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The Wieprz River Val ley (Polesie Plain, east Po land) has evolved with re gard to its di men sions, po si tion and course since
the end of the Neo gene, its geo log i cal re cord show ing how the Wieprz chan nel mi grated and mod i fied its char ac ter. Changes 
have also been ob served in the wa ter bal ance of the en tire mid dle river ba sin, re lated to cli mate changes in the Pleis to cene
and Ho lo cene. We pro vide new maps of the sub-Qua ter nary sur face and trace top o graph i cal changes dur ing the Pleis to -
cene. Two sep a rate rivers, the Pre-Bystrzyca and Pre-Wieprz, ex isted in Preglacial time. Dur ing the Narevian Gla ci ation, a
net work of subglacial troughs evolved in the area, largely dis turb ing and over print ing the ear lier hy dro graphic sys tem. Some
of the troughs de vel oped in older river val leys. The trough in which the pres ent-day Wieprz gorge near £êczna is lo cated was
most prob a bly formed at that time. Dur ing sub se quent glaciations and cold pe ri ods, sed i men tary changes took place in the
troughs and val leys – from ero sion and re moval of the ac cu mu lated ma te rial to their com plete burial by sed i ments. Dur ing the 
Mazovian Inter gla cial (MIS 11c), sev eral lakes formed in the study area, re corded by their infills of or ganic and min eral-or -
ganic de pos its. Dur ing sub se quent ad vances of the Scan di na vian ice-sheet, wa ter flow was dammed in to wards the north,
re sult ing in the for ma tion of back wat ers. Ice-sheet re treat re sulted in the flow of proglacial wa ters to wards the south-east, flu -
vio gla cial sed i ment trans port, and then un block ing of flow and sub se quent re ver sal of flow di rec tions to the north and west.
Dur ing the Odranian Gla ci ation (MIS 6), cat a strophic flow un blocked and shaped the pres ent-day Wieprz gorge. 

Key words: mid dle Wieprz River Basin, Wieprz gorge, Polesie Plain, Pleis to cene changes, palynological anal y sis. 

INTRODUCTION

The hy dro graphic net work of the mid dle Wieprz River Ba sin 
(in the vi cin ity of £êczna; Fig. 1) un der went nu mer ous mod i fi ca -
tions be tween the Neo gene and Ho lo cene, with the most sig nif i -
cant changes in the Pleis to cene. Many au thors have dis cussed
the course changes of Wieprz and Bystrzyca rivers, as well as
the for ma tion of ero sional forms and the re sult ing ero sional and
sed i men tary re cord, as in flu enced by suc ces sive gla cial and
inter gla cial phases (Staszic, 1815; Zaborski, 1927; Jahn, 1956;
Maruszczak, 1974; Harasimiuk and Henkiel, 1981; Brzeziñ -
ska- Wójcik and Kociuba, 2001). It is gen er ally agreed that, ini -
tially, the Wieprz in its mid dle ba sin did not flow along a val ley
from £êczna through Spiczyn to Lubartów, and nei ther was it
con nected with the Bystrzyca. The stretch be tween £êczna and 
Spiczyn is in ferred as a gorge that de vel oped af ter the sep a rate 
evo lu tion of the Wieprz and Bystrzyca river val leys. Al ready
Staszic (1815) noted that there is ev i dence that the Tyœmienica

and Wieprz rivers ini tially flowed into the Bug, and later in their
evo lu tion be gan to flow into the Vistula. Zaborski (1927) con sid -
ered that Wieprz and Tyœmienica rivers in the study area flowed
more or less par al lel to one an other, and later the Wieprz trans -
ferred its flow into the Tyœmienica Val ley near Rozkopaczew,
and then into the Bystrzyca Val ley. Ac cord ing to Zaborski
(1927), dur ing the re ces sion of the max i mal stadial of the Mid -
dle-Pol ish ice-sheet, ret ro grade ero sion in the Bystrzyca Val ley
re sulted in the con nec tion of both rivers and the for ma tion of the 
Wieprz gorge.

Jahn (1956) pre sented a dif fer ent con cept for the for ma tion
of Wieprz gorge based on stud ies of the Wieprz Val ley and the
ter races near £êczna. Ac cord ing to him, un til the Vistulian there
was a wa ter shed be tween Bystrzyca and Wieprz val leys. At that 
time, the Wieprz flowed to wards the north (ap prox i mately along
the Tyœmienica Val ley to the east of £êczna). He in ferred that
dur ing wa ter level rise in the Vistulian, the wa ters of the Wieprz
be gan to over flow into the Bystrzyca Val ley. The over flow ing
took place at a place where the wa ter shed was at its low est:
within a small val ley, the trib u tary of Bystrzyca. The gorge de -
vel oped when a very deep and nar row val ley was carved in soft
Cre ta ceous rocks. Traces of over flow ing in clude the re mains of
a fan built of sands and grav els with large blocks of Cre ta ceous
gaizes and crys tal line rock. The fan formed at the gorge mouth
which thus com prises Cre ta ceous rocks over lain by gla cial de -
pos its. Jahn (1956) em pha sized the clearly dif fer ent char ac ter
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of the val ley lo cated to the south of £êczna and Puchaczów,
which is wide and rel a tively shal low, com pared to the val ley lo -
cated in the gorge stretch, which is sev eral times nar rower and
much deeper. 

A much ear lier age of the Wieprz gorge was pos tu lated also
by Maruszczak (1974), who in ferred that a large ice-dammed
lake ex isted in the study area dur ing the max i mal stadial of the
Mid dle-Pol ish Glaciations (MIS 6; Ta ble 1). Rivers flow ing from
the Lublin Pla teau carved to tally new chan nels, leav ing em -
bank ments af ter the lake wa ters melted. Maruszczak (1974)
con nected the em bank ment pat tern with the shift of Wieprz
chan nel to the west of the Bystrzyca Val ley. Ac cord ing to him,

dur ing high wa ter lev els, the wa ters flowed in sev eral new chan -
nels to wards the north-west, as shown by the ero sional in ci sion
of the el e va tion built of Up per Cre ta ceous rocks be tween
£êczna and Spiczyn, and the shift ing of the Wieprz wa ters to
the Bystrzyca Val ley. 

Liszkowski (1979) lo cated the change of the flu vial pat tern
in the vi cin ity of £êczna in the Eemian Inter gla cial (MIS 5e; Ta -
ble 1). Ac cord ing to him, con nec tion of the Pre-Wieprz with the
Pre-Bystrzyca took place due to block age of wa ter flow to wards
the north by the Mid dle-Pol ish ice-sheets. The ice-sheet front of
the max i mal stadial (Odranian Gla ci ation, MIS 6) broke up into
a se ries of dead-ice blocks which were later bur ied within flu vio -
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gla cial and proglacial flu vial de pos its. The blocks did not melt
com pletely dur ing the fol low ing interstadial. In the Wartanian
Stadial (MIS 6; Ta ble 1), the area was also cov ered by fluvio-
 periglacial (back water) sed i ments, i.e. the Spiczyn silts. This
ham pered flow of wa ter along the old Wieprz chan nel be tween
the Odranian Gla ci ation (MIS 6) and the Eemian Inter gla cial
(MIS 5e; Ta ble 1). At the be gin ning of the Eemian, the wa ters,
not able to flow to wards the north, formed a gorge in the vi cin ity
of £êczna (Liszkowski, 1979).

A de tailed anal y sis of changes in the flu vial pat tern of the
area and for ma tion of the Wieprz gorge near £êczna was con -
ducted by Harasimiuk and Henkiel (1980b, 1981). They con -
structed a hypsometric map of sub-Qua ter nary rocks and tra -
ced fos sil val ley forms near £êczna. Harasimiuk and Henkiel
(1981) pos tu lated a tec tonic or i gin for the Wieprz Val ley. This
was shown by anal y sis of de pos its from the left val ley slope, in
which slick en sides and open joint frac tures were noted in cores. 
Fur ther more, micropalaeontological stud ies of up per Maastri -
chtian rocks have in di cated their much lower height in the west -
ern part of the val ley com pared to the east ern part. The fos sil
Wieprz Val ley in this stretch, ac cord ing to Harasimiuk and
Henkiel (1981), used a tec tonic dis lo ca tion lo cated in the west -
ern mar gin of the val ley, as shown by its straight course. These
au thors linked changes of the flu vial pat tern with a se ries of in -
tense neotectonic move ments be tween the Sanian 2 Gla ci ation 
(MIS 12) and the Mazovian Inter gla cial (MIS 11c; Ta ble 1). Ac -
cord ing to these au thors, the flu vial pat tern was mod i fied af ter
the up lift of the south ern mar gin of Roztocze and shrink ing of
the Wieprz River Ba sin. More over, neotectonic (re lated to
glacio isostasy) ac tiv ity near £êczna re sulted in shift ing of the
Wieprz wa ters at first into the subglacial £êczna-Milejów trough, 
and far ther to the north, par al lel to the old val ley to wards Ostrów 

Lubelski. Fur ther neotectonic ac tiv ity re sulted in di rect ing the
wa ters of the Wieprz to wards the £añcuchów and Spiczyn
trough, to the pres ent-day £êczyny gorge. Harasimiuk and
Henkiel (1981) in ferred also that neotectonic pro cesses caused 
mod i fi ca tion of the Gie³czew course, di rected to wards Wieprz
near Siostrzytów, which re sulted in the for ma tion of a lake in the
Stawek Val ley (Harasimiuk and Henkiel, 1981). Ad di tional ev i -
dence that the val ley of the pres ent-day Wieprz in the Milejów
stretch has no con nec tion with the val ley near Lubartów in -
cludes the en tirely dif fer ent char ac ter of the de pos its in these
fos sil val leys. Those in the Milejów-Puchaczów stretch are re -
ferred to as the “Krasnystaw“ fa cies and those in the Lubartów
stretch as the “Ferdynandów” fa cies (Harasimiuk and Henkiel,
1981). In the gorge stretch both fa cies are lack ing.

Lisicki (2003) re-ana lysed the pe trog ra phy of gla cial de pos -
its from se lected bore holes in the Vistula River Ba sin and de ter -
mined the age. Data from the study area in di cate that the val ley
bot toms near £êczna in clude de pos its from the Narevian Gla ci -
ation (Ta ble 1), help ing con strain the age of val ley for ma tion.
The age of the de pos its was de ter mined paly no logi cal ly. 

Palynological data form the ba sis for es tab lish ing many of
the chronostratigraphic units. The old est known lake de pos its
found in the north east ern part of the study area, at the Sosno -
wica site (Janczyk-Kopikowa, 1991), rep re sent the Ferdynan -
dovian Inter gla cial (MIS 13–15; Ta ble 1). Most com mon are de -
pos its doc u ment ing the Mazovian Inter gla cial (MIS 11c; Ta ble
1): at the Krêpiec (Janczyk-Kopikowa, 1981), Nowiny ¯uko -
wskie (Dyakowska, 1952; Hrynowiecka-Czmielewska, 2010),
Ciechanki Krzesimowskie (Brem, 1953), Serniki (Sobolewska,
1956), Czerniejów (Jahn, 1956) and Rokitno sites (Janczyk-
 Kopikowa, 1983). The last four sites are lo cated in the Wieprz
Val ley. The youn gest inter gla cial de pos its, rep re sent ing the
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Eemian (MIS 5e; Ta ble 1), were ob served in the northwest ern
mar gin of the study area, at the Karczunek site (Krupiñski et al.,
1982).

