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As so ci ate Ed i tor: Wojciech Granoszewski

We de scribe the geo log i cal con text of the Pleis to cene strata in the Sosnowica De pres sion and the Parczew-Kodeń Heights, 
as well as the main geo log i cal pro cesses tak ing place in that area dur ing the Mid dle Pleis to cene. The stra tig ra phy of the 
Pleis to cene suc ces sion is based on the anal y sis of new sites with Mazovian Inter gla cial de pos its (MIS 11c) with age de ter mi -
na tions ob tained from palaeobotanical and palaeofaunal prox ies, at Zahajki, Wygnanka, and Sytyta in the Sosnowica De -
pres sion, and Podedwórze and Gęś 3 in the Parczew-Kodeń Heights. The inter gla cial de pos its doc u mented oc cur in the 
di rect subsurface and are not over lain by gla cial de pos its, which in di cates that the study area was not cov ered by the 
ice-sheet of the Mid dle Pol ish Glaciations (Saalian, MIS 6). They are over lain by Early Liviecian (Fuhne, MIS 11b) lac us trine 
and bog de pos its, or up per Vistulian (MIS 2) clastic and bog de pos its. Ho lo cene strata lie above. There fore, the gla cial de -
pos its build ing the Parczew-Kodeń Heights are con sid ered to de rive from the Sanian 2 (Elsterian, MIS 12) Gla ci ation and not 
from the Saalian (MIS 6) Gla ci ation as pre vi ously thought. Palaeolakes formed in the late part of the Sanian 2 (Elsterian, MIS 
12) Gla ci ation and re mained open dur ing the Mazovian Inter gla cial (Holsteinian, MIS 11c), with some still ex ist ing un til the 
Early Liviecian (Fuhne, MIS 11b) Gla ci ation. The palaeolakes de scribed were part of an ex ten sive palaeolakeland of the 
Mazovian Inter gla cial, stretch ing from the south ern part of Podlasie to the north ern part of West ern Polesie. The last 
ice-sheet in West ern Polesie rep re sented the Sanian 2 Gla ci ation.

Key words: Mazovian (Holsteinian) Inter gla cial (11c), palaeo ge ogra phy, stra tig ra phy, palaeoenvironment, west ern Polesie, 
SE Po land.

 INTRODUCTION

Geo log i cal and palaeobotanical stud ies doc u ment ing the
Mazovian Inter gla cial suc ces sion in the Sosnowica De pres sion
and the Parczew-Kodeń Heights (Hrynowiecka et al., 2014;
Żarski and Morawski, 2019; Pochocka-Szwarc et al., 2021;
Pochocka-Szwarc, 2023; Pochocka-Szwarc and Żarski, 2023;
Żarski et al., 2023a, b) con ducted in the last de cade have sup -
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plied new data for the re con struc tion of the geo log i cal set ting
and con strain ing the range of ice-sheets dur ing the last ad -
vance of the Mid dle Pol ish Glaciations (Saalian, MIS 6). The re -
sults of these stud ies al low re con struc tion of the palaeo geo -
graphic and palaeoenvironmental evo lu tion of West ern Polesie
from the late Mid dle Pleis to cene. 

This is the first thor ough re vi sion of the age of the de pos its
build ing the subsurface in the north ern part of West ern Polesie
based on new geo log i cal and palaeobotanical data since the
stud ies of Zaborski (1927), whose con cept of the Pleis to cene
geo log i cal his tory of the area has re mained un changed for
nearly a cen tury. 

The Sosnowica De pres sion (Richling et al., 2021) is a flat,
par al lel de pres sion, 50 km long and 24 km wide, lo cated be -
tween the Mid dle Bug Val ley and the Tyśmienica Val ley in the
west (Fig. 1). The sur face of the de pres sion lies at an el e va tion
of 152–155 m a.s.l., which is sev eral tens of metres lower than

the sur face of the Włodawa Heights bound ing the de pres sion to 
the south. 

The Parczew-Kodeń Heights are sev eral to over ten metres
higher than the sur face of the Sosnowica De pres sion. They
rep re sent a de nu dat ed post-gla cial pla teau, in cised by wide de -
pres sions used at pres ent by rivers and a chan nel sys tem (Figs. 
1 and 2). Both phys io graphic units are sit u ated in the north ern
part of West ern Polesie. Polesie is a vast geo graphic area
which con tin ues far ther into Ukraine and Belarus along the
Pripyat Val ley for ~700 km to reach the Dnie per River. 

We de scribe a new geo log i cal model for the Sosnowica De -
pres sion and the Parczew-Kodeń Heights, and re con struct the
palaeo ge ogra phy and palaeoenvironment in the later part of the 
Mid dle Pleis to cene, based on sites with Mazovian Inter gla cial
de pos its sub jected to palaeobotanical and palaeontological
anal y ses. It in cludes the de tailed ge ol ogy and re sults of palaeo -
eco logi cal anal y ses for 5 new sites with Mazovian de pos its in
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Fig. 1. Lo ca tion of the study area with sites of doc u mented Mazovian Inter gla cial de pos its in West ern Polesie
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the Sosnowica De pres sion (Wygnanka, Zahajki, and Sytyta)
and the Parczew-Kodeñ Heights (Podedwórze and Gêœ 3; Fig.
2), in the con text of other doc u mented sites of the inter gla cial
(Fig. 1). Palaeobotanical stud ies have al lowed re con struc tion of 
the his tory of cli mate change from the end of the Sanian 2
(Elsterian, MIS 12) Gla ci ation, through the Mazovian (Holste -
inian, MIS 11c) Inter gla cial, to the early part of the Liviecian
(Fuhne, MIS 11b) Gla ci ation in West ern Polesie.

REVIEW OF EARLIER STUDIES

Stud ies of post-gla cial de pos its and forms in West ern Po -
lesie go back to the early 1900s (e.g., Tutkovskiy, 1902, 1904,
1911; Gagel, 1922; Wo³³osowicz, 1922, 1924), when they were
doc u mented to re con struct the ice-sheet cov er age of the area. 

The first rel a tively de tailed geo log i cal set ting and palaeo -
geographic evo lu tion of Polesie and Podlasie, in clud ing the
study area, dur ing the Mid dle Pleis to cene was de vel oped by
Zaborski (1927). Ac cord ing to him, West ern Polesie was cov -
ered for the last time by the ice-sheet of a Mid dle Polish Gla ci -
ation, pre cisely the “Mid dle Pol ish mo raine” (Sawicki, 1922),
which is pres ently cor re lated with the Odranian Gla ci ation by
Lindner et al. (2013) and the Warthe/Drenthe in the west ern Eu -
ro pean strati graphic scheme (Co hen and Gibbard, 2019; Ta ble
1). Both ap proaches re fer the glaciations to Ma rine Iso tope
Stage 6 (Saalian, MIS 6) af ter Lisiecki and Raymo (2005). 

Zaborski (1927) dis tin guished the Max i mum Stadial of the
Mid dle Pol ish Gla ci ation, the range of which was de picted
~50 km to the south of the study area near Che³m. A re ces sive
stadial (Podlasian) re corded by ter mi nal mo raines was dis tin -
guished by Zaborski (1927) along the Siedlce-£osice-Kornica
line, i.e. ~120 km to the north of the max i mum range. Later, the
Max i mum Stadial of the Mid dle Pol ish Gla ci ation was el e vated
to the rank of an in di vid ual Odranian Gla ci ation (MIS 8), while
the Podlasian Stadial was cor re lated with the Wartanian Gla ci -
ation (MIS 6) (Jersak, 1973; Ró¿ycki, 1980; Harasimiuk et al.,
2004; Terpi³owski, 2001; Terpi³owski et al., 2021).

In the most re cent strati graphic scheme (Marks, 2023a, b), 
the up per part of the Mid dle Pleis to cene as the Mid dle Pol ish
Com plex (MIS 6) cor re sponds to the Odranian Gla ci ation cor -
re lat ing with the Saalian in the West ern Eu ro pean scheme
(Ta ble 1). 

The con cept that West ern Polesie was cov ered by the
ice-sheet of the Mid dle Pol ish (Odranian) Gla ci ation con tin ues
un til the pres ent and is re peated in nu mer ous pub li ca tions
(Jahn, 1956; Trembaczowski, 1957, 1968; Mojski and Tremba -
czowski, 1961, 1973; Lindner et al., 1985; Buraczyñski, 1986;
Dolecki et al., 1987, 1991, 1994; Dolecki and Wojtanowicz,
1992, Buraczyñski and Wojtanowicz, 1980/1981; Lindner and
Marks, 1995,1999; Lindner, 2005; Ber et al., 2007). A sim i lar
view that Polesie was cov ered by the ice-sheet of the Dnie -
perian 2 (Saalian, MIS 6) Gla ci ation in Belarus and Ukraine has
been stated e.g., by Lindner et al. (1991b, 2004, 2007), Lindner
and Marks (2007) and Gozhik et al. (2012). Marks et al. (2018)
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Fig. 2. Lo ca tion of the sites stud ied (with lo ca tion of geo log i cal cross-sec tions)
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de picted the max i mum range of the Wartanian Stadial of the
Odranian Gla ci ation in Po land and Belarus, which ac cord ing to
us con forms with the max i mum range of the Odranian (Saalian, 
MIS 6) Gla ci ation. In Po land, this limit is lo cated along the
Siedlce-Łosice-Kornica line and was also shown as such on the 
De tailed Geo log i cal Map of Po land at the scale of 1:200,000,
Siedlce sheet (Kucharska et al., 2020; Żarski and Kucharska,
2020). In Hrynowiecka et al. (2019), Górecki et al. (2022) and
on the gen eral map at the scale of 1:250,000 of the Pol -
ish-Ukrai nian-Belarus bor der land (Pochocka-Szwarc and Żar -
ski, 2023; Żarski et al., 2023b), the east ern bound ary of the
Mid dle Pol ish (Odranian, MIS 6) ice- sheet range over laps the
Żelechów Heights but not the Łuków Plain (Fig. 1). 

The Sosnowica De pres sion was de scribed by Zaborski
(1927) as an ex ten sive val ley along which flowed wa ters from
the melt ing ice-sheet of the Mid dle Pol ish Gla ci ation (pres ently
cor re lated with the Odranian Gla ci ation, MIS 6) dur ing its re ces -
sion and sub se quent gla cial phases. This con cept was sus -
tained by Buraczyński and Wojtanowicz (1980/1981; Bura -
czyński et al., 1984). Harasimiuk et al. (2004) con nected the
for ma tion of the Sosnowica De pres sion with the run off of glaci -
fluvial wa ters from the ice-sheet front of the Wartanian Gla ci -
ation and in ferred the sep a ra tion of the Wartanian Gla ci ation
from the Odranian Gla ci ation. In turn, Żarski and Morawski
(2019) linked the strata of the Sosnowica De pres sion with the
Sanian 2 (Elsterian, MIS 12) Gla ci ation.

The Parczew-Kodeń Heights were clas si fied by Zaborski
(1927) as post-gla cial pla teaus of the Mid dle Pol ish Gla ci ation,

pres ently cor re lated with the Odranian (Saalian, MIS 6) Gla ci -
ation (Ta ble 1). The au thors of later geo log i cal map sheets sus -
tained this con cept, as sum ing that the Parczew-Kodeń Heights
and the Sosnowica De pres sion were cov ered by the ice-sheet
of the Mid dle Pol ish Gla ci ation (Odranian) (Trembaczowski,
1968; Stochlak, 1979; Dolecki et al., 1987, 1995; Wodyk, 1999,
2000). Ac cord ingly, these au thors dis tin guished gla cial de pos -
its (gla cial tills) and gla cial forms, i.e. eskers, kames, and
dead-ice mo raines, from the Odranian Gla ci ation in the
subsurface of the Parczew-Kodeń Heights. 

MAZOVIAN INTERGLACIAL

The Mazovian Inter gla cial cor re sponds to MIS 11 (Lisiecki
et al., 2005; Nitychoruk et al., 2005, 2006; Rohling et al., 2010;
Co hen and Gibbard, 2011, 2019); in the chronostratigraphic
scheme it be longs to the Mid dle Pleis to cene and cor re lates with 
the Holsteinian Inter gla cial in West ern Eu rope, par tic u larly in
Ger many (Litt et al., 2007), the Aleksandrian in Belarus (Velich -
kevich et al., 2001), the Likhvi nian in Ukraine (Lindner et al.,
2007), and the Mindel/Riss in the Alps (Penck and Bruckner,
1901/1909; Ta ble 1). 

Ac cord ing to re cent stud ies, the Holsteinian en com passes
MIS 11c (Koutsodendris et al., 2010; Head and Gibbard, 2015;
Bińka and Marks, 2018). In the Pol ish chronostratigraphic
scheme (Lindner and Marks, 2012; Marks et al., 2016), the
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Chronostratigraphic cor re la tion of the Mid dle and Up per Pleis to cene be tween: NW Eu rope (Litt et al., 2007; Head and Gibbard,
2015); Alps (Penck and Bruckner, 1901/1909); SE Po land (Lindner et al., 2006, mod i fied; Marks et al., 2016, mod i fied); Belarus

(Velichkevich et al., 2001), and Ukraine (Lindner et al., 2004, 2006, 2007)

Age

[ka BP]
Stra tig ra phy
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Eu rope

Alps
SE

Po land
Belarus Ukraine MIS

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

130
Up per
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Weichselian Würm Vistulian Poozierian Valday 2-5d
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Warthe +
Drenthe
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(Dnieperian+Sozhian)
Dnieperian 2 6
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? Riss I Krznanian* ? Dnieperian 1 8

Dömitz-Wacken Pre-R/R I Zbójnian Smolenskian Potagylivka 9

Fuhne Pre-Riss
Liviecian* ?

