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The Bia³owice site is sit u ated in the north-west of the Nowa Sól De pres sion which is part of the Cen tral Po land Low lands. Palynological
anal y sis shows that lake and swamp ac cu mu la tions took place in the Early Vistulian. Two warm interstadial-rank os cil la tions (Brörup
and Odderade) and a stadial (Rederstall) have been dis tin guished dur ing the Early Vistulian. The se quence of changes at Bia³owice is
sim i lar to the se quences in pro files from other parts of Po land and West ern Eu rope. Un til now, in that re gion of Po land the veg e ta tion suc -
ces sion of the Brörup and Odderade had re mained un known. The li thol ogy of the pro file at Bia³owice shows rapid changes of sed i men ta -
tion which have been ob served in the youn ger part of the Brörup and at the Brörup/Rederstall tran si tion. Geo log i cal and palynological
data sug gests that the max i mum limit of the Vistulian Gla ci ation to the south of the ¯ary Hills.
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INTRODUCTION

The stra tig ra phy and palaeo ge ogra phy of Qua ter nary de pos -
its un der ly ing the Milicz–G³ogów De pres sion were elu ci dated
dur ing map ping of the Krzystkowice sheet of the De tailed Geo -
log i cal Map of Po land  at 1:50 000 scale, ar chived to gether with
ex am i na tion of a bore hole log (Bartczak, 1999). This doc u -
mented a 11.5 m thick se quence of organogenic de pos its (peat
and silt with plant re mains) over ly ing grey till and cov ered by a
3 m thick layer of me dium-grained sand. The GEOPROBE drill -
ing at the same site yielded a 13.2 m thick in ter val of lac us trine
and swamp de pos its which have been the sub ject of de tailed
palynological in ves ti ga tions. These de pos its rep re sent a con tin u -
ous and un dis turbed se quence span ning the Early Vistulian. The
pol len se quence from Bia³owice is the first sites in SW Po land
that shows the Brörup and Odderade interstadials.

It has been es tab lished that the full Early Vistulian
vegetational suc ces sion in cludes four as sem blage zones
(EV1–EV4) in Po land (Tobolski, 1991; Granoszewski, 2003;
Ro man and Balwierz, 2010). Of the four zones, two (EV1 and
EV3) rep re sent the veg e ta tion of open ar eas and cor re late to
stadials, and two re veal for est veg e ta tion (EV2 and EV4) of

interstadial na ture. Zones EV1 and EV3 cor re spond to the
Herning and Rederstall stadials, while zones EV2 and EV4
have been cor re lated with the Brörup and Odderade
interstadials in the strati graphic scheme of Behre and Lade
(1986) and Behre (1989).

Of late or ganic de pos its from the Early Vistulian have been
fre quently found in Po land and the chronostratigraphical po si -
tion of the older interstadial (EV2) has been dis cussed
(Mamakowa, 1986, 1989; Granoszewski, 2003; Ro man and
Balwierz, 2010). In Po land, the first warm os cil la tion was cor re -
lated with the Dan ish Brörup (Andersen, 1961) or with the
Dutch Amersfoort and Brörup interstadials suc ces sion (Zagwijn, 
1961). The biostratigraphy of the Weischelian Gla ci ation has
been thor oughly in ves ti gated too in Cen tral Eu rope by Behre
(1989) and by Grüger (1991). These stud ies in volved, inter alia,
the Early Vistulian. Ac cord ing to Behre (1989) and Grüger
(1991) the Dutch Amersfoort–Brörup suc ces sion (Zagwijn,
1961) may be cor re lated with the Dan ish Brörup (Andersen,
1961), while the Odderade rep re sents the sec ond interstadial.

The Dan ish Brörup has a well-de vel oped birch zone,
whereas the Dutch Brörup shows a par tic u larly high per cent age 
of Alnus and Picea pol len whereas in Pol ish sites the older
interstadials were char ac ter ized by mi nor oc cur rences of al der



and spruce (Mamakowa, 1989; Stankowski and Nita, 2004;
Kuszell et al., 2007; Malkiewicz, 2010). The Brörup
Interstadial of Den mark is clearly di vided into two phases:
birch for est at first and then pine for est. These phases are sep a -
rated by a slight cold os cil la tion (Andersen, 1961). This os cil la -
tion was rec og nized as a de crease in the pro por tion of her ba -
ceous plants. The seg ment from the Amersfoort to Brörup con -
tains the cold os cil la tion that sep a rated these interstadials as
layer of sand (Zagwijn, 1961). How ever, this layer of sand may 
be syn chro nous with de te ri o ra tion, but does not prove de for es -
ta tion (Grüger, 1991). This os cil la tion be tween the birch and
pine phases has been noted only in some sites from Cen tral Po -
land (Jastrzêbska-Mame³ka, 1985; Stankowski and Nita, 2004) 
and mid-east ern Po land (Granoszewski, 2003; Krupiñski,
2005; Kupryjanowicz, 2008). Among the re main ing sites from
Po land cor re lated with the Brörup Interstadial the
palynological in ves ti ga tions give no grounds for the dis tinc tion 
of a cli ma tic os cil la tion in the older part of Brörup sim i lar to the 
one found in Hol land (Zagwijn, 1961).  In most sites in Po land
the older warm os cil la tion (EV2) of the Early Vistulian was
cor re lated with the Brörup Interstadial at its type lo cal ity in
Den mark (Andersen, 1961) with the cold os cil la tion sep a rat ing 
only birch and pine phases and with a larger role of the her ba -
ceous plants in that in ter val. There is a lack of dis tinct ev i dence
of weak cool ing in some Pol ish di a grams (Kozarski et al.,
1980; Kuszell et al., 2007; Malkiewicz, 2010). 

