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Editorial

» Karl Girs

Northern European Cenozoic Stratigraphy; Proc. 8" Biann, Mest. RCNNS/MACNPS. - Flintbek 2002

Tha & biannual joint meeting of the Re-

phy around the Hemmoacrian/Reinbekian

gional Cy

on Maorthern a v, @ rafined bi i using
and Palapogene was held at Salzau Castle, () ic g P tha
the official cultural cantre of the state of ofi ional B

Schleswig-Holstein, Germany, from the
2" to the 7" of Qctober 2001, The Regional
Committees are subgroups of the Sub-

issions on F and N,
Stratigraphy which belong to the Interna-
tional Commission on Stratigraphy of the
UGS {international Union of Geological
Sciences),

Ewvery two years the meeting offers a plat-
form for the axchange of research results
and ideas in a formal as well as an infor-
mal setting. The meeting was attended by
statigraphers from Belgium, the Nether
lands, Denmark, Norway, Great Britain, Po-
land and Germany, all involved In research
on the Cenozoic North Sea, One main goal
of thase maetings is to promote interdisci-
plinary joint ventures across political bor-
ders and (palaeoigeographical boundaries.
The participants come from industrial com-
panies, geological surveys, universities,
museums and research institutions or are
private researchers. Fiald trips offer oppor-
tunities for examining the special geologi-
cal background of the region in which the
meeting is held.

In this book 14 selected reviewed papers of
lectures or posters from the meating which
were submitted for publication in the pro-
ceedings volume are prasented. Subjects
are the microproblematicum Voorthuyse-
nialia and an explanation of its origin by
Palaeocena material, with a description of
a new specias, new results on the strati-
graphy of the Ypresian Egem clay pits, the
reconstruction of a Palasogene shelf mar-
gin on the basis of the combination of pa-
laeontological and geophysical data, a new
markar horizon for the Hessian Deprassion
and the Upper Rhine Graben for the lo-
wer Oligocene cantaining Bolboforma, a
detailed analysis of the spacio-temporal
devel of the Rul gression in
northern Belgium, a marker horizon with

a plankton bloom of a dinoflagellate and
description of a new marker species, a new
biostratigraphical zonation based on the
benthic gastropod genus Nassarius, with

a description of two new species, and an
evaluation of this genus for the stratigra-

stratigraphy with the regicnal Uvigerina
{benthic foraminifera) stratigraphy of the
Marth Sea Basin, an evaluation of the Gra-
mian stage es a chronostratigraphical unit,
coal ion in a paralic

in the Lusatia district {eastern Germanyl,

a detailed study on the Poznan Formation
of the Polish Lowlands, and & eritical com-
ment on the impact of political borders on
stratigraphical nomenclatura.

The editor thanks all the authors for their
illing and i ] i
to this volume, special thanks goes to the
state government of Sehieswig-Holsteln,
represented by LANL [State Agency for
Nature and Environment) for financial sup-
port. Tha editor is also very much indabted
te Jayne Welling-Wolf for improvernent of
the English,

Karl Girs
Editor






First Evidence of Colonial Bicorniferidae

(Bryozoa incertae sedis)

» Dorothee Spiegler  Abstract
» Kiaus H.

¥ n.sp.is
introduced as an incrusted taxon from
the Geulhem Chalk, Houthem Formation,
lower Dano-Mantian, at Curfs Quarry
near Maastricht (Netherlands). The four
colonies of basal zooecia observed are
cemeanted to the substrate directly ar by
protrusive borders, They are arranged
uni- and biserially or on a plane. The
classification of this new species into the
Voorthuyseniella genus depends on the
subrounded zooecia with an upward-
oriented frontal pore (aperture} and lateral
pores.

Until recently, anly isolated chambers
of Voorthuysenisila have been found,
The bases of | h iell;

ordnung der neuen Art zur Gattung Voot
huysenielia ist aulgrund der subglobalen

Einzelzooecien mit nach oben gerichteter

Apertur und der Lateralporen maglich.

Alles bisher bekannta Voorthuyseniells-
Material basteht nur aus isolierten Einzel-
zooecien. Mit vorliegendem Fund baweist
sich die bis jetzt nur vermutete koloniale
Organisationsform erstmals direkt sus der
fossilen Uberlisferung. V. incrustans n. sp.
ist der dltesta Machweis der Gattung. Die
friuhere Annahme, dass sich die Voorthuy-
seniellen phylogenatisch im Eozén von
Bicornifera abspalten, [dsst sich somit nicht
aufrechterhalien,

Die starke zooeciale Variabilitat innerhalb

studied in this paper are the first foasil
proof of a colonial growth mode with
encrusting bases, V. incrustans is the
oldest species of the genus, Therefors,

der 1) Kaolonien von ¥

seniella i 0, &p. lasst vermuten,

dass zumindest bel elnigen der bisher be-
hrieb Voarth, lig-Arten dig zur

lichen Morphologian eher ihrer Position

the that | h der Kolonie iben sind.
was separated phylogenetically from
Bicornifara during the Eocena must be

Keywords

revised,

The great zocecial variability in of
Vioorthuysenieila incrustans colonies
may imply the possibility that the
marphological differences of soma of the
known Voorthuysenislia species reflect
only their speclal position in the colony.

Kurzfassung

Aus dem unteren Geulhem Kalk der
Houtham Formation (unteres Dano-Monti-
um) dar Grube Curfs bei Maastricht
|Niederlande} werden die aus diversan
Zooecien bestehenden kolonial arrangier
ten Basen als i i

Bryozoa, Bicomiferidae, Voorthuyseniella,
Dano-Montian, Netherlands

Introduction and Historical
Overview

Vooamauvsen {1949 and 1956) described
caleareous microfossils from marine
Pliocene and Oligocene strata from the
Matherlands, namely, as imperforate milky
white, with three openings and one fissure,
He named this problematic form group
Lagena-X. In addition, Ferriera & Rocua (in:

meu eingetiihrt, Deutlich erhaltens An-

= i : die kst
rende Verbindung mit dem Substrat. Dig
Zooecien liegen in uni- und biserialer so-
wie flichenhafter Ausbreitung vor. Die Zu-

1956 Lagena-X from
the late Miocene in Portugal. Buasor (1962)
found similar microfossils in the Eocene
in Franca and Belgium, Huanc {1962)
additionally in the Miocene of Taiwan,
Keii {1964 in Recent sedimems from the

Northern European Cenozoic Stratigraphy; Proc. & Biann. Meet. RCNNS/RCNPS, - Flintbek 2002 7



South China Sea, and Kimvene {1963) in
Oligocene sediments In Germany,

Because the basic structures of Lagena-X
imply an originally joint construction,
Szczcuuaa (1969) excluded Lagena-X
from the foraminifera and created 8
special genus - Voorthuyseniella - for the
Lagena-X-like microfossils, She pointed
out that Voorthuyseniella vesicles might
be daetachad ralics of an originally colonial
or at laast sedentary organism. But all
observed material of Lagena-X sensu
Voonmauvsen eonsisted only of free single
tests,

for two-chambered tests showing no
bicorniferaid prolongations. The most
striking features of Bifissurinalls are simpla
poras between chambers and similar pores
at their distal ends,

Kir (1977) detected such pores on some
Bicornifera and suggested that thase
pores are opanings for flaxible uncalcified
connecting roatlets. This interpratation lad
o the hypaothesis that Sicornifera should
represent uniserial internodes of 310 4
bounaed vesicles [zooecial, wnloh were

d by an
axial filament (rootlet). Consequently,
KEu {1977} created the new family

within the

Inthe o year Keu (1870}
typical Voorthuysenialla from Eocene up
to Recant sadimants from western Eu-
ropa, Marth America and the South China
Sea. A variety of Voorthuyseniella fram
Oligocene and Miocene sediments from
y ware di
and placed into several form spacies by
SreaLen (1976). In the sams year Hmw &
Kow {1876) published

Bryozoa, covering Voorthuyseniella,
Bicornifara, and Bifissurineila. This
classification was confirmed by Rusaem
(1978} and SzczecHuns (1985). Finer ET AL
(1986} concluded that Bicornifera iagaaij
was attached to a substrate at the terminus
of its proximal stem,

A iy i

from the Eocene-Oligocene Little Steve
Creek section in Alabama and peinted out
that the abundance of \ohorlhuy‘samelhds
seems fo late with an

of the
Bicorniferidae including the
Voorthuyseniella genus was given by
Szezecwmn, (1992). She estimated the

to be d of an

bryozoan debris. Possant & Usaioo 119?3]
reported Voorthuyseniella fram the lower
Miccene in southwestern France, Hamann
(1977, 1978, 1981) from Pleistocena and
Quaternary sediments inTexas and Loui-
siana, and Matusan & Costa (1981) from
middle Eocane sediments at Tierra del
Fuogo {Argentinal. Recent repor of fossil
iella from Miocene sedi
In northwestarn Germany has baan given
by Gurs & Seeaies (2000,

Linpenmens (1965 created the new genus
Bicornifera for problematica from lower
to middle Oligocane marine sedimants in
Austria, northern Slovenia and Turkey. The
problematica were described as having a
calcareous hyaline test consisting of two
chambers of various sizes, separated by

a double layered wall. In typical cases
wach chamber shows an appendix-like
prolongaticn (the interior of which is not

confluent with the interior of the chamber).

Chambers and profongations have a
lateral opening similar 1o that of Lagena-X
[since 196%: Voorthuyseniglia). Kew (1968)
confirmed the Bicornifera genus in upper

Eocene sediments in southwestern France.

In addition, Pocnant & Ussoo (1973)
created another new genus, Bifissurinela,

warly (i e Palaeocene) Bicornifera.

All of the rich Voorthuyseniella material
reported since VoortHuvses (1948) was
completely decayed into single chambers.

Locality and Stratigraphical
Data

The specimens studied in this paper
belong to a sample {Sample 105) which
was collected by E. Vgt in the 1960's at
Curfs Quarry, & km ENE of Maastricht
(Geultal, Berg enTerblijt district,
Netherands), The sample is derived from
a calcarenita layer, the so-called Geulhem
Chalk, part of the lower Dano-Montian
Houthem Formation (Jast €7 L. 1996,
Brinkruis & Swr 1896).

The Geulhem Chalk was deposited

In & shallow subtropical sea on the
emersion surface of the Vroenhaven
hard ground, which tops the Meerssen
Member of uppermost Maastrichtian.
Firat observation of a post-Maastrichtian
age of the Geulhem Chalk was made by
Tmen | 1B69/60) and later rediscovered by
Horken (1956, 1961). The basal part of the



Geulhemn Chalk contains reworked bryozoa

of late Maastrichtian age (Vowar 1987, A

faunal division is possible, but is very
without prof

Description: Colony of up 10 15 atached
zooecia, arranged uniserially, biserially
andior on a plane spread over the

The shape of the zooecia is

of the faunal slements involved.

Until 1996 the K/T boundary was defined to
the underlying Vroenhoven hard ground.
Swrm & Brinenuis [1996) pointad out that the
KT boundary should probably be placad

3 to 4 m deeper, i.e., within the Berg en
“Tarblijt horizon (Zevensens 1998). Therefore,
Sample 105 should be correlated to

the lower, but not lowermost, Dano-
Mantian. Nevertheless, the age of the
Voorthuysenieila colonies studied remains
somewhat uncertain because of the
reworked faunal relics of Maastrichtian age
described above, but an interpretation as
reworked Maastrichtian is rather unlikely
because of the good state of p i

bulbous and cubiform, when zooecia

are attached to each other. The upward-
oriented circular aperture (frontal tubus
pore sansu Keu 1970} may be wide or
nearly closed, There is no collar or rim
around the simple, somewhat depressed
aperture. The terminal pleneer zooecium
develops an elongated, tube-like shape
with a small frontal tubus pore, and ends
inte an open, mostly destroyed tip. One
of twao lateral pores at several zooecia
may ba communication pores. The zooecia
are directly cemented to the substrate or
aftached by protrusive basal encrusting
edges.

Systematics
(sensu Goroon 2002)

Phylum Bryozoa Exseneers 1831
Order: Cheilostomata Busk 1852
INCERTAE SEDIS

Family: Bicorniferidae Keu 1977

Voorthuysenialis Szezeoiurs 1968
Type species: Voorthuysenialia
lageniformis Szcreciurs 1969

Voorthuyseniglla incrustans Srecum &
EseAHaRDT, N. Sp.
Plate 1, Figures 1-4; Plate 2, Figures1-4

Holotype: Colony D (Plate 1, Figure 1, Plate
2. Figures 1-4}

Paratypes: Colony A, B, and C

Stratum typicum: Base of Chalk,

and
Length |of zooecial: 0.11 - 0.26 mm
Heightllength ratio: 0.8 - 1.25
Max, number of aggregated zooecia: 16

Oceurrance: Only the type locality

Remarks: The basal part of the colonies
ohserved clearly shows the direct
attachment of the zooecia to the substrate.
It seems that the various zooecia of the
different colonies were probably connectad
by monfossilized rootlets through the tubus
pore and lateral pores, The connected
bases of Voorthuyseniella incrustans
studied in this paper are the first fossil
proof of this calonial growth mode with
encrusting bases. The fossilized zooeacia
of Voorthuysenialls have, until now, been
documanted only as free single bodies
in sediments {in the sand fraction of
washed samples), In the future we must
also analyse the coarser sediment frection
ining meso- and as wall

Houthem Formation, lower Dano-Montium
Locus typicus: Curfs Quarry, & km ENE of
Maastricht, Berg enTerblijt distriet, Nether
lands

Material Four encrusted colonies {over-
view: Plate 1, Figure 1}

Collection Voigt No. 7390-A, Naturmusaum
Sanckenberg, Frankfurt/Main

Disgnosis: Voorthuyseniella with bulbous,
subrounded-cubiform zooecia and
endstanding elongate tube-lke pioneer
zooacia, single upward-oriented aperture
and various lateral pores. Spacimans form
colontes which are spread uniserially,
biserially, or on & plane. The zooecia are
cemantad to the substrate directly or by
protrusive basal encrusting edges,

a5 small pieces of sediment.

Szcanioema (1992) discussed the species

in the i icularty
that of Voorthuyseniella. She was unable
to find any features of taxonomic value
which would permit the delimination
of boundaries between species within
the genus. We do not agree totally with
thesa findings, but, indead, some of the
observed morphoelogic variations of the
warlous form species may reflect only their
specific position in the colony. The spacies
concept of the genus must be revised.

Voorthuyseniglla incrustans from the lower
Dano-Mantian is the oldest species of tha



genus, Tharefore, the assumption made
by S 11892) which that

Gospos DLR (2002): Genera and

of L I.nlerlm

separate G

from Bicornifera during the Eocene is no

longer correct.

Summary

The woecia of

Incrustans n. sp. studied in this paper

are the first fossil proof of & colonial
growth mode with encrusting bases. V.
incrustans is the oldest species within the
Voarthuyseniaila genus.
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Ypresian Biostratigraphy based on
Foraminifera, Ostracoda and other
Biota of the Ampe Outcrop Section at
Egem (NW Belgium)

» Herman
Hooyberghs

» Thierry Moorkens

» Karel Wouters

Abstract

The outcrep section of the Ypresian [Early
Eocene| Ampe sand and clay pit at Egem,
in NW Belgium, was studied for foraminif-
era, ostracoda and siliceous microfossils.
The juxtaposition of the new data and

ransgressiven Tyklen vierter bis finfrer
Ordnung gleichzusetzen ist,

Die planktonischen Foraminiferan zaigen
ain Altar von NSP 5 der Nordseebecken
Biozonierung von King (1983) an bew. die
Buow Zonen P7 bis P, Das Vorkommen von
itria triseriata und Pseudohasti-

| data on dinoflagel Guemb
cysts, nannoplankton and macrofauna with
the lithoeol permits an
of a high ion regional

gerina wilcoxensis im Egemkapal Ton Iésst
minan regional bedeutenden Laithorizont
. der aus i weitaran Ta-

stratigraphy, in which a number of bed sats
correspond with transgressive {4th to 5th
order) eycles.

The planktic foraminifera indicate NSP &
in the North Sea biczonation of Kiue {1983|
and P7 - 8 in the global Buow zonation.

gesaufschliissen und Bohrungen in Belgien
bekannt ist, Die benthischen Foraminife-
ren-Gemeinschaften sind typisch fiir offen
marine Bedingungen des flachan Schalfs.

Die O zeigan i ain
warmas, flaches Meer an. Die kieseligen
Mkrofossilien sind in zwei. Hori an-

The of G i
and Pssudohastigering wilcoxensis in the
Egemkapel Clay give proof of a regional
marker harizon known from other cutcrop
and borehole sections in Balgium. The ben-
thic foraminiferal assemblages are typical
for open marine shallow shelf settings. The
ostracods are palaeoecologically indica-
tive of a warm shallow sea. The siliceous
microfossils are concentrated in two levals
which can be correlated with several te-
phra layers in Denmark, indicating higher
voleanie activity during this time,

Kurzfassung

Das Profil der Ampe Sand- undTongrube in
Egem, NW Belgien, desYpresium (Frihas
Eoziin] wurde auf Foraminiferan, Ostra-
coden und kieselige Mikrofossilien hin

Die 0 der neu
gewonnenan Daten und bereits publizierter
Daten z2u Dinoflageliaten Zysten, Nanno-
plankton und Makrofauna mit dem litholo-
gischen Profil erlaubt es, eine hoch aufla-
sende Sequenz Stratigraphie zu erstellen,
in der gine Anzahl von Schichtpaketan mit

die mitTephra Lagen korreliern
werden kdnnen, die aus Dénemark bekannt
sind, und weisen auf erhihte vulkanischa
Aktivitdtan wahrend ihrar Entstehungszai-
ten hin.

Introduction

Locality Details and Pravious Studies on
the Ampe Outcrop Section

The presently studied outcrop section

of the Ampe sand and clay pit at Egem

is located in the province of Western
Flanders, along the N 50 road from Bruges
[=Brugge) to Kerrijk (Figure 1, lefil. Its
coordinates are: x=70.150; y=190,150,

and a lithocolumn of somea 30 m has
been accessible for study for the past 15
years (STeumaauT 1987 1998, p. 118, Figure
5). Localities previously sampled by that
author [sections A-D} were located in the
northern part of the quarry, whereas the
samples taken by ourselves in 2000, and
treated for the present study {sections E-F}
ara from the southern part {E = Egemkapel
Clay and Egem Sand Members; F =

Narthern European Cenozole Stratigraphy; Proc, 8" Biann, Meet. RCNNS/RCNPS. - Flintbek 2002 15
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Figure 1: Location
and lithostrati-
graphic pasitian of
the Ampe quarry at
Egem (maps aftar
Srevraaur, 1987
Figures 3, 7;
moditied; position
of presently studied
/ sampled sections
E and F have been
added].

uppermost Egem Sand, “stonebed X7 and
Pittam Clay Members, Figure 1, right hand
sida).

This cutcrop has been in existence for
mare than 30 years. In the course of time
the excavation gradually reached deeper
and deeper strata, and the section has
been studied by numerous workers: Noce
(1973, p. 77-79, Figure 1) mapped the
northern part of the pit, and described

be necessary 1o be able to distinguish 4th
to 5th order transgressive cycles.

Some micropalasontological data on the
benthic foraminifera have been presented
by Gerrrs at al. {1981, but their sampled
section cannot accurately be juxtaposed
ta the lithocolumn studied here, Wiwes,
11982, briefly reviewing the results of his
Ph.D. work from 1980} did not study this
outcrop section, but his thorough wark on

tha lithocol of a shaliow barehal
Geers (1879, p. 45) prasented some

the Mera of ¢ and outcrops
of this area, allows us to use his regional
biozonation based on the successive

and gi data

of various benthic foraminiferal

and i new lith
units for the strata which were then visible
in the area. The grain-size distribution

of three separate intervals of the then
axisting quarry (down to 19 m) were later
presented by Geers {in Stevasaur 1987,
Figure B), but these levels cannol be

wall juxtaposed to the presantly studied
lithocolumn,

and to |ate the Amps
section with several borehole and outcrop
sections.

Calcareous nannoplankton studies
including this quarry have bean initiated
by Steumnaut & Nour {1986), SteunsauT
11887), and have further been discussed by
SreuraauT (1988, 1998).

F ical analyses of the di
of saveral selacted samples have baan
presanted by oe Conmoe B Nour (1979), and
by lsuan (1382), Further work has been
initiated on the dinoflagellates of several
ather lavels of the quarry, but in our
apinion a more closely spaced sampling of
the saction (at least every meter, &s used
for the study of the present paper) would

The Ampe section comprises several
members of two formations of the leper
Group |Figure 1, regional lithostratigraphic
scheme, and juxtaposed lithocolumnl; from:
base to top:

The basal one or two meters of the section



probably correspond to the upper part of
the Kortemark Silt Member {(defined by
Sreumsaut & Nour 1986), which forms the
lower part of the Tielt Formation (Steursaur
1998, p. 113L

The averlying unit is the Egemkapel Clay
Member (Steurasut 1998, p, 114), overlain
by the Egem Sand Member |Lasa et

al. 1980, Sr=umsaut & Nocr 1986), which

is ganerally thought to form a lateral
equivalent of the previously defined
Ledeberg Sand Member |Geers 1979),

Owerlying the top of this clayey sand
intervel, & consolidated coquina layer /

hood of Ghent, appears ta be missing in
the Ampe section and in the area around
Egem in general,

The Pittern Clay Member forms pan of the
Gentbrugge Fermation (previously called
Gent Formation, but according to Dr. P
Laga, this name had already been usad for
a guaternary rock unit in that area).

When selecting several main reference
sections {Wuiems & Mooskens 1991, p,
241} in order to characterise the various
pans of the leper Group succession in
Belgium, the Ampe section presents
several great advantages compared to its

silicified opalina CT
{raferred to as “stonebed X" by the
authors) occurs, the stratigraphic position
of which is still debated. Steurasu & King
11884} correlated it with the thin Bais-
la-Haut Sand Member as observed in

the Mont Panisel section, batwean the
Mons-an-Pavele Sand and Maont Panisel

lateral Bgui as it appears that in
this very large outcrop (more than half a
square km} no intraformational faulis have
been ob d, whereas this

occurs in the neighbourhood. For instance
at the "Ostyn” clay pit in Meulebeka (ia.,
at some 8 km to the SSE of Egem | the

ional faults

Sand Members. But Foat (1997) preferred
10 equate it with the "Hooglede Sand

tation” which he | duced in
that paper, and which according to him
saparates the Merelbaka Clay and Pittemn
Clay Members in the Flanders area (cf,
lithostratigraphic table of Figure 1).

it appears that opaline-CT-cement
{often connected with partly or entirely

has been obsarved at various intervals

of the leper Group, such as (al in several
sandstone intercalations in the Pittem
Clay Member (Foes 1997 p. 95 as, e.q.,
observed in the Ampe saction; (b} in the
“Hoogleda Sand Bed” stratotype section
(Foee, 1997, p. 98); (c) in "stonebed X" of
the Ampe section (as already discussed in
the report of the “NFWO contact group”
excursion, 23/09/1883, and, e.g., further
substantiated by Jacoes & De Batst 1996,
p. 36). The predominantly biogenic origin
of the opaline cement {8 often co-oceurs
with s microfossils, sueh as sponge
spicules) has been emphasized by various
resgarchars, and will be discussed balow,
in the sections on siliceous microfossils,

In the Ampe section it is generally as-
sumod that a large hiatus occurs batween
this *: d X" and the ing clays

Egam Sand Mamber is strongly disturbed
3 s

(Verscrumen 2001, p. 41-43, 76, Figure 68}
and & detailed sampling for high-resolution
stratigraphic analysis of the lithocolumn
would be vary difficult there,

Tapic of Study

This study has been initiated for various
reasons. First, a detailed analysis of the
various groups of tha microfauna {such
as foraminifera, ostracoda, radiolaria,
siliceous sponges, etc.) is possible from a
single of the samples [washi
&nd picking of some 200 g of sedimant).

The high-resolution biostratigraphy of

the various members can be checked by
Juxtaposing the results of various groups
of microfossils and assessing their regional
biozonations.

A series of closely spaced samples permits

the abservance of variations in microfossi|

assemblages at various levels. The

results obtained for the various biota are

comparable, since they are all based on the

same samplid levels. In addition, charts

of microfossils (and their

diversity, etc.} can directly be juxtaposed

1o the detailed lithocolumn, and thus to its
y and sedi logy curves.

and sands, which are equated with the
Pittern Clay Member {Ge=sts 1979), sinca the
Meralbeke Clay Member (De Moos & Genmis
1971}, a dark grey heavy clay of lagoonal
satting as observed in the neighbour-

Hence, it becomes possible to check
whether lithologically/'sadimantologically
istingui [ to
the abundance and! or diversity cyeles of
several microfossil groups, e.g., planktic




and benthic foraminifera. In addition, tha
episodic occurrence of other biota, such as
the siliceous microfossils, can be added to
this framework.

Material and
Methods

A series of forty samples has been taken,
as indicated along the lithocolumn of the
various charts (Figures 2, 3, 4, 5). From
mach sampla 200g sediment was washad
and sieved over 3 70-micron sieve. After
density concentration with CCI, {carbon

floride) the mi includi
caleareous and silica tests of microfossils
ranging in size between 70 and approx.
500 microng, wera picked and counted, so
that these results could be plotted along
the Ampe lithosolumn,

The shell beds of the section (FT to FX
horizons of Figures 2-6] were not samplad
for this study since they generally consist
of much larger granules, such as mollusc
shells and fish teeth, which have already
been treated in the literature [cf. Figure 4);
the large foraminifera |Nummulites] have
not been studied for the present paper,
since they will ba treated in a separata
study on this group.

The same series of samples has been used
for granulometry and calcimetry analyses,
part of tha results having been outlined

in Figure 6, as juxtaposed to the Amps
lithacolumn,

D ition of

The specimens shown in Plates | to VI,
as well as several others selected from
the Ampe quarry samples (labelled as
Egemkapel Clay, Egem Sand, and Pittem
Clay Members; all of Ypresian age), have
been stored in the collections of the
Laboratory of Palaeontology at the Catholic
University of Leuven. They have been

Qi under the i :
Planktic foraminifara: F 12632 - F 12759
and F 12783 - F 12800
Benthic foraminifera, radiolaria, and
sponge spicules: F 12801 - F 12947
Ostracoda: A 1879 - A 1893

Micropalaeontological
Analyses
Planktic Foraminifera

Planktic foraminifera occur at many

lewvels of the Ampe section, severalin the
Egemkapel Clay, and in most levels of the
Egem Sands. Some specimens have been
found in a single level of the Pittem Clay,
but it has not yet been determined if these
are in situ or reworked.

Eighteen taxa have bean observed and
their occurrences are given in the range
chart (Figure 2, right-hand sidel. Most of
them have been figured in Plates -I1.; the
species and the authors of the recognised
taxa have been listed in the legends of the
plates.

In the Ampe section, Guembelitria
trisgriata is present from the base of the
Egemkapel Clay Mamber upwards; in
Belgium it is known to range throughout
the Egemkapel Clay and Egem Sand
members; according to Wilems (1980, p.
87} it first occurs in a calcareous level of
tha upper part of the Konemark Silt at
Kortemark, and in the Kallo borehole it
ranges from 283 m upwards.

In addition, Pseudohastigering wilcoxensis
occurs from the base of the Egemkapel
Clay Member upwards in the Ampe
saction. According to Buow (1973}, and also
in the updated biozonation of Bercares et
1. 11995}, its FAD (first appearance datum,
worldwide) forms the base of the P7
biochron.

The LOD [last occurrance datum, local)

of Muricoglobigering aquiensis, which

is known to range down into the Late
Palaeocene, worldwide| is observed here
&t sample level 28 According to Berosaen
et al. {1995}, it has its LAD at the top of the
P7 biochron, In the Ampe section a further
specimen of this taxon has been obsarved
in the Pittemn Clay Member, level 37 but it
i passibly not in situ.

In addition, M. chascanona and
Globorotalia pseudeimitata, both ranging
up to level 22 in the Ampe section, are
known to have ranges restricted upwards
to the top of the P7 bicchron (Berccrew at
al. op. cit.)

From the abowve it appears that the
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Figure 3: Benthic Egemkapel Clay and Egem Sand Mambers  The high abundance of planktic
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Sand are very shallow nearshore maring
to deltaic deposits, with flat bottomed
erosion gullies. Indeed, several levels are
barren in foraminifera and other marine
biota, and may be brackish to fresh-water
intercalations. Howaver, at several other
levels, plankton is quite abundant and
indicate a desper open marine setting,
For that reason countings of the planktic
specimens of the various lavels have
been initiated, and the results have been
plotted against the Ampe lithocolumn
(Figure 6). Tha resulting curve parmits

us to distinguish a number of thin
transgressivaregrassive cycles, which are

Kortemark Silt { Egem Sand succession of
Belgium.

The larger foraminifera specimens
obsarvad in our washed samples from tha
Ampe section (Nummulites planulatus)
occur only at four levels, ranging from the
shell beds Fi to FIl . The two occurrences
betwean the shall beds prove that
Nummulites may also occur at other levels
than coquinas do. These two samples, at
levals 28 and 31, thus probably reprasent
in situ preservation of the Nummulites,
whereas those of the shell beds are
fargaly transported and concentrated by

i ing lef. below),

below
interpretation].

Benthic Foraminifera
Only a few sampled levels proved entirely

barren in benthic taxa, but as is the case
with the plankion the frequency [number

The levels of the Ampe section which are
barren or poor in planktic foraminifera
(Figure 2} generally correspond 10 levels
which are also poor in benthic specimens
(Figure 3), and these levels probably
represent very shallow marine to non-

of specimens found in 200 g of
strongly varied from level to level.
Nevertheless, some 44 taxa have been
idantified {range chart, Figure 3), all
praviously described (Wilews 1880) and
figured (WeLems 1991) in other outcrops
and boreholes of Belgium.

Maost of the taxa found in the Ampe saction
have been figured (Plates [II-IV); the
specias and their authors have been listed
in the legends of the plates.

Unfartunately, nearly all of the approx.
200 foraminiferal taxa observed by WiLens
|op. cit.) in the Ypresian succession of
Belgium, appear to range throughout

that interval, A biozonation for the Early
Eocene of that area, 83 based on first and
last appearances of taxa (FAD's, LAD's),
was thus not able to be established thare.
However, as had bean obsarved by Wiems
11980, 1982} and WicLems & Mooaxews {1891),
the specific content of the foraminiferal
assemblages clearly changed in the

course of Ypresian times, and a number

of “benthic association zones” |BAZ),
characterised by their dominant species,
permits the ofa

In the
mare richly fossiliferous intarvals strong
wariations in the diversity {simply counting
the number of observed taxa per lavel)

are observed. From the data presented

in the two chans, diversity curves have
been compiled for the planktic and benthic
foraminifera, and it appears that these two
curves roughly mirror that of the planktic
abundance curve {Figura 6, left-hand sida),
the “higher diversity intervals” thus also
reflecting the “mare open marine phases”
of the section,

Ostracoda (K. Wouters)

The material studied consists of six micro-
palagontologicsl slides containing ostra-
cod carapaces and valves, obtained as &
result of treating the sediment with carbon
tetrachloride. This flotation matarial yielded
31 adult and 2 juvanile carapaces, 9 adult
and 2 juvenile valves, belonging to 9 spe-
cies, The specimens are well preserved,

The following species were found {with
indication of sample number, and number
of i carn = v. = valvel:

usable assemblage biozonation.

From the 44 taxa of the Ampe section,
some ten were able 1o be selected for the
biostratigraphic assessment (Figure 2,
left-hand side; characteristic zones of each
taxon indicated below the species names),
which permitted a rough delimitation

of WiLens' (op. cit) BAZ zones Y and VI,
pravicusly also known to correspond to the

E 19 Schizocythere appendiculata |1 car.|

E 22 Eopaijenbarchalla lomata (1 car.
Cytheretta sp, of, £, decipiens (1 car}

E 26 Cuneocythers (Monsmirabilial sp. (1
car.}

E 28 Loxoconcha sp. (juw.) (1 car)
Cythersrta sp. of. C, decipions |2 car.)
Schizocythers appendieulata |1 v




E 35 Leguminacythereis pustulosa (6 car.
and 5v.)
Cytheretta sp. of. C. decipiens (1 car.}
Horrificiella aculeata (1 car.)
Cyamocytheridea hebertiana 3 car., 2 v.)

E 37 Schizocythere appendiculata |7 car., 1v.)
Cytherstta sp. of. C. decipiens {1 v.)
Faracytherides gradata (1 car.|

Comments on the recorded taxa:
TheYpresian ostracod fauna of Belgium is
relativaly well known, particularly through
publications by Bosouer (1852) and Keu
(1957}, but also by Versoeve [1967), Wiems
(1573 and 1878), Gueaner (1990) and Du-
ruis et al, (1990, King (1980, p. 84 and 85}
identified several ostracods of the “Egem
stonebed X" {4 m below surface) of the
Ampe quarry at Egem, and Kina (1991, p.
351-354} gives an overview of the bioa-
tratigraphy of the¥presian in Balgium,
including ostracods. Some of the species
found in the Egem guarry were already re-
corded from the Belgian Ypresian and are
taxonomically well known. Other species,
howaver, for which open nomeanciature

is usad hare, have a less clear taxonomic
status.

Schizocythers appendiculataTuene, (1950,
Plate V, Figure 2) is mentioned from the
‘Ypresian at Hyon {Keu 1957), Merelbeke
{Veanoeve 1967], and frem the Kallo well
{Whiienss 1873}

Cyamocytheridea hebertiana (Bosauer
1852} (Plate V, Figure 9) was already re-
corded from Eocena deposits in Belgium
by Keu (1957} and Vernceve (1967). Our
specimens show minor i

1878} and by Guerne {1980), who describes
the spacies as "commaon” in the Num-
mulites planulatus sands of Mont Panisel
section,

Leguminacytherals pustuloss (Ropwen
1838) |Plate V, Figures 6, 7} {cf, ArosTouescy
1855, Haskws 1970, Mawz 1989) is a rela-
tively rare species in the Eocene of West-
ern Europe, Until now it has never bean
recorded from the Eocene of Balgium. The
only known Leguminocytherais species
occurring in Eocene deposits of Belgium is
L. striatopunctata (Roemer 1838) (Keu 1957,
Wiiems 1973, 1978, GuerseT 1990).

Cytheretta sp. of. C. decipiens Keu 1957
(Plate V, Figure 1) resembles C. decipiens
Keu 1875 forma B Mowostom 1985 (cf. also
Mawoston 1996) from the Eocene of Hun-
gary, but our species is more elongate and
has a weaker reticulation. The species pra-
sented here is identical to C. decipiens Kei
1957 sensu WiLems 1978 (non Keu), from
theYpresian of the Kallo well,

Paracytheridea gradata {Bosouer 1852)
(Plate V. Figures 3, 4) has already been
mentionad from the Belgian Ypresian

by Kiis (1957) and Viesoeve (1967). There
remains some doubt as to whether the
Ypresian representatives of this species
are conspecific with P gradata from the
Lutetian of the Paris Basin {Grignon: type
locality and type level of the species).

Eopaijenborchella lomata (Trese. 1948) is
a rather common species inYpresian and
Lutetian deposits of Western Europe. It

differences in comparison with Ledian (ie.,
Middle Lutetian| representatives of the
species in the convexity of the dorsal mar-
gin and in the ormamentation.

Cuneocythere (Mansmirabilia) sp. (PlateV,
Figure 5) probably represents an unknown
species, It resembles to some extent C.
(M.} gibbosa (LienenkLaus 1900) (cf, Moos
1973, Szczeowma 1977) from the Upper
Eocene of Germany and Poland, and the
Lower Oligocene of Germany. The present
spacies, however, differs by the much
smaller punctuations and by the absence
of a distinet anterier marginal rim,

Horrificielia aculeata {Bosauer 1852) (Plate
V, Figure 8} is a rather commaon species in
Ypresian and Lutetian deposits of Western
Europea. It was recorded from the Ypresian
of Belgium by Kew (1957), Waiess (1873 and

was from ¥presian daposits in
Belgium by Keu (1957, Veruoeve (1967) and
WiLenss {1973 and 1978).

Although the material which was present
for this study was rather limited, this pre-
liminary report gives an interesting first
idea of the importance of the Egem quarry
for the evaluation of the Yprasian ostracod
fauna. From the sight species present, at
least two require further study, When deal-
ing with larger samples and with elaborate
picking of specimens, the Egem quarry will
prove to be an important site for ostracod
research, which will permit comparison
with other Belgian and foreign localities.
The material studied here is indicative of
awarm and shallow sea. More material,
hawever, is needed to give more detailed
infermation on the palaeoecology of these
deposits. The above-menticned ostracod
taxa, together with ostracods already men-



Figure 4: Ostracods
(K. Wouters) and
siliceous microfos-
sils a5 observed in
the 40 samples of
the Ampe quarry
(present study)
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tioned by King (1380, 1381} from the Ampe
quarry, are presanted in the distribution
chart (Figura 4, left-hand sida).

Siliceous Microfossils

As presentad in the chart {Figure 4, right-
hand side), two groups of silica tests have
been observed in the washed residues, (a)
various “form taxa® of spicules of silicecus
sponges, and (bl two species of radiolaria.

From their stratigraphic distribution in the
Ampe section, it appears that all silica tests
of these two entirely different groups of
biota {protists and sponges) are largaly
concentrated in a couple of intervals of the
section only, and that these peak levals
are different from those of the planktic

i Various pal logical pa-
ramaters must thus be inferred to explain
thesa frequency variations at the various
stratigraphic levels.

At least for some of the groups of silica
test secreting organisms, such as diatoms,
and siliceous sponges {Maioonaco et al.
1998), it is well known that the silica con-
centration of sea water forms one of the
major limiting factors, Since “normal” sea
water is generally strongly under-saturated
in silica, some supply of dissolved Si ani-
ons may cause blooming events of thase
groups of microfossils.

Enhanced silica concentrations of surface
waters of the sea can be obtained from
WArious Soufces:

(@) influx of rivar watars carrying somea-
what enhanced silica concentrations,
sea waters taking up dissolved silica
from an opaline-rich substrate, e.g., an

(b

Several examples have been noticed in the
MNorth Sea Basin which sppear to roughly
correlate with several major tephra lay-
ars of the Early Palasogene, as linked to
the valcanic activity then occurring in the
northern Atfantic,

In Belgium, siliceous sponges oceur
abundantly in part of the Gelinden Marl
Member (Heers Formation; latest Middle
Palaeocene), and also in the overlying
Lincent Calcaranite Halen Clay Members
{Hannut Formation, early Late Palaeocene)
and lateral equivalents in the Mons basin,
88 noticed by Guunoe & Hacouasar (1954,

p. 463, Figure of Guunck 1954), Soumiackss
Lansany (1978, Pls. 17, 18}, De Gevien B Wi-
wLeMs (1982), Dreesew ot al, (2000, p.17, Figure
), This stratigraphic interval largely corre-
sponds with the "volcanic Phase 17 of Knox
(1984} as recognized in the UK and in the
MNorth Sea, with seversl taphra layers a. o,
abserved in the Glamis Formation.

A further major volcanic event in the north-
&rn Atlantic, which oceurred during the
earliest Early Eocene, and has been re-
ferrad to as "Phase 2" by Kxox (op. cit.), is
characterized by rich “large diatom assem-
blages” and several "conical” radiolaria, in
that interval of numerous North Sea wells,
In addition, the basalYpresian in Belgium
contains these microfossils, now generally
praserved as pyritised "Steinkerna’ but
originally consisting entirely of silica tests
[WiLLEms 1982, Moorkens et al. 2000),

In the Middle to LateYpresian succession
of Belgium, several stratigraphic intervals
are known 1o include abundant siliceous
sponge remains, and parts of them are
also characterized by frequent “spherical”

alder di ite layar at
the sea bottom (e.g., Hewmann-Claussy
1897,

supply of silica to the desp ocean wa-
ters by volcanichydrothermal vents,
... along ocean ridges, and up-
welling of these waters, mainly along
eastern slopes, shelves, and coast
lines,

strong voleanic events and the very
wide solian distribution of ashes.

e

id

Thearatically, all four mechanisms may
cause enhanced production of siliceous
test secreting organisms, but from the nu-
merous cases discussed in the literature, it
appears that major blooming events, cov-
ering large areas, are often linked to major
wvaolcanic events.

This entire episode has been
tarmed “siliceous biofacies” by King (1380),
wha racognized this interval in the Knokke
borehole and several other sections in Bel-
gium and the UK. Wiiiews (1981 also ob-
served these “spherical” radiclaria in the
Iateral equivalent intervals of the Kallo and
Tielt borehales,

These groups of microfossils have also
been found to be concentrated in restricted
intervals of the Ampe section (Figure 4}

{a} at the base of the Egemkapeal Clay
Member, whera bath groups are fraguent,
but become considerably less numerous
higher up in that member, and (b} in the
uppermost bed of the Egem Sand Member,
in the overlying “stonebed X7 and in the
basal part of the Pittem Clay, where only



sponge spicules occur. When Juxlapnsmg
these two intervals of "siliceous biofaci

been able 1o be age-dated on the basis of

of the Ampe section to the correlation
schemea prasented by Steurasur (1998, p.
142, Figure 11}, it is clear that they correlate
quite accurately with intervals of tephra
layers in the Albagkhoved section. The
Egemkapel Clay interval siliceous biofacies
correlates with the V' 15-17 tephra layers
(Vibarg borehale zonation), and those

of the uppermost bed of the Egem Sand
Membar and overlying “stonebed X* ap-
pear to be lateral equivalents of the V18-18
tephra layers.

A third (but less conspicuous) occurrence
of radiolaria has bean obsarved in the top
layers of the Pittern Clay Member (level
40], but it is not yet certain whether the
microfossils of that member are in situ (cf.
above for a discussion of possibly alloch-
tenous calcitic microfaunal,

H . the of radiolaria in
the Pittern Clay interval in the Ampe sec-
tion appears 10 coincide with Foar's {1997,
p. 95-97) recording of opaline CT-cement
[supposedly of biogenic arigin} in the
partly consolidated sand layers of the up-
per part of that member, as observed in
several wells and outcrop sections of the
area, Hence, the upper part of the Pinem
Clay may Include a further brief “silica
episode™ of the Belgian ion, but it

In tarms of dinocyst zonation, a large part
of the Egem Sand Member corresponds
1o the Kisselovia clathrata blozone, and
the FOD of Areasphaeridium diktyoplokus
in the Ampe section occurs at some two
metars balow the top of the Egem Sand,
according to De Cosmecx & Nour (1978, thus
indicating that the basal part of the A,
diktyoplokus blozone of D Cosnce (1881)
oreurs above that level, The overlying
“stonabad X* |ayer also containg this
dinccyst taxon [Steunsaut & Kees 1954,

p. 195), and, in addition, the overlying
Pittam Clay Mamber includes rare A,
diktyoplokus, and thus still belongs to
that same biozone; it can also be equated
with the D9 biozone of Casta & Manum (in
Vinkew, ed. 1988, p. 325).

Distribution of Megafossils
and Large Foraminifera

The and larger inif af
the Ampa section have not been studied in
detail for the present paper, and the shell
beds have not been sampled in detail for
the Nummulites. But an overview of pub-
Ilshed results is given, since it appesrs that
the ibution of these biota may be of

must be ascartained by further research
whether the microfossils are in situ, At the
moment this “silicaous biofacies” cannaot
be correlated with a lateral equivalent te-
phra layer of the known Danish and North
Sea successions.

Integrated Planktic
Biostratigraphy

The planktic foraminifera distribution in the
Ampe section discussed above indicates
that the P7 to P& biochrons of the Beaaren
et al. (1996) biozonation are present (Figure
2}, and that the section studied can there-

importance in gaining a better understand-
ing of the trans-‘regressiva history of the
section.

Megafauna

For the past twenty years or so, the Ampe
clay and sand pit, which has a very rich
megafossil content, has regularly been
visited by groups of malacologists, most
of which are amateurs. Since the molluscs
of this outcrop (and of most other outcrops
of the Palaecgane of Belgium| have

never been the object of publications of
university, survey, or museum of natural
history malacelogists, the rich eollections
of lhase amawuls fortunately give us

fore be situated in B
{op. cit,} time scale (cf. Figure 7).

This result is in agreemeant with age-dating
based on calcareous nannoplankton, indi-
cating the uppermaost part of the NP12 bio-
chron L] ing to 5

a ¥ of the most
important taxa found at various levels of
the Ampe Section {Viau NieuLasoe & Mermuvs
2001).

Due to the fact :hm in the wursa of the
last three the has

1987, 1998) for the upper part of the Egem
Sand Member. The averlying “stonebed X*
and Pittem Clay Membaer has, so far, not

gradually bacome deeper, the shell bads
of the upper part of the section have been
sampled much more extensively than

2%



those at the base. Therefore Vas NiruLanoe
tzuoz: was able to compile exhaustive

Large Foraminifera

p inary lista of the
in the “stonebed X" coguina, and several

ificantly different found
in the strata ying directly underneath it,
i.e., Beds 21a and b, 8 further subdivision
of Bed 21 of the Steuraaut (1987, p. 348,
Figure 7] stratigraphic interpratation of this
lithocolumn.

A compilation of the megafaunal content
is given in Figure 5. In addition, some data
fram Steuapaut {1987, Plate 1) and King
11980, p. B4 have been incorporated,

The lowest megafossil accumulation of

the Ampe section is that at base of the
Egemkapel Clay, here referred to as the FT
harizon, It contains only fish remains (teeth
and several otoliths), which are currently
studied at the Catholic University of Leu-
wen, and abundant Ditrupa worm tubes.

The next higher

The of large inif in
the Ampe section consist exclusively of
saveral relatively small “northern” Num-
mulites, which have not been analysed in
detail for the present paper, since the as-
semblages of two shell beds of this outcrop
(Fl and FIl) had previously been the toplc
of a binmetric/statistic study of the corre-
sponding samples Egam A and Egem B by
Lwnours (1986). Further Nummulites also
oecur at the FO level and at FX, at or slight-
ly below the basal part of “stonebed X

It has long been thought that all Num-
mulites from tha Early Eocene in Belgium
belonged to a single spacies, Nummulites
planulatus Lamance 1804, with its two {mi-
ero- and macrospheric) generations, but
the of the inner

of the macrospheres carried out by Liv-
souRs (1986] suggest that a third statistic
D\JDuiauun may be present in the assem-

is that of the FO shell bed of the Steurasur

blages. anather
taxon has been mentioned together with

(1987) ic schemea, ing in
the lower part of the Egem Sand Member.
The fact that its mollusc content is present-
Iy poarly known is primarily the result of
the fact that the excavation of the deeper
part of the quarry is much younger than
that of the Fi, and Fll shell beds located at a

N I8 + In Soiuien et al,
1992, p. 57, Stevasaut & King 1394, p. 185),
detarmined as Nummulites cf. squitanicus
Benoist (1889) from the shell bed in the
upper part of the Egem Sand Member in
the Ampe section, In the Hampshire Basin
in the southern UK, N. cf. squitanicus was

higher lavel and of the overlying
X" |called FX in Figura 5], which have been
analysed more extensively since the ba-
@inning of the original excavation of this
quarry.

As may be seen from the range chart of the
magafauna {Figure 4l, a clear change oc-
curs in the mollusc assemblages of Bads
218 and b (lower and upper part of the bed)
and the overlying Bed 22, which represents
the “stonebed X" level Imajor taxa com-
pilad from Vs MieuLance & Meamurs 2001)
Originally the mollusc I ware

Iy i by Cueav &t al. {1877,
lgura 8}. in the Wittering Formation at
Bracklesham Bay, and in the Fishar IV bed
of the Whitecliff Bay section. These strata
are lateral equivalents of the Egem Sand
Member in Belgium.

The incoming and [temporary or final)

of several b ite taxa
in the Belgian succession may have some
regional biostratigrahic value:

The first incoming {regional FAD) of

dominated by bivalves (Bed 21, but later
the bivalves partly disappear and the gas-
tropod taxa take over in number (Bed 22);
Vo Nituianoe & Mennes (op. cit.) suggest
that this turnover of the fauna largely rep-
resents a change in trophic communities,
but in our opinion it should also be checked
whather selective preservation of the shells
may be an explanation, In the upper part of
“stonebed X7 which is more consolidated
and strongly silicified, the malluses (mainly
gastropods) are only represented as ghosts
[woids), suggesting that decalcification oc-
curred after the silicification of sandstone.

N, pl in Belgium occurs in the
Mons-en-Pévéle Sand Member of the
Mant-Panisel/Bois-la-Haut borehole sec-
tion, in tha course of the lower NP 11
{subzone 1) according to Steurpaut & King
11984}, and the PEb planktic foraminifera
biozone, since Guembelitria triseriata and
Pseudohastigering wilcoxensis are miss-
ing in the assemblages studied from that
well (Hooveercks 1892). The incoming of N.
planuiatus has also been observed in the
Roubaix Clay Member (its lateral equiva-
lent), e.g. &t Marke, near to tha NPTU/NP12
boundary {Stevmsaut 1998, p. 121, Figure 71,
and ranging upwards to the basal Aalbeke
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Clay Member, But N lites apparently

disappear from the area in the overlying
Aalbeke Clay Member (Waisws 1980, 1982),
Tha first incoming and subsequent disap-
pearance of N. planulatus in Belgium is
termed BNZ1a zone (Belgian Nummulite
Zonation; Moonkens in Vinken 1988, p.188).

