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Warszawa.

The maximum extent of the last ice sheet near Konin, Koto and Turek has been controversial. Investigations carried out in the Warta
River has shed light on this problem. The Krzyzéwki, Kozmin and Smulsko sites show fluvial deposits laid down in an extraglacial,

=

periglacial environment during the Vistulian Glaciation. The northernmost site, Krzyzowki, shows an influence of proglacial waters, ex-
pressed by the supply of fluvioglacial material. The findings suggest that the last ice sheet did not overpass the Berlin-Warsaw Pradolina
east of Konin and thus did not enter the Turek Plateau or the Uniejow Basin.
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INTRODUCTION

In geomorphological and palacogeographical investiga-
tions of the Warta River valley, in the segment between
Uniejow and Konin and the surrounding area, there has been
much discussion regarding the extent of the Vistulian Glaci-
ation. Two schools of thought exist. Some researches have ar-
gued that the last ice sheet did not overpass the Berlin-Warsaw
Pradolina between Konin and Koto, while others suggest that it
did. This paper reviews this problem and the basis on which the
various concepts have been developed.

Geological investigations at three exposures in the
Adamoéw opencast mine (Wiadystawow, Smulsko, Kozmin)
have been conducted since the early 1990s by the researchers
from the Department of Quaternary Research of £.6dz Univer-
sity. Initially researches tended to discount the possibility of the
presence of the last ice sheet in this area (e.g. Klatkowa, 1993,
1995). Subsequent work has focused on the Warta River valley
between Uniejéw and Konin, where sandy Vistulian Glaciation
deposits of extraglacial fluvial origin may be assumed. Three
sites: Krzyzowki, Kozmin and Smulsko, which show contrast-
ing depositional patterns, are considered here.

PREVIOUS INTERPRETATIONS

The extent of the Leszno Phase between Zielona Goéra and
Dolsk and the extent of the Poznan Phase between Sulecin up
to Poznan and Gniezno were determined as early as the begin-
ning of the 20th century. These limits are generally accepted,
unlike the course of the Leszno Phase east of Dolsk and of the
Poznan Phase east of Gniezno. A review of the opinions pre-
vailing at that time was made by Mikotajski (1927). He sug-
gested that the marginal geomorphic forms between Powidz to
Konin belong to the Poznan Phase ( ). These studies con-
cerned the maximum limit of the Last Glaciation to the south of
the Berlin-Warsaw Pradolina in the area to the east and south of
Konin. The origin and the age of the hills of the Turek Plateau
remained obscure. Both Mikotajski (1927) and Lencewicz
(1927) considered that these forms were fashioned during the
Last Glaciation, and according to Mikotajski (1927) belonged
to the Poznan Phase.

Woldstedt (1932) held a different opinion. The criterion he
used as an indicator of the extent of the Last Glaciation was that
of the presence of glacial lakes. In Woldstedt’s (1932) opinion
the Leszno ice sheet did not overpass the Berlin-Warsaw
Pradolina to the east of Zerkow, while the extent of the Poznan



358 Joanna Petera and Jacek Forysiak

*Poznan
» KRZYZOWKI ;
¢ Koto 3
4
= KOZMIN e
= Turek | 7
/ 10— ® = SMULSKO — &
! ® Unigjow | -----=---= °
eszew 10
B ———— LA
----------- 12
13 13
50 km | alisz i

Fig. 1. Previous interpretations of a maximum ice sheet limit of the Leszno Phase and Poznan Phase of the Last Glaciation in Wielkopolska Lowland

1 — Keilhack and Berendt (1894, after Mikotajski, 1927) — Leszno Phase; 2 — Behre and Tietze (1911, after Mikotajski, 1927) — Leszno Phase; 3 —
Korn (1912, after Mikotajski, 1927) — Poznan Phase; 4 — Mikotajski (1927) — Poznan Phase; 5 — Majdanowski (1950) — Leszno Phase; 6 — Galon
(1956, 1957) — Leszno Phase; 7— Galon (1956, 1957) — Poznan Phase; 8 — Rotnicki (1963) — Leszno Phase; 9 — Rotnicki (1963) — Poznan Phase; 10
— Domostawska-Baraniecka (19695, after Lyczewska, 1960) — Leszno Phase; 11 — Krygowski (1972, 1974) — Leszno Phase; 12 — Krygowski (1972,
1974) — Poznan Phase; 13 — Mankowska (1980, 1983) — Leszno Phase; 14 — Stankowski (1982) — Leszno Phase
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Fig. 2. Geological cross-section — Krzyzowki (after Szatamacha and Skompski, 1999, changed)

