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As so ci ate Ed i tor: Wojciech Granoszewski

The W³odawa Heights are a mor pho log i cal el e va tion com posed of Pleis to cene de pos its lo cated in West ern Polesie (east ern
Po land). Anal y sis of the ge ol ogy of this area based on the type lo cal i ties of the Mazovian (Holsteinian, MIS 11c) Inter gla cial
al lowed the con clu sion that it was cov ered by only two ice-sheets, rep re sent ing the Sanian 1 and Sanian 2 glaciations re -
spec tively (Gla cial B, MIS 16 and Elsterian, MIS 12). The el e va tion was lo cated be yond the range of the Odranian (Saalian,
MIS 6) Gla ci ation. Two ho ri zons of gla cial till cor re lated with the Sanian 1 and Sanian 2 glaciations, and sep a rated by
biogenic de pos its of the Ferdynandovian (Cromerian III-IV, MIS 13-15) Inter gla cial, have been dis tin guished within this el e -
va tion in Sosnowica. De pos its of the Sanian 2 (Elsterian, MIS 12) Gla ci ation are over lain by lac us trine de pos its of the
Mazovian (Holsteinian, MIS 11c) Inter gla cial, doc u mented by palaeobotanical stud ies in sites oc cur ring close to the ter rain
sur face. The sites in clude: Dobropol B, Suszno (Cegielnia and Scarp), W³odawa Cegielnia, Wyryki, Korolówka, and
Ignaców. The lac us trine de pos its doc u ment a vegetational suc ces sion typ i cal of the Mazovian Inter gla cial. Gla cial de pos its
have not been doc u mented above; in turn, these de pos its are over lain by lac us trine de pos its of the Liviecian (Fuhne, MIS
10), niveolacustrine de pos its of the Odranian (Saalian, MIS 6) and, most com monly, of the Vistulian (Weichselian, MIS 2-5d)
glaciations. At most sites, de pos its of the Mazovian Inter gla cial and those over ly ing them infill palaeotroughs. The Bug River
val ley was ini tially also a subglacial trough, which was filled with flu vial and biogenic sed i ments dur ing the Mazovian
(Holsteinian, MIS 11c) Inter gla cial. Re newal of Bug run off in the study area took place dur ing the Vistulian (Weichselian, MIS
2-5d) Gla ci ation. As a megaform, the W³odawa Heights rep re sent an out lier formed due to the ero sional ac tiv ity of flu vio gla -
cial wa ters dur ing the re ces sion of the Sanian 2 ice-sheet. The form is not an el e va tion of Cre ta ceous rocks, be cause the top
of Cre ta ceous strata to the south of W³odawa Heights in the £êczna-W³odawa Lakeland is lo cated much higher. In the north -
ern part of the W³odawa Heights, mi nor, NE–SW ori ented faults with a throw of 20–30 m, as well as faults with a trans verse
ori en ta tion, have been ob served in the Cre ta ceous rocks. Frac tur ing of the rock mas sif, in clud ing the de vel op ment of mi nor
faults, took place dur ing the Al pine de for ma tion events. The geo log i cal struc ture of the W³odawa Heights also does not cor re -
spond to the Variscan struc tural plan, as the area is lo cated within the W³odawa De pres sion, filled with thick Paleozoic strata
and over lain by a suc ces sion of Me so zoic rocks which do not dis play dis con tin u ous de for ma tion. 

Key words: W³odawa Heights, West ern Polesie, Elsterian, Mazovian (Holsteinian) Inter gla cial, Maastrichtian. 

INTRODUCTION

The W³odawa Heights rep re sent a par al lel-sided mor pho -
log i cal el e va tion, which is a mesoregion of West ern Polesie
(Richling et al., 2021). To the north, they bound the Sosnowica
De pres sion, and to the south the £êczna-W³odawa Lakeland
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(Fig. 1). The most re cent stud ies per formed in West ern Polesie
have re vised con cepts of the ge ol ogy of the ter rain and dem on -
strated that the last ice-sheet that cov ered the study area be -
longed to the Sanian 2 (Elsterian, MIS 12) Gla ci ation (¯arski et
al., 2024; Pochocka-Szwarc et al., 2024, 2025a, b), and not the
Odranian (Saalian, MIS 6) Gla ci ation, as con sid ered pre vi ously
(Buraczyñski et al., 1984; Buraczyñski, 1986; Dolecki et al.,
1991, 1994; Dolecki and Wojtanowicz 1992; Wojtanowicz,
1993, 1994a, b; Lindner, 1996).

This stra tig ra phy of the de pos its build ing the sur face of the
W³odawa Heights has been re cently shown on re gional maps at 
1:250,000 scale (Pochocka-Szwarc and ̄ arski, 2023; ̄ arski et
al., 2023) and 1:50,000 scale (Pochocka-Szwarc, 2023a, b, c,
d; Kucharska, 2023a, b). The idea that West ern Polesie was
cov ered by the ice-sheet of the Odranian (Saalian, MIS 6) Gla -
ci ation is al most 100 years old, reaches back to the works of
Sawicki (1922) and Zaborski (1927), and has per sisted un til
pres ent (e.g., Buraczyñski and Wojtanowicz, 1980/1981;
Lindner et al., 1985, 2004). This study pres ents a new con cept
of the Pleis to cene struc ture of the W³odawa Heights, which is in
ac cor dance with the most re cent stud ies of the area (¯arski et
al., 2009, 2024; Pochocka-Szwarc et al., 2021, 2024, 2025a,
b). The ba sis for this new con cept is the geo log i cal and palaeo -
botanical anal y sis of sites with de pos its of the Mazovian (Hol -
steinian, MIS 11 c) Inter gla cial, cou pled with the re con struc tion
of the mostly Cre ta ceous base ment to the Qua ter nary de pos its.

REVIEW OF PREVIOUS RESEARCH

The his tory of stud ies on the Qua ter nary de pos its and their
Cre ta ceous and Paleogene-Neo gene base ment in Polesie
within the bound aries of Po land, Ukraine and Belarus reaches

back to the early 20th cen tury. The in ves ti ga tions in cluded
Volhynian Polesie lo cated to the south and south-east of the
study area. Tutkovsky (1901, 1904) de scribed ev i dence of the
for mer pres ence of an ice-sheet in that area based on el e va -
tions rep re sent ing fron tal mo raines and eskers, as well as er -
ratic boul ders of Scan di na vian or i gin. Gagel and Korn (1908)
and Gagel (1922) doc u mented one ho ri zon of gla cial till on the
ter rain sur face, which they cor re lated with an older gla ci ation
but did not de ter mine its ex act age [pres ent knowl edge sug -
gests that this gla ci ation may be cor re lated with the Sanian 2
(Elsterian) Gla ci ation]. Ac cord ing to this con cept, the ice-sheet
must have also cov ered the W³odawa Heights. Ac cord ing to
Sawicki (1922), Polesie was cov ered by the ice-sheet of the
Mid dle-Pol ish Gla ci ation, at pres ent cor re lated with the Odra -
nian (Saalian) Gla ci ation. Of cru cial sig nif i cance are the works
of Lilpop (1925a, b), who doc u mented peats with macroremains 
of plants typ i cal of a warmer cli mate in nat u ral ex po sures along
the lower Bug scarp ob served in W³odawa and nearby Koszary
(pres ently in Ukraine). He also sug gested that they rep re sent
inter gla cial sed i ments sep a rat ing glaciations L3 and L4; the first 
cor re sponds to the Sanian 2 (Elsterian) Gla ci ation and the sec -
ond to the Odranian (Saalian) Gla ci ation. 

A key study for the rec og ni tion of the Pleis to cene ge ol ogy
and palaeo ge ogra phy of the W³odawa Heights and the en tire
West ern Polesie was by Zaborski (1927), ac cord ing to whom
Polesie was cov ered by the ice-sheet of the Mid dle-Pol ish Gla -
ci ation [pres ently cor re lated with the Odranian (Saalian) Gla ci -
ation; Ta ble 1]. On the W³odawa Heights, that au thor dis tin -
guished a se ries of el e va tions at trib uted to fron tal mo raines,
e.g., in Górki, Pieszowola, Ludwiczyn, Marianka, Brus Nowy,
and Ró¿anka, as well as ac com pa ny ing units of gla cial till and
flu vio gla cial sand. The con cept of Zaborski (1927) ex plain ing
the ge ol ogy of West ern Polesie, in clud ing the W³odawa
Heights, lasted till the 2020s. 
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Fig. 1. Lo ca tion of the study area with the po si tion of the geo log i cal cross-sec tions de scribed fur ther be low
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Ac cord ing to Rühle (1936, 1937), Polesie was cov ered by
the Scan di na vian ice-sheet twice, dur ing the South-Pol ish
Glacia tions (pres ently the Elsterian Com plex). He later re vised
this view, based on the pres ence of de pos its rep re sent ing the
Mazovian (Holsteinian) Inter gla cial in Stare Koszary near Kovel 
(Ukraine), which ac cord ing to him were lo cated be tween gla cial
tills of the South-Pol ish Gla ci ation (Sanian 2, Elsterian) and the
Mid dle-Pol ish Gla ci ation (Odranian, Saalian). The geo log i cal
con text of peats ex posed in the Bug val ley scarp, as well as in
the nearby brickyard in Suszno (within the W³odawa Heights)
was de scribed by Trembaczowski (1957), and Mojski and
Trembaczowski (1961). 

Ac cord ing to these au thors, peats sep a rate gla cial de pos its
of the South-Pol ish (Sanian 2, Elsterian) and Mid dle-Pol ish
(Odranian, Saalian) glaciations. Based on palynological anal y -
ses, these peats were cor re lated with the Mazovian Inter gla cial
(Holsteinian) (Stachurska, 1957, 1961). Trembaczowski (1957, 
1963, 1968) de scribed the ge ol ogy of Pleis to cene de pos its in
the west ern part of the W³odawa Heights near W³odawa. The
inter gla cial sites re cog nized in Polesie (in the ar eas of both Po -
land and Ukraine) un til the 1970s was re viewed by Karaszewski 
and Rühle (1976).

