each with a central 
perforation, occupies the space be tween autozooidal aper tures , normal ly 
with three rows of cancel l i b e tween adjacent longi tudinal r idges . Brood 
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64 Fossils of the Chalk 

chambers are rare, bu lbous , wi th a frontal surface of cancell i and a large 
transverse ooeciopore often si tuated centrally. 
R e m a r k s . P. pulchella w i th th ree r o w s o f cance l l i b e t w e e n ad jacen t 
long i tud ina l r idges is d i s t i ngu i shed from P. costata d ' O r b i g n y , w h i c h 
usually has two rows of cancell i and nar rower branches . 
O c c u r r e n c e . S t ra t igraphica l r ange unce r t a in ; G r e g o r y (1899) gave the 
r ange as T u r o n i a n - M a a s t r i c h t i a n , bu t n o o the r o c c u r r e n c e s in r o c k s 
younger than Campan ian are known; southern England. 

Fami ly C Y T I D I D A E 

Genus B I C A V E A 

Bicavea rotaformis Gregory 
Plate 8, figures 8 -9 

D e s c r i p t i o n . C o l o n y erec t , fungi form, a d i sco ida l h e a d or c a p i t u l u m 
arising from a na r row stalk. Cap i tu lum about 3 m m in diameter , wi th a 
concave lower surface whe re the stalk is at tached, and an upper surface 
bea r ing a p p r o x i m a t e l y 7 - 1 0 u p s t a n d i n g rad ia l fasc ic les p r o t r u d i n g 
outwards at the edge of the capi tu lum. Autozooida l apertures polygonal , 
about 0 0 9 m m in diameter , restr icted to the curved distal (outer) ends of 
the fascicles. E longa te au tozooida l wal l s form striae on lateral edges of 
fascicles. Cancell i with th ick-wal led aper tures , highly variable in d iameter 
(often c. 0-08 m m ) , o c c u p y i n g the cen t re o f the u p p e r sur face o f the 
cap i tu lum a n d the spoke - l ike a reas b e t w e e n fasc ic les . B r o o d c h a m b e r 

E X P L A N A T I O N O F P L A T E 8 

Chalk cyclostomes; all scanning electron micrographs, and all specimens uncoated 
apart from that in Fig. 5; magnifications approximate. 
Fig. 1 . 'Entalophora'' sp. Coniacian, Chatham, Kent; X 2 0 . 
Fig. 2. Plagioecia sp. Coniacian, Chatham, Kent; part of colony with a band of 

gonozooids; x 17. 
Fig. 3. Voigtopora dixoni (Vine). Santonian, Dartford, Kent; X 2 0 . 
Fig. 4. Proboscinopora toucasiana (d'Orbigny). Coniacian, Chatham, Kent; X31. 
Fig. 5. Meliceritites durobrivensis (Gregory). Coniacian, Seaford Head, Sussex; 

three autozooids, one preserving the operculum (top left); x 4 5 . 
Fig. 6. Meliceritites dollfusi Pergens. Santonian, Northfleet, Kent; autozooids; 

X30. 
Fig. 7. Meliceritites dollfusi Pergens. Santonian, Thanet Coast, Kent; two 

eleozooids with an autozooid between; x26 . 
Figs 8-9. Bicavea rotaformis Gregory. Turonian, Isle of Wight. 8, side view of 

colony; 9, upper surface of colony; both x 1 1 . 
Fig. 1 0 . Petalopora pulchella (Roemer). Upper Chalk, England; x 2 3 . 
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66 Fossils of the Chalk 

undescr ibed. 
R e m a r k s . F u n g i f o r m ( m u s h r o o m - s h a p e d ) co lon i e s a l so occu r in the 
Chalk genus Trochiliopora (see T h o m a s 1939) which, however , lacks a 
concave lower surface to the capi tu lum and has fascicles project ing only 
slightly from the capi tu lum. 
Occurrence . Turan ian , S. plana Zone ; southern England; c o m m o n on the 
Isle of Wight . 

Genus HOMOEOSOLEN 

Homoeosolen ramulosus Lonsda le 
Plate 7, figure 6 

Descript ion. Co lony erect, p lanar wi th a dendri t ic pat tern o f i rregularly 
bifurcat ing b r a n c h e s that do not a n a s t o m o s e . B r a n c h d i ame te r var iab le 
( < l - 3 m m ) , many branches taper ing a lmost to a point. Reverse surfaces of 
branches gently convex, formed of calcified exterior wall th rough which 
t races o f in t e rzoo ida l wa l l s m a y be v i s ib le ; o b v e r s e sur faces s t rong ly 
convex, bear ing cont iguous , e longate apertures of zooids which intersect 
the branch surface acutely. Autozooidal apertures about 0-12 m m wide are 
in te rspersed wi th sma l l e r k e n o z o o i d a l ape r tu re s , the la t ter pa r t i cu la r ly 
a b u n d a n t at b r a n c h b i fu rca t ions . G o n o z o o i d s o p e n on b r a n c h frontal 
surfaces, possess g lobose frontal wal ls (about 1 m m wide) and have large 
ooeciopore . 
R e m a r k s . H. gamblei G rego ry differs in hav ing a p inna te co lony-form 
with a more regular b ranch ing pattern. 
Occurrence . Turon ian-Maas t r i ch t i an ; found especial ly in the S. plana-M. 
cortestudinarium zones of the Chalk; southern England. 

Order CHEILOSTOMATA 

Suborder ANASCA 

Family ELECTRIDAE 

G e n u s HERPETOPORA 

Herpetopora anglica Lang 
Plate 7, figure 4 ; Plate 9, figure 1 

D e s c r i p t i o n . C o l o n y e n c r u s t i n g , wi th fragile b r a n c h i n g ch a i n s of 
uniser ia l ly-arranged zooids ; n e w branches or iginate as disto-lateral buds 
or ien ta ted at 6 0 - 9 0 d e g r e e s to pa ren t b r a n c h e s . A u t o z o o i d s e longa t e 
pyriform, highly var iable in length (0 65 - >5 m m ) , p rox imal gymnocys t s 
(caudae) b e c o m i n g p r o g r e s s i v e l y l onge r in s u c c e s s i v e z o o i d s of each 
branch , less va r iab le in wid th ( 0 - 2 4 - 0 - 4 7 m m ) . O p e s i a e la rge , ova l , 
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Bryozoans 67 

var iable in s ize, 0 -25-0-70 m m long by 0-14-0-27 m m wide , wi thou t a 
c ryp tocys t . R e p a r a t i v e b u d d i n g p r o d u c e s z o o i d s wi th t w o or m o r e 
concent r ic m u r a l r ims , and sealed zoo ids have c losure p la tes bear ing a 
c rescen t ic i m p r e s s i o n o f the o p e r c u l u m . K e n o z o o i d s n a r r o w e r than 
autozooids , wi th small opesiae , c o m m o n l y budded at the ends of branches . 
N o ovicel ls or avicularia. 
Remarks . Herpetopora differs from Pyripora in lacking a cryptocyst and 
s h o w i n g a c o n t i n u o u s a s togene t i c inc rease in zoo id l eng th a long each 
branch. A second Cha lk species of Herpetopora, H. laxata ( d 'Orb igny) , 
occurs main ly in the Campan ian and Maast r icht ian and is dis t inguished by 
its b roader opesiae (Thomas and L a r w o o d 1960) and a two-phase , s tepped 
astogenetic gradient a long each branch (Taylor 1988). 
O c c u r r e n c e . T u r o n i a n , T. lata Z o n e , to C a m p a n i a n , O. pilula Z o n e ; 
southern England. 

Genus P Y R I P O R A 

Pyripora magna La rwood 
Text-figure 5 . 2 B 

Descr ipt ion . C o l o n y encrus t ing , w i th zoo ids a r ranged uniser ia l ly or in 
i r regular mu l t i s e r i a l p a t c h e s . A u t o z o o i d s la rge , e longa te -py r i fo rm, 
1 -20—1-75 m m long by 0 -53 -0 -83 m m w i d e , the p r o x i m a l g y m n o c y s t 
account ing for about half of the total zooidal length; opesiae oval , 1-3-1-7 
t imes longer than w i d e ; c ryp tocys t smooth , w ides t p rox ima l ly w h e r e it 
forms a modes t shelf, p inching out distally. Pore w i n d o w s visible around 
m a r g i n s of z o o i d s a n d smal l p o r e c h a m b e r s seen in a b r a d e d zoo ids . 
Kenozooids infrequent, small . N o ovicel ls or avicularia. 
R e m a r k s . A l t h o u g h o the r Br i t i sh C h a l k spec ie s h a v e p r ev ious ly been 
assigned to Pyripora, mos t are n o w regarded as be long ing to Herpetopora, 
and P. magna m a y be the only true species of Pyripora present . 
Occurrence . Campan ian , B. mucronata Zone ; Norfolk. 

Fami ly C A L L O P O R I D A E 

G e n u s W I L B E R T O P O R A 

Wilbertopora woodwardi (Brydone) 
Plate 9, figure 2 

Descript ion. Co lony encrust ing, a mult iserial sheet of zooids . Autozooids 
large (c . 1 m m long by 0-7 m m w i d e ) , r h o m b o i d a l w i th an ex tens ive 
elliptical to pear -shaped opesia, a broad, finely pustulose cryptocyst and a 
small p r o x i m a l g y m n o c y s t . Ov ice l l s r o u n d e d - r e c t a n g u l a r in shape , 
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68 Fossils of the Chalk 

A B 

T E X T - F I G . 5.2. Scanning electron micrographs of Chalk bryozoans. A , Reptomul-
telea sarissata Gregory; three autozooids, the lower one with a broken operculum; 
Coniacian, Chatham, Kent; X7-5. B , Pyripora magna Larwood; note irregular 
arrangement of autozooids; Campanian, Harford Bridges, Norwich, Norfolk; 

x 13. 

somet imes with a median suture line. Interzooidal avicular ia nar row, about 
0-78 m m long by 0 3 9 m m wide , wi th an extensive cryptocyst proximal ly , 
a comple te pivotal bar , and an acumina te ros t rum wh ich m a y be ra ised 
s l ight ly . K e n o z o o i d s fill i r r egu la r spaces , and h a v e a smal l cen t ra l 
opening, a na r row cryptocyst and a broad gymnocys t . 
Remarks . Like mos t o ther ' m e m b r a n i p o r i m o r p h s ' from the Chalk , this 
spec ies w a s o r ig ina l ly a s s igned to Membranipora. T h e R e c e n t t ype 
species of Membranipora, M. membranacea, lives as an algal epiphyte , is 
feebly calcified and aragoni t ic , has a twinned ancestrula , and lacks ovi-
cells. N o n e of these features applies to species of so-cal led Membranipora 
from the Chalk. Some Cre taceous species have a l ready been reass igned to 
other genera such as Ellisina (see M e d d 1979), but m u c h further work is 
needed to establish the true gener ic identities of the enormous number of 
m e m b r a n i p o r i m o r p h s p r e s e n t in the Cha lk . C o n s e q u e n t l y , the gene r i c 
ass ignments of this and the fol lowing two species are tentat ive. 
Occurrence . Turanian , S. plana Zone , to Campanian , G. quadrata Zone ; 
southern England. 
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G e n u s PYRIPORELLA 

Pyriporellal sagittaria (Brydone) 
Plate 9, figure 3 

Description. Co lony encrust ing, a mult iserial sheet of zooids . Autozooids 
e longa te e l l ip t ica l (c . 0-7 m m long) wi th an ova l opes ia , a p r o x i m a l 
gymnocys t usual ly obscured by advent i t ious avicular ia or ovicells , a broad 
pustulose cryptocyst , and a var iable n u m b e r of spine bases , inc luding a 
distal pair, especial ly numerous in early zooids and in zooids containing 
reparative buds . Ovicel ls slightly longer than broad, about 0 1 7 m m wide. 
Interzooidal avicularia roughly twice as long ( 0 4 7 m m ) as wide , with a 
broad, c rescen t - shaped p rox ima l c ryp tocys t and a h a m m e r - h e a d shaped 
ros t rum e n d i n g in a b o w e d t r ansve r se wa l l ; c o m p l e t e p ivo ta l ba r s no t 
observed. Advent i t ious avicularia general ly deve loped in pairs at the distal 
ends of autozooids , one on ei ther side of the ovicell , of a similar shape to 
the in t e rzoo ida l av icu la r i a bu t abou t h a l f the i r l eng th a n d d i rec ted 
p rox ima l ly re la t ive to c o l o n y g r o w t h d i rec t ion . P robab le i ncomple t e ly 
developed advent i t ious avicular ia c o m m o n . 
Remarks . Provis ional ly ass igned to the l i t t le-known Pyriporella because 
of the abundan t in terzooidal avicular ia , this species p robab ly requires a 
new genus . 
Occurrence . Turonian , S. plana Zone, to Campan ian , B. mucronata Zone ; 
southern and eastern England. 

Genus BIAVICULIGERA 

Biaviculigeral furina (Brydone) 
Plate 9, figure 4 

Description. Co lony encrust ing, a mult iserial sheet of zooids . Autozooids 
rounded rhomboida l , e longate , about 0-4-0-5 m m long by 0-25-0-35 m m 
wide , wi th an e longa te oval opes i a and a n a r r o w pus tu lo se c ryp tocys t 
bo rde red by smal l sp ine b a s e s . R e p a r a t i v e l y b u d d e d a u t o z o o i d s wi th 
concentric mura l r ims c o m m o n . Ovicel ls slightly longer than wide (c. 0-14 
m m ) , cove r ing the p rox ima l g y m n o c y s t of the next distal au tozoo id in 
series. Interzooidal avicular ia of two types: one is large and rhomboidal 
with a small t r iangular ros t rum (c. 0 1 2 m m wide) , comple te pivotal bar, 
and extensive distal gymnocys t , sur rounded by a very extensive smooth 
gymnocyst ; the second is small and hour-glass shaped. 
O c c u r r e n c e . C a m p a n i a n ; cha rac te r i s t i c o f the B. mucronata Z o n e ; 
southern a n d eas te rn E n g l a n d , i n c l u d i n g the Isle o f W i g h t ( ' L o w e r 
mucronata C h a l k ' ) , the Sponge Beds at Tr imingham, and the Weybourne 
Chalk of the Norfolk Coast . 
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Genus ' B I F L U S T R A ' 

''Biflustra'' argus d ' O r b i g n y 
Plate 9, figure 7 

Descript ion. Co lony erect, compr is ing nar row (c. 1 m m wide) , cylindrical 
b r a n c h e s (v incu la r i i fo rm) b i fu rca t ing at in te rva l s , a n d q u a d r a t e , pen t ­
agonal or hexagona l in c ross -sec t ion acco rd ing to the n u m b e r ( 4 - 6 ) of 
long i tud ina l r o w s of z o o i d s p re sen t . A u t o z o o i d s r h o m b o i d a l , s lender , 
about 1-0—1 -2 m m long by 0-4-0-6 m m wide , wi th an e longate elliptical 
opes ia (0 -6 -0 -7 m m long by 0-3 m m w i d e ) and a s l igh t ly dep re s sed 
cryptocystal frontal wal l bordered by n u m e r o u s minute spine bases (barely 
v is ib le w i t h a l ight m i c r o s c o p e ) . C o n c e n t r i c m u r a l r ims , i nd ica t ing 
reparative budding , and perforate c losure plates are c o m m o n . Interzooidal 
avicularia developed main ly at b ranch bifurcations, modera te ly small (c. 
0-7 m m long by 0-4 m m wide) , wi th a large opesia and slightly project ing 
rostrum. Ovicel ls of uncertain occurrence . 
Remarks . The abundant vincular i i form anascan species of the Chalk are 
general ly ass igned to Vincularia. Howeve r , they are qui te dist inct from 
true Vincularia wh ich has art iculated colonies wi th asymmetr ica l zooids . 
'Biflustra' is used here informally for this species acknowledg ing that true 
Biflustra lacks avicularia. 
Occurrence . Strat igraphic range unknown; southern and eastern England; 
fairly abundan t in the C a m p a n i a n of W e y b o u r n e , Norfolk , accord ing to 
Brydone (1930) . 

Fami ly O N Y C H O C E L L I D A E 

Genus O N Y C H O C E L L A 

Onychocella inelegans (Lonsdale) 
Plate 9, figure 9 

Descr ip t ion . C o l o n y u sua l l y erect , w i th f lat tened b i fo l ia te b r a n c h e s 
(c. 3^4 m m wide) wh ich divide at in tervals in the p lane of the b ranch ; 
encrus t ing sheet- l ike co lon ies (?bases of i m m a t u r e erect co lonies ) m a y 
also occur . A u t o z o o i d s va r i ab le in shape , often b r o a d a n d r h o m b o i d a l 
(c. 0-45-0-75 m m long by 0-45 m m wide) , wi th a semi-el l ipt ical opes ia 
(c. 0-12 m m long by 0-15 m m w i d e ) i nden t ed by opes iu l e s at the two 
p rox ima l co rne r s , and an e x t e n s i v e c ryp tocys t a l frontal wa l l w h i c h is 
slightly depressed. Interzooidal avicular ia e longate (c. 0-45 m m long by 
0 1 5 m m wide ) , w i th a long cu rved r o s t r u m and a tu l ip - shaped opes i a 
which has a short slit in the p rox ima l marg in . Ovice l l s i nconsp i cuous , 
immersed in the frontal wal l of the succeeding zooid. 
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Bryozoans 71 

Remarks . Bifoliate fragments of this and similar species are a m o n g the 
most c o m m o n l y encountered bryozoans in the Chalk and are often found 
on the surfaces of flints. 
O c c u r r e n c e . T u r o n i a n , S. plana Z o n e , to Maas t r i ch t i an ; sou the rn and 
eastern England. 

Family LUNULITIDAE 

Genus LUNULITES 

Lunulites tenax Brydone 
Plate 9, figure 10 

Descr ipt ion . C o l o n y f ree- l iv ing, smal l (genera l ly <1 c m in d iamete r ) , 
circular in plan v iew, with a gent ly convex upper surface bear ing zooidal 
apertures, a concave lower surface o rnamen ted b y radial furrows, and a 
fluted circumferential g rowing edge . Autozoo ids with quadrate opesia (c. 
0 -15-0-20 m m ) a n d a d e p r e s s e d c ryp tocys ta l f rontal wa l l ; a s t rong 
as togenet ic g rad ien t of zoo ida l - s i ze inc rease occurs o u t w a r d s from the 
central ances t ru la , and ear ly a u t o z o o i d s have opes i ae wi th a med ian 
proximal s inus. Ovicel ls deve loped only in zooids near the colony margin , 
g lobose and p r o m i n e n t w i th a large semic i rcu la r o p e n i n g . In terzooida l 
avicularia numerous , arranged in radial r ows be tween rows of autozooids , 
deeply sunken, e longate , about 0-45 m m long by 0-15 m m wide , with a 
rounded rostrum and a median p rox imal sinus in the opesia. 
R e m a r k s . Lunulites is the sole genus o f lunul i t i form b r y o z o a n s repre­
sented in the Bri t ish Cha lk and usual ly first appears in the Campan ian . 
Brydone (1929) dis t inguished several Brit ish species, including some from 
the p re -Campanian , wh ich require confirmation. 
O c c u r r e n c e . C a m p a n i a n , u p p e r G. quadrata a n d lower B. mucronata 
zones; Hampsh i re . 

Genus VOLVIFLUSTRELLARIA 

Volviflustrellaria taverensis (Brydone) 
Plate 9, figure 6 

Description. Co lony free-living, small (<2 c m in diameter) , spheroidal or 
spindle-shaped; a s ingle g rowing edge ex tends be tween the t w o opposi te 
poles of the colony and buds zooids in a cont inuous spiral, mul t i lamel lar 
overgrowth. Autozoo ids subrectangular , about 0-75 m m long by 0-45-0-60 
mm wide , wi th a rounded-quadra te opesia (c. 0-30 m m long by 0-25-0-30 
m m wide) and a finely pustulose cryptocystal frontal wall , depressed and 
occupy ing abou t o n e - h a l f o f the frontal a rea . Ov ice l l s i n c o n s p i c u o u s , 
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72 Fossils of the Chalk 

i m m e r s e d in the frontal wa l l o f t he nex t d is ta l zoo id . In t e r zoo ida l 
avicularia abundant , deeply sunken be tween rows of autozooids , long and 
nar row (c. 0 7 5 m m long b y 0-12 m m wide) , wi th a short rounded ros t rum. 
Occurrence . Campan ian , B. mucronata Zone ; possibly also G. quadrata 
Z o n e ; eas te rn E n g l a n d and N o r t h e r n I r e l and ; a b u n d a n t in the basa l 
mucronata Chalk of Norfolk. 

Family MICROPORIDAE 

Genus STICHOMICROPORA 

Stichomicropora marginula (Brydone) 
Plate 9, figure 8 

Descript ion. Co lony encrust ing, compr is ing a mult iserial sheet of zooids , 
general ly wi th a s tepped g r o w i n g edge . A u t o z o o i d s rhombo ida l , b road , 
about 0 -6-0-7 m m long by 0 -45 -0 -65 m m w i d e , w i th a ra i sed shel f 
surrounding a cryptocystal frontal wall , which is convex and pierced by a 
pair of s l i t -shaped opes iu l e s s i tua ted c lose to the edge and about mid -
length; opesia small , semi-ell ipt ical , t ransversely e longate (about 0-07 m m 
long by 0 1 5 m m wide) , and wi th an inter ior distal she l f and abou t six 
orificial spine bases . Ovicell r emains are visible as slight depress ions in 
the widened proximal shelf o f the zooid distal to the materna l zooid, and 
are bordered distal ly b y a crescent of eight spine bases and laterally by the 
raised edges o f the adjacent zooids . Avicular ia unknown . 
Remarks . The unusual ovicell of Stichomicropora, consis t ing of a cage 
formed by mult iple spines, is very del icate and se ldom survives fossilis-
ation; normal ly only a crescent of spine bases remains . 
Occurrence . Coniacian, M. cortestudinarium Zone ; Kent and Sussex. 

Suborder ASCOPHORA 
Fami ly PELMATOPORIDAE 

Genus PELMATOPORA 

Pelmatopora gregoryi (Brydone) 
Pla te 9, figure 11 

Descript ion. C o l o n y encrust ing, compr i s ing a mult iser ial sheet of zooid. 
Autozooids e longate- rhomboidal , a lmost paral lel-s ided, 0-75-1-2 m m long 
by 0-4-0-5 m m wide , sur rounded b y a wide zone of lacunate interzooidal 
calcification; frontal shield flat, with 11 -20 well-defined costae each wi th 
t w o pe lmata and a pe lmat id ium, t w o pai red rows o f intercostal spaces and 
a wide apertural bar. Orifice semi-ell ipt ical , longer than wide ( 0 1 5 - 0 1 8 
m m long by 0-21 m m wide) , overarched by a pai r o f distal oral spines in 
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Bryozoans 73 

we l l -p r e se rved z o o i d s . Ov ice l l i m m e r s e d in the nex t distal zoo id . 
A d v e n t i t i o u s av icu la r i a sma l l , s t a lked , u sua l l y pa i r ed , o n e n e a r each 
proximolateral corner of the orifice; ros t rum pointed. 
Remarks . L a r w o o d (1962) d is t inguished 17 n a m e d species of Pelmato-
pora f rom the Br i t i sh C h a l k a n d p r o v i d e d a useful k e y to the i r 
identification. 
O c c u r r e n c e . San ton i an , M. testudinarius Z o n e , to C a m p a n i a n , G. 
quadrata Z o n e ; Sussex, Hampsh i r e and Wil tshire . 

Genus C A S T A N O P O R A 

Castanopora magnifica ( d 'Orb igny ) 
Plate 7, figure 3 ; Plate 9, figure 12 

Description. Co lony encrust ing, compr i s ing a mult iserial sheet of zooids. 
Autozooids large, rounded- rhomboida l , 0-75-1-50 m m long by 0-45-1-20 
m m w i d e ; frontal sh ie ld ova l , gen t ly c o n v e x , w i t h 1 4 - 2 4 cos tae each 
bearing 4 - 8 lateral costal fusions and pelmat id ia ; apertural bar prominent ; 
orifice semi-el l ipt ical , 0-15-0-33 m m long by 0-15-0-30 m m wide , with 
four large oral spines, the lateral spine bases wider than the median ones . 
Ovice l l s ra re , la rge , g lobu la r , a n d b e a r i n g t w o c o n v e r g i n g r idges . 
Advent i t ious avicularia var iable in occurrence , small , 0-17-0-25 m m long 
by 0 -09 -0 -18 m m w i d e , p r o x i m a l l y d i rec ted , w i th a p ivota l ba r and a 
rounded ros t rum. 
Remarks . La rwood (1962) p rov ided a key to species of Castanopora. 
Occurrence . Campan ian , B. mucronata Zone , to Maastr icht ian; Norfolk. 

Fami ly P O R I N I D A E 

Genus P O R I N A 

Porina sp. 
Plate 7, figure 5; Plate 9, figure 5 

Descript ion. Colony erect, compr is ing bifoliate b ranches , 1-2 m m wide , 
thicker and more rounded near the base of the colony, and bifurcating at 
intervals in the p lane o f the b ranch . A u t o z o o i d s wi th a c i rcular orifice 
(0-11-0-14 m m in d iameter) , a sl ight per i s tome, and a cryptocystal frontal 
wall, finely crenulate and p ierced by large irregular pores and a spi ramen 
(d iameter c. 0-02 m m ) wh ich pro jec ts s l ight ly and is loca ted media l ly , 
about m i d w a y a long the l eng th o f the frontal wa l l . T h i c k seconda ry 
calcif icat ion o b s c u r e s zoo ida l b o u n d a r i e s and o c c l u d e s p o r e s and 
eventua l ly the orifices o f o ld zoo ids . Ovice l l g lobose , ove ra r ch ing the 
distal pa r t of the fertile au tozoo ida l orifice, and wi th a finely ret iculate 
surface. 
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R e m a r k s . Po r in id spec ie s are difficult to ident i fy b e c a u s e s e c o n d a r y 
calcification obscures t a x o n o m i c a l l y useful features in all but the mos t 
distal branches . Several of the species descr ibed by Brydone (1930) m a y 
well be based on such ontogenet ic variat ion. Porina first appears in Britain 
in the lowermos t C a m p a n i a n but does not b e c o m e c o m m o n unti l the B. 
mucronata Zone (Brydone 1930). 
Occurrence . Strati g raph ic r a n g e u n k n o w n ; desc r ibed s p e c i m e n s c o m e 
from the C a m p a n i a n , B. mucronata Z o n e ; Nor fo lk , and poss ib ly e lse­
where. 

Acknowledgements. I a m grateful to M i k e N o w i c k i and Paul Whi t t lesea 
for advice on s t rat igraphical ranges , A n d r e a Burgess -Fau lkner for S E M 
ass i s tance , a n d Prof. E. V o i g t for e n c o u r a g e m e n t and freely ava i l ing 
himself of his unique knowledge of Cre taceous bryozoans . Prof. Voigt and 
the late Dr G. P. L a r w o o d kindly read the manuscr ip t for the first edition. 

EXPLANATION OF PLATE 9 

Chalk cheilostomes; all scanning electron micrographs of uncoated specimens; 
magnifications approximate. 
Fig. 1. Herpetopora anglica Lang. Turonian, Lewes, Sussex; autozooid with a 

closure plate and two disto-laterally budded autozooids with open opesiae; 
x26 . 

Fig. 2. Wilbertopora woodwardi (Brydone). Campanian, West Meon Station, 
south-east of New Alresford, Hampshire; autozooids (some with ovicells) and 
two interzooidal avicularia; x 17. 

Fig. 3. Pyriporella'} sagittaria (Brydone). Campanian, Ropley, east of New 
Alresford, Hampshire; autozooids (most with ovicells) and large interzooidal 
and small adventitious avicularia; x 2 3 . 

Fig. 4. Biaviculigeral furina (Brydone). Campanian, near Weybourne, Norfolk; 
autozooids (with broken ovicells and intramural reparative buds) and large 
interzooidal avicularia; x 3 2 . 

Fig. 5. Porina sp. Campanian, Norwich, Norfolk; distal (young) part of colony 
showing orifices of three autozooids, large frontal pores and spiramen; X28. 

Fig. 6. Volviflustrellaria taverensis (Brydone). Campanian, Norwich, Norfolk; 
entire spindle-shaped colony; X7.5. 

Fig. 7. 'Bifiustra' argus d'Orbigny. Campanian, Norwich, Norfolk; x 19. 
Fig. 8. Stichomicropora marginula (Brydone). Coniacian, Dover, Kent; 

autozooids, some with ovicells represented by crescents of spine bases; x30 . 
Fig. 9. Onychocella inelegans (Lonsdale). Coniacian or Santonian, Bromley, Kent; 

autozooids and curved avicularia; x 2 5 . 
Fig. 10. Lunulites tenax Brydone. Campanian, East Harnham, Salisbury, Wiltshire; 

upper colony surface; X3-3. 
Fig. 11. Pelmatopora gregoryi (Brydone). Santonian, Sussex; x 16. 
Fig. 12. Castanopora magnifica (d 'Orbigny). Campanian, Norwich, Norfolk; 

autozooids and broken ovicells; x 14. 
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6. B R A C H I O P O D S 

by E L L I S O W E N 

D u r i n g the n ine teen th cen tury the Bri t ish M e s o z o i c b r a c h i o p o d faunas 
w e r e k n o w n chiefly f rom the w o r k s o f J a m e s S o w e r b y ( 1 8 1 5 - 1 8 ) a n d 
later, his son J ames de Carl Sowerby ( 1 8 2 6 - 2 9 ) . Excel lent though their 
desc r ip t ions and i l lus t ra t ions w e r e for the t ime , the w o r k s l acked any 
useful s t ra t igraphical deta i l . Th i s is no t surpr i s ing s ince the sc ience of 
strat igraphy was only jus t becoming establ ished as a result of the p ioneer 
work of Wi l l iam Smith. By the t ime T h o m a s Davidson ( 1 8 5 2 - 5 4 , 1874) 
had produced his excellent monographs of British Brachiopoda , publ ished 
by the Palaeontographica l Society, London , Wi l l iam S m i t h ' s concept of 
British strat igraphical succession had been widely accepted and was thus 
used by Davidson. 

In the vo lumes on Cre taceous Brach iopoda ( 1 8 5 2 - 5 4 , 1874), Davidson 
described m a n y Brit ish endemic species for the first t ime and incorporated 
m o n o g r a p h i c a l s tud ies o f the m o r e ub iqu i t ous spec ies de sc r ibed by 
authors from France (d 'Arch iac 1847; d ' O r b i g n y 1848-51) and G e r m a n y 
(Roemer 1840; Schloenbach 1867), wh ich occur in this country. 

Accoun t s of m o r e diverse species wi th in the L o w e r Cre taceous were 
popular with m a n y authors of the t ime but it was not until several decades 
later that a w o r k o f any s igni f icance w a s p u b l i s h e d on Bri t i sh C h a l k 
brachiopods . Sahni (1929) p roduced a monograph on British Chalk Tere-
bra tu l idae that r ema ined the major w o r k o f reference for several yea r s . 
The Cha lk Rhynchone l l idae were the subject of a m o n o g r a p h by Pettitt 
(1949, 1954); this dealt largely wi th Turonian and Senonian species . 

Since the publ icat ion of the works of Sahni and Pettitt , O w e n (1962 , 
1970, 1977, 1988) has revised Cretaceous genera with representative species 
occurring in the Chalk and, more recent ly, has wri t ten on the systematics , 
ecology and distr ibution of some Cenoman ian genera and species. 

D E S C R I P T I O N S 

For information on te rminology and classification, see Moore (1965) . 

Phy lum B R A C H I O P O D A 

Class I N A R T I C U L A T A 

Superfamily C R A N I A C E A 
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Brachiopods 11 

Fami ly C R A N I I D A E 

Genus A N C I S T R O C R A N I A 

Ancistrocrania parisiensis (Defrance) 
Plate 11 , figure 2 

Description. One of the few inarticulate brachiopods possess ing an entirely 
ca lca reous shel l . A t t a c h m e n t fo rmed b y c e m e n t a t i o n to h a rd sur faces , 
often on the test of echinoids or large mol lusc shells. The pedicle valve, 
which forms the a t t achment , is seen as a sha l low subci rcular concavi ty 
with steep, th ickened shell marg ins . The apical area of the shell has well-
formed adductor musc le scars and faint vascular mark ings . The brachial 
valve is often seen wi th a low, short, m e d i a n septum that separates two 
slender, pos te ro la te ra l ly-d i rec ted brachia l p rocesses . The valve marg ins 
are not th ickened as in the pedicle valve. 
Occurrence . Upper T u r o n i a n - C a m p a n i a n ; Devon , Dorset , Isle of Wight , 
Sussex, Kent , Norfolk, Yorkshi re , and Nor the rn Ireland. 

G e n u s I S O C R A N I A 

Isocrania paucicostata (Bosquet ) 
Plate 11 , figure 1 

Descr ipt ion . A t t ached to ha rd surfaces b y apical r eg ion o f the pedic le 
valve only. Both valves are a lmost circular in outl ine and are conical ; they 
are o rnamented by 1 0 - 1 4 strong costae, wi th some intercalat ions, origin­
ating from the apex of each valve. The musc le scars are well developed in 
each valve. 
O c c u r r e n c e . S a n t o n i a n - C a m p a n i a n ; Wi l t sh i r e , H a m p s h i r e , Ken t , and 
Norfolk. 

Class A R T I C U L A T A 

Family W E L L E R E L L I D A E 

Genus O R B I R H Y N C H I A 

Orbirhynchia mantelliana (J. de C. Sowerby) 
Plate 10, figure 4 

Descr ip t ion . Smal l , b i c o n v e x , b r o a d l y oval r h y n c h o n e l l i d wi th 1 6 - 1 8 
deeply incised, rounded, radiat ing costae on each valve; wi th four on the 
a lmost impercep t ib l e dorsa l fold and three or four in the su lcus of the 
ventral va lve . The anter ior c o m m i s s u r e is unipl icate wi th a ma rked and 
extens ive t rapezo ida l l ingui form ex tens ion . T h e ped ic le u m b o is short , 
with a small c i rcu lar fo ramen and fairly wel l -def ined beak- r idges . The 
deltidial p la tes are conjunct bu t poor ly exposed . In ternal charac ters , as 
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78 Fossils of the Chalk 

seen in t r ansve r se serial s ec t ions , s h o w a t h i c k e n e d shel l a n d shor t , 
slightly converg ing dental lamel lae in the pedic le va lve : the brachial valve 
has no median sep tum but displays the typical falciform crura. 
Occurrence . Middle Cenoman ian , A. rhotomagense Zone ; Devon , Dorset , 
Isle of Wight , Sussex, Kent , Cambr idgesh i re , Norfolk , Lincolnshi re and 
Yorkshire . 

Orbirhynchia wiesti (Quenstedt) 
Plate 10, figure 6 

Descr ipt ion . Shel l evenly b iconvex , subci rcular in genera l out l ine with 
oval anterior and lateral profiles. Ornamen t of 2 5 - 2 8 fine, subangular to 
rounded, radiat ing costae: 7 - 8 on low, a lmost impercept ib le , dorsal fold 
and a corresponding number in a low arcuate anterior sulcus wi th a fairly 
ex tens ive l ingu i fo rm ex t ens ion . G r o w t h l ines are faint bu t the re are 
usual ly t w o or th ree p r o m i n e n t g rowth r ings at abou t one -ha l f to t w o -
th i rds the length of the shel l . T h e u m b o is short , w i th a small c i rcular 
foramen and indistinct beak-r idges . 
O c c u r r e n c e . U p p e r C e n o m a n i a n ; a p p e a r s to be conf ined to the m o r e 
chalky facies of D e v o n and Dorset . 

Orbirhynchia dispansa Pettitt 
Plate 13, figure 7 

Descr ipt ion . Mode ra t e ly b i c o n v e x shel l , subc i rcu la r in genera l out l ine 
with oval anterior and lateral profiles. The u m b o is mass ive , erect, with a 
sharp beak and small , c i rcular to pyr i form foramen. T h e conjunct deltidial 
plates are somet imes th ickened or sl ightly p roduced into a labial exten­
sion. Shell o rnament consists of 18 -22 s trong, rounded costae not deeply 
incised but with shal low intervening sulci. The anterior commissu re is low 
arcuate and occasional ly asymmetr ica l . 
Occurrence . Upper Turonian , S. plana Zone ; southern England. 

E X P L A N A T I O N O F P L A T E 10 

Fig. 1. Cyclothyris dijformis (Valenciennes, in Lamarck). Lower Cenomanian, 
South Devon; x 1. 

Fig. 2. Orbirhynchia parkinsoni Owen. Lower Cenomanian, Cambridge; X 1. 
Fig. 3. Burrirhynchia devoniana Owen. Lower Cenomanian, South Devon; X 1-5. 
Fig. 4. Orbirhynchia mantelliana (J. de C. Sowerby). Middle Cenomanian, Kent; 

x l - 5 . 
Fig. 5. Orbirhynchia multicostata Pettitt. Upper Cenomanian, Sussex; x 1-5. 
Fig. 6. Orbirhynchia wiesti (Quenstedt). Upper Cenomanian, South Devon; X l - 5 . 

a, dorsal view; b, lateral view; c, anterior view. 
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80 Fossils of the Chalk 

Orbirhynchia cuvieri ( d 'Orb igny) 
Plate 11, figure 5 

Descr ip t ion . R e s e m b l i n g O. wiesti i l lus t ra ted he r e (PI. 10, fig. 6) but 
differing from that species in its more circular general outl ine and in shell 
o r n a m e n t , h a v i n g 3 0 - 3 4 s u b a n g u l a r t o r o u n d e d r ad ia t ing cos t ae . Its 
pedicle va lve is also less acute ly convex and slightly flattened anteriorly. 
The l inguiform extension is short and arcuate . 
O c c u r r e n c e . T u r o n i a n ; Sur rey , Ken t , Her t fo rdsh i re , B u c k i n g h a m s h i r e , 
Cambr idgesh i re , Berkshire and poss ib ly Yorkshi re . 

Orbirhynchia multicostata Pettitt 
Plate 10, figure 5 

Descr ip t ion . B r o a d l y oval to s u b p e n t a g o n a l in genera l ou t l ine wi th 
elongate-oval lateral and anterior profiles. U m b o short with small circular 
foramen and indistinct beak-r idges . Shell evenly b iconvex wi th ornament 
o f approximate ly 4 0 fine, rounded costae; 12 on very low median fold and 
11 in broad arcuate sulcus. 
O c c u r r e n c e . U p p e r C e n o m a n i a n , M. geslinianum and N. juddii zones ; 
Sussex, Surrey, Bedfordshire , Buck inghamsh i re and Cambr idgeshi re . 

Orbirhynchia parkinsoni O w e n 
Plate 10, figure 2 

Descr ipt ion . Shel l l a rge , b i c o n v e x , subc i r cu la r in genera l ou t l ine wi th 
e longa t e -ova l lateral and an te r io r profi les . U m b o shor t , m a s s i v e , wi th 
modera te to large circular foramen and well-defined beak-r idges . Deltidial 
plates are conjunct and wel l exposed. Shell o rnamen t consis ts of 16 -20 
s trong, angular , and deeply incised radia t ing cos tae . M e d i a n dorsal fold 
poor ly developed. L o w arcuate anterior commissu re often asymmetr ica l . 
Linguiform extension provides an extensive shal low sulcus in the pedicle 
valve. 
Occurrence. Upper A l b i a n - L o w e r Cenomanian; confined to the Cambridge 
Greensand and uppermos t bed of the Red Rock at Huns tanton , Norfolk. 

Fami ly R H Y N C H O N E L L I D A E 

Subfamily C Y C L O T H Y R I D I N A E 

G e n u s C Y C L O T H Y R I S 

Cyclothyris difformis (Valenciennes , in Lamarck) 
Plate 10, figure 1 
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Brachiopods 81 

Descript ion. Med ium-s i zed Cyclothyris. B iconvex , broadly oval to sub-
triangular in general out l ine. Dorsal fold low, indistinct. Anter ior c o m m i s ­
sure b road ly arcuate wi th we l l -marked unipl icat ion, often asymmet r ica l . 
The mass ive u m b o is slightly incurved and t runcated by a large circular 
fo ramen. Del t id ia l p l a t e s a re con junc t and e x t e n d fo rwards a lmos t 
completely encircl ing the foramen. The beak-r idges are distinct and border 
an extensive interarea. The shell surface is o rnamented by 40^15 rounded 
radiating costae, with nine on the fold and ten or 11 in the sulcus. T w o , 
somet imes three, s tep-l ike g rowth -marks occur at about one-third and two-
thirds of the length of the shell. 

Occurrence . Lower Cenoman ian ; Devon , Dorset , Wil tshire and the Isle of 
Wight; chiefly confined to consol idated l imestone and chalky facies. 

G e n u s B U R R I R H Y N C H I A 

Burrirhynchia devoniana O w e n 
Plate 10, figure 3 

Descr ip t ion . M e d i u m to smal l s u b q u a d r a t e shel l , acu te ly b i c o n v e x in 
out l ine . U m b o shor t , m a s s i v e wi th sha rp , sube rec t beak . O r n a m e n t o f 
approximately 24 rounded but deeply incised costae wi th five or six costae 
on well-defined dorsal fold and an equivalent number in shal low extensive 
ventral su lcus . M e d i a n fold low, su lcus sha l low. An te r io r c o m m i s s u r e 
with h igh a rcua te l ingu i fo rm ex tens ion . C o n c e n t r i c g r o w t h l ines faint, 
becoming more p rominen t marginal ly . 
Occurrence . Lower Cenoman ian , M. mantelli Zone ; south Devon. 

G e n u s C R E T I R H Y N C H I A 

Cretirhynchia plicatilis (J. Sowerby) 
Plate 13, figure 8 

Descript ion. Shell t ransverse ly oval to subpentagonal in general outl ine 
with oval anterior contour; subcircular to oval in lateral profile. Al though 
acutely b i c o n v e x , t he brachia l va lve is m o r e h igh ly deve loped wi th an 
a lmost s e m i c i r c u l a r lateral profi le . T h e u m b o is smal l and the beak 
suberect wi th a small circular foramen. Beak-r idges well marked but not 
sharply defined, border ing a modera te ly broad but not extensive interarea. 
Shell o rnament consists of about 6 5 - 7 0 rounded costae, with about 11 on 
the ind is t inc t b rach ia l fold and ten in the ped ic l e su lcus . T h e an te r io r 
commissure , somet imes flattened, shows a b road shal low sulcus wi th an 
ex tens ive t r apezo ida l l i ngu i fo rm ex tens ion . G r o w t h l ines are m o r e 
prominent towards the shell margins . 
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Brachiopods 83 

E X P L A N A T I O N O F P L A T E 1 1 

Fig. 1. Isocrania paucicostata (Bosquet). Santonian, Sussex: a, dorsal exterior; b, 
internal view of dorsal valve; both x 3 . 

Fig. 2. Ancistrocrania parisiensis (Defiance). Horizon unknown, Kent: a, internal 
view of ventral valve; b, internal view of dorsal valve; x l - 5 . 

Fig. 3. Concinnithyris obesa (J. de C. Sowerby). Upper Cenomanian, Wiltshire; 
X I . 

Fig. 4. Terebratulina striatula (Mantell). Horizon unknown, Sussex; x 1. 
Fig. 5. Orbirhynchia cuvieri (d'Orbigny). Turonian, Hertfordshire; X 1. 
Fig. 6. Arenaciarcula beaumonti (d'Archiac). Lower Cenomanian, South Devon; 

x l - 5 . 
Fig. 7. Kingena elegans Owen. Turonian, Lincolnshire; X 1. 
Figs 3-7: a, dorsal view; b, lateral view; c, anterior view. 

Occurrence. Upper Coniac ian-Upper Santonian; Sussex, Kent and Norfolk; 
common. 

Cretirhynchia arcuata Pettitt 
Plate 13, figure 6 

Descr ip t ion . M e d i u m - s i z e d b i c o n v e x Cretirhynchia, subc i r cu la r to 
subtriangular in outl ine. Anter ior contour oval to lenticular, lateral profile 
e longate-oval . A low m e d i a n fold is deve loped anter ior ly on the dorsal 
valve and a cor responding shal low sulcus is present on the anterior part of 
the vent ra l va lve . T h e u m b o is s l igh t ly p r o d u c e d a n d incurved . Beak-
ridges are well defined and the flat interareas fairly extensive. The deltidial 
plates are well exposed. The shell surface is smooth in the early stages of 
g rowth bu t shor t , r o u n d e d , s u b a n g u l a r cos tae d e v e l o p a l o n g the 
anterolateral commissu re in later stages of growth . 

O c c u r r e n c e . U p p e r C a m p a n i a n , B. mucronata Z o n e ; Nor fo lk a n d 
northern Hampsh i re . 

Superfamily T E R E B R A T U L A C E A 

Fami ly T E R E B R A T U L I D A E 

Subfamily S E L L I T H Y R I D I N A E 

G e n u s O V A T A T H Y R I S 

Ovata thyr is ovata (J. Sowerby) 
Plate 16, figure 4 

Descr ipt ion . M e d i u m - s i z e d e l o n g a t e - o v a l , su l co -ca r ina t e te rebra tu l id . 
U m b o short , mass ive , t runca ted by large, c i rcular foramen. Beak erect; 
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84 Fossils of the Chalk 

beak - r idges c lear ly defined; p e r m e s o t h y r i d . Shel l o r n a m e n t e d by s tep­
like concent r ic g rowth- l ines , m o r e p r o m i n e n t on the anter ior ha l f of the 
shell . Shell surface covered wi th short , a lmos t hai r - l ike sp inules , often 
poor ly p re se rved . Dor sa l va lve w i t h sha l low su lcus that b r o a d e n s and 
deepens anter ior ly . Vent ra l va lve wi th c lear ly defined car ina in umbona l 
area that d i m i n i s h e s an te r io r ly . A n t e r i o r c o m m i s s u r e su lca te to su lco-
car inate . 
Occurrence . Lower Cenoman ian , M. mantelli Zone ; Wil tshire , Dorse t and 
South Devon . 

Ovatathyris potternensis O w e n 
Plate 15, figs 3 ^ 

Descript ion. Like O. ovata (J. Sowerby) but lacking a carina in the ventral 
valve, and in having uniplicate to s trongly bipl icate anterior commissure , 
and numerous we l l -marked concentr ic growth- l ines . 
O c c u r r e n c e . U p p e r A l b i a n - L o w e r C e n o m a n i a n , M. mantelli Z o n e ; 
Wil tshire , Dorse t and the Isle of Wight . 

G e n u s B O U B E I T H Y R I S 

Boubeithyris diploplicata O w e n 
Plate 16, figs 5 - 6 

Description. Medium-s ized elongate-oval to subquadrate , acutely biplicate, 
b iconvex terebratulid. U m b o short, mass ive wi th suberect beak truncated 
by a large circular foramen. Beak-r idges distinct; permeso- thyr id . Interarea 
flat and short; de l thyr ium poor ly exposed. The concentr ic growth- l ines are 
we l l m a r k e d , pa r t i cu la r ly at the shel l m a r g i n s . T h e s t rong ly b ip l ica te 
anterior commissu re is somet imes obscured by gross gerontic th ickening. 
Remarks . The species has been widely misquoted as Terebratula biplicata 
Sowerby. 
Occurrence . Lower Cenomanian ; South Devon , Dorset , Wil tshire , Isle of 
Wight and Sussex. 

E X P L A N A T I O N O F P L A T E 12 

Fig. 1. Concinnithyris subundata (J. Sowerby). Cenomanian, Wiltshire; X l - 5 . 
Fig. 2. Gibbithyris semiglobosa (J. Sowerby). Turonian, Sussex; X 1. 
Fig. 3. Gibbithyris media Sahni. Turonian, Wiltshire; x 1. 
Fig. 4. Gemmarcula canaliculata (Roemer). Lower Cenomanian, South Devon: a, 

dorsal view; b, anterior view; X 1. 
Figs 1-3: a, dorsal view; b, lateral view; c, anterior view. 
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86 Fossils of the Chalk 

Subfamily R E C T I T H Y R I D I N A E 

Genus R E C T I T H Y R I S 

Rectithyris wrightorum O w e n 
Plate 14, figure 3 

Descr ip t ion . L a r g e ova l , even ly b i c o n v e x , r ec t imarg ina t e te rebra tu l id . 
U m b o short and erect; t runcated by large circular foramen. Fairly distinct 
meso thyr id beak- r idges border ing a short, flat interarea. De l thyr ium not 
exposed. Lateral profile e longate-oval . Anter io r commissu re elliptical in 
outl ine. Shell surface smooth with numerous faint concentr ic growth-l ines . 
Occurrence . Lower Cenoman ian , M. mantelli Zone ; Devon , rare. 

G e n u s T R O P E O T H Y R I S 

Tropeothyris vectis O w e n 
Plate 14, figure 2 

Descr ip t ion . Shel l e l o n g a t e - o v a l to s u b p e n t a g o n a l in gene ra l ou t l ine . 
Lateral profile oval; lateral commissure obl ique. Anter ior commissure oval 
in out l ine , b ip l ica te . U m b o short , b e a k suberec t and t runca ted by large 
circular foramen. Beak- r idges rounded ; meso thyr id . M a x i m u m wid th of 
shell occurs jus t anterior to mid- l ine . 
Occurrence . Lower Cenoman ian , N. carcitanense Zone ; Sussex, Isle of 
Wight and Kent . 

G e n u s M O U T O N I T H Y R I S 

Moutonithyris dutempleana ( d 'Orb igny ) 
Plate 14, figure 1 

D e s c r i p t i o n . L a r g e ova l to e l o n g a t e - p e n t a g o n a l b ip l i ca te t e rebra tu l id . 
U m b o erect and mass ive . F o r a m e n circular , marg ina te to labiate. Beak-
ridges distinct, permesothyr id . Al though b iconvex , the dorsal valve of the 
shell is less acu te ly c o n v e x than the vent ra l va lve and often exhib i t s a 
flattened umbona l area. The anterior commissu re is incipient to strongly 
bipl icate , some spec imens hav ing only a very sl ight m e d i a n dorsal sul­
ca tum within a well-defined unipl icat ion. 
Occurrence . Upper A l b i a n - L o w e r C e n o m a n i a n ; Kent , Cambr idgesh i re , 
Norfolk and Yorkshi re . 

Moutonithyris obtusa (J. Sowerby) 
Plate 15, figure 1 

Descript ion. Med ium-s i zed subquadra te , unipl icate , ob tuse terebratul id. 
U m b o short, suberect and mass ive , t runcated by a large circular foramen 
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Brachiopods 87 

with we l l -deve loped pedic le collar. Beak- r idges dist inct , permesothyr id . 
Anterior commissu re oval in genera l out l ine; showing wide unipl icat ion 
and n u m e r o u s m a r g i n a l g r o w t h - l i n e s w h i c h t end to t h i cken the shell 
marg in in ge ron t i c s p e c i m e n s . Shel l surface o r n a m e n t e d by n u m e r o u s 
concentric growth- l ines . 
R e m a r k s . Th i s spec ie s has p r e v i o u s l y b e e n a s s i g n e d to the g e n u s 
Ornatothyris because of the dens i ty of concent r ic g rowth- l ines on both 
valves and the un ip l i ca t e an te r io r marg in . T r a n s v e r s e ser ial sec t ions , 
however, confirm that the species be longs to the genus Moutonithyris. 
Occurrence . Lower Cenoman ian ; confined to the Cambr idge Greensand 
and the top bed of the Red Rock of Huns tan ton , Norfolk. 

Subfamily G I B B I T H Y R I D I N A E 

G e n u s G I B B I T H Y R I S 

Gibbithyris semiglobosa (J. Sowerby) 
Plate 12, figure 2 

Descr ipt ion . M e d i u m - s i z e d subc i rcu la r to ova l , even ly b i c o n v e x tere-
bratulid. U m b o short and sl ightly incurved; foramen small and circular. 
Beak - r idges fairly wel l -def ined ; p e r m e s o t h y r i d . A n t e r i o r c o m m i s s u r e 
biplicate; oval to subcircular in profile. Lateral profile dist inctly oval . 
Occurrence . Turonian; Wil tshire , Sussex, Surrey, Kent , Hertfordshire and 
Cambridgeshire . 

Gibbithyris media Sahni 
Plate 12, figure 3 

Descr ip t ion . C o n s i d e r a b l y l a rge r than G. semiglobosa w i t h a m o r e 
massive u m b o and larger foramen. The general outl ine is more pentagonal 
than in e i ther G. semiglobosa or G. merensis, wi th w h i c h it has b e e n 
compared, and the anterior part of the shell shows a somewha t earlier and 
stronger deve lopment of the characterist ic bipl icat ion. The lateral profile 
shows a lmost equal b iconvexi ty . 
Occurrence . Turonian; Wil tshire and Kent . 

Gibbithyris merensis Sahni 
Plate 13, figure 1 

Description. Medium-s ized , oval , acutely b iconvex , biplicate Gibbithyris. 
U m b o mass ive ; beak slightly incurved; foramen small and circular. Beak-
r idges ind is t inc t ; ep i thyr id . S y m p h y t i u m c o m p l e t e l y o b s c u r e d by the 
incurva tu re of the beak . An te r io r c o m m i s s u r e s t rong ly b ip l i ca te , sub-
circular in profile. Lateral profile broadly oval . 
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Brachiopods 89 

Occurrence . U p p e r Turonian , S. plana Zone , to Uppe r C o n i a c i a n - L o w e r 
Santonian, M. cortestudinarium Zone ; Wil tshi re , Surrey and Kent . 

Genus CONCINNITHYRIS 

Concinnithyris subundata (J. Sowerby) 
Plate 12, figure 1 

Descript ion. Large , uni formly oval terebratul id, a lmost evenly b iconvex, 
uniplicate. Lateral profile e longate-oval , anter ior profile oval . U m b o short, 
massive, suberect . Foramen large and circular. Symphy t ium not exposed. 
B e a k - r i d g e s ind is t inc t ; p e r m e s o t h y r i d . C o n c e n t r i c g r o w t h - l i n e s m o r e 
prominent marginal ly . 
Occurrence . Cenoman ian ; Wil tshire , Dorset , Sussex and Kent ; probably 
also Cambr idgesh i re and Yorkshi re . 

Concinnithyris obesa (J. de C. Sowerby) 
Plate 11 , figure 3 

Description. Large , acutely b iconvex, e longate-oval , biplicate terebratulid. 
U m b o short, mass ive and suberect . Fo ramen large and circular. Symphy­
tium poor ly exposed . Beak- r idges smooth and indist inct; permesothyr id . 
M o r p h o l o g i c a l va r ia t ion i nc ludes less acu te ly d e v e l o p e d an te r io r 
bipl icat ion, labiate fo ramen and m o r e cons t r ic ted anter ior part of shell . 
The lateral profile is oval and the anter ior profile is dist inctly subcircular at 
all s tages of growth. 
Occurrence . Midd le and U p p e r C e n o m a n i a n ; Wil t sh i re , Dorset , Sussex 
and the Isle of Wight . 

E X P L A N A T I O N O F P L A T E 13 

Fig. 1. Gibbithyris merensis Sahni. Upper Turonian, Wiltshire; X 1. 
Fig. 2. Magas pumilus J. Sowerby. Horizon unknown, Hampshire: a, dorsal view; 

b, anterior view; X4. 
Fig. 3. Terebratulina lata (R. Etheridge). Turonian, T. lata Zone, South Devon; 

X4. 
Fig. 4. Carneithyris carnea (J. Sowerby). Campanian, Norfolk; x 1. 
Fig. 5. Capillithyris squamosa (Mantell). Lower Cenomanian, Kent; x 2 . 
Fig. 6. Cretirhynchia arcuata Pettitt. Campanian, Norfolk; X 1-5. 
Fig. 7. Orbirhynchia dispansa Pettitt. Upper Turonian, Surrey; X 1-5. 
Fig. 8. Cretirhynchia plicatilis (J. Sowerby). Coniacian-Santonian, Wiltshire; x 1. 
Figs 1, 5-8: a, dorsal view; b, lateral view; c, anterior view. 
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90 Fossils of the Chalk 

G e n u s O R N A T O T H Y R I S 

Ornatothyris sulcifera (Morris) 
Plate 15, figure 2 

D e s c r i p t i o n . Sma l l - to m e d i u m - s i z e d , p l a n o - c o n v e x to b i c o n v e x tere­
bratulid. U m b o short and mass ive wi th large, circular to labiate foramen. 
S y m p h y t i u m poor ly exposed . Beak- r idges rounded ; pe rmeso thyr id . The 
an ter ior c o m m i s s u r e is d is t inc t ly un ip l i ca t e wi th a subc i rcu la r genera l 
profi le . Shel l o r n a m e n t cons i s t s o f n u m e r o u s concen t r i c g r o w t h - l i n e s 
occurr ing as a raised pat tern o f rugae . Lateral profile evenly b iconvex . 
O c c u r r e n c e . U p p e r C e n o m a n i a n ; c o m p a r a t i v e l y c o m m o n at Fu lbourn , 
Cambr idge but m a y also occur as a var iant at South Cave , Humbers ide , 
and in Lincolnshire . 

Subfamily C A R N E I T H Y R I D I N A E 

G e n u s C A R N E I T H Y R I S 

Carneithyris carnea (J. Sowerby) 
Plate 13, figure 4 

D e s c r i p t i o n . M e d i u m - s i z e d ova l to subc i rcu la r , e v e n l y b i c o n v e x 
terebratul id . U m b o short and mass ive ; b e a k s l ight ly incurved; foramen 
small and c i rcular . S y m p h y t i u m poor ly exposed . Beak - r idges rounded ; 
m e s o t h y r i d . La te ra l profi le e l o n g a t e - o v a l ; an te r io r c o m m i s s u r e rec t i -
margina te , ell iptical in general profile. 
Occurrence . Upper Campan ian , B. mucronata Zone ; Norfolk. 

Subfamily C A P I L L I T H Y R I D I N A E 

Genus C A P I L L I T H Y R I S 

Capillithyris squamosa (Mante l l ) 
Plate 13, figure 5 

Description. Small terebratulid, broadly oval to subpentagonal in general 
outl ine. U m b o short, slightly p roduced and suberect . Fo ramen large and 

E X P L A N A T I O N O F P L A T E 14 

Fig. 1. Moutonithyris dutempleana (d'Orbigny). Lower Cenomanian, Cambridge; 
X l . 

Fig. 2. Tropeothyris vectis Owen. Lower Cenomanian, Isle of Wight; x 1-5. 
Fig. 3. Rectithyris wrightorum Owen. Lower Cenomanian, South Devon; x 1. 
Fig. 4. Terebratulina etheridgei Owen. Cenomanian, Cambridgeshire; X 1. 

a, dorsal view; b, lateral view; c, anterior view. 
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92 Fossils of the Chalk 

circular . B e a k - r i d g e s d is t inc t ; p e r m e s o t h y r i d . La te ra l profi le e v e n l y 
b i convex . An te r io r c o m m i s s u r e r ec t imarg ina te to su lca te . O r n a m e n t of 
numerous well-defined concentr ic growth- l ines that tend to b e c o m e more 
s tep-l ike t o w a r d s anter ior . Th i s o r n a m e n t is s o m e t i m e s c rossed by fine 
longitudinal striae, radiat ing from the umbona l areas. 
O c c u r r e n c e . L o w e r - M i d d l e C e n o m a n i a n ; conf ined to the m o r e m a r l y 
chalks of southern and south-eastern England. 

Fami ly C A N C E L L O T H Y R I D I D A E 

Subfamily C A N C E L L O T H Y R I D I N A E 

G e n u s T E R E B R A T U L I N A 

Terebratulina etheridgei O w e n 
Plate 14, figure 4 

Descript ion. Subt r iangular in genera l out l ine . U m b o sl ightly p roduced ; 
foramen compara t ive ly large and circular. Beak-r idges distinct, border ing 
a flat, t r i angu la r in te ra rea . S y m p h y t i u m wel l e x p o s e d . La te ra l profi le 
p l ano-convex to w e a k l y b iconvex . Ante r io r c o m m i s s u r e rec t imargina te . 
Shel l o r n a m e n t cons i s t i ng of 3 0 - 3 5 r o u n d e d cos te l l ae wi th f requent 
bifurcation and margina l intercalat ion. 
Remarks . This species has previous ly been referred to as Terebratulina 
triangularis Etheridge. 
O c c u r r e n c e . U p p e r A l b i a n - L o w e r C e n o m a n i a n ; confined to the C a m ­
bridge Greensand of the Cambr idge district. 

Terebratulina striatula (Mantel l ) 
Plate 11, figure 4 

Descr ipt ion . M e d i u m - s i z e d te rebra tu l in id that is e longa te -ova l to pent ­
agonal in genera l out l ine. U m b o p roduced , foramen small , s y m p h y t i u m 
p o o r l y e x p o s e d . B e a k - r i d g e s r o u n d e d or s m o o t h , m e s o t h y r i d . La te ra l 
profile b i c o n v e x . A n t e r i o r c o m m i s s u r e inc ip ien t ly un ip l i ca t e bu t w i th 
shal low sulcus or iginat ing from a point jus t anterior to the ventral u m b o 
which broadens anteriorly. Shell o rnamented by n u m e r o u s fine, rounded 
cos te l lae a n d c ro s sed by 8 - 1 0 c o n c e n t r i c g r o w t h - l i n e s tha t a re m o r e 
apparent at the anterior margina l areas. 
O c c u r r e n c e . T u r o n i a n - C a m p a n i a n ; m o s t loca l i t i e s in sou th -eas t a n d 
sou th -wes t E n g l a n d a n d Her t fo rdsh i r e , C a m b r i d g e s h i r e , N o r f o l k a n d 
Yorkshire . 

Terebratulina lata (R. Ether idge) 
Plate 13, figure 3 
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Brachiopods 93 

Descr ip t ion . P l a n o - c o n v e x to b i c o n v e x te rebra tu l in id . Smal l and sub-
ci rcular in gene ra l ou t l ine . U m b o shor t a n d fo ramen smal l . H inge - l i ne 
slightly extended to form a broadly based t r iangular interarea. Beak-r idges 
are dis t inct and meso thyr id . Ante r io r c o m m i s s u r e rec t imarg ina te . Shell 
ornament consists of approximate ly 4 5 - 5 0 smooth , rounded costel lae with 
f requent in te rca la t ions and b i fu rca t ions . C o n c e n t r i c g r o w t h - l i n e s we l l 
defined, typical ly number ing four or five. 
Occurrence . Turonian , T. lata Zone ; chiefly in southern England but also 
occurs in Hert fordshire , Cambr idgesh i re , Berkshi re and Norfolk; it m a y 
not be the same species as T. lata from Lincolnshire and Yorkshire . 

Superfamily T E R E B R A T E L L A C E A 

Fami ly K I N G E N I D A E 

Subfamily K I N G E N L N A E 

G e n u s K I N G E N A 

Kingena elegans O w e n 
Plate 11, figure 7 

D e s c r i p t i o n . A smal l , n e a t - l o o k i n g , e l o n g a t e - p e n t a g o n a l , b i c o n v e x 
kingenid. U m b o suberect , s l ightly p roduced , s y m p h y t i u m well exposed. 
Foramen large and subcircular . Beak-r idges wel l defined, permesothyr id . 
Anter ior commissu re sulcate. A flattened area, cor responding to the sulcus 
in the brachial or dorsal va lve , is bordered by faint radiat ing carinae on the 
anterior margin of the ventral va lve . 
Occurrence . Turonian , T. lata and S. plana zones ; Hertfordshire , Norfolk, 
Lincolnshire and Yorkshi re . 

Fami ly D A L L I N I D A E 

Subfamily G E M M A R C U L I N A E 

Genus G E M M A R C U L A 

Gemmarcula canaliculata (Roemer) 
Plate 12, figure 4 

D e s c r i p t i o n . S m a l l , b i c o n v e x , sub t r i angu la r da l l in id . U m b o m a s s i v e ; 
t runcated by large c i rcular fo ramen; suberect . Delt idial p la tes conjunct . 
Hinge- l ine extended, forming a fairly extensive tr iangular , flat interarea. 
Bo th va lve s are o r n a m e n t e d by a p p r o x i m a t e l y 16 s t rong , r o u n d e d , 
radiat ing costae. These are crossed by seven or eight well-defined growth-
lines which b e c o m e m o r e evident towards the shel l -margins . T h e anter ior 
c o m m i s s u r e is pa r a su l ca t e , a d e e p an te r io r su lcus in the ven t ra l va lve 
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Brachiopods 95 

corresponding wi th a ma rked or wel l -deve loped med ian fold in the dorsal 
va lve . A m o r e ex t ens ive h inge - l i ne , m o r e c i rcu la r gene ra l out l ine and 
more clearly defined costae can be found as intraspecific variat ion. 
Occurrence . Ear ly Cenoman ian , M. mantelli Zone ; Devon . 

Subfamily M A G A D I N A E 

G e n u s M A G A S 

Magas pumilus J. Sowerby 
Plate 13, figure 2 

Descr ip t ion . Sma l l , s m o o t h , p l a n o - c o n v e x to b i c o n v e x te rebra te l l id . 
Subcircular in genera l out l ine . U m b o sl ight ly p roduced , b e a k incurved, 
beak- r idges dis t inct , ep i thyr id . H inge - l i ne s l ight ly ex tended , forming a 
flat, nar row, t r iangular interarea. Deltidial plates are jus t visible. Anter ior 
c o m m i s s u r e inc ip ien t ly su lca te . C o n c e n t r i c g r o w t h - l i n e s often m o r e 
prominent marginal ly . 

O c c u r r e n c e . C a m p a n i a n - M a a s t r i c h t i a n ; Wi l t sh i r e , H a m p s h i r e , Isle of 
Wight, Dorset , Kent , Sussex and Norfolk. 

Subfamily incertae sedis 

G e n u s A R E N A C I A R C U L A 

Arenaciarcula beaumonti (d 'Arch iac ) 
Plate 11, figure 6 

Description. Elongate-oval , evenly b iconvex , costate terebratell id. U m b o 
p roduced , sube rec t ; fo ramen smal l and c i rcu lar . B e a k - r i d g e s are wel l 
defined, p e r m e s o t h y r i d a n d b o r d e r a shor t , flat, t r i angu la r in te rarea . 
Tr iangular delt idial p la tes are wel l exposed . The umbona l region of the 
b rach ia l or dorsa l va lve is cha rac te r i s t i ca l ly inflated. Shel l o r n a m e n t 
consists of 15 -18 rounded but wel l - incised radiat ing costae, wh ich se ldom 
bifurcate. T h e an ter ior c o m m i s s u r e is r ec t imarg ina te and subci rcular to 
oval in outl ine. 
Occurrence . L o w e r Cenomanian ; Devon and Wil tshire . 

EXPLANATION OF PLATE 1 5 

Fig. 1. Moutonithyris obtusa (J. Sowerby). Lower Cenomanian, Cambridgeshire; 
X l - 5 . 

Fig. 2. Ornatothyris sulcifera (Morris). Upper Cenomanian, Cambridgeshire; x 1. 
Figs 3-4. Ovatathyris potternensis Owen. Lower Cenomanian, Potterne, Wiltshire; 

x l - 5 . 
a, dorsal view; b, lateral view; c, anterior view. 
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Brachiopods 97 

Family T E R E B R A T E L L I D A E 

Subfamily T R I G O N O S E M I N A E 

G e n u s T E R E B R I R O S T R A 

Terebrirostra lyra (J. Sowerby) 
Plate 16, figure 1 

Description. Large , e longate-subpentagonal , b iconvex terebratellid. U m b o 
extremely produced , forming an erect, subtr iangular ros t rum. The foramen 
is large and subcircular in outl ine. Conjunct deltidial plates are very well 
exposed. Shell o r n a m e n t cons is t s of app rox ima te ly 24 s t rong, rounded , 
radiating costae or iginat ing from the u m b o n e s and frequently bifurcating. 
Concent r ic g rowth- l ines are p r o m i n e n t or s tep-l ike and vary in n u m b e r 
from four to s ix. T h e an te r io r c o m m i s s u r e is r e c t i m a r g i n a t e a n d sub-
quadrate in outl ine. Marginal th ickening of the shell is c o m m o n in older 
individuals. 
Occurrence . Lower Cenomanian ; Devon , Wiltshire and Dorset . 

Genus D E R E T A 

Dereta pectita (J. Sowerby) 
Plate 16, figure 2 

Descr ipt ion . M e d i u m - s i z e d , b i convex , cos ta te terebratel l id . Subci rcu lar 
in genera l ou t l ine . U m b o shor t , m a s s i v e , suberec t . F o r a m e n large and 
circular. Beak - r idges p e r m e s o t h y r i d , defining a b road , t r iangular inter­
area. The delt idial p la tes are conjunct and wel l exposed . The h inge- l ine 
is s l igh t ly e x t e n d e d . T h e shel l o r n a m e n t c o n s i s t s o f 4 5 - 4 8 r o u n d e d 
cos tae , c r o s s e d b y 5 - 7 c o n c e n t r i c g r o w t h - l i n e s , w h i c h b e c o m e m o r e 
p rominen t t o w a r d s the an te r io r sec t ion o f the shell . T h e lateral profile 
shows the even b i convex i ty o f the shel l , bu t some ind iv idua l s s h o w a 
grea te r in f l a t ion o f the do r sa l u m b o . T h e an t e r i o r c o m m i s s u r e is 
rec t imarginate . 
Occurrence . L o w e r Cenomanian ; Wil tshire , Isle of Wight and Dorset . 

E X P L A N A T I O N O F P L A T E 1 6 

Fig. 1. Terebrirostra lyra (J. Sowerby). Lower Cenomanian, Wiltshire; X l - 5 . 
Fig. 2. Dereta pectita (J. Sowerby). Lower Cenomanian, Dorset; x 1. 
Fig. 3. Dereta incerta (Davidson). Lower Cenomanian, Somerset; x 3 . 
Fig. 4. Ovatathyris ovata (J. Sowerby). Lower Cenomanian, Dorset; x 1-5. 
Figs 5-6. Boubeithyris diploplicata Owen. Lower Cenomanian, Wiltshire; x 1-5. 

a, dorsal view; b, lateral view; c, anterior view. 
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98 Fossils of the Chalk 

Dereta incerta (Davidson) 
Plate 16, figure 3 

Description. Small , a lmost circular, evenly b iconvex Dereta. The u m b o is 
s l ight ly p r o d u c e d and sube rec t w i th a smal l , c i r cu la r fo ramen . T h e 
permesofhyrid beak- r idges are sharp , c lear ly defining the compara t ive ly 
b road , t r i angu la r in te ra rea and e x p o s e d con junc t de l t id ia l p l a t e s . T h e 
h inge- l ine is s l ight ly ex tended , as in D. pectita, and the u m b o n e s very 
s l ight ly inflated. Shel l o r n a m e n t cons i s t s o f 2 0 - 2 8 r o u n d e d , r ad ia t ing 
costae g iven to f requent b i furcat ion. Concen t r i c g rowth- l ines are faint, 
except for one or t w o wel l d e v e l o p e d at about two- th i rds o f the shel l -
length. 

Occurrence. Lower Cenomanian ; Somerset . h
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7. I N T R O D U C T I O N TO M O L L U S C S 
A N D B I V A L V E S 

by R. J . C L E E V E L Y and N . J. M O R R I S 

The fossil M o l l u s c a in C h a l k faunas h a v e a t t rac ted in teres t from the 
earl iest d a y s o f p a l a e o n t o l o g y a n d h a v e been desc r ibed b y a long 
succession of authors ex tending from the early works of Mantel l and the 
Sowerbys to the more detai led accounts of the present-day. M a n y of the 
commoner Chalk fossils were first i l lustrated and descr ibed in the earlier 
classical l i terature deal ing with British and European Cretaceous faunas, 
e.g. J a m e s and J. de Car le S o w e r b y ( 1 8 1 2 - 4 6 ) , Mante l l (1822) for the 
former and Geini tz (1849-50 , 1875), Goldfuss ( 1 8 3 3 - 4 4 ) and d 'Orb igny 
(1844—47) for the cont inent . In recent t imes the relevant publ icat ions of 
the Geo log ica l S u r v e y h a v e p r o v i d e d o the r l imi ted i l lus t ra t ions of the 
fauna (e.g. W o r s s a m and Taylor 1969). 

Unfo r tuna te ly , the in fo rma t ion a s soc i a t ed wi th m a n y o f the be t te r 
preserved, or un ique , spec imens n e e d e d to i l lustrate this field guide , is 
inadequate. Consequent ly , a l though this has been corrected in some cases, 
a m o r e accu ra t e u n d e r s t a n d i n g o f the s t ra t ig raph ica l o c c u r r e n c e and 
geograph ica l d i s t r ibu t ion o f C h a l k M o l l u s c a can on ly be ob t a ined by 
referring to the detai led studies of part icular hor izons m a d e by specialists. 
The mos t important of these, g iv ing faunal lists and stratigraphic sections, 
are Car te r and Har t ( 1 9 7 7 ) , K e n n e d y ( 1 9 6 9 , 1970) and W r i g h t and 
Kennedy (1984) for C e n o m a n i a n localit ies; B romley and Gale (1982) for 
the Uppe r Turonian Cha lk Rock; K e n n e d y and Garr ison (19756) , Peake 
and Hancock (1961) , Bai ley et al. ( 1983 , 1984), Mor t imore (1986) , and 
Robinson (1986) for Con iac ian-Maas t r i ch t i an chalks . 

T h e p r e s e r v a t i o n o f the M o l l u s c a is g o v e r n e d b y the na tu re of the 
calcium carbonate forming their hard parts . Aragoni te is a componen t of 
many mol luscan shel ls , bu t u n d e r no rma l cond i t ions o f depos i t ion it is 
me ta s t ab l e and t ends to rever t to ca lc i te ( see In t roduc t i on ) . K e n n e d y 
(1969) and Carter (1972) have summar ized the pr incipal w a y s in which 
the remains of aragoni te fossils have been preserved. There are three broad 
categories of preservat ion. 

1. N o r m a l p rese rva t ion , in w h i c h the or ig ina l a r agon i t e shell is e i ther 
replaced by chalky calci te, or the shell outl ine is marked by a thin film 
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100 Fossils of the Chalk 

of marcas i te or pyr i tes , and is usual ly oxidized to l imoni te ; such pre ­
servation is near ly a lways associated wi th ha rdground hor izons . 

2. Pebb le p re se rva t ion , r e su l t ing f rom ro l l ing , p h o s p h a t i s a t i o n and /o r 
glauconitisation, with pa tches of altered shell somet imes be ing retained. 
Often the fossil is part ly obscured by adherent phospha t i sed sediment . 

3. Oys te r - cas t p re se rva t ion , w h e r e ex te rna l m o u l d s of the shel l s o f 
gas t ropods , ammoni t e s and b iva lves occur on the a t tachment areas of 
c emen ted or encrus t ing o r g a n i s m s , e.g. par t icu la r ly Pycnodonte and 
Exogyra; o the r i nd ica t ions m a y a lso be g i v e n b y the x e n o m o r p h i c 
sculpture o f these cemen ted bivalves . 

It must also be r emembered that apart from the exigencies of preservat ion, 
and the nature o f Cha lk sedimenta t ion and deposi t ion, mol luscan faunas 
are also natural ly ex t remely var iable . M a n y of the bivalve and gas t ropod 
species of the Brit ish Cre taceous are only found in the more diverse and 
inshore faunas o f sou th-wes t Eng land . W e h a v e occas iona l ly used such 
fossils to illustrate certain taxa, bu t have adhered to a relat ively strict use 
of the t e r m ' C h a l k fo s s i l s ' . T h e L a t e C r e t a c e o u s w a s a t i m e of 
cons iderab le d ive r s i ty in m a n y m o l l u s c a n fami l ies . In p a r t i c u l a r the 
Arcoidea developed epifaunal and infaunal g roups , but diversi ty was on ly 
high a m o n g in sho re faunas a n d r e m a i n e d low in offshore faunas . 
Consequently, taxa be long ing to this superfamily are hardly dealt wi th in 
this gu ide , b e c a u s e e x a m p l e s from the C h a l k are scarce and not w o r t h 
illustrating. It is for this reason that m e m b e r s of m a n y other inshore, or 
infaunal fami l i es , such as the N u c u l o i d e a a n d T r i g o n i o i d e a , are not 
described in this sect ion, a l though they are c o m m o n l y found at locali t ies 
in south-west Eng land in which the sandier facies of the Cre taceous are 
exposed. 

B I V A L V E S 

For a general descr ipt ion o f the morpholog ica l features o f b ivalves and an 
accoun t of the i r c lass i f icat ion, see t he a p p r o p r i a t e sec t ions in M o o r e 
(1969) and Murray (1985) ; for another glossary of conchology , see Arnold 
(1965) ; a n d for fur ther i l lus t r a t ions , see C o x ( 1 9 6 2 ) . H e n r y W o o d s 
( 1 8 9 9 - 1 9 1 3 ) p r o v i d e d i l lus t ra t ions and desc r ip t i ons of m o s t spec ie s 
occurr ing in the Br i t i sh C h a l k in his m o n o g r a p h of Br i t i sh C r e t a c e o u s 
' L a m e l l i b r a n c h i a ' ; for r ev i s ions o f m a n y g e n e r a b e l o n g i n g to the 
Pectinacea, see under Dhond t in the references. Carter (1972) a t tempted a 
functional analysis of several of the c o m m o n bivalve member s of the Chalk 
fauna, whi le the b road approach o f Stanley (1970) on the relat ionship o f 
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Introduction to molluscs and bivalves 101 

shell form and life habi ts provides more general information. Savazzi has 
also publ ished a number of papers on the functional shell morpho logy of 
burrowing bivalves . 

Dhondt (1989) emphas ized that there is a part icularly marked difference 
in the faunas from ' n o r t h e r n ' ( = T e m p e r a t e ) r e g i o n s a n d those from 
Tethys, seen in the families Pect inidae, L imidae , Ost reoidea and inocer-
amids. Severa l genera and endemic species be long ing to these famil ies 
appear to have thr ived in the whi te chalks of Coniac ian-Maas t r i ch t i an age. 

D E S C R I P T I O N S 

Order A R C O I D A 

Superfamily A R C O I D E A 

Fami ly A R C I D A E 

Subfamily A R C L N A E 

Genus E O N A V I C U L A 

lEonavicula sp. 
Plate 17, figures 1 1 - 1 2 

Descript ion. Subt rapezoida l to rec tangular inaequilateral shell. Anter ior 
margin rounded and shorter than s loping pos ter ior marg in ; byssa l s inus 
present; ventral margin not parallel to dorsal margin . Taxodont hinge with 
both anterior and poster ior teeth s loping to a point wel l be low the umbo ; 
posterior series larger. O r n a m e n t of radial r ibs and growth rugae which 
form a reticulate ne twork; r ibs crossed by fine g rowth l ines; s t rong carina 
from u m b o to postero-ventral marg in . A relat ively wide denticulate inner 
shell margin . 
R e m a r k s . U s u a l l y p r e s e r v e d as in terna l and ex te rna l m o u l d s . Area 
strehlensis Geini tz (Turonian) is more rectangular in shape, and has more 
regular den t i t ion ; Barbatia geinitzi R e u s s (Turon ian ) is a smal ler , less 
elongate shell wi th m u c h finer radial o rnament . 
O c c u r r e n c e . T u r o n i a n , S. plana Z o n e ; sou th-eas t E n g l a n d , Be rksh i r e , 
Hampshire , Surrey and Kent . 

Order M Y T I L O I D A 

Superfamily P I N N O I D E A 

Fami ly P I N N I D A E 

G e n u s P I N N A 

Pinna decussata Goldfuss 
Plate 17, figure 3 
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102 Fossils of the Chalk 

Descr ipt ion . Modera te ly e longate t r iangular shell; lateral ly compres sed 
wi th a r h o m b i c t o l en t icu la r c ro s s - sec t i on d e p e n d e n t on age . Dor sa l 
marg in s t ra ight , ven t ra l m a r g i n s l igh t ly c u r v e d . E a c h va lve d iv ided 
equally into a dorsal flattened part, with 7 - 9 strong, rounded ribs separated 
by broad shal low areas, l inear r idges crossing bo th ribs and interspaces at 
regular intervals; and a ventral par t ( 5 - 7 uniform ribs) wh ich has several 
stronger r idges or folds at its mos t ventral margin . 
R e m a r k s . L e s s e longa te than P. cretacea ( S c h l o t h e i m ) a n d its ven t ra l 
r idges are m o r e cu rved ; h a s a l a rge r ap ica l ang l e t h a n P. robinaldina 
d 'Orb igny (Apt ian) in which the ventral ribs gradual ly decrease in size. 
Most spec imens from the Cha lk are poor ly preserved; those from Norfolk 
(Upper Campanian) have rather b roader and m o r e rounded r ibs. 
Occurrence. Lower Cenoman ian , M. mantelli Zone , to Uppe r Campanian , 
B. mucronata Zone ; Hampsh i re , Norfolk and south-east England. 

Genus S T E G O C O N C H A 

Stegoconcha sp . 
Plate 17, figure 1 

E X P L A N A T I O N O F P L A T E 1 7 

Fig. 1. Stegoconcha sp. Cenomanian, Dover, Kent; c. X0-35. 
Fig. 2. Myoconcha cretacea d'Orbigny. Cenomanian, Maiden Newton, Wiltshire; 

XL 
Fig. 3. Pinna decussata Goldfuss. Cenomanian, Wilmington, Devon; xO-5. 
Fig. 4. 'Septifer' lineatus J. de C. Sowerby. Campanian, G. quadrata Zone, East 

Harnham, near Salisbury, Wiltshire; x 1-5. 
Fig. 5. Ctenoides divaricata (Dujardin). Senonian, Houghton Pit, Arundel, Sussex; 

left valve; xO-75. 
Fig. 6. Ctenoides rapa (d'Orbigny). Upper Albian, Chardstock, Devon; left valve; 

xO-75. 
Fig. 7. 'Unicardiurrf ringmeriense (Mantell). Lower Cenomanian, Ringmer, 

Sussex; left valve; c. xO-5. 
Figs 8-9. 'Beguina' turoniensis (Woods). 8, Turonian, S. plana Zone, Aston Hill, 

Oxfordshire; right valve; x 4 . 9, Lower Cenomanian, S. varians Zone, Spring 
Barn, near Lewes, Sussex; right valve; x 1-5. 

Fig. 10. ILudbrookia cottaldina (d 'Orbigny). Lower Cenomanian, Peter 's Pit, 
Burham, Kent; left valve; x 2 . 

Figs 11-12. lEonavicula sp. Turonian, S. plana Zone, Sparsholt, Hampshire. 11, 
fragment of internal mould of left valve showing part of hinge; X2-5. 12, cast 
of external mould of left valve showing ornament; X3. 

Fig. 13. Jouannetia rotundata (J. de C. Sowerby). Turonian, ?Kent; latex cast from 
external mould of adult left valve showing anterior part of composite shell; c. 
X2. 

