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A re vised stra tig ra phy the Lower and Mid dle Pleis to cene in south ern Po land is pre sented, based on geo log i cal ev i dence
from key sites, better con straints on the num ber and age of Scan di na vian ice sheet ad vances, and the strati graphic set ting of 
the inter gla cial se quences. Iden ti fi ca tion of the palaeomagnetic Brunhes/Matuyama bound ary and an ad mix ture of gla cially
de rived ma te rial of north ern prov e nance in flu vial de pos its dem on strate that the old est Scan di na vian ice sheet ad vance
(Nidanian Gla ci ation) in Po land and the first warm ing of the old est inter gla cial (Podlasian) oc curred in the late Early Pleis to -
cene. The first ice sheet ad vance in the Oœwiêcim Ba sin is re corded by a till of the Nidanian Gla ci ation. A sin gle till and its
geo log i cal set ting rel a tive to de pos its of the Podlasian and Ferdynandovian interglacials show that, con trary to pre vi ous
opin ions, the ice sheet ad vance of the early Mid dle Pleis to cene Sanian 1 Gla ci ation was a sin gle, the most ex ten sive gla cial
event in the Sandomierz Ba sin and in west ern Ukraine. The Sanian 2 and the Odranian ice sheets were con sid er ably less ex -
ten sive in east ern Po land. The re vised Pleis to cene stra tig ra phy and palaeo ge ogra phy of south ern Po land is a sig nif i cant
step for ward to wards re li able cor re la tion of the Pol ish climatostratigraphic units with the Eu ro pean stra tig ra phy.
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INTRODUCTION

At its max i mum ex tent, the Scan di na vian ice sheet reached
the Carpathians and the Sudetes in south ern Po land. In the
mar ginal part of the Carpathians, the max i mum ice sheet limit of 
the Pleis to cene gla ci ation, at first named the Cracovian or the
South Pol ish one, could be de ter mined based on oc cur rence of
er ratic boul ders and an ad mix ture of the Scan di na vian ma te rial
in other de pos its (cf. Lindner, 2001). In the Early Pleis to cene,
grav els were de pos ited in the Carpathian fore land by the Car -
pa thian rivers (£yczewska, 1948; Laskowska- Wysoczañska,
1971; Mojski, 1984, 1985; Starkel, 1984). These are char ac te r -
ized by low petrographic di ver sity while their ac cu mu la tion was
as so ci ated with a preglacial in ter val that pre ceded the first ice
sheet ad vance into this area (cf., Gradziñski and Unrug, 1959;
Kucia-Lubelska, 1966; D¿u³yñski et al., 1968; Nawrocki and
Wójcik, 1990; Lindner and Siennicka-Chmielewska, 1998).
Based on plant fos sils in clay balls found in these flu vial grav els, 
these preglacial de pos its were found then to rep re sent the late

Mio cene and the Plio cene (Brud and Worobiec, 2003;
Zastawniak-Birkenmajer and Birkenmajer, 2012).

A de pres sion in the south ern Sandomierz Ba sin fa voured
lo ca tion of a river val ley along the mar gin of the Carpathians in
the Early Pleis to cene, the river drain ing south-east to the
Dnister River val ley (Lindner and Marks, 2015). A lack of the
Scan di na vian ma te rial in these old est flu vial de pos its in di cated
that the river was sup plied by the Carpathian trib u tar ies. The
first ice sheet ad vance in south ern Po land (cf., Fig. 1) led to an
ad mix ture of Scan di na vian ma te rial in the flu vial de pos its, these 
be ing known as the mixed grav els (Hilber, 1882; Tietze, 1883;
Uhlig, 1884; £oziñski, 1907; Romer, 1907; Stupnicka, 1962;
£an czont, 1997; £anczont et al., 2011; Lindner and Marks,
2013).

The sites with re cords of inter gla cial pol len suc ces sions en -
abled de ter mi na tion of the ice sheet limit and age of the Scan di -
na vian gla ci ation in the Sandomierz Ba sin and the mar ginal part 
of the Carpathians (Fig. 1). Max i mum lim its of two ice sheets
were de ter mined in this area, cor re lated with the Sanian 1 and
the Sanian 2 glaciations (Fig. 2). This was pri mar ily based on
the oc cur rence of Scan di na vian er ratic ma te rial, but also in ter -
preted from the pol len spec trum and a geo log i cal set ting of the
Jasionka site (D¹browski, 1967; G³azek et al., 1976). The pol len 
suc ces sion ex am ined was as sumed to rep re sent the
Ferdynandovian Inter gla cial and a till above the inter gla cial de -
pos its at Jasionka was con sid ered as ev i dence of the ice sheet
ad vance dur ing the Sanian 2 Gla ci ation (Lindner, 1988a, b,
2001). This gla ci ation was pos tu lated to be the most ex ten sive
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in south east ern Po land and west ern Ukraine, with ice sheet
lobes ad vanc ing lo cally into the Carpathian bas ins (Butrym et
al., 1988; £anczont, 1997; £anczont et al., 2003, 2019) and was 
at first cor re lated with the Wilga Gla ci ation, de fined at the
Ferdynandów site in south ern Podlasie (cf., Janczyk-Kopikowa
et al., 1981). Based on thermoluminescence dat ing of a till (cf.
Lindner, 1992), the Sanian 2 ice sheet was then con sid ered to
reach only the cen tral part of the Sandomierz Ba sin (Lindner,
2001; cf. Gozhik et al., 2012). Then, the max i mum ice sheet ex -
tent was as so ci ated ei ther with the Sanian 1 Gla ci ation in the
Sandomierz Ba sin (Lindner, 2001) or with the Sanian 2 Gla ci -
ation in the Pol ish-Ukrai nian bor der area (£anczont, 1997;
£anczont et al., 2019). Al ter na tively, the first ice sheet in the
Oœwiêcim Ba sin was as so ci ated with the Nidanian Gla ci ation
(Wójcik et al., 2004; Lindner et al., 2013).

