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The scar city of Scan di na vian rock frag ments in glaciogenic de pos its and lack of well-pre served gla cial ac cu mu la tion forms
make it dif fi cult to de ter mine the max i mum ex tent of the Odranian ice sheet in the area of the Częstochowa Up land, the
Woźniki-Wieluń Up land and the Silesian Up land. While the glaciogenic de pos its only con tain a small ad mix ture of Scan di na -
vian rocks, they have been en riched with lo cal flints and grav els that are un doubt edly re lated to gla cial trans port. The dis tri -
bu tion of flint de bris sug gests that within these ar eas, the Odranian ice sheet reached far ther south than pre vi ously as sumed. 
This ques tion has been ana lysed again on the ba sis of ar chi val ma te ri als, new pub li ca tions and the re sults of field re search
(stud ies of the dis tri bu tion of flints, the Połomia grav els, sid er ite clasts and roches moutonnées). The use of meth ods based
on 3D vi su al iza tions via dig i tal ter rain mod els (DTMs) has proven very use ful. More over, the use of com puter meth ods (GIS)
in con junc tion with field sur veys made it pos si ble to de lin eate the Odranian Gla ci ation bound ary more pre cisely in the study
area. The study in di cated the im por tant role of lo cal ma te rial for in fer ring the max i mum ex tent of Pleis to cene glaciations. This 
is par tic u larly im por tant in ar eas where typ i cal forms of gla cial ac cu mu la tion have not been pre served.
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INTRODUCTION

Gla ci ation ex tents in Po land have long aroused the in ter est
of ge ol o gists and ge og ra phers alike. With more de tailed data
and mod i fied re search meth ods, views on the ranges and strati -
graphic po si tions of the in di vid ual units have changed (Lindner,
1984, 1988, 2005; Mojski, 1993, 2005; Lindner and Marks, 1995, 
2012; Marks, 2005; Bruj and Ro man, 2007; Marks et al., 2016).
At its max i mum ex tent, the Odranian ice sheet reached the
north ern slopes of the Sudetes, en tered the Silesian- Kraków Up -
land and the Holy Cross Moun tains, and far thest to the south, it
reached the up per Odranian River ba sin. The ice sheet front was 
stopped by hills, only ad vanc ing south wards via val leys. In ar eas
where un dis turbed glaciogenic de pos its of the Odranian Gla ci -
ation are pres ent on the land sur face, de ter mi na tion of the line of
max i mum ex tent is not gen er ally dis puted. A clear pic ture of mo -
raine ridges and kames that were carved out of up land hum -
mocks by de nu da tion made it pos si ble to de ter mine the ex tent of
the ice sheet e.g., in the Silesian Ram part area (Badura and
Przybylski, 2005). But, the ab sence of typ i cal mar ginal zone
forms on the Częstochowa Up land has made the de ter mi na tion

of the max i mum ice sheet ex tent con tro ver sial in this area for
many years. Apart from the ab sence of clear mar ginal forms, an -
other dif fi culty arose from dif fer ent cri te ria that were used (Pre -
mik, 1934; Klimaszewski, 1952; Karaś and Starkel, 1958; Róży -
cki, 1960a, 1972; Chmal and Kopański, 1978; Lewandowski and
Kaziuk, 1982; Lewandowski, 1987). A fur ther dif fi culty is posed
by the ab sence or scar city of Scan di na vian rock frag ments in the
gla cial de pos its. How ever, sandy and grav elly de pos its of re sid -
ual mo raines and glaciofluvial units con tain a sig nif i cant amount
of lo cal rock frag ments, of flint, ferruginous sand stone and sid er -
ite. An ex am ple are the sandy and grav elly hills in the Przy -
miłowice, Czepurka, Janów and Gorzków ar eas, which are de -
scribed as “atyp i cal” fron tal mo raine forms (Karaś and Starkel,
1958; Różycki, 1960a, 1972; Lewandowski and Kaziuk, 1982).
To date, though, the de tailed oc cur rence of lo cal rocks has not
been used as an in di ca tor of the max i mum ex tent of the Odra -
nian Gla ci ation in the area.

