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SAMENVATTING

Onderzoek van het fossiel mikroplankton met organische wand in
de Heers Formatie en de Landen Formatie (Paleoceen) in het ocoste-
1ijk landsgedeelte laat ons toe een voorlopige informele biostra-
tigrafische zonering te maken en deze te correleren met de dino-
flagellatenzonering van het Paleoceen in de Zwitserse Alpen.

ABSTRACT

The investigation of the fossil organic walled microplankton

in the Heers Formation and the Landen Formation (Paleocene) in
the eastern part of the country allows us to introduce an infor-
mal zonation and to correlate it with the dinoflagellate zonation
of the Paleocene of the Swiss Alps.

RESUME

L'étude des microfossiles a paroi organique dans la Formation de

Heers et la Forma;ion de Landen (Paléoc&ne) dans la partie est du
pays nous a permis d'8tablir une zonation biostratigraphique in-

form&le et de la corréler avec une zonation 3 base de dinoflagel-
18s du Paléocéne dans les Alpes suisses.

INTRODUCTION

Fossil organic walled microplankton, NETHERLANDS
mainly dinoflagellates cysts, have only
occasionaly (De Coninck et al., 1981) been N
studied in Belgian Paleocene deposits. 4

I had the opportunity to analyse fourteen

samples, three from theHeers Formation

and eleven from the overlying Landen ?;
0s

WEST-

Formation. The samples were taken in GERMANY

the Linter boring, the KS-22 boring
and the Overbroek and Wansin outcrops
(Figs. 1-7).

BELGIUM

The Linter Boning (Fig. 4)

Lambert codérd. : x = 194.160, Y = 168.000.
The Linter boring n° 105W-345 (Geological
Survey Belgium} is situated at Linter-
Oplinter. In this boring 76 m of deposits
have been cored. The upper 11 m are
Quaternary sediments. Below them one
encounters 38 m belonging to the Landen
Formation (Paleocene). Deeper, from

- 49 m to - 72.80 m, the deposits of

the Heers Formation (Paleocene) are found

with between - 49 m and - 68 m the Marls

lind d bet - 68 d .
8f7g?88nmezﬁeagand§ gzegrp. moan Fig. 1. Survey of the localities

(1) Geologisch Instituut - Labo. voor Paleontologie - Krijgslaan 281/58 - B-9000 Gent
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Figure 3. Map of samples in Maaseik area.
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Figure 5. Gelinden, Quarry Thewis, at Qverbroek
(after Moorkens, T., 1982, fig. 11).
Figure 4. Linter boring.
1 | H [
Below - 72.80 m a Cretaceous calcarenite is T- l l l
found. i l l ‘

We studied nine samples (- 11.50 m, - 21.20 m,
- 27.50m, - 33.80 m, - 41.4Z m, - 48.70 m,
- 59.50 m, - 63.50 m and - 69.50 m).

Gelinden, Quawwy Thewis, at Overbroek (Fig. 5)

Lambert codrd. : x = 213.350, y = 161.025.
The abandoned quarry of Mr. Albert Thewis

is situated in the hamlet of Overbroek,
village of Gelinden, about three km north-
west of the village of Heers.

In its lower part the quarry exposes the
Marls of Gelinden, in their type section,
which is also the stratotype of the Heer-
sian Stage (Moorkens, 1982, p. 32). I l I !
In the upper part of the quarry, the Tuffeau

de Lincent (Lower Landen Formatiom) crops l I l
out (from Moorkens, <bid.). We studied the ] ] }
sample OVb20 collected by Moorkens in 1969

about 2,5 m above the base of the Tuffeau e ] l ]
de Lincent. ' l ] l 1

“TUFFEAU

LANDEN
FORMATION

DE

LINCENT"

Wansin (Fig. 6) ‘ l l l

Lambert codrd. : x = 196.155, y = 151.850. owi¢ | | |
As the Tuffeau de Lincent is not anymore 0

exposed at the type locality, a new type

section has b%?gsgefined4§t Waﬁsin by

Moorkens, T. , P 34). The stratotype . .
is situated on the vglleyflank of the Wails)in Figure 6. MWansin (after De Geyter, G., 1981,
Brook and is easily accessible (De Geyter, section 3) .

1981, p. 116-117). From this section we have
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examined sample OW1, situated at the base
of the section.

Borning KS 22 (Fig. 7)

Lambert co6rd. : x = 238.787, y = 191,238.
The XS 22 boring n® 63E-222 (Geological
Survey Belgium) is situated at Opoeteren.
In the boring a very heavy clay belonging
to the Landen Formation is, according to
the well logs, overlain at - 243.50 m by
glauconitic, relatively coarse sands from
the Tongeren Formation. The sédimentary
gap between both formations corresponds

to the almost entire Eocene period. The
samples studied come from the Landen
Formation. WA3/PAS4, 1 is situated near
the contact between the Landen and Tonge-
ren Formations near - 243.55 m ; WA3/PAS 4,
2 is situated about 0.30 m below the first
sample. WA3/PAS 5 is situated at about

- 246.35 m.

Biozonation at the Linter boning

The studied section of the Linter bore-
hole contains well preserved dinoflagel-
late assemblages (Table 1). They allow
us to introduce an informal zonation ba-
sed on the first or last appearance of
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) sand

clay calcarenite

hard chert layers

several species. When comparing the 1i-
thostratigraphic division of the Linter
boring with these informal zones we see
that zone 1 corresponds with the Sands of
Orp (- 72.80 m - - 68.00 m), zone 2 with

the Marls of Gelinden (- 68.00 m - - 49.00 m),
4 and 5 are situated within

and that zones 3,
the Landen Formation,
- 11.00 m.

from - 49.00 m up to

ZONE 1

(sample - 69.50 m)

Within this zone we note the presence of
Ceratiopsis cf. striata, Comneximura fimbriatum,
Bosedinia laevigata, Deflandrea aff. D. denticu—
lata, Elytrocysta sp. itndet. , Palaeoperidinium
pyrophorum, Senegalinium cf. obscurum and? Per-
vosphaeridium truncigerum. This last species
does not appear any more in a higher level.

