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Preface

The following two papers examine the for-
aminiferal and ostracod palaeoecology and
stratigraphy of Late Elsterian and Holstei-
nian deposits in Jutland, Denmark. Each
site is discussed individually and the results
are compared with the published Holstei-
nian pollen record at Tornskov, and with
other Mid-Pleistocene records of Foraminif-
era and Ostracoda in Northwest Europe. Of
particular interest is the occurrence of cer-
tain characteristic species-associations and
individual taxa of both Foraminifera and
Ostracoda, which when used carefully in
combination with pollen and various dating

techniques, may be of invaluable help in un-
ravelling the Quaternary history of North-
west Europe. The study demonstrates the
value of combining the results of several
biological and dating tecniques on the same
material, in order to obtain a more reliable
chronology of the events within the Qua-
ternary. It also highlights where further
work is required in this field. It is our hope
that the results presented here may prove
helpful to Quaternary researchers in their
quest to establish a reliable Quaternary
chronology for Northwest Europe.
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Foraminifera in Late
Elsterian-Holsteinian
deposits of the Tornskov
area in South Jutland,
Denmark

BY
KAREN LUISE KNUDSEN



Abstract

Foraminiferal faunas from marine Late El-
sterian and Holsteinian deposits in the Torn-
skov borehole have been investigated. The
faunal succession is correlated with the pol-
len zones of the same boring, and the as-
semblages are compared with Late Elsterian
and Holsteinian faunas described from adja-
cent areas.

Arctic foraminiferal faunas at the base of
the marine sequence at Tornskov indicate
that a marine transgression occurred prior
to the establishment of full interglacial con-
ditions, i.e. in the Late Elsterian. Marine
sedimentation continued during much of the
Holsteinian Interglacial. The assemblages

here indicate boreal, mainly sublittoral con-
ditions and relatively open access to the
North Sea. Evidence for withdrawal of the
Holsteinian sea from the area is not re-
corded in the faunas at Tornskov, the upper-
most part of the marine sequence having
probably been removed by subsequent gla-
cial erosion.

The general trend for corresponding de-
posits over the whole area of SW Denmark
and N. Germany is that the regression took
place before any indication of climatic dete-
rioration is seen in either the fauna or the
flora.
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Introduction

A 107.6 m deep borehole at Tornskov in S.
Jutland (figs. 1 and 2) penetrated marine
and non-marine Quaternary deposits, and
reached down into the marine Miocene.
The boring was undertaken in 1958 by the
Geological Survey of Denmark (Geol. Surv.
file no. 159.243). The site is 22 m above sea-
level, and was located at the edge of a hill-
island of Saalian age (Milthers 1948), in an
area which was not covered by ice -during
the Weichselian.

A rough description of the sediments in
the boring was given by Leif Banke Ras-
mussen (in Andersen 1963), and a prelimin-
ary investigation of their foraminiferal con-
tent was undertaken by Buch (1963 and in
Andersen 1963). A dctailed pollen stratig-
raphy of the marine Quaternary deposits
was, however, established by Andersen
(1963), who referred pollen zones H1-HS to
the Holsteinian Interglacial.

The purpose of this investigation has
been, firstly, to establish a detailed forami-
niferal zonation of the Tornskov boring, sec-
ondly, to correlate these with Andersen’s
pollen zones, and thirdly, to interpret the
environmental conditions at the site on the
basis of the Foraminifera. The availability of

@ TORNSKOV

Fig. 2. The location of the Tornskov borehole.
(From the Geodetic Institute map sheet 1112
).

the same samples as were used in the pollen
investigation enabled a comparison of the
two methods, thus giving us an excellent op-
portunity to see how they could be coordi-
nated. The knowledge obtained could,
therefore, be used more productively in at-
tempting a regional correlation, and in iden-
tifying the position of the Elsterian-Holstei-
nian boundary.
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Methods

A total of 115 samples from the Tornskov
borehole were treated for foraminiferal
analysis according to the laboratory
methods described by Feyling-Hanssen et
al. (1971) and Meldgaard & Knudsen
(1979). At least 300 specimens of Foraminif-
era were counted where possible. The fre-
quency distribution of selected foraminif-
eral species is shown in the range chart (fig.
3, p. 31). In samples with few Foraminifera
the whole assemblage was counted. The ac-
tual number of tests for each species in the
analysed samples has been entered in the
range chart where this did not total 100
specimens.

The faunal diversity index used in the dia-
gram was defined by Walton (1964) as the
number of ranked species which accounts
for 95% of a fauna, and the faunal domi-
nance is the percentage of the most frequent
species in each fauna (Walton 1964). An-
other diversity index was introduced by Pie-
lou in 1979. This pielou index (p’3) was de-
fined as the ratio between the third ranked
species and the total amount of the three
most frequent species in a fauna. This in-
dex, thus, supplements Walton’s diversity
index. The relationship between the three
most important species in a sample might,
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Fig. 4. Legend for fig. 3 (p. 31).

according to Pielou, be of value in palaeo-
environmental analysis.

A simplified outline of the lithology and
grain size distribution is given on the left
side of the range chart. Correlation with
pollen zones (Andersen 1963) and a strat-
igraphical interpretation are shown to the
right.

The foraminiferal “zones” in the present
work are assemblage zones according to the
definition given by Hedberg (1976). The
term “zone” is used for the purpose of brev-
ity only.

Fig. 3. Range chart for the Tornskov borehole (p. 31). The percentage distributions of the most com-
mon foraminiferal species are shown. Legend fig. 4. The bore site is 22 m above sea-level.
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Foraminiferal zonation and palaeoecology

The interval between 107 and 95 m in the
Tornskov borehole is a massive sand, with
laminae of sandy clay in the lower and up-
per part of the unit. This unit contains many
Pre-Quaternary Foraminifera, mostly of
Miocene origin, but with a few specimens
from the Cretaceous. A few Quaternary
Foraminifera occur in nearly all of the 15
analysed samples, and the unit is probably
glacifluvial in origin, as Andersen con-
cluded (1963) on the basis of the lithology
and high frequency of Pre-Quaternary pol-
len.

This unit is overlain by a 56 m thick ma-
rine sequence, which can be subdivided into
5 foraminiferal assemblage zones (zone A to
zone E, fig. 3). The upper 28 m of the bore-
hole contain two non-marine units separ-
ated by about 8 m of marine sediments (fig.
3), which are presumably not in situ. Each
of the marine zones and non-marine units is
described in details below.

Zone A. The Cassidulina reniforme
— Elphidium excavatum zone

The sediments between 95 and 92 m are
composed of alternating layers of sand, silty
clay, and clay. Foraminiferal faunas of sam-
ples 98-93 (fig. 3) are characteristically
dominated by the the arctic forma clavata
(see Feyling-Hanssen 1972) of Elphidium
excavatum (66-82%), and Cassidulina re-
niforme is also common (9-24% of the total
fauna.). The most important accessory spe-
cies are Nonion orbiculare and Elphidium
hallandense, but specimens of Elphidium al-
biumbilicatum and E. asklundi also occur.
Both the faunal diversity (3—4) and the p’3

indices (0.04-0.07) are low compared to the
succeeding zone.

The ecological parameters indicate ex-
treme marine environmental conditions,
and the faunal composition shows that an
arctic environment prevailed during deposi-
tion (Nagy 1965, Elverhgi et al. 1980).

Zone B. The Nonion orbiculare
— Elphidium hallandense zone

Zone B occurs between 91 and 80 m (fig. 3).
The sediment is silty sand throughout. El-
phidium excavatum, forma clavata and Non-
ion orbiculare are dominant, accounting for
41-50% and 14-37% of the faunas, respec-
tively. Other important species are Elphi-
dium hallandense (8-20%) and E. asklundi
(2—4%). Only in the uppermost sample are
the latter two species less frequent.

The zone B faunas are mainly arctic in
character, but the presence of Elphidium al-
biumbilicatum throughout indicates an ame-
lioration in marine climatic conditions when
compared with the zone A faunas. The
slowly increasing frequencies of boreal spe-
cies such as Ammonia batavus, Elphidium
magellanicum, and Nonion germanicum
herald a gradual rise in temperature. The
high content of N. orbiculare and E. hal-
landense, together with the presence of E.
asklundi and E. albiumbilicatum, are indica-
tors of shallower conditions than during the
deposition of zone A. Decreasing precent-
ages of Cassidulina reniforme could also in-
dicate this, but discharge of meltwater into
the area could also have had a detrimental
effect on that species (Buzas 1965, Knudsen
1982).

Both faunal diversity (5-7) and the p’3 in-
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dex (0.09-0.23) are higher than in zone A,
and the faunal dominance is lower (41-50)
(fig. 3). All these parameters point to less
severe conditions here than during the de-
postition of zone A.

Zone C. The Elphidium excavatum
— Nonion orbiculare zone.

There is a marked change both in sediment
type and in faunal composition at the zone
B/C boundary. The silty sand of zone B is
overlain by a silty clay in the lowermost part
of zone C, and clay in the upper part. A
characteristic element of the faunas in zone
C (79-75 m) is the high content of Ammonia
batavus, especially in the lower samples
(11-25%). Nonion orbiculare continues up
into the zone, but with lower frequencies
(5-12%) than in zone B. The boreal forma
selseyensis (Feyling-Hanssen 1972) of E. ex-
cavatum (59~86%) dominates the assem-
blages.

The Foraminifera of zone C indicate the
establishment of full interglacial (boreal)
conditions, as most of the arctic species
have completely disappeared. A relatively
low faunal diversity and p’3 index, together
with high faunal dominance, suggests the
presence of extreme environmental condi-
tions. The very high numbers of specimens
in sample 80 at the bottom of the zone
(23,000 per 100 g sediment) may indicate
that there was an initial period of slow accu-
mulation.

The water depth is difficult to estimate
because of the unusual composition of the
faunas. Assemblages with Nonion orbicu-
lare as an important element of otherwise
boreal faunas have not ben recorded from
any Recent faunas in NW Europe, but this
distinct species-association is quite often en-
countered in Eemian and Holsteinian de-
posits in Denmark and N. Germany.

Ammonia batavus occurs mainly as the
large lobulate form, often with an umbilical
plug, both in zone C and in the succeeding
zones D and E. This form is typical for Re-
cent North Sea faunas, and its occurrence
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here, thus, suggests rather open conditions,
with direct access to the North Sea during
deposition of the whole marine interglacial
sequence.

The ostracod faunas in zone C suggest
similar, but at the same time slightly cooler
conditions than exist in the North Sea at
present (Penney present volume).

Zone D. The Elphidium excavatum
— Elphidium magellanicum zone.

Silty clays were found between 74 and 43 m.
The assemblages here are dominated by El-
phidium excavatum, forma selseyensis (usu-
ally 40-75%) and E. magellanicum (usually
10-30%). The sudden appearance and im-
portance of the latter species is one of the
characteristic features of the zone, although
Ammonia batavus is also quite well repre-
sented (mostly 5-15%) throughout. the
zone. Especially typical for all the faunas is,
however, the presence of many accessory
species such as Elphidium albiumbilicatum,
E. williamsoni, E. gerthi, E. margaritaceum,
Nonion germanicum, N. depressulum, N.
orbiculare, Cibicides lobatulus, and Quin-
queloculina stalkeri.

This faunal composition suggests the exis-
tance of a stable, fully marine, sublittoral
environment (Culver & Banner 1978). Gen-
erally the faunal diversity and p’3 indices
are higher and the dominance lower than in
zone C. The greater number of specimens in
the lower part of zone D might be an indica-
tion of a period with a slow accumulation
rate.

The Ostracoda also support this interpre-
tation, as they suggest marine-climatic con-
ditions compatible with those present in the
North Sea today (Penney this volume).

Zone E.The Elphidium excavatum
— Ammonia batavus zone.

