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‘Pleistocene glaciations and interglacials
in the Vistula, the Oder, and the Elbe drainage
basins (Central European Lowland)

ABSTRACT: Extents of Scandinavian glaciations within the three main river drainage basins of

the Central European Lowland exhibit principal similarities, but also outstanding peculiarities.

Most glacial events during the Pleistocene are well pronounced in the Vistula drainage basin, less so

in the Oder, and the least — in the Elbe one. Such pattern is thought to have resulted [rom location

of the Vistula drainage basin at the southern lermination of the Baltic Channel. The latter has

controlled many a time the main route of the Scandinavian icesheets that advanced the Central
European Lowland.

INTRODUCTION

Most of the previous synthetic stratigraphic subdivisions of the Quater-
nary in Central Europe were regarded valid for a single country or, when put
together, for a stratigraphic scheme prepared for several countries (see e.g.
Linoner 1988b, 1991). Such schematic approach to stratigraphic problems of
Europe neglected significant regional differences, the latter resulting from
isolation of drainage basins of the main Central European rivers. This paper
presents an analysis of similarities and differences in Quaternary evolution of
the main rivers emplaced in the Central European Lowland, i.e. of the Vistula,
the Oder, and the Elbe (¢f. Text-fig. 1).

The Authors’ opinion on the mode of icesheet transgressions southwards
of the Baltic Channel are coincident with suggestions of HaLicki & OLczak
(1953), who presented connections of gravimetric anomalies and icesheet
extents in the Central European Lowland.
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VISTULA DRAINAGE BASIN

The Prepleistocene in the Vistula drainage basin is represented by two
cool intervals, i.e. Rozce=Praetiglian and Otwock=Eburonian, and by two
intervening warm intervals, i.e. Ponurzyca=Tiglian and Celestynéw = Waalian
(StuchLik 1987; BaraNiEcka 1990, 1991). In the Vistula drainage basin there
occur deposits of all the Scandinavian glaciations (Narewian, Nidanian, Sanian
1, Sanian 2, Liwiecian, Odranian, Wartanian, and Vistulian) and interglacials
(Podlasian, Malopolanian, Ferdynandowian, Mazovian, Zbéjnian, Lubawian,
and Eemian) that have been noted in the Central European Lowland. The
greatest extent in this drainage basin was reached by the Sanian 2 icesheet that
advanced as far as the Carpathians (see Text-figs 1 and 2).

The earliest Scandinavian glaciation in this drainage basin is the Nare-
wian, the icesheet of which occupied northeastern and mid-eastern Poland
(Straszewska 1968; Rozvcki 1980; Harasimiuk & al. 1988; LinDNEr 1988a,b;
Dorecki & al. 1991). The Podlasian Interglacial is represented by numerous
cycles of alluvial series, that indicate a long-lasting interval (STRAszEwWskA 1968,
Baruk 1991).

The icesheet of the Nidanian Glaciation reached the drainage basin of the
Nida River, the left tributary of the Vistula (LiNDNER 1978, Rozycki 1978), and
the northern slope of the Lublin Upland (HarasiMiuk & al. 1988, DoLecki & al.
1991). A residuum of its glacial sediments is known among others from the gorge
of the Middle Vistula Valley through the Central Polish Uplands. It is
represented by till and varved-clay balls within alluvia of the Malopolanian
Interglacial age (Pozaryski & al. 1994). The latter has paleontologic evidence in
the key site Kozi Grzbiet (Grazex & al. 1976) and pollen spectrum at Przasnysz
(Baruk 1991, Baruk & Mamakowa 1991). The icesheet of the Sanian 7 Glaciation
occupied almost the whole drainage basin of the Vistula, reaching as far as the
northern Sandomierz Basin (see LinpDNER 1988b). Lacustrine organic sediments of
the Ferdynandowian Interglacial are noted in the Vistula drainage basin in their
key site at Ferdynand6w (Janczyk-Korpikowa & al. 1981) but also in several other
sites, indicating a bi-optimal floristic succession (Janczyx-Kopikowa 1991).
Fluvial sediments of this interglacial form a thick gravel-sandy series in the
Middle Vistula gorge through the Central Polish Uplands (Pozarysk1 & al. 1994).
The icesheet of the Sanian 2 Glaciation occupied the greatest area in the Vistula
drainage basin among all the Pleistocene glaciations, reaching the Carpathians
(Laskowska-Wysoczanska 1971, Butrym & al. 1988, LINDNER 1988b).

