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Abstract. Depression in the Quaternary bedrock in the Lower Vistula Region was a main route for the Scandinavian ice
sheets advancing into the Polish Lowland. At the end of the Elsterian Glaciation the receding ice sheet dammed
the meltwaters in the Lower Vistula Valley and in its vicinity. The Holstein sea presumably occupied the Gulf of Gdañsk as
indicated by brackish deposits of this age in the Kaliningrad District. During the Eemian Interglacial an extensive sea bay
existed in the Lower Vistula Region. The Lower Vistula Region is a stratotype area for the Vistulian Glaciation
(Weichselian), with several ice sheet advances, also before the Last Glacial Maximum.
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Abstrakt. RzeŸba pod³o¿a czwartorzêdu w regionie Doliny Dolnej Wis³y sprzyja³a transgresji l¹dolodów skandynawskich
w plejstocenie na obszar Ni¿u Polskiego. W trakcie recesji l¹dolodu zlodowaceñ po³udniowopolskich w tym obszarze i w je-
go najbli¿szym s¹siedztwie powsta³y rozleg³e zbiorniki zastoiskowe. W interglacja³e holsztyñskim morze wystêpowa³o
prawdopodobnie na obszarze Zatoki Gdañskiej, na co wskazuj¹ osady brakiczne w Obwodzie Kaliningradzkim. W intergla-
cjale eemskim du¿a zatoka morska wystêpowa³a w pó³nocnej czêœci regionu Doliny Dolnej Wis³y. Obszar ten jest stratotypo-
wy dla ostatniego zlodowacenia (wis³a, weichselian), kiedy l¹dolód wkracza³ kilkakrotnie, tak¿e przed stadia³em g³ównym.

S³owa kluczowe: transgresje l¹dolodu, morze eemskie, zlodowacenie wis³y, czwartorzêd, Dolina Dolnej Wis³y, Polska.

INTRODUCTION

The Lower Vistula Region comprises the Vistula valley,
the Vistula delta and their surroundings, including fragments
of the Kaszuby Lakeland and the Tuchola Forest in the west,
the Elbl¹g Upland, the I³awa and Che³mno–Dobrzyñ Lake-
lands as well as the Lubawa Elevation in the east (Fig. 1). Geolo-

gy and geomorphology of this area has been studied by Ger-
man and Polish scientists, already since the 19th century
(among others Keilhack, 1899; Tornquist, 1910; Sonntag,
1919; Galon, 1934; Roszko, 1955).

GEOLOGY

The Quaternary deposits are up to 305 m thick and rest
mostly on the Palaeogene and Cretaceous sediments. A relief
of the Quaternary bedrock has been modelled predominantly
by glacial erosion, with minor influence of fluvial erosion,
the latter basically within the region of the Vistula valley
(Fig. 2). It does seem obvious if looking at the morphology of
the Quaternary bedrock that most intensive glacial erosion oc-

curred in a NNW–SSE transect i.e. from the Gulf of Gdañsk
towards Toruñ, but not exactly along the Lower Vistula Val-
ley.

The Cretaceous marls are exposed mostly in the north and
north-east whereas Palaeocene and Eocene sands, claystones
and marls occur further to the south (Fig. 2). The most wide-
spread are the Lower Oligocene glauconitic sands and clays,
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and only in the west, south-east and partly south they are over-
lain by the Miocene sands. The latter are strongly glacio-
tectonicly deformed, both in the south-east at the Lubawa Ele-
vation but also in the west, along the edge of the Kaszuby
Lakeland (cf. Mojski, 1979).

During the Pleistocene the area was occupied by several
Scandinavian glaciations (Lindner, Marks, 1995), and the sedi-
mentary sequence of the Quaternary is represented by glacial,
glaciofluvial, glaciolacustrine, fluvial, lake and occasionally
also by marine deposits (Fig. 3).

The oldest are the tills of the South Polish Glaciations
(Elsterian), representing Sanian 1 and Sanian 2 ice sheet ad-
vances (Makowska, 2001). A sequence of the South Polish
Glaciations is terminated by vast clay series of the ice-dam
lakes that have developed in the Lower Vistula Valley (Marks,
1995). The overlying marine and brackish deposits, attributed
to the Holsteinian Interglacial, have been reported from
Domnowo in the neighbouring Kaliningrad District of Russia
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Fig. 2. Quaternary substrate

according to the Geological

Map of Poland 1:200,000

sheets: Elbl¹g, Grudzi¹dz and

I³awa after Makowska (1974,

1978, 1979) and Gdañsk by

Mojski, Sylwestrzak (1978),

modified

M – Miocene, Ol – Oligocene, E –
Eocene, Pc – Palaeocene, Cr2 – Up-
per Cretaceous; indicated are tec-
tonic faults and erosive (?) edges

Fig. 1. Location sketch of the study area;

indicated is a geological cross-section (Fig. 3)



(Kondratiene, Gudelis, 1983; Marks, 1988), but also as re-
worked, from the occasional glacial rafts in tills of the Middle
Polish Glaciations (Saalian) in Poland (Makowska, 1986). It
does seem also probable that interglacial marine sediments of
the so-called Sztum Sea, located by Makowska (1986) beneath
the Eemian sequence, represent the Holsteinian sequence.