The sediments of zone E (42-29 m depth)
are silty clays grading upwards into a silty
fine sand at the top. A short period with a
more extreme marine environment would



appear to have occurred at the beginning of
this zone. Both faunal diversity and the p’3
index decrease, and are particularly low in
samples 39 and 40. There may have been a
temporary change in the coastline during
this period, which may have taken the form
of the construction of some kind of a barrier
preventing open access to the sea. In this
lower part of zone E Ammonia batavus is a
frequent species (18-26%), together with
the dominant Elphidium excavatum, forma
selseyensis (60-76%), and most of the ac-
cessory species disappear. These reappear
upwards through the zone as more open
conditions, similar to those present in zone
D, return to the area. The decrease in speci-
men numbers in this upper sandier part pre-
sumably indicates a higher accumulation
rate here, but may also have been influen-
ced by differential post-depositional com-
paction of the sediments.

A characteristic feature of zone E is
higher frequencies of Buccella frigida
(mostly 1-9%, maximum 19%) than in zone
D, where it never exceeds 1% of the total
fauna. In the upper part of zone E, species
such as Elphidium albiumbilicatum, E. wil-
liamsoni, and E. margaritaceum are slightly
commoner than in any of the zone D faunas,
but the actual palaeoenvironment cannot
have been much different in the two zones.

The top of the marine sequence, thus,
contains relatively open and deep water fau-
nas indicating sublittoral environments. No
shallower water zone is found here. If there
was one, it must have been eroded away la-
ter, probably during the following glaciation
(see below).

Ostracod assemblages at the base of zone
E are indicative of a shallow sublittoral en-
vironment with normal marine salinity

(Penney this volume), and they contain an
indication of slightly warmer conditions
than in the other foraminiferal zones of the
borehole. The corresponding foraminiferal
faunas do not, however, show any indica-
tion of a warming trend.

The dislocated units

The upper 28 m of the Tornskov borehole
comprises three different lithological units,
viz. two non-marine deposits separated by a
unit of marine sediments.

Between 28 and 22.4 m depth the sedi-
ment is coarse sand and gravels at the base
and sandy clay with stones (till) in the upper
part. Seven samples from this unit have
been analysed. One is unfossiliferous, and
the other six contain a few Quaternary
specimens. These were presumably rede-
posited from the underlying zones, as the
species are the same. A few of the samples
have quite a high Pre-Quaternary foraminif-
eral content, mainly of Miocene origin, but
species from the Cretaceous also occur.

The sediment between 22 and 13.7 m
depth is silty clay. The ten analysed samples
(nos. 22-13) from this stratum contain rich
foraminiferal assemblages. The composition
of the faunas is very close to those found in
the lower middle part of zone D (between
samples no. 67 and no. 58), even though
they are not exactly the same. Specimen
numbers are, for instance, generally larger
in samples 2213 than in this part of zone D.

The uppermost 12 m of the borehole con-
sists of alternating layers of sand, sand with
pebbles, and stones, and in the upper part
of sandy clay and fine sand. All twelve sam-
ples analysed here are unfossiliferous.
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Correlation and age

This section compares the foraminiferal zo-
nation at Tornskov with the pollen strat-
igraphy established by Andersen (1963)
from the same borehole. The Foraminifera
are also compared with data from Inder
Bjergum and Esbjerg, and from several lo-
calities in N. Germany and Jutland. The
stratigraphic position of these deposits is
discussed.

The Tornskov zones, Foraminifera
and pollen

Andersen (1963, 1965) recorded a vegeta-
tional succession at Tornskov that is both
clearly interglacial in character and similar
to the Holsteinian succession recorded in
marine and non-marine deposits in the
Netherlands, Germany, and Poland (i.a.
Hallik 1960, Brouwer 1949). The interpreta-
tion that the Tornskov sequence is Holstei-
nian in age has been supported by more re-
cent pollen investigations in NW Europe
(i.a. Menke 1968, Miller 1974; see also
Menke & Behre 1973). Amino acid meas-
urements correspondingly point to a Late
Elsterian-Holsteinian age for Tornskov
(Knudsen & Sejrup in prep.).

In his preliminary study of the foraminif-
eral content in the Tornskov borehole, Buch
(1963 and in Andersen 1963) divided the
marine sequence into three foraminiferal
zones. He identified a lower arctic unit
(called the Elphidium clavatum-Cassidulina
crassa zone, 94-82 m depth), an intermedi-
ate unit representing an interval of rising
temperature (called the Elphidium clava-
tum-Elphidium (Nonion) orbicularis zone,
81-77 m), and an upper zone with faunas re-
flecting conditions similar to those in the
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present North Sea (called the Elphidium
clavatum-Streblus beccarii zone, 76-27 m).
A similar zonation has been found in the
present study, but some of the zones have
been further subdivided (figs. 3 and 5).

The zone A and B assemblages in Torn-
skov indicate a gradual transition from a
high arctic marine environment to a milder
climate with shallower waters in zone B.
These two units are here referred to the
Late Elsterian. The non-marine sandy de-
posit below zone A may be a glacigenic for-
mation from the Elsterian, but it could also
be from an even older period. The bound-
ary between the Elsterian and the Holstei-
nian occurs where foraminiferal faunas
show a marked change to warmer condi-
tions at 79.5 m depth.

According to Andersen (1963), there is a
high frequency of re-deposited Pre-Quater-
nary pollen in the lower part of the marine
sequence, but from 94 m these are mixed
with pollen of Quaternary age, which also
partly may be secondary. Primary pollen
from the contemporaneous vegetation may,
however, also occur here (Pinus?, Betula,
Juniperus, and herbaceous plants). Above
76 m depth, the number of contaminants de-
creases, while primary pollen increases in
importance. At 77 and 76 m the pollen spec-
tra indicate an early interglacial Pinus-Be-
tula forest of a pioneer type, with relicts
from forestless vegetation (zone H1, An-
dersen 1963). Pollen zone H1, together with
zone H2, where the amount of Pinus pollen
increases, consequently correspond to the
lowermost of the Holsteinian foraminiferal
zones, zone C.

Foraminiferal zones D and E correspond
to pollen zones H3 to HS5. These three pol-



len zones were subdivided later by Ander-
sen (1964, 1965) into five zones, zone 3 to
zone 7 (zone H3 (1963) was subdivided into
zones 3, 4 and 5 (1964)). A typical Holstei-
nian pollen succession is seen in these
zones. Zone H3 (1963) is rich in Pinus and
Alnus. There is an increase in Carpinus to
about 6% in zone H4, and Abies appears. In
zone H5 the Abies content reaches a maxi-
mum of 5%.

There is no indication of a subsequent cli-
matic deterioration in the upper part of the
boring. This is the case for both the pollen
and the Foraminifera. The vegetational suc-
cession, however, shows that a considerable
part of the interglacial succession is repre-
sented in the marine sequence (Andersen
1963).

As mentioned above, no marine regres-
sion is seen in the foraminiferal faunas in
the upper part of the marine sequence. Gla-
ciers from the following glaciation, the Saa-
lian, may have eroded the top of the marine
sediments away. There is no indication of
glacial disturbance in terms of repetition of
sequences within the marine deposits be-
tween 95 and 29 m depth. That the layers
may be slightly tilted, for instance in the up-
per part, cannot, however, be refuted.

Shallower water facies preserved at the
top of the Holsteinian sequence in N. Ger-
many all contain true interglacial faunas
(Knudsen in prep.). The regression in the
southern North Sea area would, thus, ap-
pear to have taken place prior to any cli-
matic cooling.

The marine sequence between 22 and
13.7 m depth in the Tornskov borehole is
probably a glacially dislocated block origi-
nating from a Holsteinian zone D deposit
nearby. Andersen (1963) reached a similar
conclusion on the basis of the pollen (see
also fig. 3). As the Weichselian ice did not
cover the present area, this dislocation must
have taken place during the Saalian glacia-
tion. The non-marine units below and above
the marine block are, thus, probably glaci-
genic deposits (glacifluvials and tills) from
the Saalian (see also Andersen 1963).

2 DGU serie B or. 10

Correlation with Inder Bjergum

Marine Quaternary deposits similar to those
at Tornskov were described by Buch (1955)
from the Inder Bjergum No. 2 borehole
south of Esbjerg (fig. 1) (Geol. Surv. file
no. 140.82.b). Material left over from this
investigation has been processed and re-
analysed, and a foraminiferal zonation has
been established on the basis of this mate-
rial, in combination with the results already
published by Buch.

Despite evidence for the occurrence of
different environmental conditions during
certain periods of deposition at Tornskov
and at Inder Bjergum, it has been possible
to make a correlation between the zones in
the two areas (fig. 5). This foraminiferal
correlation is also supported by pollen in-
vestigations on the same samples at Inder
Bjergum (Andersen 1963).

Zone A in Tornskov, the Cassidulina re-
niform — Elphidium excavatum zone, also
occurs at Inder Bjergum (zone A)). The fau-
nal composition is similar at the onset of the
marine transgression at both sites.

An assemblage corresponding to that
found in zone B, the Nonion orbiculare —
Elphidium hallandense zone, is only re-
corded from a single sample at Inder Bjer-
gum, sample 21 from the interval between
62.5 and 57.5 m depth (Buch 1955, p. 635).
Percentage distributions of the most com-
mon species are shown in fig. 6. Sample 21
(AB) contains relatively large numbers of
Nonion orbiculare, Elphidium hallandense,
and E. asklundi, but the dominant species
are E. excavatum and Cassidulina reni-
forme. Sample 21 (KLK), from the same in-
terval, contains 10% Quinqueloculina stal-
keri, while the frequencies of C. reniforme,
E. asklundi, and N. orbiculare have de-
creased markedly, and E. hallandense is to-
tally absent. This faunal composition is simi-
lar to those found in two samples from the
overlying interval (between 54.5 and 48.5
m), where Q. stalkeri is a characteristic el-
ement of the faunas (20 (KLK) and 20
(AB), fig. 6), C. reniforme has disappeared,
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and the dominance of E. excavatum is high
(see also Buch 1953).

The above faunas show that different fac-
ies seem to be present within zone B, at In-
der Bjergum. The species composition re-
flects an arctic environment, in the upper
part maybe from deeper water than in the
corresponding zone B at Tornskov. A de-
crease in the content of C. reniforme is,
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however, seen in the upper part of both
zones.

The boundary between the Elsterian and
the Holsteinian is placed at about 45 m be-
low sea-level at Inder Bjergum. In the zone
C, faunas above this boundary there is a
marked change to boreal faunas. Elphidium
excavatum is dominant, and the boreal spe-
cies Ammonia batavus is always present.



This boundary is, however, difficult to place
accurately using Ostracoda (Penney this
volume).

Zone C at Tornskov, with its characteris-
tic content of Nonion orbiculare, can be
compared with zone C; at Inder Bjergum.
This correlation is also supported by pollen
investigations. (Andersen 1963). Redeposi-
ted Tertiary pollen is abundant up to 45 m
depth at Inder Bjergum. Betula, Pinus, and
herbs also occur here in notable amounts.
Above 45 m there is less redeposited mate-
rial, and Alnus, Picea, and Quercus occur,
together with other deciduous taxa. The
change in pollen found in zone C, at Inder
Bjergum correspond to similar changes in
zone H1 and zone H2 within foraminiferal
zone C at Tornskov.

The foraminiferal correlation higher up in
the sequences is also supported by the pol-
len content. Abies pollen is, for instances,
characteristic above 28 m depth in Inder
Bjergum, which is within foraminiferal zone
D,. This is also the case in zone H4, which is
in the upper middle part of foraminiferal
zone D at Tornskov.