ZONE 2

(samples- 63.50 m and - 59.50 m)

The lower boundary of this zone is defined
by the first appearance of .Alisocysta margari-
ta, Ceratiopsis speciosa, Cordosphaeridium fibro-
spinosum, C. inodes, Millioudodinium ? spp. indet.,
Tanyosphaeridium spp. indet.

The upper boundary corresponds with the
last occurrence of Ceratiopsis cf. striata.
Within this zone one notes the disappea-
rance of Palaeoperidinium pyrophorum and the
appearance of Achomosphaera alctcornu, Oper—
culodinium microtriaing , Palaeocystodinium gol—
zowense and Thalassiphora delicata.

ZONE 3

(samples~ 48.70 m to - 33.80 m)

The first appearance of Achomosphaera ramli-
fera, Aveoligera senonensis, Caligodinium amiculum,
Cribroperidinium wetzelii, Deflandrea denticulata
subsp. minor, Fibrocysta axtalis and Hystricho-
strogylonmembraniphorum define the lower boun-
dary. In the base we note the abundance
of Ophiobolus lapidaris. Hafniasphaera septata,
Bystrichokolpoma unispinum, Kallosphaeridium bre-
vibarbatum and Phthanoperidinium crenulatum are
observed for the first time within zone 3.
In its upper part Cladopyxidium saeptum ap-
pears for the first time.

ZONE 4

(samples - 27.50 m and - 21.50 m)

Lower boundary defined by the first ap-
pearance of Cordosphaeridium gracile, Deflan~
drea oebisfeldensis and Fibrocysta bipolaris.
Caligodinium amiculum, Nematosphaeropsis reti—
culensis and Kallosphaeridium brevibarbatum
have their last appearance within this zone.
Cribroperidinium wetzelii, Millioudodinium ? Spp.
indet., and Phthanoperidinium crenulatum
disappear at the top of this zone.



Table 1 : Distribution and frequency of species in the Linter boring.

Depth in metres below the surface - 69.50/63.50}59.50148.70}41.42]33.80[27.50(21.50{11.50

Frequencies in percentages

CHLOROPHYCEAE KUTZING 1843
Pediastrum sp. 1.0 - = - - - - - -
Uvella nannae HANSEN 1980 - - - <1 - - - - -

DINOPHYCEAE FRITSCH 1929
?Achilleodinium biformdides (EISENACK 1954) - . - - <1 - - - - -
Achomosphaera alcicornu (EISENACK 1954) - - 1.0{ 4.0 6.7 - 4.2 2.5 3.6
A. cf. alcicornu <1 - - - - - - - -
A. ramulifera (DEFLANDRE 1937) - - - <1 <1 - <1 - <1
A. sagena DAVEY & WILLIAMS 1966 2.6 1.8 1.0] 3.0} <1 - - <1 -
A. aff. sagena - - - - <1 - - - -
A. cf. sagena - - - - <1 - - - -
A. spp. indet.- - -
Alisocysta margarita (HARLAND 1979) - 1.8
Amphorosphaeridium multispinosum (DAVEY & WILLIAMS 1966) - - - <1 - - - - -
A. cf. multispinosum - - - - - - <1 - -
Areoligera coronata (0. WETZEL 1933) <1 - - - - - - - -
A. cf. coronata - <1 - - - - - - -
A. senonensis LEJEUNE-CARPENTIER 1938 - - - 1.¢ 7.5 111.1 2.1 5.6 5.4
A. cf. senonensis - - - - 1.2 - - - -
A. sp. A - - - - <1 - - - <1
A. spp. indet. - - - - - - <1 - -
Bitectatodinium? sp. A. - - - < - - - - -
Bosedinia laevigata (JIABO 1978) <1 - - 1.9 - - - - -
Caligodinium amiculum DRUGG 1970 - - - <1 1.2 - <1 - -
Ceratiopsis speciosa (ALBERTI 1959) - <1 1.0} 1.1 2.0 3.7| 2.8 |12.5 8.1
C. speciosa subsp. glabra (GOCHT 1969) - - - - - - - 1.2 -
C. cf. striata (DRUGG 1967) 3.1 4.5} 111 - = - - - -
Cladopyxidium saeptum (MORGENROTH 1368) - - - - - 3.7 | 3.5 - -
Cometodinium cf. whitei <1 - - 2.6 | <1 - <1 <1 <1
Conneximura fimbriatum (MORGENROTH 1968) 2.6 2.7 - 1.9 1.2 - <1 - <1
Cordosphaeridium fibrospinosum DAVEY & WILLIAMS 1966 - 1.8 3.0] <1 2.8 - 2.8 3.8 2.3
C. gracile (EISENACK 1954) - - - - - - <1 - <1
C. inodes (KLUMPP 1953) - 10.8 2.0| 2.6 5.1 3.7 5.6 4.4 9.5
C. multispinosum a inodes - - - - <1 - - <1 -
cf. C. minimum (MORGENROTH 1966) - - - - - - <1 - -
C. inodes & fibrospinosum - - 2.0 - <1 - 2.1 - -
Cribroperidinium wetzelii (LEJEUNE-CARPENTIER 1939) - - - 4.8 1 12.6 - 6.3 5.0 -
Cyclopsiella cf. vieta DRUGG & LOEBLICH 1967 - - - - - - - - <1
Deflandrea denticulata ALBERTI 1959 <1 - - - L - - <1 3.4
D. aff. D. denticulata 3.6 - - 1.0 - - - - -
D. denticulata subsp. minor (DE CONINCK 1969) - - - 1.5 4 <1 3.7 4«1 - 1.4
D. oebisfeldensis ALBERTI 1959 - - - - - - <1 1.3 -
Diacrocanthidium echinulatum (DEFLANDRE 1937) - - - - - - - - |«
Dinogymnium spp. indet. - - - <1 - - -
Dinopterygium cf. cladoides DEFLANDRE 1935 - - - - <1 - - - -
Diphyes colligerum (DEFLANDRE & COOKSON 1955) 3.6 3.6 11.1 2.2 | <1 - 3.5 - 1.4
Exochosphaeridium phragmites DAVEY et al. 1966 - - 1.0| - - - - - -
Fibrocysta axialis (EISENACK 1965} - - - <1 3.9 - 3.5 1.9 1.4
F. bipolaris (COOKSON & EISENACK 1965) - - - - - - <1 - <1
Glaphyrocysta divaricata (WILLIAMS & DOWNIE 1966) <1 9.9 - - <1 - - 2.5 -
G. exuberans (DEFLANDRE & COOKSON 1955) - - - - - - <1 - <1
G. ordinata (WILLIAMS & DOWNIE 1966) 2