 Lo cal i ties with or ganic de pos its and com plete Early
Vistulian suc ces sions have been noted in West ern Po land. De -
spite a large num ber of sites ac knowl edged to be Eemian on the 
ba sis of palynological in ves ti ga tion, only a few have Early
Vistulian with  the Brörup and Oderade interstadials (Bruj and
Ro man, 2007; Malkiewicz, 2010). At the pres ent day sites with 
a Brörup Interstadial from West ern Po land have been rec og -
nized at Stare Kurowo (Kozarski et al., 1980) and one with
con tain ing a sec tion of the Odderade Interstadial at Bia³owice.
Sites with lake and mire de pos its of the Eemian–Early
Vistulian in ter val with Brörup and Odderade in Po land have
only been doc u mented at Dziadowa K³oda (Kuszell et al.,
2007) and Gutów (Malkiewicz, 2010).  The other Early
Vistulian sites have in com plete lac us trine se quences
(Mamakowa, 1986, 1989; Kuszell, 1997; Malkiewicz, 2010). 
The num ber of Vistulian sites in West ern Po land is low in com -
par i son to other re gions (Cen tral and East ern Po land). An im -
por tant con tri bu tion here is that these sites have been found in
an area, where no Vistulian sites have been re corded be fore.

The sub ject of this pa per is to ana lyse the de vel op ment of
flora and cli mate of the Early Vistulian, based on palynological
in ves ti ga tion of lac us trine de pos its at Bia³owice. The re con -
structed pat tern of veg e ta tion and cli mate has al lowed for the
rec og ni tion of three cli ma tic os cil la tions cor re spond ing to the
Brörup (EV2) and the Odderade interstadials (EV4), and the
Rederstall Stadial (EV3).

THE AREA OF INVESTIGATIONS

The site stud ied is lo cated near Bia³owice, 3.5 km south -
west from Nowogród Bobrzañski in the Nowa Sól De pres sion
(Fig. 1) which is part of the Milicz–G³ogów De pres sion and be -

longs to the subprovince of the Cen tral Po land Low lands
(Kondracki, 2000). The Nowa Sól De pres sion lies be tween the
Zielona Góra Swell in the north and the Dalków Hills and ̄ ary
Hills in the south. It is re garded a part of the Baruth–G³ogów
ice-mar ginal val ley cut across by the Bóbr River val ley. Fig -
ure 1 shows the gen eral geo log i cal set ting of the area near
Bia³owice and Nowogród Bobrzañski. Two dif fer ent
lithostratigraphic Neo gene se quences un der lie the Qua ter nary
de pos its (Dyjor, 1964, 1969, 1970). The older, Up per Mio cene
se quence is 30–40 m thick and con sists of the het er o ge neous
Poznañ For ma tion (unit G), shown in Fig ure 2. This for ma tion
con tains clays and clayey silts with in ter ca la tions of quartz
sands. In the area in ves ti gated the Poznañ clays (unit G) are
subhorizontal, dip ping slightly north wards with the top at an al -
ti tude of 60–70 m a.s.l. near Nowogród Bobrzañski in the west -
ern part of the Dalków Hills; the de pos its are glaciotectonically
dis turbed (Bartczak, 1999).

The youn ger Neo gene se quence is built of the Plio cene
Gozdnica For ma tion (unit F; Fig. 2). It com prises sands of var i -
ous grain sizes with mi nor fine grav els and kaolinitic clays as
well as thin lenses of silty-sand and clayey-silt. These, de pos its
up to 30 m thick, crop out north and south of Bia³owice (Fig. 1). 
Their oc cur rences are sep a rated by a nar row (ca. 200 m) de -
pres sion up to 48 m deep. The de pres sion runs NE–SW and is
prob a bly a sub-gla cial ero sion chan nel. It is filled by two units
of till that cor re spond to the South Pol ish Gla ci ation (Elsterian)
(unit E) and Mid dle Pol ish Gla ci ation (Late Saalian), for merly
the Wartanian Gla ci ation (unit C; Lindner and Marks, 1999;
Ber et al., 2007). They are sep a rated by an layer of sand up to
7 m thick (unit D; Fig. 2). The youn ger till ex tends be yond the
de pres sion and over lies a part of the Plio cene up lands. The
Mid dle Pol ish Gla ci ation till is lo cally washed out and a ba sin
that formed in the de pres sion is filled with lac us trine and
swamp de pos its (unit B; Fig. 2). The top of these de pos its at
Bia³owice is at an al ti tude of 91.2 m a.s.l. Dur ing the max i mum
ex tent of the Leszno (Brandenburg) Phase they were cov ered
by flu vial de pos its of the Bóbr River (unit A; Fig. 2). 

The Qua ter nary  suc ces sion de scribed from this area has
been a sub ject of pre vi ous geo log i cal and geomorphological
stud ies (Bartkowski, 1961, 1963; Brodzikowski, 1978). The
area lies within the lim its of the Wartanian Gla ci ation. How -
ever, the ex tent of the Vistulian Gla ci ation (Weichselian) in the
West ern Po land is still be ing dis cussed. It is com monly de lin -
eated north of the area stud ied (Gubin Hills and Zielona Góra
Swell) while tills of the fron tal push mo raine along the
Nowogród Bobrzañski–Jasieñ line with an ad ja cent up per most
flood-plain ter race of the Bóbr River are re garded as Wartanian 
(Brodzikowski, 1978). How ever, Bartkowski (1961, 1963) in
his geomorphological stud ies shifted the max i mum limit to the
south of the ¯ary Hills. Map ping of the Nowa Sól De pres sion
to gether with palynological anal y sis of the Bia³owice de pos its
show the Vistulian age of the up per most al lu vial ho ri zon above
Nowogród Bobrzañski in the Bóbr River val ley. Con se quently, 
they con firm the max i mum limit of the youn gest gla ci ation es -
tab lished by Bartkowski in that area. 

The sed i men tary se quence  in the pro file at Bia³owice
which com prises lac us trine and boggy de pos its dis plays some
lithological vari a tions (3.6–13.2 m; Ta ble 1). The lower part of
the pro file com prises me dium-grained sands (ca. 4 m depth),
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Fig. 1. Geo log i cal sketch of the Nowogród Bobrzañski area show ing the lo ca tion of the bore holes



over lain by peat, gyttja, sand and or ganic or min eral silt. This
suc ces sion is cov ered by ca. 4 m of sand. Such a se quence
prob a bly ac cu mu lated with a small and rel a tively shal low sed i -
men tary ba sin char ac ter ized by un sta ble con di tions.