Orelian
10

Early Liviecian* ? 11a-11b
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* – area not cov ered by ice-sheets
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Mazovian Inter gla cial sep a rates the Sanian 2 (Elsterian, MIS 12)
Gla ci ation from the Liviecian (Fuhne, MIS 11a–11b) Gla ci ation. 

The Holsteinian/Mazovian pol len suc ces sion has char ac -
ter is tic feautures that al low re li able age de ter mi na tion of the
organogenic de pos its of this inter gla cial (Krupiński, 1995, 2000; 
Janczyk-Kopikowa, 1996; Mamakowa, 2003; Pidek, 2003). Re -
cent high-res o lu tion pol len anal y ses have al lowed dis tinc tion of
char ac ter is tic intra-inter gla cial cli mate os cil la tions within the
Holsteinian suc ces sion. They in clude the Older Holsteinian Os -
cil la tion (OHO) oc cur ring af ter the Taxus max i mum and re -
flected in the in creased pol len con tent of bo real trees (Pinus
or/and Betula) and her ba ceous plants (Hrynowiecka- Czmie -
lewska, 2010; Hrynowiecka and Szymczyk, 2011; Koutso den -
dris et al., 2012; Hrynowiecka and Pidek, 2017; Hrynowiecka et
al., 2019; Górecki et al., 2022). In the youn ger part of the cli -
mate op ti mum there oc curs the Youn ger Holsteinian Os cil la tion 
(YHO) re corded as a fall in the pol len val ues of horn beam
(Carpinus) and a rise in fir (Abies) pol len (Hrynowiecka- Czmie -
le wska, 2010; Hrynowiecka and Szymczyk, 2011; Hrynowiecka 
and Pidek, 2017; Nitychoruk et al., 2018; Hrynowiecka et al.,
2019; Górecki et al., 2022). Most re cent re ports point to the ex -
is tence of a third os cil la tion in the youn gest phase of the inter -
gla cial, dom i nated by pine (Pinus) and re flected in the sig nif i -
cant in crease of birch (Betula) and her ba ceous plants, and ten -
ta tively re ferred to as the Birch Holsteinian Os cil la tion (BHO),
noted in Nowiny Żukowskie (Hrynowiecka-Czmielewska, 2010;
Hrynowiecka and Szymczyk, 2011), and Skrzynka (Górecki et
al., 2022).

The veg e ta tion suc ces sion ob served in the de pos its di rectly 
over ly ing MIS 11c (fol low ing the Pinus phase of the inter gla cial)
was com monly as so ci ated with the Early Liviecian Gla ci ation
(MIS 10), which cor re sponds to the Odranian Gla ci ation s.l.
(Marks et al., 2018) and the Fuhne Gla ci ation in Ger many (s.l.
Saalian Gla ci ation; Börner, 2007). Imbrie et al. (1984) pre vi -
ously pro posed that MIS 11 com prises three substages, en -
com pass ing the rel a tively warm MIS 11c and MIS 11a, and the
rel a tively cold MIS 11b. Hrynowiecka et al. (2019) adopted this
sub di vi sion, sug gest ing that while the Mazovian Inter gla cial
cor re sponds to the en tirety of MIS 11c (Koutsodendris et al.,
2012; Marks et al., 2019), the paly no logi cal ly doc u mented de -
pos its of the Early Liviecian Gla ci ation should cor re spond to
MIS 11b and MIS 11a rather than MIS 10. Draw ing from ev i -
dence from Hermanów (Hrynowiecka et al., 2019), Ossówka
(Krupiński, 1995; Nitychoruk et al., 2005), and Brus (Pidek,
2003), it was sug gested that the two cold substages should be
des ig nated as MIS 11b, with the sub se quent three substages
la beled as MIS 11a. In this study, we have opted to ad here to
this frame work when char ac ter iz ing de pos its as so ci ated with
the Odranian Gla ci ation s.l. (Fuhne) based on their palyno -
logical re cord.

LACUSTRINE DEPOSITS OF THE MAZOVIAN INTERGLACIAL –
STATE OF RECOGNITION

West ern Polesie. Pres ently there are 19 sites in West ern
Polesie with lac us trine de pos its of the Mazovian Inter gla cial
doc u mented by palaeobotanical and palaeofaunal anal y ses
(Fig. 1), 6 in the Sosnowica De pres sion (Hrynowiecka et al.,
2014; Żarski and Morawski, 2019; Pochocka-Szwarc et al.,
2021; Żarski et al., 2023b) and 6 in the Parczew-Kodeń Heights 
(Żarski et al., 2023a, b; Figs. 1 and 2). The re main ing sites can
be found in the Łomazy De pres sion, the Włodawa Heights, and
the Łęczna-Włodawa Lakeland (Żarski et al., 2023a, b).

Lac us trine inter gla cial de pos its cor re lated with the Mazo -
vian Inter gla cial were dis cov ered for the first time in the Bug

Val ley es carp ment in Włodawa (Lilpop, 1925), the re port be ing
one of the first palynological anal y ses in Po land. Lac us trine and 
bog de pos its of the Mazovian Inter gla cial were dis cov ered and
de scribed far ther to the north, also in the Bug Val ley es carp -
ment in Suszno, Włodawa and Dobropol (Fig. 1; Tremba -
czowski, 1957; Mojski and Trembaczowski, 1961). Palaeo -
botanical stud ies in Suszno and Włodawa were con ducted by
Stachurska (1957, 1961), and in Dobropol by Hrynowiecka et
al. (2014). One of the sites in West ern Polesie with the most de -
tailed palaeobotanical anal y sis of the Mazovian Inter gla cial is in
Brus, which is lo cated to the south of the Włodawa Heights in
the Łęczna-Włodawa Lakeland (Pidek, 2003; Hrynowiecka and
Pidek, 2017). The sites of Rossosz, Ortel Królewski and
Szyma nowo, well-known for their mol lusc and ostracod re -
mains, are lo cated in the Parczew-Kodeń Heights and the
Łomazy De pres sion (Albrycht et al., 1995; Szymanek et al.,
2005; Szymanek, 2011, 2014). In all sites noted, the Mazovian
Inter gla cial suc ces sion is not over lain by gla cial de pos its. 

South ern Podlasie. Near Biała Podlaska and Łomazy
there are over a dozen sites with lac us trine de pos its from the
Mazovian Inter gla cial (Lindner et al., 1990; Bińka and Nity -
choruk, 1995; Lindner and Marciniak, 1997, 1998; Nitychoruk,
2000; Krupiński, 2000; Nitychoruk et al., 2005, 2006, 2018;
Szymanek et al., 2005; Szymanek, 2011, 2012, 2013; Fig. 1).
As in West ern Polesie, the Mazovian Inter gla cial strata are not
over lain by gla cial de pos its. 

Near Łuków, Miedzyrzec Podlaski, Kock and Adamów (Fig.
1), over 20 sites of the Mazovian Inter gla cial were doc u mented
by palaeobotanical anal y ses (Żarski, 2007a, b, 2008, 2009;
Małek and Pidek, 2007; Żarski et al., 2009, 2024; Pidek et al.,
2011; Terpiłowski et al., 2014; Czubla et al., 2019; Hrynowiecka 
et al., 2019; Górecki et al., 2022). In sites lo cated on the Łuków
Plain, the lac us trine suc ces sion of the Mazovian Inter gla cial is
not over lain by gla cial de pos its. 

Sites lo cated in the Żelechów Heights have a thin gla cial till
cover cor re lated with the Odranian Gla ci ation (Żarski, 2008,
2009; Żarski et al., 2009, 2024). 

GEOLOGICAL SETTING

Sosnowica De pres sion. In the Sosnowica De pres sion
there are three new sites with biogenic de pos its from the
Mazovian Inter gla cial, i.e. Zahajki, Wygnanka, and Sytyta. A
de tailed de scrip tion of the li thol ogy and stra tig ra phy can be
found in Ta ble 2. Ex plor atory and hydrogeological bore holes
have doc u mented the geo log i cal set ting of the Pleis to cene
strata and their sub strate at each site. 

Zahajki (157 m a.s.l.) – the site oc curs in the east ern part of
the Sosnowica De pres sion, to the north of Kaplonosy, in a
small, drainless de pres sion. It is 230 m long and 180 m wide. A
pond oc curs in its cen tral part (Fig. 3A, B); an ex plor atory bore -
hole was sited on the west ern part of the pond (Fig. 3C). Lac us -
trine and biogenic inter gla cial de pos its are 9.1 m thick, and in -
clude gyttja, peat and silts (not com pletely pen e trated). Their
age was doc u mented by palynological anal y sis. Above the
inter gla cial de pos its oc cur 2.25 m of gyttja and lake silts of the
Early Liviecian (MIS 11b) Gla ci ation (Ta ble 1), above which oc -
cur 0.64 m of peat and gyttja cor re lated with the Late Vistulian
(Weichselian MIS 2). Vistulian strata are cov ered by 1.29 m of
Ho lo cene peat. 

Lac us trine and bog de pos its in Zahajki infill a fos sil melt-out
de pres sion rooted in glacifluvial sands and grav els of the
Sanian 2 (Elsterian, MIS 12) Gla ci ation (Fig. 3D). Be low these
de pos its oc curs a sec ond se ries of glacifluvial sands and grav -
els, from sev eral to over ten metres thick, which may be cor re -
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T a  b l e  2

Lithological-strati graphic char ac ter is tics of the sites stud ied 

Site Depth [m] De pos its Or i gin Stra tig ra phy MIS

Zahajki

51°36’53.2”N

23°16’59.8”E

157 m a.s.l.

0.0–2.20 strongly-de com posed peats, brown bio
Ho lo cene 1

2.20–2.96 weakly de com posed peats, brown bio

2.96–3.10 gyttja with plant de tri tus, ol ive-grey, -HCL li

Vistulian
(Weichselian) 2

3.10–3.60 very weakly de com posed peats, brown, -HCL bio

3.60–4.04 peaty gyttja, brown, -HCL li

4.04–4.20 clay silts, grey, -HCL li

4.20–4.25 sandy silts, grey, -HCL li

4.25–5.40 sandy gyttja with plant de tri tus, ol ive, -HCL li
EarlyLiviecian

(Fuhne)
11b5.40–6.10 fine sands, grey, -HCL d

6.10–6.50 gyttja, grey-ol ive, lam i nated, +HCL li

6.50–7.40 gyttja, grey-ol ive, +++HCL li

Mazovian

(Holsteinian)
11c

7.40–9.0 gyttja, slightly clayey, dark grey, -HCL li

9.0–9.30 gyttja, dark grey-brown, with mol lusc re mains, +++HCL li

9.30–9.40 strongly-de com posed peats, black, -HCL bio

9.40–10.20 gyttja, ol ive, with large amounts of crushed mol lusc re mains, +++HCL li

10.20–10.50 gyttja, clayey, ol ive, with crushed mol lusc re mains, ++HCL li

10.50–13.40 clay silts, grey, ++HCL li

13.40–13.60 silts, dark grey, with abun dant molluscs, +++HCL li

13.60–14.90 sands, grey d

14.90–15.0 gyttja, dark grey, +++HCL li

15.0–15.60 gyttja, grey (grey silts), crushed mol lusc re mains in the base, 
plant macroremains, +++HCL li

Wygnanka

51°39’05.7”N

23°03’28.9”E

153 m a.s.l.

0.0–0.4 fine sands with hu mus, dark grey h Ho lo cene 1

0.4–0.8 fine sands with silty sands, grey-beige n-li

Vistulian

(Weichselian)
2

0.8–1.05 fine sands with silty sands and hu mus smears, dark grey n-li

1.05–1.25 silts with hu mus smears, dark grey li

1.25–1.35 silts with rare grav els, light grey li

1.35–1.90 strongly-de com posed peats, brown-black bio

Mazovian

(Holsteinian)
11c

1.90–2.55 strongly-de com posed peats, brown-black bio

2.55–5.65 car bo na ceous gyttja, ol ive, with crushed mol lusc re mains,  +++HCL li

5.65–6.25 car bo na ceous gyttja, dark brown, with crushed mol lusc re mains, +++HCL li

6.25–8.0 gyttja, ol ive-dark grey, slightly car bo na ceous, ++HCL li

8.0–8.80 fine sands with rare grav els, grey fg Sanian 2
(Elsterian) 12

8.80–9.0 sandy silts, grey-green ish li-g

Sytyta

51°36’32.3”N

23°12’7.2”E

157 m a.s.l.

0.0–0.20 silts with hu mus, grey-black h Ho lo cene 1

0.20–1.0 sandy silts, yel low-grey n-li
Vistulian

(Wiechselian)
21.0–1.3 fine sands, grey n-li

1.3–2.5 silts, grey n-li

2.5–3.4 peats, brown-black bio Mazovian
(Holsteinian) 11c

3.4–5.0 fine sands, grey fg Sanian 2
(Elsterian) 12

Gęś 3

51°42’36.9”N

23°1’45.0”E

158 m a.s.l.

0.0–0.3 peats, brown-black bio Ho lo cene 1

0.3–1.9 silts, grey-brown, com pact li Vistulian

(Weichselian)
2

1.9–2.4 fine sands with rare grav els, grey d

2.4–2.5 silts, grey, com pact li

Mazovian
(Holsteinian) 11c

2.5–2.9 silts, brown li

2.9–3.37 gyttja, brown, di luted, +HCL li

3.37–4.7 well-de com posed peats, brown-black bio

4.7–5.3 peaty gyttja, brown li

5.3–5.4 peaty gyttja, brown, with shales, +++HCL li

5.4–5.5 ol ive gyttja, com pact, +HCL li

5.5–5.75 silts, grey li

5.75–5.95 silts, grey li Sanian 2
(Elsterian) 12

5.95–6.0 gla cial tills, grey-blue g



lated with the Sanian 1 (MIS 16) Gla ci ation (Fig. 3D). The sub -
strate of Pleis to cene strata com prises Mid dle Mio cene ter res -
trial de pos its (sands and silts with in ter ca la tions of lig nite), un -
der lain by Up per Maastrichtian chalk and marls (Fig. 3D)
(Pochocka-Szwarc and Żarski, 2023). The sur face in this part
of the Sosnowica De pres sion is cov ered by Ho lo cene peat, as
well as niveolimnic silts and sands, prob a bly rep re sent ing the
Late Vistulian and form ing ex ten sive flat sur faces with poor sur -
face run off (Pochocka-Szwarc and Żarski, 2023).

