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CHAPTER 6 

TilE DISTRIBUTION OF SELECTED SPECIES AND· GENERA 

6:1 Foraminifera 

Reophax minutus Tappan, 1940 

This species was recorded· abund'antly in the Lower Albian of 

Germany and in the Upper M:bian of. the southern North Sea Basin. 

Only a few specimens were recorded from the A·lbian of southern 

England. This species is of limited stratigraphic value and appears 

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

Spiroplectinata annectens (Parker & Jones, 1863) 

This species has been recorded throughout the ·Albian Stage of 

northwestern Europe where Price (1977b) regarded it as zonally 

significant in the ~.infb1tum Subzone because of its high abundance. 

Although this species does occur abundantly 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 a.bundance 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 discussed 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 ~.macfadyeni Cushman, 1936 to the Lower and Middle Albian 
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while A.advena (Cushman, 1936) and :!_.intermediaTenDam, 1950 were 

shown to occur in the topmost Albian. Although ~.anglica Cushman, 

1936 was not formally recognised from the A·lbian, 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 has concluded that the main piexus of this 

genus evolves from·~.macfadyeni Cushman, 1936 to ~.chapmani Cushman, 

1936 at the boundary between the Middle and Upper Albian, and from 

~· chapmani to ~·ad vena, during the topmost Albian Subzone FiiL 

During Subzones Ei; ·Eii, and Fi, many specimens of ~· chapmani 

gradually become more coarse•ly ,grained. These are early forms of 

~.sabu·losa; typical quadriserial specimens of which first appear in 

Subzone Fii. In the topmost part of Subzone Fii, this species becomes 

more triserial until, in Subzone Fiii, typical specimens of !:· 

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

intermedia are of geographically limited distribution while A. 

chapmani appears to have a geographicaUy ubiquitous distribution. 

In this study !· sp. cf.~. frankei Cusbman,l936 was only recorded 

from the Anglo-Paris Basin where it evolves gradually from the 

~· chapmani plexus during the Ei, Eii and Fi Subzones, with typical 

specimens of this species first appeari~g in Subzone Fii. In the 

northern 'Boreal' basins !.frankei Cushman, 1936 occurs. This form 

is broader than the southern species and is closely related to the 

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

frankei, like ~.sp.cf.~.frankei, also first occurs in Subzone Fii. 

Freig (pers.comm.,l978) regarded !.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 migrates 

into the Anglo-Paris Basin (~.cenomana) during the Middle Cenomanian. 

~.sp.cf.~.truncata (Reuss, 1844) was only recorded from the ~.dispar Zone 

(Upper Greensand) of Compton Bay. This form is small and stunted and 
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could be regard'ed as an ecophenotypic variant ·Of the main· Arenobulimina 

plexus:. 

The genus Arenobulimina is the most biostratigraphically 

significant of all the Albian benthonic genera. 

Citharinella pinnaeformis (Chapman, 1894) 

This distinctive species was recorded: conDDonly from the M. 

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

Gault Clay and Upper Greens and f acies. Both the first and last 

occurrence of this species appear to be di:achronous. The first 

appearance is generally accepted .to be during the E_. cristatum('Qi) 

Subzone although it may be as l•ate as the .!!·orbignyi(Dii) Subzone. 

The last appearanceof this species varies from early ~.auritus(Ei) 

Subzone to early !.dispar(Fi) Zone. No specimens were recorded from 

the southern North Sea. Basin. 

Globigerinelloides bentonensis (Morrow, 1934) 

This species was regarded as zonally significant by Price 

(1977.b) who recorded it occurring abundantly in the upper part of the 

C.auritus Subzone and throughout the !.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 !.dispar Zone of northwestern Europe. More 

specifically it only occurs abundantly during the ~· (~. )·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 typica>]; 

of the l'ate Al·bfan and showed it to have a first occurrence 'downho le' 

in the late Al'bian {which is equivalent to. Biohorizon 8). This 

biohorizon was clearly defined! in the Glyndebourne ·borehole, at East 

Wear Bay, in the M.25 borehol!e 16/3, at Speeton, Melton and Hunstanton, 

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, al·though, it has· not been recorded 'in 

flood' from·these, horizons, 

The first occurrence 'uphole·' of _£.bentonensis 'in flood' also 

appears to be consistent in the A'nglo-Paris and southern North Sea 

Basins.· ,A.t EastWear Bay bay this hori:zon occurs-at the 

base of Bed XII while at Gylndebourne it occurs slightly above the 

base of the _§,.dispar Zone. It is .also clearly defined in 

the M25 borehole 16/3, at Speeton, Melton, and Hunstanton. 

The first and. last appearances of this spe-cies 'in 'flood' have 

thus been interpreted as significant Biohorizons which can be 

correlated across northwestern Europe. Within the _§,.dispar Zone 

Biohorizon 7 is interpreted as the time equivalent of the base of the 

~.(_!:!.)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, 1'883 and Hoeg1undina Brotzen, 1942 show marked 

limitations in their distribution both vertically and laterally. 

Price (1975) showed that the distribution of ~.spinulifera 
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(Reuss, 1863) and ~.,polypioides (Eichenberg, 1933) were mutually 

exclusive and also recorded that Magniez~Janriin found ~.polypioides in 

the Aube region of France. However, Magniez-Jannin (1!975) assigned· 

:her specimens to ~.spinuHfera. ~· spinut:i!fera is here regarded: as a. 

very variable species with which ~_..polypioides is synonymous. Onty---- -

the closely r.elated species Epistomina SP·!· sp.nov. has been separated · 

from this plexus. 

·Lambert & Scheibnerova (1974} noted the ·Hmited distribution 

of the genus Epistomina in the Albianwhich Price (1975} correctly 

regarded as being the result of environmental control (especially 

temperature· and facies). This variation 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 

the -R.varicosum Subzone. This gradua·l 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 in the sediment. These views contrast with 

those of Price (1975) who regarded the d-istribution 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 ~.chapmani (Jones & Hinde, 1890~' plexus exhibits variation 

in the degree of lnflation• and the· distribution of ribs both 

geographicaUy and stratigraphically. In southern England 'typical' 

specimens of ~.chapman:i occur ·in 'the Middle Albian. This species 

is replaced stratigraphicany at the Middle/Upper Albian boundary by 

C.stricta (Jones & Hinde, t1J890) whi:ch fir.st appears in the D.:cristatum 

Subzone. ~.chapmani re-appears in the !!:.:varicosum Subzone and· 1basal 

portion of the C.auritus Subzone. ~.kayei Weaver, (MS.) evolves 

from this species in the_ ~.dispar Zone. Palaeoecologically,~.stricta 

appears to be an open marine species which only occurs rarely in more 

restricted marine conditions and exhibits a relatively constant 

morphology, while ~.chapmani occurs ubiquitously in restricted' marine 

·.and open marine, environments but.· exbibi ts changes in degree of rib 

inflation and rib .position. 

~.globosa Kaye, 1:964 occurs rarely in the Upper Albian and 

lowest Cenomanian and is normally found in association with sandstone. 

No specimens of C.:y.there·lloLdea were recorded from the marginal 

Lower Albian. During the Albian species of this genus showed 

preference for an open marine environment. 

Bairdia pseudoseptentrionalis (Mertens, 1956) 

This species was only recorded abundantly from the ~.dispar Zone 

of the Anglo-Pari:s Basin. It has also been recorded from the C. 

auritus Subzone of southern England andfroui the basal Upper Albian 

of the southern North Sea Basin. This species prefers an 'open 

marine' environment. 
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Cornicythereis Griindet, 1973 

Several of i:he .species of this genus exhibit marked variai:ton 

in size during the Albi1an. and this ·has already been discussed .with 

regard to the c·. cornueli/C.lar.ivour.ensis plexus (Chapter 5). It was - ,- . 

suggested that E_.larivourensis ,occur-reil' in the deeper water, clay 

facies., where it 'became smaller with increasing depth, and that •C. 

cornuel!i was ,predominantly a marginal marine species. The _ larger, 

closely related form,_.£· sp.aff.~.·cornueli, was recorded' from the 

marginal sediments of the Upper Gr.eensand. The Upper Mbian 

specimens of Stch~pinsky (1954) from the marginal .Upper Greensand 

f acies (Upper Mbian) were recorded in the origina·l diagnosis of C. 

cornueli. In this study these forms were inc·luded within C. sp.aff • .£. 

cornueli to separate them from the typical Lower and lower Middle 

Albian specimens of this species. 

The two species ~.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 recor-ded from all of the I?ajor Upper Albian sedimentary 

facies. The species ~.cornueli and E_.gatyensis are limited in 

distribution to the marginal clays of the Lower and lower Middle 

Albian of. the Anglo,-Par.is_Basin. In contrast, the species_£.-

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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Cy.thereis•_,g1!abrella Triebel, 1940 and Mandocy.there mueUeri: 

'Griinde 1, •1!964 

Both ·these species have been recorded. by Griindel from the GauTt 

Cl!ay of East Germany while in the southern North se·a ·Basin ·they were 

recorded from the 1Upper A1bi:an (Red ·Chalk). These species are 

lim:i!ted in distribution to the colder 1 Boreal 1 province where they are 

of limited stratigraphic· significance. 

Cytherei:s hiruta, Damotte & Grosdidi:er, 1963; C.reticulata 

(Jones & Hinde 0 1890); c· •. folkestonensis Kaye, 1964; C. 

thoerenensis Tr:i:ebel, 1940 

This plexus of close'ly related species evolved during the 

Albian with· the. most stratigraphicaUy significant species, ~· 

folkestonensi:s, ,·only occurring in Subzones·. Dii to--Ei of southe~ 

England. A comp·lete spectrum of intermediate forms occur· between this 

species and ~.hi:rsuta from which it evolved, and a complete spectrum 

of intermediate forms exist between the Lower and lower Midd·le Albian 

species, £.reticulata, and the upper Middle and Upper Albian species, 

C. hirsuta. However, in the northern 1 Borea·l 1 province ~· reticulata 

was recorded throughout the Albian, co-existing with ~.hirsuta during 

the Upper Albian (Grundel, 1966). Thus, while f_.reticulata appears 

to prefer the marginal marine environment during the Midd•le Albian of 

southern England, it occurs at various depths throughout the Albian 

of the northern 1 Boreal 1 province, indicating that temperature must also 

be an important factor controlling the distribution of this species. 

C.thoerenensis was first recorded from ~.dispar 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 Ln the deeper 

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

This taxonomica·:Uy complex species is var.iable in size, 

dimorphism, and ornamentation. In the Upper ·M:b::i!an h ·becomes 

smaller and shows a tendency to lose i!ts primary surface reticu'lation. 

The extreme examp·le of this occurs in the topmost Albian of .the 

southern North Sea Basin ·(Red Chalk) where the secondary surface 

reticulation has also beeil lost. .The variation of this . species has· 

previously been dis.cussed. in relation to the subspecies defined' by 

Kemper (li971) and. severa·l conclusions regarding the ecological 

parameters controlling the taxonomicaUy sign:i!fi:cant morphological 

features can be made. Firstly, this species becomes smaller and less 

strongly reticu•l:ate in deeper water.. It also tends to lose the .surface 

reticulation completely in marly or chalky facies. Secondly, the-sub­

species :£• !· bemerod'ensis•, which Kemper (19N) .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, 

~.ii1dicat-ing that this is a cooler water form which migrated into 

southern England during the Cenomanian Stage from the 1-Boreal' northern 

province. 

Isocythereis Triebel, 1940 

Both the ornamentation and size of .!_.fissicostis Triebel, 1940 

gradually change during the Middle and Upper Albian of southern 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·. !· sp. nov. and .Isocythereis sp.!. sp. nov. were 

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

Devon and they obviously prefer a shaliow water, high energy 

environment • 

. Platycythereis Triebel, 1940 

Several species of ,this genus show marked variation in size 

during the Albian. Platycythereis sp.!.sp.nov .• 1 which is ubiquitously 

distributed across Europe, shows a marked .decrease in size during the 

Middle and Upper Albian of southern England. !.gaultina (Jones, 1849)., 

a -species which appears to be stratigraphically and geographica-lly 

limited in distribution to the Gault Clay facies, also shows a marked 

decrease in size during the Middle and Upper Albian. 

In southern England !-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 environment. !.chapmani. Kaye, 

1964, which mainly differs from !·laminata in- frill morphology, was· 

only recorded from the ~.dispar Zone and rarely from the lowest 

Cenomani.an. It occurs in association with large numbers of planktonic 

foraminifera and thus appears to prefer a more 'open water' marine 

environment. 

Of these species, only Platycythereis SP·!· sp.nov, was recorded 

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

Protocythere lineata (Chapman & Sherborn, 1893) and 

Protocythere striata (Grundel, 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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Middle and basa•l Upper Albian of southern ,England and it ev.olves into 

!· str~ata during the ~· auritus Subzone in southern Engl!and·. In the 

southern Nori:h Sea Basin and in East Germany (Grundel, 1966) the 

evolutionary change from !-lineata to !·striata appears to o.ccur 

stratigraphically earlier .• In the southern North •Sea Basin this 

transition occurs as early as the basal Upper Albian while in ·East 

. Germany Griindel' recorded this transition in• .th.e middle part of the 
. . 

Middle Mbian. The transition between these two species is probably 

temperature contro.lled and P. striata is probably the co.lder water of 

the two species. 

Mandocythere lapparenti Damotte & Grosdidier; 1963 

This species was recorded from both the Gault Clay and Upper 

Greensand facies, it ranges, from !!.varicosum Subzone to the !.dispar 

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

bentonensis during the basal part of the !.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 ~ 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 

sma•ller form of this species occurs sporadically in the !.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 

Trie bel, 1940 1\or was recorded from the Cenomanian. However, previous 
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workers thave recorded it from the southern North Sea Basin and from East 

Gerthany,, ~orma•lly occurring in assoc~ai:ion wi!th. E. so'litaria. 

Pseudoby.thocythere goerlichi M_ertens, 1956 

This species was only recorded abundantly from the Lower A•lbian 

of Germany. H was al!so recorded sporadically from the Speeton Clay· 

(Lower-?Midd•I:e Al!bian) of the southern North Sea Basin. 

been recorded from the northern 'Boreal' province. 

6:3 Evolutionary tr.ends 

It has only 

The :changes in the. populations of foraminifera and Ostracoda 

have already been discussed ·with respect to Albian biostratigraphy~ 

while the 'evolution' of individual species has been discussed in the 

taxonomic sections. 

Many genera and species exhibit drastic changes in their size 

and ornamentation during the Albian Stage of southern England while 

many species also exhibit these changes geographically. In southern 

England, the genera Arenobulimina and Hedbergella 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 fades; 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 1n the nutrient supply. 

This ecological parameter is inexorably inter-related with the 

general 1ncrease 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 i:he 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• _£.cornueli and Y:· 

florentinensi:s are larger in size· in the marginal Upper .Gr.eensand 

' facies •. Thus·, it appears that depthl•temperature is the fundamental 

parameter ccintrorling i:he size of species· and that many species •are 

larger in shaH:ower .(warmer) water. Whatley (pers ... comm., 197.8) ,. 

stated i:hat in non stenothermal (i.e.,widely eurytherma·l) species., an 

almost inevitable increase in ,size with increasing latitude occurs. 

He also suggested that .a ·genera•l diminution in size in species of the 

genera concerned' .in the Albian might be related to a shift in climatic 

be·lts. · Neale (pers. comm., 1979), suggested a similar control of the 

size of species. Thus, it appears that the .major ecologic·a·l parameter 

controlling the. size of Recent ostracod species is temperature, with 

species increasing in size with increasing latitude (decrease in 

temperature). However, the decrease in size of Albian species should 

indicate an incr.ease 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. .£.larivourensis, Platycythereis sp.!.sp.nov.,and P. 

lineata all exhibit gradual morphologica•l changes stratigraphically 

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

changes both gradually and in a series of evolutionary 1 jumps 1 which are 

approximately half the value of the size ratio of instars indicated by 

Copes Rule. _£ .. ex.gr._£.lurmannae exhibits a very great degree of 

morphological variation during the Albian and generally becomes 

smaller with less reticulation. 
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' The 1 evolution' of the foraminifera and. Ostr.acoda is also discussed 

in the foHowing section in relation to the change in.depth (stratigra-

phicaUy) of the Albian sea. This .shows that ·the occurr.ence of 

'.dwarfed' specimens and large specimens (simil~rly to Recent examples) 

is related to the ecological tolerance of species and to ,the stability of 

the environment. Thus, many ·of the Mtddle Albian species of southern 

Engl!and: may merely be ecophenotypic variants in restricted· marine 

environments of species that are typically .open marine. 

6:4 Faunal Provincialism 

Price (197.5,, t97.7b) 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 areas 

possessed isolated faunas because of a lack of l:arge scale circulatory 

movements, and suggested that this was due to these basinal areas 

being semi-enclosed seas. In this study, the situation has been 

clarified, and it has been shown that the German basin was mainly 

influenced by a contact with the southern North Sea Basin and that 

the Paris basin was mainly influenced by the connection with the 

Tethys to the South. This 'Boreal' influence continued throughout 

the Albian in the northern province as did the 'Tethyan' influence 

in the Anglo-Paris Basin. 

As the Albian sea deepened during the Middle Albian the clay 

facies became 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 hedberge1ilid· population that there was a maj'or connection between 

the two basina·~ areas. The major transgressive phase during .the H. 

varicosum Subzone increased the connection ·between the two basins and, 

resu•l:ted in both the planktonic and benthonic populations showing 

greater simil!arity. Indeed, by the S.dispar Zone, the strati!graphic 

distribution, of g_.bentonensis appears.to be identical in the Anglo­

Paris, southern North· Sea,. German and northern ·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 major changes in the·microfaunal 

popu·~ations of the Albian can be related to .the depth model for the 

basin at this time (fig. 7:1). This schematical diagram illustrates 

the distribution of certain groups in relation· to depth. Three depth 

provinces have tentatively. been suggested': shallow marginal marine, 

restricted marine and open marine. The 1 shallow marginal· marine' 

province is typified by low specific diversity, dominance of the 

Lituolacea and lack of planktonic foraminifera. The'r.estricted 

marine 'province is dominated by the Roberti)nacea with large numbers of 

small Cassidulinacea and small numbers of planktonic foraminifera. 

In addition, many dwarfed specimens of typically 1 open marine'species 

are present while the species ~.asperula and !· 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 s1ze and also form a higher percentage 

of the population. .!!_.pseudoseptentrionalis, and many small spec1es 

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 os tracod popul'ation is 

probably related to the increase indepth across this horizon (Baiiey 

& Hart, 197 9.) • 

Both foraminifera and Ostra:coda exhibit greater _species diversity 

in· the :•open sea:•· province than in the marginal marine province. 

Also, in the open· marine environment, the -foraminffera appear ·to 

become larger while there is a complementary decrease in the size of 

many species of Ostracoda. 

Sedimentary facie·s are a·l'so an important factor in determining 

the distribution of species in the Albian. The Red Chalk fades, 

which has a·lready been discussed, and the Upper Greens and f acies are 

the best examples of this. All the recorded populations from the 

Upper .Greensand show marked differences from the stratigraphic 

equivalents in the Gault Clay. However, there are aLso markedly 

different faunas within the Upper Greensand fades 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 either those 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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shel-f seas, is a .ma::j,or factor control !ling ;the d'i!str:i!bution of .planktonic 

foraminifera. This has been cl!early .iHustrated' by Hart & Bailey 

(19·7,9~ and Hart (1'980) whose depth interpretation models for Albian 

p•lanktonic foraminifera have shown the relationship between d'epth 

habitat and' the f:i!rst ap,pearance, of species. This factor, in the 

Cretaceous shallow epicontinental se~s, .controls dlstr:i!bution of 

planktonic species more than temperature. However, .changes in the 

ostracod population& .could be interpreted as. supporting - the 

gradual warming whi'ch Price (1975) suggested'. 

The distribution of ,the p•lanktonic species .(based on the. 

Glyildebourne borehole) recorded in this study have been interpreted 

as. indicative of shallow-water forms (with the exception. of G~harrisi 

and H.moremani which are probably slightly deeper water forms•), 

Because of the complex relationship between d'epth and temperature in 

controlling the distribution of planktonic species only a tentative 

model of biogeoprovinces of planktonic foramiriifera is proposed in this 

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

shallow epicontinental sea sediments. 
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CHAP!oER 7 

PALAEOECOLOGY 

The study of Recent ·microfauna•l! popu•lations has indicated that 

many ecological parameters influence i::he distribution and morphology 

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 oiain·ly ·based' .on lithological evidence while those• 

for absolute depth are mainly based on palaeontological evidence. 

Several of ·the early A1bian workers such as l'rice (1874~ and 

Jukes-Brown & Hill (1900) appreciated the shallow marine nature of the 

Albian sea in southern Engiand. They suggested depths, based: on 

Mollusca, of lOO fathoms, and between 150 and 180 fathoms respectively. 

Cbapman (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 realistic depth of 180 fathoms 

for the Gault Sea of 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 early workers. In the present study, 

the planktonic: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 lOO-ZOOm for the Middle/Upper Albian and 200-300m. 
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for the!.dispar Zone are pr()posed. 

The .r.elative depth· of the Cretaceous Sea has been discussed by 

many authors during .the last ·decade. Hays & P:i!tman •(197-J),, 

·demons,trated the re•l!ationship (quantitatively) between plate tectonics., 

the volume ·of the mid-oceanic ridges; and the relative depth of the 

Cretaceous Sea. They proposed a major pu·l!se ·of rapid· spreading, at 

most of the Diid'-oceanic ridges between 110 and 85 M. a. , to exp·lain· the 

gradual deepening of the sea· .throughout the Albian Stage. The later 

models of Cooper (197:7) and 'Hanco.ck &.'Kauffman (1979) proposed .detai'led 

models for Albian transgressions and• regressions based essenti'ally on 

sedimentological evidence, and also· provided independent ev-idence as 

·to the presence and the nature of these transgressions and regressions. 

