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Stratigraphy and extents of Pleistocene
continental glaciations in Europe

ABSTRACT: Evidence is presented for subdivision of the Quaternary in Central Europe into
8 continental glaciations (Narew = Menap; Nida = Glacial 4; San / = Glacial B = Elster I;
San 2 = Elster 2; Liwiec = Fuhne; Odra = Drenthe = Saale I + 2; Warta = Warthe = Saale 3;
Wista = Weichsel = Vistulian) separated by 7 interglacials (Podlasian = Cromerian I;
Malopolanian = Cromarian I7; Ferdynandéw = Cromerian 7II + IV = Voigtstedt; Mazovian = -
Holstein s.s5.; Zbojno = Domnitz; Lubawa = Riigen; Eemian). All glaciations were expressed by
advances of Scandinavian icesheets onto the territory of Poland. There is still no evidence of the
presence of one (? or two) earliest glaciations and also of the Liwiec Glaciation in the West
European Lowland. During the Liwiec Glaciation the Scandinavian icesheet has not advanced the
East European Lowland, similarly as it did not occupy the East Russian Plain during the Nida
Glaciation. In the British Isles the first three glaciations were expressed by a development of local
ice caps. During the successive glaciations (San 2 = Anglian; Odra = Wolstonian; Wisla =
Devensian) these caps expanded so much that they contacted with the Scandinavian icesheet.

INTRODUCTION

Studies of the Quaternary in Europe are mainly focused on investigations
of continental (Scandinavian) glaciations and separating interglacials. Separa-
tion of these units, their age and extents as well as paleontologic documenta-
tion supply with principal data for reconstruction of the rhythm of main
climatic changes during the Quaternary (¢f. KUKLA, 1977, ZUBAKOV
& BORZENKOVA 1983, LINDNER 1984, BOWEN & al. 1986, BRUNN-
ACKER 1986, SHOTTON 1986, ZAGWIIN 1986). They enable, in turn, to
present the still more complex stratigraphic subdivisions of the inland
Quaternary in Europe and their correlation with the Quaternary climatic
changes recorded in deep-sea sediments (¢f. SHACKLETON & OPDYKE
1973, FINK & KUKLA 1977, MORNER 1981, WIEGANK 1982, LIND-
NER 1984, 1987; SIBRAVA 1986, RZECHOWSKI 1986, ZUBAKOV 1986,
1988; MACOUN 1987). _

' The earliest Quaternary in Central Europe, starting with the Eburonian
cooling and correlated with the beginning of the paleomagnetic episode
Olduvai (1.87—1.67 ka BP), was found to indicate a slight development of
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icesheets (WIEGANK 1982, LINDNER 1984, 1987; MOJSKI 1985a, b;
CEPEK 1986, ZUBAKOV 1986). In Poland this part of the Quaternary is
defined as the Protopleistocene (ROZYCKI 1980, LINDNER 1984, 1987,
1989), the Eopleistocene (MOJSKI 1985a), or the Preglacial (MOJSKI 1985b).
Its upper limit and in the same time the boundary with the Pleistocene,
understood by ROZYCKI (1980) and by the present author (LINDNER 1984)
as the glacial Quaternary, should be correlated with the beginning of the
paleomagnetic episode Jaramillo (950—900 ka BP).

Recent studies on the. Pleistocene of Poland, comprising the interval from
950 ka to 10 ka BP (LINDNER 1988a, b, c, 1989), supported the idea of
8 continental glaciations (Narew, Nida, San /, San 2 = Wilga, Liwiec, Odra,
Warta, Wista) and 7 interglacials (Podlasian, Malopolanian = Przasnysz,
Ferdynandéw, Mazovian = Barkowice Mokre, Zbdjno, Lubawa = Grabow-
ka, Eemian). These studies have not supported any longer the existence of the
Mogielanka Glaciation and the Pilczyca Interglacial (¢f. LINDNER 1984,
1987).

Similar number of glacial and interglacial units were identified in
Byelorussia and Lithuania in the Soviet Union (¢f. VOZNYACHUK 1985,
ZUBAKOYV 1986) what is undoubtedly connected with a relief of the Baltic
Sea basin that favored advances of the Scandinavian icesheets. To the west of
Poland and to the east of Byelorussia the icesheets could not advance so easily
or did not develop at all (¢f. CEPEK 1967, 1986; EHLERS & al. 1984,
VELICHKO & FAUSTOVA 1986, MACOUN 1987). This is the reason why
looking in the North Sea basin, German Lowland and eastern Russian Plain
for sediments correspondlng with all these glaciations that occurred in the
Baltic Sea zone and its southeastern margin, remained unsuccessful (cf.
Text-figs 1 —2). In such a sense, the area of Central Europe is compatible to
the southern margin of the North American Great Lakes region where, to the
south of the Hudson Bay depression, the Pleistocene continental glaciations
generated from the Laurentian icesheet could best develop (¢f. HALLBERG
1986, FULTON & PREST 1987). .

