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M
’..s TRA

CT. A
 detailed study of the assem

blages of organic-w
alled phytoplankton in the Eocene-O

ligocene transi­
tion beds in the K

allo borehole and its com
parison w

ith the assem
blages around the sam

e transition in boreholes at 
Niei, H

ingene-W
intham

 and Terhagen (the Rupelian stratotype area), reveals a hiatus betw
een the W

intham
 Silt M

em
­

ber and the Ruisbroek Sand M
em

ber (sensu Steurbaut, 1986, 1992) in the stratotype area. In the K
allo section the 

sedim
entation history from

 the latest Eocene into the Early O
ligocène is m

ore com
pletely represented than in the 

straiotype area of the Rupelian.

M
.\ W

O
R

D
S : Eocene-O

ligocene transition, dinocysts, biostratigraphy, Belgium
.

K
I.SU

M
E. Les assem

blages de phytoplancton à paroi organique ont été étudiés en détail dans les dépôts de la transi­
tion Eocène-O

ligocène du sondage de K
allo. La com

paraison avec les sondages de N
iei, H

ingene-W
intham

 et Terhagen 
(région-type du Rupélien), indique l’existence d’une lacune dans la région-type entre le Silt de W

intham
 et les Sables 

de Ruisbroek (sensu Steurbaut, 1986, 1992). D
ans le sondage de K

allo, la sédim
entation de l’Eocène term

inal jusque à 
l’O

ligocène inférieur est pius com
plète que dans la région-type du Rupélien (N

ord-ouest de la Belgique).

\H
 > TS C

LES : Passage Eocène-O
ligocène, dinokystes, biostratigraphie, Belgique.

I. IN
T

R
O

D
U

C
T

IO
N

A first rough exploration of the organic-w
alled 

phytoplankton across the Eocene-O
ligocene transition 

in (he Belgian basin w
as carried out by D

e Coninck (1986 
and 1995), respectively in the W

oensdrecht borehole 
(southern N

etherlands) and in the K
allo borehole 27E- 

148 (near A
ntw

erp - Belgium
). From

 the com
parison of 

lile phytoplankton assem
blages in both boreholes it was 

concluded (D
e Coninck, 1995, figure 2) that a hiatus 

occurs at W
oensdrecht betw

een-220 and -219 m
, w

hich 
corresponds approxim

ately w
ith deposits in the K

allo 
borehole betw

een approxim
ately -110 and -106 m

. A
 

m
ore detailed exam

ination of the deposits spanning the 
Eocene-O

ligocene transition in the K
allo borehole has 

been undertaken. Furtherm
ore, in the Rupelian stratotype 

arca. about 15 to 20 km
 to the south of A

ntw
erp (Figure 

IX som
e sam

ples w
ere exam

ined representing the 
lithostratigraphic units (W

atervliet C
lay M

em
ber, 

W
intham

 Silt M
em

ber and Ruisbroek Sand M
em

ber) 
which span the sam

e transition in three boreholes : the 
Nieli lorehole 43 W

-270 (stratotype of the Ruisbroek Sand 
M

em
ber), the H

ingene-W
intham

 borehole 42E-212 
(stratotype of the W

intham
 Silt M

em
ber) and the 

Terhagen borehole 58W
-213. These new

 investigations

are com
plem

entary to the detailed nannofossil biostra­
tigraphy presented by Steurbaut (1986 and 1992) and to 
his sequence-stratigraphical interpretation of the Eocene- 
O

ligocene transitional deposits in the Belgian basin 
(Steurbaut, 1992).
From

 the present study, it appears thai the K
allo borehole 

27E-148 is a good reference section for the Eocene- 
O

ligocene transition in the southern N
orth Sea basin.

2. B
IO

S
T

R
A

T
IG

R
A

P
H

IC
 R

E
S

U
L

T
S

2.1. K
A

LLO
 B

O
R

EH
O

LE 27E-148 (Figure 2) [ali 
tables at end of text]

2.1.1. Sam
ples and investigation techniques

D
e C

oninck (1995) already exam
ined the Eocene- 

O
ligocene transitional deposits in the K

allo borehole 
in four sam

ples only, taken at -115 m
, -108 m

, -98 m
 

and -91 m
. The m

ore detailed study presented here is 
based on the exam

ination of sixteen sam
ples : -115 m

, 
-112.1 m

, -U
l m

, -110.5 m
, -H

O
 m

, -109.5 m
, -108.2 

m
, -108 m

, -107 m
, -106 m

, -100 m
, -98 m

, -97 m
, -96 

m
, -94 m

 and -92.6 m
. A

ccording to Steurbaut (1992, 
fig. 7), this series of sam

ples represents the top part of
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Figure 1. Localisation of the boreholes of Kallo, Hingene-W
intham

, Niei and Terhagen.

the Bassevelde Sand M
em

ber (-115 m
 and -112.1 m

), 
the W

atervliet Clay M
em

ber (-III m
 and -110.5 m

), 
the W

intham
 Silt M

em
ber (-1 IO m

?, -109.5 m
), the 

Ruisbroek Sand M
em

ber (-108.2 m
 up to -96 m

), the 
Boom

 Clay Form
ation (probably Belsele-W

aas Clay 
M

em
ber) (-94 m

 and -92.6 m
) (see Figure 2). The sam

­
pling gap betw

een -106 m
 and -100 m

 could not be 
filled because no m

aterial w
as available from

 that part.

Table 1 presents the distribution of the Chlorophyceae, 
D

inophyceae, Prasinophyceae and A
critarcha in the 

exam
ined section. Frequencies are indicated by the fol­

low
ing sym

bols :
. sporadic <0.2 %

; : rare >0.2 %
 to 0.7 %

; I infrequent 
>0.7 %

 to 3 %
; II frequent >3 %

 to IO %
; X

 com
m

on 
>10  %

 to 25 %
; X

X
 abundant >25 %

.
The letters J, C, P, Y

 or L in front of certain taxa indi­
cate rew

orking from
 respectively Jurassic, Cretaceous, 

Palaeocene,  Y
presian or Lutetian deposits. A

t the end 
of Table 1 are indicated the num

bers of species rew
orked 

from
 these older deposits, and the num

bers of species 
considered as having been produced during the sedi­
m

entation of the deposits.

Fluctuations of the absolute num
ber of rew

orked spe­
cies, w

hich in fact show
 the sam

e tendencies as the 
changes of the sum

m
ed relative frequencies of these

laxa,  give us a clue for the interpretation of changing 
intensities of erosion or of changing eustadc sea-lev­
els. The occurrence at a few

 levels of rather frequent 
Pediastrum

 (fresh w
ater planktonic green algae) can 

help us to decide for certain interpretations. Relative 
frequencies of the rew

orked taxa and of Pediastrum
 are 

aiso presented apart in Table 3; the fluctuations of the 
num

bers of rew
orked species and high frequencies of 

Pediastrum
 are indicated in Figure 3.

Presence and frequency changes of plant tissue frag­
m

ents in the residues are not listed, because these w
ere 

not recorded system
atically but they w

ill be m
entioned 

in the interpretation of the results.

