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CHAPTER 6

THE DISTRIBUTION OF SELECTED SPECIES AND- GENERA

6:1 Foraminifera -

~ Reophax minutus Tappan, 1940

This species was reco;ded'abundhntly in 'the Lower A;bian of
Germany and iﬁ the Upﬁér Albian éf the southern North Sea Basin.
Only a few specimens were recorded from the Albian of southern
England. This species is of limited stratigraphic value and appears

to be restricted in distribution to the northern 'Boreal' province.

Spiroblectinata annectens (Parker & Jomes, 1863)

This species ‘has been recorded throughbut the ‘Albian Stage of
northwestern Europe where Price (1977b) regarded it as zonally
significant in the M.inflatum Subzone because of its high abundanmce.
Although this species does occufrabundantly during this Subzone in
southern England it also occurs frequently in many of the samples from
the Fi to Fiii Subzones of the southern North Sea Basin. Since it
ranges throughout the Albian, changes in qbdndance of this species

can only be regarded as of limited, and very local, stratigraphic

.significance.

Arenobulimina Cushman, 1927 and Flourensina Marie, 1938

These genera have been diécussed in detail by both Carter & Hart
(1977) and Price (1977b). Both these authors proposed evolutionary
lineages for these genera which have previously been discussed, and
the 'evolutionary' sequence of Carter & Hart has largely been accepted.
The present author differs from Carter & Hart in restricting the

range of A.macfadyeni Cushman, 1936 to the Lower and Middle Albian
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while A.advena (Cushman, 1936) and F.intermedia Ten Dam, 1950 were

shown to occur in the topmost Albian.  Although A.anglica Cushman,
1936 was not formally recognised from the Albian, many of the specimens

of Arenobulimina Cushman, 1927 from the topmost Albian Subzone Fiii

could be interpreted as early forms of this species.

The present author haércpncludhd that the main piexué-of thiis
genus evolves from-ésmacfadzeni Cushman, 1936-to.é.chagﬁani Cushman,
1936 at tﬁelboundary'between the. Middle and Uppér,Albian, and from
A.chapmani to A.advena during the topmost Albian Subzone Fiii.

During Subzones Ei; Eii, and Fi, many specimens of A.chapmani

gradugliy become more coarsely grained. These are early forms of
A.sabulosa; typical quadriserial specimens of which first .appear in
Subzone Fii. In the topmost part of Subzone Fii, this species becomes
more triseria1 unti1, in Subzone Fiii, typical specimens of F.

intermedia occur. Price (1975) showed that both A.sabulosa and F,

.intermedia are of geographically limited distribution while A.

chapmani appears to have a geographically ubiquitous distribution.

In this study A.sp.cf.A.frankei Cushman,1936 was only recorded
from the Anglo-Paris Basin where it evolves gradually from the
A.chapmani plexus during the‘Eif‘Eii and Fi Subzones, with typical
specimens of this species first appearing in Subzone Fii. In the
northern 'Boreal' basins A.frankei Cushman, 1936 occurs. This form
is broader than the southern species and is closely related to the

Middle and Upper Cenomanian species P.cenomana Carter & Hart, 1977. A.

frankei, like A.sp.cf.A.frankei, also first occurs in Subzone Fii.
Freig (pers.comm.,1978) regarded P.cenomana as synonymous with A.
frankei and recorded it from the Upper Albian of Germany. It would
thus appear that A.frankei is a 'Boreal' species that only miérates
into the Anglo-Paris Basin (P.cenomana) during the Middle Cenomanian.
A.sp.cf.A.truncata (Reuss, 1844) was only recorded from the S.dispar Zone
(Upper Greensand) of Compton Bay. This form is small and stunted and

- 324 -



could be regarded as an ecophenotypic variant of the main Arenobuljmina

plexus.

The genus Arencbulimina is the most biostratigraphically

significant of all the Albian benthonic genera.

Citharinella pinnaeformis (Chapman, 1894)

This 'distinctive species was recorded commonly from the M.

inflatum Zone of the Anglo-Paris Basin, where it occurs in both the

Gault Clay and Upper Greensand facies. Both the first and last
occurrence of this species appear to be diachronous, The first
appearance is generally accepted to be during the D.cristatum(Di)
Subzone ;1though it may be as Iate-as the H.orbignyi(Dii) Subzone.
The last appearaﬁceof'this-species varies from early C.auritus(Ei)
Subzone to early S.dispar(Fi) Zone. No specimens were recorded from

the southern North Sea.Bésin.

Globigerinelloides bentonensis (Morrow, 1934)

~

This species was regarded as zonally significant by Price
{(1977b) who recorded it occurring abundantly in the upper part of the
C.auritus Subzone and throughout the S.dispar Zone. Kemper (1973)

noted that during this time interval in West Germany Aucellina

coquandina suddenly appears which led Price (1977b) to conclude

that the first appearance of these two species was associated with a
'Boreal’ advance.

Both the present author (figs. 8:6, 8:13) and Magniez-Jannin
{(1975) have clearly illustrated that this species only occurs in
abundance within the S.dispar Zone of northwestern Europe. More
specifically it only occurs abundantly during the M. (M.)rostratum
Subzone. This 'flood' appearance is marked by a complementary

decrease in the abundance of H.delrionensis. G.bentonensis has been
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recorded from southern England, France, Germany, and the southern
North Sea Basin,

Burnhill (in press) has used this species in his zonal scheme
for the northern North Sea Basin where he described it as typical
of the.lépgﬁéyyian and showed it to have a first occurrence 'downhole'
in the late Albian (which is equivalentvto.Biohorizon 8). This
biohorizon was clearly defined' in the Clyndebournewborghole, at East
Wear Bay, in the M.25 borehole }6[3, at Speeton, Melton and Hunstantonm,
and in the Shell/Esso boreholes, 49/24-1 and 49/19-1. However, this
species has been recorded sporadically from the higher zones of the Gault
Clay and' from the Cenomanian, although, it has not been recorded 'in .
flood' from -these horizons.

The first occurrence 'uphole" of G.bentonensis "in flood' also
appears to be.consistent in the Anglo-Paris and southern North Sea
Basins, At East Wear Bay bay éhis horizon occurs at the
base of Bed XII while at.Gylndebourme it occurs slightly abovelthe
base of the S.dispar Zome. It is_also,.cleﬁrly defiﬁed in
the M25 borehole 16/3, at Speeton, Melton, and Hunstanton.

The first and last appearances of this species 'in flood' have
thus been interpreted as significant Biohorizons which can be
correlated across northwestern Europe. Within the §:é13235 Zone
Biohorizon 7 is'interpreted-as the time equivalent of the base of the
M. (M.)rostratum Subzone while Biohorizon 8 occurs near the top of this

Subzone.

Robertinacea Reuss, 1850

Within the Albian Stage of northwestern Europe the genera
Epistomina Terquem, 1883 and Hoeglundina Brotzen, 1942 show marked
limitations in their distribution both vertically and laterally.

Price (1975) showed that the distribution of E,sginulifera
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(Reuss, 1863) and: E.polypioides (Eichenberg, 1933) were mutually
exclusive and also. recorded that Magniez-Janrin found E.polypioides in

the Aube region of France. HoWever, Magnfez—Jannin (1975) assigned

her specimens to E.spinulifera. .E:EBinulifera is here regarded as a

very variable species with which E.polypioides is synonymous. Only

the closely related species Epistomina sp.A. sp.nov. has been separated
froq this plexus. . |

Lambert &‘Scheibnerové‘(I974)‘n0ted'the limited distribution
of the genus Epistomina in the Albian which Price (1975) correctly
regarded as being the result of environmental control (especially
temperature and facies). Thiﬁ‘variatiqn in distribution is illustrated
by the poor robertinacean fauna of the Southern North Sea and Saxony
Basins, while the Middle Albian clays of southern England contain a
rich robertinacean fauna. However, a marked vertical change in the
population was also recorded in the Middle and Upper Albian of
southern England which is illustrated by a gradual decline in
abundance of the Robertinacea (Carter & Hart, 1977) during the basal
portion of the Upper Albian (fig. 8:12), and their last appearance in
thexﬂiﬁaficosum Subzene. This graddal decline can be directly
related to the increase in depth proposed (fig. 7:1), and therefore,
their distribution must also be partially controlled by depth. The
preservation of this group is markedly facies controlled and their
preservation potential in clay appears to decrease with the increase
in the amount of carbonate inthe sediment. These views contrast with
those of Price (1975) who regarded the distribution of these species to
be largely the result of temperature control, and who regarded poorly
preserved specimens to be the result of reworking. There is no

evidence to suggest extensive reworking of the microfaunal populations

of the Middle and Upper Albian.
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6:2 Ostracoda

Cytherelloidea Alexander, 1929

The ‘C.chapmani (Jones & Hinde, 1890) plexus exhibits variation

. in the‘degree of inflation and the distribution of ribs both

geographically and stratigraphically. In southern England 'typical'
specimens of E.chagmani‘occur‘in'thé Middle Albian. - This species

is replaced stratigraphiéally at the Middle/Upper Albian boundary by
C.stricta (Jones é Hinde, 1890) which first appears 'in the D.cristatum
Subzone.  C.chapmani re*appeafs in the E}varicosum Subzone and basal
portion of the E}aufitus Subzone. C.kayei Weaver, (MS.) evolves

from this species in the §,disgar Zoné. Palaeoecologically,C.stricta
appears to be an open marine species which only occurs‘ra;elf in more
restricted marine conditions and exhibits a relatively constant

morphology, while.g.chagmani occurs ubiquitously in restricted marine

-~.and open marine:environments but exhibits changes in degree of rib

inflation and rib position.
C.globosa Kaye, 1964 occurs rarely in the Upper Albian and
lowest Cenomanian and is normally found in association with sandstone.

No specimens of Cytherelloidea were recorded from the marginal

Lower Albian. During the Albian species of this genus showed

preference for an open marine enviromnment.

Bairdia pseudoseptentrionalis (Mertens, 1956)

This species was only recorded abundantly from the S.dispar Zome
of the Anglo-Paris Basin. It has also been recorded from the C.
auritus Subzone of southern England and. from the basal Upper Albian
of the southern North Sea Basin. This species prefers an ‘open

marine' environment.
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Cornicythereis Grundel, 1973

Several of the .species of this genus exhibit marked variation

in size during the Albian and this has already been,diScusQed with

regard to the C.cornueli/C.larivourensis plexus (Chapter 5). It was

suggested that EflariVOUrensis;OCCurreB'in the deeper water, clay
facies, where it became smaller with increasing dEpth; and.tha;hg.
cornueli was predominantly. a marginal marine species, The larger,
closely related form, C. spfaffﬁggcornﬁeli, was recorded from the
marginal sediments of the Upper Greensand. The Upper Albian
speciﬁens of Stchépinsky (1954) from the marginal Upper Greensand
facies (Upper Albian) were recorded in the original diagnosis of C.

cornueli. In this study these forms were included within C. sp.aff.C.

cornueli to separate them from the typical Lower and lower Middle

Albian specimens of this species.

The two species C.bonnemai and C.larivourensis have mutually

exclusive geographical distributions. The former species has been
recorded ubiquitously from the Upper Albian of the northern 'Boreal'
province and the latter species from the upper Middle and Upper Albian
of the Anglo-Paris Basin.

This genus has a relatively ubiquitous distribution both
stratigraphically and geographically during the Albian and specimens
have been recorded from all of the major Upper Albian sedimentary
facies. The species C.cornueli and C.gatyensis are limited in
distribution to the marginal clays of the Lower and lower Middle

Albian of . the Anglo-Paris Basin. In contrast, thé species C.

larivourensis and C.bonnemai both occur most abundantly in samples
with a high percentage of planktonic foraminifera and may, therefore,

prefer more open marine conditions.
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,Cytherengglabre}la Triebe1, 1940 and Mandocythere muelleri

Grindel, 1964 | |

Both these species have been recorded by Grundel from the Gault
Clay of East Germany while in the southern N;rth Sea Basin they were
recorded from ‘the Upper Albian (Red Chalk). These species are
limited in distribution to the colder 'Boreal' province where they are

of limited stratigraphic significance.

Cythereis hiruta, Damotte & Grosdidier, 1963; C.reticulata

(Jones & Hinde, 1890); C.folkestonensis Kaye, 1964; C.

‘thoerenensis Triebel, 1940

This plexus of c¢losely related species evolved during the

Albian with the most stratigraphically significant sPeciés, C.

folkestonensis, only occurring in-Subzones Dii to-Ei of southern

‘England. A complete spectrum of intermediate forms occur betweea this

specieS‘ﬁnd C.hirsuta from which it evolved, and a complete Spéctrum

of intermediate forms exist between the Lower and lower Middle Albian
species, C.reticulata, and the upper Middle and Upper Albian species,
C.hirsuta. However, in the northern 'Boreal’ province C.reticulata
was recorded throughout the Albian, co-existing with g,hirsuta.during
the Upper Albian (Grundel, 1966) . Thus, while E.retiéulata appears

to prefer the marginal marine environment during the Middle Albian of
southern England, it occurs at various depths throughout the Albian

of the northern 'Boreal' province, indiéating that temperature must also
be an important factor controlling the distribution of this species.

E.thoerenensis was first recorded from g.disgar Zone of

southern England. This species is also closely related to C.hirsuta
from which it evolves in the Eii Subzone. However, it has not been
recognised by many Albian workers and its distribution in northwestern

Europe is uncertain.

This plexus of species occurs more abundantly in the deeper

water facies of the upper Middle and Upper Albian.
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Cxthéreis ex.gr.C.lurmannae Triebel, 1940

This taxonomically complex species is variable in size,
‘dimorphism, and ornamentation. In the Uppér Albian. it becomes
smaller an& shows a tendency to lose its pfimary surface-reticulatibn.
Tﬁe‘extreme example of this occurs in the topmost Albian;of_the |
southern North Sea Basin '(Red Chalk) whére the secondary surface
retic&lation has also been lost. The variation of this .species has
previously been discﬁssed.in‘relation to thé subspecies define&*by
Kemper (1971) and several conclusioﬁs regarding the ecological
parameters controlling the taxonomically sigqifiéant morphological
features éan be made. ‘Firstly, this speciéé becomes smaller and less
strongly reticulate in deeper water. It also tends' to lose the surface
reticulation compteteiy in marly or chalky facies. Secondly, the sub-

species C.l.bemerodensis, which Kemper (1971) recorded from the topmost

Albian of Germany, was not recorded from the Albian of southern England.
However, it was recorded from the Cenomanian of southern England,
-iftdicating that this is a cooler water form which migrated into
southern England dufing the Cenomanian Stage from the "Boreal' northern

province.

Isocythereis Triebel, 1940

Both the ornamentation and size of Esfissicostis Triebel, 1940
gradually change during the Middle and Upper Albian of souéhern England.
This variation has also been documented by Grundel (1966) in the Gault
Clay of East Germany. In southern England both these species - first
appear in association with the first occurrence in abundance of
planktonic foraminifera and both range through to the late Albian.

They appear ubiquitously across northwestern Europe but appear to
prefer the Gault Clay, 'open sea', facies. The last appearance of

these species is an important marker for the Albian/Cenomanian boundary.
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Isocythereis sp.A.sp.nov. and Isocythereis sp.B.sp.nov. were

only recorded from the marginal (Upper Greensand) facies of Seaton Bay,

Devon and they obviously prefer a shallow water, high energy

environment.

.Platycythereis Triebel, 1940

Several species of ithis genus show marked variation in size

during the Albian. Platycythereis sp.A.sp.nov.,which is ubiquitously

distributed‘across Europe, shows: a marked .decreasé in size during the
Middle and Upper Albian of southern England. é,gaultina‘(Jongs, 18@9),
a species which appears to be stratigraphically and geographically
limited in distribution to the Gault Clay facies, also shows a marked
decrease in size during the Middle and Upper Albian.

In southern England P.laminata Triebel, 1940 was only recorded
from the lower part of the Middle Albian before the first occurrence
in abundance of planktonic foraminifera. It therefore appears to
prefer a shallow, restricted, marine enviromment. ©P.chapmani. Kaye,

1964, which mainly differs from P.laminata in- frill morphology, was

J only recorded from the S.dispar Zone and rarely from the lowest

Cenomanian. It occurs in association with large numbers of planktonic
foraminifera and thus appears to prefer a more 'open water' marine

environment.

0f these species, only Platycythereis sp.A. sp.nov, was recorded

comonly from the Cenomanian of southern England (Weaver, MS.).

Protocythere lineata (Chapman & Sherborn, 1893) and

Protocythere striata (Grindel, 1966)

The distribution of these species indicates that they are closely
related both geographically and stratigraphically. P.lineata becomes

smaller, less inflated, and has more sharply defined ribs during the
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Middlé and basal Upper Albian of'southern(England and it évolves into‘
P.striata during the C.auritus Subzone in southern England. In the
southern North Sea Basin and in East Germany (Grundel, 1966) the
evolutionary change from E;liﬁegta‘to P.striata appears to occur
stratigraphically earlier. In the southern North 'Sea Basin this
transition occurs as early as the basal Upper Albian while in East
,Gérmany Griindel recorded this transifipn in the middle part of the
Middle Albjan. The transition BetWeen these two speciés is probably
temperature controlled andsg:sttiata is probably the colder water of

the two species.

Mandocythere lapparenti Damotte & Grosdidier, 1963

This species was recorded from both the Gault Clay and Uppef
Greensand facies, it ranges from H.varicosum Subzone to the S.dispar -

Zone and only occurs commonly in association with the 'flood' of G.

bentonensis during the basal part of the S.dispar Zone. It would
therefore appear to prefer a cooler water environment. This species

has only been recorded from southern England and the Paris Basin.

Clithrocytheridea aff. Haplocytheridea nana Triebel, 1936

This species was only recorded abundantly’from the Lower and
lower Middle Albian of the Anglo-Paris Basin and it thus appears to
prefer a shallow, restricted, marine environment. A similar, but
smaller form of this species occurs sporadically in tﬁe S.dispar Zone

and in the Cenomanian.

Eucythere trigonalis (Jones & Hinde, 1890)

This species was only recorded from the Upper Albian of southern
England where it first occurs in the D.cristatum Subzone, In southern
England it was neither found occurring in association with E.solitaria
Triebel, 1940 nor was recorded from the Cenomanian. However, previocus
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workers have recorded it from the southern North Sea Basin and from East

i ' . . — . . .
Germany, normally occurring in association with.E.solitaria.

Pseudobythocythere goerlichi Mertens, 1956

This sﬁecies:was only recorded abundantly from the Lower‘Albian
of Germany. It was also recorded spofadically from the Speeton Clay-
(Lower-7Middle Albian) of the southefn North Sea Basin. It has only

been recorded from the northern 'Boreal' province.

6:3 Evolutionary trends

The .changes in the populations of foraminifera and Ostracoda
have already been discussed -with respect to Albian biostratigraphy2
while the 'evolution' of individual species has been discussed in ﬁhe
taxonomic sgctions.

Many genera and species exhibit drastic changes in their ;ize
and ornamentation during the Albian Stage of southern England while
many species also exhibit fhese changes geographically. In southern

England, the genera Arenocbulimina and Hedbergélla have been shown to

increase their test size during the Albian while species of the

genera Cornicythereis, Platycythereis and Protocythere generally

decrease in size. With the exception of species which are limited
to shallow-water, marginal marine facies, the bulk of Albian
foraminifera show a significant increase in test size during the
Middle and Upper Albian, while the majority of Ostracoda exhibit
marked decreases in their carapace size. The increase in size of
specimens of Hedbergella has already been suggested to be
predominantly the result of an increase in the nutrient supply.
This ecological parameter is inexorably inter-related with the
general increase in depth, stratigraphically, of the Albian Sea.

Indeed, the rate of increase in size of many of the species of
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foraminifera, and the decrease in size of Ostracoda can be directly

related to this increase in depth. Although most species of

Ostracoda exhibit this decrease in size, iboth C.cornueli and V.

florentinensis: are larger in size in the marginal Upper Greensand

F
facies. - Thus, it appears that depth/temperature is the fundamental

parameter controlling the size of species and that many species are

larger in shallower (warmer) water. Whatley (pers.comm., 1978),
stated that in non stenothermal (i.e.widely eurythermal) species, an
almost inevitable increase in size with incrgasing latitude occurs.
He also suggested that a general diminution in size in species of the
genera concerned in the Albian might be rela@ed to‘alshift in climatie
belts. ° Neale (pers. coﬁm., 1979), suggested a similar control of‘the
size of species. Thus, it appears that the major ecological parameter
controlling the size of Recent ostracod species is tdnﬁerature, with
species increasing in size with incfeasing latitude (decrease in
temperature). However, the decrease in size of Albian species should
indicate an increase in temperature, stratigraphically, during the
Albian which both the planktonic foraminifera and oxygen isotopic
analysis indicate.

While the morphological change, especially in size, of the
foraminifera is invariably gradual and very closely related to the
change in depth, the changes in morphology of the Ostracoda are both

gradual and rapid. C.larivourensis, Platycythereis sp.A.sp.nov.,and P.

lineata all exhibit gradual morphological changes stratigraphically

during the Albian, while the C.hirsuta/reticulata/thoerenensis plexus

changes both gradually and in a series of evolutionary 'jumps' which are
approximately half the value of the size ratioc of instars indicated by
Copes Rule. C.ex.gr.C.lurmannae exhibits a very great degree of
morphological variation during the Albian and generally becomes

smaller with less reticulation.
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The 'evolution' of the fqraminifera'and-Ostraéﬁda'is also discussed
in the following section in relation to the change in depth (stratigra-
phically) of the Albian sea. This shows that the occurrence of
'dwarfed' specimens and large specimens (similarly to Recent examples)
is related to the .ecological tolerance of species and to the stabilitﬁ of
the environment. Thus, many of the Middle Albian-sﬁecies of southern
England may merely be ecophenotypic variants in‘restricted‘marihe

environments of species that are typically open marine.

6:4 Faunal Provincialism

Price (1975, 1977b) has already illustrated the difference
between the Lower Albian faunas of the Saxony Basin and of the Aube
region of France. He concluded that these marginal marine areasv
possessed isolated faunas because of a lack of large scale circulatory
movements, and suggested that this was due to these basinal areas
being semi-enclosed seas. In thisstudy, the situation has been
clariffed, and it has been shown tha; ;he German basin was mainly
vinfluenced by a contact with the southern North Sea Basin and that
the Parié basin was mainly influenced by the connection with the
Tethys to the South. Thié 'Boreal' influence continued throughout
the Albian in the northern province as did the 'Tethyan' influence
in the Anglé-Paris Basin.