Wygnanka (153 m a.s.l.) – this site is lo cated ~10 km to the
east of Parczew. It is a de pres sion  ~300 m long and up to 90 m
wide (Fig. 4A, B). A bore hole was drilled in the cen tral part of the 
de pres sion (Fig. 4A, B). The thick ness of lac us trine and bog de -
pos its (gyttia and peat) of the Mazovian (Holsteinian, MIS 11c)
Inter gla cial is 6.65 m (Ta ble 2). Above, there is 0.95 m of fine
sands and silts of the Vistulian (MIS 2), and Ho lo cene sands
(Fig. 4C). 

In Wygnanka, the de pos its fill a palaeobasin carved in the
glacifluvial sur face. This is prob a bly a fos sil post-gla cial trough
which, af ter the re ces sion of the Sanian 2 Gla ci ation and af ter
be ing pre served by dead ice, was trans formed into a lake in
warm inter gla cial cli mate con di tions. The sur face is cov ered by
Vistulian niveolimnic and Ho lo cene de pos its. 

In the north ern part of the Sosnowica De pres sion and in the
neigh bour ing part of the Parczew-Kodeń Heights, the Pleis to -
cene de pos its be low the Vistulian are rep re sented by a glaci -
fluvial suc ces sion of var i ous ages, reach ing 25–30 m in thick -
ness. These strata ac cu mu lated dur ing the Nidanian (MIS 22),
Sanian 1 (MIS 16) and Sanian 2 (MIS 12) glaciations (Ta ble 1
and Fig. 4D). Up per Maastrichtian marls oc cur be low (Pocho -
cka- Szwarc, 2023; Pochocka-Szwarc and Żarski, 2023).

Sytyta (157 m a.s.l.) – this site lies in the cen tral part of the
Sosnowica De pres sion, be tween Zahajki and Wygnanka near
the drain age chan nel (Fig. 5A, B). The ter rain mor phol ogy does
not in di cate the pres ence of a palaeobasin be low the sur face,
so its bound aries and size are dif fi cult to de ter mine (Fig. 5A, B).
Peats of the Mazovian Inter gla cial reach a thick ness of 0.90 m
(Fig. 5C). Be low there are glacifluvial sands (Ta ble 2), cor re -
lated with the Sanian 2 (Elsterian, MIS 12) Gla ci ation. Inter gla -
cial peats infill a palaeobasin in cised into Sanian 2 glacifluvial
sands and grav els. In the part of the Sosnowica De pres sion
ana lysed, the thick ness of Pleis to cene strata (glacifluvial sands
and grav els) is ~25 m (Fig. 5D), over ly ing Up per Cre ta ceous

car bon ate rocks (Pochocka-Szwarc, 2023; Pochocka-Szwarc
and Żarski, 2023). 

The biogenic inter gla cial de pos its are over lain by 2.3 m of
niveolimnic sandy silts and fine sands (Fig. 5D and Ta ble 2).
OSL de ter mi na tions in di cate an age of 31 ±7 ky (Palczewski,
2019). These de pos its rep re sent ac cu mu la tion in ex ten sive,
shal low floodplains which func tioned in periglacial con di tions
that pre vailed in the area dur ing the Vistulian. 

The geo log i cal set ting of Pleis to cene strata in this part of the 
Sosnowica De pres sion is sim i lar to that in the vi cin ity of Zahajki
and Wygnanka. Glacifluvial de pos its of var i ous age (Sanian 2,
MIS 12) oc cur in the subsurface, mostly over lain by Vistulian
niveolimnic de pos its. A char ac ter is tic fea ture is the pres ence of
an 80 m-deep post-gla cial trough infilled with glacifluvial de pos -
its, lo cated in Sosnowica De pres sion (Fig. 5D). Up per Maastri -
chtian marls lie be neath the Pleis to cene de pos its. In the east -
ern part of the study area, the Sosnowica De pres sion lies ad ja -
cent to the Włodawa Heights (Fig. 5D) built mostly of gla cial tills
from the Sanian 2 Gla ci ation (MIS 12). 

Parczew-Kodeń Heights. A char ac ter is tic fea ture of this
mesoregion is the oc cur rence of iso lated out li ers com pris ing
post-gla cial pla teaus built of gla cial tills. They oc cur mostly in
the cen tral and south ern parts of the area. The out lier sur faces
gen er ally oc cur at 150–152 m a.s.l. to the east of Podedwórze,
the area ris ing to 160 m a.s.l. to the top of Góra Grabowska
(190 m a.s.l.), which is a fron tal mo raine of the re ces sive phase
of the Sanian 2 (MIS 12) ice-sheet (Pochocka-Szwarc and
Żarski, 2023). How ever, the pla teaus do not form a uni form sur -
face but are in cised by de pres sions which are from sev eral hun -
dred metres to sev eral kilo metres across, infilled with Vistulian
wash out (niveolimnic) and Ho lo cene de pos its (Pochocka-
 Szwarc and Żarski, 2023). The geo log i cal struc ture of these de -
pres sions in di cates that they are fos sil routes of glacifluvial flow, 
which func tioned dur ing the re treat of the Sanian 2 ice-sheet.
Glacifluvial sands and grav els are over lain by fine niveolimnic
de pos its from the Vistulian Gla ci ation as well as from the
Odranian Gla ci ation (Pochocka-Szwarc and Żarski, 2023).

Podedwórze (158 m a.s.l.) – this site is lo cated in the
south ern part of the Parczew-Kodeń Heights. It is a small, nar -
row, 160 m long, E–W ori ented de pres sion. In its east ern part,
the de pres sion wid ens to give an oval shape with a width of
~60 m (Fig. 6A, B); a bore hole was drilled here (Fig. 6C). The
de pres sion in Podedwórze was in his tor i cal times part of a sys -
tem of sur face run off from the nearby “Warzewo” flood plain. 

Katarzyna Pochocka-Szwarc et al. / Geological Quarterly, 2024, 68: 18 7

Tab. 2 cont.

Site Depth [m] De pos its Or i gin Stra tig ra phy MIS

Podedwórze

51°41’27.1”N

23°14’31.0”E

159 m a.s.l.

0.0–0.6 silts, dark grey li-h Ho lo cene 1

0.6–2.7 clay silts, grey n-li
Vistulian

(Weichselian)
2

2.7–2.9 clay silts, brown li Early
Liviecian 11b

2.9–3.40 strongly-de com posed peats, brown-black bio

Mazovian
(Holsteinian) 11c

3.40–4.0 strongly-de com posed peats, brown-black, with mol lusc frag ments, ++HCL bio

4.0–4.5 peaty gyttja, brown, with mol lusc frag ments, +++HCL li

4.5–5.41 strongly-de com posed peats, brown-black bio

5.41–5.43 fine sands, grey d

5.43–6.3 strongly-de com posed peats, brown-black bio

li – limnic, bio – biogenic, d – deluvial, fg – flu vio gla cial, g – gla cial, n-li – niveolimnic, h – humic

https://bazadata.pgi.gov.pl/data/smgp/arkusze_txt/smgp0679.pdf
https://bazadata.pgi.gov.pl/data/smgp/arkusze_txt/smgp0679.pdf
https://bazadata.pgi.gov.pl/data/smgp/arkusze_txt/smgp0679.pdf


8 Katarzyna Pochocka-Szwarc et al. / Geological Quarterly, 2024, 68: 18

Fig. 3. Zahajki site: A – lo ca tion on a Dig i tal Ter rain Model (DTM), B – lo ca tion on an ae rial pho to graph, C – lithological log, 
D – geo log i cal cross-sec tion show ing the geo log i cal struc ture of the Sosnowica De pres sion
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Fig. 4. Wygnanka site: A – lo ca tion on a Dig i tal Ter rain Model, B – lo ca tion on an ae rial pho to graph, C – lithological log,
 D – geo log i cal cross-sec tion show ing the geo log i cal struc ture of the west ern Sosnowica De pres sion 

and Parczew-Kodeñ Heights (see Fig. 2)

For other ex pla na tions see Fig ure 3
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Fig. 5. Sytyta site: A – lo ca tion on a Dig i tal Ter rain Model, B – lo ca tion on an ae rial pho to graph, C – lithological log, 
D – geo log i cal cross-sec tion show ing the geo log i cal struc ture of the Sosnowica De pres sion 

and the northwest ern part of the W³odawa Heights (see Fig. 2)

For other ex pla na tions see Fig ure 3 



The biogenic strata of the Mazovian (Holsteinian, MIS 11c)
Inter gla cial in Podedwórze have a thick ness of 3.4 m (Fig. 6C).
They com prise peats and gyttja with crushed shell frag ments.
Above these lie lac us trine brown clayey silts, which ter mi nate
the lac us trine suc ces sion in the ba sin (Liviecian, Fuhne). These 
are over lain by 2.1 m of niveolimnic clayey silts from the Late
Vistulian (MIS 2), over lain by Ho lo cene biogenic silts (Ta ble 2).

Anal y sis of a deep bore hole (Fig. 6D) lo cated in the vi cin ity
of the site ana lysed, cou pled with geo log i cal map ping, shows
that be low the de pos its in fill ing the ba sin are gla cial tills from the 
Sanian 2 (MIS 12) Gla ci ation, reach ing few m in thick ness. The
lac us trine de pos its infill a palaeobasin within the gla cial tills, of
melt-out or i gin, i.e. it orig i nated from the melt ing of dead-ice
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Fig. 6. Podedwórze site: A – lo ca tion on a Dig i tal Ter rain Model, B – lo ca tion on an ae rial pho to graph, C – lithological log, 
D – geo log i cal cross-sec tion show ing the geo log i cal struc ture of the Parczew-Kodeñ Heights (see Fig. 2)

For other ex pla na tions see Fig ure 3



blocks in fill ing an ear lier de pres sion on a gla cial till sur face
(Błaszkiewicz, 2008, 2011). 

Be low the gla cial tills oc cur glacifluvial sands and grav els of
the Sanian 2 (MIS 12) Gla ci ation and ice-dammed clays cor re -
lated with the Sanian 1 (MIS 16) Gla ci ation. The thick ness of
Pleis to cene strata in the vi cin ity of Podedwórze is ~35 m. Be low 
there oc cur ter res trial Mid dle Mio cene strata (12 m thick) and
Up per Maastrichtian car bon ate rocks (Pochocka-Szwarc and
Żarski, 2023). 

Gęś 3 (158 m a.s.l.) – this site is sit u ated within the “Jabłoń
Is land”, a gla cial out lier with an in cised palaeo-de pres sion (Fig.
7A, B) infilled with lac us trine de pos its of the Mazovian Inter gla -
cial. The site lies within a pres ent-day iso lated drainless de pres -
sion, mea sur ing ~80 m (E–W) by ~55 m (N–S). Most of the de -
pres sion is cov ered by a lake; a bore hole was sited on its west -
ern mar gin (Fig. 7B). Lac us trine (gyttja and silts) and bog de -
pos its (peats) from the Mazovian (MIS 11c) Inter gla cial were
drilled at the depth of 2.4 m, reach ing a thick ness of 3.35 m. Be -
low the lac us trine de pos its oc cur 0.25 m of ice-dammed silts
from the Sanian 2 (MIS 12) Gla ci ation, un der lain by gla cial till
from the same gla ci ation (Fig. 7C, D and Ta ble 3).

Above the inter gla cial suc ces sion is 2.1 m of sands and
silts, which prob a bly ac cu mu lated dur ing the Late Vistulian
(MIS 2). Ho lo cene peats with a thick ness of 0.3 m oc cur on the
sur face (Fig. 7C, D and Ta ble 2). This palaeobasin has a
melt-out or i gin, form ing due to melt ing of dead-ice blocks af ter
the re treat of the Sanian 2 (MIS 12) ice-sheet.

The geo log i cal struc ture of Pleis to cene strata near Gęś is
sim i lar to that near Podedwórze (Fig. 6C, D). The sur face of the
area is built of gla cial tills from the Sanian 2 (MIS 12) Gla ci ation
with thick nesses from sev eral to 10 m, be low which oc cur
glacifluvial sands and grav els of the same gla ci ation. Be low oc -
cur ice-dammed silts of the Sanian 1 (MIS 16) Gla ci ation and
silts cor re lated with the Nidanian (MIS 22) Gla ci ation. The bed -
rock com prises Mid dle Mio cene silts and Up per Maastrichtian
marls (Pochocka-Szwarc and Żarski, 2023). 

MATERIAL AND METHODS

Bore holes. Ma te rial for study was col lected mainly dur ing
map ping linked with the prep a ra tion of the De tailed Geo log i cal
Map of Po land at the scale of 1:50,000 (Żarski and Morawski,
2018, 2019; Pochocka-Szwarc, 2023; Pochocka-Szwarc and
Żarski, 2023) and im ple men ta tion the pro ject of sci en tific re -
search on Qua ter nary sed i ments in West ern Polesie con ducted 
by PIG-PIB. The sites de scribed were documentedby bore -
holes, yield ing sam ples for palaeobotanical and palaeofaunal
stud ies. The Zahajki suc ces sion with a to tal depth of 15.6 m
was doc u mented by fully cored drill ing in 2015. In Wygnanka,
an Eijkelkamp hand-au ger was used in 2022 to drill to 9 m
depth. A sim i lar bore hole was drilled in Podedwórze in 2022 to
6.3 m depth in the east ern part of the de pres sion. In Gęś 3 in
the west ern part of the de pres sion, a 6 m bore hole was drilled in 
2022. In 2023, a me chan i cally-drilled bore hole in Sytyta rea -
ched the depth of 5 m. The de pos its were sam pled with a 5 to
10 cm res o lu tion. The geo log i cal struc ture of the sites ana lysed
is shown in geo log i cal cross-sec tions, whose lo ca tion is shown
in Fig ure 2.

