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PREFACE TO FIRST EDITION

The characteristic white limestones that form the Chalk were deposited
across much of northern Europe during the Upper Cretaceous, 100 to 65
million years ago. Although the Chalk is not normally rich in fossils, the
preservation is often exquisite and specimens are relatively easy to prepare
out from the matrix using needles and brushes or an air abrasive. This
explains why the Chalk has been, and continues to be, a favourite form-
ation of many fossil collectors. The extensive collections housed in
museums are the result of persistent collecting over more than 150 years,
though few were collected with the necessary detailed stratigraphical
horizoning that is so essential to today’s study of the Chalk fauna.

This book is aimed at the amateur fossil collector and sets out to
provide a pocket field guide to the range of macrofossils found in the
Chalk of Britain. It covers most of the important groups that are likely to
be encountered in field collecting, with the exception of serpulid worms
and corals which unfortunately could not be covered (neither group is
either diverse or important in the Chalk). It must be emphasized that the
fossils illustrated here are only a small selection of the total fauna likely to
be found in the Chalk, though authors have tried to include all of the
common species and genera. In some cases more detailed and comprehen-
sive monographs on particular groups have been published and the more
important works are generally listed at the start of each chapter. In other
cases the primary systematic work has yet to be done and no such
publications exist.

Almost 400 Chalk fossils are illustrated, most of which are housed in
the British Museum (Natural History). For each entry there is a brief
description to aid identification, together with the stratigraphical range of
the species. In addition, where similar species exist that might be con-
fused, but which have not been illustrated, these are sometimes compared
and contrasted in the text. It is beyond the scope of this book to deal
comprehensively with the terminology applied to the fossilized hard parts
of so many different groups and a reasonable background knowledge has
had to be assumed of the reader. Nor is it possible to discuss the
taxonomic framework that each author has adopted. Any standard
palaeontological text-book, or the Treatise on invertebrate paleontology
ought to be consulted on these matters.

Probably more than for any other stratigraphical formation, amateurs
have played a major role in furthering our understanding of the Chalk



s)o00qAbojoas/aw welbalay/:sdny

viil Preface to First Edition

faunas and their distribution. Notable amateurs include the Reverend
Thomas Wiltshire, J. Starkie Gardner, Henry Willett, A. W. Rowe, R. M.
Brydone, C. T. A. Gaster and E. V. and C. W. Wright. Without their
diligence our knowledge of the Chalk fauna would be very much the
poorer. I sincerely hope that future generations of amateurs will continue
this tradition and that this book will provide encouragement to their
pursuit.

Andrew B. Smith
17th February, 1987
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PREFACE TO SECOND EDITION

Since the first edition of Fossils of the Chalk appeared 14 years ago a great
deal of new information on the taxonomy of the fauna and the nature of
the Chalk environment has been published, and refinements to the
biostratigraphical and lithostratigraphical framework have been made.
This new edition is consequently revised and enlarged to bring it up to
date with current thinking. There is an expanded Introduction that outlines
the depositional environment of Chalk sediment and a more detailed
stratigraphical framework. Three new chapters have been added, covering
corals, serpulid worms and nautiloid molluscs, groups that were omitted
from the first edition. Other chapters from the original edition have been
updated, some with new text-figures or plates, to take into account work
published since 1987. There are now descriptions and illustrations of 434
species in 67 plates, providing even better coverage of the Chalk fauna.

Andrew B. Smith
David J. Batten
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1. INTRODUCTION

by A. S. GALE and W. J. KENNEDY

The Chalk is one of the most widespread and distinctive geological
formations of the British succession (Text-fig. 1.1). Virtually identical
Cretaceous deposits, even containing the same fossils, extend across
northern Europe and into central Asia, as far east as the Aral Sea, and are
found as far afield as Texas and Western Australia. In modern oceans,
chalk forms mostly in the deep-sea from accumulation of calcareous
plankton rain, the calcite skeletons of myriad single-celled organisms. But
as sea levels rose during the Late Cretaceous, pelagic chalks spread far
onto the continental shelf and epicontinental seas of northern Europe.
Widespread chalk deposition continued for about 40 million years, until
the end of the Early Palaeocene, and hundreds of metres of chalk formed a
blanket-like cover over vast areas. Exactly how deep the Chalk Sea was in
the British area is hard to ascertain, but maximum values of 300 m above
present-day sea level are likely. Salinities were normal, and the sea floor
was well-oxygenated for virtually all Chalk deposition in the British area
(the possible exception is a thin laminated black shaly unit, the Black
Band, at the base of the Turonian Welton Formation in Yorkshire and
Lincolnshire). The sea floor was also below the limit of light penetration,
and there is a striking absence of those organisms that dominate in
shallow-water limestones that formed in the photic zone. At its maximum
extent, the Chalk Sea probably covered all of the British Isles except the
Scottish highlands. The Cretaceous world also differed in that there is no
evidence of polar ice-caps, and warm temperate vegetation extended to
85° North. Oxygen isotope ratios from the English Chalk give sea-sutface
temperatures in the range of 20-30°C, substantially warmer than at
present.

THE SEDIMENTARY ENVIRONMENT
Composition and deposition of Chalk

Chalk is composed largely of the remains of minute planktonic photo-
synthesizing organisms called coccolithophores. The building blocks of
the skeleton of these organisms are calcite tablets or platelets 0-5-1 um
across. These are arranged in rings and rosettes, generally 3—5 um across



s)o00qAbojoas/aw welbalay/:sdny

2 Fossils of the Chalk

‘U3
. ~
Belfast,
Speeton

Flamborough
Head

Folkestone

*"Hastings
Beachy head

@sle of

Portland Wight

0 50 100 miles
L | J

TEXT-FIG. 1.1. Map of the British Isles, showing the principal surface outcrops of
Upper Cretaceous Chalks and correlative deposits.

and known as coccoliths, which are in turn arranged into a hollow cocco-
sphere that encloses the soft parts of the organism. Platelets and coccoliths
are abundant in Chalks, but complete coccospheres are rare.

Each individual produces coccoliths throughout its life, and these
overlap to form the coccosphere, and may even be shed periodically. On
death, the coccospheres usually decay, and coccoliths are liberated to the
sediment.

A typical coccolith is composed of a lower and upper disc, each disc
being made up of radially oriented platelets. A central cylinder usually
connects the discs. Platelets in the upper and lower discs are often, but by
no means always, joined by a platelet that is part of the central cylinder. In
such cases, electron diffraction has shown that the whole three-piece unit
is, in fact, a single crystal of low magnesian calcite. The c-axis of the
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crystal runs along the length of the platelets, the a (or b) axis at right
angles to it. Surfaces of platelets are therefore presumed to be (010)
planes.

There is great variety in coccolith form, although most are composed of
discs of radial platelets. The most obvious difference between the main
coccolith groups is the shape of the platelet and the way they are bound
together. Species with strongly bound platelets resist mechanical break-up
and chemical attack much better than those that are weakly bound. Thus,
in conditions of high mechanical abrasion or solution only certain species
will survive, giving a false impression of the original floral diversity. On
the other hand, a single species of coccolithophore can produce coccoliths
of different morphology as it progresses through its life-cycle.

Other locally abundant constituents of chalk are tests of foraminiferans,
globular calcispheres, tiny prismatic fragments of the outer calcitic shell
layer of the bivalve Inoceramus and calcitic debris of echinoids and
crinoids. Although white chalk is commonly 98 per cent pure calcium
carbonate, the grey-coloured lower part of the succession contains up to 40
per cent of clay minerals, together with a little sand and silt grade quartz,
and the green authigenic mineral glauconite. The Chalk was originally
deposited as plankton rain, and probably sedimented in the form of
copepod faecal pellets. Primary production was uniform over a very wide
area, and mean rates of sedimentation (derived from division of thickness
by time) are low everywhere in the Anglo-Paris Basin; a mean deposition
rate of 25 mm per thousand years (kyr) is typical for the area.

Large arcas of the Chalk sea floor had an uneven topography, com-
prising a series of domes and ridges separated by basins and troughs;
extensive flat platforms also developed. Palaeotopography was controlled
by relative subsidence over downfaulted blocks which produced consider-
able lateral thickness variations. As primary productivity was uniform
over a very wide area, resedimentation of the plankton rain blanket was
evidently a widespread depositional process.

Large-scale mass movement (e.g. slumps, slides) on the chalk sea floor
was not a common phenomenon in the Anglo-Paris Basin although it has
been described from the Chalk of southern England. This type of mass
movement is rendered conspicuous by slump folding of beds, picked out
by hardgrounds and layers of flint nodules, and more rarely by debris
flows. Mass movement probably only occurred when a relatively steep
slope created great instability, as over an active fault line.

Resuspension of chalk over topographic highs by currents was probably
the commonest process by which sediment transfer took place. Much of
White Chalk deposition would have taken place beneath storm wave base,
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although wave-scouring was probably responsible for flat, regionally
extensive hardgrounds formed during Mid Turonian time in southern
England. Bottom currents, augmented by the presence of highs, were thus
responsible for much of the resuspension and subsequent redistribution of
sediments on the Chalk sea floor. The continual nature of this process,
perhaps seasonally moderated, meant that there was little difference in age
between sediment eroded and sediment deposited, so that climatic cycles
(see below) were faithfully preserved even in redeposited basinal chalks.

Rhythmicity in the Chalk: a record of climatic change

One of the most conspicuous features of any chalk cliff is the regular
repetition of beds on the scale of 1 m or less. In the Lower Chalk, the
alternations are of more and less marly chalk, the harder, more calcareous
beds weathering proud of the outcrop. In the lower part of the White Chalk
above, the alternations are of nodular chalk and recessing thin, wispy
marls. In the overlying flinty chalks, beds of flint nodules or sheets of
black flint occur with striking regularity about every metre. The average
periodicity of these rhythms can be calculated simply by taking an interval
of known duration and dividing by the number of beds present; results
are in the order of 20-40 kyr. These values fall in the periodicity of
Milankovitch climatic cycles, caused by variations in the shape of the
Earth’s orbit, which alter the amount of solar radiation reaching a given
point on the surface of the Earth. The major Milankovitch frequencies are
at 21, 40 and 100 kyr, and have been identified and used as a time-scale in
Pleistocene sediments, where they acted as a pacemaker for the develop-
ment of ice-ages. The chalk rhythms are thus a record of Cretaceous
Milankovitch cycles, but the exact means by which climate change led to
the formation of more and less marly beds or determined exactly 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 primary depositional features has
been destroyed. The commoner traces present are summarised in Text-
figure 1.2; Chondrites, Planolites, Taenidium and Thalassinoides occur
throughout the succession, with rare Zoophycos at a few levels only.
Burrows are an important aid to the interpretation of the depositional
and diagenetic history of chalks. They provide a key to the differentiation
of depositional or synsedimentary primary features (e.g. hardgrounds,
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TEXT-FIG. 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.

Pl, 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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bedding, lamination) and later, diagenetic ones. Broadly speaking if
burrows have piped one sediment type into another, then this difference
must have been a primary one. Equally, if burrows cut lamination, then this
too is primary. If burrowers avoided areas of hardened chalk, then they are
cither reworked intraclasts or the result of early diagenesis nodule and/or
hardground formation. Equally, if structures cut or offset burrows (e.g.
solution seams, diagenetic lamination), these are of a relatively late-stage
origin.

Burrows also provide a means of gauging relative compaction. This is
graphically demonstrated in the Lower Chalk where there is differential
compaction of the more and less argillaceous parts of small-scale cycles.

Where present, burrowers indicate oxygenated bottom waters at the
level of the interface from which they arise. Their depth of penetration is
usually only a few centimetres or decimetres, but the arthropods respons-
ible for Thalassinoides excavated down to more than 1 m below dis-
continuity surfaces. Where burrow disturbance of bedding is absent and
lamination survives, this may indicate low oxygen levels in bottom water,
as has been suggested in other ancient pelagic sediments.

Intense bioturbation had an important effect on substrate conditions.
Most burrowers of the type represented in chalks fed on the sediment,
turning it into fecal pellets. These had quite different hydrodynamic
properties when compared to their parent ooze, and were sometimes the
focus of early cementation and diagenesis (relevant as a possible origin of
glauconite, phosphate and micrite pellets in winnowed beds).

Intense burrowing also fluidised sediment, which may account for the
rarity of larger benthonic organisms at some levels, and has been claimed
as the reason for the specialised adaptations of some elements of the Chalk
benthos. The sea bed during much of the deposition of the chalk may be
envisaged as consisting of: (1) a granular, thixotropic, readily suspended,
fecal pellet-rich layer 5-10 mm thick, with up to 60 per cent water; (2)
below, a zone of high water content (50 per cent +) and also thixotropic; and
(3) progressively firmer sediment, de-watered by burrowing organisms,
and behaving plastically.

The consequence for chalk sedimentation was considerable. The granular
surface layer would have been easily resuspended as clouds of sediment-
charged water, and could easily have flowed down-slope, exposing wide
areas of firm sea floor. Where dewatered, well below the surface, it could
have supported open burrow systems, and being plastic, would have
recorded deformation and slumping.

The differences between surface, thixotropic muds and deeper, plastic
muds can be detected in ancient sediments. When thixotropic muds were
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burrowed, the movements of the animals produced a zone of deformation
adjacent to the burrow margin as grains slipped past each other to
accommodate the animals’ body, and the burrow outline became diffuse.
In contrast, in firmer, compacted plastic muds, sharp burrow outlines were
the result.

Some outcrops show that deeper burrows, such as Zoophycos,
Chondrites and Thalassinoides, have sharp outlines and were excavated in
plastic sediment some tens of centimetres or more below the sea bed.
These are superimposed upon a blurred background bioturbation produced
by burrowers excavating the top few centimetres of thixotropic sediment:
burrow systems are tiered (Bromley and Ekdale, 1986). Deep burrows,
especially those of arthropods (Thalassinoides) provided conduits through
which sea-water flushed (in Recent shallow-water environments they
may remain open for many hundreds of years) down several metres
into the sediment. It is, therefore, scarcely surprising that they were a
focus of early diagenesis, nodule and hardground formation, as discussed
below.

Early carbonate diagenesis

Early lithification of chalks is now a widely accepted and documented
phenomenon. Hardgrounds and nodular chalks are successive products of
a sequence of events summarised in Text-figure 1.3. The succession began
very simply with a slowing or pause in sedimentation. The sea floor was
stabilised, and a burrowing infauna developed, superimposing relatively
deep, permanent burrows on more diffuse, background traces. Renewed
sedimentation buried this surface, which may be preserved as an ‘omission
surface’. As an alternative, a pause in sedimentation could be marked by
erosion of the soft sea bed, and concentration of coarse grains and fossils
on top of an ‘erosion surface’.

If the phase associated with an omission surface was prolonged, pure
chalks generally underwent cementation in a zone up to 1 m thick extend-
ing from just below the sediment-water interface. Cementation started at
scattered foci throughout the sediment, and a nodular chalk developed.
The sediment between nodules remained soft, and was reworked by
burrowing animals which avoided the nodules, their burrows becoming
increasingly distorted and restricted as nodule growth progressed. If such a
development was followed by a phase of intraformational erosion which
winnowed away soft, uncemented matrix, then a conglomerate resulted,
itself evidence of penecontemporaneous cementation, and an indicator of
hard, pebbly, sea-floor conditions.
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If the process of nodule growth continued, nodules eventually joined up
to produce a three-dimensional framework of lithified chalk, in which the
only soft material survived in the infills of burrows that remained open as
the chalk cemented around them. These ‘incipient hardgrounds’ generally
possess diffuse upper surfaces, and grade down into nodular chalk.

If such an incipient hardground was subjected to scour, soft sediment
was stripped from the top of the lithified layer, which having been exposed
as a rocky sea floor, qualifies as a true hardground. Indications of lithific-
ation and exposure include the presence of borings and encrusting organ-
isms on the hardground surface, phosphate and glauconite mineralisation,
and the development of reworked pebble beds. Lithification appears to
have proceeded rapidly in many hardgrounds, and burrow systems
(generally Thalassinoides) survived as open tunnels, the chalk lithifying
around them while still inhabited by crustaceans. These burrows then
functioned as conduits of soft sediment, commonly re-excavated by later
generations of burrowers, and used as pathways to explore the soft
sediment below the lithified layer.

Hardground surfaces vary from highly convoluted to planar, and may
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.

The early cementation of chalk ooze into nodular chalks and hard-
grounds sometimes led to the preservation of originally aragonitic fossils,

TEXT-FIG. 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.



s)o00qAbojoas/aw welbalay/:sdny

10 Fossils of the Chalk

the aragonite having long since vanished. They can then be preserved as
undeformed moulds showing fine surface detail, as in the Upper Turonian
Chalk Rock hardground-complex, or the Campanian hardgrounds in the
Norfolk Chalk and Irish White Limestone. With repetition of the
sedimentation/cementation/erosion cycle, composite hardgrounds, with
many generations of early lithification, developed. The classic example of
this is the English Chalk Rock hardground complex, documented by
Bromley (1965), Bromley and Gale (1982) and others.

Reworking into pebble beds and exposure as rocky bottoms, lack of
compactional fabrics in thin section, boring, encrustation, superficial
mineralisation, and avoidance by burrowers incapable of penetrating
hardened limestone, all show the above phenomena to have been syn- or
immediately post-depositional. The abundance of hardgrounds and nodular
chalks at some levels suggests that these events may represent a short
period of time only (i.e. hundreds to thousands of years). This is supported
by carbon- and oxygen-isotope data, which indicate formation of cement
from pore fluids with the composition of normal seawater.

Flints and their origin

Nodules and tabular sheets of black chert, commonly surrounded by a
white patina, are abundant and conspicuous through much of the White
Chalk. Nodular flints are concentrated in discrete, laterally continuous
beds, which occur rhythmically every metre or so through the succession;
tabular flints, usually laterally discontinuous, may be parallel to bedding or
occupy fractures at low or high angles to bedding. Flints have posed
numerous questions to even the casual observer; for example, why do they
assume such odd and complex shapes? How do they form? Why do they
occur in evenly spaced beds?