A large con tri bu tion to the rec og ni tion of the ge ol ogy of the
W³odawa Heights were map ping sur veys for the De tailed Geo -
log i cal Map of Po land at the scale of 1:50,000 (Trembaczowski, 
1965, 1968; Buraczyñski and Wojtanowicz, 1981, 1982; Do -
lecki et al., 1987, 1990; Marsza³ek, 2000, 2001; ¯arski and
Morawski, 2018, 2019). These re sulted in a num ber of pub li ca -
tions de scrib ing the ge ol ogy of the Pleis to cene strata of the

W³odawa Heights (Buraczyñski and Wojtanowicz, 1980/1981;
Buraczyñski et al., 1984; Buraczyñski, 1986; Dolecki et al.,
1987, 1990). These sug gested that West ern Polesie was cov -
ered by the Odranian (Saalian) ice-sheet. The au thors cited
stated that the W³odawa Heights are com posed of gla cial,
ice-dammed and flu vio gla cial de pos its of the South-Pol ish and
Odranian glaciations. A sim i lar con cept of the struc ture of Pleis -
to cene de pos its of the W³odawa Heights was pro posed in a
more re cent pa per by Dobrowolski and Chabudziñski (2021).
Of cru cial sig nif i cance are stud ies de voted to the stra tig ra phy
and palaeo ge ogra phy of the area (Lindner et al., 1991, 2004,
2006, 2007;  Lindner and Szymanek, 2018; Marks and
Pavlovskaja, 2006; Rychel et al., 2021; Or³owska et al., 2025),
which de scribe the ge ol ogy of Pleis to cene de pos its in South ern
Podlasie. The Pleis to cene stra tig ra phy of Polesie is based on
type sites with fos sil lac us trine de pos its rep re sent ing the Fer -
dynan dovian Inter gla cial (Cromerian III–IV; Ta ble 1), doc u -
mented in Sosnowica, lo cated be neath the west ern slopes of
the W³odawa Heights (Dolecki et al., 1991; Janczyk-Kopikowa,
1991), as well as in Ferdynandów, £uków, and Zdany in Pod -
lasie (Janczyk-Kopikowa et al., 1981; Rzechowski, 1996; Pidek, 
2003, 2015; Pidek and Ma³ek, 2010; Pidek et al., 2015; Sta -
chowicz -Rybka et al., 2017).

Of high est im por tance for the rec og ni tion of the ge ol ogy and 
stra tig ra phy of West ern Polesie are sites with lac us trine de pos -
its from the Mazovian Inter gla cial (Holsteinian, MIS-11c; Ta ble
1) oc cur ring al most di rectly on the sur face of the W³odawa
Heights (Pidek, 2003; Hrynowiecka et al., 2014; Hrynowiecka
and Pidek, 2017; Pochocka-Szwarc et al., 2021, 2024, 2025a;
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T a  b l e  1

Chronostratigraphic cor re la tion of the Mid dle and Up per Pleis to cene in north west ern Eu rope (Litt et al., 2007; 
Head and Gibbard, 2015), south east ern Po land (Lindner et al., 2006, mod i fied; Marks et al., 2016, mod i fied),

Belarus (Velichkevich et al., 2001), Ukraine (Lindner et al., 2004, 2006, 2007), and ma rine iso tope stages (MIS);
mod i fied af ter Pochocka-Szwarc et al. (2024, 2025a)

Age
[ka BP]

Stra tig ra phy
Northwest ern 

Eu rope
Southeast ern 

Po land
Belarus Ukraine MIS

11.7 Ho lo cene Ho lo cene Ho lo cene Ho lo cene Ho lo cene 1

130
Up per 

Pleis to cene

Weichselian Vistulian Poozierian Valday 2-5d

Eemian Eemian Muravian Pryluky 5e

780
Middle

Pleis to cene

Saalian 
Com plex

Warthe + Drenthe
Odranian

 (Odranian+ Warthanian)
Pripyatian

(Dnieperian+Sozhian)
Dnieperian2 6

Schöningen Lublinan Shklovian Kaydakay 7

? Krznanian * ? Dnieperian1 8

Dömitz-Wacken Zbójnian Smolenskian Potagylivka 9

Fuhne Liviecian * ? Orelian 11b-10

Holsteinian Holsteinian Mazovian Al ex an drian Likhvinian 11c

Cromerian
 Com plex

Elsterian Sanian 2 Berezinian Okaan 12

Cromerian IV

Ferdynandovian Belovezhian Lubenian

13

Gla cial C 14

Cromerian III 15

Gla cial B Sanian 1 Narevian Sulian 16

Cromerian II

Podlasian Ró¿an Martonoshian

17

Gla cial A 18

Cromerian I 19

* – area not cov ered by ice-sheets
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¯arski et al., 2024). They doc u ment suc ces sions rep re sent ing
the Mazovian Inter gla cial and the ac com pa ny ing coolings of the 
Late Elsterian Gla cial and the Early Liviecian Gla ci ation
(Fuhne, MIS 11ba-10) re corded in lac us trine and biogenic de -
pos its. There are no gla cial de pos its ly ing above inter gla cial de -
pos its at these sites. In turn, the over ly ing ho ri zons rep re sent
clastic de pos its of the Vistulian and Ho lo cene. These ob ser va -
tions lead to the con clu sion that the last Pleis to cene ice-sheet
that cov ered this part of Po land be longed to the Sanian 2 Gla ci -
ation (Elsterian; Marks, 2023a). Such a strati graphic in ter pre ta -
tion was as sumed in the most re cent map ping re ports de voted
to Pleis to cene de pos its of West ern Polesie (Pochocka-Szwarc, 
2023a, b, c, d; Kucharska, 2023a, b; Pochocka-Szwarc and
¯arski, 2023). 

Im por tant palaeogeographic con clu sions can be drawn
from the geo log i cal po si tion of the lac us trine de pos its of the
Mazovian (Holsteinian) Inter gla cial in doc u mented sites lo cated 
to the north of the study area in South ern Podlasie (Lindner,
1988; Krupiñski, 1988; Lindner et al., 1990, 1991; Albrycht et
al., 1995; Lindner and Wyrwicki, 1996; Lindner and Marciniak,
1997, 1998; Lindner and Marks, 1999; Krupiñski, 2000; Nity -
choruk, 2000; Nitychoruk et al., 2005; Szymanek et al., 2005;
Ma³ek and Pidek, 2007; Pidek et al., 2011; Szymanek, 2011,
2012, 2013, 2014; Terpi³owski et al., 2014, 2021; Marks et al.,
2018; Hrynowiecka et al., 2019; Górecki et al., 2022; ¯arski et
al., 2024), where lac us trine de pos its of the Mazovian Inter gla -
cial that are not over lain by gla cial de pos its oc cur al most di -
rectly at the sur face. This sug gests that the area was not cov -
ered by an ice-sheet af ter the Sanian 2 (Elsterian) Gla ci ation. 

STUDY AREA

The sites de scribed are lo cated on the W³odawa Heights, a
dis tinct phys i cal-geo graphic unit within West ern Polesie (Fig.
1). This par al lel-sided mor pho log i cal struc ture ex tends for 34
km from Sosnowica in the west to W³odawa in the east. The
max i mum width of the W³odawa Heights within the Pol ish ter ri -
tory is 23 km, av er ag ing ~12 km. The bound ary Bug River cuts
the el e va tion, which con tin ues to the east into Ukraine and
Belarus. 

The high est point of the W³odawa Heights is lo cated on its
west ern part, i.e. near Marianka. This is a fron tal mo raine with
an el e va tion of 212.7 m a.s.l. (Pochocka-Szwarc, 2023b). In
gen eral, the sur face of the W³odawa Heights lies be tween
170–190 m a.s.l. To the north, i.e. from the Sosnowica De -
pres sion, the height dif fer ences are in the range of 20–40 m,
whereas to the south (from the £êczna-W³odawa Lakeland),
the gently slop ing slopes of this landform rise to 20–30 m
above the £êczna-W³odawa Lakeland. The height dif fer ences
rap idly de crease to wards the east of the heights, reach ing
17–20 m. The top most parts of the heights are char ac ter ized
by flat sur faces and their slopes are gently in clined. The
W³odawa Heights are in cised by three val leys, clearly dis tin -
guish able in the pres ent-day mor phol ogy, which are prob a bly
trans formed gla cial troughs (Fig. 1). The heights rep re sent a
mor pho log i cal el e va tion com posed mainly of Pleis to cene de -
pos its. The west ern and cen tral parts of their sur face are built
of gla cial tills and gla cial sands and grav els, and the east ern
parts mainly of flu vio gla cial sands and grav els. In the west ern
part di rectly be low the sur face oc cur Cre ta ceous lime stones,
as well as ma rine and ter res trial strata rep re sent ing the Paleo -
gene and Neo gene (Pochocka-Szwarc, 2023b; Pochocka-
 Szwarc and ¯arski, 2023).

GEOLOGICAL SETTING

STRUCTURAL PLAN

The W³odawa Heights are sit u ated on the west ern slope of
the East-Eu ro pean Plat form within a Paleoproterozoic tec tonic
su ture zone, which is ex pressed by the pres ence of di verse
crys tal line rocks of dif fer ent ages (Krzemiñska et al., 2017;
Mazur et al., 2017). A char ac ter is tic fea ture of the re gion is the
pres ence of crys tal line rocks oc cur ring at dif fer ent depths, from
430 to over 1800 m. This is the ef fect of nu mer ous faults, which
cut into the crys tal line base ment, re sult ing in a plat form-type
geo log i cal struc ture (¯elichowski, 1972, 1974; Mazur et al.,
2017; Krzemiñska et al., 2017). The W³odawa Heights are sit u -
ated within a Pa leo zoic struc ture known as the W³odawa De -
pres sion (Fig. 2), sep a rated in the north from the £uków Edge
by the Hanna Fault (lo cated sev eral kilo metres from the W³o -
dawa Heights) and in the south from the Kumów Edge by the
Œwiêcica Fault (¯elichowski, 1972, 1974). The dis place ment of
the top of the crys tal line rocks (£uków Edge vs. W³odawa De -
pres sion) along these NE–SW ori ented faults is al most 1500 m
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Fig. 2. Sketch-map of struc tural units in the base ment 
of south ern Podlasie and Polesie, 
af ter ¯elichowski (1974), mod i fied
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(the top of the crys tal line rocks in the Holeszów IG 1 bore hole is
at a depth of 430 m, and in Kaplonosy IG 1 bore hole it is at 1881 
m; Areñ, 1974; Krzemiñska et al., 2017). This geo log i cal struc -
ture fa voured the ac cu mu la tion of large thick nesses of Pa leo -
zoic strata. The main struc tural plan was shaped dur ing the
Bretonian and Asturian phases of the Variscan Orog eny (¯eli -
cho wski, 1972, 1984; Narkiewicz, 2003; Krzywiec, 2007;
Narkie wicz et al., 2007). The main faults sep a rat ing the £uków
Edge and the W³odawa De pres sion into lower-rank struc tural
units are ac com pa nied by sim i larly ori ented par al lel faults char -
ac ter ised by small dis place ment of the top of crys tal line rocks
(¯elichowski, 1974, 1984). 

