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ABSTRACT.

T h is th e s is  exam ines th e  M icrofauna o f  th e  North Sea P alaeogen e, 

p a r tic u la r ly  th e  fo ra m in ifera , and th e ir  b io s tr a tig r a p h ic a l a p p lic a tio n s  in  

th e  C entral and Southern North Sea. A b io s tr a tig r a p h ic a l scheme has been  

e re c ted  fo r  ca lca reo u s b en th ic  (CB Zones 1 -1 5 ) ,  a g g lu tin a te d  b en th ic  (AB 

Zones 1 -1 1b) and p la n k to n ic  fo ra m in ifera  (PK Zones 1a-13, u t i l i s in g  diatom s 

and r a d io la r ia  where n e c e ssa r y ), which was th en  combined in to  one scheme 

u sin g  th e  p rev iou s 3 'g ro u p s'. The S h e ll Expro. U.K. computer was used to  

draw up ran gech arts o f  th ese  'g ro u p s', and each w e ll i s  d escrib ed  in  th e  

t e x t  and in  'D is tr ib u tio n  ch a r ts ' (See E n closu res N os.1 -1 0 , p lu s  

R angecharts in  p o c k e t). T h efo ra m in ifera l b io zo n a tio n  o f  t h is  th e s is  ;i s  

c o r r e la te d  w ith  NSP (N orth Sea p la n k to n ic) and NSB (North Sea b enthon ic) 

Zones o f  King (1983, 1989), th e  P Zones o f  Berggren e t  a l .  (1985), th e  

sed im en to lo g ica l sequences o f Stew art (1987) and th e  nannoplankton zones o f 

L. G allagh er in  h is  Ph.D. t h e s is . A combined b io s tr a tig r a p h ic  scheme, 

u t i l i s in g  both fo ra m in ifera  and nannoplankton was proposed in  G allagh ers 

th e s is  and i s  d isc u sse d  h ere.
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Chapter 1. INTRODUCTION.

1.1. General Comments.

This project examines the Palaeogene fcram inifera that occurred in  d itch - 

cuttings, side-w all samples, and care material from 7 SheU/Esso w ells and 

one Esso Norway Inc. w ell in the North Sea. 5 were examined from th e south

eastern part o f the Central North Sea, 2 from the Southern North Sea, and 

one b r ie fly  studied from the Northern North Sea, Viking Graben (see fig .1). 

Comparative land sections were examined from the London Basin (Early Eocene, 

London Clay Formation, see  figs.2 and 8), and Pegwell Bay (Palaeocene, 

Thanetdan). This was done in order to  construct a biostratigraphical zonation 

o f North Sea Palaeogene deposits for both eprbathyal/inner neritic faunas, 

and far deeper water agglutinated assemblages.

Some 130 species have been examined from the Palaeogene, although some 

180 or mare have been examined in tota l, which includes species from the 

Neogene. 80 + : species o f agglutinated benthonic foram inifera have been
.  i i

identified, 15 -  calcareous planktonic farms, with j  — 35 useful

calcareous benthonic ones.

The taxonomic classifications used in  th is study are from Loeblich and

Tappan (1964, 1988), Banner (1982), Li Qianyu (1987), with reference to

Haynes (1981).
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FIG.3.
PARTIAL LIST OF REFERENCES FOR NORTH SEA TERTIARY FORAMINIFERA, BIO- AND 
LITHOSTRATIGRAPHY, PLUS USEFUL COMPARATIVE SECTIONS.

B io stra tig ra p h ic /F o ra m in ifera l.
Northern North Sea
Jones G.D., 1988

Central North Sea
G radstein and 
Berggren, 1981

King, 1983 
L ott e t  a l . ,

1983 
Stew art, 1987 
Chamock and 
Jones (in  prep.)  
G radstein e t  a l . , 

1988 
King, 1989.

Southern N. Sea
Hughes, 1981 
C rittenden , 

1981, 1982 
King, 1983

Hatton-Rockall Bank
Murray, 1984

Labrador Sea Greenland Sea Polish Carpathians
Grzybowski (|1896-

Alps London Basin
Berggren, 1972 G radstein and Grun, 1969 W etherell,
Berggren and Berggren 1981 1901) 1838
Aubert, 1976a G radstein, Geroch, 1960 Sherbom
G radstein 1981 Pozaryska, 1967 and Chapman
and Berggren, Verdenius and K siazk iew icz, 1975 1886, 1889

1981 Van H inte, Bowen, 1954
G radstein, 1983 Ward, 1978

1981 King, 1981
M iller  e t  a l .

1981 •

Netherlands
Doppert and 
N eele, 1983

Belgian Basin
B a tjes, 1958 
K aasschieter  

1961 
W illem s, 1981 
Hboyberghs,
' 1983, 1984

L ith o stra tig ra p h ic /S tru ctu ra l
Northern N. Sea
Mudge and B l i s s ,  

1983

Central N. Sea
Parker, 1975 

p. Z ieg ler , 1975 
Deegan and S c u ll;19 7 7 
L ott e t  a l . , 1983 
L o v e ll, 1984 
Malm e t  a l . , 1984 
Stew art, 1987.
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1.2. Literature Survey.

Much o f the previous micropalaeontnlogical data collated in  the 

analysis o f the North Sea Palaeogene has remained unpublished. This was in  

order to  protect the confidentiality and financial in terests o f the cdl 

companies th at were involved in  drilling there. The few  published accounts 

are shown in  th is diagram (fig.3), which also shows a number o f 

lithostratigraphical and structural papers published, together with those 

from comparative areas. One o f the most useful and w ell known o f the 

biostratigraphical papers is  by King (1983).

He presented a biostratigraphical breakdown o f Tertiary deposits, 

both Neogene and Palaeogene, in  th e Central and Southern North Seas from 

some 200 w ells. He recognized 8 benthonic (North Sea Benthonic or NSB, NSB1 

to  NSB7) and 9 planktonic (North Sea Planktonic or NSP, NSP1 to  NSP9) zones 

in the Palaeogene. These are mostly interval zones, the top being defined by 

the highest occurrence o f the zonal index species, while the base is  

autom atically defined by the top o f the underlying zone. The index species 

may only ex ist within its  zone or may ex ist a t deeper, d d er levels. These 

species have w ell defined tops. The zonation of King is  based largely on 

species occurringin an outer sublittoral epibathyal bdofacies. His work, 

therefore, was based mainly on calcareous benthics, (and or planktics where 

available), which are relatively rare or absent from th e deepest part o f the 

Central and Northern North Sea Basins, where a rich agglutinated 

foram iniferal fauna predominates. Most o f the wells in  th is study come from 

such areas. King in  1989 redefined his zonation and changed some o f the 

index species far his Zones (see figs.4-6b). He also introduced agglutinating 

foram inifend zones (12 North Sea Agglutinants or NSA Zones). These Zones 

are based mostly on the non-calcareous agglutinants o f the Rhabdammina-

-  6 -



fcriofacLes o f King (1983), which characterise the assemblage found in  the 

Central North Sea, Central Graben region (Gradstein and Berggren (1981)). 

Calibration o f King's (1989) NSA Zones was established along the edges o f 

the Rhabdam mina-bjpfacdes, where both calcareous and non-calcareous 

foram in ifera occur together.

Mil. Hughes (1981) did some biostratigraphical work on top  

O ligocene/top Eocene material from an I.G.S. borehole in the Southern North 

Sea. However, he only published an inform al zonation o f Middle Oligocene 

material, so th is is  o f lim ited stratdgraphical use.

Crittenden has done some work on the planktonics o f the Palaeogene 

(1981, 1982), but th is again is  very lim ited.

Gradstein, Kaminski and Berggren (1988) have recently published a 

short paper on the "Cenozoic foram iniferal Biostratigraphy of the Central 

North Sea". This was a stratigraphic analysis o f mostly benthic taxa in  29 

wells in  the Central North Sea, using a ranking and scaling (R.A.S.C.) 

computer program. R.A.S.C. achieves an optimum or most likely sequence of 

events in a sca le in  w ells and outcrop sections, th at is , i t  presents an 

idealized sequence. They proposed 10 interval zones far the Tertiary (see 

below).

Cassidulina teretis Zone. Middle Pliocene-Pleistocene.
Globorotalia praescitula-  Early-Middle Miocene.
Globarotalia zealandica Zone.
Globiqedna ex gr. officinalis Late Oligocene-Eady Miocene.
Zone.
Rotaliatina bulim aides Zone. Rupelian.
Globiqednatheka index Zone. Late Eocene.
Reticulophraqmfum amplectens Middle-Late Eocene.
Zone.
Subbotina patagonica Zone. Ypresian.
Coscinodiscus spp. Zone. Late Selandian-EarLy Ypresian.
Trochammina ruthvenmurayi-  Selandian.
Reticulophraq miu m paupera
Zone.
Subbotina pseudobiilloides Danian.
Zone.

-  7 -



This "optimum11 sequence approximately matches the sequence given by King 

(1983). Geophysical markers were also used within Gradstein e t  aL's (1988, 

fig .2) sequence. These markers are useful correlation too ls. Log marker A 

marks the top Cretaceous, while log marker B marks the top Danian. C marks 

the base o f the t u f f  (Balder Formation), and D the top. Log marker E sits a t 

the base o f the Late Eocene assemblage. F lie s  betw een the Eocene and the 

Oligocene and G marks the Miocene. Regional hiatuses were postulated in  the 

Early Oligocene and Middle-Late Miocene tim e. Some 12 'unique events' were 

used within the optimum sequence, th at is , those useful farms th at occurred 

in  less than 8 out o f 29 wells. One must always bear in  mind, when applying 

th is sequence, th at assemblages present change as you move from th e  

Southern to  the Central and Northern parts o f the North Sea. Therefore, many 

o f the farms within the optimum sequence w ill not occur in  the South, and 

vice-versa. This sequence provides useful data on the deeper water Central 

basin assemblages, and establishes some previously unused agglutinated farms 

as zonal markers.

G. Chamock and R.W. Jones are also in  th e process o f producing 

papers on the North Sea Tertiary agglutinated foram inifera, one on taxonomy 

and th e other on Palaeogene biostratigraphy.

Kaminski e t  al. (1988) examined and compared the 'flysch-type' 

agglutinated foram iniferal assemblages from the Late Cretaceous and 

Palaeocene o f Trinidad, with assem blages from southern California, western 

North Atlantic margin, Labrador Sea, Polish Carpathians, A tlantic DSDP sites, 

and th e North Sea. Factor analysis was used to  delineate some assemblages o f 

the Danian sediments. This paper provides a very useful taxonom ic section on 

these agglutinated foraminifera.

Gradstein and Berggren (1981) produced an important work on the
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agglutinated faunas from the Labrador, Greenland and Central North Seas. This 

work not only contains valuable taxonomic data but also some useful 

palaeobathym etdc comments.

One o f the few  purely palaeobathym etdc papers published on the the 

North Sea was by G.D. Jones (1988) on Lower Selandian (Palaeocene) 'fLysch- 

type' agglutinated foraminifera from the Viking Graben. He suggests th at the 

flysch-type faunas preferred living in deep waters, from below th e shelf 

edge a t about 200m, down to  abyssal depths o f approxomateLy 4kms. He points 

out though that depth alone is  not an overiding factor influencing their 

occurrence, but that many flysch-type assemblages are associated with 

restricted  basins that were filled  with organic rich fine-grained sediment. 

These carbonate-poor conditions hindered the development o f a calcareous 

fauna. Jones used the palaeoslope transect approach, and calculated water 

depth far his assemblages using trigonom etric projection plus seismic, and 

stratigraphic techniques. Samples from 6 w ells were examined both in  th e U.K. 

and Norwegian sectors o f the Viking Graben. This is  an extrem ely useful 

paper, and poses some very interesting questions concerning the 

palaeobathymetry o f agglutinated foram iniferal assemblages.

Work on comparative land sections has been done by King (1981) on 

the London Clay, Kaasschieter (1961) on th e Belgian Eocene, and Batjes (1958) 

on the Belgian Oligocene. Doppert (1980) and Doppert and Neele (1983) 

developed a zonation scheme far the Palaeogene and Neogene o f the 

Netherlands. Dopperts(and workers) 11-fold zonation uses over 90 species o f 

mostly calcareous benthic farms typ ical o f shallow to  deep neritic  

environments. Many o f the species referred to  in  th ese tw o papers occur in  

the Central and Southern North Sea in  my Oligocene-M iocene sections. Some 

o f the earliest and most useful papers were done by Grzybowski (1896-1901),
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largely taxonomic 'works' on P o lish  Carpathian agglutinated foram inifera, 

which compare w ell with Central North Sea forms.

TJthostratigraphic/structural work has been done by Ziegler (1975), 

Deegan and Scull (1977), Lott e t  aL (1983), Stew art (1987) on th e Central 

North Sea, and Mudge and Bliss (1983) on the lithostratigraphy o f material 

from the Northern North Sea.

Of a ll these papers only Berggren and Gradstein (1981), King (1983, 

1989), and Gradstein e t  aL (1988), have published any detailed zonation 

scheme o f the North Sea Region, although Stewart (1987) has also included a 

very useful biostratigraphical foram iniferal scheme far the Palaeocene and 

Early Eocene, and correlated thesedata with dinofLagellate zones.
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2 . THE STRUCTURE AND STRATIGRAPHY OF THE NORTH SEA TERTIARY.

The North Sea region  i s  composed o f a s e r ie s  o f s tr a tig r a p h ic a lly  

superimposed sedim entary b asin s o f Late P alaeozo ic through T ertiary  age.

The Perm o-T riassic through Early C retaceous h isto r y  o f th e North Sea b asin  

i s  a complex one, com prising a s e r ie s  o f r e la t iv e  u p l i f t s ,  r if t in g  and 

d if fe r e n t ia l subsidence in  the Ju ra ssic  through E arly C retaceous tim e, 

w h ile  in  th e Late Cretaceous th ere was widespread su b sid en ce. At th is  tim e 

a th ick  chalk 'b la n k et1 was la id  down covering th e North Sea, o r ig in a lly  

much o f B r ita in , and extending to  Denmark, Belgium , Holland and Northern 

Germany. Figure 1 dem onstrates the sim ple north -south  form o f th e b a sin .

This r e la t iv e ly  q u iescen t d ep o sitio n a l 'regim e' was ended by th e  

Laramide te c to n ic  phase when the North Sea became more r e s tr ic te d  and 

Danian (Early Palaeocene) chalk (belonging to  th e E kofisk  Formation o f  

Deegan and S c u l l ,  1977, see  f i g s . 7 and 8) was d ep o sited , from th e C entral 

Graben o f th e C entral North Sea to  Denmark. U p l i f t  occurred elsew here  

causing much ero sio n . T his Lar amide phase a t th e C retaceou s/T ertiary  

boundary was marked by wrench com pressions, and th e r e a c tiv a tio n  o f o ld  

M esozoic grabens.

The Laramide and A lpine movements which la s te d  from th e  la t e s t  

C retaceous to  th e m iddle o f th e T ertia ry , are re la ted  to  2 sep arate major 

te c to n ic  developm ents. By the ea r ly  T ertia ry , in  th e north w est, th e  

Northern A tla n tic  began to  open up, reducing th e la te r a l c o n str a in ts  on th e  

"European p la te  mosaic" (P. Z ieg ler , 1975). From th e M iddle-Late Palaeocene 

to  th e present day th ere has been very l i t t l e  change in  th e ex ten t o f the  

North Sea b a sin . In th e C entral and Northern North Sea continuous 

sed im entation occured in  the T ertiary  where more than 3000m o f  terrigen ou s  

e la s t ic s  were d ep o sited .
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The T ertiary  sequence in  th e C entral North Sea i s  composed o f 5 main 

Groups (see  f i g s . 7 and 8 ) .  These are th e M ontrose, Moray (th e la t te r  group 

i s  on ly  observed in  th e Moray F irth  B asin , and th erefo re  not noted in  

f i g . 8 ) ,  Rogaland, Hordaland and Nordland; w ith  th e top  o f th e Chalk Group 

being represented  by th e  Danian (E arly Palaeocene) E kofisk  Form ation, which 

i s  a con tin u ation  o f th e w idespread Upper C retaceous chalk sedim ents.

In the w estern p art o f th e North Sea, in  th e Palaeocene/ Lower Eocene 

in  th e outer Moray F ir th -F o r tie s  area , a lower sedim entary fan sequence 

(Montrose Group) occu rs, togeth er w ith  an upper s h e lf /d e lta ic  sequence 

(Moray Group). To th e e a s t  and n o rth -ea st th ese  dom inantly arenaceous 

Groups pass in to  th e more d is t a l  a r g illa c eo u s  sedim ents o f th e Rogaland 

Group.

The in i t ia l  phase o f T ertiary  ero sio n , tran sp ort and d ep o sitio n  i s  

represented  by th ese  3 groups, between th e top  o f th e Chalk and th e top  o f  

th e Balder Formation (ash marker). These 3 groups con ta in  much o f th e  

T ertiary  o i l  accum ulations.

On top o f  th e Chalk su ccessio n  was d ep osited  th e Montrose-Rogaland 

sequence, which c o n s is ts  a t  i t s  base o f th e Maureen Form ation, a 

tr a n s itio n a l d ep o sit between th e chalk and th e la te r  Palaeocene e la s t ic s .  

T his i s  a marl in  which has been included many reworked fragm ents o f chalk .

O verlying th is  form ation in  th e Moray F irth  B asin  i s  th e Andrew 

Form ation, which i s  a sequence o f overlapping sand fans coa lesced  in to  a 

sand sh e e t, and above th is  in  th e w estern p art o f th e C entral North Sea i s  

th e F o rtie s  Form ation. T his arenaceous u n it was probably d ep osited  w ith in  a 

submarine fan system . These major sand in flu x e s  in  Late Palaeocene tim es 

are a r e s u lt  o f u p lif t  o f  th e North Sea b asin  m argins, the source areas 

being th e S c o ttish  mainland and E ast Shetland P latform . The Moray Group
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overly in g  th e M ontrose, c o n s is ts  o f th e Dornoch and Beauly Form ations, 

d ep osited  in  shallow  marine and p a r a lic  environm ents.

As p rev iou sly  mentioned th e more e x ten siv e  d is t a l  eq u iva len t o f the 

Moray and Montrose Groups i s  th e Rogaland Group. T his co n ta in s, a t i t s  

b ase, an unnamed marl u n it which i s  a Maureen Formation eq u iv a len t. Above 

th is  i s  th e L ista  Formation which in te r d ig ita te s  w ith  the sand u n its  o f the  

Montrose Group. The S e le  and B alder Formations occur above t h is . These are 

r e la t iv e ly  th in  u n its  which have basin-w ide d is tr ib u tio n . The S e le  i s  made 

up o f a high amount o f tu ffa ceo u s sh a le , w h ile  th e Balder con ta in s v o lca n ic  

d e tr itu s  and forms a d is t in c t iv e  "ash marker" (a very u se fu l geophysical 

marker, see  fig u re s  7 and 8 ) . The S e le  Formation (togeth er  w ith  th e F o r tie s  

Shale member) was d ep osited  in  a m arginal marine to  marine environment 

w ith  r e s tr ic te d  c ir c u la tio n . These d ep o sits  are o f marine sands and s i l t s  

w ith a d e lta ic  in flu e n c e , and pass basinwards in to  sh a les th a t are 

lam inated. The Balder Formation occurs a t  th e Palaeocene/Eocene boundary 

and marks a major v o lca n ic  ep iso d e. I t  was a ls o  d ep osited  in  a r e s tr ic te d  

marine environm ent.

Above th e Moray and Rogaland Groups th ere i s  a la rg e ly  monotonous 

s e r ie s  o f fin e-g ra in ed  e la s t ic s , d ep osited  when a more regu lar subsidence 

p attern  was e sta b lish e d  from th e M iddle Eocene onwards. E rosion o f the  

S c o ttish  m ainland, th e E ast Shetland P latform , and p arts o f Scandinavia 

continued, and led  to  th e d ep o sitio n  o f  d e lta ic  and c o a sta l b arrier  sand 

u n its  in  some m arginal a rea s. These r eg ressiv e  u n its  are o ften  truncated by 

phases o f marine tra n sg ressio n , and are marked in  s u b litto r a l sequences by 

th in  beds r ich  in  phosphatised fa e c a l p e lle t s  or g la u co n ite . The Hordaland 

and Nordaland Groups have been recogn ised  in  th e Norwegian se c to r , but not 

d iffe r e n tia te d  on th e U.K. s id e  because o f fa c ie s  v a r ia tio n s .
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The Southern North Sea d i f f e r s  from th e C entral North Sea in  various 

a sp e c ts . The T ertiary  b asin  appears to  have been shallow er w ith  fewer 

sedim ents being d ep o sited , and w ith  a g rea ter  number o f h ia tu se s .

Palaeocene sedim ents are o ften  m issin g , and th e Balder Formation eq u iva len t 

i s  r e s tr ic te d  to  th e ea stern  p art o f th e b asin  (fo r  exam ple, in  B lock 49).
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CHAPTER 3. FORAMINIFERAL CLASSIFICATION.

3.1. Criticisms of Loeblich and Tappan (1988).
The present w riter  agrees w ith  Banner (1988, N ew sletter o f the B r it. 

M icropal. Soc. No.36), in  doubting some o f  L oeb lich  and Tappan's concepts 

on which th e ir  c la s s if ic a t io n  i s  based (th a t i s ,  i t  i s  not a p h ylogen etic  

approach), and the suprageneric (and g en eric) im portance which has been 

given  to  some m orphocharacters. The p resen t w r ite r , fo r  exam ple, fin d s i t  

d i f f i c u l t  to  agree w ith  L oeblich and Tappan (1988) concerning th e ir  updated 

c la s s if ic a t io n  o f th e ca lcareou s b en th ic foram in ifera , where much r ev is io n  

has taken p lace a t  both th e gen eric  and suprageneric le v e l . In th is  study  

L oeblich  and Tappan's e a r lie r  (1964) suprageneric c la s s if ic a t io n  was 

g en era lly  used , as i t  was found to  be adequate fo r  North Sea T ertiary  

b iostra tigrap h y . However, th e a gg lu tin a ted  b en th ic suprageneric and gen eric  

c la s s if ic a t io n  has undergone u se fu l r e v is io n s  in  th e ir  1988 p u b lica tio n , 

and th ese  'are included in  th is  stud y, although some gen eric  names in  the  

agg lu tin ated  taxonomy are probably on ly  o f subgeneric s ta tu s . For example, 

Meidamonella was used by L oeblich  and Tappan (1988) to  d escr ib e  jspecies o f 

K a rreriella  p ossessin g  a s l i t - l i k e  aperture ten  tim es as long as broad, 

w ith  a l ip  or rim . Such a fea tu re  was not considered  to  be o f gen eric  

sta tu s  in  th is  study (see  se c tio n  3 .2 .2  fo r  fu rth er comments). Forms 

p o ssessin g  such an aperture were th erefo re  referred  to  as K a rrer iella  

(M eidam onella). The strong em phasis on ap ertu ral c h a r a c te r is tic s  used by 

L oeblich  and Tappan (1988) to  d if fe r e n t ia te  K a rrer ie lla - l ik e  taxa (as w e ll 

as oth er genera) i s  unw ise.

L oeblich and Tappan's (1988) c la s s if ic a t io n  o f p lan kton ic foram in ifera  

i s  here regarded as inadequate, and a more p h y logen etic  approach was 

adopted based on Banner (1982).
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The present w r iter  a lso  d isa g rees w ith  L oeblich  and Tappan (1988) 

regarding th e use o f subgenera r e su ltin g  in  an "unwieldy taxonomy". The 

ru les o f the ICZN A r tic le s  support the use o f  subgenera, and they can be 

u se fu l in  p h ylogen etic  c la s s if ic a t io n s  in  showing to  the reader how 

d iffe r e n t genus-group taxa are r e la te d .

3 .2 .  Methodology employed in  th is  th e s is .

( i ) .  The suprageneric c la s s if ic a t io n s  used are based upon th ose employed by 

L oeblich  and Tappan (1964, 1988) and Banner (1982).

( i i ) .  The gen eric  d ia g n o sis fo r  benth ic foram in ifera  are th ose published by 

L oeblich  and Tappan (1988) and fo r  p lan kton ic foram in ifera are th ose used 

by Banner (1982) and Li Qianyu (1987). Where th e treatm ent here has had to  

d i f f e r  from th ese , such d iffe re n c e s  are n oted . In p a r tic u la r , d e scr ip tiv e  

diagnoses fo r  genera o f the G lobigerinacea (which are not g iven  

s a t is fa c to r ily  by L oeb lich  and Tappan, 1988) are noted . Subgenera are 

employed to  c la r ify  c lo se  degrees o f p h ylogen etic  r e la tio n sh ip  and 

m orphological s im ila r ity .

( i i i ) .  In order to  m inim ise the m orphological d e scr ip tio n s necessary for  

th is  work to  be u t i l is e d  s tr a tig r a p h ic a lly , th e sp e c ie s  and su b sp ecies 

which have been recognised  and used are compared in  tab u lar keys under each 

gen eric  heading. These tabular keys are meant to  c l a r i f y ,  fo r  th e reader, 

th e morphocharacters which have a c tu a lly  been used fo r  in fra g en eric  

(sp e c ie s , su b sp ecies) d is t in c t io n s . More m orphocharacters (for  each taxon) 

can be seen  on the SEM im ages, and sk etch es, g iven  here on th e P la te s .
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3.3. Systematic Palaeontology.
3 .3 .1 .  Calcareous B enthic Foram inifera.

SUBORDER: MILIOLINA Delage and Herouard, 1896.

SUPERFAMILY: MELIOLACEA Ehrenberg, 1839.

FAMILY: MILIOLIDAE Ehrenberg, 1839.

SUBFAMILY: QUINQUELOCULININAE Cushman, 1917.

GENUS: Q uingueloculina d'O rbigny 1826.

i .  im p er ia lis  p o rteren sis Rau. In fla ted  t e s t ,  w ith  ova l o u tlin e .

i i .  ludw igi R euss. Sutures depressed . E longate o va l t e s t .  L ess in fla te d  

chambers than i .

i i i .  sem inula (Linnaeus). S im ilar to  i i  but w ith a sh orter apertural 

neck, and more elon gate t e s t .

Q uinqueloculina im p er ia lis  Hanna and Hanna 

subsp. p o rteren sis Rau 1948.

P1.1 , f ig .1 b .

Q uinqueloculina im p er ia lis  Hanna and Hanna var. p o r teren sis  Rau 1948, 

p. 159, p i . 27, f i g s  9-11; Murray and Wright 1974, p. 11 t e x t - f i g . 5 .

N otes.

Subangular chamber m argins. Aperture a sim ple arch . T est o u tlin e  

ova l to  alm ost com pletely rounded.

Remarks.

Rare. Sm all, although some larger  broken ones were picked from the  

London Clay Form ation, Parliam ent H i l l  s i t e .  Noted by W etherell (1838) and 

figu red  in  h is  p la te  a s F ig . 20 'M il io la ' . im p er ia lis  Hanna and Hanna 

(1924, p .58, p i .  13, f i g s . 7 -8 , 10) d if fe r s  from im p er ia lis  p o rteren sis  

Rau in  p o ssessin g  a sm all b if id  to o th , as can be seen  in  th e example on
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P l .1 ,  f i g .  1a from th e North Sea O ligocene (reworked?). Rare in  th is  study 

(2 specim ens). Q̂_ im p er ia lis  was described from the Eocene, U.S.A.

Quinqueloculina ludw igi Reuss. 

i P l . l ,  f i g . 2.

Quinqueloculina ludwigi Reuss 1866, p .126, p l . 1 ,  f i g . 12; B atjes 1958, 

p.103, pl.1 f i g . 6; K aasschieter 1961, p .148, p i . 2, f i g .  7 ,8 .

N otes.

Test e longate o v a l. Chambers subrounded in  se c t io n . Smooth w all.  

Aperture on a short neck, rounded w ith a sm all b i f id (? )  to o th .

Remarks.

Rare. D iffer s  from Q̂  im p eria lis  var. p o rteren sis  in  being more 

e lon gate , with more sharply angled, le s s  in f la te d  chambers, and in  having 

an apertural too th . S im ilar to  Q̂  seminula (L innaeus), but has a more 

elongate t e s t  and apertural neck.

Quinqueloculina seminula (L innaeus).

Serpula seminulum Linnaeus 1758, p. 786.

M ilio lin a  seminulum (Linnaeus), N u tta ll 1927, p .107, Table 1 , n o .29. 

Quinqueloculina seminula (Linnaeus), B atjes 1958, p l . 1 ,  f ig .1 5 a - c .  

Quinqueloculina seminulum (Linnaeus), L oeblich and Tappan 1964, p .458, 

f i g . 349, 1.

Remarks.

N u tta ll (1927) noted th is  form in  the Miocene and Upper Eocene 

Naparima region o f  Trinidad. I t  was noted in  t h is  study in , fo r  example, 

w e ll 14/29-1 (ra re) ,  Zone CB5, Middle Eocene (Zone NS12, la t e  Middle 

Eocene, LTG.t e s t e ) .
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FAMILY: FISCHERINIDAE M ille t t ,  1898.

SUBFAMILY: CYCLOGYRINAE Loeblich and Tappan, 1961.

Comuspira Schu ltze 1854.

i .  CL involvens (Reuss). F lattened  compressed t e s t ,  o f  a s in g le  p la n isp ira l  

tu b e. Porcelaneous w a ll .

Comuspira involvens (Reuss).

P l .1 ,  f i g . 3.

Operculina involvens Reuss 1850, p370 p i . 46 f i g . 20.

Com uspira involvens (Reuss), Brady 1884, p200, pl.11 f i g . 1-3; K aasschieter  

1961, p137, p l.1  f i g . 3.

N otes.

Central part o f  t e s t  concave. Margin subrounded.

Remarks.

Very rare . Large. T est in  th is  example (P l .1 ,  f i g . 3) has been 

compressed. Noted by W illiams 1971 as Cyclogyra involvens (Reuss). Loeblich  

and Tappan 1964 c o rr e c tly  renamed Comuspira Schu ltze 1854, as Cyclogyra 

Wood 1842, as th e la te r  was the o lder name. However, by th is  time the 

former was so commonly used th a t Ponder (1974), proposed th at the sen ior  

name Cyclogyra be suppressed (B ull. Zool. Nomen. 31 (1) p54-58). Following  

h is  proposal the ICZN ruled  th a t Comuspira i s  the v a lid  generic  name.

S im ilar to  CL boumemanni Reuss, 1863, but lacks the carina and 

more d is t in c t  growth l in e s  o f  the la t t e r .

SUBORDER: ROTALIINA Delage and Herouard, 1896.

SUPERFAMILY: CASSIDULINACEA D'Orbigny, 1839.

FAMILY: OSANGULARIIDAE L oeblich and Tappan, 1964.

GENUS: Osangularia Brotzen 1940.
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i .  CL plummerae Brotzen. Raised ard thickened sutures on sp ir a l s id e . Very 

th ick  sp ir a l su tu re. Very sharp peripheral k e e l.

i i .  CL expansa (Toulmin). Less ra ised  sutures on sp ir a l s id e  than i .  

Thinner? and le s s  angular peripheral k e e l.

i i i .  corderiana (d'Orbigny). Large, c lea r  um bilical boss on

u m b ilica l s id e . Sutures d is t in c t ,  although alm ost flu sh .

iv .  CL navarroana (Cushman). S n a il boss on the um bilical s id e . Keeled 

margin.

Osangularia plummerae Brotzen.

P l .1 ,  f i g . 4.

Truncatulina c u lte r  (Parker and Jones), Plummer 1926 (1927), Taf.10, 

f i g . 147 (1a-c; p l . 1 5, f ig .2 a - b ) .

Osangularia plummerae Brotzen 1940, p30, p i . 10 f i g . 1 ,  p .15 f i g . 2 . .

N otes.

T est i s  sharply convex v e n tr a lly  and gen tly  rounded d o r sa lly .

F in e ly  p erfo ra te . T est has a sharply acu te , peripheral margin which i s  

bordered by a broad th in  im perforate fla n g e . 8 to  9 chambers in  the f in a l  

whorl. The d orsa l sutures occur as broad, dense, im perforate bands th at are 

e lev a ted , curved and ob liqu e. Ventral ones gen era lly  lim bate between the  

ea r ly  chambers o f  the f in a l  whorl, but depressed between the la s t  two or 

th ree . They are alm ost rad iate  from a sm all e levated  u m bilica l f i l l i n g .  

Remarks.

Common in  th e London Clay where i t  i s  w e ll preserved in  the 250^m 

to  125/im fr a c t io n s . plummerae s . s t r .  o ften  has only s l ig h t ly  e levated  or 

f l a t  sutures on the d orsa l s id e . However, in  the present m ateria l, the  

sutures were q u ite  stron g ly  e lev a ted . A lso not noted in  the type  

d escr ip tio n  was the presence o f numerous pores between the ra ised  su tu res.
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O. plummerae according to  Brotzen, occurs in  large numbers in  the London 

C lay. I t  i s  su rp r is in g , th erefo re , th at W etherell (1838) d id  not fig u re  

t h is  sp e c ie s , a s  i t  i s  q u ite  a d is t in c t iv e  ard prominent form in  samples 

stu d ied  from Parliam ent H i l l .  Sherbom ard Chapman (1886) observed a 

s im ila r  form from th e London Clay a t  P ic c a d illy , which they referred  to  as  

Pulvulina boueana (d'Orbigny, 1846). King (1981, T e x t - f ig .4 4 ,  p.114) noted  

O sangularia plummerae (as Osangularia s p . ) a t  the base o f  h is  D iv is io n  C in  

th e  London Clay Formation.

Osangularia expansa (Toulmin, 1941).

P a rre lla  expansa Toulmin 1941, p .604, T ex t-f ig s  3,4F,4G.

Osangularia expansa (Toulmin), King 1983, p . 35, p i . 5, f i g s . 21-22.

Remarks.

S im ilar to  O  ̂ plummerae, but d i f f e r s  in  having le s s  d is t in c t  

su tu res on th e sp ir a l s id e , w ith a le s s  w e ll developed p er ip h era l1 k e e l1. 

This sp ec ie s  ranges in  the North Sea T ertiary from the Early to  ea r ly  Late 

Palaeocene (King, 1983), and occurs in  Zone CB2.

Osangularia oordieriana (d'Orbigny).

R otalina (R otalina) cord ieriana d'Orbigny 1840, p .33 , p i . 3, f i g s . 9-11. 

Osangularia oordieriana (d'Orbigny), Hart e t  a l .  1981, p .212, p i . 7 .20 ,  

f i g s .  4 -6 .

N otes.

T est w ith  acute periphery. 8-10 chambers in  th e f in a l  whorl. Raised  

d is t in c t  um bilica l boss o f  c lea r  c a lc i t e  on um bilica l s id e . Sutures 

d is t in c t .

Remarks.
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Range according to  Hart e t  a l .  (op. c i t . ) from the Campanian to  the 

Early M aastrichtian (Late C retaceous). This sp ec ie s  was commonly 

encountered in  the Early to  ea r ly  Late Palaeocene Zone CB2 in  th e North 

Sea.

Osangularia navarroana (Cushman).

P u lv in u lin e lla  navarroana Cushman 1938,p .66 , p i . 11, f i g . 5.

Osangularia navarroana (Cushman), Hart e t  a l .  1981, p.212, p i . 7 .2 0 , f i g s .  

7 ,8 .

N otes.

Keeled margin. Um bilical s id e  has only a moderately ra ised  b oss. 

10-12 chambers on um bilica l s id e .

Remarks.

D iffe r s  from 0^ cordieriana (d'Orbigny) by having a more 

d is t in c t iv e ly  keeled margin. This sp ec ie s  was noted in  the E arly -early  Late 

Palaeocene in  Zone CB2 in  the North Sea T ertiary . Hart e t  a l .  (op. c i t . ) 

recorded t h is  sp ec ie s  from the Upper Chalk, Early M aastrichtian.

GENUS: G yroidinoides Brotzen 1942.

i .  G yroidinoides sp. F la t t is h  form.

i i .  G yroidinoides n it id a  (Reuss). In fla ted  globose form.

G yroidinoides sp.

P l .1 ,  f i g . 5.

Remarks.

Sm all. T est not e leva ted  so much in  um bilica l view a s  one would 

expect in  G yroidinoides. Only found in  B r it ish  Library samples, London 

Clay. Poorly preserved.
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Gyroidinoides n it id a  (Reuss).

R otalina n it id a  Reuss 1844, p .214 (type f ig u re  not g iv en ), Reuss 1845, 

p i . 8, f i g . 52, p i . 12, f i g s . 8 , 20.

G yroidinoides n it id u s  (Reuss), Hofker 1966, p i . 3, f i g . 62, p i . 11, f ig s .1 1 2 a -  

113c; S l i t e r  1974, p l .1 2, f i g s . 7 -8 .

Remarks.

This sp ec ie s  was noted in  the Late Cretaceous, in  the Southern 

North Sea. Rare. Hofker (1966) noted th is  sp e c ie s  in  the M aastrichtian. 

S l i t e r  (1974) recorded t h is  sp ec ie s  in  the Late Cretaceous o f  DSDP Leg 39, 

S ite  356, Santonian-M aastrichtian. This s p e c ie s , l ik e  a l l  o th ers referred  

here to  G yroidinoides, p o ssesses  a f la tte n e d  apertural face (depressed in to  

a concavity  near th e periphery) and an in teriom arginal aperture which runs 

from th is  concavity  to  the open um bilicus which i s  furnished w ith broadened 

apertural f la p  or f la p s .  These characters d is t in g u ish  the genus from 

G yroidina.

FAMILY: LOXQSTOMIDAE Loeblich and Tappan 1962.

GENUS: Loxostomum Ehrenberg 1854.

i .  L^ lammersi Cushman & ten  Dam. E longate, slen der t e s t ,  s id e s  p a r a lle l  

fo r  much o f  i t s  len gth . Broadly rounded periphery. Chambers numerous, 

in f la te d , sutures depressed.

i i .  L  ̂ teretum (Cushman). T est s len d er, very s l ig h t ly  tapering and s l ig h t ly  

compressed. Less e lon gate  than i .  Chambers s l ig h t ly  in f la te d . Sutures 

d is t in c t ,  not depressed.W ith th in  co sta e  towards the i n i t i a l  sta g es .

Loxostomum lammersi Cushman and ten  Dam.

Loxostomum lammersi Cushman and ten  Dam 1947, p .5 8 , p l . 1 4, f i g . 6; Doppert 

1980, p i . 6, f ig s .3 a -b ;  King 1983, p .23, p i . 2, f i g . 26; King 1989, p .479,
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p i . 9 . 7 ,  f i g . 19.

Remarks.

Doppert (1980) recorded lammersi in  h is  FB Zone, Early P liocen e. 

King (1983) recorded t h is  sp ec ie s  in  the Early P liocen e , NSB13b-NSB15a, and 

he la te r  (King, 1989) recorded th is  sp ec ie s  from the Late Miocene-Late 

P lio cen e .

Loxostomum teretum (Cushman).

Loxostoma teretum Cushman 1937, p .179, p i . 21, f i g s . 1-2; ten  Dam 1944, 

p .114 .

Loxostomum teretum (Cushman), Doppert and N eele 1983, p i . 9, f ig .4 a -b .  

Remarks.

This sp e c ie s  was noted by ten  Dam (1944) in  the Bartonian ( la te  

Middle Eocene) o f  the Netherlands. Doppert and Neele (1983) noted th is  form 

in  th e ir  FH Zone, ?Early-Late Eocene.

GENUS: Aragonia F in lay  1939.

i .  A- aragonensis (N u tta l l ) .  Very compressed t e s t .  Thin lim bate sutures 

w ith  f in e  ra ised  p ro jectio n s extending backwards along the chamber 

su r fa ces .

Aragonia aragonensis (N u t ta l l ) .

P l .1 ,  f ig s .6 a - b .

T extu laria  aragonensis N u tta ll 1930, p .280, p i . 23, f i g . 6.

Aragonia aragonensis (N u tta l l ) ,  Tjalsma and Lohmann 1983, p .23 , p i . 11, 

f ig s .2 a - b ;  van Morkhoven e t  a l .  1986, p.308-314, chart n o .101, pl.10lA-C. 

Remarks.

This sp ec ie s  i s  rare to  abundant in  the Early Eocene (Zone P8 o f

- 2 4 -



Berggren, 1972) to  Middle Eocene (Zone P14 o f  Berggren, op. c i t . ) ,  and i t  

has a wide bathymetric range (see  Tjalsma and Lohmann, 1983). Van Morkhoven 

e t  a l . (1986) recorded th is  sp ec ie s  in  the Late Palaeocene (P5 o f Berggren, 

op. c i t . ) through la te  Middle Eocene (P14). They a lso  s ta te  th a t A. 

aragonensis (N utta ll)  was prim arily a bathyal and abyssal form. I t  was 

noted in  th is  study in  Zone CB3, Early Eocene in  the Southern North Sea.

FAMILY: CASSIDLJLINIDAE d'Orbigny 1839.

GENUS: C assidulina d'Orbigny 1826.

i .  (L laev ig a ta  d'Orbigny. Large fla tten ed  form. Sutures d is t in c t ,  s l ig h t ly  

depressed. Angular periphery, sharp.

i i .  Ch crassa d'Orbigny. R e la tiv e ly  sm all sp e c ie s . Subrounded periphery. 

Chambers more in f la te d  than i .

i i i .  CL p lio ca r in a ta  Voorthuysen. Sim ilar to  i ,  but w ith a th in  d is t in c t  

peripheral k e e l. Ju v en iles  w ith strongly  'm illed ' k e e ls .

i v .  CL carapitana Hedberg. Sharp peripheral margin, w ithout k e e l. Broader 

t e s t  in  apertural view than i  and i i i .

C assidulina la ev ig a ta  d'Orbigny.

C assidulina la ev ig a ta  d'Orbigny 1826,p.282, p i . 15, f i g s . 4-5; Doppert 1980, 

p l .1 ,  f ig .4 a - b ,  p i . 9, f ig .1 a -b ;  King 1983, p .33 , p i . 5 , f i g s . 3 -4 .

Remarks.

This sp ec ie s  was recorded by King (1983) in  the Late Miocene (Zone 

NSB13) to  P le isto cen e  (Zone NSB17). Doppert (1980) recorded CL laev iga ta  

d'Orbigny in  h is  FA to  FD Zones, Late P liocene to  Middle Miocene. I t  was 

commonly found as a caved element o f the faunal assemblage in  samples 

examined in  th is  study from the Miocene, from the North Sea Basin.
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C assidulina crassa d'Orbigny.

C assid ulin a  crassa  d'Orbigny 1839,p .56, p i . 7, f i g s . 18-20; King 1983, p .33.  

p i . 5, f i g s . 1-2 .

Remarks.

King (1983) recorded CL crassa d'Orbigny in  the Early P liocene  

(Zone NSB1 4) to  P le is to cen e  (Zone NSB17 ) .  This sp ec ie s  i s  only found caved 

in  t h is  study.

C assidulina p lio ca r in a ta  Voorthuysen.

C assidulin a  la ev ig a ta  var. p lio ca r in a ta  van Voorthuysen 1950, p .62, te x t -  

f i g s . 4 a - c ,  p i . 3, f i g . 4.

C assidulina p lio ca r in a ta  Voorthuysen, King 1983, p .33, p i . 5, f i g . 5.

Remarks.

This sp e c ie s  was recorded by King (1983) from the Late Miocene 

(Zone NSB13a) to  the Early P liocene (NSB14). This sp ec ies  was o ften  noted 

as being caved in  th is  study.

C assidulina carapitana Hedberg.

P l . 1 , f i g . 7.

C assidulin a  carapitana Hedberg 1937,p .680, p i . 92, f ig .6 a -b ;  B atjes 1958, 

p . 137, p i . 6, f i g . 7; King 1983, p .33 , p i . 4, F ig s .24-25.

Remarks.

This sp e c ie s  was used in  th is  study to  mark Zone CB7A, Early 

O ligocene. King (1983) used i t  to  mark h is  Zone NSB7a, Early O ligocene-Late  

Eocene.
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GENUS: G lobocassidulina Voloshinova 1960. 

i .  Gh subglobosa (Brady). Subglobular t e s t .  Broadly rounded peripheral 

margin. Chambers in f la te d .

G lobocassidulina subglobosa (Brady).

C assid ulin a  subglobosa Brady 1884, p .430, p i . 54, f ig s .1 7 a -c .  

G lobocassidulina subglobosa (Brady), Tjalsma and Lohmann 1983, p .31, p i . 16, 

f i g . 9.

Remarks.

G. subglobosa i s  rare to  abundant from the Late Palaeocene (Zone P4 

o f  Berggren, 1972) upward, and i t  has a wide bathymetric d is tr ib u tio n  

(Tjalsma and Lohmann, 1983).

FAMILY: NONIONIDAE S chu ltze, 1854.

SUBFAMILY: NONIQNINAE S chu ltze, 1854.

GENUS: P u llen ia  Parker and Jones 1862.

i .  guinqueloba (Reuss). Subrounded peripheral margin. Less in f la te d  than 

i i i ,  5 chambers in  f in a l  whorl.

i i .  IL q u atem aria  (Reuss). Only 4 chambers in  f in a l  whorl. Rounded 

p erip h era l margin. Less lob u la te  periphery than i .

i i i .  EL b u llo id e s  (d'Orbigny). In fla ted  chambers. Very broadly rounded 

p erip h era l margin. Globose t e s t .

P u llen ia  guinqueloba (Reuss).

P l .1 ,  f i g . 8.

Nonionina guinqueloba Reuss 1851, p .71, p i . 5 f ig .3 1 a -b .

P u llen ia  guinqueloba (Reuss), Cushman and Todd 1943, p. 10, p i . 2 f i g . 5, p i . 3 

f i g . 8; K aasschieter 1961, p .202, p i . 11 f i g . 1 -2 .

D escr ip tio n .
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5 to  6 chambers in  f in a l  whorl. Compressed w ith a subrounded 

periphery.

Remarks.

Recorded by Bowen (1954) from the London Clay Formation, Early  

Eocene. Small, o ften  broken. A four chambered form o f  EL guinqueloba was 

a ls o  seen , p o ss ib ly  EL guinqueloba var. quadriloba (Reuss).

P u llen ia  quatem aria (Reuss).

Nonionina quatem aria Reuss 1851, p .34, p i . 3, f ig .1 3 a -b .

E iillen ia  quatem aria (Reuss), ten Dam 1944, p.127, p i . 5, f i g .1 ;  Doppert 

1980 p.118; Doppert and N eele 1983, p .9, p i . 23, f ig .1 a - b .

Remarks.

This sp ec ie s  was recorded by Doppert and N eele (1983) in  th e ir  FJ 

Bulimina tr ig o n a lis - C ib ic id es proprius Zone, Late Palaeocene. In t h is  study 

P. quatem aria  was noted in  Zone CB2, ea r ly  Late Palaeocene-Early  

Palaeocene.

P u llen ia  b u llo id es  (d'Orbigny)

Nonionina b u llo id es  d'Orbigny 1826, p .293, n o .2; d'Orbigny 1846, p . 107, 

p i . 5, f i g s .9 - 1 0 . .

ELillenia b u llo id es  (d'Orbigny), B atjes 1958, p .139, p i . 6 , f i g . 9; U lleberg  

1974, p .281, p i . 7, f i g . 5; Doppert 1980, p .263, p i . 13, f ig .2 a - b .

Remarks.

This sp ec ie s  was recorded by U lleberg (1974) from th e Middle 

O ligocene, Viborg Formation, Denmark. I t  was o r ig in a lly  described  by 

d'Orbigny (1826) from th e T ertiary o f the Vienna B asin , A u str ia . Doppert 

(1980) recorded th is  sp ec ie s  in  h is  FC Zone, Late Miocene.
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GENUS: Nonion de Montfort 1808.

i .  N. compressum d i N apoli. F lattened compressed t e s t  in  apertural view . 

Sutures depressed w ith approximately 12 chambers v i s ib le .

i i .  th granosum (d'Orbigny). Test le s s  compressed than i .  Approximately 8 

chambers in  f in a l  whorl. In fla ted , lo b u la te  periphery. 'Granules' covering  

th e u m b ilica l region .

i i i .  tjh orb icu lare  (Brady). In fla ted  form. Broadly rounded p eripheral 

margin. 9-10 chambers in  f in a l  whorl. 'Granules' cover u m b ilica l region , 

and extend along s l ig h t ly  depressed su tu res.

Nonion compressum d i N apoli.

Nonion compressum d i Napoli 1952, p .96, p i . 5, f i g s . 2, 2a; van Voorthuysen 

1957, p . 30, T af.23 , f i g . 5.

Remarks.

S h e ll Expro. U.K. record th is  sp ec ie s  in  the Miocene-Quaternary, i t  

was o r ig in a l ly  recorded from the P le is to c en e .

Nonion granosum (d'Orbigny).

Nonionina granosa d'Orbigny 1846, p .110, p l .1 5, f i g s . 19-20.

Nonion granosum (d'Orbigny), B atjes 1958, p .142, p i . 7 , f i g s . 1-3; Doppert 

1980, p .265-266 , p i . 20, f ig s .1 a -b .

Remarks.

Doppert (1980) recorded th is  sp ec ie s  in  h is  S ta in fo r th ia  

sch rieb ersia n a - Sigmomorphina reg u la r is  FE Zone, Late O ligocene-E arly  

Miocene.

Nonion orb icu lare (Brady).

Nonionina o r b ic u la r is  Brady 1881, p .415, p i . 21, f i g . 5; Brady 1884, p i . 109,
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f ig s .2 1 a -2 1 .

Nonion orb icu lare (Brady), Hansen and Andersen 1976, p .22, p i . 20, f i g s . 10- 

13, p i . 21, f i g . 1 .

Protelphidium orb icu lare  (Brady), Doppert 1980, p .260, p i . 4, f ig .2 a - b .  

Haynesina orb icu lare  (Brady), King 1983, p .3 1 , p i . 4, f i g s . 13-14.

Remarks.

Doppert (1980) noted th is  form in  h is  FA Zone, Late P liocene-E arly  

P le is to c en e . King (1983) recorded th is  sp ec ie s  in  h is  NSB14 (Early  

P liocen e) to  NSB17 (P le isto cen e) Zones.

GENUS: Pseudononion Asano 1936. 

i .  P^ boueanus (d'Orbigny). L enticular t e s t  when viewed from th e apertural 

fa c e . Sutures s l ig h t ly  depressed. High and broad apertural fa c e .

Pseudononion boueanus (d'Orbigny).

P l .1 ,  f ig .1 0 .

Nonionina boueana d'Orbigny 1846, p .108, p i . 5, f i g s . 11-12.

Nonion boueanum (d'O rbigny), ten  Dam and Reinhold, 1942, p .77, p i . 5, f i g . 4; 

B atjes 1958, p .143, p i . 7 , f i g s . 6-7.

F lo r ilu s  boueanus (d'Orbigny), Doppert 1980, p .263, p i . 9, f ig s .7 a - b ,  p l . 1 6, 

f ig s .1 a -b ;  King 1983, p .33 , p i . 5, f i g s . 9-10.

Remarks.

This sp e c ie s  was recorded by Doppert (1980) in  h is  FD and FC Zones, 

M iddle-Late Miocene. King (1983) noted th is  form in  h is  NSB8 to  NSB14 

Zones, Late O ligocene-E arly P liocen e.

SUBFAMILY: CHILOSTOMELLINAE Brady, 1881. 

GENUS: G hilostom elloides Cushman, 1926. 
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i .  C. 1 o v ifo m is  (Sherbom & Chapman). Ovate shape. C ircular

aperture w ith  rim.

C h ilostom ello id es oviform is (Sherbom and Chapman).

P l .1 ,  f ig .1 1 .

Lagena (Obliquina) oviform is Sherbom and Chapman 1886, p l . 1 4, f i g .  19 a -d . 

C h ilostom ello id es oviform is (Sherbom and Chapman), L oeblich and Tappan 

1964, p .743 f i g . 611, 4a-b.

Remarks.

Rare, found in  Parliament H ill  sample n o .4, London Clay Formation. 

T est f r a g i le ,  length  approximately 0.5mm. S im ilar to  (L eocen ica  Cushman 

1926 (p .78, p i .  11 f ig .2 0 a - c ) ,  the type drawing o f  which shows the  

penultim ate chamber as being much larger than in  the above. The t e s t  a ls o  

does not taper so  much towards the ends. The o v e r a ll o u t lin e  o f  the  

Parliam ent H i l l  form i s  th a t o f  CL ov iform is.

GENUS: Quadrimorphina F inlay 1939.

i .  CL allom orphinoides (R euss). [Comparatively large  f in a l  chamber. 

Subangular p eripheral margin, lob u la te . Sutures depressed, d i s t in c t .  

Aperture w ith d is t in c t  f la p .

Quadrimorphina allom orphinoides (Reuss).

V alvulina allom orphinoides Reuss 1860, p .223, p i . 11, f i g . 6.

Allomorphina allom orphinoides (Reuss), White 1928, p .304, p i . 41, f i g . 8 .  

Quadrimorphina allom orphinoides (Reuss), S l i t e r  1974, p i . 7 , f i g .1 2 .  

Remarks.

White (1928) recorded th is  sp ec ies  in  the V elasco Formation 

(P alaeocene), from th e Tampico area o f  Mexico. S l i t e r  (1974) recorded t h is  

sp e c ie s  in  the Cretaceous (A lbian- M aastrichtian), DSDP Leg 39 S it e  356.
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This sp ec ie s  was recorded in  the E arly-early  Late Palaeocene in  th is  study, 

Zone CB2.

FAMILY: ANOMALINIDAE Cushman, 1927.

SUBFAMILY: ANOMALININAE Cushman, 1927.

GENUS: Anomalinoides Brotzen, 1942.

i .  Â _ d orri (C ole). Broadly rounded periphery. Coarsely p erfo ra te . Sutures 

broad and thickened in  e a r lie r  stages on the um bilica l s id e .

i i .  A  ̂ ca p ita tu s  (Gumbel). D iffer s  from i  in  having more stro n g ly  ra ised  

su tu res throughout the t e s t .

i i i .  A  ̂ danica (Brotzen). Perforations medium to  coarse. Surface smooth in  

i n i t i a l  sta g es  on s p ir a l s id e  which i s  f la t te n e d . Deep, open um bilicus on 

um bilica l s id e . Broadly rounded to  subangular periphery.

iv .  Aj_ senderibratus (Gumbel). Compact t e s t ,  coarse ly  perforated  fo r  s i z e .  

Sutures d is t in c t ,  s l ig h t ly  depressed.

v . A  ̂ acuta Plummer. D is t in c t  um bilical boss on both s id e s . More strongly  

curved sutures than v i i .  U m ilical s id e  non-perforate.

v i .  A  ̂ acuta anomalinoides (ten  Dam). More acute periphery than v , o ften  

w ith  a ra ised  sp ir a l suture and more d is t in c t  peripheral band. Perforations  

on both s id e s .

v i i .  7L y p r e s ie n s is  (ten  Dam). D is tin c t boss on sp ir a l s id e . Sm aller boss 

on u m b ilica l. Sutures on s p ir a l s id e  alm ost flu sh  to  s l ig h t ly  depressed, 

smooth. S p ira l s id e  stron g ly  perforated . Um bilical s id e  alm ost non-

perf o ra te . D is t in c t  peripheral band.

Anomalinoides d orri (Cole).

P l .1 ,  f ig s .1 2 a - |b ,  P I .2, f i g . l .

Anomalina dorri Cole 1928, p . 218 (18) p i . 34 (3 ) ,  f i g . 1 -2 .
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Anomalinoides dorri (Cole), Berggren and Aubert 1976, p.338 p i . 4 f ig .1 4 -1 5 .  

N otes.

Coarsely p erforate. Depressed um bilicus on the convex dorsal 

(sp ira l)  s id e . Curved su tu res, f lu sh  to  s l ig h t ly  r a ise d . V entral s id e  

fla tte n e d  w ith sutures ra ised  and thickened to  form d is t in c t  r id ges in  the  

e a r lie r  p arts . Chambers in f la te d , 8 in  th e la s t  whorl. Periphery broadly 

rounded. Aperture a t  base o f  f in a l  chamber extending onto d orsa l s id e , not 

onto the v en tra l.

Remarks.

Anomalina d'Orbigny (1846), i s  no longer a v a lid  gen eric  name as  

the o r ig in a l type on which h is  drawings were based have been lo s t .  This 

sp ec ie s  f i t s  in to  the d escr ip tio n  o f  Anomalinoides Brotzen (1942).

Hagn (1956) suggested th a t Â_ d orr i i s  the same as A  ̂ d orri var. 

aragonensis N u tta ll (1930), and A  ̂ ca p ita tu s  (Gumbel 1868). I f  th is  i s  so , 

th e sen ior  name i s  Â_ ca p ita tu s . Van Morkhoven e t  a l . 1986 p lace  A  ̂ dorri 

var aragonensis in to  synonymy o f  A  ̂ c a p ita tu s , (but do not inclu de A  ̂ dorri 

s . s t r . )  and s ta te  th at Berggren and A ubert's (1976) i l lu s t r a t io n  o f  A. 

aragonensis i s  the same as c a p ita tu s . Van Morkhoven e t  a l .  (op. c i t . ) 

seem to  suggest th a t A  ̂ dorri and A  ̂ aragonensis are the same sp ec ie s  as A. 

c a p ita tu s , but they do not commit them selves. This sp ec ie s  was noted from 

the Early Eocene London Clay Formation.

Anomalinoides ca p ita tu s  (Gumbel).

P I .2, f ig .2 a - d .

R ota lia  ca p ita ta  Gumbel 1868, (1870), P .653, p i . 2 f i g . 92.

TRosalina calymene Gumbel 1868 (1870), P .658, p i . 2 f ig .1 0 0 a -c .

Anomalina dorri Cole var. aragonensis N u tta ll 1930, p .291 , p i . 24 f i g . 18,
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p i . 25 f i g . 1 .

Anomalinoides ca p tita tu s  (Gumbel). Van Morkhoven e t  a l .  1986, p .276-278, 

p i . 92 f ig .1 a -2 b .

N otes.

Compact coarsely  perforate  t e s t .  Sutures o fte n  th ick  and ra ised , 

more pronounced on the um b ilica l than on th e sp ir a l s id e . The periphery o f  

the f i r s t  chambers in  th e f in a l  whorl i s  im perforate, la te r  chambers 

p erfora te .

Remarks.

Ranges from the Late Palaeocene to  the Early O ligocene (Van 

Morkhoven e t  a l . , 1986). This sp e c ie s  was recorded in  the Southern and 

Central North Sea Eocene in  th is  study.

Anomalinoides danica (B rotzen).

C ib ic id es danica Brotzen 1940, p . 31, t f . 7 : 2 .

G avelin e lla  danica (Brotzen). Hofker 1966, p . 41, p i . 6, f i g . 51, p i . 84 

f i g s . 218, 220-222; King 1983, p .32, p i . 5 f ig s .1 6 -1 7 ;  Tjalsma and Lohmann, 

1983, p i . 5 f ig .7 a - c ;  Doppert and N eele 1983, p .9 p i . 27 f i g .3 a - c .

Remarks.

Tjalsma and Lohmann (1983) recorded (L danica from th e Palaeocene, 

Zones P1-P5 o f Berggren 1972. Doppert and N eele (1983) recorded th is  

sp e c ie s  from the Netherlands, in  th e ir  FK Zone, Early Palaeocene (Montian 

and Danian). Van Morkhoven e t  a l .  (1986) regarded Ancmalinoides danicus 

(Brotzen) and A- rubiginosus (Cushman) as "depth-related  ecophenotypes''

(p. 368). As A  ̂ rubiginosus i s  the sen ior  name they th erefo re  p lace  A. 

danicus in to  synonymy. However, A  ̂ rubiginosus d i f f e r s  from A  ̂ danicus in  

having a smoother dorsal ( s p ir a l)  s id e , w ith  le s s  depressed su tu res. The
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periphery o f  the former i s  a lso  more rounded than the la t t e r ,  and i t  

p o ssesses  a s l ig h t ly  concave ven tra l (um bilical) s id e . The ea r ly  portion  on 

the v en tra l s id e  o f  rubiginosus (Cushman) i s  a ls o  more irreg u la r ly  

p it te d .

Anomalinoides senderibratus (Beckmann).

P I .2, f i g . 3.

Anomalina pom piloides Galloway and Heminway var. sem icribrata Beckmann 

1953, p .400, p i . 27, f i g . 3, t e x t - f i g s . 24-25.

G a v e lin e lla  sem icribrata (Beckmann), Tjalsma and Lohmann 1983, p .31, p l .1 6, 

f ig .6 a - b .

Anomalinoides sem icribratus (Beckmann), Berggren and Aubert 1976, p i . 4, 

f i g s . 12-13; van Morkhoven e t  a l .  1986, p. 147-149, Chart No.48, p i . 48. 

L inaresia  sem icribratus (Beckmann), Loeblich and Tappan 1988, p .640-641, 

p i . 722, f i g s . 1 -7 .

Remarks.

This sp e c ie s  ranges from P12 (o f Berggren, 1972) upwards, and has a 

wide bathym etric range, according to  Tjalsma and Lohmann (1983). Van 

Morkhoven e t  a l .  (1986) noted th is  sp ec ie s  in  middle bathyal to  abyssal 

depths; w hile  i t s 1 s tra tig ra p h ic  range was from the Middle Eocene (P12 o f  

Berggren, op. c i t . )  through Middle Miocene (N12). T ran sition a l forms 

between Â_ sem icribratus (Beckmann) and Â _ ca p ita tu s  (Gumbel) occur 

commonly in  Zones P9-P11 o f Berggren (1972). sem icribratus was noted in  

t h is  study in  the Eocene, and o ften  a sso c ia ted  with A  ̂ c a p ita tu s . Van 

Morkhoven e t  a l .  (op. c i t . )  suggest th a t A  ̂ danica (Brotzen) (=A. 

rubiginosus Cushman o f van Morkhoven e t  a l . , op. c i t . ) , Aj_ c a p ita tu s , A. 

sem icribratus and A  ̂ g lobulosus (Chapman and Parr) form a chronocline
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ranging from the Upper Cretaceous (M aastrichtian) through to  the  

P le is to cen e  (Zone N23 o f Berggren, op. c i t . ) .  The examples o f  A. 

sem icribratus in  th is  th e s is  have le s s  depressed su tu res, are sm aller, and 

have le s s  lob u la te  peripheries than the topotypes shown by Loeblich and 

Tappan (1988). The example on p la te  2 fig u re  3 may be a ju v en ile . Loeblich  

and Tappan (op. c i t . )  p lace Â  sem icribratus in to 'th e  genus L inaresia  

Gonzalez-Donoso 1968. In Anomalinoides the aperture extends from the  

um bilicus o f the more in volu te  s id e  to  the sp ir a l suture o f the la s t  1 or 2 

or 3 chambers o f the more evolu te  s id e  (Loeblich and Tappan 1988, p i . 708, 

f i g s . 18-20, topotype). In L inaresia the aperture appears to  extend almost 

to  the um bilicus o f the more in vo lu te  s id e  but not to  extend in  the sp ir a l  

suture o f the more evo lu te  s id e  (Loeblich and Tappan 1988, f i g .  1-3 , 6, 

topotypes from the Oligocene). The examples o f 1 sem icribratu s1 from the  

North Sea belonged to  Anomalinoides.

Anomalinoides acuta Plummer.

P I .2, f ig .4 a -b .

Anomalina ammonoides (Reuss) var. acuta Plummer 1926, p. 149, p l .1 0 ,  f ig .2 a -  

c .

Anomalina acuta Plummer, Doppert 1980, p .6, p l .1 0 ,  f ig .3 a - c .

Remarks.

Doppert (1980) recorded th is  sp ec ie s  in  h is  FH Zone, ?Early-Late 

Eocene. This sp ec ies  was noted in  Zones CB3-6 in  th e Southern North Sea in  

t h is  study, Early-Late Eocene.
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Anomalinoides acuta Plummer anom alinoides (ten  Dam).

P I .2, f i g .5 a - c .

C ib ic id es  anomalinoides ten  Dam 1944,

Anomalinoides acuta (Plummer) var. anomalinoides (ten  Dam), K aaschieter  

1961, p i . 13, f ig .4 a - c ;  Murray and Wright 1974, p i . 19, f i g s . 5 -6 ,  8.

Remarks.

This su b -sp ecies was recorded in  th is  study in  th e  Southern North 

Sea, w e ll 49 /9 -1 ,  Middle-Late Eocene. Murray and Wright (1974) recorded i t  

in  th e  Cuisian (Early Eocene) o f  the Paris Basin.

Anomalinoides y p resien s is  (ten  Dam).

C ib ic id es  y p res ien s is  ten  Dam 1944, p .136, T af.6 , f i g .2 a - c .

Anomalinoides y p resien sis  (ten  Dam), Murray and Wright 1974, p l . 1 9 , f i g . 15, 

p i . 20, f i g s . 1-2 .

Anomalina y p resien s is  (ten Dam), Doppert 1983, p .9 ,  p i . 16, f i g .1 a - c .  

Remarks.

Murray and Wright (1974) noted th is  sp ec ie s  in  the "Cuisian" and 

L utetian  (Early-Middle Eocene) o f  the P aris Basin. Doppert (1983) recorded 

i t  in  h is  Anomalina y p r e s ie n s is -Gaudryina hilterm anni FI Zone, Early  

Eocene. A  ̂ y p res ien s is  was recorded in  th is  study in  th e  Southern North 

Sea, Gaudryina hilterm anni Zone, AB4. S h e ll Expro. U.K. record t h is  sp ec ie s  

in  the Middle-Late Eocene, mainly in  the Southern North Sea.

GENUS: C ib icid o ides Thalraann 1939, emend. L oeblich and Tappan 1955.

i .  CL a l le n i  subsp.A. Thickened, ra ised  s p ir a l suture common. Has sm all 

u m b ilica l boss in  a depression . Periphery subacute. More compressed than

i i .
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i i .  CL a l le n i  subsp.B. More in f la te d  than i .  U m bilical s id e  w ithout sm all 

c en tra l b oss. S p ira l suture d is t in c t ly  in c ise d .

i i i .  eocaenus (Gumbel). S lig h t ly  depressed, d is t in c t  s p ir a l  sutu re. 

Perforated on sp ir a l s id e , only r e la t iv e ly  rare p erfora tion s on u m b ilica l. 

Sutures s l ig h t ly  depressed on sp ir a l s id e . Chambers taper sharply towards 

angular periphery.

iv .  CL v e la sc o e n s is  (Cushman). F lattened um b ilica l s id e . Broadly rounded 

periphery. Thickened areas between sutures on the u m b ilica l s id e . Smooth 

w a ll ,  punctate.

v . CL hyaphalus (F ish er ) .  D iffers  from iv  in  o ften  being b iconvex. Subacute 

periphery. Transparent umbo on sp ir a l s id e , smooth. U m bilical s id e  s l ig h t ly  

convex, w ith poorly developed um bilical p lug. A lso d if f e r s  from iv  in  

lack in g  d is t in c t  depressions between the sutures on the u m b ilica l s id e .

v i .  CL dayi (White). D iffer s  fromjivand v in  possessin g  w e ll developed, 

d is t in c t  umbos on both s id e s , large s p ir a l one. Subacute periphery, more 

compressed t e s t  in  apertural view than v . Sutures in d is t in c t ,  f lu sh .

C ib ic id o id es a l le n i  (Plummer) sub.sp.A.

P I .2, f i g .6 a - c .

Truncatulina a l le n i  Plummer 1927, p. 155 p l .1 0  f i g .4 a - c .

? C ib ic id es  h ilg a rd i Garret 1941, p .155 p i . 26 f i g . 13-14.

C ib ic id es  proprius Brotzen 1948 ( in  p a r t) ,  p .78 , p l . 1 2 f i g .  3a -c;  

K aaschieter 1961, p i . 13, f i g .  9 a -c .

C ib ic id o id es a l l e n i  (Plummer), Berggren and Aubert 1975, p .151-153, p i . 5, 

1a-d, p i . 7, 1a-3d: Murray e t  a l .  1981, p.250 p i . 8 .5  f i g .  13-^15.

N otes.

Biconvex. H eavily lim bate, thickened and ra ised  s p ir a l  su tu res.

Remarks.
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The th ick en ing o f  the su tu res, mainly the sp ir a l one, on some 

forms, (NB. p i . 7 f ig .1 a -3 d ,  Berggren and Aubert 1975), could be the r e s u lt  

o f  eco-phenotypy (the Midway environment, where Berggren and A ubert's 

examples came from, could have produced t h i s ) ,  but i t  seems to  be a 

c o n s is te n t  fea tu re .

C ib ic id o id es a l le n i  (Plummer) sub.sp.B .

P I .3, f ig .1 a -b .

? R o ta lia  mortoni Reuss 1862, p.337 p i . 8 f i g . 1 .

? C ib ic id es  cryptomphalus (Reuss), Ten Dam 1944, p.132 p l.1  f i g . 4 (non 

Reuss).

C ib ic id es  proprius Brotzen 1948, (in  part, see  above synonymy), f i g .4 a - c .

? C ib ic id es  (C ib ic id o id es) b r e s le sen sis  R o u v illo is  1960, p. 75 p i .  4 f i g .  56. 

N otes.

With very deeply in c ised  sp ir a l su tu res.

Remarks.

C. a l le n i  sub.sp.A. and (h a l le n i  sub .sp .B . may be geographic 

su bsp ecies w ith  overlap  in  space arri tim e. They may a ls o  be eoophenotypes, 

but I  d is t in g u ish  them because they might have d if fe r e n t  environmental 

preference th a t may in d ica te  some form o f  palaeoenvironm ental d is t in c t io n .  

U n til t h is  i s  proven i t  i s  worthwhile keeping th ese  sep era te , but as forms 

o f  one sp e c ie s . The term 'su b -sp ec ies' i s  th erefore  being used in  th is  case  

as a p o ss ib le  phenotypic la b e l. Degree o f  in f la t io n  o f  t e s t  v a r ie s  w ith in  

sp e c ie s  'group*, as does s iz e  and number o f  i t s  p erfo ra tio n s.

C ib icid oides eocaenus (Gdmbel). 

P I .3, f ig .2 a - b .
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R ota lia  eocaena Giimbel 1868 (1870), p.650, p i . 2, f ig .8 7 a ,b .

C ib ic id es tuxpamensis Cole 1928, p .219(19), p i . 32 (1 ) ,  f i g s . 2 -3 , p i . 3, 

f i g s . 5 -6 .

C ib ic id es perlucida N u tta ll 1932, p .33, p i . 8, f i g s . 10-12.

C ibicdoides eocaenus (Giimbel), van Morkhoven e t  a l .  1986, p .256-263, 

pl.86A-C.

Remarks.

The known stra tig ra p h ic  range o f th is  sp ecies  i s  from the Early 

Eocene (P6b o f  Berggren) through Late Oligocene (P22), according to  van 

Morkhoven e t  a l .  (1986). The la t t e r  authors s ta te  th at CL eocaenus was 

prim arily  a bathyal sp e c ie s , although i t  ranged from outer n e r it ic  to  

ab yssa l depths.

C ib ic id o id es v e la sco en sis  (Cushman).

Anomalina v e la sco en s is  Cushman 1925, p .21, p i . 3, f i g s .3 a - c .

G a v e lin e lla  v e la sco en s is  (Cushman), Tjalsma and Lohmann 1983, p .14 , p i . 5, 

f ig s .8 a - d .

C ib ic id o id es v e la sco en s is  (Cushman), van Morkhoven e t  a l .  1986, p .371-373, 

p i . 121; King 1989, p . 474, p i . 9 .6 ,  f i g s . 10-11 ..

Remarks.

This sp ec ie s  was recorded by Tjalsma and Lohmann (1983) in  

Berggren's (1972) Zones P1-P5. I t  occurs in  Zone CB2 in  th is  study, Early- 

ea r ly  Late Palaeocene. Van Morkhoven e t  a l .  (1986) recorded th is  sp ec ies  

range as  Late Cretaceous (Campanian) through Late Palaeocene (P5 o f  

Berggren, op. c i t . ) .  C  ̂ v e la sco en sis  occurs in  upper bathyal to  abyssal 

depths (van Morkhoven e t  a l . , o p . c i t . ) .  King (1989) records th is  sp ec ies  in
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h is  NSB1 b Zone, ea r ly  Late Palaeocene, w ith S ten sio in a beccariform is  

(White) and C ib ic id o id es dayi (White).

C ib ic id o id es hyaphalus (F isher).

Anoma1in oid es hyaphalus F isher 1969, p .197, t e s t - f i g s .  3a-c.

G avelin ella  hyaphalus (F ish er),  Tjalsma and Lohmann 1983, p .13 , p i . 4, 

f i g s . 8 -9 , p i . 7, f ig s .1 1 a -b .

C ib icid o ides hyaphalus (F ish er),  van Morkhoven e t  a l .  1986, p .359-361 , 

p i . 116.

Remarks.

Recorded in  the Palaeocene, Zones P1-P5 of Berggren (1972), by 

Tjalsma and Lohmann (1983). This sp ec ie s  was recorded in  Zone CB2 in  th is  

study. Van Morkhoven e t  a l .  (1986) note th a t th is  sp ec ie s  known 

stra tig ra p h ic  range i s  from the Late Cretaceous (Late M aastrichtian) 

through Late Palaeocene (P5 o f Berggren, 1972), and th at i t s  bathymetric 

range was from outer n e r it ic  to  bathyal depths. Occurs in  th is  study in  

Zone CB2, E arly-early  Late Palaeocene.

C ib ic id o id es dayi (White)

Planulina dayi White 1928, p .300, p i . 41, f ig s .3 a - c  (not f ig s .4 a - 5 c ) .  

C ib ic id o id es dayi (White), Tjalsma and Lohmann 1983, p .9 , p i . 6 , f i g s . 6-7;  

Van Morkhoven e t  a l .  1986, p .353-356, p i . 114; King 1989, p .471, p i . 9 .5 ,  

f i g . 25-26.

Remarks.

Tjalsma and Lohmann (1983) recorded CL dayi from the Palaeocene, 

Zones P1-P3 o f  Berggren (1972). Van Morkhoven e t  a l .  (1986) noted th is  

sp ec ie s  in  Late Cretaceous (Campanian) through Late Palaeocene (P5 o f
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Berggren, op. c i t . )  m ater ia l. The la t t e r  authors a ls o  noted th at (L dayi 

was prim arily  a bathyal and abyssal form. King (1989) recorded th is  sp ecies  

in  h is  NSB1b Zone, ea r ly  Late Palaeocene, w ith S ten sio in a beccariform is 

(White). Occurs in  th is  study in  Zone CB2, E arly-early  Late Palaeocene.

GENUS: G avelin ella  Brotzen 1942.

i .  (L complanata (Reuss). Very compressed t e s t  in  apertural view. Acute to  

subacute periphery. Approximately 12 chambers in  the f in a l  whorl. Perforate 

w a ll .  Sutures flu sh  to  s l ig h t ly  depressed.

G avelin ella  complanata (Reuss).

Anomalina complanata Reuss 1851, p .36, p .14 , f ig .3 a - c .

C ib ic id es complanata (Reuss), Brotzen 1945, p .55, p i . 2, f i g . 4.

G avelinopsis complanata Hofker 1957, p .324-329, Abb.372-379; Hofker 1966, 

p .29, p i . 3, f i g . 58, p i . 14, f i g . 72.

Remarks.

G. complanata forms noted in  the North Sea in  th is  study were 

' in term ed ia tes1, between the la t t e r  sp ec ie s  and G avelin ella  b a rten ste in i 

(Hofker, 1956, see Hofker 1957, p .329-330, Abb.375, 376). CL b a rten ste in i 

evolved from CL complanata according to  Hofker (1957). The North Sea forms 

are c lo se r  to  CL complanata in  th at they are more evo lu te  on the sp ira l 

s id e , although they have a s l ig h t ly  lo b u la te  peripheral margin as in  G. 

b a r te n ste in i (compare Hofker 1957, Abb.Abb.375 and 376 w ith Abb.374). G. 

complanata was noted in  th is  study in  w e ll 49 /9-1 , Late Cretaceous. Brotzen 

(1945) noted th is  form in  the Late Cretaceous, Late Campanian-Early 

M aastrichtian. Hofker (1966) recorded CL complanata as a common sp ecies  in  

the Late Campanian, although i t  was a lso  found in  the Early M aastrichtian.
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GENUS: Heterolepa Franzenau 1884.

i .  mexicanus (N utta l). F lattened sp ir a l s id e  w ith depressed sp ir a l  

suture. Sutures im perforate, strongly  curved on sp ir a l s id e . E a rlier  whorls 

on th is  s id e  o ften  obscurred by g la ssy  m ateria l. Convex u m b ilica l s id e , 

w ith thickened and ra ised  su tures. Wall p erfora te .

i i .  th dutemplei p e e len s is  (ten  Dam & R einhold). G enerally alm ost equally  

biconvex. Subacute peripheral margin. Coarse-medium p er fo ra tio n s.

i i i .  PL dutemplei praecincta (Karrer). Unequally biconvex, more convex 

u m bilica l s id e  than i i .  Acute peripheral margin. Goarsely perforated .

Heterolepa mexicanus (N u tta l l ) .

P i . 3, f i g .3 a - c .

C ib ic id es mexicana N u tta ll 1932, p .33, p i . 9, f i g s . 7 - 9 . .

C ib ic id o ides mexicanus (N u tta ll) ,  van Morkhoven e t  a l .  1986, p .222-227, 

pl.76A-C.

Remarks.

This sp ec ies  was placed in to  the genus Heterolepa because o f i t s  

apertural r e s tr ic t io n . The aperture i s  not continuous along the sp ir a l  

suture o f  the evo lu te  s id e . The um bilical s id e  in  forms in  t h is  th e s is  from 

the North Sea may be le s s  strongly  convex than i s  ty p ic a l fo r  t h is  sp ecies  

(see  f ig .3 a ,  p la te  3 ) . The known stra tig ra p h ic  range o f  th is  sp e c ie s  i s  

from the Late Eocene (Zone P16 o f Berggren) to  the Early Miocene (Zone N5), 

according to  van Morkhoven e t  a l .  (1986). The la t t e r  authors a ls o  s ta te  

th a t IL mexicanus was a middle and lcwer bathyal sp e c ie s .

Heterolepa dutemplei p ee len sis  (ten  Dam and Reinhold).

P i . 3, f ig .4 a - b .

C ib ic id es p ee len sis  ten  Dam and Reinhold 1942, p. 100, p i . 8 , f i g . 8 , p l .1 0 ,
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f i g . 1 .

C ib ic id es  dutemplei (d'Orbigny) var. p e e len sis  ten  Dam and Reinhold, B atjes  

1958, p . 151, p i . 9, f i g . 11

H eterolepa dutemplei p ee len sis  (ten Dam and Reinhold), King 1983, p .35, 

p i . 5 , f i g s . 23-24.

C ib ic id o id es  dutemplei p ee len sis  (ten  Dam and R einhold), King 1989, p .472, 

p i . 9 .6 ,  f i g s . 3-4 .

Renarks.

King (1989) records th is  sp ecies  from the Early-M iddle Eocene. I t  

i s  o ften  reworked in  w e lls  examined in  th is  study.

Heterolepa dutemplei praecincta (Karrer)

R o ta lia  praecincta  Karrer 1868, p .189, p i . 5, f i g . 7.

C ib ic id es  dutemplei (d'Orbigny) var. praecinctus (Karrer), B atjes 1958, 

p . 151, p i . 9 , f i g . 10.

H eterolepa dutemplei praecincta (Karrer), King 1983, p .32, p i . 5 , f i g s . 25- 

26.

Remarks.

Recorded by King (1983) from h is  Zone NSB5 (Middle Eocene) to  Zone 

NSB7 (Early O ligocene). This sp ecies  was described by Karrer (1868) frcxn 

the Miocene, Rumania. King (1989) placed Ih dutemplei praecincta  in to  the  

synonymy o f  C ib ic id o ides mexicanus (N u tta ll) .  However, EL dutem plei 

praecinata  o f  King (1983) has a more con ica l appearance to  i t s  um bilical 

s id e  than CL mexicanus, which has a more in f la te d  convex u m b ilica l s id e .

GENUS: Melonis De Montfort, 1808. 

i .  Eh a f f i n i s  (Reuss). Smooth walled, almost f lu sh ,  s l ig h t ly  depressed
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su tu res, g la s sy . 1Bium bilcate1.

Melonis a f f in i s  (Reuss).

P I .3, f i g . 5.

Nonionina a f f i n i s  Reuss 1851, p72, p i . 5 f ig .3 2 a -b

Nonion a f f in e  (Reuss), Cushman 1939, p9, p i . 2 f ig .1 3 ;  K aasschieter 1961, 

p .203, p i .  11 f i g . 3 -4 .

M elonis a f f in e  (Reuss), Murray e t  a l .  1981, p .254, p i . 8 .7 ,  f i g . 12-13. 

Remarks.

Often appears worn. Ranges to  Recent. Noted by K aasschieter (1961) 

from the Eocene o f  Belgium.

GENUS: Pulsiphonina Brotzen, 1948.

i .  IL prima (Plummer). Small t e s t ,  with sem ilunate chambers on the jsp ira l 

s id e . 1su b '-lo b u la te  periphery.

Pulsiphonina prima (Plummer).

P I .3, f ig .6 a -b .

Siphonina prima Plummer 1927, p. 148 p i . 12 f i g . 4; K aasschieter 1961, p .230, 

p i . 15, f i g . 2.

Pulsiphonina prima (Plummer), Haynes 1956, p .96, p i . 17 f ig .9 -9 b ;  Murray e t  

a l . 1981, p.258 p i . 8 .9  f i g . 5-7 .

Remarks.

Very sm all (occurs in  63*m s iev e  fr a c t io n ) .  S im ilar to  Sherbom and 

Chapman's (1889) D iscorbina rosacea (d'Orbigny, 1826). However, u n lik e  

D iscorbina s . s .  th is  example (and probably Sherbom and Chapman's, op. 

c i t . ) i s  biconvex. Preservation  o f figured specimens very poor which i s  

a ty p ic a l o f  the London Clay Formation, Parliament H il l  s i t e .
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GENUS: S tensio in a Brotzen 1936.

i .  S^ b eccariiform is (White). S lig h t ly  convex sp ir a l s id e , sutures flu sh  to  

s l ig h t ly  depressed. Smooth, no p erfo ra tio n s. Broadly rounded peripheral 

margin. Um bilical s id e  convex to  alm ost concave, and sutures may be d ivided  

in to  'beads' or be 'open1. Apertural face  o fte n  large  and rounded.

i i .  S. potnmerana Brotzen. F la t sp ira l s id e , more stron g ly  convex um bilical 

s id e  than i .  Ornamentation on sp ir a l s id e  more pronounced than in  i .  

Subacute-acute peripheral margin.

S ten sio in a  b eccar iiform is (White). F I . 3, f ig s .7 a -b .  

R ata lia  b eccariiform is White 1928, p .287, p i . 39, f ig s .2 a -4 c .

R ota lia  parvula ten  Dam 1944, p .121, T af.4 , f ig .1

G a v e lin e lla  b eccariiform is (White), Tjalsma and Lohmann 1983, p .12 , p i . 6, 

f ig s .1 a -3 b ;  King 1983, p . 33, 35, p i . 5, f i g s . 13-15.

S ten sio in a  b eccariiform is (White), van Morkhoven e t  a l .  1986, p .346-153, 

chart no. 113, pl.113A-D.

S ten sioe in a  beccariform is (White), King 1989, p .482, p i . 9 .8 ,  f ig s .1 8 -1 9 .  

Remarks.

G radstein and Kaminski (1981, p .234) noted th is  sp ec ie s  in  

palaeoenvironm entally deep-water Palaeocene sedim ents, in  the Central North 

Sea, cen tra l basin . I t  was recorded by th e la t t e r  authors in  sediments that 

were tr a n s it io n a l between Danian lim estones and c la s t i c  mud and sands with  

f ly sc h -ty p e  agglu tinated  foram inferal faunas. T his, according to  van 

Morkhoven e t  a l .  (1986), suggests th at abrupt subsidence took p lace in  the  

l a t e s t  Danian. £L beccariiform is was a bathyal and abyssal sp e c ie s , 

although a n e r it ic  morphotype (£L parvula (ten  Dam)) was noted by van 

Morkhoven e t  a l .  (op. c i t . ) in  Palaeocene d ep o s its  o f northwestern Europe; 

who a ls o  noted Ŝ _ beccariiform is from the Late Cretaceous (Santonian)
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through Late Palaeocene (P5 o f Berggren, 1972). Tjalsma and Lohmann (1983) 

recorded th is  sp ec ie s  in  the Palaeocene, from Berggren1s  (1972) Zone P1 to  

P5. In th is  t h e s is ,  £L beccariiform is was the marker sp ec ie s  for  Zone CB2, 

E arly-early  Late Palaeocene. King (1989) recorded th is  sp ec ie s  in  h is  NSB1 

Zone (P3 to  base o f  P5 o f Berggren e t  a l .  1985, ea r ly  Late-Late  

Palaeocene), although in  1983 King had recorded th is  sp ec ie s  in  the Early 

to  ea r ly  Late Palaeocene, Zones P1-P5 o f Berggren 1972. P reservation  o f  

photographed m aterial very poor, which i s  ty p ic a l o f  the North Sea 

Palaeocene.

S ten sio in a  pommerana Brotzen.

S ten sio in a  pommerana Brotzen 1936 p. 166; Brotzen 1945, p . 51, p l . 1 ,  f ig .1 4 ;  

Hofker 1966, p . 30, p l . 1 1 ,  f ig .125a-c ;  Koch 1977, p . 51, p l . 1 1 ,  f i g s . 1-4;

Hart e t  a l .  1981, p . 220, p i . 7 .24 ,  f i g s . 10-12.

Remarks.

S. pommerana Brotzen d if f e r s  from S^ exscu lp ta  exscu lp ta  (Reuss) in  

having a more strongly  convex um bilica l s id e , and the ornamentation on the  

sp ir a l s id e  i s  a lso  le s s  pronounced. S^ exscu lp ta  exscu lp ta  sensu Koch 

(1977) i s  a low troch osp ira l form, almost f l a t  in  apertural view . S. 

pommerana i s  stron gly  plano-convex. exscu lp ta  g r a c i l i s  Brotzen (see  

Koch, op. c i t . , p . 44, p i . 11, f i g s . 5-8) d i f f e r s  from pommerana in  having 

a convex sp ir a l s id e , w ith a d is t in c t iv e ly  ra ised  sp ir a l sutu re. Hofker 

(1966) noted the la t t e r  sp ec ie s  in  the M aastrichtian (h is  Zone C). Koch 

(op. c i t . , Table 2, p.13) noted pommerana in  the la te  Early Campanian, 

B oliv in o id es decoratus decoratus Zone to  the Late M aastrichtian  

Pseudotextularia e legan s Zone. This sp ec ie s  was noted in  t h is  th e s is  in  the 

Late Cretaceous, and i t  was o cca sio n a lly  reworked in to  th e Palaeocene. Hart
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e t  a l .  (1981 ) recorded th is  sp ec ies  in  the Early Campanian (rare) to  the  

Middle Campanian and M aastrichtian. Van Morkhoven e t  a l .  (1986) regard S. 

pommerana as a synonym o f exco lata  (Cushman 1926), even though S. 

pommerana i s  the sen ior  name. £L pommerana g en era lly  has a more strongly  

convex ven tra l s id e  than £L e x co la ta , and a has a more d is t in c t iv e ly  ra ised  

sp ir a l suture on the f l a t  dorsal s id e .

SUPERFAMILY: ROBERTINACEA Reuss 1850.

FAMILY: CERATOBULIMINIDAE Cushman 1927.

SUBFAMILY: CERATOBULIMININAE Cushman 1927.

GENUS: Ceratobulimina Tbula 1915.

i .  CL oontraria (Reuss). Periphery rounded. Sutures more depressed near the 

um bilicus. In fla ted  form.

i i .  C. a f f  woodi Khan. F la tte r  more compressed form than i .  Length much 

greater than breadth, gen era lly  w ith a higher apertural face  than i .  More 

open um bilicus than i .

Ceratobulimina con traria  ( R e u s s ) .p i . 3, f i g . 8.

R otalina contraria  Reuss 1851, p . 76, p i . 5,  f i g . 37.

Ceratobulimina contraria  Reuss, B atjes 1958, p . 160, p i . 10, f i g . 4; K iesse l 

1970, p.318, p i . 21, f i g . 3; U lleberg 1974, p . 284-285, p i . 8,  f i g . 7,  p i . 9, 

f i g . 6; Doppert 1980, p . 266, p i . 18, f i g . 3 a - c .

Remarks.

Doppert (1980) recorded th is  sp ec ie s  in  h is  FE Zone, Late 

O ligocene-Early Miocene. U lleberg (1974) recorded th is  sp ec ie s  from the 

Middle Oligocene Viborg Formation, Denmark. I t  was described by Reuss 

(1851) from the Eocene, Germany.

- 4 8 -



Ceratobulimina sp. a f f .  woodi Khan 1950. 

s e e .  Ceratobulimina woodi Khan 1950, p.276, p i . 2, f i g s . 15 (h o lo ty p e ) - l6, 

20-21 (paratypes).

Remarks.

C. woodi Khan s . s .  was a Cretaceous (Aptian) sp e c ie s . I t  has been 

placed by S h e ll Expro. U.K. in to  the genus Ceratolamarckina (Loeblich and 

Tappan 1964, p. 769) .  The sp ec ie s  noted in  th is  study was a ceratobulim in id . 

C. a f f .  woodi was noted in  th is  study in  w e lls  21/11-1 (few) Zone CB6, Late 

Eocene (Zone NS11 Late Eocene, LTG.t e s t e ) , and 14/29-1 ,  Zones PK10-AB11, 

Late O ligocene-Early Miocene.

SUBFAMILY: EPISTQMININAE Wedekind 1937.

GENUS: Hoeglundina Brotzen 1948. 

i .  Ph elegans (d'Orbigny). Biconvex t e s t  w ith subacute periphery. Sutures 

only very s l ig h t ly  depressed, curved g en tly . D is t in c t iv e  latero-m arginal 

aperture.

Hoeglundina elegans (d'Orbigny).

R ota lia  (Turbinuline) elegans d'Orbigny 1826, p.276 (type fig u re  not 

given);  Parker, Jones and Brady 1871, p l .1 2 ,  f i g . 142 . .

Hoeglundina elegans (d'Orbigny), van Morkhoven e t  a l .  1986, p . 97-99, chart 

n o .29, p i . 29.

Renarks.

H. elegans (d'Orbigny) was recorded by van Morkhoven e t  a l .  (1986) 

from the Late Eocene (P16 o f Berggren, 1972) through P le is to c en e  (N23). Van 

Morkhoven e t  a l .  (op. c i t . ) pointed out th a t t h is  sp e c ie s  has a wide 

bathymetric range, from depths o f 42m to  4,330m.
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SUPERFAMILY: DISGORBACEA Ehrenberg 1838.

FAMILY: DISOORBIDAE Ehrenberg 1838.

SUBFAMILY: DISOORBINAE Ehrenberg 1838.

GENUS: B uccella Andersen 1952. 

i .  B uccella  fr ig id a  (Cushman). Smooth sp ir a l s id e  f la t te n e d . S lig h t ly  

depressed s p ir a l suture. Subrounded peripheral margin. Convex u m bilica l 

s id e  w ith ra d ia l su tu res, and d is t in c t iv e ly  granulose around the um bilicus 

and along the su tures.

Buccella fr ig id a  (Cushman).

P I .3, f i g .9 a - b .

P u lvinu lina  fr ig id a  Cushman 1922, p . 144 (type fig u re  not g iven) .

B u ccella  fr ig id a  (Cushman), Doppert 1980, p . 260, p l . 1 ,  f i g .3 a - c ;  King 

(1983),  p .23,  29, p i . 3, f i g s . 7-8 .

Remarks.

Doppert (1980) noted th is  sp ecies  in  h is  FA Zone, Late P lio cen e-  

Early P le is to c en e . King (1983) noted i t  in  h is  NSBl3a (Late Miocene) to  

NSB17 (P le isto cen e) Zones. Letsch and S iss in g h  (1983) recorded th is  sp ec ie s  

in  th e ir  FT8 (Late Miocene) to  FT9 (M iocene-Pliocene) Zones, and a lso  in  

th e  P le is to c e n e . Commonly caved in  th is  study.

SUBFAMILY: BAGGININAE Cushman 1927.

GENUS: Cancris de Montfort 1808. 

i .  CL au ricu lu s prim itivus Cushman and Todd. Compressed t e s t  when viewed 

from the apertural fa ce . Sutures s l ig h t ly  depressed. Convex u m bilica l s id e .  

Open um bilicus.

Cancris auriculus prim itivus Cushman and Todd.

Cancris auricu lu s (F ich te l and Moll) p rim itivu s Cushman and Todd 1942,
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p.77 ,  p i . 19, f ig s .1 a -2 c ;  K aaschieter 1961, p.214, p i . 12, f i g s . 9-10; King 

1983, p . 29, p i . 3, f i g s . 9-10.

Remarks.

King (1983) noted th is  sp ec ies  in  h is  NSB3 Zone, Early Eocene. Rare 

in  w e lls  in  th is  study. I t  was described by Cushman and Todd (1942) from the  

O ligocene, Germany.

FAMILY: SIPHONINIDAE Cushman 1927.

GENUS: Siphonina Reuss 1850. 

i .  r e t ic u la ta  (Czjzek). Biconvex t e s t  w ith  crenulated  peripheral k e e l. 

Smooth w a l l ,  with aperture on neck w ith d is t in c t  broad rim.

Siphonina r e t ic u la ta  (Czjzek).

P i . 4, f i g . 1 a - c .

R otalin a  r e t ic u la ta  Czjzek 1848, p. 145, p i . 13,  f i g s . 7-9 .

Siphonina r e t ic u la ta  (Czjzek). King 1983, p . 28,  p i . 3,  f i g s . 11-12.

Remarks.

North Sea examples o f th is  sp ec ie s  were u su a lly  smooth, rather than 

'h isp id* as shown in  Czjzek (1848, p l .1 3 ,  f i g . 8) on the um bilica l s id e . I t  

was recorded by King (1983) as cannon in  h is  NSB12 Zone, M iddle-early Late 

Miocene (the sp ecies  FDO); i t  was a lso  noted in  O ligocene to  Miocene 

sedim ents. I t  i s  used in  th is  study to  mark Zone CB14, ea r ly  Late Miocene.

FAMILY: ASTERIGERINIDAE d'Orbigny 1839.

GENUS: A sterigerina d'Orbigny in  de la  Sagra 1839.

i .  Â_ s ta e sc h i ten  Dam and Reinhold. S lig h t ly  convex sp ir a l s id e , with  

im perforate, s l ig h t ly  ra ised  su tu res. Acute periphery w ith k e e l. Sutures 

depressed on um bilical s ide ,  which i s  stron g ly  convex. Pustu les around
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aperture o ften  extend onto the apertural fa ce , and um bilicus.

i i .  bartoniana (ten  Dam). Biconvex form. More d is t in c t  peripheral k ee l 

than i  or i i i .  P u stu lose around the aperture and f i r s t  formed chambers in  

the la s t  whorl.

i i i .  A gu erich i (Franke). Larger, broader, more fla tten ed  form than i ,  with  

a le s s  'domed' u m b ilica l s id e . P ustu les more r e s tr ic te d  to  the apertural 

region than i ,  w ith a sm aller apertural fa ce .

A ster igerin a  s ta esch e i ten  Dam and Reinhold.

P i . 4, f i g .2 a - b .

A sterigerin a  g u er ich i (Franke) var. s ta e sch e i ten Dam and Reinhold 1941, 

Taf.7 ,  f i g . 2; B atjes 1958, p. 159, p l . 1 0 ,  f i g . 6.

A sterigerin a  s ta e sc h i (ten  Dam and R einhold), B artenstein  e t  a l .  1962, 

p . 375, Tab.21, p i . 54, f i g . 22, 23a-b; Doppert 1980, p.263-266, p i . 15,  

f i g . 1 a - c ,  p i .  17, f i g . 3 a - c .

A ster igerin in a  g u er ich i s ta e sc h i ten  Dam and Reinhold, King 1989, p . 467, 

p i . 9 .4 ,  f i g s . 24-25.

Remarks.

King (1989) recorded th is  sp ec ie s  in  h is  NSB9-11 Zones, E arly- 

Middle Miocene. Letsch and S issin gh  (1983) recorded th is  sp ec ie s  in  th e ir  

FT6 A  ̂ s ta e sc h i Zone. Doppert (1975) used th is  sp ec ies  to  mark h is  A. 

s ta e sc h i- Uvigerina tenu ip u stu la ta  assemblage FD Zone, Middle Miocene. I t  

was a ls o  noted in  h is  FE Zone, Late O ligocene-Early Miocene.

A sterigerin a  bartoniana (ten  Dam).

R ota lia  granulosa ten  Dam 1944, p . 121, Taf.4 ,  f i g . 2, renamed R ota lia  

bartoniana ten  Dam 1947.

A sterigerin a  bartoniana (ten  Dam 1944), Murray and Wright 1974, p l .1 0 ,
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f i g s . 4-6; Murray e t  a l .  1981, p . 246, p i . 8 .3 ,  f i g s . 12-14; Doppert and Neele 

1983, p . 6-9,  p i . 9, f i g . 1 a - c .

Remarks.

Murray and Wright (1974) noted th is  sp ec ie s  in  the Barton Clay, 

Eocene, Barton-on-Sea, England. Murray e t  a l .  (1981) noted th is  sp ec ies  

range as Middle-Late Eocene. Doppert and N eele (1983) recorded th is  sp ec ies  

in  th e ir  V aginulinopsis decorata- Pseudohasterigerina micra FH Zone, ?Early- 

Late Eocene. I t  was described  by ten  Dam (1944) from the Eocene,

'B arton ian ', o f  the Netherlands.

A sterigerin a  gu erich i (Franke).

P i . 4, f i g .3 a - b .

D iscorbina guerich i Franke 1912, p . 29, p . 30, t e x t f i g . 8 .

A sterigerin a  guerich i (Franke), B atjes 1958, p . 159, p l .1 0 ,  f i g . 7; 

B arten stein  e t  a l .  1962, p . 374, Tab.21, p i . 54, f ig s .2 0 a -b ,  21; Doppert 

1980, p i . 17, f i g .2 a - c ;  King 1983, p i . 3, f i g s . 1-3 .

A sterigerin a  gu erich i g u er ich i (Franke), King 1989, p . 467, p i . 9 .4 ,  f i g s . 30- 

31.

Remarks.

D if fers  from A  ̂ s ta e sc h i in  having a more equally  biconvex t e s t ,  a 

l e s s  convex um bilical s id e  and in  having le s s  widespread granulation  over 

th e um bilica l region . G enerally a larger  and more f la tte n e d  form. Doppert 

(1980) recorded th is  sp e c ie s  in  th e ir  FE Zone, Late O ligocene-Early  

Miocene. The la s t  (LAD) gu erich i was recorded by Letsch and S issin gh  

(1983) a t  the top o f th e ir  FT5b Zone, Late O ligocene. S tra tig ra p h ica l range 

i s  from the Late O ligocene to  Early Miocene (King, 1989). King (1983) used 

t h is  sp ec ie s  acme to  mark h is  NSB8a Zone, i t  was used in  t h is  study to  mark
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Zone CB8, ea r ly  Late O ligocene. The preservation  o f  the figu red  specimens 

i s  poor, but th is  i s  ty p ic a l o f m aterial a v a ila b le  from North Sea w e lls .

FAMILY: EPISTQMARIIDAE Hofker 1954.