MATERIAL AND METHOD

De pos its from Bia³owice from the depth in ter val
3.6–13.2 m have been sub jected to palynological anal y sis (Ta -
ble 1). This pro file com prises lac us trine and swamp de pos its
about 9 m thick. The core ob tained was placed in PVC tubes
and wrapped in plas tic foil. 77 sam ples were taken from the
Bia³owice pro file, al though only 44 sam ples (depth 6.3–7.2 m
and 7.9–9.3 m) con tained suf fi cient pol len for in ter pre ta tion. In 
the depth range of 7.2–7.9 m there was lack of core (sand). 

The ma te rial for pol len anal y sis was pre pared in two ways.
Peat and or ganic silts were boiled in 10% KOH, whereas min -

eral sam ples were treated with HF. Stan dard Erdtman’s
acetolysis was ap plied. The pol len spec tra were counted on at
least two slides and in the sam ples with a low sporomorph fre -
quency were iden ti fied in four slides. In each sam ple from 500
to 1300 pol len grains were de ter mined. The fre quency of
sporomorphs was high est in peat lay ers and or ganic silts. Only
in situ pol len was found in the ma te rial ana lysed.

The re sults of pol len anal y sis from lac us trine and swamp de -
pos its of the Bia³owice pro file be tween the depths of 6.3 and 9.3 m 
are shown in a pol len di a gram (Fig. 3). The di a gram has been sub -
di vided into five lo cal pol len as sem blage zones (L PAZ), and
marked with the first let ter of the lo cal ity name B1 to B5. 

VEGETATION SUCCESSION 

Five lo cal pol len as sem blage zones L PAZ (B1–B5) rep re -
sent ing three dif fer ent units were dis tin guished in the
Bia³owice pol len di a gram and can be as cribed to a phase of the
Early Vistulian from EV2 to EV4 (Fig. 3). De scrip tion of each
zone is given in Ta ble 2.

Zone B1 is dom i nated by bo real for est with pine or pine and 
birch. The small but per sis tent val ues of Alnus and Picea in di -
cate their im por tant role in wet ter hab i tats around Bia³owice. In
the for est un der growth, there oc cur Juniperus, Larix, Ephedra
with a greater va ri ety of pol len of Ericaceae. Corylus, Quercus
and Tilia pol len oc cur spo rad i cally in the pol len di a gram. This
may have come from the lower part of the Sudetes Moun tain
and from their fore land, and their pol len may have been de rived 
by long dis tance trans port. In zone B1 there is sand in the silt
layer (depth 9.0–9.3 m), which may be the re sult of run off into
the lake (Fig. 3). Ini tially, in the older part of this zone the
non-for est veg e ta tion plays an im por tant role. This is in di cated
by a con sid er able con tent of her ba ceous plants, reach ing
34.2%. Cyperaceae, Poaceae, Chenopodiaceae and
Helianthemum pol len was prob a bly de rived from steppe com -
mu ni ties. At the end of the B1 zone a rel a tively small area was
oc cu pied by open veg e ta tion and the for est area sig nif i cantly
in creased. The for ma tion of dense for ests in this zone sug gest
mod er ately cold cli ma tic con di tions, yet much milder at that
time. The mean tem per a ture of the warm est month prob a bly
did not fall be low 10°C and the oc cur rence of Pinus may sug -
gest even a value of 12°C (Granoszewski, 2003). At the end of
the B1 zone the ac cu mu la tion type changed from lac us trine to
swamp-like. Aquatic and swamp plants are ab sent. It seems
likely that wa ter lev els de creased.

For ests of the fol low ing zone, B2, were dom i nated by pine
with a smaller con tri bu tion of birch. Picea and Alnus played a
con sid er able part in the for ma tion of for est com mu ni ties and
should prob a bly be as so ci ated with the most wa ter logged sites.
Spruce could have been abun dant also in the pine for est, par tic -
u larly on wetlands. Salix was pres ent in wet ter hab i tats in the
re gion of Bia³owice. In those com mu ni ties, Larix and
Juniperus ap pear only spo rad i cally. The area around Bia³owice 
was com pletely cov ered by for est dur ing this zone (B2). This is
sup ported by the low per cent ages of the her ba ceous pol len
(Fig. 3). The clear de crease in the pro por tion of Cyperaceae and 
the al most com plete dis ap pear ance of Poaceae pol len sug gest a
de crease in the area of open her ba ceous veg e ta tion. The pres -
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Fig. 2. Geo log i cal cross-sec tion A–B of the Bia³owice area

A – Ho lo cene, B – Early Vistulian, C – Mid dle Pol ish Gla ci ation (Saalian),
D – South Pol ish Gla ci ation/Mid dle Pol ish Gla ci ation, E – South Pol ish Gla -
ci ation (Elsterian), F – Plio cene (Gozdnica For ma tion), G – up per Mio cene
(Poznañ For ma tion); for lo ca tion and other ex pla na tions see Fig ure 1 

 Depth [m] Li thol ogy

0.0–3.8 fine-grained sand, with lam i nated silt

3.8–6.2 var ied-grained sand or me dium sand

6.2–6.3 silty sand

6.3–6.7 or ganic silt

6.7–7.1 silt, with traces of sand

7.1–7.2 gyttja

7.2–7.9 lack of core (sand)

7.9–8.0 silt, with traces of peat

8.0–8.9 peat, dark-brown

8.9–9.0 silty peat

9.0–9.3 brown silty sand

9.3–9.6 brown sand

9.6–10.8 lack of core (sand)

10.8–13.2 me dium sands with traces of or ganic mat ter

T a  b l e  1

Lithological suc ces sion of the de pos its cored at Bia³owice  
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ence of spruce, which re quires enough mois ture in the air and
soil, in for est com mu ni ties sug gests a tem per ate and hu mid cli -
mate (Obmiñski, 1977). The char ac ter of the veg e ta tion in zone 
B2 in di cates a bo real cli mate with a mean tem per a ture in July at 
about 15°C (Tobolski, 1991), how ever, the ex pan sion of al der
and spruce prob a bly point to warmth. In this zone in di ca tions
of an oce anic cli mate are more abun dant Ericaceae pol len and a 
very high pro por tion of Sphag num spores (Tobolski, 1986). In
the up per part of the zone (depth 7.9–8.0 m) a change took
place in com po si tion of the sed i ment from peat to lake de pos its
(silty peat, with traces of sand). A marked de crease in the pro -
por tion of Sphag num spores from 30% to 7% in di cates a
change to wards wet ter con di tions at the time (Granoszewski,
2003). The par tic i pa tion of aquatic plants is very low, com pris -
ing in di vid ual pol len grains of Myriophyllum and Typha
latifolium only in the older part of the zone. 