Zone D faunas, with Elphidium magel-
lanicum as one of the dominant species, do
not occur in Inder Bjergum. The corre-
sponding sequence is totally dominated by
E. excavatum and only a few accessory spe-
cies occur. Ammonia batavus is, however,
constantly present. Miliolids (Quiquelocu-
lina stalkeri, Q. seminulum, and Miliolinella
subrotunda) and some specimens of Buli-
mina marginata are present in the lower-
most part of zone D, in Inder Bjergum. This
indicates that salinity was probably higher at
Inder Bjergum than at Tornskov during this
period of deposition.

Zone E in the Tornskov boring is corre-
lated with zone E, at Inder Bjergum (fig. 5)
because of a similar increase in Ammonia
batavus and the appearance of Buccella fri-
gida here. In fact only the lower part of zone
E contains faunas which are comparable
with the assemblages found in zone E,. A
gradual increase in the frequency of the
brackish, shallow water species Elphidium
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albiumbilicatum, togcther with the common
occurrence of A. batavus, might be an in-
dication of the beginning of a regression in
the Inder Bjergum area. The top of the ma-
rine sequence may, however, also have
been eroded away during the succeeding
glaciation.

In a borehole at Renb&k, between Torn-
skov and Inder Bjergum (fig. 1), a similar
Holsteinian foraminiferal succession is
found between 13 and 33 m below present
day sea-level (samples kindly placed at my
disposal by Rud Friborg, Sgnderjyllands
Amtskommune, Tonder). Buccella frigida is
also characteristic of the uppermost part of
the marine sequence here (above —23 m).
Marine Late Elsterian deposits do not, how-
ever, occur in this borehole. The marine
Holsteinian rests directly upon a non-ma-
rine glacigenic deposit.

The foraminiferal faunas in the upper-
most marine zone of the Inder Bjergum bor-
ing (—7.2 to —10.2 m, fig. 5) reflect marine
environmental conditions which were
warmer than those of the North Sea area to-
day (see also Buch 1955). Lusitanean spe-
cies, such as Elphidium translucens and E.
lidoense, are characteristic faunal elements.
These faunas correspond to those described
from Eemian deposits in the Danish and N.
German areas (Lafrenz 1963, Konradi 1976,
Knudsen 1985), and the sequence is, there-
fore, considered to be Eemian in age.

It must be mentioned here that the Inder
Bjergum area is exceptional, because it is
hitherto the only place in the whole Danish
and N. German region where marine Ee-
mian deposits have been described overly-
ing the marine Holsteinian (Buch 1955,
Mertz 1977). At Inder Bjergum these two
marine interglacial units are only separated
by relatively thin layers of non-marine de-
posits. In the Inder Bjergum 2 borehole, de-
scribed here (fig. 5), this non-marine unit
comprises only 1 m of silty clay, which may
be a freshwater deposit. The marine Ee-
mian deposits are separated from the Hol-
steinian by 0.3 to 3.2 m of glacifluvial sands
and gravels in two adjacent boreholes (Buch
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1955). According to Mertz (1977) a Saalian
till is present between the two interglacials
in an area to the NE of Inder Bjergum.

Correlation with Esbjerg

The assemblages present in zone B at Torn-
skov and in zone B, at Inder Bjergum (20
and 21, fig. 6) resemble those found in a
clay pit in Esbjerg (fig. 1), the so-called
“Esbjerg Yoldia Clay” (Jessen 1922,
Hansen 1965). Assemblages from three dif-
ferent levels in this deposit are also shown in
fig. 6. The level of the samples is not
known, so they have been termed the lower,
middle, and upper sample respectively.

The faunal succession in the three sam-
ples from Esbjerg corresponds closely to
that described above from zone B,, and, in
addition, the lower sample from Esbjerg has
a similar species composition as the bottom
sample of zone B from Tornskov. Here
Nonion orbiculare, Elphidium hallandense,
and E. asklundi are important species, and
the low percentage of Buccella frigida is also
typical. A large number of Quinqueloculina
stalkeri is typical for the upper Esbjerg sam-
ple, as it is at the top of zone B, in the Inder
Bjergum boring. A suggested correlation of
the sequences is given in fig. 5.

Two additional samples (E1 and E2, fig.
6, collected by Peter Willumsen) from the
clay pit at Esbjerg may correspond to the
upper part of the Esbjerg and Inder Bjer-
gum sequences described above. The con-
tent of Cassidulina reniforme is extremely
low, as is Ammonia batavus, but Q. stalkeri
is lacking in both assemblages.

According to Buch (1955, p. 633) a zone
A-type fauna has also been found in nine
samples from the clay pit at Esbjerg (coll.
Th. Sorgenfrei 1948). These results have
been entered on the correlation chart (fig.
5).

The marine deposit at Esbjerg is gener-
ally assumed to be Late Elsterian-Holstei-
nian in age (Madsen 1895, Jessen 1922,
Buch 1955, Feyling-Hanssen & Knudsen
1979). The above faunal comparisons seem
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Fig. 6. Percentage distribution of the most com-
mon foraminiferal species in samples from
zone B, of the Inder Bjergum borehole and
from the clay pit at Esbjerg. Values less than
0.5% are marked with a cross. (AB)-Analyses
from Buch (1955; Q. stalkeri was here referred
fo Sigmoilina distorta Phleger & Parker 1951).
(ALA)-Analyses placed at my disposal by
Anne-Lise Lykke-Andersen. (KLK)-Addi-
tional analyses made by the author.

to support correlation with the Late Elster-
ian. Foraminiferal evidence for true inter-
glacial conditions at Esbjerg has also re-
cently been found (material kindly placed at
my disposal by Mikael Jorgensen, Rambgll
& Hannemann A/S). The marine sediments
are glacially disturbed at Esbjerg, and today
they occur at about present-day sea-level.
At Tornskov and Inder Bjergum, however,
the Late Elsterian deposits are assumed to
be undisturbed, and the sequences are
found at much deeper levels (fig. 5).
Recent amino acid measurements made



by Miller & Mangerud (1986) suggest that
the marine deposit at Esbjerg may be even
older than the Elsterian. It is, therefore,
clear that much more detailed biostrat-
igraphical studies, combined with absolute
dating, need to be carried out in the Esbjerg
area to try to solve these stratigraphical
problems.

Late Elsterian — Holsteinian faunas
in adjacent areas

The foraminiferal faunas present in the Hol-
steinian deposits of the Tornskov borehole
can be compared with those described from
East Germany (Wiegank 1972) and N. Ger-
many (Woszidlo 1962, Knudsen 1976 and
1980), but generally the species numbers are
greater in the Tornskov faunas than in the
corresponding deposits in Germany. This
suggests a more open access from Tornskov
to the North Sea.

The occurrence of the characteristic lob-
ulate North Sea form of Ammonia batavus
throughout the Holsteinian sequence at
Tornskov also supports this interpretation.
In most of the marine sequences known
from N. Germany at least certain intervals
are dominated by the brackish form of the
same species (called A. batavus, var. a by
Woszidlo 1962 and Knudsen 1980). The lob-
ulate form dominates all the Holsteinian as-
semblages only in the westernmost part of
the Hamburg area and in borings at Cuxha-
ven (Knudsen in prep.).

The lusitanian species Aubignyna perlu-
cida, which is common in many of the Hol-
steinian faunas in the N. German region
(Knudsen 1980), seems to decrease in im-
portance northwards towards Denmark. A.
perlucida occurs in most of the Holsteinian
faunas at Tornskov and Inder Bjergum, but
it usually does not exceed 1% of the total as-
semblages. The reason for this might be that
A. perlucida is a typical shallow water spe-
cies (Rosset-Moulinier 1972), and that con-
ditions here were too deep. In shallow and
brackish water Holsteinian sediments far-

ther north in Denmark, however, A. perlu-
cida also occurs only sporadically (Kron-
borg & Knudsen 1985).

In an interglacial marine sequence of pre-
sumed Holsteinian age at Kirmington, E.
England (kindly placed at my disposal by D.
Gregory, British Geological Survey, Key-
worth) the total faunas consisted of A. per-
lucida, and it is a common species also in the
Holsteinian Nar Valley assemblages (kindly
placed at my disposal by A. Lord, Univer-
sity College, London) from eastern Eng-
land.

The restriction in distribution of the lus-
itanian faunal element to the southern and
western parts of the North Sea region may
mirror the geographical extent of lusitanian
water masses in the area during the Holstei-
nian. It is not possible, however, on the ba-
sis of the present results, to tell whether
these warmer water masses reached the
North Sea through the English Channel or
by currents north of Great Britain.

As is the case at Tornskov, a marine
transgression also occurred in N. Germany
in the Late Elsterian, but the deposits are
dislocated at most of the sites, and an exact
definition of the FElsterian-Holsteinian
boundary is, therefore, not possible (Wos-
zidlo 1962, Knudsen 1976 and 1980). This
boundary has, nonetheless, recently been
found in marine sediments in a deep boring
at Eggstedt in Schleswig-Holstein, where it
is believed to be undisturbed. The forami-
niferal faunal succession here is closely com-
parable with the Tornskov assemblages
(Knudsen in prep.). Zone A faunas are not
recorded at Eggstedt, but the transition
from a shallow boreal-arctic zone B-type
fauna to boreal faunas close to the zone C
assemblages is also found here. Moreover,
the vegetational succession above the El-
sterian-Holsteinian boundary at Eggstedt
(B. Menke, pers. comm.) is also similar to
that described from Tornskov.

Certain marine deposits in N. Denmark
may also belong to the Elsterian and Hol-
steinian. These are, however, difficult to in-
terpret, because practically all known find-
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ings here are glacially disturbed (Knudsen
1987).

Presumed Late Elsterian marine deposits
have been recorded from several exposures
and borings in the western Limfjord area
(fig. 1), i.a. at Hostrup (Knudsen 1977) and
at Gyldendal (Jensen & Knudsen 1984).
The faunal composition in these deposits
are similar to the Elsterian Tornskov as-
semblages. A particular small and lobulate
form of Cassidulina reniforme is also a char-
acteristic element in the assemblages of
both areas (see also Knudsen 1977).

Holsteinian Interglacial faunas have been
described from Kas Hoved in the Limfjord
(Jensen & Knudsen 1984) and from Rugérd
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in E. Jutland (Kronborg & Knudsen 1985),
and several other probable Elsterian and
Holsteinian sites in the same areas are being
worked on (Knudsen 1987).

As an aid in tying the chronology down
more precisely, absolute dates are currently
being made at many sites, i.e. amino acid
measurements and thermoluminiscence dat-
ings. Preliminary results from Kas Hoved
seem to support a Holsteinian age (Miller &
Mangerud 1986), while values from Gylden-
dal suggest an older age than the Elsterian
(Knudsen & Sejrup in prep.). TL-measure-
ments from Rugérd support the interpreta-
tion of a Holsteinian age (Kronborg pers.
comm.).



Foraminiferal list

The species mentioned in the text are ar-
ranged alphabetically in the following list.
More than 50 other species were found in
low numbers in the samples, but these have
been excluded from the discussion, as they
are not significant for the interpretation.

Ammonia batavus (Hofker 1951)

Aubignyna perlucida (Heron-Allen & Ear-
land 1913)

Buccella frigida (Cushman 1922)

Buccella frigida (Cushman), var. calida
(Cushman & Cole 1930)

Bulimina marginata d’Orbigny 1826

Cassidulina reniforme Ngrvang 1945

Cibicides lobatulus (Walker & Jacob 1798)

Elphidium albiumbilicatum (Weiss 1954)

Elphidium asklundi Brotzen 1943

Elphidium excavatum (Terquem), forma
clavata Cushman 1930
Elphidium excavatum (Terquem), forma sel-
seyensis (Heron-Allen & Earland 1911)
Elphidium gerthi van Voorthuysen 1957
Elphidium hallandense Brotzen 1943
Elphidium lidoense Cushman 1936
Elphidium magellanicum Heron-Allen &
Earland 1932
Elphidium margaritaceum Cushman 1930
Elphidium translucens Natland 1938
Elphidium voorthuyseni Haake 1962
Elphidium williamsoni Haynes 1973
Fissurina Reuss 1850
Miliolinella subrotunda (Montagu 1803)
Nonion depressulum (Walker & Jacob 1798)
Nonion germanicum (Ehrenberg 1940)
Nonion orbiculare (Brady 1881)
Quinqueloculina stalkeri Loeblich & Tappan
1953
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Summary

The Tornskov borehole is situated at the
edge of a Saalian hill-island in S. Jutland
(fig. 1).