GENUS: N u tta llid e s  F in lay  1939. 

i .  N̂_ truempyi (Nutta l) .  Strongly convex um bilica l s id e , w ith sutures that 

are 'kinked1. Um bilical b oss. S p ira l s id e  low. Has a peripheral band.

N u tta llid e s  truempyi (N u t ta l l ) .

Eponides truempyi N u tta ll 1930, p . 287, p i . 24, f i g s . 9, 13-14.

N u tta llid e s  trumpyi (N u t ta l l ) ,  Loeblich and Tappan 1964, p . 595, f i g . 473, 7- 

8 .

N u tta llid e s  truempyi (N u t ta l l ) ,  Tjalsma and Lohmann 1983, p .17 ,  p i . 6, 

f i g s .4 a - b ,  p i . 21, f i g s .1 a -4 c ;  van Morkhoven e t  a l .  1986, p.288-295,  chart 

n o .96, pl.96A-D.

Remarks.

Loeblich and Tappan (1964) recorded t h is  sp ec ie s  in  the Eocene o f  

Mexico and New Zealand. Recorded by Tjalsma and Lohmann (1983) as frequent 

to  abundant in  Palaeocene sedim ents, and rare to  abundant in  the Eocene.

LAD in  the Middle-Late Eocene. Van Morkhoven e t  a l .  (1986) record th is  

sp ec ie s  ranges as being from the Late Cretaceous (Campanian) through Late 

Eocene (P17 o f Berggren, 1972). fL truempyi (N utta l l )  was predominantly a 

lower bathyal and abyssal taxon (Tjalsma and Lohmann, 1983). Rare in  th is  

study in  Zone CB2, E arly-early  Late Palaeocene.

FAMILY: ALABAMINIDAE Hofker, 1951.

GENUS: Gyroidina d'Orbigny 1846.

i .  GL octocamerata Cushman and Hanna. Lew s p ir a l s id e , s l ig h t ly
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convex. In cised  s p ir a l suture. Umbilcal s id e  more convex. Broadly rounded 

periphery. Sutures on the um bilical s id e  r a d ia l. F ine, smooth, polished  

w a l l .

i i .  GL angustium bilicata  ten  Dam. More compressed sp ecies  than i i ,  le s s  

convex on the um bilica l and sp ir a l s id e s . S lig h t ly  in c ised  sp ir a l suture. 

Sutures on the um b ilica l s id e  are s l ig h t ly  curved. The sp ire  may be 

'ra ised '  s l i g h t l y .

i i i .  CL so ld a n ii mamillata (Andreae). Broadly 'domed' or convex sp ir a l  

s id e ,  w ith  a very rounded periphery. Convex um bilical s id e . High spired  

t e s t ,  although not as high as R ota lia tin a  bulim oides (Reuss).

i v .  (L so ld a n ii girardana (Reuss). Very convex um bilical s ide .  F la t to  

s l ig h t ly  convex sp ir a l s ide .  Sp ira l suture more excavated than i .  Broad 

ap ertu ra l face  th a t may protrude from the f l a t  sp ir a l s ide .  Much larger  

than i - i i i .  Central ?boss on sp ir a l s id e .

Gyroidina octocamerata Cushman and Hanna.

P I . 4, f i g . 4.

Gyroidina so ld a n ii d'Orbigny var. octocamerata Cushman and Hanna, 

1927, p . 233, p i . 14 f i g . 16-18.

G yroidinoides so ld a n ii (d'Orbigny) var. octocamerata (Cushman and 

Hanna), Brotzen 1948, p . 76 p i .  11 f i g . 3.

V alvu lin eria  octocamerata (Cushman and Hanna), Bandy 1949, p .84 p i . 13 

f i g . 1 .

Gyroidina c f .  o b ic u la r is  d'Orbigny, Ten Dam 1944, p.118.

Gyroidina octocamerata Cushman and Hanna, K aasschieter 1961, p . 212, 

p i .  13 f i g . 2.

N otes.

Sutures on the sp ir a l s id e  ob liq u e. Strongly convex umbilical.
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F in ely  p erfora te . Periphery subrounded.

Remarks.

Rare, sm all. D if fers  from GL octocamerata s .  s t r .  in  having a 

s l ig h t ly  more convex sp ir a l s id e . However, the la s t  chambers o f  th ese  

examples are broken. This sp e c ie s , l ik e  a l l  th ose referred  here to  the  

genus Gyroidina has a fla tte n e d  apertural face  and an aperture which runs 

in ter iom arg in a lly  from near the periphery to  the c lo sed  um bilicus. I t  i s  

th ese  characters which d is tin g u ish  them from G yroid inoides.

Gyroidina angustium bilcata Ten Dam.

P i . 4, f i g . 5.

Gyroidina' angustium bilicata Ten Dam 1944, p.117 p i . 4 f i g . 7; K aasschieter  

1961, p . 212 p i .  12 f i g . 4; Murray and Wright 1974, p i . 20 f i g . . 8-10.

N otes.

S lig h t ly  convex to  fla tten ed  sp ir a l s id e . Convex u m b ilica l. F inely  

p erfo ra te , sm all compressed t e s t .  Umbilicus nearly c lo se d , periphery  

rounded. 8 chambers in  the f in a l  whorl.

Remarks.

Rare. Noted by W illiams (1971) in  th e London Clay Formation. 

D iffe r s  from GL octocamerata in  the o r ien ta tio n  o f  su tu res. D iffe r s  from G. 

angu stium b ilicata  s . s .  in  only  rarely  having a 'ra ised ' s p ir e .

Gyroidina so ld a n ii mam illata (Andreae).

P I .4, f i g . 6.
i

R o ta lia  girardana Reuss var. mamillata Andreae 1884, p. 142, p i . 9, f i g . 4. 

Gyroidina so ld a n ii var. mamillata (Andreae), B atjes 1958, P . 147, p l .1 7 ,  

f i g . 1 5 .
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G yroidina m am illata (Andreae), Hughes 1981, p i . 1 5 .3 ,  f i g . 2.

Gyroidina so ld a n ii mamillata (Andreae), King 1983, p . 32, p i . 5, f i g .1 8 ;  King 

1989, p . 478, p i . 9 .7 ,  f i g . 17.

Remarks.

North Sea examples o f  th is  sp ec ie s  have a more broadly rounded 

periphery than th a t shown in  Andreaes (1884) type f ig u re . GL so ld a n ii  

mam illata was recorded by King (1983) from the ea r ly  Late O ligocene to  the  

Late Eocene. I t  commonly occurs in  h is  NSB7 Zone, Early O ligocene, CB7 in  

t h is  study, w ith R o ta lia tin a  bulim oides (Reuss).

Gyroidina so ld a n ii girardana (Reuss).

P I .4, f i g . 7.

R otalina girardana Reuss, 1851, p . 73, p i . 5, f i g .3 4 a - c .

Gyroidina so ld a n ii d'Orbigny var. girardana (Reuss), B atjes 1958, p . 147, 

p i . 7,  f i g . 12.

G yroidinoides girardanus (Reuss), K iesse l 1970, p . 288, p i . 16, f i g . 2;

Tjalsma and Lohmann 1983, p. 14.

G yroidinoides so ld a n ii forma girardanus (Reuss), U lleberg 1974, p . 282, 

p i . 5, f i g s . 1-5 ,  p i . 7,  f i g s . 8-9 .

Gyroidina so ld a n ii girardana (Reuss), King 1989, p . 478, p i . 9 .7 ,  f i g s . 15-16.  

N otes.

G. so ld a n ii girardana d i f f e r s  from GL so ld a n ii s o ld a n i i , according 

to  King (1989), in  having a more co n ica l p r o f i le ,  and a depressed sp ir a l  

suture in  th e la s t  whorl.

Remarks.

King (op. c i t . ) records CL so ld a n ii girardana from th e Early  

Miocene to  the Early O ligocene. U lleberg (1974) recorded th e la t t e r  sp ec ie s
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from the Viborg Formation in  Denmark (Middle O ligocene). This sp e c ie s  was 

noted by Tjalsma and Lohmann (1983) as rare to  frequent from Zone P1-P5 o f  

Berggren 1972. I t  was o r ig in a lly  described from the Eocene, Germany (Reuss, 

1851).

GENUS: O rid orsa lis  Andersen 1961. 

i .  CL umbonatus (Reuss).  Biconvex test.'Sm ooth  wal l .  Sutures ra d ia l on the  

sp ir a l s id e , depressed in  la te r  s ta g es , f lu sh  and obscu-red in  the e a r lie r  

p art. Central part o f  sp ire  'domed1. Sutures ra d ia l on the u m b ilica l s id e .

O rid orsa lis  umbonatus (Reuss).

P I .4, f i g .8 a - b .

R otalina umbonata Reuss 1851, p . 75, p i . 5, f i g . 35.

Eponides umbonatus (Reuss), ten Dam 1944, p . 120.

O rid orsa lis  umbonatus (Reuss), Tjalsma and Lohmann 1983, p .18,  p i . 6,  

f i g s . 8 a - c .

Remarks.

According to  Tjalsma and Lohmann (1983) th is  sp ec ie s  has a wide 

bathym etric range. They noted th at i t  was rare in  most o f  the Palaeocene, 

and more common in  the la t e s t  Palaeocene and Eocene.

GENUS: R ota lia tin a  Cushman 1925.

i .  R̂ _ bulim oides (Reuss).  S im ilar to  (L so ld a n ii mamillata (Andrae) but 

w ith  a much higher sp ir e .

R o ta lia tin a  bulim oides (Reuss).

P I . 4, f i g . 9.

R otalina bulim oides Reuss 1851, p . 77, p i . 5, f i g .3 8 a - c .

R o ta lia tin a  bulim oides (Reuss),  B atjes 1958, p . 148, p i .8 ,  f i g s .3 -4 ;  Hughes
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1981,  p i . 1 5 .3 ,  f i g . 3; King 1983, p . 35, p i . 5 ,  f i g . 28.

Remarks.

North Sea examples o f  th is  sp ec ie s  d i f f e r  from Reuss (1851) 

i l lu s t r a t io n  in  being s l ig h t ly  lower sp ired , w ith le s s  depressed su tu res.

I t  was described from the Eocene, Germany. King (1983) recorded th is  

sp ec ie s  in  h is  NSB7 Zone, Early O ligocene. I t  was used in  t h is  study to  

mark Zone GB7, Early O ligocene. The ex traord in arily  poor preservation  o f  

the figured specimen i s  ty p ic a l o f North Sea O ligocene calcareous sp e c ie s .

GENUS: Alabamina Toulmin, 1941.

i .  Â_ w ilco x en sis  Toulmin. Angular periphery. Almost f l a t  to  s l ig h t ly  

convex sp ir a l s id e .

i i .  A  ̂ obtusa (Burrows & Holland). Subangular periphery. R aised , strongly  

convex sp ir a l s id e . A more in f la te d  form than i .

i i i .  A  ̂ solna sens i s  Brotzen. Much sm aller than i - i i .  D iffer s  from i i  in  i t s  

more depressed su tu res on the sp ir a l s id e , more elongate chambers, and more 

lo b u la te  peripheral margin. S lig h t ly  convex sp ir a l s id e . Less convex 

um bilica l s id e  than i ,  w ith a subangular periphery.

Alabamina w ilco x en sis  Toulmin.

P I . 4, f ig .1 0 a -b ,  P I . 5, f i g . 1 .

Alabamina w ilco x en sis  Toulmin, 1941, p . 603, p i . 81 f i g . 10-14, t f . 4 a - c ;  

K aasschieter 1961, p . 228 p i . 13 f i g . 14; Murray 1984, p . 532 p i . 3, f i g . 22-24.  

N otes.

Test alm ost plano-convex.

Remarks.

Noted by W illiams 1971 from the London Clay together w ith A  ̂ obtusa 

(Burrows and Holland). The above tends to  be larger  than th e la te r .
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Alabamina obtusa (Burrows and Holland).

P I .5, f i g . 2.

Pulvinulina exigua (Brady) var. obtusa Burrows and Holland 1897, p . 49 p i . 2, 

f i g . 25.

Alabamina obtusa (Burrows and Holland), Haynes 1956, p . 89, p i . 17 f ig .3-3L;  

K aaschieter 1961, p . 227 p i . 13 f i g . 15; Murray 1984, p . 532 p i . 3, f i g . 19-21.  

D escrip tion .

U sually 5 chambers in  f in a l  whorl, nearly  biconvex.

Remarks.

Less common in  the Eocene London Clay than A  ̂ w ilco x en sis  

(Toulmin), w ith a more rounded periphery. T est more equally  biconvex. The 

present w riter  d isagrees w ith Toulmin (1941) who placed Alabamina obtusa 

(Burrows and Holland) in to  synonymy w ith h is  A  ̂ w ilc o x en s is , as A  ̂ obtusa  

i s  a more in f la te d  sp e c ie s . The la t t e r  sp ec ie s  was described by Burrows and 

Holland (1897), from the Thanet Beds, Pegwell Bay.

Alabamina so ln a sen sis  Brotzen.

Alabamina so ln a sen sis  Brotzen 1948, p. 102, p l . 1 6 ,  f i g . 4 a - c .

Remarks.

This sp ec ie s  was described by Brotzen (1948) from th e Early 

Palaeocene, "Zealandian" o f  southern Sweden. I t  was noted in  th is  study (as 

rare) in  Zone CB2, E arly-early  Late Palaeocene.

GENUS: Svratkina Pokomy 1956. 

i .  S^ per la ta  (Andreae). D is t in c t ly , and co a rse ly  perforated sp e c ie s . 

S lig h t ly  convex sp ir a l s id e  w ith curved su tu res. More convex um bilica l with  

alm ost ra d ia l su tu res. Sutures on both s id es  on ly  s l ig h t ly  depressed.
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Svratkina p er la ta  (Andreae).

P u lv in u lin a  p e r la ta  Andreae 1884, p . 124,  p i . 8,  f i g . 1 2 a - c .

Svratkina p er la ta  (Andreae), Berggren and Aubert 1976, p . 318, p i . 4, 

f i g s . 21-22; Hughes 1981, p i . 15 .2 ,  f i g s . 16-18; King 1989, p . 482, p i . 9 .8 ,  

f i g . 20.

Remarks.

Hughes (1981) recorded th is  form in  the Middle O ligocene o f the 

Southern North Sea. King (1989) recorded th is  sp ec ie s  in  the Early 

O ligocene Zone NSB7 to  ea r ly  Late O ligocene Zone NSB8a. Andreae (1884) 

d escribed  th is  sp ec ie s  from the Middle O ligocene, France.

SUPERFAMILY: ROTALIACEA Ehrenberg 1839.

FAMILY: ROTALIIDAE Ehrenberg 1839.

SUBFAMILY ROTALIIMAE Ehrenberg 1839.

GENUS: R ota lia  Lamarck 1804.

i .  R  ̂ canui Cushman. Compressed t e s t ,  w ith a s l ig h t ly  convex sp ira l s ide .  

D is t in c t ly  elongated chambers which become s l ig h t ly  pointed a t  the  

p eriphera l margin. Very depressed su tu res.

R ota lia  canui Cushman 

R ota lia  canui Cushman 1928 p . 55, p i . 3, f i g . 2 a - c ;  B atjes 1958, p . 168, p i .  12, 

f i g s . 5-7; Doppert 1980, p . 266, p i . 20, f ig .3 a - b ;  Doppert and Neele 1983, 

p . 4-6 ,  p i . 6, f i g .4 a - b .

P ararota lia  canui (Cushman), King 1983, p . 31, p i . 4, f i g s . 9-10.

Remarks.

Doppert (1975) noted t h is  sp ec ie s  in  h is  FG Zone, Early O ligocene, 

w h ile  Doppert (1980) noted t h is  sp ec ie s  in  h is  FE Zone, Late O ligocene- 

Early Miocene. Doppert and Neele (1983) recorded th is  sp ec ies  in  th e ir  FG-
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FF Zones, Early-Middle O ligocene. King (1983) noted th is  form in  h is  NSB6a 

( l a t e  Middle Eocene) to  NSB9 (Early Miocene) Zones.

FAMILY: ELPHIDIIDAE Galloway 1933.

SUBFAMILY: ELPHIDIINAE Galloway 1933.

GENUS: Haynesina Banner and Culver 1978.

Haynesina sp.

P1.1,  f i g . 9.

Remarks.

The specimen on p la te  1, fig u re  9 shows bridged in tra se p ta l  

lacunae. I t  i s  analogous to  the sp ec ie s  figu red  by Banner and Culver (1978) 

which was o f a character, chamber shape and number c lo se  to  JL germanica 

(Ehrenberg), but i t  had sep ta l b rid ges, and b e liev ed  to  be an interm ediate  

to  very simple forms o f  Elphidium. Haynes ina sp . was noted in  th is  th e s is  

in  the Early P liocen e , for  example in  Well 21/11-1 ,  2130'DC.

GENUS: Elphidium de Montfort 1808.

i .  EL excavatum (Terquem). Lobulate, rounded peripheral margin. F lattened  

compressed t e s t .  Sutures depressed, w ith d is t in c t  r e tr a l p rocesses. 

P ustu lose only around the aperture, um bilicus, and su tu res.

i i .  EL in f  latum (Reuss). More in f la te d  form than i .  Coarsely 'p u stu lose' 

su rface . Much longer r e tr a l p rocesses than i .  Very broadly rounded 

peripheral margin.

Elphidium excavatum (Terquem).

P I .5, f i g . 3.

Polystom ella excavata Terquem 1876, p.  429, p i . 2,  f i g .2 a - d .

Elphidium excavatum (Terquem), Hansen and Andersen 1976, p .10 ,  p i . 6, f i g . 1 -
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6; King 1983, p . 29,  p i . 3,  f i g s . 28-29.

Remarks.

King (1983) noted th is  sp ecies  from h is  NSBl3b Zone (Late Miocene- 

Early P liocene) to  h is  NSB17 Zone (P le is to c e n e ).

Elphidium in f  latum (Reuss).

P I .5, f i g . 4.

Polystom ella  in f la ta  Reuss 1861, p.358, p i . 3, f ig .1 0 a - b .

Elphidium inflatum  (Reuss), B atjes 1958, p . 164, p i . 12, f i g . 2; King 1983, 

p .29 ,  p i . 4, f i g s . 1-2 .

Cribrononion inflatum  (Reuss), Doppert 1980, p . 263, p i . 15,  f i g .4 a - b .  

Remarks.

Doppert (1980) recorded th is  sp ec ies  in  h is  FD Zone, Middle Miocene. 

King (1983) recorded th is  sp ec ie s  in  h is  NSB10 (Early-M iddle Miocene) to  

NSB11 (Middle Miocene) Zones. Letsch and S iss in g h  (1983) recorded th is  

sp e c ie s  in  h is  FT7 Zone, Middle Miocene.

GENUS: Cribrononion Thalmann 1947.

i .  CL subnodosum (Roomer). L enticu lar t e s t ,  w ith  p eripheral band. Pustulose  

around th e aperture. Numerous chambers (approximately 13) in  th e f in a l  

whorl. Sutures curved.

Cribrononion subnodosum (Roomer).

Robulina subnodosum Roemer 1838, p . 391, p i . 3,  f ig .6 1 a - b .

Elphidium subnodosum (Roomer), B atjes 1958, p .163, p i . 8, f i g s .1 2 - 1 3 ;  King 

1983, p . 31, p i . 4, f i g s . 5, 11.

Cribrononion subnodosum (Roemer), Doppert 1980, p . 266, p i . 19, f i g s . 1 a - c .  

Remarks.
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B atjes (1958) noted th is  sp ec ie s  in  th e Early O ligocene. Doppert

(1980) recorded th is  form in  h is  FE Zone, Late O ligocene-E arly Miocene.

King (1983) recorded th is  sp ecies  in  h is  NSB6a (Middle Eocene) to  NSB8c 

(Late O ligocene) Zones.

SUPERFAMILY: ORBITOIDACEA Schwager, 1876.

FAMILY: EPONIDIDAE Hofker 1951.

GENUS: Eponides de Montfort 1808.

i .  E  ̂ lunata Brotzen. Small t e s t .  Very acute peripheral margin, lo b u la te . 

Sutures curved and depressed on the um bilica l s id e , stron g ly  curved on the  

sp ir a l s id e . Has a peripheral band.

i i .  EL plummerae Cushman. D iffers  from i  in  having a subacute peripheral 

margin. Chambers a ls o  not as in f la te d  as i  on the um bilica l s id e , w ith le s s  

depressed and curved su tu res. No peripheral band. Less lo b u la te  periphery  

than i .  Does not have the crescent shaped chambers on the s p ir a l  s id e  which 

i  has.

i i i .  EL k arsten i (Reuss).  Very convex sp ir a l s id e . D is t in c t ly  im perforate, 

and thickened sp ir a l suture common, w ith s l ig h t ly  ra ised  and stron g ly  

curved sutures on the sp ir a l s id e . Broad peripheral band, im perforate. 

Sutures depressed and rad ia l on the u m bilica l s id e , which a ls o  has a 

depressed um bilica l area.

Eponides lunata Brotzen.

Eponides lunata Brotzen 1948, p . 77, p i . 10, f i g s . 17-18; Hofker 1966, p . 140, 

p i . 20,  f i g . 39, p i . 38, f i g . 205; Doppert and N eele 1983, p .9 ,  p i . 24,  f i g . 2 a -  

c .

Remarks.

E. lunata was described by Brotzen (1948) from the Early Palaeocene
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o f Sweden. Noted in  th is  study In E arly -early  Late Palaeocene sedim ents, 

Zone CB2. Hofker (1966) noted th is  sp ec ies  in  Palaeocene Clays and 

Greensand overly in g  Danske Kalk. Doppert and Neele (1983) record th is  

sp ec ie s  in  th e ir  FJ Zone, Late Palaeocene. Loeblich and Tappan (1988, 

p . 642-643, p i . 721, f i g s . 1-7) regarded EL lunata as the type sp ec ie s  for the  

genus Paralabamina Hansen 1970 (see  Appendix C fo r  d i s c u s s io n ) .

Eponides plumroerae Cushman.

Eponides plummerae Cushman 1948, p . 44, p i . 8,  f i g . 9; Cushman 1951, p . 52, 

p i . 14, f i g s . 20, 22.

Remarks.

This sp ecies  was noted in  th is  study in  w e l l s  29/7-1 (Zone CB2, 

E arly-early  Late Palaeocene), and 29/10-1 (Zone CB2, E a rly -ear ly  Late 

Palaeocene, and Zone PK1B, Early Palaeocene). Cushman (1951) noted th is  

form in  the Palaeocene o f the Gulf Coastal region  o f the U.S.A. and 

surrounding area. Rare in  th is  study.

Eponides k arsten i (Reuss).

P I .5, f i g .5 a - d .

R ota lia  karsten i Reuss 1855, p .273, p i . 9, f i g . 6 a - c .

Eponides sch r ieb ersi (d'Orbigny), non d'Orbigny, K aaschieter 1961, p . 210, 

p i . 11, f i g s . 14-15; Hughes 1981, p i . 15 .4 ,  f i g s . 9-10, 12.

Neoeponides k arsten i (Reuss), King 1983, p .30,  p i . 4, f i g s . 21,  26-27; King 

1989, p . 479, p i . 9 .7 ,  f i g s . 27-28..

Remarks.

Recorded by King (1983, 1989) in  the Middle Eocene, marker sp ec ies  

fo r  Zone CB4 in  th is  study, in  the Southern North Sea. This sp ec ie s  was
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d escribed  by Reuss (1855) from the Cretaceous, Turonian o f  Germany according  

to  E l l i s  and Messina (1940 e t .  seq. ) .  King (1983) placed t h is  sp ec ie s  in to  

Neoeponides, but th e type Neoeponides (Loeblich and Tappan 1988, p. 558, 

p i .  605) p o ssesses  large  fo l ia r  chamber l e t s  on the um b ilica l s id e  forming a 

s t e l l a t e  pattern  around the um bilicus; th ese  do not appear to  be present in  

t h is  sp ec ie s  which i s  here referred  to  Eponides.

FAMILY: CIBICIDIDAE Cushman, 1927.

SUBFAMILY: PLANULININAE Bermudez, 1952.

GENUS: Planulina d'Orbigny 1826. 

i .  EL c o sta ta  (Hantken). Very fla tten ed  form. Chambers numerous w ith  

stro n g ly  curved su tu res. D is t in c t  peripheral k e e l. Wall ? f in e ly  p erfora te . 

Subacute periphery.

Planulina costa  ta  (Hantken).

P I .5, f i g .6 a - b .

Truncatulina co sta ta  Hantken 1875, p.73,  p i . 9, f i g . 2 a - c .

P lanulina palmerae van B ellen , in  van B ellen  e t  a l .  1941, p . 1144, f i g s . 7-9;  

King 1983, p . 33, p i . 4, f ig s .1 7 -1 8 ,  23.

P lanulina co sta  ta  (Hantken), van Morkhoven e t  a l .  1986, p . 212-214, chart 

n o .72, p i . 72.

Remarks.

King (1983) records th is  sp ec ies  (as EL palmerae B ellen ) in  h is  

NSB5 Zone, Middle Eocene. Van Morkhoven e t  a l .  (1986) noted t h is  sp ec ie s  

s tr a tig r a p h ic  range as being Late Eocene (P15 o f Berggren) through Early  

Miocene (N5); i t  was recorded in  th is  study in  Zone CB5. I t  was described  

by Hantken (1875) from the Late O ligocene, Hungary. EL co sta  ta  was 

prim arily  an upper and middle bathyal sp e c ie s , although i t  has been
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recorded in  outer n e r it ic  to  lower bathyal depths (van Morkhoven e t  a l . , 

op. c i t . ) .

GENUS: C ibicid ina Bandy, 1949. 

i .  CL cunobelin i Haynes. Sutures depressed on the um b ilica l s id e .  Depressed 

and 'open' um bilicus. Rounded peripheral margin.

C ibicid ina cunobelin i Haynes, 1957.

P I .5,  f i g . 7.

C ib ic id es  praecursorius (Schwager), Ten Dam 1944, p . 134, p i . 5 f i g . 2. 

C ib ic id es  (C ib ic id ina) cunobelini Haynes in  Wood & Haynes 1957, p . 51, p i . 5 

f i g . 16-18.

N otes.

7 to  8 chambers in  the f i n a l  whorl on the um bilica l s id e .

Remarks.

The forms were m ostly m egalospheric, having up to  8 chambers 

v i s ib le  v e n tr a lly . The chambers appear to  have developed lapp ets on the  

u m b ilica l s id e , a c h a r a c ter is tic  'a cce lera ted ' in  t h is  sp ec ie s  in  

m egalospheric forms. The in vo lu tion  on the ven tra l s id e  in  t h is  sp ec ie s  i s  

v a r ia b le  w ith part o f the f i r s t  whorl sometimes being seen .

This sp ec ie s  was described from the Late Palaeocene by Haynes (in  

Wood and Haynes, 1957), but was a lso  recorded from the London Clay by 

W illiam s (1971). He sta ted  th a t CL cun ob elin i was most common in  the lower 

and upper parts o f the London Clay. Noted by King (1981) in  h i s  D iv ision  C.

SUBFAMILY: CIBICIDINAE Cushman, 1927.

GENUS: C ib icid es De M ontfort, 1808.

i .  CL lobatu lu s (Walker and Jacob) s . l .  F la t s p ir a l s id e , w ith coarse
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p erfora tion s between broad, im perforate su tu res, depressed. Lobulate 

peripheral margin. Coarsely p erforate . S lig h t ly  depressed um bilicus, 

angular periphery.

i i .  CL grossus (Dam and R einhold). Globose, large , co arse ly  perforate  t e s t .  

Coarsely p erforate  between sutures on both s id e s . Broadly rounded 

peripheral margin. Sutures s l ig h t ly  depressed.

i i i .  CL su lz e n s is  (Herrmann). D is t in c t ly  'open' sp ire  w ith many chambers 

v i s ib le  on the s p ir a l s id e . Subacute periphery.

iv .  CL w esti (Howe). Convex sp ir a l s id e , f l a t  s p ir a l. Thick peripheral 

band. D iffe r s  from i  in  having more curved and le s s  depressed sutures on 

th e u m b ilica l s id e , and in  having fewer p erfora tion s.

v . CL ekblomi Brotzen. Small t e s t .  S lig h t ly  convex sp ir a l s id e , alm ost f l a t  

u m b ilica l. Acute peripheral margin. Numerous chambers w ith stron g ly  curved, 

broad, not depressed su tu res. Small cen tra l plug on the sp ir a l s id e . Sm all, 

depressed um bilicus on the um bilical s id e .

v i .  CL v o ltz ia n a  (d'O rbigny). Subacute peripheral margin. One umbo on the  

low convex s p ir a l s id e . Convex um b ilica l.

v i i .  CL an g lica  (Bowen). Biconvex t e s t ,  witha s l ig h t ly  le s s  convex sp ir a l  

s id e . Subacute periphery. Smooth um bilica l s id e  w ith stron g ly  curved 

su tures th a t are more depressed in  the la te r  chambers. S p ira l s id e  coarse ly  

p erfo ra te . Sutures th ickened . Also d if f e r s  from v i  in  i t s  very rough sp ir a l  

b oss.

v i i i .  CL te n e llu s  (Reuss). Plano-convex t e s t .  Sutures on u m b ilica l s id e  

s l ig h t ly  depressed in  la te r  chambers, smooth and flu sh  in  e a r l ie r  ones, 

f in e ly  p erfo ra te . S p ira l s id e  f in e ly  p erforate , le s s  smooth than the 

u m b ilica l, sutures are depressed in  la te r  p arts .

ix .  (L pseudoungerianus (Cushman). Biconvex. Larger t e s t  than x with a more
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compressed p eripheral margin. Smooth um bilical s id e , and a s p ir a l s id e  th at  

has only  a few sca ttered  coarse pores. Strongly curved sutures on both 

s id e s . D is t in c t iv e , th ick , marginal peripheral band.

x . CL unqerianus (d'Orbigny). S p ira l s id e  with very d is t in t  um bilica l 

'a d d it io n s ' , s im ila r  to  those o f v i i .  Sutures le s s  curved than ix ,  and a lso  

has a le s s  acute peripheral margin w ithout such a d is t in c t iv e  marginal 

band. The u m b ilica l s id e  i s  more in f la te d  than ix ,  and w ith a f la t t e r  

s p ir a l s id e .

x i .  CL d isju n ctu s  (Terquem). Plano-convex t e s t .  F la t to  alm ost concave 

s p ir a l s id e . Acute periphery. D is t in c t , sharp, peripheral band. Strongly  

convex u m b ilica l s id e .

x i i .  CL pygmeus (Hantken). R e la tiv e ly  sm all t e s t .  D is t in c t ly  ra ised  sp ir a l  

su ture. Very co a rse ly  perforated on the sp ir a l s id e  for  the s iz e  o f  the  

t e s t .  Peripheral margin s l ig h t ly  lo b u la te . Wth sp ir a l ?boss.

x i i i .  CL acutimargo ten  Dam. S im ilar to  CL "proprius" Brotzen, but w ith a 

more rounded peripheral margin, and more lob u la te  peripheral margin.

x iv .  CL succedens (Brotzen). S im ilar to  C ib icid o id es a l le n i  but d if f e r s  in  

p o ssessin g  a larger  conoidal (cone-shaped) um bilical plug. D is t in c t ,  curved 

sutures on both s id e s , only  very s l ig h t ly  depressed.

C ib ic id es lobatu lus (Walker and Jacob) sensu la to .

P I .5, f i g .8 a - b .

N autilus lob atu lu s Walker and Jacob 1798, p . 642, p i .  14 f i g . 36.

Truncatulina lob atu la  (Walker and Jacob), Cushman 1918, p .16 ,  p l .1  f i g . 1 0 ,  

p.60 ,  p i . 17 f i g . 1-3 .

C ib ic id es lob atu lu s (Walker and Jacob), Y. Le Calvez 1949, p . 46; 

K aasschieter 1961, p . 221 p i . 14 f i g . 5.

D escrip tio n .
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7-8 chambers in  f in a l  whorl. Aperture extends onto sp ir a l s id e  for  

1-2 chambers, w ith th in  l i p .  Coarsely p erfo ra te . Convex u m b ilica l, f l a t  

s p ir a l. Periphery acute .

Remarks.

Figured by W etherell (1838) as No. 16 on h is  p la te . C  ̂ lobatu lu s s .  

s t r .  has f in e r  pores on the um bilica l s id e .

C ib ic id es grossus (Dam and Reinhold) .

C ib ic id es lobatu lus (Walker and Jacob) var. grossa  nov var. Dam and 

Reinhold 1941, p . 62, p i . 5, f i g s . 5 a - c ,  p i . 6,  f i g s . 1 a - c .

C ib ic id es lobatu lu s f .  grossa ten  Dam and Reinhold 1941 , 1980, p i . 5, 

f i g s . 3 a - c .

C ib ic id es grossus (Dam and Reinhold) King 1983, p . 30, p i . 4, f i g . 6.

Remarks.

King (1983) recorded t h is  sp ec ie s  in  Zone NSB15, Early-Late  

P lio cen e . Often caved in  th is  study.

C ib icid es su lz e n s is  (Herrmann).

D iscorbina su lz e n s is  Herrmann 1917, p.290, p i . 3,  f i g . 26.

C ib ic id es su lz e n s is  (Herrmann), K aaschieter 1961, p l .1 3 ,  f ig .1 1 a - c ;  K iesel 

1970, p l . 1 9 ,  f i g s .7 a - b ,  10a-b; Doppert and N eele 1983, p . 4-6 ,  p i . 3, f i g . 2 a -  

c .

Remarks.

Doppert and N eele (1983) record th is  sp e c ie s  from th e ir  FF/PG Zone, 

Early-M iddle O ligocene. I t  was noted in  t h is  study in  Eocene m ateria l.

- 7 0 -



C ib ic id e s  w e s t i  (Howe) Jp i .5 ,  f i g . 9 a - b .

C ib ic id es w esti Howe 1939, p . 88,  p i . 13, f i g s . 20-22; K iese l 1970, p i . 20, 

f i g . 5 a - c .

C ib ic id o id es w esti (Howe), Tjalsma and Lohmann 1983, p . 29.

Remarks.

C. w esti was noted in  the London Clay, Ypresian, Early Eocene, and 

in  Zones CB5-6 Middle-Late Eocene in  the North Sea (w ell 21 / 1 1 —1 ) ,  in  th is  

study. I t  d if f e r s  from C w esti s . s .  in  g en era lly  having a le s s  con ica l 

um bilica l s id e . A form sim ila r  in  morphology to  th is  s p e c ie s , and noted as 

C. a f f .  w esti was noted in  the Palaeocene o f  the North Sea (Zones AB3, Late 

Palaeocene, and CB2, E arly-early  Late Palaeocene, w e ll 2 1 /1 1 -1 ) .  C. a f f .  

w esti had a more acute margin, and a le s s  convex um b ilica l s id e .

C ib ic id es ekblomi Brotzen.

C ib ic id es ekblomi Brotzen 1948, p . 82, p i . 13, f i g . 2 a - c .

Remarks.

Brotzen (1948) described (L ekblomi from Early Palaeocene  

("Zealandian") sediments in  southern Sweden; i t  was rare, in  t h is  study, in  

Zone CB2, ^Early-early Late Paleocene.

C ib ic id es v o ltz ia n a  (d'Orbigny).

R otalina (R otalina) v o ltz ia n a  d'Orbigny 1840, p . 31, p i . 2,  f i g s . 32-34.  

C ib ic id es v o ltz ia n a  (d'Orbigny), Schijfsm a 1946, p i . 5, f i g . 6 a - c .  

G avelinopsis v o ltz ia n a  (d'Orbigny), Hofker 1966, p .29 ,  p i . 3, f i g . 63, p i . 11, 

f ig .1 2 4 a - c .

Remarks.

According to  Schijfsm a (1946) t h is  sp ec ie s  has been recorded from
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the Upper Cretaceous (Senonian and M aastrichtian). S h e ll Expro. U.K. record 

th is  sp ec ie s  in  Upper Cretaceous to  Late Palaeocene sedim ents. According to  

Schijfsm a (op. c i t . ) th is  sp ec ie s  d i f f e r s  from C ib ic id o id es  dayi (White) in  

p ossessin g  only one umbo, on the sp ir a l s id e , whereas CL dayi has an umbo 

on both s id e s . Anomalinoides rubiginosa (Cushman) d i f f e r s  from C ib ic id es  

v o ltz ia n a  (d'Orbigny) by having a biconvex t e s t  and in  not having an umbo; 

C. v o ltz ia n a  i s  alm ost plano-convex. Hofker (1966) recorded CL v o ltz ia n a  in  

h is  Zone C, and noted i t s  range as being from the la t e  Early Campanian to  

the Late M aastrichtian and Danian. The la t t e r  sp ec ie s  was recorded in  Zone 

CB2 in  th is  study, E arly-early  Late Palaeocene.

C ib ic id es a n g lica  (Bowen).

P I .6, f i g .1 a - b .

Planulina an g lica  Bowen 1954, p . 133-134, f ig .A ,  1-3.

Anomalinoides acuta (Plummer), sensu Murray e t  a l .  1981, p . 246, p i . 8 .3 ,  

f i g s . 1-3 .

Remarks.

This sp ec ie s  was described by Bowen (1954) from the upper part o f  

the London Clay Formation, W h itec liff  Bay, I s l e  o f  Wight. Murray e t  a l .

(1981) figu re  th is  sp ec ie s  (as Anomalinoides acuta (Plummer) s i c ! )  a lso  

from th e London Clay o f  W h itec lif f  Bay. I t  was noted in  t h is  study in  the 

London Clay Formation in  the London Basin (Zone CB3, AB4, PK4), and rarely  

from th e Early Eocene in  the Southern North Sea.

C ib ic id es te n e llu s  (Reuss).

P I . 6, f i g . 2 a - c .

Truncatulina te n e lla  Reuss 1865, S . 43, T af .5 ,  f i g . 6.
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C ib ic id es te n e llu s  (Reuss), Murray and Wright 1974, p .17,  p i . 16, f i g s . 12- 

14; Doppert 1980, p . 266, p i .  18, f i g .4 a - c ;  Murray e t  a l .  1981, p . 250, 

p i . 8 .5 ,  f i g s . 4-6.

Remarks.

Murray and Wright (1974) noted t h is  sp e c ie s  in  the Eocene, 

Bracklesham Beds, Sussex, Ehgland. Murray e t  a l .  (1981) noted t h is  sp ec ie s  

t o t a l  range in  the U.K. as being Early-Late Eocene. However, Doppert (1980) 

noted th is  sp ec ie s  in  h is  FE Zone, Early Miocene-Late O ligocene. C. 

t e n e llu s  (Reuss) was recorded in  th is  study in  Zone CB14, e a r ly  Late 

Miocene in  w e ll 21/30-1,  and Zone PK10, Late O ligocene (-?E arly M iocene), 

w e ll 21/11-1 .

C ib ic id es pseudoungerianus (Cushman).

P I .6,  f i g .3 a - b .

Truncatulina pseudoungerianus Cushman 1922, p . 97, p i . 20, f i g . 9.

C ib ic id es pseudoungerianus (Cushman), ten  Dam and Reinhold 1941, p . 62, 

p i . 5, f i g .4 a - c ;  King 1983, p . 30, p i . 4, f i g s . 15-16, 22.

H eterolepa pseudoungerianus (Cushman), Doppert 1980, p . 11, f i g s . 1 a - c .  

Remarks.

This sp ec ie s  was recorded by King (1983) in  Middle Eocene (NSB5) to  

Late P liocen e (NSBl5a) sedim ents.

C ib icid es ungerianus (d'O rbigny).

P I . 6, f i g .4 a - b .

R otalina ungeriana d'Orbigny 1846, p . 157, p i . 8,  f i g s .1 6 - 1 8 .

C ib ic id o id es ungerianus (d'Orbigny), Tjalsma and Lohmann 1983, p .28 ,  p i . 18, 

f i g s . 1 a - c ,  p i . 21, f i g s . 5-6.
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C ib ic id es ungerianus (d'Orbigny), Doppert and N eele 1983, p . 4 -6 ,  p i . 3, 

f i g . 3 a - c .

Remarks.

C. ungerianus1 FAD i s  in  the Early Eocene (P6b o f  Berggren, 1972).  

This sp ec ie s  ranges in to  the O ligocene, and has a wide bathym etric range 

(Tjalsma and Lohmann, 1983). Doppert and Neele (1983) recorded t h is  sp ec ie s  

in  th e ir  FF/FG Zone Early-Middle O ligocene.

C ib icid es d isju n ctu s (Terquem).

Truncatulina d isju n cta  Terquan 1882, p . 95, p i . 10, f i g . 3.

C ib ic id es  d isju n ctu s (Terquem), ten  Dam 1944, p.134, p i . 5, f i g . 8.

Remarks.

Letsch ard S issin gh  (1983) recorded th is  sp ec ie s  in  th e ir  FT2 Zone, 

Y presian, Early Eocene. Ten Dam (1944) a ls o  noted th is  sp e c ie s  in  the Early 

Eocene, Ypresian (Netherlands). Described by Terquem (1882) from the  

Eocene, France. Rare in  w e lls  in  th is  study.

C ib icid es pygmeus (Hantken).

P i . 6, f i g . 5.

Truncatulina pygmea Hantken 1875, p . 78, p i .  10, f i g . 8.

C ib ic id es  pygmeus (Hantken), Kaaschieter 1961, p i . 14, f i g . 1 a - c ;  K iesel 

1970, p i . 20, f ig .2a -b ;  Doppert and Neele 1983, p . 6,  p i . 8 ,  f i g . 1 a - c .  

C ib ic id o id es pygmeus (Hantken), Murray e t  a l .  1981, p.250, p i . 8 . 5 ,  f i g s . 16-  

18.

Remarks.

T otal range from the Early-Middle Eocene, according to  Murray e t
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a l . (1981). Doppert and Neele (1983) record t h is  sp ec ie s  in  th e ir  FH Zone, 

Eocene. Rare in  th e London Clay, Early Eocene in  th is  study.

C ib icid es acutimargo ten  Dam.

C ib ic id es cryptomphalus (Reuss) var. acutimargo ten  Dam 1944, p . 133, p i . 5, 

f i g . 4.

C ib ic id es proprius var. acutimargo ten  Dam, K aaschieter 1961, p . 222, p i . 13, 

f i g . 1 0 a - c ,  p i . 14, f i g . 7 a - c .

Remarks.

This sp e c ie s  was noted (as CL proprius acutimargo in  the  

d is tr ib u tio n  ch a rt, enclosure no.7) in  w e ll 49/19-1,  Southern North Sea. 

Rare. This sp ec ie s  was l e f t  in  the genus C ib ic id es as i t  does not p ossess  

th e necessary d ia g n o stic  c h a r a c te r is t ic s  o f C ib ic id o id es (u n lik e  C ib ic id es  

proprius=C ib ic id o id es a l l e n i ) .  K aaschieter (1961) noted t h is  sp e c ie s  in  the  

Eocene o f  Belgium and in  the London Clay. Ten Dam (1944) describ ed  i t  from 

the Eocene o f  the Netherlands.

C ib icid es succedens (Brotzen).

C ib ic id es succedens Brotzen 1948, p . 80,  p i . 12,  f i g s . 1-2; Murray e t  a l .

1981, p . 250, p i . 8 .5 ,  f i g s . 1-3 .

Remarks.

C. succedens (Brotzen) was described from the Early Palaeocene  

("Zealandian") o f  Sweden. Murray e t  a l .  (1981) record t h is  sp e c ie s  from the  

Thanet Formation, Late Palaeocene. Noted in  th is  study in  Zone CB2, E arly- 

e a r ly  Late Palaeocene.
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FAMILY: HOMOTREMATIDAE Cushman 1927.

SUBFAMILY: VICTORIELLININAE Chapman and C respin 1930.

GENUS: K orobkovella Hagn and Ohmert 1971. 

i .  grosserugosa (Gumbel). F latten ed  sp ir a l s id e , in f la te d , in v o lu te  

u m b ilica l s id e . Narrow, excavated um bilicus. Sutures r a d ia l, s lig h t ly  

depressed . Rounded p erip h eral margin, s lig h t ly  lo b u la te . C oarsely  

p erfo ra te . Sutures in  in i t i a l  chambers o f th e la s t  whorl on th e u m b ilica l 

s id e  are not depressed o fte n  w ith  a smooth su rfa ce.

K orobkovella grosserugosa (Gumbel).

T runcatulina grosserugosa Gumbel 1868, p .660, p i .2 , f ig .1 0 4 a -c .

Anomalina grosserugosa (Gumbel), K aaschieter 1961, p .217, p i . 12, f ig .1 4 a -c ;  

Murray e t  a l .  1981, p .244, p i .8 .2 , f i g s .22-24 .

K orobkovella grosserugosa grosserugosa (Gumbel), Hagn and Ohmert 1971, 

p .136-140 , p l .1 , f ig .1 a - c , p i .2 , f ig .1 a -b , p i .5 , f ig .3 a - c .

TG a v e lin e lla  danica (B rotzen ), non B rotzen, sensu Koch 1977, p .64 , p i .6 , 

f i g . 5 .

K orobkovella grosserugasa (Gumbel), L oeblich and Tappan 1988, p .596, 

p i .658.

Remarks.

The specim en figu red  by Koch (1977) as  'G1. d an ica , i s  probably K. 

grossreru gosa; i t  has smooth non-punctate ea r ly  chambers, and i t  does not 

p o ssess  th e lim bate su tu res o f A  ̂ dan ica. L oeb lich  and Tappan (1988) noted  

th e genus K orobkovella in  th e Middle Eocene o f Germany, Hungary and Poland. 

Murray e t  a l .  (1981) recorded th is  sp ec ie s  in  th e London Clay Form ation, 

E arly Eocene. I t  was noted in  th is  study in  w e ll 14/29-1 , Zone CB5, Middle 

Eocene (Zone NS12, la te  Middle Eocene, LTG.t e s t e ) . K. grosseru gosa was

- 7 6 -



describ ed  by Gumbel (1868) from th e Eocene o f Germany, w h ile  K aaschieter  

(1961) described  i t  from th e Eocene o f Belgium .

SUPERFAMILY: BULBffNACEA Jones, 1875.

FAMILY: BULIMINIDAE Jones, 1875.

SUBFAMILY: BULIMININAE Jones, 1875.

GENUS: Praeglobobulim ina H ofker, 1951. 

i .  IL ovata (d 'O rbigny). C y lin d rica l t e s t  tap ering a t  both ends, fo r  the  

most part alm ost [p ara llel s id ed . Chambers g lob u lar, w ith  s l ig h t ly  depressed  

su tu res.

Praeglobobulim ina ovata (d'O rbigny).

P I .6, f i g . 6.

Bulim ina ovata d'O rbigny 1846, p.185, p i . 11 f ig .1 3 -1 4 ;  Marks 1951, p .57; 

K aassch ieter 1961, p . 191, p i . 9 f i g . 6.

Praeglobobulim ina ovata (d 'O rbigny), Murray e t  a l . 1981, f ig .8 .1 0 a - b .

N otes.

Aperture an e lon gate  sub-term inal ' s l i t ' ,  extending from th e base 

o f th e f in a l chamber towards i t s  apex. S trongly overlapping chambers, 

t r i s e r ia l .  Found in  th e 75/im or 125/lm fr a c tio n s .

Remarks.

K aasch ieter (1961) noted th is  sp e c ie s  in  th e Eocene o f Belgium . I t  

was noted in  th is  th e s is  in  th e London Clay Form ation, E arly Eocene, 

Y presian, Zones AB4, PK4.

GENUS: Bulim ina d'Orbigny 1826.

i .  IL acu leata  d'O rbigny. G lobular la te r  chambers, u su a lly  sp in ose e a r lie r  

on es. F larin g  t e s t .
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i i .  m arginata d'O rbigny. F larin g  t e s t .  Base o f chambers d is t in c t ly  

sp in ose throughout. Chambers le s s  g lob u lar than i .

i i i .  Ik elon gata  subulata Cushman and Parker. S im ilar to  i ,  but chambers 

sim ila r  to  v , although even le s s  in f la te d , c lo se  to  iv . E arly chambers 

sp in o se , la te r  ones smooth.

iv . B̂ _ elon gata  d'O rbigny. L ess rap id ly  en la rg in g , and le s s  g lobu lar  

chambers than i  and ,i i i . N on-spinose, la te r  chambers in crea sin g  on ly  slow ly  

in  s iz e  a s added. Non fla r in g  t e s t .

v . EL gibba F o m a sin i. N on-spinose or on ly  very f in e  sp in es in  e a r lie r  

p a rt. Chambers le s s  in fla te d  than i ,  and le s s  ra p id ly  en la rg in g . F larin g  

t e s t .

v i .  B  ̂ tr ig o n a lis  ten  Dam. Slow ly en larg in g  chambers a s added, but more 

fla r in g  t e s t  than iv . Subrounded periphery.

v i i .  EL a ls a t ic a  Cushman and Parker. R e la tiv e ly  sm all and sh o rt, rap id ly  

fla r in g  t e s t .  Most o f th e t e s t  o f 'p la te - lik e ' co sta e  w ith  very short 

sp in es. L ast two chambers in f la te d , smooth.

v i i i .  Bulim ina sp . o f King (1983). D is t in c tly  ornamented fla r in g  t e s t  w ith  

broken v e r t ic a l r id g es stand ing proud from th e main t e s t  w a l l .  Non globose  

chambers.

ix . IL d en ticu la ta  Cushman and Parker. T est la rg er  than v i i .  R apidly 

en larg in g  chambers a s added. Chambers more d is t in c t  throughout than v i i .  

F lu tted  e a r lie r  chambers.

Bulim ina a cu lea ta  d'O rbigny.

Bulim ina acu leata  d'O rbigny 1826, p.269; Brady 1873-1876, p i . 51, f i g s . 7-9; 

van Morkhoven e t  a l .  1986, p . 31-33, p i . 7.

Remarks.

T his form i s  very v a r ia b le  in  i t s  ornam entation. Some examples are
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alm ost non -sp in ose. EL acu leata  d'O rbigny has more g lob u lar chambers in  the 

la te r  part o f th e t e s t ,  and more rap id ly  en larg in g  chambers, than gibba 

F o m a sin i. Occurs in  the upper bathyal to  ab yssa l depths (see  van Morkhoven 

e t  a l .  1986, p . 32). Van Morkhoven e t  a l .  (op. c i t . ) regarded EL acu leata  as 

a deeper-w ater ecophenotype o f m arginata d'O rbigny. The stra tig ra p h ic  

range o f th is  sp ec ie s  i s  from th e Late Miocene (N16 o f Berggren) to  the 

P le isto cen e  (N23).

Bulimina m arginata d'O rbigny.

Bulim ina m arginata d'Orbigny 1826, p .269, p i . 12, f ig .1 0 -1 2 ;  van Morkhoven 

e t  a l .  1986, p .18-21, p i . 2.

Bulim ina submarginata Parr 1950, p . 336, p i . 12, f i g . 13.

Bulim ina ten u is  Phleger and Parker 1951, p .16, p i . 7, f i g s . 33-34.

NOT Bulim ina m arginata d'Orbigny sensu King 1983, p l2 ,  f i g s . 17-18.

Remarks.

ICing's (1983) in terp re ta tio n  o f IL m arginata in clu d es B  ̂ acu leata  

d'O rbigny. EL m arginata d i f f e r s  from EL a cu lea ta  in  having crenu lated  

chamber m argins. Ik marginata occurs in  sten o h a lin e  co n d itio n s, in  a f in e 

grained su b stra te  between le s s  tham 30m to  approxim ately 480m, w ith  

g r ea te st abundances in  outer s h e lf  and upper slo p e  depths (van Morkhoven e t  

a l . 1986). Van Morkhoven e t  a l .  (op. c i t . ) recorded IL m arginata in  the 

Late P liocen e (N21 o f Berggren) through P le is to c e n e . U su ally recorded as a 

caved sp e c ie s  in  th is  study.

Bulim ina elongata subulata Cushman and Parker.

Bulim ina elon gata  d'Orbigny var subulata Cushman and Parker 1937, p .51, 

p i . 7, f i g s . 6-7; van Voorthuysen 1950, p i . 2 , f i g . 7; Haynes 1973,
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p i . 10,  f i g s . 1 0 .  15.

Remarks.

This sp ec ie s  was described  by Cushman and Parker (1937) from th e  

Miocene o f the Vienna B asin , A u stria , and was noted by S h e ll Expro U.K. in  

P lio cen e -P le isto cen e  m a teria l. I t  was o ften  caved in  th is  stu d y.

Bulim ina elongata d'O rbigny.

P i . 6, f i g . 7.

Bulim ina elongata d'O rbigny 1846, Taf.11, F ig .19-20; B a tjes 1958, p .126, 

p i . 4, f i g s .  16-17; Doppert 1980 p l .1 5 ,  f ig .2 a -b ;  King 1983, p .22, p i . 2, 

f i g .1 6 .

Remarks.

King (1983) recorded th is  sp ec ie s  in  th e L ate Miocene (Zone NSBl3a) 

to  th e Late O ligocene (NSB8a). I t  was used in  th is  study to  mark Zone CB15, 

L ate M iocene.

Bulim ina gibba Fom as in i .

Bulim ina gibba F om asin i 1902, p .378, pl.O , f i g s . 32, 34; Barker 1960, 

p i . 50, f i g .  1-4 .

Remarks.

T his sp ec ie s was noted in  Middle Miocene sedim ents in  th e North Sea 

in  th is  study.

Bulim ina tr ig o n a lis  ten  Dam.

P I .6, f i g .8 a - c .

Bulim ina tr ig o n a lis  ten  Dam 1944, p.112, T f.52 , f i g . 1-2; King 1983, p .22 ,  

p i . 2, f i g . 20; Doppert and N eele 1983, p .9 ,  p i . 24, f i g s . 3 -4 .
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Bulim ina thane ten s i s  Cushman and Parker 1947; Murray e t  a l .  1981 p i .  8 .3 ,  

f i g s . 24-25.

Remarks.

T his sp ec ie s was cannon in  m ateria l from th e L ate Palaeocene Thanet 

Form ation, Pegw ell Bay, Ehgland, in  th is  stud y. Murray e t  a l .  (1981) a lso  

noted EL tr ig o n a lis  (as IL th a n eten sis Cushman and Parker) in  th e Thanet 

Form ation, from the Lower Pegw ell M arls, P egw ell. King (1983) noted th is  

sp e c ie s  in  h is  NSB1 Zone, E arly -early  Late P alaeocene, in  th e  North Sea; 

w h ile  Doppert and N eele (1983) recorded EL tr ig o n a lis  in  th e ir  FJ Zone,

Late P alaeocene.

Bulim ina a ls a t ic a  Cushman and Parker.

Bulim ina a ls a t ic a  Cushman and Parker 1937, p .39, p i . 4, f i g s .6 - 7 c ;  Doppert 

and N eele 1983, p .4-6 , p i . 6, f i g . 5.

Remarks.

Doppert and N eele (1983) recorded th is  sp e c ie s  in  th e ir  FF/FG Zone, 

Early-M iddle O lgocene. Rare in  th e O ligocene in  w e lls  in  t h is  stu d y. This 

sp e c ie s  was described  by Cushman and Parker (1937) from th e O ligocene o f  

France.

Bulim ina sp . o f King.

Bulim ina sp . nov. King 1983, p .22 , p i . 2, f i g . 22.

Remarks.

T his sp ec ie s  was described  by King (1983) from th e E arly Eocene o f  

th e North Sea, Zone NSB3. Noted in  th is  study in  Zone CB3, E arly Eocene, 

Southern North Sea.
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Bulimina d e n tic u la ta  Cushman and Parker.

Bulim ina d en ticu la ta  Cushman and Parker 1936, p .42, p i . 7, f i g s . 7-8 .

Remarks.

Rare in  w e lls  in  th is  study. Noted in  w e ll 14/29-1 in  th e E arly- 

ea r ly  Late Palaeocene, Zone CB2. This i s  an Early Palaeocene sp ec ie s  

according to  S h ell Expro. U.K., although i t  was d escrib ed  by Cushman and 

Parker (1936) from the Eocene o f C aliforn ia , U.S.A. According to  E l l i s  and 

M essina (1940 e t .  seq . ) B. d en ticu la ta  Cushman and Parker 1936 i s  a homonym 

o f IL truncana Gumbel var. d en ticu la ta  Protescu 1932, th e new name being B. 

m acilenta Cushman and Parker 1939.

GENUS: S ta in fo rth ia  Hofker 1956.

i .  IL sch rieb ersian a (Czjzek). E longate, gradually  tap erin g  t e s t ,  s l ig h t ly  

compressed w ith a subrounded periphery. Chambers a t le a s t  tw ice as long as 

broad.

S ta in fo rth ia  sch rieb ersian a  (Czjzek).

V irgu lin a sch rieb ersian a Czjzek 1848, p .147, p i . 13, f i g s . 18-21; ten  Dam and 

R einhold 1942, p .82, p i . 5, f i g . 14; B arten stein  e t  a l . 1962, p . 369, Tab. 21, 

T af.54 , f i g . 26.

S ta in fo r th ia  sch riebersian a (Czjzek), Doppert 1980, p .266, p i . 21, f ig .1 a -b .  

Fursenkoina sch riebersian a (Czjzek), King 1983, p .22 , p i . 2, f i g . 23.

Remarks.

B arten stein  e t  a l .  (1962) recorded th is  sp e c ie s  in  th e Late 

O ligocene and Early Miocene. Doppert (1975, 1980) noted th is  sp e c ie s  in  h is  

S. sch rieb ersian a- Sigmomorphina reg u la r is FE Zone, Late O ligocene-E arly  

M iocene. King (1983) noted S^ sch rieb ersian a (Czjzek) in  th e Early 

O ligocene (Zone NSB7) to  Late O ligocene (Zone NSB8c). L etsch and S issin g h
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(1983) noted th e LAD o f  £L sch rieb ersian a in  th e Late O ligocene (FT5b 

Zone). The FDO o f th is  sp e c ie s  was used in  th is  study to  in d ic a te  Zone 

CB12, E arly M iocene. T his sp ec ie s  was d escribed  by C zjzek (1848) from the  

T ertia ry  o f  A u str ia . Rare in  th is  study.

FAMILY: ISLANDIELLIDAE L eoblich and Tappan 1964.

GENUS: C assid u lin o id es Cushman 1927. 

i .  CL bradyi (Norman). Sm all, smooth t e s t .  Subrounded p erip h era l margin. 

S lig h t ly  depressed  su tu res, d is t in c t  b is e r ia l part a s h igh  as th e en ro lled  

p a rt.

C assid u lin o id es bradyi (Norman).

P I .7, f i g . 1 .

C assid u lin a  bradyi Norman 1881, in  Brady 1881, p .59, type fig u re  in  Brady 

1884, p i . 54, f i g s . 6-10.

C a ssid u lin o id es bradyi (Norman), Doppert 1980, p .263, p i . 9, f i g . 2.

Remarks.

C. bradyi (Norman) was recorded by Doppert (1980) in  h is  Late 

M iocene S ip h o tex tu la r ia - U vigerina h o siu si FC Zone.

FAMILY: UVIGERINIDAE H aeckel, 1894.

GENUS: U vigerina d'O rbigny, 1826.

i .  XL b a t je s i K aassch ieter. H ispid t e s t ,  hardly f la r in g . G lobular chambers. 

D epressed su tu res.

i i .  XL acum inata H osius. G lobular chambers. T est covered in  regu lar co sta e .

i i i .  U vigerina pygmaea la n g er i D aniels and S p ieg ler . T est r e la t iv e ly  sm all, 

w ith  r id g es in  th e in i t ia l  p a rt, la te r  part w ith  sp in es.

iv .  IL o lig o ca en ica  Andreae. Almost smooth t e s t ,  g lob u lar chamber
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arrangement s im ila r  to  i .

v . U vigerina sp .1 .  R e la tiv e ly  large  t e s t ,  more fla r in g  than i .  I n it ia l  

chambers stro n g ly  flu te d  to  bladed. Aperture on long neck w ith  l ip .

v i .  XL jack son en sis Cushman. S im ilar to  ix , but w ith le s s  continuous co sta e  

and le s s  in fla te d  chambers, t e s t  sh o rter.

v i i .  XL ten u ip u stu la ta  Voorthuysen. S im ilar to  iv  but w ith  'p u s tu le s '. Not 

a s d is t in c t ly  h isp id  as i .

v i i i .  IL venusta d eu m en sis (Neuter and Laga). Chambers le s s  g lo b u la r , and 

and more subovate than i i .  Wall covered by regu lar lo n g itu d in a l c o sta e , 

w ith  sane sm all p u stu le s. L ess h isp id  than i i i ,  and chambers more 

com pressed.

ix . XL m acrocarinata Papp and Tum ovsky. R e la tiv e ly  la r g e , in f la te d  t e s t ,  

w ith  depressed su tu res. Chambers le s s  in fla te d  and su tu res le s s  d is t in c t  

than in  i i .  A lso much la rg er  than i i ,  and covered by more irreg u la r  co sta e .

XJvigerina b a t je s i. (Var. A and B ). K aassch ieter.

P I .7, f ig .2 a - b .

U vigerina rugosa Ten Dam (n ot Terquem), 1944, p.115, p i . 3 f i g . 13.

U vigerina b a t je s i K aasschieter 1961, p .197, p i . 8 f i g .  27-28, p i . 9 

f i g . 23 ,27 .

N otes.

Sutures o f in fla te d  chambers more depressed in  la te r  p a rt. T est 

covered by many sm all nodes g iv in g  i t  a h isp id  appearance.

Remarks.

Var. A was th inner and longer than var. B. This could be a case o f 

ju v e n ile s  and a d u lts o f th e same sp e c ie s . According to  K aassch ieter (1961) 

th e m icrospheric form i s  ta p erin g , w hile th e m acrospheric tends to  be
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broader. Var.A, th er e fo re , could be a m icrospheric form, and var.B  a 

m acrospheric one. Common in  th e 75/̂ m fr a c tio n . U sually w e ll preserved .

U vigerina acuminata H osius.

U vigerina a cu lea ta  H osius 1893 (non d'O rbigny 1846), T af.2 , f i g . 9.

U vigerina acuminata H osius 1895, p .167; King 1983, p .23 , p i . 2, f i g . 28. 

Renarks.

King (1983) recorded th is  sp ec ie s  in  th e Early-M iddle M iocene,

Zones NSB10-11.

U vigerina pygmaea la n g er i D an iels and S p ieg ler .

P I .7, f i g . 3.

U vigerina pygmaea d'O rbigny la n g er i D an iels and S p ieg ler  1977, p .28, p i . 4, 

f i g s . 8-10, p i . 8, f i g . 4; King 1983, p .23 , p i . 2, f i g . 33.

Remarks.

King (1983) recorded th is  sp ec ie s  h is  NSB12b and NSB13a Zones, Late 

M iocene. Rare in  w e lls  in  th is  study.

U vigerina o lig o ca en ica  Andreae.

U vigerina o lig o ca en ica  Andreae 1894, p .50, t e x t f i g .1 .

Angulogerina g r a c il is  (Reuss) var. o lig o ca en ica  (Andreae), B atjes 1958, 

p . 134, p i . 6, f i g . 3.

Remarks.

T his sp e c ie s , considered by B atjes (1958) to  be a su b sp ecies o f A. 

g r a c il is  (Reuss), i s  a M iocene-O ligocene form (according to  S h e ll Expro. 

U.K .).
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U vigerina s p .1 .

P I .7, f i g . 4.

Remarks.

This sp ec ie s  i s  ty p ic a lly  found in  th e Eocene in  th is  study, in  the  

Southern North Sea. I t  was recognised  by S h e ll U.K. Expro. a s an Eocene 

sp e c ie s .

U vigerina jack son en sis Cushman.

U vigerina jack son en sis Cushman 1925 p . 67, p l .1 0 ,  f i g . 13; King 1983, p.23, 

p i . 2 , f i g . 31.

Remarks.

U. jack son en sis was recorded by King (1983) in  h is  NSB6, and NSB5 

Zones, M iddle-Late Eocene. I t  occurred in  th is  study in  Zones CB6 and CB5, 

M iddle-Late Eocene in  th e Southern North Sea o n ly .

U vigerina ten u ip u stu la ta  Voorthuysen.

U vigerina ten u ip u stu la ta  van Voorthuysen 1950, p .60, p i . 2, f i g . 35; B atjes 

1958, p .134, p i . 5, f i g . 20; Doppert 1980, p .263, p i . 16, f ig .4 a -b ;  King 1983, 

p .23 , p i . 2, f i g . 35.

Remarks.

Doppert (1980) recorded th is  sp e c ie s  in  h is  FD Zone, Middle 

M iocene. King (1983) recorded U  ̂ ten u ip u stu la ta  Voorthuysen in  h is  NSB10 

Zone, E arly -early  Middle M iocene. Rare in  w e lls  in  th is  stu d y, and o ften  

caved.

U vigerina venusta d eu m en sis (Meuter and L aga).

U vigerina venusta d eu m en sis Meuter and Laga 1977, p .144, p l . 1 ,  f i g s . 7-8;
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King 1983, p .2 3 , p i . 2 , f i g . 36.

Remarks.

King (1983) recorded th is  sp ec ie s  in  h is  NSB12b (L ate Miocene) to  

NSB13b Zones (E arly P lio ce n e ).

U vigerina m acrocarinata Papp and Tum ovsky. P I .7, f ig .5 a - b .  

U vigerina m acrocarinata Papp and Tumovsky 1953, S. 123, T a f.5 , Abb. B, 

f i g s . 1-3 .

Remarks.

This sp ec ie s  was noted in  th is  study in  w e lls  29 /10-1 , Zone AB11B 

Late O ligocene-E arly M iocene, 21 /11-1, Zone CB7B, la te  E arly O ligocen e, and 

21/30-1 , Zones CB13-15, E arly-L ate M iocene. S h e ll Expro. U.K. noted th is  

sp e c ie s  in  th e O ligocene-?E arly Miocene.

GENUS: Angulogerina Cushman 1927.

Prim arily d if fe r s  from T rifarin a  Cushman 1923 in  having a le s s  stro n g ly  

developed tr ia n g u la r  se c tio n .

i .  A  ̂ flu en s Todd. S im ilar to  iv  but w ith  a more rounded cro ss  se c tio n . 

Chambers covered in  f in e  lo n g itu d in a l c o sta e .

i i .  A  ̂ g r a c il is  (Reuss). S im ilar to  U vigerina pygmaea la n g er i D an iels and 

S p ieg ler , but w ithout such d is t in c t  lo n g itu d in a l c o sta e , and a more angular 

t e s t .

i i i .  A  ̂ germanica Cushman and Edwards. Strong broken lo n g itu d in a l co sta e  

g iv in g  a very 'roughened' appearance to  th e t e s t .  L ater chambers more 

rap id ly  in fla te d  than e a r lie r  ones compared to  i ,  i i ,  and iv .

iv . A  ̂ angulosa (W illiam son). Subangular cro ss s e c tio n . T est w ith  fin e  

lo n g itu d in a l c o sta e , excep t a t the subangular margins where co sta e  are
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th ick er  and stron ger.

Angulogerina flu en s Todd.

A ngulogerina flu en s Todd 1948, p .288, p i . 36, f i g .1 a - f ;  King 1983, p .22 ,  

p i . 2, f i g . 10.

T rifa rin a  flu en s (Todd), Feyling-H anssen e t  a l .  1971, p .242 , p i . 7 , f i g s . 12- 

15, p i . 18, f i g . 10.

Remarks.

King (1983) recorded th is  sp ec ie s in  h is  Zones NSBl3b (E arly  

P lio cen e) to  NSB15 (Late P lio ce n e ). I t  i s  o ften  caved in  w e lls  in  th is  

stu d y .

Angulogerina g r a c il is  (Reuss).

U vigerina g r a c il is  Reuss 1851, p .77, p i . 5, f ig .3 9 a -b .

T rifa rin a  g r a c il is  (R euss, 1863), Doppert 1980, p .266, p i . 21, f ig .2 a - b .  

A ngulogerina g r a c il is  (Reuss), Hughes 1981, p .190, p i . 1 5 .1 ,  f i g . 17; King 

1983, p .22 , p i . 2, f i g . 13.

Remarks.

Doppert (1980) recorded th is  sp ec ie s  in  h is  FE Zone, L ate 

O ligocene-E arly  M iocene. Hughes (1981) noted th is  sp e c ie s  in  th e L ate 

R upelian , M iddle O ligocene. King (1983) recorded A  ̂ g r a c il is  (Reuss) in  the  

L ate Eocene (NSB6b) to  th e Early Miocene (NSB9). This sp e c ie s  was o ften  

reworked in  th is  study in to  la te r  Miocene sedim ents.

Angulogerina germanica Cushman and Edwards.

Angulogerina germanica Cushman and Edwards 1938, p .85 , p i . 15, f ig s .1 4 -1 5 ;  

King 1983, p .2 2 , p i . 2, f i g s . 11-12.

A ngulogerina g r a c il is  Reuss var. germanica Cushman and Edwards, B atjes
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1958, p .1 3 6 , p i . 6 , f i g . 4 .

U vigerina germanica (Cushman and Edwards), Murray and W right 1974, p i . 7, 

f i g . 2; Murray e t  a l .  1981, p i . 8 .9 ,  f i g s . 21-22.

Remarks.

King (1983) recorded germanica Cushman and Edwards in  h is  Zones, 

NSB5 (M iddle E ocene), to  NSB6 (M iddle-Late E ocene). Murray e t  a l .  (1981) 

recorded th is  sp e c ie s  in  th e Hamstead Form ation, M iddle O ligocen e. Rare in  

w e lls  in  th is  study.

Angulogerina angulosa (W illiam son)

U vigerina angulosa W illiam son 1858, p .67 , p i . 5, f i g . 140.

T rifa rin a  angulosa (W illiam son), Feyling-H ansen e t  a l .  1971, p . 241, p i .  18, 

f i g s . 8 -9 .

A ngulogerina angulosa (W illiam son), King 1983, p .22, p i . 2, f i g . 9.

Remarks.

King (1983) recorded th is  sp ec ie s  in  h is  NSB13b Zone (L ate M iocene- 

E arly P liocen e) to  NSB15a (ea r ly  Late P lio c e n e ). T his sp e c ie s  was u su a lly  

caved in  w e lls  in  th is  study.

GENUS: T rifarin a  Cushman 1923.

T ests d is t in c t ly  tr ia n g u la r  in  cross se c tio n .

i .  bradyi Cushman. Angular, s lig h t ly  th ickened p erip h era l m argins. 

Chambers c lo se ly  appressed, w ith alm ost flu sh  su tu res.

T rifarin a  bradyi Cushman.

P I .7, f ig .6 a - b .

T rifa rin a  bradyi Cushman 1923, p .99, p i . 22, fig s .3 a -9 b ; B a tjes 1958, p i . 5, 

f i g . 18.
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Remarks.

Shell Expro. U.K. record this species from the Eocene into the Early 

Pliocene (in the Central Graben Central North Sea). It was noted in this 

study in the Southern North Sea Eocene.

FAMILY: TURRHZNIDAE Cushman, 1927.

SUBFAMILY: TURRHINENAE Cushman, 1927.

GENUS: Turrilina Andreae, 1884.

i. T. brevispira ten Dam. Very similar to ii but initial end 'sharper1. Non 

radiate wall.

ii. T. alsatica Andreae. Chambers often as broad as high in la ter stages. 

Radiate wall.

Turrilina brevispira Ten Dam.

PL 7, fig.7a-b .

Turrilina brevispira Ten Dam 1944, p.110 pL3 fig.4; Kaasschieter 1961, p.188 

pL11 fig.1; Murray e t aL 1981, p.259-260, pL8.9 fig.17-18; van Morkhoven e t 

a t 1986, p.305-308, pL100.

Description.

Last 3 chambers of high trochospire inflated. Basal slit-lik e

aperture.

Remarks.

Rare. Very small in the London Clay. Surface smooth. Aperture often  

obscured, due to  broken test. Recorded by Williams (1971) from the London 

Clay, and from NSB3 of King (1981) from the North Sea (earliest Eocene). Van 

Morkhoven e t aL 1986, recorded th is species in Late Palaeocene (P6a of 

Berggren, 1972) through Late Eocene (P15); they noted th at i t  was most 

common in outer neritie and bathyal deposits, but also occurs in abyssal
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material. This species, like a ll those referred to  th e genus Turrilina, d iffer  

from BuUmina is  possessing a small interiomarginal arched aperture.

Turrilina alsatica Andreae.

PL7, fig .8a-b .

Turrilina alsatica Andreae 1884, p.120, pl.8, fig .18a-c; Batjes 1958, pi. 4 

fig.15; K iessel 1970, p.255, pL12, fig.6; Ulleberg 1974, p.277, plL6, figs.3-4; 

Hughes 1981, pL15.1, fig.11; King 1983, p.23, pL2, fig .27 .

Remarks.

Small examples are similar to  the Eocene species T. brevispira ten  

Dam. Hansen (1972) painted out th at these tw o species are b est separated on 

th eir wall structure. Ulleberg's (1974) specimens o f T. alsatica Andreae had 

a radiate wall. King (1983) recorded T. alsatica from the Late Eocene (Zone 

NSB6) to  the Late Oligocene (NSB8c). The FDO o f th is species was used as a 

marker species far the Oligocene in  th is study.

FAMILY: SPHAEROIDINIDAE Cushman 1927.

GENUS: Sphaercddina d'Orbigny 1826.

i . S. bulloides d'Orbigny. Globose te st, very inflated . Sutures only slightly  

depressed.

ii. S. variahilis Reuss. Very inflated chambers with much mare depressed 

sutures than i. Chambers also mare rounded than i,

Sphaercddina bulloides d'Orbigny.

PL8, fig .1 .

Sphaercddina bulloides d'Oibigny 1826, p.267; Loeblich and Tappan 1964, p.548, 

fig .432, 1-3; Doppert 1980, pl.16, fig .2 , pi.20, fig .5; Murray 1984, pi.3, 

fig.10-11; van Morkhoven e t  al. 1986, p.80-83, chart no.24, pfl,24..
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Remarks.

Doppert (1980) recorded this species in  his FE and FD Zones, Late 

Oligocene-EafLy Miocene to  Middle Miocene. Van Morkhoven e t  aL (1986) noted 

th at th is is  mostly a middle to  upper bathyal species; and th at i t  is  a 

stratigraphicalLy long ranging farm, being recorded from th e la te  Early

Oligocene (P19 o f Berggren 1972) through Pleistocene (N23).

Sphaercddina variahLlis Reuss.

Sphaeroidina variahdlis Reuss 1851, p.88, pL7, figs.61-64b .

Remarks.

This species was described from the Eocene o f Germany. Recorded in  

th is study in  w ell 21/11-1, ?Late Oligocene, and w ell 21/30-1, Zone PK13, 

Middle Miocene. Rare to  few in  th is study.

FAMILY: BOLIVINIITDAE Cushman, 1927.

GENUS: Brizalina Costa, 1856.

i. B. anglica Cushman. Rounded, relatively sm all te st, smooth. Sutures 

depressed near the margins. Covered in  small, scattered pares.

ii. B. cookei (Cushman). Most o f the te s t  is  covered in  'meandering1 

longitudinal costae. Last chambers smooth, punctate. Acute periphery.

iii. B. antigua (d'Orbigny). Thicker test, and larger than i .  Mare rounded 

peripheral margins than ii. Smooth te s t with higher but narrow chambers than

i  and ii. Surface punctate with slightly depressed sutures throughout.

Brizalina anglica Cushman.

PL8, fig .2 .

Bolivina anglica Cushman 1936, p.50, pl.7 fig . 11; Kaasschieter 1961, p.194, 

pL9 fig.18-19.
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Bolivina punctata Sherbom and Chapman (not d'Orbigny) 1886, p.743, pL14, 

fig.10; Bowen 1954, p.139.

Brizalina anglica (Cushman), Murray e t  aL 1981, p.246, pl.8.3 fig.15,16.

Notes.

Riserial, small, elongate tapering te st, three tim es as long as broad. 

Compressed with rounded periphery. Constrictions in  the te s t  show th e  

chamber boundarys. Sutures strongly oblique. Aperture loop-shaped.

Remarks.

Occurs in  75^m sieve fractions. B. antigua (d'Orbigny, 1846) is  

similar but the sutures are not as constricted. Bowen (1954) noted the 

presence o f B. punctata in the London Clay, and painted out th at Brady (1884) 

considered th is to  be the same species as B. antigua. Kaasschieter (1961) 

also suggested th at B. punctata o f Bowen belongs to  B. anglica.

Brizalina cookei (Cushman).

PL8, fig .3 .

Bolivdna cookei Cushman 1922, p.126, pi.29, fig.1? Kaaschieter 1961, p.195, 

pL8, figs.25-26 .

Rrizalina cookei (Cushman), Murray e t  aL 1981, pl.8.3, figs.17-18; King 1983, 

p.22, pl.2, fig .15.

Remarks.

King (1983) recorded th is species in  his NSB6 Zone, Late Eocene. I t  

was used in  th is study to  mark Zone CB6, Late Eocene, in  the Southern North 

Sea.

Brizalina antigua (d'Orbigny).

Bclivina antigua d'Orbigny 1846,p.240, pi.14, figs.11-13; King 1989, p.467,
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pL9.4, fig .22 .

Brizalina antigua (d'Orbigny), Doppert 1980, pL18, figs.1a-b ; King 1983, p.22,

pL2, fig .14 .

Remarks.

D'Orbigny (1846) described th is species from the Tertiary o f the 

Vienna Basin, Austria. King (1983) recorded B. antigua (d'Orbigny) in  the  

Early Oligocene (Zone NSB7) through Early Miocene (NSB9). Rare in  w ells in  

th is study, noted far example in  w ell 29/10-1, Zone AB11B, Late O ligocene- 

Early Miocene. King (1989) used th is species as a marker far his revised  

NSB8 Zone, Late Oligocene.

GENUS: Bolivina d'Orbigny 1839. 

i . B. punctata d'Orbigny. Coarse pares covering w all giving i t  a rough 

appearance. D istinctly depressed sutures.

Bolivina punctata d'Orbigny.

Bolivina punctata d'Orbigny 1839, p.63, piL8, figs.10-12 .

Remarks.

This species was recorded in  th is study in  Zones AB11B and AB11, 

Late Oligocene-EafLy Miocene (see range chart far AB Zones). B. punctata was 

noted in  w ell 21/11-1, Zone PK11, Late Oligocene-EafLy Miocene, and w ells 

21/30-1 Zone CB15 Late Miocene, 29/10-1 Zones AB11B- CB12, Early Miocene. 

Examples o f th is species from the North Sea are coarser walled than B. 

punctata s.s. Superficially similar to  B. peeudoplicata Heron-Alien and 

Earlsnd (and noted in the w ell descriptions as such) but without th e d istinct 

"raised process zig-zagging down each parallel series o f chambers" (Kills and 

Messina 1940, e t. seg.) typ ical o f the la ter species.
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GENUS: Tappaninina Montanaro GalliteUi 1955. 

i. T. selm ensis (Cushman). Test small (see Ellis and Messina 1940 e t. seq. 

far size  o f holotype). Chambers distinctLy cuneiform. Sutures depressed. Broad 

chamber faces, concave, with narrow sides strongly convex. Smooth, finely  

perforate wall.

Tappanina selm ensis (Cushman).

Bolivinita selm ensis Cushman 1933, p.58, pL7, fig s.3 -4 .

Bollvinita selm ensis Cushman, Brotzen 1948, p.56, pl.9, fig .7 .

Tappanina selm ensis (Cushman), Koch 1977, p.64, pl.17, figs.8 -9; Murray e t  aL 

1981, p.258, piL8.9, figs.14-15; Tjalsma and Lohmann 1983, p.37, pL11, fig.4; 

van Morkhoven e t  aL 1986, p.332-334, chart no.108, pL108.

Remarks.

In deep-w ater facies th is species, according to  Tjalsma and Lohmann 

(1983), is  restricted to  the Late Palaeocene (Zone P4 of Berggren, 1972) to  

Early Eocene (Zone P6b to  possibly P8 of Berggren, op. a t .) , although they  

did record i t  from the Late Cretaceous and EafLy Palaeocene. Van Morkhoven 

e t  a l. (1986) recorded th is species stratigraphic range as being from the  

Late Cretaceous (Maastrichtian) to  Early Eocene (Zone P6b o f Berggren, 1972). 

T. selm ensis, according to  van Morkhoven e t  §L (op. a t .) , was mostly an 

outer neritic species, although i t  was also noted in  bathyal fa c ies. In th is 

study T. selm ensis was recorded rarely in  the Early Palaeocene (Zone CB1 

marker species) in the Southern North Sea. Murray e t  a l. (1981) recorded th is 

species in  th e Thanet Formation, Late Palaeocene. King (1983) used T. 

selm ensis as a marker species far his Danian NSBla Zone.

FAMILY: EOUVIGERINIDAE Cushman, 1927.

GENUS: Stjlcstomella Guppy, 1894.
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i. S. paleocenica (Cushman and Todd). Differs from iii in having less 

globular chambers. Spines do not form such d istinct rows a t the base o f each 

chamber as in iii, also the spines are less numerous. Spines may form 

longitudinal costae between the chambers.

i t  Stjlostomella sp. Smooth, unomamented form. Depressed sutures, slightly  

arcuate test, and very distinct basal spine.

iii. S. adolphina (d'Orbigny). Globular chambers, very depressed sutures. 

Characteristic 'rows' o f spines towards the base of each chamber.

iv . S. hirsuta (d'Orbigny). Globose chambers with very depressed sutures, more 

so than i- iii, and v. Very hispid test.

v. S. spinescens (Reuss). Differs from i  and i i  in having less depressed 

sutures, less globular chambers and less d istinct spines. Spines form 

distinct rows towards the base of each chamber.

StHostomella paleocenica (Cushman and Todd).

PL7, fig.4.

Ellipsonodosaria paleocenica Cushman and Todd 1946, p.61, pl.10 fig.26. 

Stilostom ella paleocenica (Cushman and Todd), Berggren and Aubert 1975, 

p.160, pL2 fig .2a-b .

Notes.

Slender, slightly arcuate test. Constricted sutures. Wall slightly  

hispid in early part, with distinct spines in later part. Small basal spine. 

Remarks.

Similar to  S. paleocenica (type lev el Paleocene) but d iffers in the 

nature o f the spines. In the London Clay species the spines cross the 

sutures, which they do not in S. paleocenica s. str.. This may be a broken 

example o f S. adolphina [(d'Orbigny 1846), type lev e l Miocene o f the Vienna 

Basin, but noted by Ulleberg (1974) from the Oligocene of Denmark!, but later
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chambers (only found as fragments, see  Text-Fig.4, fig.5) do not have the 

characteristic rows o f spines along the base o f each chamber, and the spines 

again do not cross the sutures in  the early chambers.

StQostomella sp.

Notes.

Chambers inflated. Increase gradually in  s ize  towards aperture.

Sutures constricted, perpendicular to  te s t axis. Test slightly arcuate.

Aperture on short neck.

Remarks.

Common. Aperture always broken. See Wetherell's (1838) Plate Fig.3 

Nodosaria. Similar in  general appearance to  N. soLuta (Reuss, 1851), in  

Sherbom and Chapman (1886). Unfortunately the 'crenulatdons' around the lip  

which would help to  distinguish th is genus from Siphonodosaria cannot be 

seen in  these examples.

Stilostom ella adolphina (d'Orbigny).

PL8, fig .5a-d .

Dentalina adolphina d'Orbigny 1846, p.51, pi.2, fig.18-20; ten  Dam and Reinhold 

1942, p.59.

Stilostom ella adolphina (d'Orbigny), UHeberg 1974, p.277, p i.2, fig.1, pl.6, 

fig .7 .

Remarks.

This species was recorded by UHeberg (1974) in  th e Middle Oligocene 

Vibarg Formation o f Denmark. I t was originally recorded in  Miocene mad, 

Baden area o f th e Vienna Basin, Austria. S. adolphina differs from S.
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spinescens (Reuss) by having broader and mare depressed sutures betw een the 

chambers, which are also mate rounded.

Stilostomella hirsuta (d'Orbigny)

Nodosaria hirsuta d'Orbigny 1826, p.252.

Siphonodosarin hirsuta (d'Orbigny), Batjes 1958, p.120, pL3, fig .12 .

Stilostom ella hirsuta (d'Orbigny), UHeberg 1974, p.277, pL2, fig s.5 -6 .

Remarks.

This species was recorded by UHeberg (1974) in  the Middle Oligocene 

Viborg Formation o f Denmark. Rare in wells in th is study.

Stilostomella spinescens (Reuss).

PL8, fig .6 .

Dentalina spinescens Reuss 1851, p.62, pL3, fig.10.

Nodosaria spinescens (Reuss), Batges 1958, p.116, pi.3, fig.13.

StilostomeHa spinescens (Reuss), UHeberg 1974, p.278, piL2, fig .2 , pL6, fig .8 . 

Remarks.

Noted by UHeberg (1974) in the Middle Oligocene, Viborg Formation. 

Noted in  Oligocene material from the North Sea Basin in  th is study. This 

species is  typically poorly preserved in the North Sea Oligocene, and the  

aperture is  unclear.

GENUS: Sjphonodosaria A. Silvestri 1924.

i . S. pauperata (d'Orbigny). Slender, slightly curved te st. Sutures d istinct, 

flush in  th e in itia l stages, becoming depressed in la ter  parts. Smooth wall, 

finely perforate. Chambers broader than high in the in itia l part, becoming as 

broad as high in  th e later stages.
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Siphonodosaria pauperata (d'Orbigny).

Dentalina pauperata d'Orbigny 1846, p.46, pL1, figs.57-58.

Nodogenerina pauperata (d'Orbigny), Marks 1951, p.56, pL7, fig .6 .

Remarks.

This species was described from the Tertiary o f the Vienna Basin, 

Austria, and recorded by Shell Expro. U.K. from the Middle Oligocene to  the  

Miocene in  the North Sea Basin.

GENUS: Eouvigerina Cushman, 1926.

i. E. aculeata (Ehrenberg). D iffers from i i  in  having higher, less compressed 

chambers above the d istin ct ridge along each chamber.

ii. E. americana Cushman. Chambers mare angular than i, alm ost polygonal.

Eouvigerina aculeata (Ehrenberg).

Loxostomum aculeata Ehrenberg 1854, p.22 pl.27, fig .21-22, pl.28 fig .26 . 

Eouvigerina aculeata (Ehrenberg) Murray e t  aL 1981, p.188, pfl.7.8 fig .3 -4 . 

Notes.

Small tapering te st. Periphery angularly lobulate in  side view . 

Chambers in  early portion indistinct, la ter ones distinct. Sutures mare 

depressed in  la ter chambers, which have a d istinct ridge across upper half o f 

each with te s t  slightly concave below. Finely perforate, broken rounded(?) 

aperture.

Remarks.

Found a t British library site . Examples broken. E. aculeata is  an 

Upper Cretaceous fcram inifera (Coniacian to  Lower Maastrichtian). This 

species has (according to  Hart e t  a l (1981)) been referred to  as E. cretacea  

(Heron-Alien and Eariand) and E. serrata (Chapman). E. aculeata Cushman (1933 

p.62 pi.7 fig .8a-b), is  a junior secondary homonym.

- 9 9 -



Eouvigerina americana Cushman 1926, pL34, fig s .1 -5 .

Remarks.

This is  an Upper Cretaceous species. I t was noted in  th is study in  

w ell 21/11-1 (rare), Zone CB2 Early-early Late Palaeocene (Zone NS17, la te  

Eady Danian, LTG.te ste ).

SUPERFAMILY: NODOSARIACEA Ehrenberg, 1838.

FAMILY: NODOSARHDAE " "

SUBFAMILY: NODOSARHNAE 11 "

GENUS: Pseudonodosaria Boomgart, 1949.

i. PseudonodosaTna sp.1. Test shorter than iii, with each chamber enclosing 

mare o f th e previous one in  the in itia l part.

ii. Pseudonodosatia sp.2. Test almost globular, and very short when compared 

to  i  and iii.

iii. Pseudonodosarda sp.3. Mare chambers visible than i- i i , and le ss  embracing.

Pseudonodosaria sp. 1.

PL8, fig .7 .
I

Notes.

Last fanned chamber mare globular and inflated than th e rest.

Remarks.

Rare, only noted in  the London Clay in  th is study. Well preserved, 

large. Glandulonodosaria Silvestri (1900) may prove to  be a senior synonym 

of Pseudonodosaria but the type figures o f type species (Nodosaria ambdgua 

Neugebaren 1856) are inadequate and the type specimens appear not to  have 

been redescdbed.

Pseudonodosaria sp. 2.
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PL8, fig.8.

Notes.

Test subovate. Final chamber overlapping earlier chambers.

Remarks.

Rare, only noted in  the London Clay in  th is study. Surface o f te s t

warn.

Pseudonodosaria sp 3.

PL8, fig .9 .

Notes.

4 large, 3 small subglobular chambers increasing in  s ize  towards the 

aperture (broken -  just a hole). Sutures deeply incised. The fir st few  

chambers mare strongly embracing than the later.

Remarks.

Rare, only noted in  the London d a y  in  th is study.

GENUS: Saracenaria Defrance in  de Blainville, 1824.

Saracenaria sp.

PL8, fig.10.

Remarks.

Later uncoiling o f te s t unclear. However, triangular section , and 

broad apertural fa ce  supports the conclusion th at the above belongs to  the 

genus Saracenaria.

GENUS: Margmulina d'Orbigny, 1826. 

i . M. c f. attenuate Neugebaren. Sutures slightly depressed and curved. 

Chambers few, inflated  in the later part. Short test.
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Marginulina cf. attenuata Neugebaren.

PL8, fig . 11.

see  Marginulina attenuata Neugebaren 1851, p.121, piL4 fig .3-6; Sherbam and 

Chapman 1889, p!L11.

Notes.

Test has a stout appearance. Aperture eccentric, closed.

Remarks.

This species d iffers from M. attenuata s. str  in  th at the example 

figured by Ellis and Messina (1940 e t seq.) is  mere elongate with mare 

chambers in  th e uncoiled part, but similar in th at the fir st farmed section  

is  tigh tly coiled. M. triangularis danvillensls Howe and Wallace (1932) is  

also sim ilar to  the above but differs from M. attenuata s. str. in  th a t there 

are few er chambers, the te s t has a mare squat appearance, and th e sutures 

are slightly curved. M. triangularis danvillensis also has a subtriangular 

cross-section  which M_. c f. M. attenuata does not possess. M. c f. attenuata  

was only noted in  the EarLy Eocene, London d a y  Formation in th is study.

GENUS: Percultazonaria Loehlich and Tappan, 1986.

i . P. w etherellii (Jones). Elongate test, with subacute peripheral margin.

Double peripheral k eel which may be spinose. Sutures strongly elevated  and 

thickened. Surface may also be covered by longitudinal costae. Sutures become 

depressed in  la s t farmed chambers in the adult farms.

Percultazonaria w etherellii (Jones, 1854).

Plj 8 , fig.12, pO.9, fig.1 a-b .

Abbreviated Synonymy.

Marginulina w etherellii 1854, Jones. Name given to  te s t figured by Sowerby in  

1840 p.135 pLIX, fig .12.
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C riste llar ia  fragraria (non Giimbel, 1868). Burrows and Holland 1896, p.38 

pLiii.

Marginulina enbom ensis 1954, Bowen, p.149-151, fig.B, 1-4.

Vaginulinopsis decorata (Reuss, 1855), Berggren and Aubert 1976, p.336 piL1, 

fig.1; King 1983, pl.2 fig.7; King 1989, pi.9.4 fig.11.

Nctes.

Laterally compressed oval in cross section. Test ornamentation o f 

longitudinal costae or tubercules.

Remarks.

This species is  especially common in  the London Clay and is  a key 

elem ent o f the 'NRA* (Nodosariid rich association) referred to  by King (1981). 

There is  considerable variation in  the size and ornamentation o f specim ens 

from th e same locality . Shorter specimens are sometimes mare stoutly built.

This species has been figured and described under d ifferent names 

by various authors, as can been from the above abbreviated synonymy lis t. P. 

wetherelli. is  o f particular interest, being fir st illustrated by W etherell 

(1838),as Marginulina (see T ext-fig. 4, fig . 12). M. enbom ensis was described 

by Bowen in  1954 from th e London Clay, and he places into his synonymy M. 

w etherellii o f Rupert Jones. Bowen examined what he took to  be th e original, 

type specim ens and concluded th at they were not the same as those figured 

by Jones in  his type description far M. w etherellii. He therefore renamed his 

London Clay specim ens as M. enbomensis, th is being erroneous. The farms he 

examined were labelled Cristellaria ita lica  var. w etherellii, and i t  appears 

th at he assumed th at these were meant to  be M. w etherellii. However, th is is  

not the case, as Burrows and Holland (1896) sta te  th at R. Jones had painted 

out to  them th at his M. w etherellii was not the same species as Cristellaria 

ita lica  var. w etherellii. Burrows and Holland (op. cat.) also argued th a t M.
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w etherellii should be placed into the genus C riste lla r ia . As there already 

was a separate species o f Cristellaria w etherellii, they renamed the farm 

Cristellaria fragraria (Giimbel). However, the generic term Cristellaria is  not 

valid, th e new genus Percultazonaria Loehlich and Tappan (1986) mare 

accurately describing th is species. It differs from Vagmulinopsis in  having a 

more prominent early ccdl, and in  the ornamentation o f elevated and costate  

sutures. Marginulinopsis, an alternative generic name, also d iffers in  having 

la ter  chambers th at are mare laterally compressed, and in  having weaker 

longitudunal costae. Marginulina does not describe th is species either, as 

th e codling in  the in itia l stage is  not com pletely enrolled. Hence th is form 

may be referred to  as Percultazonaria w etherellii. Vagmulinopsis decarata, 

referred to  by King (1983) as occurring in  the Tertiary o f the North Sea 

(zone NSB6 Late Eocene to  zone NSB7 EarLy Oligocene), was fir st described  

from th e Turonian o f Mecklenberg (although according to  C. King, pers. com ms., 

th e type specim en actually came fron Eocene material), is  very sim ilar to  P. 

w etherellii in many ways. However, V. decarata is  mare compressed than the 

London Clay farms, and is  generally less ornate. P. wetherellii (1854) is  also  

th e senior name to  V. decarata (1855). It was suggested by Berggren and 

Aubert (1976) th at V. decarata may be different from the Tertiary farm, and 

th a t with futher study i t  might be given a new name. However, th is is  

unnecessary as th e species has been established correctly since 1854 by R. 

Jones.

The type specim ens far several o f th e aforementioned species have 

been examined in  th e British Museum (Natural History).

Percultazonaria wetherellii. Jones var. 

PL9, fig .2 .
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Notes.

Small, no tubercules, just short longitudinal ridges in  the early 

portion, which has a circular cross-section. The rest o f the te s t  is  smooth. 

Aperture on a short neck, radiate.

Remarks.

Less common than the tuberculate P. w etherellii. Probably a 

megalospheric juvenile.

GENUS: Vagmulinopsis Silvester 1904.

i .  V. a ff. jonesl (Reuss). Narrower in itia l ccdl than la ter  uniserial pert. 

Sutures slightly depressed, surface covered in  continuous costae.

ii. V. praelonga ten  Dam. Much broader te s t than i. Sutures alm ost flush. 

Smooth, uncmamented te st.

Vagmulinopsis aff. jonesl (Reuss).

PL9, fig .3 .

see  Cristellaria (Marginulina) jonesl Reuss 1863, S. 63, Taf.5, fig .1 9. 

Remarks.

This species d iffers from V. jonesl (Reuss) s.s. in  having a  mare 

prominent in itia l co il, and less depressed sutures in  the uniserial section . 

Rare. Only found in  th is study in  the Oligocene. V. jonesl s.s. was an Early 

Cretaceous farm.

Vagmulinopsis praelonga ten Dam.

PL9, fig .4 .

Vagmulinopsis praelonga ten  Dam 1944, p.102, p!6, fig.8a-b; Berggren and 

Aubert 1976, p.332, pEL.1, fig .2 .

Remarks.

-105-



This species was described from the Ypreslan o f the Netherlands. 

Typical V. praelonqa is  metre rounded in section than the farm noted in  th is 

study, with mare depressed sutures. Berggren and Aubert (1976, te x t-f ig .4) 

noted th is farm in  the Early Eocene (nannoplankton Zone NP13), Orphan Knoll, 

a t th e edge o f the Labrador Basin. It was noted in th is study in  th e Late 

Palaeocene, Thanetian, nannoplankton Zone NP8, Pegwell Bay.

GENUS: Lenticulina Lamarck, 1804.

i . Lenticulina sp.1. Mare inflated te s t than iii-v i. Sutures may be slightly  

raised. Surface covered in  fa in t striae.

ii. LenticuTina sp.2. In itial chamber globular, 'sack-like'.

iii. L. subangulata (Reuss). Flattened test, slightly depressed sutures. Mare 

compressed te s t than i-v iii.

iv . L. c f. pseudovartex (Cole). Similar to  v but with a less d istin ct central 

um bilical boss, and mare compressed test.

v. L. culfrata (de Montfort). Distinct, raised umbilical boss. Mare inflated  

than iv .

v i. L. multiformis (Franke). Distinctly raised sutures, mare raised near the  

umbilicus. Aperbural face with strong shouders. A relatively large farm.

v ii. L. gutticostata Giimbel. Beaded, raised and thickened sutures.

v iii. L. calcar (Linnaeus). Inflated farm, with a very thin, often  broad keel. 

Sutures flush. A mare inflated farm than i, iii-v ii.

Lenticulina sp. 1.

PL9, fig .7 .

Notes.

Acute margin, with keeL Biumbonate, chambers increasing gradually in  

size . Sutures slightly depressed to  flush, slightly curved. The early chambers
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show some concentric striae which fade leaving the la st chamber smooth. 

Remarks.

Similar to  L. inam ata, but broader in  width when viewed from the  

apertural face . The surface also displays some concentric striae as mentioned 

above. Rare. Large, occuring in  250/*m fraction.

Lenticulina sp. 2.

Notes.

Small, sack-like. Aperture slightly raised on periphery, slit-lik e .

Test has 'wrinckled1 appearance. Thin keeL 

Remarks.

Rare. Very similar to  E lipsocristellaria Silvestri 1920, but th is 

genus, according to  Loebiich and Tappan (1964) is  only applicable to  farms in  

the Upper Cretaceous. Coiling as in Lenticulina. This is  probably a juvenile 

megalospheric farm o f Lenticulina, with just the first globose chamber 

follow ed by a 'coiled1 second.

Lenticulina subangulata (Reuss).

PL9, fig .6 .

Crisballatia subangulata Reuss 1862, Tf.8 fig .7; Franke 1928, Tf.10 fig .1 3. 

Robulina subangulata (Reuss), Reuss 1863, Tf.6, fig .54.

Cristellaria (Rdbulus) subangulata Reuss, Ten Dam 1944, p.89 Tf.3, fig .3  

Notes.

Chambers gradually increase in  size  towards the aperture. Test free, 

planispiral, lenticular. Faint keeL Sutures curved, and flush to  slightly  

depressed. Surface smooth. Large, radiate, peripheral aperture, with 'apertural 

groove'.
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Remarks.

Rare. Occurs in  the 250 m to  125 m fractions.

Lenticulina c f. pseudovartex (Cole).

PL9, fig .5 .

c f. Robulus pseudovartex Cole 1927, p.19 piL1, fig .12.

Lenticulina sp. c f. Lenticulina pseudovartex (Cole), Kaasschieter 1961, p.172, 

pL7 fig .6 .

Notes.

Sub-quadrate, planispdral te st. Biconvex. Involute, fiv e  chambers in  

th e fin a l whorl separated by curved, flush, lim bate sutures. Thin, prominent 

keeL, peripheral radiate aperture.