Field work per formed in 2018–2021 by the au thors, fo cused
on up dat ing the De tailed Geo log i cal Map of Po land (Ostrów
Lubelski, Orzechów Nowy, £êczna and Lubartów sheets), has
al lowed re vi sion of the geo log i cal set ting of the study area.

This study de scribes the de vel op ment of fos sil ero sional
val leys near £êczna – from the vi cin ity of Milejów to the south to
Lubartów in the north – and their in flu ence on the pres ent-day
hy dro graphic pat tern in the area. Ero sional fea tures formed due 
to the ac tion of gla cial wa ters, re ferred to as subglacial troughs,
are dis tin guished here from fos sil river val leys which were the
ef fect of flu vial ac tiv ity. An at tempt was made to de ter mine the
age when par tic u lar forms evolved, the in flu ence of the ice-
 sheets on the evo lu tion of these forms, par tic u larly the Wieprz
gorge near £êczna, and the palaeogeographic changes in the
study area. 

STUDY AREA

The study area cov ers a part of the mid dle Wieprz River Ba -
sin to the north-east of Lublin, near the towns of Milejów,
£êczna and Lubartów (Fig. 1). It is lo cated within four meso -
regions. Its north west ern part be longs to the Lubartów Heights,
the north east ern part to the £êczna-W³odawa Lakeland, the
south west ern part to the Œwidnik Pla teau, and the southeast ern 
part to the Dorohucza De pres sion Ba sin (Solon et al., 2018;
Fig. 1).

MATERIALS AND METHODS

The stud ies were based on: ar chi val bore hole logs, geo -
phys i cal sur veys, DEM anal y sis (from data ac quired through
ae rial la ser scan ning in the frame of the ISOK pro ject), OSL ab -
so lute age de ter mi na tions and field stud ies per formed by the
au thors dur ing up dat ing of the De tailed Geo log i cal Map of Po -
land at the scale of 1:50,000 Lubartów, £êczna, Ostrów Lu -
belski, Orzechów Nowy sheets, and the ar chi val sheet Lublin
(Butrym et al., 1982). Dat ing by op ti cally stim u lated lu mi nes -
cence (OSL) was per formed at the Lumidatis lab o ra tory in
Toruñ.

Stud ies con ducted by the au thors in the area in 2018–2021, 
cou pled with new data, e.g. bore hole logs and geo phys i cal sur -
veys (Pacanowski, 2021), have al lowed con struc tion of a
hypso metric map of the sub-Qua ter nary sur face (Fig. 2), in -
form ing in ter pre ta tion of the de vel op ment of the river val leys
ana lysed. The stra tig ra phy of the Qua ter nary strata was based
on stud ies that ex cluded the pres ence of Mid dle-Pol ish ice-
 sheets in the area (Lisicki, 2003; Czubla et al., 2013, 2019;
Terpi³o wski et al., 2013; Marks et al., 2018; Hrynowiecka et al.,
2019; ¯arski and Kucharska, 2020). The stud ies of Lisicki
(2003) were used to de ter mine the age of de pos its noted in the
bot toms of troughs and val leys, which fur ther con strained the
evo lu tion of par tic u lar ero sive forms in the study area.

Only se lected bore holes, doc u ment ing ero sional val leys,
are de scribed herein (Fig. 3). In all bore holes, up per Maastri -
chtian rocks were drilled in the trough bed rock, which sig nif i -
cantly im proves the age de ter mi na tion.

Palynological anal y sis was con ducted for the Baranówka
site lo cated in the Wieprz Val ley. The anal y sis was per formed
on 5 sam ples of or ganic de pos its with a small ad mix ture of min -
eral mat ter (sam ples from depths of 600, 620, 640, 660 and

680 cm). The ma te rial was sub ject to stan dard lab o ra tory pro -
ce dures for Pleis to cene de pos its. A 1 cm3 sam ple from each
sam ple was sub ject to acetholysis ac cord ing to Erdtman (1960)
with ap pli ca tion of HF and ad di tion of 1 pill of Lycopodium to de -
ter mine pol len abun dance. Two mi cro scope slides (20 ×
20 mm) were ana lysed from each depth. The abun dance and
pres er va tion state of sporomorphs in the Baranówka sam ples
was very good. Over 500 pol len grains and all spores of lower
plants were counted. The sam ples from Baranówka yielded 43
sporomorph taxa, in clud ing 19 trees, bushes and shrubs, 13
her ba ceous plants, 5 aque ous and reed plants, and 6 lower
plants.

RESULTS AND DISCUSSION

EVOLUTION OF THE WIEPRZ VALLEY 

PERIOD BEFORE THE GLACIATIONS

Ero sion of up per Maastrichtian lime stones out crop ping in
the area and evo lu tion of the river val leys be gan al ready in the
Paleocene. This was pos si ble af ter a sea re gres sion caused by
tec tonic up lift dur ing the Laramian phase of the Al pine Orog eny
(Piwocki et al., 2004). The last ma rine trans gres sion took place
in the late Eocene and ma rine sed i men ta tion lasted un til the be -
gin ning of the Oligocene (S³odkowska and Kasiñski, 2016).
From that time the area was con stantly ter res trial. The pres -
ent-day flu vial net work be gan to evolve fol low ing the last ma rine 
re gres sion. The Wieprz was ini tially a huge river, whose river
ba sin was much larger than pres ently. Wa ter dis charge in its
en tire river ba sin took place from the pres ent-day Sandomierz
Ba sin, Roztocze and Lublin Up land (Brzeziñska-Wójcik and
Kociuba, 2001). Mor pho log i cal anal y sis and stud ies of the
sub-Qua ter nary base ment in di cate that Wieprz then (re ferred to 
as Pre-Wieprz) flowed in the stretch ana lysed dif fer ently than
to day (Fig. 2). To the north of £êczna it used the pres ent-day
Tyœmienica Val ley. The Bystrzyca (re ferred to as Pre -Bys -
trzyca) was a larger river than pres ently and in the study area
did not flow into the Wieprz. It used its own chan nel, which
changed flow di rec tion from northeastwards near Lublin to
northwestwards near Lubartów (Fig. 2).

In the south ern part of the study area, be tween the vi cin ity of 
Siostrzytów through Milejów to Puchaczów, the Pre-Wieprz
chan nel was much wider than pres ently. Its val ley is very dis -
tinct and ~1.5–2 km wide (Fig. 2). It in cised to a depth of ~110 m 
a.s.l. A 20 m high asym met ri cal ter race is clearly vis i ble in the
mor phol ogy of the sub-Qua ter nary sur face at ~130 m a.s.l.; to
the west it is very nar row, in places dis ap pear ing com pletely,
while to the east its width may reach 6 km (Fig. 2). South of
Puchaczów the val ley may reach 60–70 m deep. Anal o gously,
the val ley is also asym met ri cal, with the west ern mar gin steep
and deep, and the east ern one more gen tle and shal lower. In
this part of the val ley, in the south ern part of the study area, the
pres ent-day Wieprz Val ley over lies the fos sil Pre-Wieprz Val ley.

To the north of Puchaczów, the fos sil Wieprz Val ley was
slightly nar rower (usu ally not ex ceed ing 2 km) and ran in two
par al lel chan nels with nar row ter races (Fig. 2). Be tween these
fos sil chan nels oc curs an area with Maastrichtian rocks at el e -
va tions of up to 140 m a.s.l. (and lo cally to >160 m a.s.l.), whose 
lower parts, flat tened at ~130 m a.s.l., are equiv a lents of the
east ern ter race in the south ern stretch. It is not clear whether
both val leys func tioned at the same time as a braided river, or
whether they rep re sent val leys of dif fer ent ages, with the Pre-
 Wieprz chang ing its chan nel due to more in tense mod i fi ca tions
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of the river pat tern. In the next stage, a change of wa ter sheds
took place and the Vistula River took over much of the dis -
charge. The Wieprz shifted to the west ern val ley where it cre -
ated a wide chan nel flow ing through Ostrów Lubelski (the pres -
ent-day Tyœmienica Val ley) to wards the Vistula. 

The north ern stretch of the pres ent-day Wieprz (near
Lubartów) be longed to the Pre-Bystrzyca Val ley. It was
1.5–2.0 km wide and its bot tom was at 120 m a.s.l. A dis tinct
fos sil val ley can be ob served in the mor phol ogy of the sub-Qua -
ter nary sur face; its in ci sion in the Paleogene was to the depth of 
~140 m a.s.l, di vert ing to the north-west at the level of Zawie -
przyce (Fig. 2). Its con tin u a tion may be rec og nized to the west

of Lubartów. This fos sil chan nel con tains de pos its of youn ger
in ter vals (warm de pos its of the Ferdynandovian Inter gla cial and 
cool flu vial-periglacial de pos its of the Odranian Gla ci ation).

PERIOD FROM THE OLDEST GLACIATIONS (NAREVIAN) 
TO THE END OF THE SANIAN 2 GLACIATION (MIS 12)

The glaciations caused changes to the river pat tern and the
re lief of the study area (Fig. 3). Ad vances and re treats of suc ces -
sive ice-sheets and the as so ci ated cli mate changes de ter mined
the geo log i cal evo lu tion. An im por tant fac tor also in flu enc ing the
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land scape was neotectonic ac tiv ity (Liszkowski, 1975; Hara -
simiuk and Henkiel, 1976, 1981; Dobrowolski, 1995).

Dur ing the Pleis to cene, when var i ous pro cesses were ac -
tive, two sig nif i cant events had the larg est in flu ence on the hy -
dro graphic net work of the area. The first was the ad vance of the 
Narevian ice-sheet (Ta ble 1). Mi gra tion of gla cial wa ters cau -
sed a rel a tively sim ple pat tern of two large river val leys (the
Pre-Wieprz and Pre-Bystrzyca) with a more or less par al lel wa -
ter shed along the Ostrów Lubelski-£êczna line, to be over -

printed by a sys tem of deeply in cised subglacial troughs, later
form ing a com plex hy dro graphic sys tem (Fig. 3).

