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Almost 40 borings have been investigated in northern Silesia (Glog6w­
Miedzyb6rzregion). Eight till horizons, which differ in petrographic compo­
sition, have been recognized here. Five of them have been easily correlated 
by means of petrographic features with tills described previously from the 
Silesian Lowland and central Great Poland Lowland. These are: Gronsko, 
Krzesinki. Wierzbno. Smolna/Dopiewiec and G6rzno Tills. Other three occur 
locally. Four tills have been deposited during the Elsterian Stage, where the 
Gronsko Till represents the early and the Krzesinki Till the Middle Elsterian 
ice-advance. The latter fonned its marginal zone in the region investigated. 
most probably along the present-day Silesian Rampart. The Wienbno and 
Borowiec Tills represent the Late Elsterian ice-advance. They differ in 
petrographic composition and indicate different geographical distribution. 
The newly defined Borowiec Till is characterized by large content of Baltic 
limestones and in its upper part also dolomite. Another four tills have been 
deposited during the Saalian Stage. The Smolna/Dopiewiec Ti ll represent the 
Early Saalian ice-advance (Odranian). The local Narat6w and Tacz6w·Tills 
were fonned during the Middle Saalian (Early Wartanian) ice-advance and 
they are equivalent to each other. occurring in different regions: the first one 
at Leszno Upland and the second along the Silesian Rampart and the Barycz 

River valley. They differ little in petrographic composition. mainly by 
dolomite content. The G6rll1o Till represents the Late Saalian (Late Warta­
nian) ice-sheet advance. Both Wartanian ice-sheets formed ice-marginal 
zones in the region investigated: the early one at the axis of Silesian Rampart 
and Ihe lale one probably at Krotoszyn- Wqsosz Hills being nonhwards. 
Besides tills. several fluvial series have been documented. The "pyroxene" 
series indicates ambiguous stratigraphic position. though it is known from 
surrounding regions as the Elsterian interstadial series. Also, the fluvial series 
from the Pitica Interstadial (Odranian/Wartanian) has been documented as 
well as fluvial series from the Early Eemian and Middle Weichselian. The 
latter is the most widespread and most thick fluvial deposit in the region, 
reaching thickness up to 50 rn. Additionally, several Bemian lacustrine sites 
are present, in part palynologicaUy investigated. 
The northern Silesia has a complex Quaternary geology. where different 
regions, although indicating similar stratigraphic assemblages. represent 
various structural characteristics. Tluee sub-regions are discussed in the 
paper: the southern part of the Leszno Upland, the depressions along the 
Barycz River and a part of the Silesian Rampart (Dalk6w and Trzebnica 
Hills). 

INTRODUCTION 

Fine gravel petrographic analysis of tills has been intro­
duced in Poland in late fifties CB. Krygowski, 1956), although 
the methodology of till petrographic studies, which has been 
used until recent, comes only from sixties (J. Trembaczowski, 
1961, 1967; R. Racinowski, 1969; R. Racinowski, I. Rze­
chow ski, 1969). The 5-10 mm gravel fraction has been intro­
duced as a standard. Gravel counting includes two main 
groups of rocks: northern and local ones, where the latter 
come from the South Baltic Basin and Polish Lowlands. The 
northern rocks have been grouped into Scandinavian crystal­
line rocks [K], sedimentary rocks [0], carbonate rocks [W] 

including the Palaeozoic limestones CWp) and dolomites 
CDp), and in other classification into resistant [B] and non-re­
sistant [A] rocks. Several coefficients as KfW, OIK, AlB and 
Dp/Wp have been introduced for further interpretation. The 
methodological approach has remained finished when the 
coefficients became graphically presented in late seventies CI. 
A. Czerwonka, B. Witek, 1977; I. Rzechowski, 1977). 

A major part of the early till petrographic studies comes 
from Eastern Poland CI. Trembaczowski, 1961; I. E. Mojski, 
J. Rzechowski, 1967, 1969; R. Racinowski, 1969; R. Raci­
nowski, I . Rzechowski, 1969; I . Rzechowski, 1974, 1980). 
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Fig. 1. Till investigations in Western Poland: distribution of regions and sites 
published since 1990 
I - Belchat6w outcrop (J, A. Czerwonka, D. Krzyszkowski, 1990, 1992a); 
2 - Kanin outcrops (W. Stankowski, D. Krzyszkowski.1991); 3-Silesian 
Lowland (J. A. Czerwonka, D. Krzyszkowski. 1992b); 4 - Z!lbkowice 
outcrop (1. Badura et al., 1992); 5 - larosz6w outcrops (D. Krzyszkowski. 
A. Czech, 1995); 6 - lordan6w region (D, Krzyszkowski, M. Karanter, in 
press); 7 - Skoroszyce-Nysa region (J. Badura, B. Przybylski. 1996); 8-
central Great Poland (1. A. Czerwonka, D. Krzyszkowski. 1994); 9 -
Szczecin region (D. Krzyszkowski, 1. A. Czerwonka, 1994); 10 - Wot6w 
region (1. A. Czerwonka et al. , 1991; D. Krzyszkowski et al., 1994); 11 -
northern Silesia (1. A. Czerwonka et aI., present paper); 12 - Stawa SI'lSka­
Wloszakowice region (D. Knyszkowski et ai., in preparation) 

Badania glin lodowcowych w zachodniej Polsce: rozmieszczcnie region6w i 
stanowisk opublikowanych od 1990 r. 

with some works from central Poland (1. Trembaczowski, 
1967; J. Rzechowski, 1971, 1976, 1977, 1982; W. Stankow­
ski, 1976) and only few works from Western Poland (B. 
Witek, J. A. Czerwonka, 1976; J. A. Czerwonka, B. Witek, 
1977; J. Rzechowski, 1980). Results of till petrographic 
studies from Western Poland have been published systemati­
cally since 1991, at first from large brown coal mines at 
Belchat6w (1. A. Czerwonka, D. Krzyszkowski, 1990, 19920; 
D. Krzyszkowski, J. A. Czerwonka, 1992) and Konin (W. 
Stankowski, D. Krzyszkowski, 1991) and then from Silesia 
(southwestern Poland) (J. A. Czerwonka, D. Krzyszkowski, 
1992b; D. Krzyszkowski, 1992a; J. Badura et al., 1992; D. 
Krzyszkowski, A. Czech, 1995; J. Badura, B. Przybylski, 
1996; D. Krzyszkowski, M. Karanter, in press), central Great 
Poland Lowland (central-western Poland) (K. Choma-Moryl 

et al., 1991; W. Gogo!ek, 19910, b; J. A. Czerwonka, D. 
Krzyszkowski, 1994) and northwestern Poland (D. Krzysz­
kowski, J. A. Czerwonka, 1994). Almost all these published 
materials come from borings which have been drilled during 
the mapping project of the Detailed Geological Map of Po­
land 1:50000, except D. Krzyszkowski (1992b), J. Badura et 
al. (1992) andD. Krzyszkowski, A. Czech (1995), which were 
based on till outcrops. Figure 1 presents the geographical 
distribution of investigated sites and regions. 

This paper presents till petrographic studies from borings 
located basicaly in the northern part of Silesia and, in part, in 
the southernmost Great Poland (Figs. 2, 3). They have been 
investigated since late seventies, within the following sheets 
of the Detailed Geological Map of Poland 1 :50 000 (Figs. 2, 
3): Rudna (J. A. Czerwonka, 1978), Glog6w (J. A. Czerwon­
ka, 1981), Oborniki Slijskie (1. A. Czerwonka, T. Dobosz, 
1981), Trzebnica (J. A. Czerwonka, 1982), Czesz6w, Twar­
dog6ra(T. Dobosz, B. Skawinska-Dobosz, 1990), Rawicz (T. 
Dobosz, 1991), Zmigr6d (1. A. Czerwonka, 1991), Mi~dzy­
b6rz (T. Dobosz, 1993) , Milicz, Odolan6w (T. Dobosz, 
1994a), Swi~ciechowa (T. Dobosz, 1994b), By tom Odrzanski 
(J. A. Czerwonkaet al., 19940), Wschowa, Szlichtyngowa (J. 
A. Czerwonka, 1995), Wijsosz, G6ra (T. Dobosz, 1996). The 
presented analysis includes also some previously published 
data from the Wol6w (J. A. Czerwonka et al., 1991; D. 
Krzyszkowskietal., 1994) and Trzebnica vicinity (D. Krzysz­
kowski, 1992a, 1993). Additionally, some data from the mar­
ginal zone of the last glaciation between Slawa Slijska and 
Wloszakowice are discussed here (D. Krzyszkowski, 1992b; 
T. Dobosz, 1994b), which will be published separately (D. 
Krzyszkowski et 01., in preparation). The materials discussed 
in the paper are intended to fill the gap of the knowledge of 
till properties in the area between formerly investigated re­
gions: central part of the Silesian Lowland (J. A. Czerwonka, 
D. Krzyszkowski, 1992b) and central Great Poland (1. A. 
Czerwonka, D. Krzyszkowski, 1994). Altogether, all these 
areas give the almost 200 km long and 50--100 km wide zone 
with continuous till petrographic investigations, that have 
been made in one laboratory (Proxima S.A., Wroclaw) (Fig. 
1). Undoubtedly, this may be of a great value in further works 
on Pleistocene stratigraphy and correlations. Besides the tills, 
only deposits important for stratigraphic interpretation are 
described and discussed in the paper, such as fluvial (intersta­
dial or interglacial one) and organicllacustrine interglacial 
deposits. Also, the stratigraphic discussion on Tertiary de­
posits is excluded from discussion and only their position in 
relation to Quaternary sequences is presented. 

The region recently investigated lies entirely south of the 
marginal zone of the last glaciation (Figs. 2, 3). It is composed 
of three distinctly different geomorphological zones, which 
also differ much in Quaternary geology. These are: moraine 
plateau formed during the Saalian in the north (western and 
southern part of the Leszno Upland, southwestern part of the 
Kalisz Upland); central SUb-region, dominated by fluviatile 
morphology and sediments, and including the Glogow Pra­
dolina, the Zmigrod Basin and the Milicz Basin, all occupied 
recently by the Barycz River valley; and the glaciotectonic 
hills of the Silesian Rampart in the south (eastern part of the 
Dalk6w Hills, Trzebnica Hills and Twardogora Hills) (Fig. 2). 
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Fig. 2. Location of the area of investigation against the background of main geographic regions of southwestern Poland 

Lokalizacja obszaru badari nn tie gl6wnychjednostck geograficznych Polski poludniowo-zachodniej 

Borings are located more or less systematically in all these 
sub-regions, 8 in the northern uplands, including only one 

boring in the Kalisz Upland, 17 in the central basins and 11 
in the southern hills (Fig. 3). 

TILL CHARACTERISTICS 

Eight till horizons have been recognized, which differ in 
petrographic composition. However, they probably represent 
only 5 to 6 ice-sheet advances belonging to the Elsterian and 
Saalian Stages. 

Tt HORIZON (GRONSKO TILL) 

The T1 till has been found only in four profiles, all located 
in the central basins. The till occurs in the lowest position of 
the Quaternary sequences, always directly on the Tertiary 
deposits and usually with several othertills above (Figs. 4, 5). 
This is muddy to sandy till with thickness varying from 3 to 
15 m. Calcium carbonate content varies from 5 to 18%, but 
usually it is above 10%. The entire till horizon may be 
interfingered with Tertiary clay or glaciolacustrine clay 

and/or sand (Fig. 4). However, the separate till layers of the 
Tl complex indicate the sarne petrographic composition. 
Hence. this sedimentary complex may represent rather the 
slighty glaciotectonically disturbed sequence than strati­
graphically different tills. 