PALAEOBOTANICAL ANALYSES

Pol len anal y sis. The sam ples were pro cessed us ing the
stan dard acetolysis method by Erdtman (1960) af ter re moval of
car bon ates with 10% HCl, boil ing in 10% KOH, and re moval of
the min eral frac tion with 38% HF. Pol len spec tra were counted
in at least two mi cro scopic slides or up to 500 pol len grains (ex -
clud ing aquatic plants pol len). The only ex cep tion were prep a -
ra tions with a low fre quency of palynomorphs (gla cial in ter vals),
in which 300 pol len grains were counted. The re sults are shown
as per cent age pol len di a grams with de scrip tion. The ba sic sum
for the per cent age counts is the sum of tree and shrub pol len
(Ar bo real Plants – AP) and her ba ceous plant pol len (NonArbo -
real Plants – NAP), ex clud ing pol len of aquatic and reed plants,
non-pol len palynomorphs (NPP), in clud ing Pteridophyta and
Bryophyta spores, and re de pos ited sporomorphs. 

The pol len di a grams were con structed in R Stu dio (R Stu dio 
Team, 2023) us ing the RiojaPlot pack age (Jug gins, 2022) and
are shown in Fig ures 8–12. Lo cal Pol len As sem blage Zones
(LAPZ) were dis tin guished us ing CONISS clus ter anal y sis
(Grimm, 1987), and cor rected vi su ally. Mi nor graphic changes
in the di a grams were made us ing CorelDRAW soft ware (Corel
Cor po ra tion, 2023).

Plant macroremains. Plant macroremains were ana lysed
in 19 sam ples (~30 cm3 each) from Podedwórze. 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 man u als and keys (e.g., Kats et al., 1965; Berggren,
1969; Cappers et al., 2006; Velichkevich and Zastawniak,
2006, 2008), and com pared with a ref er ence col lec tion of mod -
ern and fos sil plants in 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 (KRAM her -
bar ium). The re sults are shown in a macrofossil di a gram us ing
POLPAL soft ware (Nalepka and Walanus, 2003). Based on the
pres ence of one or more of the most abun dant or char ac ter is tic
taxa for par tic u lar zones, five plant macrofossil zones were dis -
tin guished in the di a gram: Pd 1-5 LMAZ (Fig. 13). The bound -
aries be tween the zones were de ter mined on the ba sis of
changes in ei ther in dex or the most abun dant taxa. Pho to -
graphs of macroremains are shown in Fig ure 14. A de tailed de -
scrip tion of the zones dis tin guished is pro vided in Ta ble 3.

PALAEOFAUNAL ANALYSES

Mol lusc and ostracod anal y ses. 46 sam ples of gyttja from 
Wygnanka were sub ject to macrofaunal anal y ses. The sam ples 
were col lected with a res o lu tion of 5 or 10 cm from the 2.7–6.3
m depth in ter val. Be tween 30 and 130 cm3 of de posit per sam -
ple were taken for mol lusc anal y sis, and bout 10 cm3  for
ostracod stud ies. Fau nal re mains were tax o nom i cally de ter -
mined un der a low-power Delta Op ti cal IPOS 808 ste reo scopic
mi cro scope at a mag ni fi ca tion of up to 65×.

All mol lusc shells and their frag ments were picked from the
dry res i due af ter wet siev ing through a 0.5 mm mesh fol low ing
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Fig. 7. Gêœ 3 site: A – lo ca tion on a Dig i tal Ter rain Model, B – lo ca tion on an ae rial pho to graph, C – lithological log, 
D – geo log i cal cross-sec tion show ing the geo log i cal struc ture of the Parczew-Kodeñ Heights (see Fig. 2)

For other ex pla na tions see Fig ure 3  



stan dard malacological pro ce dures es tab lished by Ložek
(1964), and Alexandrowicz and Alexandrowicz (2011). They
were iden ti fied ac cord ing to Wel ter-Schultes (2012), and Pie -
chocki and Wawrzyniak-Wydrowska (2016). Com plete shells,
api ces or ap er tures (as equiv a lent to one shell), and shell frag -
ments suit able for un am big u ous iden ti fi ca tion were counted fol -
low ing Ložek’s method for bro ken in di vid u als (Ložek, 1964;
Alexandrowicz and Alexandrowicz, 2011). Some in com plete
spec i mens (usu ally com pris ing the ini tial 1–1.5 whorls) were
as signed to fam ily or ge nus level.

For palaeoenvironmental pur poses, the molluscs were gro -
uped ac cord ing to their eco log i cal pref er ences based on Alexa -
ndro wicz and Alexandrowicz (2011). Five eco log i cal groups
were dis tin guished: mesophilous spe cies, typ i cal of moist sub -
strate (8), hygrophilous spe cies pre fer ring very moist and

swampy hab i tats (9), spe cies of tem po rary wa ter bod ies (10),
spe cies of per ma nent wa ter bod ies of stag nant wa ters (11), and 
spe cies of flow ing wa ters (12) (Ta ble 3). The struc ture of the
mol lusc as sem blage is pre sented as the malacological spec tra
of spe cies (MSS) and in di vid u als (MSI) (Fig. 15). The malaco -
logical suc ces sion is il lus trated by a fre quency bar di a gram,
which is com posed of both the per cent ages of the to tal sum for
sam ples con tain ing >50 in di vid u als, and the ab so lute num bers
of shells for those with <50 in di vid u als (Fig. 16). 

The ostracod ma te rial was sub ject to a stan dard pro ce dure 
de scribed by Löffler (1986). All the valves were ex tracted from
sed i ments disaggregated with wa ter and washed through a
0.1 mm mesh sieve. They were iden ti fied ac cord ing to Sywula
(1974), Meisch (2000) and Fuhrmann (2012), and counted
(Ta ble 4). 
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T a  b l e  3

De scrip tion of Lo cal Macrofossil As sem blage Zones at Podedwórze

L MAZ 

depth [m]
De scrip tion of Lo cal Macrofossil As sem blage Zones 

PO-1a

6.3–6.1

3 sam ples

In the first subzone, the re mains of Larix decidua, Picea abies and Betula sect. Albae trees were very nu mer ous.
Seeds of Rubus idaeus and Rubus sp. shrubs were also marked in di vid u ally. Plants of wet and fresh hab i tats were
pres ent, al though few. Sin gle Urtica dioica and Fragaria vesca fruits and Selaginella selaginoides megaspores were
de ter mined. Peat plants were very abun dant, in clud ing re mains of Menyanthes trifioliata, Comarum palustre, Lycopus
europaeus, as well as moss stems and nu mer ous spe cies of the Cyperaceae fam ily, such as Carex nigra, C. riparia, C. 
rostrata, C. elata, C. vesicaria and Carex sp. div. trigonous. There were also nu mer ous re mains of reed and aquatic
plants, mainly C. pseudocyperus, Sparganium emersum, Nuphar lutea, Nymphaea cinerea, Sagittaria sagittifolia,
Schoenplectus lacustris, Potamogeton natans and P. pannosus. Sclerotia of Cenococcum geophilum, wood frag -
ments and char coal were also pres ent in the zone.

PO-1b

5.8–5.6

3 sam ples

The subzone is char ac ter ized by a sig nif i cant share of tree re mains. There were still nu mer ous re mains of Betula sect.
Albae, but less nu mer ous were Larix decidua and Picea abies. Re mains of Abies alba, B. humilis and B. nana ap -
peared. In di vid u ally, Rubus idaeus and Rubus sp. were still pres ent. In the group of plants from hu mid hab i tats, Urtica
dioica, Fragaria vesca and Ranunculus sceleratus, Polygonum aviculare and Alchemilla sp. also ap peared. As in the
pre vi ous zone, there were still nu mer ous re mains of Menyanthes trifioliata, Comarum palustre, Lycopus europaeus,
as well as moss stems. Eleocharis palustris and Cicuta virosa also ap peared in the group of peat bog plants. Nu mer -
ous re mains of plants from the Cyperaceae fam ily rep re sented Carex riparia, C. rostrata, C. elata, C. vesicaria and C.
sp. div. trigonous, C. sp. div. biconvex. Among rush and aquatic plants, C. pseudocyperus, Sparganium emersum,
Nuphar lutea, Nymphaea cinerea, Schoenoplectus lacustris, Alisma plantago-aqiuatica, Nuphar sp., Potamogeton
natans, P. pannosus, P. praemaackianus and P. perfoliatus were still pres ent. Sclerotia of Cenococcum geophilum,
wood frag ments and char coal were also pres ent.

PO-2

5.3–5.0

3 sam ples

The share of trees and shrubs is de creas ing, ex cept for Abies alba, which was the most nu mer ous in this zone, as well
as Betula sect., Albae and Rubus sp. in the top of the zone. Plants of hu mid hab i tats were rep re sented by Urtica dioica
and Eupatorium cannabinum. The share of re mains in the group of peat plants also de creased, in clud ing stems of
mosses and plants from the Cyperaceae fam ily, of which only Carex riparia and Carex sp. were still pres ent.
Menyanthes trifioliata and Lycopus europaeus also oc curred among peat bog plants. The most char ac ter is tic fea ture
of this zone was the pres ence of nu mer ous Juncus sp. and Typha sp. seeds among the swamp veg e ta tion. There
were also nu mer ous Sal vin ia natans megaspores and Lemna trisulca fruit. Ad di tion ally, one megaspore of Isoëtes
lacustris and sin gle fruits of Sparganium emersum, Sagittaria sagittifolia, Nuphar sp., and Batrachium sp. were also
marked. Sclerotia of Cenococcum geophilum, wood frag ments and charcoals also oc curred.

PO-3

4.9–4.7

2 sam ples

In this zone, the share of plant re mains in all eco log i cal groups de creases. Among the shrubs, sin gle seeds of Rubus
sp. were marked, and in the group of plants of wet hab i tats, fruits of Ranunculus reptans. The share of peat plants also
de creased, with only sin gle Carex elata fruits re main ing. The fruits of Lemna trisulca dom i nated the group of aquatic
plants. One megaspore of Az ol la interglacialis was also pres ent. Other plant re mains in cluded wood frag ments, char -
coal and Cenococcum geophilum sclerotia.

PO-4

4.4–3.9

4 sam ples

The re mains of Larix decidua and Betula sect. Albae, B. humilis and B. nana re ap peared in the zone. For the first time
in the suc ces sion, the fruits of Alnus glutinosa and Arctostaphylos uva-ursi ap peared. The veg e ta tion of hu mid hab i -
tats was rep re sented only by Ranunculus reptans fruit. The share and spe cies com po si tion among boggy plants in -
creased slightly. Fruits of Carex nigra, C. riparia, C. rostrata, C. elata, C. caespitosa and C. sp. div. trigonous and C.
sp. div. biconvex were marked. Comarum palustre and Eleocharis palustris were also pres ent. Among the swamp veg -
e ta tion, a sin gle seed of Typha sp. was re corded. The com po si tion of aquatic veg e ta tion changed, with the fruits of
Myriophyllum spicatum, M. verticillatum, Myriophyllum sp., and Batrachium sp. dom i nat ing. There were also sin gle
Potamogeton gramineus endocarps, Callitriche autumnalis fruits, and Az ol la interglacialis megaspores. The top of the 
zone was dom i nated by frag ments of wood and char coal, as well as Cenococcum geophilum sclerotia.

PO-5

3.5–3.1

4 sam ples

In the trees and shrubs group, the num ber of re mains in creased, es pe cially Larix decidua and Betula sect., Albae, B.
humilis and B. nana were still pres ent in the zone. Sin gle fruits of Urtica dioica, Ranunculus sceleratus, R. reptans,
Fragaria vesca, Mentha aquatica, Polygonum lapathifolium, P. amphibium and megaspores of Selaginella
selaginoides were marked. In this zone, the most nu mer ous group of boggy plants was dom i nated by re mains of
plants from the Cyperaceae fam ily, es pe cially Carex nigra, C. rostrata, C. elata and, in smaller num bers, C. riparia, C.
pseudocyperus, and C. sp. div. biconvex. Re mains of Menyanthes trifioliata, Comarum palustre, Eleocharis palustris
and Filipendula ulmaria were also pres ent. The share of re mains rep re sent ing aquatic veg e ta tion such as
Myriophyllum spicatum, M. verticillatum, and Batrachium sp. was sim i lar to the pre vi ous zone. There were also
endocarps of Potamogeton natans, P. praemaackianus, and P. perfoliatus. P. gramineus, P. perforatus, P. friesii, P.
compressus, P. pussilus, P. alpinus, P. rutilus, P. obtusifolius, P. coloratus and fruits of Callitriche autumnalis,
Hippuris vulgaris and Aracites interglacialis. Aquatic veg e ta tion was also rep re sented by Nymphaea candida, Elatine
hydropiper, Sagittaria sagittifolia, Nuphar sp. seeds, Stratiotes sp. spines, and Sparganium emersum and S.
angustifo lium fruits.



