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ABSTRACT

This paper deals with the compilation of the results of micropalaeontolo- 
gical investigations on the leper Formation (Ypresian s.s. , Early Eocene) 
in Belgium. Data from the following groups have been included : foramini- 
ferids (benthic, planktonic, larger forms), radiolarians, calcareous nanno- 
plankton, dinoflagellates, diatoms, non-marine palynomorphs (pollen, spores), 
dasycladaceans, microproblematica, ostracods and otoliths. Benthic forami- 
niferids and dinoflagellates occur throughout the leper Formation and are 
most suitable for zonation. The interval around the glauconitic level, which 
occurs in the middle part of the Flanders Member, is shown to be charac­
terized by several micropalaeontological events. The planktonic record is 
very important and of international significance for biostratigraphical 
correlations. It comprises the occurrence of the C o s c in o d is c u s sp. 1-peak 
level (diatoms), the entry of the S u b b o t in a - A o a r in in a -assemblage, the 
presence of the G lo b ig e r in a  p a ta g o n ic a -a c m e zone and of the G u e m b eZ itr ia  
t r i s e r i a t a - datum level (all planktonic foraminiferids), the NP 11-NP 12 
boundary (calcareous nannoplankton) and the entry of spherical radiolarians 
in the Belgian Tertiary.

SAMENVATTING

Dit artikel brengt de resultaten samen van verscheidene mikropaleontolo- 
gische onderzoeken van de leper-Formatie (Ieperiaan s.s. , Vroeg-Eoceen) 
in België. Gegevens in verband met volgende groepen van mikrofossielen 
werden gebruikt : foraminiferen (benthonische, planktonische en grote fora- 
miniferen), radiolariën, kalkschalig nannoplankton, dinoflagellaten, dia- 
tomeeën, pollenkorrels, sporen, dasycladaceeën, mikroproblematika, ostra- 
koden en otolieten. Benthonische foraminiferen en dinoflagellaten komen 
voor doorheen de hele leper-Formatie en zijn de meest bruikbare groepen 
voor zonering. Het interval rondom het glaukonietniveau dat voorkomt in 
het middengedeelte van het Lid van Vlaanderen, wordt gekenmerkt door ver­
scheidene mikropaleontologische veranderingen. De resultaten i.v.m. de 
planktonische mikrofossielen zijn vrij belangrijk voor internationale bio- 
stratigrafische korrelatie. Het betreft het voorkomen van het C o s c in o d is -  
o us sp. 1-piekniveau (diatomeeën), het eerste optreden van de S u b b o t in a -  
A c a v in in a -fauna, de aanwezigheid van de G lo b ig e v in a  p a ta g o n io a -acmezone 
en van het„G uem belit r i a  t r i s e r i a t a - e e rste optreden-niveau (allemaal i.v.m. 
planktonische foraminiferen), de NP 11-NP 12 grens (kalkschalig nanno­
plankton) en het optreden van bolvormige radiolariën in het Belgische Ter­
tiair.

RESUME

Cet article est la synthèse des recherches micropaléontologiques effectuées 
sur la Formation d'Ieper, ou d'Ypres (Yprésien s.s., Eocène inférieur) de 
Belgique et concernant les groupes suivants : les foraminifères (benthi- 
ques, planetoniques, grands foraminifères), les radiolaires, les nannofos- 
siles calcaires, les dinophycées, les diatomées, les grains de pollen et 
les spores, les dasycladacées, les microfossiles problématiques, les ostra­
codes et les otolithes. Les foraminifères benthiques et les dinophycées se
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rencontrent dans l'ensemble de la Formation d'Ieper et correspondent aux 
fossiles les plus fiables pour une zonation. Les couches encaissantes du 
lit glauconifère, situé au milieu du Membre de Flandre (Flanders Member), 
se caractérisent par plusieurs événements d'ordre micropaléontologiques très 
importants. Les données des groupes planctoniques sont essentielles pour la 
corrélation biostratigraphique internationale. Il s'agit : du niveau où 
abonde C o s c in o d is c u s sp. 1 (diatomées) ; du niveau où débute l'association 
S u b b o t in a -A c a r in in a  ; de la zone où abonde G lo b ig e r in a  p a ta g o n ic a  ; du ni­
veau où apparait G u e m b e li tr ia  t r i s e r i a t a  (foraminifères planctoniques) ; de 
la transition NP11-NP12 (nannofossiles calcaires) ; du niveau où apparaissent 
les radiolaires sphériques au Tertiaire belge.

ZUSAMMENFASSUNG

Diese Veröffentlichung gibt eine Kompilation der wissenschatlichen Resul­
tate mikropaläontologischer Untersuchungen der leper Formation (Ypres-Stufe, 
Unter-Eozän) in Belgien. Folgende paläontologische Gruppen wurden berück­
sichtigt : Foraminiferen (benthonische, planktonische und Groß-Foraminiferen), 
Radiolarien, kalkiges Nannoplankton, Dinoflagellaten, nicht-marine Palyno- 
morphen (Pollen, Sporen), Dasycladaceae-Algen, Diatomeen, Mikroproblematica, 
Ostrakoden und Otolithen. Benthonische Foraminiferen und Dinoflagellaten sind 
in der gesamten Ieper-Formation gut vertreten und sie sind für die Biostra­
tigraphie am brauchbarsten in Belgien. Der Intervall in der Nähe des Glau­
konit-Horizonts (der in der Mitte der Flandern Gesteinseinheit auftritt) 
ist durch verschiedene mikropaläontologische Änderungen gekennzeichnet.
Die vorhandenen planktonischen Organismen sind sehr wichtig für die inter­
nationale Biostratigraphie. Sie enthalten den Cos ci.no d i s  e u s sp. 1 Häufig­
keitshorizont (Diatomeen), das Erstauftreten der S u b b o t in a - A c a r in in a  Ver­
gesellschaftung, das Häufigkeits-intervall von G lo b ig e r in a  p a ta g o n ic a  und 
das Erstauftreten von G u e m b e li tr ia  t r i s e r i a t a  (alle planktonische Foramini­
feren), die NP11-NP12 Biozonengrenze (kalkiges Nannoplankton) und das Erstauf­
treten von sphärischen Radiolarien im Belgischen Tertiär.
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1. INTRODUCTION

The m ic r o p a la e o n to lo g ic a l  i n v e s t i g a t i o n  o f  the le p e r  Form ation (E a r l y  Eocene) 
in  Belgium has now been undertaken f o r  n e a rly  a l l  im portant groups and en­
a b le s  us to  e s t a b l i s h  zon ation  and c o r r e l a t i o n  schemes.

A ccording to  the Subgroup L i t h o s t r a t i g r a p h y  and Maps of I .G .C .P .  124 (1 9 8 0  ; 
LAGA, GEETS, MOORKENS & NOLF) the le p e r  Form ation in  Belgium c o n s i s t s  of  
fo u r members, which a r e ,  from base to  top : Mont Héribu Member, F la n d e rs  
Member, Egem Member and Merelbeke Member. L i t h o l o g i c a l l y , th e re  are  c la y e y  
d e p o s i ts  (Mont Héribu, F la n d e r s ,  Merelbeke) and sandy la y e r s  (Egem).