Fig. 14. Durania mortoni (Mantell). Cenomanian, Folkestone, Kent; fragment of 
attached valve showing siphonal bands/pillars and honeycomb structure; xO-5. 
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104 Fossils of the Chalk 

Description. Large , equivalve , ham-shaped , modera te ly thick shell. Most 
inflated along rounded r idge running from u m b o to postero-ventra l corner. 
Height ju s t exceeds length; anter ior smal ler than pos ter ior part of shell. 
Beak at an te r io r end of s t ra ight h i n g e marg in , w h i c h is p r o d u c e d and 
pointed anter ior ly ; an ter ior m a r g i n r o u n d e d . Pos te r io r w i n g not differ­
entiated; me rged into the rounded poster ior ventral margin . Ornament of 
left va lve cons i s t s o f i r r egu la r rad ia l r ibs on an te r io r s ide o f r idge , 
strongest near the margin ; fine concentr ic r ibs occur over the entire valve. 
Occurrence. Middle Cenoman ian , A. rhotomagense Zone , to Campanian , 
B. quadrata Zone ; relat ively scarce; k n o w n only from Kent and Wil tshire . 

Superfamily M Y T I L O I D E A 

Family M Y T I L I D A E 

Genus S E P T I F E R 

'Septifer' lineatus J. de C. Sowerby 
Plate 17, figure 4 

Descript ion. Ova te -ob long , s l ightly curved , thin, equiva lve shell (other 
forms occu r ) ; r egu la r ly c o n v e x from u m b o to pos te r io r ex t r emi ty , bu t 
compressed pe rpend icu la r to its grea tes t length . Dorsa l marg in s l ight ly 
convex ; an te ro -ven t ra l m a r g i n s l igh t ly c o n c a v e and face flattened. 
U m b o n e s small , curved and terminal . Ornamen t of numerous fine, slightly 
irregular, radia l r ibs , excep t for an oval area benea th u m b o c rossed by 
concentric growth lines. Growth lines fairly s trong at intervals. 
O c c u r r e n c e . C o n i a c i a n - C a m p a n i a n ; m o s t h o r i z o n s o f C h a l k in the 
counties around London ; internal casts frequently found. 

Superfamily P T E R I O I D E A 

Fami ly B A K E V E L L I I D A E 

Genus P S E U D O P T E R A 

Pseudoptera caerulescens (Nilsson) 
Plate 22 , figure 9 

Descr ipt ion . Sma l l - to m e d i u m - s i z e d , ob l ique , r h o m b o i d a l - t r i a n g u l a r , 
inequivalve shell. U m b o at anterior ext remity and scarcely protruding; its 
an te r io r ear smal l and no t s epa ra t ed from v a l v e ; the pos t e r i o r aur ic le 
( = p t e r i o i d w i n g ) la rge , t r i angu la r and c o n t i n u o u s wi th pos te ro -ven t ra l 
marg in . Left va lve c o n v e x wi th a s t rong ob l ique an te r io r too th and an 
elongate longitudinal poster ior tooth. A double flexure produces a p romin­
ent r idge from the u m b o to the poster ior margin (not present in juveni le 
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Introduction to molluscs and bivalves 105 

specimens) . Right va lve not known. Ornamen t of weak radial r ibs/ threads, 
which m a y bea r var iably spaced spiny or scaly project ions, but these are 
not regular ly distr ibuted over the valve . 
R e m a r k s . T h e pa laeoeco log ica l s ignif icance o f shell tors ion and thick­
en ing in spec ies o f Pseudoptera w a s d i s c u s s e d by Savazz i ( 1984 ) ; he 
inferred that the ontogenet ic changes in shell shape reflect a change in life 
habits, and also noted that the sculpture of the shell is only developed on 
the uppe rmos t left valve. 
Occurrence . Campan ian , G. quadrata and B. mucronata zones ; Wil tshire 
and Norfolk. 

Superfamily I N O C E R A M O I D E A 

Fami ly I N O C E R A M I D A E 

R e m a r k s . T h e I n o c e r a m i d a e are poss ib ly the b ios t ra t ig raphica l ly mos t 
important family of non-cepha lopod mol luscs in the Chalk. Their cosmo­
politan b iogeographic distr ibution, arising from a long pelagic larval stage, 
and the c o n s i d e r a b l e va r i a t ion in shel l m o r p h o l o g y m a k e t h e m an 
excellent biostrat igraphic tool (Dhondt 1983). However , the homogene i ty 
of the fami ly c a u s e s difficulty in e s t ab l i sh ing a d e q u a t e d i f ferent ia t ing 
characteristics, which together wi th their c o m m o n l y poor preservat ion has 
resulted in t axonomic difficulties (see Kauffman in H e r m et al. 1979). 

W o o d s (1910 in 1 8 9 9 - 1 9 1 3 ) p r o v i d e d deta i led descr ip t ions of mos t 
Chalk i n o c e r a m i d s . O w i n g to i n a d e q u a t e s t r a t ig raph ic de ta i l s and the 
different s tandards of t axonomic interpretat ion (his species concept is n o w 
thought to be too b r o a d ) these taxa are n o longer a ccep t ab l e . Unfor ­
tunately, h is i l lus t ra t ions a lone h a v e b e e n u s e d as the bas i s of spec ies 
interpretation by other workers , resul t ing in numerous differing concepts 
of part icular species. 

The morphological characters of inoceramid shells have been illustrated 
by Seitz (1961) , T roge r (1967) , T roge r and Chr i s tensen (1991) and 
Walaszcyk and Cobban (2000). Important features for distinguishing species 
are: (1) shell and valve form; (2) the convexity and inclination of the shell; 
(3) the na ture of the pos te r ior and anter ior aur ic les ; (4) the pos i t ion , 
projection and obliquity of the beak/umbo; (5) the ornament: its components 
and variation; and (6) the hinge and l igament pits. Unfortunately, inocera­
mids are seldom sufficiently well preserved in the Chalk to reveal many of 
these features. 

There is cons iderable ecophenotypic and ontogenet ic var iat ion within 
species , as wel l as p r o b a b l e d i m o r p h i s m (Se i tz 1965) . C o n s e q u e n t l y , 
i noce ramids d i sp l ay a c o m p l e x e v o l u t i o n a r y m o s a i c o f ex t e rna l shel l 
characters i nvo lv ing all taxa , w i th ex t ens ive h o m e o m o r p h y and pa ra l -
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106 Fossils of the Chalk 

lelism. Kauffman (in Kauf fman et al. 1977, a n d H e r m et al. 1979) has 
argued that the more conservat ive internal shell features (e.g. muscula ture 
and l igamental structure) are more useful in establ ishing true relat ionships. 
These are, however , s e ldom sufficiently wel l p rese rved in C h a l k speci ­
mens . Other authors have resor ted to different m e t h o d s for es tabl ishing 
subdiv i s ions wi th in the i n o c e r a m i d s . T h e s e inc lude the u s e o f the 
nomencla tor ia l ly inadequa te gener ic / subgener ic n a m e s o f H e i n z (1932) , 
informal species groups based on morphologica l characters (Dobrov and 
Pavlova 1959) , sys temat ic g r o u p s at subgener i c level (e .g. Sei tz 1 9 6 1 ; 
Sornay 1966-73) , or evolut ionary l ineages (Kauffman et al. 1977). 

It is not possible to i l lustrate, or even list, all the inoceramids that m a y 
be found in the Chalk . Text-figure 7.1 p rov ides the strat igraphic ranges o f 
some o f the m o r e important taxa. W e have endeavoured to p lace British 
species in gene ra , but have recogn ised the pract ica l i ty of us ing species 
groups for rapidly evolv ing l ineages . It is very likely that the morpho logy 
of spec imens o f Inoceramus wi l l no t c o n f o r m to t hose de sc r ibed here 
because, apart from the very large number of species that can occur, there 
are also ' l inking fo rms ' wh ich have the characters o f several taxa. 

Genus I N O C E R A M U S 

Inoceramus lamarcki Parkinson 
Plate 19, figure 5; Text-figure 7.2 

D e s c r i p t i o n . M e d i u m - to l a rge - s i zed , v i r tua l ly e q u i v a l v e , m o d e r a t e l y 
inflated inoceramid ; its an ter ior marg in pe rpend icu la r to its thick h inge 
line, wi th a prominent , poster ior ly project ing auricle that is a lmost wing­
like and has deep auricular and poster ior umbona l sulci; s trongly convex 
valves . Ornament consists of a series of large concentr ic folds and lacks 
the mid-ventral flattening of the g rowth line t race. 
R e m a r k s . /. cuvieri (J . S o w e r b y ) ( M i d d l e T u r o n i a n , T. lata Z o n e ) is 
similar but has a smooth shell , is less inflated, and is dis t inguished b y its 
broad, low, wave- l ike rugae (r ibs) , sharply defined anter ior marg in and 
lack of pos tero-vent ra l su lcus . It is usual ly m u c h larger . There are two 
c o m m o n var ie t i es in the Br i t i sh C h a l k : /. lamarcki lamarcki and I. 
lamarcki stumckei (Text-fig. 7.2), the latter be ing larger and dis t inguished 
by its p r o m i n e n t , a n g u l a r a n d t e r race - l ike rugae , and b y its lack of 
convexi ty near the margin of the shell. 

Occurrence . Turonian , T. lata and S. plana zones ; widespread in England 

from Yorkshi re to Kent . 

Inoceramus atlanticus He inz 
Plate 18, figure 5 
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T E X T - F I G . 7.1. Range chart showing the distribution of inoceramid taxa described 
here (after Troger 1989). Species as follows: 1, Inoceramus crippsii Mantell; 2, /. 
atlanticus Heinz; 3, /. pictus Sowerby; 4, Mytiloides labiatus (Schlotheim); 5, /. 
apicalis Woods; 6, I. lamarcki Parkinson; 7, /. undulatus Mantell; 8, 
Cremnoceramus websteri (Woods); 9, C. inconstans (Woods); 10, C. cf. deformis 
(Meek); 11, Voluticeramus involutus (J. de C. Sowerby); 12, Sphenoceramus 
pachtii (Archanguelsky); 13, Cladoceramus digitatus (J. Sowerby); 14, Cordi-
ceramus cordiformis (J. de C. Sowerby); 15, Sphenoceramus pinniformis (Willett); 
16, S. patootensis (de Loriol); 17, Platyceramus rhomboides Seitz; 18, S. 

steenstrupi (de Loriol); 19, Cataceramus balticus (Bohm). 
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108 Fossils of the Chalk 

T E X T - F I G . 7.2. A , / . lamarcki stumckei Heinz, Chalk, locality and horizon 
unknown; right valve; x 0-125. B - c , /. lamarcki lamarcki Parkinson, Turonian, T. 
lata Zone, Essex, B , right valve showing wing-like projection; c, view of hinge of 

both valves; both xO-5. 

Descr ip t ion . S u b q u a d r a n g u l a r , th in , l ow to m o d e r a t e l y c o n v e x shel l ; 
antero-dorsal marg in shorter than in /. crippsii; terminal rounded beak and 
u m b o project s l ightly above a s traight h inge- l ine . O r n a m e n t e d by wel l -
spaced, sharply defined, sub-regular rugae; the growth lines m a y be very 
fine and numerous , or few and equivalent in size to the rugae. 
Remarks . /. crippsii Mantel l (Early Cenomanian ) is similar but has more 
c losely-spaced rugae , and is smal le r and less quadrangu la r in curvature . 
This m a y eventual ly prove to be a synonym of /. reachensis Ether idge. 
O c c u r r e n c e . M i d d l e C e n o m a n i a n , H. subglobosus Z o n e ; t h r o u g h o u t 
southern England; also found in Nor thern Ireland. 

Inoceramus crippsii Mante l l 
Plate 18, figure 2 

Descr ip t ion . S u b - e q u i v a l v e , th in , l ow to m o d e r a t e l y c o n v e x shel l ; i ts 
terminal rounded beaks and u m b o do not project significantly. Anter io r 
marg in s lopes b a c k n o r m a l to t he h i n g e . O r n a m e n t o f w e l l - s p a c e d , 
alternating, sub-regular rugae and raised growth lines or lamellae. 
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Introduction to molluscs and bivalves 109 

Remarks . Dis t inguished b y its th ick l igamenta l plates , open l igamental 
areas that face cent rodorsa l ly , and m u c h coarser resilifers. It retains the 
p r imi t ive in te rna l r ib b e t w e e n the pos t e r i o r aur ic le and the d i sc . The 
crippsii l ineage has been quest ionably related (Kauffmann et al. 1977) to 
the genus Mytiloides on the basis of similar shell morpho logy and orna­
ment, as well as muscula ture . The lack of a poster ior auricle, or auricular 
su lcus , s e p a r a t e it f rom /. cuvieri and /. lamarcki. I. crippsii crippsii 
Mantell and /. c. hoppenstedtensis Troger are important Early and Middle 
C e n o m a n i a n r ep re sen t a t i ve s o c c u r r i n g t h r o u g h o u t E u r o p e . T h e y are 
dist inguished from /. crippsii by the relatively circular a r rangement of ribs 
in the former and the narrower, more e longated pattern of r ibs in the latter. 
O c c u r r e n c e . C e n o m a n i a n , M. mantelli Z o n e ; w i d e s p r e a d in sou the rn 
England, Lincolnshire and Cambr idgeshi re . 

Inoceramus pictus J. de C. Sowerby 
Plate 18, figure 7 

Description. Suberect , modera te ly high, inflated, equivalve shells; height 
exceeds length; umbos /beaks incurve and project; weak to p rominent folds 
and sulci occur poster iorly. Subtr iangular poster ior auricle separated from 
disc by a sulcus. Large hinge plate with wide resilifers. Ornament of close, 
evenly spaced ribs and subequal fine to coarse g rowth lines, flat lamellae 
and variable rugae . 
R e m a r k s . M e m b e r s o f th is spec ie s typ ica l ly h a v e e v e n l y spaced and 
evenly d e v e l o p e d g r o w t h l ines . / . pictus pictus is cha rac t e r i s ed b y its 
broad out l ine , modera te convexi ty and o rnamen t c o m p o s e d of fine, raised 
growth lines forming regular concentr ic r ibs and numerous small subequal 
rugae causing larger irregular wr inkles . It is d is t inguished from the more 
coarsely o rnamented /. pedalionoides N a g a o and Mat sumoto (Turonian) , 
which has far fewer subequa l rugae , and / . apicalis W o o d s (Turon ian) 
which is m u c h n a r r o w e r , has sma l l e r pos t e r i o r au r i c l e s , even finer 
concentric g rowth l ines, m u c h weaker rugae , and a less project ing umbo . 
Occurrence. Midd le -Upper Cenomanian, H. subglobosus and C. naviculare 
zones; widespread throughout south-east England. 

Inoceramus apicalis W o o d s 
Text-figure 7.3c 

Descr ipt ion . Smal l , o v o i d spec ies wi th a n a r r o w , m o d e r a t e l y c o n v e x 
umbo and wi th fine, c lose ly packed , rounded concent r ic r ibs in regular 
groups o f 4 - 8 . The h inge line forms an angle of less than 90 degrees wi th 
the anterior marg in . 
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Occurrence. L o w e r Turonian , /. labiatus Zone ; south-east England. 

Inoceramus undulatus Mantel l 
Text-figure 7 .3D 

Descript ion. Smal l , ve ry c o n v e x spec ie s wi th the pos t e r i o r ear wel l 
separated. It has s t rong, rounded , and regular ly c lose -packed concentr ic 
ribs that a re finer on the pos t e r i o r ear and d i s a p p e a r on the an te r io r 
surface. T h e ang le b e t w e e n the h i n g e l ine and the an te r io r m a r g i n is 
usually greater than 90 degrees . 
Occurrence. Uppe r Turonian , S. plana Zone ; south-east England. 

Subgenus I N O C E R A M U S ( C A T A C E R A M U S ) 

Inoceramus (Cataceramus) balticus J. B o h m 
Plate 18, figure 1 

Description. M e d i u m to large, rectangular, sub-equivalve, very inequilater-
ally rounded, modera te ly convex shell , b ecoming more convex wi th age as 
the shell m a r g i n s g r e w at an a n g l e . L e n g t h g rea te r than he ight , this 
difference inc reas ing wi th age . L o n g , s t ra ight h inge l ine. An te r io r and 
ventral m a r g i n s rounded , pos te r io r m a r g i n forms an ob tuse angle wi th 
hinge. U m b o n e s broad ly rounded , poss ib ly a lmos t te rminal , but usual ly 
eroded. Ornament of strong, sharp, nar row, asymmetr ica l ly curved, a lmost 
elliptical, concentr ic r ibs and broad concave interspaces showing closely 
packed growth lines. 

E X P L A N A T I O N O F P L A T E 18 

Fig. 1. Inoceramus (Cataceramus) balticus J. Bohm. Campanian, Worbarrow Bay, 
Dorset; flint cast of right valve; X 0 2 5 . 

Fig. 2. Inoceramus crippsii Mantell. Lower Cenomanian, locality unknown; 
internal cast of left valve; x 1. 

Figs 3-4. Cremnoceramus inconstans Woods. Locality and horizon unknown. 3, c, 
XO-5; 4, left valve; c. XO-5. 

Fig. 5. Inoceramus atlanticus Heinz. Middle Cenomanian, H. subglobosus Zone, 
Bluebell Hill, Burham, Kent; right valve; XO-5. 

Fig. 6. Mytiloides labiatus (Schlotheim). Early Turonian, /. labiatus Zone, locality 
unknown; left valve; X0-25. 

Fig. 7. Inoceramus pictus J. de C. Sowerby. Middle Cenomanian, H. subglobosus 
Zone, Burham, Kent; right valve; xO-5. 

Fig. 8. Cremnoceramus cf. deformis (Meek). Coniacian, M. cortestudinarium 
Zone, Chatham, Kent; left valve; xO-5. 

Fig. 9. Cordiceramus cordiformis (J. de C. Sowerby). Santonian, M. coranguinum 
Zone, Micheldever, Hampshire; right valve; c. xO-5. 
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112 Fossils of the Chalk 

T E X T - F I G . 7.3. Inoceramus spp. A - B , Cremnoceramus websteri (Woods), Turonian, 
S. plana Zone, Borstal, Kent; right valve; x l . c, Inoceramus apicalis Woods. 
Turonian, /. labiatus Zone; Peter 's Pit, Burham, Kent; left valve; X l . D , 
Inoceramus undulatus Mantell, Turonian, S. plana Zone, Lewes, Sussex; left 

valve; x 1. 

O c c u r r e n c e . C a m p a n i a n , O. pilula-B. mucronata z o n e s ; t h roughou t 
southern England, including Devon and Dorset . 

Genus M Y T I L O I D E S 

Mytiloides labiatus (Schlotheim) 
Plate 18, figure 6 

D e s c r i p t i o n . M o d e r a t e l y to s l igh t ly c o n v e x , ob l ique ly inc l ined , thin, 
e longate , myti l i form, near ly equivalve shell. Beak terminal and pointed or 
slightly inflated; often crushed. Straight, modera te ly long h inge , seemingly 
not ex tended anter ior of the beaks bu t con t inued a long anter ior margin. 
O r n a m e n t of a l t e rna t ing , r egu la r ly spaced , concen t r i c r ugae and fine, 
slightly raised, growth lines. 
Remarks . The nomencla ture of the various species and forms belonging to 
the Turon ian M. labiatus l ineage has cont inual ly been miscons t rued . M. 
labiatus sensu Schlotheim [^mytiloides (Mantel l)] is recognised as having 
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Introduction to molluscs and bivalves 113 

regular concentr ic o rnamen t and by be ing m o r e h ighly incl ined and less 
curved than the more inflated M. labiatus sensu Seitz, which is ornamented 
by irregular c rowded rugae and numerous flat-lying lamellae. The hinge 
beneath the u m b o in the former is very angular, but quite rounded in the 
labiatoid form. 

Occurrence . L o w e r Turon ian , /. labiatus Z o n e ; w idesp read th roughout 
England. 

Genus C R E M N O C E R A M U S 

Cremnoceramus inconstans (Woods , non Mantel l ) 
Plate 18, figures 3^1 

Descr ipt ion . A m e d i u m - s i z e d , va r i ab ly s h a p e d , s u b r o u n d e d to sub -
rhombic , frequently inequiva lve shell , its convexi ty dependent upon the 
persistence of the flatter early stages and the occurrence o f the character­
istic ab rup t c h a n g e in d i rec t ion o f the adul t shel l . U m b o n e s b road ly 
rounded and not prominent . Ear ly o rnament consists of regular ly spaced, 
concent r ic , a s y m m e t r i c fo lds ( = c res t s ) and finer g r o w t h l ines ; adul t / 
gerontic shell relatively smooth and steep. 

Remarks . C. inconstans cou ld be descr ibed as a polyphyle t ic potpourr i of 
taxa (e .g . see Kauf fman in H e r m et al. 1979) , bu t s p e c i m e n s can be 
dist inguished by their relat ively long h inge l ine and the vir tual r ight angle 
this forms wi th the an te r io r m a r g i n . A d u l t s p e c i m e n s typ ica l ly h a v e a 
threefold o rnamen t pa t te rn , e n d i n g wi th the sharp-angled geront ic shell 
that causes the characterist ic break in slope. 
Occurrence. Lower Coniacian; widespread throughout Europe in a wide 
variety of facies. 

Cremnoceramus websteri ( W o o d s , non Mante l l ) 
Text-figure 7 . 3 A - B 

Descr ipt ion . S m a l l , c o n v e x spec ies w i t h c o n s p i c u o u s bu t no t we l l -
different iated, pos t e r i o r ear . T h e h i n g e l ine is a p p r o x i m a t e l y at r ight 
angles t o t h e an te r io r m a r g i n . D i s t i n g u i s h e d b y its l o w , we l l - spaced , 
concentric ribs which bear not iceable lamel lae a long their crests. 
Occurrence. Upper Turonian , S. plana Zone ; south-east England . 

Cremnoceramus cf. deformis (Meek) 
Plate 18, figure 8 

Description. Modera te ly large, subglobose , i r regular ly subovate to sub-
rhombic inflated shell; inequiva lve ; short , th ick h inge- l ine ; beaks broad 
and not ve ry p r o m i n e n t . O r n a m e n t e d b y r egu la r concen t r i c r ugae and 
growth lines, which show a t race of character is t ic ventral flattening. 
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114 Fossils of the Chalk 

R e m a r k s . C. deformis ( M e e k ) a p p e a r s to be i n t e rmed ia t e b e t w e e n C. 
inconstans ( W o o d s ) and C. schloenbachii ( B o h m ) , and m a y indica te a 
gradualist ic change . It has also been suggested that the supposedly succes­
sive species rotundatus—erectus-deformis-schloenbachii were contempor­
aneous ecomorphs occupying different posi t ions on the continental slope. 
O c c u r r e n c e . Con iac i an , M. cortestudinarium Z o n e ; sou the rn Eng land , 
part icularly Sussex. 

Genus S P H E N O C E R A M U S 

Sphenoceramus patootensis (de Loriol) 
Plate 19, figure 8 

Descript ion. Very inequilateral , modera te ly inflated, obl ique shell divided 
into a V-shaped, inflated anterior part and a compressed , sharply distinct, 
pos te ro -dorsa l w i n g . M u c h h ighe r than long; s t rong ly po in t ed anter ior 
beaks ; long, straight anterior margin . Shal low sulcus beh ind beaks extend­
ing to postero-ventral marg in . Ornamen t of small , c losely spaced ribs and 
large, more widely and irregularly spaced rugae . Typica l ly the ribs split 
the growth lines. 
Remarks . Dis t inguished from m a n y other Sphenoceramus species by its 
comple te lack of radial o rnament . However , the wide range of variat ion 
that occurs has led to it be ing descr ibed under a number of other names . 
Occurrence . Campan ian , G. quadrata Zone ; c o m m o n in northern Europe 
and N o r t h A m e r i c a from M i d d l e S a n t o n i a n to L o w e r C a m p a n i a n . 
Frequently found as internal mou lds at localit ies in Yorkshire . 

Sphenoceramus pachtii (Archangue lsky) 
Plate 19, figure 1 

Description. Relat ively broad, small , thin-shelled inoceramid with rounded 
anterior marg in . O r n a m e n t consis ts of two orders of concentr ic r ibbing; 
wide, s tepped rugae and m u c h finer r ibs; a sulcus and ridge occur postero-
dorsally; radial r ibbing mainly on central part of shell. 
Remarks . Dis t inguished by its wider shell , s tepped ornament and rounded 
anter ior m a r g i n . A c lose ly re la t ed spec ie s , S. cardissoides (Goldfuss) 
(San ton ian -Campan ian ) is differentiated by its very nar row elongate shell, 
with a steep, straight, anterior margin , p rominen t u m b o and a small central 
area of ret iculate ornament . Seitz (1965) uti l ised ratios of r ib wid th and 
length, t o g e t h e r w i t h r i b - h i n g e ang l e s , to sepa ra t e fo rms wi th in the 
pachtii/cardissoides g roup. 
Occurrence . Santonian; only c o m m o n in the Lower Santonian; Yorkshire , 
Essex and possibly Kent . 
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Introduction to molluscs and bivalves 115 

Sphenoceramus pinniformis (Wil let t ) 
Plate 19, figures 2-4 

Descr ipt ion . M e d i u m to ve ry large wi th shell m u c h h ighe r than long; 
m o d e r a t e l y c o n v e x ; l a rge pos t e r i o r w i n g . R igh t v a l v e o r n a m e n t e d by 
distinctive strong, rounded, radial r ibs, wh ich m a y have a median furrow 
and a l so b e a r m u c h finer pa ra l l e l r ibs . Seve ra l s t rong , w i d e l y spaced , 
concent r ic folds g ive a t ube rcu l a t e effect to the r ibs . Left va lve has a 
regular series of evenly spaced, concentr ic r ibs and widely spaced rugae 
that are much s t ronger than the radial ribs. The ribs are restr icted to the 
central part o f the shell and contr ibute to the more ret iculate-tuberculate 
appearance of this valve. 

Occurrence. Santonian, M. coranguinum Zone , to Campanian , G. quadrata 
Zone; Yorkshi re and south-east England. 

Sphenoceramus steenstrupi (de Loriol) 
Plate 19, figure 9 

Descr ipt ion . V e r y inequ i la te ra l , ob l i que shell m u c h h ighe r than long; 
dorsal part modera te ly convex , ventral part only sl ightly convex. Small , 
a lmost t e rmina l u m b o n e s ; an t e ro -do r sa l a rea f lat tened, near ly smoo th . 
Hinge line at an acu te ang le to an te r io r m a r g i n . O r n a m e n t cons i s t s o f 
numerous concentr ic r ibs, but at a short dis tance from the u m b o these are 
cut b y s t r o n g rad ia l fu r rows , w h i c h p r o d u c e t he d i s t inc t ive r o w s o f 
tubercles that character ise this species. 

Remarks . H a s a m o r e regular ret iculate pat tern than S. cardissoides. 
Occurrence . L o w e r C a m p a n i a n , G. quadrata Z o n e ; Yorksh i re , Sussex 
and Wil tshire . 

G e n u s V O L V I C E R A M U S 

Volviceramus involutus (J. de C. Sowerby) 
Plate 19, figure 2 

Description. M e d i u m to large, h ighly inequivalve, inequilateral shell wi th 
curved beaks directed anteriorly. Right valve slightly convex to near ly flat, 
length grea ter than he ight , m a r g i n s rounded . Ex tens ive h inge l ine wi th 
n u m e r o u s r e c t a n g u l a r to o b l o n g l i gamen t p i t s . O r n a m e n t e d by s t rong 
asymmet r i ca l concen t r i c folds that are s epa ra t ed by b road , c o n c a v e 
in terspaces ; radial s tr iae m a y occur . Left va lve m u c h larger than r ight 
valve; very inflated and spiral; its prosogyra te u m b o curves inwards . Shell 
relatively smooth with the g rowth s tages provid ing the on ly o rnament . 
Remarks . Involute inoceramid dis t inguished by its very inequivalve and 
inequilateral shells. V. koeneni Mul le r (Coniac ian) , a very rare coi led form 
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in which bo th valves are spiral and coil inwards , is less inequivalve than 
V. involutus. V. koeneni is the key i n o c e r a m i d of the l o w e r M i d d l e 
Coniacian and rarely occurs at other hor izons . 
Occurrence . Con iac i an -San ton ian ; throughout southern England and East 
Angl ia ; t he re a re floods o f V. cf. involutus at t h r e e l eve l s w i th in the 
Coniacian of Sussex. 

G e n u s C L A D O C E R A M U S 

Cladoceramus digitatus (J. Sowerby) 
Plate 19, figure 7 

Descr ipt ion . L a r g e , r ad ia l ly c o r r u g a t e i n o c e r a m i d wi th sub -equ iva lve , 
ovate shell; m u c h h igher than long. H inge line forms obtuse angle with 
anterior margin . Ornamen t consists of concentr ic and radial r ibs; the early 
g rowth s t ages on ly h a v e concen t r i c r ibs , bu t b r o a d V- a n d U - s h a p e d 
divaricating folds develop on later part of shell. These folds/ribs diverge 
from a med ian line and are separated by broad interspaces; tubercles , or 
knolls, may develop at the intersections. 

Remarks . T w o species , C. digitatus and C. undulatoplicatus (Roemer ) , 
have been dis t inguished on differences in r ibbing, with the former being 
supposedly m u c h s t ronger and wi th fewer ribs on the poster ior part than 
on the an te r io r par t of the shel l . C l ea r d i f fe ren t ia t ion is , h o w e v e r , 
impossible. 

E X P L A N A T I O N O F P L A T E 19 

Fig. 1. Sphenoceramus pachtii (Archanguelsky). Santonian, locality unknown; left 
valve; c. xO-75. 

Fig. 2. Volviceramus involutus (J. de C. Sowerby). Tertiary flint gravel, 
presumably derived from Coniacian or Santonian, Charing, Kent; internal 
mould; c. X0-4. 

Fig. 3. Sphenoceramus pinniformis (Willett). Upper Santonian, U. socialis Zone, 
Beverley Barracks Pit, East Yorkshire; left valve; xO-2. 

Fig. 4. Sphenoceramus pinniformis (Willett). Upper Campanian, G. quadrata 
Zone, Brighton, Sussex; right valve; xO-2. 

Fig. 5. Inoceramus lamarcki Parkinson. Middle Turonian, T. lata Zone, Great 
Chesterford, Essex; XO-5. 

Fig. 6. IPlatyceramus rhomboides Seitz. Coniacian-Santonian, M. coranguinum 
Zone, Grays, Essex; left valve (note ornament on early part of shell); X 0 - 1 5 . 

Fig. 7. Cladoceramus digitatus (J. Sowerby). Lower Santonian, Arreton Down, 
Isle of Wight; left valve; xO-2. 

Fig. 8. Sphenoceramus patootensis (de Loriol). Upper Campanian, G. quadrata 
Zone, East Leys, Yorkshire; right valve; xO-25. 

Fig. 9. Sphenoceramus steenstrupi (de Loriol). Upper Campanian, G. quadrata 
Zone, ?Brighton, Sussex; right valve; xO-2. 
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118 Fossils of the Chalk 

O c c u r r e n c e . San ton ian ; Ken t , Sussex a n d H a l d o n , D e v o n ; e spec ia l ly 
abundant at certain levels in the M. cortestudinarium Zone of Sussex. 

G e n u s C O R D I C E R A M U S 

Cordiceramus cordiformis (J. de C. Sowerby) 
Plate 18, figure 9 

Descript ion. Smal l - to medium-s ized , rounded, equivalve , h ighly inflated 
shell , wi th a pos t e r i o r su lcus . O r n a m e n t cons i s t s o f b r o a d , r o u n d e d 
concentric folds, wh ich bend upwards wherever they cross the two radial 
sulci; these folds are less dist inct on the anter ior and poster ior marg ins . 
There are numerous closely spaced g rowth lines. 
O c c u r r e n c e . Con iac i an , M. cortestudinarium Z o n e , to C a m p a n i a n , O. 
pilula Z o n e ; w i d e s p r e a d : Y o r k s h i r e to D e v o n , H a m p s h i r e , K e n t and 
Sussex. 

G e n u s P L A T Y C E R A M U S 

R e m a r k s . Platyceramus is re la t ive ly th in - she l l ed and g r o w s to a con­
s iderable s ize . C o n s e q u e n t l y , in cha lk s e d i m e n t s the shel l s are eas i ly 
deformed. It is thought to be related to Cladoceramus because several of 
its species have a t endency to deve lop a radial ly d iverg ing o rnament in 
their later stages. Sphenoceramus can be dis t inguished in that its radially 
diverging folds form the only wel l -deve loped o rnament of its older, larger 
valves . 

?Platyceramus rhomboides Seitz 
Plate 19, figure 6 

Descript ion. Large to very large, flatfish, equiva lved shell; early growth 
stages wi th concentr ic folds, later stages incl ined to be smooth. 
Remarks . The form of the type species, P. mantelli, is in doubt and does 
not appea r to c o n f o r m to the p re sen t in te rp re ta t ion of the g e n u s . 
C o n s e q u e n t l y th is spec ies is q u e s t i o n a b l y a s s i g n e d to Platyceramus. 
Inoceramus cycloides W e g n e r (Santonian and Campan ian ) differs in that 
the poster ior part of its concentr ic folds b e c o m e more angled towards the 
posterior ventral margin . 
Occurrence . Upper C o n i a c i a n - L o w e r Santonian, M. coranguinum Zone ; 
Essex and Sussex. 

Superfamily A V I C U L O P E C T I N O I D E A 

Fami ly O X Y T O M I D A E 
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Genus H Y P O X Y T O M A 

Hypoxytoma tenuicostata (Roemer) 
Plate 22 , figure 12 

Descr ipt ion . Sma l l , ob l i que ly ova l shel l , l onger than h igh . Left va lve 
moderately convex , wi th evenly convex marg ins but postero-dorsal con­
cave. Ears large, anterior ear not clearly del imited, poster ior ear long and 
its dorsal part wing-l ike and pointed. Ornament of closely spaced, subequal 
ribs separated b y flat interspaces. Right va lve m u c h smaller , flattened but 
slightly convex in centre ; smoo th wi th concentr ic g rowth l ines; anter ior 
ear has a deep sinus but this is less deep than in Oxytoma. 
Remarks . D i s t ingu i shed from Oxytoma b y the smal le r size of its r ight 
valve s inus and by the left va lve o rnament , wh ich consis ts of only two 
orders of r ibs. Its finer and more numerous ribs and smal ler size serve to 
distinguish this species from the L o w e r Cre taceous O. pectinata J. de C. 
Sowerby. O. dubia (E the r idge) from the M i d d l e C e n o m a n i a n is inade­
quately known . 
Occurrence. Campan ian , G. quadrata Zone ; Wil tshire . 

Superfamily P E C T I N O I D E A 

Fami ly P E C T I N I D A E 

Subfamily C H L A M Y D I N A E 

Genus C H L A M Y S 

Chlamysl elongata (Lamarck) 
Plate 20 , figure 9; Text-figure 7 . 4 D 

Description. Ornamen ted b y tripartite, often divided ribs that are crossed 
by concentr ic striae; these ribs are covered wi th small scales. The valves 
are slightly elongated, prosocl ine and flattened; the auricles are large and 
very unequal . 
R e m a r k s . Differs f rom o ther spec ies in h a v i n g a ra the r i r regu la r r ib 
distribution and a very high number of small scales on all r ibs. Ribs vary 
with age and their posi t ion on the valve . 
O c c u r r e n c e . A l b i a n - C e n o m a n i a n ; w i d e s p r e a d t h r o u g h o u t sou the rn 
England. 

Chlamysl subacuta (Lamarck) 
Plate 2 1 , figure 6; Text-figure 7.4c 

Descr ip t ion . V a l v e s ra the r f la t tened a n d c o v e r e d wi th 1 9 - 2 8 we l l -
developed, undiv ided ribs and numerous concentr ic g rowth lines. Spines 
or scales occur at the rib tops, especial ly on the left valve. Margina l striae 
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T E X T - F I G . 7.4. A , Merklinia sp. cf. variabilis (von Hagenow); X3-5. B , Merklinia 
aspera (Lamarck); c. x 3 . c, Chlamysl subacuta (Lamarck); c. x 4 . D , Chlamysl 
elongata (Lamarck); c. X I . E , Mimachlamys cretosa (Defrance), left valve- c 

X l - 5 . 

occur on edge of shell. Intercostal intervals b roader than the ribs. Auricles 
wel l deve loped ; g r o w t h l ines on the an ter ior aur ic le of r ight va lve are 
parallel to the byssal s inus; on other auricles the radial o rnamen t is most 
pronounced . 

Remarks . Th is species is d is t inguished by its re la t ively low n u m b e r of 
und iv ided , sharper , sp ine / s ca l e -bea r ing r ibs . Br i t i sh s p e c i m e n s a re , on 
average, smaller than those from e lsewhere ; they are often preserved only 
as s teinkerns, w h e n fewer r ibs are present , s ide ribs are lacking, spines and 
scales are lost and the areas appear smooth . 
Occurrence . Cenomanian ; Devon and Isle of Wight . 

Genus MIMACHLAMYS 

Mimachlamys cretosa (Defrance) 
Plate 20 , figures 7 - 8 ; Text-figures 7.4E, 7 .5A 

Descr ip t ion . M e d i u m to la rge spec ie s wi th f la t tened r ibs ; its va lves 
covered wi th a very var iable n u m b e r of ribs, wh ich m a y bear small scales 
(often l i t t le m o r e t h a n s m a l l r i d g e s ) a t t he i r i n t e r sec t ion w i t h t he 
concentr ic g rowth l ines. N e w ribs formed by intercalat ion. The auricles 
are well developed; the anter ior auricle is large with a b road deep sinus. 
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R e m a r k s . O r n a m e n t var ies from coarse- to fine-ribbed depend ing upon 
the na tu re o f the s e d i m e n t ( D h o n d t 1973) . A subspec i e s , M. cretosa 
denticulata (von H a g e n o w ) , occurs in the Maast r icht ian of Europe and is 
identified by its ' c h l a m y s ' shape and very spiny ornament . M. robinaldina 
(Ba r r emian -Cenoman ian ) is d is t inguished from M. cretosa in be ing more 
convex, bear ing spinules instead of scales on its fewer ribs, and covered 
by striae. 
Occurrence . Turon ian , S. plana Z o n e , to C a m p a n i a n , O. lunata Zone ; 
occurs at m a n y localities in the count ies around London and part icularly in 
Norfolk and Suffolk. 

Mimachlamys mantelliana ( d 'Orb igny) 
Plate 20 , figures 1 0 - 1 1 ; Text-figure 7 . 5 D - E 

Descr ipt ion . M e d i u m - s i z e d , very flattened spec ies cove red wi th 1 1 - 3 0 
narrow, flattened, radial r ibs and wi th a few dist inctive raised, concentr ic 
growth lines. 
R e m a r k s . D i s t i n g u i s h e d f rom o the r spec ie s by b e i n g m u c h flatter, 
pa r t i cu la r ly the r igh t v a l v e , a n d in h a v i n g w e l l - d e v e l o p e d e leva t ions 
formed b y the few growth lines. The concentr ic structures on the auriculae 
are typical ly more prominent than the radial e lements . M. mantelliana can 
be separated from the closely related M. cretosa by the lack of scales on 
its r ibs , whi le the lack of e leva ted g rowth l ines d is t inguishes the flatter 
examples of M. cretosa. 
O c c u r r e n c e . S a n t o n i a n - M a a s t r i c h t i a n , O. lunata Z o n e ; w i d e s p r e a d in 
southern Eng land and Eas t Angl ia ; D h o n d t (1973a , p . 98) s tated that all 
the spec imens she had s tudied had been found in a very fine whi te chalk . 

Mimachlamys henrici Dhond t 
Plate 20 , figure 12; Text-figure 7.5c 

Descr ipt ion . M e d i u m - s i z e d spec ies d i s t i ngushed from other represent ­
atives of the genus by its relat ively flattened shell covered wi th numerous 
smooth ribs that are separated by na r row grooves . 
R e m a r k s . T h e n u m b e r o f r ibs is ve ry va r i ab l e . It is p o s s i b l e that M. 
henrici m a y only be a subspecies of M. robinaldina. 
Occurrence . Cenoman ian ; ma in ly D e v o n and Dorset , but also found in 
Kent, Sussex and the Isle of Wight . 

Mimachlamys fissicostata (R. Ether idge) 
Plate 20 , figure 16; Text-figure 7 .5B 
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Introduction to molluscs and bivalves 123 

Descript ion. Med ium-s i zed shell covered wi th 1 1 - 2 3 broad r ibs, wh ich 
divide occasional ly after a strongly developed growth r idge. 
Remarks . Dis t inguished from other Mimachlamys species by its smooth 
ribs; M. henrici has far more ribs and vir tually no intercostal intervals. 
Occurrence . Lower Cenomanian ; southern Eng land and East Anglia; only 
known from very fine chalky sediments . 

Genus C A M P T O N E C T E S 

Camptonectes (Mclearnia) dubrisiensis (H. Woods ) 
Plate 2 1 , figure 1 

Descript ion. M e d i u m - to large-s ized, a lmost orbicular shell covered by 
light concentr ic ornament ; relat ively large and long anterior auricles. 
Remarks . Dis t inguished from other species in that the greater part of its 
disc is smoo th and only near the marg ins of the shell is the concent r ic 
ornament p ronounced . Size serves to separate it from the m u c h larger and 

EXPLANATION OF PLATE 20 

Figs 1-2. Merklinia aspera (Lamarck). Cenomanian, near Shaftesbury, Wiltshire. 
1, right valve; c. xO-3. 2, right valve showing tubercles on ribs; xO-75. 

Fig. 3. Microchlamys sarumensis (Woods). Campanian, B. mucronata Zone, 
Catton, Norwich, Norfolk; right valve; x 3 . 

Fig. 4. Microchlamys arlesiensis (Woods). Cenomanian, Dover, Kent; right valve 
showing distinctive scales on ribs; x 3 . 

Fig. 5. Microchlamys campaniensis (d'Orbigny). Coniacian, M. cortestudinarium 
Zone, Dover, Kent; right valve; x 4 . 

Fig. 6. Syncyclonema nilssoni (Goldfuss). Campanian, B. mucronata Zone, 
Norwich, Norfolk; left valve; XO-5. 

Figs 7-8 . Mimachlamys cretosa (Defrance). Salisbury, Wiltshire. 7, Upper 
Coniacian-Lower Santonian, M. coranguinum Zone, Porton; left valve; xO-75. 
8, Lower Campanian, G. quadrata Zone, East Harnham; right valve; XO-75. 

Fig. 9. Chlamysl elongata (Lamarck). Lower Cenomanian, Folkestone, Kent; left 
valve; xO-5. 

Figs 10-11. Mimachlamys mantelliana (d 'Orbigny). Upper Campanian, B. 
mucronata Zone, Norwich, Norfolk. 10, right valve; XO-75. 11, left valve; c. 
X l . 

Fig. 12. Mimachlamys henrici Dhondt. Lower Cenomanian, S. varians Zone, 
Bluebell Hill, Burham, Kent; left valve; xO-75. 

Figs 13-14. Merklinia sp. cf. variabilis (von Hagenow). Upper Chalk, locality 
unknown. 13, interior of right valve showing byssal sinus; xO-75. 14, right 
valve showing ornament; xO-75. 

Fig. 15. Microchlamys brittanicus (Woods). Upper Coniacian-Lower Santonian, 
M. coranguinum Zone, Croydon, Surrey; holotype, left valve; X 1-2. 

Fig. 16. Mimachlamys fissicostata (Etheridge). Cenomanian, Dover, Kent; right 
and left valves; xO-5. 
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124 Fossils of the Chalk 

T E X T - F I G . 7.5. A , Mimachlamys cretosa (Defrance), right valve; x l - 5 . B , 

Mimachlamys fissicostata (Etheridge); c. X O - 5 . C , Mimachlamys henrici Dhondt, 
left valve; X 1-5. D - E , Mimachlamys mantelliana (d'Orbigny). D , X 1-5. E , c. X2. 

older Ear ly Cre taceous C. (M.) ductus (J. Sowerby) ; the m u c h smal ler C. 
virgatus (N i l s son ) ( C e n o m a n i a n - C a m p a n i a n ) , w h i c h h a s a coarse r 
microst ructure of d iverging striae; and the m u c h smaller Cenoman ian ?C. 
milleri (J. de C. Sowerby) from Kent in which the Camptonectes sculpture 
is less p ronounced and its d iverg ing l ines are a lmost straight and rarely 
divide. 
O c c u r r e n c e . L o w e r and M i d d l e C e n o m a n i a n , H. subglobosus Zone ; 
south-east England and Cambr idgeshi re . 

G e n u s M E R K L I N I A 

Merklinia sp. cf. variabilis (von Hagenow) 
Plate 20 , figures 13 -14 ; Text-figure 7 . 4 A 

Descr ipt ion . Smal l - to m e d i u m - s i z e d spec ies . B o t h v a l v e s wi th 9 - 1 2 , 
commonly 11, ribs; these are subdivided into 3 - 7 almost equal riblets; their 
intercostal in tervals are very na r row; the pr inc ipa l and s ide-r iblets bear 
we l l -deve loped sp ines ( long and smal l r e spec t ive ly ) . Va lves ac l ine to 
slightly prosocline with relatively large unequal auricles. Anterior auricle 
of right valve has a deep byssal sinus and 3 - 5 radial riblets parallel to hinge 
margin; posterior auricle of right valve smaller, t r iangular and almost right-
angled. Anter ior auricle of left valve is large and also has radial riblets. 
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Introduction to molluscs and bivalves 125 

Remarks. Complete specimens easily recognised by their slightly prosocline 
disc shape, the number of r ibs (13) and by the ex t reme subdivision of the 
ribs into fine cos te l l ae . D i s t i n g u i s h e d from o the r Merklinia spec ies in 
hav ing longer spines on the pr inc ipa l r ibs and a he ight grea ter than its 
width. M. aspera (Lamarck ) ( A l b i a n - C e n o m a n i a n ) has m a n y m o r e ribs 
(PI. 20 , figs 1-2; Text-fig. 7 .4B) . 
Occurrence . T u r o n i a n - M a a s t r i c h t i a n ; southern Eng land from Devon to 
Kent, also East Angl ia . 

Genus M I C R O C H L A M Y S 

Remarks . Small symmetr ica l shells wi th radial ornament , which is often 
re t icu la te o r cance l l a t e ; sma l l , a l m o s t equa l au r i c l e s a n d byssa l no tch 
part ly r educed ; sca l loped , inden ted ventra l marg in . Dis t ingu i shed from 
Merklinia b y the na tu re o f i ts r ib o rnamen t , the smal le r and re la t ive ly 
equal auricles ( ' ea r s ' ) and the shape of its ventral margin . 

Microchlamys arlesiensis ( W o o d s ) 
Plate 20 , figure 4; Text-figure 7.6c 

Descr ipt ion . Ve ry smal l spec ies w i t h m o d e r a t e l y c o n v e x va lves of an 
orbicular acline shape. Left va lve o rnamented by elevated straight, nar row 
ribs. Righ t va lve covered wi th straight , rounded r ibs , wh ich are mos t ly 
wider than the intercostal in tervals . Th in concent r ic o rnamen t p roduces 
scales where it crosses the r ibs. 
Remarks . Dis t inguished by its undiv ided r ibs, 14 -18 in number . 
Occurrence . Cenoman ian ; south-east England; relatively rare. 

Microchlamys sarumensis (Woods ) 
Plate 20 , figure 3 ; Text-figure 7.6B 

Descript ion. Small species wi th numerous ( 4 5 - 6 5 ) spiny, scaled ribs and 
relatively large auricles. 
Remarks . Dis t inguished from other species by the large number o f divid­
ing r ibs a n d the concen t r i c sp iny sca les on these r ibs . M. arlesiensis 
( C e n o m a n i a n ) is l a rger and its r ibs d o no t d iv ide ; M. campaniensis 
(Coniac ian-Maas t r ich t ian) has fewer ribs and lacks scaly ornament . 
Occurrence . S a n t o n i a n - U p p e r Campan ian , B. mucronata Zone ; through­
out sou th -eas t E n g l a n d ; a l so k n o w n from Wi l t sh i r e and Norfo lk ; 
comparat ively rare. 

Microchlamys campaniensis (d 'Orb igny) 
Plate 20 , figure 5; Text-figure 7 . 6 A 
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126 Fossils of the Chalk 

Descr ip t ion . Sma l l , s t rong ly c o n v e x shel ls w i th a d i s t inc t ive ' t r e l l i s ' 
sculpture, which is best seen on juveni les or on the u m b o . Trellis formed 
by wel l -developed and divided radial r ibs and the slightly e levated con­
centric g rowth striae that cross t hem; var ious combina t ions and strengths 
of this pattern occur at mos t localit ies. 
R e m a r k s . D i s t ingu i shed from all o ther spec ies by its trel l is pa t t e rn of 
o rnamen t . M. arlesiensis differs in h a v i n g u n d i v i d e d a n d fewer r ibs 
(14-18) , and characterist ic scaly structures on its r ibs; M. pulchellus has a 
more convex shell. 
Occurrence . C o n i a c i a n - L o w e r Maastr icht ian, O. lunata Zone ; relatively 
rare in Kent and Norfolk. 

Microchlamys brittanicus (Woods ) 
Plate 20 , figure 15; Text-figure 7 . 6 D - E 

Descr ipt ion . Orb icu la r spec ies o r n a m e n t e d by b road , s imple , rounded , 
rod- l ike r ibs s epa ra t ed by in te rcos ta l a reas that are the s ame w i d t h or 
wider than the r ibs. Very fine concentr ic l ines present th roughout shell, 
somet imes become s t ronger and form bars . Ribs infrequently developed 
intercostal ly. Concen t r i c r idges present , but more character is t ical ly , the 
ribs merge to form a smooth , th ickened r im to the shell. Anter ior auricle of 
left valve ornamented by radial r ibs, and its g rowth lines are perpendicular 
to the hinge-l ine. Anter ior auricle of right va lve has a small byssal sinus 
and its growth lines follow this. Bo th valves have identical ornament , but 
the pr imary ribs of the right valve tend to divide near the marg ins . 
Remarks . Dis t inguished by its broad, s imple , rounded ribs that commonly 
d o no t d iv ide . O t h e r c o m p a r a b l e spec ie s appea r to b e res t r ic ted to the 
Upper Cre taceous of Europe . In M. septemplicatus (Nilsson) ( C a m p a n i a n -
Maastr icht ian) , wh ich also shows a th ick marg ina l r im, there are only a 
few very wide ribs. 

Occurrence . Santonian, M. coranguinum Zone ; Surrey, Kent , Hampshi re 
and Wil tshire; scarce. 

Genus S Y N C Y C L O N E M A 

Syncyclonema nilssoni (Goldfuss) 
Plate 20 , figure 6 

Description. Large , smooth , flattened shell wi th concave apical margins 
and curved hinge marg ins ; subequal auricles . Ornamented by concentric 
growth lines. Anter ior auricle of right valve large and wing- l ike wi th deep 
byssal sinus. 
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Introduction to molluscs and bivalves 127 

T E X T - F I G . 7.6. A , Microchlamys campaniensis (d'Orbigny), right valve; x 7 . B , 

Microchlamys sarumensis (Woods), right valve; X5. C , Microchlamys arlesiensis 
(Woods), right valve; x 4 . D - E , Microchlamys brittanicus (Woods), D , left valve; 

X2-5. E , right valve; c. x 2 . 

R e m a r k s . Dis t inguished by its larger size, wider apical angle of 9 3 - 1 2 3 
degrees (average 111 degrees) , and curved apical margins . The chlamyid 
shape and byssal s inus serve to separate it from species of Entolium. In 
most Syncyclonema species the radial Camptonectes-Wkt vermicula t ions 
are not visible wi thout magnif icat ion of at least X 2 5 . 
Occurrence. Campan ian , G. quadrata Zone ; Hampsh i r e and Norfolk. 

Subfamily NEITHEINAE 

G e n u s NEITHEA 

Neithea (Neithea) quinquecostata (J. Sowerby) 
Plate 2 1 , figure 10 

Descript ion. Med ium-s i zed to large shell with six principal r ibs and 3 - 6 
(genera l ly four) in terca lary r ibs ; f requent ly shows n u m e r o u s concent r ic 
growth lines. Its equal auricles are small and do not prot rude far past the 
u m b o . There are numerous equal radial r iblets (filae), which also occur on 
the areas. Right va lve modera te ly convex with slightly incurved u m b o ; left 
valve flattened and never concave ; number and strength of intercalary ribs 
variable. 
R e m a r k s . This is the c o m m o n e s t pect in id in the Brit ish Cretaceous . It can 
be d is t inguished from other Cha lk species by its relat ively finer r ibbing 
and its small auricles, wh ich are set well back from the u m b o . 
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128 Fossils of the Chalk 

Occurrence . B a r r e m i a n - C a m p a n i a n ; w i d e s p r e a d t h r o u g h o u t sou the rn 

England. 

Neithea (Neithea) sexcostata (S . W o o d w a r d ) 
Plate 2 1 , figures 7 - 9 

Description. M u c h smal ler than N. quinquecostata wi th a very c o n v e x 
right valve and flattened left valve. Six very salient pr incipal ribs on bo th 
valves wi th deep intercostal intervals occup ied b y irregular, often poor ly 
del ineated r ibs ; al l o f t he r ibs a re s t r ia ted h o r i z o n t a l l y b y r ib le t s . The 
inwardly bent areas and the small equal auricles are similarly ornamented . 
Remarks . Dis t inguished by its smal ler size and the combina t ion of salient 
pr imary ribs with more than four irregular, poor ly de l imi ted intercalaries . 
O c c u r r e n c e . C e n o m a n i a n - C a m p a n i a n ; s o u t h e r n E n g l a n d i n c l u d i n g 
Norfolk, Wil tshire , Dorse t and Devon; frequent in the fine Whi t e Chalk , 
c o m m o n l y occurr ing when other pect inids are rare. 

Neithea (Neithea) regularis (Schlo the im) 
not figured 

Descript ion. Neithea s.s. with six wel l -deve loped principal r ibs but dist in­
g u i s h e d from N. quinquecostata b y h a v i n g o n l y th ree in t e rca la ry r ibs 
(al though four m a y occur in the outer intervals) . The areas and subequal 
aur ic les are c o v e r e d wi th n u m e r o u s w e a k radia l filae; the re are fewer 
riblets on the lower parts . Left valve a lways flattened. 
R e m a r k s . The unequal auricles and the obv ious concentr ic striations and 
riblets on the areas serve to dis t inguish N. regularis from other species. 
O c c u r r e n c e . Tu ron ian ; in E u r o p e N. regularis is no t found b e l o w the 
uppermos t Cenomanian ; its only Brit ish occurrence is in the Turonian of 
County Antr im, Nor thern Ireland. 

Neithea (INeithea) gibbosa (Pul teney) 
Plate 2 1 , figure 11 

Descript ion. Med ium-s ized to large species wi th large, unequal auricles; 
six we l l -deve loped pr incipal r ibs and genera l ly only three intercalar ies . 
Shel l shape and o r n a m e n t s imi la r to JV. regularis, bu t r igh t va lve less 
convex, u m b o wide r and rib intervals flatter. 
Remarks . Dis t inguished in general from N. quinquecostata b y its coarser 
appearance and m u c h larger size, whi le all the ribs seem to be of the same 
type and its l a rge aur ic les are c lose r to the h i n g e l ine . E x c e p t i o n a l l y , 
spec imens found in the Uppe r Greensand at B l a c k d o w n , Devon , have a 
greater number of intercalary ribs than normal . 
Occurrence . A l b i a n - C e n o m a n i a n ; Devon , Dorse t and Wil tshire . 
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Introduction to molluscs and bivalves 129 

Fami ly SPONDYLIDAE 

Genus SPONDYLUS 

R e m a r k s . R e c e n t spec ie s o f Spondylus a re res t r ic ted to t rop ica l and 
subtropical seas and it is a s sumed that their ecological needs dur ing the 
Cre t aceous w e r e the s a m e , even t h o u g h fossil spec ies occu r in h ighe r 
latitudes than today. A s tudy of the type species, Spondylus gaedorupus 
Linnaeus , h a s e s t ab l i shed tha t shell shape and c o n v e x i t y , as wel l as 
features of o rnamen t such as the n u m b e r and s t rength of bo th ribs and 
spines, can be ex t remely var iable at all g rowth s tages (Dhondt and Dieni 
1990). In c o m m o n with other sessile bivalves , Spondylus var ies in shape 
owing to adjustment to the living space available on substrates, and m a y 
not d e v e l o p cha rac te r i s t i c s u p p l e m e n t a r y s t ruc tu res . C o n s e q u e n t l y the 
me thod o f a t t achmen t of the r ight va lve found in fossil spec ies r anges 
from comple te cementat ion to fixation by m e a n s of concentr ic lamellae or 
buttresses of vary ing size accord ing to the extent of substrate avai lable . 
Dhondt and Dieni (1990) cons idered Dianchora to be a Spondylus that has 
lost its inner shell layer dur ing fossilization. 

Spondylus spinosus (J. Sowerby) 
Plate 22 , figure 1 

Descript ion. Ova te , s l ightly inaequi la tera l shell , rounded ventral ly , and 
with p r o m i n e n t u m b o n a l r eg ion . Va lves m a y be equa l ly convex , but 
normal ly the r ight va lve is flattened o w i n g to its a t t achmen t , wh ich is 
achieved by means of irregular concentr ic frills. Right valve larger than left 
valve; strong radial ribs with a series of strong, long, tapering spines that 
are grooved on their upper surface. Left valve very convex, ornamented by 
strong radial ribs that occasionally develop spines; the juveni le shell may 
also have tuberculate spines on the rib crests. The spines on the right valve 
do not occur to a pattern, a l though the two most lateral series are usually 
the best developed and are evenly spaced around the commissure . 
R e m a r k s . C a r t e r ( 1 9 7 2 ) d i s c u s s e d t he o n t o g e n y o f S. spinosus and 
interpreted its poss ib le funct ional m o r p h o l o g y and pa laeoeco logy . T w o 
ext reme forms have been recognised : (1) aequalis-type, in w h i c h inter­
media te r ibs are deve loped on ly nea r the m a r g i n o f the left va lve and, 
together wi th the w e l l - m a r k e d and c lose ly packed g rowth l ines , g ive a 
frilled appearance to the shell. The ribs on the right valve are not divided, 
and sp ines occu r on both va lves (e .g . ' 5 . brightonensis' f rom the M. 
coranguinum Zone) . (2) duplicatus-type, in which the left valve has m a n y 
in termedia te r ibs and the r ibs on the r ight va lve have a na r row med ian 
furrow. 
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O c c u r r e n c e . C e n o m a n i a n , S. gracile Z o n e , to La te C a m p a n i a n , B. 
mucronata Zone ; c o m m o n at mos t hor izons and localit ies from the Dorset 
coast to Norfolk. 

Spondylus striatus (J. Sowerby) 
Plate 22 , figure 6 

Descr ipt ion . La rge , ob l ique ly ova te shell . R igh t va lve usual ly a t tached 
over mos t of its surface, free part o rnamented by radial r ibs and shal low 
grooves wi th fine concentr ic lamel lae . Left va lve modera te ly convex wi th 
prominent u m b o and small , smooth ears ; o rnamented by numerous equal , 
smooth , f lattened radia l r ibs separa ted b y deep g rooves and concen t r i c 
growth lines. 
Remarks . S. striatus is larger and m o r e ob l ique ly-shaped than S. latus, 
and its ribs are less regular. 
Occurrence . A p t i a n - C e n o m a n i a n ; Devon , Dorse t and Wil tshire . 

Spondylus fimbriatus Goldfuss 
Plate 22 , figure 3 

Descr ipt ion . Regu la r oval , s l ight ly ob l ique , c o n v e x shel ls . R igh t va lve 
can be the mos t inflated, but is general ly flatter because it was at tached to 
a substratum; its a t tached area has concentr ic ornament , but the free shell 

E X P L A N A T I O N O F P L A T E 21 

Fig. 1. Camptonectes (Mclearnia) dubrisiensis (Woods). Cenomanian, Bluebell 
Hill, Burham, Kent; right valve; xO-5. 

Fig. 2. Entolium membranaceum (Nilsson). Upper Cenomanian, Bluebell Hill, 
Burham, Kent; left valve; c. xl. 

Fig. 3. Entolium orbiculare (J. Sowerby). Middle Cenomanian, A. rhotomagense 
Zone, between Folkestone and Dover, Kent; left valve; c. x 1. 

Fig. 4. Limatula wintonensis (Woods). Upper Santonian, U. socialis Zone, 
Ringwould, near Dover, Kent; right valve; x2-5. 

Fig. 5. Limatula decussata (Goldfuss). Lower Campanian, G. quadrata Zone, East 
Harnham, Salisbury, Wiltshire; right valve; x2-5. 

Fig. 6. Chlamysl subacuta (Lamarck). Upper Albian, Weymouth, Dorset; left 
valve; xO-5. 

Figs 7-9. Neithea (Neithea) sexcostata (Woodward). Campanian. 7-8, G. quadrata 
Zone, Salisbury, Wiltshire; both right valves; x 1. 9, Norwich, Norfolk; right 
valve; x 2 . 

Fig. 10. Neithea (Neithea) quinquecostata (J. Sowerby). Campanian, G. quadrata 
Zone, near Salisbury, Wiltshire; right valve; x 1. 

Fig. 11. Neithea (1 Neithea) gibbosa (Pulteney). Lower Cenomanian, N. 
carcitanense Zone; Warminster, Wiltshire; right valve; X 1. 
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132 Fossils of the Chalk 

is o rnamented by near ly equal radial r ibs separa ted by na r row grooves ; 
short, irregularly p laced spines occur on the r ibs. Left va lve o rnamented 
b y n u m e r o u s , s l ight ly i r regular , rad ia l r ibs w h i c h g ive it a ' w a v y ' 
appearance; these irregularly bear n u m e r o u s spines of varying sizes and 
angles. 
Remarks . Previously recorded as S. dutempleanus d 'Orb igny , but owing 
to the c o n s i d e r a b l e va r iab i l i ty that o c c u r s in b o t h the r ibs and sp ines 
ornament ing spondyl ids , this species is n o w t reated as a j un io r synonym of 
S.fimbriatus Goldfuss (Dhondt and Dieni 1990). 
Occurrence . C e n o m a n i a n - C a m p a n i a n ; loca l i t ies at all h o r i z o n s in the 
counties around London, and from D e v o n and Dorset to Norfolk. 

Spondylus latus (J. Sowerby) 
Pla te 22 , figures 2, 4 - 5 

Description. Dis t inguished from other Spondylus species by its numerous 
smooth r ibs, smooth ears, and virtual lack of spines . It is also considered 

E X P L A N A T I O N O F P L A T E 22 

Fig. 1. Spondylus spinosus (J. Sowerby). Chalk. South Downs; right valve showing 
irregular arrangement of spines on radial ribs; xO-75. 

Figs 2, 4. Spondylus cf. latus (J. Sowerby). Campanian, O. pilula Zone., 
Peacehaven, Sussex; x 1 -2. 

Fig. 3. Spondylus fimbriatus Goldfuss. Lower Campanian, G. quadrata Zone, East 
Harnham, Salisbury, Wiltshire; left valve; X 1-25. 

Fig. 5. Spondylus latus (J. Sowerby). Upper Campanian, B. mucronata Zone, 
Earlham Lime Works, Norwich, Norfolk; right valve (note buttresses 
supporting this valve); c. x 1. 

Fig. 6. Spondylus striatus (J. Sowerby). Lower Cenomanian, N. carcitanense Zone, 
Warminster, Wiltshire; left valve; xO-5. 

Figs 7-8. Spondylus serratus Woods. 7, Senonian, locality unknown; left valve 
(note fine scaly ribs); X 1. 8, Campanian, Norwich, Norfolk; right valve (note 
lamellose concentric ribs); c. x 1. 

Fig. 9. Pseudoptera caerulescens (Nilsson). Upper Santonian, U. socialis Zone, 
Palm Bay, Margate, Kent; left valve; c. x 1-5. 

Fig. 10. Plicatula inflata J. de C. Sowerby. Lower Cenomanian, Burham, Kent; 
right valve; X 1. 

Fig. 11. Plicatula barroisi Peron. Upper Turonian, S. planus Zone, Dover, Kent; 
right valve; x 5 . 

Fig. 12. Hypoxytoma tenuicostata (Roemer). Lower Campanian, 1G. quadrata 
Zone, Wells, Norwich, Norfolk; left valve; x 1 -2. 

Figs 13-14. Gyropleura inaequirostrata (S. Woodward). Campanian, Norwich, 
Norfolk. 13, x 3 . 14, view of shell encrusting an echinoderm to show shape and 
striations; x 1-5. 
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134 Fossils of the Chalk 

to have a higher n u m b e r o f r ibs than other species , whi le its left va lve is 
often longitudinal ly e longate rather than suboval or circular. 
Occurrence. C e n o m a n i a n - C a m p a n i a n ; locali t ies from D e v o n and Dorset 
to Yorkshire ; par t icular ly a long the Sussex coast in south-east England; 
Cenomanian forms are usual ly larger than later spec imens . 

Spondylus serratus W o o d s 
Plate 22 , figs 7 - 8 

Descript ion. D is t ingu ished from other Spondylus species by its regular 
pattern of r ibs, wh ich is quite different from that seen in other species, and 
by its concentr ical ly a l igned fine tubercles or small spines. Dis t inguished 
from S. latus by its b roader intercostal g rooves and r ibbed ears. 
Remarks . A free-living species in its adult s tages. 
Occurrence. Santonian, U. socialis and M. testudinarius zones ; Wil tshi re 
and Kent; rare. 

Fami ly E N T O L I I D A E 

Subfamily E N T O L I I N A E 

Genus E N T O L I U M 

Entolium orbiculare (J. Sowerby) 
Plate 2 1 , figure 3 ; Plate 26 , figure 16 

Description. Very britt le, thin, a lmost flat shell; suborbicular in shape, and 
subequ iva lve , wi th re la t ive ly smal l , w e l l - d e v e l o p e d , subequa l aur ic les ; 
apical marg ins usual ly straight, but can be curved. Right valve is smooth 
and more convex than left va lve , and has an obsole te byssa l s inus. Left 
valve bears a var iable number of concentr ic r idges separated by shal low 
furrows; its auricles are equal , t r iangular and obtusely angled, though still 
rounded, and project dorsal ly more than those of the right va lve . 
R e m a r k s . D i s t i n g u i s h e d f rom the s m o o t h E. membranaceum b y the 
concentr ic r idges on its left va lve , and in hav ing more dorsal ly e levated 
auricles and a slightly nar rower apical angle . 
O c c u r r e n c e . B e r r i a s i a n - T u r o n i a n ; found t h roughou t sou the rn E n g l a n d 
and as far north as Lincolnshire and Norfolk; one of the c o m m o n e s t and 
most widely distr ibuted of pect inids . 

Entolium membranaceum (Ni lsson) 
Plate 2 1 , figure 2 

Descript ion. Comple te ly smooth shell , bo th inside and out; auricles are 
a lmos t exac t ly equa l , the byssa l s inus is absen t bu t w e l l - d e v e l o p e d 
auricular crurae are present . 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



Introduction to molluscs and bivalves 135 

Remarks . Dis t inguished from E. orbiculare by the comple te lack of any 
macroscu lp tu re and its dorsa l ly pro jec t ing aur ic les . T h e we l l -deve loped 
aur icular c rurae indicate that the species be longs to Entolium. Its equal 
aur ic les and s t ra ight ap ica l m a r g i n s d i s t ingu i sh th is spec ie s from the 
similarly smooth Syncyclonema nilssoni (Goldfuss) (Campanian) . 
O c c u r r e n c e . T u r o n i a n - M a a s t r i c h t i a n ; unexpec ted ly rare in the Engl i sh 
Chalk; only known from Kent , Lincolnshire and Nor thern Ireland. 

Superfamily P L I C A T U L O I D E A 

Fami ly P L I C A T U L I D A E 

Genus P L I C A T U L A 

Plicatula barroisi Peron 
Plate 22 , figure 11 

Descr ipt ion . Smal l , rounded , ova te shel l , s l ight ly ob l ique . Righ t va lve 
inflated, apical part t runcated by a t tachment ; left va lve flattened or slightly 
c o n c a v e , often wi th a subc i r cu l a r o p e n i n g nea r u m b o . B o t h va lves 
o rnamented b y numerous s t rong, rounded, radial r ibs that are separated by 
deep g r o o v e s ; these r ibs m a y b i furca te at the va lve m a r g i n s or at the 
strongly marked growth r ings. 

Occurrence . C e n o m a n i a n - C a m p a n i a n , par t icular ly c o m m o n in the Upper 
Turonian S. plana Zone ; Hampsh i r e and south-east England. 

Plicatula inflata J. de C. Sowerby 
Plate 22 , figure 10 

Descript ion. Oval , somewha t t r iangular shell , very obl ique wi th rounded 
marg in s . R igh t va lve m o d e r a t e l y c o n v e x , bu t inc reas ing wi th age ; left 
valve flat or concave . Both valves o rnamented wi th a few regular, radial, 
s l igh t ly c u r v i n g r ibs tha t b e a r r e c u m b e n t sp ines that are s t ronger and 
longer near the poster ior and anterior marg ins . 
Remarks . Dis t inguished from the Albian P. gurgitus Pictet and Roux in 
hav ing far fewer a n d m o r e regu la r r ibs that do not bifurcate and carry 
fewer spines . The presence of spines separates it from P. barroisi. 
Occurrence . A l b i a n - C e n o m a n i a n ; south-east England. 

Fami ly D I M Y I D A E 

Genus A T R E T A 

Atreta nilssoni ( H a g e n o w ) 
Plate 26 , figure 11 
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136 Fossils of the Chalk 

Description. Small , semi-oval or semicircular shell in outl ine, but m a y be 
a little obl ique. Right va lve a t tached by near ly the whole of its surface; the 
interior wi th slightly raised radial r ibs that b e c o m e more n u m e r o u s near 
the sharp, raised margin ; a broad, smooth , s loping border bounded by a 
raised edge occurs beyond this margin; occasionally radial ribs m a y develop 
outside the border . Left va lve s l igh t ly c o n v e x , o r n a m e n t e d b y c lose ly 
packed, irregular, concentr ic lamel lae . 
Remarks. This species is c o m m o n l y at tached to Echinocorys, Inoceramus 
and Belemnitella. The fixed right va lve is the one normal ly found, whi le 
the left va lve has on ly b e e n co l l ec t ed f rom the S. plana Z o n e and 
exposures of the U p p e r Chalk . The m o n o m y a r i a n musc l e scar in Atreta 
dist inguishes it from the s imilar ly a t tached b iva lve Dimyodon, wh ich is 
dimyarian. 
Occurrence. Cenomanian-Maas t r i ch t ian ; widespread throughout England. 

Order L I M O I D A 

Fami ly L I M I D A E 

Genus C T E N O I D E S 

Ctenoides divaricata (Dujardin) 
Plate 17, figure 5 

Descr ip t ion . C o n v e x , s o m e w h a t f la t tened shell w i t h va r i ab le ou t l ine 
r ang ing from ova te to o b l o n g ; an t e ro -do r sa l m a r g i n s lopes s teep ly , 
poster ior marg in more gradual ly . Unequa l ears relat ively short and high. 
Card ina l a rea n a r r o w ; h i n g e w i t h m o d e r a t e l y s t rong la teral t ee th . 
Ornament of numerous small , rounded, radial r ibs that d iverge from one or 
two cent res . Ribs sl ightly ra ised, often w a v y and i r regular , par t icu lar ly 
near growth r idges. 
Remarks . Recognised by the d ivergence of its r ibs and its short antero-
dorsal margin; C. tecta (Goldfuss) (Cenomanian -Maas t r i ch t i an ) has m u c h 
finer ribs and a long, straight, antero-dorsal margin ; C. rapa (Cenomanian) 
is larger, has relat ively more convex and ovate valves , and fine radial r ibs 
present on both ears . 
Occurrence . U p p e r Turon ian , S. plana Z o n e , to L o w e r C a m p a n i a n , G. 
quadrata Zone ; south-east England including Wil tshire and Norfolk. 

Ctenoides rapa ( d 'Orb igny) 
Plate 17, figure 6 

Descript ion. Mode ra t e ly c o n v e x shell wi th ova te out l ine ; m u c h h igher 
than long; all marg ins evenly rounded. U m b o n e s small , pointed, and close 
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Introduction to molluscs and bivalves 137 

together. Ears modera te ly large and unequal , wi th fine radial ribs. Orna­
ment of n u m e r o u s fine, rounded, radial r ibs that d iverge and have a wavy 
course , w h i c h is often fur ther def lected by the g r o w t h l amel l ae . R ibs 
become nar rower and sharper near bo th marg ins and m a y also bear small 
spines; c rossed by fine l inear concentr ic r idges. 
Remarks . Dis t inguished from both C. divaricata and C. tecta by its larger 
size, relatively m u c h more convex and ovate valves and the fine radial ribs 
present on its ears; its r ibs m a y also bear small spines. 
Occurrence . Uppe r A l b i a n - C e n o m a n i a n ; Devon . 

Genus L I M A 

Lima aspera (Mantel l ) 
Plate 2 3 , figure 9 

D e s c r i p t i o n . O v a t e shel l , h i g h e r than long ; r o u n d e d ou t l ine but bo th 
m a r g i n s s t ra igh t ( an te ro -dorsa l shor tes t ) . Smal l po in t ed u m b o n e s c lose 
toge ther . D e e p , n a r r o w , an te r io r a rea ; sma l l , t r i angu la r an te r io r ea rs ; 
posterior ears obtusely tr iangular, e longate , and wi th radial ribs. Ornament 
of n u m e r o u s , s l ightly undu la t ing , modera te ly w i d e , flattened radial r ibs 
that diverge from a med ian line and are often bent by growth lines. Ribs 
separated by na r row grooves ; pi ts m a y occur in these on dorsal par t of 
valve, or t ransverse grooves on ventral part. Apar t from concentr ic r idges 
the rib surface is general ly smooth , but short indentat ions or short spiny 
projections can occur irregularly on the inner edge o f each rib. 
R e m a r k s . D i s t i n g u i s h e d f rom the C e n o m a n i a n L. subovalis J. de C. 
S o w e r b y by its w i d e r r ibs and the p ro jec t ions on the i r inner s ide ; the 
divergence of the r ibs is a lso m u c h greater than in that species. 
O c c u r r e n c e . C e n o m a n i a n ; in E u r o p e m o r e typ ica l ly found in the 
Turonian; south-east England, Cambr idgesh i re and Norfolk. 

Genus P L A G I O S T O M A 

Plagiostoma hoperi Mantel l 
Plate 2 3 , figures 6 - 7 

Descr ip t ion . C o n v e x , r o u n d e d , inaequ i l a t e ra l shel l ; l onger than h igh ; 
an te ro-dorsa l marg in ra the r long , s l ight ly c o n v e x and nea r ly s t ra ight . 
U m b o n e s close together . Apica l ang le 1 1 5 - 1 1 7 degrees . Smal l unequa l 
ears with g rowth lines; poster ior ear larger and long. Anter ior area large 
and d e e p , w i th sharp borde r ; rad ia l g r o o v e s p resen t . Shel l smoo th ; 
numerous l inear g rooves wi th pi ts near u m b o as wel l as in anter ior and 
pos ter ior m a r g i n s ; var iable d is t r ibut ion o f this o r n a m e n t over the shell . 
Growth r ings at intervals. 
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138 Fossils of the Chalk 

Remarks . Dis t inguished from other species b y hav ing a relat ively smooth 
shell surface. P. cretaceum is d is t inguished by its smal ler apical angle and 
shorter, higher , less convex valves ; the entire shell surface is o rnamented 
b y deep g rooves . Typ ica l l y , P. hoperi is l onger than h igh , w h e r e a s P. 
cretaceum is h igher than long. 
O c c u r r e n c e . U p p e r T u r o n i a n , S. plana Z o n e , to M a a s t r i c h t i a n ; w i d e ­
spread throughout England. 

Plagiostoma cretaceum W o o d s 
Plate 2 3 , figures 8, 10 

Description. Oval , very inaequilateral , not very convex shell; h igher than 
long; an te ro- and pos te ro -dorsa l m a r g i n s near ly s t ra ight , r o u n d e d ven -
trally. Small u m b o n e s close together. Apica l angle 9 0 - 1 0 0 degrees . Small 
unequal ears , pos te r io r larger . M o d e r a t e - s i z e d an te r io r a rea very deep , 
sharp edge , and n u m e r o u s radial r ibs . O r n a m e n t e d b y n u m e r o u s we l l -
defined, slightly wavy radial g rooves that have distinct pits; the flattened, 
rounded interspaces have the appearance of ' r i b s ' . Fine concentr ic r idges 
and a few growth rings also genera l ly visible. 
Remarks . Dis t inguished from P. hoperi by its smaller apical angle, h igher 
and shor ter , less c o n v e x va lve s a n d b y the en t i re shell surface b e i n g 
ornamented by deeper grooves . 

E X P L A N A T I O N O F P L A T E 23 

Figs 1-2. Limaria elongata (J. de C. Sowerby). 1, Campanian, G. quadrata Zone, 
Brighton, Sussex; left valve; x 2 . 2, Cenomanian, Bluebell Hill, Burham, Kent; 
left valve; xO-75. 

Figs 3^1. Plagiostoma marrotianum d'Orbigny. Upper Campanian, B. mucronata 
Zone, Cunnell's Pit, Norwich, Norfolk; right valve; xO-5. 

Fig. 5. Limaria reichenbachi Geinitz. Lower Cenomanian, M. dixoni Zone, 
Wilmington, Devon; left valve; x 1-25. 

Figs 6-7. Plagiostoma hoperi Mantell. Lower Campanian, B. quadrata Zone, East 
Harnham, Salisbury, Wiltshire. 6, lunule, escutcheon and ear; x 1. 7. left valve; 
X 0 - 8 . 

Figs 8, 10. Plagiostoma cretaceum Woods. 8, ?Campanian, Norwich; right valve; 
x 1. 1 0 , Santonian, M. cortestudinarium Zone, Cuxton, Kent; left valve; X 1 . 

Fig. 9. Lima aspera (Mantell). Lower Cenomanian, Margett's Pit, Burham, Kent; 
left valve; c. x 1 . 

Fig. 11. Plagiostoma globosum J. de C. Sowerby. Cenomanian, Dover. Kent; left 
valve; x 1. 

Fig. 12. Limea (Pseudolimea) granulata (Nilsson). Upper Campanian, B. 
mucronata Zone, Mousehold, near Norwich, Norfolk; right valve; x 2 . 

Fig. 13. Limea (Pseudolimea) composita (J. de C. Sowerby). Lower Cenomanian, 
N. carcitanense Zone, Warminster, Wiltshire; left valve; x 2 . 
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140 Fossils of the Chalk 

O c c u r r e n c e . U p p e r Turon ian , S. plana Z o n e , to U p p e r C a m p a n i a n , B. 
mucronata Zone ; southern England including Norfolk. 

Plagiostoma globosum J. de C. Sowerby 
Plate 2 3 , figure 11 

Descript ion. Ornamen t consists of regular radial and concentr ic reticulate 
pat tern of numerous pits, wh ich can s imulate raised r ibs. Nea r the ventral 
m a r g i n the p i t s are m o r e e l o n g a t e and the i r concen t r i c a r r a n g e m e n t 
becomes more irregular. The radial a r rangement is mos t apparent at the 
anterior and poster ior marg ins . The smooth valves are faintly marked by 
growth lines. 
Remarks . Dis t inguished from all other Uppe r Cre taceous species found in 
Britain by its ret iculate ' p seudor ibb ing ' pat tern. Its m o r e inflated valves 
also serve to separate it from both P. hoperi and P. cretaceum. 
O c c u r r e n c e . A l b i a n - C e n o m a n i a n ; va r ious loca l i t i es in the coun t i e s 
around London and in Devon . 

Plagiostoma marrotianum d 'Orb igny 
Plate 2 3 , figures 3 - 4 

Descript ion. Dis t inguished from other Chalk species by its strong ribs and 
rather large ears . It is less rectangular in shape than species of Limaria. 
The r o u n d e d , ra i sed and s m o o t h r ibs can flatten t o w a r d s the vent ra l 
margin , and in older gerontic spec imens this p roduces a smooth ' sk i r t ' . 
Occurrence . Uppe r Campan ian , G. quadrata Zone ; relatively rare in the 
UK. 

G e n u s L I M A R I A 

Limaria elongata (J. de C. Sowerby) 
Plate 2 3 , figures 1-2 

D e s c r i p t i o n . S u b q u a d r a n g u l a r to o b l o n g shel l o f m o d e r a t e convex i ty , 
rounded anter ior ly . Antero-dorsa l m a r g i n near ly straight and paral le l to 
postero-ventral marg in . U m b o n e s close together . Ears of modera t e size. 
Ornament ext remely variable, consis t ing of 19-20 strong ribs separated by 
asymmetr ic , smooth , shal low furrows, or deeply rounded grooves , which 
are of a similar size to the ribs. The ribs are far more complex than in mos t 
other Cre taceous species, a l though the presence of finer secondary ribs is 
l imi ted to the dorsa l pa r t o f the shel l . T h e r ibs m a y b e (1) sharp and 
serrate, with secondary ribs on their flanks or at the foot of each side; (2) 
mere ly smoothly rounded; (3) spinose as in the variety Limaria elongata 
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Introduction to molluscs and bivalves 141 

var. echinata, in which there is a r ow of short, rounded, s tumpy spines on 
the r idge o f each r ib and ano the r r ow of s l ight ly smal le r sp ines in the 
furrows. Fine, concentr ic growth lines cross both ribs and grooves . 
O c c u r r e n c e . C e n o m a n i a n - L o w e r T u r o n i a n ; L o w e r C a m p a n i a n , ?G. 
quadrata Zone ; southern England from Devon to Kent . 

Limaria reichenbachi Geini tz 
Plate 2 3 , figure 5 

Descr ipt ion . C o n v e x , ob long , ob l ique shel l , r o u n d e d vent ra l ly ; an te ro-
dorsal marg in long, near ly straight, and a lmost parallel to postero-ventral 
margin. Ears rather small wi th anterior ear a little larger than the posterior. 
Ornament of 7 - 1 0 very straight, rounded, radial ribs separated by rounded 
grooves o f equal width; o ther na r rower secondary r ibs occur on these and 
in the grooves . Concent r ic g rowth lines cross r ibs and grooves . 
R e m a r k s . D i s t i ngu i shed by its o r n a m e n t of very s t rong radial r ibs . L. 
cantabrigiensis ( W o o d s ) ( C e n o m a n i a n ) h a s f requent s t rong, concen t r i c 
r idges that p r o d u c e p ro jec t ions w h e r e v e r they c ross r ibs . L. brittanica 
(Woods) (Con iac i an -Campan ian ) has two categories of r ibs and only thin 
growth lines. 

