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The stra tig ra phy and palaeo ge ogra phy of Qua ter nary de pos its un der ly ing the Oleœnica Plain were in ves ti gated dur ing map ping of the
Syców sheet of the De tailed Geo log i cal Map of Po land on the scale of 1:50 000. The Oleœnica Plain is part of the south ern fore land of the
Trzebnica Ridge, the lat ter rep re sent ing a fron tal mo raine of the South and Mid dle Pol ish Glaciations. Neopleistocene de pos its found at
the Dziadowa K³oda site were an a lyzed for their pol len con tent. These lac us trine to swamp de pos its rep re sent a con tin u ous and un dis -
turbed se quence span ning the Eemian Inter gla cial to Brörup Interstadial in ter val. The Early Vistulian de pos its have been the sub ject of
de tailed palynological in ves ti ga tions. The re con structed pat tern of veg e ta tion changes has al lowed a pre cise de ter mi na tion of the up per
bound ary of the last inter gla cial as well as the rec og ni tion of stadial-interstadial ho ri zons. Three cli ma tic os cil la tions have been noted,
cor re spond ing to the Herning and Rederstall stadials and the Brörup Interstadial. In the cli ma tic op ti mum of the interstadial, dense bo real
pine-birch for ests ac com pa nied by a mi nor ad mix ture of al der and spruce were pre dom i nant. Cold stadials were dom i nated by open veg e -
ta tion with tun dra and steppe el e ments.The pol len se quence from Dziadowa K³oda is the first site on the Silesian Low land that shows  the
first fully de vel oped Early Vistulian warm os cil la tion that cor re lates with the Brörup Interstadial. A dis tinc tive fea ture of this site is a
long, con tin u ous pol len se quence of the Eemian pass ing into de pos its of the Vistulian Gla ci ation in the same pro file.
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INTRODUCTION

In 1964 the first bore holes drilled at the Dziadowa K³oda
site re vealed a thick se quence of lac us trine de pos its. The pre -
lim i nary re sults showed an inter gla cial suc ces sion, al though
de tailed strati graphic con clu sions were not pos si ble at the
time. The next stage of the re search was re lated to map ping on 
the Syców sheet of the De tailed Geo log i cal Map of Po land on 
the scale of 1:50 000 (Chmal, 1998a, b). For map ping pur -
poses, a test bore hole was drilled at this site and a con tin u ous
core of  lac us trine and swamp de pos its was taken to a depth of
18.4 m. The first re sults of pol len anal y sis of the up per part of
the core (from 2.25 to 9.25 m) made in 1995–1998 showed an
Eemian and Vistulian age for this sec tion (Kuszell, 1998). At
that time we fo cused palynological at ten tion on the inter gla -
cial suc ces sion in the depth range of 5.50–9.25 m.  In this pa -
per we give palynological re sults of the re main ing seation,
from the depth in ter val 5.95–2.05 m, rep re sent ing the tran si -

tional phases of the fi nal Eemian Inter gla cial and the Early
Vistulian, and we com pare this with in ter vals of the same age
from ad ja cent ar eas. 

THE AREA OF INVESTIGATION

Ac cord ing to the geo graph ical scheme of Walczak (1970)
and Kondracki (1994) the site ex am ined is lo cated on the
Silesian Low land in the mesoregion of the Oleœnica Plain. To
the north, this plain ad joins the “Syców Hills�, part of the
Twardogóra Hills mesoregion. The lat ter hills are, geo log i -
cally, a part of the Trzebnica Ridge (Fig. 1), a fron tal push mo -
raine, pro duced by the South Pol ish Glaciations and partly,
also, dur ing the Mid dle Pol ish (Odranian) Gla ci ation (Dyjor,
1993). The Odranian Gla ci ation re sulted in su per po si tion of
fis sure de po si tion struc tures and kames on older glaciotectonic
struc tures. The Odra ice-sheet reached only as far to the south
as the north ern part of the Syców Hills, where a depositional



end-mo raine, cul mi nat ing at 221 m a.s.l., was formed. At the
same time, the north west ern part of the Oleœnica Plain be came
an outwash plain, fed by a newly formed val ley sys tem of the
River Widawa and its con flu ents, drain ing the south ern part of
the Twardogóra Ridge and of the Syców Hills. 