G. cf. ordinata 2.1 2.7 - - - - - - -
G. pastielsi (DEFLANDRE & COOKSON 1955} 1.6 5.4 6.1 <1 - - - 1.3 -
G. reticulosa {(GERLACH 1'961) - - 1.0 - - - - - -
Glyphanodinium facetum DRUGG 1964 - - - <1 <1 - - - -
Gonyaulacysta spp. indet. - - - - - - - - <1
Hafniasphaera septata (COOKSON & EISENACK 1967) - - - - 4.1 1.6} 2.8 11 2.3
Horologinella incurvata COOKSON & EISENACK 1962 - - - - - - - - <1
H. aff. incurvata - - - - <1 - - - -

A« - - - - - - -

H. spp. indet. - - - - -
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1 Depth metrés below the surface

69.50

63.50

59.50

48.70

41.42

33.80

27.50

21.50

11.50

‘Hystrichokolpoma cinctum KLUMPP 1953
1H. unispinum WILLIAMS & DOWNIE 1966
1 c£. Hystrichosphaeridium palmatum (WHITE 1842)

H. tubiferum (EHRENBERG 1838)

{H. tubiferum subsp. brevispinosum (DAVEY & WILLIAMS 1966)
 Hy strichostrogylon membraniphorum AGELOPOULOS 1964

Impagidinium cf. alectrolophum {SARJEANT 1966)

} 1sabelidinium cf. globosum {DAVEY 1370)
' Xallosphaeridium brevibarbatum DE CONINCK 1969
| Melitasphaeridium pseudorecurvatum {MORGENROTH 1966)

Membranosphaera sp. B zie D.C.
Microdinfum ornatum COOKSON & EISENACK 1950

1HM. reticulatum
F Milliondodinium? sp. indet.

Nematosphaeropsis reticulensis

.Oligosphaeridiumvcomplex {WHITE 1842}

0. complex 3 perforatum

}operculodinium centrocarpum {DEFLANDRE & COOKSON 1955)
1 0. microtriainum {(KLUMPP 1953}

0.? sp. A

; pPalaeocystodinium golzowense ALBERTI 1961
Palaeohystrichophora infusorioides DEFLANDRE 1935

Palaeoperidinium pyrophorum (EHRENBERG 1838)
Palaeotetradinium minusculum (ALBERTI 1961)

k&aralecanlella indentata {DEFLANDRE & COOKSON 1955)
{ Pervosphaerid truncigerum (DEFLANDRE 1337)

Phthanoperidinium crenulatum

 Polysphaeridium zoharyi {ROSSIGNGL 1362)

Pterodinium cingulatum {O. WETZEL 1933}

' Sepegalinium cf. obscura (DRUGG 19867)
 Spinidinium densispinatum STANLEY 1963
1s. cf. echinodea {COOKSON & EISENACK 1960}
| 5. macmurdoense {WILSON 1967) -

Spiniferites membranaceus {(ROSSIGNOL 1964)
5. cf. pseudofurcatus (RKLUMPP 1953)

1S. ramosus {EHRENBERG 1838)
{s. sp. 2

5. aff. wetzelii (DEFLANDRE 1937)

'S. sp- B

' S. spp. indet.

| Tanyosphaeridium ©f. xanthiopyxides {0. WETZEL 1933)
{T. sp. indet.

] Thalassiphora delicata WILLIAMS & DOWNIE 19656

T. spp. indet.
Trichodinjum castanea {DEFLANDRE 1935}

| Trigonopyxidia ginella {COOKSOH & EISENACK 1960)

| PRASINOPHYCEAE PARKE & RAYNS
' Crassosphaera aff. stellulata COOKSON & MANUM 1960

C. sp. 1

‘C. sp. 2 aff. concinna COOKSON & MANUM 1960

cymatiosphaera cf. eupeplos (VALENSI 1948)

1 cymatiosphaera cf. nuda HAJOS 1966

Cymatiosphaera aff. punctifera DEFLANDRE & COOKSON 1955
Cymatiosphaera spp. indet.
Pterospermella ginginensis DEFLANDRE & COOKSON 1955

1 pterospermella aff. ginginensis

P. spp. indet.

ACRITARCHA EVITT 1963

Baltisphaeridium ligospinosum DE CONINCK 1969
Comasphaeridium cometes (VALENSI 1948)
?Micrhystidium deflandrei VALENSI 1948

M? oceaniae X

M? spp. indet.