Flints are of complex shape because they commonly replace, and
overgrow, the burrows that are ubiquitously present in the Chalk. One of
the commonest burrows is the arthropod trace Thalassinoides, which is
made up of horizontal, polygonal networks joined by vertical tubes, all
1-10 cm in diameter (Text-fig. 1.2). Flints have commonly replaced part
of this network and consequently have elongated or branching forms. The
surface of flints may show clearly the burrowed fabric of the chalk they
have replaced, including the root-like millimetre-scale Chondrites and
spiral sheets of Zoophycos.

Flints are concretions; that is, they have grown within the sediment
after its deposition by the precipitation of silica, replacing chalk, at
specific sites. Silica for flint formation was certainly provided by siliceous
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sponges, and probably by siliceous planktonic micro-organisms (diatoms,
radiolarians). Fossil sponges, now replaced by iron sulphides or oxides,
are common in the chalk. Silica secreted by organisms (Opal-CT), was
readily soluble in the pore fluids of sediments on and below the chalk sea
floor and re-precipitated some centimetres beneath the sea floor at the
lower limit of occurrence of aerobic bacteria, in burrows which would
have contained small concentrations of decaying organic matter. When
first formed, flints were loose aggregations of tiny spheres of the silica
mineral cristobalite, which recrystallised at depths of tens of metres to
form finely crystalline quartz nodules and sheets with a characteristic
conchoidal fracture. Flints are commonly absent in the clay-rich lower
levels of the Chalk, where silica is present as abundant lepispheres, having
never undergone secondary migration to form concretionary masses.

Fossil preservation

The majority of Chalk invertebrate fossils were originally siliceous (some
sponges), aragonitic (ammonites, nautiloids, part or all of some gastropods
and bivalve shells) or calcitic (e.g. parts of some gastropods and bivalves,
brachiopods, echinoderms, belemnites, some sponges, bryozoans). The
original opaline silica of sponges is lost, and may have been replaced by
a stable quartz polymorph or iron sulphide (pyrites; marcasite is
uncommon), the latter generally oxidised to iron oxide/hydroxide com-
plexes (limonite, goethite). Aragonite, well-preserved in the underlying
Albian Gault Clay, is never preserved in the Chalk. It may be replaced by
calcite, silica or phosphate (fluorcarbonate-apatite, when original nacreous
sheen may survive), but has generally disappeared. Then internal and
external moulds are usually combined into a composite mould, so that in,
for example, ammonites, ornament of the shell exterior is superimposed on
features of the internal mould such as the sutures, leading to the apparent
presence of organisms that actually encrusted the now-vanished shell
attached to the ‘internal’ (actually composite) mould. Such composite
moulds commonly bear a film of iron sulphide or green glauconite (often
oxidised to brown limonite), and may show signs of plastic deformation
without indications of cracking, suggesting that dissolution of the shell
took place early in the diagenetic history of the Chalk.

Originally aragonitic fossils are common only in the lower, clay-rich
Lower Chalk and its correlatives in southern England. They occur at
several levels in the Plenus Marls and Middle Chalk, and are well-
preserved in the hardgrounds of the Chalk Rock and nodular correlatives
of the Upper Turonian. In the White Chalk above, the only evidence for
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originally aragonitic organisms is as impressions on the attachment scars
of originally calcitic organisms such as oysters, or as the calcitic parts of
the organism only, as with the calcitic jaws (aptychi) of ammonites. This
raises the probability that originally aragonitic shells dissolved on the sea
floor or just below it, and that typical White Chalk faunas, dominated by
originally calcitic organisms are ‘preservation faunas’ in which the arago-
nitic component has been lost.

Condensed horizons at the base of, and within, the chalk sequence
(Glauconitic Marl, Chalk Basement Beds, Totternhoe Stone, Chalk Rock)
yield moulds of originally aragonitic and calcitic fossils as variably worn
phosphatic and glauconitised remanié fossils that may be substantially
older than their enclosing matrix. In the Chalk Basement Beds of Dorset,
Devon and Somerset, originally aragonite and calcite shell material may
be phosphatized. In the White Limestone of Northern Ireland, originally
aragonitic fossils occur at restricted, condensed levels as well-preserved
uncrushed moulds with glauconitic coatings, sometimes laminated and of
microbial origin. Originally chitinous fossils, such as arthropods, are
generally rare in the Chalk, although their presence is indicated by the
ubiquitous trace-fossil Thalassinoides. Their exoskeletons have been
destroyed by chitin-consuming (chitinoclastic) bacteria.

Preservation of the chalk benthic fauna provides some information
about the nature of depositional processes. The fact that complete, unbored
bivalves, brachiopods, epifaunal echinoids and even fish with scales in
place are found is itself evidence that periodic rapid deposition took place.
If the real rate of deposition was a few cm/kyr disarticulation would have
occurred and fossils would have been destroyed by the boring organisms
(notably the sponge Cliona), which are widespread in calcite fossils
(Bromley 1972). Rarely, entire specimens of epifaunal asteroids and
echinoids are found in white chalks. Such specimens retain all the spines
and small plates that would normally fall away after a few days or weeks
of decomposition, and must, therefore, have been both killed and
preserved by burial in a substantial layer of sediment that was deposited
very rapidly. It is highly likely that turbidity currents were responsible for
this type of preservation, but turbidites have not been described from the
English Chalk, although they are common in the Central Graben of the
North Sea. The absence of identifiable turbidites could have several
possible causes. Firstly, the Chalk is thoroughly and pervasively
bioturbated by deeper tier burrowers, such as Thalassinoides, which have
obliterated shallow traces (Bromley 1992) and could have completely
destroyed primary sedimentary structures. Secondly, the fine sediments
contain few larger particles and, therefore, show very little evidence of
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grading. In the Madeira abyssal plain, mud turbidites formed by high-
density, non-turbulent currents show neither grading nor lamination.

The nature of the floor of the Chalk sea

Several early palacoecological studies on Chalk fossils were based on the
premise that the Chalk sea floor was a uniform ooze. Consequently,
morphological features in various groups have been interpreted as
adaptations to such substrates. In particular, mention must be made of the
work of Carter (1968, 1972) on Chalk bivalves. He interpreted the spines
developed on the margins of the lower valves in Arctostrea colubrina
(Lamarck), Spondylus spinosus (I. Sowerby) and Plicatula inflata J. de C.
Sowerby as structures that prevented these species from sinking into the
soft ooze-like sea floor. However, other groups of chalk benthos do not
display any structures that are unequivocally adaptations to very soft
substrates. Chalk Terebratulina may have possessed root-like pedicles, but
today these are present in forms inhabiting both mud and sand bottoms (G.
Curry, pers. comm. 1999).

A number of lines of evidence suggest that relatively firm substrates
existed, with a sharp sediment-water interface. The presence of cutting and
compacting spines on certain burrowing irregular echinoids implies that
the sediment was sufficiently cohesive to require this adaptation. These
infaunal echinoids lived with apices near the sediment-water interface, so
even the highest few centimetres of sediment must have been able to
support mucus-lined burrows (Gale and Smith 1982). The abundance of
minute suspension-feeding brachiopods and bivalves throughout the White
Chalk, and the frequency of encrusting epifauna on even very small
substrates, suggests that the bottom was stable, albeit covered by a
millimetre or so of easily resuspendable material.

Large, vagile benthonic animals were able to move about on the sea
bed, for example, cidarid echinoids, asteroids and lobsters. From this it
can be reasonably inferred that the substrate was capable both of holding
their weight and providing sufficient resistance to spines and limbs to
allow movement.

Rocky sea floors (the exposed surfaces of exhumed nodules in the form
of conglomerates), or continuous lithified surfaces (hardgrounds) were the
end member of substrate conditions. That they really were 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 bivalves, corals, bryozoans and serpulid polychaetes. Surprisingly,
such surfaces are not generally associated with concentrations of vagile
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benthos adapted for hard substrates such as epifaunal echinoids and
byssate bivalves,

CHALK STRATIGRAPHY

Text-figure 1.4 shows the standard divisions of the Chalk in terms of
stage, and classic zonal and lithostratigraphic division as used in the
following chapters. This greatly simplified nomenclature conceals a mass
of often conflicting detail of both litho- and biostratigraphy, and numerous
local terms.

Lithostratigraphy

Early lithological subdivisions of the Chalk were provided by John
Phillips (Kent), Gideon Mantell (Sussex) and Samuel Woodward
(Norfolk). All were based primarily on clay content and the presence,
absence and relative abundance of flints. These early classifications had
considerable general agreement, although the actual boundaries chosen by
various authors differed considerably. All authors had a marly lowest unit
called variously ‘Grey Chalk’, ‘Grey Chalk Marl’ or ‘Chalk Marl’
overlain by a ‘Lower Chalk’, distinguished by its hardness and absence of
flints. The “Upper Chalk” was characterised by its numerous flints. Phillips
and Woodward separated off a unit with few flints at the base of the
‘Upper Chalk’ as ‘Medial Chalk’ or ‘Chalk with few flints’. It is interest-
ing to note that the Lower White/Middle Chalk boundary, nowadays
deemed to be so distinctive, did not figure importantly in any of these
schemes. The use of a ‘Lower Chalk’ (generally incorporating the Chalk
Marl/Grey Chalk) without flints and an ‘Upper Chalk’ with flints
continued through much of the nineteenth century.

In 1853 Sharpe revised this status quo by placing the Chloritic Marl
and the Chalk Marl within the Lower Chalk, and establishing a Middle
Chalk, characterised by a sparsity of fossils. In 1880 Jukes-Browne
described the Melbourn Rock in Cambridgeshire, and subsequently used
this unit to support the introduction of a ‘Middle Chalk’, conveniently
separated from the Lower Chalk by the thin but feature-forming Melbourn
Rock. A higher hard band, the Chalk Rock formed an equivalent feature
with which to separate the Middle and Upper Chalk. This tripartite
division was accepted by the British Geological Survey (BGS) and
mapped widely through the twentieth century.

TEXT-FIG. 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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Arthur Rowe did not recognise the separate Middle and Upper Chalk
divisions because they were based on what he regarded as an ephemeral
and diachronous lithological feature (the Chalk Rock) and instead used the
term ‘White Chalk’ to include both. In 1986 Mortimore formally named
the ‘Sussex Chalk Formation’, which overlies a Lower Chalk Formation.
In the same year Robinson, working in the North Downs, divided the
Chalk into five formations, based on diverse criteria, including the
presence/absence of rhythmicity, flint, and clay content.

In 1997 Bristow et al. reintroduced the threefold Lower, Middle and
Upper Chalk formations, which they justified because the base of the
Lewes Chalk Member of Mortimore (1983) can be widely mapped in
southern England and corresponds roughly to the old Middle/Upper Chalk
boundary. Gale and Hancock (1999) argued that this represented an
arbitrary division and, thus defined, the Middle and Upper Chalk lacked
any lithological integrity.

The first attempt this century to separate the litho- and biostratigraphy
of the Chalk was made in 1978 by Wood and Smith, when they erected an
entirely separate lithostratigraphical scheme for Yorkshire and
Lincolnshire. They established the Ferriby Formation for the dominantly
white chalk with marly partings that overlies the Red Chalk and underlies
the thin but distinctive Black Band at the base of the overlying Welton
Chalk Formation. This paper is particularly important in that it established
the distinctive and separate lithological succession of the Chalk in north-
east England for the first time.

A compromise lithostratigraphical scheme was recently agreed (at
Keyworth in November, 1999) by the BGS, the Stratigraphy Commission
of the Geological Society of London and other interested parties. This is
summarised in Text-figure 1.4. A separate lithostratigraphy for the Chalk
Group was recognised in the Northern Province (Yorkshire, Lincolnshire,
north Norfolk), comprising three formations (Welton, Burnham,
Flamborough). In the Southern Province (southern England) the Chalk
was split into a Grey Chalk Group (=Lower Chalk; divided into West
Melbury and Zigzag formations) and a White Chalk Group (=Middle and
Upper Chalk; divided into Holywell, New Pit, Lewes, Seaford, Newhaven,
Culver, and Portsdown formations). The ‘transitional zone’ between the
Southern and Northern Provinces in East Anglia was deemed to require
further study. This nomenclature is now used by BGS in all new maps and
memoirs, but substantial problems still exist. In particular, the new
subdivision of the former ‘Lower Chalk” appears to have little, if any, real
lithological significance.
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UPPER CRETACEOUS STAGE BOUNDARIES

The boundaries of the Upper Cretaceous stages used here follow, wherever
possible, those proposed at the Second International Symposium on
Cretaceous Stage boundaries held in Brussels during 8-16 September 1995
(Rawson et al., 1996) or ratified subsequently. These are as follows:

Cenomanian: the first occurrence of the planktonic foraminiferan Rotalipora
globotruncanoides, for which the first appearance of the ammonites
Mantelliceras and Schloenbachia are useful proxies in the Chalk sequence.

Turonian: the first occurrence of the ammonite Watinoceras devonense,
for which the bivalve Mytiloides puebloensis is a good proxy in the Chalk
sequence.

Coniacian: the first occurrence of the bivalve Cremnoceramus deformis
erectus [this is the prior name of Cremnoceras rotundatus (sensu Troger
non Fiege), the species referred to at the Brussels meeting]. This is very
rare in the British Chalk sequence.

Santonian: first appearance of the bivalve Cladoceramus undulatoplicatus.
Campanian: last occurrence of the crinoid Marsupites testudinarius.

Maastrichtian: first occurrence of the ammonite Pachydiscus neubergicus,
for which the first occurrence of the belemnite Belemnella lanceolata is a
good proxy in the Chalk succession.

Biostratigraphy

For most of this century, the Chalk has been subdivided into assemblage
zones based mostly upon calcite macrofossils, particularly belemnites,
echinoids, brachiopods and bivalves. This scheme was developed in the
Paris Basin in northern France by Edmond Hébert, and was almost entirely
empirical in its approach. It was extended and augmented by Charles
Barrois, who in 1876 published a detailed zonal account of the entire
Chalk of England and Ireland, based on six months of field work on
horseback. Barrois’ scheme was reviewed by Jukes-Browne in 1880, and
later applied to the cliffs at Dover by William Hill. However, zonation of
the Chalk was really championed by Arthur Rowe, a Margate doctor who
was a keen amateur palaeontologist, well known for his work on the
evolution of the echinoid Micraster. In a series of papers (1900-08) on the
‘Zones of the White Chalk of the English coast’, he elaborated his strongly
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opinionated views about Chalk zonation, which were to stand as the status
quo with very little change for 60 years. The main subsequent changes
were the addition of an Offaster pilula Zone (for the lower part of the G.
quadrata Zone), and separation of the upper part of his B. mucronata Zone
into the Maastrichtian belemnite zones of B. lanceolata, B. pseudobtusa,
B. obtusa and B. sumensis. Text-figure 1.5 shows the progressive
development towards the zonal scheme that is currently used. The
Cenomanian and Turonian have been zoned with ammonites.

At the present, the traditional macrofossil assemblage zones are
neither highly regarded nor widely used by research workers on the
English Chalk. This is because they are rather arbitrary, poorly defined
units which are coarse by modern biostratigraphical standards and
many do not have very widespread applicability. For example, the B.
mucronata Zone of Rowe and others is over 150 m thick and represents

Hébert 1863 Barrois 1876 Rowe 1900 | Brydone 1912 | Rawsonetal. 1978
B occidentalis |
@ O. lunata o]
B mucronata | B. mucronata % B. mucronata B lanceolata |=
% B. mucronata B. mucronata
,,,,,,,,,,,,,,,,,, K
m A. quadratus G. quadrata
B quadrata B quadrata A. quadratus
O. pilula O. pilula
. Marsupites band |Marsupites s-zone| M. testudinarius
Marsupites | T 7T T T [TUEEER R - ]

M. coranguinum

Uintacrinus band

Uintacrinus s-zone

U. socialis

M. coranguinum

M. cortestudinarium

M. cortestudinarium
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TEXT-FIG. 1.5, Evolution of Chalk zonation.
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approximately 5-6 myr of Late Cretaceous time, although Christensen
(1994) has subdivided this into a number of zones on the basis of
belemnites. Research on Chalk faunas is nowadays based on highly
accurate collection of specimens against detailed lithological logs.
Assemblage zones continue to be used in this book because they provide
a widely used and convenient reference for the broad distribution of
Chalk fossils. However, it is very important to note that the zonal usage
has evolved over time, and thus the meaning of individual zones has
changed significantly (see Text-fig. 1.5).

Long-distance, high-resolution biostratigraphical correlation for the
Late Cretaceous (in the absence of ammonites, and the scarcity or absence
of critical planktic foraminiferans for much of the post-Cenomanian
succession) relies particularly on inoceramid bivalves. Their application in
the UK is currently undergoing refinement; a provisional scheme is
provided in Text-figure 1.4.

REGIONAL VARIATIONS IN UPPER CRETACEOUS
CHALK AND CORRELATIVE FACIES AND FAUNAS

Cenomanian (Text-fig. 1.6A).