In the up per course of the Widawa River, there
is only one flood-plain ter race, whereas in the area
around Dziadowa K³oda (Fig. 2) as many as two
ter races can be dis tin guished: the lower, flood-
 plain ter race (t II) and the up per ter race (t I). The
flood-plain ter race is ap prox i mately 3 m high and
200–300 m wide in the vi cin ity Dziadowa K³oda.
The up per ter race is up to 750 m wide and ex tends
over the whole width (ca. 2.2. km) of the area be -
tween the Widawa River and its con flu ent, the
Czarna Widawa. Be low the de bouch ment of the
Czarna Widawa River to that of the Widawa, the
ter race dis ap pears and the flood-plain bot tom of the 
val ley (t II) di rectly ad joins up lands com posed of
morainic and glaciofluvial de pos its. The flood-
 plain ter race (t II) is cov ered by eolian sands and
well de vel oped dunes. 

On the up per ter race (t I), com posed of
Vistulian de pos its, the bore hole ex am ined is lo -
cated at a height of 169.9 m a.s.l., 1 km east of the 
Widawa River, in which flu vial, lac us trine and

swamp de pos its were en coun tered at a depth of 0.0 to
18.4 m. A geomorphological anal y sis of the area un der dis -
cus sion al lows a con jec ture to be made that, dur ing the
Wartanian Gla ci ation, an ice-mar ginal val ley must have ap -
proached the en vi rons of Dziadowa K³oda from the east.
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Fig. 1. Map of the Dziadowa K³oda area (Kondracki, 1994)

A — Ostrzeszów Hills, B — Twardogóra Hills, C — Trzebnica Hills

Fig. 2. Sim pli fied geomorphological sketch de rived from the De tailed Geo log i cal Map of Po land
 Syców sheet (Chmal, 1998a) and Kêpno sheet (Winnicki, 2002)



This val ley was sub se quently used by the Czarna Widawa
River, which now a days is a set of catch-drain ditches (drain -
ing a chain of peat-bogs), rather than a true river. The
lithological sec tion re veals that the flow of
proglacial-stream wa ters oc curred at a level lo cated ca. 9.6
m be low the bore hole level, as in di cated by me dium-grained
sands and fine grav els that, un der lie the Eemian de pos its. In
a par al lel, sec ond-or der val ley at Szklarka, ca. 2 km north of
Dziadowa K³oda, the base of con tem po ra ne ous de pos its oc -
curs at a sim i lar depth, about 9 m (Chmal, 1998b; Kuszell,
1998). There fore, it is as sumed that af ter deglaciation of the
Warta  ice-sheet, the out let of the Prosna drain age ba sin was
di rected north wards, re plac ing the ear lier E–W trending
drain age pat tern. In the bot tom of the ice-mar ginal val ley,
the Eemian Inter gla cial or ganic and, partly, min eral sed i -
ments were laid down in a river chan nel. Sim i lar sed i men ta -
tion con tin ued dur ing Vistulian, when, how ever, min eral de -
pos its pre vailed. In the nearby  Ostrzeszów Hills, the pro cess 
of slope-wash and creep ing waste for ma tion in a periglacial
en vi ron ment was de scribed by Rotnicki (1966). Dur ing the
cold phases of the Plenivistulian, due to in ten si fied
periglacial de nu da tion of slopes of the Twardogóra Hills, the 
Widawa River ac cu mu lated me dium-grained sands near
Dziadowa K³oda, which re sulted in the de vel op ment of a 3
m high ter race there. Geomorphologically, the up per sur face 
of that ter race cor re sponds to that of the al lu vial fan of the
Widawa River, dis sected dur ing the late Vistulian Gla ci -
ation. In tense ero sion at that time was doc u mented for the
neigh bour ing Prosna val ley by Kozarski and Rotnicki
(1978). At the fi nal stage of the Late Vistulian,  dunes de vel -
oped on the up per ter race. In the Ho lo cene the bot tom of the
val ley wid ened as the river me an dered river, beds of sand,
sandy mud and peat ac cu mu lat ing at this time.

Ca. 4 km north of the Dziadowa K³oda site, glacitectonic
struc tures af fect Mio cene clays, Plio cene sands and grav els and 
the south Pol ish gla cial tills, as well as gla cial to glaciofluvial
sands and grav els that are in tensely folded and thrust-faulted.
The thick ness of the Qua ter nary de pos its in the area of the
Dziadowa K³oda is approx. 80 m (Fig. 3). Over the Oleœnica
Low land, where the tills and glacifluvial sands and grav els are
hor i zon tal, the base of the Qua ter nary de pos its oc curs, on av er -
age, at a depth of 60 m. 

The Ho lo cene flood-plain ter races at the val ley bot toms
(t II), are com posed of muddy sands, silt peat and  peat, up to
2–3 m thick. In val leys, char ac ter ized by ep i sodic wa ter flow,
the low est ter races are usu ally built of sandy-clayey ma te rial.
Only the up per part of these terraces (up to 1.5 m depth) is of
Ho lo cene age; be low these lay ers are Vistulian fine sands and
silts of slope wash or i gin. They are un der lain by Eemian Inter -
gla cial or ganic deposits, at a depth of about 6 m. 