As the Albian sea deepened during the Middle Albian the clay
facies béecame the dominant lithology in the basinal areas and the
connection between the northern and southern basinal areas was greater.
The presence of F.washitensis in the Middle and lower Upper Albian of
the Anglo-Paris Basin and the absence of this planktonic species in
the northern Boreal province indicates that, at this time, a marked
barrier still existed between these two faunal provinces. However,

during the basal portion of the Upper Albian there is evidence from
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the hgdbergeﬁlid-population that there was a major'connectionjbetween
the two basinal areas. The major transgressive phase during the H.
varicosum Subzone inéreased the connection betwéen the two Basinstand
résuﬁted in both the planktonic and benthonic. populations showing
greater similarity. Indeed, by the S.dispar Zone, the stratigraphic
distribhtion‘of ggbentonensis appears to be identical in the Anglo-
Paris, southern North Sea, German and northe;n‘North Sea Basins.
However, even in the Upper Albian, the benthonic populations still
reflect the sedimentary facies, palaeolatitude and depth of habitat.
The distribution and majdr'chaﬁges'in the microfaunal
populations of the Albian can be related to the depth model for the
bagin at this time (fig; 7:1). This schematical diagram illustrates
the distribution of certain groups in relation to depth. Three dépfh
provinces have tentatively.been suggested: shallow marginal marine,
restricted marine and open marine. 'The'shallow marginal marine’
province is typified by low specific diversity, dominance of the
Lituolacea and lack of planktonic foraminifera. The'restricted
marine'province is dominated by the Robertinacea with large numbers of
small Cassidulinacea and small numbers of planktonic foraminifera.
In addition, many dwarfed specimens of typically'open marine'species

are present while the species S.asperula and B.textilarioides are limited

to this province, and the genera Cythereis, Schuleridea and Cytherelloidea

first appear. The'open marine'province is characterised by an increase

in abundance of miliolids and specimens of the genus Arenobulimina.

Planktonic foraminifera form a high percentage of the population while
the Nodosariacea are larger in size and also form a higher percentage

of the population. B.pseudoseptentrionalis, and many small species

of Ostracoda (Eucytherura,?Loxoconcha, Orthonotacythere) first appear.

This association of small species of Ostracoda with increasing depth

is even more noticeable in southern England at the mid-Cenomanian
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non sequence, when many of the remaining large species of Ostracoda
disappeared (Weaver, MS.). -This change in the ostracod population is
probably related to the increase in depth across this horizon (Bailey
& Hart, 1979).

Both foraminifera and Ostracoda exhibit greater species diversity
in the 'open sea' proyince than in the marginal marine province.
Also, in thé‘open=marine environment, the fbrgminffera appear to
become larger while there is‘a complementary decrease in the size of
many species of Ostracoda.

jSédimentary facies are also an important factor in determining
the distribution of species in the Albian. The ked Chaik facies,
which has already beeﬁ discussed, and the Upper Greensand facies are
the best examples of this. All the recorded populations from the
Upper Greensand show ﬁarkedrdifferences from the stratigraphic
equivalents in the Gault Clay. However, there afé also markedly
different faunas within the Upper Greensand facies with the
populations from Compton Bay and Cauville showing greater affinity to
the Gault Clay populations while those of Seaton Bay, Devon show very
little affinity to eithervthose of the Upper Greensand further to the
East, or to the Gault Clay populations. A similar fauna to that
recorded from Seaton was recorded from Pinhay, Devon by Kaye (1965)
indicating that a distinct faunal province is present in the Upper
Greensand of Devon, the fauna probably indicates a high energy,
shallow, open marine environment,

Price {(1975) described several Albian biogeoprovinces which he
defined by utilising planktonic foraminifera. These he interpreted
as indicating a mobile Tethyan/Boreal interface associated with a
gradual warming during the Albian. The present author has already
discussed the change in the planktonic populations and has shown that

these largely indicate a change in depth, which in shallow epicontinental
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shelf seas, is a major factor controlling the distribution of planktonic

foraminifera. This has been clearly illustrated by Hart & Bailey

(1979) and Hart (1980) whose depth interpretation models for Albian
planktonic foraminifera have shown the‘reiatiAn;hip betwéen depth
habitat and the first appearance of species. This factor, in the
Cretacegﬁs shallow epicontinental seas, .controls distribution of
planktonic species more than temperature. However, changes in the

ostracod populations .could be interpreted as supporting - the

gradual warming which Price (1975) suggested.

The distribu;ion of the planktbnic species (based on the
Glyndebourne borehole) recorded in this study have‘been‘ihterpre;ed
as- indicative of shallow-water forms (with the exqéptioﬁAof.E,harrisi
and H.moremani which are probably slightly deeper water forms).

Because of the complex relationship between depth and ‘temperature in

controlling the distribution of planktonic species only a tentative

‘model of biogeoprovinces of planktonic foraminifera is proposed in this

account. These, when defined, should not be. based on information from

shallow epicontinental sea sediments.
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CHAPTER 7

" PALAEQECOLOGY

‘The study of Receut-microfaunam‘populatibns has indicated that
many eCological;ﬁarameters influence the distribution and morphoélogy

of species. Some of these parameters are discussed separately below.

7:1  Depth

‘Many models have been proposed*which attempt to estimate the
relative and absolute depth of the Albian Sea. The models for
relative depth are mainly based on lithological evidence while those
for absolute depth are mainly based oq,palaeohtological evidence.

Several of the early Albian workers such as Price (1874) and
Jukes—-Brown & Hfll (1900) appreciated the shallow marine nature of the
Albian sea in southern England. They suggested depths, based on
Mollﬁsca, of 100 fathoms, and between 150 and 180 fathoms respectively.
Chapmgn (1898) was the first to appreciate that the Upper Albian was

deeper than the Middle Albian and (based on foraminifera) suggested °

‘depths of 830 fathoms for the Lower Gault and 860 fathoms for the

Upper. Khan (1950), suggested a more reglistic depth of 180 fathoms
for the Gault Sea 6f southern England, he also noted that this tended
to confirm the view of Jukes-Brown & Hill (1900). The most recent
publication to suggest absolute depths for the Gault sea was Rosen
(1977), who based his conclusions on hermatypic corals. He proposed
a depth of 0-45m. for the Haldon Coral bed and a depth between 90 and
250m for the Gault Clay of Folkestone. This latter figure is shallower
than the figures proposed by the eéfly workers. In the present study,
the plankteonic:benthonic ratio has been utilised to propose both the
absolute depth and the relative changes in depth of the Albian Sea at
Glyndebourne. This is discussed more fully in the-next section

where depths of 100-200m for the Middle/Upper Albian and 200-300m.
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for the S.dispar Zone are proposed.

The relative depth of the Cretaceous Sea has been discussed by
many authors during the last decade. Hays & Pitman (1973),
»deﬁons;rated the relationship (quaptitatively) between plate tectonics,
the volume of the mid-oceanic ridges, and the relative depth-&f the
Cretaceous Sea. | They proposed a major pulse of rapid spreading, at
most of the mid-oceanic ridges between 110 and 85 M.a., to explain the
gradual deepening of the sea throughout the Albian Stage. The later
models of Cooper (1977) and'Hancqckf&fKauffman (1979) proposed detailed
models for Albian transgressionS‘andiregressions based essentially on
sedimentological evidence, and also provided independent evidence as
to the presence and the nature of tﬂese‘transg;essions-and‘regressiohs.
However, Cooper and Hancock & Kauffman differ markedly in their
interpretations with Cooper suggesting ' two major transgressjvé;phases
and three major regressive phases, while Hancock & Kauffman proposed
one‘major transgressive phase with several minor regressive phases.

Further independent evidence indicating the transgressions and
regressions of the Cretaecous has been obtained from the morphological
tfpeé of planktonic foréﬁinifera. Hart & ﬁailey (1979) propose&‘depth
habitats for several of the Cretaceous planktonic foraminifera by
comparison to Recent species. By comparing these depth habitats and
the first occurrence of species, a depth model was proposed for the
mid-Cretaceous of northwest Europe, in which they suggested that during
the Albian a major deepening phase occurred at the level of the D.
cristatum Subzomne. This.was followed by a regressive phase which
continued throughout the majority of the M.inflatum Zone, a minor
regression at the end of this Subzone, and a further, larger,
transgressive phase in the S.dispar Zone, up to the level of the
'Glauconitic Marl'. In the present study, planktonic foraminifera

have already been utilised in the definition of a number of Biochorizons
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from the Glyndebourne section. These Biohorizons were defined mainly ;ﬁ
the change in the population of»hedgergellids and ‘the ﬁariatipn.in'the
planktonic/benthonic ratio. Both the morphology of individual species
and the planktonic/benthonic ratio have been showﬁ; by a'sucgession of
publications on Recent planktonic faraminifera«CESpecially'Boltovskoy'
& Wright, 1976; BE, 1977), to be ﬂirectly related to the enviromment.
The planktonic/benthonic ratio in shallow marine conditions>haé been
shown to be a direct function of depth, the larger ratios occurring in
deeper water. This information has been utilised in the following
interpretation of the depth. of the Albian Sea which is based on ‘the
Glyndebourne borehole.

The first occﬁrrence of planktonic foraminifera at Glyndebourme
is during the middle of the A.intermedius Subzone and is thought to
reflect a rise in sea level. After this horizon planktonic
foraminifera were recorded throughout the section. The next major
increase in the number of planktonic individuals was recorded at the
base of the D.niobe Subzone, which is also iﬁterpreted as 'indicative
of a rise in sea level. From this horizon, which has a P/B ratio of
1:10, the number of planktonic foraminifera in the population graduﬁlly
increase to the top of the H.varicosum Subzone which has a P/B ratio of
1:1. At this horizon the most marked deepening occurs. There was a
marked drop in the P/B ratio during the C.auritus Subzone which may
indicate a lowering of sea level or a stillstand. This was closely
followed (topmost C.auritus Subzone) by a large increasé in the P/B
ratio to 4:1. This ratio was also recorded throughout the S.dispar
Zone with the exception of the M.rostratum Subzone which has a much
lower P/B ratio. This drop was largely due to the cooling of the
surface water and is probably not related to a change in water depth.
The. ratios obtained for the Middle/Upper Albian boundary and for the

topmost Albian of the Glyndebournme borehole are similar to those
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obtained by Carter & Hart (le?) and' Price (1977b). These may indicate
depths :(tno'lcovékoy: & Wright, 1976) of about 100-200m . for the Middle/
Upper Albfan boundary and between. 200 and BOQLmE for the topmost Albian.
The‘LowerlandIMiddle-Albian sea in southern England was shallower thaﬁ-
100~200m.

If it is assumed that the planktonic/benthonic ratio for the
Glyndebourne borehole is a direct reflection of the dépth of the
Albian, Sea, then this interpretation (fig. 7:2) is very similar to
that prqpbsedvby Hancock & Kauffman'(1979). It differs only in
dating the‘majét‘Upper Albian transgressive phase as H.varicosum sub-
éonal age,and not of H.orbignyi subzonal age as Hancock and Kauffman
suggested.

During the Albian of southern England the sea gradually deepened
with a minor shallowing or stillstand phase duriné the~£;aUritus Subzone,
The depth of the sea changed from less than 100m. in‘éhe‘Lower and

lowest Middle Albian to a maximum of 300m.- in the topmost Albian.

7:2 Temperature

Several attempts have been made to estimate the palaeotemperature
of the Aptian, Albian, and Cenomanian Stages. These have either
utilised the oxygen isotope method or have been based on a comparison
of the faunas of those ;tages with those of the Recent.

From the oxygen isotope data (L;wenstam & Epstein, 1954; Boweﬁ,
1961) it can be concluded that the water temperature ranged betweén 20
and 25°C for the Aptian and Albian Stages of northwestern Europe.

This information also appears to indicate that the Cenomanian Stage
was markedly cooler and that this change did not occur until after the
deposition of the Cambridge Greensand (lowest Cenomanian).

Douglas & Savin (1978) applied the oxygen isotope method to

Cretaceous planktonic foraminifera and proposed a depth stratification
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of Cretaceous planktonic foraminifera. They also showed that there
Qas a consistent relationship between the shell morphology of species
and' their depth habitat at least back into the Cretaceous.

During the Albian of southern England the species diversity of
planktonic foraminifera gradually increases, In the Recent seas. this
increase in diversity has beeh‘shown to: be directly related to a
decrease in latitude, the: higher diversity faunas occurring nearer the
equatorial regioms. This evidence was used by Price (1975) to
propose an increase in temperatute.duting‘the élbianu However, this
iﬁcrease in species=diyersi;y of the,plankfonic foraminifera during the
Albian of southern England has, in the preceding section, been shown to
be mainly the-result.ofnaﬁ‘igcrease in the depth .of the Albian. Sea.

The relationship between species diversity and temperature is difficult

to estimate when the depth of the. shallow eﬁicontinentalgseas also changes.
This is especially true in the topmost Albian (g;auritus Subzone to the
Cenomanian) whgré the increase in spécies diversity of the planktonic

fauna is directly related to the appearance ‘of an'open sea' environment,’
which is the result of a marked increase in depth during the H.varicosum
Subzone. o

Two Albian planktonic species have been interpreted as
indicative of changing temperature; F.washitensis and G.bentonensis,
F.washitensis was recorded sporadically in the Glyndebourne section
ranging from the base of the Q,EiEEE-Subzoné to the H,varicosum Sub-
zone. G.bentonensis was recorded abundantly from the M.rostratum
Subzone and rarely in the higher Albian Suﬁzones. These species
have both been recorded commonly from northwestern Europe and have been

used to interpret the depth of the Albian Sea. Both F.washitensis

and H.delrionensis have homeomorphs in Recent oceans. The distribution

of these recent species was discussed in detail by Be (1977), and these are

documented in the following table:-
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Albian Species Recent Homeomorph Habitat

(Globigerina falconensis mainly Subtfopical
« - )

H.delrionensis (¢ (18-24 °C)

- (
(Globigerina quinqueloba Subarctic, in upper

50m. (18-0 °C)

(Globbquadrina'dutertrei ‘Subtropical/transitional;
: ¢ -
F.washitensis  ( 50-150m., 24-10 °C.
( . . o
(Globigerina rubescens 'Tropical/Subtropical;

top 50m. (18-30 °C)

If these four species are considered (due to their similar
morphology) as functional homeomorphs of the Albian species then:
F.washitensis should be considered a Tramsitional to Tropical water

speciesu(O-ISOm.-depth;lo—SOQC)-and‘gadelrionensis should be a cooler

water'and‘more.uhiqﬁitously distributed species than E,washiténsis..
From the stratigraphic and geographic distribution of F.
washitensis, and a comparison to the distribution of G.rubescens in
Recent seas, a surface water temperature between 20 and 30%C is
proposed fér this species in the Albian. The less reticulate’
specimens of F.washitensis are similar in their ornamentation to the
modern species G.dutertrei and may thus be.indicative of Subtropical
to Transitional waters (10-24°C). Both strongly and weakly
reticulate forms of F.washitensis occur in the Glyndebourne borehole.
These forms have a distinct stratigraphic distribution with the strongly
reticulate forms occurring most abundantly during the D.cristatum and
H.varicosum Subzones. This increase in strongly reticulate forms of

F.washitensis is associated with a decrease in numbers of H.delrionensis.

Many specimens of this species have lost much of their surface

ornamentation and this change in morphology of the H.delrionensis

population is associated with an increase in the abundance of H.planispira.
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The occurrence of the strongly reticulate specimens of Fiwashitensis
is, therefore, regarded as: indicative of a warming of the-surface water
during these Subzones. This temperature increase is also reflected

in the abundance and morphology of-H.delrionensis which, in southern

Englland;, nears its ecological limit during these ‘Subzones and is
partially replaced in the population by H.planispira, which does not
appear to be effected morphotogfcally by ‘this increase in temperatuté,
The last occurrence of F.washitensis in the H.varicosum Subzone is
associated with a large increase in abundance of pwanktonic‘fotaminifera,

especially of H.delrionensis. This is associated with a marked

increase in size of the H.delrionensis' population:

The distribution of_E:bentonensi§‘within thé S.dispar Zone has
bee; intenﬁteted by Hart (1973a)'an& Price tléT?b) as indicative of a
cooling period. G.bentonensis first occurs in abundance during fhe
early part ofréhelﬂ,rostratum Subzone and ranges 'in flood' through
much- of this Subzone and sporadically through the later Subzones and
into the Cenomanian. Masters (1977) showed that this species also
occurred commonly in the Tethyan region. If the appearance of this

species, which is also associated with the first appearance of

Ticinella primula, Schackonia cenomana, and S.multispinata (see Price

1977b), and an increase in abundance of G.harrisi, and H.moremani,
is considered to be directly related to this increase in diversity
of the planktonic foraminiferal fauna, then a marked increase in
water temperature would be indicated (35,1977). However,

with the exception of G.bentonensis, which is here regarded

as a shallow water planktonic species (e.g. the presence of this spécies
at Melton and Humstanton), the first appearance of these species is
mainly controlled by the increase in depth during the Upper Albian and
not by temperature, If only the shallow water planktonic species are
considered then the following temperature model can be constructed

based on the distribution of species in northwestern Europe:-
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Biogeoprovince I Strdngly.reticuTate-specimﬂns of E;WAshftensis,

c.24% rare poorly hispid H.delrionensis, abundant

H.planispira.
Biogeoprovince II  Poorly reticulate F.washitensis, abundant

H.delrionensis and H.planispira. .

Biogeoprovince III Abundant.ﬂ;delrionensis and Efglanisgira.

Biogeoprovince IV  Abundant E.deitionensis,,rare H.planispira.

Biogeoprovince V Abundant G.bentonensis, moderately common
cr18°c E.delrionensis, rare E.Elanisgir .

These biogeoprovinces indicate a cooling in the topmost Albian
wvhich corroborates with the oxygenisotope-- results of Bowen (1961).
“This cooling Was-most”ﬁérked'durinthhé;E.rostratmmSubzone.

The coiling ratio of the species H.delrionensis and H.planispira

was - also recorded for the Glyndebournme borehole. For both

species a ratio of 1:1 was recorded (fig. 8:12) throughout the Middle _
and Upper Albian indicating that the coiling ratio of these species
during the Albian-did not vary with variation in temperature.

The stratigraphic and geographic distribution of the planktonic
foraminifera in the Albian of northwestern Europe indicates that there
were substantial changés in the temperature of the surface water during
the Albian. Both F.washitensis and G.bentonensis are important

indicators of palaeotemperature.

7:3 . Nutrient supply

Be (1977) showed that the test size of G. sacculiferer (Brady, 1877)

is a direct function of the nutrient supply in the surface waters - the test
size increasing with increasing nutrient supply. During the Albian
of southern England two marked changes occur in the size of the H.

delrionensis population (figs.4:4=4:7). The first occurs during the

E.meandrinus and the E.nitidus Subzones, while the second-occurs in
the mid-H.varicosum Subzene and continues into the Cenomanian. These
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may indicate-an increase in.the nutrient supply during these time
intervals, the former representing a short tgrm‘increase'in nutrient
supply, and the latter representing a more significant inc:ease‘which is
associated with the change from'restricted marine'conditions to'open
sea'conditions. The increase of ‘the nutrient supply in the topmost
Albian may also be responsible for the increase in size of many of the
benthonic foraminifera during this time interval.

The nutrient supply was a significant factor controlling the

size and abundance of the populations of Albian Ostracoda and

foraminifera.
7:4  Light

BE (1977) showed that the-sizé of the Recent planktonic

foraminifera, Globigerinoides sacculiferer (Brady,1877), is related to the

supply of light and that the size of the species generally increased
with increasing light supply. The size changes described in the
preceding section may also be partially due to an increase in the light
supply in the surface waters. The high amount of water turbulence
(Owen, 1971b) in the Middle and lower Upper Albian was replaced by
deeper quieter depositional conditions in the topmost Albian which
resulted in a decrease in the water turbulence and hence an increase

in the light supply.

7:5  Carbonate

Magniez-Jannin (1975) showed that the amount of carbonate in the
Gault Clay of the Aube district of France was relatively stable in the
Lower and Middle Albian but increased at the top of the Middle Albian.
This increase continued through the Upper Albian and reached a
maximum in the Vraconian,

Price (1977b) stated that the precipitation of carbonate was

probably related to temperature increase within the Albian Sea and to
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the Téthyan invasion of the Boreal realm as indicated by the
foraminifera.

Black (1972) stated that much of the white Chalk. is formed of
coccolitﬁ aebris.- ‘The increase in carbonate in the deposition of
oréanic carbonate, especially of coccoliths, towards the Chalk
boundary. Thus the increase in carbomate in the Gault Clay of‘thé
Anglo-Paris Basin, which was documented by Magniez-Jannin, may also
be directly related to the increase in abundance of coccoliths due

to increased depth and nutrient supply.

7:6 Salinity

This ecological parameter has been particularly well documented
in Recent seas. From the distribution and type of sedimentary deposit
in the earlf Albian it is clear (Figure. 1:4) that the sea w;s more
restricted than it was in the Upper Albian.

Boltovskoy & Wright (1976,p.145) summarised research on Recent
‘enclosed and semi-enclosed seas and showed that the specific diversity

of the foraminiferal populations decreased with decreasing salinity:-

Locality Salinity Z. Species diversity
Black Sea 19 25 species
Caspian Sea 13 - 9 species
Aral Sea 4 species
(enclosed)

Living plaﬁktonic foraminifera are known to be restricted in
Recent seas to normal marine salinities. They first occur in the
Paris Basin in the topmost Lower Albian, in southern England in the A.
intermedius Subéone, and in the basal Middle Albian of Germany. Thus,
the distribution of planktonic foraminifera indicates that normal
ma?ine salinities must occur in the Lower Albian. The low species
diversity of the foraminiferal faunas, and the dominance of

agglutinated species in the Lower Albian clays of Germany and the Aube
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are assoclated with‘the‘présence of ‘ammonites, which indicafe normal

marine 'salinity. These deposits probably represent very Fes;ricted

marine environments of normal marine salinity. Black (1971) also

recorded a coccolith fauna from the Lower Albian clays of Speeton,

Yorkshire, and concluded that this indicated normal marine salinities.
Although several of the-foraminife;al‘faunas of_northwestefn

_ Europe are of low specific diversity, they still indicate normal

marine salinity, but in restricted, possibly semi-enclosed seas.

7:7 Substrate

The major sedimentary facies have been discussed in an earlier
ch;pter, . Each of these facies has a different influence on the
preservation potential of the fauna, these are summarised Selow:-
a) The Greensand fauna is generally poorly preserved due to
decalcification and to the grinding action of the sand on the
calcareous tests and carapaces both during the deposition of the
sediment and during diagenesis.
b) The Gault Clay fauna is generally well preserved. In the
Lower Albian clays of Germany many of the agglutinated specimens
appear compressed. The compression is probably post-depositional.
The marlier clay faunas of the uppermost Gault Ciay are generally
less well preserved due to the partial decalcification and
recrystallisation of the fauna during diagenesis.
c) The Red Chalk fauna is generally poorly preserved due to partial
decalcification and to recrystallisation which occurred during
diagensis. These problems are complicated by the difficulty in
processing the Réd Chalk.