2.1.2. Significant changes in the series of assem
­

blages from
 the K

allo borehole

A
m

ong the dinocysts considered as contem
poraneous 

w
ith the sedim

entation, a series of taxa w
ere selected 

w
hich m

ight be useful for biostratigraphic application 
in the Eocene-O

ligocene transitional deposits of the 
southern N

orth Sea basin. Their distribution in the K
allo 

section is indicated in Table 2.
These selected species are used to correlate biostra- 
tigraphically the lithostratigraphical units defined by 
Steurbaut (1986 and 1992) in the N

iei borehole 43 W
-
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Figure 2. Lithology and lithostraligraphy of the studied borehole sections; biostratigraphic correlations.

'70 and in the H
ingene-W

intham
 borehole 42E-212 

vith the K
allo section (Figure 2).

Vpart from
 these correlations, som

e accelerated or sud- 
len changes in the com

position of assem
blages of sig- 

lificant laxa can reflect eventual decrease or interrup- 
ions of sedim

entation, rem
oval of deposits or chang- 

ng hydrographical conditions affecting the southern 
N

orth Sea basin.
V

hen one exam
ines Table 2, one notices a sudden 

hange betw
een -109.5 m

 and -108.2 to -108 m
 : 

kt -109.5 m
 are recorded the last occurrences of 

1 reosphaeridium
 diktyoplokus (rather frequent), 

Cerebrocysta bartonensis, H
eteraulacacysta porosa, 

M
em

branophoridium
 aspinatum

 form
a A

, Rhom
- 

w
dinium

 perforatum
, H

om
otryblium

 caliculum
 and 

R
hom

bodinium
 glabrum

. O
ther species such as 

Charlesdow
niea clathrata-coleothrypta, G

laphyw
cysta 

iff. inculta are still found in som
e higher levels but only 

poradically. Im
pletosphaeridium

 sp. aff. 1. sp. A
 - 

R
eticulatosphaeral sp. A

 is recorded a last tim
e at -

108.2 m
.

In -108.2 m
 to -108 m

, one encounters the first 
Im

pagidinium
 m

aculatum
, G

erlachidium
 spp. indet., 

H
ystrichokolpom

a aff. cinctum
, G

erdiocysta Conopeum
 

and O
perculodinium

? sp. cf. O. placitum
. M

em
brano- 

phoridium
 aspinatum

 form
a B and Selenopem

phix 
selenoides, w

hich w
ere sporadically recorded at som

e 
deeper levels, are regularly found at -108.2 m

 and 
higher. The sudden change betw

een -109.5 m
 and -108.2 

m
 is aiso m

arked by a sharp decrease of rew
orked 

M
esozoic (Jurassic and Cretaceous) dinocyst taxa and 

by the sudden appearance of frequent Pediastrum
 (fresh­

w
ater green algae) (Table 3 and Figure 3). I w

ill try to 
give an interpretation of this event after having corre­
lated the N

iei-, H
ingene-W

intham
- and Terhagen sec­

tions w
ith the K

allo section.

A
bove -108 m

, the changes am
ong the significant taxa 

are rather gradual up to level -97 m
.

Betw
een -97 m

 and -94 m
, one notices an accelerated 

change involving the disappearance of H
ystri-
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chokolpom
a aff. cinctum

, a rarefaction of M
em

bra- 
nophoridium

 aspinatum
 form

a C, a tem
porary rarefac­

tion of W
etzeliella sym

m
etrica, V

ozzhennikovia 
cearaichia and R

eticulatosphaera? sp. A
. M

em
brano- 

phoridium
 aspinatum

 form
a D

 first appears at -97 m
 

and disappears already above -92.6 m
. A

chilleodinium
 

aff. biform
oides (only once recorded at -107 m

) and 
Vozzhennikovia spinula are observed in -96 m

 and ali 
higher levels.
Chiropteridium

 spp. and H
orologiina! sp. 1 m

ake 
their first appearance at -94 m

. A
pteodinium

 spiridioides 
is recorded at -94 m

 only, but rather frequently. 
C

harlesdow
niea lim

itata is sporadically recorded at - 
94 m

 only.
These changes betw

een -97 m
 and -94 m

 correspond 
w

ith a certain decrease of the num
bers of rew

orked laxa, 
w

hich attained a sudden peak at -97 m
 (Table 3 and 

Figure 3). Further discussion of the changes betw
een - 

97 m
 and -94 m

 is delayed, until after the section deal­
ing w

ith the correlation of the N
iei-, H

ingene-W
intham

- 
and Terhagen deposits w

ith the K
allo section.

2.2. N
IEL B

O
R

EH
O

LE 43W
-270 (Figure 2)

Steurbaut (1986, p. 55 and Table 2) defined the 
Ruisbroek Sand M

em
ber in the N

iei borehole as oc­
curring betw

een -29.50 m
 and -13.20 m

 below
 the sur­

face. A
t -29.50 m

, a sharp boundary corresponds w
ith 

the top of the W
atervliet C

lay M
em

ber. In 1992, 
Steurbaut (p. 289, 295 and figure 2) reduced the 
R

uisbroek Sand M
em

ber in its stratotype, the N
iei 

borehole, to a som
ew

hat thinner part of the section, 
betw

een -27.25 m
 and -13.20 m

 : he intercalated be­
tw

een -29.50 m
 (top of the W

atervliet Clay M
em

ber) 
and -27.25 m

 (base of the new
ly delim

ited Ruisbroek 
Sand M

em
ber) a new

 unit, the W
intham

 Silt M
em

ber, 
of w

hich the stratotype w
as chosen in the H

ingene- 
W

intham
 borehole 42E-212.

Five sam
ples have been exam

ined in the N
iei section : 

-30.00 m
 (top part of the W

atervliet Clay M
em

ber), - 
29.30 m

, -28.5 to -28 m
, -27.80 m

 (W
intham

 Silt M
em

­
ber) and -27.25 m

 (base of the Ruisbroek Sand M
em

­
ber).
Several of the taxa w

hich, after the study of the K
allo 

section, are considered as potentially significant for 
biostratigraphic correlations, have been recorded in the 
sam

ples from
 N

iei. Their occurrence is presented in 
Table 4.

A
 com

parison of these occurrences w
ith the distribu­

tion in the K
allo borehole (Table 2) reveals that the 

groups of significant species, at -30.00 m
 (top part of 

the W
atervliet Clay M

em
ber) and at -29.30 m

, -28.5 to 
-28 m

, and -27.80 m
 (W

intham
 Silt M

em
ber) w

hich 
differ only slightly from

 each other, characterize m
ore 

precisely the assem
blages at-110.5 m

 and at-1 IO m
 in 

the  K
allo borehole. Biostratigraphicaily no significant

change (e.g. hiatus or the effect of a hydrographical 
change) is detected betw

een the W
atervliet Clay M

ej 
her and the W

intham
 Silt M

em
ber in the N

iei boreho

H
igher in the sequence how

ever, the difference betw
een 

the assem
blage at -27.80 m

 (top part of the W
intham

 
Silt M

em
ber) and the one at -27.25 m

 (low
erm

ost part 
of the Ruisbroek Sand M

em
ber) is striking : the si 

nificant species com
position at -27.25 m

 corresponds 
best w

ith the one found in the K
allo borehole at -100 m 

and -98 m
. A

s no sam
ples for exam

ination we 
disponible from

 the K
allo borehole betw

een -106 ani 
100 m

, w
e think that the base of the R

uisbroek Sand 
M

em
ber at N

iei can only im
precisely be correlated wi ih 

a part of the K
allo section som

ew
here betw

een -106 
and -98 m

. This m
eans that in the N

iei borehole there 
exists a hiatus betw

een the W
intham

 Silt M
em

ber and 
the Ruisbroek Sand M

em
ber. This hiatus is represent . 

at K
allo by at least 3 m

eters and at m
ost IO m

eters 
sedim

ents.