The Pleis to cene up per ter race (t I) of the River Widawa
near Dziadowa K³oda is com posed of Up per Vistulian me -
dium-grained sands up to a depth of 2–3 m. Be low that depth,
to 9.5–12.0 m, there are Early Vistulian and Eemian sands, silts
and peat, un der lain by sands with fine-grained glaciofluvial
grav els, prob a bly formed dur ing the Mid dle Po land Gla ci ation
(Fig. 4). In the lower part of the Dziadowa K³oda pro file no de -
pos its of gla cial or i gin were found. 

MATERIAL AND METHOD

The lithological suc ces sion of the de pos its cored at
Dziadowa K³oda is as fol lows:
0.00–0.40 m. Me dium sand with fine gravel, dark yel low ish

brown (10YR 4/2).
0.40–1.20 m. Me dium sand, light blu ish-gray (5B 7/1), with

iron con cre tions in the form of spots 0.5–2.0 cm in
di am e ter. 

1.20–2.05 m. Me dium sand, light blu ish-gray (5B 7/1).
2.05–2.25 m. Sandy silt, ol ive-gray (5Y 3/2).  
2.25–2.45 m. Sandy silt, ol ive-gray (5Y 3/2), with traces of sand.
2.45–2.65 m. Me dium sand, light blu ish-gray (5B 7/1).
2.65–3.00 m. Me dium sands, ol ive-gray (5Y 3/2). 
3.00–3.50 m. Loamy silt with lam i nated sand, ol ive-gray (5Y 3/2).
3.50–3.60 m. Me dium sands, green ish-gray (5G 6/1), with or -

ganic mat ter.
3.60–4.10 m. Me dium sands, light blu ish-gray (5B 7/1).
4.10–4.40 m. Sandy silt, brown ish-gray (5YR 4/1).
4.40–4.85 m. Loamy peat, strongly de com posed, brown ish-

 black (5YR 2/1).
4.85–6.00 m. Loamy silt, brown ish-black (5YR 2/1), with or ganic

mat ter; at depth of about 5.30–5.45 m sandy silt.
6.00–7.00 m. Peat, strongly de com posed, brown ish-black

(5YR 2/1).
7.00–7.20 m. Loamy silt with laminae of or ganic mat ter and

malacofauna, brown ish-black (5YR 2/1).
7.20–8.50 m. Jointed clay, green ish-black (5GY 2/1).
8.50–10.80 m. Me dium sands with fine grav els, green ish-gray

(5G 6/1).
10.80–13.20 m. Me dium sands, green ish-gray (5G 6/1); with of  

laminae of fine sand, light blu ish-gray (5B 7/1).
13.20–13.70 m. Fine sands, light blu ish-gray (5B 7/1)
13.70–18.40 m. Me dium sands with fine grav els, light blu -

ish-gray (5B 7/1).
45 sam ples were col lected for pol len anal y sis at a depth of

2.05–5.95 m. Peat and or ganic silts were boiled in 10% KOH,
whereas min eral sam ples were treated with hy dro flu oric acid.
Stan dard Erdtman’s acetolysis was the fi nal stage of sam ple
prep a ra tion in the lab o ra tory. Two pol len slides and about 700
to 1600 pol len grains were counted in each sam ple. The pres er -
va tion of pol len and spores was gen er ally good. 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 an a lyzed.

The re sults of pol len anal y sis are shown on the pol len di a -
gram (Fig. 5).  

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 ters of
the lo cal ity name (D 7 and DK 1 to DK 4). 

    The main palaeo geo graphi cal phases and the bound aries
of the Vistulian Gla ci ation were es tab lished in the pro file (cf.
Zagwijn, 1961; Mamakowa, 1986). 

VEGETATION HISTORY AND BIOSTRATIGRAPHY

Five pol len zones were dis tin guished in the pol len di a gram
(Fig. 5): the first of these (D 7)  rep re sents the very end of the
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Eemian Inter gla cial, the succeding four (DK 1–DK 4) can be
as cribed to phases of the Early Vistulian. 

