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ABSTRACT

Ostracod assemblages from samples collected through the Turonian
stage of the Late Cretaceous from Dover, Kent, south-east England,
consist of one hundred and three species group taxa. These are
described and illustrated. This represents a significant increase in
the knowledge of the Turonian fauna, since previous estimates of the

number of species present during the Turonian are less than thirty.

This improvement has been brought about by the selection of an
appropriate processsing method. Freeze-thaw processing is recommended
for chalks and hardgrounds which comprise much of the Turonian Stage.

The white spirit, solvent method is shown to be preferable for marls.

Nineteen species and six subspecies are here described as new:
Polycope lunaplena sp. nov, Cytherella truncatoides sp. nov.,
Cytherella vulna sp. nov., Cytherella weaveri sp. nov.,Cytherelloidea
granulosa parca ssp. nov., Cardobairdia longitecta sp. nov.,

Bairdoppilata turonica sp. nov., Pontocyprella robusta cometa ssp.

nov., Pterygocythereis (Diogmopteron) carolinae sp. nov.,
Bythoceratina (Bythoceratina) saxa sp. nov., Bythoceratina
(Bythoceratina) staringi conmacula ssp. nov., Monoceratina
minangulata sp. nov., Patellacythere weaveri sp. nov., Schuleridea
langdonensis sp. nov., Karsteneis nodifera tabasca ssp. nov.,
Karsteneis oculocosta sp. nov., Karsteneis petasus petasus sp. et
ssp. nov., Karsteneis petasus antecursor sp. et ssp. nov., Karsteneils
praekarsteni sp. nov., Idiocythere caburnensis sp. nov., Isocythereils

postelongata sp. nov., Mauritsina? paradordonienslis sp. nov.,
Rehacythereis stellatus sp. nov., Rehacythereis venticursus
venticursus sp. et ssp. nov., Rehacythereis venticursus patbrowni
sp. et ssp. nov., and one new name, Bythoceratina (Bythoceratina)

antetumida nom. nov. is introduced for a secondary junior homonym.

By comparison with faunas from Devon and the Czech Republic, the

biostratigraphical analysis is shown to only have only local
significance due to diachronism of Ostracoda. This diachronism 1s
used to explore migration pathways which suggest that the origin of

the Turonian ostracod fauna may have had more than one source.

A model relating ostracod diversity inversely to sea-level is
given for the Cenomanian to Santonian stages of the Late Cretaceous
which suggests that the sea-level at Dover during the Turonlan was

greater than previously thought, given its marginal setting.
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INTRODUCTION

The Turonian Stage of the Late Cretaceous, as defined

biostratigraphically, is approximately coeval with the

lithostratigraphical unit of the Middle Chalk Formation. The base of
the Middle Chalk, however, is older and lies in the Upper Cenomanian,
while the top of the Turonian is now considered to be represented by
the lowest beds of the Upper Chalk Formation. The Turonian is

characterised by hard nodular chalks which were previously thought

not to yield ostracods (Weaver 1982). Improved processing metheds

have now enabled the recovery of abundant and moderately diverse

assemblages (Slipper 1996).

The Ostracoda of the Turonian Stage are important in that they

show an essentially new fauna after the Late Cenomanian Oceanic
Anoxic Event 2 (OAE2). Whereas in the Cenomanian many species existed
which were of short to moderate duration, those first appearing in
the Turonian are generally very long ranging. This is true also for
species entering in the overlying Coniacian and Santonian. Thils style
of long ranging species which originated in the Turonian is probably
a response to the comparatively stable environment of deposition
within the white chalk facies which lasted for twenty-five million
years. Although sea levels were thought to have fluctuated throughout
the Late Cretaceous (Hancock 1990), within this part of the Anglo-

Paris Basin, the environment of deposition was always fully marine.