However, Cooper and Hancock & Kauffman differ markedly in their 

interpretations with Cooper suggesting two major transgressive 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 

types of planktonic foraminifera. Hart & Bailey (1979) proposed 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 Al:bian a major deepening phase occurred at the level of the D. 

cristatum Subzone. This was followed by a regressive phase which 

continued throughout the majority of the ~.inflatum Zone, a minor 

regression at the end of this Subzone, and a further, larger, 

transgressive phase in the !.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 Biohorizons 
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Fig. 7:1 A generalised diagram illustrating the depth distribution of some microfossils in the 

Gault Clay facies of southern England ( based on information from the Glyndebourne borehole ). 

o 100 200 300 m. 

ft--------tjf---------+-f ---------IIDEPTH 
marine restricted marine open marine semi - enclosed 

"I •• I I I I I I I , 11 I Ill 11111111111111111111111111111 M +r:~ HH ~: :? 1 r:~ ~ H ~ ~ 111111 

. llllliiiiiiiiiii!IIIIJ ~~Hm~:~:~+HH JIIIIII --
1 ~- 1111111 ~·:·:<~·:,~Hill [ 

I ill IIIIJIIIIIIIIIIIIIII!IIIIIIIII HYW·:~~+H~~ 111111111111 [ 

I I I I I I 11 11 11111111111111111111111 H ~HH~:+ H 1111111 [ 



from the ·Glyndebourne section. These Biohorizons were defined mainly on 

the change in •the population of hedbergellids and the variation in the 

planktonic/benthonic ratio. Both· the morphology of individua•l spec:i:es 

and the .planktonic/benthonic ratio have been shown, by a success:i:on of 

publ'ications on ·Recent planktonic foraminifera (especiaBy •Boltovskoy 

& Wright, 1976;, Be, 197-7~, to be .directly related to the environment. 

The planktonic/benthonic ratio in shaHow marine conditions has been 

shown to• be a direct function of depth, the larger ratio·s occurring in 

deeper water. This information has ,been utilised· in· the foH!owing 

interpretation of the depth, of the Albian Sea which is' based on the 

Glyndebourne borehole. 

The first occurrence of planktonic foraminifera at Glyndebourne 

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 niajor 

increase in the number of pl·anktonic individuals was recorded at. the 

base of the .Q_.niobe Subzone, which is also interpreted as ·indicative 

of a rise in sea leveL From this horizon, which has a Pf.B ratio of 

1:10, the number of planktonic foraminifera in the population gradually 

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 ~.auritus Subzone) by a large increase in the P/B 

ratio to 4:1. This ratio was also recorded throughout the ~.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 ii 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 Glyndebourne borehole are similar to those 
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ob.tained by Carter & Hart (19,77) and' Price (1'977b). These may indicate 

depths ·~Boltovskoy & Wright, 1976) of about roo-200m. for the Middle/ 

Upper Albi'an boundary and between. 200 and 30Q:.m. for the topmost Albian. 

The Lower and •Middle· Albian sea in southern England was shallower than 

10Q-200m. 

If it is assumed that the ,planktonic/benthonic ratio for ·the 

Glyndebourne borehole is. a &i!rect reflection of the depth of the 

Mbian. Sea, then this interpretation (fig. 7,:2) is very similar to 

that proposed by Hancock & Kauffman (197~~-· It differs only in 

dating the' major Upper Al:bian transgressive phase as _!!.varicosum· sub:­

zonal age,and not of !!~orb:i:gnyi subzona·l age as Hancock and Kauffman 

suggested. 

During the Albian ·of southern England the sea· gradually deepened. 

with a minor shallowing or sti!Ustand phase during the E·auri:tus Subzone. 

The depth of the sea changed from less than lOOm. in the 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 th~ oxygen isotope method or have been based on a comparison 

of the faunas of those stages with those of the Recent. 

From the oxygen isotope data (Lowenstam & Epstein, 1954; Bowen, 

1961) it can be concluded that the water temperature ranged between 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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Fig. 7:2 A generalised reconstruction of the water depth and the 
surface water temperature of the Albian sea of southern England. 

( based on information from the Glyndebourne borehole ). 
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of Cretaceous planktonic foraminifera .. They al!so showed that there 

was a consis.tent ref!ationship between t;he shell morphology of species 

and' their depth hab:i!tat at least back into the Cretaceous. 

During the Albian of southern England' the species diversity of 

planktonic foraminifera·,gradual!ly increases. In the Recent seas. this 

increase in diversi!ty has been shown to· be directly related .to a 

decrease ·in ·11atitude, the higher dlversity faunas occurring nearer the 

equatorial regions:. This evidence was used by •Price (1975) to 

propose an increase in temperature .during the Albian·· 
' 

Howev.er, this 

increase in species di:versity of the planktonic foraminifera during. the 

A·lbian of southern England has, in- .the preceding rsection, been sho~m to 

.be mainly the -result of ·an increase in the depth of the Albian- Sea. 

The relationship between• species diversity and temperature is difficult 

to estimate when· .-the' depth. of .the: shallow epicontinenta•l: seas a•lso ch.anges. 

This is especially true in the topmost Albian (f.. auritus Subzone to the 

Cenomanian) where the increase in species diversity of the planktonic 

fauna is directly related to the appearance of an'open sea'environment, 

which is the resu·lt of a marked increase in depth during the -H.varicosum 

Subzone. 

Two Albian planktonic species have been interpreted as 

indicative of changing temperature; !_.washitensis and Q.bentonensis. 

F.washitensis was recorded sporadically in the Glyndebourne section 

ranging from the base of the D.niobe Subzone to the H.varicosum Sub-

zone. G.bentonensis was recorded abundantly from the M.rostratum 

Subzone and rarely in the higher Albian Subzones. 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 l·n deta1l by Be (1977), and these are 

documented in the following table:-
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A:lbian .Species 

H.delrlonensis 

F •. washitensis 

ae·cent Homeomorph 

(Gl'obigerina falconensis 
( 
( 
( 
.(Gl:obigerina quinqueloba 

(Globoquadrina dutertrei 
(. 
( 
( 
(Glob:iigerina rubescens 

Habitat 

mainly Subtropica·l 

Subarctic, in .upper 

SubtropiCa•l:/transitional,; 

5Q-150m.' 24-10 °.c. 

'Tropical/.Subtropica·l; 

. 0· 
top SOm. (18-30 C) 

If these. four species are considered (due to their similar 

morphology) as functional homeomorphs of the Albian species then 

!_.washitensis should be considered a Transiti:ona·l to Tropical water 

species. (Q-I:SOm. depth;1Q-30°C) and !!•delrionensis should be a cooler 

water and more. ubiquitously distributed species than !_.wash:hensis. 

From .the stratigraphic and geographic distribution of !.· 

washitensis, and a comparison to the distribution of G.ruhescens in 

Recent seas, a surface water temperature between 20 and 30°C is 

proposed for this species in the Albian. The less reticulate 

specimens of F.washitensis are similar in their ornamentation to the 

modern species £.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 1n morphology of the _!!:.delrionensis 

population is associated with an increase in the abundance of _!!.planispira. 
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The occurrence of the strong,l!y reticulate specimens of F,,washite'nsis 

is, therefore, .re'gard'ed as: ind•~cative of a warming of .the ·surface water 

dur~ng, these· Subzones. This temperature increase i's a•l!so reflected 

in the abundance and morphology of. :H.delrionensis which·, in· southern -· 
Engl!and:, nears its ecologica-l ·Hmit during these Bubzones. and is 

partially replaced Ln the popu•l:ation ·by !!· planispira, which does not 
. . 

appear to •be effected morphol:ogically by •this increase in temperatur.e~ 

The last occurrence of F.washit:ensis .in the H.varicosum Subzone is - -
associated with a large increase in abundance of p·l!anktonic forai:ninifera, 

especia:J.Ily of H.delrionensis. This· is associated with a marked' 

increase in size of the :_!!.delrionensis· population. 

The distribution of G. bentonensis within the !·dispar Zone has 

been interpreted by Hart (1973a) and Price (1977b) as indicati)l.e of a 

cool:ing period. G.tbentonensis .first occurs in abundance .during the 

I 
ear•ly part of :the M •. rostratum Subzone and ranges 'in flood' through 

much-of this Subzone and sporadically through the later Subzones and 

into the Cenomanian. Masters (197/) showed that this species• also 

occurred coliDilon•ly in the Tethyan region. If the appearance of this 

species,-which is also associated with the first appearance of 

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

1977b), and an increase in abundance of £.harrisi, and _!!.moremani, 

is considered to be directly related to this increase in diversity 

of the planktonic foraminife~ai fauna, then a marked increase in 
, 

water temperature would be indicated (Be,l977). However, 

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

as a shallow water planktonic species (e.g. the presence of this species 

at Melton and Hunstanton), 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 distr~bution of species in northwestern Europe:-
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' 

Biogeoprovince I 

c.24~c 

Strongly reticu'l:ate specimens of !·.washftensis 1 

rare poorly hispid.!!. del rionensis-1 abundant 

!!_.planispira. 

Biogeoprovince II Poorly reticulate ·!.washitensis 1 abundant 

!!·de lrionens is and_ !!· planispira. 

Biogeoprovince Ill Abundant. !!,.delrionensis and !!,.planispira. 

Biogeoprovince IV Abundant !!·deirionensis 1 rare !!_.planispira. 

Biogeoprovince V Abundant £.bentonensis 1 moderately common 

c.l8°C !!_.delrionensis 1 rare !!,.planispira. 

These biogeoprovinces indicate a cooling in _the topmost Albian 

which corroborates with the oxygen isotope- results of Bowen (1961). 

-This- cooling was 11!ost"niirrked· d':lriag,-the_· !:!•rostratum Subzone. 

The coiling ratio of the species !!,.delrionensis and !!,.planispira 

was. also recorded for the Glyndebourne borehole. For both 

species a ratio of 1:1 was recorded (fig. 8:1'2) throughout the Middle 

and Upper Albian indicating that the coiling ratio of these species 

during the Albi:an 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 changes in the temperature of the surface water during 

the Albian. Both F.washitensis and G.bentonensis are important 

indicators of palaeotemperat'ure. 

7:3 Nutrient supply 

lfe (1977) showed that the test size of £· sacculiferer (Brady 1 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 ~.nitidus Subzones, while the second-occurs in 

the mid-H.varicosum Subzone and continues into the Cenomanian. These 
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may .indicate· an increase in the nutrient S1,1pp1y. during .these time 

intervals, t:he former representing a short term increase in nutrient 

supply, and the latter representing a more significant increase which is 

associated wi'th the change from' .restricted marine 1 conditions to 1 open 

sea' conditions. The· increase of the nutrient supply in the topmost 

Albian may also be responsible for the increase in size o'f 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 

Btf (1977) showed that the size 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 

res~lted 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 

- 351 -



the Tethyan invas':i!on of the Boreal realm as indicated by the 

foraminifera. 

Black (1972) stated ,that much of the white Chalk is formed of 

coccolith debris. . The increase in carbonate in the d'eposition of 

organic carbonate, especi!ally of .coccoliths, towards the Chalk 

boundary. Thus the increase in carbonate in the Gault Clay of the 

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 early Albian it is clear (Figure. 1:4) that the sea was more 

restricted than it was in the Upper Albian. 

Boltovskoy & Wright (1976,p.l45) 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 %. Species diversity 

Black Sea 19 25 species 

Caspian Sea 13 9 species 

Aral Sea 4 species 
(enclosed) 

Living planktonic 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 Subzone, and in the basa·l Middle Albian of Germany. Thus, 

the distribution of planktonic foraminifera indicates that normal 

marine 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 

- 352 -



are associated with the presence of ammonites, which indicate normal 

marine· :salinity. These deposits probably represent very restricted 

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 normat marine salinities. 

Although several of the foramini:feral faunas of northwestern 

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 

chapter. Each of these fades has a different influence on the 

preservation potential of the fauna, these are summarised below:-

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 weU 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 Clay 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 recrystall:isation which occurred during 

diagensis. These problems are complicated by the difficulty in 

processing the Red 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 is marked var,iation of the fauna. 

In the I.ower Greensand microfossil's are invariably absent although 

very rare agglutinated specimens have been recorded and casts of 

foraminffera have been found. In contrast, although the Upper 

Greensand and 'Glauconitic Marl' do. not contain as rich a fauna as 

the Gault Clay, sufficient specimens were recorded to indicate that 

many of the faunas were markedly different fram those of the Gaul't 

Clay. Aiso, the fauna recorded from the topmost clay and lowest 

Upper Greensand of Seaton Bay showed little similarity with that 

recorded from the Gaul:t facies, while the faunas from Compton Bay and 

Cauville showed greater similarity with the Gault Clay fauna. These 

differences mentioned above may be.-due ·to the. sedimentary facies or 

to the variation in depth·between the locaHties. Both these 

factors probably .contribute.to•the·~haraeteristie Seaton Bay 

assemblage which has been interpreted as ·indicative of a shallow water, 

high energy environment. 
\ 

In the southern North Sea Basin the fauna ~s markedly different 

to that in southern England mainly due to the presence of the 'Boreal' 

influence. The effect of the Red Chalk sedimentary fades on the ' 

fauna is difficult to assess. However, some intraspecific variation 

is due to the presence of this sedimentary fades, 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 fades 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 popu'lations have .been observed which mainly 

reflect changes in depth. 

7:8 Summary 

The major controlling factors in the 'evolution' and 

distribution of Albian microfauna'l population& are depth variation 

and temperature. Variations' in the nutrient supply and sed1mentary 

facies also, have significant effects while no salinity variations 

have been· detected. Many of the .chronospecies and chronosubspecies 

that hav.e 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.chang~s in ~the 

benthonic population& 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 p lankt·onic 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 0-lOOm. and 300m. Normal marine salinity prevailed 

and the surface water temperature varied from c.25°C to c.l8°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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Introduction 

CHAPTER 8 

STRATIGRAPHIC CONCLUSIONS 

Many zonal schemes have been proposed for the Albian Stage of 

northwestern Europe .and. these ·have •been, discussed in the· 

introductory chapters. 'lbe problems relating to the definition of 

zonal schemes are mainly re'lated 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. palaeoecological analysis may 

now be undertaken. 'Ibis has been attempted in the preceding chapters. 

'lbe view that accurate taxonomy is essential to biostratigraphy, 

although partially correct, ignores, as many previous authors have 

done, both the stratigraphic range and the palaeoecology of ·species, a 

thorough understanding of which must also be essential to precise 

taxonomy. Thus all the above points must be completelyinterconnected 

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 pa·laeoecology 

of species has been interpreted in relation to the proposed palaeo­

ecological model for 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 gaps 

are present in this section, an~ 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 related to. the macrofaunal zonation. 

This study of the 'total fauna' has indicated that a· number of very 

distinct biohorizons exist, which reflect 111aj'or changes in the .shallow 

epicontinental Albian sea, and can be cor.related outside· the· distribution 

limits of the species on which the zona•l schemes are defined. In ·this 

study the changes in the populations of ,planktonic .foraminifera have 

been used to define these biohorizons. These have been· shown to 

directly reflect both changes in surface water temperature and depth of 

th~ water column. They therefore indicate changes in the total 

marine environment. 

The study of the. 'total fauna' has been limited in the past 

by the premise that different 'groups' or different species do not 

necessarily evolve a·t similar rates. While this may be a correct 

assumption in a relatively stable environment, during the Albian very 

marked changes occurred in the environment which are reflected in 

fundamental changes in both the 'tota·l fauna' and in evolutionary 

lineages. These changes, whilst themselves not instantaneous, are 

reflected by a change in the 'total fauna', 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, 8;11; 8:12) 

Many authors have discussed the genus Hedbergella and its 
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Fig. 8:1 The proposed zonal scheme ( based on information from 

the Glyndebourne and Folkestone sections ) . 
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d:i!stri!buti:on in the Albian Stage of northwestern Europe, and several 

authors have used the morpho,logical changes which successive population& 

exh:i!bit in the shallow epicontinental sea to delimit evolutionary 

lineages. As this ge-nus has been des cri: bed,. from• the Aptian of the 

Aube (Damotte & Jannin, 1'973,) and of Mexi:co ~Longoria, 1977.), the 

first appearance of thi:s genus in the Albian of southern ·England 

cannot be due to evolution, but is simply the result of migration. 

In this study it is suggested that only two species of Hedbergetla 

occur in the Al,bian of southern· England. It is from this changing 

popu·J!ation that the biohorizons have been defined•. 

The hedbergellid population has been recorded from the 

O.ratilinianus 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), _£.harrisi has 

been recorded commonly in clays of !:_.lyelli to !·intermedius subzonal 

ages in the Paris Basin while in southern England it does not occur 

in abundance until the !.dispar Zone. It is not until the deeper 

seas of the Upper Albi:an that planktonic species occur more 

ubiquitously across nor.thwes tern Europe. However, even in the 

Upper Albiari, the planktonic population of the Paris Basin has a 

distinctly 'Tethyan' appearance when compared to that of southern 
- . 

England. The most noticeable absences in southern England being those of 

!· primula Luterbacher, 1963 and !.appenninica (Renz,l936), both of 

which occur as close to southern England as the Bou·lonnai.s (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 incorrect location of sample· points, ·while .that of 

Price (19'77b) is based on insufficient sample points and incorr.ect 

plac.ement of macrofaunal zonal boundaries. Both these ranges should 

be discounted. This species first occurs in southern England at the 

base of M.ros.tratum Subzone but only occurs in abundance in the 

M.rostratilm'Subzone. However, it does occur in the higher Al:bian 

Subzones and the Cenomanian, but only rarely (Carter & Hart,, 1977). 

The genus Hedbergella dominates ·the populations of planktonic 

foraminifera in the Albian of southern England and the southern North 

Sea Basin. The evolutionary and .palaeoecological implications of 

changes in this population have been discussed in the previous 

chapters. Below, a number of Biohorizons have been defined on the 

basis of information form the Glyndebourne borehole. The definition 

of these biohorizons is based on the absolute abundance of species and 

the relative proportions of the species H.delrionensis 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 

. !!.· p lanispira (early ~· niobe Subzone). 

Biohorizon 3 

The occurrence 1n abundance of !!_.delrionensis; 

!!_.planispira rare (early ~.nitidus Subzone). 
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Biohorizon 4 

!!_.plani:spira occurs abundantly,; H.delrionensis occurs 

rarely and has .a poorly hispid to smooth test surface (early 

D.cristatum Subzone), 

Biohorizon 5 

Both H.delrionensis and !!_.pl:anispira occur rarely and in 

varying proportions (eaily H.varicosum Subzone). -
Biohorizon 6 

H.delrionensis occurs abundantly and dominates the 

planktonic . foraminiferiil fauna (mid-B.varicasum ·Subzone). 

Biohorizon 7 

G.bentonensis first occurs in abundance and 

B.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). 

8:2 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 broadly accepted_, 

however, extensive modification of his Upper A1bian zones (5 to 9iii) 

-is 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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lONE'l: Low.er Albian, Type sections from Germany and France. 

Assemblage zone: Textuii:aria. sp ·~/f.· lamplughi ~ 

This zone is dominated by long ranging species of agglutinated 

foraminifera," many· of which a.J:so occur in the Aptian. Rhizammina cf. 

dichoma Hagenmeyer; Price, 1977b and Reophax (Haplophragmium•) 

lagenarium (Berthelin); Price, 1!977b- are limited in distribution to 

this zone. Textularia SP·!· ·and. f...•lamplughi were only recorded 

coliDIIonly 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 (!!:.spathi and !·intermedius Subzones) 

Type section: Glyndebourne borehole. 

Assemblage zone: .!!_. textilarioides/!. asperula. 

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

D.trochus, !!_.chapmani, .!!_.textilarioides,!.asperula, and F.filocinta. 

ZONE 3: Middle Albian (D.niobe to !.daviesi Subzones). 

Type section: Copt Point, Folkestone. 

Assemblage zone: ._!~nodul'Osa/!.spinuoiifera. 

This zone is dominated by the Robertinacea and Cassidulinacea. 

N.nodulosa first appears in this zone. Most species range through 

this zone, While !~spinulifera, !!_.carpenteri, Q.intermedia, 

y_.parva, .!_.pyramidata, .!!_.textilarioides, and !.asperula dominate the 

fauna. 

ZONE 4: Upper Albian (~.cristatum and !!_.orbignyi Subzones) 

Type section: Glyndebourne borehole, 

Concurrent range zone: !· spinuliferal!· chapinani. 

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

fauna. :!_.chapmani and ~ .. pinnaeformis first appear. Transitional 
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forms between ~.macfadyeni and ~.chapmani 'occur at .the base ·of this 

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

spinulifera, _!!.carpenteri, _!!.chapmani and B.textilarioides. G.baltica 

and L.albiensis also make their firs.t appearance in this zone. The· 

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

the genus Arenobulimina. 

SONE 5: Upper Albian (!!~-varicosum and ~.auritus Subzones). 

Type section·: Glyndebourne bore hole. 

AssembLage ·zone: g_. antiqua/Epistomina sp .~.sp. nov. 

This zone is marked by the appearance of !· chapmani and g. antiqua 

in large numbers while ~.papyracea first occurs commonly. The 

Robertinacea are represented by Epistomina sp.~.sp.nov., which occurs very 

sporadically. The upper levels of this zone are marked by the 

gradual appearance of early forms. of ~-~p.cf.~.frankei, A.sabulosa, and 

!· praestans. ~.pinnaeformis becomes extinct at the top of this zone. 

SUBZONE 6a: Upper Albian (~.rostratum and ~.perinflatum Subzones). 

Type section: Glyndebourne borehole. 

Assembl:age zone: ~.sabulosa/~.sp.cf.~.frankei 

This subzone is marked by the gradual appearance of species of 

typically Cenomanian aspect which are generally large in size. 

Characteristic specimens of ~.ozawai, _!.praestans, ~.sabulosa and ~.sp. 

cf.A.frankei appear. ~.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: ~.cenomanica/!.advena. 

This subzone is marked by the first appearance of typical 

specimens of ~.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 (~. tardefurcata Zone to ~.lyelli Subzone). 