LATE EEMIAN

Zone D 7 is dom i nated by closed bo real for est taxa with
pine or pine and birch. Picea and Alnus were also im por tant
trees in the com mu ni ties. Taxa from tem per ate phases of the
inter gla cial — such as Corylus, Quercus, Tilia and Carpinus
— which prob a bly sur vived in south west ern Po land un til the
on set of the Vistulian were also pres ent nearby. Rel a tively high 
val ues of Picea in di cate the pres ence of this tree in the area in -
ves ti gated, as in other pro files in south west ern Po land
(Mamakowa, 1986, 1989; Tobolski, 1991; Kuszell, 1997). The
per cent ages of Alnus also sug gest the pres ence of this tree in
the ter mi nal Eemian of the area stud ied. It likely dom i nated
damper ar eas in the river val leys. Amounts of pol len of her ba -
ceous plants are low in this zone as in other pro files in the
Wielkopolska Low land and in Lower Silesia (Kuszell, 1980;
Mamakowa, 1989; Tobolski, 1991; Malkiewicz 2002). The
lake was mainly in hab ited by Pediastrum (Fig. 5). These pat -
terns in di cate a mod er ately cool cli mate of bo real type in the
area stud ied.

EARLY VISTULIAN 

 In the tran si tional sam ple (41, at a depth 5.5 m) we can see
signs of de te ri o ra tion of cli mate: a de cline of all thermophilous
el e ments and a clear change in the type of ac cu mu la tion into a
more minerogenic one.

Zone DK 1, rep re sented by two sam ples only, is char ac ter -
ized by more open con di tions. It was the time of non-for est
veg e ta tion dom i nance. Birch is prob a bly the only tree that col o -
nized small patches of per sis tent for est. There is a gen eral in -
crease in her ba ceous pol len of many types, de rived ei ther from
grass land or from an in creas ingly open for est floor, vis i ble par -
tic u larly in sam ple 38 in which the NAP at tain over 60%. Ar te -
mi sia, Chenopodiaceae, Rumex, Helianthemum, Poaceae and
Cyperaceae are the main pol len types and they were prob a bly
de rived from xerothermic grass com mu ni ties. Shrub com mu ni -
ties with Betula nana, Juniperus and Salix be gan to de velop in
swampy ar eas. The small quan tity of pol len as well as the small
num ber of spe cies in di cate a scanty flora in the lac us trine ba sin. 
The higher fre quency of pol len of Myriophyllum in this zone
sug gests the lake was 3–5 m deep (Podbielkowski and
Tomaszewicz, 1996). The lower pro por tion of Pediastrum al -
gae in di cates wa ter flow and a rise of lake level (To³pa,1961).
The change ob served in zone DK 1 must here been re lated to
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Fig. 3. Syn thetic geo log i cal pro file of the Dziadowa K³oda area
(within a ra dius of 5 km, sim pli fied) (Chmal, 1998a; Winnicki, 2002)



cool ing and con ti nen tal con di tions. The de creased con tri bu tion 
of Sphag num fur ther sug gests a cli ma tic de te ri o ra tion
(Mamakowa, 1989). 

At the be gin ning of zone DK 2 Betula was un doubt edly the
most im por tant tree in the com mu ni ties around the lake. The
older part of this zone re flects the spread ing and pre dom i nance
of birch for ests. In those com mu ni ties, Pinus oc curred, as well
as Larix while Picea was also pres ent lo cally dur ing the Early
Vistulian. The small but per sis tent val ues of Betula nana and
Juniperus and the more nu mer ous oc cur rence of Ar te mi sia and
Chenopodiaceae in di cate an im por tant role of shrub and herb
com mu ni ties in the older part of the zone. The sur vival of
steppe-like com mu ni ties, with a fairly di verse com po si tion un -
til the end of this zone sug gests that the cli mate was still con ti -
nen tal. The pol len of Betula nana seem to point to better cli ma -

tic con di tions and may serve as an ar gu ment for the ces sa tion of 
con ti nen tal in flu ence in this zone (Tobolski, 1986). Pre sum -
ably, the mean tem per a ture of the warm est month in the older
part of zone DK 2 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). The more abun dant oc cur rence of 
al gae of the ge nus Pediastrum seems to be re lated to
shallowing of the lake, and pos si bly in di cates its eutrophication 
(To³pa, 1961;  Mamakowa, 1989).

In the youn ger part of zone DK 2, a grad ual im prove ment of 
cli ma tic con di tions took place and sed i men ta tion of or ganic de -
pos its (silt with or ganic mat ter and peat) be gan. The veg e ta tion
shows ini tially a high pro por tion of birch which, how ever, was
pro gres sively dis placed by pine. The lower pro por tion of herb
veg e ta tion at this time in di cates an in creas ing den sity of for est
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Fig. 4. Geo log i cal cross-sec tions through Widawa val ley at Dziadowa K³oda and along west ern part
of the Prosna-Widawa ice-mar ginal val ley (Chmal, 1988a; Winnicki, 2002)
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com mu ni ties. Picea and Salix ap peared, and  Alnus was pres ent 
in wet ter hab i tats in the re gion of Dziadowa K³oda. A marked
de crease in the pro por tion of Sphag num spores sug gests a
change to wards wet ter con di tions (Granoszewski, 2003). 

