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ABSTRACT. Material for the study comes from 22 palaeolakes and palaeobogs in three macroregions — Bialystok
Upland, Sokétka Hills and Bielsk Upland — of northern Podlasie (north-eastern Poland). Six hundred and four-
teen samples from 28 cores were examined by means of pollen analysis, and 300 samples from two most impor-
tant profiles — Solniki and Dzierniakowo — using lithological analyses of the sediments were carried out, namely
magnetic susceptibility, grain size distribution, concentration of 1*C and 80 isotopes, organic carbon and calcium
carbonate content. The results of the pollen analysis are presented graphically on diagrams. In each of them
biostratigraphical units at the level of local pollen assemblage zones (L. PAZ) were distinguished. On that basis
it was determined that the studied sediment sequences span the closing phase of the late glacial of Wartanian
(Saalian) glaciation, the Eemian interglacial and the early glacial of the Vistulian (Weichselian). Correlation
of local pollen zones from all investigated profiles allowed to distinguish 14 regional pollen assemblage zones
(R PAZ). They were correlated with pollen zones recognized in other pollen profiles from Poland and Europe,
and also with bio- and chronostratigraphical units marked with various methods in Greenland’s ice cores and
sea sediments. The results of investigation were used to reconstruct vegetation succession and climate changes
across the great part of the last interglacial-glacial cycle, from the final stage of the Wartanian glaciation to the
end of the Early Vistulian. Two sites — Solniki and Dzierniakowo — play vital role in this reconstruction. Profile
from Solniki contains very well developed record of environmental changes during the Eemian interglacial. From
the data obtained it occurs that this record registers two intra-Eemian fluctuations of the climate. The first of
them fell to the middle part of the hornbeam zone (Expb Carpinus R PAZ) being probably manifested only by
a significant decrease in precipitation with no fluctuations in temperature level. Hiatus, that in the numerous
profiles from northern Podlasie contains a younger part of the hornbeam phase of the Eemian interglacial and
the entire spruce phase (Expb6 Picea-Pinus-(Abies) R PAZ), is probably the effect of that climate change. Addition-
ally, as a result of that change water level in lakes and bogs decreased. It was then followed by a temporal stop-
ping of sediment accumulation in those basins or even through deposit decomposition (through drying) of what
was earlier accumulated there. The paper deals also with other hypothetical causes of such abrupt decrease in
water level, such as melting of permafrost, lowering of riverine erosion level, or other local conditions. The second
climate fluctuation took place in the middle part of the pine phase (subzones b and c of the Exp7 Pinus R PAZ).
The decrease in forested areas and the increase in open plant communities of a cold step type with domination
of the Artemisia genus was a result of environment change into a cool continental climate. Profiles from Dzier-
niakowo and Solniki contain a high-resolution record of the early glacial stage of the Vistulian glaciation. This
permitted a detailed reconstruction of environment changes during that period to be done. Cold fluctuation of
the climate appeared in the Brgrup interstadial sensu lato. It seems likely that it represented the cooling that
separated the Amersfoord and Brgrup sensu stricto interstadials.

KEY WORDS: pollen analysis, palaeoecological reconstructions, palaeoclimate, vegetation history, Wartanian, Eemian inter-
glacial, Early Vistulian (Weichselian), Brgrup interstadial, Odderade interstadial, Podlasie, Poland
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Rapid changes in climate that were observed
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prompted questions about possible causes.
The possibilities of distinguishing between the
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interglacial, named in Europe as the Eemian
interglacial, plays a crucial part in recognition
of climate change that was not related to the
human activity. Through numerous compari-
sons between that interglacial stage and the
major part of the Holocene it was indicated
that many natural phenomena already took



place in both of those periods in similar man-
ner (cf. Iversen 1954, Tobolski 1976). That
allows to assume that recognition of climate
change in the final part of the Eemian inter-
glacial may enable prediction of other analo-
gous natural changes that most likely occur in
the late Holocene in separation from anthropo-
genic changes.

In the context of contemporary rapid climate
change the main task is to answer the question
whether there occurred a rapid climate fluc-
tuations during the last interglacial or else if it
was as in old and commonly accepted sequence
of successive climate changes — with cool
beginning of the interglacial, through constant
warming culminated with the stage of optimal
conditions, and then back again to the begin-
ning of another glaciation — a model that prob-
ably better fits any period free from the human
presence (Iversen 1954, Tobolski 1976).

The issue of environmental stability during
the past interglacials, especially the Eemian
one, has been discussed for a long period of
time and was many times mentioned in papers
from various fields of natural science (Velichko
et al. 1982, 2005, Kukla et al. 1997, Saarnisto
et al. 1999, Bjork et al. 2000, Nitychoruk dJ.
2000, Guiter et al. 2003, Klotz et al. 2003,
2004, Kiihl & Litt 2003, Miiller 2005). The
discussions got tense when a record of detect-
able temperature fluctuations from warm to
cold conditions during the Eemian interglacial
were discovered in ice cores in Greenland. The
GRIP ice core contained the evidence of two
extreme cold events, both of them lasting over
1000 years (Anklin et al. 1993, Dansgaard et al.
1993, GRIP members 1993). The presence of
such fluctuations was confirmed through sets
of data from marine cores located in various
parts of the world (Cortijo et al. 1994, Seiden-
krantz et al. 1995, Stirling et al. 1995, Fron-
val & Jansen 1996, Maslin et al. 1996, Maslin
& Tzedakis 1996, Adkins et al. 1997), by pollen
data from a few European sites (de Beaulieu
& Reille 1992a, b, Guiot et al. 1993, Field et al.
1994, Thouveny et al. 1994, Cheddadi et al.
1998) and by results from other terrestrial pro-
files that were studied using different methods
(Larsen et al. 1995, Zhisheng & Porter 1997,
Ciszek 1999, Karabanov et al. 2000a). Similar
results for Europe are derived from the long
maar sequences in southern Europe (Tzedakis
et al. 1994).

Nonetheless, the majority of terrestrial

profiles indicated the successive course of cli-
mate changes during the Eemian interglacial
(Zagwijn 1961, Mamakowa 1989, Jozuel et al.
1993, Keigwin et al. 1994, McManus et al.
1994, Fauquette et al. 1999). Only few profiles
proved that the process might have under-
gone in a different manner (Miiller 1974, de
Beaulieu & Reille1989, 1992, Guiot et al. 1993,
Field et al. 1994).

During the study held in the last decade,
based on the Detailed Geological Map of
Poland in the scale 1: 50 000, about 30 new
sites of the lacustrine-mire deposits from the
Eemian interglacial were discovered in north-
ern Podlasie, north-eastern Poland (Kupry-
janowicz 1999a, b, ¢, 20004, b, c, d, e, f, 2001a,
b, 2002a, b, ¢, d, e, f, Brud & Kupryjanowicz
2000, 2002, Kupryjanowicz & Drzymulska
2000, 2002, Brud 2001, Kmieciak 2001, 2003,
Kurek & Preidl 2001a, b, Boratyn 2003, 2006,
Kwiatkowski & Stepaniuk 1999, 2003, Krzy-
wicki 2003, Noryskiewicz 2005, Birika 2006b).
It served as an opportunity for palaeoecological
reconstruction of this region. This area is now
situated in a transition zone between oceanic
and continental climate, in which way every
possible climate change of the European conti-
nent should have been reflected in a very short
period of time. As an example one may men-
tion the hottest and driest summers in Poland
that were noticed here in few previous years.
It subsequently led to the decrease in ground
water table and even to complete drying out
of the Gorbacz lake in 2003. Based on various
data (Mamakowa 1989) it may be stated that
during the Eemian interglacial this region
was also situated in the transition zone being
prone to a greater extent, as compared with
central Poland, to all even short-term climate
changes.

The main aim of the palaeobotanical study
was to find out whether during the Eemian
interglacial and at the beginning of the follow-
ing glaciation changes in northern Podlasie
environment (especially of the vegetation and
climate) followed the scheme of the interglacial
(Iversen 1954, Andersen 1964, 1966, Tobolski
1976) and interstadial succession, or the suc-
cession was disturbed by some fluctuation.
Detailed aims included:

— palynological documentation of the
Eemian and the Early Vistulian lakeland in
northern Podlasie,

— detailed regional pollen stratigraphy for



the Eemian interglacial and the Early Vistu-
lian of northern Podlasie region,

— correlation of the above-mentioned bios-
tratigraphical scheme with units distinguished
in Greenland’s ice cores, marine sediments and
selected pollen profiles from Europe,

— reconstruction of regional changes in
vegetation during the last interglacial and at
the beginning of the last glacial,

— reconstruction of climate changes during
the Eemian and the Early Vistulian,

— reconstruction of development of some
selected basins where sedimentation process
was recorded, related mainly to the succes-
sion of aquatic and reed-swamp plant commu-
nities.

Apart from current results in the field of
palaeoecological reconstruction that are pre-
sented in this paper earlier works of the author
coupled with publications of other authors
matching this case study were included as well
(see Fig. 1 and Tab. 1).

Table 1. Sites of the Eemian interglacial in north-eastern Poland. Site numbers corresponds with that on the map (Fig. 1), in
the stratigraphical table (Fig. 53, Tab. 58) and are written in square brackets [ ] in the text

No.| Name References
1 | Zabickie Krzywicki 2003, Kupryjanowicz 2002g
2 | Krasne Krzywicki 2003, Kupryjanowicz 2002g
3 | Grabowo Krzywicki 2003, Kupryjanowicz 2002g
4 | Nowy Dwoér — profiles 50, 59 and 62 | Noryskiewicz 2005
5 | Miklewszczyzna Bitner 1957
6 | Zacisze Bitner 1957
7 | Ludomirowo Bitner 1957
8 | Starowlany Kmieciak 2003, Daniluk 2005, and in this paper
9 | Chwaszczewo Kmieciak 2003, Kupryjanowicz 2002b, and in this paper
10 | Trzcianka Kmieciak 2003, Kupryjanowicz 2002d, and in this paper
11 | Gilbowszczyzna Kmieciak 2003, Kupryjanowicz 2002e, and in this paper
12 | Poniatowicze — profiles 1 and 2 Boratyn 2003, Kupryjanowicz 2002a, and in this paper
13 | Sokétka — profiles 1 and 2 Boratyn 2003, and in this paper
14 | Drahle Boratyn 2003, Kupryjanowicz 2002a, and in this paper
15 | Bohoniki Boratyn 2003, Kupryjanowicz 2002a, and in this paper
16 | Podkamionka Kmieciak 2003, Kupryjanowicz 2002¢, and in this paper
17 | Machnacz — profiles I and II Kupryjanowicz 1991, 1994, 1995a, b, ¢
18 | Czarna Wie§ Bitner 1956b
19 | Bagno-Kalinéwka Boréwko-Dtuzakowa & Halicki 1957
20 | Harkawicze Boratyn 2003, and in this paper
21 | Kruszyniany Wiosek 2005, and in this paper
22 | Radulin Kurek & Preidl 2001a, Kupryjanowicz 1999¢
23 | Pieszczaniki Kurek & Preidl 2001a, Kupryjanowicz 2000c, and in this paper
24 | Dzierniakowo Kurek & Preidl 2001a, Kuryjanowicz 2000b, 2005a, and in this paper
25 | Michatowo Kurek & Preidl 2001a, Kupryjanowicz & Drzymulska 2000, 2002
26 | Hieronimowo Kupryjanowicz 1999a, Kupryjanowicz et al. 2007, and in this paper
27 | Matynka Kurek & Preidl 2001b, Kupryjanowicz 2000a
28 | Solniki Kurek & Preidl 2001b, Kupryjanowicz 2005a, Kupryjanowicz et al. 2005, and
in this paper
29 | Klewinowo Mojski 1974, Boréwko-Dtuzakowa 1973a, 1974
30 | Lesznia-Luchowa Goéra Kupryjanowicz 2000f, Kmieciak 2001, and in this paper
31 | Hacki Brud & Kupryjanowicz 2002, Kupryjanowicz 2005b
32 | Proniewicze PR1/93 Krupinski 1995
33 | Proniewicze P-3 Kupryjanowicz 2000g, Kmieciak 2001, and in this paper
34 | Otapy — profiles I and II Bitner 1956a
35 | Woélka — profiles 1 and 2 Kupryjanowicz 2002f and in this paper
36 | Sliwowo — profiles 1 and 2 Kupryjanowicz 2002f and in this paper
37 | Skupowo Kupryjanowicz 2002e
38 | Bocki — profiles 1 and 2 Boratyn 2006, Kupryjanowicz 2005¢, and in this paper
39 | Choroszczewo Boratyn 2006, Kupryjanowicz 2005¢, and in this paper
40 | Milejczyce Binka 2006a
41 | Zareby Binka 2000
42 | Czarna Wielka Binka 2000
43 | Makarki Birika 2005




Table 1. Continued

No.| Name References

44 | Arbasy Duze Birika 2005

45 | Bloniewo Boréwko-Dtuzakowa & Halicki 1957
46 | Wyszkow Boréwko-Dtuzakowa 1973a, 1973b
47 | Kutytowo-Perysie Winter 1995

48 | Mystki Boréwko-Dtuzakowa 1971a, 1973a
49 | Kowale Janczyk-Kopikowa 1996

50 | Lapy Janczyk-Kopikowa 1996

51 | Podbiele Krupinski 1996a

52 | Czerwin — profiles 1 and 2 Krupinski 1996b, 1996¢

53 | Stylagi Krupiniski 1996b

54 | Konopki Le$ne

Boréwko-Dtuzakowa & Halicki 1957, Boréwko-Dtuzakowa 1971b

55 | Lomza-Lomzyca

Niklewski & Dgbrowski 1974, Straszewska & Gozdzik 1978, Krupinski 1992

56 | Lomza-Lomzyca

Niklewski & Dgbrowski 1974, Straszewska & Gozdzik 1978, Niklewski
& Krupinski 1992

57 | Lomzyczka River — 4 profiles

Binka et al. 2006

58 | Kupiski Nowe

Boréwko-Dtuzakowa 1975, Batuk 1978

59 | Jednaczewo

Batuk 1973, 1975, Boréwko-Dtuzakowa 1975

60 | Jednaczewo — 2 profiles

Birika et al. 2006

61 | Niewodowo

Musiat et al. 1982, Binika et al. 1988

62 | Kossaki Winter 2006

63 | Rakowo Nowe Krupiriski 2000b

64 | Dobrzyjalowo — 2 profiles

Binka et al. 2006

65 | Niebrzydy

Janczyk-Kopikowa 1999

66 | Osowiec Binka 2006b

67 | Sojczyn Gradowy Binka 2006b

68 | Blotno — profiles S10 and S11 Krupiniski 2000a

69 | Pyshki

Szafer 1928, Shalaboda & Yakubovskaya 1978, Velichkevich 1982, Shalaboda
2001, Litviniuk et al. 2002a

70 | Poniemun-1 = Poniemun

Szafer 1925, Dyakowska 1936, Srodon 1950, Grichuk 1950

71 | Poniemun-2

Kryger et al. 1971

72 | Poniemun-3

Rylova &, Khursevich 1978, Karabanov et al. 2000b

73 | Poniemun-4

Pavlowskaya et al. 2002

74 | Rumlovka = Rumléwka

Srodon 1950, Halicki 1951, Yelovicheva 1978, San’ko et al. 2002a

75 | Zhukevichi = Zukiewicze

Srodon 1950, San’ko et al. 2002b

76 | Bogatyrevichi-1 = Samostrzelniki =
Bohatyrowicze

Trela 1935, Srodon 1950

77 | Bogatyrevichi-2

Vozniachuk & Valchik 1978

78 | Bogatyrevichi-3 Shalaboda 2001

79 | Bogatyrevichi-4

Litviniuk et al. 2002b

RESEARCH AREA

LOCATION

According to regional division of Poland
based on palaeobotanical studies, northern
Podlasie belongs to the Bialystok Upland and
Biebrza Basin Region, which is the part of the
larger unit — the Masovia-Podlasie Lowlands
(Ralska-Jasiewiczowa 1989). In the physical
geographical division this area belongs to three
mezoregions — predominant part belonging to
the Biatystok Upland and Bielsk Upland, and
the remaining one to the Sokétka Hills (Fig. 1)
— being itself a part of the northern Podlasie
Lowland macroregion (Kondracki 1994).

GEOLOGY, GEOMORPHOLOGY
AND HYDROLOGY

The Pleistocene sediments being placed
at northern Podlasie reach from 90 to 180
metres in thickness (Nowicki 1971, Ber 1972,
Brud et al. 2002). Six glacial layers are distin-
guished: Narew, Nida, San, Wilga, Odra and
Warta (Mojski 1991, 2005, Lindner & Marks
1995). Holocene formations occupy relatively
large areas. They include silts, sands, gravels,
gyttjas and peats (Nowicki 1971, Ber 1972).

The relief of the Sokétka Hills is dominated
by the extended rolling morainic plateau that
was formed during the Mlawa stadial of the
Wartanian glaciation (Boratyn 2003, Kmieciak
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Fig. 1. Sites of Eemian floras in north-eastern Poland. Site numbers on the map are the same as in the Table 1 and in the
text: A — sites with lake and mire deposits of the Late Wartanian, Eemian interglacial and Early Vistulian in the studied
area described in this paper: A, — with detailed palynological analysis, A, — with expert’s report; B — sites with lake and mire
deposits of the Late Wartanian, Eemian interglacial and Early Vistulian in the studied area described in earlier papers: B; —
with detailed palynological analysis, B, — with expert’s report; C — sites with lake and mire deposits of the Late Wartanian,
Eemian interglacial and Early Vistulian in regions surrounding the study area: C; — with detailed palynological analysis,
C, — with expert’s report; D — the maximum extents of the last two glaciations (acc. Lindner & Marks 1995): V — Vistulian
(= Weichselian), W — Wartanian (= Saalian); E — boundary of the Northern Divide in the phytogeographical division of Poland

(acc. Szafer 1977a)

2003). Its surface is very diversified. Variously
elevated terrain with the highest points reach-
ing above 205 m a.s.l. consists mainly of hills
and hummocks of the end moraine, dead ice
moraine and narrow banks of crack accumula-
tion. The relief is diversified by frequent melt
depressions. At some sites scattered on the
moraine plateau surface there are low dune
banks and parabolic dunes. Similar forms also
appear at the bottom of old lake basins.

The area of the Bialystok Upland is splitted
by valleys of the rivers Suprasl and Brzostéwka
into smaller units of microregional rank: the
Bialystok Forest Zone, the Knyszyn Depression

and the Suchowola-Janéw Upland (Kondracki
1994). As to topographic features the Biatystok
Upland is divided by a boundary that runs
alongside of a dozen or so kilometres to the
north of Biatystok. To the south the surface
of the land represents features of old-glacial
terrain. However areas located to the north
from that division are characterized by greater
divergence in elevation which is typical for
young-glacial areas. Because of those features
as early as in the fifties of the previous century
Roézycki (1972) proposed a hypothesis about the
presence of an ice-sheet younger than the War-
tanian glaciation but older than the maximum



phase of the Vistulian glaciation in this part
of northern Podlasie. In previous years this
view found further followers (Banaszuk 1980,
1995, 1996, 1998, 2001, 2004a, 2004b, Fedoro-
wicz et al. 1995, Banaszuk & Banaszuk 2004a,
2004b). Their main reasoning was based on
the results of the thermoluminescentic dat-
ing of ice sediments that occurred in this part
of northern Podlasie. According to Banaszuk
(2004a) those data form two series — the first
of them contains dates from ca. 97-113 ka B.P.
and the second from ca. 50-60 ka B.P. — cor-
related chronologically into two different peri-
ods of the Vistulian glaciation. However dates
from age interval of 97-113 ka B.P. consider-
ing average error of 25.5% (Banaszuk 2004b)
may also correspond to the decline of the War-
tanian glaciation, which is dated ca. 128 ka
B.P. (Mojski 1993, 2005).

The results of the lithostratigraphical inves-
tigation of glacial tills from northern Podlasie
also suggest the presence of additional glacia-
tion between the Wartanian and the Vistulian.
According to Lisicki (2005) it was the Swiecie
glaciation, which covered area of only northern
part of northern Podlasie.

Despite the above-mentioned data, view
that the whole region of northern Podlasie lies
beyond the range of the Vistulian glaciation is
commonly accepted (Musiat 1986, 1992, Lind-
ner & Marks 1995, Ber 2000, Marks 2002).
According to the authors mentioned above
the presence of lake sediments of the Eemian
interglacial being not covered by the glacial till
on the Biatystok Upland, is one of the argu-
ments put forward, that may confirm that the
last glaciation did not cover northern Podlasie.
The review of different opinions on the deline-
ation of the southern boundary of that glacia-
tion is published by Krzywicki (2002, 2005).

The Biatystok Upland lies in the catchment
basin of the Baltic Sea. The natural river sys-
tem represents a distinctive feature in the local
landscape. The main natural watershed is that
of the river Narew with its tributaries, which
in turn constitutes a tributary of the river Vis-
tula (Schwartz 1989a, 1989b, Loszewski 1984).
Only small eastern part of the region is drained
by the river Swistocz, which sheds its waters
into the river Neman (Zietkowiak 1989). The
occurrence of numerous and large mire areas is
a characteristic feature of the region. In many
places groundwater level is very high and forms
springs or bog-springs (Kaniecki 1989). They

are concentrated in river valleys of Suprasl,
Jaroszéwka, Krzemianka, Czarna, Jatéwka and
Swiniobrédka (Gérniak 1993, Gérniak & Jeka-
teryniczuk-Rudczyk 1995a, b). Basins with stag-
nant water constitute a very rare element of this
particular hydrological system. The largests of
them are: the Komosa reservoir (14.4 ha), the
Gorbacz lake (12.62 ha), the Wigjki lake and
dam reservoirs of Siemianéwka and Czarna
Biatostocka. Presently the area of northern
Podlasie covered by lakes is less than 2%.

The Bielsk Upland is a gently rolling terrain
of the ground moraine, formed by glacial tills
and marginal lake deposits, and diversified by
the small hills of kames (Brud 2001, Kmieciak
2001). It is less elevated when compared with
adjacent mezoregions. When features of the
landscape are taken into account the land itself
appears to be monotonous. In the southern part
it mounts up to about 160.0-177.0 m a.s.l. and
in the northern part it descends gently down to
the Narew valley. The hydrographical network
of the Bielsk Upland is rather sparse with
watershed dividing the river Narew and the
river Bug catchment areas. Conversely, south-
western part of the region is drained by the
river Nurzec, which is the left-bank tributary of
the river Bug. The remaining fraction of study
area is drained by the river Biala, that flows
to the river Narew. Remarkably, large water
basins, such as lakes and ponds, are rudimen-
tary or absent, due to the successive land dry-
ing in the region. Still in 1950s hundreds of
small lakes were present. At the present time
even artificial reservoirs stay dried out.

CLIMATE

Northern Podlasie is one of the coldest
regions of Poland. The mean annual tem-
perature here stays relatively low reaching
on average ca. 7°C, which is 3-4°C below
values recorded for western Poland (Kaczo-
rowska 1958, Chrzanowski 1991). The differ-
ence between mean temperature of coldest and
warmest month is remarkable, 22°C, indicat-
ing continental character of the climate in this
part of Poland. Noticeably, the mean winter
temperature has increased in the last years.
At the same time the increase of the minimum
annual temperature has been recorded (Gor-
niak 2000). Warming-up of the winter season
stays in relation to prevalence of western cir-
culation of air masses.
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The mean annual precipitation is 610 mm.
Snow remains on the ground for 85-90 days
and its coverage is variably deep ranging from
8 to 80 cm. Vegetative season is short begin-
ning in the first decade of April lasting for
about 200 days (Sasinowski 1995). Western
and south-western (ca. 30%) winds prevail
(Gérniak 2000).

SOILS

The soils of northern Podlasie are rather
poor (Czerwiniski 1995). The largest area is cov-
ered with brown soils (about 60%), which are
divided into two sub-types: typical brown soils
and leached brown soils with some variation.
Large areas of clays and tills remain covered
with lessives soils. In this way they constitute
very fertile habitats and most of them are used
in agriculture. Rusty soils formed on outwash
sands occupy 5% of forest areas, whereas black
soils (4%) and marshy soils (5%) found in melt
depressions and river valleys, are covered with
relatively small forest patches. The last type,
peat soils develop on peat bogs.

PLANT COVER

According to geobotanical division of Poland
(Szafer 1977a, b) northern Podlasie is located
in the Bialowieza-Knyszyn Land, a part of
Northern Division of the Middle-European
Province (Fig. 1).

Area of investigation contains two large for-
est complexes — the Puszcza Biatowieska For-
est and the Puszcza Knyszynska Forest. Forest
covers about 70% of the area. Its most char-
acteristic feature is the presence of numerous
species and communities distinctive for their
northern range distribution. Picea abies is
a very important component (13.3%) of such
stands. It grows in all types of forest associa-
tions, whereas Pinus sylvestris tends to be the
dominant tree species (71.4%) in the Puszcza
Knyszyniska Forest.

The transitional character of vegetation
represent a distinctive feature of this particu-
lar region. It is exemplified by the prevalence
of central European and north-east European
species and by constituting range limit for
numerous plant communities, mainly those of
boreal type.

PREVIOUS PALAEOBOTANICAL
RESEARCHES IN NORTHERN
PODLASIE AND ITS VICINITY

Up to the end of 1980s there have been
only as few as 8 palaeobotanical studies on
the Eemian vegetation in northern Podlasie
region (cf. Mamakowa 1989) — from Otapy and
Czarna Wie$ (Bitner 1956a, 1956b), Ludomi-
rowo, Zacisze and Miklewszczyzna (Bitner
1957), Bagno-Kalinéwka (Boréwko-Dtuzakowa
& Halicki 1957), Mystki (Boréwko-Dtuzakowa
1971a, 1973a) and Klewinowo (Boréwko-
Dtuzakowa 1973a, 1974). In the nineties next
two localities, namely Machnacz (Kupryjano-
wicz 1991, 1994, 19954, b, ¢) and Proniewicze
PR./93 (Krupinski 1995) were studied.

In the last decade 26 new sites with palaeo-
lakes and palaeobogs deposits, that are covered
with sand-silt layers, have been discovered
in the region, what accompanied with works
upon the Detailed Geological Map of Poland in
the scale 1: 50 000 (Boratyn 2003, Brud 2001,
Kmieciak 2001, 2003, Krzywicki 2003, Kurek
& Preidl 2001a, b, Kwiatkowski & Stepaniuk
1999, 2003). Additionally, inspectors of the
Forest Inspectorate in Krynki have discovered
another site at Kruszyniany.

On the basis of preliminary palynological
analyses, biogenic sediments from those sites
were linked to the Eemian interglacial (Kupry-
janowicz 1999a, b, 2000a, b, ¢, d, e, f, 2001a, b,
2002a, b, c, d, e, f, Noryskiewicz 2005, Binka
2006a). So far only two of those sites were
studied in a more detailed manner: Michatowo
(Kupryjanowicz & Drzymulska 2000, 2002)
and Hacki (Brud & Kupryjanowicz 2000, 2002,
Kupryjanowicz 2005b).

MATERIAL AND METHODS

BORINGS AND SEDIMENTS DESCRIPTION

Twenty eight profiles from twenty two sites were
subject to palaeoecological examination (Figs 1, 2).
Twelve profiles were used in detailed pollen analy-
sis, whereas another sixteen were used for additional
investigations.

The majority of the borings was made within
a framework of the Detailed Geological Map of Poland
in the scale 1: 50 000. Four cores — Solniki, Dziernia-
kowo, Proniewicze P-3 and Pieszczaniki — came from
the drillings performed up to the Quaternary sediments
(Kurek & Preidl 2001a, b, Kmieciak 2001). Only cores
with undamaged sequences of sediments were taken
into account. Each of them was 12 c¢cm in diameter.
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Late Vistulian
and Holocene

Early Vistulian and Plenivistulian

Late Wartanian, Eemian Interglacial,
3 — humus sands, 4 — bituminous shale, 5 — diluvia sediments, 6 — clays and silts, 7 — Late Vistulian and Holocene peats,

8 — contemporary surface, 9 — sections studied by pollen analysis. Site numbers on the figure are the same as at Figure 1, in

Fig. 2. Absolute altitude of the analysed profiles. 1 — gyttjas and organic clays, 2 — Eemian and Early Vistulian peats,
Table 1 and in the text
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During the fieldwork they were divided into parts of
the length of 1.5 meter. Each of the parts was cut
lengthwise into two halves. One of them was prepared
for palaeoecological investigation being immediately
wrapped in aluminium foil and then stored in wooden
boxes. Afterwards it was taken to the laboratory of the
Department of Botany, University of Bialystok.

Another three cores, Boéki 1, Boéki 2 and Cho-
roszczewo (Boratyn 2006), were collected by the GEO-
PROBE device. One and the half metre sections of the
cores were secured into plastic tubes, each 3.5 cm in
diameter. The material was hermetically sealed and
put into tubes for the transport.

Seventeen borings: Sokétka 1, Sokétka 2, Poniato-
wicze 1, Poniatowicze 2, Drahle, Bohoniki, Lesznia-
Fuchowa Géra, Wélka 1, Wélka 2, Harkawicze, Chwasz-
czewo, Trzcianka, Gilbowszczyzna, Starowlany, Pod-
kamionka, Sliwowo 1 and Sliwowo 2 were performed
using mechanical drill (Boratyn 2003, Kmieciak 2001,
2003) by the Krakéw’s Geological Company JSC
(Przedsiebiorstwo Geologiczne S.A.).

Two corings were made with hand corer — the first
one in Kruszyniany by A. Czerwinski and P. Banaszuk
and the second one in Skupowo, by W. Kwiatkowski
and M. Stepaniuk, all from Bialystok Technical Uni-
versity (Kwiatkowski & Stepaniuk 2003). At site
the cores were properly cleaned and preliminarily
described. Then samples due to the pollen analysis
were collected straight from the probe. Each of the
samples contained about 50 ml of the material. The
samples were taken by the geologists responsible for
the borings. Only in case of four borings, i.e. Sokétka 2,
Poniatowicze 2, Kruszyniany i Skupowo, the samples
were collected by the author herself.

Two profiles were taken from ditch wall of exca-
vation about 3 m deep, while inspecting construction
operations of the Jamal gas transportation pipeline.
In Hieronimowo 12 monoliths (10x 10x 10 cm) and in
Malynka 7 samples (each of about 500 ml) were col-
lected (Kurek & Preidl 2001b).

All the samples were hermetically sealed into plas-
tic bags. Brief lithological description of the profiles
was completed while working afield. Further and more
detailed description was continued in the laboratory.
The sediments set for pollen analysis were described
on the basis of a system proposed by Troels-Smith
(1955). Hence, symbols used in the lithology columns
of the pollen diagrams also follow Troels-Smith (1955).
A description of its lithology is provided in separate
tables.

POLLEN ANALYSIS

Samples, 1 cm?® in volume, collected for pollen anal-
ysis were treated in laboratory conditions. They were
taken both from the cores and from relatively large
in volume samples collected at sites. The sampling
intervals were 3 to 5 cm. The samples were stored in
hermetically sealed plastic bags in a refrigerator in
temperature of 4°C.

More than 1000 samples were collected. Six hun-
dred and fourteen of them were subject to pollen
analysis.

The samples were prepared according to standard
procedures. Each sample was treated by Erdtman’s

acetolysis method (Erdtman 1943, 1960, Faegri & Iver-
sen 1989). Mineral components were removed mainly
by hydrofluoric acid (Moore et al. 1991). In case of silt
and clay materials a method of gravitational separa-
tion of mineral and organic components with the use
of a heavy liquid including solutions of potassium
iodide and cadmium iodide was employed (Dorogo-
nievskaya et al. 1952). The material was then mounted
in glycerine.

Sporomorphs were counted on at least two slides
for each sample. Number of pollen grains (AP+NAP)
per sample ranging between 500 and 2000 was always
counted, in most cases reaching ca. 1000. Sporomorphs
were determined using several keys and atlases of pol-
len and spore determination (Andersen 1979, Beug
1961, 2004, Erdtman 1966, Erdtman et al. 1961,
Faegri & Iversen 1989, Moore & Webb 1978, Punt
1976, Punt & Clarke 1980, 1981, 1984, Punt et al.
1988) and with the use of comparative specimens.
Determination of fern spores was based on works of
Sorsa (1964) and Moe (1974). Genera and species of
the family Caryophyllaceae were determined accord-
ing to Andersen (1961) and Chanda (1962). Species of
the genus Helianthemum were identified consistently
with the description of Wasylikowa (1964), whereas
those of the genus Tilia according to Praglowski
(1962), Andrew (1971). Classifying to Tilia platyphyl-
los was based on Stockmarr (1974), whereas to Tilia
tomentosa on Mamakowa (1989),

Some no-pollen microfossils, important for palaeo-
ecological reconstructions, were determined and
counted during pollen analysis: Nymphaeaceae idiob-
lasts (127 type — Pals et al. 1980), algae (Botryococ-
cus braunii, Pediastrum ssp. — Jankovska & Komaéarek
2000; Tetraedron minimum, 371 type — van Geel et al.
1981), fungi (Tilletia sphagni, 27 type — van Geel
1978), and Rhizopods (Amphitrema flavum, 31A type
— van Geel 1978).

For palaeoecological interpretation 590 pollen spec-
tra were used. Three samples were excluded because
they included too low a number of sporomorphs or the
sporomorphs were very poorly preserved. Twenty one
spectra contained no sporomorphs.

The sum of tree, shrub and herb pollen grains,
excluding aquatic and swamp plants, spores and no-
pollen remnants, was used as the basis for calculat-
ing particular percentages. Pollen of thermophilous
trees and shrubs, common in the Quaternary and
Tertiary were not excluded from the basic sum in the
Late Wartanian and the Early Vistulian samples.
One may ascertain however that they were quite
probably redeposited in many sections of the sites
being explored.

The obtained results of investigation were pre-
sented in the form of pollen diagrams, constructed
according to the suggestions of Berglund & Ralska-
Jasiewiczowa (1986). Diagrams were drawn using the
POLPAL computer programme (Walanus & Nalepka
1999, 2004, Nalepka & Walanus 2003).

Pollen diagrams were divided into local pollen
assemblage zones (L PAZ), being described, defined
and named following guidelines of Cushing (1967),
West (1970), Birks (1979, 1986), and Janczyk-Kopi-
kowa (1987). Names of the L PAZs indicated basic
composition of the pollen spectra. Taxon after which



a particular zone was named was not always that the
most abundant, though its values usually set a maxi-
mum level for higher stratigraphic units. Pollen and
spores, for which there was any doubt that they may
come from redeposition, were not used to name the
pollen assemblages zones.

SUPPLEMENTARY ANALYSES

Several analyses based on sediments from Solniki
and Dzierniakwo profiles accompanied those mentioned
earlier. These were performed within the framework
of research project, No. 3 P04C 025 25 with partici-
pation of specialists in the fields listed below. These
included chemical analyses by A. Gérniak, University
of Bialystok, measurement of magnetic susceptibil-
ity and grain size distribution by D. Ciszek, Wroctaw
University, analysis of 180 and 3C stable isotopes, by
J. Mirostaw-Grabowska, Institute of Geological Sci-
ences in Warsaw, analyses of the genus Cladocera, by
M. Niska, Pedagogical University in Stupsk and dia-
toms, by B. Marciniak, Institute of Geological Sciences
in Warsaw. Only results of the magnetic susceptibility
measurement, grain size distribution, basic chemical
analyses of sediments and analysis of stable isotopes
were taken into consideration for the purpose of pre-
paring this article. Full compendium of all analyses
will be a subject of separate study that is already pre-
pared for publication.

Analysis of sediment granulation was made for 200
samples, 100 from Solniki and 100 from Dzierniakowo.
It was carried out by means of laser method.

Organic carbon content was determined using
Tiurin’s method for mineral sediments, whereas
Alten’s method was applied in case of organic sedi-
ments (Bednarek et al. 2004). As to calcium carbonate
content Scheibler’s method was used (Bednarek et al.
2004).
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Additionally, analysis of magnetic susceptibility
was carried out for 300 sediment samples.

Then, carbon and oxygen isotope composition was
estimated for the calcareous sediments using the classi-
cal phosphoric acid method (McCrea 1950, Craig 1953,
Hoefs 1996). Concentration of 13C and 20 isotopes was
presented as 3C/!2C and '80/'®0 isotope ratios versus
the V-PDB standard. The analytical error was + 0.05%o
for § 13C and + 0.1%o for § 180.

BACKGROUND
TO THE PALAEOECOLOGICAL
INTERPRETATIONS

BIALYSTOK UPLAND

Solniki

The Solniki [28] site (53°30'N, 23°12'E;
143 m a.s.l.) is located in central part of the
Biatystok Upland, approximately 18 km south
of Bialystok and about 4 km south-west of
Zabtudow (Figs 1 and 2).

The palaeolake, where coring was car-
ried out, lies some 100 m east of the Solniki
to Kozliki road, on the left bank of the river
Czarna valley (Fig. 3). The studied sediments
fill the subglacial basin, that was formed dur-
ing the Wartanian glaciation (Kurek & Preidl
2001b). The surface of the basin extends over
the area of ca. 700x300 m. Nowadays it is
used as a wet meadow pasture.

The coring was carried out using a geolo-
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Fig. 3. Solniki [28]. Location of the site: A — geological setting (acc. Kurek & Preidl 2001b): 1 — alluvia of inflow depressions,
2 — fluvial sands, 3 — silts and sands of melt depressions, 4 - glacial tills, 5 — eolian sands, 6 — sands and humus sands of
valley bottoms, 7 — sands and humus sands of valley bottoms overlying the Eemian deposits, 8 — glacial sands and gravels,
9 — kame sands and gravels, 10 — kame sands and silts; B — topography: 11 — studied profile, 12 — road
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Table 2. Solniki [28]. Lithology of the profile

Depth (m) Sediment description
0.00-0.40 |sandy soil, grey
0.40—-2.00 |fine and medium sand, yellow
2.00-3.00 |silt, slightly sandy, dark grey, compact
3.00-3.90 | peaty silt with clay, dark grey;
Ag3, As0.5, Th/Tb0.5, Dg+; struc.: homogeneous, with plant detritus; nigr.2+, strf.0, elas.0, sicc.2, lim.sup.0
3.90-5.60 |organic silt with sand, slightly clayey, black;
Ag3, Ga0.5, Sh0.5, Th/Tb+, Dg+, As+; struc.: very homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.0
5.60-8.20 |organic clayey silt, brown-black;
Ag3, Asl, Sh+, Th/Tb+, Dg+, Ga+; struc.: homogeneous, very compact; nig.2, strf.0, elas.0, sicc.2, lim.sup.0
8.20-10.00 |organic clayey silt with small admixture of CaCOj3 brown;
Ag3, Asl, Sh+, Th/Tb+, Dg+, Ga+, Le+; struc.: homogeneous, very compact; nig.2, strf.0, elas.0, sicc.2, lim.
sup.0
10.00-10.60 | organic silt, black;
Ag3, As+, Th/Tb0.5, Sh0.5, Dg+, Ga+; struc.: very homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.0
10.60-11.00 | peat, slightly clayey with traces of sand, black;
Tb2, Thl, Shl, Dg+, Ga+, As/Ag+; struc.: heterogeneous; nig.3, strf.0, elas.1, sicc.2, lim.sup.2
11.00-11.10 |organic silt, black;
Ag3, As+, Th/Tb0.5, Sh0.5, Dg+; struc.: homogeneous, compact; nig.3, strf.0, elas.0, sicc.2, lim.sup.0

gical corer. It accompanied preparation of
the Trze$cianka sheet of the Detailed Geo-
logical Map of Poland, in scale 1:50 000
(Kurek & Preidl 2001b). The cored sequence
was 162.50 m Ilong. Lake deposits, over
7.00 m in thickness, were present at a depth
of 3.00-11.10 m. The main part of the palaeo-
lake sediments contains organic silts. There is
peat layer at a depth of 11.00-10.60 metres
below the surface being covered by 3 m deposit
of sand. Detailed description of the lacustrine-
mire series is showed in Table 2.

More than 180 samples were examined by
pollen analysis. Pollen frequency is high or
very high in all of them. Pollen percentage dia-
gram (Fig. 4) was divided into 12 local pollen
assemblage zones (Tab. 3).

The results of magnetic susceptibility meas-
urement, of the analysis of grain size distribu-
tion and of the chemical analysis of sediments
are presented in Figure 4.

Lithological variability of the sediments in
Solniki makes palaeoenvironmental interpre-
tations of the magnetic susceptibility changes

Table 3. Solniki [28]. Description of local pollen assemblage zones (L. PAZ)

L PAZ Name Depth (m) Description
S-1 Pinus-Betula- 11.06-10.93 Domination of Pinus sylvestris type (84-91%); low values of Betula alba type
Picea (1.5-6.1%); NAP represented by a very small number of taxa — Artemisia

pollen is dominant; the presence of pollen of thermophilous deciduous trees
(Quercus, Tilia cordata type, Ulmus, Carpinus betulus) and Corylus avellana
(probably redeposited).

The upper boundary: the fall of Pinus sylvestris type and Picea abies type;
the increase of Quercus, Ulmus and Salix.

The rise of Quercus and Ulmus values (to 23% and 2.6%, respectively);
culmination of Salix (max. 8%); small increase of Betula alba type (max.
13.6%); very high, but continuously decreasing, values of Pinus sylvestris
type (51.7-87.5%); start of Fraxinus continuous curve; the first pollen grain
of Hedera helix.

The upper boundary: the fall in the values of Pinus sylvestris type and Salix
and the increase of Quercus, Ulmus and Fraxinus.

S-2 Pinus-Salix-
Quercus-Ulmus

10.90-10.77

S-3 10.75-10.45 The highest values of Quercus, Ulmus, and Fraxinus pollen in the whole
profile, with a maximum respectively of 64.6%, 18.7% and 5.5%; continu-
ous presence of Pinus sylvestris type, but its values fall consistently to 14%;
appearance of Viscum, Taxus baccata and Acer; the proportion of Corylus
avellana rising to 22.3%; the start of Alnus continuous curve.

The zone has not upper boundary.

Quercus-Ulmus-
Fraxinus

10.40-10.30 Domination of Betula alba type and Pinus sylvestris type; sporadic occur-
rence of pollen of thermophilous deciduous trees (Quercus, Tilia cordata type,
Ulmus, Carpinus betulus), and Corylus avellana; relatively high proportion of
NAP; the presence of pollen of Juniperus and Betula nana type.

Pollen spectra probably represent disturbed section of profile.
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L PAZ

Name

Depth (m)

Description

S-4

Corylus-Alnus-
Tilia

10.25-9.85

Domination of Corylus avellana, with absolute maximum of 75.3%; the high-
est values of Tilia cordata type in the whole profile (max. 15.1%); somewhat
more frequent occurrence of T. tomentosa; the culmination of Alnus (24%);
values of Ulmus and Quercus lower then in the previous zone — Quercus curve
fluctuates around 1.5-4.8%, Ulmus around 0.6-7.4%; the values of Fraxinus
below 1 %; the rise of Carpinus betulus curve; the occurrence of pollen of Acer
and Taxus baccata, but with very low values; constant presence of Hedera
helix and Viscum; the appearance of Ilex in the top part of the zone.

The upper boundary: the rise of Carpinus betulus pollen values to over 50%;
the fall of Corylus avellana below 30%.

S-5

S-5a

S-5b

S-5¢

S-5d
S-5e

Carpinus-Alnus

Carpinus-Corylus-
Tilia
Corylus-Tilia

Carpinus-Corylus

Carpinus
Picea-Quercus

9.80-7.70

9.80-9.45

9.40-9.02

8.95-8.50

8.45-8.35
8.30-7.80

Maximum of Carpinus betulus; Alnus values oscillating around 10%; propor-
tion of Corylus avellana, Quercus, Ulmus, and Tilia cordata type lower then
in previous zone.

The upper boundary: of the increase in pollen values of Picea abies type and
Pinus sylvestris type; decrease in percentages of Carpinus betulus.

The zone is divided to 5 subzones:

Values of Carpinus betulus oscillating around 50%; depressions of Corylus
avellana and Tilia cordata type.

The values of Corylus avellana, Ulmus, and Tilia cordata type higher then
in other subzones (mean values of this taxa are respectively 25.7%, 6.8% and
2.6%); nearly continuous occurrence of pollen of Hedera helix and Viscum,
the presence of Tilia platyphyllos and Tilia tomentosa pollen; very different
values of Carpinus betulus — they fluctuate from 30.2% to 64.8% (mean value
is 30.2%).

Percentages of Corylus avellana, Ulmus, and Tilia cordata type lower then
previously; the slow increase of Picea abies type; the values of Carpinus betu-
lus more still and higher that S-6b subzone (55.6—72.8%); the presence of of
Viscum pollen.

Absolute maximum of Carpinus betulus (82.4%).

The lowest in whole zone values of Corylus avellana, Ulmus and Tilia cor-
data type; increase of Picea abies type values to over 20% and Pinus sylvestris
type to over 15%; continuous presence of Abies alba pollen; low-percentage
culmination of Quercus (4%).

S-6

Picea-Alnus-
Carpinus-Pinus

7.70-7.40

The highest values of Picea abies type with maximum of 37.2%; the slow cul-
mination of Abies alba (1%); the consistently rising curve of Pinus sylvestris
type (to 48%); low percentages of Betula alba type (to 20%); Alnus values
about 10%; Carpinus betulus proportion falling from 20% to 5%; single grains
of Larix pollen.

The upper boundary: the rise of Pinus sylvestris type to over 50%; the fall of
Picea abies type below 30%.

S-7

S-Ta

S-7b

S-Tc

S-7d

Pinus

Picea-Carpinus-
Alnus

Betula

Artemisia-
Cyperaceae

Pinus

7.35-6.35

7.35-7.10

7.05-6.90

6.85-6.70

6.65-6.35

Domination of Pinus sylvestris type; continuous, but low-percentage curve of
Larix; still presence of Picea abies type pollen; sporadic occurrence of Abies
alba pollen.

The upper boundary: the rise of NAP proportion over 30%.

The zone is divided into four subzones:

Pinus sylvestris type values by 65% to 84.4%; relatively high proportion of
Picea abies type, which falls by 20.8 to 6.2%; the presence of pollen of Carpi-
nus betulus, Alnus and Quercus, but with low values.

Two peaks of Betula alba type — higher of they has values of 68.7%; two
depressions of Pinus sylvestris type with values of 56.4% and 21.6%, which
are separated by peak with values of 81.8%; proportion of NAP rising at top
part of subzone to about 20%.

The culmination of NAP (15-50%) — Cyperaceae (12%), Artemisia (10%) and
Poaceeae (max. 3%); relatively high values of Betula alba type with peak at
top part of subzone (41.9%); Pinus sylvestris type curve fluctuating around
40.8-53.4%.

Maximum of Pinus sylvestris type values (91.3%); rather low percentages of
Betula alba type (7.0-18.6%), similar as at S-6a subzone; low values of NAP
at bottom part subzone, at top part they rise to 25%.
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Table 3. Continued

L PAZ

Name

Depth (m)

Description

S-8

S-8a

S-8b

S-8c
S-8d

Artemisia-Cyper-
aceae-Poaceae-
Betula nana

Pinus-Calluna

Juniperus

Pinus

Betula-Juniperus-
Betula nana

6.30-5.70

6.30-6.00

5.95-5.90

5.85-5.80
5.75-5.70

High values of NAP (32-55%) — Cyperaceae (to 35%), Artemisia (to 15%), and
Poaceae (to 13%); the rise in the pollen values of Chenopodiaceae, Caryophyl-
laceae undiff., Cichorioideae, Thalictrum, and Anthemis type; great variety of
herbs taxa — more significant in these are Helianthemum, Gypsophila fastig-
iata type, Dianthus type, and Aster type; the increase of values of Juniperus
and Betula nana type; the appearance of Ephedra fragilis type; low values of
Pinus sylvestris type (3.1-49.7%) and Betula alba type (8.2—-35.4%); the low-
percentage culmination of Salix (max. 4.5%); the presence of pollen of Picea
abies type (to 3.9%), Alnus (to 6.7%), Carpinus betulus (to 2.1%), Corylus
avellana (to 1.8%), Ulmus (below 1%), and Tilia cordata type (below 1%) —
probably redeposited.

The upper boundary: rapidly increase of Betula alba type values to 71.1%.
Zone S-8 is divided into 4 subzones:

The highest in the whole profile values of Cyperaceae; more abundant occur-
rence of Calluna vulgaris; the fall of Pinus sylvestris type curve from 49.7%
to 11.3%.

Absolute maximum of Juniperus (20%); depressions of Pinus sylvestris type,
Picea abies type and Alnus..

The peak of Pinus sylvestris type with values of 23.0-24.9%.

Absolute maxima of Betula nana type (6.0%) and Poaceae (13.5%); the rise
of pollen values of Betula alba type to 35.4%; the lowest in the whole zone
values of Pinus sylvestris (3.1-3.9%).

S-9

S-9a

S-9b

Betula

NAP

Pinus

5.65-5.20

5.65-5.47

5.45-5.20

Absolute maximum of Betula alba type (89.5%); values of Pinus sylvestris
type fluctuating from 1.4% to 67.7%.

The upper boundary: rapid fall in the pollen values of Betula alba type and
the increase of NAP.

Zone S-9 is divided into 2 subzones:

Gradual decrease in pollen values of herbs; low proportion of Pinus sylvestris
type (1.4-3.5%); the presence of pollen of Juniperus and Betula nana type.

Two peaks of Pinus sylvestris type, higher with values of 65.3%.

S-10

S-10a

S-10b

Betula-Artemisia

Artemisia

Pinus

5.18-4.95

5.18-5.05

5.00-4.95

The culmination of NAP (to 32,5%), mainly Artemisia and Chenopodiaceae;
small increase of Juniperus and Betula nana type values; high proportion of
Betula sylvestris type (67.7%).

The upper boundary: rapid fall in the pollen values of Betula alba type; the
increase of Pinus sylvestris type.

Zone S-10 is divided into 2 subzones:

The increase of herbs pollen values and rapid rise of Betula alba type to
71.7%.

The peak of Pinus sylvestris type (67.7%).

S-11

S-11a

S-11b

S-11c

Pinus-Betula

Betula-Artemisia

Pinus-Betula-Larix

Pinus

4.90-3.90

4.90-4.70

4.65-4.15

4.10-3.90

Very high values of Pinus sylvestris type (10-89.5%) and Betula alba type
(5.0-73.6%); the presence of Picea abies type and Larix values to about 4%;
low frequency of NAP.

The upper boundary: the decrease of Pinus sylvestris type values to 55%; the
rise of NAP above 30%.

The zone is divided into 3 subzones:

Culmination of Betula alba type (ca. 80%); at the lower part peak of NAP
(22%).

Domination of Pinus sylvestris type (50-85%); relatively high values of
Betula alba type (mean 25.1%); more frequent abundance of Larix pollen
(max. 4.6%).

The culmination of Pinus sylvestris type pollen (89.5%).

S-12

S-12a
S-12b
S-12¢

S-12d

Artemisia-
Poaceae

Artemisia-Pinus
Pinus

Betula nana-
Calluna

Pinus-Juniperus

3.88-3.00

3.88-3.80
3.75-3.65
3.60-3.20

3.15-3.00

The rise in pollen values of herbs to 63%; the great variety of they taxa; pollen
of Artemisia (15-32%), Cyperaceae (4—19%), Poaceae (4—8%), Chenopodiaceae
(about 2%), and Thalictrum is most abundant; the presence of pollen of Cal-
luna vulgaris (to 4%) and Ericaceae undiff. (to 2%); shrubs are represented
by pollen of Juniperus (below 1%) and Betula nana type (to 1.5%).

No upper boundary.

The zone is divided into 4 subzones:

The peak of Artemisia (to 21%).
Culmination of Pinus sylvestris type (%); depression of NAP.

Values of Pinus sylvestris type decreasing from 55% to 30%; still presence of
Salix and Betula nana type;

Still presence of Salix; Juniperus and Betula nana type.
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lasting from the end of S-5 Carpinus L PAZ,
through the entire S-6 Picea-Alnus-Carpinus-
Pinus L PAZ and at the beginning of the S-7
Pinus L PAZ is certainly caused by lithologi-
cal changes. However increase in magnetic
susceptibility values at lower part of the S-5b
Corylus-Tilia pollen subzone within relatively
homogenous deposits of the S-5 Carpinus zone
may indicate some climate fluctuation, prob-
ably a cooling or an increase in humidity.

On the ground of the results of stable iso-
tope analysis, five isotopic zones (S;) were
defined and characterized (Fig. 5). Despite
lithological variability in lacustrine sediments,
especially when considering the presence of
organic interlayers, the most detailed picture
of environmental changes was obtained only in
case of the S-5 Carpinus local pollen zone.

Dzierniakowo

The Dzierniakowo [24] site (53°6°N, 23°37E),
is located in the eastern part of the Biaty-
stok Upland, about 30 km east of Biatystok
(Fig. 1).

The boring was carried out at ca. 164 m a.s.],
in a relatively small melt depression, where
the river Dzierniakéwka starts springs (Figs
6, 7). The surface of the basin spans the area

T T T T T T T T T T T T T T

0 2 km .1

@2 W3 = =4

Fig. 6. Dzierniakowo [24]. Location of the site: A — hipsometric map of the Niecka Grédecko-Michatowska depression; B —
more detailed hipsometric map of studied palaeolake region: 1 — studied profile, 2 — other Eemian and Early Vistulian profiles
(Michatowo P-3 — Kupryjanowicz & Drzymulska 2002; Pietuchowszczyzna — Prészynska et al. 1973), 3 — Late Vistulian and
Holocene pollen profiles (Rabinéwka — Piasecka 1999, Julianka — Szachowicz 2002, Gorbacz — Baszyrniski et al. 1954, Gierasi-

mow et al. 1957), 4 — railway line
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Fig. 7. Dzierniakowo [24]. Geological profile of the site (acc.
Kurek & Preidl 2001a): 1 — alluvia of inflow depressions, 2 —
fluvial sands and gravels, 3 — melt sands and silts, 4 — humus
sands and silts of valley bottoms, 5 — humus sands and silts
of valley bottoms overlying the Eemian sediments, 6 — sands
and gravels of fissured accumulation, 7 — kame sands and
gravels, 8 — glacial sands, gravels and boulders, 9 — kame
sands and silts, 10 — alluvia overlying fluvial sands and grav-
els, 11 — glacial tills, 12 — diluvial sediments

Table 4. Dzierniakowo [24]. Lithology of the profile

of ca. 300x400 m. From the south, west and
the north the examined basin is surrounded by
kame hills that reach the height of 210 m a.s.l.
To the east of that basin, through the narrow
valley of the river Dzierniakéwka, it is con-
nected with two other melt depressions and
with another broad depression of the Niecka
Grédecko-Michalowska (ca. 8-10 km long and
3-12 km wide). It is filled with lake-mire sedi-
ments of the Eemian interglacial and the Early
Vistulian, covered up by approximately 3 metre
layer of sands and thick layers of Late Glacial
and Holocene peat. It was well documented by
numerous borings from the Niecka Grédecko-
Michalowska (Prészynska et al. 1973, Piasecka
1999, Kupryjanowicz & Drzymulska 2002).
The coring was carried out using a geologi-
cal corer. It accompanied fieldwork proceeding
preparation of the Grédek sheet of the Detailed
Geological Map of Poland in scale 1: 50 000
(Kurek & Preidl 2001a). The sequence was
about 200 m long. Palaeolake deposits, ca.
19 m in thickness, were present at a depth of
23.72 to 5.00 m. The bottom part of the lake

Depth (m) Sediment description
0.00-0.40 clayey soil
0.40-2.00 fine sand with gravel, light yellow
2.00-4.00 fine sand, light yellow
4.00-5.00 coarse sand, dark yellow
5.00-11.00 sandy silt, dark grey
11.00-12.00 sand with gravel, dark yellow
12.00-13.80 organic silt, slightly clayey, dark grey
13.80-15.80 sand with gravel and glazy, yellow
15.80-19.50 organic silt, dark brown and black
19.50-19.80 organic silt with fragments of sedges leaves and traces of CaCOj3, brown;
Ag3, As0.5, Th0.5, Dg+, Lec+; struc.: homogeneous; nig.2, strf.0/4, elas.0, sicc.2, lim.sup.0
19.80-20.45 organic silt, compact, with roots of plants, brown and light brown;
Ag3.5, As+, Th0.5, Dg+, Sh+; struc.: homogeneous; nig.2, strf.0/4, elas.0, sicc.2, lim.sup.0
20.45-20.50 substantia humosa with silt, black;
Sh3.5, Ag0.5, Dg+, As+; struc.: homogeneous; nig.3, strf.0/4, elas.0, sicc.2, lim.sup.0
20.50-20.60 peat, highly decomposed, black;
Th1, Th1, Dgl, Sh1, Ag/As+; struc.: homogeneous; nig.3, strf.0/3, elas.0, sicc.2, lim.sup.0
20.60-20.70 substantia humosa with silt, black;
Sh3.5, Ag0.5, Dg+, As+; struc.: homogeneous; nig.3, strf.0/4, elas.0, sicc.2, lim.sup.0
20.70-20.95 peat, highly decomposed, dark brown;
Th2, Th1, Sh1, Ag/As+; struc.: homogeneous; nig.3, strf.0/4, elas.0, sicc.2, lim.sup.0
20.95-21.00 clayey peat, brown;
Th2, Th1, Sh0.5, Ag0.5, As+; struc.: homogeneous; nig.2, strf.0/4, elas.0, sicc.2, lim.sup.0
21.00-21.60 organic silt, brown;
Ag2.5, As0.5, Th/Tb0.5, Sh0.5, Dg+; struc.: homogeneous; nig.2, strf.0/4, elas.0, sicc.2, lim.sup.0
21.60-21.87 substantia humosa with silt, black;
Sh3.5, Ag0.5, As+, Dg+; struc.: homogeneous; nig.3, strf.0/4, elas.0, sicc.2, lim.sup.0
21.87-21-93 peat, weakly decomposed, brown;
Th2, Th2, Sh+, Ag/As+; struc.: homogeneous; nig.2, strf.0/4, elas.0, sicc.2, lim.sup.0
21.93-22.49 substantia humosa with silt, black;

Sh3.5, Ag0.5, As+, Dg+; struc.: homogeneous; nig.3, strf.0/4, elas.0, sicc.2, lim.sup.0
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Depth (m) Sediment description
22.49-22.51 peat, weakly decomposed, brown;
Th2, Th2, Sh+, Ag/As+; struc.: homogeneous; nig.2, strf.0/4, elas.0, sicc.2, lim.sup.0
22.51-22.55 substantia humosa with silt, black;
Sh3.5, Ag0.5, As+, Dg+; struc.: homogeneous; nig.3, strf.0/4, elas.0, sicc.2, lim.sup.0
22.55-22.90 organic silt, slightly sandy, brown,;
Ag2.5, As0.5, Th/Tb0.5, Ga0.5, Sh+, Dg+; struc.: homogeneous; nig.2, strf.0/4, elas.0, sicc.2, lim.sup.0
22.90-23.65 substantia humosa with silt, black;
Sh3.5, Ag0.5, As+, Dg+; struc.: homogeneous; nig.3, strf.0/4, elas.0, sicc.2, lim.sup.0
23.65-23.70  substantia humosa with silt and sand, black;

Sh3, Ag0.5, Ga0.5, As+, Dg+; struc.: homogeneous; nig.3, strf.0/4, elas.0, sicc.2, lim.sup.0

Table 5. Dzierniakowo [24]. Description of local pollen assemblage zones (L PAZ)

L PAZ

Name

Depth (m)

Description

D-1

Corylus-Tilia-
Alnus

23.71-23.55

Predomination of Corylus avellana (30-62%); high values of Alnus and Tilia
cordata type (ca. 20%); relatively high proportion of Ulmus and Quercus (to
3% and to 10% respectively); Carpinus betulus pollen curve gradually rising
from 0.2% to 2.5%); very low percentages of Pinus sylvestris type and Betula
alba type (below 10% and 1% respectively); single pollen grains of Tilia
platyphyllos and Tilia tomentosa.