INCERTAE SEDIS
Ophiobolus lapidaris O. WETZEL 1933
Incertae sedis 1 HEILMANN~CLAUSEN 1985

<1

6.7

<1

2.1
«1.6

<1

5.7
7.7

<1

<1

9.3
2.6]

2.7

<1

<1

2.7
<1

1.0

2.0
1.1

2.2
10.4

2.5
1.9

<1
<1

8.0
1.9

<1

<1

3.9

<1

2.0

<1
9.1

<1
2.8 ]

<1
<t

1.6

11.1

7.4

3.7

11.1

1.4
2.8
2.8

s N W e e = e
.
-

<1

<3

<1
<1

3.5
2.1

1.4
1

<1
1.4

<1

1.3

1.3

5.6

1.3

6.9

<1
<1
<1
<1

<1

<1

12.5
<1

<1

<1

2.3
6.8

<1

<1

2.3

<1

<1
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ZONE 5

(sample - 11.50 m)
First appearance of Isabelidinium cf.
globosum and Mierodinium ornatum.

Comparison of the Linter borning with Ovenbroek,
Wansin and borning KS 21.

To evaluate the regional biostratigra-
phic value of this informal zonation I
have examined also two samples from the
Tuffeau de Lincent : one from Overbroek
and one from the type locality at Wansin
{Table 2). Furthermore I have studied
three samples of boring KS 22 at a depth
between 246.38 m and 234.50 m in an inter-
val corresponding with part of the Lan-
den Formation and possibly an equivalent
of the Tuffeau de Lincent (Table 3).

Tuffeau de Lincent at Overbroek-Gelinden and
Wansin (Table 3).

The Tuffeau de Lincent is overlying the
Marls of Gelinden. The dinoflagellate
assemblages in the sample OVb20 from
Overbroek and OW 1 from Wansin are com~
parable with the assemblages found in
the base of the Landen Formation in

the Linter boring (above - 49.00 m).
Areoligera senonensts, Gomyaulacysta wetzelit,
Hystrichostrogylon membraniphorum present

in the base of zone 3, Areoligera sp. 4
and Phthanoperidinium crenvlatum present

at - 41.42 m, and also Cladopyxidium seap—
tum present in the upper part of zone 3,
at - 33.80 m are common too in the samp-
les of Wansin and Overbroek. The Tuffeau
de Lincent in these localities can be
biostratigraphically correlated with
zone 3 in the Linter boring, situated

in the lowermost part of the Landen For-
mation.

Boring KS 22 {Table 2).

In the assemblages of three samples of
boring KS 22 situated between - 246.35 m
and - 243.55 m we find Achomosphaera ramu-
lifera, Areoligera senonensis, Caligodinium
amiculum, Cribroperidinium wetzelii, Hystricho-
strogilon membraniphorum, Hafniasphaera septata,
Phthanoperidinium crevulatum and Cladopyxidium
saeptum, species characterizing zone 3 in
the Linter boring while Deflandrea oebisfel-
densis, Fibrocysta bipolaris, Operculodinium

sp. A and Cordosphaeridium gracile, species
characterizing zone 4 in the Linter boring,
are absent. This suggest a biostratigra-
phic correlation of the KS 22 samples
with the lowermost part of the Landen
Formation in the Linter boring between

- 48.70 m and - 33.80 m (zome 3).

Comparison of the assemblages in the Linter boring
with the dinoglagellate zonation of Paleocene
deposits in the Alps of Switserland.

Jan du Chéne (1977) and Van Stuyvenberg &
Jan du Chéne (1981) gave the following
dinoflagellate zonation of Paleocene de~
posits which they have studied in the
Alps of Switserland.

Ceratiopsis diebelii association

The base of the (. diebelii association is
characterized by the absence of Danea mutabi-
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17s "while the top is characterized by the
last appearance of (. diebelii. This associa-
tion is also defined by the abundance of
Areoligeraceae. Pglaeoperidinium pyrophorum is
frequent within this association. (It

was recorded as P. basilium, a junior synonym
of P. pyrophorum).

Ceratiopsis striata association

In the base of this associatiomn C. diebelii
has disappeared. Palaeoperidinium pyrophorum

is a characteristic species of the (. striata
association. In the upper part of the zone
one notes the sporadical appearance of
Ceratiopsis speciosa and/or Deflandreq oebisfel-
densis.

Ceratiopsis speciosa association

The base of the (. speciosa association is
marked by the absence of P. pyrophorum and

the consistent occurrence of Ceratiopsis specio~
sa and/or Deflandrea oebisfeldensis. The transi-
tion to the following zone is marked by the
sudden appearance of abundant Wetzeliel-
laceae.

Apectodinium homomorphum association

The base of this zone is defined by the
abundance of A. homomorphum, A. quinquelatum
and A. hyperacanthum.

Comparison with our ingormal zonation

In the informal zone 1 of Linter we encoun~
ter Palaeoperidinium pyrophorum (9.3 %) . Areoli-~
gera spp. and Ceratiopsis speciosa (1 %) are
not at all abundant while Ceratiopsis diebelii
is absent in Linter. Therefore a correla-
tion of the informal zone 1 with the C.
diebelii zone 1s uncertain.

In the informal zomne 2, Ceratiopsis speciosa
becomes consistent and remains abundant

in the rest of the sequence studied. Pglaeo-
peridinium pyrophorum disappears (1 %) and
Ceratiopsis cf. striata is abundant (4.5 %

and 11.1 %). This indicates a possible
correspondence between the C. striata associa-
tion zone and the Linter zomne-2.

The informal zones 3, 4 and 5 in the Linter
boring correspond with the C. speciosa associa-
tion zone. Indeed (. speciosa is abundant in
the zones 3 to 5 while P. pyrophorum was re-
corded a last time in zone 2. We do not
reach the A. homomorphum association zone
because the Wetzeliellaceae do not yet ap-
pear in the samples of the Linter boring.