Type sections from Germany and France. 

Assemblage zone: !.goerlichi/E_.heslertonensis. 

This zone is characterised by !.nodigera, !·goerlichi and 

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

of the 'boreal' province. Platycythereis sp.~.sp.nov. •!·albae, and c. 

heslertonensis range through this zone and ~·!!!!. only occurs commonly 

in this zone. £· cornueli, E_.aff.!!·~· _!!. (£. )denticulata, 

~.harrisiana, _!!.(_!!.)vanveeni; £.fordensis and E.multituberculata first 

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

the Hannover area, Germany and in the Aube regio~ France. 

ZONE 2: Lower/Middle Albian (_!!.spathi and !-intermedius ·subzones) 

Type. section: Glyndebourne borehole. 

Assemblage zone: P.laminata/C.aff.H.nana. - - - ----
This zone is characterised by the first appearance of many 

species. ~· jonesiana, ~.dimorphica, !!· fragilis, ~.umbonata, 

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

!.derooi and !·laminata have only been recorded from this zone. c. 

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

ZONE 3: Middle Albian (D.niobe to ~.meandrinus Subzones) 

Type section: Glyndebourne borehole. 

Assemblage zone: E_.hirsuta/E_.larivourensis. 

The base of this zone ~s characterised by the first appearance 
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of _£.larivourensis, _£.hi:rsuta, .£.ex,,gr._£.lurmannae, and !:!_?durispinata 

and,the last appearance in abundance of C.;aff.!!·'~· C. 

heslertonensis and C.reticulata last occur in this zone. 

ZONE 4: Midd·l!e Albian (E.nitidus and A.daviesi Subzones) 

Type, sect ion·: Copt Point, Folkestone. 

Assembl'age zone: ~.wrothamensis/_£.milbournei. 

This zone is characterised by the first appearance of~. 

wrothamens is and C. milbournei. Typical specimens of .£. chapmani last 

occur. at the. top. ·of this zone. 

SUBZONE Sa: Upper Albian (E_.cristatum Subzone) 

Type section: Glyndebourne borehole. 

Assemblage zone: .£.stricta/!.trigonalis. 

The base of this subzone is characterised by the first 

appearance of _£.stricta, ~.gaultina, !.trigonalis, and sp.!.sp.nov. 

_£.chapmani was not recorded from this zone. 

SUBZONE Sb: Upper Albian (!!.orbignyi, !!·varicosum, and the lower half 

of the C.auritus SubzoneV 

Type section: Glyndebourne borehole. 

Taxon range zone: C,folkestonensis 

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

_£.arguta and £.folkestonensis. !:!· lapparenti only occurs rarely ~n 

this Sub zone. The top of this sub zone is marked by the last 

occurrence of C.folkestonensis, P.lineata, N,(C,)denticulata - - - - ' 

O.fordensis and £.chapmani. 

SUBZONE Se: Upper Albian (upper half of the £.auritus Subzone) 

Type sect ion: Glyndebo.urne boreho le. 

Assemblage zone: ~.nettgauensis/_!! .. (~. )semiconcen'trica. 
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The base of this subzone is marked by the first appearance .of 

!-.striata, !!· ~~.)semiconcentrica. and !.nettgauensis. B. 

pseudoseptentrionalis occurs rarely.. 

ZONE 6: Upper Albian (!.dispar Zone) 

Type section: East Wear Bay, Folkestone. 

Assemblage zone: ! . pseudosep tentrionaH s /!. chapmani. 

This zone is marked by the gradual' appearance of species of 

'Cenomanian aspect' • .£• thoerenens:i!s, . .£• ~.hindei, Alatacythere sp ·!!: sp. nov., 

,!.kayei, ,!.gr~ndeli,_£.kayei, !.sandersi, !.chathamensis, .!:_?icknieldensis, 

_!!.minutissima, and !.chapmani make their first appearance. ,!'!.lapp.arenti, 

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

~-reappear. The upper part of this zone is marked by the gradual 

disappearance of ,!.trigonalis, D.~, !-dimorphica, !.gaultina and M. 

lapparenti. None of these species appear in the Cenomanian of 

southern England. 

8:4 ZONAL SCHEME (fig 8:1) 

This zonal scheme is based on the first occurrence, last 

occurrence, and abundance of species (Ostracoda 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 resolution. It is this zonal scheme that 

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

ASSEMBLAGE ZONE Ai 

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

occurrence of p•lanktonic foraminifera. Textularia sp,!_.,, ~.lamplughi, 

~-~· ~.hesl'ertonensis and ~·.goerlichi only occur commonly in th:i!s 

zone. ~.cornueH, ~.aff .!!_.nana, ~.reticulata, ~.ex.gr.harrisiana, 0. 

fordensis, an~ .E.multitubercu·lata first· appear in this zone. Rhizammina 

sp.cf.!_.dichoma and !· (!!_•)lagenarium are limited in distribution to this 

zone. 

ASSEMBLAGE ZONE Bi 

This zone is characterised by the gradual appearance of many 

species including:- ~.trochus, !·textil:arioides, ~.asperula, ~.chapmani, 

and .!!_.euglyPhea. P.derooi and ~.laminata have only been recorded from 

this zone while ~.aff.!!,.rtana on•ly occurs abundantly in this zone. 

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

this zone. Biohorizon 1 occurs within this zone (in southern England) 

while Biorhorizon 2 marks the upper limit of this zone. 

ASSEMBLAGE SUBZONE Ci 

This subzone is characterised by the first occurrence, in 

abundanc~, of members of the Cassidulinacea and Robertinacea. The base 

of. this subzone is marked by Biohorizon 2 and the first occurrence of 

~.larivourensis, ~· hirsuta, ~·ex. gr. ~· lurmannae, and· ~?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. !!.nodulosa, ~.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. :!"· chapmani, !· chapmani, 

.f..pinnaefonnis', ~· albiensis, £.stricta, !.gaul!tina, !·trigona lis, and 

SP·!· first .occur. Biohorizon 4 marks the base of.this subzone. 

ASSEMBLAGE SiJBZONE Dii 

This subzone is characterised by the marked decline of the 

Robertinacea and the incre.ase in abundance· o'f the Arenobu1! mina 

plexus. The"base o"f this subzone is marked by the first appearance of C. 

folkestonensis and _£:arguta, the top of this subzone is marked by 

Biohorizon 5. 

ASSEMBLAGE SUBZONE Diii 

This subzone Ls marked by the first occurrence in abundance of 

the miliolids and the final occurrence of the Robertinacea. 

!·chapmani dominates the Lituolacea. The base of this subzone is 

marked by the first occurrence of g.antiqua and 2,.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 occurrence of C.folkestonensis 

!.lineata, ~.(_£.)denticulata, Q.fordensis, and £.chapmani. 

first appears in this subzone. 

ASSEMBLAGE SUBZONE Eii 

G.harrisi 

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

N.(P.) semiconcentrica and 2,.nettgauensis. 
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~s 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.-beiltonensi's. The ,base of this subzone is marked by Biohorizon 7 

and the first appearance .of .f_.thoerenensis, .f_.!!_.hindei, ~.chathamensis, 

~.,sandersi, and f?icknieldensis. .!!.· pseudoseptentrionalis and 

!:!.lapparenti 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 !.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 !.advena_first appears during this subzone and 

!.chapmani, !· trigonalis, ~.dimorphica, ~.gaultina, and !:!.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 (19na; 1975). This section can, therefore, be 
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directly correlated with the Folkestone sections. 

illustrated (fig. 8:6). 

This zonation is 

Al:l of the Subzones (above the A. intermedius Subzone) of the 

Middle Albian .have been recogni'sed' with the single exception of the 

A.dav'ieili Subzone. 'Ibis may be present but there is no direct macro­

fauna! information to suggest this (Morter; pers.comm.l979). Within 

the Upper Albian the ~.cristatum and ,!!.orbignyi Subzones are clearly 

defined but the H.varicosum and C;auritus Subzones and the !.dispar 

Zone are somewhat problematical. The zonation of Morter-places the 

,!!.varicosum/~.auritus subzonal boundary at about 90 m depth and the 

lower boundary of the !; dispar Zone at about 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) 

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

Subzone). 'Ibis 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. 

!!· planispira also appears first in the mid ~·intermedius Sub zone and 

ranges into the Cenomanian. The changes in the relative abundance 

of these two species · have been used to define the Biohorizons. 

F.washitensis was first recorded at 130m- depth. It occurs 

sporadically up the success~on 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. 

relatively abundant. 

At 64m. depth they are both 

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

Zone) and occurs abundantly up to 48.5m. depth. 
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Fig. 8:6 The distribution of planktonic foraminifera in the 

Glyndebourne borehole (taxonomic order and order of 

first occurrence). 
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Benthonic foraminifera· (figs. 8:7,8:8 ), 

_£.lamplughi only occurs· rare-ly i:n the basa•l clays of this 

section ~basal ~,intermedius Subzoiie), The Robertinacea are abundant 

in the MiddleAlbian forming up. to_75% of the foraminiferal ,population. 

!·spinulifera ranges through to the topmost !!_~varicosum Subzone as 

does H.chapmanL !!_.carpenteri last appears in the upper par.t of 

the !!.· orbignyi Sub zone. Epis tomina sp .~. sp. nov. occurs throughout the 

H.varicosum Subzone. !·cretosa appears briefly in the !·tiitidus Subzone. 

~.macfadyeni occurs rarely in the lowest Gault Clay but becomes 

more abundant in the D.niobe subzonal •to the D.cristatum subzonal 

interval. Transitional forms to 'A.chapmani occur in the D.cristatum 

Subzone. A. chapmani ranges through i:o· the top of the ~.dispar 

Zone where transitional forms to A.advena occur.· ~.sp.cf.~.frankei and 

A.sabulosa appear in the ~.dispar Zone. 

the basal Cenomanian. 

F • .intermedia first appears in 

~.intermedia ranges through this section; ~.baltica"first 

appears in the mi:d H.varicosum Subzone and ~.cenomanica does not 

appear until 'the basal Cenomanian. 

65m. and 60m. depth • 

~.jarzevae occurs rarely between 

.9: antiqua and ~· papyracea first appear in the basal portion of 

the H.varicosum Subzone and range through into the Cenomanian . 

.£.pinnaeformis ranges from 124m. depth to 70m. depth 

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

f.· gatyensis, .£· cornueli, and !.laminata only occur in the basal 

portion of the A .. intermedius Subzone. _£.aff ·!!.·~ occurs very 

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

higher Subzones. _£.larivourensis ranges from the base of the D.niobe 

Subzone to the Cenomanian and~?durispinata ranges from the base of 

the E_.niobe Subzone to the top of the ~.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 ) 

Col\DIID A: The distribution of coarse sediment in the Glyndebourne 

borehole. 

Column B: The abundance of H.delrionensis (solid line) and ,!!.planispira 

( dashed line) • 

Col\DIID C: The v.ariat:ion in size of ,!!.de'lrionensis in the Glyndebourne 

borehole (based on the ten largest specimens per sample). 

D lamaximum diametezo (solid line), D 2=minimum· diameter 

(dotted line). 

Col\DIID D: The planktonic/benthonic ratio for the Glyndebourne borehole 

(smoothed graph). 

Col\DIID E: The Superfamily abundance of foraminifera in the Glyndebourne 

borebole. 

Black • Ammodiscidae 

White a Lituolacea 

Diagonal stripes = Miliolacea 

Large dots = Nodosariacea 

Small dots = Globigerinacea 

Horizontal stripes =.Cassidulinacea 

Column F: The species diversity of Ostracoda in the Glyndebourne borehole. 
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Fig . 8 ~11 Foraminiferal analysis of t he Glyndebourne borehole. 
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Fig. 8:12 Microfaunal analysis of the Glyndebourne borehole, 
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D.niobe Subzone and both become extinct in the topmost portion of the 

!.dispar Zone. 

Q.chapmani occurs in the basal Gault Clay up to the topmost 

portion of the E.nitidus Subzone and Q.stricta ranges from the basal 

portion of the D.cristatum Subzone into the cenomanian. Both 

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

Albian and f•.folkestonensis ranges from the base of the !!_.orbignyi 

Subzone.to the top of the H.varicosum Subzone. 

!.nettgauensis, P.striata and N;(P.)semiconcentrica first appear 

in the middle of the C.auritus Subzone and range through the !.dispar 

Zone into the Cenomanian. 

!·pseudoseptentrionalis, E_.thoerenensis, E_.~.hindei, !:!· 

lapparenti, ~.sandersi, P.chathamensis, E.sp.aff .• E.nuda, L?icknieldensis, 
. - - - -- - ==:..::..::=:.:.::..:::=. 

!.grundeli, ,!!.minutissima, and E_.kayei aU make their first appearance in 

the !.dispar Zone. All of these species, with the exception of M. 

lapparenti, occur in the Cenomanian. 

Conclusions 

The basal lSm of the Gault Clay at this locality is characterised 

by the rare occurrence of E_.lamplughi, the first occurrence of plank-

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

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

The presence of Biohorizori 1 and the first occurrence of C. 

larivourensis, _E.hirsuta and _E.ex.gr ._Q.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 LS marked by 

the presence of Biohorizon 4 at a depth of 125m. There Ls no con-

elusive evidence to indicate the presence of the A.daviesi Subzone 
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, .. 

Within Cii. 

The base of the Upper Al!bian is marked by Bi(!horizon 4 at a depth 

of 125m. This indicates the base of Subzone Di. Below this horizon 

£.chapmani occurs. Above this horizon £.stricta, !·trigonalis and 

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

appearance of _£.folkesi:onensis ann.g.eugl}rphea and is characterised 

by the decline in abundance of the Robertinacea. The.top of this 

Subzone is marked by the presence of Biohorizon 5 at 112m. depth. 

Epistomina sp.!.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. Arenobu·li..mina. 

The first occurrence of ~.striata, !'!· (~.) semiconcentrica, and 

the last occurrence of £• folkes tenens is indicate the ·tiPPer limit ·of 

Subzone Ei at 93m depth. Eii is the thickest Subzone at this 

lo.cality (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 'Cenomanian aspe'ct'. 

This Biohorizon is followed by Biohorizon 8 which is the last 

appearance of _Q.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 Cenomanian age. The diastem at the top of the Gault Clay 

represents part of the Fii Subzone and all of Subzone Fiii. Subzone 

Fiii (whkh is characterised by the presence of !.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: 1'3,, 8 :'1:8) 

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

and !!· planispira in the D. niobe Sub zone. Both these -species range 

through the Albian into the Cenomanian. !_.washitensis was only 

recorded rarely from the M. subdelaruei and E. nitidus Sub zones. Both 

G.harrisi and H.moremani first appear in the upper part of the 

C.auritus Subzone. G.bentortertsis 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. 

is only found abundantly within this Subzone. 

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

However, it 

£.lamplughi was only recorded rarely in the basal portion of the 

A.intermedius Subzone. Both !·spin~lifera and !!_.carpenteri range 

from the !!· spathi Sub zone to the top of the !!· orbignyi Sub zone while 

!!_.chapmani ranges from the ~.intermedius Subzone to the top of the 

!!_.orbignyi Subzone. ~.macfadyeni was found to range from the 

E.nitidus Subzone to the base of the D.cristatum Subzone while 

~.chapmani was first recorded in the basal portion of the !!_.orbignyi 

Subzone ranging through to the topmost Albian Subzone (Fiii) where 

A.advena was first recorded. ~.ba·l:tica ranges from the ~.cristatum 

Subzone through into the Cenomanian while primitive forms of 

~.cenomanica first appear in the middle of the !.dispar Zone (Fii 

Subzone). .!:_.jarzevae was recorded rarely in the upper part of the 

!· dispar Zone. g.antiqua and !.papyracea were first recorded in the 

topmost !!_.orbignyi Subzone md both range through io.to. the Cenomanian. 

Other zonally significant species include ~.sabulosa, which occurs 

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

- 387 -



Fig. 8:13 The distribution of p l anktonic foraminifera (abundance 

and first occurrence) in the Folkestone sections. 
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F. 8 15 The f1"rst occurrence of benthonic foraminifera in the lg. : 

' 

" 
:·.:.:::~:. 

16 .,.... 

COl'!' POINT 
0~ ...... 

-· 
~ .... 

......... 
....... 

11 ....... 
..... 

1§ ..... 

..... 
....... 

~ 

Folkestone sections. 

- - - •- - - I~ t -:-·- -- -- -1 f-

1 

- ~~ -+--Fi--tii 

FU 

--------------

-_-:_ ~-1 -~-- -:.-_ ---:IJ.~ttmi ~-__ ----
. . 

f'l 

Eil 

-------------------~~ 

1-- - .... 

- - ~ r-

- ~ -
t- - 1-

--. I J_ 
Ei 

-- 1- - - --
Diii - - - ~ r - - -
Dii 

- - r- '---- - -- Di - - ---- -- -
Cll 

- ~ - 1- -----------
1- - Cl r------ ------1----4 

I I 81 

- 390 -



recorded from Subzones Fii and Fiii. F.intermedia was only recorded 

from Subzone Fiii. 

Several species which were only recorded sporadically are also 

of zonal significance. These include ~.asperula, which was only 

recorded from the !.intermedius and A.daviesi Subzones, £.pinnaeformis 

which was first recorded from the basal portion of the ~.orbignyi 

Subzone and ranged through to the top of the C.auritus Subzone 

(derived specimens were recorded form Bed XII), and D.ozawai which was 

recorded sporadically from the topmost part of the ~.dispar Zone. 

Ostracoda (figs. 8:16, 8:17) 

~.cornueli was only recorded in .~he A.intermedius Subzone while 

~.hirsuta, £.ex.gr.£.lurmannae, ~?durispinata, and !.fortinodis were all 

first recorded at the base of the D.niobe Subzone and indicate the base 

of the Subzone Ci. ~.chapmani ranges from the A.intermedius Subzone 

to the top of the A.daviesi Subzone. This species was again recorded 

higher in the succession, ranging from the middle of the H.varicosum 

Subzone to the lower part of the C. auritus Subzone. C.stricta was 

first recorded in the basal part of the A.daviesi Subzone and 

ranged through to the Lower Cenomanian while both !.trigonalis and 

!.gaultina were first recorded in the D.cristatum Subzone and 

were last recorded in the topmost part of the ~.dispar Zone. C. folk-

estonensis recorded from the topmost H.orbignyi Subzone to 

the basal part of the ~.auritus Subzone and £.arguta was recorded 

Dram the basal ~.orbignyi Subzone to the lower part of the C.auritus 

Subzone. !·(!.) semiconcentrica was first recorded 1n the topmost 

C.auritus Subzone ranging into the Cenomanian. 

The ~.dispar Zone is characterised by the appearance of 

many species of 'Cenomanian aspect'. These species include!· 

pseudoseptentrionalis, ~.nettgauensis, !(!.) steghausi, ~.~.hindei, 
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Fig. 8:18 Variations in abundance of H.delrionensis and 

H.planispira in the Folkestone and Wissant sections. 
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P.chapmani, ~ •. chathamensis, E.kayei, E.gr'tindeli, !!_.minutissima, 

and E.sp.aff.!.nuda. All these species range into the Cenomanian. 

Conclusions 

The first appearance of planktonic foraminifera together with 

~.lamplughi and C.cornueli indicates the presence of Subzone Bi. 

Biohorizon 2 is present 6.5m . above the base of the Gault Clay. At 

this horizon C.hirsuta, ~.ex.gr.~.lurmannae, ~?durispinata, and I. 

fortinodis also appear indicating the base of the Ci Subzone. The 

top of this Subzone is marked by the presence of Biohorizon 3. 

Biohorizon 4 was recorded Bm above the base of the Gault Clay and 

indicates the base of the Di Subzone. The first occurrence of ~.striata, 

E.trigonalis, and ~.pinnaeformis indicate the presence of the Dii Sub­

zone while the top of this Subzone is marked by Biohorizon 5 and the 

occurrence of miliolids in abundance. The presence of Biohorizon 5 at 

the baae of the !!_.varicosum Subzone indicates that this is equivalent 

to the base of Subzone Diii, with the top of Subzone Diii being 

indicated by the presence of Biohorizon 6, approximately 50cm above 

the topmost !!_.varicosum nodule bed, within the basal portion of Bed XI. 

The boundary between Subzones Ei and Eii was not recorded due to the 

presence of a major gap in the section, within Bed XI, between the top 

of the Copt Point section and the base of the East Wear Bay section 

(equivalent to most of the C.auritus Subzone). 

G.bentonensis was recorded 'in flood' in the basal sample from 

BedXII, indicating that the boundary between Subzones Eii and Fi is 

represented within the basal nodule bed of Bed XII. G.bentonensis has 

also been recorded 'in flood' from the topmost part of the M.rostratum 

Subzone (Carter pers.comm., 1980). This is the last occurrence of 

this species 'in flood' up the section and is indicative of Biohorizon 

7, and therefore, the top of Subzone Fi. The M.rostratum Subzone 
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is, therefore, approximately equivalent to the Fi Subzone. The 

presence of F.intermedia and A.advena within the topmost 2 metres of 

Bed XIII indicate the presence of Subzone Fiii. 

'Glauconitic Marl' is of Lower Cenomanian age. 

M. 25 SECTIONS 

'nle overlying 

These sections have no direct macrofaunal zonation, although 

Owen (pers.comm., 1979) has provided information from the nearest 

surface localities to these boreholes. The macrofaunal boundaries 

can also be interpreted by using the multi-phyletic zonal scheme 

(fig. 3:5). 

BOREHOLE 3/1 

Planktonic Foraminifera (figs. 8:19, 8:20, 8:37) 

H.delrionensis was recorded from 48' depth ranging to the top of 

this borehole while !!_.planispira ranged from 16'6" to the top of the 

borehole. 

