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The diversity of origins of peatland basins in Central Poland allowed the peatlands to
be distinguished by location (in valleys or upland mires) and by the processes forming
their basins (e.g. glacigenic, aeolian, fluvial or thermokarst processes). Peats prevail in
the structure of the sediments in the analysed basins of peatlands; among them the
most predominant are fens, whereas the amount of raised bogs is low. In parts of the
analysed objects there are lake sediments, which usually form the bottom sections
of the profiles of the biogenic sediments, and were usually deposited in the Late
Vistulian. In the Holocene, peat series were accumulated. In the examined peatlands
located on morainic uplands, lacustrine sediments of the Late Vistulian and Early
Holocene covered by Late Holocene peats are documented. Peatlands located
near aeolian forms do not show evidence of continuous accumulation of biogenic
deposits. They are particularly sensitive to changes in humidity and they underwent
frequent modifications during phases of aeolian activity. The sediments of valley
peatlands are not suitable objects for stratigraphic analyses, but they are appropriate
for reconstructions of short events that occurred in the river valleys.
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1. Introduction be encountered. These peatlands are variable
in terms of water supply, as well as their surface
Central Poland is in a peatland zone in which ~ area and the volume of biogenic sediments

fens dominate (Zurek, 1987; Succow & (Zurek, 1984, 1987). The area of Central
Joosten, 2001), whereas raised mires may also Poland (the LédZz Region), where the field
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studies documented here were conducted, is
outside the reach of the ice sheet of the last
glaciation (Fig. 1). This area was covered by the
ice sheet during the Warta Stadial of the Saalian
Glaciation (MIS 6) and earlier glaciations
(Marks et al., 2018). The surface geological
structure is predominantly characterised by
glacigenic sediments, and considerable amounts
of the surface are covered with fluvial, slope,
and aeolian deposits of the Vistulian. At that
time, intensive periglacial processes took place
under conditions in which tundra vegetation
dominated, whereas during warmer phases the
plant cover and forest assemblages characteristic
of temperate zone developed (Klatkowa, 1996).
In the Early Vistulian and Plenivistulian, there
were many lakes and peatlands in Central
Poland (Roman, 2016).
land-forming processes led to their extensive

However, intensive
transformation, often entailing the destruction of
such forms and damage to the deposited biogenic
sediments. Intensive morphological processes
were halted at the end of the Plenivistulian.
In the Late Vistulian, there were still aeolian,
thermokarst and fluvial processes active, which
were associated with the river system adapting
to new environmental conditions. Such trans-
formations of the initial glacial landform led to
the significant geomorphological variety in the
area and the differentiation of the surface geology
structure. This made it possible for numerous
depressions to form, in which wetlands presently
visible in the landscape of the area, could
develop. The changing climatic and hydrological
conditions of the Late Vistulian and Holocene
allowed the peatlands and lakes to develop and
function. With time, the lakes went through
a stage of terrestrialisation and changed into
peatlands.

This article is based on studies by the
author and a team of specialists in paleoecology,
a significant portion of whose results have
already been published. The article aims to
indicate how significant the geomorphological
and geological conditions of basins were for

the creation and functioning of peatlands in
them, and for the course of biogenic sediment
deposition. The geomorphological features of
the basins of peatlands and lakes are important
to the continuity, deposition, and behaviour of
biogenic sediments, along with the hydrological
and climatic conditions, which are vital for the
functioning of peatlands and lakes (Charman,
2002; Rydin & Jeglum, 2006). This paper will
not discuss the study methodology and will
not present results, because these have all been
described in detail in other papers (Forysiak,
2012, 2015; Forysiak et al., 2010, 2011, 2012).
A number of examples will be shown to represent
the units developed in different forms in glacial
uplands within the reach of aeolian forms or in
valleys.