Although the preservation potential in the various sedimentary
facies is marked the underlying effect of the various facies on the

fauna is still apparent. This is most obvious within the lithological
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units of the Greensand where there 1s marked variation of the fauna.

In thée Lower Greensand microfossils are invari&bly_absent although
véry'rarE‘agglutinatedAspecimenﬁ have been. recorded and casgs of
foraminifera have been found. In contrast, although the Upper
Greensand and 'Glauconitic Marl' do not contain as rich a fauna as
the Gault Clay, sufficient specimena-were,reco;ded to indicate that
many of the faunas were markedly different from those of the Gaumt-
Clay. Also, the fauna recorded from the topmost clay and lowest
Upper Greensand of Seaton Bay showed little similarity with that
recorded from the Gault facies, while the faunas from Compton Bay and
Cauville showed greater similarity with the Gault Clay fauna. These
differences mentioned above may,beadue-to-the.sedimenfary facies or
to the variation in depth-between the localities. Both these
factors probably .contribute.to: the- eharaeteristie Seaton Bay
assemblage which has been interpreted as indicative of a shallow water,
high energy environment. .

In the southern North Sea Basin the fauna is markedly different
to that in southern England mainly due to the presence of the 'Boreal’
influence. The effect of the Red Chalk sedimentary facies on the '
fauna is difficult to assess. However, some intraspecifiq variation
is dﬁe to the presence of this sedimentary facies, this includes loss
of frills and reticulation by many species of the genus Cythereis,
and the presence of smoother, less rugose, test surfaces in species

of the genus Arenobulimina. Lateral variation was also recorded

within the Red Chalk facies with greater numbers of planktonic
foraminifera and fewer Ostracoda occurring in deeper offshore deposits
from Block 49.

The effect of sedimentary facies on the benthonic fauna during
the Albian was.largely masked by more significant changes in the

environment, mainly depth and temperature. Within facies,.marked
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lateral variations in populations have been observed which mainly

reflect changes in dépth;

7

8 Summary

The major controlling factors in the 'evolution'’ and
distribution of Albian microfaunal populations are depth variation
and temperature. Variations in the nutrient supply and sedimentary
facies also have significant effects while no salinity variations
have been detected. Many of the chronospecies and chronosubspecies
that have been defined from the Albian exhibit this variation*both
stratigraphically and laterally. Many of the' evolutionary changes’
are the direct result of changing depth and nutrient supply and are
represented by intraspecific variation. Since many of the.changes in the
benthonic populations are environmentally controlled they are of only
very limited, local, stratigraphic significance in the Albian of
northwestern Europe where most of the major ecological parameters
changed drastically both stratigraphically and laterally. The
environmental control of the planktonic populations was also marked,
however, these changes are of much greater stratigraphic significance.

The lithologies of localities examined varied from shallow -
nearshore sands to offshore clays and marls, and were deposited at
depths.between‘o-looﬁ. and 300m, Normal marine salinity prevailed
and the surface water temperature varied from c.25°C to c.18°C.
The change in water depth during the Albian had a profound effect

on the area of landmass which was drastically reduced by the Cenomanian.
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CHAPTER 8

STRATIGRAPHIC CONCLUSIONS

Introduction

Many zonal schemes have been proposed for the Albian Stage of

northwesterﬁ Europe .and. these have been discussed in the

introductory chapters. . The problems relating to the definition of

zonal schemes are mainly related to the inbuilt philosophical

differences between authors but some are due to sampling errors.

With the increase in knowledge of Recent populations of foraminifera
and Ostracoda the available information for palaeoecological
comparisons has increased and a‘thorough-palaeoeco;ogical analysis may
now be undertaken. This has been attempted in the preceding chapters.

The view that accurate taxonomy is essential to biostrafigraphy,
although partially correct, ignores, as many previous authors have
done, both the stratigraphic range and the palaeocecology of species, a
thorough understanding of which must also be essential to precise
taxonomy. Thus all the above points must be completely interconnected
and none can truly be isolated. An accurate biostratigraphy should,
therefore, be defined on a thorough study of all these topics.

In the previous chapters the taxonomy and distribution of
individual species have been discussed in detail and the palaececology
of species has been interpreted in relation to the proposed palaeo-
ecological model fo? the Albian. This chapter is a summary of all the
information which has been used to create a multi-phyletic
zonation. The zonal schemes are mainly defined on information from
the Glyndebourne borehole. However, several major stratigraphic géps
are present in this section, and, therefore, information from the
Folkestone sections has also been incorporated. The zonal scheme is
an attempt to utilise the 'total fauna'. However, within the limits

of this thesis only the foraminifera and Ostracoda could be studied in
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detail. Separate zonal schemes were erected for both the foraminifera
and the Ostracoda, each of which was rélated to the macrofaunal zonation.
This‘ﬁtudy of the “total fauna' has indicated that a number of very
-distinct biohorizons exiSt,wﬁich reflect major changes in the shallow
epicontinental Albian sea, and can be corrglated‘outsidé the distribution
limits of the species on which the‘zonal schemes are defined. In this
study the changes in the populations of planktonic foraﬁinﬁféra have
been used to define these biohorizoms. These have been shown ‘to
difectly reflect both changes in surface water temperature and depth of
the wgter célumn. They therefore_indicate changes in the total .
marine environment.

The study of the. "total fﬁuna' has been limited in the past
by the ﬁremise that diffefent ‘groups’ or_different species do not
necessarily evolve at similar rates. While this may be a correct
assumption in a relatively stable en?ironment, during the Albian very
marked changes occurred in the environment which are reflected in
fundamental changes in both the 'total fauna' and in evolutionary
lineages. These changes, whilst themselves not instantaneous, are
reflected by a change in the 'total faun;', which in stratigraphic
terms is sufficiently rapid for the biohorizons to be recognised.
This assumption is inherent in many of the previously defined zonal
schemes and partially explains the coincidence of many of the macrofaunal
and microfaunal zonal boundaries (figs.l:2, 8:1).

In the following sections separate zonal schemes have been
proposed for the planktonic foraminifera, benthonic foraminifera, and
Ostracoda. These are then compared to the macrofaunal zonal scheme

and a multi-phyletic zonal scheme proposed.

8:1 PLANKTONIC FORAMINIFERA (figs. 8:1, 8:2, 8311, 8:12)

Many authors have discussed the genus Hedbergella and its
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distribution in the Albian Stage of northwestern Europe, and several
authors have used the morphological changes which successive populations
exhibit in the shallow epicontinental sea to delimit evolutionary
lineages. As this genus has been described.from the Aptién of the

Aube (Damotte & Jannin, 1973) and of Mexico (Longoria, 1977), the

first appearance of this genus in the Albian of southern England

_cannot be due to evolution, but is simply the result of migratiom.

In this study it is guggested that only two species of Hedbergella
occur in the Albian of southern England. It is from this changing
population that the biohorizons have been defined.

The hedbergellid population has beén recorded from the
O.raudlinianus Subzone onwards in the Paris Basin (Price, 1977b),
while its first Albian appearance in southern England is in the
A.intermedius Subzone. Similarly (Price, 1977b), G.harrisi has
been recorded commonly in clays of L.lyelli to A.intermedius Subzonal
ages in the Paris Basin while in southern England it does not occur
in abundance until the S.dispar Zone. It is not until the deeper
seas of the Upper Albian that planktonic species occur more
ubiquitously across northwestern Europe. However, even in the
Upper Albian, the planktonic population of the Paris Basin has a
distinctly 'Tethyan' appearance when compared to that of southern
England. The most noticeable absences in so;thérn England beiné thoée of

I. primula Luterbacher, 1963 and R.appenninica (Renz,1936), both of

which occur as close to southern England as the Boulonnais (Robaszynski
et,al.,1980). The only species which appears to have a relatively
ubiquitous first occurrence over much of northwestern Europe is
G.bentonensis. This species has been recorded from southern England
and the southern North Sea Basin by the present author, by Magniez-

Jannin (1975) from the Vraconian of the Aube, and by Gawor-Biedowa

(1972) from the uppermost Albian of Poland. The range quoted by Hart
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- (1973) is based on an incérrect*locatﬁon oﬁVsample‘points,'whiIe~that of
?ri;e(1977b) is based on insufficient sample points and inco?rect
placgmeﬁt of macrofaunal zonal boundaries. Both these ranges should
be discounted. This-;pecieg first occurs: in southern England at the
base of'gfrost:atum‘Subzone but only occurs in abundﬁnce in the
M.rostratum Subzone. However, it does occur in the higher Albian
Subzones and the Cenomanian, ‘but only rarely (Carter & Hart, 1977).
The genus Hedbergella déminates-the populations éf planktonic
foraminifera in the Albian of southern England and the southern North
Sea Basin. The evolutionary and palaececological implications of
changes in this population have been discussed in the previous
chapters.  Below, a number of Bibhorizons have been defined on the
basis of information form the Glyndebournme borehole. The definition
of these biohorizons is based on the absolute abundance of species and

the relative proportions of the species H.delrionmensis and H.

planispira (figs. 8:11, 8:12).

Biohorizon 1
The first occurrence of planktonic foraminifera in the

Albian of southern England (mid A.intermedius Subzone).

Biohorizon 2

The first occurrence of abundant H.delrionensis and

- H.planispira (early D.niobe Subzone).

Biohorizon 3

The occurrence in abundance of H.delrionensis;

H.planispira rare (early E.nitidus Subzone).
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Biohorizon 4

H.planispira occurs abundantly; H.delrionensis occurs

rarely and has a poorly hispid to smooth test su;fate-(early

D.cristatum Subzone).

Biohorizon 5

Both H.delrionensis and H.planispira occur rarely and in

varying proportions (early H.varicosum Subzone).

Biohorizon 6

H.delrionensis occurs abundantly and dominates the

- planktonic . foraminiferal fauna (midsgfvaricosﬁm'Subzone).

Biohorizon 7
G.bentonensis first occurs in abundance and

E.delrionensis becomes rarer (early M.rostratum Subzone).

Biohorizon 8
G.bentonensis last occurs in significant numbers,

H.delrionensis becomes abundant once again (late M.rostratum

Subzone).

All these biohorizons have been recognised at Glyndebourne and
Folkestone. They can also be recognised in the M.25 sections and in

the Red Chalk of the southern North Sea Basin (fig. 8:60).

B:2  BENTHONIC FORAMINIFERA (figs. 8:1, 8:2, 8:3).

This zonal scheme is a modified version of that proposed by Price
(1977b). His Lower and Middle Albian zones having been breadly accepted,
however, extensive modification of his Upper Albian zones (5 to 9Iii)

‘18 now required. The following zones are mainly defined on the
first appearance of species but they also use the total ranges of

species, and their abundance, where significant.

]
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ZONE ‘'1: Lower Albian, Type sectiops from Germany and France.
Assemblage zone: Tektﬂlaria.Sp.éjg.lamglughi,
This zone is-dominated-by iong ranging species of agglutinated
foraminifera, many of which also occur in the Aptlan Rh1zamm1na cf,

dichoma Hagenmeyer; Prlce, 1977b and Rggghax (nglqphragm1um)

lagenarium (Berthelin); Price, 1977b. are limited in distribution to
this zone. Textularia sp.A. and. C.lamplughi were only recorded

commonly in this zone.which has been defined from both the Lower

Albian clays of the Hannover area, Germany and the Aube region of France.

ZONE 2: Lower/Middle Albian (H.spathi and é,intefmedius Subzones)
Type section: Glyndebourne borehole,

Assemblage zone: B.textilarioides/S.asperula.

This zone is one of the gradual appearance of species such as

D.trochus, H.chapmani, B.textilarioides,S.asperula, and F.filocinta.

ZONE 3: Middle Albian (D.niobe to A.daviesi Subzomes).
Type section: Copt Point, Folkestone.

Assemblage zone: N.nodulosa/E.spinulifera,

This zone is dominated by the Robertinacea and Cassidulinacea.
H.nodulosa first appears in this zone. Most species range through

this zone, while E.spinulifera, H.carpenteri, G.intermedia,

V.parva, T.pyramidata, B.textilarioides, and S.asperula dominate the

fauna.

ZONE 4:  Upper Albian (D.cristatum and H.orbignyi Subzones)
Type section: Glyndebourne borehole,

Concurrent range zone: E.spinulifera/A.chapmani.

This zone is marked by a major, but gradual, transition in the

fauna. T.chapmani and C.pinnaeformis first éppear. Transitional
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forms between A.macfadyeni and A.chapmani .occur at the base of this

zone. The top of this zone is marked by the extinction of E.

spinulifera, H.carpenteri, H.chapmani and B.textilarioides. G.baltica

and L.albiensis also make their first appearance in this zone: The -

.dominance of the Robertinacea is gradually replaced by the dominance of

the genus Arenobulimina.

SONE 5: Upper Albian (H.varicosum and C.auritus Subzones).

Type section: Glyndebourne borehole.

Assemblage'zone: g,an;iqua/Epistomina sp.é:sp.nov.

This zone is marked by the appearance of A.chapmani and Q.antiqua
in large numbers while S.papyracea first occurs commonly. The
Robertinacea are represented by Epistomina sp.A.Sp.nov., which occurs very
sporadically. The upper levels of this zone are markéd by the

gradual appearance of early forms of A.sp.cf.A.frankei, A.sabulosa, and

V. praestans. C.pinnaeformis becomes extinct at the top of this zome.

SUBZONE 6;: Upper Albian (M.rostratum and M.perinflatum Subzones).
Type section: Glyndebourne borehole.
Assemblage zone: A.sabulosa/A.sp.cf.A.frankei
This subzone is marked by the gradual appearance of species of

typically Cenomanian aspect which are generally large in size.

Characteristic specimens of D.ozawai, V.praestans, A.sabuilosa and A.sp.

cf.A.frankei appear. L.jarzevae first appears at the base of this zone.

SUBZONE 6b: Upper Albian (Subzone with no macrofaunal equivalent).

Type section: East Wear Bay, Folkestone.

Assemblage zone: G.cenomanica/A.advena.
This subzone is marked by the first appearance of typical

specimens of G.cenomanica, A.advena and F.intermedia.
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8:3 OSTRACODA (figs. 8:4,8:5)
This is the first detailed zonal scheme for the- Albian Stage
to be based on Ostracoda. It has been defined on the first

appearance, total range, last occurrence, and abundance of species.

ZONE 1: Lower Albian (L.tardefurcata Zone to L.lyelli Subzone).
Type sections from Germany and France.

Assemblage zone: g.gperlichi[g.heslertonensis.

This zone is characterised by P.nodigera, P.goerlichi and

several other species of the genus Protocythere. These species are typical

of the 'boreal' province. Plat&cythereis,sp.é.sp.nov.,g.albae; and C.

hegslertonensis range through this zone and D.rara only occurs commonly

in this zone. (C.cornueii, C.aff.H.nana, N.(C.)denticulata,

M.harrisiana, N.(N.)vanveeni, O.fordensis and E.multituberculata first

appear in this zone which is defined in the Lower Albian clays of

the Hannover area, GCermany and in the Aube region, France.

ZONE 2: Lower/Middle Albian (H.spathi and é.intermedius'Subzones)>
Type section: Glyndebourne borehole.
Asseﬁblage zone: P.laminata/C.aff.H.nana.
This zone is characterised by the first appearance of many

species, §.jonesiana, S.dimorphica, H.fragilis, M.umbonata,

H.euglyphea and C.nanissimum first occur in the basal part of this zone.

P.derooi and g.laminata have only been recorded from this zonme. C.

chapmani, D.bosquetiana, and P.harrisiana first appear within this zone.

ZONE 3: Middle Albian (D.niobe to E.meandrinus Subzones)
Type section: Glyndebourne borehole.

Assemblage zonme: (C.hirsuta/C.larivourensis.

The base of this zone is characterised by the first appearance
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of C.larivourensis, E.hirsuta,_E.exﬂgr.g;lurmannae, and M2urispinata
and the last appearance in abundance of E(aff.ﬁﬂnana. C.

. heslertonensis and C.reticulata last occur in this zone.

ZONE 4: Middle Albian (E.nitidus and A.daviesi Subzomes)
Type section: Copt Point,‘Folkesfone.

Assemblage zone: g.wrothamensislg.ﬁilbournei.

This zone is characterised by the first appearance of P.

wrothamensis and C.milbournei. Typical specimens of E;chaggéni last

" opccur.at the.top of this zone.

SUBZONE 5a: Upper Albian (D.cristatum Subzone)
Type section: Glyndebourne borehole.

Assemblage zone: C.stricta/E.trigonalis.

The base of this subzone is characterised by the first

appearance of C.stricta, P.gaultina, E.trigonalis, and sp.A.sp.nov.

C.chapmani was not recorded from this zome.

SUBZONE 5b: Upper Albian (H.orbignyi, H.varicosum, and the lower half

of the C.auritus Subzone)

Type section: Glyndebourne borehole.

Taxon range zone: C.folkestonensis

The base of this subzone is defined by the first appearance of

C.arguta and C.folkestonensis. M. lapparenti only occurs rarely in
this Subzone. The top of this subzone is marked by the last

occurrence of C.folkestonensis, P.lineata, E.(C.Jdeﬁficulata,

0.fordensis and C.chapmani.

SUBZONE 5c: Upper Albian (upper half of the C.auritus Subzone)
Type section: Glyndebourne borehole.

Assemblage zone: §.net§gauensis/N.(2.)éemiconcedtrica.
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The base of this ‘subzone is marked by the first appearance .of

P.striata, N.(P.)semiconcentrica and S.nettgauensis. B.

pseudoseptentrionalis occurs rarely.

ZONE 6: Upper Albian (S.dispar Zone)

Type section: East Wear Bay, Folkestone.

Assemblage zone: B.pseudoseptentrionalis/P.chapmani.
This zone is marked by the gradual*appea:ahce of species of

'Cenomanian aspect’'. C.thoerenensis,. C.h.hindei, Alatacythere sp.A.sp.nov.,

E.kayei, E.grﬁndeli,gfkayei, P.sandersi, P.chathamensis, L?icknieldensis,

H.minutissima, and P.chapmani make their first appearance. .M.lapparenti,

and B.pseudoseptentrionalis occur in abundance. D.rara and C.aff.H.

nana. reappear. The upper part of this zonme is marked by the gradual

disappearance of E.trigomalis, D.rara, S.dimorphica, P.gaultina and M.

lapparenti. None of these species appear in the Cenomanian of

southern England.

8:4  ZONAL SCHEME (fig 8:1)

This zoﬁal‘scheme is based on the first occurrence, last
occurrence, and abundance of species (QOstracoda and foraminifera).
It also uses the Biohorizons that were based on the abundance of
the planktonic foraminifera and which indicate major changes in
the. palaeoenvironment.

This combination of zonal information has provided a much more
refined stratigraphic framework than could have been achieved by the
application of the individual schemes which are all relatively coarse
in terms of stratigraphic resolutiom. It is this zonal scheme that

has been used in the stratigraphic correlation of the various sections.

ASSEMBLAGE ZONE Ai

This zone is characterised by the dominance of agglutinated
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foraminifera, the low diversity of the Ostracoda, and the very rare

occurrence of planktonic foraminifera. Textularia sp.A., C.lamplughi,

D.rara, C.heslertonensis and P.goerlichi only occur commonly in this

zone. C.cornueli, C.aff.H.nana, C.reticulata, M.ex.gr.harrisiana, O.

fordensis, and E.multituberculata first-appear in this zone. Rhizammina
sp.cf.R.dichoma gnd‘g.(gv)lageuarium are limited in distribution to this
zone.

ASSEMBLAGE ZONE Bi

This zome is characterised by the gradual appearance of wmany

species including:- Eatrochus, E,textilarioides,-§,asperu1a, C.chapmani,

and H.euglyphea, P.derooi and P.laminata have only been recorded from
this zone while C.aff.H.nana only occurs abundantl& in this zone.

S.dimorphica, M.umbonata, and C.nanissimum first occur at the base of

this zone. Biohorizon 1 occurs within this zome (in southerm Englénd)

while Biorhorizon 2 marks the upper limit of this zone.

ASSEMBLAGE SUBZONE Ci

This subzone is characterised by the first occurrence, in
abundance, of members of the Cassidulinacea and Robertinacea. The base
of this subzone is marked by Biohorizon 2 and the first occurrence of

C.larivourensis, C.hirsuta, C.ex.gr.C.lurmannae, and M?durispinata.

The upper limit of this subzone is marked by Biohorizon 3.

C.heslertonensis and C.reticulata last occur in this subzone.

ASSEMBLAGE SUBZONE Cii
This subzone is characterised by the occurrence in abundance of

members of the Robertinacea and Cassidulinacea. N.nodulosa, P.wrothamensis

and C.milbournei first occur in this subzone. The lower boundary of the

subzone is marked by Biohorizon 3, the upper boundary by Biohorizon 4.
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ASSEMBLAGE SUBZONE Di

This subzone is characterised by the first occurrence of many

species of stratigraphic significance. T.chapmani, A.chapmani,

C.pinnaeformis, L.albiensis, C.stricta, P.gaultina, E.trigonalis, and

sp.A. first occur. Biohorizon 4 marks the base of this subzone. ~—

ASSEMBLAGE SUBZONE Dii
This subzone is characterised by the marked decline of the

Robertinacea and the increase in abundance of the Arenobul mina

plexus. ‘The base of this subzone is marked by the first appearance of C.

folkestonensis and C.arguta, the top of this subzone is marked by

Biohorizon 5.

ASSEMBLAGE SUBZONE Diii

This subzone is marked by the first occurrence in abundance of
the miliolids and the final occurrence of the Robertinacea.
A.chapmani d;minates the Lituolacea. The base of this subzone is
marked by the first occurrence of Q.antiqua and §S.papyracea and by

Biohorizon 5, the top is marked by Biohorizon 6.

ASSEMBLAGE SUBZONE Ei
The base of this subzone is marked by Biohorizon 6 and is
characterised by the occurrence of abundant, large hedbergellids. The

top of this subzone is marked by the last cccurrence of C.folkestonensis

P.lineata, N.(C.)denticulata, 0.fordensis, and C.chapmani. G.harrisi

first appears in this subzone.