EARLY PLEISTOCENE (950—730 ka BP)

NAREW (MENAP, UNSTRUT, LIKOV, GUNZ 7) GLACIATION

The Narew Glaciation was the earliest continental glaciation in Europe
(Text-figs 1—4). During this glaciation the Scandinavian icesheet entered the
European Lowland area through two lobes (Text-fig. 1). The western lobe
occupied Lithuania, mid-eastern Poland and northwestern Byelorussia. In
Poland it reached as far as the Radom Plain (LINDNER 1988a) and northern
foreland of the Lublin Upland (HARASIMIUK & al. 1988), leaving there the
oldest till, TL dated at about 800 ka BP (RZECHOWSKI 1986). In the Lower
Narew drainage basin this till was found older than 890 ka BP (BALUK 1986).
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Extents of Pleistocene continental glaciations in Europe (based on the referenced data);
_ indicated is the area presented in Text-fig. 3
1 — Narew = Menap Glaciation; 2 — Nida = Glacial 4; 3 — San / = Glacial B = Elster / Glaciation; 4 — San
2 = Elster 2 Glaciation; 5 — Liwiec = Fuhne Glaciation; 6 — Odra = Drenthe — Saale / + 2 Glaciation;
7 - Warta = Warthe = Saale 3 Glaciation; 8 — Wista = Weichsel = Vistulian Glaciation; 9 — Salpausselki
moraines (Pleistocene-Holocene boundary); 10 — Recent seas and lakes
A-B — Line of schematic cross-section presented in Text-fig. 2
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This till forms quite a continuous cover in Lithuania and Byelorussia where
also represents the oldest glacigenic episode (VOZNYACHUK 1985). The
eastern lobe of this Scandinavian icesheet occupied the Oka drainage basin,
probably as far as the Upper Kama drainage basin (Text-fig. 1).

In western Europe this episode is not expressed by icesheet sediments
(Text-figs 1—2). In the Elbe drainage basin this interval is represented by
sediments of the Unstrut horizon (WIEGANK 1982, CEPEK 1986) whereas in
the Lower Rhine valley by gravels of the Ba Series (BRUNNACKER 1986). In
the Netherlands a flora of the Menap cooling developed (ZAGWIJN '1986)
and in the British Isles this period is probably represented by the older pre-
-Pastonian, during which local glaciers developed in West Midlands and North
Wales. The latter fact is supported by erratic gravels from that area, preserved
at Stoke Row in the Middle Thames drainage basin (BOWEN & al. 1986).

PODLASIAN (CROMERIAN 7 in the Netherlands, ARTERN, JELIZAROV, TROICK, ‘GUNZ/MINDEL /) INTERGLACIAL

The Podlasian Interglacial is expressed in the mid-eastern European
Lowland either by fluvial or lake deposits that fill, among others, the cuts in
tills of the Narew Glaciation. In Poland (Text-fig. 2) this interglacial is
documented by organic sediments from Ceten (cf. BOROWKO-DLUZAKO-
WA 1977, LINDNER 1988a) and from Kijewice where they were TL dated at
890—820 ka BP (BALUK 1986). In the European part of the Soviet Union
this interglacial is documented by the flora from the the Jelizarov horizon and
the lower optimum (Troick) in the section Akulovo (¢f. ZUBAKOV 1986).

In the Upper Elbe drainage basin this interglacial should correspond with
sediments of the Artern warming (¢f. ERD 1978, WIEGANK 1982, CEPEK
1986), in the Lower Rhine drainage basin with development of a paleosol on
gravels of the horizon Ba (BRUNNACKER 1986) and in the Netherlands with

' sediments of the Cromerian I (Jgl I) within the “Cromerian Complex” of that
area (ZAGWIIN 1986). In northwestern Germany a stratigraphic position of
this intergacial seems to correspond with sediments of the Bavel warming (cf.
GRUBE & al. 1986). In the British Isles there is no convincing evidence for
this interglacial.

MIDDLE PLEISTOCENE (730—128 ka BP)

NIDA (GLACIAL 4, HELME, ELSTER I?, OPAVA, NOVOGOROD, MINDEL, 1) GLACIATION

During the Nida Glaciation the Scandinavian icesheet occupied, by its
immense lobe, Lithuania, mid-eastern Poland, Byelorussia and probably also
the northwestern Ukraine (Text-fig. 1). It entered during its maximum the

- northern Holy Cross Mts and reached northern slopes of Lublin and Volhynia
uplands. In the Holy Cross Mts its presence is proved (but till) by Scandina-
vian material incorporated into clays at the Kozi Grzbiet cave bottom. These
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Schematic cross-section of Poland, to show the extent of successive glaciations (comp. Text-fig. 1) and location of
interglacial organogenic deposits and marine ingressions (after LINDNER 1989; modified)