The T1 till is characterized by extremely high predomin­
ance of crystalline rocks (40-60%), very low content of Baltic 
limestones (20-30%) and insignificant dolomite (Table 1). 
Petrographic coefficients are: O/K 0.56-0.70; KfW 1.90-
1.99; AlB 0.50 and Dp/Wp 0.05-0.08, where the KfW ratio 
seems to be very characteristic and unique among the in ves­
tigated tills. The content of local rocks is relatively large and 
varies from 15 to 30%. The main local rock is either Mesozoic 
sandstone or milk quartz and brown coal particles, or flint and 
brown coal particles. Thus practically, the T1 till of each 
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Petrograpbic composition of the Early Elsterian tills in nortbern Silesia 

Petrographic coefficients Percentage content of local rocks 

Borehole 
OfK K/W AlB DplWp total limestones sandstones Palaeogene Neogene milk flint 

mudstones mudstones quartz 

Gronsko Till (Tl) 

IIBO 0.60 1.99 0.50 0.05 30.0 2.0 2.8 0.6 0.3 14.9 2.6 
21G! 0.70 1.90 0.50 0.08 18.0 2.7 11.0 0.7 - 1.8 1.8 
SIR' 0.56 1.94 0.50 0.15 21.0 - 1.1 3.3 1.5 0.5 9.3 
4/R' 0.67 1.90 0.50 0.29 15.0 1.1 0.5 1.4 - 4.6 1.7 
4/0b 0.95 1.30 0.90 0.06 32.0 1.6 3.2 - 1.0 17.6 4.8 

Gronsko Till in the type region 

0.5-0.8 1.4-1.7 0.5-0.7 0.0-0.02 

Pietrzykowice Till in the type region 

0.5--Q.6 I 2.0-2.2 I 0.5--Q.6 I 0.03--Q.05 

·dolomite content may contain anruytica1 error (1. A. Czerwonka, 1978) 

Petrographic composition of the Middle Elsterian tills in northern Silesia 

Petrograhic coefficients Percentage content of local rocks 

Borehole 
O/K K/W NB DplWp total limestones sandstones Palaeogene Neogene milk flint mudstones mudstones quartz 

Krzesinki Till (1'2) 

IIBO 0.95 1.15 0.85 0.06 16.6 2.5 2.7 O.S O.S 6.1 1.4 
3IW, 1.11 1.04 0.90 0.03 20.0 1.1 3.1 - 0.2 12.4 2.1 
IIW, 1.01 1.05 0.89 0.00 22.0 1.0 0.7 0.7 0.9 15.7 2.0 

4/R' 1.13 1.10 0.84 0.40 19.2 0.2 1.5 0.1 0.2 4.4 2.4 
I/SW 1.27 0.91 0 .94 0.10 13.2 3.6 0.9 0.6 - 5.9 1.5 
IIG 0.99 1.09 0.88 '0.08 15.0 3.0 3.9 - - 4.1 2.2 
IIW 1.04 1.09 0.94 0.11 22.0 4.8 3.3 - 0.2 6.1 2.7 

410b 1.l0 1.05 1.05 0.05 20.7 2.1 4.1 - - 11.4 2.1 

Krzesinki Till in the type region 

0.9-1.1 I 0.9-1.3 I 0.11-1.2 I 0.02--Q.03 

·dolomite content may contain analytical error O. A. Czerwonka, 1978) 

phospho pyritic lignite 
concret. concret. 

3.7 0.1 2.8 
- - -
- - 12.0 

- - 5.3 
- - 3.2 

phospho pyritic lignite concret. concret. 

0.6 0.1 2.4 
0.2 0.8 -
1.1 0.3 -
- - 10.0 

- 0.4 0.4 
0.4 0.4 0.2 
- 0.6 -
- - -

other 

-
-
-
-
-

other 

-
-

0.6 
-
-

0.8 
4.1 
-

Table 1 
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profile is characterized by another spectrum of local rocks 
(Table I, Figs. 4, 5). 

The heavy mineral content is uniform in all outcrops of 
the Tl till. Garnet represents a dominant mineral, which is 
associated by amphibole and epidote. Altogether, these three 
minerals are about 60-75%. Other minerals, such as zircon, 
tourmaline and cyanite may increase locally (Fig. 5), most 
probably around the outcrops of the preglacial deposits. 

The petrographic composition of the Tl till is very similar 
to features of the Pietrzykowice Till of the centraJ Silesia (1. 
A. Czerwonka, D. Krzyszkowski, 1992b) and the Grorisko 
Till in the central Great Poland (1. A. Czerwonka, D. Krzysz­
kowski, 1994). This similarity is exhibited both in specific 
K/W ratio as well as in very changeable spectrum of local 
rocks. As the Pietrzykowice Till indicates K/W ratios usually 
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Fig. 4, Charts of borings Borowiec (l IBO) and Bialol~ka (2/Gl) with a sequence of results of the standard petrological studies 
I - stratigraphy: T - Triassic rocks, Tr - Miocene deposits, P - preglacial (Pliocene) deposits, Tl - Groilsko Till, 1'2 - Krzesinki Till, T3 - Wierzbno 
Till, T4A - Borowiec Till, T48 - dolomite-rich Borowiec Till, T5A - Smolna Till, T5B - Dopiewiec Till. T6A - Narat6w Till, T6B - Tacz6w Till, 
T7 - G6rzno Till, E - Eemian deposits, V - Weichselian deposits. 01 - Oldnica "pyroxene" Formation, Pw - Pawtowice "pyroxene" Formation, F ­
fluvial deposits from the Pilica Interstadial; II - depth; III - lithology; IV - sampling 

Karty otwor6w Borowiec (l/BO) i Bialolcka (2IGf) z wynikami standardowych badan petrologicznych 
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Fig. 5. Chans of borings Lipowiec (SIR) and Choqgwice (41R) with a 
sequence of results of the standard petrological studies 

Explanations in Fig. 4 

Karty otworow Lipowiec (SIR) i Chol1\gwice (41R) z wynikami stan­
dardowych badan petrologicznych 

ObjaSnieniajak na fig. 4 

above 2,0, but the Gronsko Till usually around or below 2,0, 
the Tl till of the investigated region has been correlated with 
the latter and defined as the Gronsko Till. 

Fig, 6. Charts of borings Swiercz6w (3/Ws) and Lechit6w (l/W) with a 
sequence of results of thc standard petrological studies 

Explanations in Fig. 4 

Karty otwor6w Swiercz6w (3/Ws) i Lechit6w (I/W) z wynikami stan­
dardowych badan petrologicznych 
Obja~nieniajak na fig. 4 

1'2 HORIZON (KRZESINKI TILL) 

This till has been found in 8 profiles located in all sub-re­
gions, The till lies either above the Tl till (Figs , 4, 5) or 
directly on the Tertiary deposits (Fig. 6). The till is usually 
thick, ranging from 10 to 25 m, except the Trzebnica Hills 
where it is thinner (ca, 5 m), The till is usually massive and 
muddy, although it may comprise some thin sandy or clayey 
intercalations, especially in the lower part of the ti ll bed, The 
CaCO) content varies from 2 to 16%, in average 6-12% . 

The T2 till is characterized by an almost equal content of 
crystalline and carbonate rocks or the first one slighty pre­
dominates, Dolomite is rare (below 3.1 %) or even does not 
occur. Petrographic coefficients are: O/K 0,91-1.15; KIW 
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Petrographic composition of the Late Elsterian tills in northern Silesia 

Petrographic coefficients Percentage content of local rocks 
Borehole 

O/K KIW NB Dp/Wp total limestones sandstones 
Palaeogene Neogene 

milk quartz flint 
mudstones mudstones 

Wierzbno Till (1'3) 

2IB0 1.29 0.80 1.23 0.09 13.7 1.9 2.8 - - 1.4 0.5 
51R* 1.26 0.86 1.10 0.29 20.8 2.0 0.7 1.6 2.3 0.7 5.3 
IIR* 1.31 0.87 1.00 0.42 34.0 1.0 3.5 5.4 1.8 0.9 8.0 
4/0b 1.35 0.90 1.10 0.06 27.6 1.6 4.1 - 1.2 9.7 69 
Iff 1.27 0.89 1.15 0.02 12.5 0.8 1.2 - 2.5 0.6 4.5 

21Cz 1.38 0.83 1.1 1 0.11 12.9 3.7 1.6 - - 3.1 1.4 
3ffw 1.25 0.88 1.08 0.15 22.4 4 .8 0.5 0.7 0.6 12.2 1.2 

Borowiec Till (T4) 

1IBO 1.49 0.74 1.34 0.10 13.5 1.8 1.9 0.1 0.4 4.1 2.4 
31B0 1.94 0.62 1.66 0.11 23.0 2.2 2.2 0.8 0.2 4.4 2.3 
IISz 1.53 0.69 1.39 0.04 15.7 3.6 2.9 1.4 0.5 4.0 0.8 
1/w 1.69 0.62 1.51 0.14 15.3 7.2 2.3 0.3 - 2.1 1.1 
IlZm 1.72 0.60 1.68 0.11 28.5 13.0 0.5 0 .5 3.0 3.0 0.5 
21M 1.40 0.80 1.22 0.12 39.0 31.7 1.8 - - 3.8 0.2 
Iffw 1.50 0.66 1.48 0.14 32.8 17.8 1.6 0.2 0.5 3.3 0.5 
11Mb 1.44 0.77 1.24 0.11 20.7 11.7 1.2 0.4 - 3.5 0.4 
!lOd 1.60 0.75 1.30 0.13 13.0 5.1 1.4 - - 2.5 1.1 

2IWs** 1.67 0.61 1.57 0.27 14.4 2.9 2.4 0.2 0.9 4.4 0.5 
2IWs 1.80 0.61 1.42 0.08 10.2 1.1 1.5 0.5 0.3 4.0 1.0 

2/Ra** 1.65 0.67 1.37 0.21 15.1 4.5 1.5 0.7 0.4 3.5 0.9 
2IRa 1.40 0.77 1.21 0.12 14.4 5.0 0.8 - - 4.3 0.8 

Wierzbno Till in the type region 

1.1-1.3 0.8- 1.1 0.8- 1.2 0.0-0.09 

Witoslaw Till in the type region 

1.2- 1.4 0.1HJ.95 1.0-1.3 0.05-().1l 

* dolomite content may contain analytical error (J, A. Czerwonka, 1978); ** dolomite-rich till bed at the top of Borowiec Till (see discussion in the text) 

phosph. pyritic 
lignite 

concret. concret. 

0.5 - 6.6 
- - 6.7 
- - 13.4 

0.8 0.8 2.8 
0.5 0.5 2.5 
- 0.5 1.6 

0.9 0.8 0.9 

0.8 - 2.0 
0.8 0.2 9.9 
0.8 0.4 1.4 
0.7 - 0.2 
0.1 0.1 6.8 
0.8 0.8 -
4.3 0.5 3.7 
1.3 0.6 0.1 
0.6 0.3 2.0 
- 0.8 1.3 

0.4 0.3 1.6 
0.1 0.7 2.3 
0.2 0.6 2.2 

Table 3 

CaCo, 

other 
[vol.%] 

- 10 
1.3 14 
- 10 
- 16 
- 3 

0.8 11 
- 2 

- 9 
- 6 
- 10 
1.5 12 
- 9 
- 6 
- 11 
1.5 6 
- 7 
- 10 
- 10 

0.5 12 
0.3 14 
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0.95-1.13 (exceptionally in one profile 1.27); AlB 0.84-D.90 
and DpfWp 0.00-0.11 (in average 0.03-0.08). The content of 
local rocks is large, ranging from 13 to 22 %. Main local rocks 
are milk quartz and Mesozoic sandstone. Mesozoic limestone 
and flint are also relatively frequent, although with more 
changeable quantities (Table 2, Figs. 4-6). 

