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Ab stract
The pa per pres ents re sults of petrographic anal y ses of gla cial tills in the west ern part of the Kleszczów Graben and the
at tempt of their strati graphic in ter pre ta tion. Petrographic co ef fi cients have al lowed the iden ti fi ca tion of five till litho-
types: T1, T2A, T2 and T2B – as signed to the South Pol ish Com plex (Elsterian) and T4 cor re lated with the Mid dle
Pol ish Com plex (Saalian). The well-ex pressed tills that rep re sent the South Pol ish Com plex, oc cur at the bot tom of the 
sec tion. A new till lithotype, T2B, has been dis tin guished, cor re spond ing to the Kuców For ma tion. It sup ple ments the
Pleis to cene lithostratigraphic sec tion of cen tral Po land and cor re sponds to the Sanian 2 Gla ci ation. Among the youn -
ger tills, the T4 one (Odranian Gla ci ation) is well de vel oped. The up per most tills of the Wartanian cold stage have
been re duced by glaciofluvial and flu vial ero sion. It is, to some ex tent a con se quence of the ex is tence of a de pres sion
in this area, called the Szczerców Ba sin. The pa per high lights the in ter pre ta tional dif fi cul ties con cern ing the rank and
the num ber of ice sheet ad vances dur ing the Pol ish and Mid dle Pol ish Com plexes in cen tral Po land.
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IN TRO DUC TION

Gla cial till beds are of great im por tance for the Pleis to -
cene lithostratigraphic schemes, be cause they con sti tute a di -
rect ev i dence of glaciations. There fore, the places such as
two deep out crops (Be³chatów and Szczerców) in the Be³-
chatów Open Cast Brown-Coal Mine, lo cated in cen tral Po -
land are of high sig nif i cance (Fig. 1). They pro vide a rel a -
tively con tin u ous se quence of sed i ments from the Neo gene
to the Ho lo cene. These out crops, sep a rated by the Dêbina
Salt Diapir, are lo cated in the Kleszczów Graben. The graben 
was cov ered a few times with Pleis to cene Scan di na vian ice
sheets. It is man i fested in the li thol ogy of the sec tion by ac cu -
mu la tion of till beds. The last gla cial ep i sode, the Wartanian
cold stage that ter mi nated with de po si tion of the up per most
tills is cor re lated with MIS 6.

These ar eas are lo cated in dif fer ent geomorphological
set tings. The Szczerców out crop (west ern part) is lo cated in
the Szczerców Ba sin (175–188 m a.s.l.). The up per geo log i -
cal lay ers are rep re sented by the Vistulian flu vial and ae olian
sed i ments and the Ho lo cene flu vial-marshy de pos its. Deeper 

in the sec tion, there are Wartanian tills and glaciofluvial
sands, ex am ined in de tail in the sur round ing gla cial pla teau
(out side the out crop). The Be³chatów out crop (east ern part)
is lo cated within the area of Be³chatów Pla teau where the
land el e va tions are ap prox i mately 190–238 m a.s.l. Gla cial
sed i ments are ex posed at the sur face, form ing a gla cial pla -
teau lo cally cut by small val leys filled with Vistulian and Ho -
lo cene de pos its. Vary ing lithologies of the top Qua ter nary
se ries over a short dis tance pro voke the ques tion whether we
can ex pect a sim i lar vari a tion in the deeper parts of the ba sin.

De tailed lithostratigraphy for the Be³chatów out crop
was re cog nised in the early 1990s (see Krzyszkowski, 1992). 
It was sub se quently ver i fied and sup ple mented (see Allen
and Krzyszkowski, 2008; Wachecka-Kotkowska et al.,
2014). In the Szczerców vi cin ity, min ing op er a tions started
in 2002 and the out crop de vel oped over a pe riod of a few
years. It cre ated new op por tu ni ties to study Qua ter nary sed i -
ments. In 2008, 2010, 2012, 2013 and 2014 the au thors un -
der took sev eral re search ex am i na tions in the Szczerców
out crop. More over, a map up dat ing pro ce dure was on go ing
at that time on the Szczerców sheet (735) of the De tailed



Geo log i cal Map of Po land 1:50,000 (Wieczorek and Stoiñ-
ski, 2013). The sheet en com passes the en tire Szczerców out -
crop (in the cur rent size and in the fi nal size). Other re search
teams also per formed in ves ti ga tions in the out crop (e.g. Król
et al., 2007).

