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Ab stract: The se quence of Wei chse lian sedi ments and pro cesses in SW Po land is al most iden ti cal to that of
cen tral Po land. Gen er ally, three flu vial units oc cur, com pris ing silts and sands coars en ing up wards to silts, sands
and grav els, with aeo lian de pos its on top. This sug gests very uni form pro cesses through out the palaeo geo graphic
zone. To the south of this zone, there was ex ten sive loess depo si tion and gla cial depo si tion to the north. Cli matic
con di tions dur ing the Mid dle and Up per Wei chse lian Pleni gla cial in SW Po land were simi lar to those in cen tral
Po land and north west ern Europe, though the pe riod of 47–43 kyrs BP was slightly milder in SW Po land (shrub
tun dra, forest- tundra). Cli matic con di tions dur ing the pe ri ods 38–27 kyrs BP and 23–18 kyrs BP were very
uni form through out cen tral Europe, in clud ing SW Po land, though there may have been a strong north- south
cli matic gra di ent dur ing the former pe riod, as data from the lo es sic zone in di cate at least patches of bo real for est or 
forest- tundra con di tions in SW Po land at that time. It is also pos si ble that there was a Mid dle Wei chse lian
Pleni gla cial in ter sta dial with a lower age bound ary at 25,900 ± 700 years BP, char ac ter ised by Pinus- Picea for est
with no he lio phytes. This in ter sta dial rep re sents the last mild pe riod be fore the ad vance of the late Wei chse lian ice
sheet into SW Po land. The Wei chse lian flu vial depo si tion of SW and cen tral Po land may have been punc tu ated by
at least three ma jor ero sional phases, char ac ter ised by simi lar in ci sion depths dur ing the cold stages. Ero sion took
place, with cer tainty, at around 75–60 kyrs BP (Lower Pleni gla cial) and 27 kyrs BP, very proba bly at around 23/22 
kyrs and pos si bly at around 40 kyrs BP, and val ley ag gra da tion oc curred dur ing the milder stages. The Up per
Pleni gla cial was char ac ter ised by val ley ag gra da tion, as so ci ated with south ward ice sheet ad vance and re stricted
flu vial out flow. How ever, the fre quent Mid dle Pleni gla cial Wei chse lian cli matic os cil la tions did not ini ti ate
sedi men ta tion and ero sion, they con trolled only river dis charge and type of flu vial sedi men ta tion and aeo lian
ac tiv ity. The oc cur rence of the ero sional and ag gra da tional phases were con trolled by the changes in ice vol ume in 
Scan di na via, ice sheet build- up and re treat, re spec tively.
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 IN TRO DUC TION

Three palaeo geo graphi cal zones with dif fer ent sed i -
ments and strati graphic se quences oc curred dur ing the Up -
per Pleis to cene in Po land. These were: a loess zone in the
south, a gla ci ated area in north ern Po land, and a wide in ter -
me di ate zone which was char ac ter ised mainly by flu vial,
but also by lac us trine and ae olian (loess, coversand, dunes)
de po si tion in val leys, as well as by strong periglacial pro -
cesses. In west ern Po land, the last zone is con densed to a
40–60 km wide belt be tween the Trzebnica Hills, with the
north ern most loess, and the Leszno re gion, where the south -
ern most Up per Pleniglacial Weichselian end mo raines oc -
cur (Leszno=Brandenburg phase) (Fig. 1). This palaeogeo-

graphy sug gests strong cli ma tic gra di ents in the extraglacial 
ar eas, as the cor re spond ing zone in cen tral and east ern Po -
land is 200–250 km wide. More over, in con trast to cen tral
and east ern Po land, west ern Po land was char ac ter ised by a
highly os cil la tory ice mar gin dur ing the Up per  Weichselian 
Pleniglacial. There are sev eral re ces sional mo raines, 50–70
km apart, with new ice mar gins formed al most ev ery 1,000– 
2,000 years (Kozarski, 1986, 1988) (Fig. 1). The ex ten sive
outwash plains and pradolinas (ice-mar ginal streamways,
Urstromtäler) were formed south of the end mo raines and
drained west wards (Keilhack, 1899; Woldstedt, 1927,
1931; Kozarski, 1962, 1965, 1986, 1988).



A large part of SW Po land is oc cu pied by Wei chse lian
flu vial val leys, form ing ex ten sive ba sins along the Barycz
River (Milicz and ¯mi gród ba sins), the Odra River near
G³ogów (G³ogów Pra do lina), and their tribu tar ies (for in -
stance, the Jarocin- Leszno Pra do lina) (Fig. 1). This val ley
sys tem forms the east ern end of the G³ogów- Baruth Pra do -
lina (Urstrom tal) that drained the re gion to the west when
the Up per Pleni gla cial Wei chse lian ice sheet was at its
maxi mum (ca. 20,000 yrs BP; Leszno- Brandenburg phase).
Later, dur ing the Poznañ- Frankfurt phase (ca. 18, 500 yrs
BP), a new out flow was formed farther north, along the
Warsaw- Berlin Pra do lina (Fig. 1).

This pa per con cen trates on Wei chse lian Pleni gla cial
stra tigra phy of the ex trag la cial re gions of SW Po land,
which lies en tirely within the in ter me di ate palaeo geo graphi -
cal zone. We dis cuss phases of flu vial ag gra da tion and ero -
sion, their re sponse to base level changes in re la tion to ice-
 sheet ad vance and de cay, and es pe cially their re la tion to
ice- marginal sedi men ta tion dur ing the last gla cial max i -
mum. In addition, the pa per dis cusses pos si ble cli matic os -
cil la tions and cli matic gra di ents as four new sites with Wei -

chse lian flo ras have been docu mented. These are com pared
with some other Wei chse lian sites of the in ter me di ate zone
from SW Po land (Kêpno, Ja roszów) (Rot nicki & To bol ski,
1969; Rot nicki, 1987; Krzysz kowski et al., 1995, 1999), SE 
Ger many (Scheibe) (Mol, 1997a, 1997b; Kasse, 2003), and
cen tral Po land (Ko zar ski, 1980; Pazdur et al., 1981;
Krzysz kowski, 1990a; Krzysz kowski et al., 1993; Bal wierz, 
1995) (Fig. 1). We do not in tend to pro vide a com pre hen -
sive syn the sis on the Wei chse lian stra tigra phy and pa laeo -
cli mate in Po land. Dis cus sion on Wei chse lian flu vial pro -
cesses and palaeocli mate from the en tire Po land or from the
lo es sic zone can be found else where (Ma makowa & Œro -
doñ, 1977; Ko zar ski, 1980; Jer sak et al., 1992; Starkel,
1988, 1995; Starkel et al., 1999).

The analy sis is based on 20 bore hole logs lo cated along
the Barycz and mid dle Odra river val leys (Fig. 2). The logs
have been de scribed sedi men to logi cally in terms of gen eral
li thol ogy and sedi men tary struc tures and then char ac ter ised
by their grain size, heavy min eral con tent (0.1–0.25 mm),
quartz grains char ac ter is tics (0.5–1.0 mm), and cal cium car -
bon ate con tent. These char ac ter is tics have been sup ple -
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Fig. 1. Lo ca tion of the study area against the back ground of Weichselian flu vial val leys and ice mar gins in SW Po land; see text for dis -
cus sion of po si tion of sites with flo ras and ra dio car bon dat ing



mented by sur fic ial data taken from geo logi cal maps (Czer -
wonka et al., 1997).

GEO LOG I CAL AND
GEOMORPHOLOGICAL BACK GROUND

The area of in ves ti ga tion is lo cated along the Barycz
and mid dle Odra riv ers, be tween Odolanów and Kono top
(Figs 1, 2). This area com prises three large flu vial ba sins:
the Milicz and ¯mi gród ba sins, and the G³ogów Pra do lina.
The last one is about 100 km long and 20–30 km wide,
whereas the two first are ovate and ex ten sive, about 40x60
km. The ba sins are filled sur ficially with ex ten sive al lu vial
de pos its and are sepa rated from each other by nar row
reaches. The val ley/ba sin sur faces lie from 130 m a.s.l. in
the Milicz Ba sin to 57 m a.s.l. down stream near Kono top,
and are gen er ally about 15–20 m lower than the sur round ing 
Late Saalian till pla teau. The Saalian gla cio tec tonic hills de -
cline from 250–280 m a.s.l. at the south ern mar gins of the
ba sins to 190 m a.s.l. at the north ern mar gins (Fig. 2).
Moreo ver, the ice- marginal land forms of the Up per Pleni -
gla cial Wei chse lian gla cia tion (Leszno/Bran den burg), such
as end mo raine hills, kames, es kers and san durs, are su per -
im posed on the till pla teau in the north ern part of the re gion
(Fig. 2), form ing a 2–5 km wide zone with up to 20 m high
hills, of ten dis rupted by tun nel val leys.