The Mont Héribu Member corresp on d s to  the b a s a l  p a r t  of  the lower c la y e y  
d e p o s i ts  t r a d i t i o n a l l y  c a l l e d  the Clay o f  F la n d e rs  o r  le p e r  which a re  now 
d e sig n a te d  as the F la n d e rs  Member. The Egem Member corresp on d s to  the sands 
o v e r ly in g  the F la n d e rs  Member ; s e v e r a l  l i t h o s t r a t i g r a p h i c  names have been 
used f o r  th ese  sands (s e e  WILLEMS e t  a l . ,  1 9 8 1 ) .  The Merelbeke Member stan d s  
f o r  the Clays o f  Merelbeke DE MOOR & GEETS 1973.

The zo n atio n  and c o r r e l a t i o n  scheme h e re  p re se n te d  d e a ls  e s s e n t i a l l y  w ith  
the Mont Héribu, F la n d e rs  and Egem Members which r e p r e s e n t  the  o r i g i n a l  
c la y -s a n d  d iv is io n  of the Y p re sia n  as e r e c t e d  by DUMONT in  1849 . More d e t a i l s  
about the Y p re sia n  s t r a t o t y p e ,  i t s  fo rm atio n s and members may be found in  
WILLEMS e t  a l .  ( 1 9 8 1 ) ,  wherein the le p e r  Form ation has been l im ite d  to  the  
th re e  b a sa l  members.

The m i c r o f o s s i l  assem blages have been s tu d ie d  in  s e v e r a l  b o re h o le s  and 
o u tcro p s  (s e e  f i g .  1) of  which the K allo  and T i e l t  b o re h o le s  a re  the most 
im p o rta n t .  L i t h o l o g ie  columns o f  both w e lls  have been p u blished by GULINCK 
(1 9 6 7 )  and t h e i r  e x a c t  geog rap h ic  l o c a l i s a t i o n  can be found in  DE CONINCK
( 1 9 7 5 ) .  D e t a i l s  about p rev io u s s t u d i e s ,  the l o c a l i t i e s ,  the fau n al compo­
s i t i o n ,  the b i o s t r a t i g r a p h y ,  the p alaeoen viron m en tal co n d it io n s  and the  
i n t e r n a t i o n a l  c o r r e l a t i o n  can be found in  the r e f e r e n c e  c i t e d  o r  w i l l  be 
d is cu ss e d  in forthcom ing p a p e rs .

2 .  MICROFOSSIL ASSEMBLAGES (TABLE 1)

2 . 1 .  B en th ic  F o ra m in ife r id s

The b e n th ic  f o r a m in if e r id s  of the le p e r  Formation have been s tu d ie d  p re ­
v io u s ly  in  b o reh oles  a t  Mouscron (Belgium) by LE CALVEZ & FEUGUEUR (1 9 5 6 )  
and a t  Woensdrecht (so u th e rn  N eth erlan d s) by KAASSCHIETER ( 1 9 6 1 ) .  In both  
w e lls  a th r e e f o l d  zo n ation  was proposed.

In the Mouscron borehole an a g g lu t in a t in g  f o r a m in if e r a l  fauna o ccu rs  a t  the  
base of the le p e r  Form ation , follow ed by an a z o ic  i n t e r v a l  and a la g e n id -  
b u lim in id - ro ta l id -a n o m a lin id  a s s o c i a t i o n  ; the e q u iv a le n t  of  the Egem 
Member i s  c h a r a c t e r i z e d  by t e x t u l a r i d s  (LE CALVEZ & FEUGUEUR, 1 9 5 6 ) .
In Woensdrecht th re e  d i f f e r e n t  faunas o ccu r  in  the F la n d e rs  Clay : an agglu ­
t i n a t i n g  a s s o c i a t i o n ,  with some c a lc a r e o u s  form s, a t  the b a se ,  follow ed by 
a te x tu la r id -n o d o s a r id -a n o m a l in id  fauna in  the middle p a r t  and an anoma-
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lin id -d o m in a te d  a s s o c i a t i o n  a t  the  top (KAASSCHIETER, 1 9 6 1 ) .

In the K a llo  and T i e l t  b o reh o les  19 and 13 b e n th ic  fau n u les  r e s p e c t i v e l y  
could be d is t in g u is h e d  in  the le p e r  Form ation . They have been grouped  
in t o  s i x  a s s o c i a t i o n s ,  r e a d i l y  re c o g n iz a b le  in  the K a llo  b o r e h o le ,  bu t l e s s  
so in  the T i e l t  w e ll  (WILLEMS, 1 9 8 0 ) .

The o l d e s t  a s s o c i a t i o n  ( B F - a s s . I )  o ccu rs  a t  the  base  o f  the  F la n d e rs  Clay  
o r  what has now been c a l l e d  the Mont Héribu Member (Subgroup L i t h o s t r a t i -  
graphy and Maps, 1 9 8 0 ) .  I t  co n ta in s  e x c l u s i v e l y  a g g l u t i n a t i n g  f o r a m i n i f e r i d s , 
most of them r a t h e r  s m a ll ,  com pressed, deformed o r  p o o rly  p r e s e r v e d .  The 
im portant groups a re  : Rhabdanmrina (R. e o c e n ic a ) ,Rhizamrrrina3 Am m odiscus  
C4. s i l i c e u s ) , M iliam m ina  (M. p a le o c e n ic a ) ,  T rocham m ino ides  ( T . s u b t r u l -  
l i s a t u s )  ,R e c u r v o id e s 3 Trochamm ina  and V e m e u i l i n a  ( V. su b e o ca e n a ) .
This a s s o c i a t i o n  i s  known from the K a l lo ,  T i e l t  and Ooigem b o re h o le s  and 
the O rch ies o u tcro p  (WILLEMS, 1980 ; in  p r e s s ) ,  from the o u tcro p s  around 
Mons and Tournai (GEETS e t  a t . , in  p r e p . )  from the Mol w e ll  (WILLEMS, un­
p u blished r e p o r t  Belgium G e o lo g ica l  Survey) and from the Mouscron b o reh o le  
(LE CALVEZ & FEUGUEUR, 1 9 5 6 ) .  The a s s o c i a t i o n  a t  the base o f  the  le p e r  F o r ­
mation in  the Woensdrecht w e ll  i s  n o t e x c l u s i v e l y  composed o f  a g g l u t in a t in g  
f o r a m i n if e r id s  (KAASSCHIETER, 1 9 6 1 ) .

The second a s s o c i a t i o n  ( B F - a s s . I I )  i s  c h a r a c t e r i z e d  by a mixed a g g l u t i n a -  
t i n g - c a l c a r e o u s  assem blage, mainly dominated by A rm o d iscu s  (A. s i l i c e u s 3 
A. s e p t a t u s ) 3 H ap lophragm oides  (H. w a l t e r i ) and a l s o  by A n o m a lin o id e s  (A. 
n o b i l i s ,  A . y p r e s i e n s i s ) , C ib ic id o id e s  ( C. p r o p r iu s )and P u ls ip h o n in a  (P.  
p r im a ) . These c a l c a r e o u s  s p e c ie s  have been re co rd e d  in  the le p e r  Form ation  
th ro u g h ou t,  e x ce p t  from the b a s a l  la y e r s  (WILLEMS, 1 9 8 0 ) .  This a s s o c i a t i o n  
has been observed a t  K a l lo ,  T i e l t  and Ooigem ( i n  the two l a s t  l o c a l i t i e s ,  
however, w ith  reduced numbers o f  specimens r e c o r d e d ) .  I t  i s  a l s o  known from 
Woensdrecht (Lower Woensdrecht Zone ; KAASSCHIETER, 1 9 6 1 ) .