Flu vial run off, par al lel to the Carpathians mar gin, was in ter -
rupted dur ing the Sanian 1 Gla ci ation but it was re ac ti vated af -
ter the ice sheet re treat in an ice-mar ginal spill way (Laskowska -
-Wysoczañska, 1967). At that time, flu vial de pos its were al -
ready en riched in Scan di na vian ma te rial and the wa ters drained 
into the Dnistr Val ley (cf. Lindner and Marks, 2015).

In south west ern Po land, the north ern mar gin of the Sudetes 
was reached or slightly overpassed by the ice sheets of the
Sanian 2 and the Odranian glaciations (Szczepankiewicz,
1969; Walczak, 1972; Przybylski et al., 2013). In the north ern
Czechia, gla cial de pos its of two Scan di na vian glacia tions were
rec og nized, the Odranian Gla ci ation be ing the most ex ten sive
in the Moravian Gate (Nývlt, 1998, 2011).

This pa per pro vides a re vised stra tig ra phy of the late Lower
and early Mid dle Pleis to cene in south ern Po land. This is com -
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bined with a better-con strained num ber and age of ice sheet
ad vances, in clud ing from the strati graphic set ting of inter gla cial
se quences re corded at key sites in this re gion. It is a step to -
wards more re li able cor re la tion of the climatostratigraphic units
de fined in Po land with the Eu ro pean stra tig ra phy (Marks, 2023;
cf. Gibbard et al., 2005).

SOURCE MATERIAL

The anal y sis is based on re sults pub lished pre vi ously by
other re search ers. A crit i cal re view of the type sec tions in the
Sandomierz Ba sin and the Oœwiêcim Ba sin en abled re in ter pre -
ta tion of re sults of pre vi ous in ves ti ga tions  and ap pli ca tion of a
mod ern strati graphic clas si fi ca tion (cf. Marks et al., 2014;
http://qua ter nary.stra tig ra phy.org/strati graphic-guide).

Lithostratigraphy, biostratigraphy (mainly palynostrati gra -
phy), magnetostratigraphy and chronostratigraphy of the geo -
log i cal suc ces sions at key sites were es tab lished and re gional
climato stratigraphic units were dis tin guished. In this anal y sis,
apart from a lithogenetic clas si fi ca tion of the de pos its, a bound -
ary was es tab lished, that sep a rated older flu vial grav els of
Carpa thian der i va tion from mixed grav els en riched in Scan di -
na vian ma te rial. Pol len spec tra of the or ganic de pos its en abled
dis tinc tion of inter gla cial suc ces sions and their plac ing within
the Pol ish strati graphic scheme. The lo ca tion of the Brun -
hes/Matu yama palaeomagnetic bound ary at Koñczyce was a
key chro no log i cal marker of the Lower/Mid dle Pleis to cene
bound ary. Ap pli ca tion of lithostratigraphy, palynostratigraphy
and mag neto stratigraphy laid the foun da tions for a chrono -
stratigraphic sub di vi sion that could be used for cor re la tion with
climato stratigraphic units else where in Po land.

MAIN  TYPE SECTIONS

There are only 4 key sites with de pos its of the late Early and
early Mid dle Pleis to cene interglacials and tills of the Scan di na -
vian glaciations in south ern Po land: Koñczyce, Jasionka, £o -
wisko and Bukowina (Fig. 1). The age of tills was es ti mated
based on the pe trog ra phy of the un der ly ing and over ly ing flu vial 
de pos its, pol len suc ces sions and palaeomagnetic data (cf.
Marks, 2022).

KOÑCZYCE

The first Scan di na vian ice sheet in south ern Po land is re -
corded by a till at Koñczyce in the Oœwiêcim Ba sin (Fig. 1). This
till, to gether with the over ly ing or ganic de pos its (cf. Fig. 2), is lo -
cated be neath the Brunhes/Matuyama palaeomagnetic bound -
ary (Wójcik et al., 2004; cf. Lindner et al., 2013). Flu vial sand
and gravel at the bot tom of the sec tion are de void of north ern
prov e nance ma te rial ice-de rived from Scan di na via and the Bal -
tic Ba sin (Fig. 3) and are over lain by glaciofluvial sand and
gravel, lo cally with a till that was cor re lated with the Narevian
Gla ci ation or al ter na tively with the hy po thet i cal Olza or Carpa -
thian Gla ci ation (cf. Wójcik et al., 2004). Above the glaciofluvial
de pos its there is or ganic silt with a pol len spec trum rep re sent -
ing part of an inter gla cial suc ces sion (Fig. 3), with high con tents
of oak (Quercus), al der (Alnus), lin den (Tilia) and ha zel (Cory -
lus), and smaller par tic i pa tion of elm (Ulmus), horn beam
(Carpi nus) and fir (Abies). Lo ca tion of these de pos its be neath
the Brunhes/Matuyama bound ary sug gested un equiv o cally a

cor re la tion with the Augustovian pol len suc ces sion and of the
un der ly ing till with the Nidanian Gla ci ation (cf. Lindner et al.,
2013). The thick ness of the or ganic de pos its and the char ac ter -
is tics of the pol len spec trum in di cate a youn ger part of the bi par -
tite Augustovian suc ces sion (cf. Ber et al., 1998; Win ter, 2006,
2008). Abies was com mon at Koñczyce, this tree be ing typ i cal
of moun tain and up land ar eas, while it was ab sent at that time
from sites in the low land area of north east ern Po land (cf.
Lindner et al., 2013).

In the other part of the ex po sure, above the inter gla cial suc -
ces sion there are flu vial de pos its of a braided river, typ i cal for a
cool cli mate (Wójcik et al., 2004), in turn over lain by silt and or -
ganic silt with peat interbeds of a me an der ing river, char ac ter is -
tic of a tem per ate cli mate (Fig. 3). The pol len suc ces sion in
these or ganic de pos its re corded 2 dis tinct warm ings, sep a rated 
by a cool ing. Each warm ing is in di cated by a high par tic i pa tion
of al der (Alnus), horn beam (Carpinus) and ha zel (Corylus). This 
pol len suc ces sion was cor re lated with the Ferdynandovian
Inter gla cial (cf. Wójcik et al., 2004).