Dy jor and Kuszell (1975) con sid ered that the ba sins
along the Barycz and mid dle Odra riv ers were ero sional
land forms, now filled mainly with Hol stein ian and Eemian
flu vial de pos its cov ered by a thin ve neer of Wei chse -
lian/Holo cene sedi ments. Kry gowski (1967, 1975) and Rot -
nicki (1967) in ter preted these ba sins as gla cio tec tonic de -
pres sions formed dur ing the late Saalian (War ta nian), and
Brodzikowski (1987) sug gested that they were formed by
multi- stage de for ma tion through out the Pleis to cene. All
these authors claimed the ab sence of older de pos its within
the ba sins, with only a thick Up per Pleis to cene flu vial se -
quence. Re cent in ves ti ga tions (Czer wonka et al., 1997)
have shown that the ba sins have more com plex his tory, with 
up to five till ho ri zons, three El ste rian and two Saalian ones
(Fig. 3). Hol stein ian de pos its have not been found yet, but
sev eral Eemian sites were sub se quently dis cov ered. This
sug gests, that the ba sins were formed due to gla cial and not
flu vial ero sion, and proba bly dur ing the early El ste rian, as a
till of that age oc curs usu ally at the bot toms of all ba sins.
Then, the ba sins were se quen tially filled and partly eroded
dur ing the fol low ing gla cia tions (Fig. 3). As the ba sins lie
be yond the late Wei chse lian ice limit, the ba sins and sur -
round ing till pla teau may pre serve post- Saalian mor phol -
ogy. In deed, there are five Eemian sites within these ba sins:
¯mi gród, Raki, Lu biel, Lechitów, and Ka tarzynów (Fig. 2)
(Skomp ski, 1983; Krzysz kowski et al., 1994; Kuszell,
1980; Kuszell & Sadowska, 1994; Malk iewicz, 1998).
There are sev eral other Eemian sites in the sur round ing till
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Fig. 2. Sim pli fied geomorphological map of the area along Barycz and mid dle Odra rivers, SW Po land, with po si tions of in ves ti gated
bore holes (Lateglacial and Ho lo cene ter races omit ted)



pla teau, which al most lie at the ground sur face. All these
Eemian sites rep re sent la cus trine se quences formed ei ther in 
ket tle holes or in tun nel val ley lakes (Kuszell, 1997).

The up per most flu vial se ries lies on top of Eemian and
Late Saalian (War ta nian) de pos its. Eemian de pos its are well 
pre served in the Milicz and ¯mi gród bas ins, but they are al -
most ab sent along the G³ogów Pra do lina (Fig. 3). The flu -
vial se ries is 10–50 m thick, with its base at 17 m a.s.l. at
Przy borów (Figs 2 and 4). At the sur face, it forms dis tinct
ter races, the high est and most ex ten sive of which are as so ci -
ated with the Wei chse lian Pleni gla cial, which we dis cuss in
this pa per, and other ter races, which in crease in number
down stream. Con ven tion ally, in this re gion these are in ter -
preted as ter races from the ice sheet re treat (Unit P in Figs 3
and 4), as well as Up per Pleni gla cial Wei chse lian (Unit D in 
Figs 3 and 4) and Holo cene ter races (Rot nicki, 1987).

DE SCRIP TION AND IN TER PRE TA TION
OF DE POS ITS

The Wei chse lian Pleni gla cial flu vial se ries var ies from
silts to oc ca sional peb ble sands and thin or ganic lay ers
(peat, or ganic mud). The se ries is de fined from bore holes
us ing vari ous cri te ria. In sev eral pro files it oc curs above
Eemian de pos its or com prises or ganic lay ers with cold flo -
ras and/or fi nite ra dio car bon dates, es pe cially in the Milicz
and ¯mi gród ba sins (Figs 5 and 6). Down val ley, its lower
bound ary is less well de fined, as organic- poor flu vial de -
pos its lie di rectly above gla cial de pos its, in clud ing gla cio -
flu vial sands. Litho logi cal and min era logi cal cri te ria have
been used here, as the flu vial de pos its usu ally con tain sig -
nifi cantly more gar net and al ways more rounded quartz
grains (Figs 5–8; Ta ble 1) (Czer wonka et al., 1997). Simi -
larly high con tents of gar net and well rounded- quartz grains 
have com monly been re ported from Wei chse lian ex trag la -
cial se quences in Po land. These high con tents have been in -
ter preted as the re sult of aeo lian ac tiv ity in situ and/or flu -
vial re de po si tion of aeo lian ma te rial (GoŸdzik, 1980;
Krzysz kowski, 1990a, b; Stan kowski & Krzysz kowski,
1991). The min era logi cally de fined lower bound ary of the
Wei chse lian Pleni gla cial se ries in the G³ogów Pra do lina
was con firmed later by the dis cov ery of Eemian de pos its at
Ka tarzynów (Figs 4 and 8). The up per bound ary of the se -
ries is at the ter race sur face.

The se ries de scribed above was named the Suliradzice
For ma tion, af ter the Suliradzice bore hole (Fig. 2), which
com prises all sed i men tary units in the log, as well as ra dio -
car bon dated de pos its at its base and top (Fig. 5). The
Suliradzice For ma tion in cludes three lithostratigraphic
units, in for mally named A, B and C, which dif fer in their
grain size char ac ter is tics, gar net and well-rounded quartz
con tents (Ta ble 1). How ever, de pos its from all three units
dif fer greatly from the Weichselian proglacial se quences
found in the tun nel val leys and sandurs (unit G; Fig. 4) and
from the older gla cial de pos its, mainly in terms of quartz
grain round ness, i.e. only extraglacial de pos its (units A, B,
C) have an aeolian component (Table 1).
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Fig. 5. Sed i men tary logs, sed i ment prop er ties and lithostratigraphy of Weichselian de pos its of the Suliradzice and Dyminy bore holes;
note the oc cur rence of gravel lag be tween A1 and A2 Sub-units at Suliradzice. Lo ca tion of bore holes in Fig ure 2
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Fig. 6. Sed i men tary logs, sed i ment prop er ties and lithostratigraphy of Weichselian de pos its from the Blizocin, Nowe Domy and
Lechitów bore holes; note a com plete Eemian se quence at the base of Weichselian de pos its at Lechitów (pol len zones af ter Malkiewicz,
1998). Lo ca tion of bore holes in Fig ure 2; cap tions in Fig ure 5



De scrip tion of sed i men tary units

Unit A
The sed i men tary se quence of unit A, oc cur ring only in

the Milicz and ¯migród bas ins (Figs 3–5), com prises
mainly mas sive to finely lam i nated green silt and oc ca sion -
ally, es pe cially in its lower part, thin lay ers of silty sand and
sand. Or ganic de pos its are from a few centi metres to 0.7 m
thick and are pres ent through out the unit (Figs 5 and 6). The 
lower bound ary of the unit is ero sional (Fig. 3). Unit A may
be sub di vided into two sub-units. The lower sub-unit (A1) is 
up to 8 m thick and com prises mas sive and lam i nated silts
and fre quent sandy lay ers. The up per sub-unit (A2) is up to
20 m thick and com prises only mas sive to lam i nated, poorly 
sorted silts. The bound ary be tween sub-units A1 and A2 is
ero sional at Suliradzice, marked by 0.5 m thick gravel lag
(Figs 3 and 5), but in other pro files the grav els are ab sent
(Figs 3, 5, 6). The up per bound ary of the unit A is very dis -
tinct in all bore holes, marked by a rapid change in sed i ment
li thol ogy from co he sive silts to loose sandy silts, sands or
peb ble sands of the over ly ing unit; al though there is no
gravel lag, it may represent an erosional boundary.

Unit A is char ac ter ised by a vari able gar net con tent,
from 15% to 55%, of ten with the gla cially-de rived am phi -
bole as the dom i nant min eral in the lower sub-unit and with
a con tin u ous in crease of gar net in the up per sub-unit. In
both sub-units, the mean con tent of gar net is ca 35%, which
is only slighty greater than in the un der ly ing gla cial de pos -
its. Ae olian-de rived, well-rounded quartz grains are dom i -
nant in both sub-units, vary ing from 38 to 60% (Table 1).

Unit B
This unit, 8–36 m thick, com prises mainly fine- to

coarse- grained sands or silty sands with some silty beds and 
it was pres ent in all the bore holes (Fig. 4). It lies on top of
the unit A de pos its in the Milicz and ¯migród bas ins, or di -

rectly above Eemian or gla cial de pos its in the G³ogów Pra-
dol ina. The lat ter may sug gest an ero sional phase be fore
sed i men ta tion of Unit B, dur ing which the older Weichse-
lian de pos its of unit A were partly re moved. The up per
boundary of unit B has no ero sional fea tures and is less dis -
tinct. It seems to be a transitional one.