The n e x t  a s s o c i a t i o n  ( B F - a s s . I I I )  i s  l a r g e l y  dominated by the same Anoma- 
l i n o i d e s 3 C ib ic id o id e s  and P u ls ip h o n in a -s -p e c ie s  as o c c u r r i n g  in  B F - a s s . I I  
but i s  c h a r a c t e r i z e d  by C ib ic id o id e s  c r a s s u s 3 A n o m a lin o id e s  sp . c f .  A. dccni- 
c u s 3 E p o n id e s  p l im n e r a e , E. lu n a ta  and D e n ta l in a  s p in e s c e n s .
The specimens a re  p o o rly  p re se rv e d  and some o f  them show t r a c e s  of p o s t  
m ortem  d é c a l c i f i c a t i o n  o r  of  abnormal t e s t  s e c r e t i o n  ( d é c a l c i f i c a t i o n  due 
to  u n d e r s a tu r a t io n  in  calciu m  carb o n ate  o f  the seaw ater).  This a s s o c i a t i o n  
has only been found in  K a llo .

The fo u rth  a s s o c i a t i o n  (B F -a s s .I V )  i s  c h a r a c t e r i z e d  by an in c r e a s e  in  num­
b e r  o f  specimens and a la r g e  s p e c ie s  d i v e r s i f i c a t i o n .  Dominant s p e c ie s  a re  
s t i l l  the A n o m a lin o id e s  and C ib ic id o id e s  r e p r e s e n t a t i v e s .  L e n t i c u l i n i d s  
and rib b ed  n o d o s a r i id s  are  p re s e n t  but c e r t a i n l y  do n ot dominate the fauna  
(s e e  q u a n t i t a t i v e  r e s u l t s  f o r  T i e l t  in  WILLEMS, 1 9 8 0 ) .
F re q u e n t,  and even abundant in  some l e v e l s ,  a re  specimens of S p ir o p le c ta m -  
rrrina (S . a d a m si) , T e x tu la r ia  (T . s m i t h v i l l e n s i s )  and K a r r e r ie l la  (K. d a n ic a 3 
K. o v e y i ) . Ribbed n o d o s a ri id s  (N. l a t e tju g a ta 3 N. m in o r ) ,  l a r g e  l e n t i c u l i n i d s  
and heavy ornamented m arg in u lin op sid s (M. e n b o m e n s is )  o ccu r  f r e q u e n tly  in  
the sediment f r a c t i o n  l a r g e r  than 250 urn. A r e s t r i c t e d  i n t e r v a l ,  in  the  
middle p a r t  o f  the sequence in  which B F -a s s .I V  o c c u r s ,  i s  dominated by A s -  
t e r i g e r i n a  b a r to n ia n a k a a s s c h ie te v i  and by K a r r e r ia  f a l l a x .  The youngest
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p a r t  o f  the  B F -a s s .I V  i s  c h a r a c t e r i z e d  by a d e cre a s e  in  th e  number o f  spe­
cimens and s p e c ie s  and by the appearance o f  T u r r i l i n a  b r e v i s p i r a .  This a s s o ­
c i a t i o n  has been found in  the K a l lo ,  T i e l t  and Ooigem b o r e h o le s ,  th e  Mous- 
cron  w e ll  (second fauna ; LE CALVEZ &FEUGUEUR, 1 9 5 6 ) ,  the Woensdrecht w ell  
(Middle Woensdrecht Zone ; KAASSCHIETER, 1961) and in  the M ons-en-Pévèle  
o u tcro p .

Next comes an a z o ic  i n t e r v a l ,  v a r i a b l e  in  th ick n e ss  (ab ou t 10 m in  K allo  
and more than 20 m in  T i e l t ) .

The l a s t  a s s o c i a t i o n  d is t in g u is h e d  in  the F la n d e rs  Member (B F -a s s .V )  con­
t a i n s  a  fauna l e s s  r i c h  in  specimens and in  s p e c ie s  but s t i l l  l a r g e l y  do­
minated by the same A n o m a lin o id e s - C ib ic id o id e s  s p e c ie s  and c h a r a c t e r i z e d  
by T u r r i l i n a  b r e v i s p i r a ,  A labam ina  w i l c o x e n s i s  and two C ib ic id o id .e s  s p e c ie s  
(C. s u l z e n s i s  and C. p s e u d o u n g e r ia n u s ) .  This fauna i s  known from the K allo  
and T i e l t  w e l l s ,  in  the Kortemark o u tc r o p ,  and a ls o  in  the Woensdrecht b o re ­
h o le  (Upper Woensdrecht Zone ; KAASSCHIETER, 1 9 6 1 ) .

The change in  sedim ent, from c l a y  to  sand, r e s u l t e d  in  a fa u n a l  b reak  a t  
the base  o f  the Egem Member. The a s s o c i a t i o n  (B F -a s s .V I )  i s  dominated by 
C ib ic id e s  and C i b i c i d i n a - s p e c ie s  (C ib ic id e s  g v . c a r in a ta ,  C ib i c id in a  e k b lo m i_, 
C. m a u r ic e n s is ,  C. newmanae) ,  by E lp h id iu m  (E . ? l a t i d o r s a t u m ) , nonionids  
(N . g r a n ife r u m 3 F t o r i l u s  com m une), polymorphinids (w ith  G u t tu l in a  p a r i ­
s i e n s i s  as a t y p i c a l  fo rm ),  c r e n u la te d  b o l iv in i d s  and t r i f a r i n i d s .  This a s s o ­
c i a t i o n  o ccu rs  in  the K a l lo ,  T i e l t  and Ledeberg b o re h o le s  and in  th e  M erel-  
beke o u tc ro p .

The f o r a m i n if e r a l  fauna o f  the  Merelbeke Member, only s tu d ie d  in  the K a llo  
w e l l ,  i s  c h a r a c t e r i z e d  by a d e cre a s e  in  s p e c ie s  and specimens and i s  domi­
n ated  by C ib ic id o id e s  p r o p r iu s  and A n o m a lin o id e s  n o b i l i s  (which dominated  
a ls o  in  the F la n d e rs  and Egem Members) and by E p is to m in e l la  v i t r e a  which 
i s  a l s o  known from the u n d erly in g  members.

2 . 2 .  P la n k to n ic  F o r a m in i f e r id s .

