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Abstract: The paper presents the results of new studies of Quaternary deposits filling the Kleszczow Graben in the Szczercow outcrop, Betchatow
Lignite Opencast Mine. Sedimentary successions were profiled in the fieldwork. Moreover, the borehole data were studied. Laboratory studies includ-
ed: grain size analyses, analyses of shape and morphology of quartz grain (morphoscopy), analyses of anisotropy of magnetic susceptibility (AMS),
palynological, malacological and ostracodological studies, as well as geochronometric (C'*) and geochemical (8'30/3'°0) measurements. The studies
were carried out in 2009-2013 and resulted in discovering of some sedimentary formations as well as arranging geological cross-sections and synthetic
lithostratigraphic profile. The following sedimantary formations have been distinguished: Folwark, Kucow, Czyzow, Lawki, Rogowiec, Aleksandrow,
Piaski and Widawka, arranged into two structural units: the lower one — deformed, and the upper one — undeformed.
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Introduction

Studies of Quaternary deposits filling the Kleszczéw Gra-
ben have been lasted for many years. Extraction of lignite
from the Betchatow Field, which started in 1981 (howev-
er the first mining operations date back to 1975), has al-
lowed many researchers to conduct detailed examinations
of Quaternary sediments in this area (e.g., Baraniecka et
al. 1980, Czarnecki et al. 1992, Krzyszkowski 1992, 1995,
1996, Czubla 2001). Then, the onset of mining operations
in 2002 in the Szczercow Field. First to remove the over-
burden, mainly of Quaternary deposits, helped Quater-
nary geologists to preliminarily correlate these deposits
with the geological section of the Betchatow Field. These
works complement the palacogeographic model of central
Poland. The Belchatow and Szczercow fields are separat-
ed by the Debina salt diapir (see Sarnacka 1970, 1971,
Wieczorek, Stoinski 2013) that was active during the
Pleistocene (Baraniecka 1975a, b). It can be evidenced by
the presence of both Zechstein deposits (main part of the
diapir) at the sub-Quaternary surface and the overlying
elevated Neogene and Pleistocene deposits (Ciuk 1980).

Diapir-related tectonic deformations are more distinct in
the area of Szczercoéw Field (Ciuk 1973).

The reason to undertake the investigations was the
continuation of regional research carried out from the late
1980s (e.g., Krzyszkowski 1992, 1995, 1996) on the one
hand, and the need for updating the Detailed Geological
Map of Poland 1:50 000, Szczercéw sheet (Wieczorek,
Stoinski 2013) on the other. Studies of Quaternary sed-
iments in the Szczercow outcrop, especially of the Mid-
dle Polish Complex, were conducted by the authors from
2009 to 2013 (Fig. 1b). The exposing of new strata per-
mitted to study Quaternary deposits in the Krasowka river
valley area (Fig. 1b). The present study is also based on
works of Krol et al. (2007) and Kurpiewska (2010).

Study area

The study area is located in central Poland (Fig. 1) and
straddles the Szczercow Basin and Belchatow Plateau
(Kondracki 2002). It is situated 20 km to the north of
the maximum limit of Wartanian end moraines (e.g.,
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Fig. 1. Location of the study area on the map of Poland (A) and on the sketch of the Kleszczow — Szczercow vicinity (B); profiles and
sections studied

A — Parchliny A (August 2010), B — Parchliny B (April 2012), C — (May 2013)
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Krzeminski 1997, Marks 2004, Marks et al. 2006,
Turkowska 2006), which age is correlated with the oxy-
gen stage 6 (MIS 6, Middle Polish Complex — see Lind-
ner, Marks 2012).