1 — Mio-Pliocene clays; 2 — Middle and Upper Pliocene gravels and sands; 3 — Upper Phooene silts; 4 — Upper Pliocene clays; 5 — Protopleistocene silts
and sands
Po — Ponurzyca section, Op — Opaleniec section
Location of interglacial organic deposits of successive interglacials: P — Podlasnan, M — Malopolanian, F — Ferdynandow, H — Mazowan, Z — Zbojno,
L — Lubawa, E — Eemian
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clays were also found to be correlated with the Brunhes/Matuyama boundary
(GLAZEK & al. 1977) dated at about 730 ka BP (¢f. MANKINEN
& DALRYMPLE 1979). The icesheet advanced also onto Moravia where it is
documented by deposits of the Opava Glaciation (¢f. MACOUN 1985, 1987).
In the Russian Plain being situated at that time in the icesheet forefield, its
close neighborhood is expressed by the cooling that separates two climatic
optima in the Akulovo section (¢f. ZUBAKOV 1986).

In western Europe there was still no decided development of the icesheet.
In the Elbe drainage basin this interval is documented by the Helme cooling
(CEPEK 1967, 1986; WIEGANK 1982) which certainly corresponds with the
lowest (E 1) till of the Elster 1 Glaciation (Text-fig. 4). In the Lower Rhine
drainage basin the deposition of gravels of the horizon Bb and of sediments of
the upper “Ville Complex”, with marked the Brunhes/Matuyama boundary,
occurred during this glaciation (BRUNNACKER & al. 1982, BRUNNAC-
KER 1986). In the Netherlands this glaciation should be correlated with the
cooling Glacial 4 (Text-fig. 3) which, within the “Cromerian Complex™ of this
area, separates the Cromerian I from the Cromerian II (¢f. ZAGWIJN 1986).
In the British Isles a local glaciation developed in West Midlands and North
Wales, as proved by erratic gravels of the pre-Pastonian (@) from Westland
Green, Hertfordshire (BOWEN & al. 1986).

MALOPOLANIAN (PRZASNYSZ, CROMERIAN 7 in the Netherlands, OTICE, KORCHEVO, ILIN, MINDEL I/MIN'bEL m
INTERGLACIAL

This interglacial has a rich paleontologic documentation. In Poland it is
first of all indicated by a vertebrate and mollusc fauna from cave clays of Kozi
Grzbiet and by a flora from Przasnysz (Text.-fig. 2). At Kozi Grzbiet, the
Cromerian characteristic of this fauna was defined what, accompanied by
datings of the bones by FCI/P method at 700—550 ka BP and at positive
maghnetic polarization (Brunhes) of the cave clays (GLAZEK & al. 1976, 1977,
SZYNDLAR 1981, SANCHIZ & SZYNDLAR 1984), enables to locate this
fauna within the interglacial that post-dates the Nida Glaciation and'pre-
-dates the next (San I) glaciation when the cave became filled with glaciofluvial
sediments (LINDNER 1988a). An interglacial origin of organic sediments
form Przasnysz, preliminarily studied by SELLE (1960), has recently been
supported by pollen analysis performed by MAMAKOWA (1983). These
sediments were TL dated at 686—615 ka BP (BALUK 1983, 1986). In
Byelorussia they have equivalents in sediments of the Korchevo = Minsk
Interglacial whereas in the Russian Plain by organic sediments of the upper
optimum (Illin) in the section Akulovo (ZUBAKOV 1986). In Moravia these
sediments should correspond with these of the Otice Interglac1al (¢f. MACOUN
1985, 1987).

In the Elbe drainage basin this interglacial has not been documented yet
by good paleontologic evidence. It seems to be represented by a warming
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within the “Mahlis Complex” (cf. WIEGANK 1982, CEPEK 1986). In the
Lower Rhine drainage basin it is expressed by a paleosol on gravels of the
series Bb (¢f. BRUNNACKER & al. 1982, BRUNNACKER 1986) whereas in
- sections of the Netherlands by sediments of the Cromerian IT within the

“Cromerian Complex” (¢f. ZAGWIIN 1986). In the British Isles it was
presumably represented by the warming defined as the pre-Pastonian b (cf.
BOWEN & al. 1986).

SAN 7 (ELSTER 1, GLACIAL B, KRAVARE 1, SERVECK, DON, MINDEL 1) GLACIATION

During this glaciation the Scandinavian icesheet displayed a decidedly
greater dynamics (Text-fig. 1). In Poland it reached the northern slopes of the
Sudetes and the Silesian Upland, passed across the Holy Cross Mts (Text-
-fig. 2) and the Lublin Upland, coming to the San drainage basin (LINDNER
1988b, 1989). Further to the east it occupied the Volhynia Upland and the
Middle Dnieper drainage basin where it is named the Serveck Glaciation
(ZUBAKOV 1986). It covered a considerable part of the Don drainage basin
(Don Glaciation) and moved as far as the Chopior valley where it delimits the
maximum extent of the Pleistocene icesheets (Text-fig. 1). In Poland tills of this
glaciation at its maximum extent were TL dated at about 600—580 ka BP
(LINDNER 1988b). These tills have also their equivalent in Moravia, defined
there as remains of an icesheet of the Kravare / Glaciation (¢f. MACOUN
1985, 1987). '

