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Ab stract: The first site in west ern Po land with a red till litho type has been dis cov ered in the Trzeb nica Hills,
south west ern Po land. This is a clay- rich, red till with domi nant East- Baltic ma te rial (East- Baltic litho types). The
red till forms the up per most part of the Bor ow iec Till, a till from the Sanian 2 (El ste rian) Gla cia tion. Moreo ver,
some Bor ow iec tills in the Barycz River val ley (north) and the Prosna River val ley (east) con tain in their
up per most parts a dolomite- rich ho ri zon, which, al though only greyish- brown, also rep re sents the East- Baltic till
litho types. The late El ste rian ice sheet in Po land was de vel oped as sev eral ice- lobes with dif fer ent ice dy nam ics.
The lobes from west ern Po land ad vanced to their maxi mum ex tent ear lier than the east ern lobes. In the lat est phase 
of the gla cia tion, the west ern lobes re treated, while the east ern ones ad vanced from NE to SW. Their pres ence is
proved by depo si tion of the Bor ow iec Till and East- Baltic till litho types.
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IN TRO DUC TION

The red till litho type was first de scribed from the zone
of maxi mal ex tent of the Scan di na vian ice sheet in east ern
(Ber endt, 1886) and north ern (Gagel, 1910) Ger many.

This area con tains the larg est number of sites bear ing
this type of till, mostly in Schleswig- Holstein (Stephan,
1980, 1987, 1995, 1998; Meyer, 1981; Ka bel, 1982; Eh lers,
1983a,b; Eh lers & Stephan, 1983), north ern Mek lem burg
(Lud wig, 1964), and east ern part of Lower Sax ony (Ivanoff, 
1984; Gauger & Meyer, 1970; Meyer, 1976). Tills of this
type have not been found in west ern part of Lower Sax ony,
but they oc cur in the Neth er lands (Rap pol, 1983, 1987).
Syn thetic stud ies con cern ing the oc cur rence of red tills in
NW Europe were pub lished by Woldstedt and Duphorn
(1974), Eh lers et al. (1984), and Eh lers (1992).

The main lithotype of red tills is de fined as brown-red
or red till, bear ing a large pro por tion of clay (clayey till) and 
de bris de rived chiefly from the east ern por tion of the Bal tic
Sea de pres sion, i.e. Palaeozoic lime stones, De vo nian and –
rarely – Rotliegendes dolomites and red sand stones and
siltstones. Other red tills con tain red sand stones and con -
glom er ates of Early Cam brian age, and red crys tal line rocks 
de rived from �land Is lands and Fin land (Kabel, 1982;
Ehlers, 1992). Oc cur rence of red till lithotype in the south -

ern and west ern, max i mal ex tent of Pleis to cene glaciations
in Eu rope clearly points to gla ci ation cen tre placed in the
NE part of the Fennoscandian Shield and to gla cial trans port 
pro ceed ing along the east ern pe riph ery of the Bal tic ba sin,
through the Bal tic states, and then along south ern Bal tic;
gen er ally from the east to the west.

Other prop er ties of red till oc cur rence have been ob -
served in Ger many (Stephan & Ka bel, 1982; Eh lers et al.,
1984; Eh lers, 1990, 1992). These tills oc cur only on top of
other tills, i.e. sand- silty, grey or greyish- brown tills, con -
tain ing de bris de rived from the Fen noscan dian Shield and
the cen tral and south ern parts of the Bal tic Sea ba sin, with -
out be ing sepa rated by gla cio flu vial or other sedi ments. The 
top red tills are be tween a dozen or so cen tri me tres to a few
me tres thick. These were mainly found in top parts of tills
dated to the older Saalian sta dial (= Dren the, Saale I; both in 
Ger many and the Neth er lands), as well as on top of tills of
the younger Saalian sta dial (the so- called War the Till over -
ly ing the Fuhlsbüt tler Till; com pos ing jointly the Saale III
ho ri zon). The red till litho type has not been ob served within 
tills of the me dial Saalian sta dial (Saale II), al though the lat -
ter com monly con tain more East- Baltic ma te rial com pared
to the Dren the tills (Eh lers et al., 1984; Eh lers, 1990, 1992).