The first at tempts to de ter mine the ex tent of the Odranian ice
sheet in the north ern part of the Częstochowa Up land were
based on the vari abil ity of lithologies in the Warta River gorge be -
tween Mirów and Mstów (Sawicki, 1921). More de tailed in for ma -
tion was ob tained as a re sult of stud ies by Premik (1934) who
con sid ered the se quences of iso lated sandy and grav elly hum -
mocks along the Piasek-Ciecierzyn-Częstochowa- Wrzosowa-
 Koziegłowy line to be end mo raines. The bound ary that was sit -
u ated the far thest to the south-east was de ter mined by Klima -
szewski (1952) on the ba sis of geomorphological cri te ria, but its
course was only marked very sche mat i cally (Fig. 1). Różycki
(1960a, 1972) clas si fied se quences of iso lated sandy and grav -
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elly hum mocks along the Janów-Złoty Potok- Trzebniów line as
mar ginal forms and found glacitectonic dis tur bances in the
Julianka area. As a re sult of fur ther re search, he dis tin guished
be tween the Silesian and Widawka lobes, from which the
Koniecpol lobe was sep a rated, which ad vanced up the north -
east ern slope of the Częstochowa Up land. On this ba sis, the
bound ary was shifted to the line be tween the vil lages of
Gorzków - Janów-Piasek-Ciecierzyn-Wrzosowa-Koziegłowy. 

When de lin eat ing the ex tent of the Odranian ice sheet along
the Rędziny-Wyczerpy-Częstochowa-Wrzosowa-Koziegłowy-
 -Sie wierz line, Mojski and Rühle (1965) moved it back to a very
dis tinct line of mor pho log i cal forms where a large pro por tion of
rocks of north ern or i gin was pres ent. Ac cord ing to Lewando wski
(1987, 2015), the bound ary of the Odranian Gla ci ation co in cides
with mor pho log i cal bound aries along the Gorzków -Olsztyn -
-Poraj -Kamienica-Lubsza-Woźniki-Brudzowice-Tarnowskie Gó -
ry - Za brze -Mikołów-Żory-Rybnik-Rydułtowy-Gorzyce line. This

boun d ary was de lin eated on the ba sis of the pres ence of sandy
and grav elly units con sid ered to be re sid ual end mo raines in the
mar ginal zone, as re flected by the five ice tongues that pressed
into the bas ins of the Warta, Mała Panew, Kłodnica, Ruda and
Oder rivers. Ac cord ing to Marks et al. (2006), the course of this
bound ary is sim i lar (Fig. 1).

The ap pli ca tion of GIS to geo log i cal stud ies has re opened
the dis cus sion re gard ing the max i mum ex tent of the Oder Gla -
ci ation on the Silesian Up land and the Kraków-Częstochowa
Up land. Where field data are in suf fi cient for clear in ter pre ta -
tion, mod ern geo log i cal sur veys com monly use com puter soft -
ware to solve the re sult ing prob lems. Par tic u larly use ful are
sur face geo log i cal struc ture mod els pro duced on the ba sis of
dig i tal geo log i cal maps and mod els, e.g., DEM (Dig i tal El e va -
tion Model), DTM (Dig i tal Ter rain Model), SRTM (Shut tle Ra -
dar Top o graphic Mis sion), ALS (Air borne La ser Scan ning),
pro duced with the use of ae rial and sat el lite im ag ery as well as
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Fig. 1. Odranian Gla ci ation ice sheet ex tent bound aries ac cord ing to var i ous au thors 
su per im posed on a DTM (Dig i tal Ter rain Model)

