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Abstract

The Pleistocene stratigraphy of Poland is based on palynological analyses of buried organic lake sediments and dating with radiocarbon or
thermoluminescence (TL), as well as on the lithologic-petrographical analyses of tills and other glacigenic deposits to which TL-dating was also
applied. Rarely were sediments of the stratotype interglacial profiles to which palaeomagnetic methods and TL-dating were applied, examined
by mineralogical, chemical and isotopic 6180 and 813C analyses, except the Augustovian, Mazovian and Eemian interglacials. The data was
recorded in both exposures and boreholes. Overall, tills of 8 glaciations have been identified: Narevian (Menapian), Nidanian, Sanian 1 (Elsterian 1),
Sanian 2 (Elsterian 2), Liviecian (Fuhne), Krznanian (Drenthe), Wartanian (Warthe) and Vistulian (Weichselian). Substantial palynological
evidence with complete pollen sequences and absolute dating exists for organic sediments of five interglacials: Augustovian (Bavelian Complex or
Cromerian I), Ferdynandovian (Voigtstedt), Mazovian (Holstein), Zbéjnian (Démnitz) and Eemian. Other interglacials, i.e. Malopolanian (Cromer
Complex - II or III Interglacial) and Lubavian (Schéningen) are not sufficiently supported palynologically and especially the stratigraphic

position and age of the Lubavian Interglacial is debated.
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| Introduction

This paper aims to provide an overview on recent advances in
the Pleistocene stratigraphy of Poland and especially focuses
on interglacial stratotypes sections. Some of them are
described in detail, such as e.g. the Augustovian, the newly
discovered and recently investigated interglacial, however
others are described in general terms and their descriptions
are based on earlier publications. This report does not concern
interstadial periods. An interglacial, according to the
definition of Fairbridge (1972), is understood as a geological
time interval during which basic features of atmospheric and
oceanic circulation were similar to those of recent times, and
the climate was at least as warm as in the Holocene.
Interstadial periods have considerably cooler climatic optima
than interglacials and are devoid of thermophilic floristic
elements. This report does not describe all the important
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interglacial sites with lacustrine organic deposits. Only the
most well-known ones were selected for description, and those
with well recognized geological setting and a set of geological
investigations allowing for age and climate interpretations.

| Pleistocene history in Poland

The territory of Poland consists of two types of glacial
landscapes: flat and gently sloping surfaces in the south
within areas that were occupied by the older glaciations, and
flat, undulated and hummocky surfaces of outwash plains,
end moraines, kames and eskers in the north, cut through by
subglacial channels and lakes, within the limits of the
Vistulian (Weichselian) Glaciation. In Poland, 8 to 11 glacial
beds have been identified. Based on geological and lithologic-
petrographical evidence, they are presumably represented by
tills of 8 glaciations (Narevian, Nidanian, Sanian 1, Sanian 2,
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Fig. 1. Scheme of the Polish Quaternary stratigraphy.

Liviecian, Krznanian, Wartanian and Vistulian) (Lindner et al.,
2004) and several stadials (Fig. 1). Their extents are shown on
Fig. 2. However, petrographic analysis in the Vistula drainage
basin and its vicinity indicates 16 stratigraphical till beds repre-
senting 8 glaciations and 15 stadials (Lisicki, 2003a,b). This
number maybe overestimated because petrographic analysis of
tills should be considered an auxilliary stratigraphic tool only.
The lithostratigraphy of the till horizons in Poland has been
established mainly on the basis of petrographical studies of the
gravel fraction (5 - 10 mm in diameter) (Kenig, 2003; Lisicki,
2003a,b) and the analysis of Scandinavian erratics (Gérska,
2003; Zabielski, 1996). Another problem is the application of the
thermoluminescence (TL) method to dating of these till beds.

Overall, stratotype sections of seven interglacials:
Augustovian (Bavelian Complex or Cromerian I), Malopolanian
(Cromer Complex II or III Interglacial), Ferdynandovian
(Voigtstedt), Mazovian (Holstein), Zbéjnian (Domnitz),
Lubavian (Schoningen) and Eemian and two interstadials
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(Domuratovian and Mrongovian) have been identified. However,
substantial palynological evidence with complete pollen
sequences and absolute datings exists for organic sediments of
five interglacials: Augustovian, Ferdynandovian, Mazovian,
Zboéjnian and Eemian. Other interglacials (Malopolanian and
Lubavian) are not sufficiently supported palynologically and
especially the Lubavian Interglacial geological position and
age are debatable.