2. Study sites

The study area is located in the Polish lowlands.
There are large peatlands within the extensive
depressions known as the Lowicz-Blonie Basin,
the Szczercéw Basin, and the Kolo Basin. The
morainic uplands, which were transformed
by periglacial conditions, mainly feature small
peatlands. Geological, geomorphological, and
paleoecological ~ surveys  carried out in
Central Poland (the L6dz Region) focused
on the surroundings and substratum of the
peatlands, as well as on the biogenic sediments
deposited in their basins. The studies covered
over 30 peatlands (Forysiak, 2012), but this
paper presents only a number of examples
(Fig. 1) which represent units that developed
in multiple formations in areas of glacial
uplands and within the reach of aeolian forms
or in valleys (i.e. of different origins). In the
examined part of Central Poland, peatlands
are predominantly located in river valleys. Of
the fifteen shown in Fig. 1, seven are located in
active river valleys (see Fig. 1, sites 1-7). Another
three peatlands formed in river valleys, which
were excluded from open river systems during
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Figure 1. Study area. Location of wetlands in Central Poland. Peatland described in text: 1 - Korzen, 2 - Bartochdéw,
3 - Mianéw, 4 - Ner-Zawada, 5 - Polesie, 6 - Kopanicha, 7 - Beczkowice; 8 - Jézefka, 9 - tugi, 10 - Wilczkdw,
11 - Napoleonéw; 12 - Witéw-Silne Btoto, 13 - Rabief, 14 - Czarny Lug, 15 - Zabieniec. Rectangles correspond to the
ranges of geomorphological maps on Fig. 2. The red lines indicate the maximum range of the ice sheet during Vistulian and
Warta Stadial.

the Plenivistulian (Fig. 1, sites 8—10). One of = which are found both in valleys and in uplands.
the example sites is located in a valley formed by =~ In the study area, several peatlands function on
proglacial outflow. The next group are peatlands morainic uplands, but here only one is shown
associated with aeolian forms (Fig. 1, site 12-14),  (Fig. 1, site 15)
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3. Review of geological,
geomorphological and
paleoecological setting

Geological and geomorphological fieldwork were
carried out in the study area during 2005-2014.
Many manual and mechanical drillings were
carried out in peatlands and their surroundings,
and detailed data has been published by Forysiak
(2012).
thickness of biogenic deposits allowed a number

Recognition of the lithology and

of sites to be selected for collection of cores to
analyse. These deposits were sampled using
an Instorf sampler or piston corer. During the
research cycle, palynological, plant macrofossil
and paleozoological analyses and radiocarbon
dating were carried out (Forysiak, 2012, 2015;
Forysiak et al., 2010, 2011, 2012). Because the
tested sediment cores were from 2 to 16 m deep,
samples for the aforementioned analyses were
taken at different intervals: from 2 to 10 cm. All
the stratigraphical conclusions expressed in this
article are the result of this palynological research
and dating of sediments.

The most numerous group among the studied
peatlands is of those located in river valleys
(Fig. 1). They often exist in an environment of
active fluvial processes, where the peatlands
function in floodplain basins or oxbow lakes
and where they occupy extensive parts of valley
bottoms or terrace depressions of thermokarst
origin (Forysiak, 2015). The thickness of peats
and accompanying lacustrine sediments in the
studied peatlands of the L6dZ region varies
from 1.5 m to 5.0 m. An interesting example is
the Kopanicha Peatland in the Rawka River
valley (Figs.1, 2a) in a flood basin which
became covered with peat in the middle of the
Holocene (Forysiak et al., 2011; Pawlowski et
al., 2012). Paleobotanical research was carried
out on sediments of a core having a thickness
of 3.8 m, which is the largest thickness found in

Kopanicha (Forysiak, 2012). A large proportion
of the peatlands formed in valleys, which were
disconnected from the river system, and this
includes parts of the bottoms of ice-marginal
valleys, cut-off fragments of river valleys, and
transformed glacigenic or thermokarst basins
(Forysiak, 2015). The Lugi mire is an interesting
example of a wetland having formed in an
abandoned valley floor (Figs. 1, 2d). It is situated
in a part of the Warta river valley that was
excluded from the river system in the erosional
phase at the end of Plenivistulian (Klatkowa &
Zatoba, 1991; Forysiak, 2012).

