DANMARKS GEOLOGISKE UNDERSOGELSE
IV. REKKE. BD. 4. NR. 8

(zeological Survey of Denmark. 1V. Series. Vol. 4. No. 8

Pollen Analysis
of the Quaternary Marine Deposits

at Tornskov in South Jutland

by

Svend Th. Andersen
With 1 Plate

Dansk sammendrag:

Pollenanalyse af de kvarteere marine lag

ved Tornskov i Sonderjvlland

I kommission hos
C. A. REITZELS FORLAG (JORGEN SANDAL)
KOBENHAVN 1963



Abslract. .

Contents

TOUEOATICTIONS 2 2 2 %810/ & §st 6 s 0 0 i it st sy a0 i o 3 i 13
Yegotational HISIOTY . wswosmsomenmsaws 26 i 5585858 a0y SR MR TS
Methods. ..o
SONFEES: OFf TR0 s 5 w055 615 5o v 3w 300 555 5506 555 a5 € FRE RS
Re-deposited Material . ... ... o
Pollen: BOBEE « .o v w5 566055 6 50 EHE L85 L4756 0T 638 & 1308 145 T 5
Ecological Interpretation. ......... ... ... ... ... .. .....
Comparison with other Interglacial Deposits .. ...............
TERCHEE B TEHETIITY i e i i e 0 5 5 0 8 e 05 97

Interglacial Fresh-Water Deposits at Harreskov, Starup and

0 D

Interglacial Holstein Sea Deposits in Northern Germany and

the: Netherlands: . .« oo sms amsmms v 5 wms 500w ¢ o 950 45

Interglacial Fresh-Water Deposits in Northern Germany, Lhe

Netherlands and Poland . ..« cveasmssmaomsvmssmess v ons
TOISTEUBBION £ 6, 5304 500,010 i e 3 s e o i 45 4 A

Tables 1-3

Dansk sammendrag. ...

Literature

L6 RS ) G

—_
Lol == o >

12
12

12

15
15
17
20
29



Abstract

At Tornskov 4 km north of Logumkloster, south Jutland, a Qualernary marine
deposit was found at 27-95 m below the surface. The marine deposit is covered by
glacial deposits, which contain a dislocated fragment of the marine deposil. Tertiary
deposits occur below 107 m. The deposils were investigated with pollen analysis.
Re-deposited pollen is very frequent below 77 m. The layers at 27-77 m correspond
to a major part of an interglacial succession beginning with Betula-Pinus dominance,
and continuing with Alnus-Pinus dominance. Picea, Quercus, Ulmus, Carpinus, Abies,
Corylus, Taxus and other trees and shrubs are represented with rather low {re-
quencies. The interglacial marine deposit at Tornskov is contemporaneous with
the interglacial marine deposit at Inder Bjergum near Ribe, and with deposits of
the interglacial Holstein Sea in north Germany and the northern Netherlands, in
which there is a similar vegetational development. Pollen diagrams typical of the
Holsteinian Interglacial are also known from fresh-waler deposits in north Germany,
the Netherlands and Poland. The interglacial fresh-water deposits at Harreskov,
Starup and Olgod in western Jutland belong to another, presumably older inter-
glacial stage.



Introduction

In 1958 the Geological Survey ol Denmark carried outl a boring al Tornskov 4 km
north of Logumkloster in south Jutland (DGU file nr. 159.243, altitude ab. 22 m,
see the map fig. 1), in which a Quaternary marine deposit extending to a considerable
depth was encountered. The boring was supervised by Lrrr BANKE Rasmussen. The
marine layers contain considerable quantities of foraminifera, which are being
investigated in detail by ARNE Bucn (cf. Bucn 1963).

The description of the sediments given by BANKE RASMUSSEN is summarized
briefly below. The information about the origin of the sediments is based on pre-
liminary results of the examination of the foraminifera by Buch.

Fig. 1. Section of the map sheet No. 4006 (1:20000) showing the location of the boring
near Tornskov. Authorized by the Geodetic Institute of Denmark.
Udsnit af malebordsblad Nr. 4006 (1:20000) visende beliggenheden af
boringen ved Tornskov.



A 0.0- 0.6 m Agricultural soil.

B 0.6— 2.2 m FIine sand and sandy clay.

C 2.2- 13.7 m Sand and gravel.

D 13.7- 22.4 m Fine-sandy clay (marine).

E 22.4— 247 m Stony clay (boulder clay).

I 24.7- 27.4 m Sand and gravel.

1 27.4- 30.7 m Argillaceous fine sand (marine).

2 30.7- 72. Fine-sandy clay (marine).

3 72.5- 79.3 m Clay (marine).

4 79.3- 90.8 m Sand (marine).

5 90.8- 92.6 m Clay (marine).

6 92.6- 93.1 m Sand (marine).

7 93.1- 93.3 m Clay (marine).

8 93.3- 93.5 m Sand (marine).

9 93.5- 94.7 m Clay (marine).

H 94.7-107.2 m Sand, in the upper part two thin clay layers
(presumably melt water deposit).

1 107.2-107.6 m Clay (Tertiary).