Of all the interstadial periods of the Quaternary stratigraphic
scheme of Poland, Mrongovian and Domuratovian (Lower-Middle
Pleistocene), Brorup/Amersfoort, and Rudunki/Odderade (Early
Vistulian) are based on palynological determinations and 14C
and TL datings. An interstadial identified within the Middle
Vistulian (Grudziadz) was established on the basis of sedimen-
tological studies and TL datings of fluvial deposits of the
Rzeczkowo Formation, the Lower Powisle, and from the results
of palynological analyses and 14C and TL datings from the
Konin region (Maliniec I, Maliniec II; Stankowski et al., 1995).
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Fig. 2. Distribution of interglacial sites quoted in text with extents of the
Scandinavian ice sheets in Poland (compiled after: Lindner, 1984; Lindner
& Marks, 1994; Marciniak & Lindner, 2003; Marks, 2003). 1 - Vistulian
Glaciation, 2 - Wartanian Glaciation, 3 - Nidanian Glaciation, 4 - Narevian
Glaciation, 5 - Krznanian Glaciation, 6 — Liwiecian Glaciation, 7 - Sanian
1 Glaciation, 8 - Sanian 2 Glaciation, 9 - Holsteinian sea extent, 10 -

Eemian sea extent, 11 - Interglacial site.

| Interglacial stratotypes

Augustovian (Bavelian Complex or Cromerian I)
[ Interglacial

In the last ten years within the framework of detailed geological
mapping in the Augustow Plain (NE Poland), glacial and
interglacial sediments of the Lower Middle Pleistocene were
determined. In boreholes at Szczebra, Kalejty, Zielone
Krolewskie, Janéwka, Sucha Wies, Czarnucha, Zarnowo and
Komorniki (Fig. 3) interglacial lake deposits, the oldest in
Poland, were documented by palynological and geological
investigations (Ber, 1996, 2000; Janczyk-Kopikowa, 1996; Ber
et al., 1998; Winter, 2001; Nitychoruk et al., 2000; Kacprzak
et al., 2002). At present, the Augustow Plain area is a key region
for the stratigraphy of the Lower Middle Pleistocene in Poland
and neighbouring areas. Thanks to sedimentological, palaeo-
climatic (palynology, macrofossils, malacology, diatoms, 0 and C
isotopes), chemical, magnetic susceptibility and palaeomagnetic
investigations, the sections with interglacial lacustrine deposits
are now one of the most thoroughly examined deposits in
Poland.
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In the Szczebra stratotype profile (Fig. 4) the Augustovian
Interglacial sediments, comprise silty-clayey rhythmites,
lacustrine clay, silt and fine sand with occasional gyttja and
peat layers, and represent a boreal floristic succession with
Pinus-Betula-Larix and Azolla filiculoides during the first (I)
temperate substage, and Pinus-Azolla-Picea (Azolla-Salvinia)
with thermophilous taxons Carya, Juglans, Celtis, Eucommia,
Salvania, Trapa during the second (II) temperate (climatic
optimum) substage. Three cold substages are generally charac-
terized by boreal and subarctic vegetation (Janczyk-Kopikowa,
1996; Ber et al., 1998). The entire lacustrine series, which is
16.7 m thick, includes a rich mollusc fauna throughout. In the
Kalejty pollen diagram (Fig. 5; Winter, 2001) at the beginning
of the older warm stage (Kal 2 - Kal 4) Pinus pollen are domi-
nant with an admixture of Picea, Betula, Quercus and high
frequencies of Cyperaceae. Gradually the boreal forest got
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Fig. 3. Location of key interglacial sites in north-eastern Poland
and probable extent of the Augustovian Interglacial buried lake.
A - Augustovian Interglacial, M - Mazovian Interglacial, Z - Zbéjnian (?)

Interglacial, E - Eemian Interglacial.

enriched by Alnus, Ulmus, Tilia and Corylus. The assemblage
indicates the presence of a mixed coniferous - deciduous forest.
The occurrence of deciduous forest with high frequencies of
Quercus, Carpinus as well as considerable share of Ulmus and
Corylus is characteristic for the younger warm stage (Kal 6 -
Kal 8). The presence of Juglans, Carya, Ilex, Viscum, Hedera
and Azolla indicates temperate climatic conditions. In the
upper part of this sequence Tsuga pollen occurs. The cold
stage separating two warm stages is marked by very high
values of Betula and herb plants: Cyperaceae, Gramineae and
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Artemisia, also by Betula nana type pollen. Two warm stages
are interpreted by Winter (2001) as individual interglacials,
but the rank of the cold one is controversial. The occurrence
of Betula nana suggests the glacial stage. In the Czarnucha
profile the lake and fluvial deposits represented by a lacustrine-
boggy-fluvial sequence are 32 metres thick. There are two
temperate climatic periods recorded in the pollen diagram. The
characteristic features of the first, older one are domination
of pine forest with Picea and Betula, an admixture of Corylus,
Quercus, Ulmus, Tilia, and the presence of massulae Azolla
filiculoides. The climatic optimum of the pollen succession is
characterized by development of deciduous forest with
Quercus, Ulmus, Carpinus, Corylus and Acer, Fraxinus, Celtis,
Ligustrum, Trapa, Salvinia as well as with Azolla filiculoides.
Summarizing, 2 warm climatic periods were identified in
the Augustovian Interglacial on the basis of palynological
investigations of interglacial sections from Kalejty, Zielone
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Krolewskie, Gawrychruda, Szczebra, Janéwka, Sucha Wies,
Zarnowo, Komorniki and Czarnucha (Fig. 3). The first warm
period, described from Kalejty and Zarnowo, was characterized
by development of mixed forests with pine, spruce, elm, oak
and lime. Carpinus pollen was rare in that period. During the
warm interstadial period, described from the Czarnucha and
Zielone Krolewskie sections, there was also a lack of horn-
beam, whereas contribution of thermophilic trees such as oak,
lime, elm and hazel was lower. The youngest warm period
(climatic optimum) is characterized by the abundance of
hornbeam. Pine is rarer, and the amount of elm, lime, maple,
ashtree and hazel increase. Species showing relatively high
temperature and humidity requirements appear: Celtis, Carya,
Pterocarya, Juglans, Ilex, Vitis and Buxus. The forest
environments gradually became enriched in spruce, and again
in pine to form mixed hornbeam-spruce-oak forests.