The sed i ments of unit B are lithologically vari able
along the val ley. Unit B of the Milicz and ¯migród bas ins
con tains al ter nat ing sand and silt beds, where the silty beds
are from a few decimetres to 3 m thick and are very sim i lar
to those of Unit A, i.e. they con tain a large ad mix ture of
coarse silt and are poorly sorted. Sandy de pos its are usu ally
fine- to me dium-grained, mod er ately to poorly sorted. Oc -
ca sion ally, some 10–40 cm thick lay ers of or ganic mud are
pres ent (Figs 5 and 6). The unit B of the G³ogów Pradol ina
is formed mainly of mod er ately well to mod er ately sorted,
me dium-to coarse-grained sand, with only few silty beds,
up to 0.5 m thick (Figs 6–8, Table 2).

The heavy min eral con tent and quartz grain char ac ter is -
tics are uni form through out the unit. Gar net var ies from 30
to 46%, with an av er age about 35%, i.e. only slighty greater
than in the un der ly ing gla cial de pos its. The num ber of
well-rounded grains is slightly less than in Unit A, but still
more than in typ i cal gla cial de pos its (Figs 5–8; Table 1).

Unit C
This unit is 3–14 m thick and com prises me dium- to

coarse sand and oc ca sion ally peb bly sand, with thin beds of
sandy silts in the Milicz Ba sin (Fig. 5). The sed i ments of
Unit C oc cur in all the stud ied bore holes (Fig. 4), but they
vary slightly down the val ley, from poorly sorted, me -
dium-grained sands in the Milicz and ¯migród bas ins, to
well through mod er ately well sorted, coarse-grained sands
or peb ble sands. The coars est and best sorted de pos its oc cur
in the west ern part of the G³ogów Pradolina (Ta ble 2),
which is prob a bly con nected with their po si tion close to the
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Ta ble 1

Gen eral granulometric and min er al og i cal char ac ter is tics of sed i ments of the Mid dle and Late Pleniglacial Weichselian  age 
along the Barycz and mid dle Odra rivers

Sedimentary Unit
Mean size
(f scale)

Sorting
(f scale)

Garnet content
(%)

Well rounded quartz 
(%)

D
2.62.

13 - 3.03
1.2

0.67 - 1.00
41

30 - 51
44

30 - 58

G (sandurs)
0.8

-2.0 - 1.9
1.6

0.6 - 1.8
38

25 - 45
35

30 - 40

G(tunnel valleys)
1.8

1.00 - 2.98
1.2

0.81 - 1.78
40

30 - 45
28

25 - 30

C
2.00

0.34 -4.49
1.3

0.39 - 3.22
38

30 - 56
52

40 - 80

B
2.68

1.11 -5.39
1.3

0.50 - 2.84
35

30 - 46
38

30 - 60

A
4.30

2.47 - 5.24
1.8

0.99 - 2.39
35

15 - 55
49

38 - 60

Up per num bers in di cate mean val ues within the units; lower num bers in di cate  range of vari abil ity
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Fig. 7. Sed i men tary logs, sed i ment prop er ties and lithostratigraphy of Weichselian de pos its at Œwierczów and Borowiec; note that
Weichselian sed i ments of these logs are the coars est among the in ves ti gated se quences. Lo ca tion of bore holes in Fig ure 2; cap tions in Fig -
ure 5
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Fig. 8. Sed i men tary logs, sed i ment prop er ties and lithostratigraphy of Weichselian de pos its at Przyborów and Katarzynów; note that
the base of Weichselian se quence at Przyborów is at 17 m a.s.l. and the se quence is 48 m thick. Lo ca tion of bore holes in Fig ure 2; cap tions
in Fig ure 5



Up per Pleniglacial Weichselian proglacial sandur and the
Jarocin-Leszno Pradolina (Fig. 2).

The sed i ments of unit C are char ac ter ised by a high gar -
net con tent (up to 56%; av er age ca 40%) and the high est
con tent of well-rounded quartz grains (up to 80%, av er age
ca 50%) among the var i ous flu vial units. An gu lar grains are
usu ally less than <10% or do not oc cur at all (Figs 5–8).

Weichselian proglacial de pos its (Unit G)

The Weichselian Up per Pleniglacial (Leszno Phase)
gla cially-de rived flu vial de pos its oc cur in the ice mar ginal
tun nel val leys and sandurs (Kasprzak & Kozarski, 1989;
Krzyszkowski & Gratzke, 1994) (Figs 2–4). They are rep re -
sented by mod er ately to poorly sorted, me dium- to fine-
grained sands in the tun nel val leys, and coarse-grained
sands and peb ble sands in the sandur se quences (Ta ble 1).
The gar net con tent var ies from 25% to 45% and the grain
size char ac ter is tics and gar net con tent are very sim i lar to
those of Unit C of the G³ogów Pradolina, ex cept that the
sed i ments of the sandur are coarser (Ta bles 1 and 2). The
quartz grain char ac ter is tics are, how ever, mark edly dif fer -
ent, be ing less well rounded up (25–30%), with a high con -
tent of an gu lar quartz grains (usu ally 20–35%, in con trast to 
extraglacial fluvial deposits with less than 20%) (Table 1).

In ter pre ta tion and cor re la tion of de pos its
The val ley-fill sed i ment suc ces sion (units A, B and C)

and min er al og i cal fea tures are very sim i lar to those found in 
the well-dated Weichselian se quences of the Be³chatów out -
crop (GoŸdzik, 1980, 1995; Krzyszkowski, 1990a,b, 1998;
GoŸdzik & Zieliñski, 1996) and other Weichselian sequen-
ces of cen tral Po land (GoŸdzik, 1981; Pazdur et al., 1981;
Rotnicki, 1987; Turkowska, 1988; Stankowski & Krzysz-
kowski, 1991). In cen tral Po land, the val ley-fill suc ces sion
is three fold, with thick mas sive to finely lam i nated silts at
the base (equiv a lent to unit A), sands with silty beds in the
mid dle (equiv a lent to unit B), and sands and grav els at the
top (equiv a lent to unit C). The age of these sed i ments is
Mid dle and Up per Weichselian Pleniglacial, as in di cated by 
ra dio car bon dat ing (Kozarski, 1980; Pazdur et al., 1981;
Rotnicki, 1987; Krzyszkowski, 1990a, 1998). The same age 
of val ley-fill se quences has been dis cov ered in SW Po land,
as the or ganic beds have been dated back to 46,100 ± 1800

yrs BP (Gd-7252) at the base of sub-unit A1 to ca 25,900 ±
700 yrs BP (Gd 6790) in sub-unit A2, and 20,800 ± 600 yrs
BP (Gd 6787) from the up per part of Unit B (Fig. 6; Ta ble
3). Also, there is usu ally a pro gres sive in crease of gar net
and well-rounded quartz in the youn ger units, with max i -
mum val ues, i.e. the larg est ae olian sup ply, in the coars est
de pos its (Unit C; Ta ble 1) in both re gions. In cen tral Po land, 
the Mid dle and Up per Pleniglacial de pos its are usu ally
superposed by Lateglacial ae olian coversands, dunes and
re lated de pos its. Along both the Barycz and Odra river val -
leys, dunes have been ob served com monly at the top of
Weichselian Pleniglacial ter race (Pernarowski, 1958) and
the Lateglacial fluvial terrace (Unit D in Figs 3–8).

It is quite dif fi cult to in ter pret the type of flu vial re gime
and dom i nat ing pro cesses from a few bore holes. The bore -
hole logs con tain only lim ited sedimentological data, and
lack in for ma tion about lat eral ero sion and fa cies tran si tions. 
How ever, great sim i lar ity among the sed i ment suc ces sions
and val ley gemorphology of SW and cen tral Po land, as well 
as their po si tion in the same in ter me di ate palaeo geo graphi -
cal zone, sug gests that the flu vial pro cesses were sim i lar, if
not the same. Hence, the in ter pre ta tion of the Weichselian
Mid dle and Up per Pleniglacial sed i men tary en vi ron ments
of SW Po land will be sup plied by data from well-ex posed
sec tions of the Be³chtów out crop in cen tral Po land (Krzysz-
kowski, 1990a, 1991, 1998; GoŸdzik, 1980, 1995; GoŸdzik
& Zieliñski, 1996). It is com monly ac cepted that ver ti cal
aggradation dom i nated dur ing the Weichselian Pleniglacial
in cen tral Po land, with lim ited chan nel fa cies and com plete
ab sence of lat eral ero sion and de po si tion. In con trast, in SE
Po land (loessic zone), is lat eral chan nel mi gra tion of sin u -
ous rivers oc curs (Starkel, 1995; Starkel et al., 1999).

