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ABSTRACT

In  th e  Y presian  deposits of th e  Belgian basin  about 315 species of fossil, organic-w alled ph y to p lan k to n  have up  to  now  been found. 
A m ong these  w e have selected  forty  easily  recognizable species w h ich  appear to  be b iostra tig raph ica lly  useful. T h e ir  d istribu tion  
in  th e  Y presian  deposits of th e  Belgian basin, v isua lized  in  a pro jec tion  on  th e  com pound profile  of th e  Kallo-W oensdrecht reference 
section , has served as a base for th e  defin ition  of e leven  zones in  th is  reference section. Assem blages of organic-walled phytoplankton 
from  several ou tcrops and borings in  th e  basin  allow  to m ake  correlations w ith  th e  zones in th e  K allo-W oensdrecht reference sec­
tio n . T h is  reference sec tion  can  fu rtherm ore  be  corre la ted  w ith  sec tions in th e  su rrounding  basins of London, H am pshire, Dieppe, 
Paris, N o rth  G erm any  and D enm ark , in  w h ich  organic-w alled ph y to p lan k to n  assem blages had  been described. F rom  these  correla­
tio n s appears th a t the Ypresian sequence is nearly  com plete  in  th e  D anish  basin, th e  no rthern  Belgian basin and th e  H am pshire  basin. 
T he zonation  of th e  Ypresian deposits in  the Belgian basin, w hich w e have introduced here, is som ew hat m ore detailed th an  the zonations 
h ith e r to  defined in  th e  su rrounding  basins. It shou ld  be em phasized  how ever th a t all these  zonations rem ain  too ls to  w ork  w ith  and 
th a t th ey  w ill be adapted again in  response to  th e  grow ing insigh ts in  th e  changes of sed im en ta tio n  and in  th e  h is to ry  of th e  life com ­
m u n itie s  du rin g  th e  Y presian tim es.
Key words: Y presian, organic-w alled phy to p lan k to n , zonation , b iostratig raphy , correlations, N .W . Europe.

SAMENVATTING

In  de a fze ttingen  van  he t Y presien in  het B elgisch Bekken w erden  to t nog toe ongeveer 315 so o rten  van  fossiel ph y to p lan k to n  m et 
o rgan ische w and  teruggevonden. O nder die so o rten  hebben  wij er een  v eertig ta l u itgekozen  die m en  gem akkelijk  kan  herkennen  
en  die v an u it b iostratig rafisch  standpun t n u ttig  b lijken. H u n  verspreid ing  in  de Y presienafzettingen  van  h e t Belgisch bekken , gepro­
jecteerd  op he t sam engesteld  profiel van  de re fe ren tie sek tie  van  Kallo-W oensdrecht, heeft ais basis gediend voor de bepaling  van elf 
zones in  die sek tie . A ssem blages van  p h y to p lan k to n  m et organische w and die voorheen w erden  bestudeerd  in verscheidene on tslu i­
tingen  en  boringen in  het bekken, stelden ons in  staat korrela ties te  m aken  m et de zones in de referentiesektie  van Kallo-W oensdrecht. 
D aarenboven  k an  m en  die referen tiesek tie  k o rre le ren  m et sek tie s  in  de om liggende bekkens van  Londen, H am pshire, Dieppe, Pa­
rijs, N oord-D uitsland  en D enem arken , w aarin  assem blages v an  p h y to p lan k to n  m et organische w and  w aren  beschreven . U it die k o r­
re la tie s  k o m t n aar voor dat de Y presien sek w en tie  in  he t D eense bekken , h e t noorden  van  h e t Belgisch bek k en  en  h e t H am pshire 
b e k k en  p rak tisch  volledig is. De zonering  van  de Y presienafzettingen  in  h e t Belgisch bekken , die wij h ier voorgesteld  hebben, is iets 
m eer gedetailleerd  dan de zoneringen  die to t nog to e  gedefinieerd w erden  in  de om liggende bekkens. M en m ag ech ter n ie t u it het 
oog verliezen  dat gelijk welke zonering  slech ts een  w erk tu ig  is voor toepassing in  de stratigrafie, en  dat ze steeds w eer aangepast dient 
te  w orden  naarm ate  de in z ich ten  in  de ve randeringen  van de sed im en ta tie  en  in  de geschiedenis v an  de leefgem eenschappen tijdens 
h e t Y presian  groeien.

Sleutelwoorden: Y presien, p h y to p lan k to n  m e t o rganische w and, zonering, biostratigrafie, k o rre la ties, N .W . Europa.

RESUME

D ans les dépots yprésiens du  Bassin beige, env iron  315 espèces de phytoplancton fossile, à paroi organique on t été  retrouvées jusqu'à 
p résen t. P arm i elles, nous en  avons sé lec tio n n é  qu aran te  qu i so n t facilem ent reconnaissables e t qui paraissen t u tile s  du p o in t de vue 
b iostra tig raph ique. Leur d is trib u tio n  dans les dépôts yprésiens du Bassin belge, v isualisée dans un e  pro jec tion  su r  le profil com posé 
de la sec tio n  de référence de K allo-W oensdrecht, a servi de base à la dé fin itio n  de onze zones dans cette  section . Les assem blages de 
p h y to p lan c to n  à paroi organique que l'o n  avait é tu d iés auparavan t dans p lusieu rs  affleurem ents e t sondages dans le bassin, on t per- 
m i de faire  des co rré la tions avec les zones dans la sec tio n  ae référence de Kallo-W oensdrecht. Par ailleurs, on peu t corré ler cette  sec­
tio n  de référence avec des sec tions dans les bassins de Londres, H am pshire, D ieppe, Paris, A llem agne du N ord e t  D anem ark , dans 
lesquelles des assem blages de phy to p lan c to n  à paroi orgnique av aien t é té  décrits . Ces co rré la tions m e tte n t en  év idence que la sé­
quence  yp résienne est quasi com plète dans les  bassins du D anem ark , d u  nord  de la Belgique e t du H am pshire. N o tre  zonation  des 
dépô ts yprésiens du Bassin belge, que no u s avons in tro d u ite  ici, e st un  peu p lus déta illée  que les zon atio n s qu i avaien t é té  définies 
ju sq u 'à  p ré sen t dans les bassins avo isinan ts. Il fau t to u te fo is in s is te r  su r le fa it que to u te  zonation  reste  un  o u til dans le trava il strati- 
g raphique e t qu 'e lle  sera sans cesse adaptée en  réponse à la com préhension  grandissan te  des changem en ts de la séd im en ta tio n  e t de 
l 'h is to ire  des co m m u n au tés  de vie d u ran t l'Y présien .

M ots-clés: Yprésien, p h y top lancton  à paroi organique, zo n ation , b iostratig raphie, corré lations, Europe du N.W .

L abora to rium  voor Paleontologie, R ijk su n iv ersite it G en t, K rijg skan  281/S8, B-9000 G ent, Belgium.
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Fig. 1
L ocalisation o f borings and outcrops.

Richly diversified assemblages of organic-walled 
phy top lank ton , especially of dinoflagellate cysts, 
characterize th e  Ypresian deposits in  the  Belgian 
Basin. T h e ir stratigraphical d istrib u tio n  in  these 
deposits allow s th e  defin ition  of eleven zones. 
T hese are characterized  by forty species w ith  
b iostratig raph ic significance in  the  basin. O ur 
zona tion  is aligned w ith  the  ones proposed in  the  
adjacent areas (Paris Basin, H am pshire-D ieppe 
Basin, London Basin, N o rth  G erm any  and 
D enm ark).

I. TOTAL DIVERSITY OF FOSSILIZED 
ORGANIC-WALLED PHYTOPLANKTON 
IN THE YPRESIAN OF THE BELGIAN 
BASIN
(localisation of borings and outcrops : fig. 1)

C hlorophyceae : 3 species
D inophyceae : 235 species 
Prasinophyceae : 30 species
A critarcha : 45 species

N u m b er  o f fo ss ilized  species w h ich  lived  a t the  
t im e  o f deposition  :
C hlorophyceae : 2
D inophyceae : 171
Prasinophyceae : probably betw een  25 and 30 
A crita rcha : probably about 35
N u m b er o f species rew orked  from  the  Jurassic:
C hlorophyceae : —
D inophyceae : 21
Prasinophyceae : ?
A crita rcha : ?
N u m  ber o f  species rew orked from  the Cretaceous :
C hlorophyceae : —
D inophycea : 36
Prasinophyceae : ?
A crita rcha : ?

N u m b er  o f  species probab ly rew o rked  from  the 
Paleocene :
C hlorophyceae : —
D inophyceae : 6

Prasinophyceae : ?
A crita rcha : ?

II. DIVERSITY OF THE ASSEMBLAGES
IN THE SAMPLES
T he species diversity  of fossilized D inophyceae 

cysts produced at the  tim e  of sed im entation  varies 
betw een  about 25 and 65 in  one sam ple ; it a tta ins 
an  average of nearly  40 species. T he  num ber of 
fossilizable C hlorophyceae species fluctua tes bet­
w een  0 and 2. Prasinophyceae a tta in  betw een 0 and 
10 species in  one sam ple, w ith  an  average of 5 
species. A critarcha d iversity  fluctua tes betw een  0 
and 15 species, w ith  an  average of 8  species per 
sam ple.

W hen an increase of the  d iversity  is observed it 
occurs in  general as w ell in  D inophyceae as in 
Prasinophyceae and A critarcha. T h a t possibly 
m eans th a t th e  stressing c ircum stances w hich 
favoured cyst fo rm ation  am ong dinoflagellate 
species, also incited other phytoplankton  groups to 
p ro d u c e  c y s ts  (A c rita rch a ) o r p h y c o m a e  
(Prasinophyceae).

Som e trends in  th e  changes of d iversity  can be 
com m ented : in  the  M ont H éribu M em ber, the 
Clay of Orchies and part of the Roubaix Clay, below 
the  G laucon itic  bed of T ielt, the  d iversity  of Ypre­
sian Dinophyceae + Prasinophyceae + Acritarcha is 
som ew hat h igher in the  sam ples from  Q uenast, 
M ons-M ont H éribu, Orchies, Overijse, Mons- 
G h lin  and St M aur, averaging about 65 species, 
com pared w ith  th e  diversity  in the  sam ples from  
corresponding levels in  th e  Kallo- and T ie lt boring 
(DE C O N IN C K  1976a) and K nokke boring 
(DUPUIS e t alii, in press) averaging about 40 
species. It is probable th a t cyst p roduction  am ong 
m any species was optim ally  favoured in  the  ra ther 
m arginal parts of th e  bassin (Overijse, Orchies...) 
in  com parison w ith  m ore offshore areas (Kallo, 
T ielt, Knokke). Such a positive effect on  the  diver­
sity  of cyst species is noted too in recent sedim ents 
of e.g. th e  D u tch  W adden Sea (personal observa­
tions) w h ich  contain  cysts w hich  probably were 
carried  in  th e  w adden area by th e  flooding w aters 
com ing from  the  open sea. These w aters are in  fact 
a m ix tu re  of N o rth  Sea w ater and estuarine 
Schelde, M aas and Rijn w aters carried northw ards 
along th e  D u tch  coast tow ards the  w adden areas.

H igher in  the  Ypresian deposits (above the 
G laucon itic  bed of Tielt), w hen com paring the 
species diversity  in  sam ples from  different 
localities in  the  basin, the  differences observed 
seem  fo rtu itous, n o t related  to th e  place in  the  
basin. W hen we com pare in  these  h igher ypresian 
deposits sam ples from  successive levels a t one 
locality  (e.g. Kallo or M erelbeke or W oensdrecht) 
(DE C O N IN CK  1976a, 1977) w e can observe here 
and th ere  som e m arked differences in  th e  num ber 
of species. T h is  m ight suggest us th a t locally  the



env ironm en ta l circum stances fluctuated  m ore all 
over th e  basin, becom ing from  place to  place 
favourable for cyst production am ong m ore species 
during  re la tively  short periods. But it  could also 
correspond w ith  a patchy  d istrib u tio n  of these  
m icrofossils in  th e  sedim ent, as we see th a t in  one 
S tratigraphie level at one locality, Q uenast (DE 
C O N IN C K  1986), sam ples a few m eters  d is tan t 
from  each o ther clearly give different values for the 
d iversity  of species living at th a t sam e tim e  of 
sed im en ta tio n  (Quenast A3: 77 species; Q uenast 
A4: 69 species).