Yel low ar rows show ice lobes (S – Silesia, W – Widawka and K – Koniecpol) ac cord ing to Różycki and Lamparski (1967)



land sur face vi su al iza tion tech nol o gies, which give a clear pic -
ture of ter rain re lief (e.g., shad ing, slope gra di ent, top o graphic
in dex, gra di ent mod el ling and 3D in ter sec tion) (Dikau, 1989;
Irvin et al., 1997; Sedlák, 2002; Ostaficzuk, 2003; Nita and
Małolepszy, 2004; Schmidt and Hew itt, 2004; Nita et al., 2007; 
Minár and Ev ans, 2008; Giętkowski and Zachwatowicz, 2008;
Wieczorek and Zyszkowska, 2011; Doneus, 2013; Biland and
Çöltekin, 2017). 3D visu ali sa tions make it pos si ble to view a
geo log i cal ob ject from dif fer ent per spec tives (Arens et al.,
2005; Wu et al., 2005), and thus they are ideal for re con struct -
ing max i mum gla ci ation ex tents (Clark, 1997; Clark et al.,
2004; Rosentau et al., 2004), es pe cially where gla cial land -
forms are poorly dis cern ible. 

The use of these com puter meth ods in con junc tion with field
stud ies is par tic u larly im por tant in ar eas such as the Silesian -

-Kraków Up land, where typ i cal forms of gla cial ac cu mu la tion are
not found. The ap pli ca tion of these meth ods en abled more pre -
cise iden ti fi ca tion of the ex tent of the Odranian Gla ci ation bound -
ary in the study area, as de scribed in the pres ent study.

STUDY AREA

The study area is lo cated in the Silesian-Kraków Up land
(Solon at al., 2018; Nita and Myga-Piątek, 2021) and lies within
the Silesian-Kraków monocline and the Up per Silesian ba sin
(Dadlez et al., 2000; Zelaźniewicz et al., 2011). In the area of
the monocline, the sub-Qua ter nary sub strate con sists of Tri as -
sic and Ju ras sic for ma tions (Fig. 2). Up per Ju ras sic rocky lime -
stones are es pe cially char ac ter is tic, and make up the up per
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Fig. 2. Geo log i cal map of the study area (Nita and Małolepszy, 2004 based on the Geo log i cal Map of Po land, scale 1:200 000,
sheets: Kluczbork (Haisig and Wilanowski, 1976), Częstochowa (Biernat et al., 1978), 

Gliwice (Kotlicka and Kotlicki, 1977), mod i fied)

Red frames: A – study area of flint de bris cov ers; B – dis tri bu tion of roches moutonnées in lime stone, 
and  of lime stone ter rain lack ing these top o graphic fea tures
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parts of the hills in the Kraków-Częstochowa Up land, reach ing
a max i mum height of 512 m a.s.l. (Góra Zamkowa in Pod -
zamcze). In the de pres sions, platy and chalky lime stones (Up -
per Ju ras sic) are ex posed. The main fea tures of the struc tural
re lief were formed in the Neo gene. In the Neogene, struc tural
re lief (cuestas and sub se quent val leys) be gan to form, with the
main pe riod of de vel op ment oc cur ring in the Mio cene
(Lewando wski, 2015). Rocky mo nad nocks, which are char ac -
ter is tic of the land scape of the Kraków-Częstochowa Up land
and are made of rocky lime stone, are among the old est for ma -
tions in the re lief of the area (Lewandowski, 2015). Qua ter nary
de pos its do not form a con tin u ous cover and are of vari able
thick ness (from sev eral to over 70 m). The great est ex tent is ob -
served for the de pos its of the Odranian Gla ci ation. These mo -
stly com prise gla cial sands and grav els, mar ginal silts and gla -
cial till (Heliasz et al., 1982; Haisig et al., 1983; Bardziński et al.,
1986; Heliasz, 1994; Kurkowski, 2015; Romanek, 2020).

The Up per Silesian Ba sin is a wide ba sin filled mainly with
coal-bear ing Car bon if er ous for ma tions and Mio cene molasse
for ma tions (Racibórz Ba sin). On the sur face, there is a dis con -
tin u ous cover of Pleis to cene de pos its, the thick ness of which
reaches lo cally 100 m, in river val leys (Haisig and Wilanowski,
2003; Wilanowski, 2016).