ASSEMBLAGE SUBZONE Eii

The base of this subzone is marked by the first occurrence of

N.(P.) semiconcentrica and S.nettgauensis. The top of this subzone
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is marked by Biohorizon 7. H.moremani first appears in this subzone.
ASSEMBLAGE SUBZONE Fi

This subzone is characterised by the first occurrence 'in flood'
of G.bentonensis. The base of this subzone is marked by Biohorizon 7

and the first appéarance‘ofjgwthoerenensis, C.h.hindei, P.chathamensis,

Basandersi, and L?icknieldensis. .Etpseudosepténtrionalis and

ﬂ.lapparénti first occur in abundance. The top of this subzone is

marked by Biohorizon 8.

ASSEMBLAGE SUBZONE Fii

The base of this subzone is marked by Biohorizon 8 and the

 first appearance of typical specimens of A.sabulosa and A.sp.cf.

A.frankei. This zone is characterised by the large size of many

species of benthonic foraminifera.

ASSEMBLAGE SUBZONE Fiii
This subzone is typically of 'Cenomanian aspect’'. The base of

this subzone is marked by the first appearance of F.intermedia and

G.cenomanica while A.advena first appears during this subzone and

A.chapmani, E.trigonalis, S.dimorphica, P.gaultina, and M.lapparenti

last appear,

The following section contains the stratigraphic correlation of

the sections examined during this study.

8:5 SECTION DETAILS

Glyndebourne, Sussex

The macrofaunal zonation of this section, which was provided by
I.G.S., was proposed by Morter and is directly comparable to the
zonation of Owen (1971a; 1975). This section can, therefore, be
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directly correlated with the Folkestone sections. Thiq‘zonation is
illustrated (fig. 8:6).

All of the Subzones (above the A.intermedius Subzone) of the
Middle Albian have been recognised with the single exception of the
A.daviesi Subzome. This may be present but there is no direct maéro-
faunal information to suggest this (Morter; pers.comm.1979). Within
the Upper Albian the D.cristatum and H.orbignyi Subzones are clearly
defined but the E.variccsum and C.auritus Subzones and the S.dispar
Zone are somewhat problematical. The zonation of Morter places the

H.varicosum/C.auritus subzonal boundary at about 90 m depth and the

lower boun&ary of the S.dispar Zome at ;bout 75m depth.

In the following section the microfauna is discussed in relation
to the macrofaunal zonation. The information from this borehole has
been = used to propose the zonal schemes and to define the Bio-

horizons.

Planktonic foraminifera (figs. 8:6, 8:11, 8:12)

H.delrionensis first appears at 142m. depth (mid. A.intermedius

Subzone). This species ranges through the rest of the Albian and
into the Cenomanian. The changes in the populations of this species
have been discussed in the taxonomic and palaeoecological chapters.
H.planispira also appears first in the mid A.intermedius Subzone and
ranges into the Cenomanian. The changes in the relative abundance
of these two species  have been used :to define the Biohorizons.

E.washiténsis was first recorded at 130m- depth. It occurs
sporadically up the succession and last occurs at 94.5m depth. In
the higher part of the section first G.harrisi and;then H.moremani
become increasingly more abundant. At 64m. depth they are both
relatively abundant.

G.bentonensis first appears at 68.5m. depth (lowest S.dispar

Zone) and occurs abundantly up to 48.5m. depth.
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. Benthonic foraminifera (figs. 8:7,8:8 )

C.lamplughi only occurs rarely in the basal clays of this
section (basal A.intermedius Subzone).. 'The Robertinacea are abundant
in the Middle Albian forming up. to 757 of the foraminiferal population,

E.spinulifera ranges through to the topmost H.varicosum Subzone as

does H.chapmani. H.carpenteri last appears in the uppér part of
the H.orbignyi ‘Subzone. EEistomina sp.A. sp.mov. occurs thréughout the
H.varicosum Subzone.  E.cretosa appears briefly in the E.nitidus Subzone.
éfmacfadzgni occurs rarelyiin the lowest Gault Clay but‘becoﬁes
more ‘abundant in the R_Im subzonal ‘to the D. cristatum subzonal
interval. Transitional forms to ‘A.chapmani occur in the,E,cristatum
Subzone. .é.chagmani-ranges through to the top of the S.dispar
Zone wherevtransitional forms to A.adﬁena OCCUT .~ é,sﬁ.cf,é.frankei_and
é.sabuloéa,appear in the S.dispar Zonme. E,intermedia first appe;rs;in
the basal Cenomanian.
G.intermedia rénges through this section; G.baltica“first
appears in the mid g,varicosum Subzone and G.cenomanica does not
appear until';he basal Cenomanian. L.jarzevae occurs rarely between
65m. ané 60m. depth.
Q.antiqua and S.papyracea first appear in the basal portion of
the E,varicosum Subzone and range through into the Cenomanian,

g,pinnaeformié ranges from 124m. depth to 70m. depth

Ostracoda (figs. 8:9, 8:10)

C.gatyensis, C.cornueli, and P.laminata only occur in the basal

portion of the A.intermedius Subzone. C.aff.H.nana occurs very

abundantly in the A.intermedius Subzone but occurs very rarely in the

higher Subzones. C.larivourensis ranges from the base of the D.niobe

Subzone to the Cenomanian and M?durispinata ranges from the base of
the aniobe Subzone to the top of the S.dispar Zone. Both

I.fissicostis and I.fortinodis first appear in the basal portion of the
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KEY (to Figs 8:11, 8:12, 8:18, 8:27, 8:37 )

_Column A:

Column B:

Column C:

Column D:

Column E:

Column F:

The distribution of coarse sediment in the Glyndebourne

borehole.

The abundance of ﬂ.delrionensis (solid line) and-g.glanisgira
( dashed line).

The variation in size of H.delriomensis in the Glyndebourne

borehole (based on the ten largest specimens per sample).
D lemaximum diameter (solid line), D 2=minimum'diaﬁeter
(dotted line).
The planktonic/benthonic rétio for the Gl&ndebourne borehole
(smoothed graph).
The Superfamily abundance of foraminifera in the Glyndebourne
borehole.

Black = Ammodiscidae

White = Lituolacea

Diagonal stripes = Miliolacea

Large dots = Nodosariacea

Small dots = Globigerinacea

Horizontal stripes =.Cassidulinacea

The species diversity of Ostracoda in the Glfndebourne borehole.
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D.niobe Subzone and both become extinct in the topmost portion of the
S.dispar Zonme. |

C.chapmani occurs in the basal Qault Clay up to the topmost
portion of the E.nitidus Subzone and C.stricta ranges from the basal
portion of Ehe D.cristatum Subzone into the Cenomanian. Both

E.trigonalis and sp.A.sp.nov. are restricted in occurrence to the upper

Albian and E;folkestonénsia_rauges from the base of the E.orbiggzi
Subzone. to the top of the H.varicosum Subzone.

S.nettgauensis, P.striata and N:(P.)semiconcentrica first appear

in the middle of the C.auritus Subzone and range through the S.dispar
Zone into the Cenomanian.

_ Efbseudoaqptentrionalis, E,thoerenensis,1§,hfhindei, M.

lapparenti, Efgandersi, P.chathamensis, E.sp.aff.E.nuda, L?icknieldensis,

E,Erﬁndeli, H.minutissima, and E,kéxei all make their first abpearance in
the S.dispar Zone. All of these species, with the exception of M.

lapparenti, occur in the Cenomanian.

Conclusions
The basal 15m of the Gault Clay at this locality is characterised
by the rare occurrence of C.lamplughi, the first occurrence of plank-

tonic foraminifera, and the last appearance of C.gatyensis, C.cornueli

and P.laminata. These species indicate the presence of the Bi Subzone.

The presence of Biohorizon 2 and the first occurrence of C.

larivourensis, C.hirsuta and C.ex.gr.C.lurmannae at 132m. depth indicate

the base of Subzone Ci. The top of this Subzone is marked by the presence
of Biohorizon 3 at 128m depth. The top of Subzone Cii is marked by
the presence of Bichorizon 4 at a depth of 125m. There is no con-

clusive evidence to indicate the presence of the A.daviesi Subzone
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within Cii.
The base of the Upper Albian is marked by Biohorizon 4 at a depth
of 125m. This indicates the base of Subzoné Di. Below this horizon

C.chapmani occurs. Above this horizon C.stricta, E.trigonalis and

sp.A. first appear. The base of Subzone Dii is marked by the first

appearance of hg{folkestonensis and H.euglyphea and is characterised

by the decline in abundance of the Robertinacea. Thé'toplof'this
Subzone is mafked by the presence of Biohorizon 5 at 112m. depth.
Epistomina sp.A.sp.nov. first occurs at this horizon. - The top of Subzone
Diii is marked by the presence of Biohorizon 6. By this time the
Robertinacea represent only a small percentage of the total fauna

which is dominated by specimens of the genus Arenobulimina.

The first occurrence of gfstriata,lﬂ.(g:)fsemiconcentrica, and

the last occurrence of C.folkestonensis indicate the upper limit of

Subzone Ei at 93m depth, Eii is the thickest Subzone at this
locality (26m. thick). It is characterised by an abundance of the

genera Hedbergella and Arenobulimina.

The presence of Biohorizon 7 (the first appearance of G.

- bentonensis) indicates the base of Subzone Fi at 67m. depth. At this
horizon there is also a marked drop in the abundance of the genus
Hedbergella and an influx of species of typical 'Cenoﬁanian aspect’.
This Biohorizon is followed by Biohorizon 8 which is the last
appearance of G.bentonensis 'in flood', This Biohorizon indicates
the base of .Subzone Fii. At this locality Subzone Fii is very thin
(approximately 2m.). The upper surface of this Subzone is a marked
erosional surface. Above this horizon the 'Glauconitic Marl' is of
Lower Cencmanian age. The diastem at the top of the Gault Clay
represents part of the Fii Subzone and all of Subzone Fiii.  Subzone

Fiii (which is characterised by the presence of A.advena, F.intermedia

and G.cenomanica) was not recorded at this locality.
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FOLKESTONE (Copt Point and East Wear Bay sections)

Planktonic Foraminifera (figs. 8:13, 8:18)

H.delrionensis was first recorded in the A.intermedius Subzone

and H.planispira in the D.niobe Subzone. Both these species range

through the Albian into the Cenomanian. E.ﬁashitensis was only
recorded rarely from the M.subdelaruei and E.nitidus Subzones.  Both

G.harrisi and E.moremani first appear in the upper part of the
C.auritus Subzone. G.bentonensis first occurs at the base of Bed XII
indicating the base of Subzone Fi and last occurs in abundance near
the top of the M.rostratum Subzone (Owen pers.comm., 1979; Carter
pers.comm., 1980). This indicates that the occurrence of G.bentonensis
in flood is very sporadic within the M.rostratum Subzone. However, it

is only found abundantly within this Subzone.

Benthonic Foraminifera (figs. 8:14, 8:15)

C.lamplughi was only recorded rarely in the basal portion of the
A.intermedius Subzone. Both E.spinulifera and H.carpenteri range
from the H.spathi Subzome to the top of the H.orbignyi Subzone while
H.chapmani ranges from the A.intermedius Subzone to the top of the
H.orbignyi Subzone. A.macfadyeni was found to range from the
E.nitidus Subzone to the base of the D.cristatum Subzone while
A.chapmani was first recorded in the basal portion of the H.orbignyi
Subzone ranging through to the topmost Albian Subzone (Fiii) where
A.advena was first recorded. G.baltica ranges from the D.cristatum
Subzone through into the Cenomanian while primitive forms of

G.cenomanica first appear in the middle of the g.dispar'Zone (Fii

Subzone). L. jarzevae was recorded rarely in the upper part of the
S.dispar Zone. Q.antiqua and S.papyracea were first recorded in the

topmost E.orbignyi Subzone ind both range through into.the Cenomanian.

Other zonally significant species include A.sabulosa, which occurs

throughout Subzones Fi and Fii, and A.sp.cf.A.frankei which was

-
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l,fortinodis and I.fissicostis were both recorded rarely at 53' depth

and more commonly from 23' depth to the top of this section. Between

26' and 21' depth M?durispinata, C.ex.gr.C. lurmannae and C.hirsuta all

make. their first appearance ‘indicating that the base of. Subzone Ci is

presentvét 33' depth. C.chapmani was recorded between 53' and 15'

depth and C.stricta was recorded from 18' depth to the top of this

section. E.trigonalis was recorded from 16' depth to the top of the

section and C.folKestonensis was recorded from 12' deﬁth to the top of

the section.

Conclusions
The first appearance of planktonic foraminifera and the presence

of C.cornueli, P.laminata and P.derooi indicate the presence of Subzone

Bi in the basal 12m . of the Gault Clay at this locality. Biohorizon 2

indicates the base of Subzone Ci and the presence of Biohorizon 4,

associated with the first occurrence of E.trigonalis, C.stricta and
é.chapﬁani,indicates the base of Subzone Di. This Subzone is 1.5m
thick. The base of Subzone Dii is indicated by the first occurrence

of " C.folkestonensis. Subzone Dii is the youngest recorded from this

section.

BOREHOLE 1967/1

Planktonic Foraminifera (figs. 8:23, 8:24, B:27)

Both H.delrionensis and H.planispira were recorded throughout

this section and F.washitensis was recorded between 111' and 114' depth.

Benthonic Foraminifera (figs. 8:23, 8:24)

G.intermedia was found to range through this section and
G.baltica was recorded from 50' depth to the top of this section.

E.spinulifera was recorded between 140' and 98' depth while H.chapmani
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was recorded from 144' to '98' depth and H.carpenteri wag recorded

between 142'and 93" depth. Epistomina:gp.é. sp;on; was recorded commonly
between ‘98" and 62' depth but only sporadically abouve 98'. éﬂmacfadﬁeni
was recorded from 1l44' to 128' depth andlé;chagmani_was-recorded

from 128' depth to the top of the section. Miliolids were first

recorded in' abundance at 85' depth while U.alta was recorded from

144" to 112' depth and S.asperula was recorded from 112' to 22’

depth.  C.pinnaeformis was recorded between 122' and 26' depth.

Ostracoda (figs. 8:25, 8:26)
Egéff.g.nana was only recorded commonly in the basal sample

while M?durispinata was first recorded at 142' depth and C.hirsuta,

I.fortinodis and C.larivourensis were all figst_recorded'around 137
depth. C.ex.gr.C.lurmannae was first recorded at 150' depth and C.
chapmani was last recorded at 127" depth. C.stricta and P.gaultina
were first recorded at 122" deéth, E.trigonalis was first recorded

at 120' depth while C.folkestonensis was recorded ranging from. 113’

to 32' depth.

Conclusions
The presence, in gbundance, of C.aff.H.nana in the basal sample of
this section indicates the presence of Subzone Bi. The base of Sub-

zone Ci is indicated by the first appearance of C.hirsuta, I.fortinodis,

and C.larivourensis. Both Subzones Ci and Cii are present at this

locality, the base of the latter being marked by the presence of
Biohorizon 3. These two Subzones are 5.5m thick. C.stricta, which
first occurs 9m. above the base of this section, and the first
occurrence of E.trigonalis indicate the base of the Di Subzone. The
base of Subzone Dii (2m. above the base of Di) is marked by the first

occurrence of (C,folkestonensis. The majority of this section is

composed of Subzones Dii, Diii and Ei. The boundaries between these

Subzones are clearly defined by the presence of Biohorizons 5 and. 6.
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These three Subzones total 33m . in thickness. Subzone Eii may be
preéent»in-the top 5m..of this 5ection but the data is

inconclusive.

BOREHOLE 113/2

Planktonic Foraminifera (figs. B:28, B8:29, 8:32)

H.delrionensis and Eyglanisgita both range throughout. this.

séctionwe—-Elwashitensis-was'only'recorded-at'35'6" depth.

Benthonic Foraminifera (figs. 8:28, 8:29)

E.sginulifera was recorded from the base of this section to 94"
depth while H.chapmani and H.carpenteri were recorded from the base of ,

this section to 105' depth. ‘Epistomina sp.A. sp.nov. was recorded.

between 66' and 16' depth and T.chapmani was found from 94' depth to the
top of the section. A.macfadyeni was recorded in the basal paft of this
section up to 102' depth while A.chapmani occurred from 98' depth to the

top of the section. C.pinnaeformis was recorded between 104' and 18' and

G.baltica was recorded from 35' depth upwards. to. the top of this

section;, Both-Q.antiqua-and S.papyracea were.recerded from 65'

depth upwards.

Ostracoda (figs. 8:30, 8:31)
C.chapmani was only recorded between 112' and 106' depth while
C.stricta was first recorded at 100' depth and ranged to the top of

the section. C.hirsuta, C.ex.gr.C.lurmannae, and C.larivourensis were all

recorded throughout this section whilst ﬂ?durisginata was recorded
between 112" and 42' depth and I.fortinodis from 112' to 22' depth. C.

folkestonensis was recorded between 60' and 24' while E.thoerenénsis

was found in the topmost sample. Both P.lineata and N.(C.)denticulata
were recorded from the base up to 28' depth while N.(P.)semiconcen-
trica was only recorded in the topmost sample. ' C.aff.H.nana was only
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recorded rarely at 112' depth, E.trigonalis was found from 100' depth
‘to the top of the section and. sp.A was recorded’ from 60' to the top of

‘the section. B.pseudoseptentrionalis, C.griindeli and S.nettgauensis

were only recorded in the topmost sample.

Conclusions
Biohorizon 3 was recorded 3m. from the base of this section
indicating the presence of Subzone Ci. The base of Subzone Di is

indicated by the first appearance of C.stricta, E.trigonalis and

A.chapmani vhile the base of Subzone Dii is marked by the first

appearance of C:folkestonensis and C.pinnaeformis.

Most of this sedtipn is composed of the Upper Albian Subzones
Dii to Ei which are 25m. thick. Unfor;unétely a sampling gap is
present within Subzone Dii. However, the top of this Subzone is
clearly defined at 20m. depth by the presence of Biohorizonm 5 and the
firat appearance of miliolids in abundance. Bioherizon 6 was
recorded at 10m. depth indicating the base of Subzome Eii. At this
horizon thevclay appears to have been extensively weathered and,

therefore, no firm conclusions have been drawn.

BOREHOLE 16/3

Planktonic Foraminifera (figs. 8:33, 8:34, 8:37)

H.delrionensis was recorded throughout this section while

H.planispira was recorded between 90' and 32' depth. G.harrisi was
found from 49' depth to the top of the section and H.moremani was

recorded from 62' depth to the top of this section.

Benthonic Foraminifera (figs. 8:33, 8:34)

A.chapmani ranges through most of this section. Transitional
forms to A.advena were recorded between 20' and 11' depth while

specimens of é,advené were- recorded from 18' depth to the top of this

- 414 -









section. Forms transitiondl to A. sp.cf. A.frankei were recorded between
90' and 48' depth while typical specimens of A.sp.cf.A.frankei were found
between 36" and 18' depth. _ A.sabulosa was recorded between 75' and
18"‘dépth and transitional forms to E.intermedia-between‘49' and 20'.
Typical specimens of F.intermedia were only recorded between 18' and

11' depth.

E;baltica was recorded througﬁout this section , G.cenomanica
was found-between 38! énd 11' deptb and.while L.albiensis was recorded
throughout this section L.jarzevae was only recorded .at 17'.depth.

Both Q.antiqua and S.papyracea were recorded throughout this seciion

and D.ozawai was found from 57' depth to the top of the section.

Ostracoda (figs. 8:35, 8:36)

C.hirsuta, C.ex.gr.C.lurmannae, C.thoerenensis, and N.(P.)semi-

concentrica were all recorded throughout this section. I.fortinodis

and I.figsicostis were both last recorded at 25' depth while M?
durispinata was last recorded at 16' depth. C.milbournei and E.
trigonalis were last found at 16'. C.kayei was found between 90" and 11°'
depth while E.Qg.)steghausi was found between 43" and 32' depth. P.
chapmani was only recorded between 46' and 18" depth and M.lapparenti

was only found between 48' and 42' depth.

P.chathamensis, C.h.hindei, P.sandersi, L?icknieldensis and

H.euglyphea were all first recorded at 45' depth. All these species

range through into the Cencmanian.

Conclusions

Biohorizon 7 was recorded 14.5m below the base of the
'Glauconitic Marl' while Biohorizon 8 was recorded 12m. below fhe
'Glauconitic Marl'. These horizons indicate thelbase of Subzones Fi
and Fii respectively. The top 3.5m..of the Gault Clay at this
locality contains a fauna characteristic of Subzone Fiii, below this
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gamples C10 and Cl12 while specimens resembling Egiséominalsp.é,sp. nov.

recorded from C10 and C8. Both C.pinnaeformis and Q.antiqua were

recorded from C7.

Ostracoda (figs. 8:44, B:z45)
M.ex.gr.M.harissiana was recorded throughout this section while
C.hirsuta and I.fortinodis were recorded from C7 and C8. Specimens

of C.larivourensis were recorded from samples C12, C8 and C5.

Specimens from C12 were referred to C.sp.aff.C.cornueli. Eﬁdurfspinataf

was recorded from C8 while C.stricta was found in samples C7 and C8.

B.pseudoseptentrionalis, S.nettgauensis, P.siddiqui and E.aff,gfngna

were recorded from the topmost four samples.

Conclusions

An ingufficient number of samples were collected from this
locaiity to enable precise subdivision. However, the presence of
both A.advena and A.sabulosa, along with the occurrence of G.sp.cf.G.

cenomanica, E,jarzevae and B.pseudoseptentrionalis in the topmost two

were

samples of this section indicate the presence of Zone F.  The occurrence: -

of specimens of C.stricta and C.pinnaeformis in the lower part of the

Upper Greensand and the lack of Robertinace; indicate the presence of
Zone E. H.chapmani and H.carpenteri were both recorded from the
topmost Gault Clay which is of Diij subzonal age. The basal 5m. of
the Gault Clay belong to Subzones Di and Dii. No microfauna was

recorded from the samples collected from the Lower Greensand.

COMPTON BAY (Isle of Wight)

Planktonic Foraminifera

No planktonic foraminifera were recorded from this section.
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Benthonic Foraminifera (figs. 8:46, 8:47)

Samples 42 and 35.were domipated by several long ranging
agglutinated species while U.alta was recorded from samples 40 and
37 and D.gradata from sample 38. The dominance of agglutinated
species in the lower most samples of this section may indicaté the
presence of the lower porfion of Subzone Bi or of Subzone Ai.
A.chapmani was recorded ranging from sample 18 to sample 11 while
é;sp;cf.éfadvena was found in samples 1 & 11 and specimens of
A.truncata were recorded from samples, 2, 34&11.

G.cf.C.cenomanica was recorded from samples 10 and 11 while

G.baltica was found in samples 1, 2 and 10 and L.jarzevae was

recorded from sample 3. C.pinnaeformis was only found in sample 11

and Q.antiqua was only recorded from sample 16.