Foraminiferal faunas have been described
from a continuous marine sequence reach-
ing down into the Late Elsterian and com-
prising a major part of the Holsteinian In-
terglacial. The marine sequence, which rests
upon a non-marine glacigenic deposit, is
subdivided into five foraminiferal zones,
zone A to zone E (fig. 3).

The lowermost zones, zone A and zone
B, from 95 to 80 m depth in the borehole,
contain arctic Foraminifera at the bottom,
but there is a gradual increase in the content
of boreal species in zone B. These assem-
blages indicate that marine conditions first
reached this area in Late Elsterian times.

Full interglacial conditions are established
at the base of zone C. Only Nonion orbi-
culare remains as an important element of
the faunas in this zone (79-75 m), together
with the otherwise boreal species. The envi-
ronment must have been similar to that in
the North Sea today in zone D and zone E
(74-29 m). The special lobulate form of
Ammonia batavus and the large numbers of
accessory species indicate quite open condi-
tions with direct access to the North Sea
during deposition of all the Holsteinian
zones.

The faunal composition of zone D and the
top of zone E reflects rather stable environ-
mental conditions as found in sublittoral
areas, while the faunas of zone C and the
lower part of zone E show that a more ex-
treme environment prevailed during these
periods of deposition.

Because the present foraminiferal investi-
gation is made on the same sample material
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as used by Andersen (1963) for his pollen
zonation, it has been possible to make a di-
rect comparison of the results of both
methods within the Holsteinian part of the
sequence.

Zone HI (ftig. 3) contains pollen indica-
tive of open-country vegetation and pi-
oneer-type forest, while the zone H2 pollen
reflects a closed canopy forest with in-
creased amounts of Pinus at the expense of
Betula (Andersen 1963). Andersen’s results
fit very well with my interpretation of a Late
Elsterian-Holsteinian boundary between 80
and 79 m depth (at 57.5 m below present
day sea-level, fig. 5).

Pollen zones H3 to HS, which equate with
foraminiferal zones D and E, clearly extend
over a considerable part of the interglacial,
and no indication of a climatic deterioration
is seen in either flora or fauna in the upper
part of the marine sequence.

The uppermost 28 m of the Tornskov bo-
rehole contains glacially disturbed layers
comprising a lower unit of glacifluvials and
tills from the Saalian, a block of marine
Holsteinian deposits originating from a zone
D-type sediment, and another glacigenic de-
posit of Saalian age at the top (fig. 3).

The foraminiferal zones at Tornskov are
correlated with the faunal succession at In-
der Bjergum and Esbjerg (fig. 5). Both the
pollen and Foraminifera at Inder Bjergum
indicate that the Elsterian-Holsteinian
boundary occurs at about 45 m below sea-
level. A similar succession is seen at Egg-
sted in N. Germany.

Scattered occurrences of both marine El-
sterian and marine Holsteinian sediments
are found at many localities in N. Germany
and Denmark, but very often these are gla-



cially dislocated, and the Elsterian-Holstei-
nian boundary 1s frequently lacking.

The Late Elsterian-Holsteinian coastline
appears to have had deep and often wide
embayments both in N. Germany and Den-
mark. The marine Tornskov and Inder Bjer-
gum sequences are representative for the
deposits in such embayments in SW Jutland.

There is a remarkable coincidence between
the areal extent of the marine Elsterian and
Holsteinian occurrences here and the Pre-
Quaternary surface of the same area (see
also Rasmussen 1966, p. 121). The trans-
gression may, therefore, have been at least
partially controlled by these structures.
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Dansk Sammendrag

Foraminiferer i en sen Elster-Holstein lag-
serie ved Tornskov i Syd-Jylland, Danmark.

Tornskov boringen (fig. 1) er udfgrt ved fo-
den af glacialt hgjland fra Saale Istiden
(kote +22 m).

Der er undersggt foraminifer-faunaer fra
en kontinuerlig marin lagserie, som omfat-
ter aflejringer fra sen Elster og en stgrre del
af Holstein Interglacial tid. Denne marine
lagserie, som overlejrer en ikke-marin gla-
cial enhed, er inddelt 1 fem foraminifer-zo-
ner, zone A til zone E (fig. 3).

I den nedre del af den marine serie (95-80
m dybde) viser foraminifererne en udvikling
fra hgjarktiske forhold i zone A til gradvist
mildere, men stadig hovedsagelig arktiske
marin-klimatiske betingelser i zone B. Disse
faunaer viser, at den marine transgression i
dette omrade er startet allerede i sen Elster.

Ved overgangen til zone C er der en mar-
kant @ndring af faunaen, idet boreale arter
nu bliver dominerende. Samtidig fortsztter
arten Nonion orbiculare dog som et vigtigt
element af faunaen gennem hele zone C
(79-75 m). 1 zonerne D og E (74-29 m) sva-
rer fauna-sammens&tningen stort set til re-
cente Nordsgfaunaer. Et indhold af relativt
mange arter i de fleste prgver, samt den spe-
ciclle lobulate form af Ammonia batavus vi-
ser, at der har varet ret abne forhold ud
mod Nordsgen under aflejringen af hele det
marine Holstein.

Zone D og den gvre del af zone E af-
spejler sublittorale forhold, mens der i zone
C og den nedre del af zone E synes at have
varet mere ekstreme gkologiske forhold.

Da foraminifer-undersggelsen er lavet pa
det samme prgvemateriale, som Andersen
anvendte til en pollen-stratigrafisk zonation

af Holstein 1 1963, har det her veret muligt
at foretage en meget ngjagtig sammenlig-
ning af resultaterne fra disse to forskellige
stratigrafiske metoder.

Pollen-zonerne H1 og H2 reprasenterer
birke-fyrreskov af pioner-type (Andersen
1963), som typisk udggr de fgrste stadier af
en interglacial skovudvikling. Dette passer
godt med den faunistiske tolkning, som pla-
cerer graensen mellem sen Elster og Hol-
stein ved 79,5 m dybde (kote —57,5 m) (fig.
3 og 5). Pollen-zonerne H1 og H2 falder
begge inden for foraminifer-zone C.

Vegetationsudviklingen gennem pollen-
zonerne H3-HS viser, at en stor del af inter-
glacialtiden er reprasenteret i den marine
lagserie. Disse tre pollen-zoner svarer til
foraminifer-zonerne D og E. Hverken i
flora eller i fauna er der tegn pa forveerring
af klimaet igen i den gvre del af lagserien.
Dette er generelt for hele det nordtyske og
det danske omrade, hvor regressionen af
Holsteinhavet er foregaet, mens der endnu
herskede interglaciale forhold her.

De gverste 28 m i Tornskov boringen tol-
kes som glacialt forstyrrede lag. De om-
fatter en nedre ikke-marin enhed af glaciale
sedimenter, en flage af det marine Holstein
(fra zone D), og en gvre glacial lagserie
uden fossiler. Disse gvre enheder ma vare
afsat under Saale glaciationen, idet Torn-
skov ligger udenfor Weichsel-isens maxi-
male udbredelsesomrade.

Foraminifer-zonerne i Tornskov er korre-
leret med en tilsvarende marin lagserie ved
Inder Bjergum (Buch 1955), hvor grensen
mellem Elster og Holstein kan placeres ved
kote ca. —45 m. Ogsa her kan denne gren-
sedragning stgttes af vegetationsudviklingen
i omrddet. Foraminifer-faunaer i prgver fra
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Esbjerg Teglverk tyder pa, at de marine af-
lejringer her kan korreleres med zonerne A
og B i Tornskov (fig. 5). Disse ma saledes
ogsa formodes at vare af sen Elster alder.

Mange steder i Nord-Tyskland og i Dan-
mark findes spredte forekomster af marine
aflejringer fra Holstein. Meget ofte er disse
glacialt forstyrrede, og normalt er grensen
mellem Elster og Holstein ikke reprasen-
teret. I en boring ved Eggstedt i Nord-Tysk-
land forekommer dog uforstyrret en marin
lagserie med en flora- og fauna-udvikling,
der svarer ngje til den, som her er beskrevet
fra Tornskov.

28

Kystlinien har under Elster-Holstein
transgressionen vearet praget af dybe og
ofte ogsa brede fjorde, som har skaret sig
ind i landet bade i Nord-Tyskland og i Dan-
mark. De marine lagserier ved Tornskov og
Inder Bjergum reprasenterer aflejringer fra
sadanne fjordsystemer. Udbredelsen af de
marine Elster-Holstein aflejringer i SV Jyl-
land svarer ngje til omrader med en dybt-
liggende prakvartar overflade (se ogsa Ras-
mussen 1966, p. 121), og transgression har
sandsynligvis delvist vaeret bestemt af disse
strukturer.
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Abstract

Ostracoda are described from several ma-
rine Holsteinian deposits in Jutland, Den-
mark. The faunas are extremely uniform all
over Jutland. Very little difference is seen
between them and the faunas present in
Late Elsterian deposits of the same area.
They are largely boreal in aspect, but con-
tain a few species from warmer realms. With
the exception of Callistocythere sp and
Semicytherura sp, all the species are extant,
though Carinocythereis whitei and Pterygo-

3%

cythereis coronata do not live in Danish in-
shore waters today. The environment at all
the investigated localities was one of open,
shallow waters (10-30 m depth) and normal
marine salinities. No shallower water facies
have as yet been identified. The Holsteinian
ostracod faunas of Denmark are analogous
to those recorded in North Germany, and
show similarities to those reported from
Mid-Pleistocene deposits in Great Britain.
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Introduction

In recent years detailed surveys of the ma-
rine Late Elsterian and Holsteinian deposits
of Jutland, Denmark, have been made. In
the course of these surveys pollen (Ander-
sen 1963, 1965) and Foraminifera (Buch
1955, Jensen & Knudsen 1984, Knudsen
1987 and this volume, Kronborg & Knudsen
1985) have been studied, and amino acid de-
terminations have been undertaken on ma-
rine molluscs from some of the sites (Miller
& Mangerud 1986), confirming a Holstei-
nian age for most of them. The material ex-
amined by Dr K. L. Knudsen was also
found to contain ostracods, and the residues
were kindly made available to me for the
analysis and description of the ostracod as-
semblages. The present paper thus aug-
ments Knudsen’s several articles on the ma-
rine Holsteinian deposits of Denmark. _

Very little work has been undertaken on
Mid- to Late Pleistocene marine ostracods
in Northwest Europe. The Hoxnian (Hol-
steinian) Ostracoda of the Brickearths of
the River Nar Valley in Norfork, England,
have been examined on several occasions
(see e.g. Lord & Robinson 1978). The Brid-
lington Crag (Catt & Penny 1966, Neale &
Howe 1975) and the Speeton Shell Bed (Ed-
wards 1982) have also yielded Ostracoda.
both deposits have conventionally been
dated as Hoxnian, but the Bridlington Crag
is clearly a cold water deposit with ostracod

faunas which cannot be considered as in-
dicating interglacial conditions. Robinson
(in West et al. 1984) has described the Os-
tracoda of a Mid-Pleistocene (Holsteinian?)
channel fill sequence at Earnley, Sussex.
Ipswichian (Eemian) ostracods have been
investigated at Shortalstown, Co. Wexford,
Ireland (Whatley, in Colhoun & Mitchell
1971), Selsey, Sussex (Whatley & Kaye
1971), and in the Burtle Beds of Somerset
(Whatley, in Kidson et al. 1978). Whittaker
(in Kirby & Oele 1975) reported on the Os-
tracoda in the ‘Late Pleistocene’ graded
sediments of the Sandettie-Fairey Bank in
the English Channel off Ostend.