Main heavy minerals of the T2 till are garnet and amphi­
bole, which indicate usually almost equal contents (altogether 
60-70%), although in several samples garnet predominates. 
Epidote and pyroxene contents varies between 5 and 10%; 
other minerals are less frequent. 

The T2 till features well correspond with the petrographic 
composition of the Krzesinki Till, either in the type profile 
near Poznan or its equivalents near Leszno (J. A. Czerwonka, 
D. Krzyszkowski, 1994). Not only petrographic coefficients, 
but also total dolomite content and a number and types of main 
local rocks are similar. Hence, the T2 till of the region inves­
tigated is defined as the Krzesinki Till, which thus has ex­
tended to the south. 

T3 HORIZON (WIERZBNO TILL) 

This till has been found in 7 profiles, where 5 are located 
along the glaciotectonic hills and only two in the central 
basins. The T3 till does not occur in the northern uplands of 
the region investigated. The till is usually thin (1-3, at maxi­
mum 5 m), although it preserves nicely all features typical for 
glacial tills. CaCO:J content varies from 2 to 14%. The till lies 
above older Quaternary deposits, including tills T1 and T2 
(Fig. 5), or directly above the Tertiary strata (Fig. 7). Very 
often, the T3 till represents the only till bed in the profile, 
although usually superposed by glaciofluvial andlor glaciola­
custrine deposit. Occasionally, thin beds ofthe T5 and T6 tills 
may occur above it. Position of this till in the southern hills 
will be discussed in detail later, as it is quite complex due to 
glaciotectonic deformation. 

The T3 till is characterized by predominance of carbonate 
rocks (35-45%) over the crystalline one (30-35%). Dolomite 
content is low to medium (1-5%) (Table 3). Petrographic 
coefficients are: O/K 1.25-1.35; KfW 0.80-0.90; AlB 1.08-
1.23 and DpfWp 0.02-0.15. Local rocks are frequent (12-
34%), where flint is the main component in almost all profiles, 
It is associated with milk quartz, Mesozoic sandstone and 
limestone, which in other profiles may dominate. Some 
profiles contain also abundant brown coal particles and Ne­
ogene mudstone. 

Among heavy minerals, amphibole usually predominates 
over garnet and they together represent 60-70%. Epidote and 
pyroxene varies between 3 and 10%. Other minerals are less 
frequent. 

Petrographic features of the T3 till and especially KfW 
ratio well correspond with features of the Wierzbno Till of the 
central Silesia (J. A. Czerwonka, D. Krzyszkowski, 1992b) 
and the Witoslaw Till of the Poznan and Leszno regions (J. 
A. Czerwonka, D. Krzyszkowski, 1994). As all profiles with 
T3 till lie geographically more closely to central Silesia, thus 
the till is defined as the Wierzbno Till. It must be stressed out, 
however, that there is no significant difference in petrographic 
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Fig. 7. Charts of borings przybor6w (2180), Katarzyn6w (3IBo) and Giog6w­
ko (1ISz) with a sequence of results of the standard petrological studies 
Explanations in Fig. 4 

Karty otwor6w przybor6w (2IBo), Katarzyn6w (3IBo) j Glog6wko ( l/Sz) z 
wynikami standardowych badan petrologicznych 
ObjaSnieniajak na fig. 4 
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composition between the Wierzbno and Witoslaw Tills (1. A. 
Czerwonka, D . Krzyszkowski, 1994). These two tills, 
together with T3 till ofthe region investigated, form one, very 
homogeneous and continuous till bed outcroping from the 
Silesian Lowland in the south to at least Poznan region in the 
north. 

T4 HORIZON (BOROWIEC TILL) 

This till has been found in 11 profiles, all located in the 
central basins. The till is massive, muddy and it is usually 
4-11 m thick and contains 6-14% ofCaCO). It occurs above 
the older tills only in two profiles: Borowiec (Tl and T2, Fig. 
4) and Lechit6w (T2, Fig. 6) . In other profiles it lies either 
directly on the Tertiary strata or more rarely on glaciolacus­
trine or glaciofluvial deposits (Figs. 7- 9). The T4 and T3 tills 
are never in superposition. even if profiles containing them 
are very close to each other (e.g. Borowiec, Katarzyn6w and 
Przybor6w, Fig. 3). They both have similar stratigraphic 
positiQn above the T2 till or directly above the Tertiary 
basement (Figs. 4, 7). Very often, the T4 till represent the only 
till bed in the profile, although usually overlain by glacioflu­
vial and/or glaciolacustrine deposits. Occasionally, thin beds 
of the T5 and T6 tills may occur above it (Figs. 7- 9). 

The T4 till is characterized by extremely high predomin­
ance of limestones (45- 50%) over the crystalline rocks (25-
35%) and relatively high dolomite content (4-15%). It is clear 
from the profile Czerlejewo (Fig. 9), that the T4 horizon may 
be subdivided into two sub-horizons, named the T4A and the 
T4B, which differ in dolomite content. The lower till (T4A) 
comprises 4-8% of the dolomite, whereas the upper till (T4B) 
twice or three times more (8-15%). Other petrographic fea­
tures are the same in both units, as weIl as there is no 
sedimentary break between them. Hence, it seems the T4A 
and T4B units form one till bed, and high dolomite content at 
the top is probably due to a change of regional ice movement 
(e.g. J. Ehlers et al., 1984; 1. Ehlers, 1992). The dolomite-rich 
T4B till occurs only in two profiles: Czerlejewo and Nowe 
Domy (Fig. 9). The latter profile contains practically only the 
T4B unit. However, thin diamicton beds interbedded with 
glaciolacustrine deposits, which lie below T4B unit, are char­
acterized by dolomite content close to the T4A till charac­
teristics (Fig. 9, Table 3). Petrographic coefficients are in both 
T4A and T4B units as follows: O/K 1.40-1.94; K!W 0.60-
0.80; AlB 1.30-1.68 and Dp/Wp 0.08-D.14 (T4A) and 0.21-
0.27 (T4B). The content oflocal rocks is very large and varies 
from 13 to 39%. Profiles from Milicz and Zmigr6d Basins are 
dominated by Mesozoic limestone (40-80% of all local rocks, 
which gives from 5 to 32% in total), which are usually 
associated by milk quartz and occasionally by Mesozoic 
sandstone, flint, phosphosyderite and pyrite concretions. In 
turn, the T4 tills from the Glog6w Pradolina comprise more 

Fig. 8. Charts of borings Suliradzice (liMb), Kutnica Czeszycka (lrrw) and 
Dyminy (21M) with a sequence of results of the standard petrological studies 
Explanations in fig. 4 

Karty otwor6w Suiiradzice (lIMb), Kuinica Czeszycka (lfTw) i Dyminy 
(21M) z wynikami standardowych badari petroiogicznych 
ObjaSnienia jak na fig. 4 
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dispersed spectrum of local rocks, with milk quartz, Mesozoic 
sandstone, Mesozoic limestone and brown coal particles as 
main rocks, which are associated by less frequent flint, Palae­
ogene and Neogene mudstones, and phosphosyderite and 
pyrite concretions. 
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Garnet and amphibole represent together about 70-80% 
of total heavy minerals in the T4 horizon and the first one 
dominates. Epidote content ranges between 5 and 10%. Other 
minerals are infrequent. 

The till T4 indicates very specific petrographic features, 
especially KJW ratio and limestone and dolomite contents. 
These features are comparable either with features of the 
G6rzno Till in the Leszno region (T4A) or Kopaszewko Till 
in the Poznan region (T4B) (J. A. Czerwonka, D. Krzyszkow­
ski, 1994). However, another till has been found in the region 
investigated as a better candidate for G6rzno Till (T7) and 
correlation with both the G6rzno and the Kopaszewko Tills is 
unsound as the T4 till is present always in the lower part of 
the Quaternary sequence, often directly on Tertiary strata, 
whereas the G6rzno and the Kopaszewko Tills are very young 
and often occur near the ground surface. 

From the above, it follows that the T4 till must represent 
a separate till horizon. We have decided to define it as a new 
till type (T4), which has been named the Borowiec Till. The 
Borowiec profile (Fig. 4) is designated as a stratotype, be­
cause this boring has the most complete stratigraphy, where 
the T4 till lies both above T1 and T2 tills. Parastratotype 
profile is represented in boring Kuinica Czeszycka (Fig. 8), 
where the T4 till is superposed by the T5 till. The latter profile 
represents also the Mesozoic limestone-dominated till , by 
means of local rocks characteristics. Another par.stratotype 
is represented by profile Czerlejewo (Fig. 9), where normal 
T4 till (T4A) is superposed by the dolomite-rich till facies 
(T4B). 

TS HORIZON (SMOLNA TILL AND/OR 
DOPIEWIEC TILL) 

This till has been described surely in II profiles, and it 
possibly occurs also in two other one. The till is present in all 
sub-regions, although it is relatively rare in the central basins. 
The stratigraphic position of the T5 till is the best recognized 
within the Leszno Upland, where it lies in some profiles above 
the T2 till or glaciofluvial deposits, or Tertiary deposits, and 
simultaneously below the T6 till (Figs. 10, 11). Within the 
central depressions the T5 till occurs above the T4 till or only 
above glaciofluvial deposits and usually with no other till 
above (Figs. 8,9). In turn, the T5 till occurring in the southern 
hills represents either the single bed with no stratigraphic 
contex (e.g. Fig. 12) or is a part of very complex sequences 
formed due to glaciotectonic deformation. The till is massive, 
muddy or occasionally sandy, and it is from 3 to 28 m thick. 

Fig. 9. Charts of borings t..aszczyn (lIRa), Nowe Domy (2IRa) and Czerleje­
wo (2/ws) with a sequence of results of the standard petrological studies 
Explanations in Fig. 4 

Karty otwor6w Laszczyn ( lfRa). Nowe Domy (2/Ra) i Czerlejewo (2I'Ns) z 
wynikami standardowych badari petrologicznych 
Obja.snieniajak na fig. 4 
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Fig. 10. Charts of borings Narat6w (llWs), Przydc07.e (3/Sz), Nicchl6d 
(l/SW) and Slrzytcwicc (IIG) with a sequence of results of the standard 
petrological studies 
Explanations in Fig. 4 

Karty otwor6w Narat6w elfWs), przydroZc (3/Sz), Niecht6d (lISW) i Strzy­
tewicc (l/O) z wynikami standardowych badan petrologicznych 
Obj~nieninjak nn fig. 4 

Calcium carbonate content varies from 2 to 13%, usually it is 
about 8-10%. 

The TS till is characterized by a predominance of crystal­
line rocks (40-S0%) over the carbonate one (30-40%) and 
very low dolomite content (below 3%). Petrographic coeffi· 
cients are: OIK 0.78-O.9S; KJW 1.2S-1.3S; AlB 0.6S-O.90 
and Dp/Wp 0.02-0.09 (exceptionally O.IS and 0.22) (Table 
4). The content of local rocks is rather large, ranging from 10 
to more than 30%. The main local rock is usually milk quartz 
(1-18%), which is associated by abundant Mesozoic sand· 
stone (1-14%) and in some profiles also by Mesozoic lime· 
stone (1-{i%), and particles of brown coal (0-7%). Flint is 
present in all profiles, ranging between I and 6%. Other rock 
types occur sporadically. 