The mas sive and lam i nated silts (equiv a lent of Unit A)
rep re sent ei ther a shal low lake or a floodplain (Krzysz-
kowski, 1990b, 1998; GoŸdzik & Zieliñski, 1996), which in
part may rep re sent re de pos ited loess (loess frac tion con tent
is up to 30–40%) (GoŸdzik, 1995). The or ganic de pos its of
this unit may rep re sent swamps, ei ther from near-shore
parts of lakes or from floodplain bas ins. The sandy-silty
sed i ments (equiv a lent of Unit B) were de pos ited in a flu vial
en vi ron ment, where the sands may rep re sent the chan nel
zone and/or high-en ergy flood de pos its of the main chan nel, 
and the silty and or ganic beds floodplain or lat eral-mar ginal
flood de po si tion. Krzyszkowski (1990a, 1991) sug gested
that the Weichselian Pleniglacial sandy-silty de pos its in
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Ta ble 2

Vari abil ity of granulometric char ac ter is tics of  the Mid dle and Up per Weichselian Pleniglacial de pos its along the Barycz
and mid dle Odra river val leys

Sedimentary
Unit

Western part of the G³ogów
Pradolina

Eastern part of the G³ogów
Pradolina

¯migród Basin Milicz Basin

Mz s Mz s Mz s Mz s

C 1.4 1.9 1.5 0.7 2.5 1.6 2.6 1.2

B  2.0 1.2 1.8 0.6 3.4 1.5 3.5 1.7

A – – – – 4.4 2.0 4.1 1.6

Mz  – mean size,  s – sort ing 



cen tral Po land were formed in a highly aggrading, ephem -
eral river sys tem of semi-arid cli mate. In the Barycz and
mid dle Odra river val leys, the downvalley in crease in
stream en ergy may also be as sumed from the grain size
char ac ter is tics (Ta ble 2). The sandy sed i ments (equiv a lent
of Unit C) were de pos ited in a high-en ergy flu vial en vi ron -
ment. Krzyszkowski (1990a, 1991), sug gested that the
coarse-grained units of the Weichselian Pleniglacial suc ces -
sions were formed by highly aggrading, ephem eral to brai-
ded rivers of arid cli mate. Also, the de pos its of Unit C of the 
Barycz and mid dle Odra river val leys in di cate a down -
stream in crease in wa ter dis charge. The oc cur rence of
coarser ma te rial in units B and C of the G³ogów Pradolina
(Ta ble 2) may sug gest that this part of the val ley rep re sented 
the main river of the re gion, i.e. the Odra River, be ing pre -
sum ably char ac ter ised by a larger wa ter dis charge than lo cal 
rivers of the Milicz and ¯migród bas ins (Figs 1 and 2).
More over, an ad di tional sup ply of coarse ma te rial from the
Jarocin-Leszno Pradolina or directly from proglacial stre-
ams is also possible during the deposition of unit C (Fig. 2).

POL LEN ANAL Y SIS

The ma te rial for pol len anal y sis was pre pared in two
ways. The silty de pos its were at first boiled in HF and the
or ganic de pos its in 10% KOH, both were acetolized us ing
Erdtman’s (1943) method. Ninety-one sam ples from four
pro files were ana lysed: Suliradzice, Dyminy, Blizocin and
Nowe Domy, al though only fifty-one sam ples con tained
sig nif i cant pol len for in ter pre ta tion. The per cent age cal cu la -
tion was based on the pol len sum of trees, shrubs, dwarf
shrubs and herbs plants (AP + NA). Aquatic plants and
cryp to gams were ex cluded from the ba sic sum (AP +NAP).
The re sults of anal y ses are presented in Figures 10–13.

De scrip tion of lo cal pol len as sem blage zones (L PAZ)

Suliradzice
Anal y ses of the mas sive silts and or ganic de pos its were

car ried out at depths of 39.25–38.00 m, 36.10–34.10 m,
32.40–32.10 m, and 9.85–9.60 m (Fig. 5). Only or ganic de -
pos its (peat) at 36.00–35.90 m and 9.80–9.60 m did con tain
pol len and the pol len as sem blages are pre sented in di a gram
Figure 9.

S-(1) Pinus L PAZ (depth 36.0–35.9 m). This zone con -
tains up to 78.1% Pinus. Betula and Picea are char ac ter ised
by very low fre quen cies, 4.5% and 1.1%, re spec tively. NAP 
ranges be tween 19.0–24.45%, where Poaceae and Cypera-
ceae pre dom i nate and Valeriana officinalis has a low fre -
quency. Sphag num and Polypodiaceae oc cur spo rad i cally.

S-(2) NAP-Pinus L PAZ (depth 9.80–9.75 m). This pol -
len zone is char ac ter ised by high fre quency of Pinus (46%)
and her ba ceous plants (49%). Betula is 4.5%, Larix 3.2%
and Juniperus 0.3%, but Picea is ab sent. Among the herbs,
Cyperaceae and Poaceae pre dom i nate.

S-(3) NAP (Cyperaceae-Poaceae) L PAZ (depth 9.75–
9.60 m). This pol len zone is dom i nated by herbs (60–70%).

Among them Cyperaceae (max. 31.1%) and Poaceae
(18.6%) are dom i nant, al though heliophytes are also very
frequent, with Ar te mi sia up to 15.6% and less fre quent
Caryophyllaceae, Chenopodiaceae, Asteraceae and Helian-
themum. Among other herbs, Ericaceae and Thalictrum are
quite com mon. Trees are in fre quent, with only Betula (max. 
10.1%) and Pinus (max. 27.9%). Some aquatic plants are
pres ent, as Typha-Sparganium and Sagittaria, as well as
Equisetum, which reaches up to 20.4%.

Dyminy
Pol len anal y sis was car ried out in the mas sive silts and

or ganic de pos its at 34.5–32.84 m (Fig. 5). Pol len ma te rial
was pres ent only in finely lam i nated peat and sand at
33.48–32.84 m (Fig. 10).

D-(1) NAP-Pinus L PAZ (depth 33.48–33.40 m). This
pol len zone is char ac ter ised by a high fre quency of herbs
(max. 46.5%), with abun dant trees, mainly Pinus (max.
48.2%) and Betula (8.2%). Among other trees, some Larix,
Picea and Juniperus pol len occur. Herbs are rep re sented
mainly by Poaceae , Cyperaceae and Ar te mi sia.

D-(2) Pinus-Picea L PAZ (depth 33.40–32.84). This
pol len zone is Pinus dom i nated (88.9%). Among other
trees, Picea (8.9%) and Betula (7.9%) are fre quent, and
Alnus has a low-fre quency (<1%), but con tin u ous pres ence.
Larix and Salix oc cur spo rad i cally. Herbs are rep re sented
mainly by Cyperaceae and Poaceae, rang ing be tween 2.1%
and 17.3%. Polypodiaceae are com mon, as well as Sphag -
num among swamp plants.

Nowe Domy
Pol len anal y ses were car ried out in the mas sive silts and 

sandy silts at 16.0–5.6 m. Only some frag ments of this pro -
file con tained pol len (Fig. 6): 15.5–15.2 m, 13.0–12.4 m,
11.0–10.3 m, 9.4–9.5 m, and 8.9–8.7 m (Fig. 11). Two dif -
fer ent pol len zones have been dis tin guished: the lower one
at 15.5–15.3 m, and the up per one, com pris ing a frag ment
be tween 15.3 and 8.7 m with similar floras.

N-(1) Pinus-Picea L PAZ (depth 15.5–15.3 m). This
zone is Pinus dom i nated (up to 86%), with fre quent Picea
(5.1%) and Betula (8.2%); and low but con tinuos Alnus has
a low (<2%). Abies and Salix oc cur spo rad i cally. Herbs are
rep re sented mainly by Cyperaceae and Poaceae, rang ing be -
tween 2.8% and 11%. Polypodiaceae are rel a tively com -
mon.

N-(2) NAP-Pinus L PAZ (depth 15.3–8.7 m). This pol -
len zone is char ac ter ised by a high fre quency of NAP, up to
55.1%. The tree pol len are dom i nated by Pinus (33.0–
82.0%) and Betula (5.6%–27%). Picea and Alnus are rel a -
tively com mon (1–2%) but Larix, Abies, and Salix oc cur
only spo rad i cally. Among the herbs, Poaceae and Cypera-
ceae are dom i nant with small ad mix ture of Ar te mi sia (1–
2%). Polypodiaceae are com mon (up to 21%) as well as
Sphag num among swamp plants.

Blizocin
Pol len anal y ses were car ried out in the mas sive silts and 

sandy silts at 17.6–8.4 m. Only some frag ments of this pro -
file con tained pol len (Fig. 6), i.e. mas sive silts at 17.6–17.4
m, 14.0 m, 11.8–11.6 m, and 9.2 m, all of them in di cat ing
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sim i lar flo ras, and silts with thin or ganic lay ers at 8.9–8.4
m, with a slighty dif fer ent pol len as sem blage (Fig. 12).