Eight local horizons of macro-scale plant remains, marked
as L MAZ 1-8, were distinguished in the Czarnucha section
(Stachowicz-Rybka, 2003) where, like in the Sucha Wie$ section,
multi-component laboratory investigations (mineralogical,
chemical and isotopic), and palynological, malacological,
diatom and palaeomagnetic studies were conducted. Results of
these investigations are now in press. All of the studies, along
with palynological analyses, characterize both the history of
vegetation development in the interglacial reservoir and
climatic changes.

Preliminary results of diatom studies enabled identification
of 5 Local Diatom Assemblage Zones - L DAZ (Marciniak,
2003): DCz 1 Fragilaria-Stephanodiscus-Aulacoseira; DCz 2
Fragilaria-Stephanodiscus; DCz 3 Stephanodiscus-Fragilaria-
Cyclotella; DCz 4 (with DCz 4a and DCz 4b) Stephanodiscus-
Periphyton s.l.-Aulacoseira ambigua; DCz 5 Fragilaria-Periphyton
s.l.-Aulacoseira. Quantitative and qualitative changes in
diatom assemblages, in particular within the Stephanodiscus
genus, indicate high similarity to the diatom assemblage
typical of the Ferdynandovian Interglacial. The main
difference, however, is the high contribution of euryhaline
diatoms and the lack of Cyclotella diatoms (oligohalobic) in
the Czarnucha section (Marciniak, 2003). In the Komorniki
profile, which is correlated to the Czarnucha section, there is
a benthic/periphytic, planctonic-benthic/periphytic, periphytic
and generally oligotrophic, mesoeutrophic and eutrophic type
diatom succession reflecting lake changes from a shallow lake
to a lake of medium depth, and finally to a shallow and over-
grown lake (Khursevich et al., 2004).

In the lake sediments at Szczebra some mollusc species
(Bithynia leachi, Pisidium supinum) suggest moderate climatic
conditions (Skompski & Ber, 1999). Another molluscan species
(Valvata naticina, Pisidium supinum, Sphaerium solidum)
indicates that in this lake basin running water existed. The
Komorniki malacofauna represents species of Viviparus sp.,
Valvata naticina Menke, Lithoglyphus jahni Urbanski, Fagotia
cf. wuesti Meijer, Sphaerium cf. rosmalense Meijer, Pisidium
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Fig. 5. Pollen diagram of the Augustovian Interglacial from Kalejty profile (after Winter, 2001).

Lithology: 1 - Dusty sands, 2 - Silty sands with humus, 3 — Dusty silt, 4 - Gyttja, 5 - Silty sands,

6 - Sandy clayey silt, 7 - Silty clay.
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Interglacial in the Kalejty section (after Nawrocki, 1996, unpublished).

Palaeomagnetic dating of sediments of the Augustovian

1 - Normal polarity, 2 - Reversed polarity, 3 - Sands, 4 - Silts and clays,
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sulcatum (Wood) and Pisidium amnicum (Miiller) (Khursevich
et al., 2004). This suggests the existence of a drained lake or
flood-plain reservoir that the molluscs inhabited. The
presence of stagnophilous species indicates the mobility of the
water environment. Among the extinct species of molluscs
Fagotia cf. wuesti Meijer and Neumayria (Parafossarulus)
crassitesta (Bromme) are found in the Pleistocene sediments
of Poland for the first time. These species are characteristic of
the Bavelian Complex of the Netherlands. Additionally, the
presence of pontian molluscs in the Komorniki malacofauna
confirmed an affiliation of the described reservoir to the Black
Sea basin. However, in the interglacial lake sediments in the
Komorniki borehole for the first time in Poland shells of the
Fagotia cf. acicularis (FERRUSAC) and rests of the small
vertebrates Microtus (Pallasiinus) protoeconomus REKOVETS
and M. (Pallasiinus) ex gr.economus PALL have been found
(Khursevich et al., 2004).