E x ce p t  f o r  some r a r e  and sm all specimens re co rd e d  in  the sedim ents in  which  
B F - a s s . I I  & I I I  o c c u r ,  no p la n k to n ic  f o r a m in if e r id s  have been found in  the  
Mont Héribu Member and in  the b a s a l  la y e r s  o f  the F la n d e rs  Member.
They e n t e r  n e a r  the b ase  o f  the i n t e r v a l  in  which B F -a s s .I V  has ap p eared ,  
and t h i s  e n tr y  l e v e l  has been observed in  K a l lo ,  T i e l t  and Ooigem.
Im portant t a x a  a re  T u r b o v o ta l ia  (m ainly T. p e n ta c a m e ra ta  and a few T. s o ld a -  
d o e n s is  and T. e s n a e n s i s )  and G lo b ig e r in a  (G. a q u i e n s i s ) .
In the upper p a r t  o f  th i s  i n t e r v a l  G lo b ig e r in a  p a ta g o n ic a  dominates the  
p la n k to n ic  f o r a m i n if e r a l  p o p u la tio n  and l a r g e ,  w e ll  p re se rv e d  specim ens,  
o c c u r r i n g  in  the sediment f r a c t i o n  l a r g e r  than 250 um, have been re co rd e d  
(WILLEMS, 1 9 8 0 ) .  P la n k to n ic  f o r a m i n if e r id s  a re  a l s o  known from the equiva­
le n t  Middle Woensdrecht Zone in  the Woensdrecht w ell  (KAASSCHIETER, 1961)  
and from the Mouscron boreh ole  (LE CALVEZ & FEUGUEUR, 1 9 5 6 ) .

Above the a z o i c  i n t e r v a l ,  the p la n k to n ic  f o r a m i n if e r a l  a s s o c i a t i o n  r e a p p e a r s ,  
but i t  i s  s l i g h t l y  m odified : G lo b ig e r in a  p a ta g o n ic a  i s  l e s s  im p ortan t o r  
does not o c c u r  ; the sm all s p e c ie s  G u e m b e li tr ia  t r i s e r i a t a  e n t e r s  and i s  
fre q u e n t o r  even abundant in  the sediment f r a c t i o n  between 125 and 74 pm ; 
some r a r e  g l o b o r o ta l i d s  have been reco rd ed  (G. p s e u d o s c i tu l a ) .
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At the top o f  the  F la n d e rs  Member ( i n  the B F - a s s . V - i n t e r v a l )  some s p e c i ­
mens of P s e u d o h a s t ig e r in a  w i l c o x e n s i s  have been found.

P la n k to n ic  f o r a m in if e r id s  from o u tcro p s  o f  the le p e r  Form ation have p re ­
v io u s ly  been d e sc r ib e d  and f ig u re d  by MOORKENS ( 1 9 6 8 ) .

The p la n k to n ic  f o r a m i n if e r a l  fauna in  the Egem Member i s  l a r g e l y  i d e n t i c a l  
in  s p e c ie s  com position  w ith t h a t  o c c u r r in g  a t  the  top o f  th e  F la n d e rs  Member 
but i t  i s  r i c h e r  in  specim ens. This fauna co n tin u es  in  the Merelbeke Member.

2 . 3 .  L a r g e r  F o ra m in ife r id s

N um m ulites  p la n u la tu s  o ccu rs  in  the F la n d e rs  Member, in  the middle p a r t  
of the B F - a s s . I V - i n t e r v a l .  This has been observed in  the b o re h o le s  a t  K a llo  
(GULINCK, 1967 ; WILLEMS, 1 9 8 0 ) ,  Ooigem (GULINCK, 1967) and Mouscron 
(LE CALVEZ & FEUGUEUR, 1956 ; GULINCK, 1967) and in  the o u tcro p  a t  Mons-en- 
P év èle  (WILLEMS, 1 9 8 0 ) .

In the Egem Member, nummulites a re  v e ry  f r e q u e n t ,  and known f o r  more than  
a ce n tu ry  (Sands w ith N um m ulites  p l a n u la t u s ,  as d e sc r ib e d  by LYELL in  1 8 5 2 ) .

2 . 4 .  C alcareou s  Nannoplankton

A d e t a i l e d  nannoplankton study has been c a r r i e d  out by MULLER & WILLEMS 
(1 9 8 1 )  on samples from the K allo  and T i e l t  w e l l s .  I t  re v e a le d  t h a t  the  nanno- 
f l o r a  e n te r s  towards the base o f  the B F - a s s . I V - i n t e r v a l . However, some s p e c i ­
mens have been re co rd e d  below th a t  l e v e l  (MOORKENS & ÇepEK, 1 9 7 4 ) .  The f l o r a  
co n ta in s  M a r th a s te r i te s  t r i b r a c h i a t u s  and D is c o a s te r  b in o d o s u s .
The f i r s t  D. lo d o e n s i s  o ccu rs  in  the upper p a r t  of  t h i s  i n t e r v a l ,  to g e th e r  
w ith the same s p e c ie s  re p o r te d  above. This f l o r a  a l s o  o ccu rs  in  th e  B F - a s s .
V & V I - i n t e r v a l s  but some of the  a s s o c i a t e d  s p e c ie s  have changed ( t a b l e  1 ) .

2 . 5 .  D in o f la g e H a t e s

The d i n o f l a g e l l a t e  a s s o c i a t i o n s  from the K a llo  b o reh o le  have been exhaus­
t i v e l y  s tu d ie d  by DE CONINCK ( 1 9 7 5 ) .  Using th e se  r e s u l t s ,  and a ls o  r e - e x a -  
m in ation  o f  sam ples, COSTA & DOWNIE (1 9 7 6 )  and COSTA e t  a l .  (1 9 7 8 )  have 
re co g n iz e d  f i v e  W e t z e l i e l l a - zones (a s t r a 3 m e o k e l f e ld e n s i s 3 s i m i l i s ,  v a r i e -  
l o n g i tu d a  and p a r t  of  c o le o t h r y p t a ) in  the le p e r  Form ation o f  the K allo  
w e ll .  In a r e c e n t  paper DE CONINCK (1 981) d iscu sse d  the index f o s s i l s  f o r  
the Y p re sia n  and d is t in g u is h e d  nine d i n o f l a g e l l a t e - z o n e s .

2 . 6 .  M icrop ro b lem atica

The s o - c a l l e d  " T e r t i a r y  T in t in n id s "  (TAPPAN & LOEBLICH, 1968) o r  i n c e r t a e  
s e d i s  o f  au th o rs  as SZCZECHURA (1 9 7 9 )  f r e q u e n tly  o ccu r  in  the le p e r  F o r­
m ation , mainly in  the m iddle p a r t  of  the F la n d e rs  Member and in  the Egem 
Member. In the F la n d e rs  Member two a s s o c i a t i o n s  can be d is t in g u is h e d  by 
d i f f e r e n t  s p e c ie s  of  the genus P s e u d a r c e l la  (P. t r a p e z i fo r m i s  and P. rhum - 
b l e r i  r e s p e c t i v e l y )  and of the genus Y v o n n ie l l in a  (Y. c o n c a va -Y . d im id ia -  
g lo b o sa  and Y. c a p it i fo r r r r is  r e s p e c t i v e l y )  . The a s s o c i a t i o n  in  th e  Egem 
Member i s  c h a r a c t e r i z e d  by the p resen ce  o f  Y. v a r i a b i l i s  and of S p in a r c e l la
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g u t t i fo r r r r is .  These r e s u l t s  a re  based on i n v e s t i g a t i o n s  in  the K a llo  w e ll  
(WILLEMS, 1972) bu t t h i s  group o f  m i c r o f o s s i l s  i s  a l s o  w e ll  r e p r e s e n te d  in  
the Tie I t  and Ooigem b o reh o les  and in  the o u tcro p  s e c t i o n s  s tu d ie d .