In south-east England (Kent, Surrey, Sussex, Hampshire, Isle of Wight)
the Cenomanian Stage is represented by more or less rhythmically bedded
marly chalks, overlying a basal condensed calcareous glauconitic sand, the
Glauconitic Marl (1-5 m). These basal sands locally contain phosphatised
fossils and rest with strong disconformity upon the Albian Upper
Greensand (west) or Gault Clay (east). The Glauconitic Marl is overlain
by the clay-rich Chalk Marl (20-40 m), above which lies the more
carbonate-rich Grey Chalk (20-35 m). A thin (2-5 m) more clay-rich unit,
the Plenus Marl, surmounts the Lower Chalk. The basal part of the
overlying White Chalk Formation is of Cenomanian age (the so-called
‘Melbourn Rock’), and comprises nodular calcisphere chalks with wispy
marls. In Berkshire, Oxfordshire and through the Chilterns into East
Anglia, a marked erosional disconformity develops between the Lower
and Middle Cenomanian, on which rests the Totternhoe Stone, a metre-
thick calcarenite containing abundant phosphatised and unphosphatised
fossils. In North Norfolk, Lincolnshire and Yorkshire, the Cenomanian is
represented by a succession (<30 m) of clay-poor, thinly-bedded white
chalks called the Ferriby Chalk Formation, which is overlain by a thin
(decimetre), laminated, organic-rich level, the Black Band, of latest
Cenomanian age. In Dorset, the Lower Chalk thins, and the succession



s)o00qAbojoas/aw welbalay/:sdny

20 Fossils of the Chalk
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TEXT-FIG. 1.6A. Facies distributions during Chalk deposition in the UK:
Cenomanian.

progressively onlaps the underlying Albian, such that the age of the base
of the Chalk becomes younger westwards. The thin ‘Basement Beds’ are
quartzose sandy chalks that contain abundant phosphatised fossils at some
localities. In South Devon, the Cenomanian is represented by the richly
fossiliferous, quartzose, bioclastic, and locally conglomeratic Beer Head
Limestone.

Turonian (Text-fig. 1.6B).

The Turonian Chalk succession is consistent across the Southern Province.
At the base comes the Holywell Formation, comprising nodular,
intraclastic-calcisphere and inoceramid-prism chalks yielding a rather low-
diversity fauna of small brachiopods and echinoids, and abundant
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TEXT-FIG. 1.6B. Facies distributions during Chalk deposition in the UK: Turonian.

Mpytiloides. The overlying New Pit Formation includes finer coccolith
chalks, with thin marl beds and a few flints. The Lewes Formation is made
up of calcarenite, nodular, and flinty fossiliferous chalks that yield
abundant echinoids, brachiopods and bivalves. The highly condensed
Chalk Rock is developed in the New Pit and Lewes chalks and is a group
of mature, mineralised hardgrounds that extend across England from
Hertfordshire to Dorset. Locally the Chalk Rock yields beautifully pre-

served moulds of originally aragonitic fossils,

including diverse

ammonites. In the Northern Province, the Turonian is represented by white
chalks of the Burnham Formation, which contain thin marls and flint
layers; they are sparsely fossiliferous. The Turonian is absent in Northern
Ireland except for phosphatised Upper Turonian fossils in the Upper

Glauconitic Sandstone.
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Coniacian-Santonian (Text-fig. 1.6C)

In the Southern Province, the Lower Coniacian is represented by fossiliferous
nodular and flinty chalks of the upper Lewes Formation, which locally
contain numerous hardgrounds. In some areas (e.g. Chilterns, East Anglia),
these amalgamate into a single, highly condensed group of closely spaced
mineralised hardgrounds called the Top Rock. The Upper Coniacian and
Santonian in southern England comprise soft, coccolith chalks of the
Seaford Formation containing numerous 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 also made up of soft, fine chalks of the lower Newhaven

C. LATE SANTONIAN

— == —  Thinly bedded
L U — marly chalks,
N no flints
o — =N —
\r T N T

2 Jy S =
= == 1
Soft, flinty fossiliferous chalks

0 50 100 miles
L | J

TEXT-FIG. 1.6C. Facies distributions during Chalk deposition in the UK:
Late Santonian.
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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 Northern Province (Yorkshire), the Coniacian and Lower
Santonian are represented by the hard flinty chalks of the upper Burnham
Formation, and the Upper Santonian by the lower Flanborough Formation
of flintless chalks containing thin marls. On the Causeway Coast of
Antrim, Northern Ireland, the Upper Santonian is represented by flinty
chalks of the lowest part of the White Limestone Formation.

Campanian (Text-fig. 1.6D).

In the Southern Province (Sussex, Hampshire, Isle of Wight, Dorset,
Wiltshire), the Campanian is represented by white nannofossil chalks
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TEXT-FIG. 1.6D. Facies distributions during Chalk deposition in the UK:
Campanian—Early Maastrichtian.
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comprising the upper Newhaven, Culver and Portsdown formations. These
contain numerous layers of flint nodules, and a number of distinctive thin
marl beds, both of which may be used in correlation. Important marker
levels are narrow intervals with the echinoderms Uintacrinus anglicus
Rasmussen, Offaster pilula (Lamarck), Hagenowia blackmorei Wright and
Wright, and distinctive shape varieties of Echinocorys. Locally condensed
horizons with hardgrounds and slumps occur in the Campanian, and these
may contain an abundant fauna including ammonites.

The Campanian Chalk of southern England was truncated or com-
pletely removed by early Cenozoic erosion. It is only in Norfolk that
uppermost Campanian and Maastrichtian chalks are preserved. The
Maastrichtian is found only as glacially emplaced, tectonised masses on
the coast to the east of Cromer, and to the east of Norwich. In the Northern
Province (Yorkshire), the Lower Campanian Flamborough Formation
comprises flint-free chalks with thin marls and, locally, finely preserved
sponges. In Northern Ireland, the Campanian and lowermost Maastrichtian
make up all but the lowest part of the White Limestone Formation, a
hardened chalk with flints and rare hardgrounds.
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2. SPONGES

by RACHEL WOOD

Although sponges are common fossils in the Chalk they have received
little attention and remain poorly known. The main systematic accounts
are the works of Toulmin Smith (1847-48), in which he regarded the
hexactinellid sponges as Bryozoa, Hinde’s ‘Catalogue of the Fossil
Sponges’ (1883) and various papers and an unfinished monograph by Reid
(1954-64, 1958, 1961, 19624, b).

Sponges belong to the phylum Porifera and are the most primitively
organised of multicellular animals. They suspension-feed by pumping
water through a system of canals and flagellated chambers. In most
sponges, specialised cells secrete a mineral skeleton, generally 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 may be isolated in soft tissue or fused to form
compound skeletons, and may be embedded in a massive calcareous
skeleton. The latter are the most frequently preserved sponges in the fossil
record. Sponges are found throughout the Chalk, but species are long-
ranging and therefore of little stratigraphical value.

MORPHOLOGY

The Porifera have one basic cell type called a choanocyte. Choanocytes
resemble individual flagellated protozoa (Text-fig. 2.14). Sponges are
aquatic and typically sessile, and feed via currents set up by the flagella in
the choanocyte chambers. Sponge anatomy is extremely variable, but all
are modifications of a single organisational type. This is an erect sac-like
form, attached at the base, open at the top, and lined with choanocyte cells
(Text-fig. 2.1c). Water 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 common terminal opening known as an osculum (Text-
fig. 2.1c¢). The flagella collect food particles, which are digested. There is
no digestive cavity. Most sponges show complications of this basic
structure by folding of the walls. The choanocyte cells protrude to form
flagellated chambers (Text-fig. 2.1B). Canals develop for the separation of
inhalant and exhalant circulation and these modify the flow of water to
produce an aquiferous canal system.
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osculum

K

TEXT-FIG. 2.1. General features of the Porifera. A, choanocyte cell. B, choanocyte
chamber. ¢, longitudinal section showing basic sponge organisation; arrows
indicate direction of water circulation.

SYSTEMATICS OF THE PORIFERA

The classification of fossil sponges is based upon the chemical composi-
tion, geometric configuration, and positioning of the spicules within the
sponge. Of the three classes of sponges described from the Chalk, two
have siliceous spicules and one is characterised by calcareous spicules.

Class Demospongia (Text-fig. 2.2). Sponges with a skeleton composed of
one- to four-rayed siliceous spicules, accompanied by organic spongin
and/or collagen fibres. Spicules fall into two distinct size categories;
megascleres and microscleres.

Class Calcarea (Text-fig. 2.2). Sponges with 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 hexactinellids.

The tissues of the Demospongia and the Calcarea are histologically similar
and some workers unite these two classes to form the Gelatinosa. The
Gelatinosan wall consists of three layers: (1) an external dermal layer of
flattened cells; (2) a gelatinous median strand; and (3) an inner gastral
surface layer of choanocytes. In more advanced forms the choanocytes are
restricted to flagellated chambers.

The canal system of the Gelatinosa consists of two sets of internal
passages which open on opposite sides of the body wall. The exhalant
passages may be lined with choanocyte chambers, or the chambers may
discharge into the exhalant canals. The canal system of the Gelatinosa
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consists of originally external spaces, secondarily enclosed within the
body wall.

Class Hexactinellida (Text-fig. 2.2). The hexactinellids, or Nuda, tend to
be radial in symmetry and are usually vase-shaped. Most of the numerous
spicule types are derived from the triaxon (three-rayed) or hexactine (six-
rayed) in which three axes meet at right angles. Spicules are classified
according to their position within the body. Microscleres and megascleres
are present. The axial canal of hexactinellid sponge spicules is square in
cross-section, as opposed to circular in the Gelatinosa.

The basic structure of the hexactinellid sponge wall consists of a
choanocyte layer bounded on both sides by a network of filaments called
trabeculae. These are modified at both external surfaces to form porous
membranes, the dermal (external) and gastral (internal) bounding mem-
branes. The area between the two membranes is known as the parenchyme.
The dermal membrane is perforated by ostia and the gastral membrane by
exhalant pores known as postica. Spicules are arranged into three cate-
gories, those lying beneath the dermal membrane, those near the gastral
membrane and those in the parenchyme. The parenchymal skeleton may
be fused to form an intricate framework.

The canal system is composed of flagellated chambers only and most
hexactinellids develop convolutions of this simple chamber layer. The
interspaces of the trabecular and choanocytal networks are filled with
water. The canals are simply enlarged trabecular spaces, which form
tubular passages.

These soft-tissue differences are not immediately recognisable in fossil
material, but need to be considered when interpreting skeletal structures.

DISTRIBUTION

Chalk sponge faunas are predominantly siliceous, composed of lithistid
demosponges, hexactinellids plus a few characteristic Calcarea. Although
occurring in the south of England and Lincolnshire, they are more
common on the Yorkshire coast. The appearance of the Hexactinellida
seems to be associated with the onset of Chalk deposition. Immigration of
hexactinellids occurred in most parts of Europe at the time of the
Cenomanian transgression (Oakley 1937). In England, this is reflected by
the sudden abundance of forms such as Stauronema carteri in the Lower
Cenomanian (M. mantelli Zone) of the southern counties, in contrast to
their paucity in the Albian Greensand. Hexactinellida are rare throughout
the Cenomanian and basal Lower Turonian; above this they become more

[
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TEXT-FIG. 2.2. Morphology of the Gelatinosa and Nuda (after Reid 1954-54 and
Hartman et al. 1979).

abundant and a new fauna develops. Hexactinellids dominate throughout
the Middle and Upper Chalk together with some lithistids and the boring
sponge Cliona cretacea.
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DESCRIPTIONS

Spicule type and arrangement form the basis of fossil sponge classification
at all taxonomic levels. Examination requires acid-dissolution of the
spicules, thin sectioning of the specimens as well as specialist knowledge.
There is not the space, nor is it appropriate in a ‘field guidebook’ to
describe the details and rationale of spicule taxonomy. The following
descriptions are working, rather than formal, diagnoses that will enable the
reader to recognize forms in the field from their gross morphology and
surface features. General characteristics of orders, including spicule form,
are given where appropriate.

Phylum PORIFERA
Class HEXACTINELLIDA
Order LYCHNISCOSA

Remarks. Hexactinellids in which the parenchymal microscleres are
hexasters (small, six-rayed and often with branched ends). The
parenchymal megascleres unite to form a rigid framework. Each of the
nodes is supported by 12 struts and is known as a lychnisc (Text-fig. 2.2).
Only two families occur in Recent seas, but the group was common in the
Mesozoic. They attached to a hard substratum or anchored to a soft bottom
by basal tufts of spicules.

Family CALLODICTYIDAE

Genus POROCHONIA

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

Description. Body funnel-shaped with or without a short initial stalk,
supported by branching root-processes. Dermal skeletal surface with
numerous small ostia, fine concentric ribbing and circular or oval
apertures. Gastral skeletal surface with no distinct postica.

Occurrence. Turonian—Campanian; southern England.

Family VENTRICULITIDAE
Genus STAURONEMA

Stauronema carteri Sollas
Plate 3, figures 3—4

Description. Body saddle-, ear- or tongue-shaped or discoidal; no basal
attachment. Dermal skeletal surface with many small ostia or none; the
ostia are arranged without order. The surface is often prominently
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corrugated transversely or concentrically. The gastral skeletal surface has
postica. Canalisation of the interior, if any, is in the form of irregular
anastomosing passages.

Occurrence. Lower Cenomanian, M. mantelli Zone; southern England
including the Isle of Wight.

Genus RHIZOPOTERION

Rhizopoterion cribosum (Phillips)
Plate 2, figure 4

Description. Body subcylindrical or cup-, funnel-, vase-, trumpet- or
mushroom-shaped; sometimes with an initial stem, which is usually solid
and supported by root processes. Dermal side of parenchymal framework
is sometimes longitudinally ribbed, but never tuberculate. Ostia typically
ovate, with their greater length arranged longitudinally, often separated in
longitudinal series or depressed in furrows. Gastral side with rounded,
ovate or irregular postica.

Remarks. Rhizopoterion can be distinguished from Ventriculites by the
absence of external tuberculation on the skeletal surface.

Occurrence. Coniacian—-Campanian; southern England.

Genus VENTRICULITES

Ventriculites chonoides (Mantell)
Plate 1, figures 4-5

Description. Body subcylindrical, funnel- or trumpet-shaped, or discoidal
with a small initial funnel supported by branching root processes, typically
slender and emitted from a small basal stalk. Dermal skeletal surface
reticulate, and longitudinally or radially ribbed, tuberculate or showing an
intermediate condition. Ostia usually depressed. Gastral side with round or
ovate postica which alternate or are in longitudinal series. Root fibres
formed from anastomosing filaments. Solid or showing a few longitudinal
canals.

EXPLANATION OF PLATE |

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

Fig. 2. Guettardiscyphia stellata Michelin. ‘Upper Chalk’, horizon unknown,
southern England; X 0-3.

Fig. 3. Porochonia simplex (T. Smith). Turonian, locality unspecified; X0-4.

Figs 4-5. Ventriculites chonoides (Mantell). ‘Upper Chalk’, horizon unknown,
southern England. 4, X0-5; 5, x0-3.
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Remarks. V. chonoides is characteristically very variable in form.
Occurrence. Turonian—Campanian; especially common in the S. plana
Zone; southern England.

Family DACTYLOCALYCIDAE
Genus PARAPLOCIA

Paraplocia labyrinthica (Mantell)
Plate 1, figure 1

Description. Body club- or cup-shaped, consisting of either dividing and
anastomosing tubes or of an axial tube or funnel and open lateral tubes or
solid lateral outgrowths, or of a central cluster of anastomosing tubes with
solid peripheral outgrowths producing a reticulate surface. Circulatory
canals in the form of a single system of dividing and anastomosing tubular
passages which open through small rounded apertures in the skeletal
surface, or elongate branching grooves. No apparent basal skeleton.
Remarks. The lack of a basal skeleton suggests that the basal mass of P.
labyrinthica was embedded in the substratum and anchored by its weight.
Occurrence. Turonian—Campanian; especially in the S. plana Zone;
southern England.

Order HEXACTINOSA
Family CRIBOSPONGIIDAE

(Genus GUETTARDISCYPHIA

Guettardiscyphia stellata Michelin
Plate 1, figure 2

Description. Body stellate in plan, with axially-continuous compressed
radial flanges, which originate as radial plications of a tubular stalk, or
bilaterally compressed branches arising from an axial stalk. With or
without a main osculum and with accessory oscula along the margins of
the flanges. Dermal skeleton with alternating ostia. Gastral side with twice
as many apertures, enlarged in longitudinal series.

Occurrence. Middle and Upper Cenomanian, Turonian (especially in the
S. plana Zone) and Coniacian—Campanian; southern England.

Class CALCAREA
Subclass PHARETRONIDA

Remarks. A heterogencous assemblage of calcareous sponges which
possess ‘tuning-fork’-shaped spicules.
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Family PHARETROSPONGIIDAE
Genus PHARETROSPONGIA

Pharetrospongia strahani Sollas
Plate 3, figures 1-2

Description. Body formed of convoluted plates, sometimes becoming
funnel-shaped or subcylindrical. Walls are 7-13 mm thick. No basal
attachment. Outer skeletal surface is uneven, composed of fine reticulate
tissues with small interspaces. The inner skeletal surface is smoother with
coarser fibres and larger interspaces. No definite canals can be
distinguished.

Occurrence. Coniacian—-Campanian; Kent, Norwich (Norfolk), Warminster
(Wiltshire) and Yorkshire.

Order MINCHINELLIDA
Genus POROSPHAERA

Porosphaera globularis (Phillips)
Plate 4, figure 3

Description. Roughly spherical, pea- or marble-shaped, ranging from
1-34 mm in diameter. Sometimes oval-, loaf- or cushion-shaped. For the
most part free, with some growth layers partially covering the surface.
Outer surface covered with small apertures and often with a large, open-
ended canal through the centre. Shallow open grooves are occasionally
seen on the surface.

Occurrence. Turonian (/. labiatus Zone) — Campanian; southern England
to Yorkshire.

Porosphaera patelliformis Hinde
Plate 4, figure 6

Description. Limpet-shaped with peaked or rounded summits, base
rounded or oval in outline. Usually deeply concave. Thin-walled. Slight
development of radial canals.

Occurrence. Turonian-Campanian; southern England to Yorkshire.

Porosphaera arreta Hinde
Plate 4, figure 4

Description. Simple, conical pillar-shaped. Concave base with thin
margins. Faint canal traces.
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Occurrence. Turonian—Campanian; rare in the Turonian of Devon, Lower
Santonian of Yorkshire and Upper Santonian—Campanian of Kent and
Sussex.

Class DEMOSPONGIA
Subclass TETRACTINOMORPHA
Order LITHISTIDA

Remarks. A polyphyletic assemblage of demosponges which share the
presence of multi-branched siliceous spicules called desmas. The internal
skeleton is composed of fused desmas which form a rigid, reticulate
skeleton.

