
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 
fauna! 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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Fig. 1. Locality map. Open circles = marine Elsterian deposits; filled circles = marine Holsteinian 
deposits; solid line = Elsterian-Holsteinian coastline in SW Jutland. 
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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 detailed pollen stratig­
raphy of the marine Quaternary deposits 
was, however, established by Andersen 
(1963), who referred pollen zones Hl-H5 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 

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

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 fauna! 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 fauna! domi­
nance is the percentage of the most frequent 
species in each fauna (Walton 1964). An­
other diversity index was introduced by Pie­
Jou 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, 

Lithology Foraminiferal 
frequency 
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distribution 
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CJ 0.1-1.0mm -61 -100¼ ->1.0mm 

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 fauna! 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 fauna! composition shows that an 
arctic environment prevailed during deposi­
tion (Nagy 1965, Elverh0i 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 fauna! 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 fauna! 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 fauna! 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 fauna! diversity and p'3 index, together 
with high fauna! 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%) throughouL 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 fauna! composition suggests the exis­
tance of a stable, fully marine, sublittoral 
environment (Culver & Banner 1978). Gen­
erally the fauna! 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 fauna! 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 foraminifcral 
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 22-13 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, Muller 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 

16 

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 Hl, An­
dersen 1963). Pollen zone Hl, 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 H5. These three pol-



Jen zones were suhdivided later hy 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 D(JU "crie B nr. 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
nif orm - Elphidium excavatum zone, also 
occurs at lnder Bjergum (zone A 1). The fau­
na) 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 fauna) 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 1955). 

The above faunas show that different fac­
ies seem to be present within zone B1 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 Tomskov, 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 C1 at Inder 
Bjergum correspond to similar changes in 
zone Hl and zone H2 within foraminiferal 
zone Cat Tomskov. 

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 1• This is also the case in zone H4, which is 
in the upper middle part of foraminiferal 
zone D at Tomskov. 

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 1 in Inder Bjergum. This 
indicates that salinity was probably higher at 
Inder Bjergum than at Tomskov during this 
period of deposition. 

Zone E in the Tomskov boring is corre­
lated with zone E 1 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 1• A 
gradual increase in the frequency of the 
brackish, shallow water species Elphidium 

albiumbilicatum, together 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 Tom­
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, S0nderjyllands 
Amtskommune, T0nder). Buccellafrigida 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 fauna! 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 lnder Bjergum. 

Correlation with Esbjerg 

The assemblages present in zone B at Torn­
skov and in zone B1 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 B1, 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 B1 in the Inder 
Bjergum boring. A suggested correlation of 
the sequences is given in fig. 5. 

Two additional samples (El and E2, fig. 
6, collected by Peter Willumsen) from the 
clay pit at Esbjerg may correspond to the 
upper part of the Esbjerg and lnder 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 fauna! 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 
to 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 J0rgensen, Ramb0ll 
& Hannemann A/S). The marine sediments 
are glacially disturbed at Esbjerg, and today 
they occur at about present-day sea-level. 
At Tornskov and lnder 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 & Mangcrud (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 - H olsteinian 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 fauna! 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 Elsterian-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 fauna! 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 fauna! 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 Rugard 
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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 Rugard support the interpreta­
tion of a Holsteinian age (Kronborg pers. 
comm.). 



Foraminif eral 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 N0rvang 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 fauna! 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 (fig. 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 H5, 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 fauna! 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 is 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 udfort ved fo­
den af glacialt hojland fra Saale Istiden 
(kote +22 m). 

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

I den nedre de! af den marine serie (95-80 
m dybde) viser foraminifererne en udvikling 
fra hojarktiske 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 
dctte omrade er startet all ere de i sen Elster. 

Ved overgangen til zone C er der en mar­
kant cendring af faunaen, idet boreale arter 
nu bliver dominerende. Samtidig fortscetter 
artcn Nonion orbiculare dog som et vigtigt 
element af faunaen gennem hele zone C 
(79-75 m). I zonerne Dog E (74-29 m) sva­
rer fauna-sammenscetningen start set til re­
cente Nordsofaunaer. Et indhold af relativt 
mange arter i de fleste prover, samt den spe­
cicllc lobulate form af Ammonia batavus vi­
ser, at der har vceret ret abne for hold ud 
mod Nords0en under aflejringen af hele det 
marine Holstein. 

Zone D og den 0vre de! af zone E af­
spejler sublittorale forhold, mens der i zone 
C og den nedre de! af zone E synes at have 
vceret mere ekstreme okologiske forhold. 

Da foraminifer-undersogelsen er lavet pa 
det samme pr0vemateriale, som Andersen 
anvendte til en pollen-stratigrafisk zonation 

af Holstein i 1963, har det her vceret muligt 
at foretage en meget nojagtig sammenlig­
ning af resultaterne fra disse to forskellige 
stratigrafiske metoder. 

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

Vegetationsudviklingen gennem pollen­
zonerne H3-H5 viser, at en stor del af inter­
glacialtiden er reprcesenteret i den marine 
lagscrie. Disse tre pollen-zoner svarer til 
foraminifer-zonerne D og E. Hverken i 
flora eller i fauna er der tegn pa forvcerring 
af klimaet igen i den ovre 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 overste 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 0vre glacial lagserie 
uden fossiler. Disse ovre enheder ma vcere 
afsat under Saale glaciationen, idet Torn­
skov Jigger udenfor Weichsel-isens maxi­
male udbredelsesomrade. 

Foraminifer-zonerne i Tornskov er korre­
leret med en tilsvarende marin lagserie ved 
Inder Bjergum (Buch 1955), hvor grcensen 
mellem Elster og Holstein kan placeres ved 
kote ea. -45 m. Ogsa her kan denne grcen­
sedragning stottes af vegetationsudviklingen 
i omradet. Foraminifer-faunaer i prover fra 
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Esbjerg Teglvrerk 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 vrere 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 grrensen 
mellem Elster og Holstein ikke reprresen­
teret. I en boring ved Eggstedt i Nord-Tysk­
land forekommer dog uforstyrret en marin 
lagserie med en flora- og fauna-udvikling, 
der svarer n0je til den, som her er beskrevet 
fra Tornskov. 

28 

Kystlinien har under Elster-Holstein 
transgressionen vreret prreget 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 reprresenterer aflejringer fra 
sadanne fjordsystemer. Udbredelsen af de 
marine Elster-Holstein aflejringer i SV Jyl­
land svarer n0je til omrader med en dybt­
liggende prrekvartrer overflade (se ogsa Ras­
mussen 1966, p. 121) , og transgression har 
sandsynligvis delvist vreret bestemt af disse 
strukturer. 
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