In east ern Ger many, dolomite- rich tills of the East- Baltic
litho types, al though de void of red col our, were docu mented
for Saale II and III gla cia tions (Ce pek, 1969; Eiss mann &
Mül ler, 1979; Böse, 1989). Tills of the East- Baltic fa cies,
how ever, oc cur here within belts of re stricted geo graphic
ex tent, and dolo mites within such belts are abun dant within
the en tire sec tion of the till. In ex cep tional cases, red tills are 
to be found in Ger many within gla cial sedi ments of El ste -
rian age (Jor dan & Kuhn, 1975; Jor dan, 1975).

Oc cur rence of red tills or dolomite- rich tills in stra -
tigraphic sec tion points to the gla cier change able trans port
di rec tions as well as gla cia tion cen tres dur ing every, sin gle
gla cier ad vance. In ear lier phases of gla cial ad vance, trans -
port from the north (i.e. Swe den) to the south pre vailed, be -
ing later sys tem ati cally re placed by NE–SW di rec tion, and
fi nally pro ceed ing from the east to the west, i.e. from Fin -
land and Es to nia (Eh lers et al., 1984; Eh lers, 1992).

OC CUR RENCE OF RED TILLS AND
DO LO MITE-RICH TILLS IN PO LAND

Tills of the East- Baltic litho types (dolomite- rich) in Po -
land com monly oc cur in the Suwa³ki Lake land dis trict
(Kenig, 1991, 1998; Czer wonka & Krzysz kowski, 1995;
Ber 1996; Ber et al. 1998; Lisicki 2003; Krzysz kowski &
Czer wonka, 2007). Moreo ver, nearly all till ho ri zons in this
area com prise a large pro por tion of dolo mite ( 5%), the Pa -
laeo zoic lime stones be ing domi nant. Some till ho ri zons
con tain even more dolo mite (20–40%) than Pa laeo zoic
lime stones. Czer wonka and Krzysz kowski (1995) and
Krzysz kowski and Czer wonka (2007) docu mented two ho -

ri zons of such tills in a few bore hole logs in Augustów area,
and as signed them to the South- Polish (El ste rian) Gla cia -
tion (cf. also Ber et al., 1998). In some sec tions, dolomite-
 rich tills are red in col our and more clayey com pared to
other tills typi cal for this re gion. How ever, other dolomite-
 rich tills are grey- brown and largely com posed of sand- silty
ma te rial. It can be in ferred, there fore, that the till col our (red 
tills) does not de pend di rectly on pet ro graphic com po si tion
(tills of the East- Baltic litho types). Most proba bly, red col -
our comes from red sand stones and silt stones or weath ered
Rot lieg en des and De vo nian rocks, which oc ca sion ally oc -
cur in tills. In the Suwa³ki Lake land dis trict, there also oc cur 
dolomite- rich tills, which tend to be con fined to sev eral
belts ori ented NE–SW (within two ho ri zons of tills of the
South- Polish Gla cia tion), sepa rated by belts com posed of
tills bear ing a rela tively smaller amount of dolo mite (Czer -
wonka & Krzysz kowski, 1995, Ber, 1996; Ber et al., 1998;
Lisicki, 2003; Krzysz kowski & Czer wonka, 2007). Tills of
the East- Baltic litho types, in clud ing red tills, were also
found in the Ma zury Lake land (Lisicki, 1996, 1997, 2003),
al though show ing less ex ten sive dis tri bu tion.

Tills of the East- Baltic litho types rarely oc cur in west -
ern Po land. There domi nate tills rich in crys tal line rocks
(N–S trans port) or bear ing equal pro por tions be tween crys -
tal line rocks and Pa laeo zoic lime stones (NE–SW trans port). 
A few till ho ri zons con tain ing more Pa laeo zoic lime stones
than crys tal line rocks were found in this area, like for in -
stance: tills of the Wierzbno type in Sile sian Low land
(Czer wonka & Krzysz kowski, 1992a), tills of the Wi tos³aw, 
Górzno and By tyñ types in mid dle Wielko pol ska re gion
(Czer wonka & Krzysz kowski, 1994), or tills of the Bor ow -
iec type in the Barycz River val ley (Czer wonka et al.,
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Fig. 1. Lo ca tion of sites with gla cial tills in the Trzebnica Hills. Red tills oc cur at Marcinowo



1997), but the con tent of dolo mite within these tills does not 
ex ceed 5 to 6 per cent. Only two till ho ri zons of the late
War the age, found in Konin re gion (Stan kowski & Krzysz -
kowski, 1991) and in mid dle Wielko pol ska area (Czer -
wonka & Krzysz kowski, 1994), i.e. the Ko paszewko and
Mutowo- type tills, do con tain a large pro por tion of dolo -
mite, namely 5–12% and 5–10%, re spec tively. These tills
used to be the only East- Baltic litho type tills in west ern Po -
land, none of them of red col our. All till sites show ing clear
in flu ence of the East- Baltic fa cies were rec og nized in bore -
hole logs.