Dur ing the Narevian Gla ci ation (Ta ble 1), ice masses cov -
ered the en tire area. Trig ger ing of rapid ero sional pro cesses
caused deep in ci sion into the Cre ta ceous base ment. Ero sion
by subglacial wa ters re sulted in the for ma tion of a se ries of
deeply in cised subglacial troughs, up to 100 m deep. These can 
be clearly dis tin guished from the pre-ex ist ing fos sil flu vial val -
leys. The deep est in ci sions reach lev els of 30–60 m a.s.l. (Fig.
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Fig. 3. Study area af ter the South-Pol ish Glaciations with ref er ence to con tour lines of the pres ent-day sub-Qua ter nary sur face, with 
the lo ca tion of fos sil ero sional in ci sions of var i ous types: 1 – Serniki Trough, 2 – Milejów Trough, 3 – Krêpiec Val ley, 4 – Ostrów
Lubelski-£êczna Val ley, 5 – Spiczyn-£êczna Val ley, 6 – £uszczów Val ley, 7 – Orzechów Val ley, 8 – Samocieczka Val ley; based on our 
re search and also af ter Harasimiuk and Henkiel (1981)



3). Their age is cor rob o rated by gla cial till rep re sent ing the old -
est gla ci ation drilled in the trough bot toms (Lisicki, 2003; Fig. 3). 
It can not be ex cluded that some of the fos sil rivers formed dur -
ing the fol low ing glaciations (of the South-Pol ish com plex). This 
re fers par tic u larly to troughs in which de pos its of the old est gla -
ci ation have not been doc u mented. 

The sec ond fun da men tal event was re lated to re treat of the
last ice-sheet from the area (i.e. the Main Stadial of the South-
 Pol ish Glaciations; MIS 12), which ear lier had cov ered the en -
tire area. The be gin ning of deglaciation of the area oc cu pied by
the Sanian 2 ice-sheet trig gered neotectonic pro cesses, which
re-ac ti vated old fault zones (Liszkowski, 1979; Harasimiuk and
Henkiel, 1981) and again dis turbed the ex ist ing hy dro graphic
sys tem.

Characteristics of the erosional forms

The ero sional forms ana lysed rep re sent rel a tively nar row
and very deep in ci sions filled with Qua ter nary de pos its. Their
char ac ter is tics, i.e. large depth reach ing far be low the ero sional
base of the con tem po rary and pres ent-day rivers, small width,
sym met ri cal and al most par al lel slopes and their spa tial ar -
range ment, al low their clas si fi ca tion as subglacial troughs.
Their align ment shows two dis tinct sys tems (Fig. 3). The first is
NW–SE-ori ented and runs from Lubartów through Spiczyn and
£êczna to Milejów. The sec ond is NNW–SSE-ori ented and con -
tin ues from Ostrów Lubelski through Rozkopaczew to £êczna,
and far ther with the first sys tem to Milejów. Some troughs, e.g.
the in ci sion near Serniki (Serniki Trough) were formed in the
sites of ex ist ing river val leys and partly mod i fied them. Most in -
ci sions de vel oped in the Cre ta ceous bed rock. These in clude
the £êczna-Milejów Trough (Milejów Trough) and a sys tem of
troughs be tween Ostrów Lubelski and £êczna. These troughs
were filled with Pleis to cene sed i ments and are doc u mented
only by a few bore holes and geo phys i cal sur veys. An ad di tional
clue to their ex is tence may be the pres ence of sin u ous ridges in
the pres ent-day re lief. The or i gin of these strange forms was
dis cussed by e.g., Maruszczak (1974), Liszkowski (1979),
Hara simiuk and Henkiel (1981) (Fig. 3).

Part of the ero sional land scape ana lysed was doc u mented
by re search bore holes (Prószyñski and Karaszewski, 1952;
Karaszewski, 1954; Mojski and Morawski, 1956; Sobolewska,
1956; Mojski, 1963; Janczyk-Kopikowa, 1983; Harasimiuk and
Henkiel, 1980b, 1981; Lisicki, 2003). This in cludes the Serniki
Trough in the Pre-Bystrzyca Val ley, re ferred to as the Sernickie
Lake (£oziñska-Stêpieñ et al., 1985a), £êczna-Milejów Trough
(Milejów Trough) and Krêpiec Val ley. The re main ing less clo -
sely in ves ti gated ero sional troughs have been in ter preted via
dif fer ent anal y ses, bore holes and geo phys i cal sur veys (Paw³o -
wska and Tracz, 1975; Pacanowski, 2021), based on which a
map of the sub-Qua ter nary sur face was con structed. 

The Serniki Trough (1 in Fig. 3) is NW–SE-ori ented and
runs from the north of Lubartów to Spiczyn (pres ent-day flow of
the Bystrzyca into the Wieprz) in the study area (Fig. 3). Be -
tween Lubartów and Spiczyn it con forms with the pres ent-day
Wieprz Val ley. Most prob a bly it has its be gin ning to the north far 
be yond the study area, as in di cated by a deep ero sional in ci -
sion near Luszawa (£oziñska-Stêpieñ et al., 1985b), which re -
sem bles the Serniki Trough. Tills of the Narevian Gla ci ation
doc u mented in the trough bot tom (Lisicki, 2003; Ta ble 1 and
Fig. 4) in di cate its for ma tion dur ing the early stadial of this gla ci -
ation.

In the study area the trough reaches a length of al most
21.5 km. Its width var ies from ~500 m in the vi cin ity of Serniki to
over 1400 m near Spiczyn, with an av er age width of ~800 m. Its

depth and course are doc u mented by a num ber of bore holes,
e.g., Wibro-Cem ST.1, Serniki B and Serniki C (Fig. 1). The
trough is best doc u mented near Serniki, where it reaches a
depth of ~30 m a.s.l., i.e. over 120 m be low the pres ent-day
Wieprz Val ley bot tom (Fig. 3). 

The £êczna-Milejów Trough (Milejów Trough) (2 in Fig.
3) was doc u mented be tween the vi cin ity of £êczna to its mouth
to the Wieprz Val ley near Milejów (Fig. 3) (in bore holes Stara
Wieœ-1, Krzesimów-7, BG-1, and Klarów-11, Fig. 1) (Hara -
simiuk and Henkiel, 1980a, b). The Milejów Trough gen er ally
has a NNW–SSE ori en ta tion, ex cept in the vi cin ity of £êczna,
where it at tains a NE–SW ori en ta tion, and the vi cin ity of Milejów 
in its ter mi nal stretch, where it is al most par al lel. The trough
length is close to 14 km and its width is even, vary ing
~400–500  m. The trough bot tom oc curs at var i ous depths: near
£êczna it is ~100 m a.s.l. (bore hole Stara Wieœ-1), far ther to the
south it is at 76.9 m a.s.l. (bore hole Krzesimów-7), 49.6 m a.s.l.
(bore hole BG-1) and 64.5 m a.s.l. (bore hole Klarów-11) (Figs. 1
and 3). The great est depth was noted in bore hole BG-1, in di cat -
ing an in ci sion of 127 m be low the pres ent-day sur face. This
level is al most 50 m lower than the doc u mented bot tom of the
Pre- Wieprz Val ley. The £êczna-Milejów Trough is pres ently
only an fos sil val ley.

The trough bot tom con tains a ~15 m thick layer of flu vio gla -
cial sands and grav els, be low which oc cur gla cial de pos its as -
signed by Lisicki (2003) to the Narevian Gla ci ation, and thus
dat ing the trough for ma tion (Fig. 4C).

The Krêpiec Val ley (3 in Fig. 3) has a N–S course and is lo -
cated to the south of Minkowice. Its doc u mented length in the
study area is ~5 km. It is not as deep as the Serniki and Milejów
troughs, reach ing 60 m and in cis ing to a depth of 120 m a.s.l. It
is pres ently used by Stoki River. Preglacial de pos its oc cur in its
bot tom (Fig. 4B; Harasimiuk and Henkiel, 1980a, b), dat ing its
for ma tion to the pe riod be fore the glaciations; we in ter pret it as
a river val ley sub se quently used by subglacial wa ters.

Ostrów Lubelski-£êczna Trough (4 in Fig. 3) is com posed 
of two stretches with a N–S ori en ta tion: a north ern one run ning
from Ostrów Lubelski to the Samocieczka Val ley (to the south of 
Rozkopaczew) and a south ern one lo cated to the north and
east of £êczna (Fig. 3). The width of both stretches is ~500 m.
They are sep a rated by the Samocieczka river val ley, deeply in -
cised into the Cre ta ceous base ment. Be side anal y sis of the
bed rock map, the north ern stretch was doc u mented by two
geo phys i cal pro files (ERT-5 and ERT-6; Fig. 1) near Kole -
chowice, which have dem on strated the ex is tence of a de pres -
sion in cised in the Cre ta ceous sub stra tum to the depth of ~80 m 
a.s.l., i.e. ~80 m be low the pres ent-day sur face. The south ern
stretch was doc u mented by one geo phys i cal pro file (ERT-4,
Fig. 1), which has cor rob o rated the ex is tence of a 55 m deep
de pres sion in the Cre ta ceous bed rock, i.e. to a depth of ~100 m
a.s.l. A well-doc u mented seg ment of this trough is the stretch
lo cated to the south-east of £êczna. It rep re sents a con nec tion
with the Wieprz Val ley to the north of Milejów and is doc u -
mented by the Stara Wieœ-2 bore hole (Fig. 4E). The trough has
steep walls and is in cised be low the depth of 120 m a.s.l., i.e. 60 
m be low the pres ent-day sur face. It is al most com pletely filled
with lake de pos its from the Mazovian Inter gla cial (MIS 11c;
Harasimiuk and Henkiel, 1980a, b). Gla cial till as signed by
Lisicki (2003) to the Narevian Gla ci ation oc curs in the bot tom of
the trough (Ta ble 1).

The subglacial troughs and val leys de scribed above are
filled with de pos its show ing a very sim i lar geo log i cal suc ces -
sion. How ever, they dif fer in the basal part of the in fill ing. The
bot toms of the subglacial troughs are over lain by gla cial tills of
the Narevian Gla ci ation (Ta ble 1; Lisicki, 2003), link ing their for -
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ma tion to this gla cial phase. The sparse oc cur rence of these
tills and of the over ly ing de pos its from the South-Pol ish Gla -
ciations in di cate that these troughs were sub ject to the same
pro cesses dur ing sub se quent glaciations. They were filled with
gla cial sed i ments dur ing the gla cial pe ri ods, while dur ing degla -
ciation the gla cial ma te rial was gen er ally eroded, the de pres -
sions then be ing filled with flu vio gla cial and lake-gla cial sed i -
ments. Dur ing interstadials the de pres sions func tioned as flu -
vial and fluvio-periglacial val leys (Fig. 4B). Val leys formed due
to the ac tion of flu vial wa ters (e.g., the Krêpiec Val ley) dif fer
from subglacial troughs in the pres ence of preglacial de pos its in 
their bot tom (Fig. 4B; Harasimiuk and Henkiel, 1980a, b).

There are a num ber of other fos sil ero sional in ci sions in the
study area, of which some are com pletely filled and masked by
Qua ter nary de pos its, while oth ers are used by the pres ent-day
flu vial sys tem. They have been in ter preted fol low ing anal y sis of
the sub-Qua ter nary map, and at some lo cal i ties con firmed by
bore holes and geo phys i cal sur veys (Paw³owska and Tracz,
1975; Pacanowski, 2021). They in clude:

The Spiczyn-£êczna Trough (5 in Fig. 3) is a stretch of the
pres ent-day Wieprz Val ley be tween £êczna and Spiczyn, re -
ferred to as the £êczna gorge of the Wieprz River. It has been

much dis cussed, par tic u larly as re gards its or i gin and age of for -
ma tion, which so far have not been un equiv o cally ex plained,
though they are of cru cial im por tance to the de vel op ment of the
pres ent-day flu vial net work (Zaborski, 1927; Jahn, 1956; Maru -
szczak, 1974; Liszkowski, 1979; Harasimiuk and Henkiel,
1980a, 1981). The val ley is in cised here in the Cre ta ceous sub -
strate at ~35 m, and its width is only 150–200 m. Steep slopes
built of Cre ta ceous rocks form the val ley mar gins. The bot tom is 
filled with sand and gravel up to 10 m thick, over lain by Ho lo -
cene muds (Harasimiuk and Henkiel, 1981). The char ac ter,
shape, val ley mor phol ogy, and its po si tion and lo ca tion with re -
gard to the re main ing troughs, shows it as a subglacial trough. 