2.3. H
IN

G
EN

E-W
IN

TH
A

M
 B

O
R

EH
O

LE 42E-2I2 
(Figure 2)

Steurbaut (1992, p. 289,295 and fig. 2) has désignait 
this H

ingene-W
intham

 borehole as stratotype of tl 
W

intham
 Silt M

em
ber w

hich rests w
ith a sharp bound 

ary at -30.00 m
 on the W

atervliet Clay M
em

ber, and 
follow

ed at -27.55 m
 by the Ruisbroek Sand M

em
ber, 

Three sam
ples have been exam

ined in the H
ingen 

W
intham

 borehole : -29.95 m
 (low

erm
ost part of tl 

W
intham

 Silt M
em

ber) and -27.95 m
 (top part of tl 

W
intham

 Silt M
em

ber), and -26.95 m
 (low

er part of 
the R

uisbroek Sand M
em

ber). The biostratigraphicall v 
significant taxa iii these three sam

ples are indicated 
Table 5.

A
t -29.95 m

 and -27.95 m
 (W

intham
 Silt M

em
ber) the 

assem
blages of significant species suggest a correi; 

tion w
ith -U

l to -109.5 m
 in the K

allo borehole. A 
sim

ilar species com
position has aiso been encountered 

in the top of the W
atervliet Clay M

em
ber and in tile 

W
intham

 Silt M
em

ber of the N
iei borehole 43W

-270 
(see higher). The assem

blage at -26.95 m
, from

 the 
R

uisbroek Sand M
em

ber som
e 60 cm

 above its bas' 
presents severa! significant species : G

laphyrocysi 
sem

itecta, W
etzeliella sym

m
etrica, M

em
brane 

phoridium
 aspinatum

 form
a C and a form

 w
hich seen 

interm
ediary betw

een our Svalbardella sp. indet. an 
Palaeocystodinium

 golzow
ense aie regularly encoui 

tered. V
ozzkennikovia cearaichia and R

eticulate 
sphaera? sp. A

 appear only sporadically. O
nly a fe 

A
chilleodinium

 aff. bifonnoides and Chiropteridium
 sj 

indet. are recovered. A
part from

 the tw
o last specie 

no M
em

branosphaeridium
 aspinatum

 form
a D

 nor oth( 
significant species w

hich appear at K
allo -97 m

 or 
higher are found in the assem

blage.
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VIonI of the significant species m
entioned can be found 

toother at K
allo from

 -106 Io -98 m
. The relatively 

fret)uent SvalbardeU
a-Palaeocystodinium

-like speci­
m

ens suggest a correlation w
ith the low

er part of this 
interval. O

nly the presence of som
e Chiropteridium

 
specim

ens, never recorded at these levels at K
allo, 

where this form
 is found a first tim

e at -94 m
, is con­

tusing. The W
intham

-H
ingcne assem

blage at -26.95 m
 

millii! eventually give evidence of an earlier short term
 

appearance of Chiropteridium
, w

hich in thai case was 
fK)( observed in the K

allo traject because of sam
pling 

gaps.
A correlation of-26.95 m

 w
ith som

e level at K
allo be­

tween -106 and -100 m
, rather close to -106 m

, seem
s 

run ei iheless the best option, especially w
hen one con­

sider'- aiso the data from
 lithostratigraphic and calcare­

ous nannoplankton studies by Steurbaut (1986, table 2 
. 1999, fig. 2 and p. 297). In our Figure 2 the last occur­
rences of the nannofossil species Lanternithus m

inutus 
and Reticulofenestra um

bilica are indicated in the three 
boreholes.

The proposed correlation corresponds approxim
ately 

willi ihe one concluded for the base of the Ruisbroek 
Sand M

em
ber in the N

iei borehole. If correct, it re­
; again a certain hiatus betw

een the W
intham

 Silt 
M

em
ber and the Ruisbroek Sand M

em
ber, apparently 

a m
arked break of continuity in the type area of the 

Rupelian.

2.4. TER
H

A
G

EN
 B

O
R

EH
O

LE 58W
-213 (Figure 2)

Steurbaut (1986, p. 58) had designated this Terhagen 
borehole as a parastratotype for the Ruisbroek Sand 
M

em
ber. A

fter having introduced the W
intham

 Silt 
M

em
ber (Steurbaut, 1992, p. 295), the succession of 

lithostratigraphic units in the Terhagen borehole w
as 

interpreted by Steurbaut (ibid., fig. 2) as follow
s : the 

boundary betw
een the W

atervliet Clay M
em

ber and the 
W

intham
 Silt M

em
ber is situated at about -37.80 m

, 
the boundary betw

een the W
intham

 Silt M
em

ber and 
the overlying R

uisbroek Sand M
em

ber at -37.0 m
.

O
rganic-w

alled phytoplankton has been exam
ined in 

tw
o sam

ples : -38.50 m
 in the m

iddle of the W
atervliet 

Clay M
em

ber, and -37.55 m
 in the m

iddle of the 
W

intham
 Silt M

em
ber. The biostratigraphicaily signifi­

cant species recorded in both sam
ples are indicated in 

Table 6.

The significant species association recorded at -38.50 
m

 is found in the K
allo borehole betw

een -115 and - 
111m

. The association at -37.55 m
 corresponds best 

w
ith these from

 -U
l m

 to -109.5 m
 in the K

allo 
borehole. O

nly little differences exist betw
een both 

associations of significant species, indicating once m
ore 

that betw
een the W

atervliet Clay M
em

ber and the

W
intham

 Silt M
em

ber no biostratigraphical hiatus can. 
be detected.

3. T
E

N
T

A
T

IV
E
 IN

T
E

R
P

R
E

T
A

T
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N
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The data obtained from
 the boreholes N

iei, H
ingene- 

W
intham

 and Terhagen are valuable for the interpreta­
tion of the changes observed in the K

allo borehole (Ta­
ble 3 and Figure 3).

0123456789 !0

Figure 3. Num
bers of reworked dinocysl taxa and frequencies 

of Pediastrum
 in the Kallo section.

-115 up to -109.5 m
There are no significant changes in the com

position of 
the contem

poraneous organic-w
alled phytoplankton as­

sem
blages from

 the top part of the Bassevelde Sand 
M

em
ber over the W

atervliet Clay M
em

ber to the Iop o f 
the W

intham
 Silt M

em
ber. N

o biostratigraphic hiatuses 
can be detected betw

een these units. W
hen one exam

­
ines the assem

blages of the W
atervliet C

lay and 
W

intham
 Silt M

em
bers in the N

iei- and Terhagen 
boreholes, one can not differentiate them

 on their con­
tents of contem

poraneous phytoplankton. The assem
-
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blages contain the sam
e significant species as those in 

K
allo betw

een  -115 and -109.5 m
.