B-(1) NAP-Pinus L PAZ (depth 17.6–9.2 m). This zone
is char ac ter ised by a high fre quency of NAP (45–60%) and
Pinus (28–41%). Betula is up to 15.1% and Alnus up to
2.5%; Picea oc curs only spo rad i cally. Among herbs, Cype-
raceae and Poaceae pre dom i nate, with Ericaceae up to 5.5% 
in one sam ple and with in fre quent Ar te mi sia, Chenopo dia-
ceae, Caryophyllaceae and Thalictrum in al most all sam -
ples. Selaginella selaginoides is pres ent in two sam ples and
reaches up to 3%. Polypodiaceae and Sphag num are also
quite com mon.

B-(2) NAP (Poaceae) L PAZ (depth 8.9–8.4 m). This
pol len zone is char ac ter ised by a high fre quency of herbs
(up to 73.3%). Poaceae are the most abun dant, with fre quent 
Cyperaceae and Ar te mi sia, but Chenopodiaceae, Caryophy- 
llaceae and Thalictrum are less fre quent. Pinus reaches only 
20–30% and Betula 5–6%. Other trees, such as Alnus and
Salix, oc cur spo rad i cally. Polypodiaceae and Sphag num are
also rel a tively frequent.

COR RE LA TION OF POL LEN DI A GRAMS
AND CLI MA TIC IN TER PRE TA TION

It seems likely that pol len zones D2 and N1 (Pinus-
Picea), S2, B1 and N2 (NAP-Pinus) and S3 and B2 (NAP)
cor re late with each other. This cor re la tion is also in a good
agree ment with their lithostratigraphic po si tion in the up per
part of units A and B. Con se quently, pol len zones D1
(NAP-Pinus) and S1 (Pinus) must be older (Fig. 13).

The sed i ments of the Sub-unit A2 and Unit B most pro-
bably com prise a com plete pol len suc ces sion from 25,900 ± 
700 yrs BP to 20,800 ± 600 yrs BP. Even if strata with pol -
len data oc cur dis con tin u ously through out the pro files, the
con ti nu ity of the pol len suc ces sion can be de duced from the
po si tions of the D1/D2 and N1/N2 bound aries at the lower
and up per parts of Sub-unit A2 and from the very uni form
floristic ev i dence through out Unit B (Fig. 13). More over,
other sites in cen tral Po land and SE Ger many that con tain
chronostratigraphic equiv a lents of Unit B are char ac ter ised
by closely sim i lar floristic ev i dence (Ta ble 3) (Pazdur et al., 
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Fig. 9. Pol len di a gram of Weichselian or ganic de pos its at Suliradzice, Milicz Ba sin, SW Po land

Fig. 10. Pol len di a gram of Weichselian or ganic de pos its at Dyminy, Milicz Ba sin, SW Po land; note that ra dio car bon dated sed i ments
are lo cated in the lower part of the or ganic bed, i.e. at the lower bound ary of the Dyminy Interstadial



1981; Kozarski, 1981; Krzyszkowski et al., 1993; Balwierz, 
1995; Mol, 1997a,b; Kasse et al., 2003). The pol len suc ces -
sion of Sub-unit A1 is in com plete and is rep re sented from
one or ganic bed dated to 46,160 ± 1800 yrs BP. Other or -

ganic lay ers in cen tral and west ern Po land dated to the
43,700–26,900 yrs BP re corded flo ras dif fer ent from the S1
pol len zone, gen er ally in di cat ing cooler con di tions (Bara-
niecka, 1980; Kozarski, 1980; Pazdur et al., 1981; Rotnicki
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Fig. 11. Pol len di a gram of Weichselian or ganic de pos its and mas sive silts at Nowe Domy, ¯migród Ba sin, SW Po land

Fig. 12. Pol len di a gram of Weichselian or ganic de pos its and mas sive silts at Blizocin, ¯migród Ba sin, SW Po land



& Tobolski, 1969; Krzyszkowski, 1990; Krzyszkowski et
al., 1993; Balwierz, 1995) (Table 3).

It fol lows from the above that the low est part of Unit A
(ca 46,000 yrs BP; Sub-unit A1) was de pos ited dur ing a rel -
a tively mild cli mate, with bo real for est to for est-tun dra,
which was char ac ter ised by com plete ab sence of heliophy-
tes (S1 pol len zone). This pe riod most prob a bly cor re sponds 
with the Moershoofd interstadial, which in SW Po land must 
have been slighty milder than in the Neth er lands and Ger -
many (Zagwijn, 1974; Behre, 1989). Cor re la tion with
Glinde Interstadial is less likely, as there is no sub stan tial
val ues of Ericaceae and more pine in the S1 pol len zone.
Later, 44,000–27,000 yrs BP, cli ma tic con di tions were
prob a bly more se vere, as in di cated in cen tral Po land (Ta ble
3). This pe riod was char ac ter ised by nu mer ous cli ma tic os -
cil la tions, where rel a tively milder pe ri ods (Hengelo and
Denekamp interstadials) were char ac ter ised by shrub-tun -
dra with com mon heliophytes or shrub-tun dra with patches
of birch for ests, and cold pe ri ods rep re sented sub-po lar or
po lar deserts (no pol len, strong frost crack ing, etc.).

In turn, much milder con di tions could have oc curred
again slightly af ter 26,000 yrs BP (Sub-unit A2). This pe -
riod was char ac ter ised in SW Po land by pine-spruce bo real
for est, with mi nor oc cur rences of al der and larch (pol len

zones D-2 and N-1). This is the most tem per ate pe riod in the 
se quence, which prob a bly rep re sents the last tem per ate pe -
riod be fore the late Weichselian ice sheet ad vance to cen tral
Po land. This interstadial lasted ap prox i mately from 26,000
to 24,000 years BP. The above in ter pre ta tion is based on
only two sites with pol len re cords and a sin gle ra dio car bon
dat ing, and thus is highly spec u la tive. The ra dio car bon dat -
ing of Dyminy pro file may be in ac cu rate, as there are many
Weichselian sites with re versed dates (Mamakowa & Œro-
doñ, 1977; Starkel, 1988; Starkel et al., 1999; Krzysz-
kowski et al., 1999). Also, such mild con di tions have not
been re corded dur ing the Mid dle Weichselian Pleniglacial
in Po land or else where in cen tral and north west ern Eu rope
(Velichko, 1982; Huizer & Vandenberghe, 1998). How -
ever, there is some ev i dence to sup port a mild ep i sode at
that time. (1) There is a room for an interstadial pe riod at
around 26–24 kyrs BP, in di cated by iso tope mea sure ments
in Green land (Dansgaard et al., 1993) and the North At lan -
tic (Bond et al., 1993). (2) An interstadial pe riod at around
this age oc curred in West ern Nor way (Valen et al., 1996).
(3) There is at least one other site in SE Po land with doc u -
mented for est to for est-tun dra flora at around 26–24 kyrs
BP (25,580±3,270/2,420; £¹¿ek; cf. Mamakowa, 1968), al -
though pre vi ously in ter preted as older event in spite of dat -
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Fig. 13. Cor re la tion of Lo cal Pol len As sem blage Zones of the Weichselian se quences along the Barycz River val ley and their
lithostratigraphic po si tion



ing. (4) Krzyszkowski et al. (1999) have sug gested that the
en tire pe riod 35–25 kyrs BP in the loessic zone of SW Po -
land was char ac ter ised by the oc cur rence of at least patches
of bo real for est or for est-tun dra (Jaroszów, Sudetic Fore -
land; Fig. 1, Ta ble 3). Site Dyminy lies only 60–70 km north 
of Jaroszów (Fig. 1), and thus the oc cur rence of boreal
forest conditions shortly before the final advance of the
Scandinavian ice sheet is not impossible.

At the end of the de po si tion of Sub-unit A2 (pol len zone 
N-2), cli ma tic con di tions be came se vere and con tin ued
through out Unit B (ca 25,000–22,000 yrs BP), with tun dra
or shrub tun dra. A rel a tively high con tent of pine pol len in
the zones N-2 and B-1 may have been due to long-dis tance
wind trans port or lo cal redeposition. Grass tun dra dom i -
nated in the re gion at around 21,000 yrs BP (the up per most
part of Unit B), with mainly Poaceae, Cyperaceae and Ar te -
mi sia and some other heliophytes. Fi nally, the cli mate in the 
Barycz River re gion be came very se vere (sub-po lar or po lar 
desert), as Unit C does not con tain any pol len, prob a bly in -
di cat ing ab sence or very scarce veg e ta tion at that time (Fig.
13). At Jaroszów, cli ma tic con di tions were much milder at
around the same time, en abling the for ma tion of shrub tun -
dra or even shrub tun dra with patches of pine-birch for est
(Krzyszkowski et al., 1995, 1999) (Table 3).