Suborder RHIZOMORINA
Family LEIODORELLIDAE

Genus STICHOPHYMA

Stichophyma tumidum (Hinde)
Plate 2, figure 3

Description. Simple elongate, club-shaped or cylindrical, usually widest
near the summit and diminishing towards the basal end. The stem bears a
series of horizontal swellings and constrictions. Very variable in size.
Openings of vertical canals often project above the summit of the sponge.
Lateral surfaces are covered with numerous circular ostia.

Occurrence. Coniacian—Campanian; southern England to Yorkshire.

Family KALIAPSIDAE

Genus LAOSCIADIA

Laosciadia plana (Phillips)
Plate 3, figure 6

Description. Expanded, mushroom-shaped. Upper surfaces plate-like,
circular in outline often with a central depression immediately above the

EXPLANATION OF PLATE 2

Figs 1-2. Pachinion scriptum (Roemer). Santonian, Danes Dyke, Sewerby,
Yorkshire; x0-3.

Fig. 3. Stichophyma tumidum (Hinde). Coniacian or Santonian, Flamborough
Head, Yorkshire; X0-4.

Fig. 4. Rhizopoterion cribosum (Phillips). Campanian, B. mucronata Zone,
Norwich, Norfolk; x0-5.
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stalk. Surface may be flat or slightly convex. Inner surface is flat or
concave. Stem is inversely conical and tapers to a blunt point. Upper
surface is covered as far as the marginal edge with circular apertures.
Occurrence. Santonian—Campanian; Yorkshire.

Suborder MEGAMORINA
Family DORYDERMATIDAE

Genus DORYDERMA

Doryderma roemeri (Hinde)
Plate 3, figure 5

Description. Branching, with a thick stem and short lateral branches.
Stems and branches transversed by numerous vertical canals 2 mm in
diameter.

Remarks. Frequently found in flint nodules.

Occurrence. Coniacian-Campanian; Buckinghamshire, Wiltshire.

Suborder EUTAXICLADINA
Family GIGNOUXIIDAE

Genus PACHINION

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

Description. Simple, cylindrical or inversely conical with the lower part
gradually tapering to a cylindrical stem. The surface is smooth. The
summit is rounded or depressed conical. The osculum is cylindrical and
extends nearly the entire length of the sponge. No distinctive canals.
Occurrence. Coniacian-Campanian; southern England to Yorkshire.

Suborder TETRACLADINA
Family HALLIRHOIDAE

Genus SIPHONIA

EXPLANATION OF PLATE 3

Figs 1-2. Pharetrospongia strahani Sollas. Turonian, Pertwood, near Warminster,
Wiltshire. 1, X0-7; 2, X0-1.

Figs 3-4. Stauronema carteri Sollas. Lower Cenomanian, M. mantelli Zone,
Folkestone, Kent; X0-5.

Fig. 5. Doryderma roemeri (Hinde). Lower Coniacian, Widnall Wood, Little
Hampden, Buckinghamshire; x0-7.

Fig. 6. Laosciadia plana (Phillips). Coniacian or Santonian, Flamborough Head,
Yorkshire; x0-4.
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Siphonia koenigi (Mantell)
Plate 4, figures 1-2

Description. Pear-shaped or subspherical with a slender cylindrical stem.
Cylindrical or funnel-shaped osculum with a very wide aperture. Margins
are rounded. Strongly marked branching canals radiate from the margin of
the osculum down the sides of the sponge.

Remarks. Most specimens are preserved in the interior of flint nodules
which preserves the canal system but obliterates the spicular structure.
Occurrence. Coniacian—Campanian; most common as flint pebbles on
Brighton beach; rare elsewhere but occurs throughout southern England
and Yorkshire.

Order HADROMERIDA

Remarks. Demosponges with megascleres in the form of tylostyles
(single, one-axis spicules with a basal boss) arranged in a radial pattern.

SPONGE ICHNOGENERA (TRACE FOSSILS)
Genus ENTOBIA

Entobia sp.
Plate 4, figure 5

Description. Solid spheroidal, ovate or depressed elongate siliceous
bodies from 1-8-5-5 mm in diameter that are connected together by
numerous stolons into small groups. Usually found in flints, partially
filling the cavities formally occupied by belemnites, the tests of echino-
derms or the shells of Inoceramus.

Remarks. These are casts in silica of the hollowed-out borings of the
sponge Cliona cretacea (Portlock).

Occurrence. Upper Turonian—Maastrichtian; widespread throughout
southern England.

EXPLANATION OF PLATE 4

Figs 1-2. Siphonia koenigi (Mantell). Coniacian or Santonian, Flamborough Head,
Yorkshire. 1, X0-5; 2, X1.

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; X1-3.
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3. CORALS

by ANDREW. S. GALE

Small, solitary, scleractinian corals and octocorals are relatively common
fossils in Upper Turonian—Maastrichtian chalks. All were originally
attached to a hard substrate in life, and many 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 foundation for Chalk coral taxonomy was established with the
monograph by Edwards and Haime (1850-54) and Duncan (1869). Since
then there has been very little published research on this group, with the
exception of the octocorals which were revised by Voigt (1958). In
particular, the caryophyllids, for which Duncan (1869) created so many
new names, are badly in need of taxonomic revision.

Chalk scleractinian corals occur in two preservational styles, which
reflect differences in original composition and probably also in taxonomy.
The first is mouldic preservation, reflecting an originally aragonitic
composition that has been lost during early diagenesis. Corals occur as
hollow external and internal moulds in hardgrounds, and as crushed
composite moulds in marly chalks of Cenomanian age. This material has,
in general, been only poorly studied but is probably taxonomically
separate from fossils in the next group.

The second preservational style is as three-dimensional calcite fossils,
either loose within the chalk matrix or attached to hard substrates, most
commonly on echinoid tests. This group is taxonomically diverse and
includes the Caryophyllidae.

The fact that extant scleractinians are all composed of aragonite raises
some interesting questions. Were 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?

DESCRIPTIONS

Subclass SCLERACTINIA
Family MICRABACIIDAE

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

Description. Small, button-like forms, circular in outline and 10 mm or
less in diameter. The base is flat with concentric rings. Numerous finely
denticulate septa extend down the vertical margin.

Remarks. Preserved as calcite.

Occurrence. Cenomanian—Turonian; common at some levels in Cenomanian
chalks in southern and eastern England.

Family GUYNIIDAE
Genus ONCHOTROCHUS

Onchotrochus serpentinus Duncan
Plate 5, figure 4

Description. Elongate, solitary corallite, 2-4 mm in diameter; sinuous
with angled bends. Surface smooth or with 4-6 longitudinal ridges. Septa
few; no cotumella.

Remarks. Preserved as calcite.

Occurrence. Cenomanian—Maastrichtian; frequent to common throughout
the English Chalk.

Family CARYOPHYLLIDAE
Genus PARASMILIA

Parasmilia centralis (Mantell)
Plate 5, figure 1

Description. Elongated, cylindrical-conical form, commonly sinuous,
with flanged attachment area. Septal ridges weak and inconspicuous but
more strongly developed on the outside of curves of the corallite. Columella
spongy, comprising irregular blebs of calcite; septa ornate.

Occurrence. Turonian—Santonian; common and widespread in the English
Chalk.

Parasmilia granulata Duncan
Plate 5, figures 11-12

Description. Conical, curved form. The outside of the corallite bears
numerous low septal ridges which are finely granular. Septa bear granular
ornament. Columella spongy

Occurrence. Coniacian—Santonian; uncommon in Kent, Sussex, Hampshire,
Wiltshire and the Isle of Wight.
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Genus TROCHOSMILIA

Trochosmilia wiltshiri Duncan
Plate 5, figures 5—6

Description. Corallum symmetrically conical in form with prominent
septal ridges on all but the earliest part. These, together with the irregular
transverse ridges, form a raised reticulate sculpture on the surface of the
corallite. The septa are smooth, and a columella is absent.

Occurrence. Upper Campanian; Norfolk, both around Norwich and on the
coast west of Cromer.

Family OCULINIDAE
Genus DIBLASUS

Diblasus gravensis Lonsdale
Plate 5, figure 10

Description. Form irregular, roughly equidimensional, comprising a
relatively small number of corallites which form low cylindrical projec-
tions from the smooth or weakly striated surface of the colony. Most
corallites are nearly hollow, with only the mural bases of septa preserved.
Remarks. This is the only compound scleractinian coral to occur with any
frequency in the Chalk.

Occurrence. Coniacian—Santonian; uncommon but widespread in south-
east England.

EXPLANATION OF PLATE 5

Fig. 1. Parasmilia centralis (Mantell). Santonian, Canterbury, Kent; lateral view of
corallite; X2-2.

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; X2-5.

Figs 5-6. Trochosmilia wiltshiri Duncan. Upper Campanian, Norwich, Norfolk. 5,
lateral view; X 1-5; 6, calical view; X2-3.

Figs 7-8. Micrabacia coronula (Goldfuss). Cenomanian, Eastbourne, Sussex. 7,
calical view; 8, lateral view; both X2-3.

Fig. 9. Epiphaxum auloporoides Duncan. Lower Santonian, Northfleet, Kent;
colony; calcified stolon attached to the echinoid Conulus albogalerus; X3-5.
Fig. 10. Diblasus gravensis Lonsdale. Upper Coniacian or Lower Santonian,

Gravesend, Kent; colony; X1-5.

Figs 11-12. Parasmilia granulata Duncan. Lower Santonian, Ramsgate, Kent. 11,

calical view; 12, lateral view; both X2-5.



https://telegram.me/Geologybooks



s)o00qAbojoas/aw welbalay/:sdny

46 Fossils of the Chalk

Subclass OCTOCORALLIA
Family CLAVULARIIDAE

(Genus EPIPHAXUM

Epiphaxum auloporoides Duncan
Plate 5, figure 9

Description. Calcified stolon which attaches to hard substrates and has
irregularly meandering and branching habit. Stolon (1-2 mm across)
composed of 5-8 fused rods. At irregular intervals and at branching points
smooth, concave-lipped cavities are present from which uncalcified polyps
would have arisen.

Occurrence. Upper Turonian-Campanian; widely distributed and fairly
common in the English Chalk.

Family ISIDIDAE
Genus MOLTKIA

Moltkia sp.
Plate 5, figures 23

Description. Calcified attached base, comprising either (1) a root-like,
multi-branching structure with central irregular cavity, or (2) an irregularly
lobate structure with fine, sinuous, radially arranged striae.

Remarks. Usually preserved attached to hard substrates, most commonly
echinoid tests. Found free in chalk where original substrate has been lost
by decomposition or early diagenesis.

Occurrence. Cenomanian—Maastrichtian; widespread but not common in
the English Chalk.
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4. SERPULIDS

by ANDREW S. GALE

Calcite tubes constructed by serpulid polychaete worms are common but
rather inconspicuous fossils in the Chalk. They are most often found
attached to hard substrates (including fossils, intraclasts and more rarely
hardground surfaces) but also occur loose within the sediment, either
because they were originally free-living or because the original attachment
site has been lost through sea-floor or early diagenetic dissolution.

Many new species of serpulid from the English Chalk were described
by J. Sowerby (1815-18) and J. de C. Sowerby (1826-45), and the zonal
fossil collectors of the late nineteenth and early twentieth centuries
collected extensive material of the group. In particular, Arthur Rowe
provided notes on the taxonomy and distribution of species in the ‘Zones
of the White Chalk’ series (1900-08), and left extensive annotations on
labelled specimens in his collection. However, the English material still
lacks any published taxonomic study since the original Sowerby descrip-
tions. In contrast, German, Danish, Polish and Russian workers have taken
considerable interest in the serpulids of the Chalk, and important
taxonomic works by Regenhardt (1961), Jaeger (1983) and others have
done much to standardize the taxonomy of this group. Some of these
works involved partial revision of Sowerby’s original English material, so
it is at least possible to apply updated names to Chalk serpulids.

Fossil serpulids are classified on the structure, coiling, and external
sculpture of the tube, and less commonly the opercula present in some
forms.

DESCRIPTIONS

Class POLYCHAETA

Order SEDENTARIA

Family SERPULIDAE
Subfamily FILOGRANINAE

Genus CYCLOSERPULA

Remarks. Tubes circular to oval in cross-section, externally smooth, with
simple aperture.
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Cycloserpula gordialis (Schlotheim)
Plate 6, figure 14

Description. Solitary or gregarious smooth tubes with highly variable
growth pattern; planispiral, meandering, or tightly recurved in consecutive
layers, or irregular, or combination of these. Cross-section oval or circular,
up to 1 mm in diameter.

Remarks. Usually attached to hard substrates (e.g. shells, belemnites,
intraclasts) but sometimes found free.

Occurrence. Lower Jurassic—?Eocene; common throughout the Chalk.

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

Description. Gregarious, forming a complex tangle of smooth, uniform
tubes 1-2 mm in diameter; forms irregular masses with bulbous or
elongated shape, 1-5 cm in maximum dimension.

Occurrence. Cenomanian—Campanian; uncommon but widespread.

Subfamily SERPULINAE
Genus ROTULARIA

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

Description. Posterior tube forms low trochospiral coil, anterior part
forms gently curved projection. Umbilicus deep and open; tube circular in
cross-section and thick-walled. Surface bears fine comarginal growth lines

and irregular flanges.
Occurrence. Cenomanian; widespread in marly chalk facies of England.

Genus PROLISERPULA

Remarks. Tube gently tapering, curved or meandering; attached. Periodic
annular swellings mark successive positions of peristomes. Longitudinal
ridges sometimes present.

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

Description. Tubes attached at least in early stages. Posterior part of tube
coiled planispirally or looped, anterior part forms straight or weakly
curved projection. Outer surface with fine corrugations and irregularly
spaced annular swellings. Solitary.
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Occurrence. Cenomanian—Maastrichtian; commeon in the English Chalk
facies.

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

Description. Tubes attached, meandering and looped, -3 mm in diameter.
Upper surface with single low central ridge. Irregular periodic annular
swellings.

Remarks. Gregarious; found densely encrusting the bivalve Myftiloides.
Occurrence. Lower Turonian; abundant at a single level across southern
England.

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

Description. Tubes attached, 3—5 mm in diameter, meandering or in loose
spirals, with strong cockscomb-like median ridge, and two less well-
developed lateral ridges. Termination of median ridge projects over
peristome.

Remarks. Gregarious, often found densely encrusting exterior of large
inoceramid bivalves.

Occurrence. Coniacian—Santonian; Norfolk, Kent, Sussex.

Genus ORTHOCONORCA

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

Description. Small (5-10 mm high), tightly coiled, high trochospiral
form, variably elongated. Surface smooth; simple circular peristome.
Occurrence. Coniacian—Maastrichtian; common in southern England.

Genus GLANDIFERA

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

Description. Tube initially rather strongly curved and quadrangular, then
straight or weakly curved, gently tapering and subquadrate. Outer surface
smooth, with irregular, incomplete, transverse constrictions and dimples.
Peristome smoothly rounded and circular.

Occurrence. Cenomanian; apparently restricted to a single marl bed in the
C. inerme Zone; widespread in Kent, Sussex and the Isle of Wight.
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Genus VERMILIOPSIS

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

Description. Attached, open spiral or curved form with 4-5 longitudinal
cockscomb-like ridges along length of tube. Peristome circular to oval in
outline.

Occurrence. Upper Campanian—Lower Maastrichtian; uncommon, Norfolk.

Genus SCLEROSTYLA

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

Description. Attached, sinuous tube tapering quite rapidly; triangular in
cross-section with high, sharp, median ridge. Tube wall septate, peristome

EXPLANATION OF PLATE 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; X0-9.
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 X2-2.

Figs 6-7. Glandifera rustica (J. Sowerby). Middle Cenomanian, between Dover
and Folkestone, Kent. 6, lateral view; 7, apertural view; both x1-5.

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; X2-5.

Figs 11-12. Proliserpula ampullacea (J. de C. Sowerby). Upper Campanian,
Norwich, Norfolk; x1-2.

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 (). Sowerby). 16, group of tubes attached to
the sea urchin Micraster from the Upper Coniacian-Lower Santonian, Kent;
X1-5. 17, detail of one of these; X5. 18, finely granulated variety from the
Upper Campanian, Norwich, Norfolk; x 5.
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circular. Swollen area of porous vesicular tissue developed between
peristome and substrate.

Occurrence. Upper Turonian—-Maastrichtian; widespread but uncommon
in the English Chalk.

Genus HEPTERIS

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

Description. Tube evenly curved and tapering rapidly. Surface bears
seven longitudinal ridges and intervening grooves which may twist around
the length of the tube. Peristome circular.

Occurrence. Upper Cenomanian, M. geslinianum Zone; widespread but
uncommon.

Subfamily SPIRORBINAE
Genus NEOMICRORBIS

Neomicrorbis granulatus (J. Sowerby)
Plate 6, figures 16—18

Description. Small (3—7 mm in diameter), attached, low trochospiral form
with open umbilicus. Surface with closely spaced growth lines and
variably developed fine granular sculpture. Conical operculum known but
never found in life position.

Occurrence. Cenomanian—Maastrichtian: widespread throughout England.
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5. BRYOZOANS

by PAUL D. TAYLOR

The bryozoan fauna of the British Chalk has considerable evolutionary
importance and is very rich in terms of species diversity and abundance of
specimens. Nevertheless, the great majority of species are in acute need of
revision. Few species have been studied using modern methods, such as
scanning electron microscopy, and early descriptions of bryozoans by
Reuss (1846), Lonsdale (in Dixon 1850), d’Orbigny (1850, 1851-54;
partly revised by Pergens 1890 and Canu 1900), Gregory (1899, 1907,
1909), Brydone (1906, 1909, 1910, 1911, 1912, 1913, 1914, 1916, 1917,
1918, 1929, 1930, 1936) and Lang (1914aq, b, 1915, 1916, 19194, b, 1921,
1922) have yet to be superseded. Only a small number of publications
connected with British Chalk bryozoans have appeared during the last fifty
years (Thomas and Larwood 1960; Larwood 1962, 1973, 1985; Medd
1965, 1966a, b, 1972, 1979; Whittlesea 1983, 1985, 1991, 1996a—c;
Taylor 1988, 1994; McKinney and Taylor 1997), although Voigt and co-
workers have published additional papers on continental FEuropean
bryozoans which are of significance (see Voigt 1979, 1981, 1983, 1991;
Hékansson and Voigt 1996). Specific and even generic determination of
Chalk bryozoans is hampered by inadequate original descriptions and
uncertain genus concepts. Furthermore, systematic problems inherent in
the early descriptions by d’Orbigny and others have too often been
compounded by subsequent misinterpretations of species. Therefore, the
names applied to the small selection of common or distinctive species
selected for description here must be regarded as tentative pending full
revision. Just as species identities remain uncertain, so establishing species
stratigraphical ranges is a challenge yet to be met for the great majority of
British Chalk bryozoans.