Other c a lc a r e o u s  p ro b le m a tic  m i c r o f o s s i l s  o ccu r  in  the middle and upper 
p a r t  o f  the F la n d e rs  Member ( V o o v th u y s e n ie l la  g r a c i l i s ,  C a lv in a  k a l l o e n s i s  ;  
WILLEMS, 1 9 7 2 ) .  P h o sp h atic  m i c r o f o s s i l s ,  o f  unknown a f f i n i t y ,  o ccu r  in  the  
lower p a r t  of  the F la n d e rs  Member.

2 . 7 .  R a d io la r ia n s

Rare r a d i o l a r i a n s  have been re co rd e d  from the Mont Héribu Member, a t  the  
top o f  the F la n d e rs  Member and in  the Egem Member (WILLEMS, 1 9 8 1 ) .
In the Mont Héribu Member they a re  c o n i c a l ,  while s p h e r i c a l  in d iv id u a ls  
(m ostly  of the C en o sp h a eva -group) o ccu r  in  the Egem Member.

2 . 8 .  O stracod s

The o s tr a c o d  fauna o f  the le p e r  Form ation in  the K a llo  and T i e l t  w e lls  
has been s tu d ie d  by WILLEMS (1 9 7 3  ; 1 9 7 7 ) .  An o s t r a c o d  zo n atio n  f o r  the  
Palaeogene in  the North Sea Basin  has been proposed by KEEN (1 9 7 8 )  and 
the same a u th o r  has r e - i n t e r p r e t e d  the o s t r a c o d  zo n a tio n  in  the K a llo  b o re ­
h o le .  The o l d e s t  a s s o c i a t i o n  ( a s s . l  & 2 of WILLEMS 1973) appears to g e th e r  
w ith the B F - a s s . I V ,  halfway the F la n d e rs  Member. I t  i s  c h a r a c t e r i z e d  by 
C y th e r e t ta  s c r o b i c u lo p l i c a t a y and in v o lv e s  a l a r g e r  p a r t  o f  the B F - a s s . I V -  
i n t e r v a l .  The n e x t  a s s o c i a t i o n  ( a s s . 3 ,  4 and 5 o f  WILLEMS 1973) i s  c h a r a c ­
t e r i z e d  by the appearance o f  E c h in o c y th e v e is  v e t i c u l a t i s s i r m  n e a r  th e  top  
o f  the B F - a s s . I V - i n t e r v a l .  This a s s o c i a t i o n  o ccu rs  in  the upper p a r t  of  
the  F la n d e rs  Member and in  the b a s a l  p a r t  o f  the  Egem Member. The t h i r d  
a s s o c i a t i o n  ( a s s . 6 of WILLEMS 1973) i s  c h a r a c t e r i z e d  by N o v o c y p r is  (o r  P a -  
r a c y p r i s )  w h i t e c l i f f e n s i s  and appears in  the upper p a r t  o f  the Egem Member.

2 . 9 .  Palynology

I n v e s t i g a t i o n  of the p a ly n o lo g ic a l  co n te n t  o f  the  le p e r  Form ation from the  
K allo  w e ll  has been c a r r i e d  out by ROCHE ( 1 9 7 3 ) .  This au th o r  has d i s t i n ­
guished fo u r  p a ly n o lo g ic a l  zo n es,  mainly based upon the r e l a t i o n  between the  
number of specimens o f  d i n o f l a g e l l a t e s  and o f  p o lle n  and s p o r e s .

The f i r s t  zone o ccu rs  a t  the  base of the le p e r  Form ation , in  the Mont Héribu  
Member, and i s  c h a r a c t e r i z e d  by a d e cre a s e  o f  the number of s p e c ie s  o f  p o lle n  
and sp o res  compared to  t h e i r  number in  the u n d erly in g  Landenian d e p o s i t s  ; 
the number of d i n o f l a g e l l a t e s  i n c r e a s e s .  The second zone, o c c u r r in g  in  the  
l a r g e r  p a r t  of the F lan d ers  Member, i s  c h a r a c t e r i z e d  by a f u r t h e r  d e cre a s e  
o f  th e  p a ly n o lo g i c a l  c o n te n t .  The t h i r d  zone o ccu rs  in  the upper p a r t  of  
the F la n d e rs  Member and in  the Egem Member. In t h i s  zone the number of  
s p e c ie s  o f  p o lle n  and sp ores i n c r e a s e s  ; the l a r g e r  p a r t  o f  the specimens  
o f  p o l le n  g r a in s  belongs to  s p e c ie s  w ith sm all r e p r e s e n t a t i v e s  (T v i a t v i o -  
p o l l e n i t e s  p la ty c a v o id .e s ,  T r i c o l p o v o p o l l e n i t e s  c i n j u l v m ) . In the fo u r th  zone,  
o ccu rr in g  in  the Merelbeke Member, the number o f  p a l y n o lo g i c a l  specimens  
f u r t h e r  i n c r e a s e s .

The appearance o f  S p i n i z o n o c o lp i t e s  e c h in a tu s  in  the th i r d  m i c r o f l o r a l  zone
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(upper p a r t  of  the F la n d e rs  Member) i s  of  p a l a e o c l i m a t i c  im portance ( i n d i ­
c a t i o n  of an in c r e a s e  of the te m p e r a tu r e ) .

2 . 1 0 .  Algae

Numerous p y r i t i s e d  diatom moulds have been re co rd e d  from the b a s a l  s t r a t a  
of the le p e r  F orm ation , in  what i s  h ere  c a l l e d  the Mont Héribu Member.
They belong to  the two C o s o in o d is c u s - s p e c ie s  d e sc r ib e d  and symbolised as  
s p . l  and s p .2  by BETTENSTAEDT e t  a l .  ( 1 9 6 2 ) ,  and to  o th e r  ta x a  not d e scr ib e d  
so f a r .  In one l e v e l  C o s c in o d is c u s  s p . l  l a r g e l y  dominates the diatom f l o r a  ; 
below and above th a t  l e v e l  i t  i s  r a t h e r  s c a r c e .

D asycladaceans have been re co g n iz e d  in  the upper p a r t  of  the Egem Member.

2 . 1 1 .  O t o l i th s

I n v e s t i g a t i o n  by NOLF (1 9 7 4 )  and DELAUNOIS (1 9 8 1 )  o f  the  f o s s i l  f i s h  r e ­
co rd ,  based on o t o l i t h s ,  r e v e a le d  the e x i s t e n c e  o f  two d i s t i n c t i v e  faunas  
in  the le p e r  Form ation : a f i r s t  fau n a, w ith G ly p to p h id iu m  p o l l i  as a cha­
r a c t e r i s t i c  s p e c i e s ,  o ccu rs  in  the middle p a r t  of  the F la n d e rs  Member ; a 
second fau n a , w ith I s a a i a  g ib b o sa  as a c h a r a c t e r i s t i c  f o s s i l ,  and w ithout  
G ly p to p h id iv m  p o l l i ,  o ccu rs  in  the Egem Member.