Benthonic Foraminifera (figs. 8 :19, 8:20) 

Q.intermedia was recorded at 60' depth ranging to the top of the 

section while ~.spinulifera was recorded from 48' depth to the top of 

the section. Both !!_. carpenteri and !!_.chapmani were recorded from 36' 

depth to the top of the section. ~.macfadyeni was recorded from 67' 

depth to 22' depth and ~.chapmani ranged from 18' depth to the top of 

the section. ~.asperula was recorded from 40' depth to the top of 

the section and ~.alta was recorded- from 60' depth to 16' depth . 

Ostracoda (figs. 8:21, 8:22) 

~.cornueli, P.laminata and P.derooi were all recorded between 55' 

and -45~ depth and ~· a££ .~. nana was recorded commonly between 57' and 

33 ' dep th. These species indicate the presence of Subzone Bi. 
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Fig. 8:20 The distribution of foraminifera (first occurrence) in 

the M.25 borehole 3/1. 
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I. fortinodis and I. fissicostis were 'both recorded rare{y a"i: 53' .depth 

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

26' and 21:' depth .!f?durispinata, _£;ex.gr;g;lurmannae arld C.hirsuta a•l'l 

make. their first appearance -indic~ating that· the base of- Subzone Ci is 

present at 33' depth,. .£· chaptiumi was rElcorded ·between 53' and 15 1 

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

section. .~:·trigonalis was recorded from 16' depth to the, top of the 

section and C.folk~5tonensis was recorded from 12' depth to the top of 

the section. 

Conclusions 

The first appearance of planktonic foraminifera and the presence 

of .£· cornueli, ~ .laminata and P .. derooi indicate the presence of Sub zone 

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 ~ .. trigonalis, .£· stricta and 

!· chapmani ,indicates the base of Subzone Di. This Sub zone is 1. 5m 

thick. The base of Subzone Dii is indicated by the first occurrence 

of · £.-folkes tonensis. Subzone Dii is the youngest recorded from this 

section. 

BOREHOLE 196 7/1 

Planktonic Foraminifera (figs. 8:23, 8:24, 6:27) 

Both H.delrionensis and !!_.planispira were recorded throughout 

this section and· F.washitensis was recorded between 111' and 11'4' 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 !!_.chapmani 

- 401 -
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was recorded from 1'44' to 98' depth and ·!!.carpenteri was recorded 

between 1'42' and 93~·· depth. Epistomina ,sp.~. sp.nov. was recorded commonly 

between ·98' and 62' depth but only .sporadically above 98 1
:." ~.macfadyeni 

was recorded' from 144 1 to 128' depth and .~· chapmani was ·recorded' 

from 128 1 depth. to •.the top of the section. Miliol!ids were first 

recorded' in' abundance at 85.~ depth whil•e _!!.alta was recorded from 

144 1 to lil2 1 depth and !· asperula was recorded from, 112 1 to 22 1 

depth. _£.pinnaeformis was recorded between 122 1 and 26 1 depth. 

Ostracoda (figs. 8:25, 8.:26) 

C.aff.!!·~ was only recorded commonly in the basal sample 

while ~?durispinata was first recorded at 142 1 depth and _£.hirsuta•, 

I.fortinodis and C.larivourensis were all first recorded. around 137 1 

depth. £.ex.gr.£.lurmannae was first recorded at 130 1 depth and£· 

chapmani was last recorded at 127 1 depth. £.stricta and !.gaultina 

were first recorded at 122 1 depth, !·trigona lis was first recorded 

at 120 1 depth while C.folkestonensis was recorded ranging fro111· 1'13 1 

to 32 1 depth. 

Conclusions 

The presenc~ in abundanc~ of _£.aff.~-~ 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 _£.hirsuta, .!· 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. .£.stricta, which 

first occurs 9m. above the base of this section, and the first 

occurrence of !-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 ~.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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Fig. 8:27 Foraminiferal analysis of the M.25 borehole 1967/1. 
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These three Subzones total 33m . in thickness. Subzone EH may be 

present-in the top 5m-.of this section but the data is 

inconclusive. 

BOREHOLE 1113/2 

P-l!anktonic Foraminifera (figs. 8:28, 8:29, 8:32) 

H.delrionensis ·and !!'~planispira both range throughout. this. 

Section,, F.washitensis was ·only recorded at 35'6" depth. 

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

!·spinulifera was recorded -from the base of this section to 94' 

depth while !! . chapmani and !! ; carpertteri were recorded from the base of. 

this section to 105' depth. ·Epilitomina SP·!· sp.nov. was recorded. 

between 66' and 16' depth and T.cbapmani was found from 94 1 depth to the 

top of the section. !·macfadyeni was recorded in the basal part of this 

section up to 102' depth while !.chapmani occur.red from 98' depth to the 

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

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

section;. Both -~.antiqua ·a!!d !· papyracea were .. re~rded from 65' 

d~pth upwards. 

Ostracoda (figs. 8:30, 8':31) 

E_. chapmani was only recorded between 112' and 106' depth. while 

E_.stricta was first recorded at lOO' depth and ranged to the top of 

the section. ~.hirsuta, ~.ex.gr.~.lurmannae, and ~.larivour-ensis were all 

recorded throughout this section whilst :!:!?durispinata was recorded 

between 112' and 42' depth and _!_.fortinodis from 112'. to 22' depth. C. 

folkestonensis was recorded between 60' and 24' while C.thoerenensis 

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.!!-~ was only 
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Fig. 8:32 Foraminiferal analysis of the M.25 borehole 113/2. 
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recorded rarely at 112' depth, !.trigonalis was found< from• lOO•' depth 

'to the top of the section and. sp.~ was recorded' from. 60' to the top of 

·the section. ,! .,pseudosepten trionaliis, .£· gr\inde 1 i and ~, nettgauens is 

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 Sub zone Di i.s 

indicated by the first appearance of .£.stricta, !.trigonalis and 

!· chapmani while the base of Subzone Dii is marked by .the first 

appearance of £; fol•kes tcineris is .and g,_;_p,innaeformis. 

Most of this section is composed of the Upper Albian Subzones 

Dii to Ei whiCh are 25m. thick. Unfortunately a sampling gap is 

present within Subzone Dii. However, the top of this Subzone J.s 

clearly defined at 20m. depth by the presence of Biohorizon 5 and the 

first appearance of ·mi liolids in abundance. Biohorizon 6 was 

recorded at lOm. depth indicating the base .of Subzone Eii. At this 

horizon the ·clay appears to have been extensively weathered and, 

therefore, no firm conclusions have been drawn. 

BOREHOLE 16/3 

Planktonic Foraminifera (figs. 8:33, 8:34, 3:37) 

H.delrionensis was recorded throughout this section while 

_!!.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) 

!·chapmani ranges through most of this section. Transit iona1: 

forms to A. advena were recorded between 20' and 11' depth while. 

specimens of A.advena were-recorded from 18' depth to the top of this 
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section. Forms· transitional 'to ~· sp.c£. ~.frankei were recorded· between 

90 1 and 48.1 depth while typica'I: specimens .of ~.sp.cf.~.frankei were found 

between 36 1 and 1:8 1 depth. A.,sabulosa was recorded between 7 5 1 and 

18 1
' depth and transitional forms to F.intermedia between 49 1 and 20 1

• 

Typical specimens of F .• iritermedia were only recorded between 18' and 

11' depth. 

G.baltica was recorded throughout this section , G.cenomani:ca 

was found between 35' and 11' deptl> and.while L.albiensis was recorded 

throughout this section ~.jarzevae was only recorded at 17' .depth .• 

Both ~.antiqua and !.papyracea were recorded throughout this section 

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

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

.£.hiriluta, _£.ex. gr ·.£· lurmannae, .£· thoerenensis, and !!_.<!·)semi-

concentrica were all recorded throughout this section. I.fortinodis 

and I.fissicostis were both last recorded at 25' depth while M? 

durispinata was last recorded at 16 1 depth. C.milbournei and E. 

trigonalis were last found at 16'. .£.kayei was found between 90' and 11' 

depth while !!_.(!.)steghausi was found between 43' and 32' depth. P. 

chapmani was only recorded between 46 1 and 18 '· depth and ~· lapparenti 

was only found between 48' and 42 1 depth. 

!·chathamensis, .£.~.hindei, !.sandersi, L?icknieldensis and 

_!!.euglyphea were all first recorded at 45 1 depth. All these species 

range through into the Cenomariian. 

Conclusions 

Biohorizon 7 was recorded 14.5m below the base of the 

1 Glauconitic Marl 1 while Biohorizon 8 was re·corded 12m. below the 

1 Glauconitic Marl 1
• These horizons indicate the base of Subzones Fi 

and Fii respectively. The top 3.Sm ... of.the Gault Clay at this 

locality contains a fauna characteristic of Subzone Fiii, below this 
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Fig. 8:37 Foraminiferal analysis of f our sections 
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Subzone 9m of Subzone Fii is present . 

The basal sample of this section contained specimens of N.(C.) 

denticulata which a·re probably indicative of the top of Subzone Ei. 

WISSANT 

Planktonic Foraminifera (figs. 8:18, 8:38, 8:39) 

H.delrionensis and H.planispira were recorded from all but the 

basal sample collected from this section. F.washitensis was found in two 

samples, W7 and Wl7, while G.harrisi was found in the samples above 

WlO. 

Benthonic Foraminifera (figs. 8:38, 8:39) 

Both !-spinulifera and ~.chapmani were recorded up to the level 

of sample W7 ·while E.cretbsa was only recorded from W4. 

!.macfadyeni was found up to the level of WS and !.chapmani was 

recorded between samples W7 and Wl2. G.intermedia was recorded 

throughout this section, ~.baltica from W6 upwards and ~.jarzevae only 

from W7. _£. pinnaeformis was l!ound to range from W6 to Wl3 ·while 

both g.antiqua and ~.papyracea were recorded from sample no . Wll and 

above. ~.asperula was only recorded from Wll and Wl7. 

Ostracoda (figs . 8:40, 8:41) 

~.hirsuta, ~·ex.gr.~.lurmannae and C.larivourensis were . all recorded 

from W4 to the top of the section while ~?durispinata was recorded 

ranging from W4 to Wl4. ~.chapmani was recorded from W4 and then 

again in WlO and Wl2, C.st r icta was also first recorded from W4 as 

were I.fortinodis and I.fissicostis. N.(C.)denticulata was recorded 

from W4 to Wl4 while N.(P.)semiconcentrica was found in samples W9 

and Wl3. !. trigonalis and ~.gaultina were recorded from W5 to the top of 

the section. g.folkestonensis was recorded fr om Wl7 to Wl3 while M. 

lapparenti was found 1n samples W.l6 and WlO. P.striata was recorded 
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from WlO to the top of the section and !.pseudoseptentrionalis was 

found in wa. 

Conclusions 

This section was collected mainly for comparative material and, 

therefore, insufficient samples were collected from this locality to 

enable precise subdivision of this section. However, sample W3 

indicates the presence of Subzone Bi at the base of this section and 

W4 indicates that Subzone Ci is present. Above this nodule bed Sub­

zone Di is clearly defined, the base of which is below the D.cristatum 

nodule bed. The first appear·ance, in abundance, of g.antiqua and 

!.papyracea below the H.varicosum nodule bed indicates that this Sub­

zone is not confined to the nodule bed. Above the nodule bed the 

planktonic element of the fauna indicates that this bed is strati­

graphically younger than Biohorizon 6 while the presence of C. 

pinnaeformis and £.folkestonensis indicates Subzone Ei. Btohorizon 

6 must occur within·the H.varicosum nodule bed. 

CAUVILLE 

Planktonic Foraminifera 

No planktonic foraminifera were recorded from this section. 

Benthonic Foraminifera (figs. 8:42, 8:43) 

!!.alta was found in samples Cll and CS wb:He ~.c.hapmani ·was 

recorded from samples ClO to CS. The last sample contained specimens 

transitional to ~.advena. ~.macfadyeni was recorded from samples Cl2 

and C9, many of these specimens were transitional to !.chapmani. 

Early forms of G.cenomanica were recorded from sample CS while ~· 

baltica and ~.jarzevae were recorded from C6. 

Specimens of ~.chapmani and ~ . carpenteri were recorded from 

- 426 -



~
 

N
 

-..
.J

 

ca
::s

 
'g

fi 
n

o
-

....
.. 

0 
=..

, 
I 

i 
~
 

(,)
 
~
 
~
 

I 
0 

(,
) 

+
 

CO
 

\ 
· · 

.~ · r
·'·~<-

XJ 
-l f

 rr 
/'/: :'~

:_;::;::
:<:f

i 
. 

. 
-. .. .

. .
 . 

-
~ 

. 
. 

. 
' ' 

. 
. .

 . ..
 

: 
.. : 

. 
' .

·: 
.. ·.·

 ..
. : 

··.·
:.:

: 
.. :

 .
..

.. ·
 : .

.... 
: ·.·

 .
..

. ·.
 4.

cr
et

ao
e1

1a
 

C
.c

y
li

n
d

ra
cM

 
B

.c
b

a
p

u
n

i 
H

.n
cn

io
nJ

.n
oi

de
a 

T
.m

in
11

ta
 

G
.t1

11
tc

:n
D

1&
 

G
.g

ra
d

at
a 

s.
an

n
ec

te
n

a 
T

.p
;r

ra
m

id
at

a 
U
.a

lt
a
 

A
.a

p
.c

f.
A

.a
d

v
an

a·
 

t.
ch

ap
m

an
i 

l.
m

ac
ta

d
y

en
.i 

l.
a
a
b

u
lo

e
a
 

Q
.a

n
ti

q
\1

&
 

C
.p

in
n

ae
to

rm
ia

 
P 
.t

il
o

c
in

ta
 .

 
V

.a
a.

ar
.V

.k
o

ch
ii

 
v

.r
o

b
u

at
a 

G
.b

a
lt

ic
, 

G
. a

p
. c

f.
 c.

 ce
nO

II
Ia

lli
ca

 
G
.
i
n
t
e
:
n
D
e
d
~
 

L
.a

lb
ia

o
ai

a
. 

L
,j

ar
ze

v
ae

 
E

Ja
p

.A
. a

p
. o

ov
. ·

 
H

.c
ar

p
eo

te
r1

 
H

.c
ha

pm
an

i 

I 
n ,.. ~ ,... ,... I"

 

~
 .... O

Q
 . 0
0

 .. ~ N
 

0 
1-

3 
t1

 
::r

 
Q

. 
(1

) 
(1

) t1
 

Q
. 

.._
, 

.... Cl
l 

.... 
r
t 

;:
I 

t1
 .... 

r
t 

c
' 

::r
 

c:: 
(1

) 
r
t .... 

n 
0 

Il
l 

:::1
 

!:=
 <
 

0 
.... 

H
I 

.....
. 

.....
. 

H
I 

(1
) 

0 t1
 

Cl
l 

~ 
(1

) 
("

) 
.... 

r
t 

:::1
 

.... 
.... 

0 
H

I 
:::1

 
(1

) t1
 

Il
l ,...
.. 

Il
l 

0
" c:: :::1
 

Q
. 

Il
l :::1
 

("
) 

(1
) 

....
....

. 
r
t ~ 0 :::1
 

0 e .... ("
) 



~
 

N
 

CX
l 

~
 

Q
 

., 
-

- "' 
Q

 
"' 

0
!1

 

\ ·· :
· .... t?

\/1 
ll

 F
·'::,:

{.'.:~
·\'

/::~:
\.::

.<=J
 

.. "
 

. -
: 

-.. "
 

. .
 

.. .
...

. 
. . ..

. .
 . 

·::
:::

 .. :
 : ·.

: :
:·:

::
 ;·._

:·:
 :.:.:

. ~ :
 .. :·:.

 

r
-

I. 
I 

s.
an

n
ec

ti
iZ

1
8

 
--

--
--

-+
·--

--
,..

--
'f

.p
;r

ra
ai

cl
at

a 
-

I 
J.

..
-~

a4
;r

en
1 

I 
G

.1
n

te
r.

e
d

1
a
 

-
1 

R
.c

a
rp

e
n

te
ri

 

I 
I 

, 
1 

I 
~=
~~
DI
U 

. 
I 

U
.a

lt
a
 

I 
J.

.c
re

ta
c
e
u

e
 

-
R

.n
o

n
i c

n
in

c
id

e
a
 

-
I 

I 
'f

.a
in

u
ta

 
I 

"·
 cb

ap
.a

n
i 

-
I 

I 
L

.a
lb

i.
W

a
 

-
~
-

E
.•

p
.A

.•
p

.o
o

v
.·

 

o
o

 
-·-

· -· 

I 
R
.
c
b
a
~
 

C
. c

y
li

n
d

ra
c
e!

l 
I -

G
.g

ra
d

a
ta

 
P 
.
~
l
l
o
c
i
n
t
a
 . 

I 
V

. e
x

. &
r.

 V
 .l

to
c
b

ii
 

-
• 

J.
 • .

a
b

U
l.

o
a

a
 

I 
1 

I 
0 

I 
I 

::
 

I 
• 

I 

- - "'"
' 

~
:
:
 

·- - .,..
.,..

 
.... 

::
 

Q
.a

n
ti

q
u

a
 

o
.p

in
n

aa
to

rm
.t

a 
T

.r
o

b
u

.e
ta

 
L

.j
a
rs

..
a
• 

· 
A

.•
p

.c
f.

A
.a

d
v

en
a 

G
.b

a
lt

ic
a
 

-
C

.•
p

.c
f.

G
.c

e
n

o
.a

n
ic

a
 



samples· .ClO and Cl2 while specimens resembling Epistomina sp.~. sp. nov. were 

recorded fi:om ClO and ·ea. Both ~.,pinnaeformis and. q.-antiqua were 

recorded from C7. 

Ostracoda (figs. a: 44, 8•: 45) 

~.ex.gr.M.·harissi·ana was recorded throughout this section while 

C.hirsuta and I.fordnodis were recorded from C7 and ea. Specimens 

of C.larivourensis were recorded from samples Cl2, ea and CS. 

Specimens from Cl2 were referred to _£.sp.aff._£.cornueli. ~1durispinata· 

was recorded from ea while e.stricta was found in samp•les C7 and· ea. 

_!!.pseudoseptentrionalis, !·nettgauensis, !-siddi:qui and e.aff • .!!_.nana 

were recorded from the topmost four samp•les. 

Conclusions 

An insufficient number of samples were collected from this 

locality to enable .precise subdivision. However, the presence of 

both A. advena and ~' sabu losa, along with the occurrence of .£· sp. cf.~. 

cenomanica, ~.jarzevae and _!!.pseudoseptentrionalis in the topmost two 

sampl'es of this section indicate the presence of Zone F. The occurrence:· 

of specimens of _£.stricta and _£.pinnaeformis in the lower part of the 

Upper Greens·and and the lack of Robertinacea ind:kate the presence of 

Zone E. .!!..chapmani and .!!..carpenteri were both recorded from the 

topmost Gault Clay which is of Diii subzonal age. The basal Sm. of 

the Gault Clay bel:ong 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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Fig. 8:45 The distribution of Ostracoda (first occurrence) in the 

Cauville section. 
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Benthonic Foraminifera (.figs. 8:46, 8::47) 

Samples 42 and 36 were dominated by several long ranging 

agglutinated species whil'e U.alta was recorded from- samples 40 and 

37 and E·gradata from sample 38. The dominance of agglutinated" 

species in the lower most samples of this section may indicate the 

presence of the lower portion of Subzone Bi or of Subzone Ai. 

~· chapmani ·was recorded ranging from sample 18 to sample 11 while 

~.sp;cf.~.advena was found in samples 1 & 11 and 

A.truncata were recorded from samples, 2, 3 & n. 

specimens of 

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

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

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

and g.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 Sm. of the Gault Clay contains specimens of ~.chapmani and 

£.pinnaeformis indicating an Upper Albian age. g.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 lOm. of the 

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

and E·cenomanica which along with the presence of _!:.jarzevae and 

!· pseudoseptentrionalis indicate the presence of Zone F. The 

remaining majority of the Upper Greensand, between the to~ of the 
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Fig. 8:46 The distribution of foraminifera (abundance/taxonomic 

order ) in the Compton Bay section. 
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Fig. 8:47 The distribution of f or aminifera (first occurrence) in 

the Compton Bay section. 
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Passage Beds and the base of Zone F·, represents ·subzones Ei and Eii. 

SEATON BAY 

P·l!anktonic Foramini'fera 

No planktonic foraminifera were recorded' from this section • 
.. 

Benthonic.Foraminifera 

The populations of benthonic foraminifera in this section can be 

easi~y separated into two Superfamily categories: Lituollace·a and 

Nodosariacea. Sample numbers 1 to 4 are dominated by 'the Lituol'acea 

while samples 5 to 7 were dominated by the Nodosariacea. One specimen 

of the stratigraphically significant species .!!.chapmani was recorded 

from sample no. 1 while a specimen of.!.chapmani 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 Pinha:y, 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. 
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SOUTHERN NORTH SEA .BASIN 

SPEETON 

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

H.delrionensis and H·.planispira were both recorded throughout 

this section. while G.bentonensi:s was recorded from samples Sp.6 and 

Sp.7. 

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

!!_. chapmani was found to range from sample Sp .10 to Sp. 1 while 

£.baltfca_was recorded from sample Sp.lO to Sp.6. D.ozawai was 

' recorded in' samples Sp-. 7 .and Sp.6 while !.mad.ae was r~cord~d fr~m 

samples Sp.6 to Sp.l. g.antiqua was found from Sp.lO to the top 

of the section and !·Papyracea was found from Sp.4 to the top of 

the .section. 

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

_£.gatyensis, _£.reticulata, f.laminata, and P.lineata were only 

recorded from the c~ay sample, Sp.ll. Both C.borinemai arid 

!.fo-rtinodis range through the Red Chalk at this locality while 

I.fi:ssicostis was recorded from samples Sp.ll and Sp. 8 

~?durispinata was only recorded from Sp.9 while both P.striata and 

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

Conclusions 

The basal sample (Sp.ll) of this section contained several 

species, which, in the Anglo-Paris Basin, are regarded as characteristic 

of Subzone Bi. Samples Sp. 1 to Sp. 9 all contained abundant 

H.delrionensis indicating the presence of Zones E & F while the 

occurrence of £.·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 !!.planispira were recorded throughout this 

section. G.bentonensis was recorded from sample H.l. 