In the study area, crys tal line and Pa leo zoic rocks are over -
lain by Me so zoic strata. Terrigenous and ma rine de pos its rep -
re sent ing the Mid dle and Up per Ju ras sic over lap Car bon if er ous 
rocks. Lower and Up per Cre ta ceous strata oc cur com monly,
form ing the base ment for the lo cal ized oc cur rences of Paleo -
gene strata. The Cre ta ceous rocks are al most flat ly ing, as they
were not sub ject to fold ing dur ing the Al pine de for ma tion and
are af fected by very few faults (Po¿aryski, 1974). A net work of
ver ti cal joint frac tures formed due to stress caused by the up lift
of Roztocze, lo cated ~100 km to the south of the study area,
was most prob a bly cre ated at that time (Henkiel, 1984; Hara -
simiuk and Henkiel, 1984; Buraczyñski, 2013). The tec tonic ac -
tiv ity of Roztocze took place dur ing the Laramian Phase of the
Al pine Orog eny, i.e. in the Neo gene and Early Pleis to cene
(Harasimiuk and Henkiel, 1984). Dobrowolski and Harasimiuk
(2002) dis tin guished three phases of neotectonic ac tiv ity in
Polesie: a late Paleogene one last ing from the Late Eocene to
the Mid dle Oligocene; an Early Neo gene one last ing from the
Late Oligocene to the Early Plio cene, and a Late Neo gene –
Qua ter nary one. 

BASEMENT TO THE QUATERNARY DEPOSITS 
OF THE W£ODAWA HEIGHTS

This base ment is com posed of ma rine strata rep re sent ing
the up per most stage of the Up per Cre ta ceous, i.e. the Maastri -
chtian, as well as the Paleogene (Eocene and Oligocene) and
Neo gene (Mio cene). Maastrichtian car bon ate rocks in clude
chalk, marls and in fre quent marly lime stones. They are doc u -
mented in nu mer ous wells, and their strati graphic po si tion has
been de ter mined based on foraminifera as sem blages, in clud -
ing in dex taxa such as: Gavelinella gankinoensis (Neckaja) and 
Gavelinella danica (Brotzen) (Buraczyñski and Wojtanowicz,
1982; Gawor-Biedowa, 1992). Ex po sures of Maastrichtian stra -
ta at the sur face or be neath a thin cover of Ce no zoic de pos its
are com mon to the south of the W³odawa Heights in the
£êczna-W³odawa Lakeland. 

The Maastrichtian struc tural pat tern, as well as the li thol ogy
and palaeomorphology of the Cre ta ceous top sur face (Fig. 3)
had a de ci sive role for the de vel op ment of Paleogene, Neo -
gene and Pleis to cene strata, as well as the pres ent-day re lief of
West ern Polesie (¯arski et al., 2023; ¯arski and Pochocka-
Szwarc,  2025). The geo log i cal con text of the up per Maastri -
chtian strata is well-il lus trated in cross-sec tions cut ting the
W³odawa Heights (Fig. 4), con structed on the ba sis of bore hole
data. The top of the Cre ta ceous rises to wards the south and
south-east (Fig. 3). In the Sosnowica De pres sion the top of the
Cre ta ceous lies at an el e va tion of 100–120 m a.s.l., be low the
W³odawa Heights it lies at 130–160 m a.s.l., whereas far ther to
the south, in £êczna-W³odawa Lakeland, it lies at el e va tions in
the range of 160 to 190 m a.s.l., mostly oc cur ring at the sur face.

A hy poth e sis ex pressed by nu mer ous sci en tists (e.g.,
Trem ba czowski, 1968; Buraczyñski and Wojtanowicz, 1980;
Dobrowolski and Chabudziñski, 2021) that the W³odawa
Heights rep re sent an el e va tion com posed of Cre ta ceous rocks
does not find con fir ma tion (Fig. 3), be cause to the south of the
heights, the top of the Maastrichtian rocks is lo cated much
higher, lo cally reach ing the sur face (£êczna-W³odawa Lake -
land). Only the north ern mar gin of the W³odawa Heights is prob -
a bly of tec tonic or i gin (Figs. 3 and 4A), as fault zones up lift ing
Maastrichtian rocks from 100–120 m a.s.l. to 130–160 m a.s.l.
have been doc u mented here (Figs. 3 and 4B). The faults are
NE–SW, NW–SE and N–S ori ented (Fig. 3). The throw on the
Cre ta ceous rocks is, how ever, rather small, reach ing 20 to
30 m. Fur ther more, the top of the Maastrichtian in the W³odawa
Heights is vari able, re sult ing in troughs (prob a bly of tec tonic or i -
gin) and el e va tions (Figs. 3 and 4). The height dif fer ences in the 
Cre ta ceous sur face reach up to 30 m, as shown by the sub-par -
al lel cross-sec tion (Fig. 4A, E). Larger troughs of tec tonic or i gin
af fect ing the Maastrichtian strata oc cur in the vi cin ity of Turno
and to the east of Adampol (Fig. 4B). The cen tral part of the
W³odawa Heights lies in a wide de pres sion, in which the top of
the Cre ta ceous is sit u ated at an el e va tion of ~140 m a.s.l. This
is also the part of the heights where the ter rain sur face is lo -
cated at the high est level, i.e. ~190 m a.s.l. El e va tions com -
posed of Cre ta ceous de pos its oc cur near Pasieka, Adampol
and Suchawa (Fig. 4B–D). These cause the sur face of the Cre -
ta ceous to take the form of a mi cro-horst-de pres sion net work.
More over, fault and frac ture zones fa voured the de vel op ment of 
later pro cesses of chem i cal de nu da tion within the Cre ta ceous
car bon ate rocks (palaeokarst in the £êczna- W³o dawa
Lakeland; Maruszczak, 1966, 2001; Harasimiuk, 1975; Dobro -
wolski, 2006), as well as ero sion dur ing the Neo gene and Pleis -
to cene.

Be side Cre ta ceous rocks of ma rine or i gin, the sub-Qua ter -
nary base ment of the W³odawa Heights is com posed of quartz-
 glauconite sands, silts and clays at trib uted to the Mid dle and
Up per Eocene and Lower Oligocene, and ter res trial de pos its in -
clud ing silts, clays and quartz sands rep re sent ing the Mid dle
Mio cene (Pochocka-Szwarc, 2023b, c). Mid dle and Up per Eo -
cene strata oc cur in the W³odawa Heights in a patchy ar range -
ment at vari able el e va tions (Fig. 4A–C). They infill tec tonic
troughs, e.g. near Turno and Adampol (Fig. 4B) in the east ern
part of the W³odawa Heights (Marsza³ek, 2000, 2001; Po -
chocka- Szwarc et al., 2025b). Near W³odawa, Eocene de pos its 
oc cur lo cally, di rectly be neath the base of the Pleis to cene. Near 
Turno (Fig. 4B), Eocene strata are over lain by Oligocene de -
pos its (Dolecki et al., 1990; Pochocka-Szwarc, 2023b, c).

Paleogene strata are un con form ably over lain by the Mid dle
Mio cene, de vel oped in ter res trial fa cies (sands and silts with oc -
ca sional interbeds of lig nite; Pochocka-Szwarc et al., 2025b).
The Mid dle Mio cene de pos its un der lie the Qua ter nary suc ces -
sion of the W³odawa Heights in its north ern (Fig. 4A–C) and
cen tral parts be tween Hola and Wyryki, as well as in the vi cin ity
of Adampol and Wola Korolówka (Fig. 4B, C). They infill an an -
cient N–S ori ented de pres sion in the top-Cre ta ceous sur face
and prob a bly of tec tonic or i gin (Figs. 3 and 4B) .

QUATERNARY DEPOSITS 

OF THE W�ODAWA HEIGHTS

The Qua ter nary de pos its com pos ing the W³odawa Heights
reach 30–50 m thick on av er age (Fig. 4A, B). In places they de -
crease to 10 m or less, e.g. near Wola Korolówka (Fig. 4C) or on 
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the west ern slopes of the W³odawa Heights (Fig. 4E). Pleis to -
cene de pos its are rep re sented by gla cial tills (two ho ri zons), flu -
vio gla cial and ice-dammed de pos its, as well as de pos its of the
Mazovian Inter gla cial (¯arski and Morawski, 2018, 2019;
Pochocka -Szwarc, 2023a–d; ¯arski et al., 2023; ¯arski and
Pochocka-Szwarc, 2025).

The South Pol ish Com plex (Cromerian Com plex, MIS
16-12) is com posed of de pos its rep re sent ing the: Sanian 1 Gla -
ci ation (Gla cial B, Narevian, MIS 16); Ferdynandovian Inter gla -
cial (Cromerian III, Belovezhian, MIS 15-13) and Sanian 2 Gla -
ci ation (Elsterian, Berezinian, MIS 12; Ta ble 1; Litt et al., 2007;
Marks et al., 2016, 2018; Marks, 2023a). They in clude de pos its
of var i ous or i gin: gla cial tills, sands and grav els; flu vio gla cial
sands and grav els; and ice-dammed silts and clays. Of key im -
por tance for the rec og ni tion of the ge ol ogy of the W³odawa
Heights is the Sosnowica bore hole (Dolecki et al., 1991). This is 
lo cated at the base of the W³odawa Heights on its west ern side
(Fig. 4E). A suc ces sion of lac us trine de pos its doc u ment ing the
Ferdynandovian Inter gla cial (Cromerian III, MIS 15-13) was
rec og nized in the suc ces sion (Janczyk- Kopiko wa, 1987, 1991;
Stachowicz-Rybka et al., 2017). Inter gla cial gyttja, peats and
silts in the Sosnowica bore hole were drilled in the depth in ter val

13.5–18.35 m. These de pos its sep a rate two ho ri zons of gla cial
till, with the lower one cor re lated with the Sanian 1 Gla ci ation
(MIS 16) and the up per with the Sanian 2 Gla ci ation (MIS 12)
(Dolecki et al., 1990; Pochocka-Szwarc, 2023b).

