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A revised stratigraphy the Lower and Middle Pleistocene in southern Poland is presented, based on geological evidence
from key sites, better constraints on the number and age of Scandinavian ice sheet advances, and the stratigraphic setting of
the interglacial sequences. Identification of the palaeomagnetic Brunhes/Matuyama boundary and an admixture of glacially
derived material of northern provenance in fluvial deposits demonstrate that the oldest Scandinavian ice sheet advance
(Nidanian Glaciation) in Poland and the first warming of the oldest interglacial (Podlasian) occurred in the late Early Pleisto-
cene. The first ice sheet advance in the Oswiecim Basin is recorded by a till of the Nidanian Glaciation. A single till and its
geological setting relative to deposits of the Podlasian and Ferdynandovian interglacials show that, contrary to previous
opinions, the ice sheet advance of the early Middle Pleistocene Sanian 1 Glaciation was a single, the most extensive glacial
eventin the Sandomierz Basin and in western Ukraine. The Sanian 2 and the Odranian ice sheets were considerably less ex-
tensive in eastern Poland. The revised Pleistocene stratigraphy and palaeogeography of southern Poland is a significant
step forward towards reliable correlation of the Polish climatostratigraphic units with the European stratigraphy.
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INTRODUCTION

At its maximum extent, the Scandinavian ice sheet reached
the Carpathians and the Sudetes in southern Poland. In the
marginal part of the Carpathians, the maximum ice sheet limit of
the Pleistocene glaciation, at first named the Cracovian or the
South Polish one, could be determined based on occurrence of
erratic boulders and an admixture of the Scandinavian material
in other deposits (cf. Lindner, 2001). In the Early Pleistocene,
gravels were deposited in the Carpathian foreland by the Car-
pathian rivers (Lyczewska, 1948; Laskowska-Wysoczanska,
1971; Mojski, 1984, 1985; Starkel, 1984). These are character-
ized by low petrographic diversity while their accumulation was
associated with a preglacial interval that preceded the first ice
sheet advance into this area (cf., Gradzinski and Unrug, 1959;
Kucia-Lubelska, 1966; Dzutynski et al., 1968; Nawrocki and
Wojcik, 1990; Lindner and Siennicka-Chmielewska, 1998).
Based on plant fossils in clay balls found in these fluvial gravels,
these preglacial deposits were found then to represent the late
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Miocene and the Pliocene (Brud and Worobiec, 2003;
Zastawniak-Birkenmajer and Birkenmajer, 2012).

A depression in the southern Sandomierz Basin favoured
location of a river valley along the margin of the Carpathians in
the Early Pleistocene, the river draining south-east to the
Dnister River valley (Lindner and Marks, 2015). A lack of the
Scandinavian material in these oldest fluvial deposits indicated
that the river was supplied by the Carpathian tributaries. The
first ice sheet advance in southern Poland (cf., Fig. 1) led to an
admixture of Scandinavian material in the fluvial deposits, these
being known as the mixed gravels (Hilber, 1882; Tietze, 1883;
Uhlig, 1884; tozinski, 1907; Romer, 1907; Stupnicka, 1962;
tanczont, 1997; tanczont et al., 2011; Lindner and Marks,
2013).

The sites with records of interglacial pollen successions en-
abled determination of the ice sheet limit and age of the Scandi-
navian glaciation in the Sandomierz Basin and the marginal part
of the Carpathians (Fig. 1). Maximum limits of two ice sheets
were determined in this area, correlated with the Sanian 1 and
the Sanian 2 glaciations (Fig. 2). This was primarily based on
the occurrence of Scandinavian erratic material, but also inter-
preted from the pollen spectrum and a geological setting of the
Jasionka site (Dabrowski, 1967; Gtazek et al., 1976). The pollen
succession examined was assumed to represent the
Ferdynandovian Interglacial and a till above the interglacial de-
posits at Jasionka was considered as evidence of the ice sheet
advance during the Sanian 2 Glaciation (Lindner, 1988a, b,
2001). This glaciation was postulated to be the most extensive
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Fig. 2. Global chronostratigraphy and magnetostratigraphy of the late Early and Middle Pleistocene (Laj and
Channel, 2007; Head et al., 2021), their correlation with marine isotope stages (Lisiecki and Raymo, 2005) and the