DIS CUS SION

The Weichselian se quences of the Suliradzice For ma -
tion in di cate two, pos si bly three, phases of ero sion sep a -
rated by val ley aggradation (Fig. 13). The ini tial phase of
ero sion, which re sulted in re moval of a large part of the late
Saalian and Eemian de pos its and for ma tion of a new val ley
sys tem, took place be fore 46,100 ± 1800 yrs BP (Fig. 5).
This ero sion can not be older than the Early Weichselian, as
a com plete Eemian suc ces sion has been doc u mented be low
Weichselian de pos its at Lechitów (Pinus zone; Malkiewicz, 
1998) (Figs 4 and 6). Sev eral other Eemian sites in cen tral
Po land doc u ment con tin u ous sed i men ta tion from the early
Eemian to the Odderade Interstadial (Jastrzêbska-Mame³ka, 
1985; GoŸdzik & Balwierz, 1993), sug gest ing that the ma -
jor ero sion phase through out Po land oc curred dur ing the
Lower Pleniglacial (ca 75,000–60,000 yrs BP) (Krzysz-
kowski, 1990a).

The next ero sion phase along the Barycz River val ley
oc curred be fore 25,900± 700 yrs BP, as an or ganic bed of
this age is pres ent just above the A1/A2 ero sional bound ary.
How ever, the age of this ero sion phase can not be es tab -
lished pre cisely, yet. At Be³chatów, Krzyszkowski (1990a,
b, 1991) and Krzyszkowski et al. (1993) re cog nised one
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Ta ble 3

Age and type of veg e ta tion cover at Weichselian sites with or ganic de pos its in SW and cen tral Po land

Radiocarbon date Unit Site Other sites Vegetation (pollen zones)

19,250 ± 310 C Jaroszów NAP-Pinus

20,800 ± 600

21,200 ± 220
21,720 ± 220
22,050 ± 450
22,230 ± 480

B

Suliradzice
Blizocin

Blizocin
Nowe Domy 

Be³chatów
Lublinek
Konin-Maliniec
Konin-Maliniec

Cyperaceae-Poaceae
Poaceae
Poaceae
Cyperaceae-Poaceae
Cyperaceae-Poaceae
Cyperaceae-Poaceae
NAP-Pinus
NAP-Pinus

24,590  ± 120

25,900 ± 700
A2

Nowe Domy

Dyminy

Be³chatów Poaceae
NAP-Pinus
Pinus-Picea
Pinus-Picea
NAP-Pinus

35,000- 25,000
26,430  ± 240
26,900 ± 500

29,200 ± 1,100
31,400 ± 1,100
32,700 ± 900

32,600 ± 1,300
33,900 ± 2,600
31,800 ± 700

33,800 ± 2,000
33,370 ± 600

hiatus

Jaroszów
Be³chatów
Be³chatów
Be³chatów
Kêpno
Be³chatów
Be³chatów
Be³chatów
Be³chatów
Be³chatów
Scheibe

Pinus-Betula-Picea
Poaceae
Cyperaceae-Poaceae
Cyperaceae-Poaceae
NAP-Betula
Cyperaceae-Poaceae
Cyperaceae-Poaceae
Cyperaceae-Poaceae
Cyperaceae-Poaceae
Cyperaceae-Poaceae
Cyperaceae-Poaceae

> 42,900
> 42,500

43,700 ± 3,700/2,400
> 44,600

46,160 ± 1,800

A1

Suliradzice

Konin-Maliniec
Konin-Maliniec
Be³chatów
Scheibe

NAP-Betula
NAP-Betula
NAP-Pinus
Cyperaceae-Poaceae
Pinus



ma jor Mid dle Pleniglacial ero sion phase at around 27,000
yrs BP and the sec ond one, far less doc u mented, at around
40,000 yrs BP. The 27 kyr BP ero sion phase has also been
iden ti fied in the Prosna River val ley (Rotnicki, 1987),
Konin area (Kozarski, 1980; Pazdur et al., 1981), and at
Jaroszów (Krzyszkowski et al., 1999). The 40 kyr BP ero -
sion phase has been re cog nised at Be³chatów and Jaroszów
only (Krzyszkowski et al., 1999). Cur rent dat ing of the se -
quences sug gests that the ero sion phase in the Barycz River
val ley may rep re sent ei ther a 27 kyr BP or a 40 kyr BP
event.

The youn gest ero sion phase took place af ter 25,900 ±
700 yrs BP but be fore Unit B was de pos ited (Fig. 5), pos si -
bly at around 22/23 kyrs BP, as an ero sional phase of this
age has been com monly doc u mented in cen tral Po land (Ko-
zarski, 1980; Pazdur et al., 1981; Rotnicki, 1987; Krzysz-
kowski, 1990a,b, 1991; Krzyszkowski et al., 1993).

All the ero sion phases took place dur ing se vere cli ma tic 
con di tions fa vour able to ei ther po lar desert (Lower Pleni-
gla cial) or shrub tun dra (NAP-Pinus pol len zones; ero sion
at the A1/A2 and the A2/B bound aries; Fig. 13, Ta ble 3).
The youn gest ero sion phase in cised less deeply than the pre -
vi ous phases. The mid dle ero sion phase cut less deeply in
the Milicz and ¯migród bas ins but more deeply in the
G³ogów Pradolina than the first ero sion phase, as in di cated
by the pres er va tion of Unit A in the for mer and its re moval
in the lat ter ba sin (Figs 3 and 4). The deep est ero sion cut
down to 17 m a.s.l. near Przyborów (Fig. 4), i.e. 50 m be low 
the pres ent-day val ley sur face and ca 60–70 m be low the
Late Saalian till plateau.

The Weichselian aggradation phases were usu ally con -
nected with pe ri ods of rel a tively mild cli mate (S-1 pol len
zone, lower part of A1 Sub-unit; D-2/N-1 pol len zone of A2

sub-unit), but the fi nal aggradation phase oc curred dur ing
se vere cli ma tic con di tions (units B and C) (Fig. 13). Hence,
the for mer aggradations may have oc curred dur ing inter-
stadials (Fig. 14A/B), but the last one oc curred dur ing the
late Weichselian ice sheet ad vance into cen tral Europe (Fig.
14C).

The phases of Weichselian Pleniglacial ero sion and
aggradation in Po land cor re late sur pris ingly well with the
gla ci ation curve for Scan di na via (Larsen et al., 1987;
Mangerud, 1991a, b; Larsen & Sejrup, 1990; Valen et al.,
1995, 1996). The ice-sheet os cil la tions in Fennoscandia
cor re spond well with global changes in the sea level and ice
vol umes dur ing the Early and Up per Pleniglacial Weich-
selian (Martinsson et al., 1987), but also in di cate sev eral
short-term ice-sheet ad vances dur ing the Mid dle Plenigla -
cial. These short ice-sheet ad vances oc curred around 40,000 
yrs BP (Andersen at al., 1981) and 27,000–25,000 yrs BP
(Valen et al., 1996) (Fig. 15). Thus, the ini tial Pol ish Wei-
chselian ero sion phase can be cor re lated with the Lower
Pleniglacial ice-sheet build-up (Schalkholz Stadial) and low 
sea level at that time (– 60 m; Chappel & Shackle ton, 1986). 
By anal ogy, the ero sion phases around 40 kyrs BP and 27
kyrs BP may be cor re lated with other phases of build-up of
the Scan di na vian ice-sheet (Fig. 15). Ice-free con di tions in
south ern Bal tic and north ern Po land areas are, how ever,
sug gested for these time spans. The Mid dle Pleniglacial
aggradation in SW and cen tral Po land may have oc curred