Woszidlo (1962) described a fauna from
the Holsteinian deposits of Schleswig-Hol-
stein and Esbjerg, Denmark, on the Eu-
ropean mainland. Bassiouni (1965) has also
listed the ostracods of the ‘Esbjerg Yoldia
Clay’, but his material does not appear to
constitute a complete fauna. The Esbjerg
deposits were originally assigned to the Hol-
steinian interglacial (e.g. Hansen 1965}, but
recent amino-acid measurements on mol-
lusc shells would suggest a pre-Holsteinian
age (Miller & Mangerud 1986). Unfortu-
nately, none of the material examined by
the author from Esbjerg yiclded any ostra-
cods. There are no other published accounts
of interglacial marine Ostracoda in North-
west Europe.
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Material and methods

The sites chosen for this study are all lo-
cated in Jutland (fig. 1). Tornskov and Inder
Bjergum are in southwest Jutland, Kas
Hoved is in the Limfjord area, and Hadsten
and Rugéard are in East Jutland.

The samples used are the same as those
examined by Knudsen (1987, this volume,
Jensen & Knudsen 1984, Kronborg &
Knudsen 1985: all sites) and Buch (1955:
Tornskov and Inder Bjergum). The results
may, therefore, be directly compared, both
qualitatively and quantitatively. The prep-
aration techniques used on the raw samples
were described in detail by Meldgaard &
Knudsen (1979). The ostracods were ob-
tained in part from the light foraminiferal
concentrates and in part by picking the resi-
dues from which the Foraminifera had been
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obtained. The total assemblage, perfect and
imperfect specimens alike, was picked in
each sample in order to obtain a representa-
tive fauna, as far as was possible. Thus all
immature moult stages (recorded as instars)
were recorded along with the larger adult
valves. Articulated valve-pairs (carapaces)
were only very occasionally found in the
analysed material. As studies on Quater-
nary and living Ostracoda have shown that
certain types of population age-structure are
indicative of either life- or death-assem-
blages (Whatley 1983), the above approach
enabled the in-situ status of each species
and overall fossil community to be assessed,
thus facilitating palacoenvironmental inter-
pretation.
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Tornskov

The Tornskov boring (Danish Geological
Survey, File no. 157. 243) was described in
detail in Andersen (1963). A total of 68
samples were examined from the marine
sediments between 94.7 m and 13.7 m depth
(72.7 m below sea-level to 8.3 m above sea-
level). Only 24 of the samples yielded Os-
tracoda (fig. 3). When compared with the
occurrence of Foraminifera, which were
present in all of the samples (Knudsen, this
volume), the record of Ostracoda must be
considered disappointing. To what extent
this is a function of the palacoenvironments
in the Tornskov area during deposition can-
not now be fully determined, but it could be
due to the sediment accumulation rate, di-
agenesis, laboratory processing of the sam-
ples, or a combination of these factors. The
small sample size (100 g dry weight) has def-
initely influenced both the number of spe-
cies (18) and the number of specimens (1
carapace and 247 valves: fig. 3) present in
the analysed material.

Ostracoda

Figure 3 should be examined in conjunction
with Knudsen’s (this volume: fig. 3) for-
aminiferal data. The boring penetrated a
thick, dominantly argillaceous sequence.
The Elsterian deposits at the base of the bo-
rehole (foraminiferal zones A and B) were
sandier and contained no Ostracoda. For-
aminiferal zone C contained ostracod as-
semblages characterized by Robertsonites
tuberculatus and Acanthocythereis dunel-
mensis, with Sarsicytheridea punctillata, S.
bradii, Cytheropteron latissimum, and Elof-
sonella concinna. There was a trend of in-
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creasing diversity and density upwards
through the zone, to a maximum of 8 spe-
cies and 108 valves in sample no. 76 (75 m).

tITHOLOGY
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Fig. 2. Explanation of symbols used in the
ostracod diagrams.

The ostracods in the remainder of the bo-
rehole distinguished themselves immedi-
ately from those in foraminiferal zone C in
both their scarcity and species composition
(fig. 3). Ostracoda were extremely rare in
foraminiferal zone D. They occurred only
sporadically and in small numbers up to 67
m (sample no. 68), and none were found be-
tween 66 m and 44 m. Knudsen’s (this vol-
ume) foraminiferal assemblages were also
rather sparse above 70 m (sample no. 71).
The only species present were Robertsonites
tuberculatus, Sarsicytheridea bradii, Cythere

N
Fig. 3. Distribution of Ostracoda in the Torn-
skov boring. The symbols used in the diagram
are explained in fig. 2.
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lutea, Hirschmannia viridis, Hemicythere
villosa, and Hemicytherura cellulosa. Acan-
thocythereis dunelmensis did not occur
above foraminiferal zone C (fig. 3).

The samples between 44 m and 39 m
depth were characterized by the presence of
Carinocythereis whitei and Palmoconcha
guttata (as the finely punctate Scandinavian
form), with Sarsicytheridea bradii and Ro-
bertsonites tuberculatus. This interval corre-
sponded roughly to the base of foraminif-
eral zone E (Knudsen this volume, fig. 3).
The remainder of the zone was barren of
Ostracoda.

The upper marine interval between 22 m
and 13.7 m contained sparse ostracod as-
semblages, which resembled those found at
the base of foraminiferal zone D (fig. 3),
with the noticeable addition of Callisto-
cythere sp.

Palaeoenvironment

The ostracods present in the Tornskov bor-
ing were indicative of cold temperate, shal-
low waters of normal marine salinity. The
four most important species in foraminiferal
zone C: Robertsonites tuberculatus, Sarsi-
cytheridea bradii, S. punctillata, and Acan-
thocythereis dunelmensis, are widely distri-
buted littoral and inner neritic forms with
eurythermal tolerance, and they occur com-
monly in North Atlantic boreal and arctic
faunas (e.g. Neale 1974, Neale & Howe
1975, Lord 1980). Elofsonella concinna,
Cytheropteron latissimum, and the finely
punctate form of Palmoconcha guttata are
also inner neritic in habit, but have their
northern limit of distribution in East Fin-
mark, at about 70°N in the eastern North
Atlantic (Norman 1891, Sars 1928, Elofson
1941, Whatley & Masson 1979). E. con-
cinna extends into the arctic province in the
western North Atlantic, but has not been re-
corded live in the eastern arctic (e.g. Neale
& Howe 1975). All these species are very
commonly found together in the Skagerrak
and Kattegat today (Elofson 1941). The as-
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semblages lacked certain southern species
that have their northern limit of distribution
in the North Sea (Neale 1974). They may,
therefore, indicate conditions similar to, but
a little cooler than they are in the North Sea
today.

The ostracod, pollen, and foraminiferal
evidence are compatible in this section of
the boring. Andersen (1963) recognised a
typical pioneer open vegetation-type (pol-
len zone H1), which was succeeded by a Pi-
nus dominated forest flora (pollen zone
H2), and Knudsen (this volume) interpreted
foraminiferal zone C as the first stage of the
interglacial. She placed the Late Elsterian-
Holsteinian boundary at 79.5 m depth, at
the base of this zone (fig. 3).

The ostracod species found in foraminif-
eral zone D and the dislocated unit near the
top of the borehole (fig. 3) are nearly all
present in the North Sea today, and climatic
conditions must, therefore, have been simi-
lar. As only immature moult stages were
found, the assemblages may represent low
energy death assemblages. In addition, their
sparsity may have resulted from an ex-
tremely high sedimentation rate consequent
on a rapid rise in sea-level, in an inshore
area partially protected by a series of islands
and headlands, as is the situation in the Ger-
man Bight today. Some of the species are
essentially euryhaline and phytal in habit
(e.g. Hirschmannia viridis and Hemicythere
villosa), but the majority are benthonic and
require salinities greater than 30%. outside
the Baltic Sea. The Callistocythere species is
a distinctive small, ornamented form, which
is at present undescribed. Its distribution
and stratigraphical significance in North-
west Europe will be returned to in the dis-
cussion.

Ostracoda reappeared in the borehole at
the top of foraminiferal zone D. This coin-
cided with a marked increase in the num-
bers of Foraminifera in the samples (Knud-
sen, this volume, fig. 3), and may indicate
that the sedimentation rate had fallen. Of
particular interest in the interval between 43
m (sample no. 44) and 38 m (sample no. 39)



was the almost total absence of phytal, eu-
ryhaline species, and the presence of Cari-
nocythereis whitei. This species inhabits At-
lantic coasts from south Britain to North-
west Africa, and is widespread in the
Mediterranean. It is a benthonic species, ty-
pically living on sand and silty substrates
from 2-60 m depth (Athersuch et al. 1985).
Its presence in foraminiferal zone E may in-
dicate slightly warmer conditions than ex-
isted in the other foraminiferal zones. It is
also noticeable that a climax forest-type
vegetation (top of pollen zone H4) was be-
ing approached at this level in the borehole
(Andersen 1963). The foraminiferal zone E
ostracod assemblages correspond to shallow
sublittoral, marine associations. Knudsen
(this volume) considered the foraminiferal
assemblages at the base of this zone to re-

present a more protected environment than
either in zone D or the top of zone E. Al-
though the ostracod assemblages included
both adult valves and final moult stages,
their sparsity rendered any attempt to assess
whether they represented life or death as-
semblages highly conjectural. Knudsen’s
conclusions cannot, therefore, be either
confirmed or rejected.

No Ostracoda were found at the top of
foraminiferal zone E (fig. 3). The foraminif-
eral assemblages were also sparse (Knudsen
this volume), and the presence of badly
etched and pyritized Foraminifera in the
residues was witness to the detrimental ef-
fects of diagenesis on the faunas. Any Os-
tracoda present were probably destroyed by
these processes.
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Inder Bjergum

The Inder Bjergum No. 2 boring (Geologi-
cal Survey File no. 140.82b) was described
in detail by Buch (1955). It penetrated a 58
m thick sequence of marine interglacial de-
posits between 10.23 m and 65.23 m below
sea-level (fig. 4). A total of 24 samples were
examined from this sequence, fourteen of
which yeilded Ostracoda.

Ostracoda

Of the 19 species present in the interglacial
deposits at Inder Bjergum, 12 were also re-
corded at Tornskov. A total of 1865 ostra-
cod valves were found, 1090 of which were
obtained from sample no. 18 (fig. 4). No
Ostracoda were present below —65.7 m
(sample no. 25) and above —14.8 m (sample
no. 9). Rich assemblages occurred in the in-
terval between —38.2 m and —57.7 m (sam-
ple nos 17 to 20).

Very sparse assemblages were found be-
low —60.46 m (fig. 4). The assemblages in
the succeeding samples were reminiscent of
those found in foraminiferal zone C at Torn-
skov (fig. 3), but there were certain striking
differences. In particular, Cluthia cluthae
occurred between —60.73 m (sample no. 21)
and —39.48 m (sample no. 18), its distribu-
tion overlapping above —43.23 m (sample
no. 19) with Palmoconcha laevata, Hirsch-
mannia viridis, and Leptocythere spp. The
most important species in this interval in the
boring were Robertsonites tuberculatus,
Acanthocythereis dunelmensis, Cytheropte-
ron latissimum, Sarsicytheridea punctillata,
S. bradii, and Elofsonella concinna, with
Palmoconcha guttata occurring above —52.7
m (sample no. 20).
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Palaeoenvironment

The Ostracoda of the Inder Bjergum No. 2
boring were indicative of cold temperate,
shallow waters of normal marine salinity,
i.e. similar environmental conditions as ex-
isted during the deposition of foraminiferal
zone C at Tornskov. The pollen and for-
aminiferal evidence (Andersen 1963, Buch
1955, Knudsen this volume) would place the
Elsterian-Holsteinian boundary at —42.3 m
(sample no. 19). No sharp boundary could,
however, be distinguished on the basis of
the ostracod assemblages. Rather, there
was a gradual change in the faunas between
—60.7 m (sample no. 21) and —39.5 m (sam-
ple no. 18), as certain species of arctic af-
finity died out, to be replaced by boreal spe-
cies.