Quaternary climatostratigraphy in western Europe (cf. Gibbard et al.,

sources)

in southeastern Poland and western Ukraine, with ice sheet
lobes advancing locally into the Carpathian basins (Butrym et
al., 1988; Lanczont, 1997; Lanczont et al., 2003, 2019) and was
at first correlated with the Wilga Glaciation, defined at the
Ferdynandodw site in southern Podlasie (cf., Janczyk-Kopikowa
et al.,, 1981). Based on thermoluminescence dating of a till (cf.
Lindner, 1992), the Sanian 2 ice sheet was then considered to
reach only the central part of the Sandomierz Basin (Lindner,
2001; cf. Gozhik et al., 2012). Then, the maximum ice sheet ex-
tent was associated either with the Sanian 1 Glaciation in the
Sandomierz Basin (Lindner, 2001) or with the Sanian 2 Glaci-
ation in the Polish-Ukrainian border area (tanczont, 1997;
tanczont et al., 2019). Alternatively, the first ice sheet in the
Oswiecim Basin was associated with the Nidanian Glaciation
(Wojcik et al., 2004; Lindner et al., 2013).

2005), Poland and Ukraine (after different

Fluvial runoff, parallel to the Carpathians margin, was inter-
rupted during the Sanian 1 Glaciation but it was reactivated af-
ter the ice sheet retreat in an ice-marginal spillway (Laskowska-
-Wysoczanska, 1967). At that time, fluvial deposits were al-
ready enriched in Scandinavian material and the waters drained
into the Dnistr Valley (cf. Lindner and Marks, 2015).

In southwestern Poland, the northern margin of the Sudetes
was reached or slightly overpassed by the ice sheets of the
Sanian 2 and the Odranian glaciations (Szczepankiewicz,
1969; Walczak, 1972; Przybylski et al., 2013). In the northern
Czechia, glacial deposits of two Scandinavian glaciations were
recognized, the Odranian Glaciation being the most extensive
in the Moravian Gate (Nyvlt, 1998, 2011).

This paper provides a revised stratigraphy of the late Lower
and early Middle Pleistocene in southern Poland. This is com-
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bined with a better-constrained number and age of ice sheet
advances, including from the stratigraphic setting of interglacial
sequences recorded at key sites in this region. It is a step to-
wards more reliable correlation of the climatostratigraphic units
defined in Poland with the European stratigraphy (Marks, 2023;
cf. Gibbard et al., 2005).

SOURCE MATERIAL

The analysis is based on results published previously by
other researchers. A critical review of the type sections in the
Sandomierz Basin and the Oswiecim Basin enabled reinterpre-
tation of results of previous investigations and application of a
modern stratigraphic classification (cf. Marks et al., 2014;
http://quaternary.stratigraphy.org/stratigraphic-guide).

Lithostratigraphy, biostratigraphy (mainly palynostratigra-
phy), magnetostratigraphy and chronostratigraphy of the geo-
logical successions at key sites were established and regional
climatostratigraphic units were distinguished. In this analysis,
apart from a lithogenetic classification of the deposits, a bound-
ary was established, that separated older fluvial gravels of
Carpathian derivation from mixed gravels enriched in Scandi-
navian material. Pollen spectra of the organic deposits enabled
distinction of interglacial successions and their placing within
the Polish stratigraphic scheme. The location of the Brun-
hes/Matuyama palaeomagnetic boundary at Konczyce was a
key chronological marker of the Lower/Middle Pleistocene
boundary. Application of lithostratigraphy, palynostratigraphy
and magnetostratigraphy laid the foundations for a chrono-
stratigraphic subdivision that could be used for correlation with
climatostratigraphic units elsewhere in Poland.

MAIN TYPE SECTIONS

There are only 4 key sites with deposits of the late Early and
early Middle Pleistocene interglacials and tills of the Scandina-
vian glaciations in southern Poland: Konczyce, Jasionka, to-
wisko and Bukowina (Fig. 1). The age of tills was estimated
based on the petrography of the underlying and overlying fluvial
deposits, pollen successions and palaeomagnetic data (cf.
Marks, 2022).

