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2.1. Introduction

Two last glacial-interglacial cycles, the late Saalian-Eemian and
the Vistulian-Holocene, were of crucial importance in relief evo-
lution of Central Poland. Aspects of morphogenesis and processes
forming the area during the ice-sheet presence and under perigla-
cial conditions as well as in the warm intervals were considered
in geomorphological studies by scientists from the £L6dZ Univer-
sity for decades. The chapter is a review of current problems of
the subject, except for the Holocene epoch presented in a separate
work of this issue.
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Central Poland is in the chapter understood as the area between
maximum extents of the late Saalian (Warta Stadial of the Odranian
Glaciation) and the Vistulian Glaciation ice-sheets, while from the
west and east is limited by river valleys, respectively the Warta and
Pilica with Rawka (Figure 2.1). Also the area within the Plock ice-
lobe, the characteristic element in the margin of the last Scandina-
vian ice-sheet contour, is taken into account in our considerations.

l Limit of the North Polish Glaciations (Vistuiian) ce-sheets

| VI | (LestGacal Maximum)
Eemian Interglacial flora sites | »#'Sw_ | Extentof the Warta Stadial ice-sheet of the Odranian Glaciation
Eemian Interglacial flora sites cited in the article (RS2 == (Late Saalian)
|7 S\ Limitof the Middle Polish Glaciations (Saalia) ice-sheets

Limits of the Scandinavian ce-sheets afer many diferent authors (cf. Brj, Roman 2010) | LE | Linitof the South Polish Glaciations (Elsterian ce sheets

Figure 2.1. Palynologically documented Eemian Interglacial sites against the ice-
sheet limits of the main glacial events in Poland

Source: M. Bruj and M. Roman (2007), supplemented



2. Glacial-interglacial cycles in Central Poland 31

In recent years research carried out in the £L.6dZ University were
generally focused on glacial, periglacial and fluvial environments,
especially of both older and younger cold periods (Turkowska 1988,
2006, Kaminski 1993, Klatkowa 1996, 1997, Manikowska 1996,
Kobojek 2000, Petera 2002, Roman 2003, 2010, Wachecka-Kot-
kowska 2004, Forysiak 2005, Gozdzik 2007, Dzieduszynska 2011,
Majecka 2012).

Studies on periglacial shaping of the old morainic area of the
Saalian belt in Central Poland for nearly 100000 years of the Vis-
tulian were initiated by Professor Jan Dylik and his collaborators
about 1950s. Great contributions of researchers from the Lodz
University to the understanding of fossil periglacial realm caused
that their achievements have become known as the so called +.6dZ
school of periglacial geomorphology (e.g. Dylik 1953, 1963, 1967,
1968, 1972, Klatkowa 1965, Gozdzik 1973, Turkowska 1975, Wie-
czorkowska 1975).

2.2. Warta Stadial (Late Saalian) of the Odranian
Glaciation

The last glacial advance in Central Poland, known as the Warta Sta-
dial, took place during the Middle Pleistocene, estimated at 130-
160 ka BP. The maximum extent of the glacier within this period
was approximately 140-145 ka. Wartanian ice-sheet occupied this
whole area.

The Warta Stadial as a separate stratigraphic unit of the Pleis-
tocene was distinguished in the 1920s on the basis of geomor-
phological criteria. Palaeogeography of the Wartanian episode in
Central Poland has been discussed in the 1950s and 1960s, howev-
er glacial environment was treated marginally. Since the 1970s, the
Warta Stadial has been more and more frequently named the War-
tanian Glaciation (Klatkowa 1972, Klajnert 1978, Marks et al. 2006,
Rdzany 2009) in spite of a lack of convincing evidence for its strati-
graphic individuality. Problems of the Warta cold stage were widely
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discussed during the INQUA-SEQS Symposium held in 1994 in L6dzZ
(Klatkowa 1995). L. Lindner (2005) came back to the Wartanian as
the subordinate to the Odranian, but included both to one oxygen
isotope stage (MIS 6), without separating any interglacial-rank in-
terval. In the last opinion by L. Marks (2011) the Warta cold stage,
named Wartanian, belongs to the Middle Polish Complex and more
specifically to the last stage of the Odranian Glaciation (late Saalian).

As is clear from latest morpho- and chronostratigraphical in-
vestigations we can no longer accept the limit of the Warta Stadial
in the vicinity of £.6dZ as has been outlined by M.D. Baraniecka et al.
(1969), H. Klatkowa (1972) and S.Z. Rozycki (1972). More pos-
sibly, the extent runs along the lower Lucigza and Pilica rivers to
Tomaszow Mazowiecki and Inowtdédz (Marks et al. 2006, Rdzany
2009). Petrographical studies and OSL (optically stimulated lumi-
nescence) datings (Czubla 2001, Wachecka-Kotkowska 2012, 2013,
Wachecka-Kotkowska et al. 2013) show that the Wartanian ice-
sheet covered the Piotrkéw Plateau and reached northern slopes of
the Radomsko Hills and the Przedbérz Upland (Figure 2.2).

K. Turkowska (2006) confirms that the Wartanian ice-sheet in
Central Poland was composed of three lobes: Widawka lobe, Bzura
lobe and Rawka, Pilica, Lucigza lobe (Figure 2.2). Last investigations
reveal inflow of ice-masses in a few stages from the N and NNW
(Widawka lobe) and NE and E (Rawka, Pilica, Lucigza lobe) (Wa-
checka-Kotkowska et al. 2012, Wachecka-Kotkowska 2013). The
Widawka and Rawka, Pilica, Lucigza lobes met, forming an interlobal
zone. During the transgression, the old valleys (e.g. Widawka, Raw-
ka, Pilica and Luciaza valleys) facilitated the spread of ice-masses
(Krzeminski 1997, Turkowska 2006, Rdzany 2009, Wachecka-Kot-
kowska 2013). When the ice-sheet decayed these longitudinal forms
were used as marginal valleys (e.g. Wachecka-Kotkowska 2004).

K. Turkowska (2006) described also four phases of glacial relief
development, i.e. ice-sheet transgression (I), ice lobes convergence/
divergence and glacier decay under conditions of uplifted eleva-
tion (II), deglaciation (III) and advanced deglaciation, especially
intensive in depressions and glacial valleys (IV). However, Z. Rdza-
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ny (2009) claims that during deglaciation ice-streams incidental-
ly activated and described these incidents as Dobrzynka, Ner and
Bzura subphases. In the light of recent investigations at least two
retreat stages occurred on the lines of the Radomsko Hills and the
Dobryszyce Hillocks (Wachecka-Kotkowska et al. 2013) and possi-
bly along the Kutno moraines (Klatkowa 1972).
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Figure 2.2. Wartanian ice-sheet lobes in the L6dZ region, Central Poland
and the main groups of the glacial forms

1 -area above 200 m a.s.l,, 2 - extent of lobes, 3 - direction of the ice-masses
inflow, 4 - chains of the marginal forms, 5 - number of a group of glacial forms
(explanations in the text)

Source: based on K. Turkowska (2006)
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Marginal zones of the Warta Stadial were found to predominate
in the Central Poland landscape (Klatkowa 1993, 1995). H. Klatko-
wa (1972) distinguished two types of glacial forms - the structur-
al and accumulative ones. The structural relief characterises the
transgression phase and mixed deglaciation (Wachecka-Kotkowska
2013). The accumulative relief has resulted from the areal degla-
ciation (Klatkowa 1972, Krzeminski 1974, Klajnert 1978, Rdzany
1997, 2009, Jaksa 2006).