RESEARCH METHODS

The ba sis for in ter pret ing the ex tent of the Odranian Gla ci -
ation was the re sults of field sur veys, which were con ducted in
1990–2003, dur ing the au tumn and early spring, when farm land 
was freshly ploughed. They fo cused on the pres ence of clasts
of lo cal rocks (mainly of flint, ferruginous sand stone and sid er -
ite) in sur face glacigenic de pos its. The pro por tion of flints in
these de pos its is highly vari able even over small ar eas. Ground 
sur faces with a high con cen tra tion of flint de bris are re ferred to
as “flint de bris cov ers” for the pur poses of this pa per (Fig. 3).

Ac cu mu la tions where at least 10 clasts >2 cm in size per square 
metre were pres ent, and flint ac counted for at least 50% of the
num ber of all clasts of this frac tion, were con sid ered to be flint
de bris cov ers. The min i mum area so de fined could not be <100
square metres. The field work yielded con tour maps of these
flint cov ers, of which some 120 with ar eas of 1–150 hect ares
were ana lysed in de tail. The se lec tion of sites for de tailed sta tis -
ti cal anal y sis re quired iden ti fi ca tion by com ple men tary field
meth ods within the pre vi ously con toured area. De pend ing on
the area of the cover, sev eral 100 square-metre cal cu la tion
fields were se lected, con sid ered to be typ i cal of the cover. Sim i -
lar stud ies, but at a smaller scale, were car ried out for ferru -
ginous sand stone and sid er ite clasts, such as found in the re -
sid uum of the Woźniki lime stone.

In the Częstochowa Up land, lime stone rocks and hills were
also of in ter est, which were in ven to ried be cause they had been
af fected by roche moutonnée pro cesses (Fig. 4).

The data ob tained from field sur veys were visu al ised us ing
GIS soft ware (ArcInfo, Global Map per, QGIS, SAGA). The ba -
sis for the de vel op ment of the DTM (Dig i tal Ter rain Model) were 
DTED 2 (Dig i tal Ter rain El e va tion Data) dig i tal data with a ter -
rain pixel size of 30 × 40 m, and DTM data (PL-EVRF2007-NH
with a res o lu tion of 1.0 m), DTM LAZ sur vey data (4 points per
square metre, 2017 and older) as well as LIDAR (Light De tec -
tion and Rang ing) data from ALS (Air borne La ser Scan ning).
The study also used data de rived from DTM LIDAR mea sure -
ments to iden tify lithological and tec tonic lin ea ments us ing gra -
di ent mod el ling pa ram e ters (Ozimkowski, 2010; Höfle and
Rutzinger, 2011; Coblentz et al., 2014; Różycka, 2015; May oral 
et al., 2017). In the area in ques tion, this anal y sis did not yield
con clu sive re sults and thus it was only used as an aux il iary tool
in lo ca tions where Tri as sic and Ju ras sic cuestas are pres ent.
To trace ice sheet ex tent and max i mum el e va tions, the TPI
(Top o graphic Po si tion In dex) was used as a way of rep re sent -
ing ter rain vari a tion (rough ness) and its anom a lies caused by
gla cial ero sion (Tagil and Jenness, 2008; De Reu et al., 2013). 
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Fig. 3. Flint de bris cov ers

A – Potok Złoty-Dworskie (south of Aleja Klonowa), B – Piasek, C – Biskupice (pho tos by J. Nita)
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STUDY RESULTS

Flints are a com mon com po nent of sur face sandy and grav -
elly de pos its in the north ern part of the Częstochowa Up land
which found it self within the range of the Odranian Gla ci ation
(Fig. 4). They are the re sult of the weath er ing and karstification
of lo cal platy and chalk-like lime stones, in which they are pres -
ent as flint nod ules (Różycki, 1960b). Once “re leased” from the
lime stone, these nod ules are rarely pre served whole, most of -
ten dis in te grat ing into clasts of dif fer ent sizes. These reach a
max i mum of 20 cm in size, but 2–5 cm frag ments pre dom i nate. 