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

!.macfadyeni was recorded from H.3 while !·chapmani was 

recorded from samples H.2 and H.l. ·G.baltica was recorded from the 

topmost two samples while both g.antiqua and !·mariae were recorded 

from H.l. 

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

C. stricta was recorded from sample H.l while !: fortinodis, 

!· fissicostis, and _Q.·ex. gr .~.lurmannae were recorded from sample no .H. 2. 

_Q.hirsuta and !:!'ldurispinata were recorded from both of these samples 

while C.bonnemai and Platycythereis sp.!.sp.nov. were both recorded from 

all three samples. 

Conclusions 

The presence of ~.macfadyeni and abundant !!·Planispira in the 

lowermost sample indicates that it is transitional between Subzones 

Cii and Di. ~.chapmani occurs in sample H.2 which is probably of Dii 

or Diii Subzonal age. The presence of G.bentonensis in sample H.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) 

~.chapmani was recorded from samples H5 to Hl. In sample H.l 

- 441 -



Fig. 8:52 The distribution of foraminifera (abundance/taxonomic 
order) in the Hunstanton and offshore boreho1e 49/24-1 
sections. 
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·these ·Specimens ·were transitional' to ~· advena. Transitiona·l 

specimens from ~.macfadyeni were recorded from samples H .. 5 and H.6. 

G.balticawas only recorded from samples .H.3. to H.l while 

~. cenomanica was .only recorded from H. 1. g. ant iqua was recorded' from 

samples H.2 and H.3 while ~~papyracea was only recorded from H.2. 

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

C.stricta and £.globosa were both recorded from sample H.6 

while £.bonnemai and !-striata were both recorded throughout the 

section. !.pseudoseptentrionalis was recorded from samples H.4 and 

H.2. 

Conclusions 

The presence of £.stricta and of specimens of ~.chaymani 

transitional from ~,macfadyen~ 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 section, ~.planispira was only recorded sporadically. 

G.bentonensis was first recorded in abundance 'downhole' at 3090' 

depthand was last recorded 'dowhole' at 3340'. 

most abundant between 3100' and 3160' depth. 
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Fig. 8:54 The distribution of Ostracoda (abundance/taxonomic order) 

in the Hunstanton and offshore borehole 49/24-1 sections. 
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Fig. 8:55 The distribution of Ostracoda (first occurrence) 
in the Hunstanton and offshore borehole 49/24-1 
sections. 
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Fig. 8:56 The distribution of foraminifera (abundance/taxonomic 

order) in the offshore boreho1e 49/19-1 . 
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Benthonic Foraminifera (figs. 1:56, 8:'57) 

Transitional specimens of ~.chapmani _ (to !.advena) first occur 

1'downhole 1 at 2970 1 depth, these forms. were last recorded .at 3000 1 depth·. 

Severa·l! specimens of ~· advena were recorded from 3010 1 depth ·and 

!· frankei was recorded coiJDDon·ly from 2960 1 depth· to 3100'' depth and then 

sporadically to 3200 1 depth. G; •baltica was recorded from 3030 1 and 

3200 1 depth while G.cenomanica was found between 2980 1 and 3020 1 depth. 

~ •. praestans was· recorded from .2970 1 to 3210 1 depth. .E.mariae 

was recorded downhole from 3000 1 depth while g.antiqua and ~ .. papyracea 

first occur downho.le in the Red Chalk at 3000 1 and 3040 1 respectively. 

Ostracoda (figs. 8:58, 8:59) 

C.reticulata and ,!.goerlichi were only recorded from the basal 

clay sample of this section while P; lineata and £· chapmani were oniy 

recorded below 3310 1 depth. Both~-~ and P.derooi were only 

recorded from 3240 1 depth. _£.bonnemai was recorded throughout this 

section while I.fortinodis was first recorded 1 downhole 1 at 3160 1 

depth and I. fissicostis was first recordect 'dovrihele 1 at 3100 1 depth. 

M.muelleri was recorded between 3000 1 and 3160 1 depth ~hile. ,!.striata 

was found between 2990 1 and 3070 1 depth. 

between 3020 1 arid 3070 1 depth. 

_£.sp.aff.c.Kayei was found 

Conclusions 

The first occurrence 1 downhole 1 of.G.bentonensis in abundance at 

3090 1 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·~· frankei and ~.mariae 

together with rare specimens of ~.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 
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Fig. 8:59 The distribution of Ostracoda (first occurrence) in the 

offshore boreho1e 49/19-1. 
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this section of Red Chalk are of Upper Al:bi:an age. 

further .differentiation was impossible. 

SHELL/ESSO BOREHOLE 49/24-1 

Unfor.tunately, 

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

~.delrionensis was recorded throughout this section while 

!!-planispira was only recorded sporadically. G. bentonensi:s was 

only recorded from 4370' depth. 

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

!.chapmani:was recorded throughout this section while !.frankei 

was only recorded between 4270' and 4350' depth. ~.ozawai was only 

recorded from 4350' depth while !.mariae was recorded between 4270' 

and 4400 1 depth. g_.antiqua was recorded between 4270' and 4310' depth. 

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

Ostracoda were not recorded in abundance from this section. 

~.bonnemai was only recorded from 4270' depth while K.striata was 

found between 4270' and 4400' depth and M.muelleri between 4270' 

and 4310' depth~ 

Conclusions 

The presence of ~.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 lithology ( 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 Upper Albian have been shown to be rough·ly con­

temporaneous. The top of the Lower Greens and, belcw the Gau•lt C•lay, 

was shown to be highly diachronous across northwestern 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 sections 

is of Diii Subzonal age. The 'passage beds' of Compton Bay span 

most of the Diii Subzone. At Cauville the lithological change from 

the Gault Clay to the Upper Greensand 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 Upper Greensand. The Upper Greensand at these 

localities thus appears to span the upper part of the M.inflatum 

Subzone and most of the ~.dispar Zone. 

The base of the Gault Clay sections was consistently assigned a Bi 

subzonal date within southern England. 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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Fig. 8:60 A comparison of the sample localities based on the proposed zona l 

scheme. 
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at .Wfssant. Silbzone Eii 1s extremely thick (fig. 8: 60) both at Glyndebourne 

and in the Sevenoaks area. This Subz_one is approximately equivalent to 

the top half of the C. auritus Sub zone. The succeeding Sub zone· "( Fi ) is 

thicker at Glyndebourne than at the other Gault Clay localities. At 

Folkestone the base of this Subzone is o 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 'Glauconitic 

Marl'. At Glyndebourne Subzone Fiii, the thinnest of the F Subzones, 

is absent. 

The Upper Albian of the southern North Sea Basin 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 
• • 0 

major horizons-. During 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 Chal'k 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 over-lies the 

Albian at all the localities (Cenomanian age). 
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SUMMARY 

In the preceding chapters the distribution and palaeoeco·logy of 

selected spec:i!es has been :discussed' and a zona•l 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 

:~ub.species of Os tracoda have been discussed in the taxonomic chapters • 

The evolution of many of these species has been shown to be directly 

related to the enviromnental change, especially changes in the depth 

of the shallow, epicontinental Albian sea. The depth of the Albian 

sea was shown to increase (at Glyndebourne) 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 the 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 d'efined 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 macrofauna·l subzonal boundaries proposed by Casey 

(1961), and Owen (197la; 1'975). 

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 e'nvironment. More open 

marine conditions prevailed! during the Middle· Al:bian (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 Ostracoda show distinct environmental control, 

both in their distribution, and in their morphological change. 

Species of the genera Cornicythereis, Cytherei:s, and Isocythereis 

characteristically decreas.e in size during the Albian whilst 

reticulation in the genus Cythereis generally becomes much weaker 

from the Midd·le 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 complete understanding of Albian biostratigraphy 

further, detailed, research is essentiaL Subjects that require 
' 

further study -include the Albiari 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. boundary (ideally in an open marine clay succession). Many 

problems relating to the biostratigraphy of the Albian/Cenomanian 

boundary need to be resolved. 

The gradua•l refinement of Albian stratigraphy is allowing 

palaeoenvironmental interpretations to be made which are becoming 

more complex. These, in turn, will 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 colunm. 

This problem can only be resolved .by adhering to the present species 

concept in palaeontology, however, the emphasis should be changed 
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from the study of individual specimens to the study of population& and . 

their variation in time and space. 

Several other major problems have· only been briefly mentioned in 

this thesis·, includin~ the d'iachronous·:first appearance of . 

morphospecies and1 the provincialism of the marine fauna. Both of 

these topics require a large amount of research. 

Owing .to the amount of research that has previously been under­

taken on the Albian biostratigraphy and the fine resolution of this it 

might appear that n:omore research should be undertaken. However., 

SC?JIIe of the possible future research topics are outlined above and it 

is precisely because an accurate biostratigraphy is available that . 

further research should be undertaken on the Albian Stag~ as it 

presents an ideal platform for the definition of a very detailed 

palaeoenvirolllllental model, in both time and space. This is probably 

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

Section Planktonic Benthonic Ostracoda 

Foraminifera Foraminifera 

GLYNDEBOURNE 

47.5-48m. 44 138 69 
48.0-48 . 5 17 64 77 
48.5-49.0 68 174 108 
49.0-49.5 42 149 177 
49.5-50.0 17 298 79 
51.0-51.5 121 105 283 
52.5-53.0 93 250 355 
53.5-54.0 119 325 98 
54.5-55.0 30 166 148 
55.5-56.0 104 276 124 
56.5-57.0 46 248 318 
57.5-58.0 23 281 69 
58.5-59.0 29 303 65 
59.5-60.0 130 254 33 
60.5-61.0 72 304 106 
61.5-62.0 105 243 138 
62.5-63 . 0 44 199 68 
63.5-64.0 70 249 35 
64 . 5-65.0 5 245 18 
65.5-66.0 17 344 lOO 
66 . 5-67 . 0 165 207 61 
67 .5-68.0 112 318 79 
68.5-69.0 108 318 88 
69.5-70.0 141 306 52 
70.5- 71.0 164 275 114 
71.5-72.0 203 220 107 
72.5-73.0 151 286 57 
73.5-74.0 140 293 118 
74.5-75.0 131 251 156 
75.5-76.0 90 225 32 
76 . 5-77.0 3 311 41 
77.5-78.0 57 294 15 
78.5-79.0 45 316 14 
79 . 5-80.0 19 345 19 
80.5-81.0 64 265 28 
81.5- 82 .0 33 150 19 
82.5-83.0 27 212 15 
83.5-84.0 22 262 13 
84 . 5-85.0 86 284 31 
85 . 5- 86.0 62 375 30 
86.5-87.0 64 275 42 
87.5-88.0 29 337 25 
88-.5-89.0 71 182 54 
89.5-90.0. 90 259 46 
90.5-91.0 126 268 32 
91.5-92.0 144 235 116 
92.5-93.0 96 234 195 
93.5-94.0 152 332 133 
94.5-95 .0 118 382 280 
95.5-96.0 86 409 157 
96 .5-97.0 83 260 213 
97.5-98.0 116 301 137 
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, 

98.5-99.0m. 102 301 145 
99.5-100.0 57 424 132 
100.5-101.0 133 292 191 
101.5-102.0 45 292 114 
102.5-103.0 62 362 171 
103.5-104.0 122 417 188 
104.5-105.0 44 325 247 
105.5-106.0 86 362 225 
106.5-107.0 51 350 197 
107.5-108.0 16 320 162 
108.5-109.0 80 416 170 
109.5-110.0 18 262 140 
110.5-111.0 83 288 95 
111.5-112.0 67 261 178 
112.5-113.0 98 320 276 
113.5-114.0 110 380 313 
114.0-114.5 254 
114.5-116.0 119 281 187 
116.0-116.5 170 
116.5-117.0 119 407 91 
117 . 0-117 . 5 83 
117.5-118.0 50 304 129 
118.0-118.5 57 
118.5-119.0 80 443 197 
119. 0-119. 5 194 
119.5-120.0 80 436 148 
120.0-120.5 126 
120.5-121.0 67 279 186 
121.0-121.5 120 
121.5-122.0 140 462 77 
122 . 0-122.5 
122.5-123.0 60 455 65 
123.0-123.5 60 
123.5-124.0 140 191 38 
124.0-124.5 46 
124.5-125.0 94 221 63 
125.0-125.5 
125.5-126.0 26 287 19 
126.0-126.5 21 
126.5-127.0 136 275 63 
127 . 0-127.5 59 
127.5-128.0 14 356 33 
128.5-129.0 71 
129.5-130.0 93 259 29 
130.5-131.0 103 
131.5-132.0 20 317 12 
132.0-132.5 15 
132.5-133.0 5 255 19 
133.0-133.5 35 
133.5-134.0 14 245 26 
134.0-134.5 21 
134.5-135.0 43 279 67 
135.0-135.5 71 
135.5-136.0 3 215 83 
136.0-136.5 101 
136.5-137.0 5 273 98 
137.0-137.5 274 
137.5-138.0 3 204 267 
138.0-138.5 103 
138.5-139.0 241 115 
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139.0-139.5 91 
139.5-140.0 386 140 
140.0-140.5 155 
140.5-141.0 48 322 134 
141. 0-141. 5 104 
141.5-142.0 9 325 123 
142.0-142.5 95 
142.5-143.0 292 72 
143.0-143.5 51 
143.5-144.0 410 65 
144.0-144.5 40 
144.5-145 . 0 224 76 
145.0-145.5 59 
145.5-146.0 287 62 
146.0-146.5 69 
146.5-147.0 268 35 
147.0-147.5 5 
147.5-148.0 231 13 
148.5-149.0 98 6 
148.5-149.0 30 
149.0-149.5 127 
149.5-150.0 31 
150.0-150. 5 
150.5-151.0 

FOLKESTONE 

IIA 

37.0ft. 40 263 208 
39.0 lOO 134 220 
41.0 117 287 186 
43.0 165 202 277 
45.0 134 147 197 
49.0 104 237 265 
67.0 67 94 71 

East Wear Bay 

1 28 46 57 
2 87 35 180 
3 60 145 187 
4 17 93 124 
5 50 123 159 
6 50 98 156 
7 63 123 194 

11 45 107 15 
9 59 78 85 
8 25 74 65 

10 29 36 77 

Copt Point 

C.P.8 27 54 133 
C.P.7 50 185 129 
13/8/9 76 230 141 
C.P . 6 34 86 45 
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C.P.5 3 141 129 
C.P.4 9 144 215 

G.5 N/A 486 188 
C.P.3 3 144 229 
C.P.2 10 169 146 
13/8/10 . 48 273 188 
C.P.1 36 156 201 

G.4 N/A 441 204 
G. 3 N/A 235 222 

13/8/11 29 182 216 
G.1 N/A 223 194 

13/8/12 23 133 99 
G.2 N/A 222 217 

13/8/13 72 194 112 
13/8/14 96 200 49 

G.6 N/A 425 82 
G. 7 N/A 440 124 
G.8 N/A 315 115 

13/8/15 84 175 54 
13/8/16 109 173 53 
13/8/17 19 260 92 
13/8/18 76 306 69 
13/8/19 194 275 86 
13/8/20 97 201 64 
13/8/21 35 147 26 
13/8/22 58 190 81 
13/8/27 4 179 18 
13/8/28 37 214 91 
13/77 126 36 

14 
15 
16 

SEVENOAKS 

M.25 3/1 

9ft.Oins . 25 256 301 
10 6 12 159 282 
13 6 79 185 259 
16 6 40 248 140 
21 0 43 179 42 
24 6 2 152 67 
27 0 114 68 
30 0 123 98 
32 0 155 93 
36 6 157 107 
40 0 3 151 2 
42 0 142 1 
44 6 162 96 
48 0 1 87 ·185 
52 6 209 152 
56 0 219 98 
60 6 217 152 
66 0 99 98 
74 0 18 113 
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M.25 1967/1 

7ft.6ins. 204 21 
12 0 126 7 
15 0 102 18 
16 6 220 
21 0 207 
24 0 59 205 115 
27 0 34 251 86 
31 0 4 216 87 
33 0 27 123 91 
38 0 25 126 74 
42 0 278 38 
46 0 205 150 
48 0 164 45 
52 6 103 122 93 
64 0 8 185 176 
66 0 168 91 
68 6 323 49 
72 0 1 306 87 
76 6 18 46 
80 0 1 295 166 
84 0 232 141 
86 0 126 
90 0 1 140 
94 0 10 305 125 
98 0 9 284 107 

104 0 93 
108 6 96 168 184 
111 0 11 164 193 
114 0 18 189 216 
116 6 116 193 219 
121 3 33 166 131 
123 0 85 63 
126 6 145 55 
128 6 239 59 
131 6 41 174 125 
136 6 105 79 
138 6 
141 6 114 67 
144 6 158 30 

M.25 113/2 

13 6 3 198 174 
21 6 52 176 71 
23 0 39 197 19 
27 0 78 210 128 
29 6 36 93 172 
31 0 70 112 173 
35 6 72 172 178 
39 0 53 173 117 
42 0 25 280 153 
46 0 4 267 173 
50 0 141 
54 0 10 264 210 
60 6 1 339 223 
62 0 252 170 
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92ft.6ins. 6 226 220 
98 0 54 302 48 

102 0 32 187 103 
108 6 152 69 
112 0 1 232 85 
114 0 14 140 73 

M.25 16/3 

9 6 105 
11 0 158 169 110 
12 6 137 231 167 
14 0 401 130 120 
17 0 48 160 160 
18 6 197 255 203 
20 0 168 243 116 
21 6 136 233 138 
24 6 352 181 
26 0 304 230 
29 0 94 126 144 
33 0 131 327 247 
35 0 119 291 242 
37 0 lOO 243 135 
41 0 65 340 152 
43 6 131 236 159 
49 0 102 210 83 
51 6 83 215 231 
53 0 93 283 247 
57 0 41 183 114 
59 6 132 168 106 
65 0 145 121 55 
69 0 164 
73 0 164 
75 6 194 
81 0 160 
83 6 18 179 
90 0 71 45 46 

WISSANT 

w 12 5 216 66 
w 9 8 185 142 
w 14 64 317 306 
w 8 66 375 315 
w 10 23 255 292 
w 15 37 290 314 
Wll 1 313 223 
w 16 19 88 161 
w 10 23 255 292 
w 17 31 191 367 
w 7 31 331 316 
w 5 163 179 223 
w 6 28 255 228 
w 4 111 309 130 
w 3 214 
w 2 
w 1 
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CAUVILLE 

5 111 27 
6 95 57 
7 161 89 
8 127 141 
9 64 

10 93 9 
11 
12 31 
13 86 9 

4 
3 
2 
1 

COMPTON BAY 

C.B. 1 32 
C.B. 2 72 
C.B . 3 91 

C.B.10 99 7 
C.B.ll 42 
C.B.12 
C.B.13 17 
C.B.14 31 1 
C.B.15 106 
C.B.16 92 5 
C.B.17 117 24 
C.B.18 60 
C.B.19 9 

C.B.37 61 
C.B.38 26 
C. B. 39 32 
C.B.40 24 
C. B.41 34 
C.B.42 
C.B.43 

SEATON BAY 

6 48 143 
5 70 219 
4 20 
7 17 
3 1 1 
2 7 1 
1 21 

COURCELLES 

Upper 181 186 
Lower 298 105 

BOIS DE PERCHOIS 

1 320 164 
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VILLEMOYENNE 

1 260 97 

SPEETON 

1 90 142 175 
2 170 271 180 
3 lOO 172 179 
4 50 131 193 
5 164 88 191 
6· 50 151 77 
7 64 117 41 
8 35 141 117 
9 34 75 43 

MELTON 

1 114 211 61 
2 40 174 155 
3 112 133 76 

HUNSTANTON 

1 64 36 27 
2 17 60 1 
3 47 
4 66 27 
5 94 40 
6 78 23 

49/19-1 

2970ft. 10 43 
2980 25 34 
2990 120 81 22 
3000 lOO 58 12 
3010 440 69 5 
3020 120 131 34 
3030 227 138 13 
3040 281 130 16 
3050 164 102 15 
3060 157 88 13 
3070 191 143 57 
3090 192 120 17 
3100 253 169 39 
3110 333 153 24 
3120 183 128 9 
3140 300 217 21 
3150 150 92 
3160 213 141 16 
3170 124 107 7 
3180 142 180 4 
3190 102 89 13 
3200 71 126 
3210 85 109 
3230 120 161 
3240 218 129 10 
3250 147 161 9 
3310 176 85 11 
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3340ft . 42 175 6 
3350 83 159 16 

49/24-1 

4280 93 76 20 
4280 170 40 
4300 105 ·n 2 
4310 96 136 2 
4320 110 71 
4350 75 45 
4370 52 67 
4400 15 76 6 
4430 16 36 
4460 24 104 4 

·~ VOHRUM 

ss 211 11 
S4 221 3 
S3 174 16 

·-ALTWARMBUCHEN 

S2 
S1 309 3 
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Fig. 

Fig. 

Fig. 

PLATE 1 

1. Patellina· sp. A. ;umbilical view (xl36); number 75 
Shell/Esso 49/19-1 3340'. 

2. Ammodiscus cretaceus (Reuss); umbilical view (x95); 
number l ; Shell/Esso 49/24-l 4290'. 

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

Fig. 4. Nodobacularia nodulosa (<llapman) ; side v:iew (x84); 
number 55 ; Folkestone 13/8/22. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 

Fig. 10. 

Fig. 11. 

Fig. 12. 

Fig. 13. 

Fig. 14. 

Quinqueloculina antiqua (Franke), ; side view (xl65); 
number 56 ; Glyndebourne 51.5-52 m. 

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

Glomospira gaultina(Berthelin); umbilical view (xl30); 
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-lllm. 

Spiroloculina papyracea Burrows, Sherborn & Bailey ; 
umbilical view (x68) ; number 59 ; Glyndebourne 49-49.5 m. 

Spiroloculina pGr:yracea Burrows, Sherborn & Bailey ; 
umbilical view 103} ; number 60 Glyndebourne 49-49. 5m. 

