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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 from location 
of the Vistula drainage basin at the southern termination 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. 
LrNDNER 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 
tlie main rivers emplaced in the Central European Lowland, i.e. of the Vistula, 
the Oder, and the Elbe (c! Text-fig. I). 

The Authors' opinion on the mode of icesheet transgressions southwards 
of the Baltic Channel are coincident with suggestions of HALlCKI & 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. Roi:ce=Praetiglian and Otwock=Eburonian, and by two 
intervening warm intervals, i.e. Ponurzyca=Tiglian and Celestynow= Waalian 
(STUCHLlK 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, Zbojnian, 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; RoiYCKI 1980; liARASIMJUK & al. 1988; LrNDNER 1988a,b; 
DOLECKI & al. 1991). The Podlasian Interglacial is represented by numerous 
cycles of alluvial series, that indicate a long-lasting interval (STRASZEWSKA 1968, 
BAWK 1991). 

The icesheet of the Nidanian Glaciation reached the drainage basin of the 
Nida River, the left tributary ofthe Vistula (LINDNER 1978, ROZYCKI 1978), and 
the northern slope of the Lublin Upland (HARASIMIUK & al. 1988, DOLECKI & al. 
1991). A residuum ofits 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 (POiARYSKI & al. 1994). The latter has paleontologic evidence in 
the key site Kozi Grzbiet (GLAZEK & al. 1976) and pollen spectrum at Przasnysz 
(BAWK 1991, BAwK & MAMAKOWA 1991). Theicesheet of the Sanian 1 Glaciation 
occupied almost the whole drainage basin of the Vistula, reaching as far as the 
northern Sandomierz Basin (see LINDNER 1988b). Lacustrine organic sediments of 
the Ferdynandowian Interglacial are noted in the Vistula drainage basin in their 
key site at Ferdynandow (JANC:lYK-KoPIKOWA & al. 1981) but also in several other 
sites, indicating a bi-optimal floristic succession (JANcZIT-KoPIKOWA 1991). 
Fluvial sediments of this interglacial form a thick gravel-sandy series in the 
Middle Vistula gorge through the Central Polish Uplands (POiARYSKI & 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-WVSOCZANSKA 1971, BUTRYM & al. 1988, LfNDNER 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 
(ROiYCKI 1964, POiARYSKI & MOJSKI 1987, LINDNER 1988a), the Middle Vistula 
gorge through the Central Polish Uplands including (POiARYSKI & al. 1993, 
1994). Fluvial and lacustrine sediments of this interglacial belong to the best 
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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. 
JANCZY"K-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 (LINDNER 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 (ZARSKl 1994). The successive interglacial 
(Zbojnian) has its key site in the Holy Cross Mts (see LINDNER 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, Grabowka or Pilica), best 
documented in the site Losy near Lubawa (KJtUPINSKI & MARKS 1986). The 
icesheet of the Wartanian Glaciation reached, according to the prevailing 
opinions (e.g. Mo]sKI 1985, BARANlECKA 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 of glacial deposits) in the Vistula 
drainage basin, against intervening sea ingressions (H - Holsteinian, E - Eemian, B - Baltic), 
and the main key sites of preglacial (Pp - Prepleistocene) and interglacial sediments (P 
- Podlasian, Ma - Malopolanian, F - Ferdynandowian; M - Mazovian, Z - Zb6jnian, 

L - Lubawian, E - Eemian) 

Compiled after LINDNER (l988b, modified); based on data/ram BAWK (1991), BARANIECICA (1975, 
1991), BINKA & al. (1987), BOGUTSKY & al. (1980), GLAZEK & al. (1976), JANCZVK-KoPIKOWA (1991), 
JANCZYK-KoPIKOWA & al. (1981), JEZIORSKI (1992), KLATKOWA (1972), KRUPrNSKI & LINDNER (1991), 
KRUPINSKI & MARKS (1986), KRUPrNSKI & 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 sigruficance, 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 1 (=Kravaie 1), 
Sanian 2 (=Kravaie 2), Odranian (=Oldiisov), Wartanian, and Vistulian. 
They are separated by lacustrine organic sediments of the Malopolanian, 
Ferdynandowian, Mazovian (Holsteinian), Zbojnian, Lubawian, and Eemian 
interglacials. The greatest extent in the Oder drainage basin is represented by 
the Odranian Glaciation (OldCisov) 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 strati graphic setting of the Malo­
polanian Interglacial there occur older organic sediments in the section 
Opava-Kateiinky, 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 & af. 1992). It also entered the Moravia as the Kravaie 1 Glaciation 
(MAcOUN 1985). Lacustrine sediments of the Ferdynandowian Interglacial were 
noted only in the open brown-coal mine Belchatow (KuszELL 1991, MARClNIAK 
1991). In such a stratigraphic setting there are also younger organic sediments 
in the section Opava-Kateiinky (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 Kravaie 2 Glaciation. 
Lacustrine sediments of the Mazovian Interglacial are represented in the Oder 
drainage basin in the sites at Gosci~in (SRODON 1957), Kuc6w (KRZ¥SZKOWSKI 
1989) and Boczow (JANCZ¥K-KoPIKOWA & SKOMPSKI 1977), whereas in the 
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Moravia in the site Stonava - by the J aktar Interglacial (MAcoUN & al. 1965). 
A probable occurrence of sediments of the Zb6jnian Interglacial in the Oder 
drainage basin results from analyzed sites with organic sediments at Ko-