This thesis originated out of the reconnaissance study of Horne
et al. (1990) who, in a study of the Chalk at Dover, concluded that

the Turonian ostracod fauna was probably derived from the Cenomanian

stock that survived the OAE in well-oxygenated, shallow-water refuges
on the basin margins. They were unable to resolve the problem of
identifying the probable source areas, due to a lack of taxonomic and

stratigraphical precision. This thesis was originally intended to



study the Turonian ostracod fauna of the Anglo-Paris Basin, its
taxonomy, biostratigraphy and palaeobiogeography, in order to
discover the shallow-water refuges postulated by Horne et al. (1990},
hence the origins of the Turonian fauna. This original aim proved to
be too broad when, through improved processing methods, the diversity
of the fauna became apparent. This work then represents a first step
towards solving the larger problem. Here is presented an analysis of
the taxonomy and biostratigraphy of the Turonian fauna from sections

near to Dover, S.E. England.

Although the focus of the present work is on the Turonian Stage,
the author has undertaken a survey of the Ostracoda of the Late
Cretaceous of Britain, during preparation of the Late Cretaceous

chapter of the forthcoming Biostratigraphical Atlas of British

Ostracoda, to be published by the British Micropalaeontological
Society. This has allowed a much broader view of the fauna in terms
of stratigraphical coverage of species which occur in the Turonian;
some of this information is included in Chapter 6. Additionally, to
broaden the geographical understanding of the British fauna, the
author has examined type collections from continental Europe,

including those of Pokorny, van Veen, Bonnema, Bosquet and Clarke.

The thesis has been written in the style of a monograph, since
the author has agreement in principal from the editors of the
Palaeontographical Society, to publish the work in due course. The
emphasis is therefore placed upon the systematics section with other
chapters being kept concise. Some additional comments have been
included which cover aspects of evolution, palaecbiogeography and

Palaeoecology.

The organisation is as follows: after this introduction is found
a list of aims, as modified after transfer from MPhil to PhD. A

literature survey is included as a history of research (Ch. 1). The



Turonian Stage of the Late Cretaceous is then examined
stratigraphically, discussing the recent changes to the
stratigraphical nomenclature (Ch. 2). The trials which were carried
out to explore the best treatment for processing Turonian chalks are
detailed under methodology (Ch. 3), together with some comments on
micropalaeontological techniques. The main systematics section (Ch.4)
is followed by the biostratigraphical survey of the more important
species (Ch.5). Leading on from this is a discussion of the
stratigraphical distribution in terms of palaeocecology (Ch.6). A list

of conclusions (Ch. 7) summarises the content of the chapters, in

terms of the aims as detailed below.



e To critically analyse the technical difficulties of extracting

Turonian ostracods from the chalks of southern England.

e To document and illustrate systematically the Turonian ostracod

fauna from southern England.

e To analyse the Turonian Ostracoda biostratigraphically, and

examine the possibility of erecting an ostracod zonation scheme.

¢ To examine the relationship between the ostracod fauna and the
sedimentology, and to assess the use of ostracods as

palaeocenvironmental indicators of the chalk seas.

e To assess the palaeocbiogeography of the Turonian Ostracocda
within a basinal context, detailing, where present, any migration

pathways which may give an indication of the origins of the

Turonian fauna.



1 HISTORY OF RESEARCH

Very little has been published on the British Turonian
Ostracoda, and no comprehensive systematic work has yet been
attempted. The first record was that of Jones & Hinde (1890) who

described twenty-one species and a further six varieties from Chalk
outcrops, mostly Holaster planus Zone, at Dunstable and the railway
cutting between Luton and New Millend (Bedfordshire), Chinnor

(Oxfordshire) and West Wycombe (Buckinghamshire). This level 1is

equivalent to the Kingston Nodular Chalks at Dover. The work is

descriptive, with small illustrations, many of which were

photographically reduced from the monograph of Jones (1849) and then

redrawn.

Kaye (1964a) revised much of Jones & Hinde's work, using type

material where it could be found. Nine of the species in that
revision were from the Turonian Chalk Rock. He reassigned many
species and genera, using material from his own collection from a
flint meal, from Sonning, Berkshire. This was of Coniacian or
Santonian age and some of the species from this locality are not

conspecific with Jones & Hinde's original specimens. Neale (1378)

illustrated five Turonian species, all from the Holaster planus Zone,

the range data being taken from King [1968].