Remarks.

Occurs in  500/*m and 250/̂ m fractions in  the London Clay. Possibly 

Wetherell's Fig.13 'Rotalia* (Text-fig.4). Differs from L. pseudovartex (Cole) 

s. str. in  having a noticeable keeL May be a farm o f L. culfrata (Montfart, 

1808), a lbeit generally slightly mare compressed. Other, less compressed 

forms were also observed. Because de Montfart's type drawings are not 

particularly clear, i t  was fe lt  that this species is  better referred to  here 

as L. c f. pseudovartex (Cole). This species was noted from th e London Clay by 

Sherbam and Chapman 1886, and called Cristellaria culfrata (Montfart) (pL15, 

fig.28a,b).

Lenticulina culfrata (de Mantfort).

PL9, fig .8 .

Robulus culfratus de Montfart 1808, p.214-215.

Cristellaria (Robulus) culfrata Ten Dam and Reinhold 1942, p.53.
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Lenticulina (Robulus) cultrata (Montfort), Bartenstein e t aL 1962, p.365,

Tab.20, Taf.54, fig.1-3b .

Lenticulina cultrata (de Montfort), Doppert and Neele 1983, p.6, pL9, fig.3a-b. 

Remarks.

This species was recorded by Doppert and Neele (1983) in their FH 

Zone, ?EarLy-Late Eocene. In this study this species was noted in the Eocene, 

Zones CB3-6. Variants o f th is species occurred in the Early Oligocene (noted 

as L. cultrata s.L).

Cristellaria multiformis Franke 1911, p.111, Taf.3, FLg.3-8.

Lenticulina (Lenticulina) multi for mis (Franke), Bartenstein e t aL 1962, p.366, 

Tab.20, Taf.52, flg .3 -5 .

Lenticulina multiformis (Franke), King 1983, p.21, pL2, figs.1-2; Doppert and 

Neele 1983, p.9, pL24, fig .5a-c.

Remarks.

Palaeocene. King 1983 noted L. multiformis in his NSB1 Zone, early Late 

Palaeocene-Early Palaeocene. This species was noted in Zone CB2, in th is 

study, Early-early Late Palaeocene.

Lenticulina multiformis (Franke).

PL9, fig .9a-c.

Doppert and Neele 1983 record this species in their FJ Zone, Late

Robulina guttLcostata Giimbel 1868, p.643, pL1, fig.74a-b.

Lenticulina gutticostata (Giimbel), King 1989, p.463, pL9.3, fig .19.

Remarks.

This species was described by Giimbel (1868) from the Eocene of
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Germany; King (1989) recorded this farms range as Middle-?Late Eocene. I t  

was noted in  th is study in Zone NS11, Late Eocene o f w ell 14 /29-1, and Zones 

CB4-CB6, la te  Early-Late Eocene.

Lenticulina calcar (Linnaeus).

PL9, fig .10.

Nautilus calcar Linnaeus 1767, S.1162, No.272.

Robulina calcar (Linnaeus) d'Orbigny 1846, Taf.4, figs.18-20 .

Cristellaria calcar (Linnaeus) Brady 1884, Taf.70, fig s.9 -1 2; N uttall 1927, 

p.86, pL5, fig .8 .

Lenticulina (Lenticulina) calcar (Linnaeus), ten  Dam and Reinhcld 1942, Taf.2, 

fig .7 .

Remarks.

N uttall (1927) noted this species in  the Oligocene-M iocene o f the  

NaparLma Region o f Trinidad. This species was noted in  th e ?Oligocene and 

Eocene by Shell Expro. U.K. In th is study L. calcar (Linnaeus) was noted in  

w ell 14 /29-1 , Zone NS11, Late Eocene, and w ell 21/30-1, Zones CB8-PK12, early 

Late Oligocene-EafLy Miocene.

GENUS: Lagena Walker and Jacob in  Kanmacher 1798.

i . L. elongata Ehrenberg. Very elongated farm, smooth.

ii. L. hisprida Reuss. Globular, very hispid te st.

Lagena elongata Ehrenberg.

Lagena elongata Ehrenberg 1884, see  Brady 1884, p.9, pl.56, figs.27-28; van 

Voarthuysen 1958, pL2, fig .17; Doppert 1980, p.263, pi.12, fig .1 .

Remarks.
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Doppert (1980) recorded th is species in  his FC Zone, Late Miocene. 

Shell Expro. U.K. recorded th is species in the O ligocene-Pliocene.

Lagena hrispada Reuss.

Lagena hisptda Reuss 1858, S.434; Reuss 1862, S.335, Taf.6, fig .77-79; ten  Dam 

and Reinhold 1942, S.69; ten  Dam 1944, p.103.

Remarks.

Ten Dam (1944) noted th is species in the Bartonian (late Middle 

Eocene) o f the Netherlands. I t  was noted in  th is study in w ell 49 /9-1 , Zone 

CB6 (NS11, LTG.teste), Late Eocene, and in w ell 21/30-1, Zone PK12 (NS5, 

LTG.te s te ), ?late Early Miocene.

GENUS: Dentalina Risso, 1826.

i . D. multilineata Berne mann. Fine striations cover the te st. Sutures less  

depressed than ii- iii.

ii. D. elegantj.qsn ma (Hantken) var.A. Thick longitudinal costae covers the 

te s t. Sutures covered and alm ost indistinct. Large basal spine.

iii. D. elegantissLma (Hantken) var.B. Surface covered in  longitudinal 

costae with occasional short, stubby spines. D iffers from i i  in  having mare 

depressed sutures, and thinner costae.

iv . D. m eqalopditana Reuss. Short, stubby and inflated te s t, with a very 

rounded cross-section . Sutures only slightly depressed in  th e la ter  part. 

Surface smooth.

v . D. eooenica Cushman. Relatively small te s t with smooth walls and slightly  

depressed sutures.

v i. D. inam ata (d'Orbigny). Similar to  v  but much larger, with le ss  depressed 

sutures in  th e in itia l stages, and slightly mare arcuate te st.
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vii. Dentalina sp. Slightly arcuate test. Sutures oblique. Short te s t  with 

high chambers, smooth.

Dentalina multilineata Berne mann.

PL10, fig .1 .

Dentalina multilineata Bomemann 1855, p.325 pL13 fig.2; Sherbom and Chapman 

1886, pL15 fig .14.

Notes.

Straight te st. In itial chamber plain.

Remarks.

Similar to  D. obliquestriata Reuss 1851 (p.63 pfl.3 fig .1 2,13); but in  

D. multilineata the 'striations1 follow the te s t axis , while in D. 

ohliquestriata they are slightly oblique.

Dentalina elegantdsslma (Hantken) var.A.

Nodosaria elegantissim a Hantken 1875, p.24 pl.12 fig .16.

Stilostom ella c f. elegantissim a (Hantken), Hagn 1956, p.155, pfl.13 fig .24. 

Nodosaria sp. c f. Nodosaria elegantissim a (Hantken), Kaasschieter 1961, p.176 

pi.7, fig .20.

Notes.

Strongly arcuate te st. Ridges farm prominent longitudinal features, 

often  discontinuous. They begin a t the top o f each chamber and ju st extend  

over the central part o f the suture. Sutures mare depressed near th e  

aperture. The aforementioned ridges are continuous near base o f te s t, and 

farm one large basal spine. Chambers gradually increase in  size  towards 

aperture. Often large, and broken. Possibly a microspheric form.

Remarks.

See below far further comments on th is species.
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Dentalina f elegantissima (Hantken) varJB.

PL10, fig.2.

Notes.

Chambers inflated , with sutures mare obviously constricted than 

var.A above. Heavy longitudinal ridges present but not so w ell developed as 

in  var.A. They tend to  be mare continuous over bath chambers and sutures. 

Later chambers are very spiny. They increase in size  gradually, towards the 

term inal aperture.

Remarks.

This is  probably a megalospheric farm o f D. c f. elegantissim a. 

Sherbom and Chapman (1886) figured an example o f Dentalina 

spdnulosa (Montagu 1808) from the London d a y . They described i t  as; "an 

extrem ely variable form which passes from true spines to  triangular paints 

(as in  Sowerby's figure), from paints to  winged term inal rib lets a t th e base 

c f the chambers, and further to  riblets often continuous over the fir st  

farmed portion o f the test."  D. spinulosa differs from D. c f. elegantissim a in  

having mare spinose la ter  chambers. In the la ter the spines are invariably 

joined in  some farm o f ridge.

Dentalina megalopolitana Reuss.

Dentalina megalopolitana Reuss 1855, p.267, pi.8, fig .10; Doppert and Neele 

1983, pi.16, fig .2a-b .

Remarks.

Recorded by Doppert and Neele (1983) in  their FE Zone, Early Eocene. 

Occurred in  th is study in  Eocene material.
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Dentalina eocenica Cushman.

Dentalina eocenica Cushman 1944, p.36, piL6, £ig.1; Cushman 1951, p.22, pL6, 

figs.30 -33 .

Remarks.

This species was noted by Cushman (1951) from the Palaeocene o f the  

Gulf Coastal region o f the U.S.A. and surroundings. I t was noted in  th is 

study in  w ells 21/11-1 (few), Zone PK2, Late Palaeocene, and 14/29-1 (rare), 

Zone CB2 (and Zone NS18, Early Palaeocene, LTG.te ste ), EarLy-earLy Late 

Palaeocene.

Dentalina inam ata d'Orbigny.

PL10, fig .3 .

Dentalina inamata d'Orbigny 1846, p.44 pL1, fig.50-51; Terquem 1882, p.37, 

p3L1 fig.41; Kaasschieter 1961, p.176 pL7 fig .18-19.

Notes.

Sutures le ss  d istinct away from the aperture which is  produced on a 

short neck. Test slightly curved. Aperture eccentric. Sutures slightly  

oblique, alm ost perpendicular to  the te s t axis.

Remarks.

Common. Small. D. elegans d'Orbigny 1846, very sim ilar to  D. inam ata; 

most notable d ifference being, th at in  D. elegans the sutures are 

perpendicular to  the te s t  axis, while in  D. inam ata (d'Orbigny, 1846) the  

sutures are mare oblique. This species was noted in  th e range charts as 

Laevidentalina inam ata. Laevidentalina (Loeblich and Tappan 1986) d iffers 

from Dentalina in  having a smooth delicate te st. Loeblich and Tappan (op. 

d t .)  regarded Dentalina s.s. as being costate. In th is thesis i t  was decided
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th at as te s t ornamentation was so varied betw een and within species, i t  was 

not, in  th e case o f Dentalina, a good basis far generic diagnosis.

Dentalina sp.

PL10, fig .6 .

Notes.

Slightly arcuate te st. Sutures not very distinct. Test smooth, no 

spines. Chambers increase in  size  from base to  aperture. Specimens short, 

with few  broad chambers. Aperture on a raised 'neck1, ard 'slit-like'.

Remarks.

Usually w ell preserved. Common in  75/\m to  125/*m fractions from the  

London Clay, Early Eocene. Occasionally occurs in  250/im fraction. Featured by 

W etherell (1838) as Figure 4 'Nodosaria'.

GENUS: Nodosaria Lamarck, 1812.

i . N. longiscata d'Orbigny. Smooth wall, tubular te st. Lomg chambers. 'Bulbous' 

in itia l part.

ii. N. latejugata GiimbeL Test with regular, very continuous costae. R elatively 

very large te st, larger than v ii with thicker mare bladed costae. Depressed 

sutures.

iii. N. a ff. raphanus (Linnaeus). 6 regular but widely spaced, low but thick  

costae. Sutures only very slightly depressed. Test gently flaring.

iv . N. interm itens Roemer. Similar to  x i but with thinner longitudinal costae, 

and mare tw isted. Depressed sutures, globular chambers.

v. N. emacdata (Reuss). Smooth test. Arcuate, with alm ost horizontal chambers 

th at have d ear, glassy sutures. Chambers may be compressed or elongated. 

Small basal spine.
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v i. N. ew aldi (Reuss). Very thin, elongated te s t with high, numerous narrow 

chambers and generally constricted sutures. Aperture may appear to  be 

produced. Sutures mare depressed than i.

v ii. N. minor Hantken. Similar to  i i  in  ornamentation, but sutures less  

depressed in  the earlier parts.

v iii. N odosaria sp.1. Very large form similar to  i i i  but with larger, and mare 

biladed costae. Sutures flush.

ix . N odosaria sp.2. Sutures slightly depressed, tapers in la ter  chambers 

towards the aperture. Smooth test.

x. N. tarsicostata ten  Dam. Sutures depressed. Chambers globular. Longitudinal 

costae may be slightly tw isted, thicker than iv . Specimens also longer.

x i. N. consobrina (d'Orbigny). Globular chambers, that become mare elongated  

towards the aperture.

x ii. N. konincki (Reuss). Large te st, with discontinuous slightly irregular 

costae, th at are slightly tw isted. Sutures less depressed than x i and iv . The 

tw isting o f the costae only occurs near the centre and base o f the te s t. In 

iv  the sutures are tw isted  on each chamber. Costae coarser than in  iv .

Nodosaria longiscata d'Orbigny.

Nodosaria longiscata d'Orbigny 1846, p.32 pL1 fig.10-11; Sherbam and Chapman 

1889, p.486, pi.11 fig .17-18.

Description.

Test long, tubular, slender and smooth. Individual chambers are long 

and circular in  section . First farmed chambers inflated. Chambers increase in  

width a t the sutures. Pares very small, and apertures not found.

Remarks.

Always occurs in  sample studied as broken segm ents.

Unlike the description given far N. longiscata by Papp and Schmid
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(1985), sutures are often  constricted and the chambers do not increase in  

width a t th is pcdnt.

Nodosaria latejugata GumbeL 

PL10, fig .4a-b .

Nodosaria latejugata Giimbel 1870, p.619 ptL.1, fig.32; Kaasschieter 1961, p.177 

pL7 fig.22; Doppert and Neele 1983, p.6, pL10, fig .1 -2 ..

Notes.

Uniserial te s t  with inflated chambers. Thick longitudinal ribs that 

cross the depressed sutures.

Remarks.

Abundant, occurring with Percultazonaria wetherelTii. Large and 

broken. Part o f King's (1981) NRA fauna, in the London Clay. Doppert and Neele 

(1983) recorded th is species in  their FH Zone, TEafLy-Late Eocene.

Nodosaria a ff. raphanus (Linnaeus).

PL10, fig .5 .

see  Nautilus raphanus Linnaeus 1767, p.1164, No.283.

see  Nodosaria raphanus (Linnaeus) var., Sherbom and Chapman 1886, pL14, 

fig .37.

Notes.

T est with pronounced longitudinal ridges, which may be tw isted. 

Sometimes fade towards the base. Sutures betw een the chambers horizontal, 

only slightly depressed. Test flares towards the broken Nodosariid aperture. 

Remarks.

Rare. Similar to  Wetherell's (1838) 'Articulina?1
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Nodosaria inter mittens Roemer.

Nodosaria in ter mittens Roemer 1838, p.382, pL3, fig.2; Doppert and Neele 1983, 

p.4-6 ,piL5, fig .5 .

Remarks.

This species was recorded by Doppert and Neele (1983) in  their FF/FG 

Zone, EarLy-Middle Oligocene.

Nodosaria emacdata (Reuss).

Dentalina emacdata Reuss 1851, p.63, p3L3, fig .9 .

Nodosaria emacdata (Reuss), Batjes 1958, piL3, fig.20.

Nodosaria emacdata (Reuss) and var., Doppert and Neele 1983, p .4-6 , pL5, 

figs.204.

Remarks.

This specdes was recorded by Doppert and Neele (1983) in  their FF/FG 

Zone, Early-Middle Oligocene. Shell Expro. U.K. record th is species in  the 

O ligocene- Miocene.

Nodosaria ewaldi Reuss.

Nodosaria ewaldi. Reuss 1851, p.58, pL2, fig.2; Batjes 1958, p.117, p l.3, fig .20. 

Remarks.

This specdes was recorded by Shell Expro. U.K. in the Middle Oligocene- 

? Miocene.

Nodosaria minor Hantken.

Nodosaria bacdllnm Defrance var. minor, Hantken 1875, p.26, pL2, fig .7; 

Staesche and Hiltermann 1940, pL39, fig .3 .

Nodosaria minor Hantken, Doppert and Neele 1983, p.6, pk12, fig .3a-b .
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Remarks.

This specdes was recorded by Doppert and Neele (1983) in  their FH 

Zone, ?EafLy-Middle Eocene. This specdes was a useful index form, its  FDO 

being in  the Late Eocene in  th is study, Zone CB6.

Nodosaria sp. 1.

Notes.

Large 'ribbed1 nodosariid. Sutures betw een th e chambers flush, ard not 

obvious unless te s t  is  'wetted'. Test flares towards aperture (cannot be seen  

here as the te s t  is  broken).

Remarks.

Very large, very rare. Only recorded in  the Early Eocene, London Clay 

formation. Similar to  Wetherell's (1838) Fig.10 and Nodosaria a ff. raphanus. 

Preservation good.

Nodosaria sp. 2.

PL10, fig .7 .

Notes.

Smooth walled, with the penultimate chamber mare inflated  than the  

others. Sutures betw een chambers only slightly depressed. Earlier chambers 

have a slightly arcuate appearance. One broken basal spine.

Remarks.

Small nodosa ri id, quite rare. Usually w ell preserved.

Aperture on most specimens broken, but appears to  be radiate. 

Recorded only in  the London Clay, Early Eocene in th is study, Zone CB3.
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Nodosaria torgicostata ten  Dam.

Nodosaria torsicostata  ten  Dam 1944, p.96, pL2, fig.16; Bartenstein e t  al.

1962, p.364, Tab.20, Taf.52, fig.12; Doppert and Neele 1983, p.9, pl.20, fig .1 ,

pL.22, fig.2; King 1983, p.21 ,pL2, fig .4 ..

Remarks.

This species was recorded in  th e EE and FJ Zones o f Doppert and 

Neele (1983), Early Eocene-Late Palaeocene. I t was noted by King (1983) in  

his NSB1 Zone, Early-eariy Late Palaeocene, and in  Zone CB2 in  th is study.

Nodosaria oonsobrina (d’Orbigny).

PL10, fig .8 .

Dentalina consobrina d'Orbigny 1846, p.46, pl.2, figs.1 -3 .

Nodosaria consobrina (d'Orbigny), Bowen 1954, p.152, fig . B,5,6.

Remarks.

This species was recorded in  th e London Clay Formation and the

Eocene o f the North Sea in  th is study. Bowen (1954) recorded N. consobrina in

th e London Clay from the London and Hampshire basins. I t was also noted in  

th is study in  w ell 1 4 /29-1 , Zone CB5 Middle Eocene (NS12, la te  Middle Eocene, 

LTG.te ste ).

Nodosaria koninckL (Reuss .

Dentalina koninckL Reuss 1861; Doppert 1980, pi.9, fig .3 .

Nodosaria koninckL (Reuss), Batges 1958, p.115, pt.3, fig.5; King 1983, p.21, 

pL2, fig .3 .

Remarks.

Doppert (1980) recorded th is species in  his FC Zone, Late Miocene.
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King (1983) ncted th is species in  his NSB10-NSB14 Zones, Middle Miocene-Late 

Pliocene.

SUFAMILY: PLECTOFRONDICULAREENAE Cushman 1927.

GENUS: Plectofrondicillaria Liebus 1902. 

i .  P. seminuda (Reuss). Broad te st, compressed and elongate. Sutures slightly 

depressed in  la ter parts, flush in  earlier parts. Surface covered in  regular 

'medium' costae.

Plectofrondicularia seminuda (Reuss).

PL10, fig .9a-b .

Frondlnllaria seminuda Reuss 1851, S.65, Taf.3, figs.15-16; ten  Dam and 

Reinhold 1942, Taf.4, fig.8; Batges 1958, p.112, pl.3, fig .8 .

Plectofrondiciilaria seminuda (Reuss), King 1983, p.21, piL2, fig .5 .

Remarks.

This species was recorded by King (1983) in  the Early Oligocene 

(Zone NSB7) to  Early Miocene (NSB9). The FDO o f th is species was used in  th is 

study to  mark Zone CB10 Early Miocene; rare to  few  recorded.

SUBFAMILY: POLYMORPHHSHNAE d'Orbigny 1839.

GENUS: Guttulina d'Orbigny in  de la  Sagra 1839. 

i . G. franker Cushman and Ozawa. Inflated te st. Chambers mare inflated than S. 

regularis (Roemer). Cross section  alm ost triangular with subrounded 

peripheral margins. Acute apertural and in itia l ends.

Guttulina ffankei Cushman and Ozawa.

Guttulina frankei Cushman and Ozawa 1930, p.28, p i.4, fig .1a-c; Ulleberg 1974, 

p.276, piL1, figs.1 -6 .

Guttulina problema d'Orbigny var. frankei Cushman and Ozawa, Batges 1958,
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p.121, piL4, fig .11.

Remarks.

This species was described from the Middle Oligocene, Sallingen, 

Germany. 3t was noted by UHeberg (1974) in  the Middle Oligocene, Viborg 

Formation from Denmark.

GENUS: Siqmomorphina Cushman and Ozawa 1928. 

i . S. regularis (Roemer). 'Tear-drop' shaped te st, compressed. R elatively very 

large. Sutures depressed.

Sigmomcrphina regularis (Roemer).

Polymarphina (Polymcrphinen) regularis Roemer 1838, p.385, pl.3, fig .21a-b . 

Sigmomarphina regularis (Roemer), Batges 1958, p.125, pl.4, fig .2 .; Doppert 

1980, p;266, piL20, fig .4a-b .

Remarks.

Doppert (1980) recorded th is species in  his Stainfgrthia schriebersiana 

- Sigmomarphina regularis, FE Zone, Late Oligocene-EarLy Miocene. King (1983) 

noted S. regularis (Roemer) in  his NSB7 (Early Oligocene) to  NSB10 (EafLy- 

Middle Miocene) Zones. 3h th is study the FDO o f th is species was used to  

mark Zone CB9, Late Oligocene.

SUBFAMILY: OOLENINAE Loeblich and Tappan 1961.

GENUS: Polina d'Orbigny 1839. 

i .  O. hexagona (Williamson). Test o f a single globular chamber covered in  

distin ct hexagonal reticulations.

Polina hexagona (Williamson).

Entosolenia squammosa var. hexagona Williamson 1848, p.20, piL2, fig .23.

Oolina hexagona (Williamson 1884); ten  Dam 1944, p.103; Haynes 1958 (part 3),
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p.72, pl.17, figs.8-8b; Doppert 1980, p.260, piL3, fig .8 .

Remarks.

Haynes (1958, part 3) noted th is species in  the PegweH Marls, 

Palaeocene, and noted th at i t  had been recorded in  Upper Cretaceous to  

Eocene and Recent material. Doppert (1980) recorded th is species in  his FA 

Zone, Early P leistocene-Late Pliocene. Noted in  th is study in  w ell 21/30-1, 

Zone PK12, Early Miocene. Often caved.

GENUS: FLssurina Reuss 1850. 

i . F. laevigata Reuss. Ovate te s t. Surface smooth, with a keel. S lit-lik e  

aperture.

FLssurina laevigata Reuss.

FLssurina laevigata Reuss 1850, Loeblich and Tappan 1964, p.540-541, Fig.425, 

8a-b.

Remarks.

Loeblich and Tappan (1964) noted F. laevigata Reuss in  the Tertiary 

o f Germany. Rare in  w ells in  th is study.
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Notes.

3.3.2. Agglutinated Benthic Fora minifera.

ORDER: F0RAMJN1FER1DA Eichwald, 1830. 

SUBORDER: TEXTULARUNA Delage and H&ouatd, 1896. 

SUPERFAMILY: ASTRORHEZACEA Brady, 1891. 

FAMILY: RHABDAMMINIDAE Brady, 1884. 

SUBFAMILY: RHABDAM MININ AE Brady,1884. 

GENUS: Bathysiphon Sars, 1872.

Bathysiphon sp.

Small, uniserial, coarse-w alled. Rarely straight.

Remarks.

Occurs commonly, but in  sm all numbers in  the London Clay Formation, 

EarLy Eocene. Very sim ilar to  Bathysiphon filifarm is Sars, 1872. Often thin, 

and tw isted.

GENUS: Rhabdammina M. Sars, 1969. 

i . R. discreta Brady. R elatively large, tubular test. Round cross section. 

Medium to  coarse walled, straight.

Rhabdammina discreta Brady.

PL10, fig .10a-b .

Rhabdammina discreta Brady 1881, p.48, pi.22, figs.7 -10 .

Hyperammina intermedia Mjatiink 1970, piL1, figs.16-17, piL2, fig s.11-12, pL3, 

fig s.6 -8 , pL4, fig .3 , pl.6. fig s.1 -4 .

Rhabdammina ex gr. discreta Brady. Geroch 1960, p.36, pl.1, fig s.12-15; 

Kaminski e t  al. 1988, p.183 piL.1, fig s.8 -9 .

Bathysiphon discreta (Brady) var.B. Gradstein and Berggren 1981, p.240, pL1, 

figs.7-10 .
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Notes.

Wall o f w ell sorted coarse grains. R ectilinear test.

Remarks.

Occurs only as broken sections so making generic designation 

difficu lt. Common in th e Rhabdammina biofacies o f Brouwer (1965), and King 

(1983). According to  Loeblich and Tappan (1988) Rhabdammina, occurs in  deep 

water, from 700m to  4,800m.

The stratigraphical range o f th is species in fLysch-type assemblages 

from Trinidad (see Kaminski e t  aL 1988, fig .3), is  from the Upper Cretaceous 

(Maastrichtian) to  above the Early Eocene (Ypresian).

GENUS: Rhizammina Q^dy, 1879.

i. R. indivisa Brady. Elongate, thin tubular tests, often  tw isted, and may be 

coarse or medium grained. Sometimes branched. Test smaller than 

Rhabdammina gr. discreta (Brady).

Rhizammina indivisa Brady.

PL10, fig .11a-b , PL11 fig .1a-b .

Rhizammina indivisa Brady 1884, p.277, pi.29, figs.5-7; Geroch 1960, pL1, 

figs.1-7; Gradstein and Berggren 1981, p.240, pL1, figs.1-3; Kaminski e t  al. 

1988, p.183, pL1, figs.10-13.

Notes.

Few branching farms seen. Test often  flattened and or distorted. Test 

may be finely finished.

Remarks.

Commonly occurs in  th e Rhabdammina biofacies. Loeblich and Tappan 

(1988, p.24) suggest th at th is genus occurs in  deep water, in  depths o f 

1,260m to  5,800m.



3h Kaminski e t  aL's (1988, see  fig.3) material from Trinidad 

this specdes ranges from the Upper Cretaceous (Maastrichtian) to  above the 

Early Eocene (Ypresian).

SUBFAMILY: DENDROPHRYINAE Haeckel, 1894.

GENUS: Dendrophyra T.S. Wright, 1891.

i. D. excelsa Grzybowsku Compressed te st. 'Medium1 grained wall. Straight, 

does not tw ist like Rhizammina indivisa Brady. Test branches.

ii. D. c f. latisslm a Grzybowsku Test mare compressed, fla tter  and broader 

than i. Straight te st, no branched sections observed in  th is thesis.

iii. D. robusta Grzybowsku Similar to  i i  but thicker and generally much 

larger.

Dendrophyra excelsa Grzybowsku 

Dendrophyra excelsa Grzybowski 1898, p.16, pL10, figs.2-4; Geroch 1960, piL1, 

figs.1 -9; HanzUkovA 1972, p.32, piL2, fig.6; Verdenius and van Hinte 1983, 

p.198, pi.3, figs.3 , 4; Kaminski e t  aL. 1988, p.182, piL1, fig s.4 -5 .

Notes.

Tubular te st. Flattened, and moderately coarse walled. Most 

fragments straight, rarely branched.

Remarks.

I  follow Kaminski e t  al. (1988) in  keeping th is group in  open 

nomenclature, as, according to  them, there is  considerable variation in the 

wall thickness and grain size  in  specim ens o f th is species in  th e Grzybowski 

collection.

Again, mare common in  th e Rhabdammina biofacies. Top occurence 

(first downhole occurence) above the Eocene according bo Kaminski e t  §L 

(1988).
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Dendrophyra c f. latisslm a Grrzybowski.

PL11, fig .2a-c.

see  Dendrophyra latisslm a Grzybowski 1898, p.17, piL10, fig.8; Kaminski e t  aL 

1988, p.182, pL1, fig .6 .

Notes.

Wide, fla t tube often  with thin wall.

Remarks. .

Mare common in  th e Rhabdammina biofacies. Examples from the North 

Sea often  mare coarse walled than examples drawn by Grzybowski (1898), but 

both smooth and coarse varieties noted. Often slightly wider than 

Grzybowski's (1898) type figure shows, but always very compressed as in  his 

cross section. Only occurs as short fragments so generic designation is  

d ifficu lt to  ascertain.

According to  Kaminski e t  a l. (1988) ranges in  his m aterial from the 

Cretaceous into the Danian, top o f Berggren's (1969) P.1 c  M. trim'dadensis 

Zone. D. latisslm a s.str. was described from Eocene sediments from the Outer 

(Flysch) Carpathians. D. c f. latisslm a has been observed from Oligocene beds 

from the North Sea area.

Dendrophyra robusta Grzybowski.

Dendrophyra robusta Grzybowski 1898, pL10, fdg.7.

Notes.

Test compressed, f la t  tube with thick wall.

Remarks.

Similar to  D. c f. latisslm a but thicker walled, and with a much 

larger te st. Only broken fragm ents found, and none with any branching 

strucures. This species may, therefore, belong to  the genus Bathysiphon Sars
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1872.

This specdes was described from th e Eocene sediments o f the Outer 

(Flysch) Carpathians. Occurs in  Eocene and Oligocene sediments from North 

Sea wells examined far th is thesis.

FAMILY: PSAMMOSPHAERIDAE Haeckel, 1894.

SUBFAMILY: PSAMMOSPHAERINAE HaeckeL, 1894.

GENUS: Psam mosphaera Schulze, 1875.

i. P. fusca Schulze. Single globular chamber, often  very coarse walled.

Psam mosphaera fusca Schulze.

PL11, fig .3 .

Psam mosphaera fusca Schulze 1875, p.113, pL2, fig.8; Verdenius and van Hinte 

1983, p.189, piL3, fig.6; Jones 1988, p.148, pL1, fig .6 .

Psam mosphaera sp. var.A, Gradstein and Berggren 1981, p.241, piL1, figs.13,

14, (NON 12?).

Notes.

Roughly globular chamber. Coarse to  medium grained wall, grain size  

fairly homogeneous.

Remarks.

Illustrated example from the EafLy Eocene London Clay Formation. 

Jones (1988, fig.3) records th is species from the upper part o f his middle 

dope (500-1000m palaeowater depth) in  Unocal w ell 9/12A-5, U.K. sector, 

Viking Graben. Ksiazkiewicz (1975) suggests that, with few exceptions, P. 

fusca occurs in  bathyal depths.

Described originally from the Recent by Schulze (1875). Verdenius 

and van Hinte (1983, fig .5 -7 , 9-10) record th is species from th e Eocene of
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D.S.D.P. wells 345-347, 359-350, Leg 38,and the Oligocene and Early Miocene 

of w ell 348 (fig.8).

FAMILY: SACCAMMTNHDAE Brady, 1884.

SUBFAMILY: SACCAMMININAE Brady, 1884.

GENUS: Placentam mina Thalmann, 1947.

i . P. placenta (Grzybowski). Globular chamber which is  always compressed. 

Aperture on a very sm all neck.

ii. P. complanata (Franke). D iffers from i  in having a thin elongate neck, and 

being smaller.

Placentam mina placenta (Grzybowski).

PL11, fig .4 .

Reophax placenta Grzybowski 1898, p.276, pL10, fig .9-10 .

?BogdanoviozieILa complanata (NON Franke) sensu Mjatliuk 1970, p.51-52, pL7, 

fig .12a-b , pL8, figs.5 -10 , pl.15, fig s.3 -4 .

Saccammina placenta (Grzybowski.). HanzllkovA 1972, p.33, pL1r fig.9; 

Gradstein and Berggren 1981, p.241, pL2, fig.3; Miller e t  aL 1982, p.19, piL1, 

fig.4; Kamindd. e t  aL 1988, p.183, pL2, fig .9 .

Placentam mina placenta (Grzybowski). Loeblich and Tappan 1988, pp.31 -32 , 

pL21, figs.17-19.

Notes.

Finely agglutinated te st, usually with depressed centre.

Remarks.

Common in  North Sea sediments examined in  th is thesis. D iffers from 

P. complanata in  being mare finely agglutinated and has a smaller, mare 

delicate neck, located a t any position on the te s t surface. According to  

Loeblich and Tappan (1988, p. 32) th is genus is  typically found in  flysch
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deposits.

This genus occurs in  Cretaceous to  Miocene sediments. In Kaminski e t  

aL's (1988) material from Trinidad, th is form tops in  the Early Eocene 

(Ypresian, top o f Berggren's P.6b Zone). I t originally was described from the 

Upper Eocene, near Krosno, Poland.

Placentam mina complanata Franke.

PL11, fig .5 .

Pelosina complanata Franke 1912, p.107, pl.3, fig .1 .

Saccammina complanata (Franke). Rogl 1976, pL3 figs.7-8; Miller e t  aL 1982, 

p.19, pl.1, fig.3; 'Qalsma an  ̂ Lohmann 1983, p.19; Loeblich and Tappan 1988, 

piL21, figs.15-16.

Notes.

Spherical outline to  te st. Flattened. Wall o f quite coarse grains. 

Aperture often  on the periphery.

Remarks.

Occurs with P. placenta in the Rhabdammina biofacies.

This species was originally described from the Lower Eocene o f 

Northern Germany. Observed in  Oligocene beds from the Central North Sea, 

area Central Graben, in  material studied for th is thesis.

Saccammina Carpenter, 1869. 

i . S. sphaerica Brady. Globular te st. Coarser walled than Plactenam mina 

placenta (Grzybowski) and finer than Psam mosphaera fusca Schulze. Rarely 

compressed.

Saccammina sphaerica Brady.

Saccammina sphaerica Brady 1871, p.183; Loeblich and Tappan 1988, p.32,
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pL23, fig .8 .

Notes.

Test o f a single chamber. Rounded aperture. Often with a wall o f 

relatively large quartz grains with a finer matrix.

Remarks.

Of no stratigraphic value in  th is study.

SUPERFAMILY: HIPPOCREPENACEA Rhumhler, 1895.

FAMILY: HEPPOCREPINIDAE Rhumbler, 1895.

SUBFAMILY: HYPERAM MININ AE Elmer and Fickert, 1899.

GENUS: Hyperammina Brady, 1878.

i. H. subnodosifarmis Grzybowski. Smooth walled species with globular 

'sections'.

Hyperammina subnodosiformis Grzybowski.

Hyperammina subnodosiformis Grzybowski 1898, p.274, pi.10, fig.5; Geroch 

1960, pp.38-39, pL1, fig.21; Jurkiewicz 1967, pp.42-43, piL1, fig s.10-11. 

Hyperammina ex gr. subnodosifcrmis Grzybowski, Kaminski e t  a l. 1988, p.184, 

pL1, figs.14-15.

Notes.

Finely agglutinated tubes with irregular annular constrictions. 

Specimens often  flattened.

Remarks.

This species was noted by Kaminski e t  aL (1988) in  the Danian, Early 

Palaeocene, o f Trinidad.

SUPERFAMILY: AMMOD1SCACEA Reuss, 1862. 

FAMILY: AMMOD1SCEDAE Reuss, 1862.
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SUBFAMILY: A M MO VOLU M MININ AE Chernykh, 1967.

GENUS: Ammodiscus Reuss, 1862.

i. A. cretaceus (Reuss). Large te s t  with a many ccdled overlapping chamber. 

Depressed centre.

ii. A. latus Grzybowski. Thinner than i, and also large, but with few er coils.

iii. A. planus Loeblich. Small te st, and thinner walled than i, otherwise 

similar.

Ammodiscus cretaceus (Reuss).

PL11, fig .6a-b .

Operculina cretacea Reuss 1845, p.35, pL13, figs.64-65a-b .

Ammodiscus cretaceus (Reuss). Rogl 1976, pL2, fig.22; HanzHkovcL 1972, p.34, 

pl.3 figs.7 , ?9; Gradstein and Berggren 1981, p.241, piL2, fig s.12-13; Miller e t  

al. 1982, p.19, piL1, fig.17; Kaminski e t  a l. 1988, p.184, pL3 fig .7 .

Ammodiscus siliceus (NON Ihvolntina silicea  Terquem), sensu Verdenius and van 

Hinte 1983, p.190, pl.3, fig .8 .

?Ammodiscus infimus (NON Qrtds infimus Strickland), sensu Geroch and Nowak 

1984, piL1, fig .11.

Ammodiscus peruvianus NON Berry? sensu Gradstein and Berggren 1981, p.241, 

pi.2 ,figs.14-15; sensu Kaminski e t  a l. 1988, p.185, pl.3, figs.11-12.

Notes.

Large evolntely coiled te st, o f 8 to  10 whorls. D istinct coiling 

suture. Usually finely agglutinated wall.

Remarks.

A very variable form th at often  appears to  be distorted in  sediments 

from the North Sea area. Verdenius and van Hinte (1983, p.190) sta te  that 

"the morphologic, taxonomic and stratigraphic relations in  the genus 

Ammodiscus are in need o f a revision". Kaminski e t  aL (1988, p.184) places A.
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invalvens Grzybowski, A. polygyrus Grzybowski, A. angygyrus Grzybowski and 

Camuspdra angusta Fteddberg into synonymy with Ammodiscus cretaceus. A. 

incertus sensu Kaaschieter (1961), according to  Chamock and Jones (in 

preparation), probably belongs to  A. cretaceus, as Qperculina incerta d'Orbigny 

is  a Camuspdra.

The stratigraphical range o f A. cretaceus is  d ifficu lt to  ascertain if  

a ll th e above species are included within the species concept.

Ammodiscus latus Grzybowski.

Ammodiscus latus Grzybowski 1898, pl.10, figs.27-28; Gradstein e t  aL 1988, 

fig .2 .

Notes.

Large, very fla t Ammodiscdd with medium grained wall.

Remarks.

A fairly common farm. Differs from A. planus Loeblich in its larger 

size, coarser wall, and less closely appressed chambers in the planispdre.

According to  Gradstein e t  aL (1988, fig.2) ranges from the top o f 

the Middle Eocene into the Early Oligocene.

Ammodiscus planus Loeblich.

PL11, fig .7 .

Ammodiscus planus Loeblich 1946, p.133, pl.22, fig.2; Gradstein e t  aL 1988, 

fig .2; Kaminski e t  a l. 1988, p.185, pl.3, fig .13.

Notes.

Very thin walled, fin e grained. Often compressed.

Remarks.

Rare. May simply be a juvenile form of A. cretaceus, but it  has been
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separated from that species in this thesis partly on a morphological basis, and 

partly because it  is  a biostratigraphically useful farm.

According to  Gradstein e t aL (1988) the stratigraphical range o f this 

species is  from the Middle Early to  Middle Late Palaeocene in the Central 

North Sea area.

SUBFAMILY: TOLYPAM MININ AE Cushman, 1928.

GENUS: Ammolagena Elmer and Fickert, 1889.

i. A. davata (Jones and Parker). Initial, globular chamber, smooth walled, with 

the later part being less globular and often coiled. Adheres to  other 

fora minifera.

Ammolagena davata (Jones and Parker).

PL11, fig.8a-b.

Trochammina irregularis (d'Orbigny) var. davata Jones and Parker 1860, p.304^ 
AmdLaqea clavata (Jcnes & Ehrker)* Miller e t  aL 1982, p.20, pL1, fig.9; Kaminski e t al. 1988, p.185, pL3 fig.24;

Loeblich and Tappan 1988, p.49, pl.36, fig.16.

Remarks.

Test partly attached to  agglutinated benthic fora minif era. Rare in  

thesis material from the North Sea. Jones' (1988, p.148) Tdypammina sp. is  

very similar and occurs in  the lower part o f his upper dope (200-500m 

palaeowater depth), to  middle slope (500-1000m). It occurred mare commonly 

in the latter. Jones' species was found attached primarily to  quartz grains, 

and rarely possesed a globular prdoculus. However, the example he illustrates 

(pL1, fig .7) appears to  have a broken in itial part which was probably 

originally inflated.

The FDO (first downhole occurence) o f this species is  in Berggren's 

P.6b (Early Eocene, Ypresian) Zone according to  Kaminski e t al. (1988, fig.3).
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SUBFAMILY: AMMOVERTELLENINAE Saidova, 1981.

GENUS: Glomospira Rzehak, 1885.

i. G. gardialis (Jones and Parker). Smooth walled, slightly irregularly coiled, 

but mostly streptospdral species.

ii. G. i r r e g u la r i s  (Grzybowski). Often smooth walled te st, but may also be 

coarse. Mare irregularly coiled than i, with very little  stretospirallity.

Glomospira gardialis (Jones and Parker).

PL12, fig .1 .

Trochammina squamata Jones and Parker var. gardialis Jones and Parker 1860, 

p .3 0 4 .

Glomospira gardialis (Jones and Parker). Miller e t  aL. 1982, p.19, pL1, figs.14- 

15; Hart 1988, p.122, pL2, figs.3 -4; Kaminski e t  al. 1988, p.185, pl.3, fig.17; 

Loeblich and Tappan 1988, pp.50-51, pi.38, figs.5 -6 .

Notes.

Similar to  Repmanina charoides (Jones and Parker), but mare 

irregularly coiled.

Remarks.

Occurs with R. charoides, and may simply be a variant o f the latter. 

Ksiazkiewicz (1975) pointed out that G. gardialis has been recorded from 

neritic and bathyal depths from the Mediteranean Sea, from depths o f 18- 

410m from th e Gulf o f California, and from the Gulf o f Mexico from depths 

of 320-1000m. This species most commonly occurs in bathyal and abyssal 

depths.

Occurs in  Late Palaeocene (Selandian, P.4 o f Berggren, 1969) to  Early 

Eocene (Ypresian, P.7 c f Berggren, 1969) sediments from Trinidad (see 

Kaminski e t  aL, 1988). Hart (1988) records this species from Early Miocene 

sedim ents from D.S.D.P. s ite  603 (N.W. Atlantic Ocean).
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Glomospira irreqiilaris (Grzybowski)

PL12, fig .2 .

Ammodiscus irregularis Grzybowski 1898, p.285, pL11, fig .2 -3 .

Glomospira irregularis (Grzybowski). Geroch 1960, p.126, pL4, fig .9 -10; 

Gradstein and Berggren 1981, p.246, pl.3, figs.1 -4; Miller e t  aL 1982, p.19, 

piL1, fig.12; Kaminski e t  a l. 1988, p.185, pl.3, figs.20-21.

Notes.

Test irregularly coiled, and often  flattened.

Remarks.

V arieties ex ist morphologically between th is "species11 and Glomospira 

gardialis. A very variable 'group', in which the marphocharacters have to  be 

used (taxonomically) quite arbdtardly (because nothing is  known o f the biology) 

in  th e hope th at records w ill be useful stratigraphically or palaeoecologically.

3h Kaminski e t  aL's (1988) material th is species LAD (last appearance 

datum) is  in  the Late Palaeocene (P.4 c f Berggren, 1969).

GENUS: Glomospirella Plummer, 1945. 

i .  G. c f. diffundens (Cushman and Renz). Initial part a small streptospire, 

follow ed by a very d istinctive planispire. Superficially similar to  A. planus 

Loeblich in  overall appearance except for streptospire.

Glomospirella cf. diffundens (Cushman and Renz).

PL12, fig .3a-b .

s e e  Glomospira gardialis (Jones and Parker) var. diffundens Cushman and Renz 

1946, p.15, pl.1, fig.30; Geroch 1960, pp.46-47, pL4 fig .1 , pL10r fig .2 .

Isee Glomospira diffundens (Cushman and Renz). Geroch and Nowak 1984, pi.1, 

fig.10; Kaminski e t  aL 1988, p.185, pl.3, figs.18-19.

Notes.
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Robust test, and chamber is  broad.

Remarks.

Differs from th e genus Glomospira, and the species G. diffundens 

s.str., in having a more distinctive planispdral la ter stage.

"Glomospira11 diffundens o f Kaminski e t  aL (1988) ranges from the 

Upper Cretaceous (Maastrichtian) to  the Upper Palaeocene (Selandian, top of 

P.4, Berggren 1969).

SUBFAMILY: USBEKESTANUNAE Vyalov, 1968.

GENUS: Repmanina Suleymanov, 1966. 

i. R. charoides (Jones and Parker). Fine walled te st. Initial proloculus followed  

by a tubular chamber trochospirally coiled. Mare regularly coiled than 

Glomospira gardialis (Jones and Parker) and G. irregularis (Grzybowski). 

Repmanina charoides (Jones and Parker).

PL12, fig .4a-b .

Trochammina squamata Jones and Parker var. charoides Jones and Parker 1860, 

p.304.

Ammodiscus charoides (Jones and Parker). Grzybowski 1896, pp.280-281, pl.8, 

figs.39-43.

Glomospira charoides (Jones and Parker) var. corona Cushman and Jarvis 1928, 

p.89, pl.12, figs.9 -11 .

Glomospira charoides (Jones and Parker). Geroch 1960, pL4, figs.3-4; 

Bartenstein e t  a l. 1962, pp.387-388, pL59, fig s.11-12; Bieda 1969, piLXCV, 

fig.1; Grun 1969, pLLXVT, figs.1 -4; Gradstein and Berggren 1981, pp.243-246, 

pL3„ figs.5-7; Miller e t  aL. 1982, p.19, pl.19, figs.10-11; Kaminski e t  aL 1988, 

p.185, pL3, fig s.14-15.

Glomospira corona (Cushman and Jarvis). Krashenninikov 1974, pL7, fig .5 .
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Repmanina charoides (Jones and Parker). Loeblich and Tappan 1988, p.52, 

pL39, figs.24-26.

Notes.

Test spherical in  shape and (according to  Gradstein and Berggren,

1981, p.246) "resembles the sporangia o f Cham" (the fem ale spore sacks o f 

lim e secreting algae). Some specimens may have a sm all "crown" on the te st. 

Remarks.

I  agree with Kaminski e t  aL's (1988) view, th at the differences 

between charoides and corona reflec t ontogeny. Repmanina (like R. charoides 

differs from Usbekistania Suleymanov 1960 (a possible alternative name to  

Repmanina, see  Loeblich and Tappan 1988, p.52, pi.39, fig s.17-20, 27-29) in  

being without fin al planispiral whorls, and in  the wall being made up o f 

calcareous material, th at is , not o f quartz particles in an insoluble cem ent. 

Differs from Glomospira in  its  mare regular trochospiral chamber arrangement. 

Glomospira coils irregularly, or in  a streptospdral manner. Ksiazkiewicz (1975) 

points out th at although th is species has been reported mostly from depths 

greater than 200m, i t  has also been noted from the inner neritic zone.

This species was originally described from Recent sedim ent in  the 

eastern Mediteranean. Gradstein and Berggren (1981) noted th at th is form was 

common to  abundant in  Maastrichtian to  Palaeocene sediments from the 

Labrador Sea area, and in  Palaeocene shales from the North Sea area. It was 

le ss common in  Early or Middle Eocene sediments.

SUPERFAMILY: RZEHAKTNACEA Cushman, 1933.

FAMILY: RZEHAKENIDAE Cushman, 1933.

GENUS: Rzehakina Cushman, 1927.

i. R. minima (Cushman and Renz). Smaller, narrower te s t with narrower
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chambers visible in side view than ii. Peripheral margin is  also mare angular 

than ii* often  with a keel.

ii. R. epigona (Rzehak). Test larger and broader than i, with a mace rounded 

periphery.

Rzehakina minima (Cushamn and Renz).

Rzehakina epigona (Rzehak) var. minima Cushman and Renz, 1946, p.24, pl.3, 

fig .5 .

Rzehakina minima (Cushamn and Renz). HanzHkovi 1972, p.39, piL4, fig.11; 

Gradstein e t  aL. 1988, pp.100-101, fig.2; Jones 1988, p.148, pl.2, fig.2; 

Kaminski e t  aL 1988, p.186, pl.7, fig s.8 -9 .

Notes.

Evolnte, laterally compressed te s t with many wheels.

Remarks.

Common only in  w ell 25/10-1, Viking Graben. Differs from Rzehakina 

epigona (Rzehak) mainly in  being mare evolnte. Similar to  R. epigona var. 

fissistom ata o f Hanzlikovci (1972).

According to  Gradstein e t  aL (1988) th is species ranges from the 

EarLy Palaeocene to  the very base o f the Early Eocene. I t occurs most 

commonly in  th eir Trochammina ruthven murrayi- Reticulophragminm paupera 

Zone, Selandian, Late Palaeocene, Zones P.3-P.4 o f Blow (1979).

Rzehakina epigona (Rzehak).

PL12, fig .5 .

Silicina epigona Rzehak 1895, p.214, pL6, fig .1 .

Rzehakina epigona (Rzehak), Jednarowska 1975, pp.47-48, pl.3, figs.8-9; 

Kaminski e t  a l. 1988, p.186, pL7, figs.6a-7 .

Rzehakina epigona epigona (Rzehak), Geroch and Nowak 1984, pL3, fig.12.
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Remarks.

This species was only rarely noted in  th is study. Kaminski e t  aL (1988) 

noted i t  in  the Late Cretaceous (Campanian) through Late Palaeocene (P6a o f 

Berggren, 1969) in  fLysch-type assemblages, Trinidad.

GENUS: Spirosigmoilinella Matsunaga, 1955. 

i. S. compressa Matsunaga. Fewer chambers visible in side view than R. 

minima (Cushman and Renz). Chambers relatively inflated, and te s t  less  

compressed. Sutures may be depressed.

SpirosigmoilineJIa compressa Matsunaga.

PL12, fig .6a-b .

Spirosigmaiiinella compressa Matsunaga 1955, p.49, figs.1-2; Miller e t  aL 1982, 

p.20, pl.2, fig .5; Loeblioh and Tappan 1988, p.55, pL40, figs.10-11.

Sigmoilina tenuis (NON Qmnqueloculina tenuis Czjek 1848), sensu Rasmussen 

1974, p.13.

'Rzehakina1 sp.1 Gradstein and Berggren 1981, p.250, pL5, fig s.3 -4 .

Sillcosigm oilina sp. Hughes 1981, pl.15.1, figs.3-4; King 1983, p.21, pL1, 

fig.23.

Spirosigmailinella sp. Verdenius and van Hinte 1983, p.192, pL4, figs.10-17 . 

Notes.

Wall fin e to  very fin e grained. Sutures often  indistinct.

Remarks.

Occurs in  high numbers in  Central North Sea wells covered by th is 

thesis. Caves very easily. Spirosigmoilinella differs from Silioosigm oilina in  

having a le ss  d istinctive sigmoidal coiling mode, in  having a rounded aperture 

produced on a short neck without an apertural tooth, and in  not having an 

ovoid outline (see Loeblich and Tappan, 1988, pp.54-55).
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The stratigraphical range o f th is species in the North Sea Tertiary is  

from th e Late Eocene, uppermost NSB6b to  Early Miocene NSB9 o f King (1983). 

He uses th is species as a marker far the top Oligocene-Eady Miocene. This 

species was described from th e Lower Middle Miocene o f Japan. Gradstein e t  

aL (1988, p.105), however, regard th is species as a constituent o f their 

Rotaliatina bulimaides (Reuss) Zone, Rupelian, Eady Oligocene (Blow's 1979 

Zones P.18-P.19).

SUPERFAMILY: HORMOSENACEA Haeckel* 1894.

FAMILY: ASCHEMOCELLEDAE Vyalov, 1966.

GENUS: Kalamopsis de Folin, 1883. 

i . K. grzybowski (Dyl^ianka). Very smooth walled species. Elongate proloculus 

with straight la ter  sections th at may have constrictions. Test often  

compressed.

Kalamopsis grzybowskii (Dylaianka).

PL12, fig .7a-b , PL13, fig .1 .

Hyperammina grzybowskii Dylazanka 1923, p.65, pL7, fig.5; Geroch 1960, p.39, 

pfl-1, figs.22-23 .

Kalamopsis grzybowskii (Dylazanka). Hanzlikovi 1972, p.36, pl.2, fig .8; Geroch 

and Nowak 1984, pL1, fig .2 -3 , pl.5, fig .2 —3; Kaminski e t  aL 1988, p.187, pL1, 

figs.18-20 .

Notes.

Occurs as single chambered flattened sections. May have bulbous 

in itia l part. Thin walled.

Remarks.

Common. Usually occurs within the Rhabdammina hiofacdes.

This species was originally described from the "Upper Cretaceous,
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Senonian or Danian, Inoceramus beds" in Szymbark, Poland. Kaminski e t  aL 

(1988, fig .3) notes th at i t  also occurs in  Eocene sediments fron Trinidad.

FAMILY: HORMOSENIDAE HaeckaL,1894.

SUBFAMILY: REOPHAONAE Cushman, 1910.

GENUS: Reophax de Montfort, 1808. 

i. Reophax sp.1. Flattened 'disc-like1 chambers in  an arcuate series, 

i i  R. suhfusiformis Eariand. Large fusiform fin al chamber, often  very coarse 

walled.

Reophax sp.1.

Notes.

Coarse wall. Overlapping chambers.

Remarks.

Similar to  Reophax sp.1 o f Gradstein and Berggren (1981, p.248, pL3, 

figs.8 -9), but chambers generally do not overlap so much in  the North Sea 

forms. Reophax sp.1 sensu Gradstein and Berggren (1981) was not recorded by 

the la tter  authors from the North Sea area, but from Maastrichtian shales 

from th e Labrador Shelf region.

Reophax sp.1 from th e North Sea area was recorded from as high as 

the Oligocene in  th is study.

Reophax subfusifarmis Eariand, emend. Hoglund.

Reophax subfusaformis Eariand 1933, p.74, piL2, figs.16-19.

Reophax subfusifarmis Eariand, emend. Hoglund 1947, pp.77, 82, pL9, fig s.1 -4 , 

pi.26, fig s.1 -36 , pL27, figs.1 -19 , T ext-figs.43-50; Gradstein and Berggren 1981, 

p.248, pL2, figs.8 -9; Kaminski e t  aL 1988, p.187, pL.2, figs.18-19.
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Notes.

Rough wall.

Remarks.

Rare in  w ells studied. North Sea examples observed in  th is study 

very sim ilar to  Eadand's illustration (1933) fig.19 of pl.2. Gradstein and 

Berggren's (1981) examples appear to  be compressed, and d iffer from the type 

specimens illustrated by Eariand (1933), in  having a coarse wall with very 

little  cem ent (as was often  th e case in  those specimens observed in  th is 

study), sim ilar to  those shown by Hoglund (1947, pi.9, fig .1 -2) which he 

referred  to  as "central variant" (fig.1) and "extreme variant no.1" (fig.2).

Hoglund (1947) recorded th is species from the Recent. Examples 

observed in  th is study from the Oligocene. Kaminski e t  a l. (1988) records th is 

species in  Upper Cretaceous to  Early Eocene (P.7 of Berggren, 1969), Ypresdan 

sediments from Trinidad.

GENUS: Nodellum Rhumbier, 1913.

i. N. velascoense (Cushman). Smooth walled, with granular chambers th at 

compress easily. Sutures very depressed.

Nodellum velascoense (Cushman).

Nodosinella velasoensis Cushman 1926, p.583, pl.20, figs.9a-b .

Nodellum velascoense (Cushman), Geroch 1960, p.44, pl.3, figs.4 -7;^ am in sk iet 

aL 1988, p.187, pl.1, figs.21-22.

Remarks.

This large, fin ely  agglutinated species was noted by Cushman (1926) as 

"chitinous". However, according to  Kaminski e t  aL (1988) the nature o f the  

te s t  wall needs to  be resolved. Kaminski e t  aL (ibid.) noted th is species in
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the Late Cretaceous (Maastrichtian) through Early Eocene (Ypresian, P8 of 

Berggren, 1969).

SUBFAMILY: HORMOSENINAE Haeckel* 1894.

GENUS: Harmosina Brady, 1879.

D iffers from Reophax de Montfort in  it's more rectilinear te st, and distinctly  

overlapping globular chambers.

i. H. duplex (Grzybowski). Compressed te st. Fewer chambers than ii* and mare 

than iii.

ii. H. pilnlifera (Brady). Flattened, rounded chambers, gradually enlarging as 

added, coarse walled, with sutures th at are horizontal and depressed. Differs 

from Reophax sp.1 in  not being in  an arcuate series, and in  having a neck.

iii. H. ovulum (Grzybowski). A single globular chamber, wall smooth to  coarse 

with a smooth finish. Test never compressed, but always found inflated.

Harm osina duplex (Grzybowski).

Reophax duplex Grzybowski 1896, pp.276-277, pi.8, figs.23-24; Liska and 

Liskowa 1981, p.167, pL1, fig.12; Gradstein and Berggren 1981, p.248, pl.2, 

fig.7; Kaminski e t  aL 1988, p.187, plL2, fig .15.

Notes.

Coarse walled. Test o f tw o fla t overiapdng chambers o f unequal size .

Remarks.

This genus has been reported by Loeblich and Tappan (1988, p.61) 

from depths o f 3,750m to  5,800m in  the N. Pacific, from 1,776m to  3,758m in  

the tropical Pacific, and from 2,700m to  3,229m in  the N. Atlantic.

This species was first described from the Lower Oligocene o f Poland. 

Gradstein and Berggren (1981, table 6) record th is species from th e  

Maastrichtian to  Palaeogene o f th e Labrador and Newfoundland Shelves, and
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from th e Palaeogene o f the Central North Sea area. This species has also  

been recorded in  Campanian to  Early Eocene sedim entsby Kaminski e t  aL 

(1988, fig.3) from Trinidad.

Harm osina pdlnlifera (Brady).

PL13, fig .2 .

Reophax pilnlifera Brady 1884, p.292, piL30, figs.18-20; Gradstein and Berggren 

1981, p.248, p l.2, fig s.8 -9 .

Notes.

Test composed o f few  chambers (3 to  5). Chambers spherical. Walls 

coarse, but often  smoothly finished. Aperture terminal, centrally placed. 

Remarks.

Examples from the North Sea very similar to  Gradstein and Berggren's 

(1981) photograph on his pl.2, fig .10. Rare in  w ells studied far th is thesis.

Described originally by Brady (1884) from the Recent. Gradstein and 

Berggren (1981, table 6) noted th is species from the Maastrichtian to  

Palaeogene o f the Labrador and Newfoundland Shelves. They did not record i t  

from their North Sea w ells. Noted in  the Central North Sea, Central Graben, 

in w ells in  th is study, from Oligocene beds.

Harm osina ovulum (Grzybowski).

PL13, fig .3 .

Reophax ovulum Grzybowski 1896, p.276, pl.8, fig s.8 -9 .

Harm osina ovulum (Grzybowski), Geroch 1960, p.43, pl.2, figs.20-22 , pi.10, 

figs.8-9; Juridewicz 1967, pp.52-53, pi.1, fig.28.

Pelosina caudata (M ontanaro-Galltelli), Hanzlikova 1972, p.34, pL.1, figs.2 -6  

(with synonyms).
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CarpathieUa ovulum (Grzybowski), Mjatlink 1966, pp.262-263, pL1, figs.2-4b , 

pL2, fig s.1 -3 , pOL3, fig .2; Mjatlink 1970, p.52, pL8, fig .12, pL9, figs.8 -13 . 

Carpathiplla ovulum ovulum (Grzybowski), Szczechura and Pozaryska 1974, 

pp.27-28, pL3, fig .19 .

Harm osina ovulum ovulum (Grzybowski), Geroch and Nowak 1984, pL1, figs.19, 

21; Kaminrid. e t  aL. 1988, p.186, piL2, fig .10.

Notes.

Thick wall.

Remarks.

Kaminski e t  aL (1988) noted th is species in the Early Palaeocene 

(Danian) through EafLy Eocene (Ypresian, P6b o f Berggren, 1969).

SUPERFAMILY: LETUOLACEA de Blainville, 1827.

FAMILY: HAPLOPHRAGMOIDIDAE Maync, 1952.

GENUS: Critarostomaides Cushman, 1910.

i. "C." subglobosus (G. Sars). Very wide farm when viewed from th e apertural 

face. Coarse walled with a smooth finish. Sutures flush to  slightly depressed.

"Cribrostomcdde^1 subglobosus (G. Sars).

PL13, fig .4a-b .

Lituola subglobosa G Sars 1872 (1871).

Alveaphragmium subqlobosum (G Sars), Barker 1960, Tax. Notes to  H.M. Brady 

1884, pL34, fig s.7 -8 , 10.

"Cribrosbomaidesn subglobosus (G Sars), Gradstein ard Berggren 1981, p.252, 

PL6, fig s.1 0 -1 1.

Remarks.

Gradstein and Berggren (1981) placed Haplophragmcddes 

subarhdcularus (Grzybowski) into the synonymy o f 'C1. subglobosus (G. Sars).
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Kaminski e t  a l. (1988) however regard the farmer species as a separate form. 

All th e North Sea examples o f 'C1. subglobosus did not show any apertural 

features (due to  fossUisation?) other than an indistinct basal s lit  on some 

specimens although th e shape and arrangement o f chambers ! matches that 

given far th is species. Gradstein and Berggren (1981) noted th is species as 

common in  th eir Maastrichtian through Eocene material.

GENUS: Haplophragmoddes Cushman, 1910.

i. H. kirki Wickenden. Mare inflated and rounded chambers than ii, often  

coarse walled, with few er chambers in  the fin al whorl than i i  and mare 

lobulate periphery.

ii. H. waiter! (Grzybowski). Chambers often  compressed, smooth walled. 

Subrounded periphery with less depressed sutures than i* and mare chambers 

in  the fin a l whad.

iii. Haplophragmcddes sp.1. Deeper umbilicus on one side, sllghty convex 

opposite side.

Haplophraqmcddes kirki Wickenden.

P1.13, fig .5a -c .

Haplophraqmaides kirki Wickenden 1932, p.85, pL1, fig .1 ; Gradstein e t  aL 

1988, pp.100-101, JEig.2.

Haplophragmaides subarbiciilaris var. bullnidiformis Jurkiewicz 1967, p.76, piL4, 

fig .9 .

Notes.

Fine to  medium grained wall. 4 chambers in  the fin al whari. Inflated 

chambers, with very lobulate periphery.

Remarks.

d o se  to  the holotype. Similar to  H. parrectus Maslakova sensu
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Kaminski e t  aL (1988, pL5, fig s.7-8), but d iffers mainly in  having coarser 

wall. On some specim ens the slit-lik e  infaRriomarginal aperture can be seen  

even though i t  is  not clearly visibile in th e SEM.

According to  Gradstein e t  al. (1988, pp.100-101, fig.2) th is specdes 

ranges from Late Palaeocene to  the base o f th e Middle Eocene.

Haplophragmaides w alteri (Grzybowski).

PL13, fig .6 .

Trochammina w alteri Grzybowski 1898, p.290, pl.11, fig .31.

Asanospdra w alteri (Grzybowski). Mjatlink 1970, pp.78-79, piL.19, fdgs.5a-7, 

pl.20, figs.1a-2b .

Hapjophragmcddes w alteri (Grzybowski). Geroch 1960, pp.49-50, piL5, fig.5; 

Gradstein and Berggren 1981, pp.250-252, pL6, Figs.5-7: Miller e t  aL 1982, 

p.20, pL2, fig .7; Verdenius and van Hinte 1983, pp.192-193, piL5, figs.1-2; 

Gradstein e t  a l. 1988, pp.100-101, fig.2; Hart 1988, p.122, pL3, figs.1-2; Jones 

1988, p.148, p!L2, fig.6; KaminridL e t  a l. 1988, p.190, piL5, figs.14-15.

Notes.

Compressed pflanispdral te s t. 8 or mare chambers in  the la st wharL 

Has circular outline. Finely agglutinated wall.

Remarks.

Common in  the Palaeogene o f the North Sea area.

According to  Gradstein e t  al. (1988, fig.2) th is species d ies out in  

the Middle to  Late Eocene. However, I  have noted th is species from Oligocene 

sedim ents from the North Sea. Hart (1988) records H. walteri from Miocene 

material from D.S.D.P. s ite  603 (N.W. Atlantic Ocean).
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Haplophrag m codes sp.

PL14, fig .1 .

Notes.

Coarse walled, planispdrally cooled. Chamber shape and numbers 

indistinct.

Remarks.

Similar to  Haplophragmcddes sp.1 c f Williams 1971, piL13 Fig.5a-c.

His specim ens were, lik e those observed from the London Clay, very easily  

broken and distorted.

GENUS: Labrospdra Hoglund, 1947.

Labrospdra has a mare evolnte cadi than Cribrostomcddes Cushman, metre 

flattened sides, a mare coarsely agglutinated wall, and a single areal 

aperture, rather than a row o f pares. According to  Jones and Chamock (in 

preparation) Cxjbrosbomcrides is  in  fa c t streptospiraL

i .  L. scdfula (Brady). Similar in  gross morphology to  "C." subglobosus (G. Sars) 

but without the wide apertural face o f the la tter. Also often  smoother 

walled, with depressed umbilicus on both sides. Sutures depressed, glassy.

Labrospdra scituln (Brady).

PL14, fig .2a-b .

Haplophragmium scitulnm Brady 1881, p.50.

Cribrostomoddes scitulus (Brady). Gradstein and Berggren 1981, p.252, pL6, 

figs.8 -9 .

?Budashevaella sp. a ff. B. multicamerata (Budasheva). Vedenins and van Hinte 

1983, p.195, pL7, fig s .3 -4 ,8-10.

Notes.

Large. Eig.2, plate 14 shows a coarse walled farm. Aperture, a single
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areal? s lit.

Remarks,

Common in  the Palaeogene o f the North Sea area. Well preserved. 

Ksiazkiewicz (1975) noted th at 11 Haplophragmaides scitulus (Brady)" has been 

reported fom below 250 m water depths in  the Mediteranean Sea. L. scdfula 

from the North Sea is very sim ilar to  Budashevaella sp. a ff. multicamerata o f 

Verdenius and van Hinte (1983). However, Kaminski e t  a l. (1988, p.188, piL5, 

fig .1 , pL10, fig .1) notes th at his examples o f B. c f. multicamerata have a 

streptospdral in itia l portion with an evdlnte planispdral la tter  portion. The 

la tter  authors place Verdenius and van Hinte's B. sp. a ff. multicamerata into  

synonymy with their B. c f. multicamerata.

Labrospdra sd tu la  (Brady) was originally described from the Recent. 

Gradstein and Berggren (1981) records this species in  Maastrichtian to  Eocene 

sedim ents from the Labrador and Newfoundland Shelves, and Central North Sea 

area, and from the Campanian/Maastrichtian o f West Greenland.

FAMILY: LETUOTUHEDAE Loeblich and Tappan, 1984.

GENUS: Lituotuba Rhumbler, 1895. 

i . L. lituiform is (Brady). Coarse-medium walled te st, tightly coiled with the 

tubular chamber standing upright from the in itia l part.

lituotuba lituiform is (Brady).

PL14, fig .3 .

Trochammina lituiform is Brady 1879, p.59, pL5, fig .1 6.

Lituotuba lituiform is (Brady). Kaminski e t  a l. 1988, p.190, pi.4, figs.14-15; 

Loeblich and Tappan 1988, p.69, pL.53, fig .3 .

N otes.

Early part o f the te s t  generally irregular becoming distinctly
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pflanispdraL Wall surface often  rough.

Remarks.

North Sea specim ens o f L. lituifarm is are generally larger, and mare 

irregular than the type species.

Ranges higher than the Early Eocene (P.8 c f Berggren, 1969) in  

Kaminski e t  aL's (1988) material.

GENUS: Paratrocham mincddes Soliman, 1972. 

i . P. subcaronatus (Grzybowski). D istinctly depressed disc-shaped chambers in  

a regular ccdL Often very smooth walled.

Paratrochammincddes subcaronatus (Grzybowski).

Trochammina subcaronata Grzybowski 1896, pp.283-284, pL9, fig .3a-c; 

Grzybowrid. 1898, p.287, pl.11, fig .11.

Trochammina contorta Grzybowski 1898, p.287, pL11, figs.12-14. 

Trochamminoddes subcaronatus (Grzybowski). Kaminski e t  aL 1988, p.192, pi.4, 

fig .19.

Notes.

Test finely agglutinated with rough surface. Large globular chambers 

arranged in  an evolnte planispire, often  distorted and compressed.

Remarks.

I  agree with Kaminski e t  aL (1988) in  regarding "Trochammina11 

contorta Grzybowski 1898 as a junior synonym o f 1'Trochammina" subcaronatus 

Grzybowski 1896. "Trochammina" caronata Brady 1879 is  a very sim ilar farm, 

but Brady's type drawing (1879, p.58, pL5, fig .5) shows an undistarted species 

which is  far le s s  compressed than the examples o f P. subcaronatus observed in  

th is study. I t is  possible that these species are th e same, but until the types 

of both have been re-exam ined i t  is  not possible far me to  say so. Hie early
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stage o f most examples o f th is species from the North Sea was obscured 

because o f distortion o f the te st, but appeared to  be streptospdral rather 

than the in itia l part having an irregular co il as in  Trocham minorides Cushman 

1910. Trocham mincddes d iffers from Paratrocham mincddes in  often  having an 

aperture which has a d istinct lip . No such feature was observed in  the North 

Sea forms, although th is structure may not have been preserved.

1 "Trochammina11 subcoronata Grzybowski 1898 was originally described 

from the Lower Oligocene o f Poland. I t  was also observed by Grzybowski 

(1898) in  th e Upper Eocene or Lower Oligocene o f "Nikcltschitz, Moravia".

The junior synonym o f the la tter  species,''Trochammina" contorta Grzybowski, 

was described from Eocene beds o f the Outer (Fiysch) Carpathians.

Trochamminaides (sic.) subcaronatus was noted from Cretaceous to  Eocene 

(Ypresian) sedim ents from Trinidad by Kaminski e t  al. (1988, fig .3). Examples 

were observed from the Oligocene o f the Central North Sea basin, Central 

Graben, in  w ells used far th is thesis.

FAMILY: LETUOLEDAE de Biainville, 1827.

SUBFAMILY: AMMOMARGINULENINAE Podobdna, 1978.

GENUS: Ammobaculites Cushman, 1910. 

i. A. c f. jarvisi Cushman and Renz. Coarse walled te s t with globular chambers 

in  th e uniserial part, th at are broader than high.

Ammobaculites c f. jarvisi Cushman and Renz.

PL14, fig .4 a -c .

ise e  Ammobaculites jarvisi Cushman and Renz 1946, p.46, pi.19, fig .6; Kaminski 

e t  al. 1988, p.188, pi.4, fig .4 .

N otes.
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Large, with 3 to  4 chambers in  the planispdzal part.

Remarks.

Uniserial part often  absent. Only found in  the London Clay formation. 

Differs from A. jarvisi s.str. in  having mate deeply depressed sutures in  the 

planispdral section .

Kaminski e t  a l. (1988, fig.3) records A. jarvisi from th e Maastrichtian 

to  the Selandian (P.4 o f Berggren, 1969) in  Trinidad.

GENUS: Am momarginulina Wiesner, 1931. 

i . A. macrospira Bykova. Coarse walled and often  with a smooth finish.

Sutures slightly depressed. Peripheral margin rounded and has a 

characteristically 'serated1 appearance. Sutures dark.

Am momarginulina macrospira Bykova.

PL14, fig .5 .

Am momarginulina macrospira Bykova 1953, p.231, pi.2, fig .7 .

Ammobaculites a ff. polythalmus Loeblich, sensu Gradstein and Berggren 1981, 

p.253, pL4, fig s.6-8; sensu Miller e t  aL 1982, range chart; sensu Gradstein e t  

al. 1988, fig .2 , p.104.

Am momarginulina aubertae Gradstein and Kaminski 1989, pp.74, 77-79, piL3, 

fig s.1 -8 , pL4, figs.1-3; text-figu re 2.

Notes.

Planispdral part rounded in  outline, disooddaL Some specim ens mare 

evolnte than others. At the centre c f  the plandspdre the ccdl o f the 

proceeding chambers is  visib le. Uniserial part elongate when present.

D istinctly uneven periphery. Sutures uneven, slightly depressed, but can be 

easily seen when the te s t is  mcdstened with cdl or water.

Remarks.
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Common only in  Well 25/10-1, Viking Graben, Northern North Sea.

This species was placed in to Am mobaciilites a ff. polythalmus Loeblich 1946 by 

Gradstein and Berggren (1981). However, th eir farm does not belong to  the 

genus Am mobaculites as the la tter  has a terminal* centrally placed aperture. 

The species name macrospira mare accurately describes Gradstein and 

Berggren's: (1981) examples.

Bykova (1953) and Chamock and Jones (in preparation) paint out 

that some specim ens o f th is species have incip ient alveolar wall structure. 

Bykova (1953) therefore suggested th at i f  th e wall o f A. macrospira was 

shown to  be truly alveolar, i t  should be placed in to the genus 

Pseudocyclam mina Yabe and Hanzawa. However, Pseudocyclam mina differs from 

Am momarginulina (like A. macrospira) in  having a crifarate aperture. A possible 

alternative name, i f  A. macrospira has a truly alveolar wall* is  

Phenacophragma Applin, Loeblich and Tappan. Examples o f A. macrospira from 

the North Sea are similar in  many ways to  Phenacophragma beckmanni 

Kaminski and Geroch (see Kaminski e t  aL, 1988, p.190, piL.4, fig .8 -9 ), but 

differs in  having mare chambers in  the fin al whorl* a mare strongly 

compressed, carinate te st, and less d istinct ?alveo!ae. Mare work needs to  be 

done on th e wall structure o f A. macrospira, but th is unfortunately is  outside 

o f the scope o f th is project. A. aubertae Gradstein and Kaminski (1989) 

differs from A. macrospira Bykova (1953) only in  th e number o f chambers in  

the spiral part, and is  considered by th e present writer to  be a junior 

synonym.

This species was originally described from the Lower Eocene o f 

Soviet Central Asia. Gradstein e t  aL (1988, fig .2) record A. macrospira from 

the la te st Cretaceous to  the earliest Middle Eocene from the Central North 

Sea. A constituent member o f the la tter  authors Subbotina patagonica Zone
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(Zones P.6b-P.8 o f Blow, 1979), YpresLan, Early Eocene. Miller e t  a l. (1982) 

records th is species in the Late Palaeocene to  Middle Eocene in  sediments 

from the Central North Sea area, and in  th e Maastrichtian to  Middle Eocene 

sediments from the Labrador Shelf region.

GENUS: Eratidus Saidova, 1975. 

i . E. foliaceus (Brady). Thin, compressed, sm all te s t. Smaller than 

Am momarginulina macrospira Bykova, with a mare even peripheral margin. 

Straight uniserial part. Rounded peripheral margin with slightly depressed 

um bilical region on both sides.

Eratidus foliaceus (Brady).

PL14, fig .6a-b .

HapLophragmium foliaceum Brady 1881, p.50 [no type figure given]; Brady 

1884, p.304-5, pL33, figs.20-25.

Eratidus foliaceus (Brady). Saidova 1975, p.94, piL26, fig.4; Loeblich and 

Tappan 1988, p.75, pL59, fig .1 -3 .

Notes.

Numerous broad chambers with slightly depressed sutures.

Remarks.

Never abundant in  samples from th e North Sea. Smaller in  size  than 

th at described by Saidova (1975). I  agree with Chamock and Jones (in 

preparation) in  regarding Ammribaculites expansus Plummer (1933, p.65, pi.5, 

figs.4-6) as a possible junior synonym. The la tter  species was described from 

the Eocene o f Midway, Texas, U.S.A., but i t  may be thicker walled. I t also 

appears to  be coarser in  wall texture. This, however, has not been verified  

by examining the types. Such action is  outside th e scope o f th is project. E. 

foliaceus is  similar to  Ammobaculites strathaem ensis Cushman and LeRoy 1938
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(p.122, piL22, fig s.1 -2 , see  also Verdenius and van Hinte, 1983, pL6, figs.13- 

14), but the la tter  d iffers in  having an ''involute early coiled portion with 

few er chambers, sm aller unccdled portion with few er chambers" (Cushman and 

LeRoy, 1938, p.122). In th e specim ens o f E. foliaceus in  th e North Sea the 

aperture appears to  be a long elongate s lit, so the genus Eratidus is  

accepted. The coiled portion o f the te s t appears to  be wholly evolnte in  the  

type species and although preservation is  poor, in the North Sea specimens.

Described originally by Brady (1881) from the Recent. Occurs in  

Oligocene material from wells examined in  th is thesis. Figured specimens from 

29/10-1, Central North Sea area, Central Graben.

SUPERFAMILY: HAPLOPHRAG MIACEA Elmer and Fickert, 1899.

FAMILY: AM MOSPHAEROIDINIDAE Cushman, 1927.

SUBFAMILY: AM MOSPHAEROIDININAE Cushman, 1927.

GENUS: Adercotryma Loeblich and Tappan, 1952. 

i . A. agterbergi Gradstein & Kaminski. Flat spiral side with chambers in  the 

early whorl visible, very convex um bilical side. D istinct, .slightly curved and 

incised sutures. Wall coarse to  fin e. Sharply angular periphery.

Adercotryma agterbergi Gradstein and Kaminski.

PL14, fig .7 a -c .

Adercotryma agterbergi Gradstein and Kaminski 1989, p.73, PL1, figs.1a-5c, 

PL2, figs.1a-3b , tex t-fig .1 .

Remarks.

The FDO o f this species is  a useful marker for the Early Oligocene in  

th is study, Zone AB10. Gradstein and Kaminski (1989) note th at the type lev el 

for th is species is  in  the Late Eocene to  Early Oligocene (Reticulophrag miu m 

am plectens Zone to  Rotaliatina bulimcodes- Dctrothia seiglae Zone o f Gradstein
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e t aL, 1988). Gradstein and Kaminski (op. c it.) noted th is as a bathyal 

species.

GENUS: Cystammina Neumayr, 1889. 

i. C. pauciloculata (Brady). Smooth wall. Final chamber larger, and mare 

in flated  than earlier ones. Rounded la ter part, painted in itia l end. D iffers 

from Praecystammina qlobdqerinaeformis (Krasheninikov) in  having an aperture 

without a rim.

Cystammina pauciloculata (Brady).

PL14, fig .8 a -b .

Trochammina pauciloculuta Brady 1879, p.58, p i.5, figs.13-14.

Cystammina pauciloculata (Brady). Loeblich and Tappan 1988, p.82, pi.68, 

figs.1 -6 .

?Cystammina a ff. gjobaqerinaeformis (Krashenininkov) sensu Gradstein e t  aL 

1988, pp.100-101, fig .2  (NON Praecystammina globiqerinaeformis Krasheninikov, 

1973).

Notes.

Ovcdd te st. Aperture an extrem ely narrow slit. Finely agglutinated 

te st. Sutures only slightly depressed.

Remarks.

Only poorly preserved examples noted from 29/10-1, Central North 

Sea area. They were always green in  colour, probably due bo th e presence of 

glauconite. The slit-lik e  aperture typ ical o f th is species was rarely observed. 

Far comments concerning Gradstein e t  aL's (1988) Cystammina a ft. 

glohlgerinaefarmis see remarks far P. globiqerinaefarmis below.

Specimens noted from the Palaeocene to  Early Eocene c f  the Central 

North Sea in  th is study. Recorded originally from th e Recent by Brady (1879).
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Loeblich and Tappan (1988, p.82) pcdnt out th at the genus Cystammina 

Neumayr ranges from the Eocene to  the Holocene.

GENUS: Praecystammina Krasheninikov, 1973. 

i . P. g^bigerm aeform is (Krasheninikov). D iffers from Cystammina pauciloculata 

(Brady) iripossessingan aperture with a rim, having mare depressed sutures, 

and a mare rounded in itia l end.

Praecystammina q^bigerinaefarm is (Krasheninikov).

PL15, fig.1 a-b .

Praecystammina globigerinaefarmis Krasheninikov 1973, p.211; Gradstein and 

Berggren 1981, p.258, pi.9, fig s.11-15; Loeblich and Tappan 1988, p.82, piL67, 

figs.4 -7 .

Cystammina globigerinaefarmis (Krasheninikov). Miller e t  a l. 1982, pL2, figs.13, 

17, 21.

?Cystammina pauciloculata (Brady) sensu Gradstein e t  aL. 1988, p.100-101, 

fig.2 (NON Trochammina pauciloculata Brady, 1879).

Notes.

T est with broadly rounded peripheral margin. Last whorl o f 3 

inflated, oval, hemispherical to  renifarm chambers. The position o f the 

aperture varies and may occur on either side.

Remarks.

There is  some disagreem ent as to  th e generic status o f th is species. 

Miller e t  aL (1988) placed i t  in  synonymy with Cystammina. However, 

according to  Krasheninikov (1973), i t  d iffers from Praecystammina 

Krasheninikov in  having high, inflated  elongate chambers, making i t  similar in  

gross morphology to  representatives o f the calcareous CHILOSTO MELLEDAE. 

Krasheninikov (op. a t . ,  p.211) also suggests th at Ammosphaeroddina, a possible
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generic alternative, d iffers from Praecystammina in  its  "globose te s t with 

three embracing chambers in  th e fin al whad" and irlow arch-like aperture a t 

the base o f the la st chamber". North Sea Palaeocene to  Eocene examples o f 

P. qlobigerinaefarmis often  have an aperture th at d iffers from th at o f the 

type description o f th e type species, in  th at i t  tends to  be mare slit-lik e  

rather than oval, and i t  is  also often  near the base o f the fin a l chamber (as 

in figs.1 a, 1c, Krasheninikov, 1973).

The form illustrated as Cystammina pauciloculata (Brady) by Gradstein 

e t  aL 1988 (fig.2) actually bears a closer resemblance to  Praecystammina 

globigerinaeformis (Krasheninikov). I t  would seem lik ely  th at the names a t the 

top o f his fig .2  have been switched around. That is , his C. a ff. 

globigerinaeformis is  meant to  be C. pauciloculata, and vice-versa.

C. pauciloculata, according to  Ksiazkiewicz (1975), frequently occurs 

below water depths o f 250 m.

This species was originally described from th e Upper Cretaceous, 

Santonian to  Campanian, Hole 198A, D.S.D.P. Leg 20. Occurs in  Early Eocene 

and older sediments from the Central North Sea. Generally tops a t a higher 

lev e l within the Early Eocene than C. pauciloculata.

SUBFAMILY: RECURVOIDINAE Alekseychik-M itskevich, 1973.

GENUS: Thalmannammina Pokom^, 1951, emend. Geroch, 1962.

D iffers from Recurvcddes Eariand (1934) (according to  Loeblich and 

Tappan, 1988, p.83) in  having a rounded basal aperture, instead o f an areal 

one with a d istinct lip . Chamock and Jones (in preparation) paint out that 

the aperture is  often  indistinct in  fo ssil farms due to  poor preservation. They 

therefore recognise the tw o genera on the basis th at Thalmannammina has a 

meandrine type o f strepbospiral coiling, whereas Recurvcddes co ils in  a mare
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regular streptospire.

i. T. waited. (Grzybowski). Coarse walled. Meandering streptospdral codling. 

Sutures depressed. Central part o f the te s t  inflated, rounded.

Thalinannammina w alteri (Grzybowski).

P1.15, fig.2.

Haplophragmoddes w alteri Grzybowski 1898, p.280, pL.10, fig .24.

Recurvcddes w alteri (Grzybowski). Jurkiewicz 1967, p.78, pl.4, fig .1 4. 

Thalinannammina w alteri (Grzybowski). Hanzllkovct 1972, p.44, pL7, fig .6 . 

Recurvcddes ex  gr. w alteri (Grzybowski). Gradstein and Berggren 1981, p.253, 

pOL8, figs.1 -7; Jones 1988, p.148, pi.2, fig .1 .

Notes.

Aperture often indistinct, but may be basal. A very variable form in  

the nature o f th e shape o f the te st, and the degree o f overlap and number 

of visible chambers.

Remarks.

A common farm in  the Rhabdammina b iofacies o f th e North Sea. If 

Chamock and Jones's (in preparation) view concerning the genera 

Thalinannammina and Recurvcddes is  adopted (see comments on genera) 

th is species appears to  f it  in to the farmer genus. However, th is generic 

distinction in  many North Sea Palaeogene farms cannot be seen. I t is  possible 

th at these genera are in  fa c t synonymous. If th is proves to  be the case then 

Recurvoddes would be the senior and valid name as suggested by Gradstein 

and Berggren (1981). Thalmmanammina subturbmata (Grzybowski) is  very 

similar to  T. walteri and Chamock and Jones (in preparation) regard these 

tw o species as being part o f the same plexus. Loeblich and Tappan (1988, 

p.83) record Thalm manna mina from water depths o f 635m to  1,864m, and 

Recurvoddes from 50m to  4,224m.
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Loeblich and Tappan (ibid.) also record Thalmannammina from Albdan 

(Lower Cretaceous) to  Holocene sediments, and Recurvcddes from th e Middle 

Jurassic and the Upper Oligocene to  Holocene. Gradstein and Bergren (1981, 

table 6) noted "r ." w alteri farms from the Maastrichtian to  Palaeogene o f 

th e Labrador and Newfoundland Shelves, and from the Palaeogene o f the 

North Sea.

SUPERFAMILY: CYCLOLENACEA Loeblich and Tappan, 1964.

FAMILY: CYCLAMMrNIDAE Marie, 1941.

SUBFAMILY: ALVEOPHRAGMUNAE Saidova, 1981.

GENUS: Reticulophraqmium Maync, 1955.

i. R. amplectens (Grzybowski). Central part o f te s t  thick, tapering towards 

the periphery. Compressed peripheral margin with 'diamond-shaped' chambers 

when viewed from th e apertural face.

ii. Reticulophraq miu m sp.1. Similar to  i  but best often  crushed, leaving a 

thick peripheral band.

iii. R. placenta (Reuss). May be coarse or fine walled. Acute to  rounded 

peripheral margin. Depressed sutures.

iv . R. rotundidorsata (Hantken). A mare inflated farm than iii, with a broadly 

rounded periphery.

v. R. paupera (Chapman). Fine walled te st, very smoothly finished compared to  

i- iv . Often compressed. Subacute periphery. Sutures radiate. Depressed 

umbilicus.

Reticulophraq miu m am plectens (Grzybowski).

PL15, fig .3a-d , P1.17, fig .2 .

Cydammina am plectens Grzybowski 1898, pi.12, fig .1 -2; Gradstein and 

Berggren 1981, pp.253-254, pl.7, figs.13-17; King 1983, piL.1, figs.20,26;
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Verdenuis and van Hdnte 1983, p.194, pL5, fig .9 , pL6, fig s .4 -6 . 

Retjculophragminm am plectens (Grzybowski). Gradstein e t  aL 1988, pp.100-101, 

fig .2 .

Notes.

Umbilicus depressed. Greater than 10 narrow chambers in  the final 

whofL Sutures straight to  slightly curved, forward or backwards. Fine to  

medium grained te st.

Remarks.

Cydammina Brady differs from Reticulophraqmium Maync in  having an 

equatorial interiomarginal slit-lik e  aperture with a series o f areal pares with 

raised margins scattered over the apertural fa ce . Reticulophraqmium does not 

posess these areal apertures, but only has a marginal s lit, bordered by a lip  

a t its  upper margin. R. amplectens was common on th e Southern North Sea 

wells, and present in  a ll Central North Sea w ells examined in  th is study. A 

thick section o f R. am plectens is  shown on plate 17 figure 2 which shows the 

tw o lobed chamber shape typ ical o f th is species.

A useful marker species far the Early to  Middle/?Late Eocene. Occurs 

in  an acme zone in  King's (1983) NSB4 Zone. This is  th e nominate taxon for  

Gradstein e t  aL's (1988) R. am plectens Zone Middle (-Late) Eocene. Last 

occurence o f Spdroplectam mina spectahills (Grzybowski) within th a t Zone.

Retjculophragmium sp.1.

PL15, fig . 4.

Notes.

Inflated chambers, with rounded periphery. Examples from the North 

Sea Palaeocene and Eocene are often  crushed. Approximately 9 chambers in  

the fin al whorl, tending to  increase rapidly in  height. Large alveoli, mostly of
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one size.

Remarks.

As pointed out in the description above, many specimens from the 

North Sea were crushed. Shell Expro. U.K. referred to  this farm as 

Cyclammina challinorL (Haynes, 1958, p.60, piL15, fig.8). However, the present 

writer regards this as incorrect, as the latter species generally has mare 

inflated chambers. It is  also difficult to  ascertain the nature o f the aperture 

in the North Sea farms due to  the aforementioned compression.

C. challinorL was described by Haynes (1958) from the Upper 

Palaeocene, Thanetian, upper part of the Thanet formation from Pegwell Bay. 

southeastern England. Reticulophragmium sp.1 was noted from the Eocene of 

the Southern North Sea area, and rarely in the Palaeocene in the Central 

North Sea in  wells examined for this thesis.

Reticulophraqmium placenta (Reuss).

PL15, fig .5a-e, PL16, fig.1 a-b , PL17, fig.1.

Nonionina placenta Reuss, p.72, pi.5, fig.33.

Cyclammina placenta Mjatlink 1970, pp.91-92, piL6, figs.29-33, pi.25, fig.6, 

pi.26, figs.1-3 , pi.27, figs.5-6; Gradstein and Berggren 1981, p.254, pl,7, 

figs.1-8; Verdenius and van Hinte 1983, pp.193-194, piL5, fig .8 .

Notes.

Wall rough or smooth. Sutures often only weakly depressed, and may 

be almost straight. Number o f chambers in the la st whorl varies (according to  

the size  o f test) from 8 to  11.

Remarks.

A common species in the Central North Sea Palaeogene. Verdenius 

and van Hinte (1983) synonymised Cyclammina placenta (Reuss) with
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CycJammina canceHata Brady. C. canceUata, the true CycJammina posesses 

true areal apertures with raised margins. The preservation o f much o f the  

North Sea material used for this thesis was such th at i t  was d ifficult to  

ascertain the nature o f the apertures in many forms here referred to  

Reticulophraqmium. However, thick sections cut o f R. placenta (see plate 17, 

figure 1 for an example) showing the characteristic chamber shape for this 

species, also indicate that i t  is  a Reticulophragmium.

R. placenta (Reuss) was ariginally described from the Eocene, near 

Berlin, Germany. Gradstein e t  aL (1988, fig .2) record this species mostly from 

Early Eocene to  Late Oligocene sediments from the Central North Sea, but i t  

may also occur in smaller numbers in  the Miocene.

Reticulophraqmium rotundidorsata (Hantken).

P1.16, fig .2a-c.

Haplophragmium rotundidorsatum Hantken 1875, p.12, pL1, fig.2.

CycJammina rotundidorsata (Hantken). Gradstein and Berggren 1981, p.256, pL7, 

figs.9-12; Verdenius and van Hinte 1983, p.194, piL5, figs.11-12; Gradstein e t  

al. 1988, pp.100-101, fig.2.

Notes.

Medium to  fine grained wall. 9 or more chambers in  the la st whorL

Remarks.

Chamock and Jones (in preparation) point out that the study by 

Samuel (1977) o f comparative material from the type area far Haplophragmium 

rotundidorsata Hantken, suggested that the la tter  species was indeed a 

Haplaphragmium, and not a CycJamminid. They suggest th at these forms should 

therefore be referred to  as Retjculophragmium orfadculare (Brady). I  agree with 

them in that I  regard my North Sea farms as belonging to  the genus

-164-



Reticulophragmium, however, I have not been able bo verify whether or not 

rotundidorsata belongs to  Haplophragmium in this study, so the species name 

rotundidorsata has been retained. R. orbioulare is  a Recent mare inflated  

form than my North Sea Palaeogene specimens, and the sutures appear to  be 

mare distinct, and mare strongly curved.

According to  Gradstein e t  al. (1988, fig.2) th is species is  most 

commonly found in the middle o f the Middle Eocene to  the earliest part of 

the Early Oligocene, but i t  may occur as high as the EarLy Middle Miocene in  

the Central North Sea.

Reticulophragmiiim paupera (Chapman).

PL16, fig.3a-b.

CycJammina paupera Chapman 1904, p.229, pl.22, fig.6.

Reticulophragminm paupera (Chapman), Gradstein e t  aL 1988, p.100-101, fig.2. 

Remarks.

R. paupera sensu Gradstein e t  al. (1988) is  recorded by the latter  

authors from the Palaeocene o f the Central North Sea, and i t  is  an important 

part of their Late Palaeocene Trochammina ruthven murrayi-  R. paupera Zone 

(NSP2, NSB1 o f King, 1983, P.3 to  P.4 o f Blow, 1979). Noted in  th is study in 

Zone AB2, early Late Palaeocene.

GENUS: Retjculophragmcddes Gradstein and Kaminski 1989.

Test with limbate sutures and umbilical boss. According to  Gradstein and 

Kaminski (ibid.) a blind tubular extension o f the chamber protrudes into the  

umbilical region. Later chambers with simple alveoli. Tnteriomarginal aperture 

(as in Haplophragmcddes), without lip or supplementary apertures,

i .  R. jarvisl (Thalmann). Very smooth walled test, similar to  Reticulophrag min m
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paupera (Chapman) in that respect. Distinctly 'kinked1 and glassy appearance 

to  the sutures. Compressed test.

ii. Reticulophraqmaides sp.5 o f Gradstein and Kaminski. A much more rounded 

peripheral margin than i. Similar to  small examples o f R. rotundidorsata 

(Hantken) but without such a broad periphery and possesses glassy sutures 

that show a few alveolae only in the later chambers, and only along the 

sutures.

Reticulophragmoddes jarvisi (Thalmann) emend. Gradstein & Kaminski, 

Nonion cretacea Cushman and Jarvis 1932, p.41, piL12, fig.12a-b.

Nonion jarvisi (new name) Thalmann 1932, p.312-313.

Haplophragmcddes(?) jarvisi (Thalmann), Kaminski e t  al. 1988, p.190, pi,7, 

figs.1 a-2b.

Reticulophragmcddes jarvisi (Thalmann), Gradstein and Kaminski 1989, p.81, 

pi.7, figs.1 a -8 , text-fig .4 .

Notes.

6-9 chambers in the final whari. Acute periphery, with keeL Circular 

to  slighty lobulate outline. Depressed slightly curved, strongly limbate sutures. 

Remarks.

This is  the type species o f the genus Retioulophrag m aides.

According to  Gradstein and Kaminski (1989) this species ranges from 

the Late Palaeocene (P4) to  Early Oligocene (their Rotaliatina bulimcddes-  

Darothia seiglae Zone). It was used in this study to  mark the R. jarvisi acme 

Zone AB7, eariy Middle Eocene.

Reticulophragmaides sp.5 o f Gradstein & Kaminski,

Reticulophragmaides sp.5, Gradstein & Kaminski 1989, p.83, pL8, fig .1a-4c. 

Notes.



Involute, with shallowly depressed umbilicus. 8-10 chambers in the 

la st whorl. Broadly rounded periphery. Straight, limbate flush sutures. Alveoles 

only present in the later part o f the test, concentrated around the sutures. 

Remarks.

A bathyal species according to  Gradstein and Kaminski (1989).

Noted by Gradstein and Kaminski (ibid.) in the Oligooene o f the 

Central North Sea.

GENUS: SabeHovolnta Loeblich and Tappan, 1985.

According to  Loeblich and Tappan (1988, p.100) SabeHovolnta differs from 

Ammobaculites by having a thick alveolar wall structure, broad, low and 

curved early chambers, and a slit aperture produced on a neck,

i. S. humboldti (Reuss). Wall very coarse, te s t  with a subacute peripheral 

margin. Sutures distinct and depressed in the later part, mare indistinct in  

the in itial part.

Sabehovoluta humboldti (Reuss).

PL16, fig .4a-c.

Spirolina humboldti Reuss 1851, p.65, pL3, figs.17-18.

Haplophragmium humboldti (Reuss). Staesche and Hiltermann 1940, pi,38, fig.1. 

Am mobaculites? humboldti (Reuss). Bartenstein 1952, p.319, pl,3, fig.9, pL7, 

fig.16.

Am mobaculites humboldti (Reuss). King 1983, p.1, figs.16-17.

Sabellovoluta humboldti (Reuss). Loeblich and Tappan 1988, p.100, pi,97, 

figs.12-15.

N otes.

Alveoli can be seen when te s t  is  broken.

Remarks.
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Periphery not as rounded as in S. humboldti s.s. Examples from the 

Palaeogene o f the North Sea area often have very short urriseral sections that 

may be the same width as the diameter o f the coiled section. The farms 

noted from the North Sea area are very similar to  Haplophragmium 

humboldti (Reuss) var. latum Andreae 1884, which differs from S. humboldti 

s.str. in having a wider uniserial part, and mare angular periphery. Sutures in  

the uniserial stage o f S. humboldti from the North Sea area tended to  be 

mare curved than those in S. humboldti s^tr., and H. humboldti var.

latum.

S. humboldti s.str. was described from the Eocene o f Germany. H. 

(sic.) humboldti. var. latum was described from the Middle Oligocene of 

France. S. humboldti sensu King (1983) was recorded by the la tter  author 

from la test NSB6b to  middle NSB7b. This is  approximately equivalent to  

P.16/17 to  P.19 o f Blow (1979). According to  Loeblich and Tappan (1988) S. 

humboldti. sjstr. ranges from the Lower to  the Middle Oligocene.

SUBFAMILY: CYCLAMMJNINAE Marie, 1941 

GENUS: CycJammina Brady, 1879.

C. cf. garrnllassai (Frizzell). Many mare chambers in  the final whorl than in 

any of the species o f Reticulophragmium noted in this thesis. Alveoli become 

distinctly elongated and concentrated around the sutures, which are straight 

to  sinuous.

CycJammina cf. garriJassoi (Frizzell).

PL17, fig.3, PL18, fig.1. 

s e e  CycJammina garcdJassaL Frizzell 1943, p.338, pL55, fig.11.

Reticulophragmium cf. garrilassoi Frizzell. Kaminski e t  aL 1988, p.192, pL7, 

figs.3-5b, piL10, fig.5.
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Notes.

Depressed umbilicus. Chambers regular in form, smooth finely 

agglutinated walL 

Remarks.

This is  a very primitive cyclamminid. I t differs from the type 

drawing in having mare regular chambers, and distinct alveoli around the  

sutures. However, i t  is  very similar to  Gradstein and Berggren's (1981) 

Alveophragmium sp.1, and Gradstein e t  aL's (1988, fig.2) illustration o f R. 

paupera. The North Sea farm noted from the wells used in  this thesis has 

much in common with Kaminski e t  aL's (1988) Reticulophraqmium cf. 

garrilassoi (Frizzell), but is  usually mare inflated. C. c f. garciJassoi from the  

North Sea differs from R. garcilassoi sensu Gradstein e t  al. (1988), together  

with the camera liicdda drawings of R. cf. gardlassoi sensu Kaminski e t  aL 

(op. riL, pL10, fig.5), in not having alveoli covering most o f the chamber 

surface. Kaminski e t  aL (ibid.) noted that his R. c f. garciJassoi may have 

alveoli concentrated around the sutures, and that that farm is  very similar to  

R. paupera sensu Gradstein e t  aL (op. cit.) from the North Sea. Thick sections 

done in this study of C. c f. garcilasai prove that this species belongs to  the  

genus CycJammina (see plate 17, figure 3).

CycJammina garcilassai was originally described by Frizzell (1943) 

from the Upper Cretaceous o f Peru. R. c f. garcilassai sensu Kaminski e t  aL 

(1988) was recorded from the Late Palaeocene and Eocene o f Trinidad.