MORPHOLOGY

Bryozoans are colonial metazoans in which the colony consists of
numerous small zooids budded asexually. Primitively each zooid is cap-
able of suspension feeding and all other life functions. However, in most
species specialization of function results in zooidal polymorphism. The
majority of bryozoans have mineralized skeletons of calcite; species with
skeletons of aragonite or mixed mineralogy are of negligible importance in
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the Cretaceous. This fossilizable calcareous component of each bryozoan
zooid is termed the zooecium, and that of the colony the zoarium.

Two orders of bryozoans with mineralized skeletons occur in the
Chalk: cyclostomes and cheilostomes (Text-fig. 5.1). Feeding zooids
(autozooids) are typically box-shaped in cheilostomes but tubular in
cyclostomes. They have a distal opening (orifice in cheilostomes, aperture
in cyclostomes) through which a crown of tentacles is protruded and
retracted during life. In cheilostomes the orifice is closed by a hinged
operculum, typically uncalcified, and is set within a membranous region
(opesia; pl. opesiae) on the frontal surface of the zooid. Opesiae tend to
form extensive elliptical to semicircular openings in anascan cheilostomes,
but in ascophoran cheilostomes they are less extensive, almost coextensive
with the orifice, and vary in shape from semicircular to sinusuate to circular
with a subsidiary proximal opening (spiramen). Cyclostome apertures
have a circular, elliptical or polygonal shape in most species. They lack an
operculum in all cases except for one aberrant family (Eleidae) which is
characterised by semielliptical apertures closed by calcified opercula. A
tubular peristome commonly develops around the aperture in cyclostomes,
and a similar structure is occasionally found surrounding the orifice of
ascophoran cheilostomes. Old zooids that have ceased to feed may be
sealed by closure plates (cheilostomes) or terminal diaphragms
(cyclostomes).

Most species of Cretaceous cyclostomes have frontal exterior walls
pierced by minute holes termed pseudopores. The frontal surface of
cheilostome zooids may have a calcified frontal wall (or shield) composed
of a combination of the following skeletal elements: (1) costae: hollow,
overarching spines (characteristic of cribrimorph ascophorans); (2) gym-
nocyst: a smooth, exterior wall covered by cuticle during life; (3) crypto-
cyst: smooth or pustulose interior wall, usually depressed, and developing
beneath a secretory epithelium during life. Gymnocyst commonly forms
the proximal and outer margins of the frontal wall, with cryptocyst or
costae situated on its inner side. Erect, articulated spines may also occur in
cheilostomes, especially around the orifice, leaving slightly raised circular
holes (spine bases) after the spines become disarticulated.

Non-feeding polymorphs, known as heterozooids, can be important in
bryozoan taxonomy. Chalk cyclostomes may develop the following
varieties of heterozooids: (1) kenozooids: space-filling zooids typically
smaller than autozooids and often without an aperture (Text-fig. 5.1); (2)
gonozooids: enlarged brooding zooids equipped with an opening (ooeci-
opore) for the release of the larvae (Text-fig. 5.1); (3) eleozooids: these
presumed defensive zooids, found only in melicerititids, have an aperture
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and operculum that is enlarged relative to the size of the zooid (P1. 8, fig.
7). Cheilostomes in the Chalk may have the following heterozooids: (1)
kenozooids; and (2) avicularia (Text-fig. 5.1), probable defensive zooids,
often small but with a relatively enlarged operculum closing against a
pointed or rounded rostrum, and either budded within the normal sequence
of zooids (interzooidal and vicarious avicularia) or on the frontal surface
of the colony (adventitious avicularia). Larvae are brooded in ovicells
before their release in most cheilostomes. These globular structures are
located immediately distal of the orifice of a maternal zooid which, unlike
the brooding gonozooid of a cyclostome, usually retains the ability to feed.

Zooids of the same type of polymorph may vary within a colony as a
function of the developmental stage of the zooid (ontogeny), that of the
colony (astogeny), and local conditions (microenvironment). Zooids often

ooeciopore

gonozooid

terminal
diaphragm
aperture

kenozooid

ovicell

avicularium

spine base
operculum

opesia

cryptocyst
gymnocyst

CHEILOSTOME

TEXT-FIG. 5.1. Morphological features in idealised cyclostome and cheilostome
bryozoans from the Chalk.
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accumulate calcification and become more complex during their ontogeny.
Astogenetic variation of zooid morphology is most apparent close to the
origin of the colony in a ‘primary zone of astogenetic change’ through
which zooids typically become larger and more complex. The founding
zooid of the colony, termed the ancestrula, tends to be especially small and
simple. Cheilostome ancestrulae are ovoidal in outline and often have
opesiae encircled by spine bases, whereas the ancestrulae of cyclostomes
have a hemispherical protoecium located at the proximal end. Micro-
environmental variations occur, for example, when colonies encounter
obstacles impeding their growth.

The enormous variety of colony-forms found in the Bryozoa is largely a
result of variations in budding pattern and relative rate of budding.
Although colony-form is often a good clue to taxonomic identity,
plasticity in growth ensures that colonies of the same species are seldom
identical in size and shape. Many Chalk species have entirely encrusting
colonies. These vary from runner-like (e.g. Voigtopora, P1. 7, fig. 1) to
ribbon-like (e.g. Proboscinopora, Pl. 7, fig. 2) with bifurcating branches
one or a few zooids wide, to sheet-like (e.g. Castanopora, Pl. 7, fig. 3),
often roughly circular in plan view and sometimes becoming multilamellar
by self overgrowth. Growth upwards from the encrusting base of the
colony gives an erect colony-form comprising cylindrical branches
(‘vinculariiform’) or flattened branches or fronds (‘adeoniform’ and
‘eschariform’ respectively). Colonies having cylindrical branches (e.g.
‘Biflustra’, P1. 9, fig. 7) can be solid or hollow and may bifurcate in a
single plane or three-dimensionally to give respectively planar (e.g.
Homoeosolen, Pl. 7. fig. 6) and bushy shapes. Frondose species from the
Chalk generally have strap-like bifoliate fronds consisting of two layers of
zooids back-to-back (e.g. Porina, Pl. 7, fig. 5). Some bifoliate species
construct reticulate colonies by a regular pattern of frond bifurcation and
anastomosis. A few erect species in the Chalk have fungiform colonies
with a narrow stalk supporting an expanded head (e.g. Bicavea, PI. 8, figs
8-9). All of the colony-forms mentioned above are sessile and live firmly
anchored to an immobile substratum. However, free-living bryozoans (see
below) can also be found in the Chalk. These include cap-shaped
‘lunulitiform” colonies of Lunulites (P1. 9, fig. 10), and spindle-shaped
colonies of Volviflustrellaria (P1. 9, fig. 6).

PALAEOECOLOGY

Bryozoan palaeoecology has been reviewed by Smith (1995) and aspects
of functional morphology by McKinney and Jackson (1989) and Taylor
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(1999). Like most present-day bryozoans, species from the Chalk were
evidently stenohaline suspension-feeders which required well-oxygenated
waters with adequate circulation and replenishment of phytoplanktonic
food supplies. Larvae of most bryozoan species have a short free-
swimming stage before they locate a suitable firm substratum, settle and
metamorphose into an ancestrula, which will found a new colony.
Exceptions are the Chalk cheilostomes Herpetopora and Pyripora, which
can be inferred to have possessed long-lived, planktotrophic larvae
enabling more widespread dispersal.

Substrata colonized by bryozoans in the Chalk sea included echinoid
tests, bivalves, brachiopods, sponges, belemnite guards, crinoid ossicles
and sedimentary hardgrounds. Bryozoans are especially abundant on the
tests of irregular echinoids, notably Echinocorys. Several bryozoan species
may encrust a single echinoid test, but individual colonies tend to be less
than a few centimetres in diameter and total coverage by bryozoans and
other encrusters rarely exceeds half the surface area of the test.
Nevertheless, there is often clear evidence of competition for living space
in the occurrence of overgrowths between colonies, including reciprocal
overgrowths that furnish indisputable evidence of interactions between
living competitors. Cheilostomes usually dominated in competition for
space with cyclostomes (McKinney 1995). Bryozoan colonies also com-
peted for substratum space with sponges, serpulid worms, and cemented
bivalves and brachiopods. Shells of the epifaunal bivalve Inoceramus,
seemingly plentiful as potential substrata for bryozoan encrustation, are
less often encrusted than echinoid tests. Cemented bases of erect species
commonly occur on the same substrata as entirely encrusting species.
Fragments of erect colonies with narrow cylindrical branches (vinculari-
iform) are a dominant element of many Chalk faunas and can be abundant
in the coarser fractions of sediment washings, including the soft chalk
filling cavities in flints (‘flint meals’). Vinculariiform colonies live today
mainly in water too deep for significant wave action and with minimal
current activity, although this was not necessarily so in the Cretaceous
(e.g. Pitt and Taylor 1990). Some erect colonies from the Chalk have
hollow tubular bases and were evidently attached during life to the stems
of soft-bodied organisms (?hydrozoans, gorgonians, plants) which held
them aloft above the sea-bed. Free-living lunulitiform bryozoans can
be common in parts of the Chalk, especially the Maastrichtian (e.g.
Hékansson and Voigt 1996). Judging by Recent analogues, colonies had
marginal avicularia with hair-like setae that acted to support them a little
above the sediment surface. Modern lunulitiform bryozoans are able to
live on mobile sediments, and some species can right themselves when
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turned upside-down and resurface when buried. Spindle-shaped or ball-
shaped colonies of Chalk Volviflustrellaria represent a second free-living
morphology. In Volviflustrellaria the colony seems to have been rolled
periodically (Kvatchko 1997), perhaps as a result of currents or the
activities of vagile infauna or epifauna.

DISTRIBUTION

The great majority of British Chalk bryozoans in museum collections are
from southern England. Bryozoans can be particularly abundant in the
Coniacian and Santonian Chalk of the North Downs in the Chatham and
Dover regions, and South Downs along the Sussex coast, and in the
Campanian Chalk of Hampshire and Norfolk. Relatively few have been
recorded from the Chalk of Yorkshire and Northern Ireland, which is
probably explained, at least partly, by the difficulty of extracting speci-
mens from these typically hard lithologies. They are less common in the
Turonian of southern England and relatively rare in the Cenomanian,
although marginal facies of the Cenomanian (e.g. Wilmington Sands,
Glauconitic Marl) may contain distinctive and diverse bryozoan faunas.

DESCRIPTIONS

Order CYCLOSTOMATA
Suborder TUBULOPORINA
Family STOMATOPORIDAE

Genus VOIGTOPORA

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

Description. Colony encrusting, comprising branching chains of pseudo-
uniserially arranged zooids often extending across large areas of substrate.
Branch ramification is lateral, with new branches arising from the sides of
existing branches at more-or-less 90 degrees. Zooids large, their apparent
width exaggerated because each branch section comprises the distal part of
one zooid flanked on either side by narrow proximal parts of the next
zooid in series. Zooidal apertures 0-15 mm in diameter, small relative to
branch width (0-45-0-60 mm), and with a slight peristome. Ancestrula
short and wide with a narrow protoecium, budding two daughter zooids
growing in opposite directions. Gonozooids unknown, presumed to be
either absent or budded atop autozooidal peristomes and not fossilized.
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Remarks. Uniserial or pseudo-uniserial cyclostomes are common in the
Chalk and have been traditionally assigned to Stomatopora. Very frequent
as an encruster of Echinocorys tests.

Occurrence. Coniacian, M. cortestudinarium Zone, to Campanian, G.
quadrata Zone; widespread in southern England.

Genus PROBOSCINOPORA

Proboscinopora toucasiana (d’Orbigny)
Plate 7, figure 2; Plate &, figure 4

Description. Colony encrusting, comprising multiserial branches, gener-
ally 3-7 zooids wide (0-35-1-00 mm), dividing irregularly and anasto-
mosing occasionally. Branches low and smooth-surfaced except for slight
furrows at lateral zooidal boundaries. Autozooids slender (0:6-0-9 mm
long by 0-15 mm wide), apertures small (0-07-0-09 mm), circular or
transverse, with a slight peristome. Ancestrula with a large protoecium
(0-20 mm wide). Kenozooids occur along sloping branch margins.
Gonozooids unknown, presumed to be either absent or budded atop
autozooidal peristomes and broken off.

Remarks. Many species with probosciniform colonies occur in the Chalk.
They vary in zooidal dimensions, branching patterns, branch convexity,
and presence/absence of gonozooids.

Occurrence. Coniacian, M. cortestudinarium Zone, to Santonian, M.
coranguinum Zone; ?Campanian, O. pilula Zone; southern England;
abundant in the Chatham area.

Family PLAGIOECIIDAE
Genus PLAGIOECIA

Plagioecia sp.
Plate 8, figure 2

Description. Colony encrusting, a thin multiserial sheet of zooids, usually
about 1 cm in diameter, more or less circular in outline, and bounded by a
peripheral growing edge with a wide distal fringe of basal lamina.
Autozooids small and slender, their frontal walls flat proximally but
slightly convex distally, about 0-60 mm long by 0-15 mm wide. Apertures
small, longitudinally elongate (diameter 0-10 by 0-07 mm), arranged in a
quincunx, and with peristomes inclined at 45 degrees. Gonozooids large,
with a bulbous distal portion elongated transversely (¢. 0-55-6-70 mm
long by 1-6-2-2 mm wide) and penetrated by autozooidal peristomes.
Ooeciopore subcircular, about 0-06 mm in diameter, located in the centre
of the bulbous gonozooidal frontal wall.
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Remarks. This and similar species have traditionally been referred to the
genus Berenicea but should properly be assigned to one of a number of
other genera (e.g. Plagioecia, Hyporosopora, Microeciella, Mesonopora)
distinguished mainly on the basis of gonozooidal morphology (Taylor and
Sequieros 1982; see also McKinney and Taylor 1997). Unfortunately, not
every colony possesses gonozooids. When gonozooids are not available,
the informal name ‘Berenicea’ is best used.

Occurrence. Stratigraphical range unknown; the figured specimen is from
the Coniacian, M. cortestudinarium Zone, the genus Plagioecia ranges
from Jurassic to Recent; Kent, and probably other southern counties.

Family incertae sedis
Genus ‘ENTALOPHORA’

‘Entalophora’ sp.
Plate 8, figure 1

Description. Colony erect with bifurcating cylindrical branches, highly
variable in diameter (0-2-2:8 mm, commonly ¢. (-5 mm in white chalk
facies). Zooids with slender frontal walls (0-6—4-3 mm long), zooidal
boundaries poorly-defined, apertures about 0-15 mm in diameter,
longitudinally elliptical when worn, subcircular when peristomes are
preserved. Gonozooids unknown.

Remarks. This and similar species of vinculariiform tubuloporinids are
commonly referred to Entalophora, although the type species of
Entalophora (E. cellarioides Lamouroux) differs in having a narrow axial
canal within the branches. The figured specimen resembles ‘Entalophora’

EXPLANATION OF PLATE 7

Colony-form in Chalk cyclostomes and cheilostomes.

Fig. 1. Voigtopora dixoni (Vine). Campanian, West Harnham, Salisbury,
Wiltshire; runner-like encrusting colony; X 3-6.

Fig. 2. Proboscinopora toucasiana (d’Orbigny). Coniacian, Chatham, Kent;
ribbon-like encrusting colony; X2:9.

Fig. 3. Castanopora magnifica (d’Orbigny). Campanian, Norwich, Norfolk; sheet-
like encrusting colony; X2-3.

Fig. 4. Herpetopora anglica Lang. Turonian, Lewes, Sussex; runner-like
encrusting colony; X7.

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; X1.
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raripora described by d’Orbigny (1850) from the Coniacian of Fécamp
which, however, has larger zooids.

Occurrence. Stratigraphical range unknown; the figured specimen is from
the Coniacian; Kent; probably distributed throughout southern England.

Family ELEIDAE
Genus MELICERITITES

Meliceritites dollfusi Pergens
Plate &, figures 67

Description. Colony erect with bifurcating cylindrical branches 1-5-3-0
mm in diameter, sometimes developing lamellar overgrowths. Autozooids
large with subhexagonal frontal walls (¢. 0-6 by 0-4 mm), large semi-
elliptical apertures (0-2 mm long) borne on short but distinct peristomes,
and opercula with sparse, irregularly-arranged pores. Eleozooids moder-
ately abundant, with long (up to 0-75 mm) parallel-sided or slightly
spatulate rostra. Gonozooids rare, their distal frontal walls ovoid in
outline, slightly longer than wide (c¢. 1'8 by 1-6 mm); ooeciopore
transversely elliptical, 0-15 mm wide.

Remarks. This and the following two species belong to an aberrant family
of cyclostomes, usually referred to as melicerititids. They are remarkably
convergent with cheilostomes with which they share feeding zooids
equipped with opercula and mandibulate polymorphs.

Occurrence. Coniacian—Campanian; common in the M. cortestudinarium,
M. coranguinum and G. quadrata zones; southern England.