Conorboides lamplughi (Sherlock) ; umbilical view (xl4l) ; 
number 130 ; Lower Albian, Germany. 

Conorboides lamp1ughi (Sher1ock) ; spiral view (x148) 
number 131 ; Lower Albian, Germany. 

Burrows, Sherborn & Bailey 
Glyndebourne 49-49.5 m. 

side 





Fig. 

PLATE 2 

1. Reophax minutus Tappan ; side Vl.ew (x59) 
Sh·eu/Esso 49/19-1 , 3340'. 

number 5 

Fig. 2. · Textularia mirtuta Berthelin 
V1.1l:emoyenqe, loves t. 

side view (x91) number 12 

Fig. 3. Gaudryina filiformis Berthelin ;. side view (x90) 
Glyndebourne 146.5-147 m. 

number 21; 

Fig. 4. · Gaudryina.·filiformis Berthelin 
Glyndebourne 146.5-147 m. 

side view (x95) number 20; 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 

Textu1aria chapmani Lalicker ; apertural view (x143) 
number 11a ; Glyndebourne 112.5-113 m. 

Textu1aria chapmani La1icker ; side view (x98) number lla 
Glyndebourne 112.5-113 m. 

Textu1aria chapmani La1icker side view (x87) number llb 
Borehole 16/3, 41 10". 

a:tophragmoides·chapmani Morozova ; umbilical view (x66) 
n er 7a ; Glyndebourne 148-148.5 m. 

Haplothrarides chaplilani Morozova ; umbilical/apertural 
view x67 ; number 7b ; G1yndebourne 148-148.5. 

Fig. 10. Eggere1lina mariae Ten Dam 
East Wear Bay 6. 

side view (x111) number 53 

Fig. 11. 

Fig. 12. 

Fig. 13. 

Fig. 14. 

Raplothra~ides chapmani Morozova ; number Sa 
view x91 ; G1yndebourne 148-148.5 m. 

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

apertura1 

number 52 

Be1orussiella texti1arioides (Reuss) ; side view (x93) 
number 15 ; G1yndebourne 138.5-139 m. 

Haplophragmoides chapmani Morozova ; side view (x1l2) 
number Sb ; G1yndebourne 148,-148.5 m. 

Fig. 15. Uvigerammina a1ta Magniez-Jannin side view (x95) 
number 27 ; G1yndebourne 93.5-94 m. 





PLATE 3 

Fig. 1. liaplophragmoides nonioninoides (Reuss) 
number 9 ; Glyndebourne 61.5-62 m. 

side view (x61) 

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

Fig. 3. Tr:i!taxi!a 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. 

Fig. 5. Pseudotextulariell!a cretosa (Cushman) side view (x56) 
number 54; Hunstanton 5. 

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

Fig. 7. Textularia sp. A. sp.nov. 
Lower Al!bian, Germany. 

; side view (x69) number 13 

Fig. 8. Textu1aria sp. A. sp.nov .• ; side view (x59) deformed 
number 14 ; Lower A1bian, Germany. 

Fig. 9. Gaudryina grad'ata Berthelin ; side view (x9l) number 18 
G1yndebourne 140.5-144 m. 

Fig •. 10. -Tritaxia pyraDLid.ata:Re1.1ss ;·side view (x26) 
G1yndebourne 74,5-75 m. 

number.26a 

Fig. 11. Spirop1ectinata annectens (Parker & Jones) side view (x31)'; 
number 23 ; G1yndebourne 116-116. 5 m. 

Fig. 12. Spirop1ectinata annectens (Parker & Jones) side view (x4'5) 
number 24 ; G1yndebourne 116-11:6,5 m. 

Fig. 13. Spriop1ectinata annectens (Parker & Jones) side view (x40) 
number 22 ; G1yridebourne 11!6-116.5 m. 

Fig. 1!4.. Textularia .anceps Reuss ; side view (x98) number 10 
G1yndebourne 55,5-56 m. 

Fig. 15. Gaudryina gradata Berthelin 
G1yndebourne 55.5-56 m. 

side view (x104) number l9: 

Fig. 16. Cribratina cylindracea (Cbapman) 
East Wear Bay 3. 

side view (x22) number 6 





PLATE 4 

Fig. L Arenobulimina macfadyeni Cushman 
number 28a ; Melton a. 

side view (x47) 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

2. Arenobuli.mina ·macfadyeni Cushman ; side view (x82) 
number 29 ; Glyndebourne 126.5-127 m. 

3. Arenobu1imina mac fadyeni Cushman ; side view ( x65) 
number 30 ; Glyndebourne 126.5-127 m. 

4. Arenobulimina chap!iuini Cushman ; side view (x83) 
number 39 ; G1yndebourne 105.5-106 m. 

5. Arenobulimina chapmani Cushman ; side view (J66) 
number 40 ; G1yndebourne 105.5-106 m. 

6. Arenobu1imina chapmani Cushman ; side view (ll64) 
number 41 ; G1yndebourne 75.5-76 m. 

7. Arenobu1imina chapmani Cusbman ; side view (x42) 
number 42 ; G1yndebourne 58,5-59 m. 

8. Arenobu1imina cbapmani Cushman ; side view (x43) 
number 43 ; G1yndebourne 58.5-59 m. 

9. Arenobulimina cbapmani Cushman ; inclined apertura1 view 
{x65) ; number 44 ; G1yndebourne 105.5-106 m. 

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

side view (x.S8) 

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

Fig. 12. Arenobu1i:mina chapmani Cushman ; side view (x68) ; 
number 44 ; G1yndebourne 105.5-106 m. 

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

Fig. 14. Arenobu1imina sp.A. side view (x42) ; number 35 
East Wear Bay 6 <Oot included in text). 





PLATE 5 

Fig. 1. Flourensina intermedia Ten Dam 
numb~r 16 ; East Wear Bay 3. 

side view {x40) 

Fig. 2. Arenobuli.mina .;p. cf •!!· frankei Cusbman side view (x4l) 
number 37 ; Glyndebourne 6S.5-66 m. 

Fig. 3. Arenobuli.mina sp.cf.A.frankei Cushmlm side view (x47) 
number 38a ; Glyndebaurne 65.5-66 m. 

Fig. 4. ·Arenobulimina sp.cf.!!.frankei· Cushman s_ide- view (x47) 

·GYDiber 38b- ;· Gtyndebou'l"ne 65.5-66 m. 

Fig. 5. Flourensina intermedia Ten Dam side view (x39) 
number 16 i East Wear Bay 3. 

. Fig. 6. Flourensina intermedia Ten Dam side V1eW (x49) 
number 17'6 ; East Wear Bay 3. 

Fig. 7. Flourensina intermedia Ten Dam side view (x47) 
number 17a; East Wear Bay 4. 

Fig. 8. Arenobuli.mina frankei Cushman side view {x60) 
number 36a; Speeton 3. 

Fig. 9. Arenobulimina sabulosa (Chapman) ; umbilical view (x43) 
number 32. ; -Glydeboarne 60.5-61 m. 

Fig. 10. Arenobuli.mina sabulosa (Chapman) side view (x55) 
number 32 ; Glyndebourne 60.5-61 m. 

Fig. 11. Arenobulimina sabulosa (Chapman) ; side view (x63} 
number 33 ; Glyndebourne 60.5-61 m. 

Fig. 12. Arenobuliminasp.cf.A.truncata (Reuss} ;·side view (x63} 
number 49; Copt Point 3. 

Fig. 13. 

Fig. 14. 

Fig. 15. 

Lingulogavelinella albiensis Malapris 
(x130) ; number 125 ; Wissant 11. 

Lingulogavelinella albiensis Malapris 
(xl33) ; number 126 ; Wissant 11. 

Lingulogavelinella albiensis Malapris 
number 125 ; Wissant 11. 

umbilical view 

umbilical view 

spiral view (xl30} 





Fig. 1. 

Fig, 2. 

Fig. 3. 

PlATE 6 

Frondicu1aria filocinta Reuss ; .side view (x17) 
number 64 ; G1yndebourne 61.5-62 m. 

Vaginulina ex.gr .. ~.Kochii Roemer ; side view (x46) 
number 65 ; G1yndebourne 63.5-64 m. 

Vaginulina robusta (_Bertbe1in) ; side view (x39) 
number 67 ; G1yndebourne 63.5-64 m. 

Fig. 4. Citharinella pinnaeformis (Chapman) side view (x19) 
number 61a; G1yndebourne 100.5-101 m. 

ng. 5. Citharinella 1affitei Marie ; side view (x21) 
Borehole 16/3, 51'6". 

number 62 

Fig. 

Fig. 

Fig. 

6. Vaginulina mediocarinata Ten Dam ; side view (x33) 
number 68 ; G1yndebourne 67.5-68 m. 

7. Vaginulina ex. gr. ~.Kochii Roemer ; side view (x25) 
number 66 ; G1yndebourne 60.5-61 m. 

8. Ramulina sp. A. side view- (JCl80) ; ..number 45 
G1yndebourne 62. 5-63 m. 

Fig. 9. Citharina d'Orbignyi Marie 
G1yndebourne 140.5,-141 m. 

side view (xlB); number 63 

Fig. 10. P1anu1aria ex.gr.~.comp1anata (Reuss) 
number 71 ; G1yndebourne 59,5-60 m. · 

side view (x49) 

Fig. 11. Siphogenerina asperu-la (Chapman) ; side view (x85) 
number 69 ; G1yndebourne 131.5-132 m. 

Fig. 12. P1eurostomella reussi Berthelin ; side view (x86) 
115 ; G1yndebourne 91.5-92 m. 

number 





Fig. 1. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

PLATE 7 

Globi,erinelloides ·bentonensis (Morrow) . umbilical view • (xlJ3. ; number 81 ; Glyndebourne 54. 5-.55 m. 

·clobi,erinelloides bentonensis (Morrow) . spiral view • 
(xl:42 ; number 82 Glyndebourne 54.5-55 m. 

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

·ctobi,erinelloides betitonenllis (Morrow) ; apertural view 
(xl5s· ; number 83 ; Glyndebourne 54. 5-55 m. 

Heterohelix morelilani (Cushman) ; apertural view (x199) 
number 76; Glyndebourne 59.5-60 m. 

Heterohelix moremani (Cushman) ; side view (xl50) 
number n ; Glyndebourne 59.5-60 m. 

Guembilitria harTisi 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 (xl61) ; 
number 84 ; Glyndebourne 121.5-122 m. 

Fig. 10. Heterohelix moremani (Cushman) ; side view (xl91) 
Glyndebourne 59.5-60 m. 

number 78 

Fig. 11. 

Fig. 12. 

Fig. 13. 

Fig. 14. 

Fig. 15. 

Fig. 16. 

Favusella washitensis (Carsey) ; umbilical view (xl30) 
number 85 ; Glyndebourne 104.5-105 m. 

Favusella washitensis (Carsey) umbilical view (xl21) 
number 86 ; Glyndebourne 104.5-105 m. 

Favuseila washitensis (Carsey) ; spiral view (xl29) 
number 87 ; Glyndebourne 104.5-105 m. 

Favusella washitensis (Carsey) ; umbilical view (xl22) 
number 88 ; Glyndebourne 121.5-122 m. 

Favusella washitensis (Carsey) ; umbilical v1ew (xl22) 
number 89 ; Glyndebourne 104.5-105 m. 

Favusella washitensis (Carsey) ; side view (xl02) 
number 90 ; Glyndebourne 104.5-105 m. 





PLATE 8 

Fig. 1. Hedbergella · planispira (.Tappan) ; apertural view (xl86) 
number 92 . Glyndebourne 130.5•131 m. • 

Fig. 2. Hedbersella planispira (Tappan) ; spiral view (xl96) 
number 93 ; Glyndebourne 121.5-122 m. 

Fig. 3. · Hedberaella planispira (Tappan) umbilical view (xl92) 
number 94 ,, Glyndebourne 121.5.-i22 m. 

Fig. 4. ·Hedbersella planispira (Tappan) ; umbilical view (x200) 
number 95 ; Glyndebourne 90.5-91 m. 

Fig. 5. Hedbergella-delrionensis (Carsey) ; umbilical view (xl90) 
number 96 ; Glyndebourne 134.5-135 m. 

Fig. 6. Hedbersella delrionensis (Carsey) ; umbilical view (xl89) 
number 9 7 . Glyndebourne 106.5-107 m. • 

Fig. 7. Hedbersella delrionensis (Carsey) ; umbilical view (xl78) 
nuiDber 98 ; Glyndebourne 108.5-109 m. 

Fig. 8. Hedbersella delrionensis (Carsey) ; umbilical view (x150) 
number 99 ; Glyndebourne 121.5-122 m. 

Fig. 9. Hedbergella·delrionensis (Carsey) ; umbilical view (xl73) 
number lOO ; Glyndebourne 120.5-121 m. 

Fig. 10. Hedbergella delrionensis (Carsey) ; spiral view (xl69) 
number 101 ; Glyndebourne U4.5-115 m. 

Fig. 11. Hedbergella delrionensis (Carsey) ; spiral view (x181) 
number 102 ; Glyndebourne 110.5-111 m. 

Fig. 12. Hedbergella delrionensis (Carsey) ; umbilical view (xl79') 
number 103 ; Glyndebourne 114.5-115 m. 

Fig. 13. Hedbergella · delrionensis (Carsey) ; umbilical view (x212) 
number 104 ; Glyndebourne 109.5.-110 m. 

Fig. 14. Hedbergella delrionensis (Carsey) ; umbilical view (xl73) 
number 105 ; Glyndebourne 134.5-135 m. 

Fig. 15. Hedbergella delrionensis (Carsey) ; spiral view (xl73) 
number 106 ; Glyndebourne 112.5~113 m. 

Fig. 16. Hedbergella delrionensis (Carsey) ; umbilical view (xl40) 
number 107 ; Glyndebourne 125.5-126 m. 





Fig. 

Fig. 

PLATE 9 

1. Hedberge lla deltionens is (Carsey) ; umbilical view,, final. 
two chambers {x66o) ; nulllber 110 ; Glyndebourne 68. 5•69 m. 

2. Hedbergella deltionensis (Carsey)' ; umbilical view with a 
broken .apertural flap (x797) ; number 109 ; Glyndebourne 
72.5-73 m. 

Fig. 3. Hedbergella delrionensis (Carsey) ; umbilical view with a 
broken apertural flap (x660) ; number 108 ; Glyndebourne 
72.5-73 m. · 

Fig. 4. Hedbergella:delriortensis (Carsey) ; penultimate chamber 
(x729) ; number 112 ; Borehole 16/3, 17 1 O". · 

Fig. 5. Hedbergella delriortensis (Carsey.) ; umbilical view (xlOS) , 
number 108 ; Glyndebourne 72.5-73 'm. 

Fig. 

Fig. 

Fig. 

Fig. 

6. Hedbergella delrionensis (Carsey) ; umbilical view (xlll) 
number 109 ; Glyndebourne 72.5-73 m. 

7. Hedbergella delrionensis (Carsey) ; spiral view (xllh) 
number llO ; Glyndebourne 68.5-69 m. 

8. Hedbergella delrionensis (Carsey) ; umbilical V1ew (xl06) 
number 111 ; Glyndebourne 68.5-69 m. 

9. Hedbergella delrionensis (Carsey} ; umbilical view (xl06} 
number U2 ; Borehole 16/3, 17 1 0". 

Fig. 10. Hedbergella delrionensis (Carsey} ; umbilical view (x93) 
number 113 ; Boreho le 16/3, 17 1 O". 

Fig. 11. Hedbergella delrionensis (Carsey) ; umbilical view (x91) 
number 114 ; Speeton 2. 





Fig. 

PLATE 10 

1. Hedbergella delrionensis (Carsey) ; simple pores and coarse 
hispidity (x990) ; .number 105 ; Glyndebourne 134.5-135 m. 

Fig. 2. Hedbergella deltionensis (Carsey) ; umbilical view (x330) 
number 102 ; Glyndebourne 110;5-111 m. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

3. 

4. 

5. 

6. 

Bedbergella deltionensis (Carsey) simple pores and coarse 
h~sp~d~ty ; number 95 ; Glyndebourne 90.5-91 m.· 

Bedbergella deltionensis (Carsey) ; 'countersunk' pores 
(x520) ; number 100 ; Glyndebourne 120.5-121 m. 

Bedber,ella delrionensis (Carsey) ; 'countersunk' pores 
(x260o ; Glyndebourne 120.5-121 m. 

Hedber,ella delrionensis (Carsey) ; 'countersunk' pores 
(x2600 ; number lOO ;.Glyndebourne 120.5-121 m. 

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

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

9. Favusella washitensis (Carsey) ; coarse reticulation and 
small simple pores (xllOO) ; number 89 ; Glyndebourne 
104.5-105 m. 

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





PLATE ll 

Fig. l. Gavelitiella intermedi:a (Berthelin) ; spiral view (x86) 
number 122 ; Glyndebourne 112.5-113 m. 

Fig. 2. Gavelinella intermedia (Berthelin) ; umbilical view (x87) 
number 123 ; Glyndebourna 112.5-113 m. 

Fig. 3. · Gavelinella baltica Brotzen ; spiral. view (x68) 
Glyndebourne 55.5-56 m. 

number 116; 

Fig. 4. Gavelinella intermedia (Berthelin) ; apertural view (x87) 
number 124 ; Glyndebourne 112.5-113 m. 

Fig. 5. Gavelinella cenomanica (Brotzen) ; apertural view (x90) 
number 121 ; Glyndebourne 50.5-51 m. 

Fig.· 6. Gavelinella cenomanica (Brotzen) ; apertural view (x68) 
number-119· ;":Borehola 16/3, 14'0". 

Fig. 7. Gave1inella ·baltica Brotzen ; apertural view (xW..) 
number 117 ; G1yndebourne 102.5-103 m. 

Fig. 8. Gavelinella cenomanica (Brotzen) ; spiral view (x9l) 
number 119 ; Borehole 16/3. 14'0". 

Fig. 9. Gavelinel1a intermedia (Berthelin) 
til.imber 12a ; Glyndebourne 75.5-76 m. 

spiral view (x90) 

Fig. 10. Gavelinella baltica Brotzen ; apertura1 view (x68) 
riUmber. -u6 ; Giyndebourne 112 .. 5-113 m. 

Fig. 11. Lingulogavelinella jarzevae (Vasilenko) 
number 128 ; Glyndebourne 62.5-63 m. 

side view (xl31) 

Fig. 12. GaveHne11a cenomanica (Brotzen) ; spiral view (x76) 
number 120 ; Borehole 16/3, 14'0". 

Fig. 13. Gaveline11a baltica Brotzen ; umbilical view (x72) 
number 118 ; Glyndebourne 78.5-79 m. 

Fig. 14. Lingu1ogavelinella jarzevae (Vasilenko) 
(xl44) ; number 127 ; East Wear Bay 3. 

umbilical view 





PLATE 12 

Fig. 1. Gave line lla in termed ia (Berthelin) ; spiral view (x86) 
number 132 ; Glyndebolirne 135. 5-136· m. 

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

Fig. 3. Gavelinell.'a intermedia (BertheHn) ; spiral view (x90) 
number 134 ; Glyndebourne 130.5-131 m. 

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

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

Fig. 6. Valvulineria oarva Khan ; umbilical view (x118) 
number 72b ; Glyndebourne 140·.5-141 m. 

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

Fig. 8. Valvulineria parva Khan ; umbilical view (xll'9) 
number 72d ; Courcelles Lower. 

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

Fig. 10. Valvulineria praestans Magniez-Jannin ; spiral view (xl06) 
number 73c ; Glyndebourne 68.5-69 m. 

Fig. 11. Valvulineria praestans Magniz-Jannin apertural view (xl06) 
number 73d ; Borehole 16/3,21 1 6". 

Fig. 12. Valvulineria praestans Magniez-Jannin apertural view (xllO) 
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. 





PLATE 13 

Fig.· 1. · Hoeglundma·chaplilani (Ten Dam) ; spiral view (x68) 
number 141 ; Glyodebouroe 127.5-128 m. 

Fig. 2. Hoeilundina chapmani (Tert Dam) ; umbilical view (x65) 
number 140 ; Glyodebouroe 127.5-128 m. 

Fig. 3. Hoeglundinachapmani (Ten Dam) , apertural view (x63) 
number 142 ; Folkestone 13/8/22. 

Fig. 4. Efistomina cretosa Ten Dam ; spiral view (x35) 
Wusant 4. 

number 144 

Fig. 5. Hoeglnndinacarpenteri (Reuss) ; umbilical view (x68) 
number 137 ; Gly.ndebouroe 127.5-128 m. 

Fig. 6. Hoeglundinacarpenteri(Reuss} ; spiral view (x66} 
138 ; Glyndebouroe 127.5-128 m. · 

Fig. 7. Hoeglundioacarpenteri(Reuss} ; apertural view (x66} 
number 139 ; Glyodebouroe 127.5-128 m. 

number 

Fig. 8. Epistomina cretosa Ten Dam ; spiral view (x43) 
Wissant 4. 

number 145 

Fig. 9. Epis tomina cretosa Ten Dam umbilical view (x40) 
number 146 ; Wissant 4. 

Fig. 10. Epistomina spinulifera (Reuss) ; umbilical view (x44} 
number 14 7 ; Glyndebourne 121. 5-122 m. 

Fig. 11. Epis.tomina spinulifera (Beuss) ; spiral V1ew (x43) 
number 149 ; Glyndebourne 121.5-122 m. 

Fig. 12. Epistomina spinulifera (Reuss) ; spiral view (x51} 
number 148 ; Glyodebouroe 121.5-122 m· 

Fig. 13 Epistomina sp.~. sp.nov .. ~ umbilical view (x36·} number 151 , 
Glyndebourne 106.5-107 m. 

Fig. 14. Epistomina sp.~. sp.nov.;apertural v1ew (x37} number 152 
Glyodebouroe 106.5-107 m. 