Cretaceous: 1 — marl; Tertiary (Miocene): 2 — brown coal, silt and sand; Quaternary — Sanian Glaciation: 3 —till; Masovian Interglacial: 4
— sand; Wartanian Glaciation: 5— ice-dam silt, 6 — sand with gravel, 7—till, 8§ — sand with silt interbed; Eemian Interglacial: 9 — organic
silt, 10 — peat; Vistulian Glaciation: 11 — organic silt with sand, 12 — poorly sorted sand
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Fig. 3. Krzyzowki site: A — grain-size distribution, B — quartz-grain abrasion, C — CaCOj; content

RM — round mat grains (rounds-mats), M — rounded, partly mated grains (mats), EL — blunt, glossy grains (emousses-luisants), NU —
fresh, sharpedged grains (non-uses), C — grains initially rounded and then crushed (casses)

Phase was traced by him to the east of Gniezno through Powidz,
Golina and Konin. Later observations (Majdanowski, 1950)
concerning the occurrence and the density of lakes and
subglacial channels generally corroborated Woldstedt’s (1932)
conclusions ( ). The problem of the so-called Wrzesnia
“bay”, where there are neither lakes nor subglacial channels,
arose.

In the 1950’s the opinion that the Leszno ice sheet had not
overpass the Berlin-Warsaw Pradolina east of Konin became
dominant, and consequently, the origin of the hillocks between
Konin, Koto and Turek was not atributed to the Last Glaciation.
The extent of the Leszno Phase was delimited through the
Poznan—Gniezno—Lipno line to the east. This was based on the
occurrence of fresh glacial landforms and the glacial prove-
nance of deposits (Galon, 1956, 1957) ( ), from the
courses of terminal moraines and of outwash plains expanding
southwards and from ice-marginal valley (Krygowski, 1958).

The opinion that the ice sheet overpassed the Berlin-Warsaw
Pradolina in the vicinity of Konin returned in 1960 in work by J.
Lyczewska. Her conclusion was inferred from the internal struc-
ture and freshness of landforms. Lyczewska (1960) also consid-
ered that the Poznan Phase reached the hillocks in the Turek Pla-
teau. Lyczewska’s (1960) opinion was accepted, and quoted by
Galon and Roszkéwna (1961), Rutkowski (1967),
Domostawska-Baraniecka (1969a, b) and Krygowski (1972,
1974; ). Krygowski (1972, 1974) held the opinion that the
Leszno Phase extended to the northern part of the Ztota Gora
massif and that the Ostaniec Kolski originated during the
Wartanian Glaciation whereas the landforms of Leszno Phase
age followed the older terminal moraines leaving in their back-

ground a Vistulian till and small kame hillocks. The interpreta-
tion of the results of pollen analysis at the Konin-Marantow site
by Boréwko-Dhuzakowa (1969, 1979) was critical to supporting
this opinion. According to Borowko-Dhuzakowa (1969, 1979),
organic and organic-mineral deposits overlain by till at Konin-
Marantow were laid down during the Brorup Interstadial. This
correlation was controversial and eventually negated (Lindner
and Brykczynska, 1980; Tobolski, 1991).

The problem of the maximum extent of the last ice sheet in
Central Poland has been discussed by Rotnicki (1963), who
considered that there is no reason to retain the Wrzesnia “bay”
outside the Last Glaciation limit. On the basis of examinations
of the outwash plain levels on the Wrzesnia Plain it appeared
that the Powidz-Konin terminal moraines are not of Leszno age
but trace the Poznan Phase extent ( ). Rotnicki (1963) also
drew attention to the unresolved problem of the age of the hill-
ocks in the Turek Plateau.

The authors of subsequent publications tended to assert that
the last ice sheet did not over-ride the Berlin-Warsaw Pradolina
to the east of Konin (e.g. Bartkowski, 1964; Roszko, 1968),
they did not mark the Wrze$nia “bay”, and Mojski (1968) and
Riihle and Mojski (1968) and Kozarski (1962, 1981), for exam-
ple, determined the Poznan Phase to the east of Gniezno, in a
lobate form, up to Konin. Investigations into the distribution of
ventifacts, carried out between Turek and Konin, suggested
that this area remined within the periglacial realm during the
Last Glaciation (Kubis, 1978).