Isotopic 8180 and 8!3C values were examined at Kalejty and
Szczebra profiles from organic lake sediments of the
Augustovian Interglacial (Jedrysek, 1997, unpublished; Ber,
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2000; Nitychoruk et al., 2000). The isotope examination
indicates considerable redeposition of older sediments during
lower lake levels mostly during the cool intervals. Palaeo-
magnetics proved that the Augustovian Interglacial lake
sediments at Kalejty (Fig. 6) and Czarnucha boreholes were
deposited at the Brunhes/Matuyama boundary (Nawrocki,
1996,1997, 2003, unpublished; Ber, 2000). Therefore these
sediments correlate to MIS 18/19, i.e. with the Cromer I
(Waardenburg) Interglacial (Turner, 1996) (Fig. 1). However,
the Augustovian Interglacial sediments according to litho-
logical and petrographical studies (Czerwonka & Krzyszkowski,
1995, unpublished; Ber, 1996, 2000; Ber et al., 1998) are
underlain by the till of the Narevian (Menapian) Glaciation
and are overlain by the till of Nidanian (Glacial A, Dorst-
Cromer Complex) Glaciation. This suggests correlation of the
Augustovian Interglacial deposits with the Bavelian Complex
(West, 1996; Zagwijn, 1992, 1996; Zagwijn & De Jong, 1984).

| The Malopolanian Interglacial

The stratotype of the Malopolanian Interglacial has been
determined through studies on a karst and faunistic site in
the south-western part of the Holy Cross Mts (Fig. 2). Deposits
in a cave (Kozi Grzbiet) are up to 9 m thick and comprise clays
and poorly sorted sands. In the upper part of the cave palaeo-
magnetic studies on the clays have revealed the Brunhes/
Matuyama boundary (Fig. 7) (Glazek et al., 1977; Lindner et
al., 2001). A rich faunistic assemblage of speleothems including
numerous snail shells (i.e. Helicigona banatica, Soosia dodonta,
Isognomostoma personatum etc.), amphibian and reptilian
bones (Natrix cf. natrix, Triturus cf. cristatus) and mammalian
remains (i.e. Lemmus lemmus, Castor fiber, Sus scrofa, Mimomys
savini, Ursus deningeri), and mammal bones FCL/P dated at
700 000 - 550 000 BP, proves their Cromerian II (Westerhoven)
age (Glazek et al., 1976; Lindner, 1982, 1984, Lindner et al.,
2004).

Floristic characteristics of the Malopolanian Interglacial
were probably recorded in organic sediments of the Jasionka
section near Rzeszéw only (Fig. 2). These sediments contain
an incomplete interglacial pollen succession likely of inter-
stadial character, from pine through mixed forests (with small
areas covered by deciduous forests) to a very short - lasting
subarctic environment and the following expansion of Pinus -
dominated forests (Dabrowski, 1967; Lindner, 1984). According
to Lindner et al. (2004) this interglacial is also documented by
organic deposits at Lowisko (Stuchlik & Wojcik, 2001). Recently,
probable Malopolanian Interglacial organic lake sediments
were indicated by palynological investigation of the Domuraty
borehole, northeastern Poland (Kacprzak et al., 2002; Lisicki &
Winter, in press). The Domuraty pollen succession includes
2 warm periods with high contribution of deciduous trees. The
older period is characterized by the dominance of mixed
forests with oak, elm, lime, hazel, pine and spruce. During the
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Malopolanian Interglacial from Kozi Grzbiet near Kielce (after Glazek et
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Malopolanian Interglacial, 2 - Brown-yellow sandy clays, with bone
fragments and snail shells; Nidanian Glaciation, 3 - ‘Brecciated’ clay;
pre-Pleistocene, 4 — Cherry-red clayey sand, 5 - Poorly sorted sand with
clayey lenses, 6 - Yellow-brown clay with carbonate concretions,
7 - Limestone debris, 8 - Bone remains, 9 - Larger limestone blocks,

10 - Snail shells.

younger warm period, hornbeam, maple and larch appeared in
the forests. Oak, fir and elm became more common. However,
the geological setting of these deposits is unclear because of
a lack of other types of investigations and datings.

| The Ferdynandovian (Voigtstedt) Interglacial

Lacustrine organic sediments with complete interglacial pollen
sequences of this age occur at Ferdynandow (Lublin Upland),
the Belchatéw excavation, and at Popioly and Stanislawice
(Fig. 2). At the Ferdynandéw site interglacial limnic sediments
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(limnic chalk, bituminous shale, gyttja and peat), about 15 m
thick, represent a bi-optimal floristic succession with two
warm periods characterized by moderate climate separated by
a cool period with vegetation of the taiga type (Janczyk-
Kopikowa, 1975, 1991; Janczyk-Kopikowa et al., 1981) (Fig. 8).
On the basis of pollen analysis six periods of vegetation
development were indicated: I - Forest-tundra with dominance
of Pinus and Betula; II - Coniferous forests with Pinus an
admixture of Betula and Quercus; III - Mixed deciduous forests
of the first climatic optimum with Quercus, Ulmus, Corylus,
Abies, Tilia, Ilex and Taxus; IV - Coniferous forests with domi-
nance of Pinus and Betula; V - Deciduous hornbeam forests
(second climatic optimum) with Pinus, Betula, Ulmus, Quercus,
Tilia, Alnus, Corylus, and Carpinus; VI - Coniferous forest of
the taiga type with Pinus and Betula. Macroscopic plant
remains preserved in interglacial sediments represent mainly
local vegetation with Selaginella selaginoides, Salvinia natans,
brasenia schreberi and Pilularia globielifa L. The interglacial
sediments at Ferdynandow were also examined by detailed
sedimentological and lithologic-petrographical studies
(Rzechowski, 1996).