Fig. 15. Epistomina sp.~. sp.nov.;spiral view (x51} number 153 
Glyndebouroe 106.5-107 m. 
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PLATE 14 

Fig. 1. Polycope oweni Kaye ; Female, carapace (x93 ) 
Glyndebourne 127.5-128.m. 

number 159 

Fig. 2. Cytberella speetonensis Kaye 
number 170 ; Speeton 4. 

Right valve, female (x56) 

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

Fig. 4. 

Fig. 5. 

Fig. 6. 

?xtberella ex.gr._£;ovata· (Roemer) ; Left valve, 
·x6o) ; number 161 ; Glyndebourne 53.5-54 m. 

~male 

&tberella ex.gr.c;ovata (Roemer) ; Right valve, male 
x45) ; number 162 ; Glyndebourne 53.5-54 m. 

cytherella speetonensis Kaye 
distorted (x57} ; number 171 

Right valve, female, 
Speeton 5 .• 

Fig. 1. Cytherella sp.c:f.C.truncata (Bosquet) 
(x49) ; number 165; Speeton 7. 

Left valve, female 

Fig. 8. 

Fig. 9. 

Fig. 10. 

Fig. 11. 

Fig. 12. 

Fig. 13. 

Cytherella sp.c:f.C.truncata (Bosquet) ; Left valve, female 
(x49) ; number 166 ; Glyndebourne 122.5-123 m. 

{;tberella ex.gr._£.ovata (Roemer) ; Right valve, female 
x50) i number 163 ;. Glyndebourne 122.5-123 m. 

Cythere lla ex. gr. C. ovata ( Roemer); Left valve, female 
(xSO); number 160; .. clyndebourne 122.5-123 m. 

- . -- " 

- \ 
_1 __ . 

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

Cytberella sp.cf.C.truncata (Bo&quet) ; Right valve, female 
(x47) ; number 168 ; Glyndebourne 52.5-53 m. 

Cytherella sp.cf.£.truncata (Bosquet) ; Left valve, male 
(x45) ; number 169 ; Glyndebourne 52.5-53 m. 

Fig. 14. cytherella g-rUndeli Weaver ; ~gbt valve ; female (x59) 
number 164 ; Glyndebourne 52.5-53 m. 

Fig. 15. Cytberelloidea 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 griindeli Weaver ; Dorsal, carapace, female (x59) 
n~ber. 164 ; Clyndebourne 52.5.-53 m. 

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





.. 

Fig. l. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

PLATE 15 

Cy.therelloidea stricta (Jones & Hinde) ; Left valve, female 
(xSJ} ; number 175 : Glyndebourne 121-121.5 m. 

.~thereUoidea stricta (Jones & Hinde) ; Right valve, female 
x52} ; number 17.6 ; Glyndebourne 121-121.5 m. 

~therelloidea chapmani (Jones. & Hinde) ; Left valve, male 
·x66} ; number 180 ; Glyndebourne 1.'28.5-129 m. 

?xtherelloidea challmani (Jones & Hinde) ; Left valve, male 
x59) ; nUiiiber 117 ; Glyndebourne 121-121..5 m. 

~therelloidea s.tricta (Jones & Hinde) ; Right valve, female 
x63) ; number 178 ; Glyndebourne 128.5-129 m. 

~therelloidea chapmani (Jonea & Hinde) ; Dorsal, female 
x65) ; number 179 ·; Wissant 13. 

Fig. 7. eytherelloidea knaptonenaia Kaye 
number 174 ; Helton 2. 

Left valve, male (xJ.-2) 

Fig. 8. 

Fig. 10. 

Fig. 11. 

Fig. 12. 

Fig. 13 

Fig. 14. 

Fig. 15. 

gtherelloidea chapmani (Jones & Hinde) 
x66l ; number 181 ; wissant 11. 

Cytherelloidea chapmani (Jonea & Hinde) 
female (x67) ; number 183 ; Wiaaant 8. 

Left valve, female 

Right valve; 

{itherelloidea·chapmani (Jonea & Hinde).; Left valve, male 
x66) ; number 184 i wiaaant 11. 

Bairdia paeudoaevtentrionalia (Mertena) ; Left valve, female 
(i35) ; number 1 aa; Glyndebourne 56.5-57 m. 

Bairdia ijeudose:m:ntrionalis (Mertena) ; Right valve, 
female ( 5) ; n er 179a; Glyndebourne 56.5-57 m .• 

Macrocypris sp. cf .M. siliqua (Jones) ; Left va·lve, female (x41) 
number 186 ; ~.dispar Zone, Cambridge. 

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





Fig. 

Fig. 

PLATE 116 

1. Macrocypris sp.cf.~.siliqua (Jones) 
(x40) ; number 1:87 ; Speeton 8. 

2. Macrocypris sp.cf.~.siliqua (Jones) 
(x40) ; number 189 ; Speeton 8. 

Right valve, -1 

Right valve, female 

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

Fig . 4 . 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 

Fig. 10. 

Fig. 11. 

Argilloeci:a valvula Kaye ; Right valve, female (x88) 
number 47la ; Glyndebourne 106.5-107 m. 

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

Paracypris wrothamensis Kaye, Right valve, female (x46) 
number 189a ; Glyndebourne 109.5-110 m. 

Baracypris wrothamensis Kaye ; Left valve, -1 (x48) 
number 180b ; Glydebourne 109.5-110 m. 

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

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

Cornicytherei:s cornueli (Deroo) ; Left valve, female (x69) 
number 263 ; Courcelles, lowest. 

Cornicythereis cornueli (Deroo) ; Left valve, male (x66) 
number 264 ; Courcelles, lowest. 

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

Fig. 13. Dolocythere .!.!!:.! Mertens ; Left valve, female (xll2) 
number 191 ; Glyndebourne 142.5-143 m. 

Fig. 14. Cornicythereis larivourensis Damotte & Grosdidier ; Left 
valve, female (x69) ; number 271 ; Glyndebourne 111.5-112 m. 

Fig. 15. Cornicythereis larivourensis Damotte & Grosdidier ; Ri!Jht 
valve, female (x69) ; number 272; Glyndebourne 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. 





PLATE 17 

Fig. 1. Cornicythereis sp. aff .C. cornueli sp. nov. 
female (x45·) ; number 472a : Beer 5. 

Left valve, 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 

Fig. 10. 

Fig. lL 

Fig. 12. 

Fig. 13. 

Fig. 14. 

Fig. 1:5. 

COrnicythereis_gatyensis.Damotte & Grosdidier Right 
valve female (x92) ; number 269 Glyndebourne 146.5-147.5 m. 

Cornicythereis bonnemai Triebel 
number 267 ; Speeton 4. 

Cornicytheieis bonnemai Triebel 
number 26$'·· i'··Speeton 4. 

Right valve, male (x76) ; 

Dorsal, male ·(x64) 

Cornicythereis gatyensis Damotte & Grosdidier ; Left valve, 
female• (x70) ; number 2 70 ; Glyndebourne 146. 5-147. 5 m. 

Cornicythereis bonnemai Triebel ; Left valve, female. (x63) 
number 266·; Speeton 4. 

~thereis reticul!ata Jones & .Hinde ; Left valve, female 
x44)· ; number 255 ; Glyndebourne 143. 5-144. 5 m. 

{itherei!s hirsuta Damo.tte &· Grosdidier ; Left valve, female 
·x45) ; number 231 ; Glyndebourne. 131.5-132 m. 

~thereis reticulata Jones & Rinde ; Right' valve, female 
x44) ; number 256 ; Glyndebourne 143.5-144.5 m. 

~thereis hirsuta Damotte & Grosdidier ; Left valve, female 
x46) .; number 232 ; Glyndebourne 73. 5-74 m. 

~thereis hi:rsuta Damotte & Grosdidie.r ·; Left valve, dorsal 
x44) ; number 233 ; Glyndebourne 73.5-74 m. 

{ithereis· hirsuta Damotte & Grosdidier ; Right valve, -1 
x48) ; number 234 ; Glyndebourne73.5-74 m. 

Cythereis_hirsuta Damotte & Grosdidier ; Right valve, 
female .(x45) ; number .235 Glyndebourne 73.5-74 m. 

(ithereis hirsuta Damott.e & •Grosdidier ; Left valve, male 
x43.) ; number 236 ; Glyndebourne 101.5-102 m. 

{ithereis hirsuta Damotte & Grosdidier ; Right valve, hinge 
x64) .; number 237 '; Glyndebourne 73.5-74 m. 





Fig. 1. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 

PLATE 18 

Gthereis hirsuta 'Damotte & Grosdidier ; Left valve, female 
x46.) ; number 238 ; Glyndebourne 55.5·56 m. 

rxthereis hirsuta Damotte & Grosdidier. ; Right valve, male 
x48) ; number 239 ; Glyndebourne 55.5-56 m. 

thereis'thoerenensis Triebel_; Left valve, male (x44) 
nu er 260 ; Glyndebourne 53.5-54 m. 

Cythereis hirsuta Damotte & Grosdidier ; reticulation (x140). 

Cytbereis thoerenensis Triebel ; Right valve, female (x45) 
number 261 ; Glyndebourne 53.5-54 m. 

Fig. 6. Cytbereis tboerenensis Triebel ; Dorsal, female (x48) 
number 262 ; Glyndebourne 131.5-132 m. 

Fig. 7. eythereis hirsuta Damotte & Grosdidier 
number 240 ; Glyndebourne 131.5-1:32 m. 

Dorsal, .fentnle. (x45) 

Fig. 8. 

Fig. 9. 

{;thereis hirsuta Damotte & Grosdidier ; Dorsal, female 
x45) ; number 241 ; Glyndebourne 131.5-132 m. 

eythereis thoerenensis Triebel· ; Right valve, male (x46) ; 
number 263 ; Glyndebourne 53.5-54 m. 

Fig. 10. Cythereis sp.aff._£.folkstonensis Kaye ; Right valve, female 
(x51) ; number 224 ; Glyndebourne 94.5-95 m. 

Fig. U. eytbereis folkstonensis Kaye ; Left valve, male (x46) 
number 222 ; Glyndebourne 94.5-95 m. 

Fig. 12. eythereis pinhayensis Kaye ; Left valve, female (x48) 
number 254 ; Beer 6. 

Fig. 13. eythereis folkstonensis Kaye ; Dorsal, female (x51) ; L.V., 
number 223 ; Glyndebourne 94.5·95 m. 

Fig. 14. ~ereis glabrella Triebel ; Left valve, male (x40) 
n er 226~; Speeton 6. 

Fig. 1:5. eythereis glabrella Triebel 
number 225 ; Speeton 6. 

Left valve, female (x42) 





Fig. 1. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 
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eythereis hindei·hindei Weaver; Left valve, female (x71) 
number 227 ; Glyndebourne 66.5-67 m. 

£rthereis hindei hindei Weaver ; Right valve, male (x73) 
number 228 ; Glyndebourne 66.5-67 m. 

Cythereis hindei·hindei Weaver; Left valve, male (x71) 
number 229 ; Glyndebourne 66.5-67 m. 

cythereis hindei hindei Weaver ; Right valve, female (x70) 
number 230 ; Glyndebourne 66.5-67 m. 

~thereis ex.gr._£.lurmannae Triebel ; Left valve, female 
~48) ; number 250 ; Glyndebourne 122.5-123.0 m. 

eythereis ex.gr.C.lurmannae Triebel ; Left valve, male 
(xSJ) ; number 242 ; Glyndebourne 122.5-123.0m. 

thereis ex.gr.C.lurmannae Triebel ; Left valve, male 
x45 ; number 243 ; Glyndebourne 122.5-123.0 m. 

rxthereis ex.gr._£.lurmannae Triebel ; Right valve, female 
x45) ; number 244 ; Glyndebourne 101.5-102 m. 

thereis ex.gr.C.lurmannae Triebel ; Left valve, female 
x47 ; number 245 ; Glyndebourne 101.5-102 m. 

Fig. 10 .. &there is ex. gr. _£.lurmannae Triebel ; Left valve, female 
x45) ; number 246 ; Glyndebourne 71.5-72 m. 

Fig. 11. 

Fig. 12. 

Fig. 13. 

Fig. 14. 

Fig. 15. 

f;thereis ex.gr._£.lurmannae Triebel 
x45) ; number 247 ; Speeton 6. 

Cythereis ex.gr._£.lurmannae Triebel 
(x45) ; number 248 ; Speeton 6. 

Left valve, male 

Right valve, male 

gthereis ex.gr._£.lurmannae Triebel ; Left valve, male 
x47) . ; number 249 ; Borehole 16/3, 26 'O". 

Planileberis sandersi Weaver ; Left valve, female (x60) 
number 471 ; Glyndebourne 55.5-56 m. 

Planileberis sandersi Weaver ; Dorsal, female (x64) 
number 472-; Glyndebourne 55.5-56 m. 

Fig. 16. Cythereis ex.gr.C.lurmannae Triebel 
number 251.; Boreliole 16/3, 26'0". 

Left valve, male (x48); 

Fig. 17. Cythereis ex.gr.£.lurmannae Triebel 
num~r 252 ; Borehole 16/3, 26'0". 

Dorsal, female (x43) 

Fig. 18. 

Fig. 19. 

Planileberis chathamensis Weaver ; Left valve, female (x50) 
number 282 ; Glyndebourne 55.5-56 m. 

Planileberis chathamensis Weaver ; Right valve, female 
(x48) ; number 283 ; Glyndebourne 55.5-56 m. 





PLATE 2o 

Fig. 1. eytheteis sp.~. sp.nov. ; Left valve, female (x69) 
264 ; .Glyndeboume 50.5-51 m. 

number 

Fig. 2. Cythereis sp.~. sp.nov. ; Dorsal, .female (x71) 
Glyndebourne 50.5-51 m. 

number 265 

Fig. 3. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Cythereis ex.gr._£;lurmannae Triebel ; Dorsal; male (x49) 
number 251ii; Glyndebourne 71.5-72 m. 

Cythereis ex.gr.C.lurmannae Triebel ; Dorsal, female (x44) 
number 252a; Glyndebourne 71.5-72 m. 

Cythereis SP·!· sp.nov. ; Right valve, female (x74) 
number 266 ; Glyndebourne 50.5-51 m. 

Matronella ?durispinata -{Griindel); Left valve, female (x4J}; 
number 280 ; Glyndebourne 120.5~121 m. 

Matronella matronae (Damotte '&. Grosdldier•). ;, Left vab,rE\,0 

female (x48) ; number 278 ; Glyndeboume 141.5-142 m. 

Matronella matronae {Damotte &. Grosdidier}_ ;-_·internal·, le{t 
valve (x52) ; number 279 ; Glyndebourne 141.5-142 m. 

-
Fig. 9. Matronell:a ?durispinata (Griindel); l)orsal, female (x47); 

Fig. 10. 

Fig. 11. 

Fig_. 12. 

Fig. 13. 

Fig. 14. 

Fig. 15. 

Fig. 16. 

Fig. 17. 

number 280; Glyndebourne 120.5-121 m. 

Isocythereis fortinodis Triebel ; Left valve, female (x90) 
number 215 ; Glyndeboume 131.5-132 m. 

Iso~thereis fortinodis Triebel ; Right valve, female 
(x94 ; number 216 ; Glyndebourne 131.5-132 m. 

Matronella ?durispinata .. (Griindel) ; -.Right valve, female 
(x48) ; number 281 ; Glyndebourne 120.5-121 m. 

Isoclthereis fortinodis Triebel ; Right valve, male (x87) 
number 217 ; Glyndebourne 63.5-64 m. 

Isoc;r:thereis fortinodis Triebel ; Left valve, female (x82) 
number 218 ; Glyndebourne 63.5-64 m. 

Cythereis ex.gr.C.lurmannae Triebel ; Left valve, internal 
(x67) ; Glyndebourne 122.5-123 m. 

Platycythereis gaultina (Jones) ; Left valve, female (x64) 
number 192 ; Glyndebourne 129.5-130 m. 

Platycythereis gaultina (Jones) ; Right valve, female (x65); 
number 193 ; Glyndebourne 129.5-130 m. 

.. 





PLATE 21 

Fig. 1. lsocytheris SP·!· sp.nov. 
number 219 ; Beer 6. 

Left valve, female (xllO) 

Fig. 2. Isocytheris sp,!. sp.nov. 
number 220 ; Beer 6. 

Left valve, female (xllO) ; 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

3. ISocytheris fissicosti:s Triebel ; Left valve, female (x98) 
number 211 ; Glyndebourne 143.5-144.5 m. 

4. Isocytheris fissicostis Triebel ; Left valve, male (x94) 
number 212 ; Glyndebourne 1:43. 5-144. 5 m. 

5. Platycythereis chapmani Kaye Dorsal, female (x69) 
number -190 ; -Boreho1e 16/3, 51'6". 

6. 

7. 

8. 

9. 

10. 

11. 

Isocyeheris fissicostis Triebel ; Right valve, female 
(x85 ; number 213 ; Glyndebourne 71.5-72 m. 

Isocytheris fissicostis Triebel ; Right valve, male (x78) 
number 214 ; Glyndebourne 71.5-72 m. 

Platycythereis sp.A. sp.nov. ; Left valve, male (x71) 
number 198 ; Glyndebourne 121-121.5 m. 

Platycythereis gaultina (Jones) ; Left valve, male (x68) 
number 194 ; Folkestone 13/8/11. 

Plat;rcp:hereis BP·!· sp.nov. ; Left valve, dorsal (x75) 
number 183 ; G1yndebourne 121-121.5 m. 

Platycrthereis sp·!· sp.nov. ; Right valve, female (x74) ; 
number 184 ; G1yndebourne 121-121.5 m. 

Fig. 12. Platycythereis gaultina (Jones) 
number 195 ; Wissant 15. 

Left valve, female (x61) 

Fig; 13. 

Fig. 14. 

Fig. 15. 

Fig. 16. 

Fig. 17. 

Fig. 18. 

Fig. t9. 

Platycythereis· gaultina (Jones) ; Right valve, female (x76) ; 
number 196 ; Wissant 15. 

Platycythereis chapmani Ka.ye, Right valve, female (x46) 
number 203 ; Borehole 16/3, 51'6". 

Platycythereis 1aminata Triebel ; 'spongeous' reticulation 
(x720) ; number 195 ; Glyndebourne 145.5-146.5 m. 

Platycythereis chapmani Ka.ye ; Left valve, male (x46) 
number 204 ; Borehole 16/3, 51'6". 

Platycythereis chapmani Kaye ; Right valve, male (x58) ; 
number 205 ; Borehole 16/3, 51'6". 

Platycythereis laminata Triebel ; Left valve, female (x48) 
number 206 ; Glyndebourne 145.5-146.5 m. 

Platycythereis 1aminata Triebel ;. Left valve, male (x46) 
number 207 ; Glyndebourne 145.5-146.5 m. 





Fig. 1. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

PLATE 22 

Platycy.thereis sp.~. sp.nov. ; Left valve, male (x76) 
number 199 ; Glyndebourne 74.5-75 m. 

P.latycythereis sp.~. sp.nov. ; Left valve, female (x77) 
number 200 ; Glyndebourne 74.5-75 m. 

Platycythereis sp .~. sp .nov. ; Left valve, female (x69) 
number 201 ; Glyndebourne }4;-5-75 m. 

Cythereis rudispinata (Chapman & Sherborn) ; L~ft valve, 
female (x71) ; number 257 ; Glyndebourne 139.5-140.5 m. 

Cythereis .rudispinata (Chapman & Sherborn) ; Dorsal, 
female (x58) ; number 259 ; Glyndebourne 139 .. 5-140.5 m. 

Platycythereis sp .~. sp. nov. ; Dorsal, female- (x68) ; 
Glyndebo'urne 74.5-75 m, (.not numbered).. 

Platycythereis sp.~. sp.nov. ; Right vahe, female (x71) 
number 202 ; Glyndebourne 7 4. 5-7 5 m. 

Cythereis rudispinata (Chapman & Sherborn) ; Right valve, 
female (x81) ; number 258 ; Glyndebourne 139.5-140.5 m. 

Fig. 9. Protocythere siddiqui Weaver ; Left valve, female (x45) 
number 322 ; Cauville 5. 

Fig. 10. Pretecythere- derooi Oertli ; Right valve, female, carapace 
(x70) ; number 317 ; Glyndebourne 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 ; Glyndebourne 131.5-132. 

Fig. 13. Protocythere lineata (Chapman & Sherborn) ; Right valve, 
hinge (x80) ; Glyndebourne 131.5-132 m. 

Fig. 14. Protocythere lineata (Chapman & Sherborn) ; Left valve, 
male (x46) ; number 319 ; Glyndebourne 131.5-132 m. 

Fig. 15. Protocythere lineata (Chapman & Sherborn) ; Left valve, 
female (x46) ; number 32lb ; Glyndebourne 123.5-124 m. 

Fig. 16. Protocythere lineata (Chapman & Sherborn) ; Right valve, 
male (x46) ; number 32lc ; 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 321e ; Glyndebourne 123.5-124 m. 





Fig. 1. 

Fig. 2. 

Fig. 3. 

Protoc:z:there 
female (x46) 

Protoc:z:there 
female (x46) 

Protoc:z:there 
male (x46) ; 

PLATE 23 

lineata (Chapma~ & Sherborn) ; Left valve, 
; number 320 ; Glyndebourne 103.5-104 m. 

lineata (Chapman & Sherborn) ; Right valve, 
; number 321Q.; .Glyndebourne 103. 5-104 m. 

lineata (Chapman & Sherborn) ; Right valve, 
number 32lf ; Glyndebourne 103.5-104 m. 

Fig. 4. Mandoc:z:there muelleri (Griindel) ; Left valve, male (x44) 
number 307 ; Shell/Esso, 49/19-1, 3070'. 

Fig. 5. Mandoc:z:theremuelleri (Grundel) ; Dorsal, carapace, female 
(x50} ; number 308; Shell/Esso, 49/19-1, 3070'. 

Fig. 6 .· .Mandoc:z:there muelleri (Griindel) ; Dorsd, Left valve, 
.male (x49) ; number 309 ; Shell/Esso.,49/19-l, 3070'. 