dur ing the mild pe ri ods dated to about 60–41 kyrs BP
(Oerel, Glinde and Moershoofd interstadials), 39–27 kyrs
BP (Hengelo and Denekamp interstadials) and 25–24 kyrs
BP (Dyminy Interstadial), which were char ac ter ised by sub -
stan tial ice sheet re treat in Scan di na via. The last pe riod of
ero sion (22/23 kyrs BP) is con nected with the build-up
phase of the Up per Pleniglacial Weichselian ice sheet. The
sub se quent south ward ad vance of the ice sheet im peded
out flow of rivers, lead ing to the gen eral ces sa tion of ero sion 
and in creased aggradation in val leys (de po si tion of Unit C
of the Suliradzice For ma tion; ca 20,000 yrs BP; Fig. 14C).
Dur ing this ice sheet ad vance, the ma jor ity of Lower and
Mid dle Pleniglacial val leys of north ern Po land were de -
stroyed due to gla cial and glaciofluvial ero sion (Fig. 3F-F‘). 
Only few val leys are pre served, with the best ex am ple at
Konin-Maliniec (Pazdur et al., 1981; Kozarski, 1980; Stan-
kowski & Krzyszkowski, 1991). In the lat ter case, an equiv -
a lent to Unit C of the Suliradzice For ma tion is a till (Mali-
niec Till; Czerwonka & Krzyszkowski, 1994; Krzysz-
kowski, 1994). The sed i ments of this unit interdigitated
with gla cial de pos its of the ice-prox i mal zone (Figs 3 and 4) 
or con tained a large ad mix ture of gla cial de pos its (Ta ble 2),
in di cat ing that they were formed at the front of the ice-sheet
when it was at its max i mum south erly po si tion near Leszno
(Figs 2 and 14C). Thus, the abun dant oc cur rence of coarse-
grained ma te rial in Unit C may re flect not only a cli ma tic in -
flu ence on river dis charge (Krzyszkowski, 1990a, 1991) or
po si tion along a large river, but may also re flect an in put of
coarse-grained gla cial ma te rial trans ported to the ex tra-gla -
cial val ley di rectly from proglacial sandur or along the
Jarocin-Leszno Pradolina (Fig. 14C). At that time, rivers
must have flown to the west, form ing the G³ogów-Baruth
Pradolina sys tem (Figs 1 and 14C). The ae olian cover from
the top of the Suliradzice For ma tion formed dur ing degla-
ciation, be ing partly cor re la tive with ero sion and de po si tion
in the War saw-Berlin Pradolina flu vial sys tem (roughly
19,000–18,000 yrs BP; Kozarski, 1986). A ter race level
con nected with the Warsaw-Berlin Pradolina has been
observed in the northwestern part of the study area (Figs 4
and 14D), but its occurrence and extent upstream is not well
documented.

The model of Weichselian Pleniglacial ero sion and
aggradation pre sented here as sumes that ero sion took place
dur ing the cold stages (ice sheet build-up) (Fig. 15). The in -
ci sion dur ing each phase, ex cept the last, in ter rupted cold
stage, was from sev eral metres to more than 50 m. In ci sion
in creased down stream, at least along the Barycz and Odra
river val leys (Fig. 4). The cause of these deep re gional in ci -
sions is an open ques tion. Pos si ble causes in clude: cli mate
(cold, arid), lo cal low er ing of base level (e.g. low wa ter
level in the iso lated lake of the south ern Bal tic ba sin) or re -
gional up lift (forebulge ef fect). Fur ther dis cus sion and com -
par i sons with more west ern and east ern Weichselian
successions are necessary.

This and other suc ces sions from the Weichselian in ter -
me di ate palaeo geo graphi cal zone in Po land do not con firm
the pres ence of short-term cli ma tic events that may be re -
lated to Dansgaard-Oeschger events. This is in con trast to
loessic zone and flu vial sys tems in NW Eu rope (Hatte et al., 
1988; Vandenberghe et al., 1998; Vandenberghe, 2003).
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Fig. 14. Evo lu tion of the Weichselian flu vial sys tem in SW Po land: A/B – Lower to early Up per Pleniglacial (Units A and B), drain age
to the west ern Bal tic and/or North Sea; C – max i mum ex tent of ice sheet dur ing the Leszno-Brandenburg phase (Unit C; 20,000 yrs BP),
drain age was along the Baruth-G³ogów Pradolina sup plied by subglacial wa ter (po si tion of tun nel val leys af ter Czerwonka &
Krzyszkowski, 1994); D – late Up per Pleniglacial, ice sheet re treat to Poznañ-Frank furt phase po si tion, drain age along the War saw-Berlin 
Pradolina. See also dis cus sion in the text



How ever, while it is pos si ble that the cli ma tic os cil la tions in 
SW and cen tral Po land can be cor re lated with North At lan -
tic events, they may re flect rather lon ger-term cool ing cy -
cles (Bond et al., 1993). The pos si bil ity of a new interstadial 
pe riod at around 26–24 kyrs BP fits well with this sug ges -
tion (Fig. 15). The rare oc cur rence of de pos its of this
interstatial were re moved dur ing the sub se quent ero sional
phase, but fortunately were presered occasionally.

The oc cur rence of a mild interstadial at around 26–24
kyrs BP at Dyminy (in ter me di ate zone) and per ma nent mild
con di tions dur ing the late Mid dle Pleniglacial (35–25 kyrs
BP) at Jaroszów (loessic zone) in SW Po land may im ply
stron ger north-south cli ma tic gra di ents at those times. It ap -
pears that dur ing the Weichselian Up per Pleniglacial ice
sheet ad vance into the south ern Bal tic/north ern Po land area, 
there were still patches of bo real for est in SW Po land, and
con se quently not a very se vere cli mate. Only dur ing the
max i mum ex tent of the ice sheet (20 kyrs BP) did the cli -
mate be come ex tremely se vere. On the other hand, ev i dence 
from Be³chatów, from two or ganic beds dated to 26,430 ±
240 and 24,590 ± 120 yrs BP, sug gests ex tremely harsh,
tree less cli ma tic con di tions (Kasse et al., 1998). This
dicrepancy may be ex plained in any of three ways: (1) there
was no mild interstadial in SW Po land and ra dio car bon dat -
ing at the Dyminy is wrong; (2) the interstadial was very
short, last ing 1,000 years or less, and oc cur ring within cold

events doc u mented at Be³chatów (25,900 ± 700 yrs BP); (3) 
there was a strong west-east cli ma tic gra di ent in the in ter -
me di ate palaeo geo graphi cal zone, with SW Pol ish sites be -
long ing to the more mild, mar i time sec tor, and those from
cen tral Po land and more east ern re gions be long ing to the
more se vere, con ti nen tal sec tor. Fur ther in ves ti ga tions
should elab o rate this prob lem in greater de tail, but new se -
quences with de pos its with ra dio car bon dates at around
26–24 kyrs must be found.

CON CLU SIONS

It seems likely that de spite in com plete re cord, the data
from SW Po land have im por tant im pli ca tions re quir ing fur -
ther in ves ti ga tion:

1. The se quence of the Weichselian sed i ments and pro -
cesses in SW Po land are al most indentical to those of cen -
tral Po land. Gen er ally, three units oc cur show ing pro gres -
sive coars en ing up wards of de pos its (silts, sands and silts,
sands and grav els), with ae olian de pos its on top. This sug -
gests very uni form pro cesses through out the in ter me di ate
palaeo geo graphi cal zone, i.e. the zone be tween the strong
loess de po si tion in the south and the glacial deposition in
the north.

2. The Weichselian val ley-fill se quences of SW and
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Fig. 15. Cor re la tion of phases of ero sion and aggradation in SW and cen tral Po land with global cli ma tic os cil la tions and Scan di na vian
ice sheet his tory. Green land cli ma tic curve af ter Bond et al. (1993); ten ta tive cor re la tion with Eu ro pean cli ma tic curve af ter Behre (1989),
mod i fied ac cord ing to Pol ish data; see dis cus sion in the text. Gla ci ation curve af ter Mangerud (1991ab) and Valen et al. (1995, 1996),
mod i fied for Po land dur ing the Weichselian Up per Pleniglacial



cen tral Po land con tain mainly flu vial de pos its, with lo cal
lac us trine and ae olian de pos its. A large ae olian ad mix ture is 
ob served through out the se quences, es pe cially in their
youn ger parts. The flu vial se quences are punc tu ated by at
least three ma jor ero sional phases, char ac ter ised by sim i lar
in ci sion depths. Con se quently, dif fer ent val leys pre serve
se quences of var i ous ages, al though gen er ally the suc ces -
sion of sed i men tary en vi ron ments, flo ral suc ces sion, and
de gree of ae olian ac tiv ity in di cate a grad ual cli ma tic de-
terioration (successively documented in Units A, B, and C).

3. Cli ma tic con di tions dur ing the Weichselian Mid dle
and Up per Pleniglacial in SW Po land were sim i lar to those
in cen tral Po land and north west ern Eu rope (Huizer &
Vandenberghe, 1998; Vandeberghe, 2003). It seems likely,
how ever, that the Moershoefd Interstadial (47–43 kyrs BP)
was a lit tle bit milder in SW Po land (shrub tun dra, for -
est-tun dra). On the other hand, the cli ma tic con di tions dur -
ing pe ri ods 38–27 kyrs BP and 23–18 kyrs BP were very
uni form through out the in ter me di ate zone of cen tral Eu -
rope, in clud ing SW Po land. How ever, it is likely that there
was strong north-south cli ma tic gra di ent dur ing 38–27 kyrs
BP pe riod, as data from loessic zone in SW Po land in di cate
at least patches of bo real for est or for est-tun dra con di tions
at that time.