RESULTS

PALAEOBOTANICAL ANALYSES

ZAHAJKI SITE

The palynomorph abun dance and pres er va tion state were
very good. The pol len di a gram (Fig. 8) rep re sent ing anal y ses of 
21 sam ples was sub di vided into Lo cal Pol len As sem blage
Zones (LPAZs) and num bered con sec u tively from ZA-1 to ZA-7 
from the base of the suc ces sion. The phases of lake de vel op -
ment doc u mented (Fig. 8) in di cate a com plete re cord of the
Mazovian Inter gla cial. The old est doc u mented in ter val of veg e -
ta tion evo lu tion in the Zahajki Ba sin is the pine phase, typ i cal of
the be gin ning of each inter gla cial (Pinus ZA-1 LPAZ). The ZA-2 
LPAZ, char ac ter ized by the co-oc cur rence of high amounts of
al der (Alnus) and spruce (Picea) in the first part of the cli mate
op ti mum, points to the Mazovian Inter gla cial. Later, the con tent
of Pinus pol len rises (ZA-3 LPAZ), which may cor re spond to the 
Older Holsteinian Os cil la tion (OHO; Koutsodendris et al.,
2012); at the same level there ap pear higher amounts of yew
(Taxus) pol len. Due to its thick ness, the Zahajki suc ces sion
was ana lysed with low res o lu tion, which prob a bly caused that
the high abun dance of yew was not noted prior to the OHO, as it 
was in suc ces sions ana lysed at high res o lu tion (e.g., Hryno -

wiecka-Czmielewska, 2010). The suc ceed ing char ac ter is tic
pha se in cludes the co-oc cur rence of horn beam (Carpinus) and
fir (Abies) in the youn ger part of the cli mate op ti mum along with
the ap pear ance of pol len of trees with higher ther mal re quire -
ments, such as Pterocarya (ZA-4 LPAZ). The Mazovian Inter -
gla cial ter mi nates with the post-op ti mum Pinus phase with a
clearly marked Birch Holsteinian Os cil la tion (BHO; ZA-5 LPAZ;
Hrynowiecka and Szymczyk, 2011; Górecki et al., 2022), af ter
which cool ing re lated to the Early Liviecian Gla ci ation took
place. Dur ing the en tire in ter val de scribed, the Zahajki Ba sin
func tioned as a shal low lake, as shown by the re mains of the
Nympheaceae and Pediastrum al gae. 

The Zahajki suc ces sion dif fers slightly from those typ i cal for
the Mazovian Inter gla cial in the con tin u ous prev a lence of Pinus
over the pol len grains of other trees. This is a lo cal fea ture, but
typ i cal of the ex ten sive pres ent-day Ho lo cene bas ins in West -
ern Polesie (e.g., Krowie Bagno; Bałaga et al., 1983).

WYGNANKA SITE 

Palynomorph abun dance and pres er va tion were very good 
in all sam ples ana lysed. The pol len di a gram (Fig. 9) il lus trates
the re sults from 14 sam ples, sub di vided into LPAZs and num -
bered from WY-1 to WY-5 from the base of the suc ces sion.
Char ac ter is tic fea tures of the pol len di a gram (Fig. 9) point to
sed i men ta tion dur ing the Mazovian Inter gla cial. The age de -

Katarzyna Pochocka-Szwarc et al. / Geological Quarterly, 2024, 68: 18 15

Fig. 8. Pol len di a gram for Zahajki (Żarski et al., 2023b mod i fied by A. Hrynowiecka)
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Fig. 10. Pol len di a gram for Sytyta (A. Hrynowiecka)

Fig. 9. Pol len di a gram for Wygnanka (I.A. Pidek)
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ter mi na tion is re li able be cause it spans an in ter val in which
Taxus pol len dom i nates, ac com pa nied by abun dant pol len of
Alnus and Picea. The di a gram (Fig. 9) spans a large frag ment
of the Mazovian suc ces sion, with the inter gla cial’s be gin ning
(WY-1 and WY-2 LPAZ), the older part of the cli mate op ti mum
(WY-3 and WY-4 LPAZ, i.e. the Taxus zone with a high abun -
dance of Alnus and Picea, and with warm cli mate in di ca tors
(e.g., Vi bur num and Humulus lupulus), and the youn ger part of 
the horn beam-fir inter gla cial op ti mum (WY-5 LPAZ). The di a -
gram (Fig. 9) does not cover the youn gest part of the Mazo -
vian Inter gla cial op ti mum with the char ac ter is tic pres ence of
Pterocarya pol len. Most prob a bly, the lack of this in ter val in
the ana lysed suc ces sion re sults from a depositional hi a tus be -
tween gyttja and peats. This as sump tion is based on the rap -
idly ter mi nat ing curves of per cent age con tent of most trees,
and an equally rapid in crease in Pinus pol len val ues. In Wy -
gna nka, as in Zahajki, there was a con tin u ously high abun -
dance of Pinus pol len.

SYTYTA SITE 

Palynomorph abun dance and pres er va tion were very good
in all sam ples ana lysed. The pol len di a gram (Fig. 10) il lus trat ing 
the re sults from 5 sam ples was sub di vided into LPAZs, and
num bered from SY-1 to SY-2 from the base of the suc ces sion.
The phases of ba sin de vel op ment doc u mented (Fig. 10) span
part of the Mazovian Inter gla cial, re ferred to the al der-spruce
phase, i.e. the older part of the cli mate op ti mum of this inter gla -

cial, in which Alnus and Picea oc cur at high abun dances (SY-1
LPAZ), fol lowed by an in crease in Taxus pol len per cent ages
(SY-2 LPAZ). A very high abun dance of Pinus pol len is ob -
served again, which is not a fea ture char ac ter is tic for this inter -
gla cial but a lo cal ex cep tion. The peats in Sytyta were formed in
hu mid fern reed con di tions. 

GĘŚ 3 

Palynomorph abun dance and pres er va tion were very good
in all sam ples ana lysed. The palaeolake in Gęś 3 be gan func -
tion ing dur ing the Elsterian (MIS 12) Gla ci ation with NAP val ues 
reach ing up to 70% within the GES-1 LPAZ (Fig. 11). At that
time, the lake was sur rounded by steppe-like veg e ta tion,
among which dom i nated grasses and other her ba ceous plants,
in clud ing mugwort  (Ar te mi sia) and sedges (Cyperaceae). The
first phase of the Mazovian Inter gla cial is typ i cal and linked with
the ap pear ance of birch for ests (Betula GES-2 LPAZ), in which
Pinus ap peared later as an ad mix ture (GES-3; Fig. 11). 

Within GES-4, spe cies of tem per ate cli mate ap peared in
the lo cal veg e ta tion, mainly Picea and Alnus (Fig. 11). At that
time, shallowing of the ba sin be gan, as shown by the high per -
cent age con tent of palynomorphs re lated to the Nymphaea -
ceae (trichosclereids and tis sue frag ments).

Fur ther more, ap pear ance of Filicales monolete spores may
tes tify to the for ma tion of fern reeds. The veg e ta tion in GES-5 is
typ i cal of the older part of the cli mate op ti mum of the Mazovian
Inter gla cial, i.e. the Picea-Alnus phase (Fig. 11). As in the case
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Fig. 12. Pol len di a gram for Podedwórze (I.A. Pidek)
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of other sites with MIS 11c in east ern Po land, ri par ian spe cies
be come sig nif i cant, mainly ash (Fraxinus) and elm (Ulmus).
The lake mar gins were prob a bly over grown by al der for ests.
Cli mate con di tions were op ti mal for the growth of thermofilous
plants, such as box wood (Buxus sempervirens), ivy (Hedera
he lix), and holly (Ilex aquifolium). Microsporangia of the thermo -
philous aquatic fern Sal vin ia natans were also noted; its pres -
ence to gether with Nymphaeaceae palynomorphs and Filicales 
monolete spores points to fur ther shallowing of the lake. 

The sub se quent stage of veg e ta tion de vel op ment, i.e. with
the high con tent of Taxus pol len (Fig. 11) is typ i cal of the
Mazovian Inter gla cial. This in ter val is linked with the prev a lence 
of a warm and hu mid cli mate, ma rine in char ac ter, which prob a -
bly led to a rise of wa ter level in the fos sil lake (with de crease in
the per cent age con tent of both Nymphaeaceae and Filicales
monolete spores). 

Re peated shallowing took place dur ing the sub se quent pol -
len zone (GES-7), which may be cor re lated with OHO (Fig. 11).
Cli mate cool ing is sug gested by the dis ap pear ance of Taxus
and a ris ing con tent of Pinus. Com pared to the OHO re cord
from other sites in east ern Po land, in crease in the per cent age
con tent of pi o neer taxa is not rapid (see Górecki et al., 2022).
The atyp i cal OHO re cord may re sult from the low sam pling res -
o lu tion, as well as from en vi ron men tal con di tions re lated to lake
over growth. This trans lates also into a lack of pre cise cor re la -
tion of GES-8 and 9 de pos its. The pol len re cord may sug gest
over growth of the wa ter body by an al der for est, there fore it is
very lo cal in char ac ter and does not rep re sent re gional veg e ta -
tion changes. With re gard to biostratigraphy, there is a lack of
horn beam (Carpinus) and fir (Abies) pol len, which are char ac -
ter is tic for the Mazovian Inter gla cial di rectly af ter the OHO. A
rapid in crease in her ba ceous taxa con tent (NAP >50%) within
GES-9 should be in ter preted not as a rapid cool ing, po ten tially
linked with the be gin ning of the Liviecian (MIS 11b) Gla ci ation,
but rather as the fi nal stage of the lake suc ces sion within the
Carpinus-Abies phase (Fig. 11).

PODEDWÓRZE SITE 

This pol len di a gram (Fig. 12) was sub di vided into 6 Lo cal
Pol len As sem blage Zones (LPAZs), from PO-1 to PO-6, be gin -
ning from the base of the suc ces sion. The pol len zones span a
large part of the Mazovian suc ces sion, with the be gin ning of the 
spruce-al der phase (PO-1 LPAZ), the youn ger part of the cli -
mate op ti mum (PO-2 LPAZ), i.e. the spruce zone with grad u ally 
en croach ing thermophilous trees, such as Ulmus, Fraxinus,
Taxus, Quercus and Tilia, and a youn ger part of the inter gla cial
op ti mum, of the horn beam-fir phase (PO-3 LPAZ). Ex pan sion
of fir for rest communites took place at that time (max i mum con -
tent of Abies in PO-3), with a com plete dis ap pear ance of spruce 
and pine, which pre vi ously oc curred in high pol len val ues.
Carpinus is pres ent but in rel a tively low per cent ages. Among
other thermophilous trees are pres ent Tilia platyphyllos and
ma ple (Acer). The pol len curves of most trees rap idly fall in the
next zone. A sub se quent in crease in Pinus and nu mer ous
sporomorphs in de ter min able due to poor pres er va tion (In de ter -
min able) were noted in this zone (PO-4 LPAZ). There is an ev i -
dent hi a tus be tween PO-3 and PO-4. The per cent age con tents
of fern spores Filicales rise rap idly, to gether with spores of
sphag num mosses (Sphag num). This in crease is pre ceded by
the ap pear ance of bog myr tle (Menyanthes tri foli ata) pol len,
point ing to a clear change of the hab i tat. At first, this was a shal -
low lake with Potamogeton, Ceratophyllum, and Nymphaea -
ceae, which was later over grown (max i mum of nympheids,
microsporangia of the aquatic fern Sal vin ia natans), and trans -

formed into a tran si tional bog with Menyanthes tri foli ata, Spha g -
num, and Filicales. A plant suc ces sion of an over grow ing al der
for est was prob a bly re corded in PO-4 LPAZ. This might ex plain
the rapid dis ap pear ance of al der (Alnus) con tent at the
PO-3/PO-4 bound ary. There fore it is ev i dent that the di a gram
(Fig. 12) does not span the youn gest part of the op ti mum of the
Mazovian Inter gla cial with a char ac ter is tic con tin u ous curve of
Pterocarya. In stead, the lat ter taxon ap pears in Podedwórze as
sin gle pol len grains al ready in zones not rep re sent ing the inter -
gla cial cli mate op ti mum. This is fur ther ev i dence sug gest ing a
Mazovian Inter gla cial age for these de pos its. Most prob a bly the
PO-5 LPAZ rep re sents the ter mi nal part of the inter gla cial,
when pine as sem blages ex panded. The zone is reg is tered in
peat de pos its. Sub se quent cool ing is in di cated by the pres ence
of ju ni per (Juniperus, a con tin u ous curve), dwarf birch (Betula
nana t.), as well as an in creased con tri bu tion of sage brush (Ar -
te mi sia), grasses (Poaceae), and sedges (Cyperaceae). The
youn gest zone (PO-6 LPAZ) rep re sents veg e ta tion typ i cal of
cool cli mate and open hab i tats. 

Nine teen plant macrofossil sam ples were ana lysed in Pode -
dwórze. Five lo cal as sem blage zones and one subzone were
dis tin guished (Fig. 13 and Ta ble 3). In the fos sil flora ana lysed
from Podedwórze, 78 taxa of var i ous ranks were iden ti fied.
Most taxa (64) have been re cog nised at spe cies level, one at
sec tion level, 8 at ge nus level, and 5 at more gen eral lev els. The 
eco log i cal re quire ments of the taxa ana lysed al lowed de tailed
con clu sions re gard ing the palaeoenvironment of the Pode -
dwórze palaeolake and its di rect vi cin ity.

The suc ces sion of lo cal veg e ta tion in the Podedwórze
palaeo lake re sem bles the suc ces sion in the stratotype sec tion
in Nowiny Żukowskie (Hrynowiecka and Szymczyk, 2011). The
be gin ning of sed i men ta tion, re corded in the PO-1 a, b LMAZ
took place in a rel a tively shal low lake sur rounded by a pine-
 birch for est with spruce (Picea abies) and larch (Larix decidua).
A cool cli mate is shown by com mu ni ties with bo real cli mate in di -
ces such as Betula nana, B. humilis and Selaginella selagino -
ides (Fig. 14: 4). Com mu ni ties of low-sedge bog mead ows with
Carex nigra, Menyanthes tri foli ata, and Comarum palustre, as
well as high-sedge reeds (Magnocaricion; Koch 1926) with
Carex pseudocyperus, C. rostrata and C. riparia de vel oped on
marshy mar gins near the lake.