In the Belchatow excavation interglacial sediments were
recognized in two profiles: Buczyna nad brukiem (Janczyk-
Kopikowa, 1991) and in the Czyzéw Formation (Ea member)
(Krzyszkowski, 1991) At Buczyna nad brukiem the interglacial
sediments are represented by lacustrine and boggy deposits
more than 3 m thick. In the lower part of this section pine-
birch trees with Picea and Larix were indicated (Janczyk-
Kopikowa, 1991). In the climatic optimum there were high
values of Ulmus, Quercus, Corylus with Tilia, Alnus, Abies, Carya,
Buxus, Taxus, Ligustrum, Hedera and Celtis. Characteristic is
the lack of Carpinus. The climatic optimum was moderate
(Celtis and Carya) in character and the floral succession after
the climatic optimum could not be observed.

In the Czyzéw Formation (Ea member) the interglacial
deposits consist of diatomites, lacustrine marl, silts and peats
about 3 m thick. Pollen analysis from the lacustrine deposits
indicated the following history of vegetation development
(Kuszell, 1991): phase I - Tundra-forest with numerous herba-
ceous plants ad high content of Betula and Pinus; phase II -
coniferous forest dominated by Pinus and Betula with some
admixture of Alnus, Quercus and Ulmus; phase III - deciduous
forest with Quercus, Ulmus, Corylus and some admixtures of
Picea and Abies; phase IV - coniferous forest with Abies, Picea
and Alnus with some admixtures of Ulmus, Corylus, Tilia, Ilex
and Viscum. Numerous macroscopic plant and wood remains,
diatoms, molluscs, insects, freshwater fishes and other verte-
brates were found here (Krzyszkowski, 1991). The most charac-
teristic planktonic diatoms are: Cyclotella comta var., C. variosa,
Stephanodiscus rotula and Aulacoseira granulata, Synedra spp.,
Fragilaria crotonensis Kitto, Asterionella formosa Hassal. The
succession of diatoms indicates gradual eutrophication in the
interglacial lake (Marciniak, 1991). However into the Czyzéw
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Formation a very poor molluscs fauna including 11 taxa only
were indicated (Alexandrowicz, 1991). The main component is
Valvata piscinalis, Bithynia tentaculata, Gyraulus allas and
Pisidium moitessierianum as well as Succinea.

In the Popioly borehole the interglacial deposits are repre-
sented by silt and gyttja of 7 m thick. In the pollen diagram
five phases of floral development were indicated (Winter,
1992): phase I - A period of pine forests with admixture of
larches, spruces, birches and alders; phase II - A period of mixed
deciduous forests ot the climatic optimum with predominance
of oak, elms, hazels and pines; phase III - A period of deciduous
forests with firs and yews; phase IV - A period of pine-alder
forests with amixture of spruces and larches; phase V - A
period of pine forests with birches and areas of intraforest
meadows. Based on diatom succession five local diatom zones
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shales, 8 - Diatoms, 9 -
Flora, 10 - Vivianite.

have been indicated in Popioly profile (Marciniak & Lindner,
2003): PD1 - Periphyton-Fragilaria; PD2 - Stephanodiscus-
Cyclotella; PD3 - Periphyton-Stephanodiscus; PD4 -
Stephanodiscus-Aulacoseira; PD5 - Fragilaria-Periphyton-
Stephanodiscus-Aulacoseira.

In the Stanislawice borehole near Kozienice, Central Poland
(Fig. 2), a series of lake and marsh deposits 3.73 m thick
(Fig. 9) of the Ferdynandovian Interglacial were documented
palynologically (Janczyk-Kopikowa & Zarski, 1995). Four
pollen periods have been distinguished in the pollen
succession: the F1 period is characterized by of boreal pine-
birch forests; the F2 period is indicated by thermophilous
deciduous forests as the climatic optimum with Quercus, Ulmus,
Corylus, Tilia, Acer and Fraxinus; in the F3 period there are
mixed forests of the temperate climate with Picea, Abies,
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facies, F - Ferdynandéw Interglacial, O - Odra Glaciation, Ee — Eemian Interglacial, B - Vistulian Glaciation, H - Holocene, Q - undivided Quaternary.

Quercus, Ulmus, Tilia and Corylus; the F4 period is charac-
terized by the domination of pine forest with spruce and birch
and the lack of Carpinus. The absolute age of the lower part of
interglacial series was evidenced by the TL method at 537 000
+ 80 000 BP, the middle part at 519 000 + 78 000 BP and the
upper one at 508 000 + 76 000 BP (Fig. 9).

| The Mazovian (Holsteinian) Interglacial

Organic lake and fluvial sediments of this interglacial are
widespread in Poland and have been described from numerous
(about 30) sites, among others at Barkowice Mokre
(Sobolewska, 1952), Krepiec (Janczyk-Kopikowa, 1981; Lindner
& Marciniak, 1998) and Ossowka in the vicinity of Biala
Podlaska (Krupinski, 1988, 1995, 2000). The Mazovian
(Holsteinian) Interglacial is the first period with a marine
transgression limited to the northern part of NE Poland and to
the lower Vistula valley (Fig. 2).