Ostracoda
Very few Ostracoda were recorded from this section. They are,

therefore, of limited stratigraphic value.

‘Conclusions
The basal samples of this section were dominated by agglutinated
foraminifera which probably indicate the presence of Subzone Bi.  The

topmost 5m. of the Gault Clay contains specimens of A.chapmani and

C.pinnaeformis indicating an Upper Albian age. Q.antiqua was first
recorded in the topmost Gault Clay sample and‘ may indicate the base
of Subzone Diii. The Passage Beds may be the sedimentary represent-
ative of the transitional Subzone Diii. The topmost 10Om. of the

Upper Greensand includes transitional forms of A.sabulosa, A.advena,

and G.cenomanica which along with the presence of L.jarzevae and

B.pseudoseptentrionalis indicate the presence of Zone F.  The

remaining majority of the Upper Greensand, between the top of the
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Passage Beds and the base of Zone F, represents Subzones Ei and Eii.

SEATON BAY

Planktonic Foraminifera

No planktonic foraminifera were recorded from this section.

.

Benthonic Foraminifera

The populations of benthonic foraminifera in this section can be
easily seéarated into two Superfamily categories: Lituolacea and
Nodosariacea. Sample numbers 1 to 4 are dominated by the Lituolacea
while samples 5 to 7 were dominated by the Nodosariacea. One specimen
of the stratigraphically significant species E,cﬁagmani was recorded
from sample no. 1 whiie a specimen of,é.chégmani was recorded from

sample no. 7.

Ostracoda

Ostracoda were commonly found in samples 5 to 7. This population
is completely different from that recorded in the Gault Clay facies and

only Kaye has recorded a similar population from Pinhay, Devon.

Conclusion

At this locality there is a marked change in the microfaunal
populations before the lithological change from the Gault Clay to
the Foxmould Sands (Upper Greensand). This occurs 3m. below the
base of the Foxmould Sands and consists of a change from a
fauna dominated by Lituolacea to one dominated by Nodosariacea and
Ostracoda. This horizon is probably equivalent to Biohorizon 5 and
thus Subzones Di and Dii are present in the basal portion of the
Gault Clay. Subzone Diii is present ‘in the topmost Gault Clay and

lowest Foxmould Sands.

- 435 -



'SOUTHERN NORTH SEA BASIN

SPEETON

Planktonic Foraminifera (figs. 8:48, 4:49)

_H.délrionensis and H.planispira were both recorded throughout

this section while G.bentonensis was recorded from samples Sp.6 and

Sp.7.

Benthonic Foraminifera (figs. 8:48, 8:49)

A.chapmani was found to range from sample Sp.10 to Sp.l while
G.baltica was recordeéd from sample Sp.10 to Sp.6. Bfoiﬂﬂéiu;as
recorded in samples Sp.7 and Sp.6 whiléVE:mariae'was recorded from
samples Sp.6 to Sp.l. g,aﬂtigua was found from Sp.10 to the top

of the section and S.papyracea was found from Sp.4 to the top of

the section.

Ostracoda (figs. 8:50, 8:51)

C.gatyensis, C.reticulata, P.laminata, and P.lineata were only

recorded-from the clay sample, Sp.ll. Both C.bornemai and
.l.foftinodis range through the Red Chalk at this locality while
I.fissicostis was recorded from samples Sp.1l ard Sp. 8
M?durispinata was only recorded from Sp.? while both P.striata and -

M.muelleri were recorded from sample 5p.9 to the top of this section.

Conclusions

The basal sample (Sp.l1) of this section contained several
species, which, in the Anglo-Paris Basin, are regarded as characteristic
of Subzone Bi. Samples Sp.1l to Sp.9 all contained abundant

ﬂ.delridnensis indicating the presence of Zones E & F while the

occurrence of G.bentonensis in samples Sp.6 and Sp.7 indicates the
presence of Subzone Fi. The presence of A.frankei above this Subzone

indicates the presence of Subzone Fii.
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MELTON

Planktonic Foraminifera (figs. 8:48, 8:49)

H.delrionensis and H.planispira were recorded throughout this

section. G.bentonensis was recorded from sample M.1.

Benthonic Foraminifera {figs. 8:48, 8:49)

A.macfadyeni was recorded from M.3 while A.chapmani was
recorded from samples M.2 and M.1. °'G.baltica was recorded from the

topmost two samples while both Q.antiqua and E.mariae were recorded

from M.1.

Ostracoda (figs. 8:50, 8:51)

C.stricta was recorded from sample M.l while I.fortinodis,
I.fisgicostis, and C.ex.gr.C.lurmannae were recorded from sample no.M.2.
C.hirsuta and M?durispinata were recorded from both of these samples

wvhile C.bonnemai and Platycythereis sp.A.sp.nov. were both recorded from

all three samples.

Conclusions

The presence of A.macfadyeni and abundant H.planispira in the
lowermost sampie indicates that it is transitional between Subzones
Cii and Di. A.chapmani occurs in sample M.2 which is probably of Dii
or Diii Subzonal age, The presence of G.bentonensis in sample M.l

indicates the presence of Subzone Fi.

HUNSTANTON

Planktonic Foraminifera (figs. 8:52, 8:53)

Few planktonic foraminifera were recorded from this section.

Benthonic Foraminifera (figs. 8:52, 8:53)

A.chapmani was recorded from samples H5 to Hl. In sample H.l
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‘these specimens were transitional to A.advena. Transitional
specimens from A.macfadyeni were fecorded from samples H.5 and H.6.
E.balcica-was only recorded from samples H.3 to H.1l while

E.cenomanica was only recorded from H.1l. Q.antiqua was recorded from

samples H.2 and H.3 while S.papyracea was only‘reéorded from H.2.

Ostracoda (figs. 8:54, 8:55)
C.strictag and C.globosa were both recorded from sample H.6

while C.bonnemai and P.striata were both recorded throughout the

section. B.pseudoseptentrionalis was recorded from samples H.4 and
H.2.
Conclusions

The presence of C.stricta and of specimens of A.chapmani
&ransitional from A.macfadyeni) in the basal sample indicate the
presence of Subzone Di. The topmost sample of the Red Chalk contained
specimens of G.bentonensis which indicate the presence of the Fi
Subzone. The presence of specimens of Bairdia in the\topmost
samples indicates an E or F zonal age. The fragments of Red Chalk
which were collected from the basal white chalk are of Fii or Fiii

subzonal age.

SHELL/ESSO BOREHOLE 49/19-1

Planktonic Foraminifera (figs. 8:56, 8:57)

H.delrionsis was recorded in abundance from throughout the Red
Chalk of this secfion, H.pianispira was only rgcorded sporadically.
E.bentonensis was first recorded in abundance ‘'downhole’ at 3090'
depth and was last recorded 'downhole' at 3340'. This species was

most abundant between 3100' and 3160' depth.
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Benthonic Foraminifera (figs. 3:56, 8:57)

Transitional specimens of A.chapmani (to A.advena) first occur
'downhole' at 2970' dépth, these forms were last recorded at. 3000' depth.
Several specimens of A.advena wvere ;ecorded from 3010° depth -and
A.frankei was recorded commohly from 2960° depth to 3100" depth and then
sporadically to 3200' depth. E;ibaltica-was recorded from 3030' and
3200' depth while E;cenomanica'was found between 2980' and 3020' depth,
V.praestans was: recorded from 2970' to 3210' depth.  E.mariae
was recorded downhole from 3000' depth while Q.antiqua and §;Bagyracea

first occur downhole in the Red Chalk at 3000' and 3040' respectively.

Ostracoda (figs. B8:58, 8:59)
C.reticulata and P.goerlichi were only recorded from the basal

clay sample of this section while P.lineata and C.chapmani were only

recorded below 3310' depth. Both D.rara and P.derooi were only
recorded from 3240' depth. ' C.bonnemai was recorded throughout this

section while I.fortinodis was first recorded 'downhole' at 3160'
depth and I.fissicostis was first recorded 'downhole' at 3100' depth.
H.muélleri was recorded between 3000' and 3160' depth while. P.striata
was found between 2990' and 3070' depth. Q.sp.aff.c.Egzsi was found

between 3020' and 3070' depth.

‘Conclusions

The first occurrence 'downhole' of (.bentonensis in abundance at
3090' depth indicates that this horizon is the upper limit of the Fi
Subzone (Biohorizon 8). The Red chalk between this horizon and the
base of the white Chalk contains specimens of A.frankei and E.mariae
together with rare specimers of A.advena-indicating the presence
of Subzones Fii and Fiii. The basal samples appear to be of Middle
Albian age and contain several species which in the Anglo-Paris Basin
are considered characteristic of Bi. All the samples examined from

1
«

- 449 -

q










this section of Red Chalk are of Upper Albian age. Unfortunately,

further differentiation was impossible.

SHELL/ESSO BOREHOLE 49/24~1

Planktonic Foraminifera (figs. 8:52, 8:53) -

H.delrionensis was recorded throughout this section while
H.planispira was only recorded sporadically. G.bentonensis was

only recorded from 4370' depth.

‘Benthonic Foraminifera (figs. 8:52, 8:53)

A.chapmani ‘was recorded throughout this section while A.frankei
was only recorded between 4270' and 4350' depth. M.ozawai was only
recorded from 4350' depth while E.mariae¢ was recorded between 4270’

and 4400' depth. Q.antiqua was recorded between 4270" and 4310' depth.

Ostracoda (figs. 8:54, 8:55)

Ostracoda were not recorded in abundance from this section.
C.bonnemai was only recorded from 4270' depth while P.striata was
found between 4270' and 4400' depth and M.muelleri between 4270'

and 4310' depth;

Conclusions

The presence of A.frankei, E.mariae and G.bentonensis from the

topmost 20-40m of the Red Chalk at this locality indicates the
presence of Zone F. No zonally diagnostic species were recorded from
the basal portion of this section which is probably all of Upper

Albian age.
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8:6 Stratigraphic Summary (fig.8:60)

The sections discussed in this thesis can be divided into three
categories. based on their 1ithologY‘('Chapter 1:3 ).

The 'marginal' Upper Greensand sections of Seaton Bay, Compton
-Bay and Cauville have been correlated and the major lithological
boundaries in the prer Albian have been shown to be roughly con=-
temporaneocus. The top of the Lower Greensand, beicw the Gault Clay,
was shown to be highly diachronous across no?thwestern Europe. At
Compton Bay the basal Gault Clay and the top of the Lower Greensand
are of Bi Subzonal age while at Cauville the Lower Greensand directly
below the Gault Clay is of higher Middle Albian age ( Price, 1977b ).
The basal Gault Clay at both Cauville and Seaton Bay are of Di
Subzonal age and the topmost Gault Clay at each of these sectioms
is of Diii Subzonal age. The 'passage beds' of Compton Bay spaﬂ
most of the Diii Subzone. At Cauville the lithological change from
the Gault Clay to the Upper Greemsand occurs at the top of the Diii
Subzone while at Seaton Bay this change occurs within the Diii Subzone.
At both Compton Bay and Cauville there is evidence for the presence of
Zone F at the top of the Upber Greensand. The Upper Greensand at these
localities thus appears to span the upper part of the M.inflatum
Subzone and most of the S.dispar Zone.

The base of the Gault Clay sections was consistently assigned a Bi
subzonal date within southern Engiand. This Subzone is the thickest
of the Middle Albian Subzones at Glyndebourne, Copt Point, and the
M.25 borehole 3/1. Subzones Ci to Dii are thicker at Glyndebourne
and in the M.25 boreholes 3/1, 1967/1, and 113/2 than at Copt Point
and Wissant. These Subzones thin from southern England towards Wissant
where they are thinnest. Subzone Diii also thins towards Wissant but
in the centre of the southern England sedimentary basin it is thicker
than the preceding Subzones. Subzone Ei also shows an increase in

thickness in comparison to the preceding Subzones, this is most apparent
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at Wissant. Subzone Eii is extremely thick (fig.8:60) both at Glyndebourne

and in the Sevenoaks area. This Subzone is approximately equivalent to
the top half of the C.auritus Subzone. The succeeding Subzone ( Fi ) is.
thicker at Glyndebourne than at the other Gault Clay iocalities.‘ At
Folkestone the base of this Subzone is - within the diastem at the base
of Bed XII. | Subzone Fii is thicker at Folkestone and in the Sevenoaks
area than at Glyndebourne where it directly underlies the 'Glaucénitic
Marl'. At Glyndebourne Subzone Fiii, the thinnest of the F Subzones,
is absent. |
The Upper Albian of the southern North Sea Bésin-shows marked
lateral variation in thickness. The offshore Shell/Esso boreholes are
mainly composed of Zones E and F which are .extremely thick. At both
Melton and Hunstanton the basal bed of the Red Chalk contains faunas of
Di/Dii subzonal age. At Speeton Subzones Eii to Fii were recognised.
Zone F was recognised in all of the southern North Sea Basin localities
and Subzone Fi was recognised at all of the localities.
. The major lithological changes of the Albian Stage occur at four
major horizons. Dufing the Bi Subzone in the southern England Basin
the transition from the Lower Greensand to the Gault Clay occurs..
During the Di Subzone the gault facies -first occurs at Cauville and the
transition from Carstone to the -Red Chalk occurs at Melton and
Hunstanton. The transition from the Gault Clay to the Upper
Greensand occurs during Subzone Diii at Seaton Bay, Compton Bay, and
Cauville. The 'Glauconitic Marl' and/or the white chalk overlies the

Albian at all the localities (Cenomanian age).
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SUMMARY

In the preceding chapters the distribution and palaececology of

selected speciies has been discussed and a zonal scheme has been proposed.

The stratigraphy of each of the studied sections has been discussed in
relation to the zonal scheme and each section has been assigned subzonal
ages. Sixty -one species of foraminifera, along with 99 species and 2
subépecies of Ostracoda have been disc;ssed in the taxonomic chapters.
The evolution of many of these species has been shown to be directly
related to the envirommental change, especfally changes in the depth
of the shallow. epicontinental Albian sea. The depth of the Aibian
sea was shown to increase (at Glyndeboufne) from between 100 and 200
metres for the Middle/Upper Albian boundary to between 200 and 300
metres for the topmost Albian. Marked lateral variations in depth
were also illustrated. Although depth appears to have been the major
factor controlling the bulk changes in tﬁe fossil community during the
Albian ,changes in surface water temperature and nutrient‘supply.were
also major contributing factors. The changes - in depth - and
temperature, as indicated by the planktonic foraminifera, were used
to define a number of Biohorizons (on which the zonal scheme 'is largely
based). A number of zones were defined from the benthonic
populations. These were compared to the Biohorizons, and to the
macrofaunal zonation, and a multi-phyletic zonation was defined. The
zonal scheme enabled the correlation of subzones across faunal and
sedimentary boundaries. The subzonal boundaries were generally found
to coincide with the macrofaunal subzonal boundaries proposed by Casey
(1961), and Owen (1971a; 1975).

The Lower Albian seas of northwestern Europe were poorly inter-
connected and probably semi-enclosed (Saxony Basin, southern England

Basin). Much of-the Lower Albian of southern England is indicative
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of a shallow (0-100 m.), marginal, marine ghvironment.' More open

marine conditions prevailed during the Middle Albian (especially in

. the Aube Basin) but southern England still remained partially enclosed

with agglutinated species and Robertinacea dominating the microfauna.
During the Upper Albian open marine conditions prevailed over much of

northwestern Europe. The genera Hedbergella and Arenobulimina

dominated the microfauna. The majority of species of foraminifera
increase in size during the Albian,

Many species of Osfracoda show distinct environmental control,
both in their distribution, and in their morphological change.

Species of the genera Cormicythereis, Cythereis, and Isocythereis

characteristically decrease in size during the Albian whilst
reticulation in the genus gzthereis generally becomes‘much weaker
from the Middle Albian to the topmost Albian. 'Many species of
Ostracoda make their first appearance at, or shortly after, the major
Biohorizons.

The application of the zonal scheme has refined Albian
stratigraphy and has resolved many of the problems relating to Upper

Albian stratigraphy. .= It has also clarified the stratigraphic position

of many of the lithological boundaries.
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SUGGESTIONS FOR FUTURE RESEARCH

To gain a more compiete understanding of Albian biostratigraphy
further, detailed, regéarch is essent{al. Subjects that require
further study include the Albian deposits‘of the southern and
northern North Sea Basins, the Upper Greensand of southwestern
England and northwestern France, and the microfauna of the Aptian/
Albian.boundar& (ideally in an open marine clay succession). Many
problems relating to the biostratigraphy of the Albian/Cenoﬁanian

boundary need to be resolved.

The gradual refinement of Albian stratigraphy is aliowing
palaecenvironmental interpretations to be made which are becoming
more complex. These, in turn, wili allow the resolution of some
of the taxonomic problems which will, in future, allow the definition
of a more natural taxonomic classification of species, and especially
of the foraminifera. Further attempts should be - made to
incorporate the conclusions of studies of Recent foraminifera and
Ostracoda“to the Albian especially with regard to the life modes of
various species and the ecological relationships between the species,
A large amount of work is required on the -intraspecific variation
of species.

Another major problem that still remains to be resolved is the
longevity of many of the species, and whether, especially in the case
of many species of agglutinated foraminifera and Nodosariacea, they
are long ranging species which have previously been split into a
number of morphotypes, because, owing to their limited ecological
tolerance, they only occur sporadically in the stratigraphic columnm.
This problem can only be resclved by adhering to the present species

concept iq palaeontology, however, the emphasis should be changed
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from the study of individual specimens to the study of populations and
their variation in time aﬁd space.

Seve?al oth;r major problems‘haVe=on1y‘been-btief1y mentioned in
this thesis; including the diachronous: first appearance of .
morphospecies and the provincialism of the marine fauna. Both of
these toPica-requipe a large amount of research.

Owing to the amount of research‘éhat has previously been under-
taken on the Albian biostratigraphy and the fine resolution of this it
might appear that no more research should be undertaken. However,
some of the possible future research topicas are outlined above and it
is precisely because an accurate biostratigraphy is available that .
further research should be undertaken on the Albian Stage, as it
presents an ideal platform for the definition of a very detailed
palaecenvirommental model, in both time and space. This is probably

the only Cretaceous Stage in which this would be possible.
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PLATE 1

Patellina sp. A.;umbilical view (x136); number 75 ;
Shell/Esso 49/19-1 3340'.

Ammodiscus crétaceus (Reuss); umbilical view (x95);
number 1 ; Shell/Esso 49/24-1 4290°.

Glomospira gaultina (Berthelin); umbilical view (x89);
number 3 ; Glyndebourne 148-148.5 m.

‘Nodobacularia nodulosa (Chapman) ; side view (x84);
number 55 ; Folkestone 13/8/22.

Quingueloculina antiqua (Franke) ; side view (x165);
number 56 ; Glyndebourne 51.5-52 m.

Ammodiscus cretaceus (Reuss) ; umbilical view (x77);deformed;
number 2 ; Lower Albian, Germany.

Glomospira gaultina(Berthelin); umbilical view (x130);
deformed ; number 4 ; Lower Albian, Germany.

Quinqueloculina antiqua (Franke) ; side view (x87);
number 57 ; East Wear Bay 2.

Quinqueloculina antiqua (Franke) ; side view (x87) ;
number 58 ; Glyndebourne 110.5-1llm.

Spiroloculina papyracea Burrows, Sherborn & Bailey ;
umbilical view (%68) ; number 59 ; Glyndebourne 49-49.5 m.

Spiroloculina papyracea Burrows, Sherborn §& Bailey ;
umbilical view é1035 ; number 60 ; Glyndebourne 49-49.5m.

Conorboides lamplughi (Sherlock) ; umbilical view (x14l) ;
number 130 ; Lower Albian, Germany.

Conorboides lamplughi (Sherlock) ; spiral view (x148) ;
number 131 ; Lower Albian, Germany.

Spiroloculina papyracea Burrows, Sherborn & Bailey ; side
view (x102) ; number 61 ; Glyndebourne 49-49.5 m.
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PLATE 2

RQOphax.minutus Tappan ; side view (x59) ; number 5 ;
Shell/Esso 49/19-1 ,3340'.

" Textularia minuta Berthelin ; side view (x91) ; number 12 ;

Villemoyenne, lowest.

. ‘Gaudryina filiformis Berthelin ; side view (x90) ; number 21 ;

Glyndebourne 146.5-147 m.

" 'Gaudryina filiformis Berthelin ; side view (x95) ; number 20 ;

Glyndebourne 146.5-147 m.

Textularia chapmani Lalicker ; apertural view (x143) ;
number lla ; Glyndebourne 112.5-113 m.

Textularia chapmani Lalicker ; side view (x98) ; number lla ;
Glyndebourne 112.5-113 m.

Textularia chapmani Lalicker ; side view (x87) ; number 11b ;
Borehole 16/3, 41'0".

‘Haplophragmoides chapmani Morozova ; umbilical view (x66) ;
nGESer 7a ; Glyndebourne 148-148.5 m.

Haplophragmoides chapmani Morozova ; umbilical/apertural
view (x67) ; number 7b ; Glyndebourme 148-148.5.

Eggerellina mariae Ten Dam ; side view (x111) ; number 53 ;
East Wear Bay 6.

Haplophragmoides chapmani Morozova ; number 8a ; apertural
view (x9l§m? Glyndebourne 148-148.5 m.

Eggerellina mariae Ten Dam ; side view (x85) ; number 52 ;
East Wear Bay 6.

Belorussiella textilarioides (Reuss) ; side view (x93) ;
number 15 ; Glyndebourme 138.5-139 m.

Haplophragmoides chapmani Morozova ; side view (x112) ;
number 8b ; Glyndebourne 148-148.5 m.

Uvigerammina alta Magniez-Jannin ; side view (x95) ;
number 27 ; Glyndebourne 93.5-94 m.







PLATE 3

Fig. 1. Haplophragmoides nonioninoides (Reuss) ; side view (x61)
number 9 ; Glyndebourne 61.5-62 m.

Fig. 2. Tritaxia pyramidata Reuss ; gide view (x68) ; number 26b 3
Glyndebourne 148-148.5 m.

Fig. 3. Tritaxia pyramidata Reuss ; side view (x38) ; number 25 ;
Glyndebourne 51.5-52 m.

Fig. 4. Dorothia trochus (d'Orbigny) ; side view (x77) ; number 51
Glyndebourne 102,5-103 m.

Pig. 5. Pseudotextulariella cretosa (Cushman) ; side view (x56)
number 54; Hunstanton 5.

e

Fig. 6. Dorothia ozawai (Cushman) ; side view (x56) ; number 50 ;
Borehole 16/3, 14°'0".

Fig. 7. Textularia sp. A. sp.nov. ; side view (x69) ; number 13

Lower Albian, Germany.