3 .  CORRELATION OF THE MICROFOSSIL ASSEMBLAGES

Table 1 shows the o ccu rre n c e  o f  the d i f f e r e n t  m i c r o f o s s i l  assem blages in
the le p e r  Form ation in  n o rth e rn  Belgium.
Most fre q u e n t a re  the b e n th ic  f o r a m i n if e r id s  and the d i n o f l a g e l l a t e s .
E x ce p t f o r  an a z o ic  i n t e r v a l  in  the upper p a r t  of the F la n d e rs  Member,
m i c r o f o s s i l s  have been re co rd e d  throughout the fo rm a tio n .

3 . 1 .  S i g n i f i c a n t  s i m i l a r i t i e s  between the d i f f e r e n t  m i c r o f o s s i l  z o n a tio n s

The fo llo w in g  corresp on d en ces can be observed between the d i f f e r e n t  m icro ­
f o s s i l  groups ( t a b l e  1 ) .

a)  At the  base o f  the le p e r  Form ation , in  the Mont Héribu Member, agglu ­
t i n a t i n g  b e n th ic  f o r a m i n i f e r i d s ,  c o n ic a l  r a d i o l a r i a n s  and p y r i t i s e d  
diatoms o ccu r  t o g e t h e r  ; the d i n o f l a g e l l a t e  zones are  W. a s tv a  and
W. m e c k e l f e l d e n s i s .

b) At the base o f  the F la n d e rs  Member, in  the B F - a s s . I I I - i n t e r v a l , p o o rly  
p re se rv e d  c a lc a r e o u s  b e n th ic  f o r a m i n if e r id s  o c c u r ,  to g e th e r  with l a r g e ,  
p h o sp h a tic  p ro b le m a tic  m i c r o f o s s i l s  ; the d i n o f l a g e l l a t e  zone i s  W. s i ­
m i l i s .

c )  In the middle p a r t  o f  the F la n d e rs  Member, we observe the n e a r ly  syn­
ch r o n ic  appearance o f  a v ery  d i v e r s i f i e d  b e n th ic  f o r a m i n if e r a l  fauna  
( B F - a s s . I V ) ,  p la n k to n ic  f o r a m i n i f e r i d s ,  c a l c a r e o u s  n a n n o f o s s i l s , o s t r a -  
cods and " t i n t i n n i d s " . In t h a t  same i n t e r v a l  the W. s im i l i s - W .  v a r i e -  
lo n g i tu d a  boundary o c c u r s .

d) The o ccu rre n c e  of an a z o ic  i n t e r v a l ,  even in  the d i n o f l a g e l l a t e  f l o r a .
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e) The reap p earan ce  of b e n th ic  f o r a m i n if e r id s  (B F -a s s .V )  and of sm all plank-  
t o n ic  f o r a m in if e r id s  (with some g lo b o r o t a l i d s )  a t  the end of the W. v a r i e -  
l o n g i t u d a - zone, to g e th e r  w ith p o lle n  typ es i n d i c a t i n g  an in c r e a s e  of
the te m p e ra tu re .

f )  The o ccu rre n c e  of a f o r a m i n if e r a l  fauna ( B F - a s s .V I ) ,  more t y p i c a l  f o r  
a sandy s u b s t r a t e ,  to g e th e r  with p la n k to n ic  f o r a m i n i f e r i d s ,  c a l c a r e o u s  
n a n n o f o s s i l s , o s t r a c o d s ,  s p h e r i c a l  r a d i o l a r i a n s , nummulites and d a sy -  
c la d a ce a n s  a t  the s t a r t  of  the W. c o te o th r y p ta - z c m e .

3 . 2 .  Im portant ev en ts  f o r  c o r r e l a t i o n  in  the North Sea Basin

Some o f  the f e a tu r e s  in  the m icro fa u n a l z o n a t io n ,  as re p o r te d  above, might
be u s e f u l  f o r  c o r r e l a t i o n  in  the sou th ern  p a r t  of  the North Sea B a sin .

a) The o l d e s t  assemblage zone, c o n s i s t i n g  o f  an e x c l u s iv e  a g g l u t in a t in g  
f o r a m i n if e r a l  fau n a, has been re co rd e d  in  the b o re h o le s  a t  K a l l o ,  T i e l t ,  
Ooigem, Mouscron, Mol (B elg iu m ), Woensdrecht (The N e th e r la n d s ) ,  in  the  
o u tcro p s  around Mons and Tournai (so u th e rn  Belgium) and in  O rch ies  
(n o r th e r n  F r a n c e ) .
The o ccu rre n c e  o f  e x c l u s iv e  a g g l u t i n a t i n g  f o r a m i n if e r a l  faunas i s  lin k ed  
to  s p e c i a l  environm ental c o n d it io n s  as s t a t e d  by M00RKENS, 1975 : 
low a l k a l i c  to  n e u t r a l  ph, low oxygen c o n te n t ,  slow w ate r  c i r c u l a t i o n  
o r  even s ta g n a n t  w a t e r ,  high o r g a n ic  c o n te n t .  T h e re fo re  the v e r t i c a l  
e x te n s io n  o f  t h i s  zone i s  en viro n m en tally  c o n t r o l l e d .

b) P y r i t i s e d  diatoms o ccu r  in  ap p ro xim ately  the same i n t e r v a l  as the  agglu ­
t i n a t e d  f o r a m in if e r id s  (re co rd e d  in  the K a l lo ,  T i e l t  and Mol w e lls  and iii the 
St Maur o u tcro p  around T o u r n a i ) . One l e v e l  in  t h i s  i n t e r v a l  i s  mainly  
l a r g e l y  dominated by C o s c in o d is c u s  s p . l ,  the  th i c k  diatom s p e c i e s ,  i t s  
bloom co n sid e re d  by JACQUE & THOUVENIN (1 9 7 5 )  as being r e l a t e d  to  the  
p erio d  o f  main v o l c a n i c  a c t i v i t y  on the c o n tin e n ts  surrounding the
North Sea and a ls o  in  the North Sea i t s e l f  during E a r ly  T e r t i a r y  t im e s .

c )  A p la n k to n ic  f o r a m i n if e r a l  fauna e n t e r s ,  t o g e th e r  with a r i c h  b e n th ic  
f o r a m i n if e r a l  a s s o c i a t i o n ,  in  the middle p a r t  of  the F la n d e rs  Member.
This phenomenon has been observed in the w e l ls  in  K a l lo ,  T i e l t ,  Ooigem, 
Mouscron and Mol and a l s o  in W oensdrecht. This e n tr y  can be c o r r e l a t e d  
w ith the p la n k to n ic  datum l e v e l  observed in  the London Clay in  the 
Hampshire Basin  (WRIGHT, 1972) and in  the London B asin  (KING, 1 9 8 1 ) .
This p la n k to n ic  f o r a m i n if e r a l  fauna belongs to  the S u b b o t in a - A c a r in in a  
assemblage ( S ü b b o tin a  s tan d in g  f o r  G lo b ig e r in a 3 A c a r in in a  f o r  T u rb o ro -  
t a l i a ) , which was t y p i c a l  f o r  th e s e  l a t i t u d e s  during the E a r ly  Eocene  
(BERGGREN, 1 9 7 8 ) .

d) In the middle p a r t  of  the F la n d e rs  Member a g l a u c o n i t i c  l a y e r  o c c u r s ,  
d e s c r ib e d  as the " L i t  g la u c o n if è r e  de T i e l t "  and co n sid e re d  as an i s o ­
chronous h o rizo n  (DE CONINCK, 1 9 7 5 ) .  This l a y e r  has been observed in  
K a llo ,  T i e l t  and Ooigem and aLlows c o r r e l a t i o n .