This pa per pres ents the cur rent re sults of petrographic
anal y ses of gla cial tills found in the Szczerców out crop
(west ern part of the Kleszczów Graben) and an at tempt of
their strati graphic in ter pre ta tion. Dis cus sion of the re search
re sults has joined the cur rently on go ing de bate on the Pleis to -
cene stra tig ra phy of cen tral Po land.

RE SEARCH HIS TORY

South Pol ish Com plex and Mid dle Pol ish Com plex are
cor re lated with Elsterian and Saalian com plexes in West ern
Eu rope, re spec tively (see Zagwijn, 1996; Ehlers and Gib-
bard, 2008; Marks, 2011).

In the Be³chatów out crop, a spe cial em pha sis was put on
the study of gla cial tills of the Mid dle Pol ish Com plex (Ta ble 1).
The Wartanian tills (Late Saalian, MIS 6) were ana lysed by
Krzyszkowski (1988) and the Odranian tills (Early Saalian,
MIS 6) by Czerwonka and Krzyszkowski (1990). Gla cial
tills of the South Pol ish Com plex were stud ied too. Krzysz-
kowski (1992) and Czerwonka and Krzyszkowski (1992)
stud ied petrographic co ef fi cients of tills (Ta ble 2). They have 
dis tin guished seven lithotypes of tills, start ing from T1 (Fol-
wark For ma tion from the Nidanian) and end ing with tills

marked as T7 (Rogowiec For ma tion from the Wartanian cold 
stage, see Ta ble 1).

In the Szczerców out crop, gla cial tills were stud ied by
Król et al. (2007), Wieczorek and Stoiñski (2013), as well as
by Wachecka-Kotkowska et al. (2013), Wieczorek et al. (in
press) and Wachecka-Kotkowska et al. (2014).

Be fore the out crop was ex ca vated, tills from the Szczer-
ców vi cin ity were de scribed by Sarnacka (1970). Anal y ses of 
bore hole sec tions and re sults of geo log i cal map ping sug -
gested a pres ence of four tills (Sarnacka, 1971; Ta ble 3). The
two low er most tills were con sid ered to have been de pos ited
dur ing the glaciations in the South Pol ish Com plex (Elste-
rian) – lower (Q1p2) and up per (Q2p2) stadials. The two up per
tills come from the Mid dle Pol ish Gla ci ation – the max i mum
(Q1p3) and the Wartanian stadial (Q2p3) – pres ent in the Mid -
dle Pol ish Com plex (Saalian; see Ta ble 3).

TILL RE SEARCH METHOD

Dur ing field in ves ti ga tion, geo log i cal cross-sec tions were 
made (Fig. 2). Lithological, es pe cially sedimentological stud -
ies were car ried out in eight pro files (Fig. 1) lo cated by the
GPS re ceiver. Till sam ples were col lected di rectly from walls
at two ex ploi ta tion lev els (Fig. 3).

Petrographic anal y sis of grav els from the tills was per -
formed on the 5–10 mm frac tion, ac cord ing to the stan dard
spec i fied by the Pol ish Geo log i cal In sti tute in War saw
(Marks and Ber, 1999). A pop u la tion of grav els (best >300
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Fig. 1. Study area against the back ground of the KWB Be³chatów Coal Mine fa cil i ties. Faults, mainly in the sub-Ce no zoic base ment: 1 –
cer tain; 2 – pre sum able; 3 – first min ing level; 4 – sec ond min ing level; 5 – place and time of sam pling. Min ing fields: II - Szczerców; III -
Be³chatów. Outer mine piles: I – Szczerców; IV – Kamieñsk.



pieces) was di vided into two groups. The first group in cluded 
north ern rocks from Scan di na via. The sec ond one con sisted
of lo cal rocks from low land ar eas and those from near the
Kleszczów Graben.