In the Elbe drainage basin this glaciation is represented by sediments of
the Elster 1 Glaciation (Text-fig. 4). In that time the Scandinavian icesheet has
- not advanced further westwards and left the Lower Saxony as well as the
Lower Rhine drainage basin ice-free (Text-fig. 1). In the latter region the San
1 (Elster 1) Glaciation should be referred to a deposition of ice-dam sediments
(C) and overlying loesses (D) in the section Kirlich, and to correlate them with
the Gilacial B in the Netherlands (¢f. BRUNNACKER 1986, ZAGWIIN
1986). In the British Isles the youngest pre-Pastonian (c) local glaciation
developed in West Midlands and North Wales, expressed by a supply of gravel.
erratics to the sites Satwell and Beconsfield in the Middle Thames drainage
basin (¢f. BOWEN & al. 1986).

FEl_{DY'NANDOW (CROMERIAN 7T + IV in the Netherlands, VOIGTSTEDT, MUGLINOV, BYELOVEZHA, ROSLAVL,
MINDEL IJ/MINDEL III) INTERGLACIAL

The Ferdynandéw Interglacial is well known in Central Europe from
numerous sections of intratill organic sediments. In Poland it is. best documen-
ted in the sections Podgérze and Ferdynandéw (T ext-fig. 2) where it indicates
a bi-optimal floristic succession (¢f. JURKIEWICZOWA & dal. 1973, JAN-
CZYK-KOPIKOWA & al. 1981). In the Ferdynandow section sediments .of
this interglacial were TL dated at 546 — 532 ka BP (RZECHOWSKI 1986). In
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Byelorussia this interglacial has the same floristic spectrum (¢f. MAKH-
NACH & RYLOVA 1986, KHURSEVICH & LOGINOVA 1986) and is
named the Byelovezha Interglacial (VOZNYACHUK 1985), and the Roslavl
Interglacial in the Russian Plain (ZUBAKOV 1986). The age setting of this
interglacial is sometimes discussed, due to its similarity to the bi-optimal but
younger Lubawa = Odintsovo Interglacial (VELICHKO & FAUSTOVA
1986). In Moravia it corresponds with the Muglinov Interglacial (¢/. MACO-
UN 1985, 1987).

In the Elbe drainage basin this interval is correlated with the Voigtstedt
Interglacial (¢f. ERD 1978, WIEGANK 1982, CEPEK 1986). In the Lower
Rhine drainage basin this period is to be correlated with a development of two
paleosols, the older one of which has been formed on the loess E and the
younger one on the loess F (¢f. BRUNNACKER 1986). The intrasoil loess can
evidence a climatic cooling between the two optima of this interglacial. The
discussed interglacial seems to correspond as well with the deposition of
organic sediments in the site Frimmersdorfer (¢f. URBAN 1980a) within the
terrace series MT IIb of the Rhine (¢f. BRUNNACKER 1986). In the
Netherlands the interglacial paleofloras are precised to the Cromerian /I and
IV, separated by the Glacial C (¢f. ZAGWIIN 1986). In Denmark such floras
probably correspond with the Herreskovian Interglacial (SJORRING 1983).
In the British Isles this horizon is occupied by the Cromer Forest Bed Series
(cf. WEST 1977) that records a warming of the Pastonian, a cooling of the
Baventian (with successive local glaciation of West Midlands and North
Wales) and a warming of the English Cromerian itself (¢/. BOWEN & al.
1986).

SAN 2 (WILGA, ELSTER 2, KRAVARE 2, BEREZINA, OKA, MINDEL 1) GLACIATION

An icesheet of the San 2 Glaciation either in the Vistula (LENDNER
1988b, 1989) or in the Elbe drainage basin (CEPEK 1967, 1986), delimits the
maximum extent of the Pleistocene continental glaciations (Text-figs 1—3).
The TL datings of its sediments in the San drainage basin find this icesheet (cf.
BUTRYM & GERLACH 1985, WOJITANOWICZ 1985) at a maximum
extent about 500 ka BP in the foreland of the Carpathians (Text-fig. 3). In the
Dnieper drainage basin a snout of this icesheet has not passed across the
parallel of Kiev and its extent was smaller than that of the preceding glaciation
in the Don drainage basin (Text-fig. 1). In Moravia this glaciation is named the
Kravare 2 Glaciation (MACOUN 1985, 1987) and its extent, similarly as to
_the: west of the Harz Mts, was also smaller than of the overpassing younger
Odra Glaciation. In the Lower Rhine drainage basin a deposition of loesses of
the Ga horizon occurred at that time (BRUNNACKER 1986). In the
Netherlands the adjacent icesheet was expressed by development of a vast ice-
-dam lake in which “ceramic” clays were deposited (ter WEE 1983). On the
other side of the North Sea (cf. Text-fig. 1) an extent of the icesheet of the San
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2 Glaciation is to be correlated with the maximum development of the ice
cover in the British Isles during the Anglian Glaciation (¢f. ZAGWIJN 1979,
BOWEN & al. 1986, SHOTTON 1986).