On the Detailed and Review Geological Maps of Poland the
maximum extent of the last ice sheet includes the hillocks of the
Turek Plateau (Mankowska, 1980, 1983a, b, 1987
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Fig. 4. Geomorphological sketch of a fragment of the Uniejow Basin and Turek Plateau
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Mankowska and Gogotek, 1988; Trzmiel, 1996) ( ). Inthe
legend for this map the authors (Ciuk and Mankowska, 1981;
Mankowska, 1983b) stated that the Vistulian Glaciation ice
sheet over-rode the Berlin-Warsaw Pradolina and covered the
low surfaces of the Pyzdry and Uniejow Basins with ice, the
Ztota Gora massif forming the morphological divide between
the lobes. Morainic hillocks on the slopes of the massif were re-
garded as the marginal zone of the Pyzdry and Uniejow lobes.
Similar views are expressed in Mankowska (1975) and
Gogotek and Mankowska (1989).

Detailed investigations into the the internal structure of mar-
ginal forms in the area between Konin, Koto and Turek, carried
out by Klysz (1981, 1985) and by Ktysz and Stankowski (1986)
led to the conclusion that the last ice sheet did not enter the Turek
Plateau, and that these forms are polygenetic. According to
Krysz the landscape is of Wartanian Glaciation age, with patches
of lodgement till and forms of areal deglaciation: kame plateaux,
kame terraces, kames and eskers.

According to Stankowski (1982), no lithostratigraphic evi-
dence exists from which to infer the presence of the Vistulian
ice sheet to the east of Konin. West of here to the Powa Mouth,
the ice sheet occurrence is proved by thin patches of Leszno
Phase tills, though ice marginal landscapes are absent
(Stankowski, 1982; Stankowska and Stankowski, 1983) (

). The extent of the Poznan Phase to the east of Konin was de-
termined on the basis of remains of outwash plain streams
which locally dissect the outwash plains of the maximum phase
(Stankowska and Stankowski, 1983). The extent of the Leszno
Phase west of Konin is traced to the south of the Berlin-Warsaw
Pradolina. To the northern-east of Konin, near Babiak, limits of
the Leszno and Poznan Phases coincide, both being directed
eastwards up to Budki Stare then further northwards and
north-ecastwards  (Stankowski, 1982; Stankowska and
Stankowski, 1983; Stankowski and Krzyszkowski, 1991;
Stankowski et al., 1995).

These conclusions have been supplemented with lithological
analyses of Quaternary deposits of the southern scarp of the
Berlin-Warsaw Pradolina, in Konin (Paluszkiewicz, 1995).
Glaciogenic deposits of the Vistulian Glaciation are absent here,
though on the opposite scarp these have been recorded
(Stankowska and Stankowski, 1983). Their lack is assumed to be
due to erosion by meltwaters during the last ice sheet recession.

KRZYZOWKI SITE

The northernmost site is Krzyzowki — a borehole drilled
in the course of geological mapping, published by
Szatamacha (1998), Noryskiewicz (1999) and Szatamacha
and Skompski (1999). The site is located in the
Berlin-Warsaw Pradolina north of Koto ( ), a few kilo-
metres from the contemporary Warta channel. Two sedimen-
tary units were reported there. The first, organic suite, at the
depth of 25.8-20.6 m ( ), consists largely of peats and
gyttja. Pollen analysis proved its Eemian Interglacial age
(Noryskiewicz, 1999), although the record in the upper part of
the diagram differs from the schemes accepted for this period,
probably due to post-depositional disturbance. The Eemian
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@ location of simplified pollen diagram (Fig. 7)
@ date

Fig. 5. Kozmin site

Deposits older than the Vistulian Glaciation: 1 — sand and gravel, 2 —
sand and silt; Vistulian Glaciation: 3 — poorly sorted deposit, 4 — organic
silt with sand interbed, 5 — sand with gravel, 6 — organic silt, 7— sand
with silt, 8§ — peat, 9 — sand, 10 — peat, 11 — gyttja, 12 — sand with silt
interbed