The first published records of lower Turonian ostracods were
made by Jarvis et al. (1988). This study included the uppermost

Cenomanian and the first twenty metres of the Turonian, from Akers

Steps section at Dover. A link was made between the gradual

extinction of species over the boundary interval and the high
positive &'°C excursion, which was thought to be a result of an

expanding and intensifying oxygen minimum zone. Twelve Turonian forms

were recorded, many of which are now known to range through the



remaining Turonian. The work commented on the very low, but gradually

increasing, diversity assemblages recovered immediately above the
Plenus Marls, suggesting that the new species were filling vacant
niches left by the extinctions. A continuation of the Cenomanian-
Turonian section (Horne et al. 1990) examined the re-colonisation of
the chalk sea after the extinction event. Twenty-eight species were
recovered, with many towards the top of the section, reflecting a
more boreal than tethyan influence. The detailed lithostratigraphy of
Horne et al. (1990) is gocod and the biostratigraphy demonstrates the
very slow increase in diversity towards the Coniacian. Slipper (1996)
has documented the ranges of the Early Turonian fauna in more detail
from the Melbourn Rock s.l. at Abbots Cliff, Dover. This shows how
the recovery after the extinction event was more rapid than
previously thought. Slipper (submitted, 1993) illustrated the ranges
of fourteen stratigraphically significant Turonian species, and
reassessed the species and ranges used by Neale (1978) which were

taken from King [1968]. Horne et al. (1995) illustrated the variable

morphology of Cytherelloidea kayeli Weaver, which first appears in the
Cenomanian and ranges through the Turonian to the Santonian. Slipper
(in press, Appended) examined the ostracod fauna across the Turonian-
Coniacian boundary from Dover, and showed how statistical clustering
divided the assemblages into two significant clusters, just below the
accepted stage boundary. A comparison of the faunas from England and
Bohemia showed a migration pathway running east to west in the Lower
and Middle Turonian, which then reversed at the Middle-Upper Turonian

boundary.

On the Continent there have been many works detailing Turonian

ostracod faunas in France (Damotte 1962, 197la; Colin 1974; Babinot
1973; Babinot et al. 1982, 1985; Colin & Damotte 1985), Germany

(Grindel 1970, 1970a), the Netherlands (Bonnema 1840, 1941) and the

Czech Republic (Pokorny 1963, 1963a, 1963b, 1964, 1964a, 1965, 1965a,



1967, 1967a, 1967b, 1967c, 1969; Pokorny & Colin 18976; Pokorny 1977,

1978, 1%9%78a, 19879, 1980, 1980a, 1980b, 1984, 1986, 1987, 1989).

The present work is the first systematic treatment of the
British Turonian ostracods and follows on stratigraphically from that
of Weaver (1982). The highest samples in the latter work are from 1lm
above the top of the Plenus Marls, in the Melbourn Rock, while the
lowest sample in this work is 1.5 metres above the top of the Plenus

Marls.



2 STRATIGRAPHY

Introduction

2.1 Definition
2.2 Lithostratigraphy
2.3 Biostratigraphy

Introduction

The Upper Cretaceous has been the subject of much attention
since the nineteenth century, and there have been many attempts at
classifying the succession in terms of both its lithostratigraphy and

biostratigraphy. The earliest approach was by Phillips (1821l) who
proposed a tripartite lithostratigraphical subdivision using the
presence or absence of flints and organic remains, this became the

basis for the division into Lower, Middle and Upper Chalk. That

scheme has been subject to many modifications and name changes, but

the underlying lithostratigraphical system is that in use today.

The earliest biostratigraphical scheme of the Chalk was achieved
. in France; the Cretaceous was divided into six stages by d'Orbigny
(1842), the upper three consisted of Cenomanian, Turonian and
Senonian. The Turonian Stage was first described from the Touraine

region in Northern France. The type area is in the Loire-Cher Valley

between Saumur and Meontrichard.