KONCZYCE

The first Scandinavian ice sheet in southern Poland is re-
corded by a till at Konczyce in the Oswiecim Basin (Fig. 1). This
till, together with the overlying organic deposits (cf. Fig. 2), is lo-
cated beneath the Brunhes/Matuyama palaeomagnetic bound-
ary (Wojcik et al., 2004; cf. Lindner et al., 2013). Fluvial sand
and gravel at the bottom of the section are devoid of northern
provenance material ice-derived from Scandinavia and the Bal-
tic Basin (Fig. 3) and are overlain by glaciofluvial sand and
gravel, locally with a till that was correlated with the Narevian
Glaciation or alternatively with the hypothetical Olza or Carpa-
thian Glaciation (cf. Wojcik et al., 2004). Above the glaciofluvial
deposits there is organic silt with a pollen spectrum represent-
ing part of an interglacial succession (Fig. 3), with high contents
of oak (Quercus), alder (Alnus), linden (Tilia) and hazel (Cory-
lus), and smaller participation of elm (Ulmus), hornbeam
(Carpinus) and fir (Abies). Location of these deposits beneath
the Brunhes/Matuyama boundary suggested unequivocally a

correlation with the Augustovian pollen succession and of the
underlying till with the Nidanian Glaciation (cf. Lindner et al.,
2013). The thickness of the organic deposits and the character-
istics of the pollen spectrum indicate a younger part of the bipar-
tite Augustovian succession (cf. Ber et al., 1998; Winter, 2006,
2008). Abies was common at Konczyce, this tree being typical
of mountain and upland areas, while it was absent at that time
from sites in the lowland area of northeastern Poland (cf.
Lindner et al., 2013).

In the other part of the exposure, above the interglacial suc-
cession there are fluvial deposits of a braided river, typical for a
cool climate (Wojcik et al., 2004), in turn overlain by silt and or-
ganic silt with peat interbeds of a meandering river, characteris-
tic of a temperate climate (Fig. 3). The pollen succession in
these organic deposits recorded 2 distinct warmings, separated
by a cooling. Each warming is indicated by a high participation
of alder (Alnus), hornbeam (Carpinus) and hazel (Corylus). This
pollen succession was correlated with the Ferdynandovian
Interglacial (cf. Wojcik et al., 2004).

JASIONKA

This site, located 8 km to the north of Rzeszéw (Fig. 1), is
important for the stratigraphy of the early Middle Pleistocene in
the Sandomierz Basin (Laskowska-Wysoczanska, 1967). Ma-
rine clays of the Miocene at this site are overlain by fluvial sand
and gravel, devoid of northern provenance material, but con-
taining a bed of organic silt, gyttja and peat of a buried oxbow
lake (Fig. 4).

The pollen succession indicates initial pine forest communi-
ties with an admixture of spruce and birch, rare oak and elm.
Progressive warming led to the predominance of mixed pine-
oak forest with spruce and birch, and deciduous forest with oak
and elm, and an admixture of linden and rare hornbeam. It un-
doubtedly represents a moderately warm climatic optimum, fol-
lowed by a cooling and a wetter climate, reflected by a dominant
pine forest and the occurrence of alder (Dabrowski, 1967). The
appearance of mistletoe (Viscum) indicated mean winter tem-
peratures of >-8°C and mean summer temperatures >16°C,
such seasonal temperature difference suggesting a continental
climate. There was also some larch (Larix) and aspen
(Populus), whereas progressive cooling resulted in an increa-
sed participation of birch and spruce, a maximum of alder and
then a predominance of a boreal forest which became gradually
thinner (Fig. 4).

The pollen succession at Jasionka was initially considered to
represent an interstadial (Dabrowski, 1967), then correlated with
the Kozi Grzbiet Interglacial (cf. Gtazek et al., 1976), named later
the Malopolanian Interglacial (Rozycki, 1978). Finally, it was
found to be decidedly different from the succession of the
Ferdynandovian Interglacial (Stuchlik and Wojcik, 2001) and cor-
related with the younger part of the Podlasian Interglacial (cf.
Lindner et al., 2013). The organic deposits at Jasionka are over-
lain by glaciofluvial sand and gravel, between two fills of the
Sanian 1 Glaciation (Lindner and Marks, 2015). The upper till
may reflect a local advance of the ice sheet margin during gen-
eral retreat of the ice sheet. Such a local till bed was also noted
by the author in 2022 at Krzeszow on the San River (cf. Fig. 1).

LOWISKO

This site is located on the Vistula and San interfluves in the
Sandomierz Basin (Stuchlik and Wojcik, 2001). Marine clay of
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Fig. 3. Konczyce: lithology, pollen spectrum and palaeomagnetic characteristics;
after Wojcik et al. (2004), modified

the Miocene is overlain by fluvial sand and gravel with pebbles of
the Carpathian sandstone, quartz and flint (Fig. 5). A lack of
northern provenance material indicates deposition prior to the
first ice sheet advance in the Sandomierz Basin (Laskowska-
Wysoczanska, 1971; Starkel, 1971, 1984; cf. Gozhik et al.,
2012). Organic silt and silt are present above the fluvial deposits.

