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Abstract

N

Spacio-temporal distribution patterns of North Sea Basin Early Oligocene (Rupelian) pteropoda (holoplanktonic gastropods:
Mollusca, Gastropoda, Euthecosomata) are studied. These patterns indicate three short term invasions of a single pteropod
species during the Rupelian. These invasions are indicated here as Clio blinkae Event, Praehyalocylis laxeannulata Event and
Cho jacobae Event. The conspicuously short occurrences of the species, their abundances and some lithological features of the
pteropod bearing strata lead to the conclusion that these plankton events are linked to sea level high-stands allowing currents

from the worlds oceans to enter into the North Sea Basin.

Keywords: Pteropoda, Rupelian, Oligocene, North Sea Basin, palacogeography, biostratigraphy

Introduction

Pteropoda are a young group of Mollusca, the oldest
records dating back not earlier than Late Paleocene
(Janssen, 2004). Their pelagic way of life and the fast
evolution of many groups make them to excellent
biostratigraphic markers. They are also successfully
applied in palaeogeography.

In the Early Oligocene pteropod assemblages of the
North Sea Basin two superfamilies are distinguished:
Limacinoidea and Cavolinioidea (Janssen, 2003).The
limacinoids are the most common pteropods in the
Cainozoic record of the North Sea Basin. Eight species
occur in the Early Oligocene of the North Sea Basin,
i.e. Heliconoides dilatata (Koenen 1892), H. hospes
(Rolle 1861), H. plana (Tembrock 1964), Limacina
acutimarginata (Korobkov 1966), L. conica (Koenen
1892), L. lotschi (Tembrock 1989), L. mariae Janssen
1989 and L. umbilicata (Bornemann 1855). H. plana

is recorded from the eastern parts of Germany and
western parts of Poland only.

The second group of pteropods, the cavolinioids,
are predominantly stenotherm warm water species:
most of the Recent species become very rare in higher
latitudes. Four species are known from the North Sea
Basin Early Oligocene: Cresers cincta (Koenen 1892),
Praehyalocylis laxeannulara (Ludwig 1864), Clio blinkae
(Janssen 1989) and Clio jacobae (Janssen 1989). All
these species have short stratigraphical ranges and
some are restricted to very thin levels within the sites.
So it was a challenge to differentiate single events,
look if they correlate over a long distance and try to
give an interpretation for those events.

Additionally, as yet unidentified pteropods are
known from the Berg Sand (Janssen & King 1988),
the Kleine Spouwen (Janssen 1979) and Boom Clay
(Bosch & Janssen, 1990) members in Belgium.
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Fig. 1. Pteropod sites and paleogeography during ‘Rupel 2’ time after Blazchishin, 1991, modified. 1. Rupelian type area, northern Belgium.
2. Grimmertingen, Brabant, B. 3 Winterswijk, Gelderland, NL. 4. Haaksbergen drilling, Overijssel, NL. 5. Ruinerwold, de Wijk-19 drilling,
Drenthe, NL. 6. Opende-1 drilling, Groningen, NL. 7. Ankum, Lower Saxony, D. 8. Neuengamme near Hamburg, Lower-Saxony, D.
9. Wienerberger claypit at Mallifl, Mecklenburg-Vorpommern, D. 10. Schénberg/Mecklenburg drilling, Mecklenburg-Vorpommern, D.
11. Ménchneversdorf drilling, Schleswig-Holstein, D. 12. Rote Kate drilling, Schleswig-Holstein, D. 13, FIBO clay pit at @lst, East Jutland,
DK. 14. Arhus, East Jutland, DK 15. Joachimstal, Mecklenburg-Vorpommern, D. 16. Leipzig Bay, Saxonia, D. 17. Hohenkirchen, Hesse, D.
18. Offenbach, Hesse, D. 19. Wallau, Hesse, D. 20. Alzey, Rheinland-Pfalz, D. 21. Nierstein and Bodenheim, Rheinland-Pfalz, D.
22. Grofisachsen near Heidelberg, Baden-Wiirttemberg, D. 23. Morigny, St. Hilaire, Pierrefitte, south of Paris, F.