U
nlike the m

onotony of the com
position of significant 

species, one notices in this part of the K
allo traject a 

m
arked contrast betw

een the low
 frequencies of re­

w
orked phytoplankton at -115 m

 and -112.1 m
, on the 

one hand, and their high frequencies, especially of 
M

esozoic taxa, from
 -1 U

m
 up to-109.5 m

, on the other 
hand. Betw

een both parts of the traject, I observed aiso 
the absence of plant tissue fragm

ents in -115 m
 and - 

112.1 m
, follow

ed by their presence, although not fre­
quent, in -111 m

 up to -109.5 m
. These differences can 

be explained by a suddenly low
ered sea level. The re­

w
orked taxa (as w

ell m
ore diverse as m

ore frequent) 
offer evidence of intensified erosion, w

hile the pres­
ence of plant tissue fragm

ents indicates the nearness of 
the coast during the sedim

entation of the W
atervliet 

Clay and W
intham

 Silt M
em

bers.

In the preceeding period, w
hen the top part of the 

Bassevelde  Sand M
em

ber w
as deposited (-115m

 and - 
112.1 m

), the sea level w
as probably still high, erosion 

of older deposits negligible and the coast far aw
ay as 

m
arine sedim

ents of this age are present at O
ret, Entre- 

Sam
bre-et-M

euse, about 100 km
 to the south of the 

Rupel type-area. The low
er sea level w

hich follow
ed (­

III m
 up to -109.5 m

), enhanced erosion probably of 
coastal cliffs to the w

est or north-w
est of the Belgian 

basin. The eroded m
aterial was probably carried tow

ards 
the K

allo area by currents, w
hich in the N

orth Sea ba­
sin are norm

ally counterclockw
ise. M

aybe the regres­
sion w

as not the only cause of the erosion of 
unw

eathered deposits in w
hich m

icrofossils w
ere w

ell 
preserved. Ziegler (1990, p. 150 and 161) sum

m
arises 

som
e studies revealing a Late Eocene-O

ligocene phase 
of regional uplift w

hich affected, am
ong others, the 

region of Y
orkshire, its eastern prolongation tow

ards 
the Sole Pit basin, aiso the Channel, the Celtic Sea and 
other parts of England. W

e do not know
 if that phase is 

coeval w
ith any part of the Eocene-O

ligocene transi­
tional deposits studied here. A

nyw
ay, a cum

m
ulative 

effect of an eventual regional uplift to the w
est or north­

w
est of the basin and the low

ered sea level could ex­
plain m

ore easily the erosion of M
esozoic rocks from

 
w

hich the rew
orked m

icrofossils cam
e.

In the W
atervliet Clay and W

intham
 Silt of the Rupel 

type-area rew
orked dinocysts are less frequent and less 

diverse than in the corresponding deposits at K
allo. N

o 
doubt, the distribution of rew

orked m
icrofossils in the 

Belgian basin w
as confined to the course follow

ed by 
the current carrying eroded m

aterial.

Transition from
 -109.5 m

 to -108.2 and -108 m
 

This transition is m
arked by a prom

pt substitution of 
significant taxa (see higher) probably reflecting a tem

­

porary break or strong decrease of the sedim
entation 

Furtherm
ore, the num

ber of rew
orked M

esozoic 
dinocysts declines drastically and fresh-w

ater green 
algae Pediastrum

 appear suddenly and frequently m .
108.2 and -108 m

 w
hile plant-tissue fragm

ents becom
e 

m
ore frequent.

The reduction or break of sedim
ent supply can reflect 

a tem
porary rise of the sea-level relative to the nearby 

coastal regions. If so, drainage of the coastal plain be­
cam

e first of ali less effective and freshw
ater lakes m

ay 
have form

ed. W
hen the further rising sea finally in­

vaded the coastal plain area, plant tissues and 
Pediastrum

 from
 the lakes and from

 their botti"" 
sedim

ents w
ere redistributed on the sea bottom

.

In the N
iei- and H

ingene-W
intham

 boreholes, no de­
posits corresponding to this supposed sea-level rise are 
found; instead a hiatus is detected betw

een the W
intham

 
Silt M

em
ber and the R

uisbroek Sand M
em

ber, pri 
ably not an erosional one but rather one m

arking the 
absence of sedim

entation. If w
e m

aintain the proposed 
m

odel of tem
porarily rising sea-level and regional 

palaeogeographic evolution based on the observata 
in the K

allo section betw
een -109.5 m

 and -108.2 Io - 
108 m

, the sea-level rise affected only a restricted arca 
and w

as thus relatively lim
ited. The sudden fall of the 

num
ber of rew

orked species betw
een -109.5 m

 and
108.2 m

 (before their renew
ed but less pronounced in­

crease at -107 m
 and -106 m

) m
ay be explained, not 

only by the slight sea-level rise but aiso by a change in 
position of the currents carrying the rew

orked m
ate­

rial. The discontinuity at this transition is m
uch m

ore 
im

portant than the earlier or later changes observed in 
this study of the Late Eocene-Early O

ligocène depos­
its. It corresponds furtherm

ore w
ith the disappearance 

of A
reosphaeridium

 diktyoplokus, a w
idely observed 

biostratigraphic event w
hich is a reliable candidate for 

the determ
ination of the Eocene-O

ligocene boundary.

-107 m
 and -106 m

A
fter the form

er particular interm
ezzo, sedim

entation 
w

ent on in the K
allo area only, because no tim

e-equiva­
lent deposits are found in the Rupel type-area. A

 num
ber 

of rew
orked taxa are again recorded in -107 and -106 

m
, w

hile Pediastrum
 disappears and plant tissue frag­

m
ents becom

e less frequent. M
aybe currents w

ith re­
w

orked m
icrofossils affected again m

ore or less the 
K

allo area. The presence of Svalbardella sp. indet. in - 
106 m

 only, is w
orth m

entioning as the genus is char­
acteristic of relatively cold w

ater, according to H
ead & 

N
orris (1989, p. 533).

-106 m
 to -100 m

A
s no sam

ples could be studied betw
een -106 m

 and - 
100 m

, data are lacking. In the Rupelian type-area sedi­
m

entation probably started again at som
e tim

e in l he 
course of deposition of this interval.
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.U
lO

ni io -98 m
Between both levels, the num

ber of rew
orked M

esozoic 
taxa dim

inishes only slightly and at -98 m
 Pediastrum

, 
only sporadically found at -100 m

, becom
es relatively 

frequent. These m
oderate changes reflect probably a 

slight sea-level rise and a redistribution of som
e invaded 

coastal plain fresh-w
ater deposits.

Ir.insition from
 -98 m

 to -97 m
At -97 rn w

e note an im
pressive increase of Jurassic 

and Cretaceous m
icrofossils in the assem

blage. The 
sudden aniva! of this rew

orked m
aterial is probably the 

result of a regression. In the Ruisbroek Sand M
em

ber 
studied in boreholes near the m

outh of the Rupel river, 
Steurbaut (1992, figs. 3 and 4) found traces of a regres­
sion m

arking the transition of subsequence A
( to sub­

sequence A
r This regression m

ay have been im
portant 

enough to explain the increase of rew
orked form

s. The 
iop of subsequence A! is, according to Steurbaut (ibid., 
p 297 and Fig. 3), characterized by the last occurrence 
of the calcareous nannoplankton species Lanternithus 
m

inutus, w
hich w

as indeed found at -97 m
 (see 

Steurbaut, 1986, Table 1).