SUPERFAMILY: SPIROPLECTA M MIN ACE A Cushman, 1927.

FAMILY: SPEROPLECTAM MINIDAE Cushman, 1927.

SUBFAMILY: SPEROPLECTAM MININAE Cushman, 1927.

GENUS: Spiroplectammina Cushman, 1927.
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Spdroplecta mmina appears to  be relatively very coarse grained when compared 

with Bolivinopsis Yakovlev, with which i t  has often been confused. The wall 

structure o f Spdroplecta rosula Ehrenberg, the type o f Spjroplectcddes 

Cushman, a junior synonym of Bolivinopsis, was examined under the S.E.M. in  

order to  determine the grain size. The examples o f B. rosula used were from 

the Magoramama Chalk in Ireland and from the Partsdown Anticline in  

Hampshire. B. rosula (see plate 18, fig.2) was shown to  have a calcareous, 

finely agglutinated but 'radial' wall structure. Some fine grained examples o f 

Spdroplecta mmina (such as S. spectahilis) do exist, but they are coarser walled 

than examples o f Bolivinopsis, which are often so fine grained that they may 

appear to  be hyaline. The aperture in the latter genus differs than that o f  

Spdroplecta mmina in being a high arch in the centre o f the apertural face. B. 

rosula is  a delicate species, very small (far example 0.2mm long), straight 

sided, with an in itial planispdre which is  the same diameter as, or slightly 

wider than, the width o f the hdserial portion o f the test. Bolivinopsis 

(according to  Banner pers. comm.) exists in typically chalk facies in  depths of 

600-1000m, in carbonate seas o f normal marine salinities. I t  is  commonly 

found in Late Cretaceous sediments. Spdroplecta mmina is  (according to  Banner 

pers. comm.) common in hyposaline environments and in high latitudes. I t  can 

flourish in cold, rather brackish waters, often rather euryhaline.

Spdroplectinella Kisel'man (and its  junior synonym Spdrcrutilrs Hcfker) 

differs from Spdroplecta mmina in having a mare flaring te st, generally a small 

in itia l planispdre, and often posesses raised thickened sutures. The cross 

section o f Spdroplectinella is  diamond shaped, while that o f Spdroplecta mmina 

is  often mare compressed.

i. S. navarroana Cushman. Slightly flaring test. Rounded cross section.

ii, S. bdfarmis (Parker and Jones). Compressed test. Differs from i i i  in its
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coarser wall, and mare compressed test.

iii. S. spectahilis (Grzybowski). Smoother te s t  than i i  with a mare 'diamond- 

shaped' cross-section.

Spdroplecta m mina navarroana Cushman.

PL17, fig.3a-b.

Spdroplecta mmina navarroana Cushman 1932, p.96, pL11, fig.14; HanzlikovA 

1972, p.47, pl.10, figs.5-7; Gradstein and Berggren 1981, p.260, pL3, figs.11- 

12; ?Verdenius and van Hinte 1983, p.195, pL7, figs.6-7; Gradstein e t  aL 1988 

pp.100-101, fig.2; Kaminski e t  aL 1988, p.193, pL7, figs.13-15; Gradstein and 

Kaminski 1989, p.83, p3,9, figs.1 a -1 2, text-figure 5.

TTextularia plummerae Lalicker 1935, p.50, pL6, fig.10.

Textulatia plummerae Lalicker, sensu King 1983, p.21, pL1, fig.28.

Nates.

Small planispdral in itial portion, slightly flaring to  straight sided te s t  

in hiserial part. Sutures distinct, slightly depressed. Coarsely agglutinated, but 

may be smoothly finished. Narrow arched aperture a t the inner margin of the  

apertural face.

Remarks.

The species T. plummerae Lalicker is  an agglutinated farm which was 

described as being hiserial throughout. I t  appears to  be identical in almost 

every other aspect to  S. navarroana Cushman. Both have a coarsely 

agglutinated wall, elongate slightly flaring bests, distinct sutures which are 

nearly a t  right angles to  the periphery, and have a low arched s lit  a t the 

base o f the la st farmed chamber (compare Lalicker, 1935, fig.10, with 

Cushman 1932, fig.14). King's (1983) T. plummerae is  S. navarroana. T. 

plummerae Lalicker may well be a junior synonym of S. navarroana, i f  i t  can 

be shown that the farmer species has an initial pOanispiral portion, or that
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the types o f T. plummerae have been broken, and have lo st their initial 

planispires as i t  would appear from Lalicker's (1935) type illustration.

However, I  have not been able to  examine the types o f either species. North 

Sea examples o f S. navarroana examined in this thesis tend to  have mare 

flaring te sts  than that shown in the type drawing (Cushman, 1932, pL11, 

fig .14).

T. plummerae was described from the Eocene, Midway group, Wills 

Point formation, Texas, U.S.A., and according to  Gradstein and Berggren (1981, 

p.261) is  considered to  be a Palaeocene marker. King (1983) notes T. 

plummerae (=S. navarroana) from Zone NSB4 Early Eocene in the North Sea. S. 

navarroana was described from the Cretaceous, Upper d a y  member o f the  

Navarro, Navarro County, Texas, U.S.A., while Stewart (1987) notes this 

species in  Early Eocene beds (Ypresian), just above his Globiqerina ex gr. 

linaperta Zone.

Spdroplectam mina bdfarmis (Parker and Jones).

Textularia agglntinans d'Orhigny var. bifgratis Parker and Jones 1865, p.370, 

pl.15, figs.23-24.

Notes.

Very small test. Quite coarse walled. Initial spire c f  equal diameter, 

or sightly larger than, the width o f the hiserial portion.

Remarks.

A rare species in North Sea sediments examined. According to  

Ksiazkiewicz (1975) i t  occurs in  very shallow to  abyssal depths, and in  the 

Gulf o f Mexico i t  is  recorded from depths greater than 700m.

No type level was given far this species by Parker and Jones (1865),
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although they did record i t  from "Recent, and Cretaceous, Gault and Chalk" 

(Ellis and Messina 1940 e t  seq.).

Spdroplecta mmina spectabilis (Grzybowski).

PL18, fig.4a-d.

Spdroplecta spectabilis Grzybowski 1898, p.293, pl.12, fig.12.

Spdroplecta brevis Grzybowski 1898, p.293, pl.12, fig.13.

Spdroplecta foliacea Grzybowski 1898, p.294, pl.12, figs.14-15  

Spdroplecta oostidarsata Grzybowski 1989, p.294, pL12, fig.11.

Spdroplecta dotho Grzybowski 1901, p.224, pL8, fig.18.

SpdropJectoides califom ica Cushman and Campbell 1934, p.70, pL9, figs.15-17 

[holotype fig.151.

Spdroplecta mmina mexiaensis Lalicker 1935, p.43, pi.6, figs.5-6 . 

Spdroplectoddes directa Cushman and Sdegfus 1939, p.26, pi.6, fig s.7 -8 . 

Spdroplecta mmina grzybowski Frizzell 1943, p.106, pl.55, figs.12-13. 

Spdroplecta mmina trinitatensis Cushman and Renz 1948, p.11, pi.2, figs.13-14. 

Spdroplecta mmina perplexa Israelsky 1951, p.12, piL3, figs.9 -14 [holotype 

fig s .9 -11 ].

Spdroplecta mmina brunswickiensis Todd and Kniker 1952, p.6, pL1, fig.16. 

?Spdroplectam mina calathusl Yeremeyeva 1957, p.11, pL1, fig.7. 

Spdroplectammina spectabilis (Grzybowski). Geroch 1960, pL6, figs.10-11; 

Gradstein and Berggren 1981, p.260, pL4, figs.1-5; King 1983, pL1 fig.24; 

Tjalsma and Lohmann 1983, p.20, pL1, fig.11, piL9, figs.8-10; Kaminski 1984, 

pp.31-36, pls.12-13, Text-figs.1-4  [with synonymy]; Jones 1988, p.148, pO.2, 

fig.5; Kaminski e t  aL 1988, p.193, pL7, figs.16-18.

Bolivinopsis spectabilis Hanzlikovd 1972, p.48, p!L10, fig.8.

Notes.
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Fine grained species. Sutures flush to  slightly depressed. Initial 

planispire generally has a wider diameter than the width of the hiserial 

portion (in megalospheric forms).

Remarks.

For a fuller synonymy see Kaminski (1984). He included many 

microspheric forms of certain species that had previously been regarded as 

distinct from S. spectabilis (such as, S. dotho [Grzybowski, 1901]). Such 

forms differ from the generic description of Spdroplectam mina in that the 

first few hiserial chambers are actually larger in width than the diameter of 

the in itial planispire. S. spectabilis also differs from the description of the 

genus in that i t  has a more compressed, lozenge shaped cross section. 

However, i t  differs from Bctlvinopsds Yakovlev, in having a much more robust, 

coarser walled test. In cross section spectabilis is  similar to  Spdroplectinella 

carinata but is  again generally much more compressed. It also has a less 

flaring te s t  than Spdroplectinella. The species spectabilis is  difficult to  place 

with much certainty into any of the aforementioned genera, but i t  bears a 

closer resemblance to  Spdroplectam mina, than any other.

Two forms of S. spectahili.c; were noted from the North Sea. Form A 

(plate 18, fig.4c-d) is  an Eocene species which is  generally more compressed 

than the Palaeocene Form B (see plate 18, fig.4a-b), which has a more 

diamond shaped cross section. Microspheric, as well as megalospheric forms 

were sometimes observed. Form A is the same as King's (1983) S. aff.

According to  van Markhoven e t  aL (1986, figs.5-6) the Palaeocene 

form of S. spectabilis occurs in "Velasco-type" faunas, in middle to  upper 

bathyal depths’ (500m-700m), together with Stensdoina beccariiformis (White), 

Osangularia velascoensds (Cushman), and Nuttallides truempyi (Nuttall) (van
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Markhoven e t  aJL [ibid.], fig.5). The Eocene farm of S. spectahiT ie (see van 

Markhoven e t  al. [ibid.], fig .6) occurs, according to  the aforementioned 

authors, in a faunal 'type' which is  transitional between the "Barbados-type", 

and the "Jackson CQairborne-type'', in upper bathyal depths (200m-300m), 

together with Gaudryina hi.ltermanni (MeisL), Anomahncddes capritatus (Gumbel), 

Vaqinulinopsis decorata (Reuss) (-Percultazonaria wethemlili, [Jones]), 

Cibicidoides eocaenus (Gumbel), and Tnrrilina robertsL (Howe and Ellis).

Jones (1988, fig.3) demonstrated that S. spectabilis was common in  

his Northern North Sea wells in his upper slope (200m-500m) assemblages, less  

common in his middle slope (500m-1000m) ones, but increased in numbers 

again in his basin floor (1000m-1500m) assemblages, in Late Palaeocene (zone 

p.3 of Blow, 1979) times.

S. spectabilis is  common in the Rhabdammina biofacies (which 

Kaminski [1984] related to  a "Velasco-type" fauna) in the Upper Maastrichtian 

to  Upper Eocene. This biofacies is  a "fLysch-type" fauna which occurs in  

"cool, turbid, deep-water environments with old (Le. sluggish) bottom water 

and pelagic substrates with high organic matter content, though th e relative  

importance o f any particular parameter is  not y e t clear” (Kaminski, 1984, 

p.42).

Spiroplectammina calathusl Yeremeyeva (described from the Upper 

Eocene o f the U.S.S.R.) has a great similarity to  S. spectabilis. The farmer 

supposedly differs from the latter in having "narrow, depressed sutures, which 

furthermore are well expressed only a t the peripheral margin. The spiral 

suture is  almost never visible" (Yeremeyeva, 1957, p.11). The form illustrated 

by Yeremeyeva (1957, pL1, fig.7) is  probably a microspheric example o f S. 

spectabilis, although until the types o f S. clathusl have been examined I  

cannot be certain o f this.
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Form A is a good marker for Middle Eocene and older age (Zone AB8 

in this study), Form B occurs in the top half o f the Late Palaeocene marker 

species for Zone AB2) in wells examined for this thesis. King's (1983) S. 

spectahlis occurs in his NSB.1 Zone, Early to  Middle Late Palaeocene. His S. 

aff. spectabilis was recorded from the Early Eocene (Zone NSB.3) to  the  

Lower Middle Eocene (Zone NSB.5).

P
GENUS: aroplectinefla Kisel'man, 1972.

i. S. adamsl (Lalicker). Distinctively raised sutures, that are rough, with 

smooth chamber walls.

ii. S. carinata (d'Orbdgny). Smooth chamber walls with depressed though rough 

sutures, spinose to  keeled periphery which is  acute. Often with a high final 

chamber.

in . S. deperdita (d'Orbdgny). Acute periphery without spines, with a less  

distinct keel than ii. Wall with a rough surface, slightly depressed sutures. 

Chambers inflated.

iv. S. wilcoxensis (Cushman and Ponton). Smooth wall and sutures, which are 

slightly depressed, subacute periphery.

v. S. excolata (Cushman). Compact strongly flaring test. Sides f la t  to  slightly 

concave. Distinctively curved chambers that increase in size  rapidly as added, 

with smooth wall and rough raised sutures.

Spiroplectinalla adamsl (Lalicker).

PL18, fig.5a-b.

Spiroplectammina adamsl Lalicker 1935, p.39, pL6, figs.1 -2; Todd and Kniker 

1952, p.6, pi.1, figs.18-19; ? Kaaschieter 1961, p.139, pL1, fig s .9 -11. 

Bolivinopsis adamsl (Lalicker). Murray e t  aL 1981, p.242, pi.8.1, fig .1 .
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Notes.

Compressed lozenge shaped cross section. Thickened axial portion, 

raised and thickened sutures usually present. Aperture slit-like.

Remarks.

Typical examples o f this species occur in the London d a y  Formation, 

but also noted from the Southern North Sea area. Todd and Kniker (1952) 

suggested th at the chamber walls of this species often collapses, leaving the 

sutures raised. They pointed out that specimens with collapsed and non

collapsed te s ts  look quite different. All examples o f this species that were 

observed from the London Clay Formation and the Eocene o f the Southern 

North Sea area had 'collapsed1 chambers. Murray e t  aL suggested th at this 

species occurs in "normal marine to  slightly brackish, inner to  mid shelf, fine 

sediment substrate" (1981, p.242).

Examples o f this species were noted by Todd and Kniker (1952) from 

the Eocene Martinez formation o f California, the Middle Eocene o f Cape 

Blanco, Oregon, U.S.A., and from the Upper Eocene Agua Fresca Shale o f the 

Megallanes Province, southern Chile. Murray e t  aL's (1981) Bolivinopsis (sic.) 

adamsl (Lalicker) was from the London Clay formation, Alum Bay, Isle of 

Wight. He Isied the range o f this species in the Belgian Basin as being from 

the Ypresian to  the Paniselian (based on Kaaschieter, 1961), and the to ta l 

range in  Great Britain as the Early Eocene.

Spdroplectinella carinata (d'Orbdgny).

PL18, fig.6.

Textularia carinata d'Orbdgny 1846, p.247, pL14, figs.32-34.

SpdropJectammina carinata (d'Orbdgny). Batges 1958, p.99, pL1, fig.2; 

Kaaschieter 1961, p.140, pL1, fig.12.
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Sptom tfhis carinatus (d'Orbigny). Hofker 1976, p.69.

Spdrarutilis (sic.) carinata (d'Orbigny). Banner and Pereira 1981, p.102. 

Spdroplectinella carinata (d'Orbigny). Papp and Schmid 1985, pp.86-87, pL80, 

figs.1 -4 .

Notes.

Flattened wedge-shaped test, usually with a distinct marginal ridge. 

Chambers low.

Remarks.

Textnlaria carinata d'Orbigny was selected as the genohcQotype for 

Spdriruthis by Hofker (1976). However, Spdrnrutiliis Hofker 1976, has been 

shown to  be a junior synonym of Spdroplectinella KiseL'man 1972, (see Loeblich 

and Tappan, 1988, and Papp and Schmid, 1985, pp.86-87). Ksiazkiewicz (1975) 

pointed out that this species occurs in great depths in the Pacific ocean 

area.

In Papp and Schmid's (ibid.) review o f A. d'Orbdgny's monograph on 

the Tertiary o f the Vienna Basin area, this species occured in Badenian 

(Middle Miocene) sediments; the lower boundary o f which corresponds to  the  

base o f Zone N.9 (Papp and Schmid, 1985, p.13) o f Blow (1969), while the  

upper boundary occurs a t Zone N.13. Hofker (1976, p.69) regarded S. carinata 

as a common species in the Oligocene and Miocene.

Spdroplectinella deperdifa (d'Orbdgny).

PL18, fig .7a-c.

Textailaria deperdifa d'Orbigny 1846, p.244, PL14, figs.23-25.

Remarks*

The species noted from the North Sea had sutures that were not as 

indented as in d'Orbignys illustration. Both the farms illustrated as
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Spdroplectam mina deperdifa (d'Orbigny) by Murray and Wright (1974, PL1, 

figs.4-5), and Kaaschieter (1961, PL1, fig.13) as Spdroplectam mina carinata 

(d'Orbigny) var. deperdifa (d'Orbigny) have less acute peripheries than both 

d'Ortdgnys original drawing, and the examples noted in this study. The North 

Sea examples are morphologically similar to S. carinata, but do not possess 

such a distinctly spdnose, or keeled periphery.

The type level far this species is  in the Tertiary of the Vienna Basin, 

Austria. I t  was noted in this study in the Eocene, for example in Wells 49/19- 

1, earliest Early Eocene, 1230'DC, Zones AB4, PK6, CB3, and 14/29-1, ?Middle 

Eocene, 2450'DC, Zone ?CB5.

: S p iro p lec tin e lla  wilcoxensis (Cushman and Ponton).

PL18, fig.8, PL19, fig.1.

Spdroplectam mina wilcoxensis Cushman and Ponton 1932, p.51, PL7, fig.1a-b; 

Cushman and Garret 1939, p.78, PL13, figs.1-2.

TTextularia thanetana Lalicker 1935, p.51, piL7, fig.7.

Notes.

Broad, compressed te st with subacute periphery. Chambers distinct, low 

and broad in the early parts o f the test, increasing in height as added, 

slightly inflated. Sutures slightly depressed. Smooth wall. Aperture a low arch 

at the base o f the final chamber.

Remarks.

North Sea examples of this species were generally larger than that 

illustrated by Cushman and Ponton (1932). This species type level is  the 

Eocene, "Wilcox age", from Alabama, U.S.A. It was noted in this study in the 

Eocene, for example in Wells 21/11-1, Late Eocene, 3080'DC, Zone ?CB6, and 

14/29-1, Middle Eocene, 2330'DC, Zones CB5, PK6. 'Textnlaria' thanetana
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Lalicker is  very similar to examples of S. wilcoxensis from the North Sea, and 

i t  may be a junior synonym. However, the sutures are mare depressed in the 

former, with a less angular peripheral margin.

Spdroplectinella excolata (Cushman).

PL19, fig.2.

Textnlaria excolata Cushman 1926, p.585, pL15, Eig.9a-b.

Spiroplectammina excolata (Cushman), Cushman 1946, p.27, pL5, Figs.9a-b, 

10a-b; Hofker 1966, p.306, pL66, Figs.7-8; Kaminski e t  aL 1988, p.192, pL7, 

fig .12.

Notes.

Broad thick test, with a smooth finish, raised and thick sutures.

Remarks.

Kaminski e t  al. (1988) noted this species in the Early Palaeocene, 

Danian (Zone P2, Berggren 1969). It was described from the Upper Cretaceous, 

Velasco Shale, Mexico. It was noted in this study in the Late Eocene, far 

example in Well 14/29-1, 2270'DC, Zone NSB6 c f King (1983).

SUPERFAMILY: TROCHAMMINACEA Schwager, 1877.

FAMILY: TROCHAMMINEDAE Schwager, 1877.

SUBFAMILY: TROCHAM MININ AE Schwager, 1877.

GENUS: Trochammina Parker and Jones, 1859.

The genus Trochammina has been radically revised (far example by Bronimann 

and Whittaker 1988) so that the Superfamily Trocham minacea contains mare 

than a dozen genera distinguished on their apertural characteristics. These 

marphocharacters are not visible on the North Sea microfossils.

1  Trochammina sp. 4 subglobular-ovate chambers in final whorl Low
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trochospire. Coarse w all

ii. T. subvesicularis Homola and Hanzlikova. Test often assy metrically 

biconvex. 6-10 chambers in final whorl.

iii. T. ruthven° murrayi Cushman and Renz. High-spired test.

iv. T. globiqerinifarmis (Parker & Jones). 3-3^: globular chambers in the final 

whorl, with a low trochospire. Often compressed and distorted. Medium 

grained wall.

Trochammina sp.

Notes.

Coarse walled. Trochosprral, subgobular to  ovate chambers. 4 

chambers in final whorl.

Remarks.

Often well preserved in the London Clay Formation, Early Eocene. 

Similar to Trochammina deformis (Grzybowski) but the North Sea examples 

noted by Gradstein and Berggren (1981. pL8, figs.8-10) were collapsed, and 

the above were not. Chambers indistinct.

Trochammina subvesicularis Homola and Hanzlikova.

PL19, fig.4a-d.

Trochammina subvesicularis HomcOa and Hanzlikova 1955, p.402, PL7, figs.1-3; 

Gradstein and Berggren 1981, p.258, PL9, figs.5-8.

Notes.

Plano-convex to  assymetrirally biconvex te s t with 6-10 chambers in  

the final whorl. Open umbilicus. Aperture a basal interiomarginal slib  Coarse 

walL 

Remarks.

Gradstein and Berggren (1981, p.258) noted that this species closely
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resembles "Morozovella angulata (White)" in shape. This species was noted by 

Gradstein and Berggren (1981) in the Palaeocene, with examples of 

Spdroplectam mina spectabilis Grzybowski. It was originally described from the 

Palaeogene o f the Western Carpathians. It was noted in this study in the Late 

Palaeocene, for example in Wells 21/30-1, 6690'SWS, Zones AB2 (the marker 

species far which is  S. spectabilis), CB2, ?PK2, and 14/29-1, 4790'DC, Zone 

AB2.

Trochammina ruthvenjnurrayi Cushman and Renz.

PL19, fig.5a-c.

Trochammina ruthven-murrayi Cushman and Renz 1946, pp.24-25, pL3, Eig.13; 

Kaminski e t  aL 1988, p.193, piL8, Fig.6a-c; Gradstein e t  aL 1988, Fig.2. 

Trochammina aff. albertensis Wickenden, Gradstein and Berggren 1981, p.258, 

pL9, figs.1-4 .

Notes.

Generally high-spired, of approximately 4 whorls.

Remarks.

According to  Kaminski e t  aL (1988) the shape of this species 

resembles Globotruncana contusa. Kaminski e t  al. (ibid.) recorded this species 

in the Palaeocene, Danian (P1 of Berggren 1969) to  "Selandian" (P6a of 

Berggren op. cdt.) o f Trinidad. Gradstein e t  aL (1988) used this species to  

mark their T. ruthven-'murrayi-Reticulophraqmium paupera Zone, early Late 

Palaeocene (P3-P4 c f Blow, 1979) in the North Sea.

Trochammina globiqerinifarmis (Parker and Jones).

Lituola nautiloidea Lamarck var. globigeriniformis Parker and Jones 1865, 

p.407, PL15, figs.46-47, PL17, figs.96-98.
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Trochammina globigerinifarrnis (Parker and Jones), Jurkiewicz 1967, p.92, PL6, 

fig.13; Gradstein and Berggren 1981, p.256, PL8, fig.13.

Remarks.

Gradstein and Berggren (1981) painted out that HUterman (1972) 

regarded this as a deep-water species in recent oceans. Gradstein and 

Berggren (op. cat.) noted this species in the Late Cretaceous, Maastrichtian, 

through Eocene.

SUPERFAMILY: VERNEUHINACEA Cushman, 1911.

FAMILY: VERNEUILINIDAE Cushman, 1911.

SUBFAMILY: VERNUILININAE Cushman, 1911.

GENUS: Gaudryina d'Orbigny, 1839.

G. hiltermanni (MeisL). Subbdangular cross section in early stage, later part 

hiserial T

Gaudryina hiltermanni (MeisL).

PL19, fig.6a-c.

Gaudryina (Pseudogaudryina) hiltermanni MeisL 1959, p.411, piL19 Fig.1 -7 . 

Gaudryina hiltermanni (MeisL) Murray e t  aL 1981, p.242 pL8.1 Fig.5-6.

Notes.

Coarsely arenaceous, triangular te st in cross section. Multiserial, 

elongate. Later part hiserial. Aperture subterminal, round.

Remarks.

Noted in the London Clay Formation, Early Eocene, Ypresian. Common 

in the Early Eocene of the Southern North Sea, a marker species far Zone 

AB4.
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SUPERFAMILY: ATAXOPHRAGMIACEA Schwager, 1877.

FAMILY: GLOBOTEXTULARHDAE Cushman, 1927.

SUBFAMILY: LEEBUSELLENAE Saidova, 1981.

GENUS: Matanzia Palmer 1936.

M. varians (Glaessner). Internal vertical partitions partially subdivide the 

chambers. These subdivisions appear as darker vertical ’wavy1 lines a t the 

base of each chamber.

Matanzia varians (Glaessner).

Textnlaria? varians Glaessner 1937, p.366-367, PL2, fig.15.

Matanzia varians (Glaessner), Juridewicz 1967, pp.94-95, PL5, fig .17; Gradstein 

e t  al. 1988, pp.100-101, fig.2; Kaminski e t  aL 1988, p.196, PL9, fig.14a-b, 

PL10, fig.14.

Remarks.

Gradstein e t  aL 1988 noted M. varians (Glaessner) in the Late 

Cretaceous, through "Selandian", ’middle’ Late Palaeocene, i t  was mare 

commonly found in the Cretaceous and Danian of the North Sea Tertiary. 

Kaminski e t  al. (1988) noted this species in the Late Cretaceous through Late 

Palaeocene ("Selandian", Zone P6a of Berggren 1969), Trinidad.

SUPERFAMILY: TEXTULARIACEA Ehrenberg, 1838.

FAMILY: EGGERELLEDAE Cushman, 1937.

SUBFAMILY: DOROTHIINAE Balakhmatova, 1972.

GENUS: E)grothia Plummer, 1931.

i. D. principiensis Cushman and Parker. Inj l̂ated chambers, lobulate periphery. 

Biflprial portion almost makes up the entire te s t which is  almost parallel 

sided. Oval cross section. Fine wall.

ii. D. eocenica Cushman. Slender, elongate test. Rounded cross section. Coarse
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walL

iii. D. beloiries Hillebrandt. Elongated ovoid shape.

iv. D. selqliei Gradstein and Kaminski. Very fine thin wall, smooth. Often 

compressed. Conical te s t  with rounded cross section when not compressed. 

Chambers globular, few , and increase in size rapidly as added.

Darothia principiensis Cushman and Bermudez.

PL19, fig.7.

Darothia principiensis Cushman and Bermudez 1936, p.57 piL.10 fig.3,4; Todd 

and Knicker 1952, p.12 pL2 figs 8,9; Verdenius and Van Hinte 1983, p.196 piL7 

fig .1 .

Notes.

Early stage trochospdral with 4/5 chambers (inflated). Broadly rounded 

periphery. Oval cross section. Aperture a low crescentric slit a t the base of 

the final chamber, with smooth band/very low lip around it . Sutures obscur in 

early part, depessed and distinct in hiserial part. Wall surface quite fine 

grained with abundant matrix.

Remarks.

A variable form in London Clay, although distinctive. An Eocene 

species, type from the Eocene Lower Principe formation in Havana, Cuba.

Darothia eocenica Cushman.

PL19, fig.8.

Darothia eocenica Cushman 1936, p.28 pi.4 fig.14a,b.

Notes.

Elongate test, slender. Rounded cross-section. Coarse wall. Sutures 

distinct, slightly depressed, almost horizontal in adult. Aperture arched, at 

base o f final chamber.
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Remarks.

Rare. Pyritised. Type level, Eocene (from Biarritz, France).

Darothia belaides Hillebrandt.

Darothia belaides Hillebrandt 1962, p.39, textfLgure 3, PL2, figs.8 -14, PL15, 

figs.12-13; Kaminski e t  aL 1988, p.195, PL9, figs.4-5.

Notes.

Elongated ovcdd shape with a long multiserial to  irregularly hiserial 

growth stage.

Remarks.

Kaminski e t  aL 1988 recorded this species in the Late Palaeocene, 

Trinidad. I t was noted in the early Late Palaeocene in this study, far example 

in Well 21/30-1, 6712'SWS-6770'SWS, Zone AB1.

Darothia sedgliei Gradstein and Kaminski.

Darothia seigliei Gradstein and Kaminski 1989, p.79, pL5, figs.1-6 , pl.6, figs.1-  

5, tex t-f ig .3.

Remarks.

Small test, less than 500 microns according to  Gradstein and 

Kaminski (1989). They record the stratigraphic range of this species as being 

from the Late Eocene to  the Oligocene, possibly to the Miocene a t DSDP sites  

in the Narwegian-Greenland Sea. It was used in this study to  mark Zone 

AB10, Early Oligocene, together with the calcareous benthic fora minifera R. 

bulimaides. According to  Gradstein and Kaminski (op. cit.) this is  a bathyal 

species.

GENUS: Marssonella Cushman, 1931.

i. M. oxycona (Reuss). Conical shape, with flatttened terminal face. Fine wall.
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i i .  M arssonella sp. Conical shape. Very coarse w a ll.

M arssonella oxycona (Reuss).

P I .19, f i g . 9, P i .20, f i g .1 .

Gaydryina oxycona Reuss 1860, p .33, P l.1 2 , f i g . 3.

Dorothia oxycona (Reuss), Gradstein e t  a l .  1988, p p .100-101, f ig .2 ;  

Kaminski e t  a l .  1988, p .1 95, P I .9, f i g . 9.

N otes.

Large co n ica l t e s t .  F inely  agglu tinated  w a ll. Aperture a t  the base 

o f the f in a l  chamber (with rim ?).

Remarks.

G radstein e t  a l .  1988 recorded th is  sp-.ecies in  Cretaceous through 

Late Palaeocene in  the North Sea T ertiary , i t  was most common in  the  

Cretaceous and Early Palaeocene (Danian). Kaminski e t  a l .  1988 noted th is  

sp ec ie s  from Trinidad, in  Late Cretaceous (Campanian) through Late 

Palaeocene ("Selandian", Zone P6a o f Berggren 1969).

M arssonella sp .

P I .20, f ig .2 .

N otes.

C oarsely agg lu tin ated , con ica l f la r in g  t e s t .  S l i t  l ik e  aperture a t  

base o f  l a s t  chamber.

Remarks.

Rare. Large. Only noted in  the London Clay Formation, Parliament 

H ill  s i t e ,  Early Eocene, Ypresian, Zone AB4.

SUBFAMILY: EGGERELLINAE Cushman, 1937.

K arreriella  Cushman, 1933.
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i .  (K arrer ie lla ) sip h on ella  (R euss). Elongate t e s t ,  la s t  two chambers 

higher than broad. Narrow i n i t i a l  s tage . Coarse w a ll. D is t in c t iv e  oval 

aperture w ith rim ( low neck?) .

i i .  (? K a rrer ie lla ) s ip h on ella  chilostom a (R euss). Last two chambers very

in f la te d . Apertural margin ra ised .

i i i .  K̂_ (?Meidamonella) mexicana (N u tta ll) . Wall w ith a f in e  f in is h .

F larin g t e s t ,  chambers increasin g rapidly in  s iz e  as added, p a r a lle l sid ed . 

Aperture w ith hooked l ip .

iv .  (Meidamonella) bradyi (Cushman). F laring t e s t .  C rescentric  aperture

w ith rim. D is t in c t ly  depressed sutures in  b is e r ia l  p art. T est o ften  

compressed. U sually smooth w alled .

v . (?K arrerulina) danica Cushman. Small, sharply f la r in g  i n i t i a l  sta g e ,

r e la t iv e ly  large  b is e r ia l  part, which i s  only s l ig h t ly  f la r in g . Coarse 

w alled .

v i .  (K arrerulina) horrida M jatliuk. Short, th ick  c y lin d r ic a l t e s t .  No

b is e r ia l  s ta g e . Coarse w a ll.

v i i .  (K arrerulina) conversa (Grzybowski). Elongated t e s t ,  w ith la te r

d is to r te d  b is e r a l s ta g e .

v i i i .  K̂  (Karrerulina) le n is  (Grzybowski). Short, c y lin d r ic a l t e s t ,  tapers  

sharply a t  both ends.

K arreriella  (K arreriella) siphonella  (R euss).

P i .20, f ig .3 a -b .

Gaudryina s ip h o n ella  Reuss 1851, p .78 p i . 5 F ig .41-42.

K arrer ie lla  s ip h o n ella  (Reuss) Cushman 1937, p .125 p i . 14; B atjes 1958, 

p .100 , p l.1  F ig .6 -8 .

N o tes .

Arenaceous m u lt ise r ia l, e lon gate. Later stage  b is e r ia l .  F lattened
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s id es  to  t e s t .  Oval shaped aperture with l ip .  S lig h t ly  tw isted  about the  

t e s t  a x is .

Remarks.

L oeblich and Tappan (1988) regard sip h on ella  (Reuss) as the  

type specie's for  K arrer ie lla  Cushmam. K arreriella  has an aperture th a t i s  

as long as broad, or up to  4-5 tim es as long as broad. Meidamonella 

(Loeblich and Tappan 1986) d if fe r s  from K arreriella  in  having an e lon gate  

s l i t - l i k e  aperture which i s  a t le a s t  ten  tim es as long as broad, bordered 

by a low l ip ,  in stead  o f  a rounded to  oval aperture produced on a neck. 

Examples o f K a rrer ie lla  (K arreriella) s ip h on ella  were commonly noted from 

the London Clay Formation, Early Eocene, Parliament H ill  s i t e ,  and in  the  

W etherell C o llec tio n  in  the B r itish  Museum (Natural H istory) from 

Copenhagen F ie ld s  I s lin g to n . One example from the la t t e r  c o l le c t io n  had a 

l ip  (neck?) around the aperture, one did n ot. I t  was decided th a t i t  was 

b etter  to  g iv e  Meidamonella a subgeneric s ta tu s  as the presence or absence 

o f a neck or l ip  appears to  be var iab le .

K a rrer ie lla  (?K arrer ie lla ) s ip h on ella  chilostom a (Reuss).  

?Gaudryina s ip h o n ella  Reuss 1851, p . 78, P I .5, f ig .4 0 a -b .

T extu laria  chilostom a Reuss 1852, p.18,  t f . a - b .

K arrer ie lla  s ip h o n ella  (Reuss), Doppert and Neele 1983, p . 4-6 ,  P I . 5, 

f ig .1  a-b.

Remarks.

This sp ec ie s  was noted by Doppert and Neele (1983) in  h i s  FF/FG 

Zone (as K̂  s ip h o n ella  (Reuss)) ,  Early-Middle O ligocene. Noted in  th is  

study in  the ?Late O ligocene-Early Miocene, Zone AB11b (see  Rangechart for  

AB Zones). L oeblich and Tappan (1985b, p . 202) regard R euss1 1851 Gaudryina
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s ip h o n e lla , f ig .4 0 a - b ,  P I .5 (not f i g s . 41-42b ) , as chilostom a. They 

regarded Reuss Fig .42a-b  as a megalospheric f la r in g  example o f K. 

s ip h o n e lla , and designated i t  as the lecto ty p e  o f th at sp e c ie s . They a lso  

p lace chilostom a s . s .  in to  th e ir  genus Meidamonella, due to  i t s  

elongated s l i t - l i k e  aperture. The forms noted from the North Sea, however, 

did not have such a d i s t i n c t l y  elongated aperture, and possessed  a short 

?neck.

K arrer iella  (?Meidamonella) mexicana (N u t ta l l ) .

P I .20, f ig .4 a -b .

V em eulina mexicana N u tta ll 1932, p . 6, PI. 12, f i g s .  1-2.

K a rrer ie lla  mexicana (N u t ta l l ) ,  Cushman 1937, p . 130, P I .15, f i g s . 13 

(paratype)- 1 4(h o lo type) ; Cusham and S ta in forth  1945, p . 18, P I .2, f i g s . 8-9 .  

N otes.

Subconical i n i t i a l  part. Sutures depressed. Aperture a t  the base o f  

the f i n a l  chamber, an elongate s l i t  w ith a s l ig h t  neck ( ? l i p ) .  Wall with a 

f in e  f i n i s h .  Later stage  in  adu lts d i s t i n c t l y  b i s e r i a l ,  much larger  than 

i n i t i a l  p art.

Remarks.

The o r ig in a l type figured by N u tta ll (1932) was a ju v en ile  o f  th is  

sp ec ie s  according to  Cushman (1937). Cushman (op. c i t . ) noted th a t adult 

forms would probably have a d is t in c t  b is e r ia l  la te r  sta g e . Cushman and 

S ta in forth  (1945, P I .2, f i g . 9) i l lu s tr a te d  examples w ith th e beginnings o f  

a b is e r ia l  development. In examples in  th is  study o f th is  sp e c ie s  the  

aperture i s  not in  such a d is t in c t iv e  depression as in  Cushmans (1937) 

ju v e n ile s . N u tta ll (1932) described th is  sp ecies  from the lower Oligocene 

o f Vera Cruz, Mexico, w hile Bermudez (1938) recorded th is  sp e c ie s  from the
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Eocene o f Cuba. This sp ec ie s  was noted in  t h i s  study in  th e Late Eocene, 

fo r  example in  Well 21/11-1,  3080'DC, Zone ?CB6.

K arrer ie lla  (Meidamonella) bradyi (Cushman).

Gaudryina bradyi Cushman 1911, p . 67, Text - f igs .107a-b .

? T extu laria  chapapotensis Cole 1928, p . 206, P I .33, f i g . 9.

? K a rrer ie lla  chapapotensis (Cole), Tjalsma and Lohmann 1983, p . 32, P I .9, 

f i g . 2.

Remarks.

The specimens in  th is  study are c lo se  to  the types o f  chapapotensis 

C ole, but d ir e c t  comparisons are d i f f i c u l t  because o f  the poor preservation  

o f some o f  th e North Sea examples. Some specimens o f  K̂  (M.) bradyi Cushman

were coarser w alled than ty p ica l bradyi and chapapotensis. Tjalsma and

Lohmann (1982) noted PC chapapotensis in  the e a r l ie s t  Eocene (Zone P6b o f  

Berggren 1972),  through O ligocene.

K arrer iella  (?Karrerulina) danica Cushman.

P I .20, f ig .5 a -b .

K a rrer ie lla  danica Cushman 1937 (non Franke), p.116 p i . 14 F i g . 20-22;

Willems 1983, p . 244 p i . 2 f i g . 9.

N otes.

Most o f  th e t e s t  i s  b is e r ia l  with oval transverse s e c t io n . The

i n i t i a l  part o f  the t e s t  tapers rapid ly and comprises only about a f i f t h  o f

the length  o f  f u l l y  grown specimens. P a r a lle l sided part o f  t e s t  has a 

lo b u la te  periphery. In fla ted  chambers separated by s l ig h t ly  depressed  

sutures perpendicular to  the t e s t  a x is .  Coarsely arenaceous. Aperture a 

depressed c r e sc e n tic  o v a l.
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Remarks.

Test often broken around the aperture. Williams 1971, places 

Bowen's 1954 species Gaudryina (Gaudryina) ashfordi into the above 

synonymy.

Cushman 1937 illu strated  examples of IC danica (Franke) from the 

London Clay (100ft above base). However, his examples d iffer from IC danica 

(Franke) s. str . by having a valvulinide early portion, an elongate 

aperture with an ind istinct neck near the base of the final chamber, and in 

it s  more broadly rounded section in the b iseria l part. Brotzen 1948, refers 

the Danish E. Eocene fC_ danica (Franke) to the genus Bermudezina Cushman 

1937, and ca lls  the English species IC danica.

Karreriella (Karrerulina) horrida Mjatliuk.

PI.20, f ig .6.

Karreriella horrida Mjatliuk 1970, pp.114-115, PI.5, f ig .9, PI.33, f ig s .15- 

16c; Gradstein et a l. 1988, pp. 100-101, f ig .2; Kaminski et a l. 1988, p.196, 

PI.9, f ig s .19-20.

Remarks.

Gradstein et a l. (1988) noted th is species in the early Late 

Palaeocene to more rarely in the Early Oligocene. Kaminski e t a l. (1988) 

noted th is species in the Early Palaeocene, Danian (Zone P2 of Berggren 

1969).

Karreriella (Karrerulina) conversa (Grzybowski).

PI.20, fig.7a-b.

Gaudryina conversa Grzybowski 1901, p.224, PI.8, f ig s .15-16.

Gaudryina apicularis Cushman 1911, p.69.
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?Plectina conversa Jedlitschka, 1935, p.38, PI.p.43, f ig s .1-2, 4, 8. 

Karreriella apicularis (Cushman), Gradstein and Berggren 1981, p.263, PI.4, 

f ig s .11-15.

Karreriella conversa (Grzybowski), Webb 1975, p.835, PI.3, f i g .12;

Verdenius & Van Hinte 1983, P.196, PI.7, f ig .5; Gradstein e t a l. 1988, 

pp.100-101, f ig .2; Kaminski et a l. 1988, p .196, PI.9, figs.17-18b.

Remarks.

PI.20, fig.7a (Tmegalospheric, according to R.W. Jones, in press) 

shows an example of th is species with a more d istin ct later b iseria l stage. 

Karreriella (Karrerulina) conversa (Grzybowski) has a terminal rather than 

interiomarginal aperture. Karreriella and Karrerulina Finlay differ from 

Plectina Marsson in lacking a dentate aperture. Jedlitschka (1935) noted P. 

conversa (non Grzybowski?) in the lower part of the Late Eocene, 

Czechoslovakia. Kaminski et a l. (1988) noted th is species in Late 

Cretaceous (Maastrichtian) through Eocene (Zone P8, Berggren 1969), 

Trinidad. Gradstein et a l. (1988) noted th is species in the North Sea 

Tertiary, in the Early Palaeocene through middle Middle Eocene.

Karreriella (Karrerulina) ?lenis (Grzybowski).

PI.20, f ig .8.

?Spiroplecta len is Grzybowski 1896, PI.9, f ig s .24-25.

Notes.

Small te s t , tapering in in itia l stage, and also in the later part.

Remarks.

Rare in w ells in th is study. Recorded by Grzybowski (1896) in the 

Lower Oligocene. Noted in th is study in the Palaeocene.
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GENUS: M a r tin o tie lla  Cushman, 1933.

M artinotiella communis (d'Orbigny).

PI.20, f ig .9.

Clavulina communis d'Orbigny 1846, p.196, P1.12, f ig s .1-2.
<7

M artinotiella communis (d'Orbigny), Verdenius and van Hinte 1983, PI.7, 

f ig s .13, 16-17.

?M artinotiella cylindrica of Gradstein et a l. 1988, pp.100-101, f ig .2. 

Remarks.

Gradstein et a l. (1988) noted th is species (as M̂_ cylindrica?) in 

the Late Oligocene to Middle Miocene. Noted by d'Orbigny (1846) in, for 

example, the Tertiary of the Vienna Basin.

FAMILY: TEXTULARIIDAE Ehrenberg, 1838.

SUBFAMILY: TEXTULARIINAE Ehrenberg, 1838.

GENUS: Textularia Defranee in de B lainville, 1824.

i .  Textularia sp. Conical te st. Flaring, chambers increasing rapidly in 

size as added. Broadly rounded periphery.

i i .  IL chapmani Lalicker. Test roughly triangular in side and front views. 

Very compressed in it ia l stage, la st chambers inflated and not so 

compressed. Periphery broadly rounded near the apertural end, angular in 

in it ia l stages.

Textularia sp.

PI.21, fig.2a-b.

Notes.

Small, b iseria l, conical te st. Finely agglutinated. Aperture a low 

interiomarginal s l i t  at base of final chamber.

Remarks.
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Rare, occurs in the London Clay Formation, Parliament Hill s ite ,  

Early Eocene, Ypresian, Zone AB4.

Textularia chapmani Lalicker.

PI.21, f ig .3.

Textularia chapmani Lalicker 1935, p.13, PI.2, figs.8(holotype)- 

9(paratype).

Remarks.

Rare in th is study. Described by Lalicker (1935) from the Early 

Cretaceous, Gault. Only noted as a reworked species in the Southern North 

Sea, Well 49/9-1, 1288'SWS, earliest Oligocene/Late Eocene, Zone CB6.

SUBFAMILY: SIPHOTEXTULARIINAE Loeblich and Tappan, 1985.

GENUS: Siphotextularia Finlay, 1939.

Siphotextularia sp.

PI.19, fig.3a-b.

Notes.

Small in it ia l stage, gradually flaring. Rough wall, with 

perforations. Aperture near the base of the final chamber, with a small 

?neck. Angular te s t.

Remarks.

Noted in th is study in ?Middle-Late Eocene, Well 49/9-1, 1535'SWS, 

Zone NSB6a of King (1983).

FAMILY: PSEUDOGAUDRYNIDAE Loeblich and Tappan, 1985..

SUBFAMILY: PSEUDOGAUDRYNINAE Loeblich and Tappan, 1985.

GENUS: Clavulinoides Cushman, 1936, emend. Banner and Desai 1985.

-195 -



C. anglicus (Cushman). Sutures in later uniserial stage often not 

horizontal, and chambers more inflated, not as compressed as in Clavulina 

parisiensis d'Orbigny.

Clavulinoides anglicus (Cushman).

PI.20, f i g .10, PI.21, fig.1a-b.

Clavulina communis Sherbom and Chapman 1886, (non D'Orbigny), p.743 pi. 15 

Fig. 1 .

Pseudoclavulina anglica Cushman, 1936, p.18 p i .3 Fig.5a-b; Kaasschieter 

1961, p .145, pl.1 Fig.29.

Clavulina anglica (Cushman) Murray et a l. 1981, p.242, p i .8.1, Fig.3.

Notes.

Early part tr ise r ia l, triangular in section with f la t  to concave 

sides. Uniserial, rounded, later portion. Round terminal aperture. Wall 

coarsely arenaceous, perforate.

Remarks.

Common in the London Clay, Parliament Hill s ite , and in the 

Southern North Sea Early Eocene. Large, well preserved examples were found. 

W etherell's (1838) Fig.6 on his plate (see Text-Fig.4) is  actually a broken 

form of the above. C. anglicus was also present in other slid es from the 

Wetherell Collection (British Museum (Natural History) slid e Reg. no. P9801 

from Islington). Clavulinoides aspera (Cushman 1926) has, by seme authors, 

been thought to be a senior synonym (R.W. Jones pers. comms.). However, 

although CL anglicus and Clavulinoides aspera look superficially similar 

due to their coarse wall texture EL anglica differs from CL aspera in 

having rounded chambers in the uniserial portion, while Ĉ  aspera has a 

triangular section throughout. CL anglicus is  described from the London
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Clay Eocene from Clapham, South-West London, from an excavation 100ft. 

above the base of the London Clay (Type Locality).

FAMILY: VALVULINIDAE Berthelin, 1880.

GENUS: Clavulina d'Orbigny.

C. parisiensis d'Orbigny. Compressed chambers in the uniserial stage 

with horizontal sutures.

Clavulina parisiensis d'Orbigny.

Clavulina parisiensis d'Orbigny 1826, p.268, modele no.66; Cushman 1937, 

p.18, PI.2 ,. f ig s .22-26; Kaaschieter 1961, P1.1, f ig s .27-28; Loeblich and 

Tappan 1988, p. 182, PI.200, figs. 1-5.

Remarks.,

Differs from Clavulinoides anglicus (Cushman) in having more 

compressed chambers in the uniserial stage, with sutures that are more 

perpendicular to the te st wall. Often poorly preserved in the North Sea. 

Kaaschieter (1961) noted th is species in the Middle Eocene, 'Lutetian'. It  

was recorded in th is study in the early Late Palaeocene, Zone AB1.
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3.3.3. Planktonic Foraminifera.

SUPERFAMILY: GLOBIGERINACEA Carpenter, Parker and Jones, 1862. 

FAMILY: GLOBIGERINIDAE Carpenter, Parker and Jones, 1862. 

SUBFAMILY: GLOBULIGERININAE Loeblich and Tappan, 1984.

GENUS: Globastica Blow 1979.

Notes.

Low to high trochospire, small tapering inner whori. Shallow umbilicus.

Primary aperture a low arch, axiointraumbilical to antemintraumhilicaL Walls 

thin and microperforate, without pore-plts and inter-pore ridges. Surface 

covered in muricae. Variable development of sutural openings and bullae.

Globastica daubjerqensis (Bronnimann).

PL 21, fig.4a-e.

Globiqerina daubiergensis Bronnimann 1953, p.340, fig.1; Troelsen 1957 (partim), 

p.128, pL30, fig.2, (NOT pL30, flg.1); Hofker 1962, pp.1068, 1070, fig.22a; 

Postuma 1971, p.148-1 49; Stainforth et aL 1975, p.181, fig.45.

NOT Globoconusa conusa Khalilnv 1956, p.249, pL5, fig.2.

Globoconusa daubiergensis (Bronnimann). Olsson 1970 (partim) (NOT Globoconusa 

conusa Khalilov), pp.598-601 (text-references only), pL92, rigs.2,6. (NOT pL92 

fig.5a-b); King 1983, p.12, 36; Toumarkine and Luterbacher 1985, p.106, fig.11, 

(6-7).

Globastica daubiergensis (Bronnimann). Blow 1979, pp.1235-1240, pL74, fig.7-9, 

pL256, fig.1-9, pL257, flg.3-4.

Globigerina kozlowskii Brotzen and Pozaryska 1961, p.162, pL1, flgs.1-14, pL2, 

figs.1-17, pL3, 6 figs., pL4, figs.5-6.

Globigerina kozlowskii Brotzen and Pozaryska, emend Moorkens 1971, pp.859- 

860, pL3, fig.1 a-d [topotype].

Notes.
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Final whorl of 3 to 4 spherical to ovate chambers which rapidly 

increase in size. Sutures depressed and radial.

Remarks.

The type of Globoconusa Khalilov 1956 (that is G. conusa Khalilov) is 

different from Globiqerina daubiergensis Bronnimann 1953 in that the test wall 

of G. conusa is "strongly thickened" (Khalilov 1956 p.249, Blow 1979 p.1232), 

and the test is much more conical and lacks an umbilicus. Globoconusa is 

referable to the superfamily Heterohel.icacea. Loeblich and Tappan (1988, 

p.474) consider Globastica to be a junior synonym of Globoconusa, because 

they dispute Blow’s (1979) identification of conusa, but they have not seen 

Khalilov's types.

Stratigraphical range.

Occurs sporadically in Blow's (1979) P«, but commonly in Zone P1 

(NSP1 a/NSBl a, NP1 to base of NP3) to Zone P2 (NSP1 b/NSB1 a, NP3), Early 

Palaeocene Danian to ?early part of the Thanetian (sJ.).

SUBFAMILY: GLOELGERININAE Carpenter, Parker and Jones, 1862.

GENUS: Globigerina d'Orbigny, 1826.

Notes.

Test surface spinose. Macroperforate. 3 to 5 chambers per whori. 

Coiling usually trochospiral. Ihtraumbilical primary aperture, with no secondary 

ones. Periphery lobulate.

Globigerina ampliapertura Bolli.

PL21, flg.5.

Globigerina ampliapertura Bolli 1957, p.108, pL22, figs.4-7; Hofker 1968, p.17, 

pL7, fig.2; Blow 1969, p.315, 349, 382, pL12, fig.6, 9-10; Stainforth et aL 

1975, p.248 fig.102; Blow 1979, p.112, pi.12, fig.10; King 1983, p.11, 35, fig.4.
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Globiqerina ampliapertura ampliapertura Bolli. Blow and Banner 1962, pp.83, 

130-131, pL11, figs.A-D, pL17, figs.C,H.

Globiqerina (Globiqerina) ampliapertura Bolli. Jenkins 1971, p.137, pL15, 

figs.428-425.

Notes.

Very small umbilicus with an anterointraumhilical smooth-rimmed 

aperture. 4 chambers in final whorl. Surface with narrow pare-pits and 

knobhly spine-bases.

Remarks.

Closely resembLes and intergrades with "G." increbescens. Most 

examples found are poorly preserved representatives of G. ampliapertura. 

Stratigraphical range.

A useful index form, limited to the Late Eocene and early Oligocene. 

King (1983), notes this species in his NSP9 (Diatom sp.3 Zone). He points out 

that pianktonic foraminifera commonly occur within this Zone, such as G. 

ampliapertura, but mare studying is required to define their vertical 

distribution. Range according to Blow (1979) from P17 to P19/20 Zones.

Globigerina aff. angulisuturalis Bolli. 

see  Globigerina ciperoensis angiilisuturalis Bolli 1957, p.109, pL22, fig.11. 

see  Globigerina angiilisuturalis Bolli. Blow and Banner 1962, p.84, pL9, 

figs.Aa-Cc; Blow 1969, pp.219, 316, 379, pL4-6, pL12, figs.1 -2; Stainforth et 

aL 1975, p.250, fig.104.

jsee Globiqerina concdnna angi ilisuturalis Bolli. Bandy 1964, p.8, 12.

aff. Glotdgerina (Globigerina) ciperoensis angi ilisuturalis Bolli. Jenkins 1971,

p.1 43, piL1 5, figs.448-450.

jsee Globigerina (Globiqerina) angi ilisuturalis Bolli. Kennett and Srinivasan
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1983, p.32, pL5, f ig s .1 -3 .

Notes.

Umbilicus small. Low trochospiral coiL Anterointraumbilical aperture. 

Intercameral sutures of the last whorl weakly excavated. Surface hispid. 

Remarks.,

This is an intermediate form of G. angi ilisuturalis, developing along 

the G. officinalis Subbotina-G. angilliofficinalis Blow lineage. Its size and 

shape are correct for G. angi ilisuturalis, but the sutures are not so 

excavated.

Bolli (1957), originally referred to 3 subspecies; G. ciperoensis 

ciperoensis, G. ciperoensis angustiumbillcata, and G. ciperoensis 

angi ilisuturalis. However, the types of, G. ciperoensis angustiu mbili cata Bolli 

are now known to be Tenuitellid, being microperforate and genetically 

different from the other two taxa (Li Qianyu, 1987). G. ciperoensis ciperoensis

was described on a typically advanced farm, which had a wide umbilicus. G.

angi ilisu tu ra lis  was also described on its typical form with deeply excavated 

sutures. There is also intergradation between the farms which have a

broadening of the umbilicus and the 5 chambers which leads to G.

ciperoensis, and the forms which show retention of a fairly narrow umbilicus 

which leads to G. angi ilisuturalis. The sutures in G. aff. angi ilisuturalis are 

neither very deeply excavated, nor is the umbilicus particularly small; it is 

within the plexus noted above.

StratLgraphical range.

Range of G. angi ilisuturalis s.str.: Zone P21 (Late Oligocene) of Blow 

1969 (King's 1983 Zones NSP9/NSB8, partim, nannopQanton Zone NP24) to Zone 

N4 (EarLy Miocene, King's Zones NSP10/NSB9, nannopQankton Zone NN1). A 

useful index species. As this form is earLy in its development towards G.
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angi ilisutura 1 i s s.str. it is probably in the earLy part of G. angi ilisuturalis 

s.str. range. Rare in wells studied.

Globigerina ciperoensis Bolli.

PL21, figs.6-7.

Globigerina concinna Reuss. Nuttall 1932, p.29, pL6, figs.9-11.

Globigerina ciperoensis Bolli 1954, pp.1-3, figs.3-4; Hofker 1968, pp.14-16, 

pL6, fig.7, h-k; Stainforth et aL 1975, p.263, fig.111.

Globigerina ciperoensis ciperoensis Bolli. Belli 1957, p.108, pL22, fig.10. 

Globigerina ouachitaensis ciperoensis (Bolli). Blow and Banner 1962, pp.90-91 

fig.9, i-iii, pL9, figs.E-G; Blow 1969, p.320, pL1 figs.4-6; Berggren 1969,

p.111.

Globigerina concinna ciperoensis Bdli. Bandy 1964, pp.8,12, fig.5.

Globigerina (Globigerina) ciperoensis ciperoensis Bolli. Jenkins 1971, p.145, 

pL14, figs.411-41 3.

Globigerina (Globigerina) ciperoensis Bclli. Kennett and Srdnivasan 1983, p.28, 

pL4, figs.6-8.

Notes.

Low trochospiral coil, with 5 spherical chambers in the last whorL 

Sutures radiate both sides, depressed, not excavated. Aperture 

axiointrau m bilical. Surface hispid.

Remarks.

Differs from Tenuitellinata angustiumbilicata (Bolli) in being smaller, 

having a macroperforate wall, a larger umbilicus and no apertural lip. Differs 

from G. angi ilisuturalis Bolli which has excavated 'U'-shaped sutures, and a 

marked lip over the aperture.

Stratigraphical range.
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Late Oligocene Zone P19 of Blow 1969 (NSP9/NSB7 partim, 

nannoplankton Zone NP22/23) to Earliest Miocene Zone N4 (King's NSP10/NSB9 

partim, nannoplankton Zone NN1). Commonly occurs in Late Oligocene but rare 

in EarLy Miocene.

Globigerina eocaena GumbeL 

PL21, fig.8.

Globigerina eocaena Gumbel 1868, p.84, pL2, fig.109a; Hagn 1956, p.170, pL16, 

figs. 1-2; Stainforth et aL 1975, pp.268-270 fig.115.

Globigerina (Subbotina) eocaena Gumbel. Hagn and Lindenburg 1966, pp.342- 

358, pL1, figs.1 -6.

Globigerina ouachitaensis (non Howe and Wallace). Bandy 1949, p.121, pL23, 

fig.4a-c.

Globigerina pseudoeocaena var. pseudoeocaena Subbotina 1953, pL4, fig.9, pL5, 

figs.1-2,6; Pokorny 1960, piL3, fig.3.

? Globigerina yeguaensis Weinzerl and Applin 1929, p.408, pL43, fig.1; Bolli 

1957, p.163, pL35, £igs.14?-15; Blow 1969, p.319, pL3, figs.12-14.

? Globigerina yeguaensis yeguaensis Weinzerl and Applin. Blow and Banner 

1962, pp.99,141-1 44, fig.13, fig.H-M.

? Subbotina yeguaensis (Weinzerl and Applin). Srinivasan 1968, p.149 pL16 

figs.1 -3.

Notes.

4 subspherical inflated chambers in the last whorl, gradually 

increasing in size. Sutures depressed. Aperture with elongated lips (straight or 

slightly curved), mainly axioumbilical, has a slight tendency to become 

antercdntraumbilicaL Final chamber may have a bulla over the aperture. 

Surface cancellate.
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Remarks.

Neotype of this species refigured by Hagn and Lindenburg (1966, 

paper in Russian). According to these authors there is a dose connection or 

transition to G. yeguaensis Weinzerl and Applin. G. yeguaensis is 

morphologically very similar, but according to Hagn and lindenburg differs 

because of a greater chamber size increase in the last whorL These authors 

also suggest that Globigerina corpulenta Subbotina 1953, is closely related to 

G. eocaena, but differs in having a more conical spire, slightly embracing 

final chambers, together with irregularly shaped and normal bulla. Also closely 

related is G. gortanii (Borsetti) which has an even higher spire than G. 

corpulenta (see fig.4 in Hagn and Lindenburg, p.354).

Stainforth et aL (1975) regard G. eocaena as a standard form within
IV <■

the intergradational plexus of the G. linaperta Finlay group (see Stainforth et 

aL fig.128 p.292). They believe that the distinction between G. yeguaensis and 

G. eocaena is too tenuous to maintain, so the farmer is regarded as a 

subjective junior synonym.

In Hagn and Lindenburg's discussions concerning the generic status of 

this species they point out that G. eocaena could be placed into the genus 

Catapsydrax Bolli, Loeblich and Tappan, due to the presence of a bullate 

structure and accessory apertures in the umbilical area. However, Bandy 

(1949) called such end chambers 1 'characteristics of doubtful species value". 

Hagn and Lindenburg argue that as the presence or absence of "bullae" is 

variable in G. eocaena, the genus Catapsydrax is not valid. I believe that the 

consistent presence of a bulla is of taxonomical value and therefore 

Catapsydrax is valid. But, it  is uncertain as to whether G. eocaena belongs to 

this genus, as the bulla is not present in North Sea forms. It seems that the 

bullate structure in G. eocaena is not a true bulla.
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Hagn and Lindenburg also refer G. eocaena to the "subgenus" 

Subbotina Brotzen and Pozaryska 1961, the type species of which is 

Globiqerina tri.loculinoides Plummer. It can be differentiated from Globiqerina 

by its smooth wall surface with no visible spine bases, but macropreforations 

which are clear. Many of the Subbotina species also have strong apertural 

lips. Regardless of the pcdnt of view expressed by Hagn and Lindenburg G. 

eocaena does not fit the characteristics of Subbotina, and it is distinguishable 

as a Globiqerina.

StratLgraphical range.

This species occurs mainly in the middle and Upper Eocene. It also 

occurs in the earLy Oligocene. It has a cosmopolitan distribution (see 

Lindenburg, 1969).

Globiqerina cf. falconensis Blow.

PL21, fig.9.

see  Globiqerina falconensis Blow 1959, p.177, pL9, fLgs.40a-c, 41.

Remarks.

Similar in wall structure to Globorotaloides suteri Bolli. This is a 

very thick walled form similar to Zeaglobiqerina of Kennett and Srinivasan 

(1983, p.42). Aperture rather slit-like, anterointraumbilicaL Has a heavy lip, 

rather like typical Globigerina falconensis.

Blow (1969, pL60, £Lg.1) illustrates a 'metatype' which has a very 

heavily cancellate wall, with a thick porticus-like lip over a low aperture. 

Examples from the North Sea have a fairly high aperture, shallowly depressed 

sutures, and are heavily calcified.

StratLgraphical range.

Zone N7 (EarLy Miocene) to Recent. Blow's original from the
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Miocene. Range not proven.

Globiqerina [Subbotina] linaperta Finlay.

Globiqerina linaperta Finlay 1939, p.125, pL13, figs.54-57; Stainforth et aL 

1975, p.201, flg.63.

Globiqerina ex. qr. linaperta Finlay. King 1983, p.36, pL6, fig.4.

Notes.

Globular chambers, 31 in final whorL Low trochospire. Surface has 

well defined perforations on all chambers. Aperture a slightly twisted 

anteoointraumbilical arch, with a faint rim. Distinct, depressed sutures. Open, 

narrow, shallow umbilicus. Surface smooth, not spinose; because of this, this 

species is often referred to Subbotina Brotzen and Pozaryska, but Hemleben 

(verb, comm.) claims that spines are present although only in the umbilical 

apertural region; spinosity would require this species to be refered to 

Globigerina (see also notes on G. [S.] triloculincddes, and Appendix C). 

Stratiqraphical range.

From within P4 (M./Late Palaeocene, King's NSP3 NSB1b, 

nannoplankton Zones NP6-8)) to within Zone P16 (Late Eocene, NSP9/NSB6b, 

nannoplankton Zones NP19/20).

Globigerina [Subbotina] triloculincddes Plummer.

PL22, fig.1 a-b.

Globigerina triloculincddes Plummer 1926, p.134, pL8, fig.1 Oa-c; Moorkens 

1971, p.860, pL4, fig.1 a-d, fig.3a-b; Stainforth et aL 1975, p.234, fig.92; King 

1983, pL6, fig.6,7; Toumarkine and Luterbacher 1985, p.117, figs.19.1-2.

Notes.

3-3 £ chambers in the final whorL Trilobate equatorial outline.
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Aperture anterointrau m hi 1 i cab with lip.

Remarks.

G. triloculincddes is the type species for the genus Subbotina Brotzen 

and Pozaryska 1961. This genus has been regarded as being non-spinose, and 

as having a distinct porticus-like lip. However, G. triloculincddes does in fact 

have spine bases near the base of the last chamber, as shown by ; Hemleben 

at the meeting of the Palaeogene Planktonic project at B.P. Research Centre 

at Sunbury in August 1987. The presence of this porticus-like lip is not viable 

as a generic characteristic, as other species of Globiqerina (for example, G. 

falconensis Blow 1959, EarLy Miocene to Recent) also possess a similar 

feature. The nature of the aperture is also a questionable basis for generic 

distinction as other examples of Globiqerina (for example G. ampliapertura 

Bolli 1957, Late Eocene/Early Oligocene?) and EoglobLgerina (for example E. 

trivi^lis (Subbotina, 1953), Danian to EarLy Thanetian, Palaeocene), have 

similar apertures. The genus Subbotina needs further investigation. 

StratLgraphical range.

Zone P1b (Early Paleocene, NSP1a/NSBla, nannoplankton Zone NP2) to 

top of Zone P6 (E. Eocene, NSP4-5/NSB2-3, NP9-11), with some doubtful G. 

triloculincddes in the early part of P7 (after Blow, 1979). Stainforth et aL 

state that G. triloculincddes occurs only in the Paleocene. Blow (1979) placed 

G. quadritri 1 oculincddes Khalilov 1956, into the synonymy of G. triloculincddes 

triloculincddes Plummer.

Globiqerina officinalis Subbotina.

Globiqerina officinalis Subbotina 1953, p.78, pL11, fig.1-7: Blow and Banner 

1962, p.88, fig.16, piL9, fig.A-C; Blow 1969, p.320, pL1, figs.1-3; Stainforth et 

aL 1975, p.211, fig.71.
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Notes.

4 subglobular chambers in the last whorL Low trochospiral ccdL The 

low arched aperture is typically axiointraumbilicab but may become 

anterointraumbilicaL bordered by a thin imperforate lip. Sutures radiate on 

the umbilical side and quite strongly depressed. Surface hispid. Densely 

perforated with strong spine bases, especially on the last formed chamber. 

Remarks.

Found in London Clay as well as N. Sea samples.

StratLgraphical range.

G. officinalis ranges from Zone P13? (M. Eocene, NSP8/NSB5-6a, 

nannoplankton Zone NP16) to P22 (Late Oligocene, NSP9/NSB8, nannoplankton 

Zone NP25).

Globigerina praebulloides Blow subsp. occlusa Blow and Banner.

PL22, fig.2.

Globigerina cf. trilocularls d'Orbigny. Bolli 1957 (partim), (not G. trilocularis 

Deshayes 1832), p.110, pL22, fig.9a-c (not fLg.8a-c), pL36, fig.3a-b.

Globigerina praebulloides Blow subsp. occlusa Blow and Banner 1962, p.93, 

pL9u-w, fLg.1 4(i—iii).

Notes.

Very small umbilicus, and very low aperture which lacks a lip or rim. 

3 to 4 subglobular to ovcad chambers in the final whorL Broadly rounded 

axial periphery. Strongly lobulate equatorial periphery. Distinct, broadly and 

deeply depressed sutures. Surface hispddocancellate.

Remarks.

The specimen chosen for the holotype of this species by Blow and 

Banner (1962) is not (according to Banner pens, comm.) typical G.
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praebulloides occlusa as the name was subsequently used. G. praebulloides 

occlusa s. str. (that is the holotype form) is very rare, and occurs in the 

Eocene/Oligocene. The paratypes shown in Blow and Banner (1962) are not the 

same, having a different wall surface and even chamber shape.

G. praebulloides of Kennett and Srinivasan (1983, p.36, figs.1 -3) is 

very similar to G. praebulloides occlusa. In the later the aperture becomes 

low and slit-like as in Globigermoides primordius Blow and Banner and 

Globigerinoides quadrilobatus (d'Orbigny).

G. praebulloides occlusa differs from G. praebulloides praebulloides in 

having a smaller, shallower umbilicus, and a smaller, lower aperture without 

lip or rim.

Globigerina praebulloides Blow subsp. praebulloides Blow.

PL22, fig.3.

Globigerina praebulloides Blow 1959, pp.180-181.

Globiqerina cf. t-rilocularis d'Orbigny. Bolli 1957 (partim), p.110, pL22, fig.8a-c 

(not fig.9a-c).

Globigerina praebulloides Blow subsp. praebulloides Blow, emend. Blow and 

Banner 1962, pp.92-93, piL9, figs.0-Q.

Notes.

Has a smaller umbilicus and lower, narrower aperture than its 

immediate descendent, G. bulloides d'Orbigny.

StratLgraphical range.

Upper Eocene, base of 'Porticulosphaera' semiinvcJuta (Keijzer) Zone 

(genus after Blow, 1979, P15 of Blow 1969, base of King's 1983 NSP9 and top 

of NSB6 Zones, equivalent to nannofossil Zones NP18-NP19), to the 

Globorotalia cultrata (d* Orbigny) / Globigerina nepenthes Todd Zones (N14 Middle
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Miocene Zone of Blow 1969, NSP12? and NSB11 of King 1983, nannoplankton 

Zone NN7-10?).

Globigerina woodi Jenkins.

Globigerina woodi Jenkins 1960, p.352, pL2, fig.2a-c.

Globigerina (Zeaglobigerina) woodi Jenkins. Kennett and Srinivasan 1983, p.43, 

pL7, figs.4-6.

Notes.

4 chambers in the final whorL Surface coarsely pitted with regular 

hexagonal perforation pits. Open umbilicus. Aperture axjpintraumhilical, high 

arched, bordered by thick rim.

Remarks.

The specimens examined for this thesis tend to be higher spired than 

most typical G. woodi. Grading occurs between the subspecies G. woodi woodi 

and G. woodi connecta. Some farms noted from the North Sea have sutures 

similar to G. woodi connecta, in that they are not as deeply incised as G. 

woodi woodi, but, on the other hand, the aperture is as high as in G. woodi 

woodi. Some specimens do not have a particularly distinct apertural rim, as in 

G. woodi connecta.

StratLgraphical range.

Late Oligocene?/Early Miocene Globorotalla kugleri Bolli Zone 

(N4/top of P22 of Blow (1969), King's (1983) base of NSP10, base of NSB9 

Zones, nannoplankton zone NN1) to Late Pliocene/Pleistocene G loborotalia  

tosaensis Takayanagi and Saito Zone (N21 of Blow 1969, King's NSP16, NSB15, 

nannoplankton Zone NN18).
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GENUS: Catapsydrax Bolli, Loeblich and Tappan, 1957.

Notes.

Differs from Globiqerinijta Bronnimann 1951 in being macroperforate and 

spinose. The bulla may be an irregular feature, but in this genus every 

individual of a particular species, regardless of the size of the specimens, has 

a similar bulla, with approximately the same bullate apertures.

Catapsydrax unicavus unicavus Belli, Loeblich and Tappan 1957.

PL22, fig.4.

Catapsydrax unicavus Bolli, Loeblich and Tappan 1957, p.37, pL7, fig.9a-c;

Blow 1959, p.204, pL15, frg.94a-c.

Globiqerinifa unicava unicava (Bolli, Loeblich and Tappan). Blow and Banner 

1962, pp.113-114, pL14, figs.M,N.

Notes.

4 to 4t chambers in final whorL Dorsal side slightly mare convex 

than ventral. Dorsal sutures depressed. Dorsal intercameral sutures slightly 

curved to subradial. Spiral suture lobulate. Ventral intercameral sutures 

subradial, deeply depressed. Ventral umbilicus broad and deep, almost entirely 

covered by weakly inflated bulla. Single narrow accessory aperture extends 

along margin of bulla, with weak lip (thin rim). Macroperforate surface with 

narrow pore-pits.

StratLgraphical range.

According to the type description Catapsydrax only occurs in beds 

younger than the Upper Eocene. Ranges from the Globiqerina ampliapertura 

Zone P19/20 (NSP9, NSB7, NP22-24) into the GlobLgerinita stainfgrthi 

Zone N6 (NSP10/11 [partim], NSB9/10 [partim], NN3 [partim]).
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Catapsydrax unicavus primitivus (Blow and Banner).

Catapsydrax unicavus Belli, Loeblich and Tappan. Bolli 1957, p.166, pL37, 

fig.7a-b.

Globigerinita unicava primitiva Blow and Banner 1962, p.114, pL14, figsri-L. 

Notes.

4 chambers in last whorL Dorsal intercameral sutures initially curved, 

become subradial between last two or three chambers. Ventral intercameral 

sutures weakly curved to subradial. Umbilicus covered by broad and inflated 

bulla. Aperture without rim or lip. Surface weakly hispid, macroperforate with 

narrow pore-pits.

Remarks.

C. unicavus primitivus differs from C. unicavus unicavus in having 

more strongly "vaulted ventral surfaces to the primary chambers" (Blow and 

Banner 1962, p.114). It also has a mare inflated bulla and the later chambers 

are mare 'depressed'.

StratLgraphical range.

According to Blow (1979) this species ranges from within ?Zone P13- 

P1 4 to within Zone N1 (=P20).

GENUS: GlobLgerLncddes Cushman 1927.

Notes.

Wall macroperforate, spinose. Low to high trochospiral ccdl with globular to 

ovate chambers. Primary aperture intraumbilicab supplementary ones along the 

spiral suture as irregular slits.

GlobigerLncddes quadrilobatus trilobus (Reuss).

PL22, fig.5.

Globigerina triloba Reuss 1850, p.347, pL47, fig.11; Banner and Blow 1965,
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p.20, pL3, fig .8 , pL4, fLg.16-8.

GlobLgermcddes triloba triloba (Reuss). Belli 1957, p.112, pL25, fig.2. 

Globigerdncddes quadrilobatus trilobus (Reuss). Blow and Banner 1962, p.137. 

Globigerinoides quadrilobatus triloba (Reuss). Stainforth et aL 1975, p.310, 

fig.138; King 1983, p.36, pL6, fig.7.

Notes.

Chambers rapidly enlarging, so that the last chamber is approximately 

equal in volume to the whole previous test. Sutures depressed. Coarse 

cancellate wall. 3 chambers visible on umbilical side, all chambers being 

symmetrical* subglobular. One supplementary aperture per chamber on spiral 

side.

Remarks.

Types of G. quadrilobatus trilobus have now been lost, therefore this 

name has been applied to a broad range of similar forms. Differs from G. 

quadrilobatus s.str. in having 3 not 4 chambers visible on umbilical side, and 

from the subspecies G. quadrilobatus sacculifer (Brady) in having regular 

development of adult chambers.

StratLgraphical range.

Zone N4 to Recent. Useful marker for Neogene and Quaternary.

GENUS: Globorotalcddes Bolli 1957.

Notes.

Wall coarsely perforate, cancellate. Low trochospdral ccdL 4 to 6 ovate to 

spherical chambers in the final whorl. Early part of test has 

anterointraumbilical-extraintraumhilical aperture, later chambers have 

intraumbilical aperture; each may be covered by a bulla-like chamber.

Globorotaloides suteri Bolli.
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PL22, fig .6 .

Globorotaloides suterl BcQH 1957, p.117, pL27, figs.9a-13b; Blow and Banner 

1962, p.122, pL13, figs.N-P; Blow 1969, p.374; Berggren 1969, pp.130-131; 

Jenkins 1971, pp.189-190, pL22, figs.646-648; Stainforth e t  aL 1975, pp.322- 

323, fig .146; Blow 1979, p.176; Kennett and Srinnivasan 1983, p.214, pL53, 

figs.1,3-5; Bolli and Saunders 1985, p.190, figs.18.10,11.

?Globiqerina globularis Batjes 1958 (non Roemer), pp.161 -162, pL11, figs.3,5. 

Notes.

Depressed spiral sutures, curved to  radiate. Umbilical sutures 

depressed and radial.

Remarks.

Globorotaloides differs from Catapsydrax Belli, Loehllch and Tappan, 

in its  wall, which is  coarsely perforate but not spinose (Catapsydrax has a 

spinose wall), and in its  initial coiling. The early growth stages of 

Globorotaloides have a Neoqioboquadrina-like aperture (as noted in the above 

description). Catapsydrax is  like a Globrgerina throughout.

Several authors regard Globorotaloides suteri as a Globoquadrina 

Finlay, because the wall is  similar and the latter  has the same growth shift 

in apertural position as in Globorotaloides suteri (that is, in the latter the 

aperture is  umhilical-extraumbilical in the early stage, later becoming 

intraumbdlical). However, G. suteri has a bulla but no umbilical teeth  (see 

Kennett and Srinivasan 1983, p.21 4, pL53, figs.1 , 3-5). Globorotaloides 

variahilis Bolli, the type species o f the genus Globorotaloides, has a very 

Globorotalid form in its  juvenile stage (see Kennett and Srinivasan 1983, G. 

variahilis pl.53, figs.2, 6-8). In the adult form the aperture is  mere 

intrau mbdlical, and the bulla is  present. G. variahilis has less inflated early 

chambers, more curved sutures and more chambers than G. suteri.
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Several o f the forms observed from the North Sea did not possess a 

bulla, but had a reduced end chamber.

Stratigraphical range.

Long ranging, from mid-Eocene to  Early Miocene. First described 

from the Oligocene, basal part of the Cipero Formation, Globigerina 

ampliapertura Bolli P19/20 Zone (NSP9/NSB7, approximately NP22/24). Most 

common and typical in that Zone. Ranges up to  the Globigerinatella insueta 

Cushman and Stainforth Zone N7 of Blow 1969 (NSP11/NSB10 of King 1983, top 

of NN3 and NN4 nannoplankton Zones).

SUBFAMILY: SPHAEROIDINEhhTNAE Banner and Blow, 1959.

GENUS: Sphaemidine-11 opeds Banner and Blow, 1959.

Notes.

Low tnochospiral cofL 3 to  4 chambers in the final whofL Broadly rounded 

periphery. Perforate wall. Surface covered by smooth cortex which reduces 

the external perforation-diameter and obscures them. Aperture intra-umbdlicaL

Sphaercadineilopsis subdehiscens (Blow).

PL22, fig.7.

Sphaeroidinella dehiscens (non Parker and Jones). Stainforth 1948, p.124, pL26, 

fig.20.

Sphaeroidinella dehiscens subdehiscens Blow 1959, p.195, pL12, figs.71 -72. 

Sphaeroidinellopeds subdehiscens (Blow). Banner and Blow 1959, p.15, fig .5; 

Stainforth e t  al. 1975, p.410, fig.205; King 1983, pp.35-36, pL6, fig.34. 

Sphaercddinellopsis subdehiscens subdehiscens (Blow). Blow 1969, p.338, pL30, 

figs.3,6.

Sphaeroidinella subdehiscens Blow. Postuma 1971, pp.388-389.

Notes.
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3 chambers in the last whorl of nearly equal size. Sutures of last 

whorL slightly depressed, distinct. Slit-like aperture, often obscured by 

thickened cortex.

Remarks.

Differs from S. seminulina (Schwager, 1866) in having 3, not 4 

chambers in last whorl, and in having a thicker cortex.

StratLgraphical range.

King (1983) uses S. subdehiscens as a marker species for his NSP12 

Zone Middle Miocene. Form ranges from M. Miocene to  Late Miocene.

According to  Blow (1979), i t  ranges from N13 to  N19.

SUBFAMILY: TENUTTELLOSfAE Banner 1982, emend Li Qianyu 1987.

GENUS: Tenuifella Fleisher, 1974.

Notes.

Low to  medium trochospire. Wall microperforate throughout and pustulate. 

Umbilicus small but open. Aperture anterjointraumbilical-extraumbilical, 

without bulla. Tenuitella differs in its  microperf orate wall from GlobLgerina 

which has a macroperforate one.

The tenuitellids have been largely ignored in biostratigraphy because 

of their small size, and inadequately defined system atics. It is  only since the 

paper by Li Qianyu (1987) that i t  has been possible to  study and record them. 

Li had few samples, so the stratigraphy of the species of this subfamily has 

yet to  be assessed.

Tenuitella munda (Jenkins).

PL22, fig.8.

G loborotalia munda Jenkins 1966, pp.1121 —1122, fig.14, nos.126-133.

Tenuitella munda (Jenkins), Li Qianyu 1987, p.310, piL2, fig .13 (see fig.3: 7-9).
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Notes.

Description emended by Li Qianyu (1987). Medium trochospire. 4 

glob u la r  chambers in the final whorL Small, open umbilicus. Aperture 

antercdntrau mbdlical to  extraumbilical. Microperf orate wall.

Remarks.

Rare in wells studied. Examples o f this species from the North Sea 

Tertia r y had elongated chambers atypical of T. munda s.s., as in Li Qianyus 

figure 13, plate 2.

StratLgraphical range.

Recorded by Jenkins (1966) in the Early Oligocene, and the specimen 

figured by Li (1987) is  from the Globiqerina ampliapertura Zone. Either the 

age of this species must be extended, or this specimen (plate 22, fig .8) is  

reworked.

SUBFAMILY:GLOETGERAPSINAE Blow, 1979.

GENUS: Globigerapsis Bolli, Loeblich & Tappan, 1957.

Notes.

Almost globular test. Trochospiral ccdl, becoming streptospiral in ontogeny. 

Final chamber envelops most or a ll o f the umbilical side o f the test. 

Macroperforate. Primary aperture umbilical, which may be covered by final 

chamber that has secondary apertures along the margin. Sutures distinct, 

depressed. Early ccdling is  acarininid and thus differs from the gLobigerine 

ea r ly co ilin g  o f a ll the Porticulosphaerinae.

Globigerapsis index index (Finlay).

PL22, fig.9.

Globigerincddes index Finlay 1939, p. 125, pL1 4, figs.85-88; Homibrook 1958, 

p.35, pL1, figs.11-14.
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Globigerinaides macrostoma Hagn 1956, pp.173-174, pL16, fig.11a-b (hclotype). 

Globigerapsis index (Finlay). Bolli 1957, p.165, pL36, figs.17-18 (not 14a-16); 

Blow and Banner 1962, pp.124-125, pL15, figs.g-h; Blow 1979, p.132, pL27, 

figs.1-2 , pp.1141—11 43, pL174, figs.24,7-8, pL181, fig .1 , pL183, fig.1 -2 , pL186, 

figs.2-3, pL1 92, fig .1 .

Globigerinatheka (Globigerapsis) index index (Finlay). Jenkins 1971, pp.187-188, 

pL22, figs.641 -645.

Globigerinatheka index index (Finlay). Bolli 1972, p.124, figs.51 -57, 63-64, 

pL1, figs.1-4, 6-7; Toumarkine and Luterbacher 1985, p.142, figs.38.20-24. 

Globigerinatheka index (Finlay). Stainforth e t  al. 1975, p.194, fig .56; King 

1983, p.8, 11, pL6, fig .6 .

Notes.

Robust, thick, muricate wall. Deeply incised sutures. Adult te st may 

have single large primary aperture with 2 to 3 secondary arched apertures on 

final chamber where i t  'envelops' earlier test. Apertures usually not covered 

by bullae (see Toumarkine and Luterbacher, 1985 p.140).

Remarks.

Rare in North Sea sediments examined. Those specimens observed are 

usually without bullae.

Bolli (1972) states that as the presence or absence of a bulla varies 

from species to  species (Globigerapsis index for example may or may not have 

a bulla, see Bolli 1972 fig.54 for non-bullate form, and fig.57 showing a 

bullate one).
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Blow (1979, p.1133) states that in Globigerapsis there is flno single 

external primary aperture in adult forms, but multiple, arched sutural 

apertures occur". This is  not the case in Globigerapsis index, which often has 

a single primary aperture plus multiple arched sutural openings. Blow's work 

was written before his death in 1972 and before the publication of Bolli's 

1972 paper. Blow based the definition of his species mainly on the structure 

of the te st wall as seen in the S.E.M. Loeblich and Tappan (1987, p.492) 

follow Blow in separating these genera "on the basis o f the spinose wall of 

Globigerinatheka, and muricate one of Globigerapsis'1.

Globigerapsis index index differs from G. index tropical is (Blow and 

Banner) in having thicker walls and more incised sutures. It has a lower spire 

than G. index rubriformis (Subbotina), (see Toumarkine and Luterbacher 1985, 

p.142). Blow (1979, pp.793-794, pL27, figs.5-6, pL198, figs.1 -5) places G. 

index tropicalis into synonymy of ''Pcrticulosphaera'' mexicana mexicana 

(Cushman).

StratLgraphical range.

This species ranges from within the Globigerinatheka subconglobata 

(Shutskaya) Zone of Stainforth e t aL (1975, p.62), Middle Eocene, to  within 

the ''Porticulosphaera'' semiinvaluta (Keijzer) Zone, Late Eocene. According to  

Blow (1979) ranges from P10 to P?17. Occurs in NSP8 of King (1983), NSB5 

(partim) to NSB6a. Approximately nannoplankton zone NP16.

FAMILY: GLOECGERINIDAE Carpenter, Parker and Jones.

SUBFAMILY: HASTTGERININAE Belli, Loeblich and Tappan, 1957.

GENUS: Pseudohastigerina Banner and Blow, 1959.

Notes.

Adult chambers planispiral, bLumhilicate. Sutures radial, straight to  slightly
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curved. Periphery may be narrowly to broadly rounded. Aperture equatorial, at 

base of final chamber, low arch with distinct lip. Wall macroperforate.

Pseudohastiqerina wilcoxensis (Cushman and Ponton).

PL22, fig.10.

Nonion wilcoxensis Cushman and Ponton 1932, p.64, pL8, fig .11.

Hasrigerina eocenica Berggren 1960, pp.85-91, pL5, figs.1 -2 , pL10, fig.2. 

Pseudohastiqerina wilcoxensis (Cushman and Ponton). Berggren, Olsson and 

Reyment 1967 (partim?, see Blow 1979), pp.278-280, fig.2-6; Stainforth e t aL 

1975, p.243, fig.99; Blow 1979, pp.1193-8, pL252, figs.1-4; King 1983, p.12, 

pL6, figs.32-33 (plus figs.30-31 ?).

Notes.

6/7 chambers in the final whorl, which increase regularly in size. 

Broadly rounded periphery. Radial to  slightly curved sutures. Planispire often  

slightly assy metric and pseudotrochospiraL 

Remarks.

This species is  generally larger than P. micra (Cole) and is  less  

inflated, has mare radial intercameral sutures, has mare umbilically inflated  

chambers, and has better separated less closely appressed and less closely-set 

chambers. The two species are linked by intermediate farms. King's 

interpretation of P. micra (1983, pL6, figs.30-31) is  mare akin to  P. 

wilcoxensis.

Loeblich and Tappan (1964, p.C665, and 1987, pp.485-486) regard 

Pseudohastiqerina as a junior synonym of Globanomalina Haque 1956, but they 

do not distinguish between the adult planispirality and macroperforations of 

the farmer, and the trochospirality and microperf orations o f the latter. 

Stratiqraphical range.

Late Paleocene into Middle Eocene, Stainforth e t  aL's G loborofalia
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pseudomenardii- Bolli Zone (P4, NSP3/NSB1b, NP6-8) to  Globorotalia lehneri 

Cushman and Jarvis Zone (PI 2, top o f NSP7 base o f NSP8, part o f NSB6, top  

of NP15 base of NP16). In King 1983 the top o f his NSP7 Zone, is  defined by 

the highest occurence o f his P. micra (see King 1983, p.11) equivalent in age 

to  P10-middle of P12, and the bottom tw o thirds o f King's benthonic Zone 

NSB5, Middle Eocene.

SUBFAMILY: EOGLOBIGERININAE Blow, 1979.

GENUS: Globanomalina Haque 1956.

Notes.

Low trochospiral test. Aperture extraum hilical-um hilical, a low arch with a
S

distinct lip. Periphery rounded to  subacute in side view . Surface 

microperf orate, with weak pore-pLts but no pustules, muricae or spines.

''Globanomalina'' compressa (Plummer).

PL22, fig .11.

Globiqerina compressa Plummer 1926 (1927), p.135, pL8, fig .1 1.

Globigerina compressa var. compressa Plummer. Subbotina 1953, pp.55-56, 

piL2, fig s .4-5.

Globorotalia compressa (Plummer). Bolli 1957a, p.77, pL20, figs.21-23; 

Postuma 1971, pp.186-187; Stainforth e t aL 1975, p.178, fig.43; King 1983, 

p.12, pL6, figs.8-10.

Globorotalia (Turborotalia) compressa compressa (Plummer). Blow 1979, 

pp.1062-1064, pL75, figs.10-11, pL248.

Planarotalifes compressa (Plummer). Tourmarkine and Luterbacher 1985, 

p.107, fig .12.1-2.

Notes.

Very compressed form; periphery rounded-subangular. Umbilical side
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fla t to  slightly convex, spiral side wholly evolute and fla t. Spiral suture often  

distinct. 4 to  5 ovate chambers in la st whorl which increase rapidly in size. 

Umbilicus shallow, wide. Depressed sutures, slightly curved on spiral side, 

radiate on umbilical.

Remarks.

Loeblich and Tappan (1964, p.C668) regard Planorotalites Morozova 

1957 as a junior synonym of Globorotalia. However, Globorotalia is  a strictly  

Neogene form which is  carinate, and has a 'lensiform trochospiral test"  

(Banner 1982, p.220). Planorotalites is  a Palaeogene form, has an acute 

periphery, is  carinate, and may be pustulate. The type o f Planorota1it.es 

(Globorotalia pseudoscitula Glaessner) is  macroperforate: th is middle Eocene 

species has microperf orate ho meo morphs in the Palaeocene (eg. "P." 

pseudomenardii Bolli) to  which G. compressa s.s. is  phylogenetLcally related. 

However, Globanomalina has a rounded periphery, is  non-carinate, with rare 

pustules only around the aperture. The species 'compressa' is  neither a 

Globorotalia or a ''Planorotalites'' (which I regard as a separate and distinct 

genera), and is  only tentatively placed into Globanomalina as i t  posseses a 

macroperforate, not microperf orate walL This la ter genus forms part o f the 

Eoqlobigerina Morozova to  Pseudohastiqerina Banner and Blow evolutionary 

lineage. "G." compressa d iffers from compressa s.s. in having a less  

angular peripheral margin, and larger perforations.

StratLgraphical range.

Occurs with examples o f "G." pseudobullcddes (Plummer) in  King's 

(1983) NSP1 (nannoplankton zones P1-3) Early to  'Middle' Palaeocene Zone. 

Stainforth e t  aL (1975) record this species from their "G." pseudobullcddes 

Zone (Middle Early Palaeocene) to  their Globorotalia angulata (White) Zone
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(Middle Middle Palaeocene). According to  Blow (1979) ranges from PI to  P3. 

North Sea forms often appear to  be crushed.

1'Globan omalina" pseudobulloides (Plummer).

PL22, fig .12a-c.

Globjqenna pseudobulloides Plummer 1926 (1927), p.33, pL8, flg .9 .

Globigerina compressa var. pseudobulloides Plummer. Subbotina 1953, pp.55-57, 

piL2, fLgs.7, 11-14.

Globorotalia pseudobiilloides (Plummer). Bolli 1957, p.73, pL17, fig s.19-21; 

Stainforth e t aL. 1975, p.216, fig.76; King 1983, p.12, pL6, figs.22,28. 

Globorotalia (Turborotalia) pseudobulloides (Plummer). Blow 1979, p.1096, piL75, 

fig.2 [hypotype], pL248, fig s.6-8 [topotypes].

Notes.

5 spherical to  ovate chambers in fin al whorl. Lobate, rounded 

periphery. Spiral sutures radiate, umbilcal ones radiate to  curved Spiral side 

slightly m ore'flattened than umbilical. Umbilicus narrow, open. Aperture 

um bilical to  extraumbilicaL 

Remarks.

Examples in the North Sea often poorly preserved, often  suffering 

from 'recrystallisation' o f ca lcite (see P1.22, fig.12b).

Differs from G. compressa (Plummer) s.s. in being less compressed, 

with a broader more lobulate periphery. G. compressa also d iffers in its  

smoother wall surface. "G." pseudobulloides d iffers from Globorotalia uncdnata 

Bolli in having spherical and not subangular chambers in the early part o f the 

la st whofL Globa n omalina is  essentially a microperf orate genus (Banner pers. 

comm.) and the specimens from the North Sea o f compressa and 

peudobulloides were both macroperf orate.
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Stratigraphical range.

An accepted zonal index for Early and Middle Palaeocene (P1 to  P3 

of Blow, 1979). Marker for Ring's (1983) NSP1 Zone which is  defined by the 

highest occurence o f "G." pseudobulloides. Range as for G. compressa s.s.

' 'Globano malina11 varianta (Subbotina).

PL22 f ig .  13.

Globigerina varianta Subbotina 1953 (partLm) p.63, PL3, fig s.5 a -c  (only).

NOT Globorotalia varianta (Subbotina), Loeblich and Tappan 1957, p.196, PL44, 

figs.1 a-2b , PL45, fig s.4a -c .

Globorotalia (Turborotalia) varianta (Subbotina), Blow 1979, p.1114-1115, PL71, 

fig.1 (hypotype).

Notes.

Less 'pitted' wall than 'G'. pseudobulloides (Plummer), more radially 

elongated chambers, and mare tightly coiled test.

Remarks.

Rare in  th is study. Two specimens noted. Most o f the figured 

paratypes o f "G." varianta Subbotina 1953, Blow (1979) regarded as 

ecophenotypes o f "G." pseudobulloides (Plummer). However, the hcOotype 

(Subbotina 1953, PL3, fig .5a-c) differs from pseudobulloides by having "a mare 

tightly coiled earlier test" and shows "some tendency to  produce rather 

radially elongated chambers" (Blow op. cdt., p.1115) in its  la ter stages. 

StratLgraphical range.

This species was noted in Well 29/10-1, in the Early Palaeocene, 

Danian, Zones PK1b, CB2. Blow (1979) recorded th is species in the ?lower part 

of the Danian, from Denmark, and from his Subzone P1b to  within Zone P3.
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Globanomalina danica (Bang).

P L 2 2 |fig .l4 .

Globigerina danica Bang 1969, p.58 and 61, pL1, figs.1 a -2c .

Globorotalia (Turborotalia) danica (Bang), Blow 1979, p.1069-1071, pL254, 

fLgs.5-10.

Notes.

4 i-5 i?  chambers in  la st whofL The chambers are inflated, subglobular in  

dorsal view , not closely appressed or very embracing. Small, open umbilicus. 

Interiomarginal, um hilical-extraum bilical aperture, with apertural lip . Thin 

wall, smooth to  finely hispid.

Remarks.

Only tw o specim ens noted in th is study .F ig . 14, P I. 2 2 was identified  

as th is species by Dr L Bang. A true Globano m alina with a microperf orate 

wall .

Stratiqraphical range.

G. danica was noted in  the Early Palaeocene, Danian, Zones PK1 b and 

CB2, in Well 29/10-1. Blow (1979) noted th is species in  the Danian of 

Denmark, from Zones P1 (Subzone P1b) to  P2.

GENUS: Ecglobigerina Morozova 1959.

Notes.

Simple 'flatfish1 trochospiral test, small apertural system . Aperture 

with portici th at are less strongly developed than those seen in  Globigerina 

[Subbotina, Brotzen and Pozaryskal. 4-4-z chambers in the final whofL Wall 

'pitted', with inter-pore ridges.

L E. trivial is  (Subbotina). Aperture centrally placed within the um bilical 

depression.
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Eoqlobiqerina trivialis (Subbotina).

PL23, fig .1 .

Globiqerina trivialis Subbotina 1953 (partim), p.64, PL4, fig s.4a -c , figs.6a-7c. 

Eoqlobiqerina trivialis (Subbotina), Blow 1979, p.1224-1228, PL65, figs.1 -3 , 

PL66, figs. 4 & 7, PL69, fig .9 , PL70, fig .8 , PL74, figs.3 & 5, PL79, fig s.1 -2 . 

Notes.

4 chambers in  the final whofL Distinct partical structure. Small, 

open and deep umbilicus, sharply defined, and low arched aperture. Inflated 

subglobular chambers, slowly enlarging as added, closely set. Wall typically  

coarsely cancellate, "coarsely porous [and] pitted" (Blow 1979, p.1225). 

StratLgraphical range.

Blow (1979) noted th is species in the Early Palaeocene, ?basal 

Danian, Zone P<*, to  within the earlier Thanetian, Zone P3. Noted in  th is study 

in, for example, w ell 29/10-1, Early Palaeocene, Danian, Zones PK1b, CB2.

Eoqlobiqerina cf. trivialis (Subbotina).

PL23, fig .2 .

see  Globiqerina trivialis Subbotina 1953, p.64, PL4, fig s.4a -c , 6a -c , 7a-c. 

Remarks.

This species was noted as c f. trivialis because o f its  poor

presevatdon (the aperture is  often obscurred), and more elongated chambers

than trivialis s.s.

Stratigraphical range.

This species was noted in  the Early Palaeocene in th is study, for

example in  w ell 29/10-1, Danian, Zone PK1a.
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EcqloMgerina aff. trivialis (Subbotina) sensu Blow, 

see  Globiqerina trivialis Subbotina 1953 (partim), p.64, PL4, fig s.4a -c , figs.6a- 

7c. NOT PL4, fig s.5a -c . NOT PL4, fi.gs.8a-c.

Eoqlobiqerina a ff. trivialis (Subbotina), Blow 1979, p.1228-1229, PL69, fig .8 . 

Remarks.

This species is  the same as Blows (1979) a ff. trivialis form; it  has a 

more strongly pronounced in itia l spire than trivialis s.s.

Stratiqraphical range.

Blow (1979) noted th is species in the Early Palaeocene, his Zones P<*- 

1, Danian.

Eoqlobiqerina eobulloides simplicissima Blow.

Eoqlobiqerina eobulloides simplicissima Blow 1979, p.1217-1224 , PL55, figs.1 

(halotype), 2 -4 , PL57, figs.3 -4 , PL60, figs.2 -3 , PL70, fig s.5 -6 , 9-10, PL73, 

figs.1 -3 , 8 -9 .

Notes.

Low trochospiral te st, small (Blows 1979 halotype had a maximiiim 

diam eter o f 0.152mm), with 4 chambers in the last whofL The chambers are 

inflated in  dorsal view , embracing and slightly appressed. Open umbilicus, 

deep. Aperture arched, confined to  the umbilicus, with thin porticus. Wall 

perforate.

Remarks.

Rare in  w ells in th is study. Differs from E. trivialis (Subbotina) in having 

a more as^ymetrically placed, and more widely open 'apertural system ', and 

does not possess a cancellate walL 

Stratiqraphical range.

Blow (1979) noted th is species in his Zone P<*, Early Palaeocene,
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?basal Danian. A marker species for Zone PK1 a, Early Palaeocene, Danian, in  

th is study, for example in Well 29/10-1, OOSO'-OnO'.

SUBFAMILY: TRLJNCOROTALOIDINAE Loeblich and Tappan, 1961.

GENUS: Acarinina Subbotina, 1953.

Notes.

The primary aperture is  intraumhi 1 ical-extraum hilical in position and, or, 

direction. Rounded to  bluntly subangular peripheral margin, without carina. 

Muricae developed over the whole surface, although strongest around the 

umbilicus.

Acarinina a ff. pentacamerata (Subbotina).

PL23, fig .4 .

see  Globorotalia crassa (d'Orbigny) var. pentacamerata Subbotina 1936, p.11, 

14, 16, PL3, fig s.7 -9  (nomen nudum). Considered as validated in Subbotina 

1947, p.128, PL7, figs.12-17, PL9, figs.24-26.

see  Globarotalia (Acarinina) pentacamerata Subbotina, Blow 1979, p.939-941, 

PL135, fig .5.
»

Notes.

5-6 chambers in  the final whofL Globorotalid aperture.

Remarks.

The species referred to  as A. a ff. pentacamerata (Subbotina) in this 

study differs from A. pentacamerata s.s. in having mare globular chambers, a 

more convex spiral side, mare depressed sutures on the umbilical side, and a 

less angular periphery. Only noted in the Southern North Sea in th is study. 

Stratiqraphical range.