A new site of the East- Baltic litho types tills, red in col -
our, were found at Mar ci nowo in Trzeb nica Hills (Fig. 1).
These tills proba bly rep re sent a younger stage of the South-
 Polish (El ste rian) Gla cia tion.

TILL STRA TIGRA PHY IN TRZEB NICA
HILLS AND SUR ROUND ING AR EAS

The most im por tant sec tion at Trzebnica ex poses two
tills de scribed by Krzyszkowski (1992): the older till, cor re -
lated with the Wierzbno-type till from Silesian Low land
(Sanian 2 Gla ci ation), and the youn ger one, cor re lated with
the Smolna-type till (Odranian Gla ci ation; Czerwonka &
Krzyszkowski, 1992a) (Ta ble 1). More over, Winnicki
(1991) sug gested pres ence of two tills of the South-Pol ish
Com plex (Sanian 1 and Sanian 2 glaciations) in this area; a
fact later con firmed by Czerwonka et al. (1997). These au -
thors iden ti fied in bore hole logs from Trzebnica Hills at
least two tills of the South-Pol ish Com plex (of the Wierz-
bno and Krzesinki types), and deemed prob a ble the oc cur -
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Ta ble 1

Till stra tig ra phy in Trzebnica Hills and sur round ing ar eas



rence of the third, old est till of the Pietrzykowice type. They 
also found two tills of the Mid dle-Pol ish (Saalian) Com -
plex: the Smolna Till (Odranian Gla ci ation) and Taczów
Till (Wartanian/Warthe Gla ci ation) types. The Taczów Till
at tains a char ac ter is tic geo log i cal po si tion: it is usu ally not
dis turbed, oc curs at the groundsurface (apart from Weichse- 
lian loesses), and dis cor dantly over lies older, strongly
glacitectonically dis turbed tills (Krzyszkowski, 1993;
Czerwonka et al., 1997). A sim i lar till suc ces sion, com -
posed of three South-Pol ish and two Mid dle-Pol ish Com-
plexes tills, was found im me di ately to the north, in the
Barycz River val ley (Czerwonka et al., 1997), where gla cial 
sed i ments are not dis turbed and tills form a nor mal strati -
graphic suc ces sion. More over, in the Barycz River val ley,
po si tion of the youn gest South-Pol ish till (Sanian 2) is oc cu -
pied by two petro graphi cally dif fer ent till types, i.e. the
Wierzbno and Borowiec tills. The for mer con tains a slightly 
in creased amount of Palaeozoic lime stones in re spect to
crys tal line rocks (K/W 0.8–0.9), while the lat ter is clearly
dom i nated by lime stones (K/W 0.6–0.8). The con tent of do -
lo mite in these two tills does not ex ceed 6% (Ta ble 2). The
two tills were also found far ther to the east, in the up per
Pilica River val ley (Czerwonka et al., 1998). Ex cept one
bore hole, the Wierzbno and Borowiec tills oc cur sep a rately
and never in su per po si tion, but al ways in the same strati -
graphic po si tion, i.e. above the Krzesinki-type tills and be -
low the Smolna-type tills. They also oc cur side by side,
since bore holes pierc ing in di vid ual till types are only a few

to a dozen or so kilo metres apart (Czerwonka et al., 1997,
1998). In one bore hole log, at Blizocin, tills of the Borowiec 
type over lie those of the Wierzbno type, be ing sep a rated by
a ca. 10-m-thick layer of sands and ice-dammed lake sed i -
ments (Czerwonka et al., 1997). How ever, the bore hole in
ques tion is sit u ated at the pe riph ery of a glacitectonically
dis turbed area; hence, both till ho ri zons may not oc cur in
situ. In ad di tion, the re sults of lab o ra tory anal y sis of the
“youn ger” ho ri zon come from one sam ple only, what makes 
in ter pre ta tion of the Borowiec-type till as rep re sent ing a
sep a rate and youn ger gla cier ad vance prob lem atic.