Tills of the Middle Polish Glaciations (Saalian) represent
the Odranian and Wartanian ice sheet advances (Makowska,
2001). They were suggested to have been separated by inter-
glacial lake deposits at Grabówka (Makowska, 1977) but it
has not been supported so far by any reliable evidence.

However, the most significant for a stratigraphy of the re-
gion are the Eemian beach and offshore clays, sands and silts
with mollusc shells. They represent a marine ingression of
the so-called Tychnowy Sea of Makowska (1986, 1991),
univocally correlated with the Eemian Interglacial. A coast-
line of the Eemian sea occurred some 60 km to the south from
the present sea shore in the Gulf of Gdañsk and marine sedi-
ments interfinger with terrestrial deposits through extensive
accumulations of river deltas in the south and the south-east
(Fig. 4). The sea bay in the Lower Vistula Valley lasted for
about 3000 years, starting from the very beginning of the
Eemian Interglacial. It was warmer and more saline than the
present Baltic Sea, due to its more open contact with waters of
the North Sea (cf. Head et al., 2005). The marine sediments
are in turn mantled by peaty silts and shales, deposited during
a terminal part of the Eemian Interglacial (Fig. 3 and Table 1).

The Lower Vistula Region is a key area for the Vistulian
(Weichselian) glacial period. Great progress in stratigraphic
subdivision of sediments of the last glaciation, not only for
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Fig. 3. Setting of Eemian marine sediments: geological cross-section in the vicinity of Sztum after Makowska (1984), modified

H – Holocene; Quaternary: W – Weichselian (Vistulian): glacial phases W1-W4, E – Eemian Interglacial, S – Saalian (Middle Polish Glaciations), Ho –
Holsteinian (Mazovian Interglacial), El – Elsterian (South Polish Glaciations); Ol – Oligocene

Fig. 4. Eemian sea (grey) and river valleys (dotted)

in the Lower Vistula Region after Makowska (1986),

slightly modified



Poland but also for the whole Central Europe, was stimulated
by Makowska (1976). In the Lower Vistula Region the ma-
rine sediments of the Eemian Interglacial were found to occur
several dozen metres deeper than previously accepted and
they contact with fluvial sediments to the south (Makowska,
1979). The beginning of the Vistulian Glaciation is repre-
sented by a thick series of fluvial vari-grained and fine-
-grained sands, containing abundant interbeds of lacustrine
silts, as well as gyttja and peat. Glacial deposits comprise
from 2 to 5 tills that represent successive ice sheet advances
and are commonly separated by glaciofluvial sands and ice-
-dam lake silts and locally, also by interstadial fluvial sedi-
ments. The whole sequence of the Eemian and Lower Vistu-
lian sediments, both marine and inland ones, in the presented

region was ascribed by Makowska (1986) to the informal
lithostratigraphic unit of the Lower Vistula Region Formation
(Table 1). She stated that the Eemian sediments are overlain
by tills of three stadials, namely Toruñ, Œwiecie and Main
ones. These newly defined stadials of the last glaciation were
supposed to have been separated by distinct and long-lasting
intervals when ice sheet considerably retreated from the Polish
territory (op. cit.). At present it is obvious that some of the tills
of the Vistulian Glaciation are separated by widespread inter-
stadial fluvial sediments (Wysota et al., 1996; Ga³¹zka et al.,
1998, 1999). Occurrence of the latter indicates that during the
Vistulian a runoff occurred to the south in northern Poland
and a base level of erosion must have been located several
dozen metres higher.
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T a b l e 1

Late Pleistocene marine and glacial deposits in the Lower Vistula Region according to Makowska (1986), slightly modified;

BI – BV are glacial phases. EI, EII, EIIIa and EIIIb are fluvial series of the Eemian Interglacial



VISTULIAN ICE SHEET LIMITS

Pre-LGM ice sheet limits during the Vistulian were deter-
mined firstly in this region by Makowska (1976). Since that
time, a discussion has developed and several contradictory
opinions were presented, not only on a number but also on
extent of the pre-LGM ice sheet advances during the Vistu-
lian (e.g. Mojski, 1985; Marks, 1988; Wysota, 2002). It was
possible due to geological mapping for the Detailed Geologi-
cal Map of Poland in scale 1:50 000.