The upper boundary: the increase of Carpinus betulus above 20%; the fall of
Corylus avellana below 30%.

D-2

D-2a

D-2b

D-2b

Carpinus-Alnus

Corylus-Tilia
Corylus-Ulmus

Picea

23.50-23.25

23.50

23.45-23.35

23.30-23.25

The increase of Carpinus betulus to 68%; the fall of Corylus avellana from
20% to 5%; Alnus oscillating around 12%, and Ulmus around 5%; the
decrease of Tilia cordata type to 5%; very low proportion of Pinus sylvestris
type and Betula alba type (below 5% and 3% respectively).

The zone has not upper boundary — hiatus is present between the upper-
most spectrum of this zone (23.25 m) and the lowest spectrum of D-3 zone
(23.20 m).

High values of Tilia cordata type, similar as in previous zone; increase of
Carpinus betulus up to 30%.

Relatively high Corylus avellana and Ulmus percentages; decreasing propor-
tion of Tilia cordata type.

Start of continuous pollen curve of Picea abies type and its rise to 3%.

D-3

D-3a

D-3b

D-3d

Pinus

Picea-Betula

NAP-Betula

Larix

23.20-22.95

23.20-23.05

23.03

23.02-22.92

Domination of Pinus sylvestris type (50-90%); percentages of Betula alba
type oscillating around 15%.

The upper boundary: rise of NAP proportion above 30%; fall of Pinus sylves-
tris type values below 40%.

The peak of Picea abies type (10%); proportion of Betula alba type slightly
rising to 9%.

The peaks of Betula alba type (15%), Artemisia (6%), Cyperaceae (10%), as
well as Corylus avellana (4%) and numerous deciduous trees (Alnus — 4%,
Carpinus betulus — 8%, Picea abies type — 3%), pollen of which probably
occurs at the secondary bed.

Larix culmination (ca. 2%).

D-4

D-4a
D-4b
D-4c

Artemisia-
Cyperaceae-
Chenopodiaceae

Ericaceae
Pinus

Juniperus-Poaceae-
Betula

22.90-22.55

22.90-22.85
22.80-22.75
22.70-22.55

NAP predomination; very differentiated values of Pinus sylvestris type
(10-70%); Betula alba type gradually increasing to 20%; relatively high of
Salix proportion (ca. 2%); pollen of Corylus avellana, Carpinus betulus, Tilia
cordata type, Alnus and Picea abies type probably at the secondary bed.
The upper boundary: rapid rise of Pinus sylvestris type to 60%; fall of NAP
to 2%.

Low-percentage culmination of Ericaceae undiff. and Calluna vulgaris.
The peak of Pinus sylvestris type with value of 61%.

Absolute maximum of Juniperus (21%); gradually rising values of Betula
alba type; relatively high proportion of Betula nana type.

D-5

Pinus-Betula

22.563-22.39

Pinus sylvestris type and Betula alba type domination — there are two peaks
of pine pollen with values of ca. 60% each, and between them the peak
Betula alba type (max. 82%). NAP proportion below 5%.

The upper boundary: rapid fall of Pinus sylvestris type to 40%; rise of
Artemisia.
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Table 5. Continued

L PAZ Name Depth (m) Description
D-6 Artemisia-Betula 22.36-22.33 The peak of Artemisia (15%); values of Betula alba type rising to 60%.
The upper boundary: fall of Artemisia; rise of Betula alba type to 75%.
D-7  Pinus-Betula 22.31-21.55  Betula alba type and Pinus sylvestris type domination.
The upper boundary: fall of Pinus sylvestris type from 85 to 50%; rise of
NAP to 40%.
D-7a  Betula 22.31 The peak of Betula alba type with value of 80%.
D-7b  Pinus 22.25-22.00 Proportion of Betula alba type oscillating around 40% and Pinus sylvestris
type around 60%.
D-7¢  Pinus-Picea 21.95-21.55  Absolute maximum of Pinus sylvestris type (90%); regular presence of Picea
abies type pollen (1-3%).
D-8 Artemisia- 21.52-20.90 NAP predomination (50-60%), mainly Artemisia, Poaceae, Cyperaceae and
Betula nana Chenopodiaceae; relatively high frequencies of Juniperus and Betula nana
type.
The upper boundary: rise of Betula alba type to 60%; fall of NAP below
50%.
D-9  Pinus-Betula 20.82-20.52  Betula alba type and Pinus sylvestris type domination.
The upper boundary: fall of Pinus sylvestris type to 60%; rise of NAP to
30%.
D-9a  Betula 20.82-20.65 Betula alba type culmination (80%); very low proportion of Pinus sylvestris
(ca. 5%); values of NAP gradually decreasing from 55% to 5%.
D-9b  Pinus-Larix 20.60-20.53  Pinus sylvestris type domination (ca. 85%); low values of Betula alba (ca.
8%); absolute maximum of Larix (4%); still presence of Picea abies type pol-
len (ca. 1%).
D-10 Pinus-Betula-NAP 20.48-19.85 Pinus sylvestris values gradually decreasing from 60% to 30%; still presence
of Ericaceae undiff., Lycopodium annotinum and Botrychium.
The upper boundary: rise of NAP to 70%.
D-11  Artemisia- 19.80-19.70  The first culmination of Ranunculus acris type; absolute maximum of NAP
Poaceae- (80%) — very high values of Poaceae, Artemisia and Cyperaceae (max. 30%,
Ranunculus 19% and 16% respectively); relatively frequent pollen of Betula nana type

(to 3%).

The zone has not upper boundary.

sediments contained substantia humosa with
silt. Peat and organic silt appeared at a depth
of 22.90 metres below the surface (Tab. 4). The
lacustrine-mire series were covered by a layer
of ca. 5.00 metres of sand.

Complete pollen record that was contained
in the profile from Dzierniakowo site [24] rep-
resents the Eemian interglacial, the Early
Vistulian and in great part the Plenivistulian
(Kupryjanowicz 2005b). Only the results of pol-
len analysis of the Eemian and the Early Vis-
tulian sediments are presented in this paper.
Results of the palynological investigations of
the Plenivistulian section of the profile will be
a subject of separate study, which is being pre-
pared.

More than 90 samples of the Eemian and
the Early Vistulian sediments were subjected
to thorough pollen analysis. Pollen frequency
is high or very high in all of them. Pollen per-
centage diagram of the profile (Fig. 8) was
divided into 11 local pollen assemblage zones
(Tab. 5).

The results of magnetic susceptibility

measurement, of the analysis of grain size
distribution and the chemical analysis of sedi-
ments are presented in Figure 8. Rapid increase
in magnetic susceptibility was detected in rela-
tion to particular sections, namely within (1)
the D-3b Artemisia local pollen subzone of the
D-3 Pinus zone, (2) the D-4 Artemisia-Poaceae
L PAZ, and (3) at the end of D-5 Pinus-Betula
L PAZ. Clear declines of MS values (4) starting
from the end of the D-8 Artemisia-Betula nana
L PAZ to the start of the D-9 Pinus-Betula
L PAZ, and (5) across the D-7 Pinus-Betula
L PAZ were well documented. The decrease in
magnetic susceptibility values at higher parts
of the D-10 and in the lower part of the D-11
pollen zone resulted from lithological variabil-
ity of sediments.

Pieszczaniki

The Pieszczaniki [23] site (53°8'N, 23°34'E;
140 m a.s.l.) is located in the eastern part of
the Bialystok Upland, approximately 26 km
east of Biatystok (Figs 1, 2).

The palaeolake where the drilling was
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Table 6. Pieszczaniki [23]. Lithology of the profile

Depth (m) Sediment description

0.00-0.40 soil

0.40-2.05 clayey sand with gravel and gtaziki, light
yellow

2.05-3.60 fine sand slightly clayey, brown

3.60—4.60 organic silt, black;
Ag3.5, As+, Sh0.5, Th/Tb+; struc.: homogene-
ous; nig.3, strf.0, elas.0, sicc.2, lim.sup.0

4.60-5.00 sandy silt, dark grey

5.00-5.50 fine and medium sand with gravel, dark grey

Only 6 sediment samples from the Pieszc-
zaniki profile were studied using pollen analy-
sis. Pollen frequency is high in all of them. The
pollen percentage diagram (Fig. 10) was divided
into 3 local pollen assemblage zones (L. PAZ).
Their description is showed in Table 7.

Table 7. Pieszczaniki [23]. Description of local pollen assemblage zones (L. PAZ)

L PAZ Name Depth (m)

Description

Pi-1  Carpinus-Corylus-

Alnus

4.60-4.40 Very high Carpinus betulus values (36.5-55.4%); relatively high proportion
of Corylus avellana (15.8-17.8%), Alnus (8.8-12.7%), and Tilia cordata type

(2.0-7.9%); low percentages of Quercus to 2.0%), Ulmus (to 3.1%), and Picea
abies type (to 4.2%); presence of Hedera helix and Viscum pollen.

Pi-2 Pinus-Picea- 4.20-4.10 Pinus sylvestris type domination (56.6-59.7%); relatively high proportion of

Carpinus Picea abies type (14.9-16.9%) and Carpinus betulus (8.7-12.6%); frequency of
Corylus avellana (1.6-2.6%) and Alnus (ca. 3%) lower then previous zone.

Pi-3  Carpinus-Picea- 4.00-3.70 Percentages of Carpinus betulus and Alnus similar as in the Pi-1 zone; val-

Corylus ues of Corylus avellana (7.6-9.9%) slightly lower then previously, and Tilia

cordata type (1.9-2.3%) and Picea abies type (5.5-7.5%) higher.

carried out lies to the south-west of the Piesz-
czaniki village (Fig. 9). Its sediments fill melt
depression, that was formed during the War-
tanian glaciation (Kurek & Preidl 2001b).
The surface of the basin extends over the
area of ca. 700 x 150 m. The drilling site is in
south-western part of the melt basin located
approximately 200 m to the south-west off the
Biatystok-Bobrowniki road, in the middle of
the Pieszczaniki village.

As in case of earlier mentioned sites the cor-
ing was carried out in accordance with prepa-
ration of the Grédek sheet of the Detailed Geo-
logical Map of Poland in scale 1: 50 000 (Kurek
& Preidl 2001b). The drilled sequence was
128.50 m in length. Lake organogenic deposit,
about 1 m in thickness, was drilled from the
layer placed at a depth of 4.60-3.60 m below.
It contains black organic silt. The lacustrine-
mire series are covered by sand layer. Descrip-
tion of the upper part of the coring is showed
in Table 6.

Kruszyniany

The Kruszyniany [21] site (53°12'N, 23°49'E,;
140 m a.s.l.) lies in eastern part of the Biatystok
Upland approximately 45 km east of Biatystok
and about 0.5 km north of the Kruszyniany vil-
lage (Figs 1, 2, 11). The palaeolake in which
drilling was carried out lies about 10 m south
off the Losiniany to Krynki-Kruszyniany road
(Fig. 11).

The site lies on the northern edge of the nar-
row and very long depression (ca. 100150 by
2500 m) that extends from the river Swistocz
valley to the east to the river Nietupa valley
to the west. The site was discovered by forest
inspectors from Krynki Inspectorate while dig-
ging out artificial water basins. Some of the
basins were made in close vicinity of Krynki
village. They were usually situated in small
shallow depressions. Some organic palaeo-
lake sediments that apparently protruded
in two excavation sites were delivered to the
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Fig. 11. Kruszyniany [21]. Location of the site. 1 — studied profile, 2 — other Eemian profile, 3 — roads

Biology Institute, the University of Biatystok
by a forest inspector. Few dozens of kilome-
tres separated the sites from one another
(Fig. 11). Preliminary pollen analysis of those
collected sediments allowed to relate them
with the Eemian interglacial. Boring for the
detailed palynological investigation was con-
ducted in the very vicinity of eastern basin by
A. Czerwinski and P. Banaszuk, the Biatystok
Technical University. A location was cho-
sen where the sand layer, almost two metres
thick, that covered lake-mire sediments could
be removed (Fig. 12). Their sequence was then
described on the basis of the profile collected
directly from the ditch wall.

Lake-mire deposits, about 3 m in thickness,
were drilled to a depth of 3.06-6.05 m. Their
main part contains detritus gyttja whereas peat

1.20m

.| €= Kruszyniany borehole

1.95m
2.04m

2.20m

Water level

Fig. 12. Kruszyniany [21]. Schematic cross-sketch of the
place of boring. Lithology: 1 — moss peat, light brown, 2 —
detritus gyttja, very dark brown, 3 — sandy clay, dark yellow,
4 — fine sand with gravel and stones, grey and yellow, 5 — silt
with sand, gravel and stones to 5 cm, olive-brown, olive-grey
and olive-yellow, 6 — soil

Table 8. Kruszyniany [21]. Lithology of the profile

Depth (m)
0.00-0.40 soil
0.40-1.20

Sediment description

silt with sand, gravel and stones to 5 cm, olive-
brown, olive-grey and olive-yellow

1.20-1.95 fine sand with gravel and stones, grey and

yellow
1.95-2.04
2.04-2.13

sandy clay, dark yellow

detritus gyttja, slightly clayey, dark brown-
black;

Ld3.5, Ag0.5, As+, Th/Tb+; struc.: homogene-
ous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1

2.13-2.20 coarse detritus gyttja, very dark brown;
Ld4, Ag+, As+, Th/Tb+; struc.: homogeneous;

nig.3, strf.0, elas.0, sicc.2, lim.sup.1

2.20-2.90 moss peat, light brown;
Tb2.5, Th1.5, Sh+, Ga+; struc.: heterogeneous;

nig.2, strf.0, elas.0, sicc.2, lim.sup.1

2.90-6.05 detritus gyttja, slightly clayey, brown-black;
Ld3.5, Ag0.5, As+, Th/Tb+; struc.: homogene-

ous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1

layer appears at a depth of 2.20-2.90 m below
the surface. Description of the entire coring is
presented in Table 8.

This palaeobasin had probably a rather
small size since no organic sediments were
found in another boring located 5 m to the
south from the above-described site.

About 50 samples were examined by pol-
len analysis. In case of 44 samples frequency
of pollen is high or very high. In just 3 sam-
ples, of the strata at a depth of 1.95, 2.00 and
2.05 m, no sporomorphs were detected. Pollen
percentage diagram for the Kruszyniany pro-
file (Fig. 13) was divided into 5 local pollen
assemblage zones (Tab. 9).
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Table 9. Kruszyniany [21]. Description of local pollen assemblage zones (L. PAZ)

L PAZ Name Depth (m) Description
K-1 Betula-Pinus- 4.10-3.90  Proportion of Betula alba type decreasing from 85.7% to 45.8%; values of Pinus
(Quercus) sylvestris type rising from 4.6% to 47.2%); still presence of single pollen grains of
Picea abies type (to 0.9%), Quercus (to 0.6%), Corylus avellana (to 0.7%), Alnus
(0.3%), and Carpinus betulus (to 0.2%); frequecy of Salix pollen falling from 1.8%
to 0.1%.
The upper boundary: increase of Betula alba type proportion.
K-2 Betula-Pinus- 3.80 Only one spectrum included. Culmination of Betula alba type (62.9%); relatively
Ulmus high proportion of Pinus sylvestris type (30.0%) and Ulmus (3.7%).
The upper boundary: rise of Quercus above 10%.
K-3 Quercus 3.70-3.30  Rise of Quercus values to maximum of 24.4%; relatively high proportion of Ulmus
(0.5-7.6%); decrease of Betula alba type values from 29.5 to 4.3%.
The upper boundary: increase of Corylus avellana above 60%.
Two subzones are distinguished:
K-2a Pinus 3.70-3.35 Relatively high proportion of Pinus sylvestris type.(above 45%)
K-2b  Corylus 3.30 High value of Corylus avellana (27.3%).
K-4 Corylus 3.09-1.80 Very high proportion of Corylus avellana (above 38.8%) with maximum of 69.6%;
percentages of Tilia cordata type rising to maximum of 34.6%; values of Alnus
slightly increasing from 3.9% to above 6% with culmination of 15.2% in the mid-
dle part of the zone.
The upper boundary: increase of Alnus above 20% and Carpinus betulus above
10%; small decrease of Tilia cordata type.
Two subzones are distinguished:
K-3a Quercus 3.10-2.50  Relatively high proportion of Quercus (6.0-17.0%).
K-3b Tilia 2.40-1.80 Maximum of Tilia cordata type (34.6%); rise of Carpinus betulus values to 5.0%.
K-5 Carpinus-Alnus 1.70-0.40 Very high values of Carpinus betulus (above 20%; max. 75.9%) and Alnus (gen-
erally above 10%; max. 46.9%); gradual fall of Corylus avellana (from 36.5% to
3.4%); still relatively high proportion of Tilia cordata type (0.3—16.3%) and Ulmus
(to 9.0%).
The upper boundary: increase of Pinus sylvestris type above 80%.
Two subzones are distinguished:
K-5a  Corylus 1.70-0.70  Decreasing, but still relatively high proportion of Corylus avellana (20.4-37.1%).
K-5b  Pinus 0.65-0.40 Values of Pinus sylvestris type rising up to 20.4%.
K-6 Picea-Pinus- 0.30-0.10  In the samples from a depth of 0.20 and 0.10 m there are peaks of Picea abies type
Carpinus (with values of 41.9% and 33.2%), Carpinus betulus (26.0% and 28.5%), and Alnus
(14.8% and 14.5%); in the remaining samples — culminations of Pinus sylvestris
type (80.2% and 71.9%).
No upper boundary.
Hieronimowo Bialystok Technical University, while inspect-

ing construction operations of the Jamal gas

The Hieronimowo [26] site (53°0'N, 23°34'E;
143 m a.s.l.) is located in south-eastern part of
the Biatystok Upland about 30 km south-east
of Biatystok (Figs 1, 2).The site to be found
at the Narew sheet of the Detailed Geological
Map of Poland, in scale 1: 50 000, was discov-
ered by W. Kwiatkowski and M. Stepaniuk,

Table 10. Hieronimowo [26]. Lithology of the profile

transportation pipeline.

In 1999 the profile intended for pollen anal-
ysis was collected directly from the ditch wall.
The sediments studied are depicted in Figure
14A, whereas their description is to be found
in Table 10.

It has turned out that the lake-mire

Depth (m) Sediment description
0.00-0.40  soil
0.40-2.00  diluvial deposits, slity-clayey with sand, gravel and stones
2.00-2.28  sandy silt, beige, with traces of fine sand
2.28-2.35  silt, grey, slightly sandy
2.35-2.42  silt, grey, with traces of fine light beige sand
2.42-2.55  organic silt slightly clayey, dark grey, with traces of fine light beige sand;
Ag3.5, As0.5, Sh+, Dg+, D1+, struc.: very homogenous, nig.2, strf.0, elas.0, sicc.2, lim.sup.0
2.55-2.61 fine and medium sand, with admixture of silt and clay, beige and dark beige;

Ga3, Ag0.5, As0.5, struc.: heterogenous, nig.2, strf.0/3, elas.0, sicc.2, lim.sup.2

(cont. on page 25)
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Depth (m)

Sediment description

2.61-2.63

2.63-2.65

2.65-2.70

2.70-3.20

organic silt, dark grey, slightly sandy;

Ag3.5, Ga0.5, Sh+, Dg+, DI+, struc.: very homogenous, nig.2+, strf.0, elas.0, sicc.2, lim.sup.0

fine and medium sand, light beige;

Gad, Ag+, As+, struc.: homogenous, nig.1, strf.0, elas.0, sicc.2, lim.sup.2

organic silt, dark brown, with thin layers of fine light beige sand,;

Ag3, Ga0.5, Sh0.5, Dg+, D1+, As+, struc.: hetetogenous, nig.3/1, strf.0, elas.0, sicc.2, lim.sup.2

fossil fruits, seeds and small fragments of wood, with admixture of fine light grey and rust sand;

Dg3, D11, Dh+, Ga+, struc.: homogenous, nig.3/1, strf.0, elas.0, sicc.2, lim.sup.2

Table 11. Hieronimowo [26]. Description of local pollen assemblage zones (L PAZ)

L PAZ Name

Samples

Description

H-1

Pinus-Quercus-
Fraxinus

1,2

High values of Pinus sylvestris type slightly decreasing from 60.2% to 52.9%); maxima
of Quercus (23.2%) and Fraxinus (6.7%); relatively high proportion of Corylus avellana
(4.6-9.0%) and Ulmus (2.7-3.4%); still presence of single pollen grains of Picea abies
type and Alnus.

The upper boundary: increase of Corylus avellana proportion to 45.2% and Ulmus to
10.4%.

H-2 Corylus-Tilia- 3 Only one spectrum included. Maxima of Corylus avellana (45.2%), Ulmus (10.4%) and
Quercus Tilia cordata type (13.6%); very high value of Quercus (16.7%).
The upper boundary: rise of Carpinus betulus above 40% and Alnus above 20%.
H-3 Carpinus-Alnus 4,5  Very high values of Carpinus betulus (max. 40.4%) and Alnus (max. 21.0%); relatively
high proportin of Corylus avellana (ca. 14%) and Tilia cordata type (7.6-10.4%).
The upper boundary: increase of Picea abies type to ca. 30%.
H-4 Picea-Pinus- 6 Maximum of Picea abies type (max. 27.7%); high values of Pinus sylvestris type (46.3%)
Carpinus and Carpinus betulus (14.8%).
The upper boundary: increase of Pinus sylvestris type above 80%; fall of Picea abies
type below 10%.
H-5 Pinus 7,8,9 Very high frequency of Pinus sylvestris type (81.4-86.7%); relatively high values of
Picea abies type (4.4-7.6%).
No upper boundary.
£
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Fig. 14. Hieronimowo [26]. A — lower part of sediments of the Eemian palaeolake: 1 — fossil fruits, seeds and woods with small
admixture of light grey fine sand and traces of rust sand, 2 — organic silt, dark brown with fossil fruits, seeds and woods, 3 —
fine and medium sand, light beige, 4 — silt and clay, light beige, 5 — fine and medium sand, with small admixture of silt and
clay, beige and dark beige, 6 — organic silt, dark grey, 7 — location of samples for pollen analysis; B — fossil fruits and seeds
in sediments of the Eemian palaeolake (Photo J. Kupryjanowicz)
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sediments from Hieronimowo are very rich in
macroscopic plant remains, especially in seeds,
fruits of trees and water plants (Fig. 14B).
Further analysis of its contents is a subject
of another study (Kozub 2006, Staniszewska
2006, Szczurzewska 2006, Kupryjanowicz
et al. 2007). A monograph that sums up all
the results of these studies is being currently
prepared.

Only 9 samples were examined by pollen
analysis. Pollen frequency is high or very high
in most of them. Only in the samples number
4 and 5 the frequency is low and the condition
of sporomorphs preservation is very bad. Pol-
len percentage diagram from the Hieronimowo
profile (Fig. 15) was divided into 5 local pollen
assemblage zones (Tab. 11).

Matynka

The Matynka [27] site (53°0'N, 23°34'E;
158 m a.s.l.) is located in south-eastern part
of the Bialystok Upland, about 30 km south-
east of Bialystok (Figs 1, 2). The site was dis-
covered during the inspection of construction
sites of the Jamal gas transportation pipeline.
The site is to be found on the Grédek sheet of
the Detailed Geological Map of Poland, in scale
1: 50 000 (Kurek & Preidl 2001a).

The studied palaeolake lies south of the
Matynka village (Fig. 16A). The sediments
studied fill the subglacial basin, that was
formed during the Wartanian glaciation. The
surface of the basin extends over the area of
ca. 500x250 m. Nowadays the depression is
cut through a small stream, which sheds its
waters to the river Matynka, to the east from
the Malynka village.

27

In 1999 the sediments profile for pollen anal-
ysis was collected by S. Kurek and M. Preidl
right from the ditch wall of the constructed
Jamal gas transportation pipeline. Seven sam-
ples (each of ca. 0.5 1 in volume) were taken
from the opposite ditch walls. Their placement
is showed in Figure 16B.

Since the ditch has not been properly
drained samples could only be taken down
to the 2.65 m level below the surface. Sedi-
ments of palaeolake appear from the water
table of 2.65 m up to the level of 1.30 m below
the ground level. They consist of detritus gyt-
tja and silt and are covered by sand layer
above. Lithological description of that profile
is showed in Table 12.

Table 12. Matynka [27]. Lithology of the profile

Depth (m) Sediment description
0.00-1.30
1.30-1.70

fine sand, yellow

silt, grey-green;

Ag3.5, As0.5, Ga+; struc.: homogeneous; nig.2,
strf.0, elas.0, sicc.2, lim.sup.1

silt with traces of substantia humosa, grey-blue;
Ag3.5, As+, Sh0.5, Ga+; struc.: heterogeneous;
nig.2, strf.0, elas.0, sicc.2, lim.sup.1

detritus gyttja, brown-black;

Ld4, Dg+, Ag/As+, Ga+; struc.: homogeneous;
nig.3, strf.0, elas.0, sicc.2, lim.sup.1

1.70-2.35

2.35-2.65

Only 7 samples were subjected to pollen
analysis. In the sample number 1, probed at
a depth of 1.70 m no sporomorphs were found.
In the remaining six samples the frequency of
the pollen is high or very high and the con-
dition of its preservation is very good. Pollen
percentage diagram from the Matynka profile
(Fig. 17) was divided into 3 local pollen assem-
blage zones (Tab. 13).

0
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® Location of samples for pollen analysis

250 m 1 @1

Fig. 16. Malynka [27]. A — location of the site: 1 — studied profile, 2 — road. B —schematic cross-section through analysed
sediments (acc. Kurek & Preidl 2001b); lithology: 1 — detritus gyttja, brown-black, 2 — silt with traces of substantia humosa,

grey-blue, 3 — silt, grey-green, 4 — fine sand, yellow



28

sjuerd aarwr pue orpenbe — TV

‘syejiqey jem 03 yseaj ‘uado jo sjued — o ‘exe} peugepun A[[eor50[000 — P ‘syejiqey yseay o} AI1p ‘uedo jo sjue[d — 2 ‘sqnuiys jremp — e ‘weideip usjod aSejusdted ‘[Lg] BYUAFRIN ‘LT “S1q

Matynka 2 Matynka 1 profile

(elAB) p'lm

—_] (s/hero) sy/by[ 4 1T

| |- _ .
I

(snwny) usf~

(pues) o

profile
H

> Pollen samples

. e Pinus sylvestris type
s -O- Betula alba type

[ |trees
 |EH shrubs
* N\ herbs

Depth [m]
Lithology

~_Carpinus betulus

Corylus avellana

Alnus

Ulmus
Tilia cordata type

Tilia platyphyllos

Tilia cf. tomentosa

Quercus
Hedera helix
Fraxinus

Acer

~Picea abies type

Salix
Populus

Juniperus

Betula nana tuype

Arctostaphylos
Calluna vulgaris
- Ericaceae undiff.

Artemisia

Centaurea jacea type

Aster type
Helianthemum nummularium type

Rumex acetosella type
Cyperaceae

Anthemis type
| Poaceae undiff.

Chenopodiaceae
Apiaceae

Rubiaceae

_Caryophyllaceae undiff.

Ranunculus acris type

Plantago maritima s.I.
Filipendula

Plantago major
Polygonum persicaria type

Polygonum bistorta
Cirsium/Carduus

—- Thalictrum

€Ll
9681
0ooZhL

098

Armeria maritima A type

8 3 Pollen sum (AP+NAP)

Phragmites type
Myriophyllum spicatum

Filicales monolete
Lycopodium annotinum
Pteridium aquilinum
3 -]~ Sphagnum
= ' Botryococcus
z
5
s ) Pediastrum
R Tetraedron
PR Varia
5
>3 5 Local pol bl
ocal pollen assemblage
g 2 @ zones (L PAZ)
| >
Qc o =
em 3 ®
>
m m m Regional pollen assemblage
4 E = Zons (R PAZ) for the northern
o ~ N Podlasie
m m Regional pollen assemblage
a g < Zombe (R PAZ) for Bolang
EEMIAN EARLY i
INTERGLACIAL |viSTULIAN Chronostratigraphy

equArein

(dV) sanuiys pue saal)|

sqniys
HemQ

squeH

ejlyd  \v
-opusld

aeble
uaalo)



29

Table 13. Matynka [27]. Description of local pollen assemblage zones (L PAZ)

L PAZ Name Samples Description
Ma-1 Carpinus- 7,6 Prewailing of Carpinus betulus (46.7-66.4%); high values of Corylus avellana
Corylus-Alnus (11.6-25.8%) and Alnus (14.3-15.4%); relatively high proportion of Tilia cordata
type (1.5-3.8%) and Ulmus (2.1-3.1%); frequency of other trees, including Pinus
sylvestris type and Betula alba type, below 1%.
The zone has not the upper boundary.
Ma-2 Pinus 5,4 Domination of Pinus sylvestris type (61.5-85.1 %) and Betula alba type (11.3-31.4%);
single pollen grains of Picea abies type and Alnus; NAP below 5%.
The upper boundary: fall of Pinus sylvestris type to ca. 50%; increase of NAP, mainly
Artemisia.
Ma-3 Artemisia- 3,2 Very high values of NAP (32-61%), among which Artemisia dominates (19.6-34.9%);
Poaceae proportion of Poaceae undiff. rising from 6.9% to 20.9%.

The zone has not the upper boundary.

Lesznia-Luchowa Goéra

The Lesznia-Luchowa Géra [30] site (52°55'N,
23°5'E; 153 m a.s.l.) is placed in south-western
part of the Biatystok Upland about 25 km south
of Bialystok (Figs 1, 2). The Eemian lake silts
and peats occur in small depression that lies
on the north edge of the Narew valley (Fig. 18).
Similar deposits had already been found in
that region at the Klewinowo site which is to
be found approximately 12 kilometres from
the Lesznia-Luuchowa Goéra site (Mojski 1974,
Boréwko-Dtuzakowa 1973a, 1974).

The depression studied is located approxi-
mately 500 m to the north from the river
Narew (Fig. 18). End moraine belts go through
that area. These are connected with degla-
ciation of the Wartanian glaciation (Kmie-
ciak 2001). They culminate with a summit of
168.7 m a.s.l., while denivelation goes down to
15 m a.s.]. Southern hillside gently descends
to the Narew valley whereas northern hillside
is rather steep. The Narew valley in that area,
two metres wide at sites, is bound latitudi-
nally, with its river banks reaching height of
1 to 10 m.

To the north from that site, close to villages:
Klewinowo, Rzepniki and Krynickie a cluster
of kemes is situated. They are mostly repre-
sented by dome-shaped or elongated knolls
that reach 5-15 m (Kmieciak 2001). Here and
there on top of such kame hills small depres-
sions are scattered which may stay temporar-
ily filled with rain water.

The sampling was carried out by a geological
corer as a part of the broader scope of prepar-
ing the Plutycze sheet of the Detailed Geologi-
cal Map of Poland, in scale 1: 50 000 (Kmieciak
2001). The obtained sequence was 2.5 m long.
Lake organogenic deposits, about 1 m in thick-
ness, were taken from a depth of 1.60-2.50 m.

The bottom part of the lake sediments contains
silt with wood chips. Peat appears at a depth
of 1.90 m below the surface. The lacustrine-
mire series are covered by 1.40 m of sand and
0.20 m of peat deposit. Description of the pro-
file from Lesznia-Luchowa Goéra is showed in
Table 14.

Six samples were delivered by M. Kmie-
ciak, namely two peat samples from a depth
of 1.70 and 1.80 m and 4 organic silt samples

Lesznia-tuchowa Géra
borehole
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156.25
155.00
153.75
152.50
151.25]
150.00
148.75
147.50
146.25
145.00
143.75
142.50
141.25
140.00
138.75
137.50
136.25
168.00
133.75
132.50
131.25
130.00
128.75]
127.50
126.25
125.00
123.75
122.50
121.25
120.00

Zimnochy 3 km

wy  HmeIezy

5\

ggxét@rce
\

) O

CL T T T T e

_ Zawyki4 km

250 m , @1

Fig. 18. Lesznia-Luchowa Goéra [30]. Location of the site. 1 —
studied profile, 2 — roads
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Table 14. Lesznia-Luchowa Goéra [30]. Lithology of the profile

Depth (m) Sediment description
0.00-0.20 peat, dark brown
0.20-1.40 fine and medium sand, grey
1.40-1.60 sand with gravel, grey
1.60-1.90 peat, brown and black;
Tb3.5, Th0.5, Ag/As+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
1.90-2.50 silt with small fragments of wood, brown and black;

Ag3, D11, As+, Ga+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1

Table 15. Lesznia-Luchowa Géra [30]. Description of local pollen assemblage zones (L PAZ)

Description

Domination of Betula alba type (59.6-66.7%) and Pinus sylvestris type
(24.2-30.1%); relativelly high proportion of Quercus (1.4-2.4%) and Ulmus
(1.4-1.7%); single pollen grains of Picea abies type, Salix and Populus; NAP

The upper boundary: decrease of Betula alba type to ca. 30%, rise of Quercus

Very high values of Quercus (ca. 27%) and Ulmus (9.2-11.7%); relatively high
frequency of Fraxinus (0.7-3.6%); proportion of Betula alba type is from 26.0
to 32.3% and Pinus sylvestris type from 22.5 to 27.8%; Picea abies type, Salix,

The upper boundary: decrease of Quercus below 2% and Ulmus below 5%, rise

Domination of Corylus avellana (47.3%); very high percentages of Tilia cor-
data type (16.9%) and Alnus (19.4%); significant proportion of Carpinus betulus
(6.4%) and Ulmus (3.9%); Pinus sylvestris type, Betula alba type, Fraxinus, and
Quercus about 1%; single pollen grains of Viscum and Hedera helix.

The upper boundary: increase of Carpinus betulus above 45%.

L PAZ Name Depth (m)
£G-1 Betula-Pinus- 2.50-2.40
Quercus
below 5%.
(above 20%) and Ulmus (above 10%).
LG-2 Quercus-Ulmus- 2.25 -2.10
Fraxinus
and Populus below 1%.
of Corylus avellana above 40%.
1.G-3 Corylus-Tilia- 1.80
Alnus
£G-4 Carpinus 1.70

Prewailing of Carpinus betulus (46.7%); high values of Corylus avellana
(25.0%), Alnus (15.4%), and Tilia cordata type (8.3%); relatively high propor-
tion of Ulmus (2.3%); frequency of other trees, including Pinus sylvestris type
and Betula alba type, below 1%.

The zone has not the upper boundary.

from a depth, respectively: 2.10, 2.25, 2.40 and
2.50 m. Pollen frequency is high or very high in
all the samples and its condition is very good.
Pollen percentage diagram from the Lesznia-
Luchowa Goéra profile (Fig. 19) was divided into
4 local pollen assemblage zones (Tab. 15).

SOKOLKA HILLS
Sokotka

The Sokétka [13] site (53°25'N, 23°30'E;
161 m a.s.l.) is located in central part of the
Sokoétka Hills (Figs 1, 2). It lies on the edge of
the large depression filled with peat bog that
runs from south-eastern part of Sokétka to
Drahle village (Fig. 20). The depression con-
stitutes catchment area of the river Sokotda. It
is surrounded from all sides by hills of height
up to 210 m a.s.l., and at the west end it joins
another extensive melt depression, which is
also a part of the upper stretch of the river
Sokotda valley.

mas.l

210.00
207.50
205.00
202.50
200.00
197.50
195.00
192.50
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185.00
182.50
180.00
177.50
175.00
172.50
170.00
167.50
165.00]
162.50
160.00
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o1

Fig. 20. Sokétka [13]. Location of the site. 1 — studied pro-
files, 2 — roads, 3 — railway track, 4 — damp reservoir
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Two profiles, namely Sokétka 1 and Sokét-
ka 2, were subjected to pollen analysis. Bor-
ings were taken few dozen metres away from
one another. Fieldwork at these sites, carried
out in 2002, accompanied preparation of the
Sokoétka sheet of Detailed Geological Map of
Poland, in scale 1: 50 000 (Boratyn 2003).
Both borings were made with mechanical drill
by the Krakéw’s Geological Company JSC
(Przedsiebiorstwo Geologiczne S.A). The stud-
ied sediments, mainly organic silts, peaty silts
and peat layers, occur at a depth of 5.9-16.0 m,

Table 16. Sokotka 1 [13]. Lithology of the profile

Depth (m) Sediment description
0.00-0.20 sandy soil, dark grey
0.20-0.80 fine sand with admixture of medium sand,
yellow-grey
0.80-1.60 fine-medium sand, fluvioglacial, beige-
grey
1.60-1.80 fine sand, grey-green
1.80-2.00 clayey fine sand, grey
2.00-2.30 peat, highly decomposed, dark brown
2.30-3.60 fine humus sand, dark grey
3.60—4.00 silt, grey-green
4.00-4.10 clayey silt, grey-green
4.10-4.30 fine-medium sand, fluvioglacial, grey-
green
4.30-4.70 silt, dark grey
4.70-5.10 peaty silt, grey-brown
5.10-5.30 silt, grey
5.30-5.50 sand with numerous gravel (to 8 mm)
5.50-5.90 silt, dark grey
5.90-7.00 organic silt, from dark grey to black
7.00-7.60 sandy silt, dark grey
7.60-8.10 fine-medium sand, slightly clayey, grey
8.10-8.50 silt with thin traces of brown peat, grey
8.50-8.75 fine-medium sand, dark grey
8.75-9.20 sandy silt with lumps of larger grains,
dark grey
9.20-9.70 clayey silt, dark grey
9.70-10.00  silt, slightly sandy, dry, grey
10.00-11.50 clayey silt, plastic, dark grey
11.50-12.30 silt with organic matter, slightly sandy,
dark grey;
Ag3, As+, Sh0.5, Ga0.5; struc.: homogene-
ous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
12.30-13.00  silt, dark grey;
Ag4, As+, Ga+, Sh+; struc.: homogeneous;
nig.3, strf.0, elas.0, sicc.2, lim.sup.1
13.00-13.80 silty peat, dark brown;
Th1l, Tb1l, Shl, Agl, As+, Ga+; struc.
homogeneous; nig.3, strf.0, elas.0, sicc.2,
lim.sup.1
13.80-14.10 peaty silt, grey-brown;
Ag2, As+, Th0.5, Th0.5, Shl, Ga+; struc.:
homogeneous; nig.2, strf.0, elas.0, sicc.2,
lim.sup.1
14.10-14.50 fine-medium sand, grey
14.50-16.00 fine-medium sand, fluvioglacial, grey

under the strata of Holocene peats (0.3 and
0.9 m in thickness), Vistulian organic silts,
sands and of sands mixed with gravels (5.1 and
5.9 m). The description of sediments from both
analysed cores is showed in Tables 16 and 17.

More than 40 samples collected at Sokétka
locality, including 13 samples from Sokétka 1
profile together with 27 collected at Sokétka 2,

Table 17. Sokétka 2 [13]. Lithology of the profile

Depth (m) Sediment description
0.00-0.20 slop soil, dark grey
0.20-0.80 sandy-clayey silt, grey-brown
0.80-1.10 fine sand, strongly zaglinione, brown-ginger
1.10-1.50 silty sand with fine gravel (to 3—4 cm), grey-
green
1.50-1.80 humus fine sand, silty, dark brown-green
and brown
1.80-2.00 humus fine sand, dark brown
2.00-2.50 peaty silt, dark brown
2.50-2.90 fine sand, silty, light grey
2.90-4.00 sand with gravel (3-4 mm), fluvioglacial,
light grey
4.00-4.50 coarse sand with fine gravel (to 5 mm), grey
4.50-5.10 fine gravel (1 mm) with coarse and medium
sand, grey
5.10-5.80 clayey silt, grey
5.80-6.60 organic silt, clayey, grey-beige
6.60-9.80 organic silt, clayey, dark grey
9.80-10.00 humus fine sand, silty, dark grey
10.00-10.80 clayey silt with gravel and fine-medium
sand, dark grey
10.80-11.50 clayey silt, plastic, grey
11.50-11.90 sandy silt with thin layers of sand, dark
grey
11.90-13.00 sandy silt, slightly peaty, dry, grey-brown;
Ag3, As+, Ga0.5, Th/Tb0.5, Sh+; struc.:
homogeneous; nig.2, strf.0, elas.0, sicc.2, lim.
sup.1
13.00-13.40 silt, strongly peaty, dark grey-brown;
Ag2, As+, Thl, Th1, Sh+, Ga+; struc.: homo-
geneous; nig.3, strf.0, elas.0, sicc.2, lim.
sup.1
13.40-13.50 organic silt with admixture of sand and fine
gravel, dark grey;
Ag2, As+, Th/Tb0.5, Sh+, Ga0.5, Ggumin+;
struc.: heterogeneous; nig.3, strf.0, elas.0,
sicc.2, lim.sup.1
13.50-13.80 silty peat, strongly decomposed, dark grey;
Th32, Tb32, Ag+, As+, Ga+; struc.: homoge-
neous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
13.80-14.50 peaty silt, dark grey;
Ag2.5, As0.5, Th0.5, Tb0.5, Ga+; struc.:
homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.
sup.1
14.50-14.90 peaty silt, dry, elastic, brown;
Ag2.5, As0.5, Th0.5, Tb0.5; struc.: homoge-
neous; nig.2, strf.0, elas.1, sicc.2, lim.sup.1
14.90-16.00 peaty silt, plastic, with thin layers of dry and

elastic silt, brown and yellow-brown;

Ag2.5, As0.5, Th0.5, Tbh0.5; struc.: hetero-
geneous; nig.2, strf.0, elas.0/2, sicc.2, lim.
sup.1
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Table 18. Sokétka 1 [13]. Description of local pollen assemblage zones (L. PAZ)

L PAZ

Name

Depth (m)

Description

Sa;-1

Sa-la
Sa-1b

Corylus

Quercus
Tilia-Alnus

14.05-13.45

14.05-13.95
13.85-13.45

Very high values of Corylus avellana (45-55%) and Quercus (10-20%); rela-
tively high proportion of Ulmus (4—6%); values of Pinus sylvestris type about
10%; rather low percentages of Tilia cordata type (2—6%) and Alnus (4—6%).
The upper boundary: decrease of Corylus avellana and Tilia cordata type; rapid
rise of Carpinus betulus.

Two subzones are distinguished:

High values of Quercus (10-20%).

High proportion of Alnus (15-22%), Tilia cordata type (max. 15%) and Ulmus
(ca 5%); low, decreasing values of Quercus; very low frequency of Pinus sylves-
tris type and Betula alba type; single pollen grains of Tilia platyphyllos, Tilia
tomentosa, Taxus baccata, and Hedera helix.

Sa;-2

Sa;-2a

Sa;-2b

Carpinus

Corylus

Pinus-Picea

13.35-13.05

13.35-13.25

13.05

Very high values of Carpinus betulus (max. 42%); falling proportion of Corylus
avellana, Tilia cordata type, and Alnus; rising pollen curve of Pinus sylvestris
type. Two subzones distinguished.

No upper boundary — 75-cm layer of sediments, which not were analysed,
occurs above top spectrum.

Two subzones are distinguished:

Relatively high proportion of Corylus avellana, Tilia cordata type, Alnus, and
Ulmaus.

Rather high values of Pinus sylvestris type, Picea abies type and Betula alba
type.

Sa1-4

Pinus-Betula

12.20-11.65

Predomination of Pinus sylvestris type (30-40%) and Betula alba type (30-50%);
presence of Salix, Betula nana type, and Juniperus pollen; high proportion of
NAP (15-25%).

No upper boundary — sediments above the top spectrum of this zone were not
analysed.

Table 19. Sokétka 2 [13]. Description of local pollen assemblage zones (L. PAZ)

L PAZ Name Depth (m) Description
Sa,-1  Corylus-Tilia- 15.85-15.45  Very high proportion of Corylus avellana (48%); rather high values of Alnus
Alnus (16%), Tilia cordata type (13%), and Ulmus (5%); very low percentages of
Pinus sylvestris type (ca. 3%) and Betula alba type (below 1%); single pollen
grains of Tilia tomentosa.
The upper boundary: rapid rise of Carpinus betulus to 40%; fall of Corylus
avellana and Tilia cordata type.
Sa,-2  Carpinus-Cory- 15.25-14.50  Very high values of Carpinus betulus (ca. 40%); falling proportion of Cory-
lus-Alnus lus avellana, Tilia cordata type, and Alnus; still presence of Picea abies
type (below 1%); single pollen grains of Viscum.
No upper boundary — hiatus is present above top spectrum of this zone.
Sa,-3  Pinus-Betula- 14.30-11.55 Domination of Pinus sylvestris type (40-65%) and Betula alba type

NAP

(25-50%); presence of Salix, Juniperus and Betula nana type; NAP propor-
tion from 10 to 16%; high values of Pediastrum, mainly P. kawraiskyi; still
occurrence of Isoétes.

No upper boundary — sediments above top spectrum of this zone were not
analysed.

were subject to thorough pollen analysis. Fre-
quency of the pollen is high or very high in all
samples and the condition of its preservation is
very good. According to pollen diagrams local
pollen assemblage zones were discerned, three
in case of Sokoétka 1 profile (Fig. 21, Tab. 18)
and five L, PAZ for Sokétka 2 profile (Fig. 22,
Tab. 19).

Poniatowicze

The Poniatowicze [12] site (53°26'N, 23°39'E)
lies in the eastern part of the Sokétka Hills,
around 8 km east of Sokétka town (Fig. 1). The

site is located at the edge of extensive melt
depression atthe high of ca. 162.0m a.s.1 (Fig. 2).
The river Przerwa flows across that depression
(Fig. 23). The area in question is nowadays
used as a wet meadow pasture.

Borings for pollen analysis were done in
the eastern part of the Poniatowicze village,
approximately 50 m to the south off the road,
on both sides of a moraine hill at the height
exceeding 172 m a.s.l. (Figs 23, 24).

Two profiles from the site, Poniatowicze 1
and Poniatowicze 2, were subjected to pollen
analysis. The borings were placed a dozen or
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Fig. 23. Poniatowicze [12]. Location of the site. 1 — studied
profiles, 2 — other borings in the Poniatowicze region, 3 —
road, 4 — geological cross-section showed at Fig. 24

so metres away from one another. They accom-
panied 2002 fieldwork carried out in relation
to preparation of the Sokétka sheet of Detailed
Geological Map of Poland, in scale 1: 50 000
(Boratyn 2003). Both borings were made with
mechanical probe by the Krakéw’s Geologi-
cal Company JSC (Przedsiebiorstwo Geolo-
giczne S.A.).

When analysing Poniatowicze 1 profile grey
and dark grey organic silts and peats appear

at a depth of 7.0-4.2 m. Then they are cov-
ered by 2.5-2.8 metre layer of Holocene peats
and by Vistulian sands mixtured with gravels,
sands and silts.

In Poniatowicze 2 profile organic deposits
are present at a depth of 8.5-4.0 m. They are
represented by organic silts with numerous
mollusc shells, dark brown organic silts, peaty
silts, weakly decomposed moss peats, then
strongly decomposed peats and silty peats.
These sediments are intersected by glacial tills
of the Wartanian glaciation and covered up by
Holocene peats, silts and sands. A description
of sediments belonging to both analysed cores
is presented in Tables 20 and 21.

More than 40 samples collected from Ponia-
towicze profiles were subject to subsequent
pollen analysis, with 12 samples taken at
Poniatowicze 1 profile and 29 from Poniato-
wicze 2. In all samples from Poniatowicze 1
profile frequency of the sporomorphs is high
or very high and its preservation is very good
or good. No sporomorphs were found in case
of 5 samples collected at Poniatowicze 2 (at
a depth of respectively 6.95, 6.75, 6.55, 6.35
and 6.15 m). In another 6 samples from the
depth of 8.15-7.15 m frequency of the pollen is
high or very high and its preservation is very
good. In 18 remaining samples (from the depth
of 5.95-2.75 m) frequency of the pollen is low
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Fig. 24. Poniatowicze [12]. A schematic geological cross-section through the deposits (acc. Boratyn 2003). Holocene: 1 — peat;
Vistulian: 2 — deluvial sands, 3 — deluvial and lake sands and silts; Eemian interglacial: 4 — peat, 5 — lake silts and chalk;
Wartanian: 6 — melt sands, gravels and silts, 7 — kame sands, gravels and silts, 8 — sands, gravels and boulders of end
moraine, 9 — fluvioglacial sands and gravels with boulders, 10 — fluvioglacial sands and gravel, 11 — flow till of the Mtawa
stadial, 12 — fluvioglacial sands and gravels, 13 — flow till of the Wkra stadial; 14 — sections for pollen analysis; Sm 156, Sm

157 and K-2 — other borings in the Poniatowicze region



Table 20. Poniatowicze 1 [12]. Lithology of the profile
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Table 21. Poniatowicze 2 [12]. Lithology of the profile

Depth (m) Sediment description Depth (m) Sediment description
0.00-0.30 peaty soil, black 0.00-0.30 peat highly decomposed, black
0.30-0.60 peat, highly decomposed, black 0.30-0.60 clay, grey
0.60-1.00 peat, weakly decomposed, brown 0.60-1.50 fine and medium sand, grey
1.00-1.80 peat, very weakly decomposed, below 1.40 m 1.50-1.90 organic clay, grey-brown
with visible plant remains, dark brown 1.90-2.50 fine sand, dark grey
1.80 —2.50 peat, highly decomposed, brown 2.50-3.00 organic clay, dark brown;
2.50-2.90 peaty silt, brown Ag3, ’Ijh()3.5, ;I‘l;(()).E),lSh-l(-), G.a+;zst1r.uc.: hOIilogene-
2.90-3.50 fine sand with admixture of medium grains ous; mS' ) SULD, elas.b, siece.2, %m.sup.
and fine gravel (to 3 mm), grey 3.00-3.40 peat, highly decomposed, brown;

. Th2, Tb2, Sh+, Ag/As+, Ga+; struc.: heterogene-
3.50-4.00  fine S?nd.’ slightly clayey, grey ous; nig.2, strf.0, elas.0, sicc.2, lim.sup.1
4.00-4.20  organic silt, grey-black 3.40-3.60 detritus gyttja, brown-black;
4.20-5.80 peat, highly decomposed, grey-brown and Ld4, Ag/As+, Ga+; struc.: homogeneous; nig.2,

brown; strf.0, elas.0, sicc.2, lim.sup.1
Th2, sz_v Sh+, Ag/As+, Gaf; stru?.: homoge- 3.60—4.00 clayey peat; brown; Th2, Tb1.5, Sh+, Ag0.5,
neous; nig.2, strf.0, elas.0, sicc.2, lim.sup.1 As+, Ga+; struc.: homogeneous; nig.2, strf.0,
5.80-6.00 organic silt, grey; elas.0, sicc.2, lim.sup.1
Ag3, Th0.5, Tb0.5, Sh+, Ga+; struc.: homoge- 4.00-5.20 peat, dark brown;
neous; nig.2, strf.0, elas.0, sicc.2, lim.sup.1 Th2, Tb2, Sh+, Ag/As+, Ga+; struc.: homogene-
6.00-7.00 silt with high content of molluscs shells, ous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
grey; 5.20-5.70 organic clay, dark brown and dark grey-brown;
Ag3, Lel, As+, Ga+.; struc.: heterogeneous; Ag3, As+, Th0.5, Th0.5, Sh+, Ga+; struc.: homo-
nig.2, strf.0, elas.0, sicc.2, lim.sup.1 geneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
7.00-8.50 fine sand, clayey, yellow-grey 5.70-6.40 peat, weakly decomposed, brown;
Th2, Th2, Sh+, Ag/As+, Ga+; struc.: homogene-
ous; nig.2, strf.0, elas.0, sicc.2, lim.sup.1
or very low and its preservation is poor. Four 6.40-7.00 moss peat, brown and light brown;
local pollen assemblage zones were distin- Tb3, Thi, Sh+, Ag/As+, Ga+; struc.: homogene-
. . . . ous; nig.1/2, strf.0, elas.0, sicc.2, lim.sup.1
guished relying on the pollen diagram of Poni- .
| X 7.00-8.30 organic clay, dark grey and dark grey-green;
atowicze 1 proﬁle (Flg- 25, Tab. 22) whereas Ag3, As+, Th0.5, Tb0.5, Sh+, Ga+; struc.: hetero-
seven L. PAZ were delimited as a result of geneous; nig.2, strf.0, elas.0, sicc.2, lim.sup.1
interpreting diagram from the Poniatowicze 2 8.30-8.50 o;ganlllc clay, dark grey, with numerous shells
. of molluscs
profile (Fig. 26, Tab. 23). 8.50-10.00 sandy-clayey till, with gravel, light grey

Table 22. Poniatowicze 1 [12]. Description of local pollen assemblage zones (I. PAZ)

L PAZ Name Depth (m) Description
P,;-1 Pinus-Betula- 6.70—6.40 Predomination of Pinus sylvestris type and Betula alba type (both ca. 30%);
Quercus increasing of Quercus, Ulmus and Fraxinus; still presence of Corylus avellana,
Tilia cordata type, and Alnus pollen.
The upper boundary: fall of Pinus sylvestris type and Betula alba type; rise of
Quercus above 20%.
P,-2 Quercus-Ulmus- 6.25-6.00 Peaks of Quercus (57%), Ulmus (10%) and Fraxinus (3%); rising values of Corylus
Fraxinus avellana; gradual decrease of Pinus sylvestris type and Betula alba type.
The upper boundary: rapid fall of Quercus; rise of Corylus avellana.
P;-3  Corylus-Tilia- 5.70-5.50  Very high proportion of Corylus avellana (max. 50%), Alnus (max. 33%), and Tilia
Alnus cordata type (max. 12%); decreasing values of Quercus, Ulmus, and Fraxinus;
beginning of continuous curve of Picea abies type.
The upper boundary: rapid decrease of Corylus avellana and Alnus; rise of Carpi-
nus betulus.

P-4 Carpinus 5.30-4.30 Very high values of Carpinus betulus (max. 58%); falling proportion of Corylus
avellana; percentages Alnus from 15 to 20%; rising pollen curve of Picea abies
type. Two subzones are distinguished.

No upper boundary.
P-4a  Corylus 5.30-4.70 Relatively high proportion of Corylus avellana (12.5%) and Alnus (11.1%).
P-4b  Picea 4.60-4.30 Rather high values of Picea abies type (max. 19.8%) and Cyperaceae (mx.31.9%).
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Table 23. Poniatowicze 2 [12]. Description of local pollen assemblage zones (L. PAZ)

Description

Domination of Quercus (49.3-58.0%); relatively high values of Corylus avellana
(10.2-14.2%) and Ulmus (4.8-5.2%); Pinus sylvestris type proportion about 24%
and Betula alba type below 5%; single pollen grains of Alnus (1.2%) and Tilia
cordata type (to 0.4%); relatively high frequency of Artemisia (1.4-3.8%).

The upper boundary: rise of Corylus avellana above 30% and Tilia cordata type
to 8.0%; fall of Quercus, Pinus sylvestris type and Artemisia.

Maximum of Corylus avellana (50.5%); high proportion of Tilia cordata type
(8.0-9.2%); values of Quercus decreasing from 48.2% to 27.6%; frequency of Alnus
rising to 6.4%; Pinus sylvestris type below 5% and Betula alba type below 1.5%;

The upper boundary: decrease of Corylus avellana to ca. 20%; rise of Tilia cordata
type above 15%, Alnus above 10%, and Quercus above 40%; start of continuous

The peak of Quercus (43.1%); maximum of Tilia cordata type (15.9%); values
of Corylus avellana from21.0% to 23.9%; rise of Alnus frequency to 20.9% and
Carpinus betulus to 12.5%; very low frequency of Pinus sylvestris type (to 3.5%)
and Betula alba type (to 1.6%) as well as NAP (to 3%.

No upper boundary — above spectrum from depth of 7.15 m there is the sediments

Domination of Picea abies type (27.1-39.9%); high frequency of Pinus sylvestris
type (561.6-68.8%); very low values of Betula alba type (0.9-2.3%).
The upper boundary: decrease of Picea abies type; rise of Betula alba type above

Domination of Pinus sylvestris type (568.3-92.3%) and Betula alba type (8.6—59.9%);

Relativelly low values of Pinus sylvestris type and Betula alba type (45% and

The rise of Pinus sylvestris type from 45% to 75%; the fall of Betula alba type

L PAZ Name Depth (m)
Py-1 Quercus-Pinus- 8.15-8.00
Corylus-Ulmus
Py,-2  Corylus-Quercus- 7.75-7.55
Tilia
very low proportion of NAP (to 2%).
curve of Carpinus betulus.
P,3 Tilia-Alnus- 7.35-7.15
Corylus
no content of pollen.
P,-4 Picea-Pinus 5.95-5.75
30% and NAP above 20%.
Py-4 Pinus-Betula- 5.05-2.75
NAP proportion of NAP from 6 to 21%.
No upper boundary.
The zone is divided into 3 subzones:
P,-4a  Pinus-Betula 5.05
35%, respectively).
P,-4b  Betula 4.75-4.35 The peak of Betula alba type (55—-60%).
P,-4c  Pinus 3.95-2.75
from 40% to 17%.
Podkamionka
The Podkamionka [16] site (53°22'N,

23°24'E; 152.0 m a.s.l.) is located in the west-
ern part of the Sokétka Hills approximately
10 km north-west of Sokétka town (Figs 1, 2).
The coring was carried out with the use of
a geological borer as a part of greater project
aimed at preparing the Nowa Wola sheet of
Detailed Geological Map of Poland, at scale
1: 50 000 (Kmieciak 2003). The sequence
obtained was 14.50 m long. Lake deposits, ca.
6 m in thickness, were explored at a depth of
6.40-12.50 m. Their sequence contains silts
and organic silts, and are covered by 6.40 m of
sand. Detailed description of the coring is pre-
sented in Table 24.

Only 17 collected samples were subjected to
pollen analysis. Out of that number no sporo-
morphs was found in 3 samples (pinpointed at
a depth of respectively 12.00, 8.20 and 7.40 m).
In 14 remaining samples pollen frequency was
high or very high and its preservation is very
good throughout the profile. Four local pollen
assemblage zones were distinguished in the
pollen diagram (Fig. 27, Tab. 25).

Table 24. Podkamionka 1 [16]. Lithology of the profile

Depth (m)

Sediment description

0.00-0.30
0.30-6.40
6.40-7.00
7.00-8.10

8.10-8.50

8.50-9.80

9.80-11.20

11.20-11.40

11.40-13.00

13.00-14.50

soil
fine and medium sand, brown
silt, sandy at the top, dark grey

organic silt, black;

Ag2, Thl, Tbh1, Sh+, As+, Ga+; struc.: homo-
geneous; nig.3, strf.0, elas.0, sicc.2, lim.
sup.1

silt, plastic, grey;
Ag4, As+, Ga+; struc.: homogeneous; nig.2,
strf.0, elas.0, sicc.2, lim.sup.1

peaty silt, black and brown;

Ag3, Th0.5, Tb0.5, Sh+, As+, Ga+; struc.:
homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.
sup.1

silt, grey and brown;
Ag4, As+, Ga+; struc.: homogeneous; nig.2,
strf.0, elas.0, sicc.2, lim.sup.1

organic silt with, brown;

Ag3.5, Sh0.5, As+, Ga+; struc.: heterogene-
ous; nig.2, strf.0, elas.0, cc.2, lim.sup.1

silt, grey;

Ag4, As+, Ga+; struc.: homogeneous; nig.2,
strf.0, elas.0, sicc.2, lim.sup.1

sandy silt, watered, grey and yellow
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Table 25. Podkamionka 1 [16]. Description of local pollen assemblage zones (L. PAZ)

Description

Domination of Pinus sylvestris type (40—65%) and Betula alba type (35-45%);
still occurrence of Quercus (ca. 3%), Ulmus (ca. 2%), and Salix (below 1%); rela-
tively high proportion of Alnus (4%), Corylus avellana (2%), and Tilia cordata

The upper boundary: rise of Quercus and Ulmus; decrease of Pinus sylvestris

Peaks of Quercus (42%) and Fraxinus (3%); very high Ulmus value (8%); per-
centages of Pinus sylvestris type and Betula alba type clearly lower then previ-
ously (20% and 10% respectively); relatively high proportion of Corylus avel-
lana (8%); beginning of continuous curves of Alnus and Tilia cordata type.
The upper boundary: rapid fall of Quercus, Fraxinus, Pinus sylvestris type and
Betula alba type; increase of Corylus avellana over 60%.