In most bore holes lo cated in the west ern and cen tral parts
of the W³odawa Heights there oc cur two gla cial till ho ri zons as -
signed to the Sanian 1 and Sanian 2 (MIS 16 and MIS 12)
glaciations, and sep a rated by flu vio gla cial sands and grav els or
ice-dammed silts and clays (Fig. 4A–C). In places, both gla cial
tills lie di rectly on one an other (show ing glaciotectonic de for ma -
tion) or only one gla cial till ho ri zon is pres ent; the lat ter is usu ally 
cor re lated with the Sanian 2 Gla ci ation (Fig. 4B). 

In the west ern part of the W³odawa Heights near Pasieka
and Zienki, gla cial tills and the un der ly ing thick (up to 20 m) suc -
ces sion of ice-dammed silts and clays dis play glaciotectonic de -
for ma tion (Fig. 4B, E) with re sults from the mor pho log i cal
palaeo margin com posed of Maastrichtian rocks which, dur ing
the ice-sheet ad vance, caused damm ing of ice and sed i ment. A 
sim i lar pro cess took place in Sarnaki (Albrycht, 2004, 2005) and 
in the vi cin ity of Uhruski Ridge (Che³m Hills) (Wyrwicka and
Wyrwicki, 1986; Dobrowolski and Terpi³owski, 2006).
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Fig. 3. Mor phol ogy of the top of the Cre ta ceous de pos its (Maastrichtian chalk and marls)
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More over, a char ac ter is tic fea ture of the geo log i cal struc -
ture of the area is the fact that the east ern part of the W³odawa
Heights is com posed mainly of a thick (up to 30 m) suc ces sion
of flu vio gla cial de pos its, and in places gla cial sands and grav els 
rep re sent ing the Sanian 1 (MIS 16) and Sanian 2 (MIS 12)
glaciations (Fig. 4B, C). Flu vio gla cial sands rep re sent the sta -
ges of ice-sheet melt ing dur ing the Sanian 1 and Sanian 2
glaciations. A char ac ter is tic fea ture of this part of the W³odawa
Heights is the fact that it is de void of gla cial tills. Flu vio gla cial
sands and grav els oc cur both at el e va tions of Maastrichtian
rocks (Wyryki, Adampol, Kol. Adampol) and in de pres sions on
the top of the Cre ta ceous rocks (Korolówka, Wola Korolówka,
Kol. Adampol, Adampol in the east). 

The high est parts (over 200 m a.s.l.) of the W³odawa
Heights rep re sent de nuded hills of fron tal mo raines com posed
of sands, grav els and strongly weath ered boul ders, char ac ter -
ized by a mas sive struc ture (Fig. 5). They are sit u ated along the 
mor pho log i cal axis of the W³odawa Heights, from Górki, Pie -
szo wola, Marianka, Kamieñ, Zamo³odycze, Horostyta to Lu -
bieñ, where they form the high est mor pho log i cal points of the
land form (¯arski and Pochocka-Szwarc, 2025). Near Stawki
and Ró¿anka, fron tal mo raines rep re sent the north ern most
forms of gla cial ac cu mu la tion within the W³odawa Heights (¯ar -
ski and Morawski, 2018, 2019; ¯arski et al., 2023; Pochocka -
-Szwarc and ̄ arski, 2023; ̄ arski and Pochocka-Szwarc, 2025; 
Or³o wska et al., 2025). 

OVERVIEW OF SITES WITH DEPOSITS OF THE MAZOVIAN
INTERGLACIAL ON THE W£ODAWA HEIGHTS

The lo ca tions (Fig. 6) and geo log i cal con texts of the bio -
genic and lac us trine de pos its of the Mazovian Inter gla cial at the 
sites ana lysed are shown in cross-sec tions (Fig. 7) and litholo -
gical col umns (Fig. 8). 

Dobropol B. This site, with de pos its of the Mazovian
(Holsteinian) Inter gla cial in Dobropol, is sit u ated at the edge of 
a brickpit lo cated in the broad en ing of a dry val ley run ning to -
wards the W³odawka River val ley (Fig. 6A). The site lies ~4 km
to the south-west of W³odawa, in the south east ern part of the
W³odawa Heights. The ter rain sur face is at an el e va tion of
165.5–167 m a.s.l. De pos its of the Mazovian Inter gla cial (silts
and peats) reach 4.1 m in thick ness and were doc u mented by
palaeobotanical anal y ses (Hrynowiecka et al., 2014). The
over bur den of these de pos its is al most 12 m thick and com -
posed of lac us trine de pos its (silts, clays) of the Liviecian and
Saalian glaciations, and an al most 3 m niveofluvial silt unit rep -
re sent ing the Vistulian (Hrynowiecka et al., 2014). These de -
pos its infill an an cient post-gla cial trough from the Sanian 2
Gla ci ation, eroded into Up per Maastrichtian marls and chalk,
as well as flu vio gla cial de pos its of the Sanian 2 Gla ci ation (Fig. 
7A).

Suszno SU1-2015. This old brickpit in Suszno is sit u ated
~2 km to the north of W³odawa. It is lo cated in a small de pres -
sion with a width of ~160 m, which is the be gin ning of a small dry 
val ley, 400 m long, run ning to the east to wards the Bug River
(Fig. 6B). The bot tom of the pit lies at an el e va tion of
159.5–160 m a.s.l., i.e. ~2 m be low the ter rain sur face.

Dur ing map ping in 1997, a bore hole was drilled in the
brickyard; it doc u mented lac us trine silts and peats of the Mazo -
vian (Holsteinian) Inter gla cial (Obarska, 1996; Marsza³ek,
2000). Be neath the lac us trine de pos its oc cur flu vial sands in the 
same strati graphic po si tion; their ab so lute OSL (Op ti cally Stim -
u lated Lu mi nes cence) age was de ter mined at 367 ±89 ka BP
(Kusiak, 1996 fide Marsza³ek, 2000). In 2015, a sub se quent,
fully cored bore hole (SU1-15) was drilled, in which biogenic and 
lac us trine de pos its were doc u mented (Fig. 6B). Palaeobota -
nical anal y ses of these de pos its al lowed de ter mi na tion of a
vegetational suc ces sion typ i cal of the Mazo vian (Holsteinian)
Inter gla cial (¯arski et al., 2023). In the bore hole, peat of the
Mazovian Inter gla cial is 1.2 m thick. This are over lain by 0.8 m
of peat from the Early Liviecian (Fuhne) Gla ci ation (¯arski et al., 
2023). Be low and above the biogenic suc ces sion oc cur flu vial
sands, in places with peat in ter ca la tions. Above flu vial de pos its
cor re lated with the Early Liviecian oc cur sands and silts of the
Odranian Gla ci ation with a thick ness of 1.3 m, which in turn are
over lain by niveolimnic clay and sandy silt, 5 m thick, rep re sent -
ing the Vistulian (¯arski et al., 2023).

Suszno Scarp (SU-1961, SU-2015, SU-2019). De pos its
at trib uted to the same palaeobasin are ex posed in the Bug
River scarp lo cated 400 m from the old brickyard, to the north
and south of the dry val ley out let (Trembaczowski, 1957; Sta -
churska, 1957, 1960, 1961; Mojski and Trembaczowski, 1961;
Marsza³ek, 2000; ¯arski et al., 2023; Fig. 6B).

The first de scrip tion of Suszno Scarp (SU-1961) was given
by Mojski and Trembaczowski (1961). Peats and peaty silts of
the Mazovian Inter gla cial, 4.5 m thick, lie on flu vial sands of the
same age. The biogenic de pos its are over lain by al most 4 m of
fine-grained de pos its cor re lated with the Odranian (Saalian)
and the Vistulian (Weichselian) glaciations. Palaeobotanical
anal y ses of this suc ces sion were made by Stachurska (1961). 

Suszno Scarp (SU-2015). This site is lo cated slightly to the
south of the dry val ley out let (Fig. 6B). The ex po sure was mea -
sured in 2015 and palynological anal y ses of the peats were
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con ducted (¯arski et al., 2023). Two sec tions were doc u men -
ted: Scarp 1 and Scarp 2 (Fig. 8). The biogenic se ries in Scarp 1 
is ~2.2 m thick; its lower part (0.8 m) ac cu mu lated dur ing the
Mazovian (Holsteinian) Inter gla cial, and the up per part in the
Liviecian (Fuhne) Gla ci ation (¯arski et al., 2023; Fig. 8). Be low
the biogenic suc ces sion oc cur flu vial sands of the Mazovian
Inter gla cial, ly ing on ice-dammed silts of the Sanian 2 (Elste -
rian) Gla ci ation. The flu vial sands con tain peat interbeds.
Above the biogenic suc ces sion there are niveolimnic silts of the
Vistulian al most 4 m thick, at the base of which is a thin sand
layer from the Odranian (Saalian) Gla ci ation. The Scarp 2 sec -
tion was lo cated sev eral metres to the north of the Scarp 1 sec -
tion, di rectly above the Bug wa ter level. It com prised 0.3 m of
peats from the Mazovian (Holsteinian) Inter gla cial at the base,
and 1.2 m of peats from the Liviecian (Fuhne) Gla ci ation in the

mid dle and top of the sec tion (k). As in the Scarp 1 sec tion, this
suc ces sion is over lain by Vistulian niveo limnic silts 4 m thick
(Fig. 8). 

An other ex po sure of the Bug es carp ment, SU-2019 (Figs.
6B and 8), lo cated to the north of the dry val ley out let, was mea -
sured in 2019. This sec tion, start ing from the wa ter level, is
com posed of strongly com pacted peats, 1.4 to 2 m thick, over -
lain by peaty silts (0.6 m), which ac cu mu lated in the Mazovian
(Holsteinian) Inter gla cial and dur ing the Early Liviecian (Fuhne)
Gla ci ation (¯arski et al., 2023). Palaeobotanical anal y ses have
not been car ried out for this suc ces sion. Above the peaty silts
oc cur fine niveofluvial sands, up to 0.5 m thick, cor re lated with
the Odranian Gla ci ation. OSL ab so lute age de ter mi na tions for
these sands gave an age of 174 ±12 ka BP GdT I3811 (¯arski
et al., 2023). The mid dle and up per part of the scarp is com -
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Fig. 7. Geo log i cal con texts of the sites ana lysed of the Mazovian (Holsteinian) Inter gla cial

g – gla cial, fg – flu vio gla cial, lg – limnoglacial, li – limnic, f – flu vial, nl – niveolimnic, 
nf – niveofluvial, d – deluvial, b – biogenic



posed of beige niveolimnic silts, ~4 m thick. OSL ab so lute age
de ter mi na tions were made on silt sam ples (SU-2019), re sult ing 
in ages of 23.8 and 23.5 ka PB, cor re lated with the up per
Vistulian (¯arski et al., 2023; Marks et al., 2024).