The arctic species included Cluthia clut-
hae, which has its southern limit of distribu-
tion today in East Finmark, North Norway
(Norman 1891, Neale 1973). Earlier records
of this species from as far south as the Celtic
Sea have proved to be of Cluthia keiji, a re-
lated but more thermophilous species
(Neale 1975). Another arctic species is He-
terocyprideis sorbyana, which was also
found in foraminiferal zone C at Tornskov.
This species lives today in the Baltic Sea
(Hirschmann 1912, Elofson 1941, Rosenfeld
1977), but its main distribution is in the arc-
tic, and Hirschmann (1912) considered it to
be a glacial relict species in the Baltic. Pal-
moconcha laevata, P. guttata, Cytheropteron
latissimum, Hirschmannia viridis, and Lep-
focythere spp., on the other hand, all have
their northern limit of distribution in East
Finmark (e.g. Norman 1891, Sars 1928,
Elofson 1941, Whatley & Masson 1979).
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The assemblages in sample nos 20 and 21
were, thus, comparable to the ostracod fau-
nas of the northern Norwegian province to-
day, whereas the faunas found above —43.2
m (sample no. 19) reflected slightly warmer
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conditions. The differences in the assem-
blages were, however, very slight, as the
most important species were the same both
above and below the Elsterian-Holsteinian
boundary (fig. 4).



Kas Hoved

Marine deposits are exposed at the base of a
cliff-section at Kas Hoved in the Limfjord
(fig. 1). These massive dark grey silty clays
underlie a sandy till, which was deposited
from the northeast (Jensen & Knudsen
1984). The sediments are bioturbated and
contain worm burrows. They are full of ar-
ticulated shells of Nuculana (Leda) pernula,
a species which lives at water depths of
greater than 15-20 m. The marine sequence
contains boreal shelf foraminiferal faunas,
also from a water depth of more than 15 m.
The deposits are considered to be Holstei-

nian in age (Jensen & Knudsen 1984, Miller
& Mangerud 1986).

Ostracoda

A total of 4 ostracod carapaces and 2762
valves belonging to 18 species, were found
in the 6 samples examined from the marine
clays at K&s Hoved (fig. 5). Sample no. 755
was almost barren, but the other samples
contained from 327 to 922 valves in each.
The assemblages were totally dominated by
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adult valves and immature moult stages of
Robertsonites tuberculatus, Acanthocythe-
reis dunelmensis, Elofsonella concinna, and
Cytheropteron latissimum, which together
accounted for 94% to 98% of the total in
each sample. The only other species of im-
portance, Cythere lutea, showed an increase
from 0.3% of the assemblage in sample no.
750 to 3.7% in sample no. 754. Elofsonella
concinna also increased (4.5% to 31%),
while Acanthocythereis dunelmensis (26%
to 13%) and Cytheropteron latissimum
(7.5% to 1%) both decreased in import-
ance.

The assemblages contained an as yet un-
discribed Semicytherura species. This is a
small, slightly elongated form, with a very
distinctive pattern of punctae in the dorso-
central part of the valve (Plate 2, figs. 5, 6).
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Palacoenvironment

The ostracod assemblages present in the
Kas Hoved deposits are cold temperate,
shallow shelf faunas. They were very similar
to the assemblages found in foraminiferal
zone C at Tornskov, and in the Inder Bjer-
gum No. 2 boring (figs 3 & 4). Most of the
species are benthonic in habit, but a few
phytal forms, including Hemicythere villosa
and Semicytherura nigrescens, were present.
These species may have been washed in
from shallower waters. The changes in fau-
nal composition described above may have
been temperature related, suggesting a
slight warming, but could also indicate a
slight reduction in water depth upwards in
the profile. Knudsen’s (Jensen & Knudsen
1984) foraminiferal assemblages were very
uniform in composition, and showed no
shallowing trend.



Rugard

Kronborg & Knudsen (1985) gave a prelim-
inary account of the Quaternary section ex-
posed in the coastal cliff at Rugard in east-
ern Jutland (fig. 1). These deposits were di-
vided up into an upper and lower glacial
series, separated by marine sediments. The
latter rested unconformably on the lower
glacial series and were up to 2.5 m thick.
They comprised a lower fine silty sand with
peat inclusions and an upper oyster-rich clay
(Kronborg & Knudsen 1985). The forami-
niferal asscmblages in the marine deposits
recorded a transition from shallow brackish
water conditions in the silty sands to a more
open marine environment with water depths
of greater than 30 m in the oyster bearing
clays. These deposits were tentatively
placed in the Holsteinian interglacial (Kron-
borg & Knudsen 1985), an interpretation
which has recently been supported by ther-
moluminescence measurements on the ma-
rine sediments at Rugard (Knudsen 1987).

Ostracoda

No Ostracoda were present in either the
brackish water horizon at Rugérd, or in the
lower part of the oyster-bearing clays. The
Foraminifera were also very badly pre-
served in these layers (samples F6-F2: fig.
6). A total of 405 valves were found in sam-
ple F1, belonging to 9 species. Elofsonella
concinna dominated (87%), and the only
other species of importance was Robertso-
nites tuberculatus (10%). Of note was the
presence of Krithe praetexta and a single
adult valve of Cytheropteron inornatum.
Neither of these two species have been
found in any other Holsteinian marine de-
posit in Jutland.
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Fig. 6. Distribution of Ostracoda in the Holstei-
nian deposits at Rugdrd (East Jutland). Sample
nos FI1-F6 are the same as those used by Kron-
borg & Knudsen 1985. Nos NPM-16 and Fla
are the same as those given in Knudsen 1987.
The symbols are explained in figure 2.

Three further samples were examined
from the upper part of the oyster-bearing
clays at Rugard (fig. 6). These contained os-
tracod assemblages which resembled that
found in sample no. F1, with some note-
worthy additions. Sarsicytheridea punctillata
was an important species in two of the sam-
ples (nos Fla and 16). In addition, three
adult valves of a pre-Quaternary cytherellid
were found in sample no. Fla, an adult
valve of Cytheropteron crassipinatum in
sample no. F1b, and a juvenile valve of Pre-

rygocythereis coronata in sample no. 16 (fig.
6).
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Palaeoenvironment

The ostracod assemblages present in the
Rugird deposits resembled those present in
the Tornskov and Inder Bjergum borings
and at Kis Hoved, but they contained a few
species which live in fairly deep waters in
the North Atlantic today. These included
Krithe praetexta, which has been found from
50 m to 500 m depth in Northwest Europe
(Athersuch 1982), and Cytheropteron inor-
natum, which occurs from 25 m to 50 m
depth off western Britain (Whatley & Mas-
son 1979), but is also known from deeper
waters in the Adriatic (Bonaduce et al.
1975).

Pterygocythereis coronata was also found
in the Hadsten boring (see below). It is a
widespread benthonic marine species in the
Mediterranean, but is also found on the
North Atlantic coast south of Northwest
Scotland (Athersuch 1978). There are no
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records of Pt. coronata from the North Sea
and it has not previously been found in in-
terglacial deposits in Northwest Europe.
Cytheropteron crassipinatum was classified
by Whatley & Masson (1979) as a boreal
species whose geographical range is be-
tween 50°N and 60°N off the west coast of
Europe.

The above-mentioned taxa constitute
only a small fraction of the total fauna at
Rugérd. While some of these species inhabit
relatively deep water in the Skagerrak and
Kattegat today (Elofson 1941), no modern
ostracod fauna in that area exactly matched
the Rugard material. Elofson, however, ob-
served faunas which were not unlike the Ru-
gard assemblages between 20 m and 50 m
depth. The Ostracoda at Rugard may, thus,
indicate cold temperate, marine waters of
over 20 m to 30 m depth, but probably shal-
lower than 50 m.



Hadsten

Marine deposits have also been recorded at
the base of a 74 m deep boring at Hadsten,
East Jutland (Geol. Surv. File no. 78.458)
(fig. 1). These sediments, which occurred
between 69 m and 74 m depth (31 mto 36 m
below mean sea-level), were divided into a
basal silty clay possessing arctic Foraminif-
era, overlain by fine sand and silty clay con-
taining boreal foraminiferal assemblages
(Knudsen 1987). Knudsen considered the
basal clay to have been deposited in the
Late Elsterian, and the overlying sediments
to belong to the Holsteinian interglacial.

Ostracoda

Only the upper two of the four samples ex-
amined by Knudsen (1987) contained Os-
tracoda (fig. 7). The species composition
was reminiscent of that recorded at Rugéard
(fig. 6). Elofsonella concinna dominated the
assemblages (65% to 74%), and Sarsicythe-
ridea bradii, S. punctillata, Acanthocythereis
dunelmensis, and Robertsonites tuberculatus
were also recorded at both sites. Of interest
was the presence of Carinocythereis whitei,
which was also found in foraminiferal zone
E at Tornskov (fig. 3), and Pterygocythereis
coronata.

Palaeoenvironment

Only adult carapaces and valves were found
in the Hadsten material. This, coupled with
the fact that many of the specimens were
etched and stained red, suggested that rela-
tively high energy conditions existed at the
site. Species composition indicated the pres-
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Fig. 7. Distribution of Ostracoda in Holstein-
ian marine deposits in the Hadsten boring.
Sample numbers are the same as those given in
Knudsen 1987. The symbols are explained in

fig. 2.

ence of relatively open, sublittoral condi-
tions and normal marine salinities. The ma-
rine deposits at Hadsten are probably gla-
cially deformed, and may have been
transported as a frozen block from the east.
This deposit’s location in East Jutland is,
nonetheless, of interest, as it could indicate
that an open sound existed across North Jut-
land during the Late Elsterian and Holstei-
nian, connecting the North Sea to the Katte-
gat.
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Age and correlation

Recent advances in absolute dating tech-
niques have meant that we can now be fairly
sure of the stratigraphic position of several
interglacial marine deposits in Denmark.
Thus, Tornskov, Rugard, and Ké&s Hoved
have all been assigned to the Holsteinian in-
terglacial on the basis of amino-acid and
thermoluminescence measurements (Miller
& Mangerud 1986, Knudsen 1987). More
traditional methods must be resorted to
where absolute dates are unavailable. The
interglacial deposits at Inder Bjergum have,
for example, been assigned to the Holstei-
nian on the basis of their pollen (Andersen
1963) and foraminiferal (Buch 1955, Knud-
sen this volume) content, and because they
are overlain by Eemian marine sediments
(Buch 1955). The interglacial deposits at
Hadsten have also been placed in the Hol-
steinian on the basis of their foraminiferal
content (Knudsen 1987).