Petrographic co ef fi cients O/K, K/W and A/B have been
de ter mined ac cord ing to the as sump tions by Gronkowska et
al. (1968):

O – to tal of sed i men tary rocks [LPl +D+S+Sh];
K – to tal of crys tal line rocks [Cr+Q];
W – to tal of car bon ate rocks [LPl+D];
A – to tal of non-re sis tant rocks [LPl+D+Sh];
B – to tal of re sis tant rocks [Cr+Q+S].
For full in ter pre ta tion of petrographic co ef fi cients of

tills, the D/LPl ra tio is also used that re lates the amount of do -
lo mite to lime stone clasts in the car bon ate group (see Czer-
wonka, 1998; Krzyszkowski, 2010b). The re sults are pre -

sented in fig ures 4 and 5. De ter mi na tions of tills are adopted
from Czerwonka and Krzyszkowski (1992) and from Wa-
checka-Kotkowska et al. (2014).

Sim i lar re search meth ods have been used across Eu rope
(see Ehlers et al., 1984; Böse, 1989; Panzig, 1992; Albrecht,
1995; Andreicheva, 2012).

RE SULTS

The first ob ser va tions of the quarry wall in the Szczer-
ców out crop were made by Król et al. (2007) and pro vided
the ba sis for the de scrip tion of a few till beds (see Ta ble 3):
G1 (re ferred to the Nidanian or Sanian Gla ci ation), G1/2
(Sanian or Odranian Gla ci ation), G2/1 (Odranian Gla ci ation
older till or Sanian Gla ci ation youn ger till), G2 (Odranian
Gla ci ation) and G3 (Wartanian Gla ci ation). At ten tion was
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Ta ble 1
Gen eral Qua ter nary stra tig ra phy of the Kleszczów Graben ac cord ing to Allen and Krzyszkowski (2008)

and Wachecka-Kotkowska et al. (2014), mod i fied



paid to a strong de for ma tion of these tills (Fig. 2). The strati -
graphic po si tions of tills G3 and G2 are rel a tively re li able;
less re li able is that of the till G1. These au thors claim that the
petrographic co ef fi cients of the till G1 (0.91–1.27–0.70;
D/LPl 0.16) are sim i lar of the lower ho ri zon of the Kuców-
type till (Fig. 4; Ta ble 3), and the petrographic co ef fi cients of
the till G2 (0.54÷0.81–1.43÷2.19–0.42÷0.63 D/LPl 0.05÷
0.07) are typ i cal for the £awki-type till. Sim i lar amounts of
crys tal line rocks and north ern lime stones are ob served at the
top of the till G2 (1.23–0.86–1.10; D/LPl 0.05). The youn -
gest till lithotype, G3, is char ac ter ized by the fol low ing co ef -

fi cients: 1.52–0.71–1.32 and D/LPl 0.18 (Rogowiec till).
The stud ies also rec og nized other till lithotypes, how ever
with un clear geo log i cal set ting. Their petrographic co ef fi -
cients are as fol lows: 1.61–0.65–1.42 and D/LPl 0.14. It sug -
gests the youn gest gla cial ep i sode of the South Pol ish
Com plex. The co ef fi cient val ues of 1.51–0.69–1.35 and
D/LPl 0.16 point to the pos si bil ity of in cor po rat ing the South
Pol ish tills into the sed i ments of the Mid dle Pol ish Com plex
and the val ues 1.12–0.95–0.99 and D/LPl 0.21 in di cate the
mid dle lithotype of tills, com ing prob a bly from the South
Pol ish Com plex.

Re in ter pre ta tion of the data of Sarnacka (1971) and of
ar chi val bore hole sec tions, per formed by Wieczorek and
Stoiñski (2013), pro vided a ba sis for the iden ti fi ca tion of four 
gla cial tills cor re spond ing to the fol low ing strati graphic till
beds: Nidanian Gla ci ation and Sanian 1 Gla ci ation (within
the South Pol ish Com plex), Odranian Gla ci ation and
Wartanian Gla ci ation (within the Mid dle Pol ish Com plex)
(Ta ble 3). Those stud ies also in cluded new in ves ti ga tions of
tills (Dobosz, 2012) ex posed in the Szczerców out crop – in
the east wall near Parchliny and the Krasówka val ley (Figs 1
and 2). Ex am i na tions of sam ples col lected from the low est
till bed, over ly ing the Neo gene de pos its (clay-sand com plex),
sug gested the lithotype T2 in the Kuców For ma tion (Sanian
Gla ci ation): 1.29–0.86–1.08 and D/LPl 0.15 (Table 3).
Slightly dif fer ent co ef fi cient val ues were ob tained for sam -
ples from the up per till: 1.38–0.83–1.05 and D/LPl 0.23. This 
petro- graphic pat tern may re sult ei ther from a change in ice
move ment di rec tion or can sug gest pres ence of a sep a rate
gla cial bed cor re spond ing to the South Pol ish Com plex. For
the pur pose of the map con struc tion, it has been as sumed that
these tills are also of the Sanian 1 age. The over ly ing tills
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Ta ble 2
Pet ro graph i cal types of rocks dis tin guished in the study,