A pollen succession represented the final part of the inter-
glacial when a warm and wet climate prevailed, with mixed for-
est communities composed of oak, linden, elm, hornbeam and
alder (Stuchlik and Wojcik, 2001). Thermophilous trees de-
clined and were gradually replaced, at first by a boreal forest
and then by a tundra vegetation (Fig. 5). The partial pollen
succession at towisko is difficult to interpret stratigraphically
but it resembles the pollen succession at Jasionka and differs
significantly from the Augustovian and Ferdynandovian suc-
cessions (Stuchlik and Wojcik, 2001). The closest similarity of
the towisko palynological spectrum to the that of Jasionka
(Stuchlik and Wojcik, 2001) suggests its setting in a terminal
part of the Domuratovian succession, that is, in the terminal
part of the Podlasian Interglacial (cf. Lindner and Marks,
2015). The interglacial deposits at towisko are overlain by silt
with heavy minerals of northern provenance that represent ac-
cumulation in a proglacial lake, subsequently mantled by a till
of the Sanian 1 Glaciation (Fig. 5).

BUKOWINA

This site, located in the eastern part of the Sandomierz Ba-
sin, played an important role in determination of ice sheet ex-
tents during the Sanian 1 and Sanian 2 glaciations (cf. Lindner,
2001). At the bottom of the section, marine clays of the Miocene
are overlain by glaciofluvial gravel and sand with an admixture
of northern provenance material (Wieczorek, 1999), derived
probably from eroded till of the Sanian 1 Glaciation (Fig. 6).
Above, there is a fluvial sand with a fining-upwards trend, over-
lain by gyttja and peat of an oxbow palaeolake and accompa-
nied by sand and silt deposited on a floodplain. The pollen spec-
trum of these organic deposits is similar to that of the second
optimum of the Ferdynandovian succession (Granoszewski,
1999). At the top of the section is fluvial sand of the Odranian
Glaciation and aeolian sand of the Vistulian Glaciation
(Wieczorek, 1999).

DISCUSSION

A till beneath deposits of the Podlasian Interglacial at
Konczyce is evidence of the oldest glaciation in Poland, the
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same as initially identified at the Kozi Grzbiet site in the Holy
Cross Mountains, based on the occurrence of northern prove-
nance material in glaciofluvial deposits located below the
Brunhes/Matuyama boundary (Gtazek et al., 1976, 1977). At
present, this glaciation is named the Nidanian Glaciation; it cor-
responds to the Narevian Glaciation in Belarus and might corre-
late with the Dorst Substage of the Bavelian Stage in Western
Europe (cf. Lindner et al., 2013). During the Podlasian Intergla-
cial, fluvial deposition of mixed gravels occurred in the
Oswiecim Basin (Stupnicka, 1962; Lindner and Marks, 2013).

Pollen successions and locations of interglacial sites in
southeastern Poland enabled determination of the age and ex-
tents of ice sheet advances in the Sandomierz Basin and the
marginal part of the Carpathians. The presence of two ice
sheets distinguished in this area, and correlated with the
Sanian 1 and the Sanian 2 glaciations, was based on the as-
sumption that the pollen succession at Jasionka represented
the Ferdynandovian Interglacial (Lindner, 1988a, b, 2001) as
supported by pollen analysis (cf. Dgabrowski, 1967) and subse-
quent stratigraphic interpretation (Gltazek et al., 1976). A till
above the interglacial deposits was then considered as evi-
dence of the Sanian 2 ice sheet advance into the central part of
the Sandomierz Basin (Lindner, 2001; cf. Gozhik et al., 2012).

Revision of the number and extents of the Scandinavian ice
sheets in the Sandomierz Basin was possible, after the pollen
succession at Jasionka was found to represent a younger part of
the Podlasian Interglacial and the pollen succession at towisko
was correlated with that at Jasionka (Stuchlik and Wojcik, 2001;
cf. Lindner and Marks, 2013). On the other hand, there is no fill
above the Ferdynandovian succession at Bukowina, the latter
being underlain by glaciofluvial deposits of the Sanian 1 Glaci-
ation (Wieczorek, 1999). Generally, only a single till was re-
corded in the Sandomierz Basin (cf. Wojtanowicz, 1971, 1985,
1997; Lanczont et al., 1988; Dolecki et al., 1996; tanczont, 1997)
and its stratigraphic setting is obvious at Jasionka and towisko
where it is underlain by organic deposits of the Podlasian Inter-
glacial (Fig. 7). Based on the stratigraphic setting of the mixed
gravels in the Sandomierz Basin (tanczont, 1997; tanczont et
al., 2011; Lindner and Marks, 2013), a regional boundary be-
tween the preglacial and glacial Pleistocene may be distin-
guished (cf. Stuchlik and Wojcik, 2001).