•%
 io -94 m

At -96 m
 the num

ber of rew
orked form

s decreases. It 
possibly reflects a rising sea-level, eventually corre­
sponding to the flouding surface 2 in subsquence A

2, 
according Io the sequence-stratigraphical interpretation 
by Sieurbaut (1992, fig. 7).
At -94 m

 appear four species : A
pteodinium

 spiruloides, 
Charlesdow

niea lim
itata, Chiropteridium

 spp. indet. 
and U

orologinellal sp. 1. The frequency of Vozzhen­
nikovia spinula, w

hich w
as first recorded sporadically 

at -96 m
, increases clearly at -94 m

.
Tile change observed betw

een -96 and -94 m
 corre­

sponds in fact w
ith the transition at -95.5 m

 of the 
Ruisbroek Sand M

em
ber (N

iei Sand Form
ation) to the 

Belsele-W
aas Clay M

em
ber (Boom

 Clay Form
ation). 

U follow
s here im

m
ediately the last occurrence of the 

calcareous nannoplankton species R
eticulofenestra 

lea (see Steurbaut, 1986, Table 1).

-*M Im -91 m
Hi oro are no significant changes to m

ention am
ong the 

eding assem
blages in the B

elsele-W
aas C

lay 
M

em
ber.

4. < IN
C

L
U

S
IO

N

I roni the distribution of dinoflagellale cyst species pro­
duced by the plankton at the tim

e of sedim
entation of 

assevclde Sand M
em

ber, the W
atervliet Clay 

M
em

ber and the W
intham

 Silt M
em

ber, it is obvious 
dial biostratigraphicaily there are no significant hiatus 

en these three lithostratigraphic units.

The sharp lithological boundary betw
een the W

atervliet 
Clay M

em
ber and the W

intham
 Silt M

em
ber in the N

iei, 
H

ingene-W
intham

 and Terhagen boreholes, w
ith locally 

deep bioturbations descending from
 the W

intham
 Silt 

in the W
atervliet Clay, does not represent a long-tim

e 
interruption of sedim

entation betw
een both units.

In the W
atervliet Clay and W

intham
 Silt Form

ations 
the appearance of plant tissue fragm

ents and especially 
at K

allo of m
any rew

orked dinocysts in the assem
blages 

indicates a sea-level drop and the resulting approach of 
the coast; this in contrast w

ith the earlier high sea-level 
and rem

ote coast during sedim
entation of the 

Bassevelde  Sand M
em

ber. A
 m

ajor change of the as­
sem

blages, w
ith am

ong others the disappearance of 
A

reosphaeridium
 diktyoplokus, is noted at the transi­

tion from
 the W

intham
 Silt M

em
ber to the overlying 

R
uisbroek Sand M

em
ber. Probably sedim

entation 
stopped for a w

hile or becam
e very lim

ited in the K
allo 

area as a result of a slight rise of the sea-level w
hich 

m
ust  have hindered tem

porarily drainage of the nearby 
coastal plain. Indeed, subsequent invasion by the sea 
redistributed freshw

ater deposits w
ith their Pediastrum

 
and plant tissue fragm

ents. A
t the m

ean lim
e the Rupel 

type-area w
as tem

porarily excluded from
 further sedi­

m
entation. D

uring this interval of slow
ly rising sea-level 

and restricted sedim
entation, about four or a little m

ore 
m

eters of deposits w
ere laid dow

n in the K
allo area 

w
here som

e colder w
ater influx seem

s Io have occurred, 
indicated by the presence of Svalbardella at K

allo - 
106 m

. Soon afterw
ards, the sedim

entation of the 
Ruisbroek Sand M

em
ber spread into the Rupel type- 

area. There nearly the sam
e lithological changes and 

calcareous nannofossil successions are observed as in 
the rem

aining Ruisbroek Sands at K
allo. A

t K
allo -97 

m
 the sudden increase of the num

ber of rew
orked 

dinocysts in the assem
blage indicates a regression cor­

responding w
ith the transition of subsequence A, to 

subsequence A
r A

t K
allo -96 m

 the decreasing num
ber 

of rew
orked dinocysts m

ay indicate a transgression 
w

hich eventually corresponds w
ith the flooding sur­

face 2 in subsequence A
r The boundary betw

een the 
Ruisbroek Sand M

em
ber and the Belsele-W

aas Clay 
M

em
ber is situated at K

allo -95.5 m
 and accom

panied 
by a relatively m

arked change of the assem
blages, al­

though less pronounced than the change at the bound­
ary betw

een the W
intham

 Silt M
em

ber and the 
Ruisbroek Sand M

em
ber, w

hich reflects the m
ost im

­
portant discontinuity in sedim

entation - underlined by 
a hiatus in the Rupelian stratotype area - and in succes­
sion of dinocyst-assem

blages in the Late Eocene-Early 
O

ligocène sequences of N
orth-w

estern Belgium
.
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5. R
E

M
A

R
K

S
 O

N
 C

E
R

T
A

IN
 T

A
X

A
 N

O
T

 
Y

E
T
 C

O
M

M
E

N
T

E
D
 O

N
 IN

 E
A

R
L

IE
R

 
S

T
U

D
IE

S
 B

Y
 T

H
E

 A
U

T
H

O
R

 
(D

E
 C

O
N

IN
C

K
, 1986 A

N
D

 1995)

A
chilleodinium

 aff. biform
oides (EISEN

A
CK

, 3 954) 
PI. 7, figs. 4 and 5

Rem
ark : O

ur specim
ens differ from

 A. biform
oides 

(EISEN
A

CK
, 1954, p. 68; pi. 11, figs. 16-20) by their 

elongate  shape.
D

im
ensions of the cyst body : 70 to 78 pm

 long, 45 to 
50 pm

 w
ide.

Elytrocysta breva STO
V

ER &
 H

A
RD

EN
BO

L 1994 
PI. 3, figs. 12, 13, 34 and 15.

Rem
ark : E. breva STO

V
ER &

 H
A

RD
EN

BO
L, 1994 

(p. 35; pi. 2, figs. 10-12) corresponds w
ith Elytrocysta! 

sp. B in D
e Coninck, 1995 (p. 85; pi. 1, figs. 10-11) 

and is larger than Elytrocysta? sp. A
 in D

e Coninck, 
1986 (p. 12; pi. 2, figs. 15-18).
D

im
ensions : betw

een 37 and 45 pm
.

G
erlachidium

! spp. indet.
PI. 2, figs. 6, 39 and 20.

Rem
ark ; O

ur G
erlachidium

l spp. indet. bear sm
all, 

short and capitate processes, som
e of w

hich are rela­
tively w

ide and flattened, especially these on the ante­
rior and posterior m

argin of the paracingulum
. The cysts 

general form
 is rather sim

ilar to that of Lejeunecysta 
spp. than to that of G. aechm

ophorum
 (BEN

ED
EK

, 
1972).
D

im
ensions of the cyst : 40 à 50 pm

 (tw
o specim

ens), 
60 à 65 pm

 (tw
o other specim

ens).

H
orologinellal sp. 1

PI. 2, figs. 11, 16 and 17.

