Geology, Geophysics 8£Environment 2016, vol. 42 (3) 325-336

Plant macrofossils from the Czyzo6w Complex deposits
of the Szczercow outcrop, central Poland

Elzbieta Myskow', Dariusz Krzyszkowski’, Lucyna Wachecka-Kotkowska®,
Dariusz Wieczorek®

" University of Wroctaw, Institute of Experimental Biology; ul. Kanonia 6/8, 50-328 Wroctaw, Poland;

e-mail: elzbieta.myskow@uwr.edu.pl

? University of Wroclaw, Institute of Geography and Regional Development; pl. Uniwersytecki 1, 50-137 Wroctaw, Poland;
e-mail: dariusz.krzyszkowski@ing.uni.wroc.pl

* University of Lodz, Department of Geomorphology and Palaeogeography; ul. Narutowicza 88, 90-139 £4dZ, Poland;
e-mail: lucyna.wachecka@geo.uni.lodz.pl

*Geoconsult Sp. z 0.0.; ul. Jurajska 6/40, 25-640 Kielce, Poland;

e-mail: wieczorek@geoconsult.kie.pl

© 2016 Authors. This is an open access publication, which can be used, distributed and reproduced in any medium according
to the Creative Commons CC-BY 4.0 License requiring that the original work has been properly cited.

Received: 28 September 2016; accepted: 10 December 2016

Abstract: The paper presents the results of research into the plant macrofossils found in the tectonic Kleszczéw
Graben, within Mesopleistocene sandy sediments. A number of samples were collected at eight locations from
river sediments containing variously sized fragments of plants, mostly from greenish sands overlying Neogene
sediments.

The structural characteristics of the sediments show a cyclic record of the formation of point bars, their wash-
ing out at supercritical conditions, and their aggradation by fine-grained material during flow waning. Based on
lithological and structural studies, it has been demonstrated that the sands accumulated in an environment of
a meandering river, whose valley bottom was covered with fairly dense vegetation, inhibiting the influx of min-
eral material to the floodplain from the surroundings - the valley or glacial plateau slopes. The aim of further
analysis was to identify the plant genera of the individual macrofossils (about 40 specimens). The most numerous
macrofossils were observed in the middle layers of the profile, within sandy megaripple structures, where mostly
fragments of Fraxinus and Acer wood were present. In other layers, several fragments of Pinus and three pieces
of Populus wood were identified. Additionally, young stems of dicotyledonous plants and fragments of rhytidome
(the outer bark of a tree) were found. The results are discussed in combination with considerations on the deposi-
tion of the Czyzéw Complex in the Belchatéw outcrop, and on the occurrence of local flora.
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INTRODUCTION

Analyses of fossil floras which are essential for bi-
ostratigraphic schemes are based largely on pal-
ynological studies. However, as far as possible,
analyses of plant macrofossils preserved in sedi-
ments are carried out simultaneously. These stud-
ies concern in particular fruits and seeds but also

fragments of stems or roots, especially those with
a secondary structure, with well-preserved sec-
ondary wood. Analyses of macrofossils are im-
portant because their presence may indicate that
the material is of local origin (Pyszynski 1991,
Pyszynski & Krzyszkowski 2011).

Interesting features of this type have been ear-
nestly sought in sediments of warm periods of

http://dx.doi.org/10.7494/ge0l.2016.42.3.325

ISSN 2299-8004 | e-ISSN 2353-0790 | Wydawnictwa AGH


http://www.wydawnictwa.agh.edu.pl

326

Myskow E., Krzyszkowski D., Wachecka-Kotkowska L., Wieczorek D.

the Pleistocene. Good places for this are Europe’s
deepest outcrops in Belchatow and Szczercdw,
which are located in the Kleszczéw Graben, cen-
tral Poland. The Kleszczéw Graben is a longitudi-
nal tensional structure formed along pre-existing
(Variscan) fault zones as a result of compensation
movements in the foreland of the Alpine folding
zone (Krzyszkowski 1990). The structural setting
of the graben is disturbed by the Debina salt dome
composed of Zechstein deposits (Krzyszkowski
1992). The Belchatéw outcrop is located east of the
dome, and the Szczercéw outcrop occurs to the
west (Fig. 1).