W³odawa Cegielnia (WC-2012). This site with biogenic de -
pos its is sit u ated in an old brickyard, lo cated to the south-east of 
W³odawa. The old pit lies in a wide de pres sion, which is the be -
gin ning of a ~2 km long dry val ley run ning to the W³odawka val -
ley (Fig. 6C). The bot tom of the pit is sit u ated at an el e va tion of
163 m a.s.l., i.e. ~6–7 m be low the sur round ing ter rain. Three
cored bore holes, drilled in the pit in 1957, 1996 and 2012, doc u -
mented peats of the Mazovian Inter gla cial (Stachurska, 1957;
Obarska, 1996; Marsza³ek, 2000; ¯arski et al., 2023).

In the WC-2012 bore hole (Fig. 7C), de pos its of the Mazo -
vian Inter gla cial are rep re sented by 2.5 m of peat. Above, there
is 0.35 m of peat from the Liviecian (Fuhne) Gla ci ation (Hryno -
wiecka in ¯arski et al., 2023), over lain by Vistulian (Weichse -
lian) niveolimnic clays and silts. Be low the inter gla cial de pos its
oc cur flu vio gla cial sands cor re lated with the Sanian 2 (Elste -
rian) Gla ci ation (Fig. 7C).

Wyryki (WY-2012). This site is lo cated ~8 km to the south-
 west of W³odawa, in a place where two dry val leys meet; these
later pass into a 4 km long, wa ter-logged val ley run ning into the
W³odawka val ley (Fig. 6D). The site lies at an el e va tion of 171 m 
a.s.l., i.e. sev eral metres be low the sur round ing ter rain built of
flu vio gla cial sands and grav els (¯arski and Morawski, 2019). A
geoprobe WY-2012 bore hole drilled in 2012 doc u mented lac us -
trine and peat de pos its. Palaeobotanical anal y ses in di cated a
vegetational suc ces sion typ i cal of the Mazovian (Holsteinian)
Inter gla cial (¯arski et al., 2023). The thick ness of lac us trine,
biogenic and flu vial de pos its of the Mazovian Inter gla cial
reaches ~2.4 m, the over ly ing peats of the Liviecian Gla ci ation
are ~0.5 m thick and over lain by a silt layer (~2 m) of the same
age (Fig. 7D). Above the Liviecian de pos its oc curs a 1.5 m thick 
suc ces sion of Vistulian niveolimnic silts and 0.5 m of Ho lo cene
peats. Be low de pos its of the Mazovian Inter gla cial there oc cur
flu vio gla cial sands and grav els rep re sent ing the Sanian 2 Gla ci -
ation (Fig. 7D; ¯arski and Morawski, 2019). The lac us trine de -
pos its of the Mazovian Inter gla cial and the Liviecian Gla ci ation
most prob a bly infill a postglacial trough eroded into flu vio gla cial
de pos its of the Sanian 2 Gla ci ation (Fig. 7D). 
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Fig. 8. Suszno on the Bug; lithological col umns of the bore hole SU-2015 (Scarp 1 and Scarp 2) 
and ex po sure SU-2019

gl – glaciolacustrine, li – limnic, f – flu vial, nf – niveofluvial, nl – niveolimnic, b – biogenic



Korolówka (KO-2012). This site, with lac us trine and marsh 
de pos its of the Mazovian Inter gla cial, is sit u ated in a par al -
lel-sided de pres sion (Fig. 6E) in cis ing the north east ern part of
the W³odawa Heights, ~5 km to the north-west of W³odawa. The 
bore hole KO-2012, drilled in 2012, was lo cated above the
Partyzantów Chan nel run ning to the Bug River (¯arski and
Morawski, 2018, 2019). Palaeobotanical anal y ses of the lac us -
trine de pos its have in di cated a vegetational suc ces sion char ac -
ter is tic of the Mazovian Inter gla cial (¯arski et al., 2023). Be yond 
this de pres sion, the ter rain is com posed of flu vio gla cial sands
and grav els, and rises to 161 m a.s.l. (¯arski and Morawski,
2019). Silts and peats of the Mazovian Inter gla cial doc u mented
in bore hole KO-2012 (Fig. 7E) are 1.15 m thick. Above de pos its 
of the Mazovian Inter gla cial oc cur peats of the Liviecian
(Fuhne) Gla ci ation (0.45 m), fol lowed by silts (0.5 m) of the
same age (¯arski and Morawski, 2018, 2019; ¯arski et al.,
2023). These are over lain by Vistulian niveolimnic sandy silts
(0.8 m) and Ho lo cene flu vial sands (0.4 m). Lac us trine and
biogenic de pos its of the Mazovian Inter gla cial and Liviecian
(Fuhne) Gla ci ation prob a bly infill a shal low an cient post-gla cial
trough, eroded in flu vio gla cial sands and grav els of the Sanian
2 (Elsterian) Gla ci ation (Fig. 7E) which lie at the base of the
Mazovian (Holsteinian) Inter gla cial de pos its (¯arski and Mora -
wski, 2019). 

Ignaców (IG 1). This site, with marsh and lac us trine de pos -
its of the Mazovian Inter gla cial, is lo cated on the north west ern,
gently in clined slope of the W³odawa Heights, to the south of
Zahajki (which is sit u ated in the Sosnowica De pres sion; Fig.
6F). A bore hole, Ignaców IG 1, hand-drilled in 2014 to the depth 
of 3.6 m doc u mented the pres ence of lac us trine (silt) and
marsh de pos its (peats and peaty silts), whose age, based on
palyno logical anal y ses, was at trib uted to the Mazovian
(Holsteinian) Inter gla cial (Hrynowiecka et al., 2014). The inter -
gla cial de pos its were en coun tered in the depth in ter val 1.9–3.5
m. Be low the inter gla cial suc ces sion oc cur flu vio gla cial sands
rep re sent ing the Sanian 2 (Elsterian) Gla ci ation (¯arski and
Morawski, 2019). The inter gla cial de pos its are over lain by
Vistulian lac us trine and diluvial de pos its. The inter gla cial suc -
ces sion de scri bed infills a melt-out de pres sion af ter dead-ice,
carved in gla cial tills of the Sanian 2 (Elsterian) Gla ci ation,
which build the sur face of the post-gla cial pla teau. 

A new bore hole, Ignaców IG 3, was drilled in 2025 in the
cen tral part of the de pres sion to ob tain pre cise data for palaeo -
botanical stud ies (Fig. 6F). The cross-sec tions shown (Fig. 4C,
D) in clude also sites sites at Kolonia Kaplonosy, PGR Koro -
lówka and Kolonia Adampol with biogenic lac us trine de pos its,
whose age is at pres ent cor re lated with the Mazovian (Hol -
steinian) Inter gla cial solely based on li thol ogy and geo log i cal
con text. 

MATERIAL AND METHODS

BOREHOLES

The bore hole in Ignaców (Ignaców IG 3) was drilled us ing a
hand probe (Eijkelkamp) to doc u ment the geo log i cal struc ture
and col lect sam ples for palaeobotanical anal y ses. The cross-
 sec tions, aimed at de ci pher ing the ge ol ogy of the study area,
were based on lithological logs of bore holes avail able from the
Na tional Geo log i cal Ar chive and from un pub lished data of the
au thors. 

PALAEOBOTANICAL METHODOLOGY

Twenty 1 cm3 sam ples (peats, gyttja) or 3 cm3 (silts) were
col lected for palynological anal y sis from the core in Ignaców
IG 3. Each sam ple was sub ject to the meth od ol ogy de scribed
by Berglund and Ralska-Jasiewiczowa (1986) with acetolysis
af ter Erdtman (1960). Pol len grains were iden ti fied un der a light
mi cro scope at 400x mag ni fi ca tion, us ing keys by F³gri and
Iver sen (1989), Moor et al. (1991), Reille (1992), and Beug
(2004). In most cases, up to 500 pol len grains of ar bo real (AP)
and her ba ceous (NAP) plants were counted, ex clud ing aquatic
and reedbed taxa. The di a grams were pre pared with the ap pli -
ca tion of R Stu dio soft ware (Posit team, 2025) us ing the
riojaPlot pack age (Jug gins, 2022).

Plant macroremains were ana lysed in 21 sam ples (~40 cm3

each) from the Ignaców IG 3 bore hole core. They were col -
lected with a res o lu tion of 5 or 10 cm. Af ter boil ing with KOH to
re duce the amount of sed i ment and re move humic mat ter, the
sam ples were wet sieved on a Æ = 0.18 mm mesh. The ma te rial 
ob tained, in clud ing seeds, fruits and veg e ta tive plant frag -
ments, was ana lysed us ing a Carl ZEISS Stemi 508 ste reo -
scopic mi cro scope. The macrofossils were iden ti fied on the ba -
sis of iden ti fi ca tion man u als and keys (e.g., Kats et al., 1965;
Berggren, 1969; Cappers et al., 2006; Velichkevich and Zasta -
wniak, 2006, 2008), and com pared with a ref er ence col lec tion
of mod ern di as po ras, as well as spec i mens of fos sil flora from
the Na tional Biodiversity Col lec tion of Re cent and Fos sil Or gan -
isms stored at the W. Szafer In sti tute of Bot any, Pol ish Acad -
emy of Sci ences, in Kraków (her bar ium KRAM). The re sults are 
shown in a macrofossil di a gram cre ated us ing Polpal soft ware
(Nalepka and Walanus, 2003).

RESULTS

New site of the Mazovian Inter gla cial: Ignaców IG 3.
This new site with de pos its of the Mazovian Inter gla cial, drilled
in 2025, is lo cated in the vi cin ity of bore hole Ignaców IG 1 within
the de pres sion axis (Fig. 6F). The ter rain sur face is at an el e va -
tion of 161.5 m a.s.l., over lain by a thin weath er ing cover com -
posed of sand and silts, and un der lain by gla cial tills of the
Sanian 2 (Elsterian) Gla ci ation (¯arski and Morawski, 2019).
Lake gyttja of the Mazovian Inter gla cial is only 0.33 m thick here 
and was drilled in the depth in ter val 1.98–1.65 m. Above, to the
depth of 1 m oc cur peats and silts 0.65 m thick of the Early
Liviecian Gla ci ation. Niveolimnic silts rep re sent ing the Vistulian
and diluvial sands over lie the Liviecian suc ces sion. Be low oc cur 
flu vio gla cial sands and grav els of the Sanian 2 Gla ci ation,
which were not drilled through com pletely. 