Rem
ark : O

ur H
orologinellal sp. 1 are thin w

alled or­
ganism

s, w
ith a general form

 w
hich resem

bles a quad­
rangular pillow

 w
hich is som

ew
hat assypm

etrically in- 
vaginated at one of its sides. A

n attribution of this spe­
cies to the genus H

orologinella C
O

O
K

SO
N
 &

 
EISEN

A
CK

, 1962 (p. 271 ) em
end. STO

V
ER &

 EV
ITT, 

1978 (p. 53) em
end. BA

CK
H

O
U

SE, 1988 (p. 90) is 
questionable.
D

im
ension : 15 to 18 pm

.

H
ystrichokolpom

a aff. cinctum
 K

LU
M

PP, 1953 
PI. 4, figs. 1, 2 and 3.

Rem
ark : O

ur H
. aff. cinctum

 differ from
 the species 

(K
LU

M
PP, 1953, p. 389; pi. 17, figs. 3-5a-d) by their 

distally w
idening, m

ore tubiform
 processes.

D
im

ensions : 
cyst body : ± 50 pm
antapical process : about 30 to 40 pm

 long, 8 to 13 pm 
w

ide below
 its distal evasion.

pre- and post cingular processes : about 20 to 25 pm
 

long, IO to 15 pm
 w

ide below
 their distal evasion, 

paracingular and parasulcal processes : about 15 to 20 
pm

 long, 2 to 3 pm
 w

ide below
 their distal evasion.

H
ystrichokolpom

a aff. rigaudae D
EFLA

N
D

R
E &

CO
O

K
SO

N
, 1955 

PI. 1, figs. 15 and 16.

Rem
ark : O

ur H
. aff. rigaudae have an elongate cyst 

body, as our H
. cf. rigaudae (in D

e Coninck, 1986, p. 
13; pi. 4, fig. 5). The paracingular and parasulcal proc­
esses are relatively narrow

, but not as tenuous as in H. 
cf. rigaudae.
D

im
ensions :

cyst body : 42 to 50 pm
 long; 30 to 35 pm

 w
ide, 

antapical process : 25 to 30 pm
 long; 6 to 8 pm

 wide 
below

 its distal evasion.
pre- and postcingular processes : 15 to 22 pm

 long; 5 
to IO pm

 w
ide below

 their distal evasion, 
paracingular and parasulcal processes : about 1 to _ 
pm

 w
ide below

 their distal evasion.

Im
pletosphaeridium

 sp. aff. I. sp. A
 in D

e Coninck, 
1986-
R

eticulatosphaeral sp. A
 in D

e Coninck, 1995 
PI. 2, fig. 4.

Rem
ark : This form

 differs from
 our Reticulatosphaen 

sp. A
 in D

e Coninck, 1995 (p. 87; pi. 6, figs. 13-36) by 
the shorter and thinner filam

ents spreading from
 tl 

distally evased extrem
ity of the processes. It is not cle 

w
hether the filam

ents from
 neighbouring processes are 

connected w
ith each other or not. In Reticulatosphaen 

sp. A
 the filam

ents are stronger and connections are 
very clearly observed. The form

 m
ay be considered as 

a precursor of R
eticulatosphaeral sp. A

 and seem
s r 

lated to Im
pletosphaeridium

 sp. A
 in D

e Coninck, 1986 
(p. 15; pi. 5, figs. 16-19).
D

im
ensions :

cyst body : about 25 to 30 pm
.

processes : about 12 to 18 pm
 long, about 1 to 4 pm

w
ide in the m

iddle and 5 to 7 pm
 w

ide distally.

Litosphaeridium
! aff. m

am
ellatum

 D
E CO

N
IN

CK
1977
PI. 1, figs. 8, 9 and IO.

R
em

ark : L
.l aff. m

am
ellatum

 is considerably larg 
than the species described by D

e Coninck, 1977 (p. 4_ 
pi. 6, figs. 8-13). Its m

am
ella-like processes are rei 

tively flattened and enlarged. The w
all of the central 

cyst body is often invisible.
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dim
ensions :

cyst body : about 33 to 35 pm
.

processes  : 5 to 8 pm
 high, 20 to 26 pm

 w
ide.

Overall dim
ensions : about 45 to 55 pm

.

\h m
branophoridium

 aspinatum
 G

ERLA
CH

, 1961

The species w
as first described by G

erlach, 1961 (p. 
199: pi. 29, figs. 7, 8) in O

ligocène deposits of N
orth- 

ei n G
erm

any. In the Latest Eocene and Early O
ligocène 

deposits of the Belgian basin the m
orphology of M

. 
aspinatum

 changes m
ore or less gradually w

ith the age 
of the deposits. These changes can be expressed as a 
series of four form

s : 
priua A : 

PI. 1, figs. 1, 2, 3 and 4.
The central part of the dorsal and ventral surfaces of 
the cyst presents irregular thickenings of the peri- 
phragm

. These thickenings are m
ore frequent on the 

venlral surface than dorsally and com
pose in several 

specim
ens a kind of reticulum

; dorsally an allignm
ent 

in paracingular position, of these thickenings, is ob­
served in som

e specim
ens. 

janna B : 
PI. 3, figs. 1 up to 11.

Jiregularities of the w
all thickness, w

hich are seen in 
the central part of the dorsal and ventral cyst surfaces 
of Iol ina A

, have disappeared in form
a B.

'I he antapical extrem
ity of each lateral ventral flange, 

ally of the left one, is som
ew

hat m
ore protrud­

ing than the rest of the flanges. In som
e specim

ens the 
antapical extrem

ity of both dorsal and ventral lateral 
flanges is rather conical; the left ventral one again m

ost 
protruding.

C
 : 

PI. 6, figs. 1 up to 5.
Com

pared w
ith form

a B, the antapical protrusion of 
holli lateral ventral flanges is larger m

ore like a blunt 
;s. Especially the left one of these ventral protru­

sions is w
ell developed. In som

e specim
ens this left 

anlnpical process is only in its low
er part in connection 

willi ihe lateral flange, and has than a rather fluted ap­
pearance.

D
 : 

PI. 6, figs. 6 up to IO. PI. 7, fig. 8.
The distal border of the lateral flanges presents several 
concave incisions, m

ore frequent on the ventral flanges 
lhan on the dorsal ones. The incisions on the posterior 
pai t of the ventral flanges are in general w

ide and deep. 
A

ntapically, the lateral dorsal and ventral flanges are 
elongated into a distally closed and truncated process;

trally, these processes (especially the left one) are 
m

ore developed than dorsally and m
ay present som

e 
rudim

entary ram
ifications. The processes com

m
unicate 

y proxim
ally w

ith the corresponding lateral flange. 
hoi m

a D
 approaches C

hiropteridium
, in w

hich the 
iges are m

ore deeply incised and for their greater 
pan replaced by series of hollow

 processes, eventually 
com

m
unicating w

ith each other up to a certain heighth. 
M

orphotypes A
 and B of «Chiropteridium

 aspinatum
», 

cribedby Schindler, 1992 (p. 201-204, figs. 1,2, 3,

4, 5) seem
 to correspond w

ith form
a D.

Selenopem
phix! sp. 3 in H

ead &
 N

orris, 1989 
PI. 7, figs. 11, 12 and 13.