Mummulites of the same taxon reappear &t
the base of the Egem Sand Member, le.g.,
at the FO shell bed of the Ampe section,
this level corresponds to the NP12, subzane
WH (Figure 2} .This second influx of N, plan-
wistus is termed BNZ1b (Mooacins op. cit.);
in the Ampe section it appears 10 range
only up to the base of “stonebed X7 {of,
also Figure 7, banthic foraminifera column),
but further N, are

Pala logical and
Environmental Input to
Sequence Stratigraphy

Rt ic Pulses” of

Assemblages

As it appeared that the frequency of plank-
tic foraminifara strongly varies in the
Ampe section (from abundant in some
leveis to absent in others), the number of
specimens was countad for each of the
samples {200 g, and these data were plot-
ted as a frequency curve along the Ampe
lithocolumn (Figure &), Our counting s

known to reappear in the considerably
younger Viierzele Sand Member (Top 6f
BNZ1 zone} at the top of the leper Group.

Some molluscs of this section have appar-
antly bean preserved in their life position
{as indicated by the presence of “dou-
blettes’ i.e., still mutually attached bivalve
shells, found in the upper part of Bed 21),
but most shell beds appear to be the result
of post-d itional ion jwin-

not axp as PB i
tforaminiferal ratio, as it s thought that
the technigue used for concentrating
microfauna (flotation in carbon tetrachio-
ride] may have selected more of the light,
planktic specimens, than of the generally
somewhat heavier, benthic ones. The thus
obtained P/B ratio figures would therefore
have been higher than they wera in reality
during deposition, Hence, the “absolute”
figures as given in the chart probably more

nowing of coursar sedimentary granules
in high-enargy environments} in the very
shallow marine realm, This also appears
1o be valid for the concentrations of the
Nummulites in these shell beds. These
thanatocoenoses of molluscs and larger
foraminifara may thus have a

reflect the changes of the envi-
ronment than P/B ratios would,

It is generally accepted that the higher the
number of planktic specimens observed

the stronger the influence of the open ma-
rine realm was, thus generally indicating &

differant content than that of the original
hiocoenoses, and caution should be exer-
cised in using these assemblages for bio-
metric studies,

Only with a detailed biometric and system-
atic study of Nummulite assemblages of
the Eocene of Belgium will it be possible to
lucidate several probl of i
nomenclature, of the exact regional ranges
of the taxa in Belgium, and of the connec-
tian with the Tethyan large ini

greatar y.Tha “rhyth-
mic pulses” ohserved in the planktic fo-
iniferal freq curve rap-

resent a number of small trans-regressive
sequences (probably primarily Sth order
cycles, with durations of several tens of
thousands of years),

In addition, the curves for the diversity

variations {number of taxa per sample| for
the planktic and for the benthic sssamblag-
&5 at various levels have been constructed,

taxa, from which the northern species
are thought to be derived. Such & study,
including the help of a specialist in largar
Tothyan foraminifera, has recently bean
initiated by ourselves.

and | o the Ampe li

By and large they appear to be roughly
paratlel to the planktic frequency curve
shown in Figura 6, and thus are thought
to also reflect the local/regional sea-level
changes.

The planktic fragquency curve permits the
identification of some eight "transgressive
pulses” n the imerval of the Egemkapel
Clay and Egam Sand Members, and pos-
sibly a further “transgressive pulse” in the
overlying Pittem Clay Member, in case the
specimens are in situ,



Figure 6: Planktic
faraminiferal fre-
quency curve of
the Ampe quarry
of present study,
s juxtaposed to
and

The strongest open maring influgnce is
ohserved in the interval of the samplad
levels 21 to 24, whera hundreds of planktic
foraminifera specimens ware counted. it

is thaught that this interval corresponds to

clayay intercalation, which Is nearly total-
Iy devoid of microfossils, occurs. The to-
tal absance of planktic microfauna and of
ostracods as wall as the very poar banthic
microfauna of levels 26 and 27 is suggu

a mh {main fleoding surface) of
In this interval a thin red

carc.'mew eumes

brown [iron oxide/ -| hydm:bde} horizon has

and the
of “TC units” as
local transgrassive

cycles (for explana-

tions cf. text!

also been as level “R"

in the lithocolumnl, which may roughly co-

incide with the mis of the third order cycle
including the Egem Sand Member.

Juxtaposition to Granulometry and
Calcimetry Curves

The same series of samples has been used
for a laser analysis (Mastersizer), and from
the D iv, 0.5) data ohtained (average parti-
cle size in microns) a granulomatry curve
has been constructed (Figure 6}, When
juxtaposing this curve 1o the planktic fo-
raminiferal frequency curve, it is evident
that the mare clayey intercalations mirror
to 2 large extent the same eight “trans-
gressive pulses” as deduced from the
planktic abundance.

One major exception is observed at the
level of samples 26 and 27, where a very

tive of & setting; a paly

cal analysis (dinocysts, pollen and spo:es!
would probably be a better tool to recog-
nize salinity variations in the Ampe sec-
tion, but it would be necessary to treat &
full series of samples in order to identify
the non-marine intercelations in the sec-
tion.

The calcimatry curve |Figure B, right-hand
side) based on several selected samples
(shell beds have been omitted for this
study) shows only a few “pulses” of higher
percentages of calcium carbonate, which
may rafiect the somewhat higher con-
tent of carbonatic microfaunal shells, but,
In general, this curve appears to be less
sppropriate for the detection of "trans-
gressive cycles” than planktic frequancy
curves, foraminiferal diversity curves, and
granulometry curves,

Glauconite concentrations have not baan
analysed for the present study, since this
analysls had already been carried out for



a0

anather [sedimentological / sequence
stratigraphic) study on the Ampe quarry
{M.Sc. / Bachelor studies completed by Arn
Willemns, 1994-1995, at the Catholic Uni-
wersity of Leuven); these data cannot ac-
curately be juxtaposed to our samplad
section of the Ampe quarry, but a rough

Fll level, a broader interval rich in bi-
valves and containing alse Nummulites.

FX level, or "stonebed X" of authors;
in lower part, carbonatic coquina with
sevaral Nummulites, bivalves and gas-
tropods; in the uppar part, a silicified

comparison of the glauconite curve with are only
the ly i d curves I as “ph * (voids).
does not give additional indications for the

i ic | ion of the
Ampe section.

Shell Beds as “Lag Deposits”

As discussed by van Wagosen et al, (1980, p.
12), concentrations of mollusc shells and
debris are generally the result of winnow-
ing in high-energy settings, and thay thus
form *lag deposits”; the most commaon
type of lag is known to be the “channel
lag? i.e., an accumulation of shells and
coarser granules occurring at the base of
incised valleys which mainky

Van Waconen et al. (1890} have presented &
practical system for distinguishing various
types/sizes of stratal units, In decreasing
higrarchic order they have been defined
exhaustively: (a} sequence, (b) parase-
guence set, {c) parasequence, [d) bed set,
{e) bed, and - occasionally - (fl laminaset,
and igl lamina. This terminclogy can partly
be applied to the stratal units recognized in
the Ampe section.

w by van Wagossn et

during sea lavel falls.

This very probably applies to mast or all
of the shell beds observed in the Ampe
section, &s Jacoas & De Banst (1996, p. 36,
Figure 10) remarked that several intervals
of this section are characterized by incised
wvalleys, which are indications of {pro-ldal-
1aic settings.

From base to top the Ampe lithocolumn
comprises the following megafauna ac-
cumulations: {cf. Figure 5 for bed numbers,
for sevaral other symbols of. Stevasaur
1987, Figure 7):

= FT level, corresponding to Bed IV; ocour
ring &t the basa of the Egemkapel Clay
Member: containing numerous Ditrupa
worm tubes, fish teeth and several oto-
liths; overlying a strongly gullied surface
of the underlying Kortemark Silt Member.

= FD level, corresponding to the base of
Bed 4; containing primarily Turritellids,
aysters, and several Nummulites,

+ saveral clearly gullied surfaca levals, oc-
curring at Bed 5: also at Bods B and 9,
but which are not characterized by shell
beds.

Fl level, corresponding 1o Bed 13, in-
cluding several figh teeth, Ditrupa, soli-
tary corals, Nummulites, oysters, and
Turritellids.

al. [op. cit.) sequence boundaries [defining
the base of third order cycles) correspond
to levels of clear emergence and subaerial
exposure, whereas parasequence sets,
etc., .., the somewhat smaller upward
shoaling cycles, are generally bound by
less impaortant hiatuses.

In the Ampa section a clear sequence
boundary (S8 cccurs at the (strongly silici-
fied) top of stonebed X, but a number of
further important hiatuses can be observed
lower down, such as one hiatus directly
balow the stonebed, ona hiatus at the gul-
lied base of Bed 5, several at the transition
of the Egem Sand Member and the under-
lying Egemkapel Clay Member, and one
further clear hiatus {5B) at the base of the
Egemkapel Clay, overlying the gullied top
of the Kortemark Silt.

According to the terminology by vas
‘Wanoner et al. lop. cit.) the Egem Sand
Member discussed above and Egemkapal
Clay Member may together form a single
sequence (or third order cycla), but this
can be subdivided in parasequences cor-
responding to the two members,

In the Egem Sand Member some 25 beds
have besn distinguished by Steussaut
(1987), which may be grouped to eight

bed sets, roughly corresponding to the TC
units {transgressiva cycles of Figure B).
Thesa transgressive cycles {of the order of
bed sets) are characterized by the “planktic
frequency pulses” discussed above (Figure



6, left) and the similarly evalving clay

curve of the "granulometric” cycles (Figure
&, right].

The most important “major fleoding sur-
face” of the section occurs at levels 21-22
|Beds 6-8), as characterised by very abun-
dant planktic assemblages, but several
further important flooding surfaces occur,
e.g., at levels 11 {Bed 1) and 28 (Bad 16),
and each of the eight TC units forms a
separate smaller flooding surface,

Of course, this subdivision of the "Egem-
kapel Clay/Egem Sand complex” into eight
bed sets {TC units) is still to be considered
as & first approximation; a closar sampling
of the Ampe section would probably show
that also the different beds (i.e., most of
the units of Steurat 1967) can be recog-

than the iktyop
Zone, the marker of which was missing in
that section.

Following the lithostratigraphic scheme at
that time, as given by Kasssoueron (1961),
the Merelbeke slulce section was ariginally
erroneously equated with the Mons-en
Pévéle Sands Member also by Mooakens et
al. [1967). Prasently, we know that it can be
aquated with the Egem Sand Member, and
it is thus the |ateral equivalent of the Ampe
section at Egem,

The correlation of the Ampe section with
that of the Mant Panisal section is much
maore difficult. The lower part of the latter
saction, as observed in the 151E340 bore-
haole at Bols-la-Haut, belongs to the Mons-
en Pévéle Sand Member, and its age is NP

nized as separate thinner fi 1
granulometric cycles,

Discussion of Some of ﬂI‘S
Suggested Correlations in
Belgium

The Egem Sands Member af the Ampe
quarry can be well correlated with its lat-
eral equivalent studied in the temporary
outcrop of the sluice of Merelbeke at the
south of Ghent [Mocexens et al. 1987). This
clayey glauconitic sand was also rich in
micro- and megafossils, with assemblages
strongly resembling those of the Ampe

n 1-1li), ing to the cal-
careous nannoplankton (SteursauT & Ko
1993). This is in agreemant with the rich
planktic foraminifera assemblages indicat-
ing the P6b biochron, since Guembelitria
triseriata and Pseudohastigerina wilcox-
ensis are missing In these assemblages
|Hoovaerans 1982). This section is thus defi-
nitely much older than that of the Egem
Sands Member, but, unfortunataly, the thin
overlying Bois-la-Haut Sand Member is
entirely decalcified, and has not well been
age dated by dinocysis thus far. Its sug-
gested correlation with stonebed X of the
Ampe section by Stevraaut & King (1994, p.
185) therefare remains tentative.

However, Fone (1997, p. 96, Figure 2), after

quarry. In addition, a lidated (but
mare d) layer
in the middle of the saction at

ducing the Hooglede Sand bed as a
new stratal unit, {and known to occur as a

which was rich in (generally less well pra-
served) megafossils. Duonot (in Moorkens
et al. 1967, p. 218) listed and discussed
several mollusc taxa |14 gastropods, 9 bi-
valves, and a single Nsutilus| mainly col-
lacted from the shell bad.

The planktic foraminifera of that sec-
tion were later reviewed and updated by
Mooreens (1968) and Wiems (1980), and
indicate that the P 7 biochran is prasant
i ding Muricoglobigeri isiEis ip
to level 105 (Moorxens et al. 1967, Figure 1
andTable 1}, possibly overlain by some 2m
balonging to the P8 biochran.

From dinocyst data [De Connex 1965, and
- in Mooreens et al. 1967, the age of the
Merelbeke sluice section can be assessad
as Kisselovia chiathrata Zone, thus older

sandy i between the
Clay Member, and the overlying Pittem
Clay Member) has suggested the correla-
tion of the stonebed X layer of the Ampe
section with the newly erected Hooglede
Sand bed. In our ocpinion this comelation is
arroneous, as we consider stonebed X (lat-
ast NP 12, Steuraaut 1987 A, diktyoplokus
Zone acc. to De Conmer & Nor 1979 to be
older than the Hooglede Sand

bed.

Palaeoclimatic History

The micro- and megafossil content of the
Egem Sand Member is vary rich in the
Ampe section of Egem, but even more bio-
ta have been found in its lateral equivalent,
|previously called Ledeberg Sand Membar,
by Geers 1879) as sampled in the Merelbeke

n



sluice section {Moonkens et al. 1967), whera
thay contain two specimens of palm fructi-
fications, Nipadites burtini {determination
of J. e Hemzeuw, in Moonkens et al. 1967, p.
206}, .., fruits of a mangrove Nips palm,

& plant family presently restricted 1o the
tropical realm (Roose 1991, p. 377, Figures 3-
5). Soma fruits of the same group have also
been found in the Ampe section at Egem
[Mr. . van Nigulande, pers. comm, 2001).
From the Merelbeke sluice section Wittems
& Gewor (1984) have also described some
dasycladacean algae (not found so far in
the Ampe section at Egem |, including
Terquemeila sp.; the present-day areal dis-
tribution of this group of algas

Summary

The autcrop section of the Ampe sand and
clay pit at Egermn, in NW Belgium, presently
shows a lithecolumn of some 30m, consist-
Ing of rapldly alternating clayey and sandy
facies.

Li i i this silici ic suc-
cassion largaly belongs to the middie to
upper part of the leper Group (i.e. classical
Ypresian section as existing In the type
area of the stage), From the base of the
section upwards, the Tielt Formation is rep-
resantad by part of the following membera:

and primarily that of the Dasycladaceans is
known to be restricted to the tropical / sub-
tropical realm.

Hence, at the transition from Middle to
Late Ypresian times, i.e., approx. 51 Ma
years ago (according to the timescale of
Beroaren et al. 1995}, the Ypresian type area
must probably have experienced a (sub-)
tropical climate.

The above-mentioned palasobotanic data
on palms and dasycladacean algae, togeth-
er wlth the general aspect of the microfau-

Silt, Clay, and Egem
Sand; the overlying coquina slunehsd
is Iy not well

graphically. An imporant hiatus occurs

at the base of the overlying Gentbrugge
Formation {previously called Ghent Forma-
tion), and which is hera represented by the
Pittam Clay Member.

The microf i intr ”
silicecus microfossils) has been analysed
in 40 samples, and results are presented
in various range charts juxtaposed to the
Ampe lithocolumn. Hence these data ba-
come d ro:u\f com parable with previously

nas above | vater ostracod
assemblage and renewed (BNZ1b) influx
of Nummuilites in the southarn North Sea
Basin), suggest that at the transition from
Middie to Late Ypresian times, a warm
event must have occurred in Belglum,
During that phase it must have been even
somawhat warmar than during other pe-
riods of the'Ypresian, as in sev-

hic age datings,
such as that hased on dinocysts and cal-
careous nannoplankton. Moreover, previ-
ously published data of the rich megafossil
{primarily molluscs and fish teeth] content
are 8lso juxtaposed to the section, and
together with the observed frequency and
diversity variations of the mlcmlosell B

eral under and overlying strata, although
these latter sediments have virually been
deposited at the same latiiude as those of
the Egem Sands. Most likely, this phase
comesponds to a global thermal event, or
it may have bean linked to warm sea cur-
rants derived from the south.

However, when comparing the Eocene pa-
lagoclimate with that of the present day in
Belgium, one has to bear in mind that this
area was located considerably more to the
south during the Eocene (according to the
maps of Deacouer at al. 1993 the palaeo-lati-
tude of that area lay some & nearer to the
equator] and this may In addition explain
the considerably warmer climate occurring
in NW Europe at that time,

and the i char-
acteristics of the deposits, they parmit an
assessment of a high-resolution regional
sequence stratigraphy, in which a numbaer
of bed sats comespond with transgressive
{4th to 5th order) cycles.

The planktic foraminifera are well repre-
sented in most intervals. They indicate the
NSP & of the Narth Sea biozonation by King
11883} and the P7 - P8 of the global zona-
tion by Buow (1979). The local appearance
of belitria triseriata and Pseudah
tigerina wilcoxensis in the Egemkapel Clay
correlates well with the regional datum

in ather cutcrop and borehole sections of
Belgium. The abundance curve of planktlc
foraminifera appears to lorm the most ap-
tool for

cycles.

Banthic foraminifaral assemblages are
typical for open marine shallow shelf set-
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Figure 7: Prasent
“state of the an”
of the integrated
litha-, bio-, and
event stratigraphy
of the classical
Yopresian section

tings. Although all species observed are
long-ranging, the dominance of several
taxa permits the recognition of the “B.F
association Zones" V and VI of WiLiews'

the eolian or sea-current distribution of the
ashes| may have played an important role
in supplying silica to the surface watars.
One observes some timely coincidence of
“siliceous biofacies” with major volcanic

(1880, 1982] regional banthic f
zonation. The diversity vanations of the
successive benthic assemblages also ap-
pear to reflect that of the above-mentioned
planktic curve, and thus farm

fas dli

to the leper Group)]
of the Balgian Ba-
5in, 85 juxtaposed
to the time scale
of Beroonen et al.
1995 (partly from
Moorkens et al.
2000, modified and

an additional tool for assassing regional /
local sequence stratigraphy.

The ostracods have been observed at ten
different levels of the section, all from the
Egem Sand and Pittern Clay members. The
eight taxa racognized suggest an Early (to
Middle] Eocane association, which is pal-
ically indicative of @ warm shal-

low sea.

The silicecus microfossils isponge spicules
and radiolarial occur at 17 differant levels,
but they are primarily concentrated in two
intervals: at the base of the Egemkapel
Clay and at the top of the Egem Sands and
ovarlying the “stonebed X' These rich s
ceous microfossil assemblages are indica-
tive of waters which were relatively rich

in silica (i.e., less under-saturated than in
average sea water) during sedimantation,
Although the silica content of sea water
may vary for various reasons, it appears
that in many cases volcanic avents {and

events of the northern Atlantic. In addition,
the “silica episodes” observed in the Ampe
section appear to comelate well with sev-
eral tephra layers of Denmark.

A bio-, litho- and sequence stratigraphic
interpretation is presented for the Ampe
section, and the newly acquired data are
integrated in the updated schama for the
Ypresian stage as known in the Belgian
Basin.
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Palaeoenvironments: A Multidisciplinary
Approach

» Gitte V. Laursen

» lain Prince

Abstract Karten konstruiert. Auf diese Weise wurde
ain I(unslstamas |nle{dlsx|pi|nalas Paldo-

Thei ion of seismic, Modall

cal, ical, and

cal data has permitted a palascenviron-

mental model for the Palaeogene in the Keywords

Morh Sea area to be completed, For the

palaeontological pan this was achieved Bi i i I | pa-

vy plotting various i indices i madel, F

along dip profiles. As this study was undar-  Morth Sea

takan on the basis of a previously axisting

dataset comprising samples analysed by -

various contractors and fram drillings sunk  Introduction

by different contractors, the varying quality
of the data was a general problem. Nevear

This palaenenwrcnmenral study was initi-

theless, being aware of this fact,
features of the various dip lines were able
to be worked out, thus parmitting dip lines
to be correlated and areas of different pal
asoenvironment 1o be mapped, The result

atad fall, g a ion on the loca-
tion of the shelf within the Palaeogens of
the Norwegian Narth Sea. The aim was

to obtain a solid palaeoenvironmental
Irsmewcd by integrating the results fram

wias then d to the sedi

1, seismic end biostrat)

and seismic dataset, and i
were i

maps

plinary p
maodel was built.

Kurzfassung

Durch die Integration seismischer, se-
b L : g ok
mikropaldontalogischer Daten konnte ein
Paldoenvironment-Modall filir das Paldogen
des Nordsee Backens vervollstandigt wer-
den. Aus paldontologischer Sicht wurde
dies durch das Plotten von verschiedenen
Environment Indices entlang einfallender
Profillinien erreicht, Die Studie beruht
dabei auf einer Auswertung bereits existia-
render D Dabei war zu beach
dass die Proben z.T. von unterschiedlichen
Bearbeitern ausgewertat wurden und aus
Bohrungen stammaen, die 2. T. von unter:
iedli i by it wur-
den, wodurch die Qualitét der Aohdaten
sehr unterschindlich war. Eingedenk dieser
Tatsache konnten dennoch Gemeinsam-
keiten der Entwicklung der Indices entlang
dar 2 2 ik
werden. Dadurch konnten diese korraliern
und kartiert werden. Die Ergebnisse wur-
den mit den sedimentologischen um:l Beis-
mischen Daten und intag

analysas. were made
to explain any contradictions between the
various disciplines.

Material

Eight profiles consisting of a total of 48
walls werae utilised in this study; six pro-
files in the dip direction to ﬂlus—ham the

ical changes prog
from shelf to basin floor; one profile acrnsn
thia basin from shelf to shelf for compari-
son, and one profile in the presumed strike
direction.

The study was based on available digitai
data. Sampling effects, caving, count-

ing methods, contractors, or even other
ecological factors often camouflage the
information required. Tharefare, to obtain
as consistent a dataset as possible, most
of the wells selected were analysed by

a singla contractor; however, in order to
achieve a completa dataset, B wells ana-
Iysed by different contractors were also
included, Care was taken before suggest-
ing that these latter wells wera significantly
diffarent. A faw wells lacked palynological
data but had micropalseontological data,
and vice versa. Care was taken 1o include

welis for those on the profiles.

Northern European Cenozoic Stratigraphy; Proc. 8" Biann. Meaet. RCNNS/RCNPS. - Flintbek 2002 47



Figure 1: Example
of seismic lines
illustrating & slope
sefting with a sifled
intraslope basin
(partly after Saavern
15811
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Methods

Seismic Dataset

Flooding surfaces are considerad to be
timelines, Five flooding surfaces weare
traced from the Palaeocens to Early
Eocene on the basis of seismic data, They

Dinoflagellate Cysts (Dinocysts)

bulation studies have i
three main groups of dinocysts. These are
peridinoid, gonyaulacoid and ceratioid
typas; the latter type is not observed within
Tertiary sedimants. In simple terms, these
types represent a numbar of different envi-
FONMEnts:

ware initially and calib with
biostratigraphical data to ensure consistent
interpratation of the same surfaca. In gan-

= ids reg nutrient-rich and
mare nearshore environments
*  gonyaulacoids represent more oceanic

eral, external forms were fram
the selsmic point of view. External forms
are based on the 3-dimensional shape of
the facies package observed on intersect-
ing seismic profiles. Figure 1 shows an ex-
ample of a seismic line ilustrating a slope
setting with a silled intraslope basin,

Palynalogy

Palynology is the study of organic micro-
fossils, including bath marine and non-
marine eomponents, The marine compe-
nent consists of dinoflagellate cysts; the
non-marine componant consists of pollan,
spores and algae. Thus, palaeoenviron-
mental utilising palynalogy
ean, in theory, record both oceanographic
changes |i.e. circulation, upwelling) and
relative changes in palasobathymetry

although some spacies
show marked sdaptation to nearshore
environments.

Gonyaulacacean Ratio (Haranp 1973)
(Gony in Fig. 2]

This is tha ratio of the number of gony-
sulacoid species divided by the number
of di species (i.e. g
diversity/peridinoid diversity). Data from
maodem studies suggest that this ratio
warias from 0.5-18 in nearshore to palagic
facies, Hamanp 11973) suggested that this
ratic reflects salinity changes, with increas-
ing salinity the environment becomes
mare open maringe.

P/G Ratio (Busax 1984, PoweLe et al. 1990,
Mao & Moxna 1982) (P/G in Fig. 2}
This is based upon the number of peridi-

to
trends),

naid i divided by the number of
lacol (L.e. peridinold

¥ Pows-
eLe et al, (1980} show that this ratio varies




from 10-0.16 in Peruvian slope sediments

These peridinoids include D. cetisfelden-

and is positively lated with upwelling

intensity and deposition of laminated

sis and P py Buae & Bameus
11998} swqgesl that the former species,

amaorphous organic manerrich sedi

Dinocyst Diversity (Dino div. in Fig. 2]

Waii et al. (1977] suggested that dinocyst
diversity increases offshore, but that vari-
ahility in diversity increases onshore and is
greatast in estuarine assemblages, which
may show high dominance.

Buuax B Weriams {1979) compared dinocyst
diversity with the sea-level curve of Hao et
al. [1987) and showed strong linear regras-
sion batween generic dinocyst diversity
and either long-term sea levels or maxima
on the short-term curve. Therefore, more
marine, more ofishore and mare trans-
gressive facies often show increasing

which d bl in the early
EccenaYpresian, occupled a similar niche,
having replaced Apectodinium spp. &t the

onset of a less restricted basin with cooler
surface water.

% Spiniferites (% Spinifs in Fig. 2|

This genus first appears in the Mesozoic
and extends to the present day. Therefore,
studies on modern dinoflageliates can be
used as a model for this genus' distribu-
tion. Daver & Rocers {1975}, studying sedi-
mants off the South African coast, noted
that this form has a bimodal distribution,
one peak occurring on the shelf and anoth-
er at the break in slope. WaLe et al. {1977}
noted a similar phenumanun with hlgh

diversity and lower Henca,
dinocyst divarsity can be used to indicate
transgressive/ragressive trands (Trson
1895, Gocoman 1979, Murtemose & Hano-
Wi 1987, LisTer & BatTen 1988, Prauss 1989,
SmeLaor & LeereveLD 1889, Haae et al. 1992).

of 5p spp. a
on the shelf, abundances dropping over
the shelf break but increasing offshore
(wransect 1 & 2 Middle Atlantic). These
suthors also noted that some species of

ites tended toward i
sm wl\llat olharn ware strongly related to

% Peri icfs: % D it %
Apectodinium & % P pyrophorum (e.g. %
Aspects in Fig. 2] Spores, Pollen and Algae

Buuax & Brrecsuis (1998) squesled :nal

Pollen and spores are u!efu! within the ma-

the matile stage of the genus A
ium fed on diatoms. This led to blooms of
Apectodinium and hence to an increase
in the number of cysts depositad. It is rea-
sonable to suggest that if large numbers
of diatoms were present, large numbers
of Apectodinium spp. should also have
been pmaam Dlatoms are most com-

ring i asi

cen indicate closer proximity to land. Hy-
dro-dynamically, spores and pollen show
settling rates which are comparable to fine
quartz silt (Muiien 1958). As a result, pol-
len Influx is often strongly associated with
the influx of silt {Cuarx 1988}, the total sus-
pended sediment load and river discharge
M. 1385,

man in with Larga
numbers of peridinoids, suggested 1o be
the result of upwelling (PowL et al. 1990),
may in this case also be caused by the in-
creasing availability of diatoms as a food-
stuff. The area of most intense upwelling
is beliaved to be located at or just below
the shelf break. Therefore, it should be
possible to map the location of the shelf
break over time at different flooding sur
faces. Further evidence for high percent-
ages of Apectodinium spp., representing

Bisaccate pollen are produced in vast num-
bers and are highly resistant to corrosion.
They may slso travel long distances both
in the air, and on water. Thus, these forms
do not show a clear onshoreioffshore
trend, It is also possible that they may
represent modern contamination of slides.
As a result of the above, bisaccates were
removed from all of the calculations,

maore marine, nutrient-rich
is provided by STeuRmauT et al. (2000}, who
stated that low abundances (2-6 %) of this
farm rapresent shallow lagoonal parts

of the North Sea. Unfortunately, blooms
of Apectedinium spp. are only found
close to the Palseocene-Eocane bound-
ary, Howevar, increases or blooms of
other peridinoid species and diatoms are
also ohserved at other flooding surfaces,

P h Ratio: Di Hlen-Sp
Ratios (Dina/Spore in F!a 2}

This ratio is a measure of dinocyst abun-
dance divided by spore and pollen abun-
dance. Generally, this ratio decreases on-
shore and is especially depressed in areas
near deltas. However, one must use this
ratio with care, as it depends upon both
dinocysts and sporeipollen (i.e. thay are
dependent upon sach other). Hence it must



be used in conjunction with other values
such as abundance and diversity.

Algae (ALPR in Fig. 2]

Many authors have noted the strong corre-
lation hatweean the abundance of prasine-
phyte algae and the occurrence of marine
{shelf and oceanic) organic-rich, finaly lam-
inated sediments deposited under dysoxic
to anoxic conditions (Tysow 1985). It has
also been suggested that prasinophytes
have an association or affinity with cold
water {Prauss & Rieoel 1988, Penioues et al,
19891, It would be expected, therefore, that

factors help to infer a broad depth estima-
tion or at least a basin configuration {cf.
also Isie 1980).

Calcareous Benthic Foraminifera

The following general ideas have been

used to infer basin morphology (InGue

1980):

il e e g o
by macrofossiis and sponge spicules
with porcelaneous species, is presant
on the inner shalf,

*  Diverse hyaline fauna is found on the
outer shelf,

r phytes would be most abundant in

= 0 bottom re-

a basinal to slope setting, decreasing over
the slope break and onto the shelf.

Tarran [1980) referred to algae as “disaster
species’ as they are commanly found after
major planktonic extinction events and
are most abundant in the absence of other
phytoplankton such as dinocysts. Within
the interval studied, i algae

sults in calcareous benthic foraminif-
ara dominate the benthic fauna (Bra-
sin 1980, Musmay 1931},
The "% of calcareous benthic fauna” is
calculated to estimate the amaount of cal-
careous foraminifera, Most calculations
are sensitive to aftering sampie size, Un-
fortunately, it has only been in recent years

are most commanly noted around the Pal-
aeocene-Encene boundary, where dinocyst
diversity is genarally lower than in the sec-
tions below, with the ganus Apsctodinivm
usually dominating, This time is associated
by many authors to be a time of i

that ic analysis has been used as
a standard by Statoil for the Tertiary, There-
fore, It may be difficult, and even unwise,
to attempt to infer any palasoecological
infarmation from the dataset available,

restriction within the North Sea, leading
to i i bottom ith and

Commaon agglutinated forms are present in

an increasad burial of ADM. Hance algas,
where present, should be useful indicators
of the zone of | i il

the d fauna
on the inner shelf InoLs 1980), and on the
hase of the slope the numbers of aggluti-

Micropalaeontology

Several diffarent microfossil groups,
chiafly foraminifera, but also diatoms and
radiolaria, provided data for palascen-
virenmental reconstructions based on
micropalasontological evidence, With the
exception of diatoms, these groups are
exclusively marine. Influxes of macrofos-
sils [bivalves and gastropods) as wall as
sponge spicules have bean used to identify
marginal marine environments.

Foraminifera

Benthic Foraminifera

A number of environmental settings can

be deduced from the composition of ban-

thic The benthic

provides infarmation about bottom condi-

tions such as temperature, salinity, acidity,

oxygen availability, the degree of calcium
ion and di; ion. Al-

though water depth is not considered 1o

be a primary factor for the distribution of

benthic ini tha ab i

natad again increasa,

The influx of coarse-grained tubular fo-
raminifera in low-diversity fauna (called
“Flysch-type") is interpreted as upper bath-
val [slope, depth exceeding 200m). To iden-
tify the point at which the agglutinating
foraminifera begin to dominate the benthic
b the “% of agglutinated ben-

thic fauna” has been calculated,

The quantity of available calcium carban-
ate is reduced in cool waters, the prasance
of aggl L diclaria and
sponge spicules can, therefore, point to
low water tamperatures {Userz 1996),

Faunal composition can suggest whether
or not the area in question is a turbidita
area: fauna consisting of simple forms with
lew diversity and a high deminance of pri-
marily ploneer species points to proximal
inter-turbiditic settings. Fauna of complex
forms with high diversity and low domi-
nance, on the other hand, points to a hemi-
pelagic environment (Pavse et al. 1983).
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Planktonic Foraminifera

Open marine environments with good wa-
ter circulation result in assemblages rich in
planktonic faraminifera. On the outer shelf
to upper slope planktonic foraminifera con-
stitute 10-80 % of total fauna (called the P8
ratio} {InGie 1980). Simple globular forms
are indicative of cold waters, whereas
keels and large spines point to warmear
waters,

Diatoms

data, it was often found that the flooding
surface lay between two samples, In this
case the value was interpolated between
the samples.

Downdip Profiles

In order to ascertain onshore/offshore
changes within biostratigraphic assem-
blages, a number of downdip profiles were
constructed (Fig. 2) from the spreadshests
discussed above, Six of these profiles

Diatems require light and are th e
stricted to the photic zone (<200m) during
life and are abundant in regions of oceanic
upwelling caused by current divergence
(Brasier 1980). Diatoms may be related to
radiolarian floods. The presence of diatoms
may also indicate a tranquil environment
(Kaseese) & Scinopen 1987},

FRadiolaria
Radiolariens prefer oceanic

were ing from the wells
closest to the palasocoastling to the basin
fioor. One profile was completed extending
from one side of the North Sea Basin 1o the
other side. The curves obtained from the

were then to each
olhsr and subsequently mapped.

Maps

particularly just seaward of the shelf break,
in ragions in which divergent surface cur-
rents bring up nutrients from the depths
and planktonic food is plentiful {Baasien
1980, IncLe 1980).

Abundance and Diversity

The abundance and diversity of various
microfossil groups may indicate different
depositional senings. Generally, the higher
the diversity, the better the living condi-
tions. Iwoee (1980, Fig. 7} summarises this;
marked in his figure are i

P bagin phology maps were
for various discipli seis-
maology, palynology and micropalasonto-
logy. These maps were then combined into
a single map of the basin morphalogy for
each flooding surface.

Results
Profiles

Distribution pattarns were found to be

avents which wers mapped for micropa-
leantology.

On the outer shelf, calcareous benthic fo-
raminifera dominate faunas; furthar ba-
sinward, upwelling occurs at the shelf
break and abundances of diatoms and ra-
diolarians increase, peaking at this point.
On the slope, planktonic I'oramlnlfera eon-
stitute a high ion of

whan i using &
number of downdip profiles, as opposed
to distribution maps. It was found that,
by extending the downdip profiles across
the basin and up the slope on the other
side, the interpretation of environmental
variables was able to be better under-
stood, By examining all the profiles for
the different maximum flooding surfaces,
it wes observed that the most reliable

faunas. At the base of the slope, aggluti-
nated foraminifera become common to
abundant. The abundance and diversity of
these various microfossil groups were ax-
tracted from the data set.

Spreadsheet Construction

For each well, a spreadshest was con-
structed to calculate the above-mentioned
indicas for the palynology and micro-
palasontelogy of each sample. The values
celeulated at & given flooding surface were
then extracted from all the wells into a
new sproadsheet. Whilst extracting sample

Iy ical information was obtained
b\f cormelating peridinoid peaks (% P pyro-
phorum, % Apectodinium spp. and % 0.
oebisfeldensis), in Spiniferites spp. and
in diversity. An example of the location of
these events, with respect to a theoretical
basin profile, is shown in Figure 2 together
with the micropalaecntological events.

The PiG and G/P ratios proved to be

wary variable and showed no trands. It is
thought that this results from the selec-
tien of species includad in tha ratios. In
this study, all paridinoids wera included.
This included widely ranging forms which
probably exhibit more cosmopolitan distri-



butions and thus influence the ratios. In
addition, caved peridinoid specimens will
also affect the ratio {this does not affect
% D. oebisfeldensis, % Apectodinium spp.
and % F pyrophorum as these forms have
their last occurrences/last abundant oc-
currences at or near the relevant flooding
surfacal.

The sporomerph ratio also showed unusu-
al data. This ratio would ba expected to de-
crease onshore {fewer dinoflagellates and
increasing numbers of pollen and spores),
but no such trend was able to be identi-
fied. This is probably because samples are
usually counted primarily for dinoflagel-

which

could then be mapped.

Maps

The shelf breaks interpretad from the twao
biastratigraphic disciplines were in gen-
eral agreement with each other, When bio-
stratigraphy and seismic data were com-
pared there was a tendency for biostrati-
graphic data to interprat the shelf break
further out in the basin than seismic data
does. This may be understood as an indi-
cation that the lecation of the “upwelling
situation” actually occurs on the basinward
side of the shelf break, or perhaps that

lates, as pollen and spores are of
limited use within Tertiary biostratigraphy.
Hence, pollen and spores are usually only
counted up to maximum abundances of
betwean 25 and 50, thus obscuring any
large-scale fluctuations.

By examining all the profilas for the dif-
farent maximum flooding surfaces it was
observed that the most reliable micro-
palaeontological infarmation, even though
microfossil content is extremely low, was
seen in the distribution pattern of the
higher groups: sgglutinated and plank-
tonic foraminifers, radiolaria and diatoms.

shelf i have bean transported to-
ward the bagin.

Another interesting feature is that the in-
terpretation of several shelf breaks from
the biostratigraphical perspective usually
outlines subbasing mapped by seismic
studies.

Palagoenvironmental Model

The proposed envirenmental model for
fossil distributions s lllustrated in Figure 3,
On the shelf, calcareous benthic foraminif-
era dominate micropalasontological as-

Ostracods were too rare for a
intarpretation.

Sponge splcules were not plotted on the
maps, since they showed no trends. As
sponge spicules are made of silica, they
are resistant to corrosion and can be trans-
ported far out in the basin without baing
destroyed. This may explain their erratic
distribution,

Planktonic foraminifera in the Nerth Ses
Basin do not react in the same way as
planktonic foraminifera from the Calitar-
nia example {IncLe 1980, In the North Sea
planktonic foraminifera seem to be con-
centrated in the middle of the bagin, which
may be causad by the fact that most plank-
tonic foraminifera need a water column of
at least 200m for thair daify cycles.

The distribution of radiolaria at the base
Balder Formation flooding surface is rather
curious, a5 the radiolaria seem to indicate
slightly more nearshore conditions than
the diatoms do. At all ather times it seems
to be the other way around.

A d p g and a
method {e.g. valumetric) could give more

A peak in Spinii Spp. is
observed directly behind the shelf braak.
Within the study area, no wells were avail-
able which were gither non-marine or close
to the palzesshoreline.

Peaks in peridinoids occur just below the
shelf break and are associated with peaks
in diatoms. This agrees with the findings

by Busax & Brrsoons (1998 indicating that
blooms of Apectodinium spp. (a peridi-
noid species) probably fed on blooms of
diatoms. This has also been successfully
applied to other blooms of peridinoid spe-
cies within the study interval. Immaediately
affshore from these peaks, a peak in radio-
laria has also been observed. Agglutinating
foraminifera dominate benthic assem-
blagas from the upper slope downwards.
Within the deepest parts of the basin, dino-
cyst diversities peak, and their distribution
shows a streng correlation with planktonic
foraminifera (if the basin was deep and
wida enough for the latter).

Also included in the proposed model are
the responses of these events within an
intraslopefintrashelf basin. It was noted
that, in certain areas, the response to up-
welling as recorded by palynological and
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palazontological and seismic results has
allowed a model of fossil distribution
across the North Sea Basin in the Palaeo-
gena to ba proposed. The main conclusions
are summarised balow:

cal

benthic inifera d
on the shelf. However, these also appear
to be reworked out into the deeper basin,
pinifarites spp. show an peak
at or inshore from the shelf break. Pe-
ridinoids peak in abundance immadiately
offshore fram the shelf break. Associated
with these are peaks in diatoms. Radiolaria
peak on the basinward side of the peaks in
diatoms and usually below the peaks in pe-
ridinoid species. Agglutinated foraminifera
dominate micropalasontofogical assem-
blages from the upper slope downwards,
If the basin is deep enough, planktonic
foraminifera are most abundant in the
miost central parts of the basin, Dinocyst
diversity shows two paaks, ona around the
zone of maximum upwelling and the other
at the mid-point of the basin. However, in
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Figure 3: Proposed
circulation patterns
and microfossil re-
Sponse over an in-
tra shelf basin (top)
and a shelfislope
basin (bottom)

micropalseontologicel events occurred
over a broad area. Occasionally, within this
\mda region a deeper area is suggssmd

i by the of
ing faraminifera. It Is suggested that the
“increased nutrient events” (L.e. peridinoid

a d large b diversity
would begin to decrease with increasing
distance from shore.

The study also revealed that frequently
used Indices such as PIG ratios, gon-

ratios and sp ph ratios
ara nat valid on an industrial dataset. This
may be the result of inconsistencies in
counting mathods for sporomaorph ratios.
For P/G and gonyaulacacean ratios, this is
due 1o the fact that the technigue is flawed.
In the latter case, the basic theory is correct
{some peridinoids bloom when upwelling
occurs) but the forms reacting in this way
must be identified.

‘n-s Study tunhar illustrated how palseoen-
can indicate

dinoflagallates and diastoms) show peaks
at both topographic highs. Agglutinating
foraminifera increase with depth in the

i I benthic i

paleaogengraph\a and basinal changes
through time. Mone of the disciplines used
can give a “da!’m[a answer” on its own.
Theref ion between the disci-

ara would be more commen on the topo-
araphic highs. Fossils would only respond
to an intraslope basin if it was at a critical

sua depth, For example, if an intraslope ba-

5in was located toward the base of slope,
water depth would be too deep for calcare-
ous benthic foraminifera to react and too
deap for upwelling to occur,

Conclusions

The integration of palynelogical, micro-

plines is very Imnc—nam
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The Bolboforma Signal
A Distinct Level for Correlating Lower Oligocene Deposits (NP 22),
the Melania Clay Formation of Northern Hesse (Hessian Depression)
with the Middle Pechelbronn Formation of the Mainz Basin
(Rhineland-Palatinate, Germany)

» Thomas W.
GrieBemer

This contribution is dedicatad to my teach-
ar in micropalaeontology, Professor Dr.
Valker Sonne.

Abstract

The detection of Bolbofarma in the Mela-
nia Clay Formation in the former Altenburg
IV brown coal open-cast mine near Borken
[Hessa) permits a direct correlation with
the Middle Pechelbronn Formation of the
Mainz Basin, which was exposed in an
abandoned clay pit between Bodenheim
and Nackenheim, south of Mainz. This
study is an excellent example of bed-by-
bed corralation with the help of microfos-
sils over a distance of approximately 150
kilometres, with no good exposures in be-
tween. It is the first record of Bolboforma
for the Lower Oligecena of Northern Hesse
and the Morthern Upper Rhine Graben.
‘With this new observation it is possible

to astablish a correlation scheme for the
Melania Clay Formation of Borken with
the Middle Pechelbronn Formation in the
Mainz Basin |lowest portion). The ostracod
fauna supports this correlation scheme.

Kurzfassung

Der Nachweis von Bolboformen in der
F Lk ke 7
Braunkohlentagebaus Altenburg IV bai
Borken (Hessen| erlaubt die d-rekle Kor-
g mit der Mi Pechelb

Formation des Mainzer Backens, die in

der aufgelassenen Tongrube zwischan
Bodenheim und Nackenheim sudiich Mainz
aufgeschlossen war, Diese Arbeit ist ein he-

neug kann ain
schama fur die Melanienton-Formation von
Borken mit dem tiefsten Barelcn der Mitt-
leren Pechelb F

werden, Dieses neue Korrelationsschema
wird durch die Ostrakoden-Fauna gestiitzt.

Keywords

Melania Clay Formation, Middle Pechel-
bronn Formation, Lower Oligocens, Bolbo-
forma, Northern Hesse, Hessian Depres-
sion, Upper Ahine Graben, Mainz Basin

Introduction

In narthern Hesse (Hessian Depression) the
Melania Clay Formation has yieldad rich
microfauna and -flara, which is particu-
larty evidant for microfauna influenced by
northern elements, Among the ostracods,
there are several species which can be
observed in sediments of the same aga
exposad at the Dobaerg near Binde furthar
to the north. Further to the seuth in the Up-
per Rhine Graben, these lower Oligocene
sediments are referred to as the Middle
Pechelbronn Formation, named after the
small village of Merkwiller-Pachelbronn in
northern Alsace. The Middle Pechelbronn
Formation is of great importance as math-
ar and source rock for oil, which has been
investigated in several oil fields during
the last 100 to 150 years (oil fields: Pechel-
bronn, Landau, Eich; all in the central and
northern portions of the Rhine Graben). In
the late 1950 the late Dr. Doebl {Gasmae
1960: 25,26} was the first 1o recogr nnze a
clear cor between

rausragendes Baispiel fiir die
einzalner Schichten dber ungefihr 150 km
mit Hilfe van Mikrofossilien, ohne brauch-
bare Aufschiisse dazwischen, Sie ist der
erste Nachweis von Bolbeoforma fiir das
Unteroligozin von Nordhessen und den
nisrdiichen Oberrheingraben. Durch diese

llected by Dr. Franz G
1960) for his own thesis from the Malania
Clay Formation of Nornthern Hesse and
those present in the Middle Pechelbronn
Formation. At the time, first investigations
of tha microfauna had bagun, but detailed
lists were not yet available, Later, the
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studies carriod out by Mawz [1973), Maz &
Trieael (1970) and Tnienel (1963) contributed
much to our knowledge of microfauna,

¥ Of the
only representatives of the Boliving ge-
nus hava been investigatad by Mexrruso
(1950, 1988). The Melania clay Formation
and the Middle Pechelbronn Formation
yielded calcarecus nannaplankton of zone
NP 22 (Masmn 1973, 1987, 1991, 1898). In
1986 the present author undertook a first
detailed attempt |Gaiessemer 1998] to car-
relate Lower Oligocene sediments in bath
areas by means of ostracods. New inves-
tigations and new samples of presently
CVErGrown BXposures permit bed-by-bed
correlations between both of these areas
with the help of microfossils. Still open is &
detailed ion with Lower Ol

where concerted efforts should be made to
identify bolboforms in order to locate the
Bolboforma datum present in a bay of the
“prata” “North Sea” In Hesse and Rhine-
land-Palatinate.

Methods and Materials

In 1995 Professor Dr. M. Mehrnusch and
the author sampled the former Altenburg
IV open-cast lignite mine near Borken [Fig-
wre 1}, which is now a natural reserve. The
Maiania clay Formation was observed in
the southeastern portion of the exposure,
where two major landstides have taken
place, A set of 29 samples and subsamples
were collected in Borken, Samples have

sediments of the Doberg near Biinde,

| 13.18  Sampie location
with sample numbar

. landsiide

7w Limit “Lake Borken™
®  Ritzkowski sample locations I

aband apen cast mine Altenburg 4

Lignite

imarily been taken from slipped material.
Near the boarders of the landslides mare
or less in situ sediments were able to ba
sampled as shor sections, Standard micro-
palaeentological techniques were used for
processing the sediments, A sieve with 63-
pm-wide openings was used for washing.
Microfossils were axtracted only by picking
withaut any enrichment using heavy liquid
technigues, Prof. Martini made a complete
set of original samples from Ritzkowski
available, which he used for his nanna-
plankton investigationa [Marrini 1987). Each
sample was approximataly 15 to 20 grams
in weight. When locking for microfossils,
such a sample size would normally be too
small, but the Melania Clay Formation and
its southern equivalent, the Middle Pechel-
bronn F ion, are g ¥ y
rich in microfossils.

In the Mainz Basin, the Middle Pechelbronn
Formation was exposed in a now filled and
totally overgrown brick pit (*Ziegelwerke
Rheinhessan? previously between Bod-
anheim and Nackenheim, approximataly

8 km south of Mainz}, This was the only
natural exposure in the northern portion of
the Upper Rhine Graben. A first and clear
description of these strata was given by
Sreuer (1910: 43), but without a correct age
determination. The first scientist to assign
the age correctly was Doee in Facke [(1960:
171. His samples {four series) ware kindly
made available through the courtesy of

| AG [WIAG], Barnstorf. Details

Figure 1: Abandoned Altenburg IV open-cast mine with sampling
fecations used by Mehrmusch and GrieBemer in 1995, in addition,
all sample locations wsed by Ritzkowski have been given. Sample
location 4921-8 (Riraxowss 1965 134) is identical with 4921-56
(Rizmowanr 1967 97), where the published section was described
(Rirzxowssr 1967: Figure 2) and which has been redrawn in Figure 2
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on sampling information by the late Doebl
ware given to the author via letter (by Dr.
Wirth and Mr. Badar, dated June 26, 1989).
Tha first set, consisting of only & few sam-
ples (sample numbers: 26414 -25417:3
samples (6 slides)), was taken on Novem-
bar 10, 1959, Perhaps this set was taken
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just to check microfossil content and age
of the sediments. This and'or the second
sol was just taken shortly before the Falke
guide was published, which reports the
first outcrop of sediments belonging to
the Middie Pechel Fi in the

section [Figure 2] this bed is number 10,
which is located in the middie portion of
division D2 {Rrzeows« 1967 Figure 2). Ac-
carding to the list by Rmzxowsx, this bed
cantains the following ostrecoda: Eucyms

nosthern Upper Rhine Graben. The second
sat was sampled in more detail and ap-
proximately 10 days later (written commu-
nication, WIAG) and comprises 45 samples
(WIAG 25442-26487). This set was used
approximately 10 years later for a paper
(DoenL 1969] which gives a short lithologi-
cal description of the section and the sedi-
ments as well as a first i of the

tzheimens Parm:vprlsaw.l_ ing
cy zinndorfi, Cy
pemota, Grinioneds triebell, Schuleridea
[Aeg 1.} Oecull h ef.

jpris sp.. and

sp.. In addition to this list dinoflagellates,
fish ramains | Clupea sp.), molluscs fie.:
Corbicula (C.) tenuistriata, Dreissena sp.,
Pssudamnicola sp., Meranomrs hassisca,

distribution of its macro- and microfauna
and flora

This is the only set of samples for which

a description of the sediments together
with the correspondent micropalasonto-
logical samples exists, In March 1960 a
third sat was samplad: B5b - B18, WIAG
25824-75839, 16 slides. NU further material
iras] for adidit}

logical investigations is available for all
three series of samples. On the basis of
the richness of the microfauns one would
axpect that more microfauna {-flora) would
bie able to be found in the slides. It appears
that the microfauna was only investigated
for a short survey, particularly for the first
sets,

A fourth set inumbers: 30099 - 30145] was
samplad in 1989 when this pit was again
exposed for the “Oligocens excursion”
[Anoerson et al. 1969]. This is the best set
of samples, becauss in addition 1o each
aample a small amount of unpickad mate-
rial is also available. This set is comparable
to ona which is kept in the archives of the
Rhineland-Palatinate Geological Survay at
Mainz, but for all sets taken in 1269 only an
incomplete lithological description of the
section is aveilable (described by Mowa-
hed in Sosee in Anpersow et al, 1968: 96,
97), without giving corresponding sample
numbers,

Micropalaeontology of the
Bolboforma Bed

Bolboforma is found in the Melania Clay
Formation for the first time. Several
samples from the landslide area In the
southeastern portion of the Borken expo-
sure have yielded bolboformids: Sampla
number 23 (ThG 492124}, For the Borken

hyra pupa) and f | are
found as well. For details on the faraminif-
era cf. Rimzeowsw (1967) (Figure 2).