Interglacial age was supported by faunal analyses
(Szatamacha and Skompski, 1999). It must be emphasised
that this is as yet the only site with biogenic Eemian Intergla-
cial sediments deposited within the valley of a large river in
this region. The overlying deposits, reaching the present-day
surface, comprise sands with gravels. Szatamacha and
Skompski (1999) described the basal part (17.0-20.0 m) as
fluvioglacial sediments, and its upper part as fluvial relating to
the Vistulian Glaciation. Core sediment samples were ana-
lysed as regards grain size composition, by the modified
Cailleux method and for calcium carbonate content. The mo-
notonous grain size composition suggests a flowing water en-
vironment. Most samples contain no CaCOj at all, except for
samples at 18.0 and 13.5 m depth with ca. 3% concentration
of CaCO; ( ), whereas the fluvial sands of the same age at
the nearby Kozmin site in the Warta River valley are com-
pletely decalcified. A quartz-grain analysis of the 0.63-0.8
mm fraction showed an increase of RM grains, from 45% at a
depth of 18.0 mup to 61% at 14.2 m, whereas contents of EL
grains decrease from 19.0 to 8%, respectively ( ). A simi-
lar trend has been registered for the Upper Plenivistulian at
many sites in middle Poland. Both the results of the laboratory
analyses and the site location suggest that the site lies beyond
the Vistulian ice sheet extent but probably close to its margin,
since part of the succession may have been deposited by
proglacial waters. The bulk of the succession accumulated
quickly by extraglacial waters which lost their carrying capac-
ity because of ice blockage. Therefore, the deposition of these
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A — grain-size distribution, B — quartz abrasion; for other explanations see

deposits occurred during the maximum extent of the Vistulian
Glaciation in a periglacial river environment.

KO MIN SITE

The Kozmin outcrop (the Adaméw Tertiary coal opencast
mine) is situated in the northwestern part of the Uniejow Ba-
sin, in the Berlin-Warsaw Pradolina ( . The Vistulian
Glaciation succession has been studied in detail by us (e.g.
Klatkowa, 1996; Forysiak et al., 1999; Petera and Forysiak,
1999; Turkowska et al., 2000; Forysiak and Petera, 2001;
Petera, 2002). The situation in 1999 is given below.

The Upper Plenivistulian sequence is underlain by organic
silts, and is interbedded with peat, revealing involutions (

, series 6). These sediments are "*C dated to 29 950+900
years BP (Lod 769) and 26 290+£580 years BP (Lod 879)
(Petera and Forysiak, 1999; Petera, 2002).

The overlying deposits are represented by three units of dif-
ferent origin, structure and textural features. The oldest unit, at
a depth of 5-6 m ( , series 7), is made up of medium- and
fine-grained sands with an admixture of silt or with silty beds
up to 80 cm thick. These are predominantly massive deposits.
They possess a mean content of 47.8% of aeolian (RM) grains
( ). Deposition of this unit occurred in a fluvial, overbank
environment, but with aeolian processes involved.

Subsequently, the peaty layer, ca. 10 cm thick, radiocar-
bon-dated at 18 480+230 years BP (Lod 768), was formed (

, series 8). Pollen investigations of the peat indicate cold, pro-
gressively more severe climatic conditions (according to the
analysis by Miotk-Szpiganowicz, ). The content of trees
decreases upwards (from 30 to below 10%), and most pollen

could have been derived by long-distance transport. NAP is
dominated by Cyperaceae and Gramineae. Epigenetic ice
wedge pseudomorphs which appear in the peat layer are evi-
dence for contemporaneous permafrost.

The third unit is 2.0-4.5 m thick, is assigned to the period of
the maximum extent of the main stadial ice sheet, and comprises
sands, occasionally with gravels. Its top occurs at a depth of
2.5-3.0m ( , series 9). This units either overlies the peat or
fills erosional hallows reaching up to 2.5 m below the peat level.
Tabular and trough bedding as well as horizontal and ripple lam-
ination are present. This unit was deposited in a sandy braided
river system, which was characteristic of the widened Warta
River valley, as demonstrated by Petera (2002). The role of ae-
olian processes in the modelling of textural features of the sedi-
ment is shown by the content of wind-abraded grains (42 to 60%
— ). The percentage of unabraded grains (NU) is low
(1.3%). Such textural features suggest that the sediment was
formed in an extraglacial, periglacial environment.

The Kozmin deposits, correlated with the Leszno and
Poznan Phases, represent deposition in a fluvial environment,
possibly with marginal waters involved, but taking into ac-
count the distance from the ice margin a glacial provenance
may be excluded.

SMULSKO SITE

In the early 1990s the Smulsko exposure of the Adamow
Tertiary coal opencast mine was available for detailed studies
of Wartanian Glaciation deposits, mostly of the till succession
(Klatkowa, 1993, 1994, 1995; Forysiak, 1994; Zaloba and
Czubla, 1995). The results showed that glaciogenic deposits
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Fig. 7. KoZzmin site, simplified pollen diagram

younger than these of the Wartanian Glaciation age are absent
from the Turek Plateau. Progressive excavation works at the
exposure have reached the area of an extensive sandy plain that
is, according to e.g. Baranowski and Mankowska (1970) and
Czarnik (1972), a fragment of the higher terrace level of the
Warta River valley or, as postulated by Trzmiel (1996), an
outwash plain of the Vistulian Glaciation.