SYSTEMATICS

Class Dinophyceae FRITSCH 1929

Genus Achilleodinium EATON, 1976

? Achilleodinium biformoides (EISENACK, 1954)
Plate 1, Fig. 19

Hystrichosphaeridium biformoides EISENACK, 1954,
p. 68, pl. 11, Fig. 16-20.

Although the position of the archeopyle is
not clear in our specimens, they resemble
remarkably A. biformoides. This species has
however never been observed in Paleocene
deposits. For these reasons we prefer to
put a question mark before our determina-
tion.

Genus Achomosphaera EVITT 7 1963
Achomosphaera aleicornu {EISENACK, 1954)



Table 2 : Distribution and frequency of species in the KS 22 boring.

SRS AL e

PAS 5| PAS 4, 1 |PAS 4, 2

CHLOROPHYCEAE KUTZING 1843
Pediastrum sp. ] - - <1
DINOPHYCEAE PASCHER 1931 -
Achomosphaera alcicornu (E{SENACK 1954) - - 2.3
A. ramulifera (DEFLANDRE 1937) - <1 <1
A. sagena DAVEY & WILLIAMS 1966 1.8 1.8 -
A. spp. indet. - <1 <1
Alisocysta margarita (HARLAND 13879) 1.8 5.6 6.5
Areoligera coronata {O. WETZRL 1933} - - <1
A. sencnensis LEJEUNE-CARPENTIER 1938 3.7 15.8 8.4
A. cf. senonensis - - <1
A, sp. A - - 2.3
Bitectatodinium? sp. A : 1.8 <1 1.7
Bosedinia laevigata (JIABO 1978) 1.8 - -
Caligodinium amiculum DRUGG 1970 - - <1
Ceratiopsis diebeli (ALBERTI 1959) - <1 -
C. speciosa {ALBERTI 1959} - <1 1.5
Cladopyxidium saeptum {(MORGENROTH 1968) - <1
Cometodinium cf. whitei (DEFLANDRE & COURTEVILLE 1939) 1.8 2.6 N
Conneximura fimbriatum (MORGENROTH 1968) - 2,2 .
Cordosphaeridium fibrospinosum DAVEY & WILLIAMS 1966 - <1
C, inodes (KLUMPP 1953) 1.8 1.9 4.3
Cribroperidinium wetzelii (LEJEUNE-CARPENTIER 1939) 1.8 2.2 7.5
?Cyclapoplysis monmouthensis BENSON 1976 - - <1
Deflandrea denticulata subsp. minor (DE CONINCK 1969) - 1.1 <3
Deflandrea aff. D. denticulata ALBERTI 1959 - - <1
Deflandrea spp. indet. - - <1
Diacrocanthidium echinulatum (DEFLANDRE 1937) - <1 <1
Diphyes colligerum (DEFLANDRE & COOKSON 1955) 1.8 3.4 2.0
Phthanoperidinium sp. A - - <1
Glaphyrocysta exuberans (DEFLANDRE & COOKSON 1955) - - <1
G. aff. ordinatum (WILLIAMS & DOWNIE 1966) - - <i
Gonyaulacysta spp. indet. 5.3 - 1.2
Hafniasphaera septatum (COOKSON & EISENACK 1967) 1.8 1.1 3.5
?Horologinella apiculata COOKSON & EISENACK 1962 - <1 -
Hystrichostrogylon membraniphorum AGELOUPELOS 1954 - <1 <1
Hystrichosphaeridium tubiferum (EHRENBERG 1938) 3.5 3.7 4.6
Impagidinium sp. cf. I. patulum (WALL 1967) - - <1
Isabelidinium cf. globosum (DAVEY 1970) - - <1
?Kallosphaeridium yorrubayense - - <1
?Lingulodinium ‘machaerophorum (DEFLANDRE & COOKSON 1955) - <1 -
Melitasphaeridium pseudorecurvatum (MORGENROTH 1966) - 1.1 3.5
M. cf. pseudorecurvatum - - <1
Membranosphaera sp. B 5.3 2.2 1.7
Millioudodinium? spp. indet. - <1 <1
Nematosphaeropsis reticulensis (PASTIELS 1948) - <1 -
Oligosphaeridium complex (WHITE 1842} - 3.0 1.5
0. sp. aff. O. complex WHITE 1842 - O. perforatum

GOCHT 1959 - - 1.5
Operculodinium centrocarpum {DEFLANDRE & COOKSON 1955) 1.8 1.1 1.5
0. sp. ¢f. 0. centrocarpum - - <1
0. microtriaina (KLUMPP 1953} - 6.7 5.5
Palaeocystodinium golzowense ALBERTI 1961 - 2.2 1.2
Palaecohystrichophora infusiroldes DEFLANDRE 1935 - - <1
Palaeotetradinium minusculum (ALBERTI 119671) - 1.1 <1
Paralecaniella indentata (DEFLANDRE & COOKSON 1955) 1.8 - -
Phthanoperidinium crenulatum (DE CONINCK 1969) - <1 <1
Phthanoperidinium sp. A - - <1
Pterodinium cingulatum subsp. cingulatum (O. WETZEL 1933) - - <1
Senegalinium cf., obscura (DRUGG 1967) 1.8 1.9 <1
Spinidinfum echinoldea (COOKSON & EISENACK 1960) - - 1.5
S. aff. echinoldea - - <1
Spiniferites sp. I - - <1
S. sp. II - - <1
S. sp. B DE CONINCK 1975 - 1.5 <1
S. spp. indet. 19.3 | 21,9 5.8
Thalassiphora delicata WILLIAMS & DOWNIE 1966 - <1‘ 2.9
T. inflata HEILMANN-CLAUSEN 1985 - - <1
Trigonopyxidia ginella '(COOKSON & EISENACK 1960) - - <1
PRASINOPHYCEAE PARKE & RAYNS
Crassosphaera spp. indet. - = <1
Cymatiosphaera aff. punctifera DEFLANDRE & COOKSON 1955 1.8 - b
ACRITARCHA EVITT 1963
Baltisphaeridium ligospinosum DE CONINCK 1969 - <1 <1
Micrhystidium? oceaniae DE CONINCK 1969 - <, -
M? spp. indet. - <1 <1
INCERTAE SEDIS
Ophiobolus lap‘idaris O. WETZEL 1933 14.0 7.4 4.3
Incertae sedis 1 HEILMANN-CLAUSEN 1985 1.8 <1 -
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Table 3 : Distribution and fréquency of species in WANSIN and OVERBROEK.