At the end of zone DK 2, the lake shallowed rap idly as ex -
pressed by a change from lac us trine to swamp sed i men ta tion.
At that time the de po si tion of peat started (4.80–4.70 m), pos si -
bly due to slower wa ter flow in the lake. The pres ence of Typha 
latifolia, Sparganium and Myriophyllum points to de vel op -
ment of reed swamp and pro gres sive lake shallowing. The veg -
e ta tion in this phase in di cates a bo real cli mate. Typha latifolia
re flects an im prove ment of the cli ma tic con di tions, with a mean 
tem per a ture in July of ca. 14°C (Tobolski, 1991; Aalbersberg
and Litt, 1998). 

At the be gin ning of zone DK 3, de po si tion of peat con tin -
ued (4.70–4.40 m). At that time, birch for est was suc ceeded by
pine for est with Picea, Larix and Alnus. Low  per cent ages of
herb pol len point to the con sid er able den sity of for ests at
Dziadowa K³oda. The per sis tent oc cur rence of Picea, Salix and 
Alnus must here been as so ci ated with moist hab i tats. Corylus,
Ulmus, Quercus, Tilia and Abies pol len ap pear spo rad i cally.
This may have come from lower parts of the Sudety Moun tain
and from their fore land, and their pol len may had been de rived
by long-dis tance trans port. The con tin u ous val ues of Corylus
show that ha zel per haps oc curred close to Dziadowa K³oda un -
til the end of the zone as at other sites in Po land (Kozarski et al., 
1980; Mamakowa, 1986; Tobolski, 1986; Stankowski and
Nita, 2004).    

The par tic i pa tion of pol len of aquatic and swamp plants is
low. The oc cur rence of Typha latifolia, Sparganium and
Myriophullum may still be ev i dence of in creased spread ing of
redswamp com mu ni ties. Their de vel op ment was un doubt edly
in flu enced by the milder cli ma tic con di tions prevailiy then, and
by a low er ing of the wa ter level and a rise in the or ganic mat ter
con tent. The ex pan sion of pine for est with a greater va ri ety of
trees in di cates a bo real cli mate and the mean tem per a ture of the
warm est month was at least 14–15°C (Tobolski, 1991). At the
end of this zone in di ca tions of an oce anic cli mate are more abun -
dant Ericaceae pol len and Sphag num spores (Tobolski, 1986).

In zone DK 3 het er o ge neous de pos its oc cur. The peat-bog
was in un dated and min eral sed i ments were washed in. The
change from a peaty de posit to silt and sandy silt (4.40–4.10 m)
re flects an in crease in wa ter level in the ba sin and a smaller par -
tic i pa tion of aquatic and swamp plants. The less fre quent oc -
cur rence of Pediastrum is typ i cal of a deep lake (To³pa, 1961;
Tomaszewicz, 1979; Granoszewski, 2003). 

In the youn ger part of zone DK 3, the de po si tion of silt was
interrupted by sandy sed i ments (4.10–3.60 m), de void of pol -
len, pos si bly due to heavy rains and floods. Fol low ing this
short interval, re corded at a depth of 3.60–3.00 m, a change in
ac cu mu la tion took place, from sands into more organogenic
sed i ments (loamy silt). The pol len spec tra from silt sed i ments
ad join ing the lower and up per sandy lev els show a clear  sim i -
lar ity. A change in ac cu mu la tion and in plant com po si tions
seem to re flect cool ing of the fi nal stage of this zone. This cli -
ma tic fea ture dur ing the youn ger part of the Early Vistulian
Gla ci ation must have re sulted in in creased flu vial trans port and 
in ten si fied ero sion and ac cu mu la tion, as in other re gions of
Poland (Mamakowa and Œrodoñ, 1977; Klatkowa, 1990). 

At the bound ary be tween zones DK 3 and DK 4, a change
in de po si tion from sandy silt to sandy sed i ments (3.00–2.45 m)
took place again. Above these deposits, sandy silt of zone DK 4 
ac cu mu lated (2.45–2.05 m). Start ing from the older part of this
zone, symp toms of cli ma tic continentality in crease, as in di -
cated by in creas ing fre quen cies of the steppe-like communities.