The special cases are possible TS tills in profiles Laszczyn 
and Nowe Domy (Fig. 9)0 These till beds lie in the strati· 
graphic position presumed for the TS till. i.e. above the T4 till 
and below T6 or T7 tills (Fig. 9). However, their petrographic 
composition is quite different. The till at Laszczyn is similar 
to the Tl till. whereas the till at Nowe Domy is like the T4 till. 
Both till beds are not weathered and enough thick (3-6 m) to 
preserve original petrographic composition ofthe glacial hori­
zon. Hence, their petrographic composition, if their correla­
tion with T5 horizon is correct, is somewhat striking. Further 
works on till petrography should be done eastwards (Jutrosin 
region) to solve this problem definitively . 

Heavy minerals of the TS till are very like to those of other 
tills, with garnet and amphibole as main components. Here, 
they indicate usually equal contents, each about 30-3S%. 
Epidote and pyroxene may reach up to 6-8%; other minerals 
are less frequent, usually below S%. 

The TS till indicates absolutely the same petrographic 
composition as the Smolna Till in central Silesian Lowland 
(J. A. Czerwonka, D. Krzyszkowski, 1992b) and the Dopie· 
wiec Till in central Great Poland (J. A. Czerwonka. D. Krzysz· 
kowski, 1994). As the investigated TS till outcrops lie in 
between formerly investigated regions, and simultaneously 
throughout the entire northern Silesia. it is difficult to mark 
any boundary between the formerly defined tills. Hence, we 
decided to use conventionally the name Dopiewiec Till (TSB) 
for TS tills northwards the Barycz River and the name Smolna 
Till (TSA) for TS tills soutwards this river. This boundary is 
absolutely arbitrary and regional, as all TSA and TSB as well 
as the Smolna and Dopiewiec Tills represent one, very uni­
form till bed extending from Silesian Lowland to at least 
Poznan region (J. A. Czerwonka. D. Krzyszkowski, 1994). 

T6A HORIZON (NARAT6w TILL) 

This till has been found in four profiles of the Leszno 
Upland. It lies in between TS and T7 tills in two profiles (Fig. 
10). between TS till and Weichselian fluvial deposits in one 
profile and in the isolated position in another one (Fig. 13). 
The till is 2-10 m thick. massive and muddy. In two profiles, 
Narat6w and Przydroie (Fig. 10), the T6A till forms lithologi· 
cally uniform till bed with the T7 horizon, where they differ 
from each other only in petrographic composition and CaC03 
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content. The average calcium carbonate content of the T6A 
till is 8-15%. 

The T6A till is characterized by an almost equal content 
of crystalline and carbonate rocks, each about 40%, and a 
relatively small dolomite content (2-4%). Petrographic coef­
ficients are: O/K 1.08- 1.15; KIW 0.90-1.08; AlB 0.88-1.07 
and Dp/Wp 0.03-0.08. The content of local rocks varies from 
6 to 13% and is much lower than in older tills. Main local 
rocks are milk quartz, Mesozoic sandstone and flint, with 
small admixtures of Mesozoic limes tons, Palaeogene mud­
stones and phosphosyderite concretions (Table 5). 

Garnet and amphibole represent main heavy minerals 
(together about 70%) and the first one slighty predominates. 
Other minerals are infrequent, each usually 1-4%. Among 
them only pyroxene may reach up to 6-8%. 

The T6A till indicates petrographic features which are 
very similar to those of the Karolewo Till near Poznan cr. A. 
Czerwonka, D. Krzyszkowski, 1994). Not only petrographic 
coefficients but also dolomite and local rocks content are 
almost the same. Also, a large number of flint is another 
common feature. However, we have decided to define T6A 
till as a separate till horizon. This is because that the gap of 
about 100 km is present in betwe~n outcrops of the T6A till 
and the outcrops of the Karolewo Till (J. A. Czerwonka, D. 
Krzyszkowski, 1994). The T6A till has been named the Nar­
atow Till and the Naratow profile (Fig. 10) has been desig­
nated as a stratotype. 

T6B HORIZON (TAcz6w TILL) 

This till has been found in 5 profiles; four of them are 
located along the southern hills andlor on its northern foreland 
and one profile is located in the Zmigrod Basin (Figs. 11, 13). 
This till occurs in the isolated position or above the T5 till 
andlor T3 till. This till is sandy to muddy, usually massive, 
and it contains 2-13% CaCO). 

The petrographic composition of the T6B till is identical 
as this of the T6A till, except dolomite content, which is here 
up to 12 % (usually 5-8%) (Table 5). Petrographic coefficients 
are: O/K 1.09-1.16; KIW 0.90-1.13; AlB 0.80-1.10 and 
Dp/Wp 0.14- 0.28. The content of local rocks is 11-16%, 
which is slighty larger than in the T6A till, but still much less 
than in older tills. Main local rocks are also the same as in the 
T6A till: milk quartz, Mesozoic sandstone and flint, with 
some small admixtures of Mesozoic limestons, Palaeogene 
mudstones and phosphosyderite concretions, although it con­
tains also a significant brown coal particles. 

Heavy mineral content is also similar as in the T6A till, 
although in some profiles at the southern hills, there is more 
tourmaline, zircon and cyanite. 

The T6B till seems to be an equivalent ofthe Naratow Till 
(T6A), although with different geographical distribution, 
limited to the Dalk6w and Trzebnica Hills and their northern 
forelands. The geological cross-section (Fig. 15) shows that 
the T6A and T6B tills occur in similar geological position and 
above the T5 till on both sides of the Odra/Barycz River 
valleys. They both form the uppermost till bed of the moraine 
plateau, although the T6B till is always the youngest one in 
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Fig. 11. Charts of borings G6rzyn (lIR). Chobienia (3/R) and Chatupki (2/R) 
with a sequence of results of the standard petrological studies 
Explanations in Fig. 4 

Karty otwor6w G6rzyn (lIR), Chobienia (3/R) i Chalupki (2/R) z wynikami 
standardowych badari petrologicznych 
ObjaSnieniajak: na fig. 4 



Petrographic composition of the Early Saalian tills in northern Silesia 

Petrographic coefficients Percentage content of local rocks 

Borehole 
Palaeogene Neogene milk 

O/K KfW AlB Dp/Wp total limestones sandstones flint 
mudstones mudstones quartz 

Dopiewiec Till (T5B) 

3/Sz 0.80 1.35 0.70 0.08 14.4 1.3 3.3 1.3 - 6.9 1.4 
I/SW 0.80 1.45 0.68 0.08 27.8 3.1 4.4 0.3 - 14.5 2.1 
1/W, 0.81 1.34 0.73 0.04 10.0 1.0 3.2 0.7 0.7 1.9 1.5 
lIG 0.84 1.30 0.78 0.09 13.5 2.8 3.6 0.3 0.1 3.6 2.3 
liRa 0.55 2.05 0.55 0.13 40.1 8.2 1.0 - 1.5 16.4 2.0 
2IRa 0.60 0.70 1.40 0.13 11.5 3.5 2.3 - - 3.8 0.1 

Smolna Till (T5A) 

lIGI 0.90 1.35 0.70 0.01 16.0 4.8 4.0 0.8 - 0.8 2.4 
3/R* 0.88 1.36 0.65 0.22 16.8 0.5 2.9 0.8 1.4 1.5 2.4 
mm 0.85 1.25 0.70 0.02 28.2 5.5 1.5 0.6 - 18.1 1.5 
lrrw 0.78 1.39 0.68 0.15 20.8 1.4 2.8 - - 12.5 2.8 
2{f 0.92 1.32 0.70 0.Q3 30.0 - 14.0 - 4.5 1.5 6.0 
lrr 0.90 1.29 0.70 0.04 17.0 1.9 5.5 - 1.7 0.8 4.5 

4/0b 0.95 1.30 0.90 0.06 32.0 1.6 3.2 - 1.0 17.6 4.8 

Dopiewiec Till in the type region 

0.6-1.0 1.3-1.5 0.6-0.9 0.0-0.05 

Smolna Till in the type region 

0.8-0.9 I 1.3-1.5 I 0.6-0.7 I 0.03-0.09 
- - - - _._ --

* dolomite content may contain analytical error (1. A. Czerwonka, 1978) 

phospho pyritic 
lignite 

concret. concret. 

- - 0.4 
0.2 0.3 0.5 
0.7 0.6 -
- 0.4 -

0.5 2.0 8.0 
0.5 - 1.2 

- - 3.2 
- - 7.1 
- 1.0 -

1.4 0.2 -
- - 3.0 
- - 2.6 
- - 3.2 

Table 4 

CaCo, 

other 
[vol.%] 

- 5 
0.1 8 
- 10 

0.5 10 
2.5 2 
- 10 

- 13 
- 8 
- 10 
- 3 
- 10 
- 12 
- 12 
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the sequence and the T6A till is overlain additionally by the 
T7 horizon. The surficially lying till of the Trzebnica Hills, 
that is different from the Smolna Till (T5), has been defined 
as the Tacz6w Till (D. Krzyszkowski, 1993), following older 
descriptions (vide M. Schwarzbach, 1942; D. Krzyszkowski, 
1993). The type sections of the Tacz6w Till near Trzebnica, 
Tacz6w and Gluch6w Dolny are not available recently. 
Hence, we have designated parastratotypes of this till at 
Chobienia (Fig. II) in the Dalk6w Hills and at Blizocin (Fig. 
14) in the Trzebnica Hills. 

1'7 HORIZON (G6RZNO TILL) 

This till has been found in 5 profiles and only in the Leszno 
and Kalisz Uplands. The till represents the youngest glacial 
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Fig. 12. Charts of borings Moskorzyn (1/GI) and Godzi~cin (2IZm) with a 
sequence of results of the standard petrological studies 
Explanations in Fig. 4 

Karty otwor6w Moskorzyn (lIGI) i Godzi~cin (212m) z wynikami stan­
dardowych badan petrologicznych 
Obj~nieniajak na fig. 4 
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Fig. 13. Charts of borings Sanie (ItZm) and Kui6w (2I5z) with a sequence of 
results of the standard petrological studies 
Explanations in Fig. 4 

Karty otwor6w Sanie (ItZm) i Kul6w (2ISz) z wynikami standardowych 
bada~ petroiogicznych 

Obja.§nienia jak na fig. 4 

deposit, lying at the ground surface or below thin cover of 
sands (Figs. 9, 10, 16). This tillHes above the Narat6w Till 
(T6A) in two profiles (Fig. 10), where they form one, litho­
logically uniform till bed. In other profiles, the T7 till forms 
a separate unit lying above the T5 till or in one case on the 
Tertiary clay (Figs. 9, 16). The till is 8-30 m thick, massive 
and muddy. CaC03 content is 8-12%. 

The T7 till is characterized by a high predominance of 
limestones (40-50%) over crystalline rocks (35-40%) and 
relatively high dolomite content (3-7%). The latter is larger 
than in the Narat6w Till (T6A), although smaller than in the 
Tacz6w Till (T6B) . It is, however, very similar to this of the 
Borowiec Till (T4A). Petrographic coefficients of the T7 till 
are: O/K 1.34-1.76; K!W 0.55-0.80; NB 1.18-1.56 and 
Dp/Wp 0.11-0.20 (exceptionally 0.05). Local rocks are from 
8 to 19% and milk quartz and Mesozoic limestone are domi­
nant rocks. They are associated mainly by Mesozoic sand­
stone and flint (Table 5). 

Main heavy minerals are represented by garnet and am­
phibole, which have varying contents, but together reaching 
up to 65-75%. Epidote is quite frequent reaching up to 8-
12%, whereas pyroxene is up to 10%. Other minerals are less 
frequent, each usually less than 3%. 