Maxima of Corylus avellana (60%) and Ulmus (11%); Quercus proportion below
10%; rather low proportion of Alnus (4%) and Tilia cordata type (3%); single
pollen grains of Tilia tomentosa; very low percentages of Pinus sylvestris type

The upper boundary: rise of Tilia cordata type and Alnus; decrease of Corylus

Very high values of Alnus (max. 35%) and Tilia cordata type (max. 16%); pro-
portion of Corylus avellana, Quercus, and Ulmus lower than previous zone;
start of continuous curve of Carpinus betulus and Picea abies type; presence of
Hedera helix, Viscum, and Tilia tomentosa; very low values of Pinus sylvestris
type (below 10%) and Betula alba type (ca. 4%); very high values of Filicales
monolete (8-30%). No upper boundary.

Domination of Pinus sylvestris type (30-50%) and Betula alba type (30-50%);
still occurrence of Alnus (below 1%), Picea abies type (ca. 0.6%); single pollen
grains of Corylus avellana, Tilia cordata type, and Carpinus betulus very low
values of other trees; high proportion of NAP (ca. 20%), mainly Cyperaceae,

Poaceae, Artemisia, and Ranunculus acris type. No boundaries.

L PAZ Name Depth (m)
Pa-1 Pinus-Betula 12.50-10.20
type (1%) — probably redeposited.
and Betula alba types.
Pa-2 Quercus-Ulmus- 9.70
Fraxinus
Pa-3 Corylus-Tilia- 9.60-8.30
Alnus
(9%) and Betula alba type (4%).
avellana and Ulmus.
Pa-4 Corylus-Alnus- 9.00-8.30
Tilia
Barren inter-zone 8.20 No pollen.
Pa-4 Betula-Pinus- 8.00-7.60
NAP
Starowlany

The Starowlany [8] site (53°30'N, 23°23'E;
172 m a.s.l.) occupies central part of the Sokétka
Hills, approximately 9 km north of Sokétka
town (Figs 1, 2). The palaeolake in which drill-
ing was carried out lies about 50 m to the west
of the Starowlany-Poptawce road (Fig. 28).
The sediments studied fill the southern part
of subglacial basin, that was formed during
the Wartanian glaciation. The surface of that
basin extends over the area of ca. 700 x400 m.
Nowadays it is used as meadow pasture. Bora-
tyn (2003) provides a detailed description of
geomorphology of Starowlany site.

The coring was carried out with the use
of a geological drill and constituted a part
of the framework aimed at preparing the
Sokoétka sheet of the Detailed Geological Map
of Poland, in scale 1: 50 000 (Boratyn 2003).
The sequence obtained was 7 m long. Peaty
silts, peats and organic silts are present at the
depth of 4.0—-6.6 m, under the cover of diluvial
deposits of sands, tills and silts. Organic series
are covered by clayey silts. Full description of
sediments is showed in Table 26.

Twenty five samples collected at Starow-
lany profile were subjected to further pollen

analysis. Frequency of pollen is high or very
high in all samples and its preservation is good
or very good. Seven local pollen assemblage
zones (L PAZ) were distinguished based on the
pollen diagram (Fig. 29, Tab. 27).

ma.s.l.
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I Y

250 m o1 2

Fig. 28. Starowlany [8]. Location of the site. 1 — studied pro-
file, 2 — roads
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Table 26. Starowlany [8]. Lithology of the profile

Depth (m) Sediment description
0.00-0.80 fine sand, rust
0.80-2.80 till-sandy sediment with gravel, deluvial, horizontally stratified, brown-olive
2.80-3.60 fine and medium sand, dark grey
3.60—4.00 clayey silt, dark grey
4.00-4.50 clayey silt with high content of organic matter, dark brown;

Ag3, As0.5, Sh0.5, Th/Th+, Ga+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
4.50-4.85 clayey silt, dark brown;

Ag3, Asl, Ga+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
4.85-5.30 peaty silt, very dark brown;

Ag3.5, Th/Tb0.5, As+, Ga+; struc.: homogeneous; nig.3, strf.0, elas.0, icc.2, lim.sup.1
5.30-5.50 peat, weakly decomposed, brown;

Tb3, Thl, Ag/As+, Ga+; struc.: homogeneous; nig.2, strf.0, elas.0, cc.2, lim.sup.1
5.50-6.10 peat, highly decomposed, dark brown,;

Tb3, Thl, Ag/As+, Ga+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
6.10-6.45 peaty silt, very dark grey;

Ag3.5, As+, Th/Tb0.5, Ga+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
6.45-6.60 organic silt, clayey, plastic, grey-black;

Ag2.5, As0.5, Th/Tb0.5, Sh0.5, Ga+; struc.: homogeneous; nig.2, strf.0, elas.0, sicc.2, lim.sup.1
6.60-7.00 clayey silt, dark grey;

Ag3.5, As0.5, Sh+, Ga+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
7.00-8.50 clayey silt, grey

Table 27. Starowlany [8]. Description of local pollen assemblage zones (L PAZ)

L PAZ

Name Depth (m) Description

St-1 Pinus-Betula- 6.75-6.35 High values of Pinus sylvestris type (ca. 40%) and Betula alba type (20-30%); still
(Picea) presence of Picea abies type.

The upper boundary: fall of Betula alba type.
Two subzones are distinguished:

St-la  Pinus 6.75-6.45 Domination of Pinus sylvestris type (ca. 40%); presence of single pollen grains of
Corylus avellana, Alnus and Carpinus betulus — probably redeposited.
St-1b  Betula 6.35 Maximum of Betula alba type (55%); beginning of continuous curves of Quercus
and Ulmus.
St-2 Pinus-Ulmus- 6.25-6.15 High proportion of Pinus sylvestris type (55.1-61.7%); maximum of Quercus (7%);
Quercus start of continuous curves of Corylus avellana, Alnus and Tilia cordata type;

The upper boundary: rise of Corylus avellana, Tilia cordata type and Alnus; fall
of Pinus sylvestris type and Betula alba type.

St-3 Corylus-Tilia- 6.05-5.65 Very high proportion of Corylus avellana (max. 65%) and Tilia cordata type (max.
Alnus 30%); relatively high proportion of Alnus (ca. 15%) and Ulmus (max. 12%); begin-

ning and gradual rise of continuous curve of Carpinus betulus to 5%; the lowest
proportion of Pinus sylvestris and Betula alba types at whole profile.
The upper boundary: rapid fall of Corylus avellana; increase of Carpinus

betulus.
St-4 Carpinus- 5.55-5.05 Very high proportion of Carpinus betulus (max. 55%); decreasing values of Cory-
Corylus-Alnus lus avellana (to ca. 15%) and Tilia cordata type (to 7%); culmination of Alnus

(max. 24%); the beginning and rise of continuous curve of Picea abies type;
increasing percentages of Pinus sylvestris type.

The upper boundary: fall of Carpinus betulus and Corylus avellana; increase of
Picea abies type and Pinus sylvestris types.

St-5  Picea 4.95 Only one spectrum included. Peak of Picea abies type (45%); relatively high val-

ues of Pinus sylvestris type; low proportion of Carpinus betulus (3%) and Alnus
(ca. 8%).

The upper boundary: rise Pinus sylvestris type above 50%; fall of Picea abies
type to ca. 15%.

St-6 Pinus 4.85-4.05 Domination of Pinus sylvestris type (60—90%); values of Picea abies type from 5 to

St-6a  Pinus

12%; NAP proportion increasing to 12%; sporadically pollen of Corylus avellana,
Alnus and Carpinus betulus.

No upper boundary.

Two subzones are distinguished:

4.85-4.15 Very high proportion of Pinus sylvestris type, with maximum of 90%; values of
Betula alba type ca. 10%.

St-6b  Betula 4.05 Relatively high values of Betula alba type (27%).
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Bohoniki

The Bohoniki [15] site (53°23'N, 23°36'E;
167 m a.s.l.) is located in central part of
the Sokétka Hills around 5 km south-east
of Sokétka town (Figs 1, 2). It lies in valley
depression of the Bohon mire and it covers the
area of ca. 500 x 200 m. Hills reaching up to ca.
200 m a.s.l. surrounds the site in question.

Table 28. Bohoniki [15]. Lithology of the profile
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Fig. 30. Bohoniki [15]. Location of the site. 1 — studied pro-
file, 2 — roads

The coring was carried out by means of
a mechanical corer. Fieldwork upon this site
accompanied preparation of the Sokétka sheet
of the Detailed Geological Map of Poland,

Depth (m) Sediment description

0.00-0.30  sandy soil, grey

0.30-1.00 fine sand, clayey, light grey

1.00-1.80 fine sand, grey

1.80-2.20 till-silt diluvial sediment, light grey with
rust streaks

2.20-2.80 clayey silt, grey;
Ag3.5, As0.5, Sh+, Ga+; struc.: homogeneous;
nig.2, strf.0, elas.0, sicc.2, lim.sup.1

2.80-3.00 organic silt, peaty, black;
Ag3, As0.5, Th/Tbh0.5, Sh+, Ga+; struc.:
homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.
sup.1l

3.00-3.10 clayey silt with organic matter, dark brown;
Ag3, Asl, Th/Tb+, Sh+, Ga+; struc.: homoge-
neous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1

3.10-3.33  peat, black;
Tb2, Th2, Sh+, Ag/As+, Ga+; struc.: homoge-
neous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1

3.33-3.60 sandy peat, black-brown;
Tb2, Thl, Sh+, Ga0.5, Ag/As0.5; struc.:
homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.
sup.1l

3.60-3.65  varigrained sand, grey

3.65-4.00 silty sand, grey-green

in scale of 1:50 000 (Boratyn 2003). The
coring was placed approximately 100 m of
the Bohoniki-Malawicze road (Fig. 30). The
sequence obtained was 4 m long. Organic silts,
peats and sandy peats appear at the depth of
2.20-3.55 m under the layer of diluvial sedi-
ments — sands and silty slope tills. Their
description is showed in Table 28.

Ten samples collected at Bohoniki profile
were subjected to pollen analysis. Frequency
of pollen is high or rather high in all samples
and its preservation is good or rather good. In
respect to the pollen diagram 3 local pollen
assemblage zones were distinguished (Fig. 31,
Tab. 29).

Table 29. Bohoniki [15]. Description of local pollen assemblage zones (L PAZ)

L PAZ Name Depth (m)

Description of the local pollen assemblage zones

B-1 Corylus-Tilia-Alnus 3.60-3.30

Very high proportion of Corylus avellana pollen (max. 45%); high propor-

tion of Tilia cordata type (10-16%) and Alnus (16%).
The upper boundary: rapid rise of Carpinus betulus values to 40%; fall of
Corylus avellana and Tilia cordata type.

B-2 Carpinus-Corylus- 3.25

Alnus

Rising proportion of Carpinus betulus (to 40%); slight fall of Corylus avel-
lana, Tilia cordata type and Alnus (to 27, 5 and 13%, respectively).

No upper boundary — hiatus is probably present above top spectrum.

B-3 Pinus-Betula-NAP 3.10-2.90

Domination of Pinus sylvestris type (40-50%) and Betula alba type

(18-35%); NAP proportion increasing from 6 to 21%.
No boundaries.
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Drahle Table 30. Drahle [14]. Lithology of the profile.
The Drahle [14] site (53023'N, 23023,E; Depth (m) Sediment description
ca. 165 m a.s.l.) occupies central part of the 0.00-0.30 clayey soil, grey
Sokoétka Hills, approximately 4 km south-east 0.30-0.80 clay, grey-beige
of Sokétka town (Figs 1, 2). It lies on the north 0.80-1.00  fine sand, grey
side of dry Valley that was Shaped along the 1.00-2.00 silt-sand-clay diluvial sediment, with gravel
(to 1 cm), grey and dark grey
track of past watershed of meltwater (Boratyn o .
. 2.00-2.10  varigrained sand with fine gravel, brown-
2003). The surface of the basin extends over grey
the area of ca. 700x 200 m (Fig. 32). It is sur- 2.10-2.30  diluvial till sediment, sandy, grey
rounded from all sides by hills reaching up 2.30-2.50 fine sand, grey
to ca. 185 m a.s.l. Today the area in question 2.50-3.30  clayey silt, grey;

Ag3, Asl, Sh+, Ga+; struc.: homogeneous;

nig.3, strf.0, elas.0, sicc.2, lim.sup.1
3.30-3.40  peaty silt, grey-brown;

Ag3, As+, Th/Tb1, Sh+, Ga+; struc.: homo-
Sokblka 4 km geneous; nig.3, strf.0, elas.0, sicc.2, lim.
sup.1

serves as a meadow pasture.

3.40-3.70 sandy peat, brown;
Tb1.5, Thl.5, Sh0.5, Ga0.5, Ag/As+; struc.:
homogeneous; nig.3, strf.0, elas.0, sicc.2,
lim.sup.1

Suchynicze 5 km

3.70-3.85  peaty silt, grey-brown;
Ag3, Th/Tb1l, Sh+, As+, Ga+; struc.: homo-
geneous; nig.2, strf.0, elas.0, sicc.2, lim.
sup.1

3.85-4.00  peat, black-brown;
Tb2, Thl.5, Sh0.5, Ga+, Ag/As+; struc.:
homogeneous; nig.3, strf.0, elas.0, sicc.2,

m npm §
180,001 g lim.sup.1
xiggz & 4.00-4.10  sandy silt with admixture of peat, dark
176.25—— grey;
175.00=—= Ag3, Ga0.5, Th/Tb0.5, Sh+, As+, Ga+;
nggi struc.: homogeneous; nig.3, strf.0, elas.0,
171.25— sicc.2, lim.sup.1
légggz 4.10-4.30  fine sand with admixture of larger grain,
167.50—— grey
1;233; 4.30-5.50 silty fine sand and sandy silt, grey
16375 5.50-7.00 silty fine sand with small admixture of
O i 2w w0 4gom Kuswymanydkm py B larger grain, grey

7.00-8.50 sand with single grains of gravel (up to
Fig. 32. Drahle [14]. Location of the site. 1 — studied profile, 4 mm)
2 — roads

Table 31. Drahle [14]. Description of local pollen assemblage zones (L. PAZ)

L PAZ Name Depth (m) Description of the local pollen assemblage zones
D-1 Corylus-Quercus 4.10-4.00 High values of Corylus avellana (39.8-45.6%) and Quercus (14.0-16.1%);
rather high proportion of Alnus (6.6-8.5%) and Tilia cordata type (to
5.4%).

The upper boundary: rise of Carpinus betulus above 20%; decrease of Cory-
lus avellana, Quercus and Ulmus.

D-2 Corylus-Tilia 3.95 Pollen values of Corylus avellana persist high (39.2%); proportion of Tilia
cordata type higher then previously (10.1%); Carpinus betulus curves attains
22.6%.
The upper boundary: fall of Corylus avellana to ca. 20%; small increase of
Carpinus betulus.

D-3 Carpinus-Alnus 3.85-3.60 Carpinus betulus pollen values rising from 27.0% to 57.6%; gradual decrease
of Corylus avellana to 12.7% and Tilia cordata typ to 1.4%.
No upper boundary: 40 cm layer of sediments, which not were analysed, is
present above top spectrum.

D-4 Pinus-Betula-NAP 3.20-2.70 Domination of Pinus sylvestris type (46.8-58.1%); curve of Betula alba typ
rising from 16.2% to 39.2%; very low values of other trees; rather high pro-
portion of NAP (ca. 10-15%).
No boundaries.
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The coring was carried out using a geo-
logical drill. It was conducted in accord-
ance with preparing the Sokétka sheet of
the Detailed Geological Map of Poland, in
scale 1: 50 000 (Boratyn 2003). The coring
lies approximately 100 m of the Sokoétka-
Suchynicze road (Fig. 32). The profile con-
tains peaty silts and peats (4.1-2.7 m). These
on the other hand are covered by clays, fine
sands, aluvial sandy tills. Underneath clayey
sands and sands with gravel grains can be
found. Description of sediments is summa-
rized in Table 30.

Only 9 samples collected from the Drahle
profile were subjected to pollen analysis. Fre-
quency of pollen is high or very high in all
samples and its preservation is good or rather
good. In accordance with pollen diagram three
local pollen assemblage zones were distin-
guished (Fig. 33, Tab. 31).

Chwaszczewo

The Chwaszczewo [9] site (53°30'N, 23°21'E;
180.0 m a.s.l.) is located in the western part of
the Sokodtka Hills approximately 15 km north-
west of Sokodtka (Figs 1, 2).

The coring was carried out by means of
a geological drill. It was conducted in accord-
ance with preparing the Nowowola sheet of
the Detailed Geological Map of Poland, in
the scale 1:50 000 (Kmieciak 2003). The
sequence obtained was 10 m long. The lake
deposits, over 6.5 m in thickness, are placed
at a depth of 1.20-8.00 m. Their description is
showed in Table 32. The lacustrine series are
covered by approximately one metre of dilu-
vial deposits.

Table 32. Chwaszczewo [9]. Lithology of the profile

Depth (m) Sediment description

0.00-0.90 fine and medium sand, grey, with wood frag-
ments

0.90-1.20  sandy clay, brown, plastic (diluvial deposit)

1.20-1.70  varigrained sand, grey-brown and rust

1.70-2.20 clay, grey and grey-green, compact, with
traces of sand

2.20-2.65  organic silt slightly clayey, very dark brown,
plastic, with traces of charcoals;
Ag3.5, As0.5, Sh+, Th+, Tb+, struc.: very
homogenous, nig.3, strf.0, elas.0, sicc.2, lim.
sup.0

2.65-7.50  sandy silt with single grains of gravel, grey,
plastic, compact

7.50-8.00  varigrained sand, grey

8.00-10.00 sandy till, with gravel, light grey, plastic
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Table 33. Chwaszczewo [9]. Description of pollen spectra

Depth (m)

Description

3.50, 3.00

2.60

2.50

2.40

High values of Pinus sylvestris type (39.3-52.5%); percentages of Betula alba type decreasing from 7.5% to
3.8%; high proportion of Carpinus betulus (15.8-30.0%), Picea abies type (5.5-12.9%), Alnus (2.9-5.6%), Cory-
lus avellana (2.9-3.8%), and Tilia cordata type (1.6-2.9%); low values of NAP (below 10%).

Values of Tilia cordata type and Corylus avellana very high (26.0% and 24.2% respectively); percentages of
Carpinus betulus and Alnus are of ca. 10%; relatively high Picea abies type proportion (3.9%); presence of
Ulmus (1.5%) and Quercus (1.0%); very low values of Pinus sylvestris type (12.3%) and Betula alba type (2.9%);
NAP proportion ca. 5%.

Maximum of Carpinus betulus (42.5%); proportion of Tilia cordata type (1.1%) and Corylus avellana (6.8%)
much lower than previous spectrum; values of other taxa similar as early; presence of Hedera helix.
Domination of Betula alba type (61.8%); Pinus sylvestris type below 20%; single pollen grains of other trees,
such as Ulmus, Carpinus betulus. and Picea abies type; relatively high proportion of NAP (20%); occurrence

of Betula nana type (1.0%).

Only 3 samples collected were subjected to
pollen analysis. Frequency of pollen is high
or very high in all samples and its preserva-
tion is good or very good. Little number of
samples prevented discerning clear local pol-
len zones out of the pollen diagram (Fig. 34).
A short description of pollen spectra is showed
in Table 33.

Trzecianka

The Trze$cianka [10] site (53°28'N, 23°22'E;
176.0 m a.s.l.) is located in western part of
the Sokoétka Hills placed around 10 km north-
west of Sokétka town (Figs 1, 2). The core
was obtained using a geological drill. Field-
work performed at that site constituted a part
of preparation of the Nowowola sheet of the
Detailed Geological Map of Poland, in scale
1: 50 000 (Kmieciak 2003). The lake deposits,
4.60 m in thickness, were present at the depth
of 1.20-5.80 m. Their description is presented
in Table 34. The lacustrine series are covered
by a one metre layer of sand mixed up with
gravel and clay.

Table 35. Trzcianka [10]. Description of pollen spectra

Table 34. Trzcianka [10]. Lithology of the profile

Depth (m) Sediment description
0.00-1.20 sand, with clay and gravel, grey-brown
1.20-2.80 sandy silt, plastic, dark grey
2.80—4.00 sandy silt, plastic, brown;
Ag3.5, Ga0.5, Sh+, struc.: homogenous,
nig.2+, strf.0, elas.0, sicc.2, lim.sup.0
4.00-5.00 silt, grey;
Ag4, As+, Ga+, Sh+, struc.: very homoge-
nous, nig.2, strf.0, elas.0, sicc.2, lim.sup.0
5.00-5.80 organic silt, brown;
Ag3.5, Sh0.5, Th/Tb+, struc.: homogenous,
nig.2+, strf.0, elas.0, sicc.2, lim.sup.0
5.80-7.00 sand, grey
7.00-8.50 till with stones, grey

Only 4 samples collected were suitable
for further pollen analysis. Pollen frequency
is high or very high in all of them and their
preservation is good. Little number of samples
prevented discerning clear local pollen zones
out of the pollen diagram (Fig. 35). A short
description of pollen spectra is showed at
Table 35.

Description

Very high proportion of Carpinus betulus (60.9%); relatively high values of Alnus (13.8%) and Corylus avel-
lana (10.8%) as well as Quercus (1.8%), Ulmus (1.1%), Tilia cordata type (0.7%), and Picea abies type (1.6%);
single pollen grains of Abies alba, Acer, Fraxinus, and Viscum; very low percentages of Pinus sylvestris type

Domination of Pinus sylvestris type (59.0%); high values of Betula alba type (14.2%) and NAP (ca. 15%);
relatively high proportion of Picea abies type (5.4%), Alnus (2.1%), and Carpinus betulus (2.1%); presence of
Juniperus (1.0%) and Salix (0.2%); single pollen grains of Corylus avellana, Quercus, Tilia cordata type, and

Culmination of Betula alba type (71.4%); value of Pinus sylvestris type is 16.0%; low NAP proportion (ca. 7%);
presence of Betula nana type (2.8%), Juniperus (0.9%), and single pollen grains of Carpinus betulus, Alnus,

Depth (m)
5.30
(4.1%) and Betula alba type (4.5%).
5.00
Tilia tomentosa.
4.30
and Picea abies.
3.50

Very high proportion of NAP (ca. 42%), mainly of Artemisia (18.5%), Ranunculus acris type (11.5%), Cypera-
ceae (4.1%), Poaceae (2.6%), Caryophyllaceae (1.4%), and Helianthemum (1.0%); high values of Betula nana
type (11.5%) and Juniperus (1.0%); domination of Betula alba type (29.3%) and Pinus sylvestris type (13.9%)
among trees; relatively high percentages of Picea abies type (1.2%); sporadic occurrence of Alnus, Carpinus
betulus, Corylus avellana, and Tilia cordata type.
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Gilbowszczyzna

The Gilbowszczyzna [11] site (53°27'N,
23°24'E, 164.0 m a.s.l.) lies in the western part
of the Sokétka Hills around 8 km north-west of
Sokétka town (Figs 1, 2). The profile was carried
out using a geological drill as a part of greater
project aimed at preparing the Nowowola sheet
of the Detailed Geological Map of Poland, in
scale 1: 50 000 (Kmieciak 2003). Palaeolake
deposits, ca. 5 m in thickness, were cored at
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the depth of 2.50-7.55 m. Their description is
presented in Table 36. Lacustrine series are
covered by 2.5 metre of fine sand.

Only 5 collected samples were suitable for
pollen analysis. Pollen frequency is high or
very high in all of them and its preservation
is good or rather good. Little number of sam-
ples did not allow to properly discern local pol-
len zones out of the pollen diagram (Fig. 36).
A short description of pollen spectra is gath-
ered in Table 37.
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Table 36. Gilbowszczyzna [11]. Lithology of the profile

Depth (m) Sediment description
0.00-2.50 fine sand, brown
2.50-6.00 sandy silt, plastic, grey
6.00-7.10 peat with wood fragments, dark brown;
Th2, Th2, Sh+, Ag/Ag+, Ga+, struc.: homogenous, nig.2+, strf.0, elas.0, sicc.2, lim.sup.0
7.10-7.55 sandy silt, with organic matter, dark grey;

Ag3.5, Sh0.5, Th/Tb+, struc.: homogenous, nig.2, strf.0, elas.0, sicc.2, lim.sup.0

Table 37. Gilbowszczyzna [11]. Description of pollen spectra

Depth (m)

Description

7.80

7.50

7.20, 6.70 and 6.10

High proportion of Corylus avellana (26.6%), Tilia cordata type (29.5%) and Alnus (29.5%); values of
NAP (0.7%) as well as Pinus sylvestris type (6.5%) and Betula alba type (1.1%) very low; presence of
Ulmus (2.6%), Quercus (0.6%), Carpinus betulus (1.2%), Picea abies type (1.7%), and Hedera helix (0.3%)
pollen.

Domination of Alnus (30.4%); values of Carpinus betulus (9.3%) and Picea abies type (9.9%) slightly
higher then previously; proportion of Corylus avellana (10.2%) and Tilia cordata type (9.9%) above
two-time lower then early spectrum; percentages of Pinus sylvestris type (13.4%) and Betula alba type
(5.0%) still relatively low.

Domination of Pinus sylvestris type (54.2-59.1%) and Betula alba type (23.0-31.0%); NAP proportion
increases from 5 to 16%; still presence of Picea abies type (0.9-3.3%) and Alnus (0.6-1.4%); sporadic
occurrence of Carpinus betulus, Ulmus, Quercus,Tilia cordata type, and Larix.

Harkawicze

The Harkawicze [20] site (563°20'N, 23°44'E,
157 m a.s.1.) is to be found in the east-southern
part of the Sokétka Hills approximately 16 km
south-east of Soké6tka town (Figs 1, 2). It lies in
central part of a depression with no water out-
flow (Fig. 37). The surface of the basin extends
over the area of ca. 700 x 300 m.
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The boring was carried out using a geologi-
cal drill. It supplemented preparations of the
Sokotka sheet of the Detailed Geological Map
of Poland, in scale 1: 50 000 (Boratyn 2003).
The sequence in question was approximately
7 m long. Organic silts and peats are placed
under the layer of silts and sands at the depth
of 3.00-7.15 m. All the above described sedi-
ments are placed on the layer of glacial tills
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Fig. 37. Harkawicze [20]. Location of the site. 1 — studied profile, 2 — roads
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and sands with gravels. A description of the high or very high in all of them and its preser-
sediments is showed in Table 38. vation is good. According to the pollen diagram

Only 6 samples collected were suitable for three local pollen zones were distinguished
further to pollen analysis. Pollen frequency is (Fig. 38, Tab. 39).

Table 38. Harkawicze [20]. Lithology of the profile

Depth (m) Sediment description

0.00-0.20 clayey soil

0.20-0.90  organic silt, dark brown

0.90-1.20  peaty silt, black

1.20-1.80 fine-medium sand with single grains of gravel (to 3 mm) and stones (to 7 mm), slightly silty, yellow-grey

1.80-3.40 calcareous silt, white-grey

Ag2, Asl, Lcl, Ga+; struc.: homogeneous; nig.1, strf.0, elas.0, sicc.2, lim.sup.1
3.40-3.70  silt, light green;

Ag3, Asl, Ga+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
3.70-3.90  silt, dark grey with laminas of beige and black silt;

Ag3, Asl, Sh+, Ga+; struc.: homogeneous; nig.2/3, strf.0, elas.0, sicc.2, lim.sup.1
3.90-4.00  organic silt, dark brown;

Ag2.5, Sh1.5, Th/Tb+, As+, Ga+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
4.00-4.30  silt with fragments of molluscs shells, dark grey-olive;

Ag2.5, Asl, Lc0.5, Sh+, Ga+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
4.30-5.30  sandy silt, dark grey;

Ag3, Gal, As+, Sh+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
5.30-5.50  sandy silt, olive;

Ag3, Gal, As+, Sh+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
5.50-5.70  peat, dark brown;

Tb3.5, Th0.5, Sh+, Ag/As+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
5.70-6.00  peaty silt, dark brown;

Ag3, Th0.5, Th0.5, Sh+, As+, Ga+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
6.00-6.70  peat, dark brown;

Tb3.5, Th0.5, Sh+, Ag/As+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
6.70-7.00  peaty silt, dark grey-brown;

Ag3, Th0.5, Th0.5, Sh+, As+, Ga+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
7.00-7.30  peat, weakly decomposed, black;

Tb3.5, Th0.5, Ag/As+; struc.: homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
7.30-7.60 till, strongly sandy, with gravel (to 4 mm) and stones (to 8 mm), blue-grey
7.60-8.50 fine sand, with single gravels and stones (to 10 mm), blue-grey

Table 39. Harkawicze [20]. Description of local pollen assemblage zones (L PAZ)

L PAZ Name Depth (m) Description of pollen spectra

H-1 Corylus-Quercus 7.15 Very high values of Corylus avellana (33%) and Quercus (25%); relatively
hight proportion of Pinus sylvestris type (156%) and Alnus (7%) as well as
Ulmus (4%) and Tilia cordata type (2%).
The upper boundary: rapid increase of Corylus avellana above 50%; fall of
Quercus and Pinus sylvestris type.

H-2  Corylus-Tilia-Alnus 6.85-6.35 Domination of Corylus avellana (45-65%); high proportion of Alnus
(16—22%) and Tilia cordata type (8—12%); relatively high values of Ulmus
(6-8%) and Quercus (ca. 4%); very low proportion of Pinus sylvestris type
(1-2%) and Betula alba type (below 1%).
The upper boundary: rise of Carpinus betulus to 30%; decrease of Corylus
avellana and Tilia cordata type.

H-3 Carpinus-Alnus 5.85-4.05 Highest values of Carpinus betulus (25-55%); gradually decreasing pro-
portion of Corylus avellana, Tilia cordata type to, Ulmus and Quercus;
percentages of Alnus similar as early two samples; rising values of Picea
alba, Pinus sylvestris type and Betula alba type.

No upper boundary — 1m layer of sediments above the top spectrum was
not analysed

H-4  Pinus-Betula 3.00 Domination of Pinus sylvestris type (82%) and presence of only two other
tree pollen taxa — Betula alba type (13%) and Picea abies (1%).
No boundaries.
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BIELSK UPLAND
Proniewicze

The Proniewicze P-3 [33] site (52°48'N,
23°12'E; 143.5 m a.s.1.) occupies northern part
of the Bielsk Upland being located approxi-
mately 5 km north of Bielsk Podlaski (Figs
1, 2). Its location corresponds with ice-melt-
ing plain which is to the west from the Pro-
niewicze village (Fig. 39). Vast kame terrace
distinguishes north-eastern part of the Bielsk
Upland, being placed west of the line delimited
by towns of Bielsk Podlaski and Proniewicze-
Hacéki (Brud 2001, Kmieciak 2001, Brud
& Kupryjanowicz 2002, Ber 2005). It is char-
acterized by almost flat floor that reaches the
height of 140.0 m a.s.l. (Fig. 39). It consists of
silts and silty sands with traces of varved clays
and gravels (Brud 2001). There are numerous
small melt depressions with biogenic deposits
covered by diluvial sediments on the surface of
the terrace. At one of the depressions, i.e. Pro-
niewicze P-3, boring was conducted. Its palaeo-
lake deposits were suitable for pollen analysis
(Fig. 39).

BIELSKRODLASH
[ TR s bR s @9

Fig. 39. Simplified geomorphological skech of the Proniewicze
region and location of the sites studied by pollen analysis.
The Warta glaciation: 1 — end moraine, 2 — tills and fluvio-
glacial deposits, 3 — ice-marginal deposits, 4 — kame terrace,
5 — limnoglacial kames; the Eemian interglacial, Vistulian
and Holocene: 6 — fluvial terraces of the Biatla river, 7 — shal-
low hollows filled with biogenic deposits, 8 — edge of escarp-
ment, 9 — location of borings mentioned in the text (acc. Brud
& Kupryjanowicz 2002, modified)
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From the east the basin adheres a vast
depression (almost 25 km?) studded with many
kames (Mojski & Nowicki 1961, Ber et al. 1964,
Brud 2001, Kmieciak 2001). It constitutes end
depression shaped by ice masses dated back to
the stage of maximum ice cap coverage of the
Wkra stadial in the Wartanian glaciation (Ber
2005). It is formed mainly by marginal lake
sediments, rarely by diluvial tills, diluvial and
mire sediments that appear between various
kame forms. Small depressions with organic
sediments of the Eemian interglacial (Fig. 39)
are situated on flattened ridges of the banks
and kame hummocks (Krupinski 1995, Brud
& Kupryjanowicz 2002, Kupryjanowicz 2005b).
These depressions are probably the remains of
dead ice lumps (Ber 2005).

The research area is surrounded by post-
glacial upland that reaches the height of
166.5 m a.s.l. The landscape is not so diversi-
fied and is crossed by rather wide and shallow
dry valleys with flat floor (Fig. 39).

The boring was carried out with the use of
a geological borer, 12 cm in diameter, by the
Geofizyka Torun Ltd. It was a part of fieldwork
set to prepare the Bielsk Podlaski sheet of the
Detailed Geological Map of Poland, in scale
1: 50 000 (Brud 2001). Organic silts appear
at the depth of 4.70-5.27 m under the cover
of sandy clays. Their description is showed in
Table 40.

The pollen percentage diagram was divided
into 4 local pollen assemblage zones (Fig. 40,
Tab. 41).

Table 40. Proniewicze P-3 [33]. Lithology of the profile

Depth (m) Sediment description

4.00-4.10 clayey silt, beige

4.10-4.13 fine sand, light beige

4.13-4.30  sandy silt with fine gravel (to 1 cm), beige

4.30-4.68  organic silt, black;
Ag2.5, Sh1l.5, Th/Tb+, As+, Ga+; struc.:
homogeneous; nig.3, strf.0, elas.0, sicc.2,
lim.sup.1

4.68-5.00 organic silt with traces of clay and sand,
dark grey;
Ag2.5, As0.5, Ga0.5, Sh0.5, Th/Tb+, struc.:
heterogeneous; nig.3, strf.0, elas.0, sicc.2,
lim.sup.1

5.00-5.27  organic clayey silt, black;
Ag2.5, Asl, Sh0.5, Th/Tb+, Ga+; struc.:
homogeneous; nig.3, strf.0, elas.0, sicc.2,
lim.sup.1

5.27-6.00  clayey silt with thin layers of organic mat-

ter and with small content of CaCO; at the
top, green
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Table 41. Proniewicze P-3 [33]. Description of local pollen assemblage zones (L. PAZ)

L PAZ Name Depth (m)

Description

Pe-1 Pinus-Betula-Quercus

5.25-5.10 Domination of Pinus sylvestris type (60.6—71.2%); still presence of Quercus

(1.5-1.7%) and Ulmus (0.5-1.2%); Betula alba type from 17.4% to 26.2%;
NAP ca. 10% — mainly Poaceae undiff. (6.4-8.2%).

The upper boundary: increase of Quercus above 25%; start of continuous
pollen curve of Fraxinus.

Pe-2 Quercus-Ulmus- 5.00-4.70

Fraxinus

Very high values of Quercus (28.1-42.0%); high Ulmus proportion (2.4-6.0%);
low—percentage, continuous pollen curve of Fraxinus (to 1.2%).

The zone has not the upper boundary

Pinus-Betula 4.69-4.35

Domination of Pinus sylvestris type (33.8-38.3%) and Betula alba type

(34.5-43.4%); single pollen grains of Picea abies type (to 0.9%), Corylus
avellana (to 0.8%), Alnus (to 1.0%), and Salix (to 0.3%); NAP ca. 15% —
mainly Cyperaceae (3.9-15.2%) and Artemisia (1.8-5.9%).

The zone has not the upper boundary.

Wolka

The Woélka [35] site (52°44'N, 23°17'E;
143 m a.s.l.) is located in central part of the
Bielsk Upland around 7 km south-east of
Bielsk Podlaski town (Figs 1, 2). It lies slightly
to the south from the Wélka village (Fig. 41),
in a minute depression, ca. 50 m in diameter,
with no water outflow. The depression itself is
located on a moraine plateau formed by glacial
tills of the Wartanian glaciation.

Two borings analysed were completed by
S. Brud with help of a mechanical geological
probe. Fieldwork was performed as a part of the
broader scope aimed at drawing the Orla sheet
of the Detailed Geological Map of Poland, in
scale 1: 50 000. The top layer of the sediment
is filled with sands, 1.4 m thick. Underneath
there appears a layer of clayey and sandy silts.
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Fig. 41. Wélka [35]. Location of the site. 1 — studied profile,
2 — road, 3 — railway track

At the bottom of the boring these are replaced
by organic silts that reach a depth of 3.3 m.
Detailed description of the profile is presented
in Tables 42 and 43.

Pollen percentage diagrams of Wélka 1 pro-
file were divided into two local pollen zones
(Fig. 42, Tab. 44) whereas those of Wolka 2
profile into four L. PAZ (Fig. 43, Tab. 45).

Table 42. Wélka 1 [35]. Lithology of the profile

Depth (m) Sediment description

0.00-0.30  sandy soil, dark grey

0.30-0.70  fine sand, yellow-brown

0.70-1.40  coarse and medium sand, grey

1.40-1.50  organic silt, clayey, dark grey

1.50-2.50 organic silt, clayey, grey-blue;
Ag2.5, Asl, Sh0.5, Th/Tb+, Ga+; struc.:
homogeneous; nig.3, strf.0, elas.0, sicc.2,
lim.sup.1

2.50-3.30  sandy silt with clay, grey-blue

3.30-6.00 till, clayey, blue-grey

Table 43. Wélka 2 [35]. Lithology of the profile

Depth (m) Sediment description

0.00-0.30  sandy soil, dark grey

0.30-0.70  fine sand, yellow-brown

0.70-1.40  coarse and medium sand, grey

1.40-1.50  organic silt, clayey, dark grey

1.50-2.50 organic silt, clayey, grey-blue;
Ag2.5, Asl, Sh0.5, Th/Tb+, Ga+; struc.:
homogeneous; nig.3, strf.0, elas.0, sicc.2,
lim.sup.1

2.50-3.30  sandy silt with clay, grey-blue;
Ag2.5, As0.5, Ga0.5, Sh0.5; struc.:
homogeneous; nig.3, strf.0, elas.0, sicc.2,
lim.sup.1

3.30-6.00 till, clayey, blue-grey
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Table 44. Wolka 1 [35]. Description of local pollen assemblage zones (L. PAZ)

L PAZ

Name

Depth (m)

Description

Wl-l

Pinus-Betula-
Picea

2.05-1.90

Domination of Pinus sylvestris type (59.5-67.9%) and Betula alba type
(18.8-24.7%); relatively high values of Picea abies type (5.1-6.4%); sporadi-
cally occurrence of Salix, Quercus, Tilia cordata type, Corylus avellana, and
Alnus; rather low NAP proportion (7-10%) — Artemisia to 4.7%, Cyperaceae
to 2.3%, and Poaceae to 1.8%. Aquatic plants represented by Myriophyllum
spicatum/verticillatum and Nuphar, reed-swamp by Typha latifolia and Typha
angustifolia/Sparganium, Pteridophyta by Filicales monolete and Botrychium,
and algae by Botryococcus braunii and Pediastrum.

The zone has not the upper boundary.

W,-2

Betula-Pinus-
Quercus-Ulmus

1.50-1.40

Domination of Betula alba type (48.8-54.0%); high proportion of Pinus sylves-
tris type (23.6—29.4%), Quercus (8.9-11.3%), and Ulmus (2.3-4.8%); low values
of Picea abies type (0.9-2.1%); rare occurrence of other trees (Alnus, Carpinus
betulus, Fraxinus, Tilia cordata type, and Salix), and shrubs (Corylus avel-
lana and Juniperus); proportion of NAP (7-10%) similar as in previous zone,
but values of Poaceae undiff. are slightly higher then previously (1.1-3.4%),
and Artemisia slightly lower (0.6—-1.2%). Fragments of Salvinia microsporangia
appear.

The zone has not the upper boundary.

Table 45.

Wélka 2 [35]. Description of local pollen assemblage zones (1. PAZ)

L PAZ

Name

Depth (m)

Description

W,-1

W,-1a
W,-1b

Pinus-Betula-
Picea

Betula
Salix

3.30-2.85

3.30-3.15
3.10-2.85

Domination of Pinus sylvestris type (35—62%); high proportion of Betula alba
type (26-52%); relatively high frequency of Picea abies type (2-5%); sporadic
occurrence of pollen of Salix, Quercus, Tilia cordata type, Corylus avellana,
Ulmus, Fraxinus, Carpinus betulus, and Alnus (each taxon below 1%); values
of NAP from 3 to 10% — Artemisia to 5%, Cyperaceae to 3% and Poaceae to
2%. Swamp plants are represented by Typha angustifolia/Sparganium, Pterido-
phyta by Filicales monolete, and algae by Pediastrum duplex.

The upper boundary: increase of Betula alba type; fall of Picea abies type.

The zone is divided into 2 subzones:

Values of Betula alba type higher then upper subzone.

Maximum of Pinus sylvestris type; values of Salix slightly higher then lower
subzone; peak of Picea abies type; depression of Betula alba type.

Wy-2

Betula-Ulmus-
Quercus

2.80-2.70

Domination of Betula alba type (ca. 60%) and Pinus sylvestris type (ca. 25%);
proportion of Picea abies type decreasing below 1%; values of Quercus system-
atically rising from 2 to about 10%; Ulmus frequency oscillating about 2%; spo-
radically occurring pollen of other trees (Alnus, Fraxinus and Salix) and shrubs
(Corylus avellana and Juniperus); value of NAP light lower then previous zone
(ca. 7%). Water plants are represented by only Myriophyllum spicatum/verticil-
latum.

The upper boundary: rise of Quercus values; start of Fraxinus continuous curve;
fall of Betula alba type.

W.-3

Quercus-Ulmus-
Fraxinus

2.65-2.55

Maximum values of Quercus (10-25%); rise of of Ulmus proportion to 4%; small
culmination of Fraxinus pollen; values of Pinus sylvestris type similar then pre-
viously (ca. 20%); decrease of Betula alba type to 40%.

The zone has not the upper boundary.

W,-d

Betula-Ulmus-
Quercus

2.50-2.45

Composition of pollen spectra similar as in W-2 L PAZ — culmination of Betula
alba type (60-70%); values of Quercus from 2% to about 10%, and Ulmus
about 2%.

The zone has not the upper boundary. It probably represent disturbed sedi-
ment

W2-4

Carpinus-Picea-
Corylus

2.40-2.05

Relatively high values of Carpinus betulus (ca. 10%), Alnus (12-22%), Tilia cor-
data type (1-4%), Corylus avellana (6-10%), and Picea abies type (2—16%); low
frequency of Abies alba (below 1%) and Quercus (2—4%); relatively high propor-
tion of NAP (8-18%), which results mainly from high values of Cyperaceae.

No upper boundary.




Sliwowo

The Sliwowo [36] site (52°41'N, 23°16'E;
152.0 m a.s.l.) occupies central part of the
Bielsk Upland being placed around 10 km east
of Bielsk Podlaski Town (Figs 1, 2). The bor-
ing was located in a vast depression. Two bor-
ings were carried out by S. Brud with help of
a mechanical geological probe. It accompanied
fieldwork proceeding preparation of the Orla
sheet of the Detailed Geological Map of Poland,

Table 46. Kolonia Sliwowo 1 [36]. Lithology of the profile

Depth (m)
0.00-0.20
0.20-1.20
1.20-1.70
1.70-2.30
2.30-2.60
2.60—4.30

Sediment description

soil, grey

sand, brown and yellow
silty-sandy clay, grey
coarse sand, light grey
organic clay, dark grey

organic clay, peaty, brown;
Ag2, Asl, Sh0.5, Th/Tb0.5, Ga+; struc.: homo-
geneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1

4.30-5.30
5.30-5.70
5.70-6.80
6.80-9.40
9.40-11.00

silty clay, grey-green
sand, grey-green
sandy clay, light grey
coarse sand, grey
sandy clay, light grey
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in scale 1: 50 000. Series of sandy, clayey and
peaty silts are found at the bottom of the Kolo-
nia Sliwowo 1 profile at the depth of 2.6—6.8 m.
From that level up to the ground level the
sediments gradually change into peaty silts
(Tab. 46). As to Kolonia Sliwowo 2 profile, which
was located a bit more to the south from the
first boring, the profile is represented by peaty
silts covered by sandy and clayey silts found
at the depth of 3.8-8.8 m (Tab. 47). The sedi-
ments described occur underneath Holocene
clays and diluvials, on marginal lake silts or
directly on tills of the Warta glaciation.

Table 47. Kolonia Sliwowo 2 [36]. Lithology of the profile

Depth (m)
0.00-0.40
0.40-1.10
1.10-2.10
2.10-3.80
3.80-6.60
6.60-8.80

Sediment description

soil, grey

fine clayey sand, grey-light yellow
tillty sand, medium, dark yellow
sandy silt, light grey

silty clay, with sand, dark grey

organic silt, peaty, brown-black;
Ag2.5, Sh1, Th/Tb0.5, As+, Ga+; struc.: homo-
geneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1

8.80-11.30 sandy clay, with gravel, grey-green
11.30-12.00 sandy till, with gravel, light grey-green

Table 48. Kolonia Sliwowo 1 [36]. Description of pollen spectra

Depth (m)

Description

8.20

Domination of Carpinus betulus (35.0%); high proportion of Alnus (20.3%) and Corylus avellana (11.3%);

relatively low values of Pinus sylvestris type (15.0%) and Betula alba type (2.7%); frequent pollen of Picea
abies type (3.8%), Tilia cordata type (3.5%), and Ulmus (1.7%); single pollen grains of Acer, Fraxinus, Fagus,
Quercus, and Salix; NAP proportion is 6% — Cyperaceae (4.2%) and Artemisia (0.7%) dominate; very high
values of Filicales monolete (22.1%); presence of Thelypteris palustris spores and fragments of Filicales mac-

rosporagia.

7.70

Low frequency of sporomorphs and stan ich zachowania niezbyt dobry; domination of Pinus sylvestris type

(21.5%), Carpinus betulus (22.0%), and Alnus (21.5%); relatively high values of Picea abies type (11.3%),
Corylus avellana (11.8%) and Tilia cordata type (5.4%); presence of Betula alba type (2.2%) as well as Ulmus
(0.5%) and Abies alba (0.5%); very high percentages of Filicales monolete (50.4%); relatively numerous frag-

ments of Filicales macrosporangia (2.7%).

6.70

Domination of Pinus sylvestris type (38.0%) and Picea abies type (24.5%); increase of Abies alba to 0.8%, and

Betula alba type to 8.8%; values of other trees lower then previous spectra: Carpinus betulus — 4.1%, Alnus —
7.8%, Corylus avellana — 1.0%, Tilia cordata type — 0.3%; occurrence of Juniperus (0.2%); single pollen grains
of Acer and Quercus; rise of NAP to 14% (Cyperaceae prevails — 10.4%).

Table 49. Kolonia Sliwowo 2 [36]. Description of pollen spectra

Depth (m)

Description

4.20

Domination of Corylus avellana (28%); high proportion of Quercus (19%); relatively high values of Tilia

cordata type and Alnus (po 9%) as well as Ulmus (3%) and Fraxinus (1%); rather low percentages of Pinus
sylvestris type and Betula alba type (15% and 4%, respectively); single pollen grains of Carpinus betulus, Picea
abies type, Acer, Hedera helix, and Viscum album; NAP below 5%.

3.50

Very low frequency of sporomorphs; very high values of Tilia cordata type(22%), Carpinus betulus (20%),

Alnus (18%), and Corylus avellana (14%); Ulmus decreases to 1,5%, and Quercus below 1%; proportion of Picea
abies type rises to 4%; low frequency of Pinus sylvestris type (11%) and Betula alba type (3%); NAP still below
5%; single fragment of Salvinia microsporangium.

2.70

Rather low frequency of sporomorphs; domination of Pinus sylvestris type (45%), Picea abies type (20%) and

Betula alba type (20%); single pollen grains of Quercus, Corylus avellana, and Ulmus; rise of NAP to 7%.
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Only 3 samples from Sliwowo 1 and 3 from  of the pollen diagrams (Figs 44, 45). A concise
Sliwowo 2 profile were suitable for further description of pollen spectra is presented in
pollen analysis. Little number of samples pre- Tables 48 and 49.
vented discerning clear local pollen zones out
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Skupowo

The Skupowo [37] site (52°50'N, 23°42'E;
143 m a.s.l.) lies in the north-eastern part of
the Bielsk Upland approximately 35 km north-
east of Bielsk Podlaski town and around 12 km
south-east of Hajnéwka town (Figs 1, 2). Peat-
bog where the boring was carried out lies to
south-east of the road cross with railway line
from Hajnéwka to Bialystok (Fig. 46). The sed-
iments studied fill the small subglacial basin,
that was formed during the Wartanian glacia-
tion. The surface of the basin extends over the
area of ca. 150 x 150 m. This particular peat-bog
today serves as a rubbish tip of the village.

The boring was carried out by W. Kwiat-
kowski and M. Stepaniuk with help of a hand
geological probe. Fieldwork performed at
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Fig. 46. Skupowo [37]. Location of the site. 1 — studied pro-
file, 2 — road, 3 — railway track

Table 50. Skupowo [37]. Lithology of the profile

Depth (m) Sediment description
0.00-1.35  peat, weakly decomposed, brown, with sand
at the top
1.35-1.60 organic silt, very dark brown
1.60-2.05  varigrained sand, yellow
2.05-2.40  peat, strongly decomposed, black;
Th1, Tb1, Sh2, Ag/As+, Ga+, struc.: homog-
enous, nig.3, strf.0, elas.0, sicc.2, lim.sup.0
2.40-2.52  organic silt, dark brown, with sand;
Ag3, As0.5, Sh0.5, Ga+, struc.: very homog-
enous, nig.2+, strf.0, elas.0, sicc.2, lim.sup.0
2.52-2.82  fine sand, yellow;
Ga3.5, Ag/As0.5 struc.: homogenous, nig.3,
strf.0, elas.0, sicc.2, lim.sup.0
2.82-3.10  organic silt, dark brown, with sand;
Ag3, As0.5, Sh0.5, Ga+, struc.: homogenous,
nig.3, strf.0, elas.0, sicc.2, lim.sup.0
3.10-3.55  peat, strongly decomposed, brown;
Th1, Tb1, Sh2, Ag/As+, Ga+, struc.: homog-
enous, nig.2, strf.0, elas.0, sicc.2, lim.sup.0
3.55-3.95  detritus gyttja with traces of sand and silt,

dark brown;

Ld3.5, Ga0.5, Tb/Th+, Ag/As0.5, struc.:
homogenous, nig.2+, strf.0/3, elas.0, sicc.2,
lim.sup.0

that site constituted a part of drawing the
Bialowieza sheet of the Detailed Geologi-
cal Map of Poland, in scale 1: 50 000 (Baluk
et al. 2003). Deposits of lake-mire palaeobasin,
approximately 2 m thick, were present at the
depth of 2.05-3.95 m. Their basal part con-
tains highly decomposed peat. At the depth of
3.10-2.40 m there lies organic silt with a layer
of fine sand in the middle section (Tab. 50).
These series of palaeobasin deposits are cov-
ered by approximately 0.50 m of sand and by
1.45 m layer of organic silt and peat from the
late Vistulian and Holocene.

Pollen percentage diagram was divided
into 7 local pollen assemblage zones (Fig. 47,
Tab. 51).

Table 51. Skupowo [37]. Description of local pollen assemblage zones (L PAZ)

L PAZ Name Depth (m)

Description of pollen spectra

S-1 Artemisia-Juniperus- 3.90-3.85

Betula nana

Very high NAP proportion (19.5-35.6 %) — Artemisia, Cyperaceae,
Poaceae undiff., and Chenopodiaceae dominate in this group; relatively

high values of Juniperus (2.0-5.7%) and Betula nana type (0.8-3.0%);
still presence of Salix pollen; low frequencies of Pinus sylvestris type

(below 40%) and Betula alba type (below 30%).
The upper boundary: increase of Pinus sylvestris type; fall of NAP as
well as Juniperus and Betula nana type.

S-2 Pinus-Betula-Picea

3.80-3.67

Peak of Pinus sylvestris type (max. 71.1%); culmination of Picea abies
type (to 5.1%); depression of Betula alba type; NAP proportion decreas-
ing below 10%.

The upper boundary: fall of Pinus sylvestris type and Picea abies type;
rise of Betula alba type; start of Quercus continuous pollen curve.

(cont. on page 57)
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L PAZ

Name

Depth (m)

Description of pollen spectra

S-3

Betula-Quercus-Pinus

3.63-3.60

Absolute maximum of Betula alba type (50.1%); rising values of Quercus
(to 10.9%) and Ulmus (to 3.3%).
The upper boundary: fall of Betula alba type; increase of Quercus.

Quercus-Ulmus-
Fraxinus

3.56-3.50

Absolute maximum of Quercus (40.9%); relatively high values of Ulmus
(5.1-6.6%); rising proportion of Corylus avellana (to 4.1%); small peak
of Pinus sylvestris type (50.5%).

The upper boundary: rapid increase of Corylus avellana above 50%; fall
of Quercus and Pinus sylvestris type.

Corylus-Tilia-Alnus

3.43-3.14

Domination of Corylus avellana (42.0-61.2%); high proportion of Alnus
(4.4-11.2%) and Tilia cordata type (3.3-13.0%); presence of single pol-
len grains of Tilia tomentosa and Taxus baccata; relatively high values
of Ulmus (1.5-3.8%) and Quercus (2.0-18.9 %); low proportion of Pinus
sylvestris type (7.1-23.1%) and Betula alba type (1.9-7.2%).

The zone has not the upper boundary.

S-6

Pinus-Betula-Juniperus

3.10-2.43

Domination of Pinus sylvestris type (43.5-83.3%); values of Betula alba
type from 9.4% to 20.8%; relatively high proportion of Picea abies type
(1.1-4.7%), Corylus avellana (to 6.2%), Carpinus betulus (to 10.8%) and
Tilia cordata type (to 1.4%); continuous presence of Juniperus (max.
3.8%), Salix, Calluna vulgaris, Ericaceae undiff., and numerous herbs.
The zone has not the upper boundary.

S-7

Carpinus-Alnus-Picea

2.40-2.05

Highest in whole profile values of Carpinus betulus (23.4-60.9%); high
frequencies of Alnus (10.3-19.2%) and Picea abies type (7.2-18.2%); pro-
portion of Corylus avellana below 10%, and Tilia cordata type, Ulmus, and
Quercus below 1%; decreasing percentages of Pinus sylvestris type(from

35.2% to 8.0%); low percentages of Betula alba type (2.2—10.9%).
The zone has not the upper boundary.

Bodéki

The Bocki [38] site (52°39'N, 23°3'E;; 143 m
a.s.l.) is located in southern part of the Bielsk
Upland around 16 km south-west of Bielsk
Podlaski town (Figs 1, 2). The palaeolake
where the drilling was carried out lies roughly
100 m east of the road from Boéki to Dubno
villages, on the right edge of the river Nurzec
valley (Fig. 48). The sediments studied fill the
subglacial basin, that was formed during the
Warta glaciation (Boratyn 2006). Nowadays it
is used as a meadow pasture.

Boéki 1 and Bocki 2 borings were carried
out by a Geoprobe borer, 3.5 cm in diameter.
They constituted a part of framework aimed
at preparing the Bocki sheet of the Detailed
Geological Map of Poland, in scale 1: 50 000
(Boratyn 2006). As to Boc¢ki 1 profile brown
peat and organic silts are present at the depth
of 10.30-7.0 m (Tab. 52). These sediments lay
on silts of the Wartanian glaciation and are
then covered by Vistulian silts and sands with
organic silts. As to Bocki 2 profile organic silts
appear at the depth of 7.2—4.69 m (Tab. 53).
The Eemian sediments in that profile lay on
till of the Wartanian glaciation.

Only three samples from Bocki 1 and four
from Bocki 2 profile were proper for further

pollen analysis. Frequency of pollen is high or
very high in all samples and its preservation
is good or very good. Little number of samples
did not allow local pollen zones to be distin-
guished out of the pollen diagrams (Figs 49,
50). A concise description of pollen spectra is
presented in Tables 54 and 55.

Bocki 0.5 km

Krasnowies$ 3 km

Nurzec 3 km

Bocki @
borehole

mas.l.

150.00
14875
147.50
146.25
145.00
14375
14250
14125
140.00
13875
137.50
136.25

I I

0 50 100 150 200m

@1 ——2

Fig. 48. Bocki [38]. Location of the site. 1 — studied profiles,
2 — roads
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Table 52. Bocki 1 [38]. Lithology of the profile

Table 53. Bocki 2 [38]. Lithology of the profile

Depth (m) Sediment description Depth (m) Sediment description
0.00-1.00 peat, weakly decomposed, brown-black 0.00-0.30 peat, highly decomposed, slightly sandy, black
1.00-2.50 fine-medium sand, grey 0.30-0.47 fine sand, with numerous thin layer of peat,
2.50-5.50  fine-medium sand, fluvioglacial, grey grey-y e.llow )
L 0.47-1.10 peat, highly decomposed, slightly sandy, black
5.50-6.00 organic silt, grey
) 1.10-1.14 fine sand, grey
6.00-7.00 clayey silt, dark grey 1.14-1.20 peat, highly decomposed, slightly sandy, black
7.00-7.40 peaty silt, dark brown; 1.20-3.14 sand, grey and grey-yellow
7.40-8.50 peat, highly decomposed, dark brown; 3.14-3.60 organic silt with thin layer of fine grey sand at
Th2, Th1.5, Sh0.5, Ag/As+; struc.: homoge- the depth of 8.20-3.22 m, black
neous; nig.3, strf.0, elas.0, icc.2, lim.sup.1 3.60-3.73 fine and medium sands, grey-yellow
8.50-9.00 peaty silt, black-brown; 3.73-4.16 organic silt, black
Ag2.5j Sh0.5, Th0.5', Tb0.5, As+, Ga+; 416-4.20 fine sand, dark grey
struc.: homogeneous; nig.3, strf.0, elas.0,
sice.2, lim.sup.1 4.20-4.26 organic silt, dark grey
9.00-10.00  organic silt, black; 4.26-4.69 fine and medium sand, grey
Ag2.5, Sh1.5, Th/Tb+, As+, Ga+; struc.: 4.69-4.87 organic silt, black
homogeneous; nig.3, strf.0, elas.0, sicc.2, 4.87-5.15 organic silt, dark brown
lim.sup.1 5.15-6.00 organic silt, black;
10.00-10.30  organic silt, dark grey Ag2.5, Sh1l.5, Th/Tb+, As+, Ga+; struc.: homo-
10.30-11.50 silt, grey geneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
6.00-6.08 organic silt, dark grey-brown;
Ag2.5, As0.5, Sh1l, Th/Tb+, Ga+; struc.: homo-
geneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
6.08-6.14 sandy silt, grey-green
6.14-6.24 organic silt, dark grey-brown
6.24-6.52 silt with fragments of molluscs shells, slightly
sandy, dark grey
6.52-7.20 sandy silt with thin layers of black organic silt,
dark grey
7.20-7.96 till, grey
7.96-8.40 fine sand, grey-yellow

Table 54. Bocki 1 [38]. Description of local pollen assemblage zones (L PAZ)

Depth (m)

Description

9.05

8.65

8.05

Very high Quercus values (48.2%); relatively high percentage of Ulmus (3.7%) and Fraxinus (3.2%); rather low
proportion of Pinus sylvestris type (26.2%) and Betula alba type (12.2%); single pollen grains of Tilia cordata
type (0.1%), Alnus (0.7%), Carpinus betulus (0.4%), Salix (0.2%), and Hedera helix (0.1%); NAP below 5%.