Methods and aim

Fieldwork in the Szczercéw Field was carried out mainly
at the two highest mining levels of the outcrop (Fig. 2).
A multi-method research approach was applied. The bore-

hole sections and geological cross-sections were inter-
preted, and a palacogeographical analysis was performed
(e.g. Wieczorek, Stoinski 2013). The interpretation was
based also on archived reports (e.g. Sarnacka 1970, 1971).
The primary research goal was to identify the main struc-
tural and textural features of the Quaternary deposits, and
thus sedimentological analysis (Miall 1978) was carried
out, modified by Zielinski and Pisarska-Jamrozy (2012).
The textural analyses were made on several tens of sedi-
ment samples, including grain size analysis using the Folk
and Ward technique (1957) and analyses of grain shape
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Fig. 2. Geological sketches of the Quaternary sediments within the eastern part of the Szczercow outcrop (near Parchliny)
borehole profiles: A — Parchliny A (August 2010), B — Parchliny B (April 2012)
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and 0.8-1.0 mm surface morphology of quartz grain
(morphoscopy) according to the Cailleux method (1942)
modified by Gozdzik (1995). These indications were per-
formed at the Department of Geomorphology and Palae-
ogeography Laboratory of the University of £odz. The
petrographic and heavy mineral analyses (Dobosz 2012)
were carried out for Geconsult Kielce.

Geophysical methods were used for 10 samples of silt-
sand deposits. Determinations of anisotropy of magnetic
susceptibility of the deposits (AMS) were performed at
the Institute of Geophysics, Polish Academy of Sciences,
in Warsaw by Dr Elzbieta Krol (Wachecka-Kotkowska et
al. 2014).

Palynological investigations (Kuszell, Iwanus§ 2012)
were carried out for Geconsult Kielce at the Institute of
Geological Sciences of the University of Wroctaw. Mal-
acological (molluscs) and ostracodological (ostracods)
studies were performed by Dr Jarmila Krzyminska at the
Polish Geological Institute — National Research Institute,
Marine Branch in Gdansk-Oliwa.

Physico-chemical methods were used to determine
the age of deposits and, basing on the §'80/3'°O ratio, to
find out the palacotemperatures. These proxies were de-
termined by Dr Wojciech Drzewicki from the Institute of
Geological Sciences of the University of Wroctaw. Geo-
chronological studies were based on the decay of C ra-
dioactive isotope (Pazdur 2011, Michczynski 2012) and
performed at the C14 Dating Laboratory of the Silesian
University of Technology.

The major goal of this paper is to present the prelim-
inary results, and also correlation of Quaternary deposits
from the Szczercow outcrop located in the Kleszczow
Graben carried out in the period 2009-2013, supple-
memnted in 2014-2015. The paper provides the char-
acteristics of Quaternary depositional formations, their
age and origin. The names of formations are cited af-
ter Krzyszkowski (1992, 1995, 1996). They were rec-
ognized and documented in the nearby Belchatow out-
crop. Another goal was to try to correlate lithologically
similar deposits in the Kleszczow Graben — to the west
(Szczercow Field) and east (Belchatow Field) of the De-
bina Diapir, in order to indicate the regional similarities
and differences for the stratotype Quaternary section of
central Poland.

Results

Folwark and Kucow Formations

Deposits of the Folwark (Nida Glaciation) and Kucow
(Sanian Glaciation) Formations have been so far more
poorly recognized than the younger formations.

It has been found that tills and sands of the Folwark
Formation (see Krdl et al. 2007) overlie a Neogene clay-
sand complex represented by greenish clays, sandy clays,
clayey silts and brownish sands (see Wieczorek, Stoinski
2013). They are overlain by glaciotectonically deformed
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sandy-gravel, till and clayey sands of the Kucow Forma-
tion (see Krol et al. 2007).

Deposits of the Folwark and Kucow Formations are
cut by faults. Petrographic studies of gravels from till in-
dicate Kucéw Formation — lithotype T2 known from the
Belchatéw outcrop (Dobosz 2012, Krzyszkowski et al.
2015). There are also others tills, from the South Polish
Glaciations, which differ in petrographic indices, perhaps
due to the movement direction of ice-sheet advance.