Figure 3: Cardobairdia boldi Pierezesmus
1969, left vavie (famale 7). Borken (Melania
Clay Formation, presumabily division D2;

unhorizanted] — SMF Xe 18782

Bolboforma were also detected in some
samples personally collected in the south-
eastern portion of the abandoned open-
cast mine. Some of these samples are
extramaly rich in this microfossil group. In
addition, the ostracod species Cardobair
dia boldi Perrmraux 1969 (Figure 3} was
recently observed in some of the Borken
samples. In the Mainz Basin the Bolbo-
forma bed is located In the basal portion
ofthe im clay pit, approxi
112 to 1.22 m above the base of the sec-
tion given by Doee [1969: Figurel). This is
sample A12 (WIAG 25448). The ostracod
fauna congists of: Grinionais trisbeli, Para-
c,yprrsw. aff. propingua, rramyaeberassn..
i baildi, Pseud, sp.
[larval stages), Cytheromorpha sp., Ostra-
coda sp.1 (indet.), Foraminifera [several
species, undetermined) are also present as
well ‘a8 gome rare oogonia of charophytes
[ inad by
Dr. J. Schwarz, Frankfurt IMain].




Figure 4: Gn me
laft: i of

The fourth set of samples was taken by
Doebd in 1969 before or after the “Oli-
gocene excursion” (Anpeason et al. 1968).
This is the most detailed set of samples
ilabl were
in 4 samples (30134 [sample 8], 30135 (8},
30136 (7), 30138 (5]} which contain tha fol-
lowing species of ostracoda [WIAG 30138,
sample 5): Grinioneis triebeli, Paracypris
sp. aff, propinqua, Trachyleberis sp., Carda-
bairdia boldi, Cytheridea pernota, Occulto-

aothers are column-like in shape. In side
wiew the cyst is somewhat flattenad at

its base. Broad neck with rounded opan-
ing, width around 10 ym. Opening system
shows an inner free margin.

bt of. 8. latd
wars figured by Specien & Daseis (1991)
from the Viberg Clay |Lower Oligocene| of
@lIst, Denmark. The forms from the Melania
Clay Formation similar to this show waalk

sp.. F s sp. {larvae),
.Eucymsrmasp and Chara sp.: daterminad
by Dr. J. Schwarz, Frankfurt.

and distally thickened spines.
In addition, an unspined area is prasent
around the opening systam, which seems

ostracod sonstion
[under constristion)

the Middie Pechel-
bronn Farmation
with thicknesses
(not to scale) ac-
cording to the
scheme used by
geologists in the
Pecheltronn oif
field first pub-
lished by Gianoux
& Horruann (19200,
This subdivision
was made on the
basis of macrofos-
sils, To the right:
Subdivigion of the
Middle Pechelbronn

Cyrana horzan
10-15m

‘abundant

Smnic - brackish water ostracods.
Hemicypridess spp, iwith H panvuls and H.
winumnpn-h-ou

[Bryozoa bed - 5 my

Mytilus beds
-2m

Middle Pechelbronn Formation
Middle Pechelbronn Formation

Bolbetorma
e
level

f using
ostracoda. Note: At
present no direct
carrelation between
bath systems has
yet been possible

Palaeontology

Family BOLBOFORMACEAE Specier 1987
Genus Bolboforma Dueecs & Seecien 1974

lacking in the Danish specimen. This new
spacies lacks the prominant reticulation of
B. latdorfansis,

Type species: Lagena herl Cloous
1922

Bolboforma cf. B. latderfensis Srieaies in
Seecien & Daniels 1991
Plate 1, Figures 1,2, 3

Material Sample 10 (original Ritzkowski
samplel: up to 25 spheres and fragments.

sp.1
Plate 1, Figure 4

Some spheres have been found totally
lacking in any ornamentation (spines and/
or reticulation). All other details (size, width
of the opening system) are the same as for
the ornamented forms.

Parsonal ong
hundred specimens from Borken |collected
from slipped material}.

Description: Cyst approximately 100 pm
wide [without spines). Single (7} eham-
bered sphere, iregularly covered with &
rather weak and subordinate reticulation
system. Surface covared with spines,
sometimes thickened distally. Some spines
having a blade-like appearance whereas

ap.2
Plate 1, Figures 5, 6, Ga

The spheres found in the Middle Pechel-

bronn Formation have been left in open
due to their p

Narmally all spines are broken off, so lhm

only the basis of the spinea can be seen.

The entire surface is covered with clay

minerals and nannoplankten.

6



Stratigraphic C
and Interpretation

Bolboforms are recorded here in sedi-
mants of Early Oligocena age in Northarn
Hesse | Melania Clay Formation| and in
the northern portion of the Upper Rhine
Graben for the first time. With these new
observations nearly all previous efforts
toward correlation must be revisad or
can st least be refined (Figure 5). It is now
possibla to establish a diract correlation
for the Melania Clay Formation with the

Iy on the basis of the distribution
of ostracod fauna, which is totally com-
parable between northern Hesse and the
northern Upper Rhine Graben, However,
further studias ara necessary.

The Middle Pechelbronn Formation can
traditionally be subdivided (Gisnoux &
Horemann 1920: 15) from top to base into
(Flgure 4): "Maris with Hydrabia® with
Cyrena beds st its base, “Marls with Bryo-
zoa” and "Marls with MytilusTThis subdi-
wision was developed by oil geologists in
the type area of the Pachalbronn Group

lower portion of the Middie f t
Formation | Mytilus bedsl. Arguments for
this new correlation scheme are: Bolbo-
forma is present only during a very shor
time span, i.e., they can be observed at
one distinct leval. No other samples in the
Middle Pechetbronn Formation higher up
in this sequence have yielded bolboforms
until now, This observation can be verified,
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Figure 5: Comparison between varfous correlation schemes In the
literature and the scheme outlined in the present study. Please
mote: Division "E” was introduced by Riraxowsw (in Grasany ef al,
1986: 105) for a unit found in the Alsfeld “3027" well, approximale-
Iy 33 km south of Borken, Figure redrawn sccording to Nicxe (1996
Figure 10). Only samples number T and 2 from Rmaxowser (1867
Figure 2), marked here with astarisks, may be of the same age as
the Upper Pechelbronn Farmation, Key: OPS = Upper Pechelbvonn
Farmation, MPS = Middie Pechelbrenn Formation, UPS = Lower
Pechelbronn Formation; hdhere = higher, tiefere = lower
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around P in northern Alsace. In
general, 8 three-fold subdivision is used by
many authors, thus neglecting the Cyrena
horizon at the base of the “Marls with
Hydrobia? but this subdivision still lacks a
formal definition in the sense of modern
stratigraphy. On the basis of the microfau-
na, which is extremely rich for the whole
and particularly the
Sroserngxy (1960) gave a first report s to
how to use this group for stratigraphy. This
study is based on 12 species, whereas as
many as approximately 75 spacies have
been found by the present author, Small-
scale foraminifera fauna is present only in
the basal portions of the Middie Pechel-
brann Formation, whereas higher up in the
sequence this type of foraminifera fauna
is lacking, or only sporadic occurrences of
single species can be observed,

Insofar as ostracods are concerned, & pro-
visional scheme which is still under con-
struction (Figure 4) is presentad here. Five
zones can be observed in the Ahine Graben
which reflect changes in the salinity of the
depositional environment, Several char-
acteristic species for each zone have been
listed. Due to new sections which have

Figure 6: Coscinodiscus (7] sp, Pyritized
internal mould of & diatom frustule. Alten-
burg IV opan-cast mina, Borken, Malania
Ciay Formation, division B 2 (blackish
layer; ~5.66 - 6.00 m; cf. Figure 2)



been sampled in greater detail, byrozoa
have been observed in ostracod zone 2

Conclusions

and 3, near its base. Zona 3 is
by Cytheridea parnota Oerru & Key 1955,

The p af Boly in the Mals-
nia Clay Formation exposed in the former

which was ibad by
locytheridea pechelbronnensis in 1960,

The Meiania Clay Formation of Borken
was subdivided into 4 divisions by Rirz-
kowexi, The lowest two divisions (A and B1)
represant a limnic to oligohaline environ-
mant, Division B2, for which eriginally an
environment similar to B1 was postulated,
shows the first maring influences result-
ing from new observations. Grinioneis
trieheli, Hornibrookeila sp., Hazelina sp.
(n. sp.] and Cytheromorpha sp., togather
with diatoms | Coscinodiscus sp., cf, Fig-
ure B}, were observed in the blackish layer
at levels of 5,65 to 6.00 m, In divisions C
and D, plio- to brachyhaline conditions
developed. The highest portions of divi-
sion D (D3} show reddish colours, which
are explained as a soil developing proc-
ess (Rmmxowsk 1967 99}, According to his
observations, this division still contains
ostracods and foraminifera as limonitic
internal moulds. These require further
investigation, because with the detec-

tion of the Bolboforma level it seems
rathar Iukely o rugard division “D3" as a

as Hap-

a IV op st mina near Borken
permits a direct bad-by-bed correlation
with the lowarmost portions of the Middie
Pechelbrann Formation (* Mytilus beds*]
in the nerthern portion of the Upper Rhine
Graben, The similarity of the ostracod
fauna in both areas is a further strong indi-
cation for such a correlation. For the lowest
portion of the Middle Pechelbronn Forma-
tion [and the Melania Clay Formation), the
ostracod fauna is strongly influenced by
alements of a northern arigin. Compared
o the succession of sediments of Early
Oligocene age (NP 22} the Melania Clay
Formation of Borken is rather incomplate,
due to erosion during later Oligocane
times (i.e. pre-NP 23 times).
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Detailed Analysis of the Rupelian
Ru-1Transgressive Surface in the Type

Area (Belgium)

> Nool Abstract
Vandenberghe
» Jacques The Rupelian-1 transgressive surface in
Herman the type area in Belgium coincides with
» Etienne the NP22/23 boundary. In the direction of
Steurbaut tha basin, the surface is characterized by
a phosphate bed, and by flat black flint
pebbles toward the Phosph

at the seafloor. The first indication of a new
type of transgressive sediment is the pres-
ence of numerous mm-sized agate grains
and soma flat black flint pebbles mixed
with the phosphates. These pebbles are
much more abundant landward in the top
of the estuarine and lagoonal sediments.
The new sedi are brought in from

concretions cover the fine glauconitic Ruis-
broek Sand, whereas the pebbles overlia

a group of estuarine, lagoonal and lake
deposits. Boom Clay occurs above the
phosphate bed, and Berg Sand is found
abowve the pebbles. A detailed palaeontol-
ogy of the phosphate bed reveals details
concerning sedimentary evolution around
the transgressive surface.

At the lowest sea-level position, a shal-
low regional erosicnal space is cut, whilst
soil develops landward. At this stage an
estuary had already cut into the underly-
ing sediments, Aftar a slight sea-level rise,
lagoonal clays are depaosited in the ero-
sional space and swamp clays are depos-
ited landward over the soil. Further slow
sea-level rises result in the deposition of
the fine glauconitic Ruisbroek Sand with
many rewaorked microfossils and much
land-derived organic matter. At the same

the west by marine currents, Continued
and increased rates of sea-level rise lead 1o
reworking of the phosphatised sea bottom,
forming a lag bed consisting of phosphata-
impregnated, slightly transported, fossils
and burrows. Further landward, the black
pebbles are swept over an abrasive sur-
face formed by transgression. At this time
some of the rounded phosphate fragments
and admixed pabbles acquire a glauconite
staining. Some oysters use the pabbles as
a Before the gressive silty
clay sedimentation spreads over the phos-
phate bed, a significant number of elas-
maobranch and teleost fishes strand on the
shore, decomposing quietly as indicated
by the preservation of nearly intact micro-
bones, arti ions and teeth,

even still grouped as though derived from
individual specimens. The everlying trans-
gressive silty clay sedimentation initially
remains very shallow, as indicated by the

time, lagoonal and estuaring i ac-
cumulate landward aver the earlier swamp
clays, When rates of sea-level change ap-
proach the level for the onset of the trans-
gression, sediment influx from land stops
and the sea bottom is now colonized by
burrowing crustaceans, fishes, Cerianthi-
dae and various other sea worms, large
aysters which carry the symbiotic marine

d M. and wood fi
perforated by Teredinidae also float in.
When sea levels continue to rise, shore
erasion beging, and a Berg Sand facies of
coastal sand is formed, as indicated by the

of oysters i by Clionidae
sponges, which can tolerate some brack-
ish water, and by the presence of some
rare gutters. At the same time coastal
erosion continues to produce Berg Sand
type coastal sands landward, overlying
the biack flint pebble layer and containing
levels of Cyprinid valves. Subsaquent rapid
sea-level rise deposits deeper water Boom
Clay over all the former deposits. Pyrita, as
observed in the wood fragmenis, can form
rapidly after burial.

presence of characteristic large Cyprinidae, Kurzfassung
often with bath valves together. Bafore "
i are i Dia i 1 i Fliche fallt

phosphate is carrled In from the open sea,
as shown by the phosphatisation of all pre-
viously mentioned organisms and burrows

in der Typus-Region in Belgien mit der
NP22i23 Grenze zusammen, Beckenwiins
wird diese Fliche durch Phosphaorit-Fiih-

Naorthern European Cenozoic Stratigraphy; Proc. 8% Biann. Meet. RCNNS/RCNPS. - Flintbek 2002 67



rung, durch flache, sct terhin Aate des

Flinte eharakterisien, Die Phosphorite Anstmgs fishrt zurAurarhmlung des phos-
bedecken die feinen, glaukonitischen Ruis- 1 dher 2u iner
broek Sands, wchmgegsn die Flint-| Klessl Rasadual -Lage bestehend aus Phospharit
eing Gruppe von wanig i Fos-

und lakustrinen Ablagerungen dberlagern.
Uber den Phosphoriten folgt der Boom
Ton, Gber den Flint-Kieseln der Berg Sand
Die genauve Pald logie der P

silian und Grabpéngen fiihrt; weiter land-
wiirts werden die schwarzen Flinte auf gine
Abrasions-Flache geschwemmt, die durch

Schichten erdffnet Details Uber die sedi-
mentologische Entwicklung im Beraich der
Transgressions-Flache.

A das geri ..

die T gebildet wurde. Zu dig-
ser Zell erhal:en einige der abqamndmn
Ph und

ten Flinte sinen glaukonitischen Belag. Ei-
nige Austern nutzen die Kiesel als Substrat.

Standes wird ein flacher
onsraum eingeschniten, withrend land-
wiitts Bodenbildung zu beobachten ist,
Schan wahrend daawr Phase hat sld\ &in
Astuar in die

Bavor slch die slltlga bis lonlgaTmnaglas—
Erosi- iibar die F
Lage strandet eine signi

Anzahl von Haien und Knochenfischen am
Strand und verwest ungeston, wie durch

eingeschnitten. Nach sinem geringen Mes-
resspiegel Anstieg werden lagunire Tone

die Erhaltung nahezu intakter Mikrok
chen, Gelenkartikulationen und Zihne
angezeigt wird, die noch als von sinzelnen

im Erosi und Uberf) Tone Tieran g sind. Die
landwiints Gber dem Boden ab gert. Ein (i kend gressive Silt-Ton-Se-
welterer leichter M Anstieg i bleibt anfangs sehr flach, wie

fiihrt zur Ablagerung der feinen, glaukoni-
tischen Ruisbroek Sande mit vielen aufge-

durch das Vorkemmen von durch Clieni-
den {Schwiémme| besiedelten Austern,

und die il kinnen, angae-
Material terrestrischen Ursprungs. Glaich- zeigt und saltane Rinnenbildung boiagt
zeitig kammt es land zur Ablag wird, Gleichzeitig fihrt die Kis
drer und & iner Sed| Uher fwil iterhin zur Ablag g von

dan iriiheren Uberflutungs-Tonen. Als sich
der Grad der Mearesspiegel-Andarung der
Transgrassionsrate annahart, endet der
Eintrag von Land her und der Meerasbo-
den wird jetzt von g !

Kilstensanden des Berg-Send-Typus, die
die Fiint-Lage berdecken und Lagen mit
Cypriniden-Schalen enthalten. Fortschrei-
tender rapider Mearesspiegel-Anstieg fihrt

Fischen, Ceranithidae und verschiedenen
anderen marinen Wiirmern und groBien
Austern, die die symbiotische marine Bohr-
muschal Martesia tragen, besiedalt, und
auch vonTaradiniden zerbohrte Holzstiicke
driften harein. Indem der Meeresspiegel
weiter steigt, beginnt Kistenerosion und
eine Berg-Sand-Fazies von Kilstensanden
entwickelt sich, wie durch groe, oft dop-

: e

angezeigt wird. Bevor Transgrassions-
Sedimente abgelagert warden, warden
Phosphate vom offenen Meer herantrans-
portiert, wie durch die Phosphoritisierung
eller bisher genanntan Organismen und
Spuren am Maerasboden balegt ist. Die

ersten A ener neuen
vonTra nsgresmns -Sedimeant sind in dem
grofar Achat-

Karner und einiger flacher schwarzer Flint-
Kiesel zu sehen, die mit den Phosphoriten
vermischt sind; Die Flint-Kiesel sind land-
wiirts iiber den @stuarinen und lagunaren
Sedimantan deutlich haufigar. Die nevan
Sedimente werden vom Westen her durch
Meeresstromungen eingetragen. Eina wei-

2ur Al g des Boom Tons des tiefarn
Wassers Ober allen bisherigen Sedimen-
ten. Pyrit, wie in Holzfragmenten beobach-
tet, kann sich rasch nach der Sediment-Be-
daeckung gebildat haban.

Keywords

Sequence stratigraphy, Rupelian, Oli-
gocena, transgrassive surface, Balgium

Introduction

The phosphatic gravel layer at the base

of the Boom Clay (Rupelian} in the Sint
Niklaas brickyard pit (Wasasland, Belgium)
[Figure1) has attracted ettention for many
years {a.0, Vanoensercre 1978), not least
because the gravel consists, to a large ex-
tent, of fossil moulds. It is obvious that the
presence of this rather exceptional leval at
the base of a major clay deposit has a par-
ticular Mlmenwmnmanlal and, hem‘.e

at the i

ofthe Hupelmn VanpensercHE et al. | 1998)




Figure 1: Loca-

tion map of the
section studied in = o = ADRm
North Belgium.
The schematic Y\Q
profile discussed
in Figures 2 to 8 5\5‘ .N'ﬂwerpen e
represants the geo- Zelzate \ﬁ?‘rsin[-NiklaaS
logy between the Boomi
ndTe L Sratnt Lokeren pjighrock !
a ar =
eag, The Inset map pr- 1 ) Mechelen
shows Beigium and BRABANT
the neighbouring
h *Leuven
countries . Borgloan
Brussel .
Tongeren
1
Table 1: Litho-
stratigraphy of the Waasland-Boom area Brabant area Tongeran area
Waasland-Boom,
Hrabant and RUPEL GROUP
Tongeren areas.
Eigenbitzen Formation
Boom Formation Boom Formaton Baom Farmation
Putle Member Putte Member Putie Member
Teragen Mambar Tarhagan Membar Terhagen Member
Belsalo-Waas Membaer
Bilzen Formation
Kemiel Mamber
Klaine-Spouwan Membar
Barg Member
TONGEREN GROUP
Zelzate Formation Bergloon  Formation
Ruisbroek Member Heide Horizon Oude Biezen Member
Watervlied Member Henis Membar Henis Mamber
Bassevekla Membos Bautersem
Kerkom Member
Hooghutsel Harizon
Sint-Huibrechts-Hern Formation
Kesseiberg Member
Nesmepen Mambar Nearapen Membar
immertingen Membar Grimmertingen Member




have intarprated the phosphate layer as
the transgressive surface of sequenca Rul,
sensu Haa et al. (1987) and Hanoensod et al.
(1888).

It is the intention of this paper to describe
the composition of the phosphatic bed

in detail, to determing its formation
conditions and to establish its link to the
detailed overall geometry of all the strata
argund and near the phosphatic bed,
teading to an understanding of the strati-
graphic meaning of the phosphatic bed. In
order to do so, the paper will describe the
palaeogeagraphy of the area in a series

of narrow consecutive time slices. Tha
lithostratigraphic units used in the text ara
listed in the stratigraphic table [Table 1},

The time of lowest sea
level

Figure 2
Figure 2: Schematle

rapresentation of The sand unit underlying the phosphatic

The base of the Ruisbroek Sand forms a
broad ragional erosion level of approxi-
mately 10m deep, incised into sands and
clays, which have NP21 nannoplankton
zonation, The base of the Ruisbroek Sand
is characterized by early NP22 nanno-
plankton content. The erosive nature of the
Auisbroek Sand can be observed on the
geological maps 1:25,000 Lokeren {Shaet
14, Jucoss et al. 1993), Antwerp [Sheet 15,
Jacoes et al. 2002} and Mechelen (Sheet 23,
Busre, & Vacuen 2002), In the subsurface to
the east, the Mol area, core analysis shows
the Ruisbroek Sand to have even com-
pletaly eroded all sediments of the NP21
biozone, either the top of the Bassevelde
Sand Member of the Zelzate Formation

or the Sint Huibrechts Hern Formation
{Tongeren Group), which are both char-
acterized by this same biozone NP21 and
otherwise occur continuously over north
and northeast Balgium.

To the southeast of the area under aro-
sion, a podzelic soll has developed in the
top of a glauconitic marine sand facies,
the Neerrepen Sand Member at the top of
the Sint Huibrechts Hern Farmation {Plate
1, Photo 1). This soil has a widespread re-

gional and has been studied in
detail and described in theTongeren area
as a podzol with a fragipan by Buunman &

the landscape at bad in the Waasland is the Ruisbroak
the beginning of Sand Member of the Zelzate Formation
the NP22 biochron [MargcHac 1981, 1983). The i ic age
during & period of of this formation is at the Eocene-
low sea lovel DOligocene transition.
NW
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Flate 1

Photagraph 1: The succession of podzolic
s0il developed to the right of and above
the shovel (for scale), overiain by a
brackish-water white shell-bearing sand
with a thin clay layer In the middle,

The soil still has biack organic matter

in its top, 8 white eluviated horizen
below and, at the bass (shovel blade),

a dark green iluviation horizon with
degraded glauconitic clay. At the base

of the phatograph the unaltered fing
glauconitic Neerrepen Sand can be seen,
A layered clay complex (Hoogbutsel
Horizon) eccurs above the white sand,
some of the clay layers are greenish,
and at the top a black peaty swamp

soil occurs. The estuarine Kerkom Sand
occurs above the clay

Photograph 2: The base of the silty clay
(Belsele-Waas Member of the Boom
Clay Farmation) with the top of the fine
glauconitic sand (Ruisbroek Member} at
the very base. The thin marked wash-out
horizon between both lithological units
is the phosphatic bed level

Fhotograph 3: A gutter fill in the Belsele-
Waas silty clay (shovel blade for scale)
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Joncmans (1875). It is overlain in the entire
region by tha continental deposits of the
T Group, the Borg Fr i
which have been dated as time equivalent
of the NP22 biozone |cf. VanneneercHE Bt
al. 1998 for & review}. Therefore, erosion
underlying the Ruisbroek Sand and sail
formation occurred at approximately the
sama time, arcund the NP21/NF22 bound-
ary. In the landscape to the south a river
channel drained the landscape.

The installation of lagoonal
conditions in the Waasland-
Boom area and swamps in
the Leuven-Tongeren area

This association points to a lagoonal or
bay depositional environment. A few
coarser glauconitic horizons indicate flood-
ing of the lagoonal sediments by marine
incursions. The sedimentation indicates

a slow risa in sea level, Rising sea levels
also caused rises in the regional ground-
water table, which led to the installation of
swampy conditions in the south, drowning
the podzolic soil formed at an earlier stage.
In the swamp, peaty clays are formad, and
influxes of brackish water are decumented
by thin shall-bearing sands (Plate 1, Photo
1). In the top of the swamp clays, sepiolite,
precipitated in the pores of the desiccating
rud, witnesses at least a short period of
dry climate |Huaset et al. 1996, Veraeeo: et
al. 1988). The swamp and brackish deposits
are known under the name of the Hoogbut-
sel Complex and they contain numerous
terrestrial vertebrate fossil remaing [Smimk

Figure 3: Sche- Figura 3 in pressh, This tetrapod fauna points to the
matic repre- MP21 zone, It is the first assemblage in the
santation of the The first sadiments found above the ero- area after Stehlin's Granda Coupure. Undar
slowly drowned sive level in the north are a few meters of coastal conditions, as witnessed by brack-
depression in clays which contain very abundant bisac- ish water influxes, it is logical to assume
the northwest cate pollen, some dinoflagellates, among that the river draining the area became a
and the swampy which Gerdiocysta conopaa, Watzelliella broader estuary, the section of which was
coastal piain be- gochtii and Phtanoperidinium spp., sig- being shaped by lateral and also some
ing installed in the nificant amounts of Padiastrum fresh wa- wvertical erosion under the influence of tidal
southeast during ter algae, ked dinoflagell from i
the sarly part of Lower Cretaceous through Eocene, but no
the NP22 bioch) lank i etal. 2003).
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Slow sea-level rise
Figure 4

Continued slow sea-level risa brings a
glauconitic fine sand deposit over the clays
in the bay or lagoon in the northwest. Ris-
ing sea levels eroded the bay shoreline,
maving it gradually 1o the southeast. The
fine glauconitic sands are known as the
Ruisbroek Sand. The sands are character-

channel are known as the cross-bedded
Kerkom Sand Member of the Borgloon
Formation.

The beginning of flooding

Figure §

Apparently at the end of glasconitic Auls-
broek Sand deposition and before the

ized by many and

by & brownish grey hue, probably dus to

the prasence of tiny black terrestrial plant
The ion of

of deeper water Boom Clay
just above, sedimentation halted and the
shallow seafloor becama colonized by a
rich fauna, including burrowing decapod

associations shows the i of 8
more open marine condition toward the
top | et al. 2003).

ton shows the Ruisbroek Sand unit to span
the entira NP22 chronozone.

and F
Carianthidae and various other types of
sea worms {Plate 2, Phato 2), large oysters
which carry the symbiotic marine pelecy-
pod Martesia (Plate 2, Photo 3|, fishes, etc.,

NW

Waasland-Boom
I

Brabant
I

L

g /
/

o \_J‘ ez

o o~ @

o

. fine glauconitic sands in the bay { Ruisbroek Sand )} T3
. slight erasion of the banks of the bay

. brackish lagoonal green clays ( Henis Clay ) &1
and shellrich sands { Boutersem Sand ) ]

. the estuary fills up with coarse sands ( Kerkom Sand ) E2J
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Figure 4: Schematie
reprasantation of
the infilling of the
depression in the
northwest by shal-
low maring sands
and the sedimenta-
tlon in the lagoon
and estuary of the
coastal plain in the
southeast during
tha NP22 bioch

Ralsed sea levels bring brackish lagoonal
conditions furthar to the south over the
former swamps, These lagoonal conditions
form a few well-known facies in the area:
the green clay deposit of tha Henis Mam-
ber and the mollusc-rich sands of the Bout-
ersem Member, Both members belong 1o
the Borg| F of the'

Group, also belonging to the NP22 chrono-
zona as mentioned above, Rising sea lavals
forced the estuary in the area to begin to

The deposita in the

Rising sea levels continue to erode the
shore line in the south, as testified by the
influx of wood fragments perforated in sea
water by Teridinidae and othar xylopha-
gous malluscs. Newly deposited coastal

i | large Cyprinidae, are
eroded as the shoreling progresses south-
ward, 88 shown by the presence of mol-
luscs with both valves still together in the
top of the Ruisbroek Sand

Higher sea levels lead 1o continuing la-
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10. The seafloor is colonized by a rich fauna ™3

11. The rising sea-level further erodes the banks and redeposited
sediments form a transgressive type coastal sand £
12.lagoonal sedimentation over the land,
including brackish fossil rich marls { Qude Biezen ) [
13. sedimentation of subparallel sand layers in the estuary

e
bt { Kerkom sand ) =]

Figure 5 Sch goonal sedi overthe land inthe  The transgressive surface

ion of south, i the brackish fossil-rich
the sedimentation marls of the Vieux Joncs or Oude Biezen Figure 7
standstill and the Mamber of the Borgloon Formation. The
colonization of the Kerkom Sand estuary is now completely ‘When the rate of sea-level rise sharply
seafloar by a rich filled with more parallel bedded sands, i the phosph d sea-
fauna in the north-  which maore strongly resemble shore facies  bottom is broken up, and & phosphate con-
west af the end of deposits rather than il i i v bed, such as it can be observed

the NP22 biochron
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The phosphate impregna-
tion of the seafloor
Figure &

Just before the onset of the major trans-
gressiva flooding of the land, changes in
the palasocurrent system occurred, and
the arrival of new masses of water, prob-
ably from deeper levels in the North Sea,
brought enough phosphate to cement the
top of the seafloor, including bioturbations
and many organisms living on the seafloor
as described above. XRD analysis charac-
terizes the cament as apatite (main reflec-
tions with relative intensities above 50%
at2.79 A (100}, 2.7 A (50, 2.69 A (52)).
Continuing sea-level rises cut a new profile
into the bank, upon which a transgressive
sand is deposited with Cyprinidae.

today, is formed {Plate 3, Photos 1, 2 and
Piate 1, Photo Z). Some of the concre-
tions are slightly rounded and sorme bear
& glauconita staining. Oystars have been
observed to be growing over the pebbies.

The lateral transport of new sadiment
along the coastling is shown by the arrival
of some typical flat black flint pebbles in
the phosphatic bed, which undoubted!
come from the erosion of Cretaceous chalk
cliffs to the waest, forming the Anglia-Ar-
tois ridge at that time, A counterclodkwise
sediment transport in the Rupelian Nonh
Sea has already been demonstrated by the
study of phytoclasts (Vaoeneencie 1976).
Also Indicating & new sediment prov-
enance is the presance of mm-sized agate
in the phosphate pebble layer and also
same amethyst and jasper grains (Plate 2,
Photo 1), logically also occurring from the

. UK landmass st that time. We suspect that

the first arrival of the pebbles occurrad at
the very beginning of the transgression
rate increase, just efter phosphatisation



Plate 2

Photograph 1: Selected agate grains
fram the phosphate bed. The grains are
handpicked from the 1- to 3-mm sieve
fraction

Photograph 2: Phosphatised worm trac-
es salected from the phosphatic bed. The
thickness of the worms is 2 to 3 mm

Photograph 3: Phosphate cemantad
tracas of the pe pod Martesia. The
photograph displays a view of the inside
part of an oyster shell, now dissolved,
inte which the pelecypod had bored;

the borings were filled with fine glau-
conitic sand, which was later cemented
by phosphate as was the sand in which
the oyster shell was buried {the large flat
sandstone plate behind the palecypod
borings), The total width of the cemented
sandstone plate shown is 7 cm
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: " 14, Upweliing brings phosphate cementing the sea fioor,
o ol the bioturbations, internal molluse moulds ... |
sl 15, Transgression culs a new profile into the bank upon which
om

a transgressive sand is deposited 700
Appearance of flat black flint pebbles ==

b 16. Similar flint pebbles occur landward under a local
brackish-water sediment ( Heide sand ) =2

Figure 6: ic rep of the ion of 8 i, in the sed top in the and the
Initiatlon of a transgressive sand sheet toward the southeast
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O it 17. The land is flooded ; the transgression cuts an abrasion surface
el sea el onto which the flat black flint pebbles are swept &3,

s / The transg ive sand is ding to the SE ( Berg Sand ).
| J 18. A phosphate concretionary bed is formed . ===

L :::«»u

Figure 7: Schematic representation of the effect of the increased rate of sea-level rise with the break-up of the
hardg. d in the h and the ion of & il ive abrasion surface to the southeast af the begin-
ning of the NP23 biachran
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Plate 3

Photograph 1: Impregnated block of
the phosphatic bed showing slightly
rounded phosphate cementad pebbles,
and primarily the internal moulds of
maolluscs. The individual fragments vary
from approximately 1to 3 cm

Phatograph 3: Tiny fish-fin bones still in
the articulate axtracted from the phos
phate bed (6 mm long]

Photograph 2: Impregnated block of the
phosphatic bed showing a few phos-
phatic pebbles and primarily flat phos-
phate cemented burrows. The burrows
are approximately 1 em in width and

seral cm long
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halted and the break-up of the g

began. Indeed the scarce pebbles in the
phosphatic layer are never cemented by
phosphate to other grains, and in the south
the pebbles appear just under the main
transgressive abrasion surface {Figura 6).
In the south the typical flat black pebbles

F iion. The large oysters cccasionally
found in the Belsele-Waas Clay have also
been found in the Berg Sand at Viiermaal
(section in Henan 1984), Palaeontological
investigations show that the Berg Sand and
the Belsele-Waas Member are of similar
age; they bath contain the lowest NP23

are found in larger i ¥ing

a locally deposited thin white, heavily bio-
turbated brackish-water to shallow marine
sediment in the very tep of the Borgloon
Formation, namely the Heide Sand Horizon
overlying the estuarine channel fill Kerkom
Sand. This Heide Sand fills a small local
deprassion, where the top of the Kerkom
Sands is cemented either by an oil seep-
age at that time or a soil {cf. discussion
inVan Ressen & Vanensincr 1996, 1999),
Mare generally, the Heide Sand is not
present, and the flat black pebbles are

The Berg Sand displays a
cyclicity in grain size of approximately a
matar wavalength. These cycles are prob-
ably related to the cycles observed in the
Belsele-Waas Member (Vanoesseacie et al.
1887), although it has not been possible
to corelate the cycles on a one-by-ong
basis. Continuing sea-level rises rapidly
bring deeper watar over the area, and
theTerhagen Clay Member on top of the
Belsele-Waas Member was been deposited
ata water depth of 50 to 100.m (Vanoen-
eERGHE 1978, 1981), The level of the sudden

found ¥ the coastal
sand layer containing Cyprinidas, called
the Berg Sand Member of the Bilzen For-
mation, commonly occurring in the south.
Apparently, sea-level rises now caused the
flooding of landmasses to the south, and
maringe abrasion cut a large surface onta
which the black pebblas were swapt.

Initial sedimentation above
the transgressive surface
Figure &

Before new sediment was deposited over
thie concretionary bed, elasmobranch and
teleost fishes stranded, as shown by the
intact microbones, articulations and teeth,
some associations of which can even ba
attributed to individual specimens. In the
slightly deeper part of the basin in the
nodth, rhythmie silty clays are deposited,
namely the Belsele-Waas Member of the
Rupelian Boom Clay Formation. Initially,
water depths remained very shallow, as
indicated by the high silt contant and by
the presence of rare gutter channels (Plate
1, Photo 3). In addition, the izati

of Boom Clay over the Berg
Sand in the south can be axactly correlated
geophysically and ically with
a harizon of sharp decrease in grain size

in the clayey deposits of the Belsele-Waas
Member in the north {Vascensencue et al.
2001}, The comman pyrite in the sediments
is a diagenetic mineralisation.

Conclusions

It has been shown that at a position of
relative lowest sea level, at the stan of the
NP22 biochron, an isochronous surface
axists in North Balgium, consisting partly
of an erosion level and partly of a soil for-
mation level, During the slow rise of sea-
levels, lagoonal clays and fine glauconitic
sands (Ruisbroek Sand) were deposited,

and terrestrial plant remains, while sea-
level rises installed a landward coastal
plain with swamps and lagoons (Borgloon
Fe ionl. In ic ter-
inal these sedi are i
&5 lowstand deposits. The increased rate
of sea-lavel rise, occurring toward the end
of the NP22 biochron, apparently changed

of oystars by Clionidae sponges, which

can tolerate brackish water, may confirm

& very shallow nearshore depositional en-
vironment. Landward, the transgression
expands its abrasion plate southward, and
reworked and newly arriving fine sands are
deposited above in a coastal sand; the sand
containg several horizons of large Cyprini-
das, swept periodically onto shore together
with coarse sand and even some pebbles,
This is the Berg Sand Member of the Bilzen

and ion patterns. At
that time, sedimentation halted and a rich
fauna colonized the seafloor in the marine
realm; This fauna is documented by fos-
sil remains, which are to a large extent
phosphatised togethar with the top of the
saafloor, which, in turn, was cemented into
a hardground. Apparently, the change from
primarily land-derived sediment fill from
a shallow marine basin during periods of
slowly rise of sea levels to the phase of
a primarily marine-derived sedimant fill
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A Lower Oligocene Norwegian Sea
Dinoflagellate Cyst Found in the North Sea
and in the Rupelian Type Area in Belgium

» Jens J. Lund Abstract and onshore Baelgium is thin (approx. § m)
and provides a prima marker for biostrati-
Tha large and conspicuous dinoflagel- graphic work in the Lower Oligocens.

late cyst noted by Manum et al. {1989} as
Spiniferites sp.1 from the Lower Oligocensa

in the Norwegian Sea is described as Kurzfassung
Pseudospiniferites manumii n.gen. n.sp.
Figure 1: Locations  from onshore sections at the Rupalian Die grofe und auffillige Dinoflagallaten-
(A, B & C) with type area in Belgium. This species is alse Zyste, die von Masuw et al. {1983} als Spi-
Pseudospiniferites  illustrated from a Danish North Sea well, niferites sp.1 aus dem Unter-Oligozan der
manumii as dis- where, as is the case in the Morwegien Sea  MNorwegischen See sufgefliht wird, wird
cusged in the text. and onshore Belgium, it ocours between als Pseudospiniferites manumil n.gen. n.ap.
Distance approx. the Lower Oligocana top of Enneadocysta aus einam ,onshore” Profil desTypusge-
1200 km from A to pectiniformis and the Upper Eocene top of biats des Rupelium in Balgien beschrisban.
B, and 650 km from  Areosphaeridium diktyoplokum, The hori- Die Art wird ebenfalls aus einer dinischen
BtoC zon with £ fi in the N gian Sea N bot bildet, wo sie, wie in
der Norwegischen See und ,onshore” Bel-
gien, zwil demTop der
pectiniformis, Unter-Oligozén, und dam
b i Top dor A i

diktyoplokum vorkommt. Der Horizont mit
P manurmil in der Norwegischen See und

«onghore” Balgien, ist nur geringméchtig

Ica. 5 m). Er wird als primérer Leithorizont
fur biostratigraphische Arbeiten im Unter-
Oligozan angesehen,

Introduction

From the Norweglan Sea, Masuw et al,
11989} noted the charactesistic Spiniferites
ap.1 from a short interval in the Lower
Oligocene. The species occurred batwean
the Early Oligocene top of E. pectiniformis
and the Late Eocene top of A, diktyopio-
kum. This species has been found by this
author at the same stratigraphic position
in numerous wells from the Danish and
Dutch North Sea, as well from onshore
wells in Germany. However, until now, the
stratigraphic position of this potentially
important fossil has not been calibrated in
onshore outcrops.

The aim of this study is to calibrate the
occurrence of Spiniferites sp.1 of Masum
et al. [1988) in outcrops of Rupel, the type
sections of the Early Oligocene in Belgium,
Due to the ic i of

Morthern European Cenozoic Stratigraphy; Proc. 8" Biann. Meat. RCNNS/RCNPS. - Flintbak 2002 a3



Figure 2a:. Suc-
cession in the Nor
wegian Sea, ODF
Site 843 (location A
in Figure 1) of the
index of dinoflagel-
fate cysts used in
this study

Figure 2b: Legend
for figuras

the species, it s officially d bed in the

of this species at

binomial nemenclature system as Peeudo-
spiniferites manumii n.gen. n.sp. from the
latter area.

In the overview map {Figure 1) the Nor-
wegian Sea occurrence is marked with “A"
and the outcrop area in Belgium with & "CY
A typical occurrence from the Morth Sea

is shown with "BT These are described as
follows:

Norwegian Sea Occurrence
wp

P manumii was noted as Spiniferites sp.1
from ODOP Site 643 in the Norwegian Sea
by Masum et al, (1989). The location is
shown as A" in Figure 1. Manun et al. (Lc.)
did not dascriba the species, but provided
a photograph {Plate 17, Figure 5. The semi-

ODP Site 643 was given together with data
concerning 178 other taxa in their Figures 3
and 4. Data presented by Manum et al. {l.c.)
for £ manumil, E. pectiniformis (includ-
ing E. arcuatum) and A. diktyoplokum are
presented in Figure 2. B manumii occurs
only in samples at 480.20 m and 461,70

m depth. It is not present uphole from
460.20 m and downhole from 468.40 m.
The maximum thickness possible in ODP
Haole 6434 of the interval with £ manumii
Is thus about 8 m. The observed thickness
was only 1.5 m,

An example from the North
Sea “B”

In Figure 3, a section is shown with the
tops of E. pectiniformis, P manumii and

SITE 643

asom

460 m

470m
480 m
] ~ Ar-dik
3 - m
Legend
M Enneadocysta pectiniformis
™ Peeudospinifarites manumil
[Spiniferites sp. 1 Manum et al }
Ardlk  Areosphasridium dikiyopiokum
Top / LAD
L Basa { FAD
Present
. Comman
I Sample

A Lol from a well in the Danish
Morth Sea close to the Danish-Norwegian
boundary, The location is noted with a let-
ter *B" in Figure 1. The dinoflageliste cysts
noted are displayed in Plate 1. The avail-
able samplas investigated ara “ditch cut-
ting samples’ in which only the tops of the
fossils mentioned can be located with cer
tainty. The 100 m depths of the samples are
not given, and are noted only with *XX7
since tha data of the well are confidential.

The highest sample with B manumil is
“¥X30 m? whera this fossil is very com-
mon with about 50 specimens per palyno-
Iogical slide. The occurrenca at this depth
is therefore very easy to find, making ita
stratigraphically important event. The thick-
ness of the interval with P manumii can
not be determined with precision, as the
base is indaterminable in “ditch cutting
samples” However, since the number of £
manumil per slide declines rapidly down-
s likely that the in-
terval with P manumii is thin, as is the case
in the Norwegian Sea. The arder of the
tops of E. pectiniformis, P manumil and A,
diktyoplokum is the same as in Figure 2,

i ing the i ic of

this fossil succession,

Occurrence at Rupel, the
Belgian Lower Oligocene
Type Area “C”

Ninety-nine outcrop samples from the Sint



NORTH SEA WELL
Danish shelf close to Norwegian sector
o ey, 150
[AP1} i
075 m =
e
EuRE=< 3
Xx00 m £ R
L
XX25 m :-fF L rym
XX50 m
r-dik
XX75 m ]

Figure 3: Succes-
sion {n a Danish
North Sea well
flocatian B in figure
1) of the index of
dinoflageilate cysts
used in this study.
For legend cf. fig-
ure 2

Niklas, Rumst-Terhagen and Kruibeke pits
in the Rupelian type area, Belgium, were
provided by Dr.T. Moorkens, Antwerp. Tha
occurrance of B manumii in thess samples
is noted in figure 4. The Rupelian type area
is noted with “C" in figure 1. Locations and
other details of the pits mentioned can be
found in ViaupenaenoHe et al. (2001}

The samples investigated for the occur
rance of £ manumii include the Belsele-
Waas Clay, Terhagen and Putte Clay
members, which form the complate Boom
Formation, the lithostratigraphical name of
the Rupelian in the type area (Figure 5). The
section is subdivided by septarian layers
(510, 520, - SB0), and the single beds are
numbered, i.e. Beds 17 - 30 in figure 4, This
bed numbering system was originally pro-
posed by VanpeusercHe (1978) and is also
used inVanenaencue et al, (2001),

The Kruibeke pit, included here, was also
investigated for dinoflagellate cysts by
Srover & Haroensol (1993), who did not,
however, determine or illustrate P maru-
mii, which at that time was known in the
Iiterature as Spiniferites sp.1 of Marum

et al, {1989), The species must have been
present in their samples from Beds 22 and
24 {samples 1739, 1779, and 1850 in Figure
&in Stover & Haapesmol 1983). Itis prob-
ahle that they did not illustrate the species
because the “specimens” were fragmented
or appeared crushed. This obscured the
nature of archasopyle and made the deter-
mination of generic lavels difficult.

P manumii was found only in samples
from the Terhagen Member, wherea it is
restricted to Beds 20 to 26 (Figure 4} and
thus occurs in less than 5 m within the
35-m-thick Aupelian section investigated,
B manumii is consistent 1o common in
Beds 22 10 24, a 1.5-m-thick horizen di-
rectly above the red marker horizon is
shown in figure 4. In figure 5, the harizon
with P manumii ie related to the tops of
E ini is and A. ¥ The
occurrences of the two latter species are
noted according to the findings of Stoves
& Haroeneon [1983). The occurrence in

thi Putte Mamber was confirmed by the
present investigation. However, the top of
A, diktyaplokum was not able to be located
because samples from the Eocana Bas-
sevelde Member were not available.

The successton of E, pectiniformis, P
manumii and A, diktyopiokum in the Rupe-
lian type area in Belgium (Figures 4 and 5]
is identical to the successicn in the North
Sea [Figure 3} and the Norwagian Sea
[Figure 2}, This illustrates the stratigraphi-
cal importance of the new index species P
manumii @ an addition to the two other
species, which are well established index
forms. The presence of B manumii in the
oceanic Morth Sea and in Norwegian Sea
sections indicates that the horizon in the
Belgian sections is more oceanic than the
generally non-oceanic Belgian Rupelian,

Pseudospiniferites manumii
Relatives in the Paratethys

The diverse palynological literature on the
Tertiary of the Paratethys area (Austria,
Slovakia, Hungary, etc.} concentrates on
pollen and spores, and gives no indication
of the presence (or absence) of P manu-
mil. From the Upper Cretaceous, (Lower
Maastrichtian) of Bavaria, Kirscy (1991}
ibed and i adi

cyst [Achomosphaera sp, B) which resem-
bles P manumii on the basis of size, its
thick granulate central body, and relatively
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Figure 4: Observed
accurrence of

lang spines with nearly smooth shafts, The
autling of the arch il the

trichtian farm, which may be considered as

manumii in the
Rupaiian of Bai-
gium {location C in
figure 1), The occur

beginning of ing, and septae laying
on the granulation can be obsarved | “five-
o-clock™ in Kssce Plate 6, Figure 11).The
main differance is the presence of shorter
trifurcations at the spine ends in the Maas-

ap of B

Due to the precursor form mentionad
above, it is considerad likely that P manu-
imii existed in the Paratathys over a long
period of the Tertiary and that it was able to
emigrated to the North Sea during a pe-
riod with favourable conditions {sea-level

and hwarmer temperatures),
Its short prasence, combined with a bloom

ii in the Morth Sea and neigh-
bouring areas {Figure 1), suggests that it

Is an immigrated form and that it died out
in the area when the favourable conditions

The dinoflagellate cyst identified as Spini-
farites 5p.1 by Masus et al. (1983] from a
short stratigraphic interval in the Lower
Dligocene of the Norwegian Sea occurs
at the sama stratigraphic position [i.e. ba-
twaen the tops of E. pectinifarmis and A
diktyoplokum| In the North Sea and the
Rupelian type area in Balgium. It is large
and easy to find, Due to this and because

rence is restricted
S e Thrhogny) N. W. BELGIUM
Member of the ) highstan:
Boom F i g g MEMSER | DINDFLAGELLATES
which is of B
by means of septar LRI
ian fayers ($30, 540
ate.). For legend cf. PuTTE | *
figure 2b ¥ ceased.
‘ E -
— e Conclusions
'BELSELE: ]
waas | |

Figure 5: Succes- | o
sion in the Aupelian | *|? FUISHROEK | -
of Belgian (lacation 8 =
Cin figure 1) of the J J g
index of dinoflagel- o I. = Ardik
late cysts used in wassE- ||
this study. For lag- VELEE
and cf. figure 2b itis

it provides a prime blo-



stratigraphic marker in the
Dligocene,

The above-mentioned Spiniferites sp.1 of
Maxum et al. {1989} is described and named
Pseydospiniferites manumii n.gen. n.sp..