III. PALEOECOLOGICAL SIGNIFICANCE 
OF SOME SPECIES

— Apectodinium  homomorphum (DEFLAN- 
DRE & COOKSON 1955) is considered as a species 
w h ich  lived in  near-shore w aters w ith  low ered 
salin ity  (COSTA & DOW NIE 1976, p. 607). Its fre­
quency is h igh to  relatively  high in  th e  low erm ost 
Ypresian beds in  the Tielt- and Knokke borings (DE 
C O N IN C K  1976a; DUPUIS e t alii 1985) b u t drops 
soon  to  sporadic occurrences (for in stance at 
Knokke) im m ediately above these low erm ost beds. 
U p to  th e  h igher part of th e  form ation , b u t still 
below  th e  Egem Sand the  frequency rem ains near 
th is  zero level in  the  Kallo- and T ie lt borings in  
areas s itu a ted  a t th a t tim e  in  ra th e r offshore posi­
tion . In  equivalen t deposits at Q uenast, M ont 
H éribu, O rchies, Overijse, G h lin  and St M aur 
how ever the  frequencies of A. hom om orphum  fluc­
tu a te  betw een  1 and 6  % ; in  these  ra th e r m arginal 
areas of the  Belgian Basin th e  influx of w aterm asses 
w ith  low ered salin ity  carrying A. h om om orphum , 
was apparently  im portant. It m aybe the  reason too 
w hy re la tive ly  m ore species of th e  p h y to p lan k to n  
produced cysts (see Trends in  th e  changes of diver­
sity) in  these  parts of the basin  in  com parison w ith  
th e  areas of Kallo, or T ie lt s ituated  m ore offshore. 
A. h o m o m o rp h u m  com es back at Kallo, T ie lt and 
H eestert in  th e  upper part of th e  A albeke C lay or 
in  the  K ortem ark Silt and rem ains w ell represented 
in  th e  Egem Sand, for instance at Kallo, M erelbeke 
and Egem. Its frequency can a tta in  high values such 
as 8  t i l l  9 o r even 20 % (at Kallo -  259 m). H igher, 
in  th e  C lay of M erelbeke, th e  species is w ell 
represented in  the Kallo boring and especially in  the 
W oensdrecht boring, bu t absent in  th e  Melle- 
H eusden  borings. It is no t clear to  m e how  from  
these  data, th e  d istribu tion  of w aterm asses could 
be ske tched  in  th e  period following th e  deposition  
of th e  G laucon itic  bed of T ielt.

— Impagidinium spp. are considered to  be 
ind icato rs of oceanic w aterm asses (WALL et alii 
1977, p. 168). In the  low erm ost part of the Ypresian 
deposits th ey  have been found sporadically, only in  
th e  K nokke boring. A t a b iostratig raphically  
som ew hat h igher position  in  th e  M on t H éribu 
M em ber Im pag id in ium  w as strange enough only 
encoun te red  at Overijse, G hlin , St. M aur s ituated  
m ore n ea r th e  border of th e  basin, and in  the  su c ­
ceeding m assive clay packet at T ie lt ( -  125.5m), 
s i tu a te d  m o re  o ffsh o re , e a ch  t im e  v e ry  
sporadically. In th e  upper part of the  Roubaix Clay

(above the G lauconitic bed of Tielt), and in  the  suc­
ceeding A albeke Clay, K ortem ark  Silt, Egem Sand 
and Clay of M erelbeke, Im pag id in ium  is regularly 
found in  m ost of th e  borings and outcrops studied 
b u t frequencies rem a in  low. In h igher Ypresian 
deposits it becom es again very scarce. W hen we 
compare for the Kallo boring our observations w ith  
WILLEMS' in te rp re ta tio n  (WILLEMS 1980, Ph.D. 
thesis) of the  oceanic influence in  the  area of the 
basin, w e see som e correspondance only at 
-2 8 3 ,5 m  and - 2 8 0 m  w here frequencies of 
Im pag id in ium  a tta in  2%  and at w h ich  levels 
WILLEMS indicated a m arked influence from  open 
sea. A t o ther levels in  th e  leper Form ation  where 
according to WILLEMS [ibid. ) an open sea influence 
clearly com es forward, no Im p a g id in iu m  were 
however found ( -3 2 9 .5  m , - 3 1 5 m  and -303 .9m ). 
To be really  paleoecologically significant, the  fre­
quencies of Im p a g id in iu m  spp. should  probably 
a tta in  h igher values.

— Pediastrum sp. is a freshw ater Chlorophyceae 
species. It is nearly  absent from  th e  base of the 
Y presian deposits to  th e  top of the  Egem Sands. It 
suddenly appears in  th e  C lay of M erelbeke (Kallo 
boring, M elle-H eusden borings, T o rh o u t Pot- 
tebezem hoek) and is regularly  observed fu rther in 
th e  U pper Y presian deposits (Kallo, W oensdrecht, 
M elle-H eusden, Egem Ampe). A pparently  the 
paleogeographic conditions changed after the 
sed im entation  of the  Egem Sands and were accom ­
panied by freshw ater in flux  in  m any  parts of the 
basin. Perhaps som e "w adden islands" developed 
tem porarily in the very shallow  basin and produced 
a freshw ater vegetation am ong w hich Pediastrum, 
w hich  w as transported  in to  th e  sea (?).

IV. TRENDS IN THE DISTRIBUTION  
OF REWORKED SPECIES

We are going to  consider here  the  reworked 
dinoflagellate species only, no t th e  eventually  
rew orked Prasinophyceae and Acritarcha. Species 
rew orked from  Paleocene deposits have only been 
encountered  in  the  M on t H éribu  M em ber at 
Orchies, St M aur, M ont H éribu and Q uenast.

Am ong th e  M esozoic species, those rew orked 
from  th e  Jurassic are ra th er re s tric ted  to  the  M ont 
H éribu M em ber, the  O rchies C lay and the  lower 
part of the Roubaix Clay below the G lauconitic bed 
of Tielt, w hile those rew orked from  the  Cretaceous 
are present from  the  M ont H éribu M em ber up  to 
th e  base of th e  Egem Sand. T hey  are found all over 
th e  basin.

W hen counted together, the procentual frequen­
cies of the  rew orked Jurassic and C retaceous 
species average about 5%  in  th e  M on t H éribu 
M em ber and the O rchies Clay, below  our 
E atonicysta  ursulae  zone (see the  proposed zona­
tion  un d er V), b u t can a tta in  10 % (Kallo -  337 m, 
O rchies; G hlin , St. M aur) or exceptionally  18% 
(M ont Héribu). From  th e  base of the  R oubaix clay 
[Eatonicysta ursulae  zone) up to  th e  top of the 
K ortem ark  Silt, the frequencies of b o th  species 
groups together average about 2.5 %. In the  higher 
deposits rew orked species w ere a lm ost never
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ZONATIuN OF THE YPRESIEN IN  THE BELGIAN 

BASIN WITH ORGANIC WALLED PHYTOPLANCTON

p r o j e c t e d  on  t h e  Kal lo a n d  

W o e n s d r e c h t  r e f e r e n c e  s e c t i o n s .

POSITION OF THE MEMBERS 
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Stratigraphie d is trib u tio n  o f biostratigraphically  

usefu l species and  proposed zonation .
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recorded. From th is trend we can conclude th a t ero­
sion of M esozoic deposits around the  Belgian Basin 
w as m ore pronounced in  the  earliest tim es of the  
Ypresian th an  later in  the Lower Ypresian, and th a t 
i t  a lm ost stopped around th e  tim e  w h en  the  
sed im en ta tio n  of the  Egem Sand started .

V. SPECIES WITH RESTRICTED
STRATIGRAPHIC DISTRIBUTION
IN THE BELGIAN BASIN

Selection of biostratigraphically useful species
(fig- 2 ).

In DE C O N IN CK  (1981, table 1) som e forty 
sp ec ie s  a re  re ta in e d  as u se fu l to o ls  for 
b iostra tig raph ic  correlations in  th e  Ypresian 
deposits only, and at the  scale of th e  only  Belgian 
Basin. Som e of these  species have been  found in  
Paleocene deposits and are still encountered  in  the  
low er part of th e  Y presian sequence (e.g. D eflan ­
drea phosphoritica, A lisocysta  m argarita, A p ec ­
to d in iu m  hyperacan thum  and Thalassiphora  
delicata ) ; or they left tem porarily the  Belgian Basin 
and cam e back  la ter in  the  Y presian (e.g. 
T h a lassiphora  pelagica, P h th a n o p er id in iu m  
crenulatum , H om otryb lium  sp., P olysphaeridium  
zoharyii, A pec tod in ium  hom om orphum ...). O ther 
species are encountered  in  relatively sh o rt parts of 
th e  sequence, in  for instance th e  low er Y presian 
deposits, disappear tem porarily  and com e back 
n ea r th e  top of the  Ypresian (e.g. A dn a to sp h a eri­
d iu m  robustum ) or even la ter in th e  L u te tian  (e.g. 
Phthanoperidinium  crenulatum). It is quite certain 
th a t  the  presence o r absence of these  species d u r­
ing p arts  of the  Ypresian tim e  in th e  Belgian Basin 
m u s t have been linked to  the  sh ifting  d is trib u tio n  
of p a rticu la r w aterm asses in  w h ich  these  species 
p roduced cysts or to  w h ich  they  w ere restric ted . 
N o t only the Belgian Basin m ust have been affected 
by such a changing distribution of w aterm asses bu t 
also th e  adjacent areas. H ence it is norm al th a t the 
'm ore the  synchrone sequences are d is tan t from  
each other or separated by paleogeographic barriers, 
th e  m ore the  stratigraphie d istrib u tio n  of several 
species w ill differ from  one area to another. Only 
th e  m o st to leran t th u s the  m ore pronounced 
co sm o p o lita n  species w ill be su itab le  for 
b iostratigraphic correlations on a large scale. M ore 
d ata  m u s t how ever be assem bled before selecting  
species com bining a restric ted  stratig raphical 
d istrib u tio n  and a m arked cosm opolitan  character

Proposal of a zonation of the Ypresian deposits 
in  the Belgian Basin w ith  organic-walled  
phytoplankton

A few  z o n a tio n s  w h ith  o rg an ic -w a lled  
phytoplankton  covering the  Ypresian exist already : 
th ey  tak e  in to  account th e  d inolagellates (BUJAJK 
et a lii 1980) or only one group of them , the  
W etzelie llaceae  (COSTA & DOW NIE 1976, 
C O STA  & MULLER 1978, C HATEAUNEUF & 
GRUAS-CAVAGNETTO 1978). In th e  zonation  
proposed here  w e have used  34 dinoflagellate cyst 
sp ec ies , 3 spec ies of a c r ita rc h s  and one 
C horophyceae species. In fig. 2 th e  stratig raph ie

d istrib u tio n  of th ese  species in  th e  Ypresian 
desposits of th e  Belgian Basin is projected on the 
com bined sections of the  Kallo boring for the  lower 
m em bers up to  th e  M erelbeke C lay and of the 
W oensdrecht boring for the  M erelbeke C lay up to 
the  Vlierzele Sand. From  one area to  ano ther in  the 
Belgian Basin th e  boundaries betw een  the  zones 
m ay vary sligh tly  w ith  respect to  th e  boundaries 
betw een  the  m em bers (see VI, and fig. 9).

1. Pseudomasia trinema Zone

T his zone represents the  low erm ost part of the 
Ypresian deposits in  th e  Belgian Basin. The 
acritarch P. trinem a  DE CON IN CK 1969 is chosen 
because it  is easily recognisable and in  th e  Belgian 
Basin it  has u n til  now  been encountered  in  the 
lower part of the  Ypresian sequence only and never 
in  older deposits. In the zone one occasionally finds 
W etzeliella astra COSTA, DENISO N & DOWNIE 
1977. T he  upper lim it of the  zone is defined by the 
appearance of W etze lie lla  m e c k e lfe ld e n s is  
G O C H T  1969 and/or K isselovia crassoramosa  
(WILLIAMS & DOW NIE 1966). In th e  P. trinem a  
Z one som e o ther species w hich  in  o ther basins 
have been found in  older deposits too  are w orth  
m en tion ing : D eflandrea oebisfeldensis  ALBERTI 
1959, Trigonopyxidia ginella  (COOKSON St 
EISENACK 1960), T h a la ss ip h o ra  d e lica ta  
WILLIAMS & DOW NIE 1966 and A p ec to d in iu m  
hyperacanthum  (COOKSON & EISENACK 1965). 
From observations in lower Ypresian deposits from 
the  R ockall P la teau  (BROWN & DOW NIE 1984) it 
seem s th a t W. astra  appears som ew hat prior to  P. 
trinem a.

2. W etzeliella m eckelfeldensis —
Kisselovia crassoramosa Zone
At the  base of the  zone both  W. m eckelfeldensis  

and K. crassoram osa  appear approxim ately  
together. K. crassoramosa  seem s restric ted  to  this 
zone. Pseudom asia trinem a  can s till be found as 
w ell as the  o ther species m en tioned  in  the  first 
zone. Thalassiphora pelagica  (EISENACK 1954) 
w h ich  had left the  basin near the  end of the  Thane- 
tian  com es back in  th is  zone. T he  top of th e  zone 
is defined by the  com e back of P hthanoperidinium  
cren u la tu m  (DE C O N IN C K  1976) w h ich  was 
already p resen t in  part of the  T h an e tian  deposits 
(HEILMANN-CLAUSEN 1985, p. 25) in  D enm ark 
and SE England.

3. Phthanoperidinium crenulatum Zone

P. crenu la tum  is found at the  base of the  zone 
in  com pany of A d n a to sp h a erid iu m  robustum  
(M ORGENROTH 1966) and K allosphaeridium  
brevibarbatum  DE C O N IN C K  1969. In th e  zone 
we no te  th e  last occurrence of P. trinem a, 
T r ig o n o p y x id ia  g in e lla  a n d  W. astra . 
Thalassiphora pelagica  rem ains p resen t and will 
be found in  th e  younger zones too. T he  top of the 
P. crenu la tum  Zone is defined by  th e  first 
appearance of D racodin ium  s im ile  (EISENACK 
1954).
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4. Dracodinium sim ile Zone
Together w ith  the appearance of D. sim ile  at the  

base of th is  zone we no te  the  first Phthanoperi­
d in iu m  ech in a tu m  EATO N  1976. P. crenu la tum  
and K. brev ibarba tum  are s till present. A. 
ro b u stu m  leaves the  assemblages near th e  top of 
th e  zone w hile  Thalassiphora delicata, w ith o u t 
disappearing, becom es very scarce. T he top 
of th e  D racodin ium  sim ile  Z one is defined by 
th e  first occurrence of E atonicysta ursulae  
(M ORG EN RO TH 1966).