The petrographic composition of the till T7 and its position 
near the ground surface corresponds well with features of the 



Petrographic composition of the Late Saalian tills in northern Silcsia 

Petrographic coefficients Percentage content of local rock.<; 
Borehole 

OIK KfW NB DplWp total limestones sandstones Palaeogene Neogene milk flint 
mudstones mudstones quartz 

Narat6w Till (T6A) 

IIW, 1.11 0 .99 0.92 0.05 6.4 - 2.5 - - 1.6 1.6 
31Sz Ll2 1.08 0.95 0.03 15.6 2.5 2.1 0.3 0.1 7.3 1.7 
VSz 1.08 1.04 0.88 0.03 13.4 1.0 1.5 0.5 - 6.0 2.5 
110 LIS 0.90 1.07 0.08 12.3 1.6 3.2 - - 3.5 1.9 

Tacz6w Till (T6B) 

lIZm 1.12 0.90 LlO 0.14 11.4 0.3 0.6 - - 3.5 2.3 
3/R' Ll6 Ll3 0.78 0.22 13.6 1.5 2.6 1.5 1.0 2.2 1.9 
I/R' 1.09 Ll2 0.80 O.IS 14.3 1.3 3.3 0.9 1.2 2.6 1.5 
2/R' LlI 1.09 0.83 0.28 11.2 1.9 2.8 - - - 2.8 
VCz 1.19 0.90 1.03 0.28 15.6 6.3 1.0 - - 3.1 1.0 

G6rzno Till (T7) 

IIW, 1.69 0.62 1.56 0.11 8.3 0.8 LI 0.4 1.4 2.2 1.6 
3/Sz 1.70 0.65 1.50 0.05 13.7 2.5 2.2 1.4 - 5.7 0.9 
310 1.55 0.70 1.35 0.05 2S.5 13.7 2.8 - - 6.9 1.4 
310 1.34 O.SO LIS O.IS 13.7 4.6 2.4 - 0.1 3.6 1.6 
lIRa 1.76 0.55 1.50 0.20 13.7 2.6 2.4 - - 4.9 0.6 
1I0d 1.60 0.70 1.30 0.14 T9.0 6.9 1.& - - 5.5 1.2 

G6rzno Till in the type region 

1.3- 1.7 0.7-1.0 LI-1.6 O.M.IS 

Kopaszewko Till in the type region 

1.7- 2.1 0.5-0.7 1.5-1.& 0.1- 0.22 

Karolewo Till in the type region 

1.0-1.3 I 0.9- Ll I 0.9- 1.2 I 0.01-Q.4 

• dolomite content may contain analytical error (J. A. Czerwonka. 1978) 

phosph. pyritic lignite 
concret. concret. 

0.7 0.2 -
0.1 0.2 1.0 
1.0 0.4 0.6 
0.3 0.9 -

- - 4.8 
- - 1.4 
- - 4.6 
- - 3.7 
- - 2.1 

0.6 0.1 0.1 
- - 0.8 

0.2 - -
0.5 0.3 0.1 
0.4 0.& 1.5 
0.7 0.4 0.6 

other 

-
-
-

0.9 

-
Ll 
0.2 
-

2.1 

-
-

3.4 
0.6 
0.5 
1.5 

Table 5 
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G6rzno Till near Leszno (J. A. Czerwonka, D. Krzyszkowski, 
1994). Hence, it seems, that the T7 till directly corresponds 
with the latter. The G6rzno Till near Leszno has occurred as 
the single till bed, what it is the case also for some investigated 
profiles (Figs. 9,16). Two profiles investigated recently con­
tain a flint-rich and dolomite-poor till (Narat6w Till, T6A) and 
the relatively dolomite-rich till (Gorzno Till, TI) in superpo­
sition and forming one, uniform till bed (Fig. 10). This re­
semble the stratigraphic relation between the Karolewo Till 
(here interpreted as direct equivalent ofthe Naratow Till) and 
the Kopaszewko Till near Poznan (J. A. Czerwonka, D. 
Krzyszkowski, 1994). In both regions there is, however, not 
sure whether these tills represent separate ice-sheet advances 
or only a change of regional ice-flow with no ice-melting. 
Przydroze profile (Fig. 10) may suggest the first possibility, 
as there is a slight difference in CaC03 content between both 
tills, which may even suggest weathering in the lower one. 

FLUVIAL AND LACUSTRINE DEPOSITS 

PREGLACIAL FLUVIAL SERIES 

Preglacial fluvial deposits, i.e. Pliocene fluvial deposits 
lying above the Miocene Poznan clay and below the glacial 
suites, have been documented undoubtedly ONY in three 
investigated borings (Figs. II, 12). However, these deposits 
are surely more widespread, especially along the Silesian 
Rampart (J. A. Czerwonka, D. Krzyszkowski, I 992b, in prep­
aration). Provisionally, three zones with different heavy mine­
rals can be distinguished in the preglacial deposits of the 
Silesian Rampart: western zone with mainly the andalusite 
and tourmaline, central zone with mainly the zircon, tour­
maline and cyanite and the eastern zone with mainly the 
staurolite and garnet (Fig. 17 A). The heavy mineral charac­
teristics of preglacial deposits of the Moskorzyn profile well 
fit with the western zone, this one ofthe Chalupki profile with 
the central zone and heavy mineral assemblages of the Go­
dzi~cin profile belong to the eastern zone of the preglacial 
series (Fig. 12). Profiles with preglacial deposits of the central 
zone have been described also by J. A. Czerwonka and D. 
Krzyszkowski (l992b) at Radecz and Ro§cislawice (Fig. 
17A). Futhermore, many Quaternary deposits contain here 
large zircon and tourmaline admixture (e.g. Figs. 5, 11), that 
may come from redeposition of preglacial sediments of the 
central zone. 

Fig. 14. Charts of borings Blizocin (Vez) and Malerz6w (3n'w) with a 
sequence of results of the standard petrological studies 
Explanations in Fig. 4 

Karty otwor6w Blizocin (2/Cz) i Malerz6w (3ffw) z wynikami stan­
dardowych badan petrologicznych 
Obja~nicniajak na fig. 4 
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Fig. 15. Geological cross-section G6nno-Choragwice-Narat6w throughout the Odra and Barycz River valleys and adjacent moraine uplands 
P - preglacial deposits, Tl - GrOilsko Till, T2 - Krzesinki Till, T3 - WierLbno Till, D/4 - possible Borowiec Till, T5A - Smolna Till, TS8 -
Dopiewicc Till, T6A - Narat6w Till. T6B - Tacz6w Till, T7 - G6rzno Till, V - Weichselian fluvial deposits; location of the section in Fig. 3 

Przckr6j geologiczny G6rzno-Choragwice-Narat6w prlcz doliny Odry i Baryczy oraz sasiednie wysoczyzny morenowe 
P - utwory preglacjalne, Tl - glina typu Gronsko, 12 - glina typu Krzesinki, n - glina typu Wierzbno, T3/4 - prawdopodobna glina typu Borowiec, 
T5A - glina typu Smolna, T5B - glina typu Dopiewiec, T6A - glina typu Narat6w, T6B - glina typu Tacz6w, T7 - glina typu G6rzno, V - osady 
rLeczne vistulianu; lokalizacja przekroju - na fig. 3 

"PYROXENE" FLUVIAL SERIES 

J. A. Czerwonka and D. Krzyszkowski (1992b, 1994) 
have described the possible fluvial deposit in central Silesia 
and Leszno region. which is characterized by an increased 
pyroxene content and the relatively low content of angular 
quartz grains (OleSnica and Pawiowice Formations, respec­
tively). These series occur below the Wierzbno Till in central 
Silesia and between the Krzesinki and Witoslaw Tills in the 
Leszno region, and hence the series has been interpreted as 
the interstadial fluvial deposit formed between the Middle and 
Late Eisterian ice-advances. J. A. Czerwonka et at. (1991) 
have described the "pyroxene" series from Bozen (Fig. 17 A), 
although this profile does not contain tills. 

Two additional profiles of the region investigated contain 
sequences with an increased pyroxene content, which may 
represent the "pyroxene" fluvial series. At Laszczyn (Fig. 9), 
this series is 14 m thick and comprises sands and gravels. The 
pyroxene is about 10%, but the lowest sample of the overlying 
till contains up to 27% of pyroxene. The latter may come from 
redeposition of the underlying fluvial sequence. Other fea­
tures of the series do not differ from the series characteristics 
in the central Silesia and especially this of the Leszno Upland 
(Table 6). However, stratigraphic position of the "pyroxene" 
series at Laszczyn is ambiguous. Indeed, it lies below the till, 
but just th is one has very ambiguous documentation and it is 
only temporarily correlated with the T5 till . Even more com­
plex stratigraphy is observed at Sucha Wielka profile (Fig. 
18). This profile comprises at least three fragments of the 
sedimentary sequence, which contain more pyroxene than 
other (7- 20%, Table 6). This may be due to glaciotectonic 
deformation of the original sequence, the more as the profile 
contains also doubled T5A till and thick Tertiary clay bed 
within the Pleistocene deposits. The lowest pyroxene-rich 
fragment is assumed to be not, or only little bit, thrusted up 
and it probably represents more or less original position of the 

series. The sandy fluvial deposit is here 44 m thick and occurs 
below the T3 till ,(Fig. 18). The heavy mineral and quartz 
roundness characteristics well fit with features of the "py­
roxene" series of the Silesian Lowland. 

From the above, it follows that none of the profile of the 
region investigated contain "pyroxene" series in unambigu­
ous stratigraphic position. However, if we assume that its 
position is the same as in regions southwards and northwards, 
the fluvial tract of the "pyroxene" river may be as presented 
in Figure 17 A. 

FLUVIAL SERIES BETWEEN T5 AND T6m TILLS 

Three profiles of the region investigated and the additional 
one at Slaw. Sl~ska (D. Krzyszkowski et at., in preparation) 
contain deposits which may be interpreted as fluvial series. 
These deposits are characterized, first of all, by absolute 
predominance of well and partially rounded quartz grains 
(36-70 and 23-51 %, respectively) and very low content of 
angular grains (5-21%) (Table 6). Additionally, an upward 
increase of well rounded grains has been observed. Similar 
features have been described for periglacial and/or interstadial 
fluvial deposits in central Poland (1. Goidzik, 1980; D. 
Krzyszkowski, 1990a, b, c). Also, the heavy mineral charac­
teristics may suggest fluvial origin of deposits, as garnet is a 
dominant mineral, with decreased amphibole and increased 
locally-derived minerals. such as staurolite, tounnaline, anda­
lusite and cyanite (Table 6) (D. Krzyszkowski, 1990a, b, c). 

The described fluvial deposits lie at different altitudes in 
different profiles: 71 and 73 m a.s.1. at Kul6w and Laszczyn 
and 62 m a.s.1. at Sanie and SlawaSI~ska (Figs. 9, 13). Precise 
stratigraphy is known only from profile Slawa SI~ska (D. 
Krzyszkowski et al.. in preparation), where the series occurs 
directly between T5 and T6A tills. At Kul6w (Fig. 13) it lies 
below the Narat6w Till (T6A) with no other till below. Similar 
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profile is at Sanie, although here the series occurs below the 
Tacz6w Till (T6B), and the thin till below have not been 
investigated. At Laszczyn (Fig. 9) this series occurs below the 
G6rzno Till (TI) and above the possible Dopiewiec Till (T5). 
Two fluvial tracts have been interpreted (Fig. 17B), taking 
into account the altitudes of fluvial deposits and possible 
source of staurolite and other local minerals from the outcrops 
of the preglacial series near Leszno (J. A. Czerwonka et al., 
1994b). 