Blow (1979) noted th is species from the base o f his Subzone P8a, to  

Zone P9, la ter Early Eocene. Recorded in th is study in Well 49/19-1, 1230'DC,
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earliest Early Eocene, Zone PK6 (marker species for that Zone). This species 

was described from the Early Eocene of the Caucasus.

SUBFAMILY: GLOBOROT ALIENAE Cushman, 1927.

GENUS: Neogloboquadrina Bandy, Frerichs and Vincent, 1967.

Notes.

Trochospdral te s t. 4 to  6 subglobular to  globular chambers in the fin al whofL 

Depressed radial sutures. Rounded periphery. Wall cancellate. Aperture 

umb i l i c a l to  extraumbdlical with d istinct lip.

Remarks.

Ci.felli. (1982) noted that there were a lo t o f Globigerine-like forms 

in the Oligocene/EafLy Miocene (such as |GL opima) which have an intra- 

extraumbillca l aperture, that is , they are Globarotalid in that respect, but 

have nothing else in  common with Globorotalia, the type species o f which is  

G. tumida (Brady) and which is  quite unlike Globiqerina. G. tumida has a 

smooth wall, compressed chambers, an acute angular profile and w ell formed 

keeL |GL opima and its  associated forms have rounded peripheries, with a 

spinose cancellate wall texture. The type description for Globorotalia by 

Cushman (1927) is  unfortunately ambiguous in th at the main difference 

recognised betw een Globiqerina and Globorotalia was the spiral side being fla t 

in the later. Cushman and Bermudez (1949) tried to  rectify  th is ambiguity in 

that they defined broad morphological lim its o f Globorotalia by dividing i t  

into three subgenera. These are: Globorotalia s.str. type species G. tumida; 

Truncorotalia type species G. truncatulincddes (d’Orbigny) which has sharply 

conical um bilical sides; and Turbarotalia, type species G. centralis Cushman 

and Bermudez (now regarded by some authors [e.g . C ifelli, 1982] as a junior 

synonym of G. cerroazulensis). In the la st subgenus, Cushman and Bermudez
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included smooth and coarse walled forms. It is  widely used as a genus and 

subgenus, but problems arise in deciding what should be included into it. 

Angularity o f profiles may vary considerably among species, and therefore a 

d ear distinction from Globorotalia is  d ifficu lt. Blow (1969) placed sharp lim its 

on Globorotalia including only keeled species, the remaining globorotalids he 

placed into Turborotalia. 'G*. opima agrees with the original descriptions o f 

both Globorotalia and Turborotalia, but does not agree with their type 

species. T. centralis Cushman and Bermudez has a smooth wall, as seen in 

true, Neogene Globorotalia; the related T. cerrazulensis has a subangular 

profile, not the subrounded one of Oligocene and later turborotalids.

Therefore, the genus Paraglobarotalia was proposed by Cifell.i (1982) for forms 

similar to  |Gk opima, th at is , sp ed es which had a cancellate wall texture, 

and were spinose. The pore ridges o f Paraqloborotalia are sharply angular. 

C ifelli regarded Neogloboquadrina as a valid genus but not applicable to  the 

'G1. opima forms. He painted out that although Neogloboquadrina had a 

cancellate wall, like k f. opima, i t  was generally far le ss  spinose, and the 

ridges develop independently o f the spine bases and are le ss angular. He 

regarded Paraqloborotalia as an ancestor to  Neogloboquadri na. Loeblich and 

Tappan (1988, pp.476-477) also regard the la tter  as being d istinct from the 

former, based on wall structure and on apertural characteristics. One could 

include many |Gk opima-lik e forms in Neogloboquadrina, as do Kennett and 

Srinivasan (1983), or into Paraglobarotalia. However, I would argue that as 

Neogloboqaudrina has so much in  common with Paraqloborotalia, th at the 

la tter  should be seen as the phylogenetdcally earliest 'end-member' o f the 

former. The tw o "genera" cannot always be distLngiushed in  practice. So 

Paraqloborotalia Cifelli 1982 should be regarded as a junior synonym of 

Neoqloboquadrina Bandy, Frerichs and Vincent 1967.
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Neogloboquadrina continuosa Blow.

PL23, flg .5 .

Globorotalia opima Belli subsp. continuosa Blow 1959, p.218, pL19, fig .125a-c. 

Neogloboquadrina continuosa (Blow). Kennett and Srinivasan 1983, p.192, pL47, 

figs. 3-5.

Globorotalia continuosa Blow. Belli and Saunders 1985, p.206, fig .26 .8 -14. 

Remarks.

N. continuosa is  an 'intermediate* form between |G'. opima Bolli sJ . 

and the N eogloboquadri na acostaensis (Blow) complex. It has deeply depressed 

intercam eral sutures (like N. acostaensis and N. mayeri) but only 4 chambers 

per whofL (as in N. opima sJ.).

Bolli and Saunders (1982) considered |G|. opima continuosa as a 4 

chambered variant o f "Globorotalia" mayeri, but as the former is  a 

stratigraphically useful taxon i t  is  more sensible to  keep i t  separate. 

Stratiqraphical range.

Early Miocene Zone N4b (NSP10/NSB9, NN1) to  Late Miocene Zone N16 

(NSP1 3-1 4/NSB1 2-1 4, NN1 0/11). Tropical to  codL subtropdcaL

i

Neogloboquadrina aff. increbescens (Bandy), 

see  Globiqerina increbescens Bandy 1949, p.120, pL23, fig s.3a-c .

Notes.

3̂ - chambers (slowly enlarging, moderately embracing) in the final 

whofL Sutures distinct, depressed. Aperture with no obvious rim or lip . Thick 

walled, uniformly and coarsely perforate.

Remarks.

Differs from N. increbescens in having no obvious apertural rim or 

lip . In N. increbescens the aperture extends to  the per ip h ery  and around the
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margin. In the above the aperture is  mare restricted to  the um bilical region, 

and does not actually reach the periphery. N. increbescens also has 4 

chambers in  each whorl, while the above has only 3 in the final wharL

Neogloboquadrina mayeri. (Cushman).

PL23, fig .6 .

Globorotalia mayeri. Cushman and Ellisor 1939, p.11, pL2, fig .4a-c; Bolli. 1957, 

p.118, piL28, fig.4; Postuma 1971, pp.333-333; BoUi and Saunders 1982, pp.41- 

46, pL1, fig s.7-18 [halotype refigured]; Bolli and Saunders 1985, pp.203-206, 

fig.26.31 -43.

Globorotalia (Turbanotalia) mayeri Cushman and Ellisor. Blow and Banner 1962, 

p.131, 133; Blow 1969, piL3, figs.7 -9  [holotype refigured].

G loborotalia  (Jenkinsella) mayeri. Cushman and Ellisor. Kennett and Srinivasan 

1983, p.174, p(L43, fig s.4 -6 .

Globorotalia (Turborotalia) mayeri mayeri Cushman and Ellisor. Jenkins 1971, 

pp.119-126, pL11, figs.297-302.

Globorotalia siakensis Leroy 1939, pp.39-40, pL3, figs.30-31; Postuma 1971, 

pp.359-360; Bolli and Saunders 1982, pp.41-46, pL.1, figs.1 -6 .

Globorotalia (Turbarotalia) siakensis Leroy. Berggren 1963, p.471; Blow 1969, 

p.351, 356, piL10, figs.7 -9  [holotype refigured], piL34, figs.4 -5 .

Globorotalia (Jenkinsella) siakensis Leroy. Kennett and Srinivasan 1983, p.172, 

pL42, fig s.6 -8 .

Notes.

Wall coarsely perforate, smooth to  hispid surface. 5/6 chambers in  

la st wharL Sutures radial on um bilical side and slightly curved to  radial on 

spiral side.

Remarks.
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N. mayeri. was originally thought to  d iffer from N. siakensis in  having 

distinctly curved intercam eral spiral sutures, a less lobate equatorial 

periphery, and less separated chambers (according to  Blow, 1969); compared 

with the mare radial sutures and mare strongly lobate periphery in  N. 

siakensis. Bolli and Saunders (1982) have re-exam ined the holotype o f N. 

mayeri and illustrations o f the holotype of N. siakensis, and examined 

specimens o f th is 'plexus' from Java and Trinidad. They have shown th at the 

sutures o f the holotype o f N. mayeri are much less curved than in  Blow's 

(1969) illustration, and closer to  Cushman and Ellisods original figure. N. 

mayeri has priority over N. siakensis as i t  was published in  March 1939. No 

month is  given in  1939 in the publication o f N. siakensis. The la st day of 

1939 must be taken as the valid date o f publication far the la tter , according 

to  Bolli and Saunders (1982, p.47), and Article 21 o f the LC.Z.N.

Loeblich and Tappan (1988, pp.476-477) place G loborotalia  

(Jenkinsella) Kennett and Srinivasan (1983), type species G loborofalia  siakensis 

Leroy, into synonymy with the genus Paraglobarotalia.

Stratiqraphical range.

•' N4a la test Oligocene to  the top o f N14 Middle Miocene, according to  

Kennett and Srinivason (1983).

GENUS: Globorotalia Cushman, 1927.

Notes.

Lenticular, trochospiral farm. Finely, but macroperfarate wall, compressed 

chambers, an acute angular profile and w ell formed keel. Aperture um bilical- 

extraumhdlical, arched, with d istinct lip.

Globorotalia scjtuTa (Brady) subsp. praescitula Blow.

PL23, fig.7a-b.
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G loborotalia  scdtula (Brady) subsp. praescdtula Blow 1959, p.221, pOLI 9, 

fig .128a-c.

Globarotnlia (Glaboconella) praescdfula Blow. Kennett and Srinivasan 1983, 

p.108, piL.24, fig .1 , piL25, fig s.4 -6 .

Globorotaiia scdtula praescdtula Blow. Bolli and Saunders 1985, p.217, fig.31.6. 

Remarks.

The criterion normally used far identification o f this species is  the 

acuteness o f the periphery o f the te st, and the development o f an 

im perforate area ("carina" or keel) around the periphery. In G. scdtula (Brady) 

s.str. (see Kennett and Srinivasan 1983, p.134, pL31, figs.1 , 3-5), the rate o f 

spiral opening is  much greater than in  G. scdtula praescdtula, and unlike the 

la tter  keels develop on the early chambers o f the farmer. Stainforth e t aL 

(1975, p.313), place G. sdLtula praescdtula into synonymy with G. scdtula. They 

noted th at the pesence o f a member o f the G. scitula group is  a reliable 

indicator o f post- Oligocene age.

Stratigraphical range.

Early Miocene Catapstdrax dissim ilis (Cushman and Bermudez) Zone 

(N5, NSP10/NSB9 in part, NN2) to  Middle Miocene Globorotalia periphemronda 

Blow and Banner-peripheroacuta Blow and Banner overlap Zone (N9-10,

NSP11/NSB10 in part, top o f Zone NN5). Temperate to  tropical. G. scitula was 

noted in  th is thesis with G. scitula praescdtula in  Early Miocene sediments.

FAMILY: PLANOMALEN3DAE Bolli, Loeblich and Tappan, 1957. 

SUBFAMILY: PLANOMAUNINAE Belli, Loeblich and Tappan, 1957.

GENUS: Biglobigerinella Lalicker 1948.

Notes.

Planispdral caLL Biumhilicate, with narrow umbilici. Test has few globular
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chambers per whofL, depressed sutures, and rounded periphery. Wall perforate, 

muricate and pitted. Doubling o f fin al chambers may occur, with equatorial 

arch aperture divided into tw o openings.

EjglobagerLnella cf. Biglobiqerinella aspera (Ehrenberg).

PL23, fig .3 .

c f. Phanerostomum asperum Ehrenberg 1854, p.23, piL30, fig.26b (?26a, pL32 

Group 1, fig .24, piL32, Group 2 fig.42).

cf. Nonionina escherL Kaufmann 1865, p.198, Ttext-fig.110a-e.

cf. Globiqerinelloides asper (Ehrenberg). Masters 1980, p.96, fig .1 , piL1, fig.1 -

5.

Remarks.

This is  a reworked Upper Cretaceous faraminifer.

Masters (1980) referred to  the species 'aspera1 as belonging to  the 

genus Globiqerinelloides Cushman and Ten Dam 1948. However, th is genus has 

many chambers per whcfL and broad umbilici, and is  only known from the 

Aptian, although i t  may have its  homeomorphs in the Altaian. Biglobiqerinella 

is  a Late Cenomanian/Turonian to  Maastrichtian farm, and has a different wall . 

structure, chamber shape and number, umbilical characteristics, and even  

portical shapes and dimensions. Doubling only occurs in the la st chambers o f 

some species, and is  not common. The above species belongs to  

Biglobiqerinella, not Globiqerinelloides.

SUPERFAMILY: HETEROHELCCACEA Cushman 1937.

FAMILY: GUEMBELETRIDAE Montanaro G allitelli 1957.

GENUS: Globoconusa Khalilov 1956.

Notes.

Far fu ll description and discussions o f genus see Blow (1979, p.1385).
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Globoconusa conusa Khalilov.

PL23, fig .8 .

Globoconusa conusa Khalilov 1956, p.249, pi.5, figs.2a-c; Blow 1979, p.1386- 

1387, PL257, figs.10-11.

NOT Globoconusa daubiergensis (Brdnnimann), o f authors (as synonymised with 

conusa Khalilov, see Blow 1979, p.1386).

Remarks.

See discussions under Globastioa daubiergensis (Brdnnimann) p.192, this

study.

Stratiqraphical range.

Blow (1979) noted th is species in his Subzone P1b to  Zone P2, i t  is  a 

Palaeocene species, Danian to  earlier Thanetian. Blows (op. rib ) illustrated  

example o f th is species (PL257, figs.10-11) comes from the Thanet Sands a t 

Reculver, Kent, Ehgland. The specim en was, according to  Blow, probably 

derived from Danian equivalents. Loeblich and Tappan 1988 dispute the 

identification o f th is farm, and regard Globastica as a junior synonym o f 

Globoconusa.
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Comments on London Clay Planktonic Testate Protozoa.

The Planktonio Fctra minifera.

According to  King (1981, p117) the pLanktonio fcm  minif era first occur in 

his Division A3, but the fir st common occurrence is  a t the base o f Division B 

(Wright's 'planktonio datum'). This is  coincident with the development o f the 

NR A fauna mentioned earlier. This, according to  King, suggests depths o f over 

200 metres. However, in a ll the samples processed planktonio fora minif era 

were not very common, being always less than 10 percent o f the 

f  ora minif end fauna. In mare silty  samples the planktonio species are often  

either extrem ely rare or absent.

The planktonio fctra miniferid genera and species are often very sm all 

and include Globigerina [Subbotina] linaperta, G. officinalis, G. [Subbotina] 

triloculinoides, Catapsydrax, and Neogloboquadrina (=' 'Paraqloborotalia"). Small 

Globigerina spp. occur throughout the London Clay Formation according to  

King.

Williams (1971) placed the planktonio fara minif era into 2 main groups. 

Group 1 was said to  consist o f "Globigerina bullaides/ G. triloculinoides''.

These species have 3 to  3 chambers per whorl, and the surface is  'pitted'. 

There is  a large apertural arch with lip. In th is group there is  some 

variation; those th at have a closer affin ity to  "G. triloculinoides", have deep 

sutures, with 3 chambers per wharL Those farms in  Group 1 th at have a 

closer affin ity to  "G. linaperta" have 3 chambers per whorl, shallow sutures, 

with the la st suture occupying less than ^  the te st. All the chambers are 

quite compressed. These forms are very similar to  G. [Subbotina] 

linaperta. Williams noted th at th is group occurs throughout his 'Middle' London 

Clay. G. bullaides is  o f course, Neogene and does not occur in  the London 

Clay.
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Globigerina Group 2 consists o f G. sp. c f. G. varianta Subbotina. This 

group, which again has some morphological variations in  its  members, has 4/5 

hispid chambers per whorl. The te sts  are high spired with apertural lip. Only 

a few examples were picked from the London Clay th at I could assign to  

Group 2, and these were always broken. William's suggested that this Group 

was particularly abundant in  Middle London d a y  offshore sections. As the 

Hampstead Heath samples are o f a shallower nature i t  is  not surprising that 

examples o f Group 2 were rarely found.

Reworked, and partly dissolved, Upper Cretaceous planktonic 

fora minif era were picked from the British Library samples, far example, 

Biglobigerinella c f. Biglobiqerinella aspera.
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Radirilaria.
'Cenosphaera1 sp.

PL23, fig .9 .

Remarks.

Abundant numbers o f Cenosphaera sp. (large spherical Radidarla) 

were used in th is study to  mark Zone PK5, la te  Early Eocene.

Cenodiscus lentjcularis (Grzybowski).

PL23, fig.10a-b.

Reophax lenticularis Grzybowski 1896, pL8, fig.22.

"Reophax11 lentjcularis Grzybowski. Geroch 1960, p.137 , piL2, figs.7-11 . 

Cenosphaera lenticularis (Grzybowski). Jones G.D., 1988, p.149, pL2, fig .7 . 

Remarks.

Geroch (1960) noted th is species in  the Cretaceous-Palaeogene. G.D. 

Jones (1988) noted th is species in  the Late Palaeocene, Viking Graben Region, 

North Sea. I t  was used in  th is study to  mark Zone PK2, early Late 

Palaeocene.

Diatoms.
Cosamodiscus sp.1 o f Bartenstein e t  a l.

Coscinodiscus sp.1, Bartenstein e t  aL, H., 1962, p.357, piL2, figs.18-19; Jacque 

and Thouvenin 1975, p.462, piL2, figs.A-E; King 1983, p.20, pfl.1, fig s.1 -2 . 

Remarks.

This species was used in th is study as a marker species far Zone 

PK3, Late Palaeocene-EarLy Eocene. A characteristic species o f Kings (1983) 

Zone NSP4.
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Coscdnadiscus sp. 2 o f Bartenstein e t  al.

PL23, fig .11.

Coscdnodiscus sp.2f Bartenstein e t  aL, H., 1962, p.358, pL52, fig.20; Jacque & 

Thouvenin 1975, p.462, pL2, Fig.F: King 1983, p.20, pL1, fig .3 .

Remarks.

Occurs a t British Library site , London Clay Formation. Large, 

pyriJtdsed. Preservation poor. Also common in  lings NSP4 Zone, Late 

Palaeocene-Eady Eocene.

Diatom sp.3 o f King.

PL23, fLg.12.

Diatom sp.3, King 1983, p.20, pL1, fig4.

Remarks.

This species was noted by King (1983) in  his NSP9 Zone, Oligocene.

Microplankbon.
The London Clay samples surprisingly yielded very large w ell 

preserved dinoflagellates, which were picked out o f samples that were 

processed far faraminifera.

Hystrichosphaeridiiim tuhdferum (Ehrenberg, 1838).

Remarks.

Found in  the 75 m sieve fractions in  sm all numbers. Well preserved, 

these specim ens could quite easily be picked with a brush.

Comments on London Clay Radiolaria, Diatoms and Microplankbon.
A few large Radiolaria (Cenosphaera) were found in  the Hampstead 

Heath samples, and were always pyritised. Also observed, in the British
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Tlibrary samples, were pyriJtised diatoms. According to  King (1981) large 

diatoms belonging to  the species Coscdnodiscus sp. 1 and sp. 2, occur in  

Divisions A to  B. However, the above mentioned diatoms were found together 

with partly dissolved examples o f Biglobigerinella which indicates some 

inclusion o f Upper Cretaceous m aterial into unweathered Tertiary beds.

The organic-walled m icrofossils have been examined by J. Goodall 

(U.C.L.), and he noted the presence of far example, Apectodinium paniculata, 

W etzeliella lunaris, and W. astra s. L, from the British library samples. (This 

corresponds to  the W. astra zone; no specimens o f W. m eckelfeldensis were 

found). These samples gave dates o f NP10, which supports the dates suggested 

by the presence o f large Coscdnodiscus sp. 2 as mentioned previously. The 

Parliament HOI samples belong to  the Dracodininm sLmilis zone, suggested by 

the presence o f D. sLmilis, D. sdiria, Wetzeliplla artdculata and W. lunaris.

This corresponds to  nannoplankton zone NP11.

Large, w ell preserved Hystrichosphaeridi i l m tuhdferum were picked 

from material prepared far fcram inifera. This species, unfortunately, has a 

long stratigraphic range, but gives a pre-mid Eocene date.

Hystrichosphaeridea were fir st recorded from the London Clay by 

E.W. W etherell (not N.T. Wetherall) in  1892.



CHAPTER 4. PORAMINIFERAL BIOSTRATIGRAPHY.

King (1983) introduced a m icrofaunal zonal scheme fo r  the Cenozoic 

o f the North Sea, based on benthonic (NSB |zones) and plankton ic  

foram in ifera (NSP Zones, which included diatom s, Bolboforma and 

r a d io la r ia ). Most o f K ing's (1983) I zones were based on th e 'to p s' or FDOs 

(or LADs) o f se le c te d  sp e c ie s , as most o f th e sam ples examined were d itc h -  

cu ttin g s  (as in  th is  stu d y ). However, even ts such as major faunal 

'turnover' were taken in to  account in  h is  scheme. King (1989) took in to  

account acmes o f c er ta in  sp e c ie s  and LDOs (FADs). The use o f assem blage 

zones, according to  King (1989), in  th e T ertiary  North Sea B asin , i s  not 

p ra ctica b le  due to  major la te r a l b io fa c ie s  changes. The NSP a id  NSB zones 

o f King (1983, 1989) can be follow ed  q u ite  c le a r ly  in  th e outer su b litto r a l 

and ep ib ath yal (upper bathyal) environm ents in  th e North Sea T ertiary  

B asin , and in  the shallow er water inner " su b litto ra l"  (n er i t i c )  

environm ents such as th e London Clay Formation in  th e London B asin .

In th e  deeper w aters o f th e cen tra l p arts o f  th e C entral North Sea, 

in  the ' Rhabdammina-b io f  a c i e s ' th e NSB and NSP I zones are on ly  o f very 

lim ited  u se. Hence, King (1989, see  f i g s . 4 - 6 b ) ,  s e t  up a scheme based on 

agg lu tin ated  foram in ifera (NCAs or non-calcareous a g g lu tin a n ts) th a t can be 

used in  such environm ents. These are c a lle d  NSA (North Sea agglu tin an t) 

zones.

The b io str a tig r a p h ic a l scheme ap p lied  in  th is  study u ses calcareous 

ben th ic foram in ifera (CB Zones 1-15) ,  agg lu tin ated  ben th ic sp ec ie s  (AB 

Zones 1-11b),  and ca lcareou s p lan kton ic forms (PK 1a-13) .  This scheme i s  

shown in  th e PK, AB, ard CB [rangecharts (see  E nclosures and Appendix B) ard 

a combined scheme i s  shown in  fig u re  9 . K ing's (1983, 1989) Zonation i s  

co rrela ted  w ith  th e (zones e sta b lish e d  in  th is  stud y. The CB|zones are o f
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g rea ter  use in  th e inner s u b litto r a l b io fa c ie s  o f King (1983), th a t i s  th e  

Southern North Sea, and towards the edges o f th e C entral North Sea.

The CB zones can a lso  be ap p lied  to  the inner su b litto r a l-o u te r  

s u b litto r a l ep ib ath yal b io fa c ie s  o f King (1983).

(1 ) THE CB ZONES.

CB1:-  Early P alaeocene, Danian, Tappanina selm en sis Zone: -  Hie nominate 

taxon i s  recorded in  th is  study from w e ll 49/9-1 (2698' SWS). I t  occurs in  

chalks probably belonging to  th e E kofisk Form ation. I t  corresponds to  

Stew art1s  (1987) stra tig ra p h ic  sequence 1. King (1983) u ses Tappanina 

selm en sis to  mark h is  Zone NSB1a. Many o f th e sp ec ie s  occurring in  h is  NSBlb 

zone are m issing from th is  zone . They in clu d e S ten sio in a  b ecca r iifo rm is, 

and Spiroplectanm ina s p e c ta b ilis . The nominate taxon was recorded from th e  

Thanet Form ation, Thanetian, by Murray e t  a l .  (1981). The base o f th is  I zone 

i s  marked by an abrupt change in  the Sonic v e lo c ity  and Gamma ray lo g s . 

There i s  a lso  an abrupt faunal change. The underlying Late C retaceous 

sp ec ie s  are represented  by S ten sio in a  pommerana, G yroidinoides n it id a ,

Va 1 va labam ina, and Gaudryina cre ta cea .

CB2: -  ea r ly  Late P alaeocene, S ten sio in a  b ecca r iifo rm is Zone:- Contains 

common to  few examples o f th e nominate taxon . A lso recorded from th is  

in ter v a l i s  Spiroplectammina s p e c ta b ilis  form B, th e nominate taxon for the  

S. s p e c ta b ilis  form B zone, AB2, Late Palaeocene. S ten sio in a  b ecca riifo rm is  

a lso  occurs w ith  examples o f O sangularia expansa, 0 . cord eriana, 

Anom alinoides dan ica, rare L en ticu lin a  m u ltiform is, and Nodosaria 

to r s ic o s ta ta , p lu s C lavulina p a r is ie n s is . Corresponds to  K ing's (1983)
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NSB1 b E arly Late Palaeocene zone. C onsiderable reworking and m ixing o f 

sedim ents occurs in  th is  in te r v a l.

CB3:- E arly Eocene, T u rrilin a  b rev isp ira  Zone:- This! zone was rarely  

observed in  th e North Sea w e lls  in  th is  stu d y. Many o f th e forms th a t are 

recorded a t  th is  le v e l are a g g lu tin a ted . For exam ples, C lavu lin oid es  

a n g licu s , Gaudryina h ilterm an n i, and Spiroplectam m ina s p e c ta b ilis  form A. 

Bulim ina sp . o f King (1983) a lso  occurs w ith in  th is! zone. T his zone 

corresponds to  K ing's (op. c i t . ) NSB3 Gaudryina h ilterm anni Zone, ea rly  

Early Eocene, and th e base o f h is  NSB4 "Cyclammina" am plectens Zone, la te  

Early Eocene. A carinina a f f .  pentacam erata and P seudohastigerina  

w ilco x en sis  are a lso  recorded from th is  zone, as i s  G lob igerina [Subbotina] 

lin a p erta  (NSP5 o f King (op. c i t . ) ) .  Rare T u rrilin a  b rev isp ira  was 

noted from th e London C lay, Y presian, E. Eocene. This zone corresponds to  

G radstein e t  a l . ' s  (1988) "Subbotina patagonica" Zone, (P6b-P8 o f Blow, 

1979). Rare Th b rev isp ira  i s  a ls o  noted to  occur in  th e base o f King's NSB4 

Zone.

CB4:- Late E a rly /ea r ly  Middle Eocene, Eponides k a rsten i Zone:- This zone i s  

on ly  found in  th e Southern North Sea w e lls  stu d ied . The nominate taxon  

o ften  occurs in  high numbers (few (3-5) specim ens to  common (6 -2 1 ) ) .  King 

(1983) noted Eponides k arsten i in  th e base o f h is  NSB5 P lanulin a palmerae 

(=P. co sta ta ) Zone, ea r ly  Middle Eocene. He p o in ts ou t th a t Eh k arsten i may 

be used in  th e fu tu re to  d e fin e  a subzone o f h is  NSB5 Zone. In th is  study  

th is  sp e c ie s  i s  used to  d e fin e  a |zone (King (1989) u ses i t  to  d efin e  h is  

1989 Zone NSB5a). Eponides sch re ib ersi (=E. k arsten i in  th is  study) was 

recorded by Doppert (1975) from h is  FH1 Nummulites- Eponides Subzone, Late
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Eocene. In the North Sea th is  sp ecies has i t s  FDO e a r lie r  in  th e Middle 

Eocene.

CB5:- Middle Eocene, P lanulina co sta ta  Zone:- The nominate taxon i s  most 

common in  th e Southern North Sea, but a lso  noted in  th e C entral p a r ts . The 

FDO o f Spiroplectam m ina sp e c ta b ilis  form A occurs w ith in  th is  Izone. The top  

o f th is  zone i s  d efin ed  by th e h igh est occurrence o f th e nominate taxon. 

According to  King (1983) th is  sp ec ies  i s  r e s tr ic te d  to  th e outer  

su b litto r a l-e p ib a th y a l b io fa c ie s . This was not found to  be the ca se , 

because i t  was noted in  th e C entral North Sea bathyal fa c ie s , w e lls  14/29-1 

and 21/11-1 .  According to  van Morkhoven e t  a l . (1986) co sta  ta  was

prim arily  an upper and m iddle bathyal sp e c ie s , although i t  ranged from 

outer n e r it ic  ( l e s s  than 100m) to  lower bathyal d ep th s.

CB6: -  Late M iddle-Late Eocene, B riza lin a  cookei Zone:- Zone d efin ed  by FDO 

o f nominate taxon (see  King, 1983). Few (3-5) specim ens to  common (6-21) in  

th e Southern North Sea (well  49 /9 -1 ) .  A ssociated  sp e c ie s  in clu d e  

P ercu ltazonaria  w e th e r e llii, U vigerina jack son en sis and Angulogerina 

germ anica.

CB7:- L a test Late Eocene-Early O ligocene, R o ta lia tin a  bulim oides Zone:- 

D efined by FDO o f nominate taxon. Index form w idely  d is tr ib u te d . A ssociated

calcareou s ben th ic sp ec ie s  are T u rrilin a  a ls a t ic a , and Gyroidina so ld a n ii
(

m am illata. A gglutinated forms in  th is  Izone are D orothia s e i g l i e i , 

Adercotryma a g terb erg i, Reticulophragm oides sp . 5 o f G radstein and Kaminski 

(1989), and rare Reticulophragm oides ja r v is i (see  G radstein and Kaminski 

(op. c i t . ) .  S ab ellovo lu ta  humboldti was a lso  noted in  th is  in ter v a l (King
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(1989)).  This zone can be s p l i t  in to  two p a r ts. T his ( zone i s  eq u iva len t to  

K ing's (1983) NSB7 Zone.

CB7a:- L atest Late E ocene-early Early O ligocene, C assid u lin a carapitana  

Subzone:- D efined by FDO o f th e nominate taxon. In th is  study th is  ;zone was 

only noted in  th e C entral North Sea (for  example in  w e ll 14/29-1 ,  1880'

DC).

CB7b:- Late Early O ligocene, R o ta lia tin a  bulim oides Subzone:- D efined by 

th e FDO o f nominate taxon above the occurrence o f C assid u lin a  carap itan a.

CB8:- Early L ate O ligocene, A sterigerin a  gu er ich i acme Zone:- D efined by 

the FDO o f common to  abundant nominate taxon . T his zone was noted on ly  in  

the C entral N. Sea (wells  14/29-1 and 21/11-1,  fo r  exam ple).

CB9:- Late O ligocene-E arly Miocene, Sigmcmorphina r eg u la r is  Zone:- Defined  

by th e FDO o f th e nominate taxon. E quivalent to  NSB9/10 o f King (1983). The 

nominate sp e c ie s  i s  rare in  most o f the w e lls  stu d ied ; i t s  FDO was below  

th e occurrence o f P lecto fro n d icu la r ia  seminuda (see  CB10) in  th is  study  

(w ell 29/10-1 fo r  exam ple).

CB10:- E arly M iocene, P lecto fro n d icu la ria  seminuda Zone:- D efined by the  

FDO o f th e nominate taxon. IL seminuda i s  ra re ly  common. S p iro sig m o ilin e lla  

compressa a ls o  occurs in  th is  zone . Corresponds to  K ing's (1983) NSB9 P. 

seminuda -" S ilic o s ig m o ilin a  s p . " Zone.
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CB11 Early M iocene, A sterigerin a  gu erich i FDO Zone:- T his |zone i s  d efin ed  

by the FDO o f th e nominate taxon . This sp ec ie s  occurs in  few (2 to  5 

specim ens) numbers in  th is  zone. This sp ec ie s i s  not common u n til the CB8 

Zone, ea r ly  Late O ligocene.

CB12:- Early M iocene, S ta in fo r th ia  sch rieb ersian a  Zone:- The top o f th is  

zone i s  d efin ed  by th e FDO o f th e nominate taxon. T his I zone i s  o ften  

d i f f i c u l t  to  reco g n ise . Rare £L sch rieb ersian a  may occur in  th e Middle to  

Early P liocen e (NSB11-14 o f King, 1983). This sp e c ie s  i s  rare in  the  

Central N. Sea b a sin . The h ig h est occurrence o f T u rrilin a  a ls a t ic a  i s  

w ith in  th is  zone (King, 1989).

CB13:- Early-M iddle M iocene, A sterigerin a  sta e sc h e i Zone:- D efined by the  

top occurrence (FDO) o f th e nominate taxon. A ssociated  sp e c ie s  include  

Elphidium in f  latum (FDO a t th e top o f th is  zone).  Corresponds to  Zone NSB11 

A. sta esch e i Zone o f King (1983).

CB14:- ea r ly  Late M iocene, Siphonina r e t ic u la ta  Zone:- D efined by the FDO 

o f the nominate taxon. This zone i s  d is t in c t iv e  when p resen t. Corresponds 

to  NSB12b, U vigerina sp . c f .  hemmooriensis Subzone, o f King (1983).

CB15:- Late M iocene, Bulim ina elon gata  Zone:- D efined on th e FDO o f the 

nominate taxon. T his sp ec ie s i s  very common throughout th e N. Sea b asin . I t  

ranges from NSBl3a, Middle M iocene, to  NSB8a Late O ligocene (King's (1983) 

zones) .  A ssociated  forms are U vigerina pygmaea, Pseudononion boueanus, and 

Nodosaria kon inck i. Caved la te r  Miocene and P liocen e sp e c ie s  are corrmon in  

th is  and th e underlying1 zone. Reworked sp ec ie s  are a ls o  common.
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(2) THE AB ZONES.
AB i zones are o f grea ter  use in  the deeper bathyal reg ion s o f th e C entral 

North Sea.

A B 1 L a t e  P alaeocene, C lavulina p a r is ie n s is / C lavu lin o id es a n g licu s Zone:- 

This i s  g en era lly  a very th in  zone. In w e ll 14/29-1 th is  (zone i s  

approxim ately 1091 th ick , in  21/30-1 th is  in te r v a l i s  approxim ately 1371 

th ick . This zone i s  a t th e very base o f the L ate P alaeocene, and occurs 

w ith in  S tew art's (1987) d ep o sitio n a l sequence 2 . T his sequence in  i t s  upper 

p art, according to  Stewart (op c i t . )  has a "chaotic" seism ic  ch aracter. I t  

i s  s p l i t  by Stew art (op. c i t . ) in to  3 lith o str a tig r a p h ic a l u n its . The lcwer 

u n it i s  a d eb r is-flo w  d ep o sit inclu d ing reworked C retaceous and Early 

Danian Chalk (sub-sequence 2A). The overly in g  u n it (2B) i s  a subm arine-fan 

sandstone which shows a Late Danian to  e a r lie s t  Thanetian fauna. This i s  

o v erla in  by a hem ipelagic mudstone in  the [early Thanetian (Zone 2C), which 

i s  o ften  approxim ately 60'-100' th ick  according to  Stew art (op. c i t . ) .  The 

zone 2B probably con ta in s th e C lavulina p a r is ie n s is  Zone AB1. This zone 

occurs in  3 o f th e 8 w e lls  in  th is  study, although i t  i s  d i f f i c u l t  to  

d efin e  in  1 o f th ese  w e lls , 29/10-1.  This sp e c ie s  i s  o ften  poorly  

preserved , w ith  on ly th e in i t ia l  part being noted . C lavu lin o id es an g licu s  

i s  a u se fu l Eocene form, and i s  very sim ila r  to  Palaeocene forms noted in  

the C entral North Sea. However, the Palaeocene forms are g en era lly  more 

irreg u la r  in  th e ir  chamber arrangement.

AB2:-  Late Palaeocene, Spiroplectammina sp e c ta b ilis  form B Zone:- This i s  

the Palaeocene form o f th is  sp e c ie s . The Eocene form d i f f e r s  from the  

Palaeocene one by having a more compressed c r o ss -se c tio n  (see  taxonomic 

comments Ch.3 . 3 . 2 ) .  This sp ec ie s  occurs in  high numbers w ith in  th is  jzone,
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and i s  o ften  abundant. This zone i s  eq u iva len t to  G radstein e t  a l . ' s  (1988) 

Reticulophragmium paupera- Trochammina ruthvenmurrayi Zone. T his zone i s  P3- 

P4 in  age, King's NSP2-NSB1, ea rly  Late P alaeocene. Common sp e c ie s  in clu d e  

R. paupera, T. ruthvenm urrayi, Ammodiscus p lan us, A. c re ta ceu s, Cyclammina 

c f . g a r c ila s s o i, Rzehakina minima, K arreriella  (K arrerulina) conversa, 

R eticulophragm oides j a r v i s i , Praecystammina g lo b ig er in a e fo m is  and 

Cystanmina p a u c ilo cu la ta . The agglu tin ated  sp ec ie s  are common to  abundant 

in  th is  zone. This zone occurs throughout the C entral North Sea reg ion , and 

i s  w ith in  S tew art's (1987) stra tig ra p h ic  seq uence's 3 to  6 . Sequence 3 (o f 

Stew art, op. c i t . ) c o n s is ts  m ostly o f a subm arine-fan sandstone o f the  

Andrew Fan. I t  i s  ch aracterised  on e le c tr ic  lo g s by a r e la t iv e ly  high son ic  

v e lo c ity . Sequence 4 (o f Stew art, op. c i t . ) i s  a th in  reg io n a lly  r e s tr ic te d  

d e p o sit. I t  c o n s is ts  o f a tu ffaceou s sandstone and mudstone, w ith  a low to  

very low Gamma ray response and fa s t  Son ic. Sequence 5 (o f S tew art, op. 

c i t . )  i s  r e s tr ic te d  to  th e Moray F irth  and V iking Graben reg io n s, w hile  

sequence 6 i s  o ften  th in  and w idely d is tr ib u te d . The la t t e r  lith o fa c ie s  i s  

o f a mudstone w ith  carbonaceous s ilt s to n e . A ll th ese  d e p o sitio n a l sequences 

are w ith in  S tew art's (op. c i t . ) "B o liv in o p sis" s p e c ta b ilis  Zone.

AB3:- Late P alaeocene, Sparsely M icro fo ssilifero u s I  n te r v a l:-  Very few 

sp e c ie s  and low numbers o f foram inifera were noted a t  th is  le v e l . I t  i s  

d efin ed  on th e h ig h est occurrence o f agg lu tin a ted  foram in ifera below th e  

overly in g  p lan k ton ic C oscinodiscus sp.1 Zone PK2.

AB4:- Early Eocene, Gaudryina hilterm anni Zone:- This! zone i s  found in  the 

Southern North Sea w e lls  in  th is  study, 49/9-1 ard 49/19-1 ,  ard in  the  

London C lay, Ypresian samples from Hampstead Heath in  th e London B asin .
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Many o f th e Gh hilterm anni forms were ju v e n ile s . Other a gg lu tin a ted  forms 

noted in  th is  zone in clu d e C lavulinoides a n g licu s s . s . ,  rare D orothia  

eo cen ica , p lu s examples o f th e Eocene form o f Spiroplectam m ina sp e c ta b ilis  

(form A).* Calcareous b en th ics are d iscu ssed  under CB zones (eq u iva len t to  

CB3). See a lso  d iscu ssio n s o f PK4 which i s  eq u iv a len t in  age.

AB5:- E arly Eocene, Spiroplectammina navarroana Zone:- £h navarroana in  the 

North Sea was noted by King (1983) as more common in  th e base o f h is  Zone 

NSB4, Late Early Eocene (as "T extu laria  plummerae") . T his sp e c ie s  was only  

commonly encountered in  th e more N ortherly w e lls  in  th is  stu d y, and in  the 

Norwegian w e ll 25 /10 -1 . This zone rep resen ts a r e s tr ic te d  marine 

environm ent, p o ssib ly  a reg ressio n  (Stew art, 1987). G lob igerina [Subbotina3 

lin a p erta  i s  o ften  common a t th is  le v e l . A carinina a f f .  pentacam erata 

i s  a ls o  noted in  th is  zone. This zone co rr e la te s  to  NSB4 (p a r s .) o f King 

(op. c i t . ) ,  and h is  NSP5 Zone; P8a to  P9 o f Blow (1979), and S tew art's (op. 

c i t . )  s tra tig ra p h ic  sequence 10. The upper boundary o f S tew art's (1987) 

sequence i s  marked by a major reg ion al unconform ity. I t  com prises a lower 

lith o str a tig r a p h ic  u n it o f reddish-brown mudstone o v er la in  by a p a le grey 

mudstone. Both u n its  have low son ic  v e lo c it ie s  and a higher gamma-ray 

response than th e overly in g  Eocene mudstone o f th e Hordaland Group. S. 

navarroana occurs w ith in  G radstein e t  a l . ' s  (1988) Subbotina patagonica  

Zone, Y presian, Early Eocene P6b-P8 (NSB3 o f King op. c i t . ) .

AB6:- Early Middle Eocene, Reticulophragmium am plectens Zone:- This Izone i s  

found throughout th e whole o f th e North Sea, both South and North. I t  i s  

based on th e top occurrence (FDO) o f th e nominate sp e c ie s , and i t s  abundant 

occurrence. Corresponds to  the Actinomid R ad iolaria  Zone (Cenosphaera s p .) .
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Water depths estim ated  a t  200-700m (? ), r e s tr ic te d  m arine, but more open 

than in  th e underlying! zone (R.W. Jones, unpub.). Corresponds to  NSB4/5 o f 

King (1983) according to  G radstein e t  a l . (1988).

AB7:- E arly Middle Eocene, Reticulophragm oides j a r v is i  acme Zone:- This 

nom inate sp e c ie s  occurs in  high numbers ju s t  above th e R  ̂ am plectens Zone. 

I t  i s  p a r tic u la r ly  notab le in  w e ll 29 /10-1 , in  th e C entral Graben o f the  

C entral North Sea. R  ̂ ja r v is i  ranges from the Late Palaeocene (P4) to  the 

E arly O ligocene (D orothia s e ig l ie i  AB10, R o ta lia tin a  bulim oides Zone CB7). 

I t  i s  a bathyal form (G radstein and Kaminski, 1989).

AB8:- Middle Middle Eocene, Spiroplectammina s p e c ta b ilis  form A Zone:- The 

top  o f th is  zone i s  marked by th e FDO o f th e nominate taxon . I t  marks a 

r e s tr ic te d  marine environment (R.W. Jones, unpub.). I t  a lso  con ta in s  

S p ir o p le c tin e lla  w ilc o x e n sis . I t  corresponds to  NSB5 o f King (1983). The 

nom inate taxon i s  th e same as K ing's (op. c i t . ) '1 Spiroplectam m ina a f f .  

s p e c ta b ilis ".

AB9:- Late Eocene, K a rrer ie lla  (K arrerulina) conversa Zone:- T his zone i s  

d efin ed  by th e FDO o f K arreriella  (K arrerulina) conversa. I t  rep resen ts an 

u n stab le su b stra te , w ith reducing con d ition s according to  R.W. Jones 

(unpub.). Other forms th a t occur w ith in  th is  izone, are B riza lin a  oookei 

(FDO), and rare G lobigerina [Subbotina] lin a p erta  (FDO).

AB10:- Early O lig o c e n e /e a r lie s t Late O ligocene, D orothia s e ig l i e i  Zone:- 

T his sp ec ie s i s  common in  th e Early O ligocene, but may occur in  the 

e a r lie s t  Late O ligocene in  cer ta in  parts o f th e North Sea (21 /30-1 in  th is
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stu d y ). The type lo c a lity  for th is  sp ec ies i s  in  b lock s 29 and 30 

(G radstein and Kaminski, 1989). A ssociated sp ec ie s  in clu d e Aderootryma 

a g terb erg i, Reticulophragm oides sp .5 , and rare R  ̂ j a r v is i . A lso a sso c ia ted  

w ith the nominate taxon i s  R o ta lia tin a  bulim oides (marking Zone CB7), and 

Gyroidinai so ld a n ii m am illata. This zone i s  o ften  very th ick  in  C entral 

North Sea w e lls . I t  co rre la te s  w ith K ing's (1983) NSB7 Zone.

ABH a:- Late O ligocene, Spirosigm oi 1 in e lla  oompressa acme Zone:- This izone 

i s  marked by th e top occurrence o f common to  abundant S^ oompressa. 

A ssociated  sp ec ie s  are G lobigerina o f f ic in a l is , G lob igerina am pliapertura, 

and G. a f f . a n g u lisu tu ra lis  and Gh c ip e ro e n sis . The! zone c o rr e la te s  to  

Zones P20-22 o f Blow (1979). I t  was p o ssib ly  a r e s tr ic te d  marine 

environment (R.W. Jones, unpub.).

AB11 :-  Late O ligocene-E arly M iocene, Spirosigm oi1in e lla  compressa Zone:- 

The top  o f th is  zone i s  marked by the FDO o f SL oom pressa. AB11 c o rr e la te s  

to  P20-N4 o f Blow (1979), NSB8/9 and NSP9/10 o f King (1983).

(3) THE PK ZONES.
The p lankton ic zonation  inclu des th e ranges o f p lan k ton ic foram in ifera , 

r a d io la r ia , and diatom s.

PK1:- Danian (Early P alaeocen e), Danian P lankton ics Zone:- The top  o f th is  

zone i s  d efin ed  by th e FDO o f E oglobigerina t r i v i a l i s , G lob astica  

daubj ergens i s , and "Globanomalina" a f f . com pressa. T his (zone corresponds to  

G radstein e t  a l . ' s  (1988) Subbotina pseudobulloides Zone and to  B low 's 

(1979) P1-P2 Zones. Corrseponds to  Zone NSP1 o f King (op. c i t . ) .  Zone PK1 

can be subdivided in to  2 subzones.
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PK1a:- Early Danian, E oglogigerina eo b u llo id es sim p lic issim a  Subzone:-  

D efined by th e FDO o f th e nominate taxon. Other forms a sso c ia te d  inclu de  

E oglobigerina a f f .  t r iv ia l  i s . This zone occurs w ith in  Chalk fa c ie s  eroded 

from th e margins o f th e b asin , the stra tig ra p h ic  sequence 1 o f Stew art 

(1987) (E kofisk Form ation). There i s  a seism ic even t a t  th e base o f th is  

zone which rep resen ts the C retaceous/T ertiary boundary. Tappanina selm en sis 

occurs in  th is  Zone.

PK1b:- Late Danian, "Globanomalina" ocmpressa- E oglob igerina t r iv ia l i s

Subzone:- This |zone i s  d efin ed  by the FDO o f EL t r i v i a l i s . "G." 

compressa a lso  g en era lly  occurs f i r s t  a t th is  le v e l , although i t  has been 

noted ra re ly  in  AB1 and PK2. This zone corresponds to  th e base o f Stew art1 s

(1987) stra tig ra p h ic  sequence 2 , Maureen Form ation, d eb ris flow  w ith  

reworked Cretaceous and Danian m ateria l. There i s  a d is t in c t  unconform ity 

a t th e base o f  th is  zone. G lobastica daubjergenis was recorded, o ften  

poorly preserved . Water depths were probably grea ter  than 200-500m.

PK2:- Thanetian, Late Palaeocene, Spongodiscid R adiolarian  Zone, Cenodiscus 

le n t ic u la r is  : -  D efined by the abundant FDO o f th e nom inate taxon . Recorded 

in  most w e lls  stu d ied  in  th e C entral N. Sea. Corresponds to  Zone NSP2 

'Large R ad iolaria ' Zone o f King (1983). This corresponds to  stra tig ra p h ic  

sequence 2C o f Stew art (1987), a hem ipelagic mudstone 20-30m th ick , o f  

Early Thanetian age. This rep resen ts a 'highstand' sea  le v e l p o s itio n . This 

i s  eq u iva len t to  h is  Cenodiscus sp . b iozone. The top  occurrences o f  

1 'Globanomalina'1 pseu d ob u llo id es, "G." com pressa, and G lobigerina

[Subbotina] tr ilo c u lin o id e s  are w ith in  th is  zone.
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PK3:- Late Palaeocene-E arly Eocene, C oscinodiscus sp.1 Zone:- D efined by 

th e FDO o f th e nominate taxon. Samples from th is  in te r v a l are u su a lly  

barren o f foram in ifera . Other sp ecies o f diatom s in clu d e C oscinodiscus sp .2  

o f B arten stein  e t  a l .  (1962) (recorded in  the London C lay, Ypresian) and 

rare Triceratum  sp p .. This biozone corresponds w ith  S tew art's (1987) 

s tra tig ra p h ic  sequence 9 , Balder and S ele  form ations. The Balder form ation  

provides a d is t in c t iv e  seism ic event a t the top o f  th is  zone. E quivalent to  

K ing's (1983) NSP4 Zone.

PK4:- Y presian, Early Eocene, G lobigerina [Subbotina] lin a p erta  acme 

Zone:- D efined by th e occurrence o f common to  abundant numbers o f th e  

nom inate taxon. A ssociated  sp ec ies  include T u rrilin a  b r e v isp ir a . The London 

Clay examined from Parliam ent H ill, Hampstead Heath, belongs to  th is  zone. 

T his in ter v a l rep resen ts a 'highstand' sea le v e l o f Stew art (1987), th e  

lower part o f h is  stra tig ra p h ic  sequence 10, a reddish-brown mudstone 

ch aracterised  by low son ic  v e lo c it ie s  and a h igher gamma ray response than 

in  th e overly in g  Hordaland form ation. I t  corresponds approxim ately to  

K ing's (1983) NSP5, "G lobigerina sp . ex . gr . lin a p erta " Zone, P6b-P7 o f  

Blow (1979). G radstein e t  a l . (1988) co rre la te  th e ir  Subbotina patagonica  

(= CL [Subbotina] lin ap erta  in  th is  study) Zone to  B low 's (op. c i t . )

P6b to  P8 Zones. According to  th e la tte r  authors th e end o f  th e ir  S. 

patagonica peak occurs a t  the NP11/12 nannoplankton [zone boundary. The 

sp e c ie s  noted from th is  in terv a l are o ften  sta in ed  red . A ssociated  benth ic  

sp e c ie s  inclu de C lavu linoides a n g licu s, Gaudryina h ilterm an ni and 

O sangularia plummerae. E quivalent to  Zone AB4.
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PK5:- Late Early Eocene, Actinomid R adiolarian Zone (Cenosphaera s p .) : -  

T his zone i s  d efin ed  by th e FDO o f large (according to  King (1983) 150-300 

m icrons) sp h erica l r a d io la r ia , u su a lly  p y r itise d . These ra d io la r ia  are  

o ften  lo c a lly  abundant. This (zone i s  not always e a s ily  d efin ed  in  the  

C entral N. Sea. Corresponds to  King’s  (op. c i t . ) NSP6 Zone, and h is  NSB4 

Zone. S im ilar forms are noted in  th e London Clay in  th is  stu d y.

PK6:- Early Middle Eocene, A carinina a f f . pentacam erata Zone:- D efined by 

th e FDO o f th is  sp e c ie s .

PK7:- Early Middle Eocene, P seudohastigerina w ilco x en sis  Zone:- This jzone 

i s  d efin ed  by th e FDO o f th e nominate taxon. I t  was on ly  recogn ised  in  the  

Southern North Sea (w ell 49/19-1 , 1 2 0 0 ',1 2 6 0 '). I t  corresponds to  K ing's 

(1983) NSP7 P seudohastigerina micra Zone, base o f NSB5, but IL micra was 

n ot noted in  any o f th e w e lls  stu d ied . King (1989) records 

Pseudohastigerina spp. in  h is  NSP7 Zone (eq u iva len t to  h is  1989 NSB5a Zone 

(CB4 in  th is  stu d y ), w h ile he a lso  records P^ w ilco x en sis  s . s .  in  h is  NSP5b 

Zone Middle Eocene, top  o f h is  "Subbotina" lin a p erta  Zone, E arly Eocene. In 

th is  study, IL w ilco x en sis occurred w ith in  th e Eponides k a rsten i Zone (CB4) 

in  w e ll 4 9 /19 -1 .

PK8:- Late Eocene, G lob igerapsis index index Zone:- This top  o f  th is  jzone 

i s  d efin ed  by th e FDO o f th e nominate taxon. Corrmon G lobigerina [Subbotina] 

lin a p erta  i s  recorded in  th is  in ter v a l (K ing, 1983). The |zone 

c o rr e la te s  w ith K ing's (1989) NSP8c Zone.
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PK9: -  E arly-L ate O ligocene, G lobigerina am pliapertura Zone:- T his (zone i s  

d efin ed  by th e  FDO o f th e nominate taxon. This sp ec ie s  was recorded by King 

(1983) from h is  NSP9 Zone, Early-Late O ligocene. (L am pliapertura ranges 

from PI 7 (Late Eocene) to  P19/20 (Early O ligocene) o f Blow (1979). The FDO 

o f th is  sp e c ie s  i s  w ith in  Blow's (op. c i t . ) G lobigerina am pliapertura Zone.

PK10:- Late O ligocene-?E arly Miocene, G lobigerina c ip e ro e n sis  Zone:- Zone 

d efin ed  by th e  FDO o f the nominate taxon. The type le v e l o f th is  sp ec ie s i s  

in  th e  Lcwer O ligocene, Cipero Formation, Trinidad (B o lli (1 9 5 4 )).

According to  Blow (1979) G lobigerina c ip ero en sis ranges from P19/20 (Early 

O ligocene) to  P22 (Late O ligocene), GL c ip ero en sis  Zone, and p o ss ib ly  in to  

Zone N4 (th e  very e a r lie s t  Early M iocene). S ta in fo rth  e t  a l .  (1975, p. 263) 

n ote th a t when GL c ip ero en sis i s  present in  " it s  u sual abundance, i t  i s  a 

r e lia b le  guide to  O ligocene age even though records e x is t  o f i t s  occurrence 

in  E arly Miocene beds".

PK11:- Late O ligocene-E arly Miocene, G lobigerina a f f .  a n g u lisu tu ra lis  

Zone:- This zone i s  defin ed  by the FDO o f th e nom inate taxon . B o lli (1957) 

noted th a t th e  type le v e l for  GL a n g u lisu tu ra lis  s . s .  was w ith in  th e lower 

p art o f  th e Cipero Formation, T rinidad, in  h is  "G lob orota lia  opima opima" 

Zone, O ligocene. Blow (1979) records th is  sp ec ie s  from P21 (L ate O ligocene) 

to  Zone N4 (ea r ly  Early M iocene).

PK12:- Early M iocene, G loborotalia p ra esc itu la  Zone:- This jzone i s  d efin ed  

by th e  FDO o f the nominate taxon. Blew (1959) noted th a t th e  typ e le v e l o f 

th is  sp e c ie s  i s  w ith in  the Early Miocene,, Tocuyo form ation, lower part o f 

th e  "G lo b ig er in a te lla  in sueta Zone s . l . ,  G lo b ig er in a te lla  in su e ta /
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G lob igerin oid es tr ilo b u s  subzone" (E llis  and M essina, supplem ent fo r  1963, 

n o .2 ). T his sp ec ie s  ranges (according to  Blow (1959), see  a ls o  E l l is  and 

M essina, op. c i t . )  from th e Early Miocene, A quitanian (Catapsydrax 

s ta in fo r th i Zone o f th e Tocuyo form ation)) to  th e la te  E arly M iocene, 

B urdigalian  (G lob orotalia  peripheroronda Zone o f th e Pozon Form ation). King 

(1983) records G lob orotalia  p ra esc itu la  in  h is  NSP11 Zone, E arly to  ea rly

M iddle Miocene (eq u iva len t to  h is  NSB10 Zone).

PK13 :-  Middle M iocene, G lob igerinoides quadrilobatus tr ilo b u s  Zone:- The 

top  o f th is  Zone i s  d efin ed  by th e FDO o f the nom inate taxon , which has i t s  

worlwide FAD la te  in  p lan kton ic Zone N4, and which su rv iv es in  

su b tr o p ic a l/tr o p ic a l modem oceans. The FDO o f th is  taxon in  th e North Sea

Miocene marks th e appearance o f ocean ic plankton a t th a t h orizon . King

(1983) records th is  sp ec ie s  from the Middle M iocene, h is  NSP12 Zone (to  

NSP11) . S ta in fo rth  e t  a l .  (1975) record (L qu adrilobatus tr ilo b u s  from 

E arly Miocene (Catapsydrax d is s im ilis  Zone) through M iddle Miocene and 

younger sed im ents.
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CHAPTER 5. DESCRIPTIONS OF INVESTIGATED SITES.

5.1. Weill Descriptions.

Abbreviations used in th is section are:- 

FDO= First Downhole Occurrence.

LDO= Last Downhole Occurrence.

LCO= Last Common Occurrence.

LAD= Last Appearance Datum.

FAD= First Appearance Datum.

SWS= Side Wall Sample (= SWC, Side wall Care).

DC = D itch- Cuttings.

Well Description. (See Enclosure No.1).

Well 14/29-1. Northern part of the Central North Sea.

95 samples were examined from this welly from depths 1580', to  65101. 24 c f  

these proved to  be barren. These sediments range in age from earliest 

M iocene/Late Oligocene, P20-N4, to  the Palaeogene, Danian PI.

105 benthic species were noted in this well, together with 15 planktonic 

forms, 2 species o f radiolaria, and one farm o f diatom.

D istinct breaks in  the faunal content o f the samples were noted a t 1760', 

2360', 2480', 4280', and a t 5770'. Most o f the samples were ditch-cuttings.

1580' Late Oligocene-EarLy Miocene, P20-N4 c f Blow (1979), AB11:- A poorly 

defined fauna stratLgraphically. Contains AsterLgerina staesch i with subordinate 

numbers o f A. guerichi. The planktonic forms noted are Globigerina officinalis, 

and Globigerina praebulloides sJ .. The farmer species occurs in  the  

SpdrosLmoillnella compressa zone (N4-P20). Gradstein (1988) regarded'G. 

officinalis g r .'a s a marker species far the Late Oligocene. The higher numbers
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of A. staesch i is  probably due to  caving. Other common benthonic species a t 

th is le v e l are Nonion compressum, and Bulimina elongata. This appears to  

confirm the theory th at A. staeschi has caved down th is well.

1640-1670' Late Oligocene, P22 of Blow (1979), PK10:- Lower numbers o f A. 

staesch i were noted a t th is level, with increased numbers o f A. guerichi.

More planktonic farms noted, examples being Globigerina a ff. angulisuturalis, 

Globigerina a ff. ciperoensis, and Globigerina praebulloides praebulloides. 

Stainforth e t  aL recognised Globigerina ciperoensis as a marker species in  

the la ter  part o f the Oligocene. This suggests zone P22 o f Blow (1969,1970). 

The existence o f G. a ff. angi llisuturalis confirms th is age.

1760' la te  Early to  early Late Oligocene, NSB8a, P19-20, CB8, PK9:- 

Globigerina a ff. angi llisuturalis occurs in this sample, together with 

Necgloboquadrina oontinuosa. Globigerina ampliapertura also occurs here which 

indicates a 'middle' Oligocene age. Benthonic farms are present in  greater 

numbers and diversity, useful farms include increased numbers o f Asterigerina 

guerichi (which gives th is zone its  CB8 age) and Pseudononion boueanus. Also 

noted were examples o f Melonis affine, Plectofrondicillaria seminuda, plus 

Sigmomarphina regulatis. The FDO of P. seminuda is  a marker far Zone CB10 

(Early Miocene), while the FDO of S. regularls is  a marker far Zone CB9 (also 

Early Miocene) (King, 1983, 1989). The FAD's o f the la tter  two species is  in  

th e Late Early to  Late Oligocene. This increase in  diversity and numbers 

corresponds with a rise in the Gamma ray log values.

1761'-1820* la te  Early to  Late Oligocene, NSB7b-8:- Poor fauna, with low  

diversity and numbers. Contains S. regulaos, and P. seminuda. No planktonics.
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1880' Early Oligocene, NSB7a, CB7a:- Poor fauna, again with low diversity and 

numbers. However, contains Cassidulina carapitana, which ranges from NSB6a 

to  NSB7a. This sample also contained A. guerichi.

1940' Barren.

2000* Late Eocene to  Early Oligocene, ?NSB6:- Slight increase in  numbers and 

diversity. Contains Nodosaria minor, and Lenticulina cultrata sJ . (sensu Shell 

U.K. Expro.), together with Lenticulina c f. pseudovortex. The farmer tw o 

species are regarded by Shell as Eocene to  Earliest Oligocene farms. L. c f. 

pseudovartex was noted in  the London Clay, in th is study, and by Kaaschieter 

(1961) in  Eocene sedim ents..

2080'-2120':- 2080' barren. At 2120' there is  a lim ited fauna o f caved species, 

low diversity (just 3 species, Pseudononion boueanus, Sigmomorphina regularis 

and Cihicides pseudoungerianus), and low numbers.

2180'-2240I Late Eocene, NSB6:- Increasing numbers and diversity o f benthics. 

No planktonic forms. Lenticulina cultrata sjs. present, plus Lenticulina 

gutticosbata, Lenticulina calcar, and Nodosaria minor.

2300'-2360l Middle Eocene, Planulina costata Zone, NSB5, CB5, PK6:- 23001 

shows th e top  part o f th is zone. Includes the first appearance o f Planulina 

costata, and also contains Spdroplectinella excolata. At 2360' Acarinina a ff. 

pentacam erata first appears downhole, suggesting that this is  th e low er part 

o f zone NSB5, planktonic Zone PK6. Also within th is zone there is  the first 

occurence downhole o f Percultazonaria wetherelliiy Heterolepa mexicanus, and
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SpdroplectlneLLa wilcoxensis. H. mexicanus supposedly ranges from P16, Late 

Eocene, to  N5 Early Miocene (van Markhoven e t  aL, 1986). However, th is form 

appeared in  North Sea wells in th is study a t older levels, usually from the  

Middle Eocene upwards. Also present were examples o f Anomalincddes 

capdiatus which ranges from Late Palaeocene (P6a) to  Early Oligocene (PI 9 - 

20?) (van Markhoven e t  aL (1986)).

24201 ?Middle Eocene, ?NSB5. ?CB5:- Contains Uvigerina sp.1, a marker species 

for the Middle-Late Eocene. Also contains Dentalina megalopolitana, and L. 

cultrata s. s.

2480' Early-Middle Eocene, NSB3-5, AB4:- Contains Anomalincddes semirrihratus 

(range Middle Eocene (P12), to  Middle Miocene (N12)). Transitional forms 

betw een A. semicribratus and A. capdtatus occur within the Middle to  la te  

Eocene (P9-11) in  th e North Sea. Such forms ex ist in  th is sample. Mare 

agglntinateed farms occur a t th is level. Examples include davulincddes 

anglicus (NSB3), Saccammina sphaerica, and Rhabdammina excelsa .

25401 Barren.

2590'-2930l ?EarLy Eocene, NSB3?:- Poor faunal diversity, low numbers. C. 

anglicus occurs a t 25901. 2630'-2690' contains Trochammina subvesiciflaris, plus 

Rhabdammina excelsa. At 2750' SpdroplectineJla deperdita was noted. S. 

excolata was noted a t 29301.
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2930'—4130' Late Palaeocene, Sparsely microfossil iferous interval, NSB2/P6, 

AB3:- Most samples com pletely barren, with occasional specim ens o f R. 

excelsa.

4220'-5810' Late Palaeocene, NSB1-2/P4-5,, Spiroplectammina spectahilLs Form 

B Zone, AB2:- Abundant agglutinated forms. First occurence o f 

Retdculophragmium paupera at 4220'. Increase in numbers and diversity of 

agglutinated foraminifera a t 4340'. At this level have the first downhole 

occurences o f Thalmannam mina waited. , Trochammina ruthvenmurrayi, S. 

spectabilis form B, Trochammina globiqeriniformis, Crjfarostomaides sublobosus, 

Karreriella (Karrerulina) conversa, Ammodiscus cretaceus, Cydammina c f. 

garcill^s^oi, various Rhabdammina and Dendrophyra species, e tc .. 

Rhabdammina excelsa was very common in these samples. Also present in 

4340' was Cystammina pauciloculata. See Enc. n o .l for fu ll species lis t.

5810,-59901 Late Palaeocene, NSB1b/NSP2/>P3, Spongodiscdd Radiolaria Zone, 

PK2, CB2:- Contains examples of Cenodiscus lenticularis. Also contains the 

above agglutinated assemblage. At 5870' (D.C.) Stensioina beccariiform is was 

recorded indicating the top of the calcareous benthonic Zone CB2 (FDO early 

Late Palaeocene). This form is  normally more dominant in the underlying 

Clavulinoides anglicus/Clavulina parisiensis Zone. Also noted a t 5928' (SWS) 

was Marssonella oxycona. This species occurs in low numbers in  th is zone. 

Planktonic species were noted at 5990', in small numbers. These were 

"Globanomalina" pseudobulloides, and ''GlobanQmalina'1 compressa. These

forms often  first appear in the basal part of this zone.
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5991 '-6100' Late Palaeocene, NSB1 b/P3, Clavulina parisiensis/

Clavulinoides anglicus Zone, AB1, CB2:- Contains examples o f the nominate 

taxon, plus an influx o f calcareous benthic forms such as Osangularia sp.1. 

Other calcareous benthics were a t 60511 (SWS) Eponides lunata, Alabamina 

solnasensis, Cibiciries voltziana, and Bulimina denticulata. Also observed 

examples o f Stensioina beccariiform is a t 6050' (DC). This confirms the CB2 age 

o f these sedim ents (early Late Palaeocene-EarLy Palaeocene). Cenodiscus sp.1 

was also observed a t 6051', with minor amounts o f C. lenticularis a t 6050' 

(caved?)." Globanomalina1' pseudobullnides and Globigerina [Subbotina] 

triJbculincrides occur within th is zone, but without "Globanomalina" 

compressa.

6101 '-6469' Early Palaeocene, NSB1a/P2/?NP4, Danian Planktonics Zone, PK1?:- 

The upper boundary o f th is zone is  indistinct i f  only the faramindferal 

evidence is  examined, as the sampling space is  very wide. Next sample after  

6100' is  6170'. However, th e geophysical log data indicate a major 

lithoiogical break a t 6100' (approx.). This is  shown on the lithological section  

o f Enclosure no.1 as an influx o f chalk. "Globanomalina" pseudobullnides was 

recorded from 6170', 6290'and 6410’. Stensioina beccariiform is also occurred in  

th is interval.

6470l-6510' Early Palaeocene, Danian Planktonics Zone, NSBla/P1, Eoglobigerina 

eobuloddes sLmplicissi ma subzone, PK1 a, CB2:- Includes "G." pseudobullnides in  

greater numbers, plus "Globanomalina" variants, Eoglobigerina eobulloides 

simplicisLma, and "G." compressa at 6470'. Also observed were Mantanzia 

varians which is  generally mere common in  th e basal part o f the Danian (see 

Gradstein e t  a l. (1988), Doppert and Neele (1983, as "Textulariella" varians)).
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Marssonella oxycona occurs hem , pins Quadrimarphina al lo  m arphincddes, and 

Cibicidoides a ff. dayi. Cdhicddcddes dayi s.s. ranges from th e Late Cretaceous 

(Campanian) to  th e Late Paleocene (P5) (van Markhoven e t  aL (1986).

Stensicdna beccariifprm is was also noted in th is intervaL

Well 21/11-1. Central part o f the Central North Sea. (See Enclosure No.2A-B). 

The samples from th is w ell were mostly d itch-cuttings, with few SWS. Age o f 

sedim ents examined range from Pleistocene (starting a t 09401) to  ?Cretaceous 

(at 5450,-5500l).

2130'-2229' Early Pliocene Cihi aides pseudoungerianus, C. grossus, Melonis

affine, Bulimina marginata, Buccella fdgida, Cassidulina laevigata,

Loxostomaides lammersi, and Sigmcdlopsis schlnmberged. were recorded. Much 

o f th is assemblage is  made up o f Pliocene and Pleistocene farms typ ical o f 

Dopperts (1975) Upper Pliocene FA Zone (FA 2 subzone containing Buccella and 

Cassidulina). the FDO o f C. grossus is  in the Late Pliocene (NSB15b), the FDO 

o f C. pseudoungerianus is  in  the Late Pliocene-Early Pliocene (NSB15a), while 

L. lammersfs FDO is  in  the EarLy Pliocene (base o f NSBl5a) (King, (1983)). 

Reworked calcareous benthic species include ram  Bulimina elongate (FDO 

in  the Late Miocene, (NSB13b of King (1983)), and rare Heterolopa 

dutemplei peelensis (FDO in the Middle Miocene NSB10 o f King (op. a t .) ) . 

The planktonic species were ram to  few in  occurence, and most were 

reworked. Examples were Neogloboqaudrina continuosa, Catapsydrax 

unicavus prirnitivus, Globigedna praebullnihes praebulloides, and 

Globorotaloides suteid. The top occurrence o f Catapsydrax unicavus is  a t 

th e top o f the C. stainforthi Zone (see Stainforth e t  a l. (1975)), N6 of 

Blow (1969,1970), Early Miocene. This form is  long ranging, being recorded
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from Eocene to  Miocene beds. According to  Stainforth e t  aL (op. a t.)  

members o f the "G". opima group died out in the top Oligocene. Kennett 

and Sdnivasan (1983) noted that Neoc^boquadrina continuosa ranged from 

th e EarLy Miocene N4b, into the base of the Late Miocene (Zone N16). 

Globiqerina praebulloides ranges from the Late Eocene to  the Late 

Miocene (after Kennett and Sdnivasan (op. at.)). Globorotaloides suteri 

was recorded by B elli (1957c) from Trinidad, and reported its  range as 

being from th e Middle Eocene (''Partjculosphaera'1 mexicana Zone) to  the 

Early Miocene (Globigerinatella insueta Zone, N8 according to  Kennett and 

Sdnivasan op. a t.) . At 2190' one example o f Orbulina universa was 

recorded, which ranges from the earliest Middle Miocene Zone N9 to  the 

Recent. This specim en was poorly preserved so may have been reworked.

2230'-2265l early Middle-early Late Miocene, NSB13:- The age o f th is interval 

is  based upon th e FDO o f Uvigerina venusba (common a t 22501 DC, th is species 

FDO is  a t the top  o f King's (1989) NSB13b Zone, noted as U. venusta saxonica, 

earliest Early Pliocene to  Late Miocene, while it's LDO is  in  his NSBl3a Zone, 

Early Late Miocene); and the FDO of Stainfothia schriebersiana a t 2250' 

(marker species for Zone CB12, Early to  early Middle Miocene, see  King,

1989). The bulk o f the calcareous benthic association remained the same as 

the interval above (2130'-2229'), but with few er numbers o f specim ens and 

low er diversity. The planktonic foraminifera recorded in  th is in terval include 

Dentogldbiqerina venezuelana. This species is  unfortunately a very long- 

ranging farm, known from the Middle Eocene to  the EarLy Pliocene. The 

existen ce o f abundant Pseudononion boueanus and The calcareous nannofossils 

ind icate an age o f older than Middle Miocene from 2230' to  2250', although 

the assemblage noted was very poorly preserved. From 2248' th e nannofossils
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indicate an EarLy Miocene age (teste  LTG.ms).

Caved species include rare Monspielensina pseudotepida a t 2265' (SWS) and 

Loxostomaides lammersL One species o f reworked piLanktonic foraminifera 

was noted in  th is interval, rare Globiqerina ampliapertura. This species 

ranges from the Late Eocene to  the EarLy Oligocene.

231 O' Early Miocene, PK11 ?:- At 231 O' an influx o f planktonic species was 

noted together with some new calcareous benthic species, such as ELphidium 

inflatum . The LAD o f E. inOatum occurs (according to  Letsch and Sissingh 

(1983)) a t th e base o f the Middle Miocene. The planktonic species include 

Globiqerina praebulloides praebulloides, G. praebulloides ocdusa,

Globorotalcddes suteri (P20-N8 of Blow (1979)), Dentoglobiqerina venezuelana, 

and members o f the Globiqerina yeguaensis-pseudovenezuelana group. Rare 

Globiqerina cdperoensis occurred here, plus Globiqerina c f. falconensis. G. 

ciperoensis is  a Late Oligocene (P19) to  Earliest Miocene (N4B) marker species. 

Only one specim en noted a t th is leveL G. falconensis s.s. is  along ranging 

form, recorded from the Early Miocene N7 to  the Pleistocene. From 2270'- 

24301 th e nannofossils indicate an age of NN1, earliest Early Miocene, based 

on th e occurence o f Sphenolilhus conicus (teste  LTG.ms).

One species o f caved piLanktonic fora minif era was recorded, Orbulina 

universa (N9 to  Recent).

2370l-2430l Early Miocene, CB13, PK11:- At 2370' Asteriqerina staesch i was 

noted. This suggests that th is may be within Letsch and Sissingh's (1983) A. 

staesch i FT6 Zone, Early Miocene. Also noted were Dentalina mucronata, 

Uviqerina macrocarinata, Karreriella (Karreriella) siphanella (FDO), and 

Heterolopa dutempQei peelensLs (FDO). Karreriella (Karreriella) siphonella's  FDO
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is  in  the Early Miocene according to  King (1989, Zone NSA10). Heterolepa 

dutemplei. peelensis1 FDO is  in  Zone NSB10 of King (1983), Early-Early Middle 

Miocene. The planktonics increased in numbers and diversity a t 2370'. Mare 

Globiqerina cdperoensis were noted. New species include Chiloguembelina sp.1, 

Globiqerina a ff. anqiilisuturalis (rare), and Tenuitella munda. G. anqiilisufcuralis 

is  used as an index fo ssil for recognising the la te st Oligocene N2 to  N4A 

(Kennett and Srinivasan (1983)), although i t  occurs in  th e Early Miocene 

according to  Blow (1979). T. munda ranges from Zone P20-P21, Early Oligocene 

(Li Qianyu, 1987), although i t  was also noted in  th e EarLy Pliocene (2000'DC) 

in  th is w ell. The Miocene/Oligocene boundary was recognised a t 2430'-2450' by 

using nannofossil data (te ste  LTG.ms).

Reworked planktonic species include few Globiqerina officinalis and rare 

G. ampliapertura. The FDO o f the former species is  in  Late Oligocene 

sedim ents, within the G. cdperoensis Zone (see Fig.16, in Stainfarth e t  aL, 

(1975)). G. ampOiapertura's  FDO is  also within the Late Oligocene (King 

(1983)).

2451'-2550' Late Oligocene, NP24/25:- The fora minif era in  th is in terval do not 

provide any useful marker species. However, the nannofossils indicate th at 

from 2451' to  2810' a Late Oligocene nannofossil assemblage exists. The 

marker forms are Chiasmolithus altus, Reticulofenestra scdssura and H. recta, 

in  association with Zygrhablithus bijugatus and Cyclicargolithus ahisectus 

(te ste  LTG.ms).

2610'-2669' EarLy Late Oligocene, NSB8a, CB8:- Asteidqerina guerichi noted. 

This farm is  abundant to  common in Zone NSB8a o f King (1983), EarLy Late
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Oligocene. Letsch and Sissingh (1983) pcdnt out th at th is species dies out a t 

the top Oligocene (Chattian).

2670'-2790' Middle Oligocene, NSB7, Rotaliatina bulimoides Zone, CB7, AB10:- 

Sabellovoluta humboldtL recorded a t 2670'. Rotaliatina bulim aides was also  

noted here confirming the age for this interval. R. bulim codes FDO is  a t the  

top o f the Middle Oligocene, and LDO is  a t the base o f the Middle Oligocene. 

Spdroplectinella carinata was noted a t 2790'. This species is  typically found in  

Oligocene sedim ents (see Doppert and Neele (1983), FE and FF Zones, Late 

Oligocene to  Early Oligocene) .

2810'-3089l Late Eocene, CB6?:- At 2810' Perculiazonaria wetherellii was 

recorded, one specim en only. At 2820' Asteriqerdna barboniana was recorded.

P. wetherellil. is  a marker species far the Late Eocene (King (1989)) as 

Vagmulinopsis decarata), while A. bartoniana is  used by Doppert (1975,1980) 

as a marker far his Scutalloris oblongus- Asterigerina bartoniana assemblage FG 

Zone, Rupelian, Early Oligocene. However, Murray e t  a l. (1981) note th is 

species as ranging from Middle to  Late Eocene, while Doppert and Neele 

(1983) noted th is species as com men in their FH Zone (Upper to  Middle 

Eocene). At 2850' Stilosbomella adolphina, and Anomalinaides acuta (FH1-2 

Zones o f Doppert and Neele (1983), Late-Middle and Middle-Early Eocene) was 

recorded, which typically occur in Eocene sediments in  th is study. At 291 O' 

Nodosaria minor was recorded, which is  another Eocene species (also noted in  

th e London d a y  (Ypresian), E. Eocene, and in  the FH1-2 Zones o f Doppert and 

Neele (op. cat.), Late-Middle and Middle-Early Eocene). Perculiazonaria sp.1, a 

smoother farm o f P. wetherellil was recorded a t 2970' which suggests a Late 

Eocene age. Mare new species, again typical Eocene forms, were noted a t
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3002’, far  example; Nodosaria consobrina, Cibirddes w esti (both noted from the 

London Clay, in  th is study, the la tter recorded by Doppert and Neele (1983) 

in their FH1 (base of) to  FH2 Zones, the farmer by Bowen (1954) from the 

London Clay Formation), Lentjculina cultrata s.s. (again recorded by Doppert 

and N eele (op. cdt.) from FH Zones Late Middle to  Middle EarLy Eocene), 

together with some agglutinated farms such as Haplophragmcddes, Glomospira 

gardialis and Rhabdammina discreta gr. The interval 2810'-3089' is  dated as 

Late Eocene NP19/20 by th e nannofossil assemblage, which includes IsmoQilhus 

recurvus and Lantem iihus minutus (teste LTG.ms).

Reworked species include, a t 28501, Cassidulina carapdtana (FDO). This 

species is  recorded in  the EarLy Oligocene NSB7a o f King (1989). Large 

numbers o f caved SpdroplectLnella carinata were also noted a t 28501.

3090'-3160' Late Eocene NSP8, P15-17, PK8:- The age o f th is in terval was 

based upon the occurence o f the planktonic index farm Globigerapsis index 

index, a marker far King's (1983) NSP8 (Late Middle Eocene) Zone, NSP8c Zone 

o f King (1989), Late Eocene. Gradstein e t aL (1988) used G. index index as a 

marker far the Late Eocene P15-17 (Blow, 1979) in the Central North Sea and 

Viking Graben regions. King's (1983) zonation is  based on neritic faunal 

assem blages. (As th is w ell is  in  the Central North Sea i t  would appear that 

Gradstein e t  aL's (1988) zonation and King's (1989) updated zonation are the 

most relevant and accurate here). Benthics include Angulogerina germanica 

which ranges from NSB6b Late Eocene to  NSB5 Middle Eocene (rare in  the  

la tter , King (1983)). At 3090' rare Spdroplectinella wilooxensis noted (recorded 

by Willems (1986) from the leper Formation, EarLy Eocene), together with P. 

wetherellil, a ff. (Late Eocene/Eady Oligocene) Karreriella (?MeidamoneLla) 

mexicana, and Turrilina alsatica (FDO). The la tter  species is  generally

-2 6 8 -



regarded as a marker for the Lower Oligocene, although i t  does also occur in  

Late Eocene (NSB6) sedim ents (King (1983)). The LDO o f T. alsatica a t 3150' 

suggests the end o f Zone NSB6 (Late Eocene), unless specim ens are caved, 

which is  very possible (caving is  always a problem).

Reworked species include, a t 3150', Alabamina obtusa (rare). This species 

is  also found in  London Clay sediments (Ypresian), (see Murray e t  aL 

(1981)).

3170'- 321 O' Middle Eocene NSB5, Planulina costata Zone, CB5:- Planulina 

oostata occurs a t 3170', and marks King's (1983) NSB5 Zone. According to  King 

P. costata  only occurs in  th e outer subtittoral-epibathyal biofacdes. However, 

i t  is  found in  th is study in  very small numbers in  the Central North Sea 

deeper-w ater biofacdes. This species farms the upper part o f Gradstein e t  aL's

(1988) Reticulophraqmium amplectens Zone. Cihicidaides eocaenus also occurs 

with Cihicides sulzensis, which are typically Eocene species. C. eocaenus was 

recorded by King (1989) from the Late to  Early Eocene (as Cihdcidaides 

eocaenus), while van Markhoven e t  al. (1986) note th at it's stratigraphic range 

is  from th e Early Eocene (P6b o f Blow (1979)) through Late Oligocene (P22 of 

Blow (op. cdt.). At 3180' Siphonina sp.1 recorded, a Late Eocene/Middle Eocene 

farm in  th is study. Dentalina multilineata recorded a t 3200' (FDO). This is  also 

noted in  E. Eocene (Ypresian) London d a y  sediments from the Euston Centre 

site . Spiroplectinella deperdita, a Late Eocene farm, occurs a t 3210', which 

was recorded by Doppert (1975) in his FH1 Num mulites-Eponides Subzone,

Upper Eocene (also noted by Willems (1980) from th e Early Eocene). 

Agglutinated forms, such as, Recurvoides sp.1, and Haplophraqmaides spp. were 

recorded in  th is interval. Rare Globiqerina [Subbotina] linaperta was
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recorded from 3210'. This species occurs in low numbers as high as King's 

(1983) NSP8 Zone NSB6a Middle Eocene.

3211'-3449' Middle Eocene?:- Contains common Rhabdammina gr. discreta, 

which is  part o f King's (op. cdt) Rhabdammina bdofacdes. No useful index 

species occur in  th is interval.

Caved Bulimina alsatica was recorded in th is interval. This is  an 

Oligocene form (Doppert and Neele (1983)). From 3201'-3450' there is  an 

abundant assemblage o f caved Late Eocene calcareous nannofossils in  a 

section  otherw ise barren o f nannoplankbon (teste LTG.ms).

3450'-3569' EarLy Eocene-M iddle Eocene, AB4?:- At 3450' Haplophragmoddes 

a ff. kirki was noted. H. kirki s b̂. is  found in Early Middle Eocene/Eady 

Eocene and Late Palaeocene sediments (Gardstein e t  aL (1988)). This species 

also occured with Repmanina charoddes. There is  a major lith d o g ica l break a t 

3450' indicated by peaks in  the Gamma Ray and Sonic (BCSL) logs. At 3510' 

Cjbicidoides eocaenus occurs, typically an EarLy to  Late Eocene farm in the 

North Sea Tertiary (King (1989)), common in the London Clay (Ypresian).

From 3451'-3500' there is  an abundant assemblage o f caved Late Eocene 

calcareous nannofossils. From 3501'-3630' the samples were com pletely 

barren o f nannofossils (te ste  LTG.ms).

3570'- 3770' Early Eocene-Late Palaeocene, NSP4, NSB2, Coscinodiscus sp.1 

Zone, PK3:- Contains the nominate taxon far this zone. Also contains some 

agglutinated species th at are typically EarLy Eocene, far example, 

Haplophragmcddes kirki s.s. (Gradstein e t al. (1988)). This zone is  often  barren 

o f fora minif era, but low numbers o f species were recorded a t 3570', 3750' and
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a t 3770'. At 3770' 1 specimen o f Spiroplecta m mina spectabilis was noted.

Below 3630' Coscinadiscus spp. were recorded; a t 3770' th is species was mare 

common than Cosdnodiscus sp.1 This sample could be within Stewart's (1987) 

Coscjnodiscus spp. Zone Late Palaeocene, Thanetian. Also a t 3750' rare 

O sangnlaria gr. carderiana was recorded. This species typically occurs in  the  

Late Palaeocene, Thanetian (w ell 29/7-1 this study, 8318', 29/10-1, 8580'), in  

the EarLy Palaeocene, Danian (21/30-1 th is study, 6890'), and Late Cretaceous 

sedim ents (Hart e t  aL (1981)). 3631 -3770' contained a lim ited assemblage of 

caved calcareous nannofossils (teste  LTG.ms).

3790'- 4889' Late Palaeocene, NSB2, Thanetian, Sparsely microfossi 1 iferous 

interval, AB3:- Low species diversity. Contains mostly agglutinated farms, such 

as very common Rhabdammina discreta, Thalmannamina waiter! (the 

la tter  species to  3890'), and CycQammina of. gam illasoi. This species is  

common in  th e uppermost part o f Gradstein e t  aL's (1988) Trochammina 

ruthvenmurrayi-  Retdculophragmium paupera Zone Late Palaeocene NSB1 o f 

King (1983), although i t  does occur above the la tter Zone in  the earliest 

EarLy Eocene according to  Gradstein e t  aL (op. cat.). The interval 3771' to  

4859' contained only caved species of nannofossils (te ste  LTG.ms).

4890'- 5190' 'Middle'/Late Palaeocene, NSB1, Thanetian, Spiroplectam mina 

spectnhilic; farm B Zone, AB2:- Top occurence o f common nominate taxon. 

Abundant agglutinants. Other farms noted a t th is lev e l are; Ammodiscus 

cretaceus, Spiroplecta m mina navarroana, Karreriella (Karrerulina) conversa, 

common Trochammina globiqeriniformis, Reticulophragmcddes jarvisi, Marssonella 

oxycona, Repmarrina charoides, Reticulophragmium paupera, Haplophragmoddes

waiter!, and various species o f Dendrophyra, Bathysiphon, Rhabdammina and

-2 7 1 -



Glomospira. Rzehakina minima was also noted in th is interval, pins 

Spiroplectam mina bdfarmis. At 5070' Trochammina ruthvenmurmyi was recorded. 

This zone is  approximately equivalent to  Gradstein e t  aL's (1988) T. 

ruthvenmurrayi-R. paupera Zone Late Palaeocene, NSB1 o f King (1983). The 

interval 4860,-5219l was barren o f nannofossils (te ste  LTG.ms).

5200'- 5306' early Late Palaeocene, NSP2 NSBlb, EarLy Thanetian,

Spongodiscdd Radiolaria Zone (Cenodiscus lentLcularis), PK2, CB2:- The 

nominate taxon occurs a t 5234' together with abundant "Globanomalina" a ff. 

pseudobi llloides. The planktonic fora minif era noted in  th is interval also  

included Globiqerina [Subbotina] tilloculincades, and "Globanomalina11 

pseudobi llloides. "G." pseudobulloides and Globiqerina [Subbotina] 

trilnculinoddes top in  th is zone (R.W. Jones, unpub.). Cenodiscus spp. also 

occurred within th is zone. At 5219' Stensiodna beccartifgrmis was noted. This 

species ranges from the Late Cretaceous (Santonian) through Late Palaeocene 

(P5 o f Blow (1979)), according to  van Markhoven e t  a !  (1986). King (1983) 

recorded S. becca ri i for mis1 FDO in  the Late Palaeocene NSBlb Zone; th is 

species is  used in this study to  mark the early Late Palaeocene-Eady 

Palaeocene CB2 Zone. Calcareous benthics include Citaicid aides dayi, 

CibicidQides velascoensis, Dentalina eocenica, and various examples o f 

Dentalina spp.. The stratigraphic range o f Cihicidaides dayi was recorded by 

van Markhoven e t  a l. (op. cdt.) as being from the Late Cretaceous (Campanian) 

through to  Late Palaeocene (P5 of Blow (op. cat.)). King (1989) records th is 

species in  the Early Late Palaeocene (1989, NSBlb Zone). The stratigraphic 

range o f Cihicidaides velascoensis was also noted by van Mcrkhoven e t  aL 

(op. cat.) from the Late Cretaceous (Campanian) through to  Late Palaeocene 

(P5 c f Blow (op. cat.)). King (1989) records this species (as Anomalinoddes
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velascoensis) from th e Early Late Palaeocene (1989, NSBlb Zone). At 5305' 

Anomalincddes danica was recorded. This species was noted by Doppert and 

Neele (1983), as 'Gavelinella1 danica, in his FK Zone, Palaeocene (Montian).

Van Markhoven e t  a l. (1986) recorded this species (as Anomalinaides 

rubkpnosus) from th e Late Cretaceous (Campanian) through to  th e Late 

Palaeocene (P5 o f Blow, 1979). From 5220' there is  a diverse and abundant 

calcareous nannofossil assem blage. The abundance o f large Neochiastozygus 

perfectus in  association with a high percentage o f Chiasmolithus edentailus, 

indicates th e presence o f th e N. perfectus Zone (van Heck and Pans (1987)), 

which marks the top o f th e Early Palaeocene (Zone NP4) and the top o f the 

Danian (te ste  LTG.ms).

Reworked species include rare Globastica daubjergensis, Eoglobdgerina 

trivilais, and 1 'Globanomalina11 compressa. Reworked calcareous

benthics were also recorded, far example Gyrcddinoddes nitida a t 5305'. 

This species is  recorded by Sliter (1974) from the Late Cretaceous 

(Campanian and Maastrichtian) o f DSDP Leg 39 Site 335.

53061-  5490* E. Palaeocene, P1/2 (Blow, 1979), NSBla, Danian Planktonics 

Zone, PK1, CB2 (pars.):- Contains common "Globanomalina11 pseudobuUoides.

Also contains Eoglobigerina trivialis, E. a ff. trivialis, Pseudotexta llaria sp. and 

"Globanomalina11 compressa. The presence o f the la tter  species suggests 

Zone P1a to  P2 o f Blow (1979), Danian-?basal Thanetian. Eogk±dgerina trivialig 

ranges from P.a Danian to  within the basal part o f P3, earliest Thanetian 

(Blow, 1979). In th is study (in far example w ells 21/30-1 6850' and 29/10-1 

9060') the la tter  species occurs only within th e Danian. The base o f Zone CB2 

occurs in  th is interval. The marker species for that Zone (Stenednina 

beccariifgrm is) was recorded down to  54301. The Gamma Ray and Sonic (BCSL)
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logs show a d istinct break in  the lithcQogy a t 5306'. From 5306' to  54901 

Danian Chalk ex ists in  th is well. The interval 5311 '-54901 was either barren o f 

calcareous nannofossils, or contained only reworked Cretaceous forms (teste  

LTG.ms).

WELL 21/30-1. Central part o f the Central North Sea. (See Enclosure No.3). 

90 samples were examined from 34901 to  68901. 157 benthic species were 

noted, 74 o f which were agglutinated ones. 20 species o f planktonic 

fcm  minif era were noted, plus 1 species o f radiolaria, and examples o f the 

diatom genus Coscjnodiscus. 6 samples were barren.

3490'-3649' Late? Miocene NSB13a, CB15:- The age o f th is interval is  

determined by th e FDO o f Bulimina elongata. Also noted were Caspridnl-ina 

pliocarinata and Cihicides pseudoungerianus. Planktonic species are first 

recorded a t 3550'. These are; Globigerina praebulloides praebulloides (common), 

Catapsydrax spp. (common), and G. praebulloides sJL (common). G. 

praebulloides was said to  range from the Late Eocene (Globdgerapsis 

sem iinvoluta Zone) to  the Middle Miocene (Globorotalia cultrata- Globdgerina 

nepenthes) Zone by Blow and Banner (1962); but Kennett and Srdnivasan (1983) 

noted th is species as frequent in  the Middle and Late Miocene, but mare 

common in  th e Late Oligocene-Eady Miocene in  DSDP w ells. The interval 

3551'-4088* was dated using calcareous nannofossils as Middle to  Late Miocene 

based partly on Reticulafenestra pseudoumhilicus. Late Miocene to  Pliocene 

nannoplankton species were also noted a t this lev el (teste  LTG.ms).

Caved species are common in this interval. At 3490' Sigmailopsis 

schlumbergeri was recorded, plus Elphidium excavatum, Loxostomaides 

lammersl, Monspielensina pseudotepida, Bulimina gibba, Cassidulina
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laevagate, and C. cm ssa. This assemblage has many of the characteristics 

of the Early Pliocene NSB14 Zone. For example, i t  contains that Zone's 

nominate taxon, Monspielensina pseudotepida. Other forms typical o f that 

Zone are included in  the above list. They include C. pliocarinata, L. 

lammersi, S. schlumbergeri, C. laevigata. C. crassa and E. excavatum are 

more common in  or above NSB14. C. grossus was also recorded a t this 

level. This is  a Late Pliocene NSB15 species, and examples here are 

caved. Reworked species include Heterdepa dutemplei peelensis (early 

Middle Miocene age, NSB10, examples are only comon in 3490'), and 

HetemLepa dutem plei praednctus. IE dutemplei praecinctus is  an Early 

Oligocene sub-species. There has been considerable reworking of older 

material into th is interval. Rare Turrilina alsatica was noted a t 3610'

SWS. This is  a reworked Late Oligocene specimen.

3650'-3729' Late Middle Miocene, NSB12a, Siphonina reticulata Zone, CB14:- 

This Zone is  defined by the FDO of Siphonina reticulata, which was noted at 

3650' SWS, abundant. King (1983) records this species FDO in the Early Late 

Miocene (NSB12b). At 3670' Svratkina perlata was recorded. This species was 

recorded by Hughes (1981) from Late Middle Oligocene material with 

Rotaliatina bulim aides. However, Shell Expro. U.K. have noted th is species in 

Northern North Sea wells from Late Eocene to  Late Miocene (FDO) sediments. 

Neoqloboquadrina continuosa was recorded a t 36701, with Globigerinoides

quadrilobatus trilobus and Orbulina sp. G. quadrilobatus ranges according to  

Kennett and Srinivasan (1983) from the E. Miocene Zone N4b to  Pleistocene 

Zone N22. King (1 983) noted this species in his NSP12 Zone Late Middle 

Miocene, base o f NSB12a. Orbulina spp. are recorded from basal Middle 

Miocene tim es upwards (Kennett and Srinivasan (op. cdt.).
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Reworked species include abundant Angulogerina gracilis. A. gracilis s.s. 

is  an Early Miocene and Oligocene species. At 3650' rare Globiqerina 

ampliapertura was noted. G. ampliapertura is  an Oligocene species 

recorded by King (1983) from his NSP9 Zone; Blow (1979) records this 

species from his P17 to  P19-20 Zone, Early Oligocene. Globiqerina aff. 

angi ilisuturalis was also noted in th is interval; G. angulisuturalis s.s. 

ranges from Zone N2 to  Zone N4a (latest Oligocene), after Kennett and 

Srinivasan (op. cdt.).

3730'-4329' la te  EarLy to  Middle Miocene, NSB10-11, Asteriqerina staesch i 

Zone, CB13, PK12?:- The top of th is Zone is  defined by the FDO o f A. 

staeschi (rare in th is w ell a t 3730'). This species is  common a t 3880', and 

abundant a t 4270'. A. staeschi's FDO is  in King's (1983, 1989) NSB11 Zone, in  

Early Middle Miocene sediments. Globarotalia scdtula was recorded a t 4210' to  

4330'; th is is  an earliest Middle Miocene (Zone N9 c f  Blow, 1979) to  Recent 

species (Kennett and Srinivasan, 1983), and is  used to  mark Zone PK12 in  this 

study. At 4270', specim ens o f Globiqerina a ff. angi ilisuturalis were noted; th is 

was a la te st Oligocene species according to  Kennett and Srinivasan (1983)). 

However, in  th is study th is species is  also recorded in  Early Miocene 

sediments, and is  used to  mark the PK11 Zone below the occurrence o f 

Globarotalia scdtula-G. praescitnla (PK12 Zone), from 4330'-481 O' in  th is well. 

The interval 4089'-4369' was dated on calcareous nannofossils as being Late 

EarLy Miocene, NN3 and NN4 zones o f Martini (1971) (te ste  LTG.ms).

Reworked Gyroidina soldanii mamillata (few) was recorded a t 3730'. This 

is  an Early Oligocene species (King (op. cdt.)). At 3910' Percultazonaria 

aff. wethereDii was noted, a species usually found in  E. Oligocene
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material. Considerable reworking appears to  have taken place a t this 

le v e l

4330'-4579l EarLy M iocene-Late Oligocene, NSB8-9, Sprirosmoilinella compressa 

Zone, AB11:- The top o f th is Zone is  defined by th e FDO o f the nominate 

taxon (rare a t 4330'). This species has its  FDO usually within the Early 

Miocene, although i t  has been recorded by Gradstein e t  a l. (1988) from Middle 

Miocene sedim ents. I t is  generally common to  abundant in  Late Oligocene 

sediments. Planktonics include Globiqerina woodi (rare). This species ranges, 

according to  Kennett and Srinivasan (1983) from the Late Oligocene 

(GlobarotaTia kugleri. Zone) to  the Late Pliocene (Globorotalia tosaensis Zone). 

4370'-4474' E. Miocene dated by nannoplankton, equivalent to  NN3 o f Martini 

(1971), as was 4475'-4486l, Zone NN2. A poor nannoplankton assemblage was 

noted from 4487’-46001?, and tentatively dated as E. Miocene (te ste  LTG.ms).

4580'-5079l early Late Oligocene, NSB8a, Asberigerina gueriohi Zone, CB8:- 

FDO o f A. gueriohi (common). A. guerichi is  first recorded by King (1983) 

from his NSB9 E. Miocene Zone. However, he uses i t  as an index species far  

his NSB8a eady Late Oligocene when i t  commonly occurs. Spdrosigmailinella 

compresssa common from 4880' suggesting Oligocene age sedim ents. At 4700' 

Reticulophragmiiim rotundidarsata (rare), StHostomeHn spdnescens (rare), and 

Lentioulina calcar (few) were recorded. R. rotundidarsata is  recorded by 

Gradstein e t  aL (1988) as being rate in Early Miocene to  Late Oligocene 

sedim ents. S. spdnescens was recorded by Ulleberg (1974) from Oligocene 

sediments. At 481 O' Gyroldina soldanii mamillata was recorded, confirming the 

NSB8a age for th is in terva l Reticulophragmium placenta common a t 4640' 

(FDO); th is species is  generally only common in  th e Oligocene although i t  has
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been recorded from EarLy and Middle Miocene sedim ents (Gradstein e t  aL (op. 

cit.)). At 4700' Ammodiscus latus was recorded. This species is  recorded by 

Gradstein e t  aL (op. c it .) from the EarLy Oligocene and Late Eocene. It has 

been noted in th is study from later Oligocene m aterial G. a ff. angulisuturalis 

occurs a t 4810' (Zones N2 to  N4a, Latest Oligocene, Kennett and Srinivasan, 

1983, and marker for PK11 Late Oligocene-EafLy Miocene). 4601'?-5201' were 

barren o f nannofossils (te ste  LTG.ms).

5080'-52011 ?Late Oligocene:- At 5080' Reticulophraqmaides sp.5 a f Gradstein 

and Kaminski (1989) was recorded. This species was noted by Gradstein and 

Kaminski (op. cdt.) from the Oligocene o f the Central North Sea. Also present 

a t th is le v e l was Darothia a ff. se lg lie l another Oligocene (?Late) form.

Caved Asterigerina staeschi and A. gueriohi were also noted.

5202'-5899l earliest Late Oligocene to  EarLy Oligocene, NSB7, Dorothia 

seiqliei -R otaliatina bulim aides Zone, CB7, AB10:- Ammodiscus latus was noted 

plus common Spirosigmoilinella compressa. At 52021 Dorothia seig liei s.s. was 

noted, plus Retioulophraqmaides jarvisi. Adercotryma agterbergi was noted a t 

5220'. These three species are indicative of the D. seiq liei Zone (Gradstein 

and Kaminski (1989)). At 57001 Rotaliatina bulim aides was recorded confirming 

th e NSB7 Early Oligocene age o f these sediments (King, 1983, 1989). Reophax 

spp. and tubular agglutinants were recorded a t th is le v e l Planktonic species 

include Globiqerina c f. officinalis (rare) recorded a t 5080'. Nannofossils in  the 

in terval 5202'-5420l indicate a Late Oligocene age, Zones NP24-25 o f Martini 

(1971) (te ste  LTG.ms). There appears to  be a con flict o f ages betw een the 

calcareous nannofossil dates and the fora miniferal evidence, a t th is le v e l The 

interval noted as Late Oligocene NP24 to  NP25 by L. Gallagher, would be
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dated as EarLy Oligocene by their fera miniferal fauna. This E. Oligocene date 

is  based upon the occurence of Dorothia sieglieL s .s ., and Reticulophraqmaides 

jarvisi a t 5202', with Gyroddina soldanii mamlllata (a marker for Zone CB7, 

EarLy Oligocene) a t 52201. D. seiq liei and Adercotryma agterbergi were 

recorded throughout th is in terva l These species are typically E. Oligocene in  

age according to  Gradstein and Kaminski (1989). I t may be th at they do in  

fa c t range up into th e Late Oligocene. 'Karreriella siphonella' o f Verdenius 

and van Hinte (1983), which is  the same as D. seiq liei. was recorded by them 

in Oligocene and EarLy Miocene m aterial However, A. agterbergi and R. jarvisi 

have only been noted from E. Oligocene sediments. G. soldanii mamillata was 

fir st recorded (FDO) a t th e base o f NSB8a, earliest Late Oligocene by King 

(1983, 1989).