and their sym bols

North ern, Scan di na vian rocks Lo cal rocks

Sym bols Petrographic type of rock Sym bols Petrographic type of rock 

Cr
Crys tal line (in clud ing
schists)

L/M Lime stones and marls 

Q Quartz S Sand stones

LPl
Lower Palaeozoic lime -
stones 

M1
Palaeogene 'older'
mudstones

D Do lo mite M2
Neo gene 'youn ger'
mudstones

S/Qt
Sand stones and
quartzites

Q Quartz

Sh/Ps Shales/Palaeozoic slates Fl Flints

H Horn stones

F Phos phatic con cre tions

Pt Py rite con cre tions

C Lig nite/brown coal

Fig. 2. Geo log i cal sketch of Qua ter nary sed i ments in the east ern part of the Szczerców out crop (near Parchliny), April 2012.



from the quarry wall is cor re lated by Dobosz (2012) with the
lithotype T4 of the £awki For ma tion (Odranian Gla ci ation).
They are char ac ter ized by the fol low ing co ef fi cients: 1.41–
0.76–1.21 and D/LPl 0.19. The petrographic co ef fi cients of

the up per most tills in the sec tion are as fol lows: 1.65–0.64–
1.42, D/LPl 0.19 and the tills are cor re lated with the War-
tanian cold stage (see Fig. 4; Ta ble 3).

Anal y sis of the re sults ob tained by Dobosz (2012), in
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Ta ble 3
Com par i son of petrographic co ef fi cients of tills (O/K–K/W A/B, D/LPl) from the Szczerców re gion and Szczerców out crop



com bi na tion with other data (see Wachecka-Kotkowska et
al., 2013), pro voked a dis cus sion on pos si ble dif fer ent strati -
graphic in ter pre ta tion of the tills ex am ined in 2012 (Fig. 3).
As a re sult, a con cept arose that the tills ob served in the sec -
tion rep re sent the South Pol ish Com plex only, cor re lated
with the Folwark (T1) and the Kuców for ma tions (T2A, T2 and
T2B) (see Wieczorek et al., in press). A new till lithotype T2B
1.65 – 0.64 – 1.42 was also de ter mined (see Fig. 4; Ta ble 3). The 
value of D/LPl co ef fi cient (0.19) is the same as for T2, but all ra -
tios O/K – K/W – A/B for T2B are about 0.1–0.2 higher than for
T2 (1.41–0.76–1.21).

In the tills of the Folwark For ma tion (T1), crys tal line
rocks are more poorly rep re sented than car bon ate rocks. The
CaCO3 con tent in this layer is about 5%. Lo cal rocks ac count
for a con sid er able pro por tion (~25–30%). The value of
D/LPl co ef fi cient is ap prox i mately 0.15.

Till beds – T2A, T2, T2B – lo cated in the up per part of
the sec tion (Fig. 2) within the Kuców For ma tion are char ac -
ter ized by sim i lar K/W co ef fi cient val ues as in the case of the
till T1 (Fig. 4; Ta ble 3). In the till T2A, the amount of lo cal
rocks is larger (~30–40%) than in the till T1, how ever the
suc ceed ing beds have lower con tents of lo cal rocks (T2
~20%; T2B <10%). The val ues of co ef fi cient D/LPl vary in
these tills from ~0.24 to ~0.19. A suc ces sion of tills from the
Kuców For ma tion in di cates an in creased CaCO3 con tent
from about 5% to ap prox i mately 10% (Fig. 4). The vari abil -
ity of in di vid ual data may in di cate grow ing iso la tion of the
suc ces sive ice sheets from the base ment. Sim i lar char ac ter is -
tics of petrographic co ef fi cients of the T2A, T2 and T2B tills
con firm prob a bly their af fil i a tion to a sin gle for ma tion and
can in di cate en vi ron men tal changes, that is a change in the
ice sheet move ment di rec tion and ac tu ally of its in di vid ual
lobes (see Krzyszkowski, 2010b).