Rem
ark : This species w

as only figured by H
ead &

 
N

orris, 1989, pi. 7; figs. 4 and 8. They recorded it in 
the Early O

ligocène N
P22 Zone and basal part of the 

N
P23 Zone in the Labrador Sea borehole 647A.

Tectatodinium
! sp. cf. Filisphaera sp. A

 in H
ead, 

N
orris &

 M
udie, 1989 

PI. l,fig. 14.

R
em

ark : This species, resem
bling Tectatodinium

 
pellitum

 W
A

LL 1967 (p. 113; pi. 16, figs. 11-12), 
presents a granular periphragm

 of slightly uneven thick­
ness, appressed to a thin, hyaline endophragm

. In som
e 

specim
ens the apex and the m

argins of a paracingulum
 

are very w
eakly m

arked by slightly thicker periphragm
. 

A
 relation w

ith Filisphaera sp. A
 in H

ead, N
orris &

 
M

udie, 1989 (p. 435; pi. 7, fig. 1, 7, 11) seem
s likely. 

D
im

ensions :
cyst body : about 50 to 62,5 pm

. 
cyst w

all : about 1 to 2,5 pm
 thick.

X
enicodinium

! sp. indet.
PI. 1, figs. 11, 17 and 18.

Rem
ark : Solid, conical to blunt processes, at a dis­

tance of about 1 to 3 pm
 from

 each other, are scattered 
on the surface of a globular cyst. The cyst w

all is tw
o­

layered, w
ith a thin endophragm

 and an appressed 
thicker periphragm

. In one specim
en a precingular oper­

cular plate (3") is seen inside the cyst body; the 
archaeopyle seem

s how
ever larger than that one oper­

cular plate. O
ther specim

ens are often sliced. 1 have 
attributed this form

 tentatively to the genus X
eni­

codinium
 K

LEM
EN

T, 1960 (p. 53).
D

im
ensions :

cyst : 40 to 55 pm
endophragm

 : less than 1 pm
 thick.

periphragm
 : 1 to 2 pm

 thick.
processes : ±1 pm

 long and 1 pm
 w

ide.
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Figures 1, 2.
M

em
branophoridium

 aspinatum
 GERLACH, 1961 form

a A
K

allo-Ilo m
; slide 1. 500x.

Figures 3, 4.
M

em
branophoridium

 aspinatum
 GERLACH, 1961 form

a A
K

allo-109.5 m
; slide 1. 500x.

Figures 5, 6.
Glaphyrocysta aff. inculta (M

ORGENROTH, 1966)
K

allo-115 m
; slide 5. 500x.

Figure 7.
Rhom

bodinium perforatum
 (JAN DU CHENE and CHATEAUNEUF, 1975) 

K
allo-115 m

; slide 4. 500x.

Figures 8, 9.
Litosphaeridium

 ? aff. m
am

ellatum
 DE CONINCK, 1977

K
allo-108 m; slide 1. 500x.

Fig. IO.
Litosphaeridium

 ? aff. m
am

eïïatum
 D

E CONINCK, 1977
K

allo-108 m; slide 2. 500x.

Figure 11.
Xenicodinium

 ? sp. indet.
K

allo-106 m; slide 1. 500x.

Figure 12.
Rhom

bodinium
 draco GOCHT, 1955

K
allo-U

l m; slide 2. 500x.

Figure 13.
PaucUobim

orpha spinosa (COOKSON, 1965)
K

allo-1 IO m; slide 3. 500x.

Figure 14.
Tectatodinium

 ? sp. cf. Filisphaera sp. A in HAED, NORRIS and M
UDIE, 1989 

Kallo -92.6 m; slide 2. 500x.

Figure 15.
Hystrichokolpom

a aff. rigaudae DEFLANDRE and COOKSON, 1955
Kallo -106 m; slide 1. 500x.

Figure 16.
Hystrichokolpom

a aff. rigaudae DEFLANDRE and COOKSON, 1955
K

allo-107 m
; slide 1. 500x.

Figures 17, 18.
Xenicodinium

 ? sp. indet.
K

allo-92.6 m
; slide 3. 500x.
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 2

Figure 1.
Thalassiphora fenestrata LIENGJARERN, COSTA and DOW

NIE, 1980
K

allo-108.2 m; slide 1. 500x.

Figure 2.
Thalassiphora reticulata M

ORGENROTH, 1966
K

allo-110.5 m
; slide 1. 500x.

Figure 3.
Svalbardella sp. indet.
K

allo-106 m; slide 1. 50ûx.

Figure 4.
Im

pletosphaeridium
 sp. aff. I. sp. A in DE CONINCK, 1986 - Reticulatosphaera ? sp. A in DE CONINCK, 199£ 

Kallo -109.5 m
; slide 2. lOOOx. 

'

Figure 5.
Planoperidinium

 gracile DE CONINCK, 1986
K

allo-108.2 m; slide 2. 500x.

Figure 6.
Gerlachidium

 ? sp. indet. 
'

Kallo -100 m; slide 2. 500x.

Figures 7, 8.
Im

pagidinium
 m

aculatum
 (COOKSON and EISENACK, 1961)

K
allo-107 m; slide 2. 500x.

Figure 9.
Svalbardella sp. indet.
K

allo-106 m; slide 2. 500x.

Figure IO.
Svalbardella sp. indet.
K

allo-106 m; slide 1. 500x.

Figure 11.
Horologinella ? sp. 1
Kallo -92.6 m; slide 1. lOOOx.

Figures 12, 13.
Im

pagidinium
 torsium

 STOVER and HARDENBOL, 1994
K

allo-108.2 m; slide 1. 500x.

Figures 14, 15.
Im

pagidinium
 torsium

 STOVER and HARDENBOL, 1994
K

allo-108.2 m; slide 2. 500x.

Figure 16.
Horologinella ? sp. 1
K

allo-94 m; slide 1. lOOOx.

Figure 17.
Horologinella 7 sp. I 

•
Kallo -94 m; slide 1. lOOOx.

Figure 18.
Im

pletosphaeridium
 m

achaeroides STOVER and HARDENBOL, 1995
K

allo-110.5 m
; slide 2. 500x.

Figure 19.
Gerlachidium

 ? sp. indet.
K

allo-107 m; slide 2. 500x.

Figure 20 :
Gerlachidium

 aechm
ophontm

 (BENEDEK, 1972)
K

allo-98 m; slide 3. 500x.
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Figures 1, 2, 3.
M

em
branophoridium

 aspinatum
 GERLACH, 1961 form

a B 
K

allo-107 m; slide 1. 500x.

Figures 4, 5.
M

em
branophoridium

 aspinatum
 GERLACH, 1961 form

a B 
K

allo-108 m; slide 3. 500x.

Figures 6, 7.
M

em
branophoridium

 aspinatum
 GERLACH, 1961 form

a B 
K

allo-107 m; slide 2. 500x.

Figures 8, 9.
M

em
branophoridium

 aspinatum
 GERLACH, 1961 form

a B 
K

allo-106 m; slide 1. 500x.

Figures IO, 11.
M

em
branophoridium

 aspinatum
 GERLACH, 1961 form

a B 
K

allo-106 m; slide 1. 500x.

Figure 12.
Elytrocysta breva STOVER and HARDENBOL, 1994
Kallo -94 m

; slide 1. 500x.