Meliceritites durobrivensis (Gregory)
Plate 8, figure 5

Description. Colony erect with bifurcating cylindrical branches, 0-75-1-5
mm in diameter. Autozooids generally with rhomboidal frontal walls,
rounded distally, and about 0-45 mm long by 0-30 mm wide; apertures
semi-elliptical, 0-18 mm long, large relative to the frontal wall and with a
prominent rim; opercula convex, a crescent of slit-like pores visible in
worn examples. Eleozooids smaller than autozooids, their apertures |-
shaped and closed by a small semi-elliptical operculum which is seldom
preserved. Secondary eleozooids, formed by reparative budding within old
autozooids, are common and have a l-shaped aperture set within a
pseudoporous terminal diaphragm. Gonozooids very rare, extremely
bulbous, longitudinally elliptical in outline shape, with a transversely
elongate ooeciopore (c. 0-09 by 0-16 mm).
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Remarks. A very characteristic species of Upper Cretaceous white chalk
facies, e.g., in the M. cortestudinarium Zone of Chatham.

Occurrence. Turonian, S. plana Zone, to Campanian; widespread in
southern England.

Genus REPTOMULTELEA

Reptomultelea sarissata Gregory
Text-figure 5.2a

Description. Colony encrusting, unilamellar or multilamellar, sometimes
growing freely from an initial substratum. Autozooids generally with
rhomboidal frontal walls, pointed distally, large, averaging 0-92 mm long
by 0-38 mm wide; apertures shaped like an ‘ogee’ arch drawn out distally
almost to a point, very large, averaging 0-40 mm long by 0-24 mm wide;
opercula convex, often preserved in situ. Eleozooids common, larger than
autozooids, about 1-4 mm long by 0-5 mm wide, their apertures longitudin-
ally elongate, parallel-sided or slightly spatulate. Secondary eleozooids
formed by reparative budding within old eleozooids may occur. Gonozooids
rare, inverted pear-shaped, with an ooeciopore about 0-15 mm in diameter.
Remarks. Although there are numerous species of the encrusting
melicerititid genus Repromultelea in marginal facies of Late Cretaceous
age, only three have been recorded from the British Chalk (Taylor 1994).
R. filiozati is distinguished from R. dixoni (Lang) and R. auris Taylor by
the peculiar shape of the apertures, whereas R. auris can be easily
recognized by the presence of small kenozooids on either side of the
autozooidal apertures.

Occurrence. Coniacian, ?basal Santonian; southern England.

Suborder CANCELLATA
Family PETALOPORIDAE

Genus PETALOPORA

Petalopora pulchella (Roemer)
Plate §, figure 10

Description. Colony erect with bifurcating cylindrical branches about
1-0-2-5 mm in diameter. Branch surfaces have low longitudinal ridges
defining series of autozooids with small (diameter 0-06—0-08 mm) circular
apertures, sometimes slightly raised, widely-spaced and arranged in zones.
A polygonal reticulum of small, crater-shaped cancelli, each with a central
perforation, occupies the space between autozooidal apertures, normally
with three rows of cancelli between adjacent longitudinal ridges. Brood
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chambers are rare, bulbous, with a frontal surface of cancelli and a large
transverse ooeciopore often situated centrally.

Remarks. P. pulchella with three rows of cancelli between adjacent
longitudinal ridges is distinguished from P. costata d’Orbigny, which
usually has two rows of cancelli and narrower branches.

Occurrence. Stratigraphical range uncertain; Gregory (1899) gave the
range as Turonian—Maastrichtian, but no other occurrences in rocks
younger than Campanian are known; southern England.

Family CYTIDIDAE
Genus BICAVEA

Bicavea rotaformis Gregory
Plate 8, figures 89

Description. Colony erect, fungiform, a discoidal head or capitulum
arising from a narrow stalk. Capitulum about 3 mm in diameter, with a
concave lower surface where the stalk is attached, and an upper surface
bearing approximately 7-10 upstanding radial fascicles protruding
outwards at the edge of the capitulum. Autozooidal apertures polygonal,
about 0-09 mm in diameter, restricted to the curved distal (outer) ends of
the fascicles. Elongate autozooidal walls form striae on lateral edges of
fascicles. Cancelli with thick-walled apertures, highly variable in diameter
(often c. 0-08 mm), occupying the centre of the upper surface of the
capitulum and the spoke-like areas between fascicles. Brood chamber

EXPLANATION OF PLATE 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 20.

Fig. 2. Plagioecia sp. Coniacian, Chatham, Kent; part of colony with a band of
gonozooids; X17.

Fig. 3. Voigtopora dixoni (Vine). Santonian, Dartford, Kent; X20.

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); X45.

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; X 26.

Figs 8-9. Bicavea rotaformis Gregory. Turonian, Isle of Wight. 8, side view of
colony; 9, upper surface of colony; both X 11.

Fig. 10. Petalopora pulchella (Roemer). Upper Chalk, England; X23.
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undescribed.

Remarks. Fungiform (mushroom-shaped) colonies also occur in the
Chalk genus Trochiliopora (see Thomas 1939) which, however, lacks a
concave lower surface to the capitulum and has fascicles projecting only
slightly from the capitulum.

Occurrence. Turonian, S. plana Zone; southern England; common on the
Isle of Wight.

Genus HOMOEOSOLEN

Homoeosolen ramulosus Lonsdale
Plate 7, figure 6

Description. Colony erect, planar with a dendritic pattern of irregularly
bifurcating branches that do not anastomose. Branch diameter variable
(<1-3 mm), many branches tapering almost to a point. Reverse surfaces of
branches gently convex, formed of calcified exterior wall through which
traces of interzooidal walls may be visible; obverse surfaces strongly
convex, bearing contiguous, elongate apertures of zooids which intersect
the branch surface acutely. Autozooidal apertures about 0-12 mm wide are
interspersed with smaller kenozooidal apertures, the latter particularly
abundant at branch bifurcations. Gonozooids open on branch frontal
surfaces, possess globose frontal walls (about | mm wide) and have large
ooeciopore.

Remarks. H. gamblei Gregory differs in having a pinnate colony-form
with a more regular branching pattern.

Occurrence. Turonian-Maastrichtian; found especially in the S. plana—M.
cortestudinarium zones of the Chalk; southern England.

Order CHEILOSTOMATA
Suborder ANASCA
Family ELECTRIDAE

Genus HERPETOPORA

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

Description. Colony encrusting, with fragile branching chains of
uniserially-arranged zooids; new branches originate as disto-lateral buds
orientated at 60-90 degrees to parent branches. Autozooids elongate
pyriform, highly variable in length (065 — >5 mm), proximal gymnocysts
(caudae) becoming progressively longer in successive zooids of each
branch, less variable in width (0-24-0-47 mm). Opesiae large, oval,
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variable in size, 0-25-0-70 mm long by 0-14-0-27 mm wide, without a
cryptocyst. Reparative budding produces zooids with two or more
concentric mural rims, and sealed zooids have closure plates bearing a
crescentic impression of the operculum. Kenozooids narrower than
autozooids, with small opesiae, commonly budded at the ends of branches.
No ovicells or avicularia.

Remarks. Herpetopora differs from Pyripora in lacking a cryptocyst and
showing a continuous astogenetic increase in zooid length along each
branch. A second Chalk species of Herpetopora, H. laxata (d’Orbigny),
occurs mainly in the Campanian and Maastrichtian and is distinguished by
its broader opesiae (Thomas and Larwood 1960) and a two-phase, stepped
astogenetic gradient along each branch (Taylor 1988).

Occurrence. Turonian, 7. lata Zone, to Campanian, O. pilula Zone;
southern England.

Genus PYRIPORA

Pyripora magna Larwood
Text-figure 5.28

Description. Colony encrusting, with zooids arranged uniserially or in
irregular multiserial patches. Autozooids large, elongate-pyriform,
1-20-1-75 mm long by 0-53-0-83 mm wide, the proximal gymnocyst
accounting for about half of the total zooidal length; opesiae oval, 1-3—1-7
times longer than wide; cryptocyst smooth, widest proximally where it
forms a modest shelf, pinching out distally. Pore windows visible around
margins of zooids and small pore chambers seen in abraded zooids.
Kenozooids infrequent, small. No ovicells or avicularia.

Remarks. Although other British Chalk species have previously been
assigned to Pyripora, most are now regarded as belonging to Herpetopora,
and P. magna may be the only true species of Pyripora present.
Occurrence. Campanian, B. mucronata Zone; Norfolk.

Family CALLOPORIDAE

Genus WILBERTOPORA

Wilbertopora woodwardi (Brydone)
Plate 9, figure 2

Description. Colony encrusting, a multiserial sheet of zooids. Autozooids
large (¢. 1 mm long by 07 mm wide), rhomboidal with an extensive
elliptical to pear-shaped opesia, a broad, finely pustulose cryptocyst and a
small proximal gymnocyst. Ovicells rounded-rectangular in shape,
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TEXT-FIG. 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;
x13.

sometimes with a median suture line. Interzooidal avicularia narrow, about
(-78 mm long by 0-39 mm wide, with an extensive cryptocyst proximally,
a complete pivotal bar, and an acuminate rostrum which may be raised
slightly. Kenozooids fill irregular spaces, and have a small central
opening, a narrow cryptocyst and a broad gymnocyst.

Remarks. Like most other ‘membraniporimorphs’ from the Chalk, this
species was originally assigned to Membranipora. The Recent type
species of Membranipora, M. membranacea, lives as an algal epiphyte, is
feebly calcified and aragonitic, has a twinned ancestrula, and lacks ovi-
cells. None of these features applies to species of so-called Membranipora
from the Chalk. Some Cretaceous species have already been reassigned to
other genera such as Ellisina (see Medd 1979), but much further work is
needed to establish the true generic identities of the enormous number of
membraniporimorphs present in the Chalk. Consequently, the generic
assignments of this and the following two species are tentative.
Occurrence. Turonian, S. plana Zone, to Campanian, G. quadrata Zone;
southern England.
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Genus PYRIPORELLA

Pyriporella? sagittaria (Brydone)
Plate 9, figure 3

Description. Colony encrusting, a multiserial sheet of zooids. Autozooids
elongate elliptical (¢. 0-7 mm long) with an oval opesia, a proximal
gymnocyst usually obscured by adventitious avicularia or ovicells, a broad
pustulose cryptocyst, and a variable number of spine bases, including a
distal pair, especially numerous in early zooids and in zooids containing
reparative buds. Ovicells slightly longer than broad, about 0-17 mm wide.
Interzooidal avicularia roughly twice as long (0-47 mm) as wide, with a
broad, crescent-shaped proximal cryptocyst and a hammer-head shaped
rostrum ending in a bowed transverse wall; complete pivotal bars not
observed. Adventitious avicularia generally developed in pairs at the distal
ends of autozooids, one on either side of the ovicell, of a similar shape to
the interzooidal avicularia but about half their length and directed
proximally relative to colony growth direction. Probable incompletely
developed adventitious avicularia common.

Remarks. Provisionally assigned to the little-known Pyriporella because
of the abundant interzooidal avicularia, this species probably requires a
new genus.

Occurrence. Turonian, S. plana Zone, to Campanian, B. mucronata Zone;
southern and eastern England.

Genus BIAVICULIGERA

Biaviculigera? furina (Brydone)
Plate 9, figure 4

Description. Colony encrusting, a multiserial sheet of zooids. Autozooids
rounded rhomboidal, elongate, about 0-4-0-5 mm long by 0-25-0-35 mm
wide, with an elongate oval opesia and a narrow pustulose cryptocyst
bordered by small spine bases. Reparatively budded autozooids with
concentric mural rims common. Ovicells slightly longer than wide (c. 0-14
mm), covering the proximal gymnocyst of the next distal autozooid in
series. Interzooidal avicularia of two types: one is large and rhomboidal
with a small triangular rostrum (c¢. 0-12 mm wide), complete pivotal bar,
and extensive distal gymnocyst, surrounded by a very extensive smooth
gymnocyst; the second is small and hour-glass shaped.

Occurrence. Campanian; characteristic of the B. mucronata Zone;
southern and eastern England, including the Isle of Wight (‘Lower
mucronata Chalk’), the Sponge Beds at Trimingham, and the Weybourne
Chalk of the Norfolk Coast.
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Genus ‘BIFLUSTRA’

‘Biflustra’ argus d’Orbigny
Plate 9, figure 7

Description. Colony erect, comprising narrow (c. 1| mm wide), cylindrical
branches (vinculariiform) bifurcating at intervals, and quadrate, pent-
agonal or hexagonal in cross-section according to the number (4-6) of
longitudinal rows of zooids present. Autozooids rhomboidal, slender,
about 1:0-1-2 mm long by 0-4-0-6 mm wide, with an elongate elliptical
opesia (0-6—-0-7 mm long by 0-3 mm wide) and a slightly depressed
cryptocystal frontal wall bordered by numerous minute spine bases (barely
visible with a light microscope). Concentric mural rims, indicating
reparative budding, and perforate closure plates are common. Interzooidal
avicularia developed mainly at branch bifurcations, moderately small (c.
0-7 mm long by 0-4 mm wide), with a large opesia and slightly projecting
rostrum. Ovicells of uncertain occurrence.

Remarks. The abundant vinculariiform anascan species of the Chalk are
generally assigned to Vincularia. However, they are quite distinct from
true Vincularia which has articulated colonies with asymmetrical zooids.
‘Biflustra’ is used here informally for this species acknowledging that true
Biflustra lacks avicularia.

Occurrence. Stratigraphic range unknown; southern and eastern England;
fairly abundant in the Campanian of Weybourne, Norfolk, according to
Brydone (1930).

Family ONYCHOCELLIDAE
Genus ONYCHOCELLA

Onychocella inelegans (Lonsdale)
Plate 9, figure 9

Description. Colony usually erect, with flattened bifoliate branches
(c. 34 mm wide) which divide at intervals in the plane of the branch;
encrusting sheet-like colonies (?bases of immature erect colonies) may
also occur. Autozooids variable in shape, often broad and rhomboidal
(c. 0:45-0-75 mm long by 0-45 mm wide), with a semi-elliptical opesia
(c. 0-12 mm long by 0-15 mm wide) indented by opesiules at the two
proximal corners, and an extensive cryptocystal frontal wall which is
slightly depressed. Interzooidal avicularia elongate (¢. 0-45 mm long by
0-15 mm wide), with a long curved rostrum and a tulip-shaped opesia
which has a short slit in the proximal margin. Ovicells inconspicuous,
immersed in the frontal wall of the succeeding zooid.
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Remarks. Bifoliate fragments of this and similar species are among the
most commonly encountered bryozoans in the Chalk and are often found
on the surfaces of flints.

Occurrence. Turonian, S. plana Zone, to Maastrichtian; southern and
eastern England.

Family LUNULITIDAE
Genus LUNULITES

Lunulites tenax Brydone
Plate 9, figure 10

Description. Colony free-living, small (generally <1 c¢m in diameter),
circular in plan view, with a gently convex upper surface bearing zooidal
apertures, a concave lower surface ornamented by radial furrows, and a
fluted circumferential growing edge. Autozooids with quadrate opesia (c.
0-15-0-20 mm) and a depressed cryptocystal frontal wall; a strong
astogenetic gradient of zooidal-size increase occurs outwards from the
central ancestrula, and early autozooids have opesiae with a median
proximal sinus. Ovicells developed only in zooids near the colony margin,
globose and prominent with a large semicircular opening. Interzooidal
avicularia numerous, arranged in radial rows between rows of autozooids,
deeply sunken, elongate, about 0-45 mm long by 0-15 mm wide, with a
rounded rostrum and a median proximal sinus in the opesia.

Remarks. Lunulites is the sole genus of lunulitiform bryozoans repre-
sented in the British Chalk and usually first appears in the Campanian.
Brydone (1929) distinguished several British species, including some from
the pre-Campanian, which require confirmation.

Occurrence. Campanian, upper G. quadrata and lower B. mucronata
zones, Hampshire.

(Genus VOLVIFLUSTRELLARIA

Volviflustrellaria taverensis (Brydone)
Plate 9, figure 6

Description. Colony free-living, small (<2 ¢m in diameter), spheroidal or
spindle-shaped; a single growing edge extends between the two opposite
poles of the colony and buds zooids in a continuous spiral, multilamellar
overgrowth. Autozooids subrectangular, about 0-75 mm long by 0-45-0-60
mm wide, with a rounded-quadrate opesia (c. 0-30 mm long by 0-25-0-30
mm wide) and a finely pustulose cryptocystal frontal wall, depressed and
occupying about one-half of the frontal area. Ovicells inconspicuous,
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immersed in the frontal wall of the next distal zooid. Interzooidal
avicularia abundant, deeply sunken between rows of autozooids, long and
narrow (c. 0-75 mm long by 0-12 mm wide), with a short rounded rostrum.
Occurrence. Campanian, B. mucronata Zone; possibly also G. quadrata
Zone; eastern England and Northern Ireland; abundant in the basal
mucronata Chalk of Norfolk.

Family MICROPORIDAE
Genus STICHOMICROPORA

Stichomicropora marginula (Brydone)
Plate 9, figure 8

Description. Colony encrusting, comprising a multiserial sheet of zooids,
generally with a stepped growing edge. Autozooids rhomboidal, broad,
about 0-6-0-7 mm long by 0-45-0-65 mm wide, with a raised shelf
surrounding a cryptocystal frontal wall, which is convex and pierced by a
pair of slit-shaped opesiules situated close to the edge and about mid-
length; opesia small, semi-elliptical, transversely elongate (about 0-07 mm
long by 0-15 mm wide), and with an interior distal shelf and about six
orificial spine bases. Ovicell remains are visible as slight depressions in
the widened proximal shelf of the zooid distal to the maternal zooid, and
are bordered distally by a crescent of eight spine bases and laterally by the
raised edges of the adjacent zooids. Avicularia unknown.

Remarks. The unusual ovicell of Stichomicropora, consisting of a cage
formed by multiple spines, is very delicate and seldom survives fossilis-
ation; normally only a crescent of spine bases remains.

Occurrence. Coniacian, M. cortestudinarium Zone; Kent and Sussex.