In its retreat, the Wartanian ice-sheet left terminal moraines.
A number of groups of glacial forms was found on the uplifted sub-
stratum. In the south (zone I, Figure 2.2) on the transversal eleva-
tion of the substratum, morainic hillocks accumulated within the
Przedb6rz Upland (Radomsko Hills - Turkowska 2006, Wachecka-
-Kotkowska 2012, 2013) and the Wielun Upland (Dziatoszyn Hills
- Krzeminski 1974, 1997). In central part of the area the glacial
forms were superimposed on the longitudinal elevation of the sub-
stratum by the ice-masses coming from the W and NW and also
from NE and NEE (Turkowska 2006, Wachecka-Kotkowska et al.
2012, 2013). Large kames or dead ice moraines formed between
L.6dZ and Radomsko (Krzeminski 1997, Turkowska 2006, Rdzany
2009, Wachecka-Kotkowska et al. 2012, 2013) (zone II). To the
north from £.6d7 (i.e. in external part of the Bzura lobe - Figure 2.2)
the Smardzew, Strykow, Katarzynéw and Wola Makolska levels
with glaciotectonic deformations were formed and described by
H. Klatkowa (1972) as the edge zone of the L.6dZ Plateau (zone III).
Chains of the glacial forms create the Kutno moraine ridge (zone
IV) and the Dobryszyce Hillocks (zone V) (Wachecka-Kotkowska
etal. 2013).

In some parts of Central Poland, other crevasse forms were
found in the watersheds (Figure 2.2), e.g. Grabia and Ner (zone VI),
Ner and Bzura (zone VII), Pilica and Rawka (zone VIII) and Rawka
and Skierniewka (zone IX) (Turkowska 2006, Rdzany 2009). Char-
acteristic is also an accumulation of crevasse forms in the glacio-
depressions, e.g. in the Szczercéw Basin (zone X) (Baraniecka et al.
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1969), the Upper Rawka valley (Rdzany 1997, 2009) and in the vi-
cinity of Boliméw, in the southern edge of the Warsaw-Berlin Prado-
lina (zone XI) (Klajnert 1978).

In the Uniejow Basin, a large ice-glacial lake developed, from
which, apart from geological studies, investigations of biotic envi-
ronment are provided (Pawtowski et al. 2013).

2.3. Eemian Interglacial

Numerous sites of lacustrine and peat deposits of the Eemian Inter-
glacial have been documented in Central Poland (cf. Klatkowa 1990,
Bruj and Roman 2007, Kotaczek etal. 2012) - Figure 2.1. They are an
evidence of a so called “Eemian lakeland”, resulting from the decay
of the Warta Stadial ice-sheet (Klatkowa 1990, 1997). Part of those
palaeolakes existed also during the Vistulian. A particularly long re-
cord of changes in the environmental conditions is provided from
the Zgierz-Rudunki site (Jastrzebska-Mametka 1985) and, mostly,
the Kubtowo (Roman and Balwierz 2010) - Figure 2.3. Whether the
Eemian deposits in sites located in the glaciomarginal zone have
been till-covered, provides sufficient reliable evidence to establish
the limit of the Last Glacial Maximum in Central Poland (Baraniecka
1989, Roman 2010, Roman and Balwierz 2010).

Eemian Interglacial, particularly marked in erosion in the river
valleys, determined postglacial river pattern in the region (Turkow-
ska 1975, 1988, 2006, Kaminski 1993, Kobojek 2000, Wachecka-
-Kotkowka 2004, Forysiak 2005).

In most sites was recognised the entire interglacial vegetation
succession recorded as 7 local pollen assemblages which are con-
current with regional pollen assemblage zones of the Eemian In-
terglacial (MIS 5e) as defined for Poland by K. Mamakowa (1988,
1989) and also with stratigraphy established for western Europe
(Behre and Lade 1986, Behre 1989, Menke and Tynni 1984).
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The Kubtowo profile, mentioned above, is situated slightly to
the south from the limit of the Last Glacial Maximum (LGM) and
comprises one of the longest upper Pleistocene interglacial-gla-
cial successions in Poland (Roman and Balwierz 2010). The pollen
sequence from Kubtowo recorded continuous evolution of vege-
tation for the whole Eemian Interglacial (MIS 5e), Early Vistulian
(MIS 5 d-a), Lower Plenivistulian (MIS 4) and part of the Middle
Plenivistulian (MIS 3). In the Early Vistulian two warm (Brorup
and Odderade) and two cool (Herning and Rederstall) periods
were distinguished. Three next climatic oscillations have been
noted in the Plenivistulian, corresponding to the Schalkholtz and
Ebersdorf Stadials and the Oerel Interstadial. Fito-climatic rela-
tions determined as against vegetation development of that pro-
file, show that in the northern part of Central Poland (i.e. Ptock
Basin area), there was no ice-sheet either in the Early (MIS 5d-a)
or the Lower Plenivistulian (MIS 4) (Roman 2010). The lack of
till or till residua overlying on the Eemian-Vistulian deposits at
Kubtowo indicates the area as being beyond the reach of the last
Scandinavian ice-sheet.

For the last two decades, the number of palynologicaly docu-
mented Eemian fossil lake sites significantly increased. Their dis-
tribution has been the basis for delimitation of the Eemian lakeland
and, indirectly, the ice-sheet extent of the pre-Eemian Glaciation
(Brujand Roman 2007). The map at Figure 2.1 presents 263 selected
sites of the Eemian Interglacial against the background of marginal
zones of the Scandinavian Glaciations in Poland. The appearance of
lacustrine deposits sites from Eemian Interglacial in morainic up-
lands between the Wartanian and Odranian ice-sheet limits along
with an absence of older interglacial sediments (before the Warta-
nian Glaciation, i.e. of the Lublinian Interglacial age) at sites of the
Eemian - is supportive argument for accepting both the Warta and
Odra advances as stadials within one glaciation (Bruj and Roman
2007). The glaciation would have embraced a chronostratigraphic
position of the Wartanian (Lindner 2005) as correlated with the
6™ oxygen isotope stage, i.e. ca 210-130 ka.
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2.4. Vistulian Glaciation
2.4.1. Area outside the ice-sheet extent

Over the years, the Vistulian palaeogeography in the non-glaciated
area has been well recognised in various sedimentological environ-
ments: fluvial, valley slope and aeolian. The most valuable informa-
tion about the Vistulian climate provides pollen record from the
organic series filling closed depressions, though so far no full Vis-
tulian palynological profile has been found in Central Poland. In re-
cent years the survey has been extended by analysis of cladocerans,
chironomids, testae amoebae that significantly complement pollen
studies. New data are provided by a more frequently used geochem-
ical analysis. Also, interaction between different environments in
cool though inhomogeneous climatic conditions of the Vistulian are
well recognised.

Environment in the Early Vistulian (MIS 5d-a) has been recog-
nised primarily based upon studies of the organic infillings of closed
depressions (Figure 2.3). In most cases it was a time in which the
accumulation in basins of the Eemian lakeland finished. Research
carried out for selected localities show a series of changes in the
environment in the Early Vistulian, with the clearly pronounced in-
terstadials of Amersfoort and Brorup (separately or together) and
Odderade (Dylik 1968, Klatkowa 1997, Klatkowa and Zatoba 1991,
Balwierz and Roman 2002, Roman and Balwierz 2010, Kotaczek
etal. 2012, Majecka 2012). For Central Poland, a key pollen profile for
this period is that of the Zgierz-Rudunki site (Jastrzebska-Mametka
1985); its geological position was compiled by H. Klatkowa (1989).