MAZOVIAN (BARKOWICE MOKRE, HOLSTEIN s.5.,, MALOALEKSANDRIA, LIKHVIN 5.5., STRONAVA, MINDEL
HI/RISS 1) INTERGLACIAL

This interglacial is documented in Europe by numerous sites of organic .
sediments, preserved either within buried fluvial or lake series. Besides, it has
been recognized in marine sediments, particularly well preserved at seasides of
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Fig. 3. Location and age (in years BP) of the main, readable in morphology, marginal zones of the
continental Scandinavian icesheets in the Central European Lowland and southern Scandinavia
(based on the referenced data) at the time of:

1 — San 2 = Bister 2 Glaciation; 2 — Odra = Drenthe and Warta = Warthe glaciations;,
3 — Wisla = Weichsel = Vistulian Glaciation; 4 — Holocene
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the southern North Sea and the southeastern Baltic Sea (¢f. MILLER 1986). In
Poland organic sediments of the Mazovian Interglacial in the section Krgpiec,
‘Lublin Upland (¢f. JANCZYK-KOPIKOWA 1981, MARCINIAK 1983),
were TL dated at 400—350 ka BP (RZECHOWSKI 1986). In Lithuania,
Byelorussia and the Russian Plain they correspond in age with sediments of the
Maloaleksandria = Likhvin s.s. Interglacial (Text-fig. 4) that were defined in 7
the section Chekalin (previously Likhvin) as Lkl and TL dated at 459 ka BP
(SUDAKOVA & ALESHINSKAYA 1974). '

In the Elbe drainage basin this interglacial is documented by numerous
sites of lake and marine sediments (MULLER 1974, ERD 1973, CEPEK 1986,
CEPEK & ERD 1975) with key series in Schleswig-Holstein (MENKE 1970,
GRUBE & al. 1986, MILLER 1986). In Denmark they correspond with
sediments of the Vejlby Interglacial (ANDERSEN 1965, SJTORRING 1983)
and in Sweden with sediments of the Hyby I Interglacial (MILLER 1977, 1986;
LUNDQVIST 1986a). In the Lower Rhine drainage basin this interglacial
corrésponds among others with deposition of the organic series from the
Kempen-Krefeld section (KEMPF 1966), whereas in loessy sections with
deposition of sediments of the Leutesdorfer Interglacial (BRUNNACKER
1986). In the Netherlands this interval is represented by fluvial sediments and
by deposits that delimit the southern extent of the Holstein sea (ter WEE
'1983a, b; ZAGWIIN 1986). In the British Isles this interval presumably
corresponds with the older part of the Hoxnian Interglacial, documented by
vegetation phases Ho I and Ho II (¢f. WEST 1977).

LIWIEC (FUHNE, PALHANEC, KOLYSK, KALUGA) GLACIATION

. During this glaciation the Scandinavian icesheet occupied mid-eastern
Poland only (Text-fig. 1) and deposited there a separate till, running from the
Wegorzewo area as far southwards as Warsaw (Text-fig. 2). In a forefield of
this icesheet a déposition of loessy and ice-dam silts occurred at that time,
dated in numerous sections of the northwestern foreland of the Holy Cross
Mts at about 390380 ka BP (LINDNER 1984, 1988a). In Byelorussia and
Russian Plain, constituting in that time the extraglacial zone of the icesheet,
sediments of the horizons Kolysk and Kaluga were deposited (¢f. ZUBAKOV
1986). In the section Chekalin these sediments (L4 2) contain frost structures,
TL dated at 370 —330 ka BP (SUDAKOVA & ALESHINSKAYA 1974). In
Moravia, deposited at that time were sediments of the Palhanec unit (cf.
MACOUN 1985, 1987).

In the extraglacial zone that covered the Elbe dramage basin, sediments
with a cold flora of the unit Fuhne were deposited (ERD 1978, WIEGANK
1982, CEPEK 1986) whereas in the Lower Rhine drainage basin loesses of the
horizon Gb were formed with preserved frost structures and cold-phased
molluscs (BRUNNACKER 1986). In Denmark this cooling has not been
accompanled by icesheet advance but only by ice-dam deposition, among
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others known from above the Holstein series it the section Vejlby (SJORRING
1983). In the British Isles this period seems to be indicated by deforestation at
the end of the upper part of the phase Ho II in palynologic spectra of the
Hoxnian Interglacial s.l. (¢f. WEST 1977). :

ZBOINO (DUMNITZ, NEPLACHOVICE, PRINEMAN, CHEKALIN) INTERGLACIAL

At present, this interglacial has a relatively small number of studied
floristic sites. In Poland it is best represented by a flora from the Zbodjno
section in the Holy Cross Mts (LINDNER & BRYKCZYNSKA 1980) and
similar flora from the section Konin-Marantéw, ascribed formerly (BOROW-
KO-DLUZAKOWA 1967) to a considerably lower stratigraphic position. As
proved by TL datings from the section Zbdjno, this flora is younger than 388
ka BP and older from the overlying till, dated in adjacent sections at 300 —260
ka BP (LINDNER 1988a). In Byelorussia interglacial sediments of the
Chekalin horizon (Lk 3) were TL dated at 330—318 ka BP (SUDAKOVA
& ALESHINSKAYA 1974, ZUBAKOV 1986).