Occurrence . A l b i a n - C e n o m a n i a n ; D e v o n and Wil tshire; rare. 

G e n u s L I M A T U L A 

Limatula wintonensis (Woods ) 
Plate 2 1 , figure 4 

Description. Small, inflated, nearly equilateral shell that is pointed dorsally. 
Ornamented by 10 -16 rounded ribs and nar row intercostal intervals; ribs 
confined to the med ian part of the shell. Strong, regular, concentr ic growth 
r idges occur, and these m a y be concentra ted close together near a growth 
ring. 
R e m a r k s . D i s t i ngu i shed from the E u r o p e a n L. semisulcata (N i l s son ) 
( C a m p a n i a n - M a a s t r i c h t i a n ) by hav ing na r rower r ibs; from L. decussata 
by h a v i n g fewer r ibs , s m o o t h a reas nea r the shell m a r g i n s , and r idges 
rather than tubercules on the r ibs; from L. fittoni sensu W o o d s ( A l b i a n -
C e n o m a n i a n ) by h a v i n g r idges on its r ibs ; a n d from the E u r o p e a n L. 
kunradensis Marque t (Maastr icht ian) by its semicircular shape. 
Occurrence . U p p e r Tu ron i an , S. plana Z o n e , to L o w e r C a m p a n i a n , G. 
quadrata Zone ; found throughout southern England. 

Limatula decussata (Goldfuss) 
Plate 2 1 , figure 5 
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142 Fossils of the Chalk 

Descr ipt ion . Short , w i d e , convex shell , a lmos t an equi la teral , rounded-
oblong. U m b o n e s small ; ears rather small and near ly equal . Shell covered 
with n u m e r o u s keeled r ibs separa ted b y nar row grooves , but s t rong ribs 
not a lways present over entire shell. N u m e r o u s concentr ic r idges give rise 
to tubercules at the summi t of the larger r ibs. 
Remarks . Dis t inguished from other species by the exis tence of r ibs over 
the entire shell; its tuberculate keeled ribs also separate it. 
Occurrence . S a n t o n i a n - L o w e r Maast r icht ian; Wil tshi re and Norfolk. 

G e n u s L I M E A 

Subgenus L I M E A ( P S E U D O L I M E A ) 

Remarks . Limea (Pseudolimea) can be differentiated from Limatula by its 
obliquity and relative width , and from Limaria by its small size and the 
absence o f a gape (Dhondt 1989). 

Limea (Pseudolimea) granulata (Ni lsson) 
Pla te 2 3 , figure 12 

Descript ion. V e r y convex , oval ( subova te -subc i rcu la r ) , s l ightly obl ique, 
m e d i u m - s i z e d shell w i t h r o u n d e d ou t l ine . H e i g h t on ly a l i t t le g rea te r 
than length. Apical angle very large. U m b o n e s small , incurved and close 
together. Ears of modera te s ize, near ly equal , with spiny r ibs. Ornament of 
n u m e r o u s ( 2 0 - 2 4 ) s t rong, trifid r ibs separa ted by na r row furrows. R ibs 
bear three rows o f scale- l ike sp ines , one wi th larger spines at the sharp 
summit and the others at either side. 
Remarks . Preservat ion affects the appearance of the r ibs; the scale-l ike 
sp ines r a n g e from erec t sp ine s to s lop ing sca les , t ube rc l e s or r o u n d e d 
g ranu les . D i s t ingu i shed by charac te r i s t ic t r ipar t i te r ib a r r a n g e m e n t and 
small knobs on the end of all r ibs. 
Occurrence . Uppe r Cenoman ian , N. juddii Zone , to Maastr icht ian; com­
mones t in Upper Campan ian , B. mucronata Zone ; Norfolk, Suffolk and 
Wil tshire . 

Limea (Pseudolimea) composita (J. de C. Sowerby) 
Plate 2 3 , figure 13 

Descript ion. Usual ly larger than P. granulata, and dis t inguished from that 
species by having tubercles on the ribs ra ther than scale-l ike spines; the 
m e d i u m - s i z e d shell is less ob l ique and m o r e equi la tera l ( s u b o r b i c u l a r -
subovate) ; the u m b o n e s are more prominent ; the he ight is greater than the 
width. Trifid ribs seem to be nar rower and have more prominent summi ts . 
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Introduction to molluscs and bivalves 143 

R e m a r k s . It is not easy to differentiate L. (P.) composita from L. (P.) 
granulata because they have virtually the same number of tripartite/trifid 
ribs, and the differences in rib structure descr ibed above are only apparent 
on w e l l - p r e s e r v e d s p e c i m e n s . T h e na tu re o f the i r in te rcos ta l in te rva ls 
provides the easiest method o f separat ing the two species : this is virtually 
smooth in L. (P.) composita but covered with scale-l ike granulat ion in L. 
(P.) granulata. L. (P.) denticulata (Ni l s son) ( S a n t o n i a n - M a a s t r i c h t i a n ) 
has a m e d i u m to large convex shell , which is suborbicular to subovate in 
out l ine , and is o r n a m e n t e d b y 2CM10 r ibs , bu t it is d i s t ingu ished b y its 
und iv ided t r i angu la r r ibs wi th sharp s u m m i t s . L. (P.) geinitzi ( von 
Hagenow) (Maast r icht ian) is m u c h smal ler and has 4 0 - 6 5 undiv ided r ibs 
that are far more rounded in cross-sect ion. 

O c c u r r e n c e . A p p e a r s to b e res t r i c t ed to the C e n o m a n i a n ; s o u t h - w e s t 
England, Devon and Wil tshire ; ?Norfolk. 

F O S S I L O Y S T E R S 

R e m a r k s . T h e oys te r s are p r o b a b l y the m o s t difficult s ingle g r o u p of 
macrofoss i l s to classify. H o w e v e r , as they are a lso the m o s t successful 
group of c e m e n t e d b iva lves , and their s t rong calci t ic shell ensures that 
they a re usua l ly p re se rved , they are the c o m m o n e s t m o l l u s c a n fossi ls . 
Unfortunately, their g regar ious life-style, together wi th the cons iderable 
variation that occurs in the form of their shell , results in a w ide range of 
shape . S ince the re is a l so a s t rong t e n d e n c y for qu i te d is t inc t t axa to 
appear s imi lar in external form, and the shel ls o f indiv iduals frequently 
conform to the shape of the mater ial upon which they are cemented , the 
task of n a m i n g spec imens b e c o m e s even m o r e difficult. It is advisable to 
have several spec imens available before a t tempt ing to identify species of 
fossil oysters . T h e nature of the l igament pit and the posi t ion and shape of 
the adductor musc le scar, or the impress ion m a d e by its pad, are useful 
features to note . 

The vo lume on oysters by Stenzel (1971) in the Treatise on Invertebrate 
Paleontology is the mos t comprehens ive reference available; information 
can also be obtained from other text-books, such as those by Easton (1960) 
and Carter (1968). T h e publicat ion of Malchus (1990) contains a detailed 
analysis of the morphology of oyster shells. He used shell form, shapes of 
l igament areas, pat terns of sub-l igamental planes and chomata types and 27 
varieties of five basic types of adductor to classify oysters and determine 
their probable relat ionships. His classification is adopted here. 

Al though oysters are notor iously var iable , Cooper (1992) has descr ibed 
deep-wa te r s p e c i m e n s tha t s h o w re la t ive ly s tab le shel l charac te r i s t i c s , 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



144 Fossils of the Chalk 

al though these are still influenced by the surface area of avai lable hard 
substrates. Yamaguch i (1994) descr ibed the process and structure of oyster 
cementat ion and suggested that it had deve loped early in the evolut ion of 
the Pter iomorpha. Fo l lowing Pa lmer (1989) , Ma lchus (1995) discussed the 
larval shell characters of some fossil Ostreoida. This led h im to quest ion 
the cur ren t sub fami ly class i f icat ion b a s e d on ' b r o o d i n g ' and ' n o n -
brooding ' features. 

Fami ly P A L A E O L O P H I D A E 

Subfamily P A L A E O L O P H I N A E 

Genus R A S T E L L U M 

Rastellum (Arctostrea) colubrinum (Lamarck) 
Plate 24 , figure 1 

Descript ion. Shell r ang ing from straight, long and taper ing to crescent ic , 
hooked, or semicircular; crest of r ight valve m a y be flattened; short h inge 
l ine. V e r y s teep para l le l flanks and a very ser ra ted c o m m i s s u r e ; c lose 
regular plicae with tips o f z igzags sharp, long and narrow; s lender hyote 
spines somet imes present at crests . 
R e m a r k s . Rastellum quercifolium, a rare C e n o m a n i a n , r ibbed , c o n v e x 
form, is easily recognised by its subquadra te to rounded outl ine. 
Occurrence . M i d d l e - U p p e r Cenoman ian and ?Turonian; very c o m m o n in 
marginal facies throughout England. 

Fami ly G R Y P H A E I D A E 

Subfamily E X O G Y R I N A E 

Genus A M P H I D O N T E 

Amphidonte obliquatum (Pul teney) 
Plate 24 , figures 2 - 3 

Descr ipt ion . Shel l s h a p e var iab le d e p e n d i n g on a t t achment . Left va lve 
very inequ iva lve ; inequi la tera l ovate shell a lmos t coi led in the n lane of 
i ts c o m m i s s u r e ; u s u a l l y h i g h e r t h a n l o n g ; p o s t e r i o r m a r g i n can b e 
e x t e n d e d ; in f la ted a n d of ten w i t h a sma l l a t t a c h m e n t s u r f a c e . U m b o 
spira l a n d c u r v e d i n w a r d s a n d b a c k w a r d s ( p r o s o g y r a l ) ; shel l u s u a l l y 
a t tached b e h i n d u m b o . Dis t inc t r o u n d e d car ina from u m b o to pos t e ro -
ventral ex t remi ty . Surface s m o o t h wi th g rowth l ines only , but i r regular 
r idges m a y occur ; j u v e n i l e s tages can h a v e radia l r ibs . B a n d of r idges 
and p i t s on ins ide of v a l v e . R i g h t v a l v e th in , o p e r c u l i f o r m , s l igh t ly 
concave ; small spiral u m b o . 
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Remarks . Dis t inguished from other species by its less obvious carina and 
more rounded valve . The poster ior part of the valve is less flattened than 
that of the very smooth A. suborbiculatum (Cenomanian) , and its anterior 
part is m u c h narrower and steeper, whi le the u m b o of the left valve is more 
spiral. M a n y spec imens have traces of irregular o rnament bands . 
Occurrence . A lb i an -Turon i an ; southern England from D e v o n to Kent . 

Genus C O S T A G Y R A Via lov 

Remarks . Costagyra is character ized by hav ing a few strong radial ribs on 
its left valve that are separated by large concave intervals; scales or spines 
may occur on the ribs, and the ribs m a y be pro longed as digitat ions at the 
shell marg in . Malchus (1990) cons idered this to be a subgenus of Exogyra. 

Costagyra digitata (J. Sowerby) 
Plate 24 , figure 4 

Descr ipt ion . Th ick , m e d i u m - s i z e d , inequ iva lve , exogyro id shell wi th a 
rounded or sharp carina and prominent , wide ly-spaced radial folds, some 
of w h i c h o r i g i n a t e f rom the ca r ina . Sp i ra l u m b o c u r v e d b a c k w a r d s . 
Adduc to r musc l e scar p a d orb icular ; c h o m a t a typica l ly la th- l ike . Righ t 
valve has narrow radial ribs separated by wide concave interspaces. 
Remarks . Dis t inguished from Exogyra by the 7 - 1 2 radial folds on the left 
valve, wh ich m a y also project beyond the va lve per iphery forming spinose 
projections. Differs from C. laciniata (Upper C e n o m a n i a n - C a m p a n i a n ) in 
lacking an e longate a t tachment area and by its o rnament of s trong ribs. 
Occurrence . A l b i a n - C e n o m a n i a n ; Devon and Dorset ; scarce. 

Subfamily G R Y P H A E O S T R E I N A E 

G e n u s G R Y P H A E O S T R E A 

Gryphaeostrea canaliculata (J. Sowerby) 
Plate 24 , figures 5, 7 

Descript ion. Small , very inequivalve shell, usual ly higher than long. Liga­
mental area is a deep , nar row, spiral g roove that widens and straightens 
with growth. Left va lve h ighly convex; commissura l shelf lacks chomata; 
appears to h a v e a r o u n d e d ca r ina o w i n g to m i d - w h o r l convex i ty ; 
umbo /beak op i s thogyra l ly spiral . E longa te a t t achmen t scar pos te r ior to 
umbo; anterior wal l spirally curved and rising obl iquely from substratum. 
Smooth g rowth s q u a m a e occur in later s tages and spoon - shaped shel ly 
' c l a s p e r s ' m a y g r o w out f rom these . R igh t va lve flat, subo rb i cu l a r to 
triangular, and coiled in a p lane normal to the h inge; u m b o flat; o rnament 
of regular ly spaced comarginal g rowth lamel lae . 
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R e m a r k s . R e c o g n i s e d b y its g r o o v e - l i k e l i g a m e n t a rea , the regu la r ly 
spaced squamae of the right va lve and the combina t ion of a gryphaeiform 
left va lve and an exogyr i form-coi led right va lve . 
Occurrence . ?Ap t i an -Maas t r i ch t i an ; G. canaliculata var. striata R o w e , 
wi th n u m e r o u s c l o s e l y - p a c k e d g r o w t h l ines , is a b u n d a n t in the L o w e r 
Campanian , G. quadrata Zone ; widespread throughout southern England. 

Subfamily P Y C N O D O N T E I N A E 

G e n u s P Y C N O D O N T E 

Subgenus P Y C N O D O N T E ( P H Y G R A E A ) 

Pycnodonte (Phygraea) vesiculare (Lamarck) 
Plate 24 , figures 8 - 1 0 

Description. Ext remely variable; shell small to large; left valve general ly 
highly convex, u m b o incurved. U m b o of left valve only jus t above long, 
s traight , dorsa l m a r g i n ; au r i c l e s p resen t . U s u a l l y wi th s m a l l - m e d i u m 
at tachment area and a poster ior ear demarca ted by a radiat ing sulcus. Shell 
outline subcircular to semicircular; chomata arborescent and vermicula te ; 
radial r ibs var iable and not par t icular ly s trong. Right va lve flat to concave , 

E X P L A N A T I O N O F P L A T E 24 

Fig. 1. Rastellum (Acrostred) colubrinum (Lamarck). Lower Cenomanian, 
Folkestone, Kent; left valve; x 1-0. 

Figs 2 - 3 . Amphidonte obliquatum (Pulteney). Cenomanian, Folkestone-Dover, 
Kent. 2, left valve; xO-7. 3, internal view of left valve; xO-7. 

Fig. 4. Costagyra digitata (J. Sowerby). Cenomanian, beach below Rousdon, east 
of Seaton, Devon; left valve; xO-75. 

Figs 5, 7. Gryphaeostrea canaliculata (J. Sowerby). 5, Campanian, near Salisbury, 
Wiltshire; two left valves typically attached to an elongate substrate; x l . 7, 
Lower Cenomanian, Dover, Kent; right valve, showing irregular shape and 
growth rugae; xO-75. 

Fig. 6. Amphidonte sp. Lower Cenomanian, M. dixoni Zone, Wilmington, Devon; 
left valve showing radial ribs that characterize juveniles; xO-75. 

Figs 8-10. Pycnodonte (Phygraea) vesiculare (Lamarck). Upper Campanian, B. 
mucronata Zone, Norwich, Norfolk. 8, left valve; xO-5. 9, right valve showing 
ligamental area, bourrelets, vermiculate chomata and adductor muscle pad; 
XO-5. 10, external view of left valve, showing evidence of attachment to the 
sponge Ventriculites radiatus; XO-5. 

Figs 11-13. IHyotissa semiplana (J. de C. Sowerby). 11-12, Cenomanian or 
Turonian, Dover, Kent. 11, internal right valve showing ligament area, 
vermiculate chomata and orbicular adductor muscle pad; xO-5. 12, external 
view of left valve; XO-5. 13, ?Campanian, Norwich, Norfolk; external view of 
right valve; xO-5. 
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148 Fossils of the Chalk 

but frequently has transferred image o f cementa t ion area; surficial riblets 

occur. 
Remarks . This is a very wide ly distr ibuted species in fine-grained, outer 
shelf sed iments . I ts sedenta ry life and adapta t ions to va r ious subst ra tes 
h a v e re su l t ed in a w i d e va r i e ty o f shel l s h a p e s , w h i c h of ten o c c u r in 
deposits of the same envi ronment . The form P. hippopodium (Nilsson) is 
larger, has a great ly r educed a t t achment area , bu t possesses an anter ior 
' w i n g ' . 

Occurrence . C e n o m a n i a n - M a a s t r i c h t i a n ; re la t ively c o m m o n throughout 

the UK. 
Genus H Y O T I S S A 

IHyotissa semiplana (J. de C. Sowerby) 
Plate 24 , figures 1 1 - 1 3 

Descr ipt ion . M e d i u m - s i z e d to large subequa l va lves ; Quens ted t musc l e 
scar immed ia t e ly u n d e r l igament area; c h o m a t a p resen t on inner va lve 
m a r g i n s ; v e s i c u l a r wa l l s t ruc tu re . Left v a l v e s l igh t ly l a rge r and m o r e 
convex than r ight va lve ; var iable out l ine dependen t on large a t tachment 
area, but general ly suborbicular or possibly falciform. Right valve corres­
ponds to left valve but was also influenced b y the nature o f the surface to 
w h i c h it w a s a t t ached . Cha rac t e r i s t i c o r n a m e n t on una t t a ched par t of 
valves consists of strong, rounded, radial folds wi th wider interspaces and 
we l l -marked g rowth l ines. Indicat ion of sl ight projec t ions on folds, bu t 
these are caused by g rowth l ines and are not hyote . Pl icae o f c o m m i s s u r e 
rounded and asymmetr ica l . 
Remarks . M a n y of the features of this species are not exact ly compat ib le 
wi th those descr ibed for true Hyotissa, wh ich leads to some uncer ta inty 
over its gener ic ass ignment . 
O c c u r r e n c e . C e n o m a n i a n - M a a s t r i c h t i a n ; w i d e s p r e a d t h r o u g h o u t the 
counties a round London , Wil tshire and Norfolk. 

Fami ly L I O S T R E I D A E 

G e n u s A C U T O S T R E A 

lAcutostrea boucheroni ( W o o d s , non Coquand) 
Plate 25 , figure 7 

Description. Small shell, considerably higher than long, generally with the 
anterior and posterior margins gradually diverging from the umbo, but m a y 
be irregular with ventral part expanded. Left valve very convex and often 
semi-cylindrical; larger specimens develop a posterior wing. L o n g triangular 
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resilifer and a long narrow sub-umbonal cavity; faint chomata; orbicular or 
reniform muscle scar; very small at tachment area at umbo . Surface marked 
with growth rings. Right valve smooth, thin, faintly convex or flat. 
Remarks. Malchus (1990) listed the Engl ish mater ial descr ibed by W o o d s 
under Curvostrea tevesthensis (Coquand) , but after referring to their small 
size, thin shell and c o m m a - s h a p e d m u s c l e scar, sugges t ed they shou ld 
possibly be placed in the group of A. incurva. 
Occurrence. S a n t o n i a n - L o w e r Campan ian , G. quadrata Zone ; southern 
England, Norfolk and Yorkshi re . 

Acutostrea cf. incurva Ni l sson 
Plate 25 , figure 4 

Description. Medium-s ized ; usual ly h igher than long, wi th shape variable 
depending on a t tachment . Bo th valves character ized by small hooked or 
beak-like t ip to u m b o s a n d a t r i angu la r resi l i fer . Shel l m a r g i n s have 
varying chomata . Left va lve slightly convex , somet imes with irregularly 
concentric g rowth lamel lae . Righ t va lve even th inner shel led; flat, wi th 
fine concentric g rowth l ines and somet imes wi th a fine radial outer layer. 
Occurrence . C e n o m a n i a n - L o w e r C a m p a n i a n , B. mucronata Z o n e ; 
southern England, Devon , Wil tshire to Norfolk. 

Genus A G E R O S T R E A 

Agerostrea lunata (sensu W o o d s , non Ni lsson) 
Plate 25 , figs 1-3 

Description. Regular ly curved inequivalve shell , usual ly falciform. Left 
valve m o d e r a t e l y c o n v e x , espec ia l ly nea r the smal l p r o s o g y r o u s u m b o 
which protrudes slightly; very small a t tachment area; l igament pit curves 
posteriorly; w i n g or ear-l ike extension on ei ther side of u m b o . Ornament 
of j u v e n i l e s tage cons i s t s of concen t r i c l ines or r i dges ; in the adul t it 
consists of a few broad, rounded folds occurr ing only near the anterior and 
ventral m a r g i n s . R igh t va lve ini t ia l ly s m o o t h and s l ight ly c o n c a v e bu t 
develops folds comparab le to those of the left valve. 
Remarks . This British species is more falciform than A. lunata Ni lsson. 
Its few commissura l folds occur only near the valve margins and are not as 
high or wide as those of N i l s son ' s Swedish mater ial . It also has a short, 
straight h inge l ine w h i c h cont r ibu tes to the appea rance of anter ior and 
posterior ears, whereas lAgerostrea lunata s.s. has more pointed umbones . 
It is far less p l i ca te t h a n the v e r y n a r r o w A. ungulata ( S c h l o t h e i m ) 
(Maastrichtian) of European locali t ies. 

Occurrence. Lower Maastr icht ian, ' O . ' lunata Zone ; Norfolk. 
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Fami ly OSTREIDAE 

Subfamily CRASSOSTREINAE 

Genus CUBITOSTREA 

Cubitostrea sarumensis (Woods ) 
Plate 25 , figures 8 - 1 0 

Descript ion. Very var iable in shape and convexi ty . L igamenta l area high, 
h ive - shaped a n d c u r v e d s l igh t ly b a c k w a r d . Left va lve th ick and ve ry 
convex; inner marg in on ei ther side of the h inge with a line of small pits 
(chomata) ; reniform adductor musc le insert ion close to poster ior margin. 
Right va lve t r iangular to ovate . Ornamen t of concentr ic g rowth lamellae 
and typical ly wi th numerous fine radial threads, which increase in strength 
near m a r g i n s ; these t oge the r wi th the mu l t i p l e g rowth l ines p r o d u c e a 
reticulate pat tern. 
R e m a r k s . T h i s is q u e s t i o n a b l y p l a c e d he re b e c a u s e M a l c h u s (1995) 
cons idered Cubitostrea to be pr imar i ly Pa laeogene . T h e weak ly convex 
and differently o rnamented spec imens at tr ibuted to this species by Freneix 
(1986) w e r e p l a c e d in the g e n u s Striostrea ( C e n o z o i c ) based on the 
s imilar i ty of m i c r o s t r u c t u r e on its r ight va lve , t o g e t h e r wi th the form, 
posi t ion and inser t ion o f its m u s c u l a t u r e . I ts quadra te out l ine m a k e s it 
r esemble Hyotissa semiplana, bu t its larger , beeh ive- l ike l igament area 
and its m u s c l e pos i t i on d i s t i ngu i sh it. It h a s d e n s e r o r n a m e n t than 
Crassostrea cunabula (Cenomanian) , the latter typical ly lacking chomata . 
Occurrence . L o w e r Campanian , G. quadrata Zone ; Wil tshire . 

EXPLANATION OF PLATE 25 

Figs 1-3. Agerostrea lunata (sensu Woods). Lower Maastrichtian, B. lanceolata 
Zone; Trimingham, Norfolk. 1, left valve; x 1-3. 2 -3 , right valves; x l - 5 . 

Fig. 4. Acutostrea cf. incurva Nilsson. Upper Campanian, B. mucronata Zone, 
Norwich, Norfolk; right valve; x 1 -0. 

Figs 5-6. Gryphaeostrea canaliculata (J. Sowerby). Upper Campanian, B. 
mucronata Zone, Norwich, Norfolk. 5, right valves; x l - 5 . 6, right valve; x l - 5 . 

Fig. 7. lAcutostrea boucheroni (Woods). Santonian, U. socialis Zone, Thanet 
coast, Kent; both valves with flatfish right valve above; x 1. 

Figs 8-10. Cubitostrea sarumensis (Woods). Lower Campanian, G. quadrata 
Zone, East Harnham, Salisbury, Wiltshire. 8, interior of upper right valve (the 
lower valves of two smaller individuals are also attached to this specimen); x 1. 
9, interior of lower fixed left valve showing triangular ligamental area, reniform 
muscle scar and the chomata on both sides of the shell margin; x 1. 10, shell 
with both valves conjoined, right valve uppermost and covering most of left 
valve; X1. 
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152 Fossils of the Chalk 

Order V E N E R O I D A 

Superfamily H I P P U R I T O I D E A 

Fami ly M O N O P L E U R I D A E 

G e n u s G Y R O P L E U R A 

Gyropleura inaequirostrata (S . W o o d w a r d ) 
Plate 22 , figures 1 3 - 1 4 

Descript ion. Inflated shell; typical pachydon t tooth a r rangement wi thout 
differentiated cardinals and laterals; pos ter ior and anter ior musc les form 
elongate scars on raised pla t forms; somewha t reduced poster ior myophor ic 
septum. Large exogyr i form right va lve , coi led in low spiral; a t tached by 
mos t o f its an ter ior ; p o i n t e d u m b o p r o m i n e n t a n d i ncu rved anter ior ly ; 
anterior slightly concave . Left va lve capuliform, u m b o near h inge margin. 
Ornament of s t rong, lamel lar , radia l r ibs , w h i c h are undu lose whereve r 
they cross growth l ines; r ibs have fine, scale-l ike serrate summi t s and are 
separated by broad, flat and smooth interspaces. 
Remarks . Dis t inguished from G. cornucopiae (Cenoman ian ) by hav ing 
fewer ribs wi th scale-l ike summi ts . 
Occurrence . Uppe r Campan ian , B. mucronata Zone ; Norfolk. 

Fami ly R A D I O L I T I D A E 

Subfamily S A U V A G E S I I N A E 

Genus D U R A N I A 

Durania mortoni (Mantel l ) 
Plate 17, figure 14 

Descr ipt ion . S t rongly inequiva lve . A t t ached va lve e longate cyl indr ical -
conica l , s l igh t ly a r c h e d or a l m o s t s t ra ight . ' E ' a n d ' S ' s i phona l b a n d 
pillars wi th s trong longi tudinal angular r ibs, somet imes in groups of two 
or three, c rossed b y g rowth l ines; concave bands wi th fine r ibs ; convex 
interbands wi th s trong r ibs. Radia t ing g rooves bifurcate be tween inner and 
outer marg ins of upper surface of outer wall ; h o n e y c o m b cellular structure 
be tween inner and outer wal ls . Free va lve opercul i form. 
O c c u r r e n c e . L o w e r C e n o m a n i a n - U p p e r T u r o n i a n , S. plana Z o n e ; 
southern England from Dorse t and Wil tshi re to Kent . 

Superfamily C A R D I T O I D E A 

Fami ly C A R D I T I D A E 

Subfamily C A R D I T E S I N A E 

G e n u s L U D B R O O K I A 

ILudbrookia cottaldina ( d 'Orb igny) 
Plate 17, figure 10; Plate 26 , figure 15 
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Introduction to molluscs and bivalves 153 

Description. Modera te ly convex inequilateral shell, general ly quadrate but 
some wider forms; a little higher than long. Lunule very short, escutcheon 
na r row and e longa te . L o n g , s t ra ight , pos te r io r marg in ; short , curved , 
anterior margin ; slightly rounded ventral margin ; crenulate inner margin. 
Ornamented by numerous thin, s imple, radial ribs, a few of which divide; 
interspaces be tween ribs of variable wid th and crossed by linear r idges. 
Occurrence . C e n o m a n i a n ; ma in ly k n o w n as internal casts from L o w e r 
Cenomanian localities on the Isle of Wight , and in Buckinghamshi re and 
Surrey; also from the Middle Cenomanian , H. subglobosus Zone , in Sussex. 

Subfamily C A R D I T I N A E 

G e n u s ? C A R D I T A 

'Cardita' cancellata W o o d s 
Plate 26 , figure 8 

D e s c r i p t i o n . O v a t e - t r a p e z o i d a l , a l m o s t equ i la te ra l c o n v e x shell w i t h 
rounded marg ins ; length greater than height . U m b o n e s modera te ly p romi­
nent and c u r v e d s l igh t ly an te r io r ly . A d d u c t o r m u s c l e s p l a c e d m o r e 
laterally than in other Cre taceous cardit ids. Fine , crenulate inner margin. 
Carditid denti t ion. Ornamen t c o m p o s e d of numerous concentr ic and radial 
r ibs w h i c h , w i th the concen t r i c e l e m e n t m o r e p r o n o u n c e d , p r o d u c e a 
pattern of small , e longate tubercles . 
R e m a r k s . Often found on ly as internal m o u l d s , 'Cardita' cancellata is 
dist inguished from ILudbrookia cottaldina ( d 'Orb igny) (Cenomanian) by 
its much finer o rnament and ret iculate pattern. 
O c c u r r e n c e . T u r o n i a n , S. plana Z o n e ; K e n t , H e r t f o r d s h i r e a n d 
Buckinghamshi re ; also in der ived mater ia l from the Ha ldon Hills, Devon. 

G e n u s ? B E G U L N A 

'Beguina' turoniensis (Woods ) 
Plate 17, figures 8 -9 

Descript ion. Very small , subquadra te shell; h igher than long; inequilateral 
and m u c h inflated along mid- l ine from u m b o to postero-ventra l extremity. 
U m b o n e s p r o m i n e n t , c u r v e d anter ior ly . H i n g e wi th pos te r io r ca rd ina l s 
greatly e longa ted and anter ior cardinal widened , laterals want ing . Orna­
men t of fine radial r ib le ts and g r o w t h l ines ; r iblets b e c o m e h igher and 
fence- l ike; ve ry fine sp ines on r ible ts ; very deep c renula te marg in that 
appears as a per ipheral series of spines on internal moulds . 
Remarks . P robably c o m m o n , but its small size and poor preservat ion has 
resul ted in very few spec imens be ing present in m u s e u m col lect ions . It 
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154 Fossils of the Chalk 

does not have the typical upward-po in t ing acicular cardinal teeth of the 
Cardi idae to which it has p rev ious ly been ass igned, but is very l ike the 
Recent genus Beguina in shell morphology . 
Occurrence . Turonian, S. plana Zone ; Berkshi re , Oxfordshire , Hertford­

shire and Kent . 

Superfamily uncer ta in 
Fami ly MACTROMYJDAE 

Genus UNICARDIUM 

' Unicardium' ringmeriense (Mantel l ) 
Plate 17, figure 7 

Descr ipt ion . R o u n d e d - s u b q u a d r a t e , t umid shell w i th la rge , p rominen t , 
broad, p rosogyrous u m b o n e s ; length greater than height. Anter ior marg in 
moderate ly convex and curving rapidly to ventral margin . Ovate anterior 
adduc to r m u s c l e scars . L u n u l e p o o r l y defined. O r n a m e n t o f concen t r i c 
r idges, general ly na r row but can be quite strong. 
R e m a r k s . Its rounded and more g lobose shell is m o r e character is t ic of 
Unicardium than the elliptical, equilateral genus Mactromya. 
Occurrence . A l b i a n - L o w e r Cenomanian ; Sussex and Devon . 

Superfamily VENEROIDEA 

Family VENERIDAE 

Subfamily TAPETINAE 

Genus CYCLORISMA 

Cyclorisma rhotomagensis ( d ' O r b i g n y ) 
Plate 26 , figure 9 

Description. Modera te ly convex shell; subovate out l ine; longer than high. 
Small incurved p rosogyrous beaks , modera t e ly p rominen t , si tuated one-
third of length from anterior extremity. Lacks umbona l r idge; lunule and 
escu tcheon no t we l l defined. Pos t e ro -do r sa l m a r g i n long a n d s l ight ly 
humped; ventral marg in evenly rounded; anterior margin sharply rounded; 
antero-dorsal marg in slightly concave . Short t r iangular pallial s inus. Hinge 
not k n o w n . O r n a m e n t o f fine c o n c e n t r i c g r o w t h l ines wi th p e r i o d i c 
stronger growth margins . 

O c c u r r e n c e . L o w e r - M i d d l e C e n o m a n i a n ; D e v o n , D o r s e t a n d Isle o f 

Wight. 
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Family ARCTTCIDAE 

G e n u s PROVENIELLA 

Proveniella quadrata ( d 'Orb igny) 
Plate 26 , figure 12 

Descr ipt ion . Sub rhombo ida l to t rapezi form, inflated, inequi la teral shell 
with a ra ther s t rong carina on poster ior s lope. Length greater than height . 
Cypr ino id h inge , n o t a b l y w i t h s t rong l a m i n a r la tera l tee th . P r o m i n e n t 
umbones at anterior curved inwards ; excavated lunule; entire pallial line. 
R o u n d e d an te r io r m a r g i n m e r g e s in to s l igh t ly c u r v e d ven t ra l m a r g i n ; 
t runcated pos te r ior ex t remi ty and pos te ro-dorsa l r eg ion flattened. Orna­
ment of c lose ly-packed concentr ic s t r iae/growth lines. 
Remarks . Usual ly found only as internal casts . T h e u m b o n e s are in a less 
an te r io r pos i t i on in Cyprina ligieriensis ( C e n o m a n i a n ) , and the angle 
b e t w e e n its pos t e r io r a n d dorsa l m a r g i n s is larger . P. regularis 
( d ' O r b i g n y ) (A lb i an ) is d i s t ingu i shed b y its m o r e regular , less inequi l ­
ateral and more g lobose shell; also its less poster ior t runcat ion and less 
curved umbones . 

O c c u r r e n c e . A l b i a n - C e n o m a n i a n ; D e v o n , Wi l t sh i re , Bedfordsh i re and 
Sussex. 

Fami ly ?TRAPEZIIDAE 

Genus MIOCARDIOPSIS 

IMiocardiopsis trapezoidalis (Roemer ) 
Plate 26 , figures 13 -14 

Descr ipt ion . Ova te - t rapezo ida l , mode ra t e ly convex shell wi th forward-
curving u m b o n e s ; a sharp, gently curv ing carina extends from u m b o to the 
poster ior extremity, separat ing the smooth poster ior area. A few curved, 
blade-l ike teeth are subparallel to the hinge margin . 
Remarks . Recogn i sed by its strong r idge, wh ich sets off a small poster ior 
area, and the rather h u m p e d shell shape with rounded umbos . 
Occurrence . C e n o m a n i a n - T u r o n i a n , and U p p e r C a m p a n i a n , B. mucro­
nata Z o n e ; D e v o n ( C e n o m a n i a n ) ; B u c k i n g h a m s h i r e , Her t fo rdsh i re , 
Oxfo rdsh i r e , Bed fo rdsh i r e , Ken t , Su r r ey a n d Y o r k s h i r e (Tu ron i an ) ; 
Norfolk and Nor thern Ireland (Campanian) . 

Superfamily SOLENOIDEA 

Family ?SOLENIDAE 

Genus ' L E P T O S O L E N ? ' 
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156 Fossils of the Chalk 

'LeptosolenT rectangularis (Woods ) 
Plate 26 , figure 7 

Descr ipt ion . O b l o n g , quadra t e , inequi la te ra l , m o d e r a t e l y c o n v e x shell ; 
anterior not as high as posterior . Postero-dorsal marg in nearly straight and 
parallel to ventral margin ; poster ior marg in t runcated, also nearly straight 
or slightly concave ; the anter ior marg in rounded . Inconsp icuous u m b o s at 
an ter ior end . R o u n d e d , c u r v e d ca r ina e x t e n d s from u m b o to p o s t e r o -
ventra l ex t r emi ty . Re la t ive ly s m o o t h shell w i th g r o w t h l ines and faint 
radial ribs. 
R e m a r k s . T h i s spec ie s h a s a p r o m i n e n t ver t ica l inner r ib or bu t t r e s s 
behind the anterior adductor musc le and be low the u m b o . Such a feature is 
typical of a n u m b e r of the Solenacea, part icularly Leptosolen, but is not 
res t r ic ted to th is supe r f ami ly . It is s e p a r a t e d from Miocardiopsis 
trapezoidalis by its more rec tangular shape, the more diagonal car ina and 
larger poster ior area. 
Occurrence . Turonian , S. plana Zone ; Berkshire . 

E X P L A N A T I O N O F P L A T E 26 

Figs 1-2. Pholadomya (Procardia) decussata (Mantell). Cenomanian, locality 
unknown. 1, anterior view; 2, right valve; both xO-75. 

Figs 3, 5. 'Thracia' carinifera (J. de C. Sowerby). 3, Upper Albian, Chardstock, 
Devon; x 1-5. 5, Lower Cenomanian, Ventnor, Isle of Wight; left valve; X 175 . 

Figs 4, 6. Cuspidaria cf. caudata (Nilsson). Campanian, B. mucronata Zone, 
Norwich, Norfolk. 4, c. x 3 . 6, right valve; x 3 . 

Fig. 7. 'Leptosolen?' rectangularis (Woods). Turonian, S. plana Zone, Hitchin, 
Hertfordshire; silicone rubber cast of external mould of right valve; X2-5. 

Fig. 8. 'Cardita' cancellata Woods. Turonian, S. plana Zone, Hitchin, 
Hertfordshire; silicone rubber cast of incomplete external mould of left valve; 
X3. 

Fig. 9. Cyclorisma rhotomagensis (d'Orbigny). Cenomanian, Haven Cliff, east of 
Seaton, Devon; left valve; c. x 1-5. 

Fig. 10. Pholadomya (Pholadomya) stewarti Tate. Chalk, Kilcorig, near Broadmount, 
north-west of Lisburn, County Antrim, Northern Ireland; right valve; x l - 5 . 

Fig. 11. Atreta nilssoni (Hagenow). Coniacian, M. cortestudinarium Zone, 
Chatham, Kent; x l - 5 . 

Fig. 12. Proveniella quadrata (d'Orbigny). Cenomanian, N. carcitanense Zone; 
Warminster, Wiltshire; internal mould of right valve and umbo of left valve; 
xO-75. 

Figs 13-14. 1 Miocardiopsis trapezoidalis (Roemer). Turonian, S. plana Zone, 
Hitchin, Hertfordshire. 13, postero-dorsal view; 14, left valve; both c. x 1-5. 

Fig. 15. ?Ludbrookia cottaldina (d'Orbigny). Chalk, horizon unknown, Lewes, 
Sussex; left valve; x 3 . 

Fig. 16. Entolium orbiculare (J. Sowerby). Cenomanian, Folkestone, Kent; right 
valve, showing hinge and auricular crurae; xO-75. 
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158 Fossils of the Chalk 

Order PHOLADOMYOIDA 

?Superfamily MODIOMORPHOIDEA 

Fami ly PERMOPHORIDAE 

Subfamily MYOCONCHINAE 

G e n u s M Y O C O N C H A 

Myoconcha (Modiolina) cretacea d ' O r b i g n y 
Plate 17, figure 2 

Descr ipt ion . M e d i u m - s i z e d to la rge , th ick , m u s s e l - s h a p e d , equ iva lve 
shell. Escutcheon carinate. Hinge wi th s imple inter locking cardinal teeth. 
Ligament e longate and external , poster ior to umbones . Anter ior adductor 
set behind subvertical myophor i c but tress , smal ler than poster ior adductor; 
pallial line entire. Ornamen t of fine radial r ibs with fine concentr ic striae 
occurring in their interspaces; poster ior radiat ing cords bear small scale­
like spicules. 

Occurrence. Cenomanian ; c o m m o n in some phosphat ic ' b a semen t ' beds 
as internal moulds ; Devon and Dorset . 

Superfamily PHOLADOMYOIDEA 

Fami ly PHOLADOMYIDAE 

Genus PHOLADOMYA 

Pholadomya (Pholadomya) steward Tate 
Plate 26 , figure 10 

Descript ion. Small to medium-s ized , thin, subrectangular to ovate shell. 
Posterior and anterior marg ins wel l rounded with slight gapes . Radia t ing 
ribs be low umbones . Marg ins of escutcheon wel l rounded. Hinge wi thout 
tee th . Ex te rna l l i g a m e n t on shor t n y m p h s . A d d u c t o r m u s c l e scars 
subequal . Pallial line wi th a modera te ly deep sinus. 
Occurrence . Campan ian ; Nor the rn Ireland, rare. 

Subgenus PROCARDIA 

Pholadomya (Procardia) decussata (Mantel l ) 
Plate 26 , figures 1-2 

Descr ipt ion . M e d i u m - s i z e d to large, thin , convex , cock le - shaped shell . 
Pos te r io r m a r g i n r o u n d e d wi th a s l ight g a p e ; an te r io r m a r g i n m u c h 
truncated and separated from flank by a distinct but rounded angulat ion. 
Escutcheon subcarinate; l igament external . H inge wi thout teeth. Adduc to r 
m u s c l e scars subequa l ; pa l l ia l l ine wi th a m o d e r a t e l y sha l low s inus . 
O r n a m e n t e d by low, n a r r o w , rad ia l r ibs that are sepa ra t ed b y b r o a d , 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



Introduction to molluscs and bivalves 159 

sha l low in t e r spaces and c o m a r g i n a l r u g a e ; ear ly shel l has a g ranu la r 
appearance; r ibs absent from poster ior and flattened anterior parts of shell. 
R e m a r k s . P. cordata (Tate) (Campan ian ) is s imilar to P. decussata but 
has a m o r e r o u n d e d shel l sec t ion and pos t e r io r m a r g i n , a n d a deepe r 
escutcheon. Often crushed. 
Occurence . Cenoman ian ; c o m m o n in south-east England. 

Superfamily PHOLADOIDEA 

Fami ly PHOLADIDAE 

Subfamily JOUANNETIINAE 

Genus JOUANNETIA 

Jouannetia rotundata (J. de C. Sowerby) 
Plate 17, figure 13 

D e s c r i p t i o n . Sma l l , r o tund shel l w i t h la rge an te r io r g a p e cove red by 
ca l lum; pos t e r io r g a p e smal l . Shel l ve ry shor t , acu te ly t r i angu la r wi th 
ventral condyle and poster ior internal sep tum sloping to the poster ior from 
within the u m b o . Anter ior slope wi th ret iculate sculpture formed by sharp, 
rad ia t ing r ibs and flanged g r o w t h l aminae . Disc wi th two car ina te ribs 
beh ind su lcus and sharp l amel lose g rowth l aminae . N o other accessory 
plates or ca lcareous tube present . 
R e m a r k s . Th i s species bo red into shale and weak ly lithified rock. It is 
general ly preserved as internal mou lds but external mou lds are ocasionally 
found. 
O c c u r r e n c e . T u r o n i a n , S. plana Z o n e ; no t u n c o m m o n in south-eas t 
England, Berkshire and Surrey. 

Superfamily LATERNULOIDEA 

Fami ly ?THRACIIDAE 

Genus ' T H R A C I A ' 

'Thracia' carinifera (J. de C. Sowerby) 
Plate 26 , figures 3, 5 

Descript ion. Thin, ovate shell wi th slightly at tenuated, sharply truncated 
poster ior s iphonal area set off by a distinct car ina radiat ing from the umbo; 
wel l - rounded anterior marg in . U m b o n e s broad, incurving closely together. 
A l m o s t e q u i v a l v e . A d d u c t o r scars s u b e q u a l ; pal l ia l l ine w i t h sha l low 
s inus . E s c u t c h e o n ca r ina te ; h i n g e p la te n a r r o w , un in t e r rup ted be low 
u m b o n e s except for a pai r of small , backward-s lop ing chondrophores for 
an internal l igament ; l i thodesma apparent ly lacking. Rela t ive ly smooth; 
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ornamen t o f broad , s l ight ly ra ised , concen t r i c rugae , m o s t appa ren t on 
anter ior par t ; n u m e r o u s comarg ina l fine g rowth l ines on pos te ro-dorsa l 
area. 
O c c u r r e n c e . C e n o m a n i a n ; sou th -eas t E n g l a n d a n d Isle of W i g h t in 
marginal chalk and sandy chalk facies. 

Superfamily CUSPIDARIOIDEA 
Fami ly CUSPIDARIIDAE 

G e n u s CUSPIDARIA 

Cuspidaria cf. caudata (Ni lsson) 
Plate 26 , figures 4, 6 

Descript ion. Fair ly small , rounded, oviform shell wi th e longate s iphonal 
pos te r io r ex t ens ion . Ex te rna l l i g a m e n t e longa t ed ; r e s i l ium in a smal l , 
spoon-shaped fossette. Ornamen t of low comargina l growth rugae and a 
very slight carina sett ing off the courcelet . 
Remarks . The presence of several species has been demons t ra ted in the 
Cha lk o f D e n m a r k , bu t the d i s t inc t ive pos t e r io r shel l fea tures are no t 
preserved in Brit ish mater ial . 
Occurrence . ?Turonian; Campan ian ; Nor thern Ireland and Norfolk. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



8. G A S T R O P O D S 

by R . J . C L E E V E L Y and N . J. M O R R I S 

A genera l desc r ip t ion of the m o r p h o l o g i c a l features of gas t ropods and 
accounts of their classification can be found in the appropria te sections in 
M o o r e ( 1 9 6 0 ) , F re t t e r a n d G r a h a m ( 1 9 6 2 ) , W e n z ( 1 9 6 9 ) a n d M u r r a y 
(1985). For a glossary of te rms , see Arno ld (1965). More detailed accounts 
of a few families or species m a y be found in W o o d s ( 1 8 9 6 - 9 7 : Mol lusca 
of the C h a l k R o c k ) ; C o x ( 1 9 6 0 : P l e u r o t o m a r i i d a e ) ; A b b a s s (1962 : 
Turr i te l l idae and M a t h i l d i d a e ; and 1973 : P roce r i th i idae ) ; and Cleeve ly 
(1980: Epi toni idae) . 

D E S C R I P T I O N S 

Subclass PROSOBRANCHIA 

Order VETIGASTROPODA 

Suborder TROCHINA 

Superfamily TROCHOIDEA 

Family TROCHIDAE 

Genus TURCICA 

1 Turcica schlueteri (Barrois and de Guerne) 
Plate 27 , figure 5 

Descript ion. Conica l shell wi thout an umbi l icus . Whor l s flat-sided wi th 
deep depress ion at the su ture , p r o d u c i n g a sl ight, concave shelf. Orna ­
mented on whorl side by up to seven closely spaced, fine, spiral, tubercul­
ate co rds , the t w o m a r g i n a l co rds gene ra l ly b e i n g the s t ronges t ; the 
tubercles are connected b y prosocl ine collabral r ibs wi th fine g rowth lines 
in b e t w e e n . C o n v e x b a s e has n u m e r o u s spiral r ibs c o v e r e d wi th finer, 
closely spaced tubercles ; s trongly prosocl ine growth lines. Aper ture entire. 
Occurrence . Turonian , S. plana Zone ; Kent , Bedfordshire , Berkshire and 
Hertfordshire. 

Genus PLANOLATERALUS 

Planolateralus berocscirense (Barrois and de Guerne) 
Plate 27 , figures 7, 10 
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162 Fossils of the Chalk 

Description. T rocho id shell composed of flat-sided whor l s wi th relatively 
deep sutures. Sl ightly c o n v e x base wi th n o d e d umbi l ica l marg in . Orna ­
ment consists of three p r imary and two secondary tubercula te spirals wi th 
a per iphera l r o w of smal l t ube rc l e s ; on ly c lose ly p a c k e d g r o w t h l ines 
occur on the base . Typical subrounded cal l iomphal l id aperture. 
Occurrence. Turonian , S. plana Zone ; Berkshi re , Oxfordshire , Hertford­
shire and Surrey. 

Planolateralus dievarum (Cossmann) 
Plate 27 , figure 6 

Description. Conica l , sl ightly e longate shell wi th a dist inct canal iculate 
suture. Ornamen ted by five unequal and granulose spiral cords; the imbri­
cate abapical cord is the mos t p rominent . 
Occurrence. Turonian, S. plana Zone ; Hertfordshire . 

Subfamily MARGARITINAE 

Genus PERIAULAX 

Periaulax heberti (Barrois and de Guerne) 
Plate 27 , figs 2 - 3 

Descript ion. Conical shell wi th height slightly greater than width . W h o r l s 
slightly convex and ornamented by ten granulose spiral cords that cont inue 

E X P L A N A T I O N O F P L A T E 27 

Figs 1, 4. Helicacanthus guerangeri (d 'Orbigny). Cenomanian, Wilmington, 
Devon; x l - 5 . 

Figs 2 - 3 . Periaulax heberti (Barrois and de Guerne). Turonian, S. plana Zone, 
Hitchin, Hertfordshire. 2, x 2 ; 3, X2-5. 

Fig. 5. ?Turcica schlueteri (Barrois and de Guerne). Turonian, S. plana Zone, 
Dover, Kent; X 1-3. 

Fig. 6. Planolateralus dievarum (Cossmann). Turonian, S. plana Zone, Hitchin, 
Hertfordshire; c. x 2 . 

Fig. 7. Planolateralus berocscirense (Barrois and de Guerne). Turonian, S. plana 
Zone, Aston Hill, Oxfordshire; X2. 

Fig. 8. Calliomphalus steinlai (Geinitz). Turonian, S. plana Zone, Hitchin, 
Hertfordshire; x 1 -2. 

Fig. 9. 'Cirsocerithium' reussi (Geinitz). Turonian, S. plana Zone, Hitchin, 
Hertfordshire; X5. 

Fig. 10. Planolateralus sp. cf. berocscirense (Barrois and de Guerne). Turonian, 5". 
plana Zone; Sherborne Farm Pit, Surrey; X 1-5. 

Figs 11-12. 'Discohelix' binghami (Baily). Cenomanian, A. rhotomagense Zone, 
Lewes, Sussex; c. x 10. 

All except 11 and 12 are of silicone rubber casts taken from external moulds. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



P L A T E 27 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



164 Fossils of the Chalk 

onto the slightly convex base . Large umbi l icus wi th axial ly-r idged margin. 
Subquadrangular to rounded aperture . 
O c c u r r e n c e . C e n o m a n i a n and T u r o n i a n , S. plana Z o n e ; p o s s i b l y also 
C a m p a n i a n ; Ken t , Sussex , H a m p s h i r e , B e r k s h i r e , Her t fo rdsh i r e , and 
?Northern Ireland (Campan ian) . 

Periaulax striatus ( W o o d w a r d ) 
Text-figure 8 .1E-F 

Descript ion. Species wi th beaded and rounded spiral cords that are alter­
nately sl ightly s t ronger and sl ightly weaker . The whor l profile is not so 
rounded as in P. heberti, and there is a slight angle separat ing a r amp from 
the remaining shell surface. G r o w t h l ines do not coalesce into small blocks 
on the umbil ical edge as they do in P. heberti. 

Remarks . M a y be synonymous wi th P. rimosus (Binkhorst) var. granu­
losus from the Maastr icht ian of the Nether lands . 
Occurrence . Uppe r Campan ian ; Norfolk. 

Subfamily MONODONTINAE 

'Monodonta' sp. 

Text-figure 8.1c 

Descript ion. A slightly e longate shell wi th fine spiral chords . The whorl 
out l ine is r ounded , conical and wi th a c h a n g e in curva tu re at the base 
marked by a more p rominen t spiral r ib. There is a small umbi l icus and the 
columel lar lip has a low tubercle . 
Remarks . This be longs to a g roup of species including 'Trochus' cordieri 
d 'Arch iac , which m a y require a n e w generic n a m e . 
O c c u r r e n c e . C a m p a n i a n , B. mucronata Z o n e ; C o u n t y Der ry , N o r t h e r n 
Ireland. 

?Superfamily AMBERLEYOIDEA 

?Fami ly AMBERLEYIDAE 

Genus CALLIOMPHALUS 

Calliomphalus steinlai (Geini tz) 

Plate 27 , figure 8; Text-figure 8 . I D 

Descript ion. Turbinate , turreted shell wi th deep sutures . Convex , rather 
angu la r w h o r l s ; pos te r io r par t f lat tened and o r n a m e n t e d by four finely 
tuberculate spiral cords; a r ow of large, prominent , in terconnect ing tuber­
cles occurs at the keel , be low which is a relat ively flat, smooth area that is 
succeeded by three or four further tuberculate spiral cords . Rounded base 
wi th n u m e r o u s fine spiral tubercu la te co rds ; m o d e r a t e s ized umbi l i cus . 
Subcircular aperture. 
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Gastropods 165 

TEXT-FIG. 8.1. A - B , Anomalofusus sp., Upper Campanian, B. mucronata Zone, 
Glovers Quarry, Carmean, Moneymore, County Deny, Northern Ireland; x 1. c, 
'Monodonta' sp., Upper Campanian, B. mucronata Zone, Benbradagh Hill, Slopes 
of Curraghlane, north-east of Dungiven, County Deny; X l - 5 . D, Calliomphalus 
steinlai (Geinitz), Upper Turonian, S. plana Zone, Hitchin, Hertfordshire; X 1. E - F , 

Periaulax striatus (Woodward), Campanian, Norwich, Norfolk; X2. 

Remarks . Found as external and internal mou lds . Previously descr ibed as 
'Turbo' geinitzi W o o d s . 
Occurrence . Turonian , S. plana Zone ; Kent , Berkshire , Hertfordshire and 
Bedfordshire. 

Fami ly NODODELPHINULIDAE 

G e n u s HELICACANTHUS 

Helicacanthus guerangeri ( d 'Orb igny) 
Plate 27 , figures 1, 4 

Descript ion. Smal l turbinate shell wi th flat-sided angular whor l s . Orna­
mented by several series of tuberculate spiral cords , which are part icularly 
strong at the adapical suture and at the mid-whor l angles . Rounded convex 
base has similar finer tuberculate ornament . W i d e , smooth , open umbil icus 
and rounded aperture . 
R e m a r k s . D i s t i n g u i s h e d from H. mailleana d ' O r b i g n y ( C e n o m a n i a n ) , 
which also has an adapical row of spines , by the more delicate, neater and 
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166 Fossils of the Chalk 

regular o rnament on the whor l side. In H. mailleana the spines are fewer 
as wel l as be ing m u c h coa r se r a n d s t ronger ; on ly the g r o w t h l ines 
o r n a m e n t the w h o r l s ide . H. cenomanensis ( C e n o m a n i a n ) differs in 
lacking spiral o rnament on the adapical shelf. 
Occurrence . Cenomanian ; Devon . 

Fami ly uncer ta in 

Genus ?DISCOHELIX 

'Discohelix' binghami (Baily) 
Plate 27 , figures 11 -12 

Description. Depressed conical shell , m u c h wider than high; pentagonal 
aperture; o r thoc l ine-opis thoc l ine g rowth lines. Umbi l i cus as high as wide . 
Dist inct ive ornament consis t ing of three s trong, spiral r idges wi th regular 
col labra l r ibs f o rming n o d e d tube rc l e s on the r idges ; the r idge at the 
adapical suture is the weakes t wi th those occurr ing at the angulat ion and 
mid-whor l be ing of s imilar s trength. Finer spiral th reads occur be tween 
the p r i m a r y r idges . M a r g i n o f u m b i l i c u s b o u n d e d b y s t rong , r o u n d e d 
tubercles , wh ich span several collabral r ibs and growth stages. 
Remarks . The lack of the typical discoidal shell and opis thocyrt g rowth 
lines found in Discohelix s.s. raises doubt over the generic determinat ion 
of this species and its inclusion in this family. 
Occurrence . Cenomanian ; Kent and Sussex. 

Superfamily PLEUROTOMARIOIDEA 

Fami ly PLEUROTOMARIIDAE 

Genus BATHROTOMARIA C O X 

Bathrotomaria dixoni C o x 
Plate 2 8 , figures 1, 3 ; Text-figure 8.2A 

Descript ion. Medium-s ized , depressed turbiniform shell. Whor l s obtusely 
angular wi th gent ly s loping r a m p and s l ight ly con ica l ou te r face. Base 
feebly c o n v e x wi th pe r iphe ra l b u l g e and m o d e r a t e l y b r o a d u m b i l i c u s . 
Broad , co rd - l ike se l en izone at r a m p ang le . G r o w t h l ines op i s thocyr t . 
O r n a m e n t of s t rong col labral r ibs on the r a m p c rossed b y five or m o r e 
spiral threads produc ing tubercles at their intersection. O n the lower part 
of the whor l the col labral e l emen t is w e a k e r and the spiral th reads are 
equal in strength, p roduc ing a cancel late pat tern wi th small granules on the 
spirals. 
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Gastropods 167 

R e m a r k s . T h e sharp ly rounded pe r i phe ry and s t rong r ibs on the r a m p 
distinguish B. dixoni from B. perspectiva ( C e n o m a n i a n - L o w e r Santonian); 
whi le the w i d e s e l en i zone and axial r ibs se rve to separa te it from B. 
linearis (Cenoman ian ) . Spec imens descr ibed as Leptomaria seatonensis 
Cox appear to be identical to B. dixoni. 
Occurrence . Cenomanian ; southern England from Devon to Kent . 

Bathrotomaria linearis (Mantel l ) 
Text-figure 8.2E 

Description. Med ium-s ized to large, depressed, conical shell; d iameter is 
generally twice height , but very var iable . Whor l s obtusely angular , with 
sloping outer face and inclined ramp. Selenizone forming a smooth convex 
cord of m o d e r a t e w i d t h at the m i d - w h o r l angu l a t i on . Las t w h o r l sub-
angular wi th a sl ight per iphera l bu lge . F la t tened base , b road umbi l i cus . 
Ornament of spiral threads and cords wi th very fine collabral threads that 
may cause cords to b e c o m e obscure ly cancellate or nodose . 
R e m a r k s . Th i s spec ie s is d i s t i ngu i shed from B. perspectiva by the 
subangular and peripheral bulge of its last whor l , and from B. dixoni by 
the wider r amp, na r row selenizone and lack of axial r ibs. 
Occurrence . Cenomanian ; widespread in southern England. 

Bathrotomaria perspectiva (Mantel l ) 
Plate 28 , figures 2, 4 - 5 ; Text-figure 8 . 2 B - C 

Descr ip t ion . M e d i u m - s i z e d to l a rge shel l v a r y i n g f rom t roch i fo rm to 
almost subdiscoidal in shape, depending on the nature of its early whor ls ; 
a lways m u c h w i d e r than h igh . W h o r l s r a n g e f rom ob tuse ly angu la r to 
strongly convex; gently inclined, sl ightly concave to convex , broad r amp . 
Selenizone modera te ly wide , s trongly convex and cord-l ike, situated well 
above mid-whor l . Convex base ornamented by concentr ic cords of unequal 
size; umbil icus wide . Ornament consists of spiral and collabral grooves that 
produce a ret iculate pa t te rn of lozenges , g ranules or beads ; ' g r anu l a t e ' -
type (Text-fig. 8.2B) and 'depressa ' - type (Text-fig. 8.2c). 
R e m a r k s . A l t h o u g h she l l h e i g h t is v a r i a b l e , r a n g i n g f rom e l e v a t e d 
t rochi form to a ve ry dep re s se d subd i sco ida l shape , all forms have the 
same bas ic pat tern of o rnamen t . This species differs from B. dixoni in its 
broader sutural r a m p and the lack of t ransverse r iblets on this r a m p , and 
from B. linearis by its re la t ive ly w i d e r se len izone and the p resence of 
axial r ibs . 
O c c u r r e n c e . C e n o m a n i a n - L o w e r San ton ian , M. coranguinum Z o n e ; 
widespread throughout southern England. 
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168 Fossils of the Chalk 

T E X T - F I G . 8 . 2 . Ornament of species of Bathrotomaria. A , B. dixoni Cox, Middle 
Cenomanian, near Culverhole, east of Seaton, Devon; x 3 . B - C , B. perspectiva 
(Mantell). B , 'granulata'-type, showing fine granose tubercles, Lower Cenomanian, 
S. varians Zone, Bridport, Dorset; x 3 . c, 'depressa'-type, showing lozenges 
formed in spirals, Upper Turonian, S. plana Zone, Oldbury Farm, Wiltshire; X 2 - 5 . 
D , B. velata (Goldfuss), Cenomanian, Glynde, Sussex; x 1 • 1. E , B. linearis 
(Mantell), Lower Cenomanian, S. varians Zone, Hamsey, near Lewes, Sussex; 

X 2 - 3 . 

Bathrotomaria velata (Goldfuss) 
Text-figure 8.2D 

Descr ipt ion . Fairly large, depressed turbini form shell in wh ich the dia­
meter is twice the height; spire angle about 120 degrees . Gent ly sloping, 
almost horizontal r amp. Base convex wi th subangular peripheral bulge and 
wide umbi l i cus . V e r y n a r r o w , c o n v e x , t r ansve r se ly r idged , cord- l ike 
selenizone situated be tween two linear grooves at the r amp angle; labral slit 
m a y ex tend b a c k for some dis tance from the aper ture . Del ica te o rnament 
c o m p o s e d of ve ry smal l g ranu les occur r ing at the in te rsec t ions o f very 
narrow, closely spaced spiral cords and collabral threads. Base ornamented 
by numerous nar row spiral cords that m a y be granulose near periphery. 
Occurrence . Cenomanian ; Sussex, Kent and Devon . 
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Genus CONOTOMARIA 

Conotomaria percevali C o x 
Plate 2 8 , figure 6 

Descr ip t ion . M o d e r a t e l y la rge , con ica l , t op - l ike shell in w h i c h he igh t 
a lmost equals diameter ; spire angle exceeds 60 degrees . Whor l s flat-sided, 
but last whor l m a y develop an ill-defined shoulder and become subangular 
at basal per iphery. Base feebly convex wi th nar row umbi l icus . Selenizone 
nar row, flush be tween spiral threads and si tuated in upper hal f of whor l 
side, separated from suture by a smooth band. Ornament beneath seleni­
zone of broad, flat, spiral bands separated by nar row intervals containing a 
spiral t h read . B a s e o r n a m e n t e d by u n e q u a l spi ra l b a n d s separa ted b y 
relatively deep , na r row intervals. 
R e m a r k s . T h e h i g h p o s i t i o n o f t he s e l e n i z o n e on a flat w h o r l s ide 
d i s t i ngu i shes th i s f rom o the r spec ies . In C. chardstockensis C o x 
(Cenoman ian ) the se len izone is a lmos t at m id -whor l ; in C. laticarinata 
Cox ( C e n o m a n i a n ) it o c c u r s at a sutural l edge ; a n d in C. mailleana 
( d ' O r b i g n y ) ( C e n o m a n i a n ) it occu r s h igh on a whor l w h e r e the shape 
changes from convex to concave . The broad, flat, spiral cords also help to 
separate C. percevali from other species, wh ich general ly have much finer 
or nar rower spirals. Its regular conical shape dis t inguishes it from species 
of the more angular genus Bathrotomaria Cox . 
Occurrence . Cenomanian ; Devon; ?Wil tshire . 

Order CAENOGASTROPODA 

Superfamily TURRITELLOIDEA 

Fami ly TURRITELLIDAE 

Genus TURRITELLA 

Turritella (Turritella) dibleyi N e w t o n 
Plate 29 , figure 1 

Descript ion. Modera te ly large, s lender turritellid; whor l outl ine strongly 
convex. Orthocl ine to feebly prosocl ine g rowth lines with a broad, shal low 
s inus . O r n a m e n t e d b y n u m e r o u s a n d ve ry r egu la r spi ra l and co l labra l 
t h r eads , w i th the la t ter b e c o m i n g s t rong on later w h o r l s and a lmos t 
forming varices at the intersections. 
Remarks . T. (T.) unicarinata (Campanian) from County Antr im, Nor thern 
I re land, and N o r w i c h , N o r f o l k h a s a s imi la r o r n a m e n t bu t wi th fewer 
spiral cords , mos t of which are of the same order of size, and no collabral 
rugae. It also has s imple arcuate growth lines. 
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Gastropods 171 

Occurrence . Lower and Midd le Cenomanian ; Kent and Cambridgeshi re . 

Superfamily CERITHIOIDEA 

Fami ly PROCERITHIIDAE 

Genus ?CIRSOCERITHIUM 

''Cirsocerithium' reussi (Geini tz) 
Plate 27 , figure 9 

Descr ip t ion . Sma l l , e longa t e , con ica l shel l w i th w e l l - r o u n d e d c o n v e x 
whorls and impressed sutures wi th slight adapical shelf. Aper ture entire 
wi th no an te r io r cana l ; r o u n d e d D - s h a p e wi th aper tu ra l va r ix ; n a r r o w 
u m b i l i c u s ; op i s thocy r t g r o w t h l ines . O r n a m e n t cons i s t s o f n u m e r o u s 
granulose or finely tubercula te spiral cords (the first be ing the strongest) 
and axial r ibs. The latter do not p roceed on to the base . 
Remarks . Dis t inguished from true Cirsocerithium species by the lack of 
a par t i a l ly fo rmed an te r io r cana l . D i s t i n g u i s h e d from C. subspinosum 
(Deshayes ) ( A l b i a n ) w h i c h a lso h a s an aper tu ra l va r ix and a s imi la r 
s t ra ight and t h i c k e n e d pa r i e t a l l ip , b y its g r a n u l o s e o r n a m e n t and the 
presence of an umbi l i cus . The C e n o m a n i a n ?C. nooryi A b b a s s is littor-
iniform and has coarser granulose spirals. 
Occurrence . Turonian , S. plana Zone ; Hertfordshire and Surrey. 

Fami ly CERITHIIDAE 

Genus EXECHOCIRSUS 

Exechocirsus saundersi (Woods ) 
Plate 29 , figure 5 

Descript ion. Med ium-s i zed , s l ightly e longate ceri thi id wi th a lmost flat-
sided whor l s . Dis t inct , impressed , l inear su ture . Flat to s l ight ly convex 

E X P L A N A T I O N O F P L A T E 28 

Figs 1, 3. Bathrotomaria dixoni Cox. 1, Lower Cenomanian, Culverhole, Devon; 
holotype; x l . 3, Cenomanian, Dover, Kent; apical view of slightly flattened 
internal mould of paratype; xO-75. 

Figs 2, 4 - 5 . Bathrotomaria perspectiva (Mantell). 2, Turonian, S. plana Zone, 
Aston Hill, Oxfordshire; angular form; X l . 4, Coniacian, M. cortestudinarium 
Zone, Dover, Kent; internal mould of a large shell; xO-75. 5, IB. perspectiva; 
Turonian, S. plana Zone, Hitchin, Hertfordshire; c. x 2 . 

Fig. 6. Conotomaria percevali Cox. Cenomanian Limestone near Axmouth, 
Devon; holotype; x 1. 
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172 Fossils of the Chalk 

base wi th a granular subcar ina te cord near the per iphery and numerous 
spiral threads. Obova te -quadrangu la r aperture wi th a short, slightly curved, 
anterior canal and a cal lused inner lip. There is a s trong var ix diametr ic­
al ly oppos i t e the ape r tu r e . O r n a m e n t o f four equa l spi ra l c o r d s wi th 
in t e r spaces o f v a r y i n g w i d t h c o n t a i n i n g fine spira l t h r e a d s , and 16 
orthocline axial ribs; rounded tubercles or beads occur at the intersections. 
Other more variably o rnamented forms occur. 
Occurrence . Turonian , S. plana Zone ; c o m m o n throughout the counties 
around London . 

Superfamily STROMBOIDEA 

Fami ly APORRHAIDAE 

G e n u s PERISSOPTERA 

Perissoptera mantelli Gardner 
Plate 29 , figure 4 

D e s c r i p t i o n . H igh - sp i r ed , tu r re ted , typ ica l a p o r r h a i d she l l ; last whor l 
expanded to p roduce a ' w i n g ' with poster ior spike. Whor l s o rnamented by 
op i s thoc l ine axial r ibs and fine spiral t h r eads ; last w h o r l angu la r wi th 
relatively smooth side, the ribs forming large nodes . 
R e m a r k s . Usua l ly found as poor ly p re se rved internal m o u l d s ; poss ib ly 
synonymous with Perissoptera parkinsoni (Mantel l ) , the only difference 
being in the form of the last whor l and the relat ively straighter axial r ibs in 
that Albian species. 
Occurrence . Lower Cenomanian , Wil tshire and Hampsh i re . 

Genus ?ROSTELLARIA 

'' Rostellaritf pricei W o o d w a r d 
Plate 29 , figure 2 

Descript ion. Large , e longate spire of relat ively flat-sided whor ls ; the outer 
lip of last whor l expanded to form smooth-edged semicircle . There is an 
elongate anterior canal . Ornamen t (when preserved) consists of a nar row 
band of fine spiral threads at the adapical suture of each whorl . 
R e m a r k s . T h e p o o r p re se rva t ion of va r ious la rge , e longa te , ga s t ropod 
m o u l d s occu r r ing in U p p e r C r e t a c e o u s depos i t s l eads to cons ide rab l e 
unce r t a in ty ove r the i r ident i f ica t ion. T h i s spec i e s , h o w e v e r , can b e 
d is t inguished from the s imilar ly shaped Chemnitzia woodwardii Seeley 
(=Turritella turbinata J. de C. S o w e r b y ) in that the lat ter has s l ight ly 
more convex whor l s wh ich are o rnamented by m a n y fine spiral threads. 
Occurrence . Cenomanian ; Kent , scarce. 
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Superfamily JANTHINOIDEA 
Fami ly EPITONIIDAE 

G e n u s CROSSOTREMA 

Crossotrema crebricostatum (Gardner) 
Plate 29 , figure 3 

D e s c r i p t i o n . M o d e r a t e l y l a rge , e l o n g a t e , tu r re ted shel l w i t h s t rongly 
convex whor l s ; a deep , impressed suture is obscured by the axial lamellae, 
which al ternate wi th those of adjacent whor l s . Aper tu re not known , but 
shell g rows from within aperture and is reflected backwards and outwards 
to p roduce a nar row flange which forms the ornamenta l lamellae. Intricate 
o rnament cons is t s o f del icate , axial , col labral , op is thocyr t lamel lae and 
spiral cords , which occur in pairs and p roduce crenulat ions in the lamellae. 
Fine collabral threads p roduce slight beads where they cross the cords and 
a lattice where they cross the separat ing grooves . 
Remarks . The elaborate frilled o rnament dis t inguishes this un ique epito-
niid. The lack of var ices separates it from all other crossotremids , whi le 
the lack of a basal disc a lso serves to separate it from other Cre taceous 
m e m b e r s of the family. A further dist inction is the equal deve lopment of 
both axial and spiral o rnament . 
Occurrence . C a m p a n i a n , B. mucronata Z o n e ; the un ique ho lo type was 
found in Norfolk. 

Superfamily MURICOIDEA 
Fami ly FASCIOLARIIDAE 

Genus ANOMALOFUSUS 

Anomalofusus sp. 
Text-figure 8 . 1 A - B 

Descript ion. Elongated, h igh-spired species wi th a lanceolate aperture and 
a modera te ly long anterior canal . There are about 12 s inuous, vertical r ibs 
per whor l , and these d iminish and a lmost d isappear on the last whorl . 
Remarks . Usua l ly found preserved as internal mou lds . 
O c c u r r e n c e . C a m p a n i a n , B. mucronata Z o n e ; C o u n t y Der ry , Nor the rn 
Ireland. 

Subclass OPISTHOBRANCHIA 

Order TECTIBRANCHIA 
Superfamily ACTEONOIDEA 

Fami ly RINGICULIDAE 
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Gastropods 175 

Genus AVELLANA 

Avellana incrassata (J. Sowerby) 
Plate 29 , figures 6 - 8 

Description. Small , g lobose , low-spi red shell wi th obl ique, lunate, entire 
aperture that has a thick reflected lip and denticulate inner margin. Three 
strong folds occur ; a co lumel la r fold, wh ich is vir tual ly hor izonta l , and 
two parietal folds that ex tend to the aper ture . Ornamen t consists of numer­
ous, equal ly spaced, incised, spiral furrows covered wi th m a n y axial striae. 
Occurrence . C e n o m a n i a n - S a n t o n i a n / C a m p a n i a n ; widespread throughout 
southern and eas te rn E n g l a n d from D e v o n to Norfo lk ; ? C a m p a n i a n in 
Northern Ireland. 

E X P L A N A T I O N O F P L A T E 29 

Fig. 1 . Turritella [Turritella) dibleyi Newton. Lower Cenomanian, Margett's Pit, 
Burham, Kent; holotype; c. x 2 . 

Fig. 2. 'Rostellaria' pricei Woodward. Cenomanian, locality unknown; xO-5. 
Fig. 3. Crossotrema crebricoslatum (Gardner). Campanian, B. mucronata Zone, 

Norwich, Norfolk; holotype; x 2 . 
Fig. 4. Perissoptera mantelli Gardner. Lower Cenomanian, Devizes, Wiltshire; 

X l - 5 . 
Fig. 5. Exechocirsus saundersi (Woods). Turonian, S. plana Zone, Latimer, 

Buckinghamshire; x 2 . 
Figs 6-8 . Avellana incrassata (J. Sowerby). Turonian, S. plana Zone, 

Guildford-Godalming bypass, Surrey. 6, showing ornament of spiral cords with 
axial elements in the furrows between these; also traces of the thickened outer 
lip of the aperture at bottom left. 7, internal mould. 8, showing columella and 
parietal folds. 6, 8, x 2 ; 7, x 4 . 
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9. A M M O N I T E S 

by c. w. W R I G H T and w. J . K E N N E D Y 

In the Chalk ammoni t e s are abundant only at a few hor izons . Most levels 
in the C e n o m a n i a n p roduce large faunas in one area o r another but in the 
chalky facies there is no cont inuous series of faunas at any one locality. 
The Lower and Middle Turon ian tend to have sparse faunas throughout , 
but a m m o n i t e s genera l ly are rare . The U p p e r Turon ian in the Mid lands 
and sou th -eas t has a fair ly a b u n d a n t fauna in the S. plana Z o n e , but 
e l sewhere there are few ammoni t e s . O n e species is modera te ly c o m m o n in 
the Santonian and a small fauna is found in the upper / . lingua Zone in 
Yorksh i r e . S l igh t ly h i g h e r faunas occu r in the B. mucronata cha lk of 
Norfolk and in the Whi te L imes tone of Nor the rn Ireland. 

A m m o n i t e s occur main ly in three different kinds of preservat ion in the 
Chalk. The mos t widespread is as compos i t e internal mou lds . After death 
the shell has been filled wi th sediment wh ich has part ial ly consolidated; 
the shel l h a s t h e n d i s a p p e a r e d en t i r e ly o r b e e n r ep l aced b y a film o f 
pyri tes, c o m m o n l y oxidised to l imoni te , and the external mou ld has been 
pressed on to the internal mould . Such spec imens are often entire but the 
inner whor l s are poor ly preserved; they frequently show distort ion, with 
s y m m e t r i c a l or a s y m m e t r i c a l s e c o n d a r y c o m p r e s s i o n . In h a r d g r o u n d s , 
such as the Chalk R o c k o r those in the N o r w i c h Chalk , the filling o f the 
shell has been firmly cemented at an early stage of burial and the moulds 
retain their original propor t ions . 

In the Glauconi t ic Mar ls at the base of the Chalk and at certain other 
h o r i z o n s the re occur , of ten a b u n d a n t l y , p h o s p h a t i s e d in terna l m o u l d s , 
normal ly o f f ragments o r nuclei , wel l preserved or abraded but uncrushed. 
In south-west England the Basemen t Beds above the d iachronous base of 
the C h a l k y ie ld m o r e or l ess w e l l - p r e s e r v e d en t i re o r f r agmen ta ry 
specimens either as phosphat ic mou lds or with phospha t i sed shell on a fill 
of cemented sediment . 

British Chalk ammoni t e s were first monographed b y Sharpe ( 1 8 5 3 - 5 7 ) . 
This work was later upda ted by Wrigh t and Wrigh t (1951) , w h o produced 
a supplement to Sha rpe ' s monograph . A considerable amoun t o f w o r k on 
Chalk ammoni t e faunas has been done recent ly and is still in progress . For 
more detai led t reatment of some groups the fol lowing should be consul ted: 
Wright (1979) and Wright and Kennedy (1981 , 1984-96) ; for terminology, 
see Arkell et al. (1957) and Wr igh t (1996) . 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



Ammonites 111 

D E S C R I P T I O N S 

ClaSS CEPHALOPODA 

Order AMMONOIDEA 

Suborder AMMONITINA 

Superfamily DESMOCERATACEAE 

Fami ly DESMOCERATIDAE 

Subfamily PUZOSIINAE 

Remarks . Norma l ly wi th round or oval whor l section, constr ict ions and 
weak or no ornament . The suture in Late Cretaceous forms is finely divided 
and has a s trongly recurved part near the umbil ical seam. 

Genus PUZOSIA 

Remarks . Rather evolute; whorl section subcircular to compressed oval or 
wi th flat s ides , v e n t e r r o u n d e d ; wi th s i n u o u s to fa lcoid cons t r i c t ions , 
between which are few to m a n y weak ribs, on the outer part of sides in 
P. (Puzosia) or ar is ing and b ranch ing near the edge of the umbi l icus in 
P. (Anapuzosia). 
Occurrence . Lower A l b i a n - U p p e r Turonian . 

Puzosia (Puzosia) mayoriana (d 'Orb igny) 
Plate 30, figure 4 

Descr ip t ion . W h o r l sec t ion va r i e s from subc i r cu l a r to s l ight ly c o m ­
pressed, with inner part of sides flat or slightly convex. Constr ic t ions 4 - 8 
to a whorl , straight on the inner flank, then sinuous or sharply bent forward. 
Between constr ict ions are 15-25 weak ribs. 
Occurrence . U p p e r A l b i a n - U p p e r C e n o m a n i a n , M. geslinianum Zone ; 
generally distr ibuted in southern England but u n c o m m o n . 

G e n u s PARAPUZOSIA 

R e m a r k s . La rge , c o m p r e s s e d , h i g h - w h o r l e d , w i th sha rp ly r o u n d e d 
umbilical r im, flat or slightly convex sides and rounded venter. Constr ic­
t ions are confined to ear ly w h o r l s bu t ma jo r r ibs assoc ia ted wi th t hem 
persist and sooner or later mult iply . 
Occurrence . L o w e r C e n o m a n i a n - U p p e r Campan ian . 

Subgenus AUSTINICERAS 

Remarks . Major ribs fewer than about ten to a whor l until the last, where 
they mult iply. 
Occurrence . Lower C e n o m a n i a n - M i d d l e Turonian . 
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178 Fossils of the Chalk 

Parapuzosia (Austiniceras) austeni (Sharpe) 
Text-figure 9.1 

Description. U p to 1500 m m diameter . Sides more or less flat, converging 
to narrowly arched venter . Ear ly whor l s wi th five constr ict ions; at about 
100 m m diameter these are replaced b y major ribs. 
Occurrence . Lower Cenomanian , M. mantelli Zone , to Turonian, C. wool-
Igari Z o n e ; rare in the L o w e r C e n o m a n i a n , c o m m o n a b o v e ; genera l ly 
distributed but rare in the north. 

T E X T - F I G . 9 . 1 . Parapuzosia (Austiniceras) austeni (Sharpe). Middle Cenomanian. 
A. rhotomagense Zone, Guildford, Surrey; diagrammatic; X 0 - 4 . 
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Ammonites 179 

T E X T - F I G . 9.2. Parapuzosia (Parapuzosia) leptophylla (Sharpe). Santonian, M. 
coranguinum Zone, Greenhithe, Kent; diagrammatic; X0-35. 

Subgenus PARAPUZOSIA 

R e m a r k s . M a jo r r ibs n u m e r o u s after ini t ia l near ly s m o o t h s tage wi th 
constrictions. 
Occurrence . ?Coniacian , San ton i an -Campan ian . 

Parapuzosia (Parapuzosia) leptophvlla (Sharpe) 
Text-figure 9.2 

Description. Very large. General ly badly preserved, and compressed and 
smooth in appearance . Occas ional wel l -preserved spec imens show strong 
primary r ibs b ranch ing on the outer part of the sides. 
Occurrence . Santonian, M. coranguinum-M. testudinarius zones ; part ic­
ularly c o m m o n in Kent but occurs general ly. 
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180 Fossils of the Chalk 

Subfamily HAUERICERATINAE 

Genus HAUERICERAS 

Remarks . Compressed , h igh-whor led wi th sharp keel; smooth except for 
constrict ions. 
Occurrence . Coniac ian-Maas t r i ch t i an . 

Hauericeras pseudogardeni (Schluter) 
Text-figure 9.3 

Descript ion. Rather involute , wi th constr ic t ions curved strongly forward 
on outer part of s ides . Only very poor ly p re se rved internal m o u l d s are 
known in England. 
Occurrence . L o w e r C a m p a n i a n , /. lingua Z o n e ; rare at Sewerby , East 
Yorkshire (North Humbers ide ) . 

TEXT-FIG. 9.3. Hauericeras (Hauericeras) pseudogardeni (Schluter). Campanian, /. 
lingua Zone; diagrammatic; xO-3. 
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Ammonites 181 

Fami ly PACHYDISCIDAE 

Genus LEWESICERAS 

Remarks . Whor l section slightly compressed to subcircular; early whor ls 
with strong, ra ther irregular r ibs spr inging from umbil ical tubercles , and 
constrict ions; later whor l s wi th weak or no ornament . Suture wi th wide-
open e lements , shal lowly incised. 
Occurrence . Lower C e n o m a n i a n - U p p e r Turonian . 

Lewesiceras peramplum (Mantel l ) 
Text-figure 9.4 

Descript ion. U p to 900 m m diameter . Early whor l s h igher than wide wi th 
flat and parallel or sl ightly converg ing sides and evenly rounded venter. 
Later whorls more inflated and finally subcircular to subquadrate in section. 
Inner whor l s wi th five or six umbi l ica l tubercles , nar row curved pr imary 
r ibs, and 2 - 4 shor t s econdar i e s be tween . La te r r ibs b e c o m e lower and 
weaker wi th m o r e secondar ies . After d iamete r of 120 m m , smooth except 
for 11 -15 low bar-l ike ribs on inner part of sides. 

T E X T - F I G . 9.4. Lewesiceras peramplum (Mantell). Lower Turonian, M. nodosoides 
Zone (/. labiatus Zone); diagrammatic; X 0 - 4 . 
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182 Fossils of the Chalk 

Occurrence . Turonian , M. nodosoides and C. woollgari zones (/. labiatus 
and T. lata zones) ; c o m m o n and widespread. 

Lewesiceras mantelli Wright and Wright 
Plate 38 , figures 1-2 

Descript ion. Smal ler than L. peramplum; whorl section inflated in mid-
growth , umbil ical tubercles very prominent . 
Occurrence . Turonian, S. neptuni Zone (S. plana Zone) ; the commones t 
ammoni te in the Chalk Rock, but also widespread in normal chalk facies. 