"CHLORITE" FLUVIOLACUSTRINE SERIES 

This series have been described by D. Krzyszkowski et al. 
(1994) from two borings: Bozen (fluvial series) and Lubiel 
(lacustrine series) (Fig. 17B). D. Krzyszkowski et al. (1994) 
assumed, that the "chlorite" river run from SW to NE, crossing 
and eroding the Trzebnica Hills during the Wartanian Stage, 
and then the valley (Bozen) and the valley-lake (Lubiel) have 
been filled with sediments during the Early Eemian. 

EEMIAN LACUSTRINE DEPOSITS 

Eemian deposits have been decribed only in three borings 
of the region investigated, where Lechit6w (Fig. 6) comprises 
a sequence with compieteEemian pollen succession, Katarzy­
n6w (Fig. 7) only a fragment from the optimum phase and 
Lubiel only a fragment from the begining of the interglacial 
(D. Krzyszkowski et aI., 1994; T. Kuszell , A. Sadowska, 
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Fig. 16. Charts of borings LlPcociny (1/Od) and Czernina G6ma (3/G) with a 
sequence of results of the standard petrological studies 
Explanations in Fig. 4 

Karty otwor6w t..qkociny (lIOd) i Czcrnina G6rna (3/G) z wynikami stan~ 

dardowych badan petro!ogicznych 
Obja~nieniajak na fig. 4 
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Fig. 17. Distribution of fluvial deposits in the region investigated: A -
Pliocene preglacial series and Mid-Elsterian interstadial "pyroxene" series; B 
- fluvial deposits of the Pilica Interstadial and the Early Eemian against the 
background of distribution of the Eemian lacustrine sites; C - Middle and 
Late Weichselian fluvial series 

Rozmieszczenie kopalnych osadow rzecznych na badanym obszarze: A -
pliocenskie serie prcglacjalne i piroksenowa seria rzeczna z interstadialu 
zlodowacenia poludniowopolskiego; B - osady rzeczne interstadiaru pilicy 
na tIe wystc;powania eemskich osad6w jeziornych; C - ~rodkowo- i 
p6:tnovistulianskie serle rzeczne 

1994; A. Sadowska et aI., 1995). Lechit6w and Katarzyn6w 
contain organic deposits (gyttja, peat) and Lubiel clastic de­
posits (silts) with only few and thin organic layers. All these 
profiles lie in the central basins and lithostratigraphic position 
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of intergiacial deposits in relation to tills is ambiguous (Figs . 
6, 7). Also, other Eernian sites described in the region (Fig. 
I7B), e.g. Uskorz (Wo!6w), Raki and Zrnigr6d (S. Dyjor, T. 
Kuszell, 1975; T. Kuszell, 1980; S. Skornpski, 1983; D. 
Krzyszkowski et al., 1994), indicate ambiguous lithostrati­
graphic position. However, in all these sites Eernian deposits 
lie directly below the Weichselian fluvial deposits and above 
either Tertiary deposits (Uskorz) or glaciofluvial deposits 
(Lechit6w), or glaciolacustrine deposits (Lubiel), or poorly 
documented till andlor glaciolacustrine deposits (Katarzy­
n6w). 

WEICHSELIAN FLUVIOLACUSTRINE SERIES 

These deposits have been found in more than 20 borings 
(Fig. 17C). The complete Weichselian sequence comprises 
two units. The lower one consists of lacustrine silts with thin 
peaty layers, which are often interbedded with diamicton 
layers. This unit is 5-15 m thick. The upper unit consists 
sands with silty and organic layers, sands or sands and gravels. 
They are from few metres up to 50 m thick. The lower unit 
occurs only in the Rawicz and Zmigr6d Basins. The most 
thick, up to 50 m, sequences occur in the Glog6w Pradolina 
(Fig. 7). Radiocarbon dates from the lower unit are 46 
100±1800 yrs BP (Gd 7252) and 25 900±700 yrs BP (Gd 
6787) and from the upper unit 20 800±600 yrs BP (Gd 6790), 
thus the sediments represent most probably the Middle Pleni­
glacial (lower unit) and the Upper Pleniglacial (upper unit) of 
the Weichselian. At the top of upper fluvial unit, there are 
some other sandy fluvial deposits with varying thickness, that 
may represent the postglacial times . 

The Weichselian fluvial deposits are characterized by a 
predominance of well and partially rounded quartz grains, 
where the first one often increases upwards, and a small 
number of angular grains (Figs. 4-9, 13, 14). Among heavy 
minerals, garnet predominates and often also increases up­
wards. These two features have been commonly found also in 
Weichselian fluvial deposits of central Poland (J. Goidzik, 
1980; D. Krzyszkowski, 1990c). Postglacial deposits at the 
top of the sequence differ little bit in heavy mineral content, 
with an increased number of local minerals . 

TILL STRATIGRAPHY 

The stratigraphic position of tills and correlation with 
neighbouring regions are presented in Table 7. Undoubtedly, 
several till beds defined in the region investigated can be 
easily correlated. The Tl, T2 and T3 tills well correlate with 
the GrofiskofPietrzykowice, Krzesinki and Wito­
slawfWierzbno Tills. Thus, they represent the Elsterian Stage, 
and its early, middle and late ice-sheet advances (stadials), 
respectively. The T5 till well correspond with the Dopiewiec 
and Smolna Tills and it may be easily interpreted as the Early 
Saalian (Odranian) glacial deposit. In turn, the T7 till well 
corresponds with the G6rzno Till, pressumed to represent the 
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Late Saalian (Wartanian) ice-sheet advance (J. A. Czerwonka, 
D. Krzyszkowski, 1992b, 1994). The Tacz6w Till (T6B) was 
deposited by definition (M. Schwarzbach, 1942; D. Krzysz­
kowski, 1993) by the Wartanian ice-sheet near its maximum 
extent. Hence, if correlation of the Taczow Till with the 
Naratow Till is correct, what seems to be the case (e.g. Fig. 
15), and the latter corresponds with the Karolewo Till near 
Poznan, that means that all of them represent an early ice­
sheet advance from the Wartanian Stage. The Gorzno Till 
(TI) represents later ice-advance from this stage and may 
correspond with the Kopaszewko Till outcroping northwards 
(Table 7). 

From the above, it also follows that the fluvial deposits 
lying in between the TS and T6m tills may have been 
deposited during the Pilica Interstadial (OdranianiWartanian 
Stage). The Borowiec Till (T4) seems to be only one till bed 
of the region investigated with ambiguous correlation and 
age. These must be inferred from geological context (Figs. 19, 
20). 

The Leszno Upland indicates quite simple Quaternary 
geology which is formed of tabular layers of tills, glaciofluvial 
and glaciolacustrine deposits, with only few palaeovalleys 
filled with fluvial sequences. The Tertiary deposits lie here 
quite high (SO-70 m a.s.I.), being only occasionally incised 
down to 20-30 m a.s.1. (Fig. 19A). The Pleistocene deposits 
are usually 20-40 m thick and up to 70 m within the incisions. 
The Elsterian Krzesinki Till (TI) occurs only occasionally 
and usually directly on the Tertiary deposits. Other Elsterian 
tills are not present in the investigated profiles. The Odranian 
Dopiewiec Till (TSB) is more continuous, lying either above 
the TI till and/or glaciofluvial and glaciolacustrine deposits 
or directly above the Tertiary strata. The Wartanian glacial 
sequence forms very continuous, S-20 m thick, bed at the 
ground surface. It comprises eitherT6A and TI tills in super­
position or each of them separately (Fig. 19A). 

The central basins preserve well usually only the lower 
part of the Pleistocene glacial sequence (Tl- T4 tills), as the 
upper tills (TS- T7) are most often eroded and in part replaced 
by the young fluvial deposits. However, some Saalian glacio­
fluvial and glaciolacustrine deposits are still preserved (Fig. 
19B). Total thickness of Quaternary deposits in this sub-re­
gion is from SO to 120 m. The top surface of Tertiary deposits 
lies at 20-40 m a.s.1. in the Milicz Basin, 0-20 m a.s.1. in the 
Zmigrod Basin and 0-40 m a.s.1. in the Glogow Pradolina 
(Fig. 19B). 

The basic stratigraphic problem of the central sub-region 
is position of the T4 till and its relation to older tills (Tl, T2) 
and the T3 till. From the correlation diagram (Fig. 19B) it 
seems, that both T3 and T4 tills occur in similar geological 
position, i.e. above both Tl and TI tills. If no different 
petrographic composition, they should be classified as one till 
bed. This is especially well visible in Borowiec, przybor6w 
and Katarzynow profiles and also in Lipowiec, Chor~gwice 

and Lechit6w profiles of the Glogow Pradolina (Fig. 19B). At 
the moment, the Borowiec (T4) and WierzbnoiWitoslaw (T3) 
Tills are interpreted as one, stratigraphically uniform till 
horizon, although with geographically variable petrographic 
composition. Thus, the Borowiec Till may also represent the 
Late Elsterian ice-sheet advance. 
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Except six profiles mentioned above, which comprise at 
least two Elsterian tills in the sequence, other profiles contain 
usually only one Elsterian till. The complete Elsterian sequen­
ces occur only in the Glogow Pradolina, although even here 
many profiles contain only one Elsterian till. The Milicz and 
Zmigrod Basins comprises practically only the Borowiec Till. 
The Early Saalian (Odranian) till has been documented here 
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only in one boring. with possible occurrence in other four, 
whereas the Late Saalian (Wartanian) till has been do­
cumented in central basins only in one profile (Sanie) (Fig. 
19B). Saalian tills have been found only in the Milicz and 
Zmigr6d Basins and none in the Glog6w Pradolina. Limited 
occurrence of tills in central basins may suggest strong ero­
sional processes throughout the Pleistocene. Indeed, many 
fluvial deposits are present here: the Middle Elsterian "py­
roxene" series, fluvial series of the Pilica Interstadial (Odra­
nianfWartanian), Late WartanianlEarly Eemian "chlorite" 
series, and, of course, the very extensive Middle and Late 
Weichselian fluvial series. However, neither lacustrine/or­
ganic nor fluvial deposits of the Holsteinian or other old 
interglacials have been recognized in northern Silesia. 

The most complex stratigraphy is in the southern hills 
sub-region. Some fragments of the "Saalian uplands" are 
preserved in the northern foreland of the hills and these 
indicate simple and not disturbed stratigraphy. The Pleis­
tocene sequence is IG-SO m thick, with Tertiary deposits 
ranging between 20 and 90 m a.s.l. Usually two or three tills 
occur here and these are the Wierzbno (T3), Smolna (T5A) 
and Tacz6w Tills (T6B) (Figs. 15, 20). In the axial part of the 
Silesian Rampart the Quaternary sequences are variable and 
often interbedded with Tertiary deposits (Fig. 20). In total, the 
deformed Quaternary sequences are here from 0 to 200 m 
thick and Tertiary deposits occur often at the ground surface. 
Type sections of this region, near Trzebnica, comprise the 
Wierzbno and Smolna Tills (D. Krzyszkowski, 1992a). The 
same tills have been found in superposition in Sucha Wielka 
profile (Fig. IS), whereas at Moskorzyn, Godzi~cin (Fig. 12) 
and Gluch6w G6rny (Fig. 21) only Smolna Till has been 
documented and atBlizacin and Malerz6w only the Wierzbno 
Till (Fig. 14). The most complex till sequence has been found 
at przeclawice (Fig. 23). Here, four till beds are present, with 
the Wierzbno type till (TI), and two tills with petrographic 
composition resembling the Krzesinki Till (T2). Another till 
is present below them and it would be nicely to interprete it 
as the Tl till and get the complete Elsterian sequence. This 
till, however, indicates petrographic characteristics as in the 
Smolna Till (compare Tables I and 4). Indeed, the profile 
must be disturbed, the more as many Tertiary rafts are present 
in the sequence (Figs. 20, 23). Strong defortnation of deposits 
may be also assumed at Sucha Wielka (Fig. 18), where the T5 
till and the pyroxene series are multiplied as well as at Bli­
zocin and Malerz6w where T3 till is multiplied (Fig. 14). A 
model of the geological structure is interpreted in the geologi­
cal cross-section along the central partofTrzebnica Hills (Fig. 
22). In this model, the Elsterian and Odranian tills and de­
posits interbedded with them are strongly deformed, folded 
and thrusted, whereas the Tacz6w Till lies discordantly above 
the deformed suite. The Tacz6w Till contacts laterally with 
glaciofluvial deposits of the Siedlec Sandur (Siedlec Forma­
tion), extending beyond the southern margin of the hills (Fig. 
22). 