Another relatively numerous group is that
of peatlands near aeolian formations. The
development of the basins of these peatlands
is directly associated with the activity of
aeolian processes in the Late Vistulian and the
Holocene. Many smaller units have also been
observed which formed in Holocene deflation
depressions (Forysiak, 2012, 2015) connected
with human-induced phases of acolisation
(Twardy, 2011). Greater paleogeographical and
paleoecological significance may be attributed,
however, to the wetlands formed in the Late
Vistulian, which underwent transformations
during the dune-forming phases (Wasylikowa,
1964; Dylikowa, 1969). The Witéw site, which
is located at the edge of the Silne Bloto mire, is
of great importance (Wasylikowa, 1964). The
Rabient mire is similarly located (Figs. 1, 2¢) in
a basin cut off by a migrating dune (Kloss, 2005;
Forysiak, 2012, 2015). In the deepest part of the
peatland basin, 6.2 m of lacustrine sediments
and peat have been documented (Fig. 2), which
is the largest thickness in this group of peatlands
(Forysiak, 2012). Initially, from the Oldest
Dryas, the deposits formed in a lake, which in the
Holocene was transformed into a fen with a raised
bog at the centre (Kloss, 2005; Stowiriski et al.,
2016).

Peatlands located on morainic uplands make
a much smaller group. They occupy depressions
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of glacial origin with extensive periglacial
transformations which retained a shape that
supported the formation of a peatland. The
best studied example is the Zabieniec mire
(Figs. 1, 2b), where lacustrine sediments of the
Late Vistulian and Early Holocene covered
by the Late Holocene peats were documented

(Lamentowicz et al., 2009; Twardy et al., 2010).

This site has the largest thickness of lacustrine
peat sediments deposited in the above-mentioned
period in Central Poland, at 16.3 m, and the
collected sediment samples are still being
analysed by paleobotanists and paleozoologists.

Figure 2. Geological and geomorphological illustrations of
selected peatland.

a) Kopanicha Peatland. Geomorphological map:

1 - fluvioglacial plain; 2 - high terrace; 3 - low terrace;

4 - valley bottom; 5 - aeolian sand sheets; 6 - dunes;

7 - erosional edges; 8 - slopes; 9 - denudational valleys;
10 - closed depressions; 11 - peatland; 12 - oxbow lakes;
(after Forysiak 2012, changed).

b) Zabieniec Peatland. Geomorphological map: 1 - flat
morainic plain; 2 - fluvioglacial plain; 3 - fluvioglacial
hillocks; 4 - morainic hillocks; 5 - kettle hole; 6 - slopes;
7 - major denudational valleys; 8 - dellsand small
denudational valleys; 9 - closed depressions;

10 - peatland ; 11 - waters; (after Twardy et al., 2010,
changed).

¢) Rabien Peatland. Geomorphological map:

1 - fluvioglacial hillocks; 2 - fluvial-periglacial plains;

3 - valley bottoms; 4 - aeolian sand sheets; 5 - dunes;

6 - slopes; 7 - denudational valleys; 8 - peatland;

9 - streams; 10 - line of geological cross-section.
Geological cross-section: Plenivistulian: 1 - vari-grained
sands with an admixture of silts and gravels; Late
Vistulian/Holocene: 2 - aeolian sands, 3 - aeolian sands
indunes, 4 - gyttja, 5 - peat; R-l - location of studied core;
(after Forysiak, 2012, changed).

d) tugiPeatland. Geomorphological sketch: 1 - morainic
plain; 2 - high terrace; 3 - elevated parts of valley bottom;
4 - wet parts of valley bottom; 5 - aeolian sand sheets;

6 - dunes; 7 - slopes; 8 - denudational valleys;

9 - peatland; 10 - post-exploitation basins and streams;
11 - roads; 12 - line of geological cross-section.
Geological cross-section. Upper Plenivistulian: 1 - vari-
grained sands, fluvial; Late Vistulian: 2 - sands with
inserts of biogenic deposits, 3 - detrital-calcareous gyttja,
4 - detrital gyttja, 5 - sedge-moss peat; Holocene:

6 - reed peat; 7 - aeolian sand, 8 - tall-sedge peat with
muck atthe top, 9 - soilaccumulation horizon;

£-1 - location of studied core. (after Forysiak, 2012,
changed).