The ex ist ing ex po sures in Trzeb nica Hills do not al low
for es tab lish ing re li able till stra tigra phy. It is only at Trzeb -
nica, where two tills of the Wierzbno and Smolna types oc -
cur (Krzysz kowski, 1992). Moreo ver, Krzysz kowski and
£abno (2002) de scribed from Bo dowice site in Dalków
Hills two other tills in su per po si tion, of the Smolna and
Tac zów types. The re main ing sites ex pose only sin gle till
ho ri zons, which are usu ally strongly folded. Their stra -
tigraphic po si tion can only be in ferred from pet ro graphic
stud ies and cor re la tion with stra to type sec tions lo cated in
Sile sian Low land or in the Barycz River val ley.

Ex po sure at Bagno (Fig. 2) most prob a bly in cludes the
Smolna-type till, in which, within Scan di na vian ma te rial,
crys tal line rocks dom i nate (K/W 1.47), dolomites are ab -
sent, and lo cal rocks are rep re sented by milk quartz (Ta ble
2). These prop er ties are com pa ra ble to those of the
Smolna-type tills at Trzebnica (Krzyszkowski, 1992) and in 
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Ta ble 2

Till pe trog ra phy in Trzebnica Hills and their north ern and east ern fore lands,
with spe cial ref er ence to tills with East-Bal tic lithotypes

Till Site O/K K/W A/B %Dp Dp/Wp SL WL PL M1 M2 QL Kz F R C IL

Smolna Smolna 0.96 1.25 0.74 1.1 0.03 16 2 7 1 3 3 + - - - -

Wierzbno Wierzbno 1.20 0.90 1.00 2.2 0.05 7.1 2 2 1 ± + 2 - - ± -

Witos³aw Witos³aw 1.42 0.75 1.23 2.6 0.06 20 2 3 - 2 10 + ± + ± -

Borowiec Borowiec 1.49 0.74 1.34 4.7 0.10 14 2 2 ± ± 4 2 + - 2 -

Smolna Bagno 0.72 1.47 0.65 0.0 0.00 37 - - + - 24 2 - - - 10

Wierzbno Krzelów 1.35 0.78 1.20 3.1 0.08 26 4 3 - - 12 4 - - - 3

Borowiec?Wierzbno? Sêdzice 1.47 0.69 1.44 0.0 0.00 14 ± 1 ± 1 8 2 ± - - -

Borowiec Taczów 2.33 0.44 2.20 1.1 0.02 9 2 + 2 - 4 - + - - -

Borowiec B Marcinowo 6.74 0.15 6.74 12.0 0.17 3 - - 1 1 + + - - - -

Borowiec A Marcinowo 3.20 0.30 3.20 1.7 0.03 7 - - + ± 5 1 - - - -

Borowiec B Czerlejewo 1.67 0.61 1.57 11.0 0.27 13 3 2 ± 1 4 + - 1 1 -

Borowiec A Czerlejewo 1.80 0.61 1.42 3.8 0.08 10 1 1 + ± 4 1 ± ± 2 -

Borowiec B Nowe Domy 1.65 0.67 1.37 8.4 0.21 15 5 2 + ± 4 + ± + 2 +

Borowiec A Nowe Domy 1.40 0.77 1.21 4.9 0.12 14 5 + - - 4 1 ± + 2 ±

Borowiec B Rudniczysko 1.71 0.60 1.57 9.7 0.23 9 ± 2 + - 5 1 ± ± ± -

Borowiec A Rudniczysko 1.53 0.69 1.36 3.9 0.12 11 + 2 ± 1 4 1 ± - - -

Borowiec B Granice 1.42 0.76 1.22 9.5 0.24 10 - - - - 4 ± - - - 5

Borowiec A Granice 1.80 0.57 1.70 3.5 0.08 9 4 - - - 2 ± + - - 2

O  – to tal of sed i men tary rocks (Wp+Dp+Qp+Pp+I),  K – to tal of crys tal line rocks (Kr),   W – to tal of car bon ate rocks (Wp+Dp),   A – to tal of non-re sis tant
rocks (Wp+Dp+I),  B – to tal of re sis tant rocks (Kr+Pp+Qp);  SL – to tal, WL –  lime stones, PL – sand stones, M1 –  Palaeogene mudstones, M2 – Neo gene
mudstones, QL – milk quartz, Kz – flint,  F – phosphorite con cre tions, R – py rite con cre tions, C – lig nite, IL – other rocks