The onset of mining operations in 2002, which
included the removal of the overburden of most-
ly Quaternary deposits in the outcrop of the
Szczercéw field, and later lignite extraction from
2007, help Quaternary geologists making a pre-
liminary correlation of genetically and temporal-
ly similar deposits with those from the geological
section of the Belchatow field. These correlations
become more complete as more deposits contain-
ing organic remains are studied.

Studies of the pollen of fossil floras in Qua-
ternary deposits of the Belchatow outcrop have
been the basis for their stratigraphic subdivision
(Janczyk-Kopikowa 1982, 1985, 1987, Krzysz-
kowski & Kuszell 1987, Kuszell 1991a, 1991b,
Krzyszkowski 1991a, 1992b, 1992, 1996, Balwierz et
al. 2006, 2008). In turn, plant macrofossils found in
this outcrop in a number of non-glacial formations
— Szerokie, Piaski, Chojny, Czyzéw and Lekinsko
(Tab. 1), studied and described by Pyszynski (1991)
and Pyszynski & Krzyszkowski (2011), have be-
come an important supplementary element.

The new outcrop of Szczercow is located about
15 km to the SW of Belchatéw in the western part
of the Kleszczéw Graben (Fig. 1). The Belchatéw
outcrop is located in its eastern part. Studies of
the Quaternary deposits are more advanced in the
Belchatow outcrop (Krzyszkowski 1992), although
preliminary investigations in the Szczercéw out-
crop substantiate the previously established strati-
graphic scheme (Wieczorek et al. 2015). Some dif-
ferences that appear do not disturb this scheme,
but are rather supplementary elements.

Betchatow

) Belchatow
Szczercow

S5
?/06,,/0:9«9
4,

Fig. 1. Location of the study area on a sketch map of the Kleszczow-Szczercow vicinity; red square - profile and section studied

in April 2012 (for details see Figs. 2 and 3)
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Table 1. Simplified Pleistocene lithostratigraphic scheme in the Belchatow and Szczercow outcrops, and the chronostratigraphy
after: Krzyszkowski (1996), Krzyszkowski & Allen (2008); modified and simplified; lithostratigraphy - glacial formations are

marked in grey

Tectonic units Lithostratigraphy Chronostratigraphy
= Widawka Formation | Szerokie Formation Holocene
. QE) Piaski Formation Vistulian
o ;g Aleksandréw Formation Eemian
= = Rogowiec Formation Wartanian
£ Chojny Formation Pilician
Stawek Formation ?
Lawki Formation Odranian
Rokity Formation ?
Podlesie Interstadial
. > § Czyzow Interstadial
5 Fé §§ Mazovia_n Czyzéw
z & 8 g Interglacial $ Complex
- < - Ferdynandovian
Interglacial
Kucow Formation Sanian
Folwark Formation Nidanian
Lekinsko Formation Lower Pleistocene
clay-sand complex Upper Miocene - Pliocene

The Szczercéow outcrop has not yielded such
well-documented palynologically deposits yet.
Besides an expert report prepared for updating
the Detailed Geological Map of Poland, 1: 50,000,
Szczercow map sheet (Kuszell & Iwanus 2012), the
only contribution is the paper by Wachecka-Kot-
kowska et al. (2016), showing a multiproxy anal-
ysis of the Eemian (Aleksandréw Formation) and
Vistulian (Wiechselian, Piaski Formation). Dur-
ing documentation work in the Szczercéw outcrop,
fragments of secondary wood were acquired from
the sediments of younger formations. The macro-
fossils found in these sediments were analyzed and
described by Wachecka-Kotkowska et al. (2016).

The study was focused on plant macrofossils
of different sizes and their degree of preserva-
tion, present within sandy deposits accumulated
in a fluvial environment during a Mazovian Inter-
glacial period understood by Krzyszkowski (1992,
1996) as the Czyzéw Complex (Tabs. 1, 2).