WANSIN | OVERBROEK
ow1 0Vb20
DINOPHYCEAE ‘FRITSCH 1929
?Achilleodinium biformoides (EISENACK 1959) <1 -
Achomosphaera alcicornu (EISENACK 1954) <1 <3
A. ramulifera (DEFLANDRE 1937) <1 2.3
A. sagena DAVEY & WILLIAMS 1966 - <1
A. cf. volata DRUGG 1967 <1 -
A. spp. indet. 1.5 -
Alisocysta margarita (HARLAND 1979) 2.3 4.2
Areoligera senonensis LEJEUNE-CARPENTIER 1938 17.3 60.3
A. cf. senonensis <1 -
A. sp. A . <1 1.9
A. spp. indet. <1 -
Ceratiopsis speciosa (ALBERTI 1959) 1.5 <1
Cladopyxidium saeptum (MORGENROTH 1968) - <1
Cometodinium cf. whitei (DEFLANDRE & COURTEVILLE 1939) 1.5 1
Conneximura fimbriatum (MORGENROTH 1968) <1 1
Cordosphaeridium sp. cf. C. capillaceum SCHUMACKER-
LAMBRY 1968 - <1
C. gracile (EISENACK 1954) - <1
C. fibrospinosum DAVEY & WILLIAMS 1966 - <1
C. inodes (KLUMPP 1953) 2.3 3.2
C. inodes a capillaceum - <1
Cribroperidinium wetzelii (LEJEUME~CARPENTIER 1939) - <1
Danea mutabilis MORGENROTH 1968 1.5 -
Deflandrea spp. indet. <1 -
Diphyes colligerum (DEFLANDRE & COOKSON 1955) - 1.9
Elytrocysta spp. indet. 3.8 <1
Florentinia ferox (DEFLANDRE 1937) = <1
Glaphyrocysta divaricata (WILLIAMS & DOWNIE 1966) - <1
G. cf. divaricata <1 -
16. exuberans (DEFLANDRE & COOKSON 1955) - <1
G. ordinata {(WILLIAMS & DOWNIE 1966) - <1
G. cf. ordinata - <1
G. pastielsi (DEFLANDRE & COOKSON 1955) - <1
G. reticulosa (GERLACH 1961) - <1
Gonyaulacysta spp. indet. <1 -
Hystrichosphaeridium tubiferum (EHRENBERG 1838) <1 4.3
Hystrichostrogylon membraniphorum AGELOUPELOS 1954 - <1
Millioudodinium? spp. indet. - <1
Nematosphaeropsis reticulensis (PASTIELS 1948) <1 -
Oligosphaeridium complex (WHITE 1842) 3.0 3.7
0. sp. aff. 0. complex WHITE 1842 - 0. perforatum
GOCHT 1959 - <1
Operculodinium centrocarpum (DEFLANDRE & COOKSON 1955) 1. <1
0. microtriainum (KLUMPP 1953) 2. <1
0. uncinispinosum (DE CONINCK 1969) <1 -
Palaeohystrichophora infusiroides DEFLANDRE 1935 <1 -
pPalaeostomocystis reticulata DEFLANDRE 1937 <1 -
Paralecaniella indentata (DEFLANDRE & COOKSON 1955} - <1
Phthanoperidinium crenulatum (DE CONINCK 1975) 4.5 <1
pProlixosphaeridium xanthiopyxides (0. WETZEL 1933) - <1
Senegalinium cf. obscura (DRUGG 1967) <1 -
Spiniferites membranaceus (ROSSIGNOL 1964) 3.0 -
S. ramosus (EHRENBERG 1838) 2.3 <1
S. ramosus subsp. gracilis (DAVEY & WILLIAMS 1966) <1 -
Spiniferites sp. 2 - <1
S. spp. indet. 25.6 5.2
Thalassiphora delicata WILLIAMS & DOWNIE 1966 - <1
Triblastula aff. barussica {EISENACK 1954) - <1
ACRITARCHA EVITT 1963
Comasphaeridium cometes (VALENSI 1948) 2.0 1.4
INCERTAE SEDIS
Ophiobolus lapidaris O. WETZEL 1933 .3 <1
Incertae sedis 1 HEILMANN~-CLAUSEN 1985 .3 <1
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Hystrichosphaeridium aleicornu
p. 65, pi. 10, figs. 1-2.
In general clearly defined plate bounda-
ries are absent in the species ; this
marks the difference with 8. bucecina.

EISENACK, 1954,

Genus A4reoligera LEJEUNE~CARPENTIER,
Areoligera sp. A

Plate 1, Figs. 7, 8.

Subspherical body ; short processes with
enlarged base and a flat top arranged

in solear or annular complexes.

1938.

Genus Bitectatodinium WILSON, 1973,
Bitectatodinium sp. A.

Plate 1, Fig. 16.

Test with circular outline. The wall is
two layered. Outer layer with a lot of
short hairlike processes, sometimes fur-
cated. The specimens have a precingular
archeopyle (2P).

Dimensions of the central body :

30 um X 35 um.