In the up per most limit of zone B2 veg e ta tion was dom i -
nated by her ba ceous plants, mainly Cyperaceae, Poaceae and
Ar te mi sia and was sub jected to a cold cli mate which did not re -
strict de vel op ment of com pact for est com mu ni ties. A de crease
in temperature and hu mid ity caused the grad u ally re treat of al -
der and spruce and spread herb com mu ni ties. At the time a
change in ac cu mu la tion took place, from silt to sand (depth
7.2–7.9 m) that sep a rates zones B2 and B3. A sim i lar sit u a tion
is known also in other re gions of Po land (Stankowski and Nita,
2004; Kuszell et al., 2007) as well as in West ern Eu rope (Behre 
and Lade, 1986; Behre, 1989; Grüger, 1991).

In the lake ba sin above the sand de pos its is gyttja only 0.1 m
thick which un der lies silt (B3). The pol len spec tra from or ganic
de pos its ad join ing the lower and up per sandy lev els show a clear
sim i lar ity. A dif fer ent veg e ta tion cover char ac ter izes zone B3
(Fig. 3). The amount of tree and shrub pol len de creased sig nif i -
cantly sug gest ing that pro gres sive de for es ta tion took place. In
the ini tial part of the zone the birch was im por tant in the tree
com mu nity, as in di cated by sig nif i cant quan ti ties of Betula pol -
len in only one sam ple. Af ter the max i mum spread of Betula,

Pinus was un doubt edly the most im por tant tree in the land scape.
At the same time the birch for est was suc ceeded by pine for ests
with a small ad mix ture of larch. To wards the end of this zone
for est com mu ni ties were re placed by more di verse her ba ceous
plants. Veg e ta tion spe cific to open hab i tats ex panded as in di -
cated by the spread of her ba ceous plants that reach a max i mum
pro por tion of 52.3%. The ar eas were cov ered by her ba ceous and
shrub com mu ni ties with a con tri bu tion of heliophytic taxa. In -
creas ing con tents of Ar te mi sia, Cyperaceae and Poaceae sug gest
a de vel op ment of grass lands. This is re flected in the pol len spec -
tra in the depth in ter val from 6.95 to 7.1 m, in which the pro por -
tion of Ar te mi sia reaches 18.1%. The high con tent of this taxon
in di cates the pres ence of steppe-type veg e ta tion whereas pol len
of Salix and Chenopodiaceae, Saxifraga, Thalictrum and a more
sta ble oc cur rence of the Ericaceae sug gests a shrub-tun dra eco -
sys tem. Betula nana is a no ta ble el e ment of the com mu ni ties of
this zone. A marked de crease in pro por tion of Sphag num spores
sug gests a change to wards wet ter con di tions (Mamakowa, 1989; 
Granoszewski, 2003). Pro gres sively more con ti nen tal cli ma tic
con di tions un doubt edly sup pressed the de vel op ment of for ests
(Kolstrup, 1980). The type of veg e ta tion in this zone in di cates
that the max i mum mean tem per a ture of the warm est month must
have been lit tle more than 10 to 11°C, as also in ferred from de -
pos its in East ern Ger many (Aalbersberg and Litt, 1998).

In zone B4 a de cline of the open com mu ni ties took place. A
char ac ter is tic fea ture of veg e ta tion at this time is a sig nif i cant
in crease in the pro por tion of the pine in the com mu ni ties of the
re gion of Bia³owice. Pine-for est dom i nated in the land scape,
be ing lo cally as so ci ated with birch and spruce (Fig. 3). Betula
nana is spo rad i cally pres ent in the zone. Of other trees, Alnus
to gether with Salix oc curred in more boggy hab i tats. The area
of shrub tun dra de creased, as sug gested by the low pol len pro -
por tion of her ba ceous plants. Poaceae and Cyperaceae oc cur in
low quan ti ties, and Ar te mi sia, Chenopodiaceae and Ericaceae
are spo radic. The char ac ter of veg e ta tion sug gests that in zone
B4 a rel a tively smaller area was oc cu pied by for est com mu ni -
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Lo cal pol len as sem -
blage zones L PAZ

Depth

[m]
De scrip tion of  L PAZ

B5 Betula-NAP 6.3–6.37
The zone spans two sam ples. The high est pro por tions among AP (max. 57.2%) be ing those of Betula and

Pinus. Its share of os cil late around 26%. Pol len of Betula nana, Salix and Juniperus oc cur. In NAP the high est 
val ues are those of Cyperaceae (up to 19.2%), Poaceae (13.4%) Ar te mi sia (5.1%) and Ericaceae (2.1%).

B4 Pinus-Betula 6.37–6.72
The zone spans six sam ples. AP val ues in crease to 81.8%; the pol len Pinus (53.8%) and Betula (31.6%)

dom i nates. Pol len of Alnus and Picea are rarely found. Pol len of Salix, Juniperus, Larix and Betula nana are 
noted. Curves of Cyperaceae, Poaceae, Ar te mi sia and Chenopodiaceae de scend.

B3 Poaceae-Ar te mi sia 6.72–7.2

The zone spans eleven sam ples. The val ues of AP os cil late from 33.2 to 42.6%. The NAP curve reaches
53.8%. Value for Betula is lower than for Pinus. Betula nana pol len oc curs for the first time. Salix,

Juniperus and Larix are pres ent. Tax o nomic di ver sity in creases among her ba ceous plants. The high est 
pol len val ues are those of Cyperaceae (22.7%), Poaceae (21.2%) and Ar te mi sia (18.1%).

B2 Pinus-Alnus-Picea 7.9–8.97

The zone spans twenty sam ples. AP val ues per sists very high (97.3%), but with Pinus dom i nant (90.2%).
The share of Betula is slightly be low 10%. The max i mum pro por tion of Picea and Alnus is 10.1% and
14.2% in re spec tively. The per cent ages of Salix are be low 1.5%. Pol len of Juniperus and Larix oc curs 

spo rad i cally. Curve of Poaceae and Cyperaceae de scend. Ar te mi sia was found only in two sam ples. 
In the up per part of the zone spores Sphag num reach around 30%. Pol len of thermophilous trees was noted.