In the Elbe drainage basin this interval corresponds with the Dommtz
Interglacial that constitutes the final warming during Holstein Interglacial s...
(ERD 1978, WIEGANK 1982, CEPEK 1986) and named in northwestern
Germany the Wacken Interglacial (MENKE 1968; GRUBE & al. 1986). In
Denmark the described stratigraphic setting can be occupied by two warmings
(Vejlby 1, II), younger that the Vejlby Interglacial and older from the
overlying glacial sediments (SJORRING 1983). In the Lower Rhine drainage
basin this poriod is represented by a paleosol of the Ariendorfer Interglacial
(BRUNNACKER 1986) and in the Netherlands by two warmings (Hoogevan
and Bantega) that precede a maximum of the younger glaciation (ter WEE
1983b). In Moravia this interval corresponds with deposition of sediments of
the unit Neplachowice (MACOUN 1985, 1987). In the British Isles the
described interval should be correlated with the younger part of the Hoxnian
Interglacial, represented in a limnic-fluvial facies by the forest phases Ho 11
and Ho IV (¢f. WEST 1977).

ODRA (DRENTHE, SAALE / + 2, OLDRISOV, DNIEPER, MOSCOW ?, RISS 1) GLACIATION

An icesheet of this glaciation reached its maximum in the Upper Odra
drainage basin in Moravia, in the Dnieper drainage where it passed over the
parallel of Kiev, and in the Lower Rhine drainage basin where it stopped to
the north of Cologne (Text-fig. 1). In higher part of the Lower Rhine drainage
basin this time favored a deposition of loesses of the horizon H with preserved
frost structures (BRUNNACKER 1986). In Poland, in the Malopolska and
Lublin uplands a till that delimits the maximum extent of this icesheet has been
TL dated at about 290 ka BP (Text-fig. 2). New studies indicate that an
icesheet of this glaciation has not entered the Don drainage basin (cf.
VELICHKO & FAUSTOVA 1986) whereas its maximum extent in the eastern
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Russian Plain could be close to that of the Moscow Glaciation (¢f. ZUBAKOV
1986). In the British Isles this .glaciation seems to be represented by the
maximum extent of an icesheet of the Wolstonian Glaciation (BOWEN & al.
1986).

LUBAWA (GRABOWKA, RUGEN, KARLICHER, POSTSAALE, SHKLOV, ODINTSOVO ?, MIKULINO ?, RISS //RISS
I INTERGLACIAL

In the German-Polish Lowland and in the European part of the Soviet
Union this interglacial is documented in numerous floristic sites (¢f. ERD
1973, 1978; YELOVICHEVA 1971, 1979; URBAN 1983; KRUPINSKI
& MARKS 1985, 1986) that seem to indicate its bi-optimal characteristics
(KRUPINSKI & al. 1987, LINDNER 1987). It is also documented by
paleosols (STREMME 1982, MARUSZCZAK 1985, 1987, BRUNNACKER
1986, ZOLLER & al. 1987), marine sediments from the section Kap Arkona
on the Island of Riigen (ERD 1978, CEPEK 1967, 1986; WIEGANK 1982)
and travertines, among others from Bilzingsleben (GLAZEK & al. 1980). In
that time two successive sea transgressions (Sztum and Tychnowy) with
Lusitanian malacofauna in the Lower Vistula valley occurred (¢f. Text-fig. 2).
They have recently been considered by MAKOWSKA (1986) as an equivalent
of the Eemian, in spite of their location above the marine-sediments from
Suchacz, TL dated at over 180 ka and over 210 ka BP. A possible older age of
sediments of the Sztum sea is however also suggested by MAKOWSKA (1986,
p. 47), when citing their TL age equal to 217 ka BP (PROSZYNSKI 1980).

The majority of the mentioned sites of organic sediments, travertines and
paleosols have been also TL or U/Th dated. The age reported as 230—180 ka
BP seems to support their pre-Eemian stratigraphic location (LINDNER
1989) in spite of a considerable similarity to the Eemian floristic succession
(presumably in the case of the lower optimum) or to the lower optimum from
Ferdynandéw (probably in the case of the upper optimum). Also amino-
-acid datings of some sites of marine sediments considered to be the Eemian
(Fjosanger, Nowiny) in age, make them possible to represent the pre-
-Eemian and the post-Holstein interglacial (¢f. MILLER & MANGERUD
1985). In Denmark the discussed interglacial is documented by a paleosol on
the Drenthe till in the section Oksbgl (SJORRING 1983) and in southwestern
Sweden by marine sediments of the inter-Saalian interglacial from the section
Margreteberg (PASSE & al. 1988). In the Netherlands and in the British Isles
no sediments of this interglacial have been noted until the present, although in
the Atlantic sediments at 48° to 78°N a warming of this age (225—150 ka BP)
is expressed by a considerable lesser extent of polar waters (RUDDIMAN
& al. 1977).