Pseudospiniferites manumii probably had

predecessors in tha Paratathys and pos-

sibly |mra:|a|:| the North Sea area during a
lavel The blcum

plate [Plata 1,
F}gurs 5 and ?Plala 1, Figura 6} or sutures
to additional plates, which in turn may
result in tha collapse of the epicyst (Plate
1, Figure 4}, Break-up may involve the
hypocyst as well as the holotype {Plate 1,
Figure 2} and the speciman shown in Plate
Plate 1, Figure 7.

Due to the cccasionally hesvy sculpture of
the surface of the central body, the crests

of F
that the presumed sea-level h-gnsland con-
curred with faveurable conditions, prob-
ably warmer climate conditions.
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Appendix on systematics
of the dinoflagellate cysts
used

The systematics of the previously estab-
lished taxa follow Witiams {1998}, where
the references can be found.

Areosphaaridium diktyoplokurm (KLumee
1953} Eaton 1971

Enneadocysta pectiniformis (Geruao: 1961)
Sroven & Witiams 1995

Pseudospiniferites n.gen.
Type species: Pseudospiniferites manumil
n.sp.

D \s: Spiniferites-like dinoflageil

cysis with granulate to [microlreticulate
omemented central body surfaces and
tendency toward suture break- uD around

g the gonal spines may be over-
looked, if they are not precisely focused
on.

Pseudospinifarites manumii n.sp.

Derivation of name: The species is named
after Svew B, Manum, University of Oslo,
whao led the group (Maxuwm et al. 1989)
which ill d the species as Spinil

sp.1 from the Norwegian Sea (locality A in
Figure 1),

Diagnosis: A large species (central body
more than 65 micron) of Pseudospiniferites
n.gen, with long spines characterized by
weak development of the continuation of
the spine connecting crests on the spine
shafts, which may result in nearly smoath
spine shafts.

Holotype and type locality: Speciman in
Plate 1, Figures 1- 2 {*England Findar”
coordinates: 046/3), sample A23, Bad 24,
locality Aumst - Terhagen from the Belgian
Rupelian (Early Oligocene) type area. The

Ype is i dersichsiseh
Landesamt fur Bodenforschung, Hanover.

Dimensions: Holotype: central body B5
microng, spines max. 48 microns long.
Layer 24 in Kruibeke and Rumst-Terhagen
Quarries {six specimans}; central body BS-
120 (maean 98] microns, spines 40-48 [mean
43) microns. Well “B* (Figure 1) sample
“¥XA0m* (30 specimens): central body 68-
0 {mean 77) microns, spines 30-48 (mean
36) microns.

Description: Large central body with
two types of sculpture: (a) a low
{ b I { and

the primary single plate i ar
chaeopyla.

Remarks: With "tendency to break up®
means that this happens for a conaistent
partion, not necessarily all, of the individu-
als of the population of the actual specias
defined by other characters, Break-up
around the archaecpyle may imvolve only

{b) & higher sculpture with lang, mainly
gonal spines connected by low, often in-
distinct sutural ridges, which continue up
the shafts of the spines where they may
be hardly visible. The archasopyle prima-
rily includes the dorsal pracingular plate,
but primarily sutures radiating from plate
break-up, so that the “archaeopyle” ap-



pears o include mare plates, and even
sutures at a dorsal hypocyst plate may
break up.

Ramarks: The sculpture of the central body

wall varies from minute microreticulata-mi-

crogranulate {Plate 1, Figures 1, 2,4, 7) to

A N, (1978): Sedi of
the Boom Clay {Rupelian) in Belgium. -Ver-
hand. Kon. Acad. Weten., Let. en Schone
Kunsten van Belgie, Klasse der Waten-
schappen, XL, 147: 137 pp., Brussels.

mere rough retl to granulate {Plate 1,
Figures 3. 5, 6). It is worth noting that this
wvariation in sculpture occurs both in Bel-
gian and Danish North Sea material, sug-
gesting that it is not valuable for a taxon
differentiation,

As noted under the remarks

N., Hagea H., van pen Boso
M., VersTraeLen A, Leaor 5., StevaeauT E.,
Prirent J. & Laca P {2001): Stratigraphical
correlation by calibrated well logs in the
Rupel Group between North Belgium, the
Lower-Rhine area in Germany and South-
ern Limburg and the Achterhoeck in the

the genus, the break-up around the archae-
opyle might involve a varying number of
sutures. Plate 1, Figure 4 is an example

of extreme degres of break-up. The other
extrama with minimal break-up is exhib-
ited in Plate 1, Figure 6 here and by Manume
at al. (1989, Plate 17, Figure 5], where it is
doubtful if any sutures radiating from the
archaeopyle break up at all.

The strong variation of the “archasopyle”
is unusual within one spacies or even with-
in ane ganus of dinoflageliate cysts. How-
ever, the other distinctive characters (size,
long gonal spines, and sculptured central
body) of Pseudospiniferites manumii ob-
served in many specimens in the same
sample indicate that these belong to one
population/species. The variation of the
“gret " is fore not i

to be useful for taxon differentiation in this
particular case.
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Plate 1: Magnification approx. x 500, Size
mater 100 micron

Figures 1-4; Pseudospiniferites manumii
n.gen. nap. from Belgium, Figures 1-2
holotype, sample R23. Figure 3 sample R1T
Figura £ sample K7

Figures 5.7 Pssudaspiniferites manumii
n.gen. nap. from Danish North Ses, il
samples "XX30 m"

Figure B: Enneadacysta pectiniformis
Danish North Sea sample “XX30 m”
Figure 9: Arecsphesridium dikyoplokum
Danish North Sea sample “XX30 m*










Miocene Nassariid Zonation
A New Tool in North Sea Basin Neogene Biostratigraphy

» Karl Giirs

Abstract

From 15 drillings taken in Schleswig-
Haolstein, Lower Saxony, Westphalia and

i} P n Ger-
many], a new biostratigraphic zonation
has baen developed. For this zonation,
gastropods were used from the Nassarius
{s. lat.) genus, which are, for the most pant,
highly facies independent. Two new spe-
cles are described, N, incisireticulatus and
N. wienrichi The new zonation is superior
to benthic molluscan zonations used in the

amaounts of shells are found, even in small
samples. This would predestine Nassariids
to become biostratigraphical index fos-
sils. On the other hand, high variability
within single populations makes proper
identification problematic. In addition,
shell characters have been used in the past
to distinguish species and even genera,
which have proved te vary infraspecifically.
Other suitable characteristics, such as the
apex or the aperture, wera often neglected
because they werea rarely praserved. Wien-
ricH {2002} made a re-evaluation of char-

of the iids from the time

past, since it avoids the
af facies changes as chronostratigraphical
boundaries.

Kurzfassung

Auf Grundiage von 15 Bohrungen aus

span around the Hemmoorian/Reinbekian
boundary from some drillings in the Lower
Rhine Embayment and determined evolu-
tionary trends, thus enabling a corralation
of boreholes and a determination of the
Hemmaoorian/Reinbekian boundary.

Haolstain, Mi Nard- lesearch on 18 drilling sections {seven of
hein-W und Meeck g-Vorpo which have been cored] and two outcrop
mern (Norddeutsehland) wird eine neue sections of Miocene strata in northarn
i i i Z i erar-

beitet. Sie basiert auf der Verbreitung der
Arten der Gastropodengattung Nassarius
(5. lat.}, die zum grofiten Teil weitgehend

faziesunabhingig sind. Zwei neue Arten, N,

incisireticulatus und N, wienrichi werden

beschrieben. Die neu eingefihrte Zonie-

rung ist den bisher genutzten benthischan

Mollusken-Zoniarungen dberlagen, da sie

dan Fahler der Intarpratation von Fazies-
als Zaitg i

Keywords
Mallusca, Gastropoda, Nassariidae, new

spacies, biostratigraphy, Miocena, North
Sea Basin

Introduction

Nassariids are marine gastropods which
live primarily as scavengers in soft bottom

Figure 1: Sketch map of localities inves-
tigated (' cored boreholes, * outcrop
sections, without mark: straight flush drill-
ingsl: 1 Lubtheen 27/82%', 2 Schwarzenbek
1/86°", GroB Pampau 1%, Grol Pampau™,

. In pi , the
of the Nassarius (s, lat.} genus are gener-
ally highly facies independent and are,

3 4 ltzstedr, Heil-
shoop, § Hindorf. Achtrup/Tettwang, Ahren-
shaft, § Levensau N*', Levensau $*', 7 Wil-

therefore, the most a pods
found in the Upper Oligocene and Nea-
gene North Sea Basin. Normally, huge

Burg/Dithm., 8 Kaltenkirchen,
8 Borchelthof, 10 Twistringen®, 11 Bochalt
KB15*, 12 Rhada*®', 13 Obspringan

Cenozoic igraphy; Proc. 8" Biann. Meet. RCNNS/RCNPS. - Flintbek 2002 a
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end western Germany showed that many

spacies have a much shorter range than

stated by Mostarav {1978} or Heesos (1986)

and that many more species existed in the

Miocene North Sea Basm than Dreulouslv
ized. In the

latest Cligocene and can clearly be sepa-
rated from N. schiotheimiin the late Vier-
landian, They are attributed to N. sulcatus
{Kautaxy 1925).

schiotheimiforma turbineilus

outline, several

spacies (including two new specias) are
characterized and their range within North
Sea Basin stratigraphy is discussed.

Systematic Outline

Mollusca
Gastropoda
Dnhogastropoda
MNeogastropoda
Massariidae

Nassarius schiotheimi [Bevmck 1854}
Plate 1 Figures 1, 2

N. schilotheimiis the oldest known Miocene
species of the genus which was already in
existence in the Upper Qligocene. It is in-

sensu 11978, Plate 1 Figure 4)
(mon Broccw 1814)

During the Vierlandian a form developad
from typical N. schlotheimi, differing on
the basis of a coarser, more pronounced
axial sculpture with a constant number of
14 to 16 ribs per whorl. The protoconch is
nearly dome-shaped, as is the case for typ-
ical N. schiotheimi, but the upparmost part
of the teleoconch whorls tends to comprise
a right angle. This form lnds ] Ne-ssanus
of the basal b

Nassarius sulcatus Kaurscy 1925
Plate 2 Figures 1-3

As mentioned under Nassarius schlot-
heimi, a form developed from this species
with a small very high conical protoconch

asad dant of N.
an Atlantic immigrant from the beginning
of the Chattian, by Janssen (1978). It differs
from N. schroaderi by the much broader
conical, nearly d shaped p

and an enlarged spindle plate

the suture. it alsa differs from N, sd’hths
imiin its larger dimensions and the in-
craasing number of axial ribs per whorl

Typical N, schlotheimi begins w|lh a telo-
oconch sculpture of very sharp and dense
axial riblets with six spiral furrows only
wisible in the spaces between. Very soon
the riblats bacome more widely spaced and
mare roundad, the spiral furrows becoming
a more evident feature. The axials become
flatter and may vanish in the younger
whorls. They are crossed by the spiral fur-
rows on the younger part of the shell. The
number of axials par whaorl varies from 14
to 26 on youngar whorls. On the first tale-
ocench whorl the number of axial riblets
may exceed 40, The number of spiral fur-
rows grows to 10 plus 10 on the base.

Bevaics [1854) subsumed a wide varisty

of forms from the Late Oligocena and
Early Miocene under the name of Nassa
schiotheimi, As this species differs strati-
graphically, and more than one trend of
phylogenatic development can ba sean, it
is unciear whether further i

on the Younger forms from
the k ian have mare

axial ribs, but older forms still comxist with
N. schiotheimi and have somewhat flatter
axial ribs, very similar to the ribs found in
this spacies.

MNassarius incisireticulatus n. sp.
Flate 3 Figure 10

1978 Hinia (Hinia) holsatica — Mostasan
(partim, Plate 2 Figure 2) {non Bevaics 1854}

Holotypus: Plate 3 Figure 10, SMF 323667,
ex coll, LANU
Locus typicus: Drilling Heilshoop HL2, 177-
180m
Stratum typicum: grey silty fine sand of
the Vierlandian

nominls incidere (lat.}=cut in,
engrave, from the engraved appearance of
the sculpture, reticulatus |lat.)=net sculp-
turad
Di is: A N, g with &

may lead to a splmlng of this specleg Inte
ical species or sub In
this case, the form to which the name
should be applied remains a matter of dis-
cussion, It can only be stated that Beyrich
himaelf excluded forms with an enlargad
spindle plate which developed since the

sculpture, very pronounced spiral grooves,
7 to 8 regular rib-like teath on the outer

lip, none on the inner lip and no enlarged
spindle plate.

Differential diagnosis: Differs from all other
Miocene Nassarius species on the basis of
sculpture,



Material: Holotype, Paratypas: Drilling
Heilshoop HLZ, 198-201 (1), Drilling Brod-
ersdorf, 195-1975 (3), 200-202.5 (1), 205-
2075 (1) all coll, LANU,

Description. Shell approx. & 1o 7mm high,
ovate conical, height'width ratio 185,
Protoconch smaoth of 3.26 1o 3.5 wharls,
sometimes with growth lines an the last
0.5 whorl, small, conical. Nucleus small,
1/7 of protoconch diameter, slightly promi-
nent, Border to teleaconch sharp, Teleo-
conch of 3.5 1o 4 slightly convex whorls,
ratio of height/height of last whorl 1.75.
Sculpture of 8 axial ribs on the first quarer
wharl without spiral ornamentation, after-
wards 22 increasing to 26 small and flat,
slightly opisthocline axial ribs per whaorl,
crossed by 4 to § spiral grooves, giving the
impression of a reticulation. Base with six
additional, wider grooves, Aperture ovate,
outer lip not thickened, with 7 to 8 small,
rib-like teeth. Inner lip well developed but
without teeth. No enlarged spindle plate.
Shaort siphonal canal,

Remarks, This species resembles spacies
of the Amycling genus because of the
dominance of the spiral grooves over the
axial sculpture and the flat shape of the
axial ribs which create the impression of a
plain surface cut by a net of small furrows.
This pattern is unique among Miocens
Nassarius species o that it is a very easy
to determine species, It is so different from
N. hoisaticus in the form of the first tele-
oconch whorls, the aperture and the sculp-
ture that it can not be taken to be related or
the forerunnar of this specias.

Nassarius coronatus (Mostarav 1978)
Plate 1 Figures 810

N. coronatus is the most common Mas-
sarius species of the lowarmaost Hem-

easily be confused with N. coronatus. The
protoconch of these forms is more conical
and the nucleus not as prominant as in A,
. single
may have a teleoconch sculpture within
the variability of N. coronatus. As the peint
of speciation can not be determined by
marphalogical characters in the range
chart, the occurrence of N. coranatus is
dotted into the Vierlandian.

Nassarius andersoni (Norosex 1972)
Plate 1 Figure 11

Anather conspicuous species, N. ander-
sani, can be found from the lower Hem-
maoorian into the upper Hemmaoorian. The
nomenclature of this species is clarified by
Wiennio: (2001), It has a protoconch similar
to N. coronatus, but convex teleoconch
whorls with a very broad subsutural fur-
row and two other spiral furrows are less
dominant balow. It may have evolved from
N. coranatus.

Nassarius schroederi Kaursey 1925
Plate 1 Figures 3, 4

was often
made synonymous with N. schiothaimi,
which it greatly resembles superficially.
sl N i from
N, coronatus, as is shown by many popula-
tions of the early Hemmoorian, where all
it forms In tel h sculpl
can be geen. The only remaining distin-
guishing feature is the pratoconch, which
is much smaller and more slender in N.
schroederi. N. schlotheimi also differs from
N. schroederi in the protoconch and, addi-
tionally, in a less angular base of the shell,
Furthermare, N. schroederi has a more uni-
form sculpture which does not differ from
the older to the younger whorls.

i i 1958)

moarian. It is very easy to
a vary large broad conical protoconch, an
angular shoulder below the suture of the
teleacanch whorls, very sharp angular
axial ribs (10 to 14 per whorl] ending in
short spines or thorns at the shouldar and
a nearly reduced spiral sculpture. N. coro-
natus has a very short range and vanishes
within the lower H ian. As stated

Plate 1 Figuras 13, 14

N. cimbricus is the classical index fos-

sil of the lower Hemmoorian, although

not prasent in its lower part_ It has a very
small broad conical protoconch and a con-
spicuous teleocench sculpture of 12 sharp,
axial ribs per whorl and two

above, this species develops from Nas-
sarius schiotheimi forma turbineilus sensu
MasTaran (1978), The very slow character
transformation, together with high infra-
spacific variability of N. schlotheimi, leads
to the existence of specimens very rarely
found in the upper Vierlandian which may

sharp spiral ribs building short spines at
the crossing points. At the base thera are
four additional spiral ribs, weaker and with
& shorter distance in between than the ath-
ers, but also form spines at the crossing
points with the axials.



The Tritonella subgroup

Members of this group are easily detar-
minad by & round aperture surrounded by
a strong lip, a large apertural callus, strong
and well-rounded widely spaced axial ribs
a5 well as an even spiral sculpture, The
proteconch differs in form from dome-
shaped to slender conical and paucispiral
with two whorls to multispiral with 3.5
wharls. The spiral sculpture differs from
sharp and pronounced, running aver tha
axials, to washed and even absent. There
are so many forms that the number of spe-
cies is much higher than can be judged
fram the literature. Most authors have dif-
ferant opinions as to how species names
should be applied. The following list gives
some of the names mentioned in the taxt
and probable synonyms:

N. serraticosta sensu Soacinrre 1958 non
Baonn 1831, (Plate 3 Figure 5)
= N. cattuli sensu Wienrsch non BeLuaro 1882

N. tenuistriatus sensu Sorcenere: 1958
{Plate 44 Figure 143) non Bevao: 1854,
|Plate 3 Figures 1, 2)

= N. serraticosta sensu Mostaraw 1878 non
Baown 1831

= N, sp.1 Wesoi (Plate 102 Figure B)

N. woodwardi sensu Soncenere 1958 non
Hanmer 1913, {Plate 3 Figures 3, 4)

= N. subobesus sensu Sorcewsne 1958 non
Dearenge-Touzin 18947

= N. woodwardi sensu Maostaran 1978 non
Hanmer 1913

= N. subobesus sensu MosTaraa 1978 non
Decrance-Touzin 18947

N. woodwardi sensu Wieneon 2001 non
Hapnen 1913

= N. cavatus sensu Aucerson 1964 non Bel-
Larol 1882

This shows part of the confusion within
this group and may be enlarged by taking
the works of VoorTHuvsen 1844 and Norosiex
1972 into consideration, which must be
done if a revision of this group is to be car
ried out,

Some of the spacies of this group have

il ical value, such as ils sp.
A |Plate 3 Figure 5) for the lower Hemmaoe-
rian, Nassarius serraticosta sensu MosTa-
raw (Plate 3 Figures 1, 2) and N. woodwardi
sensu Scacenrmn (Plate 3 Figures 3, 4 as su-
bobesa) for the lowermast to lower upper
Hemmoorian, N. cavatus sensu Wienrics

(Plate 3 Figure 6) for the uppermost Hem-
mioorian until lowermaost Langenfeldian, N,
twistringensis (Plate 3 Figure 8) for a very
short range in the middie of the Reinbekian
or . sp. B (Plate 3 Figure 7} for the early
Late Miocane. Nevertheless, much work
must be completed befara this group can
be properly integrated inte the Nassariid
zonation,

Nassarius bocholtensis {Bevmch 1854)
Plate 1 Figures 6, 7

N, bochaltensis is one of the most com-
maon g of the upper i
and lower Reinbekian. It is treated in detail
by WienricH {2001). In the upper Reinbekian,
awvery conspicuous variety, which com-
prises nearly no spiral sculpture, axists and
characterizes this time interval. In this form
the sharp axial ribs build a shoulder and
are crossed by one weak spiral furrow just
below this shoulder, Above the furrow they
form very short spines.

Nassarius tenuistriatus (Bevmcy 1854)
Plate 2 Figyre 4

Wiennicn (2001) elarifies the differentiation
of Nassarius tenuistriatus from the alder N,
sulcatus and gives its stratigraphical range,
which can be confirmed here. The species
is & good index fossil for the Reinbekian.
Refarances of stratigraphically older speci-
mens belong, without exception, to N, sul-
catus, younger references have not been
able to be verified up to now. In the shape
of its protoconch, its spiral sculpture and
its aperture, this species most resembles
N. wianrichi described later, It differs on
the basis of more convex whorls and mora
pronounced axial ribs. It seems to be the
forerunner of N. wienrichi.

Nassarius veorthuyseni (Janse B Janssen
1983}

Plate 1 Figure 12

f, Wignmon (2002)

Nassarius karinae Wienmck 2001
Plate 3 Figures 11, 12
f, Wiennicn (2001)

Nassarius levensauensis (Hmsc 1987)
Plate 3 Figure 8

Only juvenile and fragmentary spacimans
from this species were known te Hinscd
11987}, Since then, some nearly adult spec-
imens from LObthean 27/82 drilling have
bacome available and have been analysed.



Nassarius wienrichi n. sp.
Plate 2 Figures 5, 6

1887 Hinia (Hinia) cf. pseudoturbinelia
- Hiusen, Plate 1 Figure 9 (non Mestasan
1978}

Holotypus: Flate 2 Figure 6, SMF 323668,
ex coll, Gurs
Locus typicus: Grolk Pampau clay pit, SE
Holstain

typicum: dark grey, silty fine
sandy clay of the Langenfeldian
Derivatio mominis: After GOntren Wiesnics,
Goch
Diagnosts: A Nassarius with six ribbon-like
apiral chords running over 14 to 17 axial
ribs, a small shoulder on the younger teleo-
conch whorls, an aparture with a thickened
outer fip with 13 small, rib-like teeth, inte-
rior, inner lip with only one weak tooth and
no enlarged spindle plate.
Differential diagnosis: Differs from Nas-
sarius andersoni on the basis of the higher
number of spiral ribbons and axial ribs per
whorl and a different fram M.

with 13 small, regular, rib-like teeth, the
tooth next to the siphonal canal is largar
than the others. Inner lip well developed
with one weak single toath at the apical
sida, ona large speciman with three small
teeth belaw that tooth. Spindle plate not
enlarged. Short but strong siphonal canal.

Remarks: This species Is very extraordinary
and most resembles N, tenuistriatus, which
is plausibly the ancestor. It has its ribbon-
liker spiral sculpture, the shape of the axial
ribs and the broad space batween the first
two spiral ribbons below the suture in
common with N. andersoni, which was be-
lieved by Hinscr [1987) to be the ancestral
species. Nevertheless N. wienrichi has 2 to
3 sdditional spiral ribbons at the whorls,
maora axial ribs per whorl and, in particu-
lar, a smaller, more conical protocondh, In
Grofi Pampau, where this species is most
common, it coexists with a form resem-
bling N. syltensis, and in faunas of the Pin-
neberg Formation one single specimen of
thIE species was found, indicating that N.

tenuistriatus on the basis of the straight,
shouldered whorls and more spirals per
wharl, from N, syitensis on the basis of
Ihe presence of axial sculpture from the
inning of the and
the absence of an enlarged splndla plata.
All other Miocene Nassarius species ook
obvicusly different.
Material Holotype, B Paratypes lcoll.
Gurs): Ohle clay pit, Grok Pampay; other
material; numerous more or less fragmen-
tary shells from several drillings taken in
Schleswig-Holstain.

Description: Shell approx. 7 to 12mm high,
conical, height/width ratio 1.85 10 2.3,
Protoconeh of medium size (approx. Tmm
in diameter), smooth with 2.75 to 3.25
whorls, ovate conical. Nucleus small, 1/8 of
protoconch diametar, prominent. Border to
teleoconch precise. Teleoconch of 3.5 10 4
slightly convex shouldered whorls, ratio of
heightheight of last whorl 1610 1.7 Sculp-
ture of 14 to 17 axial ribs and six spiral rib-
bons with spaces between them as broad
as the ribbons, The first ribbon below the
suture has a space twice as wide as the fal-
lowing space. Between this and the suture,
a small spiral chord intercalates on the
younger whorls, Spirals run wall over the
ribs, Axial ribs run well onto the base of

fand N. syltensis have coexisted
for a long time and are not related. This
species is an index fossil of the middle and
the upper Langenfeldian (sensu Seeouen &
Gons 1986=Lineburgian and Langenfaidian
5. str. of Hinsox 1987).

Nassarius holsaticus (Bevacn 1854)
Plate 3 Figures 13, 14

For distinguishing features cf. Wissnicn
12001)

Nassanius syltensis |Bevmcs 1854)
Plate 3 Figures B-10

This is the most common species of the
uppermest Langenfeldian until the Syltian,
i.e. the greatest part of the Upper Miocena.
Twao drillings, Obspringen and Lobtheen
2782, show a greater number of individu-
als of this species already in much alder
samples, As this species is most common
in sandy facies this is due to the proximal
position of this drilling in the NSB.

MNassarius siieswicia (Rasmussen 1966)

In shape and sculpture this species very
much resembles the living type species
of the Hinia genus: Hiniz reticulata {Ln-
natls 17581, It is typical for sandy facies
and has been present since the middie

the shall, ishing very near the
siphonal canal, Base with & to 9 it

but is most in the
Mizcene in the area

smaller and more widely spaced spiral rib-
bons. Aperture ovate, outer lip thickened,

investigated. This is due to the shallowing
of sea levels in the area,
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Stratigraphical Results
New Zonation

e of the ab i spe-

sariug cimbricus. Because of its very

i form N. cii iCts wWas
established as index fossil of the lower
Hemmuaoorian at a very early date,

cles in the drillings investigated were plot-
ted against depth and compared with other
biostratigraphic data. On the basis of this
data, & range chart was developed. In this
chart, nine zones and one subzone were
defined. These are:

1. Nassarius schiotheimi zone
This is the partial range 2one of N,

gh it oecurs only during a very
short time span. N. coronatus vanishes
in this zone, but other fauna remains
the same,

Nassarius schroederi zone

This is the partial range zone of N.
schroederi spanning the time from the
last occurrence of N. cimbricus to the
last occurrence of M. schroederi, The

i from its first zone is also limited by the last oceur
replacing N, pygmaeus in the middle rence of N. andersoni and the first oc-
Chattian, until the first of of N. i.The first
N. incisiretit in tha Vi of N. isand N.

This zone may be restricted to a short-
er range as there Is evidence that more
species with possible stratigraphical

value existed in the Chattian. Through-
out the entire zone, a forma exists with
a much smaller and taller

karinag lie within the zona. The coexist-
ence of these species with N. schroed-
erf indicates upper Hemmoorian or
Oxlundian,

and a different shell form than that of
N, schiotheimi. This forma has a very
similar but mare regular sculpture and
develops to N, sulcatus, but can not
clearly be separated as a different spe-
cies any earlier than in the following
one.

2. Nassarius incisireticulatus zone

This is the total range zone of N, inci-
sireticulatus. The upper boundary also
coincides with the first common occur
rence of M. coronatus. In addition to
N. incisireticulatus, N. schiotheimi and
N, sulcatus are commaon. N, meyniis a
rare species of this zone, Shouldered
forms of N. schiotheimi, which were
identified as N. furbinelius by MosTa-
Fav {1978}, exist. N. schiotheimi has its
last occurrence at the end of this zone.

3. Nassarius coronatus zone
This zone begins with a nearly entirely
different Nassarius fauna. It begins
with the last occurrence of N. schlothe-
imi and ends with the first occurrence

zone
This is the total range zone of Nas-
sarius voorthuyseni. The first occur-
rence of N, voorthuyseni seams to be
identical with the last occurrence of N,
schroederi, Also characteristic of this
2one are the members of the N, eattuli
group, with the exception of AL haist-
ringensis. First N. prismaticus can be
observed within this zone.

Nassarius bocholtensis zone
This zone spans a time from the last
of ! |
until the last occurrence of N. bo-
choltensis, We know only very little
about the fauna of this time, since
anoxic sediments, containing nearly
na fauna, were deposited through-
out greater perts of this interval. Rich
faunas from the Twistringen beds are
known from the older parts of this
zona, thus yielding the index species
N. twistringensis. In this portion, N,
teruistriatus and N. karinae are also
found. The youngest portion containa
highly conspicuous forms of N, bo-

of N. cimbricus. First of
N. serraticosta and N, subobesa 5.

M a8 well as first

of N. schroederi and N. andersoni can
be observed in this zone. N. sulcatus
is commaon, The species for which this
zone is named is the most abundant in
all samples examinad.

4. Nassarius cimbricus zone
This is the total range zone of Mas-

i with & vary well-devel
spiny shoulder and no spiral ornamen-
tation except one weak furrow shortly
below the shoulder. In addition to this
species only N. tenuistrigtus can be
observed until the younger part of this
zone,

Nassarius levensauensis zone
This zone is the zone from the last oc-
currence of Nassarius bochoitensis
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until the last occurrence of N. fevens-
auensis. The oldest parts of this zone,
documented in the Hohen Woos mica
clay or in the section 248.6 m 10 217.4
m of the Lubtheen 27/82 well, had no
N, levensavensis, but N. cavatus. M.
levensauensis can be observed for the
first time in the middle of this zone.
Two additional spacies of the genus
were ohserved in the sediments ba-
langing to this zone i.e. N. aff. sylten-
sig and N. serraticosta sensu Wenaios
{2001). Even though N. prismaticus
was not observed in this zone it should
potentially be present s it oocurs in
strata below and above. It is most
likely that it was maore facies-bound to
coarser sediments and has not been
observed in the past because of the
rarity of these sediments in this time
intarval,

Nassarius syltensis zone

This is the interval from the last ocour

MNassarius species in the faunas ob-
served from clay facies. Nevertheless,
the of this zone is

difficult as N. syltensis coexists to-
gether with N wienrichi and a farm
best determined as N, aff. syitensis.
These are very rare in the clay facies
but much more comman than N. wien-
richiin the sandy facies. Somewhera
around the Langenfeldian/Gramian
boundary N, syltensis seems to ra-
place N. wienrichiin the clay facies

as well. Only single specimens of N,
wiensichi are found above the upper
boundary of this subzone among thou-
sands of N. syltensis spacimens.

Stratigraphic Comelations

Unfortunately no investigations on nan-
noplankton or dinoflagellate cysts were
undertaken in the drillings examined, and
corralation data were achieved using ptero-
pods (Guas & Jasssen 2002), bolboforma

rance of i wntil
the end of the Miocene, The younger
sediments of the “Morsum KIiff*

after Seecien 1999, planktonic
and benthic foraminifera as well as clas-
sical molluscan stratigraphy (HnscH 1988).

sandstone yield a different, p ¥
lowermost Pliocene, Massarius fauna,
indicating that the upper boundary

of this zone lies around the Miocena/
Pliocene boundary. In the basal portion
of this zone N. syltensis is not present,
only specimens interpreted as forerun-
ners and identified as N, afi, syltensis.
Later on, it becomes common only

in sandy facies, and in clay facies it
can become axtramaly rara. Hare N.

The lation results p here are
treated in terms of regional stages basad
on mollusca,

Vierandian

The Vierlandian was defined by Hinsci
11986) as the zone of Lyonsia norvegica,
Ecphora wischmanni and Nassarius mayni.
This definition is not very precise, since
the first epecies is a living species from the
northern Atlantic, the second species was

i is a good marker
and at the same time forms a subrone
a5 it becomes very rare in the upper
Langenfeldian and disappears around
the Gramian/Langenfeldian boundary.
N. slieswicia is also presant in mare
sandy facies. N. serraticosta and othar
species of the Tritonella group can be
found only sporadically in addition to
N. syitensis. They become more fre-
quent in shallower water. Here, N. pris-

in Neochattian deposits as
wiell as fragments of an Ecphora in classi-
cal Hemmeoorian faunas and the last spe-
cies is too rare to be taken as index fossil.
N. meyni is ohsarved neither in the lower
parts of this stage nor in the uppearmost
parts, Practicable boundary criteria must
be found, for example the last occurrence
of N. schiotheimi or the first commaon oc-
currence of Nassarius coronatus. On the
basis of this criteria, the upper boundary of

maticus also wary the N. incisii zone rap the
N. icus can be found i i boundary. The
together with N, syltensis. first of the Va ll I

Massarius wienrichi subzone

This subzone has its lower boundary
with the last occurrence of Nassarius
levensauensis and is upper boundary
with the first common occurrence of N.
syltensis. During the time around the
UpperMiddle Miocene boundary, N,
wignrichi is by far the most common

pteropod species, which can be corralatad
to the Middle Burdigalian, corralatas very
well with this boundary, The N, incisireticu-
latus zone contains the typical Early Burdi-
galian preropod Diacralinia aquensis.

Hemmoaorian
Tha very detailed subdivision of the Hem-
maoorian into three zones does not reflect
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the subdivision in the Behrendorfian and
the Oxlundian substaga, which is mainly
a facies boundary. The upper boundary of
the Nassarius cimbricus zone is below the
Behrendorfian/Oxlundian boundary. The
occurrance of typical Langhian pteropods,
such as Diacrolinia aurita or Vaginells
lapugyensis inWinterswijk-Mista, which
belongs to the N. schroederi zone, shows
a Middle Miocene age for this zone, or at
laast the upper part of this zone, since the

27/82 drilling M. levensauvensis covers the
stratigraphical range until the lowar part
of the B. compressispinosa zone {Hinso
2000, Gurs & Seecin 2000). The boundary
of the lower Langenfeldian (Levensauian)
and mid-Langenfeldian (Lineburgian| fits
to the N, levenssuensis/N. syltensis zone
[subzone N. wienrichi) boundary. This
boundary lies within the Bolboforma com-
pressispinosa zone. The boundary of the
N. wienrichi'N. syltensis zone is high in the

Miste fauna already contains N. & i

sis and therefore belongs 1o the upper part
of this zone. The N. coronatus zone and the
N. cimbricus zone most likely correlate to
the late Burdigalian.

Reinbekian
The H ian/Rei lan | yis

upper L feldian and lies within the
Bolboforma laevisicapsula zone,

Gramian

Thea Gramian stage is defined by the to-
tal range of Aguilofusus semiglaber and
Astarte reimarsi. The entire stage lies with-

very well defined by a drastle change in
fauna (Hmscn 1986) due to a rapid sea-level
rige in the North Sea Basin. Nannoplankton
studies from drilling sections in the lower
Rhine valley show a nearly perfact fit of
this boundary with the NN4/NNS boundary
[MuLen internal report for the Geological
Survey NRW 2000). The Bolboforma reticu-
lata rone begins a little earlier in the Nas-
sarnus i zone. The N ¥ i
zone lias entirely in the lowar 8. reticulata
zone, whila the N. bocholtsnsis 2one cov-
ars part of the lower and the entire upper

B reticulata zone.

Langenfeldian

The Langenfeldian was defined by Hinsos
(18B6) as the total range interval of Astarte
vetula, Later the Reinbekian/Langenfeldian
boundary was defined by Hinsod (1387} by
the first of A f

ensis, Both boundaries do not fit together,
because Astarie velula already occurs in
the Bolboforma danielsi zone, while the

in the A ius syltensis zones, It also lies
within the Bofboforma metzmacher! zone

Syltian

The Syltian stage is defined by the total
range of Aquilofusus eximius and Astarte
raflei. The stage lies complately within the
Nassarius syltensis rone and contains Bol-
bofarma floras of both B, metzmacher and
B. intermedia zone.

Discussion

It is suraly not an adequate solution to
place all the Nassariid gastropods listed
here in one Nassarius genus. In fact, after
a revision of this group, none of the spe-
cies would be left in this genus. Unfortu-
nataly, in the past, highly contradictory
or aven infraspecifically varying criteria
have been used for the differentiation of
genera, By viewing Oligocene " Nassarius®
species from northern German Chattian
strata and operating on the basis of the

first of N. is
within the 8. badenensis zone. No appro-
priate boundary criteria for the Reinbekian/
Langenfeldian boundary have, therefore,
been defined thus far, Due to the rarity of
macrofauna in this interval, a proposal
could be the B. reticulata'8. danialsi zone
boundary, The molluscan range chart of
the Schwarzenbek 1/96€ drilling shows the
first appearance of N. levensauensis in the
B, danislsi zone {Gons & Seiecier 1899) but
this is not confirmed by any other drilling,
such as Libtheen 27/82 or Obspringen,
and the fragment on which the occurrence
of N. levensavensis at 12.00-12.25 m is
based is so small and provides such sparse
diagnostic information that it might be-
long to a different species. In tha Liibtheen

by R. Janasen (1979)
that N. schiotheimi is an offspring of N.
pygmasus, it is wall possibile that all * Nas-
sarius” species of the North Sea Basin
Miocene except N. prismaticus, originate
from N. pygmasus. The true connection be-
twaen the species can only be solved if all
the other European species of this group
&re taken into consideration, This goes far
beyond tha goal of this work and must be
done separately.

Gastropods of the Nassarius genus in

the sense of this study are a good tool

for stratigraphy in the North Sea Basin
Miecene. This is due to high evolutionary
rates and potential, the abundance of most
spacies and the high level of facies inda-
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Figure 2: Range
chart of Nassarius
species of the North
Sea Basin Miocene.
Correlations to the
regional stages,
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[ Most of the rel-
evant taxa are comman in sandy, silty and
clay facies and ar all water depths on the
shelf. Therefore this zonation is superior

to the molluscan zonation for the Miocene
[BM zonation after Heesc: 1988) used thus
far, since regional facies changes do not af-
fect the practicability of this stratigraphy.

of the B.
reficulata zone after
Srgacer 2002, this
volume

. there are observations which
show some affinities of certain members of
the group. This means that species of the
“Tritonella” subgroup seam to prefer shal-
low water or sandy bottoms and become
rare or ara absant on clay As is

gt

The same is true for other Nassariid gen-
ara, such as Dorsanum or Cylisle, which
are extremely rare and facies-bound to
shallow water facies. As warm water spe-
cies, they occur only during the Hemmoo-
rian under subtropical climatic conditions.,
Soma spacies of the Amyciing genus, i.e.
A, banatica, A. laevissima and A. badensis,
seem to have stratigraphical value, but this
must be studied further.

High evolutionary potential seems to be
a biological factor of members of this
group of gastropods, manifested in an

obvious from the Obspringan well, more
species of this subgroup existed during the
Miocene than are listed here or can yet be
described, but it is too earfy to conclude
that they may complate the stratigraphical
k for localities of I envi-

ronments. It is also possible that the strati-
graphical ranges of these species are much
lenger than assumed from the drillings

i Thus their i hical value
can not be judged at the moment.

ly high infi ifi and
is triggered by sea-level fluctuations |as
described in Mickesen et al. 1998}, climatic
changes and palaeogeographic constella-
tions {Gons 2001)

Anather new attempt for the usage of
smaller entities within the Gastropoda, the
zonation on the basis of Rissoids from the
Alvania ganus was undartaken by Goms

& Weineaccut (2001). Many of the zone
boundaries more or less coincide with
zone boundaries of the Nassariid zonation:



o

lower boundary of A. belgica zone = lowar

boundary between Reinbakian and Lan-

y of zone,
lower boundary of A. hinschi zone = lower
boundary of N. bocholtensis zone (the
sample of the type specimens of A. hinschi
yielded N, bocholtensis and N. twistrin-
gensig but no N, voorthuysenil, range of A,
babylonelliformis zone = range of N. fav-
ansavensis zone, range of A rischi zone =
range of upper N. syltensis zone. Only the
lower beundary of the A, partsehi zone lies
within the N. schroederi zone, thus permit-
ting & finer resalution in that interval. It is
possible that this boundary coincides with
the first of N. boct is and/

Looking at the taxa used, it s fairly obvi-
‘ous that some of them have & phylogenetic
Thus, !
turbinelius sensu Mostaraa, N. schroed-
ari build one complex going back to AL
schiothaimi, N. sulcatus, N. tenuistristus
and N. wignrich! build one lineage. N. sub-
obesus, N. serraricosta, N. woodwardi, N.
cattuli all sensu MosTaraw (1978) as well as
N. woodwardi and N. cavatus sensu Wien-
mcH {200) belang to one group, This group
was attributed to the Tr la sub

or N. karinae,

The comparisan of the Nassariid Zanation
to the Benthic Mollusc Zonation (BM) of
HinscH {1388) shows that the lower bound-
ary of N, coronatus zone = lower boundary
BM18A, lower boundary N. voorthuyseni
rone = lower boundary BM19 and lower
boundary N. syltensis zone = lower bound-
ary BM20A.

At first glance, the well-fitting boundaries
are suspicuous, since they appear to result
fram an imperfectness of fossil record dis-
playing hiati, but the fauna of the entire Mi-
oCane ion is very well

in saveral parts of the North Sea Basin and
in different facies, Therefore, it is much
maore likely that an acceleration of the evo-
lutionary rate of several groups is triggered
by the same events going back to the fac-
tors listed above. Some of these events are
already known, such as the massive warm-
ing at the Vierlandian/Hemmaoorian bound-
ary [Hnscy 1986) or the even more effective
cooling at the Reinbekian/Langenfeldian
|Levensauian) boundary (Hinsci 1986, Guns
2001), but also the dramatic sea-level rise
at the Hemmeoorian/Reinbekian boundary,
whereas others remain unidentified.

Conclusions

Mine Masseriid zones can be erected from
the specias of the Nassarius genus for

the North Sea Basin Miocene. Three zone
boundaries can be used for a more pracise
definition of the regional stage i

{with T incrassata [Moues 1774} as type) by
previous authors; this might be & proper
placement, but other species, such as N.
tenuistriatus and N. voorthuyseni, were
also included in this subgenus, and thay
cartainly do not belong there.

Pilate 1: Nassarius species from the North
Sea Basin, scale bar = Tmm (Figures 1, 2,
4, 5, 11, 13, 14: LANU collection, all others:
author's collection)

Figura 1: Nassarius schiotheimi, Heilshoop
HL2 drilling, 192-195 m, Vierlandian

Figura 2; Massarius schiotheimi, Schinberg!
Meddenburg 385 drilling, 220-230 m, Vier-
landian

Flgure 3: Nassarius schiotheimi, aratic boul-
dar, Damsdord, Viarlandian

Figure 4: Nagsarius schroederi, Vidl 1/98 dril-
ling, 102,5-105 m, upper Hemmaarian
Figure 5: Nassarius schroader, VIl 196 dril-
ling, 140-142.5 m, uppar Hammoorian
Figura & Nassarius bocholtensis, Sundar
brickwork pit, Twistringen, lower Reinbekian
Figure 7: Nassariug bocholtansis, Sunder
brickwork pit, Twiztringen, lowar Reinbekian
Figure B: Nessarius coronatus, form with
strong spines, Borchelhof drilling, 108111 m,
lower Hemmaorian

Figure B: Nassarius coronatus, form with
wedl-developed shoulder, Barchalhof drilling,
08111 m, lowar Hemmoorian

Figure 10: Nassarivs coronatus, Borcheihol
drilling, 108-191 m, lowsr Hemmaaorian
Figura 11 A i i, Burg B/S0

i.e. the lower boundary of the Nassarius
coronatus zone for the boundary between
Vierlandian and Hemmoorian, the lowear
boundary of the N. voorthuyseni zone for
the boundary between Hemmaoarian and
Reinbekian and probably the lower bound-
ary of the N, levensavensis zone for the

drilling, 84-87 m, upper Hemmoorian

Figure 12: Nazearius voorthuysen), Sundar
brickwork pit, Twistringan, lowsr Reinbekian
Figure 13 Nassarius cimbricus, Brokdor! dril-
ling, 246-262 m, lower Hemmoorlan

Figura 14: Nassarius cimbricus, Brokdorf dril-

ling. 246262 m, lower Hermmoorian
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The names used on a species level indi-
cate a great amount of confusion within

“the taxonomy of this group. Many names

from different basins and regions ara used
without the proper consideration of origi-
nal material. Thus, a revision of this group
can only be successful if all the related
taxa from all European Neogene strata are
involved. Since the scheme presented here
seems to work very well within the North
Sea Basin it is expected that this revision
will open up the possibility of long-dis-
tance corelation in some cases.

The new Nassariid stratigraphy shows
zone boundaries which may be applica-
ble all over the basin and may proliferate
stratigraphic marks to be used in a com-
mon sense definition of the North Sea Ba-
sin regional stages as demanded by Gues
& Sewecien (200).
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The Value of the Nassarius Gastropod
Genus for the Stratigraphy of the
Hemmoorian/Reinbekian Boundary

» Ginter Wienrch

Figure 1: Lower
Rhine district with
clagsical localities
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Nijmegen

Abstract

Keywords

The i fau-
na evidant in five drillings from the Lower
Rhine district dating from the late Hem-
maarian and early Reinbekian reglonal
Morh Sea Basin stages has been axamined
for its stratigraphical value. Three of 13
observed species can be used to idantify
the Hemmaoaorian/Reinbekian boundary. Slx
additional species have good il

Miocene, |
Reinbekian, Lower Rhine district, gastro-
pods, Nassarius

Introduction

The Nasssrius genus is one of the most

cal potantial within the sections. Only four
species have a loo grestly extended range
or are oo rare 10 be used within the strati-
graphical range of the drillings.

Kurzfassung

Die Nassarius |Mollusca, Gmramnn] Fau
na von fiinf Boh des N

pod groups found in vari-
ous Late clugamne and Neogene deposits,
At present, the auther is in the process of
carrying out studies of a fauns and its nu-
merous species which have been gleamed
from a number of borings {figura 2) in the
Lower Rhine district (figure 1] and which
cover the uppermost Hemmaoorian and
the Reinbekian layers (Wienmc 1897, 1988,
2001), From this material, thirteen species

of N were Isolated, some of them

gebietes wird auf ihren iy

‘Wert hin untersucht. Die Profile umfassen
héheres Hemmoorium und Iraralss Reinbe-
kium nach

0 many of
An intensive study of this group has ra-
vaalad some surprising and interesting

Drei von 13 beobachteten Am.n kdnncn I'ur
die Ermi der Grenze H

results. In during the analysis of
the many i n ked

Reinbekium genutzt werden, sechs weitere
besitzen ein gutes stratigraphisches Poten-
zial. Lediglich vier Arten sind Durchl&ufer
oder zu selten, um im untersuchten Bereich
stratigraphisch eingesetzt werdan zu kin-
nen.

Q
Dingden

o Bislich

o
Geldern

came

to light. Until the present, species of this
genus have generally been reported from
isolated deposits without time coherance
(Anerson 1964, Janssen 1972, 1984). In
many cases descriptions were based only
on a few specimens. In this manner many
evolutionary developments or affinities
were gither overlooked or incorrectly inter-
preted (Maostaran 1978).

Provisionally, the genus name Nassarius,
and not Hinia, has been used for reasons
of wider interpratations, In addition, the
usage of sub-genus terms has been waved
because the author wishes to avoid any in-
crease in present nomenclature confusion.

Materials and Methods

The material studied comes from five
different drillings, the largest distance
between these drillings being no mare

Northern European Cenozoic Stratigraphy; Proc. 87 Biann, Meet. RCNNS/RCNPS. - Flintbek 2002 w07



Figure 2: scetch
map of location of
drifllings
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then B km, From two of these drillings
[Wetten and Vieert) only a mixed sampla
was available, and only the samples pro-
wided by the drilling company were able
to be used for another drilling (Lillingen
2). These samples (30 in total) were very
small and are, thus, not representative for
the completeness of the Nassarius fauna.
The Kevelaer drilling was brought down
for suitable water for a thermal bath. The
final depth of this drilling was 5535 m. In
the Wetten, Veert, Lillingen 1 and Lillingen
2 drillings, the stratigraphical range cov-
ers only Middle Miocane [Reinbekian),
with possibly some Upper Miocene on top
and without any fossils covered by Pleis-
tocane gravel. Kevelaer covers the sama,
but contains a few meters of Upper Hem-
maoorian before it reaches Oligocene strata,
The Hemmoorian/Reinbekian boundary
was determined by the last occurrence of
Lembulus emarginatus and Turritella eryna
[Mnesc 1986]. This is also the zone bound-
ary of Mol H to Mol G after Succers 8
Lecuven (1987). Succens & Leruven addition-
ally mention the last occurrence of “Hinia®
schroederi 83 a boundary criterion, which
is also used here.

While determining the ius species,

Plate 1: scale bars 5mm, scale bar besides
figure 8 for all figures except figures 9, 15-
7

Figura 1: Massarius bocholtensis (Bevao

1854} Kevelser: 30m, 8.9mm(K-00 75,72.1)

Sample with & spirals

Figure 2; Nassarius bocholtensis (Bevno:

1854} Ldflingen 1: §1m, 6.5mm {L61 15,72,1)

Flatter samiple, wharls shaped like stops

Figure 3: Nassarius bocholtensis (Bemo

1E54} Lillingan 1: 45m, Gmm |L-45 7.6,72,1)

Sample with smoothed whaorls

Figure 4: Nassarius bochoitensis (Bevao:

1854} Lillingen 1: 21m, 8.7mm {L-21 15.72,1)

‘Sample with vary smooth spirals an tha ald-

st whorls

Figure 5: Nassarius schroeder (Kautser 1925)

| Kevelsar: 80, 8.5mm (K-80 75,72.4)

| Figure 6 Nassarius karnse (Winsc: 2001)

| LaHingan 1: 57m, B4mm (L-45 75,72.3} Para-
type. slender sample with finer sculptura

| Figure 7: Nassarius karinae (Wanao! 2001)

Lilingen 1: 54m, B.8mm (L-54 75,72,3 - SMF

320979) Halotype

Figrute 8: Nassarius karinse (Winno 2001]

LiHingan 1: 48m, 6.7mm (L-43 75,723 - SMF

321562| Paratype, sample with highly pro-

nouncesd towth

Figure & Nassarius holsatious [Brmios 1854}

Kaltenkirchen Ka 18, depth 87-80m, 5.6mm,

it was ascertained that the criteria of the
common appearance, the number of spi-
rals and ribs, together with their apportion,
were able to be used only with extreme
reservation and restrictions. Thase charac-
tars are 50 variable that they cannot be
used as determining criteria on their own,
A useable criterlon is, with certainty, the
protoconch; however, prior to this, time-
consuming statistical research is neces-
sary. The best criterion would appear to
be that of the shape of the aperure, the
number and shape of the teeth on the
inner and outer lip, tha thickness of the
mouth edge and enlargement of the spin-
die plate (Wiesmo: 2007},

LANU ig-Helstein, Sample 28865,
damaged on the right

Figure 10: Nassanius andersoni (Noeosec:
1572 Kevelaar: B5em, 21mm (K-85 75,72.2)
Figure 11: Massarius andersani (Nonosen
1872} Kevelaer: 85m, 5.9mm (K-85 75,72,2)
Figure 12: Nassarius voorthuyseni | Janss &
Janssen 1983) Lildlingen 1: 42m, 8.1mm {L-42-
5726

Figure 13: Nassarius twistringensis LA, W.
Janssen 1972) Wetten, B.6mm (We-75,72.8.1)
Figura 14; Nassarius cavatus (Beiuaro 1882}
Liillingan 1: 81m, &.5mm (L-51-75,72,101
Figure 15: Nassarius sewraticosta |Baon
1831) Kevelsar: 85m, 4.7mm |K-85-15,72,15)
Figura 16: Nassarius catulli (B 1882)
Kevolaer: 90m, 4.8mm (K-90-16,72,13)
Figura 17: Massarius woodwardi (Hanven
1913} Lisllingan 1: 51m, 6.4mm (L-51-75,72.9)
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Short Characterization of
Species

In the following all species determined are
briefly characterized. In particular, features
which have provad 10 be wall suited for
distinguishing species are outlined. For
detailed description of the species see
Wienmen {2001).