PALAEOBOTANIC ANALYSES

New data from the Ignaców IG 3 bore hole. The pol len
anal y sis of three sam ples from bore hole Ignaców IG 1 re vealed
a pol len spec trum in di cat ing the ter mi nal part of the Mazovian
Inter gla cial (Carpinus–Abies and Pinus phases), as well as the
Early Liviecian Gla ci ation (Hrynowiecka et al., 2014; ¯arski et
al., 2023). It was an tic i pated that a more de tailed anal y sis of
newly ob tained ma te rial from the Ignaców IG 3 bore hole would
en able a re fined re con struc tion of vegetational changes dur ing
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this in ter val. How ever, the newly ob tained log re vealed no ev i -
dence of the cli ma tic op ti mum (Fig. 9). The Mazovian Inter gla -
cial is rep re sented here only by the late Pinus phase (Fig. 9;
LPAZ IG3-1), as sug gested by the very lim ited pres ence of tem -
per ate taxa such as Picea and Alnus. The sub se quent in crease 
in NAP within LPAZ IG3-2 re flects gla cial con di tions of the first
stadial of the Early Liviecian Gla ci ation (Fig. 9). The
palynological spec trum of LPAZ IG3-3 is char ac ter is tic of the
first interstadial of the Early Liviecian Gla ci ation, marked by a
high pro por tion of Pinus and the oc cur rence of Picea pol len at
the on set of Subphase a. Subphase b re cords cli ma tic cool ing
with the de vel op ment of a sparse Pinus-Betula wood land. In
LPAZ IG3-4, the pol len as sem blage is dom i nated by her ba -
ceous taxa, in di cat ing the ex pan sion of open com mu ni ties,
most likely steppe, as in di cated by the pre dom i nance of
Poaceae and Ar te mi sia. Note wor thy is the pres ence of pol len of 
Bistorta vi vipa ra, a spe cies with a rel ict dis tri bu tion in con tem -
po rary Po land, re stricted to the Carpathians (Zaj¹c and Zaj¹c,
2001). Phylogeographic stud ies, how ever, sug gest that this
taxon had a much wider dis tri bu tion dur ing gla cial pe ri ods (Marr 
et al., 2013). Lake func tion is dem on strated by the pres ence of
green alga frag ments rep re sent ing Botryococcus and
Pediastrum among the palyno logical ma te rial. The high con tri -
bu tion of Pediastrum kawraiskyi sug gests that the lake was

oligotrophic and func tioned in a cool cli mate (Jankovská and
Komárek, 2000).

The Ignaców IG 3 bore hole ma te rial was also sub ject to
plant macrofossil anal y sis (Fig. 10). The sam ples con tained a
small amount of poorly pre served seeds and fruits. Twenty-
 seven taxa of var i ous rank have been dis tin guished, and the
pres ence of frag ments of char coal, wood, leaves, ostracod
valves and in sects was also de ter mined. Four zones of plant
macroremains were dis tin guished, cor re spond ing to the ter mi -
nal part of the Mazovian Inter gla cial (LMAZ IG3-1 and the basal
part of LMAZ IG3-2) and the be gin ning of the Liviecian Gla cial
(top of LMAZ IG3-2, and LMAZ IG3-3 to IG3-4).

The pres ence of plant macroremains, such as leaves of
Betula nana and most prob a bly leaves with fea tures sim i lar to
Salix repens, al though this as sign ment is not cer tain and is re -
tained at ge nus level (Salix sp.), was de ter mined in LMAZ IG3-1 
and IG3-2. This plant as sem blage sug gests that a cold cli mate
pre vailed at Ignaców at the end of the inter gla cial. Sparse
pine-birch for ests al lowed the de vel op ment of patches with
light-sen si tive veg e ta tion, rep re sented also by Selaginella sela -
ginoides. Soil around the res er voir prob a bly had a low trophic
state as in di cated by the pres ence of rusty peat moss and
sclerenchymatous spin dles of Eriophorum vaginatum.
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Fig. 10. Di a gram of plant macroremains in the Ignaców IG 3 bore hole 
(anal y sis by R. Stachowicz-Rybka and S. Skoczylas-Œniaz)
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At that time Batrachium sp. (Fig. 11E) and Potamogeton
pusillus (Fig. 11F) grew in the lake wa ters. The pres ence of
Batrachium sp. was noted in the fourth, ter mi nal phase of the
Mazovian Inter gla cial at nu mer ous sites, e.g. Podedwórze
(Pochocka -Szwarc et al., 2024), and in the fourth phase of the
Mazovian Inter gla cial and the early phase of the Liviecian Gla -
cial at the fol low ing sites: Mal ice 3, Wielki Bór 1, Wielki Bór 2,
Katowice 1 and Bia³e £ugi (Nita, 2009). Both Batrachium sp.
and Potamogeton pusillus oc curred also in the IVth ter mi nal
phase of the Mazovian Inter gla cial in Nowiny ¯ukowskie
(Hryno wiecka and Szymczyk, 2011), which points to cold lake
wa ters rel a tively poor in nu tri ents. Trophic de crease could re -
sult from cli mate cool ing and the pres ence of pine in the close
vi cin ity of the res er voir. 

In the early part of the Liviecian (Fuhne) Gla ciation, par tic u -
larly in LMAZ IG3-3, the lake be came shal lower and veg e ta tion
sim i lar to a great sedge swamp with Lycopus europaeus (Fig.
11C), Carex rostrata, C. panicea, Typha sp. (Fig. 11B), Phra -
gmites aus tra lis and Juncus sp. en croach ing on its sur face.
Plantago me dia (Fig. 11A) also grew at its mar gins. The wa ter
level in the lake could un dergo pe ri od i cal fluc tu a tions. Pe ri ods
of higher wa ter lev els are doc u mented by the pres ence of
Batrachium sp., Myriophyllum spicatum (Fig. 11D) and Stucke -
nia filiformis. In the last stage re corded in LMAZ IG3-4 only
Juncus sp. seeds were found, which points to de po si tion in hu -
mid con di tions. 

SUMMARY OF PALYNOLOGICAL ANALYSES CONDUCTED
SO FAR FROM THE W£ODAWA HEIGHTS

The pre served sporomorph as sem blages are abun dant
and well-pre served, and across all pro files in ves ti gated the pol -
len suc ces sion fol lows the pat tern char ac ter is tic of the Mazo -
vian Inter gla cial. Each se quence dis plays the di ag nos tic fea -
tures of MIS 11c veg e ta tion de vel op ment: an ini tial dom i nance
of Betula, sub se quently joined by Pinus; a mesocratic ex pan -
sion of Alnus and Picea ac com pa nied by the rise of Taxus
(max. 10%); a pro longed cli ma tic op ti mum marked by strong
rep re sen ta tion of Carpinus (max. 43%) and Abies (15%) to -
gether with other tem per ate for est taxa; and a late-inter gla cial
phase char ac ter ized by re newed dom i nance of Pinus (Fig. 12).

Nu mer ous warm cli mate in di ces were de ter mined, in clud ing
Pterocarya and Buxus and other thermophylous taxa char ac -
ter is tic of the Mazovian Inter gla cial (Biñka et al., 2003; Win ter,
2008; Ta ble 2).

The pres ence of an intra-inter gla cial cool ing, i.e. OHO
(Older Holsteinian Os cil la tion; Koutsodendris et al., 2010) was
also de ter mined, with a sig nif i cant share of Pinus, Betula and
her ba ceous plants (Fig. 12 and Ta ble 2).

DISCUSSION AND FINAL REMARKS 

The W³odawa Heights are an ero sional out lier built of Pleis -
to cene de pos its, mainly rep re sent ing the Sanian 1 and Sanian
2 glaciations. Their base ment com prises Up per Cre ta ceous
ma rine rocks (Fig. 3), and Pleis to cene and Neo gene deposits
(Fig. 4A–C). The W³odawa Heights do not have any di rect con -
nec tion with the Variscan struc tural pat tern, be cause dur ing the
Pa leo zoic the area was sub ject to sub si dence. It is sit u ated in
the cen tral part of a tec tonic struc ture re ferred to as the W³o -
dawa De pres sion (¯elichowski, 1984; Narkiewicz et al., 2007).
Ef fects of dis junc tive tec ton ics dur ing the Al pine Orog eny are
re corded as a net work of a few mi nor faults with an ori en ta tion
of NNE–SSW (Harasimiuk and Henkiel, 1984; Henkiel, 1984),
NW–SE, and WNW–ESE (Herbich, 1980; Dobrowolski, 1995),
de vel oped in the Cre ta ceous base ment. In the W³odawa
Heights, as shown in the anal y sis of the cross-sec tions and a
subcrop geo log i cal map, there oc cur NE–SW, NW–SE and
N–S ori ented faults.