Superfamily HOPLITACEAE 
Fami ly HOPLITIDAE 

Subfamily HOPLITINAE 

R e m a r k s . Small to modera te -s ized , compres sed to very inflated; venter 
flat, c o n c a v e or with a central g r o o v e , no rma l ly b o r d e r e d b y a l te rna te , 
oblique or parallel , c lavate tubercles . 
Occurrence . Lower A l b i a n - L o w e r Cenomanian . 

Genus HYPHOPLITES 

Remarks . Rather small , compressed to inflated, with grooved venter; r ibs 
sickle-shaped. 
Occurrence . Uppe r A l b i a n - L o w e r Cenomanian . 

Hyphoplites falcatus (Mantel l ) 
Plate 30, figures 1-2, 9 

Description. Compressed , involute, flat-sided, wi th flat s ickle-shaped ribs 
in branching pairs (H.f.faurora Wright and Wright ) , s ingle (H.f. falcatus, 

E X P L A N A T I O N O F P L A T E 30 

Figs 1-2. Hyphoplites falcatus falcatus (Mantell). Lower Cenomanian, M. mantelli 
Zone, Stoneham, near Lewes, Sussex; x 1. 

Fig. 3. Forbesiceras bicarinatum Szasz. Upper Cenomanian, C. guerangeri Zone, 
Shapwick Grange, Devon; x 1. 

Fig. 4. Puzosia (Puzosia) mayoriana (d'Orbigny). Probably Middle Cenomanian, 
A. rhotomagense Zone, Ventnor, Isle of Wight; X 1. 

Figs 5-6. Hyphoplites curvatus curvatus (Mantell). Lower Cenomanian, M. 
mantelli Zone, Warminster area, Wiltshire; X 1. 

Figs 7-8. Forbesiceras largilliertianum (d 'Orbigny). Lower Cenomanian, M. 
mantelli Zone, M. couloni horizon, Hutchin's Pit, Wilmington, Devon; X 1. 

Fig. 9. Hyphoplites falcatus interpolatus Wright and Wright. Lower Cenomanian, 
M. mantelli Zone, Search Farm, near Mere, Wiltshire; x 1. 
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184 Fossils of the Chalk 

PI. 27 , figs 1-2) or split so that the ' s i ck le ' has more than one ' h a n d l e ' (H. 
f. interpolatus W r i g h t and Wr igh t , PI. 2 7 , fig. 9 ) ; u m b i l i c a l t ube rc l e s 
absent or weak . 
Occurrence . U p p e r Alb ian , S. dispar Z o n e , to L o w e r C e n o m a n i a n , M. 
dixoni Zone ; widespread in southern England. 

Hyphoplites curvatus (Mantel l ) 
Plate 30 , figures 5 - 6 

D e s c r i p t i o n . I nvo lu t e , c o m p r e s s e d and h i g h - w h o r l e d to evo lu t e a n d 
depressed. Ribs b ranch from weak to strong umbi l ica l tubercles and others 
m a y be intercalated. Sharp or blunt inner and outer ventrolateral tubercles 
are present on the ph ragmocone but d isappear on the body chamber . H. c. 
curvatus is s l igh t ly c o m p r e s s e d and h a s s t rong tube rc l e s and m a n y 
irregularly intercalated and branched fine r ibs. 
O c c u r r e n c e . L o w e r C e n o m a n i a n , M. mantelli a n d M. dixoni z o n e s ; 
widely distr ibuted in southern England. 

Fami ly SCHLOENBACHIIDAE 

Remarks . Kee led derivat ives of Hopli t inae. 
Occurrence . Cenomanian . 

Genus SCHLOENBACHIA 

Remarks . Very var iable in whorl sect ion and strength and densi ty of ribs 
and tubercles . 
Occurrence . Cenomanian , M. mantelli - C. guerangeri zones . 

Schloenbachia varians (J. Sowerby) 
Plate 3 1 , figures 1-2, 5 - 9 

Descr ip t ion . Va r i e s , p r o b a b l y c o n t i n u o u s l y , f rom c o m p r e s s e d , h igh -
whorled and fine-ribbed with no lateral tubercles and only minute umbil ical 
and outer ventrolateral ones ( forma subplana), to inflated and depressed 
wi th a s t rong mid- la tera l tuberc le ( forma ventriosa); in te rmedia tes m a y 
have v i r tua l ly n o r ibs ( fo rma glabra) or s t rong r ibs wi th t w o lateral 
tubercles (forma subtuberculata). M a n y var iants have been descr ibed as 
species. 
O c c u r r e n c e . L o w e r C e n o m a n i a n , M. mantelli Z o n e , to M i d d l e C e n o ­
manian, A. jukesbrownei Zone ; ?Upper Cenoman ian , C. guerangeri Zone ; 
t h r o u g h o u t E n g l a n d a n d N o r t h e r n I re land, gene ra l l y c o m m o n , ra re in 
Yorkshire . 
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Ammonites 185 

Schloenbachia lymense Spath 
Plate 3 1 , figures 3^4 

Descript ion. Small , var ies little; whor l -sec t ion rectangular , with a lateral 
bulla near the umbil ical tubercle . 
O c c u r r e n c e . U p p e r C e n o m a n i a n , C. guerangeri Z o n e (Bed C of 
Cenomanian Limes tone) ; Devon . 

Superfamily ACANTHOCERATACEAE 

Fami ly FORBESICERATIDAE 

Remarks . Very involute and compressed with sides parallel or converging 
to a nar row venter . Suture wi th long nar row e lements , including an extra 
lobe dividing the first lateral saddle . 
Occurrence . Uppe r A l b i a n - U p p e r Cenomanian . 

G e n u s FORBESICERAS 

Occurrence . Throughou t the Cenoman ian except the uppermost part. 

Forbesiceras largilliertianum ( d 'Orb igny) 
Plate 30, figures 7 - 8 

Descript ion. R ibs very fine, flexuous, crossing the venter t ransversely for 
most of growth; later the ribs disappear and the venter b e c o m e s bicarinate 
and finally rounded. 
O c c u r r e n c e . L o w e r C e n o m a n i a n , M. mantelli Z o n e to M i d d l e C e n o ­
manian , A. jukesbrownei Zone ; rare, throughout southern England. 

Forbesiceras bicarinatum Szasz 
Plate 30, figure 3 

Descript ion. Vir tual ly smooth at all s tages; venter bicarinate until body 
chamber . 
Occurrence . Upper Cenoman ian , C. guerangeri Zone ; ra ther c o m m o n in 
the Cenoman ian Limes tone of Devon . 

Fami ly ACANTHOCERATIDAE 
Subfamily MANTELLICERATINAE 

R e m a r k s . V e n t e r flat or c o n c a v e , b o r d e r e d by oppos i t e ven t ro la te ra l 
tubercles . 

Genus MANTELLICERAS 
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Ammonites 187 

R e m a r k s . O f mode ra t e s ize, m a c r o c o n c h s up to twice as b ig as mic ro -
conchs ; c o m p r e s s e d and h i g h - w h o r l e d to dep res sed and inflated; inner 
whorls finely r ibbed, body chamber general ly coarsely r ibbed; a lways with 
an umbil ical and a pair of ventrolateral tubercles at some stage of growth , 
commonly also one or two laterals. 
Occurrence . Lower Cenomanian . 

Mantelliceras mantelli (J. Sowerby) 
Plate 33 , figures 1-2 

Descript ion. Ribs in early and middle g rowth rather sharp wi th more or 
less equa l ly spaced umbi l i ca l , la teral a n d inner and outer vent ro la te ra l 
tuberc les , g iv ing a po lygona l whor l sect ion; on outer whor l all but the 
umbil ical and outer ventrolateral d isappear and the ribs b e c o m e broadly 
rounded. Ribs number 3 0 ^ 5 to a whor l and tubercles vary from weak to 
strong. 
O c c u r r e n c e . L o w e r C e n o m a n i a n , M. mantelli and M. dixoni zones ; 
c o m m o n and general ly distr ibuted in southern England in the M. mantelli 
Zone, rare in Kent and Devon in the M. dixoni Zone . 

Mantelliceras saxbii (Sharpe) 
Plate 32, figures 1-3 

Descr ip t ion . Ra the r invo lu te at first, d e c r e a s i n g l y so wi th age ; c o m ­
pres sed wi th m o r e or less flat s ides ; r ibs 2 7 - 4 0 , gene ra l ly flexuous, 
directed forwards on early whor ls ; inner and outer ventrolateral tubercles 
present on early whor ls , the former c o m m o n l y absent later. 
O c c u r r e n c e . L o w e r C e n o m a n i a n , M. mantelli and M. dixoni zones ; 
generally distr ibuted and c o m m o n in southern England in the M. mantelli 
Zone, especial ly in the M. saxbii Subzone , rare in the M. dixoni Zone . 

EXPLANATION OF PLATE 3 I 

Figs 1-2. Schloenbachia varians (J. Sowerby) forma subplana. Lower 
Cenomanian, M. mantelli Zone, Sussex; X 1. 

Figs 3-4. Schloenbachia lymense Spath. Upper Cenomanian, C. guerangeri Zone, 
Devon; x 1. 

Fig. 5. Schloenbachia varians (J. Sowerby) forma subtuberculata. Lower 
Cenomanian, M. mantelli Zone, Warminster area, Wiltshire; x 1. 

Fig. 6. Schloenbachia varians (J. Sowerby) forma subvarians. Lower Cenomanian, 
M. mantelli Zone, Warminster area, Wiltshire; x 1. 

Figs 7-9. Schloenbachia varians (J. Sowerby) type form. Lower Cenomanian, M. 
mantelli Zone, Sussex; x 1. 
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188 Fossils of the Chalk 

Mantelliceras dixoni Spath 
Plate 32 , figures 4 - 5 

Description. Whorl section higher than wide , oval ; ribs rather distant, the 
inner part of the pr imar ies very prominent , wi th s trong umbil ical tubercles 
and mid-lateral angula t ion; on the body chamber the r ibs form a straight 
bar across the venter. 
Occurrence. L o w e r C e n o m a n i a n , M. dixoni Z o n e ; ra ther rare in Ken t , 
Sussex and Cambr idgesh i re , c o m m o n in Devon . 

Subfamily ACANTHOCERATINAE 

Remarks. Venter wi th siphonal as wel l as opposi te ventrolateral tubercles , 
at least in early stages. 
Occurrence. Lower C e n o m a n i a n - T u r o n i a n . 

G e n u s ACANTHOCERAS 

Remarks. Ra ther large, whor l section square or rectangular , compressed 
to depressed; inner whor l s wi th umbi l ica l , inner and outer ventrola tera l 
and siphonal tubercles ; on outer whor l s the two ventrolaterals m a y fuse 
into a very large tubercle and the siphonal tends to disappear . 
Occurrence. Middle Cenomanian . 

Acanthoceras rhotomagense (Brongniar t ) 
Text-figure 9.5 

Description. Cont inuous ly var iable in whor l -sec t ion , densi ty of ribs and 
relative strength of ribs and tubercles . In the slightly later A. jukesbrownei 
(Spath) ribs remain long and short to the end (Text-fig. 9.6). 
Occurrence. Middle Cenoman ian , A. rhotomagense Zone ; general ly dis­
tributed and c o m m o n in the south, increasingly rare nor thwards . 

G e n u s CALYCOCERAS 

Remarks. Smal l to modera te ly large, ma rked ly d imorph ic in size. Ribs 
general ly dense and d o m i n a n t ove r the t ube rc l e s , c o n t i n u o u s over the 
venter. 
Occurrence. M i d d l e - U p p e r Cenomanian . 

E X P L A N A T I O N O F P L A T E 32 

Figs 1-3. Mantelliceras saxbii (Sharpe). Lower Cenomanian, M. mantelli Zone, 
Isle of Wight; x l . 

Figs 4-5 . Mantelliceras dixoni Spath. Lower Cenomanian, M. dixoni Zone, Dover, 
Kent; x 1. 
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190 Fossils of the Chalk 

T E X T - F I G . 9.5. Acanthoceras rhotomagense (Brongniart). Middle Cenomanian, A. 
rhotomagense Zone; diagrammatic; xO-4. 

Subgenus GENTONICERAS 

Remarks. Small ; inner whor l s wi th slight to sharp and prominent u mb i ­
lical, inner and outer ventrolateral and s iphonal tubercles on dense r ibs; 
body chamber normal ly with sharp and high, rather distant r ibs and only 
umbilical tubercles . 
Occurrence. M i d d l e - U p p e r Cenomanian . 

Calycoceras {Gentoniceras) gentoni (Brongniar t ) 
Plate 33 , figures 8 - 1 0 

Descript ion. W h o r l sec t ion h i g h e r than w i d e , s ides t e n d i n g to b e flat, 
increasing very slowly wi th growth. 
Occurrence . M i d d l e C e n o m a n i a n , A. rhotomagense Z o n e ; w i d e s p r e a d 
and often c o m m o n in southern and especial ly south-west England. 

Subgenus NEWBOLDICERAS 

Remarks . Ra the r la rge ; whor l - s ec t i on angu la r and tube rc l e s genera l ly 
persist to body chamber . 
Occurrence. M i d d l e - U p p e r Cenomanian . 
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Ammonites 191 

TEXT-FIG. 9.6. Acanthoceras jukesbrownei (Spath). Middle Cenomanian, A. 
jukesbrownei Zone; diagrammatic; X0-4. 

Calycoceras (Newboldiceras) asiaticum ( J imbo) 
Plate 3 3 , figures 5 - 7 

Descr ipt ion . Var iab le ; midd le whor l s po lygona l in sect ion wi th a wide 
facet be tween inner and outer ventrolateral tubercles . Inner whor ls , part ic­
ularly those of C. (N.) a. spinosum (Kossmat ) , closely resemble those of 
Acanthoceras. 
R e m a r k s . Th i s spec ies has c o m m o n l y been referred to as C. newboldi 
(Kossmat) . 
Occurrence . Midd le Cenomanian , A. rhotomagense and A. jukesbrownei 
zones ; ? U p p e r C e n o m a n i a n , C. guerangeri Z o n e ; w i d e l y dis t r ibuted in 
southern England, part icularly c o m m o n in the south-west . 

Subgenus PROEUCALYCOCERAS 

R e m a r k s . I nne r w h o r l s w i t h d e n s e r ibs , s u b d u e d tube rc l e s and ra ther 
broad flat venter , outer wi th coarse r ibs. 
Occurrence . M i d d l e - U p p e r Cenomanian . 
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Ammonites 193 

Calycoceras (Proeucalycoceras) guerangeri (Spath) 
Plate 34 , figures 1-2 

Descript ion. Moderate-s ized; early whor l s with fine ribs and convex sides 
converging to a lmost flat venter; body chamber with coarse b lunt ribs and 
almost no tuberculat ion. 
O c c u r r e n c e . U p p e r C e n o m a n i a n , C. guerangeri Z o n e ; w i d e s p r e a d in 
southern England, rare in the south-east , c o m m o n in Devon . 

Subgenus CALYCOCERAS 

R e m a r k s . Inflated and d e p r e s s e d w i t h v e r y b r o a d l y r o u n d e d ven te r ; 
ventral tuberculat ion subdued after an early stage. 
Occurrence . Top of Middle C e n o m a n i a n - U p p e r Cenomanian . 

Calycoceras (Calycoceras) naviculare (Mantel l ) 
Plate 35 , figures 9 - 1 0 

D e s c r i p t i o n . Ra the r l a rge ; i n n e r m o s t w h o r l s w i t h d e p r e s s e d co rona te 
section with short flanks marked by sharp umbil ical and inner ventrolateral 
tuberc les ; venter b road , a lmost flat, wi th or wi thout w e a k outer vent ro­
lateral and siphonal tubercles . Midd le and later whor l s less depressed. The 
figured s p e c i m e n is a m i c r o c o n c h wi th fine, b a c k w a r d l y c u r v e d r ibs ; 
macroconchs are m u c h larger and have coarse , rounded ribs. 
O c c u r r e n c e . U p p e r C e n o m a n i a n , C. guerangeri and M. geslinianum 
zones; southern England from Kent to Devon . 

G e n u s PROTACANTHOCERAS 

Remarks . D w a r f forms derived from Acanthoceras, character ised by body 
chamber o rnament of non- tubercula te ribs in chevrons on the venter. 
Occurrence . M i d d l e - U p p e r Cenomanian . 

E X P L A N A T I O N O F P L A T E 33 

Figs 1-2. Mantelliceras mantelli (J. Sowerby). Lower Cenomanian, M. mantelli 
Zone, Isle of Wight; x 1. 

Figs 3-4. Metoicoceras geslinianum (d 'Orbigny). Upper Cenomanian, M. 
geslinianum Zone, Devon (see also PI. 35, figs 7-8); x 1. 

Figs 5-7. Calycoceras (Newboldiceras) asiaticum (Jimbo). Middle Cenomanian, 
A. rhotomagense Zone, Ringstead Quarry, Dorset; X 1. 

Figs 8-10. Calycoceras (Gentoniceras) gentoni (Brongniart). Middle Cenomanian, 
A. rhotomagense Zone, T. acutus Subzone, Snowden Hill Quarry, Chard, 
Somerset; X 1 . 
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Protacanthoceras tuberculatum tuberculatum (Thomel) 
Plate 35 , figures 4 - 5 

Descr ip t ion . D i a m e t e r 2 0 - 3 7 m m ; ear ly and m i d d l e w h o r l s s imi lar to 
nuclei of Acanthoceras but more involute; body chamber wi th strong ribs 
on the venter. Ribs s t rong, 17 -19 to a whor l , with p rominent tubercles . P. 
t. mite Wr igh t and Kennedy has more delicate o rnament and the later P. t. 
devonense is smaller and has fewer r ibs. 
Occurrence . M i d d l e - U p p e r Cenomanian , A. rhotomagense-C. guerangeri 
zones; rare in south-east England, c o m m o n in Dorset and Devon . 

Protacanthoceras bunburianum (Sharpe) 
Plate 35 , figures 1-3 

Descript ion. Var iab ly compressed , wi th nar row fastigiate venter bear ing 
fine, close, outer ventrolateral and siphonal tubercles that turn into chevron 
ribs on the body chamber ; o rnament tends to weaken on the sides. 
Occurrence . U p p e r Cenomanian , C. guerangeri Zone ; c o m m o n in Devon. 

G e n u s THOMELITES 

Remarks . M o r e or less evolute , inflated to compressed , sides parallel out 
to the inner ventrolateral tubercle , then converg ing to nar row, flat venter 
bordered by clavate outer ventrola teral tuberc les ; s iphonal tuberc les are 
present on inner whor l s but m a y disappear on outer. 
Occurrence . Uppe r Cenomanian . 

Thomelites sornayi (Thomel ) 
Plate 35 , figure 6 

Descript ion. Var iable from inflated, wi th very strong umbil ical tubercles 
and a marked facet be tween inner and outer ventrolaterals , to compressed , 
wi th near ly flat and parallel s ides and subdued tuberculat ion. 
Occurrence . Uppe r Cenoman ian , C. guerangeri Zone ; very rare in Sussex 
and Dorset ; c o m m o n in Devon . 

EXPLANATION OF PLATE 34 

Figs 1-2. Calycoceras (Proeucalycoceras) guerangeri (Spath). Upper 
Cenomanian, C. guerangeri Zone, Shapwick Grange, Devon; x 1. 

Figs 3-5. Neocardioceras juddii (Barrois and de Guerne). Upper Cenomanian, N. 
juddii Zone, Haven Cliff, Seaton, Devon; x 1. 
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Ammonites 197 

Genus EUCALYCOCERAS 

R e m a r k s . Ra the r smal l , h i g h - w h o r l e d and flat-sided wi th dense , h igh, 
narrow ribs, that m a y b e c o m e flat-topped wi th nar row interspaces on the 
b o d y c h a m b e r . U m b i l i c a l t ube rc l e s and ou te r ven t ro la t e ra l pers i s t bu t 
inner ventrolaterals and s iphonals tend to disappear in later growth. 
Occurrence . M i d d l e - U p p e r Cenomanian . 

Eucalycoceras pentagonum ( Jukes-Browne) 
Plate 36, figures 6 - 7 

Descr ipt ion . Ear ly whor l s wi th near ly square sect ion, later ones higher 
with arched venter . R ibs 5 5 - 6 5 to a whor l . 
O c c u r r e n c e . U p p e r C e n o m a n i a n , C. guerangeri Z o n e ; r a the r rare in 
Devon. 

Genus NEOCARDIOCERAS 

R e m a r k s . Smal l , c o m p r e s s e d , finely r ibbed , w i th umbi l i ca l , inner and 
outer ventrolateral and s iphonal tubercles , the latter forming a nodate keel. 
Occurrence . Uppe rmos t Cenomanian . 

Neocardioceras juddii juddii (Barrois and Guerne) 
Plate 34 , figures 3 - 5 

D e s c r i p t i o n . E v o l u t e , s ides flat and para l le l on inner two- th i rd s , t hen 
c o n v e r g i n g to m o r e or less flat, n a r r o w ven te r ; r ibs bea r a th in , h igh , 
umbi l ica l bul la , run s t ra ight for the inner two- th i rds , then turn sharply 
forwards at a slight inner ventrolateral tubercle . The con temporary N. j . 
barroisi Wr igh t and Kennedy is more inflated and has more rounded ribs 
and blunter tubercles . 
Occurrence . Uppe r Cenomanian , N. juddii Zone ; c o m m o n in Devon . 

E X P L A N A T I O N O F P L A T E 35 

Figs 1-3. Protacanthoceras bunburianum (Sharpe). Upper Cenomanian, C. 
guerangeri Zone, Whitlands Beach, Devon; X 1. 

Figs 4 - 5 . Protacanthoceras tuberculatum tuberculatum (Thomel). Middle 
Cenomanian, A. jukesbrownei Zone, Osmington, Dorset; x 1. 

Fig. 6. Thomelites sornayi (Thomel). Upper Cenomanian, C. guerangeri Zone, 
Shapwick Grange, Lyme Regis, Devon; x 1. 

Figs 7 -8 . Metoicoceras geslinianum (d 'Orbigny). Upper Cenomanian, M. 
geslinianum Zone, Burham, Kent (see also PI. 33, figs 3-4); x 1. 

Figs 9-10. Calycoceras (Calycoceras) naviculare (Mantell). Upper Cenomanian, 
M. geslinianum Zone, Betchworth Limeworks, Surrey; X 1. 
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198 Fossils of the Chalk 

G e n u s WATINOCERAS 

Remarks . Genera l ly smal l ; compressed , quadra te or rounded in section, 
w i th flat ven t e r b o r d e r e d by fine or coa r se ou te r ven t ro la t e ra l c lavi , 
wi thout distinct s iphonal tubercles . 
Occurrence . Lower Turonian . 

Watinoceras praecursor Wr igh t and K e n n e d y 
Plate 36 , figures 3 - 5 

Descript ion. Inner whor ls fine-ribbed, outer wi th al ternate r ibs s trong and 
bear ing umbi l i ca l and inner and outer vent ro la tera l tuberc les or spines . 
Venter flat, with little or no trace of r ibs. W. praecursor has m o r e evolute 
coiling, the fine-ribbed stage persis t ing longer, h igher whor l section and 
wider venter than W. coloradoense (Henderson) , wh ich has not yet been 
found in England. 

Occurrence . Lower Turon ian , W. coloradoense Z o n e (basal I. labiatus 
Zone) ; c o m m o n in Devon . 

Subfamily EUOMPHALOCERATINAE 

Remarks . Mult i tuberculate offshoots of Calycoceras wi th constr ic t ions on 
at least the inner whor ls . 
Occurrence . Midd le C e n o m a n i a n - C o n i a c i a n . 

G e n u s EUOMPHALOCERAS 

Remarks . Very evolute , with depressed sect ion, long, s loping umbil ical 
wal l and b r o a d ven te r on w h i c h a re n u m e r o u s r ibs , t r ansve r se or in 
chevrons, with or without outer ventrolateral and siphonal tubercles; gener­
ally with constr ic t ions. Suture wi th wide ly splayed lateral lobe and first 
lateral saddle wi th obl ique outer side. 
Occurrence . Uppe r Cenomanian . 

EXPLANATION OF PLATE 36 

Figs 1-2. Euomphaloceras euomphalum (Sharpe). Upper Cenomanian, C. 
guerangeri Zone, beach below Whitlands, Devon, near Lyme Regis, Dorset; 
x l . 

Figs 3-5 . Watinoceras coloradoense praecursor Wright and Kennedy. Lower 
Turonian, W. coloradoense Zone (basal /. labiatus Zone). 3-4, Haven Cliff, 
Seaton, Devon; x l . 5, beach below Whitlands, Devon, near Lyme Regis, 
Dorset, x 1. 

Figs 6-7. Eucalycoceras pentagonum (Jukes-Browne). Upper Cenomanian, C. 
guerangeri Zone, beach below Whitlands, Devon, near Lyme Regis, Dorset; 
X l . 
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200 Fossils of the Chalk 

Euomphaloceras euomphalum (Sharpe) 
Plate 36 , figures 1-2 

Descript ion. Early whor l s with sharp inner ventrolateral tubercles border­
ing a broad, flat venter wi th ribs and constr ict ion. This m a y persist wi th 
weak outer ventrolateral and siphonal tubercles or the outer ventrolaterals 
m a y b e c o m e stronger and form obtuse chevrons on the venter. 
Occurrence . Uppe r Cenomanian , C. guerangeri Zone ; rather c o m m o n in 
Devon. 

Genus ROMANICERAS 

R e m a r k s . La rge , up to 500 m m d iamete r , evo lu te , wi th r o u n d to sub-
quadra te whor l sect ion. Ribs e i ther s ingle or b r a n c h i n g at umbi l i ca l or 
lateral tubercles or intercalated; long ribs have nine , 11 or 13 tubercles in 
all, short ones at least three. Earl iest whor ls have col lared constr ict ions. 
Occurrence . M i d d l e - U p p e r Turonian . 

Subgenus ROMANICERAS 

Remarks . Wi th nine rows of tubercles in all. 
Occurrence . A s for genus . 

Romaniceras (Romaniceras) deverianum ( d 'Orb igny) 
Plate 37, figures 1-2 

Descript ion. R ibs fine at first, coarser later, 32^12 to a whor l , mos t arising 
singly or in pairs from the umbil ical tubercles , a few intercalated. 
Occurrence . Turonian , C. woollgari Z o n e (T. lata Z o n e ) ; rare in Kent , 
Sussex, Hampsh i re , Bedfordshi re and Buck inghamshi re . 

Subgenus YUBARICERAS 

Remarks . Wi th 11 rows of tubercles in all. 
Occurrence . As for genus . 

Romaniceras (Yubariceras) ornatissimum (Stol iczka) 
Plate 37, figures 3 - 4 

Descript ion. Var iable in degree of inflation and strength of the tubercles , 
wh ich d isappear in the adult s tage. 
Occurrence . Turonian, C. woollgari Zone (T. lata Zone) ; rare in Sussex 
and Berkshire . 
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Subfamily MAMMTTINAE 

R e m a r k s . N o r m a l l y wi th sparse l ow r ibs , bea r ing b lun t umbi l i ca l and 
inner and outer ventrolateral tubercles , and a flat or concave venter. 
Occurrence . Uppe r C e n o m a n i a n - L o w e r Coniacian . 

G e n u s METOICOCERAS 

Remarks . Compressed and involute to square-whor led and evolute , with 
ribs c o m m o n l y flat. 
Occurrence . Upper Cenomanian . 

Metoicoceras geslinianum ( d 'Orb igny) 
Plate 33 , figures Plate 35 , figures 7 - 8 

Descr ip t ion . V a r i a b l e , e i ther evo lu te wi th b o d y c h a m b e r m a r k e d l y 
unco i l i ng a n d m o r e inflated t h a n t he sp i re or i nvo lu t e wi th the b o d y 
chamber only slightly uncoi l ing and more compressed than the spire. 
Occurrence . U p p e r C e n o m a n i a n , M. geslinianum Z o n e ; w idesp read in 
central and southern England, c o m m o n in Devon . 

G e n u s MAMMITES 

R e m a r k s . R a t h e r la rge wi th t r apezo ida l to r ec t angu la r whor l - s ec t i on ; 
distant b lunt r ibs bear dist inct inner and outer ventrolateral tubercles on 
the inner whor l s but on the outer these m a y fuse into large upward- or 
outward-directed horns . 
Occurrence . Turonian. 

Mammites nodosoides (Schluter) 
Text-figure 9.7 

Descr ip t ion . O n the last whor l there are very s t rong , b lunt , umbi l ica l 
tubercles and ventrolateral horns jo ined by feeble ribs. 
Occurrence . Turonian , M. nodosoides Zone (/. labiatus Zone) ; generally 
distributed, rare in the north, more c o m m o n in the south. 

Family VASCOCERATIDAE 

R e m a r k s . D e r i v a t i v e s o f A c a n t h o c e r a t i d a e that t end to lose r ibs a n d 
tubercles and to have a simplified, only slightly incised suture. 
Occurrence . Upper C e n o m a n i a n - U p p e r Turonian . 

Subfamily VASCOCERATINAE 

Genus FAGESIA 

Remarks . Globose , cadicone or coronate ; inner whor ls with few, coarse 
ribs spr inging from blunt umbi l ica l tuberc les ; outer whor l s wi th similar 
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Ammonites 203 

ornament or becoming smooth. Suture var iable but c o m m o n l y with deeper 
and more incised e lements than mos t of the family. 
Occurrence . L o w e r Turonian . 

E X P L A N A T I O N O F P L A T E 37 

Figs 1-2. Romaniceras (Romaniceras) deverianum (d'Orbigny). Middle Turonian, 
C. wooilgari Zone (T. lata Zone), Amberley, Sussex; x 1. 

Figs 3-4. Romaniceras (Yubariceras) ornatissimum (Stoliczka). Middle Turonian, 
C. wooilgari Zone (T. lata Zone), southern England; X 1. 

Figs 5-6. Collignoniceras wooilgari (Mantell). Middle Turonian, C. wooilgari 
Zone (T. lata Zone), Lewes, Sussex; x 1. 

Fig. 7. Subprionocyclus neptuni (Geinitz). Upper Turonian, S. neptuni Zone (S. 
plana Zone), Hitch Wood pit, Stevenage, Hertfordshire; x 1. 

Figs 8-9. Subprionocyclus branneri (Anderson). Upper Turonian, S. neptuni Zone 
(S. plana Zone), Hitch Wood pit, Stevenage, Hertfordshire; x 1. 

Figs 10-11. Subprionocyclus normalis (Anderson). Upper Turonian, S. neptuni 
Zone (S. plana Zone), no locality data; X 1. 
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Fagesia catinus (Mantel l ) 
Text-figure 9.8 

Descript ion. Ear ly whor ls more or less hexagonal in section, later broader 
and more depressed wi th wide venter bear ing feeble ribs spr inging from 
very large, blunt , lateral tubercles . 
O c c u r r e n c e . T u r o n i a n , M. nodosoides Z o n e (/. labiatus Z o n e ) ; Ken t , 
Sussex, Dorset , D e v o n and Cambr idgesh i re , mos t c o m m o n in the south­
west. 

Fami ly COLLIGNONICERATIDAE 

R e m a r k s . I nvo lu te to evo lu t e wi th c o m p r e s s e d oval to squa re w h o r l 
section and one or three serrate or entire kee ls ; mos t ly wi th s t rong ribs 
bearing from one to five tubercles . 
Occurrence . Uppe r C e n o m a n i a n - M i d d l e Campanian . 

Subfamily COLLIGNONICERATINAE 

R e m a r k s . Wi th a s ing le ser ra te kee l . Inner a n d ou te r ven t ro la t e ra l 
tubercles m a y persist or m a y fuse into large horns on the outer whor l . 
Occurrence . Upper C e n o m a n i a n - M i d d l e Coniacian . 

T E X T - F I G . 9.8. Fagesia catinus (Mantell). Lower Turonian, M. nodosoides Zone (/. 
labiatus Zone); diagrammatic; x0-3. 
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G e n u s COLLIGNONICERAS 

Remarks . Med ium-s i zed ; ear ly whor l s compressed , paral le l -s ided, with 
fine or coarse , mos t ly long r ibs with umbi l ica l bul lae and outer ventro­
lateral and high siphonal clavi . Later whorls s imilar or with s trengthening 
tubercles and tendency to form large ventrolateral horns be tween which 
paired ribs m a y cross the venter . 
Occurrence . Turonian . 

Collignoniceras wooilgari (Mante l l ) 
Plate 37, figs 5 - 6 

Descript ion. Ribs on inner whor ls general ly fairly distant, h igh and bar­
like. Later whor l s var iable; macroconchs with large ventrolateral horns . 
Occurrence . Turonian, C. wooilgari Zone (T. lata Zone) ; rare in Surrey, 
Sussex and Berkshire . 

G e n u s SUBPRIONOCYCLUS 

Remarks . Smal l , s imilar to Collignoniceras but o rnament more regular 
and wi th inner as wel l as outer vent ro la tera l tuberc les at least at some 
growth stage. 
Occurrence . Upper Turonian . 

Subprionocyclus neptuni (Geinitz) 
Plate 37, figure 7 

Descr ipt ion . Mode ra t e ly involu te wi th dense r ibb ing and fairly s t rong 
tuberculat ion. In termedia te be tween the strongly tubercula te S. branneri 
(Ande r son ) on one s ide a n d the c o m p r e s s e d and finely o r n a m e n t e d S. 
hitchinensis (Bil l inghurst) and S. normalis (Anderson) on the other. 
O c c u r r e n c e . T u r o n i a n , S. neptuni Z o n e (S. plana Z o n e ) ; c o m m o n in 
Chalk Rock and nodular facies throughout southern and central England. 

Subprionocyclus normalis (Anderson) 
Plate 37 , figures 10-11 

Description. Compressed , modera te ly to very involute, wi th flat to fasti-
giate venter. Ribs s inuous to s ickle-shaped, tending to be sparse and flat. 
Occurrence . Uppe r Turonian, S. neptuni Zone (S. plana Zone) ; rather rare 
in Surrey and Bedfordshire . 

Subprionocyclus branneri (Anderson) 
Plate 37, figures 8 -9 
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206 Fossils of the Chalk 

Descript ion. Ribs ra ther distant, tuberculat ion coarser than in S. neptuni; 
the s iphonal tubercles tend to b e very high. 
Occurrence . U p p e r Turonian , S. neptuni Z o n e (S. plana Zone ) ; moder­
ately c o m m o n in the Mid lands . 

Suborder ANCYLOCERATINA 

Superfamily TURRILITACEAE 

Fami ly ANISOCERATIDAE 

R e m a r k s . Co i l i ng i r regular , gene ra l ly in ve ry open hel ix fo l lowed by 
straight shafts. Ventrolateral and c o m m o n l y also lateral tubercles present. 
Occurrence . ?Upper Apt ian, A lb i an -Con iac i an . 

G e n u s ANISOCERAS 

Remarks . Ma in ribs are looped in pairs or threes be tween the lateral and 
ventrolateral tubercles and across the venter. 
Occurrence . Upper A l b i a n - U p p e r Turonian . 

Anisoceras plicatile (J. Sowerby) 
Plate 4 1 , figure 6 

Descript ion. Whor l sect ion m o r e or less circular. R ibs are fine, dense and 
rounded; looped and tubercula te ribs are separated by two or three non-
tuberculate ones . 
Occurrence . Middle Cenoman ian , A. rhotomagense Zone ; rather common 
in southern England. 

Genus IDIOHAMITES 

R e m a r k s . Co i l ing genera l ly in one p l ane . T h e r ibs j o i n i n g the vent ro­
lateral tuberc les across the venter are s ingle , not looped. Lateral tubercles 
rarely present . 
Occurrence . Upper A l b i a n - U p p e r Cenomanian . 

Idiohamites alternatus (Mantel l ) 
Plate 40 , figures 1-2 

Descr ipt ion . W h o r l sec t ion c o m p r e s s e d , r ibs h igh , n a r r o w and dis tant 
(on ly 4 - 6 in a l eng th equa l to the w h o r l he igh t ) , a l t e rna te ly w i t h and 
without ventrolateral tubercles . 
Occurrence . Lower Cenoman ian , M. mantelli Zone ; rather u n c o m m o n in 
the south from Sussex t o Devon . 

Genus ALLOCRIOCERAS 

R e m a r k s . S imi la r t o Idiohamites bu t ear ly w h o r l s at least he l ica l and 
twisted and with sharp r ibs; later whor ls m a y have blunter r ibbing. 
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Ammonites 207 

Occurrence . Upper C e n o m a n i a n - L o w e r Coniacian . 

Allocrioceras angustum (J. de C. Sowerby) 
Plate 40 , figures 11 -12 

Description. Whor l sect ion oval wi th flat venter emphas i sed by outwardly 
directed sharp ventrolateral spines on all or alternate ribs; even if tubercles 
are present on all r ibs the latter are al ternately weak and strong. 
Occurrence . Uppe r Turon ian , S. neptuni Zone (S. plana Zone ) ; wide ly 
distributed in south and as far nor th as Yorkshi re . 

Fami ly HAMITIDAE 

Remarks . Coi l ing genera l ly in an irregular open planispire fol lowed by 
two or t h r ee subpara l le l shafts . R i b s non - tube rcu l a t e , annu la r or inter­
rupted on the lower side or obsolescent . 
Occurrence . Lower A l b i a n - U p p e r Cenomanian . 

G e n u s HAMITES 

Remarks . Ribs general ly ra ther strong. Mic roconchs have constr icted and 
collared apertures. 
Occurrence . Lower A l b i a n - U p p e r Cenomanian . 

Hamites simplex ( d 'Orb igny) 
Plate 4 1 , figure 5 

Descr ipt ion . W h o r l sec t ion ova l ; r ibs ra ther s t rong , n o r m a l l y 4-5 in a 
distance equal to the whor l height. 
Occurrence . Cenoman ian , A. rhotomagense-M. geslinianum zones ; rather 
u n c o m m o n , throughout southern England. 

Fami ly TURRILITIDAE 

Remarks . Hel ical ly coiled, loosely or t ightly, typical ly regular but later 
whorls m a y be unstable. Genera l ly with s trong ribs, rarely smooth. 
Occurrence . Middle A l b i a n - U p p e r Cenomanian . 

G e n u s MARIELLA 

Remarks . R ibs s ingle , looped or absent , wi th four r o w s o f tubercles , an 
equal number in each row. 

Occurrence . Uppe r A l b i a n - L o w e r Cenomanian . 

Subgenus MARIELLA 

Remarks . Closely coiled throughout . 
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208 Fossils of the Chalk 

Occurrence . As for genus . 

Mariella lewesiensis (Spath) 
Plate 38 , figure 6 

Descript ion. Tuberc les in the four rows are more or less equal ; the two 
lower rows are closer together than the others. Specific differences between 
described species in this genus are slight. 
O c c u r r e n c e . L o w e r C e n o m a n i a n , M. mantelli Z o n e ; fairly c o m m o n , 
especial ly in the south-east . 

Genus NEOSTLINGOCERAS 

R e m a r k s . Coi led in an acute spiral; whor l s have flat s ides wi th two or 
three rows of small tubercles at the basal angle and a row of sparser and 
larger tubercles at the middle of the side. 
Occurrence . Lower Cenomanian . 

Neostlingoceras carcitanense (Matheron) 
Plate 38 , figure 3 

Descript ion. As for genus . 
O c c u r r e n c e . L o w e r C e n o m a n i a n , M. mantelli Z o n e , N. carcitanense 
Subzone ; c o m m o n in Sussex, the Isle o f Wight , Dorse t and Wil tshire . 

Genus TURRILITES 

R e m a r k s . Ap ica l ang le acu te ; w h o r l sec t ion flattened or angu la r ; ribs 
weak to strong, non- tubercula te or with 2 - 4 rows of tubercles . 
Occurrence . Cenomanian . 

Turrilites costatus Lamarck 
Plate 39, figure 4 

Descr ipt ion . R ibs on the uppe r par t o f the outer face and t w o r o w s of 
bullate tubercles be low. 
O c c u r r e n c e . M i d d l e C e n o m a n i a n , A. rhotomagense Z o n e , T. costatus 
Subzone, and A. jukesbrownei Zone ; widespread in southern England but 
c o m m o n only in its own subzone. 

Turrilites acutus Passy 
Plate 39, figure 6 

Descript ion. Like T. costatus but with an upper row of bullate tubercles 
rather than ribs and a more angular whor l section. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



Ammonites 209 

Occurrence. Cenomanian , A. rhotomagense-C. guerangeri zones ; wide­
spread in the south, especial ly c o m m o n in the south-west . 

Turrilites scheuchzerianus Bosc 
Plate 39 , figure 5 

Description. Wi th uniform non- tubercula te r ibs, interrupted at mid-flank 
on early whor l s . 
Occurrence . Middle Cenomanian , A. rhotomagense Zone ; widespread in 
southern England but rather u n c o m m o n . 

Genus HYPOTURRILITES 

Remarks . C o m m o n l y wi th rather large spiral angle and rounded whor ls ; 
ribs weak or absent; tubercles in three or four rows, the upper row largest 
and most sparse. 
Occurrence. Cenomanian . 

Hypoturrilites tuberculatus (Bosc) 
Plate 38 , figure 5 

Description. Each whor l has 20 large tubercles in the upper row and about 
30 in each o f the t w o lower r o w s . Su tu re wi th first lateral sadd le 
symmetrical (asymmetr ical in H. gravesianus d 'Orb igny) . 
Occurrence . L o w e r C e n o m a n i a n , M. mantelli Zone ; ra ther c o m m o n in 
Sussex and the Isle of Wight , u n c o m m o n e lsewhere . 

Fami ly NOSTOCERATIDAE 

Remarks . Hel icoid forms in which the coil ing is irregular in early or late 
stages or both or throughout . Ribs prominent , wi th or wi thout tubercles , 
constrictions c o m m o n . Suture normal ly florid. 
Occurrence. Cenomanian -Maas t r i ch t i an . 

Genus EUBOSTRYCHOCERAS 

R e m a r k s . M i d d l e w h o r l s typ ica l ly in con tac t ; r ibs m o s t l y s imple ; no 
tubercles; col lared constr ict ions throughout . 
Occurrence. Cenoman ian -San ton i an . 

Eubostrychoceras saxonicum (Schliiter) 
Plate 38 , figure 4; Plate 39, figures 2 - 3 

Description. Whor l s h igher than wide or circular; wi th deep constr ict ions 
parallel wi th the ob l ique , gene ra l ly s ingle r ibs . B o d y c h a m b e r c lose ly 
hooked round the base of the spire. 
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Ammonites 211 

Remarks . C o m m o n l y recorded as Hyphantoceras woodsi. 
Occurrence . Uppe r Turonian, S. neptuni Zone (S. plana Zone) ; c o m m o n 
in the Mid lands and East Angl ia , rare e lsewhere in the south. 

Genus BOSTRYCHOCERAS 

R e m a r k s . W h o r l s m o r e or less c i rcu la r in sec t ion ; b o d y c h a m b e r U -
shaped and h a n g i n g free; smal l tuberc les m a y occur on later whor ls or 
throughout . 
Occurrence . C a m p a n i a n - L o w e r Maastr icht ian. 

Bostrychoceras polyplocum (Roemer) 
Plate 40 , figure 6 

Descript ion. Apical angle acute to sl ightly obtuse ; whor l s in contact or 
not. 

O c c u r r e n c e . U p p e r C a m p a n i a n , B. mucronata Z o n e ; r a the r rare in 
quarries around N o r w i c h and in the Whi te Limes tone of Nor thern Ireland. 

Genus HYPHANTOCERAS 

Remarks . Regular or irregular open helical coiling, generally with pendent 
body chamber ; thin, h igh pr imary ribs are raised into two or four tubercles 
and intermediate r ibs are non- tubercula te . 
Occurrence . Turon ian -San ton ian . 

Hyphantoceras reussianum ( d 'Orb igny) 
Plate 39 , figure 1; Plate 40 , figure 5 

Description. Pr imary ribs in mid growth with four tubercles . 
Occurrence . U p p e r Turon ian , 5. neptuni Z o n e (S. plana Z o n e ) ; w i d e ­
spread in south, rare in the north. 

E X P L A N A T I O N O F P L A T E 38 

Figs 1-2. Lewesiceras mantelli (Wright and Wright). Upper Turonian, S. neptuni 
Zone (S. plana Zone), Oldbury Castle Hill, Calne, Wiltshire; X 1. 

Fig. 3. Neostlingoceras carcitanense (Matheron). Lower Cenomanian, M. mantelli 
Zone, N. carcitanense Subzone, Warminster Area, Wiltshire; x 1. 

Fig. 4. Eubostrychoceras saxonicum (Schluter). Upper Turonian, S. neptuni Zone 
(S. plana Zone), Chilterns; X 1. 

Fig. 5. Hypoturrilites tuberculatus (Bosc). Lower Cenomanian, M. mantelli Zone, 
Kent; x 1. 

Fig. 6. Mariella lewesiensis (Spath). Lower Cenomanian, M. mantelli Zone, M. 
saxbii Subzone; Isle of Wight; X 1. 
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Family DIPLOMOCERATIDAE 

R e m a r k s . U n c o i l i n g de r iva t ives of Nos toce ra t idae , wi th initial whor l s 
genera l ly cons i s t i ng o f s t ra igh t shaf ts , s m o o t h a n d wi th cons t r i c t ions . 
Later whor ls typical ly wi th annular non- tubercula te r ibs but ventrolateral 
spines m a y occur. 
Occurrence . Turon ian-Maas t r i ch t i an . 

Subfamily POLYPTYCHOCERATINAE 

Remarks . Coi l ing mos t ly in a planispire fol lowed by one or more straight 
shafts; suture tends to b e c o m e s imple . 
Occurrence. Uppe r T u r o n i a n - U p p e r Campanian . 

Genus PSEUDOXYBELOCERAS 

Remarks . Ear ly part var iable , fol lowed by up to five subparal lel shafts. 
Ribs wi th inner and outer or outer ventrolateral spines only, on all or some 
ribs. 

Occurrence. U p p e r T u r o n i a n - U p p e r Campan ian . 

Subgenus PARASOLENOCERAS 

Remarks . All ribs wi th outer ventrolateral spines only. 
Occurrence. C o n i a c i a n - U p p e r Campanian . 

Pseudoxybeloceras (Parasolenoceras) interruptum (Schluter) 
Plate 40 , figures 9 - 1 0 

Description. Whorl section depressed; ventrolateral tubercles slight. 
Occurrence. Uppe r Campan ian , B. mucronata Zone ; rare in Norfolk and 
in the Whi te L imes tone , Nor thern Ireland. 

E X P L A N A T I O N O F P L A T E 39 

Fig. 1. Hyphantoceras reussianum (d'Orbigny). Upper Turonian, S. neptuni Zone 
(S. plana Zone), Hitch Wood pit, Stevenage, Hertfordshire; X 1. 

Figs 2 - 3 . Eubostrychoceras saxonicum (Schluter). Upper Turonian, S. neptuni 
Zone (S. plana Zone), Hitch Wood pit, Stevenage, Hertfordshire; x 1. 

Fig. 4. Turrilites costatus Lamarck. Middle Cenomanian, A. rhotomagense Zone, 
T. costatus Subzone, Isle of Wight; X 1. 

Fig. 5. Turrilites scheuchzerianus Bosc. Middle Cenomanian, A. rhotomagense 
Zone, Isle of Wight; x l . 

Fig. 6. Turrilites acutus Passy. Middle Cenomanian, A. rhotomagense Zone, T. 
acutus Subzone, Isle of Wight; x 1. 
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214 Fossils of the Chalk 

Fami ly BACULITIDAE 

R e m a r k s . Smal l to very large , s t ra ight or s l ight ly cu rved . Suture with 
bifid lobes. 
Occurrence . Upper Alb ian-Maas t r i ch t i an . 

Genus SCIPONOCERAS 

Remarks . Obl ique constr ict ions and normal ly obl ique ribs present . 
Occurrence . Uppe r A l b i a n - U p p e r Turonian. 

Sciponoceras baculoides (Mantel l ) 
Plate 40 , figure 13 

D e s c r i p t i o n . W h o r l sec t ion c o m p r e s s e d ova l , n a r r o w i n g t o w a r d s the 
venter . P h r a g m o c o n e vir tual ly smoo th except for s trong obl ique constric­
t ions, which fade dorsally, or with short, scale-l ike ribs. B o d y chamber has 
strong ventral ribs. 
O c c u r r e n c e . M i d d l e C e n o m a n i a n , A. rhotomagense Z o n e , to Late 
Cenomanian , C. guerangeri Zone ; general ly distributed. 

Sciponoceras gracile (Shumard) 
Plate 40 , figures 3 - 4 

Descr ipt ion . C o m p r e s s e d oval in sect ion. Cons t r i c t ions run backwards 
dorso la te ra l ly then s w i n g fo rwards ; s t rong , r o u n d e d r ibs are present 
be tween constr ict ions. 

E X P L A N A T I O N O F P L A T E 40 

Figs 1-2. Idiohamites alternatus (Mantell). Lower Cenomanian, M. mantelli Zone, 
N. carcitanense Subzone, Warminster area, Wiltshire; x 1. 

Figs 3-4. Sciponoceras gracile (Shumard). Upper Cenomanian, M. geslinianum 
Zone, beach below Whitlands, Devon, near Lyme Regis, Dorset; x 1. 

Fig. 5. Hyphantoceras reussianum (d'Orbigny). Upper Turonian, S. neptuni Zone 
(S. plana Zone), Hitch Wood pit, Stevenage, Hertfordshire; x l . 

Fig. 6. Bostrychoceras polyplocum (Roemer). Campanian, B. mucronata Zone, 
Northern Ireland; X 1. 

Figs 7-8 . Sciponoceras hohemicum bohemicum (Fritsch). Upper Turonian, S. 
neptuni Zone (S. plana Zone), Chilterns; x 1. 

Figs 9-10. Pseudoxybeloceras (Parasolenoceras) interruptum (Schluter). 
Campanian, B. mucronata Zone, Northern Ireland; X 1. 

Figs 1 1-12. Allocrioceras angustum (J. de C. Sowerby). Upper Turonian, S. 
neptuni Zone (S. plana Zone), Chilterns; X 1. 

Fig. 13. Sciponoceras baculoides (Mantell). Middle Cenomanian, A rhotomagense 
Zone, Ventnor, Isle of Wight; X 1. 
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216 Fossils of the Chalk 

Occurrence. Upper Cenomanian, M. geslinianum Zone; general in southern 
England, especial ly c o m m o n in upper Bed C of Cenoman ian Limes tone in 
Devon. 

Sciponoceras bohemicum (Fri tsch) 
Plate 40 , figures 7 - 8 

Descript ion. Ma tu re parts o f shell w i th flattened sides. The re are close, 
broad, shal low constr ict ions wi th two or three indistinctly branching ribs 
be tween. A n early subspecies , S. b. anterius Wr igh t and K e n n e d y from the 
Upper Cenoman ian N. juddii Zone , has the ribs and constr ict ions crossing 
the v e n t e r t r ansve r se ly , w h e r e a s S. b. bohemicum from the U p p e r 
Turonian has them cross ing in a na r row curve. 
Occurrence . Uppe r Cenoman ian , N. juddii Zone , to Upper Turonian , S. 
neptuni Z o n e (S. plana Z o n e ) ; S. b. anterius is w i d e s p r e a d in southern 
E n g l a n d and the M i d l a n d s ; S. b. bohemicum o c c u r s in the top of the 
M i d d l e T u r o n i a n in Ken t , Su r r ey a n d Be rksh i r e , and is gene ra l l y 
distributed in the S. plana Zone in southern England and the Midlands . 

Superfamily SCAPHITACEAE 
Fami ly SCAPHITIDAE 

Subfamily SCAPHITINAE 

Remarks . Mic roconchs have a s imple aperture wi thout lappets . 
Occurrence . Upper Alb ian-Maas t r i ch t i an . 

Genus SCAPHITES 

R e m a r k s . Smal l , boa t - shaped , w i th m o r e or less t ight ly coi led spire , a 
short straight shaft and a final recurved hook or with almost normal coiling. 

E X P L A N A T I O N O F P L A T E 41 

Figs 1-2. Scaphites obliquus J. Sowerby. Lower Cenomanian, M. mantelli Zone, 
Warminster area, Wiltshire; x 1. 

Figs 3-4. Scaphites equalis J. Sowerby. Middle Cenomanian, A. rhotomagense 
Zone, Dorset; x 1. 

Fig. 5. Hamites simplex (d'Orbigny). Middle Cenomanian, A. rhotomagense Zone, 
Ventnor, Isle of Wight; X 1. 

Fig. 6. Anisoceras plicatile (J. Sowerby). Middle Cenomanian, A. rhotomagense 
Zone, Ventnor, Isle of Wight; x 1. 

Fig. 7. Scaphites binodosus Roemer (microconch). Campanian, /. lingua Zone, 
East Leys, near Bridlington, East Yorkshire (North Humberside); x 1. 

Figs 8-10. Scaphites geinitzii d'Orbigny. 8-9, microconch; 10, macroconch. Upper 
Turonian, S. neptuni Zone (S. plana Zone); Chilterns; x 1. 

Fig. 11. Scaphites binodosus Roemer (macroconch). Campanian, /. lingua Zone, 
Bessingby, near Bridlington, East Yorkshire (North Humberside); x 1. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



P L A T E 41 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



218 Fossils of the Chalk 

Occurrence . Uppe r A l b i a n - C a m p a n i a n . 

Scaphites equalis J. Sowerby 
Plate 4 1 , figures 3 - 4 

Descr ipt ion . Smal l , shaft wi th we l l - separa ted rect i radia te p r imary ribs; 
ventrolateral tubercles tend to develop on the hook. 
Occurrence . C e n o m a n i a n , M. mantelli Zone , M. saxbii Subzone , to M. 
geslinianum Zone ; general ly distr ibuted in southern England. 

Scaphites obliquus J. Sowerby 
Plate 4 1 , figures 1-2 

Descript ion. Shaft wi th fine, close, obl ique p r imary ribs that split into 2 - 5 
secondaries . 

Occurrence . Lower Cenomanian , M. mantelli Zone , to Uppe r Cenoman­
ian, C. guerangeri Zone; generally distributed throughout southern England. 

Scaphites geinitzii d 'Orb igny 
Plate 4 1 , figures 8 - 1 0 

Descript ion. O n the shaft p r imary ribs are s inuous, obl ique and raised into 
bullate ventrolateral tubercles from which branch 3 - 5 secondaries . 
Occurrence . Turonian , C. wooilgari Zone (T. lata Zone ) , to Coniacian , 
M. cortestudinarium Zone ; widespread in the S. plana Zone in southern 
England and the Mid lands , very rare be low and above . 

Scaphites binodosus R o e m e r 
Plate 4 1 , figures 7, 11 

Descript ion. Rather large. Bul la te umbil ical and distinctly clavate vent ro­
lateral t ube rc l e s on shaft and h o o k . M a c r o c o n c h s inflated wi th w e a k 
tubercles; mic roconchs compressed with s trong tubercles . 
O c c u r r e n c e . ? U p p e r San ton i an , M. testudinarius Z o n e , L o w e r C a m ­
panian, /. lingua Zone ; rather c o m m o n in the upper part of the /. lingua 
Zone in East Yorkshi re and occurs very rarely be low. 
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10. N A U T I L O I D S 

by W. J. K E N N E D Y 

Nauti loids are frequent at only a few hor izons in the Chalk: their distribu­
tion broadly cor responds to that of ammoni t e s . They are thus present in 
the Glauconi t ic Mar l , Lower and Middle Cenoman ian parts of the Chalk in 
southern England, the Cenomanian Basement Beds of south-west England 
and the correlat ive sands and l imestones of Devon . They reappear in the 
Upper Turonian Cha lk Rock , in the Upper Campan ian chalk in Norfolk, 
and at l imi ted hor izons in the corre la t ive Whi te L imes tone of Nor thern 
I re land. N a u t i l o i d s h a d a s imi la r a ragon i t i c m i n e r a l o g y to that of 
ammon i t e s , and the i r p rese rva t ion is ident ical in the r ange of facies in 
which the two co-occur . They are a lways a minor part of the cephalopod 
fauna, and in any assemblage , are rarer than ammoni te s . 

Brit ish Chalk naut i loids were m o n o g r a p h e d by Sharpe (1853 , in Sharpe 
1853-57) , and Foord (1891) ; Wright and Wright (1951) provided the only 
subsequent review. Apar t from these sources , Schluter ( 1 8 7 1 - 7 6 ) provided 
illustrations of other Uppe r Cre taceous naut i loids that m a y be discovered 
in the sequence (a more accessible facsimile is Riegraf and Scheer, 1991). 
Generic discussions and lists of species are given by Kummel (1956; see 
Wiedmann 1960 for a rather different approach) ; an accessible source for 
general features of the group is Teichert et al. (1964) . 

D E S C R I P T I O N S 

ClaSS CEPHALOPODA 

Subclass NAUTILOIDEA 

Order NAUTILIDA 

Fami ly NAUTILIDAE 

Genus EUTREPHOCERAS 

Remarks . Very involute , naut i l icone, subglobose , whor l section depressed 
ren i form ( k i d n e y - s h a p e d ) , w i th b r o a d l y r o u n d e d ven te r and flanks; 
umbi l icus t iny, some t imes occ luded. Adul t aper ture wi th b road shal low 
sinus. Shell surface wi th fine g rowth l ines, and delicate spiral ornament in 
some. Suture only slightly s inuous . 
Occurrence . Uppe r Jurass ic-Miocene . 
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220 Fossils of the Chalk 

Eutrephoceras sublaevigatum ( d 'Orb igny) 
Text-figure 1 0 . 1 A 

Descript ion. Whor l section depressed (wider than high) reniform, flanks 
and ven te r b r o a d l y r o u n d e d ; u m b i l i c u s o c c l u d e d . Shel l surface orna­
mented by delicate g rowth lines only. Adul t aperture p receded by broad 
shal low constr ict ion. There is a shal low ventral s inus in the g rowth lines, 
and at the adul t ape r tu re . S i p h u n c l e subcen t ra l . Sep ta w i d e l y spaced , 
sutures feebly s inuous. 

Occurrence . Upper A p t i a n - U p p e r Turonian , and pe rhaps higher; wide­
spread in the M. mantelli-A. jukesbrownei z o n e s in the Cha lk facies o f 
southern England; more frequent in the M. mantelli-C. guerangeri zones, 
the Basement Beds and their correlat ives, in Dorset , Somerse t and Devon. 

Eutrephoceras expansum (J. de C . Sowerby) 
Plate 42 , figures 1-3; Text-figure 1 0 . 1 B 

Descr ipt ion . Whor l sec t ion depres sed , ven te r b road ly rounded . F lanks 
flattened, s t rongly divergent , p roduc ing a t rapezoidal whor l sect ion that is 
dep re s sed wi th the g rea tes t w id th at the sha rp r im to the wel l -def ined 
conica l , p i t - l ike umbi l i cus . Shel l surface wi th p r o m i n e n t g rowth l ines , 
p ro jec ted fo rwards on inner flank, c o n v e x ac ross mid-f lank, d i rec ted 
strongly backwards on outer flank to cross venter in deep sinus that persists 
to adult aperture. Delicate spiral striae that intersect wi th g rowth lines to 
p r o d u c e a d i s t inc t ive re t i cu la te pa t t e rn are occas iona l l y p r e s e r v e d in 
j uven i l e s . S iphunc le subcen t ra l ; septa w ide ly separa ted , su tures feebly 
sinuous. 

R e m a r k s . F la t tened flanks, sharp umbi l i ca l r im and s t ronger o rnamen t 
dist inguish E. expansum from E. sublaevigatum. 
Occurrence . Throughout the Cenomanian ; widespread in the Cha lk facies 
o f the M. mantelli—A. jukesbrownei z o n e s o f sou the rn E n g l a n d ; m o r e 
f requent in the B a s e m e n t B e d s and the i r co r re l a t ives , M. mantelli-M. 
geslinianum zones , in Dorset , Somerse t and Devon. 

T E X T - F I G . 10.1. Sketch whorl sections and siphuncle positions of Chalk nautiloids 
(diagrammatic only, not to scale). A , Eutrephoceras sublaevigatum (d'Orbigny). B , 
Eutrephoceras expansum ( J . de C. Sowerby). c, Eutrephoceras darupense 
(Schluter). D , Pseudocenoceras largilliertianum (d'Orbigny). E , Deltocymatoceras 
sp. F , Pseudocenoceras dorsoplicatus (Wiedmann). G , Pseudocenoceras! 
schroederi (Wiedmann). H , Pseudocenoceras fittoni (Sharpe). I , Anglonautilus 

undulatus ( J . Sowerby). J, Angulithes triangularis de Montfort. 
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222 Fossils of the Chalk 

Eutrephoceras darupense (Schluter) 
Plate 4 3 , figures 1-2, 4 ; Text-figure 10.1c 

Description. Larger than E. expansum, whorl section broadly rounded when 
undeformed by pos t -mor tem compact ion , with occluded umbil icus . Siph-
uncle ventral of centre of whorl . Septa widely spaced; sutures feebly sinuous. 
Occurrence . Campanian ; Nor thern Ireland; rare records of Eutrephoceras 
from the Campan ian Chalk of nor thern and southern England m a y belong 
to this species. 

Genus PSEUDOCENOCERAS 

Remarks . Involute, nauti l icone, whorl section compressed , subrectangular, 
wi th flattened subpara l le l to c o n v e r g e n t f lanks, ven t ro la te ra l shou lders 
broadly rounded, venter flattened to feebly convex. Umbil ical wal l com­
monly subvert ical . Shell surface smooth or with g rowth lines only. Suture 
line with broad, shal low lateral lobe, t ransverse on venter. 

Pseudocenoceras largilliertianum ( d 'Orb igny) 
Text-figure 10. I D 

Descript ion. Whor l section compressed , wi th greatest b read th low on the 
flanks. Inner to mid-f lanks feebly convex , outer flanks convergent . Vent ro­
lateral shoulders broadly rounded , venter feebly convex. Umbi l i cus open, 
wi th subver t ica l wall and qu i t e n a r r o w l y r o u n d e d umbi l i ca l shou lde r . 
Adu l t body c h a m b e r b r o a d e n s , wi th w i d e , f lat tened ven te r . Sur face o f 
shell a lmost smooth , with only the faintest trace of g rowth lines in most 
specimens , or none . Sutures with broad, shal low lateral lobe; t ransverse on 
venter. Siphuncle close to dorsal margin . 

Remarks . Wiedmann (1960) referred the original of Sharpe (1853 , pi . 6, 
fig. 2) to his new species Pseudocenoceras dorsoplicatus. It differs from 
P. largilliertianum in having low, b road undula t ions on the outer flank and 
ven te r o f t he late p h r a g m o c o n e . P. fittoni ( S h a r p e , 1853) h a s a m o r e 
c o m p r e s s e d sub t r i angu la r w h o r l sec t ion , re la t ive ly n a r r o w l y r o u n d e d 
venter , and su ture l ine with a d is t inc t ive smal l sadd le on the umbi l i ca l 
shoulder , and a broad lateral lobe that projects s t rongly forward over the 
ventrolateral shoulder. 

Occurrence . Upper A l b i a n - U p p e r C e n o m a n i a n , M. geslinianum Z o n e ; 
rare in the Cha lk facies o f the M. mantelli-A. rhotomagense z o n e s in 
southern England. More frequent in the Basement Beds and correlat ives in 
Dorset , Somerset , and Devon. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



Nautiloids 2 2 3 

Pseudocenoceras fittoni (Sharpe) 
Plate 4 2 , figures 7 - 9 ; Text-figure 1 0 . 1 H 

Descript ion. Whor l sect ion very compressed , wi th greatest breadth jus t 
outside umbil ical shoulder , inner flanks feebly convex, outer flanks con­
vergent , ven te r a rched , na r rowly rounded , to g ive dis t inct ive t r iangular 
whor l sec t ion . U m b i l i c u s open , w i t h o u t w a r d inc l ined wal l and we l l -
defined shoulder . Shel l surface wi th del ica te g rowth l ines only. Suture 
with small saddle on umbil ical shoulder , deep lateral lobe that is strongly 
pro jec ted on outer flank, t r ansverse on venter . S iphunc le dorsa l , m u c h 
closer to dorsum than mid-poin t of whorl section. 
Occurrence . Lower Cenoman ian , M. mantelli Zone ; southern England. 

Pseudocenoceras dorsplicatus (Wiedmann) 
Text-figure 1 0 . I F 

Descr ipt ion . U m b i l i c u s large for genus , w i th c o n v e x wall and broad ly 
rounded shoulder . Whor l section of ph ragmocone slightly depressed, with 
feebly convex inner and convergent outer flanks; ventrolateral shoulders 
broadly rounded; b road venter very feebly convex. Surface ornamented by 
growth l ines ; c o n c a v e on inner flank, m a r k e d l y p rors i rad ia te on outer , 
flexed forwards and s t rongly convex on ventrola tera l shoulder , forming 
deep convexi ty over venter. Late ph ragmocone character ised by a 9 0 - 1 2 0 

degree sector wi th few broad, strong dorsal folds on ventrolateral shoulders 
and venter, where they are deeply concave. Whor l section of body chamber 
broadens markedly , with very broad venter; ventrolateral folds are lost, to 
be replaced by m u c h narrower , widely separated, ventrolateral and ventral 
ribs. Suture wi th broad lateral lobe; feebly convex across venter. Siphuncle 
dorsal, close to dorsal marg in of shell. 

Remarks . Pseudoceroceras dorsplicatus is superficially similar to Anglo-
nautilus undulatus, bu t differs in the shor t on togene t i c dura t ion of the 
p h a s e o f ven t ro la te ra l p l i ca t ions (wh ich e x t e n d t h r o u g h o u t the late 
p h r a g m o c o n e and all of the b o d y c h a m b e r o f A. undulatus), the larger 
umbil icus , the broad, flattened venter of the ph ragmocone (versus broadly 
rounded in undulatus), the quadrate (as opposed to ovoid) whorl section, 
and the more dorsal posi t ion of the s iphuncle . 

Occurrence . A l b i a n - C e n o m a n i a n ; Basemen t Bed and correlative facies of 
Dorset , Somerset and Devon . 

Pseudocenoceras! schroederi (Wiedmann) 
Text-figure. I O . I G 

Descript ion. Coi l ing very involute , umbi l i cus t iny. Whor l section com­
pressed , wi th g rea tes t b r e a d t h l ow on flanks; inner -mid- f lank r eg ion 
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Nautiloids 225 

broadly convex, outer flanks convergent , ventrolateral shoulders broadly 
rounded . V e n t e r b r o a d l y r o u n d e d on p h r a g m o c o n e , f lat tening on adul t 
body chamber . O r n a m e n t of shell surface not seen in Br i t i sh mater ia l . 
Suture line with broad lateral lobe; s iphuncle close to dorsal margin . 
R e m a r k s . T h e w h o r l sec t ion and form o f u m b i l i c u s d i s t ingu i sh th is 
species f rom Pseudocenoceras d i s cus sed a b o v e . W i e d m a n n (1960) 
referred the species to the genus Cimomia. 
O c c u r r e n c e . L o w e r C e n o m a n i a n , M. mantelli Z o n e , to M i d d l e C e n o ­
manian, A. rhotomagense Zone ; Devon , and possibly south-east England. 

Family CYMATOCERATIDAE 

Remarks . The Cymatocera t idae are the strongly r ibbed nauti loids of the 
Chalk. The family ranges from the Middle Jurassic to Ol igocene according 
to K u m m e l (1964) . 

Genus CYMATOCERAS 

Remarks . Involute , subglobose , with rounded whor l section. F lanks and 
venter wi th conspicuous ribs, general ly prorsiradiate on the inner flanks, 
convex on outer flanks, sweeping backwards on the ventrolateral shoulder 
into a broad ventral concavi ty . 

Cymatoceras deslongchampsianum (d 'Orb igny) 
Text-figure 10.2A 

Descript ion. Shell subglobose . Whor l section depressed, greatest breadth 
at umbil ical shoulder. F lanks flattened, convergent , ventrolateral shoulders 
b road ly r o u n d e d , b r o a d ven te r flattened to feebly c o n v e x . U m b i l i c u s 
p rominen t , l a rge , w i t h flattened, o u t w a r d - i n c l i n e d umbi l i ca l wa l l and 
sharp umbil ical shoulder. F lanks m a y be feebly concave in the immedia te 
proximity of the shoulder. Strong, sharp ribs p rominent on shell surface, 
and on internal mould , where blunter . They are strongly prorsiradiate on 
the inner flank, sweep back and are s t rongly convex on outer flank and 
ventrolateral shoulder , where they m a y increase by branching and inter­
calation. They flex back on the ventrolateral shoulders into a prominent 

E X P L A N A T I O N O F P L A T E 42 

Figs 1-3. Eutrephoceras expansum (J. de C. Sowerby). Middle Cenomanian, 
Snowden Hill, Chard, Somerset; X 1. 

Figs 4 -6 . Deltocymatoceras sp. Upper Turonian, Aston Rowant, Oxfordshire; 
xO-3. 

Figs 7-9 . Pseudocenoceras Jittoni (Sharpe). Lower Cenomanian, Chardstock, 
Devon; x 1. 
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226 Fossils of the Chalk 

ventral concavi ty . W h e r e o rnamen t is wel l preserved, the radial r ibs are 
seen to be accompanied by delicate spiral r idges that p roduce a distinctive 
reticulate ornament . Suture wi th small saddle or umbil ical shoulder, broad, 
sha l low lateral lobe a n d very sha l low ventra l lobe. S iphunc le dorsa l of 
mid-point of whor l section. 
Remarks . The large, prominent , conical umbil ical pit wi th sharp rim, and 
the reticulate o rnament are immedia te ly diagnost ic . 
Occurrence. Cenomanian , M. mantelli-C. guerangeri zones; Chalk facies, 
M. mantelli-A. rhotomagense zones , in southern England; widespread in 
M. mantelli-C. guerangeri zones , Cha lk Basemen t Beds and correlative 
facies, Dorset , Somerset and Devon. 

Cymatoceras elegans (J. Sowerby) 
Plate 4 3 , figures 3, 7; Text-figure 10.2c 

Descript ion. Large. Inner flanks broadly convex, mid-ou te r flank region 
flattened, convergent, venter quite narrowly rounded. Umbil icus small . Shell 
surface and internal mould ornamented by strong ribs that are concave on 
the innermost flank, flexed back and convex on the middle to outer flank, 
whe re they increase by b r a n c h i n g a n d intercala t ion, s w e e p i n g b a c k and 
markedly convex on the ventrolateral shoulder, crossing the venter in a deep 
ventral concavi ty . Septa w ide ly separa ted; su tures wi th broad, shal low 
saddle on inner flank, broad, shal low lobe on middle flank, t ransverse to 
feebly concave over venter. Siphuncle dorsal of mid-point of whorl section. 
Remarks . Cymatoceras elegans can b e separated from C. deslongchamp-
sianum on the bas i s of the la rge u m b i l i c u s , sharp u m b i l i c a l r im, and 
ret iculate o r n a m e n t o f the latter. Cymatoceras atlas (Whi t eaves ) has a 
very depressed whor l section, a c losed umbi l icus , coarser ornament , and a 
siphuncle close to the ventral margin . Cymatoceras tourtiae (Schluter) has 
a larger umbi l i cus , and a t rapezo ida l w h o r l sec t ion wi th a b road , very 
feebly c o n v e x ven te r . T h e s i p h u n c l e is c lo se t o the do r sa l marg in . 
Cymatoceras bayfieldi (Foord and Crick) has a trapezoidal whor l section, 
and a broad venter. 

E X P L A N A T I O N O F P L A T E 43 

Figs 1-2, 4. Eutrephoceras darupense (Schluter). Campanian, Cave Hill, County 
Antrim; xO-5. 

Figs 3, 7. Cymatoceras elegans (J. Sowerby). Lower or Middle Cenomanian 
England; x0-3. 

Figs 5-6. Angulithes triangularis de Montfort. Lower or Middle Cenomanian, 
Sidmouth, Devon; X0-3. 
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228 Fossils of the Chalk 

Occurrence . Cenoman ian , M. mantelli-A. jukesbrownei zones ; c o m m o n 
in the chalk facies of southern Eng land ; less c o m m o n in the Basement 
Beds and correlat ive facies of Dorset , Somerset and Devon. 

Cymatoceras atlas (Whi teaves) 
Text-f igure 10.2B 

Descr ip t ion . La rge . Shel l inflated, w h o r l sect ion ve ry depres sed , with 
greatest breadth low on flanks. Flanks , ventrolateral shoulders and venter 
broadly rounded, to give a semilunate section. Surface of shell and mould 
o r n a m e n t e d by coa r se r ibs , c o n v e x ac ross the flanks, w h e r e they m a y 
increase by branching and intercalation, sweep ing backwards and convex 
on the ventrolateral shoulder and cross ing the venter in a b road concavity. 
Septa widely separated. Suture with broad, shal low, lateral lobe. Siphuncle 
close t o ventral margin . 

R e m a r k s . W h o r l sec t ion , coa r se o r n a m e n t a n d pos i t i on o f s iphunc le 
separate this species from other Bri t ish Cha lk Cymatoceras. 
O c c u r r e n c e . C e n o m a n i a n , M. mantelli-A. jukesbrownei z o n e s ; Cha lk 
facies o f sou thern E n g l a n d ; B a s e m e n t B e d s o f Dorse t , S o m e r s e t and 
Devon and correlat ives. 

Cymatoceras tourtiae (Schluter) 
Text-figure 10.2D 

Descript ion. Whor l section depressed t rapezoidal , flanks feebly convex, 
convergent . Ventrolateral shoulders b road ly rounded , b road venter very 
feebly c o n v e x . U m b i l i c u s la rge , w i th feebly c o n v e x , o u t w a r d - i n c l i n e d 
wall ; umbil ical shoulder blunt , qui te nar rowly rounded . Surface of shell 
and m o u l d o rnamen ted by coarse r ibs , convex across the flanks, whe re 
they m a y increase by b ranch ing and intercala t ion, sweep ing b a c k w a r d s 
and very convex across the ventrolateral shoulder, crossing venter in broad 
concavity. Suture with small , shal low, saddle across umbil ical wal l , and 
innermost flank broad, shal low lateral lobe, near- t ransverse and straight on 
venter. Siphuncle close to dorsal marg in . 

R e m a r k s . T h e combina t ion o f t rapezo ida l w h o r l sec t ion and s iphunc le 
c lose to the dorsal marg in d is t inguish C. tourtiae from all o ther C e n o ­
manian Cymatoceras found in the British Chalk . It m o s t c losely resembles 
the Campan ian C. bayfieldi, which differs in having a more broadly and 
evenly rounded whorl section, wide ly spaced septa, a shal low lateral lobe 
in the suture line, and a s iphuncle that is not as close to the dorsal marg in 
of the shell. 

Occurrence . Lower Cenomanian , M. mantelli Zone ; Isle of Wight . 
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Nautiloids 229 

Cymatoceras cenomananese (Schluter) 
Text-figure 10.2E 

Descript ion. Whor l sect ion depressed t rapezoidal , flanks flattened, con­
ve rgen t , ven t ro la t e ra l shou lde r s b r o a d l y r o u n d e d , ven t e r b road , ve ry 
feebly c o n v e x . U m b i l i c u s smal l , w i th feebly c o n v e x , ou tward - inc l ined 
wall and broadly rounded umbil ical shoulder. Internal moulds bear weak, 
even r ibs that are s trongly convex across the flanks, sweep ing back across 
the ventrolateral shoulders to form a deep ventral concavi ty . Septa widely 

T E X T - F I G . 10.2. Sketch whorl sections and siphuncle positions of Chalk nautiloids 
(diagrammatic only, not to scale). A, Cymatoceras deslongchampsianum 
(d'Orbigny). B , Cymatoceras atlas (Whiteaves). c, Cymatoceras elegans (J. 
Sowerby). D , Cymatoceras tourtiae (Schluter). E , Cymatoceras cenomanense 

(Schluter). F , Cymatoceras bayfieldi (Foord and Crick). 
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230 Fossils of the Chalk 

spaced, suture wi th lateral lobe that projects s t rongly forwards on ventro­
lateral shoulder; near- t ransverse on venter . Siphuncle ventral of mid-point 
of septal face. 
Remarks . Cymatoceras cenomanense mos t c losely resembles C. elegans, 
from which it differs in having a broad, flattened venter . 
O c c u r r e n c e . L o w e r C e n o m a n i a n , M. mantelli Z o n e ; Wi l t sh i re , Is le of 
Wight . 

Cymatoceras bayfieldi (Foord and Crick) 
Text-figure 10 .2F 

Descript ion. Whor l section depressed, rounded- t rapezoidal , flanks feebly 
convex, convergent , ventrolateral shoulders broadly rounded, broad venter 
f lat tened, and on ly ve ry feebly c o n v e x . U m b i l i c u s la rge for g e n u s , 
umbil ical wall feebly convex, umbil ical shoulder more nar rowly rounded. 
S t rong, even r ibs a re s t ra ight and p rors i rad ia te o n the i n n e r m o s t flank, 
flexing back and broadly convex on the remainder of the flank, sweeping 
s t rongly b a c k w a r d s ove r the ven t ro la te ra l shou lde r to form a deep 
concavity over the venter. Suture line wi th shal low lateral lobe, and near-
transverse on venter. S iphuncle dorsal of mid-poin t of septal face. 
Occurrence. Campan ian ; Norfolk and Nor thern Ireland. 

Genus DELTOCYMATOCERAS 

Remarks . Involute , flanks b road ly convex , conve rg ing to b lunt ly acute 
venter; no ventrolateral shoulders . O r n a m e n t compr i se s p r o m i n e n t r ibs, 
convex on flanks ( w h e r e they m a y b r a n c h ) , s w e e p i n g b a c k on ven t ro ­
lateral shou lde r s into b r o a d vent ra l c o n c a v i t y , e f faced a t m i d - v e n t e r . 
Suture with p rominen t saddle on umbi l ica l shoulder , and broad shal low 
lateral lobe. 

Deltocymatoceras sp. 
Plate 42 , figures 4 - 6 ; Text-figure 10. 1E 

Description. As for genus . 
Remarks. Large spec imens of Deltocymatoceras from the Engl ish Uppe r 
Chalk are closest to D. galea (Fritsch, 1872). 
Occurrence. Upper Turonian, S. neptuni Zone ; Hertfordshire, Oxfordshire, 
Bedfordshire, and Kent . 

Genus ANGLONAUTILUS 

Remarks . Coi l ing involu te , shell g lobose , wi th b road ly rounded flanks 
and venter. Ear ly whor l s smooth ; late p h r a g m o c o n e and b o d y c h a m b e r 
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Nautiloids 231 

wi th coa r se , fo ld- l ike r ibs that are c o n v e x ac ross the ou te r flanks and 
ventrolateral shoulders , and cross the venter in a p ronounced concavity. 
They efface and disappear on the inner flanks. Suture with shallow lateral 
and ventral lobes. S iphuncle subcentral . 

Anglonautilus undulatus (J. Sowerby) 
Text-figure 10. l i 

Descr ipt ion . W h o r l sect ion about as wide as high, inner flanks broadly 
c o n v e x , ou te r flanks c o n v e r g e n t , ven t ro la t e ra l shou lde r s and venter 
broadly rounded. Umbi l i cus small . Early ph ragmocone whor l s are smooth 
but for g rowth l ines. La te p h r a g m o c o n e whor l s and body chamber with 
coarse fold-l ike r ibs (hence the specific n a m e undulatus), that arise on 
outer flank, are coa r se and c o n v e x on the ven t ro la te ra l shou lders , and 
cross the v e n t e r in a b r o a d concav i ty . Su tu re wi th smal l saddle on 
umbil ical wal l , and a b road lateral lobe. Siphuncle dorsal of mid-point of 
whorl cross section. 
O c c u r r e n c e . L o w e r A p t i a n - U p p e r C e n o m a n i a n , C. guerangeri Zone ; 
Dorset , Somerse t and Devon . 

Fami ly HERCOGLOSSIDAE 

Genus ANGULITHES 

R e m a r k s . Coi l ing involute , whor l section depressed to compressed, umbi­
licus small , flanks s trongly convergent , wi th nar rowly rounded to bluntly 
acute venter g iv ing character is t ic t r iangular whor l section. Ornament of 
growth lines only. 

Angulithes triangularis de Montfor t 
Plate 4 3 , figures 5 - 6 ; Text-figure I O . I J 

D e s c r i p t i o n . W h o r l sec t ion c o m p r e s s e d . Inner flanks b road ly convex , 
outer flanks convergent , venter angular , g iving a tr iangulate whorl section. 
Umbi l icus near-closed wi th broadly rounded wall and shoulder. Surface of 
in terna l m o u l d smoo th . O r n a m e n t o f shel l surface no t seen in Bri t ish 
mater ia l . Su ture wi th smal l sadd le on umbi l i ca l shoulder . Lateral lobe 
markedly convex across flanks, strongly projected on ventrolateral shoulder 
into nar rowly rounded ventral saddle. Siphuncle large, subcentral. 
Occurrence . L o w e r Cenoman ian , M. mantelli Zone ; Kent and Devon. 
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11 . B E L E M N I T E S 

by P E T E R D O Y L E 

Desp i t e long b e i n g r e c o g n i s e d as va luab l e zona l ind ices in the U p p e r 
Cretaceous , Chalk be lemni tes have received scant at tention in Britain. The 
works of Mil le r (1826a , b) and Sharpe (1853) are of historical interest, and 
va luab le con t r i bu t ions to our k n o w l e d g e w e r e m a d e by s o m e ear ly 
twent ie th cen tu ry au tho r s (e .g . R o w e 1904; C r i ck 1906, 1907 , 1910) . 
Recent work on Bri t ish Cha lk be lemni tes inc ludes that o f Jarv is (1980) 
and Chris tensen (1974, 1991 , 1993, 1995). A single family, the Be lemni -
tellidae, domina tes the Chalk from the Cenoman ian upwards , replacing the 
B e l e m n o p s e i d a e w h i c h is c o m m o n in Ju rass i c and o lde r C r e t a c e o u s 
deposi ts , and which has its h ighes t occur rence in the C e n o m a n i a n . The 
Belemnite l l idae has been rev iewed mos t recent ly by Chr is tensen (1997a) . 
T h e fami ly was re la t ive ly c o m m o n and w i d e s p r e a d in the N o r t h e r n 
Hemisphere dur ing the Late Cre taceous , a l though mos t diverse in Europe . 
Its d i s t r ibu t ion has b e e n r e v i e w e d by C h r i s t e n s e n ( 1 9 7 6 , 19976) and 
Doyle (1992) , wi th its value in biostra t igraphy mos t prominent ly discussed 
by Chr i s t ensen ( 1 9 9 6 ) , w h o has a lso m a d e severa l recen t r ev i s ions of 
Br i t i sh be l emni t e l l i d faunas : Actinocamax, Gonioteuthis, Belemnello-
camax and Belemnitella from Coniac ian-Maas t r ich t ian chalks (Christensen 
1 9 9 1 , 1995) , and Belemnocamax f rom the C e n o m a n i a n (Chr i s t ensen 
1993). 