Fig. 8. Textularia sp A. sp.nov. ; side view (x59) ; deformed ;
number 14 ; Lower Albian, Germany.

Fig. 9. Gaudryina gradata Berthelin ; side view (x91) ; number 18 ;
' Glyndebourne 140,5-144 m.

Tritaxia pyramidata:Reuss ; side view (x26) ; number 26a ;
Glyndebourne 74,5-75 m.

Fig. 10.

Fig. 11. Spiroplectinata annectens (Parker & Jones) ; side view (x31);
number 23 ; Glyndebourne 116-116.5 m.

Fig. 12. Spirdﬁlectinata-annectené (Parker & Jones) ; side view (x45)
number 24 ; Glyndebourne 116-116.5 m.

Fig. 13. Sprioplectinata annectens (Parker & Jones) ; side view (x40)
number 22 ; Glyndebourne 116-116.5 m.

Fig. l4. Textularia anceps Reuss ; side view (x98) ; number 10 ;
Glyndebourne 55.5-56 m.

Fig. 15. Gaudryina gradata Berthelin ; side view (x104) ; number 19:
Glyndebourne 55.5-56 m.

Fig. 16. Cribratina cylindracea (Chapman) ; side view (x22) ; number 6 ;
East Wear Bay 3.

-







PLATE 4

Fig. 1. Arenobuliliina macfadyeni Cushman ; side view (x47) ;
number 28a ; Melton 4. : :

Fig. 2. Arenobulimina’ macfadyen1 Cushman ; side view (x82) ;
number 29 ; Glyndebourne 126.5-127 m.

'Fig. 3. Arenobulimina macfadyeni Cushman ; side view (x65) ;
number 30 ; Glyndebourne 126.5-127 m.

Fig. 4. Arenobulimina chapmani Cushman ; side view (x83)
number 39 ; Glyndebourne 105.5-106 m.

Fig. 5. Arenobulimina chapmani Cushman ; side view (x86)
number 40 ; Glyndebourme 105.5-106 m.

Fig. 6. Arencbulimina chapmani Cushman ; side view (x64)
number 41 ; Glyndebourne 75.5-76 m.

Fig. 7. Arenobulimina chapmani Cushman ; side view (x42)
number 42 ; Glyndebourne 58.5-59 m.

.
]

Fig. 8. Arencbulimina chapmani Cushman ; side view (x43)
number 43 ; Glyndebourne 58.5-59 m.

Fig. 9. Arencbulimina chapmani Cushman ; inclined apertural view
(x65) ; number 44 ; Glyndebourne 105.5-106 m.

Fig. 10. Arenobulimina advena (Cushman) ; side view (x38) ;
number 46 ; East Wear Bay 5.

Pig. 11. Arenobulimina.sp.cf. A. anglica Cushman ; side view (x72) ;
number 45 ; East West Bay 6 (not included in text).

Fig. 12. Arenobulimina chapmani Cushman ; side view (x68) ;
number 4 ; Glyndebourme 105.5-106 m.

Fig. 13. Arenobulimina advena (Cushman) ; side view (x65) ;
number 36 ; East Wear Bay 3.

Fig. 14. Arenobulimina sp. A. side view (x42) ; number 35 ;‘
East Wear Bay 6 (not included in text).
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PLATE 5

Flourensina intermedia Ten Dam ; side view (x40) ;

number 16 ; East Wear Bay 3J.

" Arenobulimina sp.cf,é.frankei Cushman ;
number 37 ; Glyndebourne 65.5-66 m.

Arenobulimina sp.cf.A.frankei Cushman ;
number 38a; Glyndebourne 65.5-66 m.

. Arenobulimina sp.cf.A.frankei Cushman ;

-aumber -38b. ;- 6lyndebourne 65.5-66 m.

side view (x41) ;

side view (x47)

side view (x47)

Flourensina intermedia Ten Dam ; side view (x39) ;

number 16 ; East Wear Bay 3.

Flourensina intermedia Ten Dam ; side view (x49)

anumber 176 ; East Wear Bay 3.

.
¥

Flourensina intermedia Ten Dam ; side view (x47) ;

number l7a ; East Wear Bay 4.

Arenobulimina frankei Cushman ; side view (x60) ;

number 36a; Speeton 3.

Arenobulimina sabulosa (Chapman) ; umbilical view (x43) ;

number 32.-; -Glydebourne 60.5-61 m.

Arenobulimina sabulosa (Chapman) ; side
number 32 ; Glyndebournme 60.5-61 m.

Arenobulimina sabulosa (Chapman) ; side
number 33 ; Glyndebourne 60.5-61 m.

Arenobulimina sp.cf,A.truncata (Reuss) ;-

number 49; Copt Point 3.

Lingulogavelinella albiensis Malapris
(x130) ; number 125 ; Wissant 1l.

Lingulogavelinella albiensis Malapris ;
(x133) ; number 126 ; Wissant 11.

Lingulogavelinella albiensis Malapris
number 125 ; Wissant 1l.

view (x55) ;
view (x63) ;
side view (x63) ;
umbilical view
umbilical view

spiral view (x130) ;
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'PLATE 6

Frondicularia filocinta Reuss ; side view (x17) ;
number 64 ; Glyndebourne 61.5-62 m.

Vaginulina ex.gr. V.Kochii Roemer ; side view (x46) ;
number 65 ; Glyndebourne 63.5-64 m.

Vaginulina robusta (Berthelin) ; side view (x39) ;
number 67 ; Glyndebourne 63.5-64 m.

Citharinella pinnaeformis (Chapman) ; side view (x19) ;
number 6la; Glyndebourne 100.5-101 m.

Citharinella laffitei Marie ; side view (x21) ; number 62 ;
Borehole 16/3, 51'6".

Vaginulina mediocarinata Ten Dam ; side view (x33) ;
number 68 ; Glyndebourne 67.5-68 m.

Vaginulina ex. gr. V.Kochii Roemer ; side view (x25) ;
number 66 ; Glyndebourne 60,5-61 m,

Ramulipa sp. A. side view.(x180) ; -number 45 :
Glyndebourne 62.5-63 m.

Citharina d'Orbignyi Marie ; side view (x18); number 63 ;
Glyndebourne 140.5-141 m.

Planularia ex.gr.P.complanata (Reuss)} ; side view (x49) ;
number 71 ; Glyndebourne 59,5-60 m.

Siphogenerina asperula (Chapman) ; side view (x85)
number 69 ; Glyndebourme 131.5-132 m.

Pleurostomella reussi Berthelin ; side view (x86) ; number
115 ; Glyndebourne 91.5-92 m.







PLATE 7

Fig. 1. Globigerinelloides bentonénsis (Morrow) ; umbilical view
(xDB%; ‘number 81 ; Glyndebourne 54.5-55 m.

Fig. 2. 'Globigerinellgides bentonensis (Morrow) ; spiral view
(x142) ; number 82 ; Glyndebourme 54.5-55 m.

Fig. 3. Heterohgiix moremani (Cushman) ; side view (x143) ;
number 76 ; Glyndebourne 59.5-60 m.

Fig. 4. 'Clobigerinelloides bentonensis (Morrow) ; apertural view
: ZxES‘.? ; number 83 ; Glyndebourne 54.5-55 m. :

Fig. 5. Heterohelix moremani (Cushman) ; apertural view (x199) ;
number 7 ; Glyndebourne 59.5-60 m.

Fig. 6. Heterohelix moremani (Cushman) ; side view (x150) ;
number 77 ; Glyndebourme 59.5-60 m.

Fig. 7. Guembilitria harrisi Tappan ; apertural view (x271) ;
number 79 ; Glyndebourne 54.5-55 m.

Fig. 8. Guembilitria'harrisi Tappan ; side view (x267) ; number 80 ;
Glyndebourne 54.5-55 m.

Fig. 9. Favusella washitensis (Carsey) ; umbilical view (x161) ;
number 84 ; Glyndebourne 121.5-122 m.

Fig. 10. Heterohelix moremani (Cushman) ; side view (x191) ; number 78 ;

Glyndebourne 59.5-60 m.

Fig. 11. Favusella washitensis (Carsey) ; umbilical view (x130) ;
number 85 ; Glyndebournme 104.5-105 m.

Fig. 12. Favusella washitensis (Carsey) ; umbilical view (x121) ;
number 86 ; Glyndebourne 104.5-105 m.

Fig. 13. Favusella washitensis (Carsey) ; spiral view (x129) ;
number 87 ; Glyndebourne 104.5-105 m.

Fig. 14. Favusella washitensis (Carsey) ; umbilical view (x122) ;
number 88 ; Glyndebourne 121,5-122 m.

Fig. 15. Favusella washitensis (Carsey) ; umbilical view (x122) ;
number 89 ; Glyndebourme 104.5-105 m.

Fig. 16, Favﬁsella washitensis (Carsey) ; side view (x102) ;
number 9C ; Glyndebourne 104.5-105 m.
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PLATE 8

Hedbergeila'pianiSPira (Tappan) ; apertural view (x186) ;

number 92 ; Glyndebourne 130.5-131 m.

Hedbergella planigpira (Tappan) ; spiral view (x196) ;
number 93 ; Glyndebourne 121.5-122 m.

‘Hedbergella planispira (Tappan) ; umbilical view (x192) ;

number 94 ; Glyndebourme 121.5-122 m.

number 95 ; Glyndebourne 90.5-91 m.

Hedbergella delrionensis (Carsey) ;

" ‘Hedbergella pl&hiSpira (Tappan) ; umbilical view (x200) ;

umbilical view (x190) ;

number 96 ; Glyndebourme 134.5-135 m.

Hedbergella delrionensis (Carsey) ;

umbilical view (x189)

number 97 ; Glyndebourne 106.5-107 m. '

Hedbgggg%la delridﬁensia (Carsey) ;

umbilical view (x178)

number ; Glyndebourme 108.5-109 m.

Hedbergella delrionensis (Carsey) ;

umbilical view (x150) ;

number 99 ; CGlyndebourne 121.5-122 m.

Hedbergella 'delrionensis (Carsey) ;
number 100 ; Glyndebournme 120.5-121

Hedbergella delrionensis (Carsey) ;
number 101 ; Glyndebourme 114,5-115

Hedbergella delrionensis (Carsey) ;

number 102 ; Glyndebournme 110.5-111

Hedbergella delriomensis (Carsey) ;
number 103 ; Glyndebourme 114.5-115

Hedbergella delrionénsis (Carsey) ;
number 104 ; Glyndebourme 109.5-110

Hedbergella delrionensis (Carsey) ;
number 105 ; Glyndebourme 134.5-135

Hedbergella delrionensis (Carsey) ;

number 106 ; Glyndebourme 112.5-113

Hedbergella delrionensis (Carsey) ;
number 107 ; Glyndebourne 125.5-126

umbilical view (x173) ;

spiral view (x169) ;
m.

spiral view (x181) ;
m.

umbilical view (x179)
m.

umbilical view (x212) :

umbilical view (x173) ;

spiral view (x173) ;
m.

umbilical view (x140) ;

m.
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PLATE 9

Hedbergella delrionensis (Carsey) ; umbilical view, final
two chambers (x660) ; number 110 ; Glyndebourne 68.5-69 m.

. 'Hedbergella delrioneénsis (Carsey) ; umbilical view with a

broken .apertural flap (x797) ; number 109 ; Glyndebourne
72.5-73 m. '

Hedbergella délrionensis (Carsey) ; umbilical view with a
broken apertural flap (x660) ; number 108 ; Glyndebourme
72.5-73 um. :

Hedbergella delrionensis (Carsey) ; penultimate Chamber
(x729) ; nuqber 112 ; Borehole 16/3, 17'0".

‘Hedbergella delrionensis (Carsey) ; umbilical vieﬁ (x108)

number 108 ; Glyndebourne 72.5-73 m.

Hedbergella delrionensis (Carsey) ; umbilical view (x111) ;

number 109 ; Glyndebourne 72.5-73 m.

Hedbergella delrionensis (Carsey) ; spiral view (xl116) ;
number 110 ; Glyndebourne 68.5-69 m. :

Hedbergella delrionensis (Carsey) ; umbilical view (x106)
number 111 ; Glyndebourne 68.5-69 m. '

Hedbergella delrionensis (Carsey) ; umbilical view (x106)
anumber 112 ; Borehole 16/3, 17'0".

Hedbergella delrionensis (Carsey) ; umbilical view (x93) ;

number 113 ; Borehole 16/3, 17'0".

Hedbergella delrionensis (Carsey) ; umbilical view (x91) ;
aumber 114 ; Speeton 2.







PLATE 10

Fig. 1. Hedbergella delrionensis (Carsey) ; simple poreé‘and coarsae
- hispidity (x990} ; number 105 ; Glyndebourme 134.5-135 m.

Fig. 2. Hedbergella delrionensis (Carsey) ; umbilical view (x330) ;
' number 102 ; Glyndebourme 110.5-11l1 m, :

Fig. 3. Hedbergella delrionensis (Carsey) ; simple pores and coarse
- hispidity ; number 95 ; Glyndebourme 90.5-91 m. -

Fig. 4. Hedbergella delrionensis (Carsey) ; 'countersunk' pores
‘(x520) ; number 100 ; Glyndebourme 120.5-121 m.

Fig. 5. Hedbergella delrionensis (Cérsey) ; 'countersunk' pores
szaooa ; Glyndebourne 120.5-121 m.

Fig. 6. Hedbergella delrionensis (Carsey) ; 'countersunk' pores
(x2600) ; number 100 ;.Glyndebourme 120.5-121 m.

Fig. 7. Favusella washitensis (Carsey) ; coarse reticulation (x720)
number 90 ; Glyndebourne 104.5-105 m.

Fig. 8. Favusella washitensis (Carsey) ; coarse reticulation (x720)
number 84 ; Glyndebourne 121.5-122 m.

‘Fig. 9. Favusella washitensis (Carsey) ; coarse reticulation and
small simple pores (x1100) ; number 89 ; Glyndebourme
104.5-105 m.

Fig. 10. Favusella washitensis (Carsey) ; coarse reticulation (x720)
number 89 : Glyndebourne 104.5-105 m.
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PLATE 11

Gavelinella intermedia (Berthelin) ; spiral view (x86) ;
number 122 ; Glyndebourne 112.5-113 m.

"Gavelinella intermédia (Berthelin) ; umbilical view (x87) ;
‘number 123 ; Glyndebournzs 112.5-113 m.

L Gavellnella baltica Brotzen ; spiral view (x68) ; number 116 ;

Clyndebourne 55.5-56 m.

Gavelinella'intermedia (Berthelin) ; aperthral view (x87) ;
number 124 ; Glyndebourne 112.5-113 m.

Gavelinella cenomanica (Brotzen) ; apertural view (x90)
aumber 121 ; Glyndebourne 50.5-51 u.

CGavelinella cenomanica (Brotzen) ; apertural view (x68) ;
umber 119; :Borehole 16/3, 14'0".

Gavelinella'baitica Brotzen ; apertural view (x8:) ;
number 117 ; Glyndebourne 102.5-103 m. '

Gavelinella cenomanica (Brotzen) ; spiral view (x91) ;
number 119 ; Borehole 16/3. 14'0",

Gavelinella intermedia (Berthelin) ; spiral view (x90) ;
fumber 12a ; Glyndebourne 75.5-76 m.

Gavelinella baltica Brotzen ; apertural view (x68) ;
number.'116 ; Glyndebourne 112.5-113 m.

ﬁingglog;velinella jarzevae (Vasilenkc) ; side view (x131) ;
number 128 ; Glyndebourne 62.5-63 m.

Gavelinella cenomanica (Brotzen) ; spiral view (x76) ;
number 120 ; Borehole 16/3, 14'0".

Gavelinella baltica Brotzen ; umbilical view (x72) ;
number 118 ; Glyndebourne 78.5-79 m.

Lingulogavelinella jarzevae (Vasilenko) ; umbilical view
(x144) ; number 127 ; East Wear Bay 3.







PLATE 12

Fig. 1. Gave11ne11a intermedia (Berthelin) ; spiral view (x86) ;
number 132 ; Glyndébourne 135.5-136 m.

Fig. 2. Cavelinella intermedia (Berthelin) ; spiral view (x93) ; .
number 133 ; Glyndebourne 135.5-136 m.

Fig. 3. Gavelinella intermedia (Berthelin) ; spiral view (x90) ;
number 134 ; Glyndebourne 130.5-131 m,

Fig. 4. Gavelinella intermedia (Berthelin) ; spiral view (x86) ;
number 135 ; Glyndebourne 130.5-131 am.

Fig. 5. Valvulineria parva Khan ; Umbilical view (x87) ;
number 72a ; Glyndebourne 140.5-141 m.

Fig. 6. Valvulineria parva Khan ; umbilical view (x118) ;
number 72b ; Glyndebourne 140.5-141 m.

Fig. 7. Valvulineria parva Khan ; umbilical view (x111) ;
number 72c¢ ; Courcelles Lower.

Fig. 8. Valvulineria parva Khan ; umbilical view (x119) ;
number 72d ; Courcelles Lower.

Fig. 9. Valvulineria praestans Magniez-Jannin ; umbilical view
(x100) ; number 73b ; Glyndebourne 68.5-69 m.

Fig. 10. Valvulineria praestans Magniez-Jamnin ; spiral view (x106) ;
number 73c ; Glyndebourme 68.5-69 m.

Fig. 11. Valvulineria praestans Magniz-Jannin ; apertural view (x106) ;
: number 73d ; Borehole 16/3,21'6".

Fig. 12. Valvulineria praestans Magniez-Jannin ; apertural view (x110) ;
number 73e ; Borehole 16/3, 21'6".

Fig. 13. Valvulineria praestans Magniez-Jannin ; umbilical view (x96) ;
number 39 ; Borehole 16/3, 21'6".

Fig. 14, Valvulineria praestans Magniez-Jannin ; apertural view (x73f) ;
Glyndebourne 48.5-49 m.
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PLATE 13

.~ Hoeglundina chapmani (Ten Dam) ; spiral view (x68) ;

number 141 ; Glyndebourme 127.5-128 m.

Hoeglundina chiapmani (Ten Dam) ; umbilical view (x65) ;
number 140 ; Glyndebourne 127.5-128 m.

'Hoeg}ﬁndﬁn!chapmani (Ten Dam) ; apertural view (x63) ;

number 142 ; Folkestone 13/8/22.

Epistomina cretosa Ten Dam ; spiral view (x35) ; number 144 ;
Wissant 4.

Hoeglundina carpenteri (Reuss) ; umbilical view (x68) ;
number 137 ; Glyndebourne 127.5-128 m.

Hoeglundinacarpenteri(Reuss) ; spiral view (x66) ; number
138 ; Glyndebourne 127.5-128 m. '

Hoeglundinacarpenteri(Reuss) ; apertural view (x66) ;
number 139 ; Glyndebourne 127.5-128 m.

Epistomina cretosa Ten Dam ; spiral view (x43) ; number 145 ;
Wissant 4.

Epistomina cretosa Ten Dam ; umbilical view (x40) ;
number 146 ; Wissant 4.

Epistomina spinulifera (Reuss) ; umbilical view (x44) ;
number 147 ; Glyndebourne 121.5-122 m.

Epistomina spinulifera (Reuss) ; spiral view (x43) ;
number 149 ; Glyndebourne 121.5-122 m.

Epistomina spinulifera (Reuss) ; spiral view (x51) ;
number 148 ; Glyndebourne 121.5-122 m.

Epistomina sp.A. sp.nov.;umbilical view (x36) ; number 151 ;
Glyndebourne 106.5-107 m.

Epistomina sp.A. sp.nov.; apertural view (x37) ; number 152 ;
Glyndebourne 106.5-107 m.

Epistomina sp.A. sp.nov.;spiral view (x51) ; number 153 ;
Glyndebourne 106.5-107 m.







- PLATE 14

Fig. l. Polycope oweni Kaye ; Female, carapace (x93 ) ; number 159 ;
Glyndebourne 127.5-128. m. .

Fig. 2. Cytherella speetonensis Kaye ; Right valve, female (x56) ;
number 170 ; Speeton 4.

Fig. 3. Polycope nuda Kaye ; Female, carapace (x88) ; number 158 ;
Glyndebourme 128-128.5.

Fig. 4. %Ztherella ex.gr.C.ovata (Roemer) ; Left valve, ‘male
- '%60) ; number 161 ; Glyndebourne 53 554 m. '

Fig. 5. %ztherella ex.gr.C.ovata (Roemer) ; Righﬁ valve, male
x45 number 162 ; Glyndebourne 53.5-54 m.

. Fig. 6. Cytherella speetonensis Kaye ; Right valve, female,
dxstorted (x57) ; number 171 ; Speeton 5.

Fig. 7. ‘Cytherella sp.cf.C.truncata (Bosquet) ; Left valve,‘female
(x49) ; number 165 Speeton 7.

Fig. 8. Cytherella sp.cf. C.truncata (Bosquet) ; Left valve, female
(x49) ; number 166 ; Glyndebourne 122.5-123 m.

Fig. 9. %ztherella ex.gr.C.ovata (Roemer) Right valve, female
x50 number 163 ;. Glyndebourne 122 5-123 m.

Fig. 10. Cytherella éx.gr.g.oﬁafé (Roemer) ; Left ;Alv;; female
(x50); number 160;.Glyndebourne 122.5-123 m.

Fig. 11. Cytherella sp.cf.C.truncata (Bosquet) ; Right valve, male
(x49) ; number 167 ; Glyndebourne 119.5-120 m.

Fig. 12. Cytherella sp.cf.C.truncata (Bocquet) ; Right valve, female
(x47) ; number 168 ; Glyndebourne 52.5-53 m.

Fig. 13. Cytherella sp.cf.C.truncata (Bosquet) ; Left valve, male

(x45) ; number 169 ; Glyndebourne 52.5*53 m.

Fig. 1l4. Cytherella E__ndel1 Weaver ; nght valve ; female (x59) ;
number 164 ; Glyndebourne 52. 5-53 m.

Fig. 15. Cytherelloidea globosa Kaye ; Left valve, female (x83) ;
number 172 ; Borehole 16/3, 15'6".

Fig. 16. Cytherelloidea kayei Weaver ; Right valve, female (x70) ;
number 469 ; Glyndebourne 49-49.5 m.

Fig. 17. Cytherella grﬁhdeki Weaver ; Dorsal, carapace, female (x59)
number 164 ; Glyndebourne 52.5.-53 m.

Fig. 18. Cytherelloidea globosa Kaye ; Right valve, female (x83) ;
number 173 ; Borehole 16/3, 5'6".
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PLATE 15

Cytherelloidea stricta (Jones & Hinde) ; Left valve, female
(x53) ; number 175 ; Glyndebourne 121-121.5 m.