Figure 13.
Elytrocysta breva STOVER and HARDENBOL, 1994
K

allo-100 m; slide 2. 500x.

Figure 14.
Elytrocysta breva STOVER and HARDENBOL, 1994
K

allo-92.6 m; slide 1. 500x.

Figure 15.
Elytrocysta breva STOVER and HARDENBOL, 1994
K

allo-94 m
; slide 1. 500x.
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Figure 1.
Hystrichokolpom

a aff. cinctum
 KLUM

PP, 1953
K

allo-107 m; slide 3. 500x.

Figures 2, 3.
Hystrichokolpom

a aff. cinctum
 KLUM

PP, 1953
K

allo-106 m; slide 1. 500x.

Figures 4, 5.
Gerdiocysta conopeum

 LIENGJARERN, COSTA and DOW
NIE, 1980

Kallo -98 m; slide 4. 500x.

Figures 6, 7.
Gerdiocysta conopeum

 LIENGJARERN, COSTA and DOW
NIE, 1980

Kallo -96 m; slide 1. 500x.

Figure 8.
Vozzhennikovia spinula STOVER and HARDENBOL, 1994
Kallo -96 m; slide 2. 500x.

Figure 9.
Selenopem

phix selenoides BENEDEK, 1972
K

allo-106 m; slide 1. 500x.

Figure IO.
Selenopem

phix selenoides BENEDEK, 1972
K

allo-96 m; slide 1. 500x.

Figures 11, 12.
Areoligera sem

icirculata (M
ORGENROTH, 1966)

K
allo-106 m

; slide 1. 500x.

Figure 13.
Selenopem

phix sp. aff. S. nephroides BENEDEK, 1972 - S. selenoides BENEDEK, 1972. 
K

allo-108 m
; slide 1. 500x.
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Figures 1, 2.
? Areoligera sem

icirculata (M
ORGENROTH, 1966)

Kallo -111m
; slide 3. 500x.

Figure 3.
Tuberculodinium

 vancam
poae (ROSSIGNOL, 1962)

K
allo-100 m; slide 2. 500x.

Figure 4.
Tuberculodinium

 vancam
poae (ROSSIGNOL, 1962)

Kallo -92.6 m
; slide 2. 500x.

Figure 5.
Caligodinium

 am
iculum

 DRUGG, 1970
K

allo-97 m; slide 1. 500x.

Figure 6.
W

etzeliella sym
m

etrica incisa GERLACH, 1961
Kallo -96 m; slide 1. 500x.

Figure 7.
Vozzhennikovia cearaichia STOVER and HARDENBOL, 1974 
K

allo-100 m; slide 1. 500x.

Figure 8.
Trigonopyxidiafiscellata DE CONINCK, 1986
Kallo -108 m; slide 3. 500x.

Figure 9.
Trigonopyxidia fiscellata DE CONINCK, 1986
K

allo-108 m; slide 4. 500x.

Figure IO.
Reticulatosphaera ? sp. A in DE CONINCK, 1995
Kallo -97 m; slide 1. lOOOx.

Figure 11.
W

etzeliella sym
m

etrica sym
m

etrica W
EILER, 1956

K
allo-106 m; slide 2. 500x.
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Figure 1.
Chiropteridium

 sp. indet.
Kallo -94 m

; slide 3. 500x.

Figures 2, 3.
Chiropteridium

 sp. indet.
Kallo -94 m

; slide 3. 500x.

Figures 4, 5.
Achilleodinium

 aff. biform
oides (EISENACK, 1954)

K
allo-94 m

; slide 3. 500x.

Figures 6, 7.
Apteodinium

 spiridoides BENEDEK, 1972
Kallo -94 m

; slide 1. 500x.

Figure 8.
M

em
branophoridium

 aspinatum
 GERLACH, 1961 form

a D 
K

allo-96 m
; slide 3. 500x.

Figures 9, IO.
Apteodinium

 spiridoides BENEDEK, 1972
Kallo -94 m

; slide 1. 500x.

Figure 11.
Selenopem

phix ? sp. 3 in HEAD and NORRIS, 1989
Kallo -92.6 m; slide 2. 500x.

Figures 12, 13.
Selenopem

phix ? sp. 3 in HEAD and NORRIS, 1989
Kallo -92.6 m; slide 2. 500x.
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Table 1. Distribution and frequencies of organic-walled phytoplankton taxa in the Kallo section.
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Kallo borehole: depth in meters below the surface 115 112.1 . III 110.5 . 110 109.5 108.2 108 . 107 106 . 100 98
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Table 2. Distribution in the Kallo section of dinocyst taxa considered to be biostratigraphicaily significant.
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Table 3. Distribution in the Kallo section of reworked dinocyst taxa and of Pediastrum
.
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T
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flÿ
j horing 43W

-27Q
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C
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G
laphyrocysta sem

itecta 
P
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R
hom

bodinium
 draco 

R
hom

bodinium
 perforatum

 
G
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T
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L
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lu

m
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hom
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-29.30
-28.5 to
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X
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Table 4. Distribution in the Niei 43W
-270 section of dinocyst laxa considered to be biostratigraphicaily significant.
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2E
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W
intham

 Silt
R

uisbroek S
and

-29.95
-27.95

-26.95

A
reosphaeridium

 diktyoplokus
X

X
C

erebrocysta bartonensis
X

H
eteraulacacysta porosa

X
X

M
em

branophoridium
 aspinatum

 form
a A

X
C

harlesdow
niea clathrata

X
X

G
laphyrocysta sem

itecta
X

X
X

R
hom

bodinium
 perforatum

X
X

G
laphyrocysta aff. inculta

X
L

ophocysta sp. indet.
X

X
T

halassiphora fenestrata
X

X
R

hom
bodinium

 glabrum
X

A
scostom

ocystis potane
?

P
ro

p
erid

in
iu

m
 gracile

X
S

elenopem
phix selenoides

X
G

erdiocysta C
onopeum

X
O

perculodinium
 sp. cf. 0

. placitum
X

A
reoligera sem

icirculata
X

S
vallardella sp. indet.

?
W

etzeliella sym
m

etrica
X

V
ozzhennikovia cearaichia

X
R

eticulatosphaera?. sp. A
?

X
M

em
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 form

a C
X

A
chilleodinium
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oides

X
C
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 sp.

X

Table 5. Distribution in the Hingene-W
intham

 42E-212 section of dinocyst taxa considered to be biostratigraphicaily significant

T
able 6

T
erhagen boring 58W

-213
W

atervliet C
lay

W
intham

 Silt
-38.50

-37.55
A

reosphaeridium
 diktyoplokus

X
X

H
eteraulacacysta porosa

X
M

em
branophoridium

 aspinatum
 form

a A
X

C
harlesdow

niea clathrata-coleothrypta
X

X
G

alphyrocysta sem
itecta

X
P

aucilobim
orpha spinosa

X
R

hom
bodinium

 draco
X

X
R

hom
bodinium

 perforatum
X

X
G

laphyrocysta aff. inculta
X

X
L

ophocysta sp. indet.
X

T
halassiphora fenestrata

X
X

T
halassiphora reticulata

X

Table 6. Distribution in the Terhagen 58W
-213 section of dinocyst taxa considered to be biostratigraphicaily significant.
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