5. Eatonicysta ursulae Zone
T ogether w ith  the appearance of E. ursulae  at 

th e  base of the  zone w e no te  the  com e back of 
H o m o tryb liu m  (probably H. pallidum ) w h ich  had 
already been observed in Upper T hanetian  deposits 
(DUPUIS & GRUAS-CAVAGNETTO 1985 and 
DUPUIS e t al., in  press), and the  appearance of 
D r a c o d in iu m  s o l id u m  G O C H T  1955. P. 
cren u la tu m  disappears in  the  base of the  zone and 
w ill tem porarily  com e back in  the  L utetian . D. 
s im ile  and D. so lidum  disappear near the  top of the 
zone. K. brev ibarba tum  and P. ech in a tu m  rem ain  

resen t. T he top of th e  E. ursulae  Zone is defined 
y  th e  appearance of D racodinium  varielongitu- 

d u m  (WILLIAMS & DOW NIE 1966).

6. Dracodinium varielongitudum Zone

T o g e th e r  w ith  th e  a p p e a ra n c e  of D. 
varielongitudum  at the  base o f  the zone w e no te  the 
co m e  b a c k  of P o ly s p h a e r id iu m  z o h a r y i i  
(R O SSIG N O L  1962) w h ic h  w as  a lre a d y  
encoun tered  in  U pper T hane tian  deposits in  th e  
K nokke boring  (DUPUIS et ah, in  press). 
H ystrichoko lpom a granulatum  EATON 1976 and 
Kisselovia clathrata  (EISENACK 1938) [which cor­
responds quite certain ly  to  K. coleothrypta  
(WILLIAMS & DOW NIE 1966)] m ake th e ir first 
appearance. K. brevibarbatum  disappears in  the  
lo w e rm o s t  p a r t  of th e  zo n e , w h ile  D. 
varielong itudum  disappears near its  top. P. 
ech in a tu m , H. pa llid u m  (?) and E atonicysta  
ursulae  rem ain  present. T ne top of the  D. 
varielongitudum  Zone is defined by the appearance 
of O ch eto d in iu m  ro m anum  DAMASSA 1979.

7. O chetodinium  romanum Zone
O. ro m a n u m  appears at the  base of the  zone 

to g eth er w ith  D iacrocanth id ium  spinigerum  DE 
C O N IN C K  1969. P. ech ina tum , H. p a llid u m  (?), 
E. ursulae, H. granula tum  and P. zoharyii rem ain  
present w hile K. clathrata  becom es m ore frequent. 
Sam land ia  chlam ydophora  EISENACK 1954 
appears w ith in  th is  zone. O. ro m anum  disappears 
at th e  top  of th e  zone w hich  is defined by the  
appearance oí Kisselovia  aff. clathrata  (EISENACK 
1938) [sensu DE CO N IN CK  1976a).

8. Kisselovia aff. clathrata Zone
Together w ith  the appearance of K. aff. clathrata  

(sensu DE CO N IN CK  1976a) at the base of the zone 
w e n o te  th e  appearance of Turbiosphaera galatea

EA TO N  1976. D. spinigerum , P. zoharyii, H. 
granulatum , K. clathrata, H. p a llid u m  (?), E. 
u rsu la e , P. e c h in a tu m  an d  S a m la n d ia  
chlam ydophora  rem ain  presen t. W ith in  th e  zone 
A p e c to d in iu m  h o m o m o r p h u m ,  w h ic h  is 
sporadically p resen t in  th e  low er zones, becom es 
m ore frequent. T he top of the  K. aff. clathrata  Zone 
is defined by th e  appearance of A reosphaerid ium  
d ik tyo p lo ku s  (KLUMPP 1953).

9. Areosphaeridium diktyoplokus Zone
T o g e th e r  w i th  th e  a p p e a ra n c e  of A . 

d ik tyo p lo ku s  at th e  base of th e  zone w e encounter 
for the  first tim e Spin idin ium  aff. essoi COOKSON 
& EISEN A C K  1967, P e d ia s tr u m  sp ., 
Pulvinosphaeridium  sp., Cerebrocysta bartonensis 
BUJAK 1980 (sporadically) and P yxidinopsis  
densepuncta ta  DE C O N IN C K  1985 (= Tec­
ta to d in iu m  sp. in  DE C O N IN CK  1977 or P yx­
id inopsis  sp. 1 in  DE CO N IN CK  1981). P. zoharyii 
leaves the  basin  tem porarily  at th e  base of the  zone 
and w ill appear again in  th e  follow ing zone. 
Pulvinosphaerid ium  sp. and S. aff. essoi disappear 
w ell below  the  top of the  zone and K. clathrata, T. 
galatea  and A. hom o m o rp h u m  near the  top. P. 
ech in a tu m , E. ursulae, H. p a llid u m  (?), H. 
granulatum , D. spinigerum , K. aff. clathrata, S. 
chlam ydophora  and A. b iform oides  rem ain  pre­
s e n t  and  Im p le to s p h a e r id iu m  ru g o su m  
M ORG ENRO TH 1966 appears in  the  low er part of 
th e  zone. T he top  of the  A. d ik tyo p lo ku s  Zone is 
defined by the  appearance of Paucilobim orpha  
triradiata  DE C O N IN C K  1986.

10. Paucilobimorpha triradiata Zone
P. triradiata  ( = Incertae Sedis B and C in  DE 

C O N IN CK  1976a, b, 1977, 1985) appears at the 
base of the  zone. Its frequency rem ains how ever 
very low. P. zoharyii w hich had tem porarily left the 
basin  during deposition  of the  fo rm er zone com es 
back, b u t ra th er sporadically. E. ursulae, H. 
p a llid u m  (?), H. granulatum , D. spinigerum , S. 
chlam ydophora, A . biformoides, A . d iktyoplokus,
C. bartonensis, P. densepuncta ta  and I. rugosum  
rem ain  present. K. aff. clathrata  and Pediastrum  
rarify near the base, th en  disappear. Together w ith  
P. triradiata  appears W. aff. articulata  EISENACK 
1938 sen su  C H A T E A U N E U F & GRUAS- 
CAVAGNETTO 1978 ( = W. articulata  — ovalis in 
DE CO N IN CK  1977). T he top of the  P. triradiata  
Z o n e  is d e f in e d  by  th e  a p p e a ra n c e  of 
Litosphaerid ium  ? m a m e lla tu m  DE CO N IN CK  
1977.

11. Litosphaeridium? m am ellatum  Zone

L. I m a m e lla tu m  appears at the  base of the  zone. 
P hthanoperid in ium  co m a tu m  (M ORGENROTH 
1966) w hich was encountered  very sporadically in 
the  A. diktyoplokus  zone and the  P. triradiata  zone 
becom es now ra th er frequent. H. granula tum , P. 
zoharyii, S. chlam ydophora, A. biform oides, A. 
diktyoplokus, C. bartonensis, P. densepunctata, 1. 
rugosum, P. triradiata and W. aff. articulata  (sensu  
CHATEAUNEUF & GRUAS-CAVAGNETTO
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Biostratigraphic correlations w ith in  the  Belgian Basin w ith  the  Kallo-W oensdrecht reference section.

1978) rem ain  present. In th e  zone disappears E. 
ursulae  w h ile  H. p a llid u m  (?) and D. spinigerum  
rarify or disappear tem porarily  .The top of the  zone 
is defined by th e  appearance of D racodin ium  
pachyderm um  (CARO, 1973). The transition  Ypre- 
s ian /L u tetian  is probably s itu a ted  near the  top of 
th e  zone.

VI. BIOSTRATIGRAPHIC POSITION OF 
THE YPRESIAN DEPOSITS IN THE 
BELGIAN BASIN

T he assemblages of organic-walled m icrofossils 
studied in  the  Ypresian deposits in several outcrops 
and borings in  the Belgian Basin (fig. 1), m ake 
b iostra tig raph ic  correlations possible w ith  the  
zones in  the  com bined reference sec tion  of the  
Kallo and W oensdrecht borings (fig. 3).

A. The base of the Ypresian deposits at Kallo, 
Tielt, Knokke, Overijse, Quenast, Mont Héribu 
and Orchies

In the  borings of Kallo, T ie lt and K nokke the 
base of th e  Ypresian deposits corresponds w ith  the 
P seudom asia  trinem a  Z one w h ich  is grosso m odo 
th e  equ ivalen t of th e  W etzelie lla  astra Zone 
defined by COSTA, D ENISO N & DOW NIE (1978). 
In  these  localities of th e  n o rth w este rn  p art of the  
Belgian Basin the  transgression  w as alm ost syn­
chrone. A t Overijse, M on t H éribu  and O rchies,

localities s ituated  n ea r the  so u th eastern  border of 
the  basin, the  transgression  s ta rted  at the tim e of 
deposition  of the  W etzelie lla  m ecke lfe ldensis  — 
K isselovia crassoramosa  Zone, th u s  a little  later 
th an  at Kallo, T ie lt or Knokke. A t Q uenast, 
s i tu a te d  s o m e w h a t m o re  c e n tr a l ly ,  th e  
m icrod io ritic  in tru sio n  on w hich  the  Ypresian 
deposits w ere laid down, formed probably an island 
du rin g  th e  tim es  w h e n  sed im en ts  of the  
Pseudom asia trinem a  Z one and th e  W etzeliella  
m eckelfe ldensis  — Kisselovia crassoramosa  Zone 
w ere deposited in  th e  su rrounding  sea. The 
volcanic in trusion  m u s t have been subm erged and 
reduced to  som e rocks in  the  Ypresian sea from  the 
tim e  w hen deposits of th e  Phthanoperid in ium  
crenu la tum  Zone w ere found.

B. Some higher levels in the Ypresian sequence
1. THE R O U B A IX  CLAY. A part from  the 

Roubaix Clay in  the  Kallo, O oigem  and T ie lt bor­
ings, th is  u n it was stud ied  near its  type area at 
Lauwe K nok in  an  abandoned claypit of the 
"C éram iques et B riqueteries du  L itto ral". A sam ­
ple, tak en  by M OORKENS in  1968 a t about 4m  
below  a silty  bed w ith  num erous Turritella 
specim ens, contains an assem blage of organic- 
w alled  m icrofossils w hich  has an  in term ediary  
com position  betw een th e  ones found in  the  Kallo 
boring a t - 3 0 7  m  and a t -3 0 3 ,9  m , respectively 
below  and above a g lauconite level a t -3 0 5  m  
(G lauconiferous Bed of T ielt) (cf. DE CON IN CK
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1976b). T h e  sam e sam ple from  Lauwe Knok was 
stud ied  by STEURBAUT (STEURBAUT & NOLF, 
1986). T he calcareous nannofossil assem blage 
w h ich  he  recovered corresponds m ore to  th e  one 
at Kallo - 3 0 1 ,5 m  th an  th a t at -3 0 4 ,6  m. It is cor­
re la ted  w ith  in  the  base of th e  zone IV proposed by 
STEURBAUT (ibid.). T he  tran sitio n  betw een 
zone Illb and zone IV is s ituated  a t Kallo betw een
-  304,6 m  and -  301,5 m  w hile th e  tran sitio n  b e t­
w e e n  th e  E. u rsu la e  Z o n e  an d  th e  D. 
varielongitudum  Zone is situated  at Kallo betw een
-  307 m  and 303,9m . From  th e  study of bo th  the  
organic-walled microfossils and the calcareous nan- 
nofossils w e are inclined to  correlate the  Lauwe 
sam ple w ith  a part of the sequence at Kallo betw een 
-3 0 4 ,6 m  and -3 0 3 ,9 m , in  the  m iddle of th e  
Roubaix C lay encountered  in  th a t boring. 
R em ark : As w e shall see later, w hen correlating the 
deposits in  th e  Belgian Basin w ith  those in  th e  su r­
rounding  basins, there  exists probably a gap in  
sed im en ta tio n  in  th e  Kallo area at the  level of the  
G lauconiferous Bed of T ie lt. E lsew here in  the  
Belgian Basin th e  corresponding sed im entary  gap 
m ay be m ore or less pronounced. It is probable th a t 
in  the  Lauwe area the  level studied corresponds to 
a part of th e  sed im entary  gap at Kallo.