The Wieprz gorge stretch con nects the subglacial Serniki
Trough with the £êczna-Milejów Trough and is part of the
subglacial sys tem. Most prob a bly the trough with the Wieprz
gorge was formed at the same time as the troughs in Serniki
and £êczna-Milejów. It was thus part of a very long subglacial
trough run ning from the north from the vi cin ity of Lubartów
through Spiczyn and £êczna to Milejów, es sen tially rep re sent -
ing flow re lat ing to one ice-sheet. 

The val ley in the vi cin ity of £uszczów Val ley (6 in Fig. 3) is
al most par al lel (lat i tu di nal di rec tion). Harasimiuk and Henkiel
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(1981) clas si fied it as a prob a ble fos sil “Ciechanki-£uszczów”
trough. The val ley is doc u mented by bore hole £uszczów P10.
Cre ta ceous peb bles oc cur at the depth of 42 m, with Scan di na -
vian ma te rial to 57 m. Cre ta ceous de pos its were noted at the
depth of 71 m, at the al ti tude of 11.5 m a.s.l., i.e. close to the
level of the Pre-Bystrzyca Val ley bot tom near Spiczyn (109.5 m
a.s.l.). The con tin u a tion of this in cised val ley to wards the east
was not con firmed by geo phys i cal sur veys (ERT-2, Fig. 1) per -
formed ~2.5 km to the ESE of bore hole £uszczów P10. They
have shown the ex is tence of a mod er ately shal low de pres sion
lo cated ~10 m be low the pres ent-day sur face and at tain ing a

width of 100 m. This was a val ley used rather by flow (or an ero -
sional ra vine) dis charg ing from the Cre ta ceous pla teau and with 
a mouth in the Bystrzyca Val ley. The con nec tion of this val ley
with cor rob o rated the Stoki Val ley, sug gested by Hara simiuk
and Henkiel (1981), has not been con firmed. 

The Orzechów Val ley (7 in Fig. 3) is lo cated in the north-
 east ern part of the study area. Its course is ap prox i mately par al -
lel to the fos sil Pre-Wieprz Val ley and may prob a bly rep re sent
its pri mary course. Be fore the glaciations and at the be gin ning
of the South-Pol ish Glaciations, the wa ters of the Pre-Wieprz
most prob a bly flowed into the Bug (which at that time be longed
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Fig. 5. Pat tern of hy dro graphic net work in the Mazovian Inter gla cial with ref er ence 
to the re lief of the sub-Qua ter nary sur face



to the Pripyat River Ba sin). The Orzechów Val ley has a width of
~900 m and a depth of >70 m. Its deep est oc cur rences were
noted at 91.0 m a.s.l. in bore hole Orzechów-7 and at 92.0 m
a.s.l. in bore hole Gosp. Rolne-St. 3 (Figs. 1 and 3). It has also
been cor rob o rated by geo phys i cal sur veys (Paw³owska and
Tracz, 1975). The val ley can be con sid ered a subglacial trough, 
as sug gested by the in ci sion depth, and the pres ence of de pos -
its from the Sanian 1 Gla ci ation (MIS 16; Ta ble 1) and prob a bly
also the Augustovian Inter gla cial at its bot tom (Ta ble 1).

The Samocieczka Val ley (8 in Fig. 3) is sit u ated to the
north of the £êczna Hum mock, run ning north-eastwards from
Spi czyn and link ing the Pre-Bystrzyca and Pre-Wieprz val leys
(Fig. 3). It has a dif fer ent char ac ter to the ear lier de scribed ero -
sional in ci sions rep re sent ing subglacial troughs. Pres ently this
de pres sion is marked as a wide, flat val ley used by the small
Samocieczka Stream. Avail able rare bore hole data and anal y -
sis of the sub-Qua ter nary base ment map in di cate that this de -
pres sion rep re sents a flu vial val ley rather than a subglacial
trough. The val ley is ~13 km long. In its mid dle part its course is
close to N–S, while both its fi nal stretches oc cur ring in the vi cin -
ity of the mouths of the Pre-Bystrzyca and Pre-Wieprz are par -
al lel. The val ley slopes are gen tle, and the bot tom is wide and
flat, oc cur ring at ~110 m a.s.l., and does not dis play a sig nif i -
cant dip in any di rec tion. This el e va tion cor re sponds to the level
of the bot tom of Pre-Bystrzyca and Pre-Wieprz at the con nec -
tions with these val leys. The de pos its in the val ley bot tom do
not con tain gla cial fa cies typ i cal of subglacial troughs, while
clays with marl frag ments, fine sands and marl peb bles oc cur -
ring in the basal part of the in fill ing may point to the flu vial or i gin
of the de pres sion (bore hole Radzic OS-2).

The de vel op ment of the Samocieczka Val ley is closely con -
nected with the course change of Pre-Bystrzyca. The Pre-
 Bystrzyca out flow was di rected to the east to the Samocieczka
Val ley and is con nected with the Pre-Wieprz Val ley to the south
of Rozkopaczew (Fig. 3). This con nec tion took place in the
Mazovian Inter gla cial dur ing the for ma tion of a large lake in the
fos sil Serniki Trough, as in di cated by sandy grav els from the
Mazovian Inter gla cial (MIS 11c; Ta ble 1) oc cur ring in the fos sil
Samocieczka Val ley, drilled in bore hole Radzic OS-2 (Fig. 1),
and de vel oped sim i larly to the de pos its in the Pre-Wieprz Val ley 
near Ostrów Lubelski (Liszkowski, 1979). It can not be ex cluded
that the val ley it self has a much older, pre-Pleis to cene or i gin. 

PERIOD OF THE MAZOVIAN INTERGLACIAL 
(MIS 11C)

Re treat of the last South-Pol ish ice-sheet (Sanian 2, MIS
12; Ta ble 1) from the study area caused deep ero sion in the val -
leys, reach ing to a depth of ~140 m a.s.l. and in some troughs
reach ing 80 m a.s.l. (Fig. 4), and al most com plete re moval of
gla cial de pos its. Neotectonic ac tiv ity re sulted in the re ac ti va tion 
of old fault zones (Liszkowski, 1979; Harasimiuk and Henkiel,
1980b). Up lift of the south ern mar gin of Roztocze took place to
the south of the study area (Laskowska-Wysoczañska, 1979;
Brzeziñska-Wójcik and Kociuba, 2001); which sig nif i cantly mo -
d i fied the hy dro graphic pat tern of the en tire Lublin re gion. The
Wieprz be came a much smaller river, los ing the Carpathian-
 Sandomirian part of its ba sin. Dur ing the Mazovian Inter gla cial
(MIS 11c; Ta ble 1) grad ual in crease in its flu vial ero sional base
took place. The Wieprz grad u ally trans formed into a braided
chan nel. Lakes started to form in the for mer wide Pre-Wieprz
Val ley (Fig. 5). Flows in the Bystrzyca and Wieprz Val leys de -
creased sub stan tially. This is shown by the aug mented flu vial
and lac us trine sed i men ta tion which re sulted in fill ing of all the
deeper de pres sions. 

Thick lac us trine de pos its oc cur ring in river val leys and
subglacial troughs have been doc u mented by bore holes in the
study area (Fig. 4).

De pres sions rep re sent ing fos sil subglacial troughs and val -
leys, when filled with wa ter, cre ated vast lakes. The de pos its of
the Mazovian Inter gla cial point to the ex is tence of sev eral large
and deep lakes in the study area: the Serniki and Milejów lakes,
which are trough lakes, and the Puchaczów and Krêpiec lakes,
which formed in fos sil river val leys (Fig. 5).

Characteristics of the lakes

Serniki Lake (Fig. 5) was formed in the Serniki subglacial
trough (Fig. 4A). Mul ti ple ero sion and ac cu mu la tion pro cesses
took place in the val ley un til the Mazovian Inter gla cial (MIS 11c;
Ta ble 1), and the nar row est part of the trough was filled with ex -
tremely di verse de pos its. In the ini tial phase of the Mazovian
Inter gla cial, the Pre-Bystrzyca Val ley still ex isted with a sub -
glacial trough be low, filled with de pos its of the South-Pol ish
Glaciations (Fig. 4A). Flu vial sands and sands with gravel were
de pos ited in the trough. Most prob a bly fur ther neotectonic ac tiv -
ity and a con tin u ous de crease of flow in ten sity caused chan ge in
the wa ter flow. The Pre-Bystrzyca thalweg was di rected to the
east to the Samocieczka Val ley con nected with the Pre- Wieprz
Val ley to the south of Rozkopaczów, and a small part of the flow
be gan to fill the Pre-Bystrzyca Val ley with wa ter to the north of
Spiczyn, form ing a vast lake with a con stant flow. In Serniki, lac -
us trine de pos its are doc u mented in re search bore holes drilled in
the Wieprz Val ley dur ing prep a ra tion of the De tailed Geo log i cal
Map of Po land, Lubartów sheet (£oziñska- Stêpieñ et al., 1985a,
c). A Mazovian Inter gla cial (MIS 11c; Ta ble 1) suc ces sion was
ob served in Serniki Lake in the Serniki (Sobolewska, 1956),
Czerniejów (Jahn, 1956), Rokitno (Janczyk - Kopikowa, 1983)
and Bara nów ka sites; the re sults for the lat ter site are pre sented
in this study. 

Milejów Lake (Fig. 5) formed in the Milejów Trough and
was the deep est wa ter body in the area (Fig. 4C). Sed i men ta -
tion of lac us trine de pos its (muds and clays) took place in the
deep de pres sion (Harasimiuk and Henkiel, 1981); these were
doc u mented to the depth of ~86 m a.s.l. by bore holes BG-1 and 
Klarów-11. A full palynological re cord of the Mazovian Inter gla -
cial (MIS 11c; Ta ble 1) suc ces sion was ob served within the
bound aries of Milejów Lake in a ~11 m sed i men tary pro file at
the Ciechanki Krzesimowskie site (Fig. 5; Brem, 1953).