J. Forysiak
4. Interpretation and
discussion
The significance of the geomorphological

and geological conditions of peatland basins
for the creation of wetlands in the course of
sediment accumulation is rarely assessed in the
literature. Geological and geomorphological
features are mentioned as important aspects
of the functioning of peatlands (Succow
& Joosten, 2001; Charman, 2002; Rydin
& Jeglum, 2006), but these papers do not
specify how those features are reflected in the
lithology of deposited biogenic sediments, nor
in the continuity and quality of the record of
paleoenvironmental changes. One example of the
issue being dealt with is a work concerned with
eastern Poland, which shows the relationship
of geomorphological features and hydrological
conditions, and their importance for peat-
forming processes (Zurek, 1990).

The diversified geomorphological features
of the basins of peatlands, the varied geological
structure of their substracum and the character
of the infilling with biogenic sediments all
determine how useful the deposits accumulated
in peatlands will be for paleoecological and
stratigraphic analyses. As is shown by the
presented examples from Central Poland, the
most favourable conditions for the development
of full sequence of biogenic sediments from the
end of Plenivistulian to the present are found
in relatively deep postglacial depressions in
uplands. Zabieniec is one such site, where the
dynamics of the morphological processes and
the variability of the hydrological conditions
in the Late Vistulian and the Holocene were
limited and did not disturb the functioning
of the lake and mire (Lamentowicz et al., 2009;
Twardy et al., 2010). The core contains a record
of the transition from the periglacial conditions
of Plenivistulian to the Late Glacial conditions
(Fig. 3). Such a scenario has been recorded in
few lacustrine or peatland sites in the European
Lowland (Kolstrup, 1980; Brauer et al., 2001;
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Figure 3. Position and age of biogenic deposits of examined peatlands on the basis of paleobotanical analyses of the
cores. The bar height corresponds to the thickness of organic deposits. The zero line refers to the level of water in the river
bed draining the peatland or its vicinity. Peatlands in valleys: 1 - Korzen, 2 - Bartochéw, 3 - Mianéw, 4 - Ner-Zawada,
5 - Polesie, 6 - Kopanicha, 7 - Beczkowice; 8 - J6zefka, 9 - Lugi, 10 - Wilczkéw, 11 - Napoleondw; peatlands in aeolian
forms: 12 - Witéw-Silne Btoto, 13 - RabieR, 14 - Czarny tug; peatland in morainic upland: 15 - Zabieniec. Stratigraphy
- Mangerud chronozones (after Walanus & Nalepka, 2010): SA - Subatlantic, SB - Subboreal, A - Atlantic, B - Boreal,
PB - Preboreal, YD - Younger Dryas, AL - Allergd, OD - Older Dryas, BL - Bglling, DR - Oldest Dryas and K - Kamion (after

Manikowska, 1991).

de Klerk, 2008; Wacnik, 2009; Kotaczek et
al., 2015). The lake continued to function until
the middle of the Subboreal phase, when a low
fen developed and in time became transformed
into a raised bog. Owing to a number of
paleoecological analyses of its sediments, the
Zabieniec mire became an important profile for
the area of Poland (Lamentowicz et al., 2009;
Pléciennik et al., 2011; Pawlowski et al., 2012).
In Central Poland, a few similarly located
peatlands have been studied, but none of them

in detail in terms of paleoecology. It can be
concluded that if a peatland is located in a deep,
glacigenic depression of a sufficiently small direct
catchment, it is possible for a continuous profile
of biogenic sediments to be created and preserved.

The large number and geomorphological
diversity of the peatlands located in valleys
presents potentially favourable conditions for
geological and  paleogeographical
Nevertheless, the peatlands in the valleys of

studies.