Material and methods

The distributional patterns of pteropoda of Early
Oligocene borehole sections and outcrops from the
North Sea Basin and adjacent areas (Fig. 1) were
studied. This study is mainly based on our personal
observations over the years, as well as on existing
literature. The occurrences of the separate species
were dated as exactly as possible.

These data were compared for each of the indivi-
dual species. The time coherence of the occurrences
was checked. The results are discussed below. The
following species are discussed here. They will be
characterized and illustrated in a forthcoming paper,
but reference is made here to illustrations in the exis-
ting literature.

Superfamily Limacinoidea
Family Limacinidae

Heliconoides dilatata (Koenen 1892)

Small species with a conical shell, slightly wider than
high, and a subcircular transverse section of the whorls,
apertural margin reinforced by a distinct ridge;
differing from Heliconoides hospes by its higher shell,

differing apertural margin and slower increasing dia-
meter of the whorls (illustration in Koenen, 1892: 994,
995, pl. 62, figs. 3a-b, 4a-c, as Spirialis dilatata).

Heliconoides hospes (Rolle 1861)

Small species with a low conical shell, distinctly wider
than high, circular to subcircular transverse section of
the whorls, apertural margin reinforced by a rather
suddenly widening of the shell wall (illustration in
Janssen, 1984: 63, 69, pl. 2, fig. 1a-d, as Limacina
hospes).

Heliconoides plana (Tembrock 1964)

Small planispiral species with regularly increasing
whorls and very slightly concave apical plane, a wide
umbilicus and an apertural margin with a distinct
ridge; differing from both L. lotschi and L. mariae by
its smaller size and reinforced apertural margin (illus-
tration in Tembrock, 1964: 334, pl. 3. figs.2-3, repre-
senting incomplete or juvenile specimens, as Spirazella
plana).

Limacina acutimarginata (Korobkov, 1966)

Medium sized species with an almost convolute,
regularly coiled shell, concave apical plane, strongly
laterally compressed transverse section of the whorls
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and distinct umbilicus; differing from L. umbilicata by
a strong carina on the apical side of the whorls (illus-
tration in Moths, 2000: 40, pl. 13, fig. 9a-b, as Linacina
umbilicata).

Limacina conica (Koenen 1892)

Small species with a high conical, regularly coiled shell,
distinctly higher than wide; differing from H. hospes
and H. dilatata by the higher shell and the lack of a
reinforced apertural margin (illustration in Koenen,
1892: 994, pl. 62, figs. 5a-b, 6a-b, as Spirialis conica).

Limacina lotschi (Tembrock 1989)

Small species with a planispiral shell, first whorl wider
than the second, otherwise regularly coiled, with a
slightly concave apical plane, whorls with laterally com-
pressed transverse section, wide umbilicus; differing
from L. mariae by the coiling of the first whorls, more
compressed transverse section of the whorls and a wider
umbilicus (illustration in Janssen, 1989: 107, pl. 3,
figs 1-3, pl. 4, fig. 1, as Limacina jessyae Janssen 1989).

Limacina mariae Janssen 1989

Small species with a planispiral, regularly coiled shell,
slightly concave apical plane, laterally compressed
transverse section of the whorls and wide umbilicus;
differing from L. lotschi by a relatively higher shell,
narrower umbilicus and faster increasing diameter of
the whorls (illustration in Janssen, 1989: 111, pl. 4,
figs. 2-5).

Limacina umbilicata (Bornemann 1855)

Medium sized species (shell height up to 5 mm) with
an almost convolute, regularly coiled shell, strongly
laterally compressed transverse section of the whorls,
distinct umbilicus, differing from L. acutimarginata by
the regularly curved apical side of the whorls without
a carina and a less concave to even slightly convex
apical plane (illustration in Bornemann, 1855: 319,
pl. 12, fig. 5a-c as Valvatina umbilicata).