Krêpiec Lake (Fig. 5) formed due to cut-off of the up per
stretch of the Stoki River and its east ern trib u tary in the ter mi nal
part of the Sanian 2 Gla ci ation, caused by lo cal block move -
ments in the south ern part of the area, which pre vented flow in
the val leys (Harasimiuk et al., 1988). Wa ter sup ply ing the Stoki
River Val ley were di rected to the east of the Wieprz Val ley near
Siostrzytów, form ing the pres ent-day Gie³czew River (Hara -
simiuk et al., 1988). A deep wa ter body formed in the place of
the Krêpiec Val ley (Harasimiuk and Henkiel, 1980b), i.e. Krê -
piec Lake (Fig. 4B), in which >40 m thick Mazovian Inter gla cial
de pos its oc cur, re cord ing a full palynological suc ces sion of that
in ter val (Janczyk-Kopikowa, 1981). 

Puchaczów Lake (Fig. 5) formed in the wide Wieprz Val ley
be tween Milejów and Puchaczów (Harasimiuk and Henkiel,
1981). It was ei ther one vast lake or com prised sev eral smaller
back wat ers with di verse flows. Muds and sandy muds were de -
pos ited in them, an flu vial de pos its in the flow zones (Fig. 4E).
Pol len anal y sis from the £añcuchów site within Puchaczów
Lake (Fig. 5; Œrodoñ, 1960) in di cates the protocratic pine-birch
phase and mesocratic phase of the first spruce-al der cli mate
op ti mum of the Mazovian Inter gla cial.
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Results of palynological analysis of the Baranówka site 
and description of deposits 

Lac us trine sed i men ta tion be gan in the Mazovian Inter gla -
cial in Serniki Lake, as in most lakes with a Mazovian suc ces -
sion, when the area was sub ject to the ex pan sion of pi o neer
birch for ests with the pine that grad u ally be gan to dom i nate in
them (Sobolewska, 1956; Hrynowiecka-Czmielewska, 2010).
Rap idly im prov ing cli mate con di tions and a com plex flu vial net -
work lead to the ex pan sion of al der ri par ian for ests with ash and 
spruce (first cli ma tic op ti mum), the cul mi na tion of which was the 
ex cep tion ally rich de vel op ment of yew as sem blages. The Older 
Holsteinian Os cil la tion (OHO) cli ma tic os cil la tion (Koutso den -
dris et al., 2010), reg is tered in the whole of Po land and Eu rope,
led to cli mate break down, when thermophilous trees with drew
and the study area was recolonized by pi o neer pine-birch for -
ests with abun dant her ba ceous veg e ta tion. Sub se quent warm -
ing re sulted in the de vel op ment of mixed horn beam-fir for ests
(sec ond cli ma tic op ti mum – Youn ger Holsteinian Os cil la tion –
YHO; Koutsodendris et al., 2010) and ri par ian for ests but with -
out spruce and yew. In this warm est pe riod of the Mazovian
Inter gla cial (MIS 11c; Ta ble 1) there ap peared thermophilous
taxa such as Buxus, Pterocarya and Vitis. Then, sed i men ta tion
of de tri tal or cal car e ous gyttia, or lake muds, usu ally took place
in the lakes. The post-op ti mal grad ual cli mate cool ing was re -
flected in the with drawal of de cid u ous for ests and dom i na tion of 
co nif er ous as sem blages with fir, pine and sub se quently spruce. 
Fur ther cli mate change re sulted in fir with drawal, fol lowed by
spruce, af ter which the last pe riod of the inter gla cial was char -
ac ter ized by the dom i na tion of pine with a birch ad mix ture
(Janczyk-Kopikowa, 1983). 

Grad ual cli mate change caused slow de cline of the lakes
and sed i men ta tion change to boggy con di tions, as a re sult of
which peats and min eral-or ganic sed i ments were de pos ited. 

Dur ing up date of the De tailed Geo log i cal Map of Po land,
field stud ies in 2020 dis cov ered and doc u mented a new site of
the Mazovian Inter gla cial in the Wieprz Val ley in Baranówka
(£oziñska-Stêpieñ et al., 1985a). 

The de pos its ana lysed in Baranówka (Fig. 6) are char ac ter -
ized by a very sim i lar pat tern of pol len curves and tax o nomic
com po si tion. Pol len of Pinus dom i nates, from 29 to 53%, and
Alnus reaches 17–32%. Pol len of Abies, Picea and Carpinus
ap pears equally fre quently – at 9–13%, 3–8%, and 2–6%, re -
spec tively. Pol len of Corylus, Quercus, Betula, and Ulmus is in -
fre quent. Pol len of the re main ing trees ap pears as sin gle
grains, sim i larly as Buxus, Pterocarya, Taxus baccata and Vitis. 
Pol len of shrubs is equally rare. Among her ba ceous plants, the
most com mon are the Cyperaceae (max. 3%) and Poaceae.
Other her ba ceous plants, as well as reed (Phragmites, Spar -
ganium, Typha latifolia) and aque ous plants (Nuphar lutea) ap -
pear rarely. There are nu mer ous fern spores, from 6 to 40%,
and moss spores (up to 9%). Taxa typ i cal for Neo gene flora
have not been ob served. 

All 5 sam ples should be as signed to one zone: a Pinus-
 Abies-Picea LPAZ (Fig. 6). This was a time of pine for est dom i -
na tion with spruce and fir, with rem nants of horn beam for ests.
In hu mid and overflooded hab i tats, there grew ri par ian for ests
with al der, elm, ash and wil low. A tem per ate cli mate pre vailed
at that time. 

Re sults of pol len anal y sis in Baranówka (Lubartów sheet)
point to a Mazovian age of the de pos its (MIS 11c; Ta ble 1). The
zone an a lysed rep re sents the ter mi nal part of the inter gla cial
char ac ter ized by the dom i na tion of pine, while nu mer ous spru ce, 
fir and horn beam are rem nants from the ear lier warmer pe riod. 
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The pol len spec tra from Baranówka are sim i lar to spec tra
from east ern Po land (Hrynowiecka-Czmielewska, 2010; Hryno -
wiecka et al., 2014; Hrynowiecka and Pidek, 2017).

PERIOD AFTER THE MAZOVIAN INTERGLACIAL

Dur ing the Mid dle- and North-Pol ish Glaciations the study
area was free of ice. Dur ing these glaciations, the en croach ing
ice-sheets caused damm ing of wa ter flow to wards the north. As 
a re sult, ex ten sive back wat ers ac cu mu lat ing sed i ment formed.
The de po si tion level in the Wieprz Val ley reached >160 m a.s.l.
Dur ing ice-sheet re ces sion, in tense wa ter flow from the ice front 
took place to wards the south-east. New flow paths were for -
med, which largely used the for mer hy dro graphic sys tem. Dur -
ing dewatering of the Wartanian ice-sheet (MIS; Ta ble 1), ac -
cord ing to Harasimiuk et al. (2004), sev eral proglacial path ways 
of wa ter flow ex isted in the study area: the Tyœmienica Val ley,
Piwonia Val ley, Wieprz gorge, and Œwinka Val ley. It is pos si ble
that a melt wa ter path way, as in the par al lel Tyœmienica Val ley,
ex isted in the Bystrzyca Val ley (Serniki Trough) dur ing degla -
ciation pe ri ods, par tic u larly dur ing the last stadial (Wartanian) of 
the Odranian Gla ci ation (MIS 6; Ta ble 1) (Harasimiuk et al.,
2004). 

Ice-sheet re treat caused free ing of wa ter flow again to the
north and west. In the first stage, these flows could lo cally be
highly en er getic, caus ing strong ero sion. Ev i dence for such dy -
namic flow in clude the de pos its doc u mented in Baranówka
(Fig. 7), where or ganic de pos its from the Mazovian Inter gla cial
(MIS 11c; Ta ble 1) are over lain by a suc ces sion of sands and
grav els. This ob ser va tion sheds new light on the na ture of the
val ley in fill ing, as well as on pro cesses tak ing place in the area
af ter the Mazovian Inter gla cial. In Baranówka, al most 3.5 m of
sands and grav els were doc u mented; they are over lain by a
large ac cu mu la tion of grav els and poorly rounded boul ders up
to 40 cm across (Figs. 7 and 8). OSL anal y sis points to the
Lubavian Interstadial (=Lublinian; MIS 7; Ta ble 1) of the Odra -
nian Gla ci ation (s.l.). The age of this suc ces sion is 227 ±88 ka,
and its fa cies points to very high flow en ergy and strong ero -
sion. Grain di men sions and poor round ing in di cate short sed i -
ment trans port (Fig. 8). Their or i gin may be linked with wash ing
out of older gla cial cov ers and rapid redeposition. Above the
sands and grav els there oc cur fine-grained de pos its, which we
link with the Vistulian, as shown by the OSL age of 19.1 ±3.6 ka
(Fig. 7). Sim i lar de pos its, formed dur ing the Last Gla ci ation, oc -
cur across ex ten sive parts of the pla teau sur face.

OSL anal y ses per formed on sim i larly de vel oped floodplain
sed i ments from the Wieprz Val ley es carp ment near Milejów
cor rob o rate cy clic pro cesses tak ing place dur ing the last two
glacials. The up per part, 3 m thick (at ~165.0 m a.s.l.), rep re -
sents the Vistulian and is dated at 16.8 ±3.5 ka. The lower part
(oc cur ring be low 3 m at ~163.0 m a.s.l.) is from the Wartanian
Stadial of the Odranian Gla ci ation (MIS 6; Ta ble 1) and is dated
at 171 ±53 ka BP. 

Back wash de pos its from the last two glacials have been
doc u mented across the en tire study area as well as in neigh -
bour ing re gions at el e va tions ex ceed ing 170 m a.s.l. by Hara -
simiuk et al. (2017), and re cently also in our field work on the
De tailed Geo log i cal Maps. The pres ence of these de pos its
con firms the very high wa ter level and for ma tion of backwashes 
and lakes in these in ter vals.

FORMATION OF THE WIEPRZ GORGE

We con sider the gorge as an fos sil subglacial trough, which
was used, prob a bly sev eral times in the Pleis to cene, as a path -
way for wa ters. Fol low ing the most re cent con cepts re gard ing
the lack of the Mid dle-Pol ish ice-sheets in the study area
(Lisicki, 2003; Czubla et al., 2013, 2019; Terpi³owski et al.,
2013; Marks et al., 2018; Hrynowiecka et al., 2019; ¯arski and
Kucharska 2020), the hy poth e ses of Liszkowski (1979) and
Maruszczak (1974) should be sup ported. Liszkowski (1979)
linked the gorge for ma tion with the oc cur rence of dead-ice
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Fig. 7. Sed i men tary log of the Baranówka site

Fig. 8. Boul ders at the Baranówka site
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blocks, which blocked the flow to wards the north. We lean to -
wards the ideas of Maruszczak (1974) of wa ter flow ing on
frozen ice dur ing the Odranian Gla ci ation. How ever, the ice was 
from frozen backwashes formed by rivers flow ing from the
south, af ter which the sin u ous ridges char ac ter is tic of the area
formed. It is also dif fi cult to ac cept the con cept that deep ero -
sion of Cre ta ceous rocks (>30 m) could have taken place dur -
ing the high wa ter lev els which formed the backwashes. 