The Czyzéw Complex is represented by sandy,
muddy and organic deposits of fluvial and lacus-
trine origin, with well-developed erosional bound-
aries (Krzyszkowski 1991a, 1991b, 1992). Depos-
its of this formation have a greenish tinge. The
Czyzoéw Formation is subdivided into six sets of

segments (A-F) (Tab. 2). Segment A was found at
the top of the formation, underlain by a set of seg-
ments C. Segment B, and the sets of segments D, E
and F occurred beneath the set of segments C, but
their position relative to each other has not been
established because they were found as isolated
occurrences (Krzyszkowski 1992, 1996). Palyno-
logical studies of the organic deposits show that
two of the segments had features of interstadials
and occurred in the upper part of the section, de-
scribed as the Podlesie and Czyzéw Interstadial
(Tabs. 1, 2). The next two segments had features
of interglacials (Mazovian and Ferdynandovian
Interglacials); however, their mutual time rela-
tionship has not been fully explained (cf. Krzysz-
kowski 1992, 1996, Allen & Krzyszkowski 2008).

The main aim of the present research was to
identify the plant genera of the macrofossils, dif-
fering in size and degree of preservation, found in
fluvial deposits accumulated during the intergla-
cial period understood by Krzyszkowski (1992,
1996) as the Czyzéw Complex. These deposits oc-
cur in the western part of the Kleszczéw Graben,
and are exposed in the Szczercéw outcrop. Sedi-
mentological analysis and lithogenetic interpreta-
tion of these deposits are also discussed.

Geology, Geophysics and Environment, 2016, 42 (3): 325-336
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Table 2. Lithostratigraphy and chronostratigraphy of the Czyzéw Formation deposits in the Belchatéw and Szczercéw outcrops
after: Krzyszkowski (1996), Krzyszkowski & Allen (2008), modified

Lithostratigraphy Belchat:l\;\;f;:;sczercéw Chronostratigraphy

CZYZOW FORMATION A Podlesie Interstadial

C
b Czyzo6w Interstadial

< CZYZOW COMPLEX

F a D E Mazovian Interglacial

B b b ?
b c C Ferdynandovian
Interglacial palaeosol?

MATERIALS AND METHODS

Fluvial deposits of the Czyzéw Formation were
examined in April 2012 (Fig. 1). They were ex-
posed at mining level II of the Szczercéw outcrop
(59°13'47.9"N, 29°08'27"E), on the eastern wall
(Fig. 2).

The fieldwork included lithological analysis of
the deposits according to the method proposed

by Tucker (1996), as well as routine structural ex-
aminations (e.g. Krzyszkowski 1992). The lithofa-
cies coding systems of Miall (1978) and Krzysz-
kowski (1996) were used to describe the lithofacies
types. The layers and the location of macrofossils
within them have been documented. A geological
cross-section of the walls at mining levels I and II,
a detailed sketch of exposed deposits, and a photo-
graphic documentation have been made.
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Fig. 2. Sketch of the geological cross-section of the Quaternary sediments within the eastern part of the Szczercéw outcrop (near

Parchliny) in April 2012 (for details see Fig. 3)
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Soil samples (Nos. 232-239) containing mac-
rofossils were collected at eight locations from
variously grained sands (Fig. 2). The most fre-
quent and common material, although difficult to
examine, was organic detritus that has not been
taken into consideration in microscopic analy-
sis because the material was highly disintegrated.
First, soil samples were sifted in order to find all,
even minor, macrofossils. Then, if needed, macro-
fossils (or their minor fragments) were left in the
mixture of glycerol and ethanol 100% (1:3) for
a few days to soften the hard tissue (Myskow 2010,
Myskow & Zagorska-Marek 2013). To identify
the plant genera, transverse, radial and tangen-
tial hand-made sections were cut using the razor
blade. To examine anatomical (diagnostic) de-
tails of macrofossils, the sections were examined
in a microscope Olympus BX50 and documented
with use of an Olympus Camera DP71 cooperat-
ing with a Cell B Software (Olympus Optical Co.,
Poland). Greguss (1945, 1955) and Schweingruber
(1978, 1990) keys as well as a Website: InsideWood
2004 were used for the identification of wood gen-
era. The terminology was based on IAWA list of
macroscopic features for hardwood and softwood
identification (IAWA Committee 1989, 2004). The
digital images were processed with Macromedia
Fireworks MX2004.