Superfamily Cavolinioidea
Family Creseidae

Cresets cincta (Koenen 1892)

Small to medium sized species with uncoiled, tubi-
form conical, thin shell, transverse section circular,
protoconch elongated bulbiform, differing from
Praehyalocylis laxeannulata by its slender shell shape
and the lack of distinct transverse ornament. This
species, known in insufficient specimens, might belong
to the genus Prachyalocylis (illustration in Koenen,
1892: 992, pl. 62, figs. 7a-b, 8a-b).

Praehyalocylis laxeannulata (Ludwig 1864)

Medium sized to large species (height to 20 mm) with
uncoiled, conical tubiform shell, circular in transverse
section, distinct ornament of more or less regular rings
and frequently with stepwise increasing shell dia-
meter. Protoconch elongated bulbiform, apical shell
part smooth. The nomenclature of this taxon still has
to be cleared. Several other names are available
(illustration in Moths, 2000: 40, pl. 13, fig. 10).

Family Clioidae

Clio blinkae Janssen 1989

Large species (height to 15 mm) with uncoiled, coni-
cal, dorso-ventrally compressed shell, lateral margins
with obtuse carinae, apical shell part strongly bent
dorsally, nearly circular in transsection, ventral side of
adapical shell portion nearly flat, dorsal side strongly
convex with distinct central area, distinguished from
C. jacobae by the strongly bent, less slender apical shell
part and the strongly convex dorsal side (illustration
in Janssen, 1989: 124, pl. 7, figs. 8-14).

Clio jacobae Janssen 1989

Medium sized species (height to ¢. 6 mm) with
uncoiled, conical, dorso-ventrally compressed shell,
lateral margins with carinae, lenticular in transverse
section, ventral and dorsal sides of adapical shell
slightly convex, dorsal part initially with weakly devel-
oped central area, fully-grown specimens with three
weak ridges, apical shell part more slender and only
very slightly curved dorsally (illustration in Moths,
2000: 40, pl. 13, fig. 12a-b).

Results and analyses
Regional comparison

Belgium

The best record of pteropod species is from northern
Belgium at or in the vicinity of the Rupelian type area.
The Early Oligocene Grimmertingen Sands (NP21,
cf. Vandenberghe et al. 2003) yielded Creseis cincta
(RGM collection). The Ruisbroek Sands (NP22)
contain Limacina mariae. In the Rupelian stratotype
sections Clio blinkae occurs exclusively in the so-called
‘pink layer’ (bed 21 after Vandenberghe 1978), where it
can be very abundant. In beds 35 and 36 Praehyalocylis
laxeannulata is a common species and within an inter-
val from S41 to S70 (septaria levels) Heliconoides hospes
was observed in high numbers. The data on the Boom
Clay pteropods are derived from the present authors
samples from the Kruibeke-Niel-Rumst-Terhagen-
Herselt clay pits in the nineteen eighties and ninetees.
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H. hospes by the way is absent from higher portions of
the Rupelian Boom Clay, but reappears in the basin
during the Chattian.

L. umbilicata appears from S80 onwards in the
Kruibeke (Bosch & Janssen, 1990) and Herselt sec-
tions and was also recorded (RGM collections) from
the upper portions of the Boom Clay in various con-
struction pits of the Antwerpen harbour area.

This shows a clear limitation of pteropods to certain
levels (Fig. 2).

The Netherlands

In the Netherlands Oligocene strata are well docu-
mented in borehole sections. In the Ruinerwold, de
Wijk-19 borehole at a depth of 305-314 m Limacina
lotschi and L. dilatata occur. In straigh flush samples
from depths of 272-277 m Praehyalocylis laxeannulata,
240-265 m L. umbilicata and 250-255 m Clio jacobae
were collected (Janssen & King 1988). Considering
the possibility of downhole contamination by flush
drilling these results are very precise, partly due to
casing down to a depth of 267 m (Fig. 3). L. lotschi was
also recorded from the Opende-1 borehole (Groningen
province) from 510 m downhole and in sample 515-
520 m together with Creseis cincta and from 520 m
downhole accompanied by L. mariae (Janssen 1989),

The only record of Clio blinkae outside Belgium is
from the Haaksbergen borehole (Overijsel province)
from 21.95 to 26 m (Janssen 1989). It is indicated as
Ratum Formation but as Janssen (1989) points out it
might have been downhole contamination from the
overlying Kotten Member of the Brinkheurne Forma-
tion which would be time equivalent to the Belgian
occurrences.