In 2013, sev eral new till sam ples were taken from the
first min ing level of the Szczerców out crop (Fig. 3). The east -
ern wall was lo cated 250–300 m more eastwards than in
2012. Re sults of petrographic stud ies of these tills in di cate
that they rep re sent the £awki For ma tion, lithotype T4: 0.98–
1.32–0.75 and D/LPl is 0.17 (Fig. 4). These co ef fi cients cor -
re spond well to those of the Smolna-type tills from the
Silesian Low land, cor re lated with the Odranian (see Czer-
wonka and Krzyszkowski, 1992; Czerwonka et al., 1998).
Set ting of this till is thus a good ref er ence point.

In the till of the £awki For ma tion (T4), crys tal line rocks
pre dom i nate over car bon ates. Re sis tant rocks also pre dom i -
nate (Fig. 4; Ta ble 3). A graphic im age of the petrographic
co ef fi cients is dif fer ent from that of the tills of older for ma -
tions. This till has a very high con tent of car bon ates, up to
~28%. Com pared to tills T2B and T2 of the Kuców For ma -
tion, it con tains more lo cal rocks. This till bed is clearly dif -
fer ent from the older tills.

DIS CUS SION

Petrographic co ef fi cients of tills from the South Pol ish
Com plex, ob tained dur ing the pres ent re search, dif fer from
those re ported in pre vi ous years (see Czerwonka et al., 1998;
Krzyszkowski, 2010a).

There are prob lems with their strati graphic in ter pre ta -
tion. Dif fer ences in the co ef fi cient val ues for tills T2, T2A
and T2B may re sult from their in cor rect iden ti fi ca tion, from
vari a tions in the petrographic com po si tion within the same
till or from var i ous os cil la tions of the same ice sheet. The
petrographic de ter mi na tions were made by an ex pert with
many years’ ex pe ri ence and ana lysed all sam ples from the
Be³chatów and Szczerców out crops. Hence, the first op tion
should be re jected. Al though petrographic vari abil ity within
the same till is pos si ble, but the pres ence of in ter ven ing lag
lay ers be tween tills T2A, T2 and T2B also ex cludes such op -
tion (Fig. 2). Thus, it is most likely that tills T2A, T2 and T2B
rep re sent suc ces sive stages of the same gla ci ation.
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Fig. 3. Pho tos doc u ment ing the east ern part of the Szczerców
out crop in April 2012 and May 2013 (sam pling sites).



Till beds were de pos ited dur ing main glaciations – each
gla ci ation con tains a till or sev eral tills from dif fer ent stadi -
als. The gla cial tills cor re la tion, based on gravel pe trog ra phy, 
in di cates that each of them can be char ac ter ized by dif fer ent
(or sim i lar) gravel as sem blages (see Czerwonka, 1998; Czer- 
wonka and Krzyszkowski, 1990, 1992; Czerwonka et al.,
1998). There are also sit u a tions that the age-equiv a lent tills
in di cate quite a dif fer ent petrographic com po si tion. Dif fer -

en ti a tion of petrographic co ef fi cients may sug gest de po si -
tion of age-equiv a lent tills by dif fer ent gla cial lobes. There
are ex am ples of stud ies on dif fer ent Scan di na vian ice sheet
flows and the o ries about ice streams (Boulton et al., 2001;
Bennett, 2003; Kalm, 2012; Kalm and Gorlach, 2014). An in -
ter pre ta tion of palaeogeographic dis tri bu tion of ice lobes in
Po land and of gla cial palaeotransport dur ing the South Pol ish 
Com plex, Elsterian, is pre sented (Fig. 5). The dis sim i lar ity of 
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Fig. 4. Petrographic fea tures of tills in the Szczerców out crop af ter Wachecka-Kotkowska et al. (2014), mod i fied.



these co ef fi cients can be also ex plained by lo cal vari a tion of
sed i men tary pro cesses tak ing place un der the base of the ice
sheet.