5900'-6378' Early-Middle Eocene, NSB4, Retjculophraqminm am plectens Zone, 

AB6:- Contains the FDO o f R. amplectens. Also contains Retjculophragmoddes 

jarvisi. At 6067' Am momarqinulina macrospira was noted, plus Spiroplectinella 

wilcoxensis and Karreriella (Karrerulina) conversa. A. macrospira is  commonly 

found in  Early Eocene sedim ents according to  Gradstein e t  a l  (1988) (as 

Ammabaculites a ff. polythalmus), while Gradstein and Kaminski (1989) note i t  

from the Palaeocene through Late Eocene. Karreriella (Karrerulina) conversa is  

a Middle Eocene to  Palaeocene farm (Gradstein e t  a l  (op. cit.)). 

Spdroplectammina spectahilis form A was recorded a t 6107' with R. 

am plectens. At 6210' Karreriella (Karrerulina) conversa, Karreriella 

(Karrerulina) horrida, Haplophragmcides kirki Praecystammina 

qlobiqerinaeformis, and examples o f Reophax, Glomosprira, and Dendrophyra 

species were noted. Karreriella (Karrerulina) horrida is  an EarLy Oligocene 

(rare) to  Late Palaeocene species (mare common) (Gradstein e t  a l  (op. cat.)).
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According to  Gradstein e t  aL (op. cat.), Haplophragmcddes kirki is  an EarLy 

Eocene form, while Praecystammina globiqerinaeformis is  an early Early 

Eocene form.

Reworked Palaeocene Trochammina ruthvenmurrayi was recorded a t 6362' 

(noted in  King's (1989) NSB1, NSA1 Zones).

6379'-6442' Early Eocene/Late Palaeocene, NSP4, Coscjnodiscus sp.1 Zone, 

PK3:- Zone defined by FDO o f nominate taxon, plus Coscjnodiscus spp..

6443'-6689' Late Palaeocene, NSB2, Sparsely m icrofossiliferous interval, AB3:- 

Logs indicate Balder formation from 6440'-6477'. 6443', 6454', and 6620' were 

barren.

6690'—6711' Late Palaeocene, Thanetian, NSBlb, Spiroplectammina spectahilis 

farm B and Spongodiscdd Radiolaria Zone, AB2, PK2?, CB2:- Contains abundant 

S. spectahilis form B. No Radiolaria, but FDO's o f Globiqerina [Subbotina] 

triloculincddes and "Globanomalina" pseudobulloides in  th is in terv a l The la tter  

tw o species are typically found firstly (FDO's) in  th e Cenodiscus lentimilarLs, 

NSP2 Zone (wells 49/9-1 , 21/11-1 for example). Eoqlobdqerina c f. trLvialis was 

also noted a t this le v e l Stensiaina beccari if  or mis (few) was also recorded in  

th is interval (6690'-6900'), together with Nuttallides truempyi (rare). S. 

beccari.iformis often tops within (or just above) the Clavulina parlsiensis/ 

Clavulincddes anglicus Zone, just below the S. spectahilis farm B Zone (wells 

21/30-1, 14/29-1 far examples); i t  is  a marker species far the CB2 Zone, 

early Late Palaeocene -Early Palaeocene. Van Markhoven e t  a l  (1986) record 

S. beccariifgrm is from the Late Cretaceous (Santonian) through Late 

Palaeocene (P5), and noted that i t  was a bathyal and abyssal species.
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NuttaTlides truempyi (rare) ranges according to  van Markhoven e t  al. (op. c it .) 

from th e Late Cretaceous (Campanian) through Late Eocene (P17). The la tter  

authors regarded th is as predominantly a lower bathyal abyssal taxon. 

Berggren and Aubert (1983) estim ated an upper depth lim it o f approximately 

500-600m for N. truempyi.

Caved Trochammina subvesacularis (rare) was noted in  th is in terva l T. 

aff. subvesicularLs was recorded by King (1989) from the Late-Middle 

Eocene. Hanzlikova (1955) described T. subvesiciilaris s.s. from Early 

Eocene sediments (type lev el, Palaeogene).

6712'-6849' EarLy Late Palaeocene, NSBlb?, P3 of Blow (1979), davulina  

parisiensis/davulincddes anglicus Zone, AB1, s t ill PK2? and CB2:- Contains a 

few  examples o f the nominate taxon (FDO). Other farms noted include 

Dorothia beloides, a Late Palaeocene farm (recorded from the Lizard Springs 

Formation by Kaminski e t  a l  (1988)). At 6732' Rzehakina minima (rare) was 

recorded, plus Nonion spp., Osangularia expansa and Pullenia quatem aria. R. 

minima has it's FDO in  the Late Palaeocene (rare in  th e la ter  part o f the 

Late Palaeocene) (Gradstein e t  a l  (1988)). Osangularia expansa first occured 

(FDO) in  King's (1983) NSBlb Zone, early Late Palaeocene. Pullenia quatemaria 

was recorded by Doppert and Neele (1983) from the very earliest Early 

Eocene (their EE Zone) to  the Palaeocene (their FJ Zone. Montian). The 

planktonic species include abundant Guembelina spp., plus Eoglobigerina of. 

trivialis (few) and "Globanomalina" pseudobiillnides (common a t 6770').

Reworked Cretaceous Biqiabdqerinella aspera (few) noted in  th is in terval

6850'-6890' Early Palaeocene, NSBla, NSP1, Danian Planktonics Zone, PK1b:- 

Common ''Globanomalina1' compressa, Eoglobigerina triv ialis s .s ., and
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abundant Globiqerina [Subbotina] triloculinaides. "Globanomalina" a ff. 

compressa and Eoglobiqerina trivialis indicate that th is interval is  within the 

Danian Planktonics Zone, P2, Blow (1979). A few examples o f Clavulina 

parisiensis were recorded a t 6850' SWS with "Globanomalina" compressa. 

Osangularia cardetiana were noted a t 6890', again, generally an NSB1 

species, Early to  early Late Palaeocene (wells 29/7-1 , 29/10-1 far examples). 

0. cacderiana was noted by Hart e t  aL (1981) from the Late Cretaceous. A 

lithcflogical break occurs a t 6900' according to  the Completion Log, and the 

Gamma Ray and Sonic data. This is  believed to  be the Cretaceous/Tertiary 

boundary.

Caved Cretaceous Gavelinalla was noted a t th is lev el.

Well 29 /7 -1 . Central North Sea, Central Graben. (See Enclosure No.4).

Well contains 29 species o f benthic fara minif era, with 6 species o f planktonic 

fora minif era. I t also contains ostracods, 2 species o f radiolaria, and diatoms. 

20 samples were examined, 2 were barren. The age o f sedim ents ranges from 

Early Paleocene (Danian) to  Eocene. All samples were sid e-w all samples.

7000' (SWS) Barren.

7100'-7500l Late Eocene, Karreriella (Karrerulina) conversa Zone, AB9:- Latter 

species common in  th is interval, together with Rhabdammina d iscreta. At 

7200' Reticulophragmium rotundidarsata, HapLophragmcddes walteri, and rare 

Reticulophrag m codes jarvisi occur.

Reworked Spiroplectammina spectahilis farm A was noted a t 7100' (rare).
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75001—77511 Early-Middle Eocene, NSB3-5, AB6:- The numbers o f Karreriella 

(Karrerulina) conversa increased at 7500'. Also a t th is lev e l examples of 

RetLculophragmium amplectens were noted indicating zone NSB4 of King 

(1983), and Zone AB6 (Early-early Middle Eocene) in th is study. Radiolarians 

Cenodiscus spp. were also recovered. Praecystam mina globiqerinaeformis were 

found a t 75001 suggesting an earliest Eocene age for these sediments.

7751 '-7901' EarLy Eocene, NSB3, AB6:- Contains HapLophraqmcodes waiter!, 

Karreriella (Karrerulina) conversa, plus Reticulophraqmium am plectens and most 

notabLy Cyclammina cf. garcrillassoi (at 7751'). This assemblage suggests an 

earliest Eocene a g e  7901' barren.

7901 '-8030':- 80011 contained Spiroplectam mina spectahilis form A, suggesting 

an EarLy Eocene age. Calcareous nannofossil evidence confirms this age, 

indicating zone NP12 of Martini. This nannofossil assemblage correlates well 

with those seen in the London Clay (teste  LTG.ms).

8040'-8120' Earliest Eocene-Late Palaeocene, NSB2-3:- Balder formation, ash 

marker (based on log information). No Coscjnodiscus forms noted because of 

large sample gap here. Samples processed for nannofossils were barren (LTG.).

8120'—8149' Late Palaeocene, NSB2, Sparsely microfossi 1 iferous interval, AB3.

8150'—8318' Early Late Palaeocene, NSB1 b:- Contains a generally poorly diverse 

fauna and low numbers o f specimens. One notable feature is  the presence of 

reworked Cretaceous calcareous benthonic forms (contamination?), together 

with Guembelina spp.. Also noted were Gavelinella sp., and Gymidina sp.. Age
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based upon the FDO o f Osangularia cardieriana . a t 83181, which in this 

study often  occurs in  th e Late and EarLy Palaeocene (w ells 29/7-1 , 21/30-1, 

and 29/10-1).

8400* Late Palaeocene, NSBlb, P3, NSP2, Spongodiscdd Radiolaria Zone, PK2:- 

Contains Cenodiscus lenticularis.

8450'-8500l EarLy Late Palaeocene, NSBlb, basal part, CB2?:- Samples contain 

agglutinated farms, such as Rhabdammina excelsa. Also present a t 8490' is  

Alabamina solnasensis, described by Brotzen (1948) from th e Palaeocene of 

Sweden (this species may be lim ited in it's occurrence to  Zone CB2).

8500'-8541' ?E ady-eady Late Palaeocene Palaeocene, NSB1, CB2:- Cibrirridcrides 

velascoensis (a marker species for Zone CB2) occurs a t 8500' together with 

Eponides plum merae. C. velascoensis ranges from the Late Cretaceous 

(Campanian) through Palaeocene (P5 of Blow, 1979), while King (1989) records 

th is species (as Anomalinoides velascoensis) in  the early Late Palaeocene, 1989 

Zone NSBlb. At 8540' the nannofossil Chiasmolithus inconspicuous occurs, 

together with Prinsius bdsulcus, indicating the age here as the base o f Zone 

NP4. From 8501'-8540' the sediments were dated as Zone NS18 (te ste  LTG.ms).

8541'-8620' Early Palaeocene, P2, NSB1a, Danian Planktonics Zone,

''Globanomalina'1 compressa-  Eoglobigerina tri.vial.ls Subzone, PK1b:- At

8600' Eoglobigerina c f. trivialis and "Globanomalina" a ff. pseudobulloides 

occurs suggesting a la ter Danian age. ' 'Globanomalina'' _ compressa occurs

a t 8620' re-inforcing th is age. Calcareous nannofossil data suggests Zone NP3 

(upper part) and Zone NS19 (8541'-8570'), th is is  based upon the existence of
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Prinsius martinii and members o f the Chiasmolithus inconspicuous/danicus group 

(and the absence of Chiasm olithus edentulns) (teste  LTG.ms).

WELL 29/10-1. Central North Sea Central Graben. (See Enclosure No.5A-B). 

Samples were examined from 141 O' to  91101. However, samples were only 

logged from 4810' to  9110'. The to ta l number o f samples logged was 86. 167 

benthic species were recorded, approximately 80 of which were agglutinated 

benthic forms. 42 planktonic species were recorded, together with 4 species 

of Bclboforma, 3 species o f diatoms, and 2 species o f radiolaria. Most of the 

samples were ditch-cuttings, so caving was a problem in th is weUL

4810'-5509' Sptrosiqmoilinella compressa Zone, early Middle Miocene, AB11b:- 

This Zone is  based on the FDO of Spirosiqmoilinella compressa. The benthic 

assemblage includes Siphonina reticulata, Qhicides pseudounqerianus, and 

Karreriella (Meddamonella) bradyi. Planktonics include Neogloboqaudrina 

continuosa and Globiqerina praebulloides praebulloides. The planktonic species 

indicate an early Middle Miocene age. G. praebulloides praebulloides 

(according to  Banner and Blow, 1962) ranges from the Late Eocene to  the 

Middle Miocene; Kennett and Srinivasan (1983) record G. praebulloides from 

the Late Eocene (''PortLculosphaera'' semiinvcJnta Zone) to  the Middle Miocene 

(Globorotalia cultrata -  Globiqerina nepenthes Zone); they also sta te  th at this 

species is  common in the Late Oligocene and Early Miocene in DSDP 

sequences, and is  infrequent in the Middle and Late Miocene. Kennett and 

Srinivasan (op. a t .)  record Neogloboquadrina continuosa from the Early 

Miocene (Zone N4b of Blow, 1979) through to  Late Miocene (Zone N16 of Blow 

(op. cit.)). Cfbdcides pseudoungerianus ranges from the la te  Late Miocene, 

down into the Middle Eocene. The calcareous nannofossils present in  this
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interval suggest Zone NN6, Middle Miocene, Zone NS3 from 4801 '-5530' (teste  

LTG.ms).

Hie BotLboforma species present in this interval suggest a Late Miocene 

age. Examples are B. spiralis, B. laevis and B. clodiusL These are probably 

caved. Caved fora minif era include SjqmaUopsis schlumbergeri, Loxostomum 

lammersL, Uvigerina venusta deumensis, Cassidulina ]aevigata, and Bulimina 

elongata subulata. B. elongata subulata is , according to  Shell Expro. U.K., 

a Pliocene-Pleistocene species. "Uvigerina hosiusL deumensis" ranges 

(according to  Doppert, 1980) from the la te  Middle Miocene to  the late  

Late Miocene (this is  the same as U. venusta deum ensis as recorded here 

in  th is well). Reworked? examples o f Karreriella (Karreriella) siphonella 

were present in this interval. Karreriella (Karreriella) siphonella was 

recorded by King (1989) as present in  his NSA9 Spjrosigmoilinella sp.A 

Zone, EarLy Miocene. This species may be reworked, but i t  is  likely that 

its  stratigraphic range extends up into the early Middle Miocene.

5510'-5700 Early-early Middle Miocene, CB12 (from 5510'-5530'):- The age of 

th is interval is  based on; the FDO of Asterigerina staesch i, th e occurrence of 

Spdrosjgmoilinella compressa, the FDO o f Stainfarthia schriebersiana (marker 

species far the CB12 Zone, LDO in  th is w ell a t 5530'), and certain planktonic 

species. Letsch and Sissingh (1983) use S. schriebersiana as a marker far their 

Late Oligocene Stainfarthia schriebersiana Subzone, in  th eir Turrillna alsatica  

Zone. S. schriebersiana is  recorded by Doppert (1980) from eariy Middle 

Miocene sedim ents, but i t  is  not common until the early EarLy Miocene-Late 

Oligocene. Asterigerina staeschi is  recorded by Doppert (1980) from Middle 

Miocene sedim ents and is  used as a marker species in  his Middle Miocene A. 

staeschi- Uvigerina tenuipustulata FD Zone. However, Letsch and Sissingh (1983)
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use A. staesch i as a marker species far EarLy Miocene sedim ents. The 

planktonic species includes Globiqerinoides cpiadrOobatus trilobus 

1 'GlobiqerineJLa11 obesa, and Globiqerina praebulloides praebulloides.

' 'Gloltiqerinella11 obesa is  not a useful marker species in  th is interval as i t  

ranges from the Late Oligocene (P22) to  the Recent (Kennett and Srinivasan, 

1983). Stainfarth e t  a l. (1975) record Globiqerinoides quadrilobatus trilobus 

from sedim ents younger than EarLy Miocene (Catapsydrax disstm ilis Zone) but 

Kennett and Srinivasan (op. c it .) record G. quadrilobatus from basal EarLy 

Miocene N4 through to  Recent. King (1983) used the la tter  species as a 

marker far the top o f his NSP12 Zone, la te  Middle Miocene. I t ranges down 

into the top o f his NSP11 Zone EarLy to  eafLy Middle Miocene. Blow and 

Banner (1962) recorded G. praebulloides praebulloides from Late Eocene to  the 

Middle Miocene (see also comments in interval above (4810'-5509l) concerning 

the range o f this species). At 5530' Globarotalnides suteri was noted (ranges 

from the Middle Eocene Pctrticulosphaera mexicana Zone to  the Early Miocene 

Globiqerinatella insueta Zone, according to  Bolli (1957a,1957b), see  also 

Kennett and Srinivasan (op. cit.)). Globarotalia scitula was also recorded a t 

55301, which ranges from the Middle Miocene Zone N9 to  the Recent (see 

Kennett and Srinivasan (op cdt.)). The calcareous nannofossils suggest an age 

o f Early-early Middle Miocene NN5 from 5531' to  5610' (Zone NS4), and EarLy 

Miocene NN4 from 5611-57901 (Zone NS5) (te ste  LTG.ms).

Dentalina mucronata was recorded in  th is interval. This is  a Late Miocene 

to  la te  Middle Miocene species (it is  probably caved here).

5701 '-5880' la te  Early Miocene, PK12 (at 5810'):- The age o f th is interval is  

based upon th e nannofossil data, the general benthonic foram inferal 

assemblage, and the planktonic fora minif era present. The benthonic
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faram iniferal assemblage includes Asberigerina staeschi, Nodosa tia  longiscata, 

Cibicides ungerianus, Spirosigmoilinella compressa, Reticulophmqmium placenta, 

AnquLogerina gr. graabs, MartinotiaUa communis and Bulimina elongata. 

Asterigerina staesch i tops (FDO) in  the la te  Middle Miocene, but is  stU l 

commonly found in  EarLy Miocene sediments. Bulimina elongata is  commonly 

found, according to  Doppert (1980), in  Middle and la te  Early Miocene. He 

noted that Angulogerina gracilis occurs in  the earliest Middle Miocene, but is  

mare common in  the Early M iocene-Late Oligocene. The first occurrence of 

Retjculophragmium placenta is  commonly within the earliest Early Miocene, 

although i t  has been noted from la te  EarLy and ?Middle Miocene sediments 

(Gradstein e t  aL, 1988, Verdenius and van Hinte, 1986). Spdrosigmoilinella 

compoessa is  mere commonly found in  the earliest Early M iocene-Late 

Oligocene (King (1989) as Spdrosigmoilinella sp.A). This assemblage s till belongs 

in Letsch and Sissingh's (1983) Asterigerina staesch ei FT6 Zone. This 

corresponds to  the Rotalia- Trifarina FE1 subzone o f Doppert (1975,1980), and 

de Meuter and Laga's (1977) Trifarina gracilis rugulosa- ELphldium ungeri 

assemblage Zone, EarLy Miocene. The pianktonic foram iniferal species includes 

Globorofalia scdtula, common Globarotalia praescitnla (at 581 O'), 

Neogloboquadrina gr. contmuosa, Globagerina woodi, and common G. a ff. 

anguiisuturalis. Globarotalia praescitnla ranges, according to  Kennett and 

Sdnivasan (1983), from the Early Eocene Zone N5 to  early Middle Miocene 

Zone N9. King records G. praescitnla in  the top  o f his NSP11 Zone, Early 

Middle Miocene. G. scdtula is  recorded by Kennett and Sdnivasan (op. a t .)  as 

occurring in  Middle Miocene N9 to  Recent material. Both G. scdtula and G. 

praescdtula are used in  th is study to  mark Zone PK12 EarLy Miocene. G. woodi 

is  unfortunately a very long ranging species, noted in  the Late Oligocene 

(N4A Globarotalia kuqlerL Zone) to  the Late Pliocene (N21 Globarotalia
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tosaensis Zone). Members o f the N. continuosa group range up into the Early 

Miocene. Globdgerina anguiisuturalis s.s. is  generally regarded as a marker 

species far the Late Oligocene N2 to  N4A (Kennett and Srinivasan (op. a t.)). 

In the North Sea G. a ff. angulisuta.rralis appears to  range up in to the Earliest 

Miocene. The calcareous nannofossils suggest a la te  Early Miocene NN4 age 

(NS5) until 5790', while from 5791'-5880f a middle EarLy Miocene NN3 age was 

indicated (NS6) (te ste  LTG.ms). The boundaries o f th is in terval are d ifficu lt to  

determine because o f the wide sampling spaces a t th is lev e l.

Caved Sigmoilopsis schlumbergeru Increased numbers o f Bolbofarma 

clodiusL a t 5800' and 5810' suggest a Late Middle Miocene age (Zone 

NSP13 o f King (1983)), but these are probably cave. Other caved species 

in  th is interval were Oridarsalis umbonatus and Pullenia bulloides. O. 

umbonatus was noted by Doppert (1980) in  his FC (Late Miocene) and FD 

(Middle Miocene) Zones. P. bulloides was noted in  Doppert's (op. a t .)  FB 

(Early Pliocene) to  FD (Middle Miocene) Zones.

5881 '-6180' EarLy Miocene NSB9/Late Oligocene FE Zone (Doppert 1975,1980) 

Asterigerina guerichi FDO Zone, CB11, CB10, PK10:- This Zone is  based on the 

FDO o f Asterigerina guerichi (King, 1983), a t 6000'; th e occurrence o f the  

marker species far Zone PK10 (Late Oligocene-EarLy Miocene, Globdgerina 

ciperoensis Zone), and the calcareous nannafossil data. Increased numbers o f 

Reticulophragmillm placenta and SpdrosigmcrilineUa compressa noted within th is 

interval. Other benthic species included M artinotiella communis, Cihdnides 

pseudoungerianus, Uvigerina m acrocarinata, Bulimina elongata, Glomospdra 

ggrdialis, Angulogerina gracilis s^ ., Ammodoscus latus, occasional Asterigerina 

staeschi, and Asterigerina guerichi. A. guerichi was fir st recorded by Doppert 

(1980) from the Earliest Middle Miocene (base o f his FD Zone), although i t
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was mare common in his Early Miocene/Late Oligocene (FE2 Zone), and i t  was 

most common in his Late Oligocene (FE3 Asterigerina Zone). Plectofrondicillaria 

seminuda a marker species far Zone CB10 was noted a t 6100'. The FDO o f this 

species was recorded by King (1983, 1989) in  the Early Miocene Zone NSB9. A. 

latus occurs in  Late Oligocene and EarLy Miocene sedim ents (Gradstein e t  aL

(1988)). At 6100' there is  an increase in the number o f agglutinated species in  

the assemblage; examples include Glomospira serpens, Haplophragmaides 

w alteri, Reophax p ililifer  and Repmardna charoddes. These are generally 

common in  Oligocene and alder strata, although they have a ll been recorded 

rarely in  the Miocene. The planktonic faram iniferal species include Globdgerina 

a ff. angi llisuturalis, G. woodi, Globarotalia praescitnla, Globdgerinaides 

quadrilobatus trilobus and Globdgerina cdperoensis. G. cdperoensis is  a valuable 

index species far the Late Oligocene, although i t  is  also mare rarely found in  

the earliest Early Miocene (Zone N4B). G. cdperoensis is  ancestral to  G. 

angulisuturalis s.s., and according to  Kennett and Srinivasan (1983) there is  a 

com plete gradation between these species within Zone P21. Such interm ediates 

are common in  the North Sea in  the Late Oligocene-EarLy Miocene. Both G. 

cdperoensis and "Globdgerinaides trilobus are noted by Doppert (op. cat.) as 

occurdng in  high frequencies in  his EarLy Miocene- TLate Oligocene FE1 Zone. 

The calcareous nannofossil assemblage from 5881 '-6180' indicates an EarLy 

Miocene NN2 age (NS7), although significant amounts o f reworked species 

were noted (teste LTG.ms).

Caved specdes include Pullenia bulloides and Oridarsalis umbonatus. 

Reworked specdes include, a t 6100', Buliirdna alsatica. This occurred in  

Doppert and Neele's (1983) Middle Oligocene FF Zone. Caved planktonic 

species included Neoqlobocpjadrina continuosa.
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6181 '-6359' L ate-1 Middle' Oligocene NSB8, SpjrosimoilinelLa compressa acme 

Zone, AB11 a, CB9:- This Zone is  based on the FDO o f common 

SprirosiqmoilineHa compressa (from 6210'); and the presence o f Siqmomorphina 

regularis (at 6210' only), which occurs in  Doppert's (1980) FE zone, EarLy 

Miocene-Upper Oligocene, and in the top o f his FF Rotaliatina bulim oddes-  

Cihdcides ungerianus Zone, Middle Oligocene. S. regularis marks the CB9 Zone 

in th is study, Late Oligocene. At 6210' Stilostomeila spinescens was recorded. 

Ulleberg (1974) records th is species from the Oligocene (Vibarg Formation in  

Denmark). Doppert and Neele (1983) recorded "Nodosaria" spinescens from 

Middle Oligocene sedim ents. Eratidus fcdiaceus was also noted a t th is lev el, 

th is again indicates sediments o f Oligocene age. From 6181'-7000' the  

nannofossil assemblage indicates an age o f NP24/25 Late Oligocene (NS8) 

(te ste  LTG.ms)

6360'- 7609' EarLy Oligocene Rotaliatina bulimaides-  Darothia sedglae Zone 

(plus early Late Oligocene, base o f SpjrosLmailinella compressa Zone 6360'- 

6660'), AB10, base o f AB11 a?, CB7, PK9 (from 6710'):- Contains 

Retjculophragmcades sp.5 a f Gradstein and Kaminski (1989) FDO 6360'; th is 

species reportedly occurs in  their D. sejghei Zone; however, D. seigllei. was 

not recorded until 7210', while R. bulim aides was noted a t 7360'. Gyroddina 

soldanii mamillata was also noted a t 7360'; both the la tter  species indicate 

Zone CB7 (7360'-761 O', Early Oligocene). Cassidulina carapitana was noted a t 

6660'; th is calcareous benthic faraminifer marks the top a f King's (1983) 

NSB7a Early Oligocene Zone, and the CB7a Zone in  th is study (Early 

Oligocene). Reticulophragmaides jarvisL was recorded a t 661 O' together with 

Turrilina alsatica. R. jarvisi is  again indicative a f Early Oligocene sedim ents. 

T. alsatica was used by Gradstein and Kaminski (1989) in  th e Labrador/Grand
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Banks region to  mark the EarLy Oligocene. King (1983) used th is species in the 

North Sea to  indicate Oligocene sediments (FDO in the Late Oligocene). 

Reticulophraqmium acutidorsata (of Verdenius and van Hinte 1983 = R. 

placenta) was noted a t 6460'. Adercotryma agterbergi, again an EarLy 

Oligocene species according to  Gradstein and Kaminski (1989), was noted from 

6660'. Agglutinated species were far more common in Oligocene sediments in 

th is w ell than in the overlying Miocene. Rhabdammina gr. discrete was 

common from 6510'. Haplophraqmoides walteri is  common from 6360' while 

Repmanina charoides was common from 6940'. The planktonic foraminifera 

include; Globdgerina a ff. anqulisuturalis (from 6610'-7080'), Globigerina 

officin alis (6610,-7360'), Globorotalcddes suteri. (6710-6760'), Globiqe-rina 

ampliapertura (671 O'—701 O'), G. praebullnides occlusa (7010'), G. praebulloides 

leroyi (6850'), G. anqiporoides (7010'), and G. ouachitaensis (6850'-7030'). King 

(1983) records G. ampliapertura from his NSP9 Zone, EarLy to  earLy Late 

Oligocene, and is  used to  mark Zone PK9 in th is study. Blow (1979) used G. 

ampliapertura as a marker spedes in the EarLy Oligocene, P19 (range P17? to  

P19/20). G. officinalis was noted by Gradstein e t aL (1988) from the Early 

Miocene/Late Oligocene. Gradstein and Kaminski (1989) use "G. ex gr. 

officin alis" as a marker form in the Central North Sea for the Late 

Oligocene. Both these taxa are reportedly common in the overlying 

Spiiosiqmoilinella compressa Zone (Late Oligocene-EarLy Miocene). They were 

not recorded in th is w ell in the top part o f the S. compressa Zone, but only 

from what could be its  base. Blow (1979) recorded Globiqerina angjporoides 

from the Middle Eocene (P10), to  the early Late Oligocene (P21). Blow (op. 

a t .)  noted G. ouachitaensis from the late Middle Eocene P15 to  earLy Late 

Oligocene (P21). Diatom sp.3 o f King (1983) was recorded a t 7030'. This 

species indicates Oligocene sediments. Cenosphaera spp. occurs throughout

-2:92-



much o f th is interval together with Coscinodiscus spp. The calcareous 

nannofossils indicate an age of NP21/22, Early Oligocene (Zone NS10) from 

7001'-7744' (te ste  LTG.ms) .

Reworked (contamination?) Ammomarginulina macrospira was recorded at 

6360' and 6610', while reworked? Spiroplectam mina navarroana was 

recorded a t 6460'. A. macrospira is a la te  Middle Eocene marker species, 

while S. navarroana is  an EarLy Eocene index form. The occurrence of 

these species suggests that considerable reworking of older sedim ents has 

occurred in this w ell a t this level, thus blurring the hiostratigraphical 

resolution. Caved? species include Neogloboquadrina gr. continuosa (6610').

7610'-7739' -Middle-Late Eocene?, AB8?:- At 7610' Sptroplectineila wilcoxensis

was noted. This species was recorded by Willems (198yb) from the leper ^ ^ 2 .
p>. ! .

Formation, Belgium, Early Eocene. Sporosiqmoilinella sp.1 also from th is lev e l v

confirms the Eocene age of these sediments. The occurrence of Nodellnm 

velascoense a t 761 O' also suggests an Eocene age. Kaminski e t  aL (1988) 

noted th is species from the Ypresian, Early Eocene to  the Maastrichtinn, Late 

Cretaceous. Planktonic forms include GlohLgerina praebulloides praebulloides 

and G. ouachiatensis. G. ouachiatensis ranges from the la te  Middle Eocene P15 

to  early Late Oligocene (P21) (Kennett and Srinivasan, 1983). G. praebulloides

praebuloides ranges from the Upper Eocene to  the Middle Miocene (Blow and fJ h
) * '

Banner, 1962). ^  ^

Caved species include Globigerina aff. angillisuturalis (Oligocene, see  

Kennett and Srinivasan (op. a t .) , type lev e l in the Oligocene Cipero 

Formation and ranges from the "Globarotalia opima optima Zone" to  the 

overlying "Globigerina dperoensis riperoensis Zone", according to  Bcdli 

(1957). Caved GlohLgerina ampliapertura and G. officin alis were also noted
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in this interval. G. o f f ic in a l is  was noted by Subbotina (1953) from the 

Lower Oligocene. G. ampliapertura is  an Oligocene form (King, 1983).

7740'-1119' earLy Middle Eocene, Reticulophraqmoddes jarvisi Zone, AB7, 

Actinomid Radidaria (Cenosphaera) Zone (from 7740'-801 O'), PK5:- This interval 

is  defined by the FDO of common Reticulophraqmcades jarvisi. At 7750' (SWS) 

Dorothia seiqlae was recorded, plus common R. jarvisi (also common a t 7740'), 

very abundant Rhabdammina discrete, and rare Spirosiqmoillnella 

compressa. R. jarvisi appears to  occur as a flood o f forms above the 

Reticulophraqminm amplectens Zone. It is  similar in outline to  R. am plectens, 

but differs in  possessing limbate sutures and an um bilical tube (Gradstein and 

Kaminski, 1989). Also noted were examples o f Cenosphaera sp. marking Zone 

PK5.

Caved species (at 7740' DC) included Globigerina officin alis, G. 

ouachitaensis, G. a ff. angulisuturalis, and G. praebulloides praebulloides 

(see above interval, 761 O'—7739', for ranges o f th ese species).

7780'-8339' Early-Early Middle Eocene, NSB4 of King (1983) Reticulophraqmium 

am plectens-Actmomid Radidaria (Cenosphaera) Zone (from 7740'-801 O'), PK5, 

AB6:- Contains R. amplectens, plus common Cenosphaera spp.. Common R. 

amplectens was regarded by King (op. a t.)  as marking his EarLy Eocene NSB4 

"Cyclammina" amplectens Zone. He also records th is species from his NSB5 

Planulina palmerae (=P. costata in this study, see also King, 1989) early 

Middle Eocene Zone in low numbers. Gradstein e t  aL (1988) regard th is 

species as a Middle (-Late) Eocene marker, while R.W. Jones (unpub.) regarded 

th is species as an early Middle Eocene marker. In th is study R. am plectens is  

regarded as an early Middle Eocene form. Cyclammina c f. qarcillassoi was also
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noted from th is interval. This species was regarded by Gradstein e t  aL (op. 

art.) as a constituent o f their Trochammina ruthvenmurrayi- Reticulophragmium 

paupera Late Palaeocene (Selandian) Zone. Also a t 7780' rare Globigerina 

[Subbotina] linaperta was recorded. This is  regarded as a marker species 

far the Early Eocene when i t  occurs in  large numbers.

8360l-8400l Early Eocene-Late Palaeocene, NSP4-5, Globdgerina [Subbotina] 

linaperta acme Zone?/Coscdnodiscus sp.1 Zone, PK3 and PK4?:- No 

Coscinodiscus sp.1 noted, but logs indicate the Balder form ation, which is  

equivalent in  age. Also in  th is interval are increased numbers o f Globdgerina 

[Subbotina] linaperta a t 8360’-8390' (caved?). 8400* barren.

8401 '-8499' Late Palaeocene, NSB2, Sparsely microfossOiferous interval, AB3:- 

Contains mostly tubular agglutinated species a t 8460', while Haplophragmcddes 

spp. are dominant a t 8450' and 8490'.

8500l-8579' Late Palaeocene, NSB1 b, Spiroplectam mina spectabilis farm B Zone, 

AB2:- Contains common nominate taxon. Other forms noted include Repmanina 

charoides, Reticulophraqmium amplectens (rare), common Praecystammina 

qlobdgerinaefarmis, few-common Haplophragmcddes kirki, and Karreriella 

(Karrerulina) conversa.

8580'-8699' Late Palaeocene, Thanetian, NSB1b/NSP2, PK2?, CB2:- This interval 

is  defined by the FDO o f "Globanomalina" pseudobiilloides, Globdgerina 

[Subbotina] triloculinoddes (rare), and Eoglobigerina c f. trLvialis (noted a t 

8610', rare). The FDO o f these species is  usually within th e Spongiodiscid 

Radioiaria Zone PK2 (wells 14/29-1, 49/9-1 for example, and R.W. Jones
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(unpub.)). The completion log indicates a melange type sedim ent (the Maureen 

Formation) from 8400* to  9080’. Thus any biostratdgraphical subdivision o f 

th ese sedim ents is  tentative. Benthic foraminifera include Sparoplectam mina 

spectahilis (common), Rhabdammina discreta (abundant), Haplophragmcddes 

waited, (few-common), Repmanina chamides (few-common), Recurvcddes 

walteri (few-common), Ammodiscus cretaceus (few-common), Cyclammina c f. 

gard lassoi (few), Trochammina ruthvenmurrayi (few) and Ammodiscus planus 

(few-common). Most o f the aforementioned agglutinated species are a common 

constituent in  Palaeocene assemblages (in Gradstein e t  aL's (1988)

Trochammina ruthvenmurrayi- Reticulophraqmium paupera Zone early Late 

Palaeocene, and in  the fLysch-type agglutinated foram iniferal assem blages 

from Trinidad examined by Kaminski e t aL (1988)). The calcareous benthic 

species include Osangularia corderiana (few-common), and Stensioina 

beccariifgrm is (few-common). The la tter species (which is  used to  define Zone 

CB2, 8590'-9090' in  th is well) ranges from the Late Cretaceous (Santonian) 

through Late Palaeocene (P5 of Blow, 1979) (see van Markhoven e t  aL (1986)). 

O. corderiana occurs in  the Palaeocene in  wells 29/7-1 and 21/30-1 while 

Hart e t  aL (1981) records th is as a Late Cretaceous species (Campanian to  

Early Maashrichtian).

Reworked? "Globanomalina11 compressa and EoglobLqerina a ff. trivialis 

(rare, FDO) were also recorded in this intervaL The mixture o f 'older* 

species, for example "G." cf. compressa and E. a ff. trivialis (these 

indicate P2 o f Blow (1979) and Zone PK1, w ell 29/7-1 far example) with 

'younger' farms, such as "Globanomalina" pseudobulloides (which occurs in  

Zone PK2 in  th is study, wells 14/29-1 and 49/9-1), indicates th at 

considerable reworking o f underlying m aterial has taken place a t th is 

leveL



8700'-9079' Early Palaeocene, Danian Planktonics Zone, PK1b, CB2:- FDO o f 

Globastica daubjergensis, confirming the Maureen Formation age, P2 Zone o f 

Blow (1979). At 8950' Globoconusa conusa was noted. This species ranges 

according to  Blow (1979) from Danian to  EarLy Late Palaeocene, Pa to  P3. 

Eoglobigerina cf. trivialis was common a t 8700'. At 88001 one example c f  

Cenodiscus lenticularis was found. From 9010' Cenodiscus spp. were commonly 

recorded. From 8700' Guembelina spp. were common. The benthic species 

include; Spdroplectam mina spectahilis, rare CHavulincddes anglicus/Clavulina 

pari.siensis a t 8700' (usually indicative o f the overlying Clavulina parlsiensis/ 

davulincddes anglicus AB1 Zone, basal Late Palaeocene, Thanetian), Eponides 

plnmmerae, Cibicidaides hyaphalns, C. dayi, Nodosaria torsicostata, and 

Marssonella oxycona. C. hyaphalns ranges from the Late Cretaceous (Late 

Maastrichtian) through Late Palaeocene (P5 of Blow (1979)), while C. dayi 

ranges from the Late Cretaceous (Campanian) through Late Palaeocene (P5 c f  

Blow (op. cat.)), according to  van Markhoven e t  aL (1986). King (1989) records 

C. dayi in  his NSB1 b Zone (1989), early Late Palaeocene. The la tter  tw o  

species are common in Zone CB2. N odosaria torsicostata was recorded by King 

(1983) in  his NSB1 Zone, FDO in the early Late Palaeocene. The calcareous 

nannofossils indicated a Danian age NP4 (Zone NS18), from 8701'-9110' (te ste  

LTG.ms)

Reworked species include Biglobigerinella aspera, Gaudryina cretacea and 

reworked Late Cretaceus Stensioina pommerana (Hart e t  a l. (1981) record 

S. pommerana from the Early Campanian to  th e Maastrichtian, while van 

Markhoven e t  aL (1986) records its  range (as S. exoolata) from th e Late 

Campanian through Late Maastrichtian).
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9080'—9110* Early Palaeocene, Danian Planktonics Zone, Eoqtobdqerina 

eobulloides sunplirnssima Subzone, PK1a:- Contains Eoglobdgerina eobulloides 

sumplicisslma. Spiroplectamndna spectahilis s till recorded a t th is le v e l (rare), 

plus MarssoneUa oxycona.

Reworked Cretaceous species include Stensicdna pommerana.

From 8580' another possible stratigraphical breakdown is :-  

8580'-8699' Spongodiscdd radidaria Zone (no nominate taxon) NSP2/NSB1b. 

8700'-8980' Clavulina parisiensls/davulincddes anglicus Zone, P3, NSBIb. (only 

i f  FDO o f Globastica daubjergensis is  regarded as reworked a t 8700’). 

8980l-9079l Danian planktonics Zone, P2, NSB1a.

9080,-9110' Danian planktonics Zone, P1/2, NSBIa.

WELL 49/9-1. Southern North Sea. (See Enclosure No.6).

Samples were available from 12881 to  2580’, from Eocene to  Upper Cretaceous. 

88 species o f benthonic foraminifera were picked from th is w ell, together 

with 3 species o f planktonic fora minif era.

1288'-1389’ Late Eocene/?Earliest Oligocene, NSB6b, Brizalina cookel Zone, 

CB6:- Contains BrigaHna cookei, a marker species for the Middle to  Late 

Eocene/Earliest Oligocene (King (1989)) plus Turrilina alsatica. B. cookei occurs 

within the Karreriella (Karrerullna) conversa Zone (see King (op. a t .) ) , but the 

nominate taxon far the la tter  Zone was not recorded a t th is lev el. T. alsatica  

is  generally regarded as a marker species far the Oligocene (Doppert, 1975), 

Doppert arri Neele (1983)). However, according to  King (1983) th is species 

ranges down into the Late Eocene (King, 1989 revised his range for th is farm 

and suggested that i t  is  purely an Oligocene species). The Eocene age is
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confirmed by the presence o f a typical Eocene benthic calcareous assemblage 

(found in  King's (1983) sublittoral biofacies). Example species are; Nodosa ria 

minor, N. a ff. spinescens, N. emacdata, Anomalincddes acuta, A. semicrihratus, 

Melonis affine, Cibdcides eocaenus, C. wesri, Uvigerina sp.1, and 

SpjroplectLnella deperdita. Svratkina perlata was noted a t 1306' and 1358'; 

th is species is  generally regarded as a Lower Oligocene farm, but i t  is  also  

known from la te st Eocene sediments (Shell U.K. Expro.). Likewise th ese  

samples also contain examples o f Spirosigmailinella compressa which again is  

regarded as an Oligocene marker species, although th is species has also been 

recorded from the la te st Eocene (Gradstein e t  aL, 1988). Nannofossil data 

confirms th e above dates, the samples being from th e Late Eocene, Zones 

NP19/20 (NS11, from 1288'-1470', te ste  LTG.ms). The fora m iniferal evidence far 

the age o f sample 1389' is  poor.

1390'-1535' Late to  Middle? Eocene NSB6a:- Assemblage very much th e same 

as th at above. However, without B. cookei and T. alsatica (latter species la st 

downhole occurrence (LDO) a t 1356'). There is  a new influx o f d ifferent 

species a t 1535'. Many o f these farms are typ ical o f the Middle to  EarLy 

Eocene. Examples are Dentalina elegantLsslma (noted in  Early Eocene, London 

Clay sediments), StHosbomella adolphina, and Praegtobobuliinina ovata. The 

samples in  th is interval examined for nanncfossils contained a similar 

assemblage to  the proceeding interval (1288-1389') but included th e FDO's o f 

Sphenolithus celsus, Discoaster saipanensis and Discoaster barbadiensis. In the 

absence o f Sphenolithus pseudoradians and Chiasmolithus oamaruensis the 

NP19/20 age o f the ovefLying interval probably s t ill applies (te ste  LTG.ms).
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1536'—17371 Middle Eocene, NSB5-6?:- At 1583' Uvigerina batjesl occurs. This 

was noted in  Ypresian, Early Eocene, London Clay sedim ents. I t was recorded 

from Middle (Lower) Eocene to  Lower Eocene sedim ents by Doppert and Neele 

(1983) from deposits in  th e Netherlands and adjacent areas, from th eir FH and 

FT Zones. Uviqerina jacksonensis was also noted from 1583', the la st  

occurrence downhole being in  the Middle Eocene NSB5 Zone. This interval 

(1535'—1736') contained a w ell preserved and diverse nannofossil assemblage, 

and was dated as belonging to  NP16, NS12 (te ste  LTG.ms). I t  is  possible that 

there is  an unconformity betw een this interval and th e overlying one. 

Perciiltazonaria w etherellii was recorded from 16971. Karreriella (?Karreriella) 

siphonella chilostoma was also present in the la tter  sample. The LDO of 

HetercJopa dutemplei praecdnctus. was a t 1697' indicating th at th is was within 

Zone NSB5, low er Middle Eocene o f King (1983).

1737f-2167' Middle Eocene, NSB5, CB5:- Again a typ ical Eocene assemblage is  

present. Species suggest a Middle Eocene age; the assemblage was as above 

but without U. batjesu Examples o f species include Lenticulina cultrata s.s., 

Cihicldes eocaenus, Nodosaria emacdata, and P. wetherpllii. The LCO o f 

Uvigerina jacksonenisis was a t 1930', together with it's LDO a t 2026' suggests 

th at th is is  Zone NSB5. The LDO o f Brizalina cookei was also a t 2026'. The 

FDO o f the calcareous nannofossils Rhabdolifhus qladius and the LDO o f 

Nannotetrina species help to  define this interval as belonging to  Martini's 

(1971) NP15 Zone, NS13 early Middle Eocene (te ste  LTG.ms).

2168'-2380' Middle Eocene, NP14:- These samples contained th e same 

fora miniferal assemblage as seen in  the above interval (1737'-2167'). 

Nannofossil evidence indicates an NP14 age (NS14), early Middle Eocene t ill
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2298'. The latter sample and 2380' barren of nannofossils. 2340' has an 

assemblage of indeterminate age (teste  LTG.ms).

2380'-2463' Early Eocene, NSB4, Reticulophragminm am plectens Zone, AB6:- 

This interval contains abundant numbers of R. am plectens from 2380' to  2463'. 

Nannofossils absent from this interval. This is  equivalent in part (see King

(1989), Zone NSP6) to  the Actinomid Radiolarian Zone (adapted from R.W.

Jones (unpub.)). There is  also an increased number o f R. gr. excelsa in this 

interval. Thalmannammina gr. walteri was noted in 2400' and 2463', and 

Reticulophraqmium sp.1 was noted from the la tter  sample. The la tter  species 

often occurs within the R. amplectens zone.

2464'-2528' Early Eocene NP12:- No samples were obtained from th is interval 

for fora miniferal analysis. However, the nannofossils indicate an NP12 age 

(NS1 5), based on the co-ocurrence of Toweius occultatus, Discoaster kuepperi, 

Tribrachiatus orthostylus, and Discoaster lodoensis (te ste  LTG.ms).

2528'-2580' Early Eocene, NSB2-3:- A number o f new species appear a t this 

level, namely KarrerieHa (Karrerulina) conversa, together with Karreriella 

(Karrerulina) hctrdda, and LentLculina multiformis.

2580' Early Eocene-Late Palaeocene, NSP4, Coscinodiscus sp.1 Zone, PK3:- 

Coscinodiscus sp.1 was recorded from 2580'.

2580'-2670' early Late Palaeocene NSB1b, CB2:- At 2647' Stensioina 

beccariiform is was noted which is  common in th is study in (wells 21/11-1) the 

Clavulincddes anglicius/ Clavulina parisiensis and Spongoidiscid Radidaria Zones,
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and marks the CB2 S. beccariiform is Zone. Cibdcidaides dayi also occurred a t 

th is level. This species is  known to  range from the Late Cretaceous 

(Campanian) through to  the Late Palaeocene (P5), see  van Markhoven e t  aL 

(1986). From 2658'-2698' the calcareous nannofossils indicate an age o f NP4 

(NS18), Early Palaeocene (te ste  LTG.ms)

26701 early Late Palaeocene NSB1 b, PK2:-This NSB1 age is  confirmed by the 

presence o f Cibirddes 'Pproprius1, Cibicides ekblomi, Cibicides succedens, 

Nodosaria tarsicastata, Osanqularia expansa, and Qsangularia cardieriana a t 

2670’. Also a t 2670' "Globanomalina" pseudobubnides and Globigerina 

[Subbotina] triloculinaides were noted, which suggest th at th is could be 

within the planktonic zone PK2. The nannofossil assemblage ind icates Zone 

NP4 (te ste  LTG.ms).

2698' EarLy Palaeocene Tappanina selm ensis Zone, C B 1 A t  2698' T. selm ensis 

was recorded which marks the presence o f th e Early Palaeocene (Danian) CB1 

Zone in  this study. King (1983, 1989) records th is species in  his NSBla Zone, 

Early Palaeocene, Danian. Van Markhoven e t  a l. (1986) noted th a t T. selm ensis 

ranges from th e Late Cretaceous (Maastrichtian) through Early Eocene (P6b).

T. selm ensis was predominantly an outer nerihic species (it is  only found in  

th is study in  the Southern North Sea), although i t  has also been noted in  

bathyal facies, see  van Markhoven e t  aL (op. a t .) .

2730' Late Cretaceous:- Cretaceous species a t  th is le v e l include Valvalabamina 

lenticula, Stensioina pommerana, Gavelinella complanata, Gyrcddincddes nitida, 

and Vemeirilina muensteru S. pommerana is  rarely found in  th e Lowest 

Campanian, i t  mare commonly occurs in  the Middle Campanian to

-3 0 2 -



Maastrichtian (according to  Hart e t  aL (1981)). Valvalabamina lenticula tops 

on th e Lower Maastrichtian. Verneui.lina muensteri. ranges from the Coniacdan 

to  the Lower Maastrichtian (Hart e t  aL (op. cat.)). Also noted here was 

Marssonella oxycona which ranges into the Early Late Palaeocene, and 

Trochammina nithvenmurrayi which ranges down into th e very top o f the 

Maastrichtian.

WELL 49/19-1. Southern North Sea. (See Enclosure No.7).

13 samples were examined from th is well, mostly c f  Eocene age. One sample 

was barren. 51 calcareous benthic species were noted, pins 5 agglutinated 

benthic taxa, together with 7 planktonic species.

10201 Barren.

1050' Undated:- Contains only ELphidLum spp..

10801 ?Eocene:- Contains examples o f Lenticulina cultrata s .s ., which is  

generally only found in  th e Eocene (in Doppert and Neele's (1983) FH Zone 

EarLy?-Late Eocene, rarely occurs in  the very base c f  th eir Early Oligocene 

FG Zone).

1080'—1140' Late Eocene, NSB6a o f King (1989), CB6:- Percultazonaria 

wetherenii. occurs a t 1110', together with Spiroplectm ella carinata, and 

Lenticulina cultrata s .s .. P. wetherellii occurs in  Doppert and Neele's (1983) 

FH Zone EafLy?-Late Eocene as '1 Vaginulinopsis deoarata''. Another species 

recorded was Cihicidaides allen i. According to  Murray e t  aL (1981) C. allen i
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ranges from the Late Palaeocene to  the EarLy Eocene. King (1989) records this 

species from his NSB6a Zone (1989) Late Eocene.

1140-1230' (?)EarLy-Middle Eocene, NSB4/NSB5, CB4, PK7 (1200-1230'):- The 

Middle Eocene age (CB4 Zone) o f th is interval is  based on the FDO o f 

Eponides karsbeni a t 1140'. E. karsteni is  noted by Doppert and Neele (1983) 

in  their FH1 Nummulifes-  Eponides Zone, Late-M iddle Eocene (as "Eponides 

schriebersL"). Also present is  Cihicidaides eocaenus plus Anomalincddes acuta, 

N odosaria minor, Dentalina communis, and Alabamina obtusa. Cibicidaides 

eocaenus ranges from the Early to  Late Eocene in  th e North Sea Tertiary 

sedim ents (King, 1989 ). Van Markhoven e t  aL (1986) note the range o f th is 

species as being from the EarLy Eocene (P6b o f Blow, 1979.) through Late 

Oligocene (P22). A. obtusa ranges (according to  Murray e t  aL, 1981) from the 

Late Palaeocene to  the EarLy Eocene. I t  is  recorded by Murray and Wright 

(1974) from th e Cudsian (la test EarLy Eocene). Anomalincddes acuta was 

recorded by Doppert and Neele (1983) from beds older than la te  Middle 

Eocene, as was Nodosaria minor. Pseudohastigerina wilcoxensis were noted a t 

1200'-1230' (a marker species far Zone PK7), which ranges from King's (1983) 

zones NSP$ earLy EarLy Eocene to  NSP7, earliest Middle Eocene.

Reworked Cancris auriculus prLmitivus was recorded a t 1140'. C. anrim ilns  

prunitLvus was rare, noted from the Early Eocene in  Zone NSB3 o f King 

(1983). These samples also contain reworked Stensiodna beccariifgrm is 

from the Palaeocene. Reworked Cretaceus Biglobdgerinella aspera occured 

a t 1170'.

1 230'-?1440' earliest Early Eocene, NSB3, Gaudryina hiltermanni Zone AB4,

PK6, CB3 (1230-1380'):- Contains a distinctive assemblage which includes
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Ctevulincddes anglicus, Gaudryina hOtermannL (both marker species for AB4), 

Anomalinoddes capdfatus, and Bulimina sp. o f King (1983). Aragonia aragonensis 

was recorded a t 1260'. This species ranges from th e Late Palaeocene (P5) to  

th e  la te st Middle Eocene (according to  van Markhoven e t  aLi 1986 ). Bulimina 

sp. o f King (1983) is  a marker species far Zone CB3 (1230'—1380* in  th is 

w ell). Pulsiphonina prima occurred a t 1260’ which ranges from th e Late 

Palaeocene to  the Early Eocene (see Murray and Wright, 1974), noted from the 

London Clay). Cihicides w esti occurs a t th is lev el, th e to ta l range o f this 

sp ecies in  Britain is  recorded by Murray e t  aL (1981) as being from the  

Middle to  Late Eocene, although Murray and Wright (op. a t .)  noted th is 

species in  the Cuisian, Early Eocene. Other benthic species were Stilostom ella 

sp. and Stilostom ella a ff. adolphina, which were also noted from London Clay 

samples (Hampstead Heath). Planktonic farms included Globigerina [Subbotina] 

linaperta, and Acarinina aff. pentacamerata (the marker species far PK6). 

A. pentacam erata s.s. is  recorded from P7 to  P9, Early Eocene (Blow, 1979 ). 

According to  Blow (1979) G. [Subbotina] linaperta ranges from P4 (Labe 

Palaeocene) to  P16 (Late Eocene).

14401 Late Palaeocene?, CB2:- Contains, far example, Cibiddairies a ff. dayi, 

Lenticulina a ff. cultrata, Ammodiscus cretaceus, Ammolagena d avata , and 

Repmanina charades. C. dayi sjs. ranges from th e Late Cretaceous 

(Campanian) to  the la te  Palaeocene (P5) (van Markhoven e t  aL, 1986); i t  is  

common-few in  Zone CB2. The agglutinated benthics in  th e above lis t  occur 

mare commonly in  the Palaeocene than in  the Eocene (Gradstein e t  aL, 1988). 

One specim en o f P. wetherpJlii was also parked. This species only occurs 

in  Eocene sediments (Doppert and Neele (1983), King (1983) as 

Vagmulinopsis decorate). It may be caved.
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WELL 25/10-1. Norwegian Sector o f the Northern part o f the Central N. Sea. 

(See Enclosure No.8).

4 samples were looked a t from a care section from 5501' to  58861. 37 species 

o f fara minif era were noted, with 1 species o f diatom. Well 25/10-1 is  one of 

th e w ells examined in  th e Norwegian Petroleum D irectorate Paper no.28, The 

Balder Area (1981). A stratigraphical breakdown in  th at report records the 

Hardalard Group from 2979f-5459', and the Rogaland Group from 5459,-5761l 

(Balder Formation, 5459'-5629', Sele Formation, 5629'-5761').

5501' EarLy Eocene, NSB3-4, Spiroplectammina navarroana Zone, AB5:- This 

Zone is  based on the occurence o f the nominate taxon recorded (few), plus a 

few  Adercotryma agterberqi, abundant Rhabdammina d iscrete, few  

Ammomargmulina macrospcira, Recurvcddes _ w alteri, Karreriella (Karrerulina) 

oonversa and Haplophragmcddes w alteri. Rare Haplophragmcddes kirkb 

Paratrochamminoides irregularis and Spiroplectammina spectahilis farm A. 

Common Karmriella (Karrerulina) horrida. This is  a rich and diverse 

agglutinated assemblage. The assemblage is  a very d istinctive Early Eocene 

agglutinated one (Gradstein e t  aL, 1988). Far example, H. kirid. is  typically E. 

Eocene as is  S. spectahilis farm A (Gradstein e t  aL; op. a t .  ).

5510' EarLy Eocene, NSB3-4, ?AB4:- Common Ammomarginulina macrospira, 

Haplohragmoddes kirki, H. walteri, Karreriella (Karrerulina) conversa, 

Cyclammina c f. garcilassai and Praecystammina globiqerinaefarm is. The la tter  

sp ecies is  a useful marker far the earLy Early Eocene (Gradstein e t  aL, 1988). 

Cyclammina c f. garcilassoi is  not usually common until the Late Palaeocene 

according to  Gradstein e t  aL (op. a t .) . Abundant Rhabdammina d iscrete 

recorded a t th is leveL Spdroplectemmina navarroana noted.
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5648' Early Eocene-Late Palaeocene, NSP4, Ctoscinodiscus sp.1 Zone, PK3:- This 

is  within the Sele Formation according to  NPD paper 28. Contains the FDO of 

the nominate taxon a t 5648'.

5886' 'Middle'/Late Palaeocene, NSB1b-2, Sproplectammina spectahilis form B 

Zone, AB2:- Heimdal Formation, Montrose Group. Contains very abundant 

Rhabdammina discrete. Common S. spectahilis farm B (index species far 

Zone AB2), Glomospira gardialis, Ammodiscus cretaceus, Repmanina charoddes 

and Kalamopsis grzybowskii. Rare Spiroplectammina navarroana noted. S. 

navarroana re-occurs in  the S. spectahilis farm B interval. A few  Ammodiscus 

planus were present in  5886', which is  according to  Gradstein e t  a l. (1988) a 

Middle-Late Palaeocene to  Early Palaeocene specdes. Abundant Rzehakina 

minima were recorded. Only abundant in  the Mid.-Late and EarLy Palaeocene. 

Rarely occurs in  the Latest Paleocene (Gradstein e t  aL, op. c it. ). A few  

Reticulophragmcodes jarvisi were also noted, plus AmmcJagena clavata. 

According to  Gradstein and Kaminski (1988) R. jarvisi LDO is  within their  

Retjculophragmiiim paupera- Trocham mina ruthvenmurrayi Late Palaeocene Zone 

(NSB1 o f King (1983), P3/4 of Blow (1979)). Hyperammina subnodosifarmis 

were common in  th is sample. According to  the NPD report (1981, see  above) 

the base o f the Montrose Group is  a t 6860' (Maureen Formation from 6430’-  

6860').

5.2. Land Sections^

H ie London d a y  Fcmnation, Parliament B ill S ite. (See Enclosure No.9). 

PH001-PH004 EarLy Eocene, Globigerina [Subbotina] . linaperta Zone PK4, 

and Zones AB4, CB3(PH001 -2 ), NSP5, NSB3 o f King (1983):- Contains common 

examples o f the nominate taxon. Other farms th at indicate th is age are rare
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Turrilina bnevispira (PH001, PH002), rare to  common Pulsiphonina pilma (PH001, 

PH002), frequent to  rare Nodosaria latejugata (PH001-PH003), Gaudryina 

hilfermanni (PH003), common to  abundant Uvdqerina batjesL (PH001-PH004), few  

to  common SpiropLectinella adamsL (PH001-PH004), few  to  common 

Qavulincddes anglicus (PH001-PH004), few  to  abundant Percidtazonaria 

w etherellii (PH001-PH004), and common to  abundant Osangularia plummerae 

(PH001-PH004). C. anglicus was noted from Zone NSB3, E. Eocene, in  the  

North Sea by King (1983). Osangularia sp. was used by King (1981) as a 

marker far the base o f his Division C, P6b. 0 . plummerae, according to  

Brotzen (1940) occurs in  large numbers in the London Clay. Cjbicidoides alleni 

was also recorded in  these samples in  PH001, PH003 and PH004 as was 

BrizAHna anglica in  PH001-PH004. Other Eocene farms were Darothia 

principiensis and Darothia eocenica. D. prLncipiensis was noted by Verdenius 

and van Hinte (1983) from Late to  Middle Eocene sedim ents. Few to  common 

Cenosphaera sp. was noted in  PH001 and PH003.

British Library S ite.(See Enclosure No.10).

BL001-BL005 EarLy Eocene/Late Palaeocene Coscinodiscus sp.1 Zone PK3, NSP4, 

NSB2, Division B (base of) to  Division A o f London Clay King (1981):- Contains 

Coscdndiqcus sp.2 o f Bartenstein e t  aL (1962), plus reworked Cretaceous 

Eouvigerina aculeata and Biglobigerinella aspera. Rare Bathysiphon sp. was 

also noted. Samples in th is Zone were mostly barren o f fara minif era.

Eusbon Coitre Site.

Early Eocene. Division B (upper part?), Zone ?AB4, NSB3 o f King (1983):- One 

sample was examined from the excavations far the Euston Centre collested  by 

R. Bowen. This sample contained a rich and diverse London Clay fauna,
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without Osangularia plummerae. Specdes noted included Nodosaria latejugata, 

Percultazonaria w etherellii, Dentalina m ultilineata, Cibi aides westL, 

Anomalinoides d am , Sporoplectinella adamsi, rare Gaudryina hiltermanni and a 

few  planktonic specdes similar to  Globigerina chascanona.

PegweEL Bay, Kent: C liff End section , PegweCL Maris Member. Lithostratigraphic 

Unit 10 a f Siesser e t  aL (1987), Late Palaeocene, Nannoplankton Zones 

?NP6/7:- One sample was examined from the Palaeocene, Pegw ell Bay. Noted 

from th is sample were common Vagmulinopsis praelonga, abundant Bulimina 

trigonalis, and rarer Alabamina spp.
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6. Integrated Stratigraphy and cxarrelatixxis with Standard Tertiary
Biostratigraphic Schemes.

C orrelation  o f th e zonation  used by th e p resen t w r iter  w ith  the

standard p lan k ton ic T ertiary  zonations i s  made d i f f ic u l t  by th e lack  o f

p lan k ton ic index foram in ifera in  th e T ertiary  o f th e North Sea B asin . Most 

o f th e standard zon ation s were e sta b lish ed  in  tr o p ic a l or su b tro p ica l 

reg io n s, in  open marine environm ents. The m iddle to  h igh  la t itu d e  North Sea 

B asin  on ly  had a tenuous connection  to  open ocean ic w aters during the  

T ertia ry .

S im ilar problems arose when th e standard nannoplankton schemes were 

a p p lied  to  th e North Sea T ertiary  (LTG. t e s t e ) .

F igure 9 shows an in tegra ted  b io stra tig ra p h ic  scheme fo r  th e  

Palaeogene o f th e North Sea. The AB, CB and PK Zones e sta b lish e d  by the  

p resen t w riter  are combined to  g iv e  a scheme o f h igh er s tr a tig r a p h ic  

r e so lu tio n . The sp e c ie s  Zones are co rre la ted  w ith  th e d e p o sitio n a l 

sequences (S .S .)  o f  Stew art (1987), th e P and N Zones o f  Berggren e t  a l .

(1985), and th e NSB and NSP Zones o f King (1989).

L. G allagher, in  h is  PhD th e s is , e sta b lish ed  NS Zones 23-1 (se e  

f i g . 1 0 ) ,  E arly P alaeocen e-P liocen e. He a lso  proposed a combined zonation  

Zones 27-1 (CZ in  th is  stu d y, see  f i g .  11) and co rre la ted  h is  Zones w ith  th e  

standard lith o str a tig r a p h ic  schemes fo r  th e North Sea T ertia ry , and th e  

B elgian  and London-Hampshire B asins (see  f i g . 8 ) .

The Danian P lankton ics Zone (PK1), co rre la ted  w ith  P Zones 1 -2 ,  NP 

Zones 1 -4 , NS Zones 23-17, CZ Zones 27-21 (L T G .teste), and Kings (1983, 

1989) NSP1 Zone. The h ig h est occurrence o f  E oglobigerina t r iv ia l i s  and 

G lob astica  daubj ergens i s  marks th e top o f th e Danian (E arly P alaeocene)

Zone PK1B (?top o f NS17), Maureen form ation (w ater depths o f g rea ter  than
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200-500m ). The P I- P2 boundary i s  marked by th e LAD1 s  o f  E oglob igerina  

eo b u llo id es s im p lic issim a , and E oglobigerina a f f .  t r iv ia l i s  (sensu  Blow 

1979). T his c o rr e la te s  w ith  th e E kofisk Form ation, SS1 o f Stew art (1987), 

(w ater depths o f  le s s  than 200-500m). Zones CZ 27-21 c o r r e la te  d ir e c t ly  

w ith  Zones NS23-17, th e  boundaries o f th e former b ein g d efin ed  on th e same 

sp e c ie s  a s th e la t t e r .

The C lavulina p a r is ie n s is / C lavu lin oid es a n g licu s Zone AB1 corresponds 

to  SS.2 o f Stew art (1987), P3, NSB1b, NSP1c-2, and nannoplankton Zones NP4- 

NP?6, NS16, CZ 20 (LTG.t e s t e ) . Zone CZ 20 was d efin ed  (se e  L. G allagh er's 

th e s is , F i g .49) by th e FDO o f C lavulina p a r is ie n is is  or C lavu lin o id es  

a n g lica  a t  th e to p , w ith  th e base d efin ed  by th e FDO o f G lob astica

d au b jergen sis and th e LDO o f F ascicu lth u s sp e c ie s . T his e a r ly  Late

Palaeocene Zone i s  o ften  th in  (see  chapter 4 fo r  comments) . The base o f  

th is  Zone c o r r e la te s  w ith  NSPlc o f King 1989, which he co rre la ted  to  Zone 

P3 by u sin g  th e presence o f rare G lob orotalia  angu lata (P2 to  lower P3) and 

G. uncinata (P2 to  low er P3) (se e  a ls o  C rittenden 1981). The la t t e r  two 

sp e c ie s  were not noted in  th is  stud y. NSP2 o f King (1989) contain ed  rare  

exam ples o f  G lob orotalia  chapmani (range from P3-P6), n ot noted by th e  

p resen t w r ite r .

The Spongiod iscid  ra d io la r ia  Zone (Cenodiscus le n t ic u la r is ) , PK2,

E arly P alaeocene, c o rr e la te s  w ith  th e top  o f  Zone NS16, CZ19, nannoplankton

Zone NP5 o f M artini 1971 (LTG.teste), NP6 o f Berggren e t  a l .  1985, NSP2 and

NSBlb o f King (1989), and P Zone o ld er than P3. The FDO o f  "Globanomalina" 

com pressa, "G." pseudob ulloid es and G lob igerina [Subbotina] 

tr ilo c u lin o id e s  occurs w ith in  th is  Zone. T his i s  th e  top  o f  S tew art's  

(1987) sequence 2.

O verlying th is  Zone i s  th e Spiroplectammina s p e c ta b ilis  form B Zone,
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AB2, NP Zones 6-7 o f Berggren e t  a l . (1985). T his c o r r e la te s  w ith  Zone CZ18 

(LTG. t e s t e ) , ea r ly  Late Palaeocene. A gglutinated  sp e c ie s  are cannon in  th is  

Zone n ot in  th e o v erly in g  Zone as shown G allagh er's PhD th e s is , in  h is  

F i g .49 ( f i g .1 1 ,  th is  study).

The sp a rse ly  m ic r o fo ss ilife r o u s  Zone, L ate P alaeocene, Zone AB3 in  

th is  stu d y, c o rr e la te s  w ith  Zone NSB2, and Zone NSP3. King (1989) suggested  

th a t h is  NSB1/NSB2 boundary a t the base o f th is  Zone was near th e NP8/9 

boundary. The CZ Zone 17 co rre la tes w ith th is  Zone (LTG.t e s t e ) .

The Balder Formation was marked in  th is  study by th e C oscinodiscus 

sp.1 Zone, PK3, Late Palaeocene-?Early Eocene. T his c o r r e la te s  w ith  NP 

Zones 9-10 o f Berggren e t  a l .  (op. c i t . ) ,  NP10-11 o f M artini 1971, and Zone 

CZ16 (LTG.t e s t e ) , th e top  o f  which i s  d efin ed  by th e LDO o f D isco a ster  

lo d o e n s is , and th e FIX) o f  C oscinodiscus s p .1 .  King (1989) suggested  th a t 

th e  NP9/10 boundary corresponds to  the S e le  Form ation/Balder Formation 

boundary. The NSB2/NSB3 boundary i s  a t th e top  o f  th e Balder Form ation.

T his in te r v a l rep resen ts reducing co n d itio n s, and corresponds to  

d e p o sitio n a l sequence SS9 o f Stewart (1987).

The E arly Eocene, Ypresian i s  marked by th e  PK4, G lob igerina  

[Subbotina] lin a p erta  acme Zone; th is  rep resen ts a high stand o f  

Stew art (1987). Many o f th e specimens found in  t h is  Zone are sta in ed  pink  

or red . T his Zone was rare in  th e North Sea T ertia ry . The London Clay 

Formation examined in  th is  study f a l l s  w ith in  th is  Zone (se e  E nclosure 

N os.9 -1 0 ) .  T his Zone corresponds to  nannoplankton Zones NP11-12 o f Berggren 

e t  a l . (1985), and NS15, CZ15, NP12 o f M artini 1971 (LTG.t e s t e ) and Zone 

NSP5 o f King (1983, 1989). The base o f Zone NS15 (and CZ15) i s  marked by 

th e LDO o f D iscoaster lo d o en sis , and th e top  by th e FDO o f T ribrach iatus 

o r th o sty lu s .
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The overly in g  la te  Early Eocene Spiroplectam m ina navarroana AB5 Zone, 

co rr e la te s  w ith  Zone NP13-14, CZ14 (LTG.t e s t e ) . The FDO o f A carin ina a f f .  

pentacam erata i s  w ith in  th is  Zone. I t  c o rr e la te s  w ith  Berggren e t  a l .  *s 

(1985) P8a-P9 Zones.

The Cenosphaera sp . Zone, PK5 la te  E arly E ocene-early M iddle Eocene, 

con ta in s large numbers o f th e nominate taxon. I t  c o r r e la te s  w ith  NP14 o f 

Berggren e t  a l .  (1985). L. G allagher (ms) co rre la ted  th is  Zone w ith  NP14-15 

o f M artini 1971, NS14 and base o f NS13, CZ Zones 13-12. CZ13 i s  d efin ed  by 

th e FDO o f N annotetrina sp ec ie s  a t  th e to p , w h ile  th e base o f  th is  Zone i s  

d efin ed  by th e  FDO o f Spiroplectammina navarroana , and LDO o f  Sphenolithus 

fu r c a to lith o id e s . CZ12 i s  d efin ed  by th e FDO o f common-abundant Cenosphaera 

sp . a t  i t s  to p , w ith th e base d efin ed  by th e LDO o f N annotetrina sp ec ie s  

(LTG.t e s t e ) .

The Spiroplectam m ina s p e c ta b ilis  form A Zone, AB8, M iddle Eocene, 

c o r r e la te s  w ith  Zones NSP7-8a and NSB5a-5c o f  King (1989). I t  a ls o  

corresponds to  Zones NP14-17 o f Berggren e t  a l .  (1985). L. G allagh er, in  

h is  PhD th e s is  co rre la ted  th is  Zone w ith  M artin i's  1971 Zones, NP15-16, and 

h is  NS Zones 13-12, CZ Zones 11-10. CZ11 was d efin ed  by th e FDO o f  

Rhabdosphaera g la d iu s a t  th e top , w h ile  th e base was d efin ed  by abundant 

Cenosphaera sp . CZ Zone 10 was d efin ed  by th e FDO o f S^ s p e c ta b ilis  form A 

a t th e top , w ith  th e base d efin ed  by th e FDO o f th e n a n n o fo ssil 

Rhabdosphaera g la d iu s .

The la te  Middle Eocene Zone in  th is  study i s  th e  Amnomarginulina 

m acrospira Zone. T his Zone i s  based upon inform ation gathered from 

G radstein e t  a l .  (1988), G radstein and Kaminski (1989) and King (1989). I t  

was n ot noted in  th is  stu d y, but the lite r a tu r e  supports i t s  e r e c tio n . I t  

corresponds, according to  King (1989), to  Berggren e t  a l . ' s  (1985) NP Zones
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17-20. L. G allagher, in  h is  PhD th e s is , co rre la ted  th is  Zone w ith  h is  NS12 

Zone, upper p a rt, Zone CZ9-8. Zone CZ8 was d efin ed  by th e FDO o f  A. 

m acrospira a t  th e top  o f th e Zone, w ith th e FDO o f n a n n o fo ssils  

G hiasm olithus s o litu s  and D iscoaster d is tin c tu s  a t  th e b ase.

The K a rrer ie lla  (K arrerulina) conversa Zone AB9, L ate Eocene, 

c o r r e la te s  w ith  NSB6, and NSP8c-9 o f King (1989). L. G a llagh er's North Sea 

T ertiary  Zonation c o r r e la te s  th e upper p art o f th is  Zone w ith  h is  NS11 Zone 

d efin ed  by th e  FDO o f th e  n an n ofossil R eticu lo fen estra  r e t ic u la ta  a t  th e  

to p , w ith  th e LDO o f Ism olithu s recurvus a t  i t s  b a se . T his c o r r e la te s  w ith  

CZ Zone 6. CZ7 marks th e very base o f Zone AB9 and i t s  top  i s  d efin ed  by 

th e LDO o f th e n a n n o fo ssil Ism olithu s recurvus, w h ile  th e base o f th e Zone 

i s  d efin ed  by th e FDO o f Ammomarginulina m acrospira. The very base o f Zone 

AB9 was barren o f n a n n o fo ssils .

The Early O ligocene was marked by the presence o f  R o ta lia tin a  

b u lim oid es, Zone CB7. L. G allagher co rrela ted  th is  Zone w ith  h is  Zone NS10. 

and base o f NS9, and CZ Zones 5-3. NS10 was d efin ed  by th e  FDO o f  

R eticu lo fen estra  um bilicus a t th e to p , w ith th e base d efin ed  by th e  FDO o f  

R eticu lo fen estra  r e t ic u la ta  (and K a rreriella  (K arrerulina) con versa) . CZ 

Zone 5 was d efin ed  by th e FDO o f K a rrer iella  (K arrerulina) conversa a t  i t s  

to p , w ith  th e  base d efin ed  by th e FDO o f R eticu lo fen estra  r e t ic u la ta . CZ4 

was d efin ed  by th e FDO o f R  ̂ um bilicus a t i t s  to p , w ith  th e base d efin ed  by 

th e FDO o f K a rrer ie lla  (K arrerulina) conversa. The top  o f Zone CB7 was 

d efin ed  in  th is  study by th e FDO o f R o ta lia tin a  b u lim oid es. Zone CZ3 was 

d efin ed  by th e  FDO o f th e la t te r  sp ec ie s  a t  i t s  to p , w ith  th e  base d efin ed  

by th e  FDO o f R eticu lo fen estra  um bilicus (LTG.t e s t e ) .

The L ate O ligocene-E arly Miocene S p iro sig m o ilin e lla  compressa Zone, 

AB11a-b, c o rr e la te s  w ith  Zones NP24-NN2 o f Berggren e t  a l .  (1985), and

-314-



Zones NSB8/9, NSP9/10 o f King (1989). Zone AB11a, L ate O ligocen e, 

c o r r e la te s  w ith  L. G allagh er's NS9 (upper p a r t) ,  NS8 Zones, and Zones CZ2- 

1 . CZ2 i s  d efin ed  by th e LDO o f C y clica rg o lith u s a b isec tu s a t  i t s  top , 

w h ile  th e  base i s  d efin ed  by th e FDO o f R o ta lia tin a  b u lim oid es. Zone CZ1 i s  

d efin ed  by th e  FDO's o f Zygrhablithus b iju gatu s and R eticu lo fen estra  

sc issu r a  a t  th e to p , w ith  th e base d efin ed  by th e LDO o f C y c lica rg o lith u s  

a b isec tu s  (LTG .teste).
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CHAPTER 7 .

PALAEOEIWIRONMENTAL COMMENTS.

7.1 .General Ctanments.
Because o f th e ir  wide geographical range and la rg e  numbers, a s w e ll a s long  

g e o lo g ic a l h is to r y , foram in ifera are a good source o f palaeoenvironm ental 

d ata . The occurrence o f benthonic sp ec ie s  i s  co n tro lled  to  a g rea t ex ten t 

by fa c to r s  such a s depth, tem perature, amount o f l ig h t , tu r b id ity  and 

turbulence o f  th e w ater, character o f th e bottom sed im ents, w ater s a lin ity  

and chem ical a v a ila b ility , and food supply, sym biotic organism s, presence  

or absence o f  p a r a site s  and predators. P lanktonic foram in ifera  are  

in flu en ced  by th e same chem ical and b io lo g ic a l fa c to r s , but th e  im portant 

p h y sica l in flu en ces  are tem perature, cu rren ts, tu rb u len ce, and tu r b id ity .

The upper depth lim its  o f benthonic foram in ifera are u se fu l in  

palaeoenvironm ental and palaeoba thyme t r ie  in te r p r e ta tio n s. R ecent stu d ies  

have shown th a t th e d is tr ib u tio n  o f  many benthonic forms i s  co n to lled  by, 

and or p o s it iv e ly  co rre la ted  w ith , th e v a r ia b les th a t ch a ra cter ise  

d iffe r e n t w ater m asses. Although th is  p attern  may flu c tu a te  in  space and 

tim e, th ere i s  an upper depth lim it  which i s  c h a r a c te r is tic  o f  each  

sp e c ie s .

The palaeodepth o f a s i t e  then has c la s s ic a lly  been determ ined on th e  

b a s is  o f i t s  benthonic foram in ifera l faunas. T h is, however, must take in to  

account th e  changed adaptation  o f c er ta in  ben th ic foram in ifera  to  

environm ental co n d itio n s between th e  T ertiary  and th e R ecent, ard 

s im ila r ly , probably, between th e Cretaceous and th e T ertia ry .

7.2 The London Clay.
A palaeoenvironm ental a n a ly s is  o f th e Parliam ent H i l l ,  London Clay 

Formation sam ples was carried  out u sin g  th e °t in d ic e s  (see  W right and
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Murray 1972), and a tr ian gu lar  p lo t (Murray 1973), fo r  liv in g  

fo ra m in ifer id s. F igure 12 shows where on th is  tr ia n g le  th e Parliam ent H i l l  

s i t e s  1 to  4 p lo tte d , togeth er w ith samples from L ord's Roundabout. The 

data from a l l  th e s i t e s  p lo t in  the ROTALIINA co m er, su ggestin g  a sh e lf  

sea . The c* in d ices  graph ( f ig .1 3 )  confirm s t h is ,  g iv in g  d iv e r s ity  in d ices  

o f 5 to  16, in d ica tin g  th a t sedim ents from th e Parliam ent H i l l  sam ples were 

probably d ep osited  in  a s h e lf  environm ent, in  w ater depths o f  around 50 

m etres to  100 m etres. These samples f a l l  in to  W right's (1974) faunule 3 or 

4.

7 .3  The North Sea Biofacies (King, 1983, 1989).
King (1983) e sta b lish e d  3 d ep th -related  benthonic foram inferid  

b io fa c ie s  in  th e  North Sea T ertiary .

The f i r s t  was an ' inn er su b litto r a l b io f a c i e s ' ,  w ith  w ater depths o f  

0-50 m etres. Included in  th is  b io fa c ie s  were e lp h id iid s , c ib ic id id s , 

m ilio lid s , polym orphinids and r o ta liid s . The second was an 'o u ter  

su b litto r a l-e p ib a th y a l b io f a c i e s 1; King (1989) d iv id ed  th is  b io fa c ie s  in to  

two d ep th -re la ted  su b fa c ie s . The f i r s t  su b fa c ie s  (2a) i s  ch a ra cter ised  by 

s ig n if ic a n t  amounts o f la rg e  n od osariid s, p lu s b o liv in id s , v a lv u lin e r iid s , 

la rg e  b u lim in id s and in  th e Neogene, large c a s s id u lin id s . King (1989) 

co rre la ted  th is  su b fa cies w ith  Berggren and A ub ert's (1975) "Midway-type" 

assem blage, and suggested  water depths o f  50m to  200m. The second su b fa cies  

(2b) con ta in s s t ilo s to m e llid s , sm all g y ro id in id s , p leu ro sto m ellid s, p lu s 

P u llen ia  and O r id o rsa lis . Large nod osariid s are rarer than in  su b fa c ies 2a; 

specim ens are u su a lly  sm all. King (op. c i t . ) co rre la ted  th is  su b fa c ie s  w ith  

Berggren and A ubert's (1975) "Velasco-type" assem blage, and suggested  water 

depths o f  g rea ter  than 200m. King (op. c i t . ) p o in ted  ou t th a t su b fa cies 2a 

and 2b could  on ly  be d iffe r e n tia te d  in  sedim ents o f  L ate Palaeocene to
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Early Miocene age. The th ird  b io fa c ie s  i s  th e "Rhabdairniina-b io fa c ie s" , 

(King, 1983) or th e non-calcareous bathyal b io fa c ie s  (King, 1989). This 

b io fa c ie s  i s  dominated by, or w holly composed o f , 1 f ly sc h -ty p e 1 

a g g lu tin a ted  b en th ic  foram in ifera . The dominant su p er fa m ilies , according to  

King (op. c i t . ) ,  are A strorhizacea and Ammodiscacea w ith  "Cyclamminids". 

Commonly encountered genera are; Reticulophragmium, B athysiphon, Glomospira 

and Ammodiscus. The calcareou s foram in ifera when p resen t are sm all and 

o ften  p a r t ia lly  d isso lv e d . This b io fa c ie s  occurs in  th e d eep est p a rts o f  

th e b asin ; according to  King (1989) i t  " la te r a lly  and v e r t ic a lly  rep la ces  

b io fa c ie s  2b" ( p .422). Water depths o f more than 200m were su ggested  by 

King (op. c i t . ) .  T his deeper water b io fa c ie s  occu p ies th e c en tr a l p art o f  

th e C entral North Sea T ertiary  B asin , w hile th e shallow er w ater b io fa c ie s  

are found towards th e edges o f th e b asin .

As im plied  above, King (1989) regarded th ese  b io fa c ie s  a s la r g e ly  

d ep th -co n tro lled  assem blages.

7.4 The Flysch-type Agglutinated Biofacies.
7.4.1 General Comments.

A ccording to  King (1989), agg lu tin ated  foram in ifera f a l l  in to  two 

groups in h a b itin g  d if fe r e n t h a b ita ts  and form, a s f o s s i l s ,  two d is t in c t  

assem blages, based on th e presence or absence o f  CaOÔ  as an im portant part 

o f th e cement in  th e  t e s t  w a ll .  Group 1 (CA, or ca lcareou s a g g lu tin a n ts  

group o f  King, op . c i t . ) c o n s is ts  o f th e V a lvu lin id ae, and m ost o f th e  

D oroth iid ae, E ggerellid ae and T ex tu la r iid a e . The CA group occu rs w ith  

ca lcareou s taxa in  'normal' marine environm ents. Group 2 (th e  NCA or non- 

ca lcareou s a g g lu tin a n ts group o f King, op. c i t . ) i s  made up o f  most o f th e  

Ammodiscacea, A strorh izacea, Ammosphaeroidinidae, Haplophragmoididae 

Ttochamminidae and Cyclammininae. The NCA groups o f  King (op. c i t . ) occur
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in  assem blages where calcareou s forms are absent or ra re . NCA assem blages 

o f King (op. c i t . )  occur in  in te r t id a l and lago o n a l-a b y ssa l environm ents, 

although in  th e North Sea they are m ostly deep-w ater, and f a l l  in to  the  

1 Rhabdammina-b io fa c ie s 1 o f King (1983). In th e Cenozoic o f th e  North Sea 

B asin , from th e Late Palaeocene-M iddle M iocene, th ere  has been a w idespread  

developm ent o f 'fly sc h -ty p e ' a gg lu tin a ted  foram in ifera  (= 'Rhabdarnmina-  

b io fa c ie s*  o f  King, 1983, NCA assem blage o f King, 1989)

Environm ental co n tro ls  on th ese  assem blages are d iscu ssed  by G radstein  

and Berggren (1981). These co n tro ls  in clu d e r e s tr ic te d  w ater c ir c u la tio n , 

which according to  King (1989) w i l l  lead  to  a red u ction  in  oxygen 

con cen tration s and an in crea se  in  th e carbon d io x id e  le v e ls  a t  th e sedim ent 

w ater in te r fa c e ; th is  w i l l  then produce a s lig h t ly  a c id ic , reducing  

environm ent which w i l l  r e s t r ic t  th e amount o f calcium  carbonate th a t can be 

p r e c ip ita te d . Only NCAs w i l l  p e r s is t  under such co n d itio n s (K ing, op. 

c i t . ) .  L ess extrem e co n d itio n s a llow  th e e x iste n c e  o f  some more 'to le r a n t' 

ca lcareou s ta x a , but th e lew calcium  carbonate con ten t o f th e  sedim ent may 

cause th ese  taxa to  undergo post-mortem carbonate d is s o lu tio n . The t e s t s  o f 

ca lcareou s foram in ifera are o ften  preserved as p y r itise d  m oulds. In th e  

O ligocene o f th e  C entral part o f th e C entral North Sea, where th e f ly sc h -  

type fauna occurs (Zone CB7, AB10, in  w e ll 29/10-1 fo r  example) p a r tly  

p y r itise d  rare Gyroidina spp. occur. P lanktonic foram in ifera  are rare in  

sedim ents con tain in g fly sc h -ty p e  assem blages, a s th ey a lso  su ffe r  from 

se a flo o r  d is so lu tio n .

King (1989) suggested  th a t th e above r e s tr ic te d  w ater c ir c u la tio n  was 

caused by "basin com partm entalisation" (p .423); th a t i s ,  th e  developm ent o f 

s i l l e d  b a sin s , where below th e le v e l o f th e s i l l  th ere  was r e s tr ic te d  

c ir c u la tio n . Above th e s i l l  le v e l 'normal' m arine, wal 1-oxygenated water



c ir c u la te d . King (op. c i t . ) suggested th a t th e e f f e c t  o f  a s i l l e d  b asin  

would be accentuated during phases o f lew e u s ta tic  sea  le v e l (r eg r e ss io n s) .

7.4.2 The Relationship Between Flysch-type Fauna's, the cycles of Vail et 
al. (1977), and the depositional sequences (SS) of Stewart (1987).

King (1989) compared th e r e la t iv e  ex ten t o f h is  NCA assem blages in  th e  

North Sea B asin w ith  th e worldwide e u s ta tic  sea  le v e l c y c le s  d escrib ed  by 

V a il e t  a l .  (1977, see  f i g .1 4 ) .  NCA (= fly sch -ty p e) assem blages f i r s t  

appeared in  th e North Sea T ertiary  in  th e b a sa l p art o f th e L ate 

P alaeocen e, a t th e same tim e as V a il e t  a l . ' s  (op. c i t . )  lew  sea  le v e l  

phase a t  th e  base o f h is  TP2.1 c y c le . The fly sc h -ty p e  assem blages extend  

w id ely  geograp h ica lly  in  th e Late Palaeocene in  Zones AB1-AB2 in  th is  study  

(K ing's, 1989 NSA1 Zone). In the ea rly  L ate P alaeocene, Stew art (1987) 

recogn ised  a rapid reg ressio n  in  h is  d ep o sitio n a l sequence 3 (Zone AB2 in  

th is  study covers S tew arts, (op. c i t .) sequences 3-6 , see  f i g s .  14, 15, and 

16). In  Zone PK3 in  th is  study (Early Eocene-Late Palaeocene) rare  

ca lcareou s b en th ics were recorded) which in d ic a te s  a shallow  s h e lf  

environm ent (NSA2 o f King, op. c i t . ) .  T his c o rr e la te s  w ith  th e Late 

Palaeocene sea le v e l f a l l s  o f  TP2.3 and TE1.1 o f V a il e t  a l .  (op. c i t . ) .  

T his Zone i s  represented  by S tew art's (1987), d ep o sitio n a l sequence 9 , a s a 

low stand system , th a t i s  a reg ressiv e  phase (see  f i g . 1 6 ) .  In  th e  Early  

Eocene th e  fly sch -ty p e  faunal assem blage (Rhabdammina-b io fa c ie s  o f King, 

1983) reappeared; i t  i s  geograp h ica lly  widespread in  th e North Sea T ertiary  

B asin in  th e la te  Early Eocene, and ea r ly  Middle Eocene. T his reappearance 

c o in c id es  w ith  th e TE2.1 c y c le  o f V a il e t  a l .  (op. c i t . ) ,  when th ere was a

e u s ta t ic  sea  le v e l f a l l  in  th e la te  Early Eocene (K ing, 1989). This

corresponds to  th e Spiroplectammina navarroana Zone AB5 in  th is  study

(p lu s AB6-7?). The top  o f  S tew art's (1987) d ep o sitio n a l sequence 10, which

-3 2 0 -



c o r r e la te s  in  p art w ith  Zone AB5, i s  represented  by a rapid  reg ressio n  

( f i g s . 14 t o  16).  The fly sch -ty p e  assem blages are more r e s tr ic te d  

geograp h ica lly  in  th e la te  Middle Eocene, e sp e c ia lly  in  th e upper part o f  

th e P lanulin a c o sta ta  Zone CB5 (NSB5 o f King, op. c i t . ) .  The fly sc h -ty p e  

assem blages con tracted  in  geographic e x te n t, p o ssib ly  due to  a gen era l r is e  

in  sea  le v e l (V ail e t  a l . , op. c i t . ) ,  in  th e Late Eocene and O ligocene; 

th ese  assem blages are very ex ten siv e  in  th e 'M iddle' O ligocen e, although  

th is  cannot be r e la ted  to  a e u s ta tic  sea  le v e l r is e  (King, op. c i t . ) .  The 

sea  le v e l f e l l  in  c y c le  TE2.1, causing th e fly sch -ty p e  assem blages to  

co n tra ct in  geographic e x te n t, although they p e r sis te d  in  th e  deeper p arts 

o f th e North Sea B asin in  th e C entral Graben, C entral North Sea in  th e  

E arly Miocene (w ell 29/10-1 in  th is  study). D iverse fly sc h -ty p e  faunas 

disappeared in  th e ea r ly  Middle M iocene. King (1989) c o r r e la te s  th is  w ith  a 

M iddle Miocene h igh  sea  le v e l phase, base o f c y c le  TM2.2 (V ail e t  a l . , op. 

c i t . ) .  King (op. c i t . ) a ls o  c o rr e la te s  th e presence o f  a lim ite d  f ly sc h -  

typ e fauna (NCA) in  th e Late M iocene, in  th e C entral Graben reg ion  o f the  

C entral North Sea, w ith  th e su ccesiv e  sea  le v e l f a l l s  o f  c y c le s  TM2.3 and 

TM3.1.

7.4.3 The Relationship between Flysch-type Faunas, planktonics and the 
Cycles of Vail et al. (1977), and Stewart (1987).

The marked v e r t ic a l changes in  th e abundance and geograp hical ex ten t 

o f p lan k ton ic foram in ifera in  th e North Sea T ertiary  B asin are c o n tr o lle d , 

according to  King (1989), by e u s ta tic  sea  le v e l changes. When th ere  was a 

high sea  le v e l (or 'H ighstand' o f Stew art, 1987) in  th e North Sea B asin i t  

allow ed an in flu x  o f  p lankton ic foram in ifera from th e North A tla n tic  water 

m ass. Lew sea  le v e ls  r e s tr ic te d  the entry o f p la n k to n ics. King (op. c i t . )  

p oin ted  ou t th a t th ere  was an in v erse  re la tio n sh ip  between th e geographic
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ex te n t o f  p lan kton ic foram inifera and agg lu tin a ted  benthonics (NCA 

assem blage, see  f i g .1 4 ) .  In  th e E arly Palaeocene (Zone FK1A-B in  th is  

stu d y),  th ere i s  a gradual reg ressio n  in  S tew art's (op. c i t . ) d ep o sitio n a l 

sequence 1 (Danian), and in  h is  sequence 2 ( s t i l l  p a r tly  in  th e Danian) a 

highstand system  developed ( f ig .1 6 ) .  The disappearance o f p lan kton ic  

foram in ifera  in  th e Late Palaeocene (NSP3 o f King, op. c i t . )  c o rr e la te s  

w ith  V a il e t  a l . ' s  (1977) c y c le  TP2.1 (a low s e a - l e v e l ) .  Hcwever, K ing's 

(op. c i t . )  NSP3 Zone co rr e la te s  w ith  S tew art's (1987) C oscinodiscus spp. 

Zone (d ep o sitio n a l sequence 8 ) , which according to  th e la t t e r  author occurs 

in  a ' H ighstand' system , th a t i s  a tra n sg ressio n . There i s  a tran sgression  

in  th e  la t t e r  p art o f th e Early Eocene in  th e ea r ly  p art o f  S tew art's (op. 

c i t . )  d e p o sitio n a l sequence 10, where th ere  i s  a reappearance o f  

p lan k ton ics (fo r  example G lobigerina [Subbotina] lin a p e r ta ) . At the  

base o f  th e  Cenosphaera Zone PK5 (NSP6 o f King, 1989) th ere  i s  a f a l l  in  

p lan k ton ic  abundance which correponds to  th e base o f c y c le  TE2.1 .  The 

reappearance in  abundance o f p lan k ton ics in  th e la te  M iddle-Late Eocene 

c o r r e la te s  w ith  th e TE2.1 and TE3 sea le v e l r is e s . In th e E arly Miocene 

(Diatom sp .3  Zone NSP9 o f King, op. c i t . ) th ere  i s  a red u ction  in  th e  

p lan k ton ic  abundance which according to  King (op. c i t . ) c o r r e la te s  w ith  the  

base o f  V a il e t  a l . ' s  (op. c i t . ) TM1.2 c y c le . In th e la te  E arly Miocene and 

M iddle Miocene (NSP12 to  NSPl4a o f King, op. c i t . ) th ere  i s  a su b sta n tia l 

in crea se  in  th e abundance o f p lan k ton ics. T his corresponds to  th e h ig h est 

Neogene sea  le v e ls  (TM2.1 and TM2.2). The abundance o f  p lan k ton ic  

foram infera f a l l s  in  th e Late M iocene, but in crea ses again  in  th e 'M iddle' 

P lio cen e  (=TP1 and TP2 high sea l e v e l s ) .

7.4.4 Conclusions.
King (1989) regarded h is  c o rr e la tio n s  w ith  V a il e t  a l .  's  (1977) work
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a s on ly  te n ta tiv e  because o f the in flu en ce  o f lo c a l and b a sin a l te c to n ic  

ev en ts in  c o n tr o llin g  th e d is tr ib u tio n  o f th e faunal assem blages. The 

p resen t w riter  must p o in t out th a t th e a p p lica tio n  o f th e c y c le s  in  V a il e t  

a l . (op. c i t . ) in  th e North Sea b asin  can on ly  ever be te n ta tiv e , a s the  

B asin  w i l l  be su b ject to  lo c a l changes in  sea  bed depth caused by r i f t in g ,  

fa u lt in g , and u p lif t  (commonplace in  th e T ertiary  in  th e North Sea B asin).  

Hence b asin  depths may w e ll be independent o f  any g lo b a l phenomenon.

7.5 Balaecbathymetry of Flysch-type Fauna's in the Northern North Sea.
G.D. Jones (1988) examined th e pa laeoba thyme tr y  o f Lower Selandian  

(P alaeocene) 'fly sc h -ty p e ' agg lu tin ated  foram in ifera , from th e  V iking  

Graben region  o f th e C entral North Sea". According to  G.D. Jones (op. 

c i t . ) ,  agg lu tin a ted  assem blages o f th e L ate C retaceous to  Palaeogene age 

which are dominated by d iv erse  p r im itiv e  taxa occur in  fly sc h -ty p e  

d e p o s its . Based on variou s lin e s  o f evidence (in clu d in g  geop h ysica l 

'b ack track in g ', taxonomic comparisons w ith  modem faunas, and g e o lo g ic a l 

ev id e n c e ), G radstein , Berggren and M iller  (1982), showed th a t fly sch -ty p e  

assem blages p referred  liv in g  in  deep w ater from below th e s h e lf  edge a t  

about 200m down to  ab yssa l depths o f about 4kms. Depth a lo n e , though, i s  

not an overrid in g  fa c to r  in flu en cin g  th e ir  occurrence. Many fly sc h -ty p e  

assem blages, such as th ose in  the Palaeogene se c tio n s  o f th e  North Sea and 

Labrador B asin s, seem to  be u ltim a te ly  a sso c ia ted  w ith  r e s tr ic te d  b asin s 

th a t were f i l l e d  w ith  organic r ic h , fin e -g ra in ed , s i l i c i c l a s t i c  sedim ent.

I t  was probably th ese  carbonate poor co n d itio n s which hindered th e  

developm ent o f a ca lcareou s fauna and promoted th e developm ent o f f ly sc h -  

typ e assem blages.

The p a laeoslop e tra n sect approach was used by G.D. Jones (op. c i t . ) to  

determ ine th e palaeoba thyme tr ie  trends o f  Late Palaeocene fly sc h -ty p e
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a g g lu tin a n ts in  th e V iking Graben o f th e North Sea. Samples from 6 w e lls  

were examined (in  B locks 8 and 9 in  th e U.K. se c to r , and 25 in  th e  

Norwegian sec to r) which exem plify th e observed fauna 1 tren d s. The above 

w e lls  are a lign ed  in  a tra n sect perpendicular to  th e a x is  o f  th e V iking 

Graben. Independent stra tig ra p h ic  and se ism ic  a n a ly s is  allow ed p a laeoslop e- 

palaeodepth determ ination , which in d ic a te s  th a t during th e Late Palaeocene, 

w ater depths ranged from 200m a t th e p a la eo sh e lf edge down to  about 1500m 

a t  th e  a x is  o f th e V iking Graben (th a t i s ,  th e palaeodepth grad ien t i s  from 

th e  sh e lf-e d g e  to  b asin  f lo o r ) .  The s ix  w e lls  stu d ied  a l l  p en etrate Late 

Palaeocene sec tio n s  (below Zone P3 o f Blow 1979, and Berggren e t  a l .  1985) 

co n ta in in g  abundant fly sch -ty p e  a g g lu tin a n ts. W ells 1 and 2 (B locks 8 and 

9) rep resen t upper slo p e  depths between 200m and 500m. W ells 3 and 4 (Block  

9) rep resen t 500m to  1000m water depths. W ells 5 and 6 (B lock 25) are  

lo ca ted  n ea rest th e d eep est part o f th e b a sin  a t  about 1500m.

Tubular A strorh izid  fragm ents dominated th e sam ples, w ith  sp ec ie s  o f  

Trochammina, Haplophragmoides, Spiroplectam m ina, and Saccammina forming a 

conspicuous but le s s  abundant component. C alcareous elem ents were e ith e r  

a b sen t, or extrem ely ra re . Two o f th e sam ples examined by G.D. Jones (op. 

c i t . ) contained th e d is t in c t iv e , and abundant, la rg e  R adiolarian  Cenodiscus 

le n t ic u la r is  (marker sp e c ie s  fo r  Zone PK2 in  th is  study).

In  th e upper s lo p e , represented  by W ell 1 , specim ens are f in e  to  

medium grain ed , w hite in  co lou r, and r e la t iv e ly  la r g e . In th e m iddle s lo p e , 

rep resen ted  by W ell 3 , th e specim ens are r e la t iv e ly  coarse grained , 

brow nish-green in  colou r and very la rg e . On th e  B asin f lo o r , specim ens are 

f in e  gra in ed , dark green in  colour (or, in  another sam ple, w hite in  

c o lo u r ), and r e la t iv e ly  small. Many o f th e L ate Palaeocene a g g lu tin a n ts in  

w e ll 29/10-1 were dark green . M icrop alaeon to log ists working w ith  O il
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E xploration  companies (G radstein per s .  comms. ) regard th is  green  

co lo u ra tio n  as ty p ic a l o f  ea r ly  Late Palaeocene sedim ents in  th e C entral 

North Sea B asin . The tubular A strorh izid  fragm ents dom inate, p a r tic u la r ly  

in  th e  m iddle slo p e  assem blages.