Silesian Low land (Czerwonka & Krzyszkowski, 1992a). At 
Krzelów (Fig. 2), in turn, a till com pa ra ble to that of the
Wierzbno type oc curs: with Palaeozoic lime stones slightly
dom i nat ing over crys tal line rocks (K/W 0.78), and the
amount of do lo mite be ing mod er ate (3.1%). Tills ex posed at 
Taczów (Fig. 3) are de ci sively dom i nated by Palaeozoic
lime stones (62%) in re spect to crys tal line rocks (27%; K/W
0.44); the amount of do lo mite be ing ca. 1%. Lo cal rocks are 
mostly rep re sented by milk quartz, Me so zoic lime stones,
and Palaeogene siltstones. De spite small amount of do lo -
mite, the till from Taczów can be rel a tively safely cor re lated 

with the Borowiec-type tills; it is the only till in this area, in
which lime stones dom i nate so de ci sively over crys tal line
rocks (Czerwonka et al., 1997). Small amount of do lo mite
within Taczów Till can re sult from petrographic com po si -
tion cal cu lated from one sam ple only (175 grains). Till at
Sêdzice (Fig. 3) also in cludes more lime stones (51%) than
crys tal line rocks (34%; K/W 0.7), while dolomites do not
oc cur at all (the till was stud ied in two sam ples num ber ing
270 and 357 grains). Lo cal rocks are dom i nated by milk
quartz; flints, Me so zoic sand stones, and Neo gene siltstones
be ing quite abun dant as well. The till from Sêdzice can rep -
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Fig. 2. Geo log i cal set ting and pe trog ra phy of tills at Bagno (Smolna Till) and Krzelów (Wierzbno Till). For ex pla na tion see Fig. 5



re sent ei ther the Borowiec-type till (ig nor ing the lack of
dolomites) or the Wierzbno-type till, which usu ally con tains 
less dolomites (0–3%) than the Borowiec Till (3–6%). The
K/W in dex of tills from Sêdzice ap proaches a bound ary
value be tween the two till types (Czerwonka et al., 1997)
(Ta ble 2). A sim i lar till, show ing prop er ties tran si tional be -
tween the Wierzbno and Borowiec types, was de scribed
from Weronikopole in Ostrzeszów Hills (Czerwonka et al.,
1998). This till, however, bears a relatively large amount of
dolomite.

RED TILLS AT MARCINOWO
AND THEIR RE GIONAL COR RE LA TION

Site Marcinowo is sit u ated in the cen tral part of Trzeb-
nica Hills, a few kilo metres west of Trzebnica (Fig. 1). The
ex po sure in cludes strongly dis turbed clays of the Poznañ
Se ries, preglacial sands and grav els, varved clays, glacio-
flu vial sed i ments (sands), and tills. Dis turbed sed i ments are
dis cor dantly over lain by loess (Fig. 4). The de formed sed i -
ments dip nearly ver ti cally or at 60–70° and build three
slices. The cen tral slice bears as well a strongly de formed
zone (over turned fold?) com posed of varved clays and tills
(Fig. 4).

Tills are largely brown and silt-sandy; they will be fur -
ther re ferred to as basal tills. The hinge part of the fold in -
cludes a small, ir reg u lar till body of more clayey ma trix, red
in col our. All tills con tain cal cium car bon ate. The bound ary
be tween the tills is well marked, al though no ero sional con -
tact was found. The tills are only sep a rated by a few centi -
metres thick layer of green ish-grey till, prob a bly formed
due to gley pro cesses at the con tact be tween tills of con trast -

ing li thol ogy. Gla cial sed i ments oc cur in a strongly dis -
turbed zone; there fore, it can be sug gested that the orig i nal
strati graphic suc ces sion was rep re sented by varved clays at
the bot tom, brown tills and red tills at the top. One sam ple
from red tills (184 grains) and two sam ples from brown tills
(143 and 222 grains) were collected for further studies.

Petrographic com po si tion of brown tills from Marci-
nowo re sem bles that of Taczów Till (Fig. 4; Ta ble 2). Pala-
eozoic lime stones pre vail (69%) over crys tal line rocks
(22%; K/W 0.3), and the con tent of dolomites is ca. 2%
(Dp/Wp 0.03). Lo cal rocks (7%) are mainly com posed of
milk quartz, the amount of flints and Palaeogene siltstones
be ing rel a tively small. Cor re la tion of these tills with those
oc cur ring at Taczów and the Borowiec-type tills is likely.
Strong dom i nance of Palaeozoic lime stones over crys tal line 
rocks at Taczów and Marcinowo, and K/W 0.3–0.5 com -
pared to 0.6–0.8 in the typ i cal Borowiec Till, can be ei ther a
lo cal char ac ter is tic or a re sult of small frequency of the
studied clasts.