Janssen & King (1988) recorded Praehyalocylis
laxeannulata also in the Kotten Member of the
Brinkheurne Formation of the Winterswijk-Meddo
borehole and assert the occurrence of Limacina
umbilicata in the Woold Member of the Brinkheurne
Formation in the Winterswijk area. In the meantime,
however, it has become clear that the assemblage
usually indicated as L. umbilicata also contains speci-
mens of L. acutimarginata, characterised by the strong
carina on the upper part of the whorls. These two
forms are found together in the upper Woold Member,
but above the boundary with the Winterswijk Member
only L. acutimarginata remains. Apparently the latter
1s a further evolutionary stage of L. umbilicata.

Denmark

Information on Rupelian pteropods from Denmark is
scarce but Janssen (1989) mentioned Limacina mariae,
L. jessyae (= L. lotschi) and Creseis cincta from the basal
part of the Viborg clay of the FIBO clay pit at Olst
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Fig. 2. Pteropod distribution in the Rupelian type area and the
Grimmertingen Sands, Belgium (sections from Vandenberghe
et al., 1998).

which was dated NP21 to NP22 by Kothe (1988).
However, Janssen (1989) doubts the age of NP21 and
favours NP22 supported also by accompanying
otoliths. Janssen & King (1988) mention the occur-
rence of Limacina sp. according to Harder (1913) from
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Fig. 3. Pteropod distribution in the Ruinerwold, de Wijk-19
borehole, represented by gamma-log (measured in casing to 267 m,
further down in open hole: scale spreading from 10 api to 15 api
per scaleline).

the Aarhus railway cutting section, which probably is
L. umbilicata. The accompanying benthic molluscan
fauna suggests a correlation to the German ‘Rupel 4°.

Northern Germany

Koenen (1892) described Creseis cincta, Limacina
conica and L. dilatata from the Latdorf deposits. These
deposits have to be attributed to NP21 (Martini &
Ritzkowski 1968) and belong to the earliest Oligocene
(Girs, 2004). L. mariae was recently encountered in
the Rote Kate well in southern Holstein together with
a mixed foraminiferal assemblage of Middle Eocene
and Early Oligocene age. The obviously tectonically
disturbed sequence on the other hand did not yield
further Oligocene pteropods.

The Rupelian Septaria clay is subdivided after
Spiegler (1966) into four zones, two of which are em-
poverished (Rupel 1, 3) and two are rich in fauna (Rupel
2,4). Rupel 2 yields nannoplankton assemblages of NP23,
whereas Rupel 4 contains those of NP24.

Koert (1913) detected Praehyalocylis laxeannulata in
the Neuengamme borehole in the basal part of the
‘Middle’ Oligocene (Rupel 2 according to benthic
mollusc fauna) and in the Kirchwerder and Breetze
boreholes. He also reported Limacina umbilicata from
younger strata of these sections but as they were
drilled with the straight flush method the exact depth
can not be determined. Hinsch (1977) (unpublished
report) found Praehyalocylis laxeannulata in the
Moénchneversdorf borehole (318-321m) in sediments
of Rupel 2. Giirs (1996) (unpublished report) recog-
nised common Limacina umbilicata in the Schénberg
Hy Dep. Soeb 1E3/95 well from Mecklenburg in
Rupel 4 sediments (293-304m). Moths (2000) investi-
gated the molluscan fauna of the Mallif} clay pit where
he found abundant P laxeannulata only in two small
layers in Rupel 2 deposits which were significant by
their brownish colour in the otherwise greyish green
septaria clay. Rupel 4 strata of this locality yielded L.
umbilicata, L. acutimarginata and Clio jacobae. Accor-
ding to Moths (2000) L. umbilicata partly was so abun-
dant that pyrite concretions were built of thousands
of Limacina shells.