,nin-Marant6w (BOROWKo-DLUUKOWA 1967, JANCzYK.-KoPIKOWA 1991) and 
within the Czyz6w Formation in the Belchat6w open brown-coal mine 
(KRZYSZKOWSKl 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 Oldiisov 
Glaciation (MACOUN 1980). The following interglacial is represented by sediments 
of the Uecker Interglacial in the site Ropersdorf, however of ambiguous 
geological setting (cf ERD 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 Szczerc6w, Wladyslaw6w, J6iwin, Rusin6w and Pi la) and western 
(Imbramowice) parts ofthe Oder drainage basin (see MAMAKOWA 1989, TOBoLSKl 
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 g1aciations (obJiquely hachured are extents of glacial deposits) in the Oder 
drainage basin, against the main key sites of interglacial sediments (P - Podlasian, 
Ma - Malopolanian, F - Ferdynandowian, M - Mazovian, H - Holsteinian, Z - Zbojnian, 

L - Lubawian, U - Uecker, E - Eemian) 

Compiled after LlNDNER & MARKS (1994, modified); based on data from BOR6WKo-DwZAKOWA 
(1967), CEPBK (1967), Oo\BROWSKI & al. (1987), ERD (1987), JANCZYK-J(OPIKOWA & SKOMPSKI (1977), 
JURK/BWICZOWA (1961), J(RZVSZKOWSKI (1989, 1991), KUSZBLL (1991), MACOUN (1980, 1985, 1987), 
MACOUN & al. (1965), MAMAKOWA (1989), STARK & al. (1932), SROOON (1957, 1961), andToBOLSKI 

(1991) 
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ELBE DRAlNAGE 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. EIsterian, 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 (Domnitz), and Eemian interglacials. 
Inthe prevailing part ofthe Elbe drainage basin the largest extent was reached by 
the icesheet of the EIsterian Glaciation, wh~reas in the westemmost part of this 
region by the icesheet of the Saalian Glaciation (EISSMANN 1975, 1990). 

The icesheet of the EIsterian 1 Glaciation advanced at least as far south as 
Bad Schandau (see CEPEK 1967, 1986; EISSMANN 1975, 1990; WIEGANK 1982, 

'E 
~ 't ~ N i N 

i -§ .:l.~ E'~~ :~ 
I:; ~ E ~ ~ lll~:!5i :x: 

Cl I 

.~ E .ol: .t: ~ i~ 0 N .1;; 
l: j g~ ~ ~ -5~ .!!! 

!) UJ ~ ::i 05 ~d: ~ 

Fig. 4. Scandinavian g1aciations (obliquely hachured are extents of glacial deposits) in the Elbe 
drainage basin, against intervening sea ingressions (H - Holsteinian, E - Eemian, B - Baltic) 
and the main key sites of preglacial (Pp - Prepleistocene) and interglacial sediments (V 
- Voigtstedt, H - Holsteinian, W - Wacken, D - Domnitz, S - SchOningen, is - in-

tra-Saalian, E - Eemian) 

Compiled after LINDNER & MARKS (1994, modified); based on data/rom BmIDA& MI!YER (1973), 
BLACICWELL & ScHWARCZ (1986), BOLow (1992), CEPEK (1986), DUPHORN & al. (1973), ERD (1978, 
1987), LITT (1990), MANIA (1990), MJ!NKE (1980a,b,c), MEYER (1965), STElNlCH & al. (1992), URBAN 

& al. (1991), WANSA & WlMMER (1990), and WOLDSTFDT & DUPHORN (1974) 
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1987). Sediments of the younger, i.e. 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 (ERD 1978), and in we.stern Gennany - 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 Leip~,g (EISSMANN 1990). 