In the north ern part of the Częstochowa Up land, the pres -
ence of flint clasts com monly  does not co in cide with the platy
and chalk-like lime stone out crops. Al though these rock out -
crops are found in the lower parts of the slopes, flint de bris
cov ers have also been ob served much higher, in their up per
parts, which con sist ex clu sively of rocky lime stones. It turns
out that lo cally, flint de bris cov ers reach up to 400 m a.s.l.,
while out crops of platy and chalk-like lime stones with in situ
flints oc cur at most up to 370 m a.s.l. Flints oc cur very rarely
(only spo rad i cally) within rocky lime stones, and thus their
pres ence within these rock out crops, and ad di tion ally in the
up per parts of the slopes, can only be ex plained by their trans -
port by the ice sheet. An other ar gu ment that sug gests dis -
place ment is the flints’ state of pres er va tion. Those flints that
are pres ent on the up per slopes are gen er ally frag mented, in
con trast to the nod ules that ac cu mu lated in sink holes dur ing
the karstification of lime stone, which are pre served whole
(Błaszak, 1970; Gile wska, 1971; Głazek, 1973; Lewandowski
and Ciesielczuk, 1997). 

The shape of flint de bris cov ers of ten mir rors that of the
land forms within which they oc cur. In the vi cin ity of Piasek,
Czepurka and Suliszowice, oval-shaped cov ers re flect the
out lines of hum mocks con sist ing of glacigenic de pos its. Large 
flint de bris cov ers within sands and grav els can be found on
broad, flat val ley bot toms and also on slopes with gra di ents of
up to 5°. Cov ers that in clude small flint clasts, which oc cur at
the mouths of de pres sions and val leys, have the most ir reg u -
lar shapes. In sandy de pos its, min i mal amounts of Scan di na -
vian rocks frag ments are pres ent, in places ac com pa nied by
small patches of till and re sid ual clay (e.g., in the area of the
Piasek, Janów and Gorzków). Flint de bris cov ers can be found 

up to a line join ing the towns of Przybynów, Suliszowice,
Siedle and Trzebniów (Fig. 5).

In the north ern part of the Częstochowa Up land, in the vi cin -
ity of forms tra di tion ally con sid ered mar ginal (e.g., south-west of 
the Olsztyn-Janów road), lime stone rocks are pres ent in the
shape of flat tened domes and mounds, and hill slopes are gen -
tle (Heliasz et al., 1982; Różycki, 1982). These forms are sim i lar 
to those from the Olsztyn area, which Różycki (1982) con sid -
ered to be roches moutonnées. Rocks with these rounded
shapes and sim i lar moutonnée forms are also pres ent, for in -
stance, in the vi cin ity of Krasawa, Zrębice, Pabianice, Siedlec
and Gorzków, far ther south of the line of the max i mum ex tent of
the Odranian Gla ci ation de ter mined by many re search ers (e.g.,
Marks, 2005; Lewandowski, 2015; Marks et al., 2016; Fig. 6). In
the north ern part of the Częstochowa Up land, lime stone ter rain
lacks the soar ing spires, tow ers and crags that are typ i cal of the
cen tral and south ern parts of the Up land, which lay be yond the
reach of the Odranian ice sheet. 

On the Woźniki-Wieluń Up land, sid er ite clasts play a role
sim i lar to flints. These are sit u ated at a con sid er able dis tance to
the south from their in situ lo ca tion. Their clus ters are not as dis -
tinc tive and nu mer ous as in the case of flints, and al though their
pres ence is in dic a tive, there are no lo ca tions where sid er ite
frag ments dom i nate the gravel frac tion.

On the Woźniki-Wieluń Up land and in the north ern part of
the Silesian Up land, glaciogenic de pos its that in clude frag -
ments of north ern rocks also in clude lo cal grav els. A large
amount of these loose rock frag ments come from the Połomia
and Helenów beds as well as from the Kościelisko beds. These
grav els con sist mainly of quartz and oc ca sion ally con tain sid er -
ite or flint. Their pres ence cre ates con sid er able con fu sion, since 
it is not pos si ble to un equiv o cally de ter mine whether or not they
rep re sent sed i ments trans ported by the ice sheet. There fore,
sand and gravel out crops that do not con tain frag ments of
Scan di na vian rocks are gen er ally con sid ered to be in situ. How -
ever, it ap pears that some of them may be rem nants of mo raine
ridges and outwash plains formed as a re sult of the pres ence of
lo cal gla cial lobes and the im pact of their melt wa ter. 