T h e Be l emni t e l l i dae is d is t inc t f rom all o the r b e l e m n i t e fami l ies in 
possess ing a vent ra l a lveolar slit or fissure ra ther than a m e r e a lveolar 
g roove , as found in the B e l e m n o p s e i d a e (e .g . as in Neohibolites). T h e 
d i s t ance b e t w e e n the pos t e r io r e n d o f the fissure, w h e r e it j o i n s the 
a lveo lus , a n d the t ip o f the p h r a g m o c o n e is k n o w n as the ' S c h a t s k y 
d i s t a n c e ' , and is a va luab l e t a x o n o m i c feature for d i s t i ngu i sh ing the 
genera Belemnitella and Belemnella. It is revealed by split t ing the ros t rum 
careful ly in its do r so -ven t r a l p l ane w i t h a smal l ch ise l . T h e B e l e m n i ­
tel l idae also c o m m o n l y d isp lays a series of dendri t ic vascu la r mark ings 
which spread out over the ventral surface o f some forms (e.g. Belemnitella 
and Belemnella). O t h e r be l emn i t e l l i d g e n e r a p o s s e s s an imper fec t ly 
calcified alveolar region, resul t ing in either the product ion of an anterior 
conical fracture (as in Actinocamax, Belemnellocamax and Belemnocamax), 
or in a s e c o n d a r y con ica l cav i ty k n o w n as a ' p s e u d o a l v e o l u s ' (as in 
Gonioteuthis). 
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Belemnites 233 

D E S C R I P T I O N S 

Class CEPHALOPODA 

Subclass COLEOIDEA 

Order BELEMNITIDA 

Suborder BELEMNOPSEINA 

Family BELEMNOPSEIDAE 

Genus NEOHIBOLITES 

Neohibolites ultimus (d 'Orb igny) 
Plate 4 5 , figures 6 - 7 

Descr ip t ion . R o s t r u m up to 60 m m in leng th ; s y m m e t r i c a l and c lub -
shaped ( lanceolate) in bo th outl ine and profile. The posi t ion of m a x i m u m 
inflation is in the s tem region o f the ros t rum, and the apex is relat ively 
acute . T r a n s v e r s e sec t ions o f the r o s t r u m are w e a k l y do r so -ven t r a l ly 
depressed a n d e l l ip t ica l or subc i r cu l a r in the s t em and apica l r eg ions , 
b e c o m i n g la teral ly c o m p r e s s e d a n d el l ipt ical in the a lveo la r reg ion . A 
short ven t ra l a lveo la r g r o o v e is confined to the an te r io r th i rd of the 
rostrum, not extending into the s tem region. T w o parallel , fine lateral l ines 
(Doppellinien) are p resen t for the length of each flank. The a lveolus is 
well calcified. 
Occurrence . Lower Cenomanian , M. mantelli Zone ; widespread but rare. 

Family BELEMNITELLIDAE 

Genus ACTINOCAMAX 

Actinocamax plenus (Blainvil le) 
Plate 44 , figures 1-4 

Description. Ros t rum up to 90 m m in length; symmetr ica l and lanceolate 
in ou t l ine ; w e a k l y l anceo la te or even cyl indr ica l w i th para l le l s ides in 
profile. T h e pos i t ion of m a x i m u m inflation is in the apical third of the 
ros t rum, and the apex is often a t t enua ted . T r a n s v e r s e sec t ions o f the 
rostrum are general ly dorso-ventral ly depressed and elliptical in the s tem 
and apical regions, becoming pyriform in the alveolar region. The alveolus 
is lost o w i n g to imper fec t ca lc i f ica t ion, l eav ing an an te r io r ly con ica l 
fracture somet imes wi th a small central pit. Consequent ly , only vest iges of 
the ventral a lveolar fissure m a y be observed. Lateral lines are present as 
Doppellinien, ex t end ing anter ior ly as na r row dorso- la tera l depress ions . 
The surface of the rostrum is otherwise smooth. 
Occurrence . U p p e r C e n o m a n i a n , M. geslinianum and N. juddii zones ; 
common in the Plenus Mar ls . 
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Belemnites 235 

Actinocamax verus Mil ler 
Plate 44 , figures 7 - 1 0 

Descript ion. Ros t rum up to 50 m m in length; symmetr ica l and lanceolate 
in both outl ine and profile, the posi t ion of m a x i m u m inflation being close 
to the apex. The apex is general ly weak ly mucrona te . Transverse sections 
of the ros t rum are weak ly compressed laterally and subcircular in the stem 
and apical regions , becoming pyriform in the alveolar region. The alveolus 
and ventral alveolar slit are lost owing to imperfect calcification, leaving 
an acu te , an te r io r ly con ica l f rac ture . La te ra l l ines are p r e sen t as 
Doppellinien deve lop ing anter ior ly into b r o a d dorso- la tera l depress ions 
that g ive the t r ansve r se sec t ion its py r i fo rm shape . T h e surface o f the 
rostrum is o therwise smooth. 
Occurrence . Coniac ian , M. coranguinum Zone , to Santonian, M. testudin-
arius Zone ; c o m m o n , especial ly in the M. testudinarius Zone . 

Genus GONIOTEUTHIS 

Gonioteuthis quadrata (Blainvil le) 
Plate 46 , figures 5 - 8 

Descr ipt ion . Ros t rum up to 90 m m in length; symmet r ica l and weak ly 
lanceolate in bo th outl ine and profile, in some cases becoming cylindrical . 
The posi t ion of m a x i m u m inflation is in the s tem region, and the apex of 
the r o s t r u m is u sua l ly m u c r o n a t e . T h e t r ansve r se sec t ions are s l ight ly 
c o m p r e s s e d la tera l ly a n d subc i rcu la r in the s tem and ap ica l r eg ions , 
b e c o m i n g py r i fo rm in the a lveo la r r eg ion . A vent ra l fissure is usua l ly 
preserved, even t hough a p seudoa lveo lus wi th a quadra te sect ion and a 
depth of about 15 m m is present in this species. Lateral l ines are present as 
Doppellinien in the pos te r io r , d e v e l o p i n g in to re la t ive ly n a r r o w , we l l -
defined, dorso-lateral depress ions anter iorly. The surface of the ros t rum 
has a granulated appearance . 

E X P L A N A T I O N O F P L A T E 44 

Figs 1-4. Actinocamax plenus (Blainville). Upper Cenomanian, Eastbourne, 
Sussex. 1, ventral outline; 2, dorsal outline; 3, left profile; 4, decayed alveolar 
region; X 1. 

Figs 5-6. Belemnellocamax grossouvrei (Janet) (plaster cast). Santonian, Fimber, 
Yorkshire. 5, ventral outline; 6, left profile; x 1. 

Figs 7-10. Actinocamax verus Miller. Upper Santonian, Qravesend, Kent. 7, 
ventral outline; 8, left profile; 9, slightly oblique dorsal outline; 10, decayed 
alveolar region; X 1. 
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236 Fossils of the Chalk 

Remarks . Some authors consider this species as the last in a long lineage 
of Cha lk Gonioteuthis, cha rac t e r i s ed by succes s ive d e e p e n i n g o f the 
pseudoalveolus (e.g. R o w e 1904; Jarvis 1980). 
Occurrence . Campan ian , lO. pilula-G. quadrata zones ; widespread but 
rather rare. 

Genus BELEMNITELLA 

Belemnitella mucronata (Schlotheim) sensu lato 
Plate 4 5 , figures 1-5 

Descript ion. Ros t rum up to 130 m m in length; symmetr ica l and weakly 
lanceolate to cylindrical wi th paral lel flanks in out l ine, symmetr ica l and 
cylindrical to weakly cylindri-conical in profile. The posit ion of max imum 
inflation is in the s tem region and the apex of the ros t rum is mucronate. 
Transverse sections are weakly depressed dorso-ventral ly and subcircular 
in the stem and apical regions, becoming slightly compressed laterally and 
ell ipt ical in the a lveolar r eg ion . T h e vent ra l a lveo la r fissure is usual ly 
preserved, and the Schatsky distance is large (> 4 m m ) . Lateral lines are 
found as Doppellinien in the pos te r io r o f the ros t rum, deve lop ing into 
broad dorso-lateral depressions. Vascular impressions are well developed 
and branch adapically onto the venter from the lateral lines. The alveolus is 
usually preserved intact, and casts of it possess a dorsal keel (PI. 45 , fig. 5). 
Occurrence . Upper Campanian , B. mucronata Zone , to ?Early Maastrich­
tian, B. lanceolata Zone ; c o m m o n in the Uppe r Campan ian of Northern 
Ireland and the southern count ies of England; known from drift deposits in 
north-east England. 

Genus BELEMNELLA 

Belemnella lanceolata (Schlotheim) sensu lato 
Plate 46 , figures 1^1 

Descr ipt ion . Ros t rum length up to 130 m m ; symmetr ica l and generally 
s t rongly l anceo la te in ou t l ine , s y m m e t r i c a l and w e a k l y l anceo la te to 

E X P L A N A T I O N O F P L A T E 45 

Figs 1-4. Belemnitella mucronata (Schlotheim) sensu lato. Upper Campanian, B. 
mucronata Zone; Mousehold Heath, Norfolk. 1, ventral outline, showing 
vascular impressions; 2, dorsal outline; 3, right profile; 4, longitudinal section, 
venter to left; x 1. 

Fig. 5. Belemnitella sp. Upper Campanian, Ventnor, Isle of Wight. Flint cast of the 
alveolus showing a well-developed dorsal keel; x 1. 

Figs 6-7. Neohibolites ultimus (d'Orbigny). Lower Cenomanian, Torberry Hill, 
south-east of Petersfield, West Sussex. 6, ventral outline; 7, right profile; x 1. 
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2 3 8 Fossils of the Chalk 

cyl indr ica l w i th pa ra l l e l s ides in profi le . T h e pos i t ion of m a x i m u m 
inflation is in the apical third o f the ros t rum, and the apex is general ly 
m u c r o n a t e . T h e t r ansve r se sec t ions of the r o s t r u m are do r so -ven t ra l ly 
depressed and ell iptical in the s tem and apical reg ions , b e c o m i n g more 
compressed and pyriform in the alveolar region. The ventral a lveolar slit is 
usually well developed, and the Schatsky dis tance is small (< 4 m m ) . The 
lateral lines are developed as Doppellinien in the s tem and apex, develop­
ing anter ior ly into re la t ive ly b r o a d dorso- la te ra l dep re s s ions . Vascu la r 
impress ions are p resen t , a l t hough they m a y be r educed , and branch 
apical ly on to the ven t e r f rom the lateral l ines . T h e a lveo lus is usual ly 
intact and casts of it possess a dorsal keel similar to Belemnitella. 
O c c u r r e n c e . L o w e r M a a s t r i c h t i a n , B. lanceolata Z o n e ; c o m m o n in 
Norfolk; known from Antr im, Nor thern Ireland. 

Genus B E L E M N E L L O C A M A X 

Belemnellocamax grossouvrei (Janet) 
Plate 44 , figures 5 - 6 

Description. Ros t rum up to 100 m m in length; symmetr ica l and lanceolate 
in out l ine, a s y m m e t r i c a l a n d a rched to s y m m e t r i c a l and cy l indr ica l in 
profile. The apex is s t rongly inflated in out l ine and mucrona te , with the 
position of m a x i m u m inflation close to the apex. Transverse sect ions of 
the rostrum are s trongly depressed dorso-ventral ly and lozenge-shaped or 
elliptical for the length of the rostrum. The ventral fissure is usually lost 
owing to the imperfect calcification of the alveolar region, and a shal low 
conical fracture is present in the anterior. Lateral l ines are wel l developed 
and occur as Doppellinien in the poster ior , be ing ex tended anter ior ly as 
narrow but deep dorso-lateral depress ions . The surface of the ros t rum is 
otherwise smooth. 

e x p l a n a t i o n o f p l a t e 46 

Figs 1-4. Belemnella lanceolata (Schlotheim) sensu lato. Lower Maastrichtian, B. 
sumensis Zone within the succession 'White Chalk without Ostrea lunata to 
Grey Beds', near Trimmingham, Norfolk. 1, ventral outline; 2, dorsal outline; 3, 
right profile; 4, partial longitudinal section, venter to left; x 1. 

Figs 5-8. Gonioteuthis quadrata (Blainville). Campanian, East Harnham, 
Salisbury, Wiltshire. 5, ventral outline, showing granulation of surface; 6, 
pseudoalveolus; 7, dorsal outline; 8, right profile; x 1. 

Figs 9-12. Belemnocamax boweri Crick. Middle Cenomanian, Louth, 
Lincolnshire. 9, ventral outline; 10, dorsal outline, showing striations at apex; 
11, left profile; 12, pseudoalveolus; x l . 
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240 Fossils of the Chalk 

Occurrence . Lower Campan ian , O. pilula Zone ; rare, k n o w n only from 
north-east England. 

Genus B E L E M N O C A M A X 

Belemnocamax boweri Crick 
Plate 46 , figures 9 - 1 2 

Descr ip t ion . R o s t r u m u p to 15 m m in l eng th ; s y m m e t r i c a l or near ly 
symmetr ica l and conical in bo th out l ine and profile. The apex is acute. 
T r a n s v e r s e s ec t i ons a re p y r i f o r m or c love r - l ea f in shape , b e i n g more 
pyriform at the apex. A ventral a lveolar fissure is present , ex tending into 
the s tem region as a shal lower groove . Lateral l ines are present as incised 
dorso- la te ra l d e p r e s s i o n s , p r o d u c i n g the c love r - l e a f - shaped t r ansverse 
sec t ion, and inc i sed ven t ro - l a t e ra l l ines m a y a lso b e p resen t . Dorsa l 
striations m a y be deve loped all a long the dorsum, but are c o m m o n l y best 
preserved at the apex. T h e a lveolus is lost o w i n g to imperfect calcification, 
and a shal low pseudoa lveo lus or weakly conical anterior fracture m a y be 
present. The ros t rum is o therwise smooth . 

Occurrence . Midd le C e n o m a n i a n , A. rhotomagense Z o n e ; rare, k n o w n 
only from Yorkshi re , Lincolnshire and Norfolk. 
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12 . A R T H R O P O D S 

by s. F . M O R R I S and J . s. H . C O L L I N S 

Arthropods that are likely to be encountered in the Chalk be long to two 
major g r o u p s , the M a l a c o s t r a c a and the C i r r iped ia . T h e M a l a c o s t r a c a 
include c rabs , lobs ters , squat lobs ters , ca l l ianas ids and mar ine i sopods . 
The Brit ish Chalk crabs have been monographed by Wright and Coll ins 
(1972) , the lobsters by W o o d s ( 1 9 2 5 - 2 9 ) , but the other three groups of 
Bri t ish M a l a c o s t r a c a h a v e n e v e r been p rope r ly deal t wi th in this way . 
Chalk c i r r ipedes h a v e been m o n o g r a p h e d b y W i t h e r s ( 1935 ) . For 
t e rmino logy , the app rop r i a t e sec t ions in the Trea t i se of Inver tebra te 
Paleontology, Part R, should be consul ted (Brooks et al. 1969; N e w m a n et 
al. 1969) a long wi th Wrigh t and Coll ins (1972) . 

M A L A C O S T R A C A 

Three major groups of Malacost raca , ' M a c r u r a ' , Brachyura, and Isopoda, 
are found in the Cha lk of Br i ta in . A fourth g r o u p , A n o m u r a (squat 
lobsters , m u d - s h r i m p s and hermi t c rabs) h a v e yet to be found in chalk 
facies, a l though one species of galatheid squat lobster occurs in the sandy 
C e n o m a n i a n b e d s of W i l m i n g t o n and the m u d - s h r i m p 'Callianassa' 
neocomiensis is c o m m o n in the C e n o m a n i a n of Colin Glen near Belfast, 
Nor thern Ireland. 

'Mac ru ra ' , or ' long- ta i led ' crustaceans (i.e. lobsters , p rawns , shrimps) , 
are largely confined to the Cenoman ian and Turonian of Kent and Sussex. 
Only Enoploclytia leachii is found in the Upper Chalk. N o w h e r e are they 
abundant . 

Brachyura (crabs) are very u n c o m m o n in the Chalk, in marked contrast 
to the arenaceous facies of the Cenomanian of Devon and Wil tshire where 
28 spec ies h a v e b e e n r eco rded , 24 o f these from W i l m i n g t o n , D e v o n 
alone. Three species (Notopocorystes normani, Necrocarcinus woodwardii 
and Diaulax oweni) occur sparse ly in the L o w e r C e n o m a n i a n of Kent , 
Sussex and the Isle of Wigh t , whi le from the U p p e r Cha lk on ly s ingle 
specimens of four species are known . 

A n a n o m a l o u s spec ies o f m a r i n e i sopod is r eco rded rare ly from the 
Cenomanian chalk of Bedfordshire , Kent and Surrey. It is ass igned to the 
' l u m p ' g e n u s Palaega. O n l y the pos t e r io r ha l f o f th is an ima l is ever 
preserved. Whils t the same body plan is found in several isopod families, 
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242 Fossils of the Chalk 

it has been suggested that it migh t be ass igned to the Cirolanidae near to 
the R e c e n t g e n u s Bathynomus. Swe l l i ng of the b ranch ia l c h a m b e r s of 
crabs such as Notopocorystes has been doubtfully ass igned to the parasitic 
isopod Bopyrus. \ 

i 

D E S C R I P T I O N S 

Order D E C A P O D A 

Infraorder B R A C H Y U R A 

Family R A N I N I D A E 

Genus N O T O P O C O R Y S T E S 

Notopocorystes normani (Bell) 
Plate 47 , figure 7 

D e s c r i p t i o n . C a r a p a c e o v o i d w i t h gen t ly c u r v e d an te r io r and near ly 
straight postero-lateral marg ins ; one-fifth longer than wide ; very convex 
transversely. Straight orbito-frontal marg in forming 49 per cent of cara­
pace width with narrow, sulcate, bifid ros t rum. Outer orbital spine sharp. > 
T w o sp ines on an te ro- la te ra l m a r g i n s o f c a r apace , one at lateral ang le 
where the carapace reaches its wides t point , fol lowed by a smal ler one 
behind the branchiocardiac furrow. Four tubercles disposed in a d iamond-
shaped pat tern on each side of the mesogas t r ic lobe, and a med ian row of 
tubercles extending to the poster ior margin . 
Occurrence . Cenomanian ; Kent and the Isle of Wight . 

Genus H E M I O O N 

Hemioon circumviator Wr igh t and Coll ins 
Plate 47 , figure 1 

Descr ip t ion . C a r a p a c e long i tud ina l ly oval and t runca t ed pos te r io r ly , 
s t rongly a rched t r ansve r se ly . Orb i to - f ron ta l m a r g i n fo rming half of 
carapace width . M a x i m u m width at anter ior th i rd of ca rapace . Separate 
regions hardly differentiated over carapace. Fine anter ior ly-directed spine 
on anterolateral margin one-third out from outer orbital angle to the s trong 
epibranchial spine. Ros t rum small and bifid. 
Occurrence . Uppe r Turonian, S. plana Zone ; Surrey. 

Fami ly C A L A P P I D A E 

G e n u s N E C R O C A R C I N U S 

Necrocarcinus labeschii (Des longchamps) 
Plate 47 , figures 2, 4 
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Arthropods 243 

Descr ip t ion . R o u n d e d and inflated ca r apace , s l ight ly w i d e r than long. 
W e l l - p r o d u c e d sp iny r o s t r u m , t r i angu la r and su lca te ; m a y be d i rec ted 
anteriorly or distinctly down-turned. Orbits close together, directed obliquely 
upwards and wi th two deep notches on the upper margin. Antero-lateral 
borders rounded with three or four sharp spines (largest at widest point of 
carapace) . Cerv ica l g roove b road and deep , and in ter rupted at mid l ine . 
Regions and lobes tumid . La rge tuberc les on upper surface a r ranged as 
one t ransverse and three longitudinal rows . 

Occurrence. Lower Albian, D. mammillatum Zone , to Lower Cenomanian , 
M. mantelli Zone ; Lower Cenoman ian of Wil tshire , Devon , Sussex, Kent, 
Isle of Wigh t and Cambr idgesh i re ; also k n o w n from the Uppe r Albian of 
Wiltshire, Dorse t and Cambr idge . 

Necrocarcinus woodwardii Bell 
Plate 47 , figure 3 

Descript ion. Resembl ing N. labeschii in hav ing a rounded, inflated cara­
pace , bu t wi th a g rea te r n u m b e r o f t ube rc l e s on the front ha l f of the 
cephalothorax arranged as two distinct t ransverse rows , and wi th a t rans­
verse row of three tuberc les on the mesogas t r i c lobe. S imple t r iangular 
rostrum. 
O c c u r r e n c e . U p p e r A l b i a n - L o w e r C e n o m a n i a n , M. mantelli Z o n e ; 
Cenoman ian o f Wi l t sh i re , D e v o n , Sussex , Isle of W i g h t and C a m b r i d g e ­
sh i re ; a l so k n o w n f rom the U p p e r A l b i a n o f W i l t s h i r e , D o r s e t and 
Cambr idge . 

Fami ly D I A U L A C I D A E 

G e n u s D I A U L A X 

Diaulax oweni (Bell) 
Plate 47 , figure 5 

D e s c r i p t i o n . C a r a p a c e h e x a g o n a l in o u t l i n e ; b r o a d e r t h a n l ong wi th 
greatest b read th occur r ing in the anter ior half. Ante r io r ha l f of carapace 
d o w n - t u r n e d a n d p o s t e r i o r h a l f flat. S m a l l , d e e p l y su l ca t e r o s t r u m . 
Orbi ts deep , subc i rcu la r and o c c u p y i n g outer quar te rs of orbi to-frontal 
wid th . C e r v i c a l fur row n a r r o w and s h a l l o w , bu t d i s t inc t , e n d i n g in a 
notch on the antero- la tera l marg in . O r n a m e n t of dense ly c r o w d e d flat-
topped granules . 
O c c u r r e n c e . L o w e r A lb i an , L. regularis S u b z o n e , and M i d d l e C e n o ­
m a n i a n , A. rhotomagense Z o n e ; C e n o m a n i a n of D e v o n , Somerse t and 
Kent. 
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244 Fossils of the Chalk 

Fami ly C A R P I L I I D A E 

Genus C A L O X A N T H U S 

Caloxanthus purleyensis (Withers) 
Plate 47 , figure 6 

Descript ion. C a r a p a c e t r ansve r se ly ova l and s l ight ly w i d e r t h a n long. 
Strongly arched longitudinally. Frontal marg in straight with s trong orbital 
indentations. Cervical g roove distinct medial ly , but obsolete on the hepatic 
region. Latera l m a r g i n s en t i re . R e g i o n s w e a k l y di f ferent ia ted . Surface 
ornament consists of sparse tubercles wi th groups of fine, denser tubercles 
near postero-lateral margins . 
Occurrence. Coniac ian or basal Santonian; Surrey. 

Infraorder A S T A C I D E A 

Fami ly E R Y M I D A E 

G e n u s E N O P L O C L Y T I A 

Enoploclytia leachii (Mantel l ) 
Plate 4 8 , figure 1 

E X P L A N A T I O N O F P L A T E 47 

Fig. 1. Hemioon circumviator Wright and Collins. Upper Turonian, Godalming 
Bypass, Guildford, Surrey; dorsal carapace; x 1. 

Figs 2, 4. Necrocarcinus labeschii (Deslongchamps). Cenomanian, White Hart Pit, 
Wilmington, Devon; two carapaces in dorsal view; x 1. 

Fig. 3. Necrocarcinus woodwardii Bell. Lower Cenomanian, Warminster, 
Wiltshire; dorsal carapace; x 2 . 

Fig. 5. Diaulax oweni (Bell). Cenomanian, Snowdon Hill, Chard, Somerset; dorsal 
view of carapace with both chelipeds; x 1. 

Fig. 6. Caloxanthus purleyensis (Withers). Coniacian or basal Santonian, Purley, 
Surrey; dorsal view of carapace; x 2 . 

Fig. 7. Notopocorystes normani (Bell). Cenomanian, Dover, Kent; dorsal view of 
carapace; x 1. 

Fig. 8. Cretiscalpellum glabrum (Roemer). Campanian, Gonioteuthis quadrata 
Zone, East Harnham, Salisbury, Wiltshire; right lateral view with tergum, 
carina and upper latus in place; x 3 . 

Fig. 9. Arcoscalpellum fossula (Darwin). Campanian, Gonioteuthis quadrata Zone, 
East Harnham, Salisbury, Wiltshire; left lateral view of capitulum; X2.. 

Fig. 10. Zeugmatolepas mockleri Withers. Cenomanian, Cambridge; nearly 
complete capitulum viewed from left side; x 6. 

Fig. 11. Stramentum pulchellum (Sowerby). ?Cenomanian, Kent; lateral view of 
complete capitulum with peduncle; X 1-6. 

Figs 12-13. Brachylepas naissanti (Hebert). Campanian, Thorpe St. Andrew, 
Norwich, Norfolk; apical and right lateral views of capitulum without opercular 
valves. 7, x l - 5 ; 8, x 2 . 
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246 Fossils of the Chalk 

Descript ion. Carapace and first pere iopods coarsely ornamented . Rostrum 
s t rongly den ta te . Gas t ro -o rb i t a l g r o o v e w i d e , d e e p , short ; pos tce rv ica l 
g r o o v e d e e p ; b r a n c h i o c a r d i a c g r o o v e shor t . C h e l a e l ong and slender; 
fingers long and slender, twice the length of the pa lm and without spines. 
Occurrence . T u r o n i a n - U p p e r Campan ian ; Sussex , Ken t and Surrey. 

G e n u s P A L A E A S T A C U S 

Palaeastacus sussexiensis (Mantel l ) 
Plate 4 8 , figures 2 - 3 

Description. Carapace modera te ly coarsely ornamented , ros t rum dentate. 
Gas t ro-orb i ta l g r o o v e w e a k , pos t ce rv ica l g r o o v e s t ronger a n d separa te 
from branchiocardiac groove . Che lae short, stout and spinose with fingers 
of equal length to the pa lm. 

O c c u r r e n c e . C e n o m a n i a n - T u r o n i a n ; Sussex , Ken t , Sur rey , the Isle of 
Wight and Cambr idgeshi re . 

Infraorder P A L I N U R A 

Fami ly G L Y P H E I D A E 

Genus G L Y P H E A 

Glyphea willetti ( W o o d w a r d ) 
Plate 4 8 , figures 4 - 5 

Descr ipt ion . C e p h a l o t h o r a x la te ra l ly c o m p r e s s e d , w i t h a m i d - d o r s a l 
car ina and a row of tuberc les on each s ide o f it. R o s t r u m short . Three 
s trong, t ube rc l e -bea r ing ca r inae run from the cerv ica l g r o o v e to the 
anterior margin. Cervical g roove very deep. Margina l g roove and carina 
present. Abdomina l terga smooth . 
Occurrence. Uppe r A l b i a n - C e n o m a n i a n ; Sussex, Kent , Hertfordshire and 
Cambridgeshire. 

E X P L A N A T I O N O F P L A T E 48 

Fig. 1. Enoploclytia leachii (Mantell). ?Campanian, Arundel, Sussex; dorsal view; 
XO-5. 

Figs 2-3. Palaeastacus sussexiensis (Mantell). 2, ?Turonian, Sussex; left lateral 
view of carapace; x l . 3, Cenomanian, Burham, Kent; outer surface of left 
cheliped; X 1. 

Figs 4-5. Glyphea willetti (Woodward). 4, Cenomanian, Dover, Kent; right lateral 
view of carapace; x 1. 5, Cenomanian, near Hitchin, Hertfordshire; lateral view 
of incomplete specimen; xO-5. 
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248 Fossils of the Chalk 

C I R R I P E D E S 

Four t een g e n e r a o f c i r r ipedes are k n o w n from the Br i t i sh Cha lk . Four 
range upward from lower deposi ts and three, Arcoscalpellum, Verruca and 
Calantica s.L, persis t to the presen t -day . O f 42 species and subspecies , 
two, Cretiscalpellum glabrum (Roemer ) and Arcoscalpellum angustatum 
(Geinitz) , range throughout the Chalk, but mos t are quite rare. 

The Strament idae have strongly a rmoured pedunc les and therefore have 
less tendency to disintegrate after death. Readi ly dis t inguishable scalpellid 
spec ies inc lude Zeugmatolepas mockleri W i t h e r s and Z. cretae 
(Steenstrup), whose valves are d iminut ive , and Arcoscalpellum maximum 
(J. de C. Sowerby) (Upper S a n t o n i a n - U p p e r Campan ian ) , w h o s e valves 
are large and robus t . T h e s u b o r d e r V e r r u c o m o r p h a , a g r o u p o f sessile 
a s y m m e t r i c a l c i r r ipedes , a p p e a r s in the Br i t i sh C e n o m a n i a n wi th 
Proverruca (?) nodosa Wi thers , but a more characterist ic form is Verruca 
prisca Bosquet , from the Campan ian . The suborder Brachy lepadomorpha 
is represented in the Chalk by Pycnolepas? scalaris Wi thers (Cenomanian) , 
Brachylepas naissanti (Heber t ) (Campan ian ) and Brachylepas fallax 
(Darwin) (Turon ian -Campan ian ) . This suborder inc ludes the commones t 
sessile, symmetr ica l c irr ipedes. 

The widespread Balanidae of Recent shorel ines is not represented in the 
British Chalk but very rare spec imens have been recorded from the Upper 
Cre taceous o f Hungary . 

D E S C R I P T I O N S 

Class C I R R I P E D 1 A 

Order T H O R A C I C A 

Suborder B R A C H Y L E P A D O M O R P H A 

Fami ly B R A C H Y L E P A D I D A E 

Genus B R A C H Y L E P A S 

Brachylepas naissanti (Heber t ) 
Plate 47 , figures 1 2 - 1 3 

Descr ipt ion . Shel l rad ia l ly s y m m e t r i c a l w i th s emi -con i ca l ca r ina and 
rostrum, bear ing s trong, raised, longi tudinal r ibs. T e r g u m with apico-basal 
ridge that is curved towards scutum. Four rows of imbricat ing plates , outer 
whorls of pla tes having med ian basal notch . Basis m e m b r a n o u s . Valves 
only moderate ly thick. 
Occurrence. Campan ian ; Dorset , the Isle of Wigh t and Norfolk. 
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Arthropods 249 

Suborder S C A L P E L L O M O R P H A 

Fami ly S C A L P E L L I D A E 

Subfamily C A L A N T I C I N A E 

Genus C R E T I S C A L P E L L U M 

Cretiscalpellum glabrum (Roemer) 
Plate 47 , figure 8 

Descr ipt ion . Cap i tu lum c o m p o s e d of e igh teen va lves . Car ina compara ­
t ively na r row and s t rongly a rched t ransverse ly , wi th s t rong apico-basal 
r idge. T e r g u m broad wi th sharp carinal angle ; scu tum with tergo-lateral 
part modera t e ly broad . These va lves and the lower latera have a s t rong 
apico-basal r idge. 
O c c u r r e n c e . U p p e r A l b i a n - M a a s t r i c h t i a n ; ve ry w i d e l y d i s t r ibu ted in 
Br i ta in t h r o u g h o u t the spec ie s r a n g e , bu t pa r t i cu l a r ly c o m m o n in the 
Turonian of the Al ton district, Hampsh i re . 

Subfamily Z E U G M A T O L E P A D I N A E 

Genus Z E U G M A T O L E P A S 

Zeugmatolepas mockleri Wi thers 
Plate 47 , figure 10 

Descript ion. Cap i tu lum wi th an erect shape and at least 34 valves includ­
ing th ree or m o r e w h o r l s of sub t r i angu la r l o w e r la te ra wi th V - s h a p e d 
growth lines. Scu tum with u m b o situated from jus t be low apex to a little 
more than one-third the distance from the apex, according to growth stage 
and s t r a t ig raph ic pos i t i on . C a r i n a w i d e n i n g r ap id ly from apex . Basa l 
marg in acu te ly angular . T e r g u m s u b r h o m b o i d a l , abou t ha l f as w i d e as 
long, wi th apex directed towards the carina. 
Remarks . Zeugmatolepas cretae (Steenstrup) is essential ly similar but the 
u m b o of the scu tum is more central in posi t ion wi th the apex developed 
into an acute angle ; the car ina is re la t ively wide r and the med ian r idge 
more obscure ; and the t e rgum is more rounded in appearance . It is first 
found in the T u r o n i a n T. lata Z o n e o f Su r r ey a n d c o n t i n u e s in to the 
Coniacian M. cortestudinarium Zone in that county . It also occurs in the 
C a m p a n i a n A. quadratus Z o n e o f Sus sex a n d Wi l t sh i r e a n d the B. 
mucronata Zone of Norfolk. 
Occurrence . U p p e r A l b i a n - U p p e r C e n o m a n i a n , N. juddii Zone ; Uppe r 
Albian of Kent and near Cambr idge ; L o w e r Cenoman ian of Sussex, Kent 
and H a m p s h i r e ; U p p e r C e n o m a n i a n (TV. juddii Z o n e ) of Sur rey and 
Berkshire; C enoman ian (undifferentiated) of Kent and Wil tshire . 
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250 Fossils of the Chalk 

Subfamily A C R O S C A L P E L L I N A E 

Genus A R C O S C A L P E L L U M 

Arcoscalpellum fossula (Darwin) 
Plate 47 , figure 9 

Descript ion. Capi tu lum with 15 closely fitting valves including four pairs 
of latera. Peduncle furnished with n u m e r o u s smal l plates . Car ina having 
the tectum almost flat and bordered on each side b y a wide , protuberant , 
flat-topped r idge; basa l marg in obtusely angular but often rounded. 
Occurrence. Santonian-Campanian ; Santonian of Kent, Surrey, Hampshire, 
Suffolk and Norfolk; Campan ian o f Sussex, Hampsh i r e , Wil tshire , Dorset , 
Suffolk and Norfolk. 

Fami ly S T R A M E N T I D A E 

Genus S T R A M E N T U M 

Stramentum pulchellum (Sowerby) 
Plate 47 , figure 11 

Descript ion. Capi tu lum composed of a single whor l of nine valves . Broad 
peduncle , closely a rmoured with eight vert ical r ows o f intersect ing plates; 
the u p p e r m a r g i n s o f the th ree m e d i a n r o w s o f p la t e s e i ther s ide are 
marked ly convex . Scu tum with u m b o si tuated u p to one- thi rd o f length of 
valve from the apex and with occludent marg in a lmost straight. 
Occurrence . C e n o m a n i a n - T u r o n i a n ; C e n o m a n i a n o f ?Kent ; Turon ian of 
Kent, Surrey and County Antr im, Nor the rn Ireland. 
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13 . E C H I N O D E R M S 

by A. B . S M I T H and c. w. W R I G H T 

Echinoderms are a diverse and relat ively c o m m o n e lement of the Chalk 
fauna, with a number o f species act ing as excel lent stratigraphical markers . 
The e c h i n o d e r m fauna is e n o r m o u s and on ly a smal l p ropor t ion of the 
k n o w n species can be i l lustrated here . Echino ids , because of their large 
s ize a n d fairly r o b u s t tes t o f c a l c a r e o u s p la tes , are the m o s t w ide ly 
e n c o u n t e r e d and th ree g e n e r a in pa r t i cu la r (Conulus, Echinocorys and 
Micraster) are amongs t the most characterist ic fossils of the British Chalk. 
Mos t C h a l k ech ino id s l ived on the sur face o f the sea floor, but a few 
irregular ech ino ids were sha l low infaunal bu r rower s . Al though tests of 
ech ino ids are c o m m o n l y found c o m p l e t e , it is m u c h rarer to find 
specimens that have their associated spines still a t tached. 

Br i t i sh C r e t a c e o u s ech ino id s w e r e first m o n o g r a p h e d by T. W r i g h t 
( 1 8 6 4 - 8 2 ) and are cu r ren t ly b e i n g r ev i sed and u p d a t e d b y Smi th and 
Wright (1989, 1991, 1994, 1996, 1999, 2000) . Only the British fauna of 
spatangoids and holasteroids n o w remains to be updated. Al though some 
spatangoid and holas teroid genera have been the subject o f detai led study 
(Micraster. Erns t 1970; S tokes 1975; F o u r e y 1982; D a v i d and Fou rey 
1984; Echinocorys: Smise r 1935 ; Infulaster and Hagenowia: Ga le and 
Smith 1982) descr ipt ions of the G e r m a n Chalk fauna (Ernst 1968, 1970, 
1971, 1972; Ernst and Schulz 1974; Ernst and Seibertz 1977; Schulz 1984) 
remain the best source of general information. 

Crinoids are mos t c o m m o n l y encountered in the Chalk in the form of 
isolated skeletal e lements , though bourguet icr inid cups are not u n c o m m o n 
and can be useful s t r a t ig raph ica l ly . T w o c r ino ids , Marsupites and 
Uintacrinus, are very important stratigraphical markers in the Campanian . 
Otherwise , isolated crinoid e lements are of l imited use and cannot often be 
ascr ibed to a species . T h e Cha lk cr inoids have been thorough ly m o n o ­
graphed by R a s m u s s e n (1961) and the Maas t r i ch t i an forms decr ibed in 
admirable detail by Jagt (1999) . 

Asteroids and ophiuroids , like crinoids, are c o m m o n l y encountered only 
in the form of disarticulated ossicles, though with luck it is still possible to 
find rare ar t iculated spec imens . The Brit ish fauna w a s m o n o g r a p h e d by 
S laden and S p e n c e r ( 1 8 9 1 - 1 9 0 8 ) . Ident i f icat ion of i so la ted as te ro id 
marg ina l s is poss ib le . T h e large marg ina l oss ic les o f gon ias te r ids are 
particularly useful since they can usually be identified to species level on 
the basis of their characteristic ornamentat ion. These have been the subject 
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252 Fossils of the Chalk 

of a number of monographs (Wright and Wright 1940; Rasmussen 1950; 
Schulz and Weitschat 1975; Gale 1986, 1987; Breton 1992). 

D E S C R I P T I O N S 

Phy lum E C H I N O D E R M A T A 

Subphy lum P E L M A T O Z O A 

Class C R E N O I D E A 

Subclass A R T I C U L A T A 

Order I S O C R I N I D A 

Suborder I S O C R I N I N A 

Fami ly I S O C R I N I D A E 

R e m a r k s . I socr in ids have a long co lumn , c o m p o s e d of genera l ly pent­
agonal or penta lobate co lumna l s whose art icular faces have five 'pe ta l s ' 
bordered by crenel lae; periodical co lumnals bear cirri wh ich at tach to oval 
a r t i cu la t ion facets . T h e t heca ( cup) is smal l a n d the a r m s long and 
branching. Norma l ly only individual ossicles or short lengths of co lumn 
are found in the Chalk. 

G e n u s A U S T E N O C R I N U S 

Remarks . Co lumnals subpentagonal to circular, wi th short, na r row petals 
inside a b road marg in wi th fine, radiat ing crenellae. 
Occurrence . Campan ian -Maas t r i ch t i an , and poss ib ly in younger deposits . 

Austinocrinus bicoronatus (Hagenow) 
Plate 49 , figures 1-2 

Descr ipt ion . C o l u m n a l s r o u n d to w e a k l y subpen t agona l ; ou ter surface 
smoo th and non-c renu la t e b e t w e e n c o l u m n a l s . Ar t icu la t ion facets wi th 
narrow sunken areolae bordered by short, stout, broadly V-shaped crenellae. 
C rene l l a e b e c o m i n g l a rger t o w a r d s m a r g i n , bu t m i s s i n g from e n d of 
areolae . Several circles of m u c h finer radial c renel lae form vermicula te 
margin to the art iculation face. 
Occurrence . Uppe r Campanian , B. mucronata Zone , to Lower Maast r ich­
tian, B. sumensis Zone ; rather rare in quarr ies a round N o r w i c h and on the 
Norfolk coast at T r imingham. 

G e n u s I S S E L I C R I N U S 

Remarks . Art icular faces of co lumnals normal ly wi th wide petals inside a 
r ing of short, uni form crenel lae a round the margin ; nodal co lumnals bear 
fewer than five cirri. 
Occurrence . Maas t r i ch t i an -Miocene . 
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Echinoderms 253 

Isselicrinus buchii (Roemer) 
Plate 49 , figures 7 - 8 

Descript ion. Co lumna l s subpentagonal to subcircular with smooth outer 
face and n o n - c r e n u l a t e su tu res . Ar t i cu l a r face wi th 13 or 14 c rene l lae 
forming the outer margin of the petals and usual ly extending to the margin 
of the ar t iculat ion face. Areo lae b road and smooth . Crenel lae a long the 
r idges be tween petals are general ly absent . 
Occurrence . L o w e r Maast r icht ian; T r imingham, Norfolk. 

Genus N I E L S E N I C R I N U S 

R e m a r k s . Cre taceous isocr inids wi th a rms hav ing a synarthr ial art icul­
ation at II Br 1-2. 
Occurrence . Va lang in ian-Maas t r i ch t i an . 

Nielsenicrinus cretaceus (Leymer ie) 
PI. 49 , figure 13 

Descr ipt ion . Co lumna l s s t rongly penta loba te , a l ternately th ick and thin; 
m o s t l y s m o o t h , t h o u g h w i t h w e a k m e d i a n r idge on m o s t p rox ima l 
columnals . 
O c c u r r e n c e . A p t i a n - C e n o m a n i a n ; on ly c o m m o n in the M i d d l e - U p p e r 
Cenoman ian of south-east England. 

Genus I S O C R I N U S ? 

R e m a r k s . Art icular faces of co lumnals have elliptical petals surrounded 
by crenel lae; nodal co lumnals have five cirrus sockets at mid height on the 
outer face. The co lumnal morpho logy of Isocrinus is h ighly conservat ive 
and similar to that seen in several other genera , and the genus is denned by 
characters of the theca and a rms . Consequen t ly Cha lk species based on 
co lumnal morpho logy alone are only tentat ively ass igned to this genus and 
m a y prove to be long to other genera of Isocrinidae. 
Occurrence . T r iass ic -Recen t . 

Isocrinus? granosus Vale t te 
Plate 49 , figures 3^1 

Descript ion. Co lumna l s subpentagonal wi th a slightly swol len outer face 
and a l ow r o u n d e d m e d i a n r i dge o f r a the r coa r se g r a n u l e s . Su tu res 
distinctly crenulate. 
Occurrence . Midd le Turonian , C. woolgari Zone , to Uppe r Turonian, S. 
neptuni Zone ; isolated co lumnals are widespread and abundant in southern 
England. 
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Echinoderms 255 

Isocrinus'? legeri (Repel in) 
Plate 49 , figures 5 - 6 

Descript ion. Co lumna l s pentagonal in outl ine wi th flat outer face except 
for a r idge across each interradial angle . Outer surface wi th fine pustular 
granulat ion. 
Occurrence . Lower A l b i a n - L o w e r Cenoman ian , M. mantelli Zone ; Kent 
and the sandy C enoman ian of Devon , probably e lsewhere . 

Isocrinus! minutus (Valet te) 
Plate 49 , figures 9 - 1 0 

Descript ion. S lender subpentagonal co lumnals ; outer face wi th a median 
row of fine, close spines and a nar row r idge or r ow of granules above and 
below. 
Occurrence . Coniac ian , R. petrocoriense Z o n e , to U p p e r Santonian, P. 
polyopsis Zone ; rather rare in Kent and Surrey. 

Suborder B O U R G U E T I C R I N I D A 

Family B O U R G U E T I C R I N I D A E 

Genus B O U R G U E T I C R E N U S 

Remarks . Small cr inoids with a root of b ranched cirri and a rather short 
c o l u m n o f n o r m a l l y s m o o t h and re la t ive ly tall oss ic les ; c o l u m n a l s 

E X P L A N A T I O N O F P L A T E 49 

Figs 1-2. Austinocrinus bicoronatus (Hagenow). Upper Campanian, B. mucronata 
Zone, Trowse, Norfolk. 1, articular face of columnal; 2, side view of part of 
column; x 3 . 

Figs 3-4. Isocrinus! granosus Valette. Upper Turonian, S. plana Zone, Dover, 
Kent. 3, articular face of columnal; 4, side view of part of column; X4-5. 

Figs 5-6. Isocrinus? legeri (Repelin). Cenomanian, Folkestone, Kent. 5, articular 
face of columnal; 6, side view of part of column; x 5 . 

Figs 7-8. Isselicrinus buchii (Roemer). Lower Maastrichtian, B. lanceolata Zone, 
Trimingham, Norfolk. 7, articular face of columnal; 8, side view of part of 
column; x 5 . 

Figs 9-10. Isocrinus? minutus (Valette). Santonian, M. coranguinum Zone, Thanet 
coast, Kent. 9, articular face of columnal; 10, side view of part of column; xlO. 

Figs 11-12. Roveacrinus alatus Douglas. Coniacian, M. cortestudinarium Zone, 
Seaford Read, Sussex. 11, side, and 12, top (ventral) views of theca; x 10. 

Fig. 13. Nielsenicrinus cretaceus (Leymerie). Middle or Upper Cenomanian, 
Folkestone, Kent; stem with cirri, cup and basal part of arms; x 2 . 

Fig. 14. Applinocrinus cretaceus (Bather). Lower Campanian, G. quadrata Zone, 
Durrington, Sussex; side view of theca; x20 . 
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256 Fossils of the Chalk 

normal ly with elliptical art icular faces with the long axis of the ellipse at 
different ang les on the t w o ends of the oss ic le . T h e theca is general ly 
fused, composed of an undiv ided prox imale , a r ing of basals (except in B. 
elegans) and an a l t e rna t ing r ing of r ad ia l s . C o l u m n a l s and thecae of 
Bourgueticrinus are a m o n g the c o m m o n e s t fossils in the Uppe r Chalk of 
southern England and m a n y species are useful stratigraphic indicators. 

Bourgueticrinus brydonei Rasmussen 
Plate 50, figures 11 -12 

Descript ion. Theca smooth and conical , wides t at or near the base of the 
proximale , then taper ing to a t runcated top. 
O c c u r r e n c e . U p p e r C a m p a n i a n , B. mucronata Z o n e , and /o r Lower 
Maastr icht ian, B. lanceolata Zone ; T r imingham, Norfolk. 

Bourgueticrinus cylindricus M ' C o y 
Plate 50 , figures 2 - 3 

Descript ion. Theca high, subcylindrical to pear-shaped; basals large, and 
radials very small and largely h idden in side v iew, giving a low, rounded, 
upper end; p rox imale general ly wi th elliptical lower articular face. 
O c c u r r e n c e . U p p e r Turon ian , S. plana Z o n e , to U p p e r C a m p a n i a n , B. 
mucronata Zone ; modera te ly c o m m o n in southern England throughout its 
range. 

Bourgueticrinus elegans Griffith and Brydone 
Plate 50 , figures 4 - 5 

Descr ip t ion . T h e c a wi th c lub - or p e a r - s h a p e d p r o x i m a l e , t o p p e d by a 
slightly nar rower low collar of radials , wi thout trace of basals . Articular 
face of p rox imale is m u c h smal ler than its lower end. Co lumna l s are long, 
s lender and subcyl indrical , wi th small elliptical art icular faces. 
Occurrence . L o w e r Santonian , M. coranguinum Z o n e , to L o w e r C a m ­
pan ian , G. quadrata Z o n e ; w i d e s p r e a d in sou thern Eng land and h ighly 
characteristic of O. pilula and G. quadrata zones , rarer be low. 

Bourgueticrinus ellipticus Mil ler 
Plate 50, figure 6 

Descript ion. Theca large, pear- or c lub-shaped wi th wide , flat top; sutures 
inconspicuous . 
Occurrence . U p p e r Turon ian , S. plana Z o n e , to L o w e r C a m p a n i a n , G. 
quadrata Zone ; widespread in southern England in the M. coranguinum 
Zone but scarcer be low and above . 
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Echinoderms 257 

Bourgueticrinus fritillus Griffith and Brydone 
Plate 50, figures 8 -9 

Descr ipt ion . Theca wi th p rox ima le wides t at base and top , na r rower in 
be tween. 
Occurrence . L o w e r Campan ian , O. pilula-G. quadrata zones ; widespread 
in southern England. 

Bourgueticrinus hureae (Valet te) 
Plate 50, figure 7 

Descript ion. Theca more or less cylindrical; basals and radials of similar 
size and strongly tumid, separated b y depressed sutures. 
Occurrence . L o w e r Santonian , M. coranguinum Z o n e , to L o w e r C a m ­
panian, G. quadrata Zone ; rather sparse at all hor izons but widespread in 
southern England. 

Bourgueticrinus papilliformis Griffith and Brydone 
Plate 50, figure 10 

Descript ion. Theca slender, spindle- or pear -shaped wi th h igh basals and 
the radials forming a very nar row collar on top. 
Occurrence . L o w e r Santonian , M. coranguinum Z o n e , to L o w e r C a m ­
panian, G. quadrata Zone ; widespread and c o m m o n in southern England, 
part icularly characterist ic of the U. socialis and M. testudinarius zones . 

Order C O M A T U L I D A 

R e m a r k s . A d u l t coma tu l id s ( ' fea ther s t a r s ' ) are smal l , f r ee - swimming 
crinoids wi th feathery a rms springing from a flat-topped discoid, hemis ­
pherical or conical centrodorsal plate on the unders ide of wh ich are few to 
m a n y cirri with which the crinoid m a y cl ing to the bo t tom. Normal ly in 
the C h a l k on ly cen t rodo r sa l s are found, o c c a s i o n a l l y wi th basa l s and 
radials at tached. T h e y occur sporadical ly in mos t zones and regions. 

Genus G L E N O T R E M I T E S 

Remarks . Centrodorsal wi th p rominen t stellate scar on aboral surface and 
five deep , radial pits surrounding the central cavity on the ventral surface. 
Large cirrus sockets wi th weak ly crenelate marg ins deve loped around the 
margin , tending to be in vertical rows , be tween ten and 20 in total. 
Occurrence . A lb ian -San ton ian . 

Glenotremites paradoxus Goldfuss 
Plate 5 1 , figures 5 - 6 
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Echinoderms 259 

D e s c r i p t i o n . C e n t r o d o r s a l cu rved , w i t h b r o a d b a s e and t e n d i n g to b e 
hemispher ica l , about half as h igh as wide . 
O c c u r r e n c e . L o w e r C e n o m a n i a n , M. mantelli Z o n e , to Con iac i an , M. 
cortestudinarium Zone ; Kent , Sussex, Isle of Wight , Dorset , Devon and 
Yorkshi re , least rare in Kent . 

Glenotremites rotundus (Carpenter) 
Plate 5 1 , figures 3^1 

D e s c r i p t i o n . C e n t r o d o r s a l t ends to b e r o u n d e d subcon ica l in profi le . 
Ci r rus socke t s smal le r , m o r e n u m e r o u s a n d regular , and m o r e dense ly 
packed than in G. paradoxus. 
O c c u r r e n c e . U p p e r Alb ian , M. inflatum Z o n e , L o w e r C e n o m a n i a n , M. 
mantelli Zone ; Isle of Wight , Wil tshi re , Dorse t and Devon . 

G e n u s P L A C O M E T R A 

R e m a r k s . Sma l l , w i t h o u t rad ia l p i t s on ora l sur face o f cen t rodor sa l ; 
underneath flat or arched, wi thout cirri; the flat s ides have very few, large 
cirrus sockets . 

Placometra laticirra Carpenter 
Plate 5 1 , figures 1-2 

Descr ipt ion . Unde rnea th of cent rodorsa l a lmost smooth . Cirrus sockets 
tall and wi th radiat ing crenellae round their edges . 

EXPLANATION OF PLATE 50 

Fig. 1. Uintacrinus socialis Grinnell. Upper Santonian, U. socialis Zone, 
Bridlington, Yorkshire; theca obliquely viewed from below; X 1-5. 

Figs 2 - 3 . Bourgueticrinus cylindricus M'Coy. Lower Santonian, M. coranguinum 
Zone, Salisbury, Wiltshire. 2, oral, and 3, side views of theca; X 4 . 

Figs 4 - 5 . Bourgueticrinus elegans Griffith and Brydone. Lower Campanian, G. 
quadrata Zone, Seaford Head, Sussex. 4, oral, and 5, lateral views of theca; 
X 3 . 

Fig. 6. Bourgueticrinus ellipticus Miller. Lower Santonian, M. coranguinum Zone, 
Salisbury, Wiltshire; side view of theca; X 5 . 

Fig. 7. Bourgueticrinus hureae (Valette). Santonian, Gravesend, Kent; side view of 
theca with associated characteristic bourgueticrinid columnal; x 5 . 

Figs 8-9. Bourgueticrinus fritillus Griffith and Brydone. Lower Campanian, G. 
quadrata Zone, Salisbury, Wiltshire. 8, oral, and 9, side views of theca; x 4 . 

Fig. 10. Bourgueticrinus papilliformis Griffith and Brydone. Santonian, U. socialis 
Zone, Devizes, Wiltshire; side view of theca; x 2 . 

Figs 11-12. Bourgueticrinus brydonei Rasmussen. Lower Maastrichtian, 
Trimingham, Norfolk. 11, oral, and 12, side views of theca; x 4 . 
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260 Fossils of the Chalk 

O c c u r r e n c e . U p p e r Tu ron i an , S. plana Z o n e , to L o w e r San ton ian , M. 
coranguinum Zone ; rare in Surrey, Hampsh i re , Wil tshire and Dorset . 

Order R O V E A C R I N I D A 

Family R O V E A C R I N I D A E 

Remarks . Minute , f ree-swimming crinoids wi th conical or spherical theca 
con ta in ing a smal l d o u b l e cav i ty a n d n o r m a l l y w i t h sp ines , r idges or 
flanges. Roveacr in ids are occasional ly c o m m o n in the Cha lk and may be 
washed out wi th foraminifera or p icked off a i r -weathered surfaces. 

G e n u s R O V E A C R I N U S 

Remarks . Theca c o m m o n l y high and conical ; the radials bear a vertical 
r idge or wing . 
Occurrence . A lb ian -San ton ian . 

Roveacrinus alatus Doug las 
Plate 4 9 , figures 11 -12 

D e s c r i p t i o n . Rad ia l s w i th la rge ver t ica l w i n g - l i k e f langes, c o m m o n l y 
ex tend ing wel l b e l o w the b o d y of the theca . Theca s t rongly stel late in 
outl ine. 

O c c u r r e n c e . C e n o m a n i a n , z o n e u n k n o w n , to C o n i a c i a n , M. cortestu­
dinarium Zone ; rare in Sussex, Devon and Cambr idgeshi re . 

Fami ly S A C C O C O M I D A E 

Genus A P P L I N O C R I N U S 

R e m a r k s . M i n u t e ; thecal p la tes thin, su r rounding a large s ingle cavity; 
a rms very slender. 
Occurrence . K i m m e r i d g i a n - C a m p a n i a n . 

Applinocrinus cretaceus (Bather) 
Plate 49 , figure 14 

E X P L A N A T I O N O F P L A T E 51 

Figs 1-2. Placometra laticirra Carpenter. Upper Chalk, Wylye, Wiltshire. 1, side, 
and 2, underneath views of centrodorsal; x 10. 

Figs 3^4. Glenotremites rotundus (Carpenter). Haldon, Devon, ?Cenomanian. 3, 
side, and 4, underneath views of centrodorsal; x 9 . 

Figs 5-6. Glenotremites paradoxus Goldfuss. Upper Turonian, S. plana Zone, 
Culver Cliff, Isle of Wight. 5, side, and 6, underneath views of centrodorsal 
plate with radials; x 9 . 

Fig. 7. Marsupites testudinarius (Schlotheim). Upper Santonian, M. testudinarius 
Zone, Kent; lateral view of cup; x 1-5. 
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262 Fossils of the Chalk 

D e s c r i p t i o n . T h e c a subcornea l w i th inflated s ides a n d m o r e or less 
poin ted distally; upper surface has five prot ruding radial double r idges. 
Occurrence . Lower Campan ian , G. quadrata Zone , in a na r row band near 
the base of the zone; Sussex and Hampsh i re ; n o w also k n o w n from the 
Upper C a m p a n i a n - u p p e r m o s t Maast r icht ian of the Nether lands . 

Order U I N T A C R I N I D A 

Remarks . F ree - swimming crinoids consist ing of a large sac-l ike theca and 
long arms. 

Fami ly U I N T A C R I N I D A E 

Genus U I N T A C R I N U S 

R e m a r k s . T h e c a c o m p o s e d o f m a n y r a the r smal l p la t e s , t h i ck in the 
middle , thinner at the edges ; the lower plates of the arms form part of the 
thecal sac and there is a gradual t ransi t ion from theca to free a rms . 
Occurrence . Uintacrinus appears suddenly in vast n u m b e r s in the Upper 
Santonian of Europe , Austral ia and Nor th A m e r i c a and disappears by the 
end of the stage. Its ancestry remains cryptic . 

Uintacrinus socialis Gr innel l 
Plate 50, figure 1 

Descript ion. Ossicles of the theca with regular edges and a lmost smooth. 
The only other k n o w n species, U. anglicus Rasmussen from the top of the 
M. testudinarius Z o n e , has the theca oss ic les wi th i r regular e d g e s and 
folds on the surface. 
Occurrence . Upper Santonian, U. socialis Zone ; abundant wherever the 
zone occurs , from Kent to Dorset and north to Yorkshi re . 

Fami ly M A R S U P I T I D A E 

G e n u s M A R S U P I T E S 

Remarks . Theca is a sac composed of 16 large, thin, a lmost equal plates; 
the a rms are sharply d i s t inguished from the theca and ar t icula ted to its 
upper edge. 
O c c u r r e n c e . Marsupites a p p e a r s s u d d e n l y in the U p p e r San ton ian , 
s l ight ly la ter than Uintacrinus, in E u r o p e , N o r t h Afr ica, M a d a g a s c a r , 
India, Austral ia and North Amer ica . 

Marsupites testudinarius (Schlotheim) 
Plate 5 1 , figure 7 
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Echinoderms 263 

Descript ion. The large pentagonal thecal plates vary from almost smooth 
to strongly o rnamented wi th granulated radiat ing r idges. 
Occurrence . U p p e r Santonian, M. testudinarius Zone ; c o m m o n wherever 
its zone occurs , from Kent to Dorset and Yorkshi re . 

Subphy lum E L E U T H E R O Z O A 

Class A S T E R O I D E A 

Order V A L V A T I D A 

Suborder T U M U L O S I N A 

Family S T A U R A N D E R A S T E R I D A E 

R e m a r k s . M a r g i n a l s a n d oss i c l e s o f u p p e r surface are n o t c h e d at the 
corners so that they are shield- or cross-shaped. The upper surface has a 
swollen central ossicle and a r ing of five large radial ossicles. 

Genus A S P I D A S T E R 

Remarks . A r m s swollen, separated from disc by a na r row neck. 
Occurrence . Ba thon ian -Dan ian . 

Aspidaster bulbiferus (Forbes) 
Plate 52, figure 11 

Descript ion. Major ossicles have an even spread of fine pi ts , except for a 
smooth band a round the edge. 
Occurrence . Lower Turonian, /. labiatus Zone , to U p p e r Campanian , B. 
mucronata Zone ; found in all areas in mos t zones , part icularly in the M. 
coranguinum Zone in the south-east . 

Suborder G R A N U L O S I N A 

Fami ly G O N I A S T E R I D A E 

Subfamily G O N I A S T E R I N A E 

Genus M E T O P A S T E R 

Remarks . Flat, pentagonal form with a rms not or only slightly produced; 
upper margina ls differentiated into rectangular intermediates , 2 - 6 a side, 
and t r iangular u l t imates . Surface of marg ina l s wi th distinct central area, 
with or wi thout wel l -separa ted pi ts , and nar row, smooth or finely pi t ted 
edge. 
Occurrence . C e n o m a n i a n - E o c e n e , ?Recent (the l iving genus Tosia m a y 
be synonymous) . 
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264 Fossils of the Chalk 

Metopaster hunteri (Forbes) 
Plate 52, figure 3 

Descript ion. Pentagonal , wi th three upper margina ls in each half radius, 
low in profile bu t r a the r swol l en . U l t i m a t e s sca rce ly la rger than other 
m a r g i n a l s . U p p e r m a r g i n a l s s w o l l e n abora l ly and w i t h charac te r i s t i c 
ornament of rugosi t ies and pits. 
O c c u r r e n c e . C o n i a c i a n - L o w e r C a m p a n i a n , bu t on ly c o m m o n in the 
L o w e r Santonian , M. coranguinum Z o n e ; Kent , Surrey , H a m p s h i r e and 
Sussex. 

Metopaster parkinsoni (Forbes) 
Plate 52, figures 1-2 

Descript ion. In termediate upper margina ls normal ly four in number , low 
in profile but ra ther swol len ; u l t imates long and t r iangular w i th evenly 
r o u n d e d sur face . R a i s e d cen t ra l a rea on m a r g i n a l s w i th p i ts bu t no 
rugosit ies. 
Occurrence . Rare in Cenoman ian but c o m m o n from the Middle Turonian, 
T. lata Zone , to Lower Campanian , G. quadrata Zone ; fairly c o m m o n at 
mos t hor izons in mos t areas. 

Metopaster thoracifer (Geini tz) 
Plate 52, figure 12 

Descr ip t ion . T w o in te rmed ia te uppe r m a r g i n a l s on ly ; u p p e r marg ina l s 
low in profile, u l t imate supermargina ls tr iangular, low, longer than broad 
wi th one or m o r e p r o m i n e n t ho rn - l i ke p ro j ec t i ons ; all m a r g i n a l s wi th 
uniform pits over well-defined central area. 
O c c u r r e n c e . C e n o m a n i a n - M i d d l e Turon ian , T. lata Z o n e ; in Eng land , 
k n o w n only from cliff-top exposures in calcareni tes of the /. labiatus and 
T. lata zones west of Branscombe , Devon , where it is c o m m o n , and as rare 
strays to the immedia te east. 

Metopaster tumidus Spencer 
Plate 52 , figure 4 

D e s c r i p t i o n . F o u r s u p e r m a r g i n a l s in e a c h h a l f r a d i u s , t h e s e b e i n g 
h igh wi th the upper surface ra ised in a b r o a d swel l ing to wh ich pi ts tend 
to be confined; u l t imate marg ina l s short and b locky , not p roduced in a 
point . 
Occurrence. Upper Campanian , B. mucronata Zone , to Lower Maastr ich­
tian; rather c o m m o n in the Isle of Wight , Dorse t and Norfolk. 
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Echinoderms 265 

Metopaster uncatus (Forbes) 
Plate 52, figure 6 

Descr ipt ion . U l t ima te upper marg ina l s long and po in ted ; in te rmedia tes 
two or three in each half radius; no pits, but upper marginals m a y have a 
low ridge and swel l ing near the inner edge. 
O c c u r r e n c e . M i d d l e Tu ron i an , T. lata Z o n e , to U p p e r C a m p a n i a n , B. 
mucronata Zone ; rare at base and top of range , o therwise c o m m o n and 
widespread. 

Genus P A R A M E T O P A S T E R 

R e m a r k s . L ike Metopaster bu t marg ina l s wi thout differentiated central 
and marginal zones . 
Occurrence . Cenoman ian -Maas t r i ch t i an . 

Parametopaster undulatus (Spencer ) 
Plate 52, figure 13 

Descript ion. Smal l , wi th three supermarginals in each half radius . Median 
marg ina l s l ow and b road , often wi th s l ight ly i r regular surface t owards 
m a r g i n s o f ou te r face. Sur face c o v e r e d in c l o s e - p a c k e d p i t s . U l t ima te 
marginals short. 
Occurrence . Lower Campanian , G. quadrata Zone , to Lower Maastr ich-
tian, B. lanceolata Zone ; ra ther rare in Hampsh i re , Dorse t and Norfolk. 

G e n u s R E C U R V A S T E R 

R e m a r k s . F la t , p e n t a g o n a l form wi th a r m s d is t inc t ly p r o d u c e d and 
upturned; upper margina ls numerous , those towards the distal tip meet ing 
along the centre of the arm. Surface of marg ina l s as in Metopaster. 
Occurrence . Campan ian -Maas t r i ch t i an . 

Recurvaster cf. radiatus (Spencer) 
Plate 52, figure 7 

D e s c r i p t i o n . S u p e r m a r g i n a l s s m o o t h , i n f e romarg ina l s wi th r e d u c e d 
central area. 
O c c u r r e n c e . U p p e r C a m p a n i a n , B. mucronata Z o n e ; c o m m o n in the 
Weybourne Cha lk of Norfolk. 
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Echinoderms 267 

Subfamily uncer ta in 

Genus C R A T E R A S T E R 

Crateraster quinqueloba (Goldfuss) 
Plate 52, figure 8 

Descript ion. A r m s slightly to modera te ly produced, with upper marginals 
in contact on the midl ine ; upper marg ina l s wi th wel l -demarcated and flat 
upper and outer faces set at right angles , wi th l ipped crater-like pits and 
rugosit ies on all but the earliest forms. 
O c c u r r e n c e . U p p e r A lb i an , IS. dispar Z o n e , to U p p e r C a m p a n i a n , B. 
mucronata Zone ; the c o m m o n e s t Chalk starfish, in all areas and in most 
zones. 

Fami ly P Y C I N A S T E R I D A E 

Genus P Y C I N A S T E R 

Remarks . Ra ther large with long, stout a rms; margina ls high, al ternating. 
Occurrence . L o w e r Ju ras s i c -Miocene . 

E X P L A N A T I O N O F P L A T E 52 

Figs 1-2. Metopaster parkinsoni (Forbes); outer face of median superomarginal 
ossicles. 1, Santonian, M. coranguinum Zone; Isle of Wight; x 3 . 2, Upper 
Campanian, B. mucronata Zone, Isle of Wight; x 3 . 

Fig. 3. Metopaster hunteri (Forbes). Lower Santonian, M. coranguinum Zone, 
Bromley, Kent; outer face of superomarginal ossicle; X4. 

Fig 4. Metopaster tumidus Spencer. Upper Campanian, B. mucronata Zone, 
locality unknown; outer face of superomarginal ossicle; X 1-5. 

Fig. 5. Pycinaster magnificus Spencer. Lower Campanian, G. quadrata Zone, East 
Harnham, Salisbury, Wiltshire; outer face of superomarginal ossicle; x 2 . 

Fig. 6. Metopaster uncatus (Forbes). Lower Santonian, M. coranguinum Zone, 
Bromley, Kent; upper side, segment of marginal frame; x 2 . 

Fig. 7. Recurvaster cf. radiatus (Spencer). Upper Campanian, B. mucronata Zone, 
Weybourne, Norfolk; outer face of superomarginal ossicle; x2-5. 

Fig. 8. Crateraster quinqueloba (Goldfuss). Lower Santonian, M. coranguinum 
Zone, Micheldever, Hampshire; upper side; x 1-5. 

Fig. 9. Pycinaster angustatus (Forbes). Santonian, M. coranguinum Zone, locality 
unknown, Kent; upper surface of one arm; x 1. 

Fig. 10. Ophiomusium subcylindricum (Hagenow). Upper Campanian, B. 
mucronata Zone, Sheringham, Norfolk; end view of fragment of arm showing 
two lateral arm plates surrounding central vertebra; x 3 . 

Fig. 11. Aspidaster bulbiferus (Forbes). Lower Santonian, M. coranguinum Zone, 
Newlands Corner, Surrey; upper side of an arm; x 2 . 

Fig. 12. Metopaster thoracifer (Geinitz). Lower Turonian, /. labiatus Zone, west of 
Branscombe, Devon; side of a specimen reconstructed from dissociated 
marginals of different individuals; x 2 . 

Fig. 13. Parametopaster undulatus (Spencer). Upper Campanian, B. mucronata 
Zone, Studland, Dorset; upper side, segment of marginal frame; X 1-5. 
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268 Fossils of the Chalk 

Pycinaster angustatus (Forbes) 
Plate 52 , figure 9 

Descr ipt ion . Size modera te , upper marg ina l s of interrays not conspicu­
ously swollen, outer surface smooth. 
O c c u r r e n c e . San ton i an , M. coranguinum-M. testudinarius zones ; 
modera te ly c o m m o n in all areas. 

Pycinaster magnificus Spencer 
Plate 52 , figure 5 

Descr ip t ion . M a r g i n a l s ve ry la rge , t hose o f in t e r rays c o n s p i c u o u s l y 
swollen; outer surface wi th very shal low pits . 
Occurrence . Campan ian , O. pilula—B. mucronata zones ; rather c o m m o n 
in all areas where these zones are exposed. 

Class O P H I U R O I D E A 

Order O P H I U R I D A 

Suborder P H R Y N O P H I U R I N A 

Fami ly O P H I U R I D A E 

Remarks . Individual a rm plates and less c o m m o n l y fragments of a rms or 
comple te spec imens o f br i t t le -s tars b e l o n g i n g to several gene ra of this 
family occu r sporad ica l ly t h r o u g h o u t the C h a l k bu t are c o m m o n e s t in 
parts of the Cenoman ian and in the Campan ian . 

Subfamily O P H I O L E P I D I N A E 

Genus O P H I O M U S I U M 

R e m a r k s . U p p e r and lower a rm p la tes ves t ig ia l so that , at least in the 
outer part of the a rms, the side pla tes mee t above and be low. 
Occurrence . Ju rass ic -Recen t . 

Ophiomusium subcylindricum (Hagenow) 
Plate 52, figure 10 

Descr ip t ion . R e a d i l y r e c o g n i z e d b y the s ide p la te s o f the a r m b e i n g 
semic i r cu la r in end v i e w , wi th the ou te r par t we l l s epa ra t ed from 
neighbours ; plates smooth. 
O c c u r r e n c e . U p p e r C a m p a n i a n , B. mucronata Z o n e ; r a the r rare in 
Norfolk. 
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Echinoderms 269 

Class E C H I N O I D E A 

Order C I D A R O I D A 

Fami ly C I D A R I D A E 

R e m a r k s . Regular , m o r e or less g lobular ech inoids wi th na r row ambu­
lacra and wide in terambulacra composed of few, large plates each bear ing 
a s ingle large per fora te tuberc le . A m b u l a c r a m a d e up of s imple p la tes 
th roughou t . Pe r igna th ic g i rd le c o m p o s e d o f a p o p h y s e s only . C o m p l e t e 
tests are rare in the Cha lk bu t dissociated plates and the stout short or long 
spines are c o m m o n . 
Occurrence . U p p e r Jurass ic -Recen t . 

Subfamily S T E R E O C I D A R I N A E 

Remarks . Uppe rmos t in terambulacral plates wi th no or only rudimentary 
tubercle; horizontal sutures be tween plates c o m m o n l y grooved. 
Occurrence . Ap t i an -Recen t . 

Genus T E M N O C I D A R I S 

Subgenus S T E R E O C I D A R I S 

R e m a r k s . U p p e r p l a t e s d i s t inc t ly ta l le r than w i d e ; n e v e r m o r e than a 
single plate in each interambulacral co lumn wi th a rudimentary tubercle. 
Occurrence . Ap t i an -Recen t . 

Temnocidaris (Stereocidaris) carteri (Forbes) 
Plate 5 3 , figure 11 

Descript ion. Test very small and rather high and inflated. Interambulacra 
wi th j u s t four p la te s to a c o l u m n , the u p p e r m o s t in each c o l u m n wi th 
rudimentary tubercle . Spines unknown . 
Occurrence . Middle or Uppe r Cenomanian ; rare, Cambr idgeshi re . 

Temnocidaris (Stereocidaris) intermedia (Wil tshire , in Wright ) 
Plate 5 3 , figure 4 

D e s c r i p t i o n . Te s t un i fo rmly r o u n d e d . I n t e r a m b u l a c r a wi th five or s ix 
plates to a co lumn, wi th wel l -deve loped tubercles on all but one adapical 
p la te in each z o n e . I n t e r a m b u l a c r a l p la t e s no t i nc reas ing in he igh t 
adapical ly and wi th fine, dense granula t ion . Spines long and cylindrical 
wi th fine thorned ribs. 
O c c u r r e n c e . U p p e r Tu ron i an , S. plana Z o n e , to L o w e r San ton ian , M. 
coranguinum Zone ; fairly c o m m o n in southern England. 
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270 Fossils of the Chalk 

Temnocidaris (Stereocidaris) sceptrifera (Mantel l ) 
Plates 5 3 , figures 6 - 7 

Descript ion. Test equal ly flattened above and be low or slightly subconical 
above . In terambulacra wi th five or six pla tes to a co lumn, the uppermos t in 
each very high wi th rudimentary tubercle and surrounding bald area, the 
latter c o m m o n l y extended upwards . Spines stout, modera te ly long, inflated 
and widest at the inner third, then nar rowing gradual ly , with longitudinal 
rows of fine thorns. 
O c c u r r e n c e . U p p e r Turon ian , S. plana Z o n e , to U p p e r C a m p a n i a n , G. 
quadrata Z o n e ; w i d e s p r e a d , c o m m o n f rom M. cortestudinarium-M. 
testudinarius zones . 

G e n u s P R I O N O C I D A R I S 

R e m a r k s . In terambulacra l p la tes w ide with p r imary tubercle occupying 
almost entire height of plate; more than six plates in a co lumn. 
Occurrence . A lb i an -Recen t . 

Prionocidaris vendocinensis (Agass iz and Desor) 
Plate 53 , figure 5 

Descript ion. Test very high, evenly rounded in profile, wi th up to nine 
p la tes in each i n t e r a m b u l a c r a l c o l u m n ; u p p e r m o s t p la t e s w i t h we l l -
d e v e l o p e d tube rc l e s . P r i m a r y t ube rc l e s on i n t e r ambu lac r a l p la t e s not 
separa ted by mi l i a ry g r a n u l e s . Sp ines ve ry long , t ap e r i n g e x t r e m e l y 
gradually, with rather few, weak r idges bear ing distant p rominen t thorns. 
O c c u r r e n c e . U p p e r Tu ron i an , S. plana Z o n e , to L o w e r San ton ian , M. 
coranguinum Zone ; widespread and c o m m o n in the M. coranguinum Zone 
in southern England, rather rare be low and e lsewhere . 

Genus P H A L A C R O C I D A R I S 

R e m a r k s . Aboral in te rambulacra l p la tes lacking a p r imary tubercle and 
distinctly wider than tall. 
Occurrence . C e n o m a n i a n - R e c e n t . 

Phalacrocidaris merceyi (Cotteau) 
Plate 53 , figure 10 

Descript ion. Test subconical , with uppermos t 2 - 5 plates lacking properly 
deve loped tuberc les . Ambi t a l in terambulacra l p la tes as w ide as tall and 
pr imary tubercles wel l separated from one another . Spines very long and 
slender, with rather few, weak, serrated r idges. 
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Echinoderms 271 

O c c u r r e n c e . U p p e r Tu ron i an , S. plana Z o n e , to L o w e r San ton ian , M. 
coranguinum Z o n e ; widespread and c o m m o n in the M. coranguinum Zone 
in southern England, rather rare be low and e lsewhere . 

Genus H I R U D O C I D A R I S 

Remarks . L ike Temnocidaris but wi th fusiform spines that are r ibbed. 
Occurrence . C e o n m a n i a n - C a m p a n i a n . 

Hirudocidaris hirudo (Sorignet) 
Plate 5 3 , figure 9 

Description. Test rather high and inflated. In terambulacra with five or six 
plates to a co lumn, the uppermos t in alternate co lumns with rudimentary 
tubercle. Spines short and stout, wides t at mid-point , not nar rowing much 
to the truncated and c rowned end; wi th dense , fine, more or less definitely 
granulated r idges. 
Occurrence . Middle C e n o m a n i a n - L a t e Campan ian , B. mucronata Zone ; 
widespread at all hor izons but abundan t in L o w e r Turonian of southern 
England. 

Fami ly P S Y C H O C I D A R I D A E 

Remarks . All but adapical p r imary tubercles imperforate ; spines acorn- or 
club-shaped. 
Occurrence . A lb ian -Recen t . 

G e n u s T Y L O C I D A R I S 

Tylocidaris (Tylocidaris) clavigera (Mantel l ) 
Plate 53 , figure 1 

Description. Test rather flat above and be low; five interambulacral plates 
in each column. Pr imary tubercles most ly imperforate, al though occasional 
adapica l t ube rc l e s m a y h a v e a smal l r u d i m e n t a r y per fora t ion . Sp ines 
var iable , c lub - shaped , a l w a y s wi th m o r e or less r o u n d e d top and wi th 
distinct r idges wi th fine thorns. 
O c c u r r e n c e . U p p e r Tu ron i an , S. plana Z o n e , to L o w e r San ton ian , M. 
coranguinum Zone ; widespread in southern England but only c o m m o n in 
the Lower Santonian. 

Tylocidaris (Tylocidaris) sorigneti (Desor) 
Plate 53 , figures 2 - 3 

Description. Test as in T. clavigera, but interradial granular zones narrower. 
Spines shor t and c lava te wi th coarse r ser ra ted r ibs and great ly r educed 
handle; ending in a conical t ip. 
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Echinoderms 273 

Occurrence . L o w e r Turonian , /. labiatus Zone ; D e v o n and Dorset . 

Tylocidaris (Oedematocidaris) asperula (Roemer) 
Plate 53 , figure 8 

Descr ipt ion . Tes t as in T. sorigneti. Sp ines g land i form and covered in 
dense, fine, granular ornament . 
Occurrence . M i d d l e - U p p e r C e n o m a n i a n ; local ly c o m m o n from south­
east England to Yorkshi re . 

Cohor t E C H I N A C E A 

Order C A L Y C I N A 

Fami ly S A L E N I I D A E 

R e m a r k s . S m a l l , r e g u l a r e c h i n o i d s w i t h few in t e r ambu lac r a l p la tes , 
bearing large imperforate tubercles; the apical disc is large and cap-l ike, 
wi th the per iproc t offset from cent re , and wi th an ext ra (suranal ) p la te 
inside the r ing of ocular and genital plates . 

G e n u s H Y P O S A L E N I A 

R e m a r k s . Pe r ip roc t offset d i rec t ly b a c k w a r d s to face b e t w e e n t w o 
ambulacra . 
Occurrence . Ju rass ic -Pa laeocene . 

E X P L A N A T I O N O F P L A T E 53 

Fig. 1. Tylocidaris (Tylocidaris) clavigera (Mantell). Upper Chalk, no locality 
data; test with spines, x 1. 

Figs 2 - 3 . Tylocidaris (Tylocidaris) sorigneti (Desor). Lower Turonian, 
Branscombe, Devon. 2, oral, and 3, lateral views of test; x 2 . 

Fig. 4. Temnocidaris (Stereocidaris) intermedia (Wiltshire). Upper Chalk, no 
locality details; lateral view of test; x 1. 

Fig. 5. Prionocidaris vendocinensis (Agassiz and Desor). Santonian, Gravesend, 
Kent; lateral view of partially dissociated test; x 1. 

Figs 6-7. Temnocidaris (Stereocidaris) sceptrifera (Mantell). Lower Santonian, M. 
coranguinum Zone, Beddingham, Sussex. 6, apical, and 7, lateral views of test; 
x l . 

Fig. 8. Tylocidaris (Oedematocidaris) asperula (Roemer). Middle Cenomanian, 
Southerham, Sussex; spine; X l . 

Fig. 9. Hirudocidaris hirudo (Sorignet). Lower Santonian, M. coranguinum Zone, 
Bromley, Kent; spine; x 1. 

Fig. 10. Phalacrocidaris merceyi (Cotteau). Lower Santonian, M. coranguinum 
Zone, Bromley, Kent; lateral view of test; x 1. 

Fig. 11. Temnocidaris (Stereocidaris) carteri (Forbes). Cenomanian, Cambridge; 
lateral view of test; x 4 . 
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274 Fossils of the Chalk 

Hyposalenia clathrata (Woodward ) 
Plate 54, figures 7 - 8 

Descr ipt ion . N o r m a l l y small but spec imens up to 26 m m diameter are 
k n o w n from K e n t . Ap ica l d i sc a b o u t four-fifths o f total d iameter , 
subconical with lobed outl ine, deeply but variably indented by oval pits or 
grooves radiat ing from the genital pores . 

Occurrence . U p p e r Alb ian , S. dispar Z o n e , to L o w e r C e n o m a n i a n , M. 
dixoni Zone ; sparse but widespread in southern England and East Anglia. 

Genus S A L E N I A 

Remarks . Periproct offset towards the latero-posterior, facing towards an 
ambulacrum. Apical disc th ickened and elevated above remainder of test; 
general ly smooth. 
Occurrence . Haute r iv ian-Recen t . 

Salenia petalifera (Defrance, in Desmares t ) 
Plate 54, figures 1-2 

Descript ion. Rather large, evenly rounded in profile. Apical disc half to 
two-thirds of total d iameter , slightly convex to low subconical , with the 
edges o f the pe r ip roc t ra i sed ; e l onga t ed pi ts c ross the su tu res and the 
p l a t e s vary from nea r ly s m o o t h to b e i n g c o v e r e d wi th fine, i r regular 
r idges . A m b u l a c r a s t r ic t ly b i g e m i n a t e t h r o u g h o u t ( i .e . t w o pa i r s of 
ambulacral pore-pairs to each pr imary tubercle) . 

O c c u r r e n c e . C e n o m a n i a n , M. mantelli-C. guerangeri z o n e s ; sparse, 
throughout all exposures . 

Salenia magnifica Wr igh t 
Plate 54, figures 3^4-

Descript ion. Large and rather tall test; raised apical disc with only rela­
t ively small sutural pit t ing developed. Ambulac ra c o m p o s e d of alternately 
s imple and bigeminate plates. 
O c c u r r e n c e . U p p e r San ton ian , M. testudinarius Z o n e , to Lower 
Maastr icht ian; fairly c o m m o n throughout southern Eng land in the Upper 
Santonian and Campanian . 

Genus S A L E N O C I D A R I S 

Remarks . Apical disc hardly raised above remainder of test and covered 
in dense pus tu l a r o r n a m e n t . A m b u l a c r a l p l a t ing b iser ia l adora l ly or 
throughout . 
Occurrence . A lb ian -Recen t . 
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Echinoderms 275 

Salenocidaris granulosa ( W o o d w a r d ) 
Plate 54 , figures 5 - 6 

Descript ion. Smal l , rather tall to depressed. Apical disc very wide , with­
out distinct edge , covered wi th fine to rather coarse rugosit ies . 
Occurrence . Lower Turonian, I. labiatus Zone , to Uppe r Campanian , B. 
mucronata Z o n e ; w i d e s p r e a d at m o s t h o r i z o n s , c o m m o n e s t in the 
Turonian and Lower Santonian. 