In the Szczerców vi cin ity, the till marked as T1 of the
Folwark For ma tion (Nidanian Gla ci ation of the South Pol ish
Com plex) has in ter me di ate val ues of petrographic co ef fi -
cients be tween west ern and east ern Po land. It sug gests that
the ice sheet of this gla ci ation had well-de vel oped lobes.
Gen eral gla cial palaeotransport was from the north (Fig. 5).

The most con gru ent co ef fi cient is that of the till T2, cor -
re spond ing quite well to the Wierzbno-type tills in the Sile-
sian Low land (see Czerwonka et al., 1998). Set ting of this till
may be an other ref er ence point. The au thors are of the opin -
ion that the di ver sity of these co ef fi cients re sults from a type
of ice sheet ad vance, com pris ing a se ries of lobes (see
Krzyszkowski, 2010b), with the pre dom i nant west erly di rec -
tion (Fig. 5).

Based on ear lier stud ies (see Krzyszkowski 2010b) we
can say more on the tills marked as T2A and T2, and also
about the new till marked as T2B. These tills have been as -
signed to the Kuców For ma tion (they rep re sent Sanian 1 and
Sanian 2 glaciations – see Ta ble 1).

Ini tially, gla cial palaeotransport was from the north
(T2A) and as pre vi ously, there were ice sheet lobes. Sim i lar
petrographic co ef fi cients are ob served in west ern Po land.
Dur ing the youn ger gla cial pe riod (T2) the lobes were of dif -
fer en ti ated dy nam ics – the west ern lobes ad vanced to their
max i mum ex tent ear lier than the east ern ones (Fig. 5). An
area free of intra-ice “oasis” could have ex isted be tween the
Odra and Warta–Prosna lobes. Gla cial palaeotransport was
from the north and north-east. The val ues of petrographic co -
ef fi cients are also sim i lar to those in west ern Po land, but dif -
fer ent than for T2A. In the late phase of the gla ci ation (T2B),
dur ing gen eral re ces sion of the west ern lobes, the east ern
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Fig. 5. In ter pre ta tion of palaeogeographic dis tri bu tion of ice lobes and gla cial palaeotransport dur ing the South Pol ish Com plex.



lobes were more ac tive and in creased their ex tents by
100–250 km. Di rec tion of gla cial palaeotransport was more
from the north-east. The val ues of petrographic co ef fi cients
are sim i lar at all sites in Po land.

CON CLU SIONS

The petrographic stud ies of tills in the Szczerców out -
crop, cen tral Po land, con firm the oc cur rence of tills T1
(Folwark For ma tion, Nidanian), T2, T2A (Kuców For ma -
tion, Sanian) and T4 (£awki For ma tion, Odranian). A new
till lithotype, T2B, is de scribed in this pa per.

There is a ques tion where to lo cate the till T2B in terms
of lithostratigraphy. Tak ing into ac count the val ues of petro-
graphic co ef fi cients of the tills T2A, T2 and T2B, they have
been as signed to the Kuców For ma tion. In the ana lysed sec -
tion, the till T2B over lies the tills T2 and T2A. It can be con -
sid ered a sep a rate till, re sult ing from ei ther os cil la tions of the
mar ginal part of the ice sheet or a dif fer ent ice-move ment di -
rec tion. This till can cor re spond to the Sanian 2 Gla ci ation
(see Krzyszkowski, 2010b).

In the east ern part of the Kleszczów Graben, the Warta-
nian till com plex (Rogowiec For ma tion) is rep re sented by
three sep a rate tills: T5, T6 and T7. In the west ern part, it
seems to be re duced to a sin gle till (T7?) that oc curs in the
graben mar gins only (see Ta ble 1). The older tills oc cur in the 
west ern part of the graben where they are rep re sented by
three beds: T2A, T2 and T2B (Kuców For ma tion, Sanian). In 
the east ern part, there is mainly T2 and lo cally also T2A. The
ques tion about the rank and the num ber of South Pol ish ice
sheet ad vances (South Gla cial Com plex, sensu Lindner et al., 
2013) in cen tral Po land still re mains open and re quires fur -
ther re search.

The re search re sults of the tills and their lithostratigra-
phic in ter pre ta tion, pre sented in this pa per, should be treated
as pre lim i nary ones. The is sue re quires fur ther stud ies, and
the au thors ex press hope that it will be pos si ble as the pro cess
of over bur den re moval in the Szczerców out crop ad vances.
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