JASIONKA

This site, lo cated 8 km to the north of Rzeszów (Fig. 1), is
im por tant for the stra tig ra phy of the early Mid dle Pleis to cene in
the Sandomierz Ba sin (Laskowska-Wysoczañska, 1967). Ma -
rine clays of the Mio cene at this site are over lain by flu vial sand
and gravel, de void of north ern prov e nance ma te rial, but con -
tain ing a bed of or ganic silt, gyttja and peat of a bur ied ox bow
lake (Fig. 4).

The pol len suc ces sion in di cates ini tial pine for est com mu ni -
ties with an ad mix ture of spruce and birch, rare oak and elm.
Pro gres sive warm ing led to the pre dom i nance of mixed pine-
 oak for est with spruce and birch, and de cid u ous for est with oak
and elm, and an ad mix ture of lin den and rare horn beam. It un -
doubt edly rep re sents a mod er ately warm cli ma tic op ti mum, fol -
lowed by a cool ing and a wet ter cli mate, re flected by a dom i nant 
pine for est and the oc cur rence of al der (D¹browski, 1967). The
ap pear ance of mis tle toe (Viscum) in di cated mean win ter tem -
per a tures of >–8°C and mean sum mer tem per a tures >16°C,
such sea sonal tem per a ture dif fer ence sug gest ing a con ti nen tal
cli mate. There was also some larch (Larix) and as pen
(Populus), whereas pro gres sive cool ing re sulted in an in crea -
sed par tic i pa tion of birch and spruce, a max i mum of al der and
then a pre dom i nance of a bo real for est which be came grad u ally 
thin ner (Fig. 4).

The pol len suc ces sion at Jasionka was ini tially con sid ered to
rep re sent an interstadial (D¹browski, 1967), then cor re lated with
the Kozi Grzbiet Inter gla cial (cf. G³azek et al., 1976), named later
the Malopolanian Inter gla cial (Ró¿ycki, 1978). Fi nally, it was
found to be de cid edly dif fer ent from the suc ces sion of the
Ferdynandovian Inter gla cial (Stuchlik and Wójcik, 2001) and cor -
re lated with the youn ger part of the Podlasian Inter gla cial (cf.
Lindner et al., 2013). The or ganic de pos its at Jasionka are over -
lain by glaciofluvial sand and gravel, be tween two tills of the
Sanian 1 Gla ci ation (Lindner and Marks, 2015). The up per till
may re flect a lo cal ad vance of the ice sheet mar gin dur ing gen -
eral re treat of the ice sheet. Such a lo cal till bed was also noted
by the au thor in 2022 at Krzeszów on the San River (cf. Fig. 1).

£OWISKO

This site is lo cated on the Vistula and San interfluves in the
Sandomierz Ba sin (Stuchlik and Wójcik, 2001). Ma rine clay of
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the Mio cene is over lain by flu vial sand and gravel with peb bles of
the Carpathian sand stone, quartz and flint (Fig. 5). A lack of
north ern prov e nance ma te rial in di cates de po si tion prior to the
first ice sheet ad vance in the Sandomierz Ba sin (Laskowska-
 Wysoczañska, 1971; Starkel, 1971, 1984; cf. Gozhik et al.,
2012). Or ganic silt and silt are pres ent above the flu vial de pos its.

A pol len suc ces sion rep re sented the fi nal part of the inter -
gla cial when a warm and wet cli mate pre vailed, with mixed for -
est com mu ni ties com posed of oak, lin den, elm, horn beam and 
al der (Stuchlik and Wójcik, 2001). Thermophilous trees de -
clined and were grad u ally re placed, at first by a bo real for est
and then by a tun dra veg e ta tion (Fig. 5). The par tial pol len
suc ces sion at £owisko is dif fi cult to in ter pret stratigraphically
but it re sem bles the pol len suc ces sion at Jasionka and dif fers
sig nif i cantly from the Augustovian and Ferdynandovian suc -
ces sions (Stuchlik and Wójcik, 2001). The clos est sim i lar ity of
the £o wisko palynological spec trum to the that of Jasionka
(Stuchlik and Wójcik, 2001) sug gests its set ting in a ter mi nal
part of the Domuratovian suc ces sion, that is, in the ter mi nal
part of the Podlasian Inter gla cial (cf. Lindner and Marks,
2015). The inter gla cial de pos its at £owisko are over lain by silt
with heavy min er als of north ern prov e nance that rep re sent ac -
cu mu la tion in a proglacial lake, sub se quently man tled by a till
of the Sanian 1 Gla ci ation (Fig. 5).

BUKOWINA

This site, lo cated in the east ern part of the Sandomierz Ba -
sin, played an im por tant role in de ter mi na tion of ice sheet ex -
tents dur ing the Sanian 1 and Sanian 2 glaciations (cf. Lindner,
2001). At the bot tom of the sec tion, ma rine clays of the Mio cene 
are over lain by glaciofluvial gravel and sand with an ad mix ture
of north ern prov e nance ma te rial (Wieczorek, 1999), de rived
prob a bly from eroded till of the Sanian 1 Gla ci ation (Fig. 6).
Above, there is a flu vial sand with a fin ing-up wards trend, over -
lain by gyttja and peat of an ox bow palaeolake and ac com pa -
nied by sand and silt de pos ited on a floodplain. The pol len spec -
trum of these or ganic de pos its is sim i lar to that of the sec ond
op ti mum of the Ferdynandovian suc ces sion (Grano szewski,
1999). At the top of the sec tion is flu vial sand of the Odranian
Gla ci ation and ae olian sand of the Vistulian Gla ci ation
(Wieczorek, 1999).