4. A new Mid dle Weichselian interstadial is doc u -
mented at two sites in SW Po land. Its lower age bound ary is
25,900 ± 700 years BP. It is char ac ter ised by Pinus-Picea
for est and no heliophytes. This interstadial rep re sents the
last mild pe riod be fore the ad vance of the late Weichselian
ice sheet into SW Po land (26–24 kyrs BP), and may be cor -
re lated tem po rarily with the Hamnsund Interstadial in west -
ern Nor way. Whether the oc cur rence of such a mild inter-
stadial of this age in Po land is pos si ble or not must be
proved by further investigations.

5. Ero sion in the Weichselian val leys of SW and cen tral 
Po land took place dur ing the cold stages, with cer tainty at
around 75–60 kyrs BP (Lower Pleniglacial) and 27 kyrs BP, 
very prob a bly at around 23/22 kyrs and pos si bly at around
40 kyrs BP, and val ley aggradation oc curred dur ing the
milder stages, re spec tively. The Up per Pleniglacial was
char ac ter ised by val ley aggradation, con nected with south -
ward ice sheet ad vance and lim ited out flow (ice mar ginal
Pradolina valley system).

6. It is likely that fre quent Weichselian Mid dle Pleni-
gla cial cli ma tic os cil la tions did not ini ti ate sed i men ta tion
and ero sion. They only con trolled river dis charge and type
of flu vial sed i men ta tion and ae olian ac tiv ity. The oc cur -
rence of ero sion to aggradation phases are con trolled rather
by the changes in ice vol umes in Scan di na via, ice sheet
build-up and re treat, re spec tively.
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Streszczenie

FAZY SEDYMENTACYJNE I EROZYJNE
ŒRODKOWEGO I GÓRNEGO PLENIVISTULIANU

ORAZ ICH ZWI¥ZEK Z TRANSGRESJ¥
I REGRESJ¥ L¥DOLODU SKANDYNAWSKIEGO

W PO£UDNIOWO-ZACHODNIEJ POLSCE

Dariusz Krzyszkowski & Teresa Kuszell

Przedstawione w niniejszej pracy wyniki badañ dotycz¹
zmian paleoœrodowiskowych podczas pe³nego vistulianu w po-
³udniowo-zachodniej Polsce. Podstaw¹ przeprowadzonych badañ
by³y osady pochodz¹ce z 20 profili otworów wiertniczych. Anali-
zowany obszar usytuowany jest wzd³u¿ doliny Baryczy i dorzecza 
œrodkowej Odry, pomiêdzy Odolanowem i Konotopem. Obejmuje
on trzy du¿e baseny rzeczne: milicki, ¿migrodzki i Pradoliny G³o-
gowskiej. Dwa pierwsze baseny zajmuj¹ powierzchniê oko³o
40×60 km, natomiast basen trzeci ma oko³o 100 km d³ugoœci i 20–
30 km szerokoœci. Badania geomorfologiczne i litologiczno-
petrograficzne oraz datowania radiowêglowe w laboratorium 14C
w Gliwicach pozwoli³y na przedstawienie szczegó³owej chrono-
stratygrafii osadów zachowanych w zbiornikach sedymentacyj-
nych. W sekwencji œrodkowego i górnego plenivistulianu mo¿na
wyró¿niæ trzy jednostki sedymentacyjne pochodzenia rzecznego.
Obejmuj¹ one mu³ki i piaski przechodz¹ce ku górze w osady o
wiêkszym stopniu uziarnienia (mu³y, piaski, ¿wiry) oraz osady
pochodzenia eolicznego, wystêpuj¹ce w najwy¿szym poziomie.

Warunki paleogeograficzne oraz procesy zwi¹zane z powsta-
niem tych osadów s¹ prawie identyczne, zarówno w po³udniowo-
zachodniej jak i centralnej Polsce. Plenivistulian by³ najd³u¿szym i 
zarazem najg³êbszym kryzysem klimatycznym ca³ego vistulianu.
Znaczna czêœæ po³udniowo-zachodniej Polski by³a w tym czasie
zajêta przez doliny rzeczne, które ukszta³towa³y siê po intergla-
cjale eemskim, we wczesnym vistulianie. Zmiana warunków kli-
matycznych na prze³omie wczesnego i pe³nego vistulianu spowo-
dowa³a o¿ywienie peryglacjalnych procesów denudacyjnych na
badanym terenie. Wystêpuj¹ce rzeki nie mia³y w tym czasie upo-
rz¹dkowanego re¿imu, st¹d ich czêste, sezonowe wylewy na rów-
niny zalewowe, powoduj¹ce pionowy przyrost osadów. G³ówna
faza wype³niania rozciêæ dolinnych w po³udniowo-zachodniej
Polsce przypada³a na plenivistulian. Sekwencja wype³nieñ tych
dolin zawiera³a przede wszystkim osady rzeczne z lokalnie wystê-
puj¹cymi osadami jeziornymi, które powsta³y w sprzyjaj¹cych
warunkach klimatycznych oraz z cienkimi pokrywami eolicz-
nymi. O klimatycznych warunkach jakie panowa³y podczas aku-
mulacji osadów biogenicznych œwiadcz¹ wyniki badañ palino-
logicznych. Pozwoli³y one przedstawiæ obraz szaty roœlinnej w po- 
szczególnych warstwach osadów oraz stwierdziæ, ¿e ku stropowi
pogarsza³y siê warunki klimatyczne. Przedmiotem badañ metod¹
analizy py³kowej by³y pro file osadów z czterech stanowisk: Suli-
radzice, Dyminy, Nowe Domy i Blizocin. Z rozwa¿anych czterech 
profili osadów zosta³o wykonanych kilka datowañ. Najstarszymi
datowanymi osadami plenivistulianu, s¹ utwory biogeniczne,
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których wiek okreœlono na 46 100±1800 BP w profilu Suliradzice.
M³odszymi datowaniami jakie uzyskano s¹ daty 25 900±700 BP z
profilu Dyminy i 20 800 ± 600 BP z profilu Suliradzice.

W powi¹zaniu z uzyskanymi datami radiowêglowymi i wy-
nikami badañ litologicznych, przedstawiono zwi¹zek procesów
fluwialnych z warunkami klimatycznymi i szat¹ roœlinn¹ oraz
okreœlono wiek osadów w analizowanych zbiornikach. Sekwencje
fluwialne charakteryzowa³y siê zmiennym przebiegiem depozycji
osadów. Badane pro file zawiera³y nieci¹g³e sekwencje jeziorne,
przedzielone osadami mineralnymi, zwi¹zanymi z okresami erozji 
i depozycji fluwialnej, wskazuj¹ce na oscylacje klimatyczne.
W profilach tych stwierdzono fazy erozji w krótkich okresach
przejœciowych, od klimatu stadialnego do interstadialnego i od-
wrotnie od interstadialnego do stadialnego.

W okresach ch³odniejszych sekwencja osadów w dolinach
rzecznych odznacza³a siê stopniowym wzrostem frakcji min eral-
nej i zmian¹ typu sedymentacji. Znaczna intensywnoœæ procesów
denudacyjnych powodowa³a wyp³ycenie zbiorników. Po pewnym
czasie, w sprzyjaj¹cych warunkach klimatycznych, akumulacja
osadów mineralnych zosta³a zahamowana i na powierzchni roz-

wija³y siê stosunkowo p³ytkie zbiorniki jeziorne, wype³niane
utworami z przewag¹ frakcji organicznej. W plenivistuliañskich
zag³êbieniach sedymentacja jeziorna lub bagienna by³a co naj-
mniej dwukrotnie przerywana, co zaznaczy³o siê erozj¹ i depo-
zycj¹ piasków i ¿wirów. Wydaje siê, ¿e oscylacje klimatyczne
wp³ywa³y g³ównie na wielkoœæ przep³ywu rzecznego oraz na typ
sedymentacji fluwialnej i na aktywnoœæ procesów eolicznych,
natomiast nie odegra³y wiêkszej roli w procesach sedymentacji i
erozji.

Z przeprowadzonych badañ wynika, ¿e warunki klimatyczne
interstadia³ów plenivistuliañskich w po³udniowo-zachodniej
czêœci Polski by³y podobne do panuj¹cych w centralnej Polsce i w
pó³nocno-zachodniej Europie, zarówno w interstadiale Hengelo
jak i w Denekamp. Pewne ró¿nice – na badanym terenie – dotycz¹
jedynie interstadia³u Moershoofd (47–43 ka BP), w którym klimat
by³ nieco ³agodniejszy. W badanych profilach nie zachowa³y siê
spektra py³kowe sygnalizuj¹ce postêpuj¹ce zwilgotnienie klimatu, 
które u schy³ku interstadia³u Denekamp jest zapowiedzi¹ po-
garszaj¹cych siê warunków klimatycznych w zwi¹zku z nasu-
waj¹cym siê z pó³nocy l¹dolodem skandynawskim.
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