Nassarius bocholtensis (Bevacy 1854)

This species has a large and stocky proto-
conch, It is easiest to determine it by the
teeth on the outer lip and the parietal wall,
It has six strong knotty teeth on the inside
of tha outer lip and thres strong teeth
distributed regularly on the inner lip. The
parietal wall is enly slightly thickened and
spreads only a bit over the base, This spe-
cies alters remarkably during time. In early
populations (Hemmaorian) the whaorls are
normally smoathly rounded, the spirals
remain evanly strong. Later, the whorls
become more angular, shaped like steps.
The spirals smooth down, sometimes they
nearly disappear completely. It is not pos-
sible to date a single specimen in a certain
age, but if there are more speci from

ample, by Anpenson (1984} and Mostarav
(1978}, although it is without doubt specifi-
cally different. Its general appearance is
very similar to that of N. holsaticus, but

it differs lagibly by the characteristics of
the aperture. The teath on the outer lip are
much stronger, and there are teath on the
inner lip. N. holsaticus has no teeth on the
inner lip, apart from a small notch, which
occaslonally appears at the apical end. The
spindie plate of Nassarius karinae is not
enlarged and does not spread as widely
over the base as does N. holsaticus. Nas-
sarius karinae seems to appear no earlier
than late Hemmaoorian (thera are a few
spacimens in the material from Winter-
swijk-Miste in the Naturalis collection in
Leiden} and does not exceed over the Re-
inbekian.

Nassarius holsaticus (Bevec 1854}

This species is so closely related to Nassar-
ius karinae, leading to the conclusion that
it must have developed from N, karinae. It
was first recognized in the mid-Langenfel-
dian (or Lineburgian sensu Hnso: 1987).

Nassarius schroederi (Kaursay 1925}

one fauna, then it should be practicable to
date them 1o the Hemmaoorian or Reinbeki-
an. A frequent cecurrence always indicates
a Reinbekian age. This is one of the mast
wvariable spacies; it changes its appearance
from Hemmoorian to Reinbekian very no-
tably, is very commaon in Reinbekian layers
but rare in Hemmoorian layers.

Nassarius andersoni {Morosieck 1972]

This species is easy 10 separate, but it has
aften been confused with V. turbinelius,
for example, by Vioosmhuvsen (1944} or Jans-
seN (1884, It has nine narrow, elongated
teath on the inside of the outer lip and one
toath at the apical and as well as anothar
toath at the apertural end of the inner lip. A
few small knots can appesr between these
twao teath, The parietal wall is only slightly
thickaned and hardly spreads over the
base. The whorls are separated by steps.
There Is 8 narrow spiral after a concave
part under the suture, normally with spikes
on it, where the ribs cross. It follows a de-
pressed part and then two or three wide
spirals. There are 12-14 ribs on & whorl.
This species seems to die out at the end of
the Hemmoorian.

Nassarius karinas WienmcH 2001
This species has always been confused
with N. holsaticus {Bevmick 1854), for ex-

The P of this species is very
smooth and regular, The spindle plate
spreads widely over the base. There are as
many a5 10 narrow and long teeth on the
outer lip and normally none on the inner
lip. This spacies must certainly be sapa-

Plate 2: scale bar 5mm

Figure 1: Nsssanius tenuistriatus |Brmio:
1854) Lillingen 1: 30m, 11.3mm (130 75,72.5)
Stendar sample with highly irregular spirals
Figure 7: Nassarius tenuistriatis |Bevmio
1854) Lollingen 1: 48m, 8. 1mm (L-48 75,72.5)
Typical sampla sonsu Bemod

Figure 3: Massarius tenuistristus [Brmod
1864) Wenen, 9.4mm (We 75,72,5) Sample
with very pronouncad ribs and wide spirals
Figure 4: Massarius tenuistristus (Brmo:
1854 Lallingen 1: 42m, 11.1mm (L-42 75,72.5]
Sarnple with pronounced varices, a: front
wiew, b: bock view

Figure 5: Massarius sulcatus (Kauraey 1925}
Kavelaer: 85m, 11.6mm {K-85-15,72,11) Slan-
dar sampla

Figure 6: Nassarius sulcatus (Kt 1826}
Kevelgar: 86m, 12.7mm (K-85-75,72,11], a:
front view, b: back view

Figure 7: Nassarius prysmaticus (Bsoccos
1814} Lillingen 1: 45m, 1.6mm |L-45-75,72,7)
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rated from N. schiotheimi, which has no
enlarged, even hardly any, spindle plate
and is known from older layers (\Vierlan-

Nassarius of. cavatus (Beano 1882)
Nassarius of. woodwardi (Hamer 1913)
Nassarius cf. catulli (Buuuano 1882)

of

dian and Lata Oii N. iia
not found in Reinbekian deposits.

Nassarius tenuistriatus (Brymey 1854)

This species is very commaon in Reinbekian
deposits. It differs consistently from Hem-
maarian populations, which have bean

[Browe 1831)
These species belong to one group and
appear only in Hemmaoorian {possibly only
in late b ian) and early Reil i
deposits. Their determination is still uncer-
tain on a species level,

describad as N. by

(1972) and Janssen (1984). Tha Reinbakian
species has a very variable sculpture,
specifically in the younger deposits, The
number of ribs varies between 12 and 17
on the younger whorls, The spirals can be
narrow or wide, occasionally only one or
two spirals are wider than the others. Thera
are specimans with secondary spirals

and specimens with none. The outer lip
has a strong varix, the spindle plate is not
reflexed, There are 9 10 10 narrow oblong
teath on the outer lip and only a small knot
at the apertural and apical end of the inner
lip.

Nassarius sulcatus (Kaursky 1925)

This species is remarkable and consistently
different from N, fenuistriatus from the
Reinbekian.

The spiral sculpture of this species is much
more aven. The spirals have a uniform
appearance, they are quite broad. Mar-
row spirals such as those evident in N,
temuistriatus do not exist. The spindie plate
is slightly thickened and spreads quite far
over the base, This species appears only in
the Hemmogcrian.

MNassarius voorthuyseni [Jawnse 8 Janssen
1983)

This species has 10 10 12 narrow pro-
nounced ribs and three weak spirals, which
build knots on the ribs. There are 610 7
strong short teeth on tha outer lip, on the
inner lip on the apical and there is only one
knot. M. voorthuyseni lived only during the
Feinbekian,

Nassarius twistringensis |Janssen 1972)
This small species is characterizad by the
fact that it has only three narrow spirals.
There are 10 to 12 ribs on & whorl. The
spindle plate covers only a small area. Tha
outer lip comprises 4 to 5 strang teath,
on the inner lip there is a strong tooth at
the apical end and a small tooth at the
apertural end. This species is restricted to
Reinbekian deposits comparable with the
so-called “Twistringen Schichten?

P [Broccr 1814}
It is nearly impossible to confuse this spe-
cies with othars. It is best recognized by
the high number of narrow spirals, which
give the whorls a smooth appearance, the
narrow spindle plate and the constellation
of the teeth, There are sight strang oblong
teeth on the inside of the outer lip and one
ledge on the apical end of the inner lip. It
was very surprising to find this species in
older Reinbekian deposits, because it was
known only from much younger material
until the present.

Stratigraphy

The stratigraphical range studied in the
drillings begins with the |latest Hemmoo-
rian and covers part of the Reinbekian
The material on top of this is without any
fossils; the uppar boundary is tharefore
uncertain.

The boundary between Hemmaoorian and
Reinbekian may be confirmed by the com-
mon composition of molluscan fauna (Hin-
504 1886), the frequency of certain species
{e.g. Turritelia eryna in the Hammoorian)
and the occurrence of certain spacies (a.g.
Lembulus emarginatus in the Hemmooerian
ar Aguilofusus festivus in the Reinbekian),
In addition, the Uvigerinag genus {faraminif-
eral may be used with the same results.
As mentionad above, the zone boundary
from Mol H to Mol G is the same as the
HemmoorianAeinbekian boundary be-
cause it uses primarily the same criteria.

Threa drillings, for which antire sections
were able to be investigated, are Lllingen
1, Lillingen 2 and Kevelaer. All drillings
were straight flush drillings, thus invalving
the danger of downhole contamination. To
study the effect of contamination, a sam-
ple from the Late Dligocene Grafenberg
beds taken from Kevelaer was studied for
Miocene elemeants. Surprisingly, nearly no
Miacene material, which would have been
easy 1o identify because of very different
preservation, could be sean in the sampla.



and N. tenuistriatus and an additional four
meters above N. voorthuyseni, Because of
the small sample amounts and the shor
distances involved, one can say that the
first four species occur simultanecusly at
the base of the drilling.

specias,

u ¢ | Conclusions

- b1

% £ These results indicate that the

: * Hemmoorianifeinbekian boundary in the

[ area investigated is very well defined by

H S Nassarius species, While the boundary

is precisely characterised by the disap-

Figure 3: Range Thus, the effects of were of several H
chart for species of  wery small in the drillings studied, the new species appear only gradually. A
MNassarius genus boundary definition on the basis of Nas-
in Kevelasr drill- The range chart for the Nassarius fauna sarius species seems mora refiable than
ing, ling=very rare, of these drillings is shown in Figures on the basis of index species used thus far,
small bar=rare, 3 1o 5. Kevelaer shows the disappear- such as Lembulus emarginatus, Haustator
medium bar= ance of four Nassarius spacies at the eryna or even Sandbergeria wolffl, Dorsa-
not rare, Hammoorian/Reinbekian boundary, three num boreobaccatum and Donax stoffelsi,
bold bar=common,  aof which are stratigraphically relevant, i.e, which are very facies-depandent and occur,
extra bold bar= N. andersoni, N, schroederi and N. sulca- in part, much later turning out to be lazarus
abundant tus, Ne new species appear immediately species. These boundary criteria should

Figure 4: Range
chart for species af
Nassarius ganus
in Liillingen 1 drill-
ing. ling=very rare,

at the boundary, but N. tenuistriatus and

N, prysmaticus appear shortly abova, fol-
lowed by N. voorthuyseni. Judging from
this drilling, Lallingen 1 nearly reaches the
Hammoorian/Reinbekian boundary. The
deepest sample yields enly N. bochoitensis
and N, karinge. After that, N, tenuistriatus
appears, followed by N. cavatus and N.

bring an end to discussions concerning the
diachrony (Bosos 1975) or isochrony [Hin-
soH 1972) of the HemmoorianMeinbekian
boundary.

As shown by Gurs {this valume| these
results appear to be valid for westarn and
northern Garmany as well as the Nethar.

small bar=rare, woodwardi and then later by M. prysmati- lands and Denmark, Moreover, the Nassar
medium bar= cus and, finally, N. voorthuyseni. Lillingen  ius genus has stratigraphical potential for
not rare, 2 spams to be igraphically the entire N of the North Sea Basin
boid b since N. IS APPEErs (Gims this volume),

extra bold bar= together with N. prysmaticus in the deep-

aburndant est sample one meter above N. karinae The enormous number of species in this

genus in marine realms,

Reinbekian

such as the Atlantic region or the Mediter-
ranean and Paratethys, leads to the conclu-
sion that there is much more stratigraphi-
cal potential In this group than known up
to now. However, ressarch on this topic de-
mands & taxonomic revision of this group,
which is currently taking place.
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Revised Pteropod Biostratigraphy for the
Miocene of the North Sea Basin

» Karl Giirs
» Arie W. Janssen

Abstract

A consi y refined bi
zonation based on pteropoda (Maollusca,
Gastropoda, Euthecosomata) is given for
the North Sea Basin Miccene. Three of the
five zones of Janssen & King (1988) can be
further divided, zone 18 into subzone 18a,
zone 19 into 13a and 19b, and zone 20 inta
20a, 20b and 20c. These zones are cor-
related with the regicnal North Sea Basin
stages defined by benthic Mollusca and
with internatienal nannoplankton and Bol-
bofarma stendards. From this & correlation
with international stages has been com-
pletad. This corralation has, in addition,
been tested by the ranges of the pteropod
spacies investigated outside the North Sea
Basin,

Kurzfassung

[Es wird gine deutlich verfeinerte biostrati-
graphische Zonierung fiir das Nordsee Be-
cken Miozan nach Pteropoden {Mollusca,

Drei der finf durch Janssen & K (1988}
aufgestellten Zonen kinnen weiter unter-
teilt werden. Zone 18 erhalt die Subzone
188, Zone 19 wird in 19a und 19b und Zone
20 in 20a, 20b und 20c unterteilt. Diese
Zonen werden mit den regionalen Mord-
seabecken-Stufen korreliert, die Gber ben-
thische Mollusken definiert sind, Z ik
erfolgt eine Korrelation mit den interna-
tionalen Mannoplankton- und Bolbofor-
man-Standards. Die hierdurch ermittelten
Korralationen wurden zusatzlich anhand
der stratigraphischen Reichweite der unter
suchten Pteropoden-Arten aulerhalb des

Nordses Beckens getestet.
Keywords
s P o E bio-

stratigraphy, Miccene, North Sea Basin,

Introduction

Jaressen & Ko (1988, p. 356) gave a first,

Cenozoic

Proc. 8" Biann. Maeet. RCNNS/RCNPS. - Flintbek 2002

preliminary pteropod zonation for the Tarti-
ary of the North Sea Basin. This schama
was already quite detailed for the Palaso-
cene and Eocene, as many outcrop sec-
tions could be studied in the London and
Hampzhire Basing in England and in Bel-
gium as well. Through the combination of
sactions, a nearly continuous zonation was
able to be achieved, The Oligocene and
Neogene, however, showed a completely
different picture. Deposits from these ages
in the North Sea Basin demonstrate many
unconformities, and even most borehole
sactions display major hiatuses, especially
during the very early Miocene and in
the youngar half of the Middle Miocene,
These sedimentary gaps were not very
easy to detect, since most international
biostratigraphies do not properly correlate
throughout the entire North Sea Basin Mio-
cana. With the establishment of an interna-
tional Bolboforma zonation in the 1330's, a
toal for the high-resolution biostratigraphy
of the higher latitudes wes made available,
& tool which can be applied without restric-
tion in the North Sea Basin. This enables
raliable age controls for borehole sections
in the North Sea Basin. Subsequently, the
higher resolutions derived permined the

i of the ion of
species in the North Sea Basin Miocene,
This succession is displayed here as a
range chart (Table 7).

Material and Methods

The basis of this study comprises 27 drill-
ings, five of which are cored sections, L.e.
Gram | (Denmark, Jutland, Laursen & Knist-
oFFersEn 1989), and Grof Pampau | [SrecLer
& Gims 1996), Schwarzenbek 1/96 |Gors &
Seecier 1989), Nieder Ochtenhausen [Mevea
fed.) 2001] and Lisbtheen 27/82 (Gons &
Seeacer 2000, all located in northern
Germany. From other boreholes straight
flush samples (cuttings) of approx. 10 kg
each were taken at intervals of 3 or 6 m,
washed, sieved and sorted for Pteropoda
and other stratigraphically relevant macro-
and microfossils. In addition, erratic boul-
ders of Miocene age and outcrop sections
ware studiad. The stratigraphical intarval
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Table 1: Pteropods

in the

of the sections available lies between the
Oligocena/Miccena boundary and the

Late Miocene, none of them, however, go
through sediments at the Mio-/Pliocens
boundary in marine facies with fauna.
Range charts were compiled for each sec-
tion and compared to the regional stand-
ards for benthic Mellusca and to interna-
tional Bolboforma standards | Gors intarnal
repons of the LANUJ,

Maost pteropod specimens are housed in
the i of the National M)

Klintinghoved F i d,

5
consisting of sediments ranging from l'|r|
sand to clay, with & high content of organic
matter and rich in macrofossils. The Oli-
gocens is not reachaed until the final depth
of 236 m. Table 1 shows the distribution of
preropods in this borehale,

In the earliest Miocene, two pleropod
species, Limacina valvating and L. mioro-
stralis, were encountered, In the interval
from 215 m to 230 m only one fragment of

of Natural History (Palasontology Depart-
mentl, Leiden, the Netherlands (RGM
registration numbers]. Specimens in pyrite
preservation are stored in silicone ail.

Selected Borehole Sections
and Exposures
Brodersdorf

The Bradersdorf borehole, situated in the
vicinity of Kiel, capital of Schlaswig Hol-
stgin [coordinates [Gaul - Kruger) r 35
BOBOY h 60 29678], was drilled in 1999, It
penatrated Quaternary strata until 8 depth
of 44 m, where Middla to Early Miocene
estuarine sands weare met. They balong

to a delta originating from a river coming
from the northeast and entering the pal-
sec-North Ses east of Langeland/Denmark
[Rasmussew pars. comm.) and are called
‘Braunkohlansande’ {‘lignite sands'} in
German. According to Danish lithostratig-
raphy, they belong to the Odderup and
Bastrup Formations. This deltalc sand com-

Vaginella depressa was found, which has a
different preservation than the other fossils
of the samples and is therefora interpreted
as downhale contamination. The two low-
ermost samplas, down to the final depth of
235 m, contain no pteropods. At a depth of
202.50-215 m V. depressa occurs, togather
with V. ef. tricuspidata.

The sudden appearance of the commaon
benthic gastropod species Mitrella attenu-
ata |Bevmon 1854) at the depth of 215 m
together with Tornating bellardii (Koenen
1882) shows a faunal incursion with the
immigration of new species. In samples
197.50-200 m and 195 197.50 m, the ben-
thic g T

{Fau. Samr-Fonn 1817 and T
trochlearis {Hoernes 1856) were found as
immigranta. Vaginella sustrisca does not
‘occur up to the top, the V sustriaca zone
was thus not reachad in this section. In a
limited range {202.50-205 m, somewhat
abave the first occurronce of V. depressa,
Clio deflexa was also observed.

-5 inar Gestain®

plex is intarfingered by a marine
sion hunmn the Frirup Member of Iha
ti miaring Arnum F

[whnch yielded no pteropods). Below the
sands, at & depth of 172.5 m, the marine

The alled '+ i Gestein', b

of prasumably local origin found in fluvio-
glacial deposits of Schleswig-Holstein,
yields six species of pteropods: Limacing
miorostralis, L. valvating, Clio deflexa,

Epoch Lithnstratigragéry ﬁ;gﬁ'[‘:“]

Spacias.

borehole

18

162.50-185 |Vaginella depressa

1980-192.50

Lirnacina vabvating

167.50-200 |Vaginefa depressa

Limacina valvating
Clio deflexa
Vagineda depressa
| Vagineda of i

Limacina valvating

Limacina vishvting

MIOCENE
VIERLANDIAN

Vagineda dapressa
Vagineka cf. ricuspidata

Klintinghowved Formation

Vagine®a depressa

- |Vagineta ef. tricuspadata
Limacina valvatina

Limacina valvating

Limiscing micosiriks




Epoch Lithostratigraphy f;na]mpls depthl e cies Ne |Collection
102.50-105  |Limacina microstralis 1 RGM 458.732
Ui i __[Vaginella austriaca 2
110-112.5  |Limacina microstralis 1
Vaginella austriaca 3
w c | |Closp. 1
ZZ o 1115-117.50 | Limacina valvatina 1
3 < ® Limacina miorostralis 4 RGM 458.738
o5 E |_______|vaginelia austriaca 9 |RGM 458739
=0 e 1127.50-130 | Limacina miorostralis 1 RGM 458,719
& ; £ | Vaginella austriaca 4 RGM 458.720
=0 3 140-142.50 |Vaginella austriaca 4 |RGM458.721
oT Z 147.50-150 | Limacina miorostralis 1 RGM 458.722
= Vaginella austriaca 3 |RGM458.723
155-157.50 |Limacina valvatina 1 RGM 458.724
L | Vaginella austriaca 7 RGM 458,725 |
197.50-200 | Vaginella austriaca a RGM 458.726
210-212.50 | Vaginella austriaca ] RGM 458.727
LOWER MIOCENE  Kiintingheved | 220-222 50 | Vaginella depressa 1 RGM 458,728
ANERLANDIAN FRoRon 222.50-225 | Vaginella depressa 1 RGM 458.729

Table 2: Pteropods
from the Vidl 1/96
barshale

Clio aff. nielseni, Diacrolinia aguensis and
Vaginella depressa. In one boulder of this
typa from Nehmten, an assemblage in-
cluding L. miorostralis, V. depressa, and
0. aguensis was found. In another such
beulder, originating from Damsdor {leg.
A. Montag, RGM 397.000-008), L. val

the regional scale can be recognised, Hem-
magcrian and Vieriandian. The Vierlandian
strata are very poor in fossils and therefore
difficult to identify, but apart from Vaginaella
depressa (occurring in samplas between
220 and 226 m), another index fossil, the

Cli aff. nislseni and V. depresss were
presant. For the identification of Diacralinia
aquensis of. Jawssen & Gons (in press).

The fauna of the foreshare outcrop at Klint-

bivalve © grippi (A 1958),
was observed in sample 220-222.50 m.
Therefore the interval from 220 to 230 m
is considered to belong to the Vierlandian.
W austriaca is observed from 220 to 102.50
m.The Last Occurrence Datum (LOD) of

al near
54°66°40" N 5°4%'40"E| in southern Den-
mark contains L. miorostralis, L. valvating
and V. depressa. These outcrops, tradi-
thonally referred to the Viedandian of the
regional stages, contain the same fauna

v 1220 m} fits nearly perfectly
together with the Hemmoorian/Vierlandian
boundary. Other Pteropoda of this sec-
tion are Limacing miorostralis from 200 to
102.50 m and L. valvatina in samplas 155-
1575 m and 115-117.5 m, Table 2 gives the

as the A the
same age can be assumed for these out-
Crops.

Vidl 1/96

Tha Vial borehole saction, dating from
1996, is situated in the western part of
Schleswig [coordinates (Gauld - Kriger):
r:35 11514, h: B0 48844]. In this area, Mi-
ocene sediments are antirely of marine
origin. Quaternary sediments go down 1o
100 m. The Quaternary sediments overlie
fossililercus Miocene silty fine (but some-
what coarsening upward) sands. They are
devaloped until approw. 210 m, where a
clayey to silty facies is reached. Below 230
m Eccene strata are found, separated by
an important hiatus. Twe Miocene stages of

pteropod distribution of the samples inves-
tigated from this section.

Schwarzenbak

The k borehole [coordi
(Gaull - Kriiger] r: 3597806, h: 5932615),
made in 1896, was cored and displayed a
Miccene section from 0.80 m - 34.50 m,
comprising lignite silt from the Upper Lig-
nite Sands overlain by marine transgres-
sive Reinbek sands and Upper Mica Clay.
The section yielded only three species of
pteropods, viz. Limaeina gramensis, L.
valvatina and Vaginella austriaca. The latter
was found only in one sample at a depth of
27-27.29 m, together with L. valvating. This
sample belongs to the lower Balboforma
ratictiata zone and to the Early Reinbekian

na



Table 3: Praropod

" Sample "
distribution in the Epoch Lithostratigraphy uem: jm  [Pecies
3.00-3.25 Limacina gramensis
borehole

Lirracing valvating
Limacina valvaling
Limacina gremensis
Limacina valvating
Limacina valvatina
LIMAacing gramensis
Limacina valvaiina
Limacina valvating
imacing valvating
Limacina valvating
Limacina valvating
Limacina valvatina
Lirnacing valvating
Limacina valvating
Limacina valvating
Limacina valvatina
irnacing vabvating
Limacing valvating
Limacina valvating
Limacina valvatina
Lirmascing valvating
Limacina valveling

Vaginalla austriaca

MIDDLE MIOCENE
EARLY LANGENFELDIAN

Upper Mica Clay

Reinbek sand. |27.00-27.28
Fm.

MIDDLE MIOCENE
REINBEKIAN

after benthic Moll Th hout the
entire section L. valvating occurs in large

, butin the
sis zone at approx. 3 m above the bound-
ary to the B. danielsi zone it is joined by L

{Gaul - Kriiger| r 44 49308 h 50
06136] yielded three species of pteropods,
Limacina valvatina, L. gramensis and L.
ingridae. While from 248,5 up to 203.9 m
L. valvating was the only species present,

gramensis. it is joined by L. gramensig in short inter-
wvals from 203.9 to 201.8 m and &t 160.6 m.
Grofi Pampau | The first L. ingridae was encounterad at

161.2 m, From B6.7 m L. ingridae bacomes

The Grofl Pampau | berehole from 1989 is
a cored section. Unfortunately, the ptero-
pods were examined approx. 10 years afier
the processing of the samples, and pyrite
digintegraticn has ruined much of the ma-
terial. In particular, a distinction betwean
Limacina gramensis and L, valvating was
therefore difficult and occasionally impos-
sible. In addition to these specles, only
L. ingridae was found. From 36.00 up to
9.00 m L valvating was the only pteropod
spacies. Above that depth only L. ingridae
din i indicating some
intermediate forms, Fram 6.00 m onward
transitional forms from L valvatina to L
gramensis occur, and at 2.50-2.75 m at
last true L. gramensis s present, while in
the uppermost 2.60 m only L. ingridae is
prasent. Although only pars of the section
were able to be dated by Bolboforma it can
be stated that the exclusive occurrance of
L ingridse lies within the B. laeviscapsula
Zaona.

Libtheen

The cored section of the LObtheen 27/82
le in |co-

more common and is the only species in
the uppermaost part of the drilling, The first
occurrence of L. gramensis lies within the
Boiboforma badensnsis zone approx. 28 m
ahove the boundary to the 8, danialsi zone,
Tha first occurrence of L ingridae lies well
within the B. compressispinass zone while
the and i ligs
within the B. lsevis/capsula zona.

Gram | [Jutland, Denmark)

The classical Gram borehole DGU 141.277
&t the type locality of the Gram Forma-
tion was examined for pteropods by the
second author in 1987 and 1881, The mate-
rial is housed in the Geological Survey of
Denmark, Copenhagen, From 35 to 26.5 m
Limacina valvating is the only species in
the section. Than an interval barren of pter-
opods is developed up to 22 m. Immediate-
Iy after that, L. gramensis and L. ingridae
occur, still accompanied by L. valvatina. At
21 m L. gramensis disappears, and at 20.5
m the remaining spacies are joined by L
irigae and one specimen of L. wilhelminas.
In the intarval from 19 to 18 m all spacies

except L. g coexist.



Table 4: Pteropod
distribution in the

GroB Pampau |
borehole, {ingridae)
and (grameansis)
indicate the pras-
ance of transitional
forms

Epoch L Mo
§ 1 14
275300 |Limacing valvatna [gramensis) 7
&
- Limacing ingreise [= £
§ & 300-325  [Limacing ingridas 1
Limacina valy 4
= 2 T5355 [dmacina ingrlae
5 Limacing valvating
- 150075 |Limacing vatvatna
754 1
5 e et | {
150475 L lvatra ]
75500 |U o
y e
=] 60675 |Li bt
i YNy —
i .00 Li hatina
.| & [==
53
; a8 50— ar
e 0 e
H 0| o
o =
75 heatra
| o0 L heatna
| ) heatina
g heating
heating
ﬁ EE‘ £
s g
H
g = &
s 1 [RGM 487 102

Higher up, L. irisae and L. valvatina van-
ish, Up 10 16 m the assamblage consists of
L. ingridse, slowly decreasing in number,
and L. withelminae becoming more and
mare abundant. At 16 m L atlanta appears,
abruptly replacing L. withelminae from one
sample to the next, From 15,5 m L. atfanta
is the only remaining species. According

1o Launses B Krstoreersen (1998) up to 25.5
m anly Bolboforma reticulata and B, sp.

D occur in the section examined, This can
thus be attributed to the B. reticulata zone.
A zone barren in Bolboforma follows to 21
m. At that depth, B, clodiusi and one speci-
men of B. metzmacheri occur. At 16.5 m

B. metzmacheri begins to appear in more

reliable numbers and becomes abundant
at approx. 13 m.Thus, the B. metzmacher!
zone, the L. stlanta zone and the Gramian
stage based on Mollusca |Burcer, this vol-
ume] begin nearly simultaneously in this
cored borehole.

Faunal Development of
Pteropods in the North Sea
Basin

In genaral, two groups of molluscan plank-
ton are found in the sediments of the North
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Tabla 5: Preropod
distribution in the
Lilbtheen 27782
borehale

122

Lithastratigraphy

Epoch Spucias No
Limecina Ingridae 4
imascing ingridae
1
2
3
—f
1
ina 4
S T
] na
na
wil ina 4
o = 5 ina a
] 3 i
g8 2
-] na 1
53 =
E I 5 { hat : i
9 2 'E Limacina valvatina
? BE. Limacing valvatina
BB Limacina valvatina 4
L LIESCHM Whlvating
90, ina
= 96, na
1029 ina
106.8 ina
107.7 na
108 ina
110, i
2 136,
40.
w 44,
z45 2 [4a8
8 O a7 [RGM 457 244
§ suw 23 |RGM 457245
o 1612 1 |RGM 457 246
g |RGM 457 247
171 RGM 457248
185, RGM 457 249
187 RGM 457250
188, RGM 457.251
59 RGM 457 252
188 43 RGM 457.253
191, 16 RGM 457 254
[ta14 22 |RGM457.255
193.. 1 [RGM 457.258
194. 36 [RGM 457 2567
§ 198 36 |RGM 457.258 |
9 = 198 4 AGM 457 269
@ ] 01 RGM 457 260
wi ] 10 M 457 261
& § 2028 B |RGM 457.262
8 (L] o 2;
] 2038 1;
H g 75
> 4
hvat 14
- hvat ROM 457 268
bt RGM 457 260
Limecina valvating RGM 467270 |
imacing valvating RGM 457271
imacina valvating RGM 457 272
Limacing valvatina RGM 457 273
irnacina valvating RGM 457 274
Limacina valvatina A JRGM 457 275
Limacina valvatina
irmaycina valvaling
Limacina vabting
MIOCENE Limacina valvatina
REINBEKIAN Limacing valvating
|24 Limacina valvaling 12




Tabie &: Preropod

Litnostratigraphy

Collection

in the
Gram DGU 141.277
barshole

L

MIOCENE
GRAMIAN

MIOCENE
LANGENFELDIAN
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15.55-16.00

16.00-16.50

16.60-17.00

17.00-17 50

Li
17.80-18.00
Lis

18.00-1B.50

18.60-18.00

19,00-18!
19.60-20.00

Limacina valvating

20.00-20.50

Limacina ingridaa
Limacina irisas
Limacina valvatinag

20.50-21.00

.00-27.50

21.50-22.00
L
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o ra

[Glauconine Bod

MIOCENE
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rmation

Specimens housed in the Gealogical Survey of Denmark, Copenhisgen
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Sea Basin (NSB) Miocene, The first are
Cavolinii a ater planktonic as-
semblage with members evolving mainly
outsida the basin and immigrating into
lbs basin only sporadically through the
thus indicati ter

mﬂux by ocean currants and a ralativaly
high water temperature of NSB surface
water, These forms are restricted to the
Early to early Middle Miocene, with ane
Late Miocens exception, ireneia margueti.
Most commaon in this group are spacies of
the Vaginslla genus already present in the
Late Oligocene |Chattian). They farm the

v linsage from Vagi chat-
tica, through V. depressa (Plate 1, Figures
1, 2l to ¥, austriaca |Plate 1, Figure 3). Next
to this assumed lineage, the species 1/ (cf.)
tricuspidata is found in the Lete Oligocene
and the Early Miocene, and V. lapugyensis
in the Middle Miocene. The transition from
W depressato V. sustriaca is quite sudden,
and the first ocourrence of W austriaca can
b IFIIBI'DIBIGU as a zone In the

All this took place during the regional Vier-
landian stage, while Vaginella depressa
was replaced by its descendant V. austriaca
(cf. borehole Vidl) in the Early Hemmoaorian
and remains the only cavoliniid species
apart from two fragments of a large Ciic
species known from a local erratic boulder
fram Hiillarup near Flensburg. They cannot
yet be identified to species level.

Following this, a longer period without ob-
servation of any new caveliniid pteropods
in the basin follows until {so called Cxlun-
dian) Vaginella lapugyensis, Clio bellardii,
C. pauli and Diacrolinia aurita immigrate in
the Late Hammoarian, the assemblage indi-
cating a Langhian age. All of these species
are extremely rare and apparently at the
northern limit of their area of distribution .

The second group of holoplanktonic Mal-
lusca is that of the Limacina genus. L. val-
vatina [Plate 2 Figure 2} is normally a quite

| Aquitenian and Burdigalt

species known from the

stage type areas, the Aguitaine Basin, W

Tl can be found in ian and
Early Burdigalian sadimants. In Langhian
sadiments only \ austriaca occurs. Thare-
fare, the hiatus covering the Late Burdigal-
ian in the Aguitaine Basin leaves in doubt
the location at which the exact correlation
mark must be placed {Janssen 2001).

In the earliest Miocens no member of the
Cavoliniidae is presant in the North Sea Ba-
sin. This is probably due to a cooling period
at the end of the Chattian and sarliest Mi-
ocene. Re-immigration begins with Vaginella
depressa and V. cf. Iricuspidata, most prob-
ably in the Aquitanian, since the latest occur-
rences of the latter species outside the basin
are dated Aquitanian {Malta). V.

Late Olig 1o the Late Miocene, mainly
from the North Sea and Central Paratethys
basins; dwarf forms are known from the
Mediterranean Miocene. In the North Sea
area L valvatina is, during the Late OIli-
gocena, accompanied by another Limacing
species which ocourred during the Rupe-
lign, viz, L. hospes (Rous 1861), and which
differs clearly in shell form and apertural
structures. During the Early Miocene (from
the Vierlandian onwards) another Limacina
spacies is found next to L. valvating. This
species, L miorostralis (Kautscy 1925),

can easily be recognised by its flat apical
side, rapidly increaslng whaorl diameter
and (alth iy not developed

the presence of a rostrum on the apertural
margln Thls lattar charactaristic makes L.

populated the basin during lata Early Chat-
tian but then vanished. Later on, Clio deffexa
(Plate 1 Figure 5), Clio aff. nislseni and Diac-
rodinia aquensis (Plate 1 Figure 4} immig

is |Plate 2 Figures 7, 8] clearly a
forarunner species of the Recent L. inflata
(Dpaicny 1836).

The hology of Limacina

ed, but since C. aff. nleisenl and D. aquensis
are known only from erratic bouldars it is
nat possible to determine which came ear-
lier and which later. It is very likely that this
immigration took place in the Early Burdigal-
ian since 0. aguensis is known only from tha
Early Burdigalian of the Aguitaine Basin thus
far. Itis possible that C. aff, niglseni from the

is quite simple: it approaches the ideal
Limacina shape, with regularly convex
wharls, simple apertural features, and a
heightiwidth ratio which is close to 1. Dur
ing the Vierlandian, populations are known
in which specimens occur with relatively
flat shells (height'width ratio lower than 1)
During lhe Hemmoorian and Hembeluun.

‘Haolsteiner Gestein' is ith C.
deflexa, indicating that this spacies is a de-

L. vah little variat
During the Reinbekian tho accompanying

scendant from C. nislsen, as ibed from
the North Sea Basin Chattian [Janssen 1990),
Until further evidence has been put forth,
bath are listed &s separate spacies.

L species d gradu-
slly from the Morth Sea Basin, and L. vaiva-
ting is the only Limacina species there for
some time.



Late in the Middle Miocene {Late Reinbe-
kian and Early Langenfeldian, ie., Lev-
ensauian sensu Hinscn 1987, L valvating
suddenly becomes highly variable with
respect to its height'width ratio. In addition
to the typical form, strikingly depressed
specimens are found, in which the whorls
tend to be nearly flat, apparently transi-
tional forms to L, ingridae. At the same
time specimens with a very high height/
width ratio of far over 1,10 occur, accom-
panying typicel L. valvating. These higher

i imvedi asl g is (Aas-
mussen 1968) [Plate 2 Figure 1) ara found
during the Early and Middle Langenfeldian
{=Lineburgian sensu Hinso: 1287) and the
warty part of the Late Langenfeldian (or
Langenfeldian s. str. after Hnson 1987).
Then guite suddenly, at the boundary of
Middle and Late Miocene, typical L. ingri-
dae [Plate 2 Figure 4) occurs, genarally in
large numbers and initially still accom-
panied by L. valvating and L. gramensis,
but soon it becomes practically the only
remaining pteropod species. A short time
later it coexists with L. irisae {Plate 2 Figure
3], a contemporaneous species, develop-
ing either directly from L. valvatinag or from
L. ingridae, Towards the end of the Langen-
feldian, L. wilhelminae (Janssen 1989) (Plate
2 Figure 5} developa from L, ingridae, to be
replaced at the boundary of the Gramian
by L. atfanta |Plate 2 Figure 8], which re-
mains the only Limacina species until the
Middle Pliocene.

Stratigraphical Interpreta-
tion and Revised Zonation

The developments outlined above parmit
the censtruction of a considerably refinad
Miocene biostratigraphy based on ptero-
pods for the North Sea Basin, While the
lowermaost Miocene sediments contain no
marker species, the sudden common oc-
currence of Vaginella depresss gives a first
stratigraphic mark within the Vierlandian
of regional stages and the Aguitanian of
intarnational stages. The upper boundary
of Zone 17 comprises the sudden replace-
ment of V. depressa by V. sustrisca in the
middle part of the Burdigalian, also mark-
ing the Vierdandian'Hemmoorian bound-
ary. Thus, the |\ depressa zone is the total
range 2one of V. depresss.

The fallowing is the total range zone of
Vaginells austrigea, It lasts from the middie
part of the Burdigalian, or the Vierlandian/

Hemmaoaorian boundary, into the Reinbe-
kian. By means of bolboforms the Reinbe-
kian can be subdivided into an early part
(lower Balboforma reticulata zone) and

a later part {upper B. reticulata zona). No

V. austriaca were able to be observed in
the upper B. reticulata zone thus far. As V.
austriaca vanishes together with Limacing
miorostralis, the latter being more abun-
dant in samples, the LOD of L. miorostralis
eppesrs to be a more essily detected up-
per boundary of this zone, Unfortunataly,
there is no direct corralation of Bolboforma
zonas and international stages, but in the
Paratethys the boundary between lower
and upper B, reticulata zones lies between
the “lower Lagenid zone” and the “up-

per Lagenid zone™ of the early Badenian
of Austria [Smeciea & RosL 1982, Plate 1),
and the upper B. reticulata/B. danielsi zone
boundary lies within the late Badenian
|Szczecima 1997),

The sudden occurrence of various warm-
water pteropod spacies during the late
Hemmoaorian falls within the Vaginelia aus-
triaca zone, and is here considered to be
Subzone 18a, named after the Clio bellardii
species.

Following the Vaginella austrisca zone, an
interval with no stratigraphically relevant
preropods axists, referred to as 19a hera,
containing only Limacina valvatina and
one oecurrence of V. lapugyensis, the latter
species occurring up to the end of the Ser
ravallian in the Mediterranean. Towards the
top of this interval, L. valvating becomas
highly variable, and flat forms are de-
scribed by Temonoo: (1989) under the name
of L. weinbrechti, which can be so flat that
it must be considered a transitional form
to L. ingridse. These specimens should be
taken as a form of L. valvatina. In the Early
Langenfaldian [= | i ing to
Hwsen 2001] (viz. the Bolboforma badenen-
sis zone of the Bolboforma biostratigraphy
or the Late Serravallian of international
stages) the L. gramensis species develops
from L. valvatina, and, as is the case in the
Cantral Paratethys (Janssen B Zorw 1893),
coexists with it over a long period of time,

The Limacinag gramensis zone, zone 195, is
a partial range zone and ends with the ap-
pearance of L. ingridae in great numbers in
the Bolbeforma fragorisubfragoris zone,
the early Late Langenfeidian or around the
Middle to Late Miocene boundary. L. gra-
mensis coexists with L. ingridae.
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The Limacina ingridae zone, 20a, Is also a
jpartial range zone since L. irisae, the next
zone marker, already appears when L. in-
gridae still parsists.

The total range of Limacina irisae marks
the next zone, 20b.

Limacing withelminae, the next zone mark-
er of 20c and a clear descendent of L. ingri-
das, develops in the L. irisas zone.

The last Miccene zone 21 is marked by
Limacina atfanta, which in wrn develops
from L. wilhelminae. This zone crosses the
Mio-Pliocene boundary.

The Limacina ingridae zone, the L. irsae
zone and the L. wilhelminae zone lie within
the Late Langenfeidian |Early Tortonian].
The latter of these twa lies within the &
Isevisicapsuls zone. Tha boundary of the L,
wilhalminze zone with the L. atlanta zone
with the L i i

Comparison to Other Inter-
national Biostratigraphies

Samples takan from dark brown to grean-
ish mica fine sand to silt from a cliff ex-
pesure ot Johannistal near Heiligenhafen
(Halstein} were dated by Marnn [pers.
comm.) a8 NP 25 and NN1. They yieided
only Limacing valvating, For the Vaginelia
deprassa zone no reliable nannoplankton
dates exist, Samples from the Klinting-
heved fareshare outcrop had a dinoflagel-
late cyst flora of Early Burdigalian age aftar
Dybkjaer (pers. comm.). In the Hemmeoaori-
&n and its time equivalents, nannoplankton
becomes richer, and the NN3 zone is pos-
tulated for the Early Hemmoorian (Micsa
1986; Korue 1988, An NN4 zone was dem-
onstrated for the younger part of the Early
H and the Late F ian
[zone Mol H after Susaers & vaw LEEUwEN
1887). The Hemmoorian/Reinbekian bound-

boundary as wall as with the boundary be-
tween the B. laevisicapsula tone and the B.
metzmacheri zone.

Heescw (2001) made some puzzling com-
maents on the data concerning long-dis-
tance stratigraphic correlations using
pteropods by Jasssen (2001}, He says that
Vaginella austriaca was believed to be

a Langhian index fossil by the latter. In
contrast, it is stated that V. sustriaca has
a range from paost-Early Burdigalian to
earliest Serravallian, thus implying that
the Vierlandian/Hemmoorian boundary is
wounger than early Burdigalian. HinscH also
implies that Vaginella sustrisca occurs in
fate Vierlandian. No such find is known to

ary coinci with the ¥
[MarLen 2000, unpublished report for the
GLA NRW) Therefore, the V. austriaca zone
comprises NN3, NN4 and, In part, NN,

After NNS, nannoplankton data are only
wvary raraly achieved from samples from
the North Sea Basin. Instead, bolboforms
become mare and mare abundant and can
be used as international markers (SreciEr
1888). The next zone boundary, the lower
boundary of tha Limacina gramensis zona,
lies within the B. badensnsis zone. Its
upper boundary lies immadiately at the
boundary from the B, fragorisublfragoris
zone to the B. isevisicapsula zone in the
Grofk Pampau section but well within the
B. laevis/capsula zona in the Libtheen sec-

us, nor in

Ultimately, Hinsen [2001) implies that
Janssen & King (1988) correlated the Vier-
landian and early Hemmoorian with the
Aguitanian. Janssen B K integrated the
preliminary pteropod zonation into a given
chronostratigraphic framework of the time,
since too litthe was then known about the
range of the pteropods to use them for in-
ternational correlations. This former corra-
lation scherne for the North Sea Basin Mi-
ocene had very little suppon from reliable
data and must be complately revised due
to new data from nannoplankton, bolbo-
forms and pteropods. In addition, it must
be updated because of changes made in
international time scales and definitions
currently in use,

tion ing to Gims & Seiecien {2000).
Nevertheless it is possible that the Bol-
boforma zone boundary must be placed
somewhat higher in the Libtheen saction,
since there is an overlap zone of index spe-
cies in this borehole. It therefore appears
a5 if the zone boundary of the Bolboforma
zones and the pteropod zones fit together
wery well at this time. The L. ingridae zona
has a short range and its upper boundary
lbes in the B, laevisicapsula rone. The L.
irisae zone has an even shorter range with
its upper boundary in the B. lasvis‘capsula
zona as wall. The upper boundary of the
following L. wil inae zone coincid
nearly perfectly with the boundary of the
B. laevigicapsula zone and with the B.
metzmacheri zone. The youngest Miccene
preropod zone of L, atlanta comprises the
8 heri and the B. | dia zone
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Tabwle 7: Range as well as the Pliocane B, costairregularis dle Miocene, overlapping in range with N,
chart of all known zone and is, therefore, a very long-lasting mayeriin the Libthesn 27/82 drilling {Gss
pterapod species zone. & SpiecLes, 20000,

of the North Sea
Basin Miocene

A comparison of planktonic foraminifera

with igraphit
correlations

g with new stratigra-
phy is not very promising since planktonic
foraminifera stratigraphy is a rather coarse
tool in this area and there are only very
few data which can be compared with the
new data. Surprisingly. thera are contra-
dictions between planktonic foraminifera

hy and other inter iy ap-
plied stratigraphies. The Edegem Sands,
dated as N4 |after Buow 1969) by Hooy-
seacHs (1983 on the basis of the coaxist-
ence of Globigerinoides kugleri and G.

i ius, yielded ages
of NN2 and NN3 {Versese et al. 1988), The
last dates fit very well with the occurrence
of Vg Z 4
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Plats 1: Cavoliniidae from the North

Spa Basin Miocene, scale bar = Smm;

All specimens shown: Nationaal
Natuurhistarisch Museum, Leiden (RGM)

Figure 1: Vagineila deprassa, erratic boulder,
Schilkses, Vierlandian, a front view, b side
view, ¢ speriural view, RGM 458.740

Figure 2; Vaginella deprossa, Brodersdarf
drilling, 202.5-205 m, Vierlandian, a front
view, b side view, RGM 458712

Figure 3: Vaginells sustrisca, Brokdorf drill-
ing, 248-252 m, early Hemmoorian, a front
view, b side view, ¢ apertural view, RGM
458741

Figure &: Diacrolinia squensis, arratic boul-
der, Nenmiten, Vierlandian, RGM 458.705
Figure 5: Clio defiexa, Brodersdaorf drilling,
202.5-205 m, Viarlandian, a front view, b back
wigw, RGM 468.711
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Plate 2: Limacinidae from the North Sea
Basin Miocene, scale bar = 1mmy; Figures
7 and 8 coll. Gurs, all other specimans
shown: Nationaal Natuurhistorisch
Museumn, Leiden (RGM)

Figure 1: Limacina gramensis, Karlum A28,
88-102 m, late Langenfeldian, RGM 458.744
Figure 2: Limacing valvating, Reinfald HL1
drilling, 147-150 rm, late Langenfeldian, a ap-
ertural view, b apical viaw, ¢ adapical view,
RGM 458,746

Figure 3: Limacina irisae, Karum AZE drilling,
90-93 rn, late Langenleldian a apertural view,
b apical view, ¢ adapical view, RGM 458.743
Figure 4: Limacing ingridas, Ghle clay pit,
Grofk Pampau, late Langenfeldian, Bolbo-
forma lmevisicapsula zone, a apartural view. b
apical view, ¢ adapical view, RGM 456.747
Figure 5: Limacing withaiminae, Karlum AZ8
drilling, 87-%) m, lata Langenfeldian, a ap-
artural view, b apical view, ¢ adapical view,
RGM 458.742

Figure & Limacing atiants, Karlum 1/96 drill-
ing, 80-85 m, Gramian, a apartural view, b
apical view, ¢ adagical view, RGM 458,745
Figure 7: Limacina miorostralis, Borchelhof

drilling, 108-111 m, early Hemmoorian, & ap-

| artural view, b apical view, ¢ adapical view

Figure B Limacina miorostralis, erratic
boulder, Mehmten, Vierlandian, apical view
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Correlation of Marine Miocene Bolboforma
Zonation and Uvigerina Zonation in

Northern Germany

» Dorothes Spisgler Abstract

Reglenal Uvigering zonation {benthic
foraminifers) is correlated to global Bal-
boforma zonation {incertas sedis) and to
zona-
tion tNNr in the Mieder Ochtenhausen,
Wursterheide, Twistringen, Grol Pampau,
Schwarzenbek and Lilbtheen Miccene pro-
files, and in the Lower Rhine area Miocene
{Morthern Germany). The results enable age
datarmination of Livigering zones and thus
good age control of the marine sequances
a5 woll as o of

(Vinke 1988, Dasers 2001, Gons & Seecien
2001}, the mast powerful toal for complet-
ing & bi hy of marine sedi

in northern Germany has beaen investiga-
tions of Bolboforma lincertae sadis) and
Lvigerina | benthic foraminifers).