Length of the processes : 1 - 2 um.
Genus Ceratiopsis VOZZHENNIKOVA, 1963.
Ceratiopsis cf. striata (DRUGG, 1967).
Plate 2, Figs. 7, 8.
Deflandrea striata DRUGG, 1967, p.
pl. 2, figs. 13-17.

C. cf. striata is smaller than the nomina-
te species.

Dimensions : between 96 um X 54 um and
75 #m X 54 um.

18,

Genus Cometodinium DEFLANDRE & COURTEVILLE,
1939
Cometodinium cf. whitet (DEFLANDRE & ‘
COURTEVILLE, 1939)
Plate 1, Figs. 5, 6.
Hystrichosphaeridium whiter DEFLANDRE &
COURTEVILLE, 1939
p. 103, pil. 3, figs. 5-6.
Subspherical body. Its wall is somewhat
pleated at the margin. Hair-like pro-
cesses with well marked implantation are
densely distributed on the body. An
archeopyle, possibly precingular, is
visible. There are no other indications
of a tabulation, nor of a cingulum. We
can compare our specimen with Impleto-
sphaeridium whitei in MORGENROTH 1966.
Dimensions of central body : + 35 um.

Genus Cordosphaeridium EISENACK,
Cordosphoeridium sp. cf.
SCHUMACKER~LAMBRY ,
No figure.
Cordosphaeridium capillaceum SCHUMACKER-LAMBRY,
1978, p. 37-38, pl. 2, figs. 10-12.

Qur specimens are much smaller than in

the original description.

1963.
C. capillaceum
1978.

Genus Cyelapophysis BENSON, 1976.

? Cyclapophysis monmouthensie BENSON, 1976.
No figure.

BENSON, 1976, p. 183, pl. 1, figs. 9-12.
One specimen was encountered. No apical
projection can be seen ; only the anta-
pical projection is visible.

Genus Deflandrea EISENACK, 1938.

Deflandrea aff. D. denticulata ALBERTI, 1959.
Plate 1, Figs. 9-13.

Deflandrea denticulata ALBERTI, 1959, p. 102~
103, fig. 1.

Periphragm with dark brownish surface,
densely covered with short spines.

Short apical and antapical horns. The
cingulum is accentuated by folds and or-
namented with spines on its margin. A
large intercalary archaeopyle is sometimes
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visible and also a subspherical inner
body.

Genus Elytrocysta STOVER & EVITT, 1978.
Elytrocysta spp. indet.

Plate 1, Figs. 14-15, 17-18.

OQur specimens have a subspherical body
with very short, distally furcated proces-
ses densely distributed on its surface.
Distally the processes give the impression
to be connected. The specimens have an
apical archeopyle with angular edge. Some-
times a little operculum is still attached.
A cingulum is in one specimen visible as

2 slight depression.

Genus Isabelidinium LENTIN & WILLIAMS, 1977.
Isabelidinium cf. globosum (DAVEY, 1970).
Plate 2, Figs. 16, 17.
Deflandrea globosa DAVEY, 1970, p. 344, pl. 2,
fig. 3.
The endocyst is not always visible. The
horns are poorly developed. A I/3A ar-
cheopyle is visible. In most cases only
endocyst-like specimens were found.
Dimensions of the body : min. 40 X 43 um ;
max. 54 X 54 pm.
6 measured specimens.

Genus Kallosphaeridium DE CONINCK, 1969.

? Kallosphaeridium yorrubaense JAN DU CHENE &
ADEDIRAN, 1985.

No figure,

JAN DU CHENE & ADEDIRAN, 1985, p. 13,

pl. 3, figs. 7, 14 ; pl. 5, figs. 1-12.
Folded autophragm with numerous short and
slender projections. The specimen is not
well preserved and the archeopyle nor oper-
culum are visible. Nevertheless the form
resembles X. yorrubaense.

Genus Oligosphaeridium DAVEY & WILLIAMS, 1966.
0ligosphaeridium sp. aff. 0. complex (WHITE,
1842) - 0. perforatum (GOCHT, 1959).

No figure.

Xonthidium tubiferum complex WHITE, 1842, p. 39,
pl. 4, fig. 11.

Hystrichosphaeridium perforatum GOCHT, 1959,

p. 68, pl. 3, fig. 7.

Some of the processes are simple or bran-
ched, open and expanded distally with
aculeate or secate margin as in 0. complex.
Some other processes show distinct per-
forations in their distal end as in O.
perforatum.

Genus Operculodinium WALL,
Operculodinium sp. A.
Plate 2, Figs. 4, 5.
Subspherical body with short subconical
processes. Whether the archeopyle is
precingular or not remains a question.
The length of the processes is about

4 pm.

1967.

Genus Pervosphaeridium YUN, 1981.

? Pervosphaeridium truncigerum (DEFLANDRE, 1937)
Plate 1, Fig. 1.

Hystrichosphaeridium truncigerum DEFLANDRE,
1937, p. 71-72, pl. 13, figs. 6-7.

The difference with P. truncigerum consists
in the presence of a precingular archeo-
pyle composed of only one plate instead

of two.

Genus Phthanoperdinium DRUGG & LOEBICH, 1967.
Pnthanoperidinium sp. A.

Plate 2, Fig. 6.

Endophragm pressed against periphragm.
Intercalary archeopyle. Low apical and
rounded antapical crests. The cingulum
is moderately helicoidal. The border of



the cingulum is strongly granulated.
There is also a paratabulation visible,
expressed by series of points.

Genus Pterodinium EISENACK, 1958.
Pterodinium cingulatum subst. cingulatum

0. WETZEL, 1933.

No figure.

Cymatiosphaera cingulata O. WETZEL, 1933,

p. 28, pl. 4, fig. 10.