Petrographic com po si tion of red tills is com pa ra ble to
that of brown tills, ex cept do lo mite con tent (Fig. 4; Ta ble
2). Palaeozoic lime stones still dom i nate (72%), at a very
small amount of crys tal line rocks (13%; K/W 0.15). The
share of dolomites is 12% (Dp/Wp 0.17), be ing con sid er able 
larger com pared to that in brown clays. The con tent of lo cal
rocks is twice as less (3–4%); there oc cur milk quartz, flints, 
and Palaeogene and Neogene siltstones.

The red tills from Marcinowo can be safely con sid ered
a typ i cal lithotype of red tills. This lithotype has all char ac -
ter is tics de scribed for such a till type in north ern Ger many:
it is red, more clayey, in cludes more East-Bal tic ma te rial
(here dolomites), and over lain by tills with out break in sed i -
men ta tion. If cor re la tion of the till from Marcinowo with
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Fig. 3. Geo log i cal set ting and pe trog ra phy of tills at Sêdzice (Wierzbno or Borowiec Till) and Taczów (Borowiec Till). For ex pla na -
tion see Fig. 5
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Fig. 4. Geo log i cal set ting and pe trog ra phy of tills at Marcinowo: A – gen eral over view,  B – brown till (Borowiec Till) and red till (East 
Bal tic lithotype). For ex pla na tion see Fig. 5
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Fig. 5. Geo log i cal set ting and pe trog ra phy of tills in Nowe Domy and Czerlejewo sec tions (Borowiec Till marked as T4, A – till, B –
do lo mite-rich till)
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those of the Borowiec type is cor rect, the de scribed red tills
rep re sent the last stage of ice sheet ad vance from the youn -
gest gla ci ation of the South-Pol ish (Elsterian) Com plex.
There fore, it is the first de scribed oc cur rence of East-Bal tic
lithotype of this glaciation in western Poland.

Anal y sis of ar chi val data en ables one to ex tend the
above in ter pre ta tion. In the Barycz River val ley, two sites
with Borowiec-type tills were found: Nowe Domy (sheet
Rawicz of the De tailed Geo log i cal Map of Po land, 1:
50,000) and Czerlejewo (sheet Wschowa DGMP), show ing
a char ac ter is tic suc ces sion of till prop er ties (Fig. 5). In both

sec tions, above tills show ing prop er ties typ i cal for the
Borowiec type, an ad di tional till layer oc curred (with out
break in sed i men ta tion in case of Czerlejewo site), where
the amount of do lo mite was two to three times higher, the
re main ing char ac ter is tics be ing un changed (Ta ble 2). Both
lay ers, rich in do lo mite, were in cluded into the Borowiec-
type till as sub-ho ri zons T4A and T4B (dolomitic), re spec -
tively (Czerwonka et al., 1997). A sim i lar se quence of char -
ac ter is tics, also with out break in sed i men ta tion, was noted
in the Borowiec-type till in bore holes Rudniczysko (sheet
Doruchów) and Granice (sheet Wieruszów DGMP) in the
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Fig. 6. Geo log i cal set ting and pe trog ra phy of tills in Rudniczysko and Granice sec tions (Borowiec Till marked as T4, A – till, B – do lo -
mite-rich till; T7 Radomina Till from Warta Gla ci ation). For ex pla na tion see Fig. 5



up per Prosna River val ley (Fig. 6). In all cases, the amount
of do lo mite in creases rap idly: from 2–6% to 8–14% (from
sam ple to sam ple) (Figs 5, 6). De spite the fact that none of
dolomitic sub-ho ri zons (T4B) in the de scribed bore hole
logs is red, it is likely that they nearly cer tainly rep re sent the 
East-Bal tic till fa cies. There fore, oc cur rence of this
lithotypes in the Borowiec-type tills is of re gional char ac ter, 
doc u mented with cer tainty at five sites: Marcinowo, Czerle- 
jewo, Nowe Domy, Rudniczysko and Granice, spread over
a relatively large area (Fig. 7).

DIS CUS SION AND CON CLU SIONS

A few ques tions per tain ing to dis tri bu tion of the East-
Bal tic lithotypes and red tills in SW Po land need to be dis -
cussed in de tail. These are as fol lows:

1. Is the age of Marcinowo tills oc cur ring in a glacitec -
toni cally dis turbed zone prop erly es tab lished?

2. What is the re la tion ship be tween the Wierzbno-type
tills (and petro graphi cally sim i lar Witos³aw-type tills in
mid dle Wielkopolska re gion) and Borowiec-type tills?