B1 Pinus-Betula-NAP 8.97–9.3

The zone spans five sam ples. The val ues of AP fluc tu ate be tween 65.8 and 73.6%. Pinus and Betula 
dom i nate in this zone. Alnus (1.7%) and Picea (2.2%) have con tin u ous curves. There are sin gle pol len

grains of Salix, Larix and Ephedra. Pol len of Corylus, Quercus and Tilia are rarely found. Among NAP
 the high est pro por tion be ing those of Cyperaceae (13.2%), Poaceae (10.1%), Chenopodiaceae

 and Ericaceae. Pol len of Helianthemum is pres ent.

T a  b l e  2
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ties than dur ing zone B2. At the same time, the pro por tion of
min eral mat ter in sed i ments was less and or ganic silts were de -
pos ited in the lake. Lit to ral and aquatic veg e ta tion was noted
spo rad i cally at the time (Fig. 3). Sub se quent im prov ing cli ma -
tic con di tions and ex pan sion of pine for ests sig nif i cantly re -
stricted the ef fec tive ness of these pro cesses and led to or ganic
silt de po si tion in the lac us trine ba sin (depth 6.3–6.7 m). Pre -
sum ably, the mean tem per a ture of the warm est month in the
zone was not lower than about 10°C and the pres ence of Pinus
may even sug gest tem per a tures reach ing up to 12°C
(Granoszewski, 2003). 

Zone B5, rep re sented by two sam ples only, is characterized 
by the spread of di verse open com mu ni ties. The low pol len
pro por tion of Pinus and Betula prob a bly in di cates that pine and 
birch may have oc curred in the patches of bo real for est or for est 
tun dra. A high con tent (up to 44.5%) of her ba ceous plants sug -
gests that the com mu ni ties of the shrub-tun dra type pre vailed in 
se vere tem per a ture con di tions. Grass-sedge com mu ni ties with
a dis tinct share of the fam i lies Asteraceae, Caryophyllaceae,
Chenopodiaceae, Brassicaceae and Thalictrum as well as the
ge nus Helianthemum dom i nated at that time. The pres ence of
Juniperus and Chenopodiaceae is of par tic u lar di ag nos tic value 
in the in ter pre ta tion of steppe-tun dra (Granoszewski, 2003).
The tun dra eco sys tem was rep re sented by bo real-arc tic dwarf
wil low (Betula nana), whose pres ence con firms a tem per -
ate-cold cli mate with a weakly pro nounced con ti nen tal char ac -
ter (Tobolski, 1991; Biñka and Nitychoruk, 1996). 

CORRELATION OF THE LOCAL POLLEN ZONES
FROM BIA£OWICE WITH REGIONAL POLLEN

ZONES OF THE VISTULIAN GLACIATION

The lo cal pol len as sem blage zones (L PAZ), dis tin guished
on the Bia³owice di a gram, were cor re lated with the re gional
pol len zones (R PAZ) of the old est sec tions of the Vistulian
Gla ci ation (Early Vistulian) in ac cor dance with the
biostratigraphic sub di vi sion of Po land by Mamakowa (1988,
1989) as well as the sub di vi sion of West ern Eu rope (Behre and
Lade, 1986; Behre, 1989; Ta ble 3). Zones B1 and B2 (L PAZ)
cor re late with the Brörup Interstadial, cor re spond ing to re -
gional pol len zone EV2 (R PAZ), while zone B3 rep re sents the
Rederstall Stadial (EV3) and zones B4 and B5 cor re spond to
the Odderade Interstadial (EV4).

Though a num ber of Early Vistulian sites have been doc u -
mented in Po land, few of them re cord a di ag nos tic suc ces sion
in the Brörup and Odderade interstadials. They were de scribed

in de tail by Janczyk-Kopikowa (1969) and more re cently by
Balwierz (2003), Granoszewski (2003) and Malkiewicz
(2010). The new sed i men tary se quence de serves spe cial at ten -
tion as, un til now, the site at Dziadowa K³oda (Kuszell et al.,
2007) was the only oc cur rence of the Brörup Interstadial
known from SW Po land (Fig. 4).

The dif fer en ti a tion/sep a ra tion be tween the interstadials
(EV2, EV4) and stadial (EV3) on the Bia³owice di a gram was
based on the com po si tion and suc ces sion of veg e ta tion com -
mu ni ties, re flecting clearly dif fer ent cli ma tic con di tions. The
re sults of pol len anal y sis al lowed for the re con struc tion of veg -
e ta tion changes due to the tran si tion from an interstadial den sity 
of for est com mu ni ties of bo real cli mate (EV2) to the stadial
sub arc tic eco sys tem of the park tun dra type (EV3) and again a
suc ces sion of an interstadial char ac ter (EV4).

The Brörup Interstadial (B1 and B2) is char ac ter ized by a
dis tinct su prem acy of dense pine-dom i nated for ests with a rel a -
tively high pro por tion of spruce and al der (B2). The veg e ta tion
com po si tion of the interstadial (EV2) at Bia³owice does not dif -
fer from those of other sites of that age in Po land (Kozarski et
al., 1980; Tobolski, 1991; Stankowski and Nita, 2004; Kuszell
et al., 2007). The main dif fer ence lies in the lack of pol len spec -
tra in the lower part the interstadial (B1) with a smaller pro por -
tion of Betula. Suc ces sions at the be gin ning of the interstadial
ex pressed by con sec u tive pro por tion max ima of Betula and
Pinus pol len are known from the some di a grams of the Brörup
Interstadial from Po land (Mamakowa, 1989; Tobolski, 1991;
Kuszell et al., 2007; Malkiewicz 2010; Ro man and Balwierz,
2010). Birch-dom i nated com mu ni ties at the be gin ning of the
Brörup Interstadial have also been iden ti fied at sites in Ger -
many and Neth er lands (Behre, 1989; Grüger, 1991; Litt, 1994;
Aalbersberg and Litt, 1998). In some sites in Po land the dom i -
na tion of birch for est com mu ni ties was only a poorly marked
ep i sode. The short oc cur rence of these for est com mu ni ties was
iden ti fied on the di a gram of Kuców (Balwierz, 2003) and in the 
sec tion at Stare Kurowo (Kozarski et al., 1980), doc u ment ing
the clas si cal un dis puted interstadial veg e ta tion (Fig. 4). At the
pres ent stage of in ves ti ga tions it is dif fi cult to com ment on the
birch pro por tion vari a tions, es pe cially given that sites with a
doc u mented Brörup Interstadial in Po land are scarce
(Malkiewicz, 2010), com par ing to those of the Eemian Inter -
gla cial (Bruj and Ro man, 2007; Ro man and Balwierz, 2010).
The vari a tion in the Bia³owice sec tion could be re sult of the lo -
cal overrepresentation of Pinus or the re sult of too low a num -
ber of sam ples col lected rel a tive to the thick ness of the de pos -
its. It also can not be ruled out that the sed i men tary vari a tions
were caused by ero sional ac tiv ity of a river feed ing the sed i -