2. THE SA N D S OF MONS-EN-PEVELE  have 
been stud ied  a t th e  type-locality, also in  the  
so u th ern  part of East Flanders, nam ely  a t Ronse 
"W aaienberge" and at S teenhuize-W ijhuize.

a) Mons-en-Pévèle
A sam ple was tak en  by GEETS (doc­

to ra te  thesis  1969) near the  road from  M ons-en- 
Pévèle to  Bersée, at a po int s ituated  about 1 k m  to 
the  east of the  cen te r of M ons-en-Pévèle. It com es 
qu ite  ce rta in ly  from  th e  low er part of th e  u n it 
w hich  rests  th ere  on the  O rchies Clay. T he 
assem blage of organic-walled m icrofossils, studied 
by V A N H O V E  (in p rep .), su g g es ts  a 
b iostra tig raph ic  correlation  w ith  the  upper part of 
the  E. ursulae  Z one at Kallo. STEURBAUT, after 
studying  th e  calcareous m icrofossils in  the  sam e 
sam ple of the  Mons-en-Pévèle Sands (STEURBAUT 
& NOLF, 1986), m ade a correlation  w ith  his 
zone Illa in  th e  Kallo boring ( = upperm ost part of 
th e  NP11 Zone) w hich  corresponds to  the  upper 
part of the  E. ursulae Zone. Both m icrofossil groups 
suggest th u s  th e  sam e correlation.

b) R onse “W aaienberge”
T w o sam ples taken  in  th e  talud  of an  old 

railw ay cu tting  com e from  clayey sands w ith  num - 
m u lite  accum ulations respectively at about 7 m  
and 5 m  below  the  local Aalbeke C lay a t th e  top of 
the  talud. T he  assem blages of organic-walled 
m icrofossils studied by VANHOVE (in prep.) allow 
to  m ake a b iostratig raphic correlation  w ith  the  
upper p art of th e  E. ursulae  Zone in  the Kallo bor­
ing. T he  sam e sands, stud ied  again a t about 7 m  
below  th e  A albeke Clay, con ta in  calcareous nan- 
nofossils stud ied  by STEURBAUT (STEURBAUT 
& NOLF, 1986) w ho proposes a correlation w ith  his 
zone Illa ( = upperm ost part of the  N P 1 1 Zone) in

the  Kallo boring. H ere again b o th  m icrofossil 
groups suggest th e  sam e correlation.

c) S teenhu ize-W ijnhu ize
In a boring of th e  Belgian Geological Survey 

at Steenhuize-W ijnhuize (about halfw ay Ronse and 
Aalst) the Sands of Mons-en-Pévèle w ere studied at 
about 4,5 m  below  the  local A albeke Clay 
(VANHOVE, in  prep.). T h e  organic-w alled  
m icrofossils suggest a co rre la tion  w ith  th e  E. 
ursulae  zone at Kallo. STEURBAUT (ibid., 1986) 
has stud ied  the  calcareous nannofossils near the 
sam e level and can correlate the  assem blage w h ith  
h is zone Illb (= low erm ost p a rt of N P12 Zone). 
From  these data we can conclude th a t  th is level in  
the  Steenhuize-W ijnhuize boring can be correlated 
w ith  the  upperm ost part of th e  E. ursulae  Z one at 
Kallo.
C onclusion : T h e  Sands of M ons-en-Pévèle in  the 
southern  part of East Flanders correspond for a large 
part to  (the upper part of) the  E. ursuale  Z one at 
Kallo, th u s  to th e  m iddle part of the  local Roubaix 
Clay. A t the  type locality M ons-en-Pévèle the  sam ­
ple in  the  low er p art of th e  u n it corresponds to  the 
sam e m iddle p art of the  Roubaix C lay a t Kallo. It 
is possible th a t th e  h igher parts of the  Sands of 
M o n s-en -P é v è le  o u tc ro p p in g  in  th e  h i l l  
im m ediately  to the  no rth w est of th e  village of 
Mons-en-Pévèle correspond to  the  higher part of the 
Roubaix C lay a t Kallo as w ell as in  its  type area.

3. AALBEKE CLAY. A part from  th e  Aalbeke 
C lay in  the  Kallo boring, th is u n it w as stud ied  (DE 
CO N IN CK , 1976c) in  a claypit s itu a ted  at about 
1 km  to the  southeast of the center of Aalbeke, near 
th e  road from  A albeke to  Rollegem . T he sam ple 
stud ied  w as collected  by GEETS (doctorate thesis, 
1969) at 8 ,5m below  the  surface (at 43,5mT.A.W .). 
F u rther research on organic-walled m icrofossil 
assem blages from  th e  A albeke C lay was done by 
VLERICK (licentiate thesis, 1982) in  a claypit at 
H eestert-K w adestraat and by VANHOVE (in prep.) 
in  th e  boring at Steenhuize-W ijhuize. In all these 
studies of the  A albeke C lay in  its  type-area and in 
th e  sou thern  part of East Flanders, only the  upper 
part of the  u n it was investigated. T h e  assemblages 
of dinoflagellates encountered in  th a t upper part of 
the Aalbeke Clay in the  southern part of the Belgian 
Basin are com parable to  these in  th e  upper half of 
the  O. ro m a n u m  Z one at Kallo, b u t in  th a t  boring 
the  upper half of th is  zone is s itu a ted  in  the  low er 
part of the  local K ortem ark Silt just above the  local 
A albeke Clay. T he  fact th a t the  sam e upper half of 
th e  O. ro m a n u m  Zone is found in  th e  low er part 
of th e  K ortem ark  Silt in  the  Kallo boring and in  the 
upper part of th e  Aalbeke C lay in  its type-area 
illu s tra te s  the  slight d iachronism  of the  boundary 
betw een  bo th  lithostra tig raph ic  u n its  w hen  dif­
feren t areas of th e  basin  are com pared w ith  each 
other.

4. THE EGEM SA N D S — MERELBEKE C LA Y  
T R A N S IT IO N  A T  KALLO  OR THE EGEM  
SA N D S  — PITTEM  C LA Y T R A N S IT IO N  A T  
EGEM. In bo th  localities a ra th e r superficial
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investigation  of the  changes of assem blages from  
th e  low er u n it to the  overlying one suggests th a t 
th ere  m ay  exist a sed im entary  gap a t th is  tran s i­
tion . T he  num ber of sam ples covering th a t  tran s i­
tio n  is in  b o th  cases how ever too sm all to  be able 
to  evaluate such  an  even tua l gap, if any. F urther 
stud ies to  elucidate th e  even tua l existence of a 
sed im entary  gap at the top  of th e  Egem Sands and 
its  im portance at Kallo on th e  one hand, a t Egem 
o n  th e  o ther hand, or eventually  elsew here in  the 
basin, are in  progress.

5. THE T R A N S IT IO N  OF THE VLIERZELE  
SA N D S TO  THE O VERLYIN G  A A L T E R SA N D S  
A T  HEUSDEN. T he V lierzele Sands — A alter 
Sands transition  was studied at H eusden (DE C O N ­
INCK, 1976c) in  a boring about 6  k m  to  the  east of 
th e  cen te r of G ent, halfw ay betw een  D estelbergen 
and Laarne. We were able to  dem onstrate , after s tu ­
dying th e  organic-walled m icrofossil assemblages, 
th a t the  local top of the  Vlierzele Sands corresponds 
approxim ately  to -  415 m  in  the  W oensdrecht bor­
ing studied at the m ean tim e (DE C O NINCK 1977). 
T he overlying local A alter Sands correspond 
approxim ately  to  -  375 m  in  th e  W oensdrecht bor­
ing. From  th is  observation appears th a t  an  im por­
ta n t sed im entary  gap exists in  th e  region of 
H eusden betw een the  local V lierzele Sands and the 
overlying A alter Sands. T h a t gap corresponds 
grosso-m odo to th e  upper part of th e  P. triradiata  
Zone, to  th e  L. ? m a m e lla tu m  Z one and to  som e

higher deposits beyond the  Y presian-Lutetian tran­
sition  up  to  -  375 m  in  the  W oensdrecht boring. We 
can conclude from  th is  in fo rm ation  th a t the  upper 
lim it of th e  V lierzele Sands (i.e. th e  Aalterbm gge 
Complex) becom es younger w hen  going from  the 
cen tral area of the  Belgian Basin tow ards its nor­
th e rn  part.

VII. BIOSTRATIGRAPHIC POSITION OF THE 
YPRESIAN DEPOSITS IN THE ADJACENT 
BASINS

A. London Basin

Several correlations betw een  the  Ypresian 
deposits in  the  Kallo-W oensdrecht sec tion  of the 
n o rth ern  Belgian Basin and sections th rough  the 
Ypresian deposits in  the  London Basin are proposed 
in  fig. 4 (lithostratigraphy according to  KING 
1981 & 1984 and HAW KINS 1955). T hey  are based 
on the  first appearance or on th e  top of the  range 
of som e d in o flag e lla te  spec ies w h ich  are 
encountered  in  th ese  deposits.

In the  w estern  part of the London Basin inform a­
tion  is available on  the  succession of dinoflagellate 
species in  a few borings of the  Enborne Valley : The 
B aughurst boring n °  2 was described in  HAWKINS 
(1955, pp. 409-430, text-fig. 6 ) and in  KING (1981, 
pp. 67-69, text-fig. 21); its dinoflagellates were 
studied by ISLAM (1983, pp. 74-75, text-fig. 2). The 
Enborne boring n° 11 w as figured by HAWKINS
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(1955, text-fig. 4) and its  dinoflagellates w ere 
stud ied  by G.L. WILLIAMS and DOW NIE (in 
DAVEY e ta l., 1966, pp. 20-27, table 1, text-fig. 7). 
From  an outcrop at Shapley-Health, a l i tt le  m ore 
to the  east, som e inform ation  (ISLAM 1983, text- 
fig. 3, p. 75), can be used.

In  the  easte rn  part of the  London Basin th e  sec­
tions at Isle of Sheppey and at H erne Bay have been 
reta ined . A t Isle of Sheppey the  deposits are 
described in  KING (1981, pp. 52-54, text-fig. 15) and 
in  KING, 1984. ISLAM (1984) stud ied  the  
dinoflagellate assemblages. The H erne Bay section 
is described in  KING (1981, pp. 54-56, text-fig. 22) 
and in fo rm ation  about the  appearance of som e 
W etzeliellaceae spp. was found in  COSTA & 
DOW NIE (1976, p. 600).

C O M M E N TS

• Basal Ypresian deposits
T he P. trinem a  Zone in  the  low erm ost part of 

the  Y presian sequence at Kallo in  the  n o rth ern  
Belgian Basm corresponds w ith  the  low er p art of 
the  London C lay Div. A i  (W alton M ember) in  the  
London Basin. It is grosso modo the  equ ivalen t of 
the  W. astra Z one defined by COSTA, D ENISO N 
& DOW NIE (1978). P. trinem a  has been recorded 
as G en. et sp. indet. III by BROWN Si DOW NIE 
(1984, text-fig. 2) shortly  h igher th a n  th e  earliest 
appearance of W. astra in  th e  R ockall area 
(N. A tlantic).
In the  London Basin the London Clay Div. A i (Har­
w ich M em ber and Swanscombe Member) are older 
th an  the  P. trinem a  Zone at Kallo, and older th an  
the  W. astra Zone. T his Div. A i and equivalen t 
deposits in  th e  N o rth  Sea Basin are characterized 
by the  presence of volcanic ash  deposits and 
m arked by peaks in  the frequency (acme) of D eflan­
drea oeb isfeldensis  (KNOX Si HARLAND, 1979, 
pp. 465-466). T hey  can how ever no t be m uch  older 
th a n  th e  P. trinem a  Zone. Indeed, re la tive ly  high 
frequencies of D. oebisfeldensis  are no ted  in  the  
basal e ighty  cm  of the  Ypresian deposits in  the  
Kallo boring just below  the  first record of 
P. trinem a, and also in the  basal four m etres of the  
Y presian sequence in the  K nokke boring (Belgian 
coast) w here P. trinem a  has been found only  once 
at four m etres above the  base fo th e  Y presian 
sequence (DUPUIS et al., in press). T hese data sug­
gest th a t the  Zone w ith  the  D. oebisfeldensis  acm e 
situ a ted  in  th e  London Clay Div. A i, m ay even­
tua lly  correspond w ith  the  low erm ost Y presian 
deposits in  th e  north-(western) Belgian Basin. 
Further research is however needed before th is  can 
be confirm ed.

• T he  E. u rsu lae  Z one  — D. varie long itudum
Z o n e transition
In the  n o rth e rn  Belgian Basin (Kallo boring) it 

seem s th a t th e  sed im entation  nearly  stopped b e t­
w e e n  th e  E. u rsu la e  Z o n e  an d  th e  
D. varielong itudum  Zone. Indeed, th e  following 
difference is seen betw een  Kallo and Isle of Shep­
pey : A t the  base of the D. varielong itudum  Zone 
a t Kallo appear D. varielongitudum , K. clathrata-

coleothrypta  and H. granulata  w h ile  D. sim ile  
disappears. In th e  Isle of Sheppey section  one notes 
th a t D. varielongitudum  and H. granulata  appear 
probably near th e  m iddle of Div. C w hile 
K. clathrata-coleothrypta  appears near the  m iddle 
of Div. D and D. s im ile  disappears around th e  base 
of Div. E. From  th is  p icture one can conclude th a t 
th e  upper part of Div. C and probably the  w hole 
Div. D w ere deposited in  the  easte rn  London Basin 
w hile  at Kallo in  the  n o rth ern  Belgian Basin the 
sed im en tation  was very slow if n o t in terrupted . 
D uring  th is lapse of tim e the  g laucon itic  level at 
Kallo -  305 m  w as formed. T his glauconite horizon 
has been correlated  w ith  the  one recorded at T ielt 
-  101,5m  and called G lauconiferous Bed of T ie lt 
(DE CO N IN CK , 1976a, p. 27).
W hen w e correlate th is  part of th e  sequence a t Isle 
of Sheppey w ith  the  one in  the  B aughurst boring in 
the  w estern  London Basin we see th a t at Baughurst 
th e  corresponding sequence is m u ch  th in n e r and 
s ituated  in  th e  low er part of D iv. E (in th e  m iddle 
of th e  Bagshot Beds sensu  HAWKINS, 1955).
If these lithostra tig raphical and biostratigraphical 
in te rp re ta tions are correct, th ere  exists a m arked 
d iachron ism  betw een  the  D ivisions C, D and E in 
the  eastern  and w este rn  London Basin. In the 
easte rn  London Basin the  upper part of Div. C  and 
th e  w hole Div. D  correspond th en  biostrati- 
graphically  w ith  the  low er p art of Div. E in  the 
w este rn  London Basin.