Domination of Corylus avellana (44.9%); high values of Tilia cordata type (15.4%) and Alnus (16.1%); relatively
high proportion of Quercus (7.4%) and Ulmus (3.2%); rather low percentages of Pinus sylvestris type (5.9%)
and Betula alba type (1.2%); single pollen grains of Carpinus betulus (3.3%), Picea abies type (0.2%), Taxus
baccata (1.0%), Acer (0.1%), Tilia tomentosa (0.1%), and Fraxinus (0.4%), as well as Hedera helix (0.1%); NAP
below 2%.

Prevailing of Pinus sylvestris type (45.5%); high proportion of Carpinus betulus (21.3%), Alnus (12.6%), and

Picea abies type (10.7%); Betula alba type below 10%; single pollen grains of Quercus (0.7%), Corylus avellana
(0.6%), Tilia cordata type (0.1%), and Ulmus 0.1%); very low values of NAP (ca. 0.5%).

Table 55. Bocki 2 [38]. Description of local pollen assemblage zones (L. PAZ)

Depth (m)

Description

6.05

5.70

5.40 and 5.25

Domination of Pinus sylvestris type (43.4%) and Betula alba type (25.4%); relatively high Quercus values
(14.6%); single pollen grains of Ulmus (1.7%), Fraxinus (1.0%), Corylus avellana (3.4%), Tilia cordata type
(0.5%), Alnus (0.7%), Picea abies type (1.9%), and Juniperus (0.2%); NAP proportion ca. 10%.

Maximum of Corylus avellana (49.2%); very high values of Tilia cordata type (12.0%) and Alnus (19.0%);
rather low proportion of Quercus (3.7%), Ulmus (3.4%), Fraxinus (1.5%), and Carpinus betulus (4.7%); very
low percentages of Pinus sylvestris type (4.0%) and Betula alba type (0.6%); single pollen grains of Hedera
helix (0.1%), and Humulus lupulus (0.1%); NAP below 2%.

Prevailing of Carpinus betulus (29.3-40.8%) and Corylus avellana (27.1-31.1%); high proportion of Alnus
(18.9-19.8%) and Tilia cordata type (6.0-8.8%); single pollen grains of Quercus (1.8-2.5%), Ulmus (1.2-1.8%),
Fraxinus (0.3—-1.4%), Acer (0.1-0.3%), and Picea abies type (0.3%); very low values of Betula alba type (below
1%), Pinus sylvestris type (1.4-3.4%) and NAP (below 1%).
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Choroszczewo

The Choroszczewo [39] site (52°33'N, 23°2'E;
155.0 m a.s.l.) lies in southern part of the Bielsk
Upland, in a borderland with the Drohiczyn
Upland, around 25 km south-west of Bielsk
Podlaski town and roughly 10 km south of the
Bocki site (Figs 1, 2). The locality in question
is in the centre of a lake plain behind an exten-
sive kame. The palaeolake where the drilling
was carried out lies some 100 m east of the
Choroszczewo-Bocéki road, on the left bank of
the river Nurzec valley (Fig. 51).

The boring was carried out with a Geoprobe
borer, 3.5 cm in diameter. Fieldwork was a part
of greater project aimed at drawing the Bocki
sheet of the Detailed Geological Map of Poland,
in scale 1: 50 000 (Boratyn 2006). Directly on
the bottom layer of the boring, at the depth of
7.90-6.00 m, organic silts and organic shales
were deposited (Tab. 56). Then the Eemian
sediment lay on compact plastic silts of the
Wartanian glaciation (Boratyn 2006). Clayey
silts and organic silts with traces of peats and
fine sands (6.0-2.7 m) are present on top of
them. Yet another layer to the top, a span
of 2.70-1.45 m within the profile, consists of
clayey silts, silts, fine sands and varigrained
sand with gravels, up to 3.5 cm in diameter.

More than 20 samples were suitable for
subsequent pollen analysis. All samples ana-
lysed contained sporomorphs. Their frequency
was high or very high and their preservation
was good or very good. Pollen percentage dia-
gram (Fig. 52) was divided into 8 local pollen
assemblage zones (Tab. 57).

ma.s.l.
150.00
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145.00
143.75
142.50
14125

140.00
138.75
137.50
136.25
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@1 =2

Fig. 51. Choroszczewo [39]. Location of the site. 1 — studied
profile, 2 — roads
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Table 56. Choroszczewo [39]. Lithology of the profile

Depth (m)

Sediment description

0.00-0.20
0.20-0.60
0.60-1.10
1.10-1.20
1.20-1.40

1.40-1.45
1.45-1.60

1.60-1.70

1.70-2.10
2.10-2.15
2.15-2.40
2.40-2.65
2.65-2.70
2.70-3.75

3.75-3.80

3.80—4.20

4.20-4.70

4.70-4.85

4.85-5.00

5.00-5.10

5.10-5.30

5.30-5.35

5.35-6.00

6.00-6.20

6.20-6.90

6.90-7.20

7.20-7.90

7.90-9.60

soil, sandy, dark grey

humus fine sand, grey

fine sand, light yellow

sand with gravel (to 3.5 cm), grey

fine and medium sand with admixture of larger
grains (to 3mm), grey-brown

fine sand, light grey

clayey silt, grey-green at the top and brown at
the lower sectio

clayey silt with admixture of larger grains (to
2mm)

clay, grey-rust
clay, stratified horizontally, black and rust
organic silt, slightly clayey, dark grey

silty clay, grey and grey—ginger

fine-medium sand, yellow

organic silt, dark grey and grey-brown;

Ag2.5, As0.5, Sh1l, Th/Tb+, Ga+; struc.: homoge-
neous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1

fine sand, yellow;

Ga3, Ag0.5, As0.5; struc.: homogeneous; nig.3,
strf.0, elas.0, sicc.2, lim.sup.1

organic silt, black and grey-brown,;

Ag2.5, Sh1.5, Th/Tb+, As+, Ga+; struc.: homoge-
neous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
organic silt, slightly peaty, grey-brown;

Ag2.5, Sh1, Th/Tb0.5, As+, Ga+; struc.: homoge-
neous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
organic silt, slightly sandy, with thin layers of
fine sand, dark grey;

Ag2.5, Sh1, Ga0.5, Th/Tb+, As+; struc.: homo-
geneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
fine sand with organic matter, light grey;
Ga3.5, Sh0.5, Ag/As+; struc.: homogeneous;
nig.1, strf.0, elas.0, sicc.2, lim.sup.1

organic silt, slightly sandy, grey-brown,;

Ag2.5, Sh1, Ga0.5, As+, Th/Tb+; struc.: homoge-
neous; nig.2, strf.0, elas.0, sicc.2, lim.sup.1
organic silt, peaty, grey;

Ag3, Sh0.5, Ga0.5, As+, Th/Tb+,; struc.: homo-
geneous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
peat, weakly decomposed, brown-black;

Tb3, Thl, Ag/As+; struc.: homogeneous; nig.3,
strf.0, elas.0, sicc.2, lim.sup.1

organic silt, slightly clayey, grey;

Ag2.5, As0.5, Sh1l, Th/Tb+, Ga+; struc.: homoge-
neous; nig.2, strf.0, elas.0, sicc.2, lim.sup.1
organic silt, dark grey;

Ag2.5, Sh1.5, Th/Tb+, As+, Ga+; struc.: homoge-
neous; nig.3, strf.0, elas.0, sicc.2, lim.sup.1
substantia humosa, with traces of sand and
clay, black-brown,;

Sh4, Th/Tb+, Ag/As+, Ga+; struc.: homogeneous;
nig.3, strf.0, elas.0, sicc.2, lim.sup.1

substantia humosa, black and grey-black;

Sh4, Th/Tb+, Ag/As+; struc.. homogeneous;
nig.3, strf.0, elas.0, sicc.2, lim.sup.1

organic silt, light sandy, black and dark brown;
Ag2.5, As0.5, Sh0.5, Ga0.5, Th/Tb+; struc.:
homogeneous; nig.3, strf.0, elas.0, sicc.2, lim.
sup.1

clay, plastic, compact, grey-green;

As3, Ag0.5, Ga0.5; struc.: homogeneous; nig.2,
strf.0, elas.0, sicc.2, lim.sup.1




62

Table 57. Choroszczewo [39]

. Description of local pollen assemblage zones (L PAZ)

L PAZ

Name

Depth (m)

Description

C-1

Pinus-Betula-
Picea

8.32-8.14

Absolute domination of Pinus sylvestris typ (70%); relatively high values of
Betula alba type (15%) and Picea abies type (5%); presence of single pollen
grains of Alnus, Salix, Juniperus, Ephedra distachya, and Hippophaé; rather
low proportion of NAP (11%) — Artemisia (5%), Cyperaceae (3%), Poaceae (1%),
and Chenopodiaceae (1%) dominate among herbs.

The upper boundary: light decrease of Pinus sylvestris type; start of Quercus
continuous curve.

C-2

Pinus-Betula-
Quercus

7.84

Only one spectrum included. Prevalence of Pinus sylvestris type (45%) and Bet-
ula alba type (30%); relatively high frequency of Quercus (5%); appearance of
Ulmus; still presence of Picea abies type (4%), Salix (1%), and Juniperus (1%);
NAP values slightly lower then previous zone (6%).

The upper boundary: rise of Quercus values above 10%.

C-3

Quercus-Betula-
Pinus-(Ulmus)

7.74

Maximum of Quercus (14%); dominance of Pinus sylvestris type (45%) and Bet-
ula alba type (30%); high frequency and Ulmus (4%); sporadic occurrence of
Fraxinus, Alnus, and Picea abies type; single pollen grains of Juniperus and
Hedera helix; very low proportion of NAP (2%); water plants are represented
by relatively numerous idioblasts of Nymphaeaceae (to 5%) and single ceno-
bia of Botryococcus braunii, rush plants by pollen of Phragmites type, Typha
angustifolia/Sparganium and Typha latifolia, and Pteridophyta only by spores
of Filicales monolete (to 3%).

The upper boundary: start of continuous pollen curves of Corylus avellana and
Tilia cordata type; decrease of Quercus.

C-4

Corylus-Tilia-
Alnus

7.62-7.26

Absolute domination of Corylus avellana (ca. 40%); very high values of Tilia
cordata type (15-21%) and Ulmus (2—6%); relatively high proportion of Alnus
(10-18%); Quercus, Fraxinus, and Acer below 2%; the fall of Pinus sylvestris
type to 12%; the first pollen grains of Carpinus betulus and Viscum; very low
frequency of NAP (below 2%).

The upper boundary: rise of Carpinus betulus and Alnus.

C-5

Carpinus-Alnus-
Corylus

6.99-6.76

The maximum of Carpinus betulus (60%); values of Alnus higher then previous
zones (ca. 12%); decreasing proportion of Tilia cordata type (to 4%), Ulmus (to
2%), Quercus (to 0.2%), and Corylus avellana (to 14%); very low frequency of
Pinus sylvestris type and Betula alba type (0.3% and 1%, respectively); very low
values of NAP (0.2%); single pollen grains of Viscum and Hedera helix.

The upper boundary: rise of Picea abies type and decrease of Carpinus betu-
lus.

C-6

Picea-Carpinus-
Alnus-(Abies)

6.52

Only one spectrum included. Maximum values of Picea abies type (36%) and
Abies alba (1.5%); still high proportion of Carpinus betulus (16%) and Alnus
(13%); frequency of Pinus sylvestris type (15%) and Betula alba type (10%)
slightly higher then previous zone; low values of Quercus (1%), Corylus avellana
(1%), and Salix (0.1%); the first pollen grains of Calluna vulgaris (0.2%). Water
plants are represented by pollen of Nymphaea alba (0.1%), the first spores of
Isoétes (0.1%) and cenobia of Botryococcus braunii (5%).

The upper boundary: increase of Pinus sylvestris type above 80%.

C-7

Pinus

6.36-6.06

Dominance of Pinus sylvestris type (60—80%); proportion of Betula alba type
oscillating around 10%; relatively high values of Picea abies type (3%); low fre-
quency of thermophilous trees: Carpinus betulus — 1%, Alnus — 1.5%, Quercus
—0.2%, Corylus avellana — 0.7%; reappearance of Ephedra distachya (0.2%), and
Juniperus (0.2%); values of Salix slightly higher then previous zones (1%); also
NAP proportion higher then early (%) — mainly pollen of Artemisia (6%), Cal-
luna vulgaris (2%), Poaceae (1%), Cyperaceae (1%), and Chenopodiaceae (1%);
single pollen grains of Ericaceae, Anthemis type, Cichoriodeae, Dianthus type,
and Filipendula. Isoétes (5%) dominates among water plants; single cenobia of
Pediastrum integrum are noted; spores of Selaginella selaginoides, Lycopodium
annotinum, Equisetum, Sphagnum and Filicales monolete occur sporadically.
The upper boundary: decrease Pinus sylvestris type to 50%, rise of NAP above
20%.

C-8

Artemisia-
Poaceae-Salix

5.93-5.53

Values of Pinus sylvestris type decreasing from 50% to 40%; proportion of Betula
alba type about 15%; relatively high frequency of NAP — domination of Cyper-
aceae, high percentages of Artemisia, Poaceae and Chenopodiaceae.

The upper boundary: rapid rise of Betula alba type above 50%.

C-9

C-9a
C-9b

Pinus-Betula

Betula
Pinus

5.33-2.94

5.33—-4.87
4.08-2.94

Very high values of Pinus sylvestris type (to 70%) and Betula alba type (to 60%);
proportion of NAP oscillating around 15%.

No upper boundary.

Two subzones are distinguished:

Domination of Betula alba type.

Prevailing of Pinus sylvestris type.




REGIONAL POLLEN STRATIGRAPHY
AND ITS CHRONOSTRATIGRAPHY FOR
NORTHERN PODLASIE

GENERAL REMARKS

Local pollen assemblage zones and sub-
zones distinguished for all studied sites from
northern Podlasie are gathered in Figure 53.
It is clearly visible that the figure indicates
that vegetation of the entire area developed in
a similar manner. This is confirmed by great
similarity of particular local pollen assemblage
zones. Therefore such similarity allowed a con-
struction of regional division to be proposed.

Hence, 14 regional pollen assemblage zones
are proposed for northern Podlasie region — one
placed in the late glacial of the Wartanian gla-
ciation, seven in the Eemian interglacial and
another seven in the early glacial of the Vis-
tulian. The scheme presented in Figure 53 is
based on subjective comparison of all diagrams
from the region of northern Podlasie, that
assembled up to 2006.

Regional pollen assemblage zones were
described, defined and named after the rules
proposed by Cushing (1967), West (1970),
Birks (1979) and Janczyk-Kopikowa (1991).
The Solniki [28] site described in this article
matches the type locality for the majority of
those zones.

A concise characteristics of regional pollen
zones distinguished for northern Podlasie is
presented in Table 58.

LATE GLACIAL OF THE WARTANIAN
GLACIATION

The late glacial of the Wartanian is well
represented only by one of the profiles from
northern Podlasie, namely by the Skupowo
[37] site. Comparable pollen records are also
present at two other localities: Ludomirowo [7]
(Bitner 1957), see Figure 54, and Milejczyce
[40] (Binka 2006a). Therefore one regional pol-
len assemblage zone was distinguished — LWyp
NAP-Picea R PAZ relying on the composition
of the Late Wartanian pollen spectra found
at these three sites (Fig. 54, Tab. 58). The
Skupowo [37] site represents a type locality of
this zone for northern Podlasie. The zone may
be correlated with the LG MPG NAP-Picea-
Pinus regional pollen zone distinguished by
Mamakowa (1989) for late glacial of the Mid-
dle Polish glaciation in northern Poland. In
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Phases (acc. Bitner
1956, 1957)
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case of northern Podlasie the zone is well rep-
resented only by pollen spectra, corresponding
to the upper subzone of this zone, that is the
Picea R PASZ.

Pollen zones with similar pollen records
are well known in the literature as the “lower
spruce” zone. Its presence is characteristic for
north-eastern Poland, Belarus and the Rus-
sian Plain (Mamakowa 1989).

THE EEMIAN INTERGLACIAL

Another seven regional pollen zones from
northern Podlasie represent the interglacial
vegetation succession. Its typical features
include: (1) very high pollen values of Cory-
lus avellana, (2) the expansion of trees and
hazel in particular sequence, i.e. Betula-Pinus,

| Pinus sylvestris type
 Betula alba type

Ulmus
“Quercus
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690 7|
700 -
710 7|
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739 -

Ulmus, Quercus-Fraxinus, Corylus, Alnus,
Taxus, Tilia, Carpinus, Picea-Abies, and Pinus
and (3) a marked increase in the Carpinus pol-
len presence coupled with high co-occurrence
of those of Corylus (Fig. 55). That in turn
allows unquestionably correlate it with the
Eemian interglacial (cf. Mamakowa 1989). Its
stratotype site lies close to the Eem river near
Amersfoort (Zagwijn 1961).

Cases of the Eemian regional zones
described from northern Podlasie are marked
with the Eyp signature being chronologically
numbered.

Northern Podlasie regional pollen zones of
the Exnpl-Exp7 match with the E1-E7 zones
(Mamakowa 1989) that are assigned to the
Eemian interglacial for the entire area of
Poland (Fig. 53).
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Fig. 55. Simplified pollen diagram from the Eemian section of the Solniki [28] — type locality for the majority of the regional
pollen zones (R PAZ) in the northern Podlasie (only curves of main trees and shrubs)



Enpl Pinus-Picea-(Betula) R PAZ

The zone is represented in 6 profiles (Fig. 53,
Tab. 58). It is also present at two other sites
in northern Podlasie: Ludomirowo [7] (zone
II, according to Bitner 1957) and Otapy 1 [34]
(Bitner 1956a). As concerns northern Podla-
sie the type locality for this particular zone is
represented by the Solniki [28] site. The zone
itself corresponds to the regional E1 Pinus-
Betula pollen zone distinguished by Mama-
kowa (1989) in the Eemian pollen succession
for the entire area of Poland.

Enp2 Pinus-Quercus-Ulmus-Salix R PAZ

The zone is represented in 12 studied pro-
files (Fig. 53, Tab. 58). It is also known from
six other localities in northern Podlasie: Mik-
lewszczyzna [5], Zacisze [6] and Ludomirowo
[7] (Bitner 1957), Michatowo [25] (Kupryjano-
wicz & Drzymulska 2002), Proniewicze PR
1/93 [32] (Krupiniski 1995), and Otapy 1 [34]
(Bitner 1956a). In northern Podlasie the type
locality for this zone is well represented by the
Solniki [28] site. The zone may be correlated to
the Polish regional E2 pollen zone specified by
Mamakowa (1989).

Enp3 Quercus-Ulmus-Fraxinus R PAZ

The zone is represented in 11 profiles
(Fig. 53, Tab. 58). It is also present in other
9 profiles from northern Podlasie: Nowy Dwor
59 [4] (Noryskiewicz 2005), Miklewszczyzna [5],
Zacisze [6] and Ludomirowo [7] (Bitner 1957),
Michatowo [25] (Kupryjanowicz & Drzymulska
2002), Proniewicze PR 1/93 [32] (Krupinski
1995), Otapy 1 [34] and Otapy 2 [34] (Bitner
1956a), and Milejezyce [40] (Binka 2006a).
When considering northern Podlasie the Sol-
niki [28] site represents the type locality for
this zone. It is related to the Polish regional
E3 zone (Mamakowa 1989)

Enp4 Corylus-Alnus-Tilia R PAZ

The zone is represented in 19 studied pro-
files (Fig. 53, Tab. 58). It is present as well at
10 other sites from northern Podlasie: Nowy
Dwoér 59 [4] (Noryskiewicz 2005), Miklew-
szezyzna [5], Zacisze [6] and Ludomirowo [7]
(Bitner 1957), Machnacz [17] (Kupryjanowicz
1991, 1995), Michatowo [25] (Kupryjanowicz
& Drzymulska 2002), Proniewicze PR 1/93 [32]
(Krupinski 1995), Otapy 1 [34] and Otapy 2
[34] (Bitner 1956a), and Milejczyce [40] (Bintka
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2006a). In northern Podlasie the type locality
for this zone is at Solniki [28] site.

This particular zone corresponds to the
Polish regional E4 Corylus-Quercus-Tilia zone.
The only difference lies in extremely low pro-
portion of Taxus baccata pollen in sediments
known from northern Podlasie (up to only 1.3%
in Proniewicze PR1/93 [33] profile — Krupinski
1995). Most probably it stays related to the sheer
location of the studied area, since this particu-
lar region in north-eastern Poland presently
lies beyond the contemporary Taxus range, and
probably this was the case as well through the
whole Holocene (Krupinski et al. 2004). Taxus
pollen was very poorly represented at all the
sites representing the Eemian interglacial in
the north-eastern part of Poland (Mamakowa
1989). The sites nearest to northern Podlasie,
where Taxus pollen was represented in values
exceeding those presented here, include Nie-
wodowo [58] — up to 2% (Musiatl et al.1982) and
Lomza-Lomzyca [55] — up to 5.3% (Krupinski
1992). Thus, it is very likely that the area of
northern Podlasie was at that time, during the
Eemian interglacial, beyond the range of this
particular species. Probably for the same rea-
son the profiles from northern Podlasie lacked
the pollen of Ligustrum.

Enp5 Carpinus R PAZ

The zone is represented in 18 profiles, but
only in as few as in six of them the pollen
record of the lower section is present whereas
in one case in its upper part.

The Expb Carpinus R PAZ occurs also in 12
other profiles from northern Podlasie, namely
Nowy Dwoér 50 [4] and Nowy Dwoér 62 [4]
(Noryskiewicz 2005), Zacisze [6], Ludomirowo
[7] (Bitner 1957), Machnacz[17] (Kupryjanowicz
1991, 1995), Bagno-Kalinéwka [21] (Boréwko-
Dtuzakowa & Halicki 1957), Klewinowo [29]
(Boréwko-Dtuzakowa 1973a, 1974), Hacki [31]
(Brud & Kupryjanowicz 2002, Kupryjanowicz
2005b), Proniewicze PR 1/93 [32] (Krupinski
1995), Otapy 1 [34] and Otapy 2 [34] (Bitner
1956a) and Milejczyce [40] (Birkka 2006a). As
it concerns northern Podlasie the type locality
for this particular zone is to be found at the
Solniki [28] site.

The Expb Carpinus zone correlates to the
Polish regional E5 Carpinus-Corylus-Alnus
zone, for which case representative site lies at
Glowczyn (Niklewski 1968). The typical site of
the zone is usually divided into two sub-zones.
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Therefore in case of northern Podlasie two
subzones of the Expb Carpinus regional pol-
len zone were distinguished as well. The lower
one, Corylus R PASZ, is characterized by rela-
tively high proportion of Corylus avellana pol-
len whereas the upper one, Picea R PASZ, by
maximum of Carpinus betulus combined with
increasing values of Picea abies type.

The correlation of local pollen zones known
from the analysed profiles with other regional
pollen zones indicates that in many profiles the
hiatus that contains the younger part of the
hornbeam phase and the spruce phase of the
Eemian interglacial is present. This phenom-
enon was noticed for the following profiles:

— Dzierniakowo [24] — between D-2 and
D-3 L PAZ (Fig. 8).

— Matynka [27] — between Ma-1 and Ma-2
L PAZ (Fig. 17).

— Sokoétka 2 [13] — between the depth of
14.50 m and 14.40 m (Fig. 22). The presence
of the hiatus in this profile may be associated
with the change from dark brown peaty silt
into dark grey silt. Very similar transitional
zone is traced in the Sokoétka 1[13] profile
found there at the depth of 13.00 m (Fig. 21,
Tab. 17). It suggests that also in case of that
profile the hiatus might occur. Since no sample
could be collected at the Sokétka 1 site that
would span the interval of 13.05-12.20 confir-
mation of such hypothesis is out of reach at
the moment.

— Podkamionka [16] — in this profile nei-
ther the hornbeam phase (Expd R PAZ), nor
the spruce phase (Exp6 R PAZ) of the Eemian
interglacial are found (Fig. 27). Non-pollen sed-
iment layer, 30 cm thick, starting at the depth
of 8.30-8.00 m, placed between the Pa-3 Cory-
lus-Tilia-Alnus and Pa-4 Betula-Pinus-NAP,
probably corresponds chronologically to those
phases. Very small thickness of this layer sug-
gests a very low rate of sediment being accu-
mulated at that time or/and a presence of the
hiatus itself. The lack of pollen indicates that
the sediments formed at that time could sim-
ply dried out.

— Bohoniki [15] — the hiatus correspond-
ing to the spruce phase (Exp6 R PAZ) and to
the younger part of the hornbeam phase (Expb
R PAZ) of the Eemian interglacial seemingly
occurs in the profile in question (Fig. 31).
A sample from the depth of 3.10 m contains
mixed pollen material representing local pol-
len zones of the B-2 Carpinus (equal with

older part of the Expb R PAZ) and B-3 Pinus-
Betula-NAP (matching the Exp7 R PAZ). Such
instance however may be the result of natural
processes accompanying sedimentation itself
or could equally be related to sheer manner of
performing the boring.

The occurrence of the hiatus is very frequent
in the Eemian profiles representing northern
Podlasie. Apart from the profiles mentioned
above it is also recorded from other sites pre-
sented in this article, i.e. Pieszczaniki [23],
Drahle [14], Harkawicze [20], Proniewicze P-3
[33] and from three previously studied locali-
ties: Klewinowo [29], Proniewicze PR 1/93 [32]
and Otapy 2 [34]. Discussion upon this phe-
nomenon is presented in the last chapter of
this paper.

Enp6 Picea-Pinus-(Abies) R PAZ

The zone is represented in 8 studied pro-
files (Fig. 53, Tab. 58). It is also present at
another 7 sites in northern Podlasie, that
is Nowy Dwoér 50 [4] and Nowy Dwoér 62 [4]
(Noryskiewicz 2005), Ludomirowo [7] (Bitner
1957), Machnacz [17] (Kupryjanowicz 1991,
1995b, c), Hacki [31] (Brud & Kupryjanowicz
2002, Kupryjanowicz 2005b), Otapy 1 [34] (Bit-
ner 1956a) and Milejczyce [40] (Binka 2006a).
The type locality for this particular zone in
case of northern Podlasie is the the Solniki
[28] site.

The zone corresponds to the Polish regional
zone E6 Picea-Abies-Alnus, for which the
typical site is known from Bedlno (Srodor
& Gotgbowa 1956). At its typical site the zone
may be divided into two subzones of the E6a
Carpinus and E6b Pinus. Due to small thick-
ness of the sediments representing the Eyxp6
zone assignment of subzones was of no sense
though in the pollen diagram the difference
between the lower and the higher part of the
zone is quite evident. Low percentage of Abies
alba in profiles known from northern Podlasie
stays related to the presence of north-eastern
boundary of fir range at the time of the Eemian
interglacial.

Enp7 Pinus R PAZ

The zone is represented in 20 studied pro-
files (Fig. 53, Tab. 58). It is present as well
at 13 other sites cited from northern Podla-
sie: Nowy Dwor 50 [4] and Nowy Dwoér 62 [4]
(Noryskiewicz 2005), Ludomirowo [7] (Bitner
1957), Machnacz [17] (Kupryjanowicz 1991,



1995b, ¢), Czarna Wie$ [18] (Bitner 1956b),
Bagno-Kalinéwka [21] (Boréwko-Diuzakowa
& Halicki 1957), Michatowo [25] (Kupryjano-
wicz & Drzymulska 2002), Klewinowo [29]
(Boréwko-Dtuzakowa 1973a, 1974), Hacki [31]
(Brud & Kupryjanowicz 2002, Kupryjanowicz
2005b), Proniewicze PR 1/93 [32] (Krupinski
1995), Otapy 1 [34] and Otapy 2 [34] (Bitner
1956a) and Milejczyce [40] (Birkka 2006a). As
it concerns northern Podlasie the type locality
for this particular zone is represented by the
Solniki [28] site.

In the Pieszczaniki [23] profile the presence
of the sediment layer represented by the Pi-2
Pinus-Picea-Carpinus local pollen zone is very
hard to be explained. If one takes into consid-
eration the composition of the pollen spectra
this zone corresponds to the Exp7 R PAZ. How-
ever, the Exp7 R PAZ closes the interglacial pol-
len succession whereas the Pi-2 L. PAZ occurs
between the Pi-1 Carpinus-Corylus-Alnus and
Pi-3 Carpinus-Picea-Corylus zones, which rep-
resented hornbeam phase of this interglacial
(Expd R PAZ). The lack of deposits containing
pollen of Pinus sylvestris type above the Pi-3
L PAZ makes the situation impossible to hap-
pen, if considering that the core might simply
get contaminated during the boring. It there-
fore allows suspecting that the inversion of
the sediments took place owing to the natural
course of accumulation process. The similar
phenomenon is documented from the Skupowo
[37] profile (Fig. 47).

The zone may be correlated to the E7 Pinus
zone. The correlation is partially disturbed by
the Exp7b Betula and Eynp7c NAP subzones
described from numerous profiles known from
northern Podlasie (Fig. 56). Within the inner
layer of the profile the possibility of contami-
nation by adjoining sediments moved along
during the boring is rather low. Thus these
sediments containing the ExpP7b and Eyp7c
subzones were likely to occur in situ and
may therefore indicate cool climatic fluctua-
tions happening during the pine phase. At the
Zgierz-Rudunki site (Jastrzebska-Mametka
1985), that is recognized as typical for the E7
Pinus regional zone for central, western and
north-eastern Poland, a fluctuation similar in
character though less marked was discerned
for the earlier part of that phase. Slight vari-
ations of similar character are also figured
in diagrams representing the following sites:
Warszawa-Wola (Boréwko-Dluzakowa 1960),
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Konopki Lesne [54] (Boréwko-Dtuzakowa
1971a), Naklo (Noryskiewicz 1978), Jozefowo
(Sobolewska 1966) and Horoszki Duze (Grano-
szewski 2003).

The upper boundary of the Eyp7 Pinus
zone is accepted as the borderline between
the Eemian interglacial and the Early Vistu-
lian, what agrees with the criteria proposed by
Andersen (1961), Zagwijn (1961), Behre (1989)
and Mamakowa (1989). This boundary was
marked out in the profiles known from north-
ern Podlasie at the level where the herb pol-
len contents increased above 50%. At least in
case of some profiles, e.g. Machnacz [17] and
Michatowo [25], this increase can be related
to much higher values of Cyperaceae and cor-
responds to the borderline between birch peat
and mossy fern peat in the sediment. In rela-
tion to the peat layer the proportion of veg-
etative macroscopic fern debris apparently
increases what may suggest that higher val-
ues of Cyperaceae in the pollen spectra may be
caused by their presence in the peat-bog itself.
Although the exclusion of Cyperaceae from the
basic sum makes the increase in NAP less defi-
nite at the point where the Eemian interglacial
and the Vistulian glaciation meet, such omis-
sion may be acceptable (Kupryjanowicz 1995,
Kupryjanowicz & Drzymulska 2002).

EARLY GLACIAL OF THE VISTULIAN
GLACIATION

The Early Vistulian regional pollen zones in
northern Podlasie are marked herein with the
letters EVyp.

EVypl Artemisia-Cyperaceae-Chenopodiaceae
R PAZ

The zone is represented in 9 studied profiles
(Fig. 53, Tab. 58). It is also present in four other
sites known from northern Podlasie, namely
Machnacz [17] (Kuryjanowicz 1991, 1995b, c),
Michalowo [25] (Kupryjanowicz & Drzymul-
ska 2002), Hacki [31] (Brud & Kupryjanowicz
2002, Kupryjanowicz 2005b), and Milejczyce
[40] (Bitka 2006a). In relation to northern
Podlasie the type locality for this zone is rep-
resented by the Solniki [28] site.

The EVypl zone (Fig. 53) corresponds to the
Polish regional zone EV1 Poaceae-Artemisia-
Betula nana (Mamakowa 1989). Lower values
of Artemisia and Poaceae compared to those
in the profile from Zgierz-Rudunki (type site

for this zone in Poland) are probably caused
by particular local conditions. The zone repre-
sents the first post-Eemian cooling of the cli-
mate. It may be correlated as well with the
Herning stadial distinguished in Germany and
the Melisey 1 stadial from the eastern France
(Fig. 57). As it concerns North Atlantic cores
their equivalent may be that of the C23 cold
period.

The EVyplb Pinus regional subzone charac-
teristic of its higher values of Pinus sylvestris
type is delineated in the middle section of the
EVypl zone. It probably reflects some short-
term warm fluctuations within the Herning
stadial. Notably, there is no record of this
change in any other profile neither from Poland
nor from the western or northern Europe. On
the other hand it is only quoted from Belarus
(San’ko 1987 after Mojski 1993).

EVyp2 Betula, EVyp3 Artemisia-Poaceae and
EVyp4 Pinus-Betula R PAZs

All three zones are represented only in 2
studied profiles — Solniki [28] and Dziernia-
kowo [24] (Fig. 53, Tab. 58). In 4 next pro-
files, only single pollen spectra reflecting the
EVyp2 and EVyp4 zones occurs. The EVyp2
and EVyp4 zones are also present in 5 other
sites from the Northern Podlasie: Nowy Dwér
50 [4] (Noryskiewicz 2005), Machnacz [17]
(Kupryjanowicz 1991, 1995b, c), Michatowo [25]
(Kupryjanowicz & Drzymulska 2002), Hacki
[31] (Brud & Kupryjanowicz 2002, Kupryjano-
wicz 2005b), and Milejczyce [40] (Birikka 2006a).
Type locality for these zones in the Northern
Podlasie is the Solniki [28] site.

The EVsz, EVNP3 and EVNP4 R PAZ bOth
represent the Polish EV2 Betula-Pinus pollen
zone, which is correlated by Mamakowa (1989)
with the first interstadial of the Early Vistu-
lian. The above mentioned zones (Fig. 57) cor-
respond to:

German Brgrup interstadial = Brgrup sensu
lato = Amersfoort/Brgrup (Erd 1973, Menke
& Tynni 1984, Behre & Lade 1986):

— Danish Brgrup with the stratotype site
at Brgrup Hotel Bog (Andersen 1961),

— two interstadials — Amersfoort and
Brgrup sensu stricto — and stadial between
them in the Netherlands,

— Saint German 1 interstadial in the
eastern France (de Beaulieu & Reille 1984,
1992a, b, Reille & de Beaulieu 1990, Reille
et al. 1998),
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Fig. 57. Correlation of the Early-Vistulian regional pollen zones (R PAZ) from the northern Podlasie and other stratigraphic

units of this part of the last glaciation from Europe

— two interstadials — 23 and 22 — and sta-
dial between them in Greenland (Dansgaart
et al. 1993),

— two warm periods — W23 and W 22 — and
C22 cold period in deep see profiles from the
North Atlantic (McManus et al. 1994),

— bc oxygen isotope stage (Pisias et al.
1984).

One may suppose that regional pollen zones
EVyp2 and EVyp3 as well as the EVypda sub-
zone that are correlated with the EV2a pol-
len zone, represent birch phase of the Brgrup
sensu lato (cf. Mamakowa 1989). Nonetheless,
in case of northern Podlasie this period is
clearly divided into three parts reflecting:

— the occurrence of high peaks of Pinus syl-
vestris type and Betula alba type during the
first part of this period (Exp2 Betula R PAZ)
that may indicate the relatively warm period
lush with pioneer pine-birch forests,

— the predominance of herbaceous taxa,
especially of Artemisia, during the second part
of this period(Exp3 Artemisia-Poaceae R PAZ)

which in turn indicates much drier and colder
period than the first or the third one,

— another and rapid increase of Betula alba
type delimiting the third part of this period
(Exp4a Betula R PASZ).

The regional EVyp2 zone and EVypd4a sub-
zone both represent warm climate fluctuations,
whereas the EVyp3 a cooler stage between
them. Therefore it may be presumed that rela-
tively low values of NAP in the EVyp3 R PAZ
indicate the presence of forests with open can-
opy(?) however, not their complete disappear-
ance. That could have been an effect of slight
decrease in temperature or in the presence of
relatively short cooling period. Similar record
of cold period corresponding to the middle part
of the birch phase of the Brgrup sensu lato is
also present in some profiles from other parts
of Poland, being for example well represented
in the diagrams from Horoszki Duze (Grano-
szewski 2003) and Warszawa-Wola (Boréwko-
Dtuzakowa 1960, with subsequent reinterpre-
tation of Mamakowa 1989).
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Short but distinct climate deterioration
within the Brgrup interstadial sensu lato is
also known from various European locations,
e.g. Amesfoort (Zagwijn 1961), Monticchio
(Allen et al. 1999), Bouchet (Reille et al. 2000),
Furamoos (Miiller et al. 2003). While in the
diagrams presented for northern Germany it
is not distinguished, in the lower part of the
birch phase of the Brgrup sensu lato a slight
cooling is noticeable. It is well reflected by the
increase in NAP value (Griger 1979, 1983,
Welten 1982, Menke & Tynni 1984, Behre
& Lade 1986).

It is very likely that the EVyp2 Betula
R PAZ represents the Amersfoort interstadial
and the part A of the Saint Germain 1 inter-
stadial (Fig. 57). The EVyp4a Betula R PASZ
refers to the birch phase of the Brgrup sensu
stricto and the part C of the Saint Germain 1.
The EVyp3 R PAZ reflects the cooling between
the Amersfoort and the Brgrup interstadials
sensu stricto. In France it is known as the part
B of the Saint Germain 1 interstadial, so-called
Montaigu event (Woillard 1978).The Montaigu
event within the Saint Germain 1 intersta-
dial, corresponding to the Brgrup sensu lato
or Amersfoort/Brgrup, was also traced back
in case of Italian sites. Quite probably it cor-
relates to the Monticchio event that spans
101 000 to 100 000 calendar years B.P. (Allen
& Huntley 2000).

The EVypd4b Pinus-Betula and EVypdc
Pinus subzones are correlated with the Polish
regional sub-zone of the EV2b and correspond
to the pine phase of the Brgrup sensu lato and
Brgrup sensu stricto. The stratotype site for that
part of the early glacial in Europe is located at
Brgrup Hotel Bog in Denmark (Andersen 1961)
and at Zgierz-Rudunki in Poland (Jastrzebska-
Mametka 1985). In relation to both sites the
characteristic feature of the pine phase, apart
from high values of Pinus, is the constant curve
of Larix. Some profiles representing northern
Podlasie contained no pollen of this particular
taxon. This may be caused by the character of
sediments itself. In the sandy silts that rep-
resent the EVyp4b zone in Machnacz [17] and
Michalowo [25], large but delicate Larix pollen
grains might simply got disintegrated.

EVypb Artemisia-Poaceae R PAZ

The zone is represented in 3 studied profiles:
Solniki [28], Dzierniakowo [24] and Trzcianka
[10] (Fig. 53, Tab. 58). It is also present at

Machnacz [17] (Kupryjanowicz 1991, 1995),
whereas the type locality for this zone in north-
ern Podlasie is represented by the Solniki [28]
site.

The zone represents the next stadial, which
in central Europe is named as Rederstall, while
in France it is known as Melisey 2 (Fig. 57). It
is distinctive with its significant decline in per-
centage of area covered by forests accompanied
by substantial spread of non arborescent plant
species. The stadial is also well expressed in
slightly increased proportions of sand presence
in sediments.

EVyp6 Pinus-Betula R PAZ

The zone is represented only in one studied
profile, Dzierniakowo [24] (Fig. 53, Tab. 58).
Another example is quoted for Machnacz [17]
location (Kupryjanowicz 1991, 1995).The type
locality for this zone is ascribed to the Dzier-
niakowo [24] site.

The onset of the second interstadial is linked
with development of pioneer forests recorded
in the EVyp6 R PAZ. It is subsequently divided
into three parts typical of its:

1) birch woodlands of a boreal character
dominated by birch occurring during the first
part, i.e. EVypba Betula-Artemisia-Poaceae
R PASZ,

2) pine forests being present during the sec-
ond part, i.e. EVyp6b Pinus-Larix R PASZ,

3) gradual decrease in proportion of Pinus
sylvestris type and increase in herbaceous
taxa presence during the third part, i.e. Exp6c
Pinus-Artemisia-Poaceae R PASZ, which in
turn indicates climate deterioration and fol-
lowing transition to arctic conditions.

The EVyp6 Pinus-Betula pollen zone is
correlated with the Polish EV4 Pinus-Betula
regional zone (Mamakowa 1989) and repre-
sents the Odderade interstadial distinguished
in central and northern Europe under the fol-
lowing names: the FW VI recognized from the
stratotype site in Odderade (Averdieck 1967),
the WF IV from Rederstall (Menke 1976, 1982,
Menke & Tynni 1984), the W VI from Kittl-
itz (Erd 1973), the WF IV from Oerel (Behre
& Lade 1986, Behre 1989) and the French
Saint Germain 2 interstadial (Fig. 57).

As it concerns profiles from northern Podla-
sie, which correspond with other sites known
from Poland, the record of the Odderade inter-
stadial is not as well developed as the pre-
vious one. It is characterized by the actual



domination of Pinus, relatively high proportion
of NAP and only a slight increase in Betula
presence.

On the basis of the chronology from the Mon-
ticchio lake in southern Italy (Allen & Hunt-
ley 2000, Allen et al. 2000, Brauer et al. 2000)
a definite age of main events accompanying
the Early Vistulian in Europe was determined,
which includes:

— the transition from the Brgrup sensu
lato (=Amersfoort/Brgrup) interstadial into the
Rederstall stadial, dated back to 86 600 calen-
dar years B.P.,

— the transition from the Rederstall stadial
into the Odderade interstadial, 84 200 calen-
dar years B.P.,

— the transition into the Plenivistulian
(equal with the Middle Weichselian glaciation)
at the end of the Odderade interstadial, 75 400
calendar years B.P.

The upper boundary of the Odderade ana-
lysed from the Oerel profile was dated back
using radiocarbon dating method to be 61 000
years B.P. (Behre & van der Plicht 1992).

DEVELOPMENT OF TERRESTRIAL
VEGETATION IN NORTHERN
PODLASIE

On the basis of pollen analysis presented in
the preceding chapter an attempt was made
to reconstruct changes in vegetation that
occurred in northern Podlasie starting from
the end of the late glacial of the Wartanian
glaciation through the entire Eemian intergla-
cial up to the end of the early glacial of the
Vistulian glaciation. Description of changes is
presented in connection with regional pollen
assemblage zones.

Granoszewski (2003) recently presented
a detailed description of vegetation changes
accompanying the Eemian interglacial and the
Early Vistulian and Plenivistulian in the region
of Horoszki Duze in southern Podlasie. The
majority of changes described reflects a very
similar course of events to those presented
here for northern Podlasie. Because of that the
following reconstruction of vegetation contains
only approximate description of changes. Only
some extraordinary changes or those that were
recorded with a high resolution owing to great
thickness of studied sediments were described
in a more detailed manner.

75

LATE GLACIAL OF THE WARTANIAN
GLACIATION

LWypl Artemisia-Juniperus-Betula nana-
(Picea) R PAZ

The record of changes in vegetation encoded
within deposits of palaeolakes and palaeobogs
in northern Podlasie allows delimiting the end
of the Late Wartanian glaciation. The vegeta-
tion at that time comprised the mosaic of vari-
ous plant communities, of which open herb or
shrub plant communities dominated. Shrub
tundra played dominating role there. High
proportion of Betula nana type pollen proved
great significance of dwarf birch in such plant
formations. The presence of willow shrubs in
more fertile habitats is indicated by occurrence
of Salix pollen. High values of Juniperus pol-
len, characteristic for that zone as well, are
presumably caused by the presence of juniper
in dry habitats, most probably in open steppe-
like grasslands, which at that time developed
vigorously thriving under the most favourable
conditions. Their occurrence in northern Pod-
lasie is marked by high values of Artemisia
and Chenopodiaceae, a significant proportion
of Poaceae, and the presence of single pollen
grains of Ephedra fragilis type. Grassland com-
munities prevailing on sandy soils may have
served a source of pollen grains of Helianthe-
mum nummularium type and Rumex acetosella
type. Then moist habitats were occupied by
segde-moss communities, marked by high pol-
len values of Cyperaceae. Plant communities
occupying yet more wet habitats sustained tall
herbs like Thalictrum, Filipendula and Linnea
borealis. Apart of that grassland communities
of yet another sort served a source of Anthemis
type, Ranunculus acris type and of Rubiaceae
pollen.

Regardless of the domination of herba-
ceous plant communities it is quite possible
that patches of peatland, swamp or fen forests
were also present. It is reflected in consequent
increase in pollen values of the Pinus sylvestris
type and Betula alba type coupled with grad-
ual decrease in pollen values of herbs. It there-
fore implies the spread of boreal pine-birch for-
ests with simultaneous decline of open habitat
plant communities. Constant presence of Picea
abies type pollen indicates that from the very
beginning spruce constituted a crucial compo-
nent of such forests. Though the determina-
tion of spruce pollen down to the species level
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is impossible, it is somewhat plausible that
the pollen of Picea abies type being enclosed
in the sediments representing the Late War-
tanian sections of the profiles from northern
Podlasie could be linked to the pollen of Picea
obovata. It is indicated by the marcroscopic
remains of Picea obovata that were recorded
from several sites in north-eastern Poland,
i.e. Ludomirowo [7] (Bitner 1957), Szwaj-
caria (Boréwko-Diuzakowa & Halicki 1957,
Boréwko-Dtuzakowa 1975) as well as from
the Neman Valley, including Zukiewicze [75]
(Srodori 1950, Litviniuk 1979) and Nieciosy
(Breméwna & Sobolewska 1950). Owing to the
presence of Siberian spruce forest communi-
ties representing the end of Wartanian might
remained of contemporary communities of the
taiga type.

The occurrence of the spruce at the end of
the glaciation, followed by the Eemian inter-
glacial, is a characteristic feature of vegeta-
tion succession in northern Podlasie and in
the entire north-eastern Poland, which in this
respect makes this part of the Country different
from other regions (Mamakowa 1989). On the
contrary it makes this particular region simi-
lar to those of contemporary Belarus and Rus-
sia, where at that time spruce built up forests
of the boreal type. It is documented by a very
high proportion of the Picea pollen (up to 80%)
at sites in the Moscow region (Gorlova 1975
after Mamakowa 1989). It may indicate that
during the Wartanian glaciation central Russia
represented a refugium for that tree species.
The occurrence of Vistulian refugium of Sibe-
rian spruce in that region is well documented
by palaeobotanical, as well as through genetic
researches (Terhiirne-Berson 2005). From that
refugium the spruce would periodically spread
backwards to the territory of contemporary
north-eastern Poland during the Late Vistu-
lian and at the beginning of Holocene (Obido-
wicz et al. 2004, Latatowa & van der Knaap
2006). It is very likely that the scheme of those
events could have been the same, at least to
a particular degree, when considering changes
between the Wartanian and Eemian as well as
those between the Vistulian and Holocene.

The presence of rebedded Tertiary sporo-
morphs and Dinoflagellata cysts in the LWypl
R PAZ indicates soil erosion processes which in
turn implies the ground was not entirely stabi-
lized by plant cover (cf. Mamakowa 1989). Fre-
quently occurring in the sediments pollen of

thermophilous trees and shrubs, such as that
of Tilia cordata type, Carpinus betulus, Alnus
or Corylus avellana, can probably be related to
redeposition of eroded material, both from the
Tertiary and Quaternary.

THE EEMIAN INTERGLACIAL

Enpl Pinus-Picea-(Betula) R PAZ

Numerous Eemian palaeolakes documented
for northern Podlasie indicate that during the
Eemian interglacial a kind of lake district
existed in this region. The Eypl zone cor-
responds to the initial phase of the Eemian
succession of vegetation in northern Podlasie.
Weakening periglacial processes and further
improvement of climatic conditions, allowed
forest formations to regain the ground previ-
ously occupied by most presumably open com-
munities.

In the older part of the zone, in which
the character of vegetation was clearly tran-
sitional, herbaceous plant communities and
dwarf shrub ones still played a vital role in
shaping the landscape (cf. Skupowo [37] profile
— Fig. 47). The pollen of Betula nana type and
that of Salix both serve as the evidence for tun-
dra vegetation still being present at that time.
The existence of wet meadow communities is
documented by pollen of Thalictrum, Filipen-
dula, Cirsium type and Cyperaceae. Then the
occurrence of xerothermic grassland commu-
nities is exemplified by high percentages of
Artemisia and single pollen grains of Helian-
themum nummularium type and Gypsophila.
These plant communities were probably the
source of pollen of Poaceae and Chenopo-
diaceae, and at least partly of Juniperus.

In the younger part of the zone forest plant
communities continued its spread. This is indi-
cated by higher AP values in the upper sec-
tion of the Exp2 R PAZ. What regards tree
species composition, its diversity was indeed
very limited. Predominant proportion of Pinus
sylvestris type pollen proves the leading role
and domination of that particular species in
the whole array of habitats. Low pollen propor-
tion of Betula alba type in most of the analysed
profiles suggests its marginal role in forest
structure at that time in northern Podlasie.

According to Mamakowa (1989) the younger
part of the Polish E1 R PAZ was marked by
the domination of the common birch. Since its
lush presence lasted for a rather short period



of time, around 100 years according to Miiller
(1974), it is not always reflected in pollen
profiles analysed under standard resolution.
Therefore confirmation of that view in case of
northern Podlasie is out of reach when solely
based on pollen data. Anyhow at no stage of
that interglacial zone had the birch the domi-
nant role in stands throughout the entire
range of northern Podlasie. Peaks of high or
even very high percentages of Betula alba type
were noticed in case of some profiles, yet they
are not synchronized one with another owing
to different correlation between local pollen
assemblage zones in every single case. Hence:

— only in Ludomirowo [7] (Fig. 54) birch
culminates in the youngest part of the Eypl
R PAZ (68% according to Bitner (1957), total
sum with no Corylus avellana and NAP, i.e.
59% having recounted that according to cur-
rent standards of calculation),

— in Kruszyniany [21] (Fig. 12) two peaks
of Betula alba type are noted — the first one
(85%) occurs in the younger part of the Eypl
R PAZ and the second one (65%) in the Exp2
R PAZ,

— in the Wélka 2 [35] profile (Fig. 35)
Betula alba type has two peaks — the first one
(55%) in the older part of the Expl R PAZ, and
the second one (65%) in the Exp2 R PAZ,

— in Lesznia-Luchowa Géra [30] (Fig. 30),
Podkamionka [16] (Fig. 27), Starowlany [8]
(Fig. 29), Skupowo [37] (Figs 47, 54) and Otapy 1
[34] (Fig. 54.) birch culminates in the Eyp2
R PAZ with values ranging between 50% and
70%,

— in Choroszczewo [39] (Fig. 52) birch
reaches a peak of 45% in the Exp3 R PAZ.

The above quoted data suggest much local-
ized spread of birch in various parts of the early
Eemian interglacial. It seems to be very likely
that the presence of the Betula alba type pol-
len, that was recorded in the profiles, reflects
its presence in a surroundings of some lakes
and of some bogs. That was a result of natural
succession sequence in relation to mire/peat
bog vegetation. Such interpretation of rapid
rise in Betula alba type pollen in some pro-
files starting from the beginning of Holocene
is provided by Lang (1952). In a similar way
Granoszewski (2003) explains the spreading of
birch during the early Eemian in the area of
today’s Horoszki Duze village. The stands with
birch outnumbering pine trees built up com-
munities of the waterlogged birch forests with
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dominating Betula pubescens trees. Its phyto-
coenoses occupied secluded depressions in the
ground moraine.

Culmination of Picea abies type pollen,
which is characteristic feature of the Eypl
zone, depicts the landscape where spruce was
an important component of such stands prob-
ably occupying moderately moist habitats. Its
occurrence at the beginning of the Eemian
interglacial is a characteristic feature for the
entire north-eastern Poland as well as for
western Belarus (Mamakowa 1989). It was
probably Siberian spruce that appeared also
at the end of the Wartanian. It is documented
by the appearance of numerous Picea obovata
cones at the bottom of interglacial sediments
from Rumléwka [74] (Srodor 1950), Nieciosy
(Breméwna & Sobolewska 1950) and Janiance-
Maksymance (Breméwna & Sobolewska 1950).
Remains of Picea excelsa were not found in
any of the profiles. It may therefore suggest
that Norway spruce was not a component of
the early Eemian forests in this region at that
time.

The relatively high proportion of Salix and
single pollen grains of Populus may serve as
the evidence of the presence of poplar-willow
floodplain forests stretched along river valleys
of northern Podlasie. Here and there Ulmus
trees might have entered these plant com-
munities changing them into the elm riverine
forest.

Low proportion of NAP shows how reduced
role was played by herbaceous plant com-
munities. Additionally dense forests did not
leave much room for open habitat communi-
ties, which is well reflected in constant pollen
curves of Artemisia, Poaceae, Cyperaceae, and
Chenopodiaceae as well as by the presence of
single pollen grains of other herb taxa, which
in turn indicates that open habitat plant com-
munities still existed on verges of dominat-
ing forest formations, therefore securing con-
tinuality of presence of those light-demanding
plants.

Enp2 Pinus-Quercus-Ulmus-Salix R PAZ

Pine forests were still dominant, but the
increase in pollen values of Quercus reflects
important changes, that were triggered as
early as in the beginning of the Exp2 zone and
which lasted up to the middle part of the Eyp3
zone. The above mentioned changes are well
illustrated by characteristic fluctuations in the
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presence of the Pinus sylvestris type and in
Quercus curves representing the S-2 and S-3
local pollen zones of the Solniki [28] profile
(Fig. 58). Five peaks of Quercus that are docu-
mented as to northern Podlasie area represent
the next stadium of the expansion of this par-
ticular tree species. They are in turn separated
by four peaks of Pinus that show phases of pine
regeneration. Every now and again subsequent
culminations of Quercus presence reach higher
and higher values being separated by more
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Fig. 58. Solniki [28]. Changes of percentage values of the
Pinus and Quercus pollen, and some other taxa in the Eyxp3
regional pollen zone

and more declining values ascribed to the pol-
len of Pinus. If we accept after Miller (1974)
that the period of oak forest domination lasted
for about 1 100 years then the average period
of each oak expansion should be estimated to
span ca. 110-120 years.

The above mentioned pollen records may be
interpreted in two separate ways:

— changes in the Quercus and Pinus sylves-
tris type values may reflect some short climate
fluctuations related to temperature changes or
exclusively to those affecting humidity;

— it cannot be excluded that they illustrate
changes interrelated with the switch of gen-
erations in mature oak-pine forests, for which
the climate changes merely set a background.
The complete cycle of generation changeover
included the phase of oak domination fol-
lowed by another phase of pine domination.

Its approximate duration spanned around 220
years. Similar fluctuations in oak quantity
leading to change in generations are nowa-
days observed in north-eastern Poland in for-
ests with marked oak presence. Depending on
forest community those changes may refer to
generation changeover from that marked with
oak domination to another distinctive for pine
or spruce presence in contemporary oak com-
munities of north-eastern Poland (Czerwin-
ski 1973).

According to Granoszewski (2003) oak
spread rapidly during the Eemian interglacial
forming riverine forests. They thrived on good
conditions for its development especially owing
to the humid oceanic climate. It is therefore
assumed that in a relatively short period of
time they occupied extended areas in the whole
Europe. Besides, pollen record from Solniki
suggests that in northern Podlasie oak could
possibly even encroach into much drier habi-
tats, where it won the competition with pine.

Gradual transformation of forests started
with the appearance of new tree species. Sedi-
ment profiles reflect that in the frequencies of
Ulmus and Fraxinus being much higher. These
species in question predominantly invaded fer-
tile habitats of poplar-willow floodplain forests,
that were formed during the previous zone. As
a result of this expansion, elm-ash riverine for-
ests were formed. This kind of plant commu-
nity was quite probably similar to the contem-
porary association of oak hornbeam forest of
the Ficario-Ulmetum campestris (cf. Matusz-
kiewicz 2001). Distinctive for their presence
were two Humulus lupulus and Quercus.

High pollen values of Salix recorded for
the Solniki [28] profile (Fig. 4) may indicate
localized expansion of willow-dominated plant
communities accompanying waterlogged habi-
tats adjoining lakes and river valleys. These
poplar-willow floodplain forests were prob-
ably resembling those of the contemporary
Salici-Populetum association (cf. Matuszkie-
wicz 2001).

In the Exp2 zone a further decline in the
presence of open herb and shrub plant com-
munities is observed. The significant rise of
NAP curve is provided only for younger part
of the zone in pollen profile from Solniki [28]
(Fig. 4). It is chiefly connected with the increase
in Cyperaceae presence and is related almost
exclusively with localized expansion of water-
logged habitats next to this site.



Enp3 Quercus-Ulmus-Fraxinus R PAZ
Exp3a Pinus subzone

Great increase in pollen values of Quer-
cus coupled with simultaneous drop in values
of Pinus sylvestris type points out an abrupt
surge in oak significance in forest assemblages
which subsequently resulted in habitats pre-
viously occupied by pine being overtaken by
this species. That constituted a continuation
in changes that were noticed for the previous
subzone. It resulted in furthermost oak spread-
ing during the Eemian interglacial. As it con-
cerns pollen records, it usually took place in
the middle section of the Exp3 zone however in
some regions of northern Podlasie even at the
very beginning of this zone (e.g. Proniewicze
PR.1/93 [32] — Krupinski 1995).

According to Granoszewski (2003) high
proportion of Quercus pollen in the oak phase
of the Eemian interglacial should mainly be
associated with floodplain forests, which was
dominant forest community at that time, and
perhaps corresponded to the contemporary
Ficario-Ulmetum campestris or the west Euro-
pean riverine forest of the Ulmo-Quercetum
type (cf. Ellenberg 1988). Lack of great river
valleys in northern Podlasie, especially in the
Biatystok Upland and Sokétka Hills, probably
restrained any expansion of this particular
type of forests. Those communities occurred
in the above mentioned regions being found
exclusively along small watercourses, in gul-
lies with periodically running rainwater, in
land dips, on hillsides encircling depressions
or on terraces adjoining lakes (cf. Matusz-
kiewicz 2001). Oak, elm and ash were domi-
nant components of those plant communities.
In addition to them also alder, willow and
erratically occurring poplar were present. In
the shrub layer grew Sambucus nigra, Vibur-
num, and Syringa vulgaris, whereas creepers
were represented by Humulus lupulus and
Hedera helix. The highest values of Quercus,
Ulmus, and Fraxinus prove that riverine forest
reached the maximum of its Eemian expansion
at that time.

Oak-pine forests in type of the contempo-
rary Querco roboris-Pinetum association (cf.
Matuszkiewicz 2001) most likely existed at
locations representing much drier habitats. It
seems they occupied sand soils on washed out
areas that were most conspicuous in the region.
Pteridium aquilinum, perhaps together with
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Calluna vulgaris and Lycopodium annotinum,
were all present in the undergrowth. This type
of forest representing the Exp3 zone declined
at that time and its subsequent closing stage is
well documented from the next zone.