Slope processes that started during the Early Vistulian stadials
were not intense enough to stop sedimentation in closed depressions
(Wieczorkowska 1975, Klatkowa 1997). In river valleys weak tenden-
cies to aggradation occurred (Turkowska 1988, Petera 2002, Forysiak
2005). At the time of the Early Vistulian, first symptoms of insular
or discontinuous permafrost appeared (Klatkowa 1996) - Figure 2.3.
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The Lower Plenivistulian (the older part of the Middle Weich-
selian; MIS 4) is still poorly recognised in Central Poland. Significant
cooling of this time is correlated with the Swiecie ice-sheet advance
(Lindner 1992, Mojski 2005). Its geological evidence are glacio-
lacustrine deposits reported from the northern part of the region
(Roman 2003) and from the Kubtowo pollen profile (Roman and
Balwierz 2010).

At that time there was continuous permafrost with a trend to
aggrade (Klatkowa 1996), which is supported by the presence of ice
wedge casts (Klatkowa 1996, Balwierz and Gozdzik 1999, Petera
2002). During the Lower Plenivistulian the first phase of intensive
erosion took place in the river valleys (Turkowska 1988, Kaminski
1993, Gozdzik and Zielinski 1999, Kobojek 2000), although in the
Warta River valley some aggradational stretches existed (Krzeminski
1965), while within the Uniejéw basin the depositional environment
is interpreted as a sand-bed braided river (Petera 2002) - Figure 2.3.

Precursory investigations of dry valleys by H. Klatkowa (1965)
were the starting point for further studies allowing to date their for-
mation at the turn of the Lower and Middle Plenivistulian, as well
as their relationship with the functioning of closed depressions and
incorporation of these into the valley open systems (e.g. Klatkowa
1997, Majecka 2012).

The Middle Plenivistulian (the early part of the Middle Weichse-
lian; MIS 3) was a period in which intensive slope processes occur-
red (Dylik 1972, Wieczorkowska 1975; Gozdzik and Zielinski 1999).
At the beginning of the second half of the 20" century these pro-
cesses were regarded as the most important in periglacial shaping
of the landscape. The river valleys experienced strong aggradation
(Figure 2.3). The delivery of the material was due to not only lon-
gitudinal transport, but also from the valley slopes and the effect
of these processes was the deposition of rhythmically bedded silt
and sand (e.g. Klatkowa 1965, Krzeminski 1965, Turkowska 1975,
1988, 1999, Manikowska 1996, Gozdzik and Zielinski 1999). In the
bottoms of some valleys there were shallow extensive pools (Tur-
kowska 1988), in other cases, such as in some parts of the Warta
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Figure 2.3. Features of natural environment in Central Poland during
the Warta Stadial - Eemian Interglacial - Vistulian cycle

1 - extent of pollen diagrams; 2 - permafrost: a - continuous, b - discontinuous,
c - sporadic, d - seasonal; 3 - tendencies to: a - aggradation, b - degradation;
4 - hydrolaccolith; 5 - epigenetic ice-wedge pseudomorphs; 6 - sand wedges;
7 - syngenetic ice-wedge pseudomorphs; 8 - frost fissures; 9 - gravelly-stony
pavements; 10 - involutions; 11 - solifluction structures; 12 - intense aeolian
activity; 13 - river pattern: a - braided, b - small meanders, c - big meanders;

14 - backwaters; 15 - tendency to aggradation: a - medium, b - intensive;
16 - tendency to erosion: a - medium, b - intensive; 17 - dynamic balance

Source: M. Jastrzebska-Mametka (1985), D.G. Martinson et al. (1987), K. Turkowska
(1988, 2006), H. Klatkowa (1996), M. Stuiver and P.M. Grootes (2000), ]. Petera
(2002), L. Wachecka-Kotkowska (2004), J. Forysiak (2005), Z. Balwierz (2010),

M. Roman and Z. Balwierz (2010)
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valley bottom peatbogs were formed, after which the horizons of or-
ganic deposits remained (Forysiak et al. 1999, Petera 2002, Forysiak
2005). Results of pollen analysis reveal only interstadial features of
these deposits, that is why their assignment to any of Middle Plenivis-
tulian interstadials is difficult (Forysiak et al. 1999, Balwierz 1995).
In such cases *C dating is helpful, because a significant portion of
Middle Plenivistulian organic deposits is within the range of the
method (e.g. Krzyszkowski 1990, Manikowska 1995, Petera 2002).

The geological record in many localities of Central Poland
contains evidence for the formation of ice wedge casts, indicative
of permafrost conditions (Figure 2.3). The apogee of the develop-
ment of such structures is associated with the period of the Upper
Plenivistulian (the Late Weichselian; MIS 2), when sand wedges
also developed (e.g. Dylik 1963, Gozdzik 1973, Klatkowa 1996, Pe-
tera-Zganiacz 2011). Very cold conditions of an arctic desert pro-
moted aeolian processes, reflected, among others, in an increased
amount of wind-abraded grains in a river alluvium (Gozdzik 1996,
2007, Manikowska 1995, Petera 2002, Wachecka-Kotkowska 2004,
Forysiak 2005) or the formation of the autochtonic stone pave-
ment with ventifacts on the plains (e.g. Dylik 1967, Klatkowa 1965,
Gozdzik 1973). Intensive slope processes contributed to the devel-
opment of the allochtonic stone pavements on the slopes and in the
dry valleys (Klatkowa 1965, Dylik 1967, Wieczorkowska 1975). De-
spite very severe climatic conditions, vegetation cover could have
been present under favourable circumstances, as evidenced by
the organic inserts within Upper Plenivistulian depositional series
(e.g. Turkowska 1988, 1990, Petera and Forysiak 2003). Studies
focused on the river valley evolution have shown strong aggrada-
tion, which occurred in a braided-river environment (Turkowska
1988, Petera 2002, Wachecka-Kotkowska 2004, Forysiak 2005).
The sandy or sandy-gravelly deposits covered the sandy-silty series,
thus forming the top of the Plenivistulian terrace.

Transformation of the environment in the close of the last gla-
cial cycle (Late Vistulian, Weichselian Lateglacial, termination of
MIS 2) took place under conditions of a progressive warming. On
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the other hand, it was a period characterised by rapid and relatively
short, alternating coolings and warmings. The Greenland ice core
isotopic record (e.g. Bjorck et al. 1998) shows an increase in mean
temperature between 14 700 and 12 650 years ago (Greenland In-
terstadial 1) followed by the ca. 1100 years of severe cooling (Green-
land Stadial 1) up to the end of the Pleistocene at 11 700 years ago
(Figure 2.4). The diverse conditions as seen from terrestrial records
is greater, especially in the part relating to GI-1.
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Figure 2.4. Features of natural environment in Central Poland during
the Late Vistulian

1 - permafrost: a - discontinuous, ¢ - sporadic; 2 - tendencies to degradation;
3 - frost fissures; 4 - involutions; 5 - intense aeolian activity; 6 - soil horizons;
7 - over-snow deposits; 8 - thinly laminated sands; 9 - river pattern: a - braided,
b - anabranching, c - big meanders; 10 - tendency to aggradation: a - medium,
b - intensive; 11 - tendency to medium erosion

Source: A. Dylikowa (1967), K. Turkowska (1988, 2006), H. Klatkowa
(1984, 1996), B. Manikowska (1995), S. Bjorck et al. (1998), T. Litt et al. (2001),
]. Petera (2002), L. Wachecka-Kotkowska (2004), D. Dzieduszynska (2011)

In the stratigraphical division based on records from Central
Poland, the Late Vistulian encompasses three warm units - Kamion
Phase, Bolling, Aller6d - and three cool units - Oldest Dryas, Old-
er Dryas and the longest and coldest, Younger Dryas (GS-1 in the
Greenland stratigraphy after Bjorck et al. 1998). The initial Kamion
Phase was detected in Central Poland and introduced to the Vistu-
lian stratigraphy by B. Manikowska (1995) - Figure 2.4. This unit
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coincides with the GI-1e warmer episode in the Greenland ice core
record (Bjorck et al. 1998) and the Meiendorf in annually laminated
lake sediments from the German profile (Litt et al. 2001).