In the Barkowice Mokre (Central Poland) two profiles of
interglacial lake sediments (black bituminous shales, silt, gyttja
and dy) to 4.3 m thick were investigated by pollen analysis
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and macroscopical plant remains (Sobolewska, 1952). There
are 3 main and 2 secondary forest periods: I - Birch-pine
period of cold climate; II - Spruce-pine-alder subperiod with
milder climate; III - Fir-hornbeam period of climate optimum;
IV - Pine-birch period colder than during the climatic optimum;
V - Birch-pine period with cold and dry climate (Fig. 10).
The lake deposits at Krepiec (the Lublin Upland) are almost
20 m thick and consist of sands, silts, peats and gyttja that
were described as the Mazovian Interglacial on the basis of
palynological (Janczyk-Kopikowa, 1981, 1991) and diatom
investigations (Marciniak, 1988). Palynological analysis has
shown a complete interglacial pollen sequence developed during
four vegetation periods with the climatic optimum marked by
Vitis and predominance of Carpinus and Abies (Janczyk-
Kopikowa, 1981, 1991) (Fig. 11). Period I was characterized by
the predominance of Betula and Pinus. In period II Picea and
Alnus predominated. Period III, representing the climatic
optimum, has been devided into two subperiods with Taxus
and Picea and Alnus (the first subperiod) and Carpinus, Abies,
Quercus, Ulmus, Tilia, Corylus as well as Vitis silvestris and
Azolla filiculoides into the second subperiod. Period IV is
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characterized by the predominance of Pinus and Betula with
an abundance of herbaceous plants (NAP). The lower part of
the lake deposits at Krepiec have been TL-dated at 400 000 BP
(Lindner & Marciniak, 1998).

Diatom analysis (Marciniak, 1980, 1983, 1988; Lindner &
Marciniak, 1998) shows four stages of diatom development.
The L DAZ K-1 stage with Stephanodiscus, Cyclotella, Synedra,
Fragilaria crotonensis Kitto and Asterionella fomosa gave a
record of a deep meso-eutrophic palaeolake; the L DAZ K-2
stage with Stephanodiscus, Cyclotella and Aulacoseira granulata
var. Angustissima is typical of a eutrophic lake; the L DAZ K-3
stage with Cyclotella and Stephanodiscus signals an increase of
periphyton; the L DAZ K-4 stage is divided into two substages
with dominance of periphitic diatoms and increasing abun-
dance of Fragilaria suggesting overgrowth and shoaling of the
palaeolake.

In the Ossowka located in the vicinity of Biala Podlaska
(Krupinski, 2000), interglacial sediments are represented by
lacustrine calcareous deposits of unusual thickness of 34.57 m.
They reveal the whole record of floristic changes in the
Mazovian Interglacial, contained in borehole 9 L PAZ (Fig. 11):
0S-A - Betula-NAP; 0S-B - Betula-Pinus-(Picea-Alnus); 0S-C -
Picea-Alnus-(Pinus); 0S-D - Picea-Alnus-(Taxus); 0S-E - Taxus-
Picea-Alnus with 3 substages; 0S-G - Abies-Carpinus-Quercus-
(Corylus) with 6 substages; 0S-H - Carpinus-Quercus-Abies with
7 substages and 0S-I - Pinus with 2 substages. Borehole 15 L
PAZ is also reflecting some episodes of vegetation develop-
ment in the post-interglacial period (4 non-forest, shrub and
tundra episodes separated by 3 episodes representing boreal-
forest, interstadial or interphase climate). This section was
also examined for the content of carbonates, CaC03; and water.
The lake sediments in the Osséwka boreholes have been also
interpreted in terms of stable oxygen and carbon isotopes
(Nitychoruk, 2000). The isotopic curves correlated with results
of pollen analysis (Krupiniski, 2000) indicate relatively cool
climatic conditions of the climatic optimum (Fig. 12). The
malacofauna investigations show an abundance of Viviparus
diluvians (KUNTH) and Lithoglyphus pyramidatus MILDF
(Krupinski & Skompski, 1995).
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Kopikowa, 1991). Percentage pollen scale is
located at the base of left column.

| The Zbojnian (Démnitz) Interglacial

Organic lake sediments of this age are known from, among
others, Zbéjno (Central Poland) (Lindner & Brykczynska, 1980;
Marks et al., 1995) (Fig. 13), and Konin-Marantéw (Boréwko-
Dluzakowa, 1967). The Zbéjno site was described by Lindner
& Brykczyniska (1980). The interglacial lake deposits are
developed as peats and peaty silts about 8 m thick.
Palynological analysis of these lake and marsh deposits
indicated four periods of vegetation development from Zb I to
Zb IV: Zb I - A period of pine forest with a small admixture of
Betula, Quercus and Corylus; Zb II - A period of climatic
optimum with rapid development of Tilia (Zb IIa) and then
with decrease of Tilia and an increase of Alnus, Carpinus,
Picea, Corylus and Quercus (Zb IIb); Zb III - A period with
domination of coniferous trees; Zb IV - Period of pine increase
(Fig. 13). Glaciolacustrine silts underlying the interglacial organic
deposits in the Zbdjno section were TL-dated at 388 000 BP
and overlying at 236 000 BP (Lindner & Brykczyniska, 1980).