The sandy succession, up to 14 m thick, is situated in the
eastern part of the exposure, and at present is available for the
direct observation over a distance ca. 2 km. The profile se-
lected for study shows thick sands separated by a peat layer
( ). These deposits rest on a till suggested to be of
Wartanian Glaciation age (Czubla, 2001). The till has at its
upper surface a continuous erosional pavement overlain by a
gravelly-sandy bed ( ). The overlying sands with silts
have been attributed by us to the Vistulian Glaciation. This
succession has been divided into two parts. The bottom part,
atadepth 0f9.1-10.4 m, consists of grey-beige sands and silts
with involutions obliterating the original structure. A thin
(0.25 cm) peat layer is noticeable. A sample from its base
gave a radiocarbon date of 24 400+470 years BP (Lod 1084),
while a preliminary palaeobotanical study suggests that it rep-
resents a park tundra (Balwierz, pers. comm.). The content of
RM grains varies between 41 and 59% ( ), which may
suggest fluctuating depositional conditions.

Atadepth of ca. 9.1 m an erosional surface is present. From
there up to the ground surface there are sands which show evi-
dence of cyclic accumulation. The sedimentary structures re-
flect varying-energy conditions during deposition. The lowest
part is composed of medium sands with tabular cross-bedding,
changing towards the top into horizontally laminated sands
with silts ( ), which may suggest the transition from chan-
nel to overbank facies within a braided river. The frequency of
aeolian grains (RM) increases from 42% at 9.0 m to 58% at
7.25 m (60% at 8.25 m), whereas the percentages of those
abraded by water (EL) decrease ( ). The deposits between

6.75-3.5 m comprise cross-bedded sands, followed by horizon-
tal laminated sands giving way to fine sands with silts. The silt
layer at the depth of 4.25 m is of special interest, because it is
the finest-grained deposit in the entire profile, and has the high-
est content of RM grains (64%). The top of this sandy succes-
sion, from 3.0 m up to the surface, is more complicated. The li-
thology (both sands with silts and a gravel bed) as well as
quartz-grain analysis (RM grains vary between 43 and 56%,

EL vary between 5 and 10% and C vary between 1 and 6%;
) show that deposition occurred in fluctuating environmental
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Fig. 8. Smulsko site: the exposure at the first exploitation level

Wartanian Glaciation: 1 — till; Vistulian Glaciation: 2 — sand with silt, 3
— sand with silt, with post-sedimentary deformations, 4 — peat, 5 —
poorly sorted sand, 6 — fine-grained sand, 7— medium-grained sand, 8 —
sand with silt, 9 — poorly sorted sand with gravel interbed
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A — grain-size distribution, B — quartz-grain abrasion; for other expla-
nations see

conditions or in river channels supplied from different sources.
Deposition took place during the Last Glaciation maximum.
The sedimentological studies, showing the predomination of

the southern sector, indicates that a fluvioglacial origin for
them may be rejected.

CONCLUSIONS

Both the results of the laboratory analyses and the location
of Krzyzowki site suggest that the site lay beyond the Vistulian
ice sheet extent but probably close to its margin, because part of
the sediments could have been deposited by proglacial waters.
The bulk of the succession was deposited quickly by extra-
glacial waters which lost their carrying ability because of ice
blockage. Therefore, the deposition of this sandy succession
occurred during the maximum extent of the Vistulian Glaci-
ation, in a periglacial river environment.

The KozZzmin and Smulsko deposits, which correlate with
the Leszno and Poznan Phases represent deposition in a fluvial
environment. The accumulation terminated at the start of the
downcutting of the Warta River at the turn of the Upper
Plenivistulian and Late Vistulian, as suggested by Petera
(2002). Textural features suggest that the sediment was formed
in an extraglacial, periglacial fluvial environment. The mea-
surements of sedimentary structures in Smulsko site within the
succession show derivation from the south; thus a fluvioglacial
origin may be excluded.

These three sites from the Warta River valley between
Uniejow and Konin indicate a location beyond the limit of the
Vistulian ice sheet. We thus support the opinion of the re-
searchers who, in the vicinity of Koto, suggested a maximum
extent line of the Last Glaciation to the north of the
Berlin-Warsaw Pradolina.

REFERENCES

BARANOWSKI J. and MANKOWSKA A. (1970) — Mapa geologiczna
Polski w skali 1:200 000. Arkusz Kalisz. Wyd. Inst. Geol.