Grad ual shallowing took place in the inter gla cial op ti mum
re corded in the PO-2 LMAZ; the ear lier oc cur ring macrophytes,
e.g., Nymphaea alba, N. cinerea (Fig. 14: 11, 12), and Nuphar
lutea (Fig. 14: 10), as well as Potamogeton natans, P. praema -
ckianus, (Fig. 14: 7) P. perfoliatus and P. pannosus (Fig. 14: 5,
6) with drew from the lake (Matuszkiewicz, 2008). This veg e ta -
tion was al most com pletely re placed by pleuston com mu ni ties
of Lemno minoris- Salvinion natantis type (Slavnić, 1956 em. R.
Tx. et A. Schwabe 1981), which cov ers ex clu sively aquatic
plant com mu ni ties com posed of pleuston plants with the
aquatic ferns Sal vin ia natans (Fig. 14: 4) and Lemna mi nor. The 
com mu ni ties dwell in warm stand ing or flow ing wa ters
(Michalska-Hejduk and Kopeć, 2002), and of ten co-oc cur with
better de vel oped com mu ni ties of wa ter plants and coastal
reeds with e.g. Sparganium emersum (Fig. 14: 14) and Typha
sp., which were also iden ti fied in this zone.

In the PO-3 LMAZ in the sam ple from 4.9 m, high con tents
of Alnus glutinosa pol len and wood frag ments doc u ment a sub -
se quent phase of lake shallowing, which was then suc ces sively
filled with or ganic sed i ments. A sin gle megaspore of Az ol la
filiculoides (Fig. 14: 1) was iden ti fied in the zone; this taxon is
cru cial for de ter min ing the con di tions pre vail ing in the lake. The
ap pear ance of Az ol la filiculoides megaspores and nu mer ous
fruits of Lemna mi nor point to higher wa ter tem per a ture and
trophic level (Stachowicz-Rybka, 2011).

20 Katarzyna Pochocka-Szwarc et al. / Geological Quarterly, 2024, 68: 18

http://doi.org/10.2478/bgeo-2011-0002
https://doi.org/10.1016/j.quaint.2021.09.017


Katarzyna Pochocka-Szwarc et al. / Geological Quarterly, 2024, 68: 18 21

Fig. 14. Macrofossil plant re mains from Podedwórze 

1 – Az ol la filiculoides megaspore; 2 – Isoëtes lacustris megaspore; 3 – Selaginella selaginoides megaspore; 4 – Sal vin ia natans
megaspore; 5, 6 – Potamogeton pannosus endocarps; 7 – Potamogeton praemaackianus endocarp; 8 – Hippuris vulgaris fruit; 9 –
Callitriche autumnalis fruit; 10 – Nuphar lutea seed; 11 – Nymphaea cinerea seed; 12 – Nymphaea cinerea de tails of the seed sur face
sculp ture; 13 – Arctostaphylos uva-ursi seed; 14 – Sparganium emersum fruit; 15 – Aracites interglacialis fruit;, 16 – Aracites interglacialis
cross-sec tion of fruit  (fot. K. Stachowicz)



The re ap pear ance of com mu ni ties pre fer ring deeper wa -
ters, with the endocarps Myriophyllum spicatum, which may oc -
cur in lakes to a depth of 6 m, and M. verticillatum which pre fers
more eutrophic wa ters with a low car bon ate con tent and shal -
lower con di tions, up to 3–5 m deep (Podbielkowski and Toma -
szewicz, 1982), took place in the PO-4 LMAZ. A cooler cli mate
and better light con di tions caused by thin ning of the tree stands
around the lake are shown by the re turn of a shrub tun dra with
dwarf birch (Betula nana), shrubby birch (Betula humilis), and
Arctostaphylos uva-ursi (Fig. 14: 13).

The PO-5 LMAZ may cor re spond to the Early Liviecian (or
the Birch Os cil la tion BHO within the pine phase of the Mazovian
Inter gla cial) and is char ac ter ized by an in creased con tent of
Betula sect. Albae and Larix decidua, both in pol len and plant
macroremains. The con tri bu tion of birch and larch also in crea -
sed around Nowiny Żukowskie in the same in ter val. In com par i -

son to the ear lier zone, the wa ter level in the lake in creased,
caus ing the de vel op ment of high-sedge reed with Carex rostrata, 
C. vesicaria, C. riparia, C. elata and C. nigra. Aracites inergla -
cialis (Fig. 14: 15, 16) ap peared in marshy hab i tats near the lake
mar gin. This taxon ap pears in mass amounts in the same in ter -
val at Nowiny Żukowskie. Its pres ence was also ob served in
Konieczki (Nita, 1999) in in ter val IV and in the early gla cial of the
Liviecian, in Białe Ługi 2 and 3 (Nita, 2009) in in ter val IV, and in
Nowiny Żukowskie (Hrynowiecka and Szym czyk, 2011) in in ter -
vals III and IV of the Mazovian Inter gla cial. Aracites interglacialis
Wie liczk. is an ex tinct spe cies de scribed for the first time by
Velichke vich (1977) from the Ruba site in Belarus. It is also
known from other sites in Belarus, e.g. Gralevo (Velichkevich,
1982), Vily Villago, and Zhidovshchi zna (Dorofeev, 1960, 1963),
Po land, e.g., Maków Mazowiecki, Olszewice, Stanowice,
Katowice (Mama kowa and Velichke vich, 1993), Konieczki (Nita,

22 Katarzyna Pochocka-Szwarc et al. / Geological Quarterly, 2024, 68: 18

Fig. 15. Num bers of taxa and shells per sam ple (A) and eco log i cal struc ture
of the as sem blage at Wygnanka (B)

For other ex pla na tions see Ta ble 4
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1999), Białe Ługi (Nita, 2009), and Nowiny Żukowskie (Hryno -
wiecka and Szymczyk, 2011), Fin land, e.g. Naakenavaara (Aalto 
et al., 1992), and Eng land, e.g. Gilson (Field et al., 2017). Wa ter
level rise and prob a bly trophic level in crease al lows re con struc -
tion of di verse phytocoenoses with Potamogeton natans, P.
rutilus, P. filiformis, P. pusillus, P. obtusifolius and Batrachium sp. 
Such spe cies com po si tion sug gests mesotrophic wa ters. Bog
and aquatic com mu ni ties were en riched in Cicuta virosa, Hippu -
ris vulgaris, (Fig. 14: 8), Callitri che autumnalis (Fig. 14: 9), Nym -
phaea candida, Elatine hydro piper, Sagittaria sagittifolia, Nuphar
sp. and Sparganium emersum.

PALAEOFAUNAL ANALYSES

Al to gether, 22 mol lusc taxa (19 snails and 3 bi valves) and 6
ostracod taxa were iden ti fied at Wygnanka. They in clude 13
and 5 spe cies, re spec tively (Ta ble 4). Mol lusc shells were
poorly pre served and of ten crushed; how ever, com plete or only

slightly dam aged spec i mens were also pres ent. Ostracods
were rep re sented by sin gle valves (a to tal of 13 in di vid u als)
found in only 8 sam ples (Ta ble 4). Thus, they are of mi nor im -
por tance in this anal y sis.

The mol lusc as sem blage con tained 2635 in di vid u als. The
max i mum num bers of taxa and spec i mens per sam ple var ied
from 4 to 15 and from 4 to 178, re spec tively (Ta ble 4). The
abun dance changed through the suc ces sion, with the most nu -
mer ous shells noted in its up per part (2.7–4.6 m), within gyttja
rich in plant de tri tus.

At Wygnanka, aquatic molluscs of per ma nent wa ter bod ies
of stag nant wa ters (eco log i cal group 11) dom i nated. They con -
sti tute at least 50% of all spe cies and 61% of all in di vid u als (Fig.
15). These spe cies usu ally in habit ponds, lakes and bays of
slowly flow ing rivers. Acroloxus lacustris and Gyraulus albus
are most com mon in stand ing wa ters with rich veg e ta tion (Wel -
ter-Schultes, 2012; Piechocki and Wawrzyniak-Wydrowska,
2016). Most abun dant was the euryecological Bithynia tenta -
culata rep re sented by lids (opercula) and their frag ments (Fig.
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Fig. 16. Malacological di a gram for Wygnanka

Rep re sen ta tion of taxa re flects the per cent age of in di vid u als; “+” means that the taxon is rep re sented in the given layer 
but the num ber of in di vid u als for the layer is lower than 50; num bers in pa ren the ses in di cate a num ber of in di vid u als higher than 1; 

for other ex pla na tions see Fig ure 15
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16 and Ta ble 4). Some api cal parts of shells were as signed to
Bithynia sp. Bithynia tentaculata was ac com pa nied by the rel a -
tively abun dant Valvata piscinalis. Both spe cies pre fer well-ox y -
gen ated wa ters, but V. piscinalis usu ally pre fers slightly deeper
parts of the lakes (B. tentaculata: 0.7–1.8 m; V. piscinalis:
3–10 m; Wel ter-Schultes, 2012; Piechocki and Wawrzyniak-
 Wydro wska, 2016). Three spe cies are typ i cal of small, tem po -
rary and heavily over grown wa ter bod ies (group 10): Valvata
cristata, Valvata cf. macrostoma and Planorbis cf. planorbis.
They con sti tuted up to 35% of the as sem blage (Fig. 15). How -
ever, due to the large pro por tion of ini tial whorls of Valvata sp.
shells, it was im pos si ble to clearly dis tin guish V. piscinalis from
V. macro stoma. Rheophile spe cies (group 12) were rep re -
sented by sin gle spec i mens of the euryecological Pisidium
nitidum be ing an ac ces sory el e ment of the fauna (usu ally a few
per cent of all spec i mens) (Fig. 15 and Ta ble 4). The mol lusc as -
sem blage was com pleted by sin gle spec i mens of the moist-de -
mand ing land snails Nesovitrea pet ro nella and Carychium min i -
mum, a frag ment of a Clausiliidae shell, and a cal car e ous slug
plate (Limacidae). These were found in only four sam ples and
were in sig nif i cant for the in ter pre ta tion (Ta ble 4). 

Among ostracods were the ex tinct Scottia browniana and S. 
tumida, which are very com mon in Holsteinian de pos its and in -
dic a tive of mod er ately shal low zones of wa ter bod ies (Rob in -
son, 1980; Skompski, 1991; Szymanek, 2014; Wasążnik, 2018; 
Czajkowska, 2022). 

DISCUSSION

Sites with doc u mented de pos its of the Mazovian Inter gla cial 
(Holsteinian, MIS 11c) are of key sig nif i cance for Pleis to cene
stra tig ra phy, be cause they sep a rate de pos its of the Sanian 2
(Elsterian, MIS 12) Gla ci ation from de pos its of the Odranian
(Saalian, MIS 6) Gla ci ation, i.e. from the Mid dle Pol ish Com plex 
(Saale com plex, MIS10–MIS 6; Ta ble 1). 

Palaeobotanical stud ies in Zahajki, Wygnanka, Sytyta,
Pode dwórze, and Gęś 3 point to the pres ence of lac us trine de -
pos its from the Mazovian Inter gla cial (MIS 11c). The sites oc cur 
in the shal low subsurface and are char ac ter ized by the lack of a
gla cial cover (Ta ble 2). Only oc ca sion ally are de pos its of the
Mazovian Inter gla cial over lain by Early Liviecian (Fuhne, MIS
11b) lac us trine de pos its or up per Vistulian deluvial, biogenic or
niveolimnic de pos its. This is thus proof that the area of the
Sosnowica De pres sion and the Parczew-Kodeń Heights de -
scribed was not cov ered by the ice-sheet of the Odranian
(Saalian, MIS 6) Gla ci ation, con trary to what was hith erto as -
sumed. There fore, the con cept of Zaborski (1927) that the
ice-sheet of this gla ci ation reached the Chełm-Rejowiec line
can not be sus tained. 

The sites lo cated in West ern Polesie sup ple ment the list of
10 pre vi ously stud ied sites of this inter gla cial (lo cated in the
Łomazy De pres sion, Włodawa Heights and the Łęczna- Wło -
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Fig. 17. Max i mum range of the Odranian (Salian, MIS 6) ice-sheet (Żarski et al., 2009, 2024; Hrynowiecka et al., 2019; 
Górecki et al., 2022) with re gard to the sites stud ied with the Mazovian Inter gla cial deposits
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dawa Lakeland) and the nu mer ous sites of the Mazovian Inter -
gla cial with palaeobotanical and geo log i cal data from the south -
ern part of the South-Podlasie Low land (¯arski et al., 2023b,
2004; Fig. 17). Tak ing into ac count our re sults, we would like to
sus tain the in fer ence (¯arski et al., 2023a, b; Hrynowiecka et
al., 2019) that the £uków Plain was not cov ered by the ice-sheet 
of the Odranian (Saalian, MIS 6) Gla ci ation and that the max i -
mum range of this ice-sheet can be traced along the Siedlce -
-£osice- Kornica line (Marks et al., 2018; ̄ arski and Kucharska,
2020; Kucharska et al., 2020; ¯arski et al., 2024) and to the
west of £uków (Fig. 17). 