Exceeding values of Quercus noted in pollen
profiles from Starowlany [8] (Fig. 29, Tab. 27)
and Choroszczewo [39] (Fig. 52, Tab. 57), 5%
and 15% respectively, are nonetheless much
lower than those represented by other profiles
recorded from northern Podlasie. As it is well
known oak pollen is produced in great quan-
tity and is spread at long distances (Milecka
et al. 2004). This overrepresentation in pol-
len records may spring from such abundance
at a particular time (Andersen 1973, Faegri
& Iversen 1989).

Whenever a particular pollen record comes
from a limited area, that represents a forest
marked with low oak presence, being at the
same time surrounded by forests distinc-
tive for its oak domination, pollen records
will always be contaminated with excessive
number of pollen grains coming from those
oak abundant forests (cf. Jacobson & Brad-
shaw 1981). Such limited areas or enclaves
can only be reflected in pollen records if they
come from the inner sites of approximately
20 m in diameter being placed inside such
enclaves. Therefore enclaves from large areas
such as those representing palaeolakes in
Starowlany [8] (Fig. 28) and Choroszczewo
[39] (Fig. 51) cannot possibly be reflected in
local pollen records. A conclusion can be drawn
that low values of Quercus pollen recorded at
those sites in relation to the Exp3 R PAZ prob-
ably result from hiatus occurrence or too low
a resolution of pollen analysis itself, since in
the profile from the Starowlany [8] samples
were analysed only every 10 cm and as to the
Choroszczewo [39] every 10-12 cm.

Exp3b Corylus subzone

The appearance of Corylus avellana in for-
ests of northern Podlasie in the younger sub-
zone of the Exp3 R PAZ points out the begin-
ning of large-scale and long-term renewal of
forest communities that went on throughout
the entire next zone.

Enp4 Corylus-Alnus-Tilia R PAZ
Exp4a Quercus subzone

Very low proportion of herbaceous plants
indicates the maximum rate of forest expansion
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that from the beginning of this period affected
the great majority of habitats in northern Pod-
lasie. The most characteristic feature of vege-
tation succession was the expansion of Corylus
avellana. As early as at the beginning of this
subzone hazel reached its interglacial maxi-
mum. This particular species entered elm-oak-
ash riverine forests occupying drier sites along
river floodplain terraces. Its spreading delim-
ited the first stage of rebuilding of these for-
est plant communities in the direction of lime-
hornbeam associations. However, according to
Mamakowa (1989) very high percentages of
Corylus avellana permit the assumption that it
could have grown in apparently single species
shrub community that could have resembled
this of the contemporary Peucedano cervariae-
Coryletum association. In northern Podlasie
thermophilous hazel shrubs of this type might
have occupied calcium carbonate rich sites on
the sunlit hillsides of kame hills (cf. Matusz-
kiewicz 2001).

Other tree species associated with lime-
hornbeam forests, namely Tilia cordata, T. pla-
typhyllos, T. tomentosa, and Carpinus betulus
were also present at that time. Their signifi-
cance in stand composition gradually increased.
The pollen of Hedera helix and Ilex aquifolium
probably originated from the plants growing in
these forests at that time.

The regular presence of pollen grains
of Fagus sylvatica is noted in profiles from
Machnacz [17] and Kruszyniany [21]. It is
however not accompanied by rebedded sporo-
morphs. That fact excludes the possibility of
redeposition and allows suspecting that beech
might have been a component of the forests dur-
ing the hazel phase in the same areas of north-
ern Podlasie. Occasional occurrence of Fagus
sylvatica pollen was also noted in some other
Eemian profiles from Poland (e.g. Niklewski
1968, Mamakowa 1989, Srodori 1985, 1990,
Kuszell 1997, Granoszewski 2003). Srodor
(1990) supposed that the species occurred on
the second bed of the Eemian deposits and its
source may be a redeposited material from the
Tertiary or a material dragged with the bore
from sediments of the late Holocene. According
to Niklewski (1968) and Granoszewski (2003)
beech may have been a rare element of the
Eemian forests.

In this subzone the elm-oak-ash floodplain
forests continued to be a distinctive community
on fertile habitats across northern Podlasie.

However, at the same time the expansion of
alder gradually progressed. It is well docu-
mented from pollen diagrams by a gradual
increase in percentage values. Alder spread
should probably be associated with the most
waterlogged sites. It extended onto the areas
along the river-banks and lake-shores. It may
also have encroached habitats originating from
dried-up and overgrown small water-bodies or
shallow parts of larger lakes (Jgrgensen 1963).
The spreading of alder in the floodplain for-
ests caused the gradual alteration of these
communities in the direction of such that are
reminiscent of contemporary alder carr ones.
In northern Podlasie the first phase of this
transformation, which falls into the Eyp4a
subzone, was expressed in the formation of
ash-alder riverine forests probably similar in
their appearance to the contemporary Circaeo-
Alnetum. Those changes are confirmed by rela-
tively high values of Fraxinus in the most of
pollen diagrams. Presently Circaeo-Alnetum
association also occurs in habitats intermedi-
ate between typical floodplain and alder carr
ones (Matuszkiewicz 2001).

Expdb Carpinus subzone

The most important feature of vegetation
succession in that subzone was the expansion
of lime and the beginning of hornbeam spread
that led to the formation of mixed broadleaved
forests in the type of contemporary lime-horn-
beam forest. Hazel was very important element
of this community as well. Pollen record from
profiles, in which both subzones of the Eyp4
R PAZ are represented, points out two modes
of lime spread in northern Podlasie.

First, according to diagrams from Starow-
lany [8] (Fig. 29), Otapy 2 [34] (Bitner 1957)
and Choroszczewo [39] (Fig. 52) where Tilia
pollen is reaching high values from the very
beginning of the Exp4 zone and achieving its
peak in the Eyp4a subzone before or at the
same time as Corylus. In Mamakowa’s (1989)
classification it is named as the “early-lime”.

Second, as it concerns diagrams from
Ludomirowo [7] (Bitner 1957), Machnacz [17]
(Kupryjanowicz 1991, 1994), Kruszyniany
[21] (Fig. 12) and Proniewicze PR.1/93 [32]
(Krupinski 1995) where pollen of lime occurs
in significant numbers (up to 15%) from the
maximum of Corylus, but its highest propor-
tion being recorded for later stages of the
Exp4b subzone.



In the Eypdb subzone lime was at that time
the most significant component of forest for-
mations of northern Podlasie. It played domi-
nant role in the formation and dynamics of the
multi-species forests and may have also formed
communities distinctive for its dominating
presence. The genus Tilia was represented by
three species, i.e. Tilia cordata, T. platyphyl-
los and T. tomentosa. Noteworthy, the latter
one is not considered as native one in the con-
temporary Polish flora (Szafer et al. 1986). Its
presence in forests of northern Podlasie during
the middle part of the Eemian interglacial is
however well documented not only by pollen
records from almost all profiles of this region,
but also by virtually countless deposits of nut-
lets found at the Hieronimowo site (Kupry-
janowicz et al. 2007). Facing optimum climatic
conditions accompanying the Eemian intergla-
cial Tilia tomentosa quite probably constituted
a distinctive component of forest formations
throughout central Europe (e.g. Kalnina et al.
2007) hence including the area of contempo-
rary Poland as well (Mamakowa 1989, Gran-
oszewski 2003).

The proportion of hornbeam in the stands
of mixed broadleaved forests was relatively
small. It may have occupied riverine sites
and together with elm, oak and ash could
have formed transitional communities tending
towards lime-hornbeam wood. Ash-alder riv-
erine forests still occurred in northern Podla-
sie, but their area was probably smaller than
in the preceding subzone. While occupying
the same habitats they might have gradually
transformed themselves into forest communi-
ties of alder carr type.

At the same time pine and birch, that
occurred as a minute addition to the existing
forest associations, played rather insignificant
role wherever they were present. Very low
percentages and small diversity of herbaceous
plants both indicate that the significance of
open vegetation was negligible.

Enp5 Carpinus R PAZ
Expba Corylus subzone

The most characteristic feature of vegeta-
tion succession during this subzone was the
expansion of hornbeam. As early as in the
beginning of this period it became the main
forest-forming species in northern Podlasie.
Together with lime it constituted the start-
ing point of any mixed broadleaved forests,
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perhaps in the type of the contemporary Tilio-
Carpinetum association (cf. Matuszkiewicz
2001). In such plant community hornbeam was
indeed a dominant component. It formed dis-
tinctive tree layer and probably at least partly
it eliminated hazel from the shrub and herb
layer. Even though edaphic requirements of
these two species are quite similar, according
to Mamakowa (1989) Carpinus betulus might
have gained the dominance because it was
more shade-tolerant tree species as compared
to Corylus avellana. Though gradually los-
ing its significance the latter species was still
present to the end of this subzone. It might be
owing to its ability to form some ecotone plant
communities.

The expansion of hornbeam presumably
had little effect on alder, which dominated in
waterlogged terrain. In less saturated habitats,
together with Fraxinus it formed ash-alder for-
ests. In habitats with stagnant water it made
up communities in the type of contemporary
alder carr association of the Carici elongatae-
Alnetum (cf. Matuszkiewicz 2001).

The subzone witnessed the optimum stage
for genera such as Hedera, Viscum and Ilex.
Their presence in pollen records implies warm
and mild climate.

Very low pollen values of Pinus sylvestris
type and Betula alba type reveal rather low
rank of pine and birch in forest formation at
that time. Additionally, a tiny proportion of
NAP shows the dominance of dense forests in
the landscape of northern Podlasie.

Expbb Picea subzone

The boundary between the Expba and Eyxpbb
subzones, marked distinctively by the increase
in values of coniferous trees, is likely to reflect
deterioration of climate conditions, being prob-
ably expressed in becoming much colder and
humid. In the next step it might have led to
the soil degradation due to its acidification
and podsolisation (Iversen 1973). Owing to
the fact that hornbeam is less demanding as
concerns to sheer soil conditions, when com-
pared with other deciduous trees of that time,
these changes would favour its rapid expan-
sion. During the whole interglacial, in the
oldest part of the subzone hornbeam reached
its greatest significance. Its very high pollen
values allow suspecting that at that time it
might have formed independent mono-species
assemblages with no present time equivalent.
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In those communities hornbeam was accompa-
nied only by limited presence of hazel.

After the relatively short period of hornbeam
domination its significance began to diminish.
This was probably prompted by further worsen-
ing of the climate and accompanying soil deg-
radation. Hornbeam was gradually replaced
by coniferous species, mainly by spruce. The
course of pollen curves of Carpinus betulus and
Picea abies type at this zone suggests appar-
ent competition between these tree species (cf.
pollen diagram from Solniki [28], Fig. 4). Quite
similar phenomenon was observed in many
other Eemian profiles from Poland, e.g. in
Gora Kalwaria (Sobolewska 1961), Glowczyn
(Niklewski 1968), Zyrardéw (Krupiniski 1978),
Jednaczewo (Boréwko-Dtuzakowa 1975), Nie-
wodowo [61] (Musiat et al. 1982) and Szwaj-
caria (Boréwko-Dtuzakowa & Halicki 1957,
Boréwko-Diuzakowa 1975).

Marked competition between hornbeam
and spruce can easily be observed in north-
eastern Poland, in contemporary lime-horn-
beam forests of the Mazury lake district,
which consist mainly of spruce, hornbeam and
oak. Czerwinski (1973) distinguishes four suc-
cessional stages of that particular plant com-
munity. Each of those is distinctive for the
proportion of tree species composition. While
spruce role increased in every stage hornbeam
and oak decreased, the latter two being less
viable than the previous one. On the other
hand, in such forest communities spruce is
particularly vulnerable to any catastrophic
events (e.g. demographic explosions of insects
foraging on wood). In such an instance the
increased presence of lime-hornbeam for-
ests should have been the case. Such course
of events is commonly regarded as a typical
process in any long-life stable phytocenoses
(Czerwinski 1973).

As it concerns the composition of pollen
spectra forests of the late hornbeam phase of
the Eemian interglacial might have resembled
those representing contemporary array of the
Mazurian lime-hornbeam forests. Thus it can-
not be excluded that the process similar to
the one described by Czerwinski (1973) took
place at that time and that the process itself
can be reflected in the diagram with alterable
increases of the curves of Picea abies type and
Carpinus betulus.

Very high pollen values of Alnus suggest
that the area occupied by alder carr forests was

not reduced. In the upper part of the previous
subzone and the lower part of that subzone,
where hornbeam reaches its maximum values,
temporary decrease in the percentage of Alnus
is apparent. However it is probably caused by
the statistical effect, expressed by a significant
increase in the proportion of Carpinus betulus
pollen in the AP sum. Alder carrs were none-
theless a very important element of the forest
landscape of northern Podlasie. Apart from
alder there also grew birches, which reap-
peared there, the fact reflected by the increase
of Betula alba type pollen. The appearance of
Osmunda cinnamomea and Filicales monolete
spores points to the presence of conspicuous
fern cover.

The low proportion of Ulmus and Fraxinus
pollen indicates a reduction in the extent of
elm-ash riverine communities. This together
with an increase in the value of Picea abies
type suggests that in that subzone also elm
and ash could have been gradually replaced
by spruce. This probably resulted from trans-
formation of the ash-alder into alder-spruce
riverine forests.

The increasing proportion of Pinus and
Picea abies type and culmination of Quercus
pollen (cf. pollen diagram from Solniki [28] —
Fig. 4) probably points to the development of
mixed coniferous-oak forests. In addition to
the dominating spruce or pine and an invari-
able supplement of oak, some birch could have
occurred there as well. Remarkably, Pteridium
aquilinum and Calluna vulgaris occupied the
herb layer.

The proportion of Abies alba pollen
increases while heading towards the top of the
zone implying that fir appeared in northern
Podlasie. However its role in the formation of
plant communities was still insignificant at
that time. Fir probably occurred only as an
indistinctive addition to mixed forests of vari-
ous kind.

Enp6 Picea-Pinus-(Abies) R PAZ

The zone represents the first stage of detect-
able cooling accompanied by increased humid-
ity. Deteriorating climate conditions prompted
changes in habitat. Processes of acidifica-
tion, alkalization and podsolization affecting
the soil qualities that were initiated in the
previous zone were right now much intense
(Dzigeciotowski & Tobolski 1982). That in turn
resulted in rapid vegetation changes reflected



in the expansion of coniferous trees, a view
backed by pollen curves of Picea abies type,
Pinus sylvestris type and Abies alba.

Dramatic increase in the value of spruce
indicates its rapid expansion to all possible for-
est habitats and subsequent changes in their
profile. Decreased values of Carpinus betulus
and Corylus avellena suggest further draw-
back of deciduous species. Habitats with still
favourable conditions for lime-hornbeam for-
ests probably harboured their stands for a pro-
longed time representing anyway its different
phytosociological variety. They were likely
to resemble the contemporary associations
of multi-species mixed forests being found in
northern Podlasie, where spruce was domi-
nant and hornbeam and hazel built up shrub
and herb layer.

Rise in the Pinus sylvestris type curve indi-
cates on the other hand that pine might have
competed with hornbeam too and gradually
replace it in at least some forest formations.
Originally it could overtake habitats marked
with poor edaphic conditions (e.g. sandy soils),
those with low temperature conditions (e.g.
any northern exposures) or those with ongoing
soil podsolization affecting widespread areas.
Thus lime-hornbeam forests might have been
gradually replaced by various kinds of pine,
pine-spruce or spruce-pine forests, its set being
most probably air humidity dependant.

Slight decrease in the value of Alnus may
suggest a decline of alder communities. The
area of alder carrs was probably reduced mainly
due to its replacement by damp birch forests
(as indicated by increased values of Betula alba
type), swampy pine forests (increased values
of Pinus sylvestris type) or even by swampy
spruce forests. The area of ash-alder riverine
forests might have decreased as well, which is
indicated by very low values of Fraxinus. They
were probably replaced by alder-spruce river-
ine forests.

Percentages of Abies alba (max. 2%) indicate
that the species might have occurred in local
spruce-pine forests. Suszka (1983) claims that
fir pollen is not capable of being transported
at great distances because of its considerable
grain weight and fast speed with which it falls.
Such reasoning is also supported by Mama-
kowa (1989). Low percentages of this particu-
lar species in the profile from Imbramowice are
explained by relatively far distance between
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the profile and the forest where fir occurred.
The pollen grains would probably vanish before
even reaching the middle of the lake. Thus, the
fir pollen occurring in most of studied profiles
from northern Podlasie is likely to have origi-
nated from the trees that grew at close range
there. Such reasoning follows the opinion of
other palaeobotanists who believe that the
area of abundant fir occurrence was slightly
greater during the Eemian interglacial than
during Holocene, with scattered sites reaching
as far as to the shores of the Baltic sea and
to the North Sea (e.g. Srodonri 1983, Terhiirne-
Berson et al. 2004). The relatively high values
of Abies in comparison to those from Holocene
in nearly all the profiles from north-eastern
Poland: Otapy [34] — 4.5% (Bitner 1956b),
Horoszki — 3% (Bitner 1954, Granoszewski
2003), Lomza-L.omzyca [55] — 2.5% (Krupinski
1992) and the Niemen valley: Nieciosy — 0.5%,
Kmity — 0.5% (Brem6éwna & Sobolewska 1950),
Samostrzelniki — 2% (Srodon 1950) also con-
firm that northern range boundary of Abies was
reaching far to the north during the Eemian as
compared with the contemporary range of that
coniferous species.

A decreasing importance of deciduous tree
communities and their replacement by less
shady coniferous forest associations favoured
the presence of herbaceous plants, which is
indeed reflected in higher values of NAP in
most of the analysed profiles. Pollen of Cirsium
type, Filipendula, Valeriana, Menyanthes trifo-
liata, Plantago lanceolata, and spores of Equi-
setum all indicate the existence of herbaceous
communities filling damp marshy habitats
close to water reservoirs or in forest-free river
valleys. The pollen of Campanula and Thalic-
trum, and partly that of Poaceae might have
originated from those communities. Pollen of
Epilobium angustifolium and Chenopodiaceae
and spores of Pteridium aquilinum indicate
on the other hand the presence of nitrophil-
ous communities most likely occupying fertile
patches of habitats being not covered with for-
ests, which might have resulted from natural
fires occurring from time to time.

The presence of single pollen grains of
Ephedra fragilis type suggests that other light-
demanding plants accompanying at least some
open-canopy forests could be present at that
time wherever climate or edaphic conditions
would allow their persistence.
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Enp7 Pinus R PAZ

The pine zone represents the latest stage of
the Eemian succession of vegetation (Fig. 58).
The increase in humidity and further cooling
of the climate resulted in the change of habitat
quality and the character of plant communi-
ties as well.

Exp7a Picea subzone

Pine became the dominant tree in the land-
scape. It formed thick boreal forests probably
diversified into different types of communities.
At that time they occupied nearly all habitats
in northern Podlasie. Birch, represented by
pollen of Betula alba type, larch and poplar
were also present there. The expansion of pine
forests was prompted by the decline of all other
types of forest communities.

Steady and relatively high values of Picea
abies type pollen indicate that spruce played
a major role in forest community formation
with two main types being documented: pine-
spruce and probably even spruce-pine asso-
ciations, both resembling contemporary boreal
forests, perhaps a sort of the present-day
Sphagno-Piceetum (cf. Matuszkiewicz 2001).

The area occupied by alder carr communi-
ties considerably decreased. They were most
likely replaced by marshy pine forests or
spruce forests. The expansion of the latter ones
is suggested by the steady ascending curve of
Sphagnum noted in numerous profiles.

Exp-7b Betula subzone

The subzone represents the first stage of
a short-term climate fluctuation within the
pine phase that was marked with series of
cold episodes. The record of those fluctuations
is encoded in some of the pollen profiles from
northern Podlasie. Indeed, it is well developed
in the Solniki [28] profile (Fig. 4). Thanks to
the high-resolution pollen analysis, a two-step
course of that particular fluctuation is clearly
visible. Interestingly enough, it is not reflected
in the curve based on magnetic susceptibility
of sediments (Fig. 4). Conversely, this trend is
reflected in changes in Cladocera fauna at that
time (Kupryjanowicz et al. 2005).

Similar phenomenon, though less pro-
nounced than that at Solniki [28], is found
at sites representing the pine zone of the
Eemian interglacial. These include locali-
ties of Konopki Leéne [54] and Szwajcaria 1
(Boréwko-Diluzakowa & Halicki 1957), Nakto

(Noryskiewicz 1978), Imbramowice (Mama-
kowa 1989) and Horoszki Duze (Granoszewski
2003).

Noticeable effect of climate cooling with
accompanying increase in humidity being
itself mirrored in scattered plant cover is well
documented within the clay contents of the
numerous profiles belonging to this subzone.
Such sediments were most probably leached
from surrounding hillsides down to any local
depression.

The area of the pine forests substantially
shrinked with the elapse of time. They were
temporarily replaced by birch forests, which
is denoted by the peak of Betula alba type.
According to Granoszewski (2003) at that par-
ticular time birch could have locally formed
some stands, perhaps in a type of the present-
day Betuletum pubescentis, occurring in habi-
tats earlier occupied by alder carr communi-
ties, where habitat acidification followed owing
to the spruce becoming much more abundant.
Of other trees, pine and spruce were also
found there. In the undergrowth Calluna vul-
garis, Pteridium aquilinum, and Lycopodium
annotinum might have been there as well.
And it appears that pine-spruce forests with
larch were still present despite the temporary
increase of birch significance.

As a result of changes in climate and soil
condition forest formations quite probably
gave ground to herbaceous plant communities,
appearing especially in places where soil got
much drier (e.g. Artemisia, Chenopodiaceae)
and where it was saturated to a great extent
(e.g. Thalictrum, Valeriana). It is indicated by
the ascending curves of NAP.

Exp-7c NAP subzone

Within the pine phase this subzone repre-
sents the second stage of the cold episode. Pollen
records suggest further drop in temperatures.
It led to subsequent decline in areas being cov-
ered by birch forests, that were indeed formed
during the previous subzone and to the spread-
ing of the open plant communities instead.

Moist habitats were might now occupied by
sedge communities (peak of Cyperaceae pollen),
as well as by plant communities in shape of
today’s shrub tundra with Betula nana (pollen
of Betula nana type) and probably with shrub
willow species. Most probably Polygonum bis-
torta also grew there. Other marshy areas
sustained tall herb communities, a probable



source of the pollen record of genera such as
Thalictrum and Filipendula. Conversely, drier
habitats harboured steppe grass communi-
ties, distinctive for their high proportion of
Artemisia, Chenopodiaceae, Gypsophila type,
Helianthemum nummularium type, Linum
austriacum, and shrub species such as Ephe-
dra distachya and Juniperus. The remaining
proportion of the pollen representing unrecog-
nized herbaceous species should be ascribed to
the above-mentioned habitats as well.

Exp-7d Pinus subzone

After the short cold period the climate once
again became a bit warmer. It was accompa-
nied by the return of pine forests to habitats
previously occupied by birch and to those lush
with open vegetation. Pine forests spread again
building up their structure in a different mode
to that of the Exp7a zone. Forest associations
were sparser, with clearly much lower propor-
tion of spruce, with no fir and thermophilous
deciduous trees instead being most probably
replaced by birch. Diversity of undergrowth
was secured by Lycopodium annotinum,
L. complanatum, and Botrychium and most
likely by some fern species as well.

As it is assumed, overall tendencies in the
sequence of vegetation succession point to
the continuous decline of climate conditions.
In the Solniki profile [28] this is exemplified
by the decrease in organic carbon component
and conversely by the increase in the propor-
tion of NAP (Fig. 4). Wet habitats were at
that time dominated by damp birch forests
and willow thickets. Damp open communities
were significantly smaller than those being
recognized for the previous subzone. Then
on arid sandy soils communities in a type of
the steppe developed, which is spurred by the
evidence of regular pollen occurrence of taxa
such as Juniperus, Gypsophila fastigiata,
Caryophyllaceae undiff., Aster type, Anthemis
type, Helianthemum nummularium type, and
Rubiaceae.

EARLY GLACIAL OF THE VISTULIAN
GLACIATION

The interpretation of diagram components
that represented the early glacial of the Vis-
tula glaciation required cautious approach
given that the character of the sediments was
not that proper for suitable pollen analysis.
There was a substantial risk that the studied

85

sediments, which are mainly of the mineral
sort, may have contained pollen material
located on the secondary bed. Pollen grains
in these sediments were found to be partly
destroyed, torn apart, crumpled or corroded,
non-stainable or hardly so and often impossi-
ble to be identified. Overall, pollen frequency
was low or very low.

Herning stadial

EVypl Artemisia-Cyperaceae-
Chenopodiaceae R PAZ

This zone represents the first, temporary
in its character, post-Eemian cold period in
northern Podlasie. The initial part of this sta-
dial is shown by significant increase of mag-
netic susceptibility of sediments from the Dzi-
erniakowo [24] (Fig. 8) profile. Such a change
is interpreted by D. Ciszek (personal commu-
nication) as an important climate cooling being
probably followed by the increase in humidity.
A similar change was also registered in the
profile from Solniki [28] (Fig. 4), where high
content of clay and sand in profiles serves the
evidence of diluvial and/or eolic deposits being
present within those sediments.

At that time vegetation of the studied
region was predominantly represented by tun-
dra distinctive for its willow clusters possibly
enriched with shrub birches as well. Further
increase in shares of the herbaceous plant pol-
len, up to 50%, coupled with greater diversity
in herbaceous species composition both pro-
vide the evidence for continuous expansion
of various open plant communities. A distinct
increase in the pollen values of Artemisia and
Poaceae suggests the rising importance of
grass communities, perhaps steppe-like ones.
Pollen of Helianthemum nummularium type,
Gypsophila fastigiata type can probably be
associated with those communities. Addition-
ally, the occurrence of Knautia pollen is to be
referred to fresh meadows.

Shrub communities, being distinctive for
the occurrence of pollen of Betula nana type,
Juniperus, and Ephedra fragilis type, were
much more common at that time. Dwarf birch
together with shrub willows defined shrub
communities of that time. Spores of Selagi-
nella selaginoides that were found in those
sediments should also be ascribed to the above
sketched kind of plant communities.

As it concerns tree species only pine and
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birch were possibly present at that time,
which is exhibited by continuous pollen curves
of Pinus sylvestris type and Betula alba type.
They were most presumably forming small
patches in otherwise open plant communities.
Noteworthy, pollen of Alnus, Carpinus betulus,
Corylus avellana, and Picea abies type was
probably redeposited.

EVypla Calluna-Ericaceae subzone

The continuous rise in NAP value serves
as the evidence of the gradual unhampered
spread of open habitats distinct from their her-
baceous plant formations. Pine and pine-birch
forests were still significant, but their dwin-
dling status was a sign of the past role in plant
communities formation.

Right now, open vegetation was delineated
by species of the families such as Poaceae,
Cyperaceae, Chenopodiaceae and by Artemisia
all being abundant there. Expansion of peat-
bogs was promoted by usually high ground-
water table, which in turn is confirmed by
relatively high proportion of Sphagnum. Rep-
resentatives of the Ericaceae family especially
Calluna vulgaris were also supplementing
species composition of those peat-bogs. Juni-
per spread in some regions of northern Podla-
sie at the end of this subzone (e.g. in Solniki
[28] vicinity, Fig. 4).

EVyplb Pinus subzone

The most distinctive change in vegetation
in this subzone was a transient spread of pine
and larch. It probably occurred due to some
short-term climate fluctuations. Such tempo-
rary increase in temperatures and humidity is
well reflected in the slump of magnetic suscep-
tibility curves representing both the Solniki
[28] (Fig. 4) and Dzierniakowo [24] (Fig. 8)
profiles. Remarkably, it was not registered in
any pollen profiles from other parts of Poland.
The same changes in climate accompanying
the first stadial of the Early Vistulian were
recorded for the territory of today’s Belarus
(San’ko 1987 after Mojski 1993).

Areas occupied by open plant communities
temporarily shrinked, which is manifested
through decreased values of herbaceous plant
pollen (e.g. clear slumps observed for Artemi-
sia, Cyperaceae, Poaceae, Chenopodiaceae,
and Thalictrum), as well as that of dwarf
shrubs (mainly Calluna vulgaris) and some
other shrubs.

EVyple Juniperus-Artemisia-Betula nana
subzone

Encroachment of open steppe communities
into dry sandy habitats constituted the most
important stage delineating vegetation succes-
sion of this subzone. It is expressed by extreme
culminations of Artemisia and Juniperus pol-
len as well as by the presence of Helianthe-
mum nummaularium type and H. oelandicum
type, Gypsophila fastigiata type and that of
few other taxa.

Extremely high peak of Juniperus, reach-
ing 43%, is registered in one pollen spectrum
belonging to a section of the Milejczyce [40] pro-
file, which denotes the Herning stadial (Binka
2006a). It probably corresponds to the EVyplc
subzone. This particular record indicates that
at least in some areas of northern Podlasie
shrub communities could have prevailed over
typical steppe associations.

Amersfoort interstadial

EVyp2 Betula R PAZ

The region of northern Podlasie was occu-
pied by tree birches, which is expressed by
rapid rise in values of the Betula alba type.
It is possible that they formed clusters of the
parkland-steppe being scattered in other-
wise open vegetation, though the existence of
denser birch forests should not be excluded
which in turn is suggested by very low NAP
proportion. This way or another, the area
covered with open communities considerably
diminished.

EVyp2a NAP subzone

In the older subzone vegetation profile may
be labelled as a typically transitional one.
Gradual changes in the landscape promoted
open birch forests, which obviously meant
a further reduction in ratio of the area being
occupied by herbaceous plant communities
in the previous zone. Relatively large areas
of dry habitats remained covered by steppe
communities with domination of Artemisia,
Chenopodiaceae, Anthemis type, and Aster
type, whereas wet habitats were still occupied
by grass communities similar to contemporary
damp meadows, a tendency being reflected in
high values of Cyperaceae and Poaceae and
by regular occurrence of the pollen of Cirsium
type, Thalictrum, and Filipendula.



EVyp2b Pinus subzone

Birch forests thrived within this subzone
with tree birches reaching their maximum
level of expansion. The proportion of steppe,
grass and tundra communities decreased. The
diagrams show two high peaks of Pinus sylves-
tris type values, that confirm pine was tempo-
rarily an essential component of birch forests
or even formed separate assemblages.

Cold fluctuation (Montaignu event)
EVnp3 Artemisia-Poaceae R PAZ

The zone corresponds to a period of cool-
ing representing middle phase of the Brgrup
interstadial sensu lato. In northern Podla-
sie this cooling was reflected by spread of
the area covered with cold steppe communi-
ties lush with Artemisia, Chenopodiaceae,
Anthemis type, Caryophyllaceae undiff., and
some grasses.

Dramatic decrease in the pollen value of
trees indicates a substantial reduction in the
areas being covered with forests. Simultane-
ous fall in the proportion of Sphagnum, Pte-
ridium aquilinum, Filicales monolete, Cal-
luna vulgaris and Ericaceae undiff. suggests
further degradation of various types of forests,
both dry and damp ones. Such a reduction
in tree’s presence is inasmuch indicated by
their low percentages as it is marked by dis-
tinct culmination of Selaginella selaginoides,
a heliophyte indicating that open areas should
have been widely accessible at that time. The
open areas were occupied by herbaceous plant
communities, whereas damp places harboured
plant communities distinct for the spread of
Cyperaceae, Poaceae, Thalictrum, and Vale-
riana.

Continuous forest decline and spreading of
herbaceous plant communities both indicate
a considerable deterioration of climate condi-
tions in the lower part of the subzone. Heading
towards the end of this subzone the proportion
of pine steadily increased, which may point to
a gradual improvement of climate.

A similar picture of changes in vegetation
in that part of the Vistulian was reflected
in many other pollen diagrams from Poland
(Jastrzebska-Mametka 1985, Mamakowa 1989,
Granoszewki 2003), Germany (Erd 1973,
Behre 1989, Hahne et al. 1994, Miiller et al.
2003), France (Reille et al. 1992), and Sweden
(Robertsson 1988).
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Brgrup interstadial sensu stricto
EVyp4 Pinus-Betula R PAZ

After the cool episode there was an improve-
ment in climate conditions, which made
spreading of forests possible again. At that
time dominant community in northern Podla-
sie was boreal forest resembling today’s taiga.
Vegetation succession of the Brgrup inters-
tadial sensu stricto can be divided into three
parts. At first, birch forests spread (subzone
EVyp4a), then they transformed into pine-birch
communities (subzone EVyp4b), to turn in the
end into pine communities with the participa-
tion of larch and spruce (subzone EVyp4c).

EVyp4a Betula subzone

Rapid increase in the proportion of Betula
alba type indicates that forests were restored
quite quickly during this subzone. Birch forests
dominated the landscape. Steppe open commu-
nities with Caryophyllaceae undiff., Artemisia
and Chenopodiaceae probably still occurred in
dry places, particularly throughout the older
part of this subzone. Wetter habitats fostered
plant communities with sedges (Cyperaceae
pollen) and tall herbs (pollen of Thalictrum,
Filipendula, and Cirsium type).

EVypdb Pinus-Betula subzone

In the middle part of the Brgrup inters-
tadial sensu stricto, after the most prosper-
ous time for birch presence, forest communi-
ties transformed into pine-birch assemblages,
a tendency being accentuated by Scots pine
dominance. Pollen record in the diagram from
Solniki [28] (Fig. 4) shows few fluctuations in
the rate of Betula alba type and Pinus sylves-
tris type. High peaks in grain size distribution
suggest possible interrelation with changes in
humidity or precipitation. Nonetheless, the
course of magnetic susceptibility curve does
not confirm their occurrence.

Larch and spruce reappeared in northern
Podlasie becoming relatively important ele-
ments of pine-birch forests in this region. Pte-
ridium aquilinum, Lycopodium annotinum
and Calluna vulgaris were present in the
undergrowth of these communities, whereas
Juniperus shaped their understorey.

A very high proportion of trees and shrubs
(ca. 95-98%) would support both forests with
remarkable closeness of canopy, as well as non-
forest communities, occupying quite limited
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areas at that time. Open communities occurred
probably only in the wettest habitats (pollen
of Filipendula, Polygonum persicaria type,
Polygonum bistorta), and the driest ones (pol-
len of Artemisia and Rumex acetosella type),
but their role in this subzone was much more
reduced than in the preceding one.

EVyp4c Pinus subzone

The expansion of pine took place in this par-
ticular subzone being accompanied by simul-
taneous decrease in birch presence. The Sol-
niki [28] profile (Fig. 4) reflects these changes
through the rise of organic carbon content in
the sediments and the fall of magnetic suscep-
tibility that marks warming of the climate. The
lower quantity of the coarse mineral grains
indicates the decrease in the rate of material
dislocation being caused by rainwater.

On the prevailing area of northern Podlasie
various types of pine forests emerged. Stable
but low percentage curves of Picea abies type
and Larix type suggest the presence of spruce
and larch in those forests. As it concerns the
dry variety of forests the undergrowth was
composed of Calluna vulgaris and Pteridium
aquilinum. Though more humid forest varieties
still secured spruce presence, most probably it
occurred only in small numbers. Their under-
growth was probably a source of the pollen of
Ericaceae undiff. and the spores belonging to
Filicales monolete, Botrychium, Lycopodium
annotinum, and Sphagnum. Then in turn,
waterlogged habitats were occupied by marshy
varieties of pine forests with Sphagnum domi-
nating in the herb-moss ground layer.

The role of open plant communities was still
insignificant and limited mainly to arid habi-
tats, being then represented by Artemisia, Heli-
anthemum oelandicum type, Aster type, and to
well saturated ones, whenever development of
trees was hindered. Then plant assemblages
with Thalictrum, Filipendula, Polygonum per-
sicaria, and Cirsium/Carduus developed.

Rederstall stadial

EVnpb Artemisia-Poaceae R PAZ

Cold continental climate of the Rederstall
stadial led to the spreading of cold steppe com-
munities, that at that time reached the maxi-
mum of their development when taking into
account the entire Early Vistulian. With little
exception steppe formations dominated the

landscape, which is expressed by extremely
high pollen values of Artemisia, the most
important component of such plant communi-
ties. In addition a very high proportion was
noted for Poaceae undiff., Chenopodiaceae,
Aster type, Dianthus type, Helianthemum
nummularium type, Gypsophila fastigiata
type, Papaver rhoeas type, and Rumex ace-
tosella type as well as for Juniperus and
Ephedra fragilis type.

Dwarf birch (pollen of Betula nana type) and
shrub willow (Salix pollen) formed dwarf shrub
tundra. It was also represented by ericaceous
plant species, chiefly by Calluna vulgaris, and
other herbaceous plants such as Dryas, Dian-
thus type, Campanula, and Thalictrum. It is
however quite possible that some other mem-
bers of Cyperaceae family were also present in
tundra communities.

Wetter habitats were occupied by tall
herb and moist meadow plant communities
with Thalictrum, Cirsium type, Filipendula,
Valeriana, Polygonum bistorta, Pleurosper-
mum austriacum, and some other accompany-
ing species representing the Poaceae family.
It is likely that Selaginella selaginoides also
occurred in such plant communities.

Forest communities declined, which is
reflected in the low proportion of AP. Never-
theless, single tree stands or their clusters
probably still persisted.

Odderade interstadial

EVyp6 Pinus-Betula R PAZ

The zone is characterized by a marked
spreading of trees, which mirrors considerable
improvement of climate conditions, expressed
mainly in detectable rise of temperatures. The
vegetation succession of the Odderade inters-
tadial can be divided into three major parts.
First stage is marked by the spread of birch
forests (subzone EVyp6a), then their subse-
quent transformation into dense pine com-
munities (subzone EVyp6b), followed by their
turning into open pine communities, where
herb vegetation was of much greater impor-
tance (subzone EVyp6e).

EVyp6a Betula-Artemisia-Poaceae subzone

An increase above 50% in the proportion
of AP, based on the Dzierniakowo pollen dia-
gram [24] — Fig. 8, suggests fresh spread of
forest communities. Tree birches dominated,



whereas the role of pine was insignificant.
Seeing that its pollen value did not exceed 5%
there, it may be assumed it almost completely
vanished in northern Podlasie of that period.
As it concerns open communities formed in
the previous zone though they remained, they
underwent a noticeable decline. Such course
of events is assumed in relation to the conse-
quent decrease in the rate of Artemisia, imply-
ing a reduction of the areas occupied by steppe
open communities.

EVyp6b Pinus-Larix subzone

Pine forests followed pioneer birch associa-
tions. They spread rapidly at the beginning of
the subzone and then reached the interstadial
maximum of their expansion. This period con-
stituted the climate optimum of the Odderade.
Boreal pine forests, which dominated at that
time, were apparently very dense (NAP pro-
portion below 5%) and included a small frac-
tion of spruce and larch, being represented by
pollen of Picea abies type and that of Larix. In
addition, Calluna vulgaris, Pteridium aquili-
num, and Lycopodium annotinum grew in their
undergrowth. After a probably short phase
characterized by the lack of any noticeable
changes, pine forests began to recede, which
on the other hand was coupled with open vege-
tation starting to spread again.

EVyp6c Pinus-Artemisia-Poaceae subzone

Changes in vegetation composition imply
alteration of the climate heading towards
a continental set of features. Peat bogs with
Sphagnum started to play a crucial role,
which in turn can indicate the return of per-
mafrost (c¢f. Granoszewski 2003). Pine forests
became less dense and the area occupied by
open plant communities extended consider-
ably, especially when taking into account
shrub tundra (higher values of Betula nana
type and Salix). Wet meadow communities
thrived again, with buttercups (Ranuncu-
lus acris type pollen) being the most char-
acteristic feature of such plant communities.
Steppe-like assemblages distinctive for their
unrestrained domination of Artemisia gained
gradually their ground.

The youngest part of subzone, close to
the end Plenivistulain faced a succession of
changes leading towards domination of open
vegetation associated with almost complete
disappearance of forest formations.
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CHANGES OF THE CLIMATE

GENERAL REMARKS

A study reflecting the course of natural
changes in climate during past warm periods,
yet undisturbed at that stage by human pres-
ence, may somewhat help to understand cur-
rent changes in the environment. The Eemian
interglacial serves as an ideal object of com-
parison with Holocene since it represents
a complete period of warm climate preceding
it most closely. As it concerns terrestrial habi-
tats, fossil plants remains are one of the most
significant sources of information about past
climate changes. Since there is more palyno-
logical data than macrofossil ones that span
Pleistocene, analyses of pollen data are used
much more frequently and on much broader
scale. Two decades ago a distinctive method
was proposed, which is called “the modern ana-
logue technique” (cf. Guiot et al. 1989, Guiot
1990, Field et al. 1994, Cheddadi et al. 1998).

Pollen records in profiles representing
northern Podlasie served as the base for the
reconstruction of climate changes throughout
the Eemian interglacial and the early glacial
of the Vistulian glaciation in north-eastern
Poland (Fig. 59). For the purpose of such
reconstruction a now classic method of “plant
indicators of climate change” (Iversen 1944,
1954, 1964, Troels-Smith 1960, Grichuk 1969,
1984) in Zagwijn’s version (1994, 1996) was
applied.

Accordingly, only some vascular plant repre-
sentatives can serve as the appropriate source
of reliable information about mean summer
and winter temperatures and annual precipi-
tation. These include:

— Ilex and Hedera, indicating mean Janu-
ary temperatures above respectively 0°C and
—-2°C and mean dJuly temperatures above
respectively +15 and +16°C (Iversen (1944);

— Taxus baccata, sinse it represents similar
pattern of distribution to that of Hedera helix,
therefore comparable values can be inferred
(Iversen 1944);

— Tilia platyphyllos, with its northern
range limit lying close to the +17°C isotherm
of July;

— Tilia tomentosa, with mean January
temperatures ranging between slightly over
0°C and about —5°C, average July tempera-
tures above +21°C and annual precipitation
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Climatic indicators
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Fig. 59. Reconstructed climatic curves for the Eemian interglacial in northern Podlasie. R PAZ — regional pollen assemblage
zones; the time scale is based on the Bispingen varve counts (acc. Miiller et al. 1974)

of about 400 mm or more (Mamakowa 1997,
Frenzel 1991, Granoszewski 2003).

The analysis is also based on widely rec-
ognized correlation between the northern and
upper forest range limit and both the +10°C
July isotherm and -5°C January isotherm
(Zagwijn 1994, 1996).

LATE GLACIAL OF THE WARTANIAN
GLACIATION

Domination of plants denoting open vegeta-
tion together with large proportion of helio-
phytes (Artemisia, Helianthemum nummular-
ium type, Chenopodiaceae) imply cold climate
conditions and suggest that northern forest
boundary was situated to the south from north-
ern Podlasie. Accordingly it indicates that in

this particular region the mean temperature of
the warmest month was below +10°C and that
of the coldest month did not exceed —5°C (cf.
Zagwijn 1996). Quite in contrast, high values
of Juniperus pollen indicate that the lowest
mean temperature of July was slightly exceed-
ing +10°C. If we then consider the presence of
Picea abies type pollen the mean January tem-
perature may be expected to be much lower. As
it concerns northern Podlasie during the late
Wartanian the pollen of this type quite prob-
ably was predominantly represented by Picea
obovata. Dahl (1998) assigns Siberian spruce
to the Siberian boreal sub-element of the con-
temporary European flora and sets —10°C as
the limiting isotherm for the coldest month at
the highest points of the landscape. The val-
ues of mean summer and winter temperatures



suggest the mean annual amplitude of tem-
peratures at that time to be about 20°C and
indicate a strongly continental character of the
climate. The high proportion of Artemisia and
the presence of Ephedra fragilis type both con-
firm this feature of the climate.

THE EEMIAN INTERGLACIAL
Changes in climate of northern Podlasie

The reconstructed climate changes were
presented with reference to regional pollen
assemblage zones and subzones delimited for
northern Podlasie (Fig. 59).

Enpl Pinus-Picea-(Betula) R PAZ

High pollen values of trees and shrubs
(AP), showing the spread of boreal forests,
indicate that both the summer and the winter
mean temperatures were higher than at the
end of the Wartanian glaciation and probably
exceeded +10°C in July and —5°C in January
(Zagwijn 1996). On the other hand the pres-
ence of Picea abies type pollen, reaching the
first interglacial culmination in this particu-
lar zone, quite probably denoting the expan-
sion of Picea obovata, serves as the evidence
for the mean temperature of the coldest month
staying below —10°C. This top line was calcu-
lated by Dahl (1998) as the limiting one for the
contemporary range of Siberian spruce at the
highest points in the landscape. On the whole,
we cannot rule out that at the beginning of
the Eemian interglacial this species was only
present at lower, mostly cold, locations.

Seeing that very high values of Pinus syl-
vestris type reflect the domination of pine
forests, it may be concluded that the mean
July temperature increased in comparison to
the previous period exceeding +12°C (Zagwijn
1989). The presence of herbaceous plants on
its own suggests that this temperature could
even reach higher values. This, in particular,
is indicated by the presence of Typha latifo-
lia, which at present inhabits areas where the
mean July temperature stays above +14°C
(Kolstrup 1980, Paus 1992, Harmata 1995).
The same applies to the occurrence of Myrio-
phyllum spicatum or M. verticillatum. Then
again, relatively high values of Selaginella
selaginoides confirm that the mean tempera-
ture of the warmest month did not exceed
either +17°C (cf. Tobolski 1991) or +20°C
(Mamakowa 1997, Granoszewski 2003).
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The presence of heliophyte steppe-like com-
munities, showed by high values of Artemisia,
may point to continental features of the cli-
mate.

Enp2 Pinus-Quercus-Ulmus R PAZ

The mean temperature of the warmest
month can be estimated on a basis of the
occurrence of Typha latifolia to reach between
+14°C and +15°C. Still, the constant pres-
ence of Ulmus implies that it could be some-
what higher. Nowadays, Ulmus scabra does
not grow in areas where the mean July tem-
perature drops below +16°C, whilst the other
two species of elm have even higher thermal
requirements (Granoszewski 2003).

The increase in warmth and humidity of the
climate is revealed by the presence of Hedera
helix. It may suggest that as early as in this
part of the interglacial summer temperatures
were moderately high and the temperature
of the coldest month did not fall below —2°C
(Iversen 1944, Zagwijn 1994). The abundance
of Salvinia natans spores in sediments leads to
very similar conclusion.

Enp3 Quercus-Ulmus-Fraxinus R PAZ

The strong expansion of elm, ash and oak
confirms an increasing oceanic character of
the climate (Granoszewski 2003). The initial
phase of hazel spread may also prove further
increase in oceanic character of the climate.
According to Mamakowa (1989) such climate
changes, expressed in pollen profiles repre-
senting the entire Poland, were probably con-
nected with the transgression of the Tychnowy
Eemian Sea.

The presence of Hedera suggests that the
mean January temperature was above —2°C.
In the younger part of the zone Viscum album
appeared for the first time in northern Pod-
lasie. When analysing their climate-induced
range it may be deduced that the mean July
temperature most certainly remained at the
level of at least +16°C.

Enp4 Corylus-Alnus-Tilia R PAZ

According to many palaeobotanists (e.g.
Frenzel 1991) the beginning of the hazel
phase coincides with the outset of the climatic
optimum of the Eemian interglacial. Pollen
records from northern Podlasie profiles pro-
vide numerous data confirming that in north-
eastern Poland at that time a very warm and
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oceanic climate prevailed. As early as in the
older part of the Exp4 zone Tilia platyphyllos
and T. tomentosa appeared for the first time.
It is well documented by the accumulation of
their pollen in numerous profiles, as well as by
great numbers of nutlets that were found at the
Hieronimowo [26] site (Kupryjanowicz et al.
2007). According to Frenzel (1991) during the
Eemian interglacial, the northern range limits
of those species lay much further to the north-
east. The presence of pollen and nutlets of 7.
tomentosa at the Satiki site in western Latvia
(Kalnina et al. 2007) represents another well-
known evidence of that fact. The existence of 7.
tomentosa at that time, a typical sub-Mediter-
ranean Balkan species (Walter & Straka 1970),
in the hazel phase of the Eemian interglacial
of northern Podlasie allows the assumption
that the mean July temperature did not fall
below +21°C (cf. Frenzel 1967) being about 4°C
higher than the present mean temperature in
that region, which according to Gérniak (2000)
remains at the level of +17.3°C. The presence
of Hedera helix shows the mean January tem-
perature to be above —2°C.

All that reasoning implies that a very mild
and warm climate with moderate rainfall pre-
vailed in northern Podlasie across the Eyp4
zone.

Enpd Carpinus R PAZ

The hornbeam zone was the second part
of the climatic optimum of the Eemian inter-
glacial (Mamakowa 1989, Frenzel 1991, Litt
et al. 1996). The presence of Tilia tomen-
tosa and T. platyphyllos pollen, as well as of
its nutlets in case of the Hieronimowo [24]
site (Kupryjanowicz et al. 2007), allows the
assumption that the minimum temperature
of the warmest month was the same as in the
previous zone.

The appearance of Ilex aquifolium, another
climate change indicator species, in the Eyxpba
subzone suggests that the mean temperature
of the coldest month increased above 0°C at
that time (cf. Iversen 1944, Zagwijn 1996). Very
high winter and summer temperatures reflect
a climate being very warm and humid, strongly
oceanic in its character, not only in comparison
with the present climate in northern Podlasie,
but even when compared with the older part of
the climate optimum representing the Eemian
interglacial. According to Granoszewski (2003)
the best climate conditions fall into that part

of the last interglacial also in case of southern
Podlasie.

Accompanying feature to the rise of win-
ter temperatures was the increase in pre-
cipitation enhancing oceanic character of the
climate. Ilex aquifolium on its own indicates
the minimum value of the annual rainfall to
be 500 mm (Mamakowa 1997, Granoszewski
2003). An increase of the annual rainfall up to
that particular level is also confirmed by the
rising proportion of Picea abies type pollen and
by the constant presence of Abies alba pollen.
At present the Bialowieza region, where their
remaining stands are still present, receives the
annual precipitation of about 650 mm (Goér-
niak 2000). Presumably that value may be
proposed as the range limit of fir occurrence
on lowlands.

Rapid expansion of hornbeam during the
Expba subzone may suggest that with the rise
of winter temperatures summer temperatures
also increased or that at least the summer
lasted much longer. According to Falinski and
Pawlaczyk (1993) generative reproduction,
constituting a major expansion mode that ena-
bled the very encroachment into new areas for
that species, strongly depended on late spring
and summer temperatures. At present in west-
ern Europe high seed crop of hornbeam is posi-
tively correlated with years characterized by
especially long and warm summers. Therefore
it is probable that this particular correlation
defines species western range limit (Christy
1924, after Huntley & Birks 1983). Also dur-
ing Holocene, the hornbeam expansion on the
Polish Lowlands accompanied climate changes
that were expressed in the increase of summer
temperatures (e.g. Makohonienko 2000). How-
ever, conversely to the Eemian interglacial,
during Holocene precipitation decrease fell
into that period (Ralska-Jasiewiczowa & Star-
kel 1988).

In the middle part of the hornbeam phase
of the Eemian interglacial represented by the
Expbb subzone, the mean temperatures of the
warmest month were comparable with those
representing the previous subzone and proba-
bly still exceeded +21°C, which is indicated by
the presence of Tilia tomentosa. At the same
time the mean January temperature slightly
decreased remaining below 0°C, which in turn
is marked by the regression of Ilex aquifo-
lium from the area covering today’s northern
Podlasie. Additionally, the presence of Taxus



baccata shows that the mean temperature of
the coldest month was not lower than —-2°C
(Iversen 1944).

In the Eyxpbc subzone two tendencies are
distinctive, the first, a gradual increase in
Picea abies type and the second, a nearly con-
stant presence of Abies alba. The expansion
of Norway spruce may suggest that the mean
January temperature reached values spanning
—12°C to +7°C according to Mamakowa (1997),
or below —-3°C according to Firbas (1949) or
below —2°C according to Dahl (1998). The
mean January temperatures for Abies alba
range from -5°C to +7°C (Mamakowa 1997,
Granoszewski 2003). All those data allow
suggesting that during the Eyxpbc subzone
the mean temperature of coldest month was
approximately from —5°C to —2°C. The mean
July temperature, based on the extinction of
Tilia tomentosa in this region, was lower than
in the previous part of the hornbeam phase.
However the presence of T'. platyphyllos proves
that it was still higher than +17.5°C. The
reconstructed mean temperature values both
for summer and winter months are in accord-
ance with the requirements of Viscum album
(Iversen 1944, Zagwijn 1994), which was con-
tinuously present in this subzone.

Enp6 Picea-Pinus-(Abies) R PAZ

The most important changes in the veg-
etation, such as the recession of thermophil-
ous trees and shrubs as well as simultane-
ous expansion of spruce, fir, pine and birch,
all reflect the decrease in thermal conditions.
The mean January temperature, being based
upon rather rare occurrence of Abies alba, was
at that time about —5°C (cf. Mamakowa 1997,
Granoszewski 2003). In comparison to such
winter temperatures, the mean July tempera-
ture reached at least +17°C, even at the end of
this zone, the fact being confirmed by the pres-
ence of Viscum album (cf. Iversen 1944).

As it concerns thermal changes precipita-
tion increased, the minimum annual rainfall
for Picea abies and Abies alba being about
200 mm higher than the minimum require-
ments for the Carpinus betulus presence
(Granoszewski 2003).

Enp7 Pinus R PAZ

The Exp7a subzone represents a period
marked with domination of pine forests.
Spruce was gradually losing its position as the
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dominant forest component, that it still exerted
at the beginning of this phase. Thermophilous
trees that lingered so far, such as Carpinus,
Tilia cordata, and Alnus, disappeared almost
entirely. Therefore we assume that a conti-
nental in its character climate succeeded. At
that time the mean July temperature was not
lower than +12°C (Zagwijn 1989), though if the
presence of Larix and Tilia cordata type was
taken into account, the mean July temperature
should have been slightly higher. At present,
T. cordata tolerates the mean temperatures
for the summer months exceeding +13°C (Hin-
tikka 1963, after Zagwijn 1996) and the mean
July temperature for Larix decidua is +17°C
(Mamakowa 1997, Granoszewski 2003). The
mean January temperature decreased below
—5°C, being marked by the disappearance of
Abies alba.

In the subzone Exp7b, the established Pinus
forest was now invaded by Betula. Yet neither
in pollen spectra nor in lithology reflecting
that part of the profile evidence was found
that would prove the encroachment of Betula
as being correlated with any other phenomena
of the local character (e.g. secondary succes-
sion to areas destroyed by fire, development of
local communities with birch growing around
lakes or in bogs). Because of that fact the cool-
ing of the climate seems to be the most proba-
ble reason staying behind the above mentioned
changes.

It is presumed the mean July temperature
probably decreased down to about +12°C (cf.
Zagwijn 1989). Nowadays, the same temper-
ature value is recorded for northern Europe,
close to forest range limit, where boreal birch
forests are the dominant community.

In the subzone Eyxp7c a rise of NAP pro-
portion, exceeding 20%, is noticed. It signifies
a substantial reduction in areas being covered
with boreal forests accompanied by simultane-
ous spread of herbaceous plant communities,
mainly in the steppe-like type. Those changes
point to relatively dry continental climate.
At present, a similar scenario undergoes in
northern Scandinavia, where birch-pine for-
ests get replaced by herbaceous vegetation
in response to much harsh winter conditions,
being expressed mainly in temperatures drop-
ping below —10°C (Cheddadi et al. 1998). As
it concerns the Eyp7c¢ subzone the mean July
temperature probably also decreased. It is
worth being mentioned that the contemporary
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northern forest range limit is expressed by
herb values of at least 50%. This line coincides
with the +10°C July isotherm (Zagwijn 1989).
In case of northern Podlasie the proportion of
herbs did not reach that high values. Thus it
suggests that the mean July and January tem-
peratures were slightly higher than the base-
line values.

In the Exp7d subzone, a new phase of Pinus
forest expansion at the cost of the decline in
Betula and herb presence undoubtedly reflects
a bit more milder and temperate climate. The
mean July temperature once again had to be
higher than +12°C. On the contrary, the mean
January temperature is much more difficult to
be reconstructed. Still, coinciding northern for-
est range limit and the isotherm of —5°C may
indicate that the temperature had to be higher
than this particular value.

Synthesis of climatic data from
northern Podlasie

On a basis of the preceding data a concise
synthesis of the climate history representing
the Eemian interglacial in northern Podlasie is
presented herein (Fig. 59).

— At the very beginning of the Eemian
interglacial the mean July temperatures rose
rapidly to values of about +14°C reaching
the maximum value of at least +21°C dur-
ing the Corylus zone, less than 1200 years
after the beginning of the interglacial. Later,
in the youngest part of the Carpinus zone
the mean summer temperatures slightly
dropped to values slightly exceeding +17.5°C
and then in the Picea zone to above +17°C,
whereas at older part of the Pinus zone down
to about +13°C.

— At the beginning of the interglacial the
mean January temperature was above —10°C.
It rose rapidly to over —2°C in the Eyp2 zone
and reached the highest values of 0°C in the
oldest part of the Carpinus zone. Later, in the
middle part of the Carpinus zone, winter tem-
peratures dropped once again, and reached
roughly the present values of —5°C to —3°C.
Then, at the beginning of the Pinus zone
the mean temperature of the coldest month
decreased below —5°C.

— The thermal optimum of the Eemian
interglacial in northern Podlasie was reached
during the older part of the Carpinus zone,
characterized by the highest mean January and
July temperatures, 0°C and +21°C respectively,

and the smallest amplitude between them for
the whole interglacial.

— There is no data to be found in the mate-
rial from northern Podlasie, that might point
to any great drop in winter or summer tem-
peratures in the hornbeam phase.

— At the end of the interglacial, in the mid-
dle part of the Pinus zone, the short-term cold
fluctuation took place, with the mean summer
temperatures staying slightly below +10°C
and the mean temperatures of winter below
—12°C.

Discussion — Was the climate
of the Eemian interglacial stable?

As a result of numerous thorough pollen
analyses the succession of the Eemian veg-
etation in Europe is very well documented
(Zagwijn 1961, Mamakowa 1989, Fauquette
et al. 1999, Miiller 2000, Turner 2000, Beets
et al. 2006, and the others). As it regards cli-
mate conditions, what is based on the pollen
data representing the Eemian interglacial, it
can be stated that it was a stable period. For
example, no abrupt climate fluctuation during
the Eemian interglacial was documented for
north-western Germany (Caspers & Freund
1997, 2001, Caspers et al. 2002).

Climate studies based on the data from
marine cores (Keigwin et al. 1994, McManus
et al. 1994) as well as those from the first
Greenland’s ice core (Jozuel et al. 1993) illus-
trate the climate of the last interglacial as
a stable one.

Conversely, in the last decade of the pre-
vious century, such climate stability has been
questioned as a result of the broad scope
project of GRIP (European Greenland Ice Core
Project). New ice cores showed that during the
Eemian interglacial strong temperature fluctu-
ations from warm to cold conditions took place.
Data contains the evidence of two extreme cold
events both of them lasting for over 1000 years
(Dansgaard et al. 1993, GRIP members 1993).

Whatever the result, such a discrepancy
between the new GRIP cores and the previous
results upon the Eemian climate do inspire
scientists to carry out new researches. The ice
core oxygen isotopic and electrical conductivity
records in the next core — GISP2 (Greenland
Ice Sheet Project) — suggest that the instability
of oxygen isotopic temperature, being vaguely
signalled in the previous core, could have been
caused by ice-flow deformations (Boulton 1993,



Grootes et al. 1993, Taylor et al. 1993, Alley
et al. 1995, Chappellaz et al. 1998).