Ice sheet limit during the oldest, the Toruñ Stadial was
postulated as far south as Toruñ (Makowska, 1976), however
evidence for this glacial episode in Poland is still considerably
insufficient. Ice sheet limit during the Œwiecie Stadial of
the Middle Vistulian has not been determined in detail but
even a revision of the ice sheet maximum limit of the Vis-
tulian Glaciation, connected with this stadial was postulated
(Marks, 1988, 1991; Niewiarowski et al., 1995; Lisicki, 1997).
An ice sheet of the Œwiecie Stadial advanced at least as far
south as I³awa in the I³awa Lakeland and Olsztyn in the Mazury
Lakeland, both to the east of the Lower Vistula Valley.

The Middle Vistulian glacial episodes have presumably their
equivalents in Scandinavia and in Germany (Lindner, Marks,
1995; Marks et al., 1995; Houmark-Nielsen, 2008), however
there is a lack of glacial sediments of this age in northeastern
Poland (Ber, 1988) and in Lithuania (Satk�nas et al., 1998),
therefore this problem needs further investigation.

The Main Stadial in Poland is composed of three glacial
phases i.e. Leszno (Brandenburg), Poznañ (Frankfurt) and
Pomeranian ones (Fig. 5). During LGM the Vistula Palaeo-
-ice Stream advanced via the Gulf of Gdañsk to the Lower
Vistula Region, presumably already about 22 ka 14C BP
(Marks, 2002). Strong control exerted by topography is indi-
cated by the highly elevated inter-stream areas, namely the Lu-
bawa Elevation and the Elbl¹g Upland. The ice sheet during
its advance formed two ice streams (the Vistula and the Ma-
zury Palaeo-ice streams) that diverged around the Elbl¹g Up-
land and the Lubawa Elevation, leaving at first a portion of
the higher area ice-free. Along the margins and at the top of
the Elbl¹g Upland there are prominent linear ridges that were
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Fig. 6. Ice sheet dynamics during LGM: Vistula (V) and

Mazury (M) Palaeo-ice streams around the Elbl¹g Upland

(197 m a.s.l.) during the Last Glacial Maximum (LGM) after

Aber and Ruszczyñska-Szenajch (1997), modified

Fig. 5. Major glacial phases during the Late Vistulian in

the Lower Vistula Region, compiled from different authors.

Indicated are ice sheet limits during Leszno (L), Poznañ (Pz),

Pomeranian (Pm), Gardno (G) and S³upsk Bank (SB) glacial

phases and also of minor local glacial oscillations. In

the Warsaw region the area occupied by the ice-dam lake

during the Last Glacial Maximum is presented



interpreted to be glaciotectonic thrusts features (Aber, Rusz-
czyñska-Szenajch, 1997), created by the fast-moving ice
streams as they flowed around and over the plateau (Fig. 6).
At the Lubawa Elevation and the Elbl¹g Upland but also in
the cliffs of the Gdañsk area (Kaulbarsz, 2005), there is much
evidence for extensive glaciotectonic deformations.

To the south of the Pomeranian limit there are several dis-
continuous marginal zones that represent the earlier, post-
-LGM ice sheet limits; however, age of none of these has been
strictly defined and it is also possible that the Pomeranian ice
sheet limit was further to the south (cf. Roszko, 1956; Ga³¹zka,
2004).

LATE GLACIAL AND HOLOCENE PALAEOGEOGRAPHY

The Lower Vistula Valley has developed after the Pomer-
anian Phase when drainage along the Toruñ-Eberswalde ice-
-marginal streamway was ceased and the river turned to the
north. Numerous proglacial lakes were formed in front of the
retreating ice sheet and among them, the ice-dam lake at
Gniew was the most extensive. The Vistula Palaeo-ice Stream
that was still active after the Pomeranian Phase, discharged its

huge ice flux, among others by calving into the proglacial lake
of Gniew.

River terraces of the Lower Vistula were formed during
Late Glacial and Holocene. The Holocene marine sediments
occur at the bottom of the Gulf of Gdañsk and in the Vistula
Lagoon.

CONCLUSIONS

• The Lower Vistula Region was a main route for Pleistocene
ice sheets advancing into the Polish Lowland.

• Vast ice-dam lakes were formed in the Lower Vistula
Valley at the end of the Elsterian Glaciation.

• An extensive sea bay existed in the Lower Vistula Region
during the Eemian Interglacial.

• The Lower Vistula Region is a stratotype area of the Vistu-
lian Glaciation (Weichselian).

• There were several ice sheet advances in the Lower Vistula
Region during the last Scandinavian glaciation.
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