Order P H Y M O S O M A T O I D A 

Family D I P L O P O D I I D A E 

Remarks . Circular , normal ly flat test wi th large, pentagonal apical disc 
open ing ; p r i m a r y t ube rc l e s pe r fo ra te and c renu la t e , sma l l e r and m o r e 
n u m e r o u s than in c idar ids or sa leni ids . A m b u l a c r a l p la t ing t r igemina te 
adorally; pores ar ranged biserially on the upper surface in adults . 
Occurrence . Uppe r Jurassic (Oxfordian) - Cenomanian . 

Genus T E T R A G R A M M A 

Remarks . T w o or more p r imary tubercles on each interambulacral plate. 

R o w s of pore pairs doubled in upper part of ambulacra . 

Tetragramma variolare (Brongniar t ) 
Plate 55 , figures 1-2 

Descr ipt ion . He igh t and inflation var iab le , t hough genera l ly ra ther de­
pressed; 2—4 pr imary tubercles on each interambulacral plate . 
Occurrence . Upper Albian, M. inflatum Zone , to Upper Cenomanian , C. 
guerangeri Zone ; c o m m o n in the sandy Cenoman ian of Devon , rather rare 
in the Lower Chalk of Kent and in the Cha lk Basemen t Beds of Dorset , 
Wil tshire and Somerset . 

Fami ly P H Y M O S O M A T I D A E 

R e m a r k s . P r i m a r y tube rcu le s imper fo ra te and c renu la t e . A m b u l a c r a l 
plating po lygemina te , wi th characteris t ic plate compound ing style. 
Occurrence . Middle Jurassic (Cal lovian) - Eocene . 

G e n u s P H Y M O S O M A 

Remarks . Pore pairs in doubled rows on upper side and near the mouth ; 
per is tome hardly invaginated; tuberculat ion relatively coarse. 
Occurrence . Ca l lov ian-Pa laeocene . 
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Echinoderms 277 

Phymosoma koenigi (Mantel l ) 
Plate 55 , figures 5 - 6 

Descript ion. Ra ther large and flattened in profile. Differs from the con­
temporary P. corollare (Leske) main ly in hav ing secondary tubercles on 
in t e rambulac ra l p la t e s a b o v e the a m b i t u s that are a lmos t as b ig as the 
pr imaries . Con tempora ry Gauthieria species differ in having pore pairs in 
single rows throughout and deeply sunken per i s tomes . 
Occurrence . Coniac ian , M. coranguinum Zone , to Lower Campanian , O. 
pilula Zone ; fairly c o m m o n in the M. coranguinum Zone , less so above 
and be low; widespread bu t rare in the north. 

Superorder C A M A R O D O N T A 

Order T E M N O P L E U R O I D A 

Remarks . Small regular echinoids wi th strongly r idged or g rooved test. 

Fami ly Z E U G L O P L E U R I D A E 

Genus E C H I N O C Y P H U S 

Remarks . Apical disc rather large and pentagonal wi th plates only loosely 
bound to test and thus a lmost a lways lost. Adapica l hor izontal sutures wi th 
pa i red V - s h a p e d su tu re s . I n t e r a m b u l a c r a l t u b e r c l e s imper fo ra te and 
crenulate. 
Occurrence . C e n o m a n i a n - T u r o n i a n . 

Echinocyphus rotatus Cot teau 
Plate 54, figure 9 

E X P L A N A T I O N O F P L A T E 54 

Figs 1-2. Salenia petalifera (Defiance, in Desmarest). Lower Cenomanian, M. 
mantelli Zone, Burham, Kent. 1, apical, and 2, lateral views of test; x 1 -3. 

Figs 3-4. Salenia magnifica Wright. Upper Santonian, M. testudinarius Zone, 
Thanet coast, Kent. 3, lateral, and 4, apical views of test; x 1 -3. 

Figs 5-6. Salenocidaris granulosa (Woodward). Lower Santonian, M. 
coranguinum Zone, Kent. 5, apical, and 6, lateral views of test; x 2 . 

Figs 7 -8 . Hyposalenia clathrata (Woodward) forma umbrella. Middle 
Cenomanian, A. rhotomagense Zone, Dover, Kent. 7, apical, and 8, lateral 
views of test; x 2 . 

Fig. 9. Echinocyphus rotatus Cotteau. Middle Cenomanian, A. rhotomagense 
Zone, Dover, Kent; lateral view of test; x 2 . 

Figs 10-11. Cottaldia benettiae (Konig). Lower Cenomanian, Warminster, 
Wiltshire. 10, lateral, and 11, apical views of test; x 2 . 
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Echinoderms 279 

Descript ion. Smal l , fiat-based and rather depressed test. Interambulacral 
p la tes wi th s ing le p r i m a r y tube rc l e s u r r o u n d e d by d e n s e g ranu la t ion . 
A m b u l a c r a l t ube r cu l a t i o n i r r egu la r ly d e v e l o p e d ; typ ica l ly w i t h j u s t a 
single co lumn of tubercles in each zone . 
Occurrence . U p p e r Alb ian , S. dispar Z o n e , to Middle C e n o m a n i a n , A. 
rhotomagense Zone ; c o m m o n in sandy Cenoman ian in Devon but rare in 
Chalk facies, occurr ing sparsely in southern England and East Anglia . 

Genus Z E U G L O P L E U R U S 

Remarks . Small , depressed or g lobular test. In terambulacral plates with 
r idges or rows of granules radia t ing from the p r imary tuberc les . Apical 
disc plates firmly bound to the test and wi th notched periproctal margin. 
Occurrence . Cenoman ian -Maas t r i ch t i an . 

Zeuglopleurus rowei Gregory , in R o w e 
Plate 55 , figures 7 - 8 

Descript ion. Very small , inflated, and wi th very large periproct; tubercles 
small but those at marg in and be low larger than those above . 
O c c u r r e n c e . San ton ian , M. coranguinum—M. testudinarius zones ; rare 
but w i d e s p r e a d , k n o w n in Ken t , Sur rey , Sussex , Is le of W i g h t and 
Yorkshire . 

Order uncer ta in 

Genus C O T T A L D I A 

R e m a r k s . G l o b u l a r test w i th m a n y smal l , un i fo rm tube rc l e s cove r ing 
ambu lac r a l and i n t e r a m b u l a c r a l p l a t e s . Ap ica l d isc smal l and usua l ly 
preserved in life posit ion. Pore-pairs uniserial throughout . 
Occurrence . A l b i a n - C e n o m a n i a n . 

EXPLANATION OF PLATE 55 

Figs 1-2. Tetragramma variolare (Brongniart). Cenomanian, ?M dixoni Zone, 
Folkestone, Kent. 1, oral, and 2, lateral views of test; x 1-3. 

Figs 3-4. Gauthieria radiata (Sorignet). Lower Turonian, /. labiatus Zone, Dover, 
Kent. 3, oral, and 4, lateral views of test; X 1 -3. 

Figs 5-6. Phymosoma koenigi (Mantell). ?Santonian, Gravesend, Kent. 5, oral, and 
6, lateral views of test; x 1 -3. 

Figs 7-8 . Zeuglopleurus rowei Gregory. Upper Santonian, U. socialis Zone, 
Westgate, Kent. 7, lateral, and 8, apical views of test; x 3 . 

Figs 9-10. Conulus albogalerus Leske. Lower Santonian, M. coranguinum Zone, 
Northfleet, Kent. 9, oral, and 10, lateral views of test; x 1-3. 

Fig. 11. Conulus subrotundus Mantell. Lower Turonian, /. labiatus Zone, Burham, 
Kent; lateral view of test; x 1 -3. 
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280 Fossils of the Chalk 

Cottaldia benettiae (Konig) 
Plate 54 , figures 10 -11 

Description. Test up to 15 m m in diameter . Globular in profile and wi th 
single row of p r imary tubercles on each interambulacral plate . 
Occurrence. Cenoman ian , M. mantelli-C. guerangeri zones ; u n c o m m o n 
in the C e n o m a n i a n of sou th -eas t E n g l a n d , m o r e c o m m o n in the sandy 
Lower Cenomanian facies of D e v o n and Wil tshire . 

Cohor t I R R E G U L A R I A 

Order H O L E C T Y P O I D A 

Remarks . Irregular echinoids wi th anus outs ide the apical system; outline 
pentameral ly or bilaterally symmetr ica l . Per i s tome large and central , with 
buccal notches. 
Occurrence. Lower Jurassic (Toarcian) - Upper Cretaceous (Maastrichtian). 

Fami ly D I S C O I D I D A E 

Genus D I S C O I D E S 

R e m a r k s . Small, bun-shaped to subconical test, circular to subpentagonal 
in ou t l ine and cove red w i t h dense , m i n u t e tube rc l e s . O n l y one of the 
geni ta l plates in the apical sys tem is perforated by madrepores . Periproct 
on the flat base. Thick r idges developed on interior of oral surface. 
Occurrence . A lb ian-Coniac ian . 

Discoides subuculus (Leske) 
Plate 56, figures 6 - 8 

Descript ion. Depressed wi th convex sides, to a lmost conical . Peristome 
large; per iproct occupies more than half the space be tween per i s tome and 
margin. Granulat ion on plates dense and irregular. 
Occurrence . U p p e r Alb ian , S. dispar Z o n e , to U p p e r C e n o m a n i a n , C. 
guerangeri Zone ; c o m m o n in Chalk Basement Beds and lower part of the 
Cenomanian in the south, absent in the north. 

Genus C A M E R O G A L E R U S 

Remarks . B u n - s h a p e d to subcon ica l test , c i rcu la r to subpen t agona l in 
outline and cove red in dense , m i n u t e tube rc les . Al l five o f the genital 
plates in the apical sys tem are perforated by madrepores . Thin, blade-like 
ridges developed on interior of oral surface. 
Occurrence. Alb ian-Maas t r i ch t i an . 
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Echinoderms 281 

Camerogalerus minimus (Agass iz) 
Plate 56, figures 4 - 5 

Descript ion. Small rounded to subconical test. Al l five genital plates of 
the apical sys tem are perforated by gonopores . Sides and marg in are more 
even ly r o u n d e d and the p e r i s t o m e and pe r ip roc t m u c h sma l l e r than in 
Discoides subuculus. Granula t ion on pla tes obviously al igned. 
Occurrence . Lower Turonian , /. labiatus Zone , to Coniacian, M. cortes­
tudinarium Zone ; widespread and c o m m o n in the south in the lower part 
of the Turonian , rarer in the north; very rare in the S. plana Zone from 
Kent to Devon and in the M. cortestudinarium Zone of Devon. 

Camerogalerus cylindricus (Lamarck) 
Plate 56, figs 1-3 

Descr ipt ion . Ra the r l a rge ; c i rcu lar or subpen tagona l in ou t l ine ; y o u n g 
tests are bun-shaped wi th flat base , older ones wi th increasingly vertical 
sides and low, rounded top. Often appears to be smooth but wel l -preserved 
tests are covered in minu te tubercles . 
Occurrence . Cenoman ian , M. mantelli—M. geslinianum zones ; general ly 
distributed, somet imes c o m m o n . 

Order E C H I N O N E O I D A 

Fami ly C O N U L I D A E 

Remarks . Out l ine a lmost but not qui te circular or subpentagonal to oval . 
Per is tome small , central and lacking buccal notches . Periproct subambital , 
on or near the marg in . Tuberc les minute ; ambulacra contain some plates of 
reduced size. 
Occurrence . Va lang in ian-Maas t r i ch t i an . 

Genus C O N U L U S 

Conulus albogalerus Leske 
Plate 55 , figures 9 - 1 0 

Descript ion. Flat-based, a lmost circular or subpentagonal in outl ine wi th 
ambi tus a lmost at the base , h igher than wide , rounded subconical to tall 
and nearly conical in profile. 
O c c u r r e n c e . U p p e r Turon ian , S. plana Z o n e , to U p p e r C a m p a n i a n , B. 
mucronata Zone ; rare in S. plana and M. cortestudinarium zones , c o m m o n 
in Santonian and L o w e r Campan ian in the south-east and East Anglia , less 
c o m m o n in Dorset , absent in Yorkshire . 
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Echinoderms 283 

Conulus subrotundus Mante l l 
Plate 55 , figure 11 

Descript ion. Like C. albogalerus but m u c h more inflated in profile, wi th 
ambi tus posi t ioned well above the base . 
Occurrence . Lower Turonian, /. labiatus Zone , to Lower Campanian , U. 
socialis Zone ; c o m m o n in L o w e r - M i d d l e Turonian of southern England, 
b e c o m i n g ra re r in the S. plana and M. cortestudinarium zones and 
c o m m o n once more in the U. socialis Zone of Kent . 

Fami ly G A L E R I T I D A E 

Remarks . Like Conul idae but ambulacra consist solely of s imple uniform 
plates. 
Occurrence . Midd le J u r a s s i c - L o w e r Eocene . 

Genus G A L E R I T E S 

Galerites hemisphaericus (Desor) 
Plate 56, figures 9 - 1 1 

Descr ipt ion . M o r e or less hemispher ica l wi th flat base . Pe r i s tome very 
small with slight inturned rim. Poster ior in te rambulacrum slightly raised 
on oral surface. Ambulacra l pores uniserial , b ecoming weak ly offset into 
triads close to per is tome. 
Occurrence. Upper Campanian , B. mucronata Zone ; rather rare in Norfolk. 

E X P L A N A T I O N O F P L A T E 56 

Figs 1-3. Camerogalerus cylindricus (Lamarck). 1-2, Middle Cenomanian, H. 
subglobosus Zone, Burham, Kent. 1, oral, and 2, apical views; X l . 3, Middle 
Cenomanian, H. subglobosus Zone, Chardstock, Somerset; lateral view of 
another specimen; X 1. 

Figs 4 -5 . Camerogalerus minimus (Agassiz). Lower Turonian, /. labiatus Zone, 
Dover, Kent. 4, oral, and 5, lateral views of test; X3. 

Figs 6-8. Discoides subuculus (Leske). Lower Cenomanian, N. carcitanense Zone, 
Warminster, Wiltshire. 6, lower surface; x 2 . 7, upper surface; x 2 . 8, lateral 
view; X3. 

Figs 9 -11 . Galerites hemisphaericus (Desor). Upper Campanian, B. mucronata 
Zone, Thorpe St Andrew, Norfolk. 9, lateral, 10, oral, and 11, aboral views; 
X 2 . 

Fig. 12. Hagenowia rostrata (Forbes). Lower Santonian, M. coranguinum Zone, 
Broadstairs, Kent; lateral view of test; x 2 . 

Figs 13-14. Cardiaster truncatus (Goldfuss). Lower Turonian, /. labiatus Zone, 
Dover, Kent. 13, apical, and 14, oral views of test; X 2 . 
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284 Fossils of the Chalk 

Superorder A T E L O S T O M A T A 

Order H O L A S T E R O I D A 

Fami ly H O L A S T E R I D A E 

R e m a r k s . Bi la te ra l ly s y m m e t r i c a l , s h a p e va r i ab l e , gene ra l l y g lobular , 
he lmet- or hear t -shaped. The paired ambulacra are flush wi th the test, the 
unpa i r ed one c o m m o n l y in a g r o o v e . Tes t s m o o t h wi th sparse , minute 
tubercles . Apical sys tem elongated. Per i s tome near the anterior end of the 
unders ide; per iproct margina l . 

Genus H O L A S T E R 

Holaster nodulosus (Goldfuss) 
Plate 57, figures 1^1 

Description. Longer than wide , slightly hear t -shaped with shal low anterior 
groove, flat-based, wi th semicircular t ransverse cross-sect ion; test thin. 
Occurrence . Cenomanian , M. mantelli-C. guerangeri zones ; c o m m o n in 
the sandy C enoman ian of Devon , less so in the Cha lk facies but generally 
distributed in southern England. 

Holaster subglobosus (Leske) 
Plate 59, figures 3 - 4 

Description. Thick-shel led wi th convex base and broadly rounded margin; 
tubercles very small and feeble. Occurs in five distinct shape-forms, nearly 
sphero id , hea r t - shaped , b r o a d a n d depres sed , e longa te wi th subconica l 
apex, and short and high with steep anterior end. 
O c c u r r e n c e . M i d d l e C e n o m a n i a n , A. rhotomagense Z o n e , to U p p e r 
Cenomanian , C. guerangeri Zone ; c o m m o n and widespread in all areas. 

G e n u s S T E R N O T A X I S 

Remarks . A s Holaster but in terambulacral p la tes behind the per i s tome in 
a single row, not al ternating. 
Occurrence . C e n o m a n i a n - C a m p a n i a n . 

Sternotaxis gregoryi (Lamber t ) 
Plate 57 , figures 10 -11 

Descript ion. Rather large, oval , flat-based but wi th wel l - rounded margin , 
wi th test evenly arched in all direct ions. Periproct pos i t ioned very low on 
posterior face. Abora l surface densely covered in large tubercles . 
O c c u r r e n c e . L o w e r C e n o m a n i a n , M. dixoni Z o n e ; loca l ly c o m m o n in 
Kent, sparse e lsewhere . 
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Echinoderms 285 

Sternotaxis trecensis (Leymer ie) 
Plate 57, figures 8 -9 

Descript ion. L ike Holaster nodulosus but wi th m u c h higher test, with the 
lower part of the sides vertical above a sharp marg in . Plastron wi th three 
plates uniserial ly arranged beh ind the per i s tome. 
Occurrence . M i d d l e - U p p e r Cenoman ian ; one of the commones t fossils in 
the Cenom an ia n chalks of southern England. 

Sternotaxis plana (Mantel l ) 
Plate 58 , figures 5 - 7 

Descript ion. Norma l ly longer than wide , h igh, wi th slight anterior groove , 
c o n v e x b a s e a n d w e l l - r o u n d e d m a r g i n . N o la rge t ube rc l e s d e v e l o p e d 
aborally. Periproct relat ively high on poster ior face. 
Occurrence . L o w e r Turonian , / . labiatus Zone , to Coniacian , M. cortes­
tudinarium Z o n e ; c o m m o n in S. plana Z o n e and s o m e t i m e s in T. lata 
Zone , o therwise rare; widespread throughout Chalk areas. 

Sternotaxis placenta (Agassiz) 
Plate 58 , figures 8 -9 

Descript ion. M a y be very large; flat-based wi th sharply curved margin , 
lower par t o f s ides ver t ica l ; ha rd ly any anter ior g roove ; test ve ry thin. 
Dist inct ly broader than S. gregoryi and S. trecensis. Per iproct on inward-
sloping poster ior face. 
Occurrence . L o w e r Turonian, /. labiatus Zone , to Lower Campanian , O. 
pilula Zone ; rather c o m m o n in S. plana and M. cortestudinarium zones , 
rare above and be low; widespread in all areas. 

G e n u s C A R D I A S T E R 

R e m a r k s . Hea r t - shaped wi th deep , sha rp -edged anter ior g roove ; apical 
disc subcentral ; plates of the plas t ron al ternate behind the per is tome; there 
is a distinct fasciole (narrow band of very dense minute granules) a round 
the marg in . Anter ior sulcus ex tending to the per i s tome. 
Occurrence . Cenoman ian -Maas t r i ch t i an . 

Cardiaster truncatus (Goldfuss) 
Plate 56, figures 1 3 - 1 4 

Descript ion. Small (general ly less than 2 c m long) , nar row, wi th rear end 
obl ique, the base project ing. 
Occurrence . U p p e r Cenoman ian , TV. juddii Zone , to Midd le Turonian, T. 
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Echinoderms 287 

lata Z o n e ; c o m m o n in the U p p e r C e n o m a n i a n of D e v o n and in the I. 
labiatus Zone o f southern England, o therwise rare; absent in Yorkshire . 

Cardiaster sp. 
Plate 58 , figures 1-2 

Descript ion. Rather flat-topped in profile, but usual ly wi th apex slightly 
p inched and marg ins to frontal g roove raised. Anter ior sulcus shorter than 
typical for C. cretaceus and apical disc d isplaced far towards the anterior. 
N o enlarged aboral tubercles . 
R e m a r k s . I n t e rmed ia t e b e t w e e n Cardiaster a n d Infulaster, h av ing the 
biserial p las t ron plat ing of a Cardiaster, bu t wi th the apical disc posi t ioned 
close to the anterior. 
Occurrence . Midd le Turonian , T. lata Zone , to Upper Turonian, S. plana 
Zone ; Norfolk and Lincolnshire , absent from the south of England. 

Cardiaster granulosus (Goldfuss) 
Plate 58 , figures 3 - 4 

Descr ipt ion . Ra ther large , normal ly a little longer than wide ; tuberc les 
relatively large, par t icular ly a long the poster ior keel and the shaip edges of 
the anterior groove. 
Occurrence . Uppe r Campan ian , B. mucronata Zone , to Lower Maastr ich-
tian, B. lanceolata Zone ; widespread . 

G e n u s E C H I N O C O R Y S 

R e m a r k s . Ova te in outl ine wi th no frontal g roove . Periproct ju s t be low 
margin; no fascioles. 
Occurrence . C e n o m a n i a n - P a l a e o c e n e . 

Echinocorys scutata Leske 
Plate 59 , figures 1-2; Text-figure 13.1 

Descript ion. Size and shape very variable. He re treated as a single variable 
species but m a n y authors apply numerous specific or subspecific names . 

E X P L A N A T I O N O F P L A T E 57 

Figs 1—4. Holaster nodulosus (Goldfuss). Cenomanian, Wendover, Buckingham­
shire. 1, oral, 2, aboral, 3, lateral, and 4, posterior views; x 1. 

Figs 5-7. Offaster pilula (Lamarck). Lower Campanian, G. quadrata Zone, 
Winchester, Wiltshire. 5, lateral, 6, oral, and 7, aboral views; x 1. 

Figs 8-9. Sternotaxis trecensis (Leymerie). Middle or Upper Cenomanian, Dover, 
Kent; lateral and apical views; x 1. 

Figs 10-11 . Sternotaxis gregoryi (Lambert). Lower Cenomanian, M. mantelli 
Zone, Dover, Kent; apical and posterior views; x 1. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



Echinoderms 289 

Text-figure 13.1 shows a selection of forms, some of which are of great 
s t rat igraphical va lue , be ing confined to na r row hor izons , o thers less so, 
wi th long ranges . 
Occurrence. Middle Turonian, T. lata Zone , to Maastrichtian, B. lanceolata 
Zone (to Pa l aeocene e l sewhere ) ; rare in the T. lata Z o n e of south-eas t 
England and East Anglia, otherwise c o m m o n and generally distributed. 

Genus O F F A S T E R 

Remarks . Small and subglobular wi th no frontal g roove . Interambulacral 
p la tes h igh; per iproc t above the marg in . A marg ina l fasciole is present . 
Plastron plates biserial . 
Occurrence . San ton ian -Dan ian . 

Offaster pilula (Lamarck) 
Plate 57, figures 5 - 7 

Descript ion. Small and globular to more or less flat-based, shape variable, 
but a lways tall. 
O c c u r r e n c e . U p p e r San ton ian , M. testudinarius Z o n e , to L o w e r C a m ­
panian, G. quadrata Zone ; c o m m o n in the lower beds of the Campanian , 
rare above and be low; widespread in Norfolk and southern England. 

Genus H A G E N O W I A 

R e m a r k s . V e r y smal l , t h in - she l l ed , w i th the test d r a w n fo rwards and 
upwards into a ros t rum, at the top of wh ich is the anterior part of the apical 
system; the rear part is near the base of the ros t rum. 
Occurrence . Uppe r C o n i a c i a n - U p p e r Campan ian . 

Hagenowia rostrata (Forbes) 
Plate 56, figure 12 

Descr ipt ion . R o s t r u m relat ively short and stout, po in t ing obl iquely for­
wards . M o r e ex t reme forms wi th more slender rostra, previously recorded 
as H. rostrata, have n o w been dis t inguished as separate species. 

E X P L A N A T I O N O F P L A T E 58 

Figs 1-2. Cardiaster sp. nov. Upper Turonian, 5". plana Zone, Kiplingcoates, 
Yorkshire; oral and aboral views; x 1. 

Figs 3-4. Cardiaster granulosus (Goldfuss). Upper Campanian, B. mucronata 
Zone, Mousehold, Norfolk. 3, oral, and 4, aboral views; x 1. 

Figs 5-7. Sternotaxis plana (Mantell). Upper Turonian, S. plana Zone, Chatham, 
Kent. 5, lateral, 6, apical, and 7, oral views; x 1. 

Figs 8-9. Sternotaxis placenta (Agassiz). Upper Turonian, S. plana Zone, Dover, 
Kent. 8, apical, and 9, lateral views; x 1. 
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Echinoderms 291 

T E X T - F I G . 13.1. Shape varieties of Echinocorys scutata (Leske) from the Upper 
Chalk, A - D , Santonian, G. quadrata Zone, Paulsgrove, Hampshire, E - F , variety 
' subconicula' Brydone, Campanian, B. mucronata Zone, Norwich, Norfolk. G - H , 
variety 'gravesi', Coniacian, M. cortestudinarium Zone, Chatham, Kent, I - J , 
variety '' depressula' Brydone, Santonian, M. testudinarius Zone, Margate, Kent. 
K - L , Santonian, M. coranguinum Zone, Northfleet, Kent, M - N , variety 
'pyramidalis' Portlock, Campanian, B. mucronata Zone, Norwich, Norfolk. O - P , 
variety 'subglobosus' Goldfuss, Santonian, M. coranguinum Zone, Micheldever, 
Wiltshire, Q - R , variety 'marginatus' Goldfuss, Santonian, M. coranguinum Zone, 
Northfleet, Kent, S - T , variety 'elevatus' Griffith and Brydone, no locality details. 

E - T show each specimen in lateral and posterior profile; all XfJ-67. 

O c c u r r e n c e . U p p e r C o n i a c i a n and L o w e r San ton ian , M. coranguinum 
Z o n e ; c o m m o n in n a r r o w b a n d s in Ken t , rare e l s e w h e r e in southern 
England and very rare in Yorkshi re ( the abundant Hagenowia wi th slender 
rostrum of the Yorkshi re coast is H. anterior Ernst and Schultz) . 

Order S P A T A N G O I D A 

Remarks . C o m m o n l y hear t -shaped wi th the paired ambulacra in grooves 
on the upper surface. Apical disc compact , never elongate. 
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Echinoderms 293 

Suborder M I C R A S T E R I N A 

Fami ly M I C R A S T E R I D A E 

G e n u s M I C R A S T E R 

R e m a r k s . The species of Micraster are bo th c o m m o n and widespread in 
the Chalk, and have for m a n y years been important strat igraphic indicators 
of Coniac ian and Santonian zones . The succession of species of Micraster 
provides one of the classic examples of an evolut ionary l ineage. 

Micraster leskei Desmoul ins 
Plate 60 , figures 1-3 

D e s c r i p t i o n . Ra the r smal l , e longa t e , n o r m a l l y h ighes t in the pos te r io r 
half; anterior g roove rather shal low; ambulacra l petals wi th smooth area 
be tween the rows of pores ; per i s tome rather far from the margin , with very 
small project ing lip and a th ickened r im. 
Occurrence . Midd le Turonian , T. lata Zone , to Uppe r Turonian, S. plana 
Zone ; rare in the T. lata Zone , c o m m o n in the S. plana Zone in the south, 
very rare in the north. 

Micraster cortestudinarium (Goldfuss) 
Plate 60 , figures 4 - 5 

Descript ion. Large; width and breadth approximate ly equal ; anterior half 
well rounded in profile, posterior with slight to modera te keel ; test thick; 
anterior sulcus deep; ambulacra l petals deep , wi th a groove be tween the 
r o w s of p o r e - p a i r s ; m o u t h wel l a w a y f rom the m a r g i n , w i th s t rong ly 
project ing lip. 
Occurrence . Uppe r Turonian, S. plana Zone , to Coniacian , low in the M. 
coranguinum Zone ; general ly distr ibuted and c o m m o n in the south, rare in 
Yorkshire . 

Micraster coranguinum (Leske) 
Plate 60, figures 6 - 8 

Descr ipt ion . Genera l ly about as wide as long, c o m m o n l y wi th facetted 
out l ine; in profile the anter ior par t is flattened and s teeply s loping , the 

E X P L A N A T I O N O F P L A T E 59 

Figs 1-2. Echinocorys scutata Leske. Lower Santonian, M. coranguinum Zone, no 
locality data; internal cast in flint. 1, apical, and 2, oral views; x 1. 

Figs 3-4. Holaster subglobosus (Leske). Middle Cenomanian, H. subglobosus 
Zone, Dover, Kent. 3, apical, and 4, lateral views; x 1. 

Figs 5-7. Micraster (Gibbaster) gibbus (Lamarck). Lower Santonian, M. 
coranguinum Zone, Northfleet, Kent; apical, lateral and oral views; X 1. 
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Echinoderms 295 

pos te r io r par t ra i sed . A m b u l a c r a l pe ta l s r a the r sha l low bu t w i th deep 
groove be tween the rows of pore pairs . The two ambulacra l areas on either 
side of the p las t ron b e h i n d the m o u t h are very heavi ly granula ted ; the 
mouth is near the marg in , with a prominent lip. 
Occurrence . Santonian, M. coranguinum-M. testudinarius zones; gener­
ally distr ibuted, c o m m o n in the south, rarer in the north. 

Micraster (Gibbaster) gibbus (Lamarck) 
Plate 59, figures 5 - 7 

D e s c r i p t i o n . L ike M. coranguinum in pe ta l , p e r i s t o m e and p las t ron 
appearance , but easily dis t inguished by its strongly conical profile and low 
periproct . 
Occurrence . Santonian, M. coranguinum-M. testudinarius zones ; gener­
ally distr ibuted, c o m m o n in the south, rarer in the north. 

E X P L A N A T I O N O F P L A T E 60 

Figs 1-3. Micraster leskei Desmoulins. Turonian, T. gracilis Zone, no locality 
details; lateral, oral and apical views; x 1. 

Figs 4 - 5 . Micraster cortestudinarium (Goldfuss). Coniacian, Arundel, Sussex; 
apical and oral views; x 1. 

Figs 6-8. Micraster coranguinum (Leske). Lower Santonian, M. coranguinum 
Zone, no locality data; oral and apical views; x 1. 
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14. F I S H E S 

by A. E . L O N G B O T T O M and C . P A T T E R S O N 

Remains of fishes are widely distr ibuted in the Cha lk bu t are nowhere very 
c o m m o n (except pe rhaps minu te sha rks ' teeth and scales , r ecovered by 
acid digest ion o f chalk) . N o w a d a y s only fragmentary remains are usually 
found, such as teeth, f ragments of j a w s or other skull bones , ver tebrae and 
scales. The magnif icent comple te fishes seen in some m u s e u m s are from 
the cabinets of the ' gen t l emen col lec tors ' of the nineteenth century, when 
innumerab le Cha lk pi ts were h a n d w o r k e d by qua r rymen w h o k n e w that 
good fishes cou ld b e sold to co l lec tors . S m i t h W o o d w a r d ' s m o n o g r a p h 
( 1 9 0 2 - 1 2 ) illustrates m a n y of those fossils, and is still the mos t complete 
accoun t o f C h a l k fishes. T o d a y , wi th fewer C h a l k p i t s and mechan ica l 
w o r k i n g , the flow of C h a l k fishes has v i r tua l ly s topped , apar t f rom 
occasional lucky finds by casual collectors . 

In this chapter fishes are divided into Chondr ich thyes (sharks, skates, 
rays, ch imaeras , wi th cart i lage skeleton) and Oste ichthyes (bony fishes). 
B e c a u s e of the i r r e la t ive ly fragile ske l e tons , fossil sha rks and their 
relatives usual ly occur as isolated teeth and so the diagnost ic features tend 
to be confined to dental characters . M a n y Chalk bony fishes are identifi­
able only w h e n more or less intact, and the guide given here concentrates 
on identifiable fragments. 

Because of the rarity of fishes, and because mos t of the old collections 
were m a d e wi thout p rope r deta i ls o f hor izon , the s t ra t igraphic r ange of 
many Chalk fishes is k n o w n only in a very sketchy way. 

D E S C R I P T I O N S 

ClaSS C H O N D R I C H T H Y E S 

Remarks . S h a r k s ' teeth are the mos t c o m m o n l y found fish remains in the 
Cha lk . Th i s is no t su rp r i s ing s ince o n e ind iv idua l m a y p r o d u c e m a n y 
thousands o f teeth dur ing its l ifetime. In a sha rk ' s j a w there are m a n y rows 
of teeth and dur ing life the teeth within any one row are replaced, wi th 
new teeth erupt ing on the inside of the j a w and old teeth being shed on the 
outside. In this chapter only the more c o m m o n l y found sharks ' teeth are 
described and illustrated. It should be noted that very small teeth (less than 
3 m m wide) be long ing to dogfish and catsharks (such as Squalus, Triakis 
and Scyliorhinus) m a y be very c o m m o n but are rarely seen except as a 
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Fishes 297 

resul t of bu lk sampl ing . M o s t o f the t e rms used in the descr ip t ions are 
e x p l a i n e d in Text - f igure 1 4 . 1 . T h e t e r m s l ingual ( t o w a r d s the ins ide : 
tongue) and labial ( towards the outs ide: lips) are used instead of lateral 
and media l because the orientat ion of a tooth surface relative to the axis of 
the fish will change according to the posi t ion of the tooth upon the j aw . 
Anter ior refers to a posi t ion towards the symphys i s (front) of the j a w and 
pos t e r io r refers to a p o s i t i o n t o w a r d s the ang le o f the j a w . T h e t e r m s 
he igh t a n d w i d t h refer to c o m p l e t e t ee th ( c rown p lu s roo t ) un le s s 
otherwise stated and are used as shown in Text-figure 14.1 . 

T E X T - F I G . 14.1. Diagrams of sharks' teeth to illustrate the descriptive terms used 
and to show tooth variation, A , lamnid shark tooth, lingual face, B , lamnid shark 
tooth, side view, c, hexanchid shark lower tooth, labial view, D , hexanchid shark 
upper tooth, lingual view, a, main cusp; b, cutting edge; c, crown; d, accessory 
cusps; e, nutritive cleft; f, lingual protrusion; g, root-half (long, rounded); h, tooth 
height; i, angle between root-halves (rounded); j , serrations on anterior cutting 

edge; r, root (deep, forked); r', root (deep, unforked); w, tooth width. 
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298 Fossils of the Chalk 

Individual sharks ' teeth are often difficult to identify to species or even 
genus for the var ious reasons given be low. Mos t mode rn identifications, 
especial ly in the lamnoids , are based on comple te associated denti t ions or 
large samples from k n o w n hor izons and localit ies. Sharks ' teeth are fairly 
rare in the Engl ish Cha lk and mos t of the revised identifications used here 
are based on finds from other parts of the world. 

In sha rks the re is often a d i f fe rence in the s h a p e s o f an te r io r and 
posterior teeth. This change in shape is usual ly gradual a long the j a w but 
in some genera the change is abrupt, a p h e n o m e n o n k n o w n as heterodonty 
(e.g. in Heterodontus). Somet imes there is a ma rked difference be tween 
teeth of the uppe r and the l o w e r j a w s ; for in s t ance , in Hexanchus the 
c rowns of the lower teeth are saw-l ike wi th m a n y cusps whereas those of 
the upper teeth have only one or two cusps (Text-fig. 14.1). There is also 
somet imes a difference in the teeth in males and females (see descript ions 
of Hexanchus microdon). Obvious ly these differences in tooth shape do 
provide p rob lems of identification of individual fossil teeth. 

Order S Y N E C H O D O N T I F O R M E S 

Family P A L A E O S P I N A C I D A E 

G e n u s S Y N E C H O D U S 

R e m a r k s . A n ex t inc t g e n u s . T h e an te r io r and pos t e r io r tee th differ 
considerably, a l though the change of shape is gradual a long the j a w . The 
an ter ior tee th are ta l le r w i t h we l l -de f ined cusps a n d can usua l ly be 
identified to spec ies . The m o r e pos te r io r tee th are l o w - c r o w n e d , w ide , 
w i th less d i s t i ngu i shab le c u s p s , and are v e r y difficult to separa te into 
species. 

Synechodus dubrisiensis (Mackie) 
Plate 6 1 , figure 9; Text-figure 14.2F 

Description. A species with fairly small teeth (anterior teeth up to 5 m m 
wide , pos te r io r tee th 10 m m w i d e ) . T h e an ter ior tee th h a v e a fairly 
prominent main cusp with two or three pairs of accessory cusps on either 
side. The antero-posterior teeth have a tall ma in cusp and four or five pairs 
of accessory cusps. The mos t posterior teeth have a lower main cusp and 
the accessory cusps b e c o m e less well defined. The base of the c r o w n is 
con t inuous and m a r k e d b y fine re t icula t ing wr ink les , and the cusps are 
strongly striated vertically in both anterior and posterior teeth. The anterior 
teeth are about 6 m m high; mos t posterior teeth about 3 m m high. The root 
is shal low and marked by several nutri t ive furrows on the labial margin. 
Occurrence . Cenomanian ; Kent , Sussex, Oxfordshire , Cambr idgeshi re . 
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Synechodus nitidus W o o d w a r d 
Text-figure 1 4 . 2 D - E 

Descript ion. The anterior teeth differ from those of S. dubrisiensis in that 
they are larger (up to 11 m m wide) , wi th a tall, slender, unstr iated main 
cusp , usual ly slightly arched l ingually, and 2-4 accessory cusps on each 
side. Posterior teeth have a lower c rown, which is feebly marked with fine 
ver t ica l w r i n k l e s at the b a s e . A n t e r i o r t ee th are 7 - 8 m m h igh , and 
poster ior teeth about 3 m m high. The root is shal low, marked by several 
nu t r i t ive fur rows on the labia l m a r g i n and w i t h a s l ight ly p r o m i n e n t 
l ingual protrusion. 
Occurrence . Cenomanian ; Kent , Sussex. 

Genus P A R A O R T H A C O D U S 

Paraorthacodus recurvus (Trautschold) 
Text-figure 1 4 . 2 G - H 

Descript ion. The teeth are up to 10 m m high and 12 m m wide . The large, 
slender ma in cusp has sharp cut t ing edges , a flattened labial face, which is 
smooth or sl ightly wr inkled at the base , and a convex l ingual face wi th 
only a few fine ver t ica l wr ink le s at the base . T h e acces so ry cusps are 
separately inserted on the root, and are long, s lender and pointed, with fine 
vertical wr inkles at the base . The root /c rown junc t ion is straight or only 
slightly arched. The lingual protrusion on the root is very prominent . The 
basal edge of the labial face of the root is marked wi th several nutrit ive 
furrows. The root is p ierced by several foramina of which the central one 
is mos t o b v i o u s and forms a cleft on the l ingual face of the root . The 
crown curves s inusoidal ly w h e n v iewed from the side. 
Occurrence . San ton ian-Campanian , Norfolk. 

Order H E X A N C H I F O R M E S 

Fami ly H E X A N C H I D A E 

Genus H E X A N C H U S 

Remarks . The six-gil led sharks, or c o w sharks, show a notable difference 
in shape be tween the teeth of the upper and lower j a w s (Text-fig. 14.1). 
The lower teeth are comb- l ike wi th m a n y cusps and can be dist inguished 
in different species. The upper teeth have one large main cusp and one, 
two or no accessory cusps on one side and are not easily identifiable to 
species. 
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300 Fossils of the Chalk 

Hexanchus microdon (Agassiz) 
Plate 6 1 , figure 2; Text-figure 1 4 . 2 M - N 

Descript ion. The lower teeth are flattened labio-l ingually and consist of a 
series of poin ted cusps fixed on a deep , unforked root. Al l the cusps are 
inc l ined to o n e s ide . T h e m a i n c u s p is app rec i ab ly la rger than the 
accessory cusps , wh ich d iminish regular ly in size poster ior ly . The main 
cusp has fine but p rominent serrat ions on its anter ior edge extending from 
the base to about m i d w a y u p the cusp . T h e r e are usua l ly six or seven 
unserra ted accessory cusps . The root is deep (equal to or s l ight ly more 
than the height of the main cusp) . This is a small species of Hexanchus 
with the teeth only about 12 m m wide . 
R e m a r k s . M o s t Br i t i sh C h a l k h e x a n c h i d tee th h a v e in the pas t been 
identified as H. microdon. M o r e recently m a n y of these were descr ibed as 
be longing to a different species, H. gracilis (Davis) . It is now thought that 
the form H. mirodon represents teeth from males and H. gracilis those of 
females . T h e l o w e r tee th of iH. gracilis' (Text-f ig . 1 4 . 2 N ) differ from 
those of H. microdon (Text-fig. 2 M ) in that the main cusp is barely longer 
than the s u c c e e d i n g one a n d all the c u s p s d i m i n i s h r egu la r ly in size 
posteriorly. There are usual ly four or five unserra ted accessory cusps . The 

E X P L A N A T I O N O F P L A T E 61 

Fig. 1. Cretodus sulcata (Geinitz). Chalk, Lewes, Sussex; labial view; x 1. 
Fig. 2. Hexanchus microdon (Agassiz). Cenomanian, H. subglobosus Zone, Dover, 

Kent; lingual view; x 2 . 
Fig. 3. Scapanorhynchus rhaphiodon (Agassiz). Chalk, Kent; lingual view; X 1-5. 
Fig. 4. Cretalamna appendiculata (Agassiz). Santonian, M. coranguinum Zone, 

Northfleet, Kent; labial view; x 1. 
Fig. 5. Cretoxyrhina mantelli (Agassiz). Campanian, G. quadrata Zone, Portsdown 

Hill, Portsmouth, Hampshire; lingual view; x l - 5 . 
Fig. 6. Squalicorax kaupi (Agassiz). Chalk, Kent; lingual view; X 2 . 
Fig. 7. Selachian (lamnid) vertebra. Turonian, T. lata Zone, Dover, Kent; X 1-5. 
Fig. 8. Paranomotodon angustidens (Reuss). Cenomanian, Guildford, Surrey; 

labial view; x 1-5. 
Fig. 9. Synechodus dubrisiensis (Mackie). Campanian, Norwich, Norfolk; antero­

posterior tooth, labial view; x 2 . 
Fig. 10. Heterodontus cf. canaliculars (Egerton). Santonian, M. coranguinum 

Zone, Strood, Kent; oral view; x 2 . 
Figs 1 1 - 1 2 . Ptychodus mammillaris Agassiz. Cenomanian, Bluebell Hill, Burham, 

Kent. 11, oral view; 12, side view; both x 1. 
Figs 13-14. Ptychodus rugosus Dixon. Chalk, ?Kent. 13, oral view; 14, side view; 

both X 1. 
Fig. 15. Ptychodus latissimus Agassiz. Turonian, S. plana Zone, Burham, Kent; 

oral view; x 1. 
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302 Fossils of the Chalk 

main cusp is serrated on the anter ior edge but these serrat ions are often 
less p rominent than in H. microdon. The root tends to be less deep in the 
females and the teeth are about 11 m m wide. H. microdon is a fairly rare 
Chalk fossil. 
Occurrence. Cenomanian-Maas t r ich t ian ; Kent, Surrey, Sussex, Hampshire, 
Wil tshire , Bedfordshire , Norfolk. 

Order S Q U A T I N I F O R M E S 

Fami ly S Q U A T I N I D A E 

Genus S Q U A T I N A 

R e m a r k s . Th is inc ludes the l iv ing angel sharks ; skate- l ike sharks with 
wing-shaped pectoral fins. 

Squatina cranei W o o d w a r d 
Text-figure 1 4 . 2 K - L 

Descript ion. A species wi th teeth up to 6 m m high and 8 m m wide . The 
posterior teeth have a single, slender, tall ma in cusp on a broadly expanded 
base , without accessory cusps . The root is shal low, flattened basal ly and 
subtr iangular in shape w h e n v iewed from be low. O n e p rominen t central 
nutri t ive foramen and often others , less prominent , are present on the basal 
surface of the root. The lingual protrusion on the root is very pronounced. 
A small boss of enamelo id hangs over the root on the labial face. Anterior 
teeth are similar but not as wide . 
Occurrence . C e n o m a n i a n - C a m p a n i a n ; Kent , Sussex, Wil tshire , Norfolk. 

Order H E T E R O D O N T I F O R M E S 

Family H E T E R O D O N T I D A E 

G e n u s H E T E R O D O N T U S 

Remarks . Living examples include the Port Jackson or Bul lhead sharks. 
They are noted for the great difference in shape be tween the anterior and 
poster ior teeth. They are a m o n g the few living sharks with fin spines. The 
spines do not have barbs on the poster ior face. 

Heterodontus canaliculars (Eger ton) 
Plate 6 1 , figure 10; Plate 63 , figure 5; Text-fig. 14 .2o-p 

Descript ion. The anterior teeth (Text-fig. 1 4 . 2 O - P ) have a low triangular 
main cusp and one or somet imes two pairs of accessory cusps . The crown 
is smooth and overhangs the root on all faces except l ingually where the 
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Fishes 303 

root has a p rominent l ingual protrusion. The root is forked with short root 
halves . The lingual p rominence has a large central nutri t ive cleft. 

The poster ior teeth (PI. 6 1 , fig. 10) are low c rowned and 6 - 8 m m wide. 
W h e n v i ewed from above the c r o w n is e longa ted wi th rounded ends and 
with a keel , slightly s igmoidal in shape, wh ich runs wid thways along the 
cen t re o f the c r o w n . T h e occ lusa l surface is o r n a m e n t e d w i t h a con­
spicuous ret iculat ion of r idges that diverge from the keel . The ornament­
a t ion is of ten re t i cu la r on the lab ia l s ide of the c r o w n but fo rmed o f 
parallel r idges at right angles to the keel on the lingual side. The crown 
overhangs the root all a round but more so on the labial side. The root is 
shal low and flat undernea th and has a conspicuous enclosed central canal 
that crosses the root slightly obl iquely from the l ingual to labial side. O n 
the labial side the canal opening lies in a depress ion and on the l ingual 
side the root is protuberant on ei ther side of the opening. These canals line 
up w h e n the teeth lie natural ly on the j a w within each tooth family. The 
pos t e r io r tee th lie in c lose con tac t on the j a w a n d form a c o n t i n u o u s 
pavemen t of c rush ing teeth. 

Remarks . Dorsal fin spines have been descr ibed under the n a m e Spinax 
major (Agassiz) . Later discover ies of associated j a w s and spines showed 
that some of these be longed to H. canaliculatus. The spines (PI. 6 3 , fig. 5) 
are curved and o rnamented with fine striations, which run the length of the 
sp ine . T h e pos t e r i o r face is flat or c h a n n e l l e d and , un l ike those o f 
hybodonts , does not possess barbs . 
Occurrence . C e n o m a n i a n - C a m p a n i a n ; Kent , Surrey, Sussex, Wil tshire . 

Order L A M N I F O R M E S 

R e m a r k s . The next four families are the l amnoid sharks ( including the 
living porbeagle and mackere l sharks) . The species and genera are difficult 
to d is t inguish from isolated tee th and the species bounda r i e s are ra ther 
arbitrary in some cases . T h e teeth s h o w a lot o f variat ion be tween anterior 
and poster ior posi t ions on the j a w and in some species be tween upper and 
lower teeth. Isolated or b roken teeth are therefore very difficult to identify. 

Fami ly A N A C O R A C I D A E 

Genus S Q U A L I C O R A X 

Remarks . A n extinct genus , l imited to the Cre taceous . These sharks are 
noted for the possess ion of teeth wi th distinctly serrated cutt ing edges. 

Squalicorax falcatus (Agassiz) 
Text-figure 14.2cc 
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304 Fossils of the Chalk 

Descr ip t ion . A smal l - to m e d i u m - s i z e d Squalicorax w i th tee th up to 
12 m m high and 15 m m wide. The c rown is subtriangular with the anterior 
edge straight or only slightly convex. The posterior edge is usual ly vertical 
and then notched, a lmost forming an accessory cusp. The cutt ing edges are 
distinctly serrated from base to tip. The root is large and slightly forked 
with a rounded, obtuse angle be tween the halves. There is no nutritive cleft. 
Occurrence . C e n o m a n i a n - C a m p a n i a n ; Kent , Surrey, Sussex, Hampshire , 
Dorset , Wil tshire , Essex, Norfolk; a fairly c o m m o n fossil. 

Squalicorax kaupi (Agassiz) 
Plate 6 1 , figure 6; Text-figure 1 4 . 2 D D 

Descript ion. A c o m m o n Chalk fossil like S. falcatus but wi th larger and 
relatively taller teeth (up to 21 m m high and 16 m m wide) . The anterior 
cut t ing edge is usual ly very convex . T h e pos te r io r edge is vert ical and 
s l ight ly c o n v e x wi th the no tch fairly indis t inc t in m o s t tee th and only 
rarely forming an accessory cusp. The cut t ing edges are dist inctly serrated. 
The root is large, deep and slightly forked wi th an obtuse angle be tween 
the halves . There is no nutri t ive cleft. 

O c c u r r e n c e . C o n i a c i a n - C a m p a n i a n ; Kent , Sur rey , Sussex , Hampsh i r e , 
Norfolk. 

Genus P S E U D O C O R A X 

Pseudocorax laevis Ler iche 
Text-figure 1 4 . 2 B B 

Descript ion. The teeth are fairly small ( 1 0 - 1 1 m m high, 9 m m wide) with 
more slender c rowns than in Squalicorax and with smooth cutt ing edges. 
The anterior edge of the c rown is straight and slightly notched at the base. 
The poster ior edge is vertical and prominent ly no tched at the base , thus 
forming a fairly d is t inc t ive , b r o a d accesso ry cusp . T h e root is s l ightly 
forked wi th an acute angle be tween the t w o ha lves and a slight central 
nutri t ive cleft on the l ingual face. 

Remarks . Mos t of the tee th from the Bri t ish Chalk previously n a m e a P. 
affinis (Agassiz) are here cons idered to be P. laevis because of their lack 
of serrations. 
Occurrence . S a n t o n i a n - C a m p a n i a n ; Sussex, Norfolk. 

Fami ly MiTSUKURrNiDAE 

R e m a r k s . Th i s inc ludes the l iv ing gob l in or elfin shark, w h i c h has an 
elongate , po in ted snout above the j a w s . 
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Genus S C A P A N O R H Y N C H U S 

Scapanorhynchus rhaphiodon (Agass iz) 
Plate 6 1 , figure 3 ; Text-figure 1 4 . 2 w - x 

Descript ion. The teeth have a long, s lender main cusp wi th sharp cutt ing 
edges . T h e pos t e r i o r tee th h a v e a s ing le pa i r o f a c c e s s o r y cusps ; the 
anterior teeth have none . The teeth are up to 30 m m high. The l ingual face 
of the main cusp has very prominent striations, wh ich are closely arranged 
at the base and d iverge towards the tip. The labial face of the c rown is 
smooth in all teeth. The root is forked with bo th ha lves e longated . The 
root ha lve s are s epa ra t ed by an acu te ang le and each ha l f is long and 
pointed. The root has a p rominen t l ingual protrusion and this is deeply cut 
by a nutri t ive cleft. The mos t anterior teeth lack accessory cusps and are 
s igmoida l ly bent w h e n v i ewed from the s ide. T h e m o r e pos te r ior teeth 
h a v e s l ight ly shor ter c rowns , a s ingle pa i r of s lender po in ted accessory 
cusps, and shorter, more rounded root-halves . 

Occurrence . C e n o m a n i a n - C a m p a n i a n ; Kent , Surrey, Sussex, Hampsh i re , 
Wil tshire , Devon , Norfolk; a c o m m o n fossil in the Chalk. 

Scapanorhynchus subulatus (Agassiz) 
Text-figure 1 4 . 2 Y 

Descript ion. The teeth are smal ler (about 14 m m high) than in S. rhaphi­
odon, wi th a slightly more t r iangular c rown, especial ly in poster ior teeth. 
The c rown is smooth on both faces. One pai r of accessory cusps is usual ly 
present. These are long and slender in anterior teeth but broader and more 
tr iangular in poster ior teeth. The root is forked, wi th bo th halves shorter 
m d more rounded than in S. rhaphiodon, and divided by a rounded angle. 
The root has a fairly p rominent l ingual prot rus ion cut by a central nutri t ive 
;left. 

Occurrence. C e n o m a n i a n - C a m p a n i a n ; Ken t , Sussex , Wi l t sh i re , Essex , 
Norfolk; fairly c o m m o n . 

Genus P A R A N O M O T O D O N 

Paranomotodon angustidens (Reuss) 
Plate 6 1 , figure 8; Text-figure 14.2o 

escription. The teeth are up to 14 m m high. The crown has a tall, slender, 
ain cusp expanded at the base but wi thout accessory cusps . The crown is 
aooth. The root is forked with the halves fairly long in anterior teeth but 
ss so in poster ior teeth. The tooth is compressed labio-l ingually and the 
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Fishes 307 

c rown is slightly s igmoidal w h e n v iewed from the side. The nutri t ive cleft 
is d is t inguishable in anter ior teeth only. 
Occurrence. Cenomanian-Turonian; Kent, Surrey, Sussex, Cambridgeshire. 

Fami ly C R E T O X Y R H I N I D A E 

G e n u s C R E T O X Y R H I N A 

Cretoxyrhina mantelli (Agass iz) 
Plate 6 1 , figure 5; Text-figure 14 .2R 

Descr ipt ion . T h e tee th are large, abou t 33 m m h igh and 2 8 m m wide . 
An te r io r and pos te r io r teeth h a v e a t r i angu la r ma in cusp , the pos te r ior 
m o r e so than the an ter ior . T h e an te r io r teeth are fairly robus t wi th a 
c o n v e x l i ngua l face o n the m a i n c u s p ; t he pos t e r i o r tee th are m o r e 
compressed labio-l ingually wi th a less convex l ingual face. Both faces are 

T E X T - F I G . 14.2. A , Scyliorhinus antiquus (Agassiz), Cenomanian, Burham, Kent; 
lingual view; x 4 . B - c , Scyliorhinus duhius (Woodward), Cenomanian, Dover, 
Kent. B , lingual view; c, side view; X 6 . D , Synechodus nitidus Woodward, Middle 
Cenomanian, H. subglobosus Zone, Wouldham, Kent; anterior tooth, labial view; 
X 2 . E , Synechodus nitidus Woodward, Middle Cenomanian, H. subglobosus Zone, 
Snodland, Kent; posterior tooth, labial view; x 2 . F , Synechodus dubrisiensis 
(Mackie), Cenomanian, Lewes, Sussex; worn anterior tooth, labial view; x 4 . G - H , 
Paraorthacodus recurvus (Trautschold), Campanian, Norwich, Norfolk. G , labial 
view; H , side view; x 2 . I - J , Polyacrodus illingworthi (Dixon), Cenomanian, 
Southeram, Sussex; posterior tooth. I , lingual view; J , oral view; x 2 . K - L , Squatina 
cranei Woodward, Santonian or Campanian, Lewes, Sussex, K , labial view; L , 
basal view; x 3 . M - N , Hexanchus microdon (Agassiz). M , Campanian, Norwich, 
Norfolk; lower tooth, labial view; x 2 . N , 'Hexanchus gracilis' (Davis), Chalk; 
England; lower tooth, labial view; X 2 . O - P , Heterodontus canaliculars (Egerton), 
Upper Turonian-Campanian, Guildford, Surrey; anterior tooth, o, lingual view; p, 
side view; X 3 - 5 . Q , Paranomotodon angustidens (Reuss), Turonian, T. lata Zone, 
Whyteleafe, Surrey; labial view; X 2 . R , Cretoxyrhina mantelli (Agassiz), Chalk, 
Kent; lingual view; X l - 5 . s, Archaeolamna kopingensis (Davis), Campanian, 
Norwich, Norfolk; lingual view; X l . T , Cretodus crassidens (Dixon), Chalk, 
Houghton, Sussex; labial view, no root; X 1. u -v , Cretodus semiplicata (Agassiz), 
Chalk, Charing, Kent, u, side view; v, labial view; X l . w-x, Scapanorhynchus 
rhaphiodon (Agassiz), Chalk, Kent, w, lingual view; x, side view; x l - 5 . Y , 
Scapanorhynchus subulatus (Agassiz), Cenomanian, Dover, Kent; lingual view; 
X 2 . z, Cretalamna appendiculata (Agassiz), Cenomanian or Turonian, Burham, 
Kent; lingual view; X 1-5. A A , Dwardius woodwardi (Herman), Chalk, Maidstone, 
Kent; lingual view; x l - 5 . B B , Pseudocorax laevis Leriche, Campanian, Norwich, 
Norfolk; lingual view; x 2 . cc , Squalicorax falcatus (Agassiz), Chalk, Sussex; 
labial view; x 2 . D D , Squalicorax kaupi (Agassiz), Campanian, G. quadrata zone, 

Downend Quarry, Fareham, Hampshire; lingual view; x 2 . 
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308 Fossils of the Chalk 

smooth and the c rowns do not have serrated cutt ing edges . At the base the 
c rown extends laterally over a wide root but rarely forms accessory cusps. 
The root is wide in poster ior teeth, and forked wi th short, fairly divergent 
root-halves. The l ingual protrusion is slight and the l ingual face of the root 
is often flat, especial ly in poster ior teeth. A small nutri t ive cleft is present 
on the lingual face in some teeth. 

O c c u r r e n c e . T u r o n i a n - C a m p a n i a n ; Ken t , Sur rey , Sussex , Hampshire , 
Wil tshire , Essex, Norfolk; c o m m o n . 

G e n u s C R E T O D U S 

Cretodus semiplicata (Agassiz) 
Text-fig. 1 4 . 2 u - v 

D e s c r i p t i o n . T h e t ee th are v e r y la rge a n d robus t w i t h a la rge , sub-
t r i angu la r m a i n cusp a n d a s ingle pa i r o f b road , t r i angu la r , accessory 
cusps, somet imes incomple te ly separated from the main cusp. The root is 
robust and has a p rominen t l ingual protrusion. T w o types , C. semiplicata 
and C. sulcata (Ge in i t z ) , h a v e b e e n desc r ibed as different spec ies and 
there are d i f fe rences b e t w e e n t h e m . C. semiplicata t ee th (Text-fig. 
1 4 . 2 u - v ) are smaller (about 30 m m high) , wi th fine, regular wrinkles at 
the base o f the c r o w n on the labial and l ingual faces. Spec imens of C. 
sulcata (PI. 6 1 , fig. 1) are larger (up to 50 m m high) , and have a more 
s lender main cusp wi th a more convex l ingual face and larger accessory 
cusps . T h e c r o w n has fine, r egu la r w r i n k l e s at the b a s e on bo th faces. 
Herman (1975) bel ieved that these differences are ontogenet ic . 
Occurrence . C e n o m a n i a n - T u r o n i a n ; Kent , Surrey, Sussex. 

Cretodus crassidens (Dixon) 
Text-figure 1 4 . 2 T 

Descript ion. Teeth of C. crassidens are very similar to those of C. semi­
plicata but differ main ly in having ill-defined or no accessory cusps . The 
teeth are large (up to 50 m m high) and robust . The main cusp is narrower 
than in C. semiplicata but widens at the base . The accessory cusps are not 
eas i ly d i s t i ngu i shab le f rom the m a i n c u s p bu t the c r o w n h a s marked 
plicat ions on the cutt ing edge at the base , suggest ive of accessory cusps. 
The labial and lingual faces have a few coarse wr inkles central ly and fine, 
shor t , r egu la r w r i n k l e s all ac ross the b a s e . T h e roo t has a p rominen t 
lingual protrusion. 
Remarks . C. crassidens is rarer than C. semiplicata and considered to be 
mere ly an ex t reme form of it by some. 
Occurrence . Turonian; Kent , Sussex. 
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G e n u s A R C H A E O L A M N A 

Archaeolamna kopingensis (Davis) 
Text-figure 14.2s 

Descript ion. The teeth are med ium-s ized to large (up to 30 m m high). The 
main cusp is taller and more slender than in Cretodus species, inclined to 
one side, and wi th one pai r of large, t r iangular accessory cusps . The c rown 
is smooth on both faces and flattened labio-l ingually. The root is wide and 
forked wi th shor t root ha lves and a s l ight l ingual p ro t rus ion wi thout a 
nutri t ive cleft. 
R e m a r k s . Tee th prev ious ly descr ibed as Plicatolamna arcuata are n o w 
synonymised wi th this species. 
Occurrence . C o n i a c i a n - C a m p a n i a n ; Kent, Norfolk. 

G e n u s C R E T A L A M N A 

Cretalamna appendiculata (Agassiz) 
Plate 6 1 , figure 4 ; Text-figure 14.2z 

Descript ion. Tee th range from 15 to 25 m m high. The anterior teeth have 
a slender, upright and subtr iangular ma in cusp , the poster ior a tr iangular 
ma in cusp , sl ightly inc l ined poster ior ly . All teeth usua l ly have a s ingle 
pair of large, t r iangular accessory cusps . The ma in cusp is flattened labio-
lingually, wi th a flat labial face and a slightly convex lingual face wi thout 
any striations. The l ingual protrusion is p rominent across the width of the 
root jus t be low the crown-root junc t ion , then the base of the root is flat. 
The root is forked but the halves are very short, square, and separated by a 
rounded angle . A slight nutri t ive cleft is visible in some teeth. 
Remarks . The original spell ing of the generic n a m e takes priori ty and is 
used here. In the past m a n y lamnid teeth from the Cha lk were identified as 
C. appendiculata. H o w e v e r , H e r m a n (1975) r e c o g n i s e d ano the r fairly 
c o m m o n spec ies a m o n g these tee th , w h i c h he n a m e d Cretolamna 
woodwardi. This has n o w been reclassified by Siverson (1999) as a n e w 
genus, Dwardius (described be low) . 

O c c u r r e n c e . C e n o m a n i a n - L o w e r Maas t r i ch t i an ; Kent , Sur rey , Sussex , 
Hampsh i r e , Isle of Wigh t , D e v o n , Wi l t sh i re , C a m b r i d g e s h i r e , Norfolk; 
fairly c o m m o n . 

Fami ly incertae sedis 

G e n u s D W A R D I U S 

Dwardius woodwardi (Herman) 
Text-figure 1 4 . 2 A A 
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310 Fossils of the Chalk 

Descript ion. The teeth are general ly larger ( 2 0 - 3 0 m m high) than in C. 
appendiculata. The anter ior tee th have a tal l , s lender and upr ight main 
cusp; poster ior tee th a t r iangular m a i n cusp , sl ightly incl ined posteriorly. 
A single pair of large, t r iangular accessory cusps is usual ly present . The 
main cusp has a more convex l ingual face than in C. appendiculata. The 
root has a p rominent lingual protrusion in the middle of the l ingual face; it 
is forked wi th long, po in ted or r o u n d e d ha lves separa ted by a rounded 
acute or obtuse angle . A slight nutri t ive cleft is visible in some teeth. 
Occurrence . C e n o m a n i a n - T u r o n i a n ; Kent, Surrey, Sussex. 

Genus L E P T O S T Y R A X 

Leptostyrax macrorhiza (Cope) 
Text-figure 14.3 

Descript ion. Anter ior teeth are na r row and slender, but widen ing at the 
base, with a slightly s igmoid profile. The single pair of accessory cusps are 
long and slender and also have a s igmoid profile, and in this species are 
alongside the main cusp in side v iew or set slightly behind it. The labial 
face is flat but often with a deep indentat ion at the base of the c rown. The 
l ingual face is convex , usually smooth or with faint striations at the base of 
the c r o w n , w h e r e a s the labia l face has s t rong ver t ica l folds in the 
enamelo id at the base reaching up to one-third of the height of the crown. 
Folds or striations are also present on the lower hal f of all faces on the 
accessory cusps . There is a very p ronounced l ingual protrusion, and the 
root-halves are long and separa ted b y a n acute angle . 

The lateral teeth are relatively shorter and wider . They often develop a 
second pair of accessory cusps . The labial face has s trong folds at the base 

T E X T - F I G . 14.3. Leptostyrax macrorhiza (Cope), Chalk, England. A , lingual view; B , 

side view; x 2 . 
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Fishes 311 

of the c rown but the l ingual face is smooth. The l ingual protrusion is less 
p ronounced in the lateral teeth and the root-halves are more rounded but 
still d iv ided by an acute angle . 
Occurrence . U n k n o w n , rare. 

Order C A R C H A R H I N I F O R M E S 

Fami ly S C Y L I O R H I N I D A E 

Genus S C Y L I O R H I N U S 

Remarks . This includes the l iving dogfish. The fossil teeth are very small 
and are usual ly only found by bulk process ing and sieving. 

Scyliorhinus antiquus (Agassiz) 
Text-figure 1 4 . 2 A 

Descript ion. The teeth are up to 2 - 5 m m wide and 3 m m high. The main 
cusp is long and slender, and one pair of short, stout, accessory cusps is 
present. The lingual face in anterior teeth is finely striated; both faces are 
striated in more poster ior teeth. The root is short and forked, wi th rounded 
ends to the root-halves . The root has a very p ronounced l ingual protrusion, 
but is flattened basal ly . A dist inct central nutr i t ive cleft is present . The 
crown covers mos t of the root on the labial face. 
Occurrence . Cenomanian ; Kent . 

Scyliorhinus dubius (Woodward ) 
Text-figure 1 4 . 2 B - C 

Description. The teeth are only up to 1-5 m m high. The main cusp is long 
and slender, and one pair of long, slender, accessory cusps (up to one-half 
the height of the main cusp) is present. The faces of the c rown are most ly 
smooth but some teeth have feeble striations at the base of the crown on the 
labial face. The main cusp and the accessory cusps curve slightly lingually 
when v iewed from the side. The root is short and forked, with each half 
expanded at the ends. There is a p ronounced lingual protrusion with a large 
nutritive cleft. The crown covers most of the root on the labial face. 
Occurrence . Cenoman ian ; Kent . 

Order H Y B O D O N T I D E A 

Family P O L Y A C R O D O N T I D A E 

Genus P O L Y A C R O D U S 

Polyacrodus illingworthi (Dixon) 
Text-figure 14.2i—J 
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312 Fossils of the Chalk 

Descript ion. The teeth are large, low-crowned , and up to 30 m m wide. 
The main cusp and accessory cusps are not clearly defined, and are short, 
stout, and obtusely pointed. The surface of the tooth is marked by fine ridges 
radiat ing from the apex of the cusps or from an acute keel that runs across 
the width of the c rown. The root is large, deep , not c r imped or forked, and 
lacks a nutri t ive cleft. 
Occurrence . Cenomanian ; Kent, Surrey, Sussex. 

Family P T Y C H O D O N T I D A E 

Genus P T Y C H O D U S 

Remarks . A n extinct genus of shark poss ib ly related to the hybodont ids 
on the basis of internal root morpho logy of the teeth. T h e y are known only 
by teeth, j a w s and ver tebrae . T h e y h a v e a c rush ing p a v e m e n t denti t ion 
wi th the tee th a l igned c lose ly in r o w s runn ing lab io- l ingua l ly over the 
j a w s (Text-f ig . 14.4) . T h e r e are pa i r ed la tera l r o w s on each s ide of a 
median row. In the lower j a w the med ian row consists of very small teeth, 
and in the uppe r j a w the largest tee th form the m e d i a n row . T h e teeth 
diminish in size in the lateral rows from the row next to the med ian row to 
the m o s t lateral row. T h e r e are different n u m b e r s o f r o w s in different 
spec ies . W h e r e m o r e c o m p l e t e den t i t ions are k n o w n , e s t ima tes are 15 
rows in P. decurrens Agass iz and 17 rows in P. mortoni Mante l l . 

The c r o w n surface is o r n a m e n t e d wi th a series of subparal le l r idges 
r u n n i n g a c r o s s the cen t r a l a r ea s u r r o u n d e d b y a m a r g i n a l a r ea of 
g ranular o rnamen ta t ion . T h e n u m b e r , s ize , and the re la t ive area o f the 
c r o w n sur face c o v e r e d b y t h e s e r i d g e s a n d the m a r g i n a l a r ea are 
charac te r s used to dif ferent ia te the spec ies . T h e o the r m a i n charac te rs 
u s e d are t he d e g r e e o f e l e v a t i o n o f the cen t r a l c o r o n a l a rea , a n d the 
p rof i l e o f t he c r o w n w h e n v i e w e d f rom the s ide . T h e r o o t s a re all 
sha l low and s imp le , a n d the c r o w n o v e r h a n g s the roo t s l igh t ly on all 
s ides . The c rown has a sl ight depress ion on the l ingual side and usual ly 
s lopes regular ly from the apex to the labial ma rg in . T h e labial ma rg in of 
each tooth fits into the l ingual depress ion of the next tooth in each row. 
The tee th in the pa i r of r o w s next to the m e d i a n row tend to be square or 
rec tangula r and are usua l ly the m o s t charac te r i s t i c o f the spec ies . The 
more lateral r ows h a v e smal ler , m o r e a symmet r i ca l teeth, often b e c o m ­
ing l o z e n g e - s h a p e d or ova l , and are v e r y difficult to ident ify b e c a u s e 
they look the s ame in different spec ies . The fo l lowing descr ip t ions are 
mos t ly based on teeth from the large m e d i a n r o w or the first lateral rows . 
In the figures the labial ma rg in is at the top and the side v i ews are all 
taken look ing at the l ingual face. 
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T E X T - F I G . 14.4. Reconstruction of a jaw of Ptychodus decurrens Agassiz, natural 
size (from Woodward 1904, p. 134). 

Ptychodus ranges wor ld -wide but is restr icted to the Upper Cretaceous . 
The teeth are probably the mos t dist inctive of the Cha lk fish fossils, and 
m a n y species have been desc r ibed (see Agass i z 1 8 3 3 - 4 5 ; D i x on 1850; 
Dibley 1911). 

Ptychodus mammillaris Agass iz 
Plate 6 1 , figures 11 -12 

Descript ion. The largest teeth are up to 45 m m wide . The central coronal 
area is m u c h elevated, especial ly in smal ler teeth, and more or less sharply 
defined from the marg ina l area. The t ip of this central h u m p is sl ightly 
flattened. The raised area is crossed by 8-11 regular , p rominent , parallel 
r idges, wh ich cont inue d o w n the sides to the margina l area. These r idges 
are rarely curved at the ends but often end wi th coarse tubercles , which 
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314 Fossils of the Chalk 

become finer and merge with the marginal ornamentat ion. The flat marginal 
area is relatively wide and o rnamented with fine granules concentr ic to the 
m a r g i n s of the too th . T h e m a r g i n a l a rea is of ten c rossed by rad ia t ing 
shal low puckers . 
Occurrence . T u r o n i a n - C o n i a c i a n ; Kent , Surrey, Sussex , Isle of Wight , 
Dorse t , D e v o n , Wi l t sh i r e , Her t fo rdsh i r e , Bed fo rdsh i r e , L inco lnsh i r e , 
Yorkshire . 

Ptychodus rugosus Dixon 
Plate 6 1 , figures 1 3 - 1 4 

Descript ion. The teeth are very similar to those of P. mammillaris with a 
much elevated central area and a well-defined marginal area. This central 
hump is crossed by 3 - 5 r idges , wh ich pass into a rugose ornamenta t ion on 
the labial pa r t of the too th . T h e m a r g i n a l a rea h a s concen t r i c rugose 
o r n a m e n t a t i o n . U n l i k e P. mammillaris the o r n a m e n t a t i o n t ends to be 
fainter and less wel l defined, with the t ransverse r idges be ing incomplete 
or interrupted. The central raised h u m p also has a more rounded tip. 
O c c u r r e n c e . C o n i a c i a n - S a n t o n i a n ; Ken t , Sur rey , Sussex , H a m p s h i r e , 
Essex. 

Ptychodus latissimus Agass iz 
Plate 6 1 , figure 15 

Descript ion. The teeth are up to 60 m m wide . The central area is gently 
raised or flattened and crossed by 6 - 8 coarse, sharp, t ransverse r idges. The 
r idges are straight or slightly curved at the ends but never form complete 
whor l s . The marg ina l area is na r row or w ide wi th coarse granula t ions , 
which somet imes cont inue from the ends of the r idges. 
Remarks . A variety, P. dixoni, has slightly finer r idges than the normal 
form and a n a r r o w , coa r se ly g r anu l a t ed m a r g i n . A n o t h e r var ie ty , P. 
paucisulcatus, has only four or five very prominent t ransverse r idges with 
rare or slight curving of the ends, often with large granules be tween them. 
The marginal area is wide and coarsely granulated. 

Occurrence . Uppe r C e n o m a n i a n - L o w e r Santonian ; the var ie ty P. pau­
cisulcatus has only been found in the M. cortestudinarium and M. coran­
guinum zones ; Kent, Surrey, Sussex, Hampsh i re , Wil tshire , Buck ingham­
shire, Hertfordshire, Suffolk, Norfolk. 

Ptychodus decurrens Agass iz 
Plate 62, figure 1 
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Descript ion. The teeth are up to 60 m m wide . The central area is raised 
and gently arched in profile or flattened (var. depressus). The raised area is 
crossed by numerous ( 9 - 1 6 ) fine r idges , these be ing parallel and straight 
or very slightly curved at the ends . In some spec imens they are recurved 
into whor l s (var. multistriatus). The marginal area is usual ly nar row with 
lines of fine granula t ions more or less at r ight angles to the margins . The 
t r ansve r se r idges p a s s g radua l ly into the m a r g i n a l o r n a m e n t a t i o n and 
somet imes branch at the ends. 
Remarks . A very varied species . 

Occurrence . C e n o m a n i a n - T u r o n i a n ; Kent , Surrey, Her t fordshire , C a m ­
bridgeshire , Norfolk. 

Ptychodus oweni D ixon 
Plate 62, figure 2 

Descript ion. The teeth are about 40 m m wide wi th a modera te ly elevated 
crown, wh ich is regularly arched in profile. The central area is not clearly 
d is t inguishable from the marg ina l area. The surface is o rnamented with 
fine but well-defined r idges , most ly incomple te or b ranched and tending to 
radia te f rom the cent re ra ther than be t r ansverse . The marg ina l area is 
restricted and o rnamented wi th coarse , e longate granulat ions . 
Remarks . There are specimens intermediate be tween this and P. decurrens 
so the separat ion of this into a distinct species is quest ionable . 
Occurrence . Middle Cenomanian ; Kent , Sussex. 

Ptychodus polygyrus Agass iz 
Plate 62, figure 3 

Descript ion. The teeth are up to 70 m m wide . They tend to be slightly 
w i d e r t h a n long a n d h a v e 7 - 1 1 d i s t inc t t r ansve r se r idges c ros s ing the 
crown. The r idges often curve at the ends, one or two somet imes forming 
comple te whor l s . The marg ina l area is na r row and has coarse granular 
ornamenta t ion often cont inuing concentr ical ly around the crown from the 
ends of the r idges. The c rown is not much elevated and is flattened on top. 
Occurrence . Con i ac i an -Campan ian ; Kent, Surrey, Hampsh i re , Wiltshire, 
Middlesex, Essex. 

Ptychodus concentricus Agass iz 
Plate 62, figure 4 

Descr ipt ion . The teeth are a lmost t r iangular in profile wi th a marked ly 
elevated central area. The central area is well defined and crossed by many 
fine bu t p r o m i n e n t t r ansve r se r i dges , w h i c h cu rve to form c o m p l e t e 
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concentr ic whor l s . T h e marg ina l area is modera te ly w ide in some teeth 
and o rnamented wi th fine granulat ions , which tend to be concentr ic near 
the t ransverse l ines, becoming radiate towards the c rown margin . 
Occurrence . Midd le Cenoman ian ; Kent ; this species is not very c o m m o n 
in the Brit ish Chalk but is c o m m o n on the continent . 

Ptychodus marginalis Agass iz 
Plate 62, figure 5 

Descript ion. Differs from P. poly gyrus in having slightly finer and more 
n u m e r o u s t ransverse r idges , u p to 14 in n u m b e r , m a n y of w h i c h curve 
round at the ends and con t inue concen t r i ca l ly on the marg ina l a rea as 
coarse to fine granulat ions . The marginal area is extensive and is distinct 
from the central h u m p . The teeth are smal ler than in P. polygyrus and are 
about 3 0 - 5 3 m m wide . 
Occurrence . Tu ron ian -Con iac i an ; Kent , Sussex, Berkshire . 

ClaSS OSTEICHTHYES 

R e m a r k s . B o n y fish r e m a i n s found in the C h a l k t o d a y are c o m m o n l y 
disart iculated parts such as scales, teeth, fin-rays, ver tebrae, j a w s and other 
skull b o n e s . O to l i th s or ' e a r - s t o n e s ' , w h i c h are c o m m o n in m a n y late 
Mesozoic and Cenozo ic clays, are composed of aragoni te and are virtually 
unknown in the Chalk. The fragments of bony fishes found in the Chalk 
are often not d iagnost ic , s ince only more or less comple te fishes can be 
identified with any assurance. These are so rare and the fauna is so diverse 
that n o real g u i d a n c e to the i r ident i f ica t ion can b e g i v e n he re . Smi th 
W o o d w a r d ' s ( 1 9 0 2 - 1 2 ) m o n o g r a p h is still the best gu ide , and if that is 
unava i l ab l e loca l ly those for tunate e n o u g h to find a c o m p l e t e fish are 
advised to take it to a major m u s e u m . A fairly c o m m o n Cha lk fossil easily 
mis taken for a comple te fish is the w o r m tube n a m e d Terebella lewesi-
ensis. This w o r m built its tube from fish bones , and the e longate tube, up 
to 60 c m long, looks vaguely like the skeleton of an eel (and was described 

E X P L A N A T I O N O F P L A T E 62 

All figures: A , oral view; B , side view. 
Fig. 1. Ptychodus decurrens Agassiz. Chalk, Maidstone, Kent; X 1. 
Fig. 2. Ptychodus oweni Dixon. Chalk, Lewes, Sussex; x 1. 
Fig. 3. Ptychodus polygyrus Agassiz. Santonian, M. coranguinum Zone, Banstead, 

Surrey; X l . 
Fig. 4. Ptychodus concentricus Agassiz. Cenomanian, H. subglobosus Zone, Lee's 

Pit, Ftolborough, Kent; x 1. 
Fig. 5. Ptychodus marginalis Agassiz. Chalk, Hailing, Maidstone, Kent; X 1. 
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as one by G i d e o n Mante l l in 1822) . Yet on de ta i led examina t ion , the 
' ske le ton ' turns out to have no head or tail, no vertebral co lumn or fins, 
but to be a j u m b l e of b o n e s and scales , often compr i s ing f ragments of 
different genera. Guides to the identification of b o n y fish fragments are 
given be low under the headings Scales, Teeth , and Other Remains . 

S C A L E S 

Four main types of scale m a y be encountered: cycloid, ctenoid, coelacanth, 
and ganoid (listed in sequence from the commones t to the rarest) . 

Cycloid and ctenoid scales are characterist ic o f teleosts , the dominant 
group of bony fishes today (there are over 20 ,000 living species) . These 
scales are thin, a l m o s t t r ans lucen t p la t e s of b o n e w h o s e m o s t obvious 
feature is concentr ic r idges (circuli) mark ing the growth of the scale from 
a central focus. In m a n y teleosts the spacing of the circuli varies with the 
season in which they were laid down, so that annual growth r ings can be 
recognized, as in a tree, but in Chalk fishes the circuli are general ly evenly 
spaced. The anterior or e m b e d d e d part of the scale, which is covered in 
life by the scale in front, usual ly has a number of grooves (Text-fig. 1 4 . 5 B ) 
or uncalcified strips (Text-fig. 1 4 . 5 A ) , the radii, converg ing on the focus of 
the scale. 

Cyclo id and ctenoid scales differ in the form of the posterior, exposed 
part of the scale. In cycloid scales (Text-fig. 14 .5A) this is smooth, but in 
ctenoid scales (Text-fig. 14 .5B) the exposed circuli develop minute comb­
like teeth, the ctenii . C tenoid scales are characteris t ic of h igher teleosts, 
e spec ia l ly o f those wi th sp ines in the i r fins, the A c a n t h o p t e r y g i i (e.g. 
perch, mackere l ) . In the Chalk seas the only acanthopterygians belong to 
the most pr imit ive l iving group, the Beryciformes. Living beryciforms are 
mar ine fishes of t w o pr incipal types , the ho locen t ro ids or soldierfishes, 
abundan t in tropical reefs, and the t rach ich thyoids , deep-water , oceanic 
fishes. Bo th g roups existed in the Cha lk sea. Cyc lo id scales characterise 
the more pr imit ive teleosts (e.g. herr ing, pike) and so are typical of most 
Chalk teleosts. 

S o m e Cha lk teleosts have scales that are special ised as scutes . O n e of 
the V-shaped scutes of Dercetis is i l lustrated (Text-fig. 14.5c). Dercetids 
are a Late Cretaceous group of eel -shaped fishes wi th two or more rows of 
these scutes a long the flank. 

Coe l acan ths are represen ted in the Cha lk by t w o spec ies of Macro-
poma, a Late Cre taceous genus which was thought to be the last of the 
coelacanths until the living Latimeria was discovered in 1939. Macropoma 
scales (Text-fig. 14 .5D) are very thin, ovoid plates of fibrous bone , easily 
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Fishes 319 

recognised by the enamel led tuberc les or dent ic les cover ing the port ion 
that was exposed in life. 

Gano id scales (Text-fig. 14 .5E) are thick, rhomboida l p la tes of bone 
with an external layer of smooth , shiny ganoin. Typical ly each scale has a 
peg on the upper edge by m e a n s of wh ich it art iculates with its ne ighbour 
in the scale row. Gano id scales character ise m a n y Palaeozoic fishes and a 
few surviving genera like the Nor th Amer ican gars (Lepisosteus) and the 
African bichi rs (Polypterus). Four or five gene ra of fishes wi th gano id 
scales are recorded in the Chalk, but all are ex t remely rare. 

T E E T H 

Over 40 genera of bony fishes are recorded in the Chalk; about a dozen of 
these have a dist inctive denti t ion, and the rest have small or nondescr ipt 
teeth. 

A m o n g Chalk teleost teeth, the mos t l ikely identifiable finds are teeth 
of ' e n c h o d o n t s ' , an in formal co l l ec t ive n a m e for abou t five gene ra of 
p reda to ry fishes, p r o b a b l y re la ted to l iv ing d e e p - s e a p r eda to r s l ike 
Alepocephalus, the lancetf ish. T h r e e g e n e r a are i l lus t ra ted: Enchodus, 
Apateodus, and Cimolichthys. The characterist ic teeth in each of these are 
the large fangs carr ied on the palate and the t ip of the lower j a w (dentary). 
In Apateodus (PI. 6 3 , fig. 3) there are two enlarged fangs on the palat ine 
and t w o on the den ta ry , and the tee th are c o m p r e s s e d , wi th t w o sharp 
edges , and are s m o o t h apar t f rom fine s t r ia t ions nea r the b a s e . In 
Cimolichthys (Text-fig. 14 .5G ) there are several fangs on the palat ine and 
on the dentary, and the palatal teeth have a barb at the tip. In Enchodus 
(Text-fig. 14.5F) there is on ly one fang on the pa la t ine and one on the 
dentary; the palat ine fang is compressed , with two sharp edges , whereas 
the den ta ry fang h a s one sha rp edge a n d one r o u n d e d . T h e b a s e s o f 
Enchodus fangs m a y be striated. 