The loose lo cal ma te rial prob a bly orig i nated from the Mio -
cene “Sośnicowice grav els”, which are pres ent in the Racibórz
Ba sin re gion (Silesian Plain) and on the Rybnik Pla teau (Dyjor
et al., 1978; Lewandowski and Kaziuk, 1982). The pres ence of
sig nif i cant amounts of loose lo cal rocks in the gla cier’s path may 
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Fig. 4. Rock muton ac cord ing to Różycki and Lamparski (1967)

Przymiłowice (photo by J. Nita)
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have con sid er ably in creased the compositional vari a tion of the
rock ma te rial car ried by the ice sheet. 

The in tro duc tion of a dig i tal ter rain model into this study of
the ex tent of the Odranian Gla ci ation dem on strates the com -
plex bed rock struc ture and its im pact on the for ma tion of lo cal
lobes in the area. The sub-Qua ter nary re lief of the sub strate
over which the Odranian ice sheet moved is var ied. It in cludes a 
num ber of deep val leys and de pres sions, which de ter mined the 
course of the gla cial ad vance in the area to a sig nif i cant ex tent
(Dyjor et al., 1978; Kotlicka, 1981; Lewandowski and Kaziuk,
1982; Kryza, 1987; Piotrowski, 1991; Lewandowski, 1993,
2007). In the area of the Częstochowa Up land, the ice sheet en -
croached on the rel a tively “soft” Lower and Mid dle Ju ras sic for -
ma tions (silts and mudstones as well as sands and sand -
stones), and sub se quently ad vanced far ther up the val leys into
the Up land, com ing into con tact with “hard” Up per Ju ras sic
lime stones. Broad, flat val leys are pres ent here, which prob a bly 
formed as a re sult of ero sion by small drain age gla ciers (Fig. 7), 
which ex tended 10–20 km far ther south than the line of ice
sheet ex tent de ter mined by Lewandowski (2015). The larg est
and most typ i cal val ley of this type is the one that runs through
the north ern part of the Częstochowa Up land along the
Ostrężnik- Czatachowa-Zawada-Żarki line. Sim i lar val leys are

also pres ent east of Trzebniów, west of Zaborze and in the area
of Niegowa. 

Deep de pres sions sur rounded by cuestas forced ice sheet
move ment into a spe cific di rec tion. The monoclinal bed ding of
the Tri as sic and Ju ras sic for ma tions as well as the pres ence of
horst and graben struc tures meant that the di rec tion of ice sheet 
trans gres sion changed from north to north-west and even west
in places (Różycki, 1972; Fig. 8). Lo cal de pres sions ori ented to -
wards the east or south-east al lowed the pas sage of small lo cal
gla ciers. The im pact of bed rock re lief on the move ment of the
ice sheet is well doc u mented in the up per reaches of the Warta
River val ley. The dis tri bu tion of thick ness of Qua ter nary de pos -
its in the bore holes sug gests that the Warta River ice-mar ginal
val ley shifted far ther south, com ing into the vi cin ity of the Mid dle 
and Up per Ju ras sic cuesta. This in di cates in tense ero sive ac -
tion by wa ter near its struc tural edges. The mod ern val ley of the
Warta River has been largely over lain by sandy and grav elly de -
pos its. The thick ness of Qua ter nary de pos its in its north ern part
ex ceeds 80 m, while it rarely reaches 50 m in the south ern part.
A com par i son of the dis tri bu tion of gla cial de pos its and area
mor phol ogy dem on strates that the main sys tem that drained
wa ter from the gla ci ated area was the pres ent Przemsza River
net work, trans port ing wa ter to the lower rea ches of the Vistula
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Fig. 5. Dis tri bu tion of flint de bris cov ers in the north ern part of the Częstochowa Up land, 
su per im posed on the DTM

The black line shows the ex tent of the Odranian Gla ci ation de ter mined by the oc cur rence of flint de bris cov ers



River val ley, as es tab lished by Lewandowski and Zieliński
(1990) and Lewandowski (1996).