In zone DK 4 the for est com mu ni ties were re placed by her -
ba ceous plants. This is re flected this a suc ces sive rise in her ba -
ceous pol len val ues with a high pro por tion of Cyperaceae,
Poaceae and Ar te mi sia and also of light-de mand ing herbs and
shrubs. It may be sup posed that these com mu ni ties ap prox i mate
to steppe mead ows with stands of Pinus sylvestris and the pres -
ence of other trees and shrubs such as Larix, Juniperus, Betula,
and Salix, char ac ter is tic of a cold cli mate. The tun dra-like en vi -
ron ment was also as so ci ated with Betula nana. It is no ta ble that
Betula in di cates milder con ti nen tal cli mate con di tions in this
zone (Tobolski 1986; Biñka and Nitychoruk, 1996). 

The higher ad mix ture of sand re corded in the youn ger part
of this zone may have been caused by in creased sand sup ply to
the lake. Redeposition may have been re spon si ble for the pres -
ence of rare pol len grains of thermophilous trees and shrubs in
zone DK 4. The ab sence of for est 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 than10°C, as olso in ferred from co eval de pos its 
in East ern Ger many (Aalbersberg and Litt, 1998). How ever the 
aquatic veg e ta tion, with Myriophyllum pres ent, sug gests higher 
tem per a tures of about 13° to 15°C (Kolstrup, 1980). 

CORRELATION OF LOCAL POLLEN ZONES FROM DZIADOWA
K£ODA WITH REGIONAL POLLEN ZONES

OF THE VISTULIAN GLACIATION

The lo cal pol len as sem blage zones (L PAZ), dis tin guished in
the di a gram from Dziadowa K³oda, were cor re lated with the re -
gional pol len zones (R PAZ). Ta ble 1 pres ents the cor re la tion of
lo cal zones (D 7, DK 1–DK 4) in the pro file stud ied with the re -
gional pol len as sem blage zones of the Eemian Inter gla cial (E 7)
and zones of the Early Vistulian (EV 1–EV 3), de fined for Po land
by Mamakowa (1986, 1989) and also with the di vi sions es tab -
lished for west ern Eu rope (Behre and Lade, 1986; Behre, 1989). 

The up per limit of the Eemian Inter gla cial and Early Vistulian, 
de ter mined by the youn gest pol len spec trum of D 7  (L PAZ), cor -
re sponds with the cri te rion ac cepted in pol len stra tig ra phy for the
tran si tion of the Eemian into the Vistulian Gla ci ation (E 7),
(Zagwijn, 1961; Mamakowa, 1989; Litt, 1994). Char ac ter is tic are
the suc ces sive rise in the herb pol len val ues and the for ma tion of
more open com mu ni ties with a fairly marked pro por tion of dif fer -
ent heliophytes. At the de cline of the Eemian Inter gla cial (E 7)
mod er ately cool cli ma tic con di tions set in.

DK 1  L PAZ  has been cor re lated with the Herning Stadial
(EV 1). Cli ma tic con di tions be came cooler in this stadial, as
shown by the growth of herb and shrub com mu ni ties and also
by the hy dro log i cal changes in the lake ba sin stud ied. There
were most prob a bly only in di vid ual stands of birch in the area
around Dziadowa K³oda. In mid dle and south ern Po land an
open land scape with mi nor groups of trees and a mo saic of var -
i ous com mu ni ties (from wet shrub tun dra sim i lar to sub al pine
mead ows and steppe — like com mu ni ties; Mamakowa,1986)
then pre dom i nated.

Early Vistulian climate oscillations in the light of pollen analysis of deposits from Dziadowa K³oda 325



Zones DK 2 and DK 3 rep re sent  an interstadial os cil la tion
cor re lated with the Brörup Interstadial (EV 2). In the older part
of this in ter val, dwarf birch and sub se quently birch for est ex -
panded, whereas in the youn ger part an ex pan sion of pine for -
est oc curred, with an ad mix ture of Picea and Alnus, and maybe
also Corylus. The veg e ta tion of this pe riod is in dic a tive of bo -
real cli mate at Dziadowa K³oda. Dur ing the Brörup Interstadial 
the mean tem per a ture of the warm est month was be tween
15–16°C in East ern Ger many and Po land (Aalbersberg and
Litt, 1998). In Horoszki Du¿e (East ern Po land) the min i mum
July tem per a ture must there fore have been
at least 12 to 13°C, and maybe even 15°C
(Granoszewski, 2003).

Zone DK 4 cor re sponds with the
Rederstall Stadial (EV 3). In this pe riod
her ba ceous com mu ni ties dom i nated the
area in the vi cin ity of Dziadowa K³oda.
These were prob a bly plant com mu ni ties in -
clud ing Poaceae, Ar te mi sia and Chenopo -
diaceae of steppe-sward type (Tobolski,
1991). The ex pan sion of open com mu ni ties 
and the de creas ing im por tance of for est
points to a dis tinct de te ri o ra tion in cli mate
and an in crease in continentality. 