Fig. 21. Chart of boring Gluch6w G6rny (2rr) with a sequence of resu lts of 
the standard petrological studies 
Explanations in Fig. 4 
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Location of the section in Fig. 3; explanations of lithology as in Fig. ]5; other explanations as in Fig. 4 

DISCUSSION 

TILL DISTRIBUTION AND ICE-SHEET EXTENTS 

The materials and interpretation presented above clearly 
show that tills may be correlated by means of their petro­
graphic composition over very long distances (Table 7). It was 
hitherto suggested theoretically (J. A. Czerwonka, D. Krzysz­
kowski, 1994), as regions with the till investigations were 
geographically isolated. The presented materials, filling the 
gap in between two formerly investigated regions (J. A. 
Czerwonka, D. Krzyszkowski , 1992b, 1994), have only con­
firmed this conclusion. Also, two profiles published by J. A. 
Czerwonka and B. Witek (1977) are located among these 
recently discussed. Krzekot6w profile has been located in the 
Glog6w Pradolina and between Bialol~ka and Glog6wek. The 
one till of this profile, lying directly on Tertiary strata, indi­
cated features typical for the Wierzbno Till (KJW 0.8). The 
Krzepiel6w profile of the upland zone indicated the Smolna 
(KJW 1.3) and G6rzno Tills (KJW 0.85) in superposition. The 
latter profile is located between Kul6w and Przydroze. As the 
previously published results (J. A. Czerwonka, B. Witek, 
1977) well fit with presented materials, this well confirms that 
petrographic analysis is a very good tool for lithostratigraphic 
correlation. 

It seems, that some till horizons, as these from Early and 
Late Elsterian or from Early Saalian, not only occur in similar 

lithostratigraphic position, but also preserve almost the same 
petrographic features throughout the Western Poland. Other 
tills, although more restricted, are petrographically uniform 
over large distances, too. Futhennore, the region investigated 
include marginal zones of some ice-sheet advances, as indi­
cated from limited southwards extent of some tills. 

The Elsterian Glaciation indicated three separate ice-sheet 
advances (stadials) in the investigated region. The Early EI­
sterian ice-sheet advanced extremely southwards and at least 
to the foothills of the Sudetes (J. Badura et aI., 1992). The till 
deposited during this substage is very widespread in the 
Silesian Lowland (J. A. Czerwonka, D. Krzyszkowski, 
1992b) (Fig. 24A). It is much less preserved norhwards: with 
one site near Leszno (G6rzno profile, J. A . Czerwonka, D. 
Krzyszkowski, 1994), four sites in the investigated region, 
and two additional between Slawa SI4ska and Wloszakowice 
(D. Krzyszkowski et at., in preparation) (Fig. 24A). The Early 
Elsterian till has not been recognized, yet, in the glaciotectoni­
cally deformed sequences of the Silesian Rampart. However, 
it theoretically should exist there as this glacial horizon occurs 
on both southern and northern sides of the hills. 

The Middle Elsterian ice-sheet advance indicated, most 
probably, a limited southward extent. The Krzesinki Till is 
quite frequent in the Leszno Upland and Glog6w Pradolina. 
More southwards it was recognized only in one site of the 
Trzebnica Hills (Fig. 24B). It seems, that the lower till of the 
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Roscislawice profile southwards of Trzebnica Hills (J. A. 
Czerwonka, D. Krzyszkowski, 1992b, fig. 9) may be reinter­
preted. Formerly, this till was classified as the Pietrzykowice 
Till, even if petrographic composition was different from that 
of the type profiles. The till is very thin and former interpre­
tation overestimated this fact. Recently we may conclude that 
the features of the lower till at Roscislawice well fit with the 
Krzesinki Till and that the former interpretation is unsound. 
If so, the newly defined Krzesinki Till at Roscislawice repre­
sents the southernmost site with the Middle Elsterian stadial 
deposits in Western Poland (Fig. 24B). This may lead into 
conclusion, that the ice-marginal zone of this stadial occurred 
somewhere along recent Silesian Rampart or slighty south­
wards. 

The Late Elsterian ice-advance was as extensive as this 
one from the Early Elsterian and the till from this stadial 
occurs both in the foothills of the Sudetes and in the Silesian 
Lowland (Fig. 24C) (J. Badura et al., 1992; J. A. Czerwonka, 
D. Krzyszkowski, 1992b). It is also very widespread in the 
Leszno Upland and northwards (J. A. Czerwonka, D. Krzysz­
kowski, 1994). However, the Borowiec Till of the region 
investigated forms a belt in between two another, well petro­
graphically correlative till beds: the Wierzbno and Witoslaw 
Tills (Fig. 24C). If all of them represent one, Late Elsterian 
ice-sheet advance, the reason for different petrographic com­
position of the till in sites occurring very close to each other 
remains very mysterious. Although they all are characterized 
by the predominance of Baltic limestones, the Borowiec Till 
indicates much increased limestone and much more dolomite. 

These features do not occur in Late Elsterian tills either to 
south or to north of the limestone-rich belt located along 
central depressions (Fig. 24C). 

As the fluvial deposits were deposited only between the 
Middle and Late Elsterian ice-sheet advances ("pyroxene" 
series), it seems, that this ice-free substage was longer than 
the older interstadial. 

The Early Saalian (Odranian) ice-sheet advance has 
reached the Sudetes in the south (J. Badura et al., 1992) and 
deposited a continuous till over the Silesian Lowland (J. A. 
Czerwonka, D. Krzyszkowski, I 992b). This till is also very 
widespread in the Leszno and Poznan regions (J. A. Czerwon­
ka, D. Krzyszkowski, 1994) as well as in the region investi­
gated (Fig. 25A). In all regions the Odranian till indicates very 
l;Iniformpetrographiccomposition. In turn, the Wartanian tills 
(Middle and Late Saalian ice-sheet advances) have more 
limited extents. The first Wartanian ice-sheet advance 
(Middle Saalian), depositing the Naratow and Tacz6w Tills, 
extended at the furthest to axial part of the Silesian Rampart 
(Fig. 25B) (D. Krzyszkowski, 1993). Thus, the southernmost 
Wartanian ice-marginal zone is just located at the top of the 
hills. This may be confirmed by widespread occurrence of 
alluvial fans (sandur) at the southern margin ofTrzebnica and 
Twardogora Hills, that overlie the Early Saalian (Odranian) 
till (Fig. 23) (D. Krzyszkowski, 1993). The Gorzno Till (TI) 
may have been deposited by separate and second Wartanian 
ice-sheet advance (Late Saalian), but it is also possible that 
this till resulted only due to change of regional ice-flow, with 
no regional ice-retreat. The change of ice-flow direction to 
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more eastern sector (= more limestones) in the late glacial 
stages have been described in many European profiles, in­
cluding Saalian tills (J. Ehlers et at., 1984; M. Bose, 1989; J. 
Ehlers, 1992). Nevertheless, the G6rzno Till extends only to 
the southern part of the Leszno and Kalisz Uplands (Fig. 25C), 
that suggests at least partial ice-sheet retreat. The position of 
new, Late Wartanian ice-marginal zone is not precisely estab­
lished, but it seems possible that glaciotectonically disturbed 
sequences of the Krotoszyn and W~sosz Hills were formed in 
this zone (Fig. 25C). 

The presence of fluvial deposits between the Odranian till 
and the first Wartanian till suggest that this interstadial period 
was quite extensive. This seems to be a common feature over 
the central Europe as fluvial deposits of the Pilica Interstadial 
are known also in central Poland and Eastern Germany (J. 
Goidzik, 1980; D. Krzyszkowski, 1990b; A. G. Cepek, W. 
Nowel, 1991; D. Krzyszkowski, M . Nita, 1995). The intersta­
dial fluvial deposits in between Middle and Late Saalian 
ice-advances have not been found, yet, in Western Poland, 
although they are present in Eastern Germany (A. G. Cepek, 
W. Nowel, 1991). 

In conclusion, it seems that three ice-sheet advances 
crossed the region investigated indicating very southern ex­
tent. These are the Early and Late Elsterian and the Early 
Saalian advances. In turn, another three, the Middle Elsterian 
and Middle and Late Saalian (Wartanian), definitevely have 
finished in the area of investigations. The Middle Elsterian 
ice-marginal zone was formed roughly along the recent Sile­
sian Rampart, although the present-day hills seems to be 
formed much later. In turn, the Middle Saalian ice-marginal 
zone formed just along these hills, which probably come from 
this time. The Late Saalian ice-marginal zone was probably 
more northwards at the southern margin of Leszno and Kalisz 
Uplands. 

GENERAL MODEL OF THE PLEISTOCENE 
GEOLOGY AND POSSIBLE ORIGIN 

OF DEPRESSIONS ALONG THE BARYCZ 
RIVER VALLEY 

In spite of the occurrence of almost the same till horizons, 
the three sub-regions of the area of investigation indicate quite 
different geological structure. The Leszno Upland is charac­
terized by a simple cake stratigraphy, with several tabular till 
layers interbedded with glaciofluvial and glaciolacustrine de­
posits. This sequence is only occasionally incised by tunnel 
valleys andlorfluvial palaeovalleys (Figs. 15,26). In turn, the 
southern hills indicate very complex geology (Figs. 22, 26), 
most probably formed due to glaciotectonic folding and 
thrusting. The origin of glaciotectonic deformation of the 
Silesian Rampart was broadly discussed (F. Berger, 1937; C. 
Pachucki, 1952; B. Krygowski , 1962a, b, 1975; K. Rotnicki, 
1960, 1967, 1976, 1983; K. Brodzikowski, 1982, 1987), al­
though the last model, presented by W. Jaroszewski (1991), 
seems to be the best one. 
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The origin of central depressions seems to be problematic. 
B. Krygowski (1962a, b, 1975) suggested that these depress­
ions are very young and formed due to glacial erosion and 
deformation, simultaneously with formation of the Silesian 
Rampart. Some other authors (K. Rotnicki, 1967; K. Brodzi-
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Detailed discussion in the text 
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kowski, 1982) suggest, that the depressions were at least in 
part formed in this way. In turn, S. Dyjor and T. Kuszell 
(1975) suggest, that depressions were originally formed dur-
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Table 8 

Position of tills in different geomorphic regions of northern Silesia 

Position of till s [m a.s.l.J Heigh diffrence 
Deposits between uplands and 

northern uplands central depression southern hills Silesian Lowland depression [m] 

Present-day ground surface 90-100 70-80 
Wartanian till (f6) 85-95 80 
Odranian till (T5) 70-100 50-60 
Late Elstcrian till (T3/4) 50-70 0-30 
Middle Eisterian till (T2) 50-70 - 20-+20 
Early Elslerian till (Tl) 50 -40 

ing the Pliocene and/or Early Pleistocene and since that time 
existed as permanently renewed river valleys . 