In the Konin-Marantow excavation the organogenic lake
deposits (three peat beds alternating with sands and detrital
gyttja) of this age are about 9 m thick. On the basis of results
of pollen analysis the whole vegetation development can be
divided into three floral phases: I - A phase of clear birch-pine
forests with willow and larch; II - A phase of dense forests, at
first of alder-lime-hornbeam forests with oak, elm and hazel
(ITa) and then of spruce-pine forests with fir, alder and birch
(IIb); III - A phase of pine-spruce-alder forests (Boréwko-
Dluzakowa, 1967).

, The Lubavian Interglacial

Organogenic lake sediments of this age were recognized at the
Losy site (Fig. 2), which has, according to Lindner & Marks
(1994), sufficient palynological and diatom documentation as
well as thermoluminescence datings of glaciofluvial sands
underlying lake marls at 273 000 BP and overlying the lake
marls at 230 000 BP to locate them within the position of the
Lubavian Interglacial. The interglacial sediments are developed
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as two beds of lake marl, an older bed of about 2 to 5 m thick
and a younger bed of up to 10 m (Fig. 14). Palynological
analyses documented four periods (Lu I - Lu IV) of vegetation
development: I - A period of forests with domination of Pinus
and Larix; II - A period where Pinus and Larix were accom-
panied by Picea, Quercus, Ulmus, and Typha latifolia; III - A
period of forests with oak-birch domination and rarely Tilig;
IV - A period with domination of Quercus with Corylus, Ulmus,
Alnus and Tilia (Fig. 15). The age of this pollen succession is

Netherlands Journal of Geosciences

https://doi.org/10.1017/50016774600022964 Published online by Cambridge University Press

— Geologie en Mijnbouw | 84 - 2 | 2005

Krupiniski, 1995, simplified
by Nitychoruk, 2000).

under discussion because development of the interglacial
vegetation is very similar to the Eemian Interglacial succession.
The interglacial sediments at Losy were also examined by
diatom analysis (Tuszyrska-Gruza, 1984, unpublished).
Sediments of this age are probably known also in the
Belchatéw section (Fig. 2) where are lacustrine and fluvial
series of the so-called Chojny section are TL-dated at 264 000
BP (Krzyszkowski, 1992).
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| The Eemian Interglacial

In Poland this interglacial is best known from paleobotanical
studies. This is the second period with a marine transgression
known in northern Poland. The marine sediments occur in the
lower Vistula valley area only. They are composed of two
clayey-silty series representing two separate marine incursions
so called Sztum and Tychnowy (Makowska, 1986, 1991). The

Eemian Interglacial is known in Poland from over 300 sites
with complete interglacial pollen successions, among others at
Bedlno and Imbramowice (Srodori & Golgbowa, 1956; Mamakowa,
1989; Lindner & Marciniak, 1998) (Fig. 2).

At the Bedlno site, palynological and macrofloral analysis
of the lake-marsh deposits, represented by gyttja, clay and
peat series of 5 m thick, indicated four periods of vegetation
development (Fig. 16). The EI period represents predominance

Zbojnian Interglacial ) c NS
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280+ : i | Zb IV
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Zb lIb
B W i
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| Fig. 13. Synthetic pollen diagram of the Zbdjnian
el ) | Zbl Interglacial from Zbdjno (after Brykczyriska &
: 0 50% Lindner, 1980). Percentage pollen scale bar is
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fig. 16 Synthetic pollen diagram of the Eemian
Interglacial at Bedlno near Koriskie (after Srodori &
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of forests with pine-birch with an admixture of Quercus, mined. In the EIII period Picea and Abies were indicated with
Ulmus, Tilia, Carpinus, Corylus and Alnus. In the climatic an admixture of Alnus, Pinus and Betula. The last one (the EIV
optimum (E II period) deciduous forests with predominance of  period) was represented by pine-birch forests with Picea and
Quercus, Corylus, Tilia and traces of Picea have been deter-  Larix (Srodon & Golabowa, 1956).
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Pollen and diatom analyses were done at the Imbramowice
section (Mamakowa, 1989; Kaczmarska, 1976) where lake sedi-
ments (silts and gyttja) of Eemian age were distinguished.
Palynological analyses (Mamakowa, 1989) indicated similarly
as in the Bedlno four periods of vegetation development: E 1 -
Forests with Pinus-Betula; E 2 - Forests with Pinus-Betula-Ulmus;
E 3 - A period of Quercus-Fraxinus-Ulmus forests and the last
one (E4) the climatic optimum with Corylus-Quercus-Tilia.
Diatom studies (Kaczmarska, 1976) indicated mainly littoral
taxons (mostly Fragilaria) characteristic for a shallow lake
existing during the climatic optimum. TL datings of the pre-
and post-Eemian deposits indicate that in Poland this inter-
glacial period is dated at about 125 - 130 000 BP.