At the same time the pollen record from
Grand Pile triggered the discussion on whether
it is accurate to accept such scenario of climate
variation as reflected by the GRIP records
(Thouveny et al. 1994). Similar cold fluctua-
tions within the Eemian interglacial were also
distinguished in case of a few other European
pollen sequences (de Beaulieu & Reille1989,
1992a, b, Guiot et al. 1993, Miiller 1974, Field
et al. 1994, Cheddadi et al. 1998) and in many
other profiles, though studied with the use
of different methods, that represent various
regions of the world (Cortijo et al. 1994, Larsen
et al. 1995, Seidenkrantz et al. 1995, Stirling
et al. 1995, Fronval & Jensen 1996, Maslin
et al. 1996, Maslin & Tzedakis 1996, Adkins
et al. 1997, Zhisheng & Porter 1997, Ciszek
1999, Karabanov et al. 2000a and the others).

The results of high resolution climate recon-
struction represented by seven records from
France and Poland, document rapid and signif-
icant drop in temperatures within the Eemian
interglacial (Cheddadi et al. 1998). It occurred
between 4000 and 5000 years after the begin-
ning of the interglacial itself and was related
to a spread of the Carpinus forests. What has
to be born in mind though is the fact that the
correlation of the pollen data with the GRIP
records is rather weak.

According to Ciszek (1999) the results of
magnetic susceptibility from five Polish pol-
len profiles (Imbramowice, Lechitéw, Rusz-
kéwek, Obrzynowo and Lipcze) also allow
accepting the hypothesis about the presence
of a few clear climate fluctuations during the
last interglacial. For the most part, these are
reptresented by Polish regional zones of the E2
and E5 as well as by a transition between the
E6 and E7 zones. In the hornbeam phase (E5)
two separate coolings took place. According to
Ciszek (1999) they correspond to the 5e2 i 5e4
substadials in the Greenland isotopic curve.

The records both from the Nordic Sea
and from western Ireland show a cooling of
the North Atlantic in the middle part of the
Eemian interglacial, somewhere between 122
and 125 ka (Cortijo et al. 1994, Larsen et al.
1995, Fronval & Jensen 1996). Records from
north-western European shelf sediments that
were collected to the south from the previous
sites, suggest a similar picture of cold intervals
during the Eemian interglacial (Seidenkrantz
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et al. 1995). In this way, the mid-Eemian cool-
ing, which lasted for about 400 years, was doc-
umented (Adkins et al. 1997). It was associated
with an abrupt reorganization in the North
Atlantic deep-water circulation. The short
mid-Eemian cooling that was correlated with
changes in the North Atlantic circulation, was
also found in the record of biogenic silica and
siliceous microfossil abundance from the bot-
tom sediments of Lake Baikal, which is located
in the mid-continental Siberia (Karabanov
et al. 2000a). The presence of the mid-Eemian
cooling signalled in the sedimentary record of
Lake Baikal suggests the strong climatic con-
nections between the North Atlantic and the
continental northern Asia. Evidence of a single
sudden cooling during the Eemian interglacial
is also present in record from loess sediments
in central China (Zhisheng & Porter 1997).

Also a detailed study of Ocean Drilling
Project site 658 in the subtropical eastern
Atlantic found that the Eemian interglacial
included a short cold event. It was shown in the
benthonic oxygen isotope record at about 122 ka
(Maslin et al. 1996, Maslin & Tzedakis 1996).

Further evidence of the existence of the
intra-Eemian cooling comes indirectly from
coral reef records. New data from western
Australia and a review of other high preci-
sion U-series coral data indicate that during
the last interglacial the main global episode of
coral reef building was confined to just a few
thousand years between 127 to 122 ka (Stir-
ling et al. 1995). This period of reef building
seems to have ended at the same time as the
beginning of the intra-Eemian cold event at
about 122 ka (Adams et al. 1999).

While considering all the above stated facts
the questions concerning climate stability in
the Eemian interglacial and the sheer quan-
tity of the climate cold fluctuations during
this interglacial still remain open. Therefore
obtaining new data sets is of crucial impor-
tance. In line with such a necessity the case
study representing northern Podlasie meets
requirement of such specified palynologi-
cal investigation. The result presented here
show undeniably that in this region of Poland
no extreme climatic events, such as strong
decrease in winter and summer temperatures,
occurred across the Carpinus zone. Granosze-
wski (2003) and Binka & Nitychoruk (2003)
both made similar conclusions with regard to
southern Podlasie.
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The lack of distinct cooling in the middle
part of the Eemian interglacial differenti-
ates north-eastern and eastern Poland from
south-western part of the Country. The mean
temperature curves from northern Podla-
sie (Fig. 59) were compared to the thermal
curves from Imbramowice, lying in south-
western Poland, that were drawn relying on
the results of using modern pollen analogue
technique (Cheddadi et al. 1998). This com-
parison shows crucial differences between
these two regions. As concerns the Imbramo-
wice site it reflects in the middle part of the
Carpinus zone a slump in the mean January
temperature of about 9°C, from ca. +4°C to ca.
—5°C. At the same time in northern Podlasie
the decrease in the mean temperature of the
coldest month was vaguely detectable drop-
ping from over 0°C to over —2°C. That does
not however indicate a catastrophic character
of such a change. Minor decreases in tem-
peratures at that time were registered also in
southern Podlasie. According to Granoszewski
(2003) in the Horoszki Duze region the mean
July temperature fell from +21°C to +18°C,
and the mean January temperature was still
above 0°C as in the Corylus zone.

In Imbramowice no cold fluctuation was
registered in the pine phase E7, whereas such
fluctuation is very clear in a few profiles from
northern Podlasie (Michalowo [25], Dziernia-
kowo [24] and Machnacz [17] — see Fig. 56). In
those profiles, sediment sections of the Pinus
zone are made up of homogeneous undisturbed
lacustrine deposits. Therefore, the described
cold fluctuations cannot result from sediment
redeposition.

Cold climate fluctuation during the E7
zone is indicated, though less clearly than in
northern Podlasie, also in case of Horoszki
Duze in southern Podlasie (Granoszewski
2003) and in a few additional sites repre-
senting other regions in Poland, e.g. Konopki
Lesne and Szwajcaria 1 (Boréwko-Dtuzakowa
& Halicki 1957), Warszawa-Wola (Boréwko-
Dtuzakowa 1960), J6zefow (Sobolewska 1966),
Nakto (Noryskiewicz 1978), Zgierz-Rudunki
(Jastrzebska-Mametka 1985), and Imbramo-
wice (Mamakowa 1989).

Notably, cold event in the E7 zone was not
distinguished by Bintkka and Nitychoruk (2003)
in the Dziewule profile in southern Podlasie.
The authors correlate the upper local pol-
len zones of this profile with the Herning

stadial (11 Betula-NAP), Brgrup interstadial
(12 Pinus) and Rederstall stadial (13 NAP).
Nevertheless, pollen record representing those
zones, what the authors themselves admit, is
not clearly developed. Then, the pollen record
from the Dziewule site was correlated with
one of northern Podlasie sites representing the
Eemian Pinus zone and also with the Horoszki
Duze site (Granoszewski 2003). It seems very
likely that 11-12 local zones from Dziewule
correspond to the middle and younger part
of the Eemian Pinus regional zone. Eleven
Betula-NAP L PAZs may represent the cool-
ing within this zone. However, only 13 NAP L
PAZs may be connected with the first stadial
(Herning) of the Early Vistulian.

De Beaulieu and Reille (1989) has already
described a similar cold fluctuation in the late
part of the Eemian interglacial in Les Echets.
It is reflected there as a temporary reduction of
Abies accompanied by the spread of Pinus. The
authors correlate it with similar fluctuations
recorded in Sulzberg-Baden (Welten 1981),
Gondiswill (Wegmiiller 1986), La Grande Pile
(Woillard 1978), Brgrup (Andersen 1961) and
Odderade (Averdieck 1967).

The fact that this fluctuation is not recorded
in numerous other profiles, both from Poland
and from Europe, may be caused by differ-
ent reasons. In case when the thickness of
sediments, where the final part of the Eemian
interglacial is recorded in, is low, the oscil-
lation may not be noticed with the standard
distance between pollen samples, i.e. when
being taken every 5-10 cm. It is also possible,
according to de Beaulieu and Reille (1989),
that this short and low amplitude oscillation
induced notable vegetation changes only next
to ecotones zones.

A correlation of the intra-Eemian climatic
fluctuations contained both in the records
from European terrestrial sites and of cold
events reflected in Greenland’s ice or deep
marine cores is indeed weak. Great majority
of cases lack exact age determination of these
fluctuations, which in turn disallows any fur-
ther data analysis. In case of the profiles that
were not subjected to the appropriate pollen
analysis and exact dating there is no certainty
whether they really contain a record of the
entire interglacial or not. Consequently, there
lies sheer inability to define precisely where
exactly a particular change within any part of
the interglacial took place.



Taking into consideration all that, it can-
not be excluded that at least some cold events
from deep marine cores, that are usually placed
within the middle part of the Eemian intergla-
cial, are quite possibly reflected within the final
part of the interglacial. If yes, they could be cor-
related with the cooling recorded in the Pinus
phase of the Eemian vegetation succession.

Another reason causing such difficulties
springs from one method being used at a time,
which leads to incorrect or uncertain interpre-
tation being ascribed to a particular profile.
A very good example of such a situation is
represented by the Solniki [28] profile (Fig. 4),
where a record from magnetic susceptibility
(MS) curve shows a clear peak in the lower
part of the Carpinus zone. Hence, according
to Ciszek (Ciszek 1999, Kupryjanowicz et al.
2005) it may be interpreted as an important
cooling related to the decline in areas cov-
ered with forests, a viewpoint that exemplifies
a standard interpretation of such type data.
Then again the same MS curve can indicate
an increase in the rate of material dislocation
being caused by rainwater. The second expla-
nation seems to be more likely when taking
into account the pollen record itself, since no
significant decrease in temperature in this
part of the Eemian interglacial was reflected
in this content.

EARLY VISTULIAN

Changes in climate of northern Podlasie

The disappearance of coniferous forests
and the domination of open vegetation both
indicate that in the Herning stadial northern
forest range limit was situated to the south
of northern Podlasie. That suggests that the
mean temperature of the warmest month was
below +10°C and the mean temperature of the
coldest month remained below —5°C. At present
these values determine northern and upper
forest limit (Zagwijn 1996). The high propor-
tion of Artemisia and the presence of Ephedra
fragilis type would register a continental char-
acter of the climate. In the middle part of the
stadial, the short-term change of the climate is
indicated by a temporary increase in the pol-
len values of Pinus sylvestris type. This fluc-
tuation may correspond to a slight increase in
temperatures.

The improvement in climate condition in
the Amersfoort interstadial is indicated by
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the spread of birch forest communities. The
presence of tree birches implies the mean
July temperature reached +12°C to +13°C.
The presence of Typha latifolia may suggest
that this temperature was indeed one degree
higher. The mean temperature of the coldest
month increased above —5°C at that time.

During the cold fluctuation between Amers-
foort and Brgrup interstadial sensu stricto the
birch forest was replaced by herbaceous vege-
tation in response to more rigorous winter con-
ditions, where the mean January temperature
dropped below —5°C and the mean temperature
of the warmest month decreased once again
below +10°C. The presence of heliophyte com-
munities in steppe-like type, which is denoted
by high values of Artemisia, would point to the
climate of a more continental type.

In the older birch part of the Brgrup inter-
stadial the mean July temperature probably
increased to about +12°C, which is docu-
mented by the spread of birch forests (cf. Zag-
wijn 1989). Additionally, the reappearance of
Typha latifolia suggests that this temperature
might however exceed even +14°C.

The younger pine part of the Brgrup inter-
stadial was characterized by the expansion of
boreal pine-birch formation then being followed
by pine associations. The mean temperatures
of the warmest month at that time might have
been higher than in the birch phase, reaching
even +17°C. This is showed by the presence
of Larix, quite presumably of Larix decidua
(Mamakowa 1997, Granoszewski 2003). The
mean temperature of the coldest month ranged
between —5°C and —2°C, which is indicated by
simultaneous occurrence of pollen representing
Picea alba type and Larix. When taking into
account the presence of Larix decidua there the
mean January temperature reached a span of
-5°C to +7°C (Mamakowa 1997, Granoszewski
2003), whereas if considering the presence of
Picea abies it stayed below —2°C (Dahl 1998).

The Rederstall stadial was associated with
a substantial decrease in areas being covered
with forest associations which in turn was fol-
lowed by a major spread of open steppe vegeta-
tion. Northern forest range limit was located
to the south of northern Podlasie. The mean
January temperature decreased again below
—10°C, whereas the mean July temperature
stayed below —5°C. Additionally, the presence
of Dryas pollen strongly points to subarctic
climate.
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In the older part of the Odderade inters-
tadial the mean July temperature probably
increased slightly to about +12°C. It was
reflected by the return of birch forests (cf.
Zagwijn 1989). The spread of pine, spruce and
larch in the middle part of the interstadial
reflects continued increase of the mean July
temperatures to above +13°C. However, if the
larch at that time was indeed represented by
Larix decidua, the increase might have been
even higher reaching about +17°C (Mamakowa
1997, Granoszewski 2003). The mean temper-
ature of the coldest month ranged between
—5°C to —3°C, which is reflected by simultane-
ous presence of larch and spruce. The middle
part of the Odderade interstadial constituted
its thermal optimum. Then afterwards the
summer and winter temperatures once again
began to gradually decrease.

Global changes of the climate
after the end of the Eemian interglacial

In accordance with marine records, the
Eemian interglacial ended up with a rapid
cooling event about 110 000 years ago (Imbrie
et al. 1984, Martinson et al. 1987, Turner
2002). This fact is also registered in ice cores
and pollen records being disseminated across
Eurasia. Adkins et al. (1997) suggest that the
final cooling lasted less than 400 years. After
the end of the Eemian interglacial numerous
sudden changes and short-term warm and cold
alternations have been noticed. Most or even
all of them occurred on a global scale. The most
extreme points in these fluctuations were rep-
resented by warm interstadials and cold stadi-
als, being named as “Heinrich events” (Hein-
rich 1988). Ice core and ocean data suggest that
interstadials began and ended rapidly, though
it is suggested that the abrupt change in cli-
mate at the beginning of an interstadial was
generally followed by a more gradual decline.
It involved a stepwise series of smaller cooling
events and often a fairly large terminal cool-
ing event, that restored the conditions to the
colder glacial state (Rasmussen et al. 1997).
The warming in each interstadial may have
lasted from a few centuries to nearly two thou-
sand years (Mayewski et al. 1997).

Relying on European and North American
pollen records many of Heinrich events have
also been interpreted as particularly cold and
arid intervals (Grimm et al. 1993 Satkinas
& Grigiené 1997a, b, Satkunas et al. 1998,

2003). Though there are some researches pub-
lished, vegetation changes of the Early Vistu-
lian and Plenivistulian are not so well studied
as those of the Eemian interglacial (Mama-
kowa 1989). That in turn results from a very
little number of sites with organic sediments
being found that would properly represent
this particular period. In Poland as well as in
other parts of Europe only the Early Vistulian
is adequately described. The pollen record of
that period is usually placed in continuous
sequences above the strata representing the
Eemian vegetation succession. Notably, in the
profiles from some European sites the pollen
record of different interstadials or interphases
is presented without a proper interrelation
with the Eemian pollen records. In such case
the age of a particular interstadial and inter-
phase has been dated by a radiocarbon method
(Balwierz 1995).

In central and eastern Europe there is
only one pollen sequence represented by the
Horoszki Duze site (Granoszewski 2003) that
contains almost complete record of the Early
Vistulian and the Plenivistulian. Quite the
opposite, sites of that type are more frequent
in southern part of the continent (Follieri et al.
1998, Allen et al. 2000).

Rapid warm fluctuations of the climate
nick-named as “Dansgaard-Oeschger” events
(DO), that occurred during the last glacia-
tions are clearly reflected in Greenland’s ice
cores (Dansgaard et al. 1993, Grootes et al.
1993) and in marine sediments representing
both high and low latitudes (Bond et al. 1993,
McManus et al. 1994, Schulz et al. 1998). The
environmental impact of the DO fluctuations
on the expanses representing intermediate lat-
itudes such as those of central Europe is still
not so well documented.

As it concerns wide range of terrestrial
palaeoclimate proxies, pollen record appears
to be the most reliable source of information.
Long and continuous pollen records are pre-
dominantly found in the Mediterranean region
(Tzedakis et al. 1997, 2001, Allen et al. 1999).
Conditions for the preservation of long pollen
records in central and northern Europe were
less favourable because of the periglacial proc-
esses that led to erosion and unconformities
(Tzedakis et al. 1997). Hence, the long and
continuous pollen records are in short sup-
ply in case of northern Poland and changes in
vegetation in central Europe during the last



glaciation are therefore still poorly understood
(Behre 1989, Griger 1989, Mamakowa 1989).
As a consequence, the response of central
European vegetation to short-term warming
episodes such as Dansgaard-Oeschger inters-
tadials remains still unclear.

DEVELOPMENT OF MIRE AND
AQUATIC VEGETATION IN NORTHERN
PODLASIE — SELECTED ASPECTS

SUCCESSION OF WATER VEGETATION
IN THE SOLNIKI PALAEOLAKE

Based on the Solniki [28] pollen diagram
(Fig. 60), changes in frequency and percentage
values of mire, water plants, and non-pollen
microscopic remains enabled zone delimita-
tion. These special pollen zones are marked
by the alfa-numerical symbol starting with
“Sw” in order to make a distinction between
main zonation in the diagram. The succession
of water and mire plants at the Solniki [28]
basin [28] was therefore presented using the
above described scheme.

The Eemian interglacial

Stage 1 (Sw-1 Filicales L. PAZ, depth of
11.06-10.93 m — Fig. 60) — a development of
water-mire vegetation in the Solniki [28] basin
falls to the beginning of the Eemian intergla-
cial that corresponds to the regional pollen
zone of the Eypl Pinus-Picea-(Betula). The
sheer character of the sediments accumulated
there confirms the studied basin was a lake at
that time. The most characteristic feature of
pollen record of this stage is a very high pro-
portion of Filicales monolete (25-50%). To some
extent this taxon might have been represented
by Thelypteris palustris, which is suggested by
the presence of single spores belonging to this
particular fern species. Thelypteris palustris
together with Phragmites (Phragmites type
pollen) might have formed rush communities
in the type of the contemporary Thelypte-
ridi-Phragmitetum (cf. Tomaszewicz 1977,
Klosowscy 2001). They probably intertwined
with other types of rushes, which presence is
signalized by pollen grains of Typha latifolia,
some Cyperaceae and by Equisetum spores,
putitatively that of Equisetum limosum. Sin-
gle pollen grains of Menyanthes trifoliata and
spores of Bryales and Sphagnum suggest the
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presence of plant communities which might
have formed floating islands at least partially
covering water table. In the lower Sy-1a sub-
zone Myriophyllum spicatum reached its inter-
glacial maximum of 2%. Its presence reflects
relatively deep water of the lake (up to 6 m)
and richness of calcium carbonate (cf. Pod-
bielkowski & Tomaszewicz 1982).

Stage 2 (Sw-2 Filicales-Cyperaceae L PAZ,
depth of 10.90-10.83 m — Fig. 60) — a develop-
ment of lake plants representing the older and
middle part of regional pollen zone of the Exp2
Pinus-Quercus-Ulmus-Salix. Very low frequen-
cies of aquatic and mire plants remains are
distinguishing feature of the zone. Only spores
of Filicales monolete and pollen of Cyperaceae
occur regularly.

Stage 3 (Sw-3 Equisetum-Cyperaceae-Sal-
vinia-Typha L PAZ, depth of 10.80-10.72 m —
Fig. 60) — covers a span of the younger part
of the Exp2 Pinus-Quercus-Ulmus-Salix R PAZ
and the older part of the Exp3 Quercus-Ulmus-
Fraxinus R PAZ. The regular occurrence of
microsporangium fragments belonging to Sal-
vinia and peaks of Cyperaceae, Nymphaea alba,
Typha latifolia and Equisetum are character-
istic features of the zone. Pollen of Nuphar,
Lemna and Potamogeton, and Nymphaeaceae
idioblasts appeared there for the first time.
Development of plant communities with Sal-
vinia and Nymphaea alba probably resulted
from gradual warming of the climate. Rise in
the proportion of Equisetum, quite probably
that of E. limosum, as well as of Cyperaceae
and Typha latifolia, and the appearance of
Typha angustifolia/Sparganium pollen may
suggest the spread of the littoral zone hav-
ing its result in more intensive development
of swampy communities. Change in sediment
properties from that represented by silt to that
of the peat suggests that the basin was much
more shallow at that time.

A change took place that is placed in the
lithological profile at the bottom part of the
Sw-2 zone. Silt was gradually replaced by peat.
Most probably it was formed in shallow waters.
It is also possible that it represented a kind of
seasonally flooded basin. Both cases may be
confirmed by the presence of algae represent-
ing Botryococcus and Pediastrum genera. The
appearance of Salvinia natans macrosporangia
serves as the evidence of its rampant prolifera-
tion in lake waters. In much shallower parts
of the basin there occurred communities being
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assembled with Nuphar, Nymphaea alba, and
Potamogeton. Rush zone with Typha latifolia,
Phragmites, and Menyanthes trifoliata was also
well developed on the margins of the basin.
Additionally, at the end of the zone Equisetum
spores reached very high values, which may
indicate its occurrence in those communities.

Stage 4 (Sw-4 Ceratophyllum-Botryococcus
L PAZ, depth of 10.70-10.44 m — Fig. 60) — cor-
responds to the middle part of the Exp3 Quer-
cus-Ulmus-Fraxinus regional pollen zone. Per-
centage values of Ceratophyllum hairs are the
highest within the entire profile, which on its
own may illustrate greater depth of the lake.
Silt accumulation is once again found at a bot-
tom of the basin (see Fig. 60). Pollen of Typha
angustifolia/ Sparganium, Typha latifolia,
and Myriophyllum spicatumlverticillatum as
well as Nymphaeaceae idioblasts occur quite
frequently there. Their presence indicates
that in this lake there were both deep water
habitats with submerged plants and patches
of shallow water covered with nymphoides and
rushes. Additionally, the frequency of Botryo-
coccus braunii cenobia is higher than in the
previous zones.

Stage 5 (Sw-5 Botryococcus-Pediastrum-Fil-
icales L. PAZ, depth of 10.25-7.02 m — Fig. 60)
— a long lasting stage, from the Exp4 Corylus-
Alnus-Tilia R PAZ to the older part of the Exp7
Pinus R PAZ. Very low frequencies of aquatic
and mire plants remains are a distinguishing
feature of the zone. Only cenobia of Botryococ-
cus braunii, Tetraedron minimum, and a few
species of Pediastrum (P. duplex, P. integrum,
P. kawraiskyi) as well as spores of Filicales
monolete regularly occur. Sporomorphs of all
other plants belonging to that group sporadi-
cally appear. Very low proportion of Pedias-
trum reflects very deep water of the lake basin.
Organic silts and calcareous-organic gyttja
were deposited in the lake at that time, which
serves as the evidence of favourable edaphic
conditions.

The occurrence of single Amphitrema fla-
vum remains in the middle part of that stage
provides reliable information about conditions
within the basin. Van Geel (1978) suggests that
A. flavum increased in numbers along with
rising humidity but it did not adapt to large
bodies of open water and eutrophic conditions.
On this basis the middle part of the stage 4
representing local succession at the Solniki
profile may be related to the temporary lake

shallowing and to the transition towards oli-
gotrophic conditions. Then again, pollen record
does not reflect any changes neither in the
lake water level, nor in its edaphic properties.
On the other hand, diatom results, Cladocera
analyses, magnetic susceptibility data and
180 and 3C stable isotopes (Kupryjanowicz
et al. 2005) all reflect a significant increase in
water level going on at the beginning of that
stage with subsequent rapid lowering in water
level at Solniki in the middle part of the Expb
regional pollen zone.

This stage was marked with unbalanced con-
ditions. In the substages 5b and 5d the basin
might have had eutrophic character expressed
by increase in the frequency of Cladocera
individuals of Chydorus sphaericus, Leydigia
leydigi, and Bosmina longirostris. During the
substage Sw-5c an anaerobic zone was prob-
ably present in the lake, which is indicated by
oxygen isotope curve. Record denoting signifi-
cant deepening of the basin is registered at the
depth of 7.65-7.40 m and 7.10-6.95 m. It is
reflected by great increase in the frequency of
deep-water Cladocera forms. Noteworthy, none
of these changes is reflected in the composition
of macrophytes. At that time clayey silts and
shales accumulated at the bottom of the lake.

Stage 6 (Sy-6 Sphagnum-Cyperaceae L
PAZ, depth of 7.00-6.70 m — Fig. 60) — repre-
sents the middle part of the Exp7 Pinus R PAZ.
Characteristic traits of this stage are temporary
cooling of the climate and the spread of open
steppe-like vegetation. At that time Sphagnum
reaches the first peak whereas Cyperaceae its
second within the profile. Low-percentage cul-
mination of Filicales monolete is noticed, with
Osmunda cinnamomea spores being sporadi-
cally present. Pollen of Phragmites type and
Typha angustifolia/Sparganium occurs more
frequently than in the previous zone and
shallowing of the lake is signalled in pollen
record. Spores of Isoétes appear for the first
time. Their presence suggests the transition of
lake’s edaphic conditions towards oligotrophic
ones. In the middle part of the stage changes
affected lithological properties of the profile,
with peat being gradually replaced by silt.

Stage 7 (Sw-7 Botryococcus-Myriophyllum
L PAZ, depth of 6.65-6.35 m — Fig. 60) — falls
on the youngest part of the pine phase of the
Eemian interglacial (Exp7d R PASZ). Ceno-
bia of Botryococcus braunii, spores of Sphag-
num and pollen of Cyperaceae regularly occur,
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whereas sporomorphs of all other water and
swamp plants sporadically appear. The pres-
ence of Myriophyllum alternifolium pollen may
be the evidence of dystrophic conditions pre-
vailing in the lake. Such a conclusion is also
supported by the fall in organic matter (see
Fig. 4) below 1% in the sediment at the end of
the stage (cf. Granoszewski 2003).

Early Vistulian

Stage 8 (Sw-8 Cyperaceae-Sphagnum-
Osmunda L PAZ, depth of 6.30-5.80 m -
Fig. 60) — corresponds to the first cooling of
the Early Vistulian, named as Herning stadial
(EVypl Artemisia-Cyperaceae-Chenopodiaceae
R PAZ). The zone is characterized by high
peaks of Cyperaceae, Sphagnum and Filicales
monolete. The increase in Cyperaceae pollen
and Sphagnum spores coupled with more fre-
quent occurrence of rush sporomorphs (Typha
angustifolia/Sparganium, Phragmites type,
Equisetum) indicate a transient shallowing of
the basin. It might have been caused by dry
climate conditions dominating throughout that
period.

Stage 9 (Sw-9 Cyperaceae-Botryococcus-
Pediastrum L PAZ, depth of 5.75-4.60 m -
Fig. 60) — may be correlated with the Amers-
foort interstadial (EVyp2 Betula R PAZ), birch
phase of the Brgrup interstadial sensu stricto
(EVypda Betula R PASZ) or the cooling between
them (EVyp3 Artemisia-Poaceae R PAZ). Very
low frequencies of aquatic and mire plants are
a distinguishing feature of this stage. Only
cenobia of Botryococcus braunii and Pedi-
astrum, pollen of Cyperaceae and spores of
Filicales monolete together with Sphagnum
regularly occur. The presence of Myriophyl-
lum spicatum indicates relatively deep waters,
reaching a depth of up to 6 m (cf. Podbielkowski
& Tomaszewicz 1982). Additionally, compo-
sition of the Cladocera fauna also stands for
high water level (Kupryjanowicz et al. 2005).
On the other hand, the cooling between the
Amersfoort and Brgrup sensu stricto intersta-
dials does not face with species composition of
water vegetation at that time, which is hinted
by the decrease in carbon content 3C/ stable
isotope content (see Fig. 4).

Stage 10 (Sw-10 Isoétes-Botryococcus L PAZ,
depth of 4.55-3.90 m — Fig. 60) — corresponds to
the pine phase of the Brgrup interstadial sensu
stricto (EVyp4 Pinus-Betula R PAZ — subzones
EVypdb Pinus-Betula and EVypdc Pinus).

Here, values of Isoétes microspores reach their
maximum constituting the most characteristic
feature of the pollen record in this stage. The
presence of Isoétes is the evidence of meso- to
oligotrophic conditions prevailing in the lake
as well as of the water depth reaching up to
10 m. Presently, Isoétes lacustris together with
Lobelia dortmanna, Litorella uniflora, and
Myriophyllum alternifolium are the compo-
nents of macrophyte flora in the Lobelia lakes,
that are unique for their distinct physical and
chemical water properties (Kraska & Piotro-
wicz 1994, Kraska et al. 1994, Milecka 2005).
As it concerns stage 10, the occurrence of Iso-
étes and a strong limitation in the presence
of macrophyte communities may serve as the
evidence of limited edaphic water conditions in
that lake and of much colder climate at that
time. A marked presence of Botryococcus brau-
nii may probably indicate specific lake condi-
tions. It is likely that this particular species
dominated in rather extreme environments
preventing massive proliferation of other coc-
cal green algae, like those of the genus Pedi-
astrum (cf. Jankovska & Komarek 2000). At
that time the lake water was very cold, clear
and oligotrophic. On the contrary, a significant
increase in the quantity of eutrophic Cladocera
species (Kupryjanowicz et al. 2005) suggests an
increasing eutrophication of the lake and its
gradual shallowing. Changes in the Cladocera
species may suggest that in the final phase
Solniki [28] lake was eutrophic.

Stage 11 (Sw-11 Sphagnum-Isoétes-Cyper-
aceae L PAZ, depth of 3.88-3.45 m — Fig. 60) —is
correlated with the older part of the Rederstall
stadial (EVypb Artemisia-Poaceae R PAZ, sub-
zone EVypba Pinus). Sphagnum values reach
their peak and percentages of Cyperaceae are
relatively high. Microspores of Isoétes are still
present but have lower values as compared
to the previous stage. The composition of the
Cladocera fauna, being predominantly shaped
by the presence of Acroperus harpae and Chy-
dorus sphaericus, reflect low water tempera-
ture during this stage (Kupryjanowicz et al.
2005). Additionally, the occurrence of Alona
quadrangularis may indicate a decrease in pH
value of the water (cf. Krause-Dellin & Stein-
berg 1986).

Stage 12 (Sy-12 Cyperaceae-Sphagnum-
Isoétes L PAZ, depth of 3.40-3.00 m — Fig. 60)
— corresponds to the younger part of the Reder-
stall stadial (EVypb Artemisia-Poaceae R PAZ,



subzone EVypbb Juniperus-Betula). This time
Cyperaceae achieve yet another peak. Sphag-
num and Isoétes are still present. The propor-
tion of Pediastrum, Botryococcus braunii and
Tetraedron minimum rises in the upper Sw-12b
subzone. Their spread may point to the proc-
ess of lake shallowing and subsequent filling
up and overgrowing by lake verge plant com-
munities. The abundant occurrence of Pedi-
astrum may indicate meso- or even eutrophic
conditions prevailing in the lake at that time
(cf. Podbielkowski & Tomaszewicz 1982). On
the other hand, the increase in Pediastrum
kawraiskyi and P. integrum as well as spo-
radic occurrence of P. duplex signify cold and
oligotrophic water of the lake (cf. Jankovska
& Komarek 2000).

SOME REMARKS ON THE OCCURRENCE
OF THE LOBELIA LAKES DURING THE EEMIAN
INTERGLACIAL AND THE EARLY VISTULIAN

The occurrence of Isoétes microspores was
expressed in few profiles from northern Pod-
lasie. Apart from the Solniki [28] site, those
microspores are also present in the profiles
from Dzierniakowo [28] (Fig. 8), Sokétka 2
[13] (Fig. 20), Bohoniki [15] (Fig. 29), Drahle
[14] (Fig. 31), Trzcianka [10] (Fig. 33) and
Choroszczewo [39] (Fig. 49). As to sediments
from all remaining sites the occurrence of any
other components of the Lobelia-lake vegeta-
tion was not confirmed.

As it concerns the Solniki [28] profile
(Fig. 60) in two pollen spectra representing the
middle part of the Exp7 Pinus R PAZ Isoétes
microspores appear for the first time at the
end of the Eemian interglacial. Apart of that,
the main period of the Isoétes occurrence falls
on the Early Vistulian. Isoétes reaches its max-
imum values in the pine phase of the Brgrup
interstadial sensu stricto (EVyp4 Pinus-Betula
R PAZ). Its relatively high proportion remains
during the whole Rederstall stadial (EVypb
Artemisia-Poaceae R PAZ).

In the Dzierniakowo [24] profile, Isoétes
microspores appeared two times (cf. Fig. 7).
Their first distinct presence being denoted by
high values is documented from the younger
part of the pine phase of the Brgrup inter-
stadial sensu stricto (EVyp4d R PAZ, subzone
EVypdb Pinus-Betula) to the middle part of the
Rederstall stadial (EVypb Artemisia-Poaceae
R PAZ). The second time they are recorded
in is during the younger part of the Odderade
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interstadial (EVyp6 Pinus-Betula R PAZ, sub-
zone EVyp6a Betula-Artemisia-Pinus).

In the Sokétka 2 [13] profile (Fig. 20), sin-
gle microspores of Isoétes are noted as early
as in the younger part of the Corylus-Alnus-
Tilia pollen zone (Exp4 R PAZ) and then in
the Pinus zone (Exp7 R PAZ). Still, they are
not as that frequent as in the pine phase of
the Brgrup interstadial sensu stricto (subzone
EVypdb Pinus-Betula and EVypdc Pinus of
EVyp4 Pinus-Betula R PAZ).

In the Bohoniki [15] profile (Fig. 29) very
high values of Isoétes microspores (to ca. 23%)
are solely linked with the pine zone of the
Eemian interglacial (Exp7 Pinus R PAZ).

In the Drahle [14] profile (Fig. 31) single
microspores of Isoétes are noted throughout
the entire pollen profile, from the Corylus-
Alnus-Tilia zone (Exp4 R PAZ), through the
Carpinus zone (Expb R PAZ) to the Pinus zone
(Exp7 R PAZ). The record of the Picea phase is
altogether absent in the profile.

In the Choroszczewo [39] profile (Fig. 49),
Isoétes microspores appeared for the first time
in the Picea-Pinus-(Abies) pollen zone of the
Eemian interglacial (Exp6 R PAZ). At that
time, they reach very low values and only
occur in a single pollen spectrum. After that,
they are recorded in the Pinus zone (Exp7 R
PAZ) and during the Early Vistulian of the
pine phase in the Brgrup interstadial (EVyp4
Pinus-Betula R PAZ, subzones EVypdb Pinus-
Betula and EVyp4c Pinus), when they reach
their ultimate peak.

Data comparison in relation to the pres-
ence of Isoétes microspores in the Eemian/
Early-Vistulian lakes in northern Podlasie
(Fig. 61) allows stating that from the onset
of the climatic optimum in the Eemian inter-
glacial Isoétes, though sporadically, already
occurred there. Indeed, in the warm and typi-
cally eutrophic waters of that period it did not
find favourable conditions for its development.
Probably because of that it did not spread on
a large scale neither during the hazel phase
(Exp4 R PAZ) nor during the hornbeam (Eypb
R PAZ) or the spruce (Exp6 R PAZ) phase. Not
until the end of the interglacial, during the
pine phase (Exp7 R PAZ) did the first signifi-
cant spread of Isoétes take place. Quite prob-
ably it was caused by the climate cooling and
changes in edaphic properties of lake waters
to that reflecting oligotrophy. In northern Pod-
lasie plant communities with Isoétes probably
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remained till the end of the interglacial. They
might have been limited or even completely
disappeared as early as in the first Early Vis-
tulian cooling (Rederstall stadial). As to that
time the microspores are present at no site
within the area of northern Podlasie.

Not until the warmest pine phase of the
Brgrup interstadial (subzone EVyp4b and

EVypdc of EVypd R PAZ) did the reappearance
of Isoétes take place and only then did they
reach the maximum of their expansion when
the last glacial/interglacial cycle lasted.

When coming to the conclusion, it should be
emphasized that in northern Podlasie during
the Eemian and the Early Vistulian, the pres-
ence of the Lobelia lake vegetation was closely
connected with boreal climate prevailing at
that time. During the Eemian interglacial as
well as during the Early Vistulian, when the
boreal pine forests spread, this type of water
plant communities developed under favourable
conditions. Both of the periods were relatively
cold and humid. Even today the Lobelia lakes
are usually accompanied by vast stretches of
pine forests with their extent being delimited
by the influence of boreal climate in northern
Europe (Milecka 2005).

During pine phases of the Eemian intergla-
cial and the Early Vistulian not all the lakes
in northern Podlasie represented those with
Lobelia plant assemblages. Therefore it may be
suggested that local conditions indeed played
crucial role in the development of this type of
lakes. Relying on the lithology of the analysed
profiles it may be stated that almost all of the
lakes studied, except for the basins in Drahle
[14] and Bohoniki [15], were relatively deep
basins. They lasted till the end of the Early
Vistulian, whereas at least three of them, in
Dzierniakowo [24], Sokétka [13] and Chorosz-
czewo [39], existed much longer, even through
the major part of the Plenivistulian.

WATER LEVEL FLUCTUATION
IN LAKES DURING THE EEMIAN
INTERGLACIAL

RECORD OF WATER LEVEL CHANGES
IN NORTHERN PODLASIE

Methodical remarks

The analysed profiles of lacustrine-mire sed-
iments were used to reconstruct fluctuations of
water level in the Eemian lakes of northern
Podlasie. The record interpretation of those
profiles is generally based on the assumptions
presented by Ralska-Jasiewiczowa and Starkel
(1988) about the Late Vistulian and Holocene
deposits.

A starting point for setting analysis was
to apply the simplest model reflecting deposit



sequence that would allow constructing a suc-
cessional series of the organogenic deposits,
whenever stable water level and undisturbed
natural conditions were documented. An
example order of successional layers in case of
eutrophic to mesotrophic environment would
begin with mineral bed, then gyttja sedi-
ments gradually turning into swamp deposit,
being then followed by fen peat and forested
fen deposits at the top. Any modification or
redeposition should reflect any unusual fluc-
tuations in water level (Fig. 62). In order to
set a particular reconstruction of changes in
lake or mire water level, following data were
gathered: facial changes, changes in physical
and chemical features of deposits, presence of
indicator plant taxa and changes in local plant
communities.

Thirty two profiles representing northern
Podlasie with more or less complete pollen
record have been considered in the investi-
gation. These included sites studied by the
author as well as by other scientists. Litho-
logical profiles from all discussed sites were
compared on the basis of chronostratigraphi-
cal division of the late Pleistocene and regional
palynostratigraphy for the late glacial of the
Wartanian glaciation, the Eemian interglacial
and early glacial of the Vistulian glaciation in
northern Podlasie (Fig. 63). Duration of the
Eemian regional pollen zones was in accord-
ance with the time scale given by Miiller et al.
(1974) on the base of annually laminated sedi-
ments from Bispingen (Fig. 64).
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Description of changes

The analysed sites show an essential dif-
ference as to the beginning of sediment accu-
mulation. They mainly resulted from specific
localized conditions and thickness of overlying
till at a particular locality.

LWypl Artemisia-Juniperus-Picea R PAZ

Only in one profile from northern Podlasie,
i.e. Skupowo [37] (Fig. 47), sediments from the
late glacial of the Wartanian glaciation were
found. The absence of deep-water plants indi-
cates, that studied basin was very shallow lake
at that time (Fig. 64). It is possible as well that
it could seasonally dry out. It was probably sit-
uated above the block of dead-ice that emerged
at the bottom of these depressions.

Enpl Pinus-Picea-(Betula) R PAZ

At the beginning of the Eemian interglacial,
during the first regional pollen zone, lacustrine
accumulation have started in some of the basins
(case of 6 profiles: Starowlany [8], Kruszyniany
[21], Solniki [28], Otapy 1 [34] (Bitner 1956),
Woélka 2 [35] and Choroszczewo [39]). Signifi-
cant climate warming was followed by gradual
ice-melting. This phenomenon along with the
deepening processes led to the gradual rise of
water level, which resulted in further lake for-
mation. Different types of clays, silts and gyt-
tjas accumulated there. On the basis of sedi-
ment character and pollen occurrence of plants
requiring moderately deep water basins (e.g.
in Starowlany [8]: Myriophyllum spicatum/

decreasing humidity

declining water level

rising humidity

gyttja

stopped melting

upbuilding

H rising water level

peat ice-melting

declining water level

calcareus gyttja

rising water level

introduced calcium

reduced calcium supply 1 detritus gyttja supply
a
fluvial activities center gyttja rising humidity
inflow from margin H rising water level
soil erosion margin sand ice-melting
declining water level v

Fig. 62. Possibilities of different palaeohydrological interpretation of vertical deposit sequences in the lake and mire environ-

ments (acc. Ralska-Jasiewiczowa & Starkel 1988, simplified)
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verticillatum, Nuphar, Typha latifolia) it may
be concluded that from the very beginning of
that stage these basins were much deeper than
earlier records suggested (Fig. 64).

Changes in composition of water vegetation
in the lake Skupowo [37], that was formed
in the previous zones (e.g. the appearance of
Myriophyllum spicatum pollen) reflect slight
deepening of this basin.

Water level in lakes
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R PAZ (years)
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Fig. 64. Changes of the water level in the Eemian lakes of
northern Podlasie. The time scale is based on the Bispingen
varve counts (acc. Miiller 1974)

Enp2 Pinus-Quercus-Ulmus-Salix R PAZ

As to next few sites, lake sediment accu-
mulation started during the second regional
pollen zone (7 profiles: Poniatowicze 1 [12],
Podkamionka [16], Michatowo [25], Hieroni-
mowo [26], Lesznia-Luchowa Géra [30], Pro-
niewicze PR 1/93 [32] and Proniewicze P-3
[33]). It was probably caused by intensified
melt processes that resulted from the con-
tinuous improvement of climate, especially as
a direct result of temperature increase (see
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Fig. 59). The deepening of lakes progressed.
Nevertheless one cannot reject the rise of
ground water level as being also caused by the
increase in precipitation reflecting much more
humid oceanic climate. Vegetation composi-
tion of most of the basins that were formed
in the previous zones, confirms that with the
elapse of time lake water basins were gradu-
ally getting deeper.

Quite the opposite to the general tendency
presented above, in some instances distur-
bances were described, being mainly expressed
in some transient decreases in water level.

— At Solniki [28], during the Exp2 zone and
in the oldest part of the Exp3 zone, organic silt
accumulation was temporarily stopped, which
is expressed by the appearance of peat layer
denoting phase of lake shallowing (Fig. 4,
Tab. 2).

— At Choroszczewo [39], in the upper part of
the Exp2 zone, in organic silt, which was accu-
mulating there from the beginning of the zone,
a substantial portion of sand appeared (Fig. 52,
Tab. 56). It may reflect lowering of water level
in this particular basin. At Choroszczewo [39]
low water level probably lasted till the end of
the Exp3 zone, which is suggested by the lack
of typical to that period sediments or by their
very low thickness, not exceeding 12 cm.

— At Starowlany [8], similar scheme of
events appears within the profile. Sediments
of the Exp3 zone are altogether absent. Pol-
len spectrum at the depth of 6.15 m probably
contains mixed pollen material of both of two
succeeding zones (Fig. 29, Tab. 26). This sec-
tion of the profile contains a thin layer of peaty
silt mixed with great portion of sand dividing
peaty silt of the Exp2 zone from peat of the
Exp3 zone.

Enp3 Quercus-Ulmus-Fraxinus R PAZ

It appears that during that zone the proc-
ess of new lake formation was temporarily
hindered. Climate conditions were very simi-
lar to those from the previous period, there-
fore melt processes were not promoted at that
time. Water depth in lake basins probably did
not change and was similar to that from the
previous period. As early as in the Eyp2 zone
and throughout the whole Eyxp3 zone a stabi-
lization between melt processes, precipitation
and evaporation maintained.

Relatively stable level of lake water in the
Exp3 zone is documented by a continuous
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presence of Myriophyllum spicatum/verticilla-
tum in the profiles from Kruszyniany [21] and
Lesznia-L.uchowa Goéra [30], where the Eyp3
zone is represented by a substantial thickness
of the sediment.

There is also data that indicates that at the
same time water level could rise at least in
case of some basins. For example, the Otapy
lake [34] extended its coverage as a result of
inundation of surrounding areas. Otapy 2 [34]
boring reflects that trend, since it was earlier
situated at the distance of 150 m of the lake
shore, a span of land between two borings
made in this area (Bitner 1956a). From the
end of the Wartanian glaciation and onwards
the lake formed close to Otapy 1 [34] profile
constantly deepened. It was mainly due to
melting processes going on at that time. The
increase in water level between the Exp2 and
Exp3 zone was especially great resulting in
the increase of even 3.5 m. It is documented
by sediment occurrence of the Eyp3 zone in
the Otapy 2 [34] profile being 0.5 m higher
than in case of the Otapy 1 [34] profile. Sec-
ondarily, it is proven by the presence of Najas
major seeds at the bottom of those deposits
(Bitner 1956). As it concerns its contemporary
requirements, this particular species needs
basins of ca. 3.0 m depth for its proper devel-
opment (Podbielkowski & Tomaszewicz 1982).
The main reason staying behind of the lake
deepening was the increase in water level. In
the marginal part of the depression, where
the Otapy 2 [34] boring is located, the melting
processes themselves probably played a sec-
ondary role.

Similar situation is also noted with regard
to the Poniatowicze [12] site. In the area close
to the Poniatowicze 1 [12] boring the lake
appeared during the Exp2 zone. Sediments of
this phase and those belonging to the Eyp3
phase lie at the depth of 6.70-6.00 m within
that profile (Fig. 25). Then as it concerns the
Poniatowicze 2 [12] boring vicinity, lake sedi-
ment accumulation started slightly later, that
is during the Eyp3 zone. Noteworthy, sedi-
ments denoting this particular phase do occur
almost 1.5 m lower (at the depth of 8.15-8.00 m
— Fig. 26) than in case of the Poniatowicze 1
[12] profile. It may be argued that where the
Poniatowicze 2 [12] boring was carried out
at that time a massive dead-ice block was
present having its influence on local water bal-
ance. Not until did the Exp3 R PAZ start the

melting process continued. To cup it all, one
has to consider that the cause staying behind
these changes might have rather been linked
with for example an increase in precipitation
at that time.

Enp4 Corylus-Alnus-Tilia R PAZ

In case of the majority of localities, lakes
were formed only during the hazel phase of
the Eemian interglacial. These include the fol-
lowing 11 profiles: Chwaszczewo [9], Gilbow-
szczyzna [11], Sokétkal [13], Sokdtka 2 [13],
Bohoniki [15], Drahle [14], Harkawicze [20],
Machnacz [17], Dzierniakowo [24], Hacki [31]
and Sliwowo 1 [36]. The process of new lake
formation, or that denoting their extension,
shall mainly be linked to the climate warm-
ing, especially during summer months close to
the end of the Exp4 zone. A substantial rise
in humidity was indeed of great significance.
According to Mamakowa (1989) it was corre-
lated with the transgression of the Eemian
Tychnowy sea, which was the greatest sea
transgression in the whole Quaternary within
the area of today’s Poland. Both above stated
factors significantly prompted deepening of
melted depressions. It cannot be excluded that
during the hazel phase the process of the dead-
ice melting finally ended. Since that zone the
precipitation has started to be a major modi-
fying factor that influenced particular lake’s
depth. Other important factors included accu-
mulation of bottom sediments and local condi-
tions of the terrain.

In the majority of basins water level was
relatively high and invariable throughout the
entire hazel phase of the interglacial. It is
reflected in pollen profiles by almost continuous
presence of deep-water plants (e.g. Myriophyl-
lum spicatum, Potamogeton, Ceratophyllum).
In spite of overall water level invariability,
some of the basins began to shallow. This
process was probably connected with natural
sequence of events occurring in those water
bodies. During the Eyp4 zone in Michalowo
[25] (Kupryjanowicz & Drzymulska 2002) and
Podkamionka [16] lakes become filled up with
sediments and got overgrown with commu-
nities in the older carr type. It is well docu-
mented by a very high proportion of Alnus and
Cyperaceae pollen, spores of Filicales monolete,
by the occurrence of Osmunda cinnamomea
spores, Alnus wood and by the accumulation of
black strongly decomposed peat.



Enp5 Carpinus and Exp6 Picea-Pinus-(Abies)
R PAZs

The next stage of deepening and/or exten-
sion of existing lakes as well as formation of
new ones shaped the older part of the Carpi-
nus zone. Water basins at Trzcianka [10],
Bagno-Kalinéwka [19], Pieszczaniki [23],
Matynka [27] and Klewinowo [29] appeared at
that time. Probably the most rapid and essen-
tial rise in lake water level took place in this
particular period (Fig. 64). In the Solniki pro-
file it is expressed by great though temporary
increase of magnetic susceptibility (Fig. 4),
clear changes in stable isotope values (Fig. 5),
and that of Cladocera and diatom composition
(Kupryjanowicz et al. 2005). In the Otapy 1
[34] profile the maximum occurrence of Najas
major seeds (Bitner 1956a) coincides with this
part of the hornbeam phase. It may therefore
indicate the greatest depth of the basin there
for the entire interglacial. In the Drahle [14]
profile a frequency of Nymphaea alba and
Typha latifolia decreased, whereas at the same
time a proportion of Isoétes increased. Spores
of the former taxon also appeared in Bohoniki
[15]. The spread of Isoétes may be interpreted
there as signalling deepening of both basins. At
present, I. lacustris and I. echinospora inhabit
rather deep waters, with the former appearing
at the depth of 2.0-4.0 m, as Szmeja (2001)
states. According to Birks (2000) quillwort
becomes a dominant species only at the depth
below 3.0 m. Podbielkowski & Tomaszewicz
(1982) add that it may even grow down to the
depth of 10 m. The probable reasons staying
behind changes in water level are discussed
within the next part of this chapter.

As to great majority of sites, the younger
part of the Eypb zone and the entire Eyp6
zone have not been recorded there (Fig. 63).
Sediments representing that age are usually
altogether absent. Rarely do they occur and
if yes they are extremely poorly represented
in its pollen record (cf. Poniatowicze 2 [12],
Hacki [31]). Perhaps this phenomenon reflects
a drastic decrease in water level (Fig. 64),
which resulted in extremely low accumulation
ratio of lake and bog sediments or even in the
accumulation being stopped altogether in case
of some basins. As it is suggested by high val-
ues of Cyperaceae pollen, the Poniatowicze 1
[12] basin at that time was covered with a low-
land bog lush with sedges (Fig. 25). On a basis
of a low pollen frequency in the peats and of
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its very bad preservation it is concluded that
water level in this bog was constantly or at
least temporarily low. Similar situation is also
reflected in sediments representing the Hacki
[31] lake (Kupryjanowicz 2005b).

Only in some basins, i.e.Starowlany [8],
Machnacz [17], Kruszyniany [21], Hieroni-
mowo [26], Solniki [28], Otapy [34], Chorosz-
czewo [39], lake or bog accumulation spanned
the entire Expb and Exp6 zones. Depth of the
Eemian sediments indicates that apart from
the Solniki [28] lake these basins were neither
deeper nor larger when compared with the oth-
ers. However, even in these basins the record
of their shallowing is reflected, especially in
relation to the younger part of the hornbeam
zone. At Solniki [28] this change is indicated
by the higher frequency of Osmunda cinnamo-
mea spores and by the appearance of single
remains of Amphitrema flavum. It is also con-
firmed by the increase in shallow-water species
represented by the genus Cladocera (Kupry-
janowicz et al. 2005). At Otapy [34] constant
accumulation was the case only in relation to
the environs of the Otapy 1 [34] boring (puta-
tive central part of the basin). The significant
decrease in water level is documented there
through the transition from gyttja to peat and
by the change in water plant composition. At
that time Najas major disappeared whereas
shallow-water plants (e.g. Najas flexilis, Nym-
phaea alba) and mire plants (e.g. Calla palus-
tris, Menyanthes trifoliata) occurred (Bitner
1956a). The biogenic accumulation in the
region of Otapy 2 [34] profile was completely
stopped at that time.

Enp7 Pinus R PAZ

During the zone, the water level raised again
and sedimentation of lake organic silt started
again in 17 sites (Starowlany [8], Chwaszczewo
[9], Trzcianka [10], Sokétka 1 [13], Sokétka 2
[13], Bohoniki [15], Drahle [14], Podkamionka
[16], Harkawicze [20], Bagno-Kalinéwka [19],
Dzierniakowo [24], Matynka [27], Klewinowo
[29], Proniewicze PR 1/93 [32], Proniewicze
P-3 [33], Skupowo [37] and Sliwowo 1 [36]).
As to next three sites (Gilbowszczyzna [11],
Michatowo [25] and Otapy [34]) the accumula-
tion of peat started once again, which in turn
serves as the evidence of the rise in water level.
It was probably due to the increase in precipi-
tation being accompanied by the decrease in
evaporation related on the other hand to the
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great slump in winter and summer tempera-
tures (see Fig. 59).

Many of the Eemian lakes and bogs were still
present till the Early Vistulian (e.g. Trzcianka
[10], Sokétka 2 [13], Machnacz [17], Dziernia-
kowo [24], Michatowo [25], Hieronimowo [26],
Matynka [27], Solniki [28], Haéki [31], Pronie-
wicze P-3 [33] and Choroszczewo [39]).

REGISTRATION OF WATER LEVEL DECREASE
DURING THE CARPINUS ZONE IN POLAND
AND CENTRAL EUROPE

The immediate drop in water level during
the Carpinus zone of the Eemian interglacial
affected many lakes and bogs from different
regions of today’s Poland. In profiles it is mani-
fested in various ways, most often by:

— hiatus presence that spans the entire
zone or at least its younger part (e.g. Szwaj-
caria 2 profile — Boréwko-Dtuzakowa & Halicki
1957, profile G28a at Gléowczyn — Niklewski
1968, Besiekierz — Janczyk-Kopikowa 1991,
Jozwin — Tobolski 1991, Rogowiec — Balwierz
1992, Bieganin — Malkiewicz 2003, Nadolnik —
Krupinski 2005),

— significant decrease in sedimentation
rate (e.g. Dabréwki — Krupinski 2005, Lesz-
czyno — Krupinski et al. 2006),

— high degree of organic sediment decom-
position with damaged and corroded pollen
grains (e.g. Szwajcaria 1 — Boréwko-Dtuzakowa
& Halicki 1957, Dziewule — Bintka & Nitychoruk
2003, Kontrowers — Kupryjanowicz et al. 2003,
Sniedzanowo SN.1/99 — Krupinski 2005),

— final stages of lake sediment accumula-
tion (e.g. Kopaszewko and Zbytki 1 — Kuszell
1994a, b, 1997, Laczka 1k.1/97 and t.aczka
1k.2/97 — Bruj & Krupinski 2000, Stawoszewek
— Stankowski & Nita 2004, Lubowidz -
Krupinski 2005, Wola Okrzejska 49B — Zarski
et al. 2005, Porzewnica — Bruj & Krupinski
2006, Zielun — Kotarbinski & Krupinski 2000).

In other regions of Poland similarly to north-
ern Podlasie sites with the record of hydrologi-
cal disturbances within the hornbeam zone,
are located near the sites with a complete
record of the Eemian vegetation succession.
Plock Upland may serve as a good example of
such co-occurrence. In this particular region
localities reflecting the decrease in water level
in the younger part of the Carpinus zone (i.e.
Dabrowki, Sniedzanowo, Nadolnik, Lubowidz)
are located close to the Studzieniec site rep-
resenting a complete Eemian sequence. The

Carpinus zone sediments there are up to 2.0 m
thick (Krupinski 2005).

Shallow-water or mire deposits that replaced
initial sedimentation of gyttja are particu-
larly important also in case of some Eemian
sequences from other parts of central Europe.
This particular process is observed in profiles
in a remarkable form of layers with highly
decomposed peat, peaty silt or minerogenic
sediment, which are the most clearly defined
stratigraphical unit in the Eemian interglacial
for the entire central Europe (Binka & Nity-
choruk 2003).

The record of water lowering during the
Carpinus phase of the Eemian interglacial is
frequently present at sites located along the
Neman valley in Belarus. In Zhukevichi [75]
(Zukiewicze, in Polish) the biogenic accumula-
tion ended at that particular time (Srodori 1950,
San’ko et al. 2002b). In Poniemun (Poniemun,
in Polish) in some parts of the basin (Ponie-
mun-1 [70] profile, putative marginal zone
of the lake) the accumulation ended in the
Carpinus zone (Dyakowska 1936), whilst in
other parts (Poniemun-4 [73] profile, probably
a central part of the basin) it continued till
the Early Vistulian (Pavlowskaya et al. 2002).
When taking into account that in the same
basin at location in Rumlovka [74] (=Rum-
léwka, in Polish) lake sediment accumulation
started during the Carpinus zone (San’ko et al.
2002a) it maybe stated that such an increase
in water level occurred in a distinctive moment
of this zone.

In Pyshki [69] site the lake basin was
entirely filled up with sediments before the
end of the E4 Corylus zone. This closing stage
of the lake presence was preceded by a sig-
nificant increase in Polypodiaceae (=Filicales
monolete) rate mirrored within the pollen
profile as well as through the change of gyt-
tja into sandy peat. It may prove a preced-
ing shallowing of the lake basin and its sub-
sequent transformation into a bog (Litviniuk
et al. 2002a). At the same time there appear
profiles of lake-mire deposits that contain
the whole interglacial reflecting no particular
decrease in water level, a case of the following
localities: Nieciosy, Janiance-Maksymarce,
Kapitaniszki, Male Dugnie, Kmity (Breméwna
& Sobolewska 1950).

When heading westwards in Poland records
of the intra-Eemian decline in water level
occur much rarer. One of just few examples



is represented by the Kiestagebau Hinter-
ste Miihle site in northern Germany. During
the E5 pollen zone at that site the lacustrine
sediment deposition was rapidly replaced with
peat layer. That in turn implies that the bal-
ance between evaporation and precipitation
was altered (Strahl 2000).

PROBABLE REASONS OF INTRA-EEMIAN
DECLINE IN WATER LEVEL

In Central Europe, an extent of area from
western Belarus to western Poland, sites that
contain a record of decrease in water level dur-
ing the Carpinus zone of the Eemian intergla-
cial commonly occur. The sheer scale of this
phenomenon implies that the driving force
behind it was operating at least at regional
scale. Apart of that one has to reconsider the
role being played by local conditions in water
level maintaining at least in case of some lakes
of that time, which is indeed reflected in simul-
taneous presence of basins with complete sedi-
ment sequences.

Changes in climate

Possibly regional in its scale driving force
that triggered the process of water level lower-
ing in the middle part of the Eemian intergla-
cial might have been represented by an abrupt
change in climate conditions. It could have
been reflected in a decrease in precipitation
or quite conversely by great increase in mean
July temperatures combined with evaporation
enhancement.

From climate reconstruction of northern
Podlasie, that was presented in the previous
chapter, it is clear that the older part of the
hornbeam phase constituted thermal optimum
of the interglacial, with the highest mean sum-
mer and winter temperatures. Pollen records
from that region reflect no evident slump in
precipitation. On the other hand Cheddadi et al.
(1998), in their reconstruction of precipitation
for selected sites of the Eemian interglacial in
France and Poland, showed that precipitation
from the very beginning of the Carpinus zone
dropped by about 200-300 mm/yr.