~1 = =1 =

o
=
=

The boring was carried out at the edge of a “hill island™ consisting of glacial
deposits of the Saalian Glacial (s.1., ¢f. the map in MiLTHERS 1948). According to
the description above, a marine environment is indicated in the sediments at 13.7—
22.4 m (D) and at 27.4-94.7 m (G). The pollen analyses reported below show that
the upper marine sediment is a fragment of the lower marine deposit, presumably
dislocated by glacial activity. The lower marine deposit is likely to be undisturbed.
The Quaternary marine sediments occupy a deep fiord-like depression of the Tertiary
surface (Bankre RasMUSSEN, personal communication).

The Quaternary marine deposits at Tornskov are covered by glacial deposils, and
hence must be older than the Eemian Interglacial. Marine interglacial deposits
referred to the Penultimate Interglacial (Holsteinian Interglacial) occur in deep
borings in the Ribe area and in the vicinity of Esbjerg further north (JEssEN 1922,
Norpwvany 1928, Buci 1955). All these deposits, including the one encountered at
Tornskov, presumably belong to the interglacial Holstein Sea, which is known from
occurrences in northwest Germany and the northern Netherlands (see especially
GRAHLE 1936, BROUWER 1949).

According to preliminary resulls by Bucn (cf. Bucr 1963), the Quaternary
foraminiferal succession represented at Tornskov is similar to the one encountered
al Inder Bjergum near Ribe (Bucit 1955) and may be divided into a lower Elphidium
clavatum-Cassidulina crassa zone (82-94 m), a middle Elphidium clavalum-Elphi-
dium (Nonion) orbicularts zone (77-81 m), and an upper Elphidiun clavalum-Streblus
Beccarii zone (27-76 m). The zone with Cassidulina crassa indicates cold water condi-
tions, while the zone with FElphidium orbicularis represents an interval of rising
lemperature, and the zone with Sireblus Beccarii suggests conditions similar to the
present North Sea (Buch 1955).

The bolanical investigation of the deposils constitutes the main subject of this
article.



Vegetational History

Interglacial marine horizons conslilute important guide horizons in Pleistocene
stratigraphy. Pollen analysis of such deposits is of greal inlerest because it provides
a basis for a correlation between the marine and the continental sequences. Heck
(1932), VeERMEER-LouMax (1934), WorpsTeEpT (1949), HaLickr (1951) and voN DER
BrevLie (1954) published pollen diagrams from deposils of the interglacial Eem Sea
from northern Germany, the Netherlands and north Poland, which comprise {rag-
ments of the development known from pollen diagrams from fresh-waler deposits
of the same areas. Deposits belonging to the Holstein Sea were examined with pollen
analysis by BRouweR (1949, northern Netherlands) and recently by Havrrik (1960,
Hummelsbiittel near Hamburg). The important pollen diagram published by
Havrrik (Le.) shows a sequence, which corresponds to the vegetational development
recognized in certain fresh-water deposiis.

Interglacial marine deposits are thus inviting objects for pollen analysis. Marine
deposits may in some cases be excellently suited for this technique, but in other
cases difficulties may arise due to poor pollen preservation, irregularities of pollen
deposition or the presence of rebedded material.

Methods.

The marine sediments [rom the Tornskov boring conlained very few macroscopic
plant remains; only a few wood fragments, highly modified by pressure, were found
(at 28 m, wood of Pinus, and al 31 m, wood of Pinus and a twig of Populus or Salix).
There were no diatoms in the untreated samples.

The samples for pollen analysis were extracted from the larger samples obtained
during the boring. Only a small amount of material was used (1-2 cem), and care
was taken to extract these samples from the undisturbed parts of the larger samples.
Satisfactory samples could not be obtained from the purely sandy parts of the
seclion.

The samples consisted almosl exclusively of mineral maller. They were treated
chemically as follows,

(1) treatment with cold HCI,

(2) boiling with 109 KOH for 6 min. (in water bath), removal of sand by de-
canting,

(3) boiling with 409, HF for 10-15 min., heating with 1095 HCI 2 or 3 limes,

(4) boiling with 10 ml acetic anhydride + 1 ml conc. H,SO, for 1 min. (in waler
bath),

(H) slaining with fuchsin and mounting in silicone oil according lo the procedure
in ANDERSEN (1960).



The organic contenl was very slight. The pollen was rather apundant, but much
crumpled, and the analysis work accordingly rather elaborate. About 500 pollen
grains were counted in most of the samples.

The pollen analyses are shown in two diagrams (fig. 2 and plate I), and in the
tables 1 and 2. The diagram fig. 2 shows the frequencies for pre-Quaternary pollen
and spore types, including all pollen and spore types belonging to plants extinct in
northern Europe since the Tertiary (and the Early Pleistocene), as a percentage of
the total pollen and spores. Table 1 shows the pollen and spore content of the samples
between 77 and 107 m as a percentage of the total pollen and spores. These pollen
spectra contain abundant pre-Quaternary material. The pollen diagram on plate I
shows the curves for the most important pollen and spores between 13.7 and
77.0 m. In this diagram the pre-Quaternary pollen and spore types were omitted
from the total pollen. A few “local” types also were excluded. Frequencies for
Pediastrum also are shown in the pollen diagram. Pollen and spores not shown in
this pollen diagram are indicated in table 2.

Sources of Errvor.

IFractionation of the pollen rain during transportation in the air may influence the
pollen content of marine sediments formed at some distance from the coast. How-
ever, there is evidence that the heavy Picea pollen is dispersed just as effectively as
Pinus at distances up to 100 km (HesseLmaN 1919, von Post 1924, Aario 1940).
Mixing by air tubulence thus seems to influence the horizontal dispersal of pollen
grains over such distances (see especially the discussion in Ferr and IVERSEN 1950).

The different floating capacities of pollen grains in waler may also introduce a
source of error in marine sediments. FaGrr (1943) and Frorin (1945, 1957) found
Pinus pollen to be overrepresented in marine sediments from quiet bays, and
Fromwm (1938) found overrepresentation of Pinus pollen in distal delta deposits from
northern Sweden. The Pinus pollen is also more frequent in the deep water sediments
from Gullmarsfjord, western Sweden (Fries 1951) than in the nearby lake deposits.
MurLLER (1959) found that fractionation took place during the transportation of
pollen by sea currents, resulling in overrepresenlation of pollen types with high
floating capacity. As the sediment from the boring at Tornskov consists of water-
transported material, the Pinus pollen may prove to be somewhat overrepresented
compared with lake deposits.

Re-deposited Material.

Marine sediments consisting principally of derived mineral matter are likely Lo
contain older pollen and spores eroded and deposited together with the mineral
matter (IVERSEN 1936). The secondary fraction can in some cases be calculated and
excluded, but even then the presence of secondary pollen is likely to make it impos-
sible to distinguish the finer details of the pollen diagrams (cf. IVERSEN 1943).

The incidence of re-deposited pollen in the Quaternary series at Tornskov is
illustrated by the frequencies of the pre-Quaternary pollen and spore types shown in
fig. 2. These types dominale the pollen spectrum in the Tertiary clay I and the mell-
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IMig. 2. Frequencies for pre-Quaternary pollen and spore lypes,
as percenlage of the total pollen and spores.
Hyppighed al praeekvartaere pollen- og spore-typer,
i procent afl alle pollen og sporer.

water deposit H (729). They occur in the marine deposits G and D wilh varying
frequencies. Between 81 and 94 m the frequency of the pre-Quaternary lypes is
31-579,. This shows that there is pollen of both Tertiary and Quaternary age. The
high frequency of the Tertiary pollen indicates slrong conlaminalion with re-
deposited material, and one may assume that also a good deal of the Qualernary
pollen is secondary. This assumplion is supported by the fact that pollen of several
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thermophilous plants occurs (see table 1) in spile of the cold conditions indicated
by the foraminiferal community (cf. p. 6). However, some primary pollen disse-
minated from a contemporaneous vegetation may also occur (Pinus?, Betula, Juni-
perus, herbaceous plants, see table 1). The pre-Quaternary pollen types decrease
from 349, at 81 m to 59, at 76 m. This change indicales decreased contamination
with re-deposited pollen and increased frequency of primary pollen. It coincides
with the temperalure increase indicaled by the foraminiferal succession, and pre-
sumably it was due lo increased pollen dissemination from a denser vegelation
cover. In fact, the pollen analyses al 77 and 76 m indicale an ecarly-interglacial
Betula-Pinus forest of a pioneer type with relics from forestless vegetalion (zone
H 1, see below).

Above 77 m the frequency of the pre-Quaternary pollen types is less than 109,
and so the contamination with re-deposited pollen is low. However, as the subjacent
layers may contain primary pollen, their pollen content is unsuitable for a calculation
and subtraction of the secondary fraction, but the influence of re-deposited Quater-
nary pollen on the pollen diagram can only be rather insignificant.

Pollen Zones.

The pollen diagram from the levels 28-77 m (plate I) reflecls a vegetational
development which is clearly interglacial, but of a type not yet described from
interglacial sections in Denmark. The following preliminary zones can be distin-
guished.

Zone H1 (276 m). The zone is characterized by the dominance of Belula
pollen. Pinus pollen is fairly frequenl. Pollen of Populus, Salix, Juniperus and
herbaceous plants is rather common.

Zone H 2 (75.7 m). A maximum for Pinus pollen characterizes the zone. The
Betula pollen frequency decreases, that of Alnus increases, and there is a small
maximum of Fraxinus pollen (69,). The values for Populus and Juniperus decrease.

Zone H 3 (75-53 m). Pinus and Alnus pollen is dominant in this zone, the Pinus
pollen occurring with a frequency of 30-409; and the Alnus pollen with a frequency
of aboul 209,. The Betula pollen frequency decreases Lo about 109,. Pollen of Picea,
Quercus and Corylus occurs with frequencies of 5109, that of Carpinus with 0.5-19,.

Zone H 4 (50-40 m). The zone is similar to the previous one, but the Carpinus
frequency increases somewhat (up lo nearly 69;). Abies pollen appears with a fre-
quency less than 19,.

Zone H 5 (37-28 m). The frequency for the Abies pollen increases to about 59,
and the frequency for the Carpinus pollen decreases slightly. The Pinus pollen
frequency increases somewhat.

The record is truncated above 28 m by the gravelly layer I and the boulder clay E.
The argillaceous sand at 13-22.4 m, according to the pollen analyses, is a fragment
of the interglacial marine sediment derived {rom layers corresponding to zone H 3.
Presumably it was dislocated by glacial activity.



Ecological Interpretation.

There is no clear evidence of arctic or subarctic vegelation at the base of the pollen
diagram, presumably because the pollen production was too low compared with the
sedimentation of secondary pollen. In zone H 1, the frequent occurrence of Belula,
Populus, Salix, Juniperus, Gramineae and Cyperaceae suggests that the forest of that
lime was of pioncer type with relics from an open-country vegetation like those known
from other interglacials and the early Post-glacial.

In zone H 2 Pinus apparenlly increased at the expense of Betula, and the decrease
of lighl-demanding plants presumably was due to this increased densily of the forest.

The ensuing part of the pollen diagram, which comprises the pollen zones H 3
H 5, is rather monotonous. Although the record is truncated upwards, and there are
no traces of a climatic deterioration, this development clearly covers a considerable
part of an interglacial succession. Characteristic features are the increases in Carpinus
and Abies pollen, delimiting in turn zones H 4 and H 5. The general dominance of
Pinus pollen contrasts with the rareness of the other forest components except for
Alnus. Picea, Quercus, Ulmus, Tilia, Corylus, Taxus and later Carpinus and Abies were
present, and we might expect that these trees and shrubs established themselves at
the expense of the more light-demanding forest elements. As mentioned on p. 8,
the Pinus pollen is probably somewhal overrepresented, but the frequencies for
Quercus, Ulmus, Carpinus and Coryglus still seem remarkably low. This may mean
that the soils were infertile, but the problem can hardly be solved with the present
malerial. Alnus rcaches notable frequencies (20-309,). The pollen of this genus
could not be identified at the species level. It conceivably represents Alnus glutinosa,
which might have formed exlensive carr forest on low-lying ground.

Sxcept for the earliest phases, the climate undoubtedly was temperale, and, due
to the rather frequent occurrence of Taxus, Ilex and Myrica, of moist-oceanic type.

Acidophilous plants such as Calluna, Myrica, Pleridium and Sphagnum were
apparently quite important, presumably indicaling that acid soils with heathy and
boggy vegelation began to develop rather early. Salix, Juniperus and Irangula were
also fairly abundant.

The pollen of Chenopodiaceae and Plantago maritima recorded rather frequently
from zone H 1 and upwards indicales the presence of salt marshes. The Pediastrum
colonies present throughout the diagram may have been derived from older deposits,
or the colonies may have been transported by water currents from the river mouths.

In summary, the characteristic features of the pollen diagram from the marine
interglacial deposil al Tornskov are,

(1) early phases with high frequencies of Belula and Pinus pollen,

(2) high values for Alnus in the rest of the diagram,

(3) rather low values for Picea, Quercus, Ulmus, Fraxinus, Ttlia, Corylus and Taxus
throughoul,

(4) a phase, in which Carpinus pollen reaches 69,

(h) a phase, in which Abies pollen reaches 59,.



Comparison with
other Interglacial Deposits

(for localities, see the map [lig. 3)

Inder Bjergum.

Il was mentioned on p. 6 thal Qualernary marine deposils similar lo those
cncountered al Tornskov occur in westernmost Jutland northwards to the vicinily
of Esbjerg. The disturbed clays exposed near Esbjerg have not vielded pollen ana-
Iyses with primary pollen, presumably because they were deposiled at a lime, when
the sedimentation of primary pollen still was very low. Samples from the boring
Inder Bjergum 2 near Ribe, carried oul by the Geological Survey of Denmark in
1932 (ep. Buen 1955), did contain pollen, but the samples are loo widely spaced
for a detailed pollen diagram. Pollen analyses of the available samples are shown in
lable 3.

According to Bucir (L.c.), the Quaternary marine series al Inder Bjergum extends
from 12 m to 70 m below the surface. The foraminifera become frequent above 64 m,
and warm conditions prevailed from 43.2 m upwards (Elphidium clavalum-Streblus
Beccarii zone, cf. p. 6). Tertiary pollen is abundant up to 45 m, so these samples
must be strongly contaminated with re-deposited material. Befula and herb pollen
oceurs here with notable frequencies. Pinus pollen is abundant throughout the series
with values increasing from 29 to 629,. There is less re-deposited material above
45 m. Here Alnus, Picea and Quercus occur with notable frequencies, accompanied
by Ulmas, Fraxinus, Tilia, Carpinus, Corylus and Taxus pollen in smaller quantilics,
whilst Abies is represented regularly from 28 m. These pollen analyses are therefore
similar to the diagram from Tornskov, and so conlirm the belief thal the interglacial
marine deposits in the two areas belong lo the same marine horizon.

Chenopodiaceae pollen is constantly present in low frequencies thus indicaling
deep water deposition rather than salt marsh conditions (cf. Bucn Le., p. 637). In
sall marsh deposils the Chenopodiaceae requency is much higher (see AVERDIECK
1958).

Interglacial Fresh-Water Deposits at Harreskov, Starup and @lgod.

Interglacial fresh-water deposils, which pre-dale the Eemian Interglacial, are
known at Starup and at Harreskov in western Jutland (A. JEsseEN 1922, JessEN and
MiLtHERs 1928), and at Olgod in the same area (ANDERSEN, in print). A. JEsseN (l.c.)
assumed that the deposit al Starup belongs to the same interglacial stage as the marine
deposits from the vicinity of Esbjerg, and Jessex and MiLtHeRs (l.c.) also accepted
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IFig. 3. Interglacial sites mentioned in the texlt. @ Holsleinian Interglacial deposil.

O deposit of another age. -+ - - - - limit of the Saale glaciation. | LI | [limit of the Weichsel
glaciation.

Lokaliteter med interglaciale lag omtalt i teksten. @ aflejring fra Holstein Interglacial-
liden. O aflejring af anden alder. - - - - - - grense for Saale-nedisningen. L1 grense
for Weichsel nedisningen.

1. Tornskov 8. Hummelsbhiittel 14. Gosciecin

2. Inder Bjergum 9. Bergumerheide 15. Olszewice
3. Esbjerg 10. Sneek 16. Wylezin

4. Starup 11. Wiechel 17. Syrniki

5. Olgod 12. Bantega 18. Bilshausen
6. Harreskov 13. Neede 19. Westerhoven

)
7. Bredstedt

this point of view. JESSEN's correlation is open to doubl, and the deposils are not
dated with certainty. The deposit at Harreskov is covered by boulder clay (JusseN and
MictaeRrs le.), bul no moraine cover exists above the interglacial layers al Starup
and at Olgod. The covering layers apparently were affected by periglacial erosion
during the Weichselian Glacial, and it is not possible to decide whether the deposils
were transgressed by one or several glaciations.

Pollen diagrams from the deposits at Harreskov and Starup were published by
JesseN and Mictuers (le.), and the vegelalional successions ol these interglacials
are being re-studied by the present author.
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According to Jessen and Mmwrners (1 c.) the development at Harreskov covers a
complete interglacial. Its most significanl features are (1) an early Ulmus maximum
(38 %), (2) up to 26 % of Quercus, (3) Picea present throughout, (4) rather low Corylus, and
(5) absence of Carpinus and Abies. The deposit at Starup only comprises the early vegeta-
tional stages of the interglacial. These are identical with the ones known from Harreskov.
The vegetational succession represented in the fresh-water deposit at Olgod is very
similar to the one known from Harreskov. In addition to the stages recognized al Harre-
skov by Jessen and MintaERSs (L. ¢.), the succession at Olgod contains an early maximum
of Taxus. This Taxus maximum has also been recognized in new pollen analyses from
Harreskov.

These pollen diagrams are so similar that the deposits must be contemporaneous.
They differ significantly from the marine deposits of the Holsteinian Interglacial in
South Jutland, and so it is doubtful if they belong to that interglacial.

Interglacial Holstein Sea Deposits in
Northern Germany and the Netherlands.

Pollen diagrams related to the interglacial Holstein Sea deposits are known {rom
Germany and the Netherlands. Al Bredstedt, just south of the Danish border,
Heck (1947) found brackish waler sediments from the Holstein Sea overlain by
fresh-water gytlja. The pollen diagrams from the fresh-water deposils comprise the
younger part of an interglacial succession.

Pinus and Betula pollen dominates, and Alnus and Picea are represented with values
decreasing from about 20 % to about 5 %. Quercus, Tilia, Corylus, Carpinus and Abies are
represented at the bottom with low values. This diagram forms a natural upward continua-
tion of the pollen diagram from Tornskov.

The most important pollen diagram from inlerglacial Holstein Sea deposits is
that from Hummelsbiittel near Hamburg recently published by Harvik (1960).
The diagram covers nearly 1 m of fresh-waler clay-gyltja and about 2 m of marine
line-sand, overlying the fresh-water deposit. It is nearly identical with the diagram
from Tornskov and has the following phases,

(1) Betula and Pinus dominant, Picea and Alnus very rare, Hippophaé and herb pollen
frequent at the bottom,

(2) Alnus dominant, Pinus and Belula decreasing, Picea rather frequent (10-20%),
Quercus, Ulmus, Tilia and Corylus frequencies between 1 and 5 %,.

(3) Carpinus appears with frequencies of up to 4 %, Abies increases to 10-20 % somewhal
later.

This series, situaled above the present sea-level, records a transgression of the
Holstein Sea, which is also shown in the pollen diagram by the appearance of
Chenopodiaceae pollen — and by an increase in the Pinus frequencies (from 20 to
about 509%,).

Brouwer (1949) found interglacial Holstein Sea deposils in two borings in the
northern part of the Netherlands, at Bergumerheide at 46-62 m below sea level,
and at Sneek at 31-42 m below sea level. The pollen diagrams lack detail and seem
influenced by various sources of error. Pinus and Alnus pollen dominates, Picea
pollen is rather frequent, “‘Quercetum mixtum” and Corylus obtain only low fre-
quencies, and Abies and Carpinus are represented. The marine deposits are covered
by “Keileem™, a boulder clay belonging to the Drenthe-Amersfoort substage (Grzer,
OVERWEEL en VEENSTRA 1960).



Interglacial Fresh-Water Deposits in
Northern Germany, the Netherlands and Poland.

Havrik (1960) published an important pollen diagram from a dialomaccous earth
deposit at Wiechel in the Liineburger Heide. It comprises a major parl of an
interglacial vegetational succession. Havrix (L.c.) distinguished the following phases,
(1) Pinus-Betula phase, Salixz, Alnus and Picea rare (with a Pinus maximum at the top,

resembling zone H 2 at Tornskov),
(2) Pinus-Alnus phase, Quercus, Ulmus, T'ilia, Corylus, Picea rare,
(3) Carpinus-Abies phase (Pinus and Alnus dominant).

The pollen diagrams from Tornskov and Hummelsbiiltel resemble the pollen
diagram from the diatomaceous earth at Wiechel, and although the Pinus values are
somewhat higher in the marine deposils, they must belong to the same interglacial
stage. Some sites in Northern Germany with less complele pollen diagrams probably
belong to the same interglacial (Krefeld, Ohe, Ummendorf, Klicken, Berlin, sce
SerLe 1960, Havuik Le.). As mentioned by Havrvik (L.c.), the pollen diagram from
Bantega in the Netherlands (BrouweR 1949) resembles the diagrams from Wiechel
and Hummelsbiittel, and the pollen diagram from Necede (vaAN peEr VLERK and
FFrorscuirz 1953) shows a fragment of a similar development. Abies is represented
at some of these sites with frequencies of up to 459,. Most of the deposits mentioned
are either covered with till, or have been disturbed by ice-push. Their pollen dia-
grams differ essentially from those of the Eemian Interglacial, and are placed in the
Holsteinian Interglacial by the German and Dutch authors just mentioned.

A great number of pollen diagrams are known from fresh-water deposits of the
Masovien I Interglacial in Poland. These deposits were transgressed by the Middle
Polish (Saale) glaciation. As menlioned by Harrix (l.c.), the diagrams closely
resemble those of the Holsteinian Interglacial of northern Germany and the Nether-
lands. Pollen of Quercus, Ulmus, Tilia and Corylus is rare, Carpinus and Abies pollen
increases Lo 20-509; in the upper part, and Alnus and Pinus pollen is common?).

Discussion.

Interglacial fresh-water and marine deposils with pollen diagrams similar Lo thal
from Tornskov thus occur in northern Germany, the Netherlands and Poland.
Their pollen diagrams represent the typical vegetational succession of the Holsteinian
Interglacial (ep. Harrix 1960).

As mentioned on p. 14, the pollen diagrams from the limnic deposits at Harreskov,
Starup and Olgod in weslern Jutland differ so essentially from those of the marine

1) BreLig, KiLpper und TEICHMULLER (1959) found macrofossils and pollen of Plero-
carya cf. fraxinifolia Spach. in a peat deposit at Frimmersdorf near Kéln which they
referred to the Holsteinian Interglacial. Pterocarya pollen also was recorded from
Masovien I Interglacial sites in Poland (SropoX 1957, SoBoLEWSKA 1956 b, STACHURSKA
1957), in the Carpinus-Abies zone, where it is undoubtedly primary. Pollen of Pterocarya
type was also recorded at Tornskov, at the following levels, 28 m: 0.2 %, 42 m: 0.2 %,
45 m: 0.2%; 63 myz 0.2%; 55 m; 0.2%;, 57 mi; 0:2%, 79 ms 0.3 %, 81 m:y 1.2 %, 90 m:
0.5 %, 92 m: 0.29%, 94 m: 0.7 %, 98.5 m: 2.09%, 107 m: 0.7 %. Thus it is most frequent
below the 80 m level where there are many pre-Quaternary pollen and spore types, and
so il is most likely to be secondary at this site.
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deposits in southwest Jutland, that it is doubtful if they belong to the same inter-
glacial. A survey of the maximum percentages of various important genera in the
moslt representative pollen diagrams mentioned above is shown below. The quality
of these pollen analyses varies somewhal. The pollen diagrams from the Netherlands
do not show percentages for the “*Quercelum mixtum’ components, and Taxus pollen
is only recorded in a few of the diagrams. However, it is clear that Quercus and Ulmus
obtain much higher percentages at Harreskov and at Olgod than at the other sites,
and the Taxus-frequencies recorded at Tornskov and al Gosciecin are much lower
than the figure recorded at Olgod. Hence, although more detailed pollen diagrams
are desirable, the discrepancy noticed between the pollen diagrams from Harreskov-
Olgod and the one from Tornskov obviously extends to the other Holsteinian Inter-
glacial diagrams from Northern Europe.

g = 2 2 3 Z < Z
s, T s 8| 5| & |25|,2 | B | 2
Maximum i 0 1% x| T | gl gz | 8@ Ez = A
percentage aa g = e ga’z £ = e ; S | g e} s |82 =i
EaSe| § | £ |ESH| B2 |53 | 3¢ 288 |ZE8 B8k
TEs%| 8 | £ |mBE | B |RARS | &.& | 08T [BRS | a8S
Quercus . ... . 26 39 10 7 9 2 9 7 13
Ulmus. .. .... .38 35 2 2 4 . 4 2 2 6
O M s . 48 58 15 ' 10 15 13 9 8 13
Carpinus. . . .. . ' 0.2 7 4 15 s 16 26 22 25
Abies. .. v . . 0.1 6 16 4 6 19 33 42 23
PIoH 55600 5.5 . 28 10 9 21 13 25 26 12 29 34
Corylus*) ....|. 49 20 9 15 28 6 12 14 8 24
Tanusty .« -« L 3) 102 8 ) ) ) 12 ) ) &

") Considered oulside the pollen totals. *) Marine deposits. *) Not counted.

The age of the Harreskov-Starup-Olgod deposits remains uncertain. Somewhal
similar pollen diagrams are known from the inlerglacial deposils al Bilshausen,
Unter Eichsfeld, in Germany (LiUTTic and RN 1954), and at Westerhoven in the
Netherlands (Zacwwn and ZonnNeverp 1956). They have been referred to the
“Cromerian Interglacial” in the general chronology of northern Europe. However,
as lhese diagrams are rather incomplele, this problem has yet to be solved.



Table 1. Tornskov. Pollen analyses al the levels 77-107.3 m.

Pollenanalyser fra niveauerne 77-107.3 m.
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Stratum J H GY GbH G4 G4 G 3 G3

Depth, m 107.3  98.5 94 92 90 81 79 77
CATDIRIS: 7 5 4 s 4omis 6 raiecs @b 0.5 0.3 0.2 0.2 1 0.3 .
QUETERS: . v o ga s wdis 3505 ¢ 59 1 0.3 0.2 0.6 1 2 2
TS : s 52 509 8. 3 vomie v oonww 5w 0.3 06 : 0.8 0.9 0.4 g 0.8
THIT.. = s o 5 v & semsii sl Bm e 0.7 : 0.3 » 0.1 . 0.3 0.1
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QRTIETIRS  voms 50 6 i 5 ot & 5 000 5 s 1 3 4 9 10 8 6 5
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~1 NSNS OO Ot Al Lo wwne B RO =t b
> EoXESISE |SUORS |IEEE [BS3E | pepthm
(=1 [e= e e i e o i e e i} coooo oo oo SOoOO )
lac jas T o = Zone
—_ w = S oo
3 Acer
Ha
& . S~ =3 =] o~ +* 5 el e By
X NS X [
-2 |o oo o00ON SOOI T — Ericales
s | Vo woos |(Rulivi |[vLee Lo (-Calluna)
o =} S .o .o @ . . . i
o o Hippophiie
. . . . S e . . . . . - . . . . . . . .
= Hedera
N
v e 4 . = . S - ‘ i
< N
S Vitis
o o
= S Em W e coco . = s - s
- 3 = e = o = el Artemisia
w = R 33 N i
e oo : : Caryophyllaceae
ORI XY o ‘
= . ot = . Galium lype
) 1~ )
£ : ! Humulus
w
=] § & T~
% Liguliflorae
= & = = = B . Lycopodium
rs o e e e annotinum
R 4 ® W " = & @ Lycopodium
yeor
o selago
o . . . . . . .
ko Ophioglossum
. o« = o % B w. Y % BEE % 4 B 8 Polygonum
e n persicaria type
' = = = & e Polypodium
n o o e
= S . (== =] o . .
: £ s : . type
7 © i o = Rumex acet. ty|
5 = v 5 .
e 57 Thalictrum
LRl B |
=] (=] . ® v, »
== 2 = e Tubuliflorae
&0 B 1 K N
g C ' b S Umbelliferae
o
- Urtica
I
e Menyanthes
N
= S - 000 o SIS DD . S oD
o I TR T = e e o o Osmunda
= & T ® . R A -
Y % Potamogelon
,CD .o : . ; > . O O . ; .« . c D T‘IPU'
IR o T N I N w = Sparganium
w e 0o e R - e [CH RTINS W O "
—~w [ ([vookrnoo~ |wwkous % RS o o Thelypteris typc

Aqe.L

6 <

(1 91v]) Pwwraseipuaffod vd 1s1a 91 1910ds 80 UI[[O]

(1 91e]d) wraseIp udfjod ) ur uAoys jou $210ds pur Ud[[O] ‘AONSUIO],




Table 3.

Inder Bjergum. Pollen analyses.
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Depth, m iy 41.25  37.0  28.0 50 12-13

PR o ooy vt s e 56k 2 8 bk 33 51 A2 A7 62 50
BB <500 550 5w s s 5e 33 12 9 5 3 7
ATRTS: o vt soapss 5 S5 59 53 13 21 16 14 10 19
P08 s caen s somassimas i 2 4 2 5 7 7
QQUBREUS .o o 5 ot s Frop 3% 3 3 3 6 9 3 )
T s 5 w05 5 5005 3 5 6w 4 s 1 0.5 1 0.4 0. 1
Framiiius . .« o vcvnmsnams i 1 2 2 0.4 0.6
THQ: s s s e v s S0t masams . 0.4 0.4 ‘ 0.6
CATDIAS 5. 5 5 5 ww 5 5 st 5 6 0 § 1 0.4 0.8 0.6
BLETBS u o 4 o g v 8 i § 4 0w B § E 0.5 . 0.8 3 1
SEIEE 5 ;i v 5 i 6 5 o 5 5 50 1 0.5 0.8 3 i 4 0.6
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Gromineae: s, . v 5 snm s e s 3 0.5 2 2 2 2 2
Cyperaceae. . . .......... 4 1 2 4 0.8 1
PLeridigmi, ; s .5 4 w5 cnww & . > 1 3 5 . 0.6
Chenopodiaceae . . . . ... .. 0.5 D 0.4 0.4 0.5 0.8 .
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Pediastratnt, v s s 553 wws & ) b 1 0.8 1 2
Pre-Quaternary pollen

and spore types') ... .. 30 10 4 9 10 19

) Per cent of all pollen and spores.



Dansk sammendrag

Pollenanalyse af de kvartwre marine lag ved
Tornskov i Sonderjylland

I 1958 udforte DGU en boring i Tornskov ved Logumkloster (fig. 1), hvorved kvar-
teere marine lag af betydelig tykkelse blev patruffet. Profilbeskrivelsen, der stotter
sig pa iagltagelser af Lemr BANke RasmusseEn og ArNE Buch, kan opsummeres
saledes:

A-C  0.0- 13.7 m Sand- og gruslag.

D 13.7- 22.4 m Marint finsandet ler.

E 22.4— 24.7 m Moraneler.

F 24.7- 27.4 m Sand- og gruslag.

G 27.4— 94.7 m Marine ler- og sandlag.
H 94.7-107.2 m Smeltevandssand.

1 107.2-107.6 m Tertieert ler.

Boringen er udfort i kanten af en bakkeo. Den ovre marine horisont (D) er ifolge
pollenanalyserne et brudstykke af den nedre marine horisont, og udgor abenbart
en flage dislocerel ved isvirksomhed. Den nedre marine horisont (G) er sandsynligvis
uforstyrret og indtager en dyb sicnkning i den tertizere overflade. Den er sandsynlig-
vis samtidig med de marine lag ved Ribe og Esbjerg, der henregnes til Nestsidste
Interglacialtid (Holslein Interglacialtid). Ifolge Bucus undersogelser indeholder den
marine serie en foraminifersukcession, som ligner den han har undersogt ved Inder
Bjergum (Bucn 1955, 1963).

Resultaterne af pollenanalyserne er vist i fig. 2 og plale I, saml i label 1 og 2. Om-
lejret pollen forekommer hyppigt i de nederste kvartere lag (80-94 m), som er afsat
i et koldt tidsrum med ringe plantedaekke. Ved 77-80 m aftager hyppigheden af
omlejret pollen, hvilkel sandsynligvis skyldes, at pollen fra den samtidige vegelation
gor sig sterkere gaeldende. Pollendiagrammet pa plate I omfatter kun lagene 13.7—
77.0 m, hvor forureningen med omlejret pollen er af ret ringe betydning. Det
repraesenterer en belydelig del af en interglacialudvikling, som ikke lidligere er
kendt fra Danmark. Pollenzonerne H 1-5 er beskrevel kort pa s. 10. De forste
pollenzoner (H 1 og H 2) reprasenterer birke-fyrreskov af pionertype, som typisk
udgor de forste stadier af en interglacial skovudvikling. De efterfolges al 3 pollen-
zoner (H 3-H 5), som preages af fremherskende Alnus- og Pinuspollen, mens andre
tracer og buske som Betula, Picea, Quercus, Ulmus, Corylus, Taxus o. a. kun opnar
ret lave veerdier. I pollenzone H 4 findes et lille maksimum al Carpinuspollen og i
zone H 5 ct tilsvarende al Abiespollen. Serien afbrydes af en diskordans ved 24.7 m.
Den ovre marine horisont (D) tilhorer pollenzone H 3.
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Nogle pollenanalyser fra boringen ved Inder Bjergum (Bucn 1955) er anforl (se
tabel 3). I 12-45 m dybde alspejles i grove treek en udvikling svarende til den, der er
konslateret ved Tornskov.

Pollendiagrammet fra Tornskov sammenlignes med pollendiagrammer {ra
Harreskov og Starup henlort til Nestsidste Interglacialtid af JEssEn og MILTHERS
(1928) samt den nye lokalitet ved Olgod. Vegelalionsudviklingen fra disse tre fersk-
vandsforekomster stemmer udmerket overens. Den adskiller sig tydeligt fra Eem
Interglacialtiden, men ogsaa fra udviklingen kendt fra Tornskov.

Pollendiagrammet fra Tornskov stemmer udmerket med pollendiagrammer [ra
Holsteinhavets aflejringer ved Hamborg (Harvik 1960) og i Holland, samt med
pollendiagrammer fra samtidige ferskvandsaflejringer i Nordtyskland, Holland og
Polen. Denne Vegelationsudvikling er typisk for Holstein Interglacialtiden (Neest-
sidste Interglacialtid), som ligger mellem Elster og Saale Glacialtiderne. Ferskvands-
allejringerne fra Harreskov, Starup og Olgod m: sandsynligvis henfores til en endnu
wldre interglacialtid.
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Denne bog er sat med Monotype Fridericus Antiqua

og trykt i 1500 eksemplarer pia Andelsbogtrykkeriet

i Odense. Papir: Kunstiryk, 125 g, {ra De forenede
Papirfabrikker.
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