RESULTS

The sandy and sand-muddy deposits which con-
tain large fragments of plant macrofossils were
observed in the lower part of a deformed tectonic
unit (see Tab. 1). They were mainly covered by Ne-
ogene rocks (sands and greenish clays) in a palaeo-
depression. Both these series were separated by an
erosional boundary. Locally, the Czyzéw Forma-
tion sands overlay the Kucéw Formation sands
(Figs 2, 3). In the upper part of the section they
were erosionally cut, and the depression was filled
with an ice-dammed lake clay-mud series, a glaci-
ofluvial sand series of the Lawki Formation, and
a mud series with peat and gyttja of the Aleksan-
dréw Formation (Eemian). The whole of it is cov-
ered by fluvial sandy and sand-muddy deposits
of the Piaski Formation (Vistulian). The Czyzéw

Formation deposits were found at a depth of 146—
156 ma.s.l., i.e. 28-18 m b.g.l. They were observed
over a distance of more than 600 m. The thickness
of the exposed series was estimated at approxi-
mately 10 meters.

The Czyzéw Formation was represented pre-
dominantly by brownish-grey-greenish medium-
and coarse-grained sands (Fig. 4). They were also
accompanied by other sediments, as mud. Con-
sidering the lithology and its variability, it can
be supposed that the sands represent a set of seg-
ments C (Ca-Cb-Cc) correlated with the Czyzéw
Interstadial (unfortunately, no palynological stud-
ies are available).

At the top of segment Ca there were medi-
um- and coarse-grained sands with horizontal
stratification (Sh), and local muds with low-angle
cross stratification (Fl) (Fig. 3). They were under-
lain by trough cross-stratified coarse- and medi-
um-grained sand (St) with telmatic mud, clayey
to sandy, black to grey (Cm), and brown to light
brown silts with dispersed allochthonous organic
detritus (Ca), included in segment Cb (Fig. 3). This
segment contained plant macroremains, main-
ly secondary wood (eight samples for analyses
were collected from these deposits). The series is
terminated by deposits of segment Cc, sands and
gravels, e.g. coarse- to medium-grained sand or
pebble sand or coarse- to medium-grained sand
with trough cross stratification (St) (Fig. 4). They
showed a certain repetitiveness of the sequence, as
emphasized in Figure 3.

Analyses of eight soil samples from the
Szczercow outcrop revealed the presence of wood
macrofossils in five of them (Nos. 232, 235, 236,
237 and 239). The wood remains (totally about 40
specimens) differed in sizes; from the very small,
not exceeding 0.5 cm, to the relatively large, up to
15 cm in length. Regardless of the size, they were
considerably compressed (Fig. 5A) making the
identification of wood genera difficult. In the ana-
lyzed materials, both gymnosperm (Fig. 5) and
angiosperm (Fig. 6A-I) wood remains were iden-
tified. Additionally, fragments of very young di-
cotyledonous stems with the primary structure, as
well as fragments of rhytidome, i.e. the outer bark
of the tree (Fig. 6]), were found.

Geology, Geophysics and Environment, 2016, 42 (3): 325-336
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The spatial distribution of identified macro-
fossils was related to sediment strata. In the low-
est layer, located at a depth of 23.5 m b.g.l. (sample
No. 239), three fragments of Pinus sp. (pine), three
of Populus (poplar), and one piece of Acer (maple)
wood were found. Besides the wood macrofossils,
two fragments of rhytidome and young stems of di-
cotyledonous plants were identified in this soil sam-
ple. Sample No. 237 (23 m b.g.1.) contained only one
small fragment of a young stem of a dicotyledonous
plant and a fragment of 2-year-old stem, most likely

of the poplar. The most numerous and well-pre-
served plant macrofossils occurred in the central
part of the profile (sample No. 236; 22.4 m b.g.1). In
this layer, more than 20 specimens were found. The
majority of them (80%) were identified as Fraxinus
(ash) wood, whereas the remaining 20% as Acer.
The ash wood was also found in all 12 analyzed
wood remains in sample No. 235. At the top of the
analyzed sequence, at a depth of 21.5 m b.g.l. (sam-
ple No. 232), three larger and few smaller fragments
of wood, identified as Pinus were present.
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Fig. 4. Photos of sediments of the Czyzéw Formation: A), B) medium - to coarse-grained sand (St); C), D) plant macroremains
(arrowed)