Fig. 

Fig. 

Fig. 

7. Mandocy.there muelleri (Grundel) ; Right valve, female, 
hinge (x44) ; number 253; Shell/Esso, 49/19-1, 3070'. 

8. Mandocy.there muelleri (Grundel) ; Left valve, female (x46) 
number 309 ; Shell/Esso,49/19-l, 307.0'. 

9. Mandocy.there lapparenti (Damotte & Grosdidier) Right valve, 
female (x38) ; number 304 ; Glyndebourne 66.5-67 m. 

Fig. 10. Batavocy.there gaultina (Kaye) ; Left valve, female (x66) 
number 330 ; Le Havre 4. 

Fig. 11. Mandocythere lapparenti (Damotte & Grosdidier) ; Left valve, 
female (:&45) ; number 303 ; Glyridebourne 66.5-67 Ill·· 

Fig. 12. Mandocy.there lapparenti (Damotte & Grosdidier) ; Right 
valve, male (x44) ; number 306 ; Glyndebourne 66.5-67 m. 

Fig. 13. Batavocy.there gaultina (Kaye) ; Left valve, female (x66) 
number 330 ; Le Havre 4. 

Fig. 14. 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 ; G1yndebourne 144.5-145.5 m. 

Fig. 17. Protocy.there sp.~ .. sp •. nov.; Left valve, male (x45); 
number 473; Shell/Esso, 49/19-1, 3350'. 

Fig. 18. Protoc:z:there sp.A.sp.nov.; Left valve, female (x44); 
number 474; Shell/~sso 49/19-1, 3350'. 





PLATE 24 

Fig. 1. Protoeythere striata (Griindel) ; Left valve, female (x47) 
number 324 ; Glyndebourne 72.5-73 m. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 

Fig. 10. 

Fig. tl. 

Fig~ 12. 

Fig. 13. 

Protocythere striata (Griindel) ; Right valve, female 
(x47J. ; nUIDber 325 ; -Glyndebourne 72.5-73 m. 

Protocythere striata (Griindel) ; Right valve, female 
(xSO>) ; nUDiber J26 ; East Wear Bay 3. 

Protocythere striata (Griindel) Left valve, female (x47) 
East Wear Bay J (oot numbered). 

Protocythere striata (Griindel) Dorsal, male (xSO) 
Speeton 6 (not numbered). 

ProtocY]here .striata (Griindel) Left valve, ,,,:1114le (x52) 
number 28 ; East Wear Bay 3. 

Protocythere striata (Grlindel) ; Left valve, male (x47) 
number 327 ; Glyndebourne 72.5-73 m. 

Protocythere striata (Griindel) ; llor.sal, female 
(i47) ; Speeton 6. (not numbered). 

· ·Neoctthere · (Centrocythere) ·denticulata Mertens ; Left valve, 
fema e (x65) ; number 35o ; Glyndebourne 109.5-110 m. 

·Protocythere striata (Gtiindel) ; Right valve, female (x49) 
number 329 ; East Wear Bay 3, 

Neocythere (Centrocythere) denticulate Mertens ; Right 
valve, female (x65) ; number 351 ; Glyndebourne 109.5-110 m. 

Neocythere (Centrocythere) denticulate Mertens ; Left 
valve, male (x64) ; number 3_52 ; Glyndebourne 109.5-110 m. 

Neocythere (Centrocythere} denticulata Mertens ; Right 
valve, male (x64) ; number 353 ; Glyndebourne 109.5-110 m. 





Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

PLATE 25 

1. ·Mandocythere ex.gr.M.harrisiana (Jones) ; Left va·lve, 
fema•l!e (x43) ; number 286 : Glyndebourne 120.5-121.0 m. 

2. Mandocythere ex.gr.M.harrisiana (Jones) ; Left valve, male 
(x45) ; number 287 ; Glyndebour11.e 140.5-141.5 m. 

3. Mandocythere ex.gr.M.harrisiana (Jones) ; Left valve, male 
(x48) ; number 288 ; Glyndebourne 140.5-141.5 m. 

4. Handocythere ex.gr.M.harrisiana (Jones) ; Left valve, 
female (x49) ; number 289 ; Glyndebourne 131.5-132 m. 

5. Mandocythere ex.gr.M.harrisiana (Jones) ; Right valve, male 
(x~f) ; number 290; Glyndebourne 140.5~141.5 m. 

6. Mandocythere ex.gr.M.harrisiana (Jones) ; Dorsa·l, carapace, 
male (i46) ; number-291 ; Glyndebourne 120.5·121 m. 

7. Mandocythere ex.gr.M.harrisiana (Jones) ; Left valve, male 
(x44) ; number 292; Glyndebourne 101.5-102 m, 

8. · Mandocythere ex.gr.M.harrisiana (Jones) ; Left valve, 
female (x47) : number 293 ; Glyndebourne 101.5-102 m. 

9. · Mandocythere ex.gr.M.harrisiana (Jones) ; pitted, anterior 
margin, right valve-; female (xl65) ;·number ·.297 ; Glyndebourne 
101.5-102 m. 

Fig. 10. Mandoc'{here ex.gr.M.harrisiana (Jones) ; Dorsal, carapace, 
female x47) ; number 295 : Glyndebourne 120.5-121 m. 

Fig. 11. 

Fig. 12. 

Mandocythere ex.gr.M.harrisiana (Jones) ; Left valve, male, 
(x44) ; number 296; Borehole 16/3, 17'0". 

Mandocythere ex.gr.M;harrisiana (Jones) ; Right valve, 
female (x43) ; number 29·7 ; Glyndebourne 101.5-102 m. 

Fig. 13. · Mandocythere ex.gr.M.harrisiana (Jones) ; Left valve, 
female Cx44) number 298 ; Melton 2. 

Fig. 14. 

Fig. 15. 

Fig. 16. 

Fig. 17. 

Mandocythere ex.gr.!:!.harrisiana (Jones) ; Left valve, -1 
(x62) ; number 294 ; Glyndebourne 63.5-64 m. 

Mandoc.ythere ex.gr.M.harrisiana (Jones) ; Left valve, 
female (x4s) ; number 300; Borehole 16/3, 17'0". 

Mandocythere ex.gr.M.harrisiana (Jones) ; Left valve, 
male (x48) ; number3ol ; Borehole 16/3, 26'0". 

Mandocythere ex.gr.!:!.harrisiana (Jones) ; Left valve, 
-1 (x·49) : number 302 ; Speeton 6 .. 





Fig. 1. 

Fig. 2. 

PLATE 26 

Neoctthere · ( Phtoc:rhere) · semiconcentrica (Mertens) ; Left 
valve, female.· x68, · ; number 338 ; Glyndebourne 91.5-92 m. 

Neocythere(Phtsoc}there) semiconcentrica (Mertens) ; Right 
valve, female . x68 ; number 339 ; Glyndebourne 91.5-92 m. 

Fig. 3; Neocythere (Physocythere) semiconcentrica (Mertens) ; 
Dorsal, carapace, female (x72) number 340 ; Glyndebourne 
91.5-92 m. · 

Fig. 4. · Neocythere · {Neocythere) vanve.,!ni Mertens ; Left valve, 
female (x68) ; number 330 ; Glyndebourne 53.5-54 m. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 

Fig. 10. 

Fig. 11. 

Fig. 12. 

Fig. 13. 

Fig. 14. 

Fig. 15. 

Fig. 16. 

Fig. 17. 

Neoc~ere (Neoctthere) vaaveeni Mertens ; Left valve, male 
(x62 ; number 331 ; Glyndebourne 53.5-54 m. 

Neocythere (Neoc:sere) vanveeni Mertens ; Dorsal, carapace, 
female (x67) ; n er 333 ; Glyndebourne 53.5~54 m. 

Neocythere (Phtsocythere) semiconcentrica (Mertens) ; Left 
valve, male (x 8) ; number _336 ; Glyndebourne 91.5-92 m. 

Neocythere (Neoc~ere) vanveeni Mertens ; Right valve, 
female (x67) ; n er 332 ; Glyndebourne 53.5-54 m. 

Neoc}there (Physocyehere) tenuis Kaye ; Right valve, female 
(x93 ; number 344 ; Glyndebourne 142.5-143.5 m. 

Neocyehere (Phroc)there) semiconcentrica (Mertens) ; Left 
valve, female. x71 ; number 337 ; Glyndebourne 91.5-92 m. 

Neocythere (Centrocythere) posterospinosa Weaver Left 
valve, female (x66) ; number 355 ; Cauville 6. 

Neocythere · (Centrocythere) posterospinosa Weaver Right 
valve, female (x64) ; number. 356 ·; Cauville 6. 

Neocythere (Physocythere)·hieroslyphica Kaye 
female (x67) ; number 343 ; Melton 3. 

Right va,lve, 

Neocythere (Physocythere) sp.A. Weaver ; Left valve, 
female (x63) ; number 345 ; Glyndebourne 95.5-96 m. 

Neocythere (Physocythere) steghausi (Mertens) ; Left valve, 
female (x68) ; number 340a; Glyndebourne 58.5-59 m. 

Neocythere (Physocythere) sp.A. Weaver ; Right valve, 
female {x56) ; number 346 ; Glyndebourne 95.5-96 m. 

Neocfhere (Physocythere) sp.~. Weaver ; Right valve, male 
CX59 ; number 347 ; Glyndebourne 95.5-96 m. 
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~ig·. l. Neoc · here-' (Neocythere) ·vanveeni Mertens ; Right valve, 

Figs. 2,3. 

h1nge x1451) ; ·Glyndebourne 120.5-121 m. (not numbered). 

Neocythere (Physocythere) steghausi (Mertens) ;· Right 
valve hinge ; Fig. 2 (xl22) Fig. 3 (x146) ; Glyndebourne 
58.5-59 m.~(nei ther numbered). 

Fig. 4. · Neocytherie (Physocythere) sp • .£.sp.nov. 
·hinge (x203) ; Beer 6 (not numbered). 

Right valve, 

Figs. 5-7, Neocythere (Centrocrhere)·denticulata Mertens ; Right 
11-18 valve hinge ; Fig. (d61) Glyndebourne 92.5-93 m· ; 

Fig. 8. 

.Figs.9,10. 

Fig. 6 (x178) Glyndebourne 97.5-98 m ; Fig. 7 (xl70) 
Folkestone 13/8/22 ; Fig. 11 (x145) Glyndebourne 53.5-54 m 
Fig. 12. (x143) Glyndebourne 91.5-92 ; Fig. 13 (x148) 
Glyndebourne.91.5-92.0 m. ; Fig. 14 (x145) Glyndebourne 
91.5-92·· m ; Fig. 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 (xl30) Glyndebourne 
115.5-116 m .• (none numbered). 

Neocythere (Centrocythere) posterospinosa Weaver ; Right 
valve hinge (xl26) i Cauville c6 (not numbered). 

Neocythere (Physocythere) semiconcentrica (Mertens) ; 
Right valve hinge ; Fig. 9 (x156) Glyndebourne 88.5-89 m 
Fig. 10 (x153) Glyndebourne 88.5-89 m. (neither numbered). 





Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

PLATE 28 

1. Neocythere sp.C. sp.nov. ; Left valve, female (xl05) 
number 348 ; Beer 6. 

2. Cl:ithrocytheridea heslertonensis Kaye ; Right valve, female, 
internal (x47) ; number 370a; Glyndebourne 138.5-139 m. 

3. Neocythere ·Sp.C.sp.nov. ; Right valve, female (x:97) 
number 349 ; Beer 6. 

' 
4. Clithrocytheridea aff. Raplocytheridea ~ (Td.ebel) 

Left valve, female (xl06) ; number 475 ; Glyndebourne 
141.5-142 m. · 

5 •. Clithrocytheridea .aff. Haplocytheridea ~ (Triebel) ; lq.ft 
valve, female (x89) ; number 476 ; Glyndebourne 53.5-54 m. 

6. Clithrocytheridea heS'lertonensis Kaye ; Right valve, female, 
hinge (x89) ; number 370b; Glyndebourne 138.5-139 m. 

7. Acrocythere hauteriviana (Bartenstein) ; Left valve (x67) 
number 457 ; Shell/Esso 49/19-1, 3350'. 

8. Clithrocytheridea aff. Haplocytheridea .!!.!!!! <!I'rieb-el) 
Right valve, male (x78) ; number 477 ; Glyndebourne 
141.5-142 m. 

9 •. Clithrocytheridea aff. Haplocytheridea nana · (Triehel) ; 
Dorsal, female, l'eft valve (x69) ; number-4'78 ; Glyndebourne 
141.5-142 m. 

Fig. 10. Clithrocytheridea aff. Hatloc}theridea nana 
Left valve, dorsal, male x70 ; number 479 
141.5-142 m. 

(Triebel) ; 
Glyndebourne 

Fig. 11. Acrocy.there striata Kaye 
number 378 ; Beer 6. 

Left valve, female (x95) ; 

Fig. 12. Hemicytherura euglyphea Kaye ; Right valve, female (xl36) 
number 458 ; Glyndebourne 53.5-54 m. 

Fig. 13. Cli throcytheridea aff. Ha) locytheridea ~ (Triebe 1) 
Right valve, female (x89 ; number 480 ; Glyndebourne 
53.5-54 m. 

Fig. 14. c~.A.sp.nov. ; Dorsal, female (xl08) 
Glyndebourne 123.5-124 m. 

number 466 

Fig. 15. Hemicytherura euglyphea Kaye ; Right va·lve, female (xl46) 
number 459 ; Glyndebourne 105.5-106 m. 

Fig. 16. c< .... A.sp.nov. ; Left valve, female (xllO) number 467 
Glyndebourne 123.5-124 m. 

Fig. 17. ae~.A .. sp.nov. ; Left valve, male (xl02) number 468 
Glyndebourne 99.5-100 m. 

Fig. 18. Hemicytherura euglyphea Kaye ; Dorsal, carapace, female 
(xl42) ;i number 460 ; Glyndebourne 53.5-54 m. 

'---------~---- -





Fig. l. 

Fig. 2. 
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Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 
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PLATE 29 

Schuleridea jonesiana (Bosquet) Left valve, female (x45)· 
number 379 ; Glyndebourne 95 .. 5-9.6 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 (Bosquet) ; 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) 
number 390 ; Glyndebourne 92.5-93 m. 

Habrocythere fragil is Triebel ; Dorsal, carapace, male 
(xao) ; number 391 ; Glyndebourne 92.5-93 m. 

Schuleridea jonesiana (Bosquet) ; Right valve, male (x45) 
number 384 ; Beer 6. 

Habrocythere fragilis Triebel ; Left valve, female (x81) 
number 392 ; Glyndebourne 92.5-93 m. 

Fig. 10. · Habrocythere fragilis Triebel ; Left valve,· female (x84) 
number 393 ; Glyndebourne 92.5-93 m. 

Fig. 11. 

Fig. 12. 

Fig. 13. 

Fig. 14. 

Fig. 15. 

Fig. 16. 

Habrocythere fragilis Triebel ; Right valve, female (x85) 
number 394 ; Glyndebourne 92.5-93 m. 

Schuleridea dimorphica Kaye ; Right valve, male {x72) 
number 38S ; Glyndebourne 115.5-116 m. 

Schuleridea dimorphica Kaye ; Left valve, male (x69) 
number 386 ; Glyndebourne 115.5-116 m. 

Schuleridea dimorphica Kaye ; Right valve, female (x77) 
number 387 ; Glyndebourne 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 ; Glyndebourne 115.5-116 m. 





PLATE 30 

Fig. · 1. Eucythere trigonaHs (Jones & Hinde) ; Left valve, male 
(x66) ; number 395 ; Glyndebourne 121-121.5 m. 

Fig. 2. Eucythere trigonalis (Jones & Hinde) ; Left valve, female 
(x67) ; number 396 .; Glyndebourne 121-121.5 m. 

Fig. 3.· Eucythere trigonalis (Jones & Hinde) ; Right valve, female 
(x68) ; number 397 ; Glyndebourne 121-121.5 m. 

Fig. 4. Dolocytheridea trpica Kaye ; Right valve, female (x80) 
number 3 7 6 .; Beer 6. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 

Fig. 10. 

Fig. 11. 

Fig. 12. 

Fig. 13. 

Fig. 14. 

Dolocytheridea bosquetiana (Jones & Hinde) ; Right valve, 
male (x59) ; number 373 ; Glyndebourne 108.5-109 m. 

Eucythere trigonalis (Jones & Hinde) ; Dorsal, carapace, 
female (x7.4) ; 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, 
fema·le (x59) ; number 375 ; Glyndebourne 108.5-109 m. 

Clithrocytheridea hesler.tonensis Kaye ; Right valve, female 
(x45) ; number 370b ; Glyndebourne 138.5-139 m. 

Alatacythere BP·!· sp.nov. ; Left valve, male 
(x42) ; number 440 ; Glyndebourne 54.5-55 m. 

Alatacythere robusta 1'44~i (Jones & Hinde) ; Right valve, 
female (x48) ; number ; Beer 6. 

Alatacythere sp.A. sp.nov. ; Right valve 
female (x43) ; number 441 Clyndebourne 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 (xl29); 
number 464; Gly~debourne 52.5-53 m. 





PLATE' 31 

Fig. L Cytherura striatoides Bonnema Left valve, female. (x14l) 
East Wear Bay 4 ; number 434. 

Fi:g. 2. Saidia nettgauensis Griindel ; Right valve, female (xl17') 
nUiiiber 452 ; Glyndebourne 68.5-69 m. 

Fig. 3. Saidia nettgauensis Gmdel ; Left valve, female (xU4) 
number 453 ; Glyndebourne 68.5-69 m. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 

Fig. 10. 

Fig. n. 

Fig. 12. 

Fig. 13. 

Fig. 14. 

Fig. 15. 

Fig, 16. 

Fig. 17. 

Fig. 18, 

Fig. 19. 

OrthoCnotaShere fordensis Kaye ; Right valve, female 
(x89) ; n er 415 ; Glyndebourne 139.5-140.5 m. 

Eucytherura sp.~. sp .• nov. ; Right valve, female (x143) 
nmnber· 413 ·; Glyndebout:ne 52. 5-53 m. 

Or.tbonotacythere fordensis Kaye ; Right valve, hing. 
(x..91) ; number 41,- ; Glyndebourne 52.5-53 m. 

Eucytherura sp.~. sp.nov. ; Left valve, female (x138) 
number 41D ; Glyndebourne 52.5·53 m. 

Eucytherura sp.~. sp.nov. ; Dorsal, carapace, female (xl40l 
number 411· ;.· Glyndebourne 52.5-53 m. 

Eucytherura sp.~. sp .• nov. ; Right valve, femaie (x132) 
number 4i2 ; Glyndebourne 52.5-53 m. 

Remiparacytheri:dea minutissima (Kaye) : Left- valve, female 
(d27) ; number 465! ; Folkestone 13/8/6. · 

Eucrherura multituberculata Gr\indel ; Right valve, female 
(d 4) ; number 406 ; Glyndebourne 114.5-115 m. 

Remiparacytheridea minutissima('Kaye) ; tight valve·, female 
(xl27) ; number 465b ; Folkestone 13/8/6. 

Eucytherura gr\indeli Weaver ; ·LiFL valve, female (xDS.) ; 
number 404a ; Glyndebourne 52.5-53 m. 

Pseudobythocythere goerlichi Mertens ; Left· valve, female 
· (x70) ; nUlDber 416 ; Shell/Esso 49/19-1,, 3350'. 

Eucytherura mu·l'tituberculata Grlindel ; Left valve, female 
(xl64} ; number 407 ; Glyndebourne 114.5-115 m. 

Eucytherura multitubercu·lata Gr\indel ; Right valve, 
internal, female (xl46) ; number 408 ; Glyndebourne 
ll4.5-tl5 m. 

Eucytherura sp.aff.E.nuda Kaye ; Left valve, female (x86) 
number 469 ; Folkestone 13}8/7. 

Eucytherura sp.aff.E.nuda Kaye ; Right valve, female (x86~ 

number 470 ; Folkestone 13/8/7'. 

Eucytherura kayei Weaver ; Left valve, female (x94) 
number 405 ; Fol:kestone -13/8/6. 

• 









PLATE 33 

Fig. 1. Loxoconcha?:icknieldensis. Weaver .; Left .valve, male, internal 
(x106) ;.number 435; Borehoie 16/3,, 14'0" •. 

Fig. ~2. Loxoconcha?ickni'eldensis Weaver ; Left valve, female, (x84) 
number 436 ; Borehole 16/3, 14'0". 

Fig. 3. Loxoconcha?icknieldensis. Weaver ; Left valve, female, (x91) 
number 437 , Borehole 16/3, 14'0". 

Fig. :.4. Loxoconcha?icknieldensis. Weaver ; Right valve, male (x82) 
number 438. ; Borehole 16/3, 14'0". 

Fig. 5. Loxoconcha?icknieldensis Weaver ; Left valve male (xBl) 
number 439 _; Borehole 16/3 14'0". 

F~g. f:. Monoceratina bonnenai 'Kaye ; Right valve, female, carapace 
(x64) ; number 443 ; Folkestone 1(77) .• 

Fig. 7. Loxoconcha?icknieldensis Weaver ; Right valve, hinge 
(x1:86);number 438 ; Borehole 16/3, 14'0". 

Fig. B. Monoceratina bonnemai Kaye ; Dorsal, carapace, female (x65) 
number 443 ; Folkestone 1(177). 

Fig. 9. Monoceratina umbonata (Williamson) ; Left valve, female 
(x60) ; number 445 ; Glyndebourne 109.5-110 m. 

Fig. 10. 

Fig. 11. 

Fig. 12. 

Fig. 13. 

Fig. 14. 

Monoceratina sp.cf.M.longispina (Bosquet) ; Left valve, 
female (x55) ; number 444 ; Glyndebourne 128-128.5 m. 

Monoceratina sp.A. sp.nov. ; Right valve, hinge (xl40) 
number 448 ; Glyndebourne 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 
(xllO) ; number 446 ; Glyndebourne 109.5-110 m. 

.. ' 