A further occurrence of Limacina wmbilicata was
recorded by Langer (1964) from Ankum near Olden-
burg, Lower Saxony, together with a microfauna of
Rupel 4. His Creseis sp. might be ‘Creseis’ berthae?

‘Tentaculites maximus’ of Boekschoten (1969) from
the Vaale drilling is not the same as ‘ Tentaculites maximus
Ludwig 1864’ (= Praehyalocylis laxeannulata) but
belongs also to ‘Creseis’ berthae Janssen 1989, which is
probably not a pteropod.

In the Leipzig area Miiller (1983) found Praehyalocylis
laxeannulata in the so called ‘Zwenkauer Basissand’.
It correlates to the Rupel 2 judging from the accom-
panying benthic molluscan fauna.

Limacina umbilicara is furthermore known from the
Hermsdorf, Joachimstal and Freienwalde clay pits of
‘Rupel 4’-clay (Janssen & King, 1988).

In northern Hesse at the southern border of the North
Sea Basin Praehyalocylis laxeannulata was reported from
the Septaria Clay of Hohenkirchen by Blanckenhorn
(1889). In the collection of the Senckenberg Museum,
Frankfurt am Main, a sample of three specimens of
Praehyalocylis laxeannulata from the Gudensberg 6
borehole (61-64 m), near Kassel is stored. Various
specimens are in the RGM collections from the
borehole Baatz 6 from 1961 (depth 6.3-7.3 m) at
Niederkaufungen (don. E. Kuster-Wendenburg, 1979).
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Mainz Basin and Upper Rhine Graben

In the Mainz Basin Prachyalocylis laxeannulata is known
from two thin layers within the Bodenheim Forma-
tion, i.e. ‘Mittlerer Rupelton’ or ‘Fischschiefer’ of NP23,
where it is very abundant, as well as in time equi-
valent marine sands of the Alzey Formation (Kuster-
Wendenburg, 1971). A sample with many specimens
of this species is in the RGM collections from the Alzey
Formation (‘Unterer Meeressand’) of Eckelsheim
(leg./don. M.C. Cadée). Kuster-Wendenburg (1971)
also demonstrated that there are just two horizons in
the Alzey Formation containing the species. The types
of this species from Ludwig (1864) come from
Nierstein, close to Bodenheim. Slabs of laminated
clay from the ‘Fischschiefer’ of Bodenheim from the
Kuster-Wendenburg collection at Mainz University
and in the Senckenberg Museum at Frankfurt am
Main show numerous specimens, sometimes all
oriented in the same direction, indicating weak
currents (Fig. 5). Further records of this species come
from the ‘Meeressand’ of Grofisachsen in the Upper
Rhine Graben (Futterer 1892), from the ‘Rupelton’ of
Offenbach east of Frankfurt (Zinndorf 1909, 1928),
and from marine sands of Wallau west of Frankfurt
(Spandel 1909). Limacina umbilicata occurs rarely in
the ‘Oberer Rupelton’ (NP24) (Janssen & King, 1988).

Paris Basin

There are finds of a certainly undescribed Cho (?) sp.
from the Stampien Inférieur of Morigny and Ormoy-la-
Riviére (e Renard collection) and some Praehyalocylis
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laxeannulata from St. Hilaire (RGM collection) and
Pierrefitte (Girs collection) both Stampien Supérieur.

Stratigraphic correlation

As shown in the regional comparison all investigated
regions show the same succession of pteropod species.
As far as the stratigraphic resolution allows the occur-
rences of all pteropod species correlate between the
separate regions. So far not all pteropod species could
be detected in every region. This seems to be due to
the extremely short stratigraphical range of certain

Fig. 5. Prachyalocylis laxeannulata (Ludwig, 1864). Bodenheim near
Mainz (Germany). Coll. H. Neuenhaus (1421) ex. Th. Crecelius,
Senckenberg Museum, Frankfurt am Main (SMF 327481).
Sediment slab of clay from the so-called ‘Fischschiefer’ (Rupelian,
NP 23), showing the abundance of the species. Note the orientation
of the specimens indicating weak bottom currents.
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species. Clio blinkae has a mass occurrence in only one
thin layer in the Boom Clay, but could only be observed
in one borehole section outside this area so far.