[Eypthesis and discussion

The Pleistocene stratigraphic scheme of Poland includes 7
interglacial periods: Augustovian (Bavelian Complex or
Cromerian I), Malopolanian (Cromer Complex II or III Inter-
glacial), Ferdynandovian (Voigtstedt), Mazovian (Holsteinian),
Zbojnian (Domnitz), Lubavian (Schoningen) and Eemian.
Identification of these periods should be based on results of
detailed and multidisciplinary investigations which are
applied to stratotype sections. The published studies of the
sections assumed as stratotypes indicate that mainly palyno-
logical analyses were performed. The individual stratotype
sections usually have no datings for their lower and upper
boundaries. Moreover, geological setting is often poorly
defined. All of these facts cause that there is the possibility of
assigning several ages to the deposits, indicating the need for
an alternative: e.g. Bavelian or Cromerian I.

The most thoroughly examined interglacial stratotype
sections of Poland are those for the Augustovian, Mazovian
and Eemian. In constrast, the Ferdynandovian and Zbéjnian
interglacial deposits were examined largely by palaeobotanic
investigations with fragmentary palaeomagnetic studies and
TL datings. Cave sediments at Kozi Grzbiet were dated by
FCL/P and palaesomagnetic methods indicating that they are of
Malopolanian Interglacial age. The datings do not have any
equivalent in the results of palynological investigations or
other studies from the Polish Lowlands. The same refers to the
Losy site, assumed a stratotype locality for the Lubavian
Interglacial, with problematic results of palynological analyses
and unclear geological setting.

For the Augustovian Interglacial examinations were
performed at the stratotype sections of Czarnucha, Sucha
Wies, Szczebra, Komorniki and partly at Kalejty. All of the
localities occur within the Augustow stratotype area and
within the same lake basin. Multidisciplinary investigations,
including sedimentological, palaeoclimatic, chemical, miner-
alogical, palaeomagnetic and magnetic susceptibility studies,
are now in progress in the extremely important section of
Zarnowo and in Domuraty and Janowka. The most thoroughly
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examined Mazovian Interglacial sections are those at Krepiec
and Osséwka. The Krepiec section was investigated palaeo-
botanically, including diatom studies (Marciniak, 1988). TL
datings were also made. For the Ossdowka section, besides
palynological analyses (Krupiriski, 2000) and TL datings, also
stable oxygen and carbon isotope investigations (Nitychoruk,
2000) as well as malacofaunal studies (Krupiriski & Skompski,
1995) were performed. The stratotype sections of the Eemian
Interglacial are supported largely by palaeobotanic, faunal
and TL dating data. Magnetic susceptibility investigations
have lately been conducted for 8 locations (Ciszek, 2004,
unpublished).

Further supplementary investigations meeting requirements
of the definition of the stratotype section are necessary for
the Ferdynandovian and Zbdjnian Interglacial sections.
Besides palaeobotanic studies and TL datings, there are no
other investigations of these sections. Reasonably compre-
hensive studies were performed for the Czyzéw Formation
representing the Ferdynandovian Interglacial (Krzyszkowski,
1991), although no isotopic, magnetic susceptibility and
palaeomagnetic analyses have been made. The Zbdjnian
Interglacial has not been sufficiently documented. The Zbéjno
section and the Konin-Marantéw sections were investigated
palaeobotanically, and TL dated. The Raczki Wielkie borehole
section (Wozniak, 1989), frequently cited in the Polish
literature, has been assigned to the Zbdéjnian Interglacial on
the basis of pollen analysis of 2 samples collected from 2 peat
beds and one TL dating of fluvial deposits.

A separate, but important problem, concerns investigations
of the Malopolanian and Lubavian interglacials. The
Malopolanian (Cromer Complex - II or III) and the Lubavian
(Schoningen) interglacials were named and located in the
Polish Pleistocene stratigraphic scheme either without .or on
the basis of incomplete paleobotanic evidence, and without
supplementary investigations. The Kozi Grzbiet site as well as
FCL/P and palaeomagnetic datings of the cave deposits,
pointing to the Malopolanian Interglacial, do not have an
equivalent in any lowland locations of interglacial lacustrine
deposits. Therefore, they cannot be supplemented with other
investigations. Very promising in terms of palaeobotanic
studies is the Domuraty borehole section, however the section
requires further thorough investigations. Detailed palaeo-
botanic and other analyses should be also performed for the
Losy section near Lubawa which is the stratotype section of
the Lubavian Interglacial. Such analyses will probably be
conducted in the near future in another borehole.

| Conclusions

In the stratigraphical scheme of Poland, the following inter-
glacials are well-established, whereas others remain problematic:
Well-established:

- Three interglacials: Augustovian, Mazovian and Eemian are
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established on the basis of complete palynological profiles
and documented by other kinds of investigations as well as
by TL-dating.

Problematic:

- Two interglacials: Ferdynandovian and Zbéjnian have
complete palynological profiles but, besides lithologic and
TL dating, no other investigations have been carried out.

- Two interglacials: Malopolanian and Lubavian are not
documented with complete palynological records and they
are not documented by other kinds of investigations, so
that their ages and stratigraphic positions are speculative.

- Age determinations of a number of interglacial sections are
based mainly on palaeobotanic studies and TL datings.

In this situation it is necessary to select the stratotype
sections for individual interglacials and to perform additional

multidisciplinary investigations.
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