Central Poland have been subjected to heavy
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human impact in the last 200 years, which
has mainly involved drainage for farming, the
establishment of meadows or peat exploitation.
Therefore, only few places remain with intact
biogenic sediment profiles. Peatlands and lakes
began to form in valleys as early as the Late
Glacial and were often present in the Holocene
(Fig. 3). The changes in the groundwater level
in valleys, the intensity of water supply (and
sometimes the influence of fluvial processes)
caused disruption to the accumulation of
biogenic sediments (Starkel et al., 2013). Of the
studied peatlands, none allowed us to document
a continuous deposition of sediments from the
Late Vistulian to the Late Holocene, and the
missing part was often the Late Glacial, the Early
Holocene or the older part of Late Holocene
(Fig. 3).

reconstructions are sediments deposited in

Of more use for paleoecological
peatlands located in inactive valleys, where the
functioning of the peatland is dependent on the
level of groundwater. However, such sites are void
of intense fluvial or slope processes, in contrast
to those located in active river valleys. In valleys,
where fluvial processes have ceased or are weakly
active, pools of various sizes can be found. They
were formed because of the lowering of the
surface by thermokarst processes in the older part
of the Late Glacial, when there was a melting of
masses of ground ice buried in mineral sediments
accumulated in the Plenivistulian (GoZdzik &
Konecka-Betley, 1992). Peatlands developed in
such depressions and, after further lowering, were
permanently flooded with water, which formed
lakes, which then, in the Holocene transformed
into peatlands (Gozdzik & Konecka-Betley,
1992; Forysiak et al., 2010; Forysiak, 2012).
Despite of a good geological survey of the valley
peatlands in Central Poland, there is still a
shortage of sites with detailed paleoecological
record. Cores from several peatlands in valleys
were subjected to palynological analysis and
dated (Fig. 3).

Peatlands near aeolian forms are particularly
sensitive to changes in humidity and they

underwent frequent modifications during phases
of aeolian activity (Wasylikowa, 1964; Kubiak-
Martens, 1996; Gozdzik, 2007; Margielewski et
al., 2015). The studied sites in Central Poland
indicate that relatively large basins near the
dune complexes and effectively supplied by
groundwaters in the Late Glacial functioned as
lakes or peatlands with continuous accumulation
of biogenic sediments. It often continued in the
Holocene (Fig. 3), a good example of this being
the Witéw site (Wasylikowa, 1964) or Rabiend
(Balwierz, 2005; Forysiak et al., 2012, Stowinski
et al., 2016). The group of peatlands connected
with aeolian forms also contains smaller objects
developed in deflation depressions that occurred
as a result of an increase in aeolian activity in
response to the defrosting in the Late Holocene
(Twardy, 2011). This kind of site is suitable for
reconstruction of the environmental conditions
in the period of agricultural activity.

The presented conclusions apply to peatlands
formed in areas outside the reach of the last
glaciation, where geomorphological formations
and the surface geological structure were shaped
in the Vistulian by mainly periglacial, fluvial,
slope, and aeolian processes. The part of the
territory of Poland north of the LGM line is
much richer in peatlands (Zurek, 1984, 1987;
Succow & Joosten, 2001) but the shaping of their
geological subsurface progressed in a different
formation, and a comparison of these two areas
would require significantly more comprehensive
documentation.

5. Conclusions

The diversity of the origin of peatland basins
in Central Poland allowed peatlands to be
distinguished by location (in valleys or upland
mires) and by the processes forming their basins
(e.g., glacigenic, acolian, fluvial or thermokarst
processes). Peats prevail in the structure of the
sediments in the analysed basins of peatlands; the
most predominant are fens, whereas the amount of



The diversity of geomorphological features of peatland basins in Central Poland and its paleoecological significance 183

raised bogs is low. In parts of the analysed objects
there are lacustrine sediments, which usually form
the bottom section of the profiles of the biogenic
sediments, and were usually accumulated in the
Late Vistulian. Some of the analysed sequences
contain lacustrine sediments of the Holocene age,
which is evidence of a lake being present in that
time period also outside the floors of river valleys.
The development of upland basins, as well as wide
basins of aeolian origin, is endogenous; it begins
with the lake stage and subsequently changes into
fens, a transitional peatland and raised bogs. In
such sites, complete profiles of the sediments
of Late Glacial are often documented with a full
Holocene sequence. Accumulation basins in river
valleys do not provide constant sediment growth
as they are dependent on the variable dynamics of
fluvial processes, which means that the registered
growth of biogenic sediments is not synchronous
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