The Parczew-Kodeñ Heights do not rep re sent a con tin u ous 
pla teau. They are com posed of a se ries of iso lated “is lands”
com posed of gla cial tills, weath ered in their top most part. The
Gêœ 3 and Podedwórze sites of the Mazovian Inter gla cial oc cur
in the top most parts of these weath ered “is lands” (Figs. 1, 2 and 
17). The pla teau was not shaped dur ing the Mid dle Pol ish
Odranian (MIS 6) Gla ci ation as pre vi ously thought (Zaborski,
1927; Lindner et al., 1985; Buraczyñski, 1986), but dur ing the
Sanian 2 (Elsterian, MIS 12) Gla ci ation. Glacifluvial outwash
cov ers linked with the run off of meltwaters from the ice-sheet
front of the Odranian (Saalian, MIS 6) Gla ci ation have been
doc u mented only in the north ern part of the Parczew-Kodeñ
Heights (Pochocka-Szwarc et al., 2021; Pochocka-Szwarc and
¯arski, 2023). 

The Sosnowica De pres sion com prises a vast, sub-par al lel
sur face reach ing a width of ~15 km. As shown by the re sults of
geo log i cal sur veys (¯arski and Morawski, 2019; Pochocka-
 Szwarc, 2023; ̄ arski and Pochocka-Szwarc, 2023), it is a fos sil 
outwash plain with thick nesses up to ~20–30 m (Figs. 5–7). The 
plain de vel oped dur ing the re ces sive phase of the Sanian 2
(MIS 12) Gla ci ation. Zahajki, Wygnanka and Sytyta, i.e. sites
with a re cord of the Mazovian Inter gla cial, are lo cated on its sur -
face. The Sosnowica De pres sion is infilled with glacifluvial de -
pos its, prob a bly de rived also from ear lier glaciations, whereas
the gla cial tills are pre served as rel ics, e.g. near Kodeniec
(Pochocka-Szwarc, 2023). Above these de pos its com monly
oc cur up to 2.5 m of fine silts and sands, whose OSL ab so lute
age de ter mi na tions are in the range of 68 to 13 ka (Pochocka-
 Szwarc et al., 2021; Pochocka-Szwarc, 2023). We in fer that

these sed i ments ac cu mu lated in periglacial con di tions in the
pres ence of per ma frost, which ex isted in the study area dur ing
the Vistulian (B³aszkiewicz, 2005, 2008; Dobrowolski, 2006;
Bogucki and £anczont, 2018). 

There fore, the Sosnowica De pres sion was sub ject to
glacifluvial run off dur ing the Mid dle Pol ish Odranian Gla ci ation
(Zaborski, 1927; Buraczyñski and Wojtanowicz, 1980/1981;
Buraczyñski et al., 1984; Buraczyñski, 1986) or the Wartanian
Gla ci ation (Hara simuk et al., 2004). It seems thus that the main
route of outwash run off, re lated to melt wa ter drain age from the
prox i mal zone of the Odranian ice-sheet, took place to wards the 
east (Fig. 17) mainly through the £uków Plain and the £omazy
De pres sion (¯arski et al., 2023, 2024). Sites of the Mazovian
Inter gla cial at Ortel Królewski, Szymanowo and Rossosz (Figs.
1 and 17; Albrycht et al., 1995; Szymanek et al., 2005; Szy -
manek, 2011, 2014; Czajkowska, 2022) are pre served along
this route. 

PALAEOECOLOGICAL IMPLICATIONS

The sec tions of organogenic de pos its ana lysed doc u ment
the Mazovian (Holsteinian, MIS 11c) pol len suc ces sion with its
char ac ter is tic fea tures. The re cord of this suc ces sion var ies be -
tween the sites, but in each of them the pol len zones of the older 
part of the cli mate op ti mum, dom i nated by spruce and al der
com mu ni ties, fol lowed by yew ex pan sion, are well-de vel oped.
The per cent age con tent of Taxus pol len is not high in any of the
pol len di a grams ana lysed (Figs. 8–12), but there is a con tin u -
ously high con tent of Pinus pol len. In com par i son to the high-
 res o lu tion pol len di a grams from Brus (Pidek, 2003), Ossówka
(Krupiñski, 1995;  Nitychoruk, 2000;  Nitychoruk et al., 2005,
2018), Bia³a Podlaska (Krupiñski et al., 1988); Nowiny ¯uko -
wskie (Hrynowiecka-Czmielewska, 2010), and Skrzynka (Góre -
cki et al., 2022), lower con tents of Taxus and much higher con -
tents of Pinus should be con sid ered as a lo cal fea ture. Such an
in ter pre ta tion is sup ported by the very high con tent of Alnus,
which may sug gest the pres ence of shal low drainless lakes,
partly trans form ing into al der carrs, and partly into tran si tional
bogs and raised bogs. Fur ther ev i dence co mes from the anal y -

Katarzyna Pochocka-Szwarc et al. / Geological Quarterly, 2024, 68: 18 25

Fig. 18. Cor re la tion of the suc ces sions ana lysed
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Fau nal as sem blage at Wygnanka

Gastropoda (eco log i cal groups af ter Alexandrowicz
and Alexandrowicz, 2011) Other Mollusca Ostracoda

Land Aquatic
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 2.7 1 (12) 8 5 5 1 7 (5) 37 4 1 1 11 82 60 10

 2.8 3 2 (19) 12 10 10 2 8 (26) 56 7 9 3 12 159 110 10

 2.9 1 5 2 (19) 22 9 1 15 1 10 (8) 53 4 1 6 2 15 151 110 10

 3.0 3 (19) 7 2 5 1 3 (4) 24 1 6 1 11 73 80 10

 3.1 6 (46) 16 11 14 3 2 6 (6) 57 2 14 1 12 178 100 10

 3.2 1 4 (25) 11 5 6 1 4 (7) 34 1 1 9 2 13 107 80 10

3.25 3 (31) 10 2 16 3 1 8 (9) 30 1 5 3 12 114 60 1 1 1 10

 3.3 3 2 (14) 4 1 1 3 (5) 10 3 9 43 50 10

3.35 7 (34) 2 1 5 (11) 9 1 1 8 66 60 10

 3.4 7 (35) 5 1 4 1 1 7 (13) 8 9 75 60 1 1 1 10

3.45 2 (36) 4 2 5 2 6 (16) 14 2 1 10 84 60 10

 3.5 13 (58) 4 6 10 1 8 (10) 17 3 1 10 123 60 10

3.55 1 (16) 1 2 3 (5) 5 1 1 8 32 30 10

 3.6 2 (89) 6 5 1 8 1 6 (29) 20 1 3 11 165 110 1 1 1 3 3 10

3.65 1 (39) 1 8 1 (13) 4 6 66 60 10

 3.7 2 (29) 1 4 1 1 (7) 8 2 8 54 50 10

 3.8 2 (64) 3 1 5 5 (25) 8 1 8 109 100 10

 4.0 (29) 4 2 5 1 (11) 10 5 1 9 68 50 10

 4.1 1 (24) 6 2 6 6 (5) 14 1 8 60 40 10

 4.2 5 (24) 3 1 1 4 (8) 4 1 2 9 49 50 10

 4.3 3 (23) 3 2 1 2 (5) 5 2 1 9 45 40 1 1 1 10

 4.4 7 1 (54) 9 4 7 3 1 8 (11) 25 2 1 1 5 2 15 133 90 10

 4.5 1 7 (40) 6 7 1 6 (13) 17 1 1 2 1 12 97 60 10

 4.6 6 (29) 7 2 3 (6) 17 3 3 8 73 40 1 1 1 10

 4.7 (3) 2 (1) 1 4 7 60 1 1 1 10

 4.8 (11) 2 3 2 2 1 1 7 22 70 10

 4.9 1 (16) 2 1 1 (2) 4 2 1 9 30 80 10

4.95 (5) 2 1 (1) 4 9 100 10

 5.0 (6) 1 (4) 2 1 5 14 60 10

5.05 5 (14) 1 1 4 13 1 2 8 41 70 1 1 1 10

 5.1 5 (16) 2 2 5 3 2 (3) 9 2 1 3 1 12 52 110 10

 5.2 1 (7) 1 1 (5) 4 1 1 8 21 110 10

5.25 (4) 1 2 1 (1) 3 6 12 110 10

 5.3 1 14 2 (15) 7 1 2 3 1 4 (8) 16 3 1 2 14 76 130 10

5.45 (3) 3 1 (1) 3 5 11 90 4 1 4 10

 5.5 (4) 1 (1) 3 4 9 70 10

5.55 (3) 2 2 1 4 8 60 10

 5.6 (4) 1 2 1 4 8 90 10

5.65 (1) 1 1 1 4 4 60 10

5.75 2 (3) 1 1 4 7 60 10

5.85 (5) 1 1 2 1 4 1 1 8 16 100 10

5.95 (3) 1 (1) 1 1 5 7 110 10

6.05 (5) 1 5 1 4 12 60 10

6.15 (5) 2 3 (1) 2 1 5 13 100 10

6.25 2 (14) 3 1 4 1 4 (5) 11 1 1 10 43 110 10

 6.3 1 (5) 1 1 4 8 70 10

8 – mesophilous spe cies typ i cal of moist sub strates, 9 – spe cies of damp and swampy hab i tats, 10 – spe cies of tem po rary wa ter bod ies, 11 –
spe cies of per ma nent stag nant wa ter bod ies, 12 – spe cies of flow ing wa ters; the num ber of opercula is given in pa ren the ses; for bi valves and
ostracods the num ber of valves is given; nt – num ber of taxa, ns – num ber of spec i mens 



sis of plant macroremains and molluscs. Due to the shal low
char ac ter and fast over growth of the lakes, most prob a bly the
cooler and more arid OHO cli mate os cil la tion end ing the older
part of the Holsteinian cli mate op ti mum ter mi nated the func tion -
ing of these lakes. This is marked as a hi a tus in the palaeo -
record in each of the pol len di a grams, as well as in the anal y ses 
of macroremains and mol lusc com mu ni ties. A re turn to bio -
genic ac cu mu la tion and thus re ac ti va tion of the palaeo eco logi -
cal re cord took place in the youn ger part of the cli mate op ti -
mum, which, as cor rob o rated by sites with a com plete Holste -
inian suc ces sion, was char ac ter ised by a warm and hu mid cli -
mate. Fir and horn beam com mu ni ties with nu mer ous shrubs
and climb ers in dic a tive of a warm and hu mid cli mate, e.g.,
Celtis, Juglans, Ilex aquifolium, Carya, Parrotia, Pteroca rya,
Buxus, and Vitis, ex panded at that time (Janczyk- Kopikowa,
1996; Bińka et al., 2003; Win ter, 2008). Of par tic u lar at ten tion is 
the much wider range of com mon sil ver fir Abies alba across
the en tire Pol ish Low lands (Krupiński, 1995, 2000) com pared to 
the pres ent-day range cov er ing only the sub-al pine for est of the
Carpathians and the Cen tral Pol ish Up lands. 

The re cord of the youn ger part of the inter gla cial has been
noted in Podedwórze (max i mum of Abies at 29%). How ever,
the plant macroremains and malacofauna do not in di cate re ac -
ti va tion of a lake or of the pres ence of a marsh. 

The mol lusc as sem blage at Wygnanka ap pears typ i cal of a
shal low stag nant body of wa ter or a lit to ral zone with abun dant
veg e ta tion. The pres ence of lids with no shells may point to a
reed and bullrush zone of the lake (Alexandrowicz, 1999). Sep -
a ra tion of lids and shells may also have been in flu enced by cur -
rents (e.g., Sanko et al., 2011), which were clearly min i mal as
in di cated by the low num ber of spe cies typ i cal of run ning wa -
ters. A rich aquatic veg e ta tion is sup ported by the plant-as so ci -
ated Valvata cristata, Gyraulus albus, G. crista, Acroloxus
lacustris and Scottia browniana. 

Better con di tions for fau nal de vel op ment (or shell pres er va -
tion) oc curred in the up per part of the suc ces sion as in di cated
by the in creased abun dance of taxa and in di vid u als (Fig. 15).
The as sem blage was rather uni form, though some changes in
the pro por tions of Bithynia tentaculata and Valvata piscinalis (in 
the depth in ter val 2.7–3.25 m) may sug gest a slight rise in wa ter 
level (cf. Szymanek, 2012, 2013, 2014; Alexandrowicz et al.,
2021, 2024).

No in dex spe cies oc curred in the as sem blage. Scottia bro -
wniana and S. tumida used to be con sid ered char ac ter is tic of
the Holsteinian (Kempf, 1971; Rob in son, 1980; Skompski,
1991) un til be ing found in youn ger de pos its in Ger many and
Po land (Pietrzeniuk, 1987; Kozydra and Skompski, 1995; Krzy -
mińska and Namiotko, 2013). All spe cies are com mon in lake
de pos its of var i ous ages (e.g., Albrycht et al., 1995; Skompski,
1996, 2009; Alexandrowicz, 2002; Sanko et al., 2010; Szyma -
nek, 2011, 2012, 2013; Alexandrowicz and Alexandrowicz,
2010; Alexandrowicz et al., 2021, 2024; Czajkowska, 2022).

PALAEOGEOGRAPHIC AND PALAEOENVIRONMENTAL
IMPLICATIONS FOR THE MIS 12-MIS 2 INTERVAL 

IN THE STUDY AREA

The last Pleis to cene ice-sheet that cov ered West ern
Polesie was from the Sanian 2 (Elsterian, MIS 12) Gla ci ation,
whose max i mum range reached to the foot of the Carpathians
ac cord ing to some au thors (Lindner, 2001; Łanczont, 1997;
Lindner et al., 2006), and only to the vi cin ity of Chełm ac cord ing
to oth ers (Marks, 2023a). Dur ing its re ces sion, the ice-sheet
limit was re corded as fron tal mo raines, e.g. in the Włodawa
Heights (Pochocka-Szwarc, 2023) or near Góra Grabowska in

the Parczew-Kodeń Heights (Pochocka-Szwarc and Żarski,
2023; Żarski et al., 2023). The for ma tion of the Sosnowica De -
pres sion can be linked with the ice-sheet limit near Góra Gra -
bowska: wa ters flow ing from the melt ing ice-sheet formed a
subparallel, wide run off zone to wards the east (Pochocka-
 Szwarc and Żarski, 2023; Żarski et al., 2023b, 2024), at the
same time erod ing older gla cial or ice-dammed de pos its. 