Studies on the Vistulian periglacial environment, which were
leading research carried out in the L.6dzZ periglacial school, referred
to the Late Vistulian time in a limited extent (Dylik 1967). The com-
plexity of morphogenetic processes under sudden climate changes
is a subject of interest since the mid-1990s of the last century (see
Turkowska 1995, 2006).

Climatic conditions of the Late Vistulian (Figure 2.4) are recon-
structed from the palaeoecological data and geologic record. In Cen-
tral Poland, are known only two palynological profiles covering the
entire period, Witéw (Wasylikowa 1964, 1999) and Zabieniec (Bal-
wierz 2010). The former is a profile of more than a local importance,
moreover, it was possible to correlate its part in the section of the
Younger Dryas cooling with the best known, high-resolution Polish
record in Lake Gos$ciaz (Ralska-]Jasiewiczowa et al. 1998). Within the
last decade, a number of palaecological data which are important
source of information on the environmental conditions, increased.
From two sites, Zabieniec and KoZmin Las, chironomid-based quan-
titative inferences of mean summer temperatures are provided
(Ptociennik et al. 2011, Dzieduszynska et al. 2014). This contribu-
tion is the first one based on this index for the Late Vistulian time
available in Poland.

In the mentioned site KoZmin Las, located in the Warta River
valley, a multiproxy study is currently being conducted which has
provided a high resolution record of the variability of the Late Vis-
tulian environment. The discovery of well preserved riparian forest
remains rooted in the organic-rich sediment sequence (Photo 2.1)
has allowed to investigate a series of local terrestrial events inter-
rupted by flood episodes in response to the Younger Dryas cooling
(Dzieduszynska and Petera-Zganiacz 2012, Dzieduszynska et al.
2011, 2014). The study is a significant contribution to the knowl-
edge of the last cold cycle termination in the extraglacial area in the
Polish Lowlands.
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Photo 2.1. Remains of the Alleréd / Younger Dryas riparian forest in KozZmin Las
site. The view of the three exploitation levels in the test pit

Source: phot. by J. Petera-Zganiacz, 2011
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The Late Vistulian morphogenetic processes took place under
conditions of permafrost disappearance (Figure 2.4). In Central Po-
land, similar to the north-western European territory, final perma-
frost retreat occurred in the Allerdd. Its reactivation in the Younger
Dryas cold spell still remains in doubt. Studies provide some basis
for the conclusion that ice wedges might have been present (Ma-
nikowska 1995, Gozdzik 1996, Klatkowa 1996). Seasonal or at least
local permafrost conditions are suggested from the study in the
Warta River valley where indirect permafrost indicators including
flat-bottomed involutions of a Younger Dryas age have been found
(Petera 2002, Dzieduszyniska and Petera-Zganiacz 2012).

The Late Vistulian left legible changes in the geology and land-
scape. In river valleys this time period in Central Poland is consid-
ered as dominated by tendency to erosion with the reversal of the
trend in the Younger Dryas, triggered by renewed cold-climate con-
ditions (e.g. Turkowska 1995, 1999, 2006, Dzieduszyniska 2011).

Positive erosional balance in the river valleys of the region led
to their deep incision, which resulted in the morphological emer-
gence of the Plenivistulian terrace (Turkowska 1988, Kaminski
1993, Kobojek 2000, Wachecka-Kotkowska 2004, Forysiak 2005).
This erosion was responsible for transformation in the river net-
work, such as the changes of a river course (e.g. Wieczorkowska
1992, Wachecka-Kotkowska 2004, Forysiak 2005) or the elongation
of the valley axes due to headward cutting (Klatkowa 1965, 1984,
1989). The channel pattern and tendency shows diversity (Fig-
ure 2.4), depending largely on local conditions (cf. Turkowska and
Dzieduszynska 2011). The cooling of the Younger Dryas caused an
increase in bedload and a tendency to intensified braiding (Mroga
River - Turkowska 1975, 1988) or multichanneling (middle Warta
River - Turkowska et al., 2004; Bzura River - Kobojek 2009) or no
change has been registered (e.g. Ner River - Turkowska 1990). In
Warta River valley, the multichannel style has been defined as an
anabranching river type 2 for the first time in Poland (Petera 2002).
In the valleys of Mroga and Warta rivers aggradation resulted in the
formation of the terrace step.
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The leading hillslope process in Central Poland during the Late
Vistulian was slopewash. The sedimentary archives point to the for-
mation of the series of thinly laminated deposits (Figure 2.4) that
are the uppermost periglacial unit of the dry valleys of the region. In
the Younger Dryas the material transported along a slope was accu-
mulated on the snow, while a snow decay caused discontinuous dis-
turbances of the series (so-called over-snow deposits - Figure 2.4)
(Klatkowa 1965, 1984, Dzieduszynska 2011). The most vulnerable
for slopes processes were east- and north-facing slopes (Turkowska
1999, 2006).

The Late Vistulian evolution of the aeolian sedimentary system is
one of the best recognized in Central Poland (e.g. Dylikowa 1967, Kra-
jewski 1977, Manikowska 1995, Gozdzik 2007). The sands were de-
rived from broad aggradational plains of Plenivistulian braided rivers,
gradually drained as a result of a positive balance of erosion. A. Dyli-
kowa (1967) identified three phases of the formation of inland dunes
(Figure 2.4): the initial phase completed with the accumulation of ae-
olian patches (Oldest Dryas), the main phase of the formation of para-
bolicdunes (Older Dryas) and the dune transformation phase (Younger
Dryas). From dune morphology and internal structure, predominate
west wind direction and wind speeds were calculated (Krajewski
1977). Deposition of sand in the form of aeolian hillocks was inter-
rupted with the initial soil-forming processes (e.g. Manikowska 1999).