3. How to re late the East-Bal tic lithotype tills and as so -
ci ated trans port di rec tions from the east and NE to the trans -
port di rec tions within other gla cial lobes of the same gla ci -
ation in Poland?

The oc cur rence of Marcinowo tills within a dis turbed
se ries in Trzebnica Hills makes cor re la tion of these tills
with those of the Warthe stage im pos si ble (Krzyszkowski,
1993; Czerwonka et al., 1997, 1998). On the other hand, the 
only tills show ing pre dom i nance of Palaeozoic lime stones
over crys tal line rocks within the dis turbed se ries are tills of
the Wierzbno type, which rep re sent a youn ger of the South-
Pol ish Com plex (Elsterian) gla ci ation. Their strati graphic
equivalents in the Barycz and Prosna river val leys are tills
of the Borowiec type (Czerwonka et al., 1997, 1998), and in 
cen tral Wielkopolska re gion tills of the Witos³aw type
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(Czerwonka & Krzyszkowski, 1994). Among these till
types, the till from Marcinowo shows the clos est re sem -
blance to the Borowiec-type tills. Such a cor re la tion is fur -
ther sup ported by the oc cur rence of top East-Bal tic litho-
types within both Marcinowo and Borowiec-type tills.

The dis tri bu tion of sites bear ing Borowiec Till is un -
usual. These tills clus ter within a 25–50-km-wide belt, ori -
ented E–W along the pres ent-day Barycz River val ley and
its pe riph ery (Trzebnica Hills, Kalisz Pla teau) and in the up -
per Prosna River val ley (Fig. 7). More over, the tills sep a rate 
some how the ex tents of the Wierzbno Till in Silesian Low -
land and Witos³aw Till in cen tral Wielkopolska, show ing
com pa ra ble petrographic char ac ter is tics. Only in the south -
ern ex tent of the Borowiec Till, this till and Wierzbno Till
do oc cur in the same, nar row area (Fig. 7). As sum ing the
same age of all these three till types (Czerwonka et al.,
1997) and gen eral gla cier trans port from the north or NNE,
petrographic com po si tion of the Borowiec Till is dif fi cult to 
ex plain. The share of Palaeozoic lime stones and lay ers bear -
ing the East-Bal tic lithotypes within the lat ter ho ri zon is
nearly twice as much as in the Witos³aw Till, oc cur ring im -
me di ately to the north. A plau si ble so lu tion is to as sume that 
the Borowiec-type tills are youn ger than those of the
Wierzbno/Witos³aw types, and rep re sent a still youn ger gla -

ci ation of the South-Pol ish Com plex. The only prob lem is
that in ar eas sit u ated far ther to the north (Wielkopolska) no
tills re sem bling the Borowiec-type tills were found in a sim -
i lar strati graphic po si tion. More over, it is likely that in west -
ern Po land only three till ho ri zons from the South-Pol ish
Com plex oc cur (Czerwonka & Witek, 1977; Czerwonka &
Krzyszkowski, 1992a, 1994; Urbañski, 2007), like in other
parts of Poland (Mojski, 1969; Rzechowski, 1971, 1974,
1977, 1982).

The fol low ing hy poth e sis can be put for ward: the Wie-
rzbno, Witos³aw and Borowiec-type tills orig i nated from
the same gla ci ation of the South-Pol ish (Elsterian) Com -
plex, al though rep re sent ing dif fer ent phases. Dur ing gla cier
ad vance to wards its max i mal ex tent in west ern Po land,
three gla cier lobes orig i nated (Fig. 8A): (1) the Odra lobe,
in which Wierzbno Till (K/W 0.8–1.1) was de pos ited, em -
braced the Silesian Low land, Sudetic Foot hills, and partly
hills of the Silesian Ram part, in clud ing Trzebnica Hills; (2)
the Warta-Prosna lobe, in which Witos³aw Till (K/W 0.8–
0.95) orig i nated, was less dy namic, cov ered cen tral Wielko- 
polska re gion and stopped along Wschowa-Kalisz line, pro- 
bably with out reach ing the Odra lobe (cf. ex tent of the
Witoslaw Till in Fig. 7); and (3) the Vistula-Nida lobe,
which em braced cen tral Po land and prob a bly reached the
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Fig. 7. Dis tri bu tion of petro graphi cally doc u mented tills of the late Elsterian Gla ci ation in south west ern Po land. Wierzbno Till rep re -
sents the Odra lobe, Witos³aw Till the Warta-Prosna lobe, and the Krasiejów Till the Wis³a-Nida lobe. The last one has fea tures com pa ra -
ble with tills of the Be³chatów out crop (Czerwonka et al., 1998; Czerwonka & Krzyszkowski, 1992b)