BARTKOWSKI T. (1964) — Formes de la dissection marginale et
quelques autres formes de la zone marginale dans la Plaine de la
Grande Pologne (in Polish with French summary). Bad. Fizjogr. nad
Pol. Zach., 13: 7-76.

BOROWKO-DEUZAKOWA Z. (1969) — Palynological investigations of
Late Glacial and Holocene deposits at Konin. Geogr. Pol., 17: 267-281.

BOROWKO-DEUZAKOWA Z. (1979) — Late Pleistocene and
post-glacial floral localities in Konin (in Poland) (in Polish with Eng-
lish summary). Geol. Quart., 23 (1): 247-257.

CIUK E. and MANKOWSKA A. (1981) — Objasnienia do Mapy geolog-
icznej Polski w skali 1:200 000. Arkusz Konin. Wyd. Geol. Inst. Geol.

CZARNIK J. (1972) — Paleogeography of the environs of Turek in the Up-
per Tertiary and Pleistocene (in Polish with English summary). Stud.
Geol. Pol., 40.

CZUBLA P. (2001) — Fennoscandian erratics in Quaternary deposits of
Middle Poland and their value for stratigraphic purposes (in Polish
with English summary). Acta Geogr. Lodz., 80.

DOMOSLAWSKA-BARANIECKA M. D. (1969a) — Ze stratygrafii i
rozwoju czwartorzgdu potudniowych Kujaw. Przew. XLI Zjazdu Pol.
Tow. Geol.: 49-58. Konin, 21-23 sierpnia. Wyd. Geol.

DOMOSLAWSKA-BARANIECKA M. D. (19695) — Konin—Koto.
Zasigg zlodowacenia a pradolina pod Kotem. Przew. XLI Zjazdu Pol.
Tow. Geol.: 171-174. Konin, 21-23 sierpnia. Wyd. Geol.

FORYSIAKJ. (1994) — Adamow—Smulsko. Deformation structures at the
top of the Wartian till. In: The Cold Warta Stage — Lithology,
Paleogeography, Stratigraphy: 18-20. Symposium SEQS. Exc. Guide
Book, L6dz, 11-15 October.

FORYSIAK J., MIOTK-SZPIGANOWICH G. and PETERA J. (1999) —
Geologic setting and palynologic examination of the Vistulian sedi-
ments at Kozmin near Turek, central Poland. Geol. Quart., 43 (1):
85-98.

FORYSIAK J. and PETERA J. (2001) — Osady zlodowacenia Wisty w
Kotlinie Kolskiej a maksymalny zasigg ladolodu stadiatu gtéwnego.
Materiaty: VIII konferencja “Stratygrafia plejstocenu Polski”,
Jarnottowek, 3—7 wrzes$nia. Panstw. Inst. Geol.

GALON R. (1956) — The problem of the Last Glaciation in Poland. Prz.
Geogr., 28 (suplement): 75-93.

GALON R. (1957) — Zagadnienie ostatniego zlodowacenia w Polsce.
Kosmos seria B, 3 (3): 219-236.

GALON R. and ROSZKOWNA L. (1961) — Extents of the Scandinavian
Glaciations and of their recession stages on the territory of Poland in
the light of an analysis of the marginal forms of inland ice. Prz. Geogr.,
33 (3): 347-361.

GOGOLEK W. and MANKOWSKA A. (1989) — Zlodowacenie
potnocnopolskie Wysoczyzny Tureckiej w $wietle nowych danych.
Geol. Quart., 33 (3/4): 573-586.

KLATKOWA H. (1993) — Some features of the Warta glacigenic deposits
in Middle Poland. Acta Geogr. Lodz., 65: 99-140.



The problem of the Last Glaciation extent in Central Poland 365

KLATKOWA H. (1994) — Adaméw—Smulsko. Saalian glacigenic depos-
its with special concern to the Wartian till. In: The Cold Warta Stage —
Lithology, Paleogeography, Stratigraphy: 9-17. Symposium SEQS.
Exc. Guide Book, £6dz, 11-15 October.

KLATKOWA H. (1995) — Remarks on the Warta Stage in Middle Poland.
Acta Geogr. Lodz., 68: 95-108.

KLATKOWA H. (1996) — Symptoms of the permafrost presence in Mid-
dle Poland during the last 150 000 years. Biul. Peryg., 35: 45-86.
KLYSZP. (1981) — Morphogenesis of a sequence of marginal forms in the
surroundings of Konin, Koto and Turek (in Polish with English sum-

mary). UAM. Ser. Geogr., 23.