Pachyrhizodus (Text-fig. 14 .5H) is a m e m b e r of an extinct, Cre taceous 
group of teleosts , the pachyrh izodonto ids . In Pachyrhizodus the teeth are 
slightly curved, round in section, and have a characteris t ic swol len base 
where they are sheathed in bone at taching them to the j a w . Tomognathus 
(Text-fig. 14.5i) is a pr imit ive bony fish (not a teleost) , k n o w n only from 
the Chalk , wh ich has teeth ra ther like those of Pachyrhizodus but more 
s lender , m o r e s t rong ly cu rved , and wi th a t r ans lucen t cap and a few 
striations near the cap . 

Protosphyraena is a large fish wi th a long ros t rum like a swordfish. It 
w a s the last su rv ivor and on ly La te C r e t a c e o u s m e m b e r of the pachy -
cormids , a Mesozo ic group of pr imi t ive bony fishes. In Protosphyraena 
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the teeth (PI. 63 , fig. 6) are very like those of the enchodont Apateodus, 
but they are set in deep sockets in the j a w , not fused to the bone as they 
are in Apateodus. Th is m e a n s that Protosphyraena teeth have undiffer­
en t ia ted ba se s , w h e r e a s in Apateodus the base is s l igh t ly swol l en and 
striated. In Protosphyraena teeth the surface enamelo id is very thin and 
usually show s characteris t ic longi tudinal pos t -mor tem cracks . 

All the teeth m e n t i o n e d so far are fang-l ike and obvious ly be long to 
predators . There are two groups of bony fishes wi th crushing denti t ions, 
p resumed to be bot tom-feeders , whose teeth m a y be found in the Chalk: 
pycnodonts and p le thodonts . Pycnodonts are found in rocks ranging in age 
from Late Triassic to Eocene . There are over 15 genera and about five of 
these are recorded in the Chalk . Pycnodont crushing denti t ions consist of a 
median , symmetr ica l tooth-plate on the vomer in the upper j a w , and paired 
too th -p l a t e s on the sp len ia l s in t he l o w e r j a w . P y c n o d o n t g e n e r a are 
dist inguished, in part , by the a r rangement of the teeth on these bones , and 
isolated teeth are rarely identifiable. The pycnodon t vomer illustrated (PI. 
63 , fig. 1) is assigned to Phacodus, a nominal genus whose only species is 
from the Chalk ; the fossil shows the usua l form o f p y c n o d o n t vomer s , 
wi th a median row of broad, bean- l ike teeth, and ovoid or rounded teeth in 

T E X T - F I G . 14.5. A , Osmeroides lewesiensis (Mantell) (Osmeroididae), Chalk, 
Lewes, Sussex; scale, external view, B , Hoplopteryx lewesiensis (Mantell) 
(Trachichthyidae), Chalk, Cuxton, Kent; scale, external view, c, Dercetis maximus 
Smith Woodward (Dercetidae), Upper Chalk, M. coranguinum Zone, Grays, 
Essex; scute, internal view, D , Macropoma mantelli Agassiz (Coelacanthidae), 
Upper Chalk (Upper Turonian-Campanian), Guildford, Surrey; scale, external 
view; the two denticles in the middle of the scale are broken away and represented 
only by their bases, E , Lophiostomus dixoni Egerton (?Caturidae), Chalk, Lewes, 
Sussex; scale, external view. F , Enchodus lewesiensis (Mantell) ( 'Encho-
dontoidei ') , Chalk, Sussex; right palatine, external view, G , Cimolichthys 
levesiensis Leidy ('Enchodontoidei'), Chalk, Sussex; tooth from the palatine or 
ectopterygoid. H , Pachyrhizodus hasalis Dixon (Pachyrhizodontidae), Ceno­
manian, Bluebell Hill, Burham, Kent; part of right maxilla, internal view, i, 
Tomognathus mordax Dixon (Tomognathidae), Cenomanian, H. subglobosus 
Zone, Amberley, near Arundel, Sussex; anterior end of left lower jaw, external 
view; the foremost tooth is broken, and the second is undergoing replacement. J, 
Hoplopteryx lewesiensis (Mantell) (Trachichthyidae), Upper Chalk, near 
Rochester, Kent; base of a soft ray from dorsal fin. K , Pachyrhizodus sp. 
(Pachyrhizodontidae), Chalk, Kent; fragment of leading edge of tail fin showing 
zigzag jointing strengthening the outermost fin-rays, and repeated bifurcation in its 
neighbours, L , Protosphyraena sp. (Pachycormidae), Cenomanian or Turonian, 
Burham, Kent; fragment of leading edge of pectoral fin; the wrinkled ornament is 
broken and worn away over part of the surface. Scale bars represent 2 mm; head of 

fish is to the left in all except F and G . 
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r o w s on e i the r s ide . T h e sp len ia l s i l lus t ra ted (PI. 6 3 , fig. 2) r ep resen t 
another genus , Polygyrodus, whose only species is from the Chalk. Here 
there are no bean-l ike teeth ( they occur in mos t pycnodon t splenials) and 
the teeth are irregularly ar ranged and roughly circular, wi th a central cone, 
a flat r im around the base of the cone , and rough, o rnamented surfaces. 

The other type of Cha lk c rush ing dent i t ion is n a m e d Plethodus. The 
p le thodon ts are Cre t aceous te leosts , r ang ing in Bri tain from the Alb ian 
Gaul t to the Upper Chalk. There are several nomina l genera in the family, 
bu t Plethodus is the on ly o n e r e c o r d e d f rom the Cha lk . T h e dent i t ion 
cons i s t s of t w o p la tes wi th s m o o t h g r i n d i n g sur faces fo rmed of fused 
small teeth, wh ich are somet imes still recognisable around the margin of 
the plate . The tooth-plates are circular, pentagonal or rectangular in form; 
the upper plate is slightly concave and was carr ied by the parasphenoid , on 
the floor of the bra incase , and the lower plate is convex and was carried by 
the basihyal , in the ' t o n g u e ' . 

O T H E R R E M A I N S 

Col lected under this head ing are c o m m e n t s on misce l laneous parts of bony 
fishes which m a y be found in the Chalk: vertebrae, fin-rays and 'coprol i tes ' . 

Isolated bony fish ver tebrae are not, in general , identifiable to genus or 
even family. Indeed, it is often difficult to decide whe the r a ver tebra is 
from a shark or a teleost, s ince in pr imit ive teleosts the bony neural and 
haemal arches and spines are not fused to the cent rum, so that they fall 
away after death, leaving isolated centra which can look very like shark 
centra (PI. 6 1 , fig. 7) . 

Fin-rays in bony fishes are of two principal types, 'soft r ays ' and spines. 
Fin spines are found in the front por t ion of the dorsal , anal and pelvic fin 

EXPLANATION OF PLATE 63 

Fig. 1. Phacodus punctatus Dixon. Campanian, G. quadrata Zone, Whaddon, near 
Salisbury, Wiltshire; incomplete dentition of vomer, oral view; x 1. 

Fig. 2. Polygyrodus cretaceus (Agassiz). Turonian, T. lata Zone, Cuxton, Kent; 
lower jaws showing splenial dentition, oral view; xO-7. 

Fig. 3. Apateodus striatus Smith Woodward. Cenomanian, near Maidstone, Kent; 
right ectopterygoid in lateral view; x 1. 

Fig. 4. Heteropolar coprolite or enterospira (fossil intestine), probably from a 
shark; Middle Cenomanian, H. subglobosus Zone, Dover, Kent; x 1 -5. 

Fig. 5. Heterodontus canaliculars (Egerton). Chalk, Sussex; dorsal fin-spine; x 1. 
Fig. 6. Protosphyraena sp. Lower Cenomanian, S. varians Zone, Hauxton, near 

Cambridge; tooth, probably from the tip of the left lower jaw, in lateral view; 
X l . 
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of a c a n t h o p t e r y g i a n s , the h ighe r t e leos t s r e p r e s e n t e d in the C h a l k by 
beryciforms. They are awl-l ike bony rods , wi th a complex articular surface 
at the base . 'Soft r ays ' are so cal led because of their flexibility, a conse­
quence of repeated jo in t ing or segmentat ion, breaking each bony ray into a 
series of short cyl inders . Soft rays usual ly bifurcate several t imes , so that 
t o w a r d s the t ip t h e y are s u b d i v i d e d in to a n u m b e r o f s lender , j o in t ed 
filaments. Soft rays (Text-fig. 14 .5J) compose all the fins of pr imit ive bony 
fishes, and the tai l , pec tora l and pos te r io r par t s of the dorsa l , anal and 
pelvic fins in acanthopterygians . In the leading edges of the fins, especially 
the tail, the t ransverse jo in ts in the soft rays are often staggered, producing 
a serrated effect (Text-fig. 1 4 . 5 K ) . This s t rengthening of the leading edge 
of the fin r e a c h e s a p e a k o f spec ia l i sa t ion in the pec to ra l fins of the 
p a c h y c o r m i d Protosphyraena (Text-fig. 1 4 . 5 L ) . These are long, na r row 
and scythe-shaped, wi th the fin-rays unjointed, unbifurcated, and closely 
pressed together. The rays end successively on the leading edge of the fin 
where they are covered by an enamel- l ike substance, project ing in a series 
of saw teeth. 

Objects from the Chalk like that shown in Plate 6 3 , figure 4 were at first 
interpreted as fossil fir-cones. Gideon Mante l l p roposed that they had an 
an imal origin, and Dean Buck land s h o w e d that s imilar fossils from the 
Lias of L y m e Regis , Dorset , ma tched cement casts of the large intestine of 
l iving sharks, where the spiral valve impar ts a characterist ic structure of 
concentric cones. Buckland christened these fossils coproli tes, or fossilised 
faeces. The Chalk coprol i tes are convent ional ly ass igned to the coelacanth 
Macropoma, t hough Smith W o o d w a r d r emarked that they could as well 
come from sharks or ch imaeroids . M o r e recent ly there has been argument 
about whe ther coprol i tes are actual ly fossil faeces (expel led from the fish 
dur ing life) or foss i l ised in tes t ina l con ten t s , l ike the c e m e n t cas t s that 
Buckland m a d e from sharks; such fossils are n o w cal led enterospirae. The 
source of Cha lk copro l i t es or en te rosp i rae is not k n o w n , bu t the spiral 
va lve is a fea ture o f p r i m i t i v e fishes-sharks, c h i m a e r o i d s , and non-
teleostean bony fishes. Enterospirae have not been found in situ in Chalk 
coelacanths , and sharks are the mos t likely source of these Cha lk fossils. 
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15. R E P T I L E S 

by A N G E L A C. M I L N E R 

Reptile remains from the Chalk are few and fragmentary but they include 
r ep resen ta t ives of all the m a r i n e g r o u p s tha t o c c u r in the Cre t aceous . 
Ter res t r ia l fo rms a re res t r i c ted to p t e r o s a u r ma te r i a l a n d rare 
representat ives of two groups of herb ivorous dinosaurs . Mos t spec imens 
were collected dur ing the last century from work ing chalk pits, long since 
closed. The Chalk fauna as a whole has been largely neglected since the 
original descr ip t ive work , ma in ly by Richard O w e n (1850 , 1851, 1861 , 
1864), except for a short rev iew of the ver tebrates by W o o d w a r d (1889a) 
and a check l i s t o f g e n e r a in W o o d w a r d and S h e r b o r n (1890) . C h a l k 
local i t ies and t axa w e r e r e v i e w e d in B e n t o n and S p e n c e r (1995) and 
material listed for 50 localit ies. 

Isolated teeth are the mos t c o m m o n l y found spec imens in the Chalk. 
Repti le teeth are usual ly d iagnost ic at least to ordinal and superfamilial 
level, and in m a n y cases to gener ic and specific level . A s imple key is 
included be low as an aid to the identification of teeth; it applies only to 
Chalk mater ial . 

K E Y T O I D E N T I F I C A T I O N O F C H A L K R E P T I L E T E E T H 

1. Tooth c rown conical 2 
Tooth c rown leaf-shaped and wi th deeply serrated margin , 
or rounded and blunt, or with a p rominent groove and 
showing wear facets 10 

2. C rown with prominent , longitudinal , r idged ornament 3 
Crown finely o rnamented or smooth 4 

3. Ornament of regular ly spaced smooth longitudinal 
r idges converging towards but not reaching tip o f 
the c rown Platypterygius 
Ornament of sharp-r ibbed longitudinal r idges , some 
persist ing to the tip of the c rown Polyptychodon 

4. C r o w n divided into two faces by a longitudinal carina 5 
C r o w n undivided 9 

5. Crown divided symmetr ica l ly 6 
Crown divided asymmetr ica l ly into buccal and l ingual 
faces 8 
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6. 

7. 

10. 

11. 

C rown wi th a single anterior car ina Clidastes 
Crown complete ly divided into two faces and with 
smooth or finely r idged enamel 
Crown short and robust 
Crown long and buccol ingual ly compressed 
Buccal face faceted, l ingual face r idged 
Buccal face flat, l ingual face U-shaped 
Tooth slender, wi th a finely pointed t ip and with 
fine striate o rnament 
Tooth very long rooted, c rown slightly to s trongly 
buccol ingual ly compressed 
Tooth implantat ion sub-pleurodont 
Crown buccol ingual ly compressed , leaf-shaped 
with a deeply serrated marg in and a c ingulum 
Crown tr iangular in cross-sect ion wi th a p rominent 
med ian ridge on heavi ly enamel led face, g rooved 
marginal denticles and fine grainy enamel 
pat terning 
Crown bluntly conical to slightly buccol ingual ly 
compressed Coniasaurus gracilodens 
C r o w n buccol ingual ly inflated, constr icted at the 
base , and wi th wea r facets and an asymmetr ic 
longitudinal groove Coniasaurus crassidens 

1 
Prognathodon 

Leiodon 
Plioplatecarpinae 

Tylosaurus 

Plesiosauroidea 

Ornithocheirus 
11 

Acanthopholis 

Euhadrosaur ia 

D E S C R I P T I O N S 

T U R T L E S 

Remarks . F ragmenta ry remains of large turtles have been found at many 
localities, part icularly in the Cenoman ian Chalk. Comple te but unassoci-
ated skul ls a n d shel ls of a m u c h sma l l e r tur t le are a lso k n o w n . M o s t 
mar ine turt les have a r educed shell c o m p a r e d wi th that of tor toises and 
freshwater tur t les . T h e ca rapace is l igh tened by reduc t ion of the costal 
p la tes , l eaving a ser ies of fontanel les b e t w e e n t hem and the per iphera l 
p la tes t h r o u g h w h i c h are e x p o s e d the dis tal po r t i ons o f the r ibs . In 
spec ia l i zed C r e t a c e o u s fo rms the c a r a p a c e is ef fec t ively r e d u c e d to a 
series of struts consis t ing only of a med ian series of neural plates, vestigial 
costals fused to the p rox ima l r ibs , and a r ing of per iphera l p la tes . The 
plastron consists of two pairs of large, heavy plates , l inked anteriorly and 
posteriorly by smaller paired and unpai red plates . 
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T w o famil ies , Che lon i idae and Pro tos t eg idae , are r ecorded from the 
Engl ish Chalk. Both are wide ly distr ibuted in the Upper Cretaceous of the 
eastern and southern U S A (Zanger l 1953 , 1960). In addi t ion, there is a 
pos s ib l e r eco rd o f a t o x o c h e l y i d h u m e r u s f r agment ( H i r a y a m a , pe rs . 
c o m m . 1999); the Toxoche ly idae is the only other family of mar ine turtles 
that occurs in the Cre taceous . 

Subclass T E S T U D I N A T A 

Order C R Y P T O D I R I D A 

Family C H E L O N I I D A E 

Genus C H E L O N I A 

Chelonia sp. 
not figured 

Descript ion. The skull is dis t inguishable from those of protostegids by its 
r e d u c e d nasa l s a n d the p r e s e n c e o f a s e c o n d a r y pa la t e . A n u m b e r of 
characters of the carapace and plast ron dist inguish cheloni ids from proto­
stegids. In the cheloni id carapace the neural plates are not usually keeled, 
the interneural and intercostal sutures are offset, and the media l edges of 
the peripheral plates are smooth . The two largest pairs of plastral plates, 
the hyoplastrals and hypoplas t ra ls , are saddle- or Y-shaped. 
R e m a r k s . The only k n o w n skull w a s ascr ibed to the protostegid Rhino-
chelys by Coll ins (1970) (Hi rayama, pers . c o m m . 1999; see be low) . 
O c c u r r e n c e . L o w e r C e n o m a n i a n , M. mantelli or M. dixoni Z o n e , to 
Lower Campan ian , G. quadrata Zone ; Cenoman ian of Kent , Surrey and 
Sussex; Turonian of Kent ; Lower Campan ian of Hampsh i re ; C o n i a c i a n -
Campan ian of Sussex. 

Fami ly P R O T O S T E G I D A E 

Genus P R O T O S T E G A 

Protostega sp. 
not figured 

Descr ipt ion . Shell f ragments of large pro tos teg ids can be dis t inguished 
from those o f che lon i id s on severa l d i f fe rences in the ca rapace and 
plastron. In the protostegid carapace, al ternate neural plates are keeled and 
the interneural sutures coincide with the intercostals. The costal plates are 
vestigial so that the carapace has large fontanelles. The median edges of 
the per ipherals , border ing the fontanelles, are digitate or coarsely crenel-
late. In the plas t ron, the h y o - and hypoplas t ra l s are compara t ive ly very 
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328 Fossils of the Chalk 

large, subrectangular plates wi th deeply digitate medial and lateral margins. 
Occurrence . Middle Cenoman ian , H. subglobosus Zone ; Kent and Dorset . 

G e n u s C I M O C H E L Y S 

Cimochelys benstedi (Mantel l ) 
Plate 66, figure 1 

Descript ion. Several small comple te and fragmentary shells of juven i l e 
turtles have been referred to this species . The media l borders of the per i ­
pherals are not digitate, the fontanelles are small and the plastron is little 
reduced. T h e hyo- and hypoplas t ra ls are typical ly subrectangular bu t form 
a solid bony plate fused to the carapace. 
R e m a r k s . N o skull mater ia l is assoc ia ted , a l though Col l ins (1970) has 
suggested that C. benstedi could be the ' m i s s i n g ' postcranial mater ial of 
Rhinochelys (see be low) . 
O c c u r r e n c e . C e n o m a n i a n , H. subglobosus Z o n e , a n d Turon ian ; C e n o ­
manian of Kent , Sussex and Cambr idgeshi re ; Turonian of Kent . 

Genus R H I N O C H E L Y S 

Rhinochelys pulchriceps (Owen) 
Plate 66, figure 2 A - B 

Descript ion. Skull with a short, blunt snout or ' b e a k ' and no secondary 
palate. The tr i turating surface of the upper j a w has a broad l ingual r idge 
and a deep midl ine g roove that corresponds to a sharp median crest on the 
symphys i s of the lower j a w . R. pulchriceps is d i s t inguishable from the 
other species of Rhinochelys by, a m o n g o the r cha rac te r s , the lack o f a 
hooked tip to its upper j a w and the re la t ive he igh t of its skull (Col l ins 
1970). 

R e m a r k s . B a s e d on smal l skul ls f rom the C e n o m a n i a n C a m b r i d g e 
Greensand and one skull from the L o w e r Chalk . Several isolated m a n ­
d ibu la r s y m p h y s e s h a v e b e e n refer red t o Rhinochelys but t h e y are no t 
diagnostic at species level. 
O c c u r r e n c e . C e n o m a n i a n , M. mantelli—H. subglobosus z o n e s ; Ken t , 
Sussex and Dorset . 

1 C H T H Y O S A U R S 

R e m a r k s . T h e C r e t a c e o u s i ch thyosau r spec ie s , five in n u m b e r , w e r e 
inc luded in the s ingle g e n u s Platypterygius von H u e n e by M c G o w a n 
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Reptiles 329 

(1972), who confirmed that P. campylodon stands as the valid specific name 
for Engl ish ich thyosaurs of the Albian and Cenoman ian . Platypterygius 
ranges from the N e o c o m i a n to the Uppe r C a m p a n i a n and is dis t r ibuted 
a lmost wor ld -wide ( M c G o w a n 1978). T h e m o r e comple t e spec imens 
indicate that some individuals exceeded 10 m in length. 

The Engl ish mater ia l is very incomple te and consis ts of rostral frag­
ments , isolated teeth, a few isolated vertebrae and femora, and numerous 
pha langes . The mos t comple te ros t rum indicates a skull length of about 
900 m m . 

Order I C H T H Y O S A U R I A 

Family S T E N O P T E R Y G I I D A E 

G e n u s P L A T Y P T E R Y G I U S 

Platypterygius campylodon (Carter) 
Plate 64, figure 1; Plate 66 , figure 3 

Descr ip t ion . T h e so le d i agnos t i c c h a r a c t e r is the p r e s e n c e o f d e e p , 
external , longitudinal grooves running laterally a long the upper and lower 
j a w s . A cont inuous groove or a series of pits is characterist ically present in 
ichthyosaurs but it is except ional ly deep and wel l -marked in this species. 
Tooth characters have been shown to be very unrel iable in the systematics 
of ichthyosaurs , but the fol lowing features serve to dist inguish the teeth 
from those of other Cha lk repti les . The teeth, with roots enveloped in a 
thick layer of cement , a s sume a more or less bulbous form. The crowns 
are short, up to 30 m m in height , conical and ' f luted ' wi th regularly spaced 
smooth longitudinal r idges. The r idges converge distally but do not reach 
the tip of the crown, which is smooth . 

O c c u r r e n c e . U p p e r A l b i a n - C e n o m a n i a n ; K e n t . Sur rey , Sussex , C a m ­
bridgeshire , Norfolk. 

P L E S I O S A U R S 

R e m a r k s . Plesiosaurs are divided into two superfamilies, Plesiosauroidea 
for the smal l -headed, long-necked forms, and Pl iosauroidea for the large-
headed, short-necked forms. Members of both groups are widely distributed 
in the Uppe r Cre taceous of Nor th Amer ica , Europe and N e w Zealand, and 
are a lso r ecorded from Sou th A m e r i c a , Afr ica and Eas t Asia (Persson , 
1963). Mos t of the Engl i sh Cha lk mater ia l , cons is t ing of isolated teeth, 

j a w f r agmen t s and a few ve r t eb rae and p a d d l e b o n e s , b e l o n g s to the 
Pl iosauroidea. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



330 Fossils of the Chalk 

Subclass S A U R O P T E R Y G I A 

Order P L E S I O S A U R I A 

Superfamily P L E S I O S A U R O I D E A 

R e m a r k s . Inde te rmina te p les iosauro id r ema ins inc lude a s ingle p les io-
sauroid tooth recorded from the Engl ish Chalk. The c rown is long, slender 
and tapering with very fine striate o rnament running to the t ip, in contrast 
to the sharp r idge pat tern of pl iosauroids . Isolated centra are known from 
several localit ies in the Cenomanian and Turonian of southern England. 

Fami ly E L A S M O S A U R I D A E 

Genus E L A S M O S A U R U S 

Elasmosaurus constrictus (Owen) 
not figured 

Descript ion. Based on cervical centra only. The ver tebrae show features 
characteristic of e lasmosaurs , but they m a y not be diagnost ic at genus and 
species level. The centra are about twice as long as high and bear sharp 
lateral r idges running the length of the cen t rum jus t be low the neural arch 
a t tachment . In contrast , the cervical centra of p l iosauroids are general ly 
less than half the length of those of s imilar-sized e lasmosaurs , and their 
length and height are approximate ly equal . 
Occurrence . Lower or Middle Turonian; Sussex. 

Superfamily P L I O S A U R O I D E A 

Family P L I O S A U R I D A E 

Genus P O L Y P T Y C H O D O N 

Polyptychodon interruptus O w e n 
Plate 64 , figure 2 

Descr ipt ion . T h e spec ies is b a s e d on tee th only . T h e tee th have long, 
slightly l ingually curved conical c rowns , 15 -60 m m in height , which are 
ornamented by longi tudinal , c losely spaced, sharp and frequently r ibbed 
r idges. Mos t r idges stop on the distal third of the c rowns but a few persist 
to the tips. There is some ontogenet ic variat ion in the o rnament pattern, 
the r idges being more prominent and wide ly spaced in older individuals. 
T h e o r n a m e n t pa t t e rn a lso var ies wi th respec t to the pos i t ion of tee th 
within the tooth row. 

R e m a r k s . I n d e t e r m i n a t e p l i o sau ro id ve r t eb rae , p a d d l e b o n e s and j a w 
fragments have also been recorded. 
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Occurrence . Lower C e n o m a n i a n - L o w e r Santonian. Polyptychodon teeth 
have been recorded from all the fol lowing localities. In addit ion, records 
of other p l iosauroid material are indicated by s u p e r s c r i p t s 1 - 3 keyed below. 
Lower Cenomanian, Kent and Cambridgeshire ; M i d d l e - U p p e r Cenomanian, 
K e n t 1 3 , Sus sex 3 , Cambr idgesh i re , Norfolk; Upper Cenomanian , S. gracile 
Zone , Kent ; L o w e r - M i d d l e Turonian , Kent and Sussex; Santonian, Kent 
(M. coranguinum Zone ) and S u s s e x 2 ( inde te rmina te p l iosauro ids : 1 j a w 
f r a g m e n t s ; 2 v e r t e b r a e ; 3 paddle bones) . 

M A R I N E L I Z A R D S 

R e m a r k s . Several mar ine l izards occur in the Engl i sh Chalk , including 
fragmentary remains of mosasaurs . Mos t mosasaurs are very large forms 
comple te ly adapted to a mar ine exis tence; they s w a m by lateral undulat ion 
of the body and tail, wi th l imbs modif ied as steering paddles . They fed on 
other ver tebra tes , e ch inode rms and mol luscs . Mosasau r s diversified and 
b e c a m e very abundan t dur ing the Late Cre taceous . T h e y inhabi ted sub­
tropical epicontinental seas of less than about 180 m depth and of variable 
salinity. The geographica l range of m a n y species was wide and apparently 
little affected by changes in deposi t ional envi ronments (Russell 1967). 

Mosasaurs are wide ly agreed to have evolved from early varanoid-l ike 
l izards (Russell 1967), but there is no consensus over their classification. 
In m a n y classifications, e.g. Carroll (1988) , the family is included in the 
superfamily Varanoidea , whereas Russell (1967) and Caldwel l and Cooper 
(1999) accorded it separate superfamilial status. 

In addit ional to Chalk mosasaurs , three taxa of smaller mar ine l izards, 
w i th s i s t e r -g roup r e l a t i onsh ips to m o s a s a u r o i d s (Ca ldwe l l 1999) , are 
k n o w n from par t ia l ske l e tons . T h e y share fea tures in c o m m o n wi th 
mosasaurs that are associated with an aquat ic m o d e of life and inhabited 
coasta l nea r sho re e n v i r o n m e n t s of the T e t h y s and the Wes t e rn Inter ior 
Seaway in Nor th Amer ica . 

Order S Q U A M A T A 

Fami ly C O N I A S A U R I D A E 

R e m a r k s . Con iasau r s are small mar ine l izards wi th re la t ively e longate 
heads and a total body length probably not exceeding 0-5 m (Caldwell and 
Cooper 1999). Relat ively little is k n o w n of the postcranial skeleton, but 
the body and l imb propor t ions were probably similar to that of dol icho-
saurs (q.v.) , indicat ing a similar m o d e of life. Coniasaurs are k n o w n from 
the C e n o m a n i a n in E n g l a n d and F r a n c e and C e n o m a n i a n - T u r o n i a n in 
Texas and the mid-wes te rn Uni ted States (Caldwel l and Cooper 1999). 
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Reptiles 333 

Genus C O N I A S A U R U S 

Coniasaurus crassidens O w e n 
not figured 

Coniasaurus cf. C. crassidens O w e n 
Plate 64, figure 7 A - B 

Descr ipt ion . Coniasaurus crassidens was original ly descr ibed by O w e n 
on the basis of a maxi l la and associated ver tebrae, together wi th isolated 
mandib les and ver tebrae from several localit ies in England. The teeth of 
C. crassidens are characteris t ic wi th a p rominent longitudinal groove on 
the an te ro la te ra l surface and dis t inct w e a r facets that are very unusua l 
a m o n g l izards . T h e tee th are subp leu rodon t and increase in length and 
th ickness pos ter ior ly to a bu lbous shape , wi th sl ightly constr ic ted bases 
and r e c u r v e d c r o w n s . T h e c r o w n s , w h i c h are 1-5—4 m m in he ight , are 
expanded buccol ingual ly . The type spec imen contains maxi l lary teeth only 
and no lower denti t ion. The lack of strictly comparab le teeth led Caldwell 
and C o o p e r (1999) to refer m a n d i b l e f r agment s , all f rom la rger indi ­
v iduals , to Coniasaurus cf. C. crassidens O w e n . The ver tebrae are p ro -
c o e l o u s wi th la rge flat z y g a p o p h y s e s and a z y g a n t r u m - z y g o s p h e n e . 
Hypapophyses are present on the cervical ver tebrae and, in the trunk, the 
ventral faces of the centra are somewha t flattened. 
Occurrence . C e n o m a n i a n - T u r o n i a n ; Cenoman ian of Sussex; Turonian of 
Sussex (C. cf. C. crassidens only) . 

EXPLANATION OF PLATE 64 

Fig. 1. Platypterygius campylodon (Carter). Cenomanian, Folkestone, Kent; tooth; 
x l . 

Fig. 2 . Polyptychodon interruptus Owen. Santonian, M. coranguinum Zone, 
Gravesend, Kent; tooth crown in buccal view; x 1. 

Fig. 3. Leiodon anceps Owen. Campanian, B. mucronata Zone, Norwich, Norfolk; 
tooth in A , anterior, and B , lingual views; both x 1. 

Fig. 4. Clidastes sp. ?Upper Turonian, Dorking, Surrey; anterior fragment of right 
dentary; xO-5. 

Fig. 5. Plioplatecarpinae incertae sedis. Upper Chalk, Sussex; tooth in A , anterior, 
and B , posterolingual views; both x 1. 

Fig. 6. Ornithocheirus sp. Upper Chalk, Kent; tooth; X 1. 
Fig. 7. Coniasaurus cf. C. crassidens Owen. Middle Cenomanian, H. subglobosus 

Zone, Peters Pit, Wouldham, Kent; left mandible in A , lateral, and B , medial 
views; both x 1. 

Fig. 8. Coniasaurus gracilodens Caldwell. Cenomanian, H. subglobosus Zone, 
Lydden Spout, Folkestone, Kent; skull showing right (upper) and left (lower) 
maxillae; x 1-25. 

Fig. 9. Euhadrosauria incertae sedis. Cenomanian, A. jukesbrownei Zone, Hitchin, 
Hertfordshire; dentary tooth crown in lingual view; X 2 . 
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Coniasaurus gracilodens Caldwel l 
Plate 64, figure 8 

Descript ion. Dis t inguished from C. crassidens by a shorter, more robust 
maxi l la and difference in too th m o r p h o l o g y . The tooth c r o w n s are not 
more than 2 m m long, recurved and slightly buccol ingua l ly compressed 
anter iorly. T h e m o r e pos te r ior c rowns are th i ckened but re ta in a blunt-
t ipped conical shape and lack a longitudinal groove and wea r facets. 
O c c u r r e n c e . M i d d l e C e n o m a n i a n , H. subglobosus Z o n e ; Kent ; k n o w n 
from a single spec imen consist ing of a partial skull , shoulder girdle and 
four dorsal vertebrae. 

Fami ly D O L I C H O S A U R I D A E 

Remarks . Dol ichosaurs are relat ively small , s lender mar ine lizards up to 
about 1 m in length. T h e y are known from the N e o c o m i a n of Yugoslavia 
and the C e n o m a n i a n - T u r o n i a n of England and Texas . They were adapted 
to anguil l iform swimming by virtue of e longated t runks with at least 40 
presacra l ve r t eb rae , a n d long f lat tened ta i l s cons i s t i ng o f at least 70 
caudals . The l imbs and l imb girdles are small and somewha t reduced. The 
general ly small skulls of dol ichosaurs , together wi th the increase in the 
number of their presacral ver tebrae (part icularly in the neck) and reduced 
forelimbs, exclude them from immedia te ancestry of the mosasaurs . 

Genus D O L I C H O S A U R U S 

Dolichosaurus longicollis O w e n 
Plate 65 , figures 3^1 

Descript ion. K n o w n from several ar t iculated pos tcrania l skele tons , one 
with a few diagnost ic skull e lements , and isolated ver tebrae . D. longicollis 
is an except ional ly long-necked form with at least 19 cervical vertebrae 
(Caldwell 2001) . The ver tebrae are s imilar to those of Coniasaurus but 
may be dis t inguished by the presence of a striate o rnament pat tern on the 
centra. 

Occurrence . C e n o m a n i a n - L o w e r Turonian, /. labiatus Zone ; Cenomanian 
of Kent , Surrey, Sussex and Cambr idgesh i re ; Lower Turonian of Surrey. 

Superfamily M O S A S A U R O I D E A 

Family M O S A S A U R I D A E 

Remarks . Only ver tebrae, teeth and occasional j a w fragments are known 
from the Eng l i sh Cha lk . M o s a s a u r ve r t eb rae are very charac te r i s t i c in 
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appearance; they are procoe lous and the articular faces are very smoothly 
finished. The shape of the art icular faces varies with the posit ion in the 
vertebral co lumn, be ing circular or oval in cervical and dorsal vertebrae, 
and subtr iangular tending to subhexagonal in the caudals . Identification of 
isolated and fragmentary ver tebrae to gener ic level is not usual ly possible. 

M o s a s a u r tee th are t h e c o d o n t , un l ike those o f all o the r l izards , and 
b e c o m e ankylosed to the j a w s when mature . The tooth c rowns are often 
generical ly diagnost ic; they are divided into l ingual and buccal surfaces by 
a long i tud ina l ca r ina , and the sur faces m a y be s m o o t h or d iv ided into 
facets b y ver t ica l r i dges . T h e t ips o f the t ee th are usua l ly m o r e 
posterol ingual ly inclined than the main axis of the c rowns . The c rowns are 
set in barre l -shaped bony bases . T h e grain of the b o n e in the tooth base is 
finer than that of the sur rounding j a w and runs parallel to the longitudinal 
axis of the tooth base instead of the j a w . 

M a n y spec imens in old col lect ions are labelled as 'Mosasaurus ' ' , a term 
used indiscriminately to cover both determinate and indeterminate material . 
In fact, the genus Mosasaurus has not been recognized from the English 
Cha lk , a l t hough it o c c u r s in the S a n t o n i a n - M a a s t r i c h t i a n o f Eu rope 
(Russel l , 1967). 

Subfamily M O S A S A U R I N A E 

Genus C L E D A S T E S 

Clidastes sp. 
Plate 64 , figure 4 ; Plate 65 , figure 1 

Descript ion. Very few spec imens have been identified. A m o n g them is an 
anterior fragment of a dentary in which two tooth bases and two partial 
c rowns are preserved. The teeth are broad-based and tr iangular in lateral 
aspect , and the c r o w n s are s l ight ly recurved . T h e c r o w n s have a s ingle 
anter ior car ina and are t r iangular in cross-sect ion. A small project ion of 
the dentary, anterior to the first tooth socket, is characterist ic of Clidastes. 
T w o art iculated anterior caudal ver tebrae are also identified as be longing 
to Clidastes. T h e cauda l ve r t eb rae h a v e fused h a e m a l sp ines that are 
diagnost ic of mosasaur ine mosasaurs . The haemal arch surface continues 
s t ra ight on to the la teral sur face o f the h a e m a l sp ine wi th litt le or no 
curvature , and the haemal spine slopes vent romedia l ly at an angle of about 
4 0 d e g r e e s to the ho r i zon ta l ve r tebra l ax i s , a cha rac te r i s t i c feature of 
Clidastes. 
O c c u r r e n c e . S a n t o n i a n - C a m p a n i a n ; Sur rey and Sussex ; inde te rmina te 
mosasaur ine caudal ver tebrae have also been recorded from Norfolk. 
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Subfamily P L I O P L A T E C A R P I N A E 

Genus P R O G N A T H O D O N 

Prognathodon sp. 
not figured 

D e s c r i p t i o n . K n o w n on ly f rom tee th . T h e c r o w n s are 3 0 - 4 0 m m ir 
height, very robust , symmetr ica l ly bicarinate wi th smooth or finely ridgeo 
enamel . The t ips of the c rowns are blunt , bare ly recurved and the crowr 
bases are subcircular to circular in cross-sect ion. 
R e m a r k s . Prognathodon is k n o w n from g o o d skul l a n d postcraniai 
mater ia l from Be lg ium, but the Engl i sh Cha lk has y ie lded only isolated 
tooth c rowns from the Norwich area. 
Occurrence . Upper Campanian , B. mucronata Zone ; Norfolk. 

Pl ioplatecarpinae incertae sedis 
Plate 64, figure 5 

Descr ip t ion . A few too th c r o w n s and one d e n t a r y f ragment , a l though 
charac te r i s t ic o f m o s t p l iop la t eca rp ines , are no t ident i f iable to generic 
level. The c rowns are slender, about 20 m m in height , and the bases are 
subcircular in cross-sect ion. The c rowns are asymmetr ica l ly bicarinate; the 
smaller buccal surface is faceted, the larger l ingual surface is ornamented 
with closely spaced r idges. 
Remarks . The sole Sussex spec imen was originally identified as 'Plate-
carpusCl) sp . ' , but according to Russel l (1967) , the isolated tooth crowns 
are indist inguishable from those of Plioplatecarpus, which also occurs in 
the Campan ian of Europe . 
Occurrence . San ton i an -Campan ian ; Sussex, Hampsh i re . 

Subfamily T Y L O S A U R I N A E 

G e n u s T Y L O S A U R U S 

cf. Tylosaurus 
Plate 65 , figure 5 

Descript ion. A few records of ver tebrae and teeth are k n o w n from Chalk. 
The tooth c r o w n s are robus t and very a symmet r i ca l ly b icar ina te , being 
divided into a U-shaped l ingual surface and an almost flat bucca l surface 
that is restricted to the antero-lateral edge in anterior teeth. Fine vertical 
r idg ing is p r e sen t on b o t h sur faces a n d the b u c c a l surface is l ightly 
faceted. 
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T h e art icular faces o f bo th cervical and dorsa l ver tebrae are circular. 
All mosasaurs have a single fused peduncle on the ventral surface of the 
an te r io r ce rv ica l ve r t eb rae that a r t i cu la tes wi th a h y p a p o p h y s i s ; in 
tylosaurines the pedunc le is diagnost ical ly ' t ea r -drop ' - shaped . The caudal 
vertebrae bear pai red poster ior ly- incl ined pedunc les which articulate with 
the c h e v r o n s , in con t r a s t t o t he fused c h e v r o n s seen in m o s a s a u r i n e s . 
Caudal pedunc les are a lso found in p l iop la tecarp ine mosasau r s , but the 
ve r t eb rae , at least in the an te r io r ha l f o f the ta i l , can gene ra l l y be 
dis t inguished by the height o f the art icular surface; it is relat ively h igh (i.e. 
he igh t and w i d t h abou t the s ame) in t y l o s a u r i n e s and m u c h lower in 
pl ioplatecarpines. 

O c c u r r e n c e . U p p e r Santonian , M. testudinarius Z o n e , to L o w e r C a m ­
pan ian , G. quadrata Z o n e ; H a m p s h i r e (G. quadrata Z o n e ) , Ken t and 
Nor th Yorkshi re (M. testudinarius and O. pilula zones) . 

Subfamily incertae sedis 

Genus L E I O D O N 

Leiodon anceps O w e n 
Plate 64 , figure 3 A - B 

Descript ion. This genus is based on a fragment of j a w with two teeth. A 
large number of isolated teeth wi th c rown heights of be tween 20 and 30 
m m have been referred to L. anceps. T h e c rowns are slightly to strongly 
bucco l i ngua l l y c o m p r e s s e d , s y m m e t r i c a l l y b i ca r ina t e and the e n a m e l 
surfaces are smooth and shining. 

R e m a r k s . The status and re la t ionships o f L. anceps a re uncertain. O n the 
basis of the denti t ion it has been suggested that Leiodon may be synony­
m o u s with the tylosaurine Hainosaurus Dol lo from Belgium, but Russell 
(1967) retained the genus in the Mosasaur inae . 
O c c u r r e n c e . C o n i a c i a n - C a m p a n i a n , i nc lud ing U p p e r C a m p a n i a n , B. 
mucronata Z o n e ; Sussex , Essex , and Nor fo lk (B. mucronata Z o n e ) . In 
addit ion, indeterminate mosasaur teeth, j a w fragments and ver tebrae have 
been found in a wide range of Chalk hor izons . Unfortunately, the material 
is t oo p o o r l y p r e s e r v e d to be ident if ied b e y o n d fami ly leve l . The i r 
d i s t r ibu t ion is as fo l lows : M i d d l e C e n o m a n i a n , H. subglobosus Z o n e , 
Ken t ' ; Midd le Turonian , T. lata Zone , Kent (jaw fragments) and Surrey 1 ; 
Lower Campanian , G. quadrata Zone , H a m p s h i r e 1 ; Lower Campanian , O. 
pilula Zone , Sussex 1 ' 2 and Wi l t sh i r e 1 ; Upper Campan ian , B. mucronata 
Zone , Ken t 1 and N o r f o l k 1 , 2 ( ' t e e t h ; 2 vertebrae) . 
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Reptiles 339 

P T E R O S A U R S 

Remarks . The Engl ish Chalk has y ie lded only very fragmentary pterosaur 
fossils, particularly j a w s , together with other skull and postcranial remains. 
P te rosaur b o n e s are d is t inct ive and easi ly r e cogn i zed by the i r de l ica te , 
ex t remely th in -wal led s t ructure , and p te rosaur teeth are a lso easily d is ­
t inguished from those of other Chalk reptiles. Isolated w i n g e lements are 
the m o s t c o m m o n l y found r e m a i n s in the C h a l k bu t they canno t be 
identified at species level (Wellnhofer , 1978). 

Order P T E R O S A U R I A 

Suborder P T E R O D A C T Y L O I D E A 

Fami ly O R N I T H O C H E I R I D A E 

Genus O R N I T H O C H E I R U S 

Remarks . M e m b e r s of the genus Ornithocheirus are medium-s ized p tero­
saurs with a skull length o f 0-2-0-5 m. T h e y are general ly long-snouted 
forms wi th a dist inct med ian keel on the anter ior pa la te . Three species , 
based on different snout propor t ions have been recorded from the Chalk. 
Occurrence . Be r r i a s i an -Campan ian . 

Ornithocheirus giganteus (Bowerbank) 
Plate 65 , figure 2 

Descript ion. Based on the anterior part of a snout and at tached lower j a w s 
together wi th an associated scapulocoracoid and possible sternal fragment. 
The snout is short, deep and steeply angled in contrast to the other Chalk 
species. Lydekker (1888) es t imated the skull length at 253 m m . The teeth 

EXPLANATION OF PLATE 6 5 

Fig. 1. Clidastes sp. Upper Chalk, Sussex; right lateral view of anterior caudal 
vertebrae; x O - 5 . 

Fig. 2. Ornithocheirus giganteus (Bowerbank). Cenomanian, Burham, Kent; 
anterior fragment of snout and lower jaws in right lateral view; x O - 6 7 . 

Figs 3 - 4 . Dolichosaurus longicollis Owen. Lower Chalk, Cenomanian, Burham, 
Kent; articulated posterior trunk vertebrae in 3 , ventral, and 4, dorsal views 
(anterior to the right); X 1. 

Fig. 5 . cf. Tylosaurus. Santonian, M. testudinarius Zone, Forness Point, east of 
Margate, Kent; anterior caudal vertebra in posterior view; x O - 5 . 

Fig. 6 . Ornithocheiridae incertae sedis. Turonian, Burham, Kent; distal end of left 
metacarpal IV (wing metacarpal) in A , posterior, and B , dorsal views; x 1. 

Fig. 7 . Ornithocheirus cuvieri (Bowerbank). Cenomanian, Burham, Kent; anterior 
end of snout in A . left lateral, and B , ventral views; x O - 5 . 
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340 Fossils of the Chalk 

are short , sharply po in ted and s l ight ly bucco l ingua l ly compres sed . The 
scapulocoracoid is typical ly pterodactyloid, the glenoid fossa lying equally 
be tween the two e lements . A prominent ac romion process on the scapula 
m a y be diagnost ic of Ornithocheirus. 
Occurrence . Cenomanian ; Kent . 

Ornithocheirus cuvieri (Bowerbank) 
Plate 65 , figure 7 A - B 

Descript ion. Based on a long, slender, b lun t -ended snout wi th a steeply 
rising bony crest set back from the tip. The lateral wal ls of the alveoli are 
swollen laterally and bulge prominent ly on the j a w margins . The alveoli 
ex t end r ight to the t ip o f the snout a n d are o r i en t ed s l ight ly an tero-
ventrally, indicat ing that the teeth pointed slightly forwards. A prominent 
median keel is present on the palate . 
Occurrence . Cenomanian ; Kent . 

Ornithocheirus compressirostris (Owen) 
not figured 

Descr ipt ion . L o n g , sha l low, lateral ly compres sed snout lacking a nasal 
crest, about half the depth of the anterior port ion of O. cuvieri, and with 
small elliptical alveoli confluent wi th the lateral marg in of the j a w (known 
from fragments only) . 
Occurrence . Turonian; Kent . 

Indeterminate orni thocheir ids 
Plate 64, figure 6; Plate 65 , figure 6 A - B 

D e s c r i p t i o n . I so la ted tee th , s o m e a s soc i a t ed w i t h i n d e t e r m i n a t e skull 
fragments, are k n o w n from several localit ies. They are long-rooted, with 
conical and buccol ingual ly compressed or very compressed crowns , oval 
to elliptical in cross-sect ion. The c rowns m a y show very fine striate orna­
ment . Mos t of the mater ial from the Cha lk consists of f ragmentary limb 
bones , part icularly from the wing , and, a l though characterist ically ptero-

E X P L A N A T I O N O F P L A T E 66 

Fig. 1 . Cimochelys benstedi (Mantell). Lower or Middle Turonian, Kent; carapace 
in dorsal view; XO-5. 

Fig. 2. Rhinochelys pulchriceps (Owen). Middle or Upper Cenomanian, 
Folkestone, Kent, A , palate; B , skull roof; both x 1. 

Fig. 3. Platypterygius campylodon (Carter). Cenomanian, Kent; section from mid-
region of rostrum (anterior to the left); xO-5. 
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342 Fossils of the Chalk 

dactyloid, is not identifiable beyond family level. Fragmentary vertebrae 
are k n o w n from the Santonian of Kent . 
Occurrence . Lower Cenomanian-San ton ian ; Cenomanian of Kent, Surrey, 
Sussex and Cambr idgesh i re ; Turonian and Santonian of Kent . 

D I N O S A U R S 

Remarks . There are only two dinosaur records from the Chalk. Both are 
herbivores, readily identifiable at family level but indeterminate generic-
ally. Rema ins of whol ly terrestrial an imals in any mar ine sediments are 
rare and represent accidental wash- ins from nearby land areas. 

D I N O S A U R I A 

Order O R N I T H I S C H I A 

O R N I T H O P O D A 

Family H A D R O S A U R I D A E 

Remarks . Hadrosaurs (duck-bi l led d inosaurs ) were the c o m m o n e s t and 
most diverse herd-dwelling herbivores of the Late Cretaceous (Cenomanian -
Maas t r ich t ian) in Lauras ia ( W e i s h a m p e l and H o r n e r 1990) . The L o w e r 
C e n o m a n i a n Engl i sh occur rences are a m o n g the earl iest r ecords of the 
group. 

E U H A D R O S A U R I A incertae sedis 
Plate 64, figure 9 

D e s c r i p t i o n . A s ingle u n w o r n too th , cha rac te r i s t i c of c r o w n g roup 
hadrosaurs , is r ecorded from the Chalk . It is t r iangular in cross-sect ion, 
thickly enamel led on one face which bears a p rominent med ian ridge (see 
Key above) . Or ig inal ly descr ibed as Iguanodon hilli by N e w t o n (1892) 
and l is ted as a hadrosaur id nomen dubium by W e i s h a m p e l and H o r n e r 
(1990) , this tooth is from a dentary (D. B . Norman , pers . c o m m . 1999) and 
thus the enamel led face is on the l ingual side of the tooth. 
Occurrence . Cenomanian , A. jukesbrownei Zone ; Hertfordshire . 

T H Y R E O P H O R A 

A N K Y L O S A U R I A 

Family N O D O S A U R I D A E 

N O D O S A U R I D A E incertae sedis 
not figured 

D e s c r i p t i o n . An i n d e t e r m i n a t e n o d o s a u r i d anky lo sau r , Acanthopholis 
horridus H u x l e y , no ted as a nomen dubium by Pereda Suberb io la and 
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Bar re t t ( 1 9 9 9 ) is r ep re sen t ed by skull f r agments , tee th , ve r t eb rae and 
dermal a rmour plates and spikes. The teeth are part icularly characterist ic 
as descr ibed in the Key above . The keeled a rmour plates are flat or slightly 
convex medial ly , as figured by Pereda Suberbiola and Barrett (1999, text-
fig. 2). 
Occurrence . Lower Cenomanian ; Kent . 

Acknowledgements. I t h a n k M r J. C o o p e r ( B o o t h M u s e u m of Na tu ra l 
History, Brighton) and D r D. Price (Sedgwick M u s e u m , Cambr idge) for 
access to col lect ions in their care , and for assis tance dur ing m y visits to 
their respect ive insti tutions: also Dr S. Molyneux for the loan of material 
from the Bri t ish Geolog ica l Survey. I a m grateful to M r C. A. Walker , 
formerly of The Natural His tory M u s e u m , London, and D r D . B. N o r m a n 
(Sedgwick M u s e u m , Cambr idge ) for advice on the turtles and hadrosaurs 
respec t ive ly . Professor A . S. Ga le (Univers i ty o f G r e e n w i c h ) p rov ided 
stratigraphical information on pterosaurs . I am indebted to Mr P. R. Crabb 
and Mr P. Hurst of The Natura l His tory M u s e u m Photographic Unit for 
photographing the spec imens shown in the plates, and to M s Pat Hart for 
p roduc ing the plates electronically. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



R E F E R E N C E S 

A B B A S S , n. L . 1962. The English Cretaceous Turritellidae and Mathildidae 
(Gastropoda). Bulletin of the British Museum (Natural History), Geology 
Series, 7, 173-196. 

1973. Some British Cretaceous gastropods belonging to the families 
Procerithiidae, Cerithiidae and Cerithiopsidae (Cerithiacea). Bulletin of the 
British Museum (Natural History), Geology Series, 23, 103-175. 

A G A S S I Z , L . 1833-45. Recherches sur les poissons fossiles. Five volumes, 
Neuchatel. 

A R C H I A C , A . D ' 1847. Rapport sur les fossiles du Tourtia. Memoires de la Societe 
Geologique de France, Series 2, 2, 291-351. 

A R K E L L , W . J . , K U M M E L , B . and W R I G H T , c. w. 1957. Mesozoic Ammonoidea. In 
M O O R E , R . c. (ed.). Treatise on invertebrate paleontology. Part L. Mollusca 4, 
Cephalopoda. Geological Society of America, Boulder, and University of 
Kansas Press, Lawrence, L80-L465. 

A R N O L D , w. H . 1965. A glossary of a thousand-&-one terms used in conchology. 
Veliger, 7 (Supplement), 50 pp. 

B A I L E Y , H . W . , G A L E , A . S . , M O R T I M O R E , R . N . , S W I E C I C K I , A . and W O O D , C . j . 1983. 

The Coniacian-Maastrichtian stages of the United Kingdom with particular 
reference to southern England. Newsletters on Stratigraphy, 12, 29-42. 

1984. Biostratigraphical criteria for the recognition 
of the Coniacian to Maastrichtian stage boundaries in the Chalk of north-west 
Europe, with particular reference to southern England. Bulletin of the Geo­
logical Society of Denmark, 33, 31-39. 

B E N T O N , M . J . and S P E N C E R , P . S . 1995. Fossil reptiles of Great Britain. Geological 
Conservation Review Series, Chapman & Hall, London, xii + 386 pp. 

B R E T O N . G . 1992. Les Goniasteridae (Asteroidea, Echinodermata) jurassiques et 
cretaces de France: taphonomie, systematique, biostratigraphie, paleogeo-
graphie, evolution. Bulletin Trimestriel de la Societe Geologique de Normandie 
et Amis du Museum du Havre, 1992, 590 pp. 

B R O M L E Y , R . G . 1967. Some observations on burrows of thalassinidean Crustacea in 
chalk hardgrounds. Quarterlv Journal of the Geological Society of London, 
123, 157-182. 

1978. Hardground diagenesis. In F A I R B R I D G E , R . W . and B O U R G E O I S , J . (eds). 
The encyclopedia of sedimentology. Dowden, Hutchinson & Ross. Stroudsburg, 
PA, 397-400. 

and G A L E , A . S . 1982. The lithostratigraphy of the English Chalk Rock. 
Cretaceous Research, 3, 273-306. 

B R O O K S , H . K . , G L A E S S N E R , M . F . , H A H N , G . , H E S S L E R , R . R . , H O L T H U I S , L . B . , M A N N I N G , 

R . B . , M O O R E , R . C . and R O L F E , w. D . I . 1969. Malacostraca. In M O O R E , R. C . (ed.). 
Treatise on invertebrate paleontology. Part R. Arthropoda 4. Geological 
Society of America, Boulder, and University of Kansas Press. Lawrence, 
K295-K566. 

B R Y D O N E , R . M . 1906. Further notes on the stratigraphy and fauna of the 
Trimmingham Chalk. Geological Magazine (5), 3, 289-300. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



References 345 

1909. Notes on new or imperfectly known Chalk Bryozoa (Polyzoa). 
Geological Magazine (5), 6, 337-339, 398-400. 

1910. Notes on new or imperfectly known Chalk Polyzoa. Geological 
Magazine (5), 7, 4 -5 , 76-77, 145-147, 258-260, 390-392, 481^483. 

1911. Notes on new or imperfectly known Chalk Polyzoa. Geological 
Magazine (5), 8, 153-156. 

1912. Notes on new or imperfectly known Chalk Polyzoa. Geological 
Magazine (5), 9, 7-8, 145-147, 294-296, 433-435. 

1913. Notes on new or imperfectly known Chalk Polyzoa. Geological 
Magazine (5), 10, 97-99, 196-199, 248-250, 436-438. 

1914. Notes on new or imperfectly known Chalk Polyzoa. Geological 
Magazine (6), 1, 97-99, 345-347, 481-483. 

1916. Notes on new or imperfectly known Chalk Polyzoa. Geological 
Magazine (6), 3, 97-100, 241-243, 337-339, 433^135. 

1917. Notes on new or imperfectly known Chalk Polyzoa. Geological 
Magazine (6), 4, 49-53, 145-148, 492-496. 

1918. Notes on new or imperfectly known Chalk Polyzoa. Geological 
Magazine (6), 5, 1^1, 97-100. 

1929. Further notes on new or imperfectly known Chalk Polyzoa. Part I. 
Dulau, London, 1-38. 

1930. Further notes on new or imperfectly known Chalk Polyzoa. Part II 
(Vincularia, Onychocella, Rhagasostoma, Porina, etc.). Dulau, London, 39-60. 

1936. Further notes on new or imperfectly known Chalk Polyzoa. Part III 
(Semieschara, Micropora, Cryptostoma, etc.). Dulau, London, 61-88. 

C A L D W E L L , M . w. 1999. Description and phylogenetic relationships of a new 
species of Coniasaurus Owen, 1850 (Squamata). Journal of Vertebrate 
Paleontology, 19, 438-455. 

2001. On the aquatic squamate Dolichosaurus longicollis Owen, 1850 
(Cenomanian, Upper Cretaceous), and the evolution of elongate necks in 
squamates. Journal of Vertebrate Paleontology, 20, 720-735. 

and C O O P E R , J . A . 1999. Redescription, palaeobiogeography and palaeo-
ecology of Coniasaurus crassidens Owen, 1850 (Squamata) from the Lower 
Chalk (Cretaceous: Cenomanian) of SE England. Zoological Journal of the 
Linnean Society, 111, 423-452. 

C A N U , F . 1900. Revision des Bryozoaires du Cretace figures par d'Orbigny. 
Deuxieme Partie-Cheilostomata. Bulletin de la Societe Geologique de France 
(3), 28, 334-463. 

C A R R O L L , R . L . 1988. Vertebrate paleontology and evolution. W. H. Freeman and 
Company, New York, xiv + 698 pp. 

C A R T E R , D . j . and H A R T , M . B . 1977. Aspects of Mid-Cretaceous stratigraphical 
micropalaeontology. Bulletin of the British Museum (Natural History), Geology 
Series, 29, 1-135. 

C A R T E R , R . M . 1968. Functional studies on the Cretaceous oyster Arctostrea. 
Palaeontology, 20, 454^187. 

1972. Adaptations of British Chalk Bivalvia. Journal of Paleontology, 46, 
325-340. 

C H R I S T E N S E N , W . K . 1975. Upper Cretaceous belemnites from the Kristianstad area 
in Scania. Fossils and Strata, 7, 1-69. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



346 Fossils of the Chalk 

1976. Paleobiology of Late Cretaceous belemnites of Europe. Palaontolo-
gische Zeitschrift, 50, 113-129. 

1991. Belemnites from the Coniacian to Lower Campanian chalks of 
Norfolk and southern England. Palaeontology, 34, 695-749. 

1993. Belemnocamax boweri Crick, an unusual belemnite from the 
Cenomanian of northwest Germany and eastern England. Bulletin of the 
Geological Society of Denmark, 40, 157-166. 

1995. Belemnitella from the Upper Campanian and Lower Maastrichtian 
chalk of Norfolk, England. Special Papers in Palaeontology, 51, 1-84. 

1996. A review of the Upper Campanian and Lower Maastrichtian belemnite 
biostratigraphy of Europe. Cretaceous Research, 17, 751-766. 

1997a. The Late Cretaceous belemnite family Belemnitellidae: taxonomy and 
evolutionary history. Bulletin of the Geological Society of Denmark, 44, 59-88. 

19976. Palaeobiogeography and migration in the Late Cretaceous belemnite 
family Belemnitellidae. Acta Palaeontologica Polonica, 42, 457^195. 

C L E E V E L Y , R . J . 1980. Two new British Cretaceous Epitoniidae (Gastropoda): 
evidence for evolution of shell morphology. Bulletin of the British Museum 
(Natural History), Geology Series, 34, 235-249. 

C O L L I N S , J. i. 1970. The chelonian Rhinochelys Seeley from the Upper Cretaceous 
of England and France. Palaeontology, 13, 355-378. 

C O O P E R , M . R . 1992. Pycnodonteine oysters from the Upper Cretaceous of 
Zululand. Durban Museum Novitates, 17, 23-57. 

cox, L . R . 1960. British Cretaceous Pleurotomariidae. Bulletin of the British 
Museum (Natural History), Geology Series, 4, 385—4-23. 

1962. British Mesozoic fossils. British Museum (Natural History), London, 
205 pp. 

C R I C K , G . C . 1906. Note on a rare form of Actinocamax (A. grossouvrei) from the 
Chalk of Yorkshire. Naturalist, 1906, 155-158. 

1907. Note on two rare forms of Actinocamax from the English Upper 
Chalk. Geological Magazine (5), 4, 389-395. 

1910. On Belemnocamax boweri n. g., n. sp., a new cephalopod from the 
Lower Chalk of Lincolnshire. Proceedings of the Geologists' Association, 21, 
360-365. 

D A V I D , B . and F O U R A Y , M . 1984. Variability et disjonction evolutive des caracteres 
dans les populations de Micraster (Echinoidea, Spatangoida) du Cretace 
Superieur de Picardie. Geobios, 17, 447^176. 

D A V I D S O N , T . 1852-54. A monograph of British Cretaceous Brachiopoda, 2. 
Palaeontographical Society [Monographs'], London, 117 pp. 

1874. A monograph of the fossil Brachiopoda, 4 ( 1 ) , Supplement to the 
Recent, Tertiary and Cretaceous species. Palaeontographical Society [Mono­
graphs], London, 72 pp. 

D H O N D T , A . V . 1971. Systematic revision of Entolium, Propeamussium (Amusiidae) 
and Svncyclonema (Pectinidae, Bivalvia, Mollusca) of the European Boreal 
Cretaceous. Bulletin de I'lnstitut Royale des Sciences Naturelles de Belgique, 
47 (32), 1-95. 

1972a. Systematic revision of the Chlamydinae (Pectinidae, Bivalvia, 
Mollusca) of the European Cretaceous. Part 1: Camptonectes. Bulletin de 
I'lnstitut Royale des Sciences Naturelles de Belgique, 48 (3), 1-60. 

19726. Systematic revision of the Chlamydinae (Pectinidae, Bivalvia, 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



References 347 

Mollusca) of the European Cretaceous. Part 2. Lyropecten. Bulletin de I'lnstitut 
Royale des Sciences Naturelles de Belgique, 48 (7), 1-81. 

1973a. Systematic revision of the Chlamydinae (Pectinidae, Bivalvia, 
Mollusca) of the European Cretaceous. Part 3: Chlamys and Mimachlamys. 
Bulletin de I'lnstitut Royale des Sciences Naturelles de Belgique, 49, 1-134. 

19736. Systematic revision of the subfamily Neitheinae (Pectinidae, 
Bivalvia, Mollusca) of the European Cretaceous. Memoires de I'lnstitut Royale 
des Sciences Naturelles de Belgique, 176, 1-101. 

1976. Systematic revision of the Chlamydinae (Pectinidae, Bivalvia, 
Mollusca) of the European Cretaceous. Part 4: Merklinia. Bulletin de I'lnstitut 
Royale des Sciences Naturelles de Belgique, 51 (7), 1-38. 

1983. Campanian and Maastrichtian inoceramids: a review. Zitteliana, 10, 
689-701. 

1984. The unusual Cenomanian oyster Pycnodonte biauriculatum. Geobios, 
Memoire Special, 8, 53-61 . 

1989. Late Cretaceous Limea (Pseudolimea) species of Europe. Bulletin de 
I 'Institut Royale des Sciences Naturelles de Belgique, Sciences de la Terre, 59, 
105-125. 

1993. Upper Cretaceous bivalves from Tercis, Landes, SW France. Bulletin 
de I Institut Royale des Sciences Naturelles de Belgique, Sciences de la Terre, 
63, 211-259. 

and D I E N I , i. 1990. Unusual inoceramid-spondylid association from 
the Cretaceous Scaglia Rossa of Passo del Brocon (Trento, N. Italy) and 
its palaeoecological significance. Memoire di Scienze Geologiche, 42, 
155-187. 

and J A G T , j . w. M . 1987. Bivalvia uit de Kalksteen van Vijlen in Hallembaye 
(Belgie). Grundboor en Hamer, 41, 78-90. 

D I B L E Y , G . E . 1911. The teeth of Ptychodus and their distribution in the English 
Chalk. Quarterly Journal of the Geological Society of London, 67, 263-277'. 

D I X O N , F . 1850. The geology and fossils of the Tertiary and Cretaceous formations 
of Sussex. Published privately, London, xxi + 422 pp. 

D O B R O V , S . A . and P A V L O V A , M . M . 1959. Inoceramidae. In M O S K O V I N , M . M . Atlas of 
the Upper Cretaceous fauna of Northern Causasus and Crimea. Trudy 
Vsesoyuznyi Nauchno-Issledovatel'skii Institut, Prirodnykh Gazov, 130-165. 

D O Y L E , P . 1992. A review of the biogeography of Cretaceous belemnites. 
Palaeogeography, Palaeoclimatology, Palaeoecology, 92, 207-216. 

D U N C A N , P . M . 1869. A monograph of the British fossil corals. Part II, no. 1. Corals 
from the White Chalk, the Upper Greensand, and the Red Chalk of Hunstanton. 
Palaeontographical Society [Monographs'), London, 46 pp., 15 pis. 

E A S T O N , w. H . 1960. Invertebrate paleontology. Harper, New York, xii + 701 pp. 
E D W A R D S , H . M . and H A I M E , J . 1850-54. A monograph of the British fossil corals. 

First part. Introduction. Corals from the Tertiary and Cretaceous formations. 
Palaeontographical Society [Monographs), London, i-lxxv, 1-71, pis 1-11. 

E R N S T , G . 1968. Die Oberkreide-Aufschlusse im Raume Braunschweig, Hannover 
und ihre stratigraphische Gleiderung mit Echinodermen und Belemniten. 1, Die 
jungere Oberkreide (Santon-Maastricht). Beihefte zu den Berichten den 
Naturhistorische Gesellschaft zu Hannover, 5, 235-284. 

1970a. The stratigraphical value of the echinoids in the boreal Upper 
Cretaceous. Newsletters on Stratigraphy, 1, 19-34. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



348 Fossils of the Chalk 

19706. Zur Stammesgeschichte und stratigraphischen Bedeutung der 
Echiniden-Gattung Micraster in der nordwestdeutschen Oberkreide. Mitteilungen 
der Geologisch-Palaontologischen lnstitut der Universitdt Hamburg, 39, 117-135. 

1971. Biometrische Untersuchungen iiber die Ontogenie und Phylogenie der 
Offaster/Galeola Stammesreihe (Echinoidea) aus der nordwesteuropaischen 
Oberkreide. Neues Jahrbiich fur Geologie und Paldontologie, Abhandlungen, 
139, 169-225. 

1972. Grundfragen der Stammesgeschichte bei irregularen Echiniden der 
nordwesteuropaischen Oberkreide. Geologisches Jahrbiich, ReiheA, 4, 63-175. 

and S E I B E R T Z , E . 1977. Concepts and methods of echinoid biostratigraphy. In 
K A U F F M A N , E . G . and H A Z E L , J . E . (eds). Concepts and methods of biostrati­
graphy. Dowden, Hutchinson & Ross, Stroudsburg, PA, 541-563. 

and S C H U L Z , M . G . 1974. Stratigraphie und Fauna des Coniac und Santon im 
Schreibkreide-Richtprofile von Lagerdorf (Holstein). Mitteilungen der 
Geologisch-Palaontologischen lnstitut der Universitdt Hamburg, 43, 5-60. 

F O O R D , A . H . 1891. Catalogue of the fossil Cephalopoda in the British Museum 
(Natural History), part 2, containing the remainder of the families Lituitidae, 
Trochoceratidae, and Nautilidae, with a supplement. Longman, London, 407 + 
15 pp. 

F O U R A Y , M . 1981. L'evolution des Micraster (Echinides; Spatangoides) dans le 
Turonien-Coniacien de Picardie Occidentale (Somme), interet biostrati-
graphique. Annates de Paleontologie, Invertebres, 67, 81-134. 

F R E N E I X , S . 1986. Huitres du Cretace superieur du Bassin de Challans Comme-
quiers (Vendee). Bulletin Trimestriel de la Societe Geologique de Normandie, 
73, 13-79, 6 pis. 

F R E T T E R , V . and G R A H A M , A . 1962. British prosobranch molluscs, their functional 
anatomy and ecology. Ray Society, London, xvi + 755 pp. 

F R I T S C H , A . 1872. Cephalopoden der bohmischen Kreideformation. Fr. Riva, 
Prague, 52 pp. 

G A L E , A . s. 1986. Goniasteridae (Asteroidea, Echinodermata) from the Late 
Cretaceous of north-west Europe. 1. Introduction. The genera Metopaster and 
Recurvaster. Mesozoic Research, 1, 1-69. 

1987. Goniasteridae (Asteroidea, Echinodermata) from the Late Cretaceous 
of north-west Europe. 2. The genera Calliderma, Crateraster, Nymphaster and 
Chomaster. Mesozoic Research, 1, 151-186. 

and S M I T H , A . B . 1982. The pa leob io logy of the Cretaceous irregular 
echinoids lnfulaster and Hagenowia. Palaeontology, 25, 11—42. 

G A L S T O F F , P . s. 1964. The American oyster Crassostrea virginica Gmelin. Fishery 
Bulletin, Fish and Wildlife Series, 64, 1—480. 

G E I N I T Z , H . B . 1849-50. Das Quadersandsteingebirge oder Kreidegebirge in 
Deutschland. Dresden; 1849: 1-96; 1850: 97-292. 

1875. Das Elbthalgebirge in Sachsen. Palaeontographica, 20, Abteilung 1, 
319 pp.; Abteilung 2, 245 pp. 

G I E R S , R . 1964. Die Grossfauna der Mukronatenkreide (unteres Obercampan) im 
Ostlichen Miinsterland. Fortschritte in der Geologie von Rheinland und 
Westfalen, 7, 213-294. 

G O L D F U S S , A . 1833^44. Petrefacta Germaniae. Volume 2, 1833: 68 pp., pis 72-97; 
1835: 69-140, pis 1-122; 1844: 128 pp., pis 166-200. 

G R A D S T E I N , F . M . , A G T E R B E R G , F . P . , O G G , J . G . , H A R D E N B O L , J . , V E E N , P . V A N , 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



References 349 

T H I E R R Y , J . and H U A N G , z. 1994. A Mesozoic time scale. Journal of Geophysical 
Research, 99, 24,051-24,074. 

G R E G O R Y , j . w. 1899. Catalogue of the fossil Bryozoa in the Department of 
Geology, British Museum (Natural History). The Cretaceous Bryozoa. Volume 
I. British Museum (Natural History), London, 457 pp. 

1907. The rotiform Bryozoa of the Isle of Wight. Geological Magazine (5), 
4, 442-443. 

1909. Catalogue of the fossil Bryozoa in the Department of Geology:, British 
Museum (Natural History). The Cretaceous Bryozoa. Volume 2. British 
Museum (Natural History), London, 346 pp. 

H A K A N S S O N , E . and V O I G T , E . 1996. New free-living bryozoans from the northwest 
European Chalk. Bulletin of the Geological Society of Denmark, 42, 187-207. 

H A R T M A N , w. D . , W E N F T , J . w. and W E D E N M A Y E R , F . 1960. Living and fossil 
sponges. Sedimenta, 8, 1-274. 

H E I N Z , R . 1932. Aus der neuen systematik der Inoceramen. Mitteilungen aus dem 
Mineralogisch-Geologischen Staastinstitut in Hamburg, 13, 1-26. 

H E R M , D . , K A U F F M A N , E . G . and W I E D M A N N , J . 1979. The age and depositional 
environment of the "Gosau Group" (Coniacian-Santonian) Brandenberg/Tirol, 
Austria. Mitteilungen aus dem Bayerischen Staatssamlung fur Paldontologie 
und Historische-Geologie, 19, 27-92. 

H E R M A N , J . 1975. Les Selaciens des terrains neocretaces et paleocenes de Belgique 
et des contrees limotrophes. Memoires du Service Carte Geologique et 
Mineralogique de Belgique, 15. 1—450. 

H I N D E , G . J . 1883. Catalogue of the fossil sponges of the British Museum. British 
Museum (Natural History), London, 248 pp. 

1904. On the structure and affinities of the genus Porosphaera Steinmann. 
Journal of the Royal Microscopical Society, 1, 1-25. 

J A G E R , M . 1983. Serpulidae (Polychaeta sedentaria) aus der norddeutschen Hoheren 
Oberkreide. Geologisches Jahrbiich, Reihe A, 68, 1-222. 

J A G T , J . w. M . 1999. Late Cretaceous-early Palaeogene echinoderms and the K/T 
boundary in the southeast Netherlands and northeast Belgium. Part 1: Intro­
duction and stratigraphy; Part 2: Crinoidea. Scripta Geologica, 116, 1-255. 

J A R V I S , i. 1980. Paleobiology of Upper Cretaceous belemnites of the phosphatic 
Chalk of the Anglo-Paris Basin. Palaeontology, 23, 889-914. 

J E F F E R I E S , R . P . S . 1962. The palaeoecology of the Actinocamax plenus Subzone 
(lowest Turonian) in the Anglo-Paris Basin. Palaeontology, 4, 609-647. 

1963. The stratigraphy of the Actinocamax plenus Subzone (Turonian) in the 
Anglo-Paris Basin. Proceedings of the Geologists' Association, 74, 1-34. 

J U K E S - B R O W N E , A . J . and H I L L , w. 1903-04. The Cretaceous rocks of Britain. Vol. 
II: The Lower & Middle Chalk of England, 568 pp. Vol. Ill: The Upper Chalk 
of England, 566 pp. Memoirs of the Geological Survey, HMSO, London. 

K A U F F M A N , E . G . , H A T T I N , D . E . and P O W E L L , J . D . 1977. Stratigraphic, paleontologic 
and paleoenvironmental analysis of the Upper Cretaceous rocks of Cimarron 
County, northwestern Oklahoma. Memoir of the Geological Society of America, 
149, 47-150. 

K E N N E D Y , w. j . 1969. The correlation of the Lower Chalk of south-east England. 
Proceedings of the Geologists' Association, 80, 459-560. 

1970. A correlation of the uppermost Albian and the Cenomanian of south­
west England. Proceedings of the Geologists' Association, 81, 613-677. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



350 Fossils of the Chalk 

1971. Cenomanian ammonites from southern England. Special Papers it 
Palaeontology, 8, 1-133. 

and G A R R I S O N , R . E . 1975a. Morphology and genesis of nodular phosphates 
in the Cenomanian Glauconitic Marl of south-east England. Lethaia, 8, 
339-360. 

19756. Morphology and genesis of nodular chalks and hard-grounds 
in the Upper Cretaceous of southern England. Sedimentology, 22, 311-386. 

K U M M E L , B . 1956. Post-Triassic nautiloid genera. Bulletin of the Museum of 
Comparative Zoology, 114, 324-494, 28 pis. 

K V A T C H K O , v. i. 1997. The mode of life of Volviflustrellaria. In D O B R O V O L S K Y , A . 

A . and T A Y L O R , P . D . (eds). Bryozoa of the world: Abstracts of the Russian and 
International Conference, Zoological Institute, Russian Academy of Sciences, 
St Petersburg, 1997. Zoological Institute, Russian Academy of Sciences, St 
Petersburg, p. 15. 

L A N G , w. D . 1914a. On Herpetopora, a new genus containing three new species of 
Cretaceous cheilostome Polyzoa. Geological Magazine (6), 1, 5-8. 

19146. Some new genera and species of Cretaceous cheilostome Polyzoa. 
Geological Magazine (6), 1 , 436-444. 

1915. On some new uniserial Cretaceous cheilostome Polyzoa. Geological 
Magazine (6), 2, 496-504. 

1916. A revision of the 'cribrimorph' Cretaceous Polyzoa. Annals and 
Magazine of Natural History (8), 18, 81-112, 381—410. 

1919a. The Kelostominae: a subfamily of Cretaceous cribrimorph Polyzoa. 
Quarterly Journal of the Geological Society of London, 74, 204-220. 

19196. The Pelmatoporinae, an essay on the evolution of a group of 
Cretaceous Polyzoa. Philosophical Transactions of the Roval Society of 
London, 209, 191-228. 

1921. Catalogue of the fossil Bryozoa (Polyzoa) in the Department of 
Geology. British Museum (Natural History). The Cretaceous Bryozoa 
(Polyzoa). Volume 3. British Museum (Natural History), London, 269 pp. 

1922. Catalogue of the fossil Bryozoa (Polyzoa) in the Department of 
Geology, British Museum (Natural History). The Cretaceous Bryozoa 
(Polyzoa). Volume 4. British Museum (Natural History), London, 404 pp. 

L A R W O O D , G . P . 1962. The morphology and systematics of some Cretaceous 
cribrimorph Polyzoa (Pelmatoporinae). Bulletin of the British Museum (Natural 
History), Geology Series, 6, 1-285. 

1973. New species of Pyripora d 'Orbigny from the Cretaceous and the 
Miocene. In L A R W O O D , G . P . (ed.). Living and fossil Bryozoa. Academic Press, 
London, 463-473. 

1985. Form and function of Cretaceous myagromorph Bryozoa. In N I E L S E N , 

C . and L A R W O O D , G . P . (eds). Bryozoa: Ordovician to Recent. Olsen and Olsen, 
Fredensborg, 169-174. 

L Y D E K K E R , R . 1888. Catalogue of the fossil Reptilia and Amphibia in the British 
Museum (Natural History), Part 1. Ornithosauria, Crocodilia, Dinosauria, 
Squamata, Rhynchocephalia and Proterosauria. British Museum (Natural 
History), London, xxviii + 309 pp. 

1889a. Catalogue of the Fossil Reptilia and Amphibia in the British Museum 
(Natural Histoiy). Part 2, Ichthyopterygia and Sauropterygia. British Museum 
(Natural History), London, xxi + 307 pp. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



References 351 

18896. Catalogue of the Fossil Reptilia and Amphibia in the British Museum 
(Natural History). Part 3. Chelonia. British Museum (Natural History), 
London, xviii + 239 pp. 

M A L C H U S , N . 1990. Revision der Kreide-Austern (Bivalvia: Pteriomorpha) Agyptens 
(Biostratigraphie, Systematik). Berliner Geowissenschaftliche Abhandlungen, 
y4, 125, 1-231. 

1995. Larval shells of Tertiary Cubitostrea Sacco, 1879, with a revision of 
larval shell characters in the subfamilies Ostreinae and Crassostreinae. Bulletin 
de I'lnstitut Royal des Sciences Naturelles de Belgique, Sciences de la Terre, 
65, 187-239. 

M A N T E L L , G . A . 1822. The fossils of the South Downs, or Illustrations of the geology 
of Sussex. London, 320 pp. 

M c G O W A N , c. 1972. The systematics of Cretaceous ichthyosaurs with particular 
reference to the material from North America. Contributions to Geology, 
University of Wyoming, 11, 9-29. 

1978. Further evidence for the wide geographical distribution of ichthyosaur 
taxa (Reptilia: Ichthyosauria). Journal of Paleontology, 52, 1155-1162. 

M c K l N N E Y , F . K . 1995. One hundred million years of competitive interactions 
between bryozoan clades: asymmetrical but not escalating. Biological Journal 
of the Linnean Society, 56, 465—4-81. 

and J A C K S O N , J . B . C . 1989. Bryozoan evolution. Unwin Hyman, London, 
238 pp. 

and T A Y L O R , P . D . 1997. Life histories of some Mesozoic encrusting cyclo-
stome bryozoans. Palaeontology, 40, 515-556. 

M E D D , A . w. 1965. Dionella gen. nov. (Superfamily Membraniporacea) from the 
Upper Cretaceous of Europe. Palaeontology, 8, 492-517. 

1966a. The zoarial development of some membranimorph Polyzoa. Annals 
and Magazine of Natural History (13), 9, 11-22. 

19666. Callopora lyra (von Hagenow), a Cretaceous membranimorph 
polyzoan. Paldontologische Zeitschrift, 40, 108-117. 

1972. The R. M. Brydone Collection of Cretaceous membranimorph Bryozoa. 
Geological Magazine, 109, 141-148. 

1979. Ellisina Norman and Periporosella Canu & Bassler (Superfamily 
Membraniporacea) from the Upper Cretaceous of Europe. Report of the 
Institute of Geological Sciences, 78/25, 1-29. 

M I L L E R , j . s. 1826a. Observations on belemnites. Transactions of the Geological 
Society, London (2), 2, 45-62. 

18266. Observations on the genus Actinocamax. Transactions of the 
Geological Society, London (2), 2, 63-67. 

M O O R E , R . C . (ed.) 1960. Treatise on invertebrate paleontology. Part L, Mollusca. 
Gastropoda. Geological Society of America, Boulder, and University of Kansas 
Press, Lawrence, xiii + 351 pp. 

1969. Treatise on invertebrate paleontology. Part N, Mollusca, Part 6: 
Bivalvia. Geological Society of America, Boulder, and University of Kansas 
Press, Lawrence, 951 pp. 

M O R T I M O R E , R . N . 1986. Stratigraphy of the Upper Cretaceous White Chalk of 
Sussex. Proceedings of the Geologists' Association, 97, 97-139. 

M U R R A Y , J . w. (ed.) 1985. Atlas of invertebrate macrofossils. Longman Group Ltd 
and the Palaeontological Association, London, xiii + 241 pp. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



352 Fossils of the Chalk 

N E W M A N , w. A . , Z U L L O , v. A . and W I T H E R S , T . H . 1969. Cirripedia. In M O O R E , R . C . 

(ed.). Treatise on invertebrate paleontology. Part R, Arthropoda 4:1. 
Geological Society of America, Boulder, and University of Kansas Press, 
Lawrence, K207-K296. 

N E W T O N , E . T . 1892. Note on an iguanodont tooth from the Lower Chalk ('Totternhoe 
Stone'), near Hitchin. Geological Magazine (3), 9, 49-50. 

O A K E L Y , K . D . 1937. Cretaceous sponges: some biological and geological consider­
ations. Proceedings of the Geologists' Association, 98, 330-348. 

O R B I G N Y , A . D ' 1844—47. Paleontologie francaise. Terrains Cretaces. Ill, Lamelli-
branches; IV. Gasteropodes. Masson, Paris; 1844: 1-288; 1845: 289-448; 
1846: 449-520; 1847: 521-807. 

1848-51. Paleontologie francaise, Terrrains Cretaces. Volume 4: Brachio-
podes. Masson, Paris, 390 pp. 

1850. Prodrome de Paleontologie. Volume 2. Masson, Paris, 428 pp. 
1851-54. Paleontologie francaise. Terrains Cretace. Volume 5. Bryozoaires. 

Masson, Paris, 1191 pp. 
O W E N , E . F . 1962. The brachiopod genus Cyclothyris. Bulletin of the British 

Museum (Natural History), Geology Series, 7, 39-63. 
1970. A revision of the brachiopod subfamily Kingeninae Elliott. Bulletin of 

the British Museum (Natural History), Geology Series, 19, 27-83. 
1977. Evolutionary trends in some Mesozoic Terebratellacea. Bulletins of 

the British Museum (Natural History), Geology Series, 28, 205-253. 
1988. Cenomanian brachiopods from the Lower Chalk of Britain and 

northern Europe. Bulletin of the British Museum (Natural History), Geology 
Series, 44, 65-175. 

O W E N , R . 1841. Odontography: or a treatise on the comparative anatomy of the 
teeth, etc. Part 2. Hippolyte Bailliere, London, 113-288. 

1850. Description of the fossil reptiles of the Chalk formations. In D I X O N , F . 

The geology and fossils of the Tertiary and Cretaceous formations of Sussex. 
Longman, Brown, Green and Longman, London, 378-404. 

1851. A monograph on the fossil Reptilia of the Cretaceous formations, Part 
1. Palaeontographical Society [Monographs], London, 118 pp. 

1861. Ibid. Supplement 3. Pterosauria (Pterodactylus) and Sauropterygia 
(Polyptychodon). Palaeontographical Society [Monographs], London, 25 pp. 