The margin of the ridges is slightly den-
ticulate. The ridges are well developed
up to 8 pm, this is 1/5 of the diameter
of the central body.

Genus Senegalinium JAIN & MILLEPIED, 1973.
Senegalinium cf. obscurum (DRUGG, 1967).
Plate 2, Figs. 10-13.
Deflandrea obscurum DRUGG, 1967, p. 17,
pl. 2, figs. 8-9.
The periphragm is thin walled. Two
short antapical horns are unequally
developed. The apical horn has distal-
1y always a little pore. The intercala-
ry, hexagonal archeopyle is sometimes
visible. The pericoel is limited too.
The cingulum is marked by low ridges.
Dimensions of body : min. 35 X 37 gm ;
max. 40 X 60 em.

Genus Spiniferites MANTELL 1850.
Spiniferites sp. 1

Plate 2, Fig. 14.

The form is characterized by a short
apical horn and by membranous ridges
between the short processes especially
in the antapical region. The apical
horn is less well-developed than in
Triblastula borussica.

Spiniferites sp. 2

Plate 2, Figs. 1-2.

The species is characterized by its
membranous ledges from which protrude
distally trifurcate processes.

Spiniferites sp. in DE CONINCK 1975, p. 332,
fig. 3-E, I.

No figure.

Specimen characterized by its very long
apical horn. Also notedas Spiniferites
sp. B by DE CONINCK (1975) in Danian
deposits at Limhamn.
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PLATE I

(Magnifications : X 500)

Figure

Figwie

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

1

10

11

12

13

14 :

15 &

16

17

18

19

Linter boring, 69.50 m, slide 1.

Linter boring, 69.50 m, slide 1.

: Commeximura . fimbriatum (MORGENROTH 1968) ;

Overbroek 0Vb20, slide 1.

: Comneximura fimbriatum (MORGENROTH 1968) ;

Linter boring, 63.50 m, slide 2.

Linter boring, 48.70 m, slide 1.

boring KS 22, PAS 4, 1, slide 1.

: Areoligera sp. A.

boring KS 22, PAS 4, 1, slide 1.

: Areoligera sp. 4. ;

boring KS 22, PAS 4, 1, slide 1.

: Deflandrea aff. D, denticulata ALBERTI 1959 ;

Linter boring, 11.50 m, slide 1.

: Delfandrea aff. D. denticulata ALBERTI 1959

Linter boring, 11.50 m, slide 3.

: Deflandrea .aff. D. denticulata ALBERTI 1959

Linter boring, 69.50 m, slide 1.

Deflandrea aff. D. denticulata ALBERTI 1959 ;

boring KS 22, PAS 4, 1, slide 1.

¢ Deflandrea aff. D. denticulata ALBERTI 1959 ;

Linter boring, 48.70 m, slide 1.

Elytrocysta spp. tndet. ;
boring KS 22, PAS 4, 1, slide 1.

Elytrocysta spp. tndet. ;
boring KS 22, PAS 4, 1, slide 2.

: Bitectatodinium sp. A 3

boring KS 22, PAS 4, 1, slide 1.

: Elytrocysta spp. indet.

s
Linter boring, 27.50 m, slide 1.

: Elytrocysta spp. indet.

Linter boring, 33.80 m, slide 2.

? Achilleodinium biformoides (EISENACK 1954)

Linter boring, 48.70 m, slide 1.

304

: ? Pervosphaeridium truncigerum (DEFLANDRE 1937) ;

: 7 Pervosphaeridium truncigerum (DEFLANDRE 1937) ;

: Cometodinium cf. whitei (DEFLANDRE & COURTEVILLE 1939)

.
’

.
H

3

.
s

: Cometodinium cf. whitei (DEFLANDRE & COURTEVILLE 1939) ;
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PLATE 2

(Magnifications : X 500}

Figure 1 : Spiniferites sp. 2
boring XS 22, PAS 4, 1, slide 2.

e

Figure 2 : Spiniferites sp. 2
Overbroek OVb 20, sllde .
Figure 3 : Incertae sedis 1 HETLMANN~CLAUSEN 1985 ;

Linter boring, 69.50 m, slide 1.

Figure 4 : Operculodinium ? sp. 4 ;
Linter boring, 27.50 m, slide 2,

Opereulodinium ? sp. A }
Linter boring, 27.50 m, slide Z.

Figure 5

.

Figure 6 : Phthanoperidinium sp. A ;
boring KS 22, PAS 4, 1, slide 1.

Figure 7 : Ceratiopsis cf. striata (DRUGG 1967)
Linter boring, 63.50 m, slide 1,

Figure 8 : Ceratiopeis cf.striata (DRUGG 1967) ;
Linter boring, 63.50 m, slide 2.
Figuwe 9 : Mi{llioudodinium ? spp. indet. ;

Overbroek OVb 20, slide I.

Figure 10 : Senegalinium cf. obscurum (DRUGG 1967) ;
Linter boring, 63.50 m, stide 1.

Figure 11 : Senegalinium cf. obscurum (DRUGG 1967) ;
Linter boring, 48.70 m, slide 1.
Figure 12 : Senegalinium cf. obscurum (DRUGG 1967) ;

Linter boring, 48.70 m, slide 2.

Figure 13 : Senegalinium cf. obscurum (DRUGG 1967) ;
Linter boring, 69.50 m, slide 1.

Figure 14 : Spiniferites sp. 1 3
boring KS 22, PAS 4, 1, slide I.

Figure 15 : Ulvella nannae HANSEN 1980 ;
Linter boring, 48.70 m, slide 1.

Figute 16 : Teabelidinium cf. globosum (DAVEY 1970) ;
Linter boring, 11.50 m, slide 1.

Figuwie 17 : Isabelidinium cf. globosum (DAVEY 1970) ;
Linter boring, 11.50 m, slide 2.
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