It is clear that, as sug gested by Harasimiuk and Henkiel
(1981), change of the hy dro graphic pat tern was in duced by
neotectonic ac tiv ity be tween the Sanian 2 Gla ci ation and the
Mazovian Inter gla cial. Ac cord ing to these au thors, the causal
fac tor for the de vel op ment of the Wieprz gorge was col lapse of
a tec tonic zone cut ting the Wieprz Val ley to the south of £êczna
and Puchaczów. The £êczna Hum mock with an el e va tion ex -
ceed ing 180 m a.s.l. was too large for the wa ter to over spill. If
so, the wa ters would again en ter the older, lower-ly ing val ley,
flow ing to the north to Ostrów Lubelski. For ma tion of the gorge
as a re sult of tec tonic ac tiv ity would have been pos si ble if up lift
of the area around £êczna is as sumed (from the level of
~150–160 m a.s.l.) and an an te ced ent gorge would be formed;
how ever, Harasimiuk and Henkiel (1981) sug gested a con tin u -
ously high po si tion of the £êczna Hum mock. Fur ther more, the
young re lief of the val ley in the gorge stretch in di cates that it
could not have been pre served in this state from the end of the
South-Pol ish Glaciations. 

We do not con cur with the views of Jahn (1956) that the wa -
ters over spilled in the place of the ex ist ing de nu da tion val ley
through a pass at an al ti tude of 176 m a.s.l. with a re gres sive
gorge form the dur ing the Last Gla cial. The wa ters could freely
flow to the Bystrzyca Val ley by pass ing the Cre ta ceous ridge to
the north of the gorge, or flow fur ther us ing the old val ley to -
wards Ostrów Lubelski. Be tween Spiczyn and Rozkopaczew
there are ar eas lo cated much lower (~140 m a.s.l.) than the
gorge. 

We con sider that the ero sional in ci sion of the pres ent-day
Wieprz gorge took place be fore the change of its course near
£êczna. Its char ac ter is tics, i.e. small width, very steep walls and 
a sin u ous course, may point to its for ma tion by subglacial wa -
ters. The age of this in ci sion is not clear. A much shal lower
depth com pared to the Serniki and Milejów troughs sug gests a
dif fer ent time of its for ma tion. The trough pat tern, form ing one
se ries, may sug gest their com mon an ces try and for ma tion dur -
ing the Narevian Gla ci ation (Ta ble 1), a view that we agree with. 
From that time, the stretch be tween £êczna and Spiczyn did not 
func tion as a con tin u ous flow. The trough was partly bur ied and
con served by gla cial de pos its of sub se quent glaciations. Rem -
nants of this burial are most prob a bly the coarse sands with
clasts of Cre ta ceous and Scan di na vian rocks build ing the ter -
race on the north ern side of the Wieprz, as de scribed by Jahn
(1956). The trough was again eroded by wa ters of the Wieprz
dur ing the gorge for ma tion, which caused change in the flow,
con nec tion with the Bystrzyca Val ley and com plete de cline of
the val ley to the north of Puchaczów. 

The most re cent in ves ti ga tions per formed in the area have
sup plied sev eral clues al low ing de ter mi na tion of the time of the
Wieprz gorge de vel op ment. 

The pres ence of Mazovian flu vial de pos its was noted in the
Pre-Wieprz stretch to the north of Puchaczów (bore hole BP-6;
Fig. 4E), in cis ing into the lac us trine de pos its of the same in ter -
val (de scribed ear lier by Harasimiuk and Henkiel, 1980a, 1981). 
This tes ti fies for the fact that the Wieprz flowed far ther to the

north at this lo cal ity dur ing the Mazovian Inter gla cial (MIS 11c;
Ta ble 1). Near Puchaczów, the Mazovian de pos its are over lain
by a thin suc ces sion of flu vial-periglacial de pos its of the Mid -
dle-Pol ish Glaciations prob a bly be long ing to an early phase of
this pe riod. This also points to the ex is tence of a flu vial val ley at
that time and ne gates the cre ation of a gorge and change of
river flow be tween the South-Pol ish Glaciations and the Mazo -
vian Inter gla cial, as sug gested by Harasimiuk and Henkiel
(1981). Loesses oc cur ring above flu vial-periglacial de pos its
(Fig. 4E; Harasimiuk and Henkiel, 1980a, b) in di cate com plete
freez ing of flow in the area dur ing the Vistulian. The last stage of 
loess ac cu mu la tion in the Last Gla cial took place in the up per
Pleniglacial, dated at 28 to 12 ka BP (Maruszczak, 2001;
Frechen et al., 2003). This is cor rob o rated by dat ing of flu vial
de pos its that oc cur above the loesses at the Krzesimów site at
21 ±4.5 ka BP. Uni form flu vial de pos its, 11 m thick, in fill ing the
Wieprz Val ley in the gorge area and over lain by Ho lo cene
muds, are in ter preted as hav ing be ing formed dur ing the Last
Gla cial (Maruszczak, 1974; Harasimiuk and Henkiel, 1981).
This in di cates that the gorge ex isted dur ing the Vistulian. 

To the south of the dead stretch of the Wieprz ana lysed, i.e.
near Milejów, through the en tire Pleis to cene the val ley func -
tioned con tin u ously, and the level of burial by sed i ment reached 
over 165 m a.s.l. In the es carp ment of the Wieprz Val ley near
Milejów, the flu vial-periglacial de pos its noted at 163 m a.s.l.
have an age of 171 ±53 ka BP.

The Baranówka site has thrown new light on the pro cesses
tak ing place in the study area. The sand-gravel-boul der de pos -
its dated at 227 ±88 ka BP (Figs. 7 and 8), in di cate pow er ful flow 
in that in ter val. The level of peat in ci sion from the Mazovian
Inter gla cial is lo cated at 146.0 m a.s.l., i.e. close to the base of
Wieprz gorge near £êczna. It is a level 10–15 m lower than for
the Mazovian Inter gla cial de pos its and early Odranian Gla ci -
ation flu vial-periglacial de pos its oc cur ring in the vi cin ity of
Pucha czów (Fig. 4E). Un block ing of the Wieprz gorge prob a bly
took place in the mid dle phase of the Mid dle-Pol ish Glaciations,
the Lubavian (Lublinian, MIS 7; Ta ble 1). At that time the wa ter
level was above 170 m a.s.l. This is in di cated by the com mon
oc cur rence of flu vial-periglacial and back wash de pos its of the
Odranian Gla ci ation at lev els ex ceed ing 170 m a.s.l. Grad ual
fall of the wa ter level caused re moval of back wash de pos its be -
yond the source area. This pro cess led to ero sion in the
Spiczyn- £êczna Trough. Flow was equal ized in the gorge and
in the Baranówka area at the level of ~146–150 m a.s.l.

The Wieprz never re turned to its old chan nel af ter over flow -
ing and tak ing over the Bystrzyca Val ley be low Spiczyn. Later,
af ter the gorge stretch of the old Wieprz Val ley was formed to
the north of Puchaczów, it was filled with eolian sed i ments
(loess) dur ing the Vistulian (Ta ble 1). The Samocieczka and
Tyœmienica val leys be came ex ten sive ar eas with in creased or -
ganic sed i men ta tion and small flows dewatering the sur round -
ing ar eas. A new wa ter shed was formed be tween the Œwinka
Val ley and the spring zones of Piwonia and Tyœmienica (Fig. 9).
This pat tern oc curs to the pres ent.  

The dis tri bu tion of the pres ent-day lakes is linked with ar eas
where Maastrichtian rocks oc cur close to the sur face and fos sil
flu vial val leys are pres ent in the subsurface (Fig. 9). Nu mer ous
lakes oc cur be tween parts of the rock mas sif cut by a lat ticed
val ley pat tern, which may sug gest their karst or i gin. The de -
pres sions and later the lakes be gan to evolve due to wa ter
drain age into deep rock masses dur ing low er ing of the base
level in the fos sil flu vial val leys. 
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SUMMARY AND CONCLUSIONS

Our new maps of the sub-Qua ter nary sur face al low in ter pre -
ta tion of the evo lu tion of the hy dro graphic net work and its ero -
sional forms (Figs. 2, 3 and 5). Fos sil ero sional val leys have
been char ac ter ized and de scribed, and di vided into fos sil river
val leys and subglacial troughs. A new per spec tive of the geo log i -
cal pro cesses dur ing the Pleis to cene in the study area is pro -
vided, and a new site of the Mazovian Inter gla cial in Bara nówka
is doc u mented which, to gether with other stud ies, al low a new in -
ter pre ta tion of the gen e sis and age of the Wieprz gorge.

From the end of the Me so zoic un til the pres ent, the di men -
sions and po si tion of the Wieprz Val ley has evolved, in flu enced
by a num ber of fac tors.The re cord of fos sil val leys in di cates mi -
gra tion of the Wieprz Val ley and change of its char ac ter is tics,
as well as of the wa ter bal ance of the en tire stretch of mid dle
Wieprz ba sin, in flu enced by cli mate changes in the Pleis to cene
and Ho lo cene. The val ley sys tem was also in flu enced by iso -
static move ments caused by ice sheets. The pres ence of two
sep a rate rivers al ready in the preglacial pe riod, i.e., the Pre-
 Bystrzyca and Pre-Wieprz, has been cor rob o rated. Dur ing the
Narevian Gla ci ation a sys tem of subglacial troughs de vel oped
in the study area; these troughs strongly dis turbed the ex ist ing

14 Magdalena Kucharska et al. / Geological Quarterly, 2024, 68: 15

!(

!(

!(

140

130

160

11
0

1
2
0

180

100

200

8
0

220

160

16
0

140

120

110

160

1
2
0

140

1
0

0

11
0

140

130

12
0

160

130

120

110

140

160

1
2
0

200

1
3
0

2
0
0

140

200

140

160

120

14
0

160

13
0

1
6
0

130

120

160

140

180

180

11
0

11
0

1
2
0

1
3
0

14
0

130

180

16
0

160

130

160

130

16
0

13080

200

130

160

130

180

140

200

120

1
6
0

160

180

110

1
8
0

180

130

1
3
0

1
4
0

180

140

1
8
0

180

130

180
140

1
4
0

110

110

1
3
0

140

140

1
8
0

200

1
3
0

1
6
0

140

120

200

110

1
0
0

220

110

1
4
0

160

1
6
0

160

1
3
0

160

140

160

11
0

160

180

160
140

1
3
0

2
0
0

200

120

1
6
0

160

1
2
0

100

14
0

11
0

110

140

1
4
0

1
4
0

200

18
0

130

160

11
0

14
0

1
6
0

160

120

160

14
0

180

1
4
0

140
160

160

120

130

130

160

130

160
1
2
0

12
0

200

Serniki

Rokitno

Krêpiec

£añcuchów

Baranówka

Czerniejów

Ciechanki Krzesimowskie

Spiczyn

Milejów

£uszczów

Krzesimów

Minkowice

Puchaczów

Zawieprzyce

Lublin

£êczna

Lubartów
Ostrów Lubelski

Siostrzytów

Rozkopaczew

Nowy Orzechów

0 105 km

W
ieprz

Bys
trz

yc
a

Stoki

W
ieprz

Tyœm
ienica

Œwinka

Mogilnica

Wieprz

P
iw

o
n
ia

Gie³cz
ew

Samocieczka

120 sub-Quaternary surface isohypse (m a.s.l.)

erosional margin

canals

lakes

rivers

interglacial sitesKrêpiec

ò
N

Fig. 9. Pres ent-day river pat tern with re spect to the sub-Qua ter nary re lief



hy dro graphic sys tem, partly over print ing it. Some of the troughs 
de vel oped in fos sil river val leys. Most prob a bly at that time, the
Spiczyn-£êczna Trough also de vel oped. Dur ing sub se quent
glaciations and cold pe ri ods, sed i men tary changes took place
in the troughs and val leys, from ero sion and re moval of ma te rial 
to their com plete burial un der sed i ments. Dur ing the Sanian 2
Gla ci ation (MIS 12) and the Mazovian Inter gla cial (MIS 11c),
large changes in the en tire hy dro graphic sys tem took place.
Sev eral lakes were formed; these are re corded in a suc ces sion
of or ganic and min eral-or ganic sed i ments. Our stud ies have not 
con firmed the ex is tence of a trough in the vi cin ity of £uszczów
(6 in Fig. 3), which was sup posed to con nect the Bystrzyca and
Stoki rivers.