DISCUSSION

A till be neath de pos its of the Podlasian Inter gla cial at
Koñczyce is ev i dence of the old est gla ci ation in Po land, the
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same as ini tially iden ti fied at the Kozi Grzbiet site in the Holy
Cross Moun tains, based on the oc cur rence of north ern prov e -
nance ma te rial in glaciofluvial de pos its lo cated be low the
Brunhes/Matuyama bound ary (G³azek et al., 1976, 1977). At
pres ent, this gla ci ation is named the Nidanian Gla ci ation; it cor -
re sponds to the Narevian Gla ci ation in Belarus and might cor re -
late with the Dorst Substage of the Bavelian Stage in West ern
Eu rope (cf. Lindner et al., 2013). Dur ing the Podlasian Inter gla -
cial, flu vial de po si tion of mixed grav els oc curred in the
Oœwiêcim Ba sin (Stupnicka, 1962; Lindner and Marks, 2013).

Pol len suc ces sions and lo ca tions of inter gla cial sites in
south east ern Po land en abled de ter mi na tion of the age and ex -
tents of ice sheet ad vances in the Sandomierz Ba sin and the
mar ginal part of the Carpathians. The pres ence of two ice
sheets dis tin guished in this area, and cor re lated with the
Sanian 1 and the Sanian 2 glaciations, was based on the as -
sump tion that the pol len suc ces sion at Jasionka rep re sented
the Ferdynandovian Inter gla cial (Lindner, 1988a, b, 2001) as
sup ported by pol len anal y sis (cf. D¹browski, 1967) and sub se -
quent strati graphic in ter pre ta tion (G³azek et al., 1976). A till
above the inter gla cial de pos its was then con sid ered as ev i -
dence of the Sanian 2 ice sheet ad vance into the cen tral part of
the Sandomierz Ba sin (Lindner, 2001; cf. Gozhik et al., 2012).

Re vi sion of the num ber and ex tents of the Scan di na vian ice
sheets in the Sandomierz Ba sin was pos si ble, af ter the pol len
suc ces sion at Jasionka was found to rep re sent a youn ger part of
the Podlasian Inter gla cial and the pol len suc ces sion at £owisko
was cor re lated with that at Jasionka (Stuchlik and Wójcik, 2001;
cf. Lindner and Marks, 2013). On the other hand, there is no till
above the Ferdynandovian suc ces sion at Bukowina, the lat ter
be ing un der lain by glaciofluvial de pos its of the Sanian 1 Gla ci -
ation (Wieczorek, 1999). Gen er ally, only a sin gle till was re -
corded in the Sandomierz Ba sin (cf. Wojta nowicz, 1971, 1985,
1997; £anczont et al., 1988; Dolecki et al., 1996; £anczont, 1997) 
and its strati graphic set ting is ob vi ous at Jasionka and £owisko
where it is un der lain by or ganic de pos its of the Podlasian Inter -
gla cial (Fig. 7). Based on the strati graphic set ting of the mixed
grav els in the Sandomierz Ba sin (£anczont, 1997; £anczont et
al., 2011; Lindner and Marks, 2013), a re gional bound ary be -
tween the preglacial and gla cial Pleis to cene may be dis tin -
guished (cf. Stuchlik and Wójcik, 2001).

The chro nol ogy and ex tent of the Scan di na vian ice sheets
in south ern Po land was based on the geo log i cal set ting of the
Brunhes/Matuyama bound ary at Koñczyce, sup ported by oc -
cur rence of the mixed grav els in the Oœwiêcim and the
Sandomierz bas ins (Fig. 7). The re la tion of the flu vial suc ces -
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sion of the Sandomierz Ba sin to the Dnister ter races is also im -
por tant, be cause the Brunhes/Matuyama bound ary was iden ti -
fied there in de pos its of ter race H at Mikhailovka (Matoshko et
al., 2004). Thus, the late Early Pleis to cene Nidanian ice sheet
ad vance was the first into the Oœwiêcim Ba sin, and the Sanian
1 ad vance into the Sandomierz Ba sin (Lindner and Marks,
2015).

The most ex ten sive ice sheet ad vance in west ern Ukraine
has been cor re lated with the Sanian 2 Gla ci ation, with a sin gle
till was re corded in this re gion, in clud ing  the Kruzhiki and
Torhanovychi sites (£anczont et al., 2003, 2019). On the other
hand, two tills were re corded in the vi cin ity of the Vistula River
Gorge through the South Pol ish Up lands. Among these, the
older till was cor re lated with the Sanian 1 Gla ci ation and the
youn ger till with the Odranian Gla ci ation (Muchowski 1992;
Po¿aryski et al., 1994). A less ex ten sive ice sheet ad vance dur -
ing the Sanian 2 Gla ci ation was sug gested by the geo log i cal
set ting of the inter gla cial sites in south ern Podlasie. In this area, 
a till of the Sanian 2 Gla ci ation was com monly iden ti fied above

the de pos its of the Ferdynandovian Inter gla cial though not at
ev ery site (cf. ¯arski et al., 2009: figs. 4 and 6). There fore, a re -
vised stra tig ra phy of tills sug gests that the Sandomierz Ba sin
and the west ern Ukraine were oc cu pied only by the ice sheet of
the Sanian 1 Gla ci ation (Fig. 8). 

CONCLUSIONS

A max i mum limit of the Pleis to cene ice sheet in south ern
Po land may be de ter mined, based on dis per sion of north ern
prov e nance er ratic boul ders, the oc cur rence of the first ice
sheet in this re gion be ing in di cated by ad mix ture of north ern
prov e nance ma te rial in flu vial de pos its. Tills and ice sheet ex -
tents of 4 glaciations have been gen er ally dis tin guished in
south ern Po land in clud ing the Nidanian, Sanian 1, Sanian 2
and Odranian. A re vised stra tig ra phy of the Lower and Mid dle
Pleis to cene, based on con strain ing the strati graphic set ting of
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the inter gla cial se quences at key sites, en abled re vi sion of the
num ber and the ages of Scan di na vian ice sheet ad vances into
this re gion. Iden ti fi ca tion of the palaeomagnetic Brun hes/Ma -
tuya ma bound ary and the pres ence of north ern prov e nance
ma te rial in flu vial de pos its showed that the Nidanian Gla ci ation
and the first warm ing of the Podlasian Inter gla cial oc curred al -
ready in the late Early Pleis to cene. This first ice sheet ad vance
was re corded by a till of the Nidanian Gla ci ation and mixed
grav els at the Koñczyce site in the Oœwiêcim Ba sin. In the
Sandomierz Ba sin a sin gle till was re corded and its geo log i cal
set ting rel a tive to de pos its of the Podlasian and Ferdynando -
vian interglacials at Jasionka, £owisko and Bukowina showed
that, con trary to pre vi ous opin ion, there was a sin gle ice sheet
ad vance of the Sanian 1 Gla ci ation, the most ex ten sive in
south ern Po land and west ern Ukraine. The Sanian 2 and the