The stratigraphic value of Bolboforma was
first described for the Neogene in norh-
ern Germany by Danels & Seeaier (1974).
Bolboforma zones, partly defined by Qvace
B Seecien (1388) and updated by SeecLs

& Daneis (1991), ara correlated to calcare-
ous P NN} zones and to the

hiatuses and gaps in the area investigated.

Kurzfassung

Gegeben wird die Korrelation der mehr
reglonal anwendbaren blostrallgranhl
smen lied, i d von U

F ini zu dar global

palaeomagnetic record (Seiecien & Mowen
1992} for age control. In the Hatton-Rockall
Basin {North Atlantic), Ocean Drilling Pro-
gram {ODP) Leg 162 recovered & continu-
‘ous sequance of more than six hundrad
meters of Neogene sediment (particularly
433 m of Miocene sediment), Sriesier (1993)
detected an abundance of various Bolbo-
farma in this sequence, again documenting
tha ion of the Zones.

Boiboforma Zonierung und der a
MNannoplankton (NN) Zonierung fiir das
Miazén Nord hiands. A

Ths age of the zones was calculated by

wurden die Profile Nieder Ochtenhausen,
Wursterheide, Twistringen, Grofl Pampau,
Schwarzenbek, Libtheen und Profile vom
Niederrhein. Die Ergebnisse fihren zu
Alterszuordnungen der Uwgwmdxunsn
und damit zu einer

using the age vs, depth curve

of ODP Hole 982 B for age control based on

integrated magnetostratigraphy and bios-
igraphy of

planktonic foraminifers, siliceous flagel-

lates and diatoms {Jansen et al. 1998], and

was ta the time scale of Bers-

phie fr die marinen miozdnen Sedimente
Norddeutschlands. Sie erlauben die Be-
stimmung von Schichtliicken in dan kiis-
tennahen Ablagerungen des Beckens.

Key words
Miocene, biostratigraphy, correlation:

Unvigerina, Bolboforma, calcarecus nanno-
plankton, northern Germany

Introduction

Ever since a definition of the Miocene
stages of the North Sea Basin on the basis
of mollusce has been under discussion

aren et al. (1995). The Bolboforma biostrati-
graphy was chacked in various drilling sec-
tions and outcrops, particularly in middle
and higher latitudes in both hemisphares
(Powns & Kapowe 1986, Srecien & Daniees
1991, Grimzmachen 1993, Cooke ot al. 2002).

From the eleven Bolboforma rones glo-
bally identified from Lata Miocene to Early
Miocene, all zones were recognized in
narthern Germany,

The regicnal biozonation of the Miocene
sediments in northwest Germany based
on the benthic foraminifer Uvigering ge-
nus was determined by Danecs & Sriecien
11977,1979) and updated by Dasers (1986,
200).
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It is the intent of this paper to correlate
bath biostratigraphies by summarising

the results of the micropalasontological
investigations of the fallowing profiles:
Nieder Ochtenhausen {Danieus 2001, Smi-
cier 2001), Wursterheide (Graseann 1989)
and Twistringen (Speaier 1986) located in
Lower Saxony, Grol Pampau |Srecier &
Gurs 1996} and Schwarzenbek |Guns & See-
GLen 1998} situated in Schleswig Holstein,

Bolboforma capsula zone, TR B. capsula,
Age: NNS; 8.7 - 10.6 Ma
Top: FO B. metzmacheri, LO 8. capsula

Bolboforma subfragoris zone, TR B, sub-
fragoris group lincludes B. subfragoris, B.
subfragoris magna, B. fragor)

Age: NNB - NN7; 10.6 - 11.7 Ma

Top: FO B. capsula, LO B. subfragoris

and several profiles drilled in Meck|
(SriEcien & Rusaiet 1994}, particularly the
Liibtheen 27/82 well {Gons & Sriealer 2000).
In addition, remarks are made about new
biostratigraphical observations of Miocane
sediments in the Lower Rhine area (Hiss et
al. In prep.}.

Methods

The preparation method used to obtain
Bolboforma and Lvigering specimens is
the same: wet sieving of sediment through
63-pm sieves, drying of residues and ex-

i under the bi I i

2 i zone, occur-
rence of oblate Bolboforma specimens.
B. compressispinosa indicates the upper
part and B. compressibadenensis the lower
part of the zona.
Age: NNB; 1.7 - 1.9 Ma
Top: FO B. subfragoris

Bolboforma badenensis zone, very rich in
specimens of B. badenensis. TR B. atiantica
liag in the lower part of the zone, together
with single B. platyreticulata.

Age: NNB; 11.9 - 12.6 Ma

Top: LO 8. badenensis

Bolboforma are enriched in the sand frac-
tign <200 pm, Uvigerina in the fraction
=200 pm. In older profiles, such as Twist-
ringen and even Wursterheide, where the
of Balbaf: was originall
not, or not well, describad, the residues
ware again scanned for

Bolbofe danielsi zone, TR B. danielsi
defines this very distinct marker horizon
with an extension of approximately 50 ky,
rare B, platyreticulata and B. badenensis.
Age: NNG; 126-12.7 Ma

Top: LO B. danigls!

Miocene Biostratigraphy
Bolboforma Zonation

The major events used for identifying the
Miocene Bolboforma zonal boundaries
and rones are the same as those used in
Srecien B Daners (1991) and Srecies (1999).
They are reported from youngest to oldest.

The zona is subdi-
wided into an upper and a lower subzona:

Upper Bolboforma reticulata subzone,
common B. platyreticulata, single B.
badenensis, no B. danisisi.

Age: NNE - NN5; 12.7 - 14.5 Ma

Top: FO B, danieisi, LO B. platyreticulata

Lower Baiboforma reticulats subzone, TR
B. reticulsta, spacimens decrease in diam-
eter from top to base of the subzona. 8,

The base of the younger zone is equival
1o the top of the following zone below it

Bolboforma intermedia zone, total range
[TR) of 8. intermedia. B. lockeri (TR] con-
tained in the upper part of the zone,
Age: NN11; 5.6 - 77 Ma

in the upper part of
the subzone.

Age: NNE; 14.5 - 15,6 Ma (corrected ac-
cording Hiss et al. in prep.)

Top: FO B. platyreticulata, LO 8, reticulata,
LD B. bireticulata

Top: First IFO) B.
ris, |last occurrence (LO) 8. intermedia

Bolboforma metzmacheri zone, TR B. metz-

rotunda zone, ive ocour
rence of B. rotunda
Age: NN4; 156 - 18.2 Ma
Top: FO B. reticuiata, LO of tiny spheroid

macheri group lincludes B.
metzmacheri, B, metzmacheri ornata, B,
teri solida), TR 8, islies

Species.

spinosa zone, of

in the upper part of the zona.
Age: NN11 - NNS; 77 - 9.7 Ma
Top: FO B, intermedia, LO B. metzmacher)

B. rotunda and B. spinosa
Age: NN3: 18.2 - 18.9 Ma
Top: LO B. spinosa



Figure 1: Location
map of sites inves-
tigated:

hausen,

2 —Wursterheide,
3 -Twistringan,

4 = Grof Pampau,
5 - Schwarzenbek,
& - Liibthean,

7 = Lower Rhine
digtrict

Bolboforma spiralis zone, of
B. spiralis and B. vulgaris

Age: NN2 - NN1; 18.8-23.8 Ma

Top: Rare 8. spiralis and B. vulgaris

Uvigerina Zonation

In northern Germany seven Livigering
zones have been established for the
Miocene. They are reported from youngest
to oldest with the following definitions:

Uvigerina saxonica zoni

Top: Last appearance (LA) UL saxonica
Venusta group

Basa: LO U pygmaes langeri

Unvigerina langeri zone, TRZ L. pygmasa
langeri

Top: LO U. pygmaea langert

Base: FO L. pygmaea langen

Uvigerina brunnensis rone,

TRZ U. brunnensis

Top: LO UL brunnensis, U, semiornata kus-
teri, U, densistriata, U. zandii

Base: LO U. macrocarinata, L. acuminata

Uvigerina macrocarinata zong,
TRZ U. macrocarinata

Top: LO U, macrocarinata
Base: FO U. macrocarinata

Uivigerina acuminata zona,
Top: FO U. macrocarinata
Base: LD U tenwipustulata

Uvigerina tenulpustulata zone,

TRZ U tenuipustulata

NMNG/NMA boundary lies in this zone
{Hiss et al. in prep.)

Top: LO U, tenuipustulata

Base: FO U renuipustulata

Uvigerina hemmooriensis zone
MNMN4/MNI boundary in this zone
(ML et al, 1979)

Top: U. hemmooriensis

(i

occur only sporadically in Miocene sedi-
mants in northern Garmany. In sedimants
youngar than lower Middle Miocane the
associations contain mastly reworked
specimens of the Upper Cretacecus, and
the zonation according Marmm (1971) fails,
Nevertheless, Movien et al. {1979} obsarved
the NME zona in the Uvigerinag brunnensis
zona, NN4 in the lower part of the UL fenui-
pustulata zone, and NN3 in the UL hem-
meoriensis zone. Muies in Hiss et al, (in
prep.| documented the NNSMNN4 boundary
in the Lower Rhine area between the upper
and the lower U, tenulpustulata subzone,
as well as between the lower Balboforma
reticulata subzone and the B. rotunda zone.
Mantini {2007) observed the NNS zone in
the U. acuminata zone and NN4 in the low-
er U, tenuipustulata subzene (Figure 2).

Results

The localities of the sites investigated for
Boiboforma and Uvigerina are outlined in
Figure 1.The distribution of the different
species at the sites is documentad inTable
1.The extension of the profiles in the strati-
graphic framework is shown inTable 2.

Lower Saxony

Nieder Ochtenhausen

Tha Nieder Ochtenhausen cored research
well drilled a 99-m-thick sequencea of marine
Upper and Middle Miocene balow 37 m of
Quaternary sediment.

Two
|SriEcier 2001).
B. metzmacheri zone 39,50 - 10150 m
|8. palyganalis in BA.00 - B9.30 m and
B. capsula in 101,20 m depth)
Lower B. reticulata subzone

122.07-12840 m
{8, bireticulata in 123.00 - 126.30 m depth}

ZOMES Were

Daxsrs (2001) determined the following six
Uvigering zones in the well:

UL saxonica zone 53.90 - 71.60 m
U, fangeri zane 72.50 - 102.00 m
L. brunnensis zone 19.50 - 12760 m
U. macrocaringta zone 12850 m

129.50 - 134.60 m
135.60 -136.00 m.

L acuminata zone
U, tenuipustuiata zone

136
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Figure 2: Marmin {2001 determinad the Neogena
Ci ion of zone NNS at 132.00 m and
the Neogene NM4 in 135.5 m depth, meaning that the
calcareous NNS lies in the L. acuminata zone, and
nannoplankton, MNM4 in the U. tenuipustulata zone.
Baolboaforma and

Livigerina zonation
in the Miocene in
northarn Germany
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Wursterheide

The Wursterheide well drilled 236 m of ma-
rine Upper Miocene and Middle Miocene
sediments containing various Uvigerina
and Bolboforma species [Gramann 1388).
Re-examination of the residues permitted
the recognition of two Bolboforma zones
and six Uvigarina zones,

B. metzmacheri zone m-267 m
Lower B. reticulats subzone 275-280m
(B. biraticulata at 275 - 277 m depth}

U. saxonica zone M -257Tm
U brunnensis zone 275-217m
UL macrocarinata tone and

L. acuminata zone 279-281m
U tenuipustulata zone 285-321m
U, hemmaooriensis 323-328 m

Twistringen
The approximately seven meters of sedi-
ment in the Sunder brickwork pit near Twis-
tringen contained the following Uvigerina
zones (SeecLen 19B6):
U, brunnensis zone Samples 111 - 80
U, macroearinatazone  Samples 50 - 44
U, scuminata zone Samples 43 - §
Re-examination of the above listened sam-
ples showed
no Bolboforma Samples 111 - 105
Lower B. reticulata subzong

Samples 104 - 45

no Bolboforma Samples 44 - 28
Lower B. reticulata subzong

Sample 27
no Bolboforma Samples 26 - 1

Schieswig Holstein
Grofi Pampau
a 2

zone, B. is zone,
and the B. compressispinasa zona were
studied in sediments of the GroB Pampau
mica clay pit, where an isolated single
aample also contained specimens of B.
daniglsi, The benthic foraminifers were
studied by Daxecs et al, (1980).

In addition, a 36-mater saction of mostly
Middia Miccene mica clay in the Grof
Pampau 1 well was studied for molluscs
and bolboforms {Sregier & Gors 1996). The
following Bolboforma zones were recog-
nized:

B. lasvisicapsula zone 0.66-2.00m
B, subfragoris zone 2.75-5.00m
8. compressispinosa zone 14,76 -19.00 m
B. badenensis zone 25.75 - 30.50 m
B. danigisi zone (not recogn.]
Upper B. reticulata subzone 30.50 - 35.00 m

No Uvigering specimens were ohserved,
and Neogene nannoplankton was not de-
termined.

Schwarzenbek 1/96

A 33-meter-thick section of Middle Miocene
strata from a drilling hole in Schwarzenbek
was studied for molluscs, foraminifers and

Table 1: Ranges of Bolboforma and Uvige-
rina in the Migcene in northern Germany in
arder of their LO. Bars indicated with diffe-
rent numbers are used for different profi-
les: 1 - Nieder Ochtenhausan, 2 - Wurster
heide, 3 - Twistringen, 4 - Gre Pampau, 5

- Schwarzenbek, 6 - Ldbtheen, and 7 - Lo-
wer Rhing area. dashed line = single speci-
man, ? = observed in ditch samples only.

Spaches are grouped:

B. matzmachari group: B. metzmachari matz-
macheri, B. metzm. ornata, 8. metzm. solida
B. contarta groug: B, contorta, B. tholifarmis
B. subfragenis group: B, subfragoris , B. sub-
fragoris magna, B fragor, B. pseudatiystrix
B. badenensis group: 8. badenansiz , B,
maravica, B, pentaspiness

LU, gaxonica group: UL venusta saxonica , U
deurnensis

L. pymaea groug: UL pymaes langen, U,
pymaea langenfaldensis

U, Brunnensis group: U, brumnensis, LL den-
sistrigta, LL zandii

U, semiornata group: U. semicrnata samiar.
mata, L sam. kustari, U, sem. karrar J
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bolboforms (Gors & Seeccer 1999). Four
zones were i

8. badenensis zone 3.00-10.25 m
B, danielsi zone N.00-12.25 m
Upper B, reticulata subzone 14.00 - 20.26 m
Lower B, reticulats subzone 20.25 - 32.22 m

Single Uvigerina semiornata and U,
saprophila accur sporadically in the se-
quance fram 12.00 m through 19.25 m
depth, L. i is hal

and the lower L. tenuipustulata subzone,
as weil as between the lower Bolboforma
raticulata subzone and the B, rofunda zone.

Correlation

Different index markers wera used as
major events to identify Bofboforma and
Unvigerina zones and the zonal boundaries.
The profiles containing the markers were

until 32.22 m. U, acuminata is frequent in
Semples 20.25 - 20.50 m only.

Meogens nannoplankton was not dater-
mined.

Meckienburg and Brandenburg

The Balboforma associatians in marine
Miccene sediments deposited benaath the
diapirs of Liibtheen [SW Mecklenburg} and
Helle INW Brandenburg were studied in
13 wells (Smecuen & Rusaou |99a] Six Ba.l
boforma zones were d

b a5 follows: (1) Nieder Ochten-
hausen, |2) Wursterheide, {3} Twistringen,
{4} Grofk Pampau, |5) Schwarzenbek, {6}
Lubthean 27/82, and the {7} Lower Rhine
area (Figure 2, Tabels 1 and 2).

The Uvigering saxonica zone and the L.
langeri zone correlate to lower parts of
the Bolboforma metzmacheri zone. Index
marker is B. metzmacheri {TR 77 - 8.7 Mu!
in the ities {1, (2), {7}, B. polyg

{TA 8.5-9 Mal in (1) and {7}, and the LO of
8, capsula (9.7 Ma) in {1},

Rare Uivigeri i and L.

early Late Miocene (8. i zonal
to Middle Miocene lupper B. reticulata sub-
zonal. The same Bolboforma zones were
obsarved in the Libtheen 27/82 well.

Labtheen 27/82
In the Labtheen 27/82 well 8 more than
200-meter-thick section (Pritzierar Sch:dl

are inad in profiles (51, 6),
and (7), whereas in profiles (1), (2), and (4]
na Uivigering Specimens occur, meaning
that in the time spanning the B. capsula
zone (9.7 Mal through the Late B. reticulata
subzona (14.5 Mal no Uvigering zonation is
possibla,

tan] was studied for
sils (Goms & Smeciin 2000), Six Belboforma
ones were recognized.

B. lsevis/capsula zona 50.70 - 83.90 m

B. subfragoris zone -136.30 m
8. compressispinosa ong - 19330 m
8, badenensis zone -231.90m
8. danielsi zone - 240.80 m

Upper 8. reticulata subzone - 250.20m
{final depth}

Uvigerina saprophila and U, semiornata
oecurred only between 242 60 and 248.6 m.
Necgene nennoplankton was not dater-
mined.

Lower Rhine Embayment

The Miocene Belboforma zones and the

Uvigerina zones are well documented

in several drill holes in the Lower Rhina

area [Hss et al_in prep.). In summary, all

Miocene Boilboforma zones and Livigerina

zones (axcapt for U macrocarinata and U
iensis zone) were

Miiller {in Hiss et al. op. cit.] determined

tha NNSMNN4 boundary between the upper

The L. i zone containg Bolbafor
ma bireticulata (TR14.5 - 15.0 Ma) in pro-
filea (1), {2}, (3), {7), and B. reticuiata (LO
14.5 Mal in profiles (1), (2}, (3), {5}, (7) and
correlates to the upper part of the lower B.
reficulata subzone.

The Uvigering macrocarinata zone and the
Unvigerina acurminata zone contain Bolbo-
forma reticulata in profile (1), {2}, (3), {5},
{7} and beth correlate to the middle part of
the lower B, reticulata subzone.

Tha Livigering tenuipustulata zone is di-
vided into an upper and a lower subzane.
The upper U. tenuipustulata subzons still
contains Bolboforma reticulata (FO 15.6
Ma) in profiles (51 and (7). Therefore, a
correlation of the upper L. tenuipustulata
subzone to the lowar part of the lower &,
reticulata subzone is possible. Calcareous
nannoplankton of the NNS zone (base 15.6
Ma) is obtained in the Lower Rhine area.

The lower U, fenuipustulats subzong
containg ting Bolboforma rotunda and
B. spinosa in profiles (5} and {7} and cal-
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careous nanneplankton of the NN4 zone
[top 15.6 Mal in the Lower Rhine area.

Therefore, the boundary between the
NNSMNN4 zones correlates to the lower B
reticulata/B. rotunda boundary and divides
the Uvigerina tenuipustulata zone into an
upper and a lower subzone.

The Uvigerina hemmooriensis zona as ob-
served in profile (2) correlates to NN3 and
the Bolboforma spinosa zone.

Dianiers C.H. vow (19861 Uvigering in the
NW European Neogene. - Utrecht Mi-
cropaleontological Bulletin, 35: 67-118,
Utrecht.

Duaniers C.H. vow {2007): Foraminiferen im
Miozén der Forschungsbohrung Nieder
o d

- Geologisches Jahrbuch, A 162; 195-239,
Hanover,

Daniers CH. von, Luno J.J., Luno-CHRisTENSEN
J. & Urenonoe H., (1980): The Langenfeldian

The bained by an i
tion of Bolboforma and lhngerma in the

Mi ) of Grol Pampau, Schleswig-Hal-
stein. Foraminifer, dlnocwt and os:raood

same profiles are useful in d ping a
marae pracisa biostratigraphy of the marina
Miocene sediments in northern Germany.,
The results enable good age control of the
maring sequences and the detarmination
of nearshore hiztuses and gaps in the area
invastigated.

Bolboforma zonal boundaries naturally

do not coincide with boundaries between
geclogical serles or subseries. The Early
Pliccene/Late Miocene boundary (5.3 Ma)
lies in the Bolboforma costairmegulans
zone, The Late Miocena/Middle Miocena
boundary (11.2 Ma} is determined in the 8.
subfragoris zone, and the Middle Miocensa/
Early Miocene boundary {16.4 Ma) lies in
the B. rotunda zone,

Acknowledgements

1 am very grateful to Dr. C.H. Daniels for

and pal
account). - Veréffentlichungen des f.lbemas
Mussums, A70: 11-38, Bramen.

Diarskrs C.H. von & Seeguen D, (1974): Bol-
beforma n. gen. (7 Protozos) - eine neus
stratigraphisch wichtige Gattung aus dem
at i

- Palaontologische Zeitschrift, 48: 57-76,
Stuttgarnt.

Dassers CH. von & Srecuer D, (1877): Uvige-
ring [Foram. ) im Necgen Nordwestdeutsch-
lands. - Geologisches Jahrbuch, A &0: 3.53,
Hanover.

Daners C.H. von & Seecier D, (1979): Ergln-

zungen zur Uvigerina-Zonierung im Tartidr
- s0n

Stratigraphy, 8: 57-99, Stungart.

Gramasm F [1988): Forschungsbohrung
Wursterheide: Benthonische Foraminiferen

making the of
Wursterhaide and Twistringen, housed in
the Micropaleontalogical Collection of the
BGRINLIB, Hanover, available.

References

Bencaren WA, Kent DV, Swisken C.C &
Ausny M.-P. [1995); A revised Cono:ol:

und
jphie, Faziesanalysa. - Geologisches Jahr-
buch, A 111: 287-213, Hanaver,

Gramann F. & Daniers CH. vos (1888): Fo-
raminifera. - In: Vesen R. (ed.). The North-
‘west European Tertiary Basin. - Geologi-
sches Jahrbuch, & 100: 145-151, Hanover.

GriTzmacrer U.J. um: Die Veréndarungen

ch logy and phy.
= in Berscren WA, Kent DUV, B Haroeneo,
J. (eds.): Geochronaology, Time Scales and
Global Stratigraphic Correlations. - SEPM
[Society for Sedimentary Geology), Spacial
Publication No. 54, Tulsa, Oklahoma.

Cooke P, Newson C.5., Cruwowee MP &
Spieaien D. (2002} Bolboforma as monitors
of Cenozoic palaeocaanographm d\angss
in the hern Ocean, -

der pali. Varbtaltung wn
Ein Beitrag zur R

und Definition von Wassermassen im Tarti-

&r. GEOMAR Report 22, (Thesis) Kiel.

Guors K. & Smeauen 0. (1988): Das Mittel-
miozéin der Bohrung Schwarzenbek 1/96,
Schleswig-Holstein {Mallusken, Forami-
niferen und Bolboformen). - Greifswalder
Geowlssenwhaﬁlbche Beitrige, 6: 407-419,

F i 188:
73-100, Amstan:lam




Gors K. & Spiecien D {2000): Kalkige Mi-
krofossilien aus dem Miozén der Bohrung
Libtheen 27/82 |SW Mecklenburg). - In:
BovowW. von [ed.): Geclogische Entwick-
lung Siid-West Mecklenburgs seit dam
Ober-Oligozin. - Schriftenreihe fir Geowis-
senschaften, 11: 135-165, Berlin,

Gons K. & Srecier D. (2001): Regional Neo-

Seeccer D, (1999): Bolboforma Biostratigra-
phy from the Hatton-Aockall Basin (North
Atlantic). - In: Jansen E., Ravmo M.E., Buum
P {eds.}): Proc. ODP Scientific Results, 162:
35-49, College Station, Taxas (Ocean Drill-
ing Pregram).

Seeacen D. (2001): Bolboforma Zonierung
der Forschungsbohrung Nieder Ochtan-

gene North Sea Basin Stages |L

anj. - In: H. led.}: C

to the Palecgene and Neogene Stratigra-
phy of the North Sea Basins. - Aardkundige
Mededelingen, 11: 21-24, Leuven.

Hiss M., Jaxsen F & Srieciea D. {in preph:
Biostratigraphie des Miozéns im Nieder-
Rheingebiat, Krefeld [ms).

Jansen E,, Ravmo M.E,, Bums P et al, (1996);
Proc. QDR - Initial Reports, 162, College
Station, Texas (Ocean Drilling Program].

Marmini E. {1871} Standard Tertiary and
Q ¥
zonation, - Proceedings 1I; Plankten Confer-
ence Roma1970, 2: 739 - 785, Rome.

Mover C., Kusten H., Seiecien D. & Daniels
C.H. vor (1979): Nachweis von Nannoplank-
ton-Zonen und ihre Korrelation mit loka-
len Stufen im Neogen NW-Deutschlands.,

- Newsletters on Stratigraphy, 8: 153-158,
Stuttgarn.

Poac W.C. & Kasowe AL, (1986): Strati-
graphic Potential of Bolboforma Signifi-
cantly Increased by New Finds in the Narth
Atlantic and South Pacific. - Palaios, 1:
162-171.

Quace G. & Smecier D. {1983): The strati-
graphic significance of Bolboforma (Algae,
Chrysophytal in Leg 104 samples from the
Voering Plateaw. - In: ELoqoum O., THiEpe J.
et al. [eds.): Sci. Results, 104: 487 - 495,
Collage Station, Taxas (Ocean Drilling Pro-
gram).

Spieotn D. (1988): Gliederung des nord-
westdeutschen Tertidrs {Paldogen und
Neogen) aufgrund von planktonischen Fo-
raminiferen. - In: Tomen H, (ed.): Nordwest-

deutschland imTertiér, - Beitrbge zur Regio-

nalen Geologie der Erde, 213-209, Stuttgart
(Borntriger).

hausen - Nord-Deutsch-
land). - hes Jahrbuch, A 152 175-
193, Hanowver.

Sreacen [ & Daniews CH. von (19911 A
stratigraphic and taxonomic atlas of Bol-
boforma |Protophytes, Incertae sadis, Tarti-
ary). - Journal Foraminiferal Research, 21:
126 -158, Tulsa, Oklahoma.

Smecuen 0. & Gons K, (1996): Der miozéne
Glimmerton von Gross Pampau, Schles-

wig-Holstein {Mollusken, Foraminiferan

und Bolboformen). - Meyniana, 48: 135-

164, Kiel.

Spiecien D. & Mouen C. (1992): Correlation
of Bolbeforma zonation and Nannoplank-
ton Stratigraphy in the Neogene of the
Morth Atlantic. - Marine Micropaleontology,
20 45-58.

SrecLen D. & Ausair J. 1984): Bolbo-
formen (Protophyta, incertae sedis) in
marinen miozinen Sedimenten Nordost-
deutschlands. - Neues Jahrbuch fir Geclo-
gie und Paldontologie, Abhandiungen, 183:
333-360, Stuttgart.

Viaskn R, (1988) (ed.): The Norhwest Euro-
pean Tertiary Basin. - Geologisches Jahr-
buch, A 100, Hanover.

» Dorothee Spiegler
GEOMAR, Wischhofstrasse 1-3.
D-24148 Kial,
dspiegler@geomar.de

141






The Base of the Gramian Stage in the
North Sea Basin

» Adri W, Burger
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Geological Survey and also taught me

that one should look outside ones own dis-
cipling: Ing. J.G. Zandstra, Dr. G.H.J. Ruegg
and Prof, Dr, W.H. Zagwijn.

Abstract

Criteria for the definition of the base of the
local Gramian stage in the younger Mi-
ocene of the North Sea Basin are presant-
ed and discussad. Tha original definition
by maolluscs is checked againgt the strati-
graphic ranges of species of other fossil
groups in order to determine if the bivalve
criterion is a reliable ime marker within
the North Sea Basin or whether it follows
time-transgressive facies changes.

Comparison of results from boreholes

in Denmark, northern Germany and the
southern Netherlands leads to the result
that the definition for the base of the Gra-
mian using the Carinastarte phylogenatic
lineage works for the widely distributed
“Upper Miocene” mica-clay/silt facies in
the Morth Sea Basin, In shallower, sandy
facies, occurrences of Carinastarte are too
sporadic to provide relieble stratigraphic
control. Here, the base of the Gramian falls
into the interval between the FO of Bolbo-
forma metzmacher (CLobus 1922) and LO
of Palagocystodinium spp..

Kurzfassung

Kriterien fiir die Definition der Untergrenze
der lokalen Stufe Gramium des jingeren
Miozans im Nordsee-Becken werden pri-
sentiert und diskutiert. Die Original-Defi-
nition anhand van Mollusken wird minels
der stratigraphischan Reichwaite dar Ar-
ten anderer Fossilgruppen Gberprift um
ob das Bivah i
eine verlissliche Zeit-Marke innerhalb des
Nordseebeckens ist oder, ob es zeitabhin-
gigen Faziesanderungen folgt.

Der Vergleich von Ergebnissen aus Bohrun-

Cenozoic

Proc. 8" Blann. Meet. RCNNS/RCNPS. - Flintbek 2002

gen in Danemark, Norddeutschiand und

dan siidlichen Niederlanden fihn zu dem

Ergebnis, dass die Definition fir die Basis

des Gramium anhand der Entwicklungs-

reihe der Gattung Carinastarte fir die wait
e R

und Glimmerschluff-Fazies anwendbar ist.
In der flacheren sandigen Fazies ist das
Auftreten von Carinastarte 2w sporadisch,
um verlassliche stratigraphische Kontrolle
zu ermglichen. Hier fallt die Grenze des
Gramium in das Intervall zwischen dem
FO von Bolboforma metemacheri {Cuoous
1822} und LO von Paiaeccystodinium spp..

Introduction

A scheme of local stages for the marine
Neogena in the North Sea Basin has been
developed during the last cantury. All of
these stages are defined by mollusca. In
the last decades the use of these stage
names has been well established, par-
ticularly in northwestern Garmany (Hisos
1989, 1990, 2000, Gramann 1388 and refer-
ences therein| (Figure 1). The Gramian, one
of these stages, Is traditionally ascribed to
tha "Upper Miocene” ithe tarm "Upper Mi-
ocene” is used here in the tradition of the
Maorth Sea Basin, which does not occupy
the same time interval as the Late Miocene
in the international stratigraphle scheme).
This stage was defined by HinscH [1952) on
the basis of the molluse fauna found in the
type locality in Gram, Jutland, Denmark,
i.a., tha clay pit of the local brickworks,

Hinsen defines the Gramian as the total
range 2one of the bivalve species Canln-
astarte reimersi |Seneen in Ravw 1807)
{Figura 2. He suggested an evolution from
Carinastarte vetula [Puumm 1847) as the
original form characterising the Langen-
feldian, through Carinastarte reimersiin
the Gramian to Carinastarte roilei (Semper
in Ravn 1807) in the Syltian, If this holds
true, these forms must be well suitad to
give good time control on faunas. In his
publication, Hinsod (1952) defines the Gra-
mian as the lower part of the Syltian sensu
SraescHe (1930), Sraescie did not recognise
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Figure 1;
D of

Carinastarte rollei as being different from

“Upper Miocane”
stage nameas in the
North Sea Basin

Figure 2: Carin-
astarte reimersi
(Senege in Ravw
1907) from Gram
Brickworks

Ci reimersi. In the following dis-
cussion the stages are used as defined by
Huson,

Since the introduction of these stages, au-
thors have attempted to recognise and ap-
ply these stages throughout the North Sea
Basin (cf., e.g., van penTooan 1967, Lately

some doubts have been expressed as to
the usaful of the local mollusc-defined
stages in the later part of the Miocane in
the North Sea Basin (Gues & Srecien 2001),

A major problem is that Carinastarte Is not
found averywhera in the North Sea Basin
in sufficient numbers, particularly in the
thern part, It theref neces:
sary to find substitute markers for the base
of the Gramian in other fossil groups. Best
suited for basin-wide correlations are plank
tonic microfossils. Unforiunately, plank-
tonic foraminifera encountered in onshore
outcrops and boreholes are rather rare in
most of the sediments depesited during
the younger parta of the Miocene, so thay
can hardly be used. Calcareous nannofos-
sils also seem to be rare and therefore offer

hardly any possibility with characteristic
forms and with restricted time ranges.
Bolboforms and dinoflagellates seem to
pravide better possibilities, as they ocour
regularly in near-coastal deposits,

In the following, a comparisen Is made
betwean the occurrences of species of
different fossil groups in the type area in
Gram and four other localities in Denmark,
Marthwestern Germany and the southern
Metheriands. This is done to determine if
the base of the Gramian stage as defined
by molluscs is reliable &s a timeline and 1o
recognise possibla substitute markers.

Studies of Localities
Gram :

At this locality Hinsow {1952) was unable
to give an indication of the position of
the base of the Gremian stage because
the base of the deposits with Carinastarte
rairnersi (Semeer in Ravn 1907) was not
reached in the clay pits. Rasmussen (1956)
defined the whole of the “Upper Miocene™
micacacus clay found at Gram [with a

i i of approximately 35
m) as Gram Clay in the belief that there
would be no notable change in the com-
position of the mollusc faunas throughout
its entire thickness. Hinso [1958) presented
proof of the superposition of sediments
with a lower fauna containing Carinastarte
vetula and an upper fauna containing Ca-
rinastarte reimersi from an exposure at
Maade near Esbjerg, Denmark. Rasmussin
{1966/ published the results of his studies
on molluse assemblages from a borahola
{Gram 1, DGU 141.277) drilled in 1963 at
thi western rim of the pit, then In use. He
found the lowermost occurrenca of Ca-
rinastarte reimersi at 16.50 mbs (meters
below surface), preceded by Carinastarte
vetuia, which is considered characteristic
for the Langenfeldian Staga.

Samples from the Gram | borehole have
also been investigated for foraminifera
and bolboforms by Laursen & Kusorren



Figure 3: Map
showing the
locations discussed;
1=Gram,

2=Lille Tonde,
3=Nigder
Ochtenhausen,
d=Wursterheide,
S=Cuyk

5w (1999). The results of their studies of
foraminifera show no faunal change at

the base of the Gramian at 16,50 mbs (cf.
diagram in figura 4). This level is within the
interval they interpret as benthic foramini-
fer zone NSB 12, which is tentatively char
acterised by the occurrence of Uvigering
pygmaea langenfeldensis Danels & Spe-
GLer 1877 with Ekrenberging pups (OrRaiGHY
1833} as a substitute marker.

The commen eccurrence of Livigering
pyamaea langer Danes & SPecLer 1977
between 5.30 and 17.50 mbs placas the
whole of the Gramian from this paratype
locality inside the Lvigerina langeri zone of
the norhwest German biozonation (Damels
1986, 2001).

The base of the Gramian, as defined by
bivalves at 16.50 mbs, is found above the
acrme of Bolboforma clodiusi Dases &
SmeciEn 1974 [at 1750 mbs), but below s
last regular occurrence at 16.00 mbs. Bol-
boforma metzmacheri has the basa of its
ragular occurrence at 16.50 mbs, The base
of the Gramian therafore coincidas with
the base of the 8. metzmacher! zone,

Pissecx (1380) prasentad the results of &
study on dinoflagellates from a different
borehale at Gram (DGU 141.423), for which
no molluse studies axist. Mo investiga-

141.277). Piasecw did not indicate local
stage names.

The new Dinopterygium verriculum zone,
‘which reaches from the uppermost sam-
ple studied down to 20.0 mbs, probably
includes the base of the Gramian, The last
occurrence of Palagocystodinium golzo-
wense [Ausam 1961 ks found at 16.00 mbs.
Sthauss et al. (2001), in their re-evaluation
of the dinoflagellate stratigraphy for the
Gram 2 borehole, indicate tha depth of the
base of the Gramian at 16.50 mbs, proba-
bly unaware that this identification is done
in a different borehole.

Liite Tande

Investigations on the Lilla Tende borahola
(DGU 167528} drilled in 1968, situated
near the Danish/German berder {Figure 3),
were presented by Laursen et al, [1998) and
Lawmsen & KmstorFensen (1998),

Applying the lowermost occurrence of
Carinastarte reimersi, Laursen et al. (1988)
put the base of the Gramian stage at 55.05
mbs, (Figure 4). As in Gram |, the last oc-
of Carl vetula, indi
of the Langenfeldian stage, is directly
below, with no overlap (Figure 4). Thus,
on the basis of the molluscan data, good
accordance exists batween these twa bore-
haoles from southern Jutland, Locking at
the dinoflageliates the last of
Palasocystodinium golrowense
|ALserm 1961) is found at approximataely 10
m above the first occurrence of Carinas-
tarte reimaersi. This means that either a hia-
tus or strongly condensed sedimentation
in borehole Gram | exists, which invaives
the lower part of the Gramian, or that the
last occurrence of Palasocystodinium gol-
zowanse (ALaerni 1961} is time-transgres-
sive and not a reliable stratigraphic datum,
The latter interpretation is indicated by
Srauss et al, (2001: 423, who assume a
strong sensitivity of the last occurrence of
Palasocystodinium to facies changes.

Laursen & Knstosrenses (1999) show that
the base of the Gramian stage Is to be
found, just as in barehole Gram |, in the fo-
raminiferal zone NSB 12c. The whole of the
Gramian belongs to the Uvigerina langer
zone. There seams to be good agreement
betwean bivalve and benthic foraminifera

tions on fi inif f have
1aken place. The lithological sequence is
identical, but the boundaries are not at the
samea depth as in borahcle Gram 1 {DGU

at tha two

The bolbeforms, on the other hand, show
a diffarent picture. Bolboforma clodivsi
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and Bolboforma metzmacheri both show
an acma, but this time together at the
same leval and well above the base of the
Gramian. According to Dr. GV, Lauassn
(pers. comm. 2001) acmes of bolboforms
do not provide stratigraphical datum lev-

above the non-calcarecus depth interval

is positioned at 100.70 to 100.75 mbs it is
not possible to exactly tie the base of the
Gramian in this borehole to the standard
Dutch foraminiferal zonation, This lewer-

mast sample is interpreted, with some

els, but are very local ph The last
occurrence of Bolboforma clodivsi is found
at 45.80 mbs, which is at the same level as
the last occurrance of F ini

, 45 ing to the FC2A2
subizone. An important result of Lesuwen
(2001} using the relative change in the

golzawense, The first occurrence of Bolbo-
farma metemacher is found at 60,55 mbs,
the base of { isen-

bund; of Uvigering spp. (outer neritic)
versus Bulimina spp. (middle neritic) ver-
sus inner neritic species (Elphidivm spp.,

countered at 48.00 mbs,
Nieder Ochtenhausen

The completely cored Nieder Ochten-
hausen borehole (Figure 3), located east of
Bremerhaven, was drilled in 1991 to gain
mare infarmation from the Gramian stage
and to try to find data to better defina the
base. Results are publishad in a spacial
volume (Mever (ed.) 2001).

Hinso [2002) puts the base of the Gramian
stage at 101,00 mbs, based on the transi-
tion from Carinastarte vetula to Carinas-
tarte reimersi at this depth. The range of
the two specias does not overlap (Figure

specias, inas.l)is
that he shows a gradual shallowing of the
depositional environment from the base of
the Gramian upward,

Dinoflagetlate studies have bean carried
out by Stravss et al. (2001).The base of the
Gramian stage coincides with the base of
their Amiculasphaera umbracula zone, The
last occurrence of Palasocystodinium is
given at 97.90 mbs, which is approximately
3 m above the base of the Gramian stege.
The lowermost sample containing Spinifar-
ites andalousiensis is found at 105.80 mbs;
this species is discontinuously found up to
the top of the Miocene sediments.

4). This ition level is positi ina
narrow depth interval with a somewhat
higher content of glauconite, possibly indi-
cating some degree of condensation, It is
marked in the gamma lag by & short and
relatively weak maximum with a strong
drop in radiation values directly above it
(KusTer 2002: 21},

Looking at the foraminifara [Danes 2001),
it becomes clear that, as is the case in
boreholes Gram | and Lille Tande, the
base of the Gramian is positioned within
the Uvigering langer! zone (proved base

at 102.00 mbs above a barren zone), with
Livigerina pygmaea langenfeldensis occur-
ring betwean 93.90 and 98.00 mbs.

Investigations by Seiecuen {2000) give a
depth of 101.60 mbs as the base of the

of "
with the base of a continuous and more
common occurrence at 36.00 mbs, (15 last
occurrence Is found at 39.50 mbs. Bolbo-
forma clodiusi occurs between 3B.00 and
40.70 mbs, with & commaon occurrence
range between 96.00 and 89,30 mbs. Leeu-
wen (2001) also indicates the presence of
Bolboforma metzmachari in the core intar-
val batween 40.50 and 85.00 mbs.

Because the lowermaost sample of LEeuwen

Tha ical results from this site
thus, in general, are in good agreement
with the results from the Danish localities
described above,

Wursterheide

The Wursterheide research well, near
Cuxhaven, was drilled in 1977/1978 and
reached the Upper Cretaceous. It provides
& continuously cored Miocene section. The
results of geophysical and paleeontological
studies were published in a spacial volume
[Geologisches Jahrbueh, A 111, 1983},
Hirsexi [1989), in his study of the malluses,
places the base of the Gramian at 168.00
mbs at the last occurrence of Carinastarte
wvetula, At 162.16 mbes the lowermaost occur-
rence of Carinastarte reimersi is encoun-
tered (Figure 4). Al this site the bivalve
datums show the saquence known from
other sitas in the "Uppar Miocena® North
Sea Basin. But the microfossil datums that
seemed stratigraphically useful at the three
sites discussed above do not correlats in
the same manner with the bivalve stratig-
raphy at this site, Gramann [1989) places
the 188.00 mbs level within a zone defined
“ i - + Sil

tularia sculpturata zone, The Uvigering
langeri zone one would expect at this level
is not recognised in this borehaole at all.




Instesd, the supposedly younger Uvigering
saxonica zone is found between 248.00
and 257.00 mbs, i.e. approximataly 30 m
deeper. If the Uivigering succession were
used to define the base of the Gramian it
would be placed balow 257 mbs.

In the same publication bolboforms are
also h

eri is found between 233.00 and 25700
mbs together with Bolboforma clodivsi.
The latter also occurs regularly up to 111
mbs, which again is a different picture
comparad to the Danish localities treated
before, where Bolboforma metzmacheri
always has its last appearance well above
that of Boibeforma clodiusi. Heavy-min-
eral correlation, as presented by Buacer
{2001} supports the imprassion based on
foraminiferal results that the base of the
Gramian should be put much deeper in the
section than the level of the last occurrence
of Carinastarte vetuls [Puies 1847}

The results of mellusc and foraminifer
studies have been included in a publica-
tion by Suscers & Leeuwens (1987). They
determined mallusc subzone F2, which is
characterised by Venus imbricata |Soweray
1826} var. and Astarte beyschiagi (Kautsky
1925), and assumed it to be more or less
equal to the Gramian stage. The base of
this subzone Is placed at 81.00 mbs (Figure
4). Both marker species of the F2 molluse
subzone are absent in Cuyk. They alao de-
scribe Carinastarte as being absent.

But, studying the ranga chart of the mal-
lusca (not published, available through the
courtesy of Mr.T. Meuer, NITGTNO, it be-
came clear that Carinastarte species did oc-
cur, aithough in small numbers. The striking
phanomenon is, however, that the succes-
sion of forms is in the opposite order than
at all other sites: Carinastarte rollei, indica-
tive of the Syltian stage, is mentioned from
samples 81.00 to 82.00 mbs and 85.00 to
B6.00 mbs, whereas Carinastarte reimearsi

To see how the di
with the bivalve, bolboform and foraminif-
era stratigraphy, the present author re-
guested Dr. J.J. Lund fo also investigate
the dinoflagellates of the Miccene portions
of this borehole. The results, prasented in
Luno B Hewmare-CrLausen (2000), support
the faraminiferal stratigraphy, They indi-
cate a break in the sedimentation between
samples at 258,70 and 262,98 mbs (given
at 261.00 mbs), which forms the boundary
between the L iddine

is i higher up from sample 65.00
to 66.00 mbs. The accompanying bivalve
assamblage at 65.00 to 66.00 mbs places
this depth interval within the Pliocene
molluse zone D (Sugaers & Leeuwen 1987).
Suaaers & Leeuwen {1987) include the three
mollusc subzones F1, F2 and F3 in the FC2A
foraminifer subzone, characterised by high
abundances of Trifaring angulosa (WilLian-
son 1858), In a later internal report, LEeuwen
{1991} presents a refined interpretation of

tum (Uaq) zona below, and the Amicuio-
sphagra umbracula {Aum| zone above.

this borehale, the interval 80.90
to 8725 mbs to the FC2A2 subzone. In the
lowar part of this depth interval Uvigerina
hosiusi d is Meuten B Laca 1976 is

Correlation with the Nieder O t
locality indicates that the lower part of the
Amiculosphasra umbracula zone, which

is present in Nieder Ochtenhausen above
99,80 mbs is missing in Wursterhaide,
together with the Canncsphaeropsis pas-
sio (Cpal, Achomosphaera andalousiensis
\Aan) and Gramocysta verricula (Gve)
dinofiagellate zones.

Cuyk 464/147

The most southern location selected in
this study for comparison is borehole
Cuyk, 464147, on the southern rim of the
Miocens North Sea Basin in the

found,

Leeuwen also uses bolboforms to identify
part of his banthic foraminifer subzones.
Subzona FC2A1, which has its lower
boundary at 78.25 mbs, shows a form of
Bolboforma aculeata Daniews & Seecier
1874 with platy spine ends together with
Bolboforma intermedia Daniers & SmecLen
1874. Bolboforms found in the interval as-
signed to the FC2A2 subzone are coarse-
spined Bolboforma aculeats and Bolbo-
forma metzmacherl,

The di of this have

arn part of the Netherlands [Figure 3). This
borehole was drilled in 1976 for the purpose

been studied by Heancreey {1987). OF spa-
cial interest is the uppermost ocourrence

of mul v research on

bearing Miocene deposits and terminated
within the “Upper Miocene” at a final depth
of 140 mbs. The dominant lithclogy of the
“Upper Miocene” at this site is fine sand.

of Pal dll which
is found at a depth of 89.00 mbs. This lavel
predates the base of the Gramian stage as
indicated by the base of molluse subzone
Ex
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Foraminifera:

Figure 4: of the localiti . showing ranges
of the following selected fossils; de,pms are indicated in meters
below surface
| Bivalves: Carinastarte vetula (Prure 1847)
Carinastarte reimersi (Semper in Ravn 1307)
Carinastarte rollei |Sswpen in Ravn 1807}
Carinastarte trigonata auct {non Nvst 1881)
Bolboforms:  Bolboforma clodiusi

Daniers & Srecien 1974
Balboforma metzmacheri (CLoows 1922)
Livigerina pygmaesa langeri

Daniers & Seecier 1977

Uvigerina hosiusi deurnensis

Meuren & Laca 1976

Uvigerina pygmaea langenfeldensis
Daniers & Seeacer 1977
Uvigerina venusta saxonica
Daniers & Seecien 1977
Ehrenbargina pupa |Onecry 18

)
{ALuern 1961)

Palaeocystodinium spp.
Spiniferites andalousiensis |Jan pu Cuene 1977)
Gramocysta verriculs (Pussoc 1980)

+  Which microfossil datum levels at or
near the base of the Gramian are of
stratigraphical value, and is the se-
quence of these datum levels the same
in the sites discussed?

The palaeontological resuits from the five
localities presented here show that the
biostratigraphic results of the Gram, Lille
Tende and Nieder Ochtenhausen sections
are in good agreement (Figure 4):

Moluses -The base of the Gramian stage
is marked by the sudden transition from
Carinastarte vetula to Carinastarte reimersi
without any overlap and obviously without
transitional forms,

Foraminifera -The base of the Gramian
stage is positionad within the Lhvigerina
langeri zone.

Bolboforms - The base of the Gramian
stage is positioned within the Bolboforma
i zone or at its base.

Based on the results of bolboforms and
dinoflagellates, one is inclined to place the
base of the Gramian stage at a deeper level
than suggested by the molluse stratigraphy
of Succers & Leeuwen, although it is hardly
possible to pinpaoint its xact position. In
addition, the lowermaost occurrence of r.'a

i at 86.00 mbs (although id

Dinoflagellates - The base of the Gramian
stage is positionad balow or near tha last
occurrence of Palasocystodinium and
above the first occurrence of Spiniferites
andalousiensis,

The three localities mentioned above have
in the fact that the transition from

s Carinastarte rollef] would support the

the Langenfeldian stage to the Gramian

lower of the stage boundary. stage is positioned within the mica-clay/silt
facies, which has a wide distribution in the
. . Morth Sea Basin "Upper Miocane? Carin-
Discussion and astarts species seem to favour this deeper-
water facies, as does Uvigerina.
Conclusions

Far the definition of the base of the Gra-
mian stage, which is defined by bivalve
stratigraphy, three questions are of inter-
est:

*  How widealy distributed are the marker
species Carinastarte vetula, Carina-
starte reimersi and Carinastarte roflei
and how facies-dependant is their
presenca?

*  Where the species are present, does
the transition from Carinastarnte vetula
to Carinastarte reimersi and from Ca-
rinastarte reimersi to Carinastarte rol-
Ted oecur at the same stratigraphic po-
sition as should be expected for events
within an evolutionary lineage?

The two other species which provida the
datum levels that show the most consist-
ent stratigraphic position in relation to the
c vsmfa - C. reimersi transition are Palaeo-
i {or F
dinium spp.l, w‘hlr.h has its last occurrence
above, and Bolboforma metsmacheri,
which has its first occurrence below this
bivalve datum,

It one considers these two datum lavels,
the LOD of Palseocystodinium spp. and the
FOD of Bolboforma metzmacheri as most
reliable, these two indicate that the base
of the Gramian stage at the type locality at
Gram is a hiatus,

In the other two sites, Wurstarheide and

Cuyk, the base of the Gramian is posi-
tioned within sandy sediments deposited
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in & more shallow environment. Here the
occurrence of Carinastarte species Is scarce
and patchy. The sequance and position of
the selected microfossil datumn levels differ
in part strongly, in part slightly from that
found at the other sites {Figure 4).