KLYSZ P. (1985) — Pre-Vistulian marginal forms in the Konin Region.
Quartern. Stud., 6 (3): 55-82

KLYSZ P. and STANKOWSKI W. (1986) — Riss/Wurm organic series at
the Wiadystawow test site in vicinity of Turek (in Polish with English
summary). Bad. Fizjogr. nad Pol. Zach., 36: 95-105

KOZARSKI S. (1962) — Recesjon of last ice sheet from northern part of
Gniezno Pleistocene plateau and formation of the ice-marginal valley
of the river Note¢-Warta (in Polish with English summary). Pr. Kom.
Geogr.-Geol. Wydz. Mat.-Przyr. Pozn. Tow. Przyj. Nauk, 2 (3).

KOZARSKI S. (1981) — Vistulian stratigraphy and chronology of the
Great Poland Lowland (in Polish with English summary). PWN. Pol.
Akad. Nauk; ser. Geogr., 4.

KRYGOWSKI B. (1958) — Krajobraz Wielkopolski i jego dzieje. Pozn.
Tow. Przyj. Nauk, PWN.

KRYGOWSKI B. (1972) — Nizina Wielkopolska. In: Geomorfologia
Polski. Tom 2: 196-223, PWN.

KRYGOWSKI B. (1974) — Niektore problemy z morfodynamiki Niziny
Wielkopolskiej. Bad. Fizjogr. nad Pol. Zach., 27: 89-149.

KUBIS W. (1978) — An attempt to use ventifacts as a probable indicator of
the northern extent of Periglacial Pleni-Wiirm Zone in the area be-
tween Turek and Konin (in Polish with English summary). Bad.
Fizjogr. nad Pol. Zach., 31: 103-125.

LENCEWICZ S. (1927) — Glaciation et morphologie du bassin de la
Vistule moyenne (in Polish with French summary). Pr. Panstw. Inst.
Geol., 2 (2): 66-226.

LINDNER L. and BRYKCZYNSKA E. (1980) — Organogenic deposits at
Zbojno by Przedborz, western slopes of the Holly Cross Mts, and their
bearing on stratigraphy of the Pleistocene of Poland. Acta Geol. Pol.,
30 (2): 153-163.

LYCZEWSKA J. (1960) — Remarks on the Quaternary of eastern Kujawy
(in Polish with Endlish summary). Z badan czwartorzedu w Polsce 9.
Biul. Inst. Geol., 150: 245-255.

MAJDANOWSKI S. (1950) — The problem of lake-chanels in the Euro-
pean Plain (in Polish with Endlish summary). Bad. Fizjogr. nad Pol.
Zach., 2 (1): 35-122.

MANKOWSKA A. (1975) — Wybrane zagadnienia czwartorzedu rejonu
Konina. Sprawozdania z posiedzen. Kwart. Geol., 2 (19): 464-465.

MANKOWSKA A. (1980) — Mapa geologiczna Polski w skali 1:200 000.
Arkusz Konin. Wyd. A, Inst. Geol.

MANKOWSKA A. (1983a) — Szczegétowa mapa geologiczna Polski w
skali 1:50 000. Arkusz Tuliszkow. Wyd. Geol. Inst. Geol.

MANKOWSKA A. (1983h) — Objasnienia do Szczegdlowej mapy
geologicznej Polski w skali 1:50 000. Arkusz Tuliszkow. Wyd. Geol.
Inst. Geol.

MANKOWSKA A. (1987) — Szczegdtowa mapa geologiczna Polski w
skali 1:50 000. Arkusz Kotwasice. Wyd. Geol. Inst. Geol.

MANKOWSKA A. and GOGOLEK W. (1988) — Objasnienia do
Szczegodtowej mapy geologicznej Polski w skali 1:50 000. Arkusz
Kotwasice. Wyd. Geol. Inst. Geol.

MIKOLAJSKI J. (1927) — O powstaniu tzw. pradoliny warszawsko-
berlinskiej. Bad. Fizjogr. nad Pol. Péin.—Zach., 2/3: 53-98.

MOJSKI J. E. (1968) — Outline of the stratigraphy of north Polish glaci-
ation in North and Middle Poland (in Polish with English summary).

In: Last Scandinavian Glaciation in Poland. Pr. Geogr. PAN, 74:
37-64.

NORYSKIEWICZ B. (1999) — Palynology of biogenic sediments of the
Eemian Interglacial at Krzyzowki near Koto, central Poland. Geol.
Quart., 43 (1): 107-111.