Fig. 5. Fossil wood of Pinus shown on the hand-made sections: A), B) transverse sections: A - compressed wood, B - typical ar-
rangement of tracheids; C), D) radial sections: C - fenestriform pits between parenchyma cells of the ray and axial tracheids (ar-
row), D - dentate cell walls (black arrow) and bordered pit (white arrow) of ray tracheids. Bar in micrometres

Geology, Geophysics and Environment, 2016, 42 (3): 325-336
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Fig. 6. Macrofossil remains shown on the hand-made sections; A)-C) Fraxinus fossil wood: A - ring-porous wood on transverse
section, early-wood vessels denoted by arrow, B — 2-3-seriate rays on tangential section, C - latewood vessels with thick second-
ary cell walls on transverse section; D)-G) Acer wood: D - diffuse-porous wood with thick rays (arrows) on transverse section,
E - vessels in radial files (white arrow) and rays (black arrow) on transverse section, F — 3-5-seriate rays on tangential section,
G - distinct spiral thickening of vessels (arrows) on radial section; H), I) Populus wood: H - uniseriate rays visible on the tan-
gential section (arrow) despite significant compression of tissue, I - large, simple pits between parenchyma cells and vessels on

radial section; ]) fragment of rhytidome. Bar in micrometres

As mentioned above, both gymnosperm and
angiosperm wood fragments were identified in
the analyzed profile. Only one genus of gymno-
sperms, i.e. Pinus was identified. Pinus is charac-
terized by softwood (Fig. 5A, B) with thin-walled
epithelial cells of longitudinal and transverse res-
in canals (Greguss 1955, Schweingruber 1978,
TAWA Committee 2004). However, due to signif-
icant compression, the wood structure was not
well preserved in material examined (Fig. 5A),
and on the vast surface of the transverse and tan-
gential sections was almost unidentifiable, includ-
ing the presence or absence of the resin canals,

with thin-walled epithelial cells. The typical wood
structure was visible only on the small fragments
of these sections (Fig. 5B), but together with bet-
ter preserved radial sections, the identification of
the wood remnants was possible. The most sig-
nificant diagnostic feature, characteristic only of
pine wood, is the presence of large fenestriform
pits (Greguss 1955, Schweingruber 1978, IAWA
Committee 2004). This type of pits was distinct
on the radial sections, unquestionably identify-
ing the wood remnants (Fig. 5C). Therefore, all
macrofossils having this type of pits were identi-
fied as Pinus wood. In addition, rays in Pinus are

https://journals.agh.edu.pl/geol
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heterocellular, i.e. they are composed of paren-
chyma cells and tracheids, in which the bordered
pits occur (Fig. 5D). Additionally, in some species,
ray tracheids can be characterized by the dentate
cell walls (Fig. 5D) That feature was distinct in all
gymnosperm wood fragments in sample No. 239;
less distinct dentate cell walls were visible in all
macrofossils in sample No. 232.

Apart from gymnosperms, the wood frag-
ments of deciduous trees, represented by Fraxinus,
Acer and Populus, were also identified in the stud-
ied material. The majority of angiosperm wood re-
mains were characterized by the presence of the
ring-porous wood (Fig. 6A). Despite the plant ma-
terial was compressed, especially in the region of
latewood, the ring-porous structure of the wood
was visible in some places. The thick-walled vessels
were distinct and arranged in radial, mostly two-
celled rows (Fig. 6B). Additionally, the occurrence
of bi- or triseriate rays (Fig. 6C) specified these
wood remains as the genus Fraxinus. The macro-
fossils were determined as Acer based on the fol-
lowing anatomical features: diffuse-porous wood
with vessels arranged solitary or in radial rows of
2-4 (Fig. 6D and E); rays 2- to 4-seriate (Fig. 6F),
vessels with simple perforation plates and distinct
spiral thickenings (Fig. 6G). The wood of Populus
is diffuse-porous, with radial rows of 2-4 vessels
with simple perforation plates and uniseriate (Fig.
6H), homocellular rays (Fig. 6I). Rays were iden-
tified as homocellular when the marginal cells of
rays had large, simple pits between parenchyma
cells and vessels, with 2—4 pits in height (Fig. 6I).