If one again views the FOD of Bolbaforma
metzmacheri and the LOD of Palasocystod-
inium spp. as most raliable, the scarce and
patchy occurrences of Carinastarte specias
and their identification from fragments
must be considered less reliable. At the

Wi de site, which is ch ised
by very high sedimentation rates, rework-
ing of Carinastarte must be considered a
possibility.

At this site the gamma ray log (Rerson
1989}, which indicates a shallowing from
264 mbs upwards, and changes in heavy-
mineral associations |Burcer 2001}, to-
gether with the Uvigerina saxonica zone as
recorded by Gramann (1389), also support
a position of the base of the Gramian be-
tween 258 and 263 mbs.

For the Cuyk borehale, the FOD of Balbe-
forma metzmacheri and the LOD of Palaeo-
cystodinium golzowenss would place the
base of the Gramian between 87.00 and
BI.00 mbs. The gamma ray log (Zaswis
1888) places the base of the Gramian at
approximately 87 mbs, above which depth
gradual shallowing. as already demon-
strated for Nieder Ochtenhausen, is ob-
sarved.,

Conclusions

In the widely distributed *Upper Miocene”
mica-clay'silt succession the base of the
Gramian stage is identified without prob-

lems on the basis of the transition from Ca-

rinastarte vetula to Carinastarte reimersi,

In the sandy facies of shallower water
deposits, where Carinastarte becomes

It seems advisable to use more quantita-
tive analyses and in this way construct
ecological disgrams. This can be used to
build a sequance of facies developmeant,
which can be correlated throughout the
entire basin. Dinoflagellates and, possi-
bly, bolboforms could then be used to tie
this scherme to international stratigraphic
scales.
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Abstract

The approximately 250-m-thick Tertiary
strata of the Lusatian Lignite District (East-
arm Germany] show many cyclic changes
of shallow water deposits, paralic brown
coal seams and estuarine to terrestrial al-
luvial fans {Spremberg, Brieske, Meuro
and Rauno Formation). Due to their pal-

am slidlichen Rand der Eurcpé
ischen Tertidrsenke werden diese Abfolgen
achlich durch i

kungen unterschiedlicher Ordnungen be-
stimmit. Der in dieser Arbeit untersuchte
Abschnin, die sogenannte Brieske-Formati-
on (Unter-/Minel-Miozéin, besteht aus dem
basalen 3. Miozinen Flazkomplax, marinen
Sanden und Schluffen im mittleren und
dem 2. Mioza Fig im oberen

aeogeographical position at the th

margin of the Northwest European Tertiary

Basin they are primarily influenced by sea-

tevel changes. The study complex, called
P 5

Teil (Zyklen 3. Ordnung). Der 3. Miozéina
Flazkomplax ist ein Beispiel fur Kohlenbil-
dung wihrend einer transgressiven Phase,

the Brieske F
Miocene), is located between the 3rd Mi-
ocene Seam Complax at the basa and the
2nd Miocane Seam Complax at the top.
An example of coal formation during a
rransgression is seen in the 3rd Miccene
Seam Complex, and a further example of
a regrassive phase is visible in the 2nd
Miocene Seam Complex. The Tertiary coal-
bearing sequence of the Lower / Middle
Miocene Lusatian area reflects signifi

Bhrend der 2. Miozéne Flozkomplex bei-
spielhaft fiir eine Kohlenbildung wihrend
siner regressiven Entwicklung dasteht.

Die kohlenfihrande Abfolge des Unter bis
Mimel-Mioziins der Lausitz spiegelt signi-
fikante Meeresspiegelschwankungen 3
Ordnung wider. Durch die paléogeogra-
phische Position am Sidrand des Abla-
gerungaraumes kinnen innerhalb diesar
Haupt-Oszillati auch i

third-order sea-level changes. Within this
mejor transgressivelregressive phase sea-
level oscillations of small-scale order can
be recordaed in this very marginal palaeo-

geographical position in the Northwaest Eu-

ropean Tertiary Basin, Even the finest-scale
fluctuations of groundwater levels with a
magnitude of only a few decimetres re-
suftad in bog-facial changes in the ancient
peat bogs. These fluctuations, which are
thought to be related to sea-level trends,
can be recorded in typical coal facies suc-
cessions.

Kurzfassung

Dia etwa 250 m machtige tartidre Schich-
tenfolge des Lausitzer Braunkohle-Distrikts
{0st-D d) zeigt mehrere

igen von marinen F Al
gerungen, paralischen Braunkohlenfiozen
und astuarin bis fluviatilen Bildungen
(Spremberg-, Brieske-, Mauro-, und Rau-
no-Formation). Aufgrund ikrer Position

kungen geringerer O ol
nachgewiesen werden (Zyklen 4.-5, Ord-
nung, z.B. Aguifere, Schluffhorizonte, Fléz-
bénke). Selbst die feinsten Schwankungen
des Grundwasserstandes von nur einigen
Dezimatern fihrten zu Vardnderungen dar
Moor-Fazies in den Paldomooren (Zyklen 6.
Ordnung). Diese Anderungen, die vermut-
lich mit Meeresspiegel-Schwankungen in
Beziehung stehen, kénnen in der typischen
Kohle-Abfolge beobachtet werden.

Keywords

Lusatia, lignite, lithostratigraphy, Miocene,
level fi y stratig

by

Introduction

Most of the world's coal resources were
formed in a paralic palaeoenvirocnmeantal
setting. This means that their origin is
strongly related to sea-level fluctuations.
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Figure 1: The North-
west European
Tertiary Basin in
the Lower Miocens
fadapted from
Kocxee in Vinken
(1988 and Pwocy
(1987] in; Sranoee et
al. (1943)

NW-EUROPEAN

investigation area

Pravious studies of the formation of paralic
bogs have fecused only on high-stand pe-
riods after transgressive sea-level events.
In contrast to this view, the deposition of
the 2nd Miocens Seam of the Lusatian
Lignite District (Eastern Germany, Figure 1)
is interpreted to have taken place during a
regressive cycle,

This conclusion was primarily made pos-
sible by an increasing abundance of factual
material, observations, samples and raw
data from numerous outcrops. Outcrop
density increased rapidly between 1970
and 1990 due to exploration and produc-
tion activities (open-cast pits and thou-
sands of wells, Figure 2}. It became evidant
that it is, for instance, necessary to dif-
ferentiate between single seams as part of
coal-bearing strata and the development of
the entire seam complax,

The approximately 250-m-thick tertiary
strata of the Lusatian Lignita District
(Eastern Germany) are, for the most part,
ised by their hi
cal position at the southern margin of the
Morthwest European Tertiary Basin. In this
position the influences of transgressive
and regressive pulses of different orders
are vary obvious. Primarily shall, t

KOCKEL in VINKEN 1988
PIWOCKI 1987
supplemented

A R
terrestrial
L. Miocene

ancient peat bog (2" Miocene Seam Complex)

marine sediments with intercalated paralic
coal seams and estuaring and panly ter-
restrial alluvial fans were deposited during
these cyclic developments (Sprembarg,
Brieske, Meuro, Rauno Formation - Lotsos
(1981}, ALexowsky et al. (1989), Stanoke
(2001), Figure 3.

The 2nd Mizcena Seam Complex, includ-
ing the main coal-bearing strata of the
Lusatian Lignite District, is interpreted to
have taken place during the regressive
phase of & 3rd order cycle,

Facts

The 2nd Miccene Seam Complex was
studied in an area covering mare than
10,000 sq. km |approximately 3,860 sq.

mi., Figure 2). The interpretation of 6,000 to
7000 borehales with geophysical well logs
rasulted in detailed knowledge of vary fine-
scale lithofacial changes within the layers,
and alse helped to construct an improved
maodel of sadimentation during the Lusa-
tian g i igati

. Faly il
the identification of ¥
units and made it possible to correlate
sequances of the Lusatian Miocene with
the bi ion of the marine basin centre




wonepoyde sepun Buny se-usdn ()
ApeosydeBIRISN PRUAIEKD SBIIE @
shiopijam s sBuup pasn
swars vogezusSioa: pue Buw wes-usdo [
oo wess susoon Puz jo weanauya [

ﬂﬂﬂﬂﬂﬂ

165



=== =
;. = il

T 2]
AR v
N !

—

w
g
9
o 5
olf
=l
K E
haE
ERH
g
T gsnnzsznd T s 3 T s a9 3 [g & =& %
SDAD | e @4 i 2 a4 | LoEa
e B o A NS i
g A UL SR M ' b
pesiprs g Eia = i o ;32 irtarag avremriny g
e gﬁ T B W | Toom | 0 W
=R ELEETTL 300800

Figure 3: Geologic calumn of
the Lusatian Tertiary sequenc:

ik
= B 3
131
2g%%
-}
:1:.‘—_§
SRE3
LR o
£ES
%%%%

g



Brof

Widdie
Wrw
| zMiccenes.c.

Wingene
Brimshe formalion
Dbk

[ip—
Beh

IMEE.

List

Figure 4: Palasoge-
agraphical distribu-
tions of individual
sedimentary units

|Sraul 1991, Stanoxe et al. 1992,1993). The
araa investigated occupies a special pal-
asogeographical position in the Northwest
EuropeanTertiary Basin. Based on global

Ird order cycles according to Hao et al,
(19687, It represents the lower part of the
TB2 supercycle. From bottom to top it con-
tains a transgressive [TST} cycle (= Buch-
hain Subformation, Beh, including the 3rd
Miocene Seam Complex), followed by a
highstand cycle (= Drebkau Subformation,

in relation to sup- changes in sea level, the Tertiary ocean
posed d from the h over the
sive and regressive  southeastern basin margin several times
saa-level trends {Figure 4). This resultad in the deposition of
{1...7: marine sand sevaral sand complexes in a marine envi-
layers, aquifers, ronment, as well as silt and clay in the la-

dcc. to: STaNoke at
al, 1993}

goons, such as that found in paralic coastal
SWamps,

The unit studied, called the Brieske For-
mation, is located between the older 3rd
Miocene Seam Complex at the base and
includes the 2nd Miocene Seam Complex
at the top (Figure 3), It represents the time
span between approx. 19 Ma (Late Lower
Miocene) and 15.2 Ma (Early Middle Mi-
ocena| according to Hao (1883), or 14.8 Ma
according to Bencaren et al, {1935}, In the
case of age determination on the basis

of hs, the complex rep

the zones {SPN} VI C, VIl and VIl {Kautzsod
2000}

Dbkl of flooding surface (smfs)
and, finally, the regressive (LST) eycle |=
Welzow Subformation, Wew, Including
thi 2nd Miocene Seam Complex). These
cycles are hierarchically 3rd order cycles,
the boundaries do not l
correspond to those outlined by Hag et
al.{1987), They can be subdivided into 4th
order cycles iparacycles) on the basis of
several transgressive and regressive parts.
They correspond 1o the bads (i.e. aguifars
(Figure 4, Units 1 to 7), silt complaxes,
seam layers etc., Stasoee 200, Figura 5]

The 2nd Miocene Seam Complex is located
between the marine Drebkau Subforma-
tion Dbk, aquifer G 6.1 = mfs) and the ma-
rine Meuro Formation at the top (Figuras

3 and 5. Tha marine interbeds (ZM 1 to 3}
are transgressive units of 4th order during

From the of tratig
phy, the Brieske Formation forms a sym-
metric giant cycle, hierarchically in position
batween the large supercycles and smaller

the primarily reg 3rd order trend of
the Welzow Subformation (Figures 6 and
5).
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Figure 6: Ranges of the maring interbeds of 2nd Miocene Seam Complex [Stanowe 1280, 2007)
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Within the paracycles, even smaller oscil-
lations of the coastline can be identified as
Sth to 6th order cycles, These oscillations
caused groundwater fluctuations which
can even be identified in the swamp facies
of the separate coal seams. In addition,
detailed macro- and micropatrographic
studies of the coal seam combined with
micropalasontological analysis (dispersed
cutlcles) led 1o the recognition of the
characteristic, rhythmic bog {coal-) facial

and to the ion of

y during peat

|Figure 7).

Accordingly, the formation of important
searns was primarily controlled, not only
during transg ive but during i
periods as well, by small-scale sea-lavel
fluctuations (Figure B} and the intensity of
alluvial sccretion in a coastal-deltaic envi-
ronment.

This shows that tha rep.

aligatroph

5 pam
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Marine-Influenced and Continental
Settings of the Poznan Formation
(Upper Neogene, Central and SW Poland)

» Jacek Robert Abstract coarse cross-stratified alluvial fan units.
Kasifiski The character and thickness of the units
> and g studies  ware controlled by tectonically determined
Czapowski of the Poznan Formation were carried out il rates and i sup-
» Andrzef Ggsiewicz on selected well profiles and plies. Cs i of kaoline as well as
located in the depositional basin centre in lenses of gravels and gravely sands mark
the Konin area and the margin isodes of i ive erosion on depres-
of the basin at the Sudates in the Wroctaw sion margins. The tectonic movements of
araa, Several lithofacies, primarily ter- the which were responsible for
restrial in nature, were distinguished: al these episcdes, also produced faulting and
luvial fans, deltaic (delta and prodelta), folding of lacustrine-marsh [clays-lignite-
open lacustrine, marsh, and rare facies of clays} series in the depression centra. Tha
brackish/marine character: inlet {inlet and chemical composition of this section is
inlat delta) and lagoonal. The Konin area relatively constant, without content peaks,
sp by terrestrial li i icating sig changes in water
{lacustrine - lake deltaic ones) formed in chemistry,
the lake system fed by numerous rivers.
The lithofacies succession results from a
rate of water inflow, affected mostly by Kurzfassung
rainfall during humid periods. This auto-
cyclic sedimentation was interrupted with Die Poznah Formation wurde an ausge-
rapid inflows {storm/hurricane surges) withlten Bohrprofilen und Aufschliissen
of marine waters from the adjacent sea im Ablagerungszentrum des Backens bei
hasin, supplying poor microfauna into Konin und seinem Sidwest-Rand an den
the former coastal lakes, replaced there Sudeten in der Gegend von Braslau se-
for a short time into brackish lagoons. dimentologisch und gecchamisch unter-
These marine encroaches left discontinu- sucht. Es wurden verschiedene, hauptsich.
ous horizons of sandy-gravel beds, with lich i Lithof; h
cross-aets, ripples and erosion scours, Alluviale Facher, deltaische {Delta und
marking the position of inlets and infet Prodeltal und offen lacustrine Fazies,
deltas, topped by silty-clay series with Marschen und selten Fazies mit brackisch/
brackish/marine microfauna. In addition, marinem Charakter: inlet” [und ,inlet”
istry evi of the Deltal und lagunir, Die Gegend von Konin
profiles, particularly confirmed by changes  wird bestimmt durch terrestrische Litho
In chemical compositions indicating some fazies {lacustrin - See-Delta), die sich in &i
disturbances in water chemistry {additi nem gespeist von
of marine influxes to fresh waters of the Fliassen, bildeten. Dia lithofaziells Abfolge
rivar-dike systern}. The Poznan Formation wird hauptsachlich bestimmt von Siflwas-
profile from the Wroclaw area, situated far  serzuflissen durch Niederschlage wiihrend
away from the sea (apparently occurring humider Perioden. Diese sutozyklische
in tha present Polish Lowlands area), is Sedimantation wird untarbrochen durch
Iocated within a tectonic depression on the  kriftige Uberflutungen (Sturm/Hurrikan
Sudetes Foreland, at the time occupied pri Ereignissal mit Meerwasser des benach
marily by a lake basin with an alluvial plain ~ barten die eing
rim and acting as a trap for supplied mate- i in die i Ko
rial. In this area, the Poznan Formation is eintragen und diese kurzzeitig in bracki
underiain by weathering wastes/residua sche Lagunen verwandeln. Diese marinen
of erystalline basement and consists of re- i haben di inuierli
peated fluvial h cycles with aus Sand und Kies hinterlassen
M, E Cenozoic Proc. B Biann. Maet. RCNNS/RCNPS. - Flintbek 2002 163




mit Kreuz-Schichtung, Rippelmarken und
Erosionskanélen, die die Position von In-
lats und inlet Deltas anzeigen. Sie werden
won schluffig-tonigen Lagen mit brackisch!
mariner Mikrofauna abgeschiossen. Auch
die ie zeigt eine Dreiteilung der

Higcka 1995, Prwock & Zewaitexa-Tworzvoo
1997, The Poznat Formation is composed
maostly of nearly homaogenous, structure-
leas clays and silts with a lignite seam at
the bottomn (Pwock 1882, 19981, Fine lignite
b A s h i

Profile an, insbesondere dureh den Woch-
sel der chemischen Zusammensetzung,
die auf Stirungen im Wasserchemismus
hinweist {Zusammentreffen von marinem
Einfluss und SuBwasser aus dem fluss-
dhnlichen Systam). Das Profil der Poznan
Formation der Gegend von Breslau, farm
&b von der See {die sich vermutlich in der
heutigen Tiefebene befandl, befindet sich
in einer tektonischen Depression im Sude-
ten Vorland, die zu dieser Zeit heuptsdch-
lich durch ein Seebecken mit einem Rand
aus alluvialen Fachern eingenommen war
und als Sedimentfalle wirkte. In diesem
Bereich wird die Poznan Formation unter
lagert von verwittertem Schutt und Resten
des kristallinen Basements und bestaht
aus wisderholten fluviatiHakustrin-Marsch
Zyklen mit groben kreuzgeschichteten Ein-
heiten aus alluvialen Fachern, Die Art und
Michtigkeit der Einheiten wurde kontrol-
liert von tektonisch bestimmter Subsidenz-
Rate und Wassar- wis i . An-

matter as well as sandy and gravel inter-
beds occur within fine clastic series. The
Poznan Farmation les directly on the pra-
Tertiary basement or it is underlain by the
L i Miocene terri lignite-
bearing association. The top of the forma-
tion is erosive and covered by differanti-
ated Quaternary deposits. The presence of
rare sedimantary structures, nearly absent
fossils (sporadic macro- and microfaunal
(GieL 1971, 1976, 19794, 1979k, BananiFcka
1978} and rich but less diffarentiated veg-
atation spectra (leaves, spores, pollens
plant remains} tbuczxowses & Dvaon 1971,
ZenwirscaTwonzvoeo 1974, Wazvrers 1988,
Krasewsxa 2001], 85 well as pelite domina
tion and lignite ccocurrence also suggest a
continental, lacustrine origin of the entire
serigs |Dvics 1970, Rozvon 1872, Wacsen
1982, Kasines 1995). New complex geologi-
cal examinations of the series undertaken
by the authors parmitted a more precise

raicharungen von Kaolin sowia Linsan von
Kies und kiesigem Sand zeigen Epé

of the opinions on the age of
the Poznan Formation and the evolution of

intensiver Erosion am Rand der Senke an.
Die tektonischen Bewegungen des Base-
ments, die fiir diese Epi

its ¥

-~

logical Setting

lich waren, verursachten ebenso Briiche
und Faltungen der lacustrin-Marsch-Sari
[Ton-Braunkohle-Tan-Serien} im Zentrum
der Senke. Die chemische Zusammenset:
zung dieses Profils ist ziemlich konstant,
ohne sufféllige Spitzen, die eine signifikan-
te Anderung des Wasserchamismusses
anzeigan kdnnten.

Keywords

Poznarh Formation, Necgena, Poland,
lithostratigraphy, geochemistry

Introduction

The Poznan Formation of Late Miocene-
Pliocene age, usually 60-80 m and in some
areas as much as 180 m thick within some
tectonic depressions, covers nearly the en-
tire Polish Lowlands area. During the Late
Neogene, the Polish Lowlands occupied 8
part of the wide-spread continental basin,
extending from central Germany to the
lowlands of Balorussia (Dvson 1970, Bara-

The Poznan Formation was formed dur-
ing the period enclosing the end of Middle
Miocene, Late Mioccene and Early Pliocene
(Prvock 2002). Deposits of this formation
developed in the eastern margin of gi-

ant Northwest European Tertiary Basin
and thay occur on nearly the entire area
of Polish Lowlands, except for the north-
efnmost part, where they were removed
during the Pleistocene. Toward the south,
the Poznan Formation extends up to the
Central Poland Uplands and to the wast-
arm part of Carpathian Foredeep, and it
also partly covers the Fore-Sudetic Block
and the Morth Sudetic Depression. The
extansion area of the Poznan Formation is
subdivided by the Mid-Polish High into two
basins: the PoznafWroctaw Basin to the
west and the Warsaw-Olsztyn Basin to the
east {Dvior 1987, 1992).

Recently, deposits of the Poznar Forma-
tion occupy the area of approx. 75,000 km?,
and their thickness varies highly, but the
average is 60 - 80 m to over 100 m in the
‘Warsew Depression and to 160 m on the
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Figure 1: Location
of the Konin and
Wroclaw areas

Fore-Sudetic M i
thickness above 180 m is noticed in the
great tectonic deprassion of the Wialkopol-
ska Trough, but high values are frequently

b d in areas of glaci i distur-
bances.

The Poznan Formation overlies the older
Miocene deposits: guartz sands of the
Adaméw Formation and sandy silts of the
Pawlowice Formation. It is covered with a
thick Pleistocens complex and partly with
the Zighice Group iformerly the Gozdnica
Fi ion), of Pli ¥ age.
However, outcrops of Poznan Formation
rocks are rather frequent,

Rare ges of B ini
era (Luczkowska 8 Ovaon 1971: Gey 1979a)
and paratonstein horizons (Mat. & Waa-
wer 1986], occurring inside the Poznan
Formation, permitted the correlation of
the Poznaf Formation deposits with the

deposits from the Carpathian
Foredeep. Studies on leaf macroflora of
the lower part from this formation (Kra-
Jewska 2000) permitted a definition of its
age as the equivalent of the X - Nyssapol-
lenites pollen/spore horizon, and complex
lagob ical studies (2 1882
displaying their sedimentation during the
Pannonian have been undertaken. The
Paznan Formation has usually been sub-
divided inta three lithostratigraphic mem-
bers (OoazvwoLska-Biereowa et al, 1981),
From the bottem to the top they are: {1}
the Gray Clay Member with lignite of the
Mid-Polish Seam in its lower part and of
the Oczkowice Seam in the upper part, (2)
the Green Clay Member with the Orfowo
lignite seam, and (3} tha Flamy Clay Mam-
ber. However, differences between individ-
ual members of the Poznan Formation are
unclear everywhere and their boundaries
have to be defined arbitrarily. According
o the new stratigraphic schema (Prwocs &
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Zenmissica Twonzvowo 1997), deposits of the
Poznar Formation correspend to six Neo-
gene polien-spore horizons: the Grey Clay
Member to the VIIl - Caitipollenites verus
and IX - Tricolporopollenites pseudocingu-

calations of silty and fine sands are com-
mon in this unit.

Dark to internal mottling (mostly brown}
colour staining of the Poznan Formation

Jum horizons, and the upper -ta
the X - A lenites, X1 - Bi

strongly the
of di iron. The mi jical com-

lenites, Xl - Carpinipites-Juglandaceae and
Xl - Sequoiapoiienites horizons.

The Grey Clay Member includas the Mid-
Palish Lignite Seam in its part.

position of the siliciclastics includes opti-
cally identifiable quartz, potash feldspar
and plagioclase grains, angular to suban.
gular, well to moderately sorted. Clay min-

This seam is recognised nearly commanly
in the entire area of the Polish Lowlands,
Itis & m thick on average and up to 20 m
at maximum. Coaly middlings (clays and
silts] accompanied by lignite are replaced
upward by grey and gray/greenish clays
and silts. Frequent plant remains, particu-
larly well-preserved leaves, occur in this
unit and locally compose thin beds of leal-

arals p i and ite, amor-
phous iron, hematite, siderite micas as well
as zircon have been evidenced. Detrital as-
semblage of clay minerals consists of illite,
kaclinite, chlorite and irregularly intrastrat-
ified mixed-layer clay {largely beidellitel.

In the Konin area, beidellite is a substantial
component of the deposits (Brassa 2002,
Aatasczax ot al. 2002), and kaolinite pre-
dominates in the Wroctaw area. Quartz and

lignite (so-called dysodyl or Paplarkohl

In clays and silts small snail shells have
been evidenced [Prwock 1975, Bananecka
1995}, Poorly preserved foraminifera, bryo-
zoan remains, sponge skeleton elements
and dispersed glauconite grains also ocour
in the upper part of member (Dvion 1968,
1970, Ciux 1870). Locally tha intarcalation
of fine-grained quartz and quartz-musco-
vite sands within clays and silts occurs,
The next lignite bench - the Dczkowice
Seam -locally occurs in the upper part of
the member on the sastern part of the

clay Is are by far among
mineral grains composing sands and dis-
seminated irregularly throughout silts and
clays. Other compenents occur in minor to
trace amoumts.

Methods of Study

The sedimentalogical analysis of selected
outcraps and well cores with the Poznan
Formation deposits concentrated on mag-
roscopic ohservations including m litho-

ForeSudeti it Iy con-
sists of one to three- discontinuous lignite
layers with a total thickness up to 10 m.

In the central part of Polish Lowlands, the
paratonstein horizon (0.1 0.3 m thick on
average) was reported inside the upper-
maost part of Mid-Polish Seam or slightly
above it (Mar. & Wacrer 1986).

The Green Clay Member is d as

logy iption (mineral
fraction, roundness and sorting of compo-
nants}, (2) description of all sedimantary
and diagenetic structures, and (3} occur-
rence of any organic material ithis case
- primarily phytoclasts due to lack of any

. Distinctions of I ¢
units with preserved sedimentary struc-
:ures parmlllad a precise determination of

green, grey-greenish and bluish clays and
silts, including fine and silty sand intercala-
tions, Thin beds of coaly clays and lignite
lensas 0.2 - 0.5 m thick (maximum 2.0 m)
are also fraquent there. The clays contain
phytoclasts imostly gelified xylites) and
marly clay intercalations. The latter facies
contain concentrations of CaCO, and clay-
wy siderite, which form mlana concre-

and the con-
of lha ynthetic li +
profiles (Figures 3-4 and 71, the illustrating
ion of i ¥ in the
sections studied.

Eleven major and twenty-two trace ala-
mants of 98 antire-rock samples from two
profiles were analysed using a Philips PW
2400 fully automatic, aequeﬂlial wave-

tions. Poarly pi tests,
sponge spicules and glauconite grains
have been found in such marly intercala-
tions.

The Flamy Clay Member consists of green,
grey-greenish and bunter clays with yellow
and ochre spots of iron hydroxides. Inter-

langth-dispersive X-ray
trometer XAF at the Central Cnemk:al Lah
oratory of the Polish Geological Institute
The warg

on glass disks prepared of powdered rock.
Detection limits for most major elements
were on the order of 0.01 - 0.1 % and was
typically 2 - 5 ppm for trace elements, Ma-




chine precision was on the order of 3%
for major and 3 - § % for trace elemeants.
Contents of Fe,0, represent total iron con-

sorted and structureless, infills erosional
scours andfor interfingers laterally with
sifty sand and silt. Thi lithofacies has

tant. Maasuring data were than
statistically to reveal geochernical diffaren-
tiations of the profiles. Since most results
for As, Bi, Co, Ta and W contents found

in the Konin area section occurred below
the limit of detection, i.e, < 3-5 ppm, they
hava not been included in the appropriate

been also d in the Wroclaw region
within an isolate satellite basin and is Inter-
prated as an alluvial fan deposit (AF). The
geomatry of these lithosomes of this facies
reflects a shape of alluvial fan, and their
size is decimetres to maters in order.

list {Table 1} and not istically
gical and g inves-
igations on the Poznan F profiles

were supplemented with the results of
palynological (Scookows<a 2002) and mi
crofaunistic {Panuck-Kuiczvers & Giew 2002)
data, which permitted a more pracise
determinaticn of the age of some units
within the sections studied. The results
also indicate climatic (tropical humid to
d arid) and envi | condi-

of vari-grained
quartz sands and silts, poorly to medium
sorted, with large-scale cross- and trough
bedding, with thin layers or "pocket” of
fine gravels, are interpreted as a fluvial
channel facies (chFl. Fine gravel layars ara
a channel lag, and "pocket” gravel con-
centrations accumulated at the toes of lae
slopes of point bars and megaripples. The
geometry of this facies closely corresponds
to @ river network, and its dimension is

tions igenerally continental lacustrine and
fluviall, enhancing - as is the case in the
section of the Kazimierz Pdfinoc opan-pit
ming near Konin - local fluxes of marine
waters. In both the studied outcrops the
magnetic properties of deposits were
also determined with positive results for
the Konin area (Kace 2002), where some
changes in magnetic polarity have baen
preliminary registered,

Lithological Characteristics

An analysis of the Poznan Formation lithol-
ogy carried out in some selected columns
in the Konin and Wroctaw regions per-
mitted a definition of several lithofacies
(Figures 3-1 and 7| reprasanting continen.
1al and brackish sedimentary environments
{Czarowsin B Kasinsx 2002).

Lithofacies of vari-grained quarnz sand and
gravel with dissorted pebbles and usually
clay addition, structureless, have been

posited by a short-dist 1l
processes, This lithofacies was observed
on the Fore-Sudetic Block in the Wroctaw
region. It has been interpreted as a sedi-
mentary record of mud flows (mF), fre-
quently found within Neagene deposits.
The Neogene series have infilled semi-iso-
lated satellite basins, extending along the
margins of the major sedimentary basin,
particularly in the Sudetic Foreland {Osius
& Prwiock 1972).

Lithofacies of vari-grained guartz sand
and fine gravel with clay addition, poorly

to metars. -
M I of
silt lithof: were | 2

as open-lake (L} or lagoonal (Lg) deposits.
A precise distinguishing of these facies on
the basis of sedimantary features is rather
difficult and requires additional data le.g.
biological and chemical markersl. The
observed thickness of both these facies is
up to a few maters. Locally thin (decimae-
tres to metars} bodies of fine to medium
sands bordered with erosional surfaces
were found, They are closely related to a
lagoonal facies and probably represent an
inlet facies (In), and structureless silts {fre-
quently with clay addition) accompanying
them among typical lagoonal deposits - an
inlet delta {InD} facies.

Locally described units of predominant
silts and subordered clays, with sand and
pebbles addition (dispersed or as thin
lenses/layers, decimatres to meters thick),
are fraquently characterised by horizontal
lamination and small ripples. Coaly mid-
dling intercalation and bioturbations have
been evidenced there. This lithofacies rep-
rasents lacustrine nearshore |Ls) deposits.

Coaly lithofacies consist of some types of
lignite {xylitic, detrital and bituminoferous
coals) and coaly middling (mostly clays)
with flooded plant detritus and phytoclasts.
They are few decimetres to several maters
thick and, because they extend widaly,
they act as good correlation horizons, Such
deposits are intarprated as marsh-peatland
depaosits (M),
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Lithasomes of fine to medium sands, fre-
quently with silt addition and with single
quartz pebbles, mora or less sorted, usu-
ally structureless or with low-angle cross
bedding, have been defined as deltaic sedi-
ments (D). Similar lithofacies with higher
slll wmem and frequent clav laminae or

¥ ¥ lami-
nated, with fing npplss are Inlerpreted
as prodelta deposits (pD). Both the facies
have a rather narrow extant and thicknass
{decimatras to metars).

Weathering residua WRI, describ
from the Wroctaw area only, consist of
structureless yellow silts and clays with
dispersed angular quartz grains (Czapowskl
at al. in printl. Thay occur at the bottom

of y serias, These li
wsually infill merphological depressions of
crystaliine basement and their top surface
is erosional,

Cl

of iron-cementad bad with knobby struc-
ture overlying a layer with lower iron ox-
ides content represent sub-soil sediments
1851, The bed of rich iron oxides content
corresponds to the serated zone above a
groundwater table, and its knobby struc-
ture is affected by root penetration. Layers
depletad in iron oxides reprasent a satu-
rated zone. Multiple successions of both
these layers have recorded fluctustlorrs of

the g table during di
stages.

Profile Description
Konin Area

In the Konin area, located naarly in the
cantra of the Miocene continental basin of
Paland iFigure 11, three sections (Kasirsx &
Czarows 2002) were selected for detalled
studies of the Poznan Formation deposits.
The wall of the Kazimiarz Morth open-pit
mine, expleited for lignites, is the best
basis for investigations. There is also a
section of the Poznan Formation over 30 m
thick {Figure 2). Other sections containing
the formation are cores of two boreholes
BK-110 and BK-117 (Figures 3 and 4) with
thicknesses of Poznan Formation deposits
equal to 23.1 m and 18.8 m correspond-
ingly. Lithological and sedimentological
ohsgrvations permlmd the determ-rwtlon
of 42

1Stookovescs 2002, Pasuc-Kulcrvoa & Giel
2002) documented a rich fioral associa-
tion in the lower part of these successions,
which is nearly lacking upward in the sec-
tion, as well as a local occurrence of poor
but undoubtadly in situ foraminifera fauna

I!I—I T

Figure 2a: Sedimentological profile of the
upper {fine-clastid part of the Poznart Far-
mation, Kazimierz-Pdinoc opan-pitmine,
Kanin area. Facies explanations: AF - alu-
wvial fan, D - deltg FL - fluiatile, In - inlet
InD - inlet deita L - open e, Lg - lagoon
M —marsh, MF -mudfiaw, p0 - prodelts

facies variaties but mostly
Microfaunistic and microfloristic studies

5 - pal; i WhR - g wastes
residua



A, symsedimostary fokd

lbgnite overlain by lacustrine clays (approx.
2.6 m), celadon in the base and motley at
the top.

This lacustrine/bog succession is incisad
by a lens {6.0 m wide and 1.2 m thick} of
siliciclastics. The lens base is coverad with
fine quartz gravel (pebbles up to 3 cm) and
coarse sand, and fine and medium clayey
sands, medium sorted, with ripple and
cross bedding, occur above, This series
has been subdivided by dark clay fine fay-
ers into four units, In uppermaost two, large
{up to 15 cm high| aggradational cross-
sets, with set inclinations primarily indicat-
ing transport toward the northeast, are vis-
ible. The clastic lens was interpreted as the
rnﬁrl of a storm inlet (facies In), due to the

mineral
auctures
e srosional surtace 14 mectustiation <=+ cly miraruls (predominating}
“ emsienal chanrel + plant dairius + clay miners fnch)
= horgomal lamnation * phyioclast ¥
= diagensl stwifcalon sinuchiral myble * chay mineraly fin sddtion]
<= lentoutar sirabfication nla'::::”‘w’ o hematie
< ripgke stratfication o ydnsies
s fame sratficaton 4 palaoosoll = sica comantation
. sewitentos dp A thiasid L
e peitbien with diamiee in me o gz
o ladcas muscovie
¥ wyedmantary faull & carbensos concretion

e manganase dendiles
& markasite concrsbon

Figure 2b; Explanations for profiles

suggesting episodes of marine water inva-
sions.

Kazimierz-Pdinoe Open-Pit Mine
The section of the Poznan Formation ex-
posed in the northern open-pit mine M" s

of forams, Upward,
these sands are continucusly replaced by
beiga-brownish sandy clay.

The next pelitic complex primarily rep-
resents the lagoonal deltale succession
(facies Lg and D). Its lower part is built of
hlsck to celadon cla\aa. 1.8 m thick, wllh
iron
to facies transition from lagoonal to lacus-
trine environments. The top of clays is ero-
sional and covered with 0.4-m-thick beds
of silty to fine quartz sands, interpreted
as deltaic sedimants {facies D). Overlying
complexes of grey-greenish clays and
sandy silts, 1.0 m thick, together with the
lower, silty part of next sandy-clay com-
plex, containing numerous phytoturba-
tions, represent the prodelta (pdD) facies.
Tha uppsr clayey part of this complex
was i asal facies, The

baivided inta 11 lithological
(Figure 2} and has been Bnmpisd for paly-

(31:3 112
and ical (9
studies. These complexes constitute enghl
ional cycles,

to lagoonal environments.

The lower part of profile is built of detrital
Lignite Seam, with numerous less coalified
xylites and fine grey clay interbeds. This
lignite corresponds to the 1st Mid-Poland
lignite seam. The lignita seam is ovarlain
by an approx. 1.8-m-thick complex of
clay-lignite sadiments, consisting of fine
interbeds of dark coaly clay and detrital
lignite in the lowermaost part. This coaly
series represents a pit-bog facies (M). The
uppar part of the entire complax is hullt of

lowermost part of following complex (2.4
m thick} is composed of gray-greenish silt
0.5 m thick), representing the prodefta
facies. This series has been separated up-
ward by a fine layer of lacustrine clay from
tha thick {1.7 m) unit of light-grey sandy
silt, containing rare forams and interprated
as an inlet delta deposit ifacies InD).

The Poznar Formation is covered by the
Pleistocens glacial till series.

BK-770 Well

The Poznan Formation deposits studied in
the BK-110 well profile were subdivided
into 20 lithological complexes (Figure 3),
clayey and clayey-silty in the lower part of
aactlon and more sandy in the upper part.

dark-grey clay, | asa

deposit {facies L}, The next complex is
over 4.1 m thick and similarly developed. It
consists of the bed, 1.5 m thick, of datrital

v to the former section, the lower-
most poﬁ of profile is built of lignite layer
(complex & 1, over 0.4 m thick), primarily

wylitic and detrital with abundant plant
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Figure 3: Sadimean-
tological profile

af the upper (fine—
clastic) part of the
Poznart Formation,
BK-110 borehole,
Konin area. Expla—
nations: cf. Figure
2b

170

Konin Area
Borehale BK - 110

cantrations of coaly clay and coalified plant
fragmants. The silts represent the prodelta
facies (pD) and are overlain by the clay
complex # 4 (0.6 m thick), which s grey
to in colour and a5

i i The silts of
the complex # 5 (1.2 m thick) are the inlat
delta deposits {facias InD] The grey clays
with fine xylites lying above (complex # 61
and sporadic forams (Panuck-Kuiezvess &
GieL 2002) represent a lagoonal facies iLg).

The next complex of the lower part (# 7),
silty, fining-upward unit (0.6 m thick), was
interpreted as an inlet delta series. The
upper part of the complex is clayey-silty
and is it as i i
similar to the following clay complex # 8
2.0 m thick). The entire upper part of the
profile discussed {approx. 13.5 m thick} is
developed as an alternation of clays and
silty clays, grey-greanish to motley in col-
our (complexes # 10-12, 14, 16, and part of
18 and 20}, homaogenous or with rare silty
flames, is interpreted as lacustrine sed|-
ments. Fine silty sand units of this series,
with rare horizontal lamination, greenish to
motley in colour (complexes #9, 13,1517
and 18}, were defined as deltaic and

| T -
s~ = HEJ

=

fragmants. These lignites and the overlain
dark coaly clay complex (¥ 2) - containing
fine interfingers of light-grey silts, nests of
coaly matter and single coalified xylites -
wers interpreted as a peat-bog facies.

Grey and greenish silts of complex # 3, 1.0
m thick, are locally harl Iy lami d,

ic deposits (facies D and pD), The
top of the Poznan Formation is overlain by
a layer of Pleistocene glacial deposits with
erosional contact.

The Poznar Formation from the BK-110
well has been subdivided into 8 deposi-
tional cycles, reflecting watarlavel fluctua-
tions in the lacustrine basin and controlled
by climatic pluvialiarid changes. The plu-
vial perinds were responsibla for increased
water inflow and sediment supply by river
deltas, while dry perieds coincided with

& dominance of lacustrine and peat-bog
facies. Thia rhythmic deposition was inter-
rupted by the episode of marine ingression
- probably resulting from storm overflows
from the sea into a coastal lake (cycle # 1),
transporting marine forams thare.

BK-117 Well

The succession of the Poznan Formation
studie the BK-117 well profile was sub-
divided into 11 lithological complexes (Fig-
ure 4). Its lowermost part is composed of
grey clays, 0.5 m thick, with concentrations
of coaly matter, interpreted as lacustrine
facies. Above that, a thin (0.1 m} layer of
detrital lignite (complex # 11, highly clayey
and sandy represents a pitbog sediment.

coarsening upward, and contain nast con-

The complex # 3, clay-silty, is 1.4
m thick, and contains coaly matter concen-



Figure 4: Sedimen—
tological profile

of the upper {fine—
clastic) part of the
Poznan Formation,
BK-117 borehole,
Konin area. Expla-
nations: cf. Figure 2

trations as well as a very fine sand layer
at the top. This complex corresponds to &
raturn of lacustrine conditions.

Geochemical Characteristics

Generally, most elemental content (inglud-

ing Si0,, Ti0,, ALO,, Fe,0,, P,0,, MgO,
Ca0, K0, Ba, Co, Mo, Nb, Pb, Rb, Sr, Th,
U, V and Zn) varies irregularly, remaining
relatively stable throughout the BK-110
waell sequence studied. Contents of other
elements, such as 50,7, Ce, Cu, Ga, La,
Ni and ¥, show a tendency 1o decrease
upwards, and As, Cr and Zr - to increase
upwards, TOC decreases sharply in the
lowermaost part of the profile and shows
steady content above. The MnQ, Na, O
and Hf content increases from base to the
middle part of the series and decreases
upwards. Both intarfacies and intralacies
wvariations in whole-rock abundance of
major and trace elements (Tabla 1, Figure

5l as well as the relaticnships batween the
constituents in samples from the region
{Figure B parmit the distinction of three
geochamical units,

The Lower Unit occurs from 56.0 m to 63.5
m depth and ia characterisad by relatively
high average contents of TOC, 50,7, TiO,,
Ga, La, Mo and Sr, while the abundance

of 5i0,, Fe,0, and Zr is the lowest, The
range of TOC, 5i0,, TiO,, Ba, Ga, Nb and
Sr concentration Is the highest, and that of
Fe,0,, As, Hf, V and Zn is the lowest. This
unit is clearly defined by changes in TOC,
TiQ,, Fe,0,, Na,0, K0, As, Ce, Co, Cu, Ga,
La, Mo, Pb, Sr, Y and Zn content as well as
reflected by V/ALD,, U/ALO,, Cella, Fe,0/
ALD,, Si0Fe,0, AsiZr, ALO/Zr, Fa,0 /s,
Fe,0,/Mg0 and Fe 0 /Sr ratios. For this
unit, TOC content is particularly indicative,

The Middle Unit is the thickest one (from
40.0 to 56.0 m and from 40.5 to 565 m
depth} and, in comparison to other units of
the profile, it is very differentiated chemi-
cally. It has the highest average content
of MnQ, P,0,, Ba, Ce, Co, La, ¥ and Zn
and the lowest content of TiO,. The range
of abundance of Si0, ALO,, Fe 0, MnO,
Mg0, Na 0, CaQ, 507, As, Ba, Ce, Co, Cr,
Cu, Ga, Hf, La, Mo, Nb, Ni, Pb, Rb, Sr, Th,
U, V.Y, Zn and Zr is also high, This unit
may be distinguished as well by relatively
high contents of Ti0_, MgO, KO, Hf and
Rb as Co/AlO,, MnO/TIO,, Fe,0,/Sr, As/Sr,
SrfBa, Cr/iNi and PbiZn ratios.

The Upper Unit occura between 36.6 m
and 40.0 - 40.5 m depth intervals. It is sub-
stantially enriched in Fe 0, As and Cr, and
has the lowest content of K,0, S0.%, Ba,
Ce, Co, Cu, La, Mo, Ni and Sr. The range of
Hf concentration is highest, and changes
in the abundance of TOC, Si0. TiO,, Ca0,
MNa,0, K.0, 50,7, Ba, Co, Ga, La, Mo, Nb,
Ni, Rb, Sr, Y and Zr are the lowest in the
entire profile. The tendency toward an
upward increase in the content of Ti0,, Ce
Cr, Nb, Sr, U and ¥ as well as an upward
decrease in ALD,, Fe 0., MgD, CaD, K20,
Ag, Cu, Ga, Ni, Pb, Rb, Th, V, Zn and Zr is
typical for this unit. This part of the profile
is also well constrained by Co/ALD,, Ce/la,
5i0,Fe,0,, Fe,0,/Cao and Fe,0,/Sr ratios,

Sedimentary History

In the Konin area, the deposits of the
Paznaf Formation have originated on a
broad alluvial plain, with local shallow
lakes, abandoned oxbows and ponds. The
underlain lignites af the 151 Mid-Polish

m
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Figure 6: Selected element ratios in the section from the Kenin area
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Lignite Seam correspond to the end of in-
tensive phytogenic accumulation, dated as
the Early Langenfeldian (equivalent of Late
BadenianEarv s ;

1X spore-poile

shallow marine species Lobatula lobatula,
easily adapting to environmental changes
and commanly inhabiting plants of shal-
low basin bottoms, are accompanied by

harizon - Tri
guium sensu Prwock: & Zenaieca Twonzvoeo

1997}, caused by decisive climatic changes,

praviding cooling and drying (Pawocu

el af plants,
being probably the remains of “subaqual
meadows” (Oorrvwowse B ieowa & O
szEwska 1996). Foraminifera tests are wall

19498}, The d of phytogenic mate-
rial was replaced by siliciclastics, primarily
pelita, in a low-energy lacustrine environ-
ment of high water level stages (facies L}
Locally in the lower part of the Poznad For-
mation profile, peat-bog sedimants have
developed (facies M). Episodes of intense
transport of clastic material from lake
margins have been reflected when small
deltaic lobes invaded the lakes (facies D
and pD} composed of silts and fine sands,
with coarse-upward saquences. The suc-
cession of lacustrine, peat-bog and deltaic
i was i by [

p , without ing and infilled
with differant matarial. However, their
small size and low amount may suggest
unfavourable conditions, for instance -
removal of marine foraminifera by storm
waves into brackish lagoons or freshwater
coastal lakes. In the “Kazimierz-Pdinoc”
open-pit mine profile (Figure 2], the series
mentioned is developed as a sandy unit
{complex # &), interpreted as an inlet de-
posit, accumulated during storm surges,
which invaded marine waters into coastal
lakes.

The next storm d marine event

[ P ily wet and dry

yeli ition was i [i]
sporadically by tectonic regicnal events.
The oldest event alfected the generation
of the characteristic horizon, called “a re-
deposition correlating horizon™ [Figure 10)
and also noticed outside the Konin region
[SLooeowska 20021, It has been defined in
the part of the supralignite de-

may be evidenced by the unit of coarser
depaosits - an inlet daita (InD) facies (upper
part of complax # 9] - in the same section.
This complex containg numerous glavco-
nitic grains and sponge spiculae (also in
the BK-110 well profile - Paaucs-K ulczvoes
& GieL 2002).

Area

posits studied, about 0.2 - 2.0 m above the
top of 1st Mid-Polish Lignite Seam and,
except for Middle Miocens poliens, also
contain abundant redeposited older spore
material of Upper Cretaceous/Palacocens
age. This horizon reflects regional redepo-
sition, resulting from intensive erosion

The Poznan Formation on the Fore-Sudetic
Block primarily overlay the oldar, tectoni-
cally dislocated crystalline basemeant or

- guch as within the tectonic grabens -
they are underiain by clastics and lignites
dated as the Lower and Middle Miocene

caused pi ¥ by a tectonic ing of
the erosional base,

The next ragional event in the sections of
the Poznan Formation studied has bean
recorded by a series of coarser, primarily
silty sedi with benthic i
(Panucs-K uLczvors 2001, Panuck Kuczvoks
& GieL 2002): Lobatula lobatula (Wawken &
Jacea), Spirillina vivipara Enneneens and
Glomaspira charoldes |Jones & Pasker),
The same foraminifera specimens were
also avidenced varlier in tha marine units
of the Poznarn Formation (Dvson 1968, Gie
19871, 1975, 1979a, 1979b, Luczxowsks & Drv-
Jsom 19711, However, foraminifera generally
did not occur frequently in Poznan Forma-
tion deposits. F inif of the Spiriliir

1995a, 2002h. The

Poznan Formation sediments are from
20 m to 160 m thick, and their southern
extant is limited by the Janowskie Hills,
composed of Lower Palaeozoic crystal-
line rocks and Variscan granites. Chemical
weathering of the uplified basement has

itted the lon of regolithic cov-
ers. This material was then resedimented
and became a valid component of the
Poznan Formation deposits. The entire
series of the Poznan Formation deposits
is overlain by the Quaternary series or lo-
cally by sands and gravels of the Ziembice
Group {Dyior 1995, Kezvsocowsk 20011,
dated for the time interval: Sarmatian
- Upper Pliocene (Zastawsuax ot al, 1992,

genus are characteristic of deaper waters
and ahways co-ocour with other marine
indicators, such as sponge spiculas and
glauconitic grains. Faraminifera of the

5 1995k, or by others up to the
Eopleistocene. The age of the deposition
of the Poznan Formation was determined
after p ical data for the i
Lower Pannonian interval - according
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Figure 7: Sedimen-
tological profile

of the upper (fine—
clastic) part of the
Poznari Formation,
Stanistaw-Potudnie
open-pitming,
Wroctaw area.
Explanations: ¢f,
Figure 2

74

to the Paratethys stratigraphic scheme

| ZasTawnnk ot al, 1992, Sapowska 1995h),
L., Middie/Upper Langelfeldian (Pwock &
Ziemeraka TworzvoLo 1998),

Complete profile of the Poznan Formation,
approx. 30 m thick, is exposed in the open-
pit mine of ceramic clays at Jaroszdw

near {Figura 7). The i

four decimetre-thick levels of black and
brownish coaly clays ([complexes # 3, 5, 7
and 9) and xylite fragments are interprated
a5 a peat-bog facies (M) developad at a
stage of low water level. The upper part

of profile icomplexes # 11:12 consists of
grey and coaly pelites and is interbedded
with sands and gravelly sands. They rep-
rasant the fluvial sediments, i.e., Fl facies
with channel (Ch and deltaic (D) varieties
Invading due to increased clastics supply
to the lake. Locally in the southern part of
the open-pit ming, near the basement ex-
posures, the clays of complex & 8 contain
few palaeosoil horizons {55 facies), The top
of the Poznan Formation is locally deeply
erosionally incised, covered by the fluvial
sandy-gravel saries, comparable to the
Ziambice Group, or by the fluvial sand and
gravels of Quaternary age.