2.4.2. Glaciated area

The northern part of Central Poland has been embraced by the
Ptock lobe which constituted a distinct element in the last Scandina-
vian ice sheet margin contour (Figure 2.1). It is being referred to the
glacier that invaded the territory of Poland flowing southward along
the depression of the Vistula palaeovalley, reached the Ptock Basin
and the surrounding morainic plateaux, and, finally delineated the
Last Glacial Maximum (LGM) in Central Poland. The number, ex-
tent and age of glacial events in the Plock lobe advances during the
last glacial period have been largely debated (e.g. Skompski 1969,
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Baraniecka 1989, Marks 1988, 2010, Roman 2003, 2010, Wysota
et al. 2009). As shown in recent geological investigations having
been carried out in the Ptock lobe area any possible ice-sheet ad-
vance at earlier Vistulian cool periods (MIS 5d, b; MIS 4) has been
disclaimed. Prevalent fito-climatic conditions of that time deter-
mined as against vegetation development recorded at the Kubtowo
profile (Roman and Balwierz 2010) also support the opinion. Only
a singular glacial event occurred in the Upper Plenivistulian (Late
Weichselian, MIS 2). Age of the ice-sheet advance is given by OSL
datings of the sand from beneath and above the till, and is believed
to fall between 22.9 and 18.7 ka BP (Roman 2010) - Figure 2.5.
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Figure 2.5. Lithostratigraphy and time-distance model of the Ptock lobe
Source: based on M. Roman (2010), modified

Another argument, supporting one only advance of the last
ice-sheet onto the Plock lobe area is kinetostratigraphy (Roman
2010). Documented in a number of exposures glaciotectonic mezo-
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structures and also small-scale shear deformings, were studied
in disturbed sediment sequences. From this, the direction of ice
movement which caused the deformations can be deduced and
used as a stratigraphic indicator (cf. Berthelsen 1978). Two kine-
tostratigraphic units were distinguished i.e. the older, the Odranian
(Saalian) Glaciation and younger, the Vistulian manifesting itself by
a progressive sequence. Such sequence combined from proglacial
and subglacial structural domains is a record of a singular deforma-
tive transgression cycle. Important for palaeogeography and assess-
ment of the Ptock lobe dynamics is, that the progressive sequence
pertains as well the glaciomarginal zones allocated in the LGM hin-
terland. Proved was, that the transverse ranges in the LGM hinter-
land are overridden end moraines. Ranges determined as preLGM-1
and preLGM-2 were being formed during short standstills of trans-
gression along transverse terrain obstacles (Figure 2.5). The results
obtained allow to abrogate earlier findings, mainly based on mor-
phostratigraphic criteria, treating of an oscillative-recessive nature
of the LGM hinterland zones examined (e.g. Galon and Roszkéwna
1967, Niewiarowski 1983, Pasierbski 1984, Mojski 2005).

Dynamics of the Ptock lobe was influenced by local conditions
- topography, subglacial hydrology and ice base thermics (Roman
2010). Derived from geological evidence, the ice-sheet featured
a warm base system. Dominant in the mechanism of the ice move-
ment, prior to the subglacial channel drainage build-up and stabiliz-
ing the ice front at the LGM line, was a basal sliding on a thin water
film, resulting in an apparent acceleration of ice speed and a perva-
sive subglacial deformation (Figure 2.5). It has been proved that the
ice travel geometry in the Ptock lobe was of a fan-like character (Ro-
man 2007), typical for a distal part of a land-based ice stream. Elab-
orated parameters for the dynamics and geometry of the ice-masses
inflow admit to accept as valid that the Ptock lobe evolved at the
end of the fast moving ice stream and was intensively fed from its
hinterland. That distinctive element of the LGM margin contour has
featured the main ice flow artery in the distal part of the Vistula pal-
aeo-ice stream (Roman 2010).
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2.5. Conclusions

Results of a few decades of investigations on relief evolution of Central
Poland in successive morphogenetic cycles were summed up in the
monograph by K. Turkowska (2006) and visualised in the Geomor-
phological map of the £.6dZ region at a scale of 1:226 000 published in
2012. Recently, the aforementioned problems were widely discussed
during the conference “Czynniki réznicowania rzezby Nizu Polskiego”
(Differentiation factors of the Polish Lowland relief) held in Uniejow
in June 2012. Some current studies were presented in the anniver-
sary issue of Acta Geographica Lodziensia (no. 100), which is a plat-
form for the exchange of scientific ideas and opinions for 60 years.

References

Balwierz Z., 1995, Vegetation of Upper Vistulian cold phases in Central Po-
land, Biul. Perygl., 34, pp. 21-36.

Balwierz Z., 2010, Analiza pytkowa osadéw torfowiska Zabieniec. (In:)
Twardy J., Zurek S., Forysiak ]. (eds.), Torfowisko Zabieniec: warunki
naturalne, rozwdj i zapis zmian paleoekologicznych w jego osadach, Bo-
gucki Wyd. Nauk., Poznan, pp. 179-188.

Balwierz Z., Gozdzik ].S., 1999, Eemian and Vistulian deposition in a closed
depression - a long continuous record. (In:) £6dZ Perigl. Symp. “Perigla-
cial Environments: Past, Present and Future”, Exc. 111, pp. 86-88.

Balwierz Z., Roman M., 2002, A new Eemian Interglacial to Early Vistulian
site at t.anieta, central Poland, Geol. Quart., 26 (2), pp. 207-217.

Baraniecka M.D., 1989, Zasieg Igdolodu battyckiego w Swietle stanowisk
eemskich na Kujawach, Stud. i Mater. Oceanol.,, 56, Geol. Morza, 4,
pp. 131-135.

Baraniecka M.D., Sarnacka Z., Skompski S., 1969, Stratigraphy of sediments
and paleomorphology of the marginal zone of the Warta stadial, Geogr.
Polon,, 17, pp. 55-72.

Behre K.E., 1989, Biostratigraphy of the last glacial period in Europe, Quat.
Sci. Rev,, 8, pp. 25-44.

Behre K.E., Lade U., 1986, Eine Folge von Eem und 4 Weichsel-Interstadialen
in Oerel/Niedersachsen und ihr Vegetationsablauf, Eiszeit. Gegenw:., 36,
pp- 11-36.



2. Glacial-interglacial cycles in Central Poland 49

Berthelsen A., 1978, The methodology of kineto-stratigraphy as applied to
glacial geology, Bull. Geol. Soc. Denmark, 27, pp. 25-38.

Bjorck S., Walker M., Cwynar L., Johnsen S., Knudsen K.-L., Lowe ]., Wohl-
farth B. and INTIMATE Members, 1998, An event stratigraphy for the
last Termination in the North Atlantic region based on the Greenland
ice-core record: a proposal by the INTIMATE group, ]. Quat. Sci.,, 13,
pp. 238-292.

Bruj M., Roman M., 2007, Zasieg pojezierza z interglacjatu eemskiego w Pol-
sce a pozycja stratygraficzna lgdolodéw zlodowacen srodkowopolskich
(The Eemian Lakeland extent in Poland versus stratigraphical position
of the Middle Polish Glaciations), Biul. PIG, 425, pp. 27-34.

Czubla P, 2001, Eratyki fennoskandzkie w utworach czwartorzedowych Pol-
ski Srodkowej i ich znaczenie stratygraficzne (Fennoskandian Erratics
in Quaternary deposits of Central Poland and their stratigraphic signi-
ficance), Acta Geogr. Lodz., 80.

Dylik J., 1953, O peryglacjalnym charakterze rzezby Srodkowej Polski (The
periglacial character of the relief of central Poland), Acta Geogr. Univ.
Lodz., 4.

Dylik J., 1963, Nowe problemy wiecznej zmarzliny plejstoceriskiej (Proble-
mes nouveaux du pergélisol pléistocéne), Acta Geogr. Lodz., 17.

Dylik J., 1967, The main elements of Upper Pleistocene paleogeography in
Central Poland, Biul. Perygl., 16, pp. 85-115.

Dylik ]., 1968, The earliest warmer substage of the Wiirm (Amersfort) in Po-
land, Bull. Soc. Sci. Lett. 1.6dz, 19 (4).

Dylik J., 1972, Réle du ruissllement dans le modélé périglaciaire, Gottinger
Geogr. Abhandl,, 69, pp. 169-180.