Residuum of glacigenic series of this glaciation is preserved in the Central
Polish Uplands within the buried river valleys of the Mazovian Interglacial age
(Rozycxa 1964, Pozaryski & Mosski 1987, LinpNEr 1988a), the Middle Vistula

gorge through the Central Polish Uplands including (Pozaryski & al. 1993,
1994). Fluvial and lacustrine sediments of this interglacial belong to the best
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Extents of Scandinavian glaciations in the Vistula, the Oder, and the Elbe drainage basins against extents of the Eemian and
Holstein seas, as well as the main key sites of interglacial and preglacial sediments
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known in the Vistula drainage basin. In fact, this is just the key area for
sediments of the Mazovian Interglacial, although recent studies indicate (cf.
Janczyk-Kopikowa 1991), that there is no single definite key site in this area.
- The Liwiecian Glaciation had a limited extent in the Central European Lowland
and its sediments are known from the northeastern part of the Vistula drainage
basin only (LiNnDNER 1984, 1988a,b; BARANIECKA 1990). Recent investigations
indicate that the icesheet of this time advanced further southwards, as far as the
Middle Vistula drainage basin (Zarski 1994). The successive interglacial
(Zbdjnian) has its key site in the Holy Cross Mts (see LiINDNER 1988a).

The icesheet of the Odranian Glaciation reached the northern margin of
the Central Polish Uplands. The following interglacial is known in the Vistula
drainage basin as the Lubawian (also: Lublinian, Grabéwka or Pilica), best
documented in the site Losy near Lubawa (Krupmiski & Marks 1986). The
icesheet of the Wartanian Glaciation reached, according to the prevailing
opinions (e.g. Mosskr 1985, Baraniecka 1993), the Lower Pilica valley and
farther to the east the Siedlce and Terespol areas (see Text-fig. 2).
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Fig. 2. Scandinavian glaciations (obliquely hachured are extents ol glacial deposits) in the Vistula
drainage basin, against intervening sea ingressions (H — Holsteinian, E — Eemian, B — Ballic),
and the main key sites of preglacial (Pp — Prepleistocene) and interglacial sediments (P
— Podlasian, Ma — Malopolanian, F — Ferdynandowian, M — Mazovian, Z — Zbdjnian,
L — Lubawian, E — Eemian)
Compiled after LINDNER (1988b, modified); based on data from Batuk (1991), BARANIECKA (1975,
1991), Bka & al. (1987), Bogutsky & al. (1980), Grazek & al. (1976), Janczyk-KoPikowa §1991),
Janczyk-Korikowa & al. (1981), Jeziorskr (1992), Kratkowa (1972), Kruptskr & LiNDNER (1991),

Krupinskr & MARks (1986), Krupmskr & al. (1991), LiNDNER & al. (1991), Makowska (1986),
NikLEWSKI (1968), and StucHLIK (1975)
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Lacustrine organic sediments of the Eemian Interglacial are known from
numerous sites in the Middle Vistula drainage basin, whereas marine sediments
of this age are common in the Lower Vistula region. The latter form two series
of stratigraphic significance, representing the so-called Sztum and Tychnowy
seas (Makowska 1986). The icesheet of the Vistulian Glaciation advanced
several times the northern part of the Vistula drainage basin. Older sediments
of this glaciation (Torun Glaciation) are separated from the younger ones
(Baltic Glaciation) by marine sediments of the Krastudy Interglacial (Makows-
KA 1986).

ODER DRAINAGE BASIN

In the Oder drainage basin there occur sediments of six main Pleistocene
Scandinavian glaciations i.e. Nidanian (=Opava), Sanian I (=Kravaie 1),
Sanian 2 (=Kravaie 2), Odranian (=OldfiSov), Wartanian, and Vistulian.
They are separated by lacustrine organic sediments of the Malopolanian,
Ferdynandowian, Mazovian (Holsteinian), Zbdjnian, Lubawian, and Eemian
interglacials. The greatest extent in the Oder drainage basin is represented by
the Odranian Glaciation (OldfiSov) that reached the Sudetes and entered the
Moravian Gate in the Czech Republic (see Figs 1 and 3).