Mi nor faults (Figs. 3 and 4A–E), reg is tered in Maastrichtian
rocks and re lated to the Al pine Orog eny, de vel oped in the Late
Cre ta ceous or Early Eocene (Lara mide and Savian phases).
This is in di cated by mi nor tec tonic grabens with an am pli tude of
20–30 m, oc cur ring in Maastrichtian marls and chalks and
infilled with Mid dle and Up per Eocene and Lower Oligocene de -
pos its (Figs. 3 and 4A–C). Most prob a bly at that time older tec -
tonic faults were re ac ti vated, which could have led to the de vel -
op ment of lin ear zones of weak ened car bon ate rocks, fa vour ing 
the de vel op ment of chem i cal de nu da tion phe nom ena in the
Early Paleocene (Harasimiuk, 1975; Henkiel, 1984; Maru -
szczak, 2001; Dobrowolski, 2006) or the de vel op ment of sub -
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Fig. 11. Plant macroremains from the Ignaców IG 3 bore hole (fot. K. Stachowicz)

A – Plantago me dia, B – Typha sp., C – Lycopus europaeus, D – Myriophyllum spicatum, E – Batrachium sp., F – Potamogeton pusillus 
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glacial val leys or troughs in the Pleis to cene. In the north ern part 
of the W³odawa Heights, the Cre ta ceous base ment in cludes
faults with throws of 20–30 m (Figs. 3 and 4A, B), which could
have been a po ten tial ob sta cle for the ad vanc ing ice-sheets
dur ing the Pleis to cene, and fa vour ing glaciotectonic de for ma -
tion. In the north ern part of the W³odawa Heights, Cre ta ceous
rocks are tec toni cally el e vated with re spect to the Sosnowica
De pres sion by ~20–30 m (Fig. 4A), in some cases ex ceed ing
these val ues. Near Kol. Kaplonosy–Kol. Po³ód, this dif fer ence

is 60 m (Fig. 4D), and the top sur face of the Cre ta ceous rises
from 100 to 160 m a.s.l. It seems that such a low po si tion of the
top of the Maastrichtian was caused by flu vio gla cial ero sion
from the melt ing Sanian 1 and Sanian 2 (Elsterian) ice- sheet.
Sum ming up, there is no un equiv o cal ev i dence for the re ac ti va -
tion of older faults (ini ti ated dur ing the Variscan de for ma tion)
dur ing Al pine tectonism. At the same time, Up per Maastrichtian
rocks oc cur ring be low the W³odawa Heights do not rep re sent
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Fig. 12. Per cent age con tent of taxa char ac ter is tic of the Mazovian Inter gla cial at par tic u lar sites 
(based on Hrynowiecka et al., 2014; ¯arski et al., 2023)

T a  b l e  2

Per cent age val ues of thermophilous spe cies for par tic u lar sites (based on Hrynowiecka et al., 2014; ¯arski et al., 2023)

Site Buxus Carya Celtis Hedera he lix Juglans Ligustrum Parrotia Pterocarya Viscum Vitis

Dobropol B 1% + + + + + + <4% + +

Suszno (SU1-2015) + – – + – – + + + +

Suszno (SU-2015) – Scarp 1 + – – – – – – + – +

Suszno (SU-2015) – Scarp 2 + – – – – – – – – +

W³odawa Cegielnia (WC-2012) + – – – – – – + – +

Wyryki (WY-2012) + – – – – – + + – –

Korolówka (KO-2012) – – – – – – – – – –

Ignaców 3 (IG 3) – – – – – – – – – –

https://doi.org/10.2478/squa-2014-0002
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an el e va tion de vel oped dur ing Al pine tectonism, with the ex -
cep tion of its north ern mar gin. 

PALAEOGEOGRAPHIC DEVELOPMENT

The ice-sheet of the Sanian 1 (Gla cial B) Gla ci ation en -
croached on the vari able mor phol ogy of the Cre ta ceous- Paleo -
gene ter rain, ac cu mu lat ing at first gla cial tills, and then ice-
 dammed silts and clays, as well as flu vio gla cial sands and grav -
els. Within the W³odawa Heights only two ho ri zons of gla cial till
oc cur, cor re lated with the Sanian 1 and Sanian 2 glaciations.
The hy poth e sis of a two fold cov er age of W³odawa Heights by
the ice-sheet was cor rob o rated by the anal y sis of the geo log i cal 
set ting of sites with Mazovian Inter gla cial de pos its, e.g. in Brus
(Pidek, 2003; Hrynowiecka and Pidek, 2017). In that suc ces -
sion two lev els of gla cial till cor re spond ing to the Sanian 1 and
Sanian 2 (Gla cial B and Elsterian) glaciations sep a rated by flu -
vio gla cial de pos its oc cur be low the Mazovian Inter gla cial de -
pos its (Fig. 4A).

Most prob a bly, dur ing the re treat of the Sanian 1 Gla ci ation, 
sys tems of gla cial wa ter run off ex isted in the east ern part of the
heights. Wa ter flow ing un der in tense and vari able pres sure
eroded the base ment, cre at ing post-gla cial troughs (Kirkham et 
al., 2024). Dur ing the Ferdynandovian Inter gla cial (Cromerian
III), the post-gla cial trough eroded in gla cial tills of the Sanian 1
(Gla cial B) Gla ci ation (in Sosnowica; Fig. 4E) was infilled by lac -
us trine sed i ments and peats (Janczyk-Kopikowa, 1987, 1991;
Stachowicz-Rybka et al., 2017). Most prob a bly, in tense ero sion 
by wa ters from the melt ing ice-sheet took place dur ing the re -
treat of the Sanian 1 ice-sheet; these caused ero sion of older
Pleis to cene de pos its in the east ern part of the W³odawa
Heights and shaped the out line of the Sosnowica De pres sion
(Fig. 4A–E; Pochocka-Szwarc et al., 2024). How ever, this is
prob lem atic and it is quite pos si ble that the en tire flu vio gla cial
suc ces sion may be of a sim i lar age and rep re sent the Sanian 2
Gla ci ation. Sub se quent ad vance of the Sanian 2 (Elsterian)
ice-sheet caused the ac cu mu la tion of gla cial, flu vio gla cial and
ice-dammed sed i ments. Gla cial tills of this gla ci ation cov ered
the lac us trine de pos its of the Ferdynandovian (Cromerian IV)
Inter gla cial in Sosnowica. The ice-sheet of the Sanian 2 (Elste -
rian) Gla ci ation reached far ther to the south, be yond the study
area (to the SE of Przemyœl; £anczont et al., 2019), or to the
catch ment of San and Wis³ok (Lindner and Marks, 2015).

Traces re lated to the re ces sional phases of this ice-sheet
are re corded in West ern Polesie. An ice-sheet stop over in the
form of hills of fron tal mo raines pre served in the ter rain mor -
phol ogy is re corded in the top most part of the W³odawa Heights 
(vi cin ity of Marianka), as well as near Ró¿anka and Kolonia
Stawki (Pochocka-Szwarc and ¯arski 2023; ¯arski and Po -
chocka -Szwarc, 2025; Or³owska et al., 2025). Dur ing the
Sanian 2 (Elsterian) ice-sheet re ces sion, in the east ern parts of
the heights [as dur ing the Sanian 1 (Gla cial B) Gla ci ation] a
zone of wa ter run off from the melt ing ice-sheet formed. The ef -
fect of these pro cesses are cov ers of flu vio gla cial sands and
grav els, over 10 m thick, build ing the ter rain sur face. Sev eral
N–S ori ented post-gla cial troughs, whose out line is still dis tinct
in the mor phol ogy, are pre served within the W³odawa Heights
(¯arski and Morawski, 2018, 2019). These troughs are usu ally
filled with flu vio gla cial de pos its. Ero sion of wa ter from the melt -
ing Sanian 2 ice-sheet caused the de struc tion of gla cial de pos -
its in the Sosnowica De pres sion and the £êczna-W³odawa
Lakeland, re sult ing in the de vel op ment of an ero sional out lier,
i.e. the W³odawa Heights. Flu vio gla cial sands and grav els from
the Sanian 2 Gla ci ation build part of the Sosnowica De pres sion

area ex cept for its sur face (Pochocka-Szwarc et al., 2024).
Most prob a bly the run off of flu vio gla cial wa ters dur ing the
ice-sheet re treat took place at least in two di rec tions: N–S in the
east ern part of the W³odawa Heights, i.e. par al lel to the pres -
ent-day Bug val ley, and E–W along the Sosnowica De pres sion
axis and in the £êczna-W³odawa Lakeland. The ques tion of wa -
ter run off af ter the re ces sion of the Sanian 1 and Sanian 2
ice-sheets re quires fur ther study. Af ter the re treat of the Sanian
2 ice-sheet, the pres ent day Bug River val ley be gan to be
shaped. 

PALAEOBOTANICAL EVIDENCE

All sites de scribed in this ar ti cle, Dobropol, Suszno (bore -
holes and scarp ex po sures), W³odawa Cegielnia, Wyryki, Koro -
lówka and Ignaców (Fig. 13), show fea tures char ac ter is tic of the 
Mazovian suc ces sion. The old est (birch) phase was ob served
in Dobropol and Wyryki (Fig. 12). The birch-pine phase is re -
corded only in Korolówka. The mesocratic al der-spruce phase
and the char ac ter is tic phase with abun dant yew are ob served in 
Dobropol, Wyryki and Korolówka. The OHO is re corded in
Suszno, W³odawa Cegielnia, Wyryki and Korolówka (Fig. 12).
The cli ma tic op ti mum of the Mazovian Inter gla cial with the dom -
i na tion of fir, horn beam, and nu mer ous warm cli mate in di ces is
re corded in Dobropol, Suszno, W³o dawa Cegielnia, Wyryki, and 
Korolówka. In turn, the sec ond main os cil la tion of the Mazovian
Inter gla cial, the YHO (Youn ger Holsteinian Os cil la tion; Koutso -
dendris et al., 2010), is not re corded in sec tions from the
W³odawa Heights. Its lack is sur pris ing, ow ing to the large thick -
ness of the Carpinus- Abies phase and high-res o lu tion sam -
pling. The telocratic pine phase, fol lowed by the Liviecian cool -
ing, are re corded in the de pos its of all sites ana lysed. 

Cru cially, in all 6 sites described, gla cial de pos its do not oc -
cur above the lac us trine and peat de pos its of the Mazovian
Inter gla cial (Hrynowiecka et al., 2014; ̄ arski et al., 2023). Thus, 
the W³odawa Heights were not cov ered by the ice-sheet of the
Odranian (Saalian) Gla ci ation, as pre vi ously thought (Bura -
czyñski and Wojtanowicz, 1983; Buraczyñski et al., 1984; Bura -
czyñski, 1986; Dolecki et al., 1991, 1994; Dolecki and Wojta -
nowicz, 1992; Lindner, 1996). 

ORIGIN AND AGE OF THE BUG VALLEY IN RELATION
 TO THE SITES WITH MAZOVIAN 

INTERGLACIAL DEPOSITS 

In the Bug val ley scarp in Suszno, flu vial sands and grav els
of the Mazovian Inter gla cial oc cur within lac us trine de pos its
(Trembaczowski, 1957; Stachurska, 1960, 1961; Mojski and
Trembaczowski, 1961; Marszalek, 2000; ¯arski et al., 2023).
And, the data of Lilpop (1925a, b) on the oc cur rence of peats in
the Bug River scarp in W³odawa and nearby Koszary in Ukraine 
may sug gest that the lat eral range of inter gla cial lac us trine and
marshy sed i ments was orig i nally much wider, prob a bly as infills
of palaeochannels over grown dur ing a cer tain stage of the
palaeoriver ac tiv ity. A sim i lar sit u a tion was rec og nized in bore -
holes in Syrniki (Wieprz val ley) to the south of Lubartów (Mojski, 
1964; £oziñska-Stêpieñ et al., 1985; Kucharska et al., 2024),
where lac us trine and flu vial de pos its of the Mazovian Inter gla -
cial pres ently ex posed in the river chan nel oc cur be low Ho lo -
cene and Vistulian Gla ci ation de pos its. 