A different case is Praehyalocylis laxeannulata. It is
restricted to a short interval but observed all over the
basin and in the adjacent areas. Already Kuster-
Wendenburg (1971) mentioned the high stratigraphic
value of this species occurring in the Mainz Basin in
two small layers of the ‘Rupelton’ only. This is true also
for the Rupelian type area, where it is only found in
beds 35 and 36 of Vandenberghe (1978). The Mallif3
clay pit section shows the same feature, where the
‘Praehyalocylis-bands’ (Moths, 2000) are a well-known
reference level of the ‘Rupel 2’ clay ca. 10 m above the
basal greensand. The brown colour of these levels
differing from the otherwise greenish gray sediment
underlines the character of a special event. Also the
‘Zwenkau Basissand’ of the Leipzig area (Miiller, 1983)
with its Praehyalocylis can be correlated with the Rupel
2 of Spiegler (1966) by means of benthic molluscs.
Grimm (1994) correlated the Foraminifera Marl and
parts of the ‘Fischschiefer’ of the Bodenheim Forma-
tion of the Mainz Basin with the ‘Rupel 2’ and Grimm
& Steurbaut (2001) correlated the ‘Fischschiefer A2’,
where Praehyalocylis is found, with that part of the
Belgian type section that contains this species. Their
correlation of the ‘Upper Rupel clay’ of the Mainz
Basin with the uppermost part of the Boom Clay
Formation (not actually exposed in the type area)
matches perfectly with the common occurrence of
Limacina umbilicata. Giurs (1995) correlated the
‘Unterer Meeressand’ (Alzey Formation) equivalents
of the ‘Fischschiefer’ with the Stampien Supérieur by
means of benthic molluscs which fits the common
occurrence of Praehyalocylis. The synchronism of the
occurrences of the other pteropod species can be
demonstrated by their correlation to the nannoplank-
ton stratigraphy and their succession in the studied
sections.

Correlation with other planktonic events

Lund (2002) showed that there is a very unique event
detectable all over the North Sea Basin which is the
invasion of the dinoflagellate cyst Pseudospiniferites
manumit Lund 2002.This is a warm water species with
a predecessor in the tropical tethyan Late Cretaceous.
It is therefore seen as an immigrated form ‘during a
period with favourable conditions (sea-level highstands
and ? warmer temperatures)’ (Lund, 2002: 86). It was
observed in the Rupelian type area in the Rumst-
Terhagen section (bed 20 to 26) and in the Kruibeke
section (bed 22 to 26). Unfortunately Lund (2002)
had no samples of bed 21 with the pink layer but as

P manumii occurred above and below bed 21 the Clio
blinkae level falls within this interval.

Hooyberghs (1983) gave a detailed study on plank-
tonic Foraminifera of the Boom Clay and other
Oligocene deposits of Belgium. He found a very close
succession of these Foraminifera allowing to recog-
nise Blow Zones P18 to P21. Hooyberghs & Moorkens
(1988) distinguished four Boom Clay faunulas,
faunulas 1, 2, and 4 characterized by the new appear-
ances of species. Nevertheless there are no such out-
standing events in planktonic Foraminifera as there
are in pteropods.

Nannoplankton is abundant in most of the Early
Oligocene sediments but there are no important events
described in literature. Sphenolithus as warm water form
is missing in the North Sea Basin sediments of NP 23
but is present in some levels in the Rheintal Graben
sediments of NP 23 (Miller, 1988). Sphenolithus
distinctus 1s detected in NP 24 of Belgium and the
Lower Rhine Embayment (Miller & Kothe, 1988).
Unfortunately no further information is given on these
occurrences especially if they are bound to distinct
layers or if S. distincrus is present in the whole interval.