• The  K. aff. c la th ra ta  Zone
In the  Kallo boring (northern Belgian Basin) 

th e  K. aff. clathrata  Zone corresponds w ith  the 
upper half of the  K ortem ark Silt and w ith  th e  Egem 
Sand. A t the  base of th is zone appear th e  first 
T. galatea. A t Isle of Sheppey (eastern London 
Basin) T. galatea appears in the  upper part of Div. E. 
A t Kallo the top of the zone is m arked by the  regular 
appearance of A. d ik tyo p lo ku s  in  the  overlying 
deposits (M erelbeke Clay, P ittem  Clay,...). A t Isle 
of Sheppey A. diktyop lokus  is recorded in  one sam ­
ple only, s ituated  a t th e  top of D iv. D. T he species 
is how ever absent in the  following Div. E and in  the 
palynom orph bearing sam ples in  the  basal part of 
th e  overlying V irginia W ater Form ation. For th a t 
reason I suppose th a t the  upperm ost part of Div. E 
and at least the  low er levels of the  V irginia W ater 
Form ation at Isle of Sheppey are the  equ ivalen t of 
som e part of our K. aff. clathrata  Zone a t Kallo. 
In th e  w estern  London Basin sections no species 
have been m entioned  w hich  allow  to  decide 
w hether the equivalent of our K. aff. clathrata  Zone 
w as deposited or not.

• The  A. d ik tyoplokus Zone, P. trirad ia ta  Zone
and L. ? m am ella tu m  Z one
In the  eastern  London Basin sections a t Isle of 

Sheppey and H erne Bay deposits corresponding 
w ith  our A. d ik tyo p lo ku s  Z one up  to  the 
L. ! m a m e lla tu m  Zone can n o t be ind icated  w ith  
certainty. In the  w estern  London Basin sections we 
can only try  a correlation  of th e  outcropping M id­
dle Bagshot Beds a t Shapley-H eath w ith  the 
W oensdrecht sec tion  in  the  n o rth ern  Belgian
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Basin : P. co m a tu m  is recorded a first tim e at about 
3 ,5 m  above th e  base of th e  M iddle Bagshot Beds 
w hile  A. robustum  disappears about 7 m  higher. In 
th e  n o rth ern  Belgian Basin th e  d istribu tion  of both  
species overlaps each other too  in  the  low er part of 
our L. t m a m e lla tu m  Zone. From the d istribu tion  
of bo th  species we suppose th a t the base of th e  M id­
dle Bagshot Beds in  the  w estern  London Basin m ay 
be som ew hat older th an  our L. 1 m a m e lla tu m  
Z one ; m aybe it  corresponds to th e  tran s itio n  b e t­
w een  our A. d ik tyo p lo ku s  Zone and P. triradiata  
Z one (?).

B. The Hampshire Basin
In the  H am pshire Basin the  reference sec tion  of 

the  Ypresian deposits is situated  at W hite Cliff (Isle 
of W ight). T h e  s tu d ies  on organ ic-w alled  
m icrofossils from  this section have been published 
by DAVEY et al. (1966), EATO N (1976), COSTA & 
DOW NIE (1976) and BUJAK et al. (1980). T he m ost 
recent lithostratigraphy of these deposits was given 
by KING (1981) and EATO N  (1976). From  the  
tab les of d istribu tion  of dinoflagellates and from  
com m ents presented in th ese  publications i t  has 
been  possible to  correlate th e  W hite Cliff section  
w ith  our W oensdrecht-Kallo reference sec tion  in 
the  n o rth ern  Belgian Basin (fig. 5).

C O M M E N TS

• Basal Ypresian deposits
A t W hite Cliff one notes at the base of Div. A 2  

th e  presence of W. m eckelfeldensis. T h is  species 
appears in  the  Kallo section  about th ree  m etres 
above th e  base of the  Ypresian deposits. T he 
equ ivalen t of our P. trinem a  Zone w as not 
deposited at W hite Cliff. T he underlying O ldhaven 
F orm ation  is som ew hat older. Indeed, our 
P. trinem a  Zone is grosso m odo the  equ ivalen t of 
th e  W. astra  Zone and n e ith e r P. trinem a  or 
W. astra are recorded in  the  O ldhaven Form ation.

• The  E. u rsu lae  — D. varie long itudum  Z one
transition
CO STA & DOW NIE (1976, p. 594) m en tio n  

th e  record of D. varielongitudum  near th e  top of 
the  London Clay. According to  KING (1981, p. 116) 
th is  record is situated  a t 71 m  above th e  base of the 
London C lay in  the  upperm ost part of D iv. B. The 
in terva l of th e  first record of D. varielongitudum  
up to t the  earliest appearance of K. clathrata- 
coleo thrypta  covers the  upperm ost part of D iv. B, 
th e  w hole D iv ision  C and D ,and the  low erm ost 
p art of th e  B racklesham  Bed I. A t Kallo (northern  
B e lg ian  B asin) D. v a r ie lo n g i tu d u m  an d  
K. clathrata-coleothrypta  appear together. T h is 
m eans th a t the  sed im entation  nearly  stopped for 
a certa in  lapse of tim e at Kallo w hile at W hite Cliff 
i t  continued  from  the top of Div. B to the  low er part 
of B racklesham  Bed I. T h a t in terval corresponds 
grosso m odo w ith  the  g lauconitic bed at Kallo 
- 3 0 5  m  correlated w ith  the  one at T ie lt -  101,5 m  
(G lauconiferous Bed of T ielt). A large p art of th is 
in terva l at W hite Cliff contains no palynom orphs. 
So th e  biostratigraphically  valuable in fo rm ation  is

scarce and the sudden difference in ra te of sedim en­
ta tio n  betw een W hite C liff and Kallo m ay be 
overestim ated. N o doubt th ere  w as a difference 
because it  is also noted at the  sam e biostratigraphic 
level in  our com parison of the  Kallo sequence w ith  
th e  one at Isle of Sheppey (eastern London Basin).

• The higher zones
The succession of several biostratigraphically 

significant species is th e  sam e in  th e  Bracklesham  
Beds a t W hite Cliff as in  th e  higher Ypresian 
m em bers of th e  W oensdrecht-K allo section.
R. g labrum  w as recorded  a t Kallo in  our 
O. rom anum  Z one and recorded in  W hite C liff in 
th e  upperm ost p a rt of B rackesham  Bed I.
T h e  a p p e a ra n c e  of T. g a la tea  and
S. chlam ydophora  near the  base of o u r K. aff. 
clathrata  Zone is situated  at W hite Cliff in  the  m id­
dle of B racklesham  BedrV.
A. d ik tyop lokus  is recorded for the  first tim e  in the 
no rth ern  Belgian Basin near th e  tran s itio n  of the 
Egem Sand to  th e  M erelbeke C lay ; its  earliest 
appearance at W hite Cliff is s ituated  near the  tra n ­
s ition  betw een B racklesham  BedsrV and V. In the 
n o rth ern  Belgian Basin the  top of the  range of 
T. galatea  is soon followed by th e  regular 
appearance of P. com atum . A t W hite C liff the 
ranges of bo th  species overlap each o th er in  the 
upper part of B racklesham  Bed V. T h is upper part 
of B racklesham  Bed V can b est be correlated  w ith  
our P. triradiata  Zone. T he  tran s itio n  of th e  Ypre­
sian  to  th e  L u te tian  is s itu a ted  near the  top of our 
L. ¿ m am ella tum  Z one and can be traced at W hite 
Cliff at the base of the Bracklesham  Bed VI in  w hich 
th e  L u tetian  large foram inifer N u m m u lite s  
laevigatus  has been  recorded.
T he rate of sed im entation  was som ew hat higher in 
th e  B racklesham  Beds I up to  th e  m iddle of IV at 
W h ite  C liff  th a n  in  th e  c o rre sp o n d in g  
D. varielong itudum  + O. ro m a n u m  Z ones in  the 
Kallo sequence. O n th e  contrary, the  sed im enta­
tio n  was less pronounced from  the  m iddle of 
B racklesham  Bed IV up to th e  top of BedV w hen 
com pared w ith  th e  corresponding K. aff. clathrata  
+ A. d ik ty o p lo k u s  + P. triradia ta  + L. ¿ 

m a m e lla tu m  Z ones in  th e  W oensdrecht-Kallo 
reference section.

C. Dieppe Basin (fig- 6 )
In the  Dieppe Basin the  Ypresian deposits belong 

to the  Varengeville Form ation. T he organic-walled 
m icrofossils in  th is  fo rm ation  w ere stud ied  by 
G R U A S -C A V A G N E T T O  an d  th e  r e s u lts  
published in  GRUAS-CAVAGNETTO (1970), 
AUFFRET & GRUAS-CAVAGNETTO (1975), 
CHATEAUNEUF & GRUAS-CAVAGNETTO 
(1978) and GRUAS & BIGNOT (1985). T he studied 
sam ples com e from  th e  cliff sections to  th e  west- 
so u th w est of D ieppe (Cap d 'A illy  and Sotteville- 
sur-Mer) and from  offshore deposits in  th e  C han­
nel at about 40 to  50 Km  in face of the  m entioned  
cliff sections.

From  th e  com m ents in  GRUAS & BIGNOT 
(1985, pp. 119-120, text-fig. 2) it  appears th a t  the 
“Argiles glauconieuses inférieures“ at Cap d'Ailly,
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Biostratigraphic correlations 

betw een  the D ieppe Basin sections  
and  the  Kallo-W oensdrecht reference section.
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corresponding w ith  the  "Série de la P o in tue"  at 
Sotteville-sur-M er, are older th an  th e  W. astra 
Z one. W. astra appears higher, in  th e  base of the 
"A rgiles à sablons" w h ich  are separated from  the  
"A rgiles glauconieuses in férieures" at Cap d 'A illy 
by th e  "Sables fauves" in  w h ich  no organic-walled 
m icrofossils have been found. T hese "A rgiles à 
sablons", at least their upper part, can be correlated 
w ith  our P. trinem a  Zone. T he age of th e  "A rgiles 
glauconieuses in férieures" and perhaps of the 
"Sables fauves" too is th u s  older th an  th e  basal 
Y presian deposits in  th e  Belgian Basin.

T he  tran sitio n  to th e  nex t W. m ecke lfe ld en sis  
Z one is recognised at Cap d 'A illy  already near the  
tran sitio n  of the  "Argiles à sablons" to  th e  "Argiles 
glauconieuses supérieures". H igher in  th e  "Aagiles 
g laucon ieuses su p érieu res"  one en te rs  th e  
D. s im ile  Zone. In th e  upperm ost Y presian 
deposits sam pled  offshore in  th e  C h an n el
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K. cla thrata  has been  recorded together w ith  
P. zoharyii ( = P. su b tile  in  AUFRET & GRUAS- 
C A V A G N E T T O , 1985, p. 650) an d  w ith  
H om otryb lium  species. In these sam ples one notes 
fu rtherm ore  the  absence of som e significant 
species, nam ely D. sim ile, D. varielongitudum  and
S. chlam ydophora. Such a species com bination  
suggests us th a t  th e  upperm ost Ypresian deposits 
in  the  D ieppe Basin correspond w ith  the  upper part 
of our D. varielongitudum  Zone and the  low er part 
of our O. ro m a n u m  Zone.

From  these correlations w ith  the  Kallo reference 
sec tion  in  th e  n o rth ern  Belgian Basin appears that 
an  im p o rtan t h ia tu s  corresponding a t least to our 
K. aff. c la th ra ta  + A . d ik ty o p lo k u s  + P. tr ira ­
diata  + L. ? m a m e lla tu m  Z ones separates the 
Y presian deposits in  th e  D ieppe Basin from  the 
overlying L u te tian  deposits.
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D. Paris Basin
T he Y presian deposits in  th e  Paris Basin have 

been  studied  in  several outcrops and borings 
m ain ly  by GRUAS-CAVAGNETTO and by 
CHATEAUNEUF. The in fo rm ation  w h ich  was 
p u b lish ed  in  CHATEA U N EU F & GRUAS- 
CAVAGNETTO (1968), GRUAS-CAVAGNETTO 
(1968), C H A T E A U N E U F  & G R U A S- 
CAVAGNETTO (1978) and LAURAIN e t al. (1983) 
is no t as explicit as the  in fo rm ation  about the  
dinoflagellate record in the corresponding deposits 
of th e  London and H am pshire Basins. From  the  
available com m ents one can understand  th a t the  
assem blages are in  general ra th er poor, due to 
m arg inal m arine or brackish env ironm enta l con­
d itions during sed im entation  and probably too as 
a re su lt of la te r oxidation of th e  deposits.

It was unfortunately not possible to present here 
a figure illu stra ting  correlations betw een  a 
reference sec tion  in  the  Paris Basin w ith  the  
W oensdrecht-K allo reference sec tion  in  th e  n o r­
th e rn  Belgian Basin.

T he following, ra ther im precise correlations are 
proposed betw een the Zones w hich  w e propose for 
th e  Belgian Basin and the W etzeliellaceae Zones 
(cfr. COSTA, DENISON & DOWNIE, 1978) w hich 
CHATEAUNEUF & GRUAS-CAVAGNETTO 
(1978) have recognized in the  Ypresian deposits of 
th e  Paris basin.

• The  P. tr in em a Zone
In the  Paris Basin the  Ypresian sed im entation  

s ta rted  at th e  tim e  of deposition of the  P. trinem a  
Z one in  th e  Belgian Basin. T h is  zone corresponds 
grosso m odo w ith  the  W. astra Zone w h ich  accor­
d in g  to  C H A T E A U N E U F  & G R U A S- 
CAVAGNETTO ( 1978, p. 62) is situated  in  the  base 
of th e  “ Sables de Laon“ from  th e  C uise-la-M otte 
boring.

