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Abstract

Despite more than a century of investigations, parts of the Quaternary
stratigraphy of Denmark with their fragmented record of deposits remain
ambiguous. Here we describe a newly found interglacial clay deposit from
Ejby on Sjeelland, Denmark, from a borehole at 55.695°N, 11.839°E (terrain
elevation 5.7 m above sea level). We place the new occurrence on record and
provide details of the macrofossil analysis of the sample. The clay contains
remains of the present-day temperate bivalve Corbicula fluminalis and the
caddis fly Hydropsyche contubernalis - both inhabiting rivers. The presence of
C. fluminalis indicates that the deposit most probably is of Middle Pleistocene
age, older than the last interglacial, the Eemian.

Introduction

During the Quaternary period that began 2.58 million years, the climate has
alternated between glacial and interglacial conditions. Interglacial depos-
its are characterised by remains of plants and animals such as oak and red
deer that indicate climatic conditions similar to or warmer than at present,
whereas interstadial deposits from glacial stages contain remains of rela-
tively cold-adapted, Arctic or subarctic species such as polar willow and rein-
deer. Despite more than a century of investigations, parts of the Quaternary
stratigraphy of Denmark with their fragmented record of deposits remain
ambiguous. Known interglacial occurrences include the Cromerian complex
(the Harreskovian, marine isotope stage [MIS] 19), the Holsteinian (MIS 11C),
the Trelde Klint interglacial (MIS 11), the Trianglen interglacial (MIS 7), the
Eemian (MIS 5e) and the current interglacial, the Holocene (Kunes et al. 2013;
Odgaard et al. 2016; Bennike et al. 2019; Candy et al. 2021). Moreover, several
deposits of unknown age have been described (Andersen 1967).

In 2018, the Geological Survey of Denmark and Greenland (GEUS) received
samples collected at 3-m intervals from a borehole at 55.695°N, 11.839°E
(terrain elevation 5.7 m a.s.l.), at the address Ejby Havnevej 101 on Sjzelland
(Fig. 1). Shells of the bivalve Corbicula were noted in one of the samples; this
species indicates a Middle Pleistocene interglacial age (Meijer & Preece 2000;
Bennike et al. 2019), and since such occurrences are rare in Denmark, we
decided to conduct analyses of macrofossils. This data article puts the new
occurrence on record and provides details of the macrofossil analysis of the
sample. The identification of fossils from a deposit can help us determine
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the age and palaeoenvironment of the deposit. We also
briefly review other interglacial and interstadial occur-
rences from eastern Denmark.

Lithostratigraphy
The drilling penetrated clayey till, glaciofluvial gravel,
clay with bivalve shells, glaciofluvial gravel and Danian
limestone (Fig. 2). Drilling stopped at a depth of 147.5m
below the terrain surface.

Materials and methods

Only a single sediment sample was available for analy-
sis of macrofossils from the clay unit with bivalve shells.
The sample weighed c. 200 g. It was soaked in a NaOH
solution at room temperature for 2 days and wet sieved
on 0.4-, 0.2- and 0.1-mm sieves. The residue left on the
sieves was analysed using a dissecting microscope.

Results and discussion

The results of the macrofossil analyses are presented
in Table 1. The sample was small, and we only found
the remains of five taxa. However, some of them are of
interest, providing insights into the age and palaeoenvi-
ronmental conditions.

Vascular plants are represented by two taxa. Betula
sect. Albae sp. (tree birch) is common in interglacial
assemblages. The small birch nutlets are produced in
vast quantities and easily dispersed by wind or rivers.
The presence of tree birch indicates a forested envi-
ronment. Zannichellia palustris (horned pondweed) is a
small, submerged, perennial water plant that grows in
shallow, fresh or brackish waters, in lakes and rivers. It
has a wide geographical range, but it does not grow in
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Fig. 1 Map of Denmark showing the location of Ejby and other
Middle Pleistocene interglacial deposits on Sjzelland discussed
in the text.
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Arctic regions. Achenes of Z. palustris have previously
been reported from interglacial deposits in Denmark by
Hartz (1909) and Bennike et al. (2019).