Absolute dating using Ar/3°Ar laser fusion of sanidines from

bentonite deposits, interbedded with fossiliferous sediments, has
been used in the Western Interior of America (Obradovich 1993) to

determine a time scale for the Cretaceous period. In that scheme the

Turonian Stage is given as 93.3 $0.2 Ma to 88.7 0.5 Ma. This period
of 4.6 m.y. is by far the longest duration for the Turonian so far
determined. Previous estimates vary from 1.5 m.y. (Hallam et al.
1385) to 2.9 m.y. (Haqg et al. 1987). More recently Gradstein et al.
(1994) have concurred with Obradovich (1993) with values of 93.5 10.2

Ma to 89.0 10.5 Ma, a duration of 4.5 m.y. for the Turonian.



2.1 Definition

The definition of the Turonian Stage is moving towards
ratification at the International Geclogical Congress, to be held in
Beijing in 1997. At present it remains as firm recommendations made
by the Turonian and Coniacian working groups after the last
International Symposium on Cretaceous stage Boundaries in 1995 which
was held in Brussels (Bengtson 1996). The base of the Stage is to be
defined as the first appearance of the ammonite Watinoceras devonense
at the base of Bed 86 in the Pueblo section in Colorado. The base of

the Coniacian, and therefore the top of the Turonian, is to be

defined by the incoming of the inoceramid Cremnoceramus rotundatus

(sensu Trdger non Fiege) (Kauffman et al. 1996). In the British

sections ammonites are very scarce, so the best approximation for the
base of the Turonian is the flood occurrence of Mytiloides spp. which

can be recognised internationally (Hancock 1984). At Dover the basal
beds are condensed when compared to the sections at Eastbourne, and
not all of the marker horizons are identifiable. The boundary 1is

placed at the fourth hardground above Plenus Marls bed 8, within the

Ballard Cliff Member. The top of the Stage has previously been placed

below Navigation Hardground 3 (Birkelund et al. 1984), where the

ammonite Forresteria (Harleites) petrocoriensis (Coquand) has been

found, but using the range of C. rotundatus of Mortimore (1986, fig.

12, the new proposed definition places the base of the Coniacian
slightly higher, at the level of the Navigation Marl. The subdivision
of the Turonian into Lower, Middle and Upper, though still
contentious, is becoming accepted using the ammonite zonation of
Hancock (1991). The other scheme which is still in use is the
traditional bivalve, brachiopod and echinoid division of assemblage
zones. Near the top of the Turonian, beneath the Navigation
Hardground 1 is an internationally recognisable flood occurrence of
the trace fossil Zoophycos. It is at this point in the section where

the ostracods show a diversity maximum and also a small faunal

turnover.
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Text-fig. 2.1 Stratigraphy of the Turonian Stage of

southern England.
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2.2 Lithostratigraphy
The lithostratigraphy also is in a state of flux. Since the two
schemes presented by Mortimore (1986) and Robinson (1986) for the

South Downs and North Downs respectively, there has been much

discussion as to the status of Bed, Member, and Formation names in
the Anglo-Paris Basin (Gale et al. 1987; Mortimore 1987; Robinson

1987;: Mortimore & Pomerol 1987; Mortimore 1988).

Recently Gale (1996) has erected a new lithostratigraphical

scheme for the Turonian of southern England adapting names from
Mortimore (1986) and Robinson (1986) and introducing two new names. A
comparison of these schemes, together with the biostratigraphy and
chronostratigraphy is shown in Text-fig. <.1.

In the sections at Dover, above the Plenus Marls are twelve
metres of a very characteristic bioclastic nodular chalk with

hardgrounds, first termed the "Grit Bed" by Price (1877} and
subsequently "Melbourn Rock"” by Hill (1886). This use has been

followed by Jukes-Browne & Hill (1903), Robinson (1986), Gale et al.

(1993) and Slipper (1996). Mortimore (1986), however, defines the
Melbourn Rock as consisting of only the basal hardgrounds, which are

developed over 1.2m at Dover. Gale (1996) argues for the name Ballard

Cliff Member to be used on the southern coast, restricting the use of
Melbourn Rock to Cambridgeshire, where it is typically developed. The

Ballard Cliff Member of Gale (1996) at Eastbourne encompasses the
zones of M. geslinianum (pars), N. juddii and the lowest 1lm of W.
devonense. At Dover, however, the condensation is such that the

Ballard Cliff Member is wholly Cenomanian.