Dylikowa A., 1967, Wydmy srédlgdowe i ich znaczenie dla stratygrafii schyt-
kowego plejstocenu. (In:) Galon R., Dylik ]. (eds.), Czwartorzed Polski,
PWN, Warszawa, pp. 353-371.

Dzieduszynska D., 2011, Ochtodzenie mtodszego dryasu i jego efekty morfo-
genetyczne w regionie tédzkim (Younger Dryas cooling and its morph-
ogenetic importance in the £.6dz Region, Central Poland), Acta Geogr.
Lodz., 98.

Dzieduszynska D., Petera-Zganiacz J., Krapiec M., 2011, The age of the sub-
fossil trunk horizon in deposits of the Warta River valley (central Po-
land) based on *C datings, Geochronometria, 38, pp. 334-340.

Dzieduszynska D., Petera-Zganiacz ]., 2012, Geologic position of the Youn-
ger Dryas subfossil forest in the Warta River Valley, central Poland, Bull.
Geol. Soc. Finland, 84, pp. 69-79.



50 Danuta Dzieduszynska et al.

Dzieduszynska D.A, Kittel P, Petera-Zganiacz J., Brooks S.], Korzen K., Kra-
piec M., Pawtowski D., Ptaza D.K., Pt6ciennik M., Stachowicz-Rybka R,,
Twardy ]., 2014, Environmental influence on forest development and
decline in the Warta River valley (Central Poland) during the Late We-
ichselian, Quat. Intern., 324, pp. 99-114, http://dx.doi.org/10.1016/
j-quaint (17.07.2013).

Forysiak J., 2005, Rozwdj doliny Warty miedzy Burzeninem i Dobrowem
po zlodowaceniu warty (The development of the Warta River valley
between Burzenin and Dobréw in the Late Quaternary period), Acta
Geogr. Lodz., 90.

Forysiak ]., Miotk-Szpiganowicz G., Petera ]., 1999, Geologic setting and
palynologic examination of the Vistulian sediments at KoZmin near Tu-
rek, Central Poland, Geol. Quart., 43 (1), pp. 85-98.

Galon R., Roszkéwna L., 1967, Zasiegi zlodowacen skandynawskich i ich
stadiatéw recesyjnych na obszarze Polski. (In:) Galon R., Dylik J. (eds.),
Czwartorzed Polski, PWN, Warszawa, pp. 18-38.

Gozdzik].S., 1973, Geneza i pozycja stratygraficzna struktur peryglacjalnych
w Srodkowej Polsce (Origin and stratigraphical position of periglacial
structures in the Middle Poland), Acta Geogr. Lodz., 31.

Gozdzik ].S., 1996, A permafrost evolution and its impact on some depo-
sitional conditions between 20 and 10 ka in Poland, Biul. Perygl., 34,
pp. 53-72.

Gozdzik ].S., 2007, The Vistulian aeolian succession in central Poland, Sedi-
ment. Geol.,, 193, pp. 211-220.

Gozdzik ].S., Zielinski T, 1999, Plenivistulian and Late Vistulian sediments of
the Struga Ztobnicka series - a characteristic example of valley infill in
central Poland. (In:) £6dZ Perigl. Symp. “Periglacial Environments: Past,
Present and Future”, Exc. 11, pp. 82-84.

Jaksa A., 2006, Srodowiska sedymentacyjne keméw regionu tédzkiego (Se-
dimentary environments of kames in the L.6dz Region), Acta Geogr.
Lodz., 92.

Jastrzebska-Mametka M., 1985, Interglacjat eemski i wczesny vistulian
w Zgierzu-Rudunkach na Wyzynie t.édzkiej (The Eemian Interglacial
and the Early Vistulian at Zgierz-Rudunki in the L.6dz Plateau), Acta
Geogr. Lodz., 53.

Kaminski J., 1993, PézZnoplejstoceriska i holoceriska transformacja doliny
Moszczenicy jako rezultat zmian srodowiska naturalnego oraz dziatal-
nosci cztowieka (Late Vistulian and Holocene transformation of the



2. Glacial-interglacial cycles in Central Poland 51

Moszczenica River valley as a result of changes of the natural environ-
ment and man activity), Acta Geogr. Lodz., 64.

Klajnert Z., 1978, Zanik lodowca warcianskiego na Wysoczyznie Skiernie-
wickiej i jej potnocnym przedpolu (Decay of the Wartanian ice-sheet
on the Skierniewice Plateau and its northern foreland), Acta Geogr.
Lodz., 38.

Klatkowa H., 1965, Niecki i doliny denudacyjne w okolicach todzi (Vallons
en berceau et vallées séches aux environs de L.6dz), Acta Geogr. Lodz,,
19.

Klatkowa H., 1972, Paleogeografia Wyzyny t.édzkiej i obszaréw sqsiednich
podczas zlodowacenia warciariskiego (Palaeogeography of the Lodz
Plateau and the surrounding areas during the Warta glaciation), Acta
Geogr. Lodz., 28.

Klatkowa H., 1984, Osady depozycji nasnieznej péznego vistulianu (Over-
snow deposition of the Late Vistulian sediments), Acta Geogr. Lodz,,
50, pp- 51-72.

Klatkowa H., 1989, Postwarcianiskie ksztattowanie gérnych odcinkéw do-
lin. Przyktady z Wyzyny tdédzkiej (Formation des secteurs amont des
vallées pendant la période de la post-Warta. Exemples du Plateau de
L6dz), Acta Geogr. Lodz., 59, pp. 61-74.

Klatkowa H., 1990, Wystepowanie eemskich osadéw organicznych i uwagi
o paleomorfologii srodkowej Polski u schytku warty i podczas eemu (The
occurrence of the Eemian organic deposits and remarks of the pale-
omorphology of central Poland in the Warthian decline and during the
Eemian period), Acta Geogr. Lodz., 61, pp. 7-17.

Klatkowa H. (ed.), 1993, Problemy paleogeografii i stratygrafii zimnego pie-
tra Warty w Polsce (Paleogeographical and stratigraphical problems
of the cold Warta stage in Poland), Acta Geogr. Lodz., 65.

Klatkowa H., 1996, Symptoms of the permafrost presence in Middle Poland
during the last 150 000 years, Biul. Perygl,, 35, pp. 45-86.

Klatkowa H., 1997, Remarks on the palaeogeography of Middle Poland
during the Neopleistocene time in the light of investigations of deposits
of closed depressions, Quat. Stud. Pol., 14, pp. 41-52.

Klatkowa H. (ed.), 1995, The Cold Warta Stage, Acta Geogr. Lodz., 68.

Klatkowa H., Zatoba M., 1991, Ksztattowanie budowy geologicznej i rzezby
potudniowego obrzezenia Basenu Uniejowskiego (The formation of the
geological structure and relief of the southern margin of the Uniejéw
Basin). (In:) Stankowski W. (ed.), Przemiany srodowiska geograficzne-
go obszaru Konin-Turek, Inst. Badan Czwart. UAM, Poznan, pp. 33-44.



52 Danuta Dzieduszynska et al.

Kobojek E., 2000, Morfogeneza doliny Rawki (Morphological development
of the Rawka River valley), Acta Geogr. Lodz., 77.

Kobojek E., 2009, Naturalne uwarunkowania réznych reakcji rzek nizinnych
na antropopresje na przyktadzie Bzury i jej doptywéw (Natural con-
ditioning of various reactions of lowland rivers on anthropopression
on the examples of middle Bzura and its tributaries), Wyd. UL, L.6dz.