The age of the Early Vistulian has been
con firmed by means of pol len anal y sis only
in a few in stances in south west ern Po land.
Cur rently, the flora of the Eemian Inter gla -

cial in the Silesian Low land is known from 12 lo cal i ties
(Fig. 6). Among them, a few that are valu able for ex tend ing our
knowl edge are pro files that pro vide a con tin u ous re cord of the
vegetational his tory of the Eemian and of the older part of the
Vistulian. An Early Vistulian age of palaeolakes is con firmed
at: Imbramowice (Mamakowa, 1989), Wo³ów and Raki near
¯migród (Dyjor and Kuszell, 1975; Kuszell, 1980), Zofiówka
(Kuszell, 1997), and at Dziadowa K³oda. From the Imbramo -
wice and Zofiówka pro files the first os cil la tion of the Early
Vistulian has been re corded. In the pro file from Raki near
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Fig. 6. Lo cal i ties of the Eemian Inter gla cial, Eemian
 with Early Vistulian and Brörup Interstadial

Lo cal i ties dis cussed in the pa per: 1 — Jutrzyna (Kuszell, 1998), 2 — Jaworzyna Œl¹ska (Dyjor and Kuszell, 1978; Kuszell,
1980), 3 — Imbramowice (Mamakowa, 1989), 4 — Dziadowa K³oda (Kuszel, 1998), 5 — Domas³ów (Rotnicki and
Tobolski, 1965), 6 — Szklarka (Kuszell, 1998), 7 — Wo³ów (Kuszell, 1980), 8 — Kubryk (Kuszell, 1997), 9 — Raki
(Dyjor and Kuszell, 1975; Kuszell, 1980), 10 — Szklary Dolne (Borówko-D³u¿akowa, 1973), 11 — Lubiel (Krzyszkowski 
et al., 1994), 12 — Zofiówka (Kuszell, 1997), 13 — Kuców (Balwierz, 2003), 14 — Zgierz-Rudunki
(Jastrzêbska-Mame³ka, 1985), 15 — W³adys³awów (Tobolski, 1991), 16 — Mikorzyn (Stankowski and Nita, 2004), 17 —
Stare Kurowo k/Drezdenka (Kozarski et al., 1980)

T a  b l e  1

Cor re la tion of lo cal pol len zones from Dziadowa K³oda with re gional pol len zones
of  the Eemian Inter gla cial and Early Vistulian

   Lo cal pol len zones
 (L PAZ)
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  Re gional pol len
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 (R PAZ) 
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cover           Correlation
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D 7 E 7 pine for est    Eemian Inter gla cial



¯migród a few sam ples rep re sent ing a 4 m-long sec tion with
high con tents of pol len of her ba ceous plants may be as cribed
largely to the Early Vistulian.

In the Wo³ów I-72 pro file a thicker suc ces sion rep re sent ing
a cool sec tion, with a high pro por tion of Pinus and Betula, was
as cer tained (Kuszell, 1980). In the de clin ing part of inter gla cial 
at the Early Vistulian, two cold os cil la tion can be dis tin guished, 
sep a rated by an interstadial warm ing. This has been cor re lated
with Amersfoort Interstadial. Mamakowa (1989) held a dif fer -
ent opin ion. In her opin ion this pro file be longs to the Eemian
Inter gla cial: the whole se quence may pos si ble be con nected
with  E 7 (R PAZ) of the Eemian Inter gla cial and the very be -
gin ning of the first Vistulian stadial. 

The pro file from Dziadowa K³oda is the first lo cal ity on the
Silesian Low land that re veals the first warm os cil la tion of the
Early Vistulian Gla ci ation, de vel oped in an un in ter rupted pro -
file that also in cludes the Eemian Inter gla cial. The pol len spec -
tra from other lo cal i ties re flect parts of the Early Vistulian Gla -
ci ation, in which di ag nos tic zones for the BrØrup Interstadial
are not re corded. 

Lo cal i ties of the Eemian Inter gla cial also with de pos its of the 
Early Vistulian, lo cated close to Dziadowa K³oda (Fig. 6) in the
Wielkopolska Low land oc cur at W³adys³awów (Tobolski, 1986, 
1991), Szklarka (Kuszell, 1998), Lechitów and Grudzielec
(Malkiewicz, 2002), and Mikorzyn (Stankowski and Nita,
2004). Com plete Eemian and Brörup Interstadial suc ces sions in
this re gion are from W³adys³awów and Mikorzyn. The Early
Vistulian in the Lechitów pro file is rep re sented by one sam ple,
whereas at Grudzielec only the ini tial part of EV 1 is pres ent. Ac -
cord ing to  the Malkiewicz (2002) en tire top sec tion of the pol len 
di a gram from Grudzielec re cords veg e ta tion de vel oped un der
cool cli ma tic con di tions of the Early Vistulian and this in ter val
has not been re ferred to re gional pol len zones. The pro file from
Szklarka con tain ing the Eemian Inter gla cial and a thicker suc -
ces sion of Early Vistulian de pos its are de scribed based on the
anal y sis of scat tered sam ples only (Kuszell, 1998).