Results

From the regional comparison a distribution pattern
can be drawn (Fig. 4). In NP 21 Limacina dilatata,
L. conica and Creseis cincta occurred in the basin. In
sediments of NP 22 the same species without L. conica
but accompanied by L. mariae and L. lotschi can be
observed. In the early part of NP 23 two monospecific
pteropod pulses can be seen, first the mass occurrence
of Clio blinkae in one level, second the mass occurrence
of Praehyalocylis laxeannulata in a very short interval.
In the sediments of the upper part of NP 23
Heliconoides hospes is present. Sediments of NP 24 are
characterized by L. umbilicaza which is common to
abundant anywhere in the basin. Within this zone Clio
jacobae invades the basin for a short period. Possibly the
species L. acutimarginata developed from L. umbilicata,
characterising the uppermost part of NP 24,

Discussion

The results show that temporal pteropod distribution
patterns coincide all over the North Sea Basin and its
adjacent areas. That does not necessarily mean that
every first observation date of a pteropod species marks
an immigration event. Especially Heliconoides dilatata
and H. hospes might represent an evolutionary lineage,
as already supposed by Janssen (1989).

On the other hand Limacina lotschi was recently col-
lected by D. Ward (RGM collection) at Mangyshlak
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(Kazakhstan) from the Adaj Formation (Priabonian).
This is the first record from outside the North Sea
Basin. It points to an eastern Paratethys connection.
Surprisingly L. lotschi is not found in the North Sea
Basin before NP22.This may be due to a late invasion
of this species or to gaps in our knowledge. L. lotschi
may be a successor of a high spired Eocene form
showing parallel evolution to the Middle to Late Mio-
cene Limacina valvatina — L. ingridae — L. wilhelminae
— L. atlanta lineage (Giirs & Janssen, 2002).

In this case it would be a matter of discussion if the
members of this lineage die out in the basin and
return from outside under favourable conditions or if
they stay in the basin but are rare under unfavourable
conditions and bloom under improving conditions.

Nevertheless there are five species that presumably
have no predecessors in the basin which are Limacina
umbilicata, Creseis cincta, Praehyalocylis laxeannulata,
Clio blinkae and Cl. jacobae. They immigrate into the
basin under favourable conditions. For two of them
(CL blinkae and Cl. jacobae) a short termed invasion is
likely, for P laxeannulata it is proved. Only C. cincta and
L. umbilicara and its successor species L. acutimarginata
survived in the basin for a longer period.

The scanty record of Creseis cincra makes it impos-
sible to decide whether or not the immigration of this
species into the North Sea Basin is a remarkable
event. Also its long stratigraphical range from NP21
to NP22 is difficult to interpret. It might stand for
adequate environmental conditions in the basin as
well as an open connection to the worlds oceans during
that time or more than one immigration phase of the
same species.

Very different is the case of Clio blinkae. This species
is found in one bed of max. 5 cm thickness (Janssen,
1989) but in all outcrops in the Rupelian type area. It
always has a mass occurrence. Although the species is
found outside Belgium in only one borehole in the
Netherlands (probably in the same stratigraphical posi-
tion) this event is of high palaeogeographical impor-
tance. It is in common belief linked to an invasion at
a sea level high-stand. Janssen (1989) favours a marine
corridor to the Atlantic, but looking at the paleogeo-
graphy an immigration from the Eastern Paratethys is
also possible. It is not very astonishing that C. blinkae
is so far not found in more eastern parts of the basin
as there often is a hiatus covering this time interval.

The most striking event of the pteropod record is the
occurrence of Prachyalocylis laxeannulata. It appeared
simultaneously and abundantly in Belgium, the
Netherlands, Northern Germany, Eastern Germany,
the Mainz Basin and the Paris Basin. Only two levels
close to one another can be observed in the sections
and afterwards the species vanished as suddenly as it