The Turonian then has at its base eleven metres of nodular

intraclastic chalk which is characterised as the Holywell Member.

This contains rhythmically bedded chalks and marls with inoceramid
and microcrinoid debris. A unique horizon is the Filograna avita bed,

where serpulid worms are found densely encrusting Mytiloides shells

11



(Gale 1996). The overlying New Pit Member has at its base the
Lulworth Marl, which is characterised by absence of intraclasts and
Mytiloides shell beds. It is also rhythmically bedded, and at Dover
is nodular in the lower part. Important marker beds are the New Pit
Marls and the Glynde Marls, the first flint enters the section near
the top of the Member.

The base of the overlying St. Margaret's Member is stated by
Gale (1996) to be at the onset of nodularity, which is variable
according to location. This interpretation of the members of the

Turonian by Gale (1996) is a significant departure from previous
schemes since it decouples the gross lithologies from the marker

horizons. The members are then lithological units which may be

diachronous, rather than the schemes of Mortimore (1986) and Robinson
(1986), where the members are tied in to time lines as represented by

marker horizons; that approach results in members being correlated

beyond the bounds of their facies, and then not possessing the
features upon which they were first described. The approach of Gale
(1996) is to be preferred where members have local significance. The
St. Margaret's Member consists of nodular chalks with flaser marls
and marl seams, the first of which, the Southerham Marl can be traced

basin-wide. Flints are common towards the top of the Member.

2.3 Biostratigraphy

Gale (1996) has erected a five-fold division of the Turonian
using collected ammonites (Text-fig. 2.1). The base of the Turonian
occurs at 10cm above Mead Marl 4 at Beachy Head, at the first
appearance of Watinoceras devonense. At Dover this corresponds to a

level just above the basal hardgrounds. In the Lower Turonian there

are two further ammonite zones, a short zone defined by the

appearance of Fagesia catinus, which at Dover 1is interpreted as being
at the base of the first bed which contains abundant Roveacrinus

communis. The remainder of the Lower Turonian consists of the

Mammites nodosoides Zone. The base of the Middle Turonian is defined

12



by incoming of the ammonite Collignoniceras woollgari at a horizon
above the second abundant occurrence of Roveacrinus communis which
occurs above the Lulworth Marl. The exact position of the base of the
Upper Turonian is difficult to determine at Dover due to lack of
ammonite records, but Gale (1996) has shown the first Subpriocnocyclus
neptuni at a level between the Southerham Marls and the Lydden Spout

Flint, near to the change in lithology to more nodular horizons.
Since the Coniacian is now defined by the appearance of the

inoceramid C. rotundatus at a level above the Navigation Marl, this
leaves a short interval at the top of the Turonian of the zone of
Forresteria (H.) petrocoriense above the Navigation Hardground 3,

which was previously incorporated within the Coniacian.

The traditional scheme of assemblage zones has some parallels

with the ammonite zonation and the lithological scheme, but the
boundaries do not coincide. The lowest assemblage zone is that of

Mytiloides spp., a concept which has come to replace the zone of
Inoceramus labiatus due to the latter being diachronous across the

basin. The Mytiloides spp. Zone, spans the interval from the base of
the Turonian up to a horizon 3m above the Lulworth Marl, it extends

both below and above the M. nodosoides Zone. The Terebratulina lata
Zone extends up through the Middle Turonian and much of the Upper
Turonian to terminate at the base of the Sternotaxis plana Zone at

the Bridgewick Hardgrounds which was used traditionally as the

boundary between the Middle and Upper Chalk.
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3 METHODOLOGY

Introduction
3.1 Material
3.1.1 Localities
3.2 Experimental Techniques
3.2.1 Chalk Types