• The  W .m eckelfeldensis — K. crassoram osa +
P. c ren u la tu m  Zones
T hese zones in  the Belgian Basin are th e  equi­

v a len t of th e  W. m ecke lfe ldensis  Z one sensu 
CHATEAUNEUF & GRUAS-CAVAGNETTO 
(ibid., pp. 71-72) and are represented in  th e  low er 
part of th e  “ Sables de Laon“ from  the  borings at 
Cuise-la-M otte and at Le T illet, also in  the  “Argiles 
à lignites du Soissonnais“ in  a boring at M ont Ber- 
non, the type locality of the Sparnacian (LAURAIN 
e t al., 1983, pp. 244 and 250), and in  the  lign itous 
clays in  a boring a t Pont de P uteaux  (w estern part 
of th e  P aris  agg lom eration ) acco rd in g  to  
CHATEAUNEUF & GRUAS-CAVAGNETTO 
(1978, p. 62).

• The  D. sim ile  + E. u rsu lae  Zones
T hese zones in  the  Belgian Basin correspond 

w ith  the  D. s im ile  Zone sensu  CHATEAUNEUF 
& GRUAS-CAVAGNETTO {ibid., p. 73) s ituated  
in  th e  h igher part of th e  “ Sables de Laon“ in  the 
C uise-la-M otte boring.

• The gap b e tw een  the  E. u rsu lae  Z o n e and  the
D. varie long itudum  Z one
In th e  Belgian Basin we have no ted  a gap 

betw een  th e  E. ursulae  Z one and th e  D. 
varielongitudum  Zone. It corresponds w ith  th e  D. 
varielongitudum  Zone sensu  CPIATEAUNEUF & 
GRUAS-CAVAGNETTO [ibid., p. 73) in  w hich  D. 
varielong itudum  is n o t yet accom panied by K. 
coleothrypta-clathrata.
It corresponds in  th e  Paris Basin w ith  th e  upper­
m ost part of th e  “Sables de Laon“ in  th e  Cuise-la- 
M otte  boring and w ith  som e p art of th e  lignitous 
clays in  a boring at La D éfense (w estern part of the 
P a ris  ag g lo m era tio n ) (C H A T E A U N E U F & 
GRUAS-CAVAGNETTO, ib id ., p. 62).

• The  D. varie long itudum  Z one
In the  low er part of th is zone in  the  Belgian 

Basin D. varielongitudum  is recorded. T he species 
is there accom panied by K. clathrata-coleothrypta. 
T h is  low er part corresponds th u s  w ith  th e  low er­
m ost part of th e  K. coleothrypta  Zone sensu  
CHATEAUNEUF & GRUAS-CAVAGNETTO 
[ibid., p. 73) w h ich  is s ituated  in  the  “ Sables 
d'Aizy“ and the  “Sables de Pierrefond“ (which form 
together the “ Sables de C uise“ in  th e  quarry  at 
Cuise), and in  th e  succeeding “A rgiles de Laon“ 
from  a boring a t  D rancy (northeastern  part of the 
Paris agglomeration). In tnese “Argiles de Laon“ D. 
varie long itudum  was recorded together w ith  K. 
co le o th ry p ta , D. s im ile  an d  D. s o lid u m  
(CHATEAUNEUF & CRUAS-CAVAGNETTO, 
ib id ., p. 64).

• The  O. ro m an u m  Z one up to the  L. ? m am el­
la tu m  Z o n e
N o O. ro m a n u m  nor o ther species charac te­

rizing the  O. ro m a n u m  Zone and the  follow ing K. 
aff. clathrata  Zone, A . d ik tyo p lo ku s  Zone, P. 
triradiata  Zone or L. 1 m a m e lla tu m  Z one in  the 
Belgian Basin have been recorded in  the  “Argiles de 
Laon“ or any o th e r Ypresian deposits w h ich  in  the 
Paris Basin are d irectly  followed by the  L utetian  
deposits. We m u st th in k  thus th a t in the  Paris Basin 
an  im p o rtan t sed im entary  gap is recorded, w hich 
corresponds probably w ith  the  O. ro m a n u m  Zone 
up  to  the L. ! m a m e lla tu m  Z one in  th e  Belgian 
Basin.

E. North Germany

H. G O C H T  (1969) has described th e  organic- 
walled m icrofossils in  Paleogene deposits from  bor­
ings at M eckelfeld, to  the  sou th  of H am burg. The 
deposits “U n te r Eozän 1“ and the  low er part of 
“U n te r Eozän 2“ w ere sam pled in  the  boring 
M eckelfeld 8 6  ; th e  upper deposits of “U n ter Eozän 
3“ and a sec tion  th rough  “U n te r Eozän 4“ were 
sam pled in  the  boring M eckelfeld 87. In th e  table 
of species d is trib u tio n  (GOCHT, ibid., table 1) 
som e species are noted w hich  allow  correlations 
w ith  th e  W oensdrecht-Kallo reference sec tion  in 
th e  n o rth ern  Belgian Basin (fig. 7).
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• P. trin em a Z one
This zone corresponds, as we have seen higher, 

grosso m odo w ith  the  W. astra  Zone. W. astra  was 
probably recorded by G O C H T  [ibid., pp. 21-22, 
pi. 10, fig. 8 , text-fig. 14) as W etzeliella  sp. 1 in  the 
sam ples 10 and probably too in sam ple 5, b o th  from 
th e  "U n te r Eozän 1" deposits. N o o th er real 
W etzelie lla  spp. are observed in  th a t part of the  
"U n te r Eozän 1".
R em a rk  : Sam ple 10 is s ituated  above volcanic ash 
(tuffit) layers; sam ple 5 below  th em . If the  W. sp. 
1 from  sam ple 5 corresponds also w ith  W. astra, the 
firs t occurrence of th a t  species is older th an

accepted u n til now, as th e  ash bearing deposits are 
considered to  be situated  just below  the  base of the 
W. astra Zone.

• W. m eckelfeldensis — K. crassoram osa Zone  
+ P. c ren u la tu m  Z o n e  + D. sim ile  Zone  
K. crassoramosa  w as recorded by G O C H T 

[ibid., pp. 16-17, pi. 9, fig. 4) as W. clathrata. Its 
earliest appearance is situated  in  the  sam ple 1 1  near 
th e  top of "U n te r Eozän 1" and accom panied by W. 
lunaris. T he  base of our W. m eckelfeldensis-K . 
crassoram osa  Zone corresponds th u s  w ith  the 
upper part of the "U n te r Eozän 1" deposits at 
M eckelfeld.
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® E. ursu lae Z one  
H ig h e r  in  th e  M e c k e lfe ld  d e p o s its  

H o m o tryb liu m  sp., recorded by G O C H T  [ibid., 
p. 59, pi. 2, fig. 10) as H ystrichosphaerid ium  cf. 
siphoniphorum , and D racodin ium  so lidum  are 
recorded for the  first tim e  near the  m iddle of 
"U n te r  Eozän 3".
E. ursulae was not recorded b u t in the  Belgian Basin 
H o m o tryb liu m  spp. and D. so lid u m  appear 
together at th e  base of our E. ursulae  Zone. T hus 
th e  base of our E. ursulae  Zone corresponds w ith  
th e  levels m idw ay the "U n te r Eozän 3" deposits.

• Sedim entary gap betw een ou i E. u rsulae Z one  
and  D. varie longitudum  Zone, + the  D. 
varie longitudum  Z one
T he first D. varielongitudum  w as recorded 

by G O C H T  [ibid.] in sam ples a li tt le  below  the  
tran s itio n  from  "U n te r Eozän 3" to  "U n te r Eozän 
4". T he species was no t recorded in  th e  sam ples 30 
and 31 in  th e  low er part of "U n te r Eozän 4" bu t 
appears again m ore frequently  in  sam ple 32 and 
rem ains p resen t in  the assem blages of th e  follow ­
ing fifteen m etres of deposits. From  th is  d is trib u ­
tio n  we can conclude th a t a part of th e  sec tion  in 
the  M eckelfeld boring 87 covering th e  upperm ost 
levels of "U n te r Eozän 3" and th e  low er half of 
"U n te r  Eozän 4" corresponds probably w ith  the 
sed im en tary  gap betw een our E. ursulae  Z one and 
D. varie long itudum  Zone and w ith  our follow ing 
D. varielong itudum  zone.

• O. rom anum  Z one + K. aff. c la th ra ta  Z one + 
A. d ik tyoplokus Z o n e  + P. trirad ia ta  Z o n e + 
L. ? m am ella tum  Zone  
In the  h igher "U n ter Eozän 4" deposits no 

significant species are recorded w hich  characterize 
th e  O. ro m a n u m  Zone or h igher zones in  the 
Belgian Basin. N o further correlations can be made. 
We th in k  th a t the  rest of "U n te r Eozän 4" m ay cor­
re sp o n d  w ith  th e  h ig h er p a r t  of o u r D. 
varielong itudum  Zone and possibly to  our O. 
ro m a n u m  Zone.
It is im probable th a t deposits corresponding w ith  
our K. aff. clathrata  Zone or h igher zones are pre­
sen t in  th e  Lower Eocene deposits a t M eckelfeld 
because several significant species w h ich  should  
n o rm ally  have been found in  th a t  case, have no t 
been  recorded there.

F. Danish Basin
T he organic-walled m icrofossils in  the  Ypresian 

deposits of D enm ark  have been stud ied  by 
H A N SEN  (1979), HEILM ANN-CLAUSEN (1982, 
1983 and 1985), HEILM ANN-CLAUSEN e t al. 
(1985) and NIELSEN e t al. (1986).

T he  Y presian deposits are grouped in  the  
Rdsnaes Form ation (Knudshoved M em ber + R¡ up 
to  Rg) and in  th e  low er part of th e  overlying 
L illebaelt Form ation (L¡ and L2 ).

T he  low erm ost part of th e  R dsnaes Form ation, 
th e  Knudshoved M em ber, occurs on ly  in  the

w estern  Lim fjord area w here it  overlies th e  Upper 
Paleocene Fur Form ation  (alias M o C lay or Moe 
Form ation). T he  higher m em bers of the  R¿snaes 
Form ation (R  ̂u p  to  R^j and the  low er m em bers (L¡ 
and L2 ) of th e  L illeoaelt Form ation  are well 
represented  in  clay  p its at Gist and H inge (eastern 
part of Jutland) and in  th e  O sterrende Store Baelt 
borehole n° 83101 (w estern coast of Zealand). In 
th a t area these Ypresian deposits rest on  th e  Upper 
Paleocene Ö lst Form ation  w hich  is a lateral 
equivalent of the  Fur Form ation (see HEILMANN- 
CLAUSEN et al., 1985, text-figs. 4 and 8 ).

From  th e  com m ents ori th e  assem blages of 
organic-walled m icrofossils in  these deposits, a cor­
relation schem e can be proposed betw een the  Ypre­
sian  deposits in  D enm ark  and the  W oensdrecht- 
Kallo reference sec tion  in  th e  n o rth ern  Belgian 
Basin (fig. 8 ). In  fig. 8  the  vertical scale of the 
deposits at K nuden and in  th e  Ö sterrende Store 
Baelt boring has been  exagerated ten  tim es in  com ­
parison  w ith  th e  scale of the  W oensdrecht-Kallo 
section.

e P. trin em a Z o n e
In the low erm ost, silicified bed of th e  Knud­

shoved M em ber W. astra is recorded w hile  W. 
m eckelfeldensis  or K. crassoramosa rem ain  absent. 
T h is low erm ost bed of th e  K nudshoved M em ber 
corresponds th u s  w ith  our P. trinem a  Zone 
(equivalent of th e  W. astra Zone).

® W. m eckelfeldensis — K. crassoram osa Zone  
+ P. c ren u la tu m  Zone
In the  Knudshoved M em ber dark  grey, silty 

clay is overlying the  silicified low erm ost bed. In 
th is  clay W. m ecke lfe ld en sis  and K. crassoramosa  
appear for the  first tim e. In th e  h ighest part of the 
Knudshoved M em ber (a green clay) and in  the 
h igher m em bers Rj up to  R3  no D. s im ile  nor 
typical E. ursulae  have been recorded.
It is th u s propable th a t th e  rem ain ing  p art of the 
Knudshoved M em ber, above its  silicified low er­
m ost bed, and the  R¡ up to R3  m em bers correspond 
w ith  our W. m ecke lfe ld en sis  — K. crassoramosa  
Z one + P. crenu la tum  Zone.

® D. sim ile Z o n e  + E. ursu lae Z one
T he first D. s im ile  are recorded in  th e  lower 

p art of R 4  w hile  in  the  upper part of th a t sam e R 4  

M em ber D. varielongitudum  is already found. This 
suggests th a t th e  low er part of R4  corresponds 
grosso modo w ith  our D. sim ile  Zone + E. ursulae 
Zone.

® H iatus b e tw een  our E. u rsu lae  Z o n e and  our
D. varie long itudum  Z one  
As we have no ted  higher w hen  correlating the 

Y presian deposits of th e  Belgian Basin w ith  those 
of the  London Basin and H am pshire Basin, the 
sed im entation  w as probably in te rru p ted  a t Kallo 
on th e  tran sitio n  betw een  our E. ursulae Z one and
D. varie long itudum  Zone.
T h is h iatus corresponds w ith  the interval betw een 
th e  first record of D. varielongitudum  and th e  first 
record of K. coleothrypta-clathrata. It corresponds



303

? R  6

R5

RA

RI

K n u d ­
s h o v e d  

Mb.