G.D. Jones (op. c i t . ) has an approach to  th e taxonomy o f tubular forms 

which reco g n ises th a t tubular fragm ents r a r e ly , i f  ev er , p o ssess  th e  

d ia g n o stic  taxonom ic fea tu res necessary fo r  s p e c if ic  or even g en eric  

id e n t if ic a t io n . Synonyms in  th e lite r a tu r e  abound fo r  such d i f f i c u l t  form s. 

G.D. Jones (o p . c i t . ) avoided adding to  th e e x is t in g  taxonomic con fu sion , by 

lumping th e A stro rh izid s in to  four inform al taxonom ic groups ("A,B,C, &

D11) .  Each f o s s i l  group was then re la ted  to  p o ss ib le  modem gen eric  

an alogu es. The taxonom ic approach used fo r  th e non-tubular form s, r e l ie s  

h e a v ily  on work by Kaminski e t  a l .  (1988) who have spent co sid era b le  e f fo r t  

comparing type specim ens o f fly sch -ty p e  sp e c ie s  and id e n tify in g  synonymous 

ta x a .

A n a lysis o f  th e  abundance d is tr ib u tio n s  o f  68 sp e c ie s  in d ic a te s  th a t 

12 o f th e  more common sp e c ie s  have d is t in c t  pa laeoba thyme t r ie  

d is tr ib u tio n s .

M iddle slo p e  assem blages tend to  co n ta in , in  g en era l, an abundance o f 

la rg e  coarse-gra in ed  sp e c ie s  such as Psantnosphaera fu sca , R ecurvoides 

e r i c i ,  Tolypammina sp . A and "tubular group C". T ests o f  Group C are la rg e , 

extrem ely coarse-gra in ed  w ith  a few gra in s much la rg er  than o th ers th a t 

protrude from th e t e s t  w a ll ,  and branching was not observed. Analogues for  

Group C are Rhabdammina, Hyperammina and perhaps Bathysiphon. A lso abundant 

in  th e  m iddle s lo p e  environment was Tolypammina sp . A which was found 

attach ed  to  la rg e  quartz g ra in s.

B asin  flo o r  sp e c ie s  are q u ite  d is t in c t  from shallow er assem blages and
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are ch a ra cter ised  by Pseudobolivina s p . , Rzehakina minima, R ecurvoides 

w a lte r i, and "tubular Group A". R̂_ minima and FL w a lte r i occur in  Zones AB1 

and AB2 ea r ly  L ate P alaeocene in  th e C entral North Sea.

T ests o f "Group D" are sm all, occur as segm ents, are fin e-g ra in ed  and 

d e lic a te , and sometimes branched. A modem gen eric  analogue i s  Rhizammina.

"Tubular Group A" i s  fa r  le s s  abundant in  th e b asin  flo o r  than in  

sh allow er assem blages. These forms are la rg e , s tr a ig h t c y lin d r ic a l, and 

f in e  to  medium-grained w ith  common annular c o n str ic tio n s  and are never 

found branched. P o ss ib le  modem gen eric analogues are Rhabdammina and 

B athysiphon.

Haplophragmoides w a lte r i i s  absent from th e b asin  flo o r  assem blages; 

th is  sp e c ie s  i s  common in  many North Sea Palaeocene-Eocene a g g lu tin a ted  

assem blages.

The R adiolarian  C enodiscus le n tic u la r is  (Zone PK2) i s  r e s tr ic te d  to  

th e b a sin  flo o r  assem blages. This supports a number o f  rep o rts which show 

th e maximum abundances o f  R ad iolaria  to  occur in  th e d eep est p ortion  o f  

marine b a sin s . (L le n t ic u la r is  was abundant in  w e ll 14/29-1 .

There i s  very  l i t t l e  agreement when th e num erical depth ranges o f th e  

sp e c ie s  in  th e T ertiary  o f th e V iking Graben are compared w ith  depth ranges 

o f th e  same sp e c ie s  in  th e T ertiary  from oth er b a sin s . T herefore, f ly sc h -  

type taxa cannot be used to  q u an tify  deep-w ater palaeobathym etry on a 

w orld-w ide b a s is . When environm ental con d ition s o f th e sea  bottom  are  

conducive, fly sc h -ty p e  assem blages w i l l  th r iv e , whether th a t favourable sea  

f lo o r  extends to  th e b a sin  flo o r  a t  1500m as in  th e V iking Graben or to  

much g rea ter  depths a s in  th e open ocean.

Kaminski e t  a l .  (1988) compared the pa laeoba thyme t r ie  trends o f  

fly sc h -ty p e  a g g lu tin a n ts from th e Late Cretaceous and Palaeogene o f many
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reg io n s. These in clu d ed , Southern C a lifo rn ia , Western A tla n tic  margin, 

T rinidad, Labrador Sea, P o lish  Carpathians and A tla n tic  Eocene ' s y n c l in e s ' .  

S everal a g g lu tin a ted  genera and sp ec ie s  were found to  c o n s is te n tly  occur in  

g rea ter  abundance in  th e deeper fa c ie s  o f a l l  th ese  a rea s. These taxa  

included Rhizairmina and Rzehakina. In th e Palaeocene o f th e V iking Graben, 

Rzehakina i s  r e s tr ic te d  to  th e d eep est palaeoenvironm ent.

Reports on modem fly sc h -ty p e  a g g lu tin a n ts, from th e North West 

co n tin en ta l m argin, in d ic a te  th a t sm all, d e lic a te , fin e-g ra in ed  and o fte n  

branching form s, such as Rhizairmina, p refer th e fin e-g ra in ed  low energy 

environm ents (G.D. Jon es, 1988). C onversely, coarser grained robust genera, 

in clu d in g  R ecurvoides, Psammosphaera and Rhabdammina (common in  Zone AB2), 

tend to  p refer  areas o f  h igher energy. Using th is  a s a model fo r  th e Late 

Palaeocene V iking Graben th e fin e-g ra in ed  sp e c ie s  Rzehakina minima, 

Pseudobolivina sp . and tubular Group D, are w e ll concentrated  a t  th e b asin  

flo o r  and su g g ests th a t th ey are near W ells 5 and 6 which were tra n q u il 

a rea s.

C onversely, th e  coarse-grain ed  sp e c ie s , R ecurvoides e r i c i ,  

Psammosphaera fu sc a , Tolypammina sp . A and tubular Group C are a l l  

concentrated  in  th e  m iddle s lo p e . This su ggests th a t h igher energy  

co n d itio n s e x is te d  in  th e area o f W ells 3 to  4 during Late Palaeocene  

tim es.

Kaminski e t  a l .  (1988) p lo tted  d iv e r s it ie s  fo r  Palaeocene fly sc h -ty p e  

m ateria l in  T rin idad , fo r  both tu r b id itic  and n o n -tu rb id itic  s e c tio n s . 

Sample d iv e r s it ie s  in  th e ir  data w ith in  tu r b id ite s  showed a g rea t 

v a r ia b ility , w ith  v a lu es both h igher and lower than th ose fo r  n o n -tu rb id ite  

se c tio n s . For exam ple, in  th e V iking Graben, in  some sam ples, th e m iddle 

slo p e  assem blages shewed su rp r isin g ly  h igher d iv e r s it ie s  than th o se  fo r
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both shallow er and deeper water assem blages. G.D. Jones (1988) explain ed  

th is  a s b ein g  th e r e s u lt  o f tu r b id itic  cu rren ts. This g rea t range o f v a lu es  

fo r  th e  tu r b id ite s  i s  probably re la ted  to  th e variou s h yd rau lic regim es 

w ith in  a tu r b id ite  sequence, whereby a flow  might leave behind a lew  

d iv e r s ity  drag assem blage, and a rap id ly  d ece lera tin g  flow  m ight d ep o sit a 

high d iv e r s ity  mixed assem blage o f a gg lu tin an ts d erived  from d iffe r e n t  

so u rces. U sing th is  id ea  o f a model, th e extreme d iv e r s ity  v a lu es in  G.D. 

J o n es's  (1988) m iddle s lo p e  samples may r e f le c t  d if fe r in g  h yd rau lic regim es 

w ith in  tu r b id ity  cu rren ts. T his means to o , th a t th e d is tr ib u tio n  o f sp ec ie s  

in  th e m iddle slo p e  may be based to  some degree on tran sp ort o f  th e  

sedim ent from shallow er depths.

A ccording to  G.D. Jones (1988) some o f th e d is tr ib u tio n a l p a ttern s o f  

th e  L ate P alaeocene V iking Graben sp ec ie s  seem to  be ex p la in ab le  in  terms 

o f R ecent d a ta , which shows co rre la tio n  o f s i z e ,  coarsen ess o f  t e s t ,  and 

d iv e r s ity  p a ttern  w ith  bottom energy co n d itio n s and tu r b id ity  current 

d ep o sitio n .

7.6 Depth Ranges far individual Oenozoic Deep-Water Benthic Species.
Van Morkhoven e t  a l .  (1986) suggested  approximate depth ranges fo r  

in d iv id u a l C enozoic b en th ic deep-w ater foram in ifera . For example van 

Morkhoven e t  a l .  (op. c i t . ) ,  s ta te  th a t S ten sio in a  b ecca r iifo rm is (marker 

sp e c ie s  fo r  Zone CB2, b a sa l Late Palaeocene in  th is  study) i s  a common 

sp e c ie s  in  Palaeocene bathyal assem blages, w h ile P lanulin a c o sta ta  (marker 

sp e c ie s  fo r  Zone CB5) i s  an upper-m iddle bathyal sp e c ie s . Van Morkhoven e t  

a l . (op. c i t . )  recorded S ten sio in a  b eccariiform is (CB2 marker s p e c ie s ) ,  

Spiroplectam m ina s p e c ta b ilis  (marker sp e c ie s  fo r  Zone AB2, L ate 

P alaeocen e), and N u tta llid e s  truempyi (occurs in  Zone CB2) in  a "V elasco- 

type" fau n al assem blage (Berggren and Aubert, 1975), in  m iddle to  upper
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b ath yal depths (500-700m). C ib icid o id es hyaphalus was noted in  zone CB2; a 

sp e c ie s  noted by van Morkhoven e t  a l .  (op. c i t . ) in  th e  lower bathyal 

depths (1000m-1500m), "V elasco-type" faunal assem blage, in  th e Palaeocene. 

C ib id id o id es a l l e n i , O sangularia plummerae (both sp e c ie s  are commonly found 

in  th e  E arly Eocene, Y presian, London Clay Formation) were recorded in  th e  

m iddle n e r it ic  bathym etric zone, "Midway-type" fauna o f Berggren and Aubert 

(op. c i t . ) in  th e  P alaeocen e. Cyclammina sp ec ie s  were recorded in  th e  

upper-m iddle bathyal depths in  th e Eocene.

Van Morkhoven e t  a l .  (op. c i t . ) recorded C ib ic id o id es eocaenus, 

V agin u lin op sis decorata (=P ercu ltazonaria w e th e r e llii, common in  th e la te  

M iddle-Late Eocene, CB6 Zone), Anomalinoides c a p ita tu s , T u rrilin a  r o b e r tsi 

(?=T. b rev isp ira  in  t h is  stu d y, marker sp ec ie s  fo r  Zone CB3, E arly E ocene), 

Spiroplectam m ina s p e c ta b ilis  (marker sp ec ie s  fo r  Zone AB8, m iddle Middle 

E ocene), Gaudryina h ilterm an ni (marker sp ec ie s  fo r  Zone AB4, E arly Eocene) 

and P lan u lin a  c o sta ta  (marker sp ec ie s  fo r  Zone CB5, Middle Eocene) in  upper 

b ath yal depths (200m-300m). This assem blage i s  ty p ic a lly  found in  the  

Southern North Sea (w e lls  49/9-1 , 49 /19-1 ) , in  th e Eocene, Zones CB3-CB6.

In th e  Neogene van Morkhoven e t  a l .  (1986) recorded; S igm oilop sis  

sch lum bergeri, Hoeglundina e leg a n s, Siphonina r e t ic u la ta  (index sp ec ie s  fo r  

th e  e a r ly  L ate Miocene CB14 Zone), and E ggerella  bradyi (=?K a rrer ie lla  

(M eidam onella) b rad yi) from m iddle-upper bathyal d ep th s. These sp e c ie s  are  

common in  Neogene sedim ents in  th e North Sea. Bulim ina elon gata  (index  

sp e c ie s  fo r  Zone CB15, Late M iocene, in  th is  study) was noted in  upper- 

m iddle n e r it ic  assem blages in  th e Neogene (Vienna B asin faunal assem blage); 

w h ile  Bulim ina a c u le a ta , G lobocassidulina subglobosa, and P u llen ia  

b u llo id e s  (common sp e c ie s  in  th e M iocene-Pliocene o f th e North Sea) were 

noted a s lcw er n e r it ic  to  upper bathyal sp e c ie s  by van Morkhoven e t  a l .
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(op. c i t . ) .  C ib ic id o id es dutem plei, C. p raecin ctu s (=H eterolepa dutem plei 

p raecin ctu s in  th is  s tu d y), Sphaeroidina b u llo id e s , Bulim ina m arginata and 

O rid o rsa lis  umbonatus were noted by van Morkhoven e t  a l .  (op. c i t . ) from 

m iddle-upper n e r it ic  d ep th s, in  th e Neogene. These sp e c ie s  are commonly 

encountered in  th e North Sea T ertiary .

In th e Late P lio ce n e -P le is to c e n e , tran sp ort o f  m ic r o fo ss ils  from 

shallow  s h e lf  environm ents in to  deeper w ater by ic e -r a ft in g  hampers any 

a n a ly s is  o f th e assem blages. T h is, according to  King (1989) may be why 

th ere i s  an a sso c ia tio n  in  th e Neogene o f th e North Sea, o f abundant 

Ammonia, Elphidium and Haynesina w ith  Bulim ina and U vigerina. Hcwever, th e  

f i r s t  4 genera ( th a t  i s ,  exclu d in g U vigerina) occur togeth er today in  th e  

B r is to l Channel in  w ater depths o f approxim ately 50-60m (Banner per s .  

comms.) .

7.7 The Geological and Palaeobathymetric History of Tertiary North Sea 
Calcareous Benthics.

In th e la t e s t  P alaeocen e-b asal Early Eocene th e calcareou s b en th ics  

are r e s tr ic te d  to  inn er s h e lf  environm ents. According to  King (op. c i t . ) ,  

in  th e  E arly Eocene th ere  were a number o f tra n sg ressio n s, and th e ou ter  

s h e lf  and bathyal h a b ita ts  were repopulated by sp e c ie s  from o u tsid e  th e  

b a sin . Many o f th ese  were descendants and su rvivors o f  Palaeocene form s. 

New Eocene sp e c ie s  inclu ded  P ercu ltazonaria  w e th e r e llii (-V ag in u lin op sis  

decorata o f  King, 1983, 1989), a sp ec ie s  common in  Zones CB3-CB6, and 

T u rrilin a  b rev isp ira  (marker sp ec ie s  fo r  Zone CB3, Early Eocene, in  th is  

stud y). In  th e E arly O ligocen e, base o f th e  R o ta lia tin a  bulim oides Zone 

CB7, D orothia s e ig l i e i  Zone AB10 (=NSB7 o f King, op. c i t . ) ,  th ere  i s  a 

major faunal 1 tu rn over' a s a r e s u lt  o f reg ressio n  and reg io n a l u p lif t  in  

th e L ate E ocene-basal O ligocen e, and a subsequent tra n sg ressio n  in  th e
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"Rupelian" (E arly O lig o cen e). King (op. c i t . )  p o in ts  out th a t in  th e  

"Rupelian" many new genera en ter  th e Basin fo r  th e  f i r s t  tim e. Examples 

are; C assid u lin a  (fo r  example carap itan a) , R o ta lia tin a  (R. b u lim oid es) , 

Sphaeroidina (S. b u lim oid es) and V a lv u lin eria  (rare in  th is  stud y). There 

was a major e x tin c tio n  o f  ca lcareou s b en th ics in  th e Early M iocene, w ith  

renewed d iv e r s if ic a t io n  in  th e la te  Early M iocene-M iddle M iocene. In th e  

Early P lio cen e  c a ss id u lin id s  (for  example C assid u lin a  la ev ig a ta  and C. 

cra ssa ) , and e lp h id iid s  (fo r  example Elphidium excavatum) are common. In  

th e m id-Late P lio cen e , Zones NSB14b-NSBl 5 , A rctic  taxa  were noted; examples 

are Elphidium groenlandicum  and B u ccella  fr ig id a . According to  King (op. 

c i t . ) th is  i s  co in c id en t w ith  th e f i r s t  appearance o f  ic e -r a fte d  d e tr itu s . 

E lp h id iid s and c a ss id u lin id s  are common in  th e L ate P lio ce n e -P le is to c e n e .
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CHAPTER 8 .
8 .1 .  C orrela tion  Problems.

The e r e c tio n  o f a scheme based on benthonic foram infera fo r  an area as 

large  and varied  in  i t s  fa c ie s  a s th e North Sea T ertiary  B asin p o ssesses  

problem s.

E x tin ctio n s were n ot isochronous as habitat-environm ents varied  

r eg io n a lly . The top s (F ir s t  Downhole Occurrences or FDOs) o f c er ta in  

sp e c ie s  w i l l  vary a cross th e  b a sin . For example, Spiroplectam m ina 

s p e c ta b ilis  according to  G radstein e t  a l .  (1988) top s la te r  in  th e  

Palaeocene in  th e Northern p art o f th e C entral North Sea than in  th e more 

cen tr a l and sou th erly  p a r ts . There are a lso  great fa c ie s  v a r ia tio n s  between 

th e c en tr a l p arts o f th e  C entral North sea and th e edges o f th e T ertiary  

B asin , due to  c o n str a in ts  such a s water depth, ra te  o f  sed im entation , e tc .

King (1983) based h is  s tu d ie s  on specim ens grea ter  than 125 microns in  

s i z e .  In th is  stu d y, in  an attem pt to  u t i l i s e  a v a ila b le  data more f u l l y ,  

a l l  m ic r o fo ss ils  (foram in ifera , r a d io la r ia , diatom s and Bolboform a) above 

74 m icrons in  s i z e  were exam ined.

King (op. c i t . ) based h is  s tu d ie s  on d itc h -c u ttin g s . Such sam ples may 

g iv e  r is e  to  poor b io str a tig r a p h ic a l r eso lu tio n  due to  caving o f  specim ens 

from h igh er le v e ls , i f  th e  w e ll i s  n ot lin ed  (cased) a t  regu lar in te r v a ls . 

As most o f  th e o i l  companies are more in tere sted  in  Palaeocene or o ld er  

sed im ents, w e lls  were n ot lin e d  u n t il below th e Neogene. Hence, 

con sid erab le  caving has taken p la ce  in  sam ples o f  th e la t te r  age. Reworking 

o f o ld er  sedim ents i s  a ls o  commonplace in  th e North Sea T ertia ry . In w e ll 

29/10-1 in  th e C entral North Sea T ertiary  B asin , Eocene sp e c ie s  are o ften  

reworked in to  th e O ligocen e, and O ligocene sp ec ie s  are o ften  reworked in to  

th e M iocene. Such reworking and caving has a ffec te d  th e to ta l range o f
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FIG .11. ;COMBINED CALCAREOUS NANNOFOSSIL AND FORAMINIFERAL ZONATION
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FIG .13.
Graphical techniques used by Murray and Wright to investigate 
the palaeoenvironments represented by the Isle of Wight Tertiaries.

50f
SHELF SEAS O F /  

NORMAL SALINITY
4^

40}

LL35

<25]
I HYPOSALINE & - 

-NEARSHORE SHELF 
t SEAS i

id

J  Sum m ary o f  the «  indices for
living foram inifcrids showing the total range 

10POO for each environm ent (from Wright and
Murray 1972).

100 500 1000
No. o f incJcvidoafs

KEY.

LC 4 ,  number o f  s p e c i e s  i s  42
" " i n d i v i d u a l s = 2 1 2 .

' A lp h a  d i v e r s i t y = 16 .
LC 3 number o f  s p e c i e s  i s  39 .

" " i n d i v i d u a l s = 2 0 4 .
A l p h a  d i v e r s i t y = 1 5 .

LC 2 number o f  s p e c i e s  i s  22 .
" " i n d i v i d u a l s = 1 3 7 .

A l p h a  d i v e r s i t y = 7 .
LC 1 number o f  s p e c i e s  i s  27 .

" " i n d i v i d u a l s = 2 3 6 .
A lp h a  d i v e r s i t y = 8 .

B. LC= H am pstead Heath  s a m p l e s .



FIG.14. C'cMo/dic of (he Nor(h Sc:i

R e la tiv e  e x te n t o( 
p lan V to n ic  lo fa n im ife n tts

PLElST

LT. PLIO
15d

TPEA. PUO

15c 13b
LATE

MIOCENE
TM15b ‘:T>

• • 1______
TM
2.3

13a1 0 -

____I
TM

MIODIE
MIOCENE

TM

TM

EARLY
MIOCENE 2 0 -

TM

TO
2.2LATE

OUGOCENE 8b

TO
30 —

EARLY
oli j OCEne 9b

TO

6b

zee:
1ATE

EOCENE 8b IT.T>
1__

5 b TE
2.2

MIDDLE
EOCENE

TE

TE5b

TE

2.3

LATE 
PALAEOCENE 60 “

TP
2.2

EARLY
PALAEOCENE

TP1

The C orrelation between King's (1989) NSP and NSB Zones and V a il e t  a l .  ' s  
(1977) Cycles; and th e  R elationsh ip  between th e R e la tiv e  Extents o f Non- 
Calcareous A gglutinants ard Planktonic Foram in iferids.



MORE LTD. 
AGGLUTIN 
ATED 
FOR^S.

NORMAL
MARINE.

10

PALE GREY MUDSTONE. LOWER UNIT OF REDDISH BROWN 
MUDSTONE. REGIONAL UNCONFORMITY AT THE TOP OF THIS UNIT 
(THE HORDLANO FORMATION).

-CHARACTERISED BY RED-STAINED EARLY YPRESIAN 
PLANKTONICS, CALCAREOUS BENTHCS. AND AGGLUTINATED 
FORMS.

SONIC.
.OW. HIGH.

GAMMA. 
LOW. HK3H.

COSCINO-
D6CUS
SP.1.

9

UPPER PART IS THE BALDER FORMATION (VOLCANIC ASH). SEISMIC 
EVENT AT THE TOP OF THE BALDER. (COVERS THE WHOLE OF THE 
NORTH SEA BASIN, GENERALLY THIN).

MARINE MUDSTONES OF THE SELE FORMATION. E EOCENE.
(ON LA PS ONTO THE UNDERLYING DELTA SLOPE).

COSO NO
DISCUS 
SPP? 
ABSENT 
OF
FORAMINI-
FERA

8

(MORAY DELTA). —  EAST.
CENTRAL NORTH SEA.

TOP SEOUENCE OF LIGNITES. BEAULY FORMATION. LOWER SLOPE 
/LOWER UNIT-PRODELTAAOWER. SLOPE DEPOSITION. TOPMOST 
THAN ET IAN. OLDER THAN SELE? MAY BE A CONDENSED 
SEOUENCE.

\ \
IMPOVERI
SHED
AGGLUm-
ATED
FORMS.

7

OUTER MORAY FIRTH-PROGRADATION OF A SHELF FACIES OVER 
SEOUENCE 6. IN THE CENTRAL TROUGH HAVE THE FORMATION OF 
THE RESERVOIR FOR THE FORTIES FIELD, WHICH IS A SUBMARINE 
FAN SANDSTONE (THE FAN IS OLDER THAN THE SHELF). LATE 
THANETIAN.

IMPOVERI
SHED.

Bl
SPECTABI 
US ABUN
DANT.

6

AT THE TOP OF THIS UNIT THERE IS AN INCREASE IN ANOXICTTY AND A 
RISE OF THE AEROBIC/ANAEROBIC BOUNDARY IN THE 
SEDIMENT/WATER COLUMN.
THIN, WIDELY DISTRIBUTED UNIT. OVERSTEPS UNDERLYING 
SAND-RICH SEOUENCES TOWARDS THE INTERIOR OF THE BASIN. IN 
THE SOUTHERN CENTRAL NORTH SEA AND NORWEGIAN NORTH 
SEA, SEOUENCE 6 RESTS ON SEOUENCE 2  MUDSTONE AND 
CARBONACEOUS SILTSTONE TOP OF THE UNDIFFERENTIATED 
MONTROSE GROUP.

?

a
SPECTABI
US.

5

RESTRICTED TO THE OUTER MORAY FIRTH/SOUTH VIKING GRABEN. 
FINE TO MEDIUM-GRAINED SANDSTONES WHICH INCLUDE UTHIC 
FRAGMENTS, MUDSTONE CLASTS, AND OCCASIONALLY 
TRANSPORTED UGNITE. MID- TO OUTER- FAN TURBIDITES. 
UNDIFFERENTIATED MONTROSE GROUP. MISSING IN THE CENTRAL 
GRABEN.

a
SPECTABI
US.

4

THIS INTERVAL IS THIN. (LESS THAN 150M THICK). AND AREALLY 
RESTRICTED. EARLY THANETIAN. TUFFACEOUS SANDSTONE AND 
MUDSTONE. HAS A SCOTTISH PROVENANCE. CORRESPONDS TO 
PYROCLASTIC PHASE 1 1F KNOX AND MORTON (1963). THIS UNIT, LIKE 
THE OVERLYING ONE, IS MISSING IN THE CENTRAL GRABEN.
CENTRAL NORTH SEA.

?

a
SPECTABI
US.
FDOOF
CENOOISC
US. 3

ANDREW FAN. HAS AN EAST SHETLAND PROVENANCE. ANDREW 
FORMATION (PARS?).

\  UNCONFORMITY AT BASE OF UNR.

?

CE NO DISC 
US P3.

2

C. HEMIPELAGC MUDSTONE 20-30 M THICK UNR. E THANETIAN. HIGH 
STAND.

U
ASPERUS

"B. SUBMAHINh HAN DANS 1 ONE. LAIb DANIAN/h. IHANtllAN.----------
MAUREEN FAN.

E.TRIVIAU 
S.G.CF. 
COMPRES 
SA P2.

A. DEBRIS FLOW. REWOKED CRETACEUS AND EARLY DAN IAN-LATE 
DAN IAN. MAUREEN FORMATION (PARS?).

---------- ---------------- - ^UNCONFORMITY AT BASE.

G
SIMPUCISS 
IMA/ E. AFF. 
TRIVIA US. 
PI. 1

0  AN IAN CHALK. ERODED FROM THE MARGINS OF THE BASIN. 
GENERALLY THIN.

AT THE BASE OF THIS UNR THIN SILSTONES/FINE SANDSTONES ARE 
COMMON.

0- SEISMKJ EVENT ATTHIS LEVEL

•
CRETACEUS CHALK.yv

FIG.15. The B iostratigraphy and L ithostratigraphy o f  the Palaeogene a fter  
Stewart (1987).



w
it

c
h

 
g

r
o

u
n

d
 

r
o

n
n

r
s

G
R

A
V

E
N

 
H

E
L

D

O t o
5 = 5

CSJMJ) N V l S a b d X

4-1o
5  w ojIs g2  ’H i—IP  

4-> tti ■H -H C - CO W Oa a:H
cu cn to

0 0

0  cn

cu w

| & . S
-P  0  -P

<44 0

00 -H 4̂  
CLCH p  4-> fd t- O *H 0 

r - j  '—  CO [5 >g 0 -H 
O -P t5 cn -P 
, P . C 0

M g 8 3  a!
4 J 0  4-> 0  P  
0) 4-> P  

CO 0 0 0
p  5  O 5  
0

.  4_) 14-1 U) O 
LO P  O  |  4-1

O (d 'O 1o rH1
E $ 8 8



sp e c ie s  represented in  the range-charts for  Zones AB, CB, and PK (see  

Rangecharts w ith E nclosu res).

The nannof o ss ils tu d y  carried  out by L. Gallagher in  tandem with th is  

study showed occasion a l d iscrep an cies between the dates given by the 

foram in ifera l data , and those ind icated  by the n a n n o fo ss ils . In w ell 21/11-  

1 the n a n n ofossils  in d icated  an Early Oligocene age for  some samples which 

were id e n t if ie d  as Late Eocene by the foram in ifera . This foram in iferal date  

was based in  part on examples o f  Perculatzonaria w e th e r e ll i i  (common in  

Zones CB3-CB6, Early-Late Eocene). E ither th is  sp ec ie s  and i t s  a ssoc ia ted  

fauna tops (have th ere FDOs) in  the Early O ligocene (which does not appear 

to  be the case in  th is  study, and in  the l it e r a tu r e , see  for example King 

1989), or there has been considerab le caving o f nan n ofossil m ateria l. King 

(op. c i t . ) rev ised  h is  1983 NSB6 Zonation (Late Eocene), by extending i t  

in to  the Early O ligocene. However, the forms used in  th is  study to  mark 

Zone CB6 did not extend in to  the Early O ligocene.

The nan n ofossil study used sid ew all cores wherever p o ss ib le , but when 

th ese  were un availab le d itc h -c u tt in g s  were u t i l i s e d .  When the la t t e r  were 

used, the r e s u lt s  obtained were as subject to  caving as were the  

foram in iferal s tu d ie s . The preservation  o f n an n ofossils  depended on the 

presence o f a calcareous sediment. I f  the sediment was arenaceous or 

a r g illa c eo u s , with no c a lc i t e ,  i t  was always barren o f  n a n n o fo ssils , such 

barren sec tio n s  were common in  the w e lls  examined in  th is  study, e sp e c ia lly  

in  th e Palaeocene and Eocene.

8 .2 .  Suggested Further Study.

Further work i s  needed on the suprageneric c la s s i f i c a t io n  o f  

foram inifera. The present w riter  b e lie v e s  th at more study i s  required
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concerning the v a l id ity  o f  the superfam ilies, e tc .  erected  by Loeblich  

and Tappan (1988) for calcareous bethonic foram inifera (see  Chapter 3 .1 ,  

and 3 .2 ) .

Further study i s  a ls o  required on the Palaeocene and Late O ligocene- 

Early Miocene planktonic foram inifera from the North Sea T ertiary Basin.

The Palaeocene forms examined in  th is  study were o ften  d i f f i c u l t  to  

id e n t ify  due to  poor p reservation . They were a lso  apparent^ "variants" o f  

well-known Palaeocene forms (such as Eoglobigerina t r i v i a l i s ,  Globanomalina
j

compressa, and GL pseudob ullo id es). The b io stra tig ra p h ic  u se fu l .ness o f  

th ese  "variants" needs to  be confirmed by further s tra tig ra p h ic  and 

taxonomic work. The Late O ligocene-Early Miocene planktonic foram inifera  

a lso  included "variants" o f  w ell known forms, such as G lobigerina  

a n g u lisu tu ra lis  and CL c ip e r o e n s is . The ranges o f th ese  sp ec ie s  appear to  

be extended s l ig h t ly  in  th is  study, and the present author suggests that 

further work to  confirm t h is  i s  required.

The Late Eocene-Early O ligocene boundary i s  sometimes d i f f i c u l t  to  

d is tin g u ish  in  the North Sea T ertiary , and the nan nofossil data and 

foram in ifera l data do not not always agree. Further work on d e lim ita tio n  o f  

th is  boundary may help  to  d is tin g u ish  i t  more rea d ily .

8 .3 .  C onclusions.

This study, in  tandem w ith the n an n ofossil study by L. G allagher, has 

developed a useable biozonation o f the North Sea T ertiary (m ostly  

Palaeogene), u t i l i s i n g  both n an n ofossils  and foram inifera (see  f i g s .  9 and 

11 ) .

A gglutinated benthic foram inifera (o ften  present when n an n ofossils  are  

absent) have been rev ised  taxonom ically, and have proved to  be o f
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considerab le use b io s tr a tig r a p h ic a lly  in  the 1Rhabdammina- b io fa c ie s ' ,  that 

i s ,  in  fly sch -ty p e  faunal assem blages. They have a lso  proved to  be o f some 

use palaeoenvironm entally (see  Chapter 7 .3 ,  7 .4 ) .

Palaeobathymetrie data has been gathered in  th is  study, and certa in  

sp ec ie s  are u se fu l bathymetric markers, although th e ir  use has to  be 

lim ited  by the fa c t  th a t considerable transport o f m aterial has probably 

taken p la ce , from the basin  edges towards the cen tres .
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APPENDIX A.

S p ecies Index for Agglutinated Foram inifera.

Adercotryma agterbergi Gradstein and Kaminski, p. 150, p i . 14, f i g . 7 a - c .  

Ammobaculites c f .  j a r v is i  Cushman & Renz, p. 146, p i .  14, f i g . 4 a - c .  

Ammodiscus cretaceu s (Reuss), p . 126, p i . 11, f i g .6 a - b .

Ammodiscus la tu s  Grzybowski, p. 127.

Ammodiscus planus L oeblich, p. 127, p l .1 1 ,  f i g . 7.

Ammolagena c lava ta  (Jones & Parker), p . 128, p i . 11, f ig .8 a - b .  

Amnomarqinulina macrospira Bykova, p . 147, p i . 14, f i g . 5.

Bathysiphon s p . , p . 118.

B o liv in o p sis  rosu la  (Ehrenberg), p . 164, p i . 18, f i g . 2.

C lavulina p a r is ie n s is  d'Orbigny, p . 191.

C lavulinoides an g licu s (Cushman), p . 190, p i . 20, f i g . 10, p i . 21, f i g .1 a - b .  

Cribrostomoides subglobosus, p . 140, p i . 13, f i g .4 a - b .

Cyclammina c f .  g a r c ila s s o i F r i z z e l l ,  p . 162, p i . 17, f i g . 3, p i . 18, f i g . 1 .  

Cystammina p au cilocu la ta  (Brady), p . 151, p i . 14, f i g .8 a - b .

Dendrophyra ex ce lsa  Grzybowski, p. 120.

Dendrophyra c f .  la tiss im a  Grzybowski, p . 121, p i . 11, f i g . 2 a - c .  

Dendrophyra robusta Grzybowski, p. 121.

Dorothia b e lo id es  H illebrandt, p. 180.

Dorothia eocenica Cushman, p . 179, p i . 19, f i g . 8.

Dorothia p r in c ip ie n s is , p . 179, p i . 19, f i g . 7.

Dorothia s e i g l i e i  Gradstein and Kaminski, p . 180.

Dorothia a f f .  s e i g l i e i  Gradstein and Kaminski, Appendix C.

Eratidus fo lia c e u s  (Brady), p . 149, p i . 14, f i g .6 a - b .

Gaudryina hilterm anni M eisl, p . 177, p i . 19, f i g . 6 a - c .

Glomospira g o r d ia lis  (Jones & Parker), p . 129, p i .  12, f i g . 1 .
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Glomospira ir r e g u la r is  (Grzybowski), p. 130, p l .1 2 ,  f i g . 2.

G lom ospirella c f .  d iffundens (Cushman & Renz), p . 130, p l .12 ,  f ig .3 a - b .  

Haplophragmoides s p . , p . 143, p i .  14, f i g . 1 .

Haplophragmoides k irk i Wickenden, p. 141, p i .  13, f i g .5 a - d .  

Haplophragmoides w a lter i Grzybowski, p. 142, p i .  13 f i g . 6.

Hormosina duplex (Grzybowski), p. 138.

Hormosina ovulum Grzybowski, p. 139, p l .1 3 ,  f i g . 3.

Hormosina p i lu l i f e r a  (Brady), p . 139, p l .1 3 ,  f i g . 2.

Hyperammina subnodosiformis Grzybowski, p. 125.

Kalamopsis grzybowski (Dylazanka), p . 135, p l .1 2 ,  f ig .7 a - b ,  p l .1 3 ,  f i g . 1 .  

K arreriella  (K arrerie lla ) sip h on ella  (Reuss),  p . 182, p i . 20, f i g .3 a - b  

K arreriella  (?K arreriella ) sip h on ella  chilostom a (Reuss), p. 183. 

K arreriella  (Karrerulina) conversa (Grzybowski), p . 186, p i . 20, f ig .7 a - b .  

K arreriella  (?Karrerulina) danica Cushman, p. 185, p i . 20, f i g .5 a - b .  

K arreriella  (K arrerulina) horrida M jyatliuk, p. 186, p i . 20, f i g . 6. 

K arreriella  (Karrerulina) ? le n is  (Grzybowski), p. 187, p i . 20, f i g . 8.  

K arreriella  (Meidamonella) bradyi (Cushman), p .185.

K arreriella  (Meidamonella) mexicana (N u t ta l l ) ,  p. 184, p i . 20, f i g .4 a - b .  

Labrospira s c itu la  (Brady), p . 143, p i . 14, f i g .2 a - b .

Lituotuba litu ifo r m is  Brady, p. 144, p l .1 4 ,  f ig .2 a - b .

Mantanzia varians (G laessner), p . 198.

M arssonella s p . , p . 181, p i . 20, f i g . 2.

M arssonella oxycona (Reuss),  p . 181, p i . 19, f i g . 9, p i . 20, f i g . 1 .  

M a rtin o ttie lla  communis (d'Orbigny), p . 188, p i . 20, f i g . 9.

Nodellum velascoense (Cushman), p. 137.

Paratrochamminoides subcoronatus Grzybowski, p. 145.

Placentarnmina complanata Franke, p . 124, p i . 11, f i g . 5.
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Placentammina p la cen ta  (G rzybowski), p. 123, p l .1 1 ,  f i g . 4 .

Praecystammina g lob igerinaeform is (Krasheninikov), p . 152, p i . 15, f ig .1 a -b .  

Psammosphaera fusca Schulze, p . 122, p i . 11, f i g . 3.

Recurvoides sp .1 ,  Appendix C.

Reophax s p . , p. 136.

Reophax subfusiform is Earland emend. Hoglund, p. 136.

Repmannina charoides (Jones & Parker), p . 131, p l .1 2 ,  f i g .4 a - b .  

Reticulophragmium s p . 1 , p . 156, p i . 15, f i g . 4.

Reticulophragmium amplectens (Grzybowski), p . 155, p i . 15, f i g .3 a - d ,  p i . 17, 

f i g . 2.

Reticulophragmium paupera, p . 159, p i . 16, f i g .3 a - b .

Reticulophragmium placenta (Reuss), p . 157, p i . 15, f i g . 5 a - e ,  p i . 16, 1a-b, 

p l . 1 7, f ig .1  .

Reticulophragmium rotundidorsata (Hantken), p . 158, p i . 16 f i g . 2 a - c .  

Reticulophragmoides ja r v is i  (Thalmann), p . 160.

Reticulophragmoides sp.5 o f Gradstein and Kaminski, p. 160.

Rhabdammina d isc re ta  Brady, p.118, p l .1 0 ,  f ig .10a -b .

Rhizammina in d iv isa  Brady, p.119, p l .1 0 ,  f ig .1 1 a -b ,  p l .1 1 ,  f i g .1 a - b .  

Rzehakina epigona (Rzehak), p . 133, p l .1 2 ,  f i g . 5.

Rzehakina minima (Cushman & Renz), p. 133.

Saccammina sphaerica Brady, p . 124.

S ab ellovolu ta  humboldti (Reuss), p . 161, p i . 16, f i g . 4 a - c .

S igm oilopsis schlumbergeri ( S i l v e s t r i ) ,  Appendix C.

S ip hotextu laria  s p . , p . 189, p i .  19, f i g .3 a - b .

Spiroplectammina biform is (Parker & Jones),  p . 166.

Spiroplectammina navarroana Cushman, p . 165, p i .  18, f i g .3 a - b .  

Spiroplectammina s p e c ta b il is  (Grzybowski), p . 167, p i . 18, f i g .4 a - d .
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S p iro p le c tin e lla  adamsi (Lalicker),  p . 170, p i . 18, f i g .5 a - b .  

S p iro p le c tin e lla  carinata  (d'Orbigny), p . 171, p i . 18, f i g . 6. 

S p iro p le c t in e lla  deperdita (d'Orbigny), p . 172, p i . 18, f i g .7 a - c .

S p iro p lectin e1la  exco la ta  Cushman, p . 174, p i . 19, f i g . 2.

Spirop lectine11a w ilco x en sis  (Cushman and Ponton), p . 173, p i .  18, f i g . 8, 

p l . 1 9, f i g . 1 .

S p iro s ig m o ilin e lla  sp .1 ,  Appendix C.

Spirosim oiline11a compressa Matsunaga, p . 134, p l .1 2 ,  f ig .6 a -b .  

T extularia s p . , p . 188, p i . 21. f ig .2 a -b .

T extularia chapmani L alicker, p . 189, p i . 21, f i g . 3.

Thalmannammina w a lter i (Grzybowski), p . 154, p i . 15, f i g . 2. 

Trochammina g lob iger in iform is (Parker and Jones),  p. 176.

Trochammina su b v esicu la r is  Hanzlikova, p . 175, p i . 19, f ig .4 a -d .  

Trochammina ruthven-murrayi Cushman & Renz, p. 176, p i .  19, f i g . 5 a - c .

Species Index for Calcareous Benthic Foram inifera. 

Alabamina obtusa (Burrows & Holland), p . 54, p i . 5, f i g . 2.

Alabamina so ln a sen sis  Brotzen, p . 54.

Alabamina w ilco x en sis  Toulmin, p .53, p i . 4, f ig .1 0 a -b ,  p i . 5, f i g . 1 .  

Angulogerina angulosa (Williamson), p . 83.

Angulogerina flu en s Todd, p .82.

Angulogerina germanica Cushman and Edwards, p .82.

Angulogerina g r a c i l i s  (Reuss), p .82.

Anoma1in oid es acuta anomalinoides (ten  Dam), p .31, p i . 2, f i g .5 a - c .  

Anomalinoides acuta Plummer, p .30, p i . 2, f i g .4 a - b .

Anoma1inoides ca p ita tu s  (Gumbel), p .27, p i . 2, f i g . 2 a - c .
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Anomalinoides danica (Brotzen), p. 28.

Anomalinoides dorri (Cole),  p .26, pl.1 . f ig .1 2 a -b ,  p i . 2, f i g . 1 .

Anomalinoides sem icribratus (Beckmann), p . 29, p i . 2, f i g . 3.

Anomalinoides y p r e s ie n s is  (ten Dam), p . 31.

Aragonia aragonensis (N utta l l ) ,  p . 19, p l . 1 ,  f ig .6 a - b .  

A sterigerin a  bartoniana (ten Dam), p . 46.

A sterigerin a  gu erich i (Franke), p . 47, p i . 4, f ig .3 a - b .  

A sterigerin a  s ta e sch i ten  Dam & Reinhold, p . 46, p i . 4, f i g .2 a - b .  

B oliv ina  punctata d'Orbigny, p .88.

B riza lin a  a n g lica  (Cushman), p .86, p i . 8, f i g . 2.

B riza lin a  antigua (d'Orbigny), p .87.

B riza lin a  cookei (Cushman), p .87, p i . 8, f i g . 3.

B uccella  fr ig id a  (Cushman), p . 44, p i . 3, f i g .9 a - b .

Bulimina sp. o f King (1983),  p . 75.

Bulimina acu leata  d'Orbigny, p .72.

Bulimina a ls a t ic a  Cushman and Parker, p . 75.

Bulimina d en ticu la ta  Cushman & Parker, p . 76.

Bulimina elongata d'Orbigny, p .74, p i . 6, f i g . 7.

Bulimina elongata subulata Cushman and Parker, p . 73.

Bulimina gibba F ornasin i, p .74.

Bulimina marginata d'Orbigny, p .73.

Bulimina tr ig o n a lis  ten  Dam, p .74, p i . 6, f i g . 8 a - c .

Cancris auricu lu s prim itivus Cushman & Todd, p . 44.

C assidulina carapitana Hedberg, p . 20, p l . 1 ,  f i g . 7.

C assidulina crassa d'Orbigny, p .20.

C assidulina laev ig a ta  d'Orbigny, p . 20.

C assidulina p lio ca r in a ta  Voorthuysen, p . 20.
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C assid u lin o id es bradyi (Norman), p . 77.

Ceratobulimina contraria  (Reuss), p . 42, p i . 3, f i g . 8.

Ceratobulimina a f f .  woodi Khau, p . 43.

C h ilostom ello ides oviform is (Sherbom & Chapman), p . 25, p l . 1 ,  f i g . 1 1. 

C ib ic id es acutimargo ten  Dam, p . 69.

C ib ic id es a n g lica  (Bowen), p . 66, p i . 6, f i g .1 a - b .

C ib ic id es d isju n ctu s (Terquem), p .68.

C ib ic id es ekblcmi Brotzen , p . 65.

C ib ic id es grossus (Dam & R einhold), p . 64.

C ib ic id es lob atu lu s (Walker & Jacob) s . l . ,  p . 63, p i . 5, f i g .8 a - b .  

C ib ic id es 1?proprius' Brotzen, Appendix C.

C ib ic id es pseudoungerianus (Cushman), p .67, p i . 6, f i g .3 a - b .

C ib ic id es pygmeus (Hantken), p . 68, p i . 6, f i g . 5.

C ib ic id es succedens (Brotzen),  p .69.

C ib ic id es su lz e n s is  (Hermann), p . 64.

C ib ic id es te n e llu s  (Reuss), p . 66, p i . 6, f i g . 2 a - c .

C ib ic id es ungerianus (d'Orbigny), p . 67, p i . 6, f i g .4 a - b .

C ib ic id es v o ltz ia n a  (d'Orbigny), p . 65.

C ib ic id es w esti Howe, p . 65, p i . 5, f ig .9 a - b .

C ib icid ina  cunob elin i Haynes, p . 61, p i . 5, f i g . 7.

C ib ic id o ides a l le n i  (Plummer), p . 32, p i . 2, f i g . 6 a - c ,  p i . 3, f i g .1 a - b .  

C ib ic id o id es dayi (White), p . 35.

C ib ic id o ides eocaenus (Gumbel), p . 33, p i . 3, f i g .2 a - b .

C ib ic id o id es hyaphalus (Fisher),  p . 35.

C ib ic id o id es v e la sc o e n s is  (Cushman), p . 34.

Comuspira involvens (Reuss), p . 17, p l . 1 ,  f i g . 3.

Cribrononion subnodosum (Roemer), p . 57.
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D entalina s p . , p .109, p l .1 0 ,  f i g . 6 .

Dentalina e legan tissim a (Hantken) var.A , p. 106.

Dentalina e legan tissim a (Hantken) var. B, p. 107, p l .1 0 ,  f i g . 2. 

Dentalina eocenica Cushman, p. 108.

Dentalina inornata d'Orbigny, p . 108, p l .1 0 ,  f i g . 3.

Dentalina m egalopolitana Reuss, p. 107.

Dentalina m u ltilin ea ta  Bomemann, p. 106, p l .1 0 ,  f i g . 1 .

Elphidium excavatum (Terquem), p . 56, p i . 5, f i g . 3.

Elphidium inflaturn (Reuss), p . 57, p i . 5, f i g . 4.

Eouvigerina acu leata  (Ehrenberg), p .93.

Eouvigerina americana Cushman, p . 94.

Eponides k arsten i (Reuss), p . 59, p i . 5, f i g .5 a - d .

Eponides lunata Brotzen, p . 58, see  a lso  Appendix C.

Eponides plummerae Cushman, p . 59.

F issurina la ev ig a ta  Reuss, p.117.

G avelin ella  complanata (Reuss), p . 36.

G lobocassidulina subglobosa (Brady), p . 21.

G uttulina frankei Cushman & Ozawa, p.115.

Gyroidina angustium bilicata ten Dam, p . 50, p i . 4, f i g . 5.

Gyroidina , octocamerata Cushman & Hanna, p . 49, p i . 4, f i g . 4.

Gyroidina so ld a n ii girardana (Reuss),  p . 51, p i . 4, f i g . 7.

Gyroidina so ld a n ii mamillata (Andreae), p . 50, p i . 4, f i g . 6.

Gyroidinoides s p . , p.18,  p l . 1 ,  f i g . 5.

G yroidinoides n it id a  (Reuss), p.19.

Haynesina s p . , p .18,  p l . 1 ,  f i g . 9.

Heterolepa dutemplei p e e len sis  (ten  Dam & R einhold), p . 37, p i . 3, f ig .4 a -b .  

Heterolepa dutemplei praecincta (Karrer), p . 37.
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Heterolepa mexicanus (N u t ta l l ) ,  p .37, p i . 3, f i g . 3 a - c .  

Hoeglundina elegan s (d'Orbigny), p . 43.

Korobkovella grosserugosa (Giimbel), p . 70.

Lagena elongata (Ehrenberg), p . 104.

Lagena h isp ida Reuss, p. 105.

L enticu lina  s p .1 ,  p . 100, p i . 9, f i g . 7.

L enticu lina  sp .2 ,  p . 101.

L enticu lina  ca lca r  (Linnaeus), p . 104, p i . 9, f i g . 10. 

L enticu lina  c u ltr a ta  (de Montfort), p. 102, p i . 9, f i g . 8. 

L en ticu lina  g u tt ic o s ta ta  Giimbel, p. 103.

L enticu lina m ultiform is (Franke), p . 103, p i . 9, f i g . 9 a - c .  

L enticu lina  c f .  pseudovortex (Cole),  p . 102, p i . 9, f i g . 5. 

L enticu lina subangulata (Reuss), p . 101, p i . 9, f i g . 6. 

Loxostomum lammersi Cushman & ten Dam, p . 19.

Loxostomum teretum Cushman, p. 19.

Marginulina a f f .  attenuata Neugeboren, p . 96, p i . 8, f i g . 1 1. 

Melonis a f f i n i s  (Reuss),  p . 39, p i . 3, f i g . 5.

M onspeliensina pseudotepida (Van Voorthuysen), Appendix C. 

Nododaria sp .1 ,  p. 113.

Nodosaria sp .2 ,  p.113, p l .1 0 ,  f i g . 7.

Nodosaria consobrina (d'Orbigny), p . 114, p l .1 0 ,  f i g . 8. 

Nodosaria emaciata (Reuss), p . 112.

Nodosaria in term itten s Roemer, p.112.

Nodosaria konincki (Reuss),  p . 114.

Nodosaria la te ju gata  Giimbel, p . I l l ,  p l .1 0 ,  f i g .4 a - b .  

Nodosaria lo n g isca ta  d'Orbigny, p.110.

Nodosaria minor Hantken, p.112.
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N odosaria a f f .  raphanus (L innaeus), p .111, p l .1 0 ,  f i g . 5.

Nodosaria to r s ic o s ta ta  ten  Dam, p. 114.

Nonion compressum (di Napol i) ,  p .23.

Nonion granosum (d'Orbigny), p . 23.

Nonion orb icu lare (Brady), p . 23.

N u tta llid es  truempyi (N u t ta l l ) ,  p . 48.

Polina hexagona (Williamson), p . 116.

O rid orsa lis  umbonatus (Reuss), p .52, p i . 4, f i g .8 a - b .

Osangularia expansa (Toulmin), p.18.

Osangularia corderiana gr. (d'Orbigny), p.18.

Osangularia navarroana (Cushman), p.18.

Osangularia plummerae Brotzen, p . 17, p l . 1 ,  f i g . 4.

Percultazonaria sp .1 ,  Appendix C.

Percultazonaria w e th e r e ll i i  (Jones), p .96, p i . 8, f i g . 12, p i . 9, f ig .1 a -b .  

Percultazonaria w e th e r e ll i i  var. (Jones),  p . 98, p i . 9, f i g . 2. 

Percultazonaria a f f .  w e th e r e ll i i  (Jones),  Appendix C.

Planulina co sta ta  (Hantken), p . 60, p i . 5, f i g .6 a - b .

P lecto fron d icu lar ia  seminuda (Reuss), p . 115, p l .1 0 ,  f i g .9 a - b .  

Praeglobobulimina ovata (d'Orbigny), p .71, p i . 6, f i g . 6.

Pseudonodosaria sp.1,  p . 94, p i . 8, f i g . 7.

Pseudonodosaria sp .2 ,  p . 94, p i . 8, f i g . 8.

Pseudonodosaria sp .3 ,  p . 95, p i . 8, f i g . 9.

Pseudononion boueanus (d'Orbigny), p . 24, p l . 1 ,  f i g . 10.

P u llen ia  b u llo id es  (d'Orbigny), p .22.

P u llen ia  gu atem aria  Reuss, p . 22.

P u llen ia  guingueloba (Reuss),  p . 21, p l . 1 ,  f i g . 8.

Pulsiphonina prima (Plummer), p . 39, p i . 3, f i g .6 a - b .

-344-



Quadrimorphina allom orphinoides (Reuss),  p . 25.

Quinqueloculina im p er ia lis  Hanna and Hanna, p . 16, p l . 1 ,  f i g .1 a .  

Quinqueloba im p er ia lis  p orteren sis Rau, p . 16, p l . 1 ,  f ig .1 b .  

Quinqueloba ludw igi Reuss, p . 16, p l . 1 ,  f i g . 2.

Quinqueloculina seminula (Linnaeus), p. 16.

R ota lia  canui Cushman, p . 55.

R o ta lia tin a  bulim oides (Reuss), p . 52, p i . 4, f i g . 9.

Saracenaria s p . , p . 95, p i . 8, f i g . 10.

Sigmomorphina reg u la r is  (Roemer), p. 116.

Siphonina r e t ic u la ta  (Czjzeck), p . 45, p i . 4, f i g .1 a - b .

Siphonodosaria pauperata (d'Orbigny), p . 93.

Sphaeroidina b u llo id es  d'Orbigny, p . 85, p i . 8, f i g . 1 .

Sphaeroidina v a r ia b il is  Reuss, p .86.

S ta in fo rth ia  sch riebersian a (Czjzek),  p . 76.

S ten sio in a  b eccariiform is (White), p . 40, p i . 3, f i g .7 a - b .

S ten sio in a  pommerana Brotzen, p . 41 .

S tilo sto m e lla  s p . , p . 91.

S t ilo sto m e lla  adolphina (d'Orbigny), p . 91, p i . 8, f i g .5 a - d .  

S t il is to m e lla  h irsu ta  (d'Orbigny), p . 92.

S t ilo sto m e lla  palaeocenica (Cushman & Todd), p . 90, p i . 8,  f i g . 4.

S tilo sto m e lla  spinescens (Reuss), p . 92, p i . 8, f i g . 6.

Svratkina perla ta  (Andreae), p .55.

Tappanina selm ensis (Cushman), p .89.

T rifarin a  bradyi Cushman, p . 83, p i . 7, f i g . 6 a - b . .

T u rrilin a  a ls a t ic a  (Andreae), p .85, p i . 7,  f i g .8 a - b .

T u rrilin a  brev isp ira  (ten Dam), p .84, p i . 7, f i g .7 a - b .

Uvigerina sp .1 ,  p . 80, p i . 7, f i g . 4.
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U vigerina acuminata H osius, p .79.

Uvigerina b a t je s i  K aaschieter, p . 78, p i . 7, f i g .2 a - b .

Uvigerina jacksonensis Cushman, p . 80.

Uvigerina macrocarinata Papp and Tumovsky, p . 81, p i . 7, f i g .5 a - b .  

Uvigerina o lig o ca en ica  (Andreae), p . 79.

Uvigerina pygmaea lan ger i D aniels and S p ieg ler , p . 79, p i . 7, f i g . 3. 

Uvigerina ten u ip u stu la ta  Voorthuysen, p . 80.

Uvigerina venusta deum ensis (Meuter & Laga), p .80.

V aginulinopsis a f f .  jo n es i (Reuss),  p . 99, p i . 9, f i g . 3.

V aginulinopsis praelonga ten Dam, p . 99, p i . 9, f i g . 4.

Valvalabamina le n t ic u la  (Reuss), Appendix C.

Species Index fo r  Planktonic Foram inifera, R adio laria , Diatoms

and Microplankton.
R ad io laria .

Cenosphaera s p . , p . 223, p i . 23, f i g . 9.

Cenodiscus le n t ic u la r is  (Grzybowski), p . 233, p i . 23, f ig .1 0 a - b .

Diatoms.

C oscinodiscus sp .1 ,  p . 233.

Coscinodiscus sp .2 ,  p . 234, p i . 23, f i g . 1 1.

Diatom sp .3 ,  p . 234, p i . 23, f i g . 12.

M icroplankton.

Hystrichosphaeridium tubiferum (Ehrenberg), p . 234.

Planktonic Foram inifera.

Acarinina a f f .  pentacamerata (Subbotina), p . 222, p i . 23, f i g . 4. 

B ig lo b ig er in e lla  c f .  aspera (Ehrenberg), p . 229, p i . 23, f i g . 3.
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Catapsydrax unicavus p r im itiv u s  (Blow & Banner), p .206.

Catapsydrax unicavus unicavus B o l l i ,  Loeblich & Tappan, p . 205, p i . 22, 

f i g . 4.

Chiloguebelina s p . , Appendix C.

Eoglobigerina eo b u llo id es s im p lic iss im a , p .221.

Eoglobigerina t r i v i a l i s  (Subbotina), p . 220, p i . 23, f i g . 1 .

Eoglobigerina c f .  t r i v i a l i s  (Subbotina), p . 220, p i . 23, f i g . 2.  

Eoglobigerina a f f .  t r i v i a l i s  (Subbotina), p . 221.

"Globanomalina" compressa (Plummer), p . 215, p i . 22, f i g . 1 1.

Globanomalina danica (Bang), p . 219, p i . 22, f i g . 15. 

l,Globanomalina,f pseudobulloides (Plummer), p . 217, p i . 22, f ig .1 2 a - c .  

"Globanomalina" varianta  (Subbotina), p . 218, p i . 22, f i g . 1 3.

G lobastica daubjergensis Bronnimann, p. 192, p i . 21, f i g . 4 a - e .

G lobigerapsis index index (F in lay) ,  p . 211, p i . 22, f i g . 9.

G lobigerina ampliapertura B o l l i ,  p . 193, p i . 21, f i g . 5.

G lobigerina [ Subbotina ] angiporoides Homibrook, Appendix C.

G lobigerina a f f .  a n g u lisu tu ra lis  B o l l i ,  p . 194.

G lobigerina c ip ero en sis  B o l l i ,  p. 196, p i . 21, f i g s . 6-7.

Globigerina eocaena Gumbel, p . 197, p i . 21, f i g . 8.

G lobigerina c f .  fa lco n en sis  Blow, p . 199, p i . 21, f i g . 9.

G lobigerina [Subbotina3 lin ap erta  F in lay , p . 200.

G lobigerina o f f i c i n a l i s  Subbotina, p . 201.

G lobigerina ou ach itaen sis  Howe and W allace, Appendix C.

G lobigerina praeb u llo id es le ro y i Blow and Banner, Appendix.

G lobigerina praebullo ides occlu sa  Blow & Banner, p . 202, p i . 22, f i g . 2. 

G lobigerina praebullo ides p raebullo ides Blow, p . 203, p i . 22, f i g . 3. 

G lobigerina [Subbotina] tr ilo c u lin o id e s  Plummer, p . 200, p i . 22, f ig .1 a -b .
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G lobigerina woodi J en k in s , p .204.

'G'. pseudovenezuelana Blow and Banner group, Appendix C.

''Globigerinella1' obesa (Bolli), Appendix C.

G lobigerinoides quadrilobatus tr ilo b u s  (Reuss), p . 206, p i . 22, f i g . 5. 

Globoconusa conusa K halilov , p . 230, p i . 23, f i g . 8.

G loborotalia  p ra esc itu la  Blow, p . 227, p i . 23, f i g .7 a - b .

G loborotalia  s c itu la  (Brady), p .227.

G loborotaloides su te r i B o l l i ,  p . 207, p i . 22, f i g . 6.

1Guembelina1 s p p . , Appendix C.

Neoglobocfuadrina continuosa (Blow), p . 225, p i . 23, f i g . 5. 

Neogloboquadrina a f f .  increbescens (Bandy), p . 225.

Neogloboquadrina mayeri (Cushman), p . 226, p i . 23, f i g . 6. 

Pseudohastigerina w ilco x en sis  (Cushman & Ponton), p . 214, p i . 22, f i g . 1 0. 

Pseudotextularia  sp p . , Appendix C.

S p h aero id in ellop sis  subdehiscens (Blow), p . 209, p i . 22, f i g . 7. 

T en u ite lla  munda (Jenkins),  p . 210, p i . 22, f i g . 8.
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APPENDIX B.

Comments on the Range-Chart Computer Program Used in th is study.

The S h ell Expro. U.K. range-chart computer program was used in  th is  

study (see Enclosures for  CB Zones Rangechart, PK Zones Rangechart, and AB 

Zones Rangechart). The th ickness o f each l in e  drawn in  each zone represents 

the percentage o f a p a rticu lar  sp ec ie s  in  th a t1 zone, w hile the length o f  

each lin e  shows whether the sp ec ie s  in  gu estion  i s  recorded throughout th at 

zone . For example, C assidulina la ev ig a ta  in  Zone CB14, occurs a s  20-30% of  

the sp ecies in  th at zone, w hile i t  occurs throughout th at zone (100% o f  

sam ples). G loborotalia s c itu la  occurs in  Zone CB13, as 30-40% o f the  

sp ec ie s  in  th a t zone, w hile (L s c itu la  occurs in  75% o f samples.

The AB range-chart contains u se fu l agglu tin ated  benthonic sp e c ie s , and 

a lso  u sefu l calcareous benth ics and p lan k ton ics. S im ila r ly , the CB range 

chart not only contains calcareous b en th ics, but a lso  u se fu l agglu tinated  

benthonics and p lankton ics. The PK range-chart contains prim arily  

planktonic sp e c ie s , but a lso  u se fu l calcareous benth ics and agglu tinated  

forms.

There are disadvantages w ith th is  p a r ticu la r  program. Zone CB1 i s  

empty o f data because i t  i s  only recorded in  one sample in  one w e ll in  th is  

study (well  49 /9-1 ,  Southern North Sea) .  As i t  occurs as such a low 

percentage o f samples i t  i s  ignored by the computer program. Zones CB9- 

CB11 are a lso  absent o f data for s im ila r  reasons. They are only  recorded as 

spot samples in  one or two w e l l s ,  so are ignored. Any sp ec ie s  th a t occur as 

1% (or le s s )  o f  sp ec ie s  l i s t e d  are a ls o  ignored by the program. Although 

th is  means th at the more common index forms are included in  the range

chart, any rare sp ec ies  th at are u se fu l s tr a tig r a p h ic a lly  are l e f t  out of 

the chart, for  example Globoconusa conusa, a b io s tr a tig r a p h ic a lly  valuable
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Early Palaeocene p lanktonic sp e c ie s , i s  o f  rare occurrence only  (well  

29/10-1 ,  Central North Sea), so the program ignores i t  com pletely in  the

PK Zone range-chart. Sim ilar ly ,  Zone PK4 i s  barren o f data (see  PK

Rangechart) p o ss ib ly  because there were only 4 samples noted w ith in  th is
I

zone (fron the London Clay form ation). The range-chart showing AB Zones 

conta in s one Zone (AB5) th at i s  barren o f data. This Izone was only noted in  

a few samples in  one w e ll (Norwegian sec to r , 25 /10-1 ) ,  so i t  a lso  was 

ignored by the computer program Work by G radstein e t  a l .  (1988) and King 

(1989) has shown th a t the la t t e r  zone i s  a u se fu l one in  the North Sea 

T ertiary  Basin . There i s  a rea l danger th a t too much regard fo r  q u antiative  

b io stra tig ra p h ic  p r in c ip le s  w i l l  cause ser io u s lo s s  o f  c o r r e la t iv e  and 

s tra tig ra p h ic  data fo r  S h e ll Expro. U.K. The diamonds may be rare, but they

are more valuable than the more numerous grains o f  quartz gravel!

The range-chart fo r  each s e t  o f Zones (AB, CB, PK) a ls o  includes other 

u se fu l sp ec ie s  o f ra d io la r ia  (for example Cenodiscus le n t i c u la r is ) and 

diatoms (for example Coscinodiscus s p .1 ) .
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Further Comments on the Rangechart Computer Program.

For each zonation scheme (CB, PK, AB) various zones were determined. The 

name and range o f each zone in  each w e l l ,  tops and where appropriate 

bottoms (e sta b lish ed  by e ith e r  the top o f the underlying zone, geophysical 

or l i t h o lo g ic a l  data) ,  were entered in to  the S h e ll Expro. U.K. computer.

The computer program then determined from the computer's database the 

sp e c ie s  occurring, th e ir  frequency and spread w ith in  th ese  zones. When 

p rin tin g  the rangechart the sp ec ie s  linked to  th at zonation scheme were 

printed  out f i r s t  follow ed by the remaining sp e c ie s . I t  should be noted 

th a t the program could not d if fe r e n t ia te  between calcareous benthic and 

agg lu tin ated  benthic f o s s i l s ,  consequently when using zonations CB and AB, 

calcareous and agglutinated  benth ics were printed togeth er.
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APPENDIX C.

Taxonomic and B io stra tig ra p h ica l Notes on S e lected  Genera and S p ec ies .

The sp ec ies  Eponides lunata Brotzen (1948, see  p . 65 th is  th e s is )  was used 

as the type sp ec ie s  for  Hansen's (1970, p. 101) genus Paralabamina (see  a lso  

Loeblich and Tappan 1988, p . 641, p i . 721, f i g s . 1-7) L oeblich and Tappan's 

( i b i d . )  f i g s . 1-3 on th e ir  p la te  721 are hypotypes o f Hansen's sp ec ies  which 

he claimed were the same as B rotzen's (see  Loeblich and Tappan p i . 721, 

f i g s . 5-7, h o lo ty p es). However, Hansen's hypotypes appear to  be d if fe r e n t  

from B rotzen's sp e c ie s . Loeblich and Tappan (op. c i t . ) only te n ta t iv e ly  

accepted Hansen's explanation th a t h is  hypotypes were id e n t if ie d  by Dr. F. 

Brotzen as EL lun ata . Hansen's fig u res  show a form which i s  le s s  compressed 

towards the le s s  acute periphery, and has coarser pores on the sp ir a l s id e  

w ith fewer whorls and th erefore fewer chambers v i s ib le  than EL lunata s . s .  

The um bilical s id e  in  B rotzen's (1948) holotype (see  Loeblich and Tappan 

op. c i t . ,  f i g s . 5-7,  p i . 721 ) i s  a lso  much more convex, as i s  the sp ir a l  

s id e . EL lunata o f Brotzen i s  a more le n t ic u la r  form than Hansen's 

'example' o f th is  sp e c ie s . Paralabamina d if f e r s  from Eponides in  having an 

o p t ic a l ly  granular w al l .  Eponides may a lso  have supplementary area l 

openings although due to  problems o f preservation  in  North Sea m aterial 

th ese  were not observed. EL lunata from th e North Sea T ertiary  a lso  

possessed  an im perforate k ee l, and im perforate su tu res, as in  Brotzens 

holotype, fea tu res not present in  Hansens hypotype. Hence, the genus 

Paralabamina was not accepted for the purposes o f  th is  t h e s is .

Percultazonaria s p . 1 , noted on page 267 in  the w e ll d e scr ip tio n s , 

i s  not noted in  the taxonomic sec tio n  o f t h is  th e s is  as th is  sp ec ie s  i s  

simply a smoother 'varian t' o f Percultazonaria w e th e r e ll i i  (Jones),  which 

rarely  ranges up in to  the O ligocene. IL w e th e r e ll i i  s . s .  i s  an Eocene
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sp e c ie s . P. a f f .  w e th e r e llii  (p .276) was sometimes noted in  the Early 

O ligocene in  th is  th e s is .  I t  was not a c o n s is ten t marker sp e c ie s , and o ften  

poorly preserved. I t  i s  another 'variant' o f  EL_ w e th e r e ll i i  and was 

included in to  the sp ecies  concept. M onspielensina pseudotepida (Van 

Voorthuysen) noted on p .274 i s  a very w ell known sp ec ie s  in  the P liocene  

and i s  prone to  caving downhole. I t  was not covered in  the taxonomic 

se c t io n s  because i t  was o f very lim ited  stra tig ra p h ic  use for  the purposes 

o f t h is  th e s is .  C ib icid es '?proprius' Brotzen ( p .302) i s  probably a v a r iety  

o f C ib ic id o id es a l le n i  (Plummer). Valvalabamina le n t ic u la  (Reuss) on p . 302 

i s  not covered in  the taxonomic sec tio n  o f th is  th e s is  as i t  was not 

encountered in  T ertiary sediments.

Recurvoides sp.1 (p .269) i s  a rare sp e c ie s , and i s  not o f  any use 

b io s tr a tig r a p h ic a lly . S igm oilopsis schlumbergeri ( S i l v e s t r i ,  1904) noted on 

page 274 i s  a w e ll known sp ecies th at i s  only  u se fu l b io s tr a tig r a p h ic a lly  

in  the P lio cen e /P le is to cen e , which i s  ou tsid e  the scope o f t h is  th e s is .  I t  

o ften  occurs as a caved sp ecies in  the Neogene. Dorothia a f f .  s e g l i e i  

Gradstein and Kaminski (p .278) i s  a coarser w alled , and p o ss ib ly  reworked 

example, o f EL s e g l i e i  s . s .  I t  was not a c o n s is ten t marker form. 

S p iro s ig m o ilin e lla  sp.1 (p .293) i s  a 'v a r ie ty ' o f compressa Matsunaga, 

and only  occurs in  one or two w e lls  in  th is  t h e s is .  Other more u se fu l 

sp e c ie s  occur with i t ,  such as S p iro p le c tin e lla  w ilco x en sis  (Cushman and 

Ponton).

Other sp ec ie s  mentioned in  the w ell d e scr ip tio n s  and not covered in  

the taxonomic sec tio n  in  th is  th e s is  include 'Guembelina' spp. (p .281) and 

Pseudotextularia spp. (p .273). Both were poorly preserved, and were not 

d iscu ssed  in  chapter 3 because there were o th er , more u se fu l forms present 

in  the w e lls  in  th is  study a t the same stra tig ra p h ic  horizons, such as
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S ten sio in a  b eccariiform is (White) and "G." a f f .  compressa (Plummer).

G lobigerina ou ach itaen sis Howe and Wallace (1932, p . 74, p l .1 0 ,  

f i g s . 7 a - c )  (see  p .293) i s  another w ell known sp e c ie s . B o ll i  and Saunders 

(1985, f i g . 1 3 .1 5a-b, holotype) i l lu s t r a t e  examples th a t are ty p ica l of 

North Sea forms, with a wide c en tr a lly  placed quadrate um bilicus and an 

aperture w ith a th in  rim or l i p .  There are 4 subglobular chambers in  the 

f in a l  whorl, in  a higher sp ire  than (L c ip ero en sis  B o l l i .  (L ouach itaen sis  

s . l .  and (L praebul lo id e s  s . l .  are o ften  very d i f f i c u l t  to  d is tin g u ish  in  

the North Sea, as 'in term ediate' forms are o ften  p resen t. The f in a l  chamber 

in  praebu llo ides i s  larger  than in  o u a ch ita en sis , g iv in g  a more elongated  

eq u atoria l o u t lin e  than o u a ch ita en sis , which has a more quadrate one (see  

B o ll i  and Saunders op. c i t . ,  p. 182 for  comments). The um bilicus on 

praebul lo id e s  i s  not quadrate in  o u tlin e  as in  ty p ic a l o u a ch ita en sis . The 

la t t e r  sp ec ie s  was not d iscu ssed  in  chapter 3 because i t  was a long-ranging  

form o f lim ited  use s tr a tig r a p h ic a lly , and 'v a r ia n ts' o f  the sp ec ie s  were 

common o ften  making p o s it iv e  id e n t if ic a t io n  d i f f i c u l t .  These fa c to rs  make 

i t  u n su itab le  as a marker sp ec ies  in  t h is  th e s is .  GL praeb u llo id es le ro y i  

Blow and Banner rarely  occurs in  the North Sea T ertiary , and i s  th erefore  

o f very lim ited  use in  t h is  th e s is  (see  p . 292).  (L [Subbotina] angiporoides 

Homibrook (p .292) was rarely  noted in  th is  t h e s is .  I t  i s  a long-ranging - 

sp ec ie s  according to  Blow (1979, p . 1250, p l .1 2 ,  f i g s . 3-5 ,  p i . 244, f i g . 7) 

and was o f lim ited  b io stra tig ra p h ica l use in  the North Sea T ertiary . The 

gen eric  name Subbotina Brotzen and Pozaryska i s  placed in to  square brackets 

to  show th at i t  i s  an a lte r n a tiv e  genus, as in  G lobigerina [Subbotina] 

lin a p erta  F in lay gr. Members o f the 'G' . pseudovenezuelana Blow and Banner 

'group' (in clu des v a r ie t ie s  o f 'G'. venezuelana Hedberg) were a lso  noted in  

t h is  study (well  21/30-1 , 231 O'DC). This 'group' co n s isted  o f forms with
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3.5  to  4, low tro ch o sp ira lly  c o ile d , rather appressed chambers in  the la s t  

whorl. The apertures are low arched and may have a tr ian gu lar  to o th - lik e  

l ip  (as in  Ch pseudovenezuelana, see  B o lli  and Saunders 1985, p. 180).  This 

group was rare ly  noted in  the North Sea T ertiary . I t  i s  more common in  

O ligocene faunas (see  B o lli  and Saunders, op. c i t . ). In the North Sea the 

e x isten ce  o f v a r ian ts o f  th is  group make i t  d i f f i c u l t  to  id e n t ify  r e lia b ly ,  

so making i t  a d i f f i c u l t  group to  work w ith s tr a t ig r a p h ic a lly . Rare 

1 'G lo b ig er in e lla '1 obesa (B o l l i )  was a lso  noted in  the North Sea T ertiary . I t  

was o f  very lim ited  b io stra tig ra p h ica l value so was not d iscu ssed  in  

chapter 3 (see  B o lli  and Saunders 1985, f i g . 26.44,  and Kennett and 

Srin ivasan  1983, p . 235, p i . 59, f i g s . 2 -5 ) .  Chiloguembelina sp . was a lso  

ra re ly  noted in  th is  study, and was o f l i t t l e  b io stra tig ra p h ic  va lu e .
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Methodology.

Two w e lls  were picked in  th is  study by the present w r iter , one o f  

approximately 8,000' o f  P liocene to  Palaeocene sediments (Well 29/10-1,  

Central North Sea, Central Graben, sample in terv a l 10' to  50 ' ) ;  the oth er, 

(25/10-1,  Norwegian sec to r  o f the Northern North Sea, Viking Graben) o f 4 

samples from a core sec tio n  from the Late Palaeocene to  Early Eocene. 6 

other w e lls , from the Southern and Central North Sea were pre-picked by 

S h ell Expro. U.K. a t  10' to  50' in ter v a ls . The w e lls  picked by S h e ll Expro. 

U.K. used " fis t-s iz e d "  samples (approximately 400 gms). One p icking tray  o f  

coarse sediment (above 425y*tm), 3 o f medium (between 150/im and 42^im), and 

one o f  f in e  (below 150/im) were picked by S h e ll , w ith a maximum o f 200 

specimens per sample (although th is  number was o ften  not reached). A ll 

samples were processed using a se iv e  s iz e  o f 63*m or 74/Am. Well 29/10-1,  

processed and picked by the present w riter , was picked using the S h ell 

Expro. U.K. method. A maximum o f 200 to 250 specimens were picked from each 

sample (depending on abundance) from the London Clay, and "Thanetian" 

s e c t io n s , and from Well 25/10-1.

The type c o lle c t io n  was estab lish ed  m ostly from w e ll 29/10-1 ,  25/10-1 ,  

and the London Clay land section s; although b io s tr a tig r a p h ic a lly  u se fu l 

sp ec ie s  not occurring in  the la t t e r  two w e lls  were a ls o  included.

A ll w e lls  were logged onto standard S h e ll Expro. U.K. logging sh eets , 

where the depth and type of sample (for example, d itc h -c u tt in g , s id e -w a ll 

sample or c o r e ) , the sp ecies  and th e ir  abundance, were recorded. The 

zonation scheme (AB, PK and CB zones) was esta b lish ed  by f i r s t  examining 

the data entered onto th e aforementioned logging sh eets  in  order to  

a scerta in  the to t a l  ranges of the sp ec ie s , and hence d erive  the b iozonation  

used. This data was entered onto the S h ell Expro. U.K. computer system.
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The zones on the distribution charts (see Enc. 1-10) were drawn 

using biostratigraphical, lithostratigraphical and geophysical data.



REFERENCES.

BANDY O.L., 1949. Eocene and Oligocene Foraminifera from the L ittle  Stave 

Creek, Clarke County, Alabama. Bull. Am. Paleontol., 32(131): 5-240.

BANDY O.L., 1964. Cenozoic Planktonic Foraminiferal Zonation. 

Micropaleontology ,10(1): 1-17.

BANG I . ,  1969. Planktonic Foraminifera and Biostratigraphy of the Type 

Danian. Proc. 1st. Intern. Conference on Planktonic Microfossils, Geneva 

1967, 1: 121-160.

BANNER F.T., 1970. A Synopsis of the Spirocyclinidae. Revista Espanola de 

Micropaleontologia, 11(3): 243-290.

BANNER F.T., 1982., A Classification and Introduction to the 

Globigerinacea, in BANNER F.T. & LORD A.R., (Eds): Aspects of 

Micropalaeontology. George Allen & Unwin: 142-239.

BANNER F.T. & BLOW W.H., 1959. Classification and Stratigraphical 

Distribution of the Globigerinaceae. Palaeontology, 2(1): 1-27.

BANNER F.T. & DESAI D., 1985. The Genus Clavulinoides CUSHMAN emended and 

the new Cretaceous Genus Clavulinopsis. Joum. Foram. Res., 15(2): 79-90. 

BANNER F.T. & PEREIRA C.P.G., 1981. Sane Biserial and Triserial 

Agglutinated Smaller Foraminifera: Their Wall Structure and it s  

Significance. Joum. Foram. Res., 11(2): 85-117.

BARKER R.W., 1960. Taxonomic notes on the species figured by H.B. Brady in 

his Report on the Foraminifera dredged by H.M.S. Challenger during the 

years 1873-1876. Soc. Econ. Paleontol. Min., Spec. Publ. ,  9: pp.238, 115pl. 

BARTENSTEIN H., 1952. Taxonomische Bemerkungen zu den Ammobaculites, 

Haplophragmium, Lituola und verwandten Gattungen (For.). Senckenb. Lethaea, 

23: 313-342, 7pl.

BARTENSTEIN H. et a l . , 1962. L eitfossilien  Per Mikropalaontologie. Berlin,

-355-



3 V ols.

BATJES D.A. J . , 1958. Foraminifera of the Oligocene of Belgium. Men. Inst. 

R. Sci. Nat. Belg., 143: 1-188.

BAUMANN P. 1970. Mikropalaontologische und Stratigraphische Untersuchungen 

der Obereozanen-Olgozanen scaglia im Zentralen Apennin (Ita l ien). Eclog. 

Geol. Helv. , 63/3: 1133-1204.

BECKMANN J.P . , 1957. Chiloguembelina LOEBLICH & TAPPAN and it s  Related 

Foraminifera from the Lower Tertiary of Trinidad, B.W.I. In LOEBLICH AND 

COLLABORATORS: United States National Museum Bulletin 215: 83-95 

BECKMANN J.P., BOLLI H.M., PERCH-NIELSEN K., PROTO DECIMA F ., SAUNDERS 

J.B ., TOURMARKINE M., 1981. Major Calcareous Nannofossil and Foraminiferal 

Events between the Middle Eocene and Early Miocene. Palaeo-geogr., 

Palaeoclimatol. ,  Palaeoecol. . 36: 155-190.

BERGGREN W.A., 1960. Some Planktonic Foraminifera from the Lower Eocene 

(Ypresian) of Denmark - Northwestern Germany. Stock. Contr. Geol. V: 41- 

108.

BERGGREN W.A., 1963. Review and discussion, etc. Micropaleontology, 9(4): 

467-473.

BERGGREN W.A., 1965. Sane Problems of Paleocene-Lawer Eocene Planktonic 

Foraminiferal Correlations. Micropaleontology 11(3): 278-300.

BERGGREN W.A., 1969. Rates of Evolution in some Cenozoic Planktonic 

Foraminifera. Micropaleontology 15(3): 351-365.

BERGGREN W.A., 1969. Paleogene Biostratigraphy and Planktonic Foraminifera 

of Northern Europe. Proc. 1st. Intern. Conf. Planktonic Microfossils, 

Geneva 1967. 1: 121-160.

BERGGREN W.A., 1971. Tertiary Boundaries and Correlations, in Funnell B.M. 

& Riedel W.R., (Eds): The Micropalaeontology of Oceans. Cambridge Univ.

-356-



Press: 693-783.

BERGGREN W.A., 1972. Cenozoic Biostratigraphy and Paleobiogeography, of the 

North Atlantic. In In itia l Rep. D.S.D.P. 12, Sites 109-119: 965-1001. 

BERGGREN W.A., 1974. Late Neogene Planktonic Foraminiferal Biostratigraphy 

of D.S.D.P. Site 357 (Rio Grande Rise). In itia l Rep. D.S.D.P. 39: 591-614. 

BERGGREN W.A., 1974. Late Paleocene-Early Eocene Benthic Foraminiferal 

Biostratigraphy and Paleoecology of Rockall Bank. Micropaleontology 20(4): 
426-448.

BERGGREN W.A., 1978. Recent Advances in Cenozoic Planktonic Foraminiferal 

Biostratigraphy, Biochronology, and Biogeoraphy: Atlantic Ocean. 

Micropaleontology 24(4).
BERGGREN W.A. & AUBERT J . , 1975. Paleocene benthonic foraminiferal 

biostratigraphy, paleobiogeography and paleoecology of Atlantic-Tethyan 

regions: Midway-type fauna. Palaeo-geogr., Palaeoclimatol., Palaeoecol.,

18: 73-192.

BERGGREN W.A. & AUBERT J . , 1976a.  Eocene Benthic Foraminiferal 

Biostratigraphy and Paleobathymetry of Orphan Knoll (Labrador Sea). 

Micropaleontology 22(3): 3 2 7 - 3 4 6 .

BERGGREN W.A. & AUBERT J . , 1976i. Late Paleogene (Late Eocene and Oligocene) 

Benthonic Foraminiferal Biostratigraphy of Hatton-Rockall Basin. 

Micropaleontology 22(3): 307-326.

BERGGREN W.A. & GRADSTEIN F.M., 1981. Agglutinated benthonic Foraminiferal 

assemblages in the Palaeogene of the Central North Sea: their 

biostratigraphic and depositional environmental significance. In ILLING 

L.V. and HOBSON G.D. (Eds.), Geology and the Continental Shelf of north

west Europe. (London: Institute of Petroleum): 282-285.

BERGGREN W.A., KENT D.V. & FLYNN J .J . , 1985. Paleogene geochronology and

-357-



chronostratigraphy. In: SNEERING N.J., (Ed.) The chronology of the 

geological record. Geological Society Memoir 10: 141-195.

BERGGREN W.A. , KENT D.V. & VAN GOUVERING J . , 1985. Neogene geochronology 

and chronostratigraphy. In: SNELLING N.J., (Ed.) The chronology of the 

geological record. Geological Society Memoir 10: 211-260.

BERGGREN W.A., OLSSON R.K. & REYMENT R.A., 1967. Origin and development of 

the foraminiferal genus Pseudohastigerina Banner and Blow, 1959. 

Micropaleontology 13: 265-288.

BHATIA S.B., 1955. The Foraminiferal Fauna of the Late Paleogene Sediments 

of the Is le  of Wight, England. J l. Pal~eont. 29(4): 665-693.

BIEDA F ., 1969. Flysch Formation in the Tertiary of the Polish Carpathians. 

Annales de la Societe Geologique de Pologne, Krakow, 39, Fascicule 1-3: 

487-514, Pl.XCIV-XCVIII.

BIGG P.J.,  1982. Eocene Planktonic Foraminifera and Calcareous 

Nannoplankton of the Paris Basin and Belgium. Revue de Micropal^ontologie 

25(2): 69-89.

BIGG P.J.,  1982. Eocene Planktonic Foraminifera and Calcareous 

Nannoplankton from the Southern Aquitaine Basin, France. Revista Esp&nola 

de Micropaleontologia XIV: 367-400.

BIGNOT G., 1983. Les Lagunes Spamaciennes: Une Etape dans la Conquete des 

eaux Douces par les Diatom&es. Revue de Micropal&ontologie 26(1): 15-21. 

BLOW W.H., 1957. Transatlantic Correlation of Miocene Sediments. 

Micropaleontology 3(1): 77-79.

BLOW W.H., 1959. Age, correlation and biostratigraphy of the Upper Tocuyo 

(San Lorenzo) and Pozon Formations, eastern Falcon, Venezuela. Bull. Amer. 

Pal. , 39(178): 67-252, p is .6-19.

BLOW W.H., 1979. The Cainozoic Globigerinida. 3 vols. Leiden E.J. Brill.

-358-



BOERSMA A., 1974. Cenozoic Planktonic Foraminifera-D.S.DP. Leg 39 (South 

Atlantic). In Intial Rep. D.S.D.P. 39: 567-590.

BOERSMA A., 1974. Eocene to Early Miocene Benthic Foraminifera D.S.D.P. Leg 

39 (South Atlantic). In In itia l Rep. D.S.D.P. 39: 643-656.

BOLLI H.M., 1957* The Genera Globigerina and Globorotalia in the Paleocene- 

Lower Eocene Lizard Springs Formation of Trinidad, B.W.I. In LOEBLICH AND 

COLLABORATORS: U.S. National Mus. Bull. 215: 6 1 - 8 1 .

BOLLI H.M., 19571 Planktonic Foraminifera from the Oligocene-Miocene Cipero 

and Lengua Formations of Trinidad, B.W.I. In LOEBLICH AND COLLABORATORS: 

U.S. National Mus. Bull. 215: 97-123.

BOLLI H.M., 1957c. Planktonic Foraminifera from the Eocene Navet and San 

Femandp Formations of Trinidad, B.W.I. In LOEBLICH AND COLLABORATORS: U.S. 

National Mus. Bull. 215: 1 5 5 - 1 7 1 .

BOLLI H.M., 1972. The genus Globigerinatheka Bronnimann. J l. Foram. Res. 2 

(3): 109-136.

BOLLI H.M. & SAUNDERS J.B., 1982. Globortalia mayeri and i t s  Relationship 

to Globorotalia siakensis and Globorotalia continuosa. J l. Foram. Res. 

12(1): 39-50.

BOLLI H.M. & SAUNDERS J.B., 1985. Oligocene to Holocene low latitude 

planktonic foraminifera. In: BOLLI H.M., SAUNDERS J.B. and PERCH-NIELSEN 

K.D., (Eds.) Plankton Stratigraphy. Cambridge: Cambridge University Press: 

155-262.

BOLTOVSKOY E ., 1980. On the Benthonic Bathyal-Zone Foraminifera as 

Stratigraphic Guide Fossils. J l. Foram. Res. 10(3): 163-172.

BOLTOVSKOY E. & KAHN., 1983. Evaluation of Benthic Monothalamous Foramifers 

as Guide Fossils in Cenozoic Deep-Sea Deposits of the South Atlantic. 

Micropaleontlogy 29(3): 298-308.
A

-359-



BOWEN R.C., 1954. Foraminifera from the London Clay. Proc. Geol. Assoc. 65: 
125-174.

BRONNIMANN P., 1952. Globigemoita and Globigerinatheka new Genera from the 

Tertiary of Trinidad, B.W.I. Contr. Cushm. Found. Foram. Res. 3(1): 25-28. 

BRONNIMANN P. & WHITTAKER J.E., 1988. The Trochamminacea of the Discovery 

Report. ! British Museum (Natural History) pp152., 41 p i .

BROTZEN F ., 1945. De geologiska resultaten fran bormingama vid Hollviken; 

Preliminar rapport-Del 1: Kritan. Sveriges Geologiska Undersokning, ser.C, 

(465), 38 (1944), 7: 3-64, p is .4 (Swedish with summary and foraminiferal 

descriptions in English)..

BROTZEN F ., 1948. The Swedish Paleocene and it s  Foraminiferal Fauna. Svers. 

Geol. Unders. , Ser.C (493): pp140.

BROUWER J . , 1965. Agglutinated foraminiferal fauna from sane turbiditic  

sequences. Proc. K. Akad. Wet., B, 68(5): 309-334.

BURROWS H.W. & HOLLAND R., 1897. Foraminifera of the Thanet Beds of Pegwell 

Bay. Proc. Geol. Assoc. ,  15: 19-48.

CAVALIER C. & POMEROL C., 1986. Stratigraphy of the Palaeogene. Bull. Soc. 

Geol. France, 8, t . I I ,  no.2: 255-265.

CHARNOCK J. A., 1988. Taxonomic Notes on some Agglutinating Foraminifera 

fran the Palaeogene of the Central North Sea. (In prep.).

CHARNOCK J.A. & JONES R.W., 1988. Micropalaeontological Biostratigraphy of 

the Palaeogene of the Central North Sea, with particular emphasis on the 

Agglutinating Foraminifera. (In prep.)

CIFELLI R., 1982. Early occurrences and sane phylogenetic implications of 

spiny, honeycomb textured planktonic foraminifera. J l. Foram. Res., 12(2): 

105-115.

COLEMAN A.R., 1980. Test Structure anf Function of the Agglutinated

-360-



Foraminifera Clavulina. J l. Foram. Res.,  10(2): 143-152.

CRIITENDEN S ., 1981. The Distribution of Palaeocene Planktonic 

Foraminiferida and the Biostratigraphy of a Borehole in the Southern North 

Sea. Newsl. Strat. 10(1): 34-44.

CRITTENDEN S., 1982. A Note on Danian Planktonic Foraminiferida from the 

British Southern North Sea. Rev. Espanola Micropal. XIV: 53-62.

CRITTENDEN S., 1986. Planktonic Foraminifera and the Biostratigraphy of the 

Early Tertiary Strata of the North Sea Basin; A Brief Discussion. Newsl. 

Strat. 15(3): 163-171.

CUSHMAN J.A., 1918. Sane Pliocene and Miocene Foraminifera of the Coastal 

Plain of the United States. U.S. Geol. Survey, 676: 5-99, p i . 1-31.

CUSHMAN J.A., 1937. A Monograph of the Foraminiferal Family Valvulinidae. 

Cushm. Lab. Foram. Res. Special Publication 8: pp.210.

CUSHMAN J.A., 1946. Upper Cretaceous foraminifera of the Gulf Coastal 

region of the United States and adjacent areas. U.S. Geol. Survey Prof. 

Paper, 206: pp.241.

CUSHMAN J.A., 1951. Palaeocene Foraminifera of the Gulf Coastal Region of 

the United States and Adjacent Areas. Geol. Surv. professional paper 232, 

U.S. Gov. Printing Office, Washington: pp.75.

CUSHMAN J.A. & BERMUDEZ P. J . , 1936. Additional new species i f  foraminifera 

and a new genus fran the Eocene of Cuba. Contr. Cushm. Lab. Foram. Res., 

12(3): 55-63, p i .10, 11.

CUSHMAN J.A. & BERMUDEZ P.J. , 1949. Some Cuban species of Globorotalia. 

Contr. Cushm. Lab. Foram. Res., 25(2): 26-45.

CUSHMAN J.A. & RENZ H.H., 1946. The foraminiferal fauna of the Lizard 

Springs Formation of Trinidad, British West Indies. Cushm. Lab. Foram. Res. 

Spec. Publ. 18: 1-48.

-3 6 1 -



CUSHMAN J.A. & STAINFORTH R.M., 1945. The foraminifera of the Cipero Marl 

Formation of Trinidad, British West Indies. Contr. Cush. lab. Foram. Res. 

14: 3-75.

CUSHMAN J.A. & TODD, 1943. The genus Pullenia and it s  species. Contr. Cush. 

Lab. Foram. Res., 19: 1-23.

DAM TEN A., 1944. Die Stratigraphische Gliederung des Niederlandischen 

Palaozans und Eozans nach Foraminiferen. Meded. Geol. Sticht. C-V-3: 
pp.142.

DAM TEN A. & REINHOLD T ., 1941. Die Stratigraphische Gliederung des 

Niederlandischen Plio-Plistozans nach Foraminiferen. Meded. Geol. Sticht. , 

C-V-1: pp.66.

DAM TEN A. & REINHOLD T, 1942. Die Stratigraphische Gliederung des 

niderlandischen Olio-Miozans nach Foraminiferen (mit Ausnahme von sud- 

Limburg). Meded. Geol. Sticht. ,  C-V-2: pp. 106.

DANIELS C.H. & SPIEGLER D., 1974. Bolboforma n. gen. (Protozoa?)-eine neue 

stratigraphische wichtige Gattung aus dem Oligozan/Miozan 

Nordwestdeutschlands. Palaontol. Z., Vol.48: 57-76.

DANIELS C.H. & SPIEGLER D., 1977. Uvigerinen (Foram.) im Neogen 

Nordwestwestdeutschlands. Geol. Jahrb., Ser. A., 40: 3-59, 6pls.

DEEGAN C.E., and SCULL B.J., (Compilers). 1977. A proposed standard 

lithostratigraphic nomenclature for the Central and Northern North Sea. 

Report Institute Geological Science No.77/25; Bulletin Norwegian Petroleum 

Directorate, No.1.

DESAI D. & BANNER F.T., 1987. The Evolution of Early Cretaceous Dorothiinae 

(Foraminiferida). !j i . Micropal. , 6(2): 13-27.

DINESEN A., 1972. Foraminiferselskaber fra de jyske Eocaene formationer. 

Dan. Geol. Foren. Arkssrift for 1971: 70-78.

-362 -



DOPPERT J.W., 1975. Foraminiferenzonering van het Nederlandse Onder- 

Kwartair en Tertiar. In ZAGWIJN W.H. AND VAN STAALDUINEN C.J. (Eds.). 

Toelichting bij de Geologische Overzichtskaarten van Nederland. (Haalem:

Rij ks Geologische Dienst): 114-118.

DOPPERT J.W., 1980. Lithostratigraphy and Biostratigraphy of Marine Neogene 

Deposits in the Netherlands. Med. Geol. Dienst. 32-16: 257-311.

DOPPERT J.W. & NEELE N.G., 1983. Biostratigraphy of Marine Palaeogene 

deposits in the Netherlands and Adjacent areas. Med. Geol. Dienst. 37-1: 4- 

79.

DROOGER C.W., 1964. Problems of Mid-Tertiary Stratigraphic Interpretation. 

Micropal-eontology 10(3): 369-374.

EAMES F.E., BANNER F.T., BLOW W.H. & CLARKE W.J., 1962. Fundamentals of 

Mid-Tertiary Stratigraphical Correlation. Cambridge Univ. Press.

EDWARDS R.A. & FRESHNEY E.C., 1986. Lthostratigraphic C lassification of the 

Hampshire Basin Palaeogene Deposits (Reading Formation to Headon 

Formation). Tert. Research 8(2): 43-73.

ELLIS B.F. & MESSINA A.R., 1940 et seq. Catalogue of Foraminifera. American 

Museum of Natural History.

FEYLING-HANSEN R.W., JORGENSEN J.A., KNUDSEN K.L., & ANDERSEN A.J., 1971. 

Late Quaternary foraminifera fran Vendyssel, Denmark and Sandnes, Norway. 

Bull. Geol. Soc. Den., 21: 67-317, 26pls.

GEROCH S., 1960. Microfaunal Assemblages fran the Cretaceous and Palaeogene 

Silesian Unit in the Beskid Slaski Mts. Instytut Geologiczny Biuletyn 153: 

107-138, Tablica I-XIII.

GEROCH S ., 1962. Thalmannammina and Plectorecurvoides (foraminifera) in the 

Lower Cretaceous of the Flysch Carpathians. Annales de la Societe 

Geologique de Pologne 22: 281-300.

-363-



GEROCH S. & NOWAK W., 1983. Proposal of Zonation for the Late Tithonian- 

Late Eocene based upon Arenaceous Foraminifera frcm the Outer Carpathians, 

Poland. Benthos *83, Second Int. Symposium on Benthic Foraminifera (Pau, 

1983), published 1984: 225-239.

GLENNIE K.W. (Ed.), 1984. Introduction to the petroleum geology of the 

North Sea. Blackwell Scientific Publications: pp.236 

GRADSTEIN F.M., 1983. Cenozoic Stratigraphy using Agglutinated 

Foraminifera. In VERDENIUS, J.G., VAN HINTE J.E. & FORTUIN A.R. (Eds.), 

Proceedings of the First Workshop on Arenaceous Foraminifera IKU, 

Continental Shelf Inst .,  Norway: 247-248.

GRADSTEIN F.M. & BERGGREN W.A., 1981. Flysch-Type Agglutinated Foraminifera 

and the Maastrichtian to Palaeogene History of the Labrador and North Seas. 

Mar. Micropal7eontology 6: 211-268.

GRADSTEIN F.M., KAMINSKI M.A. & BERGGREN W.A., 1988. Cenozoic Foraminiferal 

Biostratigraphy of the Central North Sea. In GRADSTEIN F.M. and ROGL F. 

(Eds.), Second Workshop on Agglutinated Foraminifera, Vienna Proceedings. 

Abh. Geol. B.-A. Band 41: 97-108.

GRADSTEIN F.M. & KAMINSKI M.A., 1989. Taxonomy and Biostratigraphy of new 

and emended species of Cenozoic Deep-Water Agglutinated foraminifera fran 

the Labrador and North Seas. Micropal-eontology 35(1): 72-92.
w

GRAMANN F. & SPIEGLER D., 1979. Ranges of Important Foraminifera during 

Palaeogene and Neogene. Rep. Pro j . 124 (The N.W. European Tertiary Basin), 

5: 119-120. Hannover, International Geological Correlation Programme.

GRUN W., 1969. Flysch Microfauna of the Hagenbach Valley (Northern Vienna 

Woods) , Austria. Annales de la Societe Geologigue de Pologne 39, F a sc icu le  

1-3: 305-334.

GRZYBOWSKI J . , 1896. Otwomice czerwonych ilow z Wadowic. Rozprawy Wyd.

-364-



Matemat. -przyrod.,  Acad. Umiejet. Krakowie, ser.2, 30: 261-308.

GRZYBOWSKI J . , 1898. Otwomice pokladow naftonosnych okolicy Krosna. 

Rozprawy Wyd. Matemat. -przyrod.,  Acad. Umiejet. Krakowie, ser.2, 33: 257- 

305.

GRZYBOWSKI J . , 1901. Otwomice warstw inoceramowych okolicy Gorlic. 

Rozprawy Wyd. Matemat. -przyrod.,  Acad. Umiejet. Krakowie, ser.2, 41: 219- 

286.

HAGN H., 1956. Geologische und Palaontologische Untersuchungen im Tertiar 

des Monte Brone un seiner Umbebung (Gardasee, Ober-Italien). 

Palaeontographica, 107 pt.A: 67-210.

HAGN H. & OHMERT W., 1971. Revision de "Truncatulina" grosserugosa Gumbel 

et de "Truncatulina" sublobatula Gumbel (Foraminiferes) de L'Eocene des 

Prealpes Bavaroises. Rev. Microp-al-eontology 14(5): 131-144.

HANSEN H.J., 1972. The Foraminifer Elphidium excavatum (Terguem) and it s  

variant forms. Micropal-eontology 18(3): 337-354.

HANSEN H.J. & ANDERSON A.L.L., 1976. Wall Structure and Classification of 

Fossil and Recent Elphidiid and Nonionid Foraminifera. Fossils and Strata 

10: 1-37.