The Mid dle-Pol ish and North-Pol ish glaciations rep re sent a
pe riod with sim i lar cy cles of sed i men ta tion and ero sion. Dur ing
suc ces sive ice-sheet ad vances, wa ter flow to wards the north
was dammed. Ex ten sive back wat ers de vel oped, reach ing an
el e va tion of 180 m a.s.l.; ac cu mu la tive con di tions pre vailed in
them. Ice-sheet re treats caused proglacial wa ter flow to wards
the south-east, and trans port of flu vio gla cial sed i ments. In the
Milejów stretch of the Wieprz Val ley, the over fill ing ex ceeded
160 m a.s.l. Fur ther with drawal of ice-sheets to wards the north
caused drain ing of flow routes and sub se quent re ver sal of flow
di rec tions to the north and west. Sand-silt cov ers that had ear -

lier ac cu mu lated on the pla teau un der went par tial deg ra da tion
and trans port be yond the depositional area.

Dur ing wa ter flow to the north-west in the Odranian Gla ci -
ation (MIS 6), Spiczyn-£êczna Trough was drained and the
Wieprz gorge de vel oped. The de pos its doc u mented in Bara -
nówka sug gest that this took place at 227 ±88 ka BP, i.e., most
prob a bly in the Lublinian Inter gla cial (MIS 7). The Wieprz flo -
wed into the Bystrzyca Val ley, tak ing over its chan nel. The
Samocieczka Val ley and the fos sil Wieprz Val ley to the north of
its flow to Mogielnica dis ap peared. Loess sed i men ta tion took
place in the Vistulian in the Puchaczów stretch of the fos sil val -
ley. The val ley stretch up to Ostrów Lubelski and the Samo -
cieczka Val ley were con verted into wide plains in clud ing the
small flows of the Samocieczka and Tyœmienica, which dewa -
tered only the near est area. Or ganic sed i men ta tion be gan to
dom i nate within these plains.
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by the Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute
re search pro jects: “Na tional tasks per formed by the Na tional
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from 2018. Up date of the De tailed Geo log i cal Map of Po land in
the scale 1:50000” (22.0013.1801.02.1) and “Evo lu tion of the
hy dro graphic net work in the mid dle Wieprz ba sin (E Po land)”
(62.9012.2303.00.B).

REFERENCES

Ber, A., Lindner, L., Marks, L., 2007. Propozycja podzia³u straty -
graficznego czwartorzêdu Polski (in Pol ish). Przegl¹d Geolo -
giczny, 55: 115–118.

Brem, M., 1953. Inter gla cial flora from Ciechanki Krzesimowskie by
£êczyca (in Pol ish with Eng lish sum mary). Acta Geologica Polo -
nica, 3: 475–479.

Brzeziñska-Wójcik, T., Kociuba, W., 2001. Trans for ma tion of the
Roztocze seg ment of the Wieprz River Val ley (SE Po land) in the
Pleis to cene (in Pol ish with Eng lish sum mary). Przegl¹d Geolo -
giczny, 49: 257–266.

Butrym, J., Harasimiuk, M., Henkiel, A., 1982. Szczegó³owa Mapa 
Geologiczna Polski w skali 1:50 000. Arkusz Lublin (749) (in
Pol ish). Wyd. Geol., Warszawa.

Czubla, P., Godlewska, A., Terpi³owski, S., Zieliñski, T., Zie -
liñski, P., Kusiak, J., Pidek, I.A., Ma³ek, M., 2013. Gla cial till
pe trog ra phy of the South Podlasie Low land (E Po land) and stra -
tig ra phy of the Mid dle Pleis to cene Com plex (MIS 11-6). In:
Palaeolandscapes from Saalian to Weichselian, South Estern
Lith u a nia. Ab stracts of In ter na tional Field Sym po sium. Wilno-
 Troki, 25–30.06.2013.

Czubla, P., Terpi³owski, S., Or³owska, A., Zieliñski, P., Zieliñski,
T., Pidek, I.A., 2019. Petrographic fea tures of tills as a tool in
solv ing strati graphi cal and paleogeographical prob lems – a
case study from Cen tral-East ern Po land. Qua ter nary In ter na -
tional, 501A: 45–58.
 https://doi.org/10.1016/j.quaint.2017.08.028

Dobrowolski, R., 1995. Mesoscopic tec tonic struc tures in the Up -
per Cre ta ceous rocks in the east part of the Lublin Up land ver -
sus fault ing of the East-Eu ro pean Plat form base ment dur ing the
Caino zo ic (in Pol ish with Eng lish sum mary). Annales Societatis
Geologorum Poloniae, 65: 79–91.

Dyakowska, J., 1952. Pleis to cene flora of Nowiny ¯ukowskie on
the Lublin Up land (in Pol ish with Eng lish sum mary). Biuletyn
Pañstwowego Instytutu Geologicznego, 67: 115–181.

Erdtman, G., 1960. The acetolysis method. Svensk Botanisk
Tidsskrift Lund, 54: 561–564.

Frechen, M., Oches, E.A., Kohfeld, K.E., 2003. Loess in Eu rope –
mass ac cu mu la tion rates dur ing the Last Gla cial Pe riod. Qua ter -
nary Sci ences Re view, 22: 1835–1857.
 https://doi.org/10.1016/S0277-3791(03)00183-5

Harasimiuk, M., Henkiel, A., 1976. Wp³yw neotektoniki na rozwój
dna doliny Wieprza powy¿ej prze³omu ³êczyñskiego (in Pol ish).
Kwartalnik Geologiczny, 20 (4): 928–929.

Harasimiuk, M., Henkiel, A., 1980a. Objaœnienia do Szczegó³owej
Mapy Geologicznej Polski 1:50 000. Arkusz £êczna (750) (in
Pol ish). Wyd. Geol., Warszawa.

Harasimiuk, M., Henkiel, A., 1980b. Szczegó³owa Mapa Geolo -
giczna Polski 1:50 000, ark. £êczna (750) (in Pol ish). Wyd.
Geol., Warszawa.

Harasimiuk, M., Henkiel, A., 1981. Fos sil val ley forms in the vi cin i -
ties of £êczna and their im por tance for palaeoeography of the
Wieprz River drain age sys tem (in Pol ish with Eng lish sum mary). 
Kwartalnik Geologiczny, 25 (1): 147–161.

Harasimiuk, M., Henkiel, A., Król, T., 1988. Objaœnienia do Szcze -
gó³owej Mapy Geologicznej Polski 1:50 000. Arkusz Piaski
(787) (in Pol ish). Wyd. Geol., Warszawa.

Harasimiuk, M., Szwajgier, W., Jezierski, W., 2017. Szczegó³owa
Mapa Geologiczna Polski w skali 1:50 000. Arkusz Siedliszcze
(751) (in Pol ish). Wyd. Geol., Warszawa.

Harasimiuk, M., Szwajgier, W., Terpi³owski, S., 2004. Wp³yw l¹do -
lodu zlodowacenia Warty na rzeŸbê pó³nocnego przedpola
Wy¿yny Lubelskiej (in Pol ish). In: Zlodowacenie Warty w Polsce
(eds. M. Harasimiuk and S. Terpi³owski): 163–171. Wyda wni -
ctwa UMCS, Lublin.

Hrynowiecka, A., ¯arski, M., Win ter, H., 2014. Veg e ta tion and
stra tig ra phy of the Mazovian (Holsteinian) inter gla cial sec tions
from Dobropol and other new sites in west ern Polesie re gion
south-east ern Po land. Studia Quaternaria, 31: 17–30.

Hrynowiecka, A., Pidek, I.A., 2017. Older and Youn ger Holsteinian
cli mate os cil la tions in the palaeobotanical re cord of the Brus
pro file (SE Po land). Geo log i cal Quar terly, 61 (4): 723–737.
https://doi.org/10.7306/gq.1358

Magdalena Kucharska et al. / Geological Quarterly, 2024, 68: 15 15

https://doi.org/10.7306/gq.1358


Hrynowiecka, A., ¯arski, M., Drzewicki, W., 2019. The rank of cli -
ma tic os cil la tions dur ing MIS 11c (OHO and YHO) and post-
 inter gla cial cool ing dur ing MIS 11b and MIS 11a in east ern Po -
land. Geo log i cal Quar terly, 63 (3): 375–394.
 https://doi.org/10.7306/ gq.1470

Hrynowiecka-Czmielewska, A., 2010. His tory of veg e ta tion and
cli mate of the Mazovian (Holsteinian) Inter gla cial and the Livie -
cian (Saalian) Gla ci ation on the ba sis of pol len anal y sis of
palaeolake sed i ments from Nowiny ¯ukowskie, SE Po land.
Acta Palaeobotanica, 50: 18–54.

Jahn, A., 1956. Geo mor phol ogy and Qua ter nary his tory of Lublin
Pla teau (in Pol ish with Eng lish sum mary). Prace Geograficzne
Instytutu Geograficznego PAN, 7.

Janczyk-Kopikowa, Z., 1981. Pol len anal y sis of the Pleis to cene
sed i ments at Kaznów and Krêpiec (in Pol ish with Eng lish sum -
mary). Biuletyn Instytutu Geologicznego, 321: 249–258.

Janczyk-Kopikowa, Z., 1983. Pol len anal y sis of sed i ments from
Rokitno near Wieprz River (in Pol ish with Eng lish sum mary).
Archiwum Pañstwowego Instytutu Geologicznego, nr arch.
46001, Warszawa .

Janczyk-Kopikowa, Z., 1991. The Ferdynandów Inter gla cial in Po -
land (in Pol ish with Eng lish sum mary). Geo log i cal Quar terly, 35
(1): 71–80.

Karaszewski W., 1954. About the pres ence of two older inter gla cial
for ma tions in the Syrniki on Wieprz pro file (in Pol ish with Eng lish 
sum mary). Biuletyn Instytutu Geologicznego, 69: 167–176.