DISCUSSION

The wood remains were found in deposits with
some structural features (see legend in Fig. 3). The
cyclic lithofacies succession St, (S1)>Sh->F] may in-
dicate a record of initial forms of a point bar dur-
ing normal, relatively low-energy flows, alternate-
ly with deposition under the plane-bed phase of
the upper flow regime in a meandering river en-
vironment (Krzyszkowski 1991a, 1991b, 1996,
Zielinski 2014). Lithofacies St correspond to me-
garipples migrating along the riverbed. Lithofaci-
es Sh indicate deposition of material under con-
ditions of the plane-bed phase of the upper flow
regime and during washing out of megaripples.

Lithofacies Fl (SFr(c)) prove the deposition of sand
material on the underwater part of a point bar
(Miall 1978). The low inclination angle of laminae
and small ripple marks Sr(c) are the result of cur-
rents transporting the material up the slope of the
point bar in a sand-bed meandering river, while
muds and sandy muds of lithofacies Fm indicate
calm sedimentation due to the free fall of grains
on the point bar slope (Krzyszkowski 1996, Zie-
linski 2014). Based on the lithofacies characteris-
tics, we can infer about a cyclic record of the for-
mation of meandering point bars, their washing
out under supercritical flow conditions, and their
aggradation by fine-grained material during flow
waning.

Macroremains were found mainly in the sedi-
ments of lithofacies St and Fl (Sr) that characterize
more energetically stable depositional conditions
within the river channel. They are hardly observed
in the horizontally stratified sands of Sh, deposit-
ed under the upper flow regime or at the transition
from the lower to the upper regime. It may prove
that the macroremains have not been significantly
redeposited. This view is supported by their com-
mon occurrence and a large accumulation of tree
trunks and branches of various sizes, which were
observed during documentation work. Large mac-
rofossils, over 1m in size, could not be brought by
a river flowing under supercritical flow conditions
(Miall 1978). Therefore, likely, macrofossils ana-
lyzed here were directly formed and deposited as
“parautochthonous” and they could be compared
to those from the nearby located well-document-
ed Belchatéw outcrop (Pyszynski 1991, Pyszynski
& Krzyszkowski 2011).

In terms of their lithostratigraphic position,
the studied sands show a similarity to the Czyzéw
Complex sediments, found in the nearby Bel-
chatéw outcrop and deposited during the Mazo-
vian (Holsteinian?) Interglacial. Their position in
the geological succession was also similar. The dif-
ference is that the only set of units described from
the Czyzéw Complex in the Szczercéw outcrop
was the C. This may result from the greater reduc-
tion of sediments due to exogenous processes in
this part of the Kleszczéw Graben. It seems that
ice lobes of the Scandinavian ice sheet, advancing
from the west, exerted a greater destructive force
(Krzyszkowski et al. 2015).