The icesheet of the oldest glaciation in the Oder drainage basin (Nida-
nian, Opava) entered the Moravia. In a stratigraphic setting of the Malo-
polanian Interglacial there occur older organic sediments in the section
Opava-Katefinky, but also fluvial and ice-dam series, and a paleosol of the
Otice Interglacial (Macoun 1980, 1985, 1987). The icesheet of the Sanian
1 Glaciation occupied almost the whole Oder drainage basin and reached the
Sudetes, being presumably indicated by the lowest of the three tills in this area
(BADURA & al. 1992). It also entered the Moravia as the Kravaie I Glaciation
(Macoun 1985). Lacustrine sediments of the Ferdynandowian Interglacial were
noted only in the open brown-coal mine Belchatéw (KuszeLL 1991, MArciNiAk
1991). In such a stratigraphic setting there are also younger organic sediments
in the section Opava-Katefinky (Macoun 1980), considered as an equivalent of
the Uhlirov and Muglinov warming (Macoun 1987). In northern foreland of
the Sudetes, the Sanian 2 Glaciation is probably indicated by the middle of the
three tills in this area (see BADURA & al. 1992), whereas in the Kleszczow
Graben near Belchatow — by the middle gravel pavement within the Czyzow
Formation (see Krzyszkowski 1991). In the Moravia, the icesheet of this
glaciation deposited glacial sediments of the so-called Kravafe 2 Glaciation.
Lacustrine sediments of the Mazovian Interglacial are represented in the Oder
drainage basin in the sites at Goscigcin (Sropox 1957), Kucow (Krzyszxowski
1989) and Boczéw (Janczvk-Koprikowa & Skompski 1977), whereas in the
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Moravia in the site Stonava — by the Jaktar Interglacial (Macoun & al. 1965).
A probable occurrence of sediments of the Zbdjnian Interglacial in the Oder
drainage basin results from analyzed sites with organic sediments at Ko-
-nin-Marantéw (Borowko-Druzakowa 1967, Janczyk-Kopikowa 1991) and
within the Czyzow Formation in the Belchatow open brown-coal mine
(Krzyszxowski 1991).

Sediments of the Oder Glaciation indicate maximum extent of Scandina-
vian glaciations in the Oder drainage basin (see SzpoNAR 1986). The icesheet of
this glaciation entered also the Moravia where it is known as the OldfiSov
Glaciation (Macoun 1980). The following interglacial is represented by sediments
of the Uecker Interglacial in the site Répersdorf, however of ambiguous
geological setting (¢/. Erp 1987), which is located at watershed of the Oder and
Elbe drainage basins (see Text-figs 1 and 3). The extent of the Warta Glaciation is
demarcated in the Oder drainage basin near Trzebnica and in the Widawka
drainage basin. Numerous sites of lacustrine sediments are known in the eastern
(among others Szczercow, Wladystawow, J6zwin, Rusinéw and Pila) and western
(Imbramowice) parts of the Oder drainage basin (see Mamakowa 1989, ToBoLski
1991). The icesheet of the Vistulian Glaciation occupied only the northern part of
the Oder drainage basin (see Text-fig. 1).
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Fig. 3. Scandinavian glaciations (obliquely hachured are extents of glacial deposits) in the Oder

drainage basin, against the main key siles of interglacial sediments (P — Podlasian,

" Ma — Malopolanian, F — Ferdynandowian, M — Mazovian, H — Holsteinian, Z — Zbdjnian,
L — Lubawian, U — Uecker, E — Eemian)

Compiled after LINDNER & MARKs (1994, modified); based on data from BorROWKO-DELUZAKOWA

Sl 967), Cepex (1967), Dasrowskr & al. (1987), Erp (1987), JaNczyk-Korikowa & Skompskr (1977),

URKIEWICZOWA (1961), KrZYszkowskr (1989, 1991), KuszeLL (1991), Macoun (1980, 1985, 1987),
MacouN & al. (1965), MaMaKowa (1989), STARK & al. (1932), Sropox (1957, 1961), and ToBoLsKI

(1991)
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ELBE DRAINAGE BASIN

The Prepleistocene sequence in the Elbe drainage basin is composed of
two series of alluvial sediments in the Leipzig area (terraces Sitteler and
Grossgorschener), in which there are relics of frost wedges (EissMANN 1975,
1990). In Schleswig-Holstein the Prepleistocene sediments at Lieth represent
several climatic fluctuations (Menke 1980b).

In the Elbe drainage basin there are sediments of the three main
Scandinavian glaciations, i.e. Elsterian, Saalian, and Weichselian, separated to
the north (in Lower Saxony and Schleswig-Holstein) by sediments of the Holstein
and Eemian seas (Text-fig. 4). Glacial sediments are also separated by lacustrine
organic sediments of the Holstein, Wacken (D6mnitz), and Eemian interglacials.
In the prevailing part of the Elbe drainage basin the largest extent was reached by
the icesheet of the Elsterian Glaciation, whereas in the westernmost part of this
region by the icesheet of the Saalian Glaciation (EissMANN 1975, 1990).