Cytherelloidea stricta (Jones & Hinde) ; Right valve, female

(x52) ; oumber 176 ; Glyndebourne 121-121.5 m.

Cytherelloidea chapmani (Jones & Hinde) ; Left valve, male
(x66) ; number 180 ; Glyndebournme 128.5-129 m.

Cytherelloidea chapmani (Jones & Hinde) ; Left valve, male

(x59) ; number 177 ; Glyndebourne 121-121.5 m.

Cytherelloidea stricta (Jones & Hinde) ; Right valve, female

(x63) ; number 178 ; Glyndebourne 128.5-129 m.

Cytherelloidea chapmani (Jones & Hinde) ; Dorsal, female

(x65) ; number 179 ; Wissant 13.

Cytherelloidea knaptonenais Kaye ; Left valve, male (x72) ;

number 174 ; Melton 2.

Cytherelloidea chapmani (Jones & Hinde) ; Left valve, female

(x66) ; number 181 ; Wissant 11.

Cytherelloides chapmani (Jones & Hinde) ; Right valve,
female (x67) ; number 183 ; Wissant 8.

Cytherelloidea chapmani (Jones & Hinde) ; Left valve, male
(x66) ; number 184 ; Wissant 11,

Bairdia pseudoséptentrionalis (Mertens) ; Left valve, female
(x35) ; aumber 1 ; Glyndebourne 56.5-57 m.

Bairdia gggudoaeptencrionalig (Mertens) ; Right wvalve,
female (x35) ; number 1/% ; Glyndebourne 56.5-57 m.

Macrocypris sp.cf.M.siliqua (Jones) ; Left valve, female (x4l) ;

number 186 ; S.dispar Zone, Cambridge.

Macrocypris sp.cf.M.siliqua (Jones) ; Left valve, -1 (x42)
number 187 ; S.dispar Zone, Cambridge.







PLATE 16

Fig. 1. Macroc ris sp.cf.M.8iliqua (Jones) ; Right valve; -1
) (x40) ; number 187 ; Speeton 8.

Fig. 2. Macrocypris sp.cf.M.siliqua (Jones) ; Right valve, female
(x40) ; number 189 ; Speeton 8,

Fig. 3. Paracypris wrothamensis Kaye ; Left valve, female (x47) ;
number 470 ; Glyndebourne 109.5-110 m.

Fig . 4. Argilloecia valvula Kaye ; Right valve, female (x88) ;
number 471la ; Glyndebourne 106.5-107 m.

Fig. 5. Pontocyprella semiquadrata Kaye ; Right valve, female (x45) ;
number 185 ; Speeton 2.

Fig. 6. Paracypris wrothamensis Kaye, Right valve, female (x46) ;
number 180a ; Glyndebcurne 109.5-110 m.

Fig. 7. PRaracypris wrothamensis Kaye ; Left valve, =1 (x48) ;
number 180b ; Glydebourne 109.5-110 m.

Fig. 8. Pontocyprella harrisiana (Jones) ; Right valve, female
(x60) ; number 473a ; Glyndebourne 105.5-106 m.

Fig. 9. Pontocyprella harrisiana (Jones) ; Left valve female (x60) ;
number 474a ; Glyndebourne 105.5-106 m.

Fig. 10. Cornicythereis cornueli (Deroo) ; Left valve, female (x69) ;
number 263 ; Courcelles, lowest.

Fig. 11. Cornicythereis cornueli (Deroco) ; Left valve, male (x66) ;
number 264 ; Courcelles, lowest,

Fig. 12. Cornicythereis cornueli (Deroo) ; Left valve, male (x70) ;
number 265 ; Glyndebourne 141.5-142 m.

Fig. 13. Dolocythere rara Mertens ; Left valve, female (x112) ;
number 191 ; Glyndebourne 142.5-143 m.

Fig. l4. Cornicythereis larivourensis Damotte & Grosdidier ; Left
valve, female (x69) ; number 271 ; Glyndebourne 111.5-112 m.

Fig. 15. Cornicythereis larivourensis Damotte & Grosdidier ; Right
valve, female (x69) ; number 272 ; Glyndebourme 111.5-112 'm.

Fig. 16. Cornicythereis larivourensis Damotte & Grosdidier ; Left
valve, male (x73) ; number 273 ; Glyndebourne 73.5-74 m.

Fig. 17. Cornicythereis larivourensis Damotte & Grosdidier ; Dorsal,
male (x75) ; number 274 ; Glyndebourne 73.5-74 m.

Fig. 18. Cornicythereis larivourensis Damotte & Grosdidier ; Dorsal,
female (x73) ; number 275 ; Glyndebourne 73.5-74 m.
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PLATE 17

Cornicythereis sp.aff.C.cornueli sp.nov. ; Left valve,
female (x45) ; number 472a : Beer 5.

Cornicythereis Eptyens;s Damotte & Grosdidier ; Right

valve female (x92) ; number 269 ; Glyndebourne 146.5-147.5 m.

‘Cornicythereis bonnemai Triebel ; Right valve, male (x76) ;

number 267 ; Speeton &,

Cornicythéfeis bonnemai Triebel ; Dorsal, male (x64) ;

number 268.; Speeton 4.

Cornicythereis gatyensis Damotte & Grosdidier ; Left valve,

¥

female (x70) ; number 270 ; Glyndebourme 146.5-147.5 m.

Cornicythereis bonnemai Triebel ; Left valve, female (x63) ;

number 266 ; Speeton 4.

Cytherexa reticulata Jones & Hinde ; Left valve, female

(x44)" ; number 255 ; Glyndebourme 143.5-144.5 m.

thereis hirsuta Damotte & Grosdidier ; Left valve, female
x45) ; number 231 ; Clyndebourne 131.5-132 m.

Cythereis reticulata Jones & Hinde ; Right valve, female
(x44) ; number 256 ; Glyndebourne 143.5-144.5 m.

Cythereis hirsuta Damotte & Grosdidier ; Left valve, female
(x46) ; number 232 ; Glyndebourne 73.5-74 m. '

Cythereis hirsuta Damotte & Grosdidier ; Left valGe, dorsal
(x44) ; number 233 ; Glyndebourme 73.5-74 m.

Cythereis hirsuta Damotte & Grosdidier ; Right valve, -1
(x48) ; number 234 ; Glyndebourre 73.5-74 m. '

Cythereis hirsuta Damotte & Grosdidier ; Right valve,
female (x45) ; number .235 ; Glyndebourne 73.5-74 m.

Cythereis hirsuta Damotte & Grosdidier ; Left valve, male
(x43) ; number 236 ; Glyndebourme 101.5-102 m.

Cythereis hirsuta Damotte & Grosdidier ; Right valve, hinge
(x64) ; number 237 ’; Glyndebourne 73.5-74 m.







PLATE 18

Fig. 1. Cythereis hirsuta Damotte & Grosdidier ; Left valve, female
(x46) ; number 238 ; Glyndebourme 55.5-56 m.

Fig. 2. Cythereis hirsuta Damotte & Grosdidier ; Right valve, male
(x48) ; number 239 ; Glyndebourne 55.5-56 m.

Fig. 3. Cythereis thoerenensis Triebel ; Left valve, male {(x44) ;
number 260 ; Glyndebourne 53.5-54 m.

Fig. 4. Cythereis hirsuta Damotte & Grosdidier ; reticulation (x140).

Fig. 5. Cythereis thoerenensis Triebel ; Right valve, female (z45) ;
number 261 ; Glyndebourne 53.5-54 m.

Fig. 6. Cythereis thoerenensis Triebel ; Dorsal, female (x48) ;
number 262 ; Glyndebourne 131.5-132 m.

Fig. 7. Cythereis hirsuta Damotte & Grosdidier ; Dorsal, female (x45) ;
number 240 ; Glyndebourne 131.5-132 m.

Fig. 8. Cythereis hirsuta Dsmotte & Grosdidier ; Dorsal, female
(x45) ; number 241 ; Glyndebourme 131.5-132 m.

Fig. 9. Cythereis thoerenensis Trietel ; Right valve, male (x46) ;
number 263 ; Glyndebourne 53.5-54 m.

Fig. 10. Cythereis sp.aff.C.folkstonensis Kaye ; Right valve, female
(x51) ; number 224 ; Glyndebourne 94.5-95 m.

Fig. 11. Cythereis folkstonensis Kaye ; Left valve, male (x46) ;
number 222 ; Glyndebourne 94.5-95 m.

Fig. 12. Cythereis g;nhgyensis Kaye ; Left valve, female (x48) ;
number 254 ; Beer 6.

Fig. 13. Cythereis folkstonensis Kaye ; Dorsal, female (x51) ; L.V,
number 223 ; Glyndebourne 94.5-95 m.

Fig. 14. Cythereis glabrella Triebel ; Left valve, male (x40) ;
number 226q; Speeton 6.

Fig. 15. Cythereis glabrella Triebel ; Left valve, female (x42) ;
number 225 ; Speeton 6.







PLATE 19

Fig. 1. Cythereis hindei hindei Weaver ; Left valve, female (x71) ;
number 227 ; Glyndebourne 66.5-67 m. ’

Fig. 2. Cythereis hindei hindei Weaver ; Right valve, male (x73) ;
number 228 ; Glyndebourne 66.5-67 m.

Fig. 3. Cythereis hindei hindei Weaver ; Left valve, male (x71) ;
number 229 ; Glyndebourne 66.5-67 m.

Fig. 4. Cythereis‘hindei'hindei Weaver ; Right valve, female (x70) ;
number 230 ; Glyndebourne 66.5-67 m.

Fig. S. thereis ex.gr.C.lurmannae Triebel ; Left valve, female
2.48) ; number 250 ; Glyndebourne 122.5-123.0 m.

Fig. 6. thereis ex.gr.C.lurmannae Triebel ; Left valve, male
(x53) ; number 242 ; Glyndebourne 1227,5-123.0: m.

Fig. 7. thereis ex.gr.g.lurmannae Triebel ; Left valve, ﬁale
53455 ; number 243 ; Glyndebourne 122.5-123.0 m.

Fig. 8. %Zthereis ex.gr.C.lurmannae Triebel ; Right valve, female
x45) ; number 244 ; Glyndebournme 101.5-102 m.

Fig. 9. thereis ex.gr.C.lurmannae Triebel ; Left valve, female
x47) ; number 245 ; Glyndebourme 101.5-102 m.

Fig. 10. Cythereis ex.gr.g.lurmanhae Triebel ; Left valve, female
x45) ; number 246 ; Glyndebourme 71.5-72 m.

Fig. 1l1. %xthereis ex.gr.C.lurmannae Triebel ; Left valve, male
x45) ; number 247 ; Speeton 6.

Fig. 12. (Cythereis ex.gr.C.lurmannae Triebel ; Right valve, male
' (x45) ; number 248 ; Speeton 6.

Fig. 13, %zthereis ex.gr.C.lurmannae Triebel ; Left valve, male
x47) .; number 249 ; Borehole 16/3, 26'0".

Fig. 14. Planileberis sandersi Weaver ; Left valve, female (x60) ;
number 471 ; Glyndébourne 55.5-56 m.

Fig. 15. Planileberis sandersi Weaver ; Dorsal, female (x64) ;
number 4727; Glyndebourne 55.5-56 m.

Fig. 16. Cythereis ex.gr.C.lurmannae Triebel ; Left valve, male (x48);
number 251.; Borehole 16/3, 26'0".

Fig. 17. Cythereis ex.gr.C.lurmannae Triebel ; Dorsal, female (x43) ;
number 252 ; Borehole 16/3, 26'0".

Fig. 18. Planileberis chathamensis Weaver ; Left valve, female (x50) ;
number 282 ; Glyndebourne 55.5-56 m.

Fig. 19. Planileberis chathamensis Weaver ; Right valve, female
(x48) ; number 283 ; Glyndebourne 55.5-56 m.







PLATE 20

Fig. 1. Cythereis sp.A. sp.nov. ; Left valve, female (x69) ; number
264 ; Glyndebourne 50.5-51 m.

Fig. 2. gzthere1s sp. A sp.nov. ; Dorsal, female (x71) ; number 265 ;
Glyndebourne 50.5-51 m.

Fig. 3. Cythereis ex.gr.C.lurmannae Triebel ; Dorsal, male (x49) ;
number 25la ; Glyndebourne 71.5-72 m.

Fig. 4. gztherexs ex.gr.C.lurmannae Triebel ; Dorsal, female (xb4) ;
er 252a; Glyndebourne 71.5-72 m.

Fig. 5. Cythereis sp.A. sp.nov. ; Right valve, female (x74) ;
number 266 ; Glyndebourne 50.5-51 m.

Fig. 6. Matronella ?durispinata-(Griindel); Left valve, female (x43);
number 280 ; Glyndebourne 120,5- 121 m.

Fig. 7. Matronella matronae (Damotte & Grosdidier) ;. Left valye,
female (x48) ; number 278 ; Glyndebournme 141.5-142 m.

Fig. 8. Matronella matronae (Damotte & Grosdidier) ;-."in‘tel_'nal'. left
valve (x52) ; number 279 ; Glyndebournme 141.5-142 m.

Fig. 9. Matronella ?durispinata (Griindel); Doréal, female (x47);
number Z280; Glyndebourne 120,5-121 m,

Fig. 10. Isocythereis fortinodis Triebel ; Left valve, female (x90) ;
number 215 ; Glyndebourne 131.5-132 m.

:Fig. 11. 1Isocythereis fortinodis Triebel ; Right valve, female
(x94) ; number 216 ; Glyndebourme 131.5-132 m.

Fig. 12. Matronella ?durispinata .(Griindel) ; -Right valve, female
(x48) ; number 281 ; Glyndebournme 120.5-121 m.

Fig. 13. Isocythereis fortinodis Triebel ; Right valve, male (x87) ;
number 217 ; Glyndebourne 63.5-64 m.

Fig. 14. Isocythereis fortinodis Triebel ; Left valve, female (x82) ;
number 218 ; Glyndebourne 63.5-64 m.

Fig. 15. Cythereis ex.gr.C.lurmannae Triebel ; Left valve, internal
(x67) ; Glyndebourne 122.5-123 m. -

Fig. 16. Platycythereis gaultina (Jones) ; Left valve, female (x64) ;
number 192 ; Glyndebourne 129.5-130 m.

Fig. 17. Platycythereis gaultina (Jones) ; Right valve, female (x65);
number 193 ; Glyndebourne 129.5-130 m.







PLATE 21

Fig. 1. Isocytheris sp.A. sp.nov. ; Left valve, female (x110) ;
number 219 ; Beer 6.

Fig. 2. Isocz}heris sp.B, sp.nov. ; Left valve, female (x110) ;
anumber 220 ; Beer 6.

Fig. 3. Isocytheris fissicostis Triebel ; Left valve, female (x98) ;
number 211 ; Glyndebournme 143,5-144.5 m.

Fig. &. Isocytheris fissicostis Triebel ; Left valve, male (x94) ;
oumber 212 ; Glyndebourne 143.5-144.5 m.

Fig. 5. Platycythéreis chapmani Kaye ; Dorsal, female (x69) ;
number 190 ; Borehole 16/3, 51'6".

Fig. 6. Isocytheris fissicostis Triebel ; Right valve, female
(z85) ; number 213 ; Glyndebourne 71.5-72 m.

Fig. 7. Isocytheris fissicostis Triebel ; Right valve, male (x78) ;
number 214 ; Glyndebourne 71.5-72 m.

Fig. 8, Platycythereis sp.A. sp.nov. ; Left valve, male (x71) ;
number 198 ; Glyndebournme 121-121.5 m.

Fig. 9. Platycythereis gaultina (Jomes) ; Left valve, male (x68) ;
oumber 194 ; Folkestome 13/8/11. -

Fig. 10. Platycythereis sp.A. sp.nov. ; Left valve, dorsal (x75) ;
number 183 ; Glyndebourne 121-121.5 m.

Fig. 11. Platycythereis sp.A. sp.nov. ; Right valve, female (x74) ;
number - 184 ; Glyndebourne 121-121.5 m.

Fig. 12. Platycythereis gaultina (Jomes) ; Left valve, female (x6l1) ;
number 195 ; Wissant 15.

Fig. 13. Platycythereis gaultina (Jomes) ; Right valve, female (x76) ;
number 196 ; Wissant 15.

Fig. l4. Platycythereis chapmani Kaye, Right valve, female (x46) ;
. number 203 ; Borehole 16/3, 51'6".

Fig. 15. Platycythereis laminata Triebel ; 'spongeous’ reticulation
(x720) ; number 195 ; Glyndebourne -145.5-146.5 m.

Fig. 16. Platycythereis chapmani Kaye ; Left valve, male (x46) ;
number 204 ; Borehole 16/3, 51'6".

Fig. 17. Platycythereis chapmani Kaye ; Right valve, male (x58) ;
number 205 ; Borehole 16/3, 51'6".

Fig. 18. Platycythereis laminata Triebel ; Left valve, female (x48) ;
number 206 ; Glyndebourne 145,5-146.5 m.

Fig. 19. Platycythereis laminata Triebel ; Left valve, male (x46) ;
number 207 ; Glyndebourne 145.5-146.5 m.







PLATE 22

Fig. 1. Platycythereis sp.A. sp.nov. ; Left valve, male (x76) ;
number 199 ; Glyndebourne 74.5-75 m.

Fig. 2. Platycythereis sp.A. sp.nov. ; Left valve, female (x77) ;
number 200 ; Glyndebourne 74.5-75 m.

Fig. 3. Platycythereis sp.A. sp.nov. ; Left valve, female (x69)
number 201 ; Glyndebourne 74:5-75 m.

Fig. 4. Cythereis rudispinata (Chapman & Sherborn) ; Léft valve,
female (x71) ; number 257 ; Glyndebourme 139,5-140.5 m,

Fig. 5. Cythereis rudispinata (Chapman & Sherborn) ; Dorsal,
: ' féma}e (x58) ; number 259 ; Glyndebourme 139.5-140.5 m.

Fig. 6. Platycythereis sp.A. sp.nov. ; Dorsal, female (x68) ;
~ Glyndebourne 74.5-75 m,(not numbered).

Fig. 7. Platycythereis sp.A. sp.nov. ; Right valve, female (x71) ;
' number 202 ; Glyndebourne 74.5-75 m.

Fig. 8. Cythereis rudispinata (Chapman & Sherborn) ; Right valve,
‘ female (x8l) ; number 258 ; Glyndebourne 139.5-140.5 m.

Fig. 9. Protocythere siddiqui Weaver ; Left valve, female (x45) ;
number 322 ; Cauville 5.

Fig. 10. PfOtecythere' derooi Oertli ; Right valve, female, carapace
(x70) ; number 317 ; Glyndebournme 146.5-147.5 m.

Fig. 11. Protocythere siddiqui Weaver ; Left valve, male (x45) ;
number 323 ; Cauville 5. :

Fig. 12. Protocythere lineata (Chapman & Sherborn) ; Right valve,
male (x47) ; number 318 ; Glyndebournme 131.5-132.

Fig. 13. Protocythere lineata (Chapman & Sherborn) ; Right valve,
hinge (x80) ; Glyndebourne 131.5-132 m.

Fig. l4. Protocythere lineata (Chapman & Sherborn) ; Left valve,
male (x46) ; number 319 ; Glyndebourne 131,5-132 m.

Fig. 15, Protoeythere lineata (Chapman & Sherborn) ; Left valve,
female (x46) ; number 321b ; Glyndebourne 123.5-124 m.

Fig. 16. Protocythere lineata (Chapman & Sherborn) ; Right valve,
male (x46) ; number 321c ; Glyndebourne 131,5-132 m.

Fig. 17. Protocythere lineata (Chapman & Sherborn) ; Dorsal,male
(x46) ; number 321d ; Glyndebourne 146.5-147.5 m.

Fig. 18. Protocythere lineata (Chapman & Sherborn) ; Left valve,
female (x50) ; number 32le ; Glyndebourne 123.5-124 m.







PLATE 23

Fig. 1. Protocythere lineata (Chapman & Sherborn) ; Left valve,
female (x46) ; number 320 ; Glyndebourne 103.5-104 m.

Fig. 2. Protocythere lineata (Chapman & Sherborn) ; Right valve,
female (x46) ; number 32la; Glyndebournme 103.5-104 m.

Fig. 3. Proﬁocythere lineata (Chapman & Sherborm) ; Right valve,
male (x46) ; number 321f ; Glyndebourne 103.5-104 m. '

Fig. 4. Mandocythere muelleri (Grundel) ; Left valve, male (x44) ;
number 307 ; Shell/Esso, 49/19-1, 3070'.

Fig. 5. Mandocythere muelleri (Grundel) ; Dorsal, carapace, female
(x50) ; number 308 ; Shell/Esso, 49/19-1, 3070'.

Fig. 6. Mandocythere muelleri (Grundel) ; Dorsal, Left valve,
male (x49) ; number 309 ; Shell/Esso,49/19-1, 3070'.

Fig. 7. Mandocythere muelleri (Grundel) ; Right valve, female,
hinge (x44) ; number 253 ; Shell/Esso, 49/19-1, 3070'.

Fig. 8. Mandocythere muelleri (Grindel) ; Left valve, female (x46) ;
number 309 ; Shell/Esso,49/19-1, 3070'.

Fig. 9. Mandocythere lapparenti (Damotte & Grosdidier) ; Right valve,
female (x38) ; number 304 ; Glyndebourne 66.5-67 m.

Fig. 10. Batavocythere gaultina (Kaye) ; Left valve, female (x66) ;
number 330 ; Le Havre 4.

Fig. 11. Mandocythere lapparenti (Damotte & Grosdidier) ; Left valve,
female (x45) ; number 303 ; Glyndebourne 66,5-67 m.-

Fig. 12. Mandocythere lapparenti (Damotte & Grosdidier) ; Right
valve, male (x44) ; number 306 ; Glyndebourne 66,5-67 m.

Fig. 13. Batavocythere gaultina (Kaye) ; Left valve, female (x66) ;
number 330 ; Le Havre 4.

Fig. l4. Mandocythere lapparenti (Damotte & Grosdidier) ; Left valve,
male (x39) ; number 305 ; Glyndebourne 66.5-67 m.

Fig. 15. Veenia florentinensis Damotte ; Left valve, female (x68) ;
number 315 ; Glyndebourne 144,5-145.5 m,

Fig. 16. Veenia florentinensis Damotte ; Right valve, female (x65) ;
number 316 ; Glyndebourne 144.5-145.5 m.

Fig. 17. Protocythere sp.A. sp.nov.; Left valve, male (x45);
number 473; Shell/Esso, 49/19-1, 3350'.