The silt-sand-clay series (glaciolacustrine in origin)
of the Sanian Glaciation in the Szczercow outcrop is
relatively thick, locally up to 25 m (Kurpiewska 2010).
Lithologically, these are silts and sandy silts with distinct
lamination, grading into varved clays. They were defor-
mated during time of sedimentation (flow deformations)
and also tectonically (close to fault; see Fig. 2B). The
main mineral constituent of this series is smectite, with
subordinate illite and kaolinite, as well as calcite and
quartz (Kurpiewska 2010). An ice-dammed lake series is
also known from studies carried out by Krol et al. (2007).

Czyz6w Formation

South of the Chabielice Faults (part of the Kleszczow Gra-
ben, fig. 2A), there are varigrained white sands, probably
representing the Czyzow Formation. They are character-
ized by lithofacies S% and S/ — horizontally bedded and
low-angle planar cross-bedded sands. Most likely, these
sands represent fluvial sediments. They derived from ero-
sion of older sediments, tills and also Neogene. This is
confirmed by the presence of feldspars, fragments of crys-
talline rocks, quartz sand-stones and siliceous rocks, and
sands are composed largely of quartz: 94-97% (Dobosz
2012). The plant macroremains (probably of trees) have
been collected from these rocks. They are currently under
study (Myskow et al. 2015).

Lawki Formation

The Lawki Formation deposits (Odranian Glaciation
according to Krzyszkowski 1992, 1995 and Allen and
Krzyszkowski 2008) are relatively common at the top of
the lower, deformed structural unit (Fig. 2). The depos-
its are erosionally truncated along a boundary between
the deformed lower structural level and the undeformed
upper unit (Krzyszkowski 1992, 1995, 1996). These are
tills (see Krol et al. 2007), glaciofluvial sands and an ice-
dammed lake series (see Kurpiewska 2010).

Malacological, ostracodological and geochemical
studies were carried out on varved-like glacilacustrine
deposits (grey silts and black clays) attaining a thick-
ness of 20-30 metres. They were probably deposited in
a closed lake (glacial in origin) of the ice-marginal zone
(Wachecka-Kotkowska et al. 2012a) with a quiescent, but
seasonally differing sedimentary conditions, inhabited by
molluscs and cryophilic ostracods. The basin was pro-
gressively shallowing and transformed into lake dominat-
ed by currents.
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Fig. 3. Results of petrologic studies and correlation of tills from the eastern part of the Szczercow outcrop
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Table 1. Pollen zones in the Parchliny B profile, Szczercow outcrop, eastern excavation wall (Kuszell, Iwanus$ 2012)

Local pollen assemblage zones
(LPAZ)

Vegetation

Regional pollen asse blage zones
(RPAZ)

PS5

P4

P3, P2

P1

Warm-climate deciduous forests with lime-tree, oak, hornbeam
and hazel; hazel, which earlier occurred mainly in the under-
growth of mixed, oak-pine forests, could form warm-loving
shrubs and even hazel woods; an important diagnostic feature

in this level is the appearance of yew-tree (7axus) — its presence
confirms the moderately warm climate with oceanic influences
Predominance of pine-oak forests; increase in hazel proportion at
the end of the period; hornbeam and lime-tree also appeared
Mixed, pine-birch forests, initially with a distinct proportion of
elm (P2), later with ash-tree (P3); warm-loving taxa of ivy (Hed-
era) and mistletoe (Viscum) appeared in the undergrowth; alder
shrubs with admixture of elm and ash-tree in wetland habitats
Birch-dominated forest communities with a low percentage of
herbal plants; moderate climate

E4

E3

E2

El

Rogowiec Formation

The Rogowiec Formation deposits (Wartanian Glaciation
after Krzyszkowski 1992, 1995, Allen and Krzyszkowski
2008, or Wartanian Stadial — upper part of the Odranian
Glaciation after Lindner and Marks 2012) are represented
by till (see Krol et al. 2007) and glaciofluvial sands, which
locally lie on erosional boundaries. Those deposits a few
meters thick have been found in SW and NE corners of
the outcrop.