came in. The fauna of the marine sandy deposits of
the Stampien Supérieur suggests a transgression into
the Paris Basin from the south west and a possible
connection to the Mainz Basin (Giirs 1995). The
‘Fischschiefer’ equivalent sandy deposits of the Alzey
Formation, containing Praehyalocylis, indicate a very
high sea level (Giirs 1995). The brown colour of the
Praehyalocylis beds of Mallif§ and the increase of benthic
taxa in these beds show a good oxygene supply of the
bottom waters of these bathyal environments (Giirs &
Moths, 2002). A similar change in sedimentation in
the bathyal Early Eocene clays of Denmark was inter-
preted as change in water currents due to sea level
rise and establishment of an open water exchange with
the worlds oceans (Schmitz et al. 1996). Sections in
the Rupelian type area on the other hand show no
extraordinary sedimentation patterns in the beds with
Praehyalocylis. This can be explained by the fact that
this area is much closer to the coast and therefore
much more influenced by changes in sediment supply,
climate (weathering, humidity) or regional tectonics
than the northern German Septaria Clay of Mallif3.

Limacina umbilicata appears in NP24 and demon-
strates an open marine connection to the eastern
Paratethys, from where it and its successor L.
acutimarginata were also reported (Korobkov 1966,
Janssen & King 1988). The latter inhabited the basin
nearly until the end of the Rupelian. Therefore it is a
good index fossil for the Late Rupelian or ‘Rupel 4°.
The ‘Rupel 4’ as well as the ‘Oberer Rupelton’ of the
Mainz Basin show a very strong trend which suggests
that the connection to the Eastern Paratethys estab-
lished almost certainly due to a eustatic sea level rise.

Within the Limacina umbilicata time interval Clio
Jjacobae is recognised both in the Ruinerwold well and
in the Mallif3 clay pit. It seems to occur only during a
short time in the middle of this interval. Although the
exact position of the finds of C. jacobae in the Mallif3
section is unknown Moths (2000) states that he col-
lected the specimens in the uppermost part of the clay
exposed at that time, which was well above the first
occurrence of L. umbilicata. Disregarding the rarity of
C. jacobae it is very likely that its occurrence marks
one small time interval.

These short term invasions of cavolinioid pteropods
have only two possible explanations. The first is a
temporary connection of the North Sea Basin to the
worlds oceans due to local or regional tectonics at the
basin margin in a relatively warm period. The second
is a more widely spaced connection during a strong
sea level rise allowing warm water currents to enter
the basin. The second interpretation is most likely
for all three events. The Clio blinkae level was
already interpreted as maximum flooding surface by
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sedimentological means (Vandenberghe et al. 2003).
The Praehyalocylis laxeannulata beds originated during
a strong transgression in the Paris Basin, the Mainz
Basin and the eastern margins of the North Sea Basin.
Sedimentological features of this level in the Mallif§
section, which was close to the basin centre of this
time, show characteristics indicating a change in the
hydrodynamic regime. Although they are not reflected
in the more marginal sections of the Rupelian type
area they indicate a strong sea level rise.

The Cho jacobae event correlates with a separate
cycle in the North Sea Basin (Lintfort Formation,
Woold Member of Brinkheurne Formation, Rupel 4,
‘Muschelschluff’ of the Leipzig area) and Mainz
Basin (‘Oberer Rupelton®). This makes a eustatic
explanation more likely than a regional tectonical.

Conclusions

From the Early Oligocene North Sea Basin pteropod
species at least three show only very short termed
invasions: the Clic blinkae Event, Praehyalocylis
laxeannulata Event and Clio jacobae Event. Two of
these events are combined with sedimentological
features that may be explained by a significant change
in palaeoceanography and hydrodynamic regime.

Thus the most likely explanation of the pteropod
events is a eustatic sea level rise not only leading to a
connection to the warmer worlds oceans but also
overstepping a threshold level allowing warm water
currents to enter the basin and bring in their plankton
freight. These currents may have influenced the hydro-
dynamic regime of the North Sea Basin at least twice
by changing water stratification and supplying oxygen
to the bottom water.

Although these are promising starting points much
further research has to be done to fully understand
immigration patterns of pteropods in the North Sea
Basin Oligocene history. Especially the record of
Priabonian/Early Rupelian pteropods is very incom-
plete.
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