HANSEN H.J. & ROGL F ., 1980. What is  Nonion? Problems involving 

Foraminiferal Genera described by Montfort, 1808 and the Type Species of 

Fichtel and Moll, 1798. Jour. Foram. Res. 10(3): 173-179.

HANZLIKOVA E., 1972. Carpathian Upper Cretaceous Foraminiferida of Moravia 

(Turonian-Maastrichtian). Rozpravy Ustredniho ustavu geologickeho, 39: 1 - 

160, p i .1-40.

HAQ B.U., HARDENBOL J. & VAIL P.R., 1987. Chronology of Fluctuating Sea 

Levels since the Triassic. Science 235: 1156-1167.

HART M.B., 1988. Early Miocene Agglutinated Foarminifera fran the Bermuda

-365-



Abyssal Plain: D.S.D.P. Site 603 (N.W. Atlantic Ocean). In GRADSTEIN F.M. 

and ROGL F. (Eds.), Second Workshop on Agglutinated Foraminifera. Abh.

Geol. B.-A., Band 41: 121-132, Wien.

HART M.B., BAILEY H.W. , FLETCHER B., PRICE R. & SWEICICKI A., 1981. 

Cretaceous. In JENKINS D.G. and MURRAY J.W. (Eds.), Stratigraphical Atlas 

of Fossil Foraminifera, Ellis  Horwood Ltd: 149-227.

HAYNES J . , 1956. Certain Smaller British Paleocene Foraminifera. Part I. 

Nonionidae, Chilostomellidae, Epistominidae, Discorbidae, Amphistegenidae, 

Globigerinidae, Globorotaliidae, and Gumbelinidae. Contr. Cush. Found. 

Foram. Res. 7(3): 79-101.

HAYNES J . , 1958. Certain Smaller British Paleocene Foraminifera. Part III. 

Polymorphinidae. Contr. Cush. Found. Foram. Res. 9(1): 4-16.

HAYNES J . , 1958. Certain Smaller Bitish Paleocene Foraminifera. Part IV. 

Arenacea, Lagenidea, Buliminidea and Chilostomellidae. Contr. Cush. Found. 

Foram. Res. 9(3): 58-77.

HAYNES J . , 1958. Certain Smaller British Paleocene Foraminifera. Part V. 

Distributions. Contr. Cush. Found. Foram. Res. 9(4): 83-92.

HAYNES J ., 1973. Cardigan Bay Recent Foraminifera. Bull. Brit. Mus. (Nat. 

Hist .), Zoology Suppl-4: pp.245.

HAYNES J . , 1981. Foraminifera. London, Macmillan: 1-433.

HOFKER J . , 1957. Foraminiferen der Oberkreide von Nordwestdeuchland und 

Holland. Beih. geol. Jarhbuch, Hanover, 27: pp.464, Text-figs.1-495.

HOFKER J . , 1962. Correlation of the Tuff Chalk of Maestricht (type 

Maastrichtian) with the Danske Kalk of Denmark (type Danian), the 

stratigraphic position of the type Montian and the planktonic foraminiferal 

break. J. Paleontol. 36: 1051-89.

HOFKER J . , 1966. Maastrichtian, Danian and Palaeocene Foraminifera.

-366-



Palaeontographica, Suppl.10: 1-376.

HOFKER J . , 1968. Tertiary Foraminifera of Coastal Ecuador, Lower Oligocene 

and Lower Miocene. Palaeontographica A 130: 1-59.

HOFKER J . , 1976. Further studies on Caribbean Foraminifera. Studies on the 

fauna of Curacao and other Caribbean islands, 162. Natuurwet. Studiekrung 

Suriname en Ned. Antillen, Plompetorengracht 9-11, Utrecht.

HOOYBERGHS H.J.F., 1983. Middle Eocene Planktonic Foraminifera recorded 

fran the Brussels Sands Formation at Haacht (Belgium). Tertiary Research 

5(1): 9-24.

HOOYBERGHS H.J.F., 1984. Planktonic Foraminifera fran the Wemmel Sands 

Member of the Asse Formation at Strombeek Bever (Belgium). Tertiary 

Research 6(3): 93-106.

HOOYBERGHS H.J.F., 1984. Planktonic Foraminifera fran the Lede Sands 

Formation at Balegem. Tertiary Research 6(4): 165-175.

HOOYBERGHS H.J.F., 1986. Quantitative Distribution and Palaeoecology of 

Benthonic Foraminifera in the Panisel and Lede Formation (Eocene) at Burst 

(Belgium). Tertiary Research 7(4): 145-155.

HORNIBROOK N. De B ., 1958. New Zealand Upper Cretaceous and Tertiary 

foraminiferal zones and sane overseas correlations. Micropa1"eontology
w

4(1): 25-38.

HUGHES M.J., 1957. Note on the Ncminal Species Cristellaria wetherellii 

Jones and Marginulina w etherellii Jones. Contr. Cush. Found. Foram. Res. 

8(2): 70-72.

HUGHES M.J., 1981. Contribution on the Oligocene and Eocene Microfaunas of 

the Southern North Sea. In NEALE J.W. AND BRASIER M.D. (Eds.) Microfossils 

from the Fossil and Recent Shelf Seas: 186-294.

JACQUE M. & THOUVENIN J . , 1975. Lower Tertiary Tuffs and Volcanic Activity

-3 6 7 -



in the North Sea. In Woodland A.W. (Ed.), Petroleum and the Continental 

Shelf of North West Europe, Ellis  Horwood Ltd., 1: 455-465.

JEDNOROWSKA A., 1969. Sane Assemblages of Planktonic Foraminifera fran the 

Eocene of the Magura Series (Polish Flysch Carpathians). Annales de la 

Societe Geologoque de Pologne, Krakow, 39, Fascicule 1-3: 277-294. 

JEDNOROWSKA A., 1975. Zespoly malych otwomic w paleocenie Polskich Karpat 

zachodnich (Small foraminifera assemblages in the Paleocene of the Polish 

Western Carpathians) . -Studia Geol. Polonica, 47: 7-103.

JENKINS D.G., 1965. Planktonic Foraminifera and Tertiary Intercontinental 

Correlations. Micropal^eontology 11(3): 265-277.

JENKINS D.G., 1971. New Zealand Cenozoic planktonic foraminifera. New 

Zealand Geol. Surv. Paleont. Bull. , 42: pp.278.

JENKINS D.G., 1975. Cenozoic Planktonic Foraminiferal Biostratigraphy of 

the Southwestern Pacific and Tasman Sea-D.S.D.P. Leg 29. In itia l Rep. 

D.S.D.P. 29: 449-467.

JENKINS D.G. & MURRAY J.W. (Eds.), 1981. Stratigraphical Atlas of Fossil 

Foraminifera. Ell is  Horwood Ltd.

JONES. G.D., 1983. Foraminiferal Biostratigraphy and Depositional History 

of the M. Eocene rocks of the Coastal Plain of North Carolina. Spec. Pub. 

8. Pep. Nat. Resources & Community Dev. Geological Survey Section, U.S.A:

pp.80.

JONES G.D., 1988. A Paleoecological Model of Late Paleocene "Flysch-Type" 

Agglutinated Foraminifera Using the Palaeoslope Transect Approach, Viking 

Graben, North Sea. In GRADSTEIN F.M. and ROGL F. (Eds.) Second Workshop on 

Agglutinated Foraminifera, Vienna Proceedings. Abh. Geol. B.-A. Band 41:

143-153.

JONES R.W., 1985. "Morphogroups" of Agglutinating Foraminifera. Their Life

-3 6 8 -



Positions and Feeding Habits and Potential Applicability in 

(Palaeo)Ecological Studies. Rev, de Paleobiologie 4(2): 311-320.

JONES R.W. & CHARNOCK M.A., 1988. Emendation of the Foraminiferal Genus 

Cribrostomoides Cushman, 1910, with a Discussion of the Taxonomic 

Implications thereof. (In prep.).

JURKIEWICZ H., 1967. Foraminifers in the Sub-Menilitic Palaeogene of the 

Polish Middle Carpathians. Stratigraphical-Palaeontological Investigations 

in Poland Vol.IV. Instytut Geologiczny Biuletyn 210: 5-116.

KAASCHIETER J.P.H., 1961. Foraminifera of the Eocene of Belgium. Mam. Inst. 

R. Sci. Nat. Belg., 147: 1-271.

KAMINSKI M.A., 1984. Shape variation in Spiroplectammina spectabilis 

(Grzybowski). Acta Palaeont. Polonica 29: 29-49.

KAMINSKI M.A. & GEROCH S ., 1987. Two new species of Phenacophragma from the 

Palaeogene of Trinidad and Poland. Micropal~eontology 5(33): 98-107.
w»

KAMINSKI M.A., GRADSTEIN F.M., BERGGREN W.A., GEROCH S. & BECKMANN J.P.,  

1988. Flysch-Type Agglutinating Foraminiferid Assemblages from Trinidad: 

taxoncxny, stratigraphy and pa laeoba thyme try. In GRADSTEIN F.M. and ROGL F. 

(Eds.), Second Workshop on Agglutinating Foraminifera, Vienna Proceedings. 

Abh. Geol. B.-A. Band 41: 155-227.

KENNETT J.P. & SRINIVASAN M.S., 1983. Neogene Planktonic Foraminifera. A 

Phylogenetic Atlas. Van Nostrand Reinhold Co. Inc., New York.

KIESSEL Y., 1970. Die Foraminiferenfauna der Palaozanen und Eozanen 

Schichtenfolge der Deutschen Demokratischen Republik. Palaeontol. Abh. Abt. 
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PLATE DESCRIPTIONS.

P late  1.

F ig .1 a . Quinqueloculina im p eria lis  Hanna and Hanna. X75. Well 29/10-1 ,

7030'DC, Early O ligocene, Zone CB7, AB10 (reworked).

b. Quinqueloculina im p eria lis  p o rteren sis  Rau. X75. London Clay 

Formation, Parliament H il l  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone 

CB3.

F ig .2. Quinqueloculina ludwigi Reuss. X100. London Clay Formation, 

Parliament H il l ,  sample PH004. Early Eocene, Ypresian, Zone AB4.

F ig .3. Cornuspira involvens (Reuss). X50. London Clay Formation, Parliament

H ill  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone AB4.

F ig .4. Qsangularia plummerae Brotzen. X100. London Clay Formation, 

Parliament H il l ,  sample PH004. Early Eocene, Ypresian, Zone AB4.

F ig .5. Gyroidinoides sp . X250. London Clay Formation, B r it ish  Library S it e ,

sample BL001. Early Eocene, Ypresain, Zone PK3.

F ig .6 a . Aragonia aragonensis (N u tta ll) . X100. Well 49 /19 -1 , 1260'SWS, 

e a r l ie s t  Early Eocene, Zones CB3, AB4.

b. Aragonia aragonensis (N u tta ll) . X725. Wall s tru ctu re , and apertural 

fa ce . Well 49 /19-1 , 1260'SWS, e a r l ie s t  Early Eocene, Zones CB3, AB4.

F ig .7. C assidulina carapitana (Hedberg). X75. Well 14 /29 -1 , 1880'DC, Early 

O ligocene, Zone CB7a marker sp ec ie s .

F ig .8. P u llen ia  quinqueloba (Reuss). X100. London Clay Formation,

Parliament H ill  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone AB4.

F ig .9. Haynesina sp . X75. Well 21 /11-1 . 2130'DC, Early P lio cen e .

F ig .10. Pseudononion boueanus (d'Orbigny). X75. Well 21 /11-1 , 2370'DC., 

Early Miocene, Zones CB13, PK11.

F ig .1 1 . C hilostom ello ides oviform is (Sherbom & Chapman). X50. London Clay
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Formation, Parliament H ill  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone 

AB4.

F ig .12a . Anomalinoides dorri (C ole). X100. London Clay Formation,

Parliament H ill  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone AB4.

b. Anomalinoides dorri (C ole). X100. London Clay Formation,

Parliament H ill  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone AB4.

P la te  2.

F ig .1 . Anoma 1 in o id es d orri (C ole). X100. London Clay Formation, Parliament 

H ill  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone AB4.

F ig .2 a . Anomalinoides ca p ita tu s  (Giimbel). X100. Well 49 /19-1 , 1260'DC, 

e a r l ie s t  Early Eocene, Zones CB3, AB4, PK6.

b. Anomalinoides ca p ita tu s  (Giimbel). X250. Same specimen as F ig .2 a , 

th is  p la te . Well 49 /19 -1 , 1260'DC, e a r l i e s t  Early Eocene, Zones CB3, AB4, 

PK6.

c . Anomalinoides ca p ita tu s  (Giimbel). X175. Same specimen as F ig .2 a . 

Well 49 /19-1 , 1260'DC, e a r l ie s t  Early Eocene, Zones CB3, AB4, PK6.

d. Anomalinoides ca p ita tu s  (Giimbel). X75. Same specimen as F ig .2a .

Well 49 /19-1 , 1260'DC, e a r l ie s t  Early Eocene, Zones CB3, AB4, PK6.

F ig .3. Anomalinoides sem icribratus (Beckmann). X180. Well 4 9 /19 -1 , 1260'DC, 

e a r l ie s t  Early Eocene, Zones CB3, AB4.

F ig .4 a . Anomalinoides acuta Plummer. X100. Well 4 9 /9 -1 , 1288'SWS, Late 

Eocene, Zone CB6.

b. Anomalinoides acuta Plummer. X100. London Clay Formation,

Parliament H ill  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone AB4.

F ig .5 a . Anomalinoides acuta anoma1in o id es (ten  Dam). X100. Well 49/19-1 ,

1170'DC, ?Early-Middle Eocene, Zones CB4, PK7.
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b. Anomalinoides acuta anoma1in o id es  (ten  Dam). X100. Well 49/19-1 ,

1170'DC, ?Early-Middle Eocene, Zones CB4, PK7.

c . Anomalinoides acuta anomalinoides (ten  Dam). X100. Well 49/19-1 ,

1170'DC, ?Early-Middle Eocene, Zones CB4, PK7.

F ig .6 a . C ib icid o ides a l le n i  (Plummer) subsp.A. X100. Thickened, ra ised  

sp ir a l suture. Well 49 /19-1 , 1230'DC, e a r l i e s t  Early Eocene, Zones, CB3, 

PK6, AB4.

b. C ib icid o ides a l le n i  (Plummer) subsp.A. X75. London Clay Formation, 

Parliament H ill  s i t e ,  sample PH003. Early Eocene, Ypresian, Zone AB4.

c . C ib icidoides a l le n i  (Plummer) subsp.A. X75. London Clay Formation, 

Parliament H ill  s i t e ,  sample PH003. Early Eocene, Ypresian, Zone AB4.

P la te  3.

F ig .1 a . C ib icid oides a l le n i  (Plummer) subsp.B. X50. London Clay Formation, 

Parliament H il l  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone AB4.

b. C ib icid o ides a l le n i  (Pluirmer) subsp.B. X50. London Clay Formation, 

Parliament H ill  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone AB4.

F ig .2 a . C ib icid o id es eocaenus (Gumbel). X75. Well 49 /19-1 , 1230'DC, 

e a r l ie s t  Early Eocene, Zones CB3, PK6, AB4.

b. C ib icid o ides eocaenus (Gumbel). X75. Well 49 /19-1 , 1230'DC, 

e a r l ie s t  Early Eocene, Zones CB3, PK6, AB4.

F ig .3 a . Heterolepa mexicanus (N u tta ll) . X100. Well 49 /19-1 , 1260'DC, 

e a r l ie s t  Early Eocene, Zones CB3, PK6, AB4.

b. Heterolepa mexicanus (N u tta l). X50. Well 49/19-1 , 1140'DC, Late 

Eocene, Zone CB6.

c . Heterolepa mexicanus (N u tta ll) . X50. Well 49 /19-1 , 1260'DC, 

e a r l ie s t  Early Eocene, Zones CB3, PK6, AB4.
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F ig .4 a . Heterolepa dutemplei p e e len s is  (ten  Dam & R einhold ). X100. Well 

2 1 /11-1 , 2670'DC, Middle O ligocene, Zone CB7.

b. Heterolepa dutemplei p e e len s is  (ten  Dam & R einhold). X100. Well 

21 /11 -1 , 2670'DC, Middle O ligocene, Zone CB7.

F ig .5. Melonis a f f in i s  (R euss). X100. London Clay Formation, Parliament 

H ill  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone AB4.

F ig .6 a . Pulsiphonina prima (Plummer). X100. London Clay Formation, 

Parliament H ill  s i t e ,  sample PH002. Early Eocene, Ypresian, Zone CB3.

b. Pulsiphonina prima (Plummer). X100. London Clay Formation, 

Parliament H ill  s i t e ,  sample PH002. Early Eocene, Ypresian, Zone CB3.

F ig .7 a . S ten sio in a  b eccariiform is (W hite). X100. Well 21 /3 0 -1 , 6690'SWS, 

Late Palaeocene, Thanetian, Zones CB2, AB2.

b. S ten sio in a  beccariiform is (W hite). X75. Well 4 9 /19 -1 , 1440'DC, 

?Late Palaeocene, Thanetian, Zone CB2.

F ig .8. Ceratobulimina contraria  (Reuss). X100. Well 4 9 /9 -1 , 1288'SWS, Late 

E ocene/?E arliest O ligocene, Zone CB6.

F ig .9 a . B uccella  fr ig id a  (Cushman). X100. Well 2 1 /1 1 -1 , 2130'DC, Early 

P liocen e .

b. B uccella  fr ig id a  (Cushman). X100. D ifferen t specim ens. Well 21/11- 

1, 2130'DC, Early P lio cen e .

P la te  4.

F ig .1 a . Siphonina r e t ic u la ta  (C zjzek). X350. Aperture on neck w ith l ip .  

Well 2 9 /10 -1 , 4840'DC, early  Middle Miocene, Zone AB11b.

b. Siphonina r e t ic u la ta  (C zjzek). X100. Well 2 9 /1 0 -1 , 4810'DC, early  

Middle Miocene, Zone AB11b.

c . Siphonina r e t ic u la ta  (C zjzek). X100. Well 2 9 /1 0 -1 , 4810'DC, early
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Middle Miocene, Zone AB11 b.

F ig .2 a . A ste r ig er in a  s ta e s c h i ten  Dam & R einhold . X100. W ell 2 1 /1 1 -1 ,

2370'DC, Early Miocene, Zones CB13, PK11.

b. A sterigerina s ta e sc h i ten  Dam & Reinhold. X100. Well 21 /11-1 ,

2370'DC, Early Miocene, Zones CB13, PK11.

F ig .3 a . A sterigerina gu er ich i (Franke). X50. Well 2 1 /11 -1 , 2610'DC, early  

Late O ligocene, Zone CB8.

b. A sterigerina gu erich i (Franke). X100. Well 21 /11 -1 , 2610'DC, early  

Late O ligocene, Zone CB8.

F ig .4. Gyroidina a f f .  octocamerata Cushman & Hanna. X100. London Clay 

Formation, Parliament H ill  s i t e ,  sample PH003. Early Eocene, Ypresian, Zone 

AB4.

F ig .5 . Gyroidina angustium bilicata  ten  Dam. X100. London Clay Formation, 

Parliament H ill  s i t e ,  sample PH003. Early Eocene, Ypresian, Zone AB4.

F ig .6 . Gyroidina so ld a n ii mamillata (Andreae). X100. Well 21 /1 1 -1 , 2790'DC, 

Middle O ligocene, Zone CB7, AB10.

F ig .7. Gyroidina so ld a n ii girardana (R euss). X75. Well 2 1 /11 -1 , 2730'DC, 

Middle O ligocene, Zone CB7, AB10.

F ig .8 a . O rid orsa lis  umbonatus (R euss). X100. Well 29 /10 -1 , 6100'DC, Early 

Miocene/Late O ligocene, Zone CB10-11.

b. O rid orsa lis  umbonatus (R euss). X100. Well 29 /1 0 -1 , 6000'DC, Early 

Miocene/Late O ligocene, Zone CB10-11.

F ig .9. R ota lia tin a  bulim oides (R euss). X100. Well 21 /1 1 -1 , 2670'DC, Middle 

O ligocene, Zones CB7 (marker s p e c ie s ) , AB10.

F ig . 10a. Alabamina w ilco x en sis  Toulmin. X100. London Clay Formation, 

Parliament H il l  s i t e ,  sample PH003. Early Eocene, Ypresian, Zone AB4.
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b. Alabamina w ilc o x e n s is  Toulmin. X100. London Clay Form ation,

Parliam ent H i l l  s i t e ,  sample PH003. E arly  Eocene, Y presian , Zone AB4.

P late  5.

F ig .1 . Alabamina w ilco x en sis  Toulmin. X100. London Clay Formation, 

Parliament H ill  s i t e .  Sample PH003. Early Eocene, Ypresian, Zone AB4.

F ig .2. Alabamina obtusa (Burrows & H olland). X100. London Clay Formation, 

Parliament H il l  s i t e .  Sample PH003. Early Eocene, Ypresian, Zone AB4.

F ig .3. Elphidium excavatum (Terquem). X100. Well 2 1 /1 1 -1 , 2130'DC, Early 

P liocen e.

F ig .4. Elphidium inflatum  (Reuss). X75. Well 21 /1 1 -1 , 231 O'DC, Early 

Miocene, Zone ?PK11.

F ig .5 a . Eponides k arsten i (R euss). X100. Well 49 /19 -1 , 1230'DC, e a r l ie s t  

Early Eocene, Zones CB3, PK6.

b. Eponides k arsten i (R euss). X500. Aperture w ith d is t in c t  rim. Well 

49/19-1 , 1230'DC, e a r l ie s t  Early Eocene, Zones CB3, PK6.

c . Eponides karsten i (R euss). X50. Well 4 9 /19 -1 , 1230'DC, e a r l ie s t  

Early Eocene, Zones CB3, PK6.

d. Eponides karsten i (Reuss). X75. Well 49 /19-1 , 1170'DC, Early-Middle 

Eocene, Zones CB4 (marker sp e c ie s ) , PK7.

F ig .6 a . P lanulina co sta ta  (Hantken). X50. 14 /29-1 , 2270-00'DC, Middle 

Eocene, Zone CB5 (marker sp e c ie s ) .

b. P lanulina co sta ta  (Hantken). X50. 14 /29-1 , 2450-80'DC, ?Middle 

Eocene, Zone ?CB5.

F ig .7. C ib icid ina cunobelin i Haynes. X100. London Clay Formation,

Parliament H ill  s i t e .  Sample PH004. Early Eocene, Ypresian, Zones AB4, PK4. 

F ig .8 a . C ib icid es lobatu lus (Walker & Jacob) s . l .  X75. London Clay
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Formation, Parliam ent H i l l  s i t e .  Sample PH004. E arly  Eocene, Y presian,

Zones AB4, PK4.

b. C ib ic id es lobatu lu s (Walker & Jacob) s . l .  X75. London Clay 

Formation, Parliament H il l  s i t e .  Sample PH004. Early Eocene, Ypresian,

Zones AB4, PK4.

F ig .9 a . C ib ic id es w esti (Howe). X75. London Clay Formation, Parliament H ill  

s i t e .  Sample PH004. Early Eocene, Ypresian, Zones AB4, PK4.

b. C ib ic id es w esti (Howe). X100. London Clay Formation, Euston Centre 

s i t e .  Early Eocene, Ypresian, Zone AB4.

P la te  6.

F ig . 1a. C ib ic id es an g lica  (Bowen). X100. London Clay Formation, Parliament 

H ill  s i t e ,  sample PH004. Early Eocene, Ypresian, Zones AB4, PK4.

b. C ib icid es an g lica  (Bowen). X100. London Clay Formation, Parliament 

H ill  s i t e .  Sample PH004. Early Eocene, Ypresian, Zones AB4, PK4.

F ig .2 .a . C ib ic id es te n e llu s  (R euss). X75. Well 2 1 /1 1 -1 , 2370fDC, Early 

Miocene, Zones CB13, PK11.

b. C ib ic id es te n e llu s  (R euss). X75. Well 2 1 /1 1 -1 , 2310'DC, Early 

Miocene, Zone ?PK11.

c . C ib ic id es te n e llu s  (R euss). X75. Well 2 1 /1 1 -1 , 2310'DC, Early 

Miocene, Zone 7PK11.

F ig .3 a . C ib ic id es pseudoungerianus (Cushman). X75. Well 21 /11 -1 , 2130'DC, 

Early P liocen e.

b. C ib icid es pseudoungerianus (Cushman). X75. Well 21 /1 1 -1 , 2130'DC, 

Early P liocen e.

F ig .4 a . C ib ic id es ungerianus (d'Orbigny). X75. Well 21 /11 -1 , 3090'DC, Late 

Eocene, Zone PK8.
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b. C ib icid es ungerianus (d'Orbigny). X75. Well 21 /1 1 -1 , 3090'DC, Late 

Eocene, Zone PK8 (d iffe r e n t specimen than F ig .4 a , t h is  p la t e ) .

F ig .5. C ib icid es pygmeus (Hantken). X75. London Clay Formation, Parliament 

H ill s i t e .  Sample PH003. Early Eocene, Ypresian, Zones AB4, PK4.

F ig .6. Praeglobobulimina ovata (d'Orbigny). X100. London Clay Formation, 

Parliament H ill  s i t e .  Sample PH004. Early Eocene, Ypresian, Zones AB4, PK4. 

F ig .7. Bulimina elongata d'Orbigny. X100. Well 29 /1 0 -1 , 5520-30'DC, Early- 

early  Middle Miocene, Zone CB12.

F ig .8 a . Bulimina tr ig o n a l i s  ten Dam. X100. Pegwell Bay. Bed 10, Late 

Palaeocene, Thanetian, Zone NP6/7.

b. Bulimina tr ig o n a lis  ten  Dam. X180. Pegwell Bay. Bed 10, Late 

Palaeocene, Thanetian, Zone NP6/7.

c . Bulimina tr ig o n a lis  ten  Dam. X75. Pegwell Bay. Bed 10, Late 

Palaeocene, Thanetian, Zone NP6/7.

P la te  7.

F ig .1 . C assidulinoides bradyi (Norman). X200. Well 2 9 /1 0 -1 , 4810'DC, early  

Middle Miocene, Zone AB11b.

F ig .2 a . Uvigerina 1 b a t je s i  K aaschieter 'v a r . ' A. X100. London Clay 

Formation, Parliament H il l  s i t e .  Sample PH001. Early Eocene, Ypresian,

Zones CB3, AB4, PK4.

b. Uvigerina jb atjesi Kaaschieter 'v a r .' B. X180. London Clay 

Formation, Parliament H il l  s i t e .  Sample PH001. Early Eocene, Ypresian,

Zones CB3, AB4, PK4.

F ig .3. Uvigerina pygmaea langeri D aniels and S p ieg ler . X100. Well 49 /9 -1 , 

1306'SWS, Late E ocene/?E arliest O ligocene, Zone CB6.

F ig .4. Uvigerina sp .1 . X100. Well 49 /9 -1 , 1306'SWS, Late E ocene/?E arliest
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O ligocene, Zone CB6.

F ig . 5a. U vigerina m acrocarinata Papp & Tum ovsky. X40. W ell 2 1 /1 1 -1 ,

2370'DC, Early Miocene, Zones, CB13, PK10-11.

b. Uvigerina macrocarinata Papp & Tumovsky. X75. Well 2 1 /11 -1 ,

2370'DC, Early Miocene, Zones, CB13, PK10-11.

F ig .6 a . T rifarin a  bradyi Cushman. X180. Well 49 /1 9 -1 , 1230'DC, e a r l ie s t  

Early Eocene, Zones CB3, AB4, PK6.

b. T rifarina  bradyi Cushman. X1000. Aperture w ith d is t in c t  rim. Well 

49 /19-1 , 1230'DC, e a r l ie s t  Early Eocene, Zones CB3, AB4, PK6 (same specimen 

as F ig .6 a , th is  p la te ) .

F ig .7 a . T u rrilin a  b rev isp ira  ten Dam. X180. Well 2 9 /1 0 -1 , 8610'DC, Late 

Palaeocene, Thanetian, Zone CB2 (specimen caved).

b. T u rrilin a  brev isp ira  ten Dam. X180. London Clay Formation, 

Parliam ent H ill  s i t e .  Sample PH001. Early Eocene, Ypresian, Zones CB3, AB4, 

PK4.

F ig .8 a . T u rrilin a  a ls a t ic a  Andreae. X180. Well 2 9 /1 0 -1 , 6940'DC, Early 

O ligocene, Zones CB7, PK9.

b. T u rrilin a  a ls a t ic a  Andreae. X250. Well 4 9 /9 -1 , 1306'SWS, Late 

E ocene/P E arliest O ligocene, Zone CB6.

P la te  8.

F ig .1 . Sphaeroidina b u llo id es  d'Orbigny. X100. Well 21 /1 1 -1 , 2810'DC, Late 

Eocene, Zone ?CB6 (caved?).

F ig .2 . B riza lin a  an g lica  Cushman. X100. London Clay Formation, Parliament 

H ill  s i t e ,  sample PH004. Early Eocene, Ypresian, Zones AB4, PK4.

F ig .3 . B riza lin a  cookei (Cushman). X180. 4 9 /9 -1 , 1288'SWS, Late 

E ocene/?E arliest O ligocene, Zone CB6 (marker s p e c ie s ) .
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F i g .4 . S t i lo s to m e lla  p a leocen ica  (Cushman and Todd). X50. London Clay

Formation, Parliament H ill  s i t e .  Sample PH004. Early Eocene, Ypresian,

Zones AB4, PK4.

F ig .5 a . S t ilo sto m e lla  adolphina (d'Orbigny). X400. 3-4 rows o f  sp ines on 

the base o f  a rounded chamber. 49/19-1 , 1140'DC, ?Early-Middle Eocene,

Zones CB4, PK7.

F ig .5 b . S tilo sto m e lla  adolphina (d'Orbigny). X100. 4 9 /1 9 -1 , 1140'DC, 

?Early-Middle Eocene, Zones CB4, PK7. Same specimen as F ig .5 a , th is  p la te .

c . S t ilo sto m e lla  adolphina (d'Orbigny). X250. E a r lier  chambers than 

F ig .5 a , t h is  p la te , le s s  spinose with sp in es shown in  th e  suture between 

chambers. A lso shows the way the sp ines po in t towards th e b asa l sp in e . 

49 /19 -1 , 1140'DC, ?Early-Middle Eocene, Zones CB4, PK7.

d . S tilo sto m e lla  adolphina (d'Orbigny). X250. Short b asa l sp in es with  

a row o f sp in es along the base o f the f i r s t  formed chamber. 49 /19-1 , 

1140'DC, ?Early-Middle Eocene, Zones CB4, PK7.

F ig .6 . S tilo s to m e lla  spinescens (R euss). X75. Well 2 1 /1 1 -1 , 2790'DC, Middle 

O ligocene, Zones CB7, AB10.

F ig .7 . Pseudonodosaria sp .1 . X75. London Clay Formation, Parliam ent H ill  

s i t e .  Sample PH004. Early Eocene, Ypresian, Zones AB4, PK4.

F ig .8 . Pseudonodosaria sp .2 . X100. London Clay Formation, Parliam ent H ill  

s i t e .  Sample PH004. Early Eocene, Ypresian, Zones AB4, PK4.

F ig .9 . Pseudonodosaria sp .3 . X35. London Clay Formation, Parliam ent H ill  

s i t e .  Sample PH004. Early Eocene, Ypresian, Zones AB4, PK4.

F ig .1 0 . Saracenaria sp. X50. London Clay Formation, Parliam ent H ill  s i t e .  

Sample PH003. Early Eocene, Ypresian, Zones AB4, PK4.

F ig .1 1 . Marginulina c f  attenuata Neugeboren. X75. London Clay Formation, 

Parliam ent H il l  s i t e .  Sample PH003. Early Eocene, Ypresian, Zones AB4, PK4.
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F ig . 12. P ercu ltazon aria  w e th e r e l l i i  (J o n e s ) . X25. London C lay Form ation,

Parliam ent H i l l  s i t e .  Sample PH001. E arly Eocene, Y presian , Zones AB4, PK4.

P la te  9.

F ig . 1a. Percultazonaria w e th e r e ll i i  (Jon es). X75. London Clay Formation, 

Parliament H ill  s i t e .  Sample PH004. Early Eocene, Ypresian, Zones AB4, PK4.

b. Percultazonaria w e th e r e ll i i  (Jon es). X75. Broken ju v en ile  showing 

in tern a l chamber arrangement in  la te r  part o f  t e s t .  London Clay Formation, 

Euston Centre s i t e .  Early Eocene, Ypresian, Zones AB4, PK4.

F ig .2. Percultazonaria w e th e r e ll i i  (Jones) var. X100. London Clay 

Formation, Parliament H ill  s i t e .  Sample PH004. Early Eocene, Ypresian,

Zones AB4, PK4.

F ig .3. V aginulinopsis a f f .  jo n esi (Reuss). X50. Well 2 9 /1 0 -1 , 6200'DC, 

L a te -'Middle1 O ligocene, Zones AB11 a , CB9.

F ig .4. V aginulinopsis praelonga ten  Dam. X35. Pegw ell Bay, Bed 10, Late 

Palaeocene, Thanetian, Zone NP6/7.

F ig .5. L en ticu lin a  c f .  pseudovortex (C ole). X50. London Clay Formation, 

Parliament H ill  s i t e ,  sample PH002. Early Eocene, Ypresian, Zones CB3, AB4, 

PK4.

F ig .6. L en ticu lin a  subangulata (Reuss). X50. London Clay Formation, 

Parliament H il l  s i t e .  Sample PH004. Early Eocene, Ypresian, Zones AB4, PK4. 

F ig .7. L en ticu lin a  sp .1 . X50. London Clay Formation, Parliam ent H ill  s i t e .  

Sample PH004. Early Eocene, Ypresian, Zones AB4, PK4.

F ig .8 . L en ticu lin a  c u ltra ta  (de M ontfort). X50. 49 /19 -1 , 1140'DC, ?Early- 

Middle Eocene, Zones CB4, PK7.

F ig .9 a . L en ticu lin a  m ultiform is (Franke). X35. 49 /19 -1 , 1260'DC, e a r l ie s t  

Early Eocene, Zones CB3, AB4, PK6.
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b. L en ticu lin a  m ultiform is (Franke). X35. 49 /19 -1 , 1260'DC, e a r l ie s t  

Early Eocene, Zones CB3, AB4, PK6 (same specimen as F ig .9 a , th is  p la te ) .

c . L en ticu lin a  m ultiform is (Franke). X75. Shows broken aperture with  

curved sep ta l fa ce . 49 /19-1 , 1260'DC, e a r l i e s t  Early Eocene, Zones CB3,

AB4, PK6 (same specimen as F ig .8 a , th is  p la te ) .

F ig .10. L en ticu lin a  ca lcar  (Linnaeus) X35. 14 /29-1 , 1970'DC, Late Eocene- 

Early O ligocene, Zone ?NSB6 o f King 1983.

P la te  10.

F ig .1 . Dentalina m u ltilin ea ta  Bomemann. X50. London Clay Formation, Euston 

Centre s i t e .  Early Eocene, Ypresian, Zone AB4.

F ig . 2 . Dental ina e legan tissim a (Hantken), 'v a r .' B. X25. London Clay

Formation, Parliament H il l  s i t e .  Sample PH004. Early Eocene, Ypresian,

Zones AB4, PK4.

F ig . 3. Dental ina inom ata  (d'Orbigny). X75. London Clay Format iann, 

Parliament H il l  s i t e ,  sample PH002. Early Eocene, Ypresian, Zone CB3, AB4, 

PK4.

F ig .4 a . Nodosaria la te ju g a ta  Gumbel. X35. London Clay Formation, Parliament 

H ill  s i t e .  Sample PH002. Early Eocene, Ypresian, Zones CB3, AB4, PK4.

b. Nodosaria la te ju gata  Gumbel. X25. London Clay Formation, Parliament 

H ill  s i t e .  Sample PH002. Early Eocene, Ypresian, Zones CB3, AB4, PK4.

F ig .5. Nodosaria a f f .  raphanus Linnaeus. X50. London Clay Formation, 

Parliament H il l  s i t e .  Sample PH003. Early Eocene, Y presian, Zones AB4, PK4. 

F ig .6. Nodosaria sp .2 . X50. London Clay Formation, Parliam ent H ill  s i t e .  

Sample PH003. Early Eocene, Ypresian, Zones AB4, PK4.

F ig .7. Nodosaria sp .3 . X25. London Clay Formation, Parliam ent H ill  s i t e .  

Sample PH003. Early Eocene, Ypresian, Zones AB4, PK4.
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F ig .8 . Nodosaria consobrina (d'Orbigny). X35. London Clay Formation, 

Parliament H ill  s i t e .  Sample PH004. Early Eocene, Ypresian, Zones AB4, PK4. 

F ig .9 a . P lecto fron d icu lar ia  seminuda (R euss). X100. Well 29 /1 0 -1 , 6100'DC, 

Early Miocene-Late O ligocene, Zones CB10-11, PK10. A marker sp ec ie s  for  

Zone CB10.

b. P lecto fron d icu lar ia  seminuda (R euss). X100. Well 2 9 /1 0 -1 , 6100'DC, 

Early Miocene-Late O ligocene, Zones CB10-11, PK10.

F ig .10a . Rhabdammina d iscre ta  Brady. X40. Well 2 9 /1 0 -1 , 6940'DC, Early

O ligocene, Zones AB10, CB7, PK9.

b. Rhabdammina d iscre ta  Brady. X100. Wall s tru c tu re . Well 29/10-

1, 6940'DC, Early O ligocene, Zones AB10, CB7, PK9.

F ig .11a . Rhizammina in d iv isa  Brady. X100. Coarse w alled  form. Well 29 /10-1 ,

8060'DC, E arly-early  Middle Eocene, Zones AB6, PK5.

b. Rhizammina in d iv isa  Brady. X250. Smooth w alled form. Well 29 /10-1 ,

9080'DC, Early Palaeocene, Zone PK1a.

P la te  11.

F ig .1 a . Rhizammina in d iv isa  Brady. X100. Well 29/10-1 , 7460'DC, Early 

O ligocene, Zones AB10, CB7, PK9.

b. Rhizammina in d iv isa  Brady. X75. Well 2 9 /1 0 -1 , 7460'DC, Early 

O ligocene, Zones AB10, CB7, PK9.

F ig .2 a . Dendrophyra c f .  la tiss im a  Grzybowski. X180. Well 2 9 /1 0 -1 , 8120'DC, 

E arly-early  Middle Eocene, Zone AB6.

b. Dendrophyra c f .  la tiss im a  Grzybowski. X100. Well 2 9 /1 0 -1 , 6310'DC, 

L a te -'Middle' O ligocene, Zones AB11 a , CB9.

c . Dendrophyra c f .  la tiss im a  Grzybowski. X180. Well 2 9 /1 0 -1 , 6360'DC, 

Early O ligocene, Zones AB10, CB7, PK9.
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F ig .3. Psammosphaera fusca Schulze. X100. London Clay Formation, Parliament 

H ill  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone AB4.

F ig .4. Placentammina placenta (Grzybowski). X100. Well 2 5 /1 0 -1 , 5886'core,

' M iddle' -Late Palaeocene, Zone AB2.

F ig .5. Placentammina complanata Franke. X100. Well 2 9 /1 0 -1 , 6360'DC, Early 

O ligocene, Zones AB10, CB7, PK9.

F ig .6 a . Ammodiscus cretaceus (Reuss). X50. Well 2 1 /3 0 -1 , 6690'SWS, Late 

Palaeocene, Thanetian, Zones AB2, CB2.

b. Ammodiscus cretaceus (R euss). X75. London Clay Formation,

Parliam ent H ill  s i t e .  Sample PH004. Early Eocene, Ypresian, Zones AB4, PK4. 

F ig .7. Ammodiscus planus Loeblich. X200. Well 25 /10 -1 , 5886' core ,

1M iddle'-L ate Palaeocene, Zone AB2.

F ig .8 a . Ammolagena c lava ta  (Jones & Parker). X75, on Spiroplectammina 

navarroana Cushman. Well 25/10-1 , 5501' core , Early Eocene, Zone AB5.

b. Ammolagena c lavata  (Jones & Parker). X50, on Ammodiscus cretaceus  

(R euss). Well 29 /10-1 , 8590'DC, Late Palaeocene, Thanetian, Zone CB2.

P la te  12.

F ig .1 . Glomospira g o r d ia lis  (Jones & Parker). X100. Well 4 9 /1 9 -1 , 1440'DC, 

?Late Palaeocene, Zone CB2.

F ig .2. Glomospira ir re g u la r is  (Grzybowski). X100. Well 49 /1 9 -1 , 1440'DC, 

?Late Palaeocene, Zone CB2.

F ig .3 .a . G lom ospirella c f .  diffundens (Cushman & Renz). X100. Well 29 /10-1 , 

6940'DC, Early O ligocene, Zones AB10, CB7, PK9.

b. G lom ospirella c f .  diffundens (Cushman & Renz). X750. Wall 

stru ctu re  and i n i t i a l  s trep to sp ira l c o i l .  Well 2 9 /10 -1 , 6940'DC, Early 

O ligocene, Zones AB10, CB7, PK9.
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F ig .4 a . Repmanina charoides (Jones & Parker). X100. Well 2 9 /1 0 -1 , 7000'DC, 

Early O ligocene, Zones AB10, CB7, PK9.

b. Repmanina charoides (Jones & Parker). X100. Well 2 9 /1 0 -1 , 7000'DC, 

Early O ligocene, Zones AB10, CB7, PK9.

F ig .5. Rzehakina epigona (Rzehak). X180. Well 2 9 /10 -1 , 7460'DC, Early 

O ligocene, Zones AB10, CB7, PK9 (reworked exam ple).

F ig .6 a . Spirosigm oi1in e 1la  compressa Matsunaga. X75. Well 29/10-1 , 7000'DC, 

Early O ligocene, Zones AB10, CB7, PK9.

b. Spiros igmoi1in e1la  compressa Matsunaga. X100. Well 29 /1 0 -1 ,

5520'DC, E arly-early  Middle Miocene, Zone CB12.

F ig .7 a . Kalamopsis grzybowski (Dylazanka). X180. Well 2 5 /1 0 -1 , 5510' core, 

Early Eocene, Zone ?AB4.

b. Kalamopsis grzybowski (Dylazanka). X75. Well 2 5 /1 0 -1 , 5510' core, 

Early Eocene, Zone ?AB4.

P la te  13.

F ig .1 . Kalamopsis grzybowski (Dylazanka). X500. Well 2 5 /1 0 -1 , 5510' core, 

Early Eocene, Zone ?AB4.

F ig .2. Hormosina p i lu l i f e r a  (Brady). X100. Well 2 9 /1 0 -1 , 7460'DC Early 

O ligocene, Zones AB10, CB7, PK9.

F ig .3. Hormosina ovulum (Grzybowski). X75. Well 2 9 /1 0 -1 , 8010'DC, Early- 

ea r ly  Middle Eocene, Zones AB6, PK5.

F ig .4 a . Cribrostomoides subglobosus (S ars). X75. Well 1 4 /2 9 -1 , 4670'DC, 

Late Palaeocene, Thanetian, Zone AB3.

b. Cribrostomoides subglobosus (S ars). X50. Well 1 4 /2 9 -1 , 4670'DC, 

Late Palaeocene, Thanetian, Zone AB3.

F ig .5 a . Haplophragmoides k irk i Wickenden. X180. Well 2 1 /3 0 -1 , 6210'SWS,
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Early-Middle Eocene, Zone AB6.

b. Haplophragmoides k irk i Wickenden. X180. Well 2 1 /3 0 -1 , 6210'SWS, 

Early-Middle Eocene, Zone AB6.

c . Haplophragmoides k irk i Wickenden. X400. Apertural face  and w a ll. 

Well 21/30-1 , 6210’SWS, Early-Middle Eocene, Zone AB6 (same specimen as 

f ig .5 c ,  th is  p la te ) .

d . Haplophragmoides k irk i Wickenden. X180. Well 21 /3 0 -1 , 6210'SWS, 

Early-Middle Eocene, Zone AB6.

F ig .6. Haplophragmoides w a lter i (Grzybowski). X100. Well 2 5 /1 0 -1 , 5510' 

core, Early Eocene, Zone ?AB4. Uncompressed example.

P la te  14.

F ig .1 . Haplophragmoides sp . X75. London Clay Formation, Parliam ent H ill  

s i t e .  Sample PH003. Early Eocene, Ypresian, Zones AB4, PK4.

F ig .2 a . Labrospira s c itu la  (Brady). X50. Well 2 1 /3 0 -1 , 6045'SWS, E arly- 

Middle Eocene, Zone AB6.

b. Labrospira s c itu la  (Brady). X180. Same specimen as f ig .2 a ,  th is  

p la te , showing apertural face and w a ll. Well 2 1 /3 0 -1 , 6045'SWS, E arly- 

Middle Eocene, Zone AB6.

F ig .3. Lituotuba litu ifo r m is  (Brady). X75. Well 2 5 /1 0 -1 , 5510' core , Early 

Eocene, Zone ?AB4.

F ig .4 a . Ammobaculites c f .  j a r v is i  Cushman & Renz. X100. Ju ven ile  form? 

London Clay Formation, Parliament H ill  s i t e .  Sample PH004. Early Eocene, 

Ypresian, Zones AB4, PK4.

b. Ammobaculites c f .  ja r v is i  Cushman & Renz. X35. London Clay 

Formation, Parliament H ill  s i t e .  Sample PH004. Early Eocene, Ypresian, 

Zones AB4, PK4.

-3 9 4 -



c . Ammobaculites c f .  ja r v is i  Cushman & Renz. X75. Ju ven ile  form? Early 

chambers broken to  show chamber arrangement. London Clay Formation, 

Parliament H ill  s i t e .  Sample PH004. Early Eocene, Ypresian, Zones AB4, PK4. 

F ig .5. Ammomarginulina macrospira Bykova. X180. Well 2 5 /1 0 -1 , 5510' core, 

Early Eocene, Zone ?AB4.

F ig .6 a . Eratidus fo lia c e u s  (Brady). X180. Well 2 9 /1 0 -1 , 7460'DC, Early 

O ligocene, Zones AB10, CB7, PK9.

b. Eratidus fo lia c e u s  (Brady). X180. Well 2 9 /1 0 -1 , 7460'DC, Early 

O ligocene, Zones AB10, CB7, PK9.

F ig .7 a . Adercotryma agterbergi Gradstein & Kaminski. X100. Well 21 /30-1 , 

6045'SWS, Early-Middle Eocene, Zone AB6.

b. Adercotryma agterbergi Gradstein & Kaminski. X100. Well 21 /30-1 , 

6045'SWS, Early-Middle Eocene, Zone AB6.

c . Adercotryma agterbergi Gradstein & Kaminski. X100. Well 21 /30-1 , 

6045'SWS, Early-Middle Eocene, Zone AB6.

F ig .8 a . Cystammina pau cilocu lata  (Brady). X100. Well 2 9 /1 0 -1 , 8210'DC, Late 

Paleocene, Thanetian, Zones CB2, ?PK2.

b. Cystammina pau cilocu lata  (Brady). X100. Well 2 9 /1 0 -1 , 8210'DC, Late 

Paleocene, Thanetian, Zones CB2, ?PK2. Same specimen as f ig .8 a ,  th is  p la te .

P la te  15.

F ig . 1a. Praecystammina globigerinaeform is (K rasheninikov). X100. Well 

21/30-1 , 6210'SWS, Early-Middle Eocene, Zone AB6.

b. Praecystammina globigerinaeform is (K rasheninikov). X400. Same 

specimen as f ig .1 a ,  th is  p la te . R aised, s l i t - l i k e  aperture. Well 21 /30-1 , 

6210'SWS, Early-Middle Eocene, Zone AB6.

F ig .2. Thalmannammina w alter i (Grzybowski). X50. Well 14 /29 -1 , 4610'DC,
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Late Palaeocene, Thanetian, Zone AB2.

F ig .3 a . Reticulophragmium amplectens (Grzybowski). X500. Broken apertural 

fa c e , showing the remains o f a s l i t - l i k e  aperture. 4 9 /9 -1 , 2463'SWS, Early 

Eocene, Zone AB6.

b. Reticulophragmium amplectens (Grzybowski). X75. 4 9 /9 -1 ,

2463'SWS,Early Eocene, Zone AB6.

c . Reticulophragmium amplectens (Grzybowski). X180. 4 9 /9 -1 , 2463'SWS, 

Early Eocene, Zone AB6.

d. Reticulophragmium amplectens (Grzybowski). X75. 4 9 /9 -1 , 2463'SWS, 

Early Eocene, Zone AB6.

F ig .4. Reticulophragmium sp.1 X50. 49 /9 -1 , 2463'SWS, Early Eocene, Zone 

AB6.

F ig .5 a . Reticulophragmium placenta (R euss). X50. Well 2 1 /1 1 -1 , 3860'DC, 

Early Eocene-Late Palaeocene, Zone PK3.

b. Reticulophragmium placenta (R euss). X100. Well 2 9 /1 0 -1 , 7210'DC, 

Early O ligocene, Zones AB10, CB7, PK9.

c . Reticulophragmium placenta (R euss). X50. Well 2 9 /1 0 -1 , 7000'DC, 

Early O ligocene, Zones AB10, CB7, PK9.

d. Reticulophragmium placenta (R euss). X50. Well 2 9 /1 0 -1 , 7000'DC, 

Early O ligocene, Zones AB10, CB7, PK9.

e .  Reticulophragmium placenta (R euss). X35. Well 29/10-1 , 7780'DC, 

E a rly iea r ly  Middle Eocene, Zones AB6, PK5.

P la te  16.

F ig .1 a . Reticulophragmium placenta (R euss). X180. Broken f in a l  chamber, 

showing a lv e o la e . Same specimen as f ig .5 e ,  P I .15. Well 2 9 /1 0 -1 , 7780'DC, 

E arly-early  Middle Eocene, Zones AB6, PK5.
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b. Reticulophragmium placenta (R euss). X375. Aperture s l i t - l i k e .  

Sharper peripheral margin below the apertural face  than in  R. 

rotundidorsata (Hantken) ( f ig .2 c ,  th is  p la t e ) .  Well 29 /10 -1 , 7460'DC, Early 

O ligocene, Zones AB10, CB7, PK9.

F ig .2 a . Reticulophragmium rotundidorsata (Hantken). X100. Well 21 /30-1 ,

5470'SWS, e a r l ie s t  Late Oligocene to  Early O ligocene, Zones AB10, CB7.

b. Reticulophragmium rotundidorsata (Hantken). X75. Well 21 /30-1 ,

5470'SWS, e a r l i e s t  Late Oligocene to  Early O ligocene, Zones AB10, CB7.

c . Reticulophragmium rotundidorsata (Hantken). X250. Aperture s l i t 

l ik e ,  with rounded peripheral margin below the apertural fa c e . Same 

specimen as f ig .2 b , th is  p la te . Well 21 /30 -1 , 5470'SWS, e a r l i e s t  Late 

O ligocene to  Early O ligocene, Zones AB10, CB7.

F ig .3 a . Reticulophragmium paupera (Thalmann). X50. Wall o f  f in e  f l a t  

gra in s . Well 14 /29-1 , 4250'DC, Late Palaeocene, Zone AB2.

b. Reticulophragmium paupera (Thalmann). X50. Wall o f  f in e  f l a t  

gra in s . Well 14 /29-1 , 4670'DC, Late Palaeocene, Zone AB2.

F ig .4 a . Sab ellovolu ta  humboldti (R euss). X35. Well 2 1 /1 1 -1 , 2670'DC, 

'Middle' O ligocene, Zones AB10, CB7.

b. Sabe 1 lovo lu ta  humboldti (R euss). X750. C lose-up o f  broken f in a l  

chamber showing a lv eo la e . Same specimen as f ig 4 a , t h is  p la te . Well 21 /11-1 , 

2670'DC, 'Middle' O ligocene, Zones AB10, CB7.

c . Sab ellovolu ta  humboldti (Reuss). X250. A lveo lae. Same specimen as 

f ig .4 a ,  th is  p la te . Well 21/11-1 , 2670'DC, 'Middle' O ligocene, Zones AB10, 

CB7.

P late  17. Thick S ec tio n s .

F ig .1 . Reticulophragmium placenta (R euss). X500. Well 2 9 /1 0 -1 , 7000'DC,
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E arly O ligocen e, Zones AB10, CB7, PK9.

F ig .2. Reticulophragmium amplectens (Grzybowski). X500. Well 4 9 /9 -1 , 

2463'SWS, Early Eocene, Zone AB6.

F ig .3. Cyclammina c f .  g a r c il la s s o i  (F r iz z e l l ) .  X600. Well 2 9 /1 0 -1 , 8610'DC, 

Late Palaeocene, Thanetian, Zone CB2.

P la te  18.

F ig .1 . Cyclamnina c f .  g a r c ila s so i (F r iz z e l l ) .  X50. Well 2 9 /1 0 -1 , 8610'DC, 

Late Palaeocene, Thanetian, Zone CB2.

F ig .2. B o liv in o p sis  rosu la (Ehrenberg). X180. Portsdown 1 w e ll ,  4 7 '-5 0 ' ,  

Late Cretaceous.

F ig .3 a . Spiroplectammina navarroana Cushman. X75. Well 25/10-1 , 5510' core, 

Early Eocene, Zone ?AB4.

b. Spiroplectammina navarroana Cushman. X100. Well 2 5 /1 0 -1 , 5510' 

core, Early Eocene, Zone ?AB4.

F ig .4 a . Spiroplectammina s p e c ta b ilis  (Grzybowski) form B. X75. Well 21/30- 

1 , 6690'SWS, Late Palaeocene, Thanetian, Zones AB2 (marker sp e c ie s  for  that 

zone) , CB2, ?PK2.

b. Spiroplectammina s p e c ta b ilis  (Grzybowski) form B. X50. M icrospheric 

example. Well 21 /30-1 , 6690'SWS, Late Palaeocene, Thanetian, Zones AB2 

(marker sp ec ie s  for  th a t zone), CB2, ?PK2.

c . Spiroplectammina s p e c ta b ilis  (Grzybowski) form A. X100. Well 21/30- 

1, 6107'SWS, Early-Middle Eocene, Zones AB6.

d . Spiroplectammina s p e c ta b ilis  (Grzybowski) form A. X100. Well 25/10- 

1, 5510' core , Early Eocene, Zone ?AB4.

F ig .5 a . S p iro p le c tin e lla  adamsi (L a lick er). X75. London Clay Formation, 

Parliament H il l  s i t e .  Sample PH001. Early Eocene, Ypresian, Zones AB4, CB3,
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PK4.

b. S p irop lectin e  11a adamsi (L a lick er). X75. Ju ven ile?  49 /19-1 .

1140'DC, ?Early-Middle Eocene, Zones CB4, PK7.

F ig .6. S p iro p le c t in e lla  carinata (d'Orbigny). X50. Well 4 9 /1 9 -1 , 1110'DC, 

Late Eocene, Zone CB6.

F ig .7 a . S p iro p le c tin e lla  deperdita (d'O rbigny). X75. Well 4 9 /19 -1 . 1230'DC, 

e a r l i e s t  Early Eocene, Zones AB4, PK6, CB3.

b. S p iro p le c t in e lla  deperdita (d'Orbigny). X75. Well 4 9 /19 -1 . 1230'DC, 

e a r l i e s t  Early Eocene, Zones AB4, PK6, CB3.

c . S p iro p le c t in e lla  deperdita (d'Orbigny). X50. Well 14 /29 -1 . 2450'DC, 

?Middle Eocene, Zone ?CB5.

F ig .8. S p iro p le c t in e lla  w ilcoxen sis  (Cushman & Ponton). X50. Well 21 /11-1 , 

3080'DC, Late Eocene, Zone ?CB6.

P la te  19.

F ig .1 . S p iro p le c tin e lla  w ilcoxen sis  (Cushman & Ponton). X50. Well 14 /29-1 , 

2330'DC, Middle Eocene, Zones CB5, PK6.

F ig .2 . S p iro p le c tin e lla  exco lata  Cushman. X50. Well 14 /2 9 -1 , 2270'DC, Late 

Eocene, Zone NSB6 o f King (1983).

F ig .3 a . S ip h otextu laria  sp .1 . X75. Well 4 9 /9 -1 , 1535'SWS, Late-Middle? 

Eocene, Zone NSB6a o f King (1983).

b. S ip h otextu laria  sp .1 . X50. Well 4 9 /9 -1 , 1535'SWS, Late-Middle? 

Eocene, Zone NSB6a o f King (1983).

F ig . 4a. Trochammina su b vesicu laris  Homola & Hanzlikova. X1 0 . Well 21 /30-1 , 

6690'SWS, Late Palaeocene, Thanetian, Zones AB2, CB2, ?PK2.

b. Trochammina su b vesicu laris  Homola & Hanzlikova. X100. Well 14 /29-1 , 

4790'DC, Late Palaeocene, Thanetian, Zone AB2.
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c . Trochammina su b vesicu laris  Homola & Hanzlikova. X100. Well 21 /30-1 , 

6690'SWS, Late Palaeocene, Thanetian, Zones AB2, CB2, ?PK2. Same specimen 

as f ig .4 a ,  th is  p la te .

d . Trochammina su b vesicu laris  Homola & Hanzlikova^. X375. Apertural 

fa ce . Well 21/30-1 , 6690'SWS, Late Palaeocene, Thanetian, Zones AB2, CB2, 

?PK2.

F ig .5 a . Trochammina ruthven-murrayi (Cushman & Renz). X75. Well 14 /29-1 ,
w

4790'DC, Late Palaeocene, Thanetian, Zone AB2.

b. Trochammina ruthven-murrayi (Cushman & Renz). X50. Well 14 /29 -1 ,

431 O'DC, Late Palaeocene, Thanetian, Zone AB2.

c . Trochairmina ruthven-murrayi (Cushman & Renz). X50. Well 14 /29 -1 , 

4310'DC, Late Palaeocene, Thanetian, Zone AB2. Same specimen as f ig .5 b ,  

t h is  p la te .

F ig .6 a . Gaudryina hilterm anni (M eisl). X50. J u v en ile . London Clay 

Formation, Parliament H ill  s i t e ,  sample PH003. Early Eocene, Ypresian, Zone 

AB4.

b. Gaudryina hilterm anni (M eisl). X50. J u v en ile . View o f  i n i t i a l  

chambers. London Clay Formation, Parliament H ill  s i t e ,  sample PH003. Early 

Eocene, Ypresian, Zone AB4.

c . Gaudryina hilterm anni (M eisl). X35. Adult. Well 4 9 /1 9 -1 , 1230'DC, 

e a r l ie s t  Early Eocene, Zones AB4 (marker sp ec ie s  fo r  th a t zone), CB3, PK6. 

F ig .7. Dorothia p r in c ip ien s is  Cushman & Parker. X75. London Clay Formation, 

Parliament H il l  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone AB4.

F ig .8. Dorothia eocenica Cushman. X75. London Clay Formation, Parliament 

H ill  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone AB4.

F ig .9. M arssonella oxycona (Reuss). X100. Well 29 /10 -1 , 9110'DC, Early 

Palaeocene, Danian, Zone PK1a.
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P la te  20.

F ig .1 . M arssonella oxycona (Reuss). X375. Basal s l i t  aperture on f l a t  face . 

Same specimen as f i g . 9, p la te  18. Well 2 9 /1 0 -1 , 9110'DC, Early Palaeocene, 

Danian, Zone PK1a.

F ig .2 . M arssonella sp. X50. London Clay Formation, Parliam ent H il l  s i t e ,  

sample PH004. Early Eocene, Ypresian, Zone AB4.

F ig .3 a . K arrer ie lla  (K a rrer ie lla ) s ip h on ella  (R euss). X50. London Clay 

Formation, Parliament H ill  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone 

AB4.

b. K arreriella  (K arreriella) s ip h on ella  (R euss). X50. London Clay 

Formation, Parliament H ill  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone 

AB4.

F ig .4 a . K arrer ie lla  (?Meidamonella) mexicana (N u tta ll) .  X100. Well 21 /11-1 , 

3080'DC, Late Eocene, Zone ?CB6.

b. K arrer iella  (?Meidamonella) mexicana (N u tta ll) .  X1000. Shows hooked 

l i p  around aperture. Same specimen as f ig .4 a ,  th is  p la te . Well 21 /11-1 ,

3080'DC, Late Eocene, Zone ?CB6.

F ig .5 a . K arrer ie lla  (?Karrerulina) danica Cushman. X75. London Clay 

Formation, Parliament H il l  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone 

AB4.

b. K arrer ie lla  (?Karrerulina) danica Cushman. X75. London Clay 

Formation, Parliament H il l  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone 

AB4. Same specimen as f ig .5 a ,  th is  p la te .

F ig .6 . K arrer ie lla  (K arrerulina) horrida M jatliuk. X180. Well 25 /10-1 ,

5510' core , Early Eocene, Zone ?AB4.

F ig .7 a . K arreriella  (Karrerulina) conversa (Grzybowski). X100. Well 21/30- 

1, 6210'SWS, Early-Middle Eocene, Zone AB6.
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b. K arreriella  (Karrerulina) conversa (Grzybowski) . X100. Well 21/30- 

1, 6210'SWS, Early-Middle Eocene, Zone AB6.

F ig .8 . K arreriella  (Karrerulina) ? le n is  (Grzybowski). X180. Well 14/29-1 , 

5770*SWS, Late Palaeocene, Zone AB2.

F ig .9 . 'M a rtin o tie lla  communis (d'Orbigny). X75. Well 2 9 /1 0 -1 , 4990'DC, 

ea rly  Middle Miocene, Zone AB11b.

F ig .10. C lavulinoides an g licu s (Cushman). X50. Well 49 /1 9 -1 , 1260'DC, 

e a r l i e s t  Early Eocene, Zones AB4, CB3, PK6.

P la te  21.

F ig . 1a. C lavulinoides anglicu s (Cushman). X50. London Clay Formation, 

Parliam ent H il l  s i t e ,  sample PH003. Early Eocene, Ypresian, Zones AB4, PK4.

b. C lavulinoides an glicu s (Cushman). X375. C an alicu late  w all 

stru c tu re . Well 49 /19-1 , 1260'DC, e a r l ie s t  Early Eocene, Zones AB4, CB3, 

PK6.

F ig .2 a . T extu laria  sp. X100. London Clay Formation, Parliam ent H il l  s i t e ,  

sample PH004. Early Eocene, Ypresian, Zone AB4.

b. - T extu laria  sp. X100. Same specimen as f ig .2 a ,  t h is  p la te . View o f  

i n i t i a l  chambers. London Clay Formation, Parliament H il l  s i t e ,  sample 

PH004. Early Eocene, Ypresian, Zone AB4.

F ig .3. T extu laria  chapmani L alicker. X100, Well 49/9-1 1288'SWS, Late 

E ocen e/P earliest O ligocene, Zone CB6 (reworked).

F ig .4 a . G lobastica daubjergensis (Bronnimann). X180. Well 21 /1 1 -1 ,

5219'SWS, ea r ly  Late Palaeocene, Thanetian, Zones PK2, CB2.

b. G lobastica daubjergensis (Bronnimann). X180. Well 2 9 /1 0 -1 , 9010'DC, 

Early Palaeocene, Danian planktonics Zone PK1b, and Zone CB2.

c G lobastica daubjergensis (Bronnimann). X180. W ills  P o in t, Midway,
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Alabamina, U .S .A ., 1G lob orota lia1 tr in id a d en sis  Zone.

d. G lobastica daubjergensis (Bronnimann). X250. W ills  P o in t, Midway, 

Alabamina, U .S .A ., 'G lob orota lia ' tr in id a d en sis  B o ll i  Zone.

e .  G lobastica daubjergensis (Bronnimann). X750. W ills  P o in t, Midway, 

Alabamina, U .S .A ., 'G lo b o to ta lia 1 tr in id a d en sis  B o ll i  Zone.

F ig .5. G lobigerina ampliapertura B o ll i .  X180. Well 2 1 /1 1 -1 , 2370'DC, Early 

Miocene, Zones CB13, PK11 (reworked).

F ig .6. G lobigerina c ip ero en sis  B o ll i .  X180. Well 2 9 /1 0 -1 , 5810'DC, la te  

Early Miocene, Zone PK12.

F ig .7. G lobigerina c ip ero en sis  B o ll i .  X100. Well 2 1 /1 1 -1 , 231 O'DC, Early 

Miocene, Zone ?PK11.

F ig .8. G lobigerina eocaena Gumbel. X100. Well 21 /1 1 -1 , 2810'DC, Late 

Eocene, Zone ?CB6.

F ig .9. G lobigerina c f .  fa lco n en sis  Blow. X100. Well 29 /1 0 -1 , 4990'DC, early  

Middle Miocene, Zone AB11b.

P late  22.

F ig . 1a. G lobigerina [Subbotina] tr ilo c u lin o id e s  Plummer. X100. London Clay 

Formation, Parliament H il l  s i t e ,  sample PH004. Early Eocene, Ypresian,

Zones PK4, AB4.

b. G lobigerina [Subbotina] tr ilo c u lin o id e s  Plummer. X100. London Clay 

Formation, Parliament H il l  s i t e ,  sample PH004. Early Eocene, Ypresian, Zone 

AB4.

F ig .2 . G lobigerina praebu1lo id es  occlusa Blow & Banner. X180. Well 21 /11-1 , 

2247'SWS, ea r ly  M iddle-early Late Miocene, Zone NSB13 o f  King (1983). 

(Reworked).

F ig .3. G lobigerina praebullo ides praebulloides Blow. X100. Well 29 /10 -1 ,
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5000'DC, ea r ly  Middle Miocene, Zone AB11b.

F ig .4. Catapsydrax unicavus unicavus B o l l i ,  Loeblich & Tappan. X100. Well 

2 1 /11 -1 , 2310'DC, Early Miocene, Zone ?PK11.

F ig .5 . G lob igerinoides quadrilobatus tr i lo b u s (R euss). X100. Well 29 /10-1 , 

5530'DC, E arly -early  Middle Miocene, Zone CB12.

F ig .6. G loborotaloides su ter i B o l l i .  X180. Well 21 /1 1 -1 , 2000'DC, Early 

P lio cen e .

F ig .7 . Sphaeroid inellops i s  subdehiscens (Blow). X100. Well 29 /1 0 -1 ,

5530'EXT, e a r ly -ea r ly  Middle Miocene, Zone CB12.

F ig .8 . T en u ite lla  Munda (Jenkins). X180. Well 21 /11 -1 , 2000'DC, Early  

P lio cen e .

F ig .9. G lobigerapsis index index (F in la y ). X100. Well 2 1 /1 1 -1 , 3090'DC, 

Late Eocene, Zone PK8.

F ig .10 Pseudohastigerina w ilcoxen sis (Cushman & Ponton). X180. Well 49/19- 

1, 1200'DC, PEarly-Middle Eocene, Zones PK7, CB4.

F ig .11. "Globanamalina" compressa (Plummer). X250. Well 2 9 /10 -1 ,

901 O'DC, Early Palaeocene, Danian p lanktonics Zone PK1b, and Zone CB2.

F ig .1 2 a . "Globanomalina" pseudobulloides (Plummer). X250. Well 29 /10 -1 , 

9060'DC, Early Palaeocene, Danian p lanktonics Zone PK1b, a ls o  Zone CB2.

b. "Globanomalina" pseudobulloides (Plummer). X250. Well 21 /30 -1 , 

6690'SWS, Late Palaeocene, Thanetian, Zones ?PK2, AB2, CB2.

c . "Globanomalina" pseudobulloides (Plummer). X180. Well 21 /30-1 , 

6690'SWS, Late Palaeocene, Thanetian, Zones ?PK2, AB2, CB2.

F ig .13. "Globanomalina" varianta (Subbotina). X100. Well 2 9 /1 0 -1 , 9010'DC, 

Early Palaeocene, Danian, Zones PK1b, CB2.

F ig .14. Globanomalina danica (Bang). X250. Well 29 /10 -1 , 9060'DC, Early 

Palaeocene, Danian, Zones PK1b, CB2.
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P la te  23.

F ig .1 . Eoglobigerina t r i v i a l i s  (Subbotina). X750. Well 2 9 /1 0 -1 , 9030'DC, 

Early Palaeocene, Danian, Zones PK1b, CB2.

F ig .2 . Eoglobigerina c f .  t r i v i a l i s  (Subbotina). X250. Well 2 9 /1 0 -1 ,

9090'DC, Early Palaeocene, Danian. Zone PK1a.

F ig .3. B ig lo b ig e r in e lla  c f .  aspera (Ehreberg). X375. London Clay Formation, 

B r it is h  Library s i t e ,  sample BL001. Early Eocene, Ypresian, Zone PK3.

F ig .4. Acarinina a f f .  pentacamerata (Subbotina). X250. Well 49 /19 -1 ,

1230'DC, e a r l i e s t  Early Eocene, Zones PK6, AB4, CB3.

F ig .5. Neogloboquadrina continuosa Blow. X100. Well 29 /10 -1 , 4990'DC, a erly  

Middle miocene, Zone AB11b.

F ig .6. Neogloboquadrina mayeri (Cushman). X100. Well 2 1 /11 -1 , 2370'DC,

Early Miocene, Zones PK11, CB13.

F ig .7 .a . G loborotalia  s c itu la  (Brady) p ra esc itu la  Blow. X180. Well 29 /10-1 , 

5800'DC, E arly -early  Middle Miocene, Zone CB12.

b. G loborotalia  s c itu la  (Brady) p ra esc itu la  Blow. X100. Well 29 /10 -1 , 

5940'DC, Early Miocene and, or Late O ligocene, zones PK10, CB10-11.

F ig .8 . Globoconusa conusa K halilov. X180. Well 2 9 /10 -1 , Early Palaeocene, 

Danian, Zone PK1a, CB2.

F ig .9 . Cenosphaera sp . X400. London Clay Formation, Parliam ent H il l  s i t e ,  

sample PH001. Early Eocene, Ypresian, Zone AB4, PK4.

F ig .1 0 a . Cenodiscus le n t ic u la r is  (Grzybowski). X75. Well 14 /2 9 -1 , 5810'DC, 

Late Palaeocene, Thanetian, Zones PK2, CB2.

b. Cenodiscus le n t ic u la r is  (Grzybowski). X400. Shows r e t ic u la te  w a ll. 

Well 14 /29-1 , 5810'DC, Late Palaeocene, Thanetian, Zones PK2, CB2.

F ig .1 1 . Coscinodiscus sp .2 . X100. London Clay Formation, B r it ish  Library 

s i t e ,  sample BL002. Early Eocene, Ypresian, Zone PK3.
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F ig .12. Diatom sp .3  o f King 1983. X200. Well 29 /10 -1 , 7360’DC, Early 

O ligocene, Zone PK9, AB10.
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Specimen S iz e s , and D epository.
Depository: U .C .L.=U niversity C ollege London.

P*****=The Natural H istory Museum Catalogue Numbers.

Height length

Width depth diam eter.

P la te  & f i g .  S p ec ies. Length. H eight. Width. Depth. Depos-
mm mm mm mm ito r y .

P 1 .1 .
f i g .  1a. Quinqueloculina im p er ia lis 0.48 0.44 U.C.L.

1b. Q. im p er ia lis  p o rteren sis 0.47 0.44 P52221.
2. Q. ludwiqi 0.39 0.19 U.C.L.
3. Comuspira involvens 0 .6 0 .5 P52223.

4. Osanqularia plummerae 0.4 0.26 P52222.

5. G yroidinoides sp. 0.18 0.13 U.C.L.

6a. Same specimen as 6b.
6b. Araqonia araqonensis 0.31 0.22 it

7. C assidulina carapitana 0.56 0.45 n

8 . P u llen ia  quinqueloba 0.36 0.29 it

9 . Haynesina sp. 0.51 0.40 H

10. Pseudononion boueanus 0.55 0.33 ii

11. C h ilostom ello id es oviform is 0.78 0.48 it

12a. Anomalinoides dorri 0.42 0.30 i i

12b. " " 0.57 0.45 i i

P I .2 .
f i g .  1 . Anomalinoides dorri 0.35 0.27 U.C.L.

2a. A. ca p ita tu s 0.57 0.41 i i

2b. Same specimen as 2a.
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P I .3. 
f i g .

P I .4. 

f i g .

2c. Same specimen as 2d.
2d. Anomalinoides cap ita tu s 0.41 0.35 U.C.L.
3 . A  ̂ sem icribratus 0.16 0.12 "
4a. Â  acuta 0 .38  0 .3  "
4b. " " 0 .4  0.34
5a. Â  acuta anomalinoides 0.31 0.24 "

5b. " " " 0.34 0.26
5c. " " H 0.35 0.29
6a. C ib icid o ides a l le n i  subsp.A 0.39 0.32 11
6b. " " " 0.44 0.35
6c. " " " 0.51 0.45

1a. C ib icid o ides a l le n i  subsp.B 0.68 0 .54 U.C.L.

1b. " " " 0.76 0 .6
2a. C. eocaenus 0 .4  0.37

2a. A sterigerina sta esch i 0.46 0.38
2b. " " 0 .44 0.38

-  2 -

ii

2b. " " 0,39 0.37
3a. Heterolepa mexicanus 0.56 0.44 "
3b. " " 0.76 0.68
3c. " " 0 .64  0.44
4a. EL dutemplei p ee len sis  0.38 0.27 "

4b. " " " 0 .4  0.28
5. Melonis a f f in i s  0 .29 0.23 "
6a. Pulsiphonina prima 0.24 0.21 "
6b. " " 0 .24  0 .2
7a. S tensio in a beccariiform is 0 .3  0.22 "

7b. " " 0.43 0.36 "
8. Ceratobulimina contraria  0.32 0.23 11

9a. Buccella fr iq id a  0 .3  0.28 "
9b. " " 0.34 0.28 "

1a. Siphonina r e t ic u la ta  0.41 0.38 U.C.L.
1b. " " 0.42 0.39

i i



3a.

3b.
4.

5.

6 . 
7. 
8a. 
8b. 
9.

10a.

10b.

A. guerich i
ii  ii

Gyroidina octocamerata 

G. anqustium bilicata  

G. so ld a n ii mamillata 

G. so ld a n ii girardana 

O ridorsa lis umbonatus
n  ii

R ota lia tin a  bulimoides 
Alabamina w ilcoxen sis

0.6
0 .4
0.28
0.25

0.27
0.57

0.31
0.3
0.22

0.38
0.43

0.56
0.34
0.23
0.19

0.26
0.27

0.28
0.38

U.C.L.

0.34
0 .4

0.34

1.
2 .
3.
4.

5a.
5b.

5c.
5d.
6a.

6b.
7 .
8a.
8b.
9a.

9b.

Alabamina w ilcoxen sis  

A. obtusa
Elphidium excavatum 
E. inflatum  

Eponides karsten i 

Same specimen as 5a. 
E. karsten i

Planulina co sta ta

C ib icid ina cunobelini 
C ib icid es lobatulus s . l ,

C. w esti
ii ii

0.52
0.46
0.41
0.56
0.29

0.33
0.59
0.72

0.6
0.46
0.64
0.67
0.51
0 .5

0.41
0.37
0.33
0.43
0.25

0.32

0.58

0.44

0.37
0.49
0.57
0.45

U.C.L.
n

0.31

P52226.
P52225.

U.C.L.
0.23

1a. C ib icid es anglica  

1b.
2a. C  ̂ te n e llu s  

2b. "
2c. "
3a. CL pseudoungerianus

0.43
0.41

0.8
0.56
0.57
0.59

0.34

0.32

0.41

0.45
0.51

0.37

P52224.

U.C.L.
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P I .7 .

f i g .

P I .8 . 
f i g .

3b. "
4a. C. ungerianus 

4b. "
5 . C. pygmaeus
6 . Praeglobobulimina ovata

7 . Bulimina elonqata  

8a. IL tr ig o n a lis
8b. " "
8c. " "

0 .45

0 .3
0 .52

0.61
0.55
0.49
0.29

0.48

0.35

0.51
0.45
0.41
0.24

0.19
0.17
0.14
0.12
0 .18

U.C.L.
it
i i

P52230.

U.C.L.

1 .
2a.
2b.
3.
4.
5a.
5b.
6a.

6b.
7a.
7b.
8a.
8b.

C assid u lin o id es bradyi 
Uvigerina b a t je s i

ii n

U. pygmaea lan ger i 
U vigerina sp.1 
U. macrocarinata
i t  i i

T rifarin a  bradyi 
Same specimen as 6a. 
T u rrilin a  b rev isp ira

i i  i i

T. a ls a t ic a

0 .18
0 .43
0 .28
0 .38

0.6

1.1
0 .52

0.23

0 .28
0.21

0.2
0 .18

0.12

0.13
0.12

0.18
0.32
0.58
0.32

0.16

0.18
0.13
0.12

0.12

U.C.L.
P52229.

U.C.L.

1. Sphaeroidina b a llo id e s
2. B r iza lin a  an g lica  0 .36
3. B  ̂ cookei 0.31
4. S t ilo s to m e lla  p a leocen ica  0 .88
5a. Same specimen as 5b.
5b. adolphina 0 .59

5 c ,d . Same specimen as 5b.

6. S^ sp inescens 0.67
7 . Pseudonodosaria sp.1 0 .63
8. Pseudonodosaria sp .2  0.41

-  4 -

0 .32 0.28

0.11
0 .14

0.14

0.8

0.19

0.31
0 .33

U.C.L.

P52228.
U.C.L.

P52193.

U.C.L.

P52203.
U.C.L.



9. Pseudonodosaria sp .3 1 .3 0.31 U.C.L.
0 . Saracenaria sp . 0.68 0.46 P52200.
1 . Marqinulina c f . attenuata 0 .6 0.16 P52201.
2 . Percultazonaria w e th e r e ll i i 2 .5 0 .6 P52199.

P I . 9.
f i g .  1a. Percultazonaria w e th e r e ll i i 0.59 0.32 P52204.

1b. i t  n 0.52 0.37 U.C.L.
2. P. w e th e r e ll i i  var. 0 .4 0.23 i i

3. V aginulinopsis a f f .  jo n es i 1.16 0 .3 i i

4. V. praelonqa 1.54 0.74 i i

5. L en ticu lin a  c f .  pseudovortex 0.94 0.76 P52206.
6. L. subanqulata 0.92 0.72 P52207.
7. L en ticu lin a  sp.1 0.82 0.62 P52205.
8 . L. cu ltra ta 0.76 0.58 U.C.L.
9a. L. m ultiform is 1.26 0.91 i i

9b-c. Same specimen as 9a.
1 0 . L. ca lcar 1 . 0 0.9 i i

P I . 1 0 .

f i g .  1 . Dentalina m u ltilin ea ta 0.94 0.18 i i

2. D. e legan tissim a var.B 2.52 0.32 P52195.
3. D. inom ata 0.57 0.08 P52190.
4a. Nodosaria la teju gata 1.74 0.77 U.C.L.
4b. i i  i i 2.24 0.72 P52197.
5. N. a f f .  raphanus 1.16 0 .3 P52194.
6. Nodosaria sp .2 0.98 0 .2 P52189.
7. Nodosaria sp .3 1.52 0.24 P52191.
8 . N. consobrina 1.31 0.17 U.C.L.
9a. P lecto fron d icu laria 0.38 0.17 i i

seminuda (broken specimen).
9b. P. seminuda 11 “ 0 .4 0.13 i t

10a. Rhabdammina d iscre ta 1.05 0.47 n

10b. Same specimen as 10a.
11a. Rhizammina in d iv isa 0.45 0 .2 i i

11b. i i  i i 0.18 0.04 n
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PI. 11

f i g .

P I .12 

f i g .

P I .13 

f i g .

1a.

1b.
2a.

2b.

2c.
3.
4.
5. 
6a. 

6b. 
7 . 

8a. 
8b.

Rhizammina in d iv isa

Dendrophyra c f .  la tiss im a

Psammosphaera fusca  
Placentammina placenta  

P. complanata 
Ammodiscus cretaceus

i i  ii

A. planus 

Ammolagena c lava ta

0.46

0.61

0.08
0.09
0.19
0.24

0.09
0.34

0.39
0.22

0 .4  

0.24  

0.33  
0.46  
0.37

Diameter 0 .8  

0.57  

" 0.13

0.28 0.16
0.34 0 .18

0.09

U.C.L.
i i

n

P52209,
U.C.L.

1 . Glomospira g o r d ia lis
2 . CL ir r e g u la r is  

3a. G lom ospirella c f .  d iffundens  

3b. Same specimen as 3a.

4a. Repmanina charoides 

4b. "
5. Rzehakina epigona (broken) 0.19  
6a. S p iro s ig m o ilin e lla  compressa 0.61 

6b. " " 0.51
7a. Kalamopsis grzybowski 0.33
7b. " " 0.75

0.46  0.39
0.48  0.38

Diameter 0 .29

0.26
0.21
0.25
0.23
0.06

0.09

0.34
0.27

U.C.L.
i i

1. Kalamopsis grzybowski 0 .8  0.1 U.C.L,
2 . Hormosina p i lu l i f e r a  0 .44  0 .23
3. tL ovulum 0.51 0.41
4a. Cribrostomoides subglobosus 0 .48  0 .36
4b. " H 0 .8  0 .6
5a. Haplophragmoides k irk i 0 .23  0.18
5b. " " 0 .24  0.17
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5c. Same specimen as 5b.

5d. H. k irk i 0 .29 0.17 U.C.L.
6. Haplophraqmoides w a lter i 0.34 0.28 "

P I .14.

f i g .  1. Haplophraqmoides sp. 0.68 0.49 P52213.
2a. Labrospira s c itu la 0 .7 0.58 U.C.L.
2b. Same specimen as 2a.
3. Lituotuba litu ifo r m is 0.65 0.52 i i

4a. Ammobaculites c f .  j a r v is i 0.46 0.38 P52211.
4b. i i  n  i i 1.46 0.4 U.C.L.
4c. i i  i i  i t 0 .8 0.37 i i

5. Ammomarginulina macrospira 0.28 0.21 i i

6a. Eratidus fo lia ce u s 0.26 0.16 n

6b. i i  i i 0.21 0.15 i i

7a. Mercotryma aqterberqi 0.39 0.29 i i

7b. n  i t 0.35 0.28 i i

7c. i t  i i 0.38 0.27 i i

8a. Cystammina pau cilocu lata 0.37 0.23 i i

8b. i i  n 0.32 0.24 i t

P I .15.

f i g .  1a. Praecystammina globiqerinaeform is  
1b. Same specimen as 1a.

0.45 0.37 U.C.L.

2. Thalmannammina w a lter i 
3a. Same specimen as 3b.

0 .5 0.52 n

3b. Reticulophraqmium amplectens 
3c. Same specimen as 3b.

0.77 0.31 i i

3d. R. amplectens 0.37 0.33 i i

4. Reticulophraqmium sp.1 0.64 0 .5 i i

5a. R. placenta 0 .7 0.54 i t

5b. " 0 .43 0.25 i i

5c. " " 1.04 0 .4 n

5d. " " 0.76 0.54 i i

5e. ,f 0.86 0.85 i t
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P I . 16

f i g .

P I .17 

f i g .

P I .18 

f i g .

P I .19 

f i g .

1a. Same specimen as P I .15, f ig .5 a -  
1b. Reticulophraqmium placenta  

2a. R  ̂ rotundidorsata  

2b. "

2c . "
3a. R  ̂ paupera 

3b. "
4a. S ab ellovo lu ta  humboldti 
4b-c. Same specimen as 4a.

1.02
0.51
0.56
0 .53
0 .64

1.02

1.57

0.37

0.6

1.0

0.41 U.C.L.

0 .4  

0.39

0 .3

1 . Reticulophraqmium placenta
2 . amplectens

3 . Cyclammina c f .  g a r c i l la s o i

0 .4
0 .26

0.94

0 .3
0.21
0.73

U.C.L.
i i

n

1 .
2 .
3a.

3b.
4a.
4b.
4c.
4d.
5a.
5b.
6 .
7a.
7b.
7c.
8 .

Cyclammina c f .  g a r c i l la s o i  

B o liv in o p sis  rosu la  

Spiroplectammina navarroana
i i  i i

S. s p e c ta b il is

0 .96

S p ir o p le c t in e lla  adamsi

S. carin ata
S. deperdita

S. w ilco x en sis

0 .32
0 .65
0.8
0 .79
0.82
0.56
0 .4

1 .08
0 .44
0 .92
0.63

0 .55
0 .9
0.8

0.76
0.12
0.16
0.16
0 .24

0.2
0 .16
0.18
0.47
0.39
0.6
0 .35
0.36
0.66
0.46

U.C.L.

P52219.
U.C.L.
U.C.L.

i i

i i

i i

1 . S p ir o p le c t in e lla
w ilco x en sis  (broken)

0.6 0 .5 U.C.L.
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2. S . ex co la ta 0 .6 0.56 U.C.L.

3a. S ip h o tex tu la r ia  sp.1 0 .68 0 .45 ii

3b. ii ii 0.71 0.47 ii

4a. Trochammina su b v e s ic u la r is 0 .34 0 .17 ii

4b. ii n 0 .33 0 .28 n

4c. ii n 0.31 0 .32 n

4d. ii n 0 .32 0 .29 n

5a. T. ruthvenmurrayi 0 .53 0 .4 n

5b. ii ii ii 0 .6 0 .52 ii

5c. ii n ii 0 .62 0 .52 n

6a. Gaudryina h ilterm anni 0 .88 0 .54 P52238.
6b. Same specimen as 6a 0 .7 ii

6c. G. h ilterm anni 1 .34 0 .46 U.C.L.
7 . D orothia p r in c ip ie n s is 0 .68 0 .2 i i

8 . D. eocen ica 0.63 0 .16 i i

9 . M arssonella oxycona 0.56 0 .36 i t

PL.20.
f i g .  1 . Same specimen a s  P I .19, f i g . 9 .

2 . M arssonella sp . 0 .86 0 .7 P52218.
3a. K a rrer ie lla (K a rrer ie lla ) 0 .92 0 .4 P52216.

s ip h o n e lla
3b. i t  i i 0 .9 4 0 .38 P52217.
4a. K a rrer ie lla (?Meidamonella) 0 .5 5 0 .3 4 U.C.L.

mexicana
4b. Same specimen as 4a.

5a. K a rrer ie lla  (?K arrerulina) 0 .77 0.27 P52212.
danica

5b. " i i  i i 0 .79 0 .32 U.C.L.
6 . K a rrer ie lla (K arrerulina) 0.31 0 .13 i i

horrida
7a. K a rrer ie lla (K arrerulina) 0 .49 0 .14 i i

conversa
7b. "

8 . K a rrer ie lla

i t  i i

(k arreru lin a) 0 .27 0 .12 i i

? le n is
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9. M a rtin o tie lla  communis 0 .79
10. C lavu lino ides an g licu s 1.16

0.19
0 .3

U.C.L.
i i

P I .21.

f i g .  1a. C lavu lino ides a n g licu s 1 .24  0 .36
1b. " " 1.11 0 .34
2a. T extu laria  sp . 0 .35  0 .39
2b. Same specimen as 2a
3. chapmani 0 .44  0 .3
4a. G lobastica  daubjergensis 0.21 0.16
4b. " " 0 .18  0 .17
4c. " " 0 .19  0 .15

4d. " " 0 .16  0 .12

4e. " " 0 .17  0 .13
5 . G lobigerina ampliapertura 0 .2  0 .15
6 . <L c ip ero en s is  0 .19  0 .17
7 . " " 0 .3  0 .24
8 . (L eocaena 0 .32  0.27
9. CL c f .  fa lc o n e n s is  0 .26  0 .24

PL.22.

f i g .  1a. G lobigerina (Subbotina) 0.31 0 .26

tr i lo c u lin o id e s  
1b. ” " " 0.32 0 .23
2. CL p raeb u llo id es occlu sa  0 .26  0 .19
3 . G. p raeb u llo ides p raeb u llo id es 0 .38  0 .32

4. Catapsydrax unicavus unicavus 0 .29  0 .29
5 . G lob igerinoides quadrilobatus 0 .39  0 .28

tr ilo b u s
6 . G loborotaloides s u te r i 0 .22  0 .18
7 . S p h a ero id in e llo p sis  subdehiscens 0 .48  0 .36

8 . T en u ite lla  munda 0 .16  0.12
9 . G lob igerapsis index index 0 .35  0 .29

10. Pseudohastigerina w ilco x en sis  0 .23  0.17
11. >lGlobanomalinal, compressa 0 .17  0 .12
12a. "Globanomalina" pseudobulloides 0 .16 0 .14

P52214.
U.C.L.

i i

0 .28  "

P52231.

P52234.

U.C.L.
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12b. i i  n 0.17  0 .12
12c. n H 0.19 0.16
13. ,,Globanomalina,l varianta 0 .3  0 .24
14. G. danica 0.19  0 .13

P I .23.

f i g .  1. Eoqlobiqerina t r i v i a l i s 0 .14  0 .12
2 . E. c f .  t r i v i a l i s 0 .2  0.16
3. B iq lo b ig er in e lla  c f .  aspera 0.13  0.1
4. Accarinina a f f .  pentacamerata 0.16  0 .15
5. Neoqloboquadrina continuosa 0 .34  0 .29
6. N. mayeri 0 .28  0 .23
7a. G lob orotalia  s c i t u la  p ra esc itu la 0 .22  0.19
7b. n ii ii 0.23  0 .19
8. Globoconusa conusa 0.21 0.17
9. Cenosphaera sp . Diameter 0.1

10a. Cenodiscus le n t ic u la r is " 0 .43
10b. ii ii 0.42
11. C oscinodiscus sp .2 0 .37
12. Diatom sp .3 0.14

U.C.L.
i i

U.C.L,

P52237.
U.C.L.

i i

P52236.
U.C.L.
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Specimen Counts.
01=core sample; 02=side-w all; 03=ditch-cutting; 04=land sec tio n .
Sample
type

Depth/ 
sample no.

Total specimen 
count.

LAND SECTIONS-Parliament H ill  S ite .
04 PH1 242
04 PH2 179
04 PH3 254
04 PH4 280

B r itish  Library S it e .
04 BL1 5
04 BL2 4
04 BL3 0
04 BL4 2
04 BL5 1

NORTH SEA WELLS-Northem, 25/10-1.
01 5501' 76
01 5510' 156
01 5648' 13
01 5886' 238

Central N. Sea, 29 /7 -1 .
02 7000' 0
02 7100' 4
02 7200' 20
02 7300' 18
02 7400' 12
02 7500' 22
02 7607' 1
02 7751' 11
02 7801' 6
02 7901' 0
02 8001' 1
02 8150' 13
02 8251' 9
02 8318' 9
02 8400' 22
02 8450 19
02 8490' 19
02 8500' 9
02 8600' 16
02 8620' 4

29/10-1
03 4810' 38
03 4820' 41
03 4850' 1
03 4870' 31
03 4900' 46
03 5000' 31
03 5210' 23
03 5510' 66

Sample
type

Depth/ 
sample no.

Total specimen 
count.

29/10-1 Continued.
03 5530' 30
03 5800’ 25
03 5810' 63
03 5950' 52
03 6000' 61
03 6010' 23
03 6100' 74
03 6210' 56
03 6310' 20
03 6360' 61
03 6460' 75
03 6510' 55
03 6560' 0
03 6610' 109
03 6660' 106
03 6710' 108
03 6760' 156
03 6810' 35
03 6850' 27
03 6940' 74
03 6950' 90
03 7010' 107
03 7030' 25
03 7080' 115
03 7130' 44
03 7210' 79
03 7360' 79
03 7460' 70
03 7610’ 130
03 7660' 113
03 7740' 114
03 7750' 158
03 7780' 59
03 7910' 19
03 8010' 43
03 8060' 9
03 8070' 16
03 8090' 0
03 8100' 12
03 8110' 6
03 8120' 16
03 8160' 8
03 8180' 13
03 8250' 102
03 8280' 63
03 8340' 3
03 8360' 9
03 8370' 6
03 8380' 3
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Sample Depth/ Total specimen Sample Depth/ Total
type sample no. count. type sample no. count
29/10-1 Continued. 21/30-1 Continued.
03 8390* 6 02 4369' 36
03 8400' 0 03 4580' 47
03 8450' 4 03 4640' 41
03 8460' 15 03 4700' 41
03 8490' 3 03 4750' 33
03 8500' 38 02 4772' 2
03 8580' 70 03 4810' 80
03 8590' 52 03 4860' 38
03 8610' 67 03 4900' 26
03 8620' 106 03 4960' 17
03 8630' 75 02 4978' 2
03 8640' 75 02 5010' 0
03 8700' 69 03 5020' 15
03 8750' 32 03 5080' 28
03 8790' 25 03 5110' 5
03 8800' 47 03 5140' 15
03 8850' 59 03 5160' 14
03 8860' 46 03 5190' 10
03 8900' 28 02 5202' 15
03 8950’ 54 03 5220' 12
03 8980' 72 03 5250' 7
03 9010' 48 02 5300' 21
03 9020' 61 03 5310' 17
03 9030' 35 03 5370' 14
03 9040' 46 03 5400' 17
03 9060' 70 02 5420' 36
03 9080' 111 03 5430' 6
03 9090' 147 02 5470' 47
03 9110' 116 03 5490' 15

03 5520' 29
21/30-1 • 02 5562' 9
03 3490' 73 02 5600' 11
02 3550' 103 03 5610' 16
02 3602' 0 02 5650' 40
02 3610' 30 02 5670' 18
02 3650' 233 03 5700' 28
03 3670' 79 02 5710' 26
03 3730' 35 02 5730' 14
03 3750' 40 02 5750' 35
03 3790' 2 03 5760' 23
03 3817' 1 03 5790' 18
03 3820' 39 02 5800' 28
03 3880' 20 03 5850' 18
02 3893' 2 02 5900' 24
03 3910' 14 03 5910' 25
02 4210' 47 03 5970' 27
02 4248' 5 02 6002' 3
03 4270' 73 02 6045' 66
03 4330' 54 02 6067' 16
02 4350' 4 02 6087' 42
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Sample D epth/ T o ta l specim en
ty p e sam ple n o. cou n t.

Sample D epth/ T o ta l specim en
ty p e sam ple n o . cou n t.

21/30-1 Continued. 21/11-1 Contii
02 6100' 4 03 3090
02 6107' 126 03 3150
02 6210' 178 03 3160
02 6312' 14 03 3170
02 6352' 3 03 3180
02 6379' 30 03 3190
02 6390' 63 03 3200
02 6440' 6 03 3210
02 6443' 0 03 3270
02 6454' 0 02 3306
02 6472' 2 03 3330
02 6485' 2 03 3390
02 6620' 0 03 3450
02 6690' 93 03 3510
02 6712' 21 03 3570
02 6732' 88 02 3602
02 6747' 0 03 3630
02 6770' 16 03 3690
02 6850' 61 02 3750
02 6890' 33 03 3770

03 3790
21/11-1 • 02 3810
03 2130' 189 03 3830
03 2190' 88 02 3850
03 2210' 36 02 3869
03 22201 24 03 3870
03 2230' 25 02 3881
03 2240' 37 03 3890
02 2247' 44 03 3900
02 2250' 0 03 3930
02 2256' 9 03 3990
02 2265' 89 02 4004
03 2310' 92 03 4050
03 2370' 143 03 4110
03 2390' 99 03 4170
02 2408' 1 03 4220
03 2430’ 25 03 4290
03 2490' 2 02 4347
03 2550' 18 03 4350
03 2610' 32 03 4410
03 2670' 22 02 4504
03 2730' 22 03 4530
03 2790' 30 02 4554
03 2810' 51 03 4590
03 2820' 45 03 4650
03 2850' 48 02 4656
03 2910' 26 03 4670
03 2970' 28 02 4750
02 3002' 56 03 4770
03 3030' 23 03 4830

65
25
17
27
23
22
12
34
27

8
30
21
13

8
18

0
4
1
5

16
12

8
8
9
0

10
0

10
11

4
7
0
6

15
9
4
8
1
9
5
0
1
0

14
14

0
6

21
17
16
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Sample D epth/ T o ta l specim en
ty p e sam ple no. co u n t.

Sample D epth/ T o ta l specim en
ty p e  sam ple n o . cou n t.

21/11-1 Continued. 14/29-1 Continued.
02 4856' 10 03 2300'
03 4890* 104 03 2360'
02 49011 48 03 2420'
02 4945' 32 03 2480'
03 49501 117 03 2540'
02 5000' 61 03 2590'
03 5010' 78 03 2630'
02 5050' 32 03 2690'
03 5070' 72 03 2750'
02 5106' 26 03 2810'
03 5130' 70 03 2870'
02 51501 71 03 2930'
03 5190' 65 03 2970'
03 5200' 26 03 3050'
03 5210' 57 03 3110'
02 5219' 21 03 3170'
03 5220' 109 03 3230'
03 5230' 77 03 3290'
02 5234' 18 03 3350'
02 5237' 142 03 3410'
03 5240' 72 03 3470'
03 5250' 81 03 3530'
02 5254' 45 03 3570'
02 5281' 63 03 3650'
03 5290' 82 03 3710'
02 5293' 150 03 3770'
02 5299' 5 03 3830'
03 5300' 35 03 3890'
02 5305' 55 03 3950'
02 5310' 36 03 4010'
02 5350' 4 03 4100'
03 5370* 34 03 4130'
02 5398' 4 03 4220'
03 5430' 33 03 4280'
02 5449' 13 03 4340'
03 5490' 52 02 4350'

03 4400'
14/29-1 • 03 4460'
03 1580' 31 02 4494'
03 1640' 20 03 4520'
03 1670' 81 03 4580'
03 1760* 167 02 4600'
03 1820' 5 03 4640'
03 1880' 2 03 4700*
03 1940' 0 03 4760'
03 2000' 12 03 4820'
03 2060' 0 02 4878'
03 2120' 3 03 4880'
03 2180' 11 03 4940'
03 2240' 7 03 5000'

24
46
28
35

0
3
6
1
6
5
7
6
0
1
1
0
0
0
0
1
0
0
0
0
1
0
0
0
1
0
0
0
4
3

35
55
23
43
3

35
50
14
60
25
38
42

0
44
45
29

15



Sample D epth/ T o ta l specim en
ty p e sam ple no. co u n t.

14/29-1 Continued.
02 5030' 0
03 5060' 13
03 5120' 20
02 5173' 0
03 52401 11
03 5270' 3
03 5360' 5
03 5420' 1
02 5445' 0
03 5480' 2
03 5540' 8
02 5544' 0
03 5570' 5
03 5600' 7
02 5630' 33
03 5690' 29
02 5742 19
03 5750' 34
02 5770' 27
03 5810' 25
03 5870' 17
02 5882' 0
02 5928' 27
03 5930' 7
03 5990' 12
03 6050' 9
02 6051' 24
03 6170' 5
03 6290' 7
03 6410' 6
03 6470' 21
03 6490' 14
03 6510' 11

Southern N. Sea: 49/19-1
03 1020' 0
03 1050' 3
03 1080' 1
03 1110' 15
03 1140' 34
03 1170' 43
03 1200' 22
03 1230' 92
03 1260' 196
03 1320' 14
03 1350' 25
03 1380' 11
03 1440 26

Sample D epth/ T o ta l specim en
ty p e sam ple no. cou n t.

4 9 /9 -1 .
02 1288' 44
02 1306' 62
02 1356' 59
02 1389' 36
02 1423' 12
02 1535' 71
02 1583' 28
02 1630' 20
02 1697’ 105
02 1737' 83
02 1930' 69
02 2026' 49
02 2071' 28
02 2167' 41
02 2232' 16
02 2298' 12
02 2380' 16
02 2400' 42
02 2463* 54
02 2528' 26
02 2580' 8
02 2647' 29
02 2670' 52
02 2698' 40
02 2730' 29

- 1 6 -
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