Koutsodendris, A., Müller, U.C., Pross, J., Brauer, A., Kotthoff,
U., Lotter, A.F., 2010. Veg e ta tion dy nam ics and cli mate vari abil -
ity dur ing the Holsteinian inter gla cial based on a pol len re cord
from Dethlingen (north ern Ger many). Qua ter nary Sci ences Re -
view, 29: 3298–3307.
https://doi.org/10.1016/j.quascirev.2010.07.024

Krupiñski, K.M., Rytel, A., Saliñski, P., 1982. The lo cal ity of
Eemian lac us trine de pos its at Karczunek, Lubartów Up land (in
Pol ish with Eng lish sum mary). Kwartalnik Geologiczny, 26 (1):
147–158.

Laskowska-Wysoczañska, W., 1979. Qua ter nary ver ti cal move -
ments of mar ginal zone of the Carpathian foredeep in front of
the Roztocze (in Pol ish with Eng lish sum mary). Przegl¹d
Geologiczny, 27: 318–321.

Lindner, L., 1991. Prob lems of cor re la tion of main strati graphic
units of the Qua ter nary of Mid-West ern Eu rope (in Pol ish with
Eng lish sum mary). Przegl¹d Geologiczny, 39: 249–253.

Lindner, L., Marks, L., 2008. Pleis to cene stra tig ra phy of Po land
and its cor re la tion with stratotype sec tions in the Volhynian Up -
land (Ukraine). Geochronometria, 31: 31–37.

Lindner, L., Marks, L., 2012. Climatostratigraphic sub di vi sion of
the Pleis to cene Mid dle Pol ish Com plex in Po land (in Pol ish with
Eng lish sum mary). Przegl¹d Geologiczny, 60: 36–45.

Lindner, L., Bogutsky, A., Gozhik, P., Marks, L., £anczont, M.,
Wojtanowicz, J., 2006. Cor re la tion of Pleis to cene de pos its in
the area be tween the Bal tic and Black Sea, Cen tral Eu rope.
Geo log i cal Quar terly, 50 (1): 195–210.

Lisicki, S., 2003. Lithotypes and lithostratigraphy of tills of the Pleis -
to cene in the Vistula drain age ba sin area, Po land (in Pol ish with
Eng lish sum mary). Prace Pañstwowego Instytutu Geolo -
gicznego, 177: 1–105.

Liszkowski J., 1975. Wp³yw pionowych ruchów skorupy ziemskiej
na kszta³towanie siê warunków hydrogeologicznych wodo -
noœców szczelinowych (in Pol ish). In: Wspó³czesne i neotekto -
niczne ruchy skorupy ziemskiej w Polsce. Wyd. Geol., 1:
279–290.

Liszkowski, J., 1979. Objaœnienia do Szczegó³owej Mapy Geolo -
gicznej Polski 1:50 000, ark. Ostrów Lubelski (714) (in Pol ish).
Instytut Geologiczny, Warszawa.

£oziñska-Stêpieñ, H., Rytel, A., Saliñski, P., 1985a. Objaœnienia
do Szczegó³owej Mapy Geologicznej Polski 1:50 000, ark.
Lubartów (713) (in Pol ish). Wyd. Geol., Warszawa. 

£oziñska-Stêpieñ, H., Rytel, A., Saliñski, P., 1985b. Szczegó³owa
Mapa Geologiczna Polski 1:50 000, ark. Leszkowice (677) (in
Pol ish). Wyd. Geol., Warszawa. 

£oziñska-Stêpieñ, H., Rytel, A., Saliñski, P., 1985c. Szczegó³owa
Mapa Geologiczna Polski 1:50 000, ark. Lubartów (713) (in Pol -
ish). Wyd. Geol., Warszawa. 

Marks, L., 2023. Qua ter nary stra tig ra phy of Po land – cur rent sta tus. 
Acta Geologica Polonica, 73: 307–340.
 https://doi.org/24425/agp.2023.145614

Marks, L., Karabanov, A., Nitychoruk, J., Bahdasarau, M., Krzy -
wicki, T., Majecka, A., Pochocka–Szwarc, K., Rychel, J.,
Woronko, B., Zbucki, £., Hradunova, A., Hrychanik, M.,
Mam chyk, S., Rylova, T., Nowacki, £., Pielach, M., 2018. Re -
vised limit of the Saalian ice sheet in cen tral Eu rope. Qua ter nary 
In ter na tional, 478: 59–74.
https://doi.org/ 10.1016/j.quantit.2016.07.043

Maruszczak, H., 1974. Zagadnienie genezy i wieku prze³omu Wie -
prza pod £êczn¹ (in Pol ish). In: Przewodnik 12. Ogólno pol -
skiego Zjazdu Polskiego Towarzystwa Geograficznego: 69–72,
Lublin, 28–31 sierpnia.

Maruszczak H., 2001. Schemat stratygrafii lessów i gleb œród -
lessowych w Polsce (in Pol ish). In: Podstawowe pro file lessów w 
Polsce II (ed. H. Maruszczak): 17–29. Wydawnictwa UMCS,
Lublin.

Mojski, J.E., 1963. Karta otworu „Serniki C” Id 116 893 (in Pol ish).
Archiwum Pañstwowego Instytutu Geologicznego, nr arch.
67877, Warszawa.

Mojski, J.E., 1993. Europa w plejstocenie; ewolucja œrodowiska
przyrodniczego (in Pol ish). Wydawnictwo Polskiej Agencji
Ekologicznej, Warszawa.

Mojski, J.E., 2005. Ziemie polskie w czwartorzêdzie. Zarys morfo -
genezy (in Pol ish). Pañstwowy Instytut Geologiczny, Warszawa.

Mojski, J.E., Morawski, J., 1956. Profil geologiczny interglacja³u w
Rokitnie nad Wieprzem (in Pol ish). Annales UMCS, Sec tion B,
9: 259–266.

Nitychoruk, J., Biñka, J., Ruppert, H., Schnei der, J., 2006.
Holsteinian Intergla cial = Ma rine Iso tope Stage 11? Qua ter nary
Sci ences Re view, 25: 2678–2681.
 https://doi.org/10.1016/j.quascirev.2006.07.004

Pacanowski G., 2021. Dokumentacja badañ geofizycznych wyko -
nanych metod¹ tomografii elektrooporowej (ERT) w ramach
tematu: aktualizacja Szczegó³owej Mapy Geologicznej Polski w
skali 1:50 000 (I etap – 160 arkuszy) – arkusz £êczna, Ostrów
Lubelski (in Pol ish). Centralne Archiwum Geologiczne Pañstwo -
wego Instytutu Geologicznego, Warszawa nr 13029/2023.

Paepe, R., Marilakos, I.N., Nassopoulous, S.S., Van Overfloop,
E., Vouloumanos, N.J., 1996. Qua ter nary pe ri o dici ties of
drought in Greece. NATO ASI Se ries, 136: 77–110.

Paw³owska, A., Tracz, A., 1975. Dokumentacja badañ geo -
fizycznych dla opracowania Szczegó³owej Mapy Geologicznej
Polski, 1:50 000, arkusze £êczna i Urszulin (in Pol ish).
Archiwum Pañstwowego Instytutu Geologicznego, nr arch.
44595, Warszawa.

Piwocki, M., Badura, J., Przybylski, B., 2004. Ni¿ Polski i jego
po³udniowe obrze¿enie (in Pol ish). In: Budowa geologiczna
Polski. Stratygrafia. 1. Kenozoik, Paleogen i neogen (eds. T.M.
Peryt and M. Piwocki): 71–133. Pañstwowy Instytut Geolo -
giczny, Warszawa.

Prószyñski, M., Karaszewski, W., 1952. Note on inter gla cial pro file 
at Syrniki on the Wieprz, dis trict Lubartów (pre lim i nary notes) (in 
Pol ish with Eng lish sum mary). Biuletyn Pañstwowego Instytutu
Geologicznego, 66: 583–586.

16 Magdalena Kucharska et al. / Geological Quarterly, 2024, 68: 15

https://doi.org/ 10.1016/j.quantit.2016.07.043
https://doi.org/24425/agp.2023.145614
https://doi.org/10.1016/j.quascirev.2010.07.024


S³odkowska, B., Kasiñski, J.R., 2016. Paleogene and Neo gene: a
time of dy namic changes of cli mate (in Pol ish with Eng lish sum -
mary). Przegl¹d Geologiczny, 64: 15–25.

Sobolewska, M., 1956. Pleis to cene veg e ta tion of Syrnifei on the
river Wieprz (in Pol ish with Eng lish sum mary). Biuletyn Instytutu 
Geologicznego, 100: 143–192.

Solon, J., Borzyszkowski, J., Bid³asik M., Richling A., Badora,
K., Balon, J., Brzeziñska-Wójcik, T., Chabudziñski, £.,
Dobrowolski, R., Grzegorczyk, I., Jod³owski, M., Kistowski,
M., Kot, R., Kr¹¿, P., Lechnio, J., Macias, A., Majchrowska,
A., Malinowska, E., Migoñ, P., Myga-Pi¹tek, U., Nita, J.,
Papiñska, E., Rodzik, J., Strzy¿, M., Terpi³owski, S., Ziaja,
W., 2018. Physico-geo graph ical mesoregions of Po land: ver i fi -
ca tion and ad just ment of bound aries on the ba sis of con tem po -
rary spa tial data. Geographia Polonica, 91 (2): 143–170
https://doi.org/10.7163/GPol.0115

Staszic S., 1815. O ziemiorództwie Karpatów i innych gór i równin
Polski (in Pol ish). Drukarnia Rz¹dowa, Warszawa.

Œrodoñ, A., 1960. Strati graphic ta ble of the Pleis to cene flo ras of Po -
land (in Pol ish with Eng lish sum mary). Rocznik Polskiego
Towarzystwa Geologicznego, 29: 299–318.

Terpi³owski, S., Zieliñski, T., Czubla, P., Pidek, I.A., Kusiak, J.,
Godlewska, A., Zieliñski, P., Ma³ek, M., Mroczek, P., Hryno -
wiecka, A., 2013. Klimatyczne cykle kompleksu œrodkowo -
polskiego w zapisie sukcesji osadowej w rejonie £ukowa
(wscho dnia Polska) (in Pol ish). In: Materia³y 20. Konferencji
Stratygrafii Plejstocenu Polski: Plejstocen Przedpola Sudetów
Œrod kowych: 27–28, Lasocin, 2–6 wrzeœnia.

Zaborski, B., 1927. Studia nad morfologi¹ dyluwium Podlasia i
terenów s¹siednich (in Pol ish). Przegl¹d Geograficzny, 7: 1–52.

¯arski, M., Kucharska, M., 2020. Objaœnienia do Mapy Geolo -
gicznej Polski 1:200 000, ark Siedlce (in Pol ish). PIG-PIB,
Warszawa.
https://bazadata.pgi.gov.pl/data/mgp200/txt/edycja2/mgp200txt
41-edycja2.pdf

Magdalena Kucharska et al. / Geological Quarterly, 2024, 68: 15 17

https://bazadata.pgi.gov.pl/data/mgp200/txt/edycja2/mgp200txt41-edycja2.pdf