The vi su al iza tion of out crops of gla cial tills as well as of
glaciofluvial sands and grav els on a dig i tal ter rain model is im -
por tant for trac ing the max i mum ex tent of the ice sheet in the
north west ern part of the Silesian-Kraków Up land. This makes it
pos si ble to dis tin guish ar eas where glaciogenic de pos its clearly 
pre vail, within which ar eas the line of the max i mum ex tent of the 
Odranian ice sheet can be re con structed. Fig ure 9 shows that
the south ern area is al most en tirely cov ered by gla cial de pos its, 
in which ero sional cuts are clearly vis i ble, while the north ern
area is heavily al tered. Gla cial de pos its within this area are
more scat tered, and loose rocks be long ing to the older bed rock
can of ten be found on the sur face. 

DISCUSSION

In con sid er ing the course of the max i mum ex tent of the ice
sheet, it is im por tant to dis tin guish whether the de pos its stud ied
were car ried di rectly by the ice sheet or by melt wa ter flow ing

from the gla cier. In the case of flints, the state ment that they do
not oc cur in situ is un likely to raise any doubt. Most of them oc -
cur in the study area within eluvial de pos its of gla cial till of the
Odranian Gla ci ation, as iden ti fied by Heliasz et al. (1994). A
char ac ter is tic fea ture of such cov ers is the high pro por tion of
large flint frag ments (8–20 cm) and their oc cur rence on the tops 
of hills and smaller mounds. How ever, there may be some
doubt re gard ing those cov ers which con sist mainly of small flint
frag ments (up to 2 cm), with few larger pieces, which are gen er -
ally lo cated in ex ten sive val ley de pres sions and mimic their
shape. It can be in ferred that such flint con cen tra tions are the
re sult of glaciofluvial rather than gla cial trans port. How ever,
such a dis tinc tion is not al ways pos si ble. Tak ing this into ac -
count, the pro posed line of max i mum ex tent has been de ter -
mined by the pres ence of cov ers whose dis place ment by the
gla cier is not in doubt. South of this line, flint cov ers are sparse
and con sist of very small flint frag ments. Cor rob o ra tion of such
a bound ary can also be seen in the course of the line that sep a -
rates the area of oc cur rence of ter rain with roches moutonnées
and ter rain lack ing these fea tures. 

The sit u a tion is slightly dif fer ent for the grav els which were
sourced from the Połomia and Helenów as well as from the
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Fig. 6. Bound ary of the Odranian ice sheet, vis-´-vis the dis tri bu tion of roches moutonnées and ar eas 
lack ing these top o graphic fea tures, in lime stone ter rain



Kościelisko beds. Their pres ence cre ates con sid er able con fu -
sion, since it is not pos si ble to un equiv o cally de ter mine whether 
they arose as sed i ments trans ported by the ice sheet. There -
fore, sand and gravel out crops that do not con tain frag ments of
Scan di na vian rocks are gen er ally con sid ered to be in situ. How -
ever, it ap pears that some of these may be rem nants of mo -
raine ridges and outwash plains formed as a re sult of the pres -
ence of lo cal gla cial lobes and the im pact of their melt wa ter.

For most re search ers study ing the max i mum ex tent of the
Odranian ice sheet on the Częstochowa Up land, the 300-metre 
con tour line was an im por tant bound ary, since no clear forms
left by this gla ci ation had been found above this height (Galon
and Roszkówna, 1967; Różycki, 1972; Knopik, 2011). How -
ever, when com par ing more re cent field data (the ver ti cal ex tent 
of flint de bris cov ers), el e va tion mod els with slopes and ter rain
in di ces in ter preted, and 3D mod els of geo log i cal sur faces, it