Considerable uncertainty lies in the use of
biological correlation techniques in Quater-
nary stratigraphy, not least because very
few genuine extinction events are recognis-
able in the Pleistocene. Thus, presence/ab-
sence data largely reflect environmental

control rather than genetic (=evolutionary)
events. The apparent similarity in the bio-
logical composition of assemblages from
two or more deposits need not, therefore,
necessarily mean that they are of the same
age. Minor differences do, however, often
occur, and these can be used productively to
distinguish between interglacials. Thus,
considerable steps have been made to dif-
ferentiate between Eemian marine deposits
and sediments belonging to earlier intergla-
cials using Foraminifera (Knudsen 1986).
Unfortunately, no such advances have
been forthcoming for Ostracoda, as they
have not been examined in detail in the
Danish Eemian. I have studied some bore-
hole material from the marine Eemian em-
bayment in Southwest Jutland (see fig. 8),
but the deposits here are from the intertidal
environment, and cannot, therefore, be
compared directly with the shallow, sublit-
toral sediments of the Danish Holsteinian.
Deeper water Eemian deposits occur in
North Jutland (e.g. Bahnson et al. 1974),
but their ostracod content remains to be ex-
amined. Two samples from a sublittoral fac-
ies of the Eemian, from a boring at Ngrre

Sample no. 83 Sample no. 84
Species c v c v
Sarsicytheridea punctillata 1 61 4 150
Acanthocythereis dunelmensis - 33 2 15
Elofsonella concinna - 1 - 3
Krithe pernoides - 2 1 -
Palmoconcha laevata 1 - - -
Normanicythere leioderma - - - 2
Total 2 97 7 170

Table 1.: Norre Lyngby Eemian deposits: species list and abundances (¢ = carapaces, v = valves).
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LOCALITIES

OSTRACOD
SPECIES

Tornskov

Inder Bjergum

Ké&s Hoved

Rugard

Hadsten

{ Mid Pleistocene)

Earnley

Nar Valley
{ Hoxnian )

Hamburg
{ Holsteinian }

{ Late Pleistocene?;

Sandettie

Hajer
{ Eemian)

Skagerrak
( Recent)

ACANTHOCYTHERE!S DUNELMENSIS
ARGILLOECIA CONOIDEA
CALLISTOCYTHERE sp
CARINOCYTHEREIS WHITE!
CLUTHIA CLUTHAE

CYTHERE LUTEA
CYTHEROPTERON ANGULATUM
CYTHEROPTERON CRASSIPINATUM
CYTHEROPTERON INORNATUM
CYTHEROPTERON LATISSIMUM
CYTHEROPTERON NODOSOALATUM
CYTHEROPTERON NODOSUM
SEMICYTHERURA sp
ELOFSONELLA CONCINNA
EUCYTHERE ARGUS
FINMARCHINELLA ANGULATA
FINMARCHINELLA FINMARCHICA
HEMICYTHERE VILLOSA
HEMICYTHERURA CELLULOSA
HETEROCYPRIDEIS SORBYANA
HIRSCHMANNIA VIRIDIS

KRITHE PRAETEXTA
LEPTOCYTHERE CASTANEA
LEPTOCYTHERE LACERTOSA
LEPTOCYTHERE PELLUCIDA
LEPTOCYTHERE TENERA
PALMOCONCHA GUTTATA
PALMOCONCHA LAEVATA
PTERYGGCYTHEREIS CORONATA
ROBERTSONITES TUBERCULATUS
SARSICYTHERIDEA BRADII
SARSICYTHERIDEA PUNCTILLATA
SEMICYTHERUPA NIGRESCENS

SEMICYTHERURA UNDATA
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Fig. 8. Ostracod distribution by age and site. Sources: Tornskov, Inder Bjergum, Kds Hoved, Ru-
gdrd, and Hadsten — this study; Earnley — West et al. 1984; Nar Valley — Lord & Robinson 1978 and
West et al. 1984; Hamburg — Woszidlo 1962 and Lord, Robinson and Moutzourides in-press; Hpjer —
Penney unpublished data; Skaggerak — Elofson 1941 and Sars 1928.
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Lyngby (fig. 1), were kindly placed at my
disposal by Anne-Lise Lykke-Andersen.
These contained ostracod assemblages
(Table 1) which were rather similar in spe-
cies composition to those recorded at Ru-
gard (fig. 6), but which lacked Robertsonites
tuberculatus. In addition, the Ngrre Lyngby
material was dominated by Sarsicytheridea
punctillata, whereas Elofsonella concinna
dominated the Rugérd assemblages. It is
not clear if these differences are of any sig-
nificance in distinguishing between the Hol-
steinian and Eemian interglacials, as the
possibility remains that they are simply the
result of a combination of facies, water
depth, and temperature controls.

The ecological patterns discussed in the
first part of this paper are based on the evi-
dence drawn from the vast majority of spe-
cies on the faunal list (fig. 8). Nearly all of
these species are alive today, but a few are
not part of the living faunas in Danish in-
shore waters. The latter include species
which have their present northern limits of
distribution in South Britain, and at least
one which may be extinct. Both categories
may tell us something about the relative age
of the Tornskov, Inder Bjergum, Kas
Hoved, Rugéard, and Hadsten deposits.

Of the species which can suggest an age,
several bear a striking resemblance to those
found in the Hoxnian (Holsteinian) Nar
Valley Clays of East England (e.g. Lord &
Robinson 1978) and the Holsteinian marine
deposits of the Hamburg area, North Ger-
many (Woszidio 1962, Lord et al. in-press).
One such form is Carinocythereis whitei, a
warm water indicator, which was present at
Tornskov (foraminiferal zone E) and Had-
sten (figs 2 and 7). This is actually the senior
synonym of both C. aspera (Brady) and C.
bairdii Uliczny (see Athersuch et al. 1985).
It has also been recorded in the Mid-Pleisto-
cene (Late Cromerian-Late Hoxnian) estua-
rine deposits at Earnley (Robinson, in West
et al. 1984), but has not been found in the
Eemian deposits of Great Britain (e.g.
Whatley, in Kidson et al. 1978, Whatley &
Kaye 1971).
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The undescribed Callistocythere species
found in the Tornskov boring (fig. 2) has
also been recorded at Earnley (Robinson, in
West et al. 1984), Dockenhuden (gho 4) in
the Hamburg area (Lord et al. in-press), the
Red Crag of Great Britain, and the graded
sediments of the ?Late-Pleistocene Sandet-
tie-Fairey Bank in the English Channel
(Whittaker, in Kirby & Oele 1975, Robin-
son, in West et al. 1984). It has not been re-
corded live, its present known stratigraphic
range spanning the Early Pleistocene Red
Crag to the ?Holsteinian interglacial.

The undescribed Semicytherura species is
very close to what Lord et al. (in-press)
called Semicytherura sp. A from the Hol-
steinian of Hamburg. This species has only
been found in Holsteinian sediments to-
date.

There are no published records of Ptery-
gocythereis coronata from the Pleistocene of
Northwest Europe, its known range span-
ning only the Sub-recent and Recent
(Athersuch 1978). Pt. coronata is actually
the senior synonym of Pt. siveteri Athersuch
(see Malz & Jellinek 1984). As it was previ-
ously considered as either conspecific with
Pt. ceratoptera (Bosquet), or as a sub-spe-
cies or variety of Pt. jonesii (Baird), the pos-
sibility remains that it has been grouped un-
der these species-names in the Quaternary.
It is widespread in the Plio-Pleistocene and
Recent of the Mediterranean Sea (Ather-
such 1978, Breman 1976).

Palmoconcha guttata occurred as the
finely punctate Scandinavian form in the
Danish Holsteinian. The same finely punc-
tate form was also recorded in the Holstei-
nian deposits of North Germany (Woszidlo
1962, Lord et al. in-press), in the Mid-Pleis-
tocene deposits at Earnley (Robinson, in
West et al. 1984), and the Hoxnian Nar Val-
ley clays (Robinson, in West et al. 1984:
Table 2) (fig. 8). I have found coarsely re-
ticulate and intermediate forms of this spe-
cies in the Eemian deposits of Southwest
Jutland, but only the finely punctate form is
part of the Danish fauna today.

The two arctic species Cluthia cluthae and



Species c v Yo
Elofsonella concinna 2 | 512 57
Sarsicytheridea punctillata - | 222 | 24
Acanthocythereis dunelmensis | — 74 8
Heterocyprideis sorbyana - 26 3
Cytheropteron latissimum - 16 2
Finmarchinella angulata - 15 2
Cluthia cluthae - 14 2
Cytheropteron nodosum - 11 1
Semicytherura sp. - 6 -
Cytheropteron nodosoalatum - 4 -
Robertsonites tuberculatus - 3 -
Argilloecia conoidea - 1 -
Total 2 | 904 |100

Table 2. Sebberkloster, sample no. 18-21 (40 g sedi-
ment): species list and abundances (¢ = carapaces, v
= valves).

Heterocyprideis sorbyana are not found
alive in Danish waters today. They occurred
both immediately below and above the El-
sterian-Holsteinian boundary in the Inder
Bjergum boring (fig. 3), and have also been
found immediately below the same bound-
ary in a boring at Sebberkloster in North
Jutland (fig. 1). The latter material con-
tained an ostracod assemblage which had a
striking resemblance to that recorded in
sample no. 20, just under the Elsterian-Hol-
steinian boundary at Inder Bjergum (com-
pare fig. 4 & Table 2). Both these species
have been recorded in a similar stratigraphic
position at Eggstedt in North Germany
(Lord et al. in-press). Another feature in
common for both Eggstedt and Inder Bjer-
gum was the overlap in distribution of C.
cluthae with its temperate equivalent, Lep-
tocythere. Indeed, the ostracod assemblages
of the Danish and North German Holstei-
nian were very similar in both species and

assemblage composition, and in their spar-
sity. Acanthocythereis dunelmensis, Cythe-
ropteron latissimum, Elofsonella concinna,
Palmoconcha guttata, Robertsonites tuber-
culatus, Sarsicytheridea bradii, and S. punc-
tillata were important members of the fau-
nas in both regions. In addition, the faunal
succession found by Lord et al. (in-press) in
the Eggstedt boring was the same as that re-
corded at Inder Bjergum (fig. 4), while the
ostracod assemblages present in the Dock-
enhuden boring corresponded more closely
to those found in foraminiferal zones D and
E at Tornskov (fig. 2). Comparison can also
be made with the Hoxnian assemblages of
the Nar Valley clays (Lord & Robinson
1978), although Carinocythereis whitei was a
much more important species in the English
material.

The species considered above as possible
characteristic species for the Holsteinian of
Denmark constitute only 15% of the total
fauna, the remainder ranging on to be part
of the living ostracod fauna of Denmark.
My preliminary investigations of the Ee-
mian sequence in Southwest Jutland have
not yielded a single ‘extinction’ to-date.
These figures correspond closely to those
given by Robinson (in West et al. 1984) for
the Mid-Pleistocene, Eemian, and Recent
of southern Britain. It is interesting to note
that in the faunas of the Danish and North
German Holsteinian, species that are not
now part of the living fauna of the region
are to be found either off southern Britain
to the south or East Finmark to the north.
As Robinson (in West et al. 1984) stated, to
some extent this may be a response of cli-
matic changes, resulting in faunal displace-
ments north and south, with some species
failing to migrate and readjust ecologically.
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Species list

The ostracod species present in the marine
Holsteinian deposits of Jutland are listed al-
phabetically below. A total of 35 species
were found, nine of which are illustrated in
Plates 1 and 2.