Suborder ASCOPHORA
Family PELMATOPORIDAE

Genus PELMATOPORA

Pelmatopora gregoryi (Brydone)
Plate 9, figure 11

Description. Colony encrusting, comprising a multiserial sheet of zooid.
Autozooids elongate-rhomboidal, almost parallel-sided, 0-75-1-2 mm long
by 0-4-0-5 mm wide, surrounded by a wide zone of lacunate interzooidal
calcification; frontal shield flat, with 11-20 well-defined costae each with
two pelmata and a pelmatidium, two paired rows of intercostal spaces and
a wide apertural bar. Orifice semi-elliptical, longer than wide (0-15-0-18
mm long by 0-21 mm wide), overarched by a pair of distal oral spines in
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well-preserved zooids. Ovicell immersed in the next distal zooid.
Adventitious avicularia small, stalked, usually paired, one near each
proximolateral corner of the orifice; rostrum pointed.

Remarks. Larwood (1962) distinguished 17 named species of Pelmato-
pora from the British Chalk and provided a useful key to their
identification.

Occurrence. Santonian, M. festudinarius Zone, to Campanian, G.
quadrata Zone; Sussex, Hampshire and Wiltshire.

Genus CASTANOPORA

Castanopora magnifica (d’Orbigny)
Plate 7, figure 3; Plate 9, figure 12

Description. Colony encrusting, comprising a multiserial sheet of zooids.
Autozooids large, rounded-rhomboidal, 0-75-1-50 mm long by 0-45-1-20
mm wide; frontal shield oval, gently convex, with 14-24 costae each
bearing 4-8 lateral costal fusions and pelmatidia; apertural bar prominent;
orifice semi-elliptical, 0-15-0-33 mm long by 0-15-0-30 mm wide, with
four large oral spines, the lateral spine bases wider than the median ones.
Ovicells rare, large, globular, and bearing two converging ridges.
Adventitious avicularia variable in occurrence, small, 0-17-0-25 mm long
by 0-09-0-18 mm wide, proximally directed, with a pivotal bar and a
rounded rostrum.

Remarks. Larwood (1962) provided a key to species of Castanopora.
Occurrence. Campanian, B. mucronata Zone, to Maastrichtian; Norfolk.

Family PORINIDAE
Genus PORINA

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

Description. Colony erect, comprising bifoliate branches, 1-2 mm wide,
thicker and more rounded near the base of the colony, and bifurcating at
intervals in the plane of the branch. Autozooids with a circular orifice
(0-11-0-14 mm in diameter), a slight peristome, and a cryptocystal frontal
wall, finely crenulate and pierced by large irregular pores and a spiramen
(diameter ¢. 0-02 mm) which projects slightly and is located medially,
about midway along the length of the frontal wall. Thick secondary
calcification obscures zooidal boundaries and occludes pores and
eventually the orifices of old zooids. Ovicell globose, overarching the
distal part of the fertile autozooidal orifice, and with a finely reticulate
surface.
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Remarks. Porinid species are difficult to identify because secondary
calcification obscures taxonomically useful features in all but the most
distal branches. Several of the species described by Brydone (1930) may
well be based on such ontogenetic variation. Porina first appears in Britain
in the lowermost Campanian but does not become common until the B.
mucronata Zone (Brydone 1930).

Occurrence. Stratigraphic range unknown; described specimens come
from the Campanian, B. mucronata Zone; Norfolk, and possibly else-
where.

Acknowledgements. 1 am grateful to Mike Nowicki and Paul Whittlesea
for advice on stratigraphical ranges, Andrea Burgess-Faulkner for SEM
assistance, and Prof. E. Voigt for encouragement and freely availing
himself of his unique knowledge of Cretaceous bryozoans. Prof. Voigt and
the late Dr G. P. Larwood kindly read the manuscript 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; X23.

Fig. 4. Biaviculigera? furina (Brydone). Campanian, near Weybourne, Norfolk;
autozooids (with broken ovicells and intramural reparative buds) and large
interzooidal avicularia; X32.

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. “Biflustra’ 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; X 30.
Fig. 9. Onychocella inelegans (Lonsdale). Coniacian or Santonian, Bromley, Kent;

autozooids and curved avicularia; X25.

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. BRACHIOPODS

by ELLIS OWEN

During the nineteenth century the British Mesozoic brachiopod faunas
were known chiefly from the works of James Sowerby (1815-18) and
later, his son James de Carl Sowerby (1826-29). Excellent though their
descriptions and illustrations were for the time, the works lacked any
useful stratigraphical detail. This is not surprising since the science of
stratigraphy was only just becoming established as a result of the pioneer
work of William Smith. By the time Thomas Davidson (185254, 1874)
had produced his excellent monographs of British Brachiopoda, published
by the Palacontographical Society, London, William Smith’s concept of
British stratigraphical succession had been widely accepted and was thus
used by Davidson.

In the volumes on Cretaceous Brachiopoda (185254, 1874), Davidson
described many British endemic species for the first time and incorporated
monographical studies of the more ubiquitous species described by
authors from France (d’Archiac 1847; d’Orbigny 1848-51) and Germany
(Roemer 1840; Schloenbach 1867), which occur in this country.

Accounts of more diverse species within the Lower Cretaceous were
popular with many authors of the time but it was not until several decades
later that a work of any significance was published on British Chalk
brachiopods. Sahni (1929) produced a monograph on British Chalk Tere-
bratulidae that remained the major work of reference for several years.
The Chalk Rhynchonellidae were the subject of a monograph by Pettitt
(1949, 1954); this dealt largely with Turonian and Senonian species.

Since the publication of the works of Sahni and Pettitt, Owen (1962,
1970, 1977, 1988) has revised Cretaceous genera with representative species
occurring in the Chalk and, more recently, has written on the systematics,
ecology and distribution of some Cenomanian genera and species.

DESCRIPTIONS

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

Phylum BRACHIOPODA
Class INARTICULATA
Superfamily CRANIACEA
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Family CRANIIDAE
Genus ANCISTROCRANIA

Ancistrocrania parisiensis (Defrance)
Plate 11, figure 2

Description. One of the few inarticulate brachiopods possessing an entirely
calcareous shell. Attachment formed by cementation to hard surfaces,
often on the test of echinoids or large mollusc shells. The pedicle valve,
which forms the attachment, is seen as a shallow subcircular concavity
with steep, thickened shell margins. The apical area of the shell has well-
formed adductor muscle scars and faint vascular markings. The brachial
valve is often seen with a low, short, median septum that separates two
slender, posterolaterally-directed brachial processes. The valve margins
are not thickened as in the pedicle valve.

Occurrence. Upper Turonian—Campanian; Devon, Dorset, Isle of Wight,
Sussex, Kent, Norfolk, Yorkshire, and Northern Ireland.

Genus ISOCRANIA

Isocrania paucicostata (Bosquet)
Plate 11, figure 1

Description. Attached to hard surfaces by apical region of the pedicle
valve only. Both valves are almost circular in outline and are conical; they
are ornamented by 10-14 strong costae, with some intercalations, origin-
ating from the apex of each valve. The muscle scars are well developed in
each valve.

Occurrence. Santonian—Campanian; Wiltshire, Hampshire, Kent, and
Norfolk.

Class ARTICULATA
Family WELLERELLIDAE

Genus ORBIRHYNCHIA

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

Description. Small, biconvex, broadly oval rhynchonellid with 1618
deeply incised, rounded, radiating costae on each valve; with four on the
almost imperceptible dorsal fold and three or four in the sulcus of the
ventral valve. The anterior commissure is uniplicate with a marked and
extensive trapezoidal linguiform extension. The pedicle umbo is short,
with a small circular foramen and fairly well-defined beak-ridges. The
deltidial plates are conjunct but poorly exposed. Internal characters, as
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seen in transverse serial sections, show a thickened shell and short,
slightly converging dental lamellae in the pedicle valve: the brachial valve
has no median septum but displays the typical falciform crura.
Occurreunce. Middle Cenomanian, A. rhotomagense Zone; Devon, Dorset,
Isle of Wight, Sussex, Kent, Cambridgeshire, Norfolk, Lincolnshire and
Yorkshire.

Orbirhynchia wiesti (Quenstedt)
Plate 10, figure 6

Description. Shell evenly biconvex, subcircular in general outline with
oval anterior and lateral profiles. Ornament of 25-28 fine, subangular to
rounded, radiating costae: 7-8 on low, almost imperceptible, dorsal fold
and a corresponding number in a low arcuate anterior sulcus with a fairly
extensive linguiform extension. Growth lines are faint but there are
usually two or three prominent growth rings at about one-half to two-
thirds the length of the shell. The umbo is short, with a small circular
foramen and indistinct beak-ridges.

Occurrence. Upper Cenomanian; appears to be confined to the more
chalky facies of Devon and Dorset.

Orbirhynchia dispansa Pettitt
Plate 13, figure 7

Description. Moderately biconvex shell, subcircular in general outline
with oval anterior and lateral profiles. The umbo is massive, erect, with a
sharp beak and small, circular to pyriform foramen. The conjunct deltidial
plates are sometimes thickened or slightly produced into a labial exten-
sion. Shell ornament consists of 18-22 strong, rounded costae not deeply
incised but with shallow intervening sulci. The anterior commissure is low
arcuate and occasionally asymmetrical.

Occurrence. Upper Turonian, S. plana Zone; southern England.

EXPLANATION OF PLATE 10

Fig. 1. Cyclothyris difformis (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;
x1-5.

Fig. 5. Orbirhynchia multicostata Pettitt. Upper Cenomanian, Sussex; X 1-5.

Fig. 6. Orbirhynchia wiesti (Quenstedt). Upper Cenomanian, South Devon; X1-5.
a, dorsal view; b, lateral view; ¢, anterior view.
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Orbirhynchia cuvieri (d’Orbigny)
Plate 11, figure 5

Description. Resembling O. wiesti illustrated here (P1. 10, fig. 6) but
differing from that species in its more circular general outline and in shell
ornament, having 30-34 subangular to rounded radiating costae. Its
pedicle valve is also less acutely convex and slightly flattened anteriorly.
The linguiform extension is short and arcuate.

Occurrence. Turonian; Surrey, Kent, Hertfordshire, Buckinghamshire,
Cambridgeshire, Berkshire and possibly Yorkshire.

Orbirhynchia multicostata Pettitt
Plate 10, figure 5

Description. Broadly oval to subpentagonal in general outline with
elongate-oval lateral and anterior profiles. Umbo short with small circular
foramen and indistinct beak-ridges. Shell evenly biconvex with ornament
of approximately 40 fine, rounded costae; 12 on very low median fold and
11 in broad arcuate sulcus.

Occurrence. Upper Cenomanian, M. geslinianum and N. juddii zones;
Sussex, Surrey, Bedfordshire, Buckinghamshire and Cambridgeshire.

Orbirhynchia parkinsoni Owen
Plate 10, figure 2

Description. Shell large, biconvex, subcircular in general outline with
elongate-oval lateral and anterior profiles. Umbo short, massive, with
moderate to large circular foramen and well-defined beak-ridges. Deltidial
plates are conjunct and well exposed. Shell ornament consists of 16-20
strong, angular, and deeply incised radiating costae. Median dorsal fold
poorly developed. Low arcuate anterior commissure often asymmetrical.
Linguiform extension provides an extensive shallow sulcus in the pedicle
valve.

Occurrence. Upper Albian-Lower Cenomanian; confined to the Cambridge
Greensand and uppermost bed of the Red Rock at Hunstanton, Norfolk.

Family RHYNCHONELLIDAE
Subfamily CYCLOTHYRIDINAE

Genus CYCLOTHYRIS

Cyclothyris difformis (Valenciennes, in Lamarck)
Plate 10, figure 1
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Description. Medium-sized Cyclothyris. Biconvex, broadly oval to sub-
triangular in general outline. Dorsal fold low, indistinct. Anterior commis-
sure broadly arcuate with well-marked uniplication, often asymmetrical.
The massive umbo is slightly incurved and truncated by a large circular
foramen. Deltidial plates are conjunct and extend forwards almost
completely encircling the foramen. The beak-ridges are distinct and border
an extensive interarea. The shell surface is ornamented by 40-45 rounded
radiating costae, with nine on the fold and ten or 11 in the sulcus. Two,
sometimes three, step-like growth-marks occur at about one-third and two-
thirds of the length of the shell.

Occurrence. Lower Cenomanian; Devon, Dorset, Wiltshire and the Isle of
Wight; chiefly confined to consolidated limestone and chalky facies.

(Genus BURRIRHYNCHIA

Burrirhynchia devoniana Owen
Plate 10, figure 3

Description. Medium to small subquadrate shell, acutely biconvex in
outline. Umbo short, massive with sharp, suberect beak. Ornament of
approximately 24 rounded but deeply incised costae with five or six costae
on well-defined dorsal fold and an equivalent number in shallow extensive
ventral sulcus. Median fold low, sulcus shallow. Anterior commissure
with high arcuate linguiform extension. Concentric growth lines faint,
becoming more prominent marginally.

Occurrence. Lower Cenomanian, M. mantelli Zone; south Devon.

Genus CRETIRHYNCHIA

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

Description. Shell transversely oval to subpentagonal in general outline
with oval anterior contour; subcircular to oval in lateral profile. Although
acutely biconvex, the brachial valve is more highly developed with an
almost semicircular lateral profile. The umbo is small and the beak
suberect with a small circular foramen. Beak-ridges well marked but not
sharply defined, bordering a moderately broad but not extensive interarea.
Shell ornament consists of about 65-70 rounded costae, with about 11 on
the indistinct brachial fold and ten in the pedicle sulcus. The anterior
commissure, sometimes flattened, shows a broad shallow sulcus with an
extensive trapezoidal linguiform extension. Growth lines are more
prominent towards the shell margins.
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Occurrence. Upper Coniacian—Upper Santonian; Sussex, Kent and Norfolk;
common,

Cretirhynchia arcuata Pettitt
Plate 13, figure 6

Description. Medium-sized biconvex Cretirhynchia, subcircular to
subtriangular in outline. Anterior contour oval to lenticular, lateral profile
elongate-oval. A low median fold is developed anteriorly on the dorsal
valve and a corresponding shallow sulcus is present on the anterior part of
the ventral valve. The umbo is slightly produced and incurved. Beak-
tidges 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
growth but short, rounded, subangular costae develop along the
anterolateral commissure in later stages of growth.

Occurrence. Upper Campanian, B. mucronata Zone;, Norfolk and
northern Hampshire.

Superfamily TEREBRATULACEA
Family TEREBRATULIDAE
Subfamily SELLITHYRIDINAE

Genus OVATATHYRIS

Ovatathyris ovata (J. Sowerby)
Plate 16, figure 4

Description. Medium-sized elongate-oval, sulco-carinate terebratulid.
Umbo short, massive, truncated by large, circular foramen. Beak erect;

EXPLANATION OF PLATE 11

Fig. 1. Isocrania paucicostata (Bosquet). Santonian, Sussex: a, dorsal exterior; b,
internal view of dorsal valve; both x3.

Fig. 2. Ancistrocrania parisiensis (Defrance). Horizon unknown, Kent: a, internal
view of ventral valve; b, internal view of dorsal valve; x1-5.

Fig. 3. Concinnithyris obesa (J. de C. Sowerby). Upper Cenomanian, Wiltshire;
X 1.

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;
X1-5.

Fig. 7. Kingena elegans Owen. Turonian, Lincolnshire; X 1.

Figs 3-7: a, dorsal view; b, lateral view; c, anterior view.
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beak-ridges clearly defined; permesothyrid. Shell ornamented by step-
like concentric growth-lines, more prominent on the anterior half of the
shell. Shell surface covered with short, almost hair-like spinules, often
poorly preserved. Dorsal valve with shallow sulcus that broadens and
deepens anteriorly. Ventral valve with clearly defined carina in umbonal
area that diminishes anteriorly. Anterior commissure sulcate to sulco-
carinate.

Occurrence. Lower Cenomanian, M. mantelli Zone; Wiltshire, Dorset and
South Devon.

Ovatathyris potternensis Owen
Plate 15, figs 3—4

Description. Like O. ovata (J. Sowerby) but lacking a carina in the ventral
valve, and in having uniplicate to strongly biplicate anterior commissure,
and numerous well-marked concentric growth-lines.

Occurrence. Upper Albian—Lower Cenomanian, M. mantelli Zone;
Wiltshire, Dorset and the Isle of Wight.

Genus BOUBEITHYRIS

Boubeithyris diploplicata Owen
Plate 16, figs 5-6

Description. Medium-sized elongate-oval to subquadrate, acutely biplicate,
biconvex terebratulid. Umbo short, massive with suberect beak truncated
by a large circular foramen. Beak-ridges distinct; permeso-thyrid. Interarea
flat and short; delthyrium poorly exposed. The concentric growth-lines are
well marked, particularly at the shell margins. The strongly biplicate
anterior commissure is sometimes obscured by gross gerontic thickening.
Remarks. The species has been widely misquoted as Terebratula biplicata
Sowerby.

Occurrence. Lower Cenomanian; South Devon, Dorset, Wiltshire, Isle of
Wight and Sussex.

EXPLANATION OF PLATE 12

Fig. 1. Concinnithyris subundata (). Sowerby). Cenomanian, Wiltshire; X 1-5.

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; X1.

Figs 1-3: a, dorsal view; b, lateral view; c, anterior view.
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Subfamily RECTITHYRIDINAE
Genus RECTITHYRIS

Rectithyris wrightorum Owen
Plate 14, figure 3

Description. Large oval, evenly biconvex, rectimarginate terebratulid.
Umbo short and erect; truncated by large circular foramen. Fairly distinct
mesothyrid beak-ridges bordering a short, flat interarea. Delthyrium not
exposed. Lateral profile elongate-oval. Anterior commissure elliptical in
outline. Shell surface smooth with numerous faint concentric growth-lines.
Occurrence. Lower Cenomanian, M. mantelli Zone; Devon, rare.