Geology, Geophysics and Environment, 2016, 42 (3): 325-336
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Like in the Belchatéw outcrop, within all ex-
amined non-glacial sediments, the macrofossils
were best preserved in the sands, and less well
preserved in the muds of the Czyzéw Formation
(Krzyszkowski 1991b, Pyszynski 1991, Pyszynski
& Krzyszkowski 2011). Their relatively small num-
ber (totaling about 40 macrofossils) does not re-
flect the vegetation of the stand (Pyszynski 1991).
However, taking together the results of the mac-
rofossil and pollen analyses, as well as regarding
the local origin of macrofossils, it makes it pos-
sible to draw broader conclusions on the climate
and flora of the analyzed period. Unfortunately,
due to the lack of pollen analysis for the sediments
of the Czyzéw Formation from the Szczercéw out-
crop, our results can be compared only to the sim-
ilar analysis for the Belchatéw outcrop. Accord-
ing to the palynological analysis (Kuszell 1991b),
the highest percentage of tree pollen grains was
achieved for Pinus, Picea and Alnus, whereas
the participation of other tree genera, i.e. Betula,
Quercus, Ulmus and Corylus, was lower, and pol-
len grains of Juniperus, Larix, Salix, and Fraxinus
were only sporadically present. Such pollen spec-
tra show that the climatic optimum was character-
istic of the deciduous forest of interstadial episode
(Kuszell 1991b). Pyszynski (1991) and Pyszynski
& Krzyszkowski (2011) confirmed the local dep-
osition of macrofossils of Pinus sylvestris and Al-
nus, whose pollen grains dominated in the whole
profile (Kuszell 1991b). Additionally, a well-pre-
served Juniperus fossil wood was identified, de-
spite the lack of pollen of this genus in this level of
the profile (Kuszell 1991b, Pyszynski 1991). Dur-
ing the present analysis, fragments of pine wood
were also found. The presence of pine wood is un-
surprising since the pollen grains of this genus
were abundant in the analyzed profile of this for-
mation (Kuszell 1991b). As was mentioned before,
the fragments of pine wood with distinct dentate
cell walls of the ray tracheids were observed in
sample No. 239. This feature is characteristic of
a few species of Pinus including Pinus sylvestris
(Scotch pine) (Greguss 1955, Schweingruber 1978,
IAWA Committee 2004). Regarding the occur-
rence of Scotch pine macrofossils in the sediments
of Czyzéw Formation from the Betchatéw outcrop
(Pyszynski 1991, Pyszynski & Krzyszkowski 2011)
as well as ecological requirements of this species, it

seems likely that the P. sylvestris macrofossils were
also observed in our material. Additionally, it is
worth noting that only pine wood fragments were
found at the top of the profile, which may indicate
climate cooling. In contrast, genera of the temper-
ate climate and characterized by the tolerance to
the environmental conditions, i.e. Fraxinus, Acer
and Populus were found in the middle layers of
the profile. Of those, only Fraxinus pollen grains
were observed in the Czyzéw Formation of the
Betchatéw field (Kuszell 1991b), while no macro-
fossils of these genera were identified (Pyszynski
1991). The presence of Fraxinus wood in the ana-
lyzed layers of the profile corresponds well to the
genus ecological requirements. Ash is a tree spe-
cies associated with the riparian forests formed
along the bottoms of meandering river valleys,
requiring moist and fertile soils (Barzdajn et al.
1995, Tulik 2009). Regarding the tree preferences,
its presence in the layers correlates well with the
nature of the formation, originated by the mean-
dering rivers. It further confirms that this type of
geological formation as well as the type of fossil
forest vegetation could arise during a warm peri-
od of the Pleistocene, e.g. some part of the Mazo-
vian Interglacial, Czyzéw Complex.

CONCLUSIONS

The geological and palaeobotanical investigations
carried out for the present study allow us to ad-
vance the following conclusions:

1. In the Szczercéw outcrop, fragments of vascu-
lar plants that can suggest at least interstadial
thermal conditions at that time were found in
sand sediments of the Czyzéw Complex, and
precisely the Czyzow Interstadial.

2. The sand sediments were deposited in a me-
andering river environment, as evidenced by
the facies succession. Such a river channel type
indicates “pluvial” climate conditions at that
time and a dense cover of vegetation hamper-
ing the supply of mineral material from the
valley slopes into the floodplain.

3. The presence of pine wood at the top of the
profile may suggest climate cooling, whereas
the genera of the temperate climate, i.e. Fraxi-
nus, Acer and Populus, were found in the mid-
dle layers of the profile.

https://journals.agh.edu.pl/geol
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4. The sand sediments from the Szczercéw out-
crop which host the plant macrofossils show
a high degree of similarity to the sediments
representing the set of units C of the Czyzow
Formation in the Belchatéw outcrop. Howev-
er, it cannot be currently ascertained whether
they originated in the same river.
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