Kotaczek P, Karpinska-Kotaczek M., Petera-Zganiacz J., 2012, Vegetation
patterns under climate changes in the Eemian and Early Weichselian
in central Europe inferred from a palynological sequence from Ustkéw
(Central Poland), Quat. Intern., 268, pp. 9-20.

Krajewski K., 1977, PéZnoplejstoceriskie i holoceriskie procesy wydmotwar-
cze w pradolinie warszawsko-berliriskiej (Late Pleistocene and Holo-
cene dune-forming processes in the Warsaw-Berlin Pradolina), Acta
Geogr. Lodz., 39.

Krzeminski T, 1965, Przetom doliny Warty przez Wyzyne Wieluriskq (La
percée de la vallé de la Warta par le plateau de Wielun), Acta Geogr.
Lodz., 21.

Krzeminski T, 1974, Geneza mtodoplejstoceniskiej rzezby glacjalnej w dorze-
czu Srodkowej Warty (Genesis of the young Pleistocene glacial relief in
the middle part of the Warta basin), Acta Geogr. Lodz., 33.

Krzeminski T.,, 1997, Cechy rozwoju i zaniku lgdolodu warciariskiego w Srod-
kowej Polsce (Features of the Warta ice-sheet growth and its decay in
Central Poland), Acta Univ. Lodz., Folia Geogr. Physica, 1, pp. 47-65.

Krzyszkowski D., 1990, Middle and Late Weichselian stratigraphy and pala-
eoenvironments in central Poland, Boreas, 19, pp. 333-350.

Lindner L. 1992, Stratygrafia (klimatostratygrafia) czwartorzedu. (In:)
Lindner L. (ed.), Czwartorzed. Osady, metody badan, stratygrafia, PAE,
Warszawa, pp. 441-633.

Lindner L., 2005, Nowe spojrzenie na liczbe, wiek i zasiegi zlodowacen Srod-
kowopolskich w potudniowej czesci Srodkowo-wschodniej Polski (A new
look at the number, age and ranges of the Middle Polish Complex in
the southern part of the central-eastern Poland), Przegl. Geol,, 53 (2),
pp. 145-150.

Litt T, Brauer A., Goslar T., Merkt J., Bataga K., Miiller H., Ralska-]Jasiewiczo-
wa M., Stebich M., Negendank ].EM., 2001, Correlation and synchroni-
sation of Lateglacial continental sequences in northern central Europe
based on annually laminated lacustrine sediments, Quat. Sci. Rev,, 20,
pp. 1233-1249.



2. Glacial-interglacial cycles in Central Poland 53

Majecka A., 2012, Geological structure and sediments of a closed basin within
the watershed between the Mroga and MroZyca rivers. (In:) Forysiak J.,
Kucharski M., Ziutkiewicz M. (eds.), Peatlands in Semi-natural Land-
scape - Their Transformation and the Possibility of Protection, Bogucki
Wyd. Nauk., pp. 123-134.

Mamakowa K., 1988, Pollen stratigraphy of the Eemian and adjoining gla-
cial deposits based on continuous sequences in Poland, Bull. Pol. Acad.
Sci,, 36 (3-4), pp. 299-307.

Mamakowa K., 1989, Late Middle Polish Glatiation, Eemian and Early Vistu-
lian vegetation at Imbramowice near Wroctaw and the pollen strati-
graphy of this part of the Pleistocene in Poland, Acta Palaeobot., 29 (1),
pp. 11-176.

Manikowska B., 1995, Aeolian differentiation in the area of Poland during
the period 20-8 BP, Biul. Perygl., 34, pp. 125-164.

Manikowska B., 1996, Dwucyklicznos¢ ewolucji srodowiska peryglacjalnego
w Polsce Srodkowej podczas vistulianu (Bicyclic evolution of the peri-
glacial environment in Central Poland during the Vistulian period),
Biul. PIG, 373, pp. 97-106.

Manikowska B., 1999, Gleby kopalne i okresy pedogenetyczne w ewolucji
Srodowiska Polski srodkowej po zlodowaceniu warciariskim (Fossil soils
and pedogenetic periods in the evolution of Central Poland environ-
ment after the Wartian Glaciation), Acta Geogr. Lodz., 76, pp. 41-100.

Marks L., 1988, Relation of substrate to the quaternary paleorelief and se-
diments, western Mazury and Warmia (Northern Poland), Zesz. Nauk.
AGH, Geologia, 14 (1).

Marks L., 2010, Timing of the Late Vistulian (Weichselian) glacial phases in
Poland, Quat. Sci. Rev,, 44, pp. 81-88.

Marks L., 2011, Quaternary Glaciations in Poland. (In:) Ehlers ]. Gib-
bard P.L., Hughes P.D. (eds.), Developments in Quaternary Sciences, 15,
Elsevier, Amsterdam, pp. 299-303.

Marks L., Ber A., Gogotek W., Piotrowska K. (eds.), 2006, Mapa Geologiczna
Polski w skali 1:500 000 (Geological Map of Poland, scale 1:500 000),
PIG, Warszawa.

Martinson D.G., Pisias N.G., Hays ].D., Imbrie J., Moore T.C., Schackleton N.J.,
1987, Age dating and the orbital theory of the ice ages: development of
a high-resolution 0 to 300 000-year chronostratigraphy, Quat. Res., 27,
pp- 1-29.

Menke B., Tynni R., 1984, Das Eeminterglazial und das Weichselfriihglazial
von Rederstall/Dithmarschen und ihre Bedeutung fiir die mitteleuropdii-
sche Jungpleistozdn Gliederung, Geol. Jahrb., A, 76.



54 Danuta Dzieduszynska et al.

Moijski J.E., 2005, Ziemie polskie w czwartorzedzie. Zarys morfogenezy, PIG,
Warszawa.

Niewiarowski W.,, 1983, Postglacjalne ruchy skorupy ziemskiej na Pojezierzu
Kujawskim w swietle badan geomorfologicznych, Przegl. Geogr., 55 (1),
pp- 13-31.

Pasierbski M., 1984, Struktura moren czotowych jako jeden ze wskaznikow
sposobu deglacjacji obszaru ostatniego zlodowacenia w Polsce, Rozpra-
wy UMK, Torun.

Pawtowski D., Gruszka B., Gallas H., Petera-Zganiacz J., 2013, Changes in
the biota and sediments of glacial Lake KoZmin, Poland, during the late
Saalian (Illinoian), ]. Paleolim., 49, pp. 679-696, D01 10.1007 /s10933-
013-9692-z.

Petera J., 2002, Vistuliariskie osady dolinne w basenie uniejowskim i ich wy-
mowa paleogeograficzna (Vistulian valley deposits in the Uniejow Ba-
sin and their palaeogeographical significance), Acta Geogr. Lodz., 83.

Petera J., Forysiak J., 2003, The last ice sheet extent in Central Poland, Geol.
Quart., 47 (4), pp. 574-578.

Petera-Zganiacz J., 2011, Changes in the development of frost wedges in the
middle Warta valley deposits (Central Poland), Geologija, 53 (1) (73),
pp. 15-20.

Ptéciennik M., Self A, Birks H.].B., Brooks S.]., 2011, Chironomidae (Insecta:
Diptera) succession in Zabieniec bog and its palaeo-lake (Central Po-
land) through the Late Weichselian and Holocene, Paleogeogr., Palaeo-
climat., Palaeoecol., 307, pp. 150-167.