The Poznar Formation from the Wroctaw
area was formed on the southeast margin
of a giant tectonic depression, extending
fram the Sudetes to the North Sea (Luowis
& Scrwae 1995). In the lower part of the
section (complexes # 2-7) mineralised

a of ar P of
aguatic ferns and seeds of herbaceous
plants were found without remains of ma-
rine or brackish organisms (Kasirsx et al.
2001}, which confirms a continental char-
acter of the deposition. In the upper part of
the profile, the absence of organic remains
probably results from dissolution by humic
acids.

Geochemical Characteristics
The elementary distribution of the Poznan

is underlain by tha crystalline basemant
and coverad by the Quaternary series
[Sevnwewicz 20021, This profile was subdi-
vided into 12 lithological complexes, rep-
resanting seven facies of fluvial-lacustrine
environmants {Czarowsks at al. 20021

At a bage of the section, the yellow kao-
line clays {complex # 1), as redeposited
weathering wastes of crystalline base-
ment, occur locally. They directly overlay
the regolithes, which cover the kaolinised
Tarti phic shales

(Srrwovacz 2002), The next several com-
plexes (¥ 2, 4, 6, B and 10) consist of gray
and beige clays, and silts with kaoline

i are i a5 al i

F ion in the Wroclaw area displays
different pattern from that of the Konin
area. Mg, K0, Na,0, Ba, Cr, Ga, Ab and

V contents decrease upwards linearly, and
TOC, ALD, and Ni concentration dacreases
upwards hyperbolically from the profile
base. The content of Fe,0,, P,O,, Ce, Cu,

La and Th increases hyperbaolically from
base to top of the profile, and the content
of Ca0, Hf, Pb, Sr, Ta, U and Zr fluctuates
irregularty without any trends. 5i0,, Ti0,,
Mo, Nb, ¥ and Zr content exhibits a gradu-
al incraase in the lower part and decrease
in the upper part of the profile. Variation in
both elementary contents (Table 2, Figure
8} and ratios (Figure 8) of the profile, such
@ in the Konin area, reflect its geochemi-

facies (L], This complex locally includes
zones of dispersed angular quartz grav-
wls, considered as mud flow/slump (MF)
deposits. Grey pelites are saparatad by

cal trip

The Lower Unit occurs from the approx.
27 m to 28 m depth. This unit has relatively
the highest average content of TOC, Ti0,,
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Figure 8: K0, P,O, and Zr concentrations in the section from the Wroclaw area
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A1LO,, MgO, Ca0, Na,0, K,0, Ba, Ga, P,
Rb, Srand V. The ranges of Si02, Fa,0,,
P,0,. Th and U content are the lowest,
while the ranges of MnO, Na,0, Ga, Ni anu
Pb are slightly lower than the o

changes - has caused lowering of water
levels in the lake and the expansion of veg-
etation (at that time peat-bog sediments
predominated). These types of flnmumons

ing values in othar units. This part of the
prafile is also well marked by changes in
UiAL0,, 80, TOC, Ce/la, Fe 0,51, Si0/
AlLO,, 5i0,Fe,0, ALD @r, TiO A0, and

were ible for eight

cycles dlsllngusahed in the section (Figure
7). The first {I) cycle corresponded to flood-
ing of the hasement depression, infilled
by waathenng wmes and gradual accu-

CriALD, ratios as well as by sharp d of i and later
in tha content of Si0,, TiO,, ALD, K,o due to subsidence uncompensed by the
P,0,, Ba, Ca, Crand Y to Il\a ¥ low- i infill ef o i

a5t values of peat-bogs with so-ls. C\n;las 11VI, with

The Middle Unit is the thickest unit and
most ﬁlﬂersnna:ed w.:h regards 1o ms

It the
interval located between ca 3 m and 27 m
depth of the profile. The average values
of $i0,, TiO,, Mg, Na,0, Cr, La, Nb, Sr, ¥
and Zr content compared to other units are
the distinctly higher and the average Fe,0,
content value is lower. The ranges of con:
tant of TOC, 5i0,, Ti0,, ALD,, MnO, MgO,
CaQ, Na,0, K,O, Ba, Ca, Ga, Hf. La, Nb, Ni,
Ph, Rb, Sr, Th, U, ¥ and Zr are the highest
among the units of this section, In com-
parison to others, the middle unit is also
marked by generally higher values and dis-
tinctly higher variability of the V/ALD,, Ca/
AlLO,, WALD,, SiD,TOC, Ca/la, Si0,ALD,
and TiOJ/ALD, ratios.

The Upper Unit extends from the Qua-
ternary bottom down to the 3 m depth
interval and is characterised by the highest
average content of Fa 0., P.O_, Cu, Th and
Zr as wall as by the significantly lowest
wvalues of TOC, Ti0,, MgO, Ca0, Na 0, K.0,
Ba, La, Nb, Rb, Srand V content, This unit
is also characterised by the highest ranges
of content of Fe,0,, P,0,, Cr and Cu as well
as the lowast contents of TOC, Ti0,, ALD,
Mn0, Na,0, K,0, La, Nb, Ni, Pb, Rb, Sr and
Zr. The upper unit is also well displ. by

similar facies successions, reflect repeated
phases of increased activity of tectonic
basemant zones, ending with an environ-
mental stabilisation and the development
of peat-bog deposits, Longer periods of
intensive tectonic activity (cycle V) are re-
sponsible for the remobilisation of weath-
ering wastes from the far basin margins
(distinct kaoline content in the cycle bot-
tom): coarse matarial was supplied into the
depression at Jaroszdw by braided rivers,
invading the existing lake there as several
alluvial fans. The top cycles (VI and VIll)
rapresent gradual decreases in a large la-
custring basin and the expansion of fluvial
sediments, probably due to stabilisation of
the depot surface.

Apparently the lower part of the section
studied (cyclas HIll may be correlated with
the period of early removal of waatharing
wastes and development of synsedimen-
tary trenches near the Marginal Sudetic
Fault, dated for the Miocene and the Early
Pliocene (Woswooa et al. 1995). The end of
this section, recording the closing of the la-
custring basin and the expansion of fluvial
and alluvial fan sediments, may be com
parad with the late (end of Pliocene) devel-
opment of a fluvial network in the entire
Fore-Sudetic area. Fluviatile sedimentation

the V/ALD,, ColAL,0,, UALO,, §I0,TOC,
Cella, Si0,AL,0,, Fe,0,/ALO, Fe,0,/Ca0,
Fe,0,/5r, Si0,Fa,0,, RE/Th, TiD/AL0,, Cr/
ALO, and Pb/Zn ratios.

Sedimentary History
Tactonic activity of the basement has de-
terminad the character of material and the
minde of deposition. Periods of increased

i i d the il of
thick palitic lacustrine facies (correspond-
ing to high water level stages) as well as
episodic rapidly accumulated mud flow
deposits after slumps initiated by torrent
floods or seismic triggers. Decreasing or
halting of subsidence - as well as climatic

was panied with the | ing sup-
ply of very coarse material,

Comparison of
Sedimentary Sections

Both the open-pit mine and the well pro-
files from the Konin area iFIgures 2-4) evi-
dence a i of
(lacustring - lake deltaic - mud flows),
formed on the large alluvial plain with
constant and eph | lakes.
The Konin succession, characterised by
three 1o nine mles prlmarlly repragenting
deltal WaS
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Table 1: Main sta- controlled by a rate of water inflow into gravel beds, with cross-sets, ripples and

tistical parameters lacustring basins related to rainfalls, humid  erosion scours indicating positions of

of the chemical pericds, ete. Open-lake deposits (L] and inlats and inlet delm topped by silty-clay

composition of the  nearshore deposits (Ls) created serias with mi

Pornart Farmation ghallow |lakes developad on a wide-spraad

in the Konin area alluvial plain as well as in isolated small The section from the southwest basin
perennial lacustrine basins (ponds) located  margin in the Wroclaw region (Figure 5)
along the basln marging. These depos-ts is situated very far from an open sea. it is
are d by located within a tactonic depression on

and higher thickness (up to tens of metars).  the Sudetes foreland, at that time prima-
They interfinger with alluvial fan deposits rily occupied by small lacustring basins
[AF) and channel facies, representing a set  with an alluvial plain rim. The Poznan

of fluviatile facies. Formation series in this area is underlain
by weathering wastes/residua (WH} of

Ths succession described for the Poznan crystalline basement and consists of eight

ion has been i into aight fluvial i rsh cycles,
depositional cycles, indicating water leval with coarse, cross-stratified alluvial fan

ions within the sedi ¥ ba- (AF] units, Lithofacies and thickness of the
sin. Most of the cycles begin with mmr series were controlled by a subsidence rate
deposits - lacustrine, deltaic or inlet, cor- {tectonically determinated) and a water/

responding to high water levals (cycles V pplying ratio. C
and VI, and finish with pelitic lacustrine or  of kaoline as well as lenses of gravels and

phytogenic pit-bog sedi gravely sands reflected episodes of inten-
ed at lower water lavel conditions lcycles |, sive erosion of the depression margins.
I, v, V). Tectonic movements of the basement
respongible for these processes have also
In the basin centre, this autocyclic sedi- produced faulting and folding of lacustrine-
mentation was interrupted several times marsh (clay/fignite and clayl saries in the
by rapid inflows i surgesh ion centre. Chemical characteristics
/ of marine waters from the adjacent ma- oftht section studied (Figures 5 and &) are
rine basin. Two of these episodes have relatively constant.

Table 2: Main sta- been recorded by poor brackish/marine
tistical parameters microfauna (ParucH-Kuczveks & G 2002) A comparison of the facies distribution

of the chemical evidenced into the former coastal lakes, in the cantral and southwestern parts of
compaosition of the  which have been transformad into brack- the Paznan Formation sedimentary basin
Poznan Formation ish lagoons, These marine inflows have (Figure 111 suggests that marine influ-

in the Wroclaw area produced discontinuous horizons of sandy-  ences may be related not only and even

b
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not primarily) to the P Y8 Brea, as

thiey were hitherto considerad (Dvior 1968,
1992, Lucacowsxa & Dyoor 1871}, but also to

h d small mi Iron oxides
and hydroxides are i ¥
in the upper part of the series as a result
of epi if heri idation of iron

the North Sea area, This ion sub-
stantially changes the position of the basin
borders that time.

The chemical composition of Poznan For-
mation deposits confirms that terripenous
silicate iprimarily quartz) and clay minar-
ala are main components (Tables 1 and 2},
This is reflected by the relatively high aver-
age content of Si0,and ALD, as well as

i of some minor
such as Fe,0,, K0 and TiO,. The alloch-
tenous provenance of these elements may
be also supported by positive/negative
maoderate to strong correlation between
the content of Si0, and ALO,, CaQ, Fe, 0,
K.O, MgO, Na O, TiD,, Ba, Ce, Cr, Cu, Ga,
Hf, Mo, Nb, Ni, Pb, Ab, Sr, V. Y, Zr. The
main companents show very high dif-
ferentiations in their distribution. The clay

sulphides and thus impregnation by iron
oxides, The presance of sulphides (pri-
marily pyritel is confirmed by the distinct
correlation between the contant of Cu, Ni,
P and Zn. Some of iron released from
datritus may contribute 1o rare glauconite
grains in the sandy/clayey deposits.

Baoth the profiles - near Wroctaw and Konin
- of the Poznan Formation analysed are
wvery depleted in Cad and Na,O content.
These values are 0.33 % and 0.08 % in the
Kaonin area, and 0.61 % and 0.17 % in the
Wroclaw area. This suggests extremely
fow contents of calcium carbonates in
both the sedimentary piles. This is also
confirmed by very low Mn/Fe average ra-
tios (0.008 in the Konin area and 0.010 in
the Wroctaw areal, which indicate there

fraction mineral pos
tion of the entire series. In the Konin area,
the content of this fraction oscillates from
25 to B0 %, usually approx. 40 % (Kuarvra
19721, and in the Wroclaw area it is even
higher. This fraction is marked by moder-
ate to strong positive correlations (A7 >
0.80} between the content of Si0,, AL,O,
Na,0, K,0, MgD, Ca0, Mn0, F,0, and Ce,
Cr, Ga, Ab, V. Moreover, a positive cor-
relation between the content of major ela-
ments and Ba, Sr, U, Th, ¥ also

ara ¥ no
in a matrix, and the entire Mn content is
absorbed onto clay matter. However, car-
bonates (in the form of calcareous or marly
beds and horizens of calcareous, dolomitic
and sideritic concrations) have been found
in clayey deposits of the Poznan Formation
in many localities of the Polish Lowlands
(Wvawick & Mausziwska 1977). The bedded
and mottled olive-grey clays and silts of
the examined sections also do not contain

that the later elements are linked to clay
matter. A distinct positive correlation be-
tween Zr content and Si0, and a negative
correlation between Zr and Cu, Ph, Rb, Sr
suggests the detrital provenance of this
element, probably deposited along with
quartz sands. Moderate to distinet correla
tion between Ti0, and Si0,, MO, Na,0,
Ce, Cr, V, Zr shows the same origin of Ti.
Detrital arigin (as substitution in trans-
for

¥ gypsum
This mineral occurs in sedimants of the
Poznan Formation and is originated due
to weathering processes. Therefore, sul-
phur content, as exemplified by S0,7, was
originally bound in the organic matter and
sulphides, and was an artefact of analyti-
cal procedure. This is in accord with TOC
content decreasing upward in the same
fashion.

ported mi may be also indi
Hf and Sr. Organic matter is

F g the igraphic method,
three geochemical units have been defined

concentrated in the lowermaost part of the
sections near underlying lignite seams.
Part of this, accerding to distinct corrala-
tion between TOC and MgQ, K,0, TID,, Ga
may also be detrital in arigin.

The of iron is a mac-

in the Poznan Formation profiles in both ar-
8as on the basis of the analysis of elemen-
tary-content curves | Gasiewicz 2002). The
trangitions between these are generally
distinet and short. These gaochemically
different units suggest that slightly differ-

roscople feature of Poznan F sedi-

ent i settings developed during
the sedi ion of the Poznan Forma-

ments. It is expressed with grey, grean and
maottled colours, particularly when stained
by iran oxides and/or hydroxides. Pyrite

is also a common mineral, especially in
dark rocks rich in organic matter, where

it oceurs as isolated and, in places, ag.

tion. The distinct depletion of Ca and Na as
waell as the distinct predominance of ele-
ments refated to detrital fraction clearly in
dicate that they were supplied from weath-
ering of crustal rocks. Other alamants, such
as Ca, Mg, Na, Ba, Sr and some siderophile



alemants, may be sourced from basinal
{sea) floods.

The Lower Unit is marked by a general de-
pletian in the contents of many elamants
nd p R 4
in TOC content. Substantial abundances
of TOC evidence the intense actumula-
tion of organic matter and then its diage:
natic transformation into lignite beds, The
downprofile increase in TOC content cou-
pled with increases in pyrita amounts sug-
gests that these deposits were produced
by unusual or non-steady-state processes
developing near the sediment surface (Boz
kunt et al. 20011 The organic matter accu

i iated with iron in ab

bya
in Cal, K0, Ba, La, Rb, Sr, and ¥ abun-
dance. This seems to reflect a relatively
increased detrital input to the basin, How-
ever, enrichment in Fe,0, and ALD, means
a change in major element composition
in this unit refative to the other units. This
incraase indicates a high percentage of
ferromagnesian silicate minerals, possibly
chlorites and iron oxides, as comparad
with ather insoluble components such as
quartz and feldspars. These features, to-
gather with concomitant depletion {more
distinet in the Wroclaw areal in K0, Ca0,
RAb and ¥ (?) thus suggest a decrease in il-
lite content {which is regarded as being the

terrigeneous detritus supplied to the basin
is been subjected to more reducing condi-
tions when deposited at the basin floor,
These conditions ara evidenced in the sedi-
maents investigated primarily in the farm of
abundant pyrite (as noted abovel and were
similar in both regions.

The Middle Unit of the Poznan Forma-

tion in both sections studied is relatively
much thicker than other units and typically
characterised by high variation in chemi-
cal composition and the highest average
wvalues of element contents. Shifts in the
abundance of most of these elements are
irragular and point to a non-systematic
change in the source material or undi-
rectional mineral fractionation. This is

maost signifis K-bearing minerall. This
may be true becausa K-feldspar content
in tha Paznaf Farmation beds is generally
Iow, and, in parallel, there is no evidence
for 8 substantial increase In the plagioclase
content at all. PO, content remains rela-
tivaly stable throughout the series of the
Konin area and both the lower and mid-
die units of the Wroclaw area. However,
in the upper unit of the latter area, in grey
argillacecus material and sands, it in-
creases sharply, This increase is attributed
o i
which, on the other hand, may ba mare
and di in sedi of
the coastal satting,

Conclusions

Clayey deposits of the Poznarn Formation

in
ratios of total iron to aluminium (Co/ALO,
or Mn/Fe}, which show a high variability

in tha middle part of the sections (Figures
& and 9, while pyrite abundance seems to
remain similar. This qualitati

[+] within some ti
tal fluviatile domi
by flood-plain facies), lacustrine and, lo-

differences in both the elements and/or
the composition of clay matter or simply
clastic inputs, Different pattarns in the ratic
found in this unit imply various sedimenta-
ry conditions in these settings. Moreover,
one may interpret low iron abundance
{and thus lower Fa/Al ratio) in lower part of
both sections as being due to leaching of
iran from detrital minerals in anoxic waters
and then, in consequence, relatively higher
pyrite precipitation. Yet distinct, aither
anrichment (Wroctaw area) or depletion
(Konin area) in Fe of the upper part of the
sequence could result of local shifts in ter
rigeneous material, higher in more proxi-
mal and lower in more distal areas.

The Upper Unit is marked by a substan
tial increase in Fe 0, Al.O, and (locally)
P.0, and Th contents. This enrichment is

cally, thel The material
was supplied from different directions, and
a belt of the southern uplands, Sudetes
Mountains and Scandinavia were the main
alimentary areas (Pwoce 1998, In addition,
other areas, such as Belorussia Anteclise
and uplifting Carpathian Orogen, may be
important. Some deposits from the upper
part of Middla Miocena in southwestern
Poland probably originated in brackish/
marine embayments connected with Para-
tathys (buczeowska B Dvior 1971).
Clayey deposits of the Grey Clay Membar

il | in wears it
After sedimentation of this series, general
climatic cooling took place, and the Wielko-
polska Member deposits ware formad in

[ and p aven cold-te

perate conditions (Stucius 1998}, Humid
and very humid cenditions predominated
generally during the time of sedimentation
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Figure 10 Regional
correlation of the
FPoznan Farmation
deposits and palien/
spore fraquence

in the Konin area
(after: Stookowska
2002)

MOy

2|

of the Poznanh Formation, but gradual arldi-
sation proceeded during the last pericd of
sedimentation (Flamy Clay Member).

Microfloristic studies (Sooxowska 2001} of
coaly middlings displayed the p i
tion of foristic assemblages of riparian
forest with Plerocarya, Liquidambar, Limus,
Carya, and swamp forrest with Nyssa,
Alnus and farns. Plants of the mesophil-
ous mixed forest with Pinus, Quercus,
Fagus, Betula, Caninus, Tlia, Araliaceae,
with inf pi
cal taxa (lteal ware also significant there,
Contents of bush peat land elements with
Ericaceas, llex and Myrica were lower.
T climates pi i dis-
tinctly in the spectra of lower part of the
profiles, However, wide taxonomical diffar-
entiation and impaortant content of plants
related to humid settlements show rather
‘mild warm-temperate climate, which was
favourable for the development of coal-
farming swamps. The pollen/spore spectra
are rich and pallen grains are well-pre-
sarved, confirming organic matter accumu-
lation in a stagnant thelmatic basin.

In the overlying clayey sediments, or-
ganic matter, including palynomorphs and
is Iy lacking. Infs
sporomorphs occurring in this serles are
not index species, and this feature is typi-
cal for large areas of the Polish Lowlands.
During sedimentation of the clay deposits
of the Poznan Formation, the basin frames
were probably covered with vegetation,
However, the sedimentary, diagenetic and

P P ¥
which affected the periodical drying of
the basin, involved plant remains (those
consisting of sporopolienite] thus not pre-
served in the sedimants,

In the Konin area, typical facies
related to the development of peat-forming
vegetation in lacustring basins was inter-
rupted with overflowing of marine water,
which indi h

The alemeant of the
Poznan Formation from the two localities
of the Polish Lowland permit the establish-
ment of three geochemical units in bath
the secti lower, middle and upper. The

lakes into brackish lagoons. These inflows,
probably affected by storm surges, are in-
dicated by scarce marine mixed microfau-
na {deep- and shallow-water microfaunal
and small amounts of glauconita.

The depositional cycles related to the
deepening and shallowing of the basin
were by level oscillati
and storm surges in the Konin arsa, Sadi-
mentary record of the surges depends on
basin bottom morphology, &8nd, therefaore,
comparison of the numerous profiles from
the Polish Lowlands should be useful for
detail reconstruction of this area.

lower and upper units are relatively thin
{up to few metres in thickness) compared
1o the middie unit (several to a faw tens of
metres thickl. This tripartition is however
not clearly refiected in the lithological pat-
tern, although is in an accord with the gen-
erally assumed tripartite subdivision of the
series into: upper - mottled clays, middie

- green clays, and lower - grey clays.

Geochemical features of the units from
baoth the sites suggest: (1) environmental

ion in the same i y basin
of the Polish Lowlands characterised by (2)
differentiated {with regard to the compaosi-
tion and content of transported material)
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Figure11:
Palaeogeographile’
lithofacies map of
the Poznan Forma-
tion sedimentary ba-
sin (after: Crarows
& Kaswsw 2002)

inputs of allochthonous material, (3) simi-
lar {tripartite} short-term evolution of both
the depositional environments and their
different geochemical associations may
easily be explained by (4) slightly different
depositional systems with a genaral shon-
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Bamauecks M.D. {1979): Osady pliocenskie
Mazowsza jako podioze czwartorzedu.

- Biul, Geal, Uniw, Warszawskiego, 23, 23-
36, Warsaw.

Bararaecka M.D. {19851 O pozyeii stra-

term | ility of their ¥ re-

j fow pstrych w podtozu

gimes and a distance from ine of the

basin whaose (5) surficial imarinel waters

were frequently diluted by increased con-
ibuti of rai or river disch

fram near land, especially in the Wroctaw

reglon,
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The Impact of Political Borders on
Stratigraphic Nomenclature of the
Palaeogene and the Neogene

Examples from the Easternmost Areas of the Netherlands and the

German Emsland Area

* Franz Gramann

Abstract

Sedimentary bodies which form litho-
stratigraphic units of uniform origin may
be subject to name and even rank changes
whan they are traced across political
borders. These nomenclatural problems

o | in the
reconstruction of gealogical history in uni-
form sedimentary areas. The extent of pos-
sible differences is demonstrated on the
basis of a comparison of national strati-
graphical schomes across national borders
between the Netherlands and westernmost
Lower Saxony, A special problem arises
from the use of six regional stages and two
substages for the Miccena in the literature
for northwastarn Germany.

Kurzfassung

gleicher
haben meist verschisdens Namen und
galegantlich unterschiediichen Rang inner

The Problem

ktisa belief that Ii

units should be sedimentary bodies of
uniform physical origin. A single nama for
aach unit should surely be very convenient,
But what happens when lithostratigraphi-
cal units run across political borderss? In
the early days of the geological sciences,
scientists were very pleased to be able

to trace the course of London Clay from
southwestern England to northern Gar-
marny, where its original name was simply
translated as “Londonton’ The same pro-
cedure was favoured by Hinso: (1986] for
somea units of the Palasogene in
Schleswig-Holstein by the use of strati-
graphic names from Denmark. The political
barder between the easternmost provinces
of the Netherlands and the Emsland area
of Lawer Saxony runs primarily from north
to south, whereas the sedimentary bodies
of Palaecgene and Neogene ages trend
roughly east-west, as does the presant

of the North Sea. Nevertheless

halb der b wenn
sie politische Grenzen t Dies many
kann ein Hindernia sein fir das Verstindni

der geologischen Geachichte. Das Ausmali
solcher Unterschiede wird anhand eines
Varglaichs der stratigraphischen Gliede-
rungen beiderseits der Grenze swischen
den dstlichen Provinzen der Niederlande
und dem niedersachsischen Emsland auf-
gezeigt. Ein besonderes Problem besteht
im Gebrauch von sechs regionalen Stufen
und zwel Unterstufen fur das Miozan in der
nordwestdeutschen Literatur.

Keywords

Li igraphy, chr aphy,
Palasogens, Neogenae, Emsland area, the

Netherlands, political borders

igraphic units have recelved
discrete national names. These may even
differ in rank within the nomenclatural hi-
erarchy. The current state of affairs, as can
be compiled from publications and reports
from both sides of the border, is given here
in Figure 1.

Far instance, the continuation of the
Delden Mamber of Late Miocene age into
the Emsland area has been seen thera re-
cently in the same glauconite sand body
with shell fragments of Lingula sp., as
described by Bos et al. (1375] from the
neighbouring Hengelo area of Overijssal.
This unit is regarded there as a member of
the Breda Formation. The Breda Formation
comprisas a sedimentary column of entire-
Iy Miocene age in the stratigraphic nomen-
clature of the Netherlands, in the updated

Morthern European Cenozoic Stratigraphy; Proc. 8 Biann, Meet. RCNNS/RCNPS. - Flintbek 2002 185



(STAGES | he Metherencs, Eastern Provisces. | Lower Smny, Emsind ama
u| ]
i JFRFC - and
= P o TR
= Gharam 43, v Zerceren
| wnGEFELDIN Mpeming van Bibergen Cherer Ghmmeresend
Ghmmenton
| WERNORIUM st Unterer Gimmertencand
I
o | CHETTILN
5l
o
B {mrELIM
2 || aret van Cetrearmam, R 1.
| ”| uironene fwhm'mﬁ-_lﬁn-m
FREABONIUM
BARTONIUM [Hiaategart
|10 e e
06 (=5 Cacarmous summuic
TETILY =\ Zand van Brssel P snd
H 7
H H
w 3 UEA = San, shceous mionfosss
YRESILM | s van Teper A UEY = Clay, calcareous microfoss.
| s 12 = Oy, arenaceous
| Foraminfers
| UED = Clay, pyetioed Dustcrs,
at | T, Zared e Do edsane agh layers___
Gl AT [Pormate v Larcen. 13
I
g;mn [mast=gect {Liche=gam)

Figura 1: Stages
(Garman version),
names of forma-
tions, members and
beds on both sides
of national borders.
Symbals for agsem-
blage zones of ben-
thic foraminifara by
Dovegar, Stassow &
HieTERmanay and Seie-
oLea gre included

wersion compiled by vax ALpaicves at al.
(1897) as wall. In northwastern Germany,
sediments of Miocene age have been sub-
divided into five, or even more units, of
formation rank. Thus, the sand

area lies between <100 m and >2000 m
(Figure 3).

H =

Figure 2: Locality map with the national
border between eastern provinces of the
Netherlands and the German Federal Re-
public in the Emsland area

Palaeogene

Sediments of Early Palasocene age are as
yet in the region. Marine clay

body, referred to as the Deldan Membar
within the Breda Formation, would likely
become a formation when traced across
this national border. Several cases of dif-
fering national names for the same litho-
stratigraphical unit are shown in Figure 1.
As far as the German part of the area is
concerned, the following chaptars must
rely largely on internal reports on subsur-
face data. Since Eccemane (1963), whose
paper deals only with the southwestern
part of the area, little has been published
on the Palasogene and Neogene of the

beds, which are the result of the second
global sea-tevel rise during the Palasocene,
have, however, been observed in the re-
glon. The name Landen Formation, which
is used in the Netherlands, has been adopt-
ed from Belgium, whereas, in Garmany,
the same unit is traditionally explained as
an equivalent of the Thanet Beds of Kent

in the United Kingdom, Both units have
the same blostratigraphic background, for
instance, the FJ foraminiferal assemblage
described by Doererr & MeeLe (1983),

Other I diff

are extremely rare nowadays, They are, or
have been, confined to glacially deformed
areas, where push moraines have brought

pre-Pleistocens sedimants close to surface.

One of these areas, the Inerbeck-Uelsen

in the

Pal portions of the
schema arise from the absence of formal
lithostratigraphic names for Eocene sedi-
ments an the German side of the barder.
Symhnls for the units of predominant

ic values p d by Stag-

push maraine, has been by
RicvTer et al. (1860}, A modern survay on

glaciotactonic structures has been given by

Kuuwving {1984). The Kulperberg of Ootmar-
sum is part of their southern continuation.
Previous exposures at this site have baan
described by Boeksoworos (1963), The thick-

s B Ha TERasy 11911-0? have been used
there thus far to indicate the subdivisions
of the Eocene sedimentary column, Dark
clay beds with layers of volcanic ashes
are known as the Dongen tuffite Membear
in the Netherlands and as the UET unit

in as well. The of UE3

ness of theTertiary strata in the
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Figure 3: Base of Palaeogene. Depth of base Pal, i i fTertiary (P and Neo-

o
genel Average of cover plus Holocene beds approximately 50 m in areas without
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calcareous microfauna, the Fl of Doeerr

of teath from the Middle to Late Eocene

8 Neewe {1983}, offers the ibility of

long-distance correlations to clay units of

Ypresian age in Belgium and England, The

UE4 assemblage zone in the Emsland area

is represented by a sand unit, with sponge

spiculas and globular radiclaria, It is lha
of the "Heilig

g F ion found around Helm-
stedt, in easternmost Lower Saxony by
Lenicye (1936). Boscd (1964) has found testh
of eix shark species of Oligocens age to-
gether with 26 others which are reworked
from the Eocane, Gaewess (1893) derives
lhe green phosphorites of the Ootmarsum

e Kieselgestein® in Schleswig-Holstein, in
which siliceous microfossils comprise rock-
forming constituents. Largely dated as Late
¥presian, it may also be partly equivalent
to the Brussels Sand Member within the
Dongen Formation. Stratigraphic names
for some members of the Dongen Forma-
tion, which comprise the entire Eocene

v eolumn in the Netherland.
hawve bean borrowed from Belgium. This is
rather reasonable, as there is little differ-
ence across the bordar, though they have
formation rank in Belgium and may not be
fully coeval, as indicated by van ALomicHEM
&t &l. 11997) for the Brussels Sand. The
same lithostratigraphic units in the Neth-
erlands, with Belgian names, are aqually
present in the Emsland province of Lower
Saxony and much farther beyend as well.
Calcareous sands and marly clays with
Ledian-Wemmelian mmrulnas:ls IFHI?
including small and primi

from the Brussels Member of
the Dongen Formation, The Ootmarsum
Formation inTwente, its German equiva-
lent, referred to as " Klastischer FuR* by
Evieamann (1963), and also the Afzetting
wan Ratum as described by Bosc et al,
[1975] must be regarded as the coarse
transgressive base of a nearly ubiguitous
marine riythmic sequence of more or less
silty clays with carbonate septaria. The old
Garman formation nama refers to these
septaria type concrations, The Sapltana
Clay F hon is an eastern

of the Belglan Boom Clay Formation of
Rupelian Age. It can be traced across the
entire region at least as far as the lowlands
of Poland, but has received a total of nine
differant lithostratigraphic names in the
area on both sides of the national border
alone, The geoclogical history during the
Oligocene may Ihus be obscured by purely

of the variniarius species group, have bean
encountered in the extreme western part of
Lower Saxony, in the Emlichheim region,
as described by Euiemaa (1963), but also
in the area farther northeast, at Lingen and
beyond the river Ems, where they are con-
tained in a cored section at Haselinne,

Contrary to praviously published find-
ings indicating a position within the Late
Eccene, these calcareous sediments are
mainly of Middle Eocene = Lutetian age.
Thls has been proved on the basis of the

ion of
ton of Magmr (1571). Sediments of true
Late Eocene = Priabonian age are as yet
unknawn in the Emsland, If presant, they
must be searched for in borehole sections
with axtreme thickness in Palasogene sedi-
ments,

The Ootmarsum Formation inTwanta,
presant on both sides of the border
within the Emsland province, refersto a
transgressive gisnwnltlc sand unit wllh
rolled
reworked Eocena fossils, including the
crab Coeloma baiticum |Scwier 1878),
figured from there by ce Neve {1945}, and
selachian teeth. This assamblage of fossils
has been compared with the collections

. The upper part.
still rag; | as ing ta the A
Stage, figures as the Winterswijk Member
in Boson & Hacen {1984). The lower part has
been named there as the Brinkheurne For-
mation, with Kotten and Woold Members.
In the column for the Emsland, R1, A2, R3,
F4 are the symbols for the stratigraphy
by foraminiferal assemblages by SrecLen
11966} within the Septaria Clay Formation,
The R1, R2 and R3 foraminiferal assem-
blages can be traced, according to von
Deaniers et al. {1984), as far to the west as
to the Waasland province of Belgium. The
Waoold Member, rich in arganic matter and
with elevated gamma radistion, seems to
be the equivalent of the R3 unit. Tha Win-
terswijk Member contains the A4 foraminif-
aral assemblage in samples provided by
AW, Janssen, In the Emsland area, much
younger sadiments have been frequantly
found on top of Rupelian Clay with R2 mi-
crofauna, and clay beds with the R3 and Rd
assemblages are eroded.

The gap below the Dotmarsum Formation,
and later gaps above the Rupel Formation
members as well, seam to be charactar-
istic, at least for the southarn part of the
Emsland area, In accordance with ELies
sarey (1963), and contrary to older publica-
tions, the marina Vieldhoven Formation or



similar Chattian equivalents of the Late
Oligocene are missing there as well 85
across the border. The Veldhoven Forma-
tien is preserved according to Bers et al.
{2000) anly in & rift

ing areas near Quakenbriick. In the Win-

terswijk area, it is contained in the Aaltan
Member above the Miste Bed, according
to Bosce et al. {1875). Thalr description of

farther southwest. Hacen & Prorest| 1988)
indicate a presence in the northern part of
the Rhine Embayment, where the Chattian
Sands equivalent is known as the “Grafen-
berger Schichten”

Neogene
A glauconite sand unit on top of the

Septaria Clay Formation, and hare in the
west &t the base of the Naogane ssquam‘e

the gen Mamber with
its whale bones in the same publication
resembles the suboxic Tostedt Beds in the
Obdenburg Minsterland, between the Ems
and Weser rivers,

The presence of sadiments with Late Mio-
cene microfauna {FB) has bean proved
many times in the Emsland area since Ev-
Lemman (1963). Sand units of this age, in-
formally named “Oberer Glimmerfeinsand?
are known In the south around Nordharn.
Maring clastics of Late Mioccene age form

has received the name "
in Lower Saxony. It has most recently
been demanstrated to be diachronous by
Kreuzen & Harre (1989), The glauconite sand
“Laag van Miste"{Miste Bed) of Bosos et al,
(1975} in the lowermaost part of the Aalten
Member within the Breda Formation, in the
Achterhoek of the Gelderland province, is
its equivalent west of the national border.
Apart from an autochthonous molluse fau-
ng, it contains reworked shelis and shark
:ae’th of Late Oligocene origin. The mext

phic unit in the area
above the *Grenzglaukonit™ is known as
the “Unterer Glimmerfeinsand?

In some well sections, for instance, in
the Emlichheim 74, but alse in cored
holes at Lingen, the *Unterar Glim-
marfeinsand” has been identified as silt
with the zonal marker Uvigering :\qnur

lata on top of the o
layer and gradually emerging from it. This
indicates the presence of the foraminif-
eral biozona FD of Dopeerr (1980 of Late
Hemmoorian=Burdigalian age. The same
age has been attributed 1o the “Laag van
Miste” due to the description of its autoch-
thonous Oxlundian Substage mollusc fau-
na by A, Jaussen (1984). In Lower Saxony,
on the Danish Jutiand peninsula, but alao
in the Lower Rhine Embayment, a fully
maring mica clay formation, named “Ober-
er Glimmerton” in Lower Saxony, should
follow. It has been traced only sporadically
in the northern Emsland area. The same
may be the case in the Overijssel province,
Thus, the equivalent of the Reinbek-Hodde-
Dingden sedimentary and faunal complex,
well known for instance from the Lower

a i iva blankat, g much of
the area. In the extrame they may directly
cavar the Septaria Clay = Boom Clay unit
The stratigraphy within the up to 2,000 m
of Tertiary (Palaecgene and Neogene) sedi-
ment in the rim sink of the Lathen salt plug
in the north is not sufficiently known to
exclude stratigraphic gaps. The presence of
the Delden Member, the upparmost mam-
ber of the Breda Formation on both sides
of :he natmnal Imndaf, has already been

N ly, its coarse gl i
grains are partly transformed into brown
goethite. Remnants of the calcareous maol-
lusc fauna are represented by moulds and
fiils, as shown by Bosai et al. (1975, PI. 18).
Subaeric weathering during a pre-Pleisto-
cene time of denudation may be the rea-
son for this.

The last claarly marine sadiment in the
araa has been ohserved by VortHuvsen &
Toewne (1869} in the Gelderland and Overi-
jssel provinces and by Grasasy (1987) in
the Emsland. It is a widely distributed,
slightly glauconitic and micaceous silt
unit with the foraminifara Monspeliensing
pseudotepida (van VoorTHuysen 1950) and

7 |
& Toening 1969). The foraminiferal assem-
blage can be ascribed to & FB/FC transition
within the DoreenT zones, as demanstrated
by Leewven in Berc & Gaemers (1993) in a
sample from the Peize well on the Assen
Oost map sheet, This unit may beleng to
the same transgression, which deposited
the Kattendijk Sand in the Antwerp area. In
the Netherlands, the Kattendijk Sand is ra-
garded as a basal member of the Pliocene
Oosterhout Formation, The intreduction of

Rhine Embay L seems to be und
or truncated there. It has been

ak ijkian Stage for the Early Pliocens

mare frequently in the southeastern part of
the Emsland and in its eastern neighbour-

has besn by Gassmens {1392) and
has been followed by Hescod (2007).



North Sea Stages for the
Neogene

A most serious complication, which also
greatly puzzles outsiders, is the presence of
local names for the stages of the Necgene.
Though mich in use in German papers and
recognizable as names meant to denote
stages by the Latin ending -ium, little has
praviously been known about their chron-
ostratigraphic values. They have their roots
in ¢h stic molluse blages, de-
seribed in the years from 1919 to 1952, The
histary of their ive i ducti

single names across the entire area of their
distribution,

Acknowledgements

Since the informative contribution of ELes
mann [1963] on theTertiary in the oilfields in
the southwestern part of the Emsland area,
many shallow and several deeper bore-
holes have been sunk through the total
cover of Pleistocene sediments in the west-
ernmast part of Lower Saxony, including
the Emsland area, together with the Graf-
schaft The N and eventu-

various authors has been compiled for the
first tima by Anperson {1961, later also by
Moo inToaws (1986: 679-693). A correla-
than to sequence stratigraphy has recently
been atternpted by Hinsc (2001), At least
for the stages younger than the Reinbekian,
which a time of wi

ally also Palaeogene, formations encoun-
tarad there were sampled. The majority of
thase shallow wells were sunk for regional
groundwater surveys. Other samples were
taken during subsurface mapping activi-
ties, As a routine, micropalaeontological

maringe environmental conditions in large
areas of northern Garmany and offshore,
correlations to international stages may
still be tentative, Seismically recorded sec-
tiong from the coast and extending into the
Marth Sea display di

hods were applied to obtain as much
stratigraphic information as possible. In
the course of time, my fellow palaecntolo-
gists, P Cepek, CH. von Danials, A, Kéthe,
K.J. Meyer, U. Staesche, and myself were
active in these investigations. To my col-
leges, including those who have provided

typical of deltaic sedimentation, as indi-
cated in Figure 266 in Vinke {1988). Thare-
fare, this area may be a difficult ragion for
the definition of chronostratigraphic units
for the Late Neogene. Promising attempts
towards better knowledge of the Neogene
in northern Germany have been published
recently by Bocow (2000} or are under way

the samples, and to the Niedersachsisches
Landasamt fiir Bodenforschung, | wish to
axprass my thanks for their permission to
use data from internal palagontological
repors. A discussion of the stratigraphy of
the Miocene on the German side with von
Daniels resulted in a necessary revision

of the names of lithostratigraphical units.

within the of ¥
studies, for instance, on the Nieder Ochten-
hausen cored borehole section outside the
Emsland area by C.H. von Daneis and oth-
ersin volume A 152 of Geologisches Jahr-
buch, Hanower (2001).

Conclusions

Differing stratigraphic codes, together with
& predominance of independent national
names for basically identical Interregional
sedimentary units, have, until recently
been used quite normally by various
European scientists, This is largely a con-
sequence of differences in the history of
geolegical science and language barriers,
Nevertheless, the aim should now be to
reveal geological history to the public in
spite of nomenclatural problems, Insid-
ers may keep their personal stratigraphic
dictionaries in their memories, but in order
to assist the broader scientific community,
identical sedimentary units should receive

fi on subsurface geology in the
Emsland area by F Kockel, who has con-
tributed a depth contour map on the base
of the Tertiary, was very helpful.

References

Acpricrem Boooaa H. A, van & Kouwe W.E.R
[1987); Stratigraphic nomenclature of the
Natherlands, revision and update by RGD
and NGGEPA, Section |, Tertiary (Lower,
Middle and Upper North Sea Groupsk:1- 38,
RGD, Haarlam.

Anperson H.-J. (1961): Uber die Korralation
der miocanen Ablagerungen im Nordsee-
becken und die Banennung der Stufen.

- Meyniana, 10: 167-170, Kiel,

Bero N.W. van oen & Gaewmens PAM. (1993}
Tertiair - Blad Almalo Oost/Denekamp
1280/129) - Toelichtingen Bij de Geologische
Kaart van Nederland 1:50,000: 35-86, Haar-
lam.




Bera N.W. van nen, HouTen C.J, van & OTes

Doeegat JW.C, & NeeLe N.G, (1983): Bios-

C. oen 0} I. Kaart van Nederland
1:50,000: Blad Enschede West (34 W) en
Enschede Oost / Glanerbrug {340/35].
Korte toelichting. - Nederlands Instituut
voor toegepaste Geowatenschappen THNO,
Utracht.

B G.J. 11963): Pal ical
notes on the Septaria Clay (Oligecene) of
the Eastarn Netherlands. - Koninklijke Ned-
erlandse Akedemia van Wetenschappen
Amstardam, Proceedings, B 66: 280-295,
Amsterdam,

Bosce M. van oen (1964 Haglentanden uit
de fosforitenlaag aan de Basis van hat Oli-

of marine P deposits
In the Netherlands and adjacent areas.-
Mededelingen rijks gecloglsche dienst,
3702} 3-79, Haarlem.

Evieamann C. {1963): Beitrag zur Gliedarung
und Varbreitung des Tertiérs im Wast-Ems-
land, - Neues Jahrbuch fiir Geologie, Ab-
handlungen, 117: 11-130, Stuttgar,

Gagnens PAM, (1993} Het Tertiair, - In: Rar-
Fou M.: De bodem van Salland enTwente,
geologie-archeologie-excursies. - Lingua
terrae, 3: 35-52, Amstardam,

Gmmm F. [1987):Distribution of Mon-
ida in Northwest-

gocean in Ovearijssel en - Pub-
licaties van het Natuurhistorisch Genoot-
schap in Limburg, 13: 61-78, Maastricht.

Bosed M. van pEn, Caner M.C. & Janssen AW,
{1975): Lithostratigraphical and biostratl-
graphical subdivision of Tertiary daposlts
(i liocene) in the

- Nmeio area (eastern part of the Ne’ther
lands).- Scripta Geolegica, 29: 1-16, Leiden,

Easur M. van pen & HM:H H. 11984): Lithos-

ern Germany and adjacent countries
{Foraminifera, Tertiary, Late Miocene-
Pliocanal. - Mededelingen Werkgroep
Tertiaire en Kwartaire Geologie, 241,21
113-124, Leiden.

Gramann F {2001): Tertidr; Mskr. fir Kreisbe-
schraibung Landkreis Emsland.

Hacen H . & Prorest J. (198B): Tertiar: 32-40,
- In: Geologie am Niederrhein, 4. neube-

of i :Iepns rheitate und te Auflage; Geolo-
its (Qligocene) in the Boom area gisches Land Westfal
the Wi jk area (the and  Krefeld.

the Lower Rhine district (FR.G.] - Medede-
lingen WerkgroepTertiaire en Kwaraire
Geologie, 21: 123-138, Leiden.

Hinsci W, [1988): Lithalogie, Stratigraphia
und Paliogeographie des Paldogens in
Schleswig-Holstein, - In: Toses H. jed.):

Bovow W, vor (2000) ed.: i Ent-
wicklung Stdwest-Mecklenburgs seit dem
Ober-Oligozan, - Schriftenreihe fiir Gaowis-
senschaften, 11: 1-410, Berlin,

Daniers C. H. von (2001): Foraminiferen im

nland im Tertidr, Beirdge
zur Regionalen Geologie der Erde, 18: 67%-
699, Barlin, Stuttgart

Huscn W, (2001): Correlation of Miocene
Morth Sea stages to sequence chronos-

Mioziin dar F g Mieder

- Geologisches Jahrbuch, A 152: 195-239,
Hanover.

Davsers C. H. von, Grasasen F . KoTHe A,
(19941 The Olbgocana &ptamamnn
of Lower Saxony, B ofan

2001, 11: 25-28. (Selected papers presented
at the 7 Joint Biannual RCNNS-RCNPS
meeting, Leuven 20-23th Septambar 1995},

Jarasen AW, (1984) Mollusken uit het Mio-
ceen van Winterswilk-Miste. - Koninklijke

equivalent of the Boom Formation of Bal-
gium, with special considerations to its
upper and lower boundaries. - Bulletin de
la Société belge de Géologie, 102 79-89,
Brussels.

ODPPEM J W.C. {1980): I.llhuellaugra phy and
of marine Neog depos-

its in the Netherlands. - Mededelingen rijks

goologische dienst, 32: 255-311, Haarlem.

36: 1- 441, Leiden.

Kuuwma 5.J. (1894): Glaciotectonics of the
Itterbeck-Uslsen push moraines, Germany.
= Journal of Quaternary Science, 9: 236-
244, London.

KotHe A, (1990} Palaeogene Dinoflageliates
from Northwest Germany - Biostratigraphy
and Paleonviranment. - Geologisches Jahr-
buch, A& 118: 3-111, Hanover (27, Figure B,

191



Figure 10 Dinoflagellates from the Lingen
B1 boreholel,

Kreuzen H. & Hasne E.W. (1988): K/Ar-Datie-
rungen an Glaukoniten des Obermiozan
und des Vierlandium dar Forschungsboh-
rung Wursterheide. - Geologisches Jahr
buch, A 111: 209-215, Hanaver.

LemicHE M. {1936): Sur les restes de

graphic MapTK 25 (1: 25,000) have been
incorporated: 2808-2811; 2009-2911; 3008-
3012; 3108-3012; 3208-3212; 3306-3313;
3406-3412; 3506-3511; 3608-3610.

» Franz Gramann
Erdbrandweg 82,

du niveau & nodules phosphatés qui oe-
cupa la base de I'Oligocene dans le nord-
aest des Pays Bas. - Verhandelingen Geolo-
gisch en Mijnbouwkundig Genotschap,
Geologisch Série, 11: 233-289, The Hague.

Masmini E, (1971): Standard Tertiary and
a |

¥ z0-
nation. - Proceedings. Il Plankton Confar-
ence, 2: 738-785, Rome.

Nive G, A, oe (1946): Cosloma balticum
Sonomen uit het basaal conglomeraat van
het Oligoceen in Dost-Nederland. - Geolo-
gie en Mijnbouw, Ns., 7: 8-10, Tha Hague.

Rioren W, Scmeoen H, & Wasen R, (1950}
Die saalezeitiiche Stauchzane von Itter-
beck-Uelsen (Grafschaft Bentheim) (1950).
- Zeitschrift der Deutsch i
Gesellschaft, 120: 80-75, Stuttgart.

Seiecien 0. (19661 Biostratigraphie des

Rupels auf Grund von Foraminiferen im
acdlichan D % i

Jahrbuch, 82: 447-486, Hanover.

SraescHe K. & Hutersares H. (1940): Mikro-
faunen aus dem Tertidr Nordwestdeutsch-
fands. - Abhandlungen der Reichsanstalt
fiir Bodenforschung NF 201: 1-26, Berlin.

Tomew H. (1986] (ed.k: Nordwestdeutschland

imTertiér. - Baitrége zur Regionalen Geo-
logie der Erde, 18: 1-763, Berlin, Stutigart
|Gebr, Borntraeger).

Viuken R. {1988) {ed.): The Morthwest Euro-
pean Tartiary Basin. Results of the Interna-
tional Py

=
Project No 124, - Geologisches Jahrbuch, A

100: 1- 508, Hanover.

Voonmmvsen J.H. van & Toereea K. (1968):
Distributi e e S

et ires aux
dAnvers. - Madedelingen Rijks Geolo-
gische Dienst, 20: 93-123, Maastricht.

Internal reports: Stratigraphic data from
the follewing map sheets from the Topo-

D-30938



il







	Inhaltsverzeichnis
	Erste Seite