Aleksandrow Formation

Along the axis of the Krasowka river valley, above the
Rogowiec Formation, there are the Aleksandréw Forma-
tion deposits (see Kuszell, Iwanus 2012) resting upon
erosional boulders or glaciofluvial series, and dated at the
Eemian Interglacial (see Tab. 1). Silts and clays in rhyth-
mic deposition suggest the presence of a lake at that time,
with a deposition of silts and clays showing the features
of rhythmites (Wachecka-Kotkowska et al. 2013a, 2015).
They are lithologically similar to the above-described var-
vites of the Lawki Formation.

Palynological studies show a vegetation succession
from ascending interglacial period (level P1, E1) to its op-
timum (level PS5, E4) (Tab. 1). Due to inaccessible walls
of the opencast mine, the interglacial succession has not
been fully examined in the upper parts of the section.

Remains of malacofauna were also found in muddy
and organic deposits of the ancient lake. Eemian deposits
of the Szczercow Field were earlier examined at the site
as Podlas 18/21.5 (see Krdl et al. 2007). These sediments
were destroyed during the exploitation.

Piaski Formation

Deposits of the Aleksandrow, Rogowiec, Lawki and,
probably, Czyzow formations are discordantly overlain
sediments of the Piaski Formation (Vistulian). In the east
wall of the Szczercow outcrop, the lower part of this se-
ries was documented in 2010 and 2012 (Parchliny A and

B profiles, Fig. 2). These are fluvial and fluvio-deluvial
sediments accumulated in periglacial conditions. Two
series have been distinguished within this complex: the
lower series of Middle Plenivistulian silt-sandy sediments
(SFh, Sh — horizontally laminated sands/sandy silts) and
the top horizon of Upper Plenivistulian sand sediments
containing heavily aeolized grains. The detailed chrono-
stratigraphic subdivision was possible due to radiocarbon
dating (Pazdur 2011, Michczynski 2012). It points to the
Middle Plenivistulian (MIS 3; 47 ka BP) as the beginning
of valley filling, and to the Upper Plenivistulian (MIS 2;
24 ka BP) age of the fluvioperiglacial series (Wachec-
ka-Kotkowska et al. 2012b, 2014). Based on a geomor-
phological analysis of the study area, it can be assumed
that the Krasowka, Krasowa and Nieciecz rivers formed
valleys draining the pre-existing post-Wartanian land-
forms, i.e. subglacial channels or kettle holes (Wieczorek,
Stoinski 2013, Wachecka-Kotkowska et al. 2014).

Widawka Formation

The Vistulian deposits are locally covered by Holocene
deposits of the Widawka Formation. The Holocene cover
is represented mainly by grey and brownish-grey medi-
um- and fine-grained sands and sandy silts of fluvial and
fluvial-deluvial origin. They occur at the surface in the
Krasowka river valley. Their thickness in the study area
is about 2 m.

Conclusions

The investigations carried out in the Szczercow outcrop
allowed to confirm the occurrence of several formations
in this region, namely: Folwark, Kucéw, Czyzow, Lawki,
Rogowiec, Aleksandréw, Piaski and Widawka Forma-
tions (see Fig. 4). In both the Betchatow and Szczercow
outcrops, the Quaternary is represented by two structural
units, the deformed lower and the undeformed upper ones
(Krzyszkowski 1992, Allen, Krzyszkowski 2008, Wa-
checka-Kotkowska et al. 2013b).
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Currently, the most disputable problems are those con-
cerning the stratigraphic position of older tills and of the
Middle Polish Complex sensu Lindner and Marks (2012),
and, at the same time, corresponding with the studies of
Krzyszkowski (1992) in the Belchatow and Szczercow
outcrops. Those studies did not prove the presence of the
Ferdinandovian Interglacial, which could be a key to ex-
plain many questions on the Mesopleistocene of central
Poland.
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