New investigations into the Early Vistulian site at Bia³owice (Zielona Góra area, SW Poland) 133

Lo cal pol len zones
(L PAZ) Bia³owice Plant cover Re gional pol len zones (R PAZ)

Mamakowa (1989)
Chronostratigraphy 

(Menke and Tynni, 1984; Behre and Lade, 1986)

B5 steppe with shrubs
pine-birch for est EV4 Odderade Interstadial WE IV

Early Vistulian

B4

B3 steppe with shrubs EV3 Rederstall Stadial WE III

B2 pine fores with al der and
spruce pine-birch for est EV2 Brörup Interstadial WE II

B1

steppe with shrubs EV1 Herning Stadial WE I

T a  b l e  3

Cor re la tion of lo cal pol len zones (L PAZ) from Bia³owice with re gional pol len zones (R PAZ) dis tin guished for Po land (Mamakowa, 1989) 
and the chronostratigraphy for NE Eu rope (Menke and Tynni, 1984; Behre and Lade, 1986)



men tary ba sin and giv ing rise to an in creased amount of sand at
the be gin ning of the Brörup Interstadial. How ever, ac cord ing
to Mamakowa (1989) the sites in which the EV2 –
Betula-Pinus zone is well-de vel oped are grouped in mid dle Po -
land, from the £ódŸ Up land to the east ern edge of the
south-Podlasie Low land. Its max i mum south west ern range is
re li ably in di cated by Raki near ¯migród (Kuszell, 1980).

The lo cal pol len zone B2 is the warm est in ter val of the sec -
tion rep re sent ing the bo real type of cli mate. The ex pan sion of
pine for est ac com pa nied by rel a tively high pro por tion of al der
and spruce took place at that time. This type of veg e ta tion is
sim i lar to that from the other pro files from Po land e.g., Stare
Kurowo (Kozarski et al., 1980), Dziadowa K³oda (Kuszell et
al., 2007) and Gutów (Malkiewicz, 2010), how ever, the pro -
por tion of al der and spruce in those sites is rel a tively smaller.
The Brörup at Bia³owice is not typ i cal of the Early Vistulian in
Po land. It is prob a ble that this is an interstadial with a spe cific
floristic char ac ter and it is warmer than the other Pol ish sites.
The de vel op ment of sim i lar for est with an ad mix ture of al der
and spruce of this age was reg is tered in West ern Eu rope
(Behre, 1974; Behre and Lade, 1986; Litt, 1994). In NW Ger -
many Alnus pol len gen er ally does not ex ceed 10%, but at
Amersfoort it even ex ceeds 60% in the Brörup (Zagwijn,
1961). On the ba sis of the sev eral sites in north ern Ger many,

Grüger (1991) writes “...much higher Alnus and Picea val ues
are re corded for the Brörup”. At Bia³owice their de vel op ment
was un doubt edly in flu enced by the milder cli ma tic con di tions.
The higher pol len val ues of the trees at Bia³owice may in di cate
a more oce anic char ac ter of the bo real cli mate and a tem per a -
ture prob a bly a lit tle higher in SW Po land at the time. Ac cord -
ing to Litt (1994) the July mean tem per a ture might have been
13–15°C, as Behre (1974) has claimed, or even higher with a
max i mum of 16°C.

At the bound ary be tween zones B2 and B3 (Rederstall
Stadial), a change in de po si tion from or ganic to sandy sed i -
ments took place (Fig. 3). The changes in ac cu mu la tion in di -
cate a de te ri o ra tion of cli ma tic con di tions. This cli mate must
have re sulted in in creased flu vial trans port and in ten si fied ero -
sion and ac cu mu la tion (Mamakowa and Œrodoñ, 1977;
Klatkowa, 1990). 

Zone B3 rep re sent ing the Rederstall Stadial (EV3), doc u -
ments a dif fer ent  vegetational sit u a tion with shrub-tun dra and
herb com mu ni ties, but most prob a bly sin gle stands of pine and
birch were pres ent in the area. Dur ing this pe riod plant com mu -
ni ties prob a bly in cluded Poaceae, Cyperaceae, Chenopodiaceae
and a very high pro por tion of Ar te mi sia of steppe type (Tobolski, 
1991). It may be sup posed that these com mu ni ties doubt less re -
flect the de te ri o ra tion and con ti nen tal char ac ter of the cli mate.
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Fig. 4. Lo cal i ties of the Eemian Inter gla cial with Early Vistulian and Brörup Interstadial

Lo cal i ties dis cussed in the pa per: 1 – Bia³owice, 2 – Zofiówka (Kuszell, 1997), 3 – Wo³ów (Kuszell, 1980), 4 – Raki (Dyjor and Kuszell, 1975; Kuszell,
1980), 5 – Dziadowa K³oda (Kuszell et al., 2007), 6 – Kuców (Balwierz, 2003), 7 – Gutów (Malkiewicz, 2010), 8 – Zgierz-Rudunki
(Jastrzêbska-Mame³ka, 1985), 9 – W³adys³awów (Tobolski, 1991), 10 – Kub³owo (Ro man and Balwierz, 2010), 11 – £aniêta (Balwierz and Ro man, 2002), 
12 – Mikorzyn (Stankowski and Nita, 2004), 13 – Stare Kurowo (Kozarski et al., 1980)



A similar sit u a tion is also ob served at from Dziadowa K³oda
(Kuszell et al., 2007) and other sites in Cen tral Po land
(Jastrzêbska-Mame³ka, 1985; Tobolski, 1986; Balwierz, 2003;
Malkiewicz, 2010; Ro man and Balwierz, 2010).