Odranian ice sheet ad vances were most ex ten sive in south -
west ern Po land though they were con sid er ably less ex ten sive
in east ern Po land. This re vi sion of the Lower-Mid dle Pleis to -
cene stra tig ra phy and palaeo ge ogra phy in south ern Po land
helps re li able cor re la tion of the Pol ish climatostratigraphic units
with the Eu ro pean stra tig ra phy.

Ac knowl edge ments. The pub li ca tion was sup ported by
the Na tional Sci ence Cen tre, Po land (pro ject
2017/27/B/ST10/00165). I am deeply grate ful to the re view ers,
P. Gibbard (Uni ver sity of Cam bridge, UK) and W. Wysota
(Nich o las Co per ni cus Uni ver sity in Toruñ, Po land), and the ed i -
tors for their crit i cal com ments and sug ges tions. They all helped  
to im prove the manu script.

REFERENCES

Ber, A., Janczyk-Kopikowa, Z., Krzyszkowski, D., 1998. A new
inter gla cial stage in Po land (Augustovian) and the prob lem of
the old est Pleis to cene till. Qua ter nary Sci ence Re views, 17
 761–773.  https://doi.org/10.1016/S0277-3791(97)00057-7.

Brud, S., Worobiec, G., 2003. Re sults of in ves ti ga tions on plant
macroremains found in de pos its of the Witów Se ries (south ern
Po land) (in Pol ish with Eng lish sum mary). Przegl¹d Geolo -
giczny, 51: 392–401.

Butrym, J., Maruszczak, H., Wojtanowicz, J., 1988. Thermo -
luminescence chro nol ogy of the Sanian (=Elsterian II) in land-ice 
de pos its in the San and the up per Dniestr river bas ins (in Pol ish
with Eng lish sum mary). Annales Societatis Geologorum Polo -
niae, 58: 191–205.

D¹browski, M.J., 1967. Pol len anal y sis of an interstadial pro file
from Jasionka near Rzeszów (in Pol ish with Eng lish sum mary).
Acta Geologica Polonica, 17: 509–520.

Dolecki, L., £anczont, M., Nowak, J., 1996. Mesopleistocene gla -
cial sed i ments in bor der land be tween Po land and Ukraine (in

Pol ish with Eng lish sum mary). In: Geneza, litologia i stratygrafia
utworów czwartorzêdowych, 2 (ed. A. Kostrzewski): 83–95.
Wydawnictwo Naukowe UAM, Poznañ.

D¿u³yñski, S., Krysowska-Iwaszkiewicz, M., Oszast, J., Starkel,
L., 1968. On Lower Qua ter nary grav els in the Sandomierz Ba sin 
(in Pol ish with Eng lish sum mary). Studia Geomorphologica
Carpatho- Balcanica, 2: 63–74.

Gibbard, P.L., Boreham, S., Co hen, K.M., Moscariello, A., 2005.
Global chronostratigraphical cor re la tion ta ble for the last 2.7 mil -
lion years. Boreas, 34: in sert.

G³azek, J., Lindner, L., Wysoczañski-Minkowicz, T., 1976. Inter -
gla cial Mindel I/Mindel II in fos sil-bear ing karst at Kozi Grzbiet in
the Holy Cross Mts. Acta Geologica Polonica, 26: 376–393.

G³azek, J., Kowalski, K., Lindner, L., M³ynarski, M., Stworze -
wicz, E., Tucho³ka, P., Wysoczañski-Minkowicz, T., 1977.
Cave de pos its at Kozi Grzbiet (Holy Cross Mts, Cen tral Po land)
with ver te brate and snail fau nas of the Mindelian I/Mindelian II

8 Leszek Marks / Geological Quarterly, 2023, 67: 25

50 km

Vis
tu

la

Bug

S
try

j

Dnister

N
id

a

ab
R

a

Dunajec

SkawaS
o

a³

O
dra

Wis³ok
Rzeszów

Kraków

Lviv

?

?

S L O V A K I A

CZECHIA

X
JasionkaJasionka

TorhanovychiTorhanovychi

XKatowiceKatowice

BukowinaBukowina

KrukienichiKrukienichi

ice sheet limits

Nidanian Sanian 1 Sanian 2

front of the Carpathian thrust

Podlasian
interglacial sites

X Ferdynandovian Mazovian lithologic sites

A
T

H
I

P

A

N

R

S

AC
SiedliskaSiedliska

KruzhikiKruzhiki

Przemyœl

U KR AI NE

San

£owisko£owisko
AdamówkaAdamówkaKrzeszówKrzeszów

Warta Lublin

Kielce

KoñczyceKoñczyce
X

Czêstochowa

Odranian

Fig. 8. Key sites and ice sheet ex tents in south ern Po land; 
af ter Lindner and Marks (2015) and £anczont et al. (2019), mod i fied

https://doi.org /10.1016/j.quaint.2014.09
https://doi.org/10.1016/j.palaeo.2019.05.024


inter gla cial and their strati graphic cor re la tions. Pro ceed ings 7th
In ter na tional Speleological Con gress, Shef field: 211–214.

Gozhik, P., Lindner, L., Marks, L., 2012. Late Early and early Mid -
dle Pleis to cene lim its of Scan di na vian glaciations in Po land and
Ukraine. Qua ter nary In ter na tional, 271: 31–37. https://doi.org
10.1016/j.quaint.2010.07.027

Gradziñski, R., Unrug, R., 1959. Or i gin and age of the “Witów se -
ries” near Cra cow (in Pol ish with Eng lish sum mary). Rocznik
Polskiego Towarzystwa Geologicznego, 29: 181–195.