The Holsteinian Interglacial is represented in the northern part of the 
Elbe drainage basin by marine and brackish sediments (MEYER 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 URBAN & al. 1991). In Meklenburg this period is represented by 
a separate till bed (BOLOW 1992). The successive warming is indicated by 
organic sediments of the Domnitz (Wacken, Schoningen) 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 & SCHWARCZ 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 
Grobern (LITT 1990, WANSA & WIMMER 1990). On the other hand, in the 
northern part of this basin there occur marine sediments of the same age 
(WOLDSTEDT & DUPHORN 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 & NOWEL 
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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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Fig. 5.Correlalion of main climatostraligraphic units of the Quaternary in the Elbe, the Oder, and the 
Vistuladrainage basins; 180 stages after BOWEN &al. (1986); obliquely hachured are glacial deposits 
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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, FEDOROWICZ & 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. 
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Dotychczasowe syntetycme opracowania stratygrafii czwartor~u Srodkowej Europy 
obejmowaly przewaZnie obszar jednego lub kilku panstw. Zacieralo to istotne roin.ice regionalne, 
wynikajlice ze skomplikowanej i w duzym stopniu odr~bnej ewoJucji poszczegolnych dorzeczy 
wielkich rzek europejskich. Ich uklad przyczynial si~ z jednej strony do okreslonego sposobu 
transgresji Illdolodow skandynawskich, a z drugiej strony byl przez nie w istotny sposob 
przeksztalcany. Pogllldy autorow odnoSnie sposobu transgresji Illdolodow skandynawskich na 
poludnie od rynny baltyckiej nawillzujli do sugestii HAUCKlI!OO i OLCZAKA (1953) 0 zwiliZku 
anomalii grawimetrycznych z zasil)gami z1odowaceIi na Nizu Europejskim. 

Rozwoj z1odowaceIi w obr~bie dorzeczy trzech glownych rzek Nizu Srodkowoeuropejskiego 
wykazuje maczlice podobieIistwa, ale takie istotne roin.ice (patrz fig. 1 i 5). Najwi~kszli liczb~ 
z1odowaceIi (osiem) stwierdzono w dorzeczu Wisly, w tym cztery ponizej i cztery powyzej osad6w 
interglacjalu mazowieckiego (patrz fig. 2). Nieco mniej z1odowaceIi (szesc) wyroi:niono w dorzeczu 
Odry (patrz fig. 3) i prawdopodobnie r6wniez na Luiycach. NajmniejsZli liczb~ zlodowaceIi (trzy) 
stwierdzono w dorzeczu Laby (Jatrz fig. 4). Zroznicowanie to wynikac moze z faktu, iz dorzecze 
Wisly i w mniejszym stopniu Odry stanowily t~ cz~ Niiu Srodkowoeuropejskiego, ktora lei:ala n 
gl6wnym kierunku transgresji Illdo.odow skandynawskich, przemieszczajlicych si~ wzd!uz rynny 
baltj .:dej, cO szczegolnie wyrai:nie zaznaczylo si~ podczas z1odowacen srodkowopolskich (Sa­
ale=Solawy). Wyjasnienie wielu aspekt6w tej prawidlowosci rozwialoby zapewne liczne wlltpliwo­
Sci zwilllane z korelacjll z1odowacenia Solawy w Niemczech (gdzie wyst~pujll stadialy Drenthe 
i Warthe = Warty) oraz zlodowaceIi Odry i Warty w Polsce, jak r6wniez z ewentualnym 
wyst~powaniem odr~bnych interg\acjalow w obr~bie tego pi~tra zimnego. 

Przy obecnym stanie wiedzy nie moma wykluczyc, ze wyroZniane na obszarze Polski 
z1odowacenia Odry i Warty stanowill, podobnie jak na obszarze Niemiec, fazy jednego tylko 
z1odowacenia, odpowiadajllcego pi~tru 6 izotopow t1enu w osadach gl~bokomorskich. Nalezy 
takze Iiczyc si~ z moZliwoScill wi~kszego niz dotychczas przyjmowano, przynajmniej w dorzeczu 
Wisly, zasi~gu z1odowacenia Warly, przekraczaj~go zasi~g zlodowacenia Odry. 
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