Glacifluvial sands and grav els cov ered dead-ice blocks,
prob a bly pre serv ing small post-gla cial troughs (Wygnanka) or
de pres sions (Zahajki). Small de pres sions carved in the gla cial
tills were formed dur ing the re ces sion. These de pres sions are
prob a bly the re sult of melt wa ter evorsion ac tiv ity (Piotrowski,
1997; Ravier and Buoncristiani, 2018). They were later infilled
with dead-ice blocks dur ing ice-sheet melt ing. The pres ence of
dead ice is com mon in zones of deglaciation (Böse, 1995;
Błaszkiewicz, 2008, 2011; Schomacker and Benediktsson,
2018). 

Af ter the re treat of the Sanian 2 ice-sheet to wards the north, 
gla cial tills build ing the Parczew-Kodeń Heights were ex posed
and the pla teau was in cised by melt wa ter from the ice-sheet. 

Cli mate warm ing dur ing the late gla cial of the Sanian 2 Gla -
ci ation caused melt ing of ice in de pres sions oc cur ring within the 
Sosnowica De pres sion and the Parczew-Kodeń Heights. The
for mer de pres sions (troughs, meltout wa ter bod ies) be came
lakes accumulating silts, sands and gyttja (Pochocka-Szwarc et 
al., 2021). 

Dur ing the Mazovian (Holsteinian, MIS 11c) Inter gla cial the
post-gla cial meltouts were trans formed into lakes. A lake func -
tioned through out the en tire doc u mented Mazovian Inter gla cial
in Zahajki, with gyttja in fill ing the palaeobasin, ex ist ing also dur -
ing the early Liviecian (MIS 11b; Fig. 18 and Ta ble 5). 

In Podedwórze a bog ex isted from the early Mazovian un til
the late Mazovian (Holsteinian, MIS 11c; Fig. 18 and Ta ble 5).
In the early Liviecian, the bog trans formed into a lake. Anal y sis
of the lithological log sug gests that a wa ter body had al ready ex -
isted in the Late Sanian 2 (Elsterian); in the ear li est part of the
Mazovian Inter gla cial it trans formed into a lake (gyttja) and later
into a bog (Fig. 18). In Wygnanka, the lake ex isted from the
early part of the Mazovian Inter gla cial (MIS 11c) un til the mid dle 
of the youn ger part of the cli mate op ti mum. De pos its from the
youn ger part of the Mazovian Inter gla cial are not pre served.
Prob a bly the lake was sed i ment-filled and com pletely dis ap -
peared. In Gęś 3 a lake ex isted in the late Sanian 2 (Elsterian)
and gyttja sed i men ta tion took place through the en tire Mazo -
vian Inter gla cial (Fig. 18 and Ta ble 5). The older part of the cli -
mate op ti mum is pre served in the pol len spec tra. Af ter wards the 
lake shallowed and dis ap peared. In Sytyta, only a bog was doc -
u mented; it spans the cli mate op ti mum of the Mazovian Inter -
gla cial (MIS 11c; Fig. 18 and Ta ble 5).

Based on the spa tial dis tri bu tion of sites with lac us trine de -
pos its of the Mazovian Inter gla cial (Holsteinian, MIS 11c) it can
be in ferred that they were part of a palaeolakeland streching
from Biała Podlaska to Łuków, and cov er ing the north ern part of 
West ern Polesie (Fig. 17).

There is scarcely any sed i men tary re cord in the in ter val be -
tween MIS 9 and MIS 6 in the sec tions ana lysed. We there fore
in fer that there was only one ad vance of the Odranian (Saalian,
MIS 6) ice-sheet (Marks, 2023a) af ter the Mazovian Inter gla cial
in the study area. As dur ing the gla cial pe ri ods cor re lated with
MIS 10, MIS 8 and MIS 6, the study area was not cov ered by
ice, and periglacial con di tions re lated with the pres ence of per -
ma frost pre vailed in its subsurface zone (Dobro wolski, 2006),
post-gla cial lakes with lac us trine de pos its did not orig i nate dur -
ing the warmer in ter vals cor re lated with MIS 9 and MIS 7. The
lack of lac us trine de pos its does not al low for the re con struc tion
of the veg e ta tion suc ces sions of these inter glacials (MIS 9 and
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MIS 7). Based on an over view of inter gla cial suc ces sions in Po -
land (Pidek et al., 2022), it can be as sumed that these warmer
in ter vals were in fact colder than the Mazo vian (MIS 11c) and
the Eemian inter gla cial (MIS 5e), which are rep re sented by
sites in Po land that have good palynological doc u men ta tion
(Mamakowa, 1989; Krupiński, 2000; Grano szewski, 2003;
Kupryjanowicz et al., 2018). The se quence of warm ings and
coolings in SE Po land and west ern Ukraine is re corded in
loess-paleosol suc ces sions (Lindner et al., 2004; Bogucki and
Łanczont, 2018; Komar et al., 2018; Valde-Nowak and
Łanczont, 2021; Marks, 2023a). 

Dur ing the Late Vistulian, lake de pos its from the Mazovian
Inter gla cial were sub ject to com pac tion. Deluvial, lac us trine and 
bog sed i ments ac cu mu lated in small de pres sions and on shal -
low flood plains. Such ex ten sive in un da tions, prac ti cally with out 
bot tom ero sion, are a com mon fea ture of ar eas sub ject to arc tic
cli mate (Zieliński, 2015). Peatlands re ac ti vated in the de pres -
sions dur ing the Ho lo cene, from the At lan tic pe riod (Hryno -
wiecka et al., 2019). 

CONCLUSIONS

1. Palaeobasins filled with Mazovian Inter gla cial (Holstei -
nian, MIS 11c) de pos its oc cur in the subsurface of the Sosno -
wica De pres sion and the Parczew-Kodeń Heights; their pres -

ence has been cor rob o rated by palaeobotanical and palaeo -
faunal stud ies. They are over lain by Early Liviecian (Fuhne, MIS 
11b) lac us trine and bog de pos its, or up per Vistulian (MIS 2)
min eral and bog de pos its. Above, there oc cur Ho lo cene strata. 

2. The Sosnowica De pres sion and the Parczew-Kodeń
Heights, i.e. the en tire area of West ern Polesie, were not cov -
ered by the ice-sheet of the Odranian (Saalian, MIS 6) Gla ci -
ation. The last ice-sheet that cov ered the area and played the
main role in shap ing the geo log i cal set ting and geo mor phol ogy
of the area was from the Sanian 2 (Elsterian, MIS 12) Gla ci -
ation. 

3. The Sosnowica De pres sion de vel oped dur ing ero sion by
gla cial meltwaters, and ac cu mu la tion of glacifluvial sands and
grav els. This was the area of an ex ten sive outwash plain which
func tioned dur ing the re ces sion of the Sanian 2 (Elsterian, MIS
12) Gla ci ation. The flow was to wards the east.

4. The sur face of the Parczew-Kodeń Heights is com posed
of gla cial de pos its of the Sanian 2 (Elsterian, MIS 12) Gla ci -
ation, which were dis sected by gla cial meltwaters that formed
iso lated patches (“is lands”) of post-gla cial pla teaus. 

5. The study area was not cov ered by the Liviecian (Fuhne,
MIS 11b-10) or the Krznanian (MIS 8) ice-sheets. Gla cial de -
pos its sug gest ing the pres ence of these glaciations in West ern
Polesie, as well as lac us trine inter gla cial de pos its of the
Zbójnian (MIS 9) and Lublinian (MIS 7) interglacials were not
doc u mented. 
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Ten ta tive strati graphic cor re la tion of the suc ces sions stud ied with the re cords at: Hermanów (Hrynowiecka et al., 2019), 
and Nowiny Żukowskie (Hrynowiecka-Czmielewska, 2010) and the Mazovian Inter gla cial zonation in Po land (Krupiński, 1995;

Janczyk-Kopikowa, 1996; Win ter, 2008)

Ma rine
Iso tope Stage Hermanów Nowiny

Żukowskie Skrzynka Zahajki Podedworze Gęś Wygnanka Sytyta Mazovian Inter gla cial
palynostratigraphy

11a

HE-21        

Early Liviecian Gla ci ation

HE-20        

HE-19        

HE-18        

HE-17        

HE-16        

11b

HE-15 NŻ-14 ZA-8

HE-14 NŻ-13 ZA-7

HE-13

HE-12
NŻ-12 SK-14 ZA-6

11c

HE-11

NŻ-11 SK-13

ZA-5

Pinus

NŻ-10 SK-12 PO-6 BHO

NŻ-9
SK-11

SK-10

PO-5

PO-4
Pinus

HE-10 NŻ-8e SK-9

ZA-4

PO-3

Carpinus-Abies
HE-9 NŻ-8d SK-8

HE-8 NŻ-8c SK-7 YHO

HE-7 NŻ-8b
SK-6 Carpinus-Abies

HE-6 NŻ-8a GES-9?
GES-8?

HE-5 NŻ-7 SK-5 GES-7 WY-5 OHO

HE-4
NŻ-6

SK-4 ZA-3 GES-6 WY-4 SY-2 Picea-Alnus-Taxus
NŻ-5

HE-3
NŻ-4 SK-3

ZA-2
PO-2

PO-1

GES-5 WY-3 SY-1
Picea-Alnus

NŻ-3 SK-2 GES-4 WY-2

HE-2
NŻ-2 SK-1

ZA-1 GES-3 WY-1 Betula-Pinus

HE-1 GES-2 Betula

12  NŻ-1 GES-1 Late Sanian 2 Gla ci ation
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6. Palaeolake de pres sions lo cated in the Sosnowica De -
pres sion were eroded in glacifluvial sands and grav els of the
Sanian 2 (Elsterian, MIS 12) Gla ci ation, and in the Parczew-
 Kodeń Heights, in the gla cial tills of that gla ci ation. The bas ins
have a melt out or trough-meltout or i gin. 

7. The paleolakes were formed in the late part of the Sanian 2 
(Elsterian, MIS 12) Gla ci ation and func tioned as lakes dur ing the
Mazovian Inter gla cial (Holsteinian, MIS 11c), with some (Zahajki
and Podedwórze) ex ist ing un til the Early Liviecian (Fuhne, MIS
11b) Gla ci ation, in places trans form ing into peatlands. 

8. The palaeobasins ana lysed were part of an ex ten sive
palaeolakeland from the Mazovian Inter gla cial, stretch ing from
the south ern part of Podlasie to the north ern part of West ern
Polesie. 

9. Over ly ing the Mazovian Inter gla cial sed i ments in Zahajki
are lac us trine de pos its (peats, silts, and gyttja with sand in ter -
ca la tions) cor re lated with the Early Liviecian (Fuhne, MIS 11b)
Gla ci ation, above which oc cur biogenic and niveolimnic de pos -
its of the Vistulian (Weichselian, MIS 2). In Wygnanka, Gęś 3,
and Sytyta, the Mazovian Inter gla cial strata are over lain by
deluvial and niveolimnic de pos its of the Late Vistulian (MIS 2).

10. Palynological anal y sis of de pos its from the sites stud ied
have in di cated palaeoenvironmental changes of the area from
the end of the Sanian 2 (Elsterian, MIS 12) Gla ci ation, through
the Mazovian Inter gla cial (Holsteinian, MIS 11c), to the cool in -
ter val of the Liviecian (Fuhne, MIS 11b) Gla ci ation. In all suc -
ces sions ana lysed there were at least two fea tures typ i cal for
the Mazovian. These in cluded the youn ger part of the inter gla -
cial op ti mum with the dom i nance of al der-spruce com mu ni ties
and a high con tent of Taxus. A third fea ture was noted in
Zahajki and Podedwórze: the oc cur rence of a horn beam-fir
phase with pol len of trees with high ther mal re quire ments, e.g.
Pterocarya and Buxus. 

11. The palaeobotanical and palaeofaunal anal y ses have
al lowed de ter mi na tion of the con di tions in the palaeolakes stud -

ied. Those in Zahajki and Gęś 3 func tioned as shal low lakes
through out the Mazovian Inter gla cial. The palaeolake in Wy -
gna nka trans formed into a marsh as late as in the Abies-
 Carpinus phase. A part of the Sytyta suc ces sion rep re sents
palaeobasin fill ing with fern reed. The palaeolake in Pode -
dwórze was at first boggy and then trans formed into a peatland
at the end of the pine phase. Taxa typ i cal of the Mazovian Inter -
gla cial such as Aracites interglacialis, Az ol la filiculoides and
Nymphaea cinerea were found in the flora from Podedwórze.

12. Our re search also al lowed re con struc tion of the con di -
tions pre vail ing in the sur round ings of the palaeolakes ana -
lysed. This area was char ac ter ized by sig nif i cant hu mid ity,
which meant that the plant com mu ni ties in hab it ing it dif fered to
some ex tent from those typ i cal for MIS 11c. These con di tions
in cluded more wide spread al der ri par ian for ests and rushes,
mainly sedges, but also ferns, which strongly over grew the lake
shores. Pinus was also much more wide spread and, as a pi o -
neer spe cies, grew in ar eas where other trees could not due to
the un fa vour able con di tions. A sim i lar sit u a tion oc curred in this
area also dur ing the Ho lo cene, in di cat ing that Polesie Re gion
has not changed much since MIS 11c.
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