Granoszewski, W., 1999. Pol len anal y sis of inter gla cial de pos its
from Bukowina (sheet Laszki) (in Pol ish). In: VI Konferencja:
Stratygrafia plejstocenu Polski, Czudec, 31 sierpnia–4 wrzeœnia 
1999 (eds. T. Malata, P. Marciniec, P. Nescieruk, A. Wójcik and
Z. Zimnal): 19–20. Pañstwowy Instytut Geologiczny, Kraków.

Head, M.J., Pillans, B., Zalasiewicz, J.A., Alloway, B., Beu, A.G.,
Co hen, K.M., Gibbard, P.L., Knudsen, K.L., Kolfschoten, T.
van, Lirer, F., Litt, T., Liu, J., Marks, L., McManus, J., Piotro -
wski, J.A., Räsänen, M., Ras mus sen, S.O., Saito, Y., Tesa -
kov, A., Turner, C., Walker, M., Zazo-Cardeña, C., 2021. For -
mal rat i fi ca tion of subseries for the Pleis to cene Se ries of the
Qua ter nary Sys tem. Ep i sodes, 44: 241–247.
 https://doi.org/10.18814/epiiugs/2020/020084

Hilber, V., 1882. Geologische Aufhnamen um Jaros³aw und Le¿ajsk 
in Galizien. Verhandlungen der Geologischen Reichsanstalt,
1882: 243–247.
http://qua ter nary.stra tig ra phy.org/strati graphic-guide

Janczyk-Kopikowa, Z., Mojski, J.E., Rzechowski, J., 1981. Po si -
tion of the Ferdynandów Inter gla cial, Mid dle Po land, in the Qua -
ter nary stra tig ra phy of the North Eu ro pean Plain. Biuletyn Insty -
tutu Geologicznego, 335: 65–79.

Kucia-Lubelska, M., 1966. The age of Witów se ries based on the
heavy min eral as sem blages (in Pol ish with Eng lish sum mary).
Rocznik Polskiego Towarzystwa Geologicznego, 36: 303–313.

Laj, C., Chan nel, J.E.T., 2007. Geo mag netic ex cur sions.Trea tise
on Geo phys ics, 5: 373–416.
 https://doi.org/10.1016/B978-044452748-6.00095-X

Laskowska-Wysoczañska, W., 1967. The interstadial of the
Craco vian Gla ci ation from Jasionka near Rzeszów (in Pol ish
with Eng lish sum mary). Acta Geologica Polonica, 17: 495–507.

Laskowska-Wysoczañska, W., 1971. Qua ter nary stra tig ra phy and
palaeogeomorphology of the Sandomierz Low land and the
Fore land of the Mid dle Carpathians, Po land (in Pol ish with Eng -
lish sum mary). Studia Geologica Polonica, 34: 1–109.

Lindner, L., 1988a. Gla cial and inter gla cial units of the Pleis to cene
in the Holy Cross Mts (in Pol ish with Eng lish sum mary). Prze -
gl¹d Geologiczny, 36: 31–39.

Lindner, L., 1988b. Stra tig ra phy and ex tents of Pleis to cene con ti -
nen tal glaciations in Eu rope. Acta Geologica Polonica, 38
 63–83.

Lindner, L., 1991. Prob lems of the age and ex tent of the Scan di na -
vian glaciations at the mar gin of the Pol ish Carpathians, south -
ern Po land (in Pol ish with Eng lish sum mary). Przegl¹d
Geologiczny, 49: 819–821.

Lindner, L., 1992. Qua ter nary stra tig ra phy (climatostratigraphy) (in
Pol ish). In: Czwartorzêd: osady, metody badañ, stratygrafia (ed. 
L. Lindner): 441–633. Wyd. PAE, Warszawa.

Lindner, L., 2001. Prob lems of the age and ex tent of the Scan di na -
vian glaciations at the mar gin of the Pol ish Carpathians (south -
ern Po land) (in Pol ish with Eng lish sum mary). Przegl¹d
Geologiczny, 49: 819–821.

Lindner, L., Marks, L., 2013. Or i gin and age of Pleis to cene "mixed
grav els" in the north ern fore land of the Carpathians. Annales
Societatis Geologorum Poloniae, 83: 29–36.

Lindner, L., Marks, L., 2015. Early and Mid dle Pleis to cene flu vial
se ries in north ern fore land of the Carpathians (Po land and
Ukraine) and their re la tion to Dnistr River ter races. Qua ter nary
In ter na tional, 357: 22–32.
https://doi.org /10.1016/j.quaint.2014.09

Lindner, L., Marks, L., Nita, M., 2013. Climatostratigraphy of inter -
glacials in Po land: Mid dle and Up per Pleis to cene lower bound -
aries from a Pol ish per spec tive. Qua ter nary In ter na tional, 292:
113–123. https://doi.org /10.1016/j.quaint.2012.11.018

Lindner, L., Siennicka-Chmielewska, A., 1998. The Witów Se ries
and the prob lem of the Ter tiary/Qua ter nary bound ary in South-
 East ern Po land. Mededelingen Nederlands Institut voor Toege -
paste Geowetenschappen TNO, 60: 287–292.

Lisiecki, L.E., Raymo, M.E., 2005. A Plio cene-Pleis to cene stack of
57 glob ally dis trib uted ben thic d18O re cords: Plio cene-Pleis to -
cene ben thic stack. Paleoceanography, 20.
 https://doi.org/10.1029/2004PA001071

£anczont, M. 1997. Pro file of the Qua ter nary de pos its at Siedliska
(fore land of the Przemyœl Carpathians, south-east ern Po land)
and its paleogeographic as pect. Studia Geomorphologica
Carpatho- Balkanica, 31: 5–29.

£anczont, M., Butrym, J., Pêkala, K., 1988. Strati graphic and
palaeogeographic sig nif i cance of Qua ter nary de pos its from the
Optyñ Hill near Przemyœl, East Carpathians. Qua ter nary Stud ies 
in Po land, 8: 79–84.