3.2.2 Processing Techniques

3.2.3 The Microwave Oven
3.2.3.1 Advantages
3.2.3.2 Disadvantages

3.2.4 Effectiveness of the Techniques

3.2.5 Discussion of Techniques

3.2.6 Quantitative study of the Assemblages
3.2.6.1 Marl
3.2.6.2 Chalk
3.2.6.3 Hardground

3.2.7 Improving the Technique?

3.2.8 Problems with Hydrogen Peroxide
3.2.8.1 Results for Cold Hydrogen Peroxide
3.2.8.2 Results for Hot Hydrogen Peroxide
3.2.8.3 Discussion of Hydrogen Peroxide Tests

3.3 Method

3.3.1 Field Sampling

3.3.2 Laboratory Method

3.3.3 Picking

3.3.4 Cleaning

3.3.5 Measurements

INTRODUCTION

Given that the Turonian forms some of the most spectacular
outcrops of Chalk on the coast of southern England, including Beachy
Head in Sussex, and the White Cliffs of Dover in Kent, it is
surprising that it has not been studied in any great detail for its
ostracod fauna. However it is the very nature of the Turcnian that it
is more resistant to erosion, and therefore able to form precipitous

cliffs, that makes it challenging for micropalaeontological work.

This chapter concentrates on a series of trials which were run
in the first year of the study, to try to discern the most suitable

method for processing the hard nodular chalks which are typical of
the Turonian in southern England. A suite of different rock types are

processed with a set of techniques and the results are analysed.

14



3.1 Material

The ostracod material described in this work from Kent were all
collected by the author between 1987 and 1982. The author has also

used material from the collection of Dr. D.J.Horne. Assemblages on

numbered slides are housed the author's collection in the School of

Farth and Environmental Sciences, University of Greenwich.

3.1.1 Localities

The Turonian Chalk is exposed in several places along the south

coast of England including the cliff sections at Beer in Devon,

Culver cliff on the Isle of Wight, Eastbourne, Sussex, and around
Dover in Kent. Initial reconnaissance samples from the two sites in

the centre of the basin (Eastbourne and Culver Cliff) have shown poor

recovery, so the current work focuses on the sections around Dover

which were the subject of the earlier study by Horne et al. (1980).

No single section at Dover is complete, but the small easterly dip in

the beds successively brings down all of the Turonian to accessible

sSites.

The sampled localities are listed in stratigraphical order. The
following information is given: locality number, geographical

location, National Grid Reference and the lithostratigraphical
position. The location of the sections are given in Text-fig. 3.1.

Detajled stratigraphical logs with sampled horizons marked are given

in Text-figs 3.2-3.4.
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Text-fig. 3.1 Location map of the Dover area showing three collection

sites of Abbots Cliff, Akers Steps and Langdon Stairs.

Locality 1. Abbots Cliff path. TR 268385. Ballard Cliff,

Holywell, and part of the New Pit Member, White Chalk Formation.
Nineteen metres from the Upper Cenomanian and lowest Turonian up to
the Round Down Marl, Middle Turonian can be sampled. The treacherous

path to this section makes sampling difficult. Text-fig. 3.2.

Locality 2. Akers Steps. TR 297394. This section encompasses 45m
of chalk between the Round Down Marl and the Southerham Marls,

including the upper part of the New Pit Member, and the lower part of
the St. Margaret's Member, White Chalk Formation. Part of the Middle
and Upper Turonian are exposed, all within the T. lata Zone. Access

to this path may now be restricted due to the Channel Tunnel

workings. Generally not in a good state of repair. Text-fig. 3.3.

Locality 3. Langdon Stairs. TR 345425. Thirty metres of chalk

from the Southerham Marls up to the Navigation Marl. St. Margaret's

Member, White Chalk Formation; all Upper Turonian, containing part of
T. lata Zone, the S. plana Zone and part of the M. cortestudinarium

Zone. Overlapping samples were taken at the Southerham Marls from

Akers Steps and from Langdon Stairs. Text-fig. 3.4.
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Text-fig. 3.2 Stratigraphy of Abbots Cliff (Gale 1996), showing

sampled horizons.
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