The icesheet of the Elsterian / Glaciation advanced at least as far south as
Bad Schandau (see Cepek 1967, 1986; EissMaNN 1975, 1990; Wiecank 1982,
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Fig. 4. Scandinavian glaciations (obliquely hachured are extents of glacial deposits) in the Elbe

drainage basin, against intervening sea ingressions (H — Holsteinian, E — Eemian, B — Ballic)

and the main key sites of preglacial (Pp — Prepleistocene) and interglacial sediments (V

— Voigtstedt, H — Holsteinian, W — Wacken, D — Domnitz, S — Schéoningen, iS — in-
tra-Saalian, E — Eemian)

Compiled after LINDNER & MARKs (1994, modified); based on data from BenpA & MEYER (1973),

BLACKWELL & Scuwarcz (1986), BuLow (1992), Cerek (1986), DurHORN & al. (1973), Erp (1978,

1987), Lirt (1990) Mania (1990), MenkEe (1980a,b,c), MEYER (1965), STEINICH & al. (1992), URBAN
& al. (1991), Wansa & WimMER (1990), and WoLbpstepT & DupHORN (1974)
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1987). Sediments of the younger, ie. the Elsterian 2 Glaciation (considered
- usually as a stadial of the Elsterian Glaciation) are separated by uni-cyclic
fluvial sediments (Militz Interval), particularly well distinguished in the Leipzig
area (EissManN 1990). This interval is also represented by lacustrine sediments
at the site Voigtstedt (Erp 1978), and in western Germany — by the
Frimmersdorf Interglacial (UrBan 1979). The extent of the icesheet of the
Elsterian 2 Glaciation (Stadial) in Germany has been recognized only in
fragments to the south of Leipzig (EissMaANN 1990).

The Holsteinian Interglacial is represented in the northern part of the
Elbe drainage basin by marine and brackish sediments (Mever 1991). They
usually form a continuous sequence with the underlying Late Elsterian ice-dam
lacustrine clays (see Marks 1994).

A cooling after the Holsteinian Interglacial starts in the Elbe drainage
basin with periglacial and glaciofluvial sediments of the Fuhne (Mehlbeck)
interval (see UrsaN & al. 1991). In Meklenburg this period is represented by
a separate till bed (BuLow 1992). The successive warming is indicated by
organic sediments of the Domnitz (Wacken, Schéningen) Interglacial (UrBaN
& al. 1991). The icesheet of the Drenthe Stadial of the Saalian Glaciation
delimited, in the westernmost part of the Elbe drainage basin, the maximum
extent of Scandinavian glaciations (EHLERs 1990). The Drenthe Stadial can be
in fact an older glacial episode within the Warthe Stadial (see MArks 1991).
A warm interval that subdivides the Saalian Glaciation in the Elbe drainage
basin, can be represented by interglacial sediments at the sites Ehringsdorf
(BLackweLL & Scawarcz 1986) and Neumark-Nord (Mania 1990). The icesheet
of the Warthe Stadial occupied only the northern part of the Elbe drainage
basin (see Text-fig. 1). Lacustrine sediments of the Eemian Interglacial are
known from a southern part of this basin, among others from Grabschiitz and
Groébern (Litt 1990, Wansa & WiMMER 1990). On the other hand, in the
northern part of this basin there occur marine sediments of the same age
(WoLpstept & DupHorRN 1974). The icesheet of the Weichselian Glaciation
occupied only the northeastern part of the Elbe drainage basin (see Text-fig. 1).

CONCLUSIONS

The Scandinavian glaciations in drainage basins of the three main rivers
of the Central European Lowland indicate. considerable similarities which,
however, are also associated with outstanding differences (see Text-fig. 5). As
many as eight glaciations are recorded in the Vistula drainage basin, four of
them before the Mazovian (Holsteinian) Interglacial, and three between this
and the Eemian Interglacial. Slightly less, i.e. six glaciations, are distinguishable
in the Oder drainage basin, the Lusatia region including (Cepek & NoOWwEL
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1991). Only three glaciations have so far been noted in the Elbe drainage basin.
Such variability does probably result from the fact that the Vistula and, to
a smaller degree, the Oder drainage basin occurred at the main direction of the
Scandinavian icesheets advancing along the Baltic Channel what had par-
ticularly been well expressed during the Saalian Glaciation. Such different
sequence in each of the three discussed drainage basins suggests that they have
existed in a more or less similar form during most of the Quaternary time and,
therefore, could exert a reasonable influence on extents and advance of
particular icesheets during successive Pleistocene glaciations.