Ralska-Jasiewiczowa M., Goslar T.,, Madeyska T., Starkel L. (eds.), 1998, Lake
Gosciqz, central Poland. A monographic study. Part 1, W. Szafer Inst.
Bot., Pol. Acad. Sci., Krakow.

Rdzany Z., 1997, Ksztattowanie rzezby terenu miedzy gérng Rawkq a Pili-
cq w czasie zaniku lgdolodu warciariskiego (Development of the area
between the upper Pilica and Rawka Valley during the Wartanian ice-
-sheet decay), Acta Geogr. Lodz., 73.

Rdzany Z., 2009, Rekonstrukcja przebiegu zlodowacenia warty w regionie
tédzkim, Wyd. UL, L6dz.

Roman M., 2003, Rozwdj rzezby plejstocenskiej okolic Gostynina (Develop-
ment of the Pleistocene relief in the vicinity of Gostynin), Acta Geogr.
Lodz., 84.

Roman M., 2007, Rekonstrukcja kierunku ruchu Igdolodu lobu Wisty na ob-
szarze Pojezierza Kujawskiego i Kotliny Ptockiej (Reconstruction of the



2. Glacial-interglacial cycles in Central Poland 55

ice flow directions of the Vistula ice sheet lobe in the Kujawy Lakeland
and the Ptock Basin), Acta Geogr. Lodz., 93, pp. 67-85.

Roman M., 2010, Rekonstrukcja lobu ptockiego w czasie ostatniego zlodowa-
cenia (Reconstruction of the Ptock ice lobe during the last glaciations),
Acta Geogr. Lodz., 96.

Roman M., Balwierz Z., 2010, Eemian and Vistulian pollen sequence at Ku-
btowo (Central Poland): implications for the limit of the Last Glacial Ma-
ximum, Geol. Quart., 54 (1), pp. 55-68.

Rézycki S.Z., 1972, Plejstocen Polski Srodkowej na tle przesztosci w gérnym
trzeciorzedzie, PWN, Warszawa.

Skompski S., 1969, Stratygrafia osadéw czwartorzedowych wschodniej cze-
sci Kotliny Ptockiej (Stratigraphy of Quarternaty deposits of the eastern
part of the Ptock Depression), Biul. Inst. Geol., 220, pp. 175-258.

Stuiver M., Grootes PM., 2000, GISP2 oxygen isotope ratios, Quat. Res., 53,
pp. 277-284.

Turkowska (Kuydowicz-) K., 1975, Rzeczne procesy peryglacjalne na tle
morfogenezy doliny Mrogi (Processus fluviaux périglaciaires sur le fond
de la morphogenése de la vallée de la Mroga), Acta Geogr. Lodz., 36.

Turkowska K., 1988, Rozwdj dolin rzecznych na Wyzynie t.édzkiej w pdz-
nym czwartorzedzie (Evolution des vallées fluviatiles sur le Plateau de
L6dz au cours du Quaternaire tardif), Acta Geogr. Lodz., 57.

Turkowska K., 1990, Main fluvial episodes in the Ner Valley in the last 22 000
years; a detailed study at Lublinek near £.0dZ, central Poland, Quat.
Stud. Pol,, 9, pp. 85-99.

Turkowska K., 1995, Recognition of valleys evolution during the Pleistoce-
ne-Holocene transition in non-glaciated region of Polish Lowland, Biul.
Perygl., 34, pp. 209-227.

Turkowska K., 1999, The edge zone of the £.6dZ Plateau. (In:) £.6dZ Perigl. Symp.
“Periglacial Environments: Past, Present and Future”, Exc. |, pp. 41-58.

Turkowska K., 2006, Geomorfologia regionu tédzkiego, Wyd. UL, 1.6dz.

Turkowska K., Forysiak ]., Petera J., Miotk-Szpiganowicz G., 2004, A Warta
River system during the Younger Dryas in the Koto Basin (Middle Po-
land), Quaest. Geogr., 23, pp. 83-107.

Turkowska K., Dzieduszynska D., 2011, Local evidence of landform evolu-
tion vs. global changes - a case of Younger Dryas study in the upper Ner
Valley system, central Poland, Geogr. Pol., 84 (1), pp. 147-162.

Wachecka-Kotkowska L., 2004, Ewolucja doliny Lucigzy - uwarunkowania
klimatyczne a lokalne (Evolution of the Lucigza River valley - local and
climatic conditions), Acta Geogr. Lodz., 86.



56 Danuta Dzieduszynska et al.

Wachecka-Kotkowska L., 2012, The glacimarginal zone in the northern part
of Polish Highlands between Radomsko and Przedbdrz: Sediments, Geo-
morphology, Tectonics and Stratigraphy in Quaternary studies. (In:)
INQUA-SESQ 2012 Meeting at the Edge of the Sea: Sediments, Geomor-
phology, Tectonics and Stratigraphy in Quaternary Studies, Sassari, Sar-
dinia, Italy, September 26-27, pp. 97-99.

Wachecka-Kotkowska L., 2013, Budowa geologiczna form glacimarginal-
nych na Wyzynie Przedborskiej - studia przyktadowe (Geological struc-
ture of the glacimarginal forms of the Przedb6rz Highland, selected
samples), Biul. PIG, 454, pp. 103-120.

Wachecka-Kotkowska L., Czubla P, Gorska-Zabielska M., Krol E., 2012, Poli-
geneza pagéra w okolicach Mgkolic na wododziale Wisty i Odry na Wy-
soczyZnie Betchatowskiej, region tédzki (Polygenesis of the Makolice
hill on the Vistula and Odra watershed on the Betchatow Plateau, £.6dz
Region), Acta Geogr. Lodz., 100, pp. 161-178.

Wachecka-Kotkowska L., Czubla P, Gérska-Zabielska M., Krol E., Barczuk A.,
2013, Morphogenesis of SE part of the Lodz Region, central Poland
during late Saalian, MIS 6, Warta Stage. (In:) 8" Intern. Conf. on Geo-
morph., Paris 2013, 27-31 August, “Geomorphology and Sustainability”,
Abstracts Vol,, 1, pp. 341.

Wasylikowa K., 1964, Roslinnos¢ i klimat péznego glacjatu w srodkowej Pol-
sce na podstawie badan w Witowie koto t.eczycy (Vegetation and clima-
te of the Late-glacial in Central Poland based on investigations made
at Witéw near Leczyca), Biul. Perygl., 13, pp. 261-417.

Wasylikowa K., 1999, Przemiany roslinnosci jako odbicie proceséw wy-
dmotworczych i osadniczych w mtodszym dryasie i holocenie na stano-
wisku archeologicznym w Witowie koto teczycy (Younger Dryas and
Holocene vegetation changes as the reflection of eolian processes and
human activity at the archaeological site Witéw near Leczyca), Prace
i Mat. Muz. Arch. i Etn. w Lodzi, 41, pp. 43-79.

Wieczorkowska J., 1975, Rozwdj stokéw Pagérkéw Romanowskich na tle
paleogeografii obszaru (L'évoluion des versants des Collines de Roma-
néw a la lumiere de la paléogéographie), Acta Geogr. Lodz., 35.

Wieczorkowska J., 1992, Geneza i rozwdj pradoliny Wolbérki (Genése
et evolution de la pradoline de la Wolbérka), Acta Geogr. Lodz., 63,
pp. 95-105.

Wysota W.,, Molewski P, Sokotowski R.J., 2009, Record of the Vistula ice lobe
advances in the Late Weichselian glacial sequence in north-central Po-
land, Quat. Intern., 207 (1-2), pp. 26-41.