WARTA (WARTHE, SAALE 3, SOZH, KALININ ?, MOSCOW ?, RISS /7) GLACIATION

During this glaciation the Scandinavian icesheet advanced onto the Lower
Elbe drainage basin, Central Poland as well as northern Byelorussia and the
‘Russian Plain (Text-fig. 1). In Poland tills of this icesheet were TL dated at
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180—150 ka BP (¢f. LINDNER 1989) and maximum of its extent was
estimated for about 150 ka BP (Text-fig. 2). In the European part of the Soviet
Union, a maximum extent of this icesheet is delimited by the Sozh = Moscow
Glaciation although the other opinions speak for a correlation of this
glaciation with the Kalinin one (¢f. ZUBAKOV 1986) and finding the
Moscow Glaciation to be a stadial within the Dnieper Glaciation. (cf.
VELICHKO & FAUSTOVA 1986). In Poland a similar opinion is represented
by MOJSKI (1985a) who takes the Warta Glaciation for a retreat stadial of
the Odra Glaciation only. _
The area of Lower Saxony and the Lower Rhine drainage basin were in
that time completely-ice-free (Text-fig. 1). In the Lower Rhine drainage basin
a deposition of the loess Ja (BRUNNACKER 1986) and of the loesses TL
dated in the Riegel section at 184—153 ka BP (ZOLLER & al. 1987) occurred.
A problem of an ice cap (local glaciation ?) of that time in the British Isles has
not been solved yet. The Basement Till that is to represent the pre-Ipswichian
glaciation (¢f. BOWEN & al. 1986), may be regarded as its remains.

UPPER PLEISTOCENE (128—10 ka BP)

BEMIAN (EEM, MURAVINO, MGA, RISS jWURM) INTERGLACIAL

This interglacial has the best paleontologic documentation amongst all the
other distinguished interglacial episodes. In the zone of Scandinavian glacia-
tions it is represented by numerous sites of organic sediments (¢f. ANDER-
SEN 1965, CHEBOTAREVA 1972, FORSSTROM 1984, BEHRE & LADE
1986, LUNDQVIST 1986a, MAMAKOWA 1986) and many locations of
marine deposits (MAKOWSKA 1986, MILLER 1986, ZAGWIIN 1986). In
Poland in the section Blonie near Warsaw, organic sediments of this
interglacial (JANCZYK—KOPIKOWA 1974) were TL dated at 125—108 ka
BP (KARASZEWSKI 1974). In the Lower Vistula valley the Eemian
Interglacial is represented by sediments of the Krastudy sea (Text-fig. 2) with
the Lusitanian fauna, similar to that noted within the underlying sediments of -
the Sztum and Tychnowy seas (¢f. MAKOWSKA 1986).

Loess sections of western and central Europe comprise this interglacial as
represented by illuvial horizon of a lessivé soil that forms a lower part of the
soil complex, being developed also at the beginning of the Wista Glaciation
(MARUSZCZAK 1987). In the Lower Rhine basin during this interglacial
a paleosol developed in a top of the loessy horizon Ja (BRUNNACKER 1986)
whereas in the Netherlands a deposition of typical marine and organic
sediments occurred in the Eem River basin. The latter sequence indicates
a sedimentary continuity during the preliminary part of the last glaciation
(ZAGWIIN 1979, 1986). In the British Isles this interglacial is also represented
in-marine and inland facies, and named the Ipswichian Interglacial (BOWEN
& al. 1986). '



76

LESZEK LINDNER

WISLA (VISTULIAN, WEICHSEL, VALDAI, WURM) GLACIATION

This glaciation is the last Scandinavian glaciation of the European
mainland. Its maximum extent (Text-fig. 1) runs from the Jutland Peninsula
‘across the eastern part of the Lower Elbe drainage basin to the south of Berlin
(Brandenburg Stade) and further to the east (Leszno Phase). In the Lower
Vistula region the icesheet of this glaciation reached the Plock area (Pozndn
Phase after KOZARSKI 1986) and then to the east its snout advanced slightly
northwards, tightly adhering to the elevations of older morainic plateaux
(MARKS 1984) or developing vast outwash plains (MICHALSKA 1961, BER
1974). In the European part of the Soviet Union a maximum extent of the
icesheet during this glaciation (Text-fig. 1) is delimited by location of its
sediments in the Upper Neman drainage basin, at the watershed of the Dnieper
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" and Dzvina as well as in the drainage basin of the Upper Dvina and Pechora.
In the northern part of the North Sea (Text-fig. 1) this icesheet contacted with
the ice cap of the British Isles, named there as that of the Devensian Glaciation
(BOWEN & al. 1986).