It would be somewhat controversial if such
changes resulted from the fall in water level.
According to Birikka and Nitychoruk (2003)
large majority of interglacial basins, meas-
uring from tens to at most several hundred
meters in diameter, were very susceptible to
climatic change. Studying the Eemian sites in
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central (Klatkowa 1990) and eastern Poland
(Binka & Nitychoruk 2003) enabled drawing
a conclusion that a large proportion of depo-
sitional basins covered small areas. Based on
depression size, where particular deposits of
the Eemian lakes of northern Podlasie were
discovered, it may be concluded that they
were much differentiated in size — starting
with these representing a small diameter of
dozen or so metres, e.g. Skupowo [37], Wélka
[35]), through the medium ones covering the
area of few hectares, like in Dzierniakowo [24],
Machnacz [17] (Kupryjanowicz 1991, 1994), to
the very large ones spanning several square
kilometres, a case of Michatowo [25] lake
(Kupryjanowicz & Drzymulska 2002). None
correlation between the decrease in water level
and the size of the basin was proved. In one of
the largest basins (Michatowo [25]), the change
in water level was very explicit (Kupryjano-
wicz & Drzymulska 2002).

Melting of deep permafrost

The probable reason that stayed behind
water level lowering during the hornbeam
phase of the Eemian interglacial was final per-
mafrost melting. It is quite doubtful whether
permafrost could have lingered for at least 5
thousand years, a span of time separating the
middle part of the Carpinus zone from the end
of the Wartanian glaciation. It appears that
permafrost being present in northern Podlasie
during the Wartanian glaciation could have
reached great depths in some places therefore
securing a prolonged ice-melting quite prob-
ably much exceeding the end of the glaciation
itself.

According to Safanda et al. (2004) in the
Suwalki region during Vistulian permafrost
reached a depth of nearly 600 m. The reason
lying behind permafrost formation and its sub-
sequent preservation was the simultaneous
occurrence of low heat flow and very porous
highly water-saturated sedimentary overbur-
den. This overburden served as an insulation
lying on top of the ice strata slowing the pace
of permafrost decomposition, that was other-
wise fastened when the climate got warmer.
Some authors like Szewczyk (2005) even sug-
gest that there could have been some localized
ice patches lingering much longer than the
rest of ice masses, even till the present time.
Relying on analyses of heat flow variation,
scientists have quite recently discovered that
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thermal disturbances related to Pleistocene-
Holocene climate changes are recorded in bore-
holes practically throughout the entire area of
Poland.

It cannot be excluded that equally thick layer
of permafrost was formed in areas covered with
the Warta glaciation, including northern Pod-
lasie as well. It is possible that sandy deposits
prevailing in that region served as a good insu-
lation for deep permafrost lying beneath which
in turn retarded its melting. Much denser for-
est cover, that was formed at the very begin-
ning of the interglacial, also helped to shield
large expanses of permafrost. Investigation
carried out in Alaska indicates that the con-
temporary permafrost defrosts much deeper
in areas with open vegetation. Conversely, it
remains constant if the overlying forest forma-
tion stays unchanged (Gedney 1983).

Lowering of riverine base level of erosion

The Solniki profile reflects that, after the
period of exceptionally high water level dur-
ing the Carpinus pollen zone, there occurred
a slump in water level. The former stage might
have resulted from abundant precipitation.
A record of increased humidity and heavy rain-
fall during the hornbeam phase of the Eemian
interglacial is also reflected in the profile from
Imbramowice (Mamakowa 1989). In such sedi-
ments it is mirrored in a form of layer with out-
wash sand and in changes in aquatic vegeta-
tion composition that indirectly indicate a rise
in lake’s water level. According to Mamakowa
(1989) changes in sediments registered in
Grodzisk Mazowiecki (profile 10/69 — Janczyk-
Kopikowa 1973), Grudziadz-Mniszek (Droz-
dowski & Tobolski 1972, Makowska 1979b),
Gléwezyn (Niklewski 1968), Zyrardéw (profile
4/69 — Krupinski 1978), Kalisz (Totpa 1952)
and Rusinéw (Heck 1929 and Stark et al. 1932
after Mamakowa 1989) may also be interpreted
in similar way. Changes recorded in those pro-
files hint at climate deterioration occurring as
early as in the younger part of the Carpinus
zone. They are mirrored in the increase in
coarser sand fractions in the sediments, which
indirectly indicates a spell of intense rains and
floods during the period otherwise distinctive
for ultimate lake shallowing. The shift in bal-
ance between precipitation and evaporation
resulted in the rise of water level.

Very abundant precipitation in the older
part of the hornbeam phase probably triggered

a string of events, with the first direct result
faced in the rise of water level in rivers and
the ultimate one reflected in lowering of water
level in lakes.

Local conditions

The existence of stratigraphic hiatuses,
similar to those from the Carpinus zone of
the Eemian interglacial, seems to be a wide-
spread phenomenon also in case of the middle
Holocene of central Europe. In many profiles
the middle Holocene layers are absent or their
small representation result from some delay in
peat accumulation. Middle Holocene hiatuses
are observed in profiles from different alti-
tudes, climate zones and vegetation, staying
under various hydrological, geomorphological
and sedimentary regimes. Environmental var-
iability of sites where the hiatuses are found
suggests that the reasons for their presence
cannot be uniformed and that no standardized
and generally valid explanation of the phe-
nomenon does exist.

According to Rybni¢ek and Rybnickova
(1987) there are two main lines of explanation
for hiatus presence: (1) the sediment either
did not accumulate at all or only did in a form
of a thin layer, (2) the sediment did accumu-
late but it later disappeared, either completely
or partly (Fig. 65). In the first case climatic
and hydrologic barriers could be considered
as a reasonable cause for the limited peat
growth and limnic sedimentation. The barri-
ers are caused by extreme either dry or wet
conditions. A state of drought can logically
be accepted when considering glacial periods
in central Europe, or generally in relation to
arid conditions, either today or in the distant
past, but it is vaguely plausible in temper-
ate zones during interglacial periods. At that
time indeed a moderately warm and moist cli-
mate prevailed. The same applies to the above
mentioned slow peat growth accompanying
extremely humid climate or extremely wet
local conditions typically experienced in cen-
tral Europe at that time.

Another approach is based on the assump-
tion that the sediment did actually accumu-
late though disappearing in later stages.
Water erosion or abrasion could have served
a suitable reason for secondary redeposition of
the material. It equally applies to lakes being
influenced by vertical or horizontal water
movement.
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HIATUS

sediment did not accumulate

sediment accumulated and disappeared

extremaly dry climate ||extremaly humid climate ----

water erosion || mineralization fire

decrease of underground

biological decomposition by

water table carr vegetation

Fig. 65. Scheme of the possible explanations of hiatuses in mire profiles (acc. Rybni¢ek & Rybnickova 1987)

Rybnicek and Rybnickova (1987) conclude
that in case of mires the hiatus could have been
brought about by a mineralization of peat lay-
ers during some developmental stages. That in
turn may be linked with utter or at least par-
tial lowering of the groundwater table. In such
cases water level dropped as a result of a local
decrease in rainwater retaining capacity of the
soil, or in relation to changes either in spring
water supply or in water shed properties in
a particular section of river catchment encom-
passing today’s study sites. Another explana-
tion could be that relative lowering of water
level was simply an effect of greater elevation
of mire surface itself. The above described
changes having its direct result in enhanced
gas exchange within rhizosphere layer could
have accelerated ensuing encroachment of tree
formations in the type of carr communities
distinctive for the presence of Alnus, Picea,
Betula and Salix. While utilising water sup-
plies and evaporating them in the process of
transpiration, forest assemblages at least to
some extent canalized water flow preventing
its stagnation which could otherwise block
proper development of the rhizosphere. Under
such water and air regime decomposition proc-
esses should indeed have been accelerated
and continued until mire surface got lowered
once again, or otherwise water level mounted
prompting renewed accumulation of the peat
layers on top of the already decomposed strata.
The above described scheme of events could
just operate on a local scale. Whether did it
apply to processes at a greater scale remains
an open question.

Rybnicek and Rybnickova (1987) put for-
ward a viewpoint that the absence of the mid-
dle Holocene or other layers should not be

regarded as a direct result of global or regional
changes in climate or hydrology of a certain
area but as another phenomenon in general.

FINAL CONCLUSIONS
AND SUMMARY

Regional palynostratigraphy represent-
ing a considerable part of the late Pleistocene
spanning the late glacial of the Wartanian
(=Saalian) glaciation, the Eemian intergla-
cial and the early glacial of Vistulian glacia-
tion was assembled for the area of northern
Podlasie. When being compared with similar
study presented by Mamakowa (1989) differ-
ences clearly appear as to the interpretation
of data collected. These are listed below (see
Fig. 53).

1) A section distinctive for its peak of Picea
abies type pollen and moderately low values of
herb plants was classified as denoting an inter-
glacial within the Expl Pinus-Picea-(Betula) R
PAZ. It was recognized as such in respect to
typical forest character of vegetation recorded
for the section, while Mamakowa places the
entire phase of so-called “lower spruce” within
the Late Wartanian.

2) The Exp7 Pinus zone was splitted into 3
subzones; the middle subzone (Exp7b) reflects
records a short-term cold climate fluctuations,
hardly ever being distinguished in previous
palaeobotanical studies representing Polish
lowlands.

3) Three regional pollen zones were distin-
guished that represent the Brgrup interstadial
sensu lato (a period of the Vistulian here rep-
resented by the Solniki [28] and Dzierniakowo
[24] profiles). In Polish palynostratigraphy by
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Mamakowa (1989) they correspond to the sin-
gle zone of the EV2 Pinus-Betula. The lower
zone (EVyp2 R PAZ) probably correlates to
the Danish Amersfoort interstadial, while the
upper one (EVyp4 R PAZ) to the Brgrup inter-
stadial sensu stricto. Then the middle zone
(EVxp3 R PAZ) denotes a clear cooling sepa-
rating these two interstadials. Whether such
cold fluctuation better fits an interstadial or
interphase rank was not yet settled.

An attempt to assemble a reconstruction of
the Late-Wartanian, Eemian and Early-Vistu-
lian changes in vegetation of northern Podla-
sie brings a new array of data that broaden
our contemporary knowledge on this issue in
this region. Generally speaking it should be
highlighted that: the Late Wartanian vegeta-
tion (LWypl R PAZ) gathered a whole gamut of
plant assemblages reflecting diversified habi-
tats, quite probably mosaic in their character.
In dry habitats a cold steppe with domination
of Artemisia with scattered juniper clusters
prevailed. Wetter places were covered with
tundra communities studded with dwarf wil-
low and birch thickets. Though spruce was
still a remarkable feature in the landscape, it
was much rarer. It may be assumed that this
genus was probably represented exclusively by
Picea obovata species.

As to the Eemian plant succession in that
region features of the greatest importance
were as follow:

1) a relatively marked presence of spruce
(probably Picea obovata) in pioneer pine-birch
forests, that developed here at the very begin-
ning of the interglacial (Expl R PAZ);

2) the regular occurrence of white lime
(Tilia tomentosa) in the middle part of the
interglacial (from the beginning of the Eyp4
R PAZ to the middle part of the Expd R PAZ);

3) minor role of fir during the spruce phase

4) wide opening of forest canopy and tem-
porary development of vegetation in the type
of cold steppe in the middle part of the pine
phase (Exp7c R PASZ).

During the interstadial correlated to the
Amersfoort interstadial (EVyp2 R PAZ) there
spread relatively dense boreal birch forests
with pine participation.

The cooling between Amersfoort and Brgrup
interstadials sensu stricto (EVyp3 R PAZ) had
its result in limitation of areas covered with

forests and in development of steppe communi-
ties with domination of Artemisia.

The interstadial vegetation succession in
the period correlated with the Brgrup intersta-
dial sensu stricto was divided into four stages:

1) at the beginning of the interstadial
(EVxp3 R PAZ) there developed birch forests
with a limited participation of pine. Apart of
that, open plant communities in the type of
tundra and cold steppe still occupied large
areas;

2) in the second part of the interstadial
(EVxp R PAZ) dense pine-birch forests domi-
nated;

3) in the third part (EVyp4 R PAZ), repre-
senting climate optimum of the entire intersta-
dial, there spread almost entirely single-species
pine forests with a very limited participation
of spruce and larch. They resembled contem-
porary communities of the Siberian taiga;

4) in the youngest part of the interstadial
(EVxpbd R PAZ) area occupied by pine forests
reduced in favour of open plant communities
that spread very rapidly.

In the succession of vegetation during the
Odderade interstadial three stages were dis-
tinguished:

1) development of open birch forests taking
place in the first stage (EVyp6a R PASZ);

2) tree stocking in forest communities and
their transformation into boreal pine forests
with a small participation of Larix (EVyp6b R
PASZ), which marks the second stage;

3) gradual opening of the forest canopy and
gradual reappearance of open plant communi-
ties of cold steppe type denoting the third stage
(EVyp6c R PASZ).

The reconstruction of temperature changes
during the Eemian interglacial (Fig. 59) based
on the method of “lant indicators of climate
change”allows drawing the following conclu-
sions:

1) from the very beginning of the intergla-
cial winter temperatures were relatively high.
In the Expl R PAZ they reached values which
are nowadays noted in this region and in the
Exp2 R PAZ its mean value roughly exceeded
+2°C. Summer temperatures increased more
steadily and in the Eyxpl R PAZ, its mean
value(?) reached ca. 14°C. Then at the end of
the Exp4 R PAZ or at the beginning of the Exp4



R PAZ they levelled with the presently noted
values. It therefore allows concluding that
only at the very beginning of the interglacial
(in Expl R PAZ) the climate was continental.
Afterwards through a long period of time, that
spanned the oak (Exp3 R PAZ), hazel (Exp4 R
PAZ) and hornbeam (Exp5 R PAZ) phases, it
remained clearly oceanic;

2) the mean July temperatures reached
their maximum of above +21°C in the hazel
phase of the interglacial (Exp4 R PAZ) and
remained at that level till the middle part of
the hornbeam phase (Eyxpbb R PASZ). Then
they slightly decreased to above +17.5°C in
the younger part of the Carpinus zone (Eypbc
R PASZ) and Picea zone (Exp6 R PAZ);

3) the maximum mean January tempera-
tures of up 0°C dropped in the older part of the
Carpinus zone (Eyxpba subzone). Shortly after-
wards, in the middle part of this zone (Expbb
R PASZ) mean winter temperature dropped to
above —2°C. In spite of that oceanic conditions
with relatively high winter temperatures still
remained unchanged;

4) in the middle part of the interglacial no
substantial climate fluctuation was recorded,
neither as to July nor to January tempera-
tures;

5) major and probably relatively rapid short-
term slump in temperatures to about —10°C
in winter and +12°C in summer occurred in
the middle part of the Pinus zone (Exp7b and
Enp7c subzones). It triggered the shifting from
temperate to cold glacial conditions. A similar
decrease in temperatures marked also the very
end of the interglacial;

6) rapid decrease both in winter and sum-
mer temperatures, down to the values that
restrained forest presence, occurred in the
middle part of the Pinus zone. The very end
of the interglacial was characterized by clear
improvement of the climate that happened
shortly before the recurring of the great cli-
matic deterioration of the regional pollen zone
EVypl, which is correlated with the first sta-
dial of the Vistulian glaciation.

Pollen analysis and changes observed in
the lithology of the studied profiles enabled
reconstruction of the evolution of investigated
basins.

1) the beginning of lake sediment accumula-
tion in northern Podlasie did not occur in a syn-
chronised manner during the last interglacial.
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It stretched through a long period starting
from the late Wartanian (LWyp R PAZ) to the
older part of the Carpinus regional pollen zone
(Expba R PAZ). That probably resulted from
the gradual deepening of basins, which was
caused by dead-ice block melting and by the
increase in groundwater table what expressed
humid climate conditions of the pre-optimal
part of the Eemian interglacial,

2) a very characteristic feature of the
Eemian interglacial in northern Podlasie was
the significant decrease in water level during
the younger part of the Carpinus zone (Expb R
PAZ) and Picea zone (Exp6 R PAZ). This might
have resulted from climate changes and from
the fact that small lakes, which probably domi-
nated at that time, were much susceptible to
such changes than the larger ones;

3) the renewed rise in water level in north-
ern-Podlasie lakes is recorded in the Pinus
zone (Exp7 R PAZ). From that moment lakes of
the region have individually developed. Most
of them disappeared at the end of the Eemian
interglacial. That mainly resulted from sedi-
ment allocation in basins. Pollen record from
the remaining basins did not indicate water
level lowering at that time. On the contrary,
it suggests the increase in water level. A few
lakes was still present during the Early Vistu-
lian, with two of them, Dzierniakowo [24] and
Machnacz [17], still being there across great
part of the Plenivistulian;

4) the results allow implying that during
the periods with cool and humid boreal climate
such as the pine phase of the Eemian inter-
glacial and the pine phases of the Brgrup and
Odderade interstadials a few lakes in northern
Podlasie were transformed into Lobelia-lakes.
This phenomenon was mainly conditioned by
the climate, though local conditions also played
an important role, an instance being especially
reflected in case of deep basins.

In none of the analysed profiles the glacial
till was registered above the Eemian and Early
Vistulian lake-mire deposits. They are always
covered by sand or sand-silt series, above
which in a few profiles the late-Vistulian and/
or Holocene organic sediments occur.

ACKNOWLEDGEMENTS

I would like to express my warmest thanks to
everyone who helped me in preparation of this arti-
cle. I am grateful to (in alphabetical order): Dr. Piotr
Banaszuk, MSc. Jézef Boratyn, Dr. Stanistaw Brud,



116

Professor Andrzej Czerwiniski, MSc. Mariusz Kmiecik,
MSc. Stefan Kurek, Dr. Wilodzimierz Kwiatkowski,
MSec. MSc. Maria Preidl and Mirostaw Stepaniuk for
collecting material to palaeobotanical analyses. For
many scientific discussions I would like to thank Pro-
fessor Kazimiera Mamakowa, Dr. Dr. Dariusz Ciszek,
Barbara Marciniak, Joanna Mirostaw-Grabowska,
Monika Niska, Renata Stachowicz-Rybka, and Hanna
Winter. For discussions on the scientific as well as edi-
torial subjects I would like to thank Dr. Dorota Nal-
epka. I am also thankful to MSc. Daniela Czerniawska
for a complete sample preparation for pollen analy-
sis. I am extremely grateful to the reviewers, Profes-
sor Magdalena Ralska-Jasiewiczowa and Dr.Wojciech
Granoszewski for valuable comments upon the manu-
script. I would like to express my warmest thanks to
Dr. Arthur Gumieniak (W. Szafer Institute of Botany)
for linguistic verification of the English text.

REFERENCES

ADAMS J., MASLIN M. & THOMAS E. 1999. Sudden
climate transitions during the Quaternary. Progr.
Phys. Geogr., 23(3): 1-36.

ADKINS J.F., BOYLE E.A., KEIGWIN L. & CORT-
IJO E. 1997. Variability of the North Atlantic ther-
mohaline circulation during the last interglacial
period. Nature, 390: 154-156.

ALLEN J.R.M., BRANDT U., BRAUER A., HUB-
BERTENH.W., HUNTLEY B, KELLERJ., KRAML
M., MACKENSEN A., MINGRAM J., NEGEN-
DANK J.F.W., NOWACZYK N.R., OBERHANSLI
H., WATTS W.A., WULF S. & ZOLITSCHKA B.
1999. Rapid environmental changes in southern
Europe during the last glacial period. Nature, 400:
740-743.

ALLEN J.R.M. & HUNTLEY B. 2000. Weichselian
palynological records from southern Europe: cor-
relation and chronology. Quat. Internat., 73/74:
111-125.

ALLEN J.R.M., WATTS W.A. & HUNTLEY B. 2000.
Weichselian palynostratigraphy, palaeovegeta-
tion and palaeoenvironment; the record from Lago

Grande di Monticchio, southern Italy. Quat. Inter.,
73/74: 91-110.

ALLEY R.B., GOW A.J., JOHNSEN S.J., KIPFS-
TUHL J., MEESE D.A. & THORSTEINSSON T.
1995. Comparison of deep ice cores. Nature, 373:
393-394.

ANDERSEN S.Th. 1961. Vegetation and its environ-
ment in Denmark in the Early Weichselian Gla-
cial (Last Glacial). Danm. Geol. Unders. 2 Ser., 75:
1-175.

ANDERSEN S.Th. 1964. Interglacial plant successions
in the light of environmental changes. Report 6
INQUA Congress, Warsaw 1961, 2: 359-368.

ANDERSEN S.Th. 1966. Interglacial vegetational suc-
cession and lake development in Denmark. Palaeo-
botanist, 15: 117-127.

ANDERSEN S.Th. 1973. The differential pollen pro-
ductivity of trees and its significance for the inter-
pretation of a pollen diagram from a forest region:
109-115. In: Birks H.J.B. & West R. (eds) Quater-
nary plant ecology. Blackwell Scientific Publica-
tions, Oxford.

ANDERSEN S.Th. 1979. Early and Late Weichselian
chronology and birch assemblages in Denmark.
Boreas, 9: 53-69.

ANDREW R. 1971. Exine pattern in the pollen of
British species of Tilia. New Phytol., 70: 683-686.

ANKLIN M., BARNOLA J.M., BEER J., BLUNIER T,
CHAPPELAZ J., CLAUSEN H.B., DAHL-JENSEN
D., DANSGAARD W., de ANGELIS M., DELMAS
R.J.,,DUVAL P., FRATTA M., FUCHS A., FUHRER
K., GUNDESTRUP N., HEMMER C., IVERSEN
P., JOHNSEN S., JOZUEL J., KIPFSTUHL J.,
LEGRAND M., LORIUS C., MAGGI V., MILLER
H., MOOR J.C., OESCHGER H., OROMBELLI
G., PEEL D.A., RAISBECK G., RAYNAUD D.,
SCH@TT-HVIDBERG C., SCHWANDER J., SHOJI
H., SOUCHEZ R., STAUFFER B., STEFFENSEN
J.P., STIEVENARD M., SVEINBJORNSDOTTIR
A., THORSTEINSSON T. & WOLFF E.W. 1993.
Climate instability during the last interglacial
period recorded in the GRIP ice core. Nature, 364:
203-207.

AVERDIECK F.R. 1967. Die Vegetationsenwicklung
des Eem-Interglazials und der Frihwiirm-Inter-
stadiale von Odderade/Schleswig-Holstein. Funda-
meta, B, 2: 101-125.

BALWIERZ Z. 1992. Wyniki analizy palinologiczne;j
odsadéw organogenicznych z Belchatowa (stanowi-
sko Rogowiec). Sprawozdania z Badari Naukowych
Komitetu Badan Czwartorzedu PAN, 9: 28.

BALWIERZ Z. 1995. Vegetation of upper Vistulian cold
phases in Central Poland. Biul. Perygl., 34: 21-36.

BALUK A. 1973. Objasnienia do Mapy Geologicznej
Polski, arkusz Lomza. Central Geological Archives,
PIG, Warszawa.

BALUK A. 1975. Czwartorzed i morfogeneza okolic
Lomzy (summary: The Quaternary and morpho-
genesis of the Lomza area). Kwart. Geol., 19(2):
349-369.

BALUK A. 1978. Objasnienia do Mapy Geologicznej
Polski, arkusz Ostroleka. Central Geological Archi-
ves, PIG, Warszawa.

BALUK A., KWIATKOWSKI W. & STEPANIUK M.
2003. Objasnienia do Szczegélowej mapy geologicz-
nej Polski w skali 1: 50 000, arkusz Bialowieza.
Central Geological Archives, PIG, Warszawa.

BANASZUK H. 1980. Geomorfologia potudniowej cze-
$ci Kotliny Biebrzariskiej. Prace i Studia Geogra-
ficzne, 2: 7-66.

BANASZUK H. 1995. Geneza i rozwdj rzezby terenu
Puszczy Knyszyriskiej w §wietle analizy geomorfo-
logicznej i badan termoluminescencyjnych: 33—48.
In: Czerwinski A. (ed.) Puszcza Knyszyriska. Mono-
grafia przyrodnicza. Zespot Parkéw Krajobrazo-
wych, Suprasl.



BANASZUK H. 1996. Paleogeografia, naturalne
i antropogeniczne przeksztalcenia Doliny Gornej
Narwi. Wyd. Ekonomia i Srodowisko, Bialystok.

BANASZUK H. 1998. Zasiegi i przebieg zlodowace-
nia Wisty i Warty w pétnocno-wschodniej Polsce
w $wietle nowszych danych. In: Pekala K. (ed.)
Gltéwne kierunki badan geomorfologicznych w Pol-
sce — stan aktualny i perspektywy. IV Zjazd Geo-
morfologéw Polskich, Lublin 3-6 czerwca 1998.
Referaty i komunikaty 1: 233—243. Wydawnictwo
UMCS, Lublin.

BANASZUK H. 2001. O zasiegu zlodowacenia Wisly
w Polsce p6tnocno-wschodniej na podstawie badan
geomorfologicznych 1 termoluminescencyjnych.
Przegl. Geogr., 73(3): 281-305.

BANASZUK H. 2004a. Geomorfologia doliny Narwi.
In: Banaszuk H. (ed.) Przyroda Podlasia. Narwian-
ski Park Narodowy: 42—69. Narwianski Park Naro-
dowy, Kurowo.

BANASZUK H. 2004b. Geomorfologia Kotliny Bie-
brzaniskiej. In: Banaszuk H. (ed.) Kotlina Bie-
brzariska i Biebrzarnski Park Narodowy. Aktualny
stan, walory, zagrozenia i potrzeby czynnej ochrony
érodowiska: 44-109. Wyd. Ekonomia i Srodowisko,
Biatystok.

BANASZUK H. & BANASZUK P. 2004a. Budowa geo-
logiczna doliny Narwi i terenéw przylegtych: 27-41.
In: Banaszuk H. (ed.) Przyroda Podlasia. Narwian-
ski Park Narodowy. Narwianiski Park Narodowy,
Kurowo.

BANASZUK H. & BANASZUK P. 2004b. Budowa geo-
logiczna Kotliny Biebrzanskiej: 26—43. In: Bana-
szuk H. (ed.) Kotlina Biebrzanska i Biebrzarski
Park Narodowy. Aktualny stan, walory, zagrozenia
i potrzeby czynnej ochrony $rodowiska. Wyd. Eko-
nomia i Srodowisko, Bialystok.

BASZYNSKI T., KEYSZEJKO E., SLAWINSKI W.
& ZAWADZKI T. 1954. Torfowisko wysokie Gor-
bacz. Cze$é I-sza: Badania botaniczne, stratygra-
ficzne i analiza chemiczna gytii (summary: The
peat-bog Gorbacz. I part: Botanical, stratigraphical
and chemical analysis of the gyttja). Acta Soc. Bot.
Pol., 25(3): 663—678.

de BEAULIEU J.-L. & REILLE M. 1984. A long upper
Pleistocene pollen record from Les Echets, near
Lyon, France. Boreas, 13: 111-132.

de BEAULIEU J.-L. & REILLE M. 1989. The tran-
sition from temperate phases to stadials in the
long upper Pleistocene sequence from les Echets
(France). Palaeogeogr., Palaeoclimat., Palaeoecol.,
72: 147-159.

de BEAULIEU J.-L. & REILLE M. 1992a. The last
climatic cycle at La Grand Pile (Vosges, France)
a new pollen profile. Quat. Sci. Rev., 11: 431-438.

de BEAULIEU J.-L. & REILLE M. 1992b. Long Pleis-
tocene pollen sequences from the Velay Plateau
(Massif Central, France). I. Ribains maar. Veget.
Hist. Archaeobot., 1: 233-242.

117

BEDNAREK R., DZIADOWIEC H., POKOJSKA U.
& PRUSINKIEWICZ Z. 2004. Badania ekologiczno-
gleboznawcze. PWN, Warszawa.

BEETS D.J., BEETS C.J., CLEVERINGA P. 2006. Age
and climate of the late Saalian and early Eemian
in the type-area, Amsterdam basin, the Nether-
lands. Quat. Sci. Rev., 25: 876-885.

BEHRE K. E. 1989. Biostratigraphy of the last glacial
period in Europe. Quat. Sci. Rev., 8: 25-44.

BEHRE K.E. & LADE U. 1986. Eine Folge von Eem
and 4 Weichsel-Interstadialen in Oerel/Nieder-
sachsen und ihr Vegetationsablauf. Eiszeitalter u.
Gegenwart, 36: 11-36.

BEHRE K.E. & van der PLICHT J. 1992. Towards an
absolute chronology for the last glacial period in
Europe: radiocarbon dates from Oerel, northern
Germany. Veget. Hist. Archaeobot., 1: 111-117.

BER A. 1972. Mapa geologiczna Polski 1: 200 000,
arkusz Sokétka wraz z objasnieniami. Wyd. Geol.,
Warszawa.

BER A. 2000. Plejstocen Polski pétnocno-wschodniej
w nawigzaniu do glebszego podloza i obszaréw sa-
siednich (summary: Pleistocene of north-eastern
Poland and neighbouring areas against crystal-
line and sedimentary basement). Prace PIG, 170:
1-89.

BER A. 2005. Warunki geologiczne i geomorfologi-
czne powstania zespotu keméw w Hacékach: 9—29.
In: Falinski J.B., Ber A., Kobyliniski Z., Szymanski
W. & Kwiatkowska-Falinska A.J. (eds) Hadki.
Zespo6l przyrodniczo-archeologiczny na Roéwninie
Bielskiej. Bialowieska Stacja Geobotaniczna UW,
Biatowieza.

BER A., MAKSIAK S. & NOWICKI A. 1964. Z zagad-
nien geologii czwartorzedu dorzecza gérnej Narwi.
Przegl. Geol., 12(141): 473-476.

BERGLUND B.E. & RALSKA-JASIEWICZOWA M.
1986. Pollen analysis and pollen diagrams: 455-484.
In: Berglund B.E. (ed.) Handbook of Holocene pal-
aeoecology and palaeohydrology. J. Wiley & Sons
Ltd., Chichester, New York.

BEUG H.J. 1961. Leitfaden der Pollenbestimmung fiir
Mitteleuropa und angrenzende Gebiete. Gustav
Fischer Verlag, Jena.

BEUG H. 2004. Leitfaden der Pollenbestimmung fiir
Mitteleuropa und angrenzende Gebiete. Verlag Dr.
Friedrich Pfeil, Miinchen.

BINKA K. 2000. Analiza préb palinologicznych z arku-
sza Dziadkowice. Central Geological Archives, PIG,
Warszawa.

BINKA K. 2005. Analiza palinologiczna wybranych
préb organogenicznych z rejonu Podlasia. Central
Geological Archives, PIG, Warszawa.

BINKA K. 2006a. Analiza palinologiczna profilu Milej-
czyce — Bodki. Central Geological Archives, PIG,
Warszawa.

BINKA K. 2006b. Analiza palinologiczna préb organo-
genicznych z péinocnego Podlasia. Central Geologi-
cal Archives, PIG, Warszawa.



118

BINKA K. & NITYCHORUK J. 2003. The Late Saal-
ian, Eemian and Early Vistulian pollen sequence
at Dziewule, eastern Poland. Geol. Quart., 47(2):
155-168.

BINKA K., BER A. & BALUK A. 2006. Eemian and
Vistulian pollen records from the Lomza region
(NE Poland). Geol. Quart., 50(4): 437—446.

BINKA K., MUSIAL A. & STRASZEWSKA K. 1988.
Interglacial lake reservoir Niewodowo II (Kolno

Plateau, northeastern Poland). Geol. Quart.,
32(3-4): 681-692.

BIRKS H.J.B. 1979. Numerical methods for the zona-
tion and correlation of biostratigraphical data:
99-123. In: B.E. Berglund (ed.) Palaeohydrological
changes in the temperate zone in the last 15 000
years. IGCP 158B. Lake and mire environments.
Project Guide 1.

BIRKS H.J.B. 1986. Late Quaternary biotic changes
in terrestrial and lacustrine environments, with
particular reference to north-west Europe: 3-65.
In: B.E. Berglund (ed.) Hanbook of Holocene pal-
aeoecology and palaeohydrology. J. Wiley & Sons
Ltd., Chichester, New York.

BIRKS H.H. 2000. Aquatic macrophyte vegetation
development in Krakenes Lake, western Norway,
during the late-glacial and early-Holocene. Jour.
Paleolim., 23: 7-19.

BITNER K. 1954. Charakterystyka paleobotaniczna
utworéw interglacjalnych w Horoszkach koto
Mielnika na Podlasiu (summary: The palaeobo-
tanic characteristic of the interglacial deposits

at Horoszki near Mielnik in Podlasie). Biul. Inst.
Geol., 69: 79-91.

BITNER K. 1956a. Flora interglacjalna w Otapach
(summary: Interglacial flora in Otapy/District
Bialystok). Biul. Inst. Geol., 100: 61-142.

BITNER K. 1956b. Nowe stanowiska trzech plejsto-
censkich flor kopalnych (summary: Three new
localities of Pleistocene flora). Biul. Inst. Geol., 100:
247-262.

BITNER K. 1957. Trzy stanowiska flory interglacjal-
nej w okolicach Sidry (summary: Three localities
of interglacial flora of Sodra, northly of Sokétka In
Polesie). Biul. Inst. Geol., 118: 109-154.

BJORK S., NOE-NYGAARD N., WOLIN J., HOU-
MARK-NIELSEN M., HANSEN H.J. & SNOW-
BALL I. 2000. Eemian lake development, hydro-
logy and climate: a multi-stratigraphic study of
the Hollerup site in Denmark. Quat. Sci. Rev., 19:
509-536.

BOND G., BROECKER W., JOHNSEN S., McMANUS
J., LABEYRIE L., JOUZEL J. & BONANI G. 1993.
Correlations between climate records from North
Atlantic sediments and Greenland ice. Nature,
365: 143-147.

BORATYN J. 2003. Objasnienia do arkusza Sokétka
Szczegbélowej mapy geologicznej Polski w skali
1: 50 000. Central Geological Archives, PIG, War-

Szawa.

BORATYN J. 2006. Objasnienia do arkusza Bocki
Szczegbélowej mapy geologicznej Polski w skali
1: 50 000. Central Geological Archives, PIG, War-
szawa.

BOROWKO-DLUZAKOWA Z. 1960. Dwa nowe profile
interglacjalne z Warszawy w $wietle badan paleo-
botanicznych (summary: Two new interglacial
stratigraphical columns from Warsaw in the light
of palaeobotanical investigations). Biul. Inst. Geol.,
150: 105-130.

BOROWKO-DLUZAKOWA Z. 1971a. Ekspertyza pali-
nologiczna z préb z profilu Mystki, ark. Wysokie
Mazowieckie. Central Geological Archives, PIG,
Warszawa.

BOROWKO-DLUZAKOWA Z. 1971b. Orzeczenie doty-
czgce 5 prob z profilu Ciechanowiec, ark. Ciecha-
nowiec, 3 prob z Konopek Les$nych, ark. L.omza,
1 préby ze Zdrodéw Starych, ark. Bielsk Podlaski.
Central Geological Archives, PIG, Warszawa.

BOROWKO-DLUZAKOWA Z. 1973a. New localities
with Eemian flora in the Polish Lowland: 17-20.
In: Grichuk V.P. (ed.) Palynology of Pleistocene
and Pliocene. Proceedings of the III International
Palynological Conference. Nauka, Moscow.

BOROWKO-DLUZAKOWA Z. 1973b. Analiza pytkowa
profil6w interglacjatu eemskiego w Skierniewicach,
Biatyninie i Wyszkowie (summary: Pollen analysis
of profiles of the Eemian Interglacial at Skiernie-
wice, at Biatynin and at Wyszkéw). Przegl. Geogr.,
45(4): 771-779.

BOROWKO-DLUZAKOWA Z. 1974. Eemska flora
z Klewinowa na Nizinie Podlaskiej (summary:
Eemian flora at Klewinowo in the Podlasie Low-
lands). Biul. Inst. Geol., 269: 11-22.

BOROWKO-DELUZAKOWA Z. 1975. Ekspertyza pali-
nologiczna dotyczgca 13 prob z miejscowosci Jedna-
czewo, 5 préb z miejscowosci Kupiski, ark. Lomza.
Central Geological Archives, PIG, Warszawa.

BOROWKO-DLUZAKOWA Z. & HALICKI B. 1957.
Interglacjaly Suwalszczyzny i terenéw sasiednich
(summary: Interglacial sections of the Suwalki
region and of the adjacent territory). Acta Geol.
Polon., 7: 361-401.

BOULTON G.S. 1993. Two cores are better that one.
Nature, 366: 507-508.

BRAUER A., MINGRAM J., FRANK U., GUNTER
C., SCHETTLER G., WULF S., ZOLITSCHKA B.
& NEGENDANK J.F.W. 2000. Abrupt environ-
mental oscillations during the Early Weichselian
recorded at Lago Grande di Monticchio, souther
Italy. Quat. Internat., 73/74: 79-90.

BREMOWNA M. & SOBOLEWSKA M. 1950. Wyniki
badain botanicznych osadéw interglacjalnych
w dorzeczu Niemna (summary: The results of
botanical investigations of interglacial deposits in
the Niemen Basin). Acta Geol. Pol., 1(4): 335-362.

BRUD S. 2001. Objasnienia do arkusza Bielsk Pod-
laski Szczegélowej geologicznej mapy Polski
w skali 1: 50 000. Central Geological Archives,
PIG, Warszawa.



BRUD S. 2003. Objasnienia do arkusza Orla
Szczegbélowej mapy geologicznej Polski w skali
1: 50 000. Central Geological Archives, PIG,
Warszawa.

BRUD S. & KUPRYJANOWICZ M. 2000. Hacki —
120 tysiecy lat historii: 38-39. In: UScinowicz S.
& Zachowicz J. (eds) VII Konferencja “Stratygra-
fia plejstocenu Polski. Stratygrafia czwartorzedu
i zanik ladolodu na Pojezierzu Kaszubskim”.
Ligczyno, 4-8 wrzeénia 2000. Panstwowy Instytut
Geologiczny, Warszawa.

BRUD S. & KUPRYJANOWICZ M. 2002. Eemian
Interglacial deposits at Haéki near Bielsk Podlaski:
implications for the limit of the last glaciation in
northeastern Poland. Geol. Quart., 46(1): 75-80.

BRUD S., HADALA S. & KOZIOL T. 2002. Topography
of the sub-Quaternary surface in the North Podla-
sie area (NE Poland): 3—4. In: Field symposium on
Quaternary geology and geodynamice in Belarus,
May 20-25% 2002, Grodno. Abstract volume. Inst.
Geol. Sci., Minsk.

BRUJ M. & KRUPINSKI K.M. 2000. Jeziorny charak-
ter obnizenia wegrowskiego w interglacjale eem-
skim (summary: Lakes in the Wegréw Basin (Cen-
tral Poland) in the Eemian Interglacial). Przegl.
Geol., 48(1): 77-83.

BRUJ M. & KRUPINSKI K.M. 2006. Osady bioge-
niczne interglacjalu eemskiego w Porzewnicy
i Marysinie koto Miniska Mazowieckiego — Obnize-
nie Wegrowskie (summary: Biogenic deposites of
the Eemian Interglacial at Porzewnica and Mary-

sin near Minisk Mazowiecki, Wegréw Basin — Cen-
tral Poland). Przegl. Geol., 54(2): 154-160.

CASPERS G. & FREUND H. 1997. Die Vegetations-
und Klimaentwicklung des Weichsel-Frith- und
Hochglazials im nérdlichen Mitteleuropa. In: Freud
H., Caspers G. (ed) Vegetation und Paléoklima
der Weichsel-Kaltzeit im nordlichen Mitteleuropa
— Ergebnisse paldobotanischer, faunistischer und
geologischer Untersuchungen. Schrift. Deutsch.
Geol. Ges., 4: 201-249.

CASPERS G. & FREUND H. 2001. Vegetation and cli-
mate in the Early and Pleni-Weichselian in north-
ern central Europe. J. Quat. Sci., 16: 31-48.

CASPERS G., MERKT J., MULLER H. & FREUND
H. 2002. The Eemian Interglacial in Northwestern
Germany. Quat. Res., 58: 49-52.

CHANDA S. 1962. On the pollen morphology of some
Scandinavian Caryophyllaceae. Grana Palyn., 3(3):
67-89.

CHAPPELLAZ J., BROOK E., BLUNIER T. & MAL-
AIZE B. 1998. CH, and 580 of O, records from Ant-
arctic and Greenland ice: A clue for stratigraphic
disturbance in the bottom part of the GRIP and
GISP2 ice-cores. J. Geophys. Res. GISP2/GRIP,
Spec. Iss.

CHEDDADI R., MAMAKOWA K., GUIOT J., de
BEAULIEU J.-L., REILLE M., ANDRIEU V.,
GRANOSZEWSKI W. & PEYRON O. 1998. Was
the climate of the Eemian stable? A quantitative
climate reconstruction from seven European pollen

119

records. Palaeogeogr., Palaeoclimat., Palaeoecol.,
143: 73-85.

CHRISTY M. 1924. The hornbeam in Britain. J. Ecol.,
12: 39-94.

CHRZANOWSKI J. 1991. Regiony termiczne Polski.
Wiad. Inst. Meteo. Gosp. Wod., 14: 81-94.

CISZEK D. 1999. Analiza podatno$ci magnetycznej
eemskich osadéw jeziornych w badaniach klimatu
ostatniego interglacjatu: 12-14. In: Malata T.,
Marciniec P., Nescieruk P., Wéjcik A. & Zimnal Z.
(eds) 6. Konferencja stratygrafii plejstocenu Pol-
ski. Czwartorzed wschodniej czesci Kotliny Sando-
mierskiej. Czudec, 31 sierpnia — 4 wrze$nia 1999.
Panstw. Inst. Geol., Oddzial Karpacki, Krakéw.

CORTIJO E., DUPLESSY J.C., LABEYRIE L., LEC-
LAIRE H., DUPRAT J. & van WEERING T.C.E.
1994. Eemian cooling in the Norwegian Sea and
North Atlantic ocean preceding continental ice-
sheet growth. Nature, 372: 446-449.

CRAIG H. 1953. The geochemistry of the stable carbon
isotopes. Geochim. Cosmochim. Acta, 3: 53-9.

CUSHING E.J. 1967. Late-Wisconsin pollen stratigra-
phy and the glacial sequence in Minnesota: 59-88.
In: Cushing E.J. & Wright H.E. (eds) Quaternary
palaeoecology. Yale University Press, New Haven,

USA.

CZERWINSKI A. 1973. Lasy debowo-§wierkowe Dziatu
Péinocnego. Pr. Biatostoc. Tow. Nauk., 19: 135-203.

CZERWINSKI A. 1995. Szata ro$linna i pokrywa gle-
bowa: 203-238. In: Czerwinski A. (ed.) Puszcza
Knyszyriska. Monografia przyrodnicza. Zesp6t
Parkéw Krajobrazowych w Supraslu.

DAHL E. 1998. Phytogeography of Northern Europe.
Cambrige University Press, Cambrige.

DANILUK E. 2005 (unpubl.). Ro$linnoéé i klimat
rejonu Sokétki w czasie interglacjalu eemskiego.
MSec dissertation, Archives of University of Biaty-
stok.

DANSGAARD W., JOHNSEN S.J., CLAUSEN H.B,,
DAHL-JENSEN D., GUNDESTRUP N.S., HAM-
MER C.U.,, HVIDBERG C.S., STEFFENSEN
J.P., SVEINBJORNSDOTTIR A.E., JOUZEL J.
& BOND G. 1993. Evidence for general instabil-
ity of past climate from a 250-kyr ice-core record.
Nature, 364: 218-220.

DOROGONIEWSKAYA J.E., SHENFINKEL IA.
& GRICHUK W.P. 1952. Novaya tyazhelaya zhid-
kost dlya sporovo-pyltsevovo analiza. Izv. Akad.
Nauk SSSR, Ser. Geogr., 4: 73-74.

DROZDOWSKI E. & TOBOLSKI K. 1972. Stanowiska
interglacjalu eemskiego w Basenie Grudzigdzkim —
wiadomos§é wstepna (summary: Sites of Eem Inter-
glacial in Grudzigdz Basin — preliminary informa-
tion). Bad. Fizjogr. Nad Polskg Zach., 25A: 75-91.

DYAKOWSKA J. 1936. Interglacjat w Poniemuniu
pod Grodnem (summary: Interglacial in Poniemuri
near Grodno). Starunia, 14: 1-11.

DZIECIOLOWSKI W. & TOBOLSKI K. 1982. Czwarto-
rzedowe cykle klimatyczno-ekologiczne a ewolucja



120

gleb (summary: Quaternary climatic-ecologic cycles
and the evolution of soils). Roczn. Glebozn., 33(1/2):
201-211.

ELLENBERG H. 1988. Vegetation ecology of central
Europe. 4% edition. Cambridge University Press,
Cambridge.

ERD K. 1973. Pollenanalytische Gliederung des Pleis-
tozdns der Deutschen Demokratischen Republik. Z.
Geol. Wiss., 1(9): 1087-1103.

ERDTMAN G. 1943. An Introduction to Pollen Analy-
sis. Chronica Botanica. Waltham, Massachusetts.

ERDTMAN G. 1960. The actolysis method. Svensk.
Botan. Tidskr., 54(4): 561-564.

ERDTMAN G. 1966. Pollen morphology and Plant
Taxonomy. Angiosperms. An Introduction to Paly-
nology. 1. Hafner Publishing Company. New York,
London.

ERDTMAN G., BERGLUND B. & PRAGLOWSKI J.
1961. An introduction to a Scandinavian Pollen
Flora. Grana Palynol., 2(3): 3-92.

FAEGRI K. & IVERSEN J. 1989. Textbook of pollen
analysis. 4" Edition, John Wiley & Sons, Chich-
ester.

FALINSKI B.J. & PAWLACZYK P. 1993. Zarys eko-
logii (summary: Ecology). In: Bugata W. (ed.) Grab
zwyczajny — Carpinus betulus L. Nasze drzewa
leéne. Monografie popularnonaukowe, 9: 157-263.
Sorus, Poznan-Kérnik.

FAUQUETTE S., GUIOT J., MENUT M., de BEAU-
LIEU J-L., REILLE M. & GUENET P. 1999. Vege-
tation and climate since the last interglacial in the
Vienne area (France). Glob. Planet. Change, 20:
1-17.

FEDOROWICZ S., LASKOWSKI K. & LINDNER L.
1995. O mozliwosci dalszego zasiegu lagdolodu zlo-
dowacenia Wisty w Swietle datowan TL osadéw
lodowcowych w pétnocnej czesci Wysoczyzny Biato-
stockiej. Przegl. Geol., 43: 619-630.

FIELD M.H., HUNTLEY B. & MULLER H. 1994.

Eemian climate fluctuations observed in a Euro-
pean pollen record. Nature, 371: 779-783.

FIRBAS F. 1949. Spét- und nacheiszeitliche Wald-
geschichte Mitteleuropas nordlich der Alpen. G.
Fischer Verl., Jena.

FOLLIERI M., GIARDINI M. & SADORI L. 1998.
Palynostratigraphy of the last glacial period in the
volcanic region of central Italy. Quat. Inter., 47/48:
3-20.

FRENZEL B. 1967. Die Klimaschwankungen des
Eiszeitalters. Vieweg, Braunschweig.

FRENZEL B. 1968. The Pleistocene vegetation of
northern Eurasia. Science, 161(3842): 637-649.

FRENZEL B. 1991. Das Klima des letzten Interglazials
in Europa: 51-78. In: Frenzel B. (ed.), Klimage-
schichtliche Probleme der letzten 130 000 Jahre.
G. Fischer, Stuttgart/New York.

FRONVAL T. & JANSEN E. 1996. Rapid changes in
ocean circulation and heat flux in the Nordic seas

during the last interglacial period. Nature, 383:
806-810.

GEDNEY L. 1983. Melting permafrost in previously
forested areas. Alaska Scince Forum.

van GEEL B. 1978. A palaeoecological study of Holo-
cene peat bog sections in Germany and The Neth-
erlands, based on the analysis of pollen, spores and
macro- and microscopic remains of fungi, algae,
cormophytes and animals. Rev. Palaeobot. Paly-
nol., 25: 1-20.

van GEEL B., BOHNCKE S.J.P. & DEE H. 1981. A pal-
aeoecological study of an upper Late Glacial and
Holocene sequence from De Borchert, The Nether-
lands. Rev. Palaeobot. Palynol., 31: 367—448.

GIERASIMOW M., KOSCIK A. & WOJTOWICZ Z.
1957. Torfowisko Wysokie Gorbacz. Cze$é III.
Badania stratygraficzne, palinologiczne i fizyczne.
Acta Soc. Bot., Pol., 26(4): 675-699.

GORLOVA R.N. 1975. Some results of paleobiocenosic
studies of Mikulino (MGIN) deposits in the Ros-
tov Basin, region of Yaroslavl. Biul. Perygl., 24:
25-31.

GORNIAK A. 1993. Zréznicowanie sktadu chemicz-
nego wod zrédet regionu biatostockiego. Materialy
Zjazdu PTG, Krakéow: 241-242.

GORNIAK A. 2000. Klimat wojewédztwa podlaskiego.
Inst. Meteo. Gosp. Wod., Oddziat w Bialymstoku.

GORNIAK A. & JEKATERYNCZUK-RUDCZYK E.
1995a. Limnology of the Siemianéwka reservoir
(eastern Poland). 1. Environmental conditions.
Acta Hydrobiol., 37(1): 1-9.

GORNIAK A. & JEKATERYNCZUK-RUDCZYK E.
1995b. Limnology of the Siemianéwka reservoir
(eastern Poland). 2. Seasonal and horizontal dif-
ferentiation of water chemistry. Acta Hydrobiol.,
37(1): 11-20.

GRANOSZEWSKI W. 2003. Late Pleistocene vegeta-
tion history and climatic changes at Horoszki Duze,
eastern Poland: a palaeobotanical study. Acta Pal-
aeobot., Suppl., 4: 3-95.

GRICHUK V.P. 1950. Rastitelnost Russkoy Ravniny
v rannem i serednem pleistotsene (Vegetation of
the Russian Plain during the Early and Middle
Pleistocene). Trudy Inst. Geogr. Akad. Nauk SSSR,
46(3): 5202 (in Russian).

GRICHUK V.P. 1969. Opyt rekonstruktsy nekotorykh
elementov klimata severnevo polusharya v atlan-
ichesky periog golotsena: 41-57. In: Neishtadt M.I.
(ed.) Golotsen. VIII Kongress INQUA, Paris. Izd.
Nauka, Moscow.

GRICHUK V.P. 1984. Late Pleistocene vegetation his-
tory: 155-178. In: Velichko A.A. (ed.) Late Quater-
nary environments of the Soviet Union. Univ. of
Minnesota Press, Minneapolis.

GRIMM E.C., G.L. JACOBSON, W.A. WATTS, B.C.S.
HANSEN & K.A. MAASCH 1993. A 50 000-year
record of climate oscillations from Florida and its
temporal correlation with the Heinrich events. Sci-
ence, 261: 198-200.



GRIP members 1993. Climate instability during the
last interglacial period recorded in the GRIP ice
core. Nature, 364: 203-207.

GROOTES P.M., STUIVER M., WHITE J.W.C.,
JOHNSEN S. & JOUZEL J. 1993. Comparison of
oxygen isotope records from the GISP2 and GRIP
Greenland ice cores. Nature, 366: 552-554.

GRUGER E. 1979. Spitriss, Riss/Wiirm und Friih-
wiirm am Sammerberg in Oberbayern — ein veg-
etationsgeschichtlicher Beitrag zur Gliederung des
Jungpleistozéins. Geol. Bavarica, 80: 5-64.

GRUGER E. 1983. Samerberg. Symposium ,Wiirm-
Stratigraphie“, Miinchen 1983. Fiihrer zu den
Excursionen der Subkommission fiir Européische
Quartarstratigraphie: 88-92.

GRUGER E. 1989. Palynostratigraphy of the last
interglacial/glacial cycle in Germany. Quat. Inter-
nat., 3/4: 69-79.

GUIOT J. 1990. Methodology of the last climatic cycle
reconstruction in France from pollen data. Palaeo-
geogr., Palaeoclimat., Palaeoecol., 80: 49-69.

GUIOT J.L, PONS A., de BEAULIEU J.L. & REI-
LLE M. 1989. A 140 000-year continental climate
reconstruction from two European pollen records.
Nature, 338: 309-313.

GUIOT J.L., de BEAULIEU J.L., CHEDADDI R,
DAVID F., PONEL P. & REILLE M. 1993. The cli-
mate in Western Europe during the last glacial/
interglacial cycle derived from pollen and insect
remains. Palaeogeogr., Palaeoclimat., Palaeoecol.,
103: 73-93.

GUITER F., ANDRIEU-PONEL V., de BEAULIEU
J.-L., CHEDDADI R., CALVEZ M., PONEL P,
REILLE M., KELLER T. & GOEURY C. 2003. The
last climatic cycles in Western Europe: a compari-
son between long continuous lacustrine sequences
from France and other terrestrial records. Quat.
Internat., 111: 59-74.

HAHNE J., KEMLE S., MERKT J. & MEYER K.-D.
1994. Eem-, wiechsel- und saalezeitliche Ablagerun-
gen der Bohrung “Quakenbriick GE 2”. Geol. Jb. A,
134: 9-69.

HALICKI B. 1951. Podstawowe profile czwartorzedu
w dorzeczu Niemna. Acta Geol. Pol., 2(1-2):
5-101.

HARMATA K. 1995. A Late Glacial and early Holocene
profile from Jasto and a recapitulation of the stud-
ies on the vegetational history of the Jasto-Sanok
depression in the last 13 000 years. Acta Palaeo-
bot., 35: 15-45.

HECK H.L. 1929. Uber ein neues Vorkommen inter-
glazialer Torfe und Tone bei Rinnersdorf (nahe

Schwiebus) in der ostlichen Mark Brandenburg.
Jb. Preuss. Geol. Land. Berlin, 49: 1117-1126.

HEINRICH H. 1988. Origin and consequences of cyclic
ice rafting in the Northeast Atlantic Ocean during
the past 130 000 years. Quat. Res., 29: 142-152.

HINTIKKA V. 1963. Ueber das Grossklima einiger
Pflanzenareale in zwei Klimakoordinatensystemen

121

dargestellt. Ann. Bot. Soc. Zool. Bot. Fennic. Van-
amo, 34: 1-64.

HOEFS J. 1996. Stable Isotope Geochemistry. Sprin-
ger-Verlag, Berlin-Heidelberg.

HUNTLEY B. & BIRKS H.J.B. 1983. An atlas of past
and present pollen maps for Europe: 0—13 000 years
ago. Cambridge University Press, Cambridge.

IMBRIE J., HAYS J.D., MARTINSON D.G., McIN-
TYRE A., MIX A.C., MORLEY J.J., PISIAS N.G,,
PRELL W.L. & SHACKLETON N.J. 1984. The
orbital theory of Pleistocene climate: Support from
a revised chronology of the marine 80 record:
269-305. In: Berger A.L., Imbrie J., Hays J.,
Kukla G. & Saltsman B. (eds) Milankovitch and
climate, Part I. D. Reidel Publishing Co., Higham.

IVERSEN J. 1944. Viscum, Hedera and Ilex as climate
indicators. A contribution to the study of the Post-
Glacial temperature climate. Geol. Foren. Forh-
landl., 66(3): 463—483.

IVERSEN J. 1954. The late-glacial flora of Denmark
and its relation to climate and soil. Danm. Geol.
Unders., 2(80): 87-119.

IVERSEN J. 1964. Plant indicators of climate, soil and
other factors during the Quaternary. Report of the
6t INQUA Congress, Warsaw 1961, 2: 421-428.

IVERSEN J. 1973. The development of Denmark’s
nature since the last glacial. Danm. Geol. Under.,
5 (7C): 1-127.

JACOBSON G.L.JR. & BRADSHOW R.H. 1981. The
selection of sites for palaeovegetational studies.
Quat. Res., 16: 80-96.

JANCZYK-KOPIKOWA Z. 1973. Analiza pytkowa osa-
déw interglacjalu eemskiego w Grodzisku Mazo-
wieckim (summary: Pollen analysis of the Eemian

Interglacial in Grodzisk Mazowiecki). Kwart. Geol.,
17(4): 821-827.

JANCZYK-KOPIKOWA Z. 1987. Uwagi na temat pali-
nostratygrafii czwartorzedu (summary: Remarks
of palynostratigraphy of the Quaternary). Kwart.
Geol., 31(1): 155-162.

JANCZYK-KOPIKOWA Z. 1991. Problemy palinostra-
tygrafii glacjalnego plejstocenu Polski z uwzgled-
nieniem wynikéw analizy pytkowej osadéw intergla-
cjalnych z Besiekierza, Srodkowa Polska (summary:
Problems of the palynostratigraphy of the Pleis-
tocene in Poland and the palynological analysis of
the interglacial deposits from Besiekierz (Central
Poland). Ann. Univ. M. Curie-Sklodowska 46,
Supl., 1: 1-26.

JANCZYK-KOPIKOWA Z. 1996. Wiek osad6w, rozwdj
ro§linnoSci i zmiany klimatyczne w profilach Lapy
i Kowale, ark. Lapy Szczeg6lowej mapy geologicz-
nej Polski w skali 1: 50 000. Central Geological
Archives, PIG, Warszawa.

JANCZYK-KOPIKOWA Z. 1999. Opracowanie palino-
logiczne osad6w z otworu wiertniczego Niebrzydy
ark. Radzitow Szczegotowej mapy geologicznej Pol-
ski w skali 1: 50 000. Central Geological Archives,
PIG, Warszawa.



122

JANKOVSKA V. & KOMAREK J. 2000. Indicative
value of Pediastrum and other coccal green algae
in palaeoecology. Folia Geobot., 35: 59-82.

JASTRZEBSKA-MAMELKA M. 1985. Interglacjat
eemski i wezesny Vistulian w Zgierzu-Rudunkach
na Wyzynie Lodzkiej (summary: The Eemian Inter-
glacial and the Early Vistulian at Zgierz-Rudunki
in the LodzZ Plateau). Acta Geogr. Lodz., 53: 1-75.

JORGENSEN 8. 1963. Early Postglacial in Aamosen.
Danm. Geol. Unders., 2, 37: 1-79.

JOUZEL J., BARKOV N.J., BARNOLA J.M., BENDER
M., CHAPPELLAZ J., GENTHON C., KOTLYA-
KOV V.M., LIEPENKOV V., LORIUS C., PETIT
JR., RAYNAUD D., RAISBECK G., RITZ C,
SOWERS T., STIEVENARD M., YIOU F. & YIOU
P. 1993. Extending the Vostok ice-core record of
palaeoclimate to the penultimate glacial period.
Nature, 364: 407-412.

KACZOROWSKA Z. 1958. Klimat wojewédztwa biato-
stockiego. Dokumentacja Geograficzna, 6: 1-52.

KALNINA L., STRAUTNIEKS I. & CERINA A. 2007.
Upper Pleistocene biostratigraphy and traces of
glaciotectonics at the Satiki site, western Latvia.
Quat. Internat. 164-165: 197-206.

KANIECKI A. 1989. Komentarz do mapy hydrogra-
ficznej w skali 1: 50 000. Arkusz 245.2 Bialystok.
Gtéwny Urzad Geodezji i Kartografii, Warszawa.

KARABANOV E.B, PROKOPENKO A.A., WILLIAMS
D.F. & KHURSEVICH G.K. 2000a. Evidence for
mid-Eemian cooling in continental climatic record
from Lake Baikal. J. Palaeolim., 23: 365—-371.

KARABANOV AK.,, RYLOVA T.B. & DEMIDOVA
S.W. 2000b. Razrez Poniemun (Section Poniemun):
92-98. In: Prablemy paleageagrafii pozniaga plei-
statsenu i galatsenu: Materialy belaruska-polsk-
aga seminaru, 26-29 verasnia 2000. Grodno (in
Belarussian).