K n u d e n

D e n m a r k

Fig. 8
Biostratigraphic correlations 

b etw een  the  sections in  th e  D anish  Basin 
and the K allo-W oensdrecht reference section.
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w ith  th e  higher p art of R4  and th e  low er p art of R5 

(K. coleothrypta-clathrata  is recorded a first tim e  
n ea r the  m iddle of R5 ).

® D. varie longitudum  Z o n e
N ear the m iddle of R5  appears K. coleothrypta- 

clathrata  w hile O. rom anum  is first recorded near 
th e  top of R5 . T he m ajor part of the  upper half of R5 

corresponds th u s to  our D. varielongitudum  Zone.

•  O. rom anum  Z o n e  + K. aff. c la th ra ta  Z o n e  
N ear th e  top of R5 and in  th e  low er p art of Rg 

one encounters O. rom anum . K. aff. clathrata  was 
n o t recorded b u t A. d ik tyo p lo ku s  appears in  the

higher part of Rg. From  th is  d is trib u tio n  w e con­
clude that the top of R 5 and the  low er half of Rg cor­
respond to  our O. ro m a n u m  Z one + K. aff. 
clathrata  Zone.

•  A. d ik tyop lokus Z one  + P. trirad ia ta  Z one  + 
L. I m am ella tu m  Zone
A. d ik tyo p lo ku s  appears in  th e  upper part of 

Rg. In the  upper part of L2  from  the  O sterrenden 
borehole n° 83101 occur th ree ash layers. N ear the 
upperm ost ash  layer D racodinium  pachyderm um  
(CARO, 1973) is recorded for the  first tim e  w hile 
K. c o le th r y p to -c a th r a ta  h a s  d isap p ea red . 
(NIELSEN e t al., 1986, fig. 6 , p. 245).
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A t 01st, som ew here betw een the second and the 
th ird  ash layer in  un it L2 , K. coleothrypta-clathrata  
disappears (HEILMAN-CLAUSEN et al., 1985, 
p. 307).

In th e  W oensdrecht sec tion  (northern  Belgian 
Basin) K. coleothrypta-clathrata  is absent from  the 
P. triradiata + L. ? m a m e lla tu m  Zones) w hile  D. 
p a ch yd erm u m  (CARO, 1973) (corresponding w ith  
W. eocaenica  in  DE CO NIN CK , 1977, p. 44, pi. 3, 
fig. 10; pi. 4, figs. 1-4) appears at th e  top of the 
L. ? m a m e lla tu m  Zone.
T h is  suggests us th a t the  upper part of Ró, Lj and 
a large part of L2 can be correlated  w ith  our A. 
d ik tyo p lo ku s  + P. triradiata  + L. ? m a m e lla tu m  
Z ones and th a t the  Y presian-Lutetian tran s itio n  is 
probably represented near the  top of L2 .

CONCLUSION
Ypresian organic-walled p h y top lank ton  to tals 

about th ree  hundred species, about th ree fourths of 
w h ich  are dinoflagellate cystform s. From  th e ir 
d is trib u tio n  in  th e  basal Y presian deposits of the  
Belgian Basin it seems th a t near the  m arg in  of the  
basin  the  env ironm ental conditions at th e  tim e  of 
sed im en tation  favoured production of fossilizable 
form s. Rew orked species, m ain ly  derived from  
M esozoic deposits, are encountered  especially  in  
th e  low er m em bers (M ont H éribu M em ber and 
O rchies Clay); their frequency is low er in  the 
overlying Roubaix Clay and K ortem ark Silt and 
becom es insignificantly low in the higher Ypresian 
deposits. T he  succession  of organic-w alled  
p h y top lank ton  in  the  Y presian deposits of the  
Belgian Basin is characterized by about fifty species

w ith  a res tric ted  stratigraphie range in  th a t basin. 
Am ong these significant species, th irty-eight 
w hich  are easily  recognizable have been  retained 
to define eleven zones ifig. 2). W hen com paring the 
assem blages from  different outcrops and borings 
we are able to  m ake b iostratigraphic correlations 
(fig. 3), w h ich  a tta in  a degree of precision  com ­
parable w ith  th a t seen in  th e  correlations done by 
STEURBAUT (in STEURBAUT & NOLF, 1986) on 
th e  base of calcareous nannofossils. S tudying the 
investigations done in  th e  su rround ing  basins, we 
no te  several sim ilarities  betw een  th e  species 
d istribu tion  of dinoflagellate cysts in  th e  Ypresian 
deposits from  th e  Belgian Basin, L ondon Basin, 
H am pshire Basin, Dieppe Basin, Paris Basin, N orth 
G erm any and th e  D anish Basin. These sim ilarities 
m ake b iostratig raphic correlations possible bet­
w een these areas (figs 4-8) and the  Belgian Basin. A 
schem e (fig. 9) resum es these correlations w ith  the 
ind ication  of th e  b iostratig raphical p o sition  of the 
principal m em bers or divisions w hich were defined 
in  the  sourrounding  basins, re la tively  to  our 
zonation.

T his schem e gives also an  idea of th e  represen- 
ta tiv ity  for th e  Y presian of the  deposits in  each of 
the basins. We see th a t the  m ost representative sec­
tions are found in  the  H am pshire Basin in  the 
reference sec tion  of W hite C liff a t Isle of W ight, in 
the  Belgian Basin in the com bined reference section 
of Kallo-W oensdrecht, and in  th e  D an ish  Basin in 
the com bined section of K nuden (western Limfjord) 
area) and in  th e  Store Baelt boring 83101 (western 
Zealand coast). T he com bined section in  D enm ark 
is how ever abou t ten  tim es th in n e r th a n  the

A»3ilr

30p

Reading Beds

Fig. 9
Correlations o f  the  N .W . European Ypresian 

lithostratrigraphical un its  w ith  the  zones in  the  
K allo-W oensdrecht reference section.
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Fig. 10
Correlation o f the  zones in  the K allo-W oensdrecht reference section w ith  the  zones  

w h ich  w ere form erly  proposed in  the  surrounding basins.
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reference sections in th e  H am pshire Basin and 
Belgian Basin.

The basal Ypresian deposits in  the  no rthern  
Belgian Basin and in D enm ark are a little  older than 
in  the H am pshire Basin. In the  Kallo area (northern 
Belgian Basin) we note th e  existence, in  all p ro­
bability, of a gap in  sed im en ta tio n  betw een our 
local E. ursulae  Zone and D. varielongitudum  
Zone. T his gap corresponds grosso m odo w ith  the  
London C lay D ivisions C and D at W hite Cliff 
(Ham pshire Basin), and also w ith  th e  upper part of 
R4  + the low er part of R5  in  the  R dsnaes Form a­
tion  in  Denm ark. In the sam e schem e is also shown 
the  change of position  relatively  to  our zonation  of 
the  boundaries betw een  certa in  London C lay divi­
sions in  th e  London Basin w hen going from  w est 
to east, and also of the boundaries betw een  certain  
m em bers in  the Belgian Basin w hen going from n o r­
th ern  to cen tral and so u th ern  areas. As a resu lt of 
these correlations we can correlate our zones w ith  
the  different ones (based ondinoflagellates) w hich 
have been given for the Ypresian deposits in  the dif­
ferent areas around th e  N o rth  Sea Basin (fig. 10).

As we see, the base of the  W. astra Zone in  the 
Rockall P lateau deposits (N.E. A tlantic) m ight be 
som ew hat older th an  th e  base of our P. trinem a  
Zone or of the  W. astra  Z one in  the  Paris, H am p­
shire and D anish basins. T he  sed im entary  gap in 
the  Kallo area betw een  th e  local E. ursulae  Zone 
and D. varielong itudum  Z one corresponds w ith  
the  D. varielongitudum  Z one in  th e  o ther basins. 
O ur ow n D. varielongitudum  Z one at Kallo cor­
responds w ith  the lower part of the  K. coleothrypta  
Z one as defined by COSTA, D EN ISO N  & 
DOW NIE (1978) and by HEILMAN-CLAUSEN (in 
press).

The Y presian-Lutetian tran s itio n  corresponds 
grosso modo w ith  th e  upper lim it of our 
1 .1 m a m e lla tu m  Zone and w ith  the  tran sitio n  bet­
ween the A . d ik tyo p lo ku s  Z one and the D. 
p achyderm um  Zone in  the  D an ish  Basin. In the  
o ther basins th is  tran s itio n  is no t reflected in  the 
corresponding zonations.
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PLATE 1

Fig. 1 : Pseudom asia trinem a  DE C O N IN CK  1969. 500 x .
Q uenast A la , +7501, slide 6 .

Fig. 2 : Pseudom asia trinem a  DE C O N IN CK  1969. 500 x .
Q uenast A la , + 75m , slide 5.

Fig. 3 : Pseudom asia trinem a  DE C O N IN CK  1969. 500 x .
Q uenast A2, + 75 m , slide 4.

Fig. 4 : D eflandrea oebisfeldensis  ALBERTI 1959. 500 x  .
Overijse, + 2 7 m , slide 3.

Fig. 5 : D eflandrea oebisfeldensis  ALBERTI 1959. 500 x  .
Q uenast A4, + 7 7 m, slide 5.

Fig. 6  : D eflandrea oebisfeldensis  ALBERTI 1959. 500 x  .
Q uenast A lb , + 75m , slide 4.

Fig. 7 : Trigonopyxidia ginella  (COOKSON & EISENACK 1960). 500 x  .
Q uenast B7, + 77m , slide 1.

Fig. 8  : Trigonopyxidia ginella  (COOKSON 3t EISENACK 1960). 500 x .
Q uenast B7, + 7 7 m, slide 3.

Fig. 9 : Trigonopyxidia ginella  (COOKSON & EISENACK 1960). 500 x  .
Overijse, + 33.7m , slide 4.

Fig. 10 : Trigonopyxidia ginella  (COOKSON 3t EISENACK 1960). 500 x .
Q uenast B8 , + 7 7 m , slide 1.

Fig. 11 : W etzeliella  astra  DENISO N 1978. 500 x .
Q uenast A4, + 77 m, slide 5.

Fig. 12 : W etzelie lla  astra  DENISO N 1978. 500 x .
St. M aur G240, + 69.5m , slide 5.

Fig. 13 : Thalassiphora delicata  WILLIAMS & DOW NIE 1966. 500 x .
Q uenast A 6 , + 79 m , slide 2.

Fig. 14 : P hthanoperid in ium  crenula tum  (DE C O N IN C K  1976). 500 x .
Overijse, + 38.5m , slide 2.

Fig. 15 : A p ec to d in iu m  hyperacan thum  (COOKSON 3t EISENACK 1965). 500 
Overijse, + 33.7m , slide 5.

Fig. 16 : P hthanoperid in ium  crenula tum  (DE C O N IN C K  1976). 500 x .
Q uenast B8 , + 7 7 m, slide 3.

Fig. 17-19 : P hthanoperid in ium  crenula tum  (DE C O N IN C K  1976). 500 x .
Q uenast A4, + 77m , slide 4.

Fig. 20  : D racodin ium  so lid u m  GOCFTT 1955. 500 x  .
Kallo, -3 2 9 .5  m , slide 2.

Fig. 21 : Thalassiphora delicata  WILLIAMS & DOW NIE 1986. 500 x .
Q uenast A 6 , + 79 m, slide 2.

Fig. 22  : A p ec to d in iu m  hyperacan thum  (COOKSON 3t EISENACK 1965). 500 
T ielt, -1 0 1 .5 m , slide 3.
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PLATE 2

Fig. 1 : A d na tosphaerid ium  ro b u stu m  (M ORGEN RO TH 1966). 500 x .
St. M aur G240, + 69.5m , slide 1.

Fig. 2 : W etzelie lla  m ecke lfe ld en sis  G O C H T  1969. 500 x  .
Q uenast B8 , + 77m , slide 1.

Fig. 3 : K allosphaeridium  brevibarbatum  DE C O N IN CK  1969. 500 x .
Overijse, + 38.5 m, slide 3.

Fig. 4 : K allosphaeridium  brevibarbatum  DE C O N IN CK  1969. 500 x .
M ons-G hlin G245, + 49.3 m, slide 4.

Fig. 5 : W etzelie lla  m ecke lfe ldensis  G O C H T  1969. 500 x  .
Q uenast B8 , + 77m , slide 1.

Fig. 6  : D racodin ium  s im ile  (EISENACK 1954). 500 x  .
Overijse, + 38.5m , slide 5.

Fig. 7 : K allosphaeridium  brevibarbatum  DE C O N IN C K  1969. 500 x  .
St. M aur G240, + 69.5 m , slide 1.

Fig. 8-9 : P hthanoperid in ium  ech in a tu m  EA TO N  1976. 500 x  .
M erelbeke sluice, + 0 .5 m , slide 9.

Fig. 10,12 : K isselovia crassoramosa  (WILLIAMS A  DOW NIE 1866) 500 x 
O rchies, + 27.5 m, slide 3.

Fig. 11 : D racodin ium  sim ile  (EISENACK 1954). 500 x .
M ons-G hlin G245, + 49.3 m, slide 2.

Fig. 13-14 : P hthanoperid in ium  ech in a tu m  EA TO N  1976. 500 x  .
M erelbeke sluice, - 3 .5  m, slide 4.

Fig. 15 : P hthanoperid in ium  ech in a tu m  EA TO N  1976. 500 x .
M elle F-DB11, -  7 m , slide 2.

Fig. 16 : E atonicysta  ursulae (M ORGEN RO TH 1966). 500 x .
M elle F-DB 11, + 5.5 m , slide 3.