£anczont, M., Pidek, I.A., Bogucki, A., Wieliczkiewicz, F., Wojta -
nowicz, J., 2003. The key pro file of the Mazovian inter gla cial
from (Krukienice) in the San and Dniester interfluve (Ukraine) (in 
Pol ish with Eng lish summary). Przegl¹d Geologiczny, 51:
597–608.

£anczont, M., Bogucki, A., Ho³ub, B., Jacyszyn, A., Kusiak, J.,
2011. ¯wiry mieszane na przedgórzu Karpat Przemyskich i
Dobromilskich – rozmieszczenie, zestawienie pogl¹dów o ich
pochodzeniu (in Pol ish). In: Zbirnik naukovikh prac do XVII
ukrainsko-polskovo seminaru, Sambir, Ukraina, 15–18 veresnia 
2011 (eds. A. Bogucki, M. £anczont, T. Madeyska, Y. Yelo -
vichova, J. Krawchuk and A. Melnik): 139–153. Lvivskij
Nacjonalnij Universitet imeni Ivana Franka, Lviv.

£anczont, M., Bogucki, A., Yatsyshyn, A., Terpi³owski, S.,
Mroczek, P. Or³owska, A., Ho³uba, B., Zieliñski, P., Komar,
M., Woronko, B., Kulesza, P., Dmytruk, R., Tomeniuk, O.,
2019. Stra tig ra phy and chro nol ogy of the pe riph ery of the Scan -
di na vian ice sheet at the foot of the Ukrai nian Carpathians.
Palaeo ge ogra phy, Palaeoclimatology, Palaeo ec ol ogy, 530:
59–77. https://doi.org/10.1016/j.palaeo.2019.05.024

£oziñski, W., 1907. Quartärstudien im Gebiete der nordischen
Vereisung Galiziens. Jahrbuch der Kaiserlich-Königlichen
Geologischen Reichsanstalt, Wien, 52: 375–398.

£yczewska, J., 1948. Re port of geo log i cal field works in north-west -
ern cor ner on Brzesko Nowe map 1:100 000 (Carpathian fore -
land) (in Pol ish with Eng lish summary). Biuletyn Pañstwo wego
Instytutu Geologicznego, 42: 46–75.

Marks, L., 2022. Zlodowacenia plejstoceñskie w po³udniowej
Polsce (in Pol ish). In: Metodyka rekonstrukcji zmian klimatu i
œrodowiska zapisanych w pokrywach lessowych (eds. M. £an -
czont, M. Ho³ub and P. Mroczek): 57–61. XXI Terenowe Semi -
narium Korelacja lessów i osadów glacjalnych Polski i Ukrainy,
Interdyscyplinarne Seminarium Naukowe Glacja³ i pery glacja³
Europy Œrodkowej, Jaros³aw, 6–8 paŸdziernika 2022 r., Lublin.

Marks, L., 2023. Qua ter nary stra tig ra phy of Po land – cur rent sta tus. 
Acta Geologica Polonica, 73, in press.

Marks, L., Ber, A., Lindner, L. ed., 2014. Zasady polskiej klasy -
fikacji i terminologii stratygraficznej czwartorzêdu (in Pol ish).
Polska Akademia Nauk, Komitet Badañ Czwartorzêdu,
Warszawa.

Matoshko, A.V., Gozhik, P.F., Danukalova, G., 2004. Key Late Ce -
no zoic flu vial ar chives of east ern Eu rope: the Dniester, Dnie per,
Don and Volga. Pro ceed ings of the Ge ol o gists’ As so ci a tion,
115: 141–173.

Mojski, J.E., ed., 1984. Budowa geologiczna Polski I, Stratygrafia
3b, Kenozoik, Czwartorzêd (in Pol ish). Wyd. Geol., Warszawa.

Mojski, J.E., 1985. Ge ol ogy of Po land I, Stra tig ra phy 3b, Caino zo ic, 
Qua ter nary. Wyd. Geol., Warszawa.

Muchowski, J., 1992. De pos its of the Odra Gla ci ation on the south -
west ern part of the Lublin Up land (in Pol ish with Eng lish sum -
mary). Studia Geologica Polonica, 99: 105–119.

Nawrocki, J., Wójcik, A., 1990. On age of the “Witów se ries” in the
light of palaeomagnetic stud ies. Studia Geomorphologica
Carpatho-Balcanica, 24: 3–9. 

Nývlt, D., 1998. Kontinentální zalednìní severních Èech (in Czech). 
Sbornik Èeské Geografické Spoleènosti, 103: 445–457.

Leszek Marks / Geological Quarterly, 2023, 67: 25 9

https://doi.org /10.1016/j.quaint.2012.11.018
https://doi.org /10.1016/j.quaint.2014.09
https://doi.org/10.1016/j.palaeo.2019.05.024
https://doi.org/10.1029/2004PA001071
https://doi.org/10.1016/B978-044452748-6.00095-X
http://quaternary.stratigraphy.org/stratigraphic-guide
https://doi.org/10.18814/epiiugs/2020/020084


Nývlt, D., Engel, Z., Tyráèek, J., 2011. Pleis to cene glaciations of
Czechia. De vel op ments in Qua ter nary Sci ence, 15: 37–46.

Po¿aryski, W., Maruszczak, H., Lindner, L., 1994. Chrono strati -
graphy of Pleis to cene de pos its and evo lu tion of the Mid dle
Vistula River val ley with par tic u lar at ten tion to the gap through
the South Pol ish Up lands (in Pol ish with Eng lish sum mary).
Prace Pañstwowego Instytutu Geologicznego, 147: 1–58.

Przybylski, B., Krzyszkowski, D., Badura, J., Urbañski, K., 2013.
Plejstocen przepola Sudetów Œrodkowych (in Pol ish). In: XX
Konferencja Stratygrafia plejstocenu Polski Plejstocen przed -
pola Sudetów Œrodkowych, Lasocin, 2–6.09.2013. Pañstwowy
Instytut Geologiczny – Pañstwowy Instytut Badawczy,
Warszawa: 9–15.