Carpathian mar gin. Tills left by the last lobe were doc u -
mented best from the Be³chatów mine (a youn ger till of the
Kuców For ma tion), and show equal pro por tions be tween
Palaeozoic lime stones and crys tal line rocks (K/W 0.9–1.1;
Czerwonka & Krzyszkowski, 1992b). At the same time,
gla cial lobes in east ern Po land, pro vi sion ally called here the 
north-east ern and east ern lobes, were prob a bly of lim ited
ex tent, and de pos ited tills of the East-Bal tic lithotypes
(Czerwonka & Krzyszkowski, 1995; Krzyszkowski &
Czerwonka, 2007) (Fig. 8A).

In the late phase of the gla ci ation, the Odra and Vistula- 
Nida lobes re treated con sid er ably, and the Warta-Prosna
lobe prob a bly un der went a mi nor re ces sion (Fig. 8B). It

seems likely that all three west ern lobes de pos ited the
Witos³aw Till. Re treat of the west ern lobes made pos si ble
ad vance of the north-east ern lobe up to the Barycz River
val ley, where tills of the Borowiec type oc cur. The lobe em -
braced in part the area of for mer ice-free “oasis” sit u ated be -
tween the Odra and Warta-Prosna lobes (what ex plains im -
me di ate oc cur rence of the Borowiec-type till upon older
tills of the Krzesinki type), and partly the area of the for mer
Odra lobe, where tills of the Wierzbno and Borowiec types
were found in the same area or in su per po si tion, like in Bli-
zocin bore hole log. The east ern lobe could have ad vanced
in the same time to its max i mal extent, to the Carpathian
margin (Fig. 8B).
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Fig. 8. Palaeo ge ogra phy of Po land dur ing the late Elsterian Gla ci ation: Sanian 1 Gla ci ation (A) – ad vance of west ern lobes to their
max i mal ex tents; Sanian 2 Gla ci ation (B) – re treat of west ern lobes and ad vance of the east ern lobes to their max i mal ex tents. See text for
de tailed dis cus sion and com ments on till pe trog ra phy in par tic u lar gla cial lobes



The above ex trap o la tion ex plains the pres ent-day oc -
cur rence of the Borowiec-type tills, and par tic u larly their
top do lo mite fa cies, and strange po si tion be tween the
Wierzbno and Witos³aw tills. It also links ge net i cally red
tills of the Elsterian gla ci ation in north-east ern and west ern
Po land. If this spec u la tive in ter pre ta tion is true, it an tic i -
pates the following palaeogeographic facts:

1. The ice sheet of the youn ger stadial of the South-Pol -
ish Com plex glaciations had well-de vel oped lobes of
strongly dif fer en ti ated dy nam ics.

2. Dur ing the youn ger gla ci ation (Sanian 2) of the
South-Pol ish Com plex, west ern lobes ad vanced to their
max i mal ex tent ear lier than the east ern ones.

3. A large area (ca. 25–50 km wide and 100–200 km
long) free of ice in this phase of gla ci ation (intra-ice
“oasis”) could have ex isted be tween the Odra and Warta-
Prosna lobes.

4. In the late phase of the gla ci ation, dur ing gen eral re -
ces sion of the west ern lobes, the east ern lobes were more
ac tive and in creased their ex tents by 100–250 km. For the
north-east ern lobe, such an ad vance is an tic i pated by tills of
the Borowiec type (and their East-Bal tic lithotypes, to gether 
with red tills) also in mid dle Po land, be tween the Prosna
and Vistula river valleys (Fig. 8B).

5. It is likely that the red tills/do lo mite-rich tills fa cies
oc curs in belts ar ranged par al lel to the trans port di rec tions
in dis tal parts of ice lobes (Czerwonka & Krzyszkowski,
1995; Krzyszkowski & Czerwonka, 2007), while in their
mar ginal (prox i mal) parts this fa cies tends to be con fined to
the top of till sec tions (Ehlers, 1992).

All these palaeogeographic con clu sions should be care -
fully tested, par tic u larly on ma te ri als ob tained from cen tral
and east ern Poland.
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