The bottom of Quaternary depressions lie at +40 m to-45 
m, whereas the top surface of Tertiary deposits at northern 
uplands is at 100 to 40 m a.s.1., and in all cases the height 
difference is between 60 and 90 m. The depressions are 
undoubtedly of erosional origin, as the Poznan Formation is 
here almost completely removed down to the Henryk Coal 
Seam lying at its base (Fig. 19). Beyond the depression, the 
Poznan Formation is up to 60-90 m thick, what just gives the 
height difference of the Tertiary top surfaces in different 
sub-regions. The thickness of glacial suites on uplands and in 
depressions is almost the same, 20-50 and 30-70 m, respec­
tively. as well as almost the same stratigraphic horizons are 
present in both positions. Afterwards, all till beds which 
continue southwards across the depressions (T1, T2, nrr4, 
T5 and T6) indicate much lower positions within depressions 
than in the surrounding uplands (Table 8). Moreover, it seems 
that the depression was the deepest during the first ice-ad­
vance (height difference ca. 90 m) and gradually become less 
deep during the later advances (Table 8). The conclusion must 
be, that the depression occurred during all ice-sheet advances 
and it was systematically filled up. Moreover, erosional pro­
cesses were present almost after all glacial events. Glacial 
stratigraphic horizons, though present in this zone in full 
assembly, occur in thin patches. The older tills occur often as 
single beds lying directly on the bottom of the depression (T1, 
T2, nrr4 horizons) and the younger tills are very rare (T5 
and T6 horizons). The younger glacial sequences are mainly 
represented by glaciofluvial and glaciolacustrine deposi ts. 
The nature of this erosion remains unsolved. S. Dyjor and T. 
Kuszell (1975) suggest a river valley from the Pliocene, filled 
with the preglacial deposits, and then renewed during the 
Pleistocene interglacials. This cannot be the case as the 
Pliocene (Preglacial) deposits do not occur within depressions 
and their original position is much higher, not only at the 
Silesian Rampart and the Silesian Lowland, but also at the 
Leszno Upland (Fig. 26) (1. A. Czerwonka etal., I 994b; J. A. 
Czerwonka, D. Krzyszkowski, in preparation). Thus, it seems 
that depressions must be younger. Early Pleistocene fluvial 
activity is another possibility, but deposits ofthis age have not 
been recognized neither in the discussed depression nor in the 
lowlands of Western Poland as a whole. The same is with 
possible Holstei nian fluvial activity in the region. Deposits 
which have been interpreted by S. Dyjor and T. Kuszell 

150-250 140-160 20 
150-250 - 10 
150-220 130-160 30 
140-170 110-140 45 

120 - 60 
- 80- 110 90 

(1975) as Holsteinian suites in fact represent glaciofluvial 
sequences, as can be seen from their heavy mineral content 
and quartz roundness characteristics (Figs. 4- 14). Anyway, 
no organic deposits from this stage have been documented in 
contrast to the Eemian Stage. On the other hand, all existing 
fluvial series, including thick Middle Weichselian series, 
preserve at least a part of glacial deposits from the previous 
glacial stage (Fig. 19). Thus, it is clear that the global base 
level which controlled erosion was enough high at least since 
the Middle Elsterian not to allow incision again down to the 
bottom of depressions. 

Subglacial erosion must be discussed, too, the more that 
depressions are ovate, not linear as can be expected for fluvial 
features (Fig. 3). If the case, depressions must have originated 
during the first glaciation. Similar ovate depressions, filled 
with complcx glacial suites and with the Gronsko Till al the 
bottom , have been documented also in central-western Poland 
(B. Krygowski, 1975; J. A. Czerwonka, D. Krzyszkowski, 
1994). After all , each younger ice-advance have got less 
erosional power, as older sequences are usually preserved. 
This is problematic as at least the Early Saalian ice-sheet was 
at the same order as the Early Elsterian one. 

In conclusion , it must be stresses out that: 
1. Depressions along Barycz River are very old and 

formed at least during the first glaciation in the region or 
earlier, as the Early Elsterian Gronsko Till was recognized at 
the bottom of structures. 

2. Although permanent fluvial activity occurred along the 
depressions throughout the Pleistocene and until recent, the 
fluvial origin of the primary erosional forms remains proble­
matic, as there is no fluvial deposits from that time. 

3. Glacial erosion could have created depressions along 
the Barycz River, but special subglacial hydrology must oc­
curred during the first glaciation, which have not repeated 
during the next ice-advances. 

4. The origin of depressions is absolutely not connected 
with formation of glaciotectonic hills of the Silesian Rampart. 
The latter are much younger and have been formed, most 
probably, during the Early Wartanian as the Tacz6w Till 
overlies discordantly all older glacial deposits. However, the 
pre-existing depression could have supplied glacial deforma­
tion andlor formation of ice-marginal zones. It seems, that 
besides the Early Wartanian, also the Middle Elsterian ice-ad­
vance formed marginal zone on the southern side of the 
discussed depressions. 
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5. Anyway, further investigations are necessary as origin 
of large depressions filled with thick glacial suites in Western 
Poland (see also discussion in J. A. Czerwonka and D. Krzysz-

kowski, 1994) remains unsolved. The depressions of the 
region investigated differ from those near Poznan only with 
the more extensive Upper Pleistocene non-glacial sequences. 
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STRATYGRAFIA I PETROGRAFIA GUN POLNOCNEJ CZF;SCI SL!\SKA 

Streszczenie 

Ponad 40 otwor6w badawczych zostalo opracowanych na p6lnocnym 
Sl4Sku (obszar miedzy Gfogowem a Miedzyborzem). Wi(:kszo~t otwor6w 
doszla do osad6w trzeciorzcdowych (By poznanskie, iwirowo-piaszczyste 
osady seni prcglncjalnej). W otworach opisano czwartorzc:dowe osady gla­
cjalne, w tym gliny, osady rl.eczne oraz serle jcziorne. Przeprowadzono 
standardowe badania lito!ogiczno-petrologiczne, przy czym do koreiacji 
Iitostratygraficznych wykorzystano cechy skladu petrograficznego glin 10-
dowcowych omz skladu mincral6w cieikich w innych osadach. 

W profilach wiertniczych wyr6iniono 8 poziom6w glint kt6re r6i.niltsie 
pod wzgledem skladu pelrograficznego. Piee z nich mowa bylo la~o sko­
relowac za pomocll cech pelrograficznych z glinarni opisanymi poprzednio 
na Nizinie Sl<&skiej i w srodkowej cz~sci Niziny Wiclkopolskiej. Poziomy Ie 
rcprczentuj~ gHny Iypu: Gronsko, Krzesinki. Wierzbno, Srnolna/Dopiewiec 
i G6rzno. Pozoslale Irzy gHny wyst~Pujlllokalnie. eZlery z opisanych glin 
byty deponowane w czasie zlodowacenia poludniowopolskicgo, gdzie glina 
typu Gronsko reprezentuje starszy stadial, a glina typu Knesinki jego stadiaf 
srodkowy. Ta ostatnia glina rna sw6j rnaksymalny poludniowy zasi~g na 
obszarze obj~tym badaniami, prawdopodobnie mniej wiec;ej wwluz wsp6l­
czesnego walu slliSkiego. Gliny typu Wierzbno i Borowicc reprezentuj:s 
mlodszy stadial zlodowacen ia poludniowopolskicgo. R6zni~ si~ onc skladcm 
petrograficznym frakcji zwirowej i wystepuj& w roznych rejonach badanego 
obszaru. Nowo zdefiniowana glina typu Borowiec charaktcryzuje siC; bardzo 
wysokq zawartoscill wapieni baltyckich oraz w jej g6mej paetH takze dolo­
rnit6w. 

Pozostale czlery gliny reprezentujll z.lodowacenie srodkowopolskie. Gli­
ny typu Smolna i Dopiewiec, majqce len sam sklad pclrograficzny a wefi­
niowanc Iylko dla innych obszar6w (odpowiednio Niziny Slqskiej i 
Wiclkopolski), IIlCZll sic; na badanym obszarze w jeden horyzont. Byl on 
dcponowany w starszym (gI6wnym) sladiale zlodowacenia srodkowopol­
skiego (odry). Lokalne gHny typu Naral6w i Tacz6w byly pmwdopodobnie 
deponowane w srodkowym sladiale Icgo zlodowacenia (slarszy awans sta­
dialu warty). Reprezentuj<a one jeden poziorn gHny lodowcowej 0 lokalnie 

zmiennym skladzie petrografic7..nyrn, gdzie skiadnikiern r6znicujllcym jest 
dolomit. GHny Ie wystepujll takte nu roznych obszarach: glina typu Narat6w 
na Wysoczytnie Leszczynskiej, a glina typu Tacz6w wzdluz walu si'lskiego 
i doliny Baryczy. Glina Iypu G6rzno reprezentuje mlodszy stadial zlodowa­
ceniasrodkowopolskiego (mlodszy awans stadialu warty). Obydwa nasunic;­
cia 1:1dolodu warcianskiego utworzyly swoje strefy marginalne na badanym 
obszarze: wczesniejszy awans mniej wiecej na osi watu sl'lskiego, a 
p6tniejszy wzdluz Wzg6rz Kroloszynsko~ W qsos7.skich Jez'lcych bardziej na 
p61noc. 

Opr6cz glin na badanym obszane opisano kilh serii rzccznych. Najstar­
sze reprezcntujea tzw. serie preglacjalnll (piiocenskll). W jej obrebie rozpo­
znano at trzy strefy 0 roinym sktadzie minerat6w ciCi.kich, prawdopodobnie 
deponowanych przez r6tne rzcki sudeckie. Kolcjna seria, zawierajqca zwi~ ­

kszonll ilo~c piroksenu (seria piroksenowa), ma wf\tpliwq pozycj~ stratygra­
ficznea na badanym obszarzc. Z s~iednich tcrcn6w wiadomo, Ze analogiczne 
sene piroksenowe byly deponowane w mlodszym interstadiale zlodowacenia 
poludniowopolskiego. Ponadto udokumcntowano cienkie serie osad6w rze­
cznych z interstadiafu pilicy oraz millZsze serie z poczqtku interglacjalu 
eemskiego oraz srod kowego vistulianu. Ta ostatnia seria jest najbardziej 
rozpowszechoiona i osieaga do 50 rn rnieatszosci. Wyslepuje tu lakze kilkana­
tcie st'anowisk interglacjalu eemskiego (osady jeziome), z kt6rych czesc 
zostata opracowana palinoiogiczne. 

Obszar p6lnocnego Slllska ma bardzo zloionea budowt; geologicznq serH 
czwanorzedowej. R6zne regiony tego obszaru, chociai wykazujq podobne 
sekwencje slratygraficzne, to majq calkowicie r6ine plany strukturulne. 
Generalnie moina wyr6inic trzy rejony: sil nie, glacitektonicznie zaburzony 
i wyniesiony (do 250 m n.p.m.) wilt s lijSki, strcfe kotlin wzdlui doliny 
Baryczy i Odry kolo Gtogowa 0 permanentnej i silnej erozji glacjalnej i 
fluwiai nej oraz wysoczyzny poludniowej Wielkopolski (leszczynska i kali­
ska) 0 budowie generalnie warstwowej, z podrzednym wyst~powaniern slref 
erozyjnych i zaburwnych. 