Romer, E., 1907. Quelques remarques sur les dépôts glaciaires
dans la région au Sud du Przemyœl (in Pol ish with French sum -
mary). Kosmos, 32: 423–440.

Ró¿ycki, S.Z., 1978. From Mochty to a syn the sis of the Pol ish Pleis -
to cene (in Pol ish with Eng lish sum mary). Rocznik Polskiego
Towarzystwa Geologicznego, 48: 445–478.

Starkel, L., 1971. Phases of ero sion and ac cu mu la tion in the Qua -
ter nary evo lu tion of val leys of the Pol ish Flysch Carpathians and 
their fore land. Studia Geomorphologica Carpatho-Balcanica, 5:
183–189.

Starkel, L., 1984. Eoplejstocen – Karpaty i Kotliny Przedkarpackie
(in Pol ish). In: Budowa geologiczna Polski, 1, Stratygrafia, 3b,
kenozoik, czwartorzêd (ed. J.E. Mojski): 73–81. Wyd. Geol.,
Warszawa. 

Stuchlik, L., Wójcik, A., 2001. Pol len anal y sis of Malopolanian
Inter gla cial de pos its at £owisko (Kolbuszowa Up land, south ern
Po land). Acta Palaeobotanica, 41: 15–26.

Stupnicka, E., 1962. Age and or i gin of mixed grav els in the Cieszyn
Up land (SW Po land). Acta Geologica Polonica, 12: 263–294.

Szczepankiewicz, S., 1969. Sed i ments and forms of the far ex tents 
of Scan di na vian glaciations in SW Po land. Geographia Polo -
nica, 17: 149–159.

Tietze, E., 1883. Beiträge zur Geologie von Galizien. Jahrbuch der
kaiserlich-königlichen Geologischen Reichsanstalt, 33:
279–309.

Uhlig, V., 1884. Ueber ein Vorkommen von Silur-blöcken im nordi -
schen Diluvium Westgaliziens. Verhandlungen der kaiserlich-
 königlichen Geologischen Reichsanstalt, 16: 335–336.

Walczak, W., 1972. Sudety I Przedgórze Sudeckie (in Pol ish). In:
Geomorfologia Polski, 1 (ed. M. Klimaszewski): 167–231.
Pañstwo we Wydawnictwo Naukowe, Warszawa.

Wieczorek, D., 1999. Sytuacja geologiczna osadów organicznych
w profilu Bukowina (otw. Bukowina 4) na arkuszu Laszki (985)
SMGP 1:50 000 (wschodnia czêœæ Kotliny Sandomierskiej) (in
Pol ish). In: VI Konferencja: Stratygrafia plejstocenu Polski,
Czudec, 31 sierpnia – 4 wrzeœnia 1999 (eds. T. Malata, P.
Marciniec, P. Nescieruk, A. Wójcik and Z. Zimnal): 70–77.
Pañstwowy Instytut Geologiczny, Kraków.

Win ter, H., 2006. Prob lem of Pleis to cene interglacials and glacia -
tions – gen eral re marks (in Pol ish with Eng lish sum mary). Prze -
gl¹d Geologiczny, 54: 142–144.

Win ter, H., 2008. Palynological re cord of veg e ta tion and cli mate
changes of Augustovian Inter gla cial at the ¯arnowo Site (Augu -
stów Plain, north east ern Po land) (in Pol ish with Eng lish sum -
mary). Przegl¹d Geologiczny, 56: 1011–1118.

Wojtanowicz, J., 1971. The loess Is land near Krzeszów on San (in
Pol ish with Eng lish sum mary). Annales Universitates Mariae
Cu rie-Sk³odowska, 26: 67–88.

Wojtanowicz, J., 1985. The TL dated pro file of the Qua ter nary de -
pos its at Giedlarowa (Sandomierz Ba sin) and its palaeo geo -
graphi cal im por tance (in Pol ish with Eng lish ab stract). Studia
Geomorphologica Carpatho-Balcanica, 19: 37–44.

Wojtanowicz, J., 1997. Glina morenowa, utwór pylasty i less w
profilu Krzeszów (in Pol ish). In: Glacja³ i peryglacjal Kotliny
Sandomierskiej i przedgórza Karpat w okolicy Przemyœla,
Seminarium terenowe, Krasiczyn, 22–24 wrzeœnia 1997 (ed. M.
£anczont): 143–148. Zak³ad Geografii Fizycznej i Paleo geo -
grafii Uniwersytetu Marii Cu rie-Sk³odowskiej, Komitet Badañ
Czwartorzêdu PAN, Stowarzyszenie Geomorfologów Polskich,
Lublin.

Wójcik, A., Nawrocki, J., Nita, M., 2004. Pleis to cene in the Koñ -
czyce pro file (Oœwiêcim Ba sin) – sed i ment gen e sis and age
anal y sis at the back ground of strati graphic schemes of the Qua -
ter nary (in Pol ish with Eng lish sum mary). Biuletyn Pañstwo -
wego Instytutu Geologicznego, 409: 5–50.

Zastawniak-Birkenmajer, E., Birkenmajer, K., 2012. Prob lem of
the Plio cene/Pleis to cene bound ary in fresh-wa ter de pos its at
Mizerna, West Carpathians (in Pol ish with Eng lish ab stract).
Przegl¹d Geologiczny, 60: 276–283.

¯arski, M., Ma³ek, M., Albrycht, A., 2009. Plejstocen po³udniowego 
Podlasia (in Pol ish). In: Strefa marginalna l¹dolodu zlodowa -
cenia warty i pojezierza plejstoceñskie na po³udniowym Podla -
siu (eds. M. ¯arski and S. Lisicki): 20–36. XVI Konferencja
Stratygrafia plejstocenu Polski, Zimna Woda k. £ukowa,
31.08–4.09. 2009. Pañstwowy Instytut Geologiczny – Pañstwo -
wy Instytut Badawczy, Warszawa.

10 Leszek Marks / Geological Quarterly, 2023, 67: 25