G la u c o n i t ic  l a y e r s  norm ally i n d i c a te  slow sed im en tatio n  r a t e s  in  a deep 
c e n t r a l  s h e l f  se a  ( -  100 m m in im a lly ) ,  o r  high energy movement when 
the  g la u c o n i te  i s  reworked. A ccording to  KEPPENS (1 9 8 1 )  the reworking  
o f  the g la u c o n i te  in  the K allo  w ell  has to  be excluded ; the g la u c o n i te  
g r a in s  a re  not com pletely  g l a u c o n i t i s e d .  The l a s t  f e a tu r e  i n d i c a t e s
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t h a t  the  r a t e  of se d im en tatio n  was n ot slow enough to  allow  f u l l  g la u -  
c o n i t i s a t i o n .
In the K allo  b oreh ole  two g l a u c o n i t i c  l e v e l s  o c c u r ,  one a t  -  307 m, 
and a n o th er  a t  -  305 m. The 305 m -le v e l  has been co n sid e re d  as the  
most im p ortan t (DE CONINCK, 1 9 7 5 ) .  In K a llo  the fo llo w in g  b i o s t r a t i -  
g ra p h ic  ev en ts  o ccu r  around th e se  g l a u c o n i t i c  la y e r s  :

-  The o ccu rre n c e  between -  3 1 2 .5  and -  3 0 8 .6  m of the G lo b ig e r in a  p a ta g o — 
n i c a - acme zone ;

-  The o ccu rre n c e  between -  3 1 2 . 5 and -  3 1 0 .8  m of the A s te v ig e v in a  b a r to -  
n ia n a  k a a s s c h i e t e r i - acme zone, in  which K a r r e r ia  fa l la s c  i s  a l s o  abun­
dant ;

-  The appearance o f  the second " t i n t i n n i d "  faunule  a t  -  3 1 0 .8  m, to g e th e r  
with o th e r  m icro p ro b le m a tica  of the V o o r th u y s e n ie l la - type ;

-  The p resen ce  o f  N um m ulites  p la n u la tu s  between -  3 1 0 .8  and -  3 0 3 . 9  m ;
-  The s t a r t  o f  the M a r th a s te r i te s  t r i b r a c h i a t u s  zone (NP Ï2 zone a cc o rd in g  

to  the zo n atio n  of MARTINI, 1971) a t  -  306 m and of the W e t z e l i e l l a  
v a r i e lo n g i tu d a  zone a t  -  305 m ;

-  The appearance of T u r r i l i n a  b r e v i s p i r a  a t  -  3 0 4 .6  m ;
-  The s t a r t  o f  the E c h in o c y th e r e i s  r e t i c u l a t i s s i m a  zone ( o s t r a c o d  zone 

6b o f  KEEN, 1978) a t  -  3 0 4 .6  m.

A ll  th e s e  e v e n ts  l a r g e l y  i l l u s t r a t e  the im portance o f  the  i n t e r v a l  
around the g l a u c o n i t i c  la y e r s  f o r  c o r r e l a t i o n  w ith in  th e  so u th ern  p a r t  
of the North Sea B a sin .  During the p e rio d  o f  d e p o s i t io n  o f  th a t  i n t e r ­
v a l  the so u th ern  North Sea reach ed  i t s  maximum depth (about 100 m o r  
somewhat d e e p e r ) .  The slow er se d im e n ta tio n  r a t e ,  and thus a lo n g e r  time  
p e r io d ,  w i l l  probably be the main cause o f  the  g r e a t  number o f  changes  
o c c u r r in g  w ith in  t h i s  i n t e r v a l .

e) An o th e r  im p ortan t even t i s  the  appearance o f  G u e m b e l i tr ia  t r i s e r i a t a  
in  the upper p a r t  o f  the  F la n d e rs  Member. This e n tr y  has been observed  
in  the K allo  and T i e l t  b o re h o le s  in  Belgium and a ls o  in  th e  s o - c a l l e d  
Clays of Roubaix in  the C a sse l  w e ll  (ODIN e t  a l .  1972 ; G u err ib e litr ia  
t r i s e r i a l i s ) .
Furtherm ore i t  has been re co rd e d  in  the o u tcro p s  a t  Kortemark and Mesen.
The sm all dimension o f  the e lo n g a te  t e s t  of  t h i s  s p e c ie s  o b l i g a t e s  the  
use of the 74 um s ie v e  f o r  d e t e c t i n g  i t .
I t s  appearance i s  a l s o  in  co n n e ctio n  with the o c c u r r e n c e  of P seu d o h a s­
t i g e r i n a  w i l c o x e n s i s .

f )  The change in  l i t h o l o g i e  c h a r a c t e r  o f  the se d im e n ta tio n  (from c l a y  to  
s a n d ) n a tu r a l l y  c o in c id e s  with a change in  the b e n th ic  f o r a m i n if e r a l
fau n a , such, as the appearance of numerous nummulites. However, the beginninp  
o f  the W. c o le o th r y p ta - z o n e  and the more fre q u e n t o c c u rre n c e  o f  sm all  
r e t i c u l a t e  s p h e r i c a l  r a d i o l a r i a n s  a re  s i t u a t e d  n e a r  t h a t  l e v e l .
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4 .  CONCLUSIONS.