Fig. 17 : K isselovia crassoramosa  (WILLIAMS A  DOW NIE 1966). 500 x  .
O verijse, + T I m , slide 3.

Fig. 18 : H o m o tryb liu m  p a llid u m  ? DAVEY & WILLIAMS 1966. 500 x .
M elle F-DB 11, - 5 m ,  slide 1 (filtered).

Fig. 19 : P hthanoperid in ium  ech in a tu m  EA TO N  1976. 500 x  .
W oensdrecht, - 4 5 9  m, slide 1.

Fig. 20 : P hthanoperid in ium  ech in a tu m  EA TO N  1976. 500 x . 
W oensdrecht, - 4 5 9  m, slide 3.
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PLATE 3

Fig. 1 : Thalassiphora pelagica  (EISENACK 1954). 500 x  .
M ont H éribu  G246, + 53.3 m , slide 2.

Fig. 2-3 : E atonicysta  ursulae  (M ORGENROTH 1966). 500 x .
M elle F-DB 11, + 5.5m , slide 2.

Fig. 4 : H o m o tryh liu m  p a llid u m  ? DAVEY & WILLIAMS 1966. 500 x  .
M elle F-DB 11, - 5 m ,  slide 1 (filtered).

Fig. 5 : P olysphaerid ium  zoharyii (ROSSIGNOL 1962). 500 x .
H eusden F-DB 11, + 0 .5 m , slide 1.

Fig. 6  : Thalassiphora pelagica  (EISENACK 1954). 500 x .
Q uenast B8 , + 77m , slide 1.

Fig. 7 : H ystrichoko lpom a granula tum  EA TO N  1976. 500 x  .
W oensdrecht, -  441m , slide 6 .

Fig. 8  : H ystrichoko lpom a granula tum  EA TO N  1976. 500 x .
W oensdrecht, -4 2 9  m , slide 4.

Fig. 9 : H ystrichoko lpom a granula tum  EATO N 1976. 500 x .
Egem-Ampe, + 38.2m , slide 5.

Fig. 10-11 : D iacrocan th id ium  spinigerum  DE C O N IN C K  1969. 1000 x .
Kallo, -2 8 3 .5 m , slide 1.

Fig. 12 : P olysphaeridium  zoharyii (ROSSIGNOL 1962). 500 x .
Aalbeke G80, + 43.5m , slide 2.

Fig. 13 : Polysphaeridium  zoharyii (ROSSIGNOL 1962). 500 x .
Aalbeke G80, + 43.5 m, slide 1.

Fig. 14 : D racodin ium  varielong itudum  (WILLIAMS & DOW NIE 1966). 500 
Kallo, -2 8 8  m, slide 1.

Fig. 15 : D racodin ium  varielong itudum  (WILLIAMS & DOW NIE 1966). 500 
Lauwe-Knok, + 2 6 m , slide 1.

Fig. 16 : D racodin ium  varielong itudum  (WILLIAMS & DOW NIE 1966). 500 
Kallo, -2 8 8  m , slide 1.

Fig. 17-19 : K isselovia cla thrata  (EISENACK 1938). 500 x .
Egem-Ampe, + 38.2m , slide 2.
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PLATE 5

Fig. 1-2 : G laphyrocysta exuberans  (DEFLANDRE & C O O K SO N  1955). 500 x .
Egem-ringbeek, + 28 m, slide 2.

Fig. 3 : S p in id in iu m  aff. essoi COOKSON & EISENACK 1967. 500 x .
T orhout-Pottebezem hoek, + 2 6 m , slide 4.

Fig. 4 : S p in id in iu m  aff. essoi CO OK SO N & EISENACK 1967. 500 x .
T orhout-Pottebezem hoek, + 26m , slide 2.

Fig. 5-6 : A p ec to d in iu m  hom o m o rp h u m  (DEFLANDRE & COOKSON 1955). 500 x  .
Egem-Ampe, + 38.2 m, slide 1.

Fig. 7 : A p ec to d in iu m  hom o m o rp h u m  (DEFLANDRE & COO KSON  1955). 500 x  .
Egem-Ampe, + 38.2m , slide 1.

Fig. 8 : A p ec to d in iu m  hom o m o rp h u m  (DEFLANDRE & C O O K SO N  1955). 500 x  .
Egem-Ampe, + 38.2m , slide 1.

Fig. 9 : S p in id in iu m  aff. essoi COOKSON & EISENACK 1967. 500 x .
M elle F-DB 11, - 7 m ,  slide 1 (filtered).

Fig. 10 : P ediastrum  sp. 500 x  .
Kallo, -  238 m , slide 2.

Fig. 11 : P ediastrum  sp. 500 x .
W oensdrecht, - 4 1 0 m , slide 3 (filtered).

Fig. 12 : P ediastrum  sp. 500 x .
Kallo, -2 3 9 m , slide 3.

Fig. 13 : P ulvinosphaerid ium  sp. 500 x .
Kallo, -  238m , slide 3.

Fig. 14 : P ulvinosphaerid ium  sp. 500 x  .
Kallo, -  238m , slide 2.

Fig. 15 : P ulvinosphaerid ium  sp. 500 x .
T orhout-Pottebezem hoek, + 2 6 m , slide 3.

Fig. 16 : A reosphaerid ium  d ik tyo p lo ku s  (KLUMPP 1953). 500 x  .
M elle F-DB11, - 4 m ,  slide 8 (filtered).

Fig. 17-18 : A reosphaerd ium  d ik tyo p lo ku s  (KLUMPP 1953). 500 x .
M elle F-DB 11, -  5 m, slide 4.

Figs. 19-20 : C erebrocysta bartonensis  BUJAK 1980. 500 x .
H eusden  F-DB4, 0m , slide 2 (filtered).

Fig. 21 : Cerebrocysta bartonensis  BUJAK 1980. 500 x .
H eusden  F-DB4, 0m , slide 3 (filtered).

Fig. 22  : L itosphaerid ium  / m a m e lla tu m  DE C O N IN C K  1977. 500 x .
W oensdrecht, -4 1 0 m , slide 2 (filtered).

Figs. 23-24 : L itosphaerid ium  i m a m e lla tu m  DE C O N IN C K  1977. 500 x .
Kallo, -2 0 8 .9 m , slide 1 (filtered).

Fig. 25 : P aucilobim orpha triradiata  DE C O N IN C K  1986. 500 x .
Kallo, -2 0 8 .9 m , slide 1.

Figs. 26-27 : P yxid inopsis densepuncta ta  DE C O N IN C K  1985. 500 x .
W oensdrecht, -  459 m , slide 2.

Fig. 28 : P yxid inopsis densepuncta ta  DE C O N IN C K  1985. 500 x  .
W oensdrecht, - 4 0 1 m , slide 2.

Fig. 29 : P yxid inopsis densepuncta ta  DE C O N IN C K  1985. 500 x  .
W oensdrecht, -4 2 9  m , slide 1.

Fig. 30  : P aucilobim orpha triradiata  DE C O N IN C K  1986. 500 x .
M elle F-DB 11, - 4 m ,  slide 10 (filtered).
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PLATE 6

1-2 : Im p le tosphaerid ium  rugosum  M O R G EN R O TH  1966. 1000 x  .
W oensdrecht, -4 1 0 m , slide 1 (filtered).

3 : Im p le tosphaerid ium  rugosum  M O R G EN R O TH  1966. 500 x  .
M elle F-DB 11, x 5 m , slide 1 (filtered).

4 : Im p le tosphaerid ium  rugosum  M O R G EN R O TH  1966. 500 x  .
M elle F-DB 11, - 5 m ,  slide 1 (filtered).

5-6 : P hthanoperid in ium  co m a tu m  (M ORGENROTH 1966). 500 x .
W oensdrecht, -4 1 0 m , slide 4.

7-8 : Im p le tosphaerid ium  rugosum  M O RG EN R O TH  1966. 1000 x  .
W oensdrecht, -4 4 1 m , slide 2 (filtered).

9 : W etzeliella  aff. articulata  (sensu CHATEAUNEUF & GRUAS-CAVAGNETTO 19T8). 
500 x .
W oensdrecht, - 4 1 0 m , slide 1 (filtered).

10 : W etzeliella  aff. articulata  (sensu CHATEAUNEUF & GRUAS-CAVAGNETTO 1978).
500 x .
W oensdrecht, -3 8 5 m , slide 1.

11 : P hthanoperid in ium  co m a tu m  (M ORGENROTH 1966). 500 x  .
W oensdrecht, -4 1 0 m , slide 2 (filtered).

12 : P hthanoperid in ium  co m a tu m  (M ORGENROTH 1966). 500 x  .
Egem-Ampe, + 40.3 m , slide 2.

13 : W etzelie lla  aff. articulata  (sensu CHATEAUNEUF & GRUAS-CAVAGNETTO 1978).
500 X .
W oensdrecht, -4 1 0 m , slide 2 (filtered).

14 : W etzelie lla  aff. articulata  (sensu CHATEAUNEUF & GRUAS-CAVAGNETTO 1978).
500 x .
W oensdrecht, -4 1 6 .5 m , slide 1.

15 : D racodin ium  p a ch yd erm u m  (CARO 1973). 500 x  .
W oensdrecht, -  385m , slide 5.

16 : W etzelie lla  aff. articulata  (sensu CHATEAUNEUF & GRUAS-CAVAGNETTO 1978).
500 X .
W oensdrecht, -3 8 5 m , slide 1.

17 : D racodin ium  p a ch yd erm u m  (CARO 1973). 500 x .
W oensdrecht, -3 8 0 m , slide 7.

18 : D racodin ium  p a ch yd erm u m  (CARO 1973). 500 x  .
W oensdrecht, -  380 m , slide 7.



319



FACULTE POLYTECHNIQUE DE MONS

Créée en 1837 sous le nom  d'Ecole des M ines de M ons, in s titu tio n  u n iv e rs ita ire  in d é p e n d a n te  reconnue 
personne civile p a r  la  loi du  7 ju ille t 1920, la  F acu lté  a fêté en 1987 ses 150 ans.

Form ation un iversitaire d’ingénieurs civ ils (5 ans)
. In g én ieu r civil a rch itec te
. In g én ieu r civil ch im iste  (o r ien ta tio n s  : biotechnologies; cé ram iques; énerg ie ; procédés)
. In g én ieu r civil é lec tric ien  (o rien ta tio n s  : au to m atiq u e ; énerg ie ; in fo rm atiq u e ; té lécom m unica tions)
. In gén ieu r civil en in fo rm atiq u e  e t  gestion  
. In g én ieu r civil m écan ic ien
. In g én ieu r civil m é ta llu rg is te  (o rien ta tio n s  : m a té r ia u x  nouveaux; procédés)
. In g én ieu r civil des m ines (o rien ta tio n s  : g ran d s  trav a u x , en v iro n n em en t e t  risq u es; ressou rces)

Diplôm es com plém entaires
In gén ieu r civil en  in fo rm atiq u e  e t  gestion (horaire  décalé avec le CU NIC)
In gén ieu r civil e t  M aîtrise  en
A utom atique
E n e rg ie
G énie n u cléa ire  
Géologie
Sécurité , H ygiène e t  E m bellissem en t des lieux de trav a il 

. M aîtrise  en M an ag em en t de l'Innova tion  

. D octeur en Sciences A ppliquées - M aître  en Sciences A ppliquées 

. Docteur en Géologie Appliquée 

. Agrégé de l 'en se ig n em en t su p é r ie u r

Formation continue
. Cycles longs : C ertifica ts  en  - A nalyse th erm odynam ique  de l'én e rg é tiq u e  in d u strie lle ; - E n erg é tiq u e  des 

p rocédés in d u s tr ie ls ,  ré c u p é ra tio n  th e rm iq u e ; - P ro d u c tio n  e t  t r a n s p o r t  de l 'é n e rg ie  é le c tr iq u e ; - 
Econom ies d 'én erg ie  d a n s  le b â tim e n t; - E conom ies d 'én erg ie  d a n s  l 'in d u s tr ie  : é tu d e  de sec teu rs ; - 
R ése rv o ir en g in e e rin g ; S c ien ces n u c lé a ire s ; - T ec h n iq u es  de s é c u rité ; - A u to m a tiq u e ; - E n erg ie  
é lec trique; - In fo rm atiq u e ; - T é lécom m unications 

. Cycles courts : C ours de recyclage e t de spécialisation proposés en fonction de la  dem ande in d u strie lle

Services aux étudiants
. C ité e s tu d ian tin e  de 288 cham bres ind iv iduelles, r e s ta u ra n t  
. T u telle  m édicale - Service social - M utuelle  d 'E ditions 
. Cercles facu lta ires  cu ltu re ls  e t  sportifs
. P lacem ent : A ssociation des In g én ieu rs  de M ons (2 000 m em bres)

Collaborations industrielles
. C entre  d 'E tu d es e t  de R echerches des H au tes  Technologies (CERHT)
. P a rtic ip a tio n  des d iffé re n ts  serv ices avec les sec te u rs  p riv é  e t  public . S tag es d 'é tu d ia n ts  d an s  les 

e n tre p rise s
. L aborato ires d 'ana lyse  e t  de m esu re  - C ertifica tions 
. A teliers équipés p o u r les ré a lisa tio n s  com plexes e t les p lu s délica tes 
. C entre  de calcul e t  de t ra i te m e n t de l'inform ation

Renseignements :
Rue de Houdain 9 - 7000 MONS 

Tél. : 065/37 41 11 
Téléfax: 065/37 42 00