The radiocarbon datings of organic sediments that underlle such furthest
extent of glacial deposits of this glaciation or corresponding extraglacial series,
prove that its maximum development occurred in the British Isles about
18—17 ka BP (BOWEN & al. 1986) and about 21 —20 ka BP in Lithuania,
northern Byelorussia and in the Russian Plain (ZUBAKOV 1986).

During the pre-maximum  stage of this glaciation the meridional part of
the Baltic Sea basin and its southeastern margin underwent 2 or 3 advances of
the Scandinavian iceshéet (¢f. MAKOWSKA 1976, DROZDOWSKI 1980,
MOJSKI 1980, ZARRINA 1982, LINDNER 1987). The TL datings of tills of
these advances deposited in the Vistula valley suggest their possible further
extents than previously expected (cf. BRYKCZYNSKI & al. 1987, MARKS
1988).

During this glaciation its extraglacial zone has commonly been subjected
to deposition of several beds of the so-called younger loesses, separated from
one another by several interstadial paleosols and TL dated at 100—28 ka BP
(MARUSZCZAK 1985, 1987). In the Lower Rhine basin these loesses are
represented by the horizon Jb (BRUNNACKER 1986).

The melting of the icesheet was indicated by the development of several
standstill zones, expressed in most cases by systems of destinct morainic
landforms. These zones, both in northern Poland and southern Scandinavian
Peninsula (KOZARSKI 1986, LUNDQVIST 1986b) were quite precisely dated
by the radiocarbon method and by the analysis of the varved clays. The turn of
the last glaciation and the Holocene was defined by a location of a snout of the
Scandinavian icesheet about 10 ka BP i.e. at its standstill along the Salpaus-
selkd moraines to the north of Helsinki and to the south of Stockholm (Text-
-fig. 3).

FINAL REMARKS

“The presented stratigraphy in Central Europe results from correlations of
glacial and interglacial units distinguished in the marginal zone of the
Scandinavian icesheet (Text-figs 1—3).

The distinguished eight glaciations and seven interglacials document
rhythms of the main climatic variation during the Pleistocene of Europe. These
rhythms correlate well with global climatic variation, recorded by the 20
stages in deep-sea sediments (Text-fig. 4).

Institute of Geology
of the University of Warsaw,
Al Zwirki i Wigury 93,
02-089 Warszawa, Poland
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L. LINDNER

STRATYGRAFIA ZLODOWACEN 1 ZASIEGI LADOLODU PLEJSTOCENSKIEGO
W EUROPIE

(Streszczenie)

W pracy przedstawiono nastepstwo plejstocenskich zlodowacen kontynentalnych udokumento-
-wanych w Europie poziomami osaddéw. lodowcowych w brzeinych strefach zasiggu ladolodu
skandynawskiego (fig. 1). Podstawowych danych dla identyfikacji tych zlodowacen i oddzielaja-
cych je interglacjatéw dostarczyt obszar Nizu Srodkowoeuropejskiego, a zwlaszcza obszar Polski
(fig. 2). Wyrdzniono 8 zlodowaceri (Narwi = Menap; Nidy = Glacial 4; Sanu / = Glacial
B = Elster I; Sanu 2 = Elster 28Liwca = Fuhne; Odry = Drenthe = Saale I + 2; Warty =
Warthe = Saale 3; Wisly = Weichsel = Vistulian) oddzielonych 7 interglacjatami (podlaski
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= Cromerian ; malopolski = Cromerian II; ferdynandowski = Cromerian 1] + IV =
Voigtstedt; mazowiecki = Holstein s.s.; Zbjna = Démnitz; lubawski = Riigen; eemski). Nie
potwierdzono mozliwosci wyr6znienia wezesniej  wydzielanego (por. LINDNER 1984, 1987)
zlodowacenia Mogielanki i interglacjatu Pilczycy. Wykazano, e zarébwno w basenic Morza
Péinocnego, na Nizu Niemieckim oraz we wschodniei czgéci Rowniny Rosyjskiej nie nalezy
doszukiwaé si¢ osadow lodowcowych odpowiadajacych tym wszystkim zlodowaceniom kontynen-
talnym, jakie mialy miejsce w strefie poludniowowschodniego obramowania Morza Baltyckiego.
Dzigki licznym datowanioin metodami TL i radiowegla osadéw lodowcowych oraz podscielaja-
cych i przykrywajacych je serii organogenicznych przedstawiono probe okreslenia wieku gtownych
stref brzeznych ladolodu skandynawskiego w $rodkowej Europie i w potudniowej Skandynawii
(fig. 3). Przedstawiono korelacje wyroznionych zlodowaceri i dzielacych” je interglacjaléw na
kontynencie europejskim (fig. 4), a takze probe ich korelacji z analogicznymi jednostkami na
obszarze Wysp Brytyjskich.
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