Genus TROPEOTHYRIS

Tropeothyris vectis Owen
Plate 14, figure 2

Description. Shell elongate-oval to subpentagonal in general outline.
Lateral profile oval; lateral commissure oblique. Anterior commissure oval
in outline, biplicate. Umbo short, beak suberect and truncated by large
circular foramen. Beak-ridges rounded; mesothyrid. Maximum width of
shell occurs just anterior to mid-line.

Occurrence. Lower Cenomanian, N. carcitanense Zone, Sussex, Isle of
Wight and Kent.

Genus MOUTONITHYRIS

Moutonithyris dutempleana (d’Orbigny)
Plate 14, figure 1

Description. Large oval to elongate-pentagonal biplicate terebratulid.
Umbo erect and massive. Foramen circular, marginate to labiate. Beak-
ridges distinct, permesothyrid. Although biconvex, the dorsal valve of the
shell is less acutely convex than the ventral valve and often exhibits a
flattened umbonal area. The anterior commissure is incipient to strongly
biplicate, some specimens having only a very slight median dorsal sul-
cation within a well-defined uniplication.

Occurrence. Upper Albian—Lower Cenomanian; Kent, Cambridgeshire,
Norfolk and Yorkshire.

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

Description. Medium-sized subquadrate, uniplicate, obtuse terebratulid.
Umbo short, suberect and massive, truncated by a large circular foramen



syo00qAbojoas/aw welibalay/:sdny

Brachiopods 87

with well-developed pedicle collar. Beak-ridges distinct, permesothyrid.
Anterior commissure oval in general outline; showing wide uniplication
and numerous marginal growth-lines which tend to thicken the shell
margin in gerontic specimens. Shell surface ornamented by numerous
concentric growth-lines.

Remarks. This species has previously been assigned to the genus
Ornatothyris because of the density of concentric growth-lines on both
valves and the uniplicate anterior margin. Transverse serial sections,
however, confirm that the species belongs to the genus Moutonithyris.
Occurrence. Lower Cenomanian; confined to the Cambridge Greensand
and the top bed of the Red Rock of Hunstanton, Norfolk.

Subfamily GIBBITHYRIDINAE
Genus GIBBITHYRIS

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

Description. Medium-sized subcircular to oval, evenly biconvex tere-
bratulid. Umbo short and slightly incurved; foramen small and circular.
Beak-ridges fairly well-defined; permesothyrid. Anterior commissure
biplicate; oval to subcircular in profile. Lateral profile distinctly oval.
Occurrence. Turonian; Wiltshire, Sussex, Surrey, Kent, Hertfordshire and
Cambridgeshire.

Gibbithyris media Sahni
Plate 12, figure 3

Description. Considerably larger than G. semiglobosa with a more
massive umbo and larger foramen. The general outline is more pentagonal
than in either G. semiglobosa or G. merensis, with which it has been
compared, and the anterior part of the shell shows a somewhat earlier and
stronger development of the characteristic biplication. The lateral profile
shows almost equal biconvexity.

Occurrence. Turonian; Wiltshire and Kent.

Gibbithyris merensis Sahni
Plate 13, figure 1

Description. Medium-sized, oval, acutely biconvex, biplicate Gibbithyris.
Umbo massive; beak slightly incurved; foramen small and circular. Beak-
ridges indistinct; epithyrid. Symphytium completely obscured by the
incurvature of the beak. Anterior commissure strongly biplicate, sub-
circular in profile. Lateral profile broadly oval.
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Occurrence. Upper Turonian, S. plana Zone, to Upper Coniacian-Lower
Santonian, M. cortestudinarium Zone; Wiltshire, Surrey and Kent.

Genus CONCINNITHYRIS

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

Description. Large, uniformly oval terebratulid, almost evenly biconvex,
uniplicate. Lateral profile elongate-oval, anterior profile oval. Umbo short,
massive, suberect. Foramen large and circular. Symphytium not exposed.
Beak-ridges indistinct; permesothyrid. Concentric growth-lines more
prominent marginally.

Occurrence. Cenomanian; Wiltshire, Dorset, Sussex and Kent; probably
also Cambridgeshire and Yorkshire.

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

Description. Large, acutely biconvex, elongate-oval, biplicate terebratulid.
Umbo short, massive and suberect. Foramen large and circular. Symphy-
tium poorly exposed. Beak-ridges smooth and indistinct; permesothyrid.
Morphological variation includes less acutely developed anterior
biplication, labiate foramen and more constricted anterior part of shell.
The lateral profile is oval and the anterior profile is distinctly subcircular at
all stages of growth.

Occurrence. Middle and Upper Cenomanian; Wiltshire, Dorset, Sussex
and the Isle of Wight.

EXPLANATION OF PLATE 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. /ata Zone, South Devon;
x4.

Fig. 4. Carneithyris carnea (J. Sowerby). Campanian, Norfolk; X 1.

Fig. 5. Capillithyris squamosa (Mantell). Lower Cenomanian, Kent; X2.

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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Genus ORNATOTHYRIS

Ornatothyris sulcifera (Morris)
Plate 15, figure 2

Description. Small- to medium-sized, plano-convex to biconvex tere-
bratulid. Umbo short and massive with large, circular to labiate foramen.
Symphytium poorly exposed. Beak-ridges rounded; permesothyrid. The
anterior commissure is distinctly uniplicate with a subcircular general
profile. Shell ornament consists of numerous concentric growth-lines
occurring as a raised pattern of rugae. Lateral profile evenly biconvex.
Occurrence. Upper Cenomanian; comparatively common at Fulbourn,
Cambridge but may also occur as a variant at South Cave, Humberside,
and in Lincolnshire.

Subfamily CARNEITHYRIDINAE
Genus CARNEITHYRIS

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

Description. Medium-sized oval to subcircular, evenly biconvex
terebratulid. Umbo short and massive; beak slightly incurved; foramen
small and circular. Symphytium poorly exposed. Beak-ridges rounded;
mesothyrid. Lateral profile elongate-oval; anterior commissure recti-
marginate, elliptical in general profile.

Occurrence. Upper Campanian, B. mucronata Zone; Norfolk.

Subfamily CAPILLITHYRIDINAE
Genus CAPILLITHYRIS

Capillithyris squamosa (Mantell)
Plate 13, figure 5

Description. Small terebratulid, broadly oval to subpentagonal in general
outline. Umbo short, slightly produced and suberect. Foramen large and

EXPLANATION OF PLATE 14

Fig. 1. Moutonithyris dutempleana (d’Orbigny). Lower Cenomanian, Cambridge;
X1.

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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circular. Beak-ridges distinct; permesothyrid. Lateral profile evenly
biconvex. Anterior commissure rectimarginate to sulcate. Ornament of
numerous well-defined concentric growth-lines that tend to become more
step-like towards anterior. This ornament is sometimes crossed by fine
longitudinal striae, radiating from the umbonal areas.

Occurrence. Lower—Middle Cenomanian; confined to the more marly
chalks of southern and south-eastern England.

Family CANCELLOTHYRIDIDAE
Subfamily CANCELLOTHYRIDINAE

(Genus TEREBRATULINA

Terebratulina etheridgei Owen
Plate 14, figure 4

Description. Subtriangular in general outline. Umbo slightly produced;
foramen comparatively large and circular. Beak-ridges distinct, bordering
a flat, triangular interarea. Symphytium well exposed. Lateral profile
plano-convex to weakly biconvex. Anterior commissure rectimarginate.
Shell ornament consisting of 30-35 rounded costellae with frequent
bifurcation and marginal intercalation.

Remarks. This species has previously been referred to as Terebratulina
triangularis Etheridge.

Occurrence. Upper Albian—Lower Cenomanian; confined to the Cam-
bridge Greensand of the Cambridge district.

Terebratulina striatula (Mantell)
Plate 11, figure 4

Description. Medium-sized terebratulinid that is elongate-oval to pent-
agonal in general outline. Umbo produced, foramen small, symphytium
poorly exposed. Beak-ridges rounded or smooth, mesothyrid. Lateral
profile biconvex. Anterior commissure incipiently uniplicate but with
shallow sulcus originating from a point just anterior to the ventral umbo
which broadens anteriorly. Shell ornamented by numerous fine, rounded
costellae and crossed by 810 concentric growth-lines that are more
apparent at the anterior marginal areas.

Occurrence. Turonian—Campanian; most localities in south-east and
south-west England and Hertfordshire, Cambridgeshire, Norfolk and
Yorkshire.

Terebratulina lata (R. Etheridge)
Plate 13, figure 3
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Description. Plano-convex to biconvex terebratulinid. Small and sub-
circular in general outline. Umbo short and foramen small. Hinge-line
slightly extended to form a broadly based triangular interarea. Beak-ridges
are distinct and mesothyrid. Anterior commissure rectimarginate. Shell
ornament consists of approximately 45-50 smooth, rounded costellae with
frequent intercalations and bifurcations. Concentric growth-lines well
defined, typically numbering four or five.

Occurrence. Turonian, 7. lata Zone; chiefly in southern England but also
occurs in Hertfordshire, Cambridgeshire, Berkshire and Norfolk; it may
not be the same species as T. lata from Lincolnshire and Yorkshire.

Superfamily TEREBRATELLACEA
Family KINGENIDAE
Subfamily KINGENINAE

Genus KINGENA

Kingena elegans Owen
Plate 11, figure 7

Description. A small, neat-looking, elongate-pentagonal, biconvex
kingenid. Umbo suberect, slightly produced, symphytium well exposed.
Foramen large and subcircular. Beak-ridges well defined, permesothyrid.
Anterior commissure sulcate. A flattened area, corresponding to the sulcus
in the brachial or dorsal valve, is bordered by faint radiating carinae on the
anterior margin of the ventral valve.

Occurrence. Turonian, 7. lata and S. plana zones; Hertfordshire, Norfolk,
Lincolnshire and Yorkshire.

Family DALLINIDAE
Subfamily GEMMARCULINAE

Genus GEMMARCULA

Gemmarcula canaliculata (Roemer)
Plate 12, figure 4

Description. Small, biconvex, subtriangular dallinid. Umbo massive;
truncated by large circular foramen; suberect. Deltidial plates conjunct.
Hinge-line extended, forming a fairly extensive triangular, flat interarea.
Both valves are ornamented by approximately 16 strong, rounded,
radiating costae. These are crossed by seven or eight well-defined growth-
lines which become more evident towards the shell-margins. The anterior
commissure is parasulcate, a deep anterior sulcus in the ventral valve
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corresponding with a marked or well-developed median fold in the dorsal
valve. A more extensive hinge-line, more circular general outline and
more clearly defined costae can be found as intraspecific variation.
Occurrence. Early Cenomanian, M. mantelli Zone; Devon.

Subfamily MAGADINAE
Genus MAGAS

Magas pumilus J. Sowerby
Plate 13, figure 2

Description. Small, smooth, plano-convex to biconvex terebratellid.
Subcircular in general outline. Umbo slightly produced, beak incurved,
beak-ridges distinct, epithyrid. Hinge-line slightly extended, forming a
flat, narrow, triangular interarea. Deltidial plates are just visible. Anterior
commissure incipiently sulcate. Concentric growth-lines often more
prominent marginally.

Occurrence. Campanian—Maastrichtian; Wiltshire, Hampshire, Isle of
Wight, Dorset, Kent, Sussex and Norfolk.

Subfamily incertae sedis
Genus ARENACIARCULA

Arenaciarcula beaumonti (d’ Archiac)
Plate 11, figure 6

Description. Elongate-oval, evenly biconvex, costate terebratellid. Umbo
produced, suberect; foramen small and circular. Beak-ridges are well
defined, permesothyrid and border a short, flat, triangular interarea.
Triangular deltidial plates are well exposed. The umbonal region of the
brachial or dorsal valve is characteristically inflated. Shell ornament
consists of 15-18 rounded but well-incised radiating costae, which seldom
bifurcate. The anterior commissure is rectimarginate and subcircular to
oval in outline.

Occurrence. Lower Cenomanian; Devon and Wiltshire.

EXPLANATION OF PLATE 15

Fig. 1. Moutonithyris obtusa (J. Sowerby). Lower Cenomanian, Cambridgeshire;
X1-5.

Fig. 2. Ornatothyris sulcifera (Morris). Upper Cenomanian, Cambridgeshire; x 1.

Figs 3-4. Ovatathyris potternensis Owen. Lower Cenomanian, Potterne, Wiltshire;
X1-5.
a, dorsal view; b, lateral view; ¢, anterior view.
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Family TEREBRATELLIDAE
Subfamily TRIGONOSEMINAE

Genus TEREBRIROSTRA

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

Description. Large, elongate-subpentagonal, biconvex terebratellid. Umbo
extremely produced, forming an erect, subtriangular rostrum. The foramen
is large and subcircular in outline. Conjunct deltidial plates are very well
exposed. Shell ornament consists of approximately 24 strong, rounded,
radiating costae originating from the umbones and frequently bifurcating.
Concentric growth-lines are prominent or step-like and vary in number
from four to six. The anterior commissure is rectimarginate and sub-
quadrate in outline. Marginal thickening of the shell is common in older
individuals.

Occurrence. Lower Cenomanian; Devon, Wiltshire and Dorset.

Genus DERETA

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

Description. Medium-sized, biconvex, costate terebratellid. Subcircular
in general outline. Umbo short, massive, suberect. Foramen large and
circular. Beak-ridges permesothyrid, defining a broad, triangular inter-
area. The deltidial plates are conjunct and well exposed. The hinge-line
is slightly extended. The shell ornament consists of 45-48 rounded
costae, crossed by 5-7 concentric growth-lines, which become more
prominent towards the anterior section of the shell. The lateral profile
shows the even biconvexity of the shell, but some individuals show a
greater inflation of the dorsal umbo. The anterior commissure is
rectimarginate.

Occurrence. Lower Cenomanian; Wiltshire, Isle of Wight and Dorset.

EXPLANATION OF PLATE 16

Fig. 1. Terebrirostra lyra (J. Sowerby). Lower Cenomanian, Wiltshire; X 1-5.

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; ¢, anterior view.
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Dereta incerta (Davidson)
Plate 16, figure 3

Description. Small, almost circular, evenly biconvex Dereta. The umbo is
slightly produced and suberect with a small, circular foramen. The
permesothyrid beak-ridges are sharp, clearly defining the comparatively
broad, triangular interarea and exposed conjunct deltidial plates. The
hinge-line is slightly extended, as in D. pectita, and the umbones very
slightly inflated. Shell ornament consists of 20-28 rounded, radiating
costae given to frequent bifurcation. Concentric growth-lines are faint,
except for one or two well developed at about two-thirds of the shell-
length.

Occurrence. Lower Cenomanian; Somerset.
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7. INTRODUCTION TO MOLLUSCS
AND BIVALVES

by R. J. CLEEVELY and N. J. MORRIS

The fossil Mollusca in Chalk faunas have attracted interest from the
carliest days of palaeontology and have been described by a long
succession of authors extending from the early works of Mantell and the
Sowerbys to the more detailed accounts of the present-day. Many of the
commoner Chalk fossils were first illustrated and described in the earlier
classical literature dealing with British and European Cretaceous faunas,
¢.g. James and J. de Carle Sowerby (1812-46), Mantell (1822) for the
former and Geinitz (1849-50, 1875), Goldfuss (1833—44) and d’Orbigny
(1844—47) for the continent. In recent times the relevant publications of
the Geological Survey have provided other limited illustrations of the
fauna (e.g. Worssam and Taylor 1969).

Unfortunately, the information associated with many of the better
preserved, or unique, specimens needed to illustrate this field guide, is
inadequate. Consequently, although this has been corrected in some cases,
a more accurate understanding of the stratigraphical occurrence and
geographical distribution of Chalk Mollusca can only be obtained by
referring to the detailed studies of particular horizons made by specialists.
The most important of these, giving faunal lists and stratigraphic sections,
are Carter and Hart (1977), Kennedy (1969, 1970) and Wright and
Kennedy (1984) for Cenomanian localities; Bromley and Gale (1982) for
the Upper Turonian Chalk Rock; Kennedy and Garrison (19755), Peake
and Hancock (1961), Bailey ef al. (1983, 1984), Mortimore (1986), and
Robinson (1986) for Coniacian—Maastrichtian chalks.

The preservation of the Mollusca is governed by the nature of the
calcium carbonate forming their hard parts. Aragonite is a component of
many molluscan shells, but under normal conditions of deposition it is
metastable and tends to revert to calcite (see Introduction). Kennedy
(1969) and Carter (1972) have summarized the principal ways in which
the remains of aragonite fossils have been preserved. There are three broad
categories of preservation.

1. Normal preservation, in which the original aragonite shell is either
replaced by chalky calcite, or the shell outline is marked by a thin film
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of marcasite or pyrites, and is usually oxidized to limonite; such pre-
servation is nearly always associated with hardground horizons.

2. Pebble preservation, resulting from rolling, phosphatisation and/or
glauconitisation, with patches of altered shell sometimes being retained.
Often the fossil is partly obscured by adherent phosphatised sediment.

3. Oyster-cast preservation, where external moulds of the shells of
gastropods, ammonites and bivalves occur on the attachment areas of
cemented or encrusting organisms, e.g. particularly Pycnodonte and
Exogyra; other indications may also be given by the xenomorphic
sculpture of these cemented bivalves.

It must also be remembered that apart from the exigencies of preservation,
and the nature of Chalk sedimentation and deposition, molluscan faunas
are also naturally extremely variable. Many of the bivalve and gastropod
species of the British Cretaceous are only found in the more diverse and
inshore faunas of south-west England. We have occasionally used such
fossils to illustrate certain taxa, but have adhered to a relatively strict use
of the term ‘Chalk fossils’. The Late Cretaceous was a time of
considerable diversity in many molluscan families. In particular the
Arcoidea developed epifaunal and infaunal groups, but diversity was only
high among inshore faunas and remained low in offshore faunas.
Consequently, taxa belonging to this superfamily are hardly dealt with in
this guide, because examples from the Chalk are scarce and not worth
illustrating. It is for this reason that members of many other inshore, or
infaunal families, such as the Nuculoidea and Trigonioidea, are not
described in this section, although they are commonly found at localities
i