Zones B4 and B5 rep re sent the Odderade Interstadial
(EV4) that in di cates some what cooler con di tions than the
Brörup. This is sug gests by the spo radic oc cur rence of Alnus
and Picea, as well as a higher pol len pro por tion and tax o nomic
di ver sity in creases among her ba ceous plants. The rel a tively
high val ues of Pinus and Betula prob a bly in di cate that
pine-birch for est be come more sig nif i cant in the B4 zone,
though in the older part of this zone there was mar ked though
brief de crease in the pro por tion of birch. It may be sup posed
that in the Odderade com mu ni ties ap prox i mated to for est-tun -
dra and shrub-tun dra only in small patches in com par i son to the 
Rederstall Stadial. In the interstadial op ti mum, cli ma tic con di -
tions were much milder at that time, en abling the de vel op ment
of dense for ests. The cli mate in SW Po land was sim i lar to that
in Cen tral Po land and north west ern Eu rope (Erd, 1973; Menke
and Tynni, 1984; Behre and Lade, 1986), though was prob a bly
slightly milder and more hu mid in SW Po land at that time. 

The gen eral trend of cli ma tic changes is also ob served in
the Mid dle and Up per Vistulian in south west ern Po land
(Krzyszkowski and Kuszell, 2007). Cli ma tic con di tions dur ing
the Early Vistulian interstadials were slightly milder in SW Po -
land than in cen tral and above all in East ern Po land
(Granoszewski, 2003).

At the end of the Odderade (B5) cli ma tic con di tions be -
came se vere and more con ti nen tal, an event ex pressed by
growth of her ba ceous com mu ni ties and very low pol len pro -
por tions of Pinus and Betula. (Fig. 3).  It is pos si ble that this
zone rep re sents the be gin ning of Plenivistulian. 

EVOLUTION OF THE SEDIMENTARY BASIN

The de posit char ac ter and style of sed i men ta tion al low re -
con struc tion of the main stages in the evo lu tion of the
palaeobasin at Bia³owice. The pres ent geo log i cal anal y sis and
the lithologies seen in ar chive sec tions sug gest the rel a tively
small area and depth of the lake. This is shown by two dis tinctly 
dif fer ent lithological sec tions ob tained from closely spaced
sites (Fig. 2). Lac us trine and swamp de pos its were ob served
only in the bore hole lo cated in the GEOPROBE site.

Palynological in ves ti ga tions showed the di ver sity of
palaeoflora doc u mented mostly by ter res trial veg e ta tion be -
cause the lake at Bia³owice was ex cep tion ally poor in aquatic
and swamp com mu ni ties (Fig. 3). Pre sum ably the wa ter con -
tained lit tle or ganic con tent and few min eral salts. The oc ca -
sional pres ence of aquatic and swamp plants may sug gest that
the sed i ments ac cu mu lated in the deeper parts of the lake, out
of the lit to ral zone (Tobolski, 2000).

The palaeobasin at Bia³owice was formed in a de pres sion
within a river val ley (old-river beds). At the ini tial stages sed i -
men ta tion took place in un sta ble hydrogeological and cli ma tic
con di tions due to the ear li est periglacial cool ing of the youn -
gest gla ci ation. The Early Vistulian pro file over lies sandy de -
pos its (Fig. 2). The sed i men tary se quence (depth 9.3–13.2 m)
at the site in ves ti gated starts with a 4 m thick layer of clastic de -

pos its pre served as me dium and coarse sands (Ta ble 1). These
de pos its con tain a few poorly pre served sporomorphs. Most
prob a bly they rep re sent an ini tial stage of the lake de vel op -
ment, with pe ri odic rise of a lake wa ter level in the cool and hu -
mid cli mate. Scarcer veg e ta tion seems to have en hanced the
pro cesses of de nu da tion, trans port and de po si tion of min eral
par ti cles at the be gin ning of the Vistulian Gla ci ation. In the
pro files on the Silesian Low land (Kuszell, 1980, 1997;
Mamakowa, 1989) sim i lar changes of sed i men ta tion took place 
in lakes at that time. Con se quently the lake at Bia³owice filled
with wa ter-trans ported sands that un der lie the biogenic de pos -
its. The hu mid cli mate in creased the trans por ta tion po ten tial of
rivers and in creased both ero sion and ac cu mu la tion rates
(Mamakowa and Œrodoñ, 1977). Sed i men ta tion of the or ganic
de pos its drilled at Bia³owice started as early as the Brörup
Interstadial (B1). A grad ual im prove ment of cli ma tic con di -
tions and the ap pear ance of pine-birch for ests sig nif i cantly re -
stricted the ef fec tive ness of these pro cesses and led to
mud-dom i nated de po si tion in the lac us trine ba sin (depth
9.0–9.3 m). From the lithological sec tion it may be in ferred that 
fur ther evo lu tion of the lake at Bia³owice brought about its di -
min ish ing and shallowing in the older part of Brörup. The
change of hy dro log i cal con di tions and lake di men sions had a
cru cial in flu ence on the course of biogenic sed i men ta tion
(Tobolski, 2000). These pro cesses re sulted in peat-bog for ma -
tion seen in the depth in ter val 8.0–9.0 m (B2). The change in
ac cu mu la tion is re flected in aquatic and swamp plants with a
scant par tic i pa tion of Myriophyllum and Typha latifolium in the 
older part of the zone only. The peat bog was flooded and,
even tu ally, peat ac cu mu la tion ter mi nated at the end of the zone
(Fig. 3). Later a de crease in tem per a ture must have re sulted in
in creased flu vial trans port and in ten si fied ero sion and ac cu mu -
la tion. The peat-bog was in un dated and min eral sed i ments
were washed in. Re es tab lish ment of the lake and lac us -
trine-type de po si tion was re corded by the fi nal stage of the B2
zone. This is sug gested by the silt with a trace of peat from the
depth of 7.9–8.0 m. Af ter this short ep i sode there was again in -
crease in the wa ter level in the ba sin dur ing the Rederstall
Stadial (B3). At the time, a change also took place in the com -
po si tion of the sed i ment, from silt to a layer of sand (7.2–7.9 m)
that sep a rates the zones B2 and B3 (Fig. 3). A sim i lar sit u a tion
is known also in other re gions of Po land (Stankowski and Nita,
2004; Kuszell et al., 2007) as well as in NW Eu rope (Behre and 
Lade, 1986; Behre, 1989; Grüger, 1991). 