1864. Ibid. Supplement 4, Sauropterygia (Plesiosaurus). Palaeontographical 
Society [Monographs], London, 18 pp. 

1884. A history of British fossil reptiles. Vol. 4, Atlas. Cassell & Co., 
London, vi + 101 pis. 

P A L M E R , C . P . 1989. Larval shells of four Jurassic bivalve molluscs. Bulletin of the 
British Museum (Natural History), Geology Series, 45, 57-69. 

P E A K E , N . B . and H A N C O C K , J . M . 1961. The Upper Cretaceous of Norfolk. 
Transactions of the Norfolk and Norwich Naturalists' Society, 19, 293-339. 

P E R E D A S U B E R B I O L A , x. and B A R R E T T , P . M . 1999. A systematic review of 
ankylosaurian dinosaur remains from the Albian-Cenomanian of England. In 
U N W i N , D . M . (ed.). Cretaceous fossil vertebrates. Special Papers in Palaeon­
tology, 60, 177-219. 

P E R G E N S , E . 1890. Revision des Bryozoaires du Cretace figures par d'Orbigny, I. 
Cyclostomata. Bulletin de la Societe Beige de Geologie de Paleontologie et 
d'Hydrologie, 3 (for 1889), 305-400. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



References 353 

P E R S S O N , p. o. 1963. A revision of the classification of the Plesiosauria, with a 
synopsis of the stratigraphical and geographical distribution of the group. Acta 
Universitatis Lundensis (2), 59, 1-60. 

P E T T I T T , N . E . 1949. A monograph on the Rhynchonellidae of the British Chalk. I. 
Palaeontographical Society [Monographs'], London, 1-26. 

1954. A monograph of the Rhynchonellidae of the British Chalk. II. 
Palaeontographical Society [Monographs], London, 27-52. 

P I T T , L . J . and T A Y L O R , p. D . 1990. Cretaceous Bryozoa from the Faringdon Sponge 
Gravel (Aptian) of Oxfordshire. Bulletin of the British Museum (Natural 
History), Geology Series, 46, 61-152. 

R A S M U S S E N , H . W . 1950. Cretaceous Asteroidea and Ophiuroidea with special 
reference to the species found in Denmark. Danmarks Geologiske Under-
sogelse, 11, 1-134. 

1961. A monograph on the Cretaceous Crinoidea. Biologiske Skrifter udgivet 
qf Det Kongelige Danske Videnskabernes Selskab, 12 (1), 428 pp., 60 pis. 

R E G E N H A R D T , H . 1961. Serpulidae (Polychaeta sedentaria) aus der Kreide Mittele-
uropas, ihre Okologische, taxonomische, und stratigraphische Bewertung. 
Mitteilungen aus dem Geologischen Staatinstitut in Hamburg, 30, 5-115. 

R E I D , R . E . H . 1958-64. Monograph of the Upper Cretaceous Hexactinellida of 
Great Britain and Northern Ireland. Palaeontographical Society [Monographs], 
London, i-cliv, 1—1-8, pis 1-11. 

1958. Remarks upon the Upper Cretaceous Hexactinellida of County 
Antrim. Irish Naturalists' Journal, 12 , 236-243, 261-268. 

1961. Notes on the hexactinellid sponges. Ill, Seven Hexactinosa. Annals 
and Magazine of Natural History, 13, 739-747. 

1962a. Notes on the hexactinellid sponges. IV, Nine Cretaceous Lychniscosa. 
Annals and Magazine of Natural History, 14, 33^-5. 

19626. Sponges and the Chalk Rock. Geological Magazine, 99, 273-278. 
R E U S S , A . E . 1846. Die Versteinerungen der Bohmischen Kreideformation. Volume 

2. Schweizerbart'sche, Stuttgart, 148 pp. 
R I E G R A F , w. and S C H E E R , U . 1991. Clemens August Schluter. Cephalopoden der 

oberen deutschen Kreide. Reprint des in drei teilen von 1867-1876 
erschienenen Werkes. Nomenklatorisch uberarbeit und ergdnzt von Wolfgang 
Riegraf und Udo Scheer. Goldschneck-Verlag, Werner K. Wiedert, Korb., 
454 pp. 

R O B I N S O N , N . D . 1986. Lithostratigraphy of the Chalk Group of the North Downs, 
southeast England. Proceedings of the Geologists' Association, 91, 141-170. 

R O E M E R , F . A . 1840. Die Versteinerungen des norddeutschen Kreidegebirges. 
Hanover, 145 pp. 

R O W E , A . w. 1900-08. The zones of the White Chalk of the English Coast. 
Proceedings of the Geologists' Association, 16 (1900), 283-368; 17 (1902), 
1-76; 18 (1903), 1-52; 18 (1904), 193-296; 20 (1908), 209-352. 

R U S S E L L , D . A . 1967. Systematics and morphology of American mosasaurs (Reptilia, 
Sauria). Bulletin of the Peabody Museum of Natural History, 23, 1-237. 

S A H N I , M . R . 1929. A monograph of the Terebratulidae of the British Chalk. 
Palaeontographical Society [Monographs], London, 62 pp. 

S A V A Z Z I , E . 1984. Functional morphology and autoecology of Pseudoptera (bake-
velliid bivalves, Upper Cretaceous of Portugal). Palaeogeography, Palaeocli-
matology, Palaeoecology, 46, 312-324. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



354 Fossils of the Chalk 

S C H L O E N B A C H , u. 1867. Uber die Brachiopoden der norddeutschen Cenoman-
Bildungen. In B E N E C K E , E . W . (ed.). Geognostica Paldontologia Beitrage. 
Munich, 403-713. 

S C H L U T E R , C . 1871-76. Die Cephalopoden der oberen deutschen Kreide. 
Palaeontographica, 21, 1-24, pis 1-8 (1871); 21, 25-120, pis 9-35 (1872); 24, 
121-264, pis 36-55 (1876). 

S C H U L Z , M . G . 1985. Die Evolution der Echiniden-Gattung Galerites im Campan 
und Maastricht Norddeutschlands. Geologisches Jahrbiich, Reihe A, 80, 3-93. 

and W E I T S C H A T , w. 1975. Phylogenie und Stratigraphie der Asteroideen der 
nordwestdeutschen Schreibkreide. Teil I: Metopaster/Recurvaster und 
Calliderma/Chomataster Gruppe. Mitteilungen aus dem Geologisch-
Paldontologisches lnstitut der Universitdt Hamburg, 44, 249-284. 

S E I T Z , o. 1961. Die Inoceramen des Santon von Nordwestdeutschland. 1. (Die 
Untergattungen Platyceramus, Cladoceramus, und Cordiceramus). Beihefte 
zum Geologischen Jahrbiich, 46, 1-186. 

1965. Die Inoceramen des Santons und Unter-Campan von Nord­
westdeutschland. II. Biometrics, Dimorphismus und Stratigraphie der 
Untergattung Sphenoceramus J. Bohm. Beihefte zum Geologischen Jahrbiich, 
69, 1-194. 

S H A R P E , D . 1853-57. Description of the fossil remains of Mollusca found in the 
Chalk of England. Cephalopoda. Palaeontographical Society [Monographs], 
London, 68 pp, 27 pis: 1-26, pis 1-10 (1853); 27-36, pis 11-16 (1855); 37-68, 
pis 17-27 (1857). 

S I V E R S O N , M . 1999. A new large lamniform shark from the uppermost Gearle 
Siltstone (Cenomanian, Late Cretaceous) of Western Australia. Transactions of 
the Royal Society of Edinburgh: Earth Sciences, 90, 49-66. 

S L A D E N , w. P . and S P E N C E R , W . K . 1891-1908. A monograph of the British fossil 
Echinodermata from the Cretaceous formations. Vol. II, The Asteroidea and 
Ophiuroidea. Palaeontographical Society [Monographs], London, 138 pp. 

S M I S E R , j . S . 1935. A revision of the echinoid genus Echinocorys in the Senonian of 
Belgium. Memoires du Musee Royal d'Histoire Naturelle de Belgique, 67, 1-52. 

S M I T H , A . B . and W R I G H T , C . W . 1989. British Cretaceous echinoids. Part 1, 
Introduction and Cidaroida. Palaeontographical Society [Monographs], 
London, 1-101, 32 pis. 

1990. British Cretaceous echinoids. Part 2, Echinothurioida, Diade-
matoida and Stirodonta (1, Calycina). Palaeontographical Society [Mono­
graphs], London, 101-198, pis 33-72. 

1994. British Cretaceous echinoids. Part 3, Stirodonta 2 (Arbacioida 
and Phymosomatoida 1). Palaeontographical Society [Monographs], London, 
199-267, pis 73—92. 

1996. British Cretaceous echinoids. Part 4, Stirodonta 3 (Phymoso­
matoida 2) and Camarodonta. Palaeontographical Society [Monographs], 
London, 268-341, pis 93-114. 

1999. British Cretaceous echinoids. Part 5, Holectypoida and 
Echinoneoida. Palaeontographical Society [Monographs], London, 342-390, 
pis 115-129. 

2000. British Cretaceous echinoids. Part 6, Cassiduloida. Palaeonto­
graphical Society [Monographs], London, 391-439, pis 115-129. 

S M I T H , A . M . 1995. Palaeoenvironmental interpretation using bryozoans: a review. 
Geological Society, London, Special Publication, 83, 231-243. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



References 355 

S O B E T S K I , v. A . 1977. Bivalve mollusks from the Late Cretaceous platform sea. 
Akademie Nauk SSSR, Trudy Paleontologisheskogo Institut, 159, 3-155. [In 
Russian]. 

S O R N A Y , J . 1966-73. For list of papers published during this period, see D H O N D T , A . 

v. 1983. 
S O W E R B Y , j . 1815-18. The mineral conchology of Great Britain. Volume 2. 

London, 251 pp. 
S O W E R B Y , J . DE C . 1826-29. The mineral conchology of Great Britain. Volume 6. 

London, 236 pp. 
1836. In F I T T O N , w. H . Observations on some of the strata between the Chalk 

and the Oxford Oolite in the south-east of England. Transactions of the 
Geological Society, London (2) 4, 333-342, 353-361. 

S T A N L E Y , s. M . 1970. Relation of shell form to life habits of the Bivalvia 
(Mollusca). Memoir of the Geological Society of America, 125, 1-296. 

S T E N Z E L , H . B . 1971. Treatise on invertebrate paleontology. Part N, Mollusca 6, 
Volume 3: Oysters. Geological Society of America, Boulder, and the University 
of Kansas Press, Lawrence, N953-N1224. 

S T O K E S , R . B . 1975. Royaumes et provinces fauniques du Cretace etablis sur la base 
d'une etude systematique du genre Micraster. Memoires du Museum National 
d'Histoire Naturelle Serie C, Science de la Terre, 31, 1-94. 

szAsz, L . 1985. Coniacian Inoceramus from the Babadag Basin (North Dobrogea). 
Memoriile, Institutuli de Geologie si Geophysique, Bucarest, 32, 137-184. 

T A Y L O R , p. D . 1988. Colony growth pattern and astogenetic gradients in the 
Cretaceous cheilostome bryozoan Herpetopora. Palaeontology, 31, 519-549. 

1994. Systematics of the melicerititid cyclostome bryozoans; introduction 
and the genera Elea, Semielea and Reptomultelea. Bulletin of The Natural 
History Museum, London (Geology Series), 50, 1-103. 

1999. Bryozoa. In S A V A Z Z I , E . (ed.). Functional morphology of the 
invertebrate skeleton. Wiley, Chichester, 623-706. 

and S E Q U I R O S , L . 1982. Toarcian bryozoans from Belchite in north-east 
Spain. Bulletin of the British Museum (Natural History), Geology Series, 36, 
117-129. 

T E I C H E R T , C , K U M M E L , B . , S W E E T , W . C , S T E N Z E L , H . B . , F U R N I S H , W . M . , G L E N I S T E R , 

B . F . , E R B E N , H . K . , M O O R E , R . c. and N O D I N E Z E L L E R , D . E . 1964. Treatise on 
invertebrate palaeontology. Part K, Mollusca 3. Cephalopoda-General 
Features-Endoceratoidea-Ac tinoceratoidea-Nautilo idea-Bactrito idea. 
Geological Society of America, Boulder, and University of Kansas Press, 
Lawrence, 519 pp. 

T H O M A S , H . D . 1939. On Trochiliopora humei Gregory and T. gasteri sp. nov. 
Proceedings of the Geologists' Association, 50, 527-529. 

and L A R W O O D , G . P . 1960. The Cretaceous species of Pyripora d'Orbigny 
and Rhammatopora Lang. Palaeontology, 3, 370-386. 

T O U L M I N S M I T H , J . 1847^18. The Ventriculidae of the Chalk. Annals and Magazine 
of Natural History, 20, 73-97, 170-191, 203-220, 279-295, 352-372. 

T R O G E R , K . - A . 1967. Zur Palaontologie, Biostratigraphie und faziellen Ausbildung 
der unteren Oberkreide (Cenoman bis Turon). 1. Palaontologie und Bio­
stratigraphie der Inoceramen des Cenomans bis Turons Mitteleuropas. 
Abhandlungen der Staatlichen Museums fur Mineralogie und Geologie zu 
Dresden, 12, 13-207. 

1989. Problems of Upper Cretaceous inoceramid biostratigraphy and 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



356 Fossils of the Chalk 

paleobiostratigraphy in Europe and western Asia. In W I E D M A N N , J . (ed.). 
Cretaceous of the Western Tethys. E. Schweitzerbart'sche, Stuttgart, 911-930. 

and C H R I S T E N S E N , w. K . 1991. Upper Cretaceous (Cenomanian-Santonian) 
inoceramid bivalve fauna from the island of Bornholm, Denmark. Danmarks 
Geologiske Undersogelse, A, 28, 1—47. 

V O I G T , E . 1958. Untersuchungen an Oktocorallen ause der oberen Kreide. 
Mitteilungen aus dem Geologischen Staatinstitut in Hamburg, 27, 5^19. 

1959. Die Okologische Bedeutung der Hartgriinde ('Hardgrounds') in der 
oberen Kreide. Paldontologisches Zeitschrift, 33, 129-147. 

1979. Vorkomen, Geschichte und Stand der Erforschung der Bryozoen des 
Kreidesystems in Deutschland und benachbarten Gebieten. Aspekte der Kreide 
Europas. 1UGS Series A, 6, 171-210. 

1982. Repartition et utilisation stratigraphique des Bryozoaires du Cretace 
Moyen (Aptien-Coniacien). Cretaceous Research, 2 (for 1981), 439^162. 

1983. Zur Biogeographie der europai'schen Oberkreide Bryozoenfauna. 
Zitteliana, 10, 317-347. 

1991. Mono- or polyphyletic evolution of cheilostomatous bryozoan 
divisions? Bulletin de la Societe des Sciences Naturelles de VOuest de la 
France, Memoire, Hors Serie, 1, 505-522. 

W A L A S Z C Z Y K , I. and C O B B A N , W . A . 2000. Inoceramid faunas and biostratigraphy of 
the Upper Turonian-Lower Coniacian of the Western Interior of the United 
States. Special Papers in Palaeontology, 64, 1-118. 

W A L L E R , T . R . 1981. Functional morphology and development of veliger larvae of 
the European oyster Ostrea edulis Linn. Smithsonian Contributions to Zoology, 
328, 1-70. 

W E I S H A M P E L , D . B . and H O R N E R , J . R . 1990. Hadrosauridae. In W E I S H A M P E L , D . B . , 

D O D S O N , p. and O S M O L S K A , H . (eds). 77;e Dinosauria. University of California 
Press, Berkeley, 534-561. 

W E L L N H O F E R , P . 1978. Teil 19. Pterosauria. In W E L L N H O F E R , P . (ed.). Handbiich der 
Paldoherpetologie. Gustav Fischer Verlag, Stuttgart, x + 82 pp. 

W E N Z , w. 1969. Handbiich der Palaozoologie. 6, Gastropoda. 1 volumes, 
Borntraeger, Berlin. 

W H I T T L E S E A , P . S . 1983. Observations on the stratigraphical range and morphology 
of the Cretaceous cribrimoiph bryozoan: Ubaghsia crassa (Lang). Bulletin of 
the Geological Society of Norfolk, 33, 27-31 . 

1985. Notes on Chalk fossils. Bulletin of the Geological Society of Norfolk, 
35, 39^16. 

1991. The Maastrichtian in Norfolk. Bulletin of the Geological Society of 
Norfolk, 40, 33-51 . 

1996a. Temporary Chalk exposures in east Norfolk (Upper Campanian, 
zone of Belemnitella mucronata sensu lato) 1989-1990. Bulletin of the 
Geological Society of Norfolk, 43 (for 1993), 3-24. 

19966. The palaeoecology of two chalks in the Upper Campanian of 
Norfolk, England. Bulletin of the Geological Society of Norfolk, 43 (for 1993), 
25-44. 

1996c. Effects of sedimentary regimes on relative abundance of bryozoan 
colony forms: an example from the Late Campanian allochthonous chalks of 
Norfolk, England. In G O R D O N , D . P . , S M I T H , A . M . and G R A N T - M A C K I E , I . A . (eds). 
Bryozoans in space and time. NIWA, Wellington, 377-382. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



References 357 

W I E D M A N N , J . 1960. Zur systematik Jungmesozoischer Nautiliden unter besonderer 
Beriicksichtigung der iberischen Nautilinae d'Orb. Palaeontographica, A, 115, 
144-206, pis 17-27. 

W I L L I A M S , A . et al. 2000. Treatise on invertebrate paleontology. Part H. 
Brachiopoda revised. Geological Society of America, Boulder, and University 
of Kansas Press, Lawrence, 919 pp. 

W I T H E R S , T . H . 1935. Catalogue of fossil Cirripedia in the Department of Geology. 
II, Cretaceous. British Museum (Natural History), London, 534 pp. 

W O O D S , H . 1896. The Mollusca of the Chalk Rock. Pt. 1. Quarterly Journal of the 
Geological Society, London, 52, 68-98. 

1897. The Mollusca of the Chalk Rock. Pt. 2. Quarterly Journal of the 
Geological Society, London, 53, 377—103. 

1899-1913. A monograph of the Cretaceous Lamellibranchia of England. 
Palaeontographical Society [Monographs], London, volume 1, xliii + 1-232; 
volume 2, 1—1-73. 

1922-29. A monograph of the fossil macrurous Crustacea of England. 
Palaeontographical Society [Monographs], London, 122 pp. 

W O O D W A R D , A . s. 1889. A synopsis of the vertebrate fossils of the English Chalk. 
Proceedings of the Geologists' Association, 10, 273-338. 

1902-12. The fossil fishes of the English Chalk. Palaeontographical Society 
[Monographs], London, 257 pp. 

1904. The jaws of Ptychodus from the Chalk. Quarterly Journal of the 
Geological Society, London, 60, 133-135. 

and S H E R B O R N , C . D . 1890. A catalogue of British fossil Vertebrata. Dulau & 
Co., London, xxxv + 396 pp. 

W O R S S A M , B . C . and T A Y L O R , J . H . 1969. Geology of the country around Cambridge. 
Memoir of the Geological Survey of Great Britain, Sheet 188, 159 pp. 

W R I G H T , c. w. 1979. The ammonites of the English Chalk Rock (Upper Turonian). 
Bulletin of the British Museum (Natural History), Geology Series, 31, 281-332. 

1996. Cretaceous Ammonoidea (with contributions by J . H . C A L L O M A N and 
M . K . H O W A R T H ) Treatise on invertebrate paleontology. Part L, Mollusca 4, 
revised. Geological Society of America, Boulder, and University of Kansas 
Press, Lawrence, 362 pp. 

and C O L L I N S , J . s. H . 1972. British Cretaceous crabs. Palaeontographical 
Society [Monographs], London, 114 pp. 

and K E N N E D Y , w. J . 1981. The Ammonoidea of the Plenus Marls and the 
Middle Chalk. Palaeontographical Society [Monographs], London, 148 pp. 

1984-96. The Ammonoidea of the Lower Chalk. Parts 1-5. 
Palaeontographical Society [Monographs], London, 403 pp. 

and W R I G H T , E . v. 1940. Note on Cretaceous Asteroidea. Quarterly Journal 
of the Geological Society, London, 96, 231-248. 

1951. A survey of the fossil Cephalopoda of the Chalk of Great 
Britain. Palaeontographical Society [Monographs], London, 1—40. 

W R I G H T , T . 1864-82. A monograph on the British fossil Echinodermata from the 
Cretaceous Formations. 1, The Echinoidea. Palaeontographical Society 
[Monographs], London, 371 pp. 

Y A M A G U C H I , K . 1994. Shell structure and behaviour related to cementation in 
oysters. Marine Biology, 118, 89-100. 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



S Y S T E M A T I C I N D E X 

References to plates are in bold (43.2=P1. 43, fig. 2); text-figure references are in 
italics. 

Acanthoceras jukesbrownei 188, 9.6 
rhotomagense 188, 9.5 

Acanthocerataceae 185 
Acanthoceratidae 185 
Acanthoceratinae 188 
Acanthopholis 326 
Acanthopterygians 318, 319, 323 
Acroscalpellinae 250 
Acroscalpellum angustatum 248 

fossula 250, 47.9 
maximum 248 

Acteonoidea 173 
Actinocamax plenus 233, 44.1-4 

verus 235, 44.7-10 
lAcutostrea boucheroni 148, 25.7 
Acutostrea cf. incurva 149, 25.4 
acutus. Turrilites 208, 39.6 
aequalis, Spondylus 129 
affinis, Pseudocorax 304 
Agerostrea lunata 149, 25.1-3 

ungulata 149 
alatus, Roveacrinus 260, 49.11-12 
albogalerus, Conulus 281, 55.9-10 
Alephocephalus 319 
Allocrioceras angustum 207, 40.11-12 
alternatus, Idiohamites 209, 40.1-2 
Amberleyidae 164 
Amberleyoidea 164 
Ammonitina 177 
Ammonoidea 177 
Amphidonte obliqatum 144, 24.2-3 

suborbiculatum 145 
ampullacea, Proliserpula 48, 6.11-12 
Anacoracidae 303 
Anasca 66 
anceps, Leiodon 337, 64.3 
Ancistrocrania parisiensis 77, 11.2 
Ancyloceratina 206 

anglica, Herpetopora 66, 7.4, 9.1 
anglicus, Uintacrinus 262 
Anglonautilus undulatus 231, / f t / / 
Anguilithes triangularis 231, 43.5-6, 

/ 0 . 7 j 
angustatum, Acroscalpellum 248 
angustatus. Pycinaster 268, 52.9 
angustidens, Paranomotodon 305, 61.8, 

/4 .2e 
angustum, Allocrioceras 207, 40.11-12 
Anisoceras plicatile 206, 41.6 
Anisoceratidae 206 
Ankylosauria 342 
Anomalofusus sp. \73, 8.1A-B 
Anomura 241 
anterior, Hagenowia 291 
anterius, Sciponoceras bohemicum 216 
antiquus, Scyliorhinus 311, /4.2-< 
Apateodus striatus 319, 63.3 
apicalis, Inoceramus 109, 7 J c 
Aporrhaidae 172 
appendiculata, Cretalamna 309, 61.4, 

/4.2z 
Applinocrinus cretaceus 260, 49.14 
^4rca strehlensis 101 
Archaeolamna kopingensis 309, 74.25 
Arcidae 101 
Arcinae 101 
Arcoida 101 
Arcoidea 101 
Arcticidae 155 
arcuata, Cretirhynchia 83, 13.6 

Plicatolamna 309 
Arenaciarcula beaumonti 95, 11.6 
argus, 'Biflustra' 70, 9.7 
arlesiensis, Microchlamys 125, 20.4, 

7.6c 
arreta, Porosphaera 35, 4.4 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



Systematic Index 359 

Articulata (Crinoidea) 252 
Articulata (Brachiopoda) 77 
Ascophora 72 
asiaticum, Calycoceras (Newboldiceras) 

191,33^5-7 
aspera, Lima 137, 23.9 
aspera, Merklinia 124, 20.1, 7.4B 
asperula, Tylocidaris 

(Oedematocidaris) 273, 53.8 
Aspidaster bulbiferus 263, 52.11 
Astacidea 244 
Asteroidea 263 
Atelostomata 284 
atlanticus, Inoceramus 106, 18.5 
atlas. Cymatoceras 228, 10.2B 
Atreta nilssoni 135, 26.11 
auloporoides, Epiphaxum 46, 5.9 
austeni, Parapuzosia (Austiniceras) 

178, 9.1 
(Austiniceras) austeni, Parapuzosia 

178, 9.1 
Austinocrinus bicoronatus 252, 

49.1-2 
Avellana incrassata 175, 29.6-8 
Aviculopectinoidea 118 
avita, Proliserpula 49, 6.8 

Baculitidae 214 
baculoides. Sciponoceras 214, 40.13 
Bakevelliidae 104 
Balanidae 248 
balticus, Inoceramus (Cataceramus) 

111, 18.1 
barroisi, Neocardioceras juddii 197 

Plicatula 135, 22.11 
basalis, Pachyrhizodus 319, 14.5ll 
Bathrotomaria dixoni 166, 28.1, 3, 8.2A 

linearis 167, 8.2E 
perspectiva 167, 28.2, 4-5, 8.2B-C 
velata 168, 8. 2D 

Bathynomus 242 
bayfieldi, Cymatoceras 230, 102F 
beaumonti, Arenaciarcula 95, 11.6 
'Beguina' turonensis 153, 17.8-9 
Belemnella lanceolata 236, 46.1—1 
Belemnellocamax grossouvrei 238, 

44.5-6 
Belemnitella mucronata 236, 45.1-5 
Belemnitellidae 233 

Belemnitida 233 
Belemnocamax boweri 240, 46.9-12 
Belemnopseidae 233 
Belemnopseina 233 
benettiae, Cottaldia 280, 54.10-11 
benstedi, Cimochelys 328, 66.1 
Berenice a 61 
berocscirense, Planolateralus 161, 

27.7, 10 
Berycifonnes 318, 324 
Biaviculigera! furina 69, 9.4 
bicarinatum. Forbesiceras 185, 30.3 
Bicavea rotaformis 64, 8.8-9 
bicoronatus, Austinocrinus 252, 

49.1-2 
'Biflustra' argus 70, 9.7 
binghami, 'Discohelix' 166 ,27.11-12 
binodosus, Scaphites 218, 41.7, 11 
bohemicum, Sciponoceras 216, 40.7-8 
Bopyrus 242 
Bostrychoceras polyplocum 211, 40.6 
Boubeithyris diploplicata 84, 16.5-6 
boucheroni, Acutostrea? 148, 25.7 
Bourgueticrinida 255 
Bourgueticrinidae 255 
Bourgueticrinus brydoni 256, 50.11-12 

cylindricus 256, 50.2-3 
elegans 256, 50.4-5 
ellipticus 256, 50.6 
fritillus 257, 50.8-9 
hureae 257, 50.7 
papilliformis 257, 50.10 

boweri, Bellemnocamax 240, 46.9-12 
Brachylepadidae 248 
Brachylepadomorpha 248 
Brachylepas fallax 248 

naissanti 248, 47.12-13 
Brachyura 242 
branneri, Subprionocyclus 205, 37.8-9 
brightonensis, Spondylus 129 
brittanica, Limaria 141 
brittanicus, Microchlamys 126, 20.15, 

7.<5z>-£ 
brydoni, Bourgueticrinus 256, 50.11-12 
buchii, Isselicrinus 253, 49.7-8 
bulbiferus, Aspidaster 263, 52.11 
bunburianum, Protacanthoceras 195, 

35.1-3 
Burrirhynchia devoniana 81, 10.3 
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Caenogastropoda 169 
caerulescens, Pseudoptera 104, 22.9 
Calantica 248 
Calanticinae 249 
Calappidae 242 
Calcarea 28, 34, 2.2 
' Callianassa' neocomiensis 241 
Callodictyidae 31 
Calliomphalus steinlai 164, 27.8, 8. In 
Calloporidae 67 
Caloxanthus purleyensis 244, 47.6 
Calycina 273 
Calycoceras (Calycoceras) naviculare 

193 ,35.9-10 
(Gentoniceras) gentoni 190, 

33.8-10 
(Newboldiceras) asiaticum 191, 

33.5-7 
(Proeucalycoceras) guerangeri 193, 

34.1-2 
Camarodonta 277 
Camerogalerus cylindricus 281, 56.1-3 

minimus 281, 56.4-5 
campaniensis, Microchlamys 125, 20.5, 

7.6 A 

Camptonectes (Camptonectes) virgatus 
124 

(Mclearnia) cinctus 124 
(Mclearnia) dubrisiensis 123, 21.1 

?'Camptonectes milleri 124 
campylodon, Platypterygius 329, 64.1, 

66.3 
canaliculata, Gemmarcula 93, 12.4 

Gryphaeostrea 145, 24.5, 7 
canaliculars, Heterodontus 302, 61.10, 

63.5, I4.2o-P 
Cancellata 63 
cancellata, 'Cardita' 153,26.8 
Cancellothyrididae 92 
Cancellothyridinae 92 
cantabrigiensis, Limaria 141 
Capillithyridinae 90 
Capillithyris squamosa 90, 13.5 
Carcharhiniformes 311 
carcitanense, Neostlingoceras 208, 

38.3 
Cardiaster granulosus 287, 58.3-4 

sp. 287, 58.1-2 
truncatus 285, 56.13-14 

'Cardita' cancellata 153, 26.8 
Carditesinae 152 
Carditidae 253 
Carditinae 253 
Carditoidea 252 
carinifera, 'Thracia' 159, 26.3-5 
Caryophyllidae 43 
carnea, Carneithyris 90, 13.4 
Carneithyridinae 90 
Carneithyris carnea 90, 13.4 
Carpiliidae 244 
carteri, Stauronema 31, 3.3—1 

Temnocidaris (Stereocidaris) 269, 
53.11 

Castanopora magnifica 73, 7.3, 9.12 
(Cataceramus) balticus, Inoceramus 

111, 18.1 
catinus, Fagesia 264, 9.8 
caudata, Cuspidaria cf. 160, 26.4, 6 
cenomanense, Cymatoceras 229, 10.2E 
cenomanensis, Helicacanthus 166 
centralis, Parasmilia 43, 5.1 
Cephalopoda 177, 219, 233 
Cerithiidae 171 
Cerithioidea 171 
chardstockensis, Conotomaria 169 
Cheilostomata 66 
cheilostome bryozoans 54, 5. / 
Chelonia sp. 327 
Cheloniidae 327 
Chemnitzia woodwardii 172 
chimaeroids 324 
Chlamydinae 119 
Chlamysl elongata 119, 20.9, 7.4D 

subacuta 119, 21.6, 7.4c 
Chondrichthyes 296 
Chondrites 1.2 
chonoides, Ventriculites 32, 1.4-5 
Cidaridae 269 
Cidaroida 269 
Cimochelys benstedi 328, 66.1 
Cimolichthys levesiensis 319, 14.5c 
cinctus, Camptonectes (Mclearnia) 124 
circumviator, Hemioon 242, 47.1 
Cirolanidae 242 
Cirrepedia 248 
1 Cirsocerithium nooryi 171 
'Cirsocerithium' reussi 171, 27.9 
Cirsocerithium subspinosum 171 
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Cladoceramus digitatus 117, 19.7 
undulatoplicatus 117 

clathrata, Hyposalenia 274, 54.7-8 
clavigera, Tylocidaris 271, 53.1 
Clavulariidae 46 
Clidastes 335, 64.4, 65.1 
Cliona cretacea 30 
coelacanths 318 
Coleoidea 233 
Collignoniceras woollgari 205, 37.5-6 
Collignoniceratidae 204 
Collignoniceratinae 204 
coloradoense, Watinoceras 198 
colubrinum, Rastellum (Arctostrea) 144, 

24.1 
Comatulida 257 
composita, Limea (Pseudolimea) 142, 

23.13 
concentricus, Ptychodus 315, 62.4 
Concinnithyris obesa 89, 11.3 

subundata 89, 12.1 
Coniasauridae 331 
Coniasaurus cf. C. crassidens 333, 64.7 

gracilodens 334, 64.8 
Conotomaria chardstockensis 169 

laticarinata 169 
mailleana 169 
percevali 169, 28.6 

constrictus, Elasmosaurus 330 
Conulidae 281 
Conulus albogalerus 281, 55.9-10 

subrotundus 283, 55.11 
coprolites 323 
coranguinum, Micraster 293, 60.6-8 
cordata, Pholadomya (Procardia) 159 
Cordiceramus cordiformis 118, 18.9 
cordieri, 'Trochus' 164 
cordiformis, Cordiceramus 118, 18.9 
cornucopiae, Gyropleura 152 
coronula, Micrarbacia 43, 5.7-8 
cortestudinarium, Micraster 293, 

60.4-5 
Costagyra digitata 145, 24.4 

laciniata 145 
costatus, Turrilites 208, 39.4 
Cottaldia benettiae 280, 54.10-11 
cottaldina, ILudbrookia 152, 17.10, 

26.15 
crabs 241 

cranei, Squatina 246, 1 1.2K-L 
Craniacea 76 
Craniidae 77 
crassidens, Coniasaurus cf. C. 333, 64.7 

Cretodus 308, /4 .2r 
Crassosrreinae 151 
Crassostrea cunabula 151 
Crateraster quinqueloba 267, 52.8 
crebicostatum, Crossotrema 173. 29.3 
Cremnoceramus cf. deformis 113, 18.8 

inconstans 113, 18.3—1 
schloenbachii 114 
websteri 113, 7.3.4-B 

cretacea, Cliona 30 
cretacea, Myoconcha (Modiolina) 158, 

17.2 
cretacea, Pinna 102 
cretaceum. Plagiostoma 138, 23.8-10 
cretaceus, Applinocrinus 260, 49.14 

Nielsenicrinus 253, 49.13 
Polygyrodus 323, 63.2 

cretae Zeugmatolepas 249 
Cretirhynchia arcuata 83, 13.6 

plicatilis 81, 13.8 
Cretiscalpellum glabrum 249, 47.8 
Cretodus crassidens 308, 74.27" 

semiplicata 308, 14.2u-v 
sulcata 308, 61.1 

Cretalamna appendiculata 309, 61.4, 
74.2z 

woodwardi 309 
cretosa, Mimachlamys 120, 20.7-8, 

7.4£, 7.5,4 
Cretoxyrhinidae 307 
Cretoxyrhina mantelli 307, 61.5, 7<7.2s 
Cribospongiidae 34 
cribosum, Rhizopoterion 32, 2.4 
Crinoidea 252 
crippsii, Inoceramus 108, 18.2 
Crossotrema crebricostatum 173, 29.3 
Cryptodirida 327 
ctenoid scales 318 
Ctenoides divaricata 316, 17.5 

rap<7 136, 17.6 
tec/a 137 

Cubitostrea sarumensis 151, 25.8-10 
cunabula, Crassostrea 151 
curvatus, Hyphoplites 184, 30.5-6 
Curvestrea tevesthensis 149 
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Cuspidaria cf. caudata 160, 26.4-6 
Cuspidariidae 160 
Cuspidarioidea 160 
cuvieri, Inoceramus 106 

Orbirhynchia 80, 11.5 
cycloid scales 318 
cycloides, Inoceramus 118 
Cyclorisma rhotomagensis 154, 26.9 
Cycloserpula gordialis 48, 6.14 

plexus 48, 6.1 
Cyclostomata 58 
cyclostome bryozoans 53-56, 5.1 
Cyclothyridinae 80 
Cyclothyris difformis 80, 10.1 
cylindricus, Bourgueticrinus 256, 

50.2-3 
Camerogalerus 281, 56.1-3 

Cymatoceras atlas 228, 10.2B 
bayfieldi 230, 10. 2F 
cenomanense 229, 10.2E 
deslongchampsianum 225, 10.2A 
elegans 226, 43.3, 7, 10.2c 
tourtiae 228, 10.2D 

Cymatoceratidae 225 
Cytididae 64 

Dactylocalycidae 34 
Dallinidae 93 
darupense, Eutrephoceras 222, 

43.1-2, 4, 10.1c 
Decapoda 242 
decurrens, Ptychodus 314, 62.1 
decussata, Limatula 141, 21.5 

Pholadomya (Procardia) 158, 
26.1-2 

Pinna 101, 17.3 
deformis, Cremnoceramus cf. 113, 18.8 
Deltocymatoceras sp. 230, 42.4-6, 

10. IE 

Demospongia 28, 37, 2 . 2 
denticulata, Limea (Pseudolimea) 143 

Mimachlamys cretosa 121 
'depressula' Echinocorys li.ll-J 
Dercetis maximus 318, 14.5c 
Dereta incerta 98, 16.3 

pectita 97, 16.2 
deslonchampsianum, Cvmatoceras 225, 

10.2A 
Desmoceratacea 177 

Desmoceratidae 177 
deverianum, Romaniceras 

(Romaniceras) 200, 37.1-2 
devoniana, Burrirhynchia 81, 10.3 
Dianchora 129 
Diaulacidae 243 
Diaulax oweni 243, 47.5 
Diblasus gravensis 44, 5.10 
dibleyi, Turritella (Turritella) 169, 29.1 
dievarum, Planolateralus 162, 27.6 
difformis, Cyclothyris 80, 10.1 

Hepteris 52, 6.4-5 
digitata, Costagyra 145, 24.4 
digitatus, Cladoceramus 117, 19.7 
Dimyidae 135 
Dimyodon 136 
Dinosauria 342 
Diplomoceratidae 213 
Diplopodiidae 275 
'Discohelix' binghami 166, 27.11-12 
Discoides subuculus 280, 56.6-8 
Discoididae 280 
dispansa, Orbirhynchia 78, 13.7 
divaricata, Ctenoides 136, 17.5 
dixoni, Bathrotomaria 166, 28.1, 3, 8.2A 

Lophiostomus 319, 14. 5E 
Mantelliceras 188, 33.4-5 
Ptychodus 314 
Voigtopora 58, 7.1, 8.3 

Dolichosauridae 334 
Dolichosaurus longicollis 334, 65.3—4 
dollfusi, Meliceritites 62, 8.6-7 
dorsplicatus, Pseudocenoceras 223, 

IO.IF 

Doryderma roemeri 39, 3.5 
Dorydermatidae 39 
dubius, Scyliorhinus 311, 14.2B-C 
dubrisiensis, Camptonectes (Mclearnia) 

123,21.1 
Synechodus 298, 61.9, 14.2F 

diploplicata, Boubeithyris 84, 16.5-6 
duplicatus, Spondylus 129 
Durania mortoni 152, 17.14 
durobrivensis, Meliceritites 62, 8.5 
dutempleana, Moutonithyris 86, 14.1 
dutempleanus, Spondylus 132 
Dwardius woodwardi 309, 14.2AA 

Echinacea 273 
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Echinocorys 'depressula' 13.H-J 
'elevatus' I3.IS-T 
'gravest'' 13. I G - H 
'marginatus' 13.1Q-R 
''pyramidalis' 13.1 M-N 
scutata 287, 59.1-2, 13.U-D 
'subconicula' I3./E-F 
'subglobosus '13.1 o-p 

Echinocyphus rotatus 277, 54.9 
Echinodermata 252 
Echinoidea 269 
Echinoneoida 281 
Elasmosauridae 330 
Elasmosaurus constrictus 330 
Electridae 66 
elegans, Bourgueticrinus 256, 50.4-5 

Cymatoceras 226, 43.3, 7, 10.2c 
Kingena 93, 11.7 

'elevatus', Echinocorys 13. Is-r 
Eleidae 62 
Eleutherozoa 263 
ellipticus, Bourgueticrinus 256, 50.6 
Ellisina 68 
elongata, Chlamysl 119, 20.9, 7.4D 

Limaria 140, 23.1-2 
enchodonts 319 
Enchodus lewesiensis 319, 14.5r 
Enoploclytia leachii 244, 48.1 
'Entalophora' raripora 61-62 

sp. 61, 8.1 
Entobia sp. 41 , 4.5 
Entoliidae 134 
Entoliinae 134 
Entolium membranaceum 134, 21.2 

orbiculare 134, 21.3, 26.16 
lEonavicula sp. 101, 17.11-12 
Epiphaxum auloporoides 46, 5.9 
Epitoniidae 173 
equalis, Scaphites 218, 41.3-4 
Erymidae 244 
etheridgei, Terebratulina 92, 14.4 
Eubostrychoceras saxonicum 209, 38.4, 

39.2-3 
Eucalycoceras pentagonum 197, 36.6-7 
Euhadrosauria incertae sedis 64.9 
Euomphaloceras euomphalum 200, 

38.1-2 
Euomphaloceratinae 198 
Eutaxicladina 39 

Eutrephoceras darupense 222, 43.1-2, 
4, 10.1c 

expansum 220, 42.1-3, 10. IB 
sublaevigatum 220, 10.1A 

Exechocirsus saundersi 171, 29.5 
Exogyra 145 
Exogyrinae 144 
expansum, Eutrephoceras 220, 42.1-3, 

10. 1B 

Fagesia catinus 204, 9.8 
falcatus, Hyphoplites 184, 30.1-2, 9 

Squalicorax 303, 14.2cc 
fallax, Brachylepas 248 
Fasciolariidae 173 
Filograninae 47 

fimbriatus, Spondylus 131, 22.3 
fissicostata, Mimachlamys 121, 20.16, 

7.5B 
fittoni, Limatula 141 

Pseudocenoceras 223, 42.7-9, 
10.1 H 

fluctuata, Vermiliopsis 51, 6.9 
Forbesiceras bicarinatum 185, 30.3 

largilliertianum 185, 30.7-8 
Forbesiceratidae 185 

fossula, Acroscalpellum 250, 47.9 
fritillus, Bourgueticrinus 257, 50.8-9 
furina, Biaviculigeral 69, 9.4 

gaedorupus, Spondylus 129 
Galerites hemisphaericus 283, 56.9-11 
Galeritidae 283 
gamblei, Homoeosolen 66 
ganoid scales 318, 14.5E 
geinitzi, Limea (Pseudolimea) 143 

'Turbo' 165 
geinitzii, Scaphites 218, 41.8-10 
Gelatinosa 28, 2.2 
Gemmarcula canaliculata 93, 12.4 
Gemmarculinae 93 
gentoni, Calycoceras (Gentoniceras) 

190, 33.8-10 
(Gentoniceras) gentoni, Calycoceras 

190 ,33.8-10 
geslinianum, Metoicoceras 201, 33.3—1, 

35.7-8 
GMaster gibbus 295, 59.5-7 
Gibbithyridinae 87 

h
ttp

s://te
le

g
ra

m
.m

e
/G

e
o
lo

g
yb

o
o
ks



364 Fossils of the Chalk 

Gibbithyris media 87, 12.3 
merensis 87, 13.1 
semiglobosa 87, 12.2 

gibbosa, Neithea 128, 21.11 
gibbus, Micraster (Gibbaster) 295, 

59.5-7 
giganteus, Ornithocheirus 339, 65.2 
Gignouxiidae 39 
glabrum, Cretiscalpellum 249, 47.8 
Glandifera rustica 49, 6.6-7 
Glenotremites paradoxus 257, 51.5-6 

rotundus 259, 51.3-4 
globosum, Plagiostoma 140, 23.11 
globularis, Porosphaera 35, 4.3 
Glyphea willetti 246, 48.4-5 
Glypheidae 246 
Goniasteridae 263 
Goniasterinae 263 
Gonioteuthis quadrata 235, 46.5-8 
gordialis, Cycloserpula 48, 6.14 
gracile, Sciponoceras 214, 40.3—1 
gracilis, Hexanchus 300 
gracilodens, Coniasaurus 334, 64.8 
granosus Isocrinus? 253, 49.3-4 
granulata, Limea (Pseudolimea) 142, 

23.12 
Parasmilia 43, 5.11-12 

granulatus, Neomicrobis 52, 6.16-18 
granulosa, Salenocidaris 275, 54.5-6 
Granulosina 263 
granulosus, Cardiaster 287, 58.3-4 
gravensis, Diblasus 44, 5.10 
'gravesi', Echinocorys li.la-ll 
gravesianus, Hypoturrilites 209 
gregoryi, Pelmatopora 72, 9.11 

Sternotaxis 284, 57.10-11 
grossouvrei, Belemnellocamax 238, 

44.5-6 
Gryphaeidae 144 
Gryphaeostreinae 145 
Grvphaeostrea canaliculata 145, 

24.5, 7 
guerangeri, Calycoceras 

(Proeucalycoceras) 193, 34.1-2 
Helicacanthus 165, 27.1, 4 

Guettardiscyphia stellata 34, 1.2 
gurgitus, Plicatula 135 
Gyropleura cornucopiae 152 

inaequirostrata 152, 22.13-14 

Hadromerida 41 
Hadrosauridae 342 
Hagenowia anterior 291 

rostrata 289, 56.12 
Hainosaurus 337 
Hallirhoidae 39 
Hamites simplex 207, 41.5 
Hamitidae 207 
Hauericeras pseudogardeni 180, 9.5 
Hauericeratinae 180 
heberti, Periaulax 162, 27.2-3 
Helicacanthus cenomanensis 166 

guerangeri 165, 27.1, 4 
mailleana 165 

Hemioon circumviator 242, 47.1 
hemisphaericus, Galerites 283, 56.9-11 
henrici, Mimachlamys 121, 20.12, 7.Jc 
Hercoglossidae 231 
Herpetopora anglica 66, 7.4, 9.1 
Hepteris difformis 52, 6.4-5 
Heterodontidae 302 
Heterodontiformes 302 
Heterodontus canaliculars 302, 61.10, 

63.5, M2o-/> 
hexachnid shark 297, /4.7 
Hexactinellida 29, 31, 2.2 
Hexactinosa 34 
Hexanchidae 299 
Hexanchiformes 299 
Hexanchus gracilis 300 

microdon 300, 61.2, 14.2M-N 
Hippuritoidea 152 
hirudo, Hirudocidaris 271, 53.9 
Hirudocidaris hirudo 271, 53.9 
hitchinensis, Subprionocyclus 205 
Holaster nodulosus 284, 57.1^1 

subglobosus 284, 59.3-4 
Holasteridae 284 
Holasteroida 284 
Holectypoida 280 
holocentroids 318 
Homoeosolen gamblei 66 

ramulosus 66, 7.6 
hoperi, Plagiostoma 137, 23.6-7 
Hoplitaceae 182 
Hoplitidae 182 
Hoplitinae 182 
Hoplopteryx lewesiensis 324, 14.5J 
hunteri, Metopaster 264, 52.3 
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hureae, Bourgueticrinus 257, 50.7 
Hybodontidea 31 1 
IHyotissa semiplana 148, 24.11-13 
Hyphantoceras reussianum 211, 39.1, 

40.5 
woodsi 211 

Hyphoplites curvatus 184, 30.5-6 
falcatus 182. 30.1-2, 9 

Hyporosopora 61 
Hyposalenia clathrata 21 A, 54 .7-8 
Hypoturrilites gravesianus 209 

tuberculatus 209, 38.5 
Hypoxytoma tenuicostata 119, 22.12 

Ichthyosauria 329 
ldiohamites alternatus 206, 40.1-2 
illingworthi, Polyacrodus 311, 14.2I-J 
inaequirostrata, Gyropleura 152, 

22.13-14 
Inarticulata 76 
incerta, Dereta 98, 16.3 
inconstans, Cremnoceramus 113, 

22.3-1 
incrassata, Avellana 175, 29.6-8 
incurva, Acutostrea cf. 149 
inelegans, Onychocella 70, 9.9 
inflata. Plicatula 135, 22.10 
Infulaster 251 
Inoceramidae 105 
Inoceramoidea 105 
Inoceramus apicalis 109, 7.3c 

atlanticus 106, 18.5 
balticus 111, 18.1 
crippsii 108, 18.2 
cuvieri 106 
cycloides 118 
lamarcki 106, 19.5, 7.2 
pedalionoides 109 
p/ 'c to 109, 18.7 
reachensis 108 
undulatus 111, 7.3D 

intermedia, Temnocidaris 
(Stereocidaris) 269, 53.5 

interruptum, Pseudoxybeloceras 
(Parasolenoceras) 213, 40.9-10 

interruptus, Polyptychodon 330, 64.2 
involutus, Volviceramus 115,19.2 
Irregularia 280 
Isididae 46 

Isocrania paucicostata 11, 11.1 
Isocrinida 252 
Isocrinidae 252 
Isocrinina 252 
Isocrinus? granulosus 253, 4 9 . 3 ^ t 

fegen 255, 49.5-6 
minutus 255, 44.9-10 

Isopoda 241 
Isselicrinus buchii 253, 49.7-8 

Janthinoidea 173 
Jouannetia rotundata 159, 17.13 
Jouannetiinae 159 
juddii, Neocardioceras 197, 34.3-5 
jukesbrownei, Acanthoceras 188 

Kaliapsidae 37 
kaupi, Squalicorax 304, 61.6, I4.2DD 

Kingena elegans 93, 11.7 
Kingenidae 93 
Kingeninae 93 
koeneni, Volviceramus 115 
koenigi, Phymosoma 211, 55.5-6 

Siphonia 41, 4.1-2 
kopingensis, Archaeolamna 309, 14.2S 
kundradensis, Limatula 141 

laheschii, Necrocarcinus 242, 47.2, 4 
labiatus, Mytiloides 112, 18.6 
labyrinthica, Paraplocia 34, 1.1 
laciniata, Costagyra 145 
laevis, Pseudocorax 304, 14.2UB 
lamarcki, Inoceramus 106, 19.5, 7.2 
Lamniformes 303 
lanceolata, Belemnella 236, 46.1—1 
Laosciadia plana 37, 3.6 
largilliertianum, Forbesiceras 185, 

30.7-8 
Pseudocenoceras 222, 10. In 

lata, Terebratulina 92, 13.3 
Laternuloidea 159 
laticarinata, Conotomaria 169 
laticirrha, Placometra 259, 51.1-2 
Latimeria 318 
latissimus, Ptychodus 314, 61.15 
/ a t e , Spondylus 132, 22.2, 4-5 
leachii, Enoploclytia 244, 48.1 
legeri, Isocrinus? 255, 49.5-6 
Leiodon anceps 337, 64.3 
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Leiodorellidae 3 7 
Lepisosteus 3 1 9 
leptophylla, Parapuzosia (Parapuzosia) 

1 7 9 , 9.2 
'' LeptosolenT rectangularis 1 5 6 , 26.7 
Leptostyrax macrorhiza 3 1 0 , 14.3 
leskei, Micraster 2 9 3 , 60.1-3 
levesiensis, Cimolichthys 3 1 9 , / 4 . 5 c 
Lewesiceras mantelli 1 8 2 , 38.1-2 

peramplum 1 8 1 , 9 . 4 
lewesiensis, Enchodus 3 1 9 , 7 4 . 5 F 

Hoplopteryx 2 6 0 , 7 / . 4 J 
Marietta 2 0 8 , 38.6 
Terebella 3 1 7 

Lrwa aspera 1 3 7 , 23.9 
subovalis 1 3 7 

Limaria brittanica 1 4 1 
cantabrigiensis 1 4 1 
elongata 1 4 0 , 23.1-2 
reichenbachi 1 4 1 , 23.5 

Limatula decussata 1 4 1 , 21.5 
/ z t t o m 1 4 1 

kundradensis 1 4 1 
semisulcata 1 4 1 
wintonensis 1 4 1 , 21.4 

Limea (Pseudolimea) composita 1 4 2 
23.13 

denticulata 1 4 3 
geinitzi 1 4 3 
granulataXAl, 23.12 

Limidae 1 3 6 
Limoida 1 3 6 
linearis, Bathrotomaria 1 6 7 , # . 2 E 
lineatus, 'Septifer' 1 0 4 , 17.4 
Liostreidae 1 4 8 
Lithistida 3 7 
lizards 3 3 1 
lobsters 2 4 1 
longicollis, Dolichosaurus 3 3 4 , 

65.3-4 
Lophiostomus dixoni 3 1 9 , 7 4 . 5 / ; 

1 Ludbrookia cottaldina 1 5 2 , 17.10, 
26.15 

lunata, Agerostrea 1 4 9 , 25.1-3 
Lunulites tenax 7 1 , 9.10 
Lunulitidae 7 1 
Lychniscosa 3 1 
lymense, Schloenbachia 1 8 5 , 3 1 . 3 - 4 
Tyra, Terebrirostra 9 7 , 16.1 

Macropoma mantelli 318, /4 .5 / J 
macropus, Sclerostyla 51, 6.2, 10 
macrorhiza, Leptostyrax 310, 74. J 
'Macrura' 241 
Mactromya 154 
Mactromyidae 154 
Magadinae 95 
Magas pumilus 95, 13.2 
magna, Pyriopora 67, 5.2/J 
magnifica, Castanopora 73, 7.3, 9.12 

Salenia 274, 54.3-4 
magnificus, Pycinaster 268, 52.5 
mailleana, Conotomaria 169 

Helicacanthus 165 
major, Spinax 303 
Malacostraca 241 
mammillaris, Ptychodus 313, 61.11-12 
Mammites nodosoides 201, 9 . 7 
Mammitinae 201 
mantelli, Cretoxyrhina 307, 61.5, 77.2/i 

Lewesiceras 182, 39.1-2 
Macropoma 318, 74.5o 
Mantelliceras 187, 33.1-2 
Perissoptera 172, 29.4 
Platyceramus 118 

mantelliana, Mimachlamys 121, 
20.10-11, 7.5/j-/-

mantelliana, Orbirhynchia 11, 10.4 
Mantelliceras dixoni 188, 32.4-5 

mantelli 187, 33.1-2 
saxbii 187, 32.1-3 

Mantelliceratinae 185 
Margaritinae 162 
marginalis, Ptychodus 317, 62.5 
'marginatus', Echinocorys 13.1Q-R 
marginula, Stichomicropora 72, 9.8 
Mariella (Marietta) lewesiensis 208, 

38.6 
Marine lizards 331 
marrotianum, Plagiostoma 140, 23.3-4 
Marsupites testudinarius 262, 51.7 
Marsupitidae 262 
maximum, Acroscalpellum 248 
maximus, Dercetis 318, 74.5c 
mayoriana, Puzosia 177, 30.4 
(Mclearnia) cinctus, Camptonectes 124 

dubrisiensis, Camptonectes 123, 
19.1 

media, Gibbithyris 87, 12.3 
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Megamorina 39 
Meliceritites dollfusi 62, 8.6-7 

durobrivensis 62, 8.5 
membranaceum, Entolium 134, 21.2 
merceyi, Phalacrocidaris 270, 53.10 
merensis, Gibbithyris 87, 13.1 
Merklinia aspera 124, 20.1-2, 7.4B 

sp. cf. variabilis 124, 20.13-14, 
7.4A 

Mesonopora 61 
Metoioceras geslinianum 201, 33.3—4, 

35.7-8 
Metopaster hunteri 264, 52.3 

parkinsoni 264, 52.1-2 
thoracifer 264, 52.12 
tumidus 264, 52.4 
uncatus 265, 52.6 

Micrarbaciidae 42 
Micrarbacia coronula 43, 5.7-8 
Micraster coranguinum 293, 60.6-8 

cortestudinarium 293, 60.4-5 
(Gibbaster) gibbus 295, 59.5-7 
teste" 293, 60.1-3 

Micrasteridae 293 
Micrasterina 293 
Microchlamys arlesiensis 125, 20.4, 

7.6c 
brittanicus 126, 20.15, 7.6D-E 
campaniensis 125, 20.5, 7.6/4 
pulchellus 126 
sarumensis 125, 20.3, 7.6s 
septemplicatus 126 

microdon, Hexanchus 300, 61.2, 
14.2M-N 

Microeciella 61 
Microporidae 72 
milleri, ?'Camptonectes 124 
Mimachlamys cretosa 120, 20.7-8, 7.4E, 

7.5.4 
cretosa denticulata 121 
fissicostata 121, 20.16, 7.5s 
fewr/ci 121, 20.12, 7.5c 
mantelliana 121, 20.10-11, 7.5D-E 
robinaldina 121 

Minchinellida 35 
minimus, Camerogalerus 281, 56.4-5 
minutus, Isocrinus? 255, 49.9-10 
IMiocardiopsis trapezoidalis 155, 

26.13-14 

Mitsukurinidae 304 
mockleri, Zeumatolepas 249, 47.10 
(Modiolina) cretacea, Mvoconcha 158, 

17.2 
Modiomorphoidea 158 
Moltkia sp. 46, 5.2-3 
Monodontinae 164 
'Monodonta' sp. 164, # . / c 
Monopleuridae 152 
mordax, Tomognathus 319, 74.5/ 
mortoni, Durania 152, 17.14 

Ptychodus 312 
Mosasauridae 334 
Mosasaurinae 335 
Mosasauroidea 334 
Mosasaurus 335 
Moutonithyris dutempleana 86, 14.1 

ofttea 86, 15.1 
mucronata, Belemnitella 236, 45.1-5 
mud-shrimps 241 
multicostata, Orbirhynchia 80, 10.5 
Muricoidea 173 
Myoconcha (Modiolina) cretacea 158, 

17.2 
Myoconchinae 158 
Mytilidae 104 
Mytiloida 101 
Mytiloidea 104 
Mytiloides labiatus 112, 18.6 

mytiloides 112 

naissanti, Brachylepas 248, 47.12-13 
Nautilida219 
Nautilidae 219 
Nautiloidea 219 
naviculare, Calycoceras (Calycoceras) 

193 ,35.9-10 
Necrocarcinus labeschii 242, 47.2, 4 

woodwardii 243, 47.3 
Neithea gibbosa 128, 21.11 

quinquecostata 127, 21.10 
regularis 128 
sexcostata 128, 21.7-9 

Neitheinae 127 
Neocardioceras juddii barroisi 197 

juddii juddii 197, 34.3-5 
neocomiensis, 'Callianassa' 241 
Neohibolites ultimus 233, 45.6-7 
Neomicrorbis granulatus 52, 6.16-18 
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Neostlingoceras carcitanense 208, 
38.3 

neptuni, Subprionocyclus 205, 37.7 
{Newboldiceras) asiaticum, Calycoceras 

191 ,33.5-7 
Nielsenicrinus cretaceus 253, 49.13 
nilssoni, Atreta 135, 26.11 

Syncyclonema 126, 20.6 
nitidus, Synechodus 299, 14.2D-E 
Nododelphinulidae 165 
nodosa, Proverruca (?) 248 
Nodosauridae 342 
Nodosauridae incertae sedis 342 
nodosoides, Mammites 201, 9.7 
nodulosus, Holaster 284, 57.1-4 
nooryi. ICirsocerithium 171 
normalis, Subprionocyclus 205, 

37.10-11 
normani, Notopocorystes 242, 47.7 
Nostoceratidae 209 
Notopocorystes normani 242, 47.7 
Nuculoidea 100 
Nuda 29, 2.2 

obesa, Concinnithyris 89, 11.3 
obliquatum, Amphidonte 144, 24.2-3 
obliquus, Scaphites 218, 41.1-2 
ohtusa, Moutonithyris 86, 15.1 

Proliserpula 49, 6.15 
Octocorallia 46 
Oculinidae 44 
(Oedematocidaris) asperula, 

Tylocidaris 273, 53.8 
Offaster pilula 289, 57.5-7 
Onchtrochus serpentinus 43, 5.4 
Onychocella inelegans 70, 9.9 
Onychocellidae 70 
Ophiolepidinae 268 
Ophiomusium subcvlindricum 268, 

52.10 
Ophiurida 268 
Ophiuridae 268 
Ophiuroidea 268 
Opisthobranchia 173 
orbiculare, Entolium 134, 21.3, 26.16 
Orbirhynchia cuvieri 80, 11.5 

dispansa 78, 13.7 
mantelliana 77, 10.4 
multicostata 80, 10.5 

parkinsoni 80, 10.2 
wiesti 78, 10.6 

ornatissimum, Romaniceras 
(Yubariceras) 200, 37.3^1 

Ornatothyris sulcifera 90, 15.2 
Ornithischia 342 
Ornithocheiridae 339 
Ornithocheiridae incertae sedis 340, 

64.6, 65.6 
Ornithocheirus compressirostris 340 

cuvieri 340, 65.7 
giganteus 339, 65.2 
sp. 64.6 

Ornithopoda 342 
Orthoconorca turbinella 49, 6.3 
Osteichthyes 317 
Ostreidae 151 
ovata, Ovatathyris 83, 16.4 
Ovatathyris ovata 83, 16.4 

potternensis 84, 15.3—4 
oweni, Diaulax 243, 47.5 

Ptychodus 315, 62.2 
Oxytomidae 118 
oysters 143 

Pachinion scriptum 39, 2.1-2 
pachtii, Sphenoceramus 114, 19.1 
pachycormids 324 
Pachydiscidae 181 
Pachyrhizodontoids 319 
Pachyrhizodus basalis 319, 14.5n 
Palaeastacus sussexiensis 246, 48.2-3 
Palaega 241 
Palaeolophidae 144 
Palaeolophinae 144 
Palinura 246 
papilliformis, Bourgueticrinus 257, 

50.10 
paradoxus, Glenotremites 257, 

51.5-6 
Parametopaster undulatus 265, 

52.13 
Paranomotodon angustidens 305, 

61.8, 14.2Q 
Paraorthacodus recurvus 299, 

14.2G-H 
Parasmilia centralis 43, 5.1 

granulata 43, 5.11-12 
Paroplocia labyrinthica 34, 1.1 
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Parapuzosia (Austiniceras) austeni 178, 
9.1 

(Parapuzosia) leptophylla 179, 9.2 
(Parasolenoceras) interruptum, 

Pseudoxybeloceros 213, 40.9-10 
parisiensis, Ancistrocrania 11, 11.2 
parkinsoni, Metopaster 264, 52.1-2 

Orbirhynchia 80, 10.2 
Perissoptera 172 

patelliformis, Porosphaera 35, 4.6 
patootensis, Sphenoceramus 114, 19.8 
paucicostata, Isocrania 11, 11.1 
paucisulcatus, Ptychodus 314 
Pectinidae 119 
Pectinoidea 119 
pectita, Dereta 97, 16.2 
pedalionoides, Inoceramus 109 
Pelmatopora gregoryi 12, 9.11 
Pelmatoporidae 72 
Pelmatozoa 252 
pentagonum, Eucalycoceras 197, 

36.6-7 
peramplum, Lewiceras 181, 9.4 
percevali, Conotomaria 169, 28.6 
Periaulax heberti 162, 27.2-3 

striatus 164, 8.1E-F 
Perissoptera mantelli 172, 29.4 

parkinsoni 172 
Permophoridae 158 
perspectiva, Bathrotomaria 167, 28.2, 

4-5, # .2s-c 
petalifera, Salenia 274, 54.1-2 
Petalopora pulchella 63, 8.10 
Petaloporidae 63 
Phacodus punctatus 321, 63.1 
Phalacrocidaris merceyi 270, 53.10 
Pharetronida 34 
Pharetrospongia strahani 35, 3.1-2 
Pharetrospongiidae 35 
Pholadidae 159 
Pholadoidea 159 
Pholadomya (Pholadomya) steward 

158, 26.10 
(Procardia) cordata 159 

decussata 158, 26.1-2 
Pholadomyidae 158 
Pholadomyoida 158 
Pholadomyoidea 158 
Phrynophiurina 268 

(Phygraea) vesiculare, Pycnodonte 147, 
24 .8-10 

Phymosoma koenigi 211, 55.5-6 
Phymosomatidae 275 
Phymosomatoida 275 
pictus, Inoceramus 109, 18.7 
pilula, Offaster 289, 57.5-7 
Pinna cretacea 102 

decussata 101, 17.3 
robinaldina 102 

Pinnidae 101 
Pinnoidea 101 
pinoformis, Sphenoceramus 115, 19.3—4 
placenta, Sternotaxis 285, 58.8-9 
Placometra laticirra 259, 51.1-2 
Plagioecia sp. 59, 8.2 
Plagioeciidae 59 
Plagiostoma cretaceum 138, 23.8, 10 

globosum 140, 23.11 
toper; 137, 23.6-7 
marrotianum 140, 23.3-4 

plana, Laosciadia 37, 3.6 
Sternotaxis 285, 58.5-7 

Planolateralus berocscirense 161, 27.7, 
10 

dievarum 162, 27.6 
Planolites 1.2 
Platyceramus mantelli 118 
1 Platyceramus rhomboides 118, 19.6 
Platypterygius campylodon 329, 64.1, 

66.3 
plenus, Actinocamax 233, 44 .1-4 
Plesiosauria 330 
Plesiosauroidea 330 
plethodonts 323 
Plethodus 323 
Pleurotomariidae 166 
Pleurotomarioidea 166 
plexus, Cycloserpula 48, 6.1 
plicatile, Anisoceras 206, 41.6 
plicatilis, Cretirhynchia 81, 13.8 
Plicatolamna arcuata 309 
Plicatula barroisi 135, 22.11 

gurgitus 135 
w/?ato 135, 22.10 

Plicatulidae 135 
Plicatuloidea 135 
Plioplatecarpinae 336 
Plioplatecarpinae incertae sedis 336, 64.5 
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370 Fossils of the Chalk 

Plioplatecarpus 336 
Pliosauridae 330 
Pliosauroidea 330 
Polyacrodontidae 311 
Polyacrodus illingworthi 311, 14.21-J 
Polychaeta 47 
Polygyrodus cretaceus 323, 63.2 
polygyrus, Ptychodus 315, 62.3 
polyplocum, Bostrychoceras 211, 40.6 
Polypterus 319 
Polyptychoceratinae 213 
Polyptychodon interruptus 330, 64.2 
Porifera 31 
Porina sp. 73, 7.5, 9.5 
Porinidae 73 
Porochonia simplex 31, 1.3 
Porosphaera arreta 35, 4.4 

globularis 35, 4.3 
patelliformis 35, 4.6 

potternensis, Ovatathyris 84, 15.3^1 
praecursor, Watinoceras 198, 36.3-5 
pricei, 'Rostellaria' 172, 29.2 
Prionocidaris vendocinensis 270, 53.5 
prisca, Verruca 248 
Proboscinopora toucasiana 59, 7.2, 8.4 
(Procardia) cordata, Pholadomya 159 

decussata, Pholadomya 158, 26.1-2 
Procerithiidae 171 
(Proeucaliycoceras) guerangeri, 

Calycoceros 193, 34.1-2 
Prognathodon sp. 336 
Proliserpula ampullacea 48, 6.11-12 

av/fa 49, 6.8 
o/jtoa 49, 6.15 

Prosobranchia 161 
Protacanthoceras bunburianum 195, 

35.1-3 
tuberculatum tuberculatum 195, 

35.4-5 
Protosphyraena 319, 63.6, 74.5Z. 
Protostega sp. 327 
Protostegidae 327 
Proveniella quadrata 155, 26.12 
Proverruca (?) nodosa 248 
Pseudocenoceras dorsplicatus 223, 70. 7F 

./7'ftom 223, 42.7-9, 70.7tf 
largilliertianum 222, 70.7/J 

Pseudocenoceras'? schroederi 223, 
70.7c 

Pseudocorax affinis 304 
/aevw 304, 14.2BB 

pseudogardeni, Hauericeras 182, P.J 
(Pseudolimea) composita. Limea 142, 

23.13 
granulata 142, 23.12 

Pseudoptera caerulescens 104, 22.9 
Pseudoxybeloceras (Parasolenoceras) 

interruptum 213, 40.9-10 
Psychocidaridae 271 
Pterioidea 104 
Pterodactyloidea 339 
Pterosauria 339 
Ptychodontidae 312 
Ptychodus concentricus 315, 62.4 

decurrens 314, 62.1 
dixoni 314 
latissimus 314, 61.15 
mammilaris 313, 61.11-12 
marginalis 317, 62.5 
mortoni 312 
owe;?; 315, 62.2 
paucisculcatus 314 
polygyrus 315, 62.3 
rugosus 314, 61.13-14 

pulchella, Petalopora 63, 8.10 
pulchellum, Stramentum 250. 47.11 
pulchellus, Microchlamys 126 
pulchriceps, Rhynochelys 328, 66.2 
pumilus, Magas 95, 13.2 
punctatus, Phacodus 321, 63.1 
purleyensis, Caloxanthus 244, 47.6 
Puzosia (Anapuzosia) 111 

(Puzosia) mayoriana 177, 30.4 
Puzosiinae 177 
Pycinaster angustatus 268, 52.9 

magnificus 268, 52.5 
Pycinasteridae 267 
Pycnodonte (Phygraea) vesiculare 147, 

24.8-10 
Pycnodonteinae 147 
Pycnolepas (?) scalaris 248 
fyramidalis\ Echinocorys 13.1M-N 
Pyripora magna 67, 5.2fl 
Pyriporellal sagittaria 69, 9.3 

quadrata, Gonioteuthis 235, 46.5-8 
Proveniella 155, 26.12 

quercifolium, Rastellum 144 
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quinquecostata, Neithea 127, 21.10 
quinqueloba, Crateraster 267, 52.8 

radiatus, Recun'aster cf. 256, 52.7 
Radiolitidae 152 
ramulosus, Homoeosolen 66, 7.6 
Raninidae 242 
rapa, Ctenoides 136, 17.6 
raripora, ' Entalophora' 61-62 
Rastellum (Arcostrea) colubrinum 144, 

24.1 
quercifolium 144 

reachensis, Inoceramus 108 
rectangularis, 'LeptosolenV 156, 26.7 
Rectithyridinae 86 
Rectithyris wrightorum 86, 14.3 
Recurvaster cf. radiatus 265, 52.7 
recurvus, Paraorthacodus 299, 14.2c-H 
regularis, Neithea 128 
reichenbachi, Limaria 141, 23.5 
Reptomultelea sarissata 63, 5.2/4 
reussi, 'Cirsocerithium' 171 ,27.9 
reussianum, Hyphantoceras 211, 39.1, 

40.5 
rhaphiodon, Scapanorhynchus 305, 

61.3, 11.2W-X 
Rhizornorina 37 
Rhizopoterion cribosum 32, 2.4 
rhomboides, IPliatyceramus 118, 19.6 
rhotomagense, Acanthoceras 188, 9.5 
rhotomagensis, Cyclorisma 154, 26.9 
Rhynchonellidae 80 
Rhynochelys pulchriceps 328, 66.2 
Ringiculidae 173 
ringmerense, 'Unicardium' 154, 17.7 
robinaldina, Mimachlamys 121 

P/««a 102 
roemeri, Doryderma 39, 3.5 
Romaniceras (Romaniceras) 

deverianum 200, 37.1-2 
(Yubariceras) ornatissimum 200, 

37.3^1 
'Rostellaria' pricei 173, 29.2 
rostrata, Hagenowia 289, 56.12 
rotaformis, Bicavea 64, 6.8-9 
rotatus, Echinocyphus 277, 54.9 
Rotularia (Praerotularia) umbonata 48, 

6.13 
rotundata, Jouannetia 159, 17.13 

rotundus, Glenotremites 259, 51.3-4 
Roveacrinida 260 
Roveacrinidae 260 
Roveacrinus alatus 260, 49.11-12 
rowe/, Zeuglopleurus 279, 55.7-8 
rugosus, Ptychodus 314, 61.13-14 
rustica, Glandifera 49, 6.6-7 

Saccocomidae 260 
sagittaria, Pyriporella! 69, 9.3 
Salenia magnifica 274, 54.3-4 

petalifera 274, 54.1-2 
Saleniidae 273 
Salenocidaris granulosa 275, 54.5-6 
sarissata, Reptomultelea 63, 5.2/1 
sarumensis, Cubitostrea 151 ,25.8-10 

Microchlamys 125, 20.3, 7.6B 
Sauropterygia 330 
Sauvagesiinae 152 
saxbii, Mantelliceras 187, 32.1-3 
saxonicum. Eubostrychoceras 209, 38.4, 

39.2-3 
scalaris, Pycnolepas (?) 248 
Scalpellidae 249 
Scalpellomorpha 249 
Scapanorhynchus rhaphiodon 305, 61.3, 

/ 4 . 2 W - / V 
subulatus 305, / 4 . 2 y 

Scaphitacea 216 
Scaphites binodosus 218, 41.7, 11 

equalis 218, 41.3—4 
geimtzii2\S, 41.8-10 
obliquus 218, 41.1-2 

Scaphitidae 216 
Scaphitinae 216 
sceptrifera, Temnocidaris 

(Stereocidaris) 270, 53.6-7 
scheuchzerianus, Turrilites 209, 39.5 
Schloenbachia Ivmense 185, 31.3—1 

V0/-/«/w 184,'31.1-2, 5-9 
schloenbachii, Cremnoceramus 114 
Schloenbachiidae 184 
schlueteri, Turcica! 161,27.5 
schroederi, Pseudocenoceras 10. la 
Sciponoceras baculoides 214, 40.13 

bohemicum 216, 40.7-8 
gracile H 4, 40.3-4 

Scleractinia 42 
Sclerostyla macropus 51, 6.2, 10 
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scriptum, Pachinion 39, 2.1-2 
scutata, Echinocorys 287, 59.1-2, 

13.1A-D 
Scyliorhinidae 311 
Scyliorhinus antiquus 311, 14.2A 

duhius 311, 14.2B-C 
Sedentaria 47 
Sellithyridinae 83 
semiglobosa, Gibbithyris 87, 12.2 
semiplana, ?Hyotissa 148, 24.11-13 
semiplicata, Cretodus 308, 14.2u-v 
semisulcata, Limatula 141 
septemplicatus, Microchlamys 126 
'Septifer' lineatus 104, 17.4 
serpentinus, Onchotrochus 43, 5.4 
Serpulidae 47 
Serpulinae 48 
serratus, Spondylus 134, 22.7-8 
sexcostata, Neithea 128, 21.7-9 
simplex, Hamites 207, 41.5 

Porochonia 31, 1.3 
Siphonia koenigi 41 , 4.1-2 
socialis, Uintacrinus 262, 50.1 
Solenoidea 155 
?Solenidae 155 
sorigneti, Tylocidaris 271, 53.2-3 
sornayi, Thomelites 195,35.6 
Spatangoida 291 
Sphenoceramus cardissoides 114, 115 

114, 19.1 
patootensis 114, 19.8 
pinniformis 115, 19.3^1 
steenstrupi 115, 19.9 

Spinax major 303 
spinosus, Spondylus 129, 22.1 
Spirorbinae 52 
Spondylidae 129 
Spondylus aequalis 129 

brightonensis 129 
duplicatus 129 
dutempleanus 132 
fimbriatus 131,22.3 
gaedorupus 129 
/a/ta 132, 22 .2 ,4-5 
serratus 134, 22.7-8 
spinosus 129, 22.1 
striatus 131, 22.6 

Squalicorax falcatus 303, 14.2cc 
kaupi 304, 61.6, / 4 .2 / j / j 

Squalus 296 
Squamata 331 
squamosa, Capillithyris 90, 13.5 
squat lobsters 241 
Squatina cranei 342, 14.2K-L 
Squatinidae 302 
Squatiniformes 302 
Stauranderasteridae 263 
Stauronema carteri 31, 3.3—4 
steenstrupi, Sphenoceramus 115, 19.9 
steinlai, Calliomphalus 164, 27.8, & / D 
Stegochoncha sp. 102, 17.1 
stellata, Guettardiscyphia 34, 1.2 
Stenopterygiidae 329 
Stereocidarinae 269 
(Stereocidaris) carteri, Temnocidaris 

269, 53.11 
intermedia 269, 53.5 
sceptrifera 270, 53.6-7 

Sternotaxis gregoryi 284, 57.10-11 
placenta 285, 58.8-9 
p/a«a 285, 58.5-7 
trecensis 285, 57.8-9 
stewarti, Pholadomya (Pholadomya) 

158, 26.10 
Stichomicropora marginula 72, 9.8 
Stichophyma tumidum 37, 2.3 
Stomatoporidae 58 
strahani, Pharetrospongia 35, 3.1-2 
Stramentidae 250 
Stramentum pulchellum 250, 47.11 
strehlensis, Area 101 
striatula, Terebratulina 92, 11.4 
striatus, Apateodus 319, 63.3 

Periaulax 164, 8.1 E - F 
Spondylus 131, 22.6 

Stromboidea 172 
subacuta, Chlamysl 119, 21.6, 7.4c 
'subconicula', Echinocorys 1 3 . 1 E - F 
subcylindricum, Ophiomusium 268, 

52.10 
'subglobosus', Echinocorys 13.10-P 

Holaster 284, 59.3^1 
sublaevigatum, Eutrephoceras 226, 

suborbiculatum, Amphidonte 145 
subovalis, Lima 137 
Subprionocyclus branneri 205, 37.8-9 

hitchinensis 205 
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neptuni 205, 37.7 
normalis 205, 37.10-11 

subrotundus, Conulus 283, 55.11 
suhspinosum, Cirsocerithium 171 
subuculus, Discoides 280, 56.6-8 
subulatus, Scapanorhynchus 305, 

14.2Y 
subundata. Concinnithyris 89, 12.1 
sulcata, Cretodus 308, 61.1 
sulcifera, Ornatothyris 90, 15.2 
sussexiensis, Palaeastacus 246, 

48.2-3 
Syncyclonema nilssoni 126, 20.6 
Synechodontiformes 298 
Synechodus dubrisiensis 298, 61.9, 

14.2F 
nitidus 299, I4.2D-E 

Tapetinae 154 
taverensis, Volviflustrellaria 71, 9.6 
tecta, Ctenoides 137 
Tectibranchia 173 
teleosts 318 
Temnocidaris (Stereocidaris) carteri 

269, 53.11 
intermedia 269, 53.5 
sceptrifera 270, 53.6-7 

Temnopleuroida 277 
tenax, Lunulites 71, 9.10 
tenuicostata, Hypoxytoma 1 19, 22.12 
Terebella lewesiensis 317 
Terebratellacea 93 
Terebratellidae 97 
Terebratulacea 83 
Terebratulidae 83 
Terebratulina etheridgei 92, 14.4 

lata 92, 13.3 
striatula 92, 11.4 
triangularis 92 

Terebrirostra lyra 91, 16.1 
testudinarius, Marsupites 262, 51.7 
Testudinata 327 
Tetracladina 39 
Tetractinomorpha 37 
Tetragramma variolare 275, 55.1-2 
tevesthensis, Curvostrea 149 
Thalassinoides 1.2 
Thomelites sornayi 195, 35.6 
Thoracica 248 

thoracifer, Metopaster 264, 52.12 
'Thracia' carinifera 159, 26.3, 5 
Thraciidae 159 
Thyreophora 342 
Tomognathus mordax 219, 14.5l 
toucasiana. Proboscinopora 59, 

7.2, 8.4 
tourtiae, Cymatoceras 228, 10.2D 
trachichthyoids 318 
?Trapeziidae 155 
trapezoidalis, IMiocardiopsis 155, 

26.13 14 
trecensis, Sternotaxis 285, 57.8-9 
Triakis 296 
triangularis, Angulithes 231, 43.5-6, 

IO.IJ 
Terebratulina 92 

Trigonoidea 100 
Trigonoseminae 97 
Tiochidae 161 
Trochina 161 
Trochoidea 161 
Trochosmilia wiltshiri 44, 5.5-6 
'Trochus' cordieri 164 
Tropeothyris vectis 86, 14.2 
truncatus, Cardiaster 285, 56.13-14 
tuberculatum, Protacanthoceras 195, 

35.4-5 
tuberculatus, Hvpoturrilites 209, 

38.5 
Tubuloporina 58 
tumidum, Stichophyma 37, 2.3 
tumidus, Metopaster 264, 52.4 
Tumulosina 263 
turbinata, Turritella 172 
turbinella, Orthoconorca 49, 6.3 
'Turbo' geinitzi 165 
ITurcica schlueteri 161, 27.5 
turonensis. 'Beguina' 153, 17.8-9 
Turrilites acutus 208, 39.6 

costatus 208, 39.4 
scheuchzerianus 209, 39.5 

Turrilitidae 207 
Turritella (Turritella) turbinata 172 

rf/Wey/ 169, 29.1 
unicarinata 169 

Turritellidae 169 
Turritelloidea 169 
Turtles 326 
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Tylocidaris (Oedematocidaris) asperula 
273, 53.8 

(Tylocidaris) clavigera 271, 53.1 
(Tylocidaris) sorigneti 271, 53.2-3 

Tylosaurinae 336 
cf. Tylosaurus 336, 65.5 

Uintacrinida 262 
Uintacrinidae 262 
Uintacrinus anglicus 262 

socialis 262, 50.1 
ultimus, Neohibolites 283, 45.6-7 
uncatus, Metopaster 265, 52.6 
undulatoplicatus, Cladoceramus 117 
undulatus, Anglonautilus 231, 10.11 

Inoceramus 111, 7.3 D 
Parametopaster 265, 52.13 

' Unicardium' ringmeriense 154, 17.7 
unicarinata, Turritella (Turritella) 169 
umbonata, Rotularia (Praerotularia) 

48, 6.13 

Valvatida 263 
Varanoidea 331 
variabilis, Merklinia sp. cf. 124, 

20.13-14, 7.4A 
varians, Schloenbachia 184, 31.1-2, 

5 9 
variolare, Tetragramma 275, 55.1-2 
Vascoceratidae 201 
Vascoceratinae 201 
vectis, Tropeothyris 86, 14.2 
velata, Bathrotomaria 168, 8.2D 
vendocinensis, Prionocidaris 270, 53.5 
Veneridae 154 
Veneroida 152 
Veneroidea 154 
Ventriculites chonoides 32, 1.4-5 
Ventriculitidae 31 
Vermiliopsis fluctuata 51, 6.9 

Verruca prisca 248 
Verrucomorpha 248 
verus, Actinocamax 235, 44.7-10 
vesiculare, Pycnodonte 147, 24.8-10 
Vetigastropoda 161 
virgatus, Camptonectes (Camptonectes) 

124 
Voigtopora dixoni 58, 7.1, 8.3 
Volviceramus involutus 115, 19.2 

koeneni 115 
Volviflustrellaria taverensis 71, 9.6 

Watinoceras coloradoense 198 
praecursor 198, 36.3-5 

websteri, Cremnoceramus 113, 7.3A-R 
Wellerellidae 77 
wiesti, Orbirhynchia 78, 10.6 
Wilbertopora woodwardi 67, 9.2 
willetti. Glyphea 246, 48.4-5 
wiltshiri, Trochosmilia 44, 5.5-6 
wintonensis, Limatula 141, 21.4 
woodsi, Hyphantoceras 211 
woodwardi, Cretolamna 309 

Dwardius 309, 
Wilbertopora 67, 9.2 

woodwardii, Chemnitzia 172 
Necrocarcinus 243, 47.3 

woollgari, Collignoniceras 205, 
37.5-6 

worm tubes 317 

(Yubariceras) ornatissimum, 
Romaniceras 200, 37.3—4 

Zeuglopleuridae 277 
Zeuglopleurus rowei 279, 55.7-8 
Zeugmatolepadinae 249 
Zeugmatolepas cretae 249 

mockleri 249, 47.10 
Zoophycos 1.2 
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