The i n t e r n a t i o n a l l y  a cc e p te d  Y p re sia n  s t a g e ,  o f  E a r ly  Eocene a g e ,  i s  some­
tim es d ivid ed  by B elg ian  g e o l o g i s t s  i n t o ,  on one hand the Y p re sia n  s . s .  and 
" E a r l y  P a n i s e l i a n "  on the o th e r  hand ( th e  upper p a r t  o f  the " P a n i s e l i a n "  or  
"L a te  P a n i s e l ia n "  belongs to  the L u t e t i a n ) .  The d i s t r i b u t i o n  o f ,  o r  the  
c o r r e l a t i o n  between the m i c r o f o s s i l  assem blages in  the le p e r  Form ation  in  
Belgium as p re se n te d  in  t a b l e  1 , a llow s us to  re co g n iz e  f i v e  m ajor e v e n ts ,  
a l l  based on p la n k to n ic  m i c r o f o s s i l  groups o r  s p e c i e s ,  in  t h i s  Y p re sia n  
s ta g e  s . s .  ( t a b l e  2 ) .
The f i r s t  even t i s  the C o s c in o d is c u s  sp . 1-peak le v e l  a t  the  beginning of  
the Y p resian  s . s .  (and s .  I . )  which i s  v ery  probably lin k ed  to  the v o l c a n i c  
a c t i v i t y  in  and around the North Sea in  E a r ly  Eocene tim e s .
The second even t i s  the e n tr y  of the p la n k to n ic  f o r a m in if e r id s  o f  the S u b -  
b o t in a - A c a v in in a  assem blage, re co g n iz e d  a ls o  in  the E a r ly  Eocene of the  
Hampshire arid London Basins and marking the beginning of the main t r a n s -  
g r e s s i v e  p e rio d  during the Y p re s ia n .
The th i r d  even t i s  the G lo b ig e r in a  (o r  S u b b o t in a ) p a ta g o n ic a -a c m e  zone,  
c l o s e l y  in  r e l a t i o n  w ith the NP11-NP12 and the W. s im i l i s - W .  v a v i e l o n g i -  
tu d a  b o u n d a rie s ,  and which corresp on d s to  the p e rio d  o f  g r e a t e s t  depth in  
the  so u th ern  North Sea during the E a r ly  Eocene. This acme zone o ccu rs  in  
die whole North Sea B asin  (KING e t  a l .  1 9 8 1 ) ,  in  the n o r th e rn  A t l a n t i c  (BERG- 
C-REN 1978) and the Labrador Sea (GRADSTEIN & SRIVASTAVA 1 9 8 0 ) .
The fo u r th  event i s  the e n tr y  o f  G u e m b e l i tr ia  t r i s e v i a t a  in  the l a t e  Ypre­
s ia n  s . s .  This e n tr y  could be co n sid e re d  as a second p la n k to n ic  fo r a m in i-  
f e r a l  datum l e v e l  in  the Y p r e s ia n ,  and a ls o  corresp on d s w ith  th e  P se u d o -  
h a s t ig e v in a  w i l c o x e n s i s - à a t \m  l e v e l  in  t h i s  a r e a .
The f i f t h  event i s  the  e n tr y  of s p h e r i c a l  r a d i o l a r i a n s  and the W. v a r i e -  
lo n g itu d a -W . c o le o th r y p ta  boundary, marking the s t a r t  of  a r e g r e s s i v e  p erio d  
in  the E a r ly  Eocene. This r a d i o l a r i a n  zone i s  w idely  re c o g n iz a b le  in  the  
North Sea Basin as s t a t e d  by KING ( 1 9 8 0 ) .
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M I C R O F O S S I L A S S E M B L A G E S

-Ofammif- eral As­sociation«
"ÜM*

BFass. VI

BFass. V

barrenintervQl

BFass. I

BFass. II

BFass. I

Benthonic Foraminiferids 
WILLEMS, 1980

poor
Epistominella vitree Anomalinoides nobilis Cibicidoides proprius
2pTrôplêctârnmirv JeperUitä Polymorphinidae spec. div. Bohvina spec. div.Tri farina spec. div.Cancris subconica Pararotalia spec. div. Elphidium latidorsatum Cibicides gr. carinata Cibicidina spec. div. ''.ibieideidm aeutimotgus- —

Turrilina brevispira AJabamina wilcoxensis Cibicidoides spec. div.

Turrilina brevispiraij—
Tex tu tari a sp. Ka-
Asterigerina bartonian3\_ kaasschtteri _l Karreria fallax Ka-312.5 Textularia smithvillensls]Karreriella dan ica --Nodosaria latejugata |7-I . Clavulina spec. div. —*°~3̂  Lenticulina spec. div. Ka-3235 Marginulinopsis spec. div. Cibicidina ten dam i Ka-3355, PuJ/enfâqumquelobâ
Dentalina spinescens Eponides lunata Eponides plummerae Anomalinoides sp. cf.A. dan i eus Cibicidoides crassus
Ammodiscus septatus Ammodiscus siliceus Miliammina paleocenica Haplophragmoides burrows/ LJ~~ Iophragmoides walten
Rhabdammina spec. div. Ammodiscus siliceus Reophax spec. div. Trochamminoides subtrullisatus Recurvoides sp. Spiroplectammina spectabilis Trochammina spec. div. Vemeuilina subeocaena

PlanWonic Foraminiferids 
WILLEMS,1980

-, . . . xKa-264 Pseudohastigenna wilcoxensis Guembelitria triseriata ~ Globorotalia pseudoscitula Turborotalia esnaensis Turborotalia pentacamerata Turborotalia soldadoensis Globigerina aquiensis _

Globigerina patagonica 4 seme zone f

Turborotalia esnaensis Turborotalia pentacamerata Turborotalia soldadoensis Globigerina aquiensis

rar« Mmnw» "J

Large Foraminiferid* 
GULINCK.Î967 
WILLEM Ŝ1980

Nummulites
planulatus

Ka-303.9Nummulites
planulatus

Ka-310’8

Calcareous 
Nannopkmkton 

MÜLLE R1WILLEMS.Î961

Discoaster binodosus Discoaster lodoensis Marthas terites tribrachiatus Chiasmolithus bidens Rhabdosphaera crebra Zigrhablithus bijugatus

Discoaster binodosus iscoaster lodoensis 1iscoaster barbadiensis ..Jarthasterites tribrachiatus Toweius eminens
first D. lodoensis Ka-306
Marthasterites tribrachiatus Discoaster binodosus Toweius callosus Toweius craticulus Zygodiscus p/ectopons
first namtofossils

Dinoflagellcrtes
DE C0NINCK.Î981 STA.**.1325

Spinidinium aff. essoi Pulvinosphaeridium sp.

Hystrichosphaeridium cylindratum Lan ternosphaeridium sp. A Hemicystodinium zobaryi Wetzeliella aff. clathrata Baltisphaendium ligospinosum Spinizonocolpites echinatus

Gonyaulacysta caytonensis

Wetzeliella varielortgituda

Wetzeliella solida

Adnatosphaeridium robustum Peridinium crenulatum

Thalassisphaera peiagica Eisenackia sp.A

•£
I
8.5

I«è

Wetzeliella tenuivirgula crassaramosa

Deflandrea oebisfendensis Microdinium ornatum Pseudomasia trine ma

Microproblematica
WILLEMS.1972

Conicarcella variabilis Spinarcella guttiformis

Voorthuyseniella gracilis

Pseudarcella rhumbleri Yvonniellina feugueuri Yvonniellina dimidiaglobosc Yvonniellina capitiformis Voorthuyseniella gracilis
Ka-meJ Pseudarcella trapeziformrs] Yvonniellina feugueuri Yvonniellina concava _|

Calvina kaHoensis

g-c
8-̂
E a

■Is

Radiolarians
WILLEMS,1981

spherical radiolarians (more frequent)

spherical
(ratST>m

conical
" tS r *

Ostracods 
WILLEMS,1973,1977

Paracypris whitecliffensis,̂  6‘ Chthrocythendea mourloni
Eucytherura hyonensis ass. 5 Schizocythere appendiculata Schizocythere tessellata
Cytheridea newburyensis

fragments

Êchinocythereis reticulatissima Çyamocytheridea heizelensis Trachyleberis aculeata nc;<- -, Cvtherella londinensis Hazelina aranea <Trach yleberideaprestwichiana, Schuleridea perforata
Çy there!la londinensis Cy there tta scrobiculoplicata Hazel i na aranea ass 1'chu 1er idea perforata & 2 rachyleberidea prestwichiana

presence ofSpinizonocolpi- tes echinatus

Microflora
Palynology
ROCHE,1973

Dasyclad. , Diatoms (not publ.)

Terquemella

hitfi biconvex . j

Otoliths 
NOL F.1974 
DELAUNOIS, 

1981

W.WIUE'MS March.1982
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