Dur ing the B3 zone the change in hy dro log i cal con di tions
ei ther caused deep en ing of the lake or blocked the out flow. The 
changes in ac cu mu la tion and plant suc ces sion seem to re flect
cool ing in the Rederstall Stadial (EV3). Ini tially, gyttja was de -
pos ited (7.1–7.2 m) then, in the late stadial the wa ter level went
up and the gyttja sed i men ta tion changed to that of a silt with
traces of sand (6.7–7.1 m). The cli ma tic de te ri o ra tion must
have re sulted in in creased flu vial trans port and in ten si fied ero -
sion in the youn ger part of zone EV3. There was no lit to ral and
aquatic veg e ta tion at that time.

The Odderade Interstadial (EV4) at Bia³owice is re corded
by or ganic de pos its in the pro file. This warm ing is marked by
the ac cu mu la tion of or ganic silt (6.4–6.7 m). The be gin ning of
the or ganic ac cu mu la tion, oc cur ring in zone EV4, might in di -
cate a pro cess of sta bi li za tion of bo real cli ma tic con di tions,
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which re strict ero sional pro cesses. The par tic i pa tion of aquatic
plants is very low, com pris ing in di vid ual pol len grains of
Typha latifolia and Myriophyllum. 

Later, at the end of the Odderade Interstadial (EV4), de -
creases in tem per a ture and hu mid ity took place. In the ba sin
sandy silt was then de pos ited (6.3–6.4 m). The pres ence of silt
with vary ing pro por tions of sand in di cates oc ca sional more se -
vere cli ma tic con di tions. The higher con tent of min eral frac tion 
ob served in the up per part of zone B5 may in di cate that sand
was trans ported into the lake by streams dur ing heavy rain fall
or by rivers un der more se vere and un sta ble cli ma tic con di -
tions. These pro cesses led to the for ma tion of about 6 m of wa -
ter-de pos ited sand above B5 (depth 0.3–6.3 m).

CONCLUSIONS

This new sed i men tary se quence de serves spe cial at ten tion
as, un til now, in that re gion of Western Po land the veg e ta tional
suc ces sion of the Early Vistulian has re mained un known. The
Early Vistulian has been rec og nized in the SW Po land within
the Bia³owice for the first time.

1. Five lo cal pol len zones (B1–B5) the Early Vistulian were 
rec og nized at Bia³owice. The Herning Stadial (EV1) has not
been re cog nized at Bia³owice. But, in this sec tion two Early
Vistulian interstadials (EV2 and EV4) have been dis tin guished
cor re spond ing to the Brörup (EV2) and Odderade (EV4).
These interstadial units  are sep a rated by lay ers of sand, cor re -
lated with the Rederstall cold pe riod (EV3).

 2. The pre served flora from Bia³owice in cludes a veg e ta -
tion suc ces sion of the Early Vistulian only. Two in ter vals of
more or less bo real con di tions and mod er ately cold cli mate
with a dis tinct fluc tu a tion show ing a de te ri o ra tion of cli mate
have been dis tin guished. The ear li est plant com mu ni ties of the
youn gest gla ci ation (Herning Stadial), typ i cal to the sub-arc tic
cli mate were not pre served. 

3. The type of veg e ta tion rep re sented in the Bia³owice sec -
tion does not dif fer sig nif i cantly from the Brörup Interstadial

(EV2) suc ces sion known from Cen tral Po land and has also
sim i lar i ties to that in the Pol ish-Ger man part of the Mid dle-Eu -
ro pean Low land, which was cov ered by pine-dom i nated for -
ests dur ing the cli ma tic op ti mum. The pol len val ues of al der
and spruce noted from Bia³owice are higher than those from
other sites of East ern and Cen tral Po land. This may be re sult of
more hu mid and milder cli ma tic con di tions in the Brörup
Interstadial in this part of the coun try. The Brörup in Bia³owice
is not typ i cal of the Early Vistulian in Po land. It is prob a ble that
this is an interstadial of spe cific flo ral char ac ter is tics, rep re sent -
ing warmer con di tions than the other Pol ish sites. The veg e ta -
tion suc ces sion is sim i lar to the se quence at the Dan ish Brörup
site as well as in Ger many. This is also seen in the in creases of
Alnus and Picea pol len.

4. The Odderade Interstadial (EV4) is char ac ter ized by dis -
tinct di ag nos tic fea tures ex pressed by the con tin u ous dom i -
nance of pine with si mul ta neously a con sid er ably pro por tion of 
her ba ceous plants and the scant oc cur rence of other trees, with
a small rise at the level of the Rederstall/Odderade bound ary. In 
the older part of the youn ger interstadial an ex pan sion of Betula
took place but it was very short. The Odderade Interstadial was
slightly colder and a rel a tively smaller area was oc cu pied by the 
dense co nif er ous for est than dur ing Brörup time; how ever, at
Bia³owice, for ested con di tions were re corded for both
interstadials. 

5. The sed i men tary se quence at Bia³owice dis plays some
lithological vari a tions. Os cil la tions of the wa ter level in the lake 
were fairly fre quent, as re flected by changes in the de pos its.
This in di cates that the lake was un sta ble, a fea ture char ac ter is tic 
of small and rel a tively shal low sed i men tary bas ins.

6. Changes in the com po si tion of the sed i ments in the lake
ba sin are ob served in the Rederstall Stadial. The geo log i cal re -
search and palynological anal y sis sup port a max i mum limit of
the Vistulian Gla ci ation to the South of the ¯ary Hills. 
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