Acanthocythereis  dunelmensis
1865) — PI. 2, figs. 9, 10

Argilloecia conoidea Sars 1928

Callistocythere sp. — P1. 1, figs 1, 2

Carinocythereis whitei (Baird 1850) — PI. 1,
figs 3-6

Cluthia cluthae (Brady, Crosskey and Ro-
bertson 1874) — PI. 1, figs 7, 8

Cythere lutea O. F. Miiller 1785

Cytheropteron angulatum Brady and Ro-
bertson 1872

Cytheropteron crassipinatum Brady and
Norman 1888 — PI. 1, fig. 9

Cytheropteron inornatum Brady and Ro-
bertson 1872 — PI. 1, fig. 10

Cytheropteron latissimum (Norman 1865)

Cytheropteron nodosoalatum Neale and
Howe 1973

Cytheropteron nodosum Brady 1868

Elofsonella concinna (Jones 1856)

(Norman
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Eucythere argus (Sars 1866)
Finmarchinella (Barentsovia) angulata (Sars
1866)
Finmarchinella (Finmarchinella) finmar-
chica (Sars 1866)
Hemicythere villosa (Sars 1866)
Hemicytherura cellulosa (Norman 1865)
Heterocyprideis sorbyana (Jones 1856)
Hirschmannia viridis (O. F. Miller 1785)
Krithe praetexta (Sars 1866)
Leptocythere castanea (Sars 1866)
Leptocythere lacertosa (Hirschmann 1912)
Leptocythere pellucida (Baird 1850)
Leptocythere tenera (Brady 1868)
Palmoconcha guttata (Norman 1865) — PI. 2,
figs 7, 8
Palmoconcha laevata (Norman 1865)
Pterygocythereis coronata (Roemer 1838) —
Pl. 2, figs 1-4
Robertsonites tuberculatus (Sars 1866)
Sarsicytheridea bradii (Norman 1865)
Sarsicytheridea punctillata (Brady 1865)
Semicytherura nigrescens (Baird 1838)
Semicytherura sella (Sars 1866)
Semicytherura undata (Sars 1866)
Semicytherura sp. — P1. 2, figs. 5, 6



Conclusions

Evidence from the ostracod faunas indicates
convincingly that the Holsteinian marine
sediments at the five sites considered above
were all deposited under relatively open wa-
ter, sublittoral conditions and normal ma-
rine salinities. Brackish water ostracod as-
semblages have not been recorded in the
Danish Holsteinian to-date. The oyster-
bearing clays at Rugard were deposited in
slightly deeper waters than at the other
sites.

Although the examined material con-
tained mainly sparse ostracod assemblages,
certain distinct characteristics were ob-
served which may prove to be useful for cor-
relation purposes.

(1) Arctic and boreal-arctic species oc-
curred together with some temperate spe-
cies both above and below the late Elster-
ian-Holsteinian boundary, thus making it
difficult to position the boundary exactly us-
ing Ostracoda. Of particular interest, how-
ever, was the overlap in distribution of the
arctic Cluthia cluthae with its temperate
equivalent, Leptocythere, and the occur-
rence of both Palmoconcha guttata and
Cytheropteron latissimum below the bound-
ary.

(2) Boreal-arctic and boreal species domi-
nated the Danish Holsteinian faunas. These
included Robertsonites tuberculatus, Elofso-
nella concinna, Sarsicytheridea bradii, S.
punctillata, and Cytheropteron latissimum,
while Acanthocythereis dunelmensis died
out early on in the interglacial.

(3) Certain temperate species, which have
their present northern limits of distribution
in southern Britain, occurred later in the in-
terglacial. These included Carinocythereis
whitei, Pterygocythereis coronata, and Calli-

stocythere sp. The latter species has a known
range from the Early Pleistocene to the Hol-
steinian. An undescribed Semicytherura
species has only been found in the Holstei-
nian of North Germany and Denmark.

(4) The finely punctate form of Palmo-
concha guttata has been found in both the
Holsteinian and Recent of Denmark,
whereas the coarsely reticulate form of this
species has only been recorded in the Ee-
mian of Southwest Jutland.

(5) The ostracod assemblages of the Dan-
ish Holsteinian are similar to those present
in the Holsteinian of North Germany (Wos-
zidlo 1962, Lord et al. in-press), and are not
unlike those found in the Hoxnian Nar Val-
ley ctays of East England (e.g. Lord & Ro-
binson 1978). Eemian deposits in Northwest
Europe do not contain the same faunas, but
there are problems in comparing the two in-
terglacials, as the Eemian ostracod lists
have largely been derived from intertidal
deposits, whereas the Hoisteinian lists are
from shallow, sublittoral environments.
Moreover, very few ostracod studies have
been undertaken on marine interglacial de-
posits in Northwest Europe in general, thus
making it very difficult to compare and cor-
relate between sites.

These characteristics may be specific for
the Holsteinian, and may, therefore, be use-
ful in Quaternary stratigraphical studies of
interglacial marine deposits. In particular,
the proportion of extant species absent from
Danish waters today can probably be used
as a guideline to differentiate between inter-
glacials.
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Dansk sammendrag

Ostrakoder i Holstein Interglaciale aflejrin-
ger 1 Jylland, Danmark.

Der er undersggt ostrakod-faunaer fra fem
forskellige Holstein Interglaciale lagserier i
Jylland: Tornskov og Inder Bjergum i SV
Jylland, Ké&s Hoved i Limfjordsomrédet og
Rugérd og Hadsten i Ost-Jylland (fig. 1).

Der findes kun meget fa ostrakoder i
Tornskov boringen. Sen Elster aflejringerne
ved bunden af boringen (Foraminifer-zo-
ncrne A og B), samt en stor del af for-
aminifer-zone D er tomme (fig. 3). Ostrako-
der blev fgrst truffet i zone C, hvor fauna-
sammensatningen svarer nogenlunde til
recente faunaer i den nordlige Nordsgre-
gion. Mere typiske Nordsg-faunaer er fun-
det i bunden af foraminifer-zone D. Ostra-
kod-sammensztningen ved zone D-E gren-
sen indikerer lidt varmere forhold end i
Nordsgen i dag, idet der forekommer en del
arter, som har deres nuverende nordligste
udbredelse syd for England.

Relativt abne marine forhold er afspejlet
gennem hele lagserien. Dette passer godt
med de faunistiske tolkninger baseret pé
foraminifererne.

Det glacialt forstyrrede lag ved toppen af
boringen indeholder ostrakod-faunaer, som
ligner de faunaer, der er fundet ved bunden
af foraminifer-zone D. Ostrakoderne i den
marine Holstein lagserie ved Inder Bjergum
(fig. 4) svarer til dem, som er fundet i den
nedre del af Tornskov serien, men ved Inder
Bjergum forekommer desuden ostrakoder
under Elster-Holstein grensen. De sidst-
navnte viser, at et ret koldt milj¢ har eksi-
steret i omrédet for interglacialens begyn-
delse. Fauna-sammensatningen er nasten
den samme under og over grensen, og det

er derfor vanskeligt at placere grensen ngje
med ostrakoder alene. Smé @ndringer viser
dog, at der er en gradvis &ndring fra et sub-
arktisk til borealt miljg.

Et tilsvarende borealt miljp er represen-
teret i Holstein aflejringer ved Kas Hoved i
Limfjordsomradet (fig. 3).

De ostrakod-faunaer, som er fundet ved
Rugard i @st-Jylland (fig. 6), er lidt for-
skellige fra faunaerne ved de andre lokalite-
ter. Her er fundet arter, der tyder pa lidt dy-
bere vand, maske mellem 30 og 50 m dybde.
Her, og i Hadsten boringen (fig. 7), er der
ogsa fundet arter, som indikerer et lidt var-
mere milj¢ end i det nuvarende Kattegat.

Det er meget vanskeligt at sammenligne
Holstein ostrakod-faunaer med faunaer fra
andre interglacialer, fordi kun f& undersp-
gelser er publiceret indtil nu, men der fore-
kommer nogle specielle fauna-sammenszt-
ninger og arter i de danske marine Holstein
lag, som kan vere af biostratigrafisk be-
tydning.

Fglgende punkter kan fremhaves pa nu-
vaerende tidspunkt:

1. Arktiske og boreal-arktiske ostrakoder
er fundet sammen ved Elster-Holstein
grensen. Af speciel interesse er tilstede-
vaerelse af den arktiske Cluthia cluthae
sammen med de tempererede Lepto-
cythere spp., Palmoconcha guttata og
Cytheropteron latissimum.

2. Boreal-arktiske og boreale arter domi-
nerer det danske Holstein. Vigtige arter
er Robertsonites tuberculatus, Elofso-
nella concinna, Sarsicytheridea bradii, §.
punctillata og Cytheropteron latissimum,
mens Acanthocythereis dunelmensis kun
er fundet tidligt i interglacialen.
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3.
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I det danske Holstein optrader nogle
tempererede arter som ikke er fundet i
dag nord for Syd- og Vest-England. Vig-
tige arter er Carinocythereis whitei, Pte-
rygocythereis coronata og en ubeskrevet
art af Callistocythere. Sidstnevnte art og
en ubeskrevet Semicytherura art er mu-
lige ledefossiler for det Nord-Europzi-
ske Holstein.

. Den fint-punkterede form af Palmocon-

cha guttata er udbredt i Holstein og i re-
cente aflejringer i Danmark, mens den
groft-punkterede form af arten kun er
fundet i Eem.

5. De danske ostrakod-faunaer ligner de
faunaer, der er fundet i tilsvarende lag-
serier i Nord-Tyskland, og de kan ogsa
sammenlignes med mellem-Pleistocene
interglaciale faunaer i England.

Man skal imidlertid vere forsigtig med at
anvende ovennavnte karakteristika som
eneste baggrund for en stratigrafisk tolk-
ning. Men ndr resultaterne koordineres med
foraminifer- og. pollenanalyser og stgttes at
nogle dateringer, er der gode muligheder
for at fa et rimeligt sikkert stratigrafisk re-
sultat.
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1.

Callistocythere sp. Left valve, external lateral view, adult (450 um long). Tornskov
159.243, sample No. 14.

Callistocythere sp. Left valve, internal lateral view, adult (460 um long). Tornskov
159.243, sample No. 18.

Carinocythereis whitei (Baird, 1850). Right valve, external view, juvenile A-1 (757 um
long). Tornskov 159.243, sample No. 44.

Carinocythereis whitei (Baird, 1850). Left valve, external lateral view, juvenile A-1 (767
um long). Tornskov 159.243, sample No. 44.

. Carinocythereis whitei (Baird, 1850). Right valve, external lateral view, male (838 pm

long). Hadsten 78.458, sample No. 69.

. Carinocythereis whitei (Baird, 1850). Left valve, external lateral view, male (862 um

long). Hadsten 78.458, sample No. 69.

. Cluthia cluthae (Brady, Crosskey & Robertson, 1874). Right valve, external lateral view,

female (385 um long). Inder Bjergum 140.82b, sample No. 18.

. Cluthia cluthae (Brady, Crosskey & Robertson, 1874). Left valve, external lateral view,

female (359 um long). Sebberkloster 33.481, sample No. 18.21.

. Cytheropteron crassipinatum Brady & Norman, 1888. Right valve, external lateral view,

adult (382 um long). Rugérd, sample No. 1b.
Cytheropteron inornatum Brady & Robertson, 1872. Right valve, external lateral view,
adult (436 um long). Rugard, sample No. Fl.
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Scale = 100 um

Fig.
Fig.
Fig.
Fig.

Fig.
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L.

2

9.

. 10.

Pterygocythereis coronata (Roemer, 1838). Left valve, external lateral view, ?male (1045
um long). Hadsten 78.458, sample No. 69.

. Pterygocythereis coronata (Roemer, 1838). Right valve, external lateral view, 2male (1054

um long). Hadsten 78.458, sample No. 69.

. Pterygocythereis coronata (Roemer, 1838). Left valve, external dorsal view, ?male (1045

um long). Hadsten 78.458, sample No. 69.
Pterygocythereis coronata (Roemer, 1838). Right valve, external dorsal view, ?male (1054
um long). Hadsten 78.458, sample No. 69.

. Semicytherura sp. Left valve, external lateral view, ?male (445 um long). Inder Bjergum

140.82b, sample No. 20.

Semicytherura sp. Right valve, external lateral view, ?female (441 um long). Sebberklos-
ter 33.481, sample No. 18-21.

Palmoconcha guttata (Norman, 1865). Left valve, external lateral view, female (600 um
long). Tornskov 159.243, sample No. 42.

. Palmoconcha guttata (Norman, 1865). Right valve, external lateral view, female (607 um

long). Tornskov 159.243, sample No. 42.

Acanthocythereis dunelmensis (Norman, 1865). Right valve, external lateral view, male
(930 um long). Inder Bjergum 140.82b, sample No. 20.

Acanthocythereis dunelmensis (Norman, 1865). Right valve, external lateral view, juve-
nile A-1 (830 um long). Inder Bjergum 140.82b, sample No. 17.
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