The di a gram from Dziadowa K³oda shows a dis tinct sim i lar -
ity with di a grams of the BrØrup Interstadial from neigh bour ing
re gions of Po land. The suc ces sion in these pro files is char ac ter -
ized by a dom i nance of dwarf birch for est and sub se quently of
pine for est with spruce, larch, al der and per haps ha zel. This pat -
tern of veg e ta tion de vel op ment can be found not only in dis tant
re gions of Po land but also in west ern Eu rope (Menke and Tynni, 
1984; Behre and Lade, 1986; Behre, 1989; Litt, 1994). 

In the veg e ta tion suc ces sion from Dziadowa K³oda no cli -
ma tic os cil la tion was found be tween a birch zone (DK 2) and a
pine zone (DK 3). As in the di a gram from Dziadowa K³oda, at
Stary Kurów near Drezdenko (Kozarski et al., 1980) and at
W³adys³awów (Tobolski, 1991), no cool cli ma tic os cil la tion
within the BrØrup Interstadial was re corded. In the pro file stud -

ied there are no traces of cool ing ex pressed by a rise in her ba -
ceous plant val ues in the up per part of the birch sec tion of the
Brörup Interstadial. A cold os cil la tion was re corded only in some 
di a grams from Po land. This cli ma tic os cil la tion is vis i ble in pol -
len di a grams from the lo cal i ties in East ern and Cen tral Po land
(Jastrzêbska-Mame³ka, 1985; Balwierz, 2003; Grano szewski,
2003; Stankowski and Nita, 2004). The birch zone of the BrØrup
Interstadial from these pro files cor re sponds to the Amersfoort
Interstadial of the type lo cal ity in Hol land (Zagwijn, 1961),
while the pine zone can be cor re lated to the BrØrup Interstadial at 
its type lo cal ity in Den mark (Andersen, 1961; Behre and Lade,
1986; Behre, 1989).

CONCLUSIONS 

Zones DK 1 and DK 4 at Dziadowa K³oda be long to the
Early Vistulian Gla ci ation, rep re sent ing woodless pe ri ods —
stadials, whereas zones DK 2 and DK 3 doc u ment an interstadial 
plant suc ces sion (Ta ble 1). The de vel op ment of veg e ta tion com -
mu ni ties dur ing the BrØrup Interstadial at Dziadowa K³oda does
not re cord a cool ing event be tween the birch and pine phases.
This may re sult from a milder cli ma tic con di tions in the older
part of the BrØrup Interstadial in this part of the coun try.

Among lo cal i ties with de pos its of the Eemian Inter gla cial and
of the Vistulian Gla ci ation in Po land, only a few in clude a full
vegetational suc ces sion of the Early Vistulian: five sites in Cen tral
Po land and two lo cal i ties in east ern re gions.

Up to the pres ent, in the Silesian Low land no pro file with a
com plete or al most com plete flora of the Early Vistulian has
been re corded. Un til now, in that re gion of Po land the veg e ta tion
suc ces sion of the BrØrup Interstadial has re mained un known.
Dziadowa K³oda is the first lo cal ity with lake and swamp de pos -
its that pro vide a re cord of three cli ma tic shifts above the
Eemian, with a tran si tion from mod er ately cool (E 7)  to cool and 
con ti nen tal cli mate (EV 1), sub se quently to milder cli ma tic con -
di tions (EV 2), and again to a cool cli mate (EV 3). The dif fer ent
cli ma tic con di tions in the pol len zones find a dis tinct re flec tion in 
the veg e ta tion com po si tion. This in di cates a tran si tion from sub -
arc tic land scape of park tun dra to for est com mu ni ties of bo real
cli mate, and then again to tun dra veg e ta tion. The pres ence of
thermophilous trees and shrubs in the pro file ana lysed may be
due to redeposition dur ing the cool cli mate, but it may be also
that some of these per sisted in south west ern Po land un til the
youn ger part of the Early Vistulian.

In the pro file at Dziadowa K³oda rapid changes of
sedimention took place in the lake. Changes to minerogenic de -
pos its are ob served at the bound aries be tween the Eemian
Inter gla cial and the Vistulian, in the youn ger part of the Brõrup
Interstadial and also in the Rederstall stadial.
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