Most prob a bly, dur ing the Mazovian Inter gla cial, the con -
tem po rary pre-Bug uti lised a post-gla cial trough, formed dur ing
the re ces sion of the Sanian 2 Gla ci ation, which in cised the Qua -
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ter nary de pos its build ing the pres ent-day W³odawa Heights. Af -
ter the Mazovian Inter gla cial, flu vial run off ceased un til the Late
Pleis to cene (Vistulian), when the pres ent-day Bug val ley was
shaped. This is in di cated by flu vial de pos its build ing the al lu vial
ter races of the Bug lo cated to the north and south of the
W³odawa Heights (Pochocka-Szwarc and ¯arski, 2023).

Re con struc tion of the geo log i cal con text of the Mazovian
(Holsteinian) Inter gla cial is of cru cial im por tance for the in ter -
pre ta tion of the W³odawa Heights ge ol ogy. A char ac ter is tic fea -
ture of most sites with de pos its of the Mazovian Inter gla cial
(with the ex cep tion of Ignaców) is the fact that lac us trine and
marshy sed i ments infilled post-gla cial troughs from the Sanian
2 Gla ci ation. Most prob a bly, dur ing the ice-sheet re treat these

were filled with dead ice, af ter the melt ing of which de pres sions
were cre ated; they were filled with lake wa ters and later also be -
came peatlands (B³aszkiewicz, 2008). It can not be ex cluded
that brief flu vial run off could have ex isted in some of them, as in
the case of the pre-Bug River. This is dem on strated by sand
interbeds ob served in Wyryki (Fig. 12), de pos ited dur ing the
Mazovian Inter gla cial cli mate op ti mum (Carpinus-Abies pha -
se). In ter est ingly, most an cient post-gla cial troughs are clearly
vis i ble in the ter rain as val leys that run into the W³odawka val ley
(Dobropol, W³odawa Cegielnia, Wyryki) or di rectly into the Bug
(Korolówka, Suszno – SU-2015). This is linked with the next is -
sue: the pres ence of fine-grained de pos its, i.e. silts, silty sands
and clays cor re lated with the Odranian (Saalian) or Vistulian

18 Marcin ¯arski et al. / Geological Quarterly, 2026, 70, 10

Fig. 13. Com par i son and cor re la tion of the lithological col umns of the sites ana lysed
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(Weichselian) glaciations (Marks et al., 2024) above de pos its of 
the Mazovian Inter gla cial or the Early Liviecian (Fuhne). These
fine-grained de pos its do not oc cur be yond the pres ent-day val -
ley de pres sions. 

Most prob a bly, dur ing the Odranian (Saalian MIS 6) and
Vistulian (Weichselian MIS 2-5d) glaciations, lakes were pres -
ent in the palaeotrough de pres sions; these were infilled with
silty-clay sed i ments over ly ing de pos its of the Mazovian Inter -
gla cial and Liviecian Gla ci ation. This was prob a bly caused by a
rise of the ero sional base level in the ice-sheet hin ter land
(Marks et al., 2024).

The great est thick ness of the fine-grained res er voir de pos -
its, reach ing over 11 m (Fig. 13), was noted in Dobropol B. In
Suszno, in bore hole SU-2015, the thick ness of the de pos its
above the peats of the Mazovian Inter gla cial ex ceeds 6 m. In
W³odawa Cegielnia there are ~3 m of Vistulian silts, clays and
sands and in Wyryki there are ~1.5 m of Vistulian clayey silts
above Liviecian peats (Fig. 13). The Ignaców site is lo cated in a
palaeolake carved into gla cial tills. Here, the thick ness of Vistu -
lian diluvial de pos its over ly ing those of the Mazovian Inter gla -
cial is a lit tle over 1 m. 

CONCLUSIONS

1. The W³odawa Heights are lo cated within a Pa leo zoic
struc tural unit known as the W³odawa De pres sion, orig i nally
shaped in the Car bon if er ous, over lain by a unfaulted suc ces -
sion of Ju ras sic and Cre ta ceous rocks. The pres ent-day mor -
phol ogy of the W³odawa Heights does not cor re spond to the
Variscan struc tural plan. 

2. The W³odawa Heights rep re sent a sub-par al lel-sided
mor pho log i cal form com posed of Pleis to cene de pos its, rest ing
on a base ment com pris ing Up per Maastrichtian, Mid dle and
Up per Eocene, Lower Oligocene and Mid dle Mio cene rocks. 

3. The W³odawa Heights do not rep re sent an el e va tion of
Cre ta ceous rocks. Only their north ern mar gin has a tec tonic
foun da tion, with faults with dis place ments of 20–30 m within
Maastrichtian rocks. These faults formed a small ridge for the
ad vanc ing ice-sheets of the South Pol ish Glaciations and pre -
dis posed the de vel op ment of glaciotectonic de for ma tion of
Qua ter nary, as well as Paleogene-Neo gene strata. The top of
the Maastrichtian rises to wards the south-east: in the W³odawa
Heights it rises to 130–160 m a.s.l., and far ther to the south in
the £êczna-W³odawa Lakeland it oc curs at el e va tions of
160–190 m a.s.l. and forms ex po sures. 

4. The top of Up per Maastrichtian rocks is undulose, which
is prob a bly the re sult of tec tonic de for ma tion (fault ing) dur ing
the Al pine Orog eny, as well as ero sional ac tiv ity and chem i cal
de nu da tion of car bon ate rocks (karst in the Paleogene). 

5. The W³odawa Heights were cov ered twice by the
ice-sheets of the Sanian 1 (Gla cial B, MIS 16) and Sanian 2
(Elsterian, MIS 12) glaciations, as in di cated by two ho ri zons of
gla cial till sep a rated by de pos its of the Ferdynandovian Inter -
gla cial (Cromerian Com plex, MIS 15-13) in Sosnowica. 

6. Ev i dence for the ice-sheet stand still of the Sanian 2
(Elsterian, MIS 12) Gla ci ation in the re ces sive phase are hills of
fron tal mo raines (e.g., in the vi cin ity of Marianka) lo cated on the

high est parts of the heights and ori ented along their mor pho log -
i cal axis. 

7. The W³odawa Heights rep re sent an ero sional out lier
formed due to ero sion by flu vio gla cial wa ters dur ing the re ces -
sion of the Sanian 2 (Elsterian, MIS 12) Gla ci ation. 

8. Sites with lac us trine and biogenic de pos its from the
Mazovian (Holsteinian) Inter gla cial which are not over lain by
gla cial de pos its oc cur at the sur face of the W³odawa Heights.
These de pos its infill post-gla cial palaeotroughs and melt-out
de pres sions formed af ter melt ing of the ice-sheet of the Sanian
1 and Sanian 2 glaciations. 

9. The Mazovian Inter gla cial, fol lowed by the Liviecian
(Fuhne, MIS 10) Gla ci ation, is re corded in the de pos its of the
sites ana lysed. The char ac ter is tic suc ces sion shows a typ i cal
ar range ment of woody veg e ta tion phases. These in clude (from
the old est): birch phase, pine-birch-pine phase, al der-spruce
phase, yew phase, OHO cool ing, fir-horn beam phase, pine
phase, and the de vel op ment of veg e ta tion typ i cal for the cli mate 
of the Early Liviecian Gla ci ation. Cli mate changes are re corded
in lac us trine and marsh fa cies. 

10. Ini tially, the Bug River val ley in cis ing the W³odawa
Heights was prob a bly a sub-gla cial trough of the Sanian 2
(Elsterian, MIS 12) Gla ci ation ice-sheet. In the Mazovian Inter -
gla cial a pro gres sively over grown lake prob a bly ex isted along
the Suszno–W³odawa–Koszary line, in which mainly peats  ac -
cu mu lated. Af ter the Mazovian Inter gla cial there was no flu vial
run off in the Bug val ley. This re ap peared in the Vistulian, shap -
ing the pres ent-day Bug val ley (in the stretch ana lysed). 

11. At the sites ana lysed, above de pos its of the Mazovian
(Holsteinian, MIS 11c) Inter gla cial and Liviecian (Fuhne) Gla ci -
ation oc cur a thick suc ces sion of lake de pos its from the
Odranian Gla ci ation (Saalian, MIS 6), and fine niveofluvial and
niveolimnic de pos its from the Vistulian. 

Au thor con tri bu tion. M. ¯arski and K. Pochocka-Szwarc
stud ied the ge ol ogy of W³odawa Heights based on five charts of 
the De tailed Geo log i cal Map of Po land at 1:50,000 scale, the
1:250,000 scale map, the W³odawa chart of the map at the
1:200,000 scale, and re sults of re search pro jects. A. Hryno -
wiecka was re spon si ble for the palaeobotanical anal y sis of
most sites with de pos its rep re sent ing the Mazovian Inter gla cial. 
A. Góre cki made the palaeobotanical anal y sis of site Ignaców
3, where as the macro re mains from the same site were ana -
lysed by R. Stachowicz-Rybka, S. Skoczylas-Œniaz and K.
Stachowicz. A syn thetic com pi la tion of plant spe cies char ac ter -
is tic of the Mazo vian Inter gla cial in se lected sites was made by
A. Hryno wiecka and A. Górecki. M. Pielach was re spon si ble for
mod els of the ter rain mor phol ogy and of the top of the
Maastrichtian rocks. 

Ac knowl edge ments. This re search is based on stud ies
con ducted in the frame of grant no. 61-2201-2500-00-0 sup -
ported by the stat u tory funds of the Pol ish Geo log i cal In sti tute –
Na tional Re search In sti tute with the sup port of the In sti tute of
Bot any of the Jagiellonian Uni ver sity and the W. Szafer In sti tute 
of Bot any, Pol ish Acad emy of Sci ences in Krakow.  The au thors 
would like to thank L. Kalnina for a re view and ap pre cia tive
words for the re search per formed in West ern Polesie and
S. Terpilowski for a con struc tive re view. 
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