KEIGWIN L.D., CURRY W.B.,, LEHMAN S..
& JOHNSEN S. 1994. The role of the deep ocean
in North Atlantic climate change between 70 and
130 kyr ago. Nature, 371: 323-326.

KLATKOWA H. 1990. Eemski i vistuliariski rozwdj
osadéw zbiornika jeziornego na Chropach koto
Pabianic (summary: The Eemian and Vistulian
development of the lake basin sediments at Chropy
near Pabianice). In: Klatkowa H. (ed.) Kopalne
zbiorniki z florg eemska w $rodkowej Polsce. Acta
Geogr. Lodz., 61: 19-38.

KLOTZ S., GUIOT J. & MOSBRUGGER V. 2003.
Continental European Eemian and early Wiirmian
climate evolution: comparing signals using differ-
ent quantitative reconstruction approaches based
on pollen. Global and Planetary Change, 36:
277-294.

KLOTZ S., MULLER U., MOSBRUGGER V., de
BEAULIEU J.-L. & REILLE M. 2004. Eemian to
early Wirmian dynamics: history and pattern of
changes in Central Europe. Palaeogeogr., Palaeo-
climat., Palaeoecol., 211: 107-126.

KELOSOWSCY S. & G. 2001. Rosliny wodne i bagienne.
Multico, Warszawa.

KMIECIAK M. 2001. Objasnienia do arkusza Pluty-
cze Szczeg6lowej mapy geologicznej Polski w skali
1: 50 000. Central Geological Archives, PIG, War-

Szawa.

KMIECIAK M. 2003. Objasnienia do Szczegoélowej
mapy geologicznej Polski w skali 1: 50 000, arkusz
Nowowola (263). Central Geological Archives, PIG,
Warszawa.

KOLSTRUP E. 1980. Climate and stratigraphy in
northwestern Europe between 30 000 BP and
13 000 BP, with special reference to the Nether-
lands. Mededelingen Rijks Geol. Dienst., 32(15):
181-253.

KONDRACKI J. 1994. Geografia Polski. Mezoregiony
fizyczno-geograficzne. PWN, Warszawa.

KOTARBINSKI J. & KRUPINSKI M.K. 2000. Pierw-
sze stanowiska osadéw biogenicznych interglacjalu
eemskiego na Réwninie Urszulewskiej (summary:
First localities of the biogenic sediments of Eemian
Interglacial at the Urszulewska Plain (Central
Poland). Przegl. Geol., 48: 596-600.

KOZUB K. 2006 (unpubl.). Poré6wnanie wielkoSci eem-
skich i wspétczesnych orzeszkéw graba (Carpinus
betulus L.). Manuscript. Archives of University of
Biatystok, Institute of Biology.

KRASKA M. & PIOTROWICZ R. 1994. Roslinno$é
wybranych jezior lobeliowych na tle warunkoéw fizy-
czno-chemicznych ich wéd (summary: Vegetation of
chosen lobelian lakes and its relation to physico-
chemical properties of their waters). In: Kraska M.
(ed.) Jeziora lobeliowe. Charakterystyka, funkcjo-
nowanie i ochrona. Idee Ekologiczne, 6: 67-83.

KRASKA M., DABROWSKA B. & KARBOWSKA M.
1994. Roslinno$¢ ekotonéw jezior lobeliowych (sum-
mary: Ecotone vegetation of lobelian lakes). In:
Kraska M. (ed.) Jeziora lobeliowe. Charaktery-
styka, funkcjonowanie i ochrona. Idee Ekologiczne,
6: 85-92.

KRAUSE-DELLIN D. & STEINBERG C. 1986. Cla-
doceran remains as indicators of lake acidification.
Hydrobiol., 143: 129-134.

KRUPINSKI K.M. 1978. Historia, dynamika rozwoju
i zaniku zbiornika interglacjalnego w Zyrardowie
(summary: History and dynamics of the develop-
ment and disappearance of an interglacial basin in
Zyrardéw). Biul. Inst. Geol., 300: 153-178.

KRUPINSKI K.M. 1992. Flora mtodoplejstoceriska
z kotliny Lomzycy (summary: The Late Pleistocene
flora from the Lomzyca Basin (NE Poland). Stud.
Geol. Pol., 49: 61-91.

KRUPINSKI K.M. 1995. Analiza pytkowa osadéw
interglacjalu eemskiego z Proniewicz na Podlasiu.
Przegl. Geol., 43(7): 581-585.

KRUPINSKI K.M. 1996a. Orzeczenie paleobotaniczne
dotyczace 24 prébek osadow biogenicznych z otworu
wiertniczego Podbiele, ark. Czerwin. Central Geo-
logical Archives, PIG, Warszawa.



KRUPINSKI K.M. 1996b. Sprawozdanie z badan
palinologicznych prébek osadéw biogenicznych ze
stanowiska Czerwin 1 i Stylagi ark. Czerwin. Cen-
tral Geological Archives, PIG, Warszawa.

KRUPINSKI K.M. 1996¢. Orzeczenie paleobotaniczne
dotyczace 23 préobek osadow biogenicznych ze sta-
nowiska Czerwin 2, otwér wiertniczy nr 113, ark.
Czerwin. Central Geological Archives, PIG, War-
szawa.

KRUPINSKI K.M. 2000a. Opinia paleobotaniczna
dotyczaca prébek osadéw z otworéw wiertniczych
S10 i S11 z Blotna ark. Grajewo. Central Geologi-
cal Archives, PIG, Warszawa.

KRUPINSKI K.M. 2000b. Orzeczenie paleobotaniczne
dotyczace wybranych prébek osadow ze stanowiska
Rakowo Nowe, ark. Nowogréd. Central Geological
Archives, PIG, Warszawa.

KRUPINSKI K.M. 2005. Badania paleobotaniczne
mtodoplejstoceniskich osadéw jeziornych Wysoczy-
zny Plockiej (summary: The investigations of the
Younger Pleistocene lacustrine sediments of the
Plock Upland). Prace PIG, 184: 3-58.

KRUPINSKI K.M., NORYSKIEWICZ A.M. & NA-
LEPKA D. 2004. Taxus baccata L. — Yew: 209-215.
In: Ralska-Jasiewiczowa M., Latalowa M., Wasyli-
kowa K., Tobolski K., Madeyska E., Wright H.E.
Jr. & Turner Ch. (eds) Late Glacial and Holocene
history of vegetation in Poland based on isopollen
maps. W. Szafer Institute of Botany, Polish Acad-
emy of Sciences Krakoéw.

KRUPINSKI K.M., KOTARBINSKI J. & SKOMP-
SKI S. 2006. Osady jeziorne interglacjalu eem-
skiego w Leszczynie — Wysoczyzna Plocka (sum-
mary: Lacustrine sediments of Eemian Interglacial
at Leszczyno — Plock Upland, Central Poland).
Przegl. Geol., 54(7): 632-638.

KRYGER M., KUPTSOVA I. & KURIEROVA L. 1971.
Glaciotectinized block of interglacial diatomites
Poniemun IT at Grodno: 45-52. In: Antropogene of
Belarus. Nauka i Tekhnika, Minsk.

KRZYWICKI T. 2002. The maximum ice sheet limit of
the Vistulian Glaciation in northeastern Poland and
neighbouring areas. Geol. Quart., 46(2): 165-188.

KRZYWICKI T. 2003. Zlodowacenie Wisty i interglacjat
eemski na pograniczu Réwniny Augustowskiej,
Kotliny Goérnej Biebrzy i Wzgérz Sokélskich —
préba interpretacji wydarzen geologicznych: 53-55.
In: Hajsig J. & Lewandowski J. (eds) Materialy 10
Konferencji Stratygrafii Plejstocenu Polski, Rudy
1-5.09.2003. Panstw. Inst. Geol., Warszawa.

KRZYWICKI T. 2005. Zasiegi zlodowacen vistulianu
w péinocno-wschodniej Polsce (summary: The ice
sheet limits of the Vistulian Glaciation in north-
eastern Poland). Prace Kom. Paleogeogr., PAU, 3:
91-98.

KUKLA G., McMANUS J.F., ROUSSEAU D.-D.
& CHUINE 1. 1997. How long and how stable was
the last interglacial? Quat. Sci. Rev., 16: 605-612.

KUPRYJANOWICZ M. 1991. Eemian, Early and Late
Vistulian, and Holocene vegetation in the region

123

of Machnacz peat-bog near Bialystok (NE Poland)
— preliminary results. Acta Palaeobot., 31(1,2):
215-225.

KUPRYJANOWICZ M. 1994 (unpubl.). Zmiany roslin-
noéci rejonu torfowisk Machnacz w Puszczy Kny-
szynskiej w czasie interglacjalu eemskiego, vistu-
lianu i holocenu. Ph. D. Thesis, Archives of W.
Szafer Institute of Botany, Polish Academy of Sci-
ences, Krakow.

KUPRYJANOWICZ M. 1995a. Zmiany roSlinno-
§ci Puszczy Knyszyriskiej w czasie ostatnich
130 000 lat: 83-97. In: Czerwiriski A. (ed.) Puszcza
Knyszynska. Monografia przyrodnicza. Zesp6t Par-
kéw Krajobrazowych, Suprasl.

KUPRYJANOWICZ M. 1995b. Zmiany roslinnosci
rejonu torfowiska Machnacz w czasie interglacjatu
eemskiego i vistulianu: 219. In: Mirek Z. & W¢j-
cicki J.J. (eds) Szata roslinna Polski w procesie
przemian. Materialy konferencji i sympozjow 50
Zjazdu Polskiego Towarzystwa Botanicznego.
Krakéw 26.06-01.07.1995. Wyd. Inst. Bot. PAN,
Krakéw.

KUPRYJANOWICZ M. 1995c. Interglacjal eemski
oraz wezesny i §rodkowy vistulian w Machnaczu
na Wysoczyznie Bialtostockiej (wyniki analizy pyl-
kowej):18-20. In: Marks L., Jarosinska U., Nity-
choruk J., Pekalska A. & Roszczynko W. (eds) 2
Konferencja “Stratygrafia plejstocenu Polski”. Gra-
banéw 18-20 wrzesnia 1995.

KUPRYJANOWICZ M. 1999a. Nowe stanowiska
interglacjalu eemskiego i wezesnego vistulianu na
Wysoczyznie Bialostockiej: 30-31. In: Malata T.,
Marciniec P., Nescieruk P., Wéjcik A. & Zimnal Z.
(eds) 6 Konferencja “Stratygrafia plejstocenu Pol-
ski. Czwartorzed wschodniej czesci Kotliny Sando-
mierskiej”. Czudec, 31 sierpnia—4 wrze$nia 1999.
Panstwowy Instytut Geologiczny, Warszawa.

KUPRYJANOWICZ M. 1999b. Wyniki analizy pytko-
wej osadéw biogenicznych z sondy 4M w Zabtudo-
wie (Szczegotowej mapy geologicznej Polski w skali
1: 50 000, arkusz Zabtudéw). Central Geological
Archives, PIG, Warszawa.

KUPRYJANOWICZ M. 1999c. Ekspertyza palino-
logiczna prébki osadu z sondy 209 (Szczegélo-
wej mapy geologicznej Polski w skali 1: 50 000,
arkusz Grédek). Central Geological Archives, PIG,
Warszawa.

KUPRYJANOWICZ M. 2000a. Wyniki analizy pytko-
wej osadow z Matynki (Szczegétowej mapy geolo-
gicznej Polski w skali 1: 50 000, arkusz Zabludéw).
Central Geological Archives, PIG, Warszawa.

KUPRYJANOWICZ M. 2000b. Wyniki analizy pytko-
wej probek osadow organicznych z profilu Dziernia-
kowo P-2 (Szczegotowej mapy geologicznej Polski
w skali 1: 50 000, arkusz Groédek). Central Geolo-
gical Archives, PIG, Warszawa.

KUPRYJANOWICZ M. 2000c. Wyniki analizy pytko-
wej probek z profilu Pieszczaniki P-1 (Szczegélo-
wej mapy geologicznej Polski w skali 1: 50 000,
arkusz Grédek). Central Geological Archives, PIG,
Warszawa.



124

KUPRYJANOWICZ M. 2000d. Wyniki analizy pytko-
wej osadéw organicznych z profilu Michatowo P-3
(Szczegétowej mapy geologicznej Polski w skali
1: 50 000, arkusz Grédek). Central Geological
Archives, PIG, Warszawa.

KUPRYJANOWICZ M. 2000e. Wyniki analizy pytko-
wej osadéw biogenicznych z profilu Solniki K-1
(Szczegotowej mapy geologicznej Polski w skali
1: 50 000, arkusz Trzescianka). Central Geological
Archives, PIG, Warszawa.

KUPRYJANOWICZ M. 2000f. Wyniki analizy pytkowej
osad6w organogenicznych z arkusza Plutycze Szcze-
gotowej mapy geologicznej Polski w skali 1: 50 000.
Central Geological Archives, PIG, Warszawa.

KUPRYJANOWICZ M. 2000g. Wyniki analizy pytko-
wej osadéw biogenicznych z profilu Proniewicze
P-3 (arkusz Bielsk Podlaski Szczegélowej mapy
geologicznej Polski w skali 1: 50 000). Central Geo-
logical Archives, PIG, Warszawa.

KUPRYJANOWICZ M. 2002a. Wyniki analizy pytko-
wej osadow biogenicznych z profili Poniatowicze,
Bohoniki i Drahle (arkusz Sokétka Szczegélowej
mapy geologicznej Polski w skali 1: 50 000). Cen-
tral Geological Archives, PIG, Warszawa.

KUPRYJANOWICZ M. 2002b. Wyniki analizy pytko-
wej prob osadéw biogenicznych z profilu Chwasz-
czewo (arkusz Nowowola Szczegétowej mapy geolo-
gicznej Polski w skali 1: 50 000). Central Geological
Archives, PIG, Warszawa.

KUPRYJANOWICZ M. 2002c. Wyniki analizy pytkowej
prob osadéw biogenicznych z profilu Podkamionka
(arkusz Nowowola Szczegbétowej mapy geologicznej
Polski w skali 1: 50 000). Central Geological Archi-
ves, PIG, Warszawa.

KUPRYJANOWICZ M. 2002d. Wyniki analizy pytko-
wej prob osadéw biogenicznych z profilu Trzcianka
(arkusz Nowowola Szczegétowej mapy geologicznej
Polski w skali 1: 50 000). Central Geological Archi-
ves, PIG, Warszawa.

KUPRYJANOWICZ M. 2002e. Wyniki analizy pytko-
wej prob osadéw biogenicznych z profilu Gilbowsz-
czyzna (arkusz Nowowola Szczegétowej mapy
geologicznej Polski w skali 1: 50 000). Central Geo-
logical Archives, PIG, Warszawa.

KUPRYJANOWICZ M. 2002f. Wyniki analizy pytko-
wej osadéw organicznych ze Sliwowa, Paszkowsz-
czyzny i W6lki (arkusz Orla, Szczegétowej mapy
geologicznej Polski w skali 1: 50 000). Central Geo-
logical Archives, PIG, Warszawa.

KUPRYJANOWICZ M. 2002g. Wyniki analizy pyl-
kowej prébek osadéw biogenicznych odkrytych na
obszarze arkusza Lipsk (Szczegélowej mapy geolo-
gicznej Polski w skali 1: 50 000). Central Geologi-
cal Archives, PIG, Warszawa.

KUPRYJANOWICZ M. 2002h. Wyniki ekspertyzy
palinologicznej osadéw z wiercenn Skupowo, Sacha-
rewo, Goérnianskie tagki i Orzeszkowo (arkusz
Hajnowka, Szczegélowej mapy geologicznej Polski
w skali 1: 50 000). Central Geological Archives,
PIG, Warszawa.

KUPRYJANOWICZ M. 2005a. Roslinno$é i klimat
poinocnego Podlasia w czasie interglacjatu eemsk-
iego oraz wczesnego i Srodkowego vistulianu (sum-
mary: Vegetation and climate at north Podlasie
during the Eemian interglacial and Early and Mid-
dle Vistulian). Prace Kom. Paleogeogr. Czwartorz.,
PAU, 3: 73-80.

KUPRYJANOWICZ M. 2005b. Roslinnosé okolic Haciek
w czasie interglacjalu eemskiego. In: Falinski J.B.,
Ber A., Kobyliriski Z. & Kwiatkowska-Faliriska A.J.
(eds) Hacki. Zespét przyrodniczo-archeologiczny na
Roéwninie Bielskiej: 31-42. Bialowieska Stacja Geo-
botaniczna Uniwersytetu Warszawskiego, Warsza-
wa-Biatowieza.

KUPRYJANOWICZ M. 2005¢c. Wyniki ekspertyzy pali-
nologicznej probek osadéw z profili Bocki 1, Boéki 2
i Choroszczewo (arkusz Bocki, Szczegétowej mapy
geologicznej Polski w skali 1: 50 000). Central Geo-
logical Archives, PIG, Warszawa.

KUPRYJANOWICZ M. & DRZYMULSKA D. 2000.
Biostratygrafia osadéw interglacjalu eemskiego
i wezesnego vistulianu w profilu Michatowo (Niecka
Grédecko-Michalowska). In: Uscinowicz S. & Zacho-
wicz J. (eds) 7 Konferencja ,,Stratygrafia plejstocenu
Polski Stratygrafia czwartorzedu i zanik ladolodu
na Pojezierzu Kaszubskim”. Laczyno 4-8 wrzes$nia
2000: 57. Panstwowy Instytut Geologiczny, War-
szawa.

KUPRYJANOWICZ M. & DRZYMULSKA D. 2002.
Eemian and Early Vistulian vegetation at Michatowo
(NE Poland). Studia Quaternaria, 19: 19-25.

KUPRYJANOWICZ M., ZARSKI M. & DRZYMULSKA
D. 2003. Kontrowers — a new locality of the Eemian
interglacial and the early Vistulian at Zelechéw
Upland (eastern Poland). Acta Palaeobot., 43(1):
77-90.

KUPRYJANOWICZ M., KOZUB K., SZCZURZEW-
SKA A. & STANISZEWSKA A. 2007. Fosylne na-
siona i owoce z osadéw eemskiego jeziora w Hieroni-
mowie na pétnocnym Podlasiu. In: Sesja Naukowa
Sekcji Paleobotanicznej Polskiego Towarzystwa
Botanicznego — Warszawa, 20 kwietnia 2007. Lista
uczestnik6w. Program Sesji. Abstrakty: 5. W. Szafer
Inst. Bot. Polish Academy of Sciences, Krakéw.

KUPRYJANOWICZ M., CISZEK D., MIROSLAW-
GRABOWSKA J., MARCINIAK B. & NISKA M.
2005. Two climatic oscillations during the Eemian
Interglacial — preliminary results of the multi-
proxy researches of the palaeolake at Solniki, NE
Poland. Pol. Geol. Inst. Spec. Papers, 16: 1-142.

KUREK S. & PREIDL M. 2001a. Objasnienia do arku-
sza Grodek (341) Szczegétowej mapy geologicznej
Polski w skali 1: 50 000). Central Geological Archi-
ves, PIG, Warszawa.

KUREK S. & PREIDL M. 2001b. Objasnienia do
arkusza TrzeScianka Szczegétowej mapy geologicz-
nej Polski w skali 1: 50 000. Central Geological
Archives, PIG, Warszawa.

KUSZELL T. 1994a. The Eemian Interglacial site at
Zbytki near Leszno, southwestern Poland. Folia
Quaternaria, 65: 89-98.



KUSZELL T. 1994b. The Eemian Interglacial in
Kopaszewko and Rogaczewo near Czempin, cen-
tral Great Poland Lowland, western Poland. Folia
Quaternaria, 65: 235-246.

KUSZELL T. 1997. Palinostratygrafia osadéw inter-
glacjatu eemskiego i wczesnego vistulianu w potu-
dniowej Wielkopolsce i na Dolnym Slqsku (sum-
mary: Palynostratigraphy of Eemian interglacial
and Early Vistulian in the South Great Poland
Lowland (Wielkopolska) and Lower Silesia). Acta
Univ. Wratislav., Pr. Geol.-Mineral., 60: 1-70.

KUHL N. & LITT T. 2003. Quantitative time series
reconstruction of Eemian temperature at three
European sites using pollen data. Veget. Hist.
Archaeobot., 12: 205-214.

KWIATKOWSKI W. & STEPANIUK M. 1999. Obja-
$nienia do arkusza Narew (381) Szczeg6lowej mapy
geologicznej Polski w skali 1: 50 000. Central Geo-
logical Archives, PIG, Warszawa.

KWIATKOWSKI W. & STEPANIUK M. 2003. Obja-
$nienia do arkusza Hajnowka (421) Szczegélowej
mapy geologicznej Polski w skali 1: 50 000. Central
Geological Archives, PIG, Warszawa.

LANG G. 1952. Zur apiteiszeitlichenVegetations- und
Florengeschichte Stidwestdeutschlands. Flora, 139:
243-294.

LARSEN E., SEJRUP H.P., JOHNSEN S.J. & KNUD-
SEN K.L. 1995. Do Greenland ice cores reflect NW
European interglacial climate variations? Quat.
Res., 43: 125-132.

LATALOWA M. & van der KNAAP W.0O. 2006. Late
Quaternary expansion of Norway spruce Picea
abies (L.) Karst. in Europe according to pollen data.
Quaternary Sci. Rev., 25: 2780-2805.

LINDNER L. & MARKS L. 1995. Zarys paleogeomor-
fologii obszaru Polski podczas zlodowacen skandy-
nawskich. Przegl. Geol., 43(7): 591-594.

LISICKI S. 2005. Czy ladol6d zlodowacenia Wisty mogt
przykryé obszar pojezierza eemskiego w péinocno-
wschodniej Polsce ? (summary: Was the Eemian
lakeland covered by the ice sheet of the Vistulian
Glaciation in northeastern Poland ?). Prace Kom.
Paleogeogr. PAU, 3: 99-105.

LITT T., JUNGE F.W. & BOTTGER T. 1996. Climate
during the Eemian in north central Europe — a criti-
cal review of the palaeobotanical and stable isotope
data from central Germany. Veget. Hist. Archaeo-
bot., 5: 247-256.

LITVINIUK G.I. 1979. Novye dannye o flore Zhuke-
vichey (r. Gornitsa) na Nemane. (New data on the
Zhukevichi flora (Gornitsa river) on the Neman
river): 145-152. In: Sovetskaya paleokarpologia.
Itogi i perspectivy. Nauka, Moscow (in Russian).

LITVINIUK G., SHALABODA V. & PAVLOVSKAYA L
2002a. Stop 9. Muravian (Eemian) Interglacial sed-
iments at Pyshki. In: Pavlovskaya I. (ed.) Field
symposium of Quaternary geology and geodynam-
ics in Belarus, May 20-25% 2002, Grodno. Excur-
sion guide: 54-57. Institute of Geological Sciences,
Minsk.

125

LITVINIUK G., YELOVICHEVA Y., PAVLOVSKA-
YA I. & KARABANOV A. 2002b. Stop 2. Muravian
(Eemian) and Poozerian (Weichselian) sequence at
Bogatyrevichi. In: Pavlovskaya I. (ed) Field sym-
posium of Quaternary geology and geodynamics
in Belarus, May 20-25% 2002, Grodno. Excursion
guide: 14-19. Institute of Geological Sciences,
Minsk.

LOSZEWSKI H. 1984. Naturalne wyplywy wéd pod-
ziemnych dorzecza Suprasli. Nauka i Praktyka.
Studia, ekspertyzy, informacje, 4. Osrodek Badan
Naukowych, Biatystok.

MAKOHONIENKO M. 2000. Przyrodnicza historia
Gniezna. Homini, Bydgoszcz-Poznan.

MAKOWSKA A. 1979. Interglacjal eemski w dolinie
dolnej Wisly (summary: Eemian Interglacial in val-
ley of Lower Vistula River). Studia Geol. Polon.,
63: 1-90.

MALKIEWICZ M. 2003. Palynology of biogenic sedi-
ments of the Eemian Interglacial at Bieganin
near Kalisz, central Poland. Geol. Quar., 47(4):
367-372.

MAMAKOWA K. 1989. Late Middle Polish Glacia-
tion, Eemian and Early Vistulian vegetation at
Imbramowice near Wroctaw and the pollen stratig-
raphy of this part of the Pleistocene in Poland. Acta
Palaeobot., 29(1): 11-176.

MAMAKOWA K. 1997 (unpubl.). Compiling, entering
and processing od Polish data relating to the last
interglacial — scienfific report no 2. Archives of the
W. Szafer Institute of Botany, Polish Academy of
Sciences Krakéw.

MARKS L. 2002. Last glacial maximum in Poland.
Quat. Science Rev., 21: 103-110.

MARTINSON D.G., PISIAS N.G., HAYS J.D. IMBRIE,
J. MOORE JR. T.C. & SHACKLETON N.J. 1987.
Age dating and the orbital theory of the ice ages;
development of a high-resolution 0 to 300 000-year
chronostratigraphy. Quat. Res., 27: 1-29.

MASLIN M. & TZEDAKIS C. 1996. Sultry last inter-
glacial gets sudden chill. EOS, Trans. Am. Geo-
phys. Union, 77: 353—-354.

MASLIN M., SARTHEIN M. & KNAACK J.J. 1996.
Subtropical Eastern Atlantic climate during the
Eemian. Naturwissenschaften, 83: 122—-126.

MATUSZKIEWICZ W. 2001. Przewodnik do oznacza-
nia zbiorowisk roslinnych Polski. PWN, Warsaw.

MAYEWSKI P.A.,, MEEKER L.D., TWICKLER M.S.,
WHITLOW S., YANG Q., LYONS W.B. & PREN-
TICE M. 1997. Major features and forcing of
high-latitude northern hemisphere atmospheric
circulation using a 110 000-year-long glaciochemi-
cal series. J. Geophys. Res., 102: 26345-26366.

McCREA J.M. 1950. On the isotopic chemistry of car-
bonates and a paleotemperature scale. Jour. Chem.
Phys., 18: 849-857.

McMANUS J.F.,, BOND G.C., BROECKER W.S,
JOHNSEN S., LABEYRIE L. & HIGGINS S. 1994.
High resolution climate records from the North



126

Atlantic during the last interglacial. Nature, 371:
326-329.

MENKE B. 1976. Neue Ergebnisse zur Stratigraphie
und Landschafsentwicklung im Jungpleistozin
Westholsteins. Eiszeitalter u. Gegenwart, 27:
53-68.

MENKE B. 1982. On the Eemian Interglacial and
Weichselian Glacial in Northwestern Germany
(vegetation, stratigraphy paleosols, sediments).
Quarter. Studies in Poland, 3: 61-68.

MENKE B. & TYNNI R. 1984. Das Eeminterglazial
und das Weichselfrithglazial von Rederstall/Dith-
marchen und ihre Bedeutung fiir die mitteleuro-
paische Jungpleitozén-Gliederung. Geol. Jb., A, 76:
3-120.

MILECKA K. 2005. Historia jezior lobeliowych zachod-
niej czesci Bor6w Tucholskich na tle postglacjalnego
rozwoju szaty lesnej (summary: History of Lobelia
lakes in Tuchola Pinewoods on the background
of post-glacial forest developmnt). Wydawnictwo
Naukowe UAM, Poznan.

MILECKA K., KUPRYJANOWICZ M., MAKOHO-
NIENKO M. OKUNIEWSKA-NOWACZYK 1.
& NALEPKA D. 2004. Quercus L. — Oak: 189-198k.
In: Ralska-Jasiewiczowa M., Latalowa M., Wasyli-
kowa K., Tobolski K., Madeyska E., Wright H.E.
Jr. & Turner Ch. (eds) Late Glacial and Holocene
history of vegetation in Poland based on isopollen
maps. W. Szafer Institute of Botany, Polish Acad-
emy of Sciences Krakéw.

MOE D. 1974. Identification key for trilete microspore
of Fennoscandian Pteridophyta. Grana Palynol.,
14: 132-142.

MOJSKI J.E. 1974. Sytuacja geologiczna utworéw
interglacjalu eemskiego w Klewinowie na Nizinie
Podlaskiej (summary: Geological position of the
Eemian Interglacial sediments at Klewinowo in the
Podlasie Lowlands). Biul. Inst. Geol., 269: 5-8.

MOJSKI J.E. 1991. Czwartorzedowy rytm zmian Sro-
dowiska: 67-80. In: Starkel L. (ed.) Geografia Pol-
ski. Srodowisko przyrodnicze. PWN, Warszawa.

MOJSKI J.E. 1993. Europa w Plejstocenie — ewolucja
$rodowiska przyrodniczego. Wyd. PAE, Warsaw.

MOJSKI J.E. 2005. Ziemie polskie w czwartorzedzie.
Zarys morfogenezy. Panstwowy Instytut Geolo-
giczny, Warszawa.

MOJSKI J.E. & NOWICKI A.J. 1961. Kemy okolic
Bielska Podlaskiego. Kwart. Geol., 5(4): 950-951.

MOORE P.D. & WEBB J.A. 1978. An illustrated Guide
to Pollen Analysis. Hodder and Stoughton, London,
Sydney, Auckland, Toronto.

MOORE P.D., WEBB J.A. & COLLINSON M.E. 1991.
Pollen analysis. Blackwell Scientific Publications,
Oxford.

MUSIAL A. 1986. On the morphology of glacial for-
mations of North-Eastern Poland the case of the
Biebrza river valley. Miscellanea Geografica. UW,
Warszawa.

MUSIAL A. 1992. Studium rzezby glacjalnej p6inoc-
nego Podlasia (summary: The study of the glacial
sculpture in north Podlasie). Rozprawy Uniwersy-
tetu Warszawskiego, 403.

MUSIAL A., STRASZEWSKA K. & ZIEMBINSKA-
TWORZYDLO M. 1982. Interglacjalny zbiornik
jeziorny w Niewodowie na WysoczyZnie Kolnen-
skigj (summary: Interglacial lacustrine reservoir
at Niewodowo, Kolno Upland). Geol. Quart., 26(1):
330-349.

MULLER G. 1974. Pollenanalytische Untersuchungen
und Jahreschichtenzahlungen an der eemzeitli-
chen kieselgur von Bispingen/Luh. Geol. Jahrb.,
A21: 149-169.

MULLER U.C. 2000. A Late-Pleistocene pollen
sequence from the Jammertal, south-western Ger-
many with particular reference to location and alti-
tude as factors determining Eemian forest compo-
sition. Veget. Hist. Archaeobot., 9: 125-131.

MULLER U.C. 2005. Cyclic climate fluctuations dur-
ing the last interglacial in central Europe. Geology,
33(6): 449-452.

MULLER U.C., PROSS J. & BIBUS E. 2003. Vegeta-
tion response to rapid climate change in Central
Europe during the past 140 000 yr based on evi-
dence from the Fiiramoos pollen record. Quat. Res.,
59: 235-245.

NALEPKA D. & WALANUS A. 2003. Data process-
ing in pollen analysis. Acta Palaeobot., 43(1):
125-134.

NIKLEWSKI J. 1968. Interglacjat eemski w Gl6wczynie
koto Wyszogrodu (summary: The Eemian Intergla-
cial at Gtéwczyn near Wyszogréd, Central Poland).
Monogr. Bot., 27: 125-192.

NIKLEWSKI J. & DABROWSKI M.J. 1974. Analiza
pytkowa interglacjalu eemskiego w Lomzycy. Cen-
tral Geological Archives, PIG, Warszawa.

NIKLEWSKI J. & KRUPINSKI K.M. 1992. Osady
interglacjatu eemskiego i vistulianu z Kotliny L.om-
zyczki (summary: Sediments of the Eemian Inter-

glacial and Vistulian in the Lomzyczka Basin (NE
Poland). Stud. Geol. Pol., 49: 43-59.

NITYCHORUK J. 2000. Climate reconstruction from
stable-isotope composition of the Mazovian Inter-

glacial (Holsteinian) lake sediments in eastern
Poland. Acta Geol. Polon., 50(2): 247-294.

NORYSKIEWICZ B. 1978. Interglacjat eemski w Nakle
nad Notecig (summary: The Eemian Interglacial
AT Naklo on the river Noteé, N Poland). Acta
Palaeobot., 19(1): 67-112.

NORYSKIEWICZ B. 2005. Analiza palinologiczna osa-
déw — Nowy Dwoér, profile 50, 59, 62. Central Geo-
logical Archives, PIG, Warszawa.

NOWICKI A.J. 1971. Mapa geologiczna Polski
1: 200 000, arkusz Biatystok wraz z objasnieniami.
Wyd. Geol., Warsaw.

OBIDOWICZ A., RALSKA-JASIEWICZOWA M.,
KUPRYJANOWICZ M., SZCZEPANEK K., LATA-
LOWA M. & NALEPKA D. 2004. Picea abies (L.) H.



Karst. — Spruce. In: Ralska-Jasiewiczowa M., Lata-
towa M., Wasylikowa K., Tobolski K., Madeyska E.,
Wright H.E. Jr. & Turner Ch. (eds) Late Glacial
and Holocene history of vegetation in Poland based
on isopollen maps: 159-164. W. Szafer Institute of
Botany, Polish Academy of Sciences, Krakéw.

PALS J.P., van GEEL B. & DELFOS A. 1980. Palaeo-
ecological studies in the Klokkeweel bog near Hoog-
karspel (prov. of Noord-Holland). Rev. Palaeobot.
Palynol., 30: 371-418.

PAUS A.A. 1992. Late Weichselian vegetation, cli-
mate, and floral migration in Rogaland, south-
western Norway; pollenanalytical evidence from
four Late-Glacial basins. Ph. D. Thesis, Archives
of University of Bergen.

PAVLOVSKAYA I., YELOVICHEVA Y., MURASHKO
L., KHURSEVICH G. & SZADKOWSKA M. 2002.
Stop 6. Muravian (Eemian) sediments at Ponie-
mun as a key to definition of the last glaciation
limit and evolution of the Neman valley. In: Pav-
lovskaya I. (ed.) Field symposium of Quaternary
geology and geodynamics in Belarus, May 20-25t
2002, Grodno. Excursion guide: 39-45. Institute of
Geological Sciences, Minsk.

PIASECKA K. 1999 (unpubl.). Holoceriskie zmiany
ro§linnoSci w rejonie torfowiska Rabinéwka
(Niecka Gréodecko-Michatowska). MSc dissertation,
Archives of University of Biatystok.

PISIAS N.G.,, MARTINSON D.G., MOORE T.C.,
SHACKLETON N.J., PRELL W., HAYS J.
& BODEN G. 1984. High resolution stratigraphic
correlation of benthic oxygen isotopic records
spanning the last 300 000 year. Marine Geol., 56:
119-136.

PODBIELKOWSKI Z. & TOMASZEWICZ H. 1982.
Zarys hydrobotaniki. PWN, Warszawa.

PRAGLOWSKI J. R. 1962. Notes on the pollen mor-
pholgy of Swedish trees and shrubs. Grana Paly-
nol., 3(2): 45-96.

PROSZYNSKA W., PROSZYNSKI M., SZYMANIAK
M. & WICIK B. 1973 (unpubl.). Mtodoplejstoceriskie
osady wytopisk SE cze$ci Wysoczyzny Bialostoc-
kiej. Manuscript, Archives of Warsaw University,
Department of Physical Geography, Warszawa.

PUNT W. (ed.) 1976. The northwest European pol-
len flora. 1. Elsevier Science Publishers B.V.,
Amsterdam.

PUNT W. & CLARKE G.C.S. (ed.) 1980. The north-
west European pollen flora. 2. Elsevier Science
Publishers B.V., Amsterdam.

PUNT W. & CLARKE G.C.S. 1981. The northwest
European pollen flora. 3. Elsevier Science Publish-
ers B. V., Amsterdam.

PUNT W. & CLARKE G.C.S. 1984. The northwest
European pollen flora. 4. Elsevier Science Publish-
ers B. V., Amsterdam.

PUNT W., BLACKMORE S. & CLARKE G.C.S. (ed.)
1988. The northwest European pollen flora. 5. Else-
vier Science Publishers B.V., Amsterdam.

127

RALSKA-JASIEWICZOWA M. 1989. The Middle-
Polish Lowlands. In: Ralska-Jasiewiczowa M. (ed.)
Environmental changes recorded in lakes and
mires of Poland during the last 13 000 years. Part
3. Acta Palaeobot., 29(2): 57-58.

RALSKA-JASIEWICZOWA M. & STARKEL L. 1988.
Record of the hydrological changes during the
Holocene in the lake, mire and fluvial deposits of
Poland. Folia Quaternaria, 57: 91-127.

RASMUSSEN T.L., van WEERING T.C.E. & LABEY-
RIE L. 1997. Climatic instability, ice sheets and
ocean dynamics at high norwestern latitudes dur-
ing the last glacial period (568-10 ka BP). Quat. Sc.
Rev., 16: 71-80.

REILLE M. & de BEAULIEU J.-L. 1990. Pollen analy-
sis of a long upper Pleistocene continental sequence
in a Velay maar (Massif Central, France). Palaeo-
geogr. Palaeoclimat. Palaeoecol., 80: 35—48.

REILLE M., GUIOT J. & de BEAULIEU J.-L. 1992.
The Montaigu event: an abrupt climatic change
during the early Wiirm in Europe. In: Kukla G.J.
& Went E. (eds) Start of a glacial. NATO ASI
Series,13: 85-95.

REILLE, M., ANDRIEU C., de BEAULIEU J.-L., GUE-
NET P. & GOEURY C. 1998. A long pollen record
from Lac Du Bouchet, Massif Central, France: for
the period ca 325 to 100 ka BP (OIS 9¢ to OIS 5e).
Quat. Sc. Rev., 17: 1107-1123.

REILLE M., DE BEAULIEU J.-L., SVOBODOVA H.,
ANDRIEU-PONEL V., GOEURY C. 2000. Pollen
analytical biostratigraphy of the last five climatic
cycles from a long continental sequence from the
Velay region (Massif Central, France). Journal of
Quaternary Science, 15: 665—685.

ROBERTSSON A.-M. 1988. Biostratigraphical studies
of interglacial and interstadial deposits in Sweden.
Ph. D. Thesis. Department of Quaternary Research,
Stokholm University Report, 10: 1-19.

ROZYCKI S.Z. 1972. Plejstocen Polski Srodkowej.
PWN, Warszawa.

RYBNICEK K. & RYBNICKOVA E. 1987. Palaeogeo-
graphical evidence of middle Holocene stratigraphic
hiatuses in Czechoslovakia and their explanation.
Folia Geobot. Phytotax., 22: 313-327.

RYLOVA T.V. & KHURSEVICH G.K. 1978. Rozvi-
tya vadayomay i raslinnasti vakolits Grodna na
pratsagu muravinskava miezhledavikovya (Devel-
opment of lakes and vegetation in the vicinity of
Grodno during Muravian Interglacial): 139-150.
In: Dasledavanni antropagenu Belarusi. Nauka
i Tekhnika, Minsk (in Belarussian).

SAARNISTO M., ERIKSSON B. & HIRVAS H. 1999.
Tepsankumpu revisited — pollen evidence of stable
Eemian climates in Finnish Lapland. Boreas, 28:
12-22.

SAFANDA J., SZEWCZYK J. & MAJOROWICZ J.A.
2004. Geothermal evidence of very low glacial tem-
peratures on a rim of Fennoscandian ice sheet.
Geoph. Res. Letters, 31(7): 207-211.



128

SAN'’KO A.F. 1987. Neopleystotsen severno-vostoch-
noy Belarussi i smezhnykh rayonov RSFSR (Neo-
pleistocene of the north-eastern Belarus and adja-
cent areas of RSFSR). Nauka i Tekhnika, Minsk
(in Russian).

SAN’KO A., YELOVICHEVA Y., MOTUZKO A.
& VELICHKEVICH F. 2002b. Stop 7. Muravian
(Eemian) lacustrine deposits at Rumlovka. In: Pav-
lovskaya I. (ed.) Field symposium of Quaternary
geology and geodynamics in Belarus, May 20-25%
2002, Grodno. Excursion guide: 46-52. Institute of
Geological Sciences, Minsk.

SAN’KOA.,ANOSHKOM.,RYLOVAT.,SAVCHENKO
I, VELICHKEVICH F., ASTAPOVA S., MOTUZKO
A. & BADIAy V. 2002a. Stop 3. Upper Dniepr (Saal-
ian) and Muravian (Eemian) sequence at Zhuke-
vichi. In: Pavlovskaya I. (ed.) Field symposium of
Quaternary geology and geodynamics in Belarus,
May 20-25% 2002, Grodno. Excursion guide: 20—-27.
Institute of Geological Sciences, Minsk.

SASINOWSKI H. 1995. Klimat Puszczy i jego mody-
fikacja przez kompleks le$ny. In: Czerwiriski A.
(ed.) Puszcza Knyszyniska. Monografia przyrod-
nicza: 23-32. Zesp6t Parkéw Krajobrazowych
w Supraslu.

SATKUNAS J. & GRIGIENE A. 1997a. The Jonionys
site — sequence of the Eemian Interglacial and
the Weichselian interstadials: 77-82. In: The Late
Pleistocene in eastern Europe: stratigraphy, pal-
aeoenvironment and climate. Abstract volume and
excursion guide of the INQUA-SEQS Symposium,
September 14-19, 1997, Lithuania,Vilnius.

SATKUNAS J. & GRIGIENE A. 1997b. The Medinikai
section — typical Eemian-Weichselian sequence
outside the Weichselian Glaciation: 89-91. In: The
Late Pleistocene in eastern Europe: stratigraphy,
palaeoenvironment and climate. Abstract volume
and excursion guide of the INQUA-SEQS Sympo-
sium, September 14-19, 1997, Lithuania, Vilnius.

SATKUNAS J., GRIGIENE A. & ROBERTSSON
A.-M. 1998. An Eemian - Middle Weichselian
sequence from the Jonionys site, Southern Lithua-
nia. Geologija, 25: 82-91.

SATKUNAS J., GRIGIENE A., VELICHKEVICH F.,
ROBERTSSON A.-M. & SANDGREN P. 2003.
Upper Pleistocene stratigraphy at the Medininkai
site, eastern Lithuania: a continuous record of
the Eemian-Weichselian sequence. Boreas, 32:
627-641.

SCHULZ H., von RAD U. & ERLENKEUSER H. 1998.
Correlation between Arabian Sea and Greenland
climate oscillations of the past 110 000 years.
Nature, 393: 54-57.

SCHWARTZ 1989a. Mapa hydrograficzna, arkusz
Biatystok. UAM, Poznan.

SCHWARTZ 1989b. Mapa hydrograficzna, arkusz
Krynki. UAM, Poznan.

SEIDENKRANTZ M.-S., KRISTENSEN P. & KNU-
DESN K.L. 1995. Marine evidence for climatic
instability during the last interglacial in shelf

records from northwest Europe. J. Quat. Sci., 10:
77-82.

SHALABODA V.L. 2001. Characteristic features of
Muravian (Eemian) pollen succession from various
regions of Belarus. Acta Palaeobot., 41(1): 27-41.

SHALABODA V.L. & YAKUBOVSKAYA T.V. 1978.
Paleabatanichnaya kharaktarystyka muravin-
skikh adkladav v Pyshki lya Grodna (Palaeobotani-
cal characterization of Muravian sediments from
Pyshki near Grodno): 150-157. In: Kuznyetsow
U.A. (ed.), Issledovaniya antropogena Byelorussi.
Nauka i Tekhnika, Minsk (in Belorussian).

SOBOLEWSKA M. 1961. Flora interglacjalu eem-
skiego z Goéry Kalwarii (summary: Flora of the
Eemian Interglacial from Goéra Kalwaria (Central
Poland). Biul. Inst. Geol., 169: 73-90.

SOBOLEWSKA M. 1966. Wyniki badan paleobota-
nicznych nad eemskimi osadami z Jo6zefowa na
Wyzynie Lédzkiej (summary: Results of palaeobo-
tanical researches of Eemian deposits from Jo6ze-
fow, 1.6dZz Upland). Biul. Perygl., 15: 303-312.

SORSA P. 1964. Studies on the spore morphology of
Fennoscandian fern species. Ann. Bot. Fenn., 1:
179-201.

STANISZEWSKA A. 2006 (unpubl.). Ro§linno$¢ eem-
skiego jeziora w Hieronimowie. Manuscript. Archives
of University of Bialystok, Institute of Biology,
Biatystok.

STARK P., FIRBAS F. & OVERBECK F. 1932. Die
Vegetationsentwicklung des Interglazials von Rin-
nersdorf in der 6stlichen Mark Brandenburg. Abh.
Naturwiss. Ver. Bremen, 28: 105-130.

STANKOWSKI W. & NITA M. 2004. Stratigraphy of
Late Quaternary deposits and their neotectonic
record in the Konin area, Central Poland. Geol.
Quar., 48(1): 23-34.

STIRLING C.H., ESAT T.M., MCCULLOCH M.T.
& LAMBECK K. 1995. High-precision U-series dat-
ing of corals from Western Australia and implica-
tions for the timing and duration of the last inter-
glacial. Earth Planet. Sci. Letters, 135: 115-130.

STOCKMARR J. 1974. Scanningelektron micrographs
of pollen from two Tilia species. Danm. Geol.
Unders., Arbog 1973: 107-109.

STRAHL J. 2000. Detailergebnisse pollenanalytischer
Untersuchungen an saalespétglazialen bis weich-
selfrithglazialen Sedimenten aus dem Kiestagebau
Hinterste Miihle bei Neubrandenburg (Maclen-
burg-Vorpommern). Brandenburg. Geowiss. Beitr.,
7(1/2): 29-40.

STRASZEWSKA K. & GOZDZIK J. 1978. Final period
of development and decline of “L.omzyca” lacustrine
basin. Pol. Arch. Hydrobiol., 25(1/2): 403—-412.

SUSZKA B. 1983. Rozmnazanie generatywne (sum-
mary: Generative propagation). In: Bialobok S.
(ed.) Jodta pospolita. Abies alba Mill. Nasze drzewa
leéne, Monografie popularnonaukowe 4: 175-265.
PWN, Warszawa-Poznan.



SZACHOWICZ M. 2002 (unpubl.). Holoceriska sukce-
sja roslinnoSci w rejonie wsi Julianka (Niecka Gré-
decko-Michatowska). MSc dissertation, Archives of
University of Bialystok.

SZAFER W. 1925. Uber den Character der Flora und
des Klimats der latzen Interglazialzeit bei Grodno
in Polen. Bull. Inter. de I’Acad. Polon. Sci. Lettres,
Cl. Sc. Math. Nat., Ser. B 3—4: 277-314.

SZAFER W. 1928. Entwurf einer Stratigraphie des
polnischen Diluviums auf floristischer Grundlange.
Rocz. Pol. Tow. Geol., 5: 1-15.

SZAFER W. 1977a. Podstawy geobotanicznego podziatu
Polski: 9-15. In: Szafer W. & Zarzycki K. (eds)
Szata roslinna Polski, Vol. 2. PWN, Warszawa.

SZAFER W. 1977b. Szata ro§linna Polski nizowe;j:
17-188. In: Szafer W. & Zarzycki K. (eds) Szata
ro§linna Polski, Vol. 2. PWN, Warszawa.

SZAFER W., KULCZYNSKI S. & PAWLOWSKI B.
1986. Rosliny polskie. PWN, Warszawa.

SZCZURZEWSKA A.J. 2006 (unpubl.). Rekonstrukcja
roslinnoSci lgdowej woko6t eemskiego jeziora w Hie-
ronimowie. Manuscript. Archives of University of
Biatystok, Institute of Biology, Bialystok.

SZEWCZYK J. 2005. Wptyw zmian klimatycznych na
temperature podpowierzchniowg Ziemi (summary:
Climate changes and their influence on subsur-
face temperature of the Earth). Przegl. Geol., 53:
77-86.

SZMEJA J. 2001. Isoétes lacustris L. Poryblin jezi-
orny (Polish with English summary): 34-36. In:
Kazmierczakowa R., Zarzycki K. (eds) Polish red
data book of plants. W. Szafer Institute of Botany,
Institute of Nature Conservation, Polish Academy
of Sciences, Krakéow.

SRODON A. 1950. Rozwéj roslinnosci pod Grodnem
w czasie ostatniego interglacjalu (summary: The
development of vegetation in the Grodno area dur-

ing the last interglacial period (Masovien II). Acta
Geol. Pol., 1(4): 365—400.

SRODON A. 1983. Jodta pospolita w historii naszych
las6w (summary: The history of fir in Poland). In:
Biatobok S. (ed.) Jodla pospolita — Abies alba Mill.
Nasze drzewa lesne. Monografie popularnonau-
kowe 4: 9-39. PWN, Warszawa-Poznan.

SRODON A. 1985. Fagus in the forest history of
Poland. Acta Palaeobot., 25(1-2): 119-137.

SRODON A. 1990. Buk w historii laséw Polski (sum-
mary: Beech in the forest history of Poland). In:
Biatobok S. (ed.) Buk zwyczajny — Fagus sylvatica
L. Nasze drzewa le$ne. Monografie popularnonau-
kowe 10: 7-25. PWN, Warszawa-Poznan.

SRODON A. & GOLABOWA 1956. Plejtoceriska flora
z Bedlna (summary: Pleistocene flora of Bedlno,
Central Poland). Biul. Inst. Geol., 100: 7—44.

TAYLOR K.C., HAMMER C.U., ALLEY R.B., CLAU-
SEN H.B., DAHL-JENSEN D., GOW A.J., GUN-
DESTRUP N.S., KIPFSTHUL J., MOORE J.C.
& WADDINGTON E.D. 1993. Electical conduc-
tivity measurements from the GISP2 and GRIP
Greenland ice cores. Nature, 366: 549-552.

129

TERHURNE-BERSON R. 2005. Changing distribution
patterns of selected conifers in the Quaternary of
Europe caused by climatic variations. Thesis. Rhei-
nischen Friedrich-Wilhelms-Universitéit, Bonn.

TERHURNE-BERSON R., LITT T. & CHEDDADI R.
2004. The spread of Abies throughout Europe since
the last glacial period: combined macrofossil and pol-
len data. Veget. Hist. Archaeobot., 13: 257—268.

THOUVENY N., de BEAULIEU J.-L., BONIFAY E.,
CREER K.M., GUIOT J., ICOLE M., JOHNSEN
S., JOUZEL J., REILLE M., WILLIAMS T. & WIL-
LIAMSON D. 1994. Climate variations in Europe
over the past 140 kyr deduced from rock magnet-
ism. Nature, 371: 503-506.

TOBOLSKI K. 1976. Przemiany klimatyczno-ekolo-
giczne w okresie czwartorzedu a problem zmian we
florze (summary: Climatic-ecological transforma-
tions in the Quaternary and the problem of changes
in the flora). Phytocenosis, 5(3/4): 187-197.

TOBOLSKI K. 1991. Biostratygrafia i paleoekolo-
gia interglacjalu eemskiego i zlodowacenia Wisty
regionu koninskiego (summary: Biostratygraphy
and palaeoecology of the Eemian Interglacial and
the Vistulian Glaciation of the Konin region):
45-87. In: Stankowski W. (ed.) Przemiany $rodo-
wiska geograficznego obszaru Konin-Turek. Wyd.
UAM, Poznan.

TOLPA S. 1952. Flora interglacjalna w Kaliszu (sum-
mary: Interglacial flora AT Kalisz). Biul. Inst.
Geol., 68: 73—-120.

TOMASZEWICZ H. 1977. Dynamics and systematic
position Thelypteridi-Phragmitetum Kuiper 1957.
Acta Soc. Bot. Pol., 46(2): 331-338.

TRELA J. 1935. Interglacjal w Samostrzelnikach pod
Grodnem (summary: Interglazial in Samostrzelniki
bei Grodno in Polen). Starunia, 9: 1-8.

TROELS-SMITH J. 1955. Karakterisering af lgse jor-
darter (summary: Characterization of unconsoli-
dated sediments). Danm. Geol. Unders., 4 Raekke,
3(10): 38-73.

TROELS-SMITH J. 1960. Ivy, mistletoe and elm
climate indicators — fodder plants. Danm. Eol.
Unders. Ser., 4, 4: 6-32.

TURNER C. 2000. The Eemian interglacial in the
North European plain and adjacent areas. Nether-
lands J. Geosc., 79(2/3): 217-231.

TURNER C. 2002. Problems of the duration of the
Eemian Interglacial in Europe north of the Alps.
Quat. Res., 58: 45-48.

TZEDAKIS P.C., BENNETT K.D. & MAGRI D. 1994.
Climate and the pollen record. Nature, 370: 513.

TZEDAKIS P.C., ANDRIEU V., de BEAULIEU J.-L.,
CROWHURST S., FOLLIERI M., HOOGHIEM-
STRA H., MAGRI D., REILLE M., SADORI L.,
SHACKLETON N. J. & WIJMSTRA T. A. 1997.
Comparison of terrestrial and marine records of
changing climate of the last 500 000 years. Earth
Planet. Sci. Letters, 150: 171-176.



130

TZEDAKIS P.C., ANDRIEU V., de BEAULIEU J.-L.,
BIRKS H.J.B., CROWHURST S., FOLLIERI M.,
HOOGHIEMSTRA H., MAGRI D., REILLE M.,
SADORI L., SHACKLETON N.J. & WIJMSTRA
T.A. 2001. Establishing a terrestrial chronological
framework as a basis for biostratigraphical com-
parisons. Quat. Sci. Rev., 20: 1583-1592.

VELICHKEVICH F.J. 1982. Pleystotsenovye flory led-
nikovykh oblastey Vostochno-Evropeyskoy Ravn-
iny (Pleistocene floras of the glaciated areas of the
East-Europe Plain). Nauka i Tekhnika, Minsk (in
Russian).

VELICHKO A.A., GRICHUK V.P. & GURTOVAYA
E.E. 1982. Paleoklimaticheskye rekonstruktsy dla
optimuma mikulinskovo mezhlednikovia na terito-
rii Evropy. Izw. Ak. Nauk SSSR, Ser. Geogr. 1.

VELICHKO A.A.,, NOVENKO E.Y., PISAREVA V.V.,
ZELIKSON E.M., BOETTGER T. & JUNGE F.V.
2005. Vegetation and climate changes during the
Eemian interglacial in Central and Eastern Europe:
comparative analysis of pollen data. Boreas, 34:
207-219.

VOZNIACHUK L. & VALCHIK M. 1978. Morfologya,
stroene i istorya razvitya doliny Nemna v neo-
pleystotsene i golotsene (Morphology, geology and
history of development of the Neman river valley
during the Neopleistocene and Holocene). Nauka
i Tekhnika, Minsk (in Russian).

WALANUS A. & NALEPKA D. 1999. POLPAL. Pro-
gram for counting pollen grains, diagrams plotting
and numerical analysis. Acta Palaeobot., Suppl. 2:
659-661.

WALANUS A. & NALEPKA D. 2004. Integration of
Late Glacial and Holocene pollen data from Poland.
Ann. Soc. Geol. Pol., 74: 285-294.

WALTER H. & STRAKA H. 1970. Arealkunde. Floris-
tisch-historische Geobotanik. Ulmer, Stuttgart.

WASYLIKOWA K. 1964. Roslinnos¢ i klimat péznego
glacjalu w Srodkowej Polsce na podstawie badan
w Witowie koto Leczycy (summary: Vegetation and
climate of the Late Glacial in Central Poland based
on investigations made at Witéw near Leczyca).
Biul. Perygl., 13: 261-382.

WEGMULLER S. 1986. Researches palynologiques sur
les charbons feuilletés de la région de Gondiswil/
Utfhusen (Plateau Suisse). Bull. Ass. Fr. Quat., 1/2:
29-34.

WELTEN M. 1981. Gletscher und Vegetation in Lauf
der letzten hunderttausend Jahre. Vorlaufige Mit-
teilung. Jb. Schweiz. Natf. Ges., Wiss. Teil 1978:
5-18.

WELTEN M. 1982. Pollenalytische Untersuchungen
im jingeren Quartdr des noérdlichen Alpenvor-
landes der Schweiz (Mittel- und Jungpleistozén).
Beitr. Geol. Karte Schweiz, 162: 1-40.

WEST R.G. 1970. Pollen zones in the Pleistocene of
Great Britain and their correlation. New Phytol.,
69: 1179-1183.

WINTER H. 1995. Opracowanie palinologiczne doty-
czgce prébek z wiercenia Drewnowo, Wilki i Kuty-

towo-Perysie — ark. Czyzewo. Central Geological
Archives, PIG, Warszawa.

WINTER H. 2006. Opracowanie dotyczace analizy pyl-
kowej 5 probek z sondy WH 204 ze stanowiska Kos-
saki — ark. Wizna (297) Szczegélowej mapy geolo-
gicznej Polski w skali 1: 50 000. Central Geological
Archives, PIG, Warszawa.

WIOSEK A. 2005 (unpubl.). Roslinnosé i klimat okolic
Kruszynian w czasie interglacjalu eemskiego. MSc
dissertation, Archives of University of Biatystok.

WOILLARD G.M. 1978. Grande Pile peat bog: a con-
tinuous pollen record for last 140 000 years. Quat.
Res., 9: 1-21.

YELOVICHEVA Ya.K. 1978. Palinologicheskoe obo-
snovanie muravinskovo vozrasta diatomitov vskry-
tykh v rayone g. Grodno. (Palynological confirma-
tion of Muravian age of diatomites found in the
vicinity of Grodno): 104-107. In: Materialy geo-
logicheskovo izuchenya zemnoi kory Belorussii.
Nauka i Tekhnika, Minsk (in Russian).

ZAGWIJN W.H. 1961. Vegetation, climate and radio-
carbon dating in the Late Pleistocene of the Neth-
erlands. I. Eemian and Early Weichselian. Mem.
Geol. Found. Netherl. N.S., 14: 15-45.

ZAGWIJN W.H. 1989. Vegetation and climate during
warmer intervals in the Late Pleistocene of western
and central Europe. Quat. Internat., 3/4: 57-67.

ZAGWIJN W.H. 1994. Reconstruction of climate
change during the Holocene in western and central
Europe based on pollen records of indicator species.
Veg. Hist. Archaeobot., 3: 65-88.

ZAGWIJN W.H. 1996. An analysis of Eemian cliamte
in western and central Europe. Quat. Sc. Rev., 15:
451-469.

ZHISHENG A. & PORTER S.C. 1997. Millenial-scale
climatic oscillations during the last interglaciation
in central China. Geology, 25: 603—606.

ZIETKOWIAK Z. 1989. Komentarz do mapy hydro-
graficznej w skali 1: 50 000. Arkusz 246.1 Krynki.
Gléwny Urzad Geodezji i Kartografii, Warszawa.

ZARSKI M., NITA M. & WINTER H. 2005. Nowe
stanowiska interglacjalne w rejonie dolin Wilgi
i Okrzejki na Wysoczyznie Zelechowskiej, Polska
poludniowo-wschodnia (summary: New intergla-
cial sites in the region of the Wilga and Okrzejka
river valleys at the Zelechéw Upland, SE Poland).
Przegl. Geol., 53(2): 137-144.

ZUREK S. 1990. Zwiazek procesu zatorfienia z ele-
mentami $rodowiska przyrodniczego wschodniej
Polski (summary: Interrelation between the peat-
forming process and the elements of natural envi-
ronment eastern Poland). Rocz. Nauk Roln. Ser. D,
Monografie, 220: 1-174.

ZUREK 8. 1992. Stratygrafia, rozw6j i kierunki suk-
cesyjne torfowisk strefy wododziatowej w Puszczy
Knyszynskiej (summary: Stratigraphy, evolution
and succesional tendecy watershed mires in the
Knyszyn Primeval Forest). Zesz. Nauk. Politechn.
Biatostockiej, 85(5): 253-317.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