More detailed studies of this problem would presumably explain nume-
rous doubts, arising from correlation of the Saalian Glaciation in Germany
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(with its stadials Drenthe and Warthe) and the Odranian and Wartanian
glaciations in Poland, but also a discussed stratigraphic position of interglacials
within these cold stages. The present state of knowledge does not exclude
a possibility that the Odranian and Wartanian glaciations distinguished in
Poland do constitute, similarly as in Germany, the phases of a single glaciation
only (see Marks 1991, FEporowicz & al. 1992), corresponding to the 180 stage
6 in deep-sea sediments (cf. MARTINSON & al. 1987). Moreover, it does not seem
impossible that the icesheet of the Wartanian Glaciation, at least in the Vistula
drainage basin, occupied a larger area than previously accepted, even larger
than the Odranian Glaciation. '

Institute of Geology
of the University of Warsaw,
Al Zwirki | Wigury 93,
02-089 Warszawa, Poland
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PLEJSTOCENSKIE ZLODOWACENIA SKANDYNAWSKIE I INTERGLACJALY
W DORZECZACH WISLY, ODRY I LABY

(Streszczenie)

Dotychczasowe syntelyczne opracowania stratygralii czwartorzedu Srodkowej Europy
obejmowaly przewaznie obszar jednego lub kilku pansiw. Zacieralo to istotne roéznice regionalne,
wynikajace ze skomplikowanej i w duzym stopniu odrgbnej ewolucji poszczegblnych dorzeczy
wielkich rzek europejskich. Ich uklad przyczyniat si¢ z jednej strony do okreflonego sposobu
transgresji ladolodéw skandynawskich, a z drugiej strony byl przez nie w istotny sposéb
przeksztalcany. Poglady autoréw odnosnie sposobu transgresji ladolodow skandynawskich na
poludnie od rynny baltyckiej nawiazuja do sugestii HaLICKIEGO i OLczaka (1953) o zwiazku
anomalii grawimetrycznych z zasiggami zlodowacen na Nizu Europejskim.

Rozwéj Zlodowaceri w obrebie dorzeczy trzech gtéwnych rzek Nizu Srodkowoeuropeijskiego

wykazuje znaczace podobieristwa, ale takze istotne réznice (patrz fig. 1 i 5). Najwigksza liczbe
zlodowacert (osiem) stwierdzono w dorzeczu Wisly, w lym cztery ponizej i czlery powyzej osadow
interglacjalu mazowieckiego (patrz fig. 2). Nieco mniej zlodowaceri (sze§¢) wyrézmiono w dorzeczu
Odry (patrz fig. 3) i prawdopodobnie rowniez na Luzycach. Najmniejszg liczbg zlodowaceti (irzy)
stwierdzono w dorzeczu Laby ( satrz fig. 4). Zroznicowanie to wynikaé moze z faktu, iz dorzecze
Wisly i w mniejszym stopniu Odry stanowily te czesé Nizu Srodkowoeuropejskiego, ktora lezala n
glownym kierunku transgresji lado.odéw skandynawskich, przemieszczajacych si¢ wzdluz rynny
balt, .ciej, co szczegblnie wyraznie zaznaczylo si¢ podczas zlodowacen Srodkowopolskich (Sa-
ale=Solawy). Wyjasnienie wielu aspektow tej prawidlowosci rozwialoby zapewne liczne watpliwo-
ci zwigzane z korelacja zlodowacenia Solawy w Niemczech (gdzie wystgpuja stadialy Drenthe
i Warlhe=Warty) oraz zlodowacet Odry i Warty w Polsce, jak réowniez z ewentualnym
wystgpowaniem odrgbnych interglacjalow w obrebie tego pigtra ziminego.
_ Przy obecnym stanie wiedzy nie mozna wykluczy¢, ze wyrozniane na obszarze Polski
zZlodowacenia Odry i Warly stanowia, podobnie jak na obszarze Niemiec, (azy jednego tylko
zlodowacenia, odpowiadajacego pigiru 6 izolopow tlenu w osadach glebokomorskich. Nalezy
takze liczy¢ si¢ z mozliwofcia wigkszego niz dotychczas przyjmowano, przynajmniej w dorzeczu
Wisly, zasiggu zlodowacenia Warly, przekraczajacego zasi¢g zlodowacenia Odry.
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