can be con cluded that the max i mum height reached by the ice
sheet in the area of Suliszowice, Trzebniów, Gorzków and Góra 
Włodowska reached 380 m a.s.l., and in cer tain places it may
have reached as high as 400 m a.s.l. (Fig. 6). In the east ern part 
of the Up land, the ice sheet reached an el e va tion ~20 m higher
than at the same lat i tudes in its west ern part. Ju ras sic es carp -
ments stopped the trans gres sion of the ice sheet at el e va tions
rang ing from 325 to 350 m a.s.l., Up per Tri as sic es carp ments
stopped it at 300–325 m a.s.l., and Car bon if er ous rock es carp -
ments in the south at 270–300 m a.s.l. Val leys up to 100–200 m
deep, which formed in the area be fore the Qua ter nary, sig nif i -
cant im peded ice sheet move ment. An other sig nif i cant fac tor
de ter min ing the ex tent of the gla ci ation was that the ice sheet
reached the cli ma tic limit of its ex pan sion, which caused its
thick ness to be re duced to 200 or even to 50 m (Mojski, 1993). 
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Fig. 7. Bound ary of the Odranian ice sheet su per im posed on the DTM

Yel low ar rows show ice lobes



CONCLUSIONS

The au thors’ field stud ies have con firmed the link be tween
the oc cur rence of gla cial forms and the sig nif i cant pres ence of
frag ments of lo cal rock, such as flints and Ju ras sic grav els (e.g.,
from the Połomia beds). The anal y sis of the dis tri bu tion of lo cal
clus ters of flint clasts us ing a dig i tal ter rain model proved use ful in 
de ter min ing the ex tent of the ice sheet in its mar ginal zone where 
no gla cial forms have been pre served and Scan di na vian rocks
are vir tu ally ab sent from the de pos its. The dis tri bu tion of flint de -
bris cov ers, the pres ence of lime stone rocks re sem bling flat -
tened domes and mounds as well as gen tle hill slopes and flat
river val leys clearly sug gest that the Odranian ice sheet reached

far ther than pre vi ously thought within the Częstochowa Up land.
This bound ary is lo cated ~10–20 km far ther south and south-
 east com pared to the one adopted by Lewandowski (1987, 2015)
and Marks et al. (2006), run ning through Moczydła, Trze bniów,
Ostrężnik, Suliszowice and Zaborze as well as Przy bynów and
Włodowice along the Up per Ju ras sic cuesta (Figs. 5, 6 and 8).
On the Woźniki- Wieluń Up land, the pro posed ice sheet bound -
ary, as de ter mined by the pres ence of sid er ite clasts and grav els
from the Połomia beds, runs in the vi cin ity of Mrzygłód, Będusz,
Kozie główki, Woźniki, Cynków and Brudzowice. The move ment
of the ice sheet within the Silesian Up land was heavily in flu enced
by cuestas, since these di vided the ice sheet masses com ing
from the north-west into lo cal lobes, which reached deep into the
val leys. The pres ence of these es carp ments un doubt edly im -
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Fig. 8. The Odranian Gla ci ation bound ary on a map of out crops of older rocks



pacted the de vel op ment of river val leys within the Oder-
 Warta-Liswarta, Mała Panew, Kłodnica, Ruda and Olza river
bas ins. Stopped by the Ju ras sic, Tri as sic and Car bon if er ous es -
carp ments, the Odranian ice sheet did not reach as far east as
Klimaszewski (1952), Mojski and Rühle (1965) and Różycki and
Lamparski (1967) pos tu lated. In many lo ca tions on the Silesian
Up land, its max i mum ex tent co in cided with that shown by
Lewandowski (2015) and Marks et al. (2006), al though in some
ar eas it prob a bly reached slightly far ther east and south-east.

The bound ary of max i mum ice sheet ex tent may have run in the
area of Sączów, Rogoźnik, Piekary, Tarnowskie Góry, Bytom,
Ruda Śląska, Mikołów, Orzesze, Żory and Rybnik (Fig. 9). 

Ac knowl edge ments. The au thors would like to thank the
re view ers for their dis cern ing anal y sis of this manu script. Their
sug ges tions were valu able and con trib uted to sig nif i cant im -
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Fig. 9. Oc cur rence of tills as well as sands and grav els of gla cial and glaciofluvial gen e sis su per im posed on a DTM 
(based on the De tailed Geo log i cal Map of Po land and the au thors’ ob ser va tions)
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