The chronology and extent of the Scandinavian ice sheets
in southern Poland was based on the geological setting of the
Brunhes/Matuyama boundary at Konczyce, supported by oc-
currence of the mixed gravels in the Os$wiecim and the
Sandomierz basins (Fig. 7). The relation of the fluvial succes-
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Fig. 7. Age and extents of the late Early and early Middle Pleistocene ice sheet advances in
southern Poland (blue), sites with interglacial pollen spectra (green branches) and fluvial grav-
els (dotted) in the northern foreland of the Carpathians; arrows indicate direction of river dis-
charge, MIS — marine isotope stages; after Lindner and Marks (2013, 2015), modified

sion of the Sandomierz Basin to the Dnister terraces is also im-
portant, because the Brunhes/Matuyama boundary was identi-
fied there in deposits of terrace H at Mikhailovka (Matoshko et
al., 2004). Thus, the late Early Pleistocene Nidanian ice sheet
advance was the first into the Oswiecim Basin, and the Sanian
1 advance into the Sandomierz Basin (Lindner and Marks,
2015).

The most extensive ice sheet advance in western Ukraine
has been correlated with the Sanian 2 Glaciation, with a single
till was recorded in this region, including the Kruzhiki and
Torhanovychi sites (tanczont et al., 2003, 2019). On the other
hand, two tills were recorded in the vicinity of the Vistula River
Gorge through the South Polish Uplands. Among these, the
older till was correlated with the Sanian 1 Glaciation and the
younger till with the Odranian Glaciation (Muchowski 1992;
Pozaryski et al., 1994). A less extensive ice sheet advance dur-
ing the Sanian 2 Glaciation was suggested by the geological
setting of the interglacial sites in southern Podlasie. In this area,
a till of the Sanian 2 Glaciation was commonly identified above

the deposits of the Ferdynandovian Interglacial though not at
every site (cf. Zarski et al., 2009: figs. 4 and 6). Therefore, a re-
vised stratigraphy of tills suggests that the Sandomierz Basin
and the western Ukraine were occupied only by the ice sheet of
the Sanian 1 Glaciation (Fig. 8).

CONCLUSIONS

A maximum limit of the Pleistocene ice sheet in southern
Poland may be determined, based on dispersion of northern
provenance erratic boulders, the occurrence of the first ice
sheet in this region being indicated by admixture of northern
provenance material in fluvial deposits. Tills and ice sheet ex-
tents of 4 glaciations have been generally distinguished in
southern Poland including the Nidanian, Sanian 1, Sanian 2
and Odranian. A revised stratigraphy of the Lower and Middle
Pleistocene, based on constraining the stratigraphic setting of
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Fig. 8. Key sites and ice sheet extents in southern Poland;
after Lindner and Marks (2015) and Lanczont et al. (2019), modified

the interglacial sequences at key sites, enabled revision of the
number and the ages of Scandinavian ice sheet advances into
this region. Identification of the palaeomagnetic Brunhes/Ma-
tuyama boundary and the presence of northern provenance
material in fluvial deposits showed that the Nidanian Glaciation
and the first warming of the Podlasian Interglacial occurred al-
ready in the late Early Pleistocene. This first ice sheet advance
was recorded by a fill of the Nidanian Glaciation and mixed
gravels at the Konczyce site in the Oswiecim Basin. In the
Sandomierz Basin a single till was recorded and its geological
setting relative to deposits of the Podlasian and Ferdynando-
vian interglacials at Jasionka, towisko and Bukowina showed
that, contrary to previous opinion, there was a single ice sheet
advance of the Sanian 1 Glaciation, the most extensive in
southern Poland and western Ukraine. The Sanian 2 and the

Odranian ice sheet advances were most extensive in south-
western Poland though they were considerably less extensive
in eastern Poland. This revision of the Lower-Middle Pleisto-
cene stratigraphy and palaeogeography in southern Poland
helps reliable correlation of the Polish climatostratigraphic units
with the European stratigraphy.
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