PETERA J. (2002) — Vistulianskie osady dolinne w podtnocnej czgsci
basenu uniejowskiego i ich wymowa paleogeograficzna. Acta Geogr.
Lodz., 83.

PETERA J. and FORYSIAK J. (1999) — The Kozmin site. Lo6dz
Periglacial Symposium “Periglacial Environments: Past, Present and
Future” Exc. II: 61-74. £6dz, 27-30 september 1999.

PALUSZKIEWICZ R. (1995) — Litologia potudniowego sktonu
pradoliny warszawsko—berlinskiej na obszarze Konina. Spraw. Pozn.
Tow. Przyj. Nauk. Wydz. Mat.-Przyr., 109: 131-135.

ROSZKO L. (1968) — Recession of last inland ice from Poland’s territory
(in Polish with English summary). In: Last Scandinavian Glaciation in
Poland. Pr. Geograf. PAN, 74: 65-100.

ROTNICKIK. (1963) — Extent of Leszno and Poznan stages in south-east
part of Gniezno Pleistocene Plateau, East Great Poland (in Polish with
English summary). Bad. Fizjogr. nad Pol. Zach., 11: 133—184.

RUTKOWSKI E. (1967) — The Quaternary of the north-Konin
Hight-Plain and its bedrock (in Polish with English summary). In: The
Quaternary of the North-Konin Hight-Plain. Pr. Inst. Geol., 48: 5-80.

RUHLE E. and MOJSKI J. E. (1968) — Geologiczny Atlas Polski w skali
1:2000 000; Czwartorzed. Inst. Geol.

STANKOWSKA A. and STANKOWSKI W. (1983) — Litostratygrafia i
zasigg fazy leszczynskiej oraz poznanskiej zlodowacenia vistulian w
okolicach Konina. Pozn. Tow. Przyj. Nauk. Spraw. Kom. Geogr.-Geol.,
101: 60-63.

STANKOWSKI W. (1982) — Litostratygrafia czwartorzedu okolic
Konina. Pozn. Tow. Przyj. Nauk., 100: 91-93.

STANKOWSKI W., BIEDROWSKI Z., STANKOWSKA A,
KOLODZIEJ G., WIDERA M. and WILKOSZ P. (1995) — Lithology
and stratigraphy of Cenozoic deposits in Konin neighbourhood (cen-
tral Poland) (in Polish with English summary). Prz. Geol., 43 (7):
559-564.

STANKOWSKI W. and KRZYSZKOWSKI D. (1991) — The Quaternary
stratigraphy of the Konin area (in Polish with English summary) (ed.
W. Stankowski): 11-31. Inst. Bad. Czwart. UAM.

SZALAMACHA G. (1998) — Nowe stanowisko osadéw organicznych
Krzyzoéwki w regionie koninskim. In: Stratygrafia plejstocenu Polski.
Nowe jednostki stratygraficzne Pojezierza Mazurskiego: 46-47. V
konferencja, Iznota, 1-4 wrzesnia 1998.

SZALAMACHA G. and SKOMPSKI S. (1999) — Biogenic sediments of
the Eemian Interglacial at Krzyzowki near Koto, central Poland. Geol.
Quart., 43 (1): 99-105.

TOBOLSKI K. (1991) — Biostratigraphy and palacoecology of the
Eemian interglacial and the Vistulian glaciation of the Konin region.
(in Polish with English summary). In: Przemiany S$rodowiska
geograficznego obszaru Konin-Turek (ed. W. Stankowski): 45-87.
Inst. Bad. Czwart. UAM.

TRZMIEL B. (1996) — Objasnienia do Szczegdlowej mapy geologicznej
Polski w skali 1:50 000. Arkusz Turek. Pafistw. Inst. Geol.

TURKOWSKA K., PETERA J., FORYSIAK J. and MIOTK-
SZPIGANOWICZ G. (2000) — Morphogenesis of the Koto Basin
near Kozmin. Acta Geogr. Lodz., 78: 89—134.

WOLDSTEDT P. (1932) — Uber Randlagen der letzten Vereisung in
Ostdeutschland und Polen und {iber die Herausbildung des
Netze-Warthe Urstromtales. Jb. D. Preuss. Geol. Landesanst., Bd. 52,
fiir 1931.

ZAL.OBA M. and CZUBLA P. (1995) — Examples of deformation struc-
tures in deposits of different ages in the vicinity of the Uniejow Basin
and and the eastern part of the Turek Plateau. Acta Geogr. Lodz., 68:
197-212.