Fig. 18. Protocythere sp.A.sp.nov.; Left valve, female (x44);
number 474; Shell/Esso 49/19-1, 3350°'.
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PLATE 24

‘Protocythere striata (Grindel) ; Left valve, female (x47) ;

number 324 ; Glyndebournme 72.5-73 m.

Protocythere striata (Griindel) ; Right valve, female
(247) ; number 325 ; -Glyndebourne 72,.5-73 m.

Protocythere striata (Grilndel) ; Right valve, female
(z50) ; number 326 ; East Wear Bay 3.

Protocythere striata (Griindel) ; Left valve, female (x47) ;

‘East Wear Bay 3 (ust aumbered).

Protocythere striata (Griindel) ; Dorsal, male (x50) ;
Speeton 6 (not numbered).

Protocythere striata (Grundel) ; Left valve, ,;male (x52) ;
number §25 ; East Wear Bay 3.

Protocythere striata (Griindel) ; Left valve, male (x47) ;
number 327 ; GIyndeEourne 72.5-73 m.

Protocythere striata (Griindel) ; Borsal, female
(x47) ; Speeton 6. (not numbered),

. "Neocythere (Centrocythere) denticulata Mertens ; Left valve,

female (x65) ; oumber 350 ; Glyndebourme 109.5-110 m.

‘Protocythere striata (Grundel) ; Right valve, female (x49) ;

number 329 ; East Wear Bay 3.

Neocythere (Centrocythere) denticulata Mertens ; Right
valve, female (265) ; number 351 ; Glyndebourme 109.5-110 m.

Neogythere (Centrocythere) denticulata Mertems ; Left
valve, male (x64) ; number 352 ;. Glyndebourne 109.5-110 m.

Neocythere (Centrocythere)'gggticulata Mertens ; Right
valve, male (x64) ; pumber 353 ; Glyndebourne 109.5-110 m.







PLATE 25

Fig. 1. Mandocythere ex.gr.M.harrisiana (Jones) ; Left valve,
female (x43) ; number 286 ; Glyndebourne 120.5-121.0 m.

Fig. 2. Mandocythere ex.gr. M harrisiana (Jones) ; Left valve, male
(x45) ; number 287 1ynde50urne 140.5- 141 5 m.

Fig. 3. Mandocythere ex.gr.M.harrisiana (Jones) ; Left valve, male
(x48) ; number 288 ; Glyndebourme 140.5- 141.5 m.

Fig. 4. Mandocythere ex.gr.M.harrisiana (Jomes) ; Left valve,
female (x49) ; number 289 ; Glyndebournme 131 5-132 m.

Fig. 5. Mandocythere ex.gr.M.harrisiana (Jomes) ; Rxght valve, male
(x39) ; number 290 ; Glyndebourme 140.5- 141 5m

Fig. 6. Mandocythere ex.gr.M.harrisiana (Jones) ; Dorsal, carapace,
male (x46) ; number 291 ; Glyndebourne 120.5-121 m.

Fig. 7. Mandocythere ex.gr.M.harrisiana (Jones) ; Left valve, male
(x44) ; number 292 lyudesoutne 101.5-102 m,

Fig. 8. 'Mandocy there ex.gr.M, harrxsxana (Jones) Left valve,
female (x47) : : number 293 : Glyndebourue 101.5-102 m.
Fig. 9."Handoczthere ex.gr.M, harr191ana (Jones) ; pxtted anterior

margin, right valve, female (x165) ; number 297 ; Glyndebourne
101.5-102 m.

Fig. 10. Mandocythere ex.gr.M.harrisiana (Jones) ; Dorsal, carapace,
= female Exz75 ; number 295 ; Glyndebourne 120.5-121 m.

Fig. 11. Mandocythere ex.gr.M.harrisiana (Jomes) ; Left valve, male,
(x44) ; number 296 ; Borehole 16/3, 17'0".

_ Fig, 12. Mandocythere ex.gr.M.harrisiana (Jones) ; Right valve,
female (x43) ; number 297 ; Glyndebourne 101.5-102 m.

Fig. 13. Mandocythere ex.gr.M.harrisiana (Jones) ; Left valve,
female (x44) ; ; number 298 ; Melton 2.

Fig. 14. Mandocythere ex.gr.M.harrisiana (Jones) j Laft valve, -1
(x62) ; number 294 ; Glyndebeurne 63.5-64 m.

Fig. 15. Mandocythere ex.gr.M.harrisiana (Jones) ; Left valve,
female (x48) ; number 300 ; Borehole 16/3, 17'Q".

Fig. 16. Mandocythere ex.gr.M.harrisiana (Jones) ; Left valve,
“male (x48) ; number 301 ; Borehole 16/3, 26'0".

Fig. 17. Mandocythere ex.gr.M.harrisiana (Jones) ; Left valve,
=1 (x49) : number 302 ; Speeton 6.
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PLATE 26

Neocythere - (Physocythere) seémiconcentrica (Mertens) ; Left
valve, female (x68) ; number 338 ; Glyndebourne 91.5-92 m.

Neocythete_(Physocytheré) gemiconcentrica (Mertems) ; Right
valve, female (x68) ; number 339 ; Glyndebourne 91.5-92 m.

Neocythere (Physocythere) semiconcentrica (Mertems) ;
Dorsal, carapace, female (x72) ; number 340 ; Glyndebourne

91.5-92 m.

' Neocytheré'(ﬂeocythere)‘vanvegni Mertens ; Left valve,

female (x68) ; number 330 ; Glyndebourme 53.5-54 m.

Neocythere (Neggjthere) vaaveeni Mertens ; Left valve, male
(z62) ; number 331 ; Glyndebournme 53.5-54 m.

Neocythere (Neodythere) vanveeni Mertens ; Dorsal, carapace,
female (x67) ; number 333 ; Glyndebourne 53.5-54 m.

Neocythere (Physocythere) semiconcentrica (Mertens) ; Left
valve, male (x68) ; oumber 336 ; Glyndebourde 91.5-92 m.

Neocythere (Neocythere) vanveeni Mertens. ; Right valve,
female (x67) ; number 332 ; Glyndebourme 53.5-54 m.

‘Neocythere (Physocythere) tenuis Kaye ; Right valve, female

(z93) ; number 344 ; Glyndebourne 142.5-143.5 m.

Neocythere (Physocythere) semiconcentrica (Mertenms) ; Left
valve, female.(x/1) ; number 337 ; Glyndebourne 91.5-92 m.

Neocythere (Centrocytheére) posterospinosa Weaver ; Left
valve, female (x66) ; number 355 ; Cauville 6.

Neocythere (Centrocythere) posterospinosa Weaver ; Right
valve, female (x64) ; number . 356 '; Cauville 6.

Neocythere (Physocythere) hieroglyphica Kaye ; Right valve,
female (x67) ; number 343 ; Melton 3.

Neocythere (Physocythere) ap.A. Weaver ; Left valve,
female (x63) ; number 345 ; Glyndebourne 95.5-96 m.

Neocythere (Physocythere) steghausi (Mertems) ; Left valve,
female (x68) ; number 340a; Glyndebourne 58.5-59 m.

Neocythere (Physocythere) sp.A. Weaver ; Right valve,
female (x56) ; number 346 ; Glyndebourme 95.5-96 m.

Neocythere (Physocythere) sp.A. Weaver ; Right valve, male
{x59) ; number 347 ; Glyndebourne 95.5-96 m.







" PLATE 27

Fig. 1. “Neocythere (Neéocythere) vanveeni Mertens ; Right valve,
‘ hinge {x145) ; Glyndebourme 120.5-121 m.(not numbered).

Figs. 2,3. ﬁeoczthere (Physocythere) steghausi (Mertens) ; Right
valve hinge ; Fig. 2 (x122) Fig. 3 (x146) ; Glyndebourne

58.5-59 ‘m,:(neither numbered).

Fig. 4. ~"Neocythere (Physocythere) sp.C.sp.nov. ; Right valve,
. hinge [x203) ; Beer 6 (not numbered).

Figs. 5-7, Neoeythere (Centrocythere) denticulata Mertens ; Right
11-18 valve hinge ; Fig. x161) Glyndebourne 92.5-93 m' ;

Fig. 6 (x178) Glyndebourne 97.5-98 m ; Fig. 7 (x170)
Folkestome 13/8/22 ; Fig. 11 (x145) Glyndebourne 53.5-54 m ;
Fig. 12 (x143) Glyndebourme 91.5-92 ; Fig. 13 (x148)
Glyndebourne.91.5-92.0 m. ; Fig. 14 (x145) Glyndebourne
91.5-92° m ; Pig. 15 (x135) Glyndebourne 97.5-98 m ;
Fig. 16 (x148) Glyndebourne 56.5-57 m ; Fig. 17 (x119)
Glyndebourne 97.5-98 m ; Fig. 18 (x130) Glyndebourne
115.5-116 m.{none numbered),

Fig. 8. Neocythere (Centrocythere) posterospinosa Weaver ; Right
valve hinge (x126) ; Cauville C6 (not numbered).

‘Pigs.9,10. Neocythere (Physocythere) semiconcentrica (Mertems) ;
Right valve hinge ; Fig. 9 (x156) Glyndebourne 88.5-89 m ;
Fig. 10 (x153) Glyndebourne 88.5-89 m, (neither numbered),
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PLATE 28

Neocythere sp.C. sp.nov. ; Left valve, female (x105) ;
number 348 ; Beer 6.

Clithrocytheridea heslertonen31s Kaye ; Right valve, female,
internal (x4/) ; number 370a Glyndebourne 138.5-139 m.

Neocythere sp.C.sp.nov. ; nght valve, female (x97) ;
number 349 ; Beer 6.

Clithrocytheridea aff. Haplocytheridea nana (Triebél)
Left valve, female (x106) ; number 475 ; Glyndebourne
141.5-142 m. i

.Clithrocytheridea aff. Haplocytheridea nana (Triebel) ; Left
valve, female (x89) ; number 476 ; Glyndebourne 53.5- 54 m.

Clithrocytheridea heslertonensis Kaye ; Right valve, female,
hinge (x89) ; number 370b; Glyndebourne 138.5-139 m.

Acrocythere hauteriviana (Bartenstein) ; left valve (x67) ;
number 457 ; Shell/Esso 49/19-1, 3350'.

Clithrocytheridea aff. Haglocztherxdea nana (Tr1ebe1) 3
Right valve, male (x78) ; number 477 ; Glyndebourne
141.5~142 m.

.Clithrocytheridea aff. Haplocytheridea nana (Triebel) ;

Dorsal, female, left valve (x69) ; number 478 ; Glyndebourne
141.5-142 m.

.‘Cllthrocyther1dea aff. Haplocytheridea nana (Triebel) ;
Left valve, dorsal, male Ex?O% number 479 ; Glyndebourne

141.5-142 m.

Acrocythere striata Kaye ; Left valve, female (x95) ;
number 378 ; Beer 6.

Hemicytherura euglyphea Kaye ; Right valve, female (x136) ;
number 458 ; Glyndebourne 53:5-54 m.

Clithrocytheridea aff.Haplocytheridea nana (Triebel)
Right valve, female (x89) ; number 480 ; Glyndebourne
53.5-54 m.

Cen.A.sp.nov. ; Dorsal, female (x108) ; number 466 ;
Glyndebourne 123.5- 12h m.

Hemicytherura euglyphea Kaye ; Right valve, female (x146) E
number 459 ; Glyndebourne 105.5-106 m.

Ges.A.sp.nov. ; Left valve, female (x110) ; number 467 ;
Glyndebourne 123.5-124 m.

thn A.sp.nov. ; Left valve, male (x102) ; number 468 ;
Glyndebourne 99.5-100 m.

Hemicytherura euglyphea Kaye ; Dorsal, carapace, female
(x142) ; number 460 ; Glyndebourme 53.5-54 m.
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PLATE 29

Schuleridea jonesiana (Bosquet) ; Left valve, female (x45) ;
number 379 ; Glyndebourne 95.5-96 m.

Schuleridea jonesiana (Bosquet) ; Left valve, male (x41) ;
number 380 ; Glyndebourne 95.5-96 m.

Schuleridea jonesiana (Bosquet) ; Right valve, female (x49) ;
number 381 ; Glyndebourne 95.5-96 m.

Schuleridea jonesiana (Bosqugt) ; Dorsal, carapace, female
(x49) ; number 382 ; Glyndebourne 95.5-96 m.

Schuleridea jonesiana (Bosquet) ; Left valve, female (x50) ;
number 383 ; Beer 6.

Habrocythere fragilis Triebel ; Right valve, male (x88) ;

‘umber 390 ; Glyndebourme 92.5-93 m.

Habrocythere fragilis Triebel ; Dorsal, carapace, male
(x80) ; number 391 ; Glyndebourme 92.5-93 m.

Schuleridea jonesiana (Bosquet) ; Right valve, male (x45) ;

number 384 ; Beer 6.

Habrocythere fragilis Triebel ; Left valve, female (x81) ;
number 392 ; Glyndebourme 92.5-93 m.

-Babrocythere fragilis Triebel ; Left valve, female (x84) ;

number 393 ; Glyndebourne 92.5-93 m.

Habrocythere fragilis Triebel ; Right valve, female (x85) ;
aumber 394 ; Glyndebourne 92.5-93 m.

Schuleridea dimorphica Kaye ; Right valve, male (x72) ;

number 385 ; Glyndebourme 115.5-116 n.

Schuleridea dimorphica Kaye ; Left valve, male (x69) ;

number 386 ; Glyndebournme 115.5-116 m.

Schuleridea dimorphica Kaye ; Right valve, female (x77) ;
number 387 ; Glyndebourme 115.5-116 m.

Schuleridea dimorphica Kaye ; Left valve, dorsal, female
(x69) ; number 388 ; Glyndebourne 115.5-116 m.

Schuleridea dimorphica Kaye ; Left valve, male (x73) ;

number 389 ; Glyndebournme 115.5-116 m.
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PLATE 30

Eucythere trigonalis (Jones & Hinde) ; Left valve, male
(x66) ; number 395 ; Glyndebourne 121-121.5 m.

Eucythere trigonalis (Jones &‘Hinde) ; Left valve, female
(%67) : number 396 ; Glyndebourne 121-121,5 m.

Eucythere trigonalis (Jones & Hinde) ; Right valve,.female
(x68) ; number 397 ; Glyndebourne 121-121.5 m.

Dolocytheridea typica Kaye ; Right valve, female (x80) ;
number 376 ; Beer 6.

Dolocytheridea bosquetiana (Jones & Hihde) ; Right valve,
male (x59) : number 373 ; Glyndebourme 108.5-109 m.

Eucythere trigonalis (Jones & Hinde) ; Dorsal, carapace,
female (x74) ; number 398 ; Glyndebourne 121-121.5 m.

Dolocytheridea bosquetiana (Jones & Hinde) ; Left valve,
male (x66) ; number 374 ; Glyndebourne 108.5-109 m.

Dolocytheridea bosquetiana (Jones & Hinde) ; Left valve,
female (x59) ; number 375 ; Glyndebourne 108.5-109 m.

Clithrocytheridea heslertonensis Kaye ; Right valve, female
(x45) ; number 370b ; Glyndebourme 138.5-139 m.

Alatacythere sp.A. sp.nov. ; Left valve, male
(x42) ; number 440 ; Glyndebourne 54.5-55 m.

Alatacythere robusta langi (Jones & Hinde) ; Right valve,
female (x48) ; number 442 ; Beer 6.

Alatacythere sp.A. sp.nov. ; Right valve
female (%x43) ; number 441 ; Glyndebourne 54.5-55 m.

Pedicythere sp.A. sp.nov, ; Left valve, female (x133);
number 463; Folkestone 15/8/7.

Pedicythere sp.A. sp.nov. ; Left valve, female (x129);
number 464; Glyndebourne 52.5-53 m.
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PLATE 31

1. Cytherura striatoides Bonnema ; Left valve, female (xl4l) ;
East Wear Bay 4 ; number 434,

2. Saidia nettgauensis Grindel ; Right valve, female (x117) ;
number 452 ; Glyndebourne 68.5-69 m.

3. Saidia nettgauensis Grundel ; Left falve. female (x114) ;
number 453 ; Glyndebourne 68.5-69 m.

4. Orthomotacythere fordensis Kaye ; Right valve, female
(x89) ;‘n§£5er,515 ; Glyndebourme 139.5-140.5 m.

5. Eucztherura sp.A. sp.nov. ; Right valve, female (x143) ;
number 413 . Glyndebourne 52.5-53 m.

6. Orthonotacythere fordensis Kaye ; Right valve, hxng
(x.91) ; number 41§ ; Glyndebournme 52.5-53 m.

7. Eucytherura sp.A. sp.nov. ; Left valve, female (x138) ;
number 410 ; Glyndebourne 52.5-53 m.

8. Eucztherura sp.A. sp.nov. ; Dorsal, carapace, female (x140)

number 411" ;  Glyndebournme 52.5-53 m.

9. Eucytherura sp.A. sp.nov. ; Right valve, female (x132) ;
number 412 ; Glyndebourme 52.5-53 m.

10. Hemiparacytheridea minutissima (Kaye) : Léft-valve,ifemalé
(x127) ; number %4643 ; Folkestone 13/8/6. o

11. Eucytherura multltuberculata Grundel ; Right valve, female
{x164) ; number 406 ; Glyndebourne 114.5-115 am.

. 12, Hemiparacytheridea minutissima(Kaye) ; Right valve, female
- (x127)

; number 465b ; Folkestome 13/8/6.

13. Eucytherura grundeli Weaver ; Left. valve, female (xB5) ;
numberhOAa; Glyndebourne 52.5-53 m.

14. .Pseudobz;hocythere oerlichi Mertens ; Left valve female
- (x70) ; number 416 Shell?Esso 49/19- -1, 3350°'.

15. Eucytherura multituberculata Grundel ; Left valve, female
(x164) ; number 407 ; Glyandebourne 114.5-115 m.

16. Eucytherura multituberculata Grundel ; Right valve,
internal, female (x146) ; number 408 ; Glyndebourne
114.5-115 m.

17. Eucytherura sp.aff.E.nuda Kaye ; Left valve, female (x86) ;
number 469 ; Folkestone 13/8/7.

18. Eucytherura sp.aff.E.nuda Kaye ; Right valve, female (x86) ;

number 470 ; Folkestone 13/8/7.

19. Eucytherura kayei Weaver ; Left valve, female (x94) ;
number 405 ; Folkestome 13/8/6.
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PLATE 32

1. Cytheropteron (C.) nanisgimum Damotte & Grosdidier ; Aumbes 4263

Left valve, female (x145) ; Folkestone 11(77).

2. Cytheropteron (C.) milbourmei Kaye ; Right valve, female
(x124) ; number 420 ; Glyndebourne 130.5-131 m.

3. Cytheropteron (C.) milbournei Kaye ; Left valve, female
(x140) ; number 421 ; Glyndebourne 130.5-131 m.

4, Cytheropteron (E:) nanissimum Damotte & Grosdidier ;
Right valve, female (x127) ; number 424 ; Folkestone 11(77).

5. Cytheropteron (C.) fenestrata Kaye .
Right valve, female (x138) ; number 427 ; Glyndebourne
140.5-141.5 m, '

6.' Cytheropteron sp.A. sp.nov. ; Right valve, female (x146) ;
Shell/Esso, 49/19-1, 3350'. (not included in text).

7. . Cytheropteron (E.) nanissimum Damotte & Grosdidier ;
Dorsal, carapace, female (x133) ; number 425 ; Folkestone
11(77).

8. Eucytherura longisculpta Weaver ; Dorsal, carapace, female
(x135) ; number 422 ; Glyndebourme 53,554 m.

9, Cytheropteron (E.) nanissimum Damotte & Grosdidier ;
Right valve, female (x44) ; Folkestone 11(77).

10. Eucytherura longiculpta Weaver + Left:valve, carapace,.
female (x140) ; number 423 ; Folkestone 11(77).

11. Cytheropteron (Eocytheropteron) protonsa Kaye -; Right valve,
female (x64) ; number 428 ; Borehole 113/2, 92'6",

12. Cytheropteron (Infracytheropteron) obscura Kaye ; Left
valve, female (x90) ; number 431 ; Glyndebourne 94.5-95 m.

13. Cytheropteron (Eocytheropteron) protonsa Kaye 3 Left valve,
female (x65) ; number 429 ; Borehole 113/2, 52'0".

14. Cytheroptéron (Eocytheropteron) protonsa Kaye ; Left valve,
hinge (x152) ; number 429 ; Borehole 113/2, 52'0".

15. Cytheropteron (C.) arguta Kaye; Left valve,
female (x95); number 417; Borehole 16/3, 12'6",

16. Cytheropteron (C.) arguta Kaye ; Left valve,
female (x92) ; number 418 ; Borehole 16/3, 12'a8".

17. Cytheropteron (C.) arguta Kaye ; Right valve,
female (x90) ; number 419 ; Borehole 16/3, 12'6"
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PLATE 33

Loxoconcha?icknieldensis Weaver ; Left valve, male, internal

(x106) ; number 435 ; Borehole 16/3, 14'0".

Loxoconcha?icknieldensis Weaver ; Left valve, female, (x84)

number 436 ; Borehole 16/3, 14'0",

Loxoconcha?icknieldensis Weaver ; Left valve, female, (x91)

number 437 , Borehole 1673, 14'0",

Loxoconcha?icknieldensis Weaver ; Right valve, male (x82) ;

number 438 ; Borehole 16/3, 14'0".

Loxoconcha?icknieldensis Weaver ; Left valve male (x81) ;
number 439 ; Borehole 16/3 14'0".

Monoceratina bonnenai Kaye ; Right valve, female, carapace
(x64) ; number 443 ; Folkestone 1(77).

Loxoconcha?icknieldensis Weaver ; Right valve, hinge
(x186) ;number 438 ; Borehole 16/3, 14'Q".

Monoceratina bonnemai Kaye ; Dorsal, carapace, female (x65)
number 443 ; Folkestone 1(177).

Monoceratina umbonata (Williamson) ; Left valve, female
(x60) ; number 445 ; Glyndebourme 109.5-110 m.

Monoceratina sp.cf.M.longispina (Boaquet) ; Left valve,
female (x55) ; number 444 ; Glyndebourne 128-128.5 m.

Monoceratina sp.A. sp.nov.v; Right valve, hinge (x140) ;
number 448 ; Glyndebournme 106.5-107 m.

Monoceratina sp.A. sp.nov. ; Right valve, female (x72) ;
number 448 ; Glyndebourne 106.5-107 m.

Monoceratina umbonata (Williamson) ; Dorsal, carapace,
female (x55) ; number 447 ; Glyndebourne 109.5-110 m.

Monoceratina umbonata (Williamson) ; Right valve, hinge
(x110) ; number 446 ; Glyndebourne 109.5-110 m.
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