Invertebrates are represented by shells of the bivalve
Corbicula fluminalis (Fig. 3). The Pleistocene occurrence
of this species was discussed by Meijer & Preece (2000),
who concluded that the species was present only in
temperate stages. Although mainly a fresh-water spe-
cies that lives in rivers, it may have been able to tolerate
slightly brackish conditions. It occurred in north-west-
ern Europe during the Early and Middle Pleistocene,
whereas it was absent during the Last Interglacial. In
Denmark, it has been found in interglacial deposits
from the former Free Port in Copenhagen (Johansen
1904), a deposit nowadays referred to MIS 7 (Bennike
et al. 2019). The species has also been reported from an
interglacial deposit at Fgrslevgaard in southern Sjzelland
(Johansen 1904; location in Fig. 1). The age of the deposit
at Farslevgaard is unknown, but its fauna indicates a
Middle Pleistocene age.
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Fig. 2 Lithological log of the well from Ejby (DGU no. 198.964).
Samples were collected at an interval of 3 m, and the exact
thicknesses of the units are unknown. Drilling stopped at a
depth of 147.5 m below the terrain surface. The star shows the
position of the analysed sample. More details on the sediments
can be found at https://data.geus.dk/JupiterWWW/borerapport.
Jsp?borid=599264.

Table 1 Macrofossils from the interglacial deposit at Ejby, Sjeelland.

Plants

Betula sect. Albae (nutlet) 1

Zannichellia palustris (achene) 1

Invertebrates

Daphnia cf. pulex (ephippium) 1

Hydropsyche contubernalis (frontoclypeal apotomes) 2
Corbicula fluminalis (shells) 10
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Fig. 3 Five shells of Corbicula fluminalis from Ejby.

In addition to bivalve shells, two frontoclypeal apo-
tomes of larvae of the caddisfly (Trichoptera) Hydro-
psyche contubernalis were found. Like C. fluminalis, H.
contubernalis is mainly a fluvial species, nowadays living
primarily on the stony or coarse gravel bottom of riv-
ers. However, it is also found in stony, wind-exposed,
littoral zones of large lakes, especially in the northern
parts of Europe (Rinne & Wiberg-Larsen 2017). H. con-
tubernalis nowadays occurs in Arresg, the largest lake
in Denmark (Wiberg-Larsen 2010). On the undersur-
face of the substrates mentioned above, larvae build
retreats of mineral and organic coarse particles, and in
association with these, they spin silky capture nets. The
nets function as traps for micro- and macroinvertebrate
prey, transported downstream by the flowing water (or
by turbulent currents in lakes). H. contubernalis is nowa-
days widely distributed throughout Europe, from north-
ern Scandinavia to Spain and the Balkans, extending to
the British Isles in the west and in the east to the Urals
(Neu et al. 2018). There are Quaternary Danish records
from c. 13 300 cal. years BP (Coope & Bécher 2000) and
10 400 cal. years BP (Wiberg-Larsen et al. 2001), respec-
tively. In the United Kingdom, remains of the species
are recorded from Late Pleistocene deposits (age 35
000-60 000 years BP); Langford et al. 2014), and Horton
et al. (1992) found remains of this and two other hydro-
psychids in fluvial deposits suggested to be of Hoxnian
stage Il age. According to Ashton et al. (2008), this may
correspond to the Middle Pleistocene, MIS 11, corre-
sponding to c. 420 000-370 000 years BP.

Finally, a single ephippium of Daphnia was found. The
ephippium is similar to ephippia produced by D. pulex,
but it could also represent other species in the Daphnia
genus. Daphnia is a small planktonic crustacean that is
often abundant in lakes and ponds, but it can also live in
slow-flowing or stagnant parts of rivers.

www.geusbulletin.org

Analyses of mitochondrial sequence data (e.g. COI
and 16S genes) of aquatic and terrestrial organisms have
revealed that the Pleistocene was an important period
for generating biodiversity, also of species that still exist
(e.g. Hungerer & Kadereit 1998; Ribera & Vogler 2004;
PreviSic et al. 2009). Both C. fluminalis and H. contuberna-
lis are examples of such species.

The investigated interglacial clay is a low-energy
deposit that likely accumulated in a lake - probably near
the mouth of ariver as indicated by the two fluvial species.

Other interglacial and interstadial
deposits on Sjeelland and Mon

The new investigated site is located ¢. 500 m south of
an overgrown coastal cliff with a layer of stones with
an Eemian marine fauna that includes Paphia senescens
(Madsen 1968). This last-mentioned deposit is located
10.5 m a.s.l, whereas the new interglacial deposit is
located ¢. 35 m b.s.l,, below a succession of clayey till
and glaciofluvial gravel. Although located in the same
area, these deposits appear to belong to two different
interglacial stages.

Other marine faunas referred to the Eemian have
been reported from Nebbegaard in NE Sjaelland, the For-
mer Free Port in Copenhagen, Strandegaards Dyrehave
in SE Sjeelland, Stubberup Have in eastern Mgn and Hjelm
Nakke in SE Mgn as well as other sites on Man (Fig. 4;
Madsen et al. 1908; @dum 1933; Petersen & Konradi
1974; Berthelsen et al. 1977; Miller & Mangerud 1985;
Pedersen & Gravesen 2021). Non-marine Eemian depos-
its have also been found on Mgn (N. Hartz in Hinze 1937).

From Slettenshage on Resnees, NW Sjelland, a
marine fauna dominated by the marine gastropod
Turritella communis was described by Petersen (1973).
Based on amino acid analyses, the occurrence was
correlated with Holsteinian deposits in NW Germany
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Fig. 4 Google Earth image of Sjeelland and Mgan showing local-
ites mentioned in the text. 1: Slettenshage. 2: Skambaeks
Melle. 3: Sejerg. 4: Hove. 5: Holbaek. 6: Ejby. 7: Nebbegaard.
8: Malgv. 9: Trianglen. 10: the former Free Port in Copenha-
gen. 11: Holmstrup. 12: Heng. 13: Nordrup. 14: Gyrstinge.
15: Bjernede. 16: Fjenneslev. 17: Forslevgaard. 18: Strandegaards
Dyrehave. 19: Stubberup Have. 20: Kobbelgard/Klintholm.
21: Hjelm Nakke.

(Miller & Mangerud 1985). Another interglacial deposit
from Resnaes, near Skambaeks Malle (Madsen et al.
1908), may be of the same age.

As mentioned earlier, interglacial non-marine depos-
its referred to MIS 7 are known from the former Free
Port in Copenhagen and nearby Trianglen (Bennike et
al. 2019; location in Fig. 1). Other Middle Pleistocene
occurrences have been reported from Malgv (Bennike
etal. 2011; location in Fig. 1) and Farslevgaard (Johansen
1904; Hartz 1909).

Interstadial Weichselian non-marine deposits have
been reported from Kobbelgard and Klintholm, SE Mgn
(Bennike et al. 1994; Houmark-Nielsen et al. 2016) and
Sejerg (Bennike et al. 2007). Marine interstadial depos-
its with boreoarctic or Arctic faunas have been reported
from Hegve (Milthers 1900; @dum 1933), Holbaek, Heng
(@dum 1933), Nordruplund, Bjernede and Fjenneslev
(@dum 1933; Lykke-Andersen 1990), Gyrstinge (Sorgen-
frei 1945) and Holmstrup (Petersen & Buch 1974). Lists
of macrofossils reported from the sites are shown in
Table S1.

Conclusions

We conclude that the clayey deposit found at Ejby
was deposited in a low-energy fluvial environment.
The mean July temperature was likely higher than in
Denmark today, and the deposit is clearly interglacial
rather than interstadial. The occurrence of the bivalve
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Corbicula fluminalis indicates that the deposit is probably
of pre-